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Preface
Plants, including the poisonous ones, are primary producers and therefore important for healthy 
ecosystems. Poisonous plants (and their parts such as seeds, fruits, flowers, leaves, stems, and roots) 
are used in traditional medicine system as a natural source in various healing therapies. They are 
rich resource of important ingredients, the bioactive compounds, that are used in various herbal 
drug formulations. Additionally, these are also used in the development of synthetic drugs. These 
plant-based products are also considered as significant source of nutrition and are endorsed for their 
therapeutic value. For instance, some plants are rich in terms of phytochemicals, namely flavonoids, 
anthocyanins, phenolic acids, carotenoids, and tannins. Thus, they are at the same time used for 
potential health benefits such as antioxidant activity, anti-inflammation, anti-cancer activity, anti-
diabetic activity, and hepatoprotective activity. However, quite often, recipes for the treatment of 
common ailments such as diarrhea, constipation, hypertension, dysentery, low sperm count, weak 
penile erection, piles, coated tongue, menstrual disorders, bronchial asthma, leucorrhea, and fevers 
are given by the traditional healers very effectively.

Poisonous plants, including numerous herbs, shrubs, and trees, cause adverse effects to animals 
or people when consumed. These plants, such as Abrus precatorius, Aconitum napellus, Acorus cal-
amus, Agapanthus orientalis, Antiaris toxicaria, Aristolochia indica, Atractylis gummifera, Atropa 
belladonna, Calotropis gigantea, Colchicum autumnale, Conium maculatum, Datura stramonium, 
Digitalis purpurea, Gloriosa superba, Nerium oleander, Ricinus communis, Thevetia peruviana, 
and Toxicodendron succedaneum, contain specific notable toxic chemical compounds which cause 
toxicity. For instance, toxic alkaloids include piperidine, pyridine, indole, quinolizidine, and other 
alkaloids. Similarly, toxic phenolics, toxic glycosides, etc. constitute another category of plant tox-
ins. In general, dogs, cats, sheep, goats, horses, and people, especially children, are often exposed to 
toxic plants. Moreover, pets are usually poisoned by these plants as a result of accidental ingestion 
of house or garden plants. Some plants exhibit mild effect, and thus no therapeutic intervention is 
required. However, some are extremely toxic, and ingestion of small amounts leads to rapid death. 
It has been noticed that the diagnosis of plant intoxication is quite challenging. However, many 
intoxicated pets and other patients are recovered under suitable symptomatic and supportive care.

Thus, the aim of this book is to provide an overview of the most important and selected poison-
ous herbs, shrubs, and trees. It must be beneficial to the scientists, researchers, and students working 
specially on poisonous plants, as well as in areas of economic botany, plant biochemistry, biotechnol-
ogy, pharmacognosy, pharmaceuticals, industrial chemistry, nanomedicine, and other allied subjects.

I am grateful to all contributors for readily accepting my invitation, sharing their knowledge 
in specialized areas of research, and readily adjusting the suggestions for improving the shape of 
their contributions. With great pleasure, I also extend my sincere thanks to Randy Brehm, Tom 
Connelly, and all associates at Taylor & Francis Group, LLC/CRC Press for their active cooperation. 
Finally, my special thanks go to Shagufta, Zaara, Mehwish, and Huzaifa for providing their time 
and extended support to put everything together.
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1.1 INTRODUCTION

Plants are beneficial for human life in every aspect. Life on earth can’t be expected without plants. 
Plant and their parts are used for nutrition, ornamental and medicinal purposes (Husen 2021, 2022; 
Husen et al., 2021). Some plants are poisonous in nature (Bailey and Connor, 2005; Njugi, 2018). 
The history of poisonous plants is quiet old and can be traced from antiquity to present day. The 
execution of Socrates (399 BC) is a historical event. He died by consuming extract of a poisonous 
plant known as hemlock (Conium maculatum). The progressive centripetal paralysis leading to 
respiratory failure is said to be the cause of death (Dyan, 2009). It is believed that Egyptian queen 
Cleopatra VII (69 BC–30 BC) had good knowledge of poisons, and her suicide is attributed to snake 
venom. However, some scholars are of the view that she might have consumed a cocktail of drugs 
made of opium, aconitum and hemlock, to end her life in few hours, or applied a toxic ointment 
(Singh et al., 2011; Ana María, 2021).

In general, it has been noticed that whether someone is speaking of people, pets or livestock, the 
situation surrounding plant intoxication varies. Pets and children, on the other hand, usually share 
the same habitat, rendering the same plants exposed to both. Plants involved in exposures or poison-
ings are comparable for children and dogs, with a few significant differences, and include typical 
household plants such as those possessing insoluble calcium oxalates (Buck, 1992; Bronstein et al., 
2008). Further, due to the prevalence of plants in pastures and rangelands, livestock are sometimes 
intoxicated by plants to which people and pets are not exposed. People who are unaware of plants’ 
toxicity unknowingly provide clippings from toxic plants such as Taxus spp. or Nerium oleander to 
their livestock and thus intoxicate them (Alden et al., 1977; Galey et al., 1996). When it is realized 
that the presence of meadow saffron or water hemlock in a meadow may occasion the loss of valu-
able animals or that the ingestion of certain wild berries by a child may result in death, it will be 
clearly seen that some knowledge as to which plants are poisonous is desirable not only on the part 
of farmers and others but also of all dwellers in the countryside.

The intoxication of animals is caused by a variety of reasons. As many hazardous plants are 
unpleasant to eat, cattle avoid them as there are other high-quality feeds available (James, 1988). 
Toxic plant ingestion is substantially more frequent at times of forage scarcity, especially in droughts. 
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Toxic plants can flourish to the point where non-toxic fodder is sparse, compelling animals to eat the 
toxic plants if pastures and ranges are not properly managed (Panter et al., 2007). Many plants that 
are harmful to animals have different levels of toxicity depending on their stage of development. 
As a result, cattle can safely use pastures or rangelands at particular periods of the year when plant 
toxicity is minimal (Panter et al., 2007). The ancient men were not aware of agriculture, and they 
used plants and animals for their food. Investigation showed that a field associated with the losses 
contained a large amount of meadow saffron and water hemlock, and that these plants were the 
cause of the loss of stock. Human knowledge of poisonous plant is accidental. The plants exerting 
harmful effects to human or animal in any manner are called poisonous plants. Humans applied 
certain plant extracts on their arrows for hunting animals (Thothathari et al., 1985; Singh et al., 
2011). Laburnum, yew, and other noxious plants may be browsed upon by stock in fields near large 
gardens; others, such as box, rhododendron, monkshood, hellebore, and larkspur, may be present in 
clippings and other rubbish from gardens and shrubberies. 

When it comes to susceptibility to intoxication, there might be major differences between spe-
cies, particularly when it comes to cattle. Sheep, for example, can tolerate intake of larger pyrro-
lizidine alkaloids (PAs) than cattle or horses (Duringer et al., 2004). This is attributable to sheep 
rumen microorganisms’ ability to break down PAs before absorption, as well as a reduction in the 
synthesis of reactive pyrroles in the liver from absorbed PAs (Bythe and Craig, 1994). There are 
some prominent small animal species differences in terms of intoxication susceptibility (e.g., cats 
experience acute renal failure after eating lilies, while dogs are unaffected). Alternatively, a variety 
of poisonous plants have the same effect on humans and animals. When it comes to the distribution 
of dangerous plants, there are regional disparities. Plants related to intoxication in one geographical 
region are absent in other regions. However, a number of poisonous plants have been introduced 
into non-native places and have thrived, posing serious poisoning dangers to humans and animals 
(Knight, 1988; Panter et al., 2007). Herbal plant intoxication has become more common as a result 
of widespread usage of herbal remedies, particularly among people (Hung and Lewin, 2001). Herbal 
intoxication is typically affected by misidentification or overuse of a specific herb. For example, 
intake of a weight-loss product containing Aristolochia fangchi instead of Stephania tetrandra was 
shown to be the cause of a series of cases of progressive renal interstitial fibrosis (Debelle et al., 
2008). Despite the fact that herbal preparations are used in veterinary treatment, there have been no 
reports of widespread animal intoxication as a result of their use. Intoxication by the volatile oils 
such as pennyroyal oil and melaleuca oil, as well as the dietary supplement 5-hydroxytryptophan, 
has been reported in the veterinary literature (Bischoff and Guale, 1998; Sudekum et al., 1992; 
Gwaltney-Brant et al., 2000). 

Apart from indigenous plants of the farm that are well known to be poisonous, there are quite 
a few others that are suspected of being poisonous or handful. In addition, many plants, though 
perhaps not really poisonous, do much damage by tainting the milk of dairy cows and the products 
made from it, as well as the flesh of animals. It would not be possible in this little volume to exhaust 
the whole subject, but some information is given about plants that might well be the cause of loss, 
together with notes on minor and suspected species, plants that taint the milk of cows, and plants 
that cause mechanical injury to stock. 

The main aim of this chapter is to highlight the current available information and understanding 
of plants which are most typically implicated in plant intoxication and how to diagnose and treat 
intoxications. The effects of poisonous plants on livestock and how to minimize or prevent the live-
stock poisoning are discussed. Utility of poisonous plant in some drug preparations such as those 
for neurological disorder and cancer treatments has also been included. Information on plant-based 
poison commonly used as suicidal poison along with toxin responsible for death has also been sum-
marized. Additionally, information on the clinical effects of a variety of poisonous plants with their 
family and other details are mentioned in Table 1.1.
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TABLE 1.1
Poisonous Plants and Their Phytochemicals

Family Name Botanical Name Common Names Phytochemicals

Acoraceae Acorus calamus L. Sweet-flag Soluble oxalates

Adoxaceae Sambucus ebulus L. Elder, red berried elder, 
dwarf elder, danewort

Resinous substances, soluble 
oxalates; falcarinol; known for 
alkylating agent and irritant

Alstroemeriaceae Alstroemeria aurantiaca 
Muñoz Schick & Brinck

Peruvian lily, lily of the 
Incas

Tulipalin A

Amaryllidaceae Clivia miniata (Lindl.) Bosse Kaffir lily Amaryllidaceae alkaloid lycorine, 
galanthamine; few grams fatal; 
insoluble calcium oxalates 
throughout plant

Amaryllidaceae Galanthus nivalis L. Snowdrop Lycorine (Amaryllidaceae 
alkaloid) and galanthamine

Amaryllidaceae Haemanthus multiflorus 
Martyn

Blood lily, powder puff 
lily

Lycorine, chidanthine, 
hippeastrine, haemanthidine, and 
haemultine

Amaryllidaceae Hippeastrum aulicum (Ker 
Gawl.) Herb.

Lily of the palace, naked 
lady, amaryllis

Lycorine (phenanthridine 
alkaloid)

Apiaceae Ammi majus L. Bishop’s weed, queen 
Anne’s lace

Furocoumarins

Apiaceae Conium maculatum L. Hemlock Coniine (piperidine alkaloid); 
0.25%–4% of body weight in 
green material can be fatal

Apocynaceae Allamanda cathartica L. Yellow allamanda Unknown strong irritant

Apocynaceae Apocynum album Greene Dogbane, Indian hemp Apocynamarin (cardioactive 
glycoside)

Apocynaceae Catharanthus coriaceus 
Markgr.

Madagascar periwinkle Alkaloids throughout plant

Apocynaceae Nerium oleander L. Oleander Oleandrin (cardenolide cardiac 
glycoside), as little as 0.005% of 
animal’s body weight in plant 
material can be fatal

Apocynaceae Periploca graeca L. Silk vine Cardioactive glycosides

Araceae Alocasia acuminata Schott Elephant’s ear Calcium oxalate raphides and 
idioblasts; additional unknown 
toxin; small amounts of root or 
leaf fatal to children

Araceae Arisaema triphyllum (L.) 
Schott

Jack in the pulpit Insoluble calcium oxalates

Araceae Arum maculatum L. Lords-and-ladies, cuckoo 
pint, Adam-and-Eve

Calcium oxalate raphides and 
idioblasts, and also, soluble 
oxalates

Araceae Epipremnum aureum 
(Linden & André) G.S. 
Bunting

Devil’s ivy, ivy arum Insoluble calcium oxalates

(Continued)
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TABLE 1.1 (continued)
Poisonous Plants and Their Phytochemicals

Family Name Botanical Name Common Names Phytochemicals

Hedera saponins B, C; rutin, 
caffeic acid, chlorogenic acid, 
α-hederin, emetine; falcarinol, 
falcarinone, and 
didehydrofalcarinol (alkylating 
agents, irritants)

Araliaceae Hedera helix L. English ivy, common ivy, 
Irish ivy

Arecaceae Caryota mitis Lour. Fishtail palm Calcium oxalate raphides

Asparagaceae Bowiea volubilis Harv. Zulu potato, climbing 
onion

Bufadienolide cardiotoxins: 
banocide A, B, C and D, 
hellebrin

Asparagaceae Hyacinthoides non-scripta 
(L.) Chouard ex Rothm

Bluebell Glucosidase inhibitors: 
2,5-dihydroxy-methyl-3,4-
dihydroxypyrrolidine (DMDP); 
and 1,4-dideoxy-1,4-imino-D-
arabinitol (DAB)

Asparagaceae Hyacinthus orientalis L. Hyacinth, garden 
hyacinth, Dutch 
hyacinth

Lycorine (phenanthridine 
alkaloids), bulb, less toxic than 
Narcissus

Asparagaceae Maianthemum bifolium (L.) 
F.W. Schmidt

May lily Saponins

Asparagaceae Urginea maritima (L.) Baker Sea onion Proscillaridin A (bufadienolide 
cardiotoxins)

Begoniaceae Begonia abbottii Urb. Wax begonia Insoluble calcium oxalates and 
soluble oxalates

Berberidaceae Caulophyllum thalictroides 
(L.) Michx.

Blue cohosh Lupin alkaloids (quinolizidine 
alkaloids) and N-methylcytisine

Berberidaceae Nandina domestica Thunb. Nandina, heavenly 
bamboo

Cyanogenic glycosides

Boraginaceae Borago officinalis L. Borage Pyrrolizidine alkaloids

Boraginaceae Cynoglossum officinale L. Hound’s tongue Pyrrolizidine alkaloids

Boraginaceae Symphytum officinale L. Comfrey Pyrrolizidine alkaloids

Brassicaceae Armoracia rusticana P. Horseradish, red color Sinigrin (allylglucosinolate)
Gaertn., B. Mey. & Scherb.

Bromeliaceae Aechmea fasciata (Lindl.) 
Baker

Urn plant Insoluble calcium oxalate and 
proteolytic enzymes

Bromeliaceae Ananas comosus (L.) Merr. Pineapple, pineapple tree Bromelin (digestive enzyme), 
calcium oxalate raphides, and 
ethyl acrylate (skin sensitizer)

Bromeliaceae Conium maculatum L. Lily-of-the-valley Cardenolide cardiotoxins: 
primarily convallotoxin and 
convallamarin

Bromeliaceae Cryptanthus acaulis (Lindl.) 
Beer

Green earth star Insoluble calcium oxalates and 
proteolytic enzymes

Bromeliaceae Tillandsia cyanea Linden ex 
K. Koch

Pink quill Insoluble calcium oxalates and 
proteolytic enzymes

Bromeliaceae Vriesea fenestralis Linden & Netted vriesea Insoluble calcium oxalate and 
André proteolytic enzymes

(Continued)
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TABLE 1.1 (continued)
Poisonous Plants and Their Phytochemicals

Family Name Botanical Name Common Names Phytochemicals

Buxaceae Buxus sempervirens L. Box, boxwood, common Buxine (cyclobuxine, pregnane 
box alkaloids); 0.1 g/kg fatal to dogs; 

also, tannins

Cactaceae Lophophora williamsii Peyote, mescal, mescal Mescaline
(Lem. ex Salm-Dyck) J.M. button
Coult.

Cannabaceae Cannabis sativa L. Marijuana Tetrahydrocannabinol

Colchicaceae Gloriosa superba L. Gloriosa lily, glory lily, Gloriosine and colchicine, both 
climbing lily antimitotic; 7–11 mg fatal to 

adult human

Commelinaceae Rhoeo spathacea (Sw.) Oyster plant, boat lily, Unidentified irritant
Stearn Moses in a boat

Compositae Ageratum conyzoides L. Ageratum, floss flower Precocenes I and II, and 
hepatotoxic chromenes

Compositae Arnica montana L. Arnica Helenalinester (sesquiterpene 
lactone with strong sulfhydryl 
cross-linking ability)

Compositae Eupatorium rugosum Houtt. White snakeroot Tremetol/tremetone; 0.5%–1.5% 
of body weight fatal; recovery 
rare, slow, can be incomplete

Compositae Atractylis gummifera Salzm. Mediterranean thistle Atractyligenin, atractyloside, and 
ex L. carboxyatractyloside

Compositae Senecio jacobaea L. Common ragwort, tansy Jacobine plus five other 
ragwort pyrrolizidine alkaloids

Compositae Artemisia absinthium L. Wormwood, sagewort, Thujone (monoterpene) in 
sagebrush essential oil

Cupressaceae Juniperus sabina Sm. Savin Podophyllotoxins; sabinene and 
sabinyl acetate (terpene 
derivatives)

Cupressaceae Thuja occidentalis L. White cedar Thujone (monoterpene)

Dioscoreaceae Tamus communis L. Black bryony Calcium oxalate raphides and 
idioblasts; traces of alkaloids; 
saponins; and photosensitive 
phenanthrene derivatives

Dryopteridaceae Dryopteris filix-mas (L.) Male-fern Filicin
Schott

Ericaceae Ledum palustre L. Wild rosemary Grayanotoxin I (cardioactive 
diterpenoid); ledol and palustrol 
(sesquiterpene alcohols)

Ericaceae Leucothoe davisiae Torr. ex Black laurel, mountain Grayanotoxin I (cardioactive 
A. Gray laurel diterpenoid); ledol and palustrol 

(sesquiterpene alcohols)

Ericaceae Menziesia ferruginea Sm. Mock azalea, rusty leaf Grayanotoxin I (cardioactive 
diterpenoid); ledol and palustrol 
(sesquiterpene alcohols)

Ericaceae Pieris japonica (Thunb.) D. Pieris Grayanotoxin I (cardioactive 
Don ex G. Don diterpenoid)

(Continued)
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TABLE 1.1 (continued)
Poisonous Plants and Their Phytochemicals

Family Name Botanical Name Common Names Phytochemicals

Euphorbiaceae Acalypha hispida Burm.f. Chenille plant, red-hot Euphorb latex (diterpene esters)
cattail

Euphorbiaceae Codiaeum variegatum (L.) Croton (ornamental) Low-level phorbol diterpene 
Rumph. ex A.Juss. esters

Euphorbiaceae Croton tiglium L. Crotin (toxalbumin); tigliane 
phorbol esters; few drops of sap 
can cause a reaction

Euphorbiaceae Euphorbia lacteal Haw. Candelabra cactus, false Diterpene esters in milky sap 
cactus, mottled spurge, (type not specified)
dragon bones

Euphorbiaceae Euphorbia milii Des Moul. Crown of thorns Hydroxyphorbol diterpene esters 
in milky sap (milliamines A-I); 
also, triterpenes and flavonoids

Euphorbiaceae Euphorbia aaronrossii A.H. Spurge, creeping spurge, Ingenane diterpene esters
Holmgren & N.H. donkey tail
Holmgren

Euphorbiaceae Euphorbia pulcherrima Poinsettia, Christmas star Very little diterpene ester and 
Willd. ex Klotzsch considerable natural variability

Euphorbiaceae Euphorbia resinifera O.Berg Euphorbium Daphnane diterpene esters 
(resiniferatoxin); one of the most 
irritating euphorbs

Euphorbiaceae Euphorbia tirucalli L. Pencil tree, milkbush, Phorbol diterpene esters
Indian tree, rubber 
euphorbia, finger tree, 
naked lady

Euphorbiaceae Ricinus communis L. Castor bean plant Ricin (toxalbumin, 2 chain); one 
seed can be fatal; 1 mg ricin/g 
seed; LD mouse, rat, dog ~1 g/
kg; rabbit, 0.1 g/kg

Euphorbiaceae Hura crepitans L. Sandbox tree, monkey Hurin (toxalbumin) and daphnane 
pistol diterpene esters

Euphorbiaceae Synadenium grantii Hook.f. African milk bush Tigliane-type diterpene esters 
(primary irritants and 
cocarcinogens)

Garryaceae Aucuba japonica Thunb Aucuba, Japanese Aucubin (triterpenoid saponins of 
aucuba, Japanese laurel, the α-amyrin group)
spotted laurel

Gelsemiaceae Gelsemium sempervirens Yellow jessamine, Indolizidine alkaloids
(L.) J.St.-Hil. Carolina jessamine

Hydrangeaceae Hydrangea macrophylla Hydrangea, hills of snow, Hydrangin (cyanogenic 
(Thunb.) Ser. French hydrangea, glycoside)

hortensia

Lauraceae Laurus nobilis L. Laurel, bay laurel, sweet Unknown
bay

Lauraceae Persea americana Mill. Avocado Persin [(Z, 
Z)-1-(acetyloxy)-2-hydroxy-
12,15-heneicosadien-4-one]

(Continued)
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TABLE 1.1 (continued)
Poisonous Plants and Their Phytochemicals

Family Name Botanical Name Common Names Phytochemicals

Leguminosae Abrus precatorius L. Rosary pea, prayer bean, Abrin (toxalbumin/lectin, 2 
jequerity, precatory chains) in seeds; 0.5–2 seeds 
bean fatal to adult human

Leguminosae Albizia julibrissin Durazz. Mimosa, silk-tree 5-Acetoxymethyl-3-hydroxy-4-
methoxymethyl-2-
methylpyridine (alkaloid)

Leguminosae Glycyrrhiza glabra L. Licorice Glycyrrhizin (triterpenoid 
saponin)

Leguminosae Laburnum anagyroides Laburnum, golden chain Cytisine (quinolizidine alkaloid); 
Medik. tree 23 pods fatal to adult human

Leguminosae Robinia acacia L. Black locust Robin (toxalbumin/lectin); less 
toxic than abrin, ricin, and 
phasin

Leguminosae Wisteria sinensis (Sims) Wisteria, Chinese kidney Wisterin “sapotoxin”; lectins; 2 
Sweet bean seeds cause vomiting/

gastroenteritis in a child

Liliaceae Lilium abchasicum Baker Easter lily, star-gazer lily, Unknown toxin; only known to 
tiger lily affect cats

Malvaceae Abutilon hybridum Voss Chinese bellflower, Unknown
flowering maple, parlor 
maple

Melanthiaceae Paris quadrifolia L. Herb-Paris Steroidal saponins throughout 
plant

Moraceae Ficus benjamina L. Weeping fig, Java willow, Allergen; irritant white sap
Benjamin tree, 
small-leaved rubber 
plant

Nyctaginaceae Mirabilis jalapa L. Four o’clock Unknown toxin in rootstocks and 
seeds

Papaveraceae Chelidonium majus L. Greater celandine (bright 21 Alkaloids 
yellow sap) (benzophenanthridine and 

protoberberine) with chelidonic 
acid

Papaveraceae Eschscholzia californica California poppy Rhoeadine-type alkaloids, 
Cham. thebaine, papaverrubines, 

papaverine; small amounts 
compared to opium poppy

Papaveraceae Papaver somniferum L. Opium poppy Morphine, narcotine, codeine, 
papaverine, thebaine

Phytolaccaceae Phytolacca Americana L. Pokeweed, pokeberry, Phytolaccatoxin, triterpenoids
poke salad

Plantaginaceae Digitalis purpurea L. Foxglove, common Cardenolide cardiotoxins; 
foxglove, long purples, desacetyl-digilanids A, B; 
dead men’s fingers glucogitaloxin; 10%–20% 

hydrolyzed to digitoxin, gitoxin, 
gitaloxin; therapeutic index is 
steep; it also contains saponins 
digitonin, gitonin, tigonin

(Continued)
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TABLE 1.1 (continued)
Poisonous Plants and Their Phytochemicals

Family Name Botanical Name Common Names Phytochemicals

Polygonaceae  Rheum rhabarbarum L. Rhubarb, garden rhubarb, Anthraquinone cathartics; low 
pie plant, water plant, level
wine plant

Primulaceae Cyclamen persicum Mill. Persian violet, alpine Cyclamen (triterpenoid saponin); 
violet, sowbread small pieces of tuber may cause 

convulsions

Ranunculaceae Aconitum abietetorum W.T. Monk’s-hood Aconitine, others (diterpene/
Wang & L.Q. Li nor-diterpene alkaloids with 

alkylated amine); LD adult 
human is a few grams plant 
material

Ranunculaceae Caltha palustris L. Marsh-marigold, kingcup Alkaloids, saponins, and very low 
level of protoanemonin

Rhamnaceae Karwinskia humboldtiana Coyotilla, tullidora Karwinol A (neurotoxic 
(Schult.) Zucc polyphenol)

Rosaceae Prunus dulcis (Mill.) Bitter almond Amygdalin
D.A.Webb

Rosaceae Prunus laurocerasus L. Cherry laurel Prunasin, amygdalin

Rosaceae Prunus serotina Ehrh. Wild black cherry Amygdalin Glucosinolates 
Glucofrangulin (anthracene 
glycoside)

Rutaceae Thamnosma texana Torr. Dutchman’s breeches Furocoumarins

Santalaceae Viscum album L. European mistletoe Viscotoxins; viscumin 
(toxalbumin)

Saxifragaceae Tolmiea menziesii (Pursh) Piggyback plant, Unknown
Torr. & A.Gray pickaback plant, 

thousand-mothers, 
youth-on-age

Solanaceae Atropa belladonna L. Deadly nightshade L-Hyoscyamine, scopolamine, 
atropine; 2–5 berries kill a child

Solanaceae Brunfelsia calycina Benth. Yesterday, today, and Unknown
tomorrow

Solanaceae Capsicum annuum L. Ornamental and Capsaicin (70% of irritant 
cultivated peppers capacity), less of 

dihydrocapsaicin, 
nordihydrocapsaicin, 
homocapsaicin, 
homodihydrocapsaicin

Solanaceae Cestrum diurnum L. Day-blooming jessamine 1,25-Dihydrodroxycholecalciferol

Solanaceae Datura stramonium L. Jimsonweed, thornapple, L-Hyoscyamine, scopolamine
moonflower

Solanaceae Hyoscyamus niger Henbane L-Hyoscyamine, scopolamine

Solanaceae Physalis acutifolia (Miers) Chinese lantern, winter Unknown
Sandwith cherry, Cape gooseberry

Solanaceae Solanum dulcamara L. Bittersweet, woody Variable major alkaloids: 
nightshade, wild solanine, tomatine, solamarine, 
nightshade atropine, solasadine; 10 berries 

needed to produce signs and 200 
to kill an adult human

(Continued)
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1.2  PHYTOCHEMISTRY OF POISONOUS PLANTS AND THEIR 
CLASSIFICATION BY CHEMICAL STRUCTURE

There are literally thousands of distinct compounds in a single plant. The majority of them aren’t 
hazardous. It is true that many plant compounds are extremely important, and some are required 
for the survival of all forms of life on earth, including plant and animal life. We know that life is 
built of carbon and that simple sugar molecules (such as glucose) are generated by sunlight inter-
acting with green plant cells in photosynthesis power practically every food chain in the universe. 
These simple sugars are frequently converted into other essential compounds, such as amino acids, 
through biochemical pathways. Amino acids are the building blocks of proteins, and they also serve 
as the structure of protoplasm (the living substance); about 20 amino acids are required for life and 
the metabolic processes that follow it (metabolism). Primary metabolism refers to the metabolic 
pathways that are required for life to exist, and primary chemicals or primary metabolites are the 
compounds or metabolites that are directly involved in these pathways (such as glucose and essen-
tial amino acids). Despite this, plants manufacture a range of different chemicals through secondary 
routes, including primary metabolites like glucose (as components of certain types of glucosides, 
for example). Secondary chemicals (alkaloids; glucosides; or more generally, glycosides, phenolic 
compounds, and so on) are less well understood, and not all of them appear to be required for life 
to exist (Audi et al., 2005). Toxic plant chemicals fall into this large group of secondary compounds 
with a hazy definition; toxins are considered a subset of secondary compounds (that is, those sec-
ondary compounds which are toxic). In some cases, this is a reasonable argument: some of these 
deadly chemicals, but not all, appear to have no clear role in plants other than survival adaptations 
(defense mechanisms). It’s still up for dispute whether some of these molecules originated simply 
as “evolutionary noise,” with no discernible effect on the plant. Toxic plants, no matter what, are 
mostly limited to a few broad types of chemicals: 

 1. Alkaloids: Alkaloids (“alkali-like”) are basic chemicals that include nitrogen, usually in 
the form of a heterocyclic ring. They’re usually bitter, and the majority of them are toxic. 
They can be divided into subcategories based on the chemical nature of the nitrogen-
containing heterocyclic ring:

 A. Pyrrolizidine Alkaloids: Plants containing PA can be found all over the world and are 
potentially harmful to a variety of animals, including horses, cattle, poultry, and 
humans (Burrows and Tyrl, 2001). The nucleus consists of two five-membered rings. 
PAs are responsible for the toxicity of various Senecio spp. (tansy particularly ragwort, 

TABLE 1.1 (continued)
Poisonous Plants and Their Phytochemicals

Family Name Botanical Name Common Names Phytochemicals

Solanaceae Solanum nigrum L. Black nightshade Solasadine; solanine; only a few 
berries needed to produce 
clinical signs

Solanaceae Solanum tuberosum L. Potato Solanine; 0.035% critical level for 
human poisoning

Thymelaeaceae Daphne mezereum L. Mezereon, spurge olive Mezerein (daphnane diterpene 
ester); 2–3 fruits fatal; several 
flowers: week-long 
hospitalization

Verbenaceae Lantana camara L. Lantana, shrub verbena, Pentacyclic triterpenes lantadene 
yellow sage, bunchberry A and B; unripe berries are most 

toxic
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common groundsel), crotalaria, Echium plantagineum (Paterson’s curse), and 
Heliotropium europaeum. The latter two are important in Australia. PAs cause irre-
versible liver damage. Examples are monocrotaline, heliotrine, lasiocarpine, and sene-
cionine (Stewart and Steenkamp, 2001). 

 B. Piperidine Alkaloids: The most important piperidine alkaloids in animal production 
are coniine and related alkaloids found in Conium maculatum (poison hemlock; Panter 
et al., 2007). These alkaloids affect the central nervous system and are also teratogens.

 C. Pyridine Alkaloids: Pyridine alkaloids found in Nicotiana spp. (wild or cultivated 
tobacco, tree tobacco), indole alkaloids found in Phalaris spp. grasses and grasses 
infested with ergot (ergot alkaloids), quinolizidine alkaloids found in Lupinus spp. 
(lupines), and indolizidine alkaloids found in many Astragalus spp. (locoweeds) and 
Swain (larkspurs).

 D. Indole Alkaloids: Indoles are derivatives of amino acid tryptophan. Examples are 
ergot alkaloids, alkaloids such as perloline in tall fescue, and 3-methylindole, an alka-
loid implicated in bovine pulmonary emphysema.
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 E. Quinolizidine Alkaloids: The quinolizidine nucleus consists of two six-membered 
rings. Lu pines contain these alkaloids, which cause acute poisoning in sheep and 
teratogenic effects in calves (crooked calf disease).

 F. Steroid Alkaloids
 i. Solanum Type: These are found in green potatoes, tomatoes, and nightshade. 

They are central nervous system poisons and cholinesterase inhibitors. Solanidine 
in potatoes has human health implications; an upper limit for alkaloid in new 
potato cultivars in the U.S. has been established by regulatory agencies. 

 ii. Veratrum Type: False hellebore (Veratrum californicum) contains veratrum alka-
loids that produce teratogenic effects in lambs (cyclops lamb) and prolonged ges-
tation in ewes. Death camas, a source of extensive sheep losses in the American 
West in the past, contains alkaloids of this type.
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 G. Polycyclic Diterpene Alkaloids: These complex alkaloids are found in Delphinium 
spp. Commonly known as larkspurs. 

 H. Indolizidine Alkaloids: Indolizidine alkaloids, such as swainsonine, have been identi-
fied as the toxic components of Swainsona spp. in Australia and Astragalus spp. (loco-
weed) in the U.S. They are inhibitors of a-mannosidase, resulting in the accumulation 
of mannose deposits in lysosomes of nerve cells. Slaframine is an alkaloid produced 
on red clover by a fungus; it causes profuse salivation.

 I. Tryptamine Alkaloids: Tryptamine alkaloids are found in Phalaris tuberosa, a for-
age grass grown in Australia. Phalaris poisoning results in acute neurological signs 
and chronic muscular incoordination.

 J. Tropane Alkaloids: Atropine, found in Datura spp. (Jimsonweed), is an example of 
tropane alkaloid. It has pronounced effects on the central nervous system.
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 2. Glycosides: Glycosides are ethers containing a carbohydrate moiety and a non-carbohy-
drate moiety (aglycone) joined with an ether bond. They are usually bitter substances. 
Often the aglycone is released by an enzymatic action when the plant tissue is damaged, 
such as by wilting, freezing, mastication, or trampling. They are classified on the basis of 
the structure and/or properties of the aglycone.

 A. Cyanogenic Glycosides: They produce a toxic substance namely hydrogen cyanide 
upon hydrolysis which occurs during chewing or digestion. An example is laetrile 
(amygdalin) found in the kernels of almonds, apricots, peaches, apples, and the leaves 
of chokecherries. It is hydrolyzed by B glycosidase to release hydrogen cyanide, glu-
cose, and benzaldehyde as follows:
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 B. Goitrogenic Glycosides: Goitrogens decrease production of the thyroid hormones by 
inhibiting their synthesis by the thyroid gland. As a result, the thyroid enlarges to 
compensate for reduced thyroxine output, producing a goiter. Goitrogenic glycosides 
are thioethers, containing an organic aglycone, where R (the aglycone) is an alkyl 
group. These compounds, called glucosinolates (formerly called thioglucosides), are 
commonly found in Brassica spp. such as cabbage, kale, and rape. They are hydro-
lyzed by glucosinolases to B-D-glucose, HSO4, and derivatives of the aglycone. These 
include isothiocyanates, nitriles, and thiocyanates. The glucosinolates are anions, usu-
ally found as potassium salts.

 C. Coumarin Glycosides: Coumarin is found in sweet clover (Melilotus spp.) as melilo-
toside. Coumarin is converted by mold growth to dicoumarol, an antagonist of vitamin 
K. Sweet clover poisoning, caused by feeding moldy sweet clover hay, is therefore an 
induced vitamin K deficiency.

 D. Steroid and Triterpenoid Glycoside:
 i. Cardiac Glycosides: The best-known cardiac glycoside is digitonin, contained in 

foxgloves (Digitalis spp.). As the name suggests, these glycosides contain a sterol 
group in their structure. Physiologically, they are potent stimulators of heart rate 
and are used medicinally. Milkweeds (Asclepias spp.) contain cardiac glycosides 
(cardenolides) and are extremely toxic to livestock. As little as 100 g of milkweed 
can kill a sheep.
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 ii. Saponins: Saponins are glycosides which have profuse foaming properties, pro-
ducing a distinctive honeycombed stable foam when an aqueous solution is shaken. 
They are widely distributed in plants and, in animal nutrition, are particularly 
important in temperate legume forages. They are bitter compounds, affecting pal-
atability and feed intake. They have growth-depressing properties in poultry and 
swine, and they have been implicated in bloat in ruminants. Saponins contain a 
polycyclic aglycone (steroid or triterpenoid) and a side chain of sugars attached by 
an ether bond to Ca as follows:

 E. Nitropropanol Glycosides: Many Astragalus species, such as timber milk vetch 
(Astragalus miser), owe their toxicity to this class of glycoside. They are metabolized 
to 3-nitro-1-propanol (3NPOH) in ruminants and 3-nitropropionic acid in nonrumi-
nants. These compounds, especially 3NPOH, are acutely toxic, producing methemo-
globinemia. They also produce chronic toxicity symptoms, involving permanent nerve 
damage.
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 F. Vicine: Vicine is a glycoside in fava beans (Vicia faba). It causes hemolytic anemia 
(favism) in people who have a genetic deficiency of glucose-6-phosphate dehydro-
genase activity in their red blood cells. Fava beans are being utilized, especially in 
Canada, as a protein supplement for livestock.

 G. Calcinogenic Glycosides: Some plants, such as Cestrum diurnum, Solanum mala-
coxylon, and Trisetum flavescens, have glycosides that contain the active metabolite of 
vitamin D (1,25-dihydroxycholecalciferol). The consumption of these plants by cattle 
and horses results in excessive levels of active vitamin D in their tissues, overrid-
ing the feedback control mechanisms involved in calcium homeostasis. This results in 
excessive calcium absorption and the calcification of soft tissues such as arteries and 
kidneys.

 H. Carboxyatractyloside: A glycoside called carboxyatractyloside has been identified as 
the toxicant in cocklebur (Xanthium strumarium). It produces hepatic lesions, convul-
sions, and severe hypoglycemia.
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 I. Isoflavone: These compounds, which are called phytoestrogens, contain a flavone 
nucleus. Examples of isoflavones are genistein, formononetin, and coumestrol. 
Isoflavones are particularly important in subterranean clover and have caused exten-
sive reproductive problems in sheep in Australia. 

 3. Proteins: Several important inhibitors in plants are proteins. It’s interesting to note that in 
some cases, the effect of these is to inhibit the utilization of other proteins by animals.

 A. Protease (Trypsin) and Amylase Inhibitors: Soybeans, most other legume seeds, 
and some grains (e.g., rye and triticale) contain trypsin inhibitors. These are small 
protein molecules which combine with and inactivate the digestive enzyme trypsin in 
the small intestine. They cause reduced growth and pancreatic hypertrophy. Amylase 
inhibitors occur in beans and have been commercialized as “starch blockers” to reduce 
obesity in humans.

 B. Lectins (Hemagglutinins): These are glycoproteins of 60,000–100,000 MW that 
cause agglutination (clumping) of red blood cells in vitro. They are found in most 
types of beans, including soybeans. They cause reduced growth and diarrhea, and they 
interfere with nutrient absorption.

 C. Enzymes: An example of an enzyme toxin is thiaminase, found in bracken fern 
(Pteridium aquilinum) and certain fish such as carp. The enzyme cleaves the B vita-
min thiamine, thereby inactivating it. Consumption of bracken fern causes thiamine 
deficiency in some animals. Use of carp and other types of thiaminase-containing fish 
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in mink diets has caused thiamine deficiency (Chastek paralysis). Other enzymes in 
feeds produce deleterious effects in livestock.

 D. Plant Cytoplasm Protein: Many leguminous forages such as alfalfa and numerous 
clovers may cause bloat in ruminants. This is primarily due to formation of stable foam 
in the rumen, involving cytoplasmic proteins in the plant cell contents.

 4. Amino Acids and Amino Acid Derivatives: There are over 300 amino acids in plants. 
Not surprisingly, some of these are toxic. The best known is mimosine, which is structur-
ally similar to tyrosine. 

Mimosine occurs in the tropical forage Leucaena leucocephala, which produces 
protein-rich leaves that have considerable potential as livestock feed. Mimosine causes 
reduced growth and alopecia (loss of hair) in nonruminants and is metabolized in the 
rumen to a goitrogenic compound, producing goiter in ruminants.

Tryptophan is a dietary essential amino acid. It can also be regarded as a toxicant 
because under some conditions, it is metabolized in cattle to 3-methylindole, a compound 
responsible for acute bovine pulmonary emphysema.

Dihydroxyphenylalanine (dopa) occurs in fava beans and has pharmacological effects. 
Selenoamino acids, such as selenocystine, methylselenocysteine, selenocystathionine, 

and selenomethionine, which contain selenium in place of sulfur, are implicated in sele-
nium toxicity due to consumption of selenium accumulator plants such as Astragalus spp.

There are several lathyrogenic amino acids, including β-cyano-L alanine in Vicia spp. 
and β-amino propionitrile in Lathyrus spp. Lathyrus seeds are consumed as food in India, 
causing a major public health problem because it may result in permanent paralysis and 
skeletal deformity. In livestock, consumption of Lathyrus odoratus seeds by cattle and 
horses causes paralysis, aortic aneurysm, and skeletal deformity. Lathyrism is the term 
used to describe the symptoms, and both neurolathyrism (paralysis) and osteolathyrism 
(skeletal deformity) are observed.

Another toxic amino acid is 1-amino-D-proline. It is produced from linatine, found in 
linseed meal. 1-Amino-D-proline is an antagonist of pyridoxine (vitamin B6). Indospecine 
is a toxic amino acid found in Indigofera spicata, a potentially useful tropical pasture 
legume. It is an antagonist of arginine, resulting in depressed incorporation of arginine 
into liver-synthesized proteins.

The brassica anemia factor, S-methylcysteine sulfoxide, is an amino acid derivative. It 
leads to red blood cell hemolysis and anemia. It is found in forage brassicas such as kale 
and turnips.

 A. Polypeptides:
Amanita mushrooms are extremely poisonous and owe their toxicity to cyclic poly-
peptides. An unusual livestock poisoning problem in Australia is caused by the larvae 
of the sawfly, which contain an octapeptide called lophyrotomin. The sawfly larvae 
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congregate in mounds beneath the silver-leaf ironbark tree (Eucalyptus melanophloia) 
and are avidly consumed by cattle. Affected animals show incoordination, trembling, 
and liver damage.

 5. Carbohydrates: There are few toxicity problems due to carbohydrates. Xylose, a hexose 
sugar, causes reduced growth and eye cataracts in pigs and poultry. As certain oligosac-
charides, such as raffinose, are not digested in the small intestine, they promote bacterial 
growth in the hindgut. These are the flatulence factors in beans. The β-glucans in certain 
barley varieties sometimes cause nutritional problems in poultry.

 6. Lipids: Several fatty acids are toxic. These include erucic acid in rapeseed, which may 
result in myocardial lesions in rats. Cyclopropenoid fatty acids, such as sterculic and mal-
valic acids in cottonseed, have toxic properties and cause pink albumins to develop in 
stored eggs. They are also cocarcinogens, leading to increase in the carcinogenicity of 
aflatoxins.

 7. Glycoproteins: Lectins (discussed under Proteins) are glycoproteins. Avidin, a glyco-
protein in egg albumin, is an antagonist of the B vitamin biotin. Raw eggs can be used 
to induce biotin deficiency in experimental animals. Biotin deficiency has occurred in 
fur animals (foxes and mink) fed raw eggs or poultry-processing plant wastes containing 
unlaid eggs.

 8. Glycolipids: The cause of annual ryegrass toxicity (ARGT) has been identified as a 
glycolipid(s) called corynetoxin. This toxin is synthesized by a Corynebacterium which 
colonizes galls, produced by a nematode, in the ryegrass seed head. The toxin affects the 
brain, leading to incoordination and staggering.

 9. Metal-Binding Substance:
 A. Oxalates: Oxalic acid is a chelating agent which chelates calcium very effectively. 

Plants with a high oxalate content, such as the U.S. range weed Halogeton glomeratus, 
may produce acute metabolic calcium deficiency (hypocalcemia) when consumed by 
livestock.

 B. Phytates: Phytic acid in cereal grains and soybean meal causes reduced mineral avail-
ability, particularly of zinc, through the formation of absorbable phytates. Organic 
phosphorus (phytin phosphorus) is of low availability to nonruminant animals.

 C. Mimosine: Mimosine, the toxic amino acid in L. leucocephala, is reputed to have 
metal-binding properties.

 10. Resin: These compounds do not share any particular structural features, but have certain 
common physical characteristics. They are soluble in a number of organic solvents, are 
insoluble in water, and do not contain nitrogen. An example of a resin is cicutoxin, the poi-
sonous principle of Cicuta spp. (water hemlock). It is one of the most spectacular poisons 
known, acting directly on the central nervous system to produce violent convulsions.

 11. Phenolic Compound: Phenolics contain an aromatic ring(s) with one or more hydroxyl 
groups.

 A. Hypericin: Hypericin is a phenolic compound in Hypericum perforatum (St. John’s 
wort). It is a primary photosensitizing agent, producing dermatitis and skin lesions in 
light-skinned animals by reacting with ultraviolet light at the skin surface to produce a 
photodynamic reaction.

 B. Gossypol: Cottonseed meal contains a toxic polyphenol called gossypol. Gossypol 
causes reduced growth and feed intake, cardiac lesions, and male infertility.

 C. Tannins: Tannins are phenolic compounds that react with proteins. The term was 
originally used for plant extracts that were used in tanning leather. They are astringent 
and adversely affect feed intake. Tannins are important in oak poisoning and in nutri-
tional problems with sorghum grain (milo).
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 12. Sesquiterpene Lactones: Sesquiterpene lactones are derivatives of the germacranolide 
nucleus. These compounds are the toxic constituents of sneezeweeds (Helenium spp.) 
and bitterweeds (Hymenoxys spp.). They cause severe irritation of nasal and intestinal 
membranes.

 13. Mycotoxins: Mycotoxins are toxic substances released by fungi (molds). A total of 25 spe-
cific diseases in livestock can be attributed to mycotoxins. Some of the mycotoxins involve 
aflatoxins, phomopsin, tremorgens, T-2 toxin, citrinin, ochre sporidesmin, and zearale-
none. They are implicated in diverse conditions such as acute death of poultry (turkey 
X disease), liver care trout, lupinosis, fescue foot of cattle, sweet clover poisoning, and 
eczema of sheep, as well as ryegrass staggers and ergotism.

1.3  DIAGNOSIS AND TREATMENT OF INTOXICATION  
IN SOME RUMINANTS

Animals under nutritional stress are most susceptible to plant poisoning. The diagnosis of plant 
intoxication is a challenging task for veterinarian as history of ingestion or exposure of toxic plants 
is often not noted by animal owners or affected individuals. Only a few specific tests are available 
to confirm exposure to a specific plant, while the number of toxic plants is much more. However, 
exposure to a plant containing a cyanogenic glycoside can potentially be confirmed by measurement 
of blood cyanide concentration. Consumption of some plants even at small quantities can result in 
rapid death. The most common plant species that are responsible for plant toxicity in ruminants 
include Abrus precatorius, Datura stramonium, Lantana camara, Ricinus communis, Nerium ole-
ander, and Pteridium aquilinum. Here is a summary of diagnosis and management of intoxication 
caused by the abovementioned toxic plants:

Abrus precatorius L.: It is commonly known as rosary pea, bead vine, coral bead plant, 
crab’s eyes, jumbo beads, and love bead. It is generally grown as an ornamental plant, and 
its seeds are used in jewelry and handicrafts. Cattle are more prone to abrin poisoning in 
comparison to other animal species.
Toxin: A lectin namely abrin present in seeds is the toxic principle of the plant. 
Mechanism of Toxicity: It inhibits protein synthesis mediated through ribosomal subunit 

inactivation. Toxicity of abrin is similar to ricin poisoning. 
Sign and Symptoms: Oral ingestion leads to gastroenteritis with vomiting and diarrhea, 

which then leads to circulatory collapse. Other local signs such as conjunctivitis and 
dermatitis are also seen. 

Management: Symptomatic treatment along with fluid therapy is given to facilitate faster 
recovery. Activated charcoal is administered at a total dose of 250–500 g in large rumi-
nants. Anti-abrin serum as an antidote is also given. For the excretion of absorbed 
toxins and alkalinization of urine, saline purgatives at the rate of 100–200 g are also 
administered (Rajeev, 2012).
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Datura stramonium L.: It is commonly known as devil’s trumpet, mad apple, jimsonweed, 
and thornapple. It is an annual ornamental plant with white funnel-shaped flowers. Due to 
its strong smell and unpleasant taste, it is not preferred by animals. The whole plant includ-
ing nectar is considered as toxic, and seeds are the most toxic ones (Glen, 2008). 
Toxin: Atropine, hyoscyamine, scopolamine, and other anticholinergic alkaloids are toxic 

principles. 
Sign and Symptoms of Toxicity: Initially, rapid pulse with increased heart rhythm, pupil 

dilatation, dry mouth, and vision impairment are seen (Everest et al., 2005). Later, 
decreased body temperature, nausea, loss of muscle coordination, violent tremors, 
aggressive behavior, slow breathing, and rapid and weak pulse are observed.

Management: The supportive and symptomatic care including administration of an anti-
dote, physostigmine, should be done in severe intoxication. Several other topics related 
to D. stramonium have been discussed in Chapter 16 of this book.

Lantana camara L.: It is commonly known as Lantana weed, Wild sage, and red sage. It 
is the most popular ornamental garden plant. Some varieties of L. camara complex are 
known to cause toxicity particularly in sheep. 
Toxin: The triterpene ester metabolites, lantadene A and B, are main toxic principles of the 

plant. The leaves and immature berries are more toxic to livestock. 
Mechanism of Toxicity: Metabolism of lantadene A in the liver yields more polar com-

pounds which are then excreted into the bile. The lantana poisoning shows cholestasis 
and hepatotoxicity due to the continuous absorption of toxins from the rumen. Other 
related consequences of cholestasis are jaundice and photosensitization. Experimental 
studies show that lantana-poisoned sheep develops dehydration and hypokalemia. 

Management: Administration of laxatives is done to remove toxins from the body (Blood 
et al., 1983). To enhance the recovery, manual removal of the toxic rumen contents is 
done. To adsorb the toxins in the rumen and to prevent further absorption, administra-
tion of activated charcoal can be done. Antihistaminic and antibiotics should also be 
administered. Moving the animal into the shade helps to prevent the development of 
photosensitive dermatitis (Blood et al., 1983).

Ricinus communis L.: It is commonly known as castor oil plant or castor bean. Horses are 
the most susceptible and ruminants have intermediate susceptibility, whereas the chicken 
is most resistant animal to the poisoning of castor bean (Aslani et al., 2007). 
Toxins: Its seeds contain a water-soluble, heat-sensitive toxic principle namely ricin, while 

the leaves and fruits contain an alkaloid known as ricinine (Audi et al., 2005). 
Mechanism of Toxicity: Toxicity may be due to the inhibition of protein synthesis, direct 

damage to cell membrane, and release of cytokine inflammatory mediators (Day 
et al., 2002). 

Sign and Symptoms of Toxicity: The initial toxicity signs include nausea, gastrointestinal 
irritation, abdominal pain, diarrhea, tenesmus, dehydration, cessation of rumination, 
muscle twitching, dullness of vision, convulsions, weakness, profuse watery diarrhea, 
and dehydration within 6–24 hours. 

Diagnosis: It can be made from case history and clinical signs exhibited by the animal. 
Due to the non-specific nature of the clinical manifestations in plant toxicity, one can-
not confirm the intoxication merely based on the clinical signs unless the suspicious 
particles are not found in vomitus, feces, or in the intestine. For confirmatory diag-
nosis, detection and quantification of toxin is made by antibody-based immunoassay 
(Roy et al., 2003; He et al., 2010). Ricinine can be detected successfully instead of ricin 
using paper chromatography, UV detection, and liquid chromatography (Knight and 
Walter, 2001). 

Management: Its poisoning is managed by symptomatic therapy as there is no antidote 
against ricin. Administration of activated charcoal to adsorb toxins would be helpful. 
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Intravenous hydration and fluid replacement is necessary to combat dehydration and 
fluid loss in affected animals. Additional detail information on this plant can be seen 
in Chapter 20 of this book.

Nerium oleander L.: It is commonly known as oleander, oleana, and rose bay. It is an orna-
mental flowering shrub commonly grown in gardens and parks. It is widely distributed in 
tropical and subtropical regions and known to be poisonous to animals (Knight and Walter, 
2001; Frohn and Pfander, 1983).
Toxins: Cardiotoxicity exhibited by the cardiac glycosides, i.e., oleandrin, folinerin, and 

digitoxigenin, is the main toxic principle. 
Mechanism of Toxicity: Cardiac glycosides inhibit Na+/K+-ATPase pump resulting in 

electrolyte disturbance, and thus, affecting the electrical conductivity of the heart by 
increasing the intracellular calcium ion concentration (Joubert, 1989).

Sign and Symptoms of Toxicity: In initial stages of intoxication, there is a ruminal atony 
with moderate tympany. Other symptoms include abdominal pain, frequent urination, 
bradycardia, tachycardia, depression, and weakness. The toxic effects exhibited by 
oleander include ventricular arrhythmia which leads to ventricular fibrillation and 
finally death of the animal.

Management: As there is no specific remedy, the general symptomatic and supportive 
care including administration of activated charcoal to eliminate or reduce toxins from 
the gastrointestinal tract is done. To relieve cardiac symptoms, i.e., tachycardia and 
atrioventricular block, adrenergic blockers along with atropine are given. Rehydration 
of animal is also taken care of (Knight and Walter, 2001). Administration of anti-
digoxin antibodies is considered as the first line of treatment as it is highly effective but 
restricted due to high cost and limited availability (Joubert, 1989). Several other topics 
related to N. oleander have been discussed in Chapter 19 of this book.

Pteridium aquilinum: Pteridium aquilinum var. pubescens is commonly known as bracken 
fern, Brake, and Hog Pasture Break. It is a poisonous weed widely distributed in many 
places around the world where it grows in woodlands and other shaded places on hillsides 
and open pastures (Stegelmeier et al., 1999). All parts of the fern are poisonous. 
Toxin: Thiaminase inhibitors present in the plant cause thiamine deficiency. Norses-

quiterpene glycoside called ptaquiloside present in plant causes aplastic anemia in 
cattle. Consumption of milk from poisoned cows is harmful to humans. 

Sign and Symptoms: In cattle and sheep, high fever, loss of appetite, depression, dyspnea, 
excessive salivation, nasal and rectal bleeding, hematuria, hemorrhages on mucous 
membranes, thrombocytopenia, anemia, leukopenia, plastic bone marrow, and bladder 
tumors are seen (Davis et al., 2011). 

Management: Administration of thiamine hydrochloride, batyl alcohol, activated charcoal, 
and saline cathartics is recommended to counter toxicity.

1.4  EFFECT OF POISONOUS PLANTS ON ANIMALS 
(LIVESTOCK) AND PREVENTION OF POISONING

Poisonous plants exert major impact on livestock industry in various ways. Livestock loss increases 
in certain conditions: when animals graze ranges infested with poisonous plants or when animals 
are unloaded from trucks onto areas where poisonous plants are abundant. When the animals are 
under stress, they tend to graze less selectively and are more likely to consume poisonous plants; 
they are more likely to do so when they are not given regular access to water, when they are allowed 
to become hungry, when they are more likely to eat lethal quantities of poisonous plants, and when 
they are allowed to graze on lands early in the spring when there is no other green vegetation 
except poisonous plants. Poisonous plants cause major economic losses to livestock industry due to 
improper management. The economic losses can be classified into two categories: direct losses and 
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indirect losses (James, 1978). In the direct loss, the animals are directly affected, i.e., deaths of live-
stock, abortions, birth defects, weight loss (due to illness or decreased feed intake), lengthened calv-
ing interval, decreased fertility, decreased immune response, decreased function (due to damage of 
organs such as the nervous system, lungs, and liver), and loss of breeding stock (due to deaths, func-
tional inefficiency, etc.). However, indirect loss includes the management costs namely for build-
ing and maintaining fences, increased feed requirements, increased medical expenses, decreased 
forage availability, decreased land values, loss of time in management, and stress to management. 
Thus, to avoid livestock poisoning, the person involved in management should have following abili-
ties: must know to identify the poisonous plants that grow in a particular localities, must know 
the conditions under which these plants can be dangerous, must learn to develop a grazing plan to 
improve local areas and prevent poisoning, must feed the animal timely to avoid hunger stress, must 
provide adequate water to livestock, must be careful when grazing newly acquired livestock in par-
ticular localities, must provide adequate salt and other supplements as needed, must avoid placing 
them in an area where poisonous plants are growing, must control poisonous plants where feasible, 
and if animals get sick, must consult local veterinarian to ensure proper diagnosis and treatment. 
Moreover, if a poisonous plant is involved, identification of the plant by an experienced botanist or 
poisonous plant expert is essential for any corrective and timely action (Panter et al., 2011).

1.5 CATEGORIES OF PLANT TOXINS

Plant toxins can broadly be categorized as toxins as drugs and toxins as suicidal poisons. The phy-
tochemicals or compounds presently used in clinics for disease management or as research tools to 
probe biological functions are derived from natural sources, i.e., plants. Since ancient times, venoms 
and other toxic substances are included in numerous systems of traditional healing. In the 1940s, 
tubocurarine, a vegetal compound, was used as an anesthetic agent which is one of the key active 
ingredients in curare, a South American arrow poison. Plant-derived secondary metabolites such 
as alkaloids, terpenes, steroids, and phenolic compounds exhibit toxicity to humans and animals. 
These metabolites are good source for providing templates for drug design. Many of the plant-based 
molecules have significant effect on neural transmission and cell division processes. Such mol-
ecules have given rise to drugs for treating central nervous disorders and cancer (Rates et al., 2015). 
Various dugs have been isolated from plants (Papaver somniferum, Cannabis sativa, Erythroxylum 
coca, Atropa belladonna, D. stramonium, Hyoscyamus niger, and Hyoscyamus muticus) which 
are being used to treat nervous disorders. Some important plant toxins such as podophyllotoxin, 
taxanes, vincristine, and vinblastine are reported to have antitumor activity and are supposed to 
be effective in cancer treatment (Rates et al., 2015). Further, there is a lot of information available 
on various bioactive compounds, which is summarized in the following section and has also been 
discussed in detail in the chapters that follow. 

Opioids: The alkaloids isolated from opium poppy plant fall under the category of opioid 
drugs or narcotics, namely, morphine, codeine, and papaverine. Morphine sulfate that is 
approved by the FDA is still accepted as gold standard for pain management in comparison 
to other analgesic. Codeine works as an analgesic and antitussive drug. Papaverine is the 
basis for developing an antihypertensive drug verapamil, a calcium channel blocker. The 
most common side effects of opioids are respiratory depression, antinociceptive tolerance, 
physical dependence, and constipation. 

Cannabinoids: Terpenophenolic compounds isolated from C. sativa fall under the category 
of cannabinoids. For recreational purpose, this plant is smoked to get pleasure and relax-
ing perception that may be followed by dysphoria, anxiety, panic episodes, impairment of 
memory, and reductions in psychomotor and cognitive performance. Active compounds 
derived from Cannabis extracts are tetrahydrocannabinol (THC, a strong psychotropically 
active component) followed by cannabidiol (CBD), cannabigerol, and cannabichromene. 
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Pharmacologically, cannabinoids are found effective in spasticity, pain, nausea, vomiting, 
loss of appetite, neuronal injury, neurodegeneration, and psychiatric disorders, such as 
schizophrenia.

Cocaine: A tropane alkaloid obtained as white powder from the leaves of the South American 
shrub E. coca is called cocaine (benzoylmethylecgonine). Cocaine is one of the widely 
used worldwide illegal recreational drugs. Cocaine is the only local anesthetic with vaso-
constrictor properties. The local anesthetic effect occurs as the action of axonal membrane 
sodium channels is blocked. Cocaine’s derived formulations, including co-phenylcaine 
forte (5% lignocaine and 0.5% phenylephrine), lignocaine alone, or 4% lignocaine with 
1:1,000 adrenaline, amethocaine, and oxymetazoline, are still in use. The most important 
adverse effects are addiction and cardiotoxicity.

Ergot Alkaloids: The ergot alkaloids are mainly produced by fungi from the Ascomycota 
phylum, such as Claviceps, Epichloë, Penicillium, and Aspergillus spp. Ergot alkaloids 
are used in the management of a broad array of diseases, especially as psychoactive and 
vasoconstricting agents in migraine. Nasal spray and injection of dihydroergotamine (an 
ergotamine analog) is available for use. Ergotamine is available in oral and sublingual 
tablet formulations and rectal suppositories.

Atropine, Scopolamine, and Hyoscyamine: These alkaloids are found in A. belladonna, 
D. stramonium, H. niger, and H. muticus. Atropine is used in ophthalmic treatment for 
pupil dilatation or even for the induction of complete cycloplegia; it is also used in anes-
thesia procedures. The other belladonna alkaloids and muscarinic receptors can also be 
employed in the respiratory, gastrointestinal, and cardiovascular systems. Toxic effects 
of atropine, scopolamine, hyoscyamine, and other belladonna alkaloids may be exhibited 
such as skin rash, skin flushing, mouth dryness, and eye perturbations (Rates et al., 2015).

Podophyllotoxin (Etoposide): It is isolated from a resin namely podophyllin which is pro-
duced by Podophyllum emodi and Podophyllum peltatum. Due to its cytotoxic activity, it is 
topically applied in the treatment of genital warts and condylomata. Etoposide, a semisyn-
thetic derivative of podophyllotoxin, is used in combination with other chemotherapeutic 
agents for the treatment of refractory testicular tumors, small-cell lung cancer, lymphoma, 
nonlymphocytic leukemia, and glioblastoma multiforme. Podophyllotoxin toxicity is 
exhibited by vomiting, diarrhea, abdominal pain, abnormal hepatic functions, and neuro-
logical disturbance in humans.

Taxanes: They are modified diterpenes initially produced by a small slow-growing evergreen 
coniferous tree known as yew tree, Taxus brevifolia. Later, due to scarcity of T. brevifolia, 
it was derived from Taxus baccata. They are discovered in 1979 and got approval for clini-
cal use against ovarian cancer in 1992 and against breast cancer in 1994. In the present 
time, paclitaxel and docetaxel are widely used as antineoplastic agents for a broad range 
of malignant solid tumors. Toxic effects include neutropenia, hypersensitivity reactions, 
hematological toxicity, neurotoxicity, and cardiac effects.

Vincristine and Vinblastine: The vinca alkaloids are derived from Catharanthus roseus, 
known as the vinca plant. These are currently used in the treatment of Hodgkin’s lym-
phoma, Kaposi’s sarcoma, ovarian cancer, and testicular and infant acute lymphoblastic 
leukemia. Peripheral neuropathy and neutropenia are toxic effects of vincristine and vin-
blastine (Rates et al., 2015).

1.6 PLANT TOXINS AS SUICIDAL POISON

Toxic plants are found throughout the world. Due to public awareness and accessibility to toxic 
plants, suicidal deaths are reported in many parts of the world. Suicide is the second leading cause 
of death in the age range of 15–29 years. There are some toxic plants commonly used for sui-
cidal purpose, e.g., hemlock (Conium maculatum), nicotine (in Nicotiana spp. and Solanaceae), 
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monkshood (Aconitum napellus), yellow oleander (Thevetia peruviana), rosary pea (A. precato-
rius), and castor oil plants (Ricinus communis; Fernando, 2016). Some of the basic information 
related to these selected plants is summarized in the following section and has also been discussed 
in detail in the chapters that follow. 

Hemlock (Conium maculatum): It is a highly poisonous perennial herbaceous flowering 
plant native to Europe and North Africa. It was used as poison to execute Greek phi-
losopher Socrates. It contains a potent toxin known as coniine. Ingestion of even small 
amounts of coniine (6–8 leaves, or an even smaller dose of the seeds or roots) causes 
death by disrupting the body’s neuromuscular junctions, resulting in “ascending muscular 
paralysis.” The paralysis typically begins in a person’s legs and ascends up the body until 
it reaches the respiratory muscles, resulting in death. Many other information and explana-
tions related to this plant are discussed in Chapter 15 of this book.

Nicotine (in Nicotiana spp. and Solanaceae): It is one of the commonly abused and eas-
ily accessible drugs found worldwide. Nicotine naturally occurs in large amounts in the 
leaves of tobacco plants. The lethal dose of nicotine has been reported to be between 40 
and 60 mg. Exposures to lethal dose of nicotine cause autonomic ganglionic blockade lead-
ing to hypotension, bradycardia, dyspnea, and, eventually, coma and respiratory failure 
followed by death.

Monkshood (Aconitum napellus): The roots and seeds are freely available in open market. 
It contains aconitine which has neurotoxic and cardiotoxic properties. The lethal dose in 
adults is 2–6 mg. Clinical features of poisoning appear about 30 minutes after herb intake. 
Symptoms of poisoning include muscle weakness, palpitations, chest tightness, nausea and 
vomiting, hypotension, arrhythmias including polymorphic ventricular tachycardia, and 
finally, ventricular fibrillation leading to death. Many other information and explanations 
related to this plant are discussed in Chapter 6 of this book.

Yellow Oleander (Thevetia peruviana): It is an ornamental tree that is common throughout 
the tropics. It contains thevetin A and B and neriifolin that are toxic to cardiac myocytes 
and autonomic nervous system. Symptoms of poisoning developed after 3–4 hours of oral 
intake of its seeds include vomiting, abdominal pain, diarrhea, and neurological mani-
festations. Resistant ventricular fibrillation leads to death. Many other information and 
explanations related to this plant are discussed in Chapter 21 of this book.

Rosary Pea (A. precatorius): It is cultivated in many subtropical areas. It contains a toxin 
namely abrin, an enzyme which inhibits ribosomal function, halting protein synthesis and 
leading to cellular death. Symptoms of poisoning include vomiting and watery diarrhea 
which can result in hypovolemia and life-threatening electrolyte imbalance.

Castor Oil Plants (Ricinus communis): It is noticed worldwide in houses/gardens and con-
sidered as the world’s most poisonous plant. The seeds have a toxin called ricin or ricinine. 
Lethal dose is 4–8 seeds. Ricin, similar to abrin, is an enzyme which inhibits ribosomal 
function, halting protein synthesis and leading to cellular death. Oral intake of the seeds 
can lead to burning sensations in the mouth and throat, intense abdominal pain, and bloody 
diarrhea within 36 hours and can lead to dehydration, shock, respiratory failure, and death 
within 3–5 days if left untreated (Fernando, 2016). Several other information related to this 
plant is presented in Chapter 20 of this book.

1.7 CONCLUSION

The current chapter discusses some of the often observed potentially poisonous plants. Toxic plants 
can harm every organ system and put animal health and production at danger. However, plant tox-
icity depends on many factors, ranging from phytochemical features to human or animal or pet 
age, size, weight and so on. Because of their widespread distribution, it is critical and necessary to 
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examine dangerous plants and their toxic chemical features. To minimize poisoning in livestock, 
various measures such as removing the poisonous weeds from the grazing area, providing good-
quality forages, adapting good practices of grazing, and proper observation of grazing animals are 
required. The intense knowledge about poisonous plants and strategic approaches to therapy helps 
to resolve the problem. For prevention of suicides through plant poisons, an effective strategy to 
restrict access to the most common means, which include pesticides, household chemicals, firearms, 
medications, and plants, is also required. At the same time, such poisonous plants possess various 
medicinal values; therefore, all aspects required to be carefully examined. New methods and instru-
mentation techniques should be adopted to understand for safety and their identification. 
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2.1 INTRODUCTION

The world’s livestock industries suffer significant financial losses as a result of poisonous plants and 
the poisons they release. Toxic plants are thought to be responsible for annual losses of more than 
$340 million in the 17 western states of the USA alone. The USDA-ARS Poisonous Plant Research 
Laboratory in Logan, Utah has conducted research on poisonous plants for the past 20 years, and 
the outcomes have provided knowledge to land managers and livestock farmers that they may uti-
lise to lessen losses from toxic plants and increase economic viability in rural regions. This study 
places attention on identifying poisoning biomarkers for diagnoses and research in various places. 
The updated knowledge provided here will aid medical professionals and diagnostic facilities in 
the identification of harmful plant toxicoses, even if much more study is still needed (Gupta, 2018). 
The relationship between plants and animals, including humans, has long been a difficult topic to 
discuss due to the great diversity of organism interactions, particularly their reciprocal effects on 
individual metabolisms. Even before domestication and the development of agriculture, plants have 
always been the foundation of human nourishment. Fewer than 20 species and associated cultivars 
and variants currently meet 90% of the world’s food requirement, despite the fact that at least 7,000 
plant species are thought to have been consumed by humans throughout history. Based on the LD50 
measurement in rats, the World Health Organization (WHO) distinguishes four kinds of toxicity: 
Class Ia is the most hazardous category, Class Ib is very dangerous (5–50 mg/kg bodyweight), 
Class II is moderately hazardous (50–500 mg/kg bodyweight), and Class III is mildly harmful 
(>500 mg/kg bodyweight). Class III plants are the least dangerous, followed by class II plants, which 

2 Biotechnological Approaches 
in Poisonous Plants

Lubna Azmi

DOI: 10.1201/b23017-3

CONTENTS

2.1 Introduction ............................................................................................................................ 31
2.2 Aspects of Poisonous Plant History ........................................................................................ 32
2.3 Plant Poisoning Causes ........................................................................................................... 32
2.4 Active Compound and Pharmacological Activity .................................................................. 33
2.5 Bioassays Approach ................................................................................................................34
2.6 DNA Barcoding Approach ..................................................................................................... 35

2.6.1 Target DNA-Based Methods .......................................................................................36
2.6.1.1 DNA Microarray ..........................................................................................36
2.6.1.2 PCR Primers ................................................................................................36
2.6.1.3 Species-Specific PCR Primers .....................................................................36
2.6.1.4 Loop-Mediated Isothermal Amplification ................................................... 37

2.7 High-Throughput Sequencing (HTS) ..................................................................................... 37
2.8 DNA Barcoding Combined with High-Resolution Melting (Bar-HRM) Analysis ................ 37
2.9 Biomarkers Approach for Poisonous Plant ............................................................................. 38
2.10 Conclusion .............................................................................................................................. 38
Note .................................................................................................................................................. 39
References ........................................................................................................................................ 39

https://doi.org/10.1201/b23017-3


32 Exploring Poisonous Plants

are classified as poisonous. Plants classified as classes Ia and Ib are thought to be very poisonous 
(Mezzasalma et al., 2017). Worldwide, plant poisoning is a problem that is regularly documented, 
and there are many different species that are affected. Severe occurrences of intoxication or death 
brought on by exposure to plants are, however, uncommon in industrialised nations. In 24,950 cases 
of plant poisoning that the Swiss Toxicological Information Centre reported between 1966 and 
1994, only 152 of them resulted in significant poisoning and only 5 of them resulted in fatal poison-
ing. These cases were caused by the consumption of Colchicum (in two cases), Oenanthe crocata, 
Taxus baccata, and Narcissus pseudonarcissus (Eddleston and Persson, 2003). One of the most fre-
quent hazardous plant exposures documented in the USA is exposure to plants that produce oxalate 
crystals, such Philodendron and Dieffenbachia (Tyrl, 2006). To deliver the most reliable therapy, 
instances of intoxication require a quick diagnosis. It can be difficult to accurately taxonomically 
characterise the species that have been swallowed, though. In this study, we give a general overview 
of the new DNA-based methods and technologies being developed to solve the problem of iden-
tifying dangerous plants (Mezzasalma et al., 2017). Particularly, traditional DNA barcoding and 
its implementations employing Great Resolution Melting (Bar-HRM) assure high universality and 
quick response, whilst high-throughput sequencing (HTS) approaches offer a thorough characteri-
sation of plant residues in complicated matrices.

2.2 ASPECTS OF POISONOUS PLANT HISTORY

The majority of kids have heard tales of sadhus who regularly ate Datura seeds, which were thought 
to be toxic. The majority of individuals have also read fiction about Vishkanyas and nonfiction on 
poison arrows. The interesting tale of the Vishkanyas is said to have been introduced in Chanakya’s 
Arthashastra, which he wrote as Chandragupta’s advisor and prime minister. Vishkanyas, also 
known as poison damsels, were young women whose blood were poisonous and were used to kill 
enemies (Chaurasia, 2002). According to archaeological evidence, early man looked for more effec-
tive weapons to defend themselves against predators or foes. Poisonous substances were regarded 
as enigmatic things in antiquity. Around 300 BC, Egyptian monarchs researched toxic plants. 
Claudius, the Roman emperor, was assassinated by his wife Agrippina using a death cap mush-
room administered with skill. The famous Greek philosopher Socrates was killed by water hemlock 
containing coniine, another infamous toxic substance. Ancient India employed the use of poisoned 
weapons in their military strategies. Sanskrit poem “Jalam visravayet sarmavamavisravyam ca 
dusayet” refers to contaminated well water that has been tainted with poison. The Pontus king 
Mithridates used to frequently eat little doses of poison to fortify his body against deadly substances 
(Hashim et al., 2016). The toxic qualities of mistletoe (Viscum album) have been recognised since 
antiquity. In paganism, especially among the Celts, it was regarded as a sacred plant. According to 
Nordic texts, a mistletoe-tipped arrow was the reason for the well-known demise of the deity Baldr. 
Many harmful substances, including deadly lectins and viscumins, are found in mistletoe. Mistletoe 
extracts have proved effective in treating a variety of illnesses and are still widely used in alternative 
medicine, especially for the treatment of cancer (Dubey et al., 2018). 

2.3 PLANT POISONING CAUSES

Poisonous instances can result from a variety of factors and situations. The majority of these can 
be classified into the following categories: unintentional plant misidentification; use of botanical 
products whose taxonomy and safety have not yet been characterised; and trade in phytochemical 
products for cosmetic, food, and medical uses without establishing appropriate control and regula-
tions (Mezzasalma et al., 2017). The collection and use of wild plants by individuals with little to 
no understanding of systematic botany is now a favourable trend. Typically, the word “wild plant” 
refers to plants that are growing naturally (Evans-Brown et al., 2015) This meaning is not always 
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accurate since in certain instances, the phrase is misused to promote a particular species. Producers 
frequently back the assertion that wild plants have more nutritional benefits and are healthier than 
cultivated ones in the context of the food supply chain. Juglans regia, Corylus avellana, Prunus 
avium, Ficus carica, and Sambucus nigra are only a few examples of plants that are frequently 
misidentified as being in the wild. The same species, nevertheless, can exist in cultivated, wild, 
or semi-wild conditions depending on the circumstances. There are several case reports reporting 
persons who were searching for wild plants that resembled salad or young shoots that resembled 
asparagus and found toxic species that were morphologically similar. In other instances, danger-
ous Colchicum spp. was used in place of Allium ursinum, according to Colombo and colleagues 
(2010). The primary harmful components in plants include organic molecules such as tannins, 
flavonoids, diterpenes, cardiac and cyanogenic glycosides, proanthocyanidins, phenylpropanoids, 
lignans, alkaloids, nitrogen-containing compounds, resins, oxalates, and certain proteins or amino 
acids (Bernhoft, 2010). Numerous metabolic processes that are interrelated and reliant on a variety 
of biotic and abiotic elements of the environments where the plants thrive are used to synthesise 
harmful secondary metabolites. As a result, these compounds have different properties depend-
ing on their location. This is also demonstrated by the amount of dangerous piperidine alkaloids 
from Conium maculatum, which is positively connected with herbivory in the oecophorid caterpil-
lar known as Agonopterix alstroemeriana, which is located in New York and Washington, USA 
(Shivkar and Kumar, 2003). An effective traceability method is hampered by the large variety of 
species utilised as botanical superfoods, as well as the lack of specific trade regulations. Restani and 
colleagues revealed a list of more than 70 widely used plants that are harmful to consumers’ health, 
despite the fact that practically all of these items are put through toxicological testing. The gastroin-
testinal system was affected by poisoning the most, followed by issues with the brain system (such 
as sleeplessness) and the cardiovascular system (e.g. tachycardia). Unexpectedly, this was evident in 
the consumer survey conducted by Restani et al. (2016). 

2.4 ACTIVE COMPOUND AND PHARMACOLOGICAL ACTIVITY

Numerous poisons have been employed in suicide attempts in the recent years. Many toxic or harm-
ful plant species are regularly found in our gardens or are purposefully or unintentionally planted 
as roadside trees by the forest department without first researching their effects on people (Suhag, 
2001). Different forms of poisoning exist, including those caused by touch (skin irritation), ingestion 
(internal poisoning), absorption (by the dermal layer), and inhalation (in the respiratory system). 
Animals should generally avoid contact with any part of the plant. The fruits, which are extremely 
deadly to people, are devoured by birds to the point of “intoxication” despite their great poisonous-
ness to humans. Since the beginning of time, people have been aware of the toxicity of the seeds of 
the castor bean (Ricinus communis) and the jequirity bean (Abrus precatorius; Dubey et al., 2018). 
The castor bean was first domesticated in Asia and Africa, although it is now found in all temperate 
and subtropical climates. More than 700 cases of ricin in poisoning in humans have been reported. 
Ricin is the main toxin from castor beans with a wide spectrum of biological effects on higher spe-
cies. Ricin is largely degraded in the colon since it is a protein. However, when a poison is given as 
an injection, its potency multiplies by 100. Adenia digitata, a plant native to Southern Africa, con-
tains modeccin in its roots, which, because of how closely they resemble the roots of edible plants, 
can seriously intoxicate users (Sahoo et al., 2008).

It has been suggested to use immunochemical screening, such as the assays used in dipstick test-
ing, to quickly find target compounds in a given matrix. On the basis of a visual evaluation of the 
changes (such as colour) on a functionalised strip, dipsticks are simple-to-use, inexpensive lateral 
flow devices (LFDs) that can offer a quick response. The DNA-based diagnostic molecular tools 
and, in particular, the DNA barcoding method (and its technological variations), have emerged as 
the most promising diagnostic procedures in this area (Figure 2.1; Galimberti et al., 2015b).
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2.5 BIOASSAYS APPROACH

Breeding programmes have employed a variety of biotechnology techniques over the past few 
decades to promote agricultural performance and yield. A variety of crucial methods are available 
in bioinformatics for evaluating and deciphering the vast amounts of data produced by molecular 
biology-based approaches. These methods are crucial for evaluating and integrating data to infer 
information from a whole systems perspective as a result of the development of high-throughput 
techniques (Sharma and Sarkar, 2013). An in-depth investigation of genomic, proteomic, and 
metabolomic data is needed to improve our understanding of the biological processes connected 
to plants. Identification of genes and pathways that may be linked to significant bioactive second-
ary metabolites from poisonous plant is made possible by bioinformatics techniques, which pro-
vide crucial tools. The use of such an approach is examined in several fields where it can produce 
worthwhile results quickly and cheaply. The integration of disparate information, molecular data 
analysis, drug development and design, authentication, and toxicity are covered with an emphasis 
on computational approaches. 

The standardisation and quality assurance of diverse botanical products might benefit particu-
larly from bioassays. Due to the existence of bioactive component mixes from the same or purposely 
mixed botanical sources, such products may be referred to as “heterogeneous.” Since they frequently 
lack sensitivity to the chemical complexity present in unprocessed plant extracts, physical analyti-
cal procedures like chromatography are used less frequently for this purpose. The majority of the 
time, a desirable biological reaction is caused by a combination of bioactive plant components, and 
the amounts of individual bioactive chemicals can change from batch to batch whilst the bioactivity 
still stays within acceptable bounds. As a result, a component’s physical or chemical examination 
in such mixes is not always adequate. Four “bench top” bioassays have been used by the authors to 
help with the “drug discovery” process for botanicals (McLaughlin et al., 1998).

FIGURE 2.1 Biotechnological approaches or techniques for poisonous plants studies.
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2.6 DNA BARCODING APPROACH

The morphological study of plant pieces found in the stomach contents is often used to make the 
clinical diagnosis of inebriated people. This approach is exceedingly time-consuming to use, needs 
extensive training, and typically leaves some plant bits unidentified. Furthermore, without residu-
als displaying discrete taxonomic components, plant species identification might be challenging. 
DNA barcoding is a recent method for plant identification based on the examination of a brief, 
standardised DNA region; the fundamental tenet of the discriminating system is straightforward: 
in order to distinguish one species from another, there must be a significant enough change in 
the DNA sequence between them (Hebert et al., 2003). In actuality, a DNA sequence from such 
a standardised DNA area may be produced from a tiny tissue sample obtained from an unidenti-
fied creature and compared to a library of reference sequences from documented species. A quick 
and accurate identification can be made by comparing the sequence from the unknown organism 
to one of the reference sequences. The trade-off that emerges between the necessity for universal 
application and the highest rates of sequence divergence complicates the choice of a barcode locus, 
though (Hollingsworth et al., 2009). For animal identification, a fragment of the mitochondrial 
coxI (cytochrome c oxidase subunit 1) gene has been used extensively as a DNA barcode sequence; 
but in terrestrial plants, this sequence is very invariant and is hence not suited for use as a DNA 
barcode. Many different alternative areas have been suggested, including the plastidial conserved 
genes rpoB, rpoC1, rbcL, and matK, as well as many intergenic plastidial spacers (trnH-psbA, atpF-
atpH, and psbK-psbI) and nuclear internal transcribed spacers. Numerous research teams have sug-
gested various pairings of these loci to improve the accuracy of species identification, particularly 
for the crucial groups. But there is disagreement on the identity and quantity of the best areas for 
plant DNA barcoding (Kress and Erickson, 2007).

When food cannot be identified by morphological criteria, DNA barcoding promises to provide 
a useful, standardised, species-level identification tool that may be utilised for many studies, includ-
ing forensic examinations and determining animal diets. Similar circumstances may be seen in poi-
son centres, where dangerous plants should be recognised beginning with various plant parts (fruits, 
seed, leaves, etc.). The sole way to identify a species is typically by bits of the most appealing fruits 
and seeds that kids mistakenly eat (Valentini et al., 2009). Due to these factors, our research was 
done using a variety of plant components, such as appealing fruits and seeds. Without any special 
preservation techniques, DNA was isolated from plant samples that were gathered in the field or 
inside and kept at room temperature. The utility of the DNA barcoding technique as a realistic iden-
tification tool in the toxic centres is supported by the findings of DNA amplification and sequence 
analysis, which show that plant materials used for DNA extraction have no impact on the results of 
DNA barcoding analysis (Bruni et al., 2010).

One important potential benefit of DNA barcoding is its ability to detect cryptic species as well 
as several related species, even from degraded biological material or minuscule fragments of organ-
isms. This is possible by determining the minimum genetic distances that two individuals must 
meet in order to be designated members of the same species or members of distinct species. Among 
closely related species, the trnH-psbA intergenic spacer is readily amplified and has substantial 
genetic diversity (De Mattia et al., 2012). Due to its faster pace of development, the nuclear ITS 
region—more particularly, the ITS2 portion—was also suggested as an additional DNA barcode 
area (China Plant BOL Group et al., 2011). The strength of DNA barcoding depends on the avail-
ability of well-populated, high-quality reference datasets that are provided by worldwide platforms 
in addition to the universality, resolution, and standardisation of the selected marker regions. All 
plastid DNA regions and nuclear ITS results are accepted in a dedicated DNA barcoding database 
created exclusively for medicinal plant resources. Medical Materials DNA Barcode is a website that 
includes key references to the American Herbal Pharmacopoeia, the People’s Republic of China’s 
Medical Register, and DNA sequences together with their information and other pertinent refer-
ences (Chen et al., 2010). This database also contains information on distinguishing therapeutic 
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materials (including plant, animal, and fungal species) from their common adulterants and replace-
ments. The DNA barcoding strategy can be more or less ineffective as a diagnostic tool; thus, it is 
important to remember that flaws in the process more often than not have to do with biological spe-
cies in general. DNA barcoding can also be a trustworthy method for identifying poisonous plants, 
but its use in the production of processed plant-based dietary supplements needs to be carefully 
adjusted to account for the potential lower quality of the total DNA derived from these products.

Targeted techniques should be adopted to obtain an advantage in terms of the amount of time 
and money spent on analysis when the species that cause poisoning are well recognised. TaqMan 
probes, SCARs, and the recently discovered PCR-HRM are among the target techniques that are 
most suited for finding toxic plants (Lou et al., 2010).

2.6.1 TargeT DNa-BaseD MeThoDs

Studies on the veracity of poisonous plants have included a variety of analytical techniques. Even 
if traditional techniques like liquid chromatography, electrophoretic profiling, and sensory analysis 
are still often used, the addition of cutting-edge DNA-related technologies to the roster of already 
available food testing addresses the drawbacks of those traditional techniques. DNA is the ideal 
target molecule for determining the authenticity of food, despite the fact that enzyme-linked immu-
nosorbent tests (ELISAs) are still one of the most used procedures. This is because PCR, which 
amplifies DNA, has superior specificity, sensitivity, and molecular stability. This makes it possible 
to find plant fraud and mislabelling even at low levels and in processed plants.

From DNA variation in nucleotide sequences (including the DNA barcoding regions) between 
poisonous and palatable plants, it may be possible to find species-specific genomic regions to give 
an easy and clever detection method. There are several approaches from those based on species-
specific primers to those that employ probes to target certain DNA sections.

2.6.1.1 DNA Microarray
DNA microarray uses species-specific probes. A target species’ numerous loci may be simultane-
ously analysed using this high-throughput method. The method is based on first determining the 
DNA oligonucleotide sequences that are specific to each species, and then creating matching probes 
that are immobilised in a regular pattern on an impermeable solid substrate (glass, silicon chips, or 
nylon membrane). The microarray DNA is then hybridised with DNA that has been isolated from 
the samples and marked with a particular fluorescent molecule. Fluorescence scanning or imaging 
technology is used to identify and see a positive hybridisation. The identification of poisonous plants 
among traditional Chinese medicines has also been done using this method. The biggest barriers to 
the array system’s general implementation in the context of plant exposure diagnostics are its lack 
of universality and the high development costs.

2.6.1.2 PCR Primers
Sequence Characterised Amplified Regions (SCARs) analysis is the basis for species-specific PCR 
primers. The main goal of this approach is to locate polymorphic DNA in dangerous plant sec-
tions so that a particular PCR primer may be created. Such primers only anneal when the template 
contains DNA from the target species. Firstly, using discontinuous molecular markers like random 
amplified polymorphic DNA (RAPD) and amplified fragment length polymorphism (AFLP) to cre-
ate polymorphic fragments, the SCAR method was devised.

2.6.1.3 Species-Specific PCR Primers
Analysis of SCARs involves the use of species-specific PCR primers. Identifying polymorphic 
DNA regions of dangerous plant species allows for the construction of specialised PCR primers, 
which is the main component of this approach. Such primers only anneal when the target species’ 
DNA is present in the template. Firstly, the SCAR method was created starting with polymorphic 
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fragments generated using discontinuous molecular markers such as RAPD and AFLP. At any 
locus inside or surrounding the RAPD/AFLP amplicon, specific SCAR sequence primers can be 
positioned. The most important thing to remember is that polymorphisms in the annealing region(s) 
must be retained within a species and extremely variable between congenerics or often replaced 
plant species. Because of this, a single SNP is insufficient to determine a suitable SCAR area. It 
is easy to discover in silico SCARs and develop particular primers targeting hypervariable DNA 
regions since plant genomic regions data, including DNA barcoding sequences, are widely available 
in public databases.

2.6.1.4 Loop-Mediated Isothermal Amplification
Notomi et al. published the initial description of the loop-mediated isothermal amplification 
(LAMP) in 2000 (Notomi et al., 2000). Several LAMP-based techniques have been published so 
far for the detection of harmful bacteria, genetically modified components, tumour tissues, and 
the sexing of bovine embryos (Fu et al., 2011). Using stem-loop DNA constructions, the LAMP 
method amplifies DNA (DNA hairpins). This technique is based on the employment of a collection 
of four specifically created primers that can identify a total of six different DNA target sequences. 
There is no need for thermal cycling or any heat-related denaturation of the template DNA during 
the isothermal amplification, which is based on an autocycling strand-displacement synthesis and 
is catalysed by the thermostable Bst DNA polymerase (Chaudhary et al., 2012). LAMP findings 
might be seen by colour change or by looking at the presence or absence of bands on an agarose gel 
electrophoresis. LAMP is a highly sensitive approach that doesn’t require pricey equipment to oper-
ate. LAMP has been used to identify many species, including plants, and especially, adulterants in 
conventional herbal medicines (Lai et al., 2015).

2.7 HIGH-THROUGHPUT SEQUENCING (HTS)

A rapidly evolving method called high-throughput sequencing (HTS) offers significant potential for 
epidemiology and diagnostics. This method provides the rapid sequencing of millions of nucleo-
tides, allowing for the identification of the majority of viral pathogens in the sample. Furthermore, 
before sequencing, HTS does not require any prior knowledge of pathogens (Villamor et al., 2019). 
It can give a worldwide spectrum of naturally existing disease strains or species because of their 
potential in sequencing millions of nucleotide sequences. It enables the detection of all known 
pathogens and the discovery of novel ones from symptomatic or asymptomatic plants, as well as 
substrates, such as water or soil (Thorburn et al., 2015). This is done in conjunction with the bioin-
formatic analysis of the collected raw data.

2.8  DNA BARCODING COMBINED WITH HIGH-
RESOLUTION MELTING (BAR-HRM) ANALYSIS

The target area is amplified using a typical PCR procedure in the first phase whilst being bound 
to double-stranded DNA (dsDNA) by a specific binding dye. dsDNA intercalating dyes come in a 
variety of forms, including SYBR Green, LC Green PLUS, Eva Green, SYTO9, and Reso Light. 
The most popular dsDNA intercalating non-saturating dye is SYBR Green. Due to its ability to 
block PCR at high concentrations and its potential to redistribute from melted areas back into the 
dsDNA amplicon, it is typically inappropriate for most HRM applications (Herrmann et al., 2006). 
Non-saturating doses can be utilised with “release-on-demand” colours like EvaGreen. When the 
dye is free in solution, the fluorescent signal is muted due to its innovative fluorescence emission 
mechanism. Instead, when the dye binds to duplex DNA, a strong fluorescence signal is produced. 
In comparison to conventional approaches, HRM analysis provides a number of benefits for locating 
dangerous plants in various matrices. The first benefit of this method is that it may be used for high-
throughput amplification without the need for amplicon purification, making it more cost-effective 
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than other methods of a similar kind. These benefits have led to an increase in the application of 
HRM in various scientific fields, including forensics, healthcare contexts (such as poison control 
centres), and the verification of plant-derived food products (Graham et al., 2005).

Using this technique, it is possible to accurately track how the release of an intercalating DNA 
dye from a DNA duplex during gradual heating causes the fluorescence to alter. The melting pro-
file of the amplification result is dependent on its length, strand complementarity, and GC content; 
hence, Bar-HRM analysis opens the door to the potential of identifying single-base variations or 
species-specific variations in a small section of DNA (Graham et al., 2005). By analysing the disas-
sociation behaviour of nucleic acid samples, High-Resolution Melting technique uses direct melting 
to find minute sequence variations in PCR-amplified sequences. High-end instruments, specialised 
analytic tools, and DNA-specific dyes are used to find these changes. The composition, length, GC 
content, and strand complementarity of the samples are used to make distinctions (Bag et al., 2015). 
Furthermore, recent research has validated the use of this method to find species substitutions and 
admixtures in herbal goods with unambiguous results in the context of ensuring customer safety 
because poisonous plants may be present in these situations. Singtonat and Osathanunkul specifi-
cally showed how Bar-HRM might be used to find the harmful adulterant Crotalaria spectabilis in 
herbal items made from Thunbergia laurifolia at concentrations as low as 1%. The contamination 
of Phyllanthus amarus with other Phyllanthus species. However, by confirming the presence of the 
pollutant within 2 hours, the scientists also emphasised the quick detection power of this approach. 
Due to its inexpensive cost and quick analysis time, Bar-HRM is a very promising method (Su et al., 
2015). The study of processed meals and complicated matrices is also made possible by the use of 
tiny amplicons. One small drawback is the requirement to get a melting curve database to use as a 
reference when attempting to identify unknown samples (Galimberti et al., 2015a). Development of 
techniques that allow the curves to be shared among several laboratories is therefore crucial.

2.9 BIOMARKERS APPROACH FOR POISONOUS PLANT

The biomarkers, with the exception of pathway specific metabolites, exhibit varying sensitivity and 
predictive capacity that is sometimes complicated by fluctuations in growth circumstances, making 
them unsuitable as standalone indicators of environmental stress. Due to the lack of understanding 
of predictive power, sensitivity, and specificity, the application of gene expression to identify pol-
lution has been and remains immature. Additionally, it turns out that utilising gene expression to 
identify the method of action of unknown toxicants is not as simple as first thought. The main pat-
terns in gene expression are not as well defined as first thought. Instead of responding to chemicals 
with recognised mechanisms of action, the main patterns in gene expression are often obtained 
from genes that are triggered by stress (Baerson et al., 2005). Technological and scientific advance-
ments over the past 50 years have led to the identification of tens of thousands of phytochemicals, 
the characterisation of their biological effects, and the creation of management techniques or thera-
pies to lessen toxicity. For doctors, diagnostic labs, and scientists, the identification of biomarkers to 
enhance plant toxicosis diagnosis has always been crucial. There are, however, not many biomark-
ers specifically for plant toxicoses. Development of biomarkers specifically for toxic plant diagnosis 
is one area of study that is prioritised at the USDA Poisonous Plant Research Lab. This comprises 
histological description, biochemical alterations linked to certain harmful plant toxicoses, and 
chemical detection of poisons in particular tissues (Panter et al., 2019).

2.10 CONCLUSION

When considering complex matrices made up of several known and/or undiscovered plant species, 
the pipeline has become considerably more complex in terms of the required technologies and 
resources. When using PCR to analyse universal markers (including DNA barcodes), which yield 
multiple amplicons for each species present in the sample, the HTS technologies provide the best 
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possibility to screen the whole composition of matrices. The presence of recognised and undiscov-
ered poisonous species may be discovered by bioinformatics analysis of the collected data. HTS 
data are useful information to create target PCR methods in this situation as well. It should be high-
lighted that HTS procedures also require additional expertise and lab resources, particularly when 
it comes to bioinformatics analysis and the creation of DNA reference databases. The diagnosis of 
plant poisoning cases will be more quick and portable thanks to the ability to link these equipment 
to rapid devices and have direct access to online reference sequence matching systems.

NOTE

Lubna Azmi, Institute of Pharmaceutical Sciences, University of Lucknow, Lucknow, India
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3.1 INTRODUCTION

In most animals to protect them from predator’s attack, evolution in their defense mechanism takes 
place, such as motion, calcified shell, camouflage, claws, echolocation and various other features to 
protect them from predator’s attack. To encounter any foreign particles or bodies, some higher ani-
mals adopted immune response for survival. When considering slow motile animals and non-motile 
plants, they have naturally developed a prodigious evolution of production of poisonous compounds. 
Such compounds have low molecular weight (<1,000 Da), including alkaloids, glycosides, tannins, 
terpenoids, proteins, peptides and other secondary metabolites (Wink and Wyk 2008). Main ele-
ments of poisoning are the poisonous compound, the poisoned organism, the degree of damage 
caused to the organism, and signs and symptoms observed. These elements depict the cause, effects 
and consequences of poisoning in the subject. Poisoning initiates when the subject is exposed to the 
poisonous chemical. Upon entry into the subject, the compound accumulates in the targeted cells, 
tissues or organ. As a consequence, it causes abruption of cell structure or function. Observable 
signs and symptoms develop as an onset of poisoning, and if toxicity passes a certain threshold, it 
can lead to detrimental situations, resulting in death of the subject (Klaassen et al. 2020). 

Poisonous plants produce diversified secondary metabolites that result in large economic loss 
due to its effect majorly on the global livestock industries. Ideally, the poisonous plants are naturally 
unpalatable, indicating that animals avoid consumption of such plants. However, in arid regions and 
areas where the lands are desertified, the limitations of forage compel them to graze upon poison-
ous plants. Such a situation may also arise due to the seasonal changes in rangelands and pastures, 
causing scarce non-toxic forage (Panter et al. 2007). The common poisonous plants that endan-
ger the production chain of livestock are locoweeds (Astragalus spp. and Oxytropis spp.), Lupinus 
spp., Aconitum spp., Cynanchum spp. and Conium maculatum (Lu et al. 2012; Welch et al. 2012). 
Livestock grazing upon such toxic forage suffers severely from neurotoxicity, hepatotoxicity and 
reproductive toxicity (Keeler et al. 1978). In humans, poisonous plants affect all age groups, but 
the most vulnerable category is the children, as they are prone to be sensitive to acute poisoning of 
plants. A study on pediatric patients showed that the majority of cases of intoxication by poisonous 
plant occurred in children under the age of 20 years in the USA (<1 year, 57.8% cases), Botswana 
and South Africa (<20 years, 60% cases) and Thailand (<13 years, 69.8% cases; Krenzelok and 
Mrvos 2011; Malangu 2014; Sriapha et al. 2015). Certain household plants can impose intoxication 
to the majority of children and pets due to the presence of insoluble compounds such as calcium 
oxalates, a toxic compound present in some common household plants (Poppenga 2010). The most 
common causative poisonous plants for the average age group of 16 years were oleander, lantana, 
Bougainvillea, datura, milkweed and morning glory (Enfield et al. 2018).

Despite its adverse effect, under controlled conditions, these secondary metabolites can facilitate 
the advancement of health care for the livestock as well as humans (Panter et al. 2019). The practice 
of using poisonous plants as a form of medicine dates back to the Siddha medicinal system, the most 
ancient medicinal system descended from the Dravidians of peninsular South India (Thas 2008). 
The most essential criterion for the use of any compound in the field of medicine is to elucidate the 
prescribed dose, which will act as potent therapeutic agents. Toxins are potentially detrimental to 
humans depending on the concentration at which the body is exposed to. In the sixteenth century, 
this was adroitly quoted by Paracelsus, “dose makes the poison” (Tamilselvan et al. 2014).

A novel field of nanotechnology is augmented for various real-life applications (Husen and 
Siddiqi 2014; Husen and Iqbal 2019a,b; Husen and Jawaid 2020; Jin-Chul et al. 2021; Sharma  
et al. 2021; Kumar et al. 2021, 2022; Husen 2022) in which nanoparticles are the focal point of many 
substantial developments. For the synthesis of such an accelerating large-scale production line, a 
greener and cleaner approach is essential to achieve a verdant future. This can be accomplished with 
the progression of nanoparticles’ green synthesis. Green synthesis is a momentous procedure to 
obtain desired nanoparticles and/or nanomaterials with the absence of any toxic by-products (Husen 
and Siddiqi 2014). The main aim of this chapter is to insight the biosynthesis of some important 
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metal and metal oxide nanoparticles from poisonous plant extract. Additionally, this chapter also 
explores some common poisonous plants and their bioactive compounds. 

3.2 COMMON POISONOUS PLANTS

Plants appear to be harmless enough to misunderstand the potential lethal effect it can possess on 
humans and animals. Most commonly found poisonous plants do not cause adverse effects; how-
ever, some may be lethal resulting in death. Due to this, the children and pets are the most vulnera-
ble category frequently and unintentionally affected by such plants. Moreover, some of the antidotes 
against plant poison are still not available, but for mild toxic plant poisoning, proper coherent care 
the pain may subside (Poppenga 2010). Even though this category is varied, the research conducted 
on such plants is scarce, and therefore entitled as least explored field.

The common poisonous plants are majorly applied in areas for enhancing productivity of life 
through food and medicines, while also in dire fields such as fishing poison, forensics and bioterror-
ism. The modern medicines have utilized these bioactive compounds of poisonous plants to assist 
in drug development and therapeutics (Anywar 2020).

Overview of some common poisonous plants found worldwide with their route of administration 
and toxic effects is given in Tables 3.1 and 3.2. Certain physiochemical activities performed by the 
poisonous plants’ bioactive compounds are given in Table 3.3. 

3.3 BIOACTIVE COMPOUNDS (PHYTOCHEMICALS)

A bioactive compound is produced by plants as a secondary metabolite, possessing a defense mech-
anism against animals upon its ingestion above specific dosage. Apart from the compound’s toxi-
cological effects, it also elicits pharmacological effects on humans and animals (Bernhoft 2010).

Classification of bioactive compounds is still inconsistent; the classification is mostly based on 
similar characteristics. The three broad classes of bioactive compounds are (I) alkaloids, (II) ter-
penes and terpenoids and (III) phenolic compounds (Azmir et al. 2013).

 I. Alkaloids: 
These bioactive compounds are named because of their alkali-like nature and ability 

to produce salts upon reacting with acids. There are more than 5,000 alkaloid compounds 
identified in plants and animals (Odeh et al. 2014), and they are classified into three main 
classes depending upon their molecular precursor: true alkaloids, protoalkaloids and pseu-
doalkaloids (Dey et al. 2020); most common alkaloid backbone structures are given in 
Figure 3.1. Except pseudoalkaloids, every alkaloid is made from precursor amino acids 
such as aliphatic amino acids originating from the TCA cycle and aromatic amino acids 
originating from the shikimic acid pathway (Azmir et al. 2013). They have therapeutic 
potential due to their antiviral, anticancer, antibacterial, analgesic and antioxidant poten-
tial, which is preferable for drug development (Qiu et al. 2014). However, natural occur-
rence of such compounds in various foods appears to be present as a contaminant. High 
levels of alkaloids found in coffee seeds, cacao seeds, and tea leaves prove to be toxic 
causing severe poisoning upon its consumption (Crews 2014). 

 II. Terpenes and Terpenoids: 
These compounds are comprised mainly of five carbon isoprene arranged in various 

ways. Terpenes are made up of simple hydrocarbons; upon modification of terpenes with 
oxidized methyl groups and diverse functional groups, terpenoids are obtained (Perveen 
2018) and they share terpenes’ carbon backbones. Few examples of terpenoids are shown 
in Figure 3.2. 

There are more than 40,000 compounds identified, representing as the most widely 
discovered bioactive compound (Odeh et al. 2014). Terpenes are synthesized via mevalonic 
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acid pathway and non-mevalonate pathway (Azmir et al. 2013). Although widely explored 
in cancer biology, inflammation and malaria, it has toxic effects on the human gastrointes-
tinal and central nervous system (Mbaveng et al. 2014). 

 III. Phenolic:
These are the compound which comprises hydroxylated aromatic rings, where the 

hydroxyl group attaches to aryl, phenyl or substituted phenyl group; the most commonly 
found phenolic compounds are shown in Figure 3.3. There are more than 8,000 com-
pounds identified, including mostly flavonoids, and other classes are phenolic quinones, 
coumarins, lignans, polymeric lignins and tannins (Odeh et al. 2014). Their intake in diet 
is mainly due to the presence of hydroxyl group, which plays a role of antioxidant rather 
than a nutrient. They are bioactive compounds ubiquitously present in most plant tissues, 
synthesized via the non-mevalonate pathway and shikimic acid pathway (De la Rosa et al. 
2019). 

The other methods of classification of the bioactive compounds are based on various 
criteria, such as chemical properties, effective organs and nature of compound, as shown 
in Figure 3.4. 

FIGURE 3.1 Alkaloid backbone structures: indole (1), imidazole (2), indolizidine (3), isoquinoline (4), 
quinolizidine (5), quinoline (6), pyridine (7), pyrrole (8), pyrrolidine (9), piperidine (10), purine (11), pyrroli-
zidine (12), tropane (13), aporphine (14) and mescaline (15).
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FIGURE 3.3 Structures of various phenolic compounds: phenol (24), gallocatechol (25), phloroglucinol 
(26), catechol (27), hydroquinone (28) and resorcinol (29).

FIGURE 3.2 Terpenes carbon backbone: isoprene: 2-Methyl-1,3-Butadiene (16), C5 hemiterpene: 
2-Methylbutane (17), C10 monoterpene: 2,6-Dimethyloctane (18), C15 hemiterpene: 2,6,10-Trimethyldodecane 
(19) and C20 diterpene: 2,6,10,14-Tetramethylhexadecane (20). Terpenoids structure examples: limonene (21), 
myrcenyl acetate (22) and cholic acid (23).
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3.4 NANOTECHNOLOGY

Nanotechnology is the application part of nanoscience; as a result of such research, one can attain 
a novel nanomaterial. It is the most fascinating and advancing interdisciplinary field of research 
that has been emerging over the past two decades (Kurath and Maasen 2006) and has significance 
in fields of science and technology. The field majorly deals with the laws of chemistry, physics, 
molecular biology and material sciences at the nanoscale (i.e. 10–9 m). The most stable molecule 
at the visible spectrum is seen to be thermodynamically unstable at nanoscale. To visualize such a 
dynamic world, one requires the use of electron microscopes or microscopes with built-in lasers. 
The most wide application of nanotechnology is the manufacturing of nanostructured materials 
such as nanoparticles, nanocomposites, nanofibers, nanocapsules, nanowires, nanoporous materi-
als, single-walled or multi-walled carbon nanotubes, dendrimers, fullerenes, quantum dots, thin 
films and molecular electronics (Willems and Wildenberg 2005).

Nanoparticles are the type of nanomaterial with controlled size and composition, which have 
the potential to serve as the building block for developing complex and dynamic nanostructures. 
These particles exhibit remarkable characteristics on account of the large surface area to volume 
ratio decreasing in its size. Upon increasing the surface energy, their biological effectiveness can 
simultaneously increase (Willems and Wildenberg 2005). Nanoparticles occur in various morpho-
logical shapes and sizes, including spherical, cubic, prism, helical, oval and many other shapes 
(Benelmekki 2015). There are two major approaches to produce nanoparticles: top-down and bot-
tom-up approach (Figure 3.5; Husen and Siddiqi 2014). Ideally, the top-down approach executes 
dry methodology, while bottom-up approach is often employing wet methodology. However, as 
these particles are unstable at nanoscale, there is a possibility of agglomeration. Therefore, tech-
niques need to be employed to prevent such phenomena. Ideally, the synthesis of nanoparticles has 
been accomplished via three major approaches: physical, chemical and green syntheses. In physical 
approach, evaporation–condensation and laser ablation transpire to be the chief techniques. The 
extensive energy required for maintaining high temperature and pressure can increase the pro-
duction cost. In chemical and green syntheses, a commonly adapted principle for the synthesis of 
nanoparticles includes the reduction of metal or metal oxide into nanoparticles using organic and 
inorganic reducing agents. Additionally, following the formation of nanoparticles, the immediate 

FIGURE 3.4 Other methods for bioactive compounds classification.
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capping of these  is essential to prevent agglomeration of the nanoparticle. However, some of 
the chemicals used in chemical synthesis are non-biodegradable and some may produce toxic 
 by-products (Song and Kim 2008). Out of these, green synthesis substantiates to be the most cost-
effective, eco-friendly, and efficiently scalable to large-scale nanoparticles production. The major 
advantage is that it is a single step process in which reduction and capping of metal and metal oxides 
occurs, as a result of the attainment of utmost stable nanoparticles. The scope of green synthesis 
will be explored further in this review with the aid of poisonous plant extracts. 

3.5 GREEN SYNTHESIS OF NANOPARTICLES

The attainment of metal nanoparticles with the assist of organic solvent system from biological entity 
(e.g. bacteria, fungi and plant extract), whose by-product is non-toxic and eco-friendly, the products 
are collectively called biogenic nanoparticles, while such method is called “green synthesis” (Singh 
et al. 2018). Majority of the nano-scientists are recently attracted toward the biological system due 
to the increasing demand for environmentally cordial procedures (Husen and Siddiqi 2014; Husen 
and Iqbal 2019a, b; Husen 2019; Husen and Jawaid 2020). Especially in the field of pharmaceutical 
industries, accomplishment of manufacturing nanodevices for medical purposes and drug delivery 
technology is achievable through green synthesis (Shafey 2020). The biosynthesized nanomateri-
als are of enterprising nature as they eliminate or reduce by-product pollution and attain versatile 
properties such as optical, magnetic, electric and catalytic potentials (Yeary et al. 2005; Shafey 
2020). The properties exhibited by the metal nanoparticles differ majorly from the bulk metallic 
materials by various unique properties. These nanoparticles are applicable in engender augmented 

FIGURE 3.5 Illustration of the most common approaches used for the production of nanoparticles.



53Uses of Poisonous Plants in Nanoscience

contrast agent, active material for food packaging, nano-biosensors, nano-electronics, disinfectant, 
antibiotics and antiseptic.

In the green synthesis of various nanoparticles, plant extract is adopted as the most cogent source 
to synthesize metal or metal oxide nanoparticles at larger scale, as it eliminates the sophisticated 
steps involved in cell culture and avoidance of contamination (Singh et al. 2018; Husen and Siddiqi 
2014; Husen 2019). Plant extract as a source had advanced with the achievements in biotechnology 
and genetics (Shafey 2020). Diverse parts of the plants are utilized for the green synthesis of metal 
or metal oxide nanoparticles including seeds, leaves, roots, fruits and barks. The nanoparticles 
obtained by such a procedure exhibit a wide range of different properties and prevent further aggre-
gation or agglomeration of nanoparticles. The properties of the nanoparticles can be enhanced by 
applying certain conditions such as temperature, pH and the concentration of reagent (Shafey 2020). 

3.6 METAL AND METAL OXIDE NANOPARTICLES

The metal and metal oxide nanoparticles are applied in multidisciplinary areas. Recent era of nano-
technology is immensely incorporated in our daily lifestyle products, medicines, cosmetics, cloth-
ing and electronic devices. The industrial sectors that are commercializing such nanotechnological 
products are prospering continuously. The synthesis of nanoparticles can be accomplished through 
conventional physical or chemical synthesis, as well as through green synthesis methods. Since the 
green synthesis is advantageous at various commercial levels, such methods are given priority to 
achieve products with desired properties. In green synthesis, plants are preferred over microorgan-
isms and other biological entities due to their sustainability, and ability to utilize and transform 75% 
light energy to chemical energy. Thereby, plants contain certain chemicals such as sugars, antioxi-
dants and other bioactive compounds, which execute an essential role in nanoparticle formation. 
Accordingly, plants are scrutinized for green synthesis (Shafey 2020). 

Diverse plant species are studied and utilized for nanoparticle biosynthesis. However, it is nec-
essary to consider the favorable conditions to optimize the process of synthesis. The leaf extracts 
of plants play a key role in the nanoparticle biosynthesis, as it contains the most antioxidant and 
reducing agents. To achieve metal nanoparticles from metallic ions, reduction of metal ions to 
metal nanoparticle through addition of strong base (e.g. sodium hydroxide), followed by the imme-
diate capping of the nanoparticles are two essential steps (Figure 3.6; Bystrzejewska-Piotrowska 
et al. 2009). Plant executes the procedure in one step solely: reduction and capping in a single 

FIGURE 3.6 Diagrammatical representation of green synthesis and their applications.
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step. Therefore, plants containing such phytochemicals are preferential for synthesis of noble metal 
nanoparticles under the absence of interfering chemicals. These phytochemicals are bioactive com-
pounds present in the plant for the purpose of producing physiological activity (Cazarin et al. 2022). 
Various factors of bioactive compounds affect the nanoparticles yield and physicochemical proper-
ties. The factors include temperature, pH, salt content, contact time and phytochemical properties 
of the extract. Plants consume less time to reduce metal ions and microorganism, owing to the long 
incubation due to the presence of phytochemicals that are water soluble. The reducing capacities 
of different plant species vary as the composition of extract is different, affecting the nanoparticle 
synthesis to an extent (Shafey 2020). The two processes for attaining the nanoparticles via phyto-
chemical (Figure 3.7) are milling (for dry sample) and blending (for wet sample). 
The metal and metal oxide nanoparticles consist of greater surface area to volume ratio, and such 
properties of nanoparticles intrigue researchers to extensively study their unique physicochemi-
cal characteristics, optical properties, electronic properties, magnetic properties and antimicrobial 
properties. Various metal and metal oxide nanoparticles are discussed further in this chapter.

3.6.1 silver NaNoparTicles

Silver nanoparticles are extensively used in many fields. Due to their rising demand, its large-scale 
production through conventional means causes extensive pollution of harmful chemicals. To coun-
ter this demand, plant-based green synthesis seems to be the most preferential option for produc-
tion at larger scale (Husen 2019; Siddiqi and Husen 2020). Various plant extracts are examined 
to achieve desired properties of silver nanoparticles. The most recent research was conducted by 
using leaf extract of neem (Azadirachta indica), lemongrass (Cymbopogon citratus) and green tea 
(Camellia sinensis), while plant extract of Aloe vera, starch and natural rubber can also be used 
(Rupiasih et al. 2013). The poisonous plants utilized for production of various nanoparticles and 
their properties are listed as follows:

FIGURE 3.7 Overview of green synthesis of nanoparticles utilizing plant parts as a source. 
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3.6.1.1 thevetia peruviana
Yellow oleander is an ornamental dicotyledonous plant belonging to the family Apocynaceae. It is 
typically located in tropical and subtropical areas, containing white latex (milky juice), called the-
vetin. The compound thevetin is extremely poisonous due to the presence of alkaloids and cardiac 
glycosides, but used in pharmaceuticals as heart stimulants. They are found in high concentration 
in the plant’s flowering period. Tincture of bark has been utilized to reduce fever even though it is 
emetic in nature (Rupiasih et al. 2013). Thevetin is a glycosidic toxin containing thevetin A and B, 
while other cardiac glycosides includes cerberin, digoxin, neriine, oleandrin, and perusitin (Dear 
2014; Oluwaniyi and Samuel 2007). Additionally, the compound is proven to be inactive against 
avian malaria and used as fish poison in Indonesia (Rupiasih et al. 2013). The fresh flowers consist 
of kaempferol, quercetin and its derived polyphenol quercetin 7-o-galactoside. Leaf extracts have 
been deduced to contain proteins, phenols and flavonol glycosides (Oluwaniyi et al. 2016).

To obtain glycoside from T. peruviana seed extract, alcoholic extraction was employed by sci-
entists Oluwaniyi and Samuel (2007). In the experiment, the seeds’ mesocarp and pericarp were 
removed and the remaining was crushed. Thenceforth, defatting of the extract was carried out 
through mechanical pressing, and then the solvent extraction of the paste was performed using dis-
tilled hexane. The results showed that seed extract treated with 70% aqueous alcohol was extracted 
with the highest protein concentration (Oluwaniyi and Samuel 2007). 

In an experiment, Rupiasih et al. (2013) used the leaf extract of Thevetia peruviana. They pre-
pared the leaf extract by collecting of the white latex of plant green stem and filtering the extract 
through Whatman No. 1 filter paper, and it was stored at 4°C. The reaction mixture was 50 μL of 
1 M silver nitrate (aqueous solution) with 10 mL of extract, resulting in the reduction of Ag ions. 
After 6 hours of incubation period at room temperature, color changes to light purple and then 
slowly to purplish brown, showing the formation of silver nanoparticles. The Ag nanoparticles TEM 
(transmission electron microscopy) micrograph indicated the shape to be primarily spherical with 
average size around 10–20 and 20–30 nm. The characterization studies showed that the major com-
ponent present in the plant extract was thevetin, whereas amino acid carbonyl group and polypep-
tides acted as encapsulating agents (Rupiasih et al. 2013). 

3.6.1.2 catharanthus roseus
Catharanthus roseus formerly known as periwinkle is an extremely poisonous plant belonging 
to the family Apocynaceae (Nejat et al. 2015). All the parts of this plant are toxic for human and 
animal consumption, due to the presence of terpenoid indole alkaloid, which is of greater medical 
significance (Almagro et al. 2015). Silver nanoparticles formed using the leaf extract can be able to 
perform optimum antiplasmodial activity (Ponarulselvam et al. 2012). Ponarulselvam et al. (2012) 
prepared leaf extract of C. roseus by boiling it and filtering it through Whatman No.1 filter paper. 
After 1 week of storage at −15°C, it was incubated in the Erlenmeyer flask with AgNO3 and brown-
ish-yellow coloration of solution develops indicating the formation of silver nanoparticles. SEM 
(scanning electron microscope) imaging revealed the size of silver nanoparticles to be 30–35 nm in 
diameter. 

3.6.1.3 Datura metel
Datura belongs to the family Solanaceae, containing anticholinergic activity due to the presence of 
atropine, scopolamine and hyoscyamine (Trancă et al. 2017). Kesharwani et al. (2009) experimented 
on producing silver nanoparticles from leaf extract of Datura metel. The results showed the changes 
in coloration from yellow to dark brown after incubation with 1 mM silver nitrate, indicating col-
loidal silver nanoparticle formation. TEM showed 16–40 nm of diameter nanoparticles that exist in 
a quasilinear superstructure. The research also concluded the possibility of quinol compound from 
leaf extract to be responsible for silver ion reduction, while chlorophyll pigment serves as a stabiliz-
ing agent between the electron donor (silver ions) and acceptor (plastoquinone) molecules.



56 Exploring Poisonous Plants

3.6.1.4 convolvulus arvensis
Convolvulus arvensis, commonly known as bindweed, is from the family Convolvulaceae contain-
ing various alkaloids such as meso-cuscohygrine tropinone and tropine. C. arvensis toxicity in 
mice’s feed causes hepatitis and gastritis histologic lesions (Schultheiss et al. 1995). The reduction 
of silver ions to silver nanoparticles was indicated by the color change of solution to dark brown. 
Rasheed et al. (2018) investigated C. arvensis dry plant extract for silver nanoparticle synthesis 
and examined its potential to degrade dyes. The silver nanoparticles formed had intrinsic proper-
ties including an 18.5 surface charge and a 90.9 nm size distribution which was concluded through 
zeta potential and dynamic light scattering technique. The catalytic reducing activity of the silver 
nanoparticles on azo dye was depicted, indicating the potency to degrade dye pollutants. 

3.6.1.5 Portulaca oleracea
The herb Portulaca oleracea, commonly referred to as Purslane, contains high level of L-norepinephrine 
and can be used as a natural herb to reduce hemorrhage in tissues (Firdhouse and Lalitha 2012). The 
leaves of P. oleracea contain cardiac glycoside and oxalic acid which are extremely toxic to the humans 
(Heydari et al. 2019). In Firdhouse and Lalitha’s (2012) research paper, plant extract prepared using fresh 
leaves of P. oleracea was used for the synthesis of gold nanoparticles. To 1 mL of aqueous plant extract, 
silver nitrate solution was added; after 1 hour of incubation at room temperature, the coloration of the 
solution changed from yellow to reddish brown. Then, it is preceded with water bath at 70°C–75°C and 
sonicated. These synthesized silver nanoparticles were separated using centrifugation at 13,000 rpm for 
15 minutes, and the supernatant was collected and stored at −4°C for further analysis. Through SEM and 
XRD analysis, the gold nanoparticle size was elucidated to be less than 60 nm calculated using Debye–
Scherrer’s equation.

3.6.2 golD NaNoparTicles

Gold nanoparticles have exceptional application in tumor cells such as bioimaging of tumor cells, 
dark-field microscopy for microorganism and their metabolites detection, surface receptor detection 
and analyses of endocytosis. In therapeutics, studying the efficacy of cells labeled with conjugates 
is executed as qualitative estimation. For the quantitative estimation for examining the efficacy of 
labeled cells, gold nanoparticles are labeled, for example, pig embryo kidney cells labeled with 
gold nano-shell (Dykman and Khlebtsov 2011). The gold nanoparticles have various pharmaceuti-
cal applications due to their antibacterial, antioxidant and anticancerous properties; they are also 
broadly applied in aquaculture and biomedicine (Babu et al. 2020).

3.6.2.1 Gymnocladus assamicus
Gymnocladus assamicus is a Northeast India leguminous tree and is a critically endangered spe-
cies. The seed pods are rich in saponin, which are used to treat dermatological disorders and remove 
hair leaches. As the pods are reservoir of bioactive compound saponin, Tamuly et al. (2013) demon-
strated the green synthesis of gold nanoparticles using pod extract of G. assamicus. Pod extract was 
continuously stirred with 0.001 M of chloroauric acid solution for 4 hours at 30°C, resulting in the 
development of ruby red colored solution which indicated the synthesis of gold nanoparticles. The 
HRTEM imaging indicated the shape to be triangular, pentagonal and hexagonal with size ranging 
from 4.5 ± 70.23 to 22.5 ± 1.24 nm. The synthesized gold nanoparticles showed potential catalytic 
activity in reducing certain dyes such as 4-nitophenol to 4-aminophenol. 

3.6.2.2 nerium oleander
Nerium oleander is extremely poisonous ornamental shrub belonging to the Apocynaceae family. 
The most common bioactive compounds present in all parts of the plants are nondigitalis car-
diac glycosides, which include oleandrin found in oleander (Khan et al. 2010). Tahir et al.’s (2015) 
research article showed the successful synthesis of gold nanoparticles from leaf aqueous extract 
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of N. oleander. The procedure includes continuously stirring 10 mL of leaf extract with 50 mL of 
0.03 M of chloroauric acid solution. As a result, yellow solution changes into black after 2 hours of 
incubation at room temperature. The synthesized gold nanoparticles were examined to be in nearly 
spherical shape and showed potential antioxidant activity. 

3.6.2.3 Plumeria alba
Plumeria alba belongs to the family Apocynaceae, and it is widely used in traditional medicine for 
the treatment of type 2 diabetes, diuretic and skin disease (Tessou et al. 2013). P. alba flower aque-
ous extract was prepared for the synthesis of nanoparticles, which showed that by mixing 10 mL of 
flower extract with 25 mL 1 mM chloroauric acid and incubating the mixture at room temperature 
for 2 minutes, a color change was observed. The reaction mixture color changed from yellow to blue 
or pink, depending on the flower extract concentration. The nanoparticles were analyzed for their 
catalytic activity and antibacterial activity. Results showed strong potential of gold nanoparticles 
to degrade organic dye and significantly inhibit the growth of Escherichia coli (Mata et al. 2016). 

3.6.2.4 terminalia catappa
Terminalia catappa, commonly known as almond, belongs to the Combretaceae family; its fruit 
consists of one-third pulp and two-third seed (edible). The leaves are used as an anticancer, antioxi-
dant and anti-inflammatory agent, whereas fruits and leaves of this plant have antidiabetic activ-
ity and anthelmintic activity, respectively. Researcher Ankamwar (2010) experimented on gold 
nanoparticle synthesis. The tetrachloroauric acid was mixed with aqueous extract of plant and incu-
bated for approximately 50 minutes, after which red coloration of solution is observed. The color 
change indicates the formation of gold nanoparticles through reduction reaction and encapsulation 
by T. catappa. The size was observed to be in the range of 10–35 nm, elucidating the antibacterial, 
antioxidant and anticancerous properties. Further enhancement of the gold nanoparticle is pursued 
to perform as a biogenic nanoparticle for cancer therapy.

3.6.3 plaTiNuM NaNoparTicles

Platinum nanoparticles are extensively used in nanocarriers, nanosensors and nanozymes owing 
to their inert properties. Recently, the field of theranostics (which is combination of therapeutic 
and diagnostic field) is including platinum nanoparticles, which are multi-functionalized. Industrial 
application of platinum nanoparticle includes their role in fuel cells and catalysis. Their application 
in pharmaceutical and drug discovery seems propitious (Bloch et al. 2021). 

3.6.3.1 Bacopa monnieri
Bacopa monnieri is commonly known as water hyssop, belonging to the Scrophulariaceae family 
(Ray et al. 2021). Consumption of the plant extracts shows reduction in the rate of memory loss till 
a certain dose. The extract has side effects in the human body causing deterioration of the gastro-
intestinal tract; main symptoms are abdominal cramps, increased frequency of stool and nausea. 
Adverse toxicity was reported in a women’s body after the consumption of homeopathic herbs 
which include B. monnieri. Moreover, upon pausing the consumption of such herbs, women’s liver 
function was normalized (Sireeratawong et al. 2016). This was due to the presence of saponins in 
the B. monnieri herbs (Ray et al. 2021). At room temperature, platinum (IV) ions are mixed with the 
leaf extract of B. monnieri in the ratio of 1:4, resulting in the formation of platinum nanoparticles 
having size of 5–20 nm and spherical shape. The platinum nanoparticles formed showed antioxidant 
and neuroprotective properties (Fahmy et al. 2020).

3.6.3.2 Prunus x yedoensis
Prunus x yedoensis, commonly called as Somei-yoshinio in Japan, is a blooming tree with soft pink 
flowers having a hybrid origin with maternal descendant from Prunus spachiana f. and paternal 
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descendant from Prunus serrulata var. species (Cho and Kim 2019). Prunus species are well known 
through two economically essential plants, sweet cherry and almond. However, the species pro-
duce bioactive compounds such as amygdalin and prunasin, which are hydrogen cyanide containing 
cyanogenic glucosides (Del Cueto et al. 2017). Velmurugan et al. (2016) examined the synthesis of 
platinum nanoparticles using tree gum of P. yedoensis. Tree exudate (gum) was collected, dried and 
powdered by mortar and pestle, then sieved to obtain desired particle size and autoclaved for 20 
minutes for homogenization of extract. The gum extract is then reacted with 0.1 M chloroplatinic 
acid. As a result, color change in solution is observed, and the solution turns brown in color, which is 
a confirmation of obtaining platinum nanoparticles. By analyzing the platinum nanoparticles char-
acteristics using TEM, spherical shaped 10–50 nm size nanoparticles were obtained. The nanopar-
ticles were also analyzed for their antifungal activities, showing inhibition against Cladosporium 
fulvum and Colletotrichum acutatum (Velmurugan et al. 2016).

3.6.4 copper NaNoparTicles

Copper nanoparticles are widely applied therapeutics due to their antimicrobial, antioxidant, cata-
lytic and photocatalytic properties and their ability to degrade organic dye (Murthy et al. 2018). 
Researchers are attracted toward application of copper nanoparticles in sensor technology, as a 
nanocomposite, and are used instead of metal-based sensor in perovskite or brittle oxidic spinel 
(Athanassiou et al. 2006).

3.6.4.1 Hagenia abyssinica
Belonging to the Rosaceae family, Hagenia abyssinica is commonly used in Ethiopian medicine to 
treat diarrhea; in East Africa, it is commonly known as African redwood (Kifle et al. 2021; Assefa 
et al. 2010). Dried leaves of the plant were used for preparing the extract; these leaves were grinded 
and packed in a brown bottle. Later on, the powdered extract was dissolved in deionized water and 
filtered using Whatman No.1 filter paper, and the filtrate was used for further analyses. The extract 
was mixed with 0.2 M copper (II) nitrate trihydrate solution, and then light brown coloration of 
solution develops which indicates the formation of copper nanoparticles. Subsequent wash with 
deionized water and ethanol eliminates remaining impurities in the solution. The copper nanopar-
ticles obtained were analyzed through various techniques, such as SEM and TEM, elucidating the 
possible size to be an average of 34.76 nm and shape is to be spherical, cylindrical, triangular, and 
hexagonal. Antimicrobial activity of the copper nanoparticles was carried out, resulting in inhibi-
tion of the common pathogen under examination such as E. coli, Bacillus subtilis, Staphylococcus 
aureus, and Pseudomonas aeruginosa (Murthy et al. 2020). 

3.6.5 pallaDiuM NaNoparTicles

Palladium nanoparticles have various features due to their diverse shapes and sizes that allure 
researchers to evaluate its mechanical, physical, optical, electronic and catalytic properties. It has 
wide application as photoacoustic and photothermal agent, antimicrobial and anticancerous agent, 
and nanocarrier and in other therapeutic techniques (Phan et al. 2020).

3.6.5.1 Gymnema sylvestre
This poisonous plant is commonly found in India, well known as “gurmar”, belonging to the family 
Apocynaceae. Due to the presence of certain bioactive compounds, the leaves exhibit antidiabetic, 
antimicrobial and anti-inflammatory activities (Tiwari et al. 2014). The leaves of G. sylvestre were 
collected and ground in mortar and pestle, dissolved into deionized water, heated, filtered and stored 
at 3°C–5°C. The extract was mixed with palladium chloride and microwaved for 5 minutes; the yel-
low solution turns into dark brown solution with an appearance of precipitation indicating the forma-
tion of palladium nanoparticles. The SEM revealed the shape of the nanoparticle to be quasi-sphere, 
with the capacity to reduce chromium (III) (Cr+3) to chromium (VI) (Cr+6) (Kadam et al. 2020).
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3.6.6 Nickel NaNoparTicles

Nickel nanoparticles have an intrinsic property of ferromagnetism, including chemical stability, 
high coercive force and magnetocrystalline anisotropy. Broader applications are in areas of elec-
tronics (as supercapacitors), pharmaceuticals, catalysis and dye-sensitized solar panel (Jaji et al. 
2020).

3.6.6.1 citrullus colocynthis
Citrullus colocynthis is a plant belonging to the family Cucurbitaceae; it is a bitter fruit and poi-
sonous plant found in desert regions of Asia, tropical regions of Africa and Mediterranean regions 
(Borhade et al. 2013). The plant has many bioactive compounds such as cucurbitacins, cucurbitacin 
glycosides, colocynthetin, colocynthin and flavonoids (Kapoor et al. 2020). The stem was collected, 
washed, dried, ground by mortar and pestle to obtain fine powder, and sieved. The powdered extract 
obtained was made into an aqueous solution using distilled water and heated for 20 minutes, later 
centrifuged, supernatant was removed and the extract is stored at 4°C. The extract was mixed with 
0.3 M nickel nitrate, the flask was incubated at RT for 24 hours and the color changed from green 
to pale yellow indicating nickel nanoparticles formation. The nanoparticle was examined against 
poisonous Yellow 160 dye, and the results showed the degradation of dye with the production of 
non-toxic by-products (Kiran et al. 2020).

3.6.7 ZiNc oxiDe NaNoparTicles

Zinc oxide nanoparticles have intrinsic features such as physical, optical and antimicrobial. 
Tremendous work has been executed for zinc nanoparticles applications in UV light emitters, 
piezoelectric devices chemical sensors and transparent electronics. It also performs high cata-
lytic activity and has a high potential in photocatalytic degradation of pollutant properties which 
infers its utilization in environmental sustainability. As recommended by the FDA (Food and 
Drug Administration), using zinc oxide nanoparticle as a food additive is safe. Other applications 
include preservative, drug delivery, gas sensor, cosmetics, biosensors and optical devices (Sabir 
et al. 2014). 

3.6.7.1 cassia fistula
This poisonous plant was kept under the family Caesalpinioideae, and it is a widely used medicinal 
plant, commonly denoted as “golden shower” or “amaltas”. Plant leaves contain various flavonoid 
compounds such as amentoflavone, and it is frequently applied in the treatment of liver disorders 
and inflammatory disease (Srividhya et al. 2017; Kaur et al. 2019). Plant leaves have other antioxi-
dant compounds, for instance, terpenoids, alkaloids, phenolic, tannins, saponins and other bioactive 
compounds. The powdered extract of C. fistula was prepared from fresh leaves through washing, 
drying and then grinding into fine powder. The aqueous extract was carried out by rehydrating the 
fine powdered extract with distilled water, then heated at 70°C for 30 minutes, filtered using muslin 
cloth and then Whatman No.1 filter paper and stored at 4°C. For the synthesis of nanoparticles, 
aqueous extract was mixed with 0.01 M zinc acetate dihydrate, then the mixture was heated at 70°C 
for 1 hour and color changed from yellow to light yellow or translucent solution with white precipi-
tate formed at the bottom of the flask and these precipitates indicate the formation of zinc oxide 
nanoparticles. Supernatant was removed and precipitate was further analyzed for the nanoparticle 
characteristics. The zinc oxide nanoparticles characterized by DLS (dynamic light scattering) eval-
uated the approximate size of zinc oxide nanoparticles to be 68.1 nm, the SEM imaging showed 
aggregated nanoparticles having uneven surfaces. Nanoparticles antimicrobial activity was exam-
ined, showing inhibition against E. coli and S. aureus (Naseer et al. 2020).
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3.6.8 iroN oxiDes NaNoparTicle

Iron oxide nanoparticles have a wide range of applications in therapeutics due to its physical prop-
erty, superparamagnetic property and biocompatibility. Hence, iron oxide nanoparticles are exten-
sively used in cancer treatment, gene therapy, drug delivery and MRI (magnetic resonance imaging) 
scanning. The multi-functionalized form of iron oxide nanoparticle is applied in theranostics (Ali 
et al. 2016).

3.6.8.1 calotropis procera
This plant comes under the family Asclepiadaceae and distributed in subtropical and tropical 
regions. The plant contains many bioactive compounds including terpenoids, flavonoids, polysac-
charides, phenolic and other proteins. The glycosides found in the plant are calotropin, calactin, 
calotoxin, calotropogenin and uscharin (Farooq et al. 2017). Use of Calotropis procera in the syn-
thesis of magnetite iron oxide nanoparticles initiates with the extract preparation: leaves of C. proc-
era were collected and made into powdered form, then they were dissolved in distilled water, boiled, 
filtered and the filtrate collected was used in the further procedure. The extract was mixed with 
1 mM iron chloride at 1:2 ratio and then heated for 2 hours; color change was observed indicating 
the calcination of copper nanoparticles. The iron oxide nanoparticles obtained were examined for 
its antifungal activities showing inhibition against Alternaria alternata, and the results indicate that 
smaller sized nanoparticles can efficiently inhibit the fungal growth (Ali et al. 2020).

3.6.9 TiTaNiuM oxiDe NaNoparTicles

Titanium oxide nanoparticles are essentially used in the degradation of toxic dyes and waste water 
treatment. Titanium oxide nanoparticles are used in biological applications such as food industries, 
silkworm reproduction and drug discovery. Their unique properties such as durability, corrosive 
resistance, light weight and compatibility with CFRP (carbon fiber reinforced polymer) enable its 
application in space technology. Especially, the alloy of titanium exhibits great strength-to-weight 
ratio. Routine application of titanium oxide nanoparticles in household owing to their anti-fogging 
and self-cleaning properties; they are also used as sanitizing agent (Seydi et al. 2019). 

3.6.9.1 Jatropha curcas
This poisonous plant belongs to large family Euphorbiaceae, formally called Jangli erandi or 
Ratanjyot in southern parts of India. Ideally, it was used in traditional allopathic medicine, but 
recently it is applied in biodiesel production. The toxicity of Jatropha curcas is found in all parts of 
this plant with the seeds containing the highest toxin concentration (Singh et al. 2010; Abdelgadir 
and Staden 2013). The leaves contain phenolic compounds such as apigenin, its glycoside isovitexin 
and vitexin, as well as alkaloids that have anticancerous properties (Oskoueian et al. 2011). Titanium 
oxide nanoparticles from latex J. curcas L. using the milky white latex were extracted from the 
green stem of the plant. Latex was mixed with 2.5 mM dihydroxy(oxo)titanium [TiO(OH)2] and 
the mixture was kept in a water bath for 10 minutes. After 12 hours, white cluster deposition was 
seen at the flask bottom, depicting the formation of titanium oxide nanoparticles. The nanoparticles 
obtained were of 25–50 nm in size and semi-crystalline sphere in structure (Hudlikar et al. 2012).

3.7 CONCLUSION AND FUTURE PERSPECTIVE

Poisonous plants have greater medicinal value due to the presence of bioactive compounds or phy-
tochemical, and they have various pharmaceutical and therapeutic properties. Therefore, process of 
nanoparticle formation from its ion form was mediated through reduction and stabilization, facili-
tated by the bioactive compounds of poisonous plants, i.e. green synthesis. Plants are reservoirs of 
essential natural products that have antioxidant, antimicrobial, anti-inflammatory and many more 
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pharmacological properties. With that, the nanoparticles formed through such process have versa-
tile properties, which are more advantageous than traditional synthesis of nanoparticles. Therefore, 
metal and metal oxide nanoparticles formed from such procedures are a great asset when examining 
necessary factors. Such plants are considered as a nano-factory for the production of nanoparticles, 
which is cheaper, eco-friendly and faster than chemical synthesis of nanoparticles. The major draw-
back of the procedure is the lack of research on the poisonous plants for evaluating its uses in the 
field of nanoscience. Additionally, the primary bioactive compound, which is responsible for the 
reduction and stabilization, is not examined efficiently. Due to the great diversity in the bioactive 
compounds, finding the suitable solvent and condition for the extraction demands effective research 
and development. Especially, the poisonous plant potential in nanoscience is still largely unex-
plored by researcher. Poisonous plants can lead to a larger prospect in the industrial production of 
nanoparticles. 
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4.1 INTRODUCTION

The natural vegetation of the world is disappearing or being altered at an alarming rate. Many 
cultures that have lived close to nature, depending on its products for their needs, are suffering 
rapid cultural, social, and economic change. These people had a deep understanding of the proper-
ties of their local plants – a knowledge that is itself endangered. Ethnobotany, a branch of science 
that deals with the study of how people in traditional societies use plants, has immense potential to 
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provide new and useful plant products for the benefit of the world. Many of the plant extracts used in 
western medicine were discovered through their uses in traditional societies, though not necessarily 
for the same purpose. Equally important, however, is how ethnobotany can help local communities 
adapt to changing circumstances. The practices of ethnobotany are themselves being modified to 
ensure that the rights of traditional people to their knowledge are safeguarded and that these people 
benefit from any commercial discoveries made from their knowledge. The profound knowledge on 
plants of traditional people in wilderness areas has received much public attention and drew atten-
tion to the herbal knowledge of the urban poor in cities across the developing world. These people 
brought from their villages to the cities much valuable knowledge on herbal remedies that is rarely 
studied. Indeed, modern health care can benefit not only from the remarkable knowledge of indig-
enous peoples but also from the traditional practices found in all cultures around the world.

Biodiversity management is extraordinarily complex subject which contains multiple stockhold-
ers so every aspect should be handled accordingly. Poisonous or toxic plants affect cattle and human 
beings as well in many ways. In cattle, the symptoms include muscular weakness, weight loss, gas-
trointestinal and neuromotor abnormalities, photosensitivity, bleeding, abortions, and birth defects. 
Sometimes sudden death also occurs without the presentation of clinical signs (Plumlee 2004). 
Clinical signs have been attributed to various toxic compounds, including nitrates, oxalates, cya-
nogenic glycosides, cardiac glycosides, monofluoroacetic acid, ptaquiloside, and alkaloids (Frohne 
and Pfander 2005; Diaz 2010). The death of livestock in farms due to toxic plants has negative 
impact on economic growth of any country, and preventive or therapeutic interventions are needed 
(Nielsen 1988; Riet-Correa and Medeiros 2001). The first approach to avoid the negative impact of 
toxicoses on cattle farms is the identification of plant species that can affect animals using ethno-
botany as a source of information.

The diversity of poisonous species as a source of drugs and toxins is large, but most of their 
potential was not identified. One of the potentials that has not been explored is the source of toxins 
for the manufacture of natural pesticides (biopesticides). Due to the scope of biodiversity in treating 
various diseases, plants are getting damaged, destroyed, and overexploited for making drugs. Due to 
the overexploitation, destruction, and negligence for conservation of poisonous plants, these plants 
are on the verge of extinction. Every plant is important for ecosystem and every plant has its own 
niche. So, even though we do not know the importance of any plant, all plants must be conserved at 
priority. The wild areas should be marked and conserved first because these areas have rich biodi-
versity and endemism. The details of various poisonous plants regarding toxic part and propagation 
methods are given in Table 4.1.

TABLE 4.1
Details of Various Poisonous Plants and Their Propagation Methods

Botanical Name Vernacular/Common 
of Plant Name Family Toxic Part Propagation By

Abrus precatorius Jequirity, crab’s eye, Indian Fabaceae Seeds Seeds
licorice, ratti

Aconitum spp. Aconite, wolfsbane, and Ranunculaceae All parts of the Seeds
monkshood plant, especially 

the roots

Actaea pachypoda Doll’s eyes or white Ranunculaceae Both the berries Seeds
baneberry and the entire 

plant

Adenium obesum Sabi star, kudu, or desert Apocynaceae Sap in its roots Seed or stem cuttings
rose and stems

(Continued)
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TABLE 4.1 (continued)
Details of Various Poisonous Plants and Their Propagation Methods

Botanical Name Vernacular/Common 
of Plant Name Family Toxic Part Propagation By

Adonis vernalis Pheasant’s eye and false Ranunculaceae Extract of aerial Mainly vegetatively 
hellebore parts by rhizome and 

seeds

Aesculus Horse-chestnut Sapindaceae Seeds and leaves Seeds
hippocastanum

Agave spp. Century plant and maguey Asparagaceae Sap Seeds and bulbils

Ageratina altissima White snakeroot Asteraceae Whole plant Rhizome

Agrostemma Corn cockle Caryophyllaceae All parts of the Seeds
githago plant

Allium spp. Onion, garlic, leek Liliaceae/ Bulbs Seeds and bulb
Amaryllidaceae

Anemone nemorosa Wood anemone, windflower Ranunculaceae Sap Rhizomes

Anthurium spp. Anthurium, tailflower Araceae Sap Seed or vegetatively 
by cuttings

Aquilegia spp. Columbine Ranunculaceae Seeds and roots Seeds

Areca catechu Betel nut palm and pinang Arecaceae Seeds Seeds

Argemone Mexican poppy, flowering Papaveraceae Seeds Seeds
mexicana thistle

Arnica montana Mountain arnica Asteraceae Complete plant Seed

Arum maculatum Cuckoo-pint, lords and ladies Araceae Complete plant Seed
bulls

Asparagus Asparagus Asparagaceae Berries Seed
officinalis

Atropa belladonna Deadly nightshade, Solanaceae Berries Seeds
belladonna

Brugmansia spp. Angel’s trumpet Solanaceae Complete plant Seeds and cutting

Caladium spp. Angel wings, elephant ear, Araceae Complete plant Tubers and seeds
and heart of Jesus

Calla palustris Marsh calla, wild calla Araceae Complete plant Rhizome

Caltha palustris Marsh marigold and kingcup Araceae Leaves Rhizome

Cascabela thevetia Yellow oleander Apocynaceae Complete plant Seeds and cuttings

Cephalanthus Buttonbush Rubiaceae Leaves Seeds
occidentalis

Cerbera odollam Suicide tree Apocynaceae Fruits Ripewood cuttings 
and seeds

Chelidonium majus Greater celandine Papaveraceae Sap of plant Seed

Cicuta spp. Water hemlock, cowbane Apiaceae Complete plant Seeds and bulbils

Citrus limon Lemon Rutaceae Juice or sap Seeds and cuttings

Cleistanthus Garari Phyllanthaceae Leaves Nodal explant
collinus

Clivia miniata Natal lily, bush lily, and Amaryllidaceae Sap of leaves Seeds and cuttings
Kaffir lily

Codiaeum Garden croton or variegated Euphorbiaceae The bark, roots, Seeds and cuttings
variegatum croton latex, seeds, 

and leaves

Colchicum Autumn crocus and meadow Colchicaceae Complete plant Seeds and bulbs
autumnale saffron

(Continued)
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TABLE 4.1 (continued)
Details of Various Poisonous Plants and Their Propagation Methods

Botanical Name Vernacular/Common 
of Plant Name Family Toxic Part Propagation By

Conium maculatum Hemlock, poison hemlock Apiaceae Complete plant Seeds
bad-man’s oatmeal

Consolida spp. Larkspur Ranunculaceae All parts Seed

Convallaria Lily of the valley Asparagaceae All parts Seed and vegetative
majalis

Coriaria myrtifolia Redoul Coriariaceae Leaves and fruits Seeds

Cytisus scoparius Broom or common broom Fabaceae Sap of plant Seeds
parts 

Daphne spp. Daphne Thymelaeaceae All parts Seeds and cuttings 

Datura spp. Jimson weed, thorn apple, Solanaceae All parts Seeds
stinkweed

Daucus carota Wild carrot Apiaceae Leaves Seeds

Death camas “Deathcamas”, Melanthiaceae All parts Seeds and bulbs
Toxicoscordion

Delphinium spp. Larkspur Ranunculaceae All parts Seeds and cuttings

Dendrocnide Stinging tree and Urticaceae Trichomes Seeds and cuttings
moroides gympie-gympie

Dicentra cucullaria Bleeding heart and Papaveraceae Sap of plant Seeds and cuttings
Dutchman’s breeches

Dichapetalum Gifblaar Dichapetalaceae All parts Seeds
cymosum

Dieffenbachia spp. Dumbcane Araceae All parts Seeds and cuttings

Digitalis purpurea Foxglove Plantaginaceae Leaf, flower, and Seeds
seeds

Dioscorea Black bryony Dioscoreaceae All parts Seeds, bulbils and 
communis corm

Duranta erecta Golden dewdrop, pigeon Verbenaceae Leaves and fruits Seeds and cuttings
berry

Erysimum cheiri Wallflower Brassicaceae Seeds Seeds and cuttings

Euonymus Spindle, European spindle Celastraceous Seeds Seeds and cuttings
europaeus

Euphorbia Poinsettia Euphorbiaceae Leaves Seeds and cuttings
pulcherrima

Excoecaria Milky mangrove, river Euphorbiaceae Latex Seeds
agallocha poison tree

Galanthus nivalis Snowdrop Amaryllidaceae Bulbs Offset bulbs and seeds

Gelsemium Yellow jessamine Gelsemiaceae All parts Cutting, grafting and 
sempervirens seeds

Gloriosa superba FLame lily, climbing lily Colchicaceae Every part of the Seed and rhizome
plant

Grevillea spp. Silky oak and spider flower Proteaceae Flowers Seeds and cuttings

Hedera helix Common ivy Araliaceae All parts Seeds and cuttings

Heliotropium Indian heliotrope Boraginaceae Sap of plant Seeds
indicum

Helleborus niger Christmas rose Ranunculaceae Root stem and Seeds and cuttings
leaf

(Continued)
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TABLE 4.1 (continued)
Details of Various Poisonous Plants and Their Propagation Methods

Botanical Name Vernacular/Common 
of Plant Name Family Toxic Part Propagation By

Heracleum Giant hogweed Apiaceae Sap of plant Seed
mantegazzianum

Heracleum Sosnowsky’s Hogweed Apiaceae All parts Seeds
sosnowskyi

Hippomane Manchineel Euphorbiaceae All parts Seeds and cuttings
mancinella

Hyacinthus Hyacinth Asparagaceae Bulbs Seeds, bulbs and 
orientalis cutting

Hydrangea spp. Hydrangea or hortensia Hydrangeaceae All parts Seeds or stem cuttings

Hyoscyamus niger Henbane Solanaceae All parts Seeds

Ilex aquifolium European holly Aquifoliaceae Berries Seeds and cuttings

Iris sibirica Siberian iris or Siberian flag Iridaceae Mainly rhizome Seeds and cuttings
and leaves

Jacobaea vulgaris Ragwort Asteraceae Leaves Crowns, roots and 
seeds

Kalanchoe Mother of millions Crassulaceae All parts Little plantlets and 
delagoensis cutting

Kalmia latifolia Mountain laurel Ericaceae Flowers, twigs, Seed
and pollen

Laburnum spp. Golden chain Fabaceae Seeds Seed

Lamprocapnos Bleeding heart Papaveraceae Leaves Seeds and cuttings
spectabilis

Lantana camara Big-sage, wild-sage, and Verbenaceae Flowers, fruits, Seeds and cuttings
tickberry leaves

Ligustrum spp. Several species, commonly Oleaceae Leaves and fruits Seeds and cuttings
known as privet

Lilium spp. Lily Liliaceae All parts Seed and bulbs

Lolium temulentum Darnel or poison ryegrass Poaceae Seeds Seeds 

Lupinus spp. Lupin or lupine Fabaceae Seeds and leaves Seeds

Malus domestica Apple Rosaceae Seeds Seeds, grafting and 
budding

Malus florentina Florentine crab apple Rosaceae Seeds and leaves Seeds

Mandragora Mandrake Solanaceae Root and leaves Seeds and offset
officinarum

Mangifera indica Mango tree Anacardiaceae Leaves, peels, Seeds
stem, and sap

Manihot esculenta Cassava Euphorbiaceae Root and leaves Seeds and cuttings

Melia azedarach Chinaberry tree, Cape lilac Meliaceae Seeds Seeds

Melianthus major Honeybush Francoaceae All parts Seeds and cuttings

Menispermum spp. Moonseed Menispermaceae All parts Seeds or runners

Mentha pulegium Pennyroyal or pennyrile Lamiaceae Leaves Seeds and cuttings

Myristica fragrans Nutmeg Myristicaceae Seeds Seeds

Narcissus spp. Daffodil Amaryllidaceae Bulb and leaves Bulbs

Nerium oleander Oleander Apocynaceae Leaves and Seeds, cuttings and 
flowers layering

Nicandra Apple-of-Peru and shoo-fly Solanaceae All parts Seeds
physalodes plant

(Continued)
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TABLE 4.1 (continued)
Details of Various Poisonous Plants and Their Propagation Methods

Botanical Name Vernacular/Common 
of Plant Name Family Toxic Part Propagation By

Nicotiana glauca Tree tobacco Solanaceae All parts Cuttings or by seed

Oenanthe crocata Hemlock water dropwort Apiaceae Root Seed

Paris quadrifolia Herb-paris Melanthiaceae Berry Seeds and rhizome

Passiflora caerulea The blue passion flower Passifloraceae Leaves and roots Seeds or stem cuttings

Peucedanum Blister bush Apiaceae Fruits, leaves, Seeds
galbanum and stem

Phaseolus lunatus Lima bean or butter bean Fabaceae Legume Seeds

Phoradendron spp. American mistletoe Santalaceae All parts Berries on host plant 
as it is parasitic

Physostigma Calabar beans and ordeal Fabaceae Seeds Seeds and rhizome
venenosum beans

Phytolacca spp. Pokeweed Phytolaccaceae Leaves, stems, Seeds
roots, blossoms, 
berries

Pieris japonica Japanese pieris Ericaceae Leaves, stems, Seeds and cuttings
and flowers

Plumeria spp. Frangipani Apocynaceae All parts Seeds and cuttings

Podophyllum Mayapple Berberidaceae All parts Roots and seeds
peltatum

Prunus cerasus Cherry Rosaceae Seeds Seeds

Prunus Cherry laurel, common Rosaceae Leaves and seed Seeds and cuttings
laurocerasus laurel

Prunus padus Bird cherry, hackberry Rosaceae Leaves, stems, Seeds and cuttings
and fruits

Pteridium Eagle fern, Bracken Dennstaedtiaceae Rhizome and Rhizome and spores
aquilinum fronds

Pulsatilla cernua Pasque flower, wind flower Ranunculaceae Flowers Seeds

Quercus spp. Oak Fagaceae The leaves and Seeds and cuttings
acorns

Rhamnus Buckthorn Rhamnaceae Seeds and leaves Seeds and root collar 
cathartica cuttings

Rheum Rhubarb Polygonaceae Leaves Seeds
rhaponticum

Rhododendron Alpenrose, snow-rose Ericaceae Leaves Seeds and cuttings
ferrugineum

Rhododendron Yellow azalea or Ericaceae All parts Seeds and cuttings
luteum honeysuckle azalea

Rhododendron Marsh Labrador tea or wild Ericaceae All parts Seeds and cuttings
tomentosum rosemary

Rhododendron spp. Azalea Ericaceae All parts Seeds and cuttings

Rhus spp. African sumac Anacardiaceae Sap and the fruit Seeds and root 
cuttings

Ricinus communis Castor oil plant, castor bean Euphorbiaceae Seeds Seeds

Robinia spp. Black locust and false acacia Fabaceae All parts except Seeds
flowers

Sambucus spp. Elder or elderberry Adoxaceae All parts Seeds and cuttings

(Continued)
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4.2 NEED FOR CONSERVATION OF POISONOUS PLANTS

Biodiversity is the key indicator of the health of an ecosystem. A wide variety of species will cope 
better with threats than a limited number of them in large populations and makes the ecosystem 
more stable. Even if certain species are affected by pollution, climate change, or human activities, 
the ecosystem may adapt and survive. But the extinction of a species may have unforeseen impacts, 
sometimes snowballing into the destruction of entire ecosystems. Because every plant/animal spe-
cies is indirectly dependent on some other species, if such species get threatened, ultimately other 
species get affected.

TABLE 4.1 (continued)
Details of Various Poisonous Plants and Their Propagation Methods

Botanical Name Vernacular/Common 
of Plant Name Family Toxic Part Propagation By

Sanguinaria Bloodroot Papaveraceae Rhizome Seed or root division
canadensis

Scopolia carniolica European scopolia or Solanaceae Roots Seeds
henbane bell

Solanum Bittersweet nightshade Solanaceae The leaves and Seed and layering
dulcamara stems

Solanum nigrum Black nightshade Solanaceae Unripened Seeds
berries

Solanum Jerusalem cherry, Madeira Solanaceae All parts Seed or cuttings
pseudocapsicum winter Cherry, and winter 

cherry

Sophora Mescal bean and Texas Fabaceae Seeds Seeds
secundiflora mountain Laurel

Strychnos The strychnine tree Loganiaceae Seeds and bark Seeds 
nux-vomica

Taxus baccata English yew, common yew, Taxaceae All parts Seed or cuttings
and graveyard tree

Toxicodendron spp. Toxicodendron radicans Anacardiaceae All parts Creeping rhizomes or 
(poison ivy), Toxicodendron by seed
diversilobum (poison oak) 

Urtica ferox Ongaonga Urticaceae Spines Seeds

Veratrum spp. False hellebore and corn lily Melanthiaceae All parts Seed or cuttings

Vernicia fordii The tung tree Euphorbiaceae All parts Bud grafting and 
seeds

Viscum spp. European mistletoe Santalaceae Fruits Pushing the seeds into 
a host Plant’s bark as 
it is a hemiparasite

Voacanga africana — Apocynaceae Bark and seeds Seed or cuttings

Wisteria sinensis Chinese wisteria Fabaceae Seed pods and Seed or cuttings
seeds

Xanthium spp. Cocklebur Asteraceae The seedlings Seeds
and seeds

Zantedeschia Calla lily or arum lily Araceae All parts Seed
aethiopica

Zigadenus Death camas Melanthiaceae All parts Seed or cuttings
glaberrimus
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Biodiversity loss has been on international policy agenda for several decades now, yet the accel-
erating decline (MA 2005) has not been stopped and we still face many challenges regarding bio-
diversity conservation (Pimm et al. 1995; Stokstad 2010). There are numerous strategies to reverse 
the biodiversity decline, ranging from economic, through ecological, to ethical (Rands et al. 2010). 
Both the rationale for biodiversity conservation action and its success vary, depending on the para-
digms represented by various professionals in charge of conservation, as well as social, cultural, and 
political context (Wilshusen et al. 2002; Waylen et al. 2010). The value of biodiversity has also been 
framed in different terms, ranging from purely intrinsic to various kinds of assigned values, includ-
ing use and non-use instrumental values (Ehrlich and Ehrlich 1992; Raffaelli et al. 2009). Likewise, 
the arguments for biodiversity conservation have varied depending on the underlying reasons for 
maintaining biodiversity in general (Blicharska & Grandin 2015).

The diversity of poisonous plants is needed to be conserved for several reasons. Plant germplasm 
conservation is urgently needed because some species are going to become extinct, and many others 
are threatened and endangered. There is always a need to conserve plant germplasm because of human 
dependence on them for many different uses and indeed for survival. In fact, every plant at least helps 
in providing life giving oxygen, fixing carbon dioxide, and checking soil erosion. So far, only 10% of 
plants have been evaluated for their agricultural and medicinal potential, and so there are certainly 
many new drugs and new crops yet to be discovered. It is needed to leave our future options open by 
having as many living plant species available as possible. A great diversity of plants is needed to keep 
various natural ecosystems functioning and stable. No organism exists alone but all depend on a mul-
titude of interactions that relate them together. The cultivated plants are still dependent upon the broad 
genetic base that exists in the wild relatives. Further, it is important to observe that natural ecosystem 
and the diversity of plant species that they contain are the source of pleasure and inspiration to many 
people (Bhatt and Singh 2004; Prance 1997).

From the above statements, it is clear that each plant is important for ecosystem stability and 
survival of various economically important species. So, all plants must be conserved whether they 
are economically important for us or not. Conservation aims at supporting sustainable development 
by using the biological resources in ways that do not deplete the world’s variety of species or destroy 
their ecosystems. It involves measures such as collection, propagation, evaluation, disease identifi-
cation and elimination, storage, and distribution. Conservation of plants and their genetic resources 
can be undertaken by in situ and ex situ conservation. Ex situ conservation involves conservation 
of medium plants outside their natural habitat in order to safeguard them from destruction, replace-
ment, or deterioration. Ex situ conservation includes procedure like seed storage, DNA storage, field 
gene banks, and botanical gardens. (Sharma 2009). 

4.3 PRINCIPLES OF BIODIVERSITY CONSERVATION

These principles were adopted in CBD (convention on biological diversity) for conservation of bio-
diversity. The following 12 principles are complementary and interlinked.

Principle 1: The objectives of management of land, water, and living resources are a matter 
of societal choices. Different sectors of society view ecosystems in terms of their own eco-
nomic, cultural, and society needs. Indigenous people and other local communities living 
on the land are important stakeholders and their rights and interests should be recognized. 
Both cultural and biological diversity are central components of the ecosystem approach, 
and management should take this into account. Societal choices should be expressed as 
clearly as possible. Ecosystems should be managed for their intrinsic values and for the 
tangible or intangible benefits for humans in a fair and equitable way.

Principle 2: Management  should be decentralized to the lowest appropriate level. 
Decentralized systems may lead to greater efficiency, effectiveness, and equity. Management 
should involve all stakeholders and balance local interests with the wider public interest. 
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The closer the management to the ecosystem, the greater the responsibility, ownership, 
accountability, participation, and use of local knowledge.

Principle 3: Ecosystem managers should consider the effects (actual or potential) of their 
activities on adjacent and other ecosystems. Management interventions in ecosystems 
often have unknown or unpredictable effects on other ecosystems; therefore, impacts need 
careful consideration and analysis. This may require new arrangements or ways of orga-
nization for institutions involved in decision making to make, if necessary, appropriate 
compromises.

Principle 4: Recognizing potential gains from management, there is usually a need to under-
stand and manage the ecosystem in an economic context. Any such ecosystem management 
program should reduce those market distortions that adversely affect biological diversity; 
align incentives to promote biodiversity conservation and sustainable use; and internalize 
costs and benefits in the given ecosystem to the extent feasible.

The greatest threat to biological diversity lies in its replacement by alternative systems 
of land use. This often arises through market distortions, which undervalue natural sys-
tems and populations and provide perverse incentives and subsidies to favor the conversion 
of land to less diverse systems. Often those who benefit from conservation do not pay the 
costs associated with conservation and, similarly, those who generate environmental costs 
(e.g. pollution) escape responsibility. 

Principle 5: Conservation of ecosystem structure and functioning, to maintain ecosystem 
services, should be a priority target of the ecosystem approach. Ecosystem functioning and 
resilience depends on a dynamic relationship within species, among species, and between 
species and their abiotic environment, as well as the physical and chemical interactions 
within the environment. The conservation and restoration of these interactions and pro-
cesses is of greater significance for the long-term maintenance of biological diversity than 
simply protection of species.

Principle 6: Ecosystem must be managed within the limits of their functioning. In consid-
ering the likelihood or ease of attaining the management objectives, attention should be 
given to the environmental conditions that limit natural productivity, ecosystem structure, 
functioning, and diversity. The limits to ecosystem functioning may be affected to differ-
ent degrees by temporary, unpredictable of artificially maintained conditions and, accord-
ingly, management should be appropriately cautious.

Principle 7: The ecosystem approach should be undertaken at the appropriate spatial and 
temporal scales. The approach should be bounded by spatial and temporal scales that are 
appropriate to the objectives. Boundaries for management will be defined operationally by 
users, managers, scientists, and indigenous and local peoples. Connectivity between areas 
should be promoted where necessary. The ecosystem approach is based upon the hierarchi-
cal nature of biological diversity characterized by the interaction and integration of genes, 
species, and ecosystems.

Principle 8: Recognizing the varying temporal scales and lag effects that characterize eco-
system processes, objectives for ecosystem management should be set for the long term. 
Ecosystem processes are characterized by varying temporal scales and lag effects. This 
inherently conflicts with the tendency of humans to favor short-term gains and immediate 
benefits over future ones.

Principle 9: Management must recognize the change is inevitable. Ecosystems change, 
including species composition and population abundance. Hence, management should 
adapt to the changes. Apart from their inherent dynamics of change, ecosystems are beset 
by a complex of uncertainties and potential “surprises” in the human, biological, and envi-
ronmental realms. Traditional disturbance regimes may be important for ecosystem struc-
ture and functioning and may need to be maintained or restored. The ecosystem approach 
must utilize adaptive management to anticipate and cater for such changes and events and 
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should be cautious in making any decision that may foreclose options, but, at the same 
time, consider mitigating actions to cope with long-term changes such as climate change.

Principle 10: The ecosystem approach should seek the appropriate balance between, and 
integration of, conservation and use of biological diversity. Biological diversity is critical 
because of its intrinsic value and the key role it plays in providing the ecosystem and other 
services on which we all ultimately depend. There has been a tendency in the past to man-
age components of biological diversity either as protected or non-protected. There is a need 
for a shift to more flexible situations, where conservation and use are seen in context and 
the full range of measures is applied in a continuum from strictly protected to human-made 
ecosystems.

Principle 11: The ecosystem approach should consider all forms of relevant information, 
including scientific and indigenous and local knowledge, innovations, and practices. 
Information from all sources is critical to arriving at effective ecosystem management 
strategies. A much better knowledge of ecosystem functions and the impact of human use 
are desirable. All relevant information from any concerned area should be shared with all 
stakeholders and actors. Assumptions behind proposed management decisions should be 
made explicit and checked against available knowledge and views of stakeholders.

Principle 12: The ecosystem approach should involve all relevant sectors of society and sci-
entific disciplines. Most problems of biological diversity management are complex, with 
many interactions, side effects, and implications, and therefore should involve the neces-
sary expertise and stakeholders at the local, national, regional, and international level, as 
appropriate.

4.4  FACTORS RELATED TO SPECIES RARITY OF 
MEDICINAL/POISONOUS PLANTS

Species rarity is used to assess the extinction risk of important plants and to identify those species 
most at risk of extinction prior to commencement of conservation efforts (Figueiredo and Grelle 
2009). It is necessary to determine how rare each species is and in which ways rare species dif-
fer from one another. Not all plants are affected in the same way by harvesting pressures (Wagh 
and Jain 2013; Andel and Havinga 2008). Overexploitation, indiscriminate collection, uncontrolled 
deforestation, and habitat destruction all affect species rarity, but are insufficient to explain individ-
ual species susceptibility or resilience to harvest pressure. Multiple biological characters correlate 
with extinction risk, such as habitat specificity, distribution range, population size, species diversity, 
growth rate, and reproductive system (Chen et al. 2016). Seed viability and longevity also play an 
important role in rarity of any species. If seed viability is low and seed cannot be stored for long 
time, there are ample chances of extinction of plant species. 

4.5 TRADITIONAL METHODS OF CONSERVATION

People living in rural areas depend on their surrounding forests and vegetation for fuel wood and 
medicine. This population cannot afford alternative fuel and expensive modern medicines. Hence, 
the environmental degradation and ecological loss take place for which serious measures must be 
undertaken. Conservation of medicinal/poisonous plants can be done by discouraging people for 
cutting down trees and encouraging them to plant fast-growing indigenous trees for their domestic 
use. But this alone cannot majorly lead to conservation. Therefore, other newer conservation strate-
gies must be planned and brought into action. Biotechnological techniques and procedures must be 
used for the same. Various methods of conservation are depicted in Figure 4.1. The conservation of 
plant diversity can be done by the following methods.



77Conservation Practices of Poisonous Plants

4.5.1 In SItu coNservaTioN

There is a general perception and recommendation that biodiversity should be conserved inside their 
natural habitat. Species are conserved and maintained in their natural state in stable environment. 
Ex situ collections may be ineffective at preserving genetic diversity and the evolutionary potential 
of populations for adaptive or neutral evolution. Ex situ conservation led to develop some variety 
of non-adaptive genotypes that will depress population fitness. In situ conservation can be done by 
developing protected areas such as national park, wildlife sanctuaries, conservation reserves, and 
community reserves which are backbone of biodiversity conservation, while also contributing to 
people’s livelihoods, particularly at the local level.

According to the Convention on Biological Diversity (CBD), in situ conservation is defined as 
“the conservation of ecosystems and natural habitats and the maintenance and recovery of viable 
populations of species in their natural surroundings and, in the case of domesticated or cultivated 
species, in the surroundings where they have developed their distinctive properties”. In situ conser-
vation aims to enable biodiversity to maintain itself within the context of the ecosystem in which it 
is found. In situ management approaches can either be species centered (targeted at populations of 
selected species) or ecosystem based (whole ecosystems).

4.5.1.1 Advantages of in Situ Conservation
 1. It helps in protecting the biological diversity of the area. To ensure the survival of the spe-

cies, we protect the entire natural habitat or the ecosystem. 
 2. Endangered species are protected against extinction. 
 3. It helps in restoring degraded areas by supplying biotic and abiotic components. In fact, 

the method involves promotion of natural system to take care of its own self – we simply 
provide conditions to let flourish themselves.

 4. It maintains the quality of life of forest dwellers and tribals.
 5. It maintains genetic diversity and provides material for genetic improvement of crops. 

In a natural system, organisms not only live and multiply but also evolve. A natural eco-
system allows free play of natural agencies – like drought, storms, snow, fluctuation in 
temperatures, excessive rains, fires, and pathogens – which provide an opportunity to the 
organisms to adjust to the prevailing conditions of the environment and evolve into a better 
adopted life form. In ex situ conservation, we isolate species which cause evolution process 
to freeze.

 6. It also helps in pollution control.

In situ Conservation

Ex situ Conservation

Cultivation Practices

Conservation
Methods

Natural Reserves or Parks

Wild Nurseries

Biosphere Reserves

Botanical Gardens

Germplasm or Gene banks

Good Agricultural Practices (GAP)

In vitro propagation

FIGURE 4.1 Schematic representation of methodological systems involved in the conservation of poisonous 
plants.
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 7. In situ conservation is a cheap and convenient way of conserving biological diversity as we 
play a supportive role only. This reduces the cost of conservation efforts enormously.

 8. Many organisms are protected and maintained in the process. The biological wealth of 
our planet is very imperfectly known to us. By sorting out and protecting a few spe-
cies in artificial habitats, we shall certainly leave many life forms which are also as 
important to us as are those organisms which we are currently trying to preserve and 
protect. Thus, in situ conservation offers way to protect a large number of organisms 
simultaneously known or unknown to science, and bigger breeding populations can be 
kept in situ.

4.5.1.2 Disadvantages of in Situ Conservation
 1. It is difficult to control illegal exploitation (e.g. poaching).
 2. The environment may need restoring and alien species are difficult to control.
 3. An important disadvantage of in situ conservation is that it requires large areas of earth’s 

surface if we have to preserve the full complement of biotic diversity of a region. This 
involves minimizing or excluding human activity and interference from that locality which 
is often difficult in the face of growing demand for space.

In situ method of conservation deals with the “on-site conservation” of the wild genetic diversity 
in natural habitat. In India, the conservation of forest areas preserves through protected areas like 
national parks, wildlife sanctuaries, and biosphere reserves. In situ conservation of plants can be 
done effectively with the help of local people because they have indigenous knowledge of these 
plants. In situ conservation of plants can be done by the following means.

4.5.1.3 Natural Parks
Natural parks are protected areas of important wild resources created to preserve and restore biodi-
versity (Rodriguez et al. 2007; Chiarucci et al. 2001). The total number of protected area records in 
the April 2022 release of the World Database on Protected Areas (WDPA) is 269,667, comprising 
257,388 polygons and 12,279 points and covering 245 countries and territories. Conserving medici-
nal/poisonous plants in their natural habitat requires evaluating the contributions and ecosystem 
roles of individual habitats. 

4.5.1.4 Wild Nurseries
The populations of medicinal plants are under hefty burden because of overexploitation, habitat 
degradation, and invasive species; wild nurseries can provide an effective approach for in situ con-
servation of medicinal plants that are endemic, threatened, and in demand (Soule et al. 2005). 

4.5.1.5 Biosphere Reserves
Out of 34 biodiversity rich spots in the world, three lies in India; they are the Western Ghats, the 
Eastern Himalayas, and Indo-Burma region. Currently, there are 18 biosphere reserves in India. 
These aim at securing the ecosystem by stopping irresponsible interference of humans with the 
ecosystem and to conserve the endemic and endangered species. 

4.5.1.6 Conservation Reserves
Conservation reserves can be declared by the state governments in any area owned by the govern-
ment, particularly the areas adjacent to national parks and sanctuaries and those areas which link 
one protected area with another. Such declaration should be made after having consultations with 
the local communities. Conservation reserves are declared for the purpose of protecting landscapes, 
seascapes, flora and fauna and their habitat. The rights of people living inside a conservation reserve 
are not affected.
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4.5.1.7 Community Reserves
Community reserves can be declared by the State Government in any private or community land, 
not comprised within a national park, sanctuary, or a conservation reserve, where an individual or a 
community has volunteered to conserve wildlife and its habitat. Community reserves are declared 
for the purpose of protecting fauna, flora, and traditional or cultural conservation values and prac-
tices. As in the case of a conservation reserve, the rights of people living inside a community reserve 
are not affected (Kadam and Pawar 2020).

4.5.2 Ex SItu coNservaTioN

Ex situ conservation deals with the off-site conservation or conservation outside of natural habitat 
of the wild genetic resources in natural habitat. It includes the collection, preservation, and main-
tenance of certain genetic resources from wild. Ex situ method of conservation is a complemen-
tary action to conserve the genetic diversity, thereby reducing pressure on wild environments and 
enhancing raw material availability. For many species of medicinal plants, since their wild popula-
tion is on life-threatening level, it is not suitable for dealing in situ conservation action. It can serve 
as field gene banks and help in engaging the number of stakeholders in production and regeneration 
of medicinal plants. This loss of habitat makes ex situ conservation important method of conserva-
tion. Ex situ conservation is particularly important for those plants and animals which cannot be 
conserved by in situ due to distinct reasons (Kadam and Pawar 2020). There are different methods 
for conserving biodiversity ex situ.

4.5.2.1 Botanic Gardens
Botanical gardens are the most conventional methods of ex situ conservation, where specimens are 
protected for breeding and reintroduction into the wild whenever necessary and possible. Botanic 
gardens have had a changing role throughout history, beginning often as medicinal gardens for the 
study and cultivation of plants with healing properties; they have also gone through many phases 
including, of course, pleasure gardens, and are currently used as a site for plant conservation and 
people education. Botanical gardens are important places of systematic study and research on flora 
of the region. These are the places of great academic and economic importance. They are valuable 
not only to the botanists, horticulturists, and foresters but also to the students, tourists, and non-
professionals. Botanical Survey of India is actively engaged in the ex situ conservation through its 
chain of botanical gardens established in different regional circles. 

4.5.2.2 Gene Banks
Gene bank is a type of biorepository where genetic material is collected, stored, cataloged, and 
made available for redistribution. Local crop varieties, known as “landraces”, are the result of gen-
erations of careful farmer selection. Due to a combination of environmental and social changes in 
farming communities, intensification of cultivation of a particular high yielding crop globally and 
inbreeding in small populations, large numbers of local crop varieties are disappearing at an alarm-
ing rate, which cause rapid decline in genetic diversity. Gene bank plays a significant role in the 
conservation, availability, and use of a wide range of plant genetic diversity for crop improvement 
for food and nutrition security. They help bridge the past and the future by ensuring the continued 
availability of genetic resources for research, breeding, and improved seed delivery for a sustainable 
and resilient agricultural system. On the basis of type of material to be conserved, gene banks are 
of the following types. 

4.5.2.3 Seed Banks
Seed is the most convenient part of plant that helps plant to multiply. Seeds of many plant spe-
cies remain viable for a long time when they are kept in reduced moisture and at low temperature. 
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Cryogenic preservation is suspended liveliness at sub-freezing temperature and low moisture con-
tent. A seed bank stores seeds as a source for planting in case seed reserves elsewhere are destroyed. 
It is a type of gene bank. The reasons for storing seeds may be varied. In the case of food crops, 
many useful plants that were developed over centuries are now no longer used for commercial agri-
cultural production and are becoming rare. Storing seeds also guards against catastrophic events 
like natural disasters, outbreaks of disease, or war. Seed banks can be set up at the community, 
national, and international level. Because the crops we rely for food are grown in parts of the world 
distant to the centers of their domestication, the sharing of genetic material across national borders 
for research and plant breeding is essential. Seed banks allow quick access to plant samples for the 
evaluation of their properties. 

4.5.2.4 Pollen Bank
This is a method in which pollen grains are stored. We can make plants which are facing extinction 
in the present world. Using this technique, haploid plants can be produced. Pollen can be preserved 
for conservation of biodiversity of important and endangered flowering plants. Pollen from flower-
ing plants can be preserved by cryogenic technique. As these pollen grains are so tiny, millions of 
them can be stored in a small vial, which allows for the preservation of the full range of variations 
within the desired population. These stored pollens can be used in hybridization program directly 
whenever needed, which is not possible in the case of seeds. When seeds are subject to develop 
hybrids, they must be retrieved from the seed bank and then planted in the field.

4.5.2.5 DNA Bank
DNA banking is the secure, long-term storage of an individual’s genetic material. In plants, DNA 
can be extracted from any part. Plant material is dried using silica gel and stored at −800°C to 
extract DNA from it. When fresh supplies are not available, DNA can be obtained from dried 
plant material stored in botanical research institutions that is house pressed, and the dried plant 
specimens are called “herbarium”. DNA banks can serve many purposes in today’s society. DNA 
banks allow for conservation of genetic material and comparative analysis of an individual’s genetic 
information.

4.5.2.6 Field Gene Banks
Field gene banks are the repository where alive plants are maintained to fulfill the need of future 
generations. This method is useful for those species which have low seed viability. Germplasm 
conservation of vegetative propagated plants and forest species in life field gene banks require land 
and labor for annual or perennial replanting. On the other hand, in vitro or reduced growth storage 
requires little space in growth rooms which maintain thousands of genotypes together and reduce 
pest attack and diseases in the culture vessels. It further eliminates the need for long procedures 
during movement and exchange of germplasms (Kasagana and Karumuri 2011). 

4.5.2.7 Cultivation Practice
This method can be very useful if plant species on high risk of extinction is encouraged to culti-
vate on priority basis. This can be done through either monocropping or mixed cropping systems. 
To meet the increasing demand, conservation and cultivation of medicinal/poisonous plants has 
become important. Conservation involves imposing certain regulations on their collection from the 
wild. If such irrational collection continues, many plant species which are widely available today 
will become endangered. Some may even become extinct. For their conservation, the proper cultiva-
tion methods must be encouraged. Plants collected from the wild normally vary in composition and 
quality due to the environmental and genetic differences. This variation and the uncertainty in their 
therapeutic benefit can be much reduced by their proper cultivation. The possibility of misidentifica-
tion and adulteration also greatly reduces due to cultivation. Thus, medicinal/poisonous plant culti-
vation can help in the conservation of the wild stocks and can fulfill the global needs (Zhang 2003).
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4.6 MODERN TECHNIQUES OF CONSERVATION

4.6.1 cryoBaNk or cryopreservaTioN TechNique of coNservaTioN

This is the most advanced and effective technique for storage of germplasm of various economically 
important plants. Most threatened plants can be conserved using this modern technique. The proce-
dure is shown in Figure 4.2. Cryopreservation is defined as the viable freezing of biological mate-
rial (seed or embryo) and their subsequent storage at ultra-low temperature (−196°C) using liquid 
nitrogen (Kasagana and Karumuri 2011). The conventional methods of storage fail to prevent from 
losses caused by attack of pathogens and pests, climatic disorders, and natural disorders. However, 
the conventional methods could not save the viability of short-lived seeds of economic plants and 
these materials can be successfully stored by cryogenic techniques due to which growth rate of 
cells retards; consequently, biological activities are conserved for a long time. This is helpful for the 
conservation of species facing extinction.

The cryopreservation practices are effective and viable for long-term benefits because it requires an 
initial technological investment but the maintenance costs for the application of different techniques 
will be lower, later. The use of cryopreservation facilitates storage and rapid multiplication of plant 
germplasm in a pathogen-free aseptic environment as well as optimization of physical space and labor. 
In a perspective of conservation strategy, the introduction of an accession into cryopreserved storage is 
more expensive than establishing an accession in in vitro culture or in the field, but the cryopreserva-
tion costs for the long-term vision (over 20 years) are considerably lower than those of maintenance in 
the field or in vitro, particularly when many accessions are preserved (Benelli 2021).

The transfer technology and validating protocols between laboratories are a complicated pro-
cess (Reed et al. 2004). The critical factors involved in the cryopreservation like type of plant 
materials, conditions of preculture, cryopreservation technique, cooling, warming, and regrowth 

Viability Test

Source Tissue
(Suspension cell, vegetative or zygotic embryos)

Addition of Cryoprotectant

Storage in Liquid Nitrogen
(-1960C)

Thawing

Washing and Reculturing

Dehydration

Freezing

Regeneration of Plants

FIGURE 4.2 Steps of cryopreservation for poisonous plants.
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conditions also make it difficult (Bettoni et al. 2021). The lack of reproducibility available pro-
tocols or the difficulty in adapting them can be due to numerous causes, ranging from different 
sources of laboratory supplies to different equipment and different levels of technical skills found in 
cryopreservation laboratories. The development and dissemination of increasingly simple and well-
described protocols (Engelmann 2004), with adequate facilities and trained personnel, will allow 
new challenges in each cryopreservation laboratory or institution as well as the implementation of 
the cryopreservation procedures in cryobanks and for biological materials and organisms important 
for research and in applications (Li et al. 2021).

4.6.2 Tissue culTure TechNiques useD for coNservaTioN

Plant tissue culture is the in vitro aseptic culture of cells, tissues, organs, or whole plant under con-
trolled nutritional and environmental conditions (Thorpe 2007). When plant species are at high risk 
and regeneration through conventional methods is difficult, tissue culture is applied to propagate 
them and prevent them from extinction. This method provides opportunity to multiply the plant in 
short time span and thus helpful for plants at high risk of extinction. 

Plant tissue culture technique has been utilized successfully for the conservation of various toxic 
or poisonous plants by several workers like Ricinus communis (Nahar and Borna 2012), Datura 
inoxia (Waoo et al. 2013), Abrus precatorius (Shilwant et al. 2020), Gloriosa superba (Custers 
and Bergervoet 1994), Aconitum balfourii (Bist et al. 2011), Asparagus officinalis (Hasbulla 2019), 
Malus domestica (Grea et al. 2021), and Nerium oleander (Hatzilazarou et al. 2019).

4.7 PROSPECTS FOR CONSERVATION OF POISONOUS PLANTS

According to UNEP/FAO, plant diversity is being eroded at alarming rate. This is mostly due to overex-
ploitation, habitat destruction, and unawareness among people about the importance of plant diversity. 
This is putting many medicinal/poisonous plants in grave risk of genetic erosion and even extinction. 
The best means of conservation is to ensure that the populations of species of plants and animals 
 continue to grow and evolve in the wild, in their natural habitats. No single sector, private or public, 
can undertake the conservation of plants alone. The job requires a team effort, involving a wide range 
of disciplines and institutions. The best way to start and orchestrate such a process is for each country 
to prepare a national strategy for the conservation and sustainable use of its plants of various uses. A 
proper checklist should be formed and followed strictly, and the progress should be monitored as well.

The development of genetic engineering has led to the feasibility of large-scale biosynthe-
sis of natural products, and advancements in tissue culture and fermentation of medicinal plants 
have opened new avenues for the large-scale and highly efficient production of desirable bioactive 
compounds. Tissue culture (including plant cell and transgenic hairy root culture) is a promising 
alternative to produce rare and high-value secondary metabolites of medical importance (Rao and 
Ravishankar 2002). Micropropagation via tissue encapsulation of propagules can not only facilitate 
storage and transportation, but also promotes higher regeneration rates (Baker et al. 2007). When 
the amounts of normal seeds are insufficient for propagation, synthetic seed technology, defined 
as artificially encapsulated somatic embryos (or other tissues) that could be used for cultivating in 
vitro or ex vitro, is a feasible alternative (Lata et al. 2008; Zych et al. 2005). Furthermore, breeding 
improvements can be carried out using molecular marker-based approaches applied at the genetic 
level, and the time required for breeding may be significantly shortened. 

4.8 CONCLUSION

Various government organizations as well as non-governmental organizations are putting efforts to 
conserve the plants of high economic use. As priority is given to such plants, other plants remain 
unattended and facing high risk of extinction. Now, it is time to understand the importance of each 



83Conservation Practices of Poisonous Plants

plant and to put the efforts for its conservation. Despite the existence of various sets of recom-
mendations for the conservation and sustainable use of plants, only a small portion of these have 
achieved adequate protection of plant resources through conventional conservation method. Now, 
latest advanced techniques like tissue culture, genetic engineering, and cryopreservation should be 
used on priority basis to conserve the plant species at high risk. Genetic engineering may be helpful 
in introducing the genes for high adaptation in local environments. Further, policies should be made 
and implemented effectively to conserve the plants on the verge of extinction.

NOTES

Rakesh Kumar, Department of Botany, Vijay Singh Pathik Govt. (P.G.) College, Kairana, India
Ram Kumar, Department of Botany, Vijay Singh Pathik Govt. (P.G.) College, Kairana, India
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Abrus precatorius (Rosary Pea)

Mansi Shah, Meenakshi K, and Indu Anna George

5.1 INTRODUCTION

Abrus precatorius, a perennial climber (Family: Leguminosae) has many synonyms such as Abrus 
abrus, Glycine abrus, Abrus cyaneus, Abrus maculates Noronha, Abrus minor, and Abrus pauci-
florus (Omoboyowa et al., 2021b), India Biodiversity Portal). A selection of its common names 
are listed in Table 5.1. Its distribution is cosmopolitan in the tropical regions (Cooke, 1901) and is 
found in several countries such as Brazil, China, India, South Africa, Sri Lanka, the West Indies 
(Garaniya and Bapodra, 2014), and South America (Omoboyowa et al., 2021a). 

It has been reported in diverse habitats in Bangladesh such as village thickets, natural forests, 
and  protected areas (Hassan et al., 2021). It has been seen among bushes, hedges, open lands 
(Gamble, 1935), and even in natural forests and sacred groves of Kerala, India (Krishna and Mg, 
2019). It is mentioned in the Global Invasive Species Database. This plant could alter the soil nutri-
ent status and it has been suspected of allelopathic effects in Florida (GISD, 2022). The main aim 
of this  chapter is to highlight the botanical aspects, traditional uses, phytoconstituents, toxicology, 
and various pharmacological applications of A. precatorius. 

5.2 BOTANICAL DESCRIPTION

A. precatorius is a climbing shrub (Gamble, 1935) that belongs to the family Fabaceae. A. precato-
rius are pinnately compound with many pairs of leaflets. Each leaflet measures about 0.75 inches in 
length and 0.25 inches in breadth. The rachis usually ends in a bristle. The stipules of the leaves are 
deciduous and the stipels are minute (Gamble, 1935). Flowers are arranged as thick racemes borne 
on axillary peduncles or short branches. The flowers are bracteolate and deciduous (Gamble, 1935). 
The calyx is campanulate with short teeth. The two upper sepals are subconnate (Cooke, 1901). 
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The corolla is exserted. The standard petal is broadly ovate and narrows down to a short claw. The 
wing petals are narrow, oblong, and falcate. The curved keel (Gamble, 1935) is longer and broader 
than the wings (Cooke, 1901). The petals are usually pink, pinkish-white, or white and appear in 
winter, while fruits appear in summer (Garaniya and Bapodra, 2014). The flowers have nine sta-
mens with uniform anthers and are arranged in a sheath (Gamble, 1935) with a slit (Cooke, 1901) 
which is slightly adherent to the standard petal. The vexillary stamen is typically absent (Garaniya 
and Bapodra, 2014). The ovary is subsessile with a short style and a capitate stigma. The fruits 
are dehiscent thick pods that are 1–1.5 inches long and 0.5 inches broad. They are thinly septate 
between the seeds (Gamble, 1935). The green pods ripen to a brown colour. The seeds of this plant 
are very attractive with a hard, shiny, and polished red seed coat with a black spot at the hilum. The 
details are shown in Figure 5.1. Variants of seed colour have also been reported by Balachandran 
and Rajendiran (2015). The two-colour variations include white and brown or white and yellow 
and the single colour variants are white, yellow, black, red, green, and blue (Figure 5.2). The black 
seeds are obtained from the cultivated variety (Cooke, 1901). The seeds do not germinate easily due 
to their hard seed coat. However, they germinate after either mechanical or chemical scarification. 
Seeds when treated with sulphuric acid for 120 minutes showed 95% germination as opposed to 0% 
of the control (Prakash et al., 2013).

TABLE 5.1
Common Names of Abrus precatorius

Language/Region Names Reference

English Precatory pea, rosary pea, jequirity bean, Balachandran and Rajendiran (2015), 
Crab’s eye, John Crow beads, Indian liquorice Garaniya and Bapodra (2014)

Gujarati Chanothi, Gumchi Garaniya and Bapodra (2014)

Hindi Gundi, Rakti, Gunchi, Gunja, Gaunchi, Rati Gamble (1935), Garaniya and 
Bapodra (2014)

Indonesia Saga Garaniya and Bapodra (2014)

Malayalam Kunni Garaniya and Bapodra (2014)

Nepal Rati gedi Garaniya and Bapodra (2014)

Sanskrit and Gunja Garaniya and Bapodra (2014)
Marathi

Tamil Kuntumani, Kundumani Gamble (1935), Karthikeyan and 
Deepak Amalnath (2017)

Bengali Kunch, Koonch, Chunhali Garaniya and Bapodra (2014)

Hausa Idon zakara Salihu et al. (2018)

Fulfulde Bo uhi Salihu et al. (2018)

Nyanja Nyumbu Chinsembu et al. (2019)

FIGURE 5.1 The (a) leaves, (b) flowers, (c) pods, and (d) the dehisced pods of Abrus precatorius. (Adopted 
from Garaniya and Bapodra, 2014.) 
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5.3 TRADITIONAL USES

A. precatorius is an important medicinal plant that is used for various purposes. Its roots, leaves, 
and seeds are used to treat various diseases. Seeds of A. precatorius are reported to be poison-
ous and contains one of the most lethal toxins, Abrin, a toxalbumin that inhibits protein synthesis 
causing cell death (Gadadhar and Karande, 2013; Narayanan et al., 2005), Oral consumption of the 
chewed or crushed seeds will lead to immediate death. It is used for suicidal purpose in villages 
considering its easy availability and lack of an antidote for this poisoning (Karthikeyan and Deepak 
Amalnath, 2017). The toxicity of seeds is destroyed by cooking or boiling (Pandey, 1994; Rajaram 
and Janardhanan, 1992). Mature seeds that have a hard impermeable coat are considerably less toxic 
than immature seeds that have a soft and easily broken coat when ingested orally. A. precatorius 
seeds are used to treat emesis in China (Ahmed et al., 2013) and diarrhoea in Nigeria (Uzodimma 
Durugbo, 2014).

Seeds are famously uniform in weight (almost 1/10th of a gram) and were used as a weighing unit 
(Nath et al., 1992). They were once used to weigh gems and precious stones. It is also believed that 
A. precatorius was used to weigh the famous Kohinoor Diamond as well (Bhakta and Das, 2020). 
These seeds are used to make necklaces, rosaries, and ornaments (Cooke, 1901). They are also used 
in wreaths of roses (precatory beans) in Christian countries (Bhakta and Das, 2020).

Dried seed powder of A. precatorius is used to cure worm infestation when taken orally in a 
dose of one teaspoonful once a day for 2 days (Kuo et al., 1995). It is also used to treat fractures 
in veterinary field. Dried seeds are also administered orally as an aphrodisiac (Malhi and Trivedi, 
2008). Extract of seeds in hot water is taken orally for malaria. Dried seed powder is used by vari-
ous African tribal groups as oral contraceptives (Watt and Breyer Brandwiik, 1962; Arseculeratne 
et al., 1985; Molgaard and Nielsen, 2001). Seeds are purgative, emetic, and good source of insecti-
cide (Khanna and Kaushik, 1989). They are also used in the treatment of tuberculosis and painful 
swellings. Tanzanian traditional healers claim its efficiency in the treatment of epilepsy (Moshi 
et al., 2005). A paste of A. precatorius leaves and seeds is used to treat greying hair and alopecia. 
Haemorrhoids are treated by taking the mixture of coconut water, seed, and root powder. The seed 

FIGURE 5.2 Seed colours of Abrus precatorius: (a) red and black, (b) white, (c) black, and (d) brown.
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paste is recommended to be applied locally in sciatica, stiffness of the shoulder joint, paralysis, 
contusion, and inflammation (Kirtikar et al., 1918,).

The leaves of A. precatorius are used in the treatment of mouth ulcer, inflammation, wounds, 
throat infections, cough, and flu (Anant and Maitreyi, 2012; Nadkarni and Nadkarni, 1954; Bhakta 
and Das, 2020). The leaves and roots of this plant are used to cure tuberculosis, bronchitis, whoop-
ing cough, chest complaints, and asthma by the South African people (Kuete 2014). The leaves 
of A. precatorius are potent laxative, expectorant, and aphrodisiac agents in ayurvedic medicine 
(Bhakta and Das, 2020) and are used to treat urticaria, eczema, stomatitis, conjunctivitis, alopecia 
areata, migraine, lymphomas/leukaemia, and dysmenorrhoea (Pade, 1957). Tanzanian traditional 
healers are using the decoction of leaves as tea (Moshi et al., 2005) and A. precatorius is used to 
treat bronchitis, laryngitis, hepatitis, and epilepsy as folklore medicine by Chinese people (Bhakta 
and Das, 2020). A. precatorius plant is also used against schistosomiasis in Zimbabwe. The leaves 
are reported to have anti-suppurative properties. They are ground with lime and applied on acne 
sores, boils, and abscesses. The plant is also traditionally used to treat tetanus and to prevent rabies. 
The leaves when steeped in warm mustard oil and applied over the site of pain are beneficial against 
rheumatism. The juice of the fresh leaves, mixed with some bland oil, applied externally is thought 
to relieve local pain (Kirtikar et al., 1918,). Powdered leaves mixed with sugar were used to treat 
a case of leucoderma and menorrhagia (Chadha, 2004). The leaves and roots are used as diuretic 
and to mitigate diarrhoea, gastritis, heart diseases, kidney diseases, insomnia, cancer, and nervous 
system disorder (Kubiatowicz and Benson, 2003). 

The roots of A. precatorius are used to treat jaundice and haemoglobinuric bile. They are also 
used to cure abdominal pains, tumours as well as abortion. A combination of A. precatorius root 
powder and pure clarified butter is recommended to cure cough if taken thrice a day for 4 days 
(Kirtikar et al., 1918). Root is chewed as a remedy from snake bite (Watt and Breyer-Brandwijk, 
1962). Hot water extract of the fresh root can be administered orally as an antimalarial and anti-
convulsant agents (Adesina, 1982). Oral administration of dried root liquid broth is found to be 
effective against bronchitis and hepatitis (Chukuo et al., 1995). The root is reported to have emetic, 
alexiteric, and expectorant activities. Root decoction with sugar is used to treat haemorrhoids. A 
filtrate of the root soaked in water for overnight is used to treat white vaginal discharge if taken once 
in the morning and once in the evening. The roots are used as an alternate for liquorices, sore throat, 
and rheumatism. The roots are also useful in gonorrhoea, jaundice, and other infections.

5.4 PHYTOCONSTITUENTS

Roots of A. precatorius contain phytoconstituents such as abrol, abrasine, precasine, precol 
(Khaleqe et al., 1966; Willaman and Li, 1970), abraline, abricin, abrusgenic acid, abrusgenic 
acid methyl ester, abruslactone, abrussic acid, anthocyanins, calcium, campesterol, cycloartenol, 
delphinidin, gallic acid, trigonelline, hypaphorine (Ghosal and Dutta, 1971; Ibrahim, 1980), cho-
line, N,N-dimethyltryptophan, N,N-dimethyltryptophan metho cation methyl ester, p-coumar-
oylgalloyl glucodelphinidin, pectin, pentosans, phosphorus, delphinidin, gallic acid, picatorine, 
polygalacturonic acid, precatorine (Ghosal and Dutta, 1971), polysaccharide (Singh and Shelley, 
2007), isoflavonoids, quinones – abruquinones A, B, C, D, E, F (Kuo et al., 1995), O, G, abrus-
lactone a, abrusgenic acid–methanol solvate (Chang et al., 1983), arabinose, galactose, xylose 
(Ragasa et al., 2013), triterpenoids, saponins, glycyrrhizin (Akinloye and Adalumo, 1981), olea-
nolic acid, 7,5-Dihydroxy-6,49-Dimethoxy isoflavone and 7-O-b-D-Galactopyranoside (Saxena 
and Sharma, 1999). Abrusosides A, B, C, D (Choi et al., 1989) and E (Kennelly et al., 1996), 
galactose, arabinose, and xylose were found in the aerial parts.

The leaves are sugary when taken orally and contains glycyrrhizin, triterpene glycosides (abruso-
sides A, B, C, and D which are highly sweet), arabinose, galactose, xylose, Pinitol and tree glycosides 
based on cycloartane-type aglycone, abrutigenin (Daniel, 2006; Choi et al., 1989; Karawya et al., 1981; 
Ali and Malek, 1966; Akinloye and Adalumo, 1981).The Alkaloids (abrine, hepaphorine, choline, 
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and precatorine) and flavonoids (vitexin, Liquirtiginin-7-mono- and diglycosides and Toxifolin-3-
Glucosides) are also present (Ghosal and Dutta, 1971). Leaves also contain other compounds like 
abrine, trigonelline, abruslactone A, and hemiphloin (Ragasa et al., 2013).

Seeds are lethal and the principal compound is abrine. Seeds of this plant also contain cal-
cium, magnesium, sodium, potassium, phosphorous, manganese, zinc, iron, copper, cellulose, 
and muscilase. Crystalline abrin contained 4%–9% of neutral sugar in addition to 9-3 residues 
of glucosamine per mole of abrin (molecular weight 65,000). Abrine (Ghosal and Dutta, 1971), 
abrin A, abrin B (Lin et al., 1981), abrin C (Wei et al., 1974), abrin I, abrin II, abrin III, abrus 
agglutinin APA-I, Abrus agglutinin APA-II (Hegde et al., 1991), abrus saponins I and II, abrisa-
pogenol, β-Amyrin, arachidyl alcohol, brassicasterol, Decan-1-ol, Docos-13-Enoic acid, Docosan-
1-ol, docosane, n-Dodecan-1-ol, dotriacontane, n-Eicos-11-Enoic acid, eicosane, n-elaidic  
alcohol, Heneicosan-1-ol, lignoceric acid, heneicosane, n-Heptacosan-1-ol, Heptadecan-1-ol, 
hexacosane, n-Hexacosan-1-ol, Hexadec-9-Enoic acid, hexadecane, n-Hexadecan-1-ol, nonaco-
sane, n-Nonadecan-1-ol, Octacosan-1-ol, octacosane, n-Octadeca-9,12-Dienoic acid, octadecane, 
n-octanoic acid, Pentacosan-1-ol, pentacosane, n-pentatriacontane, n-Pentadecan-1-ol (Lefar 
et al., 1968; Garaniya and Bapodra, 2014), squalene, abricin, abridin (Zia et al., 1983), abru-
lin (Hameed et al., 1961), cycloartenol, campesterol, cholesterol, and â-Sitosterol have all been 
found in the seeds. Seeds contain plenty of essential amino acids like serine and other com-
pounds such as Abrusin, Abrusin-2′-0-Apioside, hederagenin, kaikasaponin III, sophoradiol, 
Sophoradiol-22-0-Acetate, tryptophan (Desai et al., 1971), trimethyl (Kinjo et al., 1991), alanine 
(Glasby, 1991), amyrin, alpha, ursolic acid (Maiti et al., 1970), valine (Kinjo et al., 1991; Glasby, 
1991), and methyl ester. It also has a glucoside abrussic acid, haemagglutinin, and urea. Alkaloids 
and nitrogen compounds such as methyl ester of N,N-Dimethyltryptophan metho cation (I) and 
precatorine (II), hypaphorine, trigonelline (Ibrahim, 1980), choline (Ghosal and Dutta, 1971), fla-
vonoids and triterpenoids, steroids, saponins, flavones, flavonol glycosides, reducing sugars, phe-
nolic compounds glycosides (Shatish et al., 2010; Devasagayam and Sainis, 2002; Govindarajan  
et al., 2005; Scartezzini and Speroni, 2000), and precatorine are present in the seeds and leaves. 
Lectin (Chatterjee et al., 1982; Wei et al., 1975; Roy et al., 1976), flavonoids and anthocyanins-
abrectorin, Dimethoxycentaureidin-7-0-Rutinoside, precatorins I, II (Ghosal and Dutta, 1971), 
and III, abrectorin, centaureidin, demethoxy 7-O-beta-Drutinoside, luteolin, orientin, isoorientin 
(Bhardwaj et al., 1980), A. precatorius plant growth inhibitor (Anderson et al., 1972), and xylo-
glucosyl-delophinidin have been identified from the seeds. A new triterpenoid saponin 3-O-β-D-
Glucopyranosyl-(1→2)-β-D-Glucopyranosyl subprogenin D together with six known terpenoids 
was reported from leaves and stems of A. precatorius (Xiao et al., 2011). C-Glucosylscutelarein 
6,7-Dimethylether (abrusin), and its 2″-O-Apioside has been found as minor components in the 
seeds of A. precatorius (Markhama et al., 1989). Tetracos-15-enoic acid, Tetracosan-1-ol, tetraco-
sane, n-Tetradecan-1-ol, tetradecanoic acid, tetratriacontane, n-Triacosan-1-ol, triacontane, n-tri-
cosane, n-Tridecan-1-ol, Tritriacontan-1-ol, tritriacontane, n-Undecan-1-ol (Lefar et al., 1968), 
anthocyanins, arabinose (Karawya et al., 1981), arachidic acid, behenic acid, linolenic acid, pal-
mitic acid: stearic acid, oleic acid (Lefar et al., 1968; Begum, 1992; Derbsey and Busson, 1968), 
aspartic acid, callistephin, chrysanthemin, delphin, Pelargonidin-3,5-Diglucoside (Heines, 1971), 
heneicosane, 7,9,15-Trimethyl, pentacosanoic acid, cholanic acid, 5-Beta (Garaniya and Bapodra, 
2014; Mandava et al., 1974), cystine, galacturonic acid, glucuronic acid, leucine, tyrosine (Desai 
et al., 1971), delphinidin glycoside (Krishnamoorthy and Seshadri, 1962), delphinidin, (para-
coumaroyl-galloyl) glucoside, Delphinidin-3-Sambubioside (Karawya et al., 1981), docosadienoic 
acid, docosenoic acid, eicosadienoic acid, eicosenoic acid, eicosatrienoic acid, hexadecenoic acid, 
lignoceric acid, octadecadienoic acid, octadecatrienoic acid, octadecenoic acid, pentadecanoic 
acid (Khan et al., 1970), docosatetraenoic acid, docosatrienoic acid, myristic acid (Khan et al., 
1970; Derbsey and Busson, 1968), galactose, xylose (Karawya et al., 1981), gallic acid, lauric 
acid, linoleic acid (Desai and Sirsi, 1966), p-Sterone (Ahmad and Rahman, 1965), rhamnose, 
and N-N-Dimethyl metho cation (Desai et al., 1971) have been identified in the seed of this plant.
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5.5 TOXICOLOGY

The seeds of A. precatorius contain abrin and agglutinin-I which are type II Ribosome inactivating 
Proteins (RIPs) (Bagaria et al., 2006a; Worbs et al., 2021). RIPs are plant-based RNA N-Glycosidases 
that inhibit protein synthesis in cells (Surendranath and Karande, 2008). Type II RIP consists of two 
chains A and B linked by disulphide bond (AB toxins) (Bagaria et al., 2006b; Cheng et al., 2010). 
The B-Chain has lectin-like activity that is responsible for binding to the galactose-containing 
receptors on eukaryotic cell surface which is essential for A – Chain internalization by endocytosis 
(Liang et al., 2021). The A-Chain has N-Glycosidase activity that irreversibly depurinates specific 
adenine from 28S ribosomal RNA leading to the inhibition of elongation factors EF-1 and EF-2 
(Cheng et al., 2010). This further terminates protein synthesis leading to cell apoptosis, thus making 
them the most lethal toxins (Liang et al., 2021; Surendranath and Karande, 2008).

Structurally, abrin and agglutinin-I are similar to other RIPs such as ricin, botulinum, cholera, 
and diphtheria toxins (Pillay et al., 2005; Reedman et al., 2008). Abrin is more potent among RIP 
toxins and is 75 times more potent than ricin (Tiwari et al., 2017). The toxicity for humans is 1 μg/
kg leading to death (Alhamdani et al., 2015). The primary structure of abrin and agglutinin-I shares 
a similarity of 66.9% for chain A and 80.2% for chain B. However, abrin is 200–2,000 fold more 
potent than agglutinin-I. The variation in secondary structure and active site of the A-Chain has 
significantly reduced the biological toxicity of agglutinin-I (Bagaria et al., 2006b).

The common symptoms of A. precatorius poisoning in humans are nausea, severe vomiting, 
diarrhoea, abdominal pain, and gastrointestinal bleeding (Karthikeyan and Deepak Amalnath, 
2017; Wananukul et al., 2015). The onset of symptoms can occur within 24 hours of ingestion to 
3–4 days after ingestion. This depends upon the type and dose of seed ingestion (Alhamdani et al., 
2015; Dickers et al., 2012; Wooten et al., 2014). The oral ingestion of mature whole seeds that have 
a hard seed coat prevents the toxin from entering the digestive tract. The toxic effect of mature 
seed ingestion is limited to the gastrointestinal tract as digestion processes disturb the hard shell 
and expose the toxin to the GI tract (Reedman et al., 2008). In rare cases, the effects of toxins are 
reported to affect the central nervous system, heart, and kidney functioning. The uncommon symp-
toms include encephalopathy, arrhythmias, papilledema, raised intracranial pressure, and renal fail-
ure. The cause of death is majorly due to depletion of fluid volume in the body (Alhamdani et al., 
2015; Karthikeyan and Deepak Amalnath, 2017; Shrestha et al., 2020; Subrahmanyan et al., 2009; 
Wananukul et al., 2015). 

Apart from humans, A. precatorius poisoning is also reported in cattle, goats, and horses 
(Acharya and Roy, 2013; Barri et al., 1990; Simpson and Banerjee, 1932). The reported cases of 
poisoning in humans and animals are due to the red and black variety of seeds, rarely due to the 
white variety (Pillay et al., 2005). The poisoning by blue and green varieties is not reported as yet.

The reported effective treatments against A. precatorius poisoning are immediate correction 
of electrolytes imbalance, intravenous fluids, and blood transfusion if required (Patil et al., 2016), 
continuous renal replacement therapy (Huang et al., 2017), hemoperfusion, methylprednisolone, and 
other corticosteroid treatment (Ninan and James, 2019; Sahoo et al., 2010). The lack of anti-toxin 
is major hurdle in the treatment (Duracova et al., 2018). The development of monoclonal antibod-
ies against abrin and agglutinin has exhibited promising results during in vitro and in vivo studies 
(Fabbrini et al., 2017; Li et al., 2011; Surendranath and Karande, 2008). ELISA techniques with 
monoclonal antibodies have been developed for the onsite detection of abrin and agglutinin in food 
samples, thus leading to rapid identification of toxins (Worbs et al., 2021).

5.6 PHARMACOLOGICAL ACTIVITY

Myriad of traditional uses and the presence of biological compounds in various parts of the plants 
have intrigued modern science to validate the pharmacological activity of A. precatorius. Various 
parts of plants have reported anti-diabetic, anti-microbial, anti-asthmatic, anti-inflammatory, anti-
depressant, antioxidant, and anti-rheumatic activities.
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5.7 ANTI-DIABETIC ACTIVITY

Methanolic extract of leaves has exhibited inhibition of α-Glucosidase in vitro with the inhibition 
of glucose diffusion in the gut (Altowayti et al., 2020). The ethanolic leaf extract has demonstrated 
pancreatic protective activity in normoglycemic and STZ/nicotinamide – induced diabetic rats by 
inhibiting enzymatic activities of α-amylase and α-Glucosidase (Boye et al., 2021). Further, the 
extract has modulated the hormonal activities by altering serum insulin, GLP-1, and Glucagon level 
which eventually reduced blood glucose levels and reversed the effect of diabetes (Boye et al., 2021).

5.8 ANTI-MICROBIAL AND ANTI-VIRAL ACTIVITY

Most of the part of A. precatorius has exhibited anti-microbial activities. The leaves, stem, seed 
oil, and root extracts are promising sources of anti-microbial principles. Their extracts are effec-
tive against various gram-positive bacteria, such as Staphylococcus aureus, Staphylococcus epider-
midis, Bacillus subtilis, and gram-negative bacteria such as Enterococcus faecalis, Streptococcus 
anginosus, Corynebacterium spp., Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, and 
Pseudomonas aeruginosa (Bhatia and Ali Siddiqui, 2013; Elumalai et al., 2009; Singh, 2021).

Recent molecular docking studies indicated the potential of glycyrrhizin isolated from A. preca-
torius anti-viral agent against SARS-Cov-19 (Adeleye et al., 2021). 

5.9 ANTI-ASTHMATIC ACTIVITY

Oral administration of ethanolic extract of leaves has exhibited anti-asthmatic activity in rat, guinea 
pig, and goat as evidenced by reducing the effect of carrageenan-induced paw oedema in rats and 
reversing the effect of histamine-induced bronchospasm in guinea pig and histamine-induced con-
traction of goat tracheal chain (Taur et al., 2017).

5.10 ANTI-INFLAMMATORY ACTIVITY

Oral administration of alcoholic extract of A. precatorius has increased the serum IL-2 level in mice 
(Gupta et al., 2010; Modi et al., 2021). Isoflavanquinones isolated from the roots of the plant exhib-
ited inflammatory potential through in vitro phagocyte oxidative burst and pro-inflammatory cyto-
kine TNF-α inhibition in CAL-27 (oral cancer) and Caco-2 (colon) cell lines (Okoro et al., 2021).

5.11 LARVICIDAL ACTIVITY

Methanolic extract of the seeds of A. precatorius exhibited potential larvicidal activity against 
the pod borer, Helicoverpa armigera (Hubner) (Ramesh Babu et al., 2018). Isoflavanquinone and 
abruquinone isolated from the extract of aerial parts of the Abrus plant showed antimalarial activity 
(Bhatia and Ali Siddiqui, 2013).

5.12 ANTI-PROLIFERATIVE ACTIVITY

Oral administration of ethyl acetate extracts of seeds in female Wistar rats significantly elevated 
the ulceration scores and upregulated the expression of COX-2, INOS, IL-1β, NF-kb, and TNF-α 
mRNA (Omoboyowa et al., 2021b). The fraction of ethyl acetate and methanolic extract of the 
leaves induced apoptosis in human acute monocytic leukaemia cell line via caspase-3/-7 and PARP 
cleavage (Gul et al., 2018). Stigmasterol hemihydrate and β-Monolinolein isolated from the leaves 
of A. precatorius are proved to be effective against breast cancer both in vitro (MDA-MB-231 
breast cancer cell lines) and in vivo (7,12-dimethylbenz(a)anthracene-induced breast cancer in 
virgin female Sprague Dawley rats; Sofi et al., 2018). Ethyl acetate fractions of root extracts are 
effective against AU565 and HeLa cells respectively (Okoro et al., 2019). 
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5.13 CONCLUSION AND FUTURE PROSPECTS

This chapter introduces the reader to the fascinating world of A. precatorius. The seeds of this plant 
are renowned for their even weight, beauty, and toxicity. The seeds commonly have a hard-shiny 
seed coat that is red with a black spot at the hilum. There are variations to the seed colour ranging 
from monotone white, black, blue, and green to two-toned combinations of white and yellow and 
white and brown. They have been used to measure jewellery, make ornaments and infamously used 
for suicide. This climber belongs to the family Fabaceae and the plant’s general description, habit, 
and habitat have been described in this chapter. It has several botanical synonyms and many more 
common and vernacular names – a testimony to its widespread distribution around the globe. It has 
several traditional uses ranging from treatment of diseases such as tuberculosis, malaria, bronchitis, 
whooping cough, chronic malaises such as asthma, eczema, rheumatism, and a host of other appli-
cations including treating greying hair and insecticide. A detailed note on its phytoconstituents and 
toxicology has also been included in this chapter. The lethal principle of the seed is abrin which is 
a Type II RIP with a potency that is 75 times more than ricin. Pharmacological investigations have 
revealed anti-diabetic, anti-microbial, anti-viral anti-asthmatic, anti-inflammatory, anti-prolifera-
tive, and larvicidal activities indicating the immense potential of A. precatorius.
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6.1 INTRODUCTION

Aconitum genus belongs to the family Ranunculaceae, and members of this genus are known as 
aconites. This genus has three subgenera: monotypic subgenus – Gymnaconitum, Lycoctonum, and 
Aconitum. Gymnaconitum has only one annual species, Gymnaconitum gymnandrum Maxim, and it 
is reported only in China (Utelli et al., 2000). Rest two subgenera have numerous species. The distin-
guishing feature between Aconitum and Lycoctonum is that the former is characterized by biennial 
paired tuberous roots and the latter one by perennial rhizomes (Lauener & Tamura, 1978). Aconitum 
species are mostly spotted in the cooler northern hemisphere regions of Asia, North America, Great 
Britain, and Europe (Jamtsho et al., 2021; Stork & Marraffa, 2005). According to the Kew Royal 
Botanic Gardens, the Aconitum genus has 324 accepted species (Novikov et al., 2021). Some coun-
tries have reported several Aconitum species; for instance, more than 200 species are reported from 
China (Singhuber et al., 2009), 38 species from Nepal (Shyaula, 2011), 27 species from India (Abd, 
2016), and 19 species from Bhutan (Jamtsho et al., 2021). Aconitum species are widely used in the 
scholarly traditional medicine systems in Asian countries, including Nepal (16 species; Shyaula, 
2011), India (18 species; Abd, 2016), Bhutan (two species; Jamtsho et al., 2021), and China (two spe-
cies; Singhuber et al., 2009). Aconitum is one of the most exploited medicinal plant genera in the 
traditional medicine system and indigenous drug discovery history (Ali et al., 2021). The medicinal 
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properties of Aconitum species are due to diverse classes of secondary metabolites, and alkaloids are 
one of the main compounds. Carbon-19 (C-19) and C-20 diterpene alkaloids are most common in 
aconites, constituting approximately 450 alkaloids (Ali et al., 2021). Many Aconitum species are also 
poisonous (e.g., Aconitum ferox, Aconitum laciniatum, Aconitum violaceum, Aconitum chasman-
thum, Aconitum luridum, and Aconitum napellus) as they contain toxic diterpenoid alkaloids, includ-
ing aconitine, mesaconitine, and hypaconitine which cause cardiotoxicity (Qasem et al., 2022). Oral 
ingestion (accidental or deliberate) is the most common route of exposure to Aconitum toxins, and it 
can also enter the body through the mucous membrane and intact skin. Whether it is oral ingestion 
or dermal contact, absorption of aconitine occurs rapidly within a few minutes (Stork & Marraffa, 
2005). The half-maximal lethal dose (LD50) of aconitine in mice is 1.8 mg/kg via oral ingestion, 
while in humans, it is about 1–2 mg (Fujita et al., 2007; Sato et al., 1979). This chapter discusses 
A. napellus L. in depth, including taxonomy and distribution, ethnopharmacology, phytochemistry, 
reported biological properties, and associated toxicities. 

6.2 BOTANICAL DESCRIPTION

A. napellus, popularly known as monkshood or wolfsbane, is a perennial herb often grown as orna-
mental due to its attractive blue flowers. Botanical descriptions for morphology and anatomy are 
referred from Akbar (2020), Duffell (2009), and Munch and Crosbie (1929). A. napellus belongs to 
the family Ranunculaceae (Grin, 2009; Heywood, 1978), and it has numerous common names. The 
most popularly used names are given here. English: Aconite, Helmet flower, Blue rocket, Devil’s 
helmet, Monk’s hood, Wolf’s bane; French: Aconit; German: Blauer eisenhut, Blauer sturm-
hat; Italian: Aconitonapello, Erba luparia; French: Aconit napel; Dutch: Blauwe monnikskap; 
Spanish: Aconite, Anapelo, Stormhatt. 

6.2.1 Morphology

A. napellus is a perennial herb (i.e., it has self-supporting stems) with an upright stem, round and 
smooth, and grows up to 2 m (Figure 6.1a).

6.2.1.1 Leaves
The leaves are simple (i.e., lobed or unlobed but not separated into leaflets). Usually, they are lobbed 
into three or five segments (further divided), and the edge of the leaf blade has teeth (Figure 6.1b). 
The surface under the leaves has only a few hairs. Leaves are petiolate and arranged alternately (i.e., 
one leaf per node along the stem).

6.2.1.2 Flowers
The flowers are blue to purple and usually bloom during May and July. They are bisexual and 
bilaterally symmetrical (i.e., only one way to divide), stalked, and racemose (Figure 6.1a). Petaloid 
sepals (or tepals) are five – one uppermost is helmet shaped and beaked and nearly hemispherical; 
the two laterals are roundish and internally hairy; and the lower two are oblong oval (Figure 6.1c).

6.2.1.3 Roots
Tuberous roots are either single or in clusters of two or more. The younger ones are smooth and yel-
lowish white internally, while matured or older ones are deep wrinkled by side branches or branches 
and brown inside (Figure 6.2a, b). Root is obconical, measuring 4–10 cm long and 1–3.5 cm wide 
at the crown. The internal anatomy of roots (cross section) shows a distinct stellate cambial zone 
(Figure 6.2c).
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6.3 DISTRIBUTION

A. napellus is spotted in mountainous regions at elevations up to 3,000 m above sea level. But it 
usually grows in lowland areas. A. napellus prefers moist/wet and nutrient-rich soils, which are 
slightly acidic and in the shade. In terms of climatic conditions, it prefers places where the night 
temperature remains below 7°C and precipitation about 1 m (Johnson, 2007). A. napellus is native 
to Western and Central Europe (Duffell, 2009). It is also reported in some parts of Asia and in 
Oceania. Figure 6.3 shows that A. napellus is reported in at least 15 countries globally. 

FIGURE 6.2 Roots of Aconitum napellus: (a) fresh young roots, (b) dried old roots, and (c) T.S. of root show-
ing a distinct stellate cambial zone. (Adopted from Munch & Crosbie, 1929).

FIGURE 6.1 (a) Aconitum napellus in its natural habitat, (b) palmate leaf, and (c) petaloid sepal. (Adopted 
and modified from Wikimedia.)
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6.4 PHYTOCHEMICAL CONSTITUENTS

A. napellus is widely studied for its phytochemical constituents in various plant parts. Lethal car-
diotoxin ‘aconitine’ was first discovered from A. napellus in 1833 by P.L. Geiger (Qasem et al., 
2022). Like other poisonous aconites, the whole plant of A. napellus contains toxins but are more 
concentrated in the roots. Phytochemicals isolated from A. napellus are mainly constituted of alka-
loids and flavonoids. Diterpenoid alkaloids, including Aconitine, Mesaconitine, Hypaconitine, and 
N-Deethylaconitine, are isolated from the root, pollen, and nectar of A. napellus (Arlandini et al., 
1987; Dustan & Ince, 1891; Jacquemart et al., 2019). Other alkaloidal compounds such as Aconine A 
& B, Hypaconitine, Napelline A & B, Neoline A & B, Benzoylmesaconitine, Benzoylhypaconitine, 
Acosepticine A & B, 6-O-Acetylacosepticine A, 6-Demethyldephatine A–C, Leucostine, Acoseptine, 
and N-Acetylsepaconitine A were also isolated or identified from various parts of A. napellus 
(Jacquemart et al., 2019). Flavonoids reported from A. napellus are isolated exclusively from flowers 
(Table 6.1). Aconitine acid, which is an organic acid, was reported from the aconite juice (Figure 6.4). 

6.5 PHARMACOLOGICAL STUDIES

Crude extracts and individual isolated compounds from A. napellus have shown a few promising 
biological activities, such as antidiabetic, neuroprotective, and anti-anxiety. Crude methanolic and 
aqueous extracts from A. napellus at 100, 200, and 400 mg/kg in Wistar albino rats through MTT 
Assay (in vitro) and alloxans-induced hyperglycaemic rats (in vivo) showed hypoglycaemic poten-
tial (Chhetree et al., 2010), thus suggesting the potential application of A. napellus as an alternative 
treatment for diabetes (Shoaib, Salem-Bekhit, et al., 2020). 

In a study by Shoaib et al. (Shoaib, Siddiqui, et al., 2020) on the neuroprotective role of crude 
extract from A. napellus in streptozotocin-induced diabetic Sprague-Dawley rats, a detoxified chlo-
roform extract showed a significant (p < 0.05) improvement in the myelination and degenerative 
changes of the nerve fibres besides behavioural improvement (locomotor activity). There were sig-
nificant decrease in TBARS (thiobarbituric acid reactive substance) and increased levels of catalase, 

FIGURE 6.3 World map showing the countries where Aconitum napellus is reported. (Country names 
and locations are labelled manually using information from the Australasian Virtual Herbarium homepage 
(adopted from AVH, 2022).)
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FIGURE 6.4 Chemical structures of chief alkaloidal constituents of Aconitum napellus. 

TABLE 6.1
Compounds Isolated and Identified from Various Parts of Aconitum napellus

Parts Used for 
Isolation Alkaloids Reference

Pollen, and nectar Aconitine Dustan and Ince (1891), Jacquemart 
et al. (2019)

Pollen Mesaconitine Jacquemart et al. (2019)

Root N-Deethylaconitine, Aconitine, Mesaconitine Arlandini et al. (1987)

Pollen Aconine A & B, Hypaconitine, Napelline B, Jacquemart et al. (2019)
Neoline A & B, Benzoylmesaconitine, 
Benzoylhypaconitine, Acosepticine A & B, 
6-O-Acetylacosepticine A, 
6-Demethyldephatine A–C, Leucostine, 
Acoseptine, N-Acetylsepaconitine A 

Nectar 18-Demethylpubescenine Jacquemart et al. (2019)

Pollen and nectar 6-Demethyldephatine C, Napelline A Jacquemart et al. (2019)

Whole plant Neoline, Napeline, Isotalatizidine, Karakoline, Kiss et al. (2013)
Senbusine A & C 

(Continued)
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TABLE 6.1 (continued)
Compounds Isolated and Identified from Various Parts of Aconitum napellus

Parts Used for 
Isolation Alkaloids Reference

Whole plant Chasmanine, 1,14-O-Diacetylneoline, Liu and Katz (1995)
Isotalatizidine, Delsoline, Delcosine, 
Virescenine, Songorine, Songoramine, 
12-Epinapelline, 15-O-Acetyl-12-Epinapelline 

Seeds Karakoline, Leroyine, Neoline, Isotalatizidine, Liu and Katz (1995)
12-Epinapelline

Flavonoids

Flowers Quercetin 7-O-(6-Trans-Caffeoyl)-β-
Glucopyranosyl-α-Rhamnopyranoside-3-O-β-

Fico, Braca, Bilia, et al. (2001), Fico, 
Braca, De Tommasi, et al. (2001), 

Glucopyranoside; Kaempferol 
7-O-(6-Trans-Caffeoyl)-β-Glucopyranosyl-α-
Rhamnopyranoside-3-O-β-Glucopyranoside; 
Kaempferol-7-O-(6-Trans-p-Coumaroyl)-β-
Glucopyranosyl-α-Rhamnopyranoside-3-O-β-

Fico, Braca, Tommasi, et al. (2001), 
Luis et al. (2006)

Glucopyranoside; Quercetin 
3-O-(6-Trans-Caffeoyl)-β-Glucopyranosyl-
(1→2)-β-Glucopyranosyl-7-O-α-
Rhamnopyranoside; 
Quercetin-3-Sophoroside-7-
Rhamnopyranoside; 3-O-[β-D-
Glucopyranosyl-(1→ 
3)-(4-O-Trans-p-Coumaroyl)-α-L-
Rhamnopyranosyl-(1→ 6)-β-D-
Glucopyranosyl]-7-O-[β-D-
Glucopyranosyl-(1→ 
3)-α-L-Rhamnopyranosyl]kaempferol; 
3-O-[β-D-Glucopyranosyl-(1→ 3)-(4-O-Trans- 
p-Coumaroyl)-α-L-Rhamnopyranosyl-(1→ 
6)-β-D-Glucopyranosyl]-7-O- [β-D-
Glucopyranosyl-(1→ 3)-α-L-
Rhamnopyranosyl]quercetin; 
7-O-[β-D-Glucopyranosyl-(1→ 3)-α-L-
Rhamnopyranosyl]quercetin; Quercetin 
3-O-(6-Trans-Caffeoyl)-β-
Glucopyranosyl-(1→ 2)-β-Glucopyranoside-7- 
O-α-Rhamnopyranoside; Kaempferol 
3-O-(6-Trans-Caffeoyl)-α-
Glucopyranosyl-(1→ 2)-β- Glucopyranoside-
7-O-α-Rhamnopyranoside; Quercetin 
3-O-(6-Trans-p-Coumaroyl)-β-
Glucopyranosyl-(1→ 2)-β-Glucopyranoside-7-
O-α-Rhamnopyranoside; Kaempferol 
3-O-(6-Trans-p-Coumaroyl)-β-
Glucopyranosyl-(1→ 2)-β- Glucopyranoside-
7-O-α-Rhamnopyranoside; 
Quercetin-3-Sophoroside-7-Rhamnopyranoside 

Organic acids

Aconite juice Aconitic acid Ventre et al. (1946)
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superoxide dismutase, and reduced glutathione in rats treated with A. napellus chloroform extract 
than in the diabetic control group (Shoaib, Siddiqui, et al., 2020). 

Moreover, homoeopathic preparations from A. napellus (diluted as 12 and 30 cH in 30% cereal 
alcohol) also demonstrated anxiolytic effects in Wistar albino rats when treated with 0.15 mL/day 
for 10 consecutive days (Haine et al., 2021). Anxiolytic activity was measured by the widely used 
elevated plus maze (EPM) model, where EPM is a wooden device with two closed arms and two 
open arms perpendicular to each other. Closed arms have lateral and end walls but no walls in open 
arms. The greater the permanence time and entries in the open arms, the better the anxiolytic action 
of drugs. Diluted crude extracts of A. napellus (12 cH in 30% cereal alcohol) showed 39.5% ± 8.4% 
entries and 15.4% ± 8.6% time (p < 0.05) in open arms, while rats treated with 30 cH dilutions 
showed 38% ± 12% entries and 11% ± 10% time, which was better compared to 30% alcoholic stan-
dard drug diazepam (52% ± 15% entries and 24.3% ± 6.7% time in open arms), thus exhibiting its 
anti-anxiety potential (Haine et al., 2021). 

Compounds isolated from A. napellus are antioxidative, and particularly, they have free radical 
scavenging potential. A flavonol glycoside, quercetin 7-O-(6-Trans-Caffeoyl)-β-Glucopyranosyl-(1 
→ 3)-α-Rhamnopyranoside-3-O-β-Glucopyranoside, showed DPPH free radical scavenging anti-
oxidant activity with an IC50 value of 1.94 μM (Braca et al., 2003). Flavonol glycoside, quercetin 
3-O-(6-Trans-Caffeoyl)-β-Glucopyranosyl-(1 → 2)-β-Glucopyranoside-7-O-α-Rhamnopyranoside, 
showed inhibition (58.9%) of coupled oxidation of β-Carotene and linoleic acid after 1 hour (Braca 
et al., 2003). Two flavonol glycosides from ethanolic extract of A. napellus sp. lusitanicum, querce-
tin 3-O-(6-Trans-Caffeoyl)-β-Glucopyranosyl-(1→2)-β-Glucopyranosyl-7-O-α-Rhamnopyranoside 
and Quercetin-3-Sophoroside-7-Rhaamnopyranoside, also showed DPPH free radical scavenging 
activity with EC50 values of 7.56 (better than standard compound – rutin, EC50 = 7.67 ug/mL) and 
10.56 ug/mL, respectively (Luis et al., 2006). Ultrahigh diluted homoeopathic A. napellus (200 c or 
1,000 c, i.e., 200th or 1,000th dilution, respectively) prepared under centesimal scale (1: 99 ratio – 
one part of drug and 99 part of solvent) lowered baker’s yeast (20%) induced fever in rabbits signifi-
cantly (p < 0.05), but the effect was lower than the standard drug paracetamol (p < 0.001) (Ahmad 
et al., 2017). Flavonol glycosides from A. napellus sp. lusitanicum also showed cysticidal activity 
against trophozoites of Acanthamoeba castellanii (Martin-Escolano et al., 2021). 

6.6 TOXIC RESPONSE

A. napellus was a popular poison in Rome among the elites and was a good weapon for murder 
by poisoning (Moog & Karenberg, 2002). The whole plant is poisonous, but the most toxic ones 
are roots and seeds. A. napellus contains three major toxic steroid alkaloids, namely aconitine, 
mesaconitine, and jesaconitine. Aconitine is the main alkaloid responsible for toxicity, and it is pres-
ent throughout the plant but more concentrated in roots and leaves. Aconitine is a C19-diester diter-
penoid alkaloid present in Aconitum spp., which is also named aconite of Wutou (Vo et al., 2017; 
Zhang et al., 2020). Although aconitine-containing herbal medicines are well known for the treat-
ment of rheumatoid arthritis and pains (Li et al., 2010; Yu et al., 2020), for example, Fuzi, which is 
considered ‘the chief of the hundred drugs’ in China, more than 5,000 cases of aconite poisoning 
have been reported between 2001 and 2010 (Liu, 2019), and it has caused chiefly polymorphous 
ventricular arrhythmias (Chan, 2009; Lin et al., 2004). 

6.6.1 ToxiciTy iN huMaNs

The minimum lethal dose of aconitine is 3–6 mg. One gram of fresh A. napellus may contain 
2–20 mg of aconitine, which means a small amount of this plant can be lethal. Ingestion will 
instantly cause a burning sensation in the mouth (or tingling, including lips, tongue, and throat) 
within 10–20 minutes. Subsequently, within 2–6 hours after ingestion, it will cause nausea, saliva-
tion, weakness, violent emesis, generalized paraesthesia, and extreme pain. With more time passed 
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by, possibly between 6 and 8 hours, a person will experience diarrhoea, cardiac rhythm distur-
bances, convulsions, skeletal muscle paralysis, and possibly death due to respiratory paralysis (Stork 
& Marraffa, 2005). 

6.6.2  MechaNisM of ToxiciTy iN huMaN

Aconitine is a voltage-gated sodium channel activator in the myocardium. Aconitine binds to the 
α-subunit of voltage-gated sodium channels, causing a permanent opening of the channel (Fu et al., 
2006). Aconitine also inhibits sodium and potassium ATPase to generate a cardiotonic or car-
diotoxic effect (Wang et al., 2021), which results in a prolonged influx of sodium ions (Na+) and 
slowing after depolarization (Friese et al., 1997) (Figure 6.5). A high concentration of intracellular 
Na+ simultaneously activates the Na+-Ca2+ exchanger (NCX), causing the movement of Ca2+ from 
extracellular to the cytoplasm (Fu et al., 2007). This increased influx or overload of intracellular 
Ca2+-Na+ ion is responsible for aconitine‐induced proarrhythmic effects. Recent studies have also 
shown the association of the arrhythmogenic properties of aconitine with the potassium channel. 
Aconitine blocks the human ether-à-go-go-related gene channel (hERG), which is the primary repo-
larization potassium current that determines the action potential duration (APD) of cardiomyocytes 
(Li et al., 2010). Aconitine either blocks hERG completely during the open state or develops low 
affinity to the channel during the closed or resting state; either way, it prolongs the myocardial APD. 
Aconitine also blocks Kv1.5 channels in atrial myocytes, which causes lengthening of its action 
potential, thus prolonging the refractory period of atrial muscle (Li et al., 2010). All these events 
collectively lead to aconitine-induced cardiotoxicity in humans. 

6.6.3 cliNical MaNageMeNT

Decontamination by administering certain syrup and charcoal is a common home remedy. Syrup 
of ipecac (a drug obtained from dried rhizome and roots of Carapichea ipecacuanha) is essentially 

FIGURE 6.5 Overview of mechanism of aconitine-induced cardiotoxicity. Aconitine binds to α-subunit 
of voltage-gated Na+ channel in the myocardium, causing it to open permanently and inhibiting the sodium 
potassium ATPase (NKA), allowing prolonged influx of Na+ ions and delayed after depolarization. Elevated 
intracellular Na+ ions concurrently activate Na+-Ca+ exchanger (NCX), which enhances the influx of Ca+ from 
extracellular to cytoplasm. NA+ and Ca+ overloads together are responsible for proarrhythmia. (A figure was 
adapted from Zhou et al. (2020, 2021) and modified in Biorender online software platform.)
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not advisable as it causes extensive vomiting, onsets symptoms rapidly, and has a risk of respiratory 
paralysis. Gastric decontamination with activated charcoal may be suitable for substantial recent 
ingestions. Monitoring and replacing fluid and electrolytes lost from vomiting and diarrhoea is 
essential during the treatment. After decontamination, a patient may or may not show symptoms but 
observation for another 2–4 hours is recommended, as toxicity from aconite alkaloids is unpredict-
able due to alkaloid variability (Stork & Marraffa, 2005). Symptomatic patients should be referred 
to the hospital. There is no specific antidote, and no specific laboratory tests are available (Stork & 
Marraffa, 2005). 

6.7 TRADITIONAL AND OTHER POTENTIAL USES

A. napellus, a European native species, closely resembles A. carmichaeli, and it is still used in 
European homoeopathic preparations (Moog & Karenberg, 2002; Singhuber et al., 2009). 
Traditionally, A. napellus has been used as an arrow poison for hunting due to its toxic nature. 
European history recorded and believed that the wife (Julia Agrippina, 49–54 AD) of the Roman 
emperor Claudius poisoned him with A. napellus (Moog & Karenberg, 2002). This species was 
occasionally applied as poison to kill imprisoned criminals in European history (Shoaib, Salem-
Bekhit, et al., 2020). In Chinese medicine, A. napellus is used to prevent cold, general weakness, 
and ‘Yang’ deficiency, and it is used as an antidote for several poisons (Singhuber et al., 2009). 
It is used in folklore medicine to manage facial paralysis, inflammation, musculoskeletal pains, 
pyrexia, gout, pericarditis (Chang & Whitaker, 2001), sciatica, and rheumatism (Venkataraghavan 
& Sundareesan, 1981). A. napellus is used against sudden development of fever, particularly when a 
person has been exposed to cold weather, freezing, dry wind, and fevers developed after a frighten-
ing or shocking experience (Loo, 2009). A. napellus is also used in Ayurvedic and Unani medicinal 
preparations, and other polyherbal formulations are used to treat diabetes and a nerve tonic (Shoaib 
et al., 2019). Aconite is considered helpful for improving subjective symptoms such as numbness, 
cold sensations, and extreme or chronic pains (Wang et al., 2011), which are associated with diabetic 
neuropathy. Aconite tubers contain toxins, including diterpenoid alkaloid aconitine (Kelly, 1990). 
Therefore, prior to use, boil aconite tubers for several hours or even for a couple of days based on 
the quantity used (Tang & Eisenbrand, 1992). In Ayurvedic medicine, shodhana method is widely 
applied, where Aconitum tuber is treated with a cow or goat milk, and the goat milk treatment gives 
less aconitine (Shoaib, Siddiqui, et al., 2020).

6.8 FUTURE REMARKS

A. napellus is native to Europe, and it is still used in European homoeopathic preparations.  
A. napellus is known for its ornamental (due to its attractive blue flower) and medicinal values. 
Traditionally, the plant was used chiefly as arrow-head poison and poisoning captured criminals 
in Europe, as its roots contain cardiotoxins – aconitine. Besides this, the plant is popular in 
indigenous medicine systems, cluing Chinese traditional medicine, Indian Ayurvedic medicine, 
Japanese herbal preparations, and European homoeopathic preparations for treating musculo-
skeletal pains. Numerous phytochemicals are isolated from different parts of A. napellus, and 
among them, diterpenoid alkaloids and flavonol glycosides are dominant constituents. Both crude 
extracts and pure isolated compounds (a few flavonol glycosides) have shown various pharmaco-
logical activities, including antipyretic, antidiabetic, antioxidant, anti-anxiety, and neuroprotec-
tive activities. 

A. napellus (whole plant) contains toxic diterpenoid alkaloids; thus, proper detoxification 
is necessary prior to use as 1 g of fresh A. napellus may contain 2–20 mg of aconitine (lethal 
dose of aconitine in humans = 3–6 mg), and it can cause fatal symptoms and ultimately death. 
Prolonged boiling of any plant parts or treating cow or goat milk can also reduce aconitine 
content. 
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Future studies may focus on investigating the biological activities of those unstudied compounds 
isolated from A. napellus and investigating the levels of aconitine in any commercial herbal prod-
ucts containing A. napellus to ensure safety and prevent toxicities. 

NOTES

Karma Yeshi, Center for Molecular Therapeutics, Australian Institute of Tropical Health and 
Medicine (AITHM), James Cook University, Smithfield, Australia
Phurpa Wangchuk, Center for Molecular Therapeutics, Australian Institute of Tropical Health and 
Medicine (AITHM), James Cook University, Smithfield, Australia
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7.1 INTRODUCTION

There is a large number of trees, herbs and shrubs present in nature. Many of them are useful for 
humans in some or the other way. Some plants produce metabolites which show medicinal effect 
against many diseases. Due to such effects, these plants are also used in ancient world for the 
treatment of diseases (Ali, 2020). Due to side effects of long-term use of allopathic medicines, 
an increasing interest in herbal medicines contributes to factors like cultural acceptability, better 
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compatibility and feasibility. The traditional knowledge of many plants is more accessible, reli-
able and trusted by common people all over the world (Vidyarthi et al. 2013). Nowadays also 80% 
of world uses traditional medicine for the treatment of disease as observed in the report given by 
WHO. Some of these plants also show poisonous effects when used in large quantities or in inap-
propriate form (Balakumbahan et al. 2010). In traditional, Ayurveda and Unani medicines, many 
poisonous plants are used as therapeutics by reducing its poisonous effects via various procedures. 
One of such poisonous plants is Sway or Muskrat root, i.e., Acorus calamus.

A. calamus is a member of the Acoraceae family. This plant has many phytochemicals which are 
used as therapeutics. It is used for treatment of many diseases in ayurvedic medicine such as chronic 
diarrhea, cough, dysentery, tympanitis, otitis media, asthma, intermittent fevers, and glandular and 
abdominal tumors (Mukherjee et al. 2007). This chapter discusses about traditional knowledge, 
bioactive compounds, pharmacological studies and toxic response of A. calamus.

7.2 BOTANICAL DESCRIPTION

A. calamus is semiaquatic, aromatic and perennial herb. It has aromatic, highly branched and creep-
ing rhizome which is cylindrical and 2.5 cm thick. Its color is light brown externally and white 
internally (Figure 7.1) (Mukherjee et al. 2007). The leaves are 0.7–1.7 cm wide. Its sympodial leaf 
is shorter than vegetative leaf. It has undulated margin (Figure 7.2). This plant rarely flowers. Its 

FIGURE 7.1 Rhizomes of Acorus calamus. (Courtesy: ICAR–Central Coastal Agricultural Research 
Institute, Goa India.)
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flowers are cylindrical, greenish brown and covered with rounded spikes and are of 3–8 cm. Its 
fruits are berry like, small and contain very few seeds (Balakumbahan et al. 2010). 

7.3 DISTRIBUTION

A. calamus is native to eastern Europe and central Asia. It is indigenous to marshes of moun-
tains of India. It is cultivated at higher altitudes in India about 2,200 m. It is found in the states 
of Maharashtra, Tamil Nadu, Manipur, Jammu Kashmir, Nagaland, Himachal Pradesh, Andhra 
Pradesh, Karnataka, Uttar Pradesh and Uttarakhand (Rajput et al. 2014).

7.4 PHYTOCHEMICAL CONSTITUENTS

A. calamus or muskrat root contains essential oils in its leaves and rhizomes (Tables 7.1 and 7.2). 
These essential oils contain various phytochemicals such as alcohols, terpenes, alkaloids, amides, 
terpenoids, sugars, volatile oils, lignans, esters, organic acids, steroids and glycosides (Mukherjee et 
al. 2007). GC-MS analysis of essential oils shows major phytochemicals such as Asarone, socalam-
endiol, eugenol, Camphor, Elemicin, maltose, glucose, fructose, Linolenic acid, 2-Allyl-5-Ethoxy-
4-Methoxyphenol, acorenone and Nonanoic Acid. These phytochemicals have many medicinal 
effects (Balakumbahan et al. 2010).

FIGURE 7.2 Leaves of Acorus calamus. (Courtesy: ICAR – Central Coastal Agricultural Research Institute, 
Goa, India.)
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TABLE 7.1
Percentage Composition of Essential Oil of Acorus calamus L. (Raina 
et al. 2003)

Sr. No.
Name of 

Compound Leaf Oil (%) Rhizome Oil (%)

1 n-Octane T t

2 n-Nonane T t

3 α-Pinene T –

4 β-Pinene T –

5 n-Decane – t

6 β-Phellandrene 0.1 –

7

8

(Z)-Ocimene

Linalool

–

4.7

0.1

0.1

9

10

11

12

Terpinen-4-ol

α-Terpineol

Linalyl acetate

Undecanol

0.1

0.2

0.2

T

–

0.4

0.2

–

13

14

Linalyl propionate

δ-Elemene

–

0.2

0.1

0.3

15 β-Cubebene 0.2 –

16

17

18

19

β-Caryophyllene

(Z)-Methyl isoeugenol

β-Gurjurene

ar-Curcumene

0.5

0.6

–

T

0.2

0.6

0.4

0.1

20 α-Muurolene 0.7 0.4

21

22

(Z)-α-Bisabolene

β-Bisabolene

0.5

1.9

0.1

1.2

23 Elemicin 0.4 t

24 α-Cadinene – 0.1

25 α-Calacorene 0.1 0.1

26 GermacreneB – t

27

28

29

30

(Z)-Isoelimicin

Spathulenol

Caryophyllene oxide

β-Asarone

1.3

0.1

0.4

85.6

1.1

–

0.1

83.2

31

32

Humulene epoxide

T-Muurolol

T

0.1

–

–

33 α-Cadinol 0.3 t

34 α-Asarone 1.0 9.7

35 α-Bisabolol – 0.6

36

37

38

n-Heptadecane

Benzyl benzoate

n-Octadecane

0.4

–

–

0.3

0.2

0.1

39 L-Nonadecanol T –

t, trace (< 0.05).
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TABLE 7.2
Major Bioactive Phytochemicals Present in Acorus calamus

Structure Name and Reference

α -Asarone (Rhizome) CID 636822
https://pubchem.ncbi.nlm.nih.gov/compound/
alpha-Asarone. Retrieved May 2, 2022

β-Asarone (Leaves and rhizome) CID 
5281758

https://pubchem.ncbi.nlm.nih.gov/compound/
beta-Asarone. Retrieved May 2, 2022

Epieudesmin (Rhizome) CID 7000209
https://pubchem.ncbi.nlm.nih.gov/compound/
Epieudesmine.

Retrieved May 2, 2022 

Linalool (Leaves) CID 6549
https://pubchem.ncbi.nlm.nih.gov/compound/
Linalool.

Retrieved May 2, 2022 

(Continued)

https://pubchem.ncbi.nlm.nih.gov
https://pubchem.ncbi.nlm.nih.gov
https://pubchem.ncbi.nlm.nih.gov
https://pubchem.ncbi.nlm.nih.gov
https://pubchem.ncbi.nlm.nih.gov
https://pubchem.ncbi.nlm.nih.gov
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7.5 PHARMACOLOGICAL STUDIES

A. calamus is one of the medicinal plants used widely in traditional medicine as well as in Ayurveda. 
It shows antioxidant, hepatoprotective, antibacterial, insecticidal, immunomodulatory, antidiar-
rheal, anticonvulsant, sedative, acetylcholinesterase inhibitory, antispasmodic, anti-inflammatory, 
anthelmintic, effect on cardiovascular system, hypolipidemic, antiulcer, bronchodilator, cytoprotec-
tive, anticancer, antifungal and antiviral activities. These activities are observed due to an effect of 
various phytochemicals present in extract as well as in essential oils present in leaves and rhizome 
of sway. 

7.5.1 aNTioxiDaNT acTiviTy

A. calamus when tested for antioxidant activity using ethyl acetate extract and DPPH assay, it 
showed efficiency in radical scavenging at concentration of 0.2 g/mL (Mukherjee et al. 2007). When 
methanolic and ethyl acetate extract of sway is tested on rats exposed to noise stress for induction 
of oxidative stress on brain, it showed that sway extracts help in reduction of catalase, glutathione 
peroxidase, reduced forms of glutathione (GSH), vitamin E and vitamin C; along with this, it nor-
malizes the secretion of superoxide dismutase and lipid peroxidation both of which are increased by 
oxidative stress (Manikandan and Devi, 2005). This antioxidant activity was observed mainly due 
to the presence of α-Asarone present in large amount in rhizome of muskrat root (Raina et al. 2003).

7.5.2 hepaToproTecTive acTiviTy

Hepatoprotective activity of ethanolic extract of A. calamus was studied using rats with acetamin-
ophen-induced liver injury and silymarin as standard drug. The study showed that 500 mg/kg of 
ethanolic extract of A. calamus protects against liver injuries and improves biochemical parameters 
of blood serum such as serum glutamate oxaloacetate transaminase, i.e., SGOT, serum glutamate 
pyruvate transaminase, i.e., SGPT, and serum alkaline phosphatase, i.e., SALP (Palani et al. 2009). 

TABLE 7.2 (continued)
Major Bioactive Phytochemicals Present in Acorus calamus

Structure Name and Reference

Galgravin (Rhizome) CID 101749
https://pubchem.ncbi.nlm.nih.gov/compound/
Galgravin.

Retrieved May 2, 2022 

https://pubchem.ncbi.nlm.nih.gov
https://pubchem.ncbi.nlm.nih.gov
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7.5.3 aNTiBacTerial acTiviTy

The antibacterial effect of ethanolic extract of A. calamus was studied using microbial cultures, viz., 
Escherichia coli, Staphylococcus citreus, Salmonella paratyphi A and B, Shigella dysomei, Proteus 
vulgaris, Salmonella marcescens, Bacillus megaterium, Staphylococcus aureus, Corynebacterium 
diphtheriae, Diplococcus pneumoniae, Streptococcus viridans and Streptococcus pyogenes, when 
tested using agar diffusion method (Mukherjee et al. 2007). α-Asarone and β-Asarone present in 
the ethyl acetate extract of rhizome of muskrat root show good MIC as well as inhibition zones 
against S. aureus, Salmonella typhi, S. paratyphi A, Pseudomonas aeruginosa, Enterococcus fae-
calis, Shigella sonnei and E. coli (Devi and Ganjewala, 2009). A. calamus volatile oils showed 
antibacterial activity against Mycobacterium tuberculosis, Salmonella faecalis, Streptococcus pyo-
genes, Staphylococcus albus, Pseudomonas solanacearum, Bacillus pumilus and Corynebacterium 
diphtheriae (Jain et al. 1974). Essential oils from muskrat root showed efficiency as antibacterial 
agent when tested against Shigella shiga, S. paratyphi, Bacillus proteus, Staphylococcus pyogenes, 
Shigella boydii, E. coli and S. typhi (Kapil et al. 1983). 

7.5.4 iNsecTiciDal acTiviTy

Essential oil extracted from rhizome of A. calamus contains high insecticidal potential. Cis- and 
trans-Asarone present in this oil affects feeding ability as well as gonadal development in Peridroma 
saucia which is one of the pests on crops (Koul et al. 1990). These oils also show cidal activ-
ity against Musca domestica, Spodoptera litura and Dysdercus koenigii. It also shows complete 
mortality of Culex fatigans and Aedes aegypti (Mukherjee et al. 2007). Apart from essential oils, 
solvent extracts of rhizome of A. calamus show insecticidal effect against larvae of Culex fatigans 
and Musca nebulo. Powder form of rhizome is useful against lice, bugs and moths. Repellent activ-
ity is also observed against pulse beetle Callosobruchus chinensis (Mukherjee et al. 2007). Total 
mortality of Atteva fabriciella larvae is also seen with the use of ethanolic extract of rhizome of 
sway (Ahmad et al. 1991).

7.5.5 iMMuNoMoDulaTory acTiviTy

Ethanolic extract of A. calamus rhizome was tested for immunomodulatory effect using in vitro 
technique. Various human and rat cell lines, viz., human peripheral blood mononuclear cells 
(PBMCs), interleukin-2 (IL-2), intracytoplasmic interferon-γ (IFN-γ) and tumor necrosis factor-α 
(TNF-α), are used. The study revealed that the extract showed inhibition of antigens on PBMCs, 
whereas downregulation of CD25 antigen on PBMCs was observed (Mehrotra et al. 2003).

7.5.6 aNTiDiarrheal acTiviTy

Castor oil induced diarrhea in Wistar albino rats is used to study the antidiarrheal effect of A. calamus. 
Methanolic extract of leaves of sway showed antidiarrheal effect with a single dose of 400 mg/kg of 
body weight (Kapadia and Kharat, 2012).

7.5.7 aNTicoNvulsaNT acTiviTy

Anticonvulsant activity of A. calamus rhizome oil was tested using Metrazol-induced seizures in 
albino mice. The study suggested that dosage of volatile oil of sway before exposure to maximal 
electroshock to induce seizures prevents the mice from convulsion. This prevention is due to the 
phytochemical α-Asarone present in oil (Sharma et al. 1961). Dosage of methanolic extract of sway 
rhizome at concentration of 100–200 mg/kg body weight helps in preventing Pentylenetetrazol-
induced seizures (Rajput et al. 2014).
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7.5.8 seDaTive acTiviTy

Administration of volatile oils of A. calamus to the mice supplemented with pentobarbitone enhanced 
the sleeping time of mice. Ethanol and petroleum ether extracts of A. calamus also showed good 
sedative activity (Dandiya et al. 1959). 

7.5.9 aceTylcholiNesTerase iNhiBiTory acTiviTy

Acetylcholinesterase inhibitory activity was observed when tested using essential oil and hydro-
alcohol extract of A. calamus and bovine erythrocytes. Methanolic extracts also showed the inhibi-
tory activity of acetylcholinesterase at concentration of 200 μg/mL. This activity is due to the 
compounds α-Asarone and β-Asarone (Houghton et al. 2006).

7.5.10 aNTispasMoDic acTiviTy

A. calamus rhizome essential oil when tested using dogs and rabbits for study of involuntary muscle 
movements of intestines showed inhibition of increased peristaltic movements. Whereas alcoholic 
extract showed relaxation of smooth muscles of rat intestines and also reduced contractions of heart 
were observed when it is administered to frog (Mukherjee et al. 2007). One of the studies also 
showed that n-hexane extract of A. calamus acts as calcium channel blockade like constituent which 
leads to antispasmodic effect in jejunum of guinea pigs (Gilani et al. 2006).

7.5.11 aNTi-iNflaMMaTory acTiviTy

A. calamus rhizome extract when tested against chronic, immunologic and acute inflammation models 
showed significant anti-inflammatory activity (Vohra et al. 1989). When cotton pellet granuloma forma-
tion, croton oil granuloma and carrageenin-induced paw edema models of rats are administered with 
oral dose of A. calamus extract showed inhibitory response against acute and chronic inflammation 
(Mukherjee et al. 2007). In albino rats, 25%–75% acetone extract acted as anti-inflammatory agent. 
Leaf extract of A. calamus showed anti-inflammatory activity when tested on human keratinocyte 
HaCaT cells and further inhibited the production of pro-inflammatory cytokines (Rajput et al. 2014).

7.5.12 aNThelMiNTic acTiviTy

Alcoholic extract of A. calamus showed partial paralysis in Ascaris lumbricoides, whereas phenolic 
extract showed complete paralysis (Chaudhari et al. 1981). Phenolic extract showed nematocidal 
activity when tested on Meloidogyne incognita. Clinical trial was done on children aged between 5 
and 11 which showed complete cure against round worm when given 250 mg powder of A. calamus 
three times a day for 3 days. The efficiency of this trial was 83% (Mukherjee et al. 2007).

7.5.13 effecT oN carDiovascular sysTeM

Lowering of blood pressure can be observed with the use of essential oil of A. calamus. It also showed 
curing effects on atrial fibrillation, atrial flutter as well as ventricular arrhythmias when tested in dogs 
with quinidine as standard drug. It also causes increase in conduction time as well as refractory period 
in atria of rabbits (Madan et al. 1960). Alcoholic extract of A. calamus showed hypotensive effect on 
blood pressure of dogs. A. calamus also helps in reduction of LDL and increase in HDL. It also helps 
in reduction of chest pain, dyspnea on effort and body weight index (Mukherjee et al. 2007).
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7.5.14 hypolipiDeMic acTiviTy

Ethanolic extract of A. calamus rhizome when tested on albino rats showed reduction of cholesterol 
biosynthesis in liver at the dose of 100–200 mg/kg. Saponins from the extract also reduce absorp-
tion and circulation of cholesterol in enterohepatic system (Parab and Mengi, 2002). α-Asarone 
present in the extract shows hypolipidemic mechanism by binding the active site of HMG-CoA 
reductase enzyme present in the liver (Rajput et al. 2014).

7.5.15 cyToproTecTive aND aNTiulcer acTiviTy

When the rats are exposed to cytodestructive agents such as 25% NaCl, 0.6 M HCl, 80% ethanol 
and 0.2 M NaOH and further administered alcoholic extract of A. calamus, they showed cytopro-
tective effect. Ethanolic extract also inhibits the gastric secretion as well as protects against gastric 
injuries due to reserpine, pyloric ligation, cysteamine and indomethacin leading to antiulcer effect 
(Mukherjee et al. 2007).

7.5.16 BroNchoDilaTor acTiviTy

Rhizome of A. calamus is given to patients of moderate to severe asthma for chewing for 2–4 weeks, 
and it showed positive results with bronchodilation and without any side effects. It also reduces the 
bronchospasms in asthmatic patients (Chandra, 1980). 

7.5.17 aNTicaNcer acTiviTy

Methanolic extract of A. calamus was tested for anticancer activity using various human cancer 
cell lines and murine P388 lymphocytic leukemia cell line. It was observed that epieudesmin pres-
ent in extract showed antineoplastic activity, whereas galgravin prevents neuronal death (Rajput et 
al. 2014). Lectins present in the rhizome extract of A. calamus show inhibition of proliferation of 
WEHI-279 which is a B-cell lymphoma and J774 which is a murine macrophage cancer cell line 
(Mukherjee et al. 2007).

7.5.18 aNTifuNgal acTiviTy

Antifungal activity of A. calamus leaves and rhizome was tested using cultures of Penicillium 
crysogenum, Aspergillus flavus, Aspergillus niger, Candida albicans, Microsporum canis and 
Cryptococcus gastricus. The organic solvent extracts showed good antifungal activity in agar dif-
fusion method as well as in MIC technique (Devi and Ganjewala, 2009). The essential oils from 
A. calamus are tested for antifungal activity, and it showed effect against Phomopsis destuctum, 
Diplodia natalensis, Candida albicans, Penicillium digitatum, Alternaria tenuis, Aspergillus ory-
zae and Helminthosporium oryzae due to the presence of compounds like β-Asarone, acoradin and 
asaraldehyde (Mukherjee et al. 2007).

7.5.19 aNTiviral acTiviTy

A. calamus rhizome alcoholic extract showed antiviral activity against herpes simplex virus 
HSV-1 and HSV-2. This inhibition of virus is due to the presence of β-Asarone in the extract. It 
shows antiviral activity below cytotoxicity level when tested using vero cells (Mukherjee et al. 
2007).
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7.6 TOXIC RESPONSE

β-Asarone present in A. calamus has ability to act as mild co-carcinogen which interferes with 
normal pregnancy inter-reactions. It metabolically activates cellular damage in human lympho-
cytes and induces structural chromosomal aberrations. It also shows mutagenicity in Salmonella-
mammalian microsome assay (Mukherjee et al. 2007). When β-Asarone was administered to rats 
and mice for 2 years, it was observed that it induced leiomyosarcomas of the small intestine as well 
as thrombosis in heart chambers. It showed LD50 of 1,010 mg/kg by weight in rats, whereas LD50 of 
184 mg/kg by weight in mice when administered orally (Rajput et al. 2014). 

When α-Asarone and β-Asarone are tested using Chinese hamster lung fibroblasts V79 cells and 
human liver hepatoma HepG2 cells, these compounds showed inhibition of cell viability which sug-
gests cytotoxic effect of these compounds. It also induces DNA damage by breaking DNA strands 
(Haupenthal et al. 2017). 

7.7 TRADITIONAL AND OTHER POTENTIAL USES

A. calamus or muskrat root or sway is one of the plants used in ancient medicine. It is used in many 
medicinal systems such as Ayurveda, western herbal medicine and Unani medicine. In these sys-
tems, rhizome of sway is mainly used in different formulations for the treatment of various ailments 
(Rajput et al. 2014). 

In Unani medicine, A. calamus-containing medicine named as Ma’jun Baladur is used for the 
treatment of diseases like headache, coma, epilepsy, hysteria, sinusitis and drowsiness (Rajput et 
al. 2014). In western herbal medicine, it is used in various preparations such as powder and paste. 
These formulations are used for the treatment of ailments like poor digestion, bloating, gas, stomach 
ache and headache. A small amount of A. calamus mixed with honey and jaggary helps in reducing 
acidity. A. calamus also helps in the treatment of eczema, rheumatism, liver and kidney problems 
(Mukherjee et al. 2007). In Himalayas, tribals use decoction of rhizome of A. calamus as nonal-
coholic beverage as well as it is also used for preventing intoxication from alcohol. Tirumala hills 
natives use these rhizomes for the treatment of dental problems (Rao et al. 1996). 

In Ayurvedic medicine, A. calamus is known as Vacha in Sanskrit. It has the following proper-
ties: rasa – tikta and katu, i.e., bitter and pungent, veerya- – ushna, i.e., worm, vipaka – Katu, i.e., 
pungent, guna – Laghu, Tikshna and Ruksha, i.e., light, strong and dry and dosha – kaphaghna 
and vataghna calms kapha and vata (Deshpande et al. 2018). It acts as memory enhancer. Paste 
of A.   calamus applied topically to treat arthritis and paralysis due to its pain reducing and anti- 
inflammatory action. Its extract is used to treat earache and tinnitus. Fumes of A. calamus are used 
to reduce pain of piles (Rajput et al. 2014). 

Its katu and ushna, guna acts as appetizer but also causes emesis due to gastritis when ingested 
in larger amounts. Its decoction is used to quench thirst caused by diarrhea and dysentery. It helps 
in liquification of phlegm accumulated in laryngopharynx due to its tikshna and ushna properties. 
It regulates pulse rate and reduces blood pressure. Due to its uterine contracting effect, it is used 
in painful labor. It also increases kidney function and urine production, and hence, it is used in the 
treatment of renal calculi and dysuria (Deshpande et al. 2018). 

Apart from the traditional use of A. calamus, it can also be used as biopesticide against various 
pests on crops. The toxic effect of chrysin shows inhibiting effect on larval stages of Spodoptera 
litura by reducing carboxylesterase activity (Wiwattanawanichakun et al. 2022). A. calamus extracts 
also show toxicities in Callosobruchus maculatus, Lasioderma serricorne, Sitophilus oryzae and 
Tribolium confusum larvae which are the insects causing spoilage of stored food (Su, 1991).

7.8 FUTURE REMARKS

A. calamus or muskrat root or sway is perennial shrub of Acoraceae family. It is used in many coun-
tries for treatment of many diseases. It contains many phytochemicals in its leaves and rhizomes.  
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α-Asarone, β-Asarone, chrysin, linalool, epieudesmin and galgravin are bioactive phyto-
chemicals present in leaves and rhizomes of A. calamus. These compounds show various 
pharmacological  activities such as antioxidant, hepatoprotective, antibacterial, insecticidal, immu-
nomodulatory,  antidiarrheal, anticonvulsant, sedative, acetylcholinesterase inhibitory, antispas-
modic, anti- inflammatory, anthelmintic, effect on cardiovascular system, hypolipidemic, antiulcer, 
bronchodilator, cytoprotective, anticancer, antifungal and antiviral. Also, in traditional medicine, 
muskrat root is used for the treatment of eczema, rheumatism, stomach problems, liver and kidney 
problems, and mental illnesses. Apart from these activities, A. calamus rhizome extracts show in 
vitro cytotoxicity as well as genotoxicity and carcinogenicity in rats and mice. This toxicity can be 
used as biopesticides as it shows strong impact on various pests of crop. Due to these toxic effects, 
it is used in small amounts for any medicinal uses. 
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8.1 INTRODUCTION

Agapanthus orientalis is a synonym of Agapanthus praecox subsp. orientalis (F.M.Leight.) 
F.M.Leight. It belongs to the family Amaryllidaceae (Plants of the World Online, 2022) and is com-
monly known as lily of the Nile or African Blue lily (Barceloux, 2008). Agapanthus means flower 
of love. It is derived from the Greek agape—love, and anthos—flower (Duncan, 1985). The genus 
Agapanthus is popular for its ornamental species and the popularity continues to grow. Agapanthus 
has been known in European gardens since the seventeenth century and remains popular in cultiva-
tion throughout the world today (Duncan, 1985; Snoeijer, 2004). However, there is generally limited 
information on plants from this genus (Snoeijer, 2004).

8.2 BOTANICAL DESCRIPTION AND ECOLOGY

A. orientalis is an evergreen herb with a thick and short stem, flesh roots, up to 20 arching leaves per 
plant. It has dense umbellate inflorescence, open faced flowers, pale to medium blue or pure white, 
short perianth segments forming thick clumps (Quattrocchi, 2012; Barceloux, 2008; Figure 8.1).

A. orientalis is native to South Africa, from the Eastern Cape to KwaZulu-Natal (POWO, 2022; 
Barceloux, 2008; Quattrocchi, 2012). Agapanthus is easy to grow from seed but does not come true 
from seed. It is therefore advisable to always propagate it vegetatively (Snoeijer, 2004). It has been 
introduced to different parts of the world including parts of the US, Europe (Barceloux, 2008) and 
Australia where it is regarded as a weed (Weeds of Australia, 2022).

8.3 ETHNOBOTANY

The root infusion of A. orientalis is taken to induce vomiting as a cleanser among the Zulu and as a 
paste for the treatment of swollen legs among the Xhosa of South Africa (Pearse, 1978) and widely 
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used to promote child birth by herbalists in South Africa (Batten and Bokelmann, 1966). Watt and 
Breyer-Brandwijk (1962) reported the bulbs of A. orientalis to be used as an aphrodisiac with no 
specific records on how it is used. A close relative, Agapanthus africanus, is also used as traditional 
medicine for Zulu women in South Africa as a health tonic during pregnancy to induce or augment 
contractions during labour (Varga and Veale, 1997). In the Transkei region of South Africa, women 
use a root decoction of A. africanus beginning in the sixth month of pregnancy as means of ensur-
ing an easy childbirth (Kaido et al., 1997).

8.4 TOXICITY OF A. oRientALiS

The leaves of A. orientalis produce sticky acrid sap that can cause severe ulceration and pain in the 
mouth when eaten. The sap also causes irritation of the eyes and skin (Quattrocchi, 2012; Barceloux, 
2008). The sap of these plants contains a direct mucosal and skin irritant. The chemical structure 
of the irritant is not known (Veale et al., 1999). There are insufficient data on the toxic constituents 
of Agapanthus species to determine dose–response data (Barceloux, 2008). A. orientalis is also 
suspected of causing haemolytic poisoning in humans (Quattrocchi, 2012).

Treatment for A. orientalis is supportive. All plant materials should be removed from the mouth, 
and demulcents such as milk, antacids and cool water should be used as needed. Symptomatic irri-
tation of the eye requires saline irrigation and examination for corneal abrasions (Barceloux, 2008).

8.5  TRADITIONAL AND MODERN MEDICINAL AND NON-
MEDICINAL USES AND APPLICATIONS OF A. oRientALiS

A. orientalis has antiinflammatory, antioedema, antitussive, immunoregulatory, and uterotonic 
properties (van Wyk et al., 2000; Quattrocchi, 2012). The aqueous extracts of A. africanus showed 
some antagonistic effects on uterine muscarinic receptors in vitro and increased synthesis of pros-
taglandins in estrogenized rat uterus. This to some extent justifies the traditional medicinal use of 
A. africanus as a herbal oxytocic in prolonged labour (Veale et al., 1999).

FIGURE 8.1 Agapanthus orientalis.
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8.6 PHYTOCHEMISTRY OF A. oRientALiS

The seeds of different species of Agapanthus contain phytoecdysteroids which have both intraspecific 
and interspecific variation. The commonest phytoecdysteroid identified was 20-Hydroxyecdysone, 
although the concentrations in A. orientalis were almost undetectable (Savchenko et al., 1997). The 
rootstocks of Agapanthus contain saponin (Snoeijer, 2004).

8.7 APPLICATIONS OF A. oRientALiS

The seeds of different species of Agapanthus contain phytoecdysteroids (Savchenko et al., 1997), 
which have potential applications in pest control as biopesticides. Phytoecdysteroids are plant ste-
roids, analogous to the arthropod steroid hormones ecdysteroids. Ecdysteroids regulate all stages 
of insect development and reproduction. Phytoecdysteroids protect plants from insect predation by 
disrupting endocrine activity of dietary ecdysteroids on insects and nematodes (Bakrim et al., 2008; 
Dinan et al., 2001; Speranza, 2010). 

8.8 PLANT BREEDING TO PRODUCE STRESS-TOLERANT VARIETIES

Two dehydrins (ApY2SK2 and ApSK3) were isolated from A. praecox. The ApY2SK2 and ApSK3 
dehydrin genes from A. praecox can enhance stress tolerance of transgenic plant, Arabidopsis 
thaliana, by showing important protective effects under complex stresses. ApY2SK2 and ApSK3 
transformation can enhance the seedling survival ratio by up to 55%. The addition of recombinant 
ApY2SK2 and ApSK3 to plant vitrification solution may increase the survival ratio of wild-type A. 
thaliana seedlings. ApY2SK2 and ApSK3 can effectively improve cell stress tolerance (Yang et al., 
2019). ApSerpin-ZX, a recombinant protein isolated from A. praecox, was characterized as a protec-
tive plant cryopreservation. It alleviated oxidative stress and cell death induced by cryopreservation 
(Chen et al., 2021).

8.9 CONCLUSION

Although A. orientalis is a popular ornamental and medicinal plant globally and locally respec-
tively, not much research has been done on it. What is interesting to note is that their reports on its 
toxicity despite its popularity in traditional medicine in South Africa. A few studies have been done 
on its phytochemistry and pharmacology as well but the greatest or most widely used application 
currently is in plant breeding. Mode studies need to be conducted on the safety and toxicity as well 
as efficacy of A. orientalis.

NOTE

Godwin Anywar, Department of Plant Sciences, Microbiology & Biotechnology, Makerere 
University, Kampala, Uganda
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9.1 INTRODUCTION

Antiaris toxicaria (Pers.) Lesch. is a lofty tree with buttressed base with pale gray bark belonging to 
family Moraceae commonly known as the upas tree. It is remarkably distributed in tropical regions 
ooccurring in Australia, tropical Asia, tropical Africa, Indonesia, the Philippines and various other 
tropical islands. The species is of interest as a source of wood, bark cloth and pharmacological or 
toxic substances. A. toxicaria is a fairly small-scale source of timber and yields a lightweight hard-
wood with density of 250–540 kg/m3 (similar to balsa). As the wood peels very easily and evenly, 
it is commonly used for veneer. The wood of the tree is also useful in wooden drum making in 
central Uganda (Omeja et al. 2005). The bark has a high concentration of tannins that are used in 
traditional clothes dyeing and paints. In Africa and various parts of Asia, seed, leaves and bark are 
used as astringents and the seeds are used to treat dysentery. In Africa and Polynesia, the bast fiber 
is harvested and is used in preparing strong, coarse bark cloth for clothing. The tree bark is also 
being used for the preparation of maravuri cloth by Muthuvan tribe in Kerala, India (Manithottam 
and Francis 2008). A. toxicaria is notorious as a poison for arrows, darts and blow darts. The latex 
and seeds of upas tree contain intensely toxic cardenolides. 

9.1.1 TaxoNoMic aND BoTaNical DescripTioN

A. toxicaria (from Moraceae family) is a single species of genus Antiaris with two varieties and four 
subspecies, namely A. toxicaria var. africana Scott-Elliot ex A. Chev.; A. toxicaria var. usambaren-
sis (Engl.) C.C.Berg.; A. toxicaria subspp. humbertii (Leandri) C.C. Berg.; A. toxicaria subspp. 
macrophylla (R.Br.) C.C. Berg; A. toxicaria subsp. madagascariensis (H.Perrier) C.C.Berg.; and 
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A. toxicaria subspp. welwitschii (Engl.) C.C. Berg. (Berg and Hijman 1989; Berg et al. 2006, http://
www.theplantlist.org/). It has many vernacular names, such as Ancar, Antiaris, Antjar Jafo, Antjar, 
Aseik, Bark Cloth Tree, Bemoe, Chaandakudaa, False Iroko, False Mvule, Hkang-awng, Hmya-
seik, Jafo, Kan, Man, Mkunde, Upas Tree, Upoh Tree and Yang Yong. A. toxicaria is deciduous, 
monoecious tree that is 50 m tall with a dome-shaped canopy (Figure 9.1A); bark is 10–20 mm thick 
pale gray color, smooth with lenticels, the latex or exudation is milky or watery. Leaves simple, 
alternate, oval, 5.5–16 cm × 4–11 cm; stipule small, lateral, caducous; petiole 2–7 mm long, velvety;  
leaf apex acuminate or obtusely acuminate, margin entire, glabrous; lateral nerves 5–10 pairs, par-
allel, prominent, reticulate. Flowers unisexual, greenish-yellow; male receptacle to 2 cm across, 
axillary, 2–7 tepals; peduncle velvety; receptacle surrounded by imbricating bracts; stamens 2–6; 
filaments erect; anthers yellow; female flowers solitary, present in disk shaped heads; tepals absent; 
ovary superior, unilocular with single ovule; style 2, recurved. Fruit is bright red colored drupe 
(Figure 9.1B), 1–1.7 cm, fleshy, velvety, single deeded; seed 10–15 mm long, edible, birds, bats and 
humans eat and are responsible for seed dispersal. Flowering and fruiting – January to June.

9.1.2 species DisTriBuTioN

It is widely distributed in tropical areas mainly in semi-arid, rainforest and even in swamp forests 
and found throughout the Old-World tropics. It is native to Australia, Cameroon, China, Democratic 
Republic of Congo, Fiji, India and Indian subcontinents, Indonesia, Malaysia, Vietnam, Africa-
Nigeria, Philippines, Sierra Leone, Sudan, Kenya, Tonga and Uganda. In India, it is sporadically 
distributed in Western Ghats and Eastern Ghats region (Ravikumar and Sankar 2009; Umdale  
et al. 2020).

9.1.3 Toxic respoNse/poisoN

The latex of Antiaris toxicaria contains toxic cardiac glycoside (cardenolide) known as “Antiarin” 
(Kopp et al. 1992). A. toxicaria is considered as world’s most poisonous plant (Buel 1887). The latex 

FIGURE 9.1 Antiaris toxicaria. (a) Habit of plant and (b) plant twig with fruits.
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is traditionally applied on darts, blow darts and arrows as a toxin during war, fish poison and for 
hunting from ancient times in various parts of the world (Subiono et al. 2017). 

9.2 PHYTOCHEMICAL CONSTITUENTS

The leaf, stem latex, roots and seeds of A. toxicaria consist of several cardenolides, about 50 cardiac 
glycosides, antiarins (alpha-antiarin and beta-antiarin) (Figure 9.2), angiogenin, antioside, antiar-
osides, antiogoside, antiarojavoside, antialloside, antiosemoside, glucostrophalloside, coumarin 
derivatives, chalcones, cymarol, (3S,4R)-Hydroxymellein, dihydrochalcones, D-Javose, flavanones, 
malayoside, (R)-Peucedanol, periplogenin, peripalloside, strophalloside, prenylaurones, periplor-
hamnoside, strophantojavoside, toxicariosides (A, B, C, D, N, O; Figure 9.3), toxicariosides J-K-L, 
β-Sitosterol, strophanthidin, strophalloside, desglucocheirotoxin, 7-Drimen-3β, 11-Diol 3-O-β-D-
Glucopyranoside; toxicariosides N-O; periplogenin, prenylflavanones, phenylpropanoid and lignin 
derivatives, uposide (Muehlradt et al. 1964; Hano et al. 1991; Que et al. 2009, 2010; Jiang et al. 
2009; Dong et al. 2011a, b; Liu et al. 2013; Zuo et al. 2013; Shi et al. 2014; Li et al. 2015).

9.3 TRADITIONAL AND OTHER POTENTIAL USES

In Africa, the latex is applied to cuts, wounds and skin complaints, such as eczema and leprosy, and 
is taken internally as a purgative (Mei et al. 2007). The latex is traditionally used on darts, blow 
darts and arrows as a toxin during war, fish poison and for hunting. A small quantity of bark latex is 
used as cardiac stimulant. The seeds, leaves and bark of upas tree are used as astringent, febrifuge 
and antidysenteric. The ripe seeds are roasted over a fire and then eaten as a treatment for small 
growths on the body (Darmadi 2018). The bark of A. toxicaria is used as a vermifuge and in the 
treatment of hepatitis. The bark juice of upas tree is used in the treatment of spleen. Also, the bark 
is used for dyeing and making cloths and paper. The leaves and root decoctions are used to treat 
mental illnesses. The bark decoction is given in the treatment of cancer and leukemia (Bosu and 
Krampah 2005).

9.4 PHARMACOLOGICAL STUDIES

9.4.1 aNTicoNvulsaNT/NeuroproTecTive acTiviTy

Epilepsy is considered as neurological brain disorder probably caused by the inappropriate func-
tioning of the central nervous system (Mante et al. 2017). For the treatment of epilepsy, the chemi-
cal agents are frequently used and are effective. The aqueous extract of A. toxicaria showed 

FIGURE 9.2 The structural representation of key secondary metabolites, Antiarins, in A. toxicaria.
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anticonvulsant activity on rodents by reducing the duration of convulsions via inhibition of gamma 
amino butyric acid (GABA) and glutamate (Mante et al. 2012, 2013). The aqueous extract A. toxi-
caria used against seizures induced by pentylenetetrazole, pilocarpine and kainic acid showed the 
delay in duration of seizures in rodents (Mante et al. 2017). Agbaje et al. (2014) reported the anti-
depressant and neuroprotective effect of A. toxicaria aqueous leaf extract in mice. The antidepres-
sant activity involves the interaction of phytoconstituents of A. toxicaria with α1-Adrenoceptor, D2 
dopamine receptor and nitrergic pathway. The application of decoction of Mist Antiaris in male 
adult Sprague-Dawley rats (SDRs) showed no any specific toxicity after biochemical, hematological 
and urine analysis in rats. Also, the reduction of neuropathic symptoms has been noticed after the 
advocating Mist Antiaris (Antwi et al. 2019; Yeboah et al. 2019). Ilesanmi et al. (2022) reported the 

FIGURE 9.3 The structural representation of toxicariosides (A, B, C, D, N, O) in A. toxicaria.
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neuroprotective activity of flavonoids isolated from leaves of A. africana against potassium cyanide 
induced oxidative damage in brain cells and further advocated in the treatment of epilepsy, seizures 
and other neurological disorders.

9.4.2 aNTioxiDaNT acTiviTy

The oxidative stress is the core cause of the development of several diseases. During oxidative 
stress, the highly reactive chemicals formed from O2 are known as Reactive Oxygen Species (ROS). 
Antioxidants are substances that prevent or delay the cell damage caused by oxidative stress. The 
antioxidants are responsible for elimination of ROS by scavenging of radicals during oxidation of 
substrates. The medicinal plants are the unique sources of natural antioxidants in the form of phe-
nolics and flavonoids. The antioxidant activity by 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) free radi-
cal scavenging method showed that the stem latex of A. toxicaria has potential antioxidant efficacy 
(Gan et al. 2008). Kuete et al. (2009) reported the antioxidant capacity of methanolic extract of stem 
bark of A. africana using DPPH radical scavenging assay. The DPPH activity showed that more than 
50% inhibition at 500 µg/mL of methanolic extract further confirms the dose-dependent inhibitory 
potency. The methanol extract of leaves of A. toxicaria reported the maximum antioxidant activity 
tested by DPPH free radical scavenging method (Kemila and Krishnaveni 2019). 

9.4.3 aNTiMicroBial acTiviTy

Plants are the natural source of antimicrobial compounds that inhibit the growth or kill the micro-
organisms such as bacteria, viruses, fungi and algae. A. toxicaria contains medicinally important 
secondary phytoconstituents that include alkaloids, phenolics, flavonoids, tannins, terpenoids, diter-
penes, steroids and other compounds. Banso and Mann (2008) reported that the flavonoids in stem 
bark extract showed antibacterial property and are effective against Bacillus subtilis, Streptococcus 
pyogenes and Escherichia coli. Furthermore, the flavonoid fraction from Antiaris could be advo-
cated to relieve respiratory pain, stomachache and rheumatic pains. Kemila and Krishnaveni 
(2019) reported the antibacterial and antifungal activities of chloroform, methanol and aqueous 
leaf extracts of A. toxicaria against E. coli, Staphylococcus aureus, Pseudomonas sp., Curvularia 
lunata and Aspergillus flavus. In this study, the efficiency of methanol extract showed higher anti-
bacterial activity. However, the aqueous extract exhibited significant antifungal activity as com-
pared to methanol and chloroform extracts. The antimicrobial activity based on agar well diffusion 
essay of silver nanoparticle synthesized from the aqueous plant extract of A. toxicaria showed the 
highest antimicrobial activity against Bacillus cereus (Gopalakrishnan et al. 2015).

9.4.4 aNTicaNcer/aNTi-TuMor acTiviTy

Plants medicinal properties have been utilized for treatment of various chronic diseases in modern 
medicine. Plants are the source of easily available, non-toxic and safe phytochemicals used in can-
cer treatment. The various metabolites extracted from plant parts are used to treat various types of 
cancer cells and tumor-related diseases by inducing the apoptosis in tumor cells. A methanol extract 
from the stem bark of A. africana Engler has various compounds that showed tumor inhibition 
activity against the human DU-145 and hepatocarcinoma Hep-G2 cells. Furthermore, the active 
phytoconstituent, ellagic acid derivative (3,3′-Dimethoxy-4′-O-β-d-Xylopyronosylellagic acid), acts 
as a potential antineoplastic agent (Kuete et al. 2009). 

The novel nor-cardenolides (toxicariosides D, E, F, G, H) isolated from the latex of A. toxicaria 
stem showed significant growth inhibitory activity on K562 (leukemia), SGC-7901 (gastric cancer), 
SMMC-7721 (hepatocellular carcinoma) and HeLa (cervical cancer) cell lines (Jiang et al. 2008; 
Dai et al. 2009a, b; Gan et al. 2009). Dong et al. (2011) reported the isolation of a new drimane ses-
quiterpenoid glycoside (7-Drimen-3β, 11-Diol 3-O-β-d-Glucopyranoside) from the hydroethanolic 
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seeds extract of A. toxicaria. Further, the cytotoxicity of novel compound was studied against the 
chronic myelogenous leukemia (K562), and human hepatoma (SMMC-7721) cell lines and reported 
potent cell inhibitory activity. 

The two novel strophanthidol cardenolides (toxicarioside N and toxicarioside O) were isolated 
from the seeds of A. toxicaria which revealed significant cytotoxicity against Hepatocellular car-
cinoma (SMMC-7721) and Leukemia (K562) cells (Zuo et al. 2013). Liu et al. (2013) isolated 15 
novel cardiac glycosides from latex of A. toxicaria and examined the expression of orphan nuclear 
receptor Nur77 in human lung cancer cells (NIH-H460). The treatment of isolated cardiac glyco-
sides resulted in apoptosis of human lung cancer (NIH-H460) cells. Shi et al. (2014) isolated eight 
cardiac glycosides/aglycones, two coumarins and two flavanones from an ethanolic extract of fresh 
trunk bark of A. toxicaria and tested against ten human cancer cell lines, such as A549, 1A9, CAKI-
1, HCT-9, KB, KB-VIN, MCF-7, PC-3, S-KMEL-2 and U-87-MG. In this study, five compounds, 
namely, antiaroside A, convallatoxal, convallatoxin, desglucocheirotoxin and α-Antiarin, depicted 
noteworthy cytotoxicity against the cancer cell lines. 

Wu et al. (2014) isolated a novel periplogenin cardenolide, periplogulcoside, from the seeds of 
Antiaris toxicaria and further reported significant cytotoxicity against HeLa (cervical cancer) and 
HepG-2 (hepatocarcinoma) cell lines. Huang et al. (2017) reported the phytochemical toxicarioside 
O isolated from seeds of A. toxicaria which showed induction of apoptotic cell death and autophagy 
through the inhibition of Akt/mTOR pathway and regulation of SIRT1 in colorectal cancer cells 
(HCT116 and SW480). Toxicarioside N isolated from the seeds of A. toxicaria showed anticancer 
activity against the human gastrointestinal cancer cell line SGC-7901 by activating the p38MAPK 
pathway and further inducing apoptosis (Zhao et al. 2018). The cytotoxic activity of toxicarioside 
O showed the antiproliferative property against the lung cancer cells both in vitro and in vivo. 
Toxicarioside O inhibits cell proliferation and migration in vitro and also decreases the expression 
of trophoblast cell surface antigen 2 (Trop2), which further results in the inhibition of the PI3K/Akt 
pathway (Zheng et al. 2021). Hu et al. (2021) reported the cytotoxic activity of malayoside extracted 
from latex of A. toxicaria. The malayoside showed in vitro and in vivo anti-NSCLC activity indicat-
ing that it is a promising chemotherapeutic component for NSCLC.

9.4.5 carDiovascular acTiviTy

The cardiac insufficiency usually caused by arterial hypertension leads to the malfunction of the 
heart and further noticed by fatigue, shortness of breath and edema. The plant-based drugs also 
known as cardiotonic agents increase the capability and efficacy of contractile power of the myo-
cardium. A. toxicaria is also known as “poison arrow tree” due to the presence of poisonous latex. 
The poisonous latex of A. toxicaria shows the presence of a variety of cardenolides or cardenolide 
glycosides. The cardenolide glycosides are also known as cardiac glycosides. The crude milky sap 
extracted from A. toxicaria using water–acetone solvent showed cardiotonic effect on anesthetized 
rats. Further evidence suggested that glycosides affect Na+-, K+-ATPase activity of heart muscle 
contraction (Fujimoto et al. 1983). Shi et al. (2010) reported that an ethanolic extract of A. toxicaria 
trunk bark showed potent in vitro cardiotonic effect on isolated guinea pig atria (heart muscle).

9.5 CONCLUSION AND FUTURE REMARKS

A. toxicaria is notorious as a poison for arrows, darts and blow darts. The latex and seeds of  
A. toxicaria contain intensely toxic cardenolides, in particular, a cardiac glycoside named antiarin. 
However, the phytochemical study reveals several phytoconstituents of immense  pharmacological 
importance. A. toxicaria extracts were attributed to be a promising source of bioactive agents. It 
has been shown to possess various pharmacological properties such as antibacterial activities, 
anti-arrhythmic, anti-osteoporosis, epilepsy, anticonvulsant activity, antidepressant-like a ctivity, 
treating mental illness and anti-tumor activity. Further research is required in the direction of 
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pharmacological and pharmaceutical activities of various extracts. Further, researchers need to pro-
vide attention on in vitro multiplication via tissue culture techniques for their commercial exploita-
tion and conservation purpose. The studies are also required for enhanced production of medicinally 
important metabolites from in vitro cultures.
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10.1 INTRODUCTION

Since time immemorial, herbal remedies have been used traditionally by different communities 
throughout the world as healing agents for variety of ailments (Sati et al. 2011; Modak et al. 2015; 
Dey et al. 2017). In the twenty-first century, the growing awareness in both developed and developing 
countries for herbal cures indicates the global interest in traditional, complementary and alternative 
medicines (Borah et al. 2021). The genus Aristolochia belongs to the family Aristolochiaceae which 
is the largest genus with about 534 accepted species and A. indica is one of the well- documented 
species in traditional system of medicine to treat different ailments (Rastogi and Mehrotra 2001; 
Heinrich et al. 2009; Michl et al. 2013). Ethnomedicinal studies showed that the Indian subcon-
tinent is one of the hot spots for Aristolochia use and Aristolochia indica was found to be the 
most frequently cited species in the literature (Heinrich et al. 2009). This endangered medicinal 
plant is distributed throughout the tropical to temperate regions of the world (Hwang et al. 2003). 
A. indica is used to treat ulcers, fever, cholera and bowel disorders in children during teething 
(Krishnaraju et al. 2005; Kanjilal et al. 2009). It is also considered as an antidote against snakebites 
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and poisonous insects, and it stimulates menstrual flow as well as acts as attenuant, abortifacient, 
anti-inflammatory, phospholipase A2 inhibitor and antimicrobial agent (Achari et al. 1981; Das  
et al. 2010; Dey and De 2011). 

Based on the acceptance of medicinal plants in traditional healing and modern herbal health-
care, some botanical compounds have toxicological properties well documented in the literature. 
Despite the therapeutic effects of A. indica, the plants possess aristolochic acid (AA), a major active 
constituent which are chemically nitrophenanthrene carboxylic acids. A number of recent investiga-
tion demonstrated the cytotoxic and genotoxic activity of the compound, and they are considered 
as a strong carcinogen to rodents and human (Cheng et al. 2006; Slade et al. 2009; Hwang et al. 
2012; Bunel et al. 2016; Youl et al. 2020). Aristolochic acid nephropathy (AAN), a renal intersti-
tial fibrosis, which is also associated with a high incidence of upper urinary tract cancer (UUC), 
poses a constant health risk to the people using A. indica as ethnomedicine as well as for those 
consuming AA-rich food supplements mainly as Chinese slimming pills (Heinrich et al. 2009; 
Michl et al. 2013; Li et al. 2018; Han et al. 2019; Jelakovic et al. 2019; Sborchia et al. 2019; Ren  
et al. 2020). As a consequence of their lethal effects, the consumption of Aristolochia species and 
its derivatives were banned in many countries, including UK, Germany, USA, Canada and Australia 
(IARC 2002; Neinhuis et al. 2005). However, despite the well-documented warning of Food and 
Drug Administration regarding the safety of herbal remedies containing AA, drugs and medical 
preparations from species of Aristolochia are still available for purchase through e-commerce (Gold 
and Slone 2003; Schaneberg and Khan 2004; Heinrich et al. 2009). Considering the wide use of 
A. indica as medicinal plants, the aim of this study was to assess different aspects of this plant in 
the areas of morpho-taxonomy, phytochemistry, pharmacology, ethnomedicinal uses and specially 
focused on the nephrotoxicity and carcinogenic effects of the plant. 

10.2 BOTANICAL DESCRIPTION

A. indica is a shrub or perennial herb with long twining stems (Kanjilal et al. 2009; Figure 10.1). 
Flowering and fruiting of this climbing plant is found from December to February (Neelima et al. 
2011). Leaves: variable in size, glabrous, obovate-oblong to sub-panduri form, entire with somewhat 
undulate margins, usually obtusely acuminate, base cuneate, rounded or subcordate. Inflorescence: 
axillary racemes, flowers few, bracts small, ovate, acuminate, pedicles long, perianth greenish white 
to light purplish with globose inflated base. Stamens: 6, adnate and filaments are not distinguishable 
from the style. Carpel: 6 locular with two ovules. Fruits: globose, oblong, 6-valved capsule and open-
ing from below upwards. Seeds: many, deltoid-ovate, acute, flat and winged (Kirtikar and Basu 1975).

FIGURE 10.1 Aristolochia indica.
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10.3 DISTRIBUTION

The plant is commonly known as Indian Birthwort in English, Isharmul in Bengali and Hindi and 
Sapsada in Southern India and Sri Lanka. The species is widely distributed throughout the tropical, 
subtropical and Mediterranean countries manly in West Peninsula and in Ceylon. In Indian subcon-
tinent, the species is reported from low hills and plains of India from Nepal and lower Bengal to 
Chittagong in Bangladesh and Coromandel Coast (Murugan et al. 2006; Kanjilal et al. 2009).

10.4 PHYTOCOMPOUNDS

To substantiate the scientific accuracy while utilising a herbal medicine, it is essential to analyse 
its phytochemical constituents. In the last few decades, comprehensive studies were performed on 
the phytochemical constituents found in various plant species and the species A. indica was no 
exception. The phytoconstituents of the genus were broadly studied and researchers have reported 
numerous phytocompounds of significant importance from the plants of this genus. AAs and its 
derivatives, such as aristolactams (ALs), benzylisoquinolines, protoberberines, isoquinolines, apor-
phines, diphenyl ethers, flavonoids, amides, coumarins, lignans, benzenoids, steroids, tetralones 
and terpenoids, were the secondary metabolites that have been characterised from the species. In 
this section, phytoconstituents found in A. indica were compiled and comprehensively presented in 
tabulated form (Table 10.1).

Essential oil has been extracted from the roots of the plant and preliminary studies were per-
formed (Rao et al. 1935; Rao and Mulhara 1955). From dried ground roots, crystals of aristolochic 
acid-I were isolated by Kupchan and Doskotch (1962). Some novel derivatives of AA from A. indica 
were isolated and elucidated structurally by Kupchan and Merianos (1968). Novel tetracyclic sesqui-
terpenes namely ishwarone A (Ganguly et al. 1969), ishwarane, aristolochene (Govindachari et al. 
1970), ishwarol (Govindachari and Parthasarathy 1971), ishwarane (Kelly et al. 1972) and 5βH,7β,10α-
Selina-4(14),11-Diene (Govindachari et al. 1973) have been isolated and structurally characterised 
from the plant species. Same group of researchers have discovered two different types of novel phy-
tocompounds from A. indica, a phenanthrene derivative including allatonin, aristolochine alkaline, 
isoaristolochic acid (Pakrashi et al. 1977) as well as a sesquiterpene(12S)-7,12-Secoishwaran-12-ol 
(Pakrashi et al. 1980). Lately, Cory et al. (1979) and Piers and Hall (1980) reported a stereoselective 
synthesis of the racemic modification of the tetracyclic sesquiterpenoid called ishwarone. Achari 
et al. (1981) reported a phenanthrene derivative aristolactam-N-β- D-Glucoside and two steroids 
3β-Hydroxy-Stigmast-5-en-7-one and 6β-Hydroxy-Stigmast-4-en-3-one. The roots of A. indica con-
tain several phytocompounds including novel phenanthroid lactone, aristololide, 5α-Stigmastane-
3,6-Dione, (–)-Cubebin, (–)-Hinokinin (Achari et al. 1982), 2-Hydroxy-1-Methoxy-4H-dibenzo 
Quinoline-4,5-(6H)-dione, cephradione, aristolactam IIa and β-Sitosterol-β-D-Glucoside (Achari 
et al. 1983). AAs and a group of ALs were isolated from the roots (Mix et al. 1982). The roots of 
the species have afforded a novel naphthoquinone, aristolindiquinone, whose structure was deduced 
through NMR spectroscopy (Che et al. 1983). Che et al. (1984) isolated novel naphthoquinone, 
aristolindiquinone and magnoflorine, along with seven other previously reported compounds from 
A. indica. Mahesh and Bhaumik (1987) discovered methyl ester of 12-Nonacosenoic acid. Essential 
oil from the aerial parts was analysed by gas chromatographic-spectroscopic and olfactory meth-
ods. Sesqui- and monoterpenes were found to be dominating constituents of this essential oil, such 
as α-Terpinolene, aristolochene, ishwarone, ishwarol, β-Caryophyllene, ishwarane, caryophyllene 
oxide I, α-Humulene and linalool (Jirovetz et al. 2000). Wu et al. (2004) reported several terpenoids 
from A. indica including α-Terpinolene, β-Caryophyllene, (S)-Linalool and Caryophyllene oxide. 
Preliminary phytochemical analysis of the plant has unveiled the presence of steroids, cardiac gly-
cosides, alkaloids, saponins, tannins and flavonoids (Vaghasiya and Chanda 2007). A total of 15 
compounds were explored from the stem oil by gas chromatography/mass spectroscopy; the major 
constituents of oil were α-Pinene (16.4%), trans-pinocarveol (24.2%) and pinocarvone (14.2%) 
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TABLE 10.1
Active Phytoconstituents of Aristolochia indica

Plant Part  
Phytoconstituents Used Reference

Essential oil Root Rao et al. (1935)

Aristolochic acid-I Root Kupchan and Doskotch (1962)

Aristolochic acid-D, Aristolochic acid-n methyl ether lactam, Root Kupchan and Merianos (1968)
Aristolactam β-D-Glucoside

Ishwarone Root Ganguly et al. (1969); Cory et al. 
(1979); Piers and Hall (1980)

Ishwarol Root Govindachari and Parthasarathy 
(1971)

Ishwarane Root Govindachari et al. (1970)

Aristolochene Root Kelly et al. (1972)

5βH,7β,10α-Selina-4(14),II-Diene Govindachari et al. (1973)

Allatonin, Aristolochine alkaline, Isoaristolochic acid Pakrashi et al. (1977)

(12S)-7,12-Secoishwaran-12-ol, (+)-ledol, Ishwarane Root Pakrashi et al. (1980)

Aristololactam N-β-D-Glucoside, 3β-Hydroxy-Stigmast-5-en-7-one, Root Achari et al. (1981)

6β-Hydroxy-Stigmast-4-en-3-one

Aristololide, 5α-Stigmastane-3,6-Dione, (–)-cubebin, (–)-Hinokinin Root Achari et al. (1982)

Aristolochic acid-I, Aristolochic acid-D, Methyl Aristolochate, Root Mix et al. (1982)
Aristolactam-A II, Aristolactam I, Aristolactam, Aristolactam-C 
N-β-D-Glucoside, Aristolactam β-D-Glucoside

2-Hydroxy-1-Methoxy-4Hdibenzo quinoline-4,5-(6H)-Dione, Root Achari et al. (1983)
Cephradione, aristolactam IIa, β-Sitosterol-β-D-Glucoside

Aristolindiquinone Root Che et al. (1983)

Savinin, Aristolochic acid-I, (+)-ledol, (12s)- 7,12-Secoishwaran-12-ol, Root Che et al. (1984)

Aristolactam-N-β-D-Glucoside, Aristolactam, Aristolactam-A-II, 
Methyl Aristolochate, Aristolochic acid-I, Aristolochic acid-D, 
Cepharadione A, Aristolindiquinone, Magnoflorine

Methyl ester of 12-Nonacosenoic acid Mahesh and Bhaumik (1987)

α-Terpinolene, Aristolochene, Ishwarone, Ishwarol, β-Caryophyllene, Aerial part Jirovetz et al. (2000)

Ishwarane, caryophyllene oxide I, α-Humulene and Linalool

(S)-Linalool, α-Terpinolene, β-Caryophyllene, Caryophyllene oxide, Wu et al. (2004)

Caryophyllene oxide

Steroids, Cardiac glycosides, Alkaloids, Saponins, Tannins and Vaghasiya and Chanda (2007)
Flavonoids

α-Pinene, Trans-pinocarveol and Pinocarvone Stem Kanjilal et al. (2009)

Methyl ester of 12-Nonacosenoic acid, n-Heptadecane, n-triacontane, Root Sati et al. (2011)
Palmitic acid, hexacosanoic acid, Stigmast-4-en-3-one, Friedelin, 
Cycloeucalenol, Rutin, Aristolactone

Stigmast-5-en-3β-ol (β-Sitosterol) Aerial part Karan et al. (2012)

Aristolochic acid-I, Aristolochic acid II, Aristolochic acid IV, Stem, Michl et al. (2013)
Aristolochic acid-D, Aristolochic acid IIIa, Aristolochic acid Ia, Leaves
Cepharadione A, Aristolactam I; N-β-D-glucopyranoside, 
Aristolactam AII, Aristolactam III, Aristolactam I, Aristolactam IVa, 
Aristolactam AIII, Aristolactam II, Aristolactam II; N-β-D-
Glucopyranoside, Aristolactam IIIa; N-β-D-Glucopyranoside, 
Aristolactam Ia; N-β-D-Glucopyranoside, Aristoloterpenate I, 
Ariskanin B, 9-Methoxyaristolactam II, Norcepharadione A

Astragalin, (–) Hinokinin, Aristolochic acid-I, Aristolactam I, Aerial part Desai et al. (2014)
Aristolochic acid II



143Aristolochia indica (The Indian Birthwort)

(Kanjilal et al. 2009). Several phytoconstituents like aristolactone, β-Sitosterol, Stigmast-4-en-3-
one, friedelin, n-Heptadecane, n-triacontane, palmitic acid, hexacosanoic acid, cycloeucalenol and 
rutin have been isolated from different parts of the plant (Sati et al. 2011). Stigmast-5-en-3β-ol 
(β-Sitosterol) was isolated from the chloroform extract of the aerial parts, and the structure and 
relative configuration of this compound was determined by spectroscopic methods (Karan et al. 
2012). A. indica samples contained several aristolochic acid analogues such as aristolochic acid-I, 
aristolochic acid II, cepharadione A and related compounds (Michl et al. 2013). A new, efficient pre-
parative HPLC method has been utilised to isolate astragalin along with (–) hinokinin, aristolactam 
I and aristolochic acids (I & II). These isolated compounds were analysed by reversed-phase HPLC 
method (Desai et al. 2014).

10.5  PHARMACOLOGICAL ACTIVITY OF REPORTED 
PHYTO-COMPOUNDS OF ARiStoLocHiA inDicA

“Pharmacology” is the branch of medical science concerned with the applications, effects and mode 
of action of drugs. It inspects how several chemicals have an effect on biological systems (Berger 
and Iyengar, 2011). Over the years, several plants have been documented as well as studied for their 
promising medicinal essence, which unveils various pharmacological activities including antican-
cer, antipyretic, immunomodulation, analgesic, activation of nervous system, hepato-protection and 
antidiabetic (Fitzgerald et al. 2020; Singh and Sedha 2018). Scientists have commenced correlating 
botanical properties as well as phytochemical constituents of a plant with their pharmacological 
activity and this correlation will be expected to open more coordinated multidimensional research 
area in the upcoming days. A. indica is credited with numerous medicinal properties. The thera-
peutic value of A. indica has been acknowledged in several system of traditional medicine for the 
treatment of various ailments of human beings.

10.5.1 aNTioxiDaNT acTiviTy

The phenolics like terpenoids were noted as vital components present in this species. Ethyl ace-
tate, petroleum ether and chloroform were utilised as extraction solvents and 2,2-reducing power, 
2,2-Diphenyl-1-Picrylhydrazyl (DPPH) radical scavenging activity, total polyphenol estimation 
and ammonium thiocyanate assay were conducted. Among the three extracts, the highest reducing 
power activity was observed in ethyl acetate (Thirugnanasampandan et al. 2008). Subramaniyan 
et al. (2015) studied in vitro antioxidant property with aqueous and chloroform extracts utilising 
several free radical models such as hydrogen peroxide (H2O2), DPPH radical scavenging and reduc-
ing power assay. The chloroform extract of the plant displayed promising antioxidative property 
and phytochemical screening disclosed the presence of phenol, tannins, saponins, flavonoids and 
glycosides in chloroform and aqueous extract which might be responsible for their mighty antioxi-
dant activity. The ethyl alcohol extracts of leaves and flower were used to screen radical scavenging 
efficacy by DPPH free radical scavenging assay. Leaf extract scavenge DPPH radicals more effi-
ciently as compared to flower extract where ascorbic acid was used as standard (Naik et al. 2015). 
Stigmast-5-en-3β-ol (β-Sitosterol) isolated from the chloroform extract of the aerial parts of A. 
indica displayed effective antioxidant activity in the level of DPPH and superoxide anion radicals 
with IC50 value of 7.325 and 8.498 µg/mL, respectively (Karan et al. 2012).

10.5.2 aNTiMicroBial acTiviTy

Studies demonstrated that whole plant of A. indica with ethanol and aqueous extract exhibited a 
broad-spectrum antibacterial activity against multidrug resistant bacteria which include both gram 
positive and gram negative bacteria. Ethanol extract being the active one displayed MIC (mini-
mum inhibitory concentration) value of 50–100 µg/mL against the bacteria tested (Venkatadri et al. 
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2015). Naik et al. (2015) examined antibacterial activity with leaf and flower extract of plant against 
both gram positive (Staphylococcus aureus, Bacillus coagulans, Bacillus subtilis) and gram nega-
tive (Escherichia coli, Pseudomonas aeruginosa and Salmonella typhi) bacteria. The leaf extract 
induced high inhibition of B. coagulans and B. subtilis and flower extract inhibited S. typhi and 
B. coagulans to a higher extent. Antifungal activity was also studied against Bipolaris sorokini-
ana, Fusarium oxysporum f.sp. zingiberi Colletotrichum capsici and Curvularia sp.. Both leaf and 
flower extracts displayed higher susceptibility towards B. Sorokiniana, C. capsici and Curvularia 
sp. The ethanol leaf extract showed potent antimicrobial activity of 19 mm against clinically isolated 
multidrug-resistance Enterococcus faecalis (Gopinath and Prakash 2013). Vaghasiya and Chanda 
(2007) screened antimicrobial activity of 14 different medicinal plants. Among the plant species 
screened, the best antimicrobial activity was depicted by A. indica against both gram positive and 
gram negative bacteria. The acetone extract exhibited maximum inhibitory activity against the bac-
terium, S. aureus. A report stated that essential oil containing β-Caryophyllene and α-Humulene 
as major constituents was observed to be moderately active against P. aeruginosa, B. subtilis, S. 
aureus, E. coli, B. sphaericus and S. typhimurium with concentration of 50 mg/mL (Shafi et al. 
2002). From sequentially extracted water, hexane and chloroform extracts of roots, the chloroform 
and water extracts demonstrated potential antibacterial activity against E. coli and B. pumilus, 
while hexane extract was inhibitory only against B. pumilus (Sini and Malathy 2005). Apart from 
human bacterial pathogens, the butanolic extract of A. indica demonstrated effective inhibitory 
activity against the cattle pathogen Listeria monocytogenes (Ravikumar et al. 2005). Crude extract 
of root of A. indica possesses vast ethnomedicinal use as prospective antibacterial and antifungal 
compound (Kumar et al. 2006).

10.5.3 aNTiDiarrhoeal acTiviTy

The ethanol and aqueous extract of A. indica roots has significantly reduced the severity and fre-
quency of castor oil-induced diarrhoea via anti-secretory mechanism which was conspicuous from 
the decrease of total number of wet faeces in the experimental groups. Both the extracts have also 
retarded the gastrointestinal transit of charcoal meal in mice. Interestingly, both the extracts have 
successfully inhibited the castor oil-induced diarrhoea in mice model without causing any mortality 
of the animals or any evident clinical signs of general weakness among the experimental animals 
(Dharmalingam et al. 2014). 

10.5.4 aNTiDiaBeTic acTiviTy

The experimental findings of Karan et al. (2012) authenticated that aerial parts of A. indica possess 
notable antidiabetic properties. A single intravenous injection of aqueous alloxan monohydrate (150 
mg/kg) induced diabetes mellitus in Swiss albino mice and immediate administration of chloroform 
plant extract showed maximum reduction in serum glucose level which is comparable with standard 
hypoglycaemic agent, glibenclamide. Similarly, the antihyperglycemic effect of methanolic and 
alcoholic extract of root was studied in alloxan-induced diabetic mellitus in Sprague Dawley rats 
and the results were compared with an oral hypoglycaemic agent glibenclamide (10 mg/kg). The 
methanolic extract has dose dependently reduced the blood glucose levels in normal rats showcas-
ing the hypoglycaemic effect. Oral administration of alcohol extract at doses of 200 and 400 mg/kg 
reduced the blood glucose levels of the normal rat compared with disease control group (Goverdhan 
et al. 2008).

10.5.5 aNTi-iNflaMMaTory aND aNTipyreTic acTiviTy

Petroleum ether and ethanol root extracts have significantly inhibited the mast cell degranulation 
almost equivalent to that of standard drug ketotifen. The ethanol root extract at a dose of 150 mg/kg  
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had lessened the rat paw oedema by 70% thereby manifesting potent anti-inflammatory activity 
(Mathew et al. 2011). Vedavathy and Rao (1991) reported the antipyretic activity of A. indica along 
with various other medicinal plants. For the anti-inflammatory, analgesic and antipyretic activity 
of antidote A. indica, the dried plant extract was studied against the venom of Heteropneustes fos-
silis. Inflammation was observed to be reduced when plant extract and venom Ichthyocrinotoxin 
were administered simultaneously on carrageenan-induced male albino rats (Das et al. 2010). 
Aristolactam I and (–) Hinokinin exerted efficient anti-inflammatory effects and impeded the pro-
duction of cytokines TNF-α and IL-6 in LPS-stimulated THP-1 cells. The mechanism of action 
is considered to be NFκB dependent for (–) Hinokinin and NFκB independent for aristolactam I 
(Desai et al. 2014). 

10.5.6 aNTicaNcer acTiviTy

Kupchan and Doskotch (1962) reported AA, the major active constituent found in A. indica, as a 
potent tumour inhibitor. Whole plant extract has effectively inhibited the EAC (Ehrlich Ascites 
Carcinoma) tumour cell growth in mice at a dose of 50 mg/kg as well as positively reversed the 
changes of haematological parameters post tumour inoculation (Rana and Khanam 2002). The chlo-
roform extract from this plant displayed a pronounced anticancer activity against Ehrlich Ascites 
Carcinoma (MCF-7) cell line at IC50 347 μg/mL compared to the standard anticancer drug Taxol 
(Subramaniyan et al. 2015).

10.5.7 aNTiveNoM acTiviTy

Various extracts of A. indica have been utilised as a decoction for the ailment of several diseases 
including snake bite treatment. Orally administered extract and partially purified fraction of A. 
indica were observed to neutralise and induce protection to mice against rattle snake venom 
actions potently. The purified fraction has also imparted changes in the levels of serum SOD and 
LPx (Samy et al. 2008). Similarly, Meenatchisundaram et al. (2009) reported that the methanolic 
extract of 0.14 mg was capable of completely neutralising the lethal activity of Daboia russelli 
venom by inhibiting the PLA2-dependent haemolysis of sheep RBC’s induced by D. russelli venom. 
Screening of A. indica plant extract against scorpion (Mesobuthus tamulus) venom showed potent 
venom neutralising capacity at 4 mg by restricting the PLA2-dependent haemolysis of mice RBC’s 
induced by red scorpion venom in a dose-dependent manner (Attarde and Apte 2013). Additionally, 
the pro-coagulant activity showed 1 and 1.6 mg, respectively, of plant extracts were able to entirely 
neutralise coagulant activity in red scorpion venom and D. russelli venom (Attarde and Apte 2013; 
Meenatchisundaram et al. 2009). The topical application of the aqueous root extract of A. indica has 
prolonged the survival of animals when administered with Russell’s viper venom as the extract pos-
sesses mighty collagenase, peroxidase, gelatinolytic, l-amino acid oxidase, nuclease and protease 
inhibitory activities. However, the extract did not impart any acute or subchronic toxicity in animals 
(Bhattacharjee and Bhattacharyya 2013). 

10.5.8 aNTi-feeDaNT acTiviTy

The methanolic extract of A. indica had shown remarkable larvicidal, adulticidal and repellent 
activity against mosquito (Kamaraj et al. 2010). Aristolochic acid-I and aristolochic acid II from 
the methanol extract (Pradeepa et al. 2015) and silver nanoparticles (AgNPs) biosynthesised from 
A. indica (Murugan et al. 2015) displayed potent larval toxicity against malarial vector Anopheles 
stephensi. Both the isolated compounds had severely affected the mosquito gut thereby hindering 
the resurrection of mosquito vectors (Pradeepa et al. 2015). 
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10.5.9 aNTi-pruriTic acTiviTy

To evaluate the scratching response, compound 48/80 induced scratched behaviour model was uti-
lised. The ethanol root extract of A. indica at the dose of 150 mg/kg showed significant effect and 
decreased scratching incidences (Mathew et al. 2011). 

10.5.10 aNTi-iMplaNTaTioN aND iNTercepTive acTiviTy

Single dose of 100 mg kg−1 body weight alcoholic, crude petroleum ether and chloroform extracts 
demonstrated 100% interceptive activity in mature female mice with negligible cytotoxicity; the 
chloroform extract had the most significant effect (Pakrashi et al. 1976). Lately, a sesquiterpene was 
isolated from the roots which exerted 100% interceptive activity and 91.7% anti-implantation activ-
ity in mice, with a single oral dose of 100 mg kg−1 b.wt. (Pakrashi and Shaha 1977). A compound, 
p-Coumaric acid, isolated from the alcoholic extract of the roots of A. indica (Pakrashi and Pakrasi 
1978) at the single oral dose of 50 mg kg−1 body weight also displayed 100% interceptive activity 
(Pakrashi and Pakrasi 1979). Lately, the results reported by Pakrashi and Ganguly (1982) on aristolic 
acid also found to be in accordance with earlier studies indicating the potent interceptive activity. 
Aristolic acid isolated from A. indica found to possess anti-implantation and anti-oestrogenic prop-
erties (Pakrashi and Chakrabarty 1978). A single oral dose of 120 and 90 mg/kg of aristolic acid 
resulted in a rise of acid phosphatase (AP) and fall of alkaline phosphatase (ALP) and other uterine 
protein in mice. Exogenous administration of progesterone along with aristolic acid could neither 
prevent the biochemical changes produced in the uterus nor protect the early pregnancy in mice. This 
alteration in uterine phosphatase levels provided some insight into the mode of action of the com-
pound aristolic acid (Pakrashi and Ganguly 1982). The implantation impending effect of aristolic 
acid was further assessed by Ganguly et al. (1986) which demonstrated that compound has damaged 
the future implantation sites, impaired the development and reconciled with reduction in uterine 
weight and its total protein contents in treated animals. It was concluded that aristolic acid hinders 
the steroidal conditioning of the uterus and furnishes its antagonistic effect in ovum implantation. 

10.5.11 aBorTifacieNT acTiviTy

A pure compound namely methyl ester of aristolic acid obtained from roots affected the fertility of 
female by inducing 100% abortions at a single oral dose of 60 mg/kg body weight administered on 
6th or 7th day of pregnancy (Pakrashi and Shaha 1978). Further, Pakrashi and Shaha (1979) also 
studied the short-term toxicity with the same compound in mice. 

10.5.12 aNTiferTiliTy acTiviTy

Aristolic acid isolated from A. indica found to possess antifertility effect in female albino rabbits 
(Pakrashi and Chakrabarty 1978). Ethanol extract of roots when administered postcoitally signifi-
cantly decreased fertility in hamsters as well as rats, but chloroform, petroleum ether and aqueous 
extracts were found to be inactive and/or toxic. Other bioactive components were also isolated from 
fractions of A. indica like AA, aristolic acid, cis- and trans-p-coumaric acid and methyl aristolate 
were all inactive possessing no fertility regulation activity (Che et al. 1984). Chaudhury and Haq 
(1980) and Kamboj and Dhawan (1982) in their study on plants for fertility regulation in India had 
mentioned the name of A. indica by biologically evaluating the constituents extracted from its roots. 
The extracts were also noted to possess antispermatogenic effect on male mice (Pakrashi and Pakrasi 
1977). Farnsworth and Waller (1982) reviewed plant-derived compounds that hinder the sperm pro-
duction if taken orally by the male or kill sperm on contact if used vaginally by the female. A. indica 
tops their list as potent fertility inhibiting agent in male, though it will be of great importance to 
emerge as fertility inhibitors that are completely selective for reproductive systems and enzymes. 
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10.6 TOXIC RESPONSE

Since time immemorial, medicinal plants have been utilised by the traditional healers for their 
vast health benefits (Modak et al. 2015; Dey et al. 2017). Based on their acceptance in traditional 
healing as well as modern herbal healthcare, one might expect the botanicals utilised in healthcare 
possess low toxicity (Madic et al. 2019; Akwu et al. 2019). However, a number of latest in vitro 
and in vivo assays have displayed the genotoxic and cytotoxic potential of several plants used as 
food and medicine. Aristolochia indica, being a potent medicinal plant, is extensively accessible 
in herbal markets and most of the healers were aware about its medicinal uses. The plant has 
also been reported traditionally against liver ailments, dyspepsia, fever, oedema, dysmenorrhoea, 
rheumatic arthritis, leishmaniasis, leprosy, etc. (Michl et al. 2013). AA, a well-known major active 
constituent of the plant, is reported to exert antioxidant, anti-snake venom, antimicrobial, aborti-
facient and several other pharmacological properties (Dey and De 2011). The AAs found among 
the species of Aristolochia were highly famed for its nephrotoxicity after the tragic Belgian cohort 
incident. In this situation, more than 100 women who have taken the slimming pills containing a 
Chinese herb Stephania tetrandra that was accidentally replaced by AA-containing A. fangchi,  
were described to be suffering from renal interstitial fibrosis, which is often connected with uro-
thelial malignancies (Balachandran et al. 2005; Debelle et al. 2008). Hashimoto et al. (1999) 
have earlier reported the association of Aristolochia with interstitial nephritis due to the occur-
rence of AAs during the treatment of analgesic, diuretic and rheumatism. Lately, in vivo studies 
reported that the high sensitivity of chronic renal failure of rats was associated with AAs (Cheng 
et al. 2006), and the compound was hypothesised to exert genotoxicity probably via nitric oxide  
(Wu et al. 2007). 

AAN poses a persistent health threat to the traditional people using A. indica as ethnomedi-
cine and to the urban people consuming AA-rich dietary supplements specially as Chinese slim-
ming capsules. AAN, initially called as Chinese herb nephropathy (CHN) (Heinrich et al. 2009; 
Jelakovic et al. 2019; Ren et al. 2020). AAN is a type of chronic tubulointerstitial renal disease 
associated with upper tract urothelial carcinoma (UTUC) in almost 50% of the cases (Nortier 
et al. 2000). The renal failure was described by comprehensive interstitial fibrosis with loss of 
tubules, hyperplasia of the urothelium and atrophy (Cosyns et al. 1994; Depierreux et al. 1994). 
Urothelial carcinoma observed to occur in more than 40% of the patients consuming the Chinese 
herbs (Nortier et al. 2000; Lord et al. 2001; Nortier and Vanherweghem 2002). AAs were affirmed 
as the prime culprit because AA reacts with DNA to form AL-DNA adducts which were detected 
in the kidneys and ureteric tissues of these patients (Nortier et al. 2000; Lord et al. 2001). These 
lesions get accumulated in the renal cortex, where they produced a unique mutational signature in 
the TP53 tumour-suppressor gene (Kuo et al. 2012). Vanherweghem (1997) pointed towards the 
correlation between chronic interstitial nephropathies in Indians and Aristolochia sp. Most AAN 
patients exhibited an unexpected rapid progression towards end stage of renal disease. During 
clinical scanning severe anaemia, increased serum creatinine, mild hypertension with suppressed 
glomerular filtration rate, leukocyturia, proteinuria and glycosuria were observed (Meyer et al. 
2000; Yang et al. 2012; Gokmen et al. 2013). During renal tract ultrasonic inspection, shrunken 
kidneys were visible which results in irregular and asymmetrical cortical outline (Gokmen et al. 
2013). Although botanicals known or suspected to bear, AAs were no longer authorised in various 
countries as AAN nephropathy raised worldwide attention (Debelle et al. 2008). AAN induced 
by various herbal remedies and products is still stated from all over the world (Yang et al. 2006; 
Shaohua et al. 2010; Wu et al. 2012; Vaclavik et al. 2014; Ban et al. 2018) and long-term ingestion 
of herbal formula containing AAs is one of the eminent risk factors for inducing AAN (Jia et al. 
2005; Vervaet et al. 2017). 

In the Balkan regions also, the exposure to AAs was observed through consuming food pre-
pared from wheat flour with the seeds of the plants of Aristolochia family which was primarily 
responsible for the so-called Balkan endemic nephropathy (BEN; Han et al. 2019; Grollman 2013; 



148 Exploring Poisonous Plants

Jelakovic et al. 2015). BEN is an endemic familial acquired chronic renal disease usually associated 
by urothelial carcinoma of the upper urinary tract (Stefanovic et al. 2007; Miyazaki and Nishiyama 
2017). In the endemic farming villages, BEN is quite prevalent along the tributaries of the Danube 
river (Stiborova et al. 2016). Mostly in Asia and Balkans, the incidences of AAN are probably much 
higher than expectations. In Asian countries, traditional medicines were quite famous and the com-
plexity of the pharmacopoeia depicted a high risk for AAN because of the periodic substitution of 
the botanical products by AA-containing herbs (Hashimoto et al. 1999; Vanherweghem 1997). In 
the early 1980s, products containing AA were withdrawn from the market as AA was considered to 
be a potent carcinogen (Pezzuto et al. 1988; Zhang et al. 2004). Despite food and drug administra-
tion’s warnings concerning the safety of botanical remedies containing AA, these herbs are still 
sold via the Internet (Gold and Slone 2003). 

Apart from nephrotoxicity, there are few reports obtainable on toxicity of A. indica when 
given orally to goats, exerting arching of the back, diarrhoea, tympany, dyspnoea and loss of 
hair from the back were the prominent signs. The prime lesions were haemorrhage in the mucoid 
abomasitis, congestion in the liver, lungs, heart, kidneys, fatty change, enteritis and straw-
coloured fluid in serous cavities. An elevated concentration of urea, aspartate amino transferase 
activity and ammonia and a reduction in the concentrations of total protein and magnesium were 
detected in the serum (Sati et al. 2011). Aristolochine, the alkaloid, causes cardiac and respira-
tory paralysis in frogs and mice, increases respiratory rate in rabbits, and stimulates skeletal 
muscle in small doses but paralyses in large doses. It causes haemorrhagic nephritis in rabbits 
and gastrointestinal irritation in dogs (Chopra et al. 1958). AA was also reported to induce in 
vitro chromosomal aberrations and sister chromatid exchanges (SCEs) in human lymphocytes 
(Abel and Schimmer 1983).

10.7 TRADITIONAL USES

A. indica has been used as traditional medicine by different communities around the globe since 
long time. Correlating the ethnopharmacological properties with recent pharmacological and 
phytochemical investigation shows consistency with the latest findings (Borah et al. 2021). Many 
reports indicate that the plant is a potent anti-snake venomous (Samy et al. 2008). It has also been 
reported that the effectiveness increased many folds if A. indica is administered in combination 
with another traditional anti-snakebite plant Rauvolfia serpentina (Dey and De 2010a, b). Another 
report indicates that traditional people from Andhra Pradesh, India used this plant with pepper and 
garlic against snakebite (Reddy et al. 2009). The roots of A. indica are used to heal wounds and to 
enhance fertility in males by the traditional healers of Assam, India (Taid et al. 2014). In Sri Lanka, 
root and stem are used as febrifuge, attenuant, emmenagogue and in snake and insect bites. In the 
Philippines, the decoction of roots is used as a tonic, carminative and emmenagogue, and it is also 
an effective therapy for infantile meteorism if the crushed roots are applied to the abdomen (Casey 
1960; Saha et al. 1961; Malhi and Trivedi 1972). The plant has been used in abortion by some ethnic 
people of Tamil Nadu, India (Balakrishnan et al. 2005). It has been reported that the roots of the 
plant are boiled in coconut oil and with the seed of Centratherum anthelminticum and are often 
used in various skin allergies and scabies, whereas the paste of leaf is applied to warts in Southern 
part of India (Harsha et al. 2003). The plant is used by the people of Assam, India for the treatment 
of asthma and leukoderma (Purkayastha et al. 2007; Nath et al. 2008). Some ethnic people of north-
east part of India used decoction of the leaves to treat dysentery, diarrhoea and melena, and crude 
root extracts are used for treatment of skin disorders like leucoderma and certain asthmatic prob-
lems (Borah et al. 2006; Purkayastha et al. 2007; Nath et al. 2008). The decoction of leaf is taken 
orally in dermatitis and insect bite by Kurumba Tribals of Tamil Nadu, India (Alagesaboopathi 
2011). Some ethnic people of Andhra Pradesh, India used 10–20 g of root paste externally for the 
treatment of scabies (Neelima et al. 2011). Several ethnomedicinal reports have been published from 
the studied species as shown in Table 10.2. 
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TABLE 10.2
Ethnomedicinal Uses of Aristolochia indica

Ethnomedicinal 
Uses Parts Used Formulation Reference

Snakebite Root Juice obtained for root Samy et al. (2008), Reddy  

Powder made from A. indica (root) and 
Rauvolfia serpentina (Leaf)

et al. (2009), Dey and De 
(2010a, b), Dey and De 

Root or 

Pills made of root powder and fruits of Piper 
nigrum.

The roots or leaves of A. indica are combined 

(2012), Galav et al. (2013), 
Michl et al. (2013), Naturu  
et al. (2013), Teron and 

leaves

Leaves

with the juice of Asparagus racemosus (root)

A. indica leaves and 7–8 fruits of Piper nigrum 

Borthakur (2013), Sulochana 
et al. (2014)

and 4–5 Allium sativum bulb are made into 
pills

Insect bite Root or Roots or leaves are heated to form a paste. The Alagesaboopathi (2011)
leaves paste is applied topically

Leaves Decoction of leaf taken orally

Skin infection Root Roots of the plant are boiled in coconut oil and Harsha et al. (2003), Nath  
(allergy, scabies, with the seed of Centratherum anthelminticum et al. (2008), Sivaperumal  
wart, and are often used in various skin allergies and et al. (2009), Choudhary  
leucoderma) scabies et al. (2011), Neelima et al. 

Leaves Paste of leaf is applied to warts (2011), Bhat et al. (2014)

Abortifacient Root or Pills made of root or leaf powder are used Balakrishnan et al. (2005)
leaves

Sexual problems Root A paste made from A. indica (root), Rauvolfia Michl et al. (2013), Taid et al. 
serpentina (root) and Curcuma longa (root) (2014)

Leaves A paste made from fresh leaves is applied 
topically

Stem Stem is combined with juice Asparagus 
racemosus (root)

Roots or Juice is made from roots and leaves
leaves

Gastric problems/ Leaves A pill made from one leaf of A. indica and one Casey (1960), Saha et al. 
abdominal upset/ clove (Syzygium aromaticum) taken with large (1961), Malhi and Trivedi 
Tympanites amounts of salt (1972), Borah et al. (2006), 

Young leaves are chewed Purkayastha et al. (2007), 

Whole plant

Root

Decoction of leaves is taken orally

The whole plant is chopped into pieces. A paste 
is made with sugar

Crushed roots are applied to the abdomen

Nath et al. (2008), Michl  
et al. (2013), Dharmalingam 
et al. (2014), Swarnalatha  
et al. (2017)

Madness/ Root A small piece of root is worn in an amulet Michl et al. (2013)
Unconsciousness around the neck

Juice obtained from root

Leaves Leaves are applied topically on the head

Juice from leaves is dropped into the patient’s 
eyes

Neurotonic Root A. indica (root) and Withania somnifera (root) Michl et al. (2013)
are taken with milk

Powder taken with milk and honey

Leaves Leaves are boiled with water
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10.8 CONCLUSION

The uses of A. indica as traditional medicine confirm that it possesses various biological activities. 
Moreover, scientific investigation documented it is an emmenagogue, abortifacient, antidiarrhoeal, 
antineoplastic, antiseptic, anti-inflammatory, antimicrobial, antioxidant and antipyretic at one side, 
and on the other side, it is considered as a potent nephrotoxic, antifertility and antispermatogenic 
agent. Despite being a potential carcinogen, the plant is still used in some herbal remedies. Most 
of the toxic effects associated with the plant are proved to be contributed by AA. Health experts 
around the world have taken action to protect the public against aristolochia and AA. Traditional 
use of A. indica as a popular abortifacient and antivenom should be restricted considering its harm-
ful effects. In the present study, we have comprehensively reviewed the traditional knowledge along 
with various phytoconstituents, pharmacological attribute and toxic activity exhibited by the plant. 
Hopefully, these studies will explore the full potential of A. indica and optimise its use as a promis-
ing herbal medicine, thereby promoting global health.
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11.1 INTRODUCTION

Remedy plants, also known as phytotherapy, can help prevent and even treat some types of diseases 
in the body without drugs (Pal and Shukla 2003). This therapy, therefore, should be used with care 
since misusing a medicinal plant may not result in illness improvement. Many renal and hepatic 
damage and death incidents have been linked to herbal treatments (Benbella and Abdellaoui 2017; 
Stickel et al. 2005). The safety of some commercially available plants has lately been called into 
question after reports of unfavorable responses to prescription medications and excessive dosages 
far above the fatal dose. As a result, medicinal plants’ effective and safe use has been highlighted as 
a crucial investigation focus (Burns et al. 2010).

Plant poisoning is uncommon in various parts of the globe, yet it causes significant clinical mortality 
and morbidity. Atractylis gummifera is one of the medicinal herbs periodically implicated in human and 
animal poisonings. In the traditional system of medicine, stemless atractylis has been used to manage 
sleepiness, bronchitis, snakebite toxicity, ulcers, and intestinal parasites. Additionally, it was well known 
for its emetic, purgative, diuretic, and antipyretic effects (Bruneton 1996; Larrey and Pageaux 1995).

Stemless atractylis intoxications have been documented in Mediterranean regions since the mid-
nineteenth century (Lefranc 1866). This plant is poisonous due to the presence of two diterpenoid 
glucosides (carboxyatractyloside and atractyloside), which inhibit mitochondrial oxidative phos-
phorylation. According to the Poison Control Center of Morocco (PCCM), atractylis is the plant that 
causes the most poisoning. There were 487 cases of intoxication between 1980 and 2013 (PCCM 
2009). This chapter presents an overview of the results found about the botany, traditional uses, 
phytochemical, and pharmacological activities of A. gummifera and discusses possible pharmaco-
logical therapy for intoxication.

11.2 BOTANICAL DESCRIPTION

Carl Linnaeus identified A. gummifera Salzm. ex L. and classified it among the Asteraceae family, 
the genus Atractylis, and the gummifera species. A. gummifera var. gummifera, A. gummifera var. 
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macrocephala (Desf.) Pott.-Alap., Carlina gummifera (L.) Less., and Acarna gummifera Willd. are 
also synonyms of this species. A. gummifera Salzm. ex L. was known as Addad or Chouk El alk 
(Arabic), Masticogna (Italian), Stemless Atractylis (English), and Chardon à glu (French). Other 
vernacular names are “lxia,” “blue thistle,” “birdlime,” and “chameleon leukos” due to its color 
shift.

A. gummifera is an acaulescent, perennial, and thorny plant. The herb has a long rhizome that 
may grow 30–40 cm long and 7–8 cm wide. The parenchymal cells of the rhizome are densely filled 
with crystalline masses. In contrast, the cortical parenchyma is densely filled with secretory lacu-
nae. Its stem is reduced or unapparent from which tears flow, which constitutes a kind of glue, from 
where the name pine thistle came. The leaves are sharply split into thorny lobes and clustered into 
rosettes. The flowers are pink, purple, or pinkish and huddled in a capitulum surrounded by spike-
covered bracts (Figures 11.1 and 11.2). A yellowish-white latex is exuded from the bracts’ bases 
(Bellakhdar 2006; Bruneton 1999; Vallejo et al. 2009).

11.3 DISTRIBUTION

A. gummifera is a thistle that may be found all over the globe, although it is particularly prevalent in 
the Mediterranean area (Morocco, Algeria, Tunisia, and Libya) and Southern Europe (Malta, Italy, 
Greece, France, Portugal, and Spain) (Daniele et al. 2005, Chaachouay et al. 2020). The pine thistle 
grows naturally in wet soils of cultivated lands and humid regions, and the sap of the rhizome is 
toxic (Vallejo et al. 2009).

11.4 PHYTOCHEMICAL CONSTITUENTS

The underground parts of A. gummifera include two poisonous diterpenoid glucosides: atractyloside 
and carboxyatractyloside. Lefranc was the first to isolate atractyloside (ATR) from the roots of stem-
less atractylis (Lefranc 1866). Carboxyatractyloside (CATR) was first isolated in 1964 as gummiferin 

FIGURE 11.1 Inflorescence of pine thistle.
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and was later identified as 4-Carboxyatractyloside (Danieli et al. 1972). Carboxyatractyloside is 
distinguished from atractyloside by a second carboxylic group in the diterpene ring at position 
C-4′. Carboxyatractyloside is found in fresh plants but not in dry plants due to decarboxylation to 
atractyloside during aging or dehydration. Additionally, carboxyatractyloside is more poisonous 
than atractyloside (Daniele et al. 2005; Luciani et al. 1978). Other chemical substances were discov-
ered in pine thistles, such as inulin, sugars, cellulose, mineral matter, water, amino acids, organic 
acids, hydrochloric acid, sulfuric acid, carbonic acid, flavones, flavonols, anthocyanins, tannins, 
and essential oils, as shown in Table 11.1.

11.5 PHARMACOLOGICAL STUDIES

A. gummifera is a well-known herbal remedy that has been utilized for centuries. Many phar-
macological investigations into its bioactivities have shown that it might be the basis for novel 
medications and therapy implements. Numerous pharmacological effects, including antioxidants, 
antipyretic, antifungal, anti-diabetic, anti-leishmanial, burn healing, diuretic, emetic, insecticidal, 
and purgative, have been documented for the extracts of pine thistle (Table 11.2).

11.6 TOXIC RESPONSE

A. gummifera has traditionally been used for medicinal purposes. In the first century, the Greek 
pharmacologist Dioscorides described the plant and its benefits. Theophrastus (300 B.C.) also rec-
ognized the plant’s toxicological properties on animals; he distinguished two varieties of “chame-
leon,” “white” and “dark,” based on their root color and characteristics. Theophrastus reported that 
the white root was also employed in ancient times to remedy worms and as a poison for pigs and 
dogs (Daniele et al. 2005; Matthioli 1957).

FIGURE 11.2 Achenes and flowers of pine thistle.
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Though the poison of A. gummifera is widely recognized, it is nevertheless a prevalent source 
of toxicity. The poisoning of pine thistle is caused by the presence of two diterpenoid glucosides, 
carboxyatractyloside and atractyloside, which may block mitochondrial oxidative phosphorylation 
by permeabilizing them. The glucosides of A. gummifera induce severe hepatitis, with catastrophic 
liver problems occurring often. Even at concentrations that are unlikely to cause cytolysis, the 
plant’s deadly glucosides interact with detoxication or transformation systems in the liver, limiting 
ADP–ATP conversion via blockage of P450 cytochrome (Daniele et al. 2005; Haouzi et al. 2002).

TABLE 11.2
Pharmacological Features of Atractylis gummifera 

Pharmacological Properties Extract References

Antioxidant Essential oils Mejdoub et al. (2020)

Aqueous and organic extracts Bouabid et al. (2020)

Traditional and methanolic extracts Khadhri et al. (2013)

Antipyretic Traditional extracts Daniele et al. (2005), Georgiou et al. (1988), 
Larrey and Pageaux (1995)

Antifungal Essential oils Mejdoub et al. (2020)

Anti-diabetic Aqueous and methanolic macerated Bouabid et al. (2019)
extracts

Anti-leishmanial Chloroform extracts Deiva et al. (2020)

Burn healing Aqueous extract Sifour et al. (2012)

Diuretic Traditional extracts Daniele et al. (2005), Georgiou et al. (1988), 
Larrey and Pageaux (1995)

Emetic Traditional extracts Daniele et al. (2005), Georgiou et al. (1988), 
Larrey and Pageaux (1995)

Insecticidal Essential oils Mejdoub et al. (2020)

Purgative Traditional extracts Daniele et al. (2005), Georgiou et al. (1988), 
Larrey and Pageaux (1995)

TABLE 11.1
Constituents of Atractylis gummifera by Chemical Class

Metabolites Chemical Class References

Organic matter Inulin, sugars, cellulose, mineral matter, water, amino Lefranc (1866)
acids (aspartic and glutamic acid, proline, leucine, 
valine, and tryptophan), organic acids (acetic, 
isovaleric, oxalic, and malic acid), hydrochloric acid, 
sulfuric acid, carbonic acid, silica

Diterpene glycosides Atractyloside, carboxyatractyloside Danieli et al. (1972), Lefranc (1866)

Flavonoids Flavonols, flavones (orientin, homoorientin, Benbouziane and Beneddra (2016), 
corymboside, neocorymboside, isoschaftoside), Khadhri et al. (2013), Khadija (2016)
anthocyanins

Tannins Condensed tannins Benbouziane and Beneddra (2016), 
Khadhri et al. (2013), Khadija (2016)

Essential oils Acetylene compounds (carlina oxide and 13-Methoxy Mejdoub et al. (2020)
carlina oxide), non-terpenic aliphatic compounds, 
non-terpene compounds.
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Anxiety, convulsions, diarrhea, headache, epigastric, nausea, stomach pain, and vomiting are com-
mon poisoning symptoms, often followed by a coma. Clinical symptoms are associated with hypo-
glycemia caused by neurovegetative diseases and renal failure. Georgiou and colleagues described 
the poisoning caused by A. gummifera in a 7-year-old kid who drank a medicinal herb extract pre-
pared from the plant’s root. The documented physical symptoms included overall uneasiness, epigas-
tric discomfort, vomiting, and unconsciousness (Daniele et al. 2005; Georgiou et al. 1988).

No particular pharmaceutical therapy is available for A. gummifera poisoning. All therapeutic 
interventions, including electrolyte and fluid replacement, seizure management, cardiopulmonary 
and respiratory support, and standard procedures for severe hepatic and renal failure, are symp-
tomatic (Stewart and Steenkamp 2000). Certain professionals indicate that typical treatment proce-
dures include inducing intestinal evacuation, gastric lavage, the injection of activated charcoal, and 
vomiting (Ben Salah et al. 2001, Chaachouay et al. 2021, Orch et al. 2021). Various substances were 
tested to create better pharmacological therapies for pine thistle intoxication. Furthermore, it has 
been revealed in vitro that certain chemical, such as dithiothreitol, hydrocortisone, dinitrophenol, 
or verapamil, may prevent the dangerous consequences of atractyloside. These substances demon-
strated protective benefits when administered 30 or 60 minutes before ATR but were ineffective 
after ATR exposure (Catanzano et al. 1969; Georgiou et al. 1988).

11.7 TRADITIONAL AND OTHER POTENTIAL USES

A. gummifera was very well known throughout the Renaissance, particularly as the “chameleon.” 
Matthioli describes the chameleon bianco as a fragrant, sweet shrub with a powerful odor in his 
book. He proposed utilizing its root in various ways, including as a vermifuge when cooked in 
vinegar, wild marjoram, and wine; as a drink when combined with wine to combat snake venom 
(Matthioli 1957). Another Renaissance work precisely characterized the “chameleon nero” and the 
“chameleon bianco.” He prescribed “chameleon nero” root decoction for toothache relief, breath 
refreshment, skin discoloration, such as freckles, and “chameleon bianco” decoction root for uri-
nary retention and tiredness. A. gummifera has been used in traditional therapy to cure various 
diseases, including hydropsy, sleepiness, ulcers, intestinal parasites, and snakebites poisoning. It 
was employed in traditional Arabic treatment to cauterize abscesses. The dried rhizome is also often 
employed as an incense in Arabic societies to fend off ill fortune (Daniele et al. 2005; Hamouda 
2004). Furthermore, the herb was valued for its diuretic, antipyretic, emetic, and purgative effects 
(Bruneton 1996; Larrey and Pageaux 1995, Chaachouay et al. 2021). In Northern African folk med-
icine, it is occasionally employed to heal syphilitic sores, induce miscarriage, and bleach teeth 
(Chaachouay et al. 2021; Chaachouay et al. 2022; Daniele et al. 2005; Georgiou et al. 1988). It is 
also used in folk veterinary treatment to treat parasites (Chaachouay et al. 2022; Viegi et al. 2003).

11.8 CONCLUSION AND FUTURE REMARKS

A. gummifera poisoning is a recurring concern in regions where the plant grows naturally. The 
poisoning is difficult to avoid since it is often inadvertent and includes youngsters drawn to the 
delicious juice contained in the roots of A. gummifera. Due to the absence of specific antidotes, 
investigations have been conducted to evaluate different substances capable of lowering atractylo-
side toxicity. A few, notably verapamil and dithiothreitol, proved helpful, but only when adminis-
tered before atractyloside exposure. To design more effective pharmacological therapies, we need to 
learn more about the pharmacokinetics, long-term toxicity, reproductive toxicity, and mutagenicity 
of atractyloside. Immunotherapy studies may provide a novel method. Antitoxin antibodies have 
been created and are now utilized in clinical practice to treat intoxication caused by colchicine and 
cardiac glycosides containing A. gummifera and oleander toxicity. Another practical strategy would 
be to disseminate information on pine thistle toxicity and educate youngsters to identify harmful 
plants they should avoid.
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12.1 INTRODUCTION

Atropa belladonna (L.) is a bushy herb that belongs to the family Solanaceae. The name has an 
interesting meaning wherein ‘Atropa’ refers to ‘Atropos’ – the Greek goddess meaning ‘to cut the 
thread of life’ and belladonna means ‘the beautiful lady’ in the Italian language. This can also be 
linked to the fact that in ancient days the plant extract was used by women to dilate the pupils to look 
attractive (Jordan 1976). The plant bears greenish-purple flowers and the berries are purplish black 
with a sweet taste (Joshi et al. 2003; Cikla et al. 2011). The berries are frequently confused with the 
blackcurrant and blueberries (Laffargue et al. 2011). A. belladonna is widely known for its highly 
toxic nature earning them the name ‘deadly nightshade berries’ whose ingestion leads to anticholin-
ergic toxic syndrome (ATS) that affects central and the peripheral nervous systems. Symptoms like 
short-term memory loss, respiratory or cardiovascular failure, hallucination, ataxia, disorientation, 
seizures, or coma are associated with the central nervous system (CNS) being affected by tropane 
alkaloids and are usually age and dose dependent (Cikla et al. 2011; Tulin and Ismet 2011). The 
effects on the peripheral nervous system are seen in the form of drying of the mucous membrane, 
hypo- and hypertension, tachycardia, flushed skin, urine retention, ileus, hyperreflexia, etc. (Tulin 
and Ismet 2011). In the case of children, symptoms are manifested as meaningless speech, lethargy, 
flushing, and coma, as per the level of poisoning (Çaksen et al. 2003).

The toxicity of the plant is attributed to the tropane alkaloids which include atropine, sco-
polamine, and hyoscyamine (Ulbricht et al. 2004; Fatur and Kreft 2020). Although the plant is 

DOI: 10.1201/b23017-14

https://doi.org/10.1201/b23017-14


166 Exploring Poisonous Plants

categorized as a poisonous plant, its clinical utility has also been realized. The low dosage of plant 
alkaloids has proven to be extremely efficient in medical treatments. For instance, atropine is used 
as a muscle relaxant, heartbeat regulator, pupil dilation for ophthalmic treatment, and for nullifying 
the effect of chloroform and opium poisoning; scopolamine is used in the treatment of stomach ail-
ments, and when combined with other medicines, the plant’s extracts are used for treating medical 
conditions like stomach ulcers, irritable bowel syndrome, excessive night-time urination, spastic 
colon, motion sickness, diverticulitis, pink eye, and Parkinson’s disease.

This chapter discusses the morphology, distribution, propagation strategies, phytoconstituents, 
pharmacological behavior, toxicity, and potential medicinal usage of the plant A. belladonna.

12.2 BOTANICAL DESCRIPTION

12.2.1 haBiT aND haBiTaT

A. belladonna is a perennial herbaceous plant with an erect, branched stem bearing purplish-black 
berries, kidney-shaped seeds, and a thick, well-developed root system that is over 15 cm long. Plants 
can grow up to 2 m in height (Lee 2007). Leaves are oval shaped and have smooth edges with pointed 
ends. Leaves grow in stalks to about 18 cm in length, in an alternate pattern, and are poisonous. 
Leaves are harvested in late spring and dried for later use. The flowers are 2.5–3 cm long, purplish 
or purplish yellow in color (Figure 12.1a). The corolla is campanulate shaped with five petals hang-
ing downward. The flowers start blooming in June, mature in early September, and produce fruits 
in the second year of growth. The berries are shiny in appearance, have five sepals, and are seen in 
the part where the fruit attaches to the plant (Figure 12.1b). The plants are often seen as bushes on 
wooded hills or limestones or in the shade of trees. Calcareous soil with sufficient shade, cold zones, 
saline soil, and good drainage is reportedly the best combination for A. belladonna growth (Dutta 
and Rita 2011). Plants growing in light calcareous soil rich in the nitrogenous matter are found to 
be most poisonous due to high alkaloid content (Rowson 1950). The preferable temperature range is 
20°C–25°C, with a moist and cool environment. Escalation in temperature conditions retards plant 
growth and development, and extreme temperatures lead to plant death. Although A. belladonna 
can grow over a range of pH conditions, acidic soil with pH 6 is most favorable.

All the parts of the plant contain tropane alkaloids (Chevallier 1996; Dutta and Rita 2011), the 
content varying with the developmental stage of the plant. The alkaloid content is reportedly very 
high in green and immature berries, while roots and leaves contain about 0.6% and 0.4% of the 
active alkaloid, respectively (Chopra et al. 1986).

12.2.2 propagaTioN sTraTegies

Conventional propagation of A. belladonna is majorly done by seeds, and in some cases, by cuttings. 
Besides, plant tissue culture technology has also been used for mass propagation of the species.

12.2.2.1 Seed-Based Propagation
Seeds are extracted from the berries. Berries are crushed and dried in sunlight usually from 
September to November for seed extraction. The seeds are sown in raised flat beds made on well-
plowed land surrounded by irrigation channels. Since the seeds have a hard testa, pretreatment of 
the seeds has been reported to enhance the germination rate. Soaking the seeds in boiling water for 
around 30 minutes, dilute hydrogen peroxide solution (around 60% v/v) for 18–24 hours (Sievers 
1914), or gibberellic acid solution and exposure to gamma rays are commonly used methods for seed 
pretreatment (Sievers 1914; Nikolaeva 1982; Abdel-Hady et al. 2008; Rani and Prasad 2014). In many 
cases, fungicide treatment to the seeds is also given to avoid fungal contamination. General require-
ments for rapid seed germination are chalky, fine-limed, permeable soil, temperature range of 15°C 
(about 18 hours exposure) to 30°C (about 6 hours exposure), shade conditions, and high humidity 
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(Rowson 1950; Genova et al. 1997). Decomposed farmyard manure or chemical fertilizers are added 
to ensure optimal nitrate supply to the soil which enhances plant growth and yield. The seedbeds 
are covered with farmyard manure and with straw followed by immediate watering after sowing. 
However, excess irrigation must be avoided in all cases. Germination takes an average of 4–6 weeks 
(Dutta and Rita 2011), and seedlings usually attain a height of 15–20 cm within 8–12 weeks after 
which they are transplanted to the field conditions at a spacing of 60 × 60 or 60 × 45 cm and watered 
till the plantlets grow. An ideal time of transplantation in the field is March to April or October to 
November (https://agriinfo.in/package-of-practices-for-cultivation-of-belladonna-1396/).

Harvesting is done as soon as the flowering starts as alkaloid content is higher during this time. 
Leaves are harvested in 3 months of plantation and dried under shade. Root harvesting is done at 
intervals of over 3 years, followed by washing, splitting, and shade/sun drying.

FIGURE 12.1 (a) Atropa belladonna plant displayed flower and (b) berries.

https://agriinfo.in
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12.2.2.2 Cutting-Based Propagation
A. belladonna can also be propagated by cuttings of the green branch (Dutta and Rita 2011). A soft 
woodcutting can be taken in spring to early summer and dipped in auxin solution (rooting hor-
mone). The cutting is then planted in soil rich in compost. The cuttings are covered with polybags 
which are periodically removed to provide optimal aeration. Cuttings are kept moist until they root 
well. Once roots develop and new shoots emerge, cuttings are shifted to individual pots for better 
growth and plant development. However, as compared to seeds, cuttings are less responsive in terms 
of the rate of propagation.

12.2.2.3 in Vitro Propagation
In vitro plant propagation refers to growing plants under laboratory conditions using plant tissue 
culture technology. The technique of micropropagation involves growing plant cells, tissue, organs, 
protoplast, and seeds (known as explants) in vitro on an artificial nutrient medium under aseptic and 
controlled conditions of temperature, light, and humidity. The essential nutrients and plant growth 
regulators in the medium facilitate organogenic differentiation of culture plant tissue, resulting in 
mass propagation of the plant from a very small piece of tissue. Table 12.1 highlights different 
micropropagation strategies utilized for the propagation of A. belladonna from different explants.

12.3 DISTRIBUTION

The Atropa genus is well distributed from western Europe to the Himalayan region (Dutta and Rita 
2011). A. belladonna is native to Europe, the Middle East (in Iran and Turkey), and North Africa 
(in Algeria, Morocco) (Rowson 1950; Davis et al. 1965; Tutin et al. 1972; Zhang et al. 2005; Majid 
et al. 2012). The species is usually found at an altitude of 50′ and 55′ N and an altitudinal range of 
300–600 ft. Its distribution in Britain was documented by Butcher (1947) who reported the occur-
rence of the species in areas of chalk and limestone formation like South Downs, North Downs, 
from Yorkshire to Wiltshire. A. belladonna was subsequently introduced in several other countries 
and is now cultivated in the regions of Europe, Northern and Southern America, and many corridors 
of South Eastern Asia (Lee 2007). In the latest study, the occurrence of A. belladonna has been 
recorded in Lebanon in various areas of Wadi Jhannam (Zein and Dagher-Kharrat 2021). In India, 
A. belladonna is found at higher altitudes of the Himalayan belt. Jammu and Kashmir, Himachal 
Pradesh, and Sikkim are the major A. belladonna harboring regions. However, the species is also 
being cultivated in parts of Uttarakhand, West Bengal, Bihar, and Punjab (Anonymous 1948).

12.4 PHYTOCHEMICAL CONSTITUENTS

A. belladonna has been widely studied for its phytochemical constituents which account for the 
bioactive properties of the plant. These bioactive alkaloids have been regarded as potential ace-
tylcholine antagonists (Guggisberg and Hesse 1983). The major constituents are reported to be 
alkaloids like atropine, norhyoscyamine, apoatropine, hyoscyamine, 6β-Hydroxyhyoscyamine, and 
scopolamine which are extracted from the plant’s leaf (Baralle and Gross 1969). Hartmann et al. 
(1986) identified 13 alkaloids from the roots and 7 alkaloids from the stem of A. belladonna through 
gas chromatography and mass spectrometry. Among these, scopolamine was isolated from roots, 
norhyoscyamine from shoots, and hyoscyamine from all plant parts. Liquid chromatography and 
mass spectrometric analysis have also reported glycoside flavonoids from the plant extract, wherein 
kaempferol glycosides are the most prominent constituents (Millet et al. 2010).

Atropine is the primary alkaloid and is present in high content in all parts of the plant includ-
ing mature fruits (Zarate et al. 2006). It is a racemate made of equal molar concentrations of (S)- 
and (R)-atropine with the chemical formula C17H23NO3, and it has a molecular weight of 289.4 
(Figure 12.2). Under aqueous fermentation, the atropine degrades into known products like tropic 
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acid, apoatropine, noratropine, and anisodamine (Eger et al. 1999; Kirchhoff et al. 2004). Atropine 
is known to play a wide variety of roles, working as an anesthetic adjuvant, mydriatic, parasympa-
tholytic, and bronchodilator (National Library of Medicine n.d.-a). The drugs derived from atropine 
are classified as anticholinergic drugs and include antimuscarinic agents. A high dose of atropine 
leads to parasympathetic organs paralysis, drying of the mucous membrane, fever, etc. Severe toxi-
fication leads to respiratory depression and can lead to coma, circulatory collapse, and in extreme 
cases, even death (Drugbank n.d.).

TABLE 12.1
in Vitro Propagation of Atropa belladonna from Different Explants

Induction Medium and Plant 
Explant Response Growth Regulators Used Reference

Root callus Formation of 
embryo-like structures

Synthetic Culture Medium 
(SSM) + NAA

Thomas and Street (1970)

Dicotyledonous embryo 
from ovules

Callus-derived culture LS Medium + Kinetin Zenkteler (1971)

Anther (Microspores) Haploid embryoids Medium containing 
FeEDDHA + Kin + Aux  

Rashid and Street (1973)

+ Casamino acids 

Cell suspension derived 
protoplast

Embryo development MS Medium + Naphthalene Acetic 
Acid (NAA) + Kinetic + Sorbitol

Gosch et al. (1975)

Leaves of anther-derived 
haploid plant

Callus-derived plants Wood and Braun’s basal 
medium + Lin and Staba 
vitamins + NAA + Kinetin

Eapen et al. (1978)

Shoot tip and axillary 
meristem

Shoot organogenesis MS Medium + BA Benjamin et al. (1987)

Cell suspension Leaf, stem, and root 
cultures

MS Medium + NAA + BA Taha (2003)

Leaves and axillary buds Adventitious bud 
initiation

MS medium + 6-BA + NAA Xirong et al. (2011)

Hairy roots Adventitious bud 
induction

MS medium + B5 
Medium + Kinetin

Mera and Takayama (2012)

Leaf, lamellae (5 mm), 
midrib (5–7 mm) and 
petiole (5 mm) in length

Direct root 
organogenesis

MS Medium + Naphthalene Acetic 
Acid (NAA) + IBA + Kinetic

Rani and Prasad (2013)

Leaves Callus induction MS 
medium + B5- 

Khater et al. (2013)

Vitamins + 2,4-D + Kinetin

Nodes Shoot-derived culture MS medium + BA Al-Akaidi and Zeki Ameen 
Kassab Bashi (2017)

Seeds Root induction MS+ IBA + IAA Stateva and Desheva (2017)

Leaf, stem and root Leaf callus initiated MS medium + 2,4- D Elshorbagy et al. (2018)

Leaf Callus and plant 
differentiation 
induction

Calli induction: MS 
Medium + Kinetin + BA (Culture 
I) and MS medium + BA + NAA 
(Culture II)

Differentiation: MS Medium + BA 

Al-Ashaal et al. (2018)

+IAA

Seeds Shoot-derived culture MS medium + BA Ahmed (2020)

Shoot tip and nodes Shoot organogenesis MS medium Ahmed et al. (2021)
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Hyoscyamine is S-Atropine and has anticholinergic properties. It is generally used to treat nau-
sea, motion sickness, allergies related to rhinitis, and hyperactive bladder by inhibiting the action 
on the smooth muscles and is used intravenously. It has also been employed in imaging the gastro-
intestinal tract for developing better insight into the treatment (National Library of Medicine n.d.-c).

Scopolamine is of particular interest as compared to hyoscine due to its high pharmacolog-
ical application and fewer side effects (Hashimoto and Yamada 1994). Scopolamine alkaloid is 
known for its anticholinergic, antiemetic, and anti-vertigo properties. The molecular formula of 
Scopolamine is C17H21NO4, with a molecular weight of 303.35. It is utilized to control discharge of 
saliva, gastric convulsions, and persistent vomiting (National Library of Medicine n.d.-b). Large-
scale production of scopolamine by hairy root culture has also been investigated (Palazon et al. 
1995). Table 12.2 displays the main phytoconstituents of A. belladonna and their therapeutic uses.

FIGURE 12.2 Chemical structures of prominent phytoconstituents of Atropa belladonna, namely hyoscya-
mine, atropine, and scopolamine.
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12.5 PHARMACOLOGICAL STUDIES

The natural compounds of A. belladonna have been reported to have pharmacological properties 
indicating their potential use as a drug. Investigations have reported critical neuro-pharmacological, 
pain relieving and mitigating properties of the plant (Owais et al. 2014). As a result, the plant has 
been in use in the treatment of disorders like gout, chickenpox, asthma, hypertension, internal 
contamination (Duke et al. 1987; Kumar et al. 1997; Bettermann et al. 2001), muscle and joint 
pain, scarlet fever, pancreatitis, intense irritation, peritonitis, neuro-inflammatory problems and 
Parkinson’s disease (King 1966; Kahn et al. 1991), stomach ailments, hyperkinesis, hyperhidrosis, 
hemorrhoids (Ramoutsaki et al. 2002; Joshi et al. 2003), aspiratory breakdown during pneumonia 
and typhoid fever (Tombs and Silverman 2004), treatment of wounds, toxin neutralizer (Toporcer et 
al. 2006), encephalitis fever, conjunctivitis, snake and scorpion bite (Ceha et al. 1997; Bousta et al. 
2001; Duncan and Collison 2003; Samy et al. 2008; Mishra and Tiwari 2011), neutralizing effects 
of opium, chloroform, and insecticide poisoning (Murray 2017).

Atropine is used by ophthalmologists to dilate the pupils during retina assessment. This is pos-
sible because atropine acts on muscarinic receptors in the eye, briefly incapacitating the eye muscles 
that loosens up the focal point which in turn helps the eyes to fix gaze at one point. Atropine and 
scopolamine are used as a sedative and act as a drug against vomiting and nausea as they modulate 
involuntary movements in the body by controlling muscarinic acetylcholine receptors (Ulbricht et 
al. 2004; Owais et al. 2014). They are also used in the treatment of conditions of mental imbalance, 
anxiety, perspiration, saliva release, respiratory problems, neurological disorders controlling heart-
beats by decreasing the sympathetic effects on salivary glands, eyes, heart, gastrointestinal tract, 
and bronchial glands (Çaksen et al. 2003; Joshi et al. 2003; Kwakye et al. 2018). Atropine also has 
potent antiviral properties and helps in curtailing the spread of infection in the body (Duke et al. 
1987) and is also used to treat organophosphate poisoning ( Eddleston et al. 2008). Scopolamine has 
been utilized as a tranquilizer or as an anti-insomnia, as it pushes down the parasympathetic sen-
sory system. It is used to assuage stomach cramps and convulsions, pulse rate, muscle contractions, 
prevention of vertigo, and recovery from anesthesia (Dobrescu 1971; Beyer et al. 2009; Kersten and 
Wyller 2013).

TABLE 12.2
Main Phytoconstituents of Atropa belladonna and Their Therapeutic Uses

Phytoconstituent General Therapeutic Use Reference 

Atropine Treatment of near-sightedness in children, bradycardia, Yen et al. (1989), Chou et al. 
respiratory and heart related ailments, antidote for overdose (1997)
of cholinergic drugs, mushroom/opium/chloroform 
poisoning 

Scopolamine Treatment of a number of health conditions including irritable Heinrich and Gibbon (2001), 
bowel syndrome, spastic colon, stomach ulcers, Parkinson’s Habibi et al. (2015), Morris 
disease, diverticulitis, motion sickness, excessive night-time (2017)
urination, pink eye Utilized in anticholinergic medications 
for the treatment of central nervous system (CNS) disorders 
and insomnia

Hyoscyamine Treatment of moderate nausea, motion sickness, hyperactive Hartmann et al. (1986), Yun et al. 
bladder, allergic rhinitis, arrhythmias and organophosphate (1992), Sweta and Lakshmi 
harming, infective shock and gastrointestinal colic (2015), Morris (2017)

Hyoscine Utilized as cervical antispasmodic specialist during labor and Sirohiwal et al. (2005)
in the treatment of patients with nausea and vomiting
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12.6 TOXIC RESPONSE

The tropane alkaloids present in A. belladonna are responsible for its toxicity. The leaves and ber-
ries carry a high number of alkaloids which affect the central and parasympathetic nervous systems. 
Poisoning can occur in infants, adolescents, and adults. The danger of intoxication in children is 
prevalent because of confusion with other edible berries. The toxic responses are manifested in a 
broad spectrum from causing ATS, psychosis, fatigue, hyperglycemia, and even unconsciousness. 
The alkaloids are known to plug the muscarinic receptors in the CNS and postganglionic para-
sympathetic muscarinic receptors which results in hallucinations (Trabattoni et al. 1984; Ulbricht 
et al. 2004). ATS characterized by hyperactive delirium involving confusion, visual and hearing 
hallucinations, tiredness, persistent vomiting, seeing and picking up imaginary objects is another 
prominent effect of A. belladonna poisoning (Demirhan et al. 2013). The syndrome is caused by 
A. belladonna alkaloids causing acetylcholine to become ineffective at the central and peripheral 
muscarinic receptors thereby influencing neurotransmission in the body.

Manifestation of deadly nightshade poisoning in different patients has been recorded as incoher-
ent speech, inability to recognize members of the family, persistent vomiting, visual and hearing 
hallucinations, unconsciousness, fatigue, mydriatic and isochoric pupils, irregular breathing, dry-
ness of the oral mucosa, flushed skin, redness of the neck, leukocytosis, metabolic acidosis, pyuria 
hyperglycemia, hypertension, hypotension hyperreflexia, ileus or lowered bowel sounds, urinary 
retention, and tachycardia (Çaksen et al. 2003; Berdai et al. 2012; Demirhan et al. 2013; Glatstein 
et al. 2014).

The toxicity of A. belladonna is extended to domestic animals or grazing animals and causes 
paralysis and necrosis. In case of pet animals like cats and dogs, poisoning causes excessive saliva-
tion, vomiting, and diarrhea (Hardin et al. 2018).

The treatment for this toxicity involves maintenance of respiratory, circulatory support and air-
way patency. ATS is generally treated by the use of benzodiazepine. Physostigmine extracted from 
Calabar Bean (Physostigma venenosum) is another antidote for belladonna poisoning (Berdai et al. 
2012). Physostigmine inhibits acetylcholinesterase (causing breakdown of acetylcholine) in both 
central and peripheral nervous systems resulting in accumulation of acetylcholine within the syn-
apse, thereby activating muscarinic and nicotinic receptors. Consequently, anticholinergic effects 
are suppressed and nervous system gets stimulated for optimal functioning (Figure 12.3).

12.7 TRADITIONAL AND OTHER POTENTIAL USES

A. belladonna phytochemicals with bioactive properties have been extracted from different parts of 
the plants and have been widely utilized in traditional medications (Bansode and Salalkar 2015). In 
Roman times, diluted solutions of A. belladonna were frequently used by ladies to widen the pupil 
to look more attractive, additionally giving them reddish face blush. However, these practices were 
declared unhealthy as it led to increased cases of cardiac problems and blindness.

From the middle of the nineteenth century to the late 1950s, the therapeutic properties of A. bel-
ladonna were increasingly realized. The medication assortments, mortars, etc. prepared from the 
plant were highly popular among the masses and could be easily bought over the counter, although 
from only pharmaceutical scientific experts and pharmacists. A. belladonna therapeutic concoctions 
reportedly showed better relief than other traditional herbal treatments being tried in those times 
(Lee 1983). The leaves were generally used for treatment of worms in children, while cigarettes 
prepared from the leaves were given to the patients to get relief from convulsive asthma (Shultes 
1962). The roots have been in use as a soothing agent (Rhodes et al. 1978), for treating sore throat, 
ulcerative colitis (Shanafelt et al. 2002), and cardiac ailments (Walach et al. 2001; Nisar et al. 2013).
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The traditional systems of medicines across the world have been using A. belladonna prepara-
tions for the treatment of a wide array of ailments like cardiac and neural disorders, spams, pain, 
muscle contractions, inflammation, headache, chest pain, intercostal neuralgia, muscular spasms, 
joint and muscle pain, pain due to gall bladder stone, digestive health, diabetes, abdominal pain, 
asthma, persistent cough anal fissure, and hemorrhoids.

For the preparation of A. belladonna-based drugs, plant alkaloids are combined with differ-
ent compounds (synthetic/natural) to treat specific ailments (Fletcher 2017). In the homeopathy 
system of medicine, A. belladonna is prominently used as a painkiller and to cure nerve pain, 
migraine, nasal congestion, etc. In herbal medicines (based on traditional systems like Ayurveda 
and Unani), the dosage varies depending on the plant and plant part from which extraction has 
been done. These herbal preparations are available either as juices or powder (Singh 2015). The 
allopathic supplements are available as creams, ointments, and solid pills with different con-
centrations of A. belladonna extracts (Taneja et al. 2019). The plants’ extracts are also used in 
cosmetic preparations like ointments and lotions. Belladonna Naturkosmetik Company, Berlin, 
manufactures different types of face, body creams, and cosmetics using A. belladonna. In all 
cases, frequent usage of A. belladonna therapeutic and cosmetic products is suggested to be 
avoided for their possible side effects.

12.8 FUTURE REMARK

It is evident that A. belladonna is a phytochemically active plant that has been utilized for a vast 
range of medicinal activities. However, there is more in the plant that needs to be discovered and 
harnessed. An important aspect is large-scale propagation of the plant to facilitate the availability of 
raw material for medicinal preparations. Since conventional system of propagation is time and labor 
consuming, advanced techniques of plant tissue culture need to be utilized for rapid mass propa-
gation of disease-free plant material in a limited space and time. Recent interest has been toward 
improving constituent concentration in A. belladonna (Zeng et al. 2021). This calls for use of bio-
technological methods to enhance secondary metabolite production through plant transformation 

FIGURE 12.3 Mechanism of action of physostigmine against Atropa belladonna induced toxicity.
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strategies like hairy root culture and CRISPR/Cas9. Besides, there is scope for identification and 
extraction of lesser known plant metabolites. For instance, glucoside synthesis from hairy roots 
of A. belladonna has been tried (Singh et al. 2021). The possibility of producing A. belladonna 
medicinally important alkaloids in engineered organisms like Saccharomyces cerevisiae is also 
being explored (Srinivasan and Smolke 2020). Moreover, there is a need for further advancements 
in the field of in silico and in vitro drug designing from A. belladonna component, wherein novel 
effective combinations can be prepared to treat diseases with minimal or no side effects of the alka-
loids. Such advances would lead to optimal utilization for this poisonous yet medicinally significant 
plant species.
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Calotropis gigantea (Crown 
Flower or Giant Milkweed)

Prabhjot Kaur, Amarjit Singh, and Jitender Sharma

13.1 INTRODUCTION

Calotropis gigantea is commonly known as giant milkweed due to the presence of milky white latex 
in different parts of the plant and its larger size than congeneric plants. Genus epithet “Calotropis” is 
a compound Greek term derived from “kalos” referring to “beautiful” and “tropis” meaning “ship 
keel”. The name might have been given referring to the rigid coronal scales on the flowers. Species 
epithet “gigantea” indicates “large” probably referring to the size of the plant (NParks 2022). Some 
other common names include yercum fiber, crown flower, ivory plant, and swallow-wort. It belongs 
to the family Apocynaceae and sub-family Asclepiadoideae which comprises nearly 2,000 species 
spanning in more than 280 genera (Ali-Seyed and Ayesha 2020; Kaur et al. 2021; Negi and Bisht 
2021; Mushir et al. 2016; Wadhwani et al. 2021).

Apocynaceae covers a large number of tropical trees, shrubs, and vines with its sub- family 
Asclepiadoideae plants producing milky latex and hence called milkweeds (Al Sulaibi et al. 
2020; GRIN-Global 2020). These species present rich source of secondary metabolites includ-
ing cardenolides, triterpenoids, alkaloids, and iridoids. A wide range of pharmacological activi-
ties has been related to them, some of which include anticancer, cardioprotective, neuroprotective, 
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hepatoprotective, anti-inflammatory, and antimalarial properties. Calotropis along with eight other 
genera has been identified with antiproliferative properties, while antiplasmodial properties have 
been observed in only seven genera including Calotropis (Chan et al. 2016). Two most studied and 
commonly found sister species of this genus are Calotropis gigantea (Sweta arka) and Calotropis 
procera (Rakta arka), while other two less commonly found species are Calotropis sussuela and 
Calotropis acia (Wadhwani et al. 2021). Both C. gigantea and C. procera have been demonstrated 
to possess vital therapeutic properties as well as toxic characteristics.

Though C. gigantea possesses ornamental and esthetic values, it does not require special cultiva-
tion techniques. The plant can withstand harsh environmental conditions including abiotic stress of 
water scarcity and salinity. Such characteristics make the plant grow at less habitable conditions like 
overgrazed pastures, desert area, roadside embankment, and sandy soils. Ease of growing in unfa-
vorable conditions and pollination via animals and wind make this plant a self-cultivating weed. 
However, people cultivate it also due to medicinal properties of its constituents and religious sig-
nificance especially in India. Although different constituents of this plant as well as latex have been 
shown to have multiple therapeutic uses, these are poisonous too. Latex contains calcium oxalate 
which upon contact with the eyes or skin can cause conjunctivitis, irritation, and corneal opacity 
(Kharat and Kharat 2019; Khosravi and Kumar 2021). Alongside, cardiac glycosides or cardeno-
lides present in the latex and other parts are found to be cytotoxic.

Yet, C. gigantea harbors and provides nourishment to many insects and birds including butter-
flies, bees, and sunbird. Monarch caterpillars feed exclusively on milkweeds and store the ingested 
cardenolides to deter their predators (National Wildlife Federation 2022; USDA 2022). The toxin 
is retained in the adult butterfly as well which is reflected by bright orange color of the wings as a 
warning (USDA 2022). Besides, grasshopper Poecilocerus pictus also feeds on this plant. Aphids 
that fed on the leaves were having longer lifespan and higher fecundity (Al Sulaibi et al. 2020).

For such reasons, this plant holds ethnobotanical significance since ancient times and continues 
to offer the scope for further exploration. Thus, in the present review, a detailed insight of its bioac-
tive constituents and therapeutic uses has been provided. Non-traditional and novel fields of applica-
tions have also been discussed.

13.2 BOTANICAL DESCRIPTION

C. gigantea is an evergreen, perennial, branched shrub most often confused with its congeneric 
plant C. procera (NParks 2022; Nguyen et al. 2017; Kaur et al. 2021). But the distinction can be 
made even with a keen observation of macro-morphological features. C. gigantea, being taller than 
C. procera, can grow up to 4.5 m and above while leaves can be smaller and stems thicker. Besides, 
the branches of the former are thicker and can be up to 6 cm in diameter as compared to 1 cm thick-
ness of that in the latter. Major distinction between these two can also be made by observing the 
Corolla which are star shaped in the former and can lean backward, while in the case of C. procera 
they are cup shaped. Figure 13.1 shows different stages of plant life.

Roots are branched, tortuous, and cylindrical, and they can form suckers for propagation. Root 
bark is mucilaginous, short and curved. Stem is aerial, solid, erect, cylindrical, and branched with 
the diameter reaching 20–25 cm in thickness. All parts of the plant contain latex. Leaves are simple, 
subsessile, cauline and ramal, phyllotaxy opposite and decussate, exstipulate, ovate, entire, having 
reticulate unicostate venation and wax coating. Inflorescence shows flowers arranged in axillary 
and pedunculate, umbelliform cymes. Flowers are mostly white or sometimes lavender in color, 
bracteate, ebracteolate, complete, hermaphrodite, actinomorphic, pentamerous, with hypogynous 
condition. Sepals are five in number and polysepalous, while Petals are also five in number, gamo-
petalous, and star shaped. Androecium has five stamens and gynandrous condition. Five coronary 
growth radiate from the stamina tube making corona. Gynoecium has bicarpellary ovary, apocar-
pous, styles united at the apex, stigma is peltate, and anthers fuse to form gynostegium. Fruits are 
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etaerio of follicles, oval in shape, about 5–7 cm in diameter, and 10–14 cm in length. Seeds are many 
in number, flat, obovate, compressed having tuft of silky white hair (coma).

13.3 DISTRIBUTION

The plant is widely distributed in arid, semi-arid, and waste regions owing to its high adaptability 
and tolerance toward various abiotic stresses such as drought and salinity. It is native to Indian sub-
continent (India, Nepal, Bhutan, Sri Lanka, and Pakistan), Indo-China (Myanmar, Laos, Vietnam, 
and Thailand), Malesia (Malaysia and Indonesia) in Asia-tropical and China, Western Asia (Iran) 
in Asia-temperate (GRIN-Global 2020). The plant grows well in overgrazed pastures, exhausted or 
sandy soils, coastal dunes, abandoned areas and waste lands, road sides, river flats, railway embank-
ments, etc. Sympatric occurrence of C. gigantea and C. procera can be observed as both are conge-
neric and share close homology (Kaur et al. 2021; CABI 2021).

13.4 PHYTOCHEMICAL CONSTITUENTS

Phytoconstituents are generally bioactive molecules found in plants with specific biological activ-
ity (Alafnan et al. 2021). C. gigantea and its sister species are rich in bioactive phytoconstituents 
including different hydrolytic enzymes and cardiac glycosides. Hydrolytic enzymes mainly com-
prise cysteine proteases, while cardiac glycosides are the steroids having specific impact on cardiac 
activity. Major cardiac glycosides identified are uscharin, calotropin, voruscharin, uschridin, calo-
toxin, uzarigenin, proceroside, syriogenin, etc. (Khosravi and Kumar 2021). Latex of these plants 

FIGURE 13.1 Calotropis gigantea: (a) phyllotaxy, (b) flowering, (c) fruits, (d) dehiscing fruit, (e) seeds with 
silky hair, and (f) seeds.



182 Exploring Poisonous Plants

contains significant amount of hydrolytic enzymes especially proteases (Boller 1986; Rajesh et al. 
2005). Sengupta et al. (1984) isolated two different types of calotropins I and II from the latex of the 
plant which had protease activity. Both cysteine proteases shared close homology but their amino 
acid sequence, auto-digestion behavior, and peptide mapping were different (Bhattacharya et al. 
1985). Latex is known to contain a total of four cysteine proteases namely Calotropin FI, FII, DI, 
and DII (Juncker et al. 2009). These have been used by plants to serve different purposes such as for 
development, fruit ripening, enabling protection, and degrading seed storage proteins. (Juncker et 
al. 2009). Moreover, they showed papain and ficin like specificities toward oxidized Insulin B chain 
(Sengupta et al. 1984). GC-MS analysis of ethanolic leaf extract of C. gigantea revealed 22 constitu-
ents with different functional groups. These groups included methyl, carbonyl, hydrocarbon, and 
hydroxyl (Dhivya and Manimegalai 2016; Kiruthiga and Kumar 2019).

Recently, isolation and extraction of three new phytochemicals were carried out from dried leaves 
of C. gigantea along with previously reported nine compounds (Nguyen et al. 2017). Soluble extract 
of phytochemicals was obtained in methyl alcohol after reflux and partitioned in different organic 
solvents. Newly found phytochemicals were separated and purified from chloroform and ethyl ace-
tate fractions. These included a new lignan 9′-methoxypinoresinol and two glycosylated 5-hydroxy-
methylfurfurals namely calofurfuralside A and calofurfuralside B. Besides, nine previously known 
compounds from the leaves of C. gigantea were isolated alongside. These included calotropone, 
5-hydroxymethylfurfural, pregna-4,6-diene-3,20-dione, 2-methylpyridin-3-ol, isoliquiritigenin, 
(+)-syringaresinol, (+)-pinoresinol, (+)-pinoresinol 4-O-[6″-O-vanilloyl]-β-D-glucopyranoside, and 
14α-hydroxypregna-4,6-diene-3,20-dione. Earlier, Misra et al. (1993) identified several phytochem-
icals from leaf extract. These included holarrhetine, cyanidin-3-rhamnoglucoside, taraxasterol iso-
valerate, mudarine, uscharin, calotropin, calotoxin, and phenol (Mushir et al. 2016). HPLC analysis 
of methanolic extract of C. gigantea leaves has shown abundance of alkaloids, flavonoids, and ter-
penoids (Damodaran et al. 2019). Different instruments and techniques have been used to identify 
the constituents present in different parts of the plant. Major techniques employed include HPLC, 
NMR and ECD spectroscopy. Some of the phytoconstituents from different parts of C. gigantea 
identified using different techniques are listed in Table 13.1.

TABLE 13.1
Some of the Phytoconstituents Identified from Different Parts of calotropis gigantea

Part of Solvent for Identification 
the Plant Extraction Technique Constituents Reference

Root Chloroform NMR and ECD Caloside G Nguyen  
spectroscopy et al. (2021)

Root bark Ethyl alcohol- NMR and Six new cardenolides You et al.  
water (7:3) ESIMS analysis (2013)

Bark Ethyl alcohol NMR, LC-MS Three new cardenolides Van Khang  
et al. (2014)

Leaf Dichloromethane FTIR, NMR 19-Nor- and 18,20-Epoxy-cardenolides Lhinhatrakool  
and Sutthivaiyakit 
(2006)

Methanol HPLC Gallic acid, Metamitron, Piperidine, Bumetanide, Damodaran  
Octanoic acid, Calactin, Ornithine, Catechin, et al. (2019)
Benzoic acid, Tannic acid, Beta-sitosterol, 
Ethylene, Holarrhetine, Calotropogenin, 
Sapogenins, Cyanidin, Quercetin-3-rutinoside, 
Cinnamic acid, Calotropogenin, Quercetin, 
Coumarin, Taraxasterol
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13.5 PHARMACOLOGICAL STUDIES

There are different therapeutic uses from traditional as well as modern medical sciences assigned 
to the phytochemical constituents of the genus Calotropis including C. gigantea. But the plants 
belonging to genus Calotropis are not only medicinal but also poisonous. Both C. gigantea and C. 
procera are rich in phytochemical constituents with most of them possessing similar properties, but 
the latter has been reported to be more poisonous. Some of the reported pharmacological studies on 
the former for its different therapeutic applications are as follows:

13.5.1 poTeNT iNhiBiTor of coroNa virus (coviD 19)

Calotropin from the latex of C. gigantea has been studied in silico for molecular docking with 
Mpro COVID-19 protein using PatchDock tool (Sharma and Kaur 2020). It was found that hydro-
phobic interactions can form Mpro and calotropin complex with docking score of −253.66. In 
this study, 3D (dimensional) structure of calotropin was docked against receptor structure of 
main protease Mpro or 3C like protease (3CLpro). Calotropin was first screened as a potential 
ligand using Lipinski’s rule of five. In docking studies, binding pocket S1 of Mpro was found to 
be the best docking site which involved two hydrophobic interactions and hydrogen bonding in 
complex formation. Though the study was completely based on computational techniques and 
no wet-lab data for validation were available, it presented the potential of calotropin as a potent 
drug candidate (Sharma and Kaur 2020). In another study, Dutta et al. (2021) analyzed 30 out of 
74 phytoconstituents extracted in methanol from C. gigantea for the inhibition of main protease 
by targeting Mpro/3CLpro. Among the studied compounds, juniper camphor showed the most sig-
nificant interaction. Furthermore, it exhibited the likelihood of both interactions, i.e., hydrogen 
bonding and hydrophobic interactions.

13.5.2 aNTicaNcer aND cyToToxic properTies

Several phytochemicals from C. gigantea have been studied for their cytotoxic effect on human 
pancreatic cancer cell line PANC-1 (Nguyen et al. 2017). In normoglycemic condition, growth of 
PANC-1 cancer cell line was significantly inhibited by a new lignan named 9′-methoxypinoresinol 
with IC50 value 3.7 μM. Winitchaikul et al. (2021) investigated the extract from stem bark of C. 
gigantea against HCT116 and HT-29 cell lines so as to explore anti-colorectal cancer activity. The 
highest potency was exhibited by dichloromethane extract of stem bark as compared to ethyl acetate 
and water fractions. Moreover, when used along with 5-fluorouracil, this crude extract expressed 
enhanced apoptosis of cancer cells through mitochondria-dependent pathway while simultaneously 
having minimal toxic effects on healthy cells (Winitchaikul et al. 2021).

Cardenolides or cardiac glycosides from this plant have shown to exert anticancer effect by 
inhibiting transcriptional activity of hypoxia inducible factor-1 (HIF-1) (Zheng et al. 2021). Based 
on their chemical structure, two types of cardiac glycosides are found in C. gigantea which 
include single linkage or classical (e.g. digoxin) and double linkage or non-classical (e.g. 19-dihy-
drocalotoxin) cardiac glycosides. The main difference lies in the chemical linkage between the 
aglycone and glycosyl moieties (Zheng et al. 2021). However, both types of cardenolides have 
been reported to exhibit the inhibitory effect on HIF-1 transcriptional activity with a few show-
ing cytotoxicity to multiple cancer cell lines. MCF-7 cell lines causing breast cancer in humans 
underwent apoptosis when treated with methanolic extract of stems and leaves of C. gigantea. A 
dose of 40 caused apoptosis in 56.9% of cell population which was confirmed by analyzing DNA 
fragmentation and expression of pro-apoptotic genes by PCR (Kharat and Kharat 2019). Some 
of the cancer cell lines which have shown growth inhibition and suppression by C. gigantea are 
shown in Table 13.2.
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13.5.3 aNTiMicroBial acTiviTy

Different parts of C. gigantea have been explored for activity against several genera of bacteria and 
fungi. Strong antimicrobial activity has been exhibited by methanolic extract of leaves containing 
amines, ketones, alcohols, and aldehydes (Sachin et al. 2018; Singh and Javed 2015). Antibacterial 
activity was exhibited by extract from leaves of this plant (Kumar et al. 2010; Suchita et al. 2014) 
along with antifungal activity for different clinical strains of Candida sp., namely Candida albi-
cans, Candida krusei, Candida tropicalis, and Candida parapsilosis (Senthil Kumar et al. 2012).

Alam et al. (2008) reported antibacterial activity of root bark extract of C. gigantea against 
Shigella sonnei, Bacillus subtilis, Bacillus megaterium, Sarcina lutea, Pseudomonas aeruginosa, and 
Escherichia coli. Kumar et al. (2010) explored aqueous extract of leaves for the inhibitory effect on 
growth of six clinical bacterial strains against positive control of 10 µg/disc three antibiotics. Zone of 
inhibition by aqueous leaf extract was higher than positive control of respective antibiotic for E. coli, P. 
aeruginosa, and Bacillus cereus. Though lesser than positive control, Micrococcus luteus, Klebsiella 
pneumoniae, and Staphylococcus aureus also showed inhibition by aqueous leaf extract of the plant.

TABLE 13.2
Anticancer Properties of Different Parts of calotropis gigantea

Part of 
the Plant Extract Compound Cell Line Reference

Root Ethyl alcohol Calotropone Human gastric cancer Wang et al. (2008)
SGC-7901 cell lines and 
Chronic myelogenous 
leukemia K562

Ethyl acetate Calotroposid A WiDr colon cancer cells Mutiah et al. (2017)

Chloroform Caloside G PANC-1 human pancreatic and Nguyen et al. 
HeLa human cervical (2021)
carcinoma cell lines

Root bark Methanol and its Extract Ehrlich ascites carcinoma Habib (2011)
chloroform-
soluble fraction

Ethyl alcohol and Cardenolides Human A549 and Hela cell You et al. (2013)
water lines

Leaves and Methanol Cardenolides Human breast carcinoma cell Kharat and Kharat 
stems line (MCF-7 cells) (2019)

Leaves Hexane, Cardenolides MCF-7 cancer cells, NCL-H18 Seeka and 
Dichloromethane, lung cancer cell, and KB skin Sutthivaiyakit 
and Methanol cancer cell (2010)

Dichloromethane HeLa cell, MCF-7 cancer cell, Wong et al. (2011)
HT-29 cancer cell, 
MDA-MB-231 cancer cell, 
SKOV-3 cancer cell, and 
Hep-G2 cancer cells

Ethyl acetate Lignan Pancreatic cancer cell line Nguyen et al. 
(9′-methoxypinoresinol) PANC-1 (2017)

Methanol Alkaloids, terpenoids, HeLa, MCF7, and A549 cell Damodaran et al. 
and flavonoids lines (2019)

Flower Ethyl acetate Anhydrosophoradiol-3- Ehrlich ascites carcinoma Habib and Karim 
acetate (A3A) (2013)

— — Calotropin Nonsmall cell lung cancer Tian et al. (2018)
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Antifungal activity of concoctions constituting aerial parts of C. gigantea has been demon-
strated in a study by Usha et al. (2009). Concoctions contained two more plants namely Datura 
stramonium and Azadirachta indica. The study was conducted to observe the antifungal activity 
against Fusarium mangiferae which causes floral malfunctioning in mango (Mangifera indica). It 
was observed that the malfunctioning was controlled due to suppression of fungus and not by its 
complete elimination (Usha et al. 2009). Other fungi shown to be susceptible against C. gigantea 
include Phyllactinia corylea, Peridiopsora mori, Pseudocercospora mori, Myrothecium roridum, 
Colletotrichum graminicola, Drechslera sorokiniana, Fusarium solani, Macrophomina phaseo-
lina, and Phomopsis sojae (Al Sulaibi et al. 2020). The studies related to antimicrobial potential of 
the plant confirm the bactericidal and fungicidal activities for a vast range of pathogens.

13.5.4 WouND healiNg aND procoagulaNT properTies

Wound healing is a multi-step process involving several cells, proteins, matrix, etc. to interact in a 
defined manner. Tissue regeneration occurs at the final stage after hemostasis, inflammation, and 
proliferation. Even these processes also include several steps which require different signal mol-
ecules, growth factors, and cell interactions. Ali-Seyed and Ayesha (2020) reviewed wound heal-
ing potential of C. gigantea and C. procera. Different model studies using phytoconstituents from 
Calotropis established their role in healing process of different kinds of wounds including chronic 
ones (Ali-Seyed and Ayesha 2020). Latex of C. gigantea has been a source of proteolytic enzymes 
with several potential applications.

Some of the studies related to wound healing (Ashwani 1999) and procoagulant properties 
(Rajesh et al. 2005) of crude enzymes extract from latex have been carried out. The enzymes hydro-
lyzed casein, crude fibrin clot, and fibrinogen but were inhibited by indole acetic acid (IAA) indi-
cating that they were cysteine proteases (Ashwani 1999; Rajesh et al. 2005). Furthermore, higher 
concentration of crude latex extract containing cysteine proteases induced hemorrhage at the site 
of administration. Clot dissolution, a pre-requisite in early coagulation mechanism of wound heal-
ing, was the highest in case of treatment with crude latex extract as compared to papain and trypsin 
(Rajesh et al. 2005). Excision model study of ethanol extract of root bark showed enhanced wound 
contraction and reduced fibrosis (Deshmukh et al. 2009). Topical use of extract in an ointment base 
to albino rat was found to exhibit superior healing efficiency (Samy and Chow 2012). Several studies 
related to wound healing have been extensively reviewed and cited (Ali-Seyed and Ayesha 2020).

13.5.5 aNThelMiNTic aND NeMaTociDal acTiviTies

Ethnomedical use of phytoconstituents of C. gigantea has also been explored for deworming. 
Anthelmintic activity of alcoholic and aqueous extracts of roots was investigated against earth-
worm, i.e., Pheretima posthuma, and compared with albendazole (Argal and Sachan 2009). It was 
found that 100 mg/mL dose of root extract produced almost the same effect as of 80 mg/mL alben-
dazole that caused paralysis and death. De et al. (2019) compared different doses of methanolic 
and aqueous extracts of leaves of C. gigantea with albendazole and carboxyl methyl cellulose as 
control. It was found that both aqueous and methanolic leaf extract at 100 mg/mL dose caused early 
paralysis and death in P. posthuma as compared to 20 mg/mL dose of albendazole. Latex of this 
shrub has also shown nematocidal activity against Heterodera cajani (cowpea cyst nematode) and 
Meloidogyne incognita (cotton root-knot nematode; Devi and Gupta 2000).

13.5.6 aNTi-Tussive aND aNTi-asThMaTic properTies

Different parts of C. gigantea have been used to extract phytoconstituents of potential therapeutic 
use. Jaliwala et al. (2011) studied anti-tussive, expectorant, and anti-asthmatic effects of aqueous 
and ethanol extract of its flowers. Anti-tussive properties of aqueous extract at doses of 200 and 
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500 mg/kg were investigated for induced coughing in guinea pigs and mice. Aqueous extract 
at dose of 500 mg/kg body weight exhibited significant anti-tussive property against coughing 
induced by ammonia and sulfur dioxide in mice and citric acid in guinea pig. For detection of 
anti-asthmatic activity of the extract, 2 mL of histamine (0.1%) and acetylcholine chloride (2%) 
in 50% ratio was sprayed for inhalation by guinea pigs. Frequency of delitescence of symptoms 
like convulsions and tumbling was significantly impacted by administration of aqueous extract. 
Results showed around 20% increase in delitescence of symptoms indicating anti-asthmatic 
effect of the extract (Jaliwala et al. 2011). Bairagi et al. (2021) have also mentioned anti-tussive 
properties of the leaf extract due to the presence of bioactive compounds.

13.5.7 seDaTive, aNTi-DepressaNT, aND aNxiolyTic acTiviTies

With a large variety of phytoconstituents, C. gigantea has many therapeutic uses to offer. Aqueous 
leaf extract of the plant when administered to rats at dose of 20 mL/kg body weight showed anti-
depressant activity (Rani et al. 2020). In another study on Swiss mice, ethanolic extract of C. gigan-
tea induced sleep. Sedative and anxiolytic properties were confirmed by Hole cross test, Open field 
test, and Elevated plus maze (EPM) test (Khan et al. 2014).

In addition to this, C. gigantea has been found to be useful in causing vasodilation and hair 
growth (Mushir et al. 2016). Several therapeutic applications and studies related to them have been 
reviewed and cited by Bairagi et al. (2018). Some other pharmacological studies and therapeutic 
uses of C. gigantea are listed in Table 13.3.

13.6 TOXIC RESPONSE

There have been numerous studies on the therapeutic uses of C. gigantea, but the dose higher than 
the recommended dose or inappropriate administration can lead to severe toxicity. Nausea, vomiting, 
and diarrhea are some common symptoms of low dose toxicity, while higher dose can cause burning 
micturition, headache, and intestine weakness (Mushir et al. 2016). Pregnant women may suffer with 
certain issues leading to abortion, lungs and liver ailments (Mushir et al. 2016). Some of the constitu-
ents present in different parts of Calotropis are reported to be toxic. These toxic compounds are calo-
toxin, uscharin, calotropin, calotropage, etc. which make all parts of the plant toxic (Iyadurai et al. 
2020). Even latex has also been found to contain such compounds which can induce toxic response. A 
case study reported cardiac toxicity in a patient due to oral ingestion of latex of C. gigantea (Iyadurai 
et al. 2020). It was administered initially to the subject by traditional medical practitioner for the 
treatment of envenomation by snake bite. It might be believed that latex of Calotropis can treat snake 
envenomation since it possesses a snake-repellent odor and used by snake charmers to repel snakes.

C. gigantea though has been used as a medicinal plant, the toxic aspect of its phytoconstituents 
cannot be ignored. Ingestion of latex caused severe burning and irritation in throat of the sub-
ject instantly. With the time, the subject developed cardiovascular failure and treated for severe 
C. gigantea poisoning (Iyadurai et al. 2020). Mechanism of Calotropis-induced cardiac toxicity 
involved Na+/K+ ATPase pump which was inhibited by cardenolides such as calotropin. Insects 
like monarch caterpillars which exclusively feed on its leaves have developed resistance toward 
cardenolides by possessing antisensitive Na+/K+ ATPase pump (Iyadurai et al. 2020).

Cytotoxicity study of C. procera on animals has revealed symptoms like arrhythmias and tachy-
cardia in sheep within 4 hours of leaves ingestion (de Lima et al. 2011). Similar effect was found with 
C. gigantea for developing cardiogenic shock in the subject (Iyadurai et al. 2020). There is scanty of 
literature found on toxicity study of C. gigantea in contrast to its closest congeneric plant C. procera 
since the latter being more toxic. Nevertheless, the effects caused by C. procera can be related to C. 
gigantea for sharing a large profile of their constituents. Reddy (2019) observed that the most com-
mon symptom of oral ingestion of latex of C. procera at lower dose was abdominal pain. Higher dose 
of leaf extract and latex caused throat burning, stomach irritation, vertigo, diarrhea, and convulsions.
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13.7 TRADITIONAL AND OTHER POTENTIAL USES

Potential uses of C. gigantea have been explored since ancient times. Traditionally, different parts 
of the plant were used in folk medicines. In India and some other parts of the world, this plant has 
been used as traditional medicine for the treatment of various ailments including fever, muscular 
spasm, rheumatism, dysentery, and asthma and as an expectorant (Chaudhuri and Malodia 2017). 
In combination with other plants, C. gigantea has been traditionally used for wound healing (Ali-
Seyed and Ayesha 2020).

In Ayurveda, a formulation Loha rasayanam contains C. gigantea root bark as one of the ingre-
dients and is used as antioxidant and anti-aging agent (Shree Nagindas Chaganlal Shah Rasavaidya 
1921; Kadiyala et al. 2013). Unani traditional medicine Jauhar-e-kafoor contain latex of the plant 
and is used to treat piles, hemorrhoids and anorectal mass (Kadiyala et al. 2013). The plant has 
been mentioned in several books in Unani system which includes Kitabul-Hashaish and Makhzan-
al-Advia (Dioscorides 78 AD; Najmul Ghani 1902 AD; Mushir et al. 2016). Ethnomedical uses of 
root of C. gigantea in Unani system have been found as astringent, tonic, expectorant, diaphoretic, 
anthelmintic, anti-inflammatory, sedative, wound healer, antidote, and digestive. In addition to other 
constituents, root bark has been found effective in ailments like diarrhea, epilepsy, amenorrhea, 
cholera, dysentery, toothache, elephantiasis, and fever (Najmul Ghani 1902 AD; Mushir et al. 2016).

TABLE 13.3
Therapeutic Uses of Different Parts of calotropis gigantea

Part of the Therapeutic 
Plant Solvent Use Test Method Reference

Root Methanol Antioxidant 2, 2-Diphenyl-1- Elakkiya and 
activity picrylhydrazyl and Prasanna (2012)

florescence recovery after 
photobleaching method

Root bark Aqueous Antidiarrheal Charcoal-induced gut Ali et al. (2010)
activity motility

Aerial parts Water:ethanol (50:50) Antidiarrheal Castor oil-induced diarrhea Chitme et al. 
activity by enteropooling method (2004)

Latex and Ethanol Antiviral Cytopathic effect (CPE) Parhira et al. 
fruits inhibition assay (2014)

Fresh leaves Molluscicidal Lobo and Llagas 
activity (1991)

Leaves Successive extraction: Anti- Albumin denaturation Vijay et al. (2010)
Petroleum ether, chloroform, inflammatory technique
ethyl acetate, n-butanol, activity
ethanol, and distilled water

Methanol and chloroform Hepatoprotective Acetaminophen-induced Usmani and 
activity hepatotoxicity models Kushwaha (2010)

Leaf, Chloroform Hypoglycemic Streptozotocin-induced Rathod et al. 
Flower activity diabetic rats (2011)

Aqueous Ovicidal activity Inhibition of egg hatchability Prabhu et al. 
of Helicoverpa armigera (2012)

Flower Alcohol Analgesic Writhing test, Hot plate Pathak and Argal 
activity method (2007)

Whole plant Methanol Antivenom and In vivo neutralization of Chacko et al. 
antinecrotic Vipera russelli venom in (2012)
activity mice, in vitro studies
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In Siddha system, many formulations contain C. gigantea and parts thereof to treat different 
ailments. These medicines include Moolathirkku pugai, Muzhangal Vathathirku Poochu, Sannikku 
Pottanam, Thiriloga Centuram, Abraha Parpam, and Chukku Thailam (Kadiyala et al. 2013; TKDL 
2022). Diseases such as vata, ozaena, sinusitis, headache, cough, bronchitis, leprosy, colic disease, 
gonorrhea, dysuria, sannipataja, ama, hernia, tuberculosis, phthisis, diarrhea, osteoarthritis of knee 
joint are known to be treated with Siddha medicines. Furthermore, it has been found that adminis-
tration of same medicine with different routes produces different pharmacological effects (Kadiyala 
et al. 2013). Homeopathic treatment also utilizes this plant for curing different ailments (Bhardwaj 
and Misra 2018). In Materia Medica, its uses have been mentioned to treat elephantiasis, toothache, 
purging, and vomiting (Bhardwaj and Misra 2018; Gautam and Bhadauria 2009).

Besides, C. gigantea is commercially called as bowstring of India as it provides a durable fiber 
used for making carpets, ropes, sewing thread, and fishing nets (Oudhia 2001). Seeds provide floss 
which is utilized as stuffing material. Extracts obtained from different parts of plant can alter the 
productivity of several agricultural crops by impacting their process of germination and seedling 
vigor. Moisture binding capacity and soil nutrients also improve if the plant is used as green manure 
(Chaudhuri and Malodia 2017). Some of the other potential applications are as follows.

13.7.1 NaNoparTicle syNThesis

Nanoparticles have been widely used nowadays for various high end applications (Jin-Chul et al. 
2021; Siddiqi and Husen 2021; Husen 2022; Taghiyari et al., 2022; Husen and Siddiqi 2022). These 
are nano-range particles with at least one dimension in 1–100 nm. These particles exhibit character-
istics different than their bulk material which can be exploited in different industries and sectors. 
Recently, Chaudhuri and Malodia (2017) synthesized zinc oxide (ZnO) nanoparticles from leaf 
extract of C. gigantea. Earlier, Vidya et al. (2013) used ZnNO3 (zinc nitrate) for production of ZnO 
nanoparticles (30–35 nm) from leaf extract of C. gigantea. Green-synthesized nanoparticles have 
found applications such as nanofertilizers, nanonutrients, and nanopesticides to increase agricul-
tural crop productivity (Chaudhuri and Malodia 2017). To cite a few, nanoparticles have been used 
in drug delivery and in manufacturing materials for different industries such as pharmaceuticals, 
micro-electronics, aerospace, and energy generation (Khan et al. 2019).

13.7.2 Biofuel geNeraTioN

Owing to relatively high oil content present in the seeds, C. gigantea is also studied as a potential source 
for biodiesel production (Phoo et al. 2014). Since the seeds also contain cardenolides which are toxic for 
many vertebrates, seed oil is considered to be inedible. This brings to C. gigantea the benefit of being 
a non-competitor to food supply and hence a sustainable source. Studies by Sundar Rao et al. (1983) 
showed that seeds of this plant contain 30.8% oil content by weight. Phoo et al. (2014) also confirmed the 
high oil content in the seeds which was found to be 33.3%. The major constituents that its seeds contain 
by weight were 36.3% linoleic acid followed by 30.3% oleic acid, 15.5% palmitic acid, and 10.5% stearic 
acid. Minor constituents were found to be 0.8% asclepic acid, 0.8% linolenic acid, 0.6% arachidic acid, 
0.4% lignoceric acid, 0.3% palmitoleic acid, and 0.1% behenic acid (Phoo et al. 2014).

For biogas production, co-digestion of mixture of fresh and chopped leaves of C. gigantea with 
buffalo dung was studied (Shilpkar et al. 2007). A significant increase of 109.8% in biogas produc-
tion was observed along with higher CO2 content and fertilizer value (Shilpkar et al. 2007). Phoo et 
al. (2014) extracted the oil from C. gigantea seeds and produced biodiesel by alkali-catalyzed trans-
esterification of free fatty acids (27.5%). All fuel properties except oxidation stability were found 
to conform four main standards, i.e., European Standard EN 14214, Philippine National Standard 
PNS2020:2003, American Society for Testing Materials ASTM D6751, and Japanese Automotive 
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Standards Organization JASO M360 (Al Sulaibi et al. 2020; Phoo et al. 2014). This indicated that 
biodiesel generated from seeds of C. gigantea is suitable for tropical countries so as to avoid poor 
cold flow properties (Phoo et al. 2014).

13.7.3 fiBer source

Calotropis has been stated as a sustainable source of fiber for use as an adsorbent and building 
material. Hydrophobic and water-resistant properties of its fibers make them a potential adsorbent 
for oil and other hydrocarbons. Besides, the wood can be used for making roof-tops and in paper-
making (Al Sulaibi et al. 2020). Since the cultivation of this plant does not require fertile land or 
special care, it can provide a sustainable alternate to fiber source.

13.7.4 reclaMaTioN of BarreN laND

This plant can grow in xeric conditions and abandoned wastelands where nothing else would grow 
without adequate culture and irrigation. This makes it a suitable choice for reclaiming drifting sands 
and bringing abandoned lands under tillage. Even the leaves can be used to increase the organic 
matter of poor and sandy soils by mulching and green manuring. It can also be used as soil binder 
or a hedge to protect the soil from eroding (PFAF 2022).

13.7.5 esTheTic aND orNaMeNTal value

Flowers of C. gigantea are crown shaped, white or lavender, and beautiful which is also 
reflected in the name of the plant, i.e., Calotropis. The shrub has a religious significance in 
India and the flowers are generally offered in temples. Moreover, the flowers have long shelf 
life for which they have gained ornamental value and used in floral decoration (Khosravi 
and Kumar 2021). In India, C. gigantea is commonly grown outside the Shiv temples for its 
esthetic value.

13.8 CONCLUSION AND FUTURE REMARKS

The genus Calotropis is mainly recognized by the presence of its milky latex which contains a wide 
variety of bioactive compounds. Being used traditionally by Ayurveda, Siddha, and Unani systems 
since ancient times, C. gigantea is gaining interest in Allopathy as well. The therapeutic uses of this 
plant and its various parts have been explored in the treatment of several types of cancers and other 
ailments. Recently, molecular docking studies have found the constituents of this plant to be poten-
tial drug against COVID-19. But the therapeutic use of this medicinal plant has to be cautiously 
undertaken as the cardenolides present in it have shown to cause toxicity in many living forms 
including vertebrates. Non-therapeutic applications, however, have also been studied which indicate 
that it can be potentially used for nanoparticle synthesis, biofuel generation and alternate source of 
fiber for construction, papermaking, etc. Further exploration in therapeutics and non-therapeutics is 
expected to add on to the potential of this underutilized weed.

NOTES

Prabhjot Kaur, CSIR-Research Associate, Department of Biotechnology, Kurukshetra University, 
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Colchicum autumnale 
(Naked Ladies)

Neha Sharma and Riddhima Singh

14.1 INTRODUCTION

Colchicum autumnale is a perennial hysteranthous geophyte commonly called as the naked lady, 
autumn crocus, and white saffron belonging to the family Colchicaceae that includes the genus 
Colchicum L., which was previously placed in the Liliaceae s.l. Colchicaceae family members. 
It originally comes from Colchis or Colchis, a historic Georgian state and kingdom on the Black 
Sea’s eastern shore, where flora were abundant (Imazio et al. 2009). The genus Colchicum (which 
includes Merendera Ramond and Bulbocodium) has 99 species, according to a recent overview 
(Persson 2007). The majority of these are restricted to tiny locations, mostly in the north. Western 
Asia connects Africa, southern Europe, and the Middle East to the Central Asian boundaries. 
Colchium autumnale is one of the few remaining species that can be found in the northern hemi-
sphere, for example, in Europe and the United Kingdom (Persson 1993). While Stefanoff (1926) 
classified Colchium alpinum DC as a separate subgenus (Archicolchicum), Bowles (1952) identified 
it as one of C. autumnale’s closest relatives, alongside Colchium neapolitanum Ten. and Colchium 
corsicum Baker. C. autumnale is closely related to the Iberian Colchicum multiflorum Brot. In the 
Indian market, there are two types: one that is sweet and the other that is bitter. Colchicum luteum, 
also known as Suranjan Talkh, is a bitter type of Colchicum and Shirin Suranja. Its corms have a 
reticulated look, have a bitter taste, and are smaller in size. Many attempts have been made to intro-
duce C. autumnale into India, but with little success. Though C. autumnale does not grow in India, 
it can be substituted with Baker’s C. luteum that is available (Chopra et al. 1958).

C. autumnale contains the alkaloid colchicine, which inhibits mitosis and so prevents cell divi-
sion. Gout, rheumatism, arthritis, dropsy, gonorrhoea, and an enlarged prostate were all treated with 
corm and seeds by the ancient Greeks and Romans. Corms are toxic and dangerous, according to 
Dioscorides and Galen, because they taste good and make you want to eat more; the leaves, corm, 
and seeds are all poisonous. It was used in Babylonia to treat swelling poison in the limbs, scorpion 
stings, head and eye illnesses, and breast pain. Throughout history, the plant has been referred to as 
ephemera, Hermes’ finger, pater noster, and tue-chiens. Modern phytonyms refer to the fabled land 
of Colchis, which is located near Armenia. According to Byzantine historians, Jacob Psychristus, 
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a fifth-century physician, was the first to use C. autumnale in the treatment of gout. The disease 
(podagra) was widespread at the period, with the major causes being excessive consumption of alco-
holic beverages and food. It was dubbed as the “disease of kings” by Hippocrates in the fifth century 
BC, who named it “the unwalkable disease.”

14.2 BOTANICAL DESCRIPTION

C. autumnale (Figure 14.1) is a geophyte with a 3.5–7.0 cm diameter corm that is irregularly shaped 
on one side and convex on the other (Heimann-Winawer 1919). At the bottom, the flattened beak-
shaped feature on the corm side is more or less noticeable. Jaehn et al. (1985) named it protuberance. 
The prophyll develops as a leaf primordium and is only detectable at an early stage of development. 
Other authors, such as Irmisch (1850) and Kirchner et al. (1934), missed the prophyll and mistook 
the protuberance of the daughter corm for an extension of the mother corm. The internode between 
the prophyll and the first sheath leaf is compacted and acts as a place for the roots to be inserted. 
Two separate root types distinguish C. autumnale’s unbranched root system. Plants of all ages can 
have either type of root. Spring root formation, on the other hand, is dependent on corm depth in 
the soil and does not occur in corms that reach a depth of 15–20 cm (Rimbach 1897; Franková et al. 
2004). Spring roots have a tetrarch or pentarch structure, with a vascular bundle that is more than 
twice the diameter of September roots (Rimbach 1897). Although no contraction can be seen, slight 
undulation of the endodermis in the enlarged basal region indicates a contractile activity (Rimbach 
1897). Two different sheath leaves formed along the basal section of the innovation branch of C. 
autumnale were described for the first time by Irmisch (1850). The initial leaf, also known as the 
ephemeral sheath leaf, is 1 cm long and fleshy. It resembles an extended hood and is made up of a 
thin white membrane with no vascular bundles (Irmisch 1850; Heimann-Winawer 1919; Wehsarg 
1929). The first leaf splits open at the abaxial side of the top as the shoot elongates, indicating an 
addorsed position like a prophyll (Irmisch 1850; Jaehn et al. 1985). The whitish second sheath leaf 
has a green upper brim, is about ten times longer than the first, and ends in a little tip (Irmisch 1850). 
The leaves that form a lamina after the second sheath leaf are the green, photosynthetically active 
leaves. The second foliar leaf’s insertion line is bent down in the median position. As a result, the 
reserve bud is somewhat below the general insertion line of the adjacent second foliar leaf. While 
the sheath leaves and the first foliar leaf are distichous, the second and subsequent foliar leaves adopt 
an alternative phyllotaxis with a divergence angle of 140°–150° (Irmisch 1850; Wehsarg 1929).

FIGURE 14.1 Colchicum autumnale.
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Flowers are placed throughout the upper portion of the annual stem in an umbel-like (Schumann 
1895; Wehsarg 1929) thick raceme (Persson 1993). Additional flowers emerge from the axils of 
the following plants. Scales, rather than foliar leaves, are the most common type of leaf (Wehsarg 
1929). Six connate petaloid tepals form a narrow 20–35 cm long tube, and six thin tepal lobes with 
rounded tips make up the perianth. Tepal colour changes from white to light-purple or purple when 
floral tissue is exposed to sunshine (Wehsarg 1929). Tepal lobes can grow to be 40–50 mm long 
(Heimann-Winawer 1919). Flowers are hypogynous, with ovaries located just above the new corm, 
underground. Three connate carpels create one ovary, each with its own loculus and axillary pla-
centation. The ovary matures into a 2–7.5 cm long and 1–2.5 cm wide beaked oval capsule (Muntean 
et al. 1979), subdivided into three septa. Seeds are roundish, brown, and have a huge white prolif-
eration between micropyle and chalaza on one side of the seed. The endotesta is made up of two 
layers of cutinized cells that contain brown pigment, oil, and aleurone grains (Heimann-Winawer 
1919). The exotesta is made up of two to three layers of thin-walled parenchymatic cells with starch 
granules, as well as one layer of epidermal cells (Heimann-Winawer 1919).

14.3 DISTRIBUTION

C. autumnale is essentially a Middle European species. Its native distribution stretches from Ireland 
and Northern England in the Northwest region over North of France, South of Belgium, and Central 
Germany to Southern Poland in the Northeast. Thereafter, it extends southwards over westernmost 
Ukraine and the Romanian Carpathians to Southeast Bulgaria. The southern distribution limit of 
the plant expands from Northern Greece and Southern Albania over the Northern Apennines in 
Italy to the Eastern Pyrenees, the Asturias, and the Sierra de Gredos in Spain, where the species 
apparently has its southwestern most occurrences (Akhtar and Siddiqui 2018).

C. autumnale’s distribution range corresponds to ranges of the submediterranean/montane-mid-
dle European distribution range type 8 (Meusel et al. 1965). This particular range type consists 
mainly species of the temperate deciduous forest flora. The range of C. autumnale can be regarded 
as an anthropogenic extended representative, within the Hippocrepis-comosa-subtype 8.9.

However, there are certain limits to the distribution of C. autumnale. Within the continuous 
continental European distribution range, C. autumnale is missing to a great degree in a large gap 
in the Great Hungarian Plain, where precipitation is low and soils are partly salinized. Another 
distribution gap is located in the Bavarian/Bohemian Forest region of the Czech Republic, Austria 
and Germany, and in the Eastern Central Alps between the Ötztaler Alps and the Lower Tauern 
(Hendrych and Danilevsk 1985; Chytrý and Rafajová 2003; Niklfeld and Schratt-Ehrendorfer 1967; 
BIB 2010). A smaller gap is located in Central France in the Sologne (Dept. Loir-et-Cher, Arrond. 
Romorentin-Lantenay) due to the dominant occurrence of infertile, acidic soils in these regions, as 
C. autumnale prefers base rich, fertile soils (Butcher 1954; Oberdorfer 1994).

The species is popular in gardens and becomes naturalized when planted or discarded into suit-
able habitats, hence the naturalized occurrences are to be found along the northern distribution 
limit reaching from Inverness in Scotland and a single naturalized occurrence from the Shetlands 
(BSBI 2010), to coastal Norway (max. 62°N), the Uppsala region in Sweden (60°N), and Southwest 
Finland (Åland/Ahvenanmaa). From what has been noted, it is inferred that the frequency and 
abundance of C. autumnale in the northern lowland regions and at the southern distribution limit is 
lower than in central parts of its distribution area (D’Amato 1955; Pignatti 1982; Oberdorfer 1994).

It is also found growing on grassy slopes in the temperate regions like Himalayas, Afghanistan, 
and Turkestan.

It grows in wet meadows, woodland, clearings, and shady rocky habitats on non-calcareous 
substrates, and it may be found up to an altitude of 2,000 m (Thakur et al. 2021). Also, the local 
abundance of C. autumnale is determined by several elements such as type of grassland manage-
ment (Winter and Kriechbaum 2009, stand height (Smith 2004), and location within the distribution 
area (Hengeveld and Haeck 1982). Its average cover percentages generally range from 1% to 5%, but 
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it can also reach 6%–25% (Bassler et al. 1998). In moist meadows, the species can cover up to 50% 
of the total vegetation (Stebler and Schröter 1892; Braungart 1899). And in grasslands in England, 
C. autumnale is usually abundant or sub-dominant but never forms closed stands (Butcher 1954).

14.4 PHYTOCHEMICAL CONSTITUENTS

The major chemical constituents present in the C. autumnale plant are colchicine, colchicoside, and 
3-Demethylcolchicine (Poutaraud and Girardin 2002; Ellington et al. 2003). Colchicine, the primary 
alkaloid of the plant, is an amorphous, yellow white alkaloid that dissolves rapidly in water, alcohol, 
or chloroform. It has been utilized in the treatment of gout (Rueffer and Zenk 1998) and has been 
investigated in many other conditions, including familial Mediterranean fever (FMF), cirrhosis and 
Sweet’s syndrome, asthma, liver fibrosis, pericarditis with infusion, and Behcet’s disease. Recently, 
allocolchicines (i.e., derivatives of colchicine) and other analogues have reported some intriguing 
effects in cancer cells. This is largely due to allocolchicine’s ability to halt mitosis by inhibiting 
tubulin polymerization into microtubules hindering the progress of cells through the cell cycle and 
leading to the induction of apoptosis. This suppression of microtubule formation is especially useful 
in cancer cells that proliferate rapidly and uncontrollably (Larocque et al. 2014; Gründemann et al. 
2015). The other alkaloids present in C. autumnale are cornigerine, 2- and 3-Demethyl-N-Deacetyl-
N-Formylcolchicine, 2- and 3-Demethyldemecolcine, and 2-Demethylcolchifoline. Without the tro-
polone ring, no alkaloids are discovered in the plant (Suhail et al. 2017).

Phytochemical analysis of hydroalcoholic extract of C. autumnale flower and root showed the 
presence of flavonoids, tannins, terpenoids, and polyphenols, while carbohydrate and protein were 
absent (Suica-Bunghez et al. 2017).

A study reported the presence of six chemical constituents in the flowers of C. autumnale which 
was introduced from Europe to China, i.e., colchicine, 2-Demethyl colchicine, 2-Demethyl col-
chicine, 2-Demethyl β-Lumicolchicine, 2-Demethyl demecolcine, and β-Lumicolchicine. It is also 
reported in the study that the content of colchicine was low, while the content of 2-Demethyl colchi-
cine was high in the flowers of C. autumnale (Hongping et al. 1999).

14.5  PHARMACOLOGICAL AND THERAPEUTIC 
ACTIVITIES OF coLcHicUM AUtUMnALe

Colchicum species, which have been widely used as a remedy for many years, are still useful in 
practice. According to numerous studies, this plant is also cultivated for use in the pharmaceutical 
industry. C. autumnale has been reported to be beneficial in all three types of arthritis: rheuma-
toid, osteoarthritis, and gouty arthritis. It has anti-inflammatory and anti-arthritic activity in all 
three forms of arthritis, which is comparable to the potent conventional anti-inflammatory drug 
Diclofenac sodium (Viquar et al. 2012). Colchicum species contains tropolone alkaloid which is 
used to treat FMF, gout, amyloidosis, cirrhosis, Behcet’s illness, psoriasis, Hodgkin lymphoma, 
myeloid leukaemia, and skin malignancies. A group of pharma professors from Istanbul University, 
Turkey, is still working on species studies using Colchicum. The primary goal of colchicine synthe-
sis and isolation research is to discover compounds that have similar properties but are less harm-
ful. There is a lot of literature about synthesis methods, but none about colchicine. Because of their 
complicated method, they are cost effective.

The antioxidant activity of ethanolic extract and chloroform extract of C. autumnale corms was 
reported by Ahmad et al. (2010). Colchicum showed promising antioxidant properties phytochemi-
cally. The maximum activity, 91%, was discovered in the chloroform fraction, while the total range was 
56%–91%. The enzymes acetylcholinesterase (AChE), butyrylcholinesterase (BChE), lipoxygenase, 
and urease were evaluated against the crude methanolic extract and several fractions of Colchicum 
species, including chloroform, ethyl acetate, n-Butanol, and aqueous. The crude methanolic extract 
of the species had considerable enzyme inhibitory activity against lipoxygenase, Colchicum BChE, 
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and AChE, but no activity was observed against urease (Lin et al. 2020). Lin et al. (2020) investi-
gated on colchicine’s anticancer efficacy in gastric carcinoma (GC) cells. Colchicine reduces the 
growth of gastric cell lines (AGS and NCI-N87 cells) in a dose-dependent manner. Furthermore, the 
in vivo study revealed that colchicine treatment inhibits tumour growth in nude mice.

Using ELISA, Sevim et al. (2010) found that methanol extract of seeds and corms of species 
had anti-activity Alzheimer’s against Colchicum AChE and BChE. Colchicine was found to have 
anti-Alzheimer activity in 20 patients by Aisen et al (2001). For 11 weeks, these patients were given 
hydroxychloroquine 200 mg twice daily, or hydroxychloroquine 200 mg twice daily plus colchicine 
0.6 mg twice daily. These regimens show anti-Alzheimer action with no side effects, according to 
the findings. Furthermore, the antioxidant activity of extracts was tested for their scavenging activity 
using a 2,000 g/mL-1 concentration of 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) by Sevim et al. (2010). 
The methanol extract has significantly higher antioxidant activity than the other extracts. Colchicine 
was approved for gout treatment in 1987 after a double-blind placebo-controlled research. Patients 
with chronic arthritis gout pain were studied. The patients were divided into two groups, one of 
which was received 0.6 mg of colchicine twice a day and another group was administered placebo for 
3 months in a randomized double-blind research. In the first group, there was a considerable reduction 
in acute gout crisis. While 59 attacks were observed in 9 patientson placebo treatment, only 2 patients 
with 5 attacks observed in colchicine-treated patients. The constant treatment with colchicine was 
found to be more effective in preventing arthritis attacks (Goldstein and Schwabe 1974). Colchicine 
was used to treat and prevent serositis in a patient with FMF (Zemer et al. 1991). Three hundred and 
fifty people were studied for FMF. A daily dose of 1–2 mg/day colchicine was administered to young-
sters between the ages of 6 and 13. As a result, none of the children developed amyloidosis.

Colchicine and silymarin were found to have hepatoprotective effects in rats by Favari and Pérez-
Alvarez (1997). Colchicine and silymarin dosages were given to rats who had liver damage. Both 
compounds show hepatoprotective properties against chronic liver injury, according to the findings. 
Colchicine is a common treatment for Behcet’s syndrome. Colchicine’s efficacy was evaluated in a 
2-year randomized, double-blind, placebo-controlled research involving a wider number of patients 
of both sexes. Colchicine was found to be significantly effective in both groups of patients for 
Behcet’s syndrome.

14.6 TOXIC RESPONSE

C. autumnale, also known as autumn crocus, wild saffron, and naked lady, contains the antimi-
totic alkaloid colchicine, which prevents DNA synthesis and tubulin polymerization during mito-
sis. Following a latent period of 4–12 hours, clinical signs of colchicine poisoning appear in three 
stages. Peripheral leukocytosis, gastrointestinal symptoms with fluid loss, and hypovolemic shock 
characterize the first phase. Heart failure, arrhythmias, renal failure, liver injury, respiratory dis-
tress, coagulopathies, bone marrow depression, and neuromuscular involvement all occur dur-
ing the second stage of intoxication, which lasts for 24–72 hours. The second phase might last for 
5–7 days before the third phase, which is marked by leukocytosis and baldness. Colchicine is rapidly 
absorbed from the gastrointestinal system and processed largely by the liver in a first-order process 
after ingestion. Biliary excretion and enterohepatic recirculation are both substantial. Renal excre-
tion accounts for only around 20% of unaltered colchicine elimination, while this percentage may 
be higher in patients with liver impairment. C. autumnale is highly toxic to Solenopsis Invasive 
Invicta Buren, often known as red imported fire ants. In 3 days, ants fed sugar water containing 
5,000 mg/L bulb powder died 54.67% of the time, compared to 45.33% of the time when fed sugar 
water containing 50 mg/L colchicine. Due to the sub-lethal concentration, the total colony weight 
loss reached 44.63% and 58.73% after 15 days of feeding. C. autumnale could be used as a botani-
cal pesticide to suppress RIFAs. Colchicine has been related to numerous deaths and intoxications. 
Colchicine is used to treat acute gouty arthritis, and the most prevalent cause of colchicine poison-
ing is a suicide colchicine tablet overdose.
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14.7 TRADITIONAL AND OTHER POTENTIAL USES

Unani medicine is one of the oldest medical systems in use now, owing to its effective medications 
generated from animal, plant, and mineral resources. C. autumnale is an ancient herb that has 
been used in the Unani school of medicine for generations and has a good reputation for treating a 
variety of ailments (Kabeeruddin 1957; Khan 1957). This plant’s chemical formulation is used as a 
digestive tonic, purgative, anti-inflammatory, appetizer, stomachic, deobstruent, anti-arthritic, and 
nervine tonic. It’s also used to cure phlegm (Baitar 1985).

C. autumnale is primarily used to reduce pain and inflammation in acute gout and certain gouty 
illnesses, as well as to minimize their duration (Wallis 1985). It is also used to treat myeloid leukae-
mia (Ali 2012). It enhances skin, liver, and kidney secretions, as well as bile flow. It is a very effec-
tive therapy for ascites caused by liver illness. It works well as a purgative in cases of cerebral and 
hepatic congestion. It’s also effective against genital diseases like gonorrhoea (Khory and Katarak 
1993). Colchicine is extracted and used orally in tablet form to treat arthritis and FMF, while the 
corm and seeds are used to treat enlarged prostate, dropsy and gout, rheumatism, and arthritis 
(Bhattacharjee 2010). It’s also used to relieve sciatica and boost aphrodisiac activity (Ghani 2010; 
Kabeeruddin 2007).

14.8 CONCLUSION

The health benefits of C. autumnale are numerous. The corm or rhizome, root, and seeds of the 
plant are utilized for therapeutic purposes. Sedative and resolvent qualities are also documented 
for this plant. According to published research, each of its chemical constituents (like the alka-
loids such as colchicine, colchicoresin, and demecolcine) is associated with various pharmacolog-
ical properties. It has been traditionally used for headache, arthralgia, gout, rheumatism, worm 
infestation, piles, chronic ulcers, constipation, diseases of the liver and spleen etc. Many reported 
studies have proved its efficacy in various ailments. Several preliminary studies have reported its 
effectiveness in different forms of arthritis. Therefore, C. autumnale should be studied further for 
high-throughput screening, scientific validation, and comparative effectiveness in various forms of 
arthritis such as osteoarthritis, rheumatoid arthritis, and gouty arthritis. However, more scientific 
studies and clinical trials are required on this plant to ensure its scientific validation for clinical use 
in patients. Since various studies have already reported its poisoning in humans as well as in cattle, 
now its optimal, effective and safe dose must be established. Prior to evaluating its pharmacological 
activity, it should also be standardized to assure uniformity in therapeutic efficacy.
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15.1 INTRODUCTION

Conium maculatum L. (C. maculatum; Figure 15.1), sometimes known as poison hemlock (2n = 22), 
is a biennial herbaceous plant. It can also be cultivated as a short-lived perennial or a wintry annual. 
The sturdy, straight, and branching (mostly upward) stem can reach a height of 1–2 m. The most 
essential key features for species identification are smooth texture and pale green (with purple dots) 
stems. The terete or angled basal section is 4–8 mm thick. The stem’s cross-section is vacuous or 
seldom solid, other than at the nodes, where it exhibits thin, shallow vertical ridges. The inflores-
cences are enormous, open compound umbels measuring 4–6 cm in diameter. The topmost terminal 
inflorescence is the first to blossom. The five petals of the poison hemlock are white and incurved. 
The fruit is an oblong to spherical schizocarp with two grey or brown mericarps that create a com-
plex (seeds). The seeds are narrow circular, measuring 1.2–2 mm in width and 2–3 mm in length. 
These weigh roughly 0.5 mg and have a somewhat extended apical and a highly convex dorsal side 
with five visible wave ridges from topmost to lowermost. It has a tall, pale, unbranched taproot that 
is 5–11 mm thick. From the crown, the leaves form a rosette and alternate on the stem. The petiole 
base is smaller on upper leaves and extends to sheath the stem (Holm et al. 1997; Fröberg 2010). The 
little white blooms are borne in umbrella-like flat clusters (“umbelliferae”). Root is tuberous and 
white. This plant blooms in the spring and bears ripe fruit in the summer (Vetter 2004; De Landoni 
1990). C. maculatum requires wet and nitrogen-rich soils. A single species may generate between 
35,000 and 40,000 seeds, which fall nearer the original plant but can also be distributed by water 
and animals (Mitich 1998).

C. maculatum is a popular nitrophile weed species that belongs to the Apiaceae (previously 
Umbelliferae) family. Amongst higher plants, it is the most hazardous. Coniine, N-Methyl-coniine, 
conhydrine, pseudoconhydrine, and γ-Coniceine, which are piperidine alkaloids, are produced by 
cyclizing an eight-carbon chain derived from four acetate molecules. It’s worth mentioning that 
γ-Coniceine is the precursor of the other hemlock alkaloids. All vegetative tissues, flowers, and 
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fruits contain these alkaloids. The concentrations of various alkaloids (both absolute and relative) 
are biologically, genetically, and spatiotemporally controlled (Vetter 2004). C. maculatum is found 
in continental Europe, southwest Asia, and Africa and the Middle East. It has expanded to nearby 
places such as various regions of America, China, Southern Africa, Australia, and New Zealand 
from its native habitat. C. maculatum is an invasive and pioneer plant that competes with grazing 
and crops while also expanding on natural species. It is also a major health risk to almost all cattle 
and people (Hotti and Rischer 2017).

15.2 DISTRIBUTION

C. maculatum comes from a family of very widespread, extensively distributed weed species, thus 
its development (specifically, the biological conditions) is a key research topic. C. maculatum seeds 
are spread in north-central Kentucky (USA) from the middle of September until the middle of 
February. As per the report of Baskin and Baskin (1990), 40%–85% of newly produced seeds were 
morphologically dormant. A wet substrate, a photoperiod of 14 hours of light, and alternate tem-
perature phases of 30°C/15°C are all that is required for proper germination. C. maculatum is a 
resistant species that grows in humid weather. It behaves as pioneer species, colonizing the dam-
aged areas. C. maculatum is said to be the European species that has adapted to America and Asia. 
It now has a global distribution, primarily in temperate climates below 5,000 feet in elevation (De 
Landoni 1990). It has been found in a variety of places, including wet ground, hedgerows, stream 
and river banks, roadsides, woods, pastures, meadows, waste ground, coarse areas, and everywhere 
with enough moisture (Frank et al. 1995; Di Napoli et al. 2019). Despite the fact that the plant is 
reported to be a prevalent weed throughout Europe, America, Africa, and Australia (Mekkonen 
1994; Al-Snafi 2016), it was originally imported to the United States from Europe as a garden/orna-
mental plant. The establishment of the plant in other nations, such as Norway, is a result of grain 
transportation (Kielland and Anders 1998). The plant is one of Hungary’s most prevalent weeds 
and dangerous plants, with poisonings mostly occurring in the spring and summer. This herb is 

FIGURE 15.1 Conium maculatum plant.
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widespread and thrives in damp waste areas that aren’t maintained through cultivation or pruning. 
As a result, dense populations can be found along ditch banks, fence rows, low-lying rocky outcrops, 
and wooded regions (De Landoni 1990). Grassland, forest margins, riparian habitats, freshwater 
wetlands, waste ground, disturbed areas, field margins, and fallows are just a few of the habitats 
where C. maculatum thrives. Infestations are very short lived, lasting only 1–2 years. This plant 
prefers moist, fertile soils and avoids acidic soils, and direct sunlight. C. maculatum is expected 
to be more resistant of heavy metal-contaminated soils (arsenic, cadmium, and lead) than some 
native species in the United States, which may help it compete in such a circumstance (Centre for 
Agriculture and Bioscience International 2022; Pitcher 1989; Lopez et al. 1999).

15.3 PHYTOCHEMICAL CONSTITUENTS

The presence of various piperidine alkaloids (Figure 15.2) such as coniine, N-Methyl-coniine, con-
hydrine, pseudoconhydrine, and γ-Coniceine, as well as some additional hemlock alkaloids precur-
sors, makes C. maculatum one of the most dangerous and lethal plants (Vetter 2004; Boskabadi 
et al. 2021). Table 15.1 presents the physicochemical properties, toxic and therapeutic effects of 
different types of alkaloids present in C. maculatum. These alkaloids, notably coniine, are a dis-
criminatory agonist for nicotinic-type acetylcholine receptors (nAChRs) that bind to the receptors 
and disturb the activities of the central nervous system. nAChRs may be found throughout the 
body, including the central and sympathetic nervous systems, neuromuscular junctions, and the 
adrenal medulla (Mondal et al. 2014; Boskabadi et al. 2021). Coniine, γ-Coniceine, and N-Methyl 
coniine show teratogenic effect in humans and animals due to their molecular structure. These 
alkaloids have a side chain containing propyl or bulkier group. Since coniceine is more toxic than 
coniine and 2-Propylpyridine is non-teratogenic, partial unsaturation appears to enhance toxicity. 
Aromatization of the ring, on the other hand, appears to lower toxicity (Lopez et al. 1999).

Piperidine alkaloids have a piperidine nucleus, which is a six-membered saturated heterocy-
clic ring (Hotti and Rischer 2017). Nicotiana, Sedum, Lobelia, Conium, Pinus, Punica, Duboisia, 
Hydrangea, Withania, Carica, Prosopis, Dichroa, Cassia, Ammodendron, Genista, Lupinus, 
Liparia, and Collidium are only a few of the genera that contain piperidine alkaloids. Outside of 
the plant kingdom, fire ants (Solenopsis sp.) also carry simple piperidine alkaloids. The presence of 

FIGURE 15.2 Different alkaloids of Conium maculatum.
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hemlock alkaloids in plants is limited to some genera that are not related (Jones et al. 1982; Panter 
et al. 1988). Piperidine alkaloids are biosynthetically produced from lysine, acetate, or mevalonate 
as a precursor. The piperidine nucleus formed after nitrogen is added at some point in the route. 
Acetate-derived piperidine alkaloids are discovered in C. maculatum which are generated through 
the cyclization of an eight-carbon chain derived from four acetate units (Vetter 2004).

The quantities and relative proportions of distinct Conium alkaloids appear to be influenced 
by a variety of circumstances (heat, humidity, duration, and age of the plant). During the rainy 
season, c-Coniceine seems to be the primary alkaloid component, while coniine is prominent 
during the dry season. During the ripening period of the fruit, the c-Coniceine content exhib-
ited down fall, while the coniine content exhibited upward trend dramatically in an old study 
(Fairbairn and Challen 1959). The proportional concentration of alkaloids varies depending on the 
stage of plant development and genotype. Cromwell (1956) reported little amount of total alkaloid, 
mostly c-Coniceine in the seedlings. C-Coniceine was the most abundant alkaloid in the leaves of 
new growth (i.e. during the active growth stage), with conhydrine levels being low. In the active 
stage, the roots contained minimal levels of alkaloids, while in the dormant stage, a higher pro-
portion of c-Coniceine and coniine was found than in the roots of young plants with substantial 
metabolic activity. The distribution of alkaloids changes dramatically during flowering, pollina-
tion, and fertilization stages. The quantity of c-Coniceine in the body is inversely related to the 
amount of coniine in the body. When the fruits are mature, the primary component is N-Methyl-
coniine. Coniine and c-Coniceine concentrations exhibit diurnal variations, with inverse relation 
(Fairbairn and Suwal 1961). In the seeds and flowers of C. maculatum, coniine is found in the 
maximum concentration as nicotinic alkaloids. The blood–brain barrier, the placenta, and breast 
milk all carry coniine and other alkaloids throughout the body. These alkaloids are acetylcho-
line receptor agonists of the nicotinic type (nAChRs). nAChRs can be found in the central and 
autonomic nervous systems, neuromuscular junctions, and the adrenal medulla (Lopez et al. 1999; 
Vetter 2004; Schep et al. 2009). The hydro-distilled essential oils of C. maculatum leaves and 
inflorescences had diverse chemical profiles, with 1-Butyl piperidine and myrcene in the inflo-
rescence and predominantly (E)-Caryophyllene in the leaves (Di Napoli et al. 2019). GC-MS was 
used in the final phase of development to identify 24 distinct steroids as the primary chemical 
elements of root extracts of this plant species: Ergosta-5,7,9(11), 22-Tetraen-3-ol, Ergosta-5,8,22-
Trien-3-ol, Ergosta-5,7,22-Trien-3-ol, Ergosta-5,7,22-Trien-3-ol, 5-Ergosta-7,22-Dien-3-ol, Ergost-5-
En-3-ol, Stigmasta-5,22-Dien-3 5α-Stigmasta-22-Ene-3,6-Dione, 3-Hydroxystigmast-5-En-7-One, 
5-Stigmastane-3,6-Dione Stigmast-4-En-3-One, Stigmasta-4,6-Dien-3-One, Stigmasta-4,22-Diene-
3,6-Dione, Stigmast-4-Ene-3,6-Dione, 5α-Stigmasta-22-Ene-3,6-Dione, 3Hydroxystigmast-5-En-7-
One, and 5-Stigmastane-3,6-Dione (Al-Snafi 2016). The acyclic monoterpenes (Z)-Ocimene and 
(E)-Ocimene were found in seed oil, whereas (Z)-Ocimene and myrcene were revealed as the sec-
ond and third most abundant components in the inflorescence oil, respectively (Al-Snafi 2016). The 
roots of C. maculatum included five furocoumarins, two prenylated coumarins, two aliphatic C17-
Polyacetylenes, and the phenylpropanoid elemicin. Falcarindiol, xanthotoxin, and isopimpinellin 
had the greatest amounts, while elemicin had the lowest (Chizzola and Lohwasser 2020). Aliphatic 
C17-Polyacetylenes of the falcarinol type have antibacterial, antimycobacterial, and antifungal 
effects, as well as anti-inflammatory and anti-platelet aggregatory capabilities. Falcarinol has also 
been shown to have neuritogenic and neuroprotective properties (Christensen 2011). Falcarindiol 
has a strong GABA-receptor modulating effect (Wyrembek et al. 2012). More importantly, falcarin-
diol and falcarinol have been shown to have anticancer properties. These compounds were able to 
reduce the number of neoplastic lesions as well as the pace of polyp development in the rat stomach. 
It suggests that these chemicals may help to prevent colorectal cancer from developing (Kobaek-
Larsen et al. 2017). Because the roots of C. maculatum do not produce alkaloids, there is no or very 
little toxicity associated with these plant components. Piperidine alkaloids found in the aerial sec-
tions of C. maculatum make it a particularly hazardous plant. Alkaloids could not be discovered in 
diverse tap root samples in a first try (Chizzola and Lohwasser 2020).
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15.4 PHARMACOLOGICAL STUDIES

The plant was utilized by Greek and Arabic physicians to treat indolent tumours, swellings, and joint 
problems. Toxic hemlock juice was blended with seeds of betony (Stachys officinalis) and fennel to 
treat a mad dog bite (rabies). Religious cults/sects employed roasted roots to treat gout pains in the 
1400s and 1500s. Strychnine and other deadly toxins have been treated using the plant as a last resort 
antidote (Daugherty 1995). From the sixth decade of the eighteenth century onwards, the herb was 
used to treat malignant ulcers. Hemlock tinctures and extracts have been used as a sedative and anal-
gesic. Asthma, epilepsy, tetanus, whooping cough, angina, chore, and stomach aches were all treated 
with its antispasmodic properties. Poison hemlock has been used as a powder, plaster, and poultice in 
Finnish folk medicine to treat stiffened glands, cramps, and malignant lesions (Madaan and Kumar 
2012). Likewise, it has been used to cure herpes, erysipelas (also known as Ignis sacer, holy fire, and 
St. Anthony’s fire; a bacterial skin illness caused by Streptococcus pyogenes Rosenbach), and breast 
cancer (Arihan et al. 2009). Succus conii, a narcotic, sedative, analgesic, spasmolytic, anti-aphrodi-
siac, and anticancer agent, is incorporated in numerous herbals despite its lethal nature (Reynolds 
2005). In ethnomedicine, this species has been discovered to be effective as an analgesic and anti-
inflammatory (Al-Snafi 2016) in the treatment of diabetes in Turkey and typhoid fever and sterility in 
Morocco (Kharchoufa et al. 2018). Its use to treat herpes and inflamed joints by external application 
is also in practice. Its effect in individuals with epilepsy, asthma, angina, rheumatism, and tetanus 
has also been studied and explored (Hotti and Rischer 2017). The two toxic alkaloids, coniine and 
coniceine, have been detected largely in seeds, according to research on the chemical components of 
poison hemlock. Sedative and anti-inflammatory properties of the species are also due to these sub-
stances (Vetter 2004; Panter et al. 2011; Al-Snafi 2016; Kharchoufa et al. 2018). Apart from alkaloids, 
C. maculatum has a lot of flavonoids (antioxidants), coumarins (antimicrobial, anti-inflammatory), 
polyacetylenes, vitamins, and oils (Al-Snafi 2016). In Romanian ethnomedicine, C. maculatum was 
used as a sedative and to treat neuralgia (Bojor 2018; Grosu and Ichim 2020).

Conium’s anticancer properties and its application in traditional medical systems have been vali-
dated by modern research (Mondal et al. 2014). At 48 hours, conium administration reduced cell 
viability and colony formation, slowed cell proliferation, and stopped the cell cycle at the sub-G 
stage. Conium treatment in HeLa cells induces an increase in reactive oxygen species (ROS), MMP 
depolarization, morphological defects, and DNA damage after 24 hours, as well as phosphatidylser-
ine externalization after 48 hours. In HeLa cells, downregulation of Akt and NFkB inhibited cell 
growth, but cytochrome-c release and Caspase-3 activation caused apoptosis, suggesting that the 
signalling route is conducted through the mitochondria-mediated Caspase-3-Dependent pathway. 
Conium interacts with DNA molecules, according to CD spectroscopy. Furthermore, the analge-
sic and anti-inflammatory properties of the alkaloidal fraction of C. maculatum aerial parts were 
investigated. At a dose of 200 mg/kg, the alkaloidal portion of the plant displayed substantial anal-
gesic efficacy. At a dose of 200 mg/kg, it suppressed paw oedema in rats by 71% and decreased 
paw volume by one-fourth when compared to the regulate group during the first hour of the trial 
(Madaan and Kumar 2012). Conmaculatin (2-Pentyl piperidine), a new volatile alkaloid related to 
coniine discovered in C. maculatum, had substantial peripheral and central antinociceptive action 
in rats at doses of 10–20 mg/kg. But it was discovered that doses greater than 20 mg/kg were deadly 
(Radulovic et al. 2012; Al-Snafi 2016). Also, the highly diluted medication using C. maculatum 
reduces tissue parasitism and inflammation in mice infected by Trypanosoma cruzi (Lopes et al. 
2016). The immune response and apoptosis are modulated by extremely diluted medicines, modify-
ing the morbidity of animals infected with a highly virulent strain of T. cruzi, allowing for a shorter 
infection course and more treatment choices for Chagas disease (Falkowski-Temporini et al. 2017).

The essential oils are hydro-distilled from the leaves and inflorescences of C. maculatum grow-
ing in (Sicily, Italy) have been shown antimicrobial action. The composition of essential oils was 
evaluated using gas chromatography-mass spectrometry (GC-MS), and the inhibitory effects on 
the growth of two Gram negative pathogens, Escherichia coli and Pseudomonas aeruginosa, were 
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assessed using two different techniques. The essential oils have different chemical profiles (1-Butyl 
piperidine and myrcene in the inflorescence, mostly (E)-Caryophyllene in the leaf). The latter oil 
was particularly efficient at inhibiting the growth of P. aeruginosa. These findings suggest that 
hemlock essential oils could be used as antibacterial agents (Di Napoli et al. 2019). Piperidine 
derivatives are used as anticancer, antiviral, antimalarial, antibacterial, antifungal, antihyperten-
sive, analgesic, anti-inflammatory, anti-Alzheimer, antipsychotic, and/or anticoagulant medicines 
in a variety of applications (Abdelshaheed et al. 2021).

15.5 MODE OF ACTION

Major bioactive components of C. maculatum are various piperidine alkaloids, including coniine, 
which have qualities comparable to nicotine. It binds to nicotinic acetylcholine receptors and impairs 
central nervous system activities. Coniine has a nicotine-like effect in activating and then depress-
ing autonomic ganglia, as well as a curare-like impact in paralysing skeletal muscle motor nerve 
terminals (Clarke et al. 1981; Mondal et al. 2014). Nicotine, anabasine, lobeline, coniine, and other 
pyridine and piperidine alkaloids are all hazardous in the same way. The stimulation and then inhi-
bition of nicotinic acetylcholine receptors is their major activity. The conditions such as coma and 
seizures are caused by the activation of nicotinic receptors in the cortex, thalamus, interpeduncular 
nucleus, and other parts of the CNS. Nicotine has been demonstrated to stimulate presynaptic cho-
linergic receptors, which increases rapid excitatory neuronal transmission in the CNS. It promotes 
both cholinergic and glutamatergic transmission by increasing presynaptic calcium (Furbee 2009).

The nicotinic acetylcholine receptor channel complex is considered to be blocked by piperidine 
alkaloids. They also block the binding sites linked with sodium, potassium, and calcium ion chan-
nels in brain membranes (Ojima and Iula 1999). Another study by Mishra et al. (2015) supported 
this fact as a piperidine derivative, piperine, showed an inhibitory effect on Na+ channels. In a 
comparative study, coniine was observed to show its effect by depolarizing cell membrane potential 
of SH-SY5Y (predominately express autonomic nAChRs) and TE-671 (express the human foetal 
muscle-type nAChR) cells. Coniine’s ability to stimulate and then desensitize nicotinic acetylcho-
line receptors may be responsible for its teratogenic effects (nAChRs; Green et al. 2010). It blocks 
the action of acetylcholine of the nicotinic receptor channel complex in a non-competitive manner. 
Piperidine alkaloids with a carbon side chain of at least three carbons or greater linked to the carbon 
alpha to the piperidine nitrogen are teratogenic in nature, according to several studies. The presence 
of a double bond close to the nitrogen, as in coniceine, boosts the alkaloid’s teratogenic potential. 
They are teratogens because they impede foetal mobility by desensitizing the foetal muscle-type 
nAChR (Lee et al. 2013). In rat anococcygeus muscle, Erkent and colleagues (2016) discovered that 
coniine suppresses the nicotinic receptor-mediated nitrergic and noradrenergic transmitter response. 
Nicotine causes this by blocking presynaptic nicotinic acetylcholine receptors and increasing their 
concentration (nAChR). It has been discovered that coniine inhibits the noradrenergic response in 
guinea pig atria via blocking the same receptors. Coniine inhibited the release of noradrenergic 
and nitrergic transmitters mediated by the nAChR. Noradrenaline release inhibition was more sig-
nificant than NO release inhibition. In pharmacological investigations, coniine can be a valuable, 
particular resource as a presynaptic nicotinic receptor antagonist (Erkent et al. 2016). However, 
piperine and piperidine act as an anticancer agent by inhibiting the Bcl-2 expression (anti-apoptotic) 
and increasing the Bax expression. A high Bax:Bcl-2 ratio leads to an increase in the amount of 
cytochrome-c released from mitochondria into the cytosol consequent on the cellular apoptosis 
(Figure 15.3) (Han et al. 2017; Mitra et al. 2021).

15.6 TOXIC RESPONSE

The whole plant is toxic, but more toxic parts of plants include roots, stems, young shoots, leaves, 
flowers, mature fruit, and seeds (Al-Snafi 2016; De Landoni 1990). Vomiting, shaking, mobility 
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issues, slow and weak subsequently quick pulse, rapid breathing, salivation, excretion, nausea, con-
vulsions, coma, and death are the most common symptoms of hemlock poisoning (Figure 15.4) 
(Vetter 2004). Convulsions, coma, extreme delirium, salivation, and involuntary bladder and bowel 
discharges are all possible signs. Irritation of the oral mucosa, nausea, diarrhoea (rare), bradycardia, 
hypotension, mydriasis, seizures after progressive muscular paralysis, and respiratory failure are 
the most prevalent clinical consequences in people today (De Landoni 1990).

As per a reported case study of such poisoning, the green tips of “wild carrots” were consumed 
by a healthy 4-year-old boy, where he became sleepy and took a long nap. After being taken to 
hospital and on physical examination, his pulse rate and respiratory rate were found to be 100 
beats/minute and 26/minute, correspondingly. His pupils were tiny and sensitive, and his vision 
was asymmetrical. He had a flexible neck. There was no visible evidence of injury. The patient’s 
stomach was lavaged, and activated charcoal was given to him. During the first 90 minutes, he 
grew increasingly less responsive, although his gag reflex remained intact. The presence of piperi-
dine alkaloids, which are characteristic of poison hemlock, was confirmed by gas chromatography 
and mass spectrometry. 850 mg of y-Coniceine per gramme of fresh plant was found in the leaves 
(Frank et al. 1995). A 49-year-old woman with dry mouth, faintness, and weariness was taken 
to the hospital. She began to exhibit these symptoms within 5 minutes after ingesting the raw 
plant. Plant fragments were discovered after a gastric lavage. When admitted, she was unconscious 
with dilated and unresponsive pupils. There was no attempt to breathe on its own. Pupils became 
responsive after 10 hours in critical care. She started working on her breathing. She died 9 days 
after consuming hemlock (Ferah et al. 2006). A postmortem finding suggests C. maculatum as 
a profound cause to be associated with accidental and deliberate deaths in humans (Diaz 2015). 
Another example described the likely toxicity of an uncertain sudden death (USD) of a lady based 
on medicolegal features. The causes for this sudden death were declared after the remnants of 
a vegetal peeling were found at that place. After the autopsy, multiorgan failures were reported 

FIGURE 15.3 Anticancer property/activity of piperidine, an alkaloid of Conium maculatum. Piperidine 
inhibits Bcl-2, which is anti-apoptotic in nature, i.e., it plugs the pore of mitochondria, thereby no release of 
Cyt-C and no apoptosis in cell. It may lead to cancer if there is no apoptosis inside the cell if in need to be 
repaired. PARP – Poly(ADP-ribose) polymerase – cleaves PARP-1 into fragments and works as a hallmark 
of cell death.
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on the basis of macroscopic findings. The danger of cyanide in postmortem blood was initially 
explored; nevertheless, cyanide levels were determined to be below normal limits. Because the 
plant residues found lacked morphological traits, a genetic nrDNA ITS2 sequencing research was 
conducted. The evidence might be identified as water dropwort (Oenanthe spp.), which contains 
oenanthotoxin, a strong lethal poison, based on the DNA sequence. It might be related to the hem-
lock Conium or cowbane Cicuta species, which are more regularly encountered. Later, the vegetal 
extract and stomach content were analysed using liquid chromatography-tandem high resolution 
mass spectrometry (LC-QTOF MS), which convincingly proved the toxin’s presence (Martínez et 
al. 2021).

Ingestion of poison hemlock (C. maculatum) by pregnant cows during the gestation interval of 
days 50–75 induces multiple congenital contractures (MCCs) in calves. Crooked calf disease is the 
common name for this condition. During days 50–75 of pregnancy, pregnant cows that consumed 
the fresh green herb developed calves with arthrogryposis and spine curvature. These defects are 
similar to those induced by administration of the isolated teratogenic compound coniine (Casteel 
2007). At least five piperidine alkaloids are found in poison hemlock, all of which are associated 
with changes to the toxicity. The teratogenic impacts are aided by coniine and coniceine. The tera-
togenic consequences are similar to those caused by lupines in cattle, which result in cleft palates 
and various congenital skeletal contractures (MCC) (Panter et al. 2017). Nervousness, frequent 
urination and faeces, shaking, staggering, ataxia, hyperpnea, and tachycardia are all prominent 
clinical characteristics of cow and horse poisoning. This is in addition to anxiety and incontinence. 
Possible effects include coma and death from respiratory failure (Anadón et al. 2012; Panter et al. 
2012). Furthermore, as indicated by certain cow cases, poison hemlock is teratogenic. Cleft pal-
ate and different congenital skeletal contractures are examples of birth defects (Panter et al. 1999, 
2013). Poison hemlock intoxication at large scale in calves has been recorded in the Bulgarian prov-
ince of Kotel. Anorexia, tachycardia, hypersalivation, muscle cramps, hyperthermia, staggering, 
ataxia, and hyperreflexia were amongst the clinical indications of intoxication seen in 38 calves. 

FIGURE 15.4 Poisoning effects of alkaloids of Conium maculatum.
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Convulsions were found in three of the animals involved, followed by death (Binev et al. 2007; 
Cortinovis and Caloni 2015).

Coniine’s most significant adverse effect is rhabdomyolysis. Death can happen from coniine-
induced respiratory paralysis paired with harm to the medulla’s respiratory centre. Conium alka-
loids, which act like biphasic nicotine, cause tachycardia followed by bradycardia (Boskabadi et 
al. 2021). Early indicators of poisoning include anxiety, as well as nictitating membrane blockage 
of the eyes (most noticeable in pigs and once in a while seen in cows, sheep, and goats). Once 
they’ve developed a taste for it, pigs, goats, cattle, European elk, wild geese, and domestic turkeys 
have shown a liking for Conium plant (Panter et al. 2017). The main alkaloids in conium are coni-
ine, coniceine, and N-Methyl coniine, which have different relative concentrations according to the 
stage of plant growth and development. Coniine and N-Methyl coniine have a biochemical precur-
sor called γ-Coniceine. Early in plant growth, it is at its maximum concentration, changing to coni-
ine and N-Methyl coniine as the plant grows (Keeler and Balls 1978). It has been discovered that 
coniine, γ-Coniceine, and N-Methyl coniine are poisonous and teratogenic. The relative toxicity of 
these compounds differs significantly due to structural variations (γ-Coniceine > coniine > N-Methyl 
coniine; Panter et al. 2017). As a result of unknowingly utilising C. maculatum, a case report docu-
mented clinical symptoms such as nausea, rash, disorientation, and painful leg cramps (Colombo et 
al. 2009). The other teratogenic effect, foetal musculoskeletal defects produced by coniine include 
scoliosis, torticollis, kyphosis, lordosis, and cleft palate (Green et al. 2010). A 6-year-old girl patient 
had a burning feeling in her mouth, excessive salivation, shaky hands, and ataxia, according to a 
case report (Konca et al. 2014).

Poisoning effects have been documented in different mammals after consuming poison hemlock: 
pigs (Markham 1985), tule elks, sheep, rabbits, goats (Vetter 2004), horses (Nice et al. 2005), cattle 
and deer (Swerczek and Swerczek 2012). Cows are more toxic than other animals when exposed to 
hemlock. Cows were shown to be deadly to fresh plant harvested at the same location at a dose of 
5.3 g plant/kg body mass (Keeler and Balls 1978). Conium alkaloids were found in the hay, as well 
as the plants in the hayfield and the urine of the animals afflicted. Hemlock intake has been linked 
to congenital skeletal abnormalities in calves (Keeler and Balls 1978). Several species, such as birds, 
hens, and turkeys, are poisoned by coniine (Frank and Reed 1986). Some common signs of hemlock 
toxicity in mammals include muscle weakness, trembling, nervousness, ataxic gait, cyanotic sur-
faces, dilating pupils, early central nervous system stimulation, excessive salivation, bloating, intes-
tinal discomfort, quick and weak pulse, lack of appetite, cyanotic membranes, and dilating pupils. 
This results in depression and finally death from respiratory paralysis (Keeler et al. 1980; Nice et 
al. 2005). Some of these symptoms arise immediately after intake, and 2–3 hours later, respiratory 
paralysis occurs, while others appear later (3–4 days). Coniine affects different species in different 
ways. Coniine, for example, is toxic to cows at a day-to-day dose of 3.3–6.6 mg/kg, and around 1 kg 
of poison hemlock is fatal (Keeler et al. 1980; Nice et al. 2005). Pigs are fatal at 1 g/kg of seeds and 
8 g/kg of plant. Non-toxic substances include conyrine, 3-Methylpiperidine, and N-Methylpiperidine 
(Keeler and Balls 1978). Inhaling coniine or smashed green organic material does not cause toxicity, 
but eating coniine and γ-Coniceine is most dangerous to cattle (Hotti and Rischer 2017).

Intoxication with hemlock can cause a headache, pharyngeal discomfort, blurred vision, vomit-
ing, lethargy, steady paralysis of the extremities, and death. Convulsions, intense delirium, sali-
vation, coma, and involuntary bladder and bowel discharges are all possible signs. Oral mucosa 
soreness, salivation, nausea, slight stomach discomfort, diarrhoea (rare), bradycardia, and other 
symptoms like hypotension, mydriasis, seizures after progressive muscular paralysis, and respira-
tory failure are the most prevalent clinical concerns in people. Blood gases, electrolytes, and a plant 
sample are used in the diagnosis. Humans are poisonous to coniine, and 3 mg causes symptoms. 
Coniine doses of up to 150–300 mg, or 6–8 leaves, can be tolerated (6 g) (Biberci et al. 2002). 
Mistakenly made herbal medicine or the use of an inappropriate plant due to misidentification can 
potentially result in accidental consumption of harmful plants (e.g., poison hemlock) (Beyer et al. 
2009; Hotti and Rischer 2017).
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15.7 ECOLOGICAL ROLE

Hemlock alkaloids have an important role in maintaining ecological balance. It can act as a pio-
neer species and rapidly colonizes disturbed sites (National Park Service 2022). One of the flowery 
smell components in poison hemlock is coniine (Roberts 1998). It is a food plant for the larvae of 
various lepidoptera, such as silver-ground carpet moths and the poison hemlock moth (Agonopterix 
alstroemeriana). The hemlock moth has been involved in managing the plant biologically (Castells 
and Berenbaum 2006). Coniine may entice flies (Diptera), which massively fertilize poison hemlock 
blossoms (Nitao 1987). Volatile alkaloids are recognized by the hemlock moth as part of its host 
plant identification. Coniine is also required for the correct development of hemlock moth larvae 
(Castells and Berenbaum 2006). Coniine may, on the one hand, act as an insect-paralysing agent as 
it was capable of paralysing fire ants (Mody et al. 1976); on the other hand, it also attracts insects 
into the pitcher (Harborne 1982).

15.8 TRADITIONAL AND OTHER POTENTIAL USE

Criminals were given the juice or essence of the C. maculatum plant. It was the death poison that 
Socrates, the Greek philosopher, was forced to consume (399 BC). Herpes, erysipelas (a kind of 
superficial cellulitis), and breast cancers were all treated with C. maculatum. Conium seeds that 
haven’t ripened have been dried and stored for use as an analgesic, antispasmodic, or sedative. From 
1864 through 1898, the plant’s preserved leaf and juice were mentioned in pharmacopoeia in London 
and Edinburgh, and The British Pharmaceutical Codex (1934) was the final recognized medicinal 
acknowledgement (Bowman and Sanghvi 1963). To reduce surgical pain, the ancients utilized four 
plants: datura (Datura stramonium), withania (Withania somniferum), hemlock (Conium macula-
tum), and opium poppy (Papaver somniferum). These plants were used as narcotics and anodynes, 
with decoctions, poultices, suppositories, lozenges, tablets, and topical treatments being used. The 
extracts from hemlock (with other herbs) were used to relieve the pain of surgery in ancient times 
(Kennedy and Longnecker 1990). C. maculatum, sometimes known as “hemlock tea”, has a long 
and illustrious history. In ancient Greece, it was used to murder people, and the decoction was used 
to execute the philosopher Socrates (Daugherty 1995). The piperidine alkaloids coniine and g-Coni-
ceine poisoned people. It was utilized by Greek and Arabian physicians to cure indolent tumours, 
swellings, and joint problems. The bitter juice of the plant, combined with betony (Stachys offici-
nalis) and fennel (Foeniculum vulgare) seeds, was exploited to heal a mad dog bit. This juice was 
used as an antidote for strychnine and other very dangerous chemicals in the past (Boericke 1982). 
Religious groups in the 15th and 16th centuries utilized roasted roots to relieve the aches of gout. 
In the instances of asthma, epilepsy, whooping cough, angina, chorea, and stomach aches, plant 
tinctures and extracts were utilized due to their calming, anodyne, and antispasmodic qualities. 
Hemlock is a well-known homoeopathic remedy with a variety of applications (Forrington 1997; 
Vetter 2004). C. maculatum has been used to treat spasmodic diseases, mental excitation, rheumatic 
pains in the elderly and infirm, stomach ache, pain from a gastric ulcer, agitation, and restlessness. 
The analgesic and anti-inflammatory properties of the alkaloidal fraction of C. maculatum upper 
portions were investigated. The published literature shows that C. maculatum’s analgesic and anti-
inflammatory activities are due to its alkaloids (Madaan and Kumar 2012). C. maculatum extract is 
used as a treatment for cervical cancer in traditional homoeopathy (Mondal et al. 2014).

15.9 CONCLUSION AND FUTURE REMARKS

Because C. maculatum contains many piperidine alkaloids, including coniine, a piperidine alka-
loid, it has the potential to treat a range of diseases. Piperidine derivatives are a huge and main class 
of nitrogen-bearing heterocyclic chemicals. Piperidines are naturally occurring chemicals found 
in C. maculatum leaves that have been demonstrated to have anticancer, anti-inflammatory, and 
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antihypertensive activities, as well as functioning as antioxidants. Synthetic piperidine derivatives, 
on the other hand, have been shown in numerous studies to have anticancer, antiviral, antibacterial, 
antimalarial, and antifungal properties. Piperidine alkaloids from C. maculatum are being studied 
further as possible sources of pharmaceutically active chemicals. Piperidine and its derivatives can 
be engineered and produced to have additional biological effects such as neuroprotective, antihy-
pertensive, anti-Alzheimer’s, analgesic, anti-inflammatory, antioxidant, antipsychotic, and antico-
agulant properties. Because of the poisonous effects of coniine, coniceine, and N-Methyl coniine, 
C. maculatum is not recommended for human or animal ingestion. Because they have a side chain 
containing propyl or a larger group, these alkaloids from C. maculatum are teratogenic. Further, 
as there is no specific remedy, the best way to deal with the plant’s output reductions is to prevent 
them. As a remedy, herbicides and grazing with less sensitive animals (such as sheep) have been 
suggested. C. maculatum alkaloids can be passed through milk and fowl muscle tissue, allowing 
the latter to reach the human food chain. Because it’s difficult to link abnormalities in kids to much 
earlier maternal poisoning, the harms caused by C. maculatum, in most cases, long-term toxicity, 
are likely to be grossly underestimated. To prevent these hazardous alkaloids from entering our food 
chain, certain measures must be taken.
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16.1 INTRODUCTION

Datura stramonium L. is a wild-growing annual plant belonging to the Solanaceae family widely 
distributed and easily accessible worldwide. It is commonly known as Jimson weed, but the most 
common in our context is Devil snare/Thornapple (Eng), Datura (Nep), and Nyangmo-throkchang 
(Dz). It is believed to have originated in Central and South America, but it is found worldwide and 
was introduced in Bhutan in 1963 (CABI 2022). It is commonly found in warm temperate and 
subtropical regions growing in the abandoned farmlands, roadside, disturbed land, wasteland, and 
dry riverbeds/stream. It is one of the widely well-known folklore medicinal plants globally and 
has been widely known for its healing properties and also exploited for mystic and ceremonial 
purposes (Jakabová et al. 2012; Batool et al. 2020). Due to its therapeutic significance, it is widely 
cultivated in Europe, America, South Africa, Asia, and other tropical and subtropical regions for 
medicine and pharmacological purpose, despite being an invasive weed (Joshua 2019). The vari-
ous parts, including flowers, leaves, roots, and seeds, are used in treating various ailments, namely 
rheumatism, wounds, asthma, toothache, ulcers, fever, and inflammation, and consequently, it has 
gained a special place in Ayurvedic medicine (Soni et al. 2012; Setshogo 2015). Additionally, seeds 
of D. stramonium are smoked to experience the hallucinogenic effect (Gaire and Subedi 2013), 
while leaf extract is taken orally to treat asthma, and stripped bark is applied topically to heal 
burns, ulcers, and swellings (Devi et al. 2011; Naik et al. 2018). Further, their medicinal values are 
recognized for their anti-inflammatory properties (Firdaus 2020) and antibacterial and antioxidant 
activities (Debnath 2017). It also exhibited antimicrobial, antidiabetic, antiasthmatic, antifungal, 
anti-inflammatory, antioxidant, analgesic, cytotoxic, and wound healing properties (Sharma et al. 
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2021). According to Soni et al. (2012), the therapeutic activities of D. stramonium are linked to 
the phytochemical constituents such as saponins, tannins, steroids, alkaloids, flavonoids, phenols, 
and glycosides (Soni et al. 2012). However, the entire plant is also considered as poisonous or toxic 
plant when taken in large doses, and it is known as a hallucinogenic plant (Vaza 2018). Moreover, 
the seeds are the most toxic; neither drying out nor boiling destroys the toxic properties. The inges-
tion of large doses of D. stramonium intentionally or accidentally exhibits disturbance to the cen-
tral nervous system with associated symptoms like confusion, amnesia, hallucinations, and bizarre 
behavior (Mukhtar et al. 2019). According to Das et al. (2012), other symptoms of Datura poisoning 
include retention of urinary, fast heartbeat, desiccation of epidermis and lips, pupil dilation, urinary 
retention, impaired vision, and fast heartbeat (Das et al. 2012; Naik et al. 2018). Several incidences 
of accidental or intentional D. stramonium poisoning have been reported from different parts of the 
world. A study by Gaire and Subedi (2013) stated that the death from consuming Datura stramo-
nium is rare; however, the recovery may take several days, hampering the health. Thus, every aspect 
of their therapeutic claims needs to be revealed, particularly its toxicity. Likewise, its medicinal 
values should be practiced only with a preceding acquaintance to avoid its adverse effects. It is vital 
to be well informed regarding their pharmacological and toxicological effects and the potential 
risks associated with their uses.

16.2 BOTANICAL DESCRIPTION

D. stramonium is an annual bushy and coarse plant growing 1–2 m in height. The roots are whitish, 
large, and characterized as a tap root system. The leafy erect and highly branched stems appear 
glabrous, green, and cylindrical. Leaves are simple, glabrous, measure 8–25 cm long, 6–17 cm wide, 
and appear broadly triangular-ovate with acuminate apex, dentate margin, and reticular venation. 
The adaxial surface is glabrous, grayish green, while the abaxial surface is slightly wrinkled and 
green (Radford 2010). The flowers are solitary in the axils with an upright position. It is white, fun-
nel shaped, and measures 7–12 cm long and 2–8 cm cross with five unequal stamens attached to the 
corolla. Further, it is described as complete, pedicellate, ebracteate, and radially symmetrical with 
bilobed stigma and a superior ovary. The calyx is tubular, folded, and measures about 3.5–7 cm in 
length. Spiny fruits with four chamber open when matured and releases seeds. The kidney-shaped 
seed appears black with an irregular pitted surface and measures up to 4 mm long by 3 mm wide 
(Parker 1992). Seeds are elongated with a wavy structure having to bulge at either side; seed testa 
is formed of single-layered, lignified, and club-shaped sclerenchymatous cells; endosperm encloses 
curved embryo composed of thin-walled, polygonal, parenchymatous cells, usually filled with aleu-
rone grains and abundant oil globules (Shamim and Idris 2019) (Figure 16.1).

D. stramonium is widely disturbed worldwide and possesses varying vernacular names corre-
sponding to the regions, and it is sometimes indicated by more than one name. The genus Datura 
was derived from the ancient Hindu word for the plant, dhatura. The species name stramonium wad 
is formerly derived from the Greek words strychnos and manikos which means nightshade and mad, 
respectively. On the other hand, the species is known as thornapple in the New Latin word (Kalam 
and Rifat 2020). In Sanskrit (the liturgical language of Buddhism, Hinduism, and Jainism), the 
plants are known by several names such as dhattura, devika, dhuttura, madana, ghantika, kitava, 
and madakara. Similarly, the plants are named as thorn apple, hell’s bells, Jimson weed, apple of 
peru, stink weed, devil’s trumpets, moon flowers, and mad apple in English (Jarald and Jarald 2006; 
Khan et al. 2013); kachola in Afghani (Afghanistan); olieblaar, olieneut, pietjie, and laporte stink-
blaar in Africans (Africa); jauzmasal in Arabic; pepediawu in Ashanti (Ghana); estramonio and 
figueirado inferno in Brazil; chan kiuetse, toukiueeul, and tsoui sin hoa in Chinese (China); door-
nappel in Dutch (Netherlands); chasse taupe endormeuse, endormine, estramon, and herbe in French 
(France); asthmakraut, botschen, dolkraut, dornapfel, nagwart in German (Germany); maszlag, 
tsattanto in Hungarian (Hungary); imbutoneblanco, noce spinosa, pomo spinosa, and stramonio in 
Italian (Italy); barbaka and shinah azghi in Loralai (Pakistan); tlaplat in Mexican (Mexico); piggeple 
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in Norwegian (Norway); nanulah and tatulah in Persian (Iran; Tajikistan; Afghanistan); psinki in 
Polish (Poland); estramonia figueira do inferno in Portuguese (Portugal); durman and durnishnik 
in Russian (Russia); apple peru, devils apple, devils trumpet, and dewtry in South Africa; estramo-
nio, higueraloca, and trompetilla in Spanish (Spain); spikklubbs in Swedish (Sweden) and tatule in 
Turkish (Turkey); dhaturo, seto dhaturo, dhattur, and madak in Nepali (Nepal); and dha-du-ra in 
Bhutanese traditional medicine (Bhutan) (Jarald and Jarald 2006; Phurpa Wangchuk et al. 2011; 
Soni et al. 2012; Gaire and Subedi 2013; Hong et al. 2015; Al-Snafi 2017; Kalam and Rifat 2020).

16.3 DISTRIBUTION

Many conservationists consider D. stramonium as native species to North America or Asia, although 
their true origin is uncertain (Clapham et al. 1987). Currently, D. stramonium is naturalized all over 
the world and consider a cosmopolitan weed that grows abundantly in the temperate and tropical 

FIGURE 16.1 Macroscopic characteristics of Datura stramonium L. (a) A live flowering plant growing in 
wild (Bhutan); (b) dried fruits; (c) four chambers of dried fruits open to release seeds; and (d) seed.
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areas of Asia, Europe, New Zealand, South, Central, and North America, and Africa (Berkov et 
al. 2006; Richardson et al. 2007; Hong et al. 2015). Their habitat preference is wide with most soil 
types and commonly found as a weed on cultivated land, farmyard, and gardens and also in the 
landfills, roadsides, near a stream, river flats, waste places, and abandoned cattle yards (Weaver and 
Warwick 1984; Altameme et al. 2015). D. stramonium adapts well to open communities, mostly 
associated with annual plants. Their aggressive nature of growth outcompetes agricultural field 
crops and is considered weeds by the agriculturalist (Tutin et al. 1972; Holm et al. 1979; Chaudhary 
and Al-Howaishel 1980; Lorenzi 1982; Weaver and Warwick 1984; Wells et al. 1986; Kolbek and 
Sádlo 1996; Holm et al. 1997; Witt and Luke 2017). According to FAO and WHO (2020), D. stramo-
nium is labeled as one of the world’s most prevalent weeds throughout the world among the recorded 
Datura species exhibiting the growth from sea level to 2,750 m above sea level in the Himalayas 
(Weaver and Warwick 1984; Shamim and Idris 2019). However, D. stramonium has a long history 
of being used to treat numerous ailments. Because of this, Jimsonweed is cultivated widely, ranging 
from temperate to the tropical region of Asia, America, Europe, and South Africa (Jakabová et al. 
2012; Shah and Seth 2013; Ally and Mohanlall 2020) (Figure 16.2).

16.4 PHYTOCHEMICAL CONSTITUENTS

The phytochemical screening of D. stramonium has been conducted since the early 1930s (Shamim &  
Idris, 2019) and subsequently, several researchers around the globe have analyzed the phytochemi-
cal constituents from the stem, leaves, flowers, fruits, and seeds using different extracts (Nain et al. 
2013; Al-Snafi 2017). The preliminary qualitative phytochemical screening of the hydromethanolic 
root extract of D. stramonium conducted by Belayneh et al. (2019) revealed the presence of phenols, 
flavonoids, tannins, alkaloids, glycosides, and steroids, while alkaloids such as atropine, scopol-
amine, hyoscyamine and 7-Hydroxyhyoscyamine as major tropane alkaloids (Ally and Mohanlall 
2020). Similar studies by Das et al. (2012) reported tigloidin, aposcopolamine, apoatropin, hyoscya-
mine N-Oxide, and scopolamine N-Oxide as minor alkaloids. Additionally, 7-Hydroxyhyoscyamine 
and 6a-Ditigloyloxytropane were reported in D. stramonium (Das et al. 2012). The distribution of 
hyoscyamine and scopolamine in D. stramonium has been explored in different plant parts. It was 
found that the alkaloid concentration differs with the plant parts and growth stages. For exam-
ple, the leaves and stems of the young plants indicate hyoscyamine as the dominant component. 
However, the concentrations of atropine in different parts of both young and adult plants showed 

FIGURE 16.2 Distribution patterns of Datura stramonium L.
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higher concentrations than the scopolamine (Devi et al. 2011). A similar finding indicates that 
alkaloid concentration in the leaves was maximum in the vegetative phase and decreased during 
maturation (Alinejad et al. 2020).

More than 67 alkaloids have been identified from different parts of D. stramonium by Gas 
Chromatography/Mass Spectrometry, where hyoscyamine and scopolamine were predominate and 
account for up to 70%–90% of total alkaloid that constitutes (Berkov et al. 2006; El Bazaoui et al. 
2011; Li et al. 2012) isolated 12 compounds from the seeds of D. stramonium, namely 7-Hydroxy-Beta-
Carboline-Propionic acid, 1-Acetyl-7-Hydrox-Beta-Carbol-One, scopolamine, N-Trans-Feruloyl 
tryptamine, umckalin, fraxetin, daturadiol, daturaolone, N-Trans-Ferulicacyltyramine, cleomiscosin 
A, hyoscyamilactol, and scopoletin. From the methanol extract of D. stramonium leaves, three alka-
loids, viz., scopolamine, trigonelline, and tyramine, were isolated (Karmakar et  al. 2016).

The investigation of the anti-nutrient composition of thorn apple revealed the presence of the 
highest phytic acid (29.19 ± 0.40 mg/g) in the seeds, while the highest content of tannin (8.00 ± 0.10 
mg/g) and Oxalate (7.77 ± 0.05 mg/g) was seen in the whole seeds. Similarly, the examination of 
mineral contents showed that seed coats constitute the highest magnesium, copper, and zinc con-
centration. In contrast, seeds have calcium, iron, phosphorous, and sodium and whole seeds pos-
sess the highest concentration of lead, chromium, manganese, and potassium (Oseni et al. 2011). 
Another study reported 26.20% of carbohydrates, 16.60% of fats, 23.70% of crude fiber, 8.70% 
of ash, and 8.50% of moisture in seeds of D. stramonium (Sharma et al. 2021). Wang and You 
(2012) reported sterols and their derivatives, viz., 26,26-Dimethyl-5, 24(28)-Ergostadien-3.beta.-ol, 
5.Alpha.-Ergosta-7,22-dien-3.beta.-ol, and 3-Hydroxycholestan-5-yl,acetate, as chief components 
of the essential oil of D. stramonium. However, the analysis of essential oil of D. stramonium by 
GC-MS exhibited the presence of neophytadiene, β-Damascenone, and β-Eudesmol as dominant 
compounds (Chandan et al. 2020; Figure 16.3).

16.5 PHARMACOLOGICAL STUDIES

D. stramonium exhibits continuous biogeographical distribution with significant pharmacological 
potential. It is well known for its pronounced efficacy and usage in folklore medicine (Ivancheva 
et al. 2006; Yadav et al. 2021). The primary biologically active components in D. stramonium 
including the alkaloids atropine and scopolamine have indicated therapeutic properties (Pretorius 
and Marx 2006; Das et al. 2012; Batool et al. 2020). In general, different extracts from the organ 
of D. stramonium have displayed numerous biological activities such as anti-inflammatory, anti-
cancer and cytotoxic activities, anti-insect effect, antimicrobial effect, antioxidant effect, antifungal 
effect, larvicidal and repellant effects, and antidiabetic, antiasthmatic and analgesic effects (Khalili 
Najafabadi and Atyabi 2004; Kumral et al. 2010; Belayneh et al. 2019; Alper 2019; Mir et al. 2019; 
Papi et al. 2021; Nasir et al. 2022; Girmay 2015; Cherie Melaku and Amare 2020; Karimzadeh and 
Rabiei 2020) (Table 16.1).

16.5.1 aNTi-iNflaMMaTory aND aNTioxiDaNT acTiviTy

The in vitro and in vivo anti-inflammatory activity of ethyl acetate of a powdered leaf of D. stra-
monium was investigated on Sprague-Dawley male rats using CCl4-induced (Carbon tetrachloride) 
liver injury model and paw and anal edema models. CCl4 (1 mL/kg of 30% CCl4 in olive oil) was 
administered intraperitoneally, and the anti-inflammatory potential of ethyl acetate at the dose of 
150 and 300 mg/kg was evaluated. The ethyl acetate showed significant in vitro NO scavenging 
with an IC50 value of 7:625 ± 0:51 μg/mL and also exhibited prominently in vivo anti-inflammatory 
activity in paw and anal edema models. The hematological examination in the CCL4 model showed 
vagotonic effects. Further, ethyl acetate extract-treated rats revealed significant (P < 0:001−0:05) 
improvement in the liver functions by reducing the concentration of oxidative stress markers in liver 
tissues (Nasir et al. 2022).
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Trigonelline (16)

N-trans-feruloyl tryptamine (17)

Atropine (1)

Hyoscyamine (3)Scopolamine (2)

7-hydroxyhyoscyamine (4) Tigloidin (5) Aposcopolamine (6)

Apoatropin (7) Hyoscyamine N-oxide (8) Scopolamine N-oxide (9)

Fraxetin (11) Daturadiol (12) Daturaolone (13)

Cleomiscosin A (14)
Scopoletin (15)

Umckalin (10)

Hyoscyamilactol (18)

FIGURE 16.3 Chemical structures of compounds isolated from D. stramonium: Major tropane alkaloids 
(1–4), Minor tropane alkaloids (5–9), and Other isolated compounds (9–18).
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The antioxidant activity of D. stramonium oil was evaluated, implying Diphenyl-1-Picrylhydrazine 
(DPPH) and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay at a varying dos-
age ranging from 10 to 80 μg/mL. In both cases, free radical scavenging activity was marked as dose 
dependent, with the most significant activity at IC50 values of 71.35 ± 1.06 and 61.01 ± 1.07 μg/mL for 
DPPH and ABTS assays, respectively (Chandan et al. 2020). Investigation of in vitro anti-inflamma-
tory activity of D. stramonium oil was conducted by RBC membrane stabilization and BSA dena-
turation method. In the study, D. stramonium oil exhibited significant membrane stabilization at the 
IC50 value of 68.92 ± 1.08 μg/mL and showed pronounced albumin denaturation inhibiting activity 
at the IC50 value of 91.30 ± 1.14 μg/mL (Chandan et al. 2020).

Iqbal et al. (2017) experimented with investigating the antioxidant activity of methanolic seed 
extracts of D. stramonium using DPPH and Superoxide radical assay. The result showed the high-
est DPPH scavenging activity at a concentration of 60 µg/mL with an IC50 value of 94.87 µg/mL, 
and the maximum superoxide radical scavenging activity was exhibited at a concentration of 30 
µg/mL with an IC50 value of 39.59 µg/mL. A similar study by Cherie Melaku and Amare (2020) 
also showed in vitro antioxidant activity of the hydromethanolic seed extract with an IC50 value of 
11.95 mg/mL.

16.5.2 aNTi-caNcer aND cyToToxic acTiviTy

Activity-guided fractionation of the MeOH extract from the leaves of D. stramonium led to the 
isolation of trigonelline, scopolamine, and tyramine alkaloids. All isolated compounds were tested 
against human gastric adenocarcinoma (AGS) cells to evaluate Tumor Necrosis Factor (TNF)-
related apoptosis-inducing ligand (TRAIL) resistance activity. All three alkaloids, trigonelline, sco-
polamine, and tyramine, exhibited TRAIL-resistance overcoming activity at 50, 100, and 150 μM, 
respectively (Karmakar et al. 2016). In another study, the higher concentration of methanolic seed 
extracts of D. stramonium showed significant cytotoxicity on human breast adenocarcinoma (MCF-
7) cells with an IC50 value of 113.05 µg/mL (Iqbal et al. 2017). Human cancer cells derived from the 
breast (DA-MB231), hypopharyngeal carcinoma cell line (FaDu), when treated with aqueous leaf 
extract of D. stramonium for 24 hours, showed significant enhancement (P < 0.05) of clonogenic cell 
killing (Ahmad et al. 2009).

Varying concentrations of Ethyl acetate fraction of flowers were examined for anti-cancer activ-
ity on the human liver cancer HePG2 cell line by MTT assay method. The finding revealed that 
ethyl acetate fraction concentrations of 1,000, 500, 250, 125, and 62.5 μg/mL exhibited the CTC50 
(50% of cytotoxicity inhibition) values of 79.43, 64.15, 58.63, 49.52, and 37.48 μg/mL against the 
human liver cancer HePG2 cell line, respectively (Rajeshkanna et al. 2016).

16.5.3 aNTiMicroBial aND aNTifuNgal acTiviTy

Several studies have shown that methanol extracts of D. stramonium exhibit dose-dependent 
antimicrobial activity against gram-positive bacteria. For instance, the antibacterial activity of 
methanol extract was observed highest at the concentrtion of 2.5 mg/mL against Bacillus subtilis, 
Staphylococcus aureus, and Enterococous faecalis with an inhibition zone of 11, 10, and 9 mm, 
respectively (Eftekhar et al. 2005). Vibriocidal effect of D. stramonium acetone extracts against 
Vibrio cholera and Vibrio parahaemolyticus strains were examined by Sharma et al. (2009). The 
finding showed a minimum inhibitory concentration (MIC) value in the range of 2.5–15 mg/mL, 
which suggests broad vibriocidal properties of D. stramonium (Sharma et al. 2009). Shagal et al. 
(2012) evaluated the antimicrobial activity of ethanolic and aqueous extracts from different parts of 
D. stramonium against various bacterial strains, and the finding suggested that ethanolic extracts 
had a better activity than others. In a similar study by Al-Snafi (2017), benzene, chloroform, and 
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ethanol extract of branches and leaves of D. stramonium exhibited significant antibacterial activ-
ity against Pseudomonas aeruginosa, Micrococcus luteus, Klebsiella pneumonia Escherichia coli, 
and Staphylococcus aureus. The antimicrobial activity of the plant’s stem bark extracts (ethanol) 
indicated inhibitory activity in the order of K. pneumonia, S. aureus, and S. typhi, with 13.0, 12.0, 
and 5.0 mm, respectively (Shagal et al. 2012). Furthermore, antimicrobial and antifungal activity of 
crude extract of D. stramonium, examined by paper disk diffusion, method revealed that types of 
solvent and parts of plants used in extraction are deciding factors in revealing the extent of activity. 
For example, petroleum ether, hexane, chloroform, acetone, and ethanol extract of the plants showed 
maximum zone of inhibition against S. aureus (19.30 ± 0.18 mm), S. aureus (18.00 ± 0.27 mm), B. 
subtilis (18.43 ± 0.57 mm), S. aureus (15.60 ± 0.21 mm), and S. aureus (15.50 ± 0.55 mm), respectively 
(Girmay 2015). All the extracts showed the highest activity against Aspergillus niger for antifungal 
activity, with the maximum zone of inhibition value ranging from 13.05 ± 0.22 to 17.07 ± 0.16 mm 
(Girmay 2015).

16.5.4 larviciDal, repellaNT, aND iNsecTiciDal acTiviTy

Studies have shown insecticidal and repellant activity of D. stramonium extract (Monira and Munan 
2012). The ethanolic leaf extracts of D. stramonium were investigated for larvicidal activity and the 
result showed significant activity against Aedes aegypti, Anopheles stephensi, and Culex quinque-
fasciatus with half lethal dose (LD50) values of 86.25, 16.07, and 6.25 mg/L, respectively (Swathi et 
al. 2012; Gaire and Subedi 2013).

Karimzadeh and Rabiei (2020) reported the larvicidal and oviposition preventive potential of the 
extract from different parts of D. stramonium against Plutella xylostella. The extract prepared from 
the roots, stem, leaves, flowers, and seeds exhibited toxicity against P. xylostella larvae with LC50 
(median lethal concentration) values of 165.3, 841.4, 526.6, 82.3 and 146.8 µg/mL, respectively. 
Likewise, oviposition activity was observed highest in flower extracts, followed by root and seed 
extracts (Karimzadeh and Rabiei 2020). Batool et al. (2020) examined the mosquito repellent activi-
ties of ethanolic leaf extracts of D. stramonium against C. quinquefasciatus, A. stephensi, and A. 
aegypti. At higher concentrations of the extract, mosquito repellency of 2.7, 71.7, and 117.7 minutes 
was observed against C. quinquefasciatus, A. stephensi, and A. aegypti, respectively.

The seed extracts of D. stramonium were prepared using different solvents and tested for insec-
ticidal activity against Sitophilus oryzae (Jawalkar et al. 2016). Findings revealed that the nature of 
the solvent used to prepare the extract, concentration, and exposure time were determining factors 
to obtain a significant level of mortality. Overall, insecticidal activity of the different extracts was 
in the following order: acetone extracts (LD50 = 1.19 mL/kg), chloroform extracts (LD50 = 7.38 mL/
kg), and ethanol extract (LD50 = 8.59 mL/kg). Further, the mortality rate increased proportionately 
with increasing concentration (4–16 mL/kg) of extract and exposure time (24–96 hours) (Jawalkar 
et al. 2016).

16.5.5 aNTiDiaBeTic

Hydromethanolic root extract of D. stramonium was investigated for blood sugar-lowering activ-
ity on oral glucose-loaded, normoglycemic, and streptozotocin (STZ)-induced diabetic mice 
models. Three doses (100, 200, and 400 mg/kg) of hydromethanolic root extract significantly 
(P < 0.05, P < 0.01) lowered blood sugar after 1 and 2 hours of treatment on oral glucose-loaded 
mice (Belayneh et al. 2019). In the same way, administration of 100 and 200 mg/kg of root extract 
significantly (P < 0.05) improved the body weight of the diabetic mice on week 2, while oral 
administration of 400 mg/kg showed body weight improvement on week 1 and 2. Administration 
of root extracts also significantly (P < 0.05) lowered total cholesterol and triglycerides, whereas 
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HDL cholesterol levels significantly (P < 0.05) increased (Belayneh et al. 2019). A similar study by 
Cherie Melaku and Amare (2020) also reported that three doses of hydromethanolic seed extract 
exhibited significantly (P < 0.05 at 100, P < 0.01 at 200 and 400 mg/kg) antidiabetic activity against 
diabetic mice.

16.5.6 aNTiasThMaTic

Tropane alkaloids of D. stramonium, namely atropine and scopolamine, exhibit anticholinergic and 
broncho-dilating actions capable of blocking the muscarinic receptors (M1, M2, and M3 linked to 
the airway and lung tissues) and consequently dilating bronchial smooth muscles (Choudhary et al. 
2021). In asthmatic patients, muscarinic receptors are highly active and stimulate bronchi constric-
tion. However, muscarinic receptors (M2) inhibit the secretion of acetylcholine and indicate a mini-
mal function in asthmatic patients (Papi et al. 2021). Therefore, administration of D. stramonium 
inhibits M2 function on airway smooth muscles and submucosal gland cells, eventually ensuring 
the release of neurotransmitters and dilation of bronchi in asthmatic patients (Kadam et al. 2018). 
For example, inhaling the smoke from the cigarette prepared from D. stramonium showed a signifi-
cant decrease in airway resistance (Al-Snafi 2017).

16.6 TOXICOLOGICAL EVALUATION OF DAtURA StRAMoniUM

D. stramonium has been globally recognized as poisonous and narcotic due to toxic compounds 
such as atropine, hyoscyamine, and scopolamine in all parts of the plants (Altameme et al. 2015). 
Subsequently, all the parts have exhibited anticholinergic effects on the central nervous system, 
which have ultimately induced complications and even death in severe intoxication (Sharma et al. 
2021). Overall, seeds of D. stramonium are considered more toxic (each seed contains 0.1 mg of 
atropine) than other parts (Pillay and Sasidharan 2019). Despite D. stramonium being used exten-
sively in folk and Ayurvedic medicine for curing various human ailments, several cases of its poi-
soning have been reported when used as decoction or taken accidentally or abused intentionally 
(Das et al., 2012; Adegoke and Alo 2013; Disel et al. 2015; Trancă et al. 2017). In any case, the 
symptoms of D. stramonium poisoning include fever, dryness of the skin, mouth, and mucous mem-
brane, urinary retention, tachycardia, rhabdomyolysis, coma, hallucinations, mydriasis, tachypnea, 
rhabdomyolysis, disorientation, hallucinations, combativeness, unintelligible speech, restlessness, 
dizziness, abdominal pain, vomiting, and nausea (Onen et al. 2002; Lazzarini et al. 2006; Ally and 
Mohanlall 2020) (Table 16.1).

Many researchers have mainly studied the toxicological properties of D. stramonium. Dugan 
et al. (1989) evaluated the toxicological effects of D. stramonium seeds on both male and female 
rats. The rats were fed with a diet containing 0.5%, 1.58%, and 5.0% of D. stramonium seeds for 
90 days. The result analysis showed a loss of body weight, the gain of serum calcium and albu-
min, and an increase in the weight of the testes and liver. It is concluded that a diet with 0.5% 
or more concentration of D. stramonium seeds induces adverse physiological alteration in rats 
(Dugan et al. 1989). In an acute oral toxicity test, female mice administered with hydroethanolic 
root extract at 2,000 mg/kg for 14 days showed no acute toxicity and mortality, concluding as 
a safe dose (Belayneh et al. 2019). The study by Ogunmoyole et al. (2019) revealed that types 
of solvent used to prepare D. stramonium seed extracts showed varying toxicity on the heart, 
kidney, brain, and liver. Wistar rats were injected with 2,250 mg/kg/day of D. stramonium seeds 
extract for 28 days. The results exhibited significant changes in the histological pattern, such as 
vacuolization, axonal atrophy, and neuronal deaths in the frontal cortices of rats. It is concluded 
as the effect of intoxication of D. stramonium seeds extract on frontal cortex neurons (Ekanem 
et al. 2016; Table 16.2).
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TABLE 16.2
Intoxication Cases of Datura stramonium Reported in Different Countries

Plant Part Country Type of Intake Indication of Intoxication Consequence References

Aqueous Nigeria Abuse Restlessness, incoherent talk, Recovered Adegoke and 
extract of visual hallucinations, Alo (2013)
seeds convulsions, increased body 

temperature, dry mouth, 
dilated pupils, tachycardia

Areal parts France Accidental Unconsciousness, agitation, Recovered Marc et al. 
delirium, visual and tactile (2007)
hallucinations

M: 1.7 ng/mL atropine in 
blood, F: 1.4 ng/mL 
scopolamine in blood; 
114 ng/mL atropine in urine

Flowers Turkey Accidental (flowers Visual impairment, Recovered Disel et al. 
mistaken with hallucinations, mydriasis, (2015)
pumpkin flowers) tachycardia, tachypnea, red 

and dry skin and mucous 
membranes, left bundle 
branch block, 
rhabdomyolysis

Flowers Italy Accidental (flowers Loss of consciousness, Recovered Lazzarini et al. 
mistaken with agitation, confusion, (2006)
edible pumpkin) hallucinations, combative 

behavior, mydriasis, 
disorientation, aphasia

Flowers United States Abuse Hallucinations, picking at Recovered Chan (2002)
nonexistent items

Fruit Saudi Arabia Accidental Dry mouth and skin, Recovered Ali Taha and 
tachycardia, dilated pupils Mahdi (1984)

Fruit Malaysia Dizziness, blurred vision, Recovered Mohamad et al. 
restlessness (2009)

Seeds Romania Abuse Fever, dry skin, and mucosa, Recovered Trancă et al. 
tachycardia, right bundle (2017)
bunch block, urinary 
retention, rhabdomyolysis, 
coma

Seeds United States Abuse Disorientation, Recovered Soneral and 
hallucinations, Connor (2005)
combativeness, 
unintelligible speech, blurry 
vision

Seeds Botswana Accidental Confusion, dry mouth, Recovered Onen et al. 
(sorghum porridge restlessness, dizziness, (2002)
contaminated with abdominal pain, 
D. stramonium uncontrolled talking, 
seeds) headache, vomiting, nausea, 

blurred vision

(Continued)
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16.7 TRADITIONAL AND OTHER POTENTIAL USES

D. stramonium, commonly known as Jimson weed, has been widely used in the traditional medi-
cine of different countries from the time immemorable. In Ayurvedic and folk medicine, Jimson 
weeds are therapeutically indicated in treating numerous ailments such as toothache, asthma, fever, 
bronchitis, inflammation, and bruises (Kirtikar 1935; Ummahan 2017). The juice extracted from 
the leaves of Jimson weeds is taken orally with warm milk to expel the intestinal worms, and in a 
similar trend, seeds paste mixed with palm oil is applied externally to treat insects’ bites and stings. 
Further, juice from the flower petals is used against ear pain and as a purgative in treating cough, 
fever, and asthma (Egharevba and Ikhatua 2008; Khan et al. 2013). Kadam et al. (2018) reported the 
efficacy of Jimson weeds in treating infertility in women. Here, 120 mg of dried powder of flowers is 
given with honey for a week after 10 days of menstruation. The leaves of D. stramonium mixed with 
mustard oil have proven helpful in curing skin disorders (Khan et al. 2013). A paste prepared from 
leaves is topically applied to treat wounds, injuries, baldness, bleedings, boils, and pains (Khan and 
Khatoon 2008). Juice extracted from the fruit prevents hair failure and antidandruff (Shah and Khan 
2006; Rahmatullah et al. 2010). Oil from fruits helps relieve body pain when applied (Vijendra and 
Kumar 2010). Both seeds and dried leaves are cast off as a sedative and anticholinergic (Wazir et 
al. 2004). The vapors from the leaf infusion are suggested to be used to revive the pain of gout and 
rheumatism (Biswas et al. 2011). Savithramma et al. (2007) acclaim the inhalation of smoke from 
burning leaf of D. stramonium to reconcile asthma and bronchitis (Savithramma et al. 2007).

In different regions of Nepal, leaves of D. stramonium together with a stem of Neopicrorhiza 
scrophulariiflora and leaves of Cannabis sativa are pulverized with water and used as herbal medi-
cine to overcome headaches. For indigestion problems, seeds and rice grains are minced and admin-
istered orally. Leaves are either warmed or roasted and applied to the inflamed region to relieve 
pain (Gorsi and Shahzad 2002). In the Kashmir valley of India, oil extracted after crushing leaves is 
prescribed for antidandruff against skin diseases, headaches, and its stalks and stems are masticated 
as a treatment for toothache and respiratory problems (Khan et al. 2016). Besides the medicinal 
potential of D. stramonium in treating various ailments, its usage for non-medicinal purposes is also 
recorded. For instance, its usage among the students is recorded in Ethiopia to enhance imagination 
power and infuse a receptive learning mindset. In many European countries, the plant is used for 
brewing beer and in liniments as a craft witch (Khan et al. 2016). The traditional uses of D. stramo-
nium in various parts of the world are listed in Table 16.3.

TABLE 16.2 (continued)
Intoxication Cases of Datura stramonium Reported in Different Countries

Plant Part Country Type of Intake Indication of Intoxication Consequence References

Seeds Canada Abuse Disorientation, Recovered Wiebe et al. 
hallucinations, (2008)
combativeness

Seeds Greece Abuse 1.1 μg/mL of Hyoscyamine 
and 0.2 μg/mL scopolamine 

Died Boumba et al. 
(2004)

were determined in the 
blood

Seeds Hungary Abuse (seeds used Dizziness, blurry vision, Recovered Osváth et al. 
for preparing tea) incoherent talk, dry mouth, (2000)

flushed skin, mydriasis, 
tachycardia, coma
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TABLE 16.3
The Traditional Uses of Datura stramonium in Various Parts of the World

Preparation Form/Traditional 
Ailments Country Part Used Uses References

Mexico Leaves Cataplasm BDMTM (2009)

Anesthetic Spain Leaves Cataplasm Velasco (2009)

Antidandruff Pakistan Fruit Juice extracted is applied to the Khan and Khatoon 
scalp for falling hairs (2008)

Asthma Spain Leaves, Cigarettes, decoction Carrió and Vallès 
roots and (2012)
flowers

Asthma and tonsil Pakistan Seeds Chewed Khan and Khatoon 
(2008)

Asthma, Bronchitis, India Leaves Crushed and boiled and taken Khan et al. (2016)
Cough, Headache, (Kashmir) orally with water 
Joint pain, 
Rheumatism, and 
Tonic

Boils, Headache, Skin India Seeds Its seeds are crushed and oil is Khan et al. (2016)
disease, Dandruff (Kashmir) obtained which acts as an 

ointment Tropical application of 
ointment 

Bronchitis Spain Flowers Fumigated Carrió (2013)

Bronchitis and asthma India Fruits Burnt and ash are given orally with Belayneh et al. 
honey (2019)

Burns Mexico Leaves Direct application, Cataplasm Salas and Cáceres 
Spain (2003)

Cold and catarrh Spain Indet., Indet., Cigarettes Carrió (2013)
leaves

Cough Mexico Leaves Infusion Cigarettes Abigail et al. 
Spain (1994), Velasco 

(2009)

Cough, fever, and Pakistan Seeds Used as purgative, smoked for its Khan et al. (2013)
asthma narcotic action

Diabetes mellitus Ethiopia Root The root of the plant is taken orally Belayneh et al. 
extract (2019)

Earache Pakistan Flower Extract the juice and apply it Khan et al. (2013)
externally 

Earache Pakistan Flower Extract the juice and apply it Shah and Khan 
externally (2006)

Eczema Spain Aerial Cataplasm Akerreta et al. 
parts (2013)

Erysipelas Mexico Leaves Direct application (externally) BDMTM (2009)

Asthma and Bronchitis India Leaf The smoke from the burning leaf is Savithramma et al. 
inhaled (2007)

Furuncle and Traumatic China Leaf Pound fresh part applied on the Hong et al. (2015)
injury affected area, treating for 

Gout Mexico Indet. Indet. BDMTM (2009)

Headache Mexico Flor Decoction BDMTM (2009)

(Continued)
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TABLE 16.3 (continued)
The Traditional Uses of Datura stramonium in Various Parts of the World

Preparation Form/Traditional 
Ailments Country Part Used Uses References

Headache Nepal Leaves Leaves along with the leaves of Rajbhandari (2001)
Cannabis sativa and stem of 
Neopicrorhiza scrophulariiflora, 
are pounded with water and 
applied topically

Headache Pakistan Seeds Seeds (2–5) are added to a cup of Hussain et al. (2006)
green tea

Helminthiasis Mexico Leaves Decoction BDMTM (2009)

Hemorrhoids Mexico Leaves Decoction Abigail et al. 
Spain (1994), Salas and 

Cáceres (2003)

Impotency – Seeds Boil 15 ripe fruits in 8 L of cow Prasad (2008)
milks and extract butter churning. 
Use butter to message penis and 
spin every morning and evening 

Indigestion Nepal Seeds Seeds with grains of rice are Rajbhandari (2001)
crushed and taken orally

Infertility in women India Dried Administered at the dose of 120 mg Kadam et al. (2018)
flower is given with honey 10 days after 
powder menstruation. It is given for 

5–7 days

Inflammation Mexico, Leaves Direct application, infusion, Abigail et al. (1994)
Spain Cataplasm

Inflammation of the Mexico Leaves Direct application (externally) BDMTM (2009)
uterus

Intestinal worms Nepal Leaf Juice extracted from the leaf is Rajbhandari (2001)
(tapeworm) given with mil to expel intestinal 

worms

Joint pain Mexico Leaves, Decoction and added to a bath, or BDMTM (2009)
Seeds spread. Direct application

Labor pain Mexico Indet., Indet., Cataplasm, Decoction BDMTM (2009), 
Seeds Morton (1981)

Lactation Pakistan Leaves Warm up 5–8 leaves in low fire and Hussain et al. (2006)
then tie on flagged breasts to bust 
them up. This treatment is 
continued for 15 days

Mumps Mexico Leaves Decoction and externally applied BDMTM (2009)

Neuralgia Mexico Seeds Tincture Morton (1981)

Parasites (“bichos”) Mexico Leaves With butter Abigail et al. (1994)

Pertussis Mexico Leaves Decoction and added to a bath BDMTM (2009)

Pimples, grains Mexico Leaves Decoction and externally applied Abigail et al. (1994)

Rheumatism and gout Bangladesh Leaf Vapors of leaf infusion are used to Biswas et al. (2011)
relieve the pain of 

Rheumatism Spain Roots, Macerated in water or alcohol, Abigail et al. 
Leaves Cataplasm (1994), Velasco 

Santos et al. (2010)

(Continued)
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16.8 CONCLUSION AND FUTURE REMARKS

D. stramonium is a cosmopolitan species. It has aggressive nature of growth by releasing alle-
lopathic chemicals and outcompetes many associated plant species. It is commonly known 
as Jimson weed, devil’s trumpet, and evil seeds and has both toxic and medicinal properties. 
All parts of a plant are toxic if ingested and smoked, often resulting in delirium, photophobia, 
hyperthermia, neurotoxicity, severe mydriasis, fever, dryness of the skin, mouth and mucous 
membrane, rhabdomyolysis, hallucinations, mydriasis, tachypnea, rhabdomyolysis, disorienta-
tion, combativeness, unintelligible speech, restlessness, dizziness, vomiting, and nausea. In this 
view, it is indispensable to be mindful of toxicity and likely risk linked with the therapeutic or 
recreational use of D. stramonium. Traditionally, the plant is used for curing various human 
ailments such as skin disorders, inflammation, toothache, cough, fever, bronchitis, convulsion, 
asthma, burn, ulcer, wound, rheumatism, sciatica, and gout. However, one has to be cautious 
when administering orally. Pharmacologically, based on the type of solvent used for extraction 
and parts of plant use, plant extract has exhibited varying biological activities, including antifun-
gal, antiasthmatic, larvicidal, antibacterial, anti-inflammatory, and antioxidant, antispasmodic, 

TABLE 16.3 (continued)
The Traditional Uses of Datura stramonium in Various Parts of the World

Preparation Form/Traditional 
Ailments Country Part Used Uses References

Scorpion stings Saudi Whole Leaves are dried, crushed, heated, Tounekti et al. 
Arabia plants and applied topically to the sting (2019)

point

Skin diseases Bangladesh Leaf Paste of leaves is topically applied Rahmatullah et al. 
(2010)

Skin disorders Pakistan Leaf Mixed with mustard oil and apply Khan et al. (2013)
externally

Softening the boils Pakistan Green Used externally for softening the Shah and Khan 
leaves boils (2006)

Sores and stings Nigeria Leaf and The crushed leaves and seeds are Egharevba and 
seeds mixed with palm oil and applied Ikhatua (2008)

to severe cases of insects bites and 
stings

Sores and stings Nigeria Leaves The crushed leaves and seeds are Egharevba and 
and mixed with palm oil and applied Ikhatua (2008)
seeds topically 

Sudorific Spain Seeds Infusion Salas and Cáceres 
(2003)

Toothache Mexico Seeds Direct application BDMTM (2009)

Toothache, Aphrodisiac, Stems and Chewed Khan et al. (2016)
Intestinal worms, and stalk
Respiratory disorder

Tranquilizer – Sedative Mexico, Indet. Indet., Cigarettes, Decoction BDMTM (2009)
Spain Leaves Garrido (2008)

Vomiting inducer Spain Seeds Infusion Salas and Cáceres 
(2003)

Wounds, bleedings, and Pakistan Leaf Paste and extract are applied Khan and Khatoon 
baldness externally (2008)
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anti-rheumatoid, anti-ulcer, and antinociceptive activities. However, biological activities are 
limited to plant extract. D. stramonium encompasses several phytochemicals, including tropane 
alkaloids, flavonoids, phenolic compounds, carbohydrates, cardiac glycosides, tannins, amino 
acids, and minerals. However, most compounds are identified or detected, and isolated com-
pounds are very few. Hence, reported biological activities of D. stramonium are limited to crude 
extracts of different solvents. For example, about 67 alkaloids have been identified, but they are 
least studied for their pharmacological properties. We recommend that future studies focus on 
compound isolation and studying the pharmacological activities of those compounds that are 
already isolated, like alkaloids.

NOTES

Tenzin Jamtsho, Yangchenphugh Higher Secondary School, Ministry of Education, Thimphu, 
Bhutan
Ugyen, Jigme Khesar Strict Nature Reserve, Department of Forests & Park Services, MoAF, Haa, 
Bhutan
Phurpa Wangchuk, Center for Molecular Therapeutics, Australian Institute of Tropical Health and 
Medicine (AITHM), James Cook University, Smithfield, Australia
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17.1 INTRODUCTION

Digitalis purpurea is a very popular herbaceous ornamental plant. This plant, commonly known 
as ‘Foxglove’, is native to Europe and African islands. D. purpurea was initially placed under the 
family Scrophulariaceae, but was subsequently shifted to the family Plantaginaceae after elaborate 
phylogenetic studies. The plant was first described in 1753 by Carl Linnaeus in Species Plantarum. 
It derives its name from the Latin word Digitalis meaning ‘finger’ as the flowers have a finger-like 
appearance. The species name purpurea refers to the flower pigments which give them the charac-
teristic purple color, and sometimes yellow or even white hues.

Besides being an ornamental plant used for decorative purposes, D. purpurea is widely known for 
its curative properties in heart-related ailments since ancient times. This is owing to the presence of 
cardiac and steroidal glycosides like Digitoxin (C41H64O13) and Digoxin (C41H64O14) which are found in 
abundance in the entire plant body (Lungeanu et al. 1963). Digitoxin is the principal active ingredient 
of the species and accounts for several therapeutic properties of the plant. Besides the glycosides, the 
plant is a rich source of microelements like boron, copper, and manganese. However, the Digitalis plant 
also can uptake potentially toxic elements like lead, chromium, nickel, and arsenic calling for focused 
attention on the analysis of mineral content in the plant species (Roca-Pérez et al. 2005 Negi et al. 2012).

Digitalis is a term used for inotropic drugs that induce myocardial contractility. Digitalis admin-
istration plays a very important role in the treatment of congestive heart failure, atrial fibrillation, 
and cardiac dilation for more uptake of blood in the heart and chronic kidney diseases (Sessa et al. 
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2016). Digitalis is also extensively used by herbal practitioners because of its natural plant source 
and less clinical index (Reddy 2010). However, the toxicity of the Digitalis drug is a debatable topic. 
Repeated or above optimal dosage of the drug leads to serious impacts on the patients’ health. 
Atrial tachycardias, atrioventricular blockage, and fatal ventricular arrhythmias are listed as the 
major effects of digitalis intoxication (Hauptman and Kelly 1999). In severe cases, it may even lead 
to death. General sickness, antiperistalsis, eating disorders, dizziness, confused eyesight, objects 
appearing greenish or yellowish, polyuria chilling perspiration, syncope, and slow pulse which can 
be 35 beats/minute are all symptoms of Digitalis toxicity (Withering 1937).

This chapter discusses the botanical description, distribution, phytochemicals, traditional and 
therapeutic uses, cultivation methods, drug extraction process, mechanism of action of the drug, 
pharmacokinetics, and its toxic responses.

17.2 BOTANICAL DESCRIPTION

17.2.1 haBiT aND haBiTaT

D. purpurea is a biennial or perennial herb that attains a height of about 45–150 cm with around 
60–100 cm in width. The leaves are simple, coarsely reticulate-veined, around 9–35 cm long and 
5–13 cm wide, ovate, petiolated, and arranged spirally. They are dark green and bitter due to the pres-
ence of glycosides. The leaves possess several glandular trichomes on both surfaces giving them a 
woolly appearance. Flowering takes place in early summers, from mid-June to mid-July where each 
flower remains open for 10 days. The flowers are tubular and drooping down. They are arranged as 
clusters at the terminal ends (Figure 17.1). The petals are elongated, clubber together, and heavily 

FIGURE 17.1 Digitalis purpurea plant.
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spotted from inside. The main pollinators of Foxglove are Bumblebees (Best and Bierzychudek 1982). 
The reproductive part consists of two long and two short stamens, and the flower type is hypogynous. 
The fruiting period of the Foxglove plant is from July to August and the seeds ripen from August to 
October (Al-Snafi 2017). The fruit is a round and glandular capsule. It splits open and releases numer-
ous seeds when ripe. The seeds are brown and rectangular with a mesh of ridges across the surface.

Cold to a moderate temperature range of 25°C and nutrient-rich, well-drained slightly acidic soil 
(pH 5.5–6.5) are the most preferable conditions for plant growth (Clapham et al. 1962; Phillips and 
Rix 1991). The plants require partial shade conditions and are reported to grow poorly in complete 
darkness. They are photosensitive along with a high germination rate when sown at a depth of 
10 mm (Bliss and Smith 1985; Huxley 1992).

17.2.2 propagaTioN MeThoDs

17.2.2.1 Conventional Method of Propagation
D. purpurea is cultivated for its beautiful flowers and medicinal purposes. The most common 
method of propagation is seeds. Sowing is done during spring or early summers. Germination 
occurs within 2–3 weeks and quick watering is required to avoid drying of the seedlings. The light-
weighted seeds are mixed with sieved sand to facilitate proper seed scattering. In general, sowing is 
done in damp soil at around 20°C and in rows that are at 10–11 cm intervals. Once sown, the seeds 
are covered with a fine layer of soil and sand. The seedlings are ready for transplantation within 
40–45 days after sowing (Reddy 2010).

In the first year of growth, the stem grows with spirally arranged leaves in a rosette form. By 
the second year of growth, the plants are mature and flowering starts in April (in the first year of 
growth) followed by fruiting and seed development in the second year of growth. Different combina-
tions of Farmyard manure and fertilizers (NPK) are applied at different intervals to ensure healthy 
plant propagation (Rowson 1955). Healthy leaves from plants in the second year of growth and with 
more than half fully developed flowers are most suitable for extraction purposes. The leaves can be 
harvested for up to 2 years from a single plant. In the first year, leaves of 8–10 cm in length can be 
collected in the months of July and August, while the second harvest is done after around one and 
a half to 2 months of the first harvest. During the first year, harvesting can be done 2–3 times and 
1–2 harvests can be done during the second year. Once harvested, the leaves are stored in airtight 
containers with drying substances like silica gel beads and leaves are dried properly in hot air up 
to 60°C with occasional stirring. The standard green color of the leaves is preserved by rapid dry-
ing. The process of drying is carried out till the moisture content drops down to less than 5% since 
it causes hydrolysis of cardiac glycosides which leads to loss of cardiac activity. After drying, the 
leaves are packed under pressure in airtight containers to avoid any kind of moisture and environ-
mental interactions. It is estimated that around 2–2.5 tonnes of dried leaves can be obtained from 
D. purpurea plantations in one acre of land (Reddy 2010). Bright purple/magenta colored, heavily 
spotted flowers are also collected for medicinal purposes. Ripe seeds are collected and stored at 
~5% moisture content (fresh weight basis) and at 50°C for further sowing (Hay et al. 2008).

The plants are known to be sufficiently disease resistant, though they may suffer from powdery 
mildew and crown rot due to humid weather (Wallace and Crouch 2018). To avoid contamination of 
the planting stock, the infected stalk is excised and removed before the infection reaches the seeds 
(Garibaldi et al. 2022).

17.2.2.2 In Vitro Propagation
To facilitate large-scale propagation of disease-free plant material of D. purpurea in a small space, 
plant tissue culture technology offers the best option. Plant cells, tissue, organs, protoplast, and 
seeds can be grown artificially on nutrient medium under aseptic and regulated physicochemical 
conditions. Table 17.1 summarizes the various micropropagation procedures used to propagate D. 
purpurea from various tissues (explants).
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17.2.2.3 Propagation for Enhanced Glycoside Production
Since the Foxgloves are valued for their glycoside content, there have been studies on standardizing 
propagation methods for the production of quality crops with enhanced glycosides. It was shown that 
chloroplasts are not necessary for the synthesis of digitoxin in Digitalis cells (Hagimori et al. 1982). 
Thereafter, the studies were focused on different physical factors for plant and phytochemical pro-
duction. A study showed that treatment of potassium chloride and progesterone can enhance cardeno-
lide production (Patil et al. 2013). Exposure to red and blue lights in the ratio of 2:8 has been reported 
to induce maximum production of cardenolides in the leaf tissues of the plant (Verma et al. 2018). 
Besides, optimum light and temperature conditions have been proven to be essential for Foxglove 
development as they directly influence photosynthetic rate, nutrient absorption, hormone and enzy-
matic activities in the plant body. For D. purpurea, a greenhouse temperature of 22°C during day 
and 18°C at night is most preferable for plants. Besides, periodic watering and supply of nutrients 
is a must for the development of healthy plants with optimal phytoingredients ( Verma et al. 2018).

17.3 DISTRIBUTION

D. purpurea is found in a wide range of climatic conditions varying from oceanic to suboceanic 
areas to Mediterranean areas (Meusel 1954; Hinz 1990; Bruelheide and Heinemeyer 2002). Despite 
appropriate climatic and soil conditions, Digitalis occurrence reduces as one moves from west to east 
(Werner 1964) earning them the name ‘ephemerophyte’. In 1980s, it was reported from the British 
Columbia and western Washington state (Best and Bierzychudek 1982). The species is known to be 
indigenous to the European regions (Albania, Belgium, Finland, Sweden, United Kingdom, Italy, 

TABLE 17.1
In Vitro Propagation Strategies for D. purpurea

Medium and Plant Growth  
Explant Response Regulators References

Anthers Haploid callus culture Nitsch and Nitsch + 2,4-D Corduan and Spix (1975)

Callus Shoot derived culture Liquid based medium + BAP + IAA Hagimori et al. (1982)

Callus or leaf tissue Root culture Torrey + Saccharose + IAA Rucker et al. (1983)

Leaf segments Shoot organogenesis MS Medium + NAA + BAP Pèrez-Alonso et al. (2018)

Leaf, petiole, root To be asked MSзo + 2,4-D + BAP + NAA Rad et al. (2021)

Leaves Root differentiation Heller and MS Media + IAA  Rücker et al. (1981)

+ NAA + 2,4-D + GA3

Leaves Root system and little Heller medium + IAA Rücker et al. (1976)
callus development

Leaves and roots of in Shoot derived culture MS Medium + thiamine + myo Pèrez-Alonso et al. (2014)
vitro germinated seeds -inositol + 6- BAP + IAA + Sucrose

Nodal, intermodal, leaf Multiple shoot MS medium + BA + Kin + TDZ  Patil et al. (2013)
formation + IAA + NAA + 2,4-D

Seedlings Callus induction Basal medium + IAA + Agar Hagimori et al. (1982)

Seedlings Callus tissue derived MS Medium + 2,4-D + Kin Furuya et al. (1970)

Seeds Seedlings MS Medium + BA + Kin ++ TDZ  Patil et al. (2012)
development + NAA + IAA + 2,4-D

In vitro germinated Shoot derived culture MS Medium + thiamine HCl + 6-BAP  Pèrez-Alonso et al. (2009)
seeds + IAA + Myoinositol + Sucrose

2-year-old culture of Shoot multiplication MS Medium + IBA + Adenine sulfate Chaturvedi and Jain 
proliferating shoots (1994)
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Norway, France, Portugal, Spain, Denmark, Germany, Croatia, Canary Island), New Zealand, and 
Africa (Madeira Islands, Morocco, Cape Verde) (; Bräuchler and Heubl 2004; Sletvold and Rydgren 
2007; Kreis 2017). In the eastern Germany boundaries (like Hainleite Mountains in Southern Lower 
Saxony and Thuringia) and in Poland, D. purpurea is mainly affected by frosts in winters and 
drought periods in summers limiting the growth of adult plants (Bruelheide and Heinemeyer 2002). 
The species is subsequently introduced in other parts of the world and now grows widely in parts 
of North America, Iraq, Japan, Kurdistan, Mexico, Turkey, Nepal, and India (Verma et al. 2016). In 
India, the Nilgiri mountains, Kashmir, and Darjeeling are the hotspots for the cultivation of D. pur-
purea, while some cultivation is also done in parts of Uttarakhand and Himachal Pradesh (Chopra 
and De 1926; Negi et al. 2012). In Japan, England, Hungary, and Germany, it is primarily cultivated 
for drug production (Rana et al. 2022).

17.4 PHYTOCHEMICAL CONSTITUENTS

D. purpurea is a chemically active species. It is rich in glycosides, saponins, carbohydrates, volatile 
oil, gums, fatty matter, and sugars and glycosides. Glycosides like verodoxin, odoroside-H, digital-
ose, gitaloxin, gitaloxigenin, and glucoverodoxin are mostly found in the leaves (Ali Esmaile et al. 
2017). Essential saponins like digitonin, digitoxigenin and gitonin, luteolin, and flavones are known 
to impart color to the drug made from D. purpurea (Sharma and Purkait 2012).

17.4.1 carDiac glycosiDes iN D. purpurEa

The glycosides found in D. purpurea can be categorized as primary and secondary, 0.2%–0.45% 
of which are present in the leaves. Primary glycosides include purpurea glycosides A and B and 
glucogitaloxin. The secondary glycosides (e.g., digitoxin, digoxin) are synthesized from the primary 
ones and are far more absorbed, stable, and therefore, more widely used. Cardiac glycosides are the 
secondary glycosides composed of a carbohydrate moiety and an aglycone (steroid nucleus with 
unsaturated lactone) (Mishra et al. 2020). These are naturally occurring steroids with a high impact 
stimulating action on the cardiac muscles. The therapeutic property of D. purpurea is mainly attrib-
uted to the cardiac glycosides – digoxin and digitoxin which are found in all the parts of the plant 
like roots, leaves, stem, and flowers. 

Digoxin (C41H64O14, molecular weight 780.95 Da) has a white crystalline appearance, is odorless, 
and exhibits complete solubility in pyridine, partial solubility in alcohol and complete insolubility 
in water. Digitoxin (C41H64O13, molecular weight 764.939) (Figure 17.2) has a similar structure and 

FIGURE 17.2 Chemical structures of (a) digoxin and (b) digitoxin.
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phytochemical effects as digoxin (except that digoxin has an extra hydroxyl [−OH] group), but has 
a prolonged half-life and long-lasting effects in the body. It is insoluble in water; soluble in alcohol, 
chloroform, and acetone; and partially soluble in methanol. Synthesis of digitoxin takes place in 
the fresh leaves by the hydrolytic action of enzyme digipuridase on purpurea glycosides A and B.

17.5 PHARMACOLOGICAL STUDIES

Out of different organic compounds present in D. purpurea, only a few compounds (basically glyco-
sides and saponins) are pharmacologically active and exploited for treatment of disorders like heart 
failure, arrhythmia, neurological diseases, and cancer (Lindholm et al. 2002). Foxglove is highly 
valued for its glycoside content which stimulates the cardiac muscles, and it has antioxidative, hepa-
toprotective, and cytotoxic properties (Zahid and Rizwani 2016). Drugs prepared through the plant 
extracts are widely used in the treatment of heart diseases, improving functioning of cardiac muscles 
without the need for excess oxygen and regulating heartbeat regulation (Navarro et al. 2000). Edema, 
which is a common result of heart failure, is also known to be effectively treated through plant-
derived drug (Rosen et al. 1985). Foxglove’s cardiac glycosides have been considered to be very safe 
inotropes for patients suffering from serious heart-related disorders (Schwinger et al. 2003).

Leaves are the major source for the extraction of cardiac glycosides digitoxin and digoxin (Roca-
Pérez et al. 2004). Digoxin is rapidly absorbed by the cells, undergoes minimal hepatic metabolism, 
and finally excreted out completely through the kidneys. The major mechanism of digoxin is to 
suppress the DNA topoisomerases I and II and to increase the intracellular Ca2+ concentration. It 
also upregulates HIF-1 thereby inducing the cell cycle arrest (Yeh et al. 2001; Winnicka et al. 2008; 
Elbaz et al. 2012). Digoxin is known to have a vagomimetic action on the atrioventricular node. 
The parasympathetic nervous system is activated which reduces heart rate by slowing electrical 
conduction at the atrioventricular node. As calcium concentration rises, phase 4 and phase 0 of 
action potential extend, increasing the atrioventricular node’s refractory time hence improving the 
ventricular response (Ren et al. 2020).

Unlike digoxin, which is not extensively metabolized in humans but is excreted mostly unchanged 
by the kidneys, digitoxin is eliminated via the liver and can be used in patients with poor or erratic 
kidney function (Haux 1999). The mechanism of action of digitoxin is to increase the intracellular 
Ca2+ concentration and downregulate cyclin B1 and Cdc2, hence inducing cell cycle arrest in G2/M 
phase (Hina Zahid and Rizwani 2016). Digitoxin affects the function of calcium metabolism genes 
as well as IAP (Inhibitors of Apoptosis) genes that control cell death and caspases (Riedl and Shi 
2004).

The drug prepared from D. purpurea extract (commonly called digitalis drug) has a positive 
inotropic effect on the body. As a positive inotrope, the plant-based drug stabilizes the contrac-
tions of the heart hence enhancing the pumping of the blood while maintaining the heartbeats to 
normal. In vivo studies have shown that the inotropic effect of digitalis drug remained consistent for 
weeks to months. The drug administration causes an upward shift of the ventricular movement (as 
indicated by an upward Frank–Starling curve), hence generating more stroke work at a given pres-
sure. Simultaneously, the cardiac glycosides in the drug also promote intracellular Ca2+ activity by 
improving the availability of stimulator Ca2+ in the heart cells. Detailed biochemical investigations 
have shown that the cardioactive steroids inhibit the intermembrane protein Na+/K+-ATPase. This 
enzyme is involved in membrane ion translocation with the hydrolysis of Adenosine Triphosphate 
(ATP) (Figure 17.3). The digitalis drug causes reversible inhibition of this enzyme, causing an 
increase in the intracellular sodium ions levels which in turn are exchanged for calcium ions via 
another channel (Hauptman and Kelly 1999; Rehman and Hai 2021). It is this changing equilibrium 
between intracellular Na+ and Ca2+ that accounts for the positive inotropic action of the drug. Ion 
selectivity of voltage-sensitive Na+ channels in T-tubular membranes and sarcolemma can also be 
altered by physiologically relevant (nanomolar) dosages of cardiac glycosides, allowing Ca2+ access 
via a mechanism known as ‘slip-mode conductance’ (Santana et al. 1998).
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17.5.1 pharMacokiNeTics

Digitalis drug absorption and metabolism is a crucial part. Digitoxin (90%) has higher oral avail-
ability than Digoxin (75%) and has a much improved half-life (160 days) as compared to digoxin 
(40 days). However, the prolonged half-life of these cardiac glycosides means that a consistent dos-
age is needed before steady-state therapeutic plasma levels are achieved. Therefore, the procedure 
of ‘digitalization’ is done before initiating digitalis drug treatment. This involves special dosing pat-
terns to instantly increase digoxin plasma levels. The safe levels of therapeutic plasma concentration 
for digoxin are between 0.5 and 1.5 ng/mL. A higher concentration than the upper limit could be 
fatal for the patient and can lead to digitalis toxicity as digitalis drugs have a comparatively narrow 
therapeutic safety index (Rehman et al. 2022).

The absorption of digoxin and digitoxin from the gastrointestinal tract can be altered by manipu-
lating the tract motility, adsorption of drugs, modifying intestinal wall features, or altering the 
intestinal microflora by the use of different chemical agents that interact with the glycoside com-
pounds (Table 17.2).

17.6 TOXIC RESPONSE

Toxicity refers to an unfavorable outcome of medication caused by an amplification of the effect 
that causes the therapeutic response. Digitalis drug has been used across the world for centuries, 
but its use has been restricted due to its toxicity, digoxin adverse effects (AEs), and multiple drug 
interactions. Besides, the narrow therapeutic index of digoxin calls for close and constant monitor-
ing after drug administration. However, since digoxin plays an important role in the treatment of 
heart failure, atrial fibrillations, etc., it has been opted as adjunctive therapy, rather than baseline 
therapy (Yancy et al. 2013).

The toxic effects of digitalis can be grouped as cardiac AEs and non-cardiac AEs. The cardiac 
AEs include ventricular arrhythmias, atrioventricular block, atrial arrhythmias, and sinus bradycar-
dia. The non-cardiac AEs are manifested as anorexia, nausea, vomiting, stomach ache, headache, 
eating disorders, visual impairment, objects appearing green or yellow, increased urine secretion, 
psychosis, etc. (Wade 1986). In severe cases, chilling perspiration, convulsions, syncope, slow pulse 
(as slow as 35 beats/minute), and death have been associated with digitalis poisoning (Withering 
1937). Accidental digitalis toxicity is rare and exposure is more likely in infants and children under 
the age of six than in adults (Watson et al. 2002). Elderly patients having improper muscle mass and 

FIGURE 17.3 Mechanism of action of digitalis drug.
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TABLE 17.2
Chemical Agents That Modify the Action of Digitalis Drug

Category of Drugs Examples Mode of Action

Antiarrhythmic Amiodarone • Less danger of intoxication as increase of digitoxin 
medications concentration in serum is lower than that of digoxin (Peters 

et al. 1980).
• Raise the concentration of digoxin at a constant rate and 

lowers the maintenance doses by ≥50% (Hauptman and 
Kelly 1999).

1. Quinidine • Antiarrhythmic agents increase the probability of 
proarrhythmic events (Hauptman and Kelly 1999).

• Prevents digoxin from transporting across plasma 
membrane of epithelial cells, mainly in kidneys (Fromm et 
al. 1999).

• Competes for binding sites with digoxin, controls the renal 
elimination of digoxin (Peters et al. 1980; Hauptman and 
Kelly 1999).

• May raise the concentration of digitoxin in serum (Wagner 
et al. 2007).

Antibiotics Aminosalicylic acid, • Reduce digoxin concentration in plasma by inhibiting 
Bleomycin, Neomycin and absorption and elevating clearance from the body 
Sulfasalazine (Kuhlmann 1982).

Antithyroid drug Propylthiouracil • Inhibits secretion from thyroid gland by suppressing the 
thyroid peroxidase enzyme (Amisha and Rehman 2021). 

Benzodiazepines • Alprazolam, • Bind to gamma amino butyric acid (GABA) receptors and 
Chlordiazepoxide opens the chloride channels (Kang et al. 2021). 

Beta blockers Catecholamines, Epinephrine, • Bind to B1 and B2 receptors thus inhibiting chronotropic 
and Norepinephrine and inotropic effects and relaxation of smooth muscles 

(Farzam and Jan 2021).

Calcium channel Verapamil • Reduce the rate of absorption and increase the rate of 
blocking drugs elimination of digoxin (Kuhlmann 1982).

Cytostatic and Bleomycin, Erythromycin, • Increase the elimination of digoxin from the body and 
chemotherapeutic Tetracycline, and Vincristine limits its absorption (Frank et al. 1985)
drugs

Cytotoxic agents Acarbose, Sucralfate • Reduce digoxin concentration in the plasma (Frank et al. 
1985).

Diuretics Spironolactone • Downregulates the plasma potassium levels (hypokalemia), 
thus affecting the action of digitalis drug (Frank et al. 
1985). 

Thiazide diuretics • Checks filtration through glomerulus (lowering volume) 
and initiates changes in various ions or electrolytes 
(Hauptman and Kelly 1999). 

Gastrointestinal Antacid gels, Cholestyramine, • Decrease digoxin bioavailability (Rodin 1988).
medications Kaolin-pectate

Specific Fab Digibind • Exhibit a strong affinity with digoxin stronger than any cell 
fragments membrane thus affecting the laying down of digoxin.

• Seize cytoplasmic and histo-bound digoxin into the 
extracellular matrix leading to a rise in the concentration of 
digoxin in serum (Ujhelyi and Robert 1995).

Vasodilators • Alprostadil IV, Deponit, • Increase renal clearance of digoxin (Hooymans and 
Hydralazine Merkus 1985).
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renal functions are more prone to plasma digoxin intoxication because Na+/K+-ATPase proteins in 
muscles act as a large binding reservoir for the digitalis drug.

The cardiac AEs of digitalis poisoning are the most dreaded ones. Arrhythmias caused by 
digitalis poisoning may be life-threatening (Eisner and Smith 1991; Kelly and Smith 1996). With 
digoxin, once the plasma concentration level exceeds the highest range and toxicity occurs, it may 
take a very long time for the plasma concentrations to fall to safe levels because of the long half-life 
of digoxin. Tachycardias caused by enhanced atrial automaticity are a common supraventricular 
arrhythmia linked with digitalis poisoning. Intoxication is even observed in patients whose serum 
levels are within the normal clinical range (0.5–0.9 ng/mL) such as the combination of decreased 
conduction and increased automaticity, for instance, atrioventricular block with an accelerated junc-
tional pacemaker (Hauptman and Kelly 1999). Frequent junctional pacemakers may begin to dis-
charge at a higher dosage which results in nonparoxysmal atrioventricular junctional tachycardia. 
This is manifested as premature ventricular contractions in an electrocardiogram.

Another effect of digitalis poisoning is the automaticity of cardiac tissues due to increased 
amounts of cardiac glycosides in the body. This ventricular automaticity is aggravated by increased 
Ca2+ concentration in the serum. Patients with digitalis toxicity are known to develop fatal ventricu-
lar arrhythmias when given intravenous calcium (Hauptman and Kelly 1999). One major toxic effect 
of digitalis poisoning is on the kidneys. This is because the SDC (Serum Digoxin Concentration) 
increases due to renal insufficiency which limits the extravascular volume of distribution of digoxin. 
Consequently, digitalis drug dosage needs to be closely monitored in the case of kidney disease 
(Sessa et al. 2016; Ziff and Kotecha 2016).

Many cases of digitalis poisoning have been reported from different parts of the world. In one case, 
digitoxin poisoning in a 77-year-old patient with heart disease was reported (Hess et al. 1983). The 
patient had arrhythmias, extracardiac intoxication symptoms, and severe thrombocytopenia. Antibody 
treatment resulted in increase in platelet count from 26,000/mm3 to 47,000/mm3 within 12 hours and 
to over 60,000/mm3 within 16 hours. In 2009, a case was reported in Italy (Maffè et al. 2009) where 
three people of one family suffered from digitalis poisoning after consuming potato dumplings fla-
vored with Borago officinalis (borage) leaves mixed with Foxglove leaves. The patients suffered from 
nausea, vomiting, symptoms of bradyarrhythmia, and elevation in hepatic enzyme levels. In a more 
severe case, one of the patients had a full atrioventricular block with a 10-second asystolic stop, requir-
ing the insertion of a temporary pacemaker into the femoral vein. Treatment with digoxin-specific 
antibody Fab fragments helped in overcoming the digitalis poisoning. Janssen et al. (2016) reported a 
case of digitalis poisoning in a 67-year-old Chinese woman. The patient had uneasiness in the chest, 
raised heartbeats, vomiting, and nausea in the initial stages. Subsequently, she complained of abdomi-
nal cramps and fatigue. The clinical investigations showed a high total leukocyte count and the elec-
trocardiogram showed an atrioventricular block of the first degree, which eventually moved to the 
third degree. Alongside, dysrhythmias developed accompanied by premature ventricular systoles.

The problem with the treatment of digitalis poisoning is the difficulty in its identification due to the 
nonspecificity of the related signs and symptoms. Fatigue, weakness, nausea, and anorexia are the most 
typical symptoms that are very nonspecific. Similarly, cardiac glycoside-induced electrocardiographic 
abnormalities may be nondiagnostic. Arrhythmias associated with digitalis poisoning are frequently 
nonspecific and can reflect the patient’s underlying heart condition (Bayer 1991). In case of digoxin 
toxicity, the following measures are prescribed (Mauskopf and Wenger 1991; Marie Nicole et al. 2021):

• Checking medication profile of a patient.
• Administration of Digoxin immune Fab [ovine]-Fab fragments (Digibind).
• Maintenance of electrolyte repletion and intravenous hydration.
• Referring patient to Intensive Care Unit.
• Proper consideration of nephrologists inputs in case of hemodialysis.

Nevertheless, the risk versus advantages of digitalis drug remains debatable.
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17.7 TRADITIONAL AND OTHER POTENTIAL USES

The health benefits of Digitalis spp. were first described in 1785 by William Withering (AlSnafi 
2017). In ancient times, the plant was used to prepare medicine for the treatment of edema, boils, 
ulcers, cysts, headaches, paralysis, wounds, cuts, scratches, etc. With time, Foxglove was increas-
ingly utilized for several other purposes like treatment of congestive heart failure (CHF), atrial 
fibrillation, atrial tachycardia, inducing contractions of the heart and increasing the excitability of 
cardiac muscles, reducing swelling in arms and ankles as well as improving blood flow throughout 
the body (Lunney et al. 2020). The digitalis drug is also known to have antioxidant, anti-diabetic, 
anticancer, antiviral, insecticidal, neurological, and immunological effects (Stenkvist et al. 1980; 
Ebaid et al. 2006; Pierre et al. 2007; Soto-Blanco 2022).

Cardiotonic properties: Digitalis compounds have anciently been used in the treatment of 
chronic heart failure due to their ability to impart effective action on the cardiac muscles. 
Scientific studies have shown that conjunction with vasodilators and diuretics with digoxin 
improves ejection fraction and cardiac output and reduces heart pressures and pulmonary 
capillary wedge pressure (which reduces pulmonary congestion and edema) in patients with 
little fluctuation of heart rate ( Ribner et al. 1987; Campbell and MacDonald 2003). The 
main impact that drug has on the patients is increased inotropy. However, the immediate 
effect of digoxin on blood vessels is narrowing of blood vessels (vasoconstriction) and a 
fall in the systemic vascular resistance. This leads to improvement in cardiac output and 
removal of compensatory vasoconstrictor mechanisms. Drug digitalis has a less yet straight 
diuretic impact on the kidneys, which proves to be quite beneficial in heart failure patients.

Atrial fibrillation and atrial flutter is an abnormal state of the heart characterized by 
irregular and rapid heartbeats as well as disruption of the coordination between the atria 
and the ventricle of the heart, which results in low cardiac output. This eventually leads to 
low blood supply to the organs which could be a cause of organ failure. Complications with 
this kind of abnormality can be fatal yet can be cured and treated with proper medications. 
Glycosides such as digoxin are preferred for lowering the ventricular rate. The mechanism 
of digoxin is to stimulate the parasympathetic nervous system and subsequently activate 
vagal efferent nerves; this lowers the conduction of electrical impulses within the AV node 
and hence decreases heartbeat rate. Along with this mechanism, Digoxin also follows 
the path of reversibly inhibiting the Na/K-ATPase enzyme, and improving the heart rate 
(Fauchier et al. 2016).

Anticancer properties: Several interesting anticancer properties have been observed in digi-
talis after 1960 when studies reported the effective inhibition of tumor cells in vitro due 
to glycosides. Research studies have analyzed the in vitro anti-cancerous properties of 
‘cardenolides’, extracted from digitalis, suggesting its possible therapeutic use in cancer 
treatment (Verma et al. 2018). Digoxin generally uses the mechanism of inhibiting the 
activity of HIF (Hypoxia inducing factor), FGF, and Nuclear transcription factor (NTF), 
hence initiating cell death (apoptosis). It also regulates the tumor cell suppression by bind-
ing with Na/K-ATPase receptor which controls tumor cell multiplication.

Antiviral properties: Cardiac glycosides from Digitalis have shown potential lethal effects 
on a wide range of DNA viruses like dengue virus, human papilloma virus, and Ebola. The 
mode of action includes impairment of viral particle replication, transcription and transla-
tion process of the virus (Blanco 2022).

17.8 FUTURE PROSPECTS

The significance of Foxglove-derived drug has been recognized in the treatment of ailments like con-
gestive heart failures, atrial fibrillation, atrial arrhythmias, tachycardia (atrial and supraventricular), 
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cancer, and virus infections. Despite these significant therapeutic applications, it is not applied as a 
preferential therapy due to its restricted therapeutic window, need for close monitoring, and possible 
harmful effects. Unprescribed medication and drug hypersensitivity may have lethal effects on the 
individuals. Such observations suggest the need for more concerted studies on drug development 
from D. purpurea. These include standardization of dosage parameters, countering intoxication 
due to multiple drug interactions, predicting AEs in patients with different physiological status, 
etc. Digibind has been shown to significantly minimize the risk of Foxglove toxicity. However, 
many more of these medications, with no or minimum side effects in patients, must be developed 
to reverse Digitalis toxicity. As cardiac glycosides are of special interest in Foxglove drugs, there 
is always a need of large quantities of these compounds. It is suggested that plant tissue culture 
technology can be utilized for mass-scale production and extraction of cardiotonic glycoside and its 
derivatives for drug development. Moreover, use of recombinant DNA technology can be utilized 
for enhanced production by hairy root culture or gene transfer into the host from which glycoside 
purification is easier. Another important aspect is the consideration of the phytoremediation poten-
tial of the plant. Since Foxglove can remove heavy metals from the substratum, due care is needed 
for drug preparation from the plant growing in heavy metal contaminated soil to avoid side effects 
on the body.
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18.1 INTRODUCTION

Plants do play a crucial role as a fulcrum in any ecosystem and also contribute to the welfare of 
mankind. Since antiquity, they have been chief source of therapeutic agents. Increasing recognition 
of conventional herbal systems of medicine, like Ayurveda, within India and outside has resulted 
in the resumption of ancient traditions of medicine (Bala, 1982). Traditional medicine is defined 
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as ‘the sum total of knowledge, skills, and practises based on theories, beliefs, and experiences 
indigenous to various cultures, whether explicable or not, used in the maintenance of health, as well 
as the prevention, diagnosis, improvement, or treatment of physical and mental illnesses’ (WHO, 
2000). Medicinal plants account for 10% of all vascular plants (Badwaik et al., 2011). They are 
non-sedative and have fewer side effects, thus looked upon as a source of affordable healthcare cum 
important item of international trade and commerce, i.e., global market of worth US$800 billion a 
year (Rajasekharan and Ganeshan, 2002). Allopathic medicine, too, owes a huge debt to medici-
nal plants; in the United States, one out of every four prescriptions is either a synthetic form of or 
derived from plant ingredients (Srivastava et al., 1995). The secondary metabolites produced by the 
plants are usually responsible for the curative characteristics of plant species used throughout the 
world (Figure 18.1; Dar et al., 2017). Traditional medicine is widely used in China, India, Japan, 
Pakistan, Sri Lanka, and Thailand; in China, traditional tribal remedies account for around 40% of 
overall medicinal usage (Singh, 2015). Conventional medicines, largely plant pharmaceuticals, are 
estimated to cater the health needs of 80% of the world’s population or 4.3 billion people. According 
to current assessments, around 9,000 plants have therapeutic uses in diverse cultures and coun-
tries, and this is without conducting extensive research among indigenous and other populations 
(Farnsworth and Soejarto, 1991). While it is true that man has reaped the greatest advantage from 
the plants available to him, this knowledge pales in contrast to the world’s plant wealth. Only in the 
last century, systematic explorations of the plant wealth are being carried out for documenting their 
reliable usages (Holley and Cherla, 1998). Several medico-potential drugs have been discovered 
from various plant sources, viz. Ajmaline and Reserpine from Rauvolfia serpentina (antihyperten-
sive), Vinblastine and Vincristine from Catharanthus roseus (for Hodgkin’s disease and paediatric 
leukaemia), Ephedrine from Ephedra sinica (bronchodilator), Quinine from Cinchona pubescens 
(antimalarial), etc. (Batugal et al., 2004).

FIGURE 18.1 Pathways of secondary metabolite synthesis in plants.
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Likewise, Gloriosa superba Linn. is such an aesthetically pleasing and medicinally potent plant 
species belonging to the family Liliaceae. It is commonly known as ‘malabar glory lily, climbing 
lily, tiger claw or flame lily’ in English, ‘Agnimukhi’ in Sanskrit, and ‘Kalihari’ in Hindi (Kavina 
et al., 2011a). Gloriosa gets its name from the Latin words ‘gloriosus,’ which means handsome, 
and superba, which means splendid or majestic (Jagtap and Satpute, 2014). It is one of the seven 
upavishas (semi-poisonous drugs) in Indian medicine, which cures many disorders but can be fatal 
if misused (Jain et al., 2021). Despite the toxic response, tribes have utilized G. superba as a tradi-
tional remedy since 2000 BC (Jana and Shekhawat, 2011). Due to their extensive usage, the plant has 
been entered into threatened (endangered) category (Lal and Mishra, 2011). It is included in the top 
ten prioritized medicinal plants by the National Medicinal Plants Board (NMPB) of India (Mishra 
and Sharma, 2020).

18.2 GLOBAL DISTRIBUTION

G. superba is native to the tropical region of Africa and South East Asia (Yadav et al., 2012a). 
Its range in Africa extends from Senegal east to Ethiopia and Somalia, as well as to South Africa 
(Jana and Shekhawat, 2011). Its natural distribution spreads mainly in tropical Asia viz. India, 
Sri Lanka, Malaysia, and Myanmar (Phatak and Hegde, 2014). The species’ altitudinal range is 
up to 2,100 m above sea level, and it is widely distributed across India’s Himalayan regions and 
southern states (Chopra et al., 1956). The herbaceous plant’s flower is the state flower of Tamil 
Nadu, India, as well as Zimbabwe’s national flower (Ashokkumar, 2015; Chandel et al., 1996). 
It is currently grown in Tamil Nadu (especially in the Karur and Moolanur regions) and other 
parts of south India (Gopinath et al., 2014). This vital plant is also propagated by a number of 
botanical research institutes and nurseries. Because of its floral beauty, it is also being used as 
an indoor plant in gardens.

18.3 PHYTOGRAPHY

G. superba (Figure 18.4) is a remarkably beautiful, greenish, perennial climbing herb with hollow, 
slender stem of about 6 m long, arising from a fleshy tuberous rhizome (Figure 18.4). Rhizome is 
cylindrical, up to 12 inches long and 1.5 inches in diameter, bifurcated usually V- or L-shaped, 

FIGURE 18.2 Schematic representation of a typical medicinal plant drug discovery process and development.
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yellowish green colour, bilobed with two limbs equal or unequal in length and pointed ends (Basak 
et al., 2012). Separation of bilobed tubers results in higher percentage of plants as compared to undi-
vided ones (Mishra and Sharma, 2020). Young tubers are shorter, but grow in V-shape when mature. 
One to four stems emerge from a single tuber per year in rainy season (June–July). It sprouts well 
in warm, humid, and tropical conditions. It is conventionally propagated through corms. Daughter 
corms flower only 2–3 years once they have achieved a critical size (Jana and Shekhawat, 2011). 
Economical tuber harvest is after 3–4 years (Sivakumar et al., 2003a, b). Although it is convention-
ally propagated through corms, the proliferation rate is still very low (Anandhi et al., 2013). Ideal 
weight of tubers has to be about 50–60 g.

FIGURE 18.4 Gloriosa superba.

FIGURE 18.3 Distribution of Gloriosa superba. Natural distribution (dark grey) and area of introduction 
(black).
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Leaves are alternate, opposite or 3-nately whorled, subsessile, ovate, linear-lanceolate with acu-
minate tips spirally twisted to serve as tendrils. Colour of leaf lamina is mainly pale green or 
dark green, yet a few accessions were observed with pale green streaks on dark green coloured 
lamina (Patel et al., 2020). Flowers are showy, large, 4.5–7 cm in diameter, solitary or corymbose, 
6-Merous with perianth segments having wavy margins, greenish at first later becoming yellow 
and finally scarlet or crimson (Smith, 1979; Floridata, 2004; Esther et al., 2020). Small insects 
cannot pollinate the huge blooms because of their unusual features, which include six perianth 
lobes twisted backwards, six radiating anthers, and a style bent nearly 90° at the site of attachment 
to the ovary (Horioka et al., 2020). Only huge insects such as bumble bees and long-beaked birds 
such as Nectarinia zeylonica and Nectarinia asiatica have been observed visiting these blooms 
(Subramanya and Radhamani, 1992). Although wind is another aspect that would aid in pollination, 
the flower structure reduces the chance of good cross-pollination. Fruits or capsules are 3 grooved, 
oblong, ellipsoid, 5 cm long containing many rounded seeds. Seeds are smooth and around 4–5 mm 
in diameter, with a spongy red testa surrounding them (Maori and Van der Maesen, 2011).

18.4 TRADITIONAL AND OTHER POTENTIAL USES

Among practitioners of traditional medicine, G. superba is a widely known NTFP that has long 
been in regular demand, especially in India. In Ayurvedic as well as Unani systems of medicine, it 
can be taken alone or in combination with other medications (Raghavendra, 1996). The local people 
used to exploit the plant as barter from foreign traders (Jana and Shekhawat, 2011). Glory lily has 
been proved effective in more than 30 disease conditions and approximately 158 formulations are 
being prepared from this drug (Bhide and Acharya, 2012). Five different pharmaceutical formula-
tions commonly used are paste, powder, maceration (soaking in cold water), decoction (preparation 
in hot water) and using the whole plant without specific preparation (Maroyi and Maeson, 2011). All 
its parts are diversely used, and it treats a wide range of human ailments.

In a total of 12 states in India, 36 tribes have been reported to make use of this plant ethnobo-
tanically. Main tribes include Baiga, Bhil, Gond, Irular, Kokani, Kuruma, Mullu, Mavachi, Munda, 
Oraon, Pawara, and Santal. The fact that its tuber paste is applied externally to ease labour pain after 
childbirth implies its ethnogynaecomedicinal use (Kal-Kutti as its local name). The paste of tubers 
which are grown in the northern direction with distil portion downwards is popular among Kani tribes 
with the name ‘Karal Vatti’ for accelerating childbirth (Jana and Shekhawat, 2010). The Gond tribe of 
Madhya Pradesh grinds its tuber, mixes it with ghee, and applies it orally, in the case of induced abor-
tion (Vaishnavi et al., 2019). Jharkhand’s Birhors apply rhizome extract to the navel and vaginal area 
to lessen labour discomfort and ensure a normal delivery (Tiwari and Yadav, 2003; Padamapriya et al., 
2015). Vaidhyas (local healers of Jharkhand) usually give a dosage of 250–500 mg of the rhizome. If 
given to a woman who is 1 or 2 months pregnant, this dose may cause abortion. Deogarh tribes deploy 
G. superba to cure piles. Tubers are extremely poisonous if collected at the time of flowering of the 
plant, i.e., from July to October (Suri et al., 2001). It is collected and carefully cooked for a long time 
like 14–20 hours as it is poisonous after which its thin slices are kept in curd for a night and sundried 
for 4–5 days before being consumed . During food scarcity, tribals use them. Unfortunately, if it is 
eaten uncooked, it will cause major harm to the throat or may kill the person (Fatima and Jadhav, 
2017). Jharkhand tribals use rhizome powder mixed with coconut oil for 5 days to treat skin eruptions 
and illnesses. Despite its toxic nature, Indian system of medicine recommends this as an antidote 
against snake and scorpion bites (Joshi, 1993; Kavina et al., 2011b). Similarly, Maroyi and Maeson 
(2011) purported that glory lily is snake and scorpion repellant.

Other uses of rhizome include poultices to relieve neuralgia, arthritic conditions, swellings of 
the joints, sprains, and dislocations (Kande et al., 2016; Patro, 2016). The tuber is conventionally 
exploited as a suitable drug for the treatment of cancer, colic, chronic ulcers, haemorrhoids, and lep-
rosy (Nadkarni, 1978; Eddleston, 2000; Neuwinger, 1994). External use of tuber paste is used to treat 
parasitic skin disorders (Sivakumar, 2002). A similar study in Bidar demonstrates an equal portion of 
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ginger paste mixed with the tuber and administered to the concerned area of the skin. Its pods, tuber, 
and leaves are used to treat the infection caused by liver fluke, guinea worms, roundworm, tapeworm, 
schistosomes (causing bilharzia) as well as filarial (Kirtikar and Basu, 1935). However, all portions of 
the plants are exceedingly poisonous and can be lethal if consumed (Lal and Mishra, 2011).

In Charaka Samhita, the plant is quoted as Shakavarga, which is an essential drug to be kept 
in sutikagara (labour room) and the main content of tiktekshvakvadi taila (Joshi and Rao, 2011). In 
Mulaja visha, Langalaki is the name mentioned by Acharya Charaka (Bhide and Acharya, 2012). 
Various medical conditions such as Shotha (inflammation/oedema), Vrana (wound), Gandamala 
(lymphadenitis), Charmaroga (skin diseases), Khalitya (hair loss), Agnimandya (loss of appetite), 
Arsha (piles), and Vatavyadhi (joint pain/arthritis) are mentioned in Ayurvedic classical formula-
tions. It is well known for its anthelmintic, laxative, uterotonic, and alexiteric properties in Ayurveda. 
Mishra and Sharma (2020) highlighted the Rasayana properties (tonic and rejuvenator) of glory lily. 
Soup prepared from leaves or sap of tuber after due processing is administered to cure sterility, 
delayed puberty, delayed childbirth, and menstrual issues in women. Juice of leaves, unripe fruits 
along with butter, and macerated tuber has been reported to kill lice in the scalp (Burkill, 1995; 
Ghatapanadi et al., 2011). The sap from the leaf tip is used for pimples and skin eruptions. Rajith et 
al. (2010) reported that in South Kerala, tuber paste is applied on eyebrows to cure conjunctivitis. 
Tribals crush roots of the plant in water and apply them to the head for curing baldness. Likewise, 
to remove dandruff, dried powdered tubers are mixed with Pongamia pinnata oil and applied to the 
scalp. Flowers are used at Dongarya Dev’s religious festivities in Nandurbar, Maharashtra. Glory 
lily has applications as a repellent for snakes and scorpions (Maroyi and Maeson, 2011).

Glory lily has a wide range of traditional uses in Africa. In the case of fainting, a leaf decoction 
used as a liniment soothes cough and general pain, and leaf juice is sprayed into the nose (Badwaik 
et al., 2011). Faso leaves are used as an enema decongestant in Cote d’Ivoire and Burkina Faso. In 
the Congo, crushed leaves are applied to the chest to treat asthma. Scrotal dropsy is treated with a 
leaf decoction in Burundi, whereas rheumatism is treated with leaf pulp (Rahmatullah et al., 2009). 
The Ulanga people of Tanzania burn the herb and apply the ash to wounds to aid healing. The plant 
juice is also used as an antimalarial. Tuber sap is used to make a sleep-inducing drink in Sudan. 
A paste made from the tuber is applied externally to promote parturition. Tanzanians utilize tuber 
juice as ear drops to treat earaches (Burkill, 1995), whereas Zimbabweans use tuber juice to treat 
toothaches (Burkill, 1995). Glory lily is also used in the manufacture of an impotence medication in 
Zambia. In Ethiopia, the powdered dry root of Gloriosa superba L. was used to treat a tumour and 
was taken orally with tea and coffee (Grubben and Denton, 2004; Yineger and Yewhalaw, 2007).

18.5 PHYTOCHEMICAL CONSTITUENTS

This charismatic plant species contains a variety of bioactive chemicals, including phenolics, vita-
mins, glycosides, alkaloids, tannins, steroids, flavonoids, saponins, terpenoids, and minerals. Plant 
tubers and seeds contain colchicine and its derivatives, a pharmaceutically important alkaloid; the 
amount of colchicine in tubers is 2–5 times lower than in seeds. Colchicine and colchicoside can 
be found in up to 0.9% and 0.8% of a single plant, respectively. The majority of these alkaloids are 
found in the plant’s stem tubers. Because of the larger amount of colchicine in the seeds and tubers, 
they are extremely poisonous (Senthilkumar, 2013). Other sections of the plant with high colchicine 
concentrations (%) include the stem (0.33–0.41), ovary (0.08), corms (0.3), seeds (0.06), and flower 
(1.18) (Kavina et al., 2011a; Umavathi et al., 2020; Gurung et al., 2021). Phytochemicals present 
in different plant parts are illustrated in Figures 18.5 and 18.6. Studies also showed that methanol 
extract of leaves from mother plants contains higher phenols and flavonoids concentration than in 
vitro propagation of plants. In contrast, stem acetone extract of the mother plant contains higher 
amounts of tannins (Sharma et al., 2021). To study the biochemical attributes of G. superba, a 
number of solvents like ethanol, methanol, acetone, acetonitrile, and distilled water have been tried. 
Methanol and acetone show the best results for all bioactive compounds: phenolics, flavonoids, fla-
vonols, tannins, and proanthocyanidins (Bahukhandi et al., 2021).
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18.5.1 colchiciNe

It is an amino alkaloid that is derived from two amino acids, i.e., phenylalanine and tyrosine, 
and chemically known as N-[(7S)-1,2,3,10-Tetra methoxy-9-oxo-5,6,7,9 – Tetrahydrobenzo[a]
Heptalen-7-yl]acetamide. The other compounds in the plant that also possess some medici-
nal properties like colchicine are 3-Dimethyl colchicine, 1,2-Dimethyl colchicine, Gloriosine,  

Colchicine, benzoic acid, salicylic 
acid, 1,2-dimethyl Colchicine, 2,3-
dimethyl Colchicine, Colchicoside,
tannins, superbine, and resinous
substances (Gurung et al. 2021)

Colchicine, gloriosine, superbine,
stigmasterolgloriosol and

phytosterols (Suri et al. 2001)

Colchicine glycoside, 3-O-
demethylcolchicine –3–O-α–D-

glucopyranoside, thiocolchicoside
(colchicoside)

Luteolin and colchicine
(Ashokkumar, 2015)

FIGURE 18.6 Phytochemicals in different plant parts of Gloriosa superba.

FIGURE 18.5 Phytocompounds of Gloriosa superba.
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Lumicolchicine, superbine, N-Formyl International 75 diacetyl colchicine, 3-Dimethyl-N-
Deformyl-N-Deacetylcolchicine, and the latest alkaloid 3-O-Demethylcolchicine-3-O-Alpha-D-
Glucopyranoside isolated from the plant was discovered as early as 2001. The B5 medium prepared 
from G. superba act as an exogenous precursor for the biosynthesis of colchicine (Sivakumar and 
Krishnamurthy, 2004). Colchicine acts as a superior antigout agent and is therefore widely used to 
treat gout disease. It also acts as an anti-mitotic for suppressing cell division. Colchicine has signifi-
cant biological effects which include inhibition of proliferation of fibroblasts, leukocyte diapedesis, 
lysosomal degranulation, and collagen transport to the extracellular space. These actions prevent 
or treat amyloidosis scleroderma, relieve the pain associated with acute gout, and decrease inter-
leukin production in patients with primary biliary cirrhosis and chronic cutaneous leukocytoclastic 
vasculitis. It also induces polyploidy with the occasional occurrence of mutations like chlorophyll 
mutations but at low frequency levels.

18.6 PHARMACOLOGICAL PROFILE

According to the World Health Organization, around 11% of the current 252 medications generated 
only from flowering plants are vital for human health (Raskin et al., 2002). In developed countries, 
at least one ingredient in medicines is derived directly or indirectly from nature, and natural pre-
scriptions account for around 25% of all prescriptions. It is a major herbal plant with numerous 
applications in the pharmaceutical business. As a result, it is used to treat a variety of illnesses 
both historically and in modern pharmacology. Pharmaceutical businesses produce anti-inflam-
matory, anthelmintic, antibacterial, analgesic, and abortifacient pharmaceuticals under therapeutic 
purposes. Anti-cancerous, anti-diabetic, anti-arthritic, analgesic, uterotonic, antioxidant, and anti-
anxiety are some of the additional pharmacological properties (Kumar et al., 2011), and its utility 
has recently been discovered to cure acute and recurrent pericarditis (Imazio et al., 2009; Mishra 
and Sharma, 2020). The plant also holds Rasayana property, i.e., it behaves as both tonic as well as 
rejuvenator (Bhide and Acharya, 2012).

Colchicine and Gloriosine, two valuable alkaloids isolated from the plant’s seeds and tubers, are 
known for their ethnobotanical and pharmacological effects. Rheumatism and gout are commonly 
treated with the latter phytochemicals. Multiple extracts are made from various plant parts to treat 
a variety of ailments, but abuse and misuse can be fatal (Bruneton, 1999). Colchicine has been 
widely utilized as a gout treatment replacement for patients who cannot tolerate nonsteroidal anti-
inflammatory medications (NSAIDs). Multiple pro-inflammatory processes are inhibited, result-
ing in increased amounts of anti-inflammatory mediators. It is also commonly used to relieve the 
symptoms of stomach cancer and to avoid pericarditis, a cardiac condition (monograph). Colchicine 
is most commonly found in tablet form (usually 0.5–0.65 mg) and as injectable solutions (Chatterjee 
and Ghosh, 2015).

18.6.1 aNTi-aNxieTy

The aerial part of the plant is known for producing chemical compounds, i.e., petroleum ether and 
ethanol, that helps in reducing anxiety levels. At 300 mg/kg dose, the ethanolic extract exhibited 
good anti-anxiety activity in albino mice using elevated plus maze (EPM) (Sundaraganapathy et 
al., 2013).

18.6.2 aNTiMicroBial

The antimicrobial potential of G. superba extracts documented by Khan et al. (2008) for the superb 
antifungal activity confirmed against Microsporum canis, Candida albicans, Staphylococcus 
aureus, Candida glabrata, and Trichophyton longifusus.



263Gloriosa superba (Glory Lily)

18.6.3 aNTi-NeMic

The rind of G. superba which has nematicidal properties usually goes to waste. Its usefulness is 
comparable and equal to the seeds, leaves, flowers, and rhizomes, as realized through evidence by 
its effectiveness in inhibiting the hatching of Meloidogyne incognita eggs and juvenile mortality. 
All the parts of G. superba exhibited anti-nemic activity against M. incognita and their antifun-
gal and antibacterial actions. Due to nematicidal activities, FYM-enriched rinds can be applied 
to soil as an amendment that enhances nutrient availability. In integrated nematode management 
programmes, it can be used as one of the low-cost technologies (Ashokkumar et al., 2017).

18.6.4 aNTiBacTerial acTiviTy

The ethanolic tuber extract of G. superba is reported for high antibacterial activity against bacteria 
like Escherichia coli, Staphylococcus aureus, Micrococcus luteus, Pseudomonas aeruginosa, and 
Salmonella abony (Uchimahali et al., 2019). Acetone extract of G. superba tuber showed a more 
antagonistic effect on the growth of pathogenic bacteria. They have the highest negative impact on 
E. coli and the lowest impact on Bacillus subtilis (Kola et al., 2015). The methanol extract from 
seeds and tubers showed maximum antibacterial potential activity against gram-positive than gram-
negative organisms, while chloroform extract showed moderate (Senthilkumar, 2013).

18.6.5 aNTifuNgal acTiviTy

The ethanolic extract from tubers of G. superba is reported to have an effective antifungal response 
against fungi like Candida krusei, Aspergillus niger, and Candida albicans (Uchimahali et al., 
2019).

18.6.6 aNThelMiNTic acTiviTy

Another property of the plant is its anthelmintic property, which helps treat parasitic worms such 
as Eisenia fetida and possesses an antimicrobial effect that is more effective for gram-positive bac-
teria than for gram-negative bacteria. Significant anthelmintic activity is reported against Indian 
earthworms (Pheretima posthuma) with aqueous and ethanolic whole plant extract of G. superba 
compared to standard drug piperazine citrate (Pawar et al., 2010). G. superba also contains a rich 
source of antioxidants in the leaves, seeds, and tubers and shows resistance against venom due to its 
anti-coagulant property by inhibiting clotting induced by thrombin.

18.6.7 aNTi-iNflaMMaTory

Thiocolchicoside (TCC) is semi-synthetic and derived from naturally occurring colchicoside. It 
is characterized by anti-inflammatory and analgesic effects (Padamapriya et al., 2015). TCC may 
thus represent an attractive therapeutic option for managing bone metastatic disease (Micheau et 
al., 2012). Flavonoids are ketonic compounds that can induce anti-inflammatory activity, as they 
inhibit prostaglandin synthesis and oxygen compounds, enzyme cyclooxygenase-dependent pro-
inflammation activity (Gopinath and Arumugam, 2012).

18.6.8 aNTioxiDaNTs

Polyphenols and phenols found in plants are two secondary metabolites considered as natural anti-
oxidants (Davis, 1964).
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18.6.9 aNTi-caNcerous

This role is due to the alkaloid colchicine and its anti-mitotic activity as it binds to the α- and 
β-Tubulin heterodimer and is also used as a drug for chemotherapy (Jothi et al., 2019).

18.6.10 aNTi-coagulaNT/aNTi-ThroMBoTic

The methanolic aqueous extract from the roots of the plant has exhibited anti-thrombotic proper-
ties, which may be due to the inhibition of thrombin-induced clotting (Jain and Suryavanshi, 2010). 
Thus, it cures thromboembolic diseases (Kumar et al., 2011).

18.7 TOXIC RESPONSE

The untrue and misleading belief about herbal drugs is that they are perfectly safe and devoid of 
adverse effects (Mordeniz, 2019; Kharchoufa et al., 2020). Due to insignificant knowledge, there 
lies a huge gap regarding their safety (Kharchoufa et al., 2021). India ranks first in recording the 
highest incidence of acute poisoning in the world; every year, more than 50,000 people die from 
toxic exposure (Peranantham et al., 2014). Therefore, despite being medicinal, the toxicity of G. 
superba cannot be disproved or neglected. The whole plant parts, especially the tubers, are highly 
poisonous. In rural areas, the tubers have normally been used as a suicidal agent among women and 
been used for homicide (Ellenhorn et al., 1996). Toxicity of this plant is attributed to the presence of 
colchicine, the biological hallmark of the family to which G. superba belongs.

18.7.1 physico-cheMical characTerisTics of colchiciNe

Colchicine comes in the form of odourless crystals or amorphous scales/powder that ranges in 
colour from pale yellow to greenish yellow. When exposed to light, it darkens. It has a melting point 
of 157°C and a solubility of around 1/20 in water; it is easily soluble in chloroform and alcohol 
(Aleem, 1992; Windholz, 1983).

18.7.2 MechaNisM of colchiciNe faTal acTioN

Primary mechanism is tubulin (structural protein of microtubules) disruption thereby inhibits its 
alpha and beta forms from polymerization to form microtubules (key component of cytoskeleton). 
At lower concentration of colchicine, microtubule growth arrested and its higher concentration 
promotes microtubule depolymerization (Leung et al., 2015). Microtubules have a role in a variety 
of cellular functions, including cell migration and division, cell shape regulation, intracellular 
trafficking, and ion channel control; the termination of these mechanisms may lead to multi-organ 
dysfunction and failure (Massarotti et al., 2012). Colchicine is a conventional anti-mitotic drug 
that disrupts spindle apparatus during metaphase, thereby leading to separation of chromosomes 
(Nuki, 2008). The arrest of mitosis is most dangerous to organs with a high rate of cell turnover 
(e.g., the intestinal epithelium, hair follicles, and bone marrow) as explicated by Gautam et al. 
(2017). Colchicine is also a phosphatase inhibitor (Craker and Simson, 1986). Its fatal dose for 
humans is thought to be around 60 mg, while lesser doses also have been seen to kill people 
(Angunawela and Fernando, 1971). Colchicine’s LD50 in rats is 5 mg/kg, according to relevant 
animal research (Dunuwille et al., 1968).

On an average, cell cycle inhibition and apoptosis in the gastrointestinal region are the key events 
in colchicine poisoning, which results in deformation of tight junction proteins in intestinal barrier/
villi. Furthermore, due to dilation of intercellular spaces and change in intestinal bacteria popula-
tion, endotoxin enters into blood flow, thereby causing massive cytokine production.
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18.7.3 cliNical effecTs

Acute colchicine poisoning can be caused by overuse of medication or accidental intake of 
Colchicine-containing plants, and it manifests itself in three phases that are generally overlapping: 
(1) Early gastrointestinal symptoms, blood volume depletion, hypotension due to severe vomiting 
and diarrhoea, and peripheral leukocytosis; 10–24 hours after intake. (2) Alteration in mental status, 
oliguric renal failure, rhabdomyolysis, haematopoietic inhibition, and cardiac arrest; 2–7 days after 
consumption. Rapidly increasing multi-organ failure, sepsis, or shock cause death. (3) Rebound 
leukocytosis and alopecia more than 7 days after consumption (Finkelstein et al., 2010).

18.7.4 illusTraTive cases

A 35-year-old female developed symptoms of nausea, bloody diarrhoea, and dehydration. Her blood 
pressure was 100/70 mm Hg, pulse rate was 112/minute, and the respiratory rate was 20/minute. 
After 24 hours of hospital admission, serum urea and creatinine levels were found to be mark-
edly elevated (urea: 70 mg/dL, creatinine: 3.5 mg/dL) and her gastrointestinal symptoms worsened. 
The patient ultimately died due to shock and multi-organ failure after 30 hours of hospitalization. 
History revealed that she had consumed 3–5 tubers of G. superba (Peranantham et al., 2014). Similar 
case was reported from a remote village in the Western Ghats of Karnataka, where a 54-year-old 
housewife died of endotoxin shock and multi-organ failure after 40 hours of intake of G. superba 
tubers (George, 2011). A non-fatal case of a 27-year-old man who suffered from profuse vomiting, 
diarrhoea, respiratory distress, mild renal impairment, thrombocytopenia, and localized alopecia 
after drinking herbal tea has been reported where G. superba seeds were mistakenly used in place 
of coriander. He was fully recovered after 10–15 days hospital care. Another non-fatal case was an 
18-year-old girl who had developed harsh gastrointestinal symptoms, vaginal bleeding, acute renal 
failure, 6 hours after eating uncooked tubers of G. superba (Gautam et al., 2017).

18.8 CULTIVATION

The high market demand for glory lily has put further strain on the natural resources used to 
produce this plant. Because these species are not commercially cultivated, they are more reliant 
on wild collections, which have exacerbated the issue (Badola, 2002). As a result, immediate 
conservation measures are required to save these species in the wild by sustaining wild popula-
tions and expanding cultivation practices in many nations, without which the species may become 
extinct (Chatterjee and Ghosh, 2015). As a result, numerous propagation methods have been 
tried to solve the problem, including seed propagation, tuber multiplication, tissue culture, and 
micropropagation.

18.8.1 propagaTioN Through TuBers aND seeDs

The propagation of glory is generally done through specialized vegetative structures, i.e., tubers. 
Seeds are rarely used for plant production, as it requires more time than vegetative propagation. 
The matured seeds need to be pre-treated for better germination. Germination is intermittent and 
may take 3 weeks to 3 months time. Removal of the sarcotesta reduces the seed dormancy and 
allows seeds to germinate in 11–15 days (Rajamani and Padmapriya, 2017). Storage of seeds at 
ambient temperature affects germination and viability as an act of dormancy release. Le Roux and 
Robbertse (1994) reported 97% germination on incubation of seeds at 20°C–25°C for 30–31 days. 
Over the chemical treatment, glory lily showed maximum germination of 32.75% in hot-water treat-
ment for 1 hour (Anandhi et al., 2016). Hot-water treatment (100°C boiled and flame released) for 
40 minutes was reported to maximize germination up to 62% (Venudevan et al., 2010). Some seeds 
may exhibit the characters of producing twin seedlings from one seed, which may be considered 
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FIGURE 18.7 Cost-effective protocol for microtuber production technology. (Adapted from Padmapriya 
and Rajamani, 2021.)

abnormal as they compete and affect growth (Rane et al., 2012). Standardized methodology for 
plant development from seed implies that a medium containing decomposed coir with red soil and 
sand promotes germination in microtubers. Seed-origin seedlings generally start producing tubers 
in the second year, and flowering can be seen from the third or fourth year.

Vegetative propagation of glory lily using tubers is expected for high seed yield. The size and 
time of tuber and collection will decide the success rate of propagation. However, propagation 
is sluggish since each plant produces just one tuber in the next generation. Separating two-lobed 
tubers yields more blooming plants than keeping the tubers undivided. Sprouting is uneven, reach-
ing around 60% in 30 days (Rajamani and Padmapriya, 2017). Tubers weighing 40–60 g are chosen 
for planting because they are vigorous and provide a maximal field stand. Tubers can be stored for a 
short period in the sand. The preservation of tubers in leaf mould was deemed the optimum storage 
option considering decay and sprouting percentage (Rajagopalan, 1994).

The growth promoters showed increased sprouting capacity of tubers. Treating tubers with ethrel 
@ 500 ppm was reported for early and peak sprouting percentages (Anandhi et al., 2016). Flower, 
pod yield, and quality were found to vary with varying concentrations and weight of seed tuber used 
for planting. Sivasankar et al. (2017) reported improved gain by using tuber weighing above 250 g 
treated with GA3 @ 250 ppm. Padmapriya and Rajamani (2017) induced mutagenesis using Ethyl 
Methane Sulfonate (EMS) and Diethyl Sulphate (DES) to seed tubers. Dry seed yield was enhanced 
in plants treated with EMS 2% and succeeded in producing short-statured plants with DES 1.5% 
(Figure 18.7).

18.8.2 iN viTro MicropropagaTioN aND Tissue culTure

Several attempts were made to generate plants by tissue culture and micropropagation tech-
nologies due to poor germination, late seed productivity, and challenges in tuber development. 
There have been reports on micropropagation, which has been performed by multiple shoot for-
mation or in vitro tuber synthesis using various plant hormones. After 6 weeks of inoculation, 
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Ghosh et al. (2007) produced one tuber per explant and three tubers per explant after 12 weeks 
of culture. The root explants on MS media treated with 2,4-Dichlorophenoxyacetic acid (2,4-D),  
Indole-3-Acetic Acid (IAA), and Napthelene Acetic Acid (NAA) had the highest percentage of 
callus. Gopinath et al. (2014) reported an 80% plant survival rate on planting rooted shoots in 
media containing sterilized cow dung powder, sand, and red soil in 1:2:3 ratios and stored in a 
mist house.

Invitro callus induction and proliferation were achieved by different researchers (Manju et al., 
2010; Gopinath and Arumugam, 2012; Mahajan et al., 2016; Mahendran et al., 2018; Sivakumar 
et al., 2019; Mishra and Sharma, 2020). Mishra and Sharma (2020) reported proficient callus 
production in MS media with 1.5–3 mg/L of Benzyl Amino Purine (BAP) and 0.2–0.5 mg/L of 
NAA. Callus initiation from rhizome explants in MS media with different concentrations of 2,4-D 
(1.0–5.0 mg L−1), α-NAA (0.5 mg L−1), Ulva lactuca extracts (ULE, 10%–50%), and ULAgNPs 
(0.1–0.5 mg L−1) was reported by Mahendran et al. (2018).

In vitro shoot induction is also practiced for quality plant production (Sivakumar and
Krishnamurthy, 2000; Ade and Rai, 2009; Manju et al., 2010; Mahendran et al., 2016; Balamurugan 
et al., 2019). The tuber explants immersed in MS media with 2.0 mg/L of BAP, 0.5 mg/L of Kin, and 
1.0 mg/L of Gibberellin showed proficient shoot multiplication (Mahajan et al., 2016). High shoot 
multiplication was observed in MS media with 1.5 mg/L of BAP, 0.6 mg/L of NAA, and 15 mg/L 
of putrescine (Sivakumar et al., 2019).

Root induction (Nikhila et al., 2014; Mahajan et al., 2016; Ghosh et al., 2015; Subiramani et al., 
2019; Sivakumar et al., 2019) and Somatic embryogenesis (Nikhila et al., 2014; Mahendran et al., 
2018; Balamurugan et al., 2019) through different techniques were achieved from intermodal, 
stem, seed, and other explants and successfully produced roots and plants. Sivakumar et al. (2019) 
reported in vitro root proliferation on MS media with 1.0 mg/L of IBA, 0.6 mg/L of IAA, and 
coconut water (15%). Microtuber roots on callus were observed in elicitor treatment with AlCl3 at 
125 and 150 μM (Subiramani et al., 2019). Cell suspension in a liquid medium supplemented with 
2 mg/L of BAP showed high somatic embryogenesis (Balamurugan et al., 2019). Somatic embryo-
genesis was achieved at 17 days of internode implant with MS fresh medium with 0.5 mg/L 2,4-D 
and 0.25 mg/L Kinetin (Nikhila et al., 2014). Casein hydrolysate and salicylic acid were the most 
efficient elicitors for generating increased synthesis of colchicine and TCC content levels in cell 
suspension cultures (Mahendran et al., 2018).

18.8.3 plaNTiNg MaNageMeNT

Quality planting material can be planted directly in July and August on broad ridges with adequate 
organic matter in an east-west orientation with 1.5-m spacing. Application of FYM @ 20 t/ha or 
vermicompost @ 12.5 t/ha is recommended for improving soil organic content. One to two tonnes 
of quality tubers are required for one hectare based on the spacing. Closer spacing encourages 
cross-pollination and flowering, although there is a higher chance of disease incidence. TNAU rec-
ommends using Trichoderma, Pseudomonas fluorescens, and carbendazim for better management 
against disease and yield without loss. Glory lily, as a climber, requires support in the form of stan-
dards, either dead or live poles. The crop requires consistent soil moisture for tuber sprouting, vine 
development, primary stem branching, blooming, pod set, and maturity. Irrigation must be ensured 
uniformly (Premaratna et al., 2015).

18.8.4 NuTrieNT MaNageMeNT

G. superba requires high nutrients for better development and yield. Application of NPK in 
120:50:75 kg/ha and micronutrients such as ZnSO4 and MgSO4 in two split doses are recommended 
(Kavithamani et al., 2013). Phatak et al. (2016) recommend fertigation of 150:50:100 kg of NPK 
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ha−1, along with vermicompost @ 5 t/ha (as basal), ZnSO4 @ 25 kg/ha, FeSO4 @ 50 kg/ha, Borax 
@ 10 kg/ha, and Sodium molybdate @ 0.5 kg/ha. Foliar application of FeSO4 (1%), ZnSO4, (0.5%), 
Boric acid (0.2%), and gibberellic acid as foliar spray twice @ 200 mg/kg was considered to be the 
best for crop growth. Foliar treatment with humic acid 0.1% + panchagavya 4% + vermiwash 20% 
coupled with foliar application of Pseudomonas fluorescens + Trichoderma viride enhanced seed 
production and colchicine content (Balakumbahan and Rajamani, 2012).The combined application 
of vermicompost 4 t/ha with 40 kg N, 16.67 kg P, and 25 kg K/ha was reported to achieve high 
growth and seed yield (Gupta et al., 2013).

18.8.5 yielD aND harvesT

Pod and flower yield depends on the management of plants. For final seed harvest, the crop requires 
160–180 days. The collected pods are dried in the shade for 2–3 days to allow the capsules to open 
up and expose bright orange-yellow seeds. Maximized pod set is encouraged by artificial pollina-
tion than open pollination owing to typical flowers shape during the flower development and anthe-
sis (Selvarasu and Kandhasamy, 2012). Different drying techniques of seeds were investigated for 
colchicine content by Balakumbahan and Rajamani (2008), and they reported that drying seeds 
in a mechanical drier had the greatest colchicine than shade drying. The average yield reported 
is 400–500 kg dry seeds/ha and 1,000 kg tubers/ha/year (Rajamani and Padmapriya, 2017). The 
colchicine yield is significantly increased with arbuscular mycorrhizal (AM) inoculation, Glomus 
mosseae, Glomus fasciculatum, Glomus margarita, and Glomus gilmorei. Among the four AM 
fungi, G. mosseae was found to be the best (Pandey et al., 2014). Yadav et al. (2012b) reported 
improved survival rate, growth, and colchicine content in AMF inoculated plantlets. Colchicine 
content was highest in tubers extracted from the tubers treated with Acaulospora laevis + G. mos-
seae. Intercropping glory lily with cashew was reported to have double the farmer’s income in the 
Tamil Nadu region (Deivasigamani, 2016).

18.9 GENETIC DIVERSITY AND IMPROVEMENT

In different regions of India, significant heterogeneity in G. superba was reported in terms of envi-
ronment, colchicine concentration, and morphological features of plants. Inter-Simple Sequence 
Repeat (ISSR), Random Amplified Polymorphic DNA (RAPD), Simple Sequence Repeat (SSR) 
or microsatellites are the most often utilized PCR-based DNA markers for genetic diversity 
investigations.

Padmalatha and Prasad (2006) optimized DNA isolation and PCR reaction protocol for genetic 
analysis using RAPD primers. CTAB method of DNA extraction was modified and standardized 
for quality DNA extraction. Seventy RAPD makers were employed to assess the genetic diversity 
among the 18 accessions selected from Tamil Nadu and Andhra Pradesh (Rajagopal and Rajamani, 
2013). Fifty-eight primers showed polymorphism with a total of 413 amplicons. The unweighted 
pair group method using arithmetic averages showed considerable variation among the accessions. 
Ghosh et al. (2009) explored diversity among five populations with the help of RAPD markers and 
showed 76% polymorphism. Genetic diversity between the micropropagated, cultivated, and wild 
genotypes from Tamil Nadu, Madhya Pradesh, Chhattisgarh, and Andhra Pradesh was assessed 
with 10 RAPD and 6 ISSR markers (Tilwari and Sharma, 2021). 96.43% and 91.83% of polymor-
phism was shown in RAPD and ISSR, respectively. Based on a dendrogram formed using UPGMA 
and a dispersed plot derived from PCA analysis, high genetic variation was identified among all 
genotypes. The genetic fidelity of micropropagated plants of glory lily was assessed with the help 
of RAPD and ISSR markers (Yadav et al., 2013). The selected genotypes were propagated through 
standardized tissue culture protocol, and plantlets produced were used to analyse genetic stability 
using 50 RAPD and 30 ISSR markers. Out of which 10 RAPD and 7 ISSR primers produced repro-
ducible amplicons.
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Selvarasu and Kandhasamy (2017) reported DNA marker and agro-morphological genetic diver-
sity among the glory lily mutants in VM 2 generations. Plant, Flower, and Pod morphological char-
acters were analysed, and GCV, PCV, and heritability were estimated. 45 ISSR markers were used 
for maker-based diversity analysis. Characters showed high diversity coupled with polymorphism 
of ISSR amplification. High heritability and genetic advance were observed for fruit and plant char-
acters among 20 accessions from Gujarat (Patel et al., 2021). High PCV and GCV were recorded for 
colchicine content; tuber and flower characteristics suggest high variability, which can be improved 
through phenotypic selection.

Five accessions were selected based on Genetic Variability, Heritability, and Genetic Advance 
(Rajagopal and Kandhasamy, 2009) and hybridization (Selvarasu and Kandhasamy, 2013) was car-
ried out with higher improved colchicine content. Intraspecific hybridization studies were carried 
out to enhance the pod and seed production in the F1 generation. The elite chemotypes were iden-
tified based on colchicine content and evaluated for in vitro anti-arthritic potential from Eastern 
Himalayas (Misra et al., 2017) and for in vitro antigout activity from Gangetic Plains (Misra et al., 
2020). Mahajan et al. (2022) explored diversity among 50 established accessions collected from 
Maharashtra region of Western Ghats based on morphological traits, ISSR markers, and metabo-
lite content. The populations are grouped into three classes based on genetic markers. Significant 
morphometric variation for seed traits and vegetative traits was observed among the accessions. 
Metabolic examination showed high colchicine content in unexplored tissue, such as pod shell 
(Acharya and Anshu, 2008). The study recommends selecting high-yielding accessions as not many 
verities are developed in the particular medicinal crop.

18.10 CURRENT STATUS AND FUTURE REMARKS

G. superba is believed as the most important medicinal plant which is used in many medicinal 
and pharmaceutical industries. However, its overexploitation and illimitable collection of seeds and 
roots for the foreign market is creating a shortage of raw materials for the local drug industries in 
India. If it is allowed likewise, then endangered species like G. superba will be extinct in India. It is 
therefore a need of the hour to come forward and protect this important glorious herb from extinc-
tion. Therefore, simultaneous strenuous efforts of botanists, biotechnologists, policy makers, and 
conservationists are required. It is really a matter of great concern of conservation to conserve this 
plant; otherwise, we will be losing it in upcoming years (Balunas and Kinghorn, 2005).

Furthermore, there is a crucial need to preserve this plant using biological tactics. Emphasis 
should be given to enhance productivity and increase colchicine content in plant to fulfil the indus-
trial demands. Even though various biotechnological techniques are done to improve the productiv-
ity and chemical constituent of G. superba, but a satisfactory improvement wasn’t reported about 
colchicine content. Hence, great attention must be paid for overall improvement of plant that will 
benefit the global population and can encounter the everlasting bids of pharmaceutical industries.

18.11 CONCLUSION

G. superba is a commercially potent medicinal plant which possesses diverse medicinal applica-
tions. A number of pharmacologically important phytochemicals such as gloriosine and colchicines 
have been isolated from this plant. Moreover, it has been widely used for a number of diseases, and 
eventually, the plant is moving towards local extinction due to its overexploitation. Hence, it has 
been affirmed as endangered plant by IUCN. So, there is an immediate need of conservation to fulfil 
the ever-increasing gap of demand and supply. Plant biotechnological tools, especially plant tis-
sue culture technique including micropropagation, somatic hybridization, cybridization, protoplast 
culture, embryo rescue, and mutational breeding, could also be applied to assist and advance our 
knowledge on all aspects of plant biology. With this technique, we not only cultivate good quality of 
plant but also enhance its valuable component and reduce the overharvesting of plant. Furthermore, 
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responsiveness should be generated among the common people concerning the importance of G. 
superba and its overexploitation by the people. This is needed for informed management strategies 
to minimize the projected extinction of such commercially important medicinal plant. In this chap-
ter, plant morphology, phytochemical constituents, pharmacological values, propagation methodol-
ogy, and all other important aspects of glory lily were explained. So, the present chapter can help 
researchers to explore this plant to a further extent.
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19.1 INTRODUCTION

Nerium/oleander/Kaner (Nerium oleander L.) is an important plant species belonging to the genus 
Nerium, family Apocynaceae and sub-family Apocynoideae. The major characteristics of any 
Apocynaceae member plants include the presence of poisonous milky substance that is secreted 
from stem and twigs when cut,  trees or shrubs with significant amount of foliage, a simple arrange-
ment of opposite leaf pattern, dry pods or follicle pair consisting of fruits and aesthetically colourful 
flowers. Linnaeus in 1753 reported and described N. oleander. The genus name Nerium is taken 
from the Greek word Nerion, which means water, as this species is present near flowing water bod-
ies. The oleander is an evergreen poisonous shrub or plant of caution due to the presence of poison-
ous natural compounds that contain potent cardiac glycosides (Gupta and Mittal 2010; Ebrahimi 
et al. 2018). The oleander is commonly available in the region of sub-tropical climate, and due to 
its aesthetic importance, the plantation of this species is usually carried out for roadside avenue 
beautification, near parks & gardens and other places (Culotta et al. 2005; Al-Lawati and Al-Lawati 
2020). This species has white, red and pink flowers. White-flowered oleander plants contain less 
toxic compounds in comparison to the red- and pink-flowered plants (Karawya et al. 1973; Derwich 
et al. 2010). The oleander plant is an easy growing species due to its acceptance to the soil with low 
nutrients concentration; it grows under a wide range of pH (5–8.3) and is tolerant to harsh climatic 
conditions such as heat, drought and salt richness (Popenoe 2008; Popenoe et al. 2019). The flowers 
grow more vigorously with regular watering at certain interval. The oleander plant does not require 
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pruning activities as it can bloom and sustain in harsh condition on its own, but as it grows, the 
mature branches become lanky and grow unevenly by forming thin sub-branches. Due to this rea-
son, it is recommended to carry out pruning or thinning operation in mature and aged individuals 
during autumn to provide form and to help developing new growth and to induce timely flowering 
after winter season (Laughlin 1997; Popenoe 2008). The seeds of the oleander plants are stored only 
if harvester needs it; otherwise, the seed pods are pruned away (Kathleen 2007).

19.2 TAXONOMY

N. oleander is an evergreen small tree or shrub species which can grow up to 4 m in height; branches 
produce milky latex (Laughlin 1997). Leaves whorled, 10–20 × 1.5–2.0 cm, lanceolate or linear to 
lanceolate with tapering ends; distinct nerves (Zibbu and Batra 2010). The flowers are white, pink or 
red having mild to high fragrance, flowers bracteate, bracts small, green, 3.5–4 cm across, arranged 
in terminal cymes; peduncles short. Calyx green, five lobed, divided at the base, linear, acute at 
apex. Corolla campanulate, white or red and pink (in some cases) in colour; rounded, overlapping, 
corona having five scales exists on the inner wall of corolla, each scales are divided into 2–7 free 
segments, ca. 2.5 cm long. Stamens are five, including short filaments, anthers connivent into a 
cone and adherent to the stigma, connective tissues formed into a feathery appendage. Carpels two. 
Stigma is dumb-bell shaped having distinct and long style. The root system of N. oleander is exten-
sive and is primarily helpful in stabilizing the soils in tropical areas (Sinha and Biswas 2016). It 
comprises one pair of follicles, 7.5–17.5 cm long, lanceolate, split along single side to discharge the 
seeds (Sinha and Biswas 2016). The seeds are oblong, with a plume of hairs at one end (Choudhary 
and Prasad 2014; Figure 19.1).

FIGURE 19.1 Flower variations in Nerium oleander.
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19.3 DISTRIBUTION

It is distributed throughout the India and is also available in Sri Lanka (Ghangale et al. 2021). 
Other distribution records of N. oleander include Afghanistan, Albania, Algeria, Australia, China, 
Croatia, Cyprus, France, Greece, Iran, Iraq, Italy, Japan, Jordan, Lebanon, Libya, Malta, Morocco, 
Nepal, Niger, Pakistan, Palestine, Portugal, Spain, Syria, Tunisia, Turkey, UAE, USA, middle-east 
countries and other areas (Derwich et al. 2010; Rahman and Akter 2015; Al-Snafi 2020; Farkhondeh 
et al. 2020).

19.4 CHEMICAL CONSTITUENTS

N. oleander contains cardiac glycosides that are similar to the active compounds present in 
Digitalis spp. (Radford et al. 1986). The major and important glycosides present in N. oleander 
include Oleandrin, Neriine, Cardenolides, Gentiobiosyl and Odoroside (Figure 19.2) (Duke 1985; 
Begum et al. 1999). The secondary metabolites formed by any plant can be different in qual-
ity and quantity depending upon the environmental conditions and stress level (Liu et al. 2015; 
Saeedfar and Miri 2011). Additionally, Folinerin, Rosagenin, Rutin and Oleandomycin, which 
are pharmacologically significant, are also identified. Two new cardenolides, 3-Beta-Hydroxy-
8,14-Epoxy-5 Beta-Carda-16,20(22)-Dienolide (2) and 3-Beta-O-(D-2-O-Methyl-Digitalosyl)-
14-Beta-Hydroxy-5-Beta-CARDA-16,20(22)-Dienolide (1), and two known cardenolides, 
3-Beta-O-(D-Digitalosyl)-14-Beta-Hydroxy-5 Beta-Card-20 (22)-Enolide (4) and 3-Beta-O-(D-
Digitalosyl)-14-Beta-Hydroxy-16-Beta-Acetoxy-5 Beta-Card-20 (22)-Enolide (3), have been reported 
from the leaves of N. oleander (Siddiqui et al. 1997; Ebrahimi et al. 2018).

Zhao et al. (2006) reported that two new taraxasterane-type triterpenes, 20-Beta, 
28-Epoxytaraxaster-21-en-3beta-ol and 20-Beta,28-Epoxy-28 Alpha- Methoxytaraxasteran-
3beta-ol, are present in the leaves of N. oleander which can be isolated by using ethyl acetate extract 
along with ursane-type triterpenes, 28-nor-Urs-12-ENE-3beta, 17beta-diol and 3beta-Hydroxyurs-
12-en-28-Aldehyde. The spectroscopic analysis confirms their structural component (Ebrahimi et 
al. 2018; Farooqui and Tyagi 2018). Ishikawa et al. (2007) reported that the hot aqueous extract of N. 
oleander leaves yields phenolic compounds, 3-O-Caffeoylquinic acid, which is also known as chlo-
rogenic acid and its structural isomer, 5-O-Caffeoylquinic acid (Cinnamate easter), which express 
alpha-glucosidases inhibition. Due to this inhibitory property in a non-competitive style, they are 
called as anti-hyperglycemias (Ishikawa et al. 2007).

Wang et al. (2009) described that three glycosides steroids can be prepared from the ethyl 
acetate extract of N. oleander using fractionation process. These cardenolides include 3 

FIGURE 19.2 Major and important glycosides present in Nerium oleander.
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Beta-O-(Beta-D-Diginosyl)-14, 15alpha-Dihydroxy-5alpha-Card-20(22)-Enolide, Cardenolide N-1 
and uzarigenin (Wang et al. 2009). The leaves contain high content of polyphenols of which cin-
namic acid is reported to be of maximum quantity followed by catechin, epicatechin and chlorogenic 
acid (Ebrahimi et al. 2018). Sinha and Biswas (2016) obtained a novel Labdanes and Oleanderen 
from the newly emerged foliage of N. oleander (Sinha and Biswas 2016). Zibbu and Batra (2010) 
reported the extraction of many volatile compounds, sugars and Prussic acid from the leaves of 
oleander plant. The seeds, bark and root of N. oleander contain glycosides of different groups and 
properties (Kumar et al. 2013).

19.5 ETHNO-MEDICINAL VALUE OF neRiUM oLeAnDeR

The Indian traditional medical systems represent Naturopathy, Ayurveda and many others includ-
ing Yoga which are indigenous and are parts of Indian traditional knowledge (TK). These TKs are 
the information that is forwarded from one generation to another in the form of documents, faith 
and culture. Use of these information for treatment and cure of any disease is still prevalent. Many 
ailments and diseases can be successfully cured with the proper use of TK. Different indigenous 
communities and tribes use plant-, animal- and mineral-based medicines as their TK in their medi-
cal treatment and diagnosis, spiritual therapies and manual techniques formed to treat different pro-
longed and fatal diseases (Dey and Chaudhuri 2014; Keshavarzi et al. 2015).

Phytomedicines are meant to the traditional medicinal or folk medicines which are practiced by 
the utilization of plants and plant extracts. The plants are important components in any traditional 
medicines. Plants with medicinal properties have been vital constituents of both curative and pre-
ventive medical therapy preparations for human being. The preparation of phytomedicines requires 
the extraction of medicinal component/complex from the flowers, leaves, seeds, roots, bark, fruits 
and sometimes whole plants. Earlier, people chiefly relied on the raw plant material for their medi-
cal needs to retain vitality and to treat various diseases. Despite the fact that phytochemicals are 
important as medicines, there are some poisonous plant-based compounds too. Poisonous plants 
have always been part of our everyday life and few of them are so common that we do not even 
doubt their toxicity. Indigenous tribal people all over the world use toxic plants for various pur-
poses such as hunting, fishing, fighting and treating diseases. The poisonous compounds are usu-
ally applied on the arrow which helps in killing the prey by the activity of toxins. The toxins from 
plants are much related to health aspects of human being and animals. These toxic compounds are 
sometimes fatal, but they are also used for refractory symptoms and effective cure of some chronic 
diseases. These secondary metabolites are chemicals that are produced by any plant under stress 
and have lethal or therapeutic characteristics (Liu et al. 2015).

When we discuss about the medicinal or poisonous plants, N. oleander is not lagging behind. N. 
oleander is considered as important medicinal plant in many countries including China and India 
(Dey et al. 2012). This plant should be utilized with caution keeping in mind its toxicity (Zibbu 
and Batra 2010). TK-based medicines made from oleander plant are prepared to cure and manage 
diseases such as cancer, warts, epilepsy, calluses, ulcers, carcinoma, asthma and heart disorders 
(Duke 1985; Farooqui and Tyagi 2018). The oleander extract is also used in treating various skin 
diseases related to microbes such as fungus (Sinha and Biswas 2016). The compound obtained 
from the oleander flowers has significant role in treating the lesion area due to its anti-inflammatory 
property. It is essentially required in one of the Caribbean countries for treating the disorders related 
to reproduction (Lans 2007). The aqueous extract obtained from seeds and foliage of N. oleander 
helps in the treatment of gastrointestinal and upper respiratory tract infections in Kenya (Nanyingi 
et al. 2008). Similarly, oleander bark and foliage is useful as drug for diaphoretic, cardiac tonic, 
emetic and helps in promotion of diuresis (Sinha and Biswas 2016). The leaves are boiled to extract 
the herbal chemicals, which are then applied externally to treat scabies and to reduce swelling 
(Farooqui and Tyagi 2018). Root bark oil collected from N. oleander is used to treat the Leprosy and 
dermal infections (Ebrahimi et al. 2018). As per TK-based medicinal system in Italy, the oleander 
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plant part is required for treating Malaria (Tagarelli et al. 2010). Similarly, as per the TKs of South 
Indian state, the sap obtained from the bark of oleander plant is useful in providing relief from ear 
pain (Muthu et al. 2006). Ebrahimi et al. (2018) mentioned that small quantity of leaf latex is used 
to treat snake and other venomous bites.

19.6 BIOLOGICAL ACTIVITIES

N. oleander exhibits high medicinal properties. The botanical compounds derived from different 
parts of the plant are important and used as antioxidant, antiviral, anti-fungal, anti-bacterial, anti-
cancerous, antihistamine, anti-inflammatory, antifeedant and larvicidal agents (Zibbu and Batra 
2010; Dey and Chaudhuri 2014; Sinha and Biswas 2016; Ebrahimi et al. 2018; Farooqui and Tyagi 
2018; Table 19.1).

19.6.1 aNTioxiDaNT acTiviTy

N. oleander is a well-known plant for its antioxidant property which provides protection and support 
to cell from injuries triggered by unstable molecule (Mohadjerani 2012). Almost all plant parts are 
considered as vital and important for production of antioxidants, which eventually help in main-
taining good health. Aruna et al. (2020) reported that the antioxidant potency of Crude N. oleander 
leaves extract is greater than that of flowers. The antioxidant property is interrelated to the con-
centration of benzenol (Mohadjerani 2012). The oleander leaf exhibits significant hydroxyl radical, 
hypochlorous acid, peroxy-nitrite scavenging and iron chelation activity (Ebrahimi et al. 2018). 

TABLE 19.1
Biological Uses of Different Plant Parts of nerium oleander

Plant Part Medicinal Properties References

Leaves Diaphoretic, cardiotonic, diuretic, Sinha and Biswas (2016), Malik et al. (2015), Gupta and 
sternutatory, expectorant, Thorsteinson (1960), Jacobson (1975), Grainge (1985), Kumar 
antimicrobial, larvicidal, antifeedant, et al. (2012), Roni et al. (2013), Sikarwar et al. (2009), Pathak 
anti-diabetic, anti-cancerous, et al. (2000), Choudhary and Prasad (2014), Wong et al. 
anti-proliferative, antioxidant, (2011), Begum et al. (1999), Zia et al. (1995), Hinai et al. 
anti-depressant, analgesic, herbicidal, (2020), Uygur et al. (1997), Rao and Narayanasamy (1990), 
anti-fungal, anti-bacterial, Mallets et al. (1994), Mulas et al. (2002), Bhuvaneshwari et al. 
insecticidal, headache and snakebite (2007), Joshi et al. (2009), Al-Lawati and Al-Lawati (2020)

Flower Diaphoretic, cardiotonic, diuretic, Sinha and Biswas (2016), Hadizadeh et al. (2009), Gupta and 
sternutatory, expectorant, Thorsteinson (1960), Jacobson (1975), Grainge et al. (1985), 
antimicrobial, larvicidal, antifeedant, Raveen et al. (2014), Ali et al. (2009), Singhal and Gupta 
anti-cancerous, antioxidant, (2012), Nurgun et al. (2003), Choudhary and Prasad (2014), 
anti-inflammatory and anti-scabies Derwich et al. (2010), Islam and Lucky (2019)

Root Antimicrobial, larvicidal, antifeedant, Huq et al. (1999), Hussain and Gorsi (2004), Gupta and 
active metabolites, anti-dermatitis, Thorsteinson (1960), Jacobson (1975), Grainge et al. (1985), 
diuretic, cardiac tonic, resolvent, Sinha and Biswas (2016), Kawalekar et al. (2012), Rahman 
attenuant, joint and abdominal pain and Akter (2015)

Sap/Juice Larvicidal, antifeedant, headache, Gupta and Thorsteinson (1960), Jacobson (1975), Grainge et al. 
snakebite, anti-inflammatory, joint (1985), Sinha and Biswas (2016), Al-Lawati and Al-Lawati 
pain and dermatitis (2020), Hinai et al. (2020)

Bark/stem Antimicrobial, antifeedant, headache, Tannu et al. (2011), Gupta and Thorsteinson (1960), Jacobson 
larvicidal and snakebite (1975), Grainge et al. (1985), Hinai et al. (2020), Sinha and 

Biswas (2016), Al-Lawati and Al-Lawati (2020)
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Similarly, stem displayed sufficient Nitric oxide and DDPH unstable molecules scavenger potency, 
while root shows oxidative degradation of lipids, hydrogen peroxide and superoxide anions (Dey 
and Chaudhuri 2014; Ebrahimi et al. 2018).

19.6.2 aNTi-iNflaMMaTory acTiviTy

Inflammation is auto-immune process of the body to defend the harmful foreign agents including 
bacteria, viruses and other pathogens (Dey and Chaudhuri 2014; Felman 2020). Dried leaves and 
fresh flower ethanolic extracts of N. oleander possess anti-inflammatory property in mice with no 
side effect (Farooqui and Tyagi 2018). Zibbu and Batra (2010) reported that lipid soluble constituent 
of flower may possess anti-inflammatory property.

19.6.3 aNTiMicroBial acTiviTy

The oleander plant is toxic but at the same time has antimicrobial properties (Farooqui and Tyagi 
2018) due to the presence of benzenol which reduces the availability of free radicals. Sinha and 
Biswas (2016) reported that the roots of N. oleander contain a novel cardenolide, which exhibits 
the antimicrobial properties with additional activity similar to digoxin (Sinha and Biswas 2016). 
The extract of leaf possesses anti-bacterial properties against some bacteria, e.g., Bacillus and 
Nyctanthes spp. (Hussain and Gorsi 2004; Ebrahimi et al. 2018). Dey and Chaudhuri (2014) also 
provide information on the anti-bacterial activities of oleander plant extracted mostly from the root 
and bark. Similarly, essential oil obtained from the flower of oleander plant shows anti-bacterial 
characteristic towards Escherichia coli and some bacteria (Hussain and Gorsi 2004; Sinha and 
Biswas 2016). Farooqui and Tyagi (2018) reported that the ethanol extract of oleander flower has 
antimicrobial activities towards many species including Alternaria, Fusarium and Rhizoctonia spp.

19.6.4 larviciDal acTiviTy

Kumar et al. (2012) mentioned that the oleander plant exhibits potential to control the insect larva 
and eggs. Similarly, Roni et al. (2013) reported the adulticidal and ovicidal properties of olean-
der plant against Anopheles stephensi. Similarly, the oleander plant is said to have larvicidal and 
ovicidal effects on important mosquito species that transmits diseases like Dengue and Japanese 
encephalitis (Lokesh et al. 2010; Raveen et al. 2014; Al‐Hakimi et al. 2022). Most of the plant 
parts (chiefly leaf and flower) of N. oleander show insecticidal and antifeedant activity against 
Diamondback moth (Sinha and Biswas 2016).

19.6.5 aNTi-caNcer acTiviTy

Ali et al. (2009) extracted essential oil from oleander flowers and reported that it shows an anti-
tumour property on Ehrlich cells. The Oleandrin and its aglycone oleandrigenin are reported to 
possess anti-cancerous properties (Zibbu and Batra 2010; Sinha and Biswas 2016). Pathak et al. 
(2000) analysed different concentrations of Anvirzel and Oleandrin against cancerous cell. They 
concluded that both the products are having potential to initiate cell mortality, with the exception of 
mice tumour cells that exhibit signs of apoptosis (Zibbu and Batra 2010).

19.6.6 cellular aND huMoral iMMuNe respoNses

The drug prepared from plant parts of N. oleander has shown very positive and encouraging 
immune-stimulating properties (Farooqui and Tyagi 2018). N. oleander has a significant immuno-
modulatory effect on rabbit. The oleander leaf extract application on rabbits reduces the formation 
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of antibodies. Apart from this, the phagocytosis and improper immune-related stimulus can be 
treated with small dosage (Farooqui and Tyagi 2018; Ebrahimi et al. 2018).

19.6.7 aNTiviral acTiviTy

Oleanderin, a cardiac glycoside found in oleander leaves, suppresses the response to the stimulus of 
Human Immunodeficiency Virus protein (Sanna et al. 2021). Small amount of Anvirzel was poten-
tially sufficient to break the HIV infection potential rate (Dey and Chaudhuri 2014; Ebrahimi et al. 
2018). Further, the medicinal uses of different plant parts of N. oleander are depicted in Figure 19.3.

19.7 TOXICITY

Farkhondeh et al. (2020) have concluded that N. oleander (Kaner) is a poisonous plant which 
contains toxins for animal when ingested in large concentration. Most of the plant parts exhibit 
poisonous compounds including oleandrin, neriifolin, and thevetins A and B (Bandara et al. 2010). 
The maximum concentration of toxicity is found in the seeds and roots of this plant (Ebrahimi  
et al. 2018). Even smoke originating or interacting with the foliage of this shrub is lethal for some 
animals. Oleander leaves have a lethal dose range of 15–30 g for horses, more than 10 g for cows 

FIGURE 19.3 Nerium oleander plant parts and their useful products.
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and approx. 5 g for sheep, according to reports (Popenoe et al. 2019). The signs of toxicity by 
Kaner plant include abdominal ache, oral fissure pain, vomiting and its sensation, diarrhoea and 
muscle contraction. For Avifauna, even smaller quantity (0.12–0.7 g) of plant has been reported to 
cause death (Arai et al. 1992). Researchers have identified and reported that most of the animals 
are sensitive to the oleander toxicity related to heart, and the level of toxicity is based on amount 
and duration of ingestion except in mice (Szabuniewicz et al. 1972; Hougen et al. 1979; Adam  
et al. 2001; Aslani et al. 2007). Blum and Reiders (1983) have also reported an incidence of  human 
fatalities brought on by Oleander intake. The autopsy confirmed the high concentration of olean-
drin tissue levels in her. Similarly, Haynes et al. (1985) reported another incident of a woman dying 
after consuming oleander ‘tea’.

The oleander leaves are known to be harmful to cattle, which results in their death within 36 hours 
after intake. The toxicity symptoms include heartbeat related issues, blockage of heart AV node and 
haemorrhages (Mahin et al. 1984). The juicy secretion of oleander may develop dermatitis, uveitis 
and visual uneasiness in addition to dermal immunological disorders (Zibbu and Batra 2010). The 
responses to consumption of oleander may bring effects on digestive tract, alimentary canal and 
heart functioning in the body. Some of the major gastrointestinal effects that have been reported 
include vomiting, nausea, abdominal pain, excess salivation and diarrhoea, while heart function-
ing related disorder includes irregular heartbeat. The children are more prone to the toxicity of the 
oleander plant (Bandara et al. 2010; Derwich et al. 2010). Goetz et al. (1998) provided information 
on the severity of oleander toxicity by emphasizing the need for instant medical support for anyone 
who has consumed or ingested the plant part. The ethanol extract of N. oleander flowers shows 
anticonvulsant property in mice (Singhal and Gupta 2011).

19.8 CONCLUSION AND FUTURE REMARKS

After critical review, it was concluded that N. oleander can be utilized in treating different ail-
ments and has been therapeutically proven to prevent cancer, tumour formation and control sexually 
transmitted diseases. TKs and healthcare systems of tribal are parts of their culture and belief. The 
various plant parts are important ingredients in the preparation of traditional medicines. This makes 
the world to shift towards plant-based natural medicines and utilize them rather than depending 
solely on allopathic drugs. From this plant (of different parts), various bioactive compounds have 
been reported which are lethal. Thus, there is a need to discover the potentiality and applicability 
of natural plant-based medicines which help in treating various incurable diseases & disorders and 
support pharmacognosy-based medical system. N. oleander is most curative drug which has toxic-
ity as well as medicinal importance. The drug obtained from this plant is being used as antioxidant, 
anti-proliferative, anti-cancerous, anti-diabetic, antimicrobial, anti-depressant, in skin diseases and 
for other illnesses. Therefore, further research on therapeutic potential of N. oleander is needed for 
better health system.
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20.1 INTRODUCTION

Plants are man’s best companion, providing him with food, medicine, and fuel since the dawn of 
civilization (Garekae et al. 2022). Plants are still a key basis of medicine. Throughout history, soci-
eties all across the globe have discovered how to employ medicinal plants to treat sickness (Odieka 
et al. 2022). Their application is more relevant in present day scenario as they have comparably less 
side effects. This has led researchers to focus on plants that have medicinal efficacy. Plants have 
a variety of bioactive chemicals that have the potential to be developed as therapeutic medicines 
(El-Saadony et al. 2021; Husen et al. 2021; Husen 2021, 2022). The global demand for herbal medi-
cines is increasing (Liu et al. 2021). Hence, uncontrolled practices with a lack of concern on con-
servation efforts are now endangering medicinal plants (Sofi et al. 2022) through the validation of 
traditional medicines, ethnopharmacological practices, and indigenous therapies (Xue et al. 2022).

There are several natural crude drugs in traditional medicine that have the efficiency to cure 
a variety of ailments and problems, one of them is Ricinus communis L. (family: Euphorbiaceae) 
commonly known as Castor bean (Kebede and Shibeshi 2022). It is a monotypic species having 
60% distinctive oil, 90% of which is ricinoleic acid. As it has low solidification point (12°C–18°C), 
high molecular weight, very low melting point (5°C) and is stable having high viscosity, this acid 
has a lot of industrial importance (Pham et al. 2022). Ricinoleic acid is accountable for castor bean 
oil’s popularity, since it has the greatest and high stable viscosity index of any vegetable oil, as well 
as excellent lubricity, particularly at low temperatures (Rodríguez-Cabal et al. 2020; Porokhovinova 
et al. 2022).

Castor is a non-oilseed plant with significant nutritional potential due to its 90% monounsaturated 
fatty acids concentration along with bioactive compounds like phenolics, vitamin E (tocotrienols or 
tocopherols), and phospholipids (Yeboah et al. 2020; Sbihi et al. 2018). These biocompounds con-
tribute to castor oil’s taste as well as stability, making it appropriate for a wide range of applications 
(Sedeek et al. 2012). In castor oil, tocopherol is a natural antioxidant that has anti-inflammatory and 
anti-proliferative activities. The major tocopherol isomers, 30.89–52.7 mg/g for γ and 43.1–96.62 
mg/g for δ, are greater than those found in sunflower, hazelnuts, and olives (Said et al. 2016; Sbihi et 
al. 2018). Castor oil also has good oil quality due to its physicochemical qualities like high thiobar-
bituric acid and saponification value and low iodine and acid value (Omari et al. 2015).

On the other hand, Castor bean cultivation is complicated due to the presence of ricinine alka-
loid, toxic ricin, as well as allergenic protein polysaccharide Castor bean allergenic fraction (CB-
1A) in the plant. Ricin inhibits the synthesis of protein by inactivating ribosomes which is harmful 
in any form. Ricin which is one of the most powerful plant poisons is also found in castor beans.

Fritz Hauschild considers ricin in the list of five most dangerous compounds known: gramicidin, 
diphtheria toxin, tetanus toxin, botulinum toxin, and ricin (Hauschild 1960). As a result, it is not 
surprising that castor plant has been designated as a “poisonous plant 2018” in Germany.

20.2 BOTANICAL DESCRIPTION

Castor bean is a 5 m tall, semi-woody lager shrub or small tree and evergreen herbaceous plant 
(Figure 20.1). This plant is rapid growing that at first it grows straight up and then branches later. 
The stem varies in colour from green to reddish purple and has hollow internodes. Flowers are 
greenish yellow.

20.3 DISTRIBUTION

Although the castor bean is native to the Eastern Africa, Southern Mediterranean Basin, and India, 
it is thought to have originated from tropical Africa. Castor bean is extensively cultivated in sub-
tropical, tropical, and temperate regions; it optimally grows in summer rainfall areas notably India, 
Brazil, and China due to its significant economic worth (Kamusoko and Jingura 2022). Breeders are 
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paying close attention to breeding and variety enhancement because of rising castor bean demand 
in various countries (Fatimah et al. 2022). In tropical or subtropical locations, most varieties are 
big perennials that frequently mature into small trees; however, in frost-prone places, it is generally 
shorter and smaller and grows yearly. It is clear that castor bean has a high level of phenotypic varia-
tion and phenotypic plasticity in response to environmental influences.

It grows well at temperatures ranging from 20°C to 25°C. The seeds’ higher oil content may be 
related to the warmer climate areas, but temperatures above 38°C can cause deprived seed condi-
tion. Furthermore, it is known that plants are harmed by temperatures that are low enough to result 
in frost formation. Because production is concentrated primarily in India, China, and Brazil, its 
total output varies considerably season to season due to variations in rainfall and planting area size. 
As a result, this concentration has resulted in the production of cyclic castor. Thus, diversifying 
production regions and increasing irrigation production should help to reduce the climatic impact 
on castor supplies. According to Union Minister of State for Agriculture and Farmers Welfare, India 
is the world’s leading producer of castor oil. Gujarat is the leading producer of castor in India. The 
major castor growing states in the country are Gujarat, Tamil Nadu, Rajasthan, Andhra Pradesh, and 
Odisha. It is grown in Maharashtra, Karnataka, Uttar Pradesh, Bihar, and Madhya Pradesh, among 
other places (Senthilvel et al. 2022; Ramoliya 2022). As in India, Gujarat accounts for around 86% 
of this seed production, followed by Andhra Pradesh and Rajasthan. In India, Castor oil production 

FIGURE 20.1 Ricinus communis.
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is concerted in the Gujarat districts of Banaskantha, Mehsana, and Kutch/Saurashtra, as well as the 
Andhra Pradesh districts of Mahabubnagar and Nalgonda. Castor crop economic success in Gujarat 
in 1980s and later may be attributed to combination of a good breeding programme as well as an 
excellent extension model, leading to national and international market (Patel et al. 2016). India 
is the leading exporter of castor oil. China, the Netherlands, the United States, France, and Japan 
are the top export destinations. In 2020–2021, France received Rs. 641.03 crore from oil exports, 
while China received Rs. 3,144.08 crore. Export to the Netherlands totaled 97,288.73 MT worth Rs. 
882.12 crore the United States received 70,770.76 MT worth Rs. 678.14 Crore, and Japan received 
23,164.38 MT worth Rs. 222.95 crore. In 2020, the castor oil production in India amounted to just 
over 1.84 million tons. In comparison, castor oil production in the Philippines was approximately 
40 tons in 2020 (www.Triged.com).

20.4 POISONOUS COMPOUNDS FOUND IN RicinUS coMMUniS

Several compounds have been identified and isolated as toxic from R. communis, including the 
extremely toxic ricin (RCA-II, RCA60, ricin D), highly homologous but least toxic, R. commu-
nis agglutinin, allergenic compounds, and the nudiflorin and ricinine alkaloids (Napagoda 2022) 
(Figure 20.2).

20.4.1 riciN

Ricin is present in various isoforms, depending on the variety of plant and type of seed from which 
it is extracted (Sehgal et al. 2010; Kumaraswamy et al. 2022).

20.4.1.1 Ricin (RCA-II, RCA60, Ricin D)
Ricin D is stored in mature ricinus seeds within endosperm cells in vacuoles, where it is susceptible 
to rapid degradation by hydrolysis during the post-germination, early growth stages (Tyagi et al. 
2015; Lopez Nunez et al. 2017). While the ricin endogenous property within the plant is unknown, 
it is hypothesized that its potent cytotoxicity may act as a defence against plant-damaging organisms 
or various herbivores (Worbs et al. 2011).

FIGURE 20.2 Poisonous compounds found in Ricinus communis.

http://www.Triged.com
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20.4.2 riciNoleic aciD

90% Ricinoleic acid as a hydroxylated unsaturated fatty triglyceride is present in cold-pressed 
oleum ricini. Its oil has been used as a purgative and it is said to be a good laxative.

Following ingestion of castor oil, intestinal lipases hydrolyze the triglyceride into ricinoleic and 
glycerol acid. It affects water flux and ions transport in intestine mucosa as well as intestinal motil-
ity. It acts as a laxative and stimulates labour in pregnant women (Teuscher and Lindequist 2010; 
Tunaru et al. 2012).

20.4.3 rIcInuS communIS aggluTiNiN

Ricinus communis agglutinin (RCA, comprising two subunits including A and B subunits) is present 
in the seeds. The A chains homology between ricin (RCA60) and RCA120 is over 93% and the B 
chains homology is 84% (Franke et al. 2019). Despite being closely related to ricin, it is classified 
as protein having significantly lower toxicity. RCA120 is dissimilar to ricin; it is not effectively 
cytotoxic, although it has an affinity for red blood cell, causing subsequent haemolysis as well as 
agglutination (Audi et al. 2005; Severino et al. 2012). RCA is poorly absorbed in the gastrointestinal 
tract, resulting in clinically considerable haemolysis after intravenous infusion (Audi et al. 2005).

20.4.4 riciNiNe

It is an alkaloidal toxin that belongs to the piperidine alkaloids group. It is present in trace amounts 
in every parts of plant, but it also translocates throughout the plant based on its age (Audi et al. 2005; 
Worbs et al. 2011). Besides that, because of its higher resistance to temperature, ricinine, unlike 
ricin, cannot be inactivated by conventional heat treatment (Worbs et al. 2011). As ricinine and ricin 
can be co-extracted, they can be used as potential markers for tracking overdosage caused by plant 
crude extracts (Lopez Nunez et al. 2017).

20.4.5 allergeNic coMpouNDs

R. communis pollen and seed components can be allergenic, causing urticaria and rhinitis or con-
junctivitis (Bradberry et al. 2003; Teuscher and Lindequist 20/10; Deus-de-Oliveira et al. 2011; 
Severino et al. 2012). Castor bean allergies have been discovered in a variety of industrial sectors, 
including workers in fertilizer retail, the furnishing industry, and oil processing mill (Deus-de-
Oliveira et al. 2011). It has been observed that castor bean dust causes endemic asthma near a castor 
oil mill and people exposed to this develop the allergic syndrome (Bradberry et al. 2003; Severino 
et al. 2012; Patel et al. 2016). Both type I and IV allergenic responses to castor bean dust have been 
described, as well as the involvement of eosinophils and IgE receptors (Bradberry et al. 2003). It 
has been proposed that the castor allergens Ric c 3 and Ric c 1 are a new class of amylase inhibi-
tor and may have an important role in plant defence based on their ability to inhibit insect amylase 
(Nascimento et al. 2011).

20.4.6 riciNus lipase

R. communis has high lipase activity that is accountable for triglyceride hydrolysis (Srivastava et al. 
2016). In spherosomes derived from the seeds’ endosperm tissue, Lipase activity is found (Srivastava 
et al. 2016). Furthermore, Morlon-Guyot and colleagues demonstrated that ricin contains active site 
for functional lipase. The structural analysis of type II ribosome-inactivating proteins revealed that 
lipase site is present in toxic members of this family (ricin, abrin), but it is transformed into nontoxic 
or less toxic members (ebulin 1, mistletoe lectin I) (Morlon-Guyot et al. 2003). This finding suggests 
that lipolytic activity is crucial in ribosome-inactivating protein cytotoxicity.
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20.5 PHYTOCHEMICAL OF RicinUS coMMUniS

Several bioactive compounds are identified from R. communis leaves, seed, stem, and root extracts 
including flavonoids, coumarins, alkaloids, benzoic acid derivatives, terpenoids, tocopherols, fatty 
acids, and terpenoid. Some of these compounds are discussed below along with their pharmacologi-
cal activities in the following sections.

20.5.1 alkaloiDs

These belong to a class of chemically diverse secondary metabolites that are used for their medici-
nal properties (Facchini 2001; Ndagijimana et al. 2013). From R. communis, five alkaloids have 
been isolated.

Ricinine alkaloid is the most likely compound produced by R. communis that has received the 
most attention. Wachira et al. (2014) investigated the toxicity and larvicidal activity of Ricinine and 
its carboxylic acid derivative 3-Carboxy-4-Methoxy-N-Methyl-2-Pyridone, methyl-5-(3-Cyano-1- 
Methyl-2-Oxo-1,2-Dihydropyridine-4-il) pentanoate, 1-Methyl-4-(4-Metilpentiloksi) Pyridine-2 
(1H)-on, and N-Demethyl ricinine.

20.5.2 flavoNoiDs

Flavonoids are a considerable group of secondary metabolites found in plants that can be classi-
fied into several classes (Falcone Ferreyra et al. 2012). One molecule of cinnamoyl-CoA is com-
bined with three molecules of malonyl-CoA to produce these chemicals (Falcone Ferreyra et al. 
2012), Quercetin, Quercetin-3-O-d-Glucopyranoside, Quercetin-3-O-d-Galactoside, Quercetin-3-
O-d-Xylopyranoside, Quercetin-3-O-d-Rutinoside, and Quercetin-3-O-d-xylopyranoside, from the 
leaves of R. communis. Three kaempferol glycosyl derivatives were obtained: kaempferol-3-O-d-
Rutinoside, kaempferol-3-O-d-Glucopyranoside, and kaempferol-3-O-d-Xylopyranoside. From the 
roots and leaves of R. communis, Epicatechin and catechin were extracted (Singh and Chauhan 
2009; Wafa et al. 2014; Zahir et al. 2012). Leaves and roots of R. communis were used to isolate the 
flavones vitexin and luteolin.

20.5.3 BeNZoic aciD DerivaTives

From R. communis roots and leaves, ellagic, gentisic, gallic, and vanillic acids were isolated. The 
presence of the o- and p-Dihydroxybenzene system, which is an antioxidant enhancer, is responsible 
for increased activity (Singh and Chauhan 2009).

20.5.4 couMariNs

Three coumarins were isolated from R. communis – 8-Dihydroxy coumarin, 3,4-Dimethoxy-6 from 
the flowers (Khafagy et al. 1979) and scopoletin and isofraxidine from the leaves (Bigi et al. 2004) 
– despite the fact that these compounds were not tested for pharmacological activity.

20.5.5 Tocopherols

From R. communis cotyledons and roots, α-, β-, δ-, and γ-Tocopherols were identified (Ribeiro et 
al. 2014). In the cotyledons, at high temperatures (35°C), α-Tocopherol levels increased. In contrast, 
the roots showed no temperature-related changes. δ- and γ-Tocopherols followed a similar pattern 
to a much lesser extent. These chemicals protect cells from the oxidative stress caused by high 
temperatures.
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20.5.6 TerpeNoiDs

20.5.6.1 Monoterpenoids
From R. communis leaves, 1,8-Cineole, α-Thujone, α-Pinene, camphene, and camphor were identi-
fied in the essential oil (Kadri et al. 2011), whereas fusidic acid was extracted from R. communis 
leaves in methanol (Li et al. 2014).

20.5.6.2 Diterpenoids
From R. communis cotyledons, roots, and leaves, phytol was detected (Li et al. 2014; Ribeiro et al. 
2014). Callypsinol was isolated from R. communis leaves methanol extract (along with 36 other com-
pounds) and it was observe to show significant in vitro inhibitory activity and selectivity against mouse 
and human 11-HSD (Li et al. 2014). In a pioneer study conducted by Ribeiro et al. (2014) Casbene, 
(+)-Cembrene, (+)-Beyerene, (+)-Sandaracopimaradiene, (−)-Kaurene, and (−)-Trachylobane were identi-
fied and were produced from mevalonic acid by 2.5-day-old seedlings exposed to cultures of Aspergillus 
niger, Rhizopus stolonifer, and Fusurium moniliforme. Casbene is reported to act as a phytoalexin.

20.5.6.3 Sterols
In the cotyledons and roots of R. communis seedlings grown at various temperatures, Stigmasterol, 
Campesterol, and Beta-Sitosterol were detected (Ribeiro et al. 2014). 7-Oxo-Sitosterol and 3-O-d-
Glycosylsitosterol were isolated from R. communis stem and leaves (Bigi et al. 2004; Ohishi et al. 
2014). Stigmasterol oleate, Stigmasterol arachidate, and stigmasterol stearate were isolated from R. 
communis roots (Mittal and Ali 2012), whereas Stigmast-4-en-6-ol-3-one, Stigmast-4-en-3-one, 
3-O-d-Glycosylstigmasterol, and Stigmast4-en-3,6-dione were isolated from the leaves (Bigi et al. 
2004; Li et al. 2014).

20.5.6.4 Triterpenoids
Srivastava et al. (2014) isolated and identified two triterpenes from R. communis root: a new dik-
etone pentacyclic triterpene and lupeol, a known compound. The compounds lup-20(29)-en-3, 
30-nor-Lupan-3-ol-20-one, 15-Diol, and acetylaleuritolic acid were isolated from the leaves of R. 
communis and demonstrated in vitro inhibitory activity against mouse and human 11-HSD (Li et al. 
2014). Lup-20(29)-en-15-ol-3-one was isolated from R. communis leaves (Tan et al. 2009).

20.5.7 faTTy aciDs

In the chemical industry, Ricinoleic acid (12-Hydroxyoctadeca-9-Enoic acid) is an important 
hydroxylated fatty acid (Bafor et al. 1991). R. communis endosperm contains more than 80% of this 
fatty acid. Although it was isolated primarily from R. communis endosperm, it was also isolated 
from its leaves and roots (Oloyede 2012; Wafa et al. 2014). GC–MS analysis revealed four fatty acids 
in R. communis hexane leaf and seed extracts: linolenic acid, linoleic acid, stearic acid, and palmitic 
acid (Ramos-López et al. 2012; Ribeiro et al. 2015).

Oloyede (2012) identified methyl linoleate and methyl ricinoleate from seeds, but it is most likely that 
these compounds are a marker of the extraction procedure, which involved the use of methanol. Gondoic 
acid and oleic acid were found in the leaves and roots (Wafa et al. 2014). 1-Palmitic acid Glycerol-
2,3-Dimethylketal ester and 1-Palmitic acid glycerol ester were isolated from leaves (Bigi et al. 2004). 
Triricinolein and n-Heptacosanyl oleate were isolated from roots (Mittal and Ali 2012; Tang et al. 2012).

20.5.8 oTher coMpouNDs

Other compounds including n-Butyl Ricicommunioate, Arachidoyl arabinoside, methyl communiso-
ate, ethyl brevifolincarboxylate, and n-Hexatriacont-14-ene were isolated from the roots of R. com-
munis (Mittal and Ali 2012; Tang et al. 2012), although no pharmacological efficacy was reported.
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20.6 PHARMACOLOGICAL EFFICACY OF RicinUS coMMUniS

R. communis being a poisonous plant has several therapeutic potential. Various pharmacological 
activities of R. communis are shown in Table 20.1. Various studies on biological activities of R. com-
munis plants have been conducted and published (Khalid et al. 2022). Such activities are present in 
the crude extract because of its bioactive compounds. Presently, R. communis properties mentioned 
in this chapter include antimicrobial, antidiabetic, anti-cancer, antioxidant, and anti-inflammatory 
(Figure 20.3).

20.6.1 aNTiMicroBial acTiviTy

Because of the rise in the number of human infections caused by a variety of clinical strains of bac-
teria, as well as the development of antibiotic resistance, there is an urgent need to identify consistent 
alternative bases to fight against antibiotic resistance (Friedman and Rasooly 2013; Murray et al. 
2022). Castor and its phytochemicals have antimicrobial properties against a variety of microorgan-
isms as depicted in Table 20.2. The crude extract has been shown to inhibit the growth of bacteria 

TABLE 20.1
Pharmacological Activities of Different Parts of Ricinus communis

Extraction 
Plant Parts Activity Solvent Method Compound Detected References

Roots and leaves Antioxidant Methanol Maceration Flavonoids, phenols, Wafa et al. 
and condensed tannins (2014)

Leaves - Hydrodistillation α-Pinene, α-Thujone, Kadri et al. 

1,8-Cineole, (2011)

camphene, and 
camphor 

Methanol Soxhlet Steroids, saponins, and Taur et al. 
alkaloids (2011)

Roots, Leaves, Methanol Maceration Alkaloids and cardiac Ibraheem and 
stems, capsules, glycosides Maimako 
and seeds (2014)

Root Anti- Ethanol Soxhlet – Lomash et al. 
inflammatory (2010)

Leaves Antidiabetic Ethanol Maceration – Ndagijimana 
(hypoglycemic) et al. (2013)

Leaves Antimicrobial Methanol Maceration Coumarins, alkaloids, Rampadarath 
and ethyl tannins, flavonoids, et al. (2014)
acetate and phenols 

Methanol, Maceration – Naz and Bano 
ethanol, (2012)
and water 

Ethanol Soxhlet Cardiac glycosides, Jeyaseelan and 
and saponins, flavonoids, Jashothan 
methanol tannins, and terpenoids (2012) 

Roots, leaves, Methanol Maceration Cardiac glycosides and Ibraheem and 
stems, capsules, alkaloids Maimako 
and seeds (2014)



297Ricinus communis (Castor Oil Plant)

such as Enterococcus faecalis, Staphylococcus aureus, Escherichia coli, Streptococcus mutans, 
as well as methicillin-resistant S. aureus (Abew et al. 2014; Alli et al. 2022). Various aqueous and 
solvent-based extracts of R. communis were used to test its activity. The various solvent systems 
employed include methanolic extract, ethanolic extract, butanolic extract, and ethyl acetate extract. 
The highest activity against S. aureus with a MIC of 5 mg/mL was found in ethanolic extract and it 
was found to be most effective in many cases (Jeyaseelan and Jashothan 2012). In another study, the 
lowest activity against Bacillus subtilis and the highest activity against E. coli were found in metha-
nolic extract (Abd-Ulgadir et al. 2015). While the lowest activity against Klebsiella pneumonia and 
the highest activity against S. aureus were found in aqueous extract (Naz and Bano 2012). Castor 
activity as a complete cleanser solution was demonstrated in a randomized clinical study against 
bacterial pathogens (Sandford et al. 2021). In R. communis oil, the presence of sodium ricinoleate 
inhibits biofilm formation, causing cell wall damage and cell death due to cytoplasmic component 
loss (Salles et al. 2015). Based on the findings, it is possible to conclude that R. communis could be 
a valuable source of an antibacterial drug against a variety of bacterial pathogens.

R. communis has antifungal activity in several parts, including the root, leaf, and stem. R. com-
munis methanolic and aqueous extracts have been found to be effective against a wide range of 
fungal species. A study was conducted to test the castor extract antifungal activity; the least activity 
was found against Alternaria solani and the highest antifungal activity was found against Candida 
albicans (Vandita et al. 2013). In one of the studies, methanolic extract showed less activity against 
Aspergillus flavus and prominent inhibitory activity against Aspergillus fumigatus and Aspergillus 
niger (Jeyaseelan and Jashothan 2012). In another study, aqueous leaf extract showed the least activ-
ity against Aspergillus flavus and Aspergillus fumigatus (Abd-Ulgadir et al. 2015). The research 

FIGURE 20.3 Pharmacological efficacy of Ricinus communis with their specific compounds.
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findings above confirm R. communis extract’s antifungal activity, and it could be a good source for 
finding a new drug candidate to inhibit the fungi.

Kebede and Shibeshi (2022) reported that castor leaf extract and fraction were tested for anti-
microbial activity. At 400 mg/mL, the maximum antimicrobial activity for ethyl acetate fraction 
ranged from 20.33 mm (S. aureus) to 14.67 mm (clinical E. coli), while n-Hexane had least antimi-
crobial activity. The MIC values for the tested fractions ranged from 16.67 mg/mL (ethyl acetate) 
(Candida albicans) to 1.5625 mg/mL (S. aureus). The ethyl acetate fraction demonstrated bacteri-
cidal activity against all microorganisms tested.

20.6.2 aNTiDiaBeTic acTiviTy

R. communis seed has antidiabetic activity (Cheikhyoussef and Cheikhyoussef 2022). Ethanol 
roots extract has potential effects on lipid profile, fasting blood glucose, liver and kidney 

TABLE 20.2
Antibacterial Activities of Ricinus communis Extracts

Microorganisms Tissue Solvent Compound References

Bacteria Bacillus Leaves Methanol Alkaloids, tannins, cardiac Vandita et al. (2013)
subtilis glycosides, flavonoids, 

terpenoids, and steroids 

Callus Ethanol Anthocyanin, alkaloids, Vandita et al. (2013), 
cultures terpenes, flavonoids, Zarai et al. (2012), Naz 

glycosides, and tannins and Bano (2012)

Bacillus cereus Leaves Essential 1,8-Cineole, α -Pinene, Zarai et al. (2012)
oil α-Thujone, camphene, 

and camphor

Methanol Coumarins, alkaloids, Zarai et al. (2012), 
and ethyl flavonoids, phenols, and Rampadarath et al. 
acetate tannins (2014) 

Staphylococcus Leaves Methanol Flavonoids, cardiac Jeyaseelan and Jashothan 
aureus and glycosides, saponins, (2012)

Ethanol tannins, and terpenoid 

Klebsiella Leaves Essential 1,8-Cineole, αThujone, Zarai et al. (2012)
pneumoniae oil α-Pinene, camphene, and 

camphor 

Escherichia Leaves Ethanol Cardiac glycosides, Jeyaseelan and Jashothan 
coli and flavonoids, tannins, (2012)

methanol saponins, and terpenoid

Methanol Coumarins, alkaloid, Rampadarath et al. (2014)
and ethyl tannins, flavonoid, and 
acetate phenol

Methanol Alkaloids, flavonoids, Vandita et al. (2013)
tannins, cardiac 
glycosides, terpenoids, 
and steroids 

Fungi Aspergillus Stem Water - Vandita et al. (2013), 
niger Naqvi et al. (2011)

Aspergillus Leaves and Water Sugars and free amino Naz and Bano (2012), 
fumigatus stems acids Habib Naqvi et al. (2011)

Aspergillus Leaves Methanol - Naz and Bano (2012)
flavus
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functions and no significant difference on alkaline phosphatase, serum bilirubin, serum gluta-
mate oxaloacetate transaminases, serum glutamate pyruvate transaminases, creatinine, as well 
as total protein. Roots ethanolic extract antidiabetic activity was tested in a study and it was 
discovered to be effective against hypoglycemic rats. After treating alloxan diabetic rats with 
a single dose of 500 mg/kg body weight for 20 days, blood was collected on day 0, day 10, and 
day 20 of the experiment to examine the lipid profile. Their investigation showed a significant 
reduction in fasting blood sugar to near-normal levels and enhance in insulin levels, resulting in 
an improvement in body weight and lipid profile. Blood glucose levels decreased from 149 ± 11 
mg/dL (control) to 379 ± 72 mg/dL (diabetic rat) (Shokeen et al. 2008). The other in vivo study 
on alloxan-induced diabetic rats found that after treatment with Ricinus extract, blood glucose 
levels decreased from 390.0 to 148.5 mg/dL, representing a 61.97% decrease in blood glucose 
over a 7-day period (Matthew et al. 2012). These findings point to R. communis potential as a 
therapeutic agent for diabetic control.

20.6.3 aNTi-caNcer acTiviTy

Several research have been conducted using fractions with 100% methanol, ethanol, and an 
aqueous phase that have demonstrated activity against particular cancer cell lines like mela-
noma, hepatic cancer (HepG2), breast cancer (MCF7), cervical cancer, and pancreatic cancer 
(PC3) (Prakash and Gupta 2014). Castor has been shown to have anti-cancer activity in both 
in vitro and in vivo studies using different parts of plant and ricin lectins (Ravishankar et al. 
2012). Numerous researchers studied and reported on anti-cancer activity of R. communis. The 
cytotoxic effect of castor lectins on three diverse cell lines, human erythrocytes, sarcoma 180, 
and HeLa cells, was first discovered. R. communis aqueous extracts were found to have cyto-
toxic effect on human melanoma (A375 cancer cell lines) with an IC50 value of 48 g/mL (Shah 
et al. 2015). According to You et al. (2010), Ricinus agglutinin I caused rapid down-regulation 
of endothelial cell apoptosis as well as vascular endothelial growth factor-2 (VEGFR-2) in 
tumor blood vessels.

Other in vitro studies were conducted to test cytotoxic effects of R. communis on different cell 
lines, including liver cancer, breast cancer, colon cancer, cervix cancer, skin melanoma (B16F10), 
prostate cancer, and ovarian cancer (OVCAR-5). The extract from R. communis was tested against 
these cancer cell lines at lower concentrations of about 100 g/mL and found to be effective (Prakash 
and Gupta 2014). Several studies have shown that R. communis has anti-cancer activity, implying 
that it could be a better source of anti-cancer therapeutic.

R. communis fruit extract (RCFE) also shown to have potential anti-cancer activity, and this was 
investigated using estrogen positive MCF-7 and highly aggressive, triple negative MDA-MB-231 
breast cancer cells. In these cells, RCFE induces cytotoxicity in a time- and dose-dependent man-
ner. It also inhibited migration, adhesion, invasion, and the expression of matrix metalloproteinases 
(MMPs) 9 as well as 2 in both cell lines, indicating potent anti-metastatic activity. The anti-cancer 
efficacy of a common castor plant fruit extract can be potentially a promising source for the treat-
ment of breast cancer (Majumder et al. 2019).

20.6.4 aNTi-iNflaMMaTory acTiviTy

Castor has been reported to a have strong anti-inflammatory properties. Diverse fractions such as 
methanolic, ethanolic, and hexane have been used to assess anti-inflammatory potential of R. com-
munis. Its extract’s anti-inflammatory activity was tested in one study using the acetone, hexane, 
and methanol fractions, in which significant anti-inflammatory activity was demonstrated in metha-
nolic extract, which was attributed to the flavonoid found in it. Raw 264.7 macrophage cell lines 
were used in this study to test anti-inflammatory activity that leads to 95% scavenging activity at 2.5 
g/mL with methanolic extract (Nemudzivhadi and Masoko 2014).
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Lindauer et al. (2010) found that ricinolein mediated anti-inflammatory and proinflammatory 
activity after repeated application. Anti-inflammatory activity was tested in two animal models, 
namely the cotton pellet granuloma model and carrageenan-induced paw edema model. A dose of 
100 mg/kg was found to inhibit edema by 26.47% in a carrageenan model. At doses of 250 and 500 
g/kg, Ricinus methanolic extract was reported to inhibit edema by 43.28% in cotton pellet granu-
loma models (Srivastava et al. 2014). The activation of leucine-rich protein (NALP3) inflammasome 
and nucleotide-binding domain was responsible for this activity.

Another in vivo study demonstrated anti-inflammatory activity of R. communis in histamine 
or carrageenan-induced edema in guinea pigs or mice, respectively. For 8 days (0.9 mg/mouse), 
ricinoleic acid was applied topically and was found to inhibit edema by 58%. This demonstrates that 
ricinoleic acid has the efficacy to be a new capsaicin-like substance that belongs to a class of potent 
anti-inflammatory compounds (Vieira et al. 2000).

20.6.5 aNTioxiDaNT acTiviTy

The first line of defence are Antioxidants against the damage caused by free radical, and they play 
an important role in preserving viability of cells and overall health.

Numerous neurodegenerative diseases are linked to free radicals in the cell. The antioxidant activ-
ity of R. communis is revealed in vitro by the presence of compounds such as quercitin, gallic acid, 
epicatechin, rutin, ellagic acid, and gentisic acid in the leaves methanolic extract (Ahmed et al. 2015).

R. communis methanolic extract antioxidant potential was observed to scavenge free radicals 
such as 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) and 2,2′-Azino-bis(3-Ethylbenzothiazoline-6-
Sulfonic acid) (ABTS) by Hussain et al. (2022). Another study demonstrated the ability of R. com-
munis to scavenge DPDH, NO, and superoxide radicals, proving it to be a novel antioxidant. Butanol 
fraction of Ricinus showed the highest antioxidant activity (Iqbal et al. 2012; Höferl et al. 2014). R. 
communis ethyl acetate extract was also discovered to be a powerful antioxidant. The antioxidant 
activity of R. communis is attributed to flavonoids (Nath et al. 2015).

20.6.6 aNalgesic acTiviTy

Several researches have been carried out to demonstrate the analgesic activity of R. communis 
extract. R. communis extract has been studied and proven to have typical central nervous system 
stimulant as well as neuroleptic effects (Franke et al. 2019). The alkaloid ricinine in R. communis 
causes stimulant effects like hyperactivity, clonic seizures, and memory improvement. Ricinine is 
not anxiogenic because it does not inhibit brain exploration (Ferraz et al. 1999).

Another study compared R. communis aqueous extract of root bark to the standard drug diclofenac 
for the analgesic activity at a dose of 50 mg/kg. In Albino mice, R. communis extract doses of 100 
and 200 mg/kg were used. The analgesic activity was determined using two methods: Eddy’s hot plate 
method and tail immersion method (Almeida et al. 2001). The effect of methanolic extract of Ricinus 
leaves on antinociceptive activity was also demonstrated in one study. A 150 mg/kg dose resulted in a 
gradient increase in the tail flick of mice from (2.9000.194) in control mice at 0 minute to (6.300.110) 
in Ricinus treated mice, indicating the analgesic activity of R. communis (Taur et al. 2011).

20.6.7 aNThelMiNTic acTiviTy

R. communis was studied for its anthelmintic activity in inducing paralysis of worms as well as the 
time required to kill the worm. Anthelmintic activity was assessed using both ethanolic and aqueous 
extracts. When compared to ethanolic extract, aqueous Ricinus extract demonstrated higher activity at 
100 mg/mL in less time, i.e., 8.500.64 (paralysis) and 31.501.25 (death) at a concentration of 100 mg/
mL. As a result, the aqueous extract of R. communis was found to have higher anthelmintic activity 
(Rana and Dhamija 2012).
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20.6.8 aNTi-ferTiliTy acTiviTy

R. communis was studied for its anti-fertility effects in male rats and they showed a decrease in epi-
didymal sperm count. The main effects of treatment with 50% ethanolic extracts included changes 
in morphology and motility of sperms (Rocha et al. 2022). In another study, semen parameters were 
observed, and testicular function was suppressed in male Wistar rats treated with castor (10 mg/kg; 
Nath et al. 2015). Isichei et al. (2000) conducted a clinical study for females which showed antifertil-
ity effects with a single dose that prevented pregnancy for 12 months.

20.6.9 aNTiulcer acTiviTy

Castor was observed to have considerable antiulcer properties. The initial dose of 500 mg/kg 
revealed that R. communis has antiulcer properties. The mechanism of basic R. communis cytopro-
tective action and strengthening of the gastric mucosa are examples of its antiulcer activity, which 
also results in improved mucosal defence (Rachhadiya et al. 2011).

20.6.10 aNTiasThMaTic acTiviTy

In this study, R. communis demonstrated significant antiasthmatic activity conducted by Taur and 
Patil (2011). The saponin content of R. communis in its roots was reported to cause mast cell stabili-
zation, Flavonoids, on the other hand, are responsible for smooth muscle relaxation and bronchodi-
lation activity. In vivo studies, which are critical in the treatment of asthma, were used to determine 
the anti-allergic activity. Because of the presence of saponins and flavonoids, the ethanolic extract 
was effective in reducing milk-induced eosinophilia and leukocytosis.

20.7 CONCLUSIONS

The medicinal effect of R. communis plant has occupied a distinct place as a medicinal plant from 
ancient time. It has a variety of medicinal properties, some of which are discussed here, but this plant 
still has a lot of untapped potential. The medicinal properties reported in this chapter confirm that 
R. communis has a high therapeutic value and the potential to develop a new, safe, potential, and less 
expensive drug in the future. However, more research, pharmacological studies, exploration, clinical 
trials, and public awareness are required for the better utilization of its medicinal properties. As a 
whole, R. communis phytochemical constituents and pharmacological activities have great potential 
and significance in the field of medicinal plant research. As a result, industrial entrepreneurs should 
also come up with new ideas and steps to make the better use of this potentially medicinal plant. R. 
communis extract can also be used to synthesize nanoparticles for testing its activity against micro-
bial pathogens as well as cancer cell lines; these nanoparticles will also be of great interest in target 
drug delivery. Hence, more in vitro and animal model studies of these phytoconstituents as well as 
nanoparticles can be used to develop new drugs to tap the plant’s full bioactive potential.
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21.1 INTRODUCTION

Yellow oleander is a drought resistant and a high temperature tolerant tropical plant. It bears a good 
amount of foliage and have vibrant yellow flowers for which it is preferred as an ornamental plant 
in gardens. It finds different uses in human urban establishments. It is used as screens in highway 
medians, in demarcation of land boundaries, and as hedges. Its toxicity can be found in the literature 
as early as 1863 (Chen and Chen, 1934a). The family Apocynaceae was named by Carl Linnaeus. 
The word “Apocynaceae” is derived from Asclepias who was the son of Apollo, the Greek God of 
healing. The family is also called Dogbane and Linnaeus named some 130 milk weed species under 
this family. Andre Thevet (1502–92), a priest and cosmologist, described this plant. He found the 
plant in South American Peru. The plant, Thevetia peruviana, is named after him and the country 
Peru, where he found the plant. DeVry in 1863 named the water-soluble cardiac glycoside isolated 
from the plant to be Thevetin. Blas in 1868 gave the formula to thevetin and crystallized it. The 
digitalis like actions of Thevetin on heart was reported by Husemann and König in 1876. Dumontier 
1856 (Chen and Chen, 1934a) gave an account of accidental poisoning of a 3-year-old child, ingest-
ing the plant. Bhattacharya and Ayyar (1927) reported cattle poisonings by seeds of the plant. Chen 
and Chen (1934a) isolated thevetin from the kernels of the seeds. Occasional accidental poisonings 
were reported from various parts of the world in humans, livestock, and animals throughout the 
nineteenth century. The plant came into focus when its rampant use as a suicidal agent started in 
South-east Asia in the early 1980s. Poisoning cases of oleander (303 cases) were reported in mostly 
young children, and among them, the highest number of cases (12 cases) was of below 1-year old in 
Texas, United States during 1994 (Langford and Boor, 1996). All parts of the plants, leaves, barks, 
flowers, roots, and seeds are reported to be toxic due to the presence of cardiac glycosides present in 
the plant (Ghatak et al., 1933; Bardosi, 1963; Romano and Mombelli, 1990; Oji and Okafor, 2000). 
The kernels of the fruit contain the highest concentration of cardiotoxic glycosides called cardeno-
lides (Saravanapavananthan and Ganeshmoorthy, 1988). Saravanapavananthan (1985) first reported 
widespread suicidal cases in Sri Lanka. Such suicidal cases were reported in India in the adjacent 
southern states later. Samal (1989) reported suicidal cases in Orissa.

The plant has uses in ethnomedicinal practices like treatment of nervous shock in Haiti and 
the uses of the plant extracts as emetocathartic and febrifuge in Antilles as reported by Weitz and 
Boulay (1923). Chen and Chen (1934b) reported abortifacient use of the plant. The reports of the 
traditional use of the plant for generating fish poison in Brazil (Chen and Chen, 1934b) and arrow 
poisoning in Malay (Weitz and Boulay, 1923) are found. Before 1980s, toxicity reports were mostly 
due to unintentional cases of poisonings, consuming leaves and fruits. All plant-derived cardiac 
glycosides like digitalis found in foxglove bind to Na+/K+-ATPase pump and inactivate this enzyme. 
This is thought to be a co-evolutionary defence against herbivory. Many different plant families 
produce these cardenolides. Features of toxicity in Thevetia poisonings resemble toxicity of digi-
talis overdosing.

21.2 BOTANICAL DESCRIPTION

21.2.1 TaxoNoMic DescripTioN

Yellow oleander belongs to the botanical family Apocynaceae, which includes various poison-
ous species, including common Oleander or Nerium oleander (González-Stuart and Rivera, 2017). 
Its accepted botanical name is Thevetia peruviana (Alvarado-Cárdenas and Ochoterena, 2007). 
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According to the Spanish word, “Cascabela” stands for a small bell shape, resembling the bell of 
a venomous rattlesnake from which the plant derives its name Cascabela. The Plant List 2013 rec-
ognizes Cascabela as a separate accepted genus. Cascabela is a Neotropical genus of Apocynaceae 
with six species Cascabela balsaensis, Cascabela gaumeri, Cascabela ovata, Cascabela pinifolia, 
Cascabela thevetia, and Cascabela thevetioides (Alvarado-Cárdenas et al., 2017). Common names 
of the tree are Lucky nut, Be-still Exile oleander, Bastard oleander, Trumpet flower, and so on (Table 
21.1). The colloquial names of the plant in Guianas and the Antilles are “Ahouai,” “Bagage a collier,” 
“Snake Nut,” and “Milk Tree” (Weitz and Boulay, 1923). In the Mexican ethnomedicinal terms, its 
names are “Yollotl”, “Codo de fraile” and Friar’s elbow (González-Stuart and Rivera, 2017).

21.2.2 plaNT DescripTioN

It is a drought-resistant, high temperature tolerant tree or shrub, with highly branched, dense crown 
and a poisonous milky sap (Bandara et al, 2010). All of these characteristics are of the Dogbane/
Apocynaceae family. In some instances, the old trees grow to a height of about 20–30 feet (Langford 
and Boor, 1996). The leaves are green, glossy and linear, alternately arranged, narrow, with a prom-
inent mid-rib, about 13–15 cm in length, narrow less than 1 cm in width, and closely arranged in 
spirals at the end of branches (Swaminathan and Kochhar, 2019). Bright yellow flowers at the tip of 
twigs scattered in diffuse branches are seen throughout the plant (Picture 21.1).

Flower colours varying from dull orange to peach are also common. The flower is funnel shaped 
or tubular (Bandara et al., 2010), present in few terminal clusters, measuring about 5–6 cm in length 
and 1–2 cm in diameter with five petals twisted spirally (Saravanapavananthan and Ganeshamoorthy, 
1988). Yellow oleanders produce flowers all year round with subsequent production of seed pods 
(Langford and Boor, 1996). The fruit is globular, with diameter being 4–5 cm, changing colour 
from light green to black as it ripens. Each fruit contains 2–4 kernels (Saravanapavananthan and 
Ganeshamoorthy, 1988). When older, the trees are capable of producing large amounts of seeds 
ranging from 400 to 800 throughout the year, depending on the age of the plant (Bora et al., 2014). 
Few distinctive features differentiate the yellow oleander from Nerium oleander. N. oleander has 
three, dark green, leathery and lanceolate leaves arranged in whorls, while yellow oleanders have 
alternate leaves. Narrower, lighter green leaves with a long distinct mid-rib and non-lanceolate in 
shape are the characteristic features of Yellow Oleander distinguishing it from common oleanders 
(N. oleander). Nerium bears pink and white flowers.

TABLE 21.1
Common Names in Different Languages
Gele oleander Dutch

Oléandre jaune

Gelber Schellenbaum

French

German

Adelfa amarilla

Codo de Fraile

Oleandro-amarelo

Thong thien/rumpei

Geel oleander

Spanish

Spanish

Portuguese

Thailand

Africans

Captain cook

Ayoyote

Australia

Mexican

In Different Indian Languages
Pili kaner Hindi

Kolke phul

Bitti

Bengali

Marathi

Manjal Tamil
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21.3 DISTRIBUTION

T. peruviana is native to tropical and subtropical parts of South and Central America in coun-
tries like Brazil, Mexico, Caribbean, and Bahamas. It is extensively found throughout the tropi-
cal parts of Asia significantly in South-east Asia, especially India and Sri Lanka and in various 
parts of Africa and Australia. The trees are also distributed in South-eastern USA from Florida 
to California and on several Pacific islands (Langford and Boor, 1996). In Australia, this plant is 
considered as a noxious weed.

21.4 PHYTOCHEMICAL CONSTITUENTS

The plant is rich in various phytochemical constituents. Seeds have a diverse content of cardiac 
glycosides (CG; refer Table 21.2). Kernels of the seed have highest concentration of cardenolides 

PICTURE 21.1 Picture of the plant with sparsely distributed flowers at the crown of each branch. Colours 
from bright yellow (b) to peach (c), the fruit is a green drupe (c), fruit peeled of exposes the seed (d), the seed 
coat is hard and measures 3–4 cm (e), the kernels of the seed are shown in (f), and the plant can grow to a tree 
with good amount of foliage (g).
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TABLE 21.2
Compounds Isolated from Seed Extract of Yellow Oleander

Serial Molecular 
Number Name of the Compound R1 R2 Formula References

1 19-nor-Neriifolin H α-L Thevetose C29H44O8 Tian et al. (2016)

2 19-nor-Digitoxigenin 
3-O-β-D-Glucosyl-(1→4)-α-L-

H β-D-Glucosyl-(1→4)-
α-L Thevetose

C35H54O13 Tian et al. (2016)

Thevetoside

3 19-nor-Digitoxigenin 
3-O-β-Gentiobiosyl-(1→4)-α-L-

H β-Gentiobiosyl-(1→4)-
α-L-Thevetose

C41H64O18 Tian et al. (2016)

Thevetoside

4 19-nor-10-Hydroxydigitoxigenin 
3-O-α-L-Thevetoside

OH α-L-Thevetose C29H44O9 Tian et al. (2016)

5 19-nor-10-Hydroxydigitoxigenin 
3-O-β-D-Glucosyl-(1→4)-α-L-

OH β-D-Glucosyl-(1→4)-
α-L-Thevetose

C35H54O14 Tian et al. (2016)

Thevetoside

6 19-nor-10-Hydroxydigitoxigenin 
3-O-β-Gentiobiosyl-(1→4)-α-L-

OH β-Gentiobiosyl-(1→4)-
α-L-Thevetose

C41H64O19 Tian et al. (2016)

Thevetoside

7 19-nor-10-
Hydroperoxydigitoxigenin 
3-O-β-D-Glucosyl-(1→4)-α-L-

OOH β-D-Glucosyl-(1→4)-
α-L-Thevetose

C35H54O15 Tian et al. (2016)

Thevetoside

8 19-nor-10-
Hydroperoxydigitoxigenin 
3-O-β-Gentiobiosyl-(1→4)-α-L-

OOH β-Gentiobiosyl-(1→4)-
α-L-Thevetose

C41H64O20 Tian et al. (2016)

Thevetoside

9 Digitoxigenin 
3-O-β-Gentiotriosyl-(1→4)-2′-
O-Acetyl-α-L-Thevetoside

CH3 β-Gentiobiosyl-(1→4)-
2′-O-Acetyl-α-L-
Thevetose

C50H78O24 Tian et al. (2016)

10 Uzarigenin 
3-O-β-Gentiobiosyl-(1→4)-2′-
O-Acetyl-α-L-Thevetoside

CH3 β-Gentiobiosyl-(1→4)-
2′-O-Acetyl-α-L-
Thevetose

C44H68O19 Tian et al. (2016)

11 Cannogenol 
3-O-β-D-Glucosyl-(1→4)-α-L-

CH2OH β-D-Glucosyl-(1→4)-
α-L-Thevetose

C36H56O14 Tian et al. (2016)

Thevetoside

12 Cannogenol 
3-O-β-Gentiobiosyl-(1→4)-α-L-

CH2OH β-Gentiobiosyl-(1→4)-
α-L-Thevetose

C42H66O19 Tian et al. (2016)

Thevetoside

13 Cannogenol 
3-O-β-D-Glucosyl-(1→4)-α-

CH2OH β-D-Glucosyl-(1→4)-
α-L-Acofriose

C36H56O14 Tian et al. (2016)

Acofrioside

14 Cannogenin 
3-O-β-D-Glucosyl-(1→4)-2′-O-
Acetyl-α-L-Thevetoside

CHO β-D-Glucosyl-(1→4)-
2′-O-Acetyl-α-L-
Thevetose

C38H56O15 Tian et al. (2016)

15 Cannogenin 
3-O-β-D-Glucosyl-(1→4)-α-L-

CHO β-D-Glucosyl-(1→4)-
α-L-Thevetose

C36H54O14 Tian et al. (2016)

Thevetoside

16 19-Carboxydigitoxigenin 
3-O-β-D-Glucosyl-(1→4)-α-L-

COOH β-D-Glucosyl-(1→4)-
α-L-Thevetose

C36H54O15 Tian et al. (2016)

Thevetoside

(Continued)
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TABLE 21.2 (continued)
Compounds Isolated from Seed Extract of Yellow Oleander

Serial Molecular 
Number Name of the Compound R1 R2 Formula References

17 2′-O-Acetylthevetin B CH3 β-Gentiobiosyl-(1→4)- C44H68O19 Kohls et al. 

2′-O-Acetyl-α-L- (2012)

Thevetose

18 Digitoxigenin CH3 β-D-Glucopyranosyl- C36H56O13 Tian et al. (2016)
3-O-β-D-Glucopyranosyl- (1→4)-α-L-aco-
(1→4)-α-L-aco-Friopyranoside Friose

19 Digitoxigenin CH3 β-D-Glucosyl-(1→4)- Abe et al. (1992)
β-D-Glucosyl-(l→4)-α-L- α-L-Thevetose
Thevetoside 

20 Thevetin B CH3 β-Gentiobiosyl-(1→4)- C42H66O18 Tian et al. (2016)

α-L-Thevetose

21 Digitoxigenin CH3 β-Gentiobiosyl-(1→4)- Abe et al. (1992)
β-Gentiobiosyl-(1→4)-α-L- α-L-aco-Friose
Acofrioside 

22 Neriifolin CH3 α-L-Thevetose C30H46O8 Yamauchi et al. 
(1987)

23 Digitoxigenin CH3 β-D-Glucosyl-(1→4)- Endo et al. 
3-O-β-D-Glucopyranosyl- 2′-O-Acetyl-α-L- (1997)
(1→4)-2′-O-Acetyl-α-L- Thevetose
Thevetopyranoside 

24 Uzarigenin CH3 β-Gentiobiosyl-(1→4)- Abe et al. (1992)
β-Gentiobiosyl-(1→4)-α-L- α-L-Thevetose
Thevetoside 

25 Uzarigenin CH3 β-Gentiobiosyl-(1→4)- Abe et al. (1992)
β-Gentiobiosyl-(1→4)-α-L- α-L-aco-Friose
Acofrioside 

26 Thevefolin CH3 α-L-Thevetose C30H46O8 Miyagawa et al. 
(2009)

27 Uzarigenin CH3 β-D-Glucosyl-(1→4)- Abe et al. (1992)
β-D-Glucosyl-(1→4)-α-L- α-L-Thevetose
Thevetoside

28 Ruvoside CH2OH α-L-Thevetose C30H46O9 Tian et al. (2016)

29 Peruvoside CHO α-L-Thevetose C30H44O9 Voigtländer et al. 
(1969)

30 2′-O-Acetylthevetin A CHO β-Gentiobiosyl-(1→4)- C44H66O20 Kohls et al. 

2′-O-Acetyl-α-L- (2012)

Thevetose

31 Thevetin A CHO β-Gentiobiosyl-(1→4)- C42H64O19 Kohls et al. 

α-L-Thevetose (2012)

32 Perusitin COOH α-L-Thevetose Tian et al. (2016)

33 19-Carboxydigitoxigenin COOH β-Gentiobiosyl-(1→4)- Abe et al. (1994)
β-Gentiobiosyl-(1→4)-α-L- 2′-O-Acetyl-α-L-
Thevetoside Thevetose

34 Thevetin C CH3 β-Gentiobiosyl-(1→4)- C42H66O19 Kohls et al. 

α-L-Thevetose (2012)

35 Acyetylthevetin C CH3 β-Gentiobiosyl-(1→4)- C44H68O20 Kohls et al. 

2′-O-Acetyl-α-L- (2012)

Thevetose
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(4.8%) with a drastic decrease in leaves (0.07%), fruit (0.045%), and milk sap (0.036%; Kyerematen 
et al., 1985; Saravanapavananthan and Ganeshamoorthy, 1988).

21.4.1 carDiac glycosiDes

21.4.1.1 Early Studies on Cardiac Glycosides
Chen and Chen (1934a) reported the presence of thevetin, crystallized it, and derived the empirical 
formula of thevetin as C29H46O13.2H2O which was a larger molecule than that reported by Blas et 
al. (1868) earlier. Jacobs (1933) mentioned the presence of lactones attached to steroid rings of the-
vetin. Thevetin has toxic effects in organs which have smooth muscles like the gastrointestinal (GI) 
tract and blood vessels and causes nausea and vomiting. The digitalis and ouabain like action of the 
cardiotoxic glycosides present in the plant were demonstrated through animal experiments by Chen 
and Chen (1934b) and they measured the emetic and lethal doses of thevetin. Thevetin is pharmaco-
logically the most active substance for the heart. Chen compared the cardiac actions of Thevetin to 
an equal weight of ouabain and arrived at a factor of 1/8 times potency to that of ouabain.

The purified, crystallized glycosides from the plant mostly studied for their chemical actions are 
Thevetin A/B/C, peruvoside, ruvoside, and neriifolin. Structurally, cardenolides extracted from yel-
low oleander are very similar to the digitalis cardenolides like digoxin and digitoxin derived from 
the foxglove plant. In spite of the similarity, plant-derived cardenolides differ in their pharmacoki-
netic properties and in terms of therapeutic window and toxicity (Roberts et al., 2006).

21.4.1.2 Structure of Cardiac Glycosides/Cardenolides
The plant CGs are composed of a hydrophobic steroid ring (aglycone part) composed of 23 car-
bon structure having four fused rings (A, B, C, D rings). Attached to steroid ring is a five- or six-
membered unsaturated lactone ring at Carbon-17 position of steroid backbone at the D ring, and a 
hydrophilic sugar chain (Glycone part) linked through a glycosidic linkage to the steroid backbone 
at Carbon-3 of the A ring (Figure 21.1). The steroid nucleus with the lactone ring is referred to as 
“genin”/“aglycone” portion of the CG. To give cardio-active effect, the unsaturated lactone ring in 
the structural backbone is necessary. Butenolide is an unsaturated five-membered lactone ring with 
a 20(22)-enolide. CGs are thus considered as amphiphilic molecules (Prassas and Diamandis, 2008; 
Haux, 1999). Altered number and positions of hydroxyl groups, methyl groups, and epoxide groups 
create variations in this backbone producing a wide array of different genins (Agrawal et al., 2012). 
Different sugar moieties also contribute to the variability in biological actions.

The structural details of a cardenolide are given in Figure 21.1 with the variations in genins, 
which are the basis of their nomenclature. Two types of genins are shown in Figure 21.1, they are 
cannogenin (Thevetin A and Peruvoside) and digitoxigenin (Thevetin B and Neriifolin). Cannogenin 
is a 3β-14-Dihroxy-19oxo-5βcard-20–22, β-Androstane 14-diol as defined by Repke (1985). It is a 
steroid aldehyde, a 5β-Cardenolide, MW 388.5, with β-Hydroxyl groups at carbon 3, 5, 14, an oxo-
derivative at 19-Carbon, and a C-20(22) enolide in the lactone ring. Thevetin B and Neriifolin are 
digitoxigenin-derived cardenolide with a methyl group attached at C-10 instead of an aldehyde 
group (C-19) attached to C-10, which is a feature of cannogenin.

Neriifolin (C30H46O8, MW 534.7) is a digitoxigenin derivative like thevetin B and C. Peruvoside 
(C30H44O9, MW 548.7) is a monosaccharide with a single L-Thevetose and a cannogenin deriva-
tive like thevetin A. Thevetin, peruvoside, and neriifolin contain the butenolide lactone at C-17. 
Thevetin A (C42H64O19, M.W. 872.94; Figure 21.2a) and Thevetin B (C42H66O18, MW 859; Figure 
21.2b) are trisaccharides with L-Thevetose and two glucose units attached to C3. The sugar moieties 
of cardenolides are unique for naturally occurring cardenolides and vary in number of saccharide 
units from 1 to 4 (Foye, 1989). Unique names of these saccharides are given according to the name 
of the cardiac glycosides like digitoxose for digitoxin and digoxin (Figure 21.2c); thevetose for 
thevetin. The variability in the glycones in the presence of unique sugars in different combinations 
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affect the toxicity and biological activity of the compounds (Foye, 1989). Peruvoside and Neriifolin 
contain a single thevetose unit, whereas thevetins (A/B/C) are trisaccharides (thevetoside) shown in 
Figure 21.2. An 18,20-oxido bond and a 20,22-Dihydro in Thevetin C differentiate it from Thevetin 
B. 20,22-Dihydro makes the lactone ring saturated and renders thevetin C cardio-inactive (Cruz et 
al., 1979; Kohls et al., 2012).

A list of compounds isolated from the plant with structural variations at C-10 and C-3 of the 
steroid nucleus are presented in Table 21.2. All the compounds obtained from seed extracts of T. 
peruviana listed in Table 21.2 are structurally related CGs.

The cardenolides bind the ubiquitous animal enzyme Na+/K+-ATPase for their biologic actions 
(Schwartz and Whitmer, 1982; Demiryurek and Demiryurek, 2005). Minimum structure of the gly-
coside for binding to the enzymes are the genins comprised of the steroid nucleus and the lactone.

21.4.2 oTher phyTocheMical coNsTiTueNTs

Terpenes like pulegone, spathulenol, citronellol, carvacrol, nerolidol and fatty acids like palmitic, 
linoleic acid, benzoic, caprylic, and oleic acid were isolated from seed extracts and stem bark 
extract (Table 21.3; Gata-Goncalves et al., 2003). Leaves of T. peruviana contain several com-
pounds like iridoid glycosides (Abe et al., 1995), flavonoids (Abe et al., 1995), triterpenes (Ali et al., 
2000), and monoterpenes (Abe et al., 1996). Phenolic content of T. peruviana is highest (41 mg/g) 
in leaves compared to the other parts of the plant followed by fruit (9.75 mg/g), stem (7.3 mg/g), 
and flower (5.75 mg/g). Flowers (2.6 mg/g) and fruits (2.5 mg/g) contain nearly the same level of 
flavonoid contents, whereas its stem and leaves contain 1.37 and 0.75 mg/g flavonoid, respectively 
(Srivastava et al., 2012). The flowers have been found to contain quercetin, kaempferol, and quer-
cetin 7-O-Galactoside. Phytochemical screening of T. peruviana leaves revealed isoprenoid com-
pound like squalene, flavonoids like rutin, phenolic compound like rosmarinic acid, and secondary 
metabolite like di-Hydroxycinnamic or caffeic acid (El-Sawi et al., 2020).
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FIGURE 21.1 Cardenolides are 23 carbon steroids with glycosides at C3 and a lactone ring at C17.
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21.5 PHARMACOLOGICAL STUDIES

The toxicities produced in seed and leaf poisonings in human and animal studies are mentioned. As 
they resemble digitalis cardenolides in generating ionotropic actions on heart, their use in conges-
tive heart failure is suggested in few studies. However, the therapeutic index of these compounds is 
very narrow and close to their toxic doses producing arrhythmia and GI side effects (Roberts et al., 
2006). Hence, their use requires further clinical studies.

CGs from oleander exhibited greater toxic effects than digoxin in in vitro model of cardiomyo-
cytes derived from pluripotent stem cells. The effects of CGs were graded according to their toxicity. 
Neriifolin exerted highest toxicity, followed by peruvoside, digoxin, and thevetin A. The calculated 
lethal dose in man hugely varies from 160 to 1.6 mg for CGs extracted from T. peruviana (Herrera, 
1991; Eddleston et al., 1999; Roberts et al., 2016). Pharmacologically, thevetoxin has similar effects 
like thevetin but is less toxic (Thilagavathi et al., 2010). These cardenolides can cross the blood–
brain barrier (Marx and Pretorius et al., 2006). Cardiotonic steroids inhibiting the Na+/K+-ATPase 
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TABLE 21.3
Compounds Isolated from Leaf Extract [1–16] and Stem Bark Extract [17–20] of Yellow 
Oleander

Serial Phytochemical Molecular 
Number Class/Subclass Name of Compound Formula References

1 Iridoid Theviridoside Abe et al. (1995)
glucosides

2 Theveside Abe et al. (1995)

3 Flavanone (2R)-5-O-β-D-Glucopyranosyl-7,4′- C23H25O12 Tewtrakul et al. (2002)
glucosides Dihydroxy-3′,5′-Dimethoxyflavanone 

(Peruvianoside I)

4 (2S)-5-O-β-D-Glucopyranosyl-7,4′- C23H25O12 Tewtrakul et al. (2002)

Dihydroxy-3′,5′-Dimethoxyflavanone 
(Peruvianoside II)

5 Flavanol Quercetin C27H30O17 Abe et.al. (1995)
glycosides 3-O-[β-D-Glucopyranosyl-(1→2)-β-D-

Galactopyranoside] 

6 Kaempferol C27H30O16 Nagy et.al. (1984)
3-O-[β-D-Glucopyranosyl(1→2)-β-D-
Galactopyranoside]

7 Quercetin C38H40O21 Abe et.al. (1995)
3-O-[(6-O-Sinapoyl)-β-D-
Glucopyranosyl-(1→2)-β-D-
Galactopyranoside]

8 Kaempferol C38H40O20 Abe et.al. (1995)
3-O-[(6‴-O-Sinapoyl)-β-D-
Glucopyranosyl-(1→2)-β-D-
Galactopyranoside]

9 Quercetin Lu et al. (2000)
3-O-[(6-O-Feruloyl)-β-D-
Glucopyranosyl-(1→2)-β-D-
Galactopyranoside]

10 Kaempferol Lu et al. (2000)
3-O-[(6-O-Feruloyl)-β-D-
Glucopyranosyl-(1→2)-β-D-
Galactopyranoside]

11 Quercetin Markham et al. (1978)
3-O-[β-D-Glucopyranosyl-(1→2)-β-D-
Glucopyranoside]

12 Kaempferol Williams et al. (1993)
3- O-[β-D-Glucopyranosyl-(1→2)-β-
D-Glucopyranoside]

13 Quercetin 3-O-{β-D-Glucopyranosyl- C33H40O21 Tewtrakul et al. (2002)

(1→2)-[α-L-Rhamonopyranosyl-
(1→6)]-β-D-Galactopyranoside} 
(Peruvianoside III)

14 Kaempferol Bashir et al. (1991)
3-O-{β-D-Glucopyranosyl-(1→2)-[α-
L-Rhamonopyranosyl-(1→6)]-β-D-
Galactopyranoside}

(Continued)
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affect a variety of systemic functions of the body which are a consequence of malfunctioning of the 
ATPase pump. Overall cellular functions are affected due to disturbances in electrolyte homeosta-
sis, pH regulation, cell proliferation, and cell cycle (Schoner and Bobis, 2007). However, prelimi-
nary reports from the extracts of the plant suggest its use as antidiarrheal, antimicrobial, antiviral, 
anti-inflammatory, antioxidant, antispermatogenic, neuroprotective, haemodynamic, and apoptosis 
inducing actions (Amend and Worek et al., 2021).

21.5.1 sTuDies oN carDiac glycosiDe acTiviTies

21.5.1.1 Cytotoxic Activity/Anticancer Activity/Apoptotic Activity/Antitumour Activity
Tian et al. (2016) working with the ethanolic seed extract of T. peruviana containing glycosides 
of variable sugar chain lengths reported differential cytotoxic activities against cancer cell lines 
depending on sugar chain lengths. The study reported gradual decrease in cytotoxic activities. 
Monoglycosides were most toxic, followed by diglycosides and triglycosides. 19-Norcardenolides 
were less cytotoxic than CGs with formyl, methyl, or hydroxymethyl groups at C-10. Conversely, 
19-Carboxycardenolides showed lesser cytotoxicity than 19-Norcardenolides. Among those com-
pounds shown in Table 21.2, the CGs 19-nor-Neriifolin (1), Neriifolin (22), Thevefolin (26), and 
Ruvoside (28) were most cytotoxic against human gastric cancer cells by inducing apoptosis in 
dose-dependent manner. The extracts also inhibited proliferation of different cancer cell lines (Tian 
et al., 2016). Effects like altering membrane permeability, motility, and fragmentation of DNA 
inducing apoptosis in cells were seen (Ramos-Silva et al., 2017). Peruvoside is more effective cyto-
toxic agent than ouabain and digitoxin and induces cell death specifically in more mature myeloid 
leukemic cells without significant cytotoxicity on normal blood cells. Peruvoside has properties of 
arresting cell cycle and has apoptotic inducing effect by degrading caspase 3, 8 and PARP (Feng et 
al., 2016). Li et al. (2012) suggested that peruvoside may be a more potent anticancer candidate than 
other CGs. Peruvoside has an immediate haemodynamic effects like positive inotropic and negative 
chronotropic effects in congestive heart failure (Bhatia, 1970).

TABLE 21.3 (continued)
Compounds Isolated from Leaf Extract [1–16] and Stem Bark Extract [17–20] of Yellow 
Oleander

Serial 
Number

Phytochemical 
Class/Subclass Name of Compound

Molecular 
Formula References

15 Kaempferol 3-O-β-D-Glucopyranosyl 
(1→4) [6″-O-Sinapoyl-β-D-

C44H50O25 Abe et al. (1995)

Glucopyranosyl] 
(1→2)-β-D-Galactopyranoside

16 Kaempferol 3-O-[2″″-O-Sinapoyl-β-D-
Glucopyranosyl] (1 → 4) 
[6″-O-Sinapoyl-β-D-Glucopyranosyl] 
(1→2)-β-D-Galactopyranoside

C55H60O29 Abe et al. (1995)

17 Cardenolides Neriifolin C30H46O8 Jolad et al. (1981)

18 Peruvoside C30H44O9 Siddiqui et al. (1992)

19 Thevefolin C30H46O8 Ahmed et al. (2016)

20 (20S)‐18,20 Miyagawa et al. (2009)
EpoxydigitoxigeninR‐ L‐Thevetoside
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TNF-related apoptosis-inducing ligand (TRAIL) is employed in anticancer therapy because of 
its effect in triggering apoptosis in a variety of cancer cells by activating caspase signalling. Four 
cardenolides neriifolin, thevetosides, thevetin, and peruvoside showed significant activity in over-
coming the TRAIL resistances (Miyagawa et al., 2009). Thevefolin and neriifolin showed potential 
as a TRAIL-resistance overcoming compound enhancing the levels of death receptors, DR4 and 
DR5, in human gastric adenocarcinoma cell lines (Miyagawa et al., 2009). Ethanolic extract of 
T. peruviana flowers enhances TNF-α induced and TRAIL-induced apoptosis in human cervical 
cancer cells (Managit et al., 2017). Improved targeted drug delivery through nanotechnology-based 
drug delivery is shown to decrease the adverse effects of Acetyl-thevetin B. There was a reduction 
in general cytotoxicity. Chitosan-Pluronic P123 micelle encapsulation was used to improve its anti-
tumour efficacy against lung cancer (Zhu et al., 2017).

Squalene, rutin, rosmarinic acid, and di-Hydroxycinnamic or caffeic acid isolated from phyto-
chemical screening of T. peruviana leaves showed cytoprotective activity. Specifically, squalene has 
potential action against chemotherapy-induced toxicity. Rutin has the capacity to improve radiation-
induced harmful effects (Radwan and Kenawy, 2008) and also can act as a potential anticancer 
agent against colorectal and lung carcinogenesis (Ben Sghaier et al., 2016). Rosmarinic acid has 
the ability to reduce synthesis of reactive oxygen species and apoptosis along with anti-proliferative 
effect (Renzulli et al., 2004). It has been also reported that it is a potent chemotherapeutic agent with 
less cardiotoxicity (Kim et al., 2005). 

21.5.1.2 Neuroprotective Action
Neriifolin has significant potential to rescue cortical pyramidal neurons from degeneration after 
transient oxygen and glucose deprivation in a dose-dependent manner. Specifically, neriifolin 
seemed to enhance neuroprotection in delaying fashion, i.e., after several hours of oxygen and glu-
cose deprivation (Wang et al., 2006). Both flavanol glycosides, quercetin and kaempferol 3-O-[(6-
Feruloyl)-Glucopyranosyl-Galactopyranoside], showed neuroprotection in glutamate-induced 
damage in primary cultures of rat cortical cells (Kim et al., 2001).

21.5.2 sTuDies oN oTher acTiviTies

21.5.2.1 Antiviral Activity
There are numerous compounds isolated from an ethanolic extract of the leaves and stem barks 
of T. peruviana having inhibitory activities against HIV-1 integrase, reverse transcriptase associ-
ated RNA-dependent DNA polymerase, and DNA-dependent DNA polymerase (Tewtrakul et al., 
2002). In this study, quercetin derivatives showed relatively higher DNA polymerase inhibitory 
activities than kaempferol derivatives. Among those isolated compounds, 7, 9, 11, 14, and quercetin 
compounds as shown in Table 21.3 displayed significantly higher inhibitory activities against RNA-
dependent DNA polymerase of HIV-1. Compounds with sinapoyl moieties exhibited weaker activity 
than compounds with feruloyl moieties (Tewtrakul et al., 2002).

21.5.2.2 Wound Healing Activity
Extracts are reported to prevent oxidative damage in inflammation, lowering the oxidative stress 
markers. Lipid peroxidation (LPO) inflammatory markers like nitric oxide (NO) were lowered aid-
ing wound healing process (Rahman et al., 2017).

21.5.2.3 Antispermatogenic Activity
Specific weight reduction in gonad of male rats seen by Gupta and Kachhawa et al. (2011) with no 
reduction in overall body weight after oral administration of stem bark methanolic extract. Grossly, 
the amount of total protein, glycogen and sialic acid content of the testes, epididymis, seminal 
vesicle, and ventral prostate were decreased. Overall spermatogenesis was depressed.
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21.5.2.4 Antioxidant Activity
Dihydroquercetin, a flavanol found in the plant and a precursor of quercetin, has antioxidant activity 
and promising therapeutic properties in chronic inflammatory states, in cancer, cardiovascular and 
hepatic diseases (Tiukavkina et al., 1997; Weidmann, 2012; Oi et al., 2012). Cell suspension cultures 
of T. peruviana exhibit higher antioxidant capacity than the actual plant extract (Arias et al., 2016). 
Fruits exhibited maximum antioxidant capacity (Srivastava et al., 2012).

21.6 TOXIC RESPONSE

21.6.1 sTuDies oN yelloW oleaNDer seeD poisoNiNg (yop/yosp) aND case reporTs

Accidental and occasional cases of poisonings and suicidal attempts through consuming seeds are 
reported throughout the world (Ansford and Morris, 1981; Kakrani et al., 1981; Brewster, 1986; 
Zamani and Aslani, 2010; Mandal, 2012). Oleander resulted in several plant poisonings in children 
in Australia during 1972–78 reported by Shaw and Pearn (1979). Widespread use for suicides by 
consuming seeds of yellow oleander referred as YOSP occurred first in Jaffna, Sri Lanka between 
1981 and 1983. (Saravanapavananthan, 1985). This happened after a publicity in newspaper report-
ing the consumption of seeds by two girls. After 15 years of that report, Eddleston reported that 
in some areas, especially in northern Sri Lanka, 40% of self-poisoning cases are linked to YOP 
particularly in youths, with an annual rate being 150 per 100,000 population (Eddleston et al., 
2000b; Refer case reports presented in Table 4). This epidemic is a concern in India and Sri Lanka 
(Eddleston et al., 1999; Bose et al., 1999; Roberts et al., 2015).

Inhalation of smoke from burning plant parts (Senthilkumaran et al., 2011) or intake of milky 
juice or honey produced from oleanders are toxic (Osterloh et al., 1982). Seasonal variation results 
in different quantities of glycoside within various parts of the plant (Karawya et al., 1973). Tea 
produced from oleander leaves has also resulted in toxicity (Haynes et al., 1985). Prolonged high 
temperature treatments did not impair the toxicity of the plant extracts (Oji and Okafor, 2000). 
Flowering stages produced highest level of glycosides (Langford and Boor, 1996). The milky sap 
causes irritation to skin and may result in contact dermatitis in some individuals (Dorsey, 1962). In 
Sri Lanka, seeds are usually eaten uncrushed in chunks, whereas Indians are reported to crush the 
seeds before consuming. Crushing is found to increase cardiotoxicity (Bose et al., 1999; Aparna and 
Sharmila, 2017). Ingestion of dried mature seeds also increased the doses of glycosides found in 
body. In one case report, female patients with low BMI recorded significant increases in mortality 
compared to males (Gopalakrishnan, 2017). Insignificant correlation of the number of seeds ingested 
with severity and toxicity is reported but many authors have found positive correlation (Eddleston 
et al., 2000a). Anandhi et al. (2019) reported that even fractions of seed might result in increased 
severity of cardiotoxicity. Variability in cardiac glycoside concentration among seeds might be a 
factor. The seeds in the dry, hot season are associated with more instances of poisonings (Madhura 
et al., 2016). Time elapsed after ingestion, variable absorption, vomitus eliminating seeds after 
intake, physiological variation in cardiovascular responses, and comorbidities lead to unpredictable 
outcomes. These cardenolides recirculate in hepato-biliary circulation due to which patients were 
noted to develop significant cardiotoxicity after 2 days and even as late as after 92 hours (Bandara et 
al., 2010; Eddleston et al., 1999, 2000b). A smaller number of seeds fail to induce vomiting and get 
absorbed thoroughly with entero-hepatic recycling (Kanagasingam et al., 2019). Age appears to be 
a factor as people above 64 years have a 13.8 times risk of fatal outcome than people below 25 years 
(Eddleston et al., 2006).

Erratic pharmacokinetic behaviour is noted in blood contents of cardenolides observed through 
diagnosing anti-digoxin antibodies (Roberts et al., 2006). Glycosides are found in the blood beyond 
50 hours post-ingestion. Treatment decisions are complicated due to several factors like nonunifor-
mity in hospital setups, variation in toxic threshold, requirement of diagnostic tests, effective and 
specific treatment requirements, variable onset of toxicity, and long and delayed hospital transfers 
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when required (Roberts et al., 2015). The case fatality for yellow oleander poisoning is around 10% 
in patients admitted in hospitals with limited resources or limited access to specific treatments and 
procedures, but as low as 3% in fully equipped tertiary care hospitals. A report from India had a 
mortality of 17.65% with significantly higher female mortality rate of 23.41% (Gopalkrishnan, 2017). 
Severity of cardiotoxicity varies unpredictably and frequent changes from mild to severe forms 
of toxicity occur (Anandhi et al., 2019). Definitive evaluation and staging are still not  available. 
Monitoring and observing patients for 3–4 days after ingestion is recommended (Roberts et al., 
2006; Anandhi et al., 2019).

21.6.2 MechaNisM of ToxiciTy

The sodium and potassium gradients across the plasma membrane are used by animal cells for 
multitudes of physiological processes throughout the body like electrolyte homeostasis, maintain-
ing membrane polarization, secretion, absorption, and pH regulation. Steroidal ring of the glyco-
sides binds the alpha subunit of the Na+/K+-ATPase enzyme (Demiryurek and Demiryurek, 2005). 
Hydroxyl groups of the nucleus interact with the protein. Lactone ring is inserted within the trans-
membrane domain of the pump. The sugars face the extracellular side of the pump (Ogawa et al., 
2009; Yatime et al., 2011). The pump operates to drive out Na+ from cells which has entered in 
response to a depolarization wave. Inhibition of the pump leads to failure of Na+ expulsion and K+ 
import. (Refer pump 1 of Figure 21.3). This results in ionic imbalances in intracellular and extracel-
lular compartments of our body. Na+ gets overloaded in intracellular compartments, whereas K+ lev-
els outside the cell rise (Figure 21.3). The ionic load of Na+ happens to affect the function of another 
ionic exchange mechanism (Refer pump 2 to the left of pump 1 in Figure 21.3). Na+ overloaded 
cardiac cells cannot exchange Na+ for calcium by the NA+/Ca2+-exchanger as it has to put in Na+ 
inside cells where it is already overloaded. Now the exchanger failing to operate due to Na+ overload 
Ca2+ ions cannot get out of the cells (Demiryurek and Demiryurek, 2005; Heard, 2004). This way 
calcium concentration in the cytosol increases in Na+ overloaded conditions in cardiomyocytes. 
Calcium ions act as a second messenger and stimulate the Ryanodine channels (open configuration 
state of RYR2 isoform) in the sarcoplasmic reticulum (SR; left side of Figure 21.3) to release more 
calcium from the SR stores (Refer Figure 21.3; Sagawa et al., 2002). Ca2+ fluctuations inside the cell 
are responsible for transient inward currents. Two-third of these transient currents are attributed to 
the Na+/Ca2+ exchanger mentioned above (Lederer and Tsien, 1976). Failure of another propagation 
of depolarization wave to contract the myocardium due to ionic imbalances mentioned affect the 
myocardium as well as the junctional tissues leading to bradycardia and conduction block.

21.6.2.1 Schematic Representation of Alterations in Ionic Distributions
Binding of cardenolides leads to inactivation of the pump-1, which affects Na+/Ca2+ exchange 
pump-2.

Intracellular overload of Na+ leads to loss of gradient; as a result, the exchanger pump extruding 
Ca2+ cannot operate, resulting in Ca2+ accumulation.

21.6.3 syMpToMs aND DiagNosis

The symptoms are similar to digitalis poisoning. A history of plant ingestion (with identification 
of plant parts if possible) presenting with features of toxicity, like nausea, vomiting, diarrhoea, 
dysrhythmias, and hyperkalaemia, dizziness, abdominal pain (Eddleston et al., 2000a; Bandara et 
al., 2010). All these features accompanied by having ECG abnormalities are likely due to olean-
der poisoning. Neurological tremor, drowsiness, ataxia, mydriasis, dysesthesias, numbness, burn-
ing sensation in mouth, buccal erythema, and mucus secretion are commonly reported symptoms 
(Barceloux, 2008; Haynes et al., 1985). Ventricular tachyarrhythmia and ventricular ectopic found 
in digoxin poisoning are relatively uncommon in YOP (Rajapakse, 2009).
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FIGURE 21.3 Mechanism of actions of oleander cardenolides on heart.

ECG remains a gold standard for detection and a primary diagnostic as well as predictor of out-
come in YOP (Brewster, 1986; Saravanapavananthan and Ganeshamoorthy, 1988; Bose et al., 1999). 
Multiple and varying cardiac rhythm, frequent sinus pauses, with the absence of P waves, junctional 
escape (Shumaik et al., 1988), wide QRS complexes, tall peaked T waves, variable A-V blocks, i.e., 
first degree/second degree/complete atrioventricular block with marked bradycardia are characteris-
tics of oleander poisoning. Flattening or inversion of the T-waves, ST depression over 2.5 mm some-
times deep and saucer shaped, Mobitz type-II AV conduction block that is rare in digoxin poisoning 
are seen to occur in oleander toxicity (Eddleston et al., 2000; Kelly and Smith, 1992). Another 
feature that is uncommon in oleander toxicity is atrial fibrillation and flutter. Ventricular arrhyth-
mias are dangerous and do not respond to cardiopulmonary resuscitation, drugs, and cardioversion 
(Osterloh et al., 1982). Marked bradycardia and poor response to atropine are bad prognostic fea-
tures (Saravanapavananthan, 1985). YOP findings in ECG resemble characteristic Brugada pheno-
copy ECG found in sudden death syndrome of young adults as reported by Gunaseelan et al. (2020).

21.6.4 specific DeTecTioN

Cardenolides like thevetin and peruvoside cross react with digoxin and digitoxin antibodies which 
forms the basis of toxicological analysis. Measurement of the blood levels of these glycosides and 
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detection through radioimmunoassay’s and fluorescence immunoassays are achieved with the help 
of these antibodies (Smith et al., 1976; Osterloh et al., 1982; Dasgupta and Hart, 1997; Dasgupta et 
al., 2008). For sensitive medico-legal identification of criminal poisoning cases, more sensitive and 
direct methods like Liquid chromatography-electrospray tandem mass spectrometry (LC-MS/MS) 
methods can be used (Tor et al., 2005; Le Couteur and Fisher, 2002).

21.6.5 TreaTMeNT

History is to be recorded regarding time of intake, amount ingested, and time of appearance of 
symptoms in detail whenever possible. Treatment for YOP is based on symptoms and support-
ive care aimed specifically for poisoning patients. Bradyarrhythmia are a feature of YOP. Initial 
management should be based on the time elapsed since ingestion; as severity increases with time, 
immediate care should be on haemodynamic stability, hydration status, and checking for aspira-
tions in severely vomiting patients. Fluid management with normal saline for dehydrated, hypoten-
sive patients forms the first line of management with vomiting and diarrhoea (Rajapakse, 2009). 
Antiemetic drugs like metoclopramide or ondansetron are given. Gastric decontamination with 
lavage and induction of vomiting through syrups of ipecacuanha were practiced and are still fol-
lowed in resource-constrained conditions, although hazards of these treatments may outweigh out-
come (Eddleston et al., 2007). Similarly, activated charcoal is administered orally to make the 
glycosides adsorb on the surface of charcoals and get eliminated (de Silva et al., 2003; Eddleston 
et al., 2008a).

Commencement of continuous cardiac monitoring through ECG with rhythm strip is necessary. 
Marked electrolyte disturbances were found in patients who succumbed. Shock, hyperkalaemia 
(Osterloh et al., 1982), and prolonged vomiting with abdominal pain are features of severe toxic-
ity and more likely to deteriorate. Extreme bradycardia (HR < 40 bpm) and circulatory shock like 
manifestations with lowering of mean arterial pressure and more significantly lowering of dia-
stolic pressure should be treated aggressively (Kanagasingam et al., 2019). Atropine boluses are 
used commonly to increase the heart rate. Bradycardia refractory to drug therapy is managed by 
Temporary cardiac pacing (TCP). TCP is required in severe bradycardia (<40 bpm) and if patients 
do not respond well to anticholinergics and sympathomimetics like isoprenaline. Hyperkalaemia 
is treated with insulin dextrose (Rajapakse, 2009; Roberts et al., 2016). Potassium levels should be 
checked at 6-hour interval. It is impossible to predict whether corrected hyperkalaemia would be 
beneficial. Hypokalaemia predisposes to more severe arrythmias. Marked cardiac arrythmias and 
electrolyte disbalances are reflective of severity of poisoning and can be correlated to higher glyco-
side concentration measure through Digoxin immunoassays. Higher levels of glycosides are found 
in severe cases compared to less severe cases. Patients who were discharged early have half the 
value of glycosidic concentration than that of the severely affected (Roberts et al., 2006). CG con-
centration is correlated with hyperkalaemia and conduction defects in SA and AV nodes (Roberts 
et al., 2016). Digoxin-specific antibody fragments effectively revert arrhythmias and hyperkalae-
mia (Shumaik et al., 1988), and they are considered as the specific antidote in oleander poisoning. 
Reduction in cardiac arrhythmias and correction of hyperkalaemia achieved result in a reduced 
mortality (Shumaik et al., 1988; Clark et al., 1991; Safadi et al., 1995; Eddleston et al., 2000b; 
Rajapakse, 2009). Digoxin-specific antibody fragment is very expensive and is still not affordable 
in developing countries like Sri Lanka and India (Eddleston et al., 2003).

Class I anti-arrhythmic agent like quinidine and calcium-channel blockers are contraindicated 
as they may increase digitalis concentrations. The use of beta-blockers may worsen heart block 
(Demiryurek, 2005; Rajapakse, 2009). Serum magnesium levels’ disturbances are not correlated 
with intensity of poisoning and cardiac arrythmias (Eddleston et al., 2000a). However, both hypo- 
and hypermagnesemia should be checked and corrected. Intracellular calcium in YOP poisonings 
remains high due to the presence of cardiac glycosides which shift ECF calcium to the cell inte-
rior. Intravenous calcium is not generally administered to treat hyperkalaemia (Rajapakse, 2009). 
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Whether ventricular arrythmias can be treated with intravenous potassium is not answered yet. 
Further studies are needed to ascertain how magnesium affects toxicity and outcome. If pacing 
facility is not available, anticholinergics with other accelerator drugs are to be continued with 
increased vigilance for the development of fatal arrythmias. Debates persist on applications of mul-
tiple or single dose of activated charcoal (de Silva et al., 2003; Eddleston et al., 2008). The effects of 
atropine stay for a short time and repeated doses or infusion of atropine may be required. Atropine 
reduces gastric motility and theoretically increases absorption of ingested toxins. Features of atro-
pine toxicity should be under careful observation. Higher dose of atropine and isoprenaline may 
predispose to sudden adrenergic activity and tachyarrhythmias which are very difficult to control. 
Titrating the dose of atropine for a maintenance heart rate of 60–90 bpm is safe.

More studies are required to ascertain whether TCP confers a survival benefit (Fonseka et al., 
2002). TCP has its own hazards and high-class expertise levels are required to minimize errors. 
Direct myocardial stimulation of pacing wires in TCP may trigger fatal tachyarrhythmias (Eddleston 
et al., 2000; de Silva et al., 2003). The role of atropine doses contributing to reducing mortality or 
lowering use of TCP is also a question unresolved. Lidocaine is generally used to treat ventricular 
tachyarrhythmias. Electrical cardioversion is best avoided unless absolutely required in treating 
patients with resistant ventricular tachycardias. When cardioversions are used, low energy levels are 
better in digitalis and oleander toxicity. Large volume of distribution of cardiac glycoside poisoning 
renders haemodialysis ineffective.

Gastric lavage although hazardous should be started early along with activated charcoal inges-
tions (Rajapakse, 2009; de Silva et al., 2003; Roberts et al., 2006). Studies conducted to find efficacy 
of doses (single or multiple doses) of activated charcoal to be practiced are inconclusive (de Silva et 
al., 2003; Eddleston et al., 2008a). In clinical practice, single-dose activated charcoal is being used 
widely in Sri Lanka but sparsely in India. Gopalakrishnan et al. (2017) found that all patients who 
received gastric lavage within 1 hour of consumption suffered less with low fatal outcomes than 
those who received lavage after 2 hours. Early gastric lavage to all patients irrespective of number of 
seed ingestion and early initial dose of activated charcoal is important (Aparna and Sharmila, 2017; 
Kanagasingam et al., 2019). Considering hazards associated with lavage, further studies are needed 
to assess its benefit specially after a long delay post ingestion of seeds. However, in clinical settings 
in environments with limited resources, all types of decontamination through lavage appear to be 
required, as does the use of activated charcoal to prevent hepato-biliary recycling. Availability of 
activated charcoal, temporary pacing facilities, and anti-digoxin Fab are important for managing 
and treating serious cases of YOP.

21.6.6 aNiMal ToxiciTy

All parts of the oleander plant are readily accessible to animals and children for accidental poison-
ing (Langford and Boor, 1996) as these plants exhibit shrubby characteristics. Leaves, fruit, and 
flower are all accessible from ground (Kyerematen et al., 1985). Leaves, flowers, and seed-pods 
frequently litter the ground surrounding these plants leading to oleander contaminated feed to ani-
mals (Middleton and Chen, 1936; Szabuniewicz et al., 1972). Animal exposure has been extensively 
reviewed by Langford and Boor (1996). Contamination of fodder with leaves leads to cattle poison-
ings (Liu, 1957; Mahin et al., 1984; Rexakhani and Maham, 1992). Lehmann (1984) reported toxic 
responses in dogs and cats due to ingestion of leaves. Dogs have ATPase similar to humans and 
are vulnerable to oleanders. Monkeys were administered oleander leaf extract in an experimental 
study (Schwartz et al., 1974) and they were found to survive in low doses. Szabuniewicz et al. (1972) 
conducted experimental studies on monkeys, dog, cat, rat, mouse, and chicken and determined 
cumulative toxic doses for each species. Alfonso et al. (1994) and Bardosi (1963) reported deaths in 
geese by seed and leaf contamination respectively. Even toxic responses to bear ingesting leaves are 
reported in Ratigan (1921).
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21.7 TRADITIONAL USES

Plants from Apocynaceae family are already documented in traditional books of ethnomedicinal 
practices like Unani, Ayurveda, Siddha, and Homeopathy for their broad spectrum formulations 
(Bhadane et al., 2018). T. peruviana has various ethnomedicinal, industrial, and pharmacological 
application. Extracts from every part (bark, leave, fruit, flower, and seed) of this plant have several 
ethnomedicinal uses. Reports of seed intake for suicidal and homicidal purposes in Bengal, India 
are found (Chen and Chen, 1934b).

In India, different parts of the plant were used as purgatives, as an emetic, and intermittent fever 
(febrifuge) remedies (Xabregas, 1950). Traditionally, extracts of yellow oleander were used as a 
household remedies to dissolve haemorrhoids and tumours, for ulcers and scabies, as an abortifa-
cient, in treating congestive heart failure, malaria, leprosy, venereal disease, as a diuretic in patients 
with heart failure slowing ventricular response in patients with atrial fibrillation, for the treatment of 
GI and inflammatory diseases and skin tumours (El-Sawi et al., 2020; Osterloh et al., 1982; Bandara 
et al., 2010; Oji and Okafor, 2000). Seed kernels were used as an emetocathartic in Antilles (Weitz 
and Boulay, 1923), as treatment of nervous shock in Haiti, as a fish poison in Brazil (Chen and Chen, 
1934b), as cattle poison in Bombay (Bhattacharya and Ayyar, 1927) and also extensively used in the 
preparation of the ipos or Malayan arrow poisons (Weitz and Boulay, 1923). In Mexico, the seeds are 
widely used as supplement to reduce body weight (González-Stuart and Rivera, 2017) and the milky 
juice is used to treat mange (itch mites; McLaughlin et al., 1980). In addition, the crushed kernels 
of yellow oleander act against insect infestations to protect stored seeds (Pandey et al., 1977). This 
plant commonly known as Indrajav is used in treating liver ailments in South India (Ramchandra 
et al., 1993). Extracts from various plant parts like bark, leaves, roots, and seeds have been applied 
to cure bladder stones, dropsy, oedema, insomnia, constipation, nausea, cardiac disorders, fever, 
measles, rheumatism, and ulcers (Joshi, 2000; Pullaiah, 2006). The seed oil is applied externally to 
treat skin infections and in healing acne. Root extract infusion is used to treat snakebites.

The bark and seeds are used to poison rats, and the use of plant for criminal purposes has histori-
cal records. In India, leaf extracts are used to kill lice (Atal and Kapur, 1977). In ethno-veterinary 
medicine, grinded leaves of T. peruviana have been used for treatment of infection and wounds, ring 
worms, and tumours (Rahman et al., 2017). It is held that that these cardiac glycosides were used 
for intentional contamination of food and water supplies in criminal poisonings (Krenzelok, 2003; 
Jurica et al., 2019; Le Couteur and Fisher, 2002).

21.8 OTHER POTENTIAL USES

The plant has other uses recorded. Some of these uses depicting the bioactivities that the plant has 
are pesticidal, rodenticidal, anti-termite, molluscicidal, larvicidal, piscicidal, antifungal, and anti-
microbial activities against plant pathogens (Oji and Okafor, 2000; Gata-Goncalves et al., 2003). 
Flower extracts containing the flavonoids and anthocyanins that exhibited sharp colour changes in 
points of titrations at different pH can be used as a compound indicator (Singh et al., 2011).

21.8.1 iNDusTrial uses

Each fruit of yellow oleander contains one to four seeds in its kernel and these seeds are very rich 
in oil content (60%–65%; Oluwaniyi et al., 2007). Yellow oleander oil has been explored to be used 
in paints, surface coating industry, adhesive and binder for composite (Iodine value 71.4 g I2/100 g; 
Obasi et al., 1990). It has the potential to synthesize alkyd resins which is a biodegradable, renew-
able, and low-cost polymer used in coating industry. Saponification value of the oil is 121 mg KOH/g 
which indicates its use to produce soaps. It has a peroxide value of 4.8 meq.O2/kg, which indicates 
rancidity (Bora et al., 2014).
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21.8.2 use iN BioDiesel

Different types of trials of transesterification of the yellow oleander seed oil with the help of het-
erogeneous catalyst (Deka and Basumatary, 2011) are underway to yield biodiesel. Fuel properties 
have been explored in comparison with Indian Automotive Diesel Fuels norms and a cetane number 
61.5 of the oil is found indicating that it is a fuel with ignition and combustion quality. Blending of 
yellow oleander methyl and ethyl esters is effective as a cetane and lubricity improver (Sarmah and 
Deka, 2019). The seed oil has the properties like renewability, biodegradability, nontoxicity, carbon 
neutrality, low kinematic viscosity, good density, acid value, calorific value and makes it a viable 
feedstock for biodiesel industries (Yarkasuwa et al., 2013; Deka and Basumatary, 2011).

21.8.3 aNTi-TerMiTe acTiviTy

The anti-termite activity of yellow oleander might be a significant application in the wood and 
furniture industry. An oil-based paint extracted from yellow oleander kernel seeds displayed the 
repellent action against Microtermes spp. in a concentration dependent manner. Pure oleander oil 
exhibited repellent action in protecting timber. Oleander paint can be used against microbes (Kareru 
and Keriko et al., 2010).

21.8.4 MollusciciDal aND pesTiciDal acTiviTy

It is also used in the field to protect crops from insects and microbes. The slug Laevicaulis alte 
(Férussac) and the snail Achatina fulica Bowdich are known as most serious Agri-horticultural 
pests in Indo-Pacific countries. Panigrahi and Raut (1994) reported that extracts from kernels 
can be used as naturally occurring molluscicides which are relatively safer for environment. 20% 
concentration of the extract was effective for killing with 100% mortality within a short period 
of time. The slugs and snails became immobile and secrete mucus until their death (Panigrahi 
and Raut, 1994).

21.8.5 aNTiMicroBial acTiviTy

Benzoic acid and oxo-Benzoate, phytochemicals present in active fraction of leaf extract, had anti-
microbial activity (Meena et al., 2021). The secondary metabolite thevetin acts against herbivory 
due to its lethality (cardiac arrest of insects) so it is used as insecticidal agent and also shows anti-
bacterial activity against pathogenic bacteria (Basile et al., 1993).

21.8.6 aNTifuNgal acTiviTy

Terpenes isolated from seed extracts of T. peruviana showed a strong fungicidal activity against 
Phytophthora megakarya. It has the properties of biocide mainly acting against black pod disease 
of Theobroma cacao (Ambang et al., 2010). Growth of different strains of Phytophthora megakarya 
was effectively inhibited by crude extracts of ethyl acetate. Seed methanolic crude extract exerted 
greater inhibitory effect against particular strains (Ibiyemi et al., 2002). Pulegone had antifungal 
photoactivity against Cladosporium cucumerinum (Gata-Goncalves et al., 2003). Leaf extract of 
T. peruviana inhibits cell wall synthesis. Withdrawal of cytoplasm led to death of the hyphae in 
mycelium (Sasidharan et al., 2011).

21.8.7 use iN NaNoparTicles

Amphiphilic drug molecules, including CGs, can be incorporated in nanosized micelles with essen-
tial circulatory properties making it biocompatible to specifically get delivered in tumour tissues 
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(Biswas et al., 2016). These micelles have enhanced permeability and retention (Wang et al., 2014; 
Liu et al., 2009). Leaf extracts of yellow oleander were shown to act as a capping agent for Cadmium 
Telluride nanoparticles synthesis which has applications in measurement of power conversion effi-
ciency in dye-sensitized solar cell (Bera et al., 2018).

21.9 FUTURE PERSPECTIVES

To beautify the road side views and maintain ecological balance due to its tolerance to extreme 
environmental conditions, yellow oleander is preferred to be grown along roadsides in many coun-
tries. State initiatives about protecting the plant as well the awareness of its potential toxicity will 
help further to understand the mysteries that this plant holds. The uses that hold promise are further 
industrial applications regarding its anti-termite properties in treatment and processing of plyboards 
in wood industries and its use as an anti-insecticidal, bio-pesticidal, and biodiesel.

Yellow oleander has been reported to be used all around the world despite its toxicity in all 
traditional medicines. These plants constituted the earliest healing options when there were no 
purified drugs or purified compounds. Mostly, the use of herbal products comes from the belief that 
all natural products are safe. Different herbal products with aggressive marketing are found in the 
internet and are popular along the U.S. Mexico border where they are sold as herbal food supple-
ments for weight loss targeting the increasing obese population, and such herbal food supplements 
do not require a prescription. The seed is known as India seed (Semilla de la India). Mexican Herbal 
Pharmacopoeia states that yellow oleander is a highly toxic plant. Rampant use as a weight losing 
agent under commercial names like Easy figure and Capslim, which contain a misnomer compound 
named troncomin, is reported (González-Stuart and Rivera, 2017). Mexican authorities have issued 
warning against the use of such products. However, the use of seeds cannot be controlled due to its 
use in ethnic dances and are available in the market. These herbal products are mixed with various 
other compounds like antibiotics, hormones, steroids, and diuretics to add efficacy in formulations. 
Mislabelling and wrong identification of plant species that are traditionally used also add to the 
risks of use of herbal formulations.

Suicidal reports consuming parts of the plant are a matter of concern in India and Sri Lanka. 
Although anti-digoxin antibodies have the potential to neutralize the glycosides and thereby reduce 
toxicological burdens, they are prohibitively expensive. Activated charcoal should be made avail-
able in areas where suicides are rampant. A cost effective alternative or an initiative to reduce the 
price of anti-digoxin antibody (like other antibodies used to treat snake venom) may reduce the 
expenses associated with transfer and the infrastructural requirements associated with treatment 
referrals in severe cases. Fructose-6-Disphosphate (FDP) was used as antidote in canine model and 
effectively prevented hyperkalaemia with improvement in haemodynamic and reduced arrythmias 
(Markov et al., 1997). Gawarammana et al. (2010) reported a small phase II study of FDP in YOP 
patients in 2006 where the results were encouraging. Reports of FDP’s use in clinical trial are 
there but results are awaiting. Anticalins, a non-biologic alternative with high binding affinity for 
digoxin, are effective in reducing free plasma digoxin in rats but human data are currently lacking 
(Roberts et al., 2015; Eyer et al., 2012). Traditional medicinal uses of this plant mentioned here in 
herbal formulations should be validated after clinical trials proving the efficacy of formulations as 
herbal drugs.
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22.1 INTRODUCTION

Toxicodendron succedaneum is a vascular flowering plant that belongs to family Anacardiaceae. Its 
synonyms include Rhus erosus Radlk., Rhus succedanea var. Japonica Engl. and Toxicodendron 
succedaneum var. succedaneum (WFO, 2022). It is commonly referred to as the wax tree (Slaughter 
et al., 2017) but also known by different local names in different localities. For instance, in Japan, 
it is known as the Japanese Hazenoki tree (Sumac tree), Japanese lacquer tree, Japanese tallow tree, 
Japanese wax, Japanese wax tree, poison ivy, poison sumac, rhus, rhus tree, scarlet rhus, sumac, 
varnish tree and wax tree. It is called sơn in Vietnam or charão in Portugual and jy bbo in China 
(Addi et al., 2022).

The plant produces an oily resin in leaves that contain active toxins called urushiols (Derraik, 
2007). These toxins may also be found within the entire plant including dead tissue. Toxicity ensues 
in the autumn coinciding with the leaves changing colour from green to red (Kim et al., 2019). Thus, 
it is very important that people are aware of this fact when handling the plant. Toxicodendron suc-
cedaneum has beautiful foliage which attracted its cultivation as an ornamental by gardeners who 
were unaware of the allergic reactions it causes (Derraik, 2007). Toxicodendron succedaneum is 
as allergenic as poison ivy (T. radicans), (Derraik, 2007) and the most common cause of allergic 
contact dermatitis worldwide (Allen, 2006).

Toxicodendron succedaneum has long been grown for commercial purposes. However, fol-
lowing its declaration as a noxious weed, it could no longer be sold in Australia (Monaghan & 
McMaugh, 2002), Japan (Rademaker & Duffill, 1995a, b). Public education regarding its toxicity 
resulted in reduction in the number of trees grown in New South Wales (Monaghan & McMaugh, 
2002). Despite the toxicity of the plant, it has been traditionally used by different communities for 
medicine and a source of lacquer.
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22.2 B OTANICAL DESCRIPTION AND ECOLOGY OF 
toXicoDenDRon SUcceDAneUM

T. succedaneum is a large shrub or tree whose crown grows up to 8 m tall on a single erect trunk. It 
is deciduous and loses its leaves in autumn. The leaves are hairless on both surfaces, compound pin-
nate (0–35 cm long) and alternately arranged along the branches consisting of 4–7 pairs of leaflets 
that are 4–10 cm long and 1.5–3 cm wide and a single terminal leaflet (Johnson & Johnson, 2006). 
Each leaflet is borne on a short petiolule 1–4 mm long. The leaflets (4–10 cm long and 1.5–3 cm 
wide) are lanceolate or elliptic with entire margins and acuminate apices. The leaves are green 
but turn bright red, scarlet or crimson before they are shed in autumn (Flora of China Editorial 
Committee, 2016; Figure 22.1).

Flowers are white to yellowish green 5–6 mm wide borne in clusters near the tips of the branches. 
Separate male and female flowers are present in these clusters. Each flower has five tiny greenish 
sepals (about 1 mm long) and five small greenish-yellow or whitish petals (about 2 mm long), and it 
is borne on a short stalk (i.e., pedicel) that is about 2 mm long. They also have five stamens and an 
ovary topped with a style and stigma. Flowering occurs mostly during spring and early summer. 
The fruit is a drupe, papery (5–11 mm wide) that turns from green to pale brown to black when ripe 
and contains a single hard, dark brown round seed (3–5 mm wide). These fruits (5–10 mm long and 
7–11 mm across) are borne in large groups that hang from the branches. The trunk is greyish-brown 
coloured bark. The younger branches are hairless (i.e., glabrous) and smooth in texture, apart from 
some small raised bumps (i.e., lenticels; Flora of China Editorial Committee, 2016).

22.3 DISTRIBUTION OF t. SUcceDAneUM

T. succedaneum is widely distributed in temperate zones across China, Japan, Indochina, Malaysia 
and India and grows on a wide range of soil types (Hiraoka et al., 2018). It is native to India, 
Myanmar, Thailand, Vietnam, China, Taiwan, Japan and Malaysia (Aggarwal, 2001; Flora of China 

FIGURE 22.1 Toxicodendron succedaneum.
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Editorial Committee, 2016; Plants of the World Online, 2022). It has been introduced to and is 
naturalized in Australia, New Zealand, South Africa, Brazil and Cuba (NZPCN, 2016; Weeds of 
Australia, 2022).

The tree grows in several habitats in different countries. For instance, in Asia, T. succedaneum 
grows in lowlands, hill forests, thickets and along streams in montane forests at an altitude of 100–
2,500 m (Aggarwal, 2001; Flora of China Editorial Committee, 2016). In New Zealand, it grows 
among indigenous vegetation along coasts, urban gardens and disturbed sites (NZPCN, 2016). In 
Australia, it grows as a weed of disturbed sites, forests, open woodlands, urban bushland, roadsides, 
gardens and waste areas (Weeds of Australia, 2022). The varied habitats are attributed to the inva-
sive nature of the species with the ability to spread from domestic gardens (NZPCN, 2016; Weeds 
of Australia, 2022). It is thus a potential weed of disturbed sites, forests, open woodlands, urban 
bushland, roadsides, gardens and waste areas in temperate and sub-tropical regions. The plant is 
regarded as a weed in Australia (Weeds of Australia, 2022).

22.4 ETHNOBOTANY OF t. SUcceDAneUM

Regardless of its toxicity, T. succedaneum is used traditionally or used as raw material in small scale 
industries in different areas. In Japan, T. succedaneum is grown for the production of sumac wax, 
which is extracted from the mesocarp (Hiraoka et al., 2018). In Ryukyu kingdom, southeast Asia, 
the sap from T. succedaneum was used to produce lacquer an excellent adhesive and painting mate-
rial used to make lacquerware. The wax is used for making anticorrosive and decorative paints and 
dyes (Nie et al., 2009), wooden coffins (Nakagawa et al., 2019) and fine art paintings in Vietnam 
and Taiwan (Leipe et al., 2022). Additionally, the wax is used in varnishes, polishes, ointments and 
plasters (Flora of China Editorial Committee, 2016). A wax obtained from the fruit is used as an 
ingredient in cosmetic preparations as an emollient, binding agent and viscosity controller (https://
atamankimya.com/sayfalaralfabe.asp?LanguageID=2&cid=3&id=2868&id2=3610).

Traditionally, the Japanese used vegetable oil from T. succedaneum to produce traditional can-
dles (Hiraoka et al., 2018; Katsumi et al., 2016). Recently, however, traditional candles have been 
substituted with imported candles made of paraffin due to their affordability. Another reason for 
the preference of imported paraffin candles is that they release vaporized paraffin compared to tra-
ditional candles which emit soot that has earlier been shown to cause lipoid pneumonia (Glynn &  
Gale, 1990). T. succedaneum is traditionally used in West Garo hills of Meghalaya in India for 
construction works, firewood and charcoal (Das et al., 2018). In Azad Jammu and Kashmir district 
of Neelum valley, T. succedaneum is used as a source of fodder and fuel (Ajaib et al., 2020). The 
resin of T. succedaneum is used in the production of insulation materials (Yun-Yang et al., 2006).

T. succedaneum has been used in native medicine to treat asthma, cough and colicky pains (Do 
Hyung Kim et al., 2018) and Korean folk medicine (Oh et al., 2003). It has also been used to treat 
diarrhea, nose and gum bleedings, vomiting, dysentery, tuberculosis, fever, liver ailments and ear 
infections (Kottakkal, 1995; Sathasivampillai et al., 2007).

22.5 PHYTOCHEMISTRY OF t. SUcceDAneUM

T. succedaneum contains urushiols (Evans & Schmidt, 1980) and bioflavonoids (Wang et al., 1998) 
such as amentoflavone, agathisflavone, robustaflavone, hinokiflavone, volkensiflavone, morellofla-
vone, rhusflavanone and succedaneaflavanone (Lin et al., 1997). Urushiols are the allergenic prin-
ciples of poison ivy and related species of the Anacardiaceae. Urushiol has a variable chemical 
structure but is mainly comprised of catechol with a long hydrocarbon chain. They are mixtures 
of homologous long chain phenolic compounds (Dawson, 1956; Evans & Schmidt, 1980; Symes & 
Dawson, 1953). T. succedaneum also contains the cytotoxic hinokiflavone (Lin et al., 1989; Wang 
et al., 1998).
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22.6 BIOLOGICAL ACTIVITY OF t. SUcceDAneUM

Extracts from T. succedaneum possess anticancer activities (Wang et al., 1998), anti-HIV activity
(Lin et al., 1997), antioxidant (Wu et al., 2002) and cytotoxic activities (Wang et al., 1998). The
bioflavonoids from T. succedaneum had varying anti-HIV-1 activity against HIV-1 reverse tran-
scriptase. Their activities ranged from inactive to significant in HIV-1 in human lymphocytes. For
instance, morelloflavone demonstrated significant antiviral activity against HIV-1 (strain LAV-1) in
phytohemagglutinin-stimulated primary human peripheral blood mononuclear cells (EC50 = 6.9 μM)
and a selectivity index of approximately 10 (Lin et al., 1997).

22.7 TOXICITY OF t. SUcceDAneUM

T. succedaneum is highly toxic and causes severe allergies when its sap comes in contact with the
skin. The allergies manifest as a rash, redness, itching and blisters (Johnson & Johnson, 2006;
McGovern & Barkley, 1998). Exposure to urushiol leads to the production of a type IV hypersensi-
tivity reaction (Fisher, 1996). This causes the release of local cytokines and inflammatory mediators 
that initiate the process of sensitization. Urushiol is rapidly absorbed due to its lipophilic nature. As
it is picked up by Langerhans cells in the epidermis, efforts to wash or remove the compound after
exposure are largely ineffective after absorption (McGovern & Barkley, 1998). It is estimated that
50%–75% of adults are allergic to urushiol (Kim et al., 2019).

Ingestion of Toxicodendron can cause systemic contact dermatitis. This manifested as four main 
types of clinical reaction, viz., generalized erythematous maculopapular eruptions, generalized 
erythroderma, vesiculobullous lesions and erythema multiform-like lesions (Oh et al., 2003). Initial 
exposure results in pruritus and erythema, followed by a papulovesicular eruption, oedema, and 
oozing within 10–14 days. Symptoms of re-exposure are more acute and appear in 24–72 hours 
(Williams et al., 1999). Secondary exposure can occur when the skin is exposed to oxidized uru-
shiol or animal fur that came in contact with the Toxicodendron species. Aerosolized urushiol from 
forest fires or burning plant debris has been known to cause airway inflammation or generalized 
dermatitis in severe cases (Lofgran & Mahabal, 2022).

22.8 CONCLUSION

T. succedaneum is a multipurpose tree with a long history of commercial cultivation as an orna-
mental. The plant has an equally long history of use in folk medicine in different parts of the world,
even though it is highly toxic. T. succedaneum causes severe allergies when its sap comes in contact
with the skin and many gardeners were unaware of the allergic reactions it causes. T. succedaneum
is the most common cause of allergic contact dermatitis worldwide. The plant produces an oily
resin in leaves that contain active toxins called urushiols. Regardless of its toxicity, T. succedaneum
is used traditionally or used as raw material in small scale industries in different areas such as in
the production of sumac wax cosmetics, adhesives like lacquer varnishes, polishes, ointments and
plasters, painting materials used to make lacquerware preparations, as an emollient, binding agent
and viscosity controller as well as traditional candles.

NOTES

Godwin Anywar, Department of Plant Sciences, Microbiology & Biotechnology, Makerere
University, Kampala, Uganda
Patience Tugume, Department of Plant Sciences, Microbiology & Biotechnology, Makerere 
University, Kampala, Uganda
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