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Abstract

The essential oil constituents of three medicinal plants grown in Vietnam were analyzed by gas
chromatography-flame ionization detector (GC-FID) and gas chromatography-mass spectrometry (GC-
MS) techniques. The main constituents of Tithonia diversifolia (Hemsl.) A. Gray (Asteraceae) were o.-
pinene (30.7%) along with (E,E)-o-farnesene (6.1%) and B-caryophyllene (5.1%). Houttuynia cordata
Thunb. (Saururaceae) gave oil whose major components were [-myrcene (30.8%), 2-undecanone
(19.7%) and (Z)-B-ocimene (10.2%). Asarum glabrum Merr. (Aristolochiaceae) consists mainly of
safrole (46.6%) and apiole (17.0%).

Keywords: Asarum glabrum, essential oil composition, Houttuynia cordata, phenylpropanoids, terpenes,
Tithonia diversifolia

1. Introduction
In this paper, the volatile constituents identified in three plants growing in Vietnam are being
described, as part of our continued interest on the analysis of chemical compounds of
Vietnamese flora 1. Tithonia diversifolia (Hemsl.) A. Gray (Asteraceae) is a widespread plant
in Vietnam, and the species of Tithonia are known as plants containing many biologically
active compounds. Extracts of the plant displayed larvicidal activity against dedes aegypti
as well as antimicrobial B! and antimalarial ¥ effects. Anti-hyperglycemic compounds [,
cerebrosides [9, 6”-O-B-d-apiofuranosyl-trichocarpin and 1-heptade-4,6-diyne-3,10,16,17-
tetraol-3-0-p-d-glucopyranoside [ isocoumarin [, tirotundin and tagitinin A which serves as
peroxisome proliferator-activated receptor agonists [ and anti-inflammatory chlorogenic acid
(19 were isolated from the aerial parts of T. diversifolia. The main constituents of its essential
oils were a-pinene (50.8-61.0%), (Z)-B-ocimene (15.5-21.4%) from the flowers ' and (2)-B-
ocimene (40.2%) from the leaves [!2. The composition of leaf oil of another sample comprised
mainly of a-pinene (32.9%), B-caryophyllene (20.8%), germacrene D (12.6%), B-pinene
(10.9%) and 1, 8-cineole (9.1%), while germacrene D (20.3%), B-caryophyllene (20.1%) and
bicyclogermacrene (8.0%) characterized the oil of the flower 13, Another report identified an
abundance of a-pinene (60.9 -75.7 %) and 5-pinene (7.2-11.0 %) in all the plant parts 4],
Another analysis '] reported an abundance of a-pinene (34.42%), B-caryophyllene (22.34%),
B-pinene (11.14%), germacrene D (11.13%) and 1,8-cineole (8.76%). The composition of the
volatile oils of the plant from Vietnam has not been reported previously.
Houttuynia cordata Thunb (Saururaceae) is a flowering plant native to Japan, southern China
and Southeast Asia, where it grows in moist shady places. The shoots are eaten as a vegetable
and aerial parts are used in traditional Chinese medicine. H. cordata possess a number of
medicinally important activities such as antihyperglycemic ['%], anti-cancer ['"!, wound-healing
(181 hepatoprotective ['), anti-leukemic %), protective against liver-injury [?!1, anthelmintic 22,
inhibit dengue fever [°1, anti-obesity [**! among others [°1. Moreover, compounds isolated from
H. cordata have also been utilized for the treatment of herpes simplex virus type 1 (HSV-1),
influenza virus %, human immunodeficiency virus type 1, radical-scavenging property and
exhibited strong tyrosinase inhibitory activity [?”), while quercitrin, quercetin and hyperoside
from this plant have shown strong antioxidant effect '], Essential oil from H. cordata was
reported to exhibit anti-inflammatory activity 2> 28, Terpenes, fatty acids, aldehydes, ketones
and acids compounds were previously identified in the essential oil from H. cordata growing
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in China %, Several other biologically active compounds of
diverse structural patterns were characterized from the plant
[25]

Asarum glabrum Merr. is a species of flowering plant in the
family Aristolochiaceae. The whole plant is used in
ethnomedicine for the treatment of stomach pain, pneumonia,
whooping cough, malaria and toothache. Extract of A. glabrum
are known to possess anti-inflammatory effect [*°. The major
constituents found in the essential oil from aerial part B! were
safrole (42.24%), apiole and (27.11%) while safrole (41.9%)
and phenylpropanoids were contained in the sample from
another investigation 32,

2. Materials and methods

2.1 Plant collections

Leaves of T. diversifolia, H. cordata, and A. glabrum were
collected from Huong Son district, Ha Tinh Province,
Vietnam, in July 2011. Voucher specimens DND 231, DND
235 and DND 262, respectively have been deposited at the
Botany Museum, Vinh University, Vietnam. Plant samples
were air-dried prior to extraction.

2.2 Extraction of the essential oils

0.5 Kg of air-dried leaves of each plant samples was shredded
and their oils were obtained by hydrodistillation for 3h at
normal pressure, according to the Vietnamese Pharmacopoeia
B3, The yields of essential oils were 0.12% (v/iw, T.
diversifolia), 0.12% (v/w, H. cordata), and 0.21% (v/w, A.
glabrum), calculated on a dry weight basis. Oil samples were
leaf light yellow in coloration.

2.3 Analysis of the oils

Gas chromatography (GC) analysis was performed on an
Agilent Technologies HP 6890 Plus Gas chromatograph
equipped with a FID and fitted with HP-5MS column (30 m X
0.25 mm, film thickness 0.25 pum, Agilent Technology). The
analytical conditions were: carrier gas H, (1 mL/min), injector
temperature (PTV) 250 °C, detector temperature 260 °C,
column temperature programmed from 60 °C (2 min hold) to
220 °C (10 min hold) at 4 °C/min. Samples were injected by
splitting and the split ratio was 10:1. The volume injected was
1.0 pL. Inlet pressure was 6.1 kPa.

An Agilent Technologies HP 6890N Plus Chromatograph
fitted with a fused silica capillary HP-5 MS column (30 m X
0.25 mm, film thickness 0.25 um) and interfaced with a mass
spectrometer HP 5973 MSD was used for the GC/MS analysis,
under the same conditions as those used for GC analysis. The
conditions were the same as described above with He (1
mL/min) as carrier gas. The MS conditions were as follows:
ionization voltage 70eV; emission current 40 mA; acquisitions
scan mass range of 35-350 amu at a sampling rate of 1.0
scan/s.

2.4 Identification of the constituents

The identification of constituents was performed on the basis
of retention indices (RI) determined with reference to a
homologous series of n-alkanes, under identical experimental
conditions, co-injection with standards (Sigma-Aldrich, St.
Louis, MO, USA) or known essential oil constituents, MS
library search (NIST 08 and Wiley 9" Version), and by
comparing with MS literature data [** 33, The relative amounts
of individual components were calculated based on the GC
peak area (FID response) without using correction factors.

3. Results & Discussion

Table 1 showed the percentage compositions as well as the
identities of compounds present in the oil samples. The major
classes of compounds present in 7. diversifolia were the
monoterpene hydrocarbons (52.0%), sesquiterpene
hydrocarbons (22.7%) and oxygenated sesquiterpenes
(11.8%). The main constituents include o-pinene (30.7%)
along with (E, E)-o-farnesene (6.1%) and [B-caryophyllene
(5.1%). Other notable monoterpenes were limonene (4.7%), -
pinene (4.6%) and p-cymene (4.6%). The high content of a-
pinene in T. diversifolia makes the oil similar to previously
reported results ['"131 but differs due to its relatively much
lower contents of (Z)-f-ocimene, B-caryophyllene, germacrene
D and bicyclogermacrene and the absence of d-pinene.
Monoterpene hydrocarbons (49.9%) and aliphatic ketones
(25.5%) constitute the main classes of compounds present in
H. cordata (Table 1). The major components were B-myrcene
(30.8%), 2-undecanone (19.7%) and (Z)-B-ocimene (10.2%).
B-Myrcene and 2-undecanone (methyl-n-nonyl ketone) were
also previously reported from other analysis on H. cordata oil
[36-421 The quantitative amount of (Z)-B-ocimene in this oil is
noteworthy, since it has not been previously reported to be a
major compound of H. cordata. The contents of some
compounds such as a-pinene, B-pinene, sabinene, limonene,
bornyl acetate and decanoic acid were too low when compared
with previously analysed samples from other parts of the
world. Also, some compounds such as decanal, dodecanal,
decanoyl acetaldehyde, dodecanaldehyde, ethyl caprate,
houttuyninum, methyl linolenate, hexadecanoic acid, capric
acid and capric acid ethyl ester 2% 37-40:43-47] were not identified
in the oil under investigation.

Phenylpropanoids  (70.8%) along with  monoterpene
hydrocarbons (7.0%) and sesquiterpene hydrocarbons (9.9%)
represent the abundant class of compounds identified in 4.
glabrum. The main constituents of the oil were safrole (46.6%)
and apiole (17.0%). There were significant amounts of
croweacin (6.4%) and myristicin (4.1%). The amount of
safrole and apiole in this result on A4. glabrum competes
favourably with previous reports [B'321 suggesting a
homogeneity in the oil composition of A. glabrum.
Phenylpropanoids have been identified as the main class of
compounds in several Asarum oils but the identities of the
major compounds vary from one species to another. For
example, methyl isoeugenol and o-asarone were the main
constituents of the leaf oil from Asarum forbesii while
elemicin was the major component of Asarum cordifolium
with the oil of Asarum heterotropoides comprising mainly of
methyl eugenol and safrole ® 41, However, only the oils of
Asarum insigne B% and Asarum caulescene B'! presented a
compositional pattern dominated by ubiquitous terpene
components.

Table 1: Compounds identified in the studied oil samples from

Vietnam

Compounds 2 RI® | RI°® | Td | Hc | Ag
o-Pinene 939 | 932 | 307 | 19 | 0.6
Camphene 953 946 | 0.8 09 | 0.1

Sabinene 976 969 0.6 0.4 -
B-Pinene 980 | 974 | 4.6 1.6 | 2.1

B-Myrcene 990 | 988 1.8 | 30.8 -

a-Phellandrene 1006 | 1002 | 3.9 - -
a-Terpinene 1017 | 1014 - - 1.8
p-Cymene 1026 | 1020 | 4.6 | 0.8 | 0.1
Limonene 1032 | 1024 | 4.7 1.8 1.2
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(2)-B-Ocimene 1042 [ 1032 01 | 102 ] - B-Eudesmol 1649 [ 1649 | 02 | - -

(E)-B-Ocimene 1053 | 1044 | 0.2 14 | 0.6 a-Cadinol 1653 | 1652 | 1.8 - -
y-Terpinene 1061 | 1054 - 0.1 0.1 6-Cadinol 1657 | 1655 - 3.0 -
a-Terpinolene 1090 | 1086 - - 0.1 Apiole 1674 | 1677 - - 17.0

Rosefuran 1099 | 1095 - 0.3 - Ledene oxide | 1680 | 1682 | 0.7 - -
Linalool 1100 | 1095 | 0.3 - 0.8 a-Bisabolol 1685 | 1685 - 0.2 -

allo-Ocimene 1128 | 1128 - - 0.3 Farnesol 4 1717 | 1714 | 1.3 - -

Octyl acetate 1132 | 1132 - 0.1 - Platambin 1846 | 1842 | 0.2 - -

trans-Pinocarveol 1139 | 1135 | 0.1 - - Phytol 1958 | 1942 | 0.9 0.5 -
trans-Verbenol 1145 | 1140 | 0.2 - - Hexadecanoic acid 1960 | 1959 | 0.5 - -
Borneol 1167 | 1165 - - 0.2 Kaur-16-ene 2056 | 2043 | 0.8 - -
Terpinen-4-ol 1177 | 1174 | 0.2 0.3 0.3 1-Octadecanol 2074 | 2077 | 0.3 - -
a-Terpineol 1189 | 1186 | 0.2 - - (2)-9-Octadecamide 2398 | 2398 | 0.8 - -

2-Decanone 1191 | 1190 - 0.1 - Total 91.8 | 94.9 | 90.6
Decanal 1209 | 1200 - 0.2 - Monoterpene hydrocarbons 52.0 1499 | 7.0
Piperitone 1240 | 1249 - 0.3 - Oxygenated monoterpenes 1.2 | 35 1.9
Geraniol 1249 | 1249 | 0.2 - - Sesquiterpene hydrocarbons 2271 55 | 99
Safrole 1287 | 1285 - - 46.6 Oxygenated sesquiterpenes 1.8 | 4.1 1.0

Bornyl acetate 1289 | 1287 - 2.5 - Diterpenes 1.9 | 05 -
2-Undecanone 1291 | 1293 - 19.7 - Phenylpropanoids 0.6 | 0.1 | 70.8

Linalyl propanoate 1323 | 1334 - - 0.6 Aliphatic ketones - 25.5 -

o-Cubebene 1343 | 1345 | 0.1 - Non-terpenes 1.6 | 58 -
Eugenol 1356 | 1356 - - 0.2 2 Elution order on HP-5MS column; ® Retention indices on HP-5 MS
n-Decanoic acid 1366 | 1364 - 0.1 - column; ¢ Literature retention indices; ¢ Correct isomer not identified;

Isoledene 1372 | 1374 | 1.7 - - - Not identified; T'd, Tithonia diversifolia; H.c, Houttuynia cordata,

a-Copaene 1376 | 1374 | 06 | - - A.g, Asarum glabrum

Geranyl acetate 1378 | 1379 - 3.6 -
2-Dodecanone 1380 | 1381 | - [ 09 | - 4. Conclusions
B-Bourbonene 1388 | 1387 | 0.9 N N In this report, major differences were observed between the oil
B-Elemene 1391 | 1389 | 05 - - compositions of 7. diversifolia, H. cordata and A. glabrum
Methyl eugenol 1407 | 1403 | 0.6 - 12 growing in Vietnam and previous studies from other parts of
a-Cederene 1412 | 1410 | - - 0.3 the world. This may be attributed to differences in the
a-Gurjunene 1412 | 1409 | - - 0.2 ecological and climatic conditions between Vietnam and other
B-Caryophyllene 1419 | 1417 | 5.1 | 1.9 - parts of the world as well as the age and nature of the plant,
B-Gurjunene 1428 | 1431 | 0.5 - - handling procedure etc.
trans-o-Bergamotene 1435 | 1432 - - 0.4
Aromadendrene 1441 | 1439 | 0.2 - - 5. References
Pentyl octanoate 1450 | 1450 | - 0.2 - 1. Dai DN, Thanh BV, Thang TD, Ogunwande IA.
o-Humulene 1454 | 1452 | 2.7 | 03 - Identification of volatile constituents of the stem bark and
(E)-B-Farnesene 1454 | 1454 | 02 | 1.3 - fruit of Desmos cochinchinensis Lour. American Journal

B-Santalene 1456 | 1457 | - - 0.1 of Essential Oils and Natural Products 2014; 1(4):20-23.
Croweacin 1460 | 1457 | - - 6.4 2. Bemard LK, Siele KD, Nanyingi OM, Mutai KC,

1-Dodecanol 1469 | 1469 | - | 16 | - Rukunga MG, Mwandawiro C et al. Larvicidal action of

y-Curcumene 1480 | 1481 | - - |13 extracts from Tithonia diversifolia against the Dengue
Germacrene D 1480 | 1484 | 0.2 - - Mosquito Aedes aegypti  (Diptera: Culicidae).

B-Selinene 1486 | 1489 | 0.5 | 0.9 - Journal of Biologically Active Products from Nature

epi-Bicyclosesquiphellandrene | 1490 | 1490 - 0.2 - 2012; 2(1):46-49.

6-Selinene 1494 | 1492 | 0.8 - - 3. Ogunfolakan O, Kolawole OS, Olowe AO. In vitro

2-Tridecanone 1497 | 1495 | - | 48 | - antimicrobial activity of Tithonia diversifolia leaf extracts
B1cyclpgermacrene 1499 | 1500 | 0.1 - - on bacterial isolates from wound infections from a
Epizonarene 1503 | 1501 | 0.3 - - Nigerian hospital. R h J 1 of Medical Sci
igerian hospital. Research Journal of Medical Sciences
(E,E)-a-Farnesene 1506 | 1505 | 6.1 0.7 - 2010; 4(5):305-308.

B 'Blsat,mlene 1509 | 1505 | 0.1 = 02 4. Elufioye TO, Agbedahunsi JM. Antimalarial activities of

y-Cadinene 1514 | 1513 | 06 - - Tithonia diversifolia (Asteraceae) and Crossopteryx

Myristicin IS5 [ 1517 | - | - | 41 e : eae) ane pIery
- - febrifuga (Rubiacaeae) on mice in vivo. Journal of

7-epi-o.-Selinene 1518 | 1520 - 0.2 -
; Ethnopharmacology, 2004; 93(2-3):167-177.

5-Cadinene 1525 | 1522 | 1.5 - - . . .

— 5. Zhao G, Xia L, Wansheng C, Zhongxin X, Lianna S.
Elemicin 1550 | 1555 - - 0.7 . . =, g
(E)-Nerolidol 1564 11561 1 03 102 | 03 Thrhee new sesquiterpenes from .T l.thomac.z’lversy’glla and
Spathulenol 1577 115771 33 | 02 | 04 their anti-hyperglycemic activity. Fitoterapia, 2012;
Caryophyllene oxide 1581 | 1582 | 12 | 06 | - 83(8):1590-1597.

Viridiflorol 1593 | 1592 | 03 N N 6. Zhao GJ, Zhong-Xin X, Wan-Sheng C, Xia L, Yan W,
a-Cedrol 1601 | 1600 R R 03 Lian-Na S. Two new cerebrosides from the aerial parts of
o-Guaiol 1602 | 1600 | 0.2 - R Tithonia diversifolia. Helvetica Chimica Acta 2012;

Humulene epooxide 11 1608 | 1608 | 05 | - - 95(7):1169-1174.

(2)- Asarone 1617 | 1616 | - - 1.7 7. Zhao GJ, Zhong-Xin X, Wan-Sheng C, Xia L, Yan W.

epi-a-Cadinol 1640 | 1638 | 2.0 - - Lian-Na S. Chemical constituents from Tithonia

~ 19~




American Journal of Essential Oils and Natural Products

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

diversifolia and their chemotaxonomic significance.
Biochemical Systematics and Ecology 2012; 44:250-254.
Bouberte MF, Krohn K, Hidayat H, Etienne D, Barbara S,
Qunxiu H. Tithoniamarin and tithoniamide: a structurally
unique isocoumarin dimer and a new ceramide from
Tithonia diversifolia. Natural Product Research ~ 2006;
20(9):842-849.

Lin HR. Sesquiterpene lactones from Tithonia diversifolia
act as peroxisome proliferator-activated receptor agonists.
Bioorganic Medicinal Chemistry Letter 2012; 22(8):2954-
2958.

Chagas-Paula DA, de Oliveira RB, da Silva VC, Gobbo-
Neto L, Thais HG, Ana PC et al. Chlorogenic acids from
Tithonia diversifolia demonstrate better anti-inflammatory
effect than indomethacin and its sesquiterpene lactones.
Journal of Ethnopharmacology 2011; 136(2):355-362.
Menut C, Geérard L, Paul-H AZ, Kuiate JR, Jean-Marie
B. Aromatic plants of Tropical Central Africa. IX.
Chemical composition of flower essential oils of Tithonia
diversifolia (Hemsl.) A. Gray from Cameroon. Journal of
Essential Oil Research 1992; 4(6):651-653.

Lamaty G, Chantal M, Paul-H AZ, Kuiate JR, Jean-Marie
B, Jean K. Aromatic Plants of Tropical Central Africa. III.
Constituents of the essential oil of the leaves of Tithonia
diversifolia (Hemsl.) A. Gray from Cameroon. Journal of
Essential Oil Research 1991; 3(6):399-402.

Moronkola DO, Ogunwande IA, Walker TM, Setzer WN,
Oyewole 10. Identification of the main volatile
compounds in the leaf and flowers of Tithonia diversifolia
(Hems) Gray. Journal of Natural Medicine 2007;
61(1):63-66.

Lawal OA, Adeleke AK, Andy RO, Adebola OO. Volatile
constituents of the flowers, leaves, stems and roots of
Tithonia diversifolia (Hemsely) A. Gray. Journal of
Essential Oil Bearing Plants 2012; 15(6):816-821.
Chukwuka KS, Ojo OM. Extraction and Characterization
of Essential Oils from Tithonia diverssifolia (Hemsl.) A.
Gray. American Journal of Essential Oils and Natural
Products 2014; 1(4):1-5.

Kumar M, Satyendra KP, Sairam K, Siva H. Anti-
hyperglycemic activity of Hottuynia cordata Thunb. in
streptozotocin-induced diabetic rats. Advance
Pharmacology Science Article ID, 2014, 809438.
http@//dx.doi.org/10.1155/2014/809438.

Lai KC, Chiu YJ, Tang YJ, Lin KL, Chiang JH, Jiang YL
et al. Houttuynia cordata Thunb extract inhibits cell
growth and induces apoptosis in human primary colorectal
cancer cells. Anticancer Research 2010; 30(9):3549-3556.
Xu YW, Jian WZ, Yu TZ, Amjad MH, Ru YY, De GW et
al. Combined effect of dark and wounding on
regeneration potential of Houttuynia cordata Thunb.
Leaves. Indian Journal of Experimental Biology 2011;
49(7):540-546.

Tian L, Xiaolong S, Linhong Y, Jiao Z, Rui M, Xingbin
Y. Chemical composition and hepatoprotective effects of
polyphenol-rich extract from Houttuynia cordata tea.
Journal of Agriculture and Food Chemistry 2012;
60(18):4641-4648.

Pawinwongchai J, Chanpraser S. Antileukemic activity of
Houttuynia cordata Thunb. extracts in Jurkat and U937
human leukemic cells. Journal of Chemical and
Pharmaceutical Research 2011; 3(4):204-212.

Chen WC, Chieh-Ling Y, Mei-Chin Y. Protective effects
from Houttuynia cordata aqueous extract against

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

~o0~

acetaminophen-induced liver injury. Biomedicine 2014;
4(1):24-28.

Bhuyan H, Das SRC. Evaluation of anthelmintic activity
of  Houttuynia cordata. Journal of Fundamental
Pharmaceutical Research 2013; 1(1):23-26.
Leardkamolkarn VW, Wipawansirigulpanit C, Supeecha
K, Lukana H, Bungorn S. The inhibitory actions of
Houttuynia cordata aqueous extract on dengue virus and
dengue-infected cells. Journal of Food Biochemistry
2012; 36(1):86-92.

Miyata M, Koyama T, Yazawa K. Water extract of
Houttuynia cordata Thunb. leaves exerts anti-obesity
effects by inhibiting fatty acid and glycerol absorption.
Journal of Nutritional Science and Vitaminology 2010;
56(2):150-156.

Kumar M, Satyendra KP, Siva H. A current update on the
phytopharmacological aspects of Houttuynia cordata
Thunb. Pharmacognosy Review 2013; 8(15):22-35.

Chen SD, Hao G, Qin-Chang Z, Ya Qi W, Ting L, Zhen-
Qiang M et al. anti-herpes simplex virus active flavonoids
with novel skeletons from Houttuynia cordata. Organic
Letters 2012; 14(7):1772-1775.

Shou-Chen C, Su CR, Ku YC, Wu TS. The constituents
and their bioactivities of Houttuynia cordata. Chemical
and Pharmaceutical Bulletin 2009; 57(11):1227-1230.

Li W, Ting F, Yanmin Z, Te F, Ping Z, Xiaofeng N et al.
Houttuynia cordata Thunb. volatile oil exhibited anti-
inflammatory effects in vivo and inhibited nitric oxide and
tumor necrosis factor-o production in LPS-stimulated
mouse peritoneal macrophages in vitro. Phytotherapy
Research 2013; 27(11):1629-1639.

Liu YL, Deng ZF. Investigation of the chemical
constituents of the essential oil of Houttuynia cordata
Thunb. Acta Botanica Sinica 1979; 21(3):244-249.

Juan QH, Batmunkh T, Nga DT, Eun-Mi S, Joo YH,
Burm-Jong L et al. Antiinflammatory effect of Mongolia
and Vietnamese medicinal plants against LPS-induced NO
release in the RAW 264.7 cell. Planta Medica 2007,
73:534.

Thai TH, Nguyen TH, Do TM, Nguyen AT. Chemical
composition of the essential oil of Asarum glabrum Merr.
in Vietnam. Journal of Biology Vietnam, 2010; 32(1):94-
96.

Thai TH, Ophélie B, Tran MH, Nguyen AT, Félix T,
Joseph C et al. Chemical composition of the essential oils
from two Vietnamese Asarum species: A. glabrum and A.
cordifolium. Natural Product Communications 2013;
8(2):235-238.

Vietnamese Pharmacopoeia. Medical Publishing House,
Hanoi, Vietnam, 1997.

Adams RP. Identification of Essential Oil Components by
Gas Chromatography/Quadrupole Mass Spectrometry. 4™
Edition, Allured Publishing, Carol Stream, Illinois, USA,
2007.

Joulain D, Koenig WA. The Atlas of Spectral Data of
Sesquiterpene Hydrocarbons. E.B. Verlag, Hamburg,
Germany, 1998.

Lu H, Wu X, Liang Y, Zhang J. Variation in chemical
composition and antibacterial activities of essential oils
from two species of Houttuynia Thunb. Chemical and
Pharmaceutical Bulletin (Tokyo) 2006; 54(7):936-940.
Liu X, Li D, Liao G, Wang L, Zhan H. Study on the
chemical constituents of the essential oil from the artificial
and wild Houttuynia cordata Thunb. Journal of Guiyang



American Journal of Essential Oils and Natural Products

Medical College 1997; 22(4):361-362.

38. Liu L, Wu W, Fu Z, Huang C, Liu R. Comparison of
volatile oils of cultivated Houttuynia cordata populations
with wild. Zhongguo Zhong Yao Za Zhi 2010; 35(7):876-
881.

39. Wen Z, Liu B, Zheng ZK, You XK, Pu YT, Zhao JH.
Study on chemical components of volatile oil prepared
from Houttuynia cordata Thunb by different methods.
China Journal of Traditional and Chinese Medicine and
Pharmacy 2009; 10(10):1280-1283.

40. Qu WY, Tan ZW, Yu AN, Mo HB, Yuan C. Analysis of
the chemical constituents of volatile oil from Houttuynia
cordata Thunb in Enshi Mountainous Area. Journal of
Hubei University National (Nat Sci Edit) 2010; 28(1):111-
114.

41. Sui TS, Li Q, Liu R, Bi KS, Jia Y. Determination of the
contents of four kinds of volatile oil in Houttuynia
cordata by capillary gas chromatography. Journal of
Shenyang Pharmacy University 2011; 28(1):130-134.

42. Yang ZN, Peng QC, Luo SQ, Yu ZW, Zhao C, Zhu GS et
al. Central properties of the metabolites of Houttuynia
cordata Thunb. populations from different altitudes in
Guizhou. Food Science 2010; 31(16):261-269.

43. Hao XY, Li L, Ding ZH, Yi YF. Analysis of essential oil
from Houttuynia cordata in Guizhou. Acta Botanica
Yunnanica 1995; 17(3):350-352

44. Zeng HY, Jiang LJ, Zhang YC. Chemical constituents of
volatile oil from Houttuynia cordata Thunb. Journal of
Plant Research and Development Environment 2003;
3(1):50-52.

45. Chen L, Wu W, Huang CY, Yang YX, Zheng YL.
Composition and variability of the essential oil of
Houttuynia of China. Chemistry of Natural Compound
2008; 44(6):778-783.

46. Jiang BH, Wang SS, Zhang F, Cai R, Zhao WJ. Study on
the chemical constituents of essential oil from wild
Houttuynia cordata Thunb in Dali. Journal of Yunnan
University (Nat Sci Edit) 2011; 33(S2):422-439.

47. Xu WY, Lei L, Dan Z, Yu TZ, Jian WZ, Wei W.
Aliphatic aldehyde rich volatile constituents of
Houttuyania cordata from southwest China. Journal of
Medicinal Plant Research 2011; 5(24):5844-5847.

48. Wu H, Li J, Zhang F, Li L, Liu Z, He Z. Essential oil
components from Asarum sieboldii Miquel are toxic to the
house dust mite Dermatophagoides farinae. Parasitology
Research 2010; 111(5):1895-1899.

49. Thai TH, Nguyen TH, Tran MH, Nguyen AT, Nguyen
TD, Nguyen TH. Chemical composition of essential oil
from some species of Asarum 1. genus in Vietnam. Tap
Chi Sinh Hoc 2013; 35(1):55-60.

50. Qu WY, Tan ZW, Yu AN, Quan JP. Analysis of the
chemical constituents of volatile oil from Asarum insigne
by GC-MS. Zhong Yao Cai 2010; 33(7):1095-1098.

51. Zhu S, Yang Y, Yu H, Ying Y, Long D, Zou G. Chemical
composition and antimicrobial activity of essential oil of
Asarum caulescene. Wuhan University Journal of Natural
Science 2006; 11(3):699-703.

~9~



