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Danh muc cac ky hi€u, cac chir cdi viet tat

Ki hi¢u Tiéng Anh Tiéng Viét
Dung moi
H n-Hexane
C Chloroform
EA Ethyl acetate
EtOH Ethanol
M Methanol
DMSO-ds  DiMethyl SulfOxid - ds
CDCl; Deuterated Chloroform
Céc loai phé xac dinh céu tric
NMR Nuclear Magnetic Resonance Ph cong huong tir hat nhan
13 Carbon (13) Nuclear Magnetic Ph cong huong tir hat nhan
C-NMR X :
resonance carbon C dong vi 13
i Hydro (1) Nuclear Magnetic Phd cong hudng tir hat nhan
H-NMR 2 :
resonance proton dong vi 1
Heteronuclear Multiple Bond Pho twong tac di hat nhan qua
HMBC X iAo 1A
Coherence nhiéu lién két
Heteronuclear Single Quantum  Pho twong quan gitra H-C qua
HSQC N
Coherence mot noi
H-H COSY H-H Correlation SpectroscopY  Tuong quan gitra H-H
NOESY Nuclear Overhauser Effect Pho hi€u tng hat nhan
SpectroscopY Overhauser
HR-ESI-MS High Resolution Electrospray Khéi phd ion hoa bang k§
Ionization-Mass Spectrometry thuat phun dién phan giai cao
UV-Vis Ultraviolet Visible Spectroscopy ~ Pho tir ngoai- kha kién
IR Infrared Spectrocospy Pho hong ngoai
FT-MS Fourier Transform-Mass Khéi pho bién d6i Fourier
Spectroscopy
Don vi
ppm Part per million Mot phan triéu
g Gram Gam
mg miligram Miligam



mmol milimol Milimol
mL miliLiter MiliLit
kg Kilogram Kilogam
ug microgram Microgam
ne microLiter MicroLit
U/mL International Units per milliLite 1 Pon vi enzyme trén miliLit
Cic ky hiéu trong pho
) Chemical shift Tin hiéu
s Singlet Miii don
brs Broad singlet Miii don rong
d Doublet Miii doi
dd Doublet — doublet Miii do1 doi
td Triplet — doublet Miii ba doi
m Multiplet Miii da
J Coupling constant Hing s6 ghép
Cac ki hiéu khac
SKLM Séc ki 16p mong
SKC Séc ki cot
CTPT Cong thure phan tir
R¢ Retenion factor Hé s6 luu gitr
TLC Thin Layer Chromatography Sac ki 16p mong
uv Ultraviolet Tia cuc tim
RP-18 Reversed Phase C-18 Silica gel pha dao
ICso 50% Inhibitory Concentration nong do trc ché 50%
OD Optical Density Mat d6 quang hoc
OGTT Oral Glucose Tolerance Test Egrilgg nap glucose bang duong
SGLT? Sodium-GLucose Cotransporter Nh(’)II; uc ché kénh ddong van
2 chuyén natri-glucose
GLP-1 Glucagon-Like Peptide-1 Thudc dong vén thy thé
HbAc Haemoglobin Aic Huyét sic td Aic



MO DAU
Tir thoi ki trung ¢, dia y duoc cac hoc vién y té danh gia cao trong viéc
diéu tri cac bénh, cu thé: Lobaria pulmonaria dugc st dung dé diéu trj cac bénh
vé phoi [1], Parmelia sulcata 13 mot phuong thudce chira bénh sbt rét nio [2],
Xanthoria parietina chita bénh vang da [3], ...Viéc st dung dia y trong y hoc dan
gian d3 tOn tai tir xa xua cho dén bay gio [4]. Hon nita, dia y ciing dugc sir dung
dé diéu ché thyc phadm, my pham, xa phong, nudc hoa, cic loai tinh dau va dan

xuat khac nhau, ... tir cac loai Usnea, Evernia, Parmelia va Ramalina [5].

Trén thé gidi, cac nghién ctru vé su tach chiét cac hop chét tir dia y cho thay
n6 chira mot luong 16n cac chat thir cip bao gdm depside, depsidone, dibenzofuran,
xanthone, terpene. Bén canh cic nghién ctru vé thanh phan hoa hoc, nhiing cong
trinh khao sat hoat tinh sinh hoc cho thay cic chat tir dia y c6 kha ning khang
khuan, khang ndm, khang ung thu, khang virus HIV.,... [6].

Nam 2006, hé thuc vat & Viét Nam udce tinh c6 khoang 1000 loai dia y, c6
275 loai d3 duogc thdng ké, trong d6 122 loai méi lan dau tién duoc ghi nhan [7].
Mot sb nghién ctru cho théy dia y chtra cac hop chét c6 ciu tric hoa hoc dic biét
cling nhu c¢6 kha ning gay doc té bao ung thu biéu mé rudt két HTC116, trc ché
DNA polymerase. Nghién ctru trén dbi twong dia y dang 1a mot hudng di méi mé
trong héa hoc cac hop chat thién nhién ¢ nudc ta [7-8]. Nhitng nam gan day, dia y
duoc xem nhu mot nguén khao sat co gia tri, khi cac béo céo vé dic tinh hép thu
kim loai, xtr 1y chét doc tir méi trudong hay hoat tinh sinh hoc dugc danh gid cao va

c6 ti€ém nang ung dung thuc tién.

Trong do, dia y Parmotrema tinctorum & Viét Nam la loai ddng duoc quan
tam, vi dén nay co rat it nghién ctru duoc dé cap t6i [9]. Trong do, cao chiét tir
ethyl acetate va ethanol c6 thanh phan chinh 14 acid usnic, s& hitu cao nhét tiém
nang trc ché cic enzyme tiéu hoa carbohydrate va aldose reductase [9]. Nghién ctru
sau hon vé diéu nay c6 thé din dén su phat trién thude chdng duc tinh thé do bénh
Dai thdo dudng va bénh vdng mac [10]. Mé6i ddy cac két qua cho thay loai dia y
nay c6 kha ning khang virus viém gan C (HCV) [11]. Cac hop chit dugc cong bd
chu yéu 1a cac chit chinh trong dia y, vi du nhu cac hop chat phenolic, cho thiy
cac nghién ctru chua tap trung nhiéu vao cac hop chéat c6 ham lwong nho. Véi
nhirng 1y do trén, cing mong mudn 1am da dang co s& khoa hoc vé thanh phan loai

va tim kiém cac hop chat co nhiéu hoat tinh hip dan trong tu nhién, cung cap



nguyén li€u cho thir nghi€ém sinh hoc va hoa hoc, nén loai dia y Parmotrema
tinctorum duge chon tién hanh nghién ctru vé thanh phﬁn hoa hoc va khao sat hoat
tinh (rc ché enzyme a-glucosidase trén cc cao chiét va cic hop chét tinh khiét
phan lap duoc.

Muc tiéu cua dé tai: “Khao sat thanh phﬁn hoé hoc va hoat tinh tc ché
enzyme alpha glucosidase cta loai dia y Parmotrema tinctorum” la:

e Phan lap cac chat tinh khiét tir dia y Parmotrema tinctorum.

e Xéc dinh cdu trac cac chat di phan 1ap dugc.

e Khao sat hoat tinh &rc ché enzym a-glucosidase tir cac hop chat di duoc

phan 1ap.



Chuwong 1. TONG QUAN NGHIEN CUU
1.1.GIOI THIEU VE PIA Y

Dia y 1a loai thyc vat bac thép dac biét, cong sinh gilra nam, tdo va vi khuan
lam va thuong dugc phan chia thanh 3 dang: Kham, Soi, Tang [12] (Hinh 1.1).
Vi thé, dia y c6 thé sdng duoc & nhiéu noi tir ving kho han dén ving khac nghiét
[13]. Nho kha ning sinh song dic biét d6, din dén sy da dang vé thanh phan hoa
hoc trong hau hét cac loai thudc sinh vét nay [14]. Tir lau, dia y duoc sir dung
rong rii nhu nhitng phuwong thudc dan gian & New Zealand, An D9, Nepal va
Trung Quéc [15]. Pén nim 2019, c6 khoang 18.500 loai dja y khac nhau da dugc
mo ta hinh thai trén khap toan thé gidi, véi hon 800 chat chuyén héa thir cap ctia
dia y da duoc phat hién [16]. Nhiéu tai liéu tham khao cho biét dia y thudng
chtra cac loai hop chat nhu depside, depsidone, dan xuét dibenzofuran, acid
usnic, terpenoid, ... Cac chat chuyén hoa cua dia y da dugc ching minh 13 ¢6
hoat tinh sinh hoc da dang nhu khang khuan, khang virus, gay doc té bao ung
thu, khang u, di ung, rc ché tang trudng thuc vat, chét uc ché enzyme... [15—
18]. Ngoai ra, mot sé chat chuyén hoa dia y c¢6 kha nang hoat dong nhu chét khir

trong san xuét hat nano d3 thu hat nhiéu sy cht y (nhu san xuét hat nano bac -
AgNP) [19].

Xanthoria sp. Xanthoparmelia sp. Usnea sp.
Dang Kham Dang Tang Dang Soi
Hinh 1.1. Cac dang dia y
C6 nhiéu cach phan loai chit dia y, nhung cach phan loai dugc sir dung phd

bién nhét d6 1 phén loai Shibata, dugc sira d6i bai Shibata va nhitng ngudi dong
gop [4]. Céc chat dugc chia thanh bdn loai chuyén nganh:

4 Ngudn gdc shikimic acid: Terphenylquinone va cac dan xuit axit tetronic.

4 Ngudn gbc mevalonic acid: Triterpenoide.
1



+ Ngudn gdc axetate-malonate: Acid béo va acid carboxylic phenolic cao hon.

4+ Nguon goc amino acid: Dan xuat diketopiperazine.

1.2. MO TA VE CHI PARMOTREMA

Chi Parmotrema 13 chi 16n thuoc ho Parmeliaceae [20]. Tinh dén nim
2016, chi nay dugc xac dinh chira khoang hon 350 loai [21-22]. Phan b6 chi yéu
& cac ving nhiét d6i, dic biét 1a Quan dao Thai Binh Duong va Nam My [23-
24].

Parmotrema tinctorum  Parmotrema chinense  Parmotrema perforatum
Hinh 1.2. M6t sb loai dia y thudc chi Parmotrema

Qua khao sat, nhan thay sy hién dién cta carbohydrate, phenol, flavanoid,
tannin, terpenoid, coumarin, saponin va chinh di€u nay c6 thé 1a co sé cho sy da

dang vé hoat tinh sinh hoc cua loai [9].

Chi Parmotrema dic trung boi dang phién ngén va rong, hiém khi kéo dai;
thiy c6 16ng, vo ngoai xdp, bao tir dinh hinh try, r& ngin va nho, bao gdm cac
dang dia y trung gian gitra chi Cetraria va loai Xanthoparmelia. Mat dudi ctuia
phién 14 c6 mau tring dén den. Cac chuyén hoa thir cap & loai thuong duogc sinh

ra trong tuy cua cay [25].

Tinh dén nam 2013, c6 36 loai dia y thudc chi Parmotrema dugc xac dinh
1a it c6 bao c4o vé phén tich hinh thai va khao sat thanh phan hoa hoc [21], [25],

trong d6 c6 mdt so loai tiéu bi€u nhu:

Parmotrema reticulatum

Parmotrema conformatum

Parmotrema dilatatum Parmotrema saccatilobum

Pamotrema lichexanthonicum Parmotrema sancti-angelii

Parmotrema mellissii

Parmotrema stuppeum


https://en.wikipedia.org/wiki/Parmotrema_tinctorum
https://en.wikipedia.org/w/index.php?title=Parmotrema_chinense&action=edit&redlink=1

Parmotrema nilgherrense Parmotrema subisidiosum

Parmotrema tinctorum

Parmotrema planatilobatum

Parmotrema tsavoense

Parmotrema praesorediosum

Parmotrema eciliatum

Parmotrema cristiferum

Parmotrema crocoides Parmotrema dilatatum

1.3.DIAY PARMOTREMA TINCTORUM

1.3.1. Gi6i thiéu chung

Parmotrema tinctorum (P. tinctorum) (Hinh 1.3) 1a mgt trong nhirng loai
dia y dac trung trong chi Parmotrema thuoc dong dia y Parmeliaceae dugc tim
thiy phd bién ¢ Viét Nam [26]. Trén thé gi6i, loai dia y nay chu yéu duogc tng
dung 1am thie pham hodc tmg dung trong linh vuc phan tich va xt Iy méi trudng
[27-34].

Hinh 1.3. M6t s6 dang dia y Parmotrema tinctorum

Dia y P. tinctorum dugc sir dung rong rai & An Do va Nepal, chu yéu 13 1am
gia vi va huong liéu thuc pham [27]. Sinh khéi cua loai dia y ndy duoc nghién
ctru ¢6 kha nang hap phu uranium(VI), hip phu va khtr plutonium(VI) thanh
plutonium(V) [28] va hap phu cobalt [29] tir mdi trudng xung quanh. Ngoai ra,
P. tinctorum con dugc dung trong viéc ing dung phan tich chat lugng khong khi
& cac khu do thi va ring & Brazil thong qua cac dic diém vé cac sic t6 quang
hop, dic diém hinh thai va thanh phan kim loai ning nhu Pb, Cr, Zn, Hg, ...
[30], [31], [32], hay nghién ctru phan loai mic d6 6 nhiém khong khi boi nganh
cong nghiép hoa dau ¢ Thai Lan [33-34].
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1.3.2. Phén loai [35-37]
Tén khoa hoc: Parmotrema tinctorum (Nyl.) Hale.
Tén goi khac: Parmelia tinctorum, Parmelia tinctoria, Lichen chinenis.
Gioi (kingdom): Nam
Nganh (phylum): Pezizomycotina
Lop (class): Lecanoromycetes
B9 (oder): Leacanorineae
Ho (family): Parmeliaceae
Chi (genus): Parmotrema

Loai (species): Parmotrema tinctorum (Nyl.) Hale

1.3.3. Mo ta thue vat [25], [35], [38]

Dia y Parmotrema tinctorum (Nyl.) Hale 1a loai dia y c6 mau xam tring
(hodc xam xanh) dén xam tham, dudng kinh co s& c6 thé 1én dén 18cm. Phién
rong, thuy phan nhanh khong déu c6 do rong 3-25mm, xép chdng chéo timg
phién hoic 16p 1én nhau, déi khi xuat hién thuy déi. Mang té bao, dudong gan
hién r0 bén ngoai va khong c6 16ng phu. Sinh truéong cung nhau nhung khong
c6 mbi lién hé truc tiép. Phan trung tdm cta phién thuong bi ran nit va xép
chdng 1én nhau. Mit trén phién thuong c6 mau xam nhat, phia duéi c6 mau xanh
tham va bong. Ving can bién mau nau, nau va den luan phién da dang hoic doi

khi hoan toan den, c6 nép gap lai, dugc gio1 han rd rang va min mang.

‘\-‘._ﬁ ¥ .- : o af 3 ‘_7
e T
Hinh 1.4. Parmotrema tinctorum [35]




Qua trinh sinh trudng thuan loi cua loai thuong trong cac méi trudng co6 do

am cao, moi truong cd do 4m cang cao thi kich thude dia y cang 16n.
Thanh phﬁn giai phﬁu vo nao: K+, C-, KC-, P-; tuy: K-, C-i-, KC+.

1.3.4. Phén bd [39]

Loai dia y Parmotrema tinctorum (Nyl.) Hale phan bd trén d4 va cdy xanh
trong khu vyc am udt ciia Australia, cac ving nhiét déi va 6n d6i & Bac Trung
va Nam My, chau Phi, Nam A, Dong A va Indonesia. Trong Chau Pai Duong,
ngodi Australia né ciing dugc tim thidy ¢ dao qudc Fiji, Papua New Guinea,
Vanuatu, Samoa va mién Bic ctia New Zealand, n6 xuét hién trén vo cay, gb va
da tir khu vuc ven bién dén rimg nii. Tai Viét Nam chiing dugc tim thay ¢ nhiéu
khu vire ¢6 khi hau gan gidng ving 6n déi nhu khu vyc Thanh phd Pa Lat, tinh
Lam Pong.

1.3.5. Thanh phin héa hoc
Dén nay, viéc phan 1ap thanh phan héa hoc cua loai dia y P. tinctorum chua

duoc phd bién:

Nhom nghién ctru ctia Sakurai A. [40] phan lap isolecanoric acid (1) vao
nam 1987;

Nhom nghién ctru cia Czeczuga, B. va & Kashiwadani, H. [41] phan 1ap

flavoxanthin (2) va S-citraurin (3) vao nam 1993.

Nhom nghién ctru cia Honda N. K. [42] phan 13p lecanoric acid (4) va

atranorin (5) vao nam 2010.

Nhom nghién ctru cua Santos L. C. [43] phan 1ap ethyl orsellinate (6) vao
nam 2004.

Vao nam 2019, nhém nghién ctru Pavan Kumar, P. [44] da phan 13p dugc 6
hop chat tir dia y P.tinctorum, bao gdém: lecanoric acid (4), atranorin (5),

norlobaridone (7), methyl atrate (8), orsellinic acid (9), and salazinic acid (10).

Vao nam 2020, nhom nghién ctiru Tuan N.T [26] cong bd 14 hop chat duoc
phan lap tir loai P.tinctorum bao gdm: atranorin (5), ethyl orsellinate (6),
orsellinic acid (9), methyl orsellinate (11), n-butyl orsellinate (12), orcinol (13),
methyl f-orsellinate (14), methyl haematommate (15), methyl divaricatinate

(16), lecanorin (17), lecanoric acid (4), 8-(2,4-dihydroxygen-6-(2-
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oxoheptyl)phenoxygen)-6-hydroxygen-3-pentyl-1H-isochromen-1-one  (18),
atranol (19), ethyl haematommate (20). Ngoai ra, nhom nghién ctru Bui, V.-M.
[45] dd phan duoc hai hop chat phenolic méi: 2-ethylhexyl orsellinate (21) va
tinctorinone A (22).

Vao nam 2021, nhém nghién ctru Nguyen, T. T. T. [46] da phan 1ap 5 hop
chat tir dia y P.tinctorum bao gdm: methyl S-orcinol carboxygenlate (23),
atranorin (5), lecanorol (24), salazinic acid (10), 15-acetoxygenhopan-3/4,22-
diol (25).
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Hinh 1.5¢. Cac hop chét c6 1ap tir dia y Parmotrema tinctorum

1.3.6. Hoat tinh sinh hoc

Dia y Parmotrema tinctorum (Nyl.) Hale c¢6 chtra hop chit c6 hoat tinh sinh
hoc atranorin, lecanoric acid, salazinic acid va usnic acid [47]. V&i kha nang
sinh hoc da dang nhu khang ndm, khang khuan, khang virus, khang oxy hoa,
khang ung thu va trc ché enzyme,... [9]. Hon nita, chiét xuat tir dia y P. tinctorum
xac nhan co6 su hi¢n dién cua carbohydrate, phenol, flavanoid, tannin, terpenoid,
coumarin va saponin 13 nhitng hop chét co so danh gia tic dung sinh hoc ctia né

[9].



1.3.6.1. Khang ndm
Niam 2014, Vivek M.N va cong su di tién hanh thir nghiém hoat tinh khang

nam trén cao methanol cta 3 loai dia y 1a P. tinctorum, P. grayanum, P.
praesorediosum, két qua P. tinctorum cho hoat dong trc ché cao nhét trén 2 loai
nam Candida albicans va Crytococcus neoformans bang ky thuat khoanh gidy
khang sinh khuéch tan [48].

1.3.6.2. Khang khuan
Niam 2020, Tuan, NT va cic cong su dd phan 1ap 14 hop chét tir dia y

Parmotrema tinctorum (Despr. ex Nyl.) Hale. Két qua cho thay trong d6 c6 4
hop chét co hoat tinh khang nim chéng lai cac ching Colletotrichum sp.,

Fusarium oxygensporum va Pyricularia oryzae [26]. (Bang 1)
Bang 1.1. Hoat tinh khang khuan ciia P. tinctorum [26]

Khi niing trc ché (%) @

Hop chat Colletotrichum sp.  F. oxygensporum  P. oryzae
Methyl f-orsellinate 98.33+1.44 74.20 £2.96 100
Methyl orsellinate 65.83 +2.89 5033+ 1.12 79.79 + 1.84
Ethyl orsellinate 53.33+3.82 51.29+1.94 44.68 + 3.69
n-butyl orsellinate 50.17 +2.89 41.94+1.94 36.16 = 3.19
Score 250EC 100 86.19 £ 1.97 -

Filia 525SE - - 81.31 £1.62

[a] Két qua thé hién gia trj trung binh + do 1éch chuin (SD) (n = 3). Cac chat
chuén 14 thudc chéng nim thwong mai, cu thé 13 Score 250EC (difenoconazole
0 25 ug / mL) va Filia 525SE (tricyclazole ¢ 40 g / mL va propiconazole ¢ 12.5
ug/ mL).

1.3.6.3. Khéng virus

Niam 2020, Nguyén Thi Thu Tram clng cong su da khao sat va nhan thay
cac hop chat co lap tir loai dia y Parmotrema tinctorum (nyl.) Hale kha nang trc

ché virus viém gan C [9].
1.3.6.4. Khang oxi hoa

Bén canh thtr nghiém khang khuan, Vivek M.N va céc cong su con tién hanh
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khao sat kha ning khang oxygen hoa theo phuong phap bit gdc tw do DPPH
(2,2-diphenyl-1-picryl-hydrazyl) trén 3 loai thudc dia y Parmotrema. Két qua
cho thiy cao chiét methanol cua dia y P. tinctorum khang oxygen hoa yéu (ICso
=439,06 ug/mL) so voi vitamin C (ICso = 2,3 ug/mL) [48].

Nam 2014, nghién ctru cua P. Salin Raj, A. Prathapan va cong su da thu
nghiém kha ning khang oxygen hoa tir dich chiét ethyl acetate ctia Parmotrema
tinctorum bang cach nghién ctru loai bo gbec tr do DPPH, ABTS (2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid)), superoxide va hydroxyl. Két qua
cho thay hoat dong khang gbc tu do DPPH cua PTTE (ICso = 396,83 + 2,98
mg/mL), ABTS (151,34 £ 1,79 mg/mL), superoxide (30,29 + 1,17 mg/mL) va
hydroxyl (35,42 £ 1,22 mg/mL) [49].

1.3.6.5. Khang ung thu

Niam 2010, Bogo D. Va cong su da cong bd két qua thir nghiém in vitro kha
nang khang lai ung thu biéu mo thanh quan, ung thu biéu mé té bao vu, ung thu
biéu mo té bao than tir cac hop chét orsellinate phan lap duoc tir loai dia y P.
tinctorum. Két qua cho thdy trong cic nhom orsellinate khao sat, n-butyl
orsellinate c6 hoat tinh manh nhat véi ICso = 7,2 ug/mL ddi véi té bao ung thu
biéu mo thanh quan, ICso = 14,0 ug/mL trén dong té bao ung thur biéu mo té bao
v va ICso = 12,6 ug/mL trén dong té bao ung thu biéu md té bao than [50].

1.3.6.6. Kha ning {rc ché enzyme

Nam 2019, Pavan Kumar, P. cung cac cong su da chiing minh cao acetone
cta dia y Parmotrema tinctorum c6 kha nang trc ché enzyme o-glucosidase [44].

Nam 2020, Bui, V.-M cing cac cong sy di phan lap dugc hop chat
tinctorinone tir dia y Parmotrema tinctorum (Nyl.) Hale va hop chit nay c6 kha
nang e ché enzyme a-glucosidase [45].

1.4. PAI THAO PUONG

1.4.1. Khai niém

Bénh ly Dai thdo duong 1a mdt bénh 16i loan chuyén hda man tinh, ddc trung
boi sy ting duong huyét, nguyén nhan chinh do tuyén tuy khong san xuat du
lugng hormone - insulin dé diéu chinh lwong dudng trong méau hodc khi co thé

khong thé sir dung hiéu qua insulin ma né tao ra [51]. Céc triéu ching cia ting
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duong huyét rd rét bao gébm: DPa niéu, polydipsia™, giam can, d6i khi bi
polyphagial® va giam thi luc. Suy giam ting trudng do méc bénh trudc do va
kha ning diéu tri d6i véi mot sé bénh nhiém tring ciing c6 thé ting duong huyét
man tinh [52].

Trong d6: P Triéu chimg khat nuéc & ngudi méc bénh Pai thao duong. Day
1a triéu chimg rat pho bién, nguyén nhan do glucose khong di vao duoc té bao,
dan dén hién tuong kéo nudc nguoc tur té bao ra mau.

<] Triéu chimg d6i qué mtrc, nd khéac biét v6i hién tugng do6i do nhu ciu sinh
Iy hang ngay hay hoat dong manh trudc d6. Ciing 1a mét dang rdi loan duong

huyét so voi mic chuan ban dau, gay ra su roi loan trong hé thong tiéu hoa.

Tinh hinh bénh Dai thao dwong trong va ngoai nuwoc

*— Tinh hinh bénh D4i thao dudng & nudc ta. (Theo béo cdo cua B y té vao
ngay 15/11/2019)

Viét Nam c6 khoang 3,5 triéu nguoi séng chung véi Déi thdo duong tinh
dén nam 2017. Theo két qua nghién ctru qudc gia nim 2015 cua Bo Y té, ty 16
ngudi bi bénh nhung chua dugc chan doan 14 69,9%. Ty 1€ bénh nhan chua dugc
quan 1y bénh 1én t6i 71,1% [53]. Nhitng con s trén cho thay, sé ngudi mic bénh
bai thao duong thuc té cao hon rat nhiéu so véi sd lugng bénh nhan dugc co so
y té chuan do4n. Dan dén hién tuong kho kiém soét va chua thé dua ra canh bao

O muec toi uu voi nhitng nguoi nghi bi hodc chua bi.

®  71.1% bénh

L . nhan chua
69,9‘4) SO dugc quan 1y
nguoi mac bénh
35 tritu ngudi bénh nhung
: chua duoc

* dang song chung

vdi bénh chuan doan

So dd 1. Cac yéu té dan dén sy gia tang bénh nhan mic bénh Pai théo
duong trong nudc (Tinh dén nam 2017) [53]

% Tinh hinh bénh Dai thdo duong ¢ ngoai nudc. (Theo bdo cao cua
International Diabetes Federation — IDF vao ngay 9/12/2021)
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Theo théng ké cua Hiép hoi Déi thao duong trén toan thé giéi — IDF, nim
2021, thé gidi co khoang 425 triéu ngudi mic bénh Déi thao duong. Con s nay
wdc tinh s& ting 1én 783 triéu ngudi vao ndm 2045. Do sb lwong ngudi mic bénh
khong dugc chan doan chua kiém soat dugc, nén giy ra 7,9 triéu ca tir vong.
Dic biét, ti 16 mic Pai thio dudng dang ting nhanh chong & cac nudce thu nhap
thip va trung binh [54]. Vay c6 thé du doan nudc ta c6 nguy co vé sb nguoi

nhiém bénh nay ting rat nhanh trong tuong lai.

n . o .
537 triéu nguoi 783 tri¢u nguoi
(20-29 tudi) méc bénh nam
mac bénh nam 2045 (dy tinh)
2021

So @6 2. Du doan su gia tang bénh nhan mac bénh Déi thao duong trén toan
the gidi (Tinh dén nam 2021) [54]

B6 y té vao naim 2020 di dwa ra Quyét dinh ban hanh 7 phac d6 diéu tri bénh
Pai thao dudng va yéu cau cac co s y té va tram xa trén toan lanh thd déu co
churc nang thyc hién nhiém vu diéu tri bénh nay. Tur do, cho théy su thiét yéu va
cap bach trong viéc ngan chin cin bénh nay ngay tir dau. Nguyén nhan chinh 1a
do khong tuan thu ché do an udng va luyén tap phi hgp, ma khi nhac dén y thirc
bao vé stic khoe chinh ban than, thi that sy rat khé giai quyét va thay doi thoi
quen sinh hoat do.

1.4.2. Phan loai

1.4.2.1. Bdi thao duong logi 1 [55]

Loai Dai thao duong nay thuong xuit hién & tré em, it gip ¢ ngudi lon.
Nguyén nhin dan dén bénh Pai thao duong loai 1 13 do co thé khong thé san
xuat insulin. Do d6, hé thong mién dich ctia co thé nham 1in, nén da tin cong
vao cac té bao trong tuyén tuy lam cho té bao tuyén tuy khong con san xuat duoc
insulin. Khi khéng c6 insulin, té bao s& khong sir dung dugc glucose, din dén
glucose trong mau sé& ting rat cao. Bénh nhan can dugc tiém insulin dé duy tri

hoat dong on dinh cua co thé cho sy song.

1.4.2.2. Ddi thao duong logi 2 [56]
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Dy 1a loai Dai thao dudng thuong gip nhat. Thong thudng véi Dai thao
duong loai 2, co thé van san xut insulin binh thuong, nhung céc té bao khong
thé stir dung n6 (khang insulin). Theo thoi gian, dudng huyét s& ting cao trong
mau, cu thé: Glucose s& duoc van chuyén vao gan, té bao co va té bao m&. Dan
dén béo phi va néu it van dong thi s& 1am nguy co phat bénh Pai thao duong loai

2 dién ra som hon.

Khoe manh Loai 1 Loai 2
- - -
Tuyén tuy Tuyén tuy Tuyén tuy
Tuyén tuy
khoéng san )
Xuat insulin — Insulin
Glucose Glucose .y Glucose @ ® .
: e Y
| ' Thu thé ‘ ) u® o :
® insulin : i Thu tlllc
Insulin—/ J b/ insulin
A A

N
Ll - ]
- e I

Té bao khéng tiép nhan insulin
theo cach thong thuong

Hinh 1.6. M6 hinh biéu dién hoat dong bat thudong cta Pai thdo dudng loai 1
va 2 so voi hoat dong binh thudng cua tuyén tuy [57]

1.4.2.3. Dai thao dwong thai ky [58]

Pai thao dudng thai ki ¢6 co ché hinh thanh dic thu so véi hai loai trén, 13
do nhau thai — co quan nuéi va cung cp oxy cho em bé — tiét ra cac hormone
gitip thai nhi phat trién. Mot vai hormone trong s6 nay khién co thé thai phu kho
san xuat hodc sir dung insulin hon (con goi 1a dé khang insulin). Bénh thuong
cham dut sau khi sanh. C6 thé gy ra céc triéu chirng bat thuong trong qua trinh
mang thai. Phy nit bi bénh nay trong thai ky c6 nhiéu kha nang phat trién thanh
Dai thao duong loai 2 sau nay.

1.4.3. Phwong phap kiém tra ngudi mic bénh va diéu trj phd dung

1.4.3.1. Phuong phép kiém tra ngudi mac bénh

+ Cach 1. Chuan doan
Bénh Pai thao duong dugce chan doan dya trén tién st (tirc 13 polyurial®,

polydipsial®! va giam can bat thuong) [59].
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Bang 1.1. Cac truong hop duoc xem 1a mic bénh Pai thao dudng [59]

Truong Nong do glucose huyét twong tinh Luuy
hop mach C; (mmol/L)
1 Nghu nhién: Cg> 11,1 (mmol/L) Ly Iy 725t Mg iigian
theo yéu cau
2 Luc do6i: Cg > 7 (mmol/L)
3 (U Dung nap 75g glucose sau 2h roi xét OGTT
A nghi¢m
tién)

Cg> 11,1 (mmol/L)

Lueu y: Bénh nhdn cé thé sir dung nhiéu truong hop xét nghiém triee tiép trén

dé chuyén vién hogc bdc si chudan doan ti I¢ chinh xdc cao hon.

+ Cach 2. Xéc dinh thong s6 HbA,C

Hemoglobin glycated (HbA c) ban dau duogc xac dinh 1a mot bénh huyét sic
t6 khac thuong co ¢ bénh nhan mic bénh Dai thio dudng. Xét nghiém HbA ¢
(hay Aic, glycohemoglobin) 1a mét loai xét nghiém mau giup kiém tra luong
duong gin véi hemoglobin & cac té bao hong cau. Luong dudng s& bao boc xung
quanh hemoglobin khi chét nay lién két véi glucose. Lugng dudng trong mau
cang tang thi 16p boc nay cang day [60]. HbAic da dugc dua vao st dung lam
sang vao nhitng nim 1980 va sau d6 d3 trd thanh nén tang cua thuc hanh 1am
sang [61]. HbAc phan 4nh glucose huyét twong trung binh trong 8 dén 12 tuan
trude khi xét ngiém [62]. N6 c6 thé dugc thue hién bat ¢l lic ndo trong ngay va
khong yéu cau bat ky su chudn bj dic biét ndo. D6 cling chinh 13 nhirng wu diém
dé dua phuong phap ndy 1am nén tang chuin doan bénh Dai thio dudng.

Diéu kién dé dugc phép chuin doan theo phuong phap HbA c: HbAic 6,5%
(ty 1é mmol huyét sac t6 bi phii glucose trén tong 1mol méau khao sat ngiu nhién,
tuong tng > 48 mmol /mol) duoc khuyén cdo 1a diém cat dé chan doan bénh Dai
thao dudng (ttrc 1a HbA 1 > 6,5% 1a dit dé chan doan bénh Pai thao duong) [59].

Nhuege diém: Néu gia tri dudi 6,5% (48 mmol/mol) thi chua thé dua ra két
luan bénh nhan c6 bi bénh hay khong. HbAc c6 thé bi anh hudng bai mot loat

cac yéu t6 di truyén, huyét hoc va bénh tat [63].

1.4.3.2. Phuong phép diéu tri D4i thao duong
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Trong thuc té, vé cach thurc diéu trj cho mdi bénh nhan rat phtrc tap va dac
thu, nhu: Thudc Pai thdo duong loai nao, do tudi, chi s6 HbAc, tién su bénh,
qua trinh phat bénh va di sir dung san pham duogc diéu tri bénh hay chua, dj tng
thudc, co ché tic dong 1én insulin ndi hay ngoai tuyén tuy,... Va ca dic diém

sinh sbéng & timg qudc gia [64].

Céc bang chtng trén nhéc lai 1an nita vé phuong phap hitu hiéu nhat 1a phong
chdng bénh ngay trong cudc sdng thuong ngdy. Viéc thay doi 16i sdng ddi véi
ngudi bénh, luyén tap thé dyc thé thao thudng xuyén, dam bao yéu té dinh dudng
va st dung cac san pham thién nhién c6 kha ning ngin ngira bénh trong khau
phﬁn an hoac thuc phém hd trg, van 1a liéu tri liéu an toan va mang lai hi€u qua

cao nhat cho ca ngudi c6 nguy co mac bénh 1an nguoi bénh.

Céc bénh nhan khi dén co so y té chuan doan hay kiém tra bénh thi da phan
thudc loai DBai thao duong khong phu thudc insulin (Pai thao dudng loai 2). Co
nhiéu san pham duogc c6 tac dung lam giam duong huyét, cu thé 1a cac nhom
thudc: Sulfonylurea, glinide, biguanide, pioglitazone (TZD), tic ché enzyme a-
glucosidase, nhom e ché kénh dong van chuyén natri-glucose SGLT2, thudc
d6ng van thu thé GLP-1. Cac nhom thudc niy déu c6 vu va nhuoc diém riéng,
nhung trong d6 phai ké dén nhom nhitng san pham trc ché enzyme a-glucosidase
v6i nhitng wu diém, nhu: Pugc 1ay tir nhiéu ngudn tir nhién nhién, st dung thong
qua dudng udng va cac tac dung phu cé thé chap nhan trong thoi gian trj liéu
nhat dinh. [64]

1.4.4. Enzyme a-glucosidase [65]
1.4.4.1. Khai niém

Enzyme a-glucosidase 1a loai chit xuc tac sinh hoc thuong c6 ¢ rudt non,
v6i nhiém vu chinh 14 phan hiy méi ndi mach dudng trong cau tinh bot thanh
glucose. Sau dé, glucose duoc hip thu qua thanh rudt dé 6n dinh ham luong

duodng trong mau.

Co ché hoat dong: Sau khi vao co thé, nhirng carbohydrat dugc thiy phan
thanh nhirng phan tir dudng don béi nhitng enzyme trong rudt non. Tién trinh
phan hoa nay doi hoi tuy tang phai tiét ra a-amylase dung dé pha v& cac phén ti
carbohydrat 16n thanh oligosaccharid, mang t& bao rudt non lai tiét ra o-

glucosidase dé tiép tuc thiy phan céc oligosaccharide thanh cac phéan tir duong
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don r61 méi tham thau vao mau. Chirc nang chinh cua enzyme nay la xuc tac cho
viéc cat dat lién két 1,4-a-D-glucoside ctuia co chat dé giai phong ra a-D-glucose.
Bang cach kiém ché sy hoat dong ctia enzyme a-glucosidase, c6 thé lam giam

su thily giai ciia carbohydrat va 1am cham su tham thiu glucose vao mau.
1.4.4.2. Tac nhan Grc ché

La chat lam giam hoat tinh cia enzyme do lam giam &i lyc cua enzyme véi

co chit hodc 1am enzyme mat kha ning két hop véi co chit.

- Chat trc ché khong ddc hiéu: Gay bién tinh phéan tir enzyme, tham chi pha
huy protein, tic dung trén bat ki phan tir enzym nao, thuong thi tic dung dot
ngot nhanh, khong thudn nghich.

- Chat wc ché dic hidu: Tac dung vao nhiing trung tdm phan g dic biét
clia timg enzyme mot. Tty theo cach tac dung chia lam hai nhém: Chat trc ché

canh tranh va chat trc ché khong canh tranh.

Viéc tim kiém cac hop chét e ché enzyme a-glucosidase c6 ¥ nghia rat 16n
trong cac linh vire nhu dugce pham, thue pham... Pa c6 rat nhidu hop chat duge
tim thay trong tu nhién hodc tong hop c6 kha ning trc ché enzyme a-glucosidase.
Tuy nhién, nhitng tic nhan Gc ché enzyme a-glucosidase hién nay thudng giy
nhiéu phan tng phuy. Vi vay, viéc tim kiém cac chét c6 kha nang wc ché enzyme

o-glucosidase van dang duoc su quan tdm cta cac nha khoa hoc trén thé gidi.
1.4.5. Nhém hop chit, hop chit e ché enzyme a-glucosidase

Mot phuong phap diéu tri dé diéu tri bénh Dai thao duong 13 1am cham sy
hap thy glucose thong qua su {rc ché cac enzyme o-glucosidase trong cac co
quan tiéu hoa [66]. Hai nhém hop chat 16n 13 flavonoid va alkaloid duoc xac
dinh chtra nhiéu hop chét trc ché tot enzyme nay. Ngoai ra, nhiéu hop chat da
dugc nghién ctru c6 kha ning Gc ché manh enzyme a-glucosidase, nhu:
Acarbose va andvoglibose tir vi sinh vat hay nojirimycin va 1-deoxynojirimycin
tir thye vat [67]. Trong do, acarbose dugc xem 13 hop chét dau tién sir dung trong
dugc phim vé kha ning tc ché enzyme a-glucosidase trong diéu tri bénh Dai
thao duong [68]. Kha ning wrc ché cta hop chit acarbose duoc biét 1a do nd kha
ning lién két truc tiép véi enzyme o-glucosidase 1am tri hodn su phan cit

polysaccarit thanh glucose [69].
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Tinh khang thubc vin 13 van dé nan giai trong quy trinh hoan thién diéu tri
tlr cac san phém duoc [67]. Vi vay, su da dang vé cAu truc céc hop chét c6 kha
ning trc enzyme a-glucosidase 1 diéu kién thuan loi dé giai quyét phan nao do

vé tinh trang khang thudc.
Nhan xét:

Co rét it cac cong bd khoa hoc vé khao sat thanh phan va thir nghiém hoat
tinh sinh hoc tir loai dia y Parmotrema tinctorum. Hon nita, cac hop chat da
dugc xac dinh cha yéu 1a cac hop chét c6 ham luong nhiéu trong loai, nhu cac
hop chét phenolic, cho thiy cac nghién ctru chua tip trung vao cac hop chat
chiém ham lugng nhd. Cao acetone tr dia y Parmotrema tinctorum da dugc
chtng minh ¢6 kha ning trc ché enzyme o-glucosidase [44]. Mic khac, s6 luong
cac hop chit phan 1ap va khao sat hoat tinh c6 tinh ning (e ché enzyme o-
glucosidase tur loai dia y ndy con han ché [45]. Hon nira, vao nam 2021, bao cao
tir nhém nghién ctru Ngoc-Hong Nguyen va Bui-Linh-Chi Huynh xac dinh rang:
Kha ning tc ché hoat tinh ctia enzyme nay tir loai dia y thuong khong nam &
cac hop chat phenolic [51]. Vi vay, viéc tim kiém céc hop chit c6 khung cau
tric méi va kha nang thé hién hoat tinh cao hon tir cao etyl acetate cia dia y
Parmotrema tinctorum thi mang tinh kha quan va day hira hen.

Viéc diéu tri bénh Dai thao dudng 1a rat kho khan va ton nhiéu thoi gian,
tién bac, nguy hiém hon 13 tiém tang nguy co bi dot quy. Cung véi d6 1 van dé
rat dé tai bénh néu khong c6 16i sdng lanh manh va in udng khoa hoc sau diéu
tri. Vi vay, néu ngan ngira tir ban dau dé han ché cic nguyén nhin din dén bénh
hodc st dung céac san phém thién nhién nhu la cac loai thuc phém, san phém bod
sung dugc xac dinh dya trén co sd khoa hoc 1a c6 tac dung ngan ngtra bénh, thi

d6 van 1a phuong phap ngira bénh va tri bénh dugc wu tién hang dau.

Theo do, cac phuong phap xét nghi€ém y hoc ra do1 da mang lai nhitng gia
tri then chét trong viéc diéu tri bénh, nhung mdi phuong phap y hoc diéu tri déu
mang nhitng nhuoc diém riéng, nhu:

- Béi voi phuong phap chuin doan, dua vao thong tin bénh nhan cung cip

c6 that sy dung va day du, tién str bénh 1y, thoi gian phat hién bénh va qua

trinh diéu tri bénh c6 tuan thu nhitg quy dinh hay khéng,... van 1a nhing
van dé luon dién ra va can tré qua trinh diéu tri. Con phuong phap xac dinh
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thong s6 HbAc s& khong duoc ap dung khi ty 16 xét nghiém HbA ¢ ¢o gia

tr1 dudi 6,5%.

- Ngoai ra, van con nhiéu kho khén trong viéc gitup toan bd ngudi din co thé

tiép can cac phwong phap y hoc hién dai, nhat 13 nhirng ngudi dan nghéo

hodic cac viing ¢ co s¢ y té chua thyc su phat trién.

Do d6 rat can thiét nghién ctru va phat trién nhitng san pham c6 tac dung hd
trg diéu tri Dai thao duong theo co ché e ché a-glucosidase c6 ngudn gde tir
thién nhién, v&i tinh an toan cao, it tic dung phu va dé& chip nhan v6i phan 16n

nhan dan lao dong, do boi phai sir dung trong thoi gian dai.
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Chuwong 2. PHUONG PHAP NGHIEN CUU
2.1. NGUYEN LIEU VA HOA CHAT, DUNG CU VA THIET BI
2.1.1. Nguyén li¢u
bia y Parmotrema tinctorum dugc thu hai vao thang 05/2020 tai tinh Lam
Déng, Viét Nam va dugc dinh danh boi T.S VO Thi Phi Giao, Khoa Sinh hoc -
Cong nghé sinh hoc, Truong Pai hoc Khoa hoc Ty nhién, Dai hoc Quéc gia
Thanh phé HO Chi Minh, Viét Nam.

2.1.2. Hoa chit

Dung méi diing trong ly trich, sac ky cot va sac ky 16p mong gom: Ethanol

96°, n-hexane, chloroform, ethyl acetate, methanol (Trung Quéc va Viét Nam).

Thudc thir dung dé phat hién cac vét hitu co sic ky 16p mong: acid sulfuric

10% trong ethanol hodc 5% vanillin / H2SOa, ho néng trén bép dién.

Silica gel pha thuong c6 ¢d hat 1a 0,04-0,06 mm (240—430 mesh) dung cho
sdc ky cot, Merck.

Silica gel pha ddao Rp-18 c6 cd hat 1a 0,03—0,05 mm va hat gel Sephadex
LH-20 dung cho sic ky cot.

Sac ky 16p mong trang san DC - Alufolien F254 (Merck) dung cho pha
thuong va Rp-18 F254s (Merck) dung cho pha déo.

2.1.3. Thiét bi va dung cu

Céc dung cu dung dé 1i trich (erlen, dng nghiém, pipet pasteur, ...). Cot sic
ky: Cot kho, cot cb dién.

May cb quay thu hdi dung méi dudi ap suét thap (Eyela). Bép cach thuy
(Mermmert), ti siy (Mermmert), ti lanh 4°C.

May cong huong tar hat nhan (NMR): Bruker AM400 FT-NMR
Spectrometer, Vién Kiém nghiém thuéc H6 Chi Minh, Phuong C6 Giang, Quén
1, Tp. HCM, Viét Nam.

Binh c6 quay 100, 250, 500 mL. Cée thuy tinh 250, 500, 1000 mL.
Gidy loc Advantec (Nhat Ban).

Ong dong 10, 50, 100 mL.
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DPén UV & bude song 254 - 365 nm, bép dién tir. Can phan tich 4 s6 1¢ Ohaus
PA 214C (MY).

Ong vi quan (Kapillaren) chim ban mong, kep gip ban moéng. Bé siéu am
gia nhiét (MY).

2.2. PHUONG PHAP NGHIEN CUU

2.2.1. Phwong phap chiét cao, phin 1ap va phén tich cac hop chét [70]

2.2.1.1. Phuong phap chiét cao

Phuong phép ngdm dam: R6t dung méi EA vao binh thily tinh chtra nguyén
liéu cho dén khi xép xép bé mat mau. Sau d6, dich chiét duge loc va co quay &
ap suét thap dé thu hdi dung moéi. Tiép tuc rot dung moéi méi vao phan can con
lai, qua trinh chiét dugc lap lai thém 2-3 14n cho dén khi chiét kiét mau.

2.2.1.2. Phuong phap phan 1ap cac hop chét

Séc ky 1a phuong phap vat Iy dung dé tach mot hdn hop gdm nhiéu loai chat
ra riéng thanh ting loai don chit, dua vao tinh &i lyc khac nhau cua tung chét
riéng biét voi voi hé thong sic ky (hé thong gom hai pha: Mot pha dong va mot
pha tinh). C6 nhiéu loai sic ky:

- Sac ky 16p mong (TLC)

La phuong phap duoc thyc hién trén bang mong co trang san 16p phang, do
day 16p hap phu 0,2 mm — ciing chinh 13 pha tinh.

- Sic ky cot (CC)

Phuong thuc thyc hién: Sac ky cot duoc tién hanh véi chat hap phu 1a Silica
gel pha thuong, pha dao.

2.2.2. Phwong phap xac dinh ciu tric hoa hoc cic hop chit

Phuong phap chung dé xac dinh cau triac hoa hoc cia cac hop chat 1a sy két
hop xac dinh giita cac thong sd vat Iy v6i cac phuong phap phd hién dai, bao

gom:
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2.2.2.1. Phd cong hudng tir hat nhan (NMR)

Phé NMR duoc do trén may: May Bruker AM400 FT-NMR Spectrometer
ctia Vién kiém nghiém thuéc H6 Chi Minh. Cac k¥ thuat phd cong hudng tir hat

nhan dugc sir dung bao gom:
- Phd cong huong tir hat nhan mot chiéu: 'H-NMR, '3C-NMR.
- Phé cong huong tur hat nhan hai chiéu: HSQC va HMBC.

- Dung méi dugc st dung bao gém cac dung méi: Acetone — ds, CD;0D
hoac DMSO-ds.

2.2.2.2. Ph khéi (MS)

MS - Pho khéi cung cap nhing théng tin vé khdi luong cua cac ion sinh ra
tir phan tir. Pho MS dugc do tai Vién kiém nghiém thudc Tp. HO Chi Minh.

2.2.2.3. Pho hong ngoai bién ddi Fourier (FT-IR)

FT-IR — Pho hong ngoai bién d6i Fourier cung cip mot vai chi tiét vé cau
trac phéan tir ciia mau. Pho FT-IR duoc do tai Vién Khoa hoc Vit liéu Ung dung

- Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.
2.2.3. Phwong phap danh gia hoat tinh rc ché enzyme a-glucosidase [71]
2.2.3.1. Nguyén tic

o-glucosidase ¢ vai trd xtc tac sy thity giai disaccharide tai lién két o-D-
glucose thanh monosaccharide, tir d6 1am ting mirc glucose méau. Thudc e ché
a-glucosidase da dugc st dung trong diéu tri Dai thao dudng type 1 va 2. Hoat
tinh e ché a glucosidase duoc xac dinh thong qua viée do ludng su tiét p-
nitrophenol tir p-nitrophenyl-a-D-glucopyranoside. Khi cho chat thir nghiém
vao phan tng, néu chat c6 kha ning trc ché a-glucosidase thi luong p-nitrophenol

tao ra giam so véi mau dbi chimg, do d6 1am giam gia tri OD405.
2.2.3.2. Quy trinh thyc hién

Hoat tinh &rc ché a-glucosidase cia tat ca cac hop chat phan 1ap duoc xéac
dinh bang phuong phap twong tu c6 sy diéu chinh tir Ramadhan [72]. Cac o-
glucosidase (0,2 U/mL) va co chit (50 mM p-nitrophenyl-a-D-
glucopyranoside) da dugc hoa tan trong dung dich dém natri phosphat 100 mM

pH=6,9. Chat trc ché (50 uL) dd duoc xac dinh trudc bang a-glucosidase & 37°C
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trong 20 phat, va sau d6 chit nén (40 uL) dugc thém vao hdn hop phan tng.
Phéan tng enzyme dugc thuc hién ¢ 37°C trong 20 phit va ding lai bang cach
thém Na,CO3 0,2 M (130 uL). Hoat tinh ctia enzyme duoc dinh luong bang cach

do d6 hip thu & 405nm. Acarbose duogc sir dung lam chtng duong.
2.2.3.3. Tinh toan két qua

Phén tram trc ché a-glucosidase dugce tinh theo cong thirc:

1% = (1 - %) x 100%

0Dc

ODt: Mat d6 quang mau thi nghiém sau khi di trir blank (khong c6 a-
glucosidase).

ODc: Mat d6 quang mau ddi ching sau khi di trir blank (khong c6 o-
glucosidase).

Gia tri ICso (ndng do chat thir nghiém trc ché 50% o-glucosidase) duoc xéac
dinh dya trén duong chuan gia tri mat d6 quang ctia mau ¢ céc néng do khac

nhau (St dung phan mém Prism véi R2 > 0,9).
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Chwong 3. THUC NGHIEM

3.1. CHUAN BI NGUYEN LIEU

Nguyén li¢u dugc str dung cho nghién ctru 1a toan bo loai dia y Parmotrema
tinctorum (than, 18, 14) dugc thu hai vao thang 5 tai tinh LAm Pong. Cay duoc dinh
danh bé1 T.S VO Thi Phi Giao, Khoa Sinh hoc - Cong nghé sinh hoc, Truong
bai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Thanh phé HO Chi Minh, Viét
Nam (Hinh 3.1). Tiéu ban duogc luu gitr tai Vién Khoa hoc vat liéu ing dung —
Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

12" anr

_ _ .ﬁllllllﬂumxﬁumlfw““’
Hinh 3.1. Mau dia y thu dugc tir tinh Lam Pong, Viét Nam.
3.2. PIEU CHE CAO ETYL ACETATE (CAO EA)

Mau dia y Parmotrema tinctorum (2,5 kg) duoc loai b phan hu, sau, ria
sach, hong gi va sdy dén kho (60-80°C). Sau d6 duoc xay nhuyén va trich kiét
bang phuong phap ngdm v6i EA & nhiét do phong (3 x 10L), chiét va loc sau 24
gid. Dich chiét EA dugc dudi dung moi duéi ap suat thap thu dugc cao EA thd
(23,5g) va phan tia khong tan (75,8g).

@“l“',["‘lm]’ﬂ'ﬂﬂ'ﬂml"']’"l”',l'”l"u;

3.3. TRICH LY, CO LAP MQT SO HQOP CHAT HU'U CO

Tién hanh sic ky loc gel Sephadex LH-20 st dung hé dung méi methanol
(100%) dbi véi phan cao EA thé (23,5 g), thu dugc EL1 (0,7 g) va EL2 (19,2 g).
Phén doan EL2 duoc sic ky gel voi dung moi MeOH:H20 (8: 1) thu duoc 5 phan
doan EL2A-E. Phan doan EL2B, dugc cho qua SKC Silicagel voi hé dung moi
1a H:EA:C (85: 15: 1), thu duoc hop chat A4. Tiép tuc thuc hién SKC Silicagel
phan doan EL2D (16,6 g) voi hé dung méi H:EA:C:AC (6: 0.2: 0,2: 0,2) phan
1ap duoc 3 hop chéat (A1, A2, A3). Ciing tir phan doan EL2D, hop chit A5 dugc

c6 lap tir SKC Silica gel pha ddo v6i h¢ dung méi Me:H20 (95: 5). Toan bd qué
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trinh trén duoc theo ddi bang sic ki 16p mong véi thude thir hién hinh 14 soi dén
UV, sau d6 dung dung dich acid sulfuric 10% chira vanillin, rdi ho néng trén
bép dién tir. Can ctr vao két, qua sic ki ban mong, cac lo tir cot sic ky duoc gom
lai thanh nhiéu phan doan. Tiép tuc thuc hién séc ky diéu ché va tinh ché cac

chat. Két qua SKC silicagel trén cao EA duoc trinh bay trong So' dé 3.
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[ Bot dia y kho (2,5 kg) ]

Ngam dam trong EtOAc (10Lx3)
Loc, co quay, thu héi dung moéi

b
Tua (75,8 g) ] [ Cao EA (23,5 g) ]
SKC silicagel Sephadex LH-20
vé1 MeOH 100%
[ Cao EL1 (0,7 g) } [ Cao EL2 (19,2 g) ] [ Cao EL3 (1,7 g) ]

SKC silicagel CC
v6i MeOH:H,0 (8:1)

]

EL2A EL2B EL2C EL2D EL2E
(0,8261 g) (0,2045 g) (1,1495 g) (16,6053 g) (0,2146 g)
SKC silicagel pha thuong, |
1 ‘L Iy T ] 1
A4 Al A2 A3 AS
(5,0 mg) (1,6 mg) (3.2 mg) 35mg /\_(2.0mg)

pha dao nhiéu lan
So @6 3. Quy trinh chiét xuat tir dia y Parmotrema tinctorum
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Tu cay dia y Parmotrema tinctorum da c6 1ap dugc 5 hop chét, co ki hiéu
lan luot 1a: A1, A2, A3, Ad va AS.

3.3. THONG TIN CAC HQP CHAT PHAN LAP PUQC

Cé6 5 hop chét duoc phan lap theo so dd tach chiét trén, cac tinh chat duoc
xac dinh thong qua cac dac diém va pho xac dinh cau truc nhu sau:

3.3.1. Hop chat A1

Hop chéat A1 (1,6 mg) cb lap duoc tir phan doan EL2D (So @6 3), ¢6 nhing
dic diém sau:

TLC v6i hé giai ly: H:EA:C:Me (40: 2: 2: 2) v6i Re=0,5;
H¢ dung méi str dung trong SKC silica gel: H:EA:C:Me (50: 2: 2: 2)

Ph6 IR, MS, 'H-NMR (CDCl;), *C-NMR (CDCl;), HMBC, HSQC,
COSY va NOESY: Xem lan luot Phu luc 1,2, 3,4, 5, 6, 7 va 8.

3.3.2. Hop chat A2

Hop chéit A2 (3,2 mg) ¢ 1ap dugc tir phan doan EL2D (So' dd 3), c6 nhing
dic diém sau:

TLC v6i hé giai ly: H:EA:C:Me (40: 2: 2: 2) v6i Re= 0,6
H¢ dung méi stir dung trong SKC silica gel: H:EA:C:Me (60: 2: 2: 2)

Phé 'H-NMR (DMSO-ds), *C-NMR (DMSO-ds), HMBC, HSQC,
COSY: Xem lan luot Phu luc 9, 10, 11, 12, 13.

3.3.4. Hop chit A3

Hop chat A3 (3,5 mg) ¢6 1ap duoc tir phan doan EL2D (So' @ 3), c6 nhiing
dic diém sau:

Dang chat: Dang bot, mau tring.
TLC véi h¢ giai ly: H:EA:C (70: 25: 5) voi Re= 0,5
H¢ dung moi str dung trong SKC: H:EA:C (80: 17: 3)

Phé 'H-NMR (CDCls), *C-NMR (CDCl;), HMBC, HSQC va COSY:
Xem lan lugt Phu luc 14, 15, 16, 17 va 18.

3.3.3. Hop chat A4

Hop chét A4 (5,0 mg) cb 1ap duoc tir phan doan EL2B (So' d6 3), c6 nhing
dic diém sau:

Dang chat: Bot min, mau tréng.

TLC vo1 hé giai ly: H:EA:Acetic acid (70: 30: 0,1) voi Re= 0,55
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H¢ dung moi str dung trong SKC: H:EA:Acetic acid (85: 15: 1)

Phd 'H-NMR (Acetone — ds), *C-NMR (Acetone — ds) va HMBC: Xem
Phu luc 19, 20 va 21.

3.3.5. Hop chat A5

Hop chét A5 (2,0 mg) ¢ 1ap dugc tir phan doan EL2D (So dd 3), c¢6 nhirng
dic diém sau:

Dang chat: Bot vo dinh hinh, mau tre‘ing.
TLC vé1 hé giai ly: Me:H20 (90: 10) v6oi Re= 0,65
H¢ dung méi str dung trong SKC pha ddo: Me:H>O (95: 5)

Phé MS, 'H-NMR (CDCl3), 3C-NMR (CDCls) va HMBC: Xem lan luot
Phu luc 22, 23, 24 va 25.
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Chuong 4. KET QUA VA THAO LUAN
4.1. NHAN DANH CAC HQP CHAT PA PHAN LAP
Ttr chiét xuit cao EA cia ciy dia y Parmotrema tinctorum di co lap duoc
cac hop chét triterpenoid, ky hiéu la: A1, A2, A3, A4 va AS. Cac chat duoc xéac
dinh céu tric bsi cac phuwong phap phd nghiém, két hop so sanh voi tai lidu da

cong bb.
Sau ddy 1a phan bién luén cAu trac cic hop chit.
4.1.1. Bién luin cau triic Al

Phd IR (KBr, vimax, cm™') cho cac dinh hap thu cia nhém hydroxyl —OH &
3564; nhom carbonyl >C=0 ¢ 1739 va 1709; nhom oxymethyl C-O & 1032 va
968.

Pho khdi lugng phan giai cao HR-ESI-MS cho thdy mili ion phan tir gia tai
m/z [M+Na]'= 597.3794 tuong rng véi CTPT la C3sHssO7Na (gia tri phan tr
khéi tinh toén 1a 597.3767).

Ph6 '"H-NMR (400MHz, CDCl3, § ppm) ctia hop chéat Al cho thay cac tin
hiéu: C6 2 proton oximethine ¢ on 4.66 (1H, dd, J =4.8 va 11.6 Hz, H-1) va dou
4.58 (1H, dd, J= 4.4 va 12.4 Hz, H-3); 6 proton methine ¢ ou 2.36 (1H, m, H-
21); du 2.33 (1H, m, H-22), 6u 1.23 (1H, m, H-17), ou 1.32 (1H, m, H-13), dn
1.47 (1H, m, H-9), éu 0.75 (1H, d, J = 2.8 va 11.2 Hz, H-5); 20 proton trén
carbon bac IV & khoang 8y 0.83-1.00 (s) va 3 proton methylene bac I nam ¢ &u
1.13 (3H, d, J = 6.4 Hz, H-29) va 16 proton methylene ¢ 6u 1.89 (1H, m, H-2a),
on 1.66 (1H, m, H-2b), du 1.54 (2H, m, H-6), 6u 1.40 (1H, m, H-7a), éu 1.20 (1H,
m, H-7b), du 1.45 (1H, m, H-11a), ou 1.30 (1H, m, H-11b), éu 1.31 (2H, m, H-
15), ou 1.48 (2H, m, H-16), du 1.52 (1H, m, H-19a), u 0.89 (1H, m, H-19b), on
1.86 (1H, m, H-20a), ou 1.62 (1H, m, H-20b); va 6 proton trén carbon bac [ ¢ ou
2.02 (3H, s, H-34), 6u 1.97 (3H, s, H-32).

Ph6 *C-NMR (100MHz, CDCls, § ppm) cta hop chit Al cho thay c6 34
carbon, trong d6: C6 3 carbon carbonyl —CO— ¢ 6c 182.0 (C30), ¢ 170.3 (C31)
va 8¢ 170.5 (C33). Ngoai ra, con xuat hién tin hiéu cua 2 carbon oxymethine
>CH-0O- ¢ dc 80.5 (C1) va dc 76.5 (C3).
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Théng qua cic miii dao dong *C-NMR, c6 thé du doan: Khung co sé cla
A1 1a dan xuit triterpenoid - pentacyclic triterpene (trir 9 carbon methyl va 3
carbon carbonyl, thi c6 nhiéu nhit 13 22 carbon tham gia xay dung ciu trac
khung co s¢). Dua vao dac diém cac tin hiéu trén phé va tai li€u [73] co thé xac

dinh day la khung hopan.

Khung c4u trac hopan
Ph6 HMBC ngoai viéc cho biét cho thiy cac trong tac nham xac dinh lai vé
ciu trac khung chinh va vi tri cdc nhom thé methyl 1én khung, con ¢ thém cac

tuong tac dé xac dinh vi tri cac carbon con lai, nhu sau:

- Tuong tac gitra proton methyl ¢ 2 vi tri ou 2.02 (3H, s, H-34) va du 1.97
(3H, s, H-32) voi 2 carbon carbonyl 1an luot tai 8¢ 170.5 (C33) va dc 170.3
(C31). Chtrng t6 su xuat hién ctia 2 nhém acetyl CH;CO-.

- Tuong tac giit proton ctia 2 nhom thé methyl & 5u 0.83 (6H, s, H-23) va dn
1.00 (3H, s, H-25) véi 2 carbon methine k& nguyén tir oxygen & dc 76.5 (C3) va
8¢ 80.5 (C1). Tir d6 x4c dinh vi tri 2 nhanh acetyl nam tai C1 va C3 & khung co

SO.




- Sau khi trir tit ca sb carbon tir khung terpenoids va cic nhoém thé methyl
thi con 3 carbon: 1 carbon methyl CHs—, 1 carbon methine va 1 carbon carboxyl.
CAu trac dugc du doan co thé 1a nhanh 21—(isopropionic)yl ~CH(CH;3)COOH.
Dua vao phd khdi MS nhan thiy con du xap xi 16 dvC. Vi vay, du doan c6 kha
ning cao 1a ciu tric cua nhém peracide —CH(CH3)COOOH. Ngoai ra, phd
HMBC con giup khing dinh ciu trac nhanh trén, théng qua twong tac giit proton
methyl & on 1.13 (3H, d, J = 6.4 Hz, H-29) v6i carbon methine ¢ d¢ 42.3 (C22)
va carbon carbonyl ¢ dc 182.0 (C30); va vi tri nhanh nam trén khung E tai vi tri
C21 do xuat hién twong tac v6i carbon methine & 3¢ 42.7 (C21).

22

29 3

Bén canh d6, phd COSY cho biét cic tin hi¢u twong tac cc proton trén 2
carbon lién két (thong qua dao dong 3 truc). T d6 giup khang dinh lai khung
cAu trac hop chit A1, cu thé: Dau hiéu tin hiéu tuong tac tur 2 chiéu cua proton
methylene ¢ on 1.89 (H-2a) va 1.66 (H-2b) voi proton methine & 6u 4.66 (H-1)
va 4.58 (H-3). Giup x4c nhan 1 1an nita vi tri 2 nhém thé acetyl 1én khung co so.
Mic khac, hang s6 ghép va dic diém miii dao dong proton ¢ phé '"H-NMR ciing
khéng dinh 14n nita diéu do. Tuong tu, 1a su xuét hién cta cic dau hiéu dé cling

cO vi tri nhém thé va x4c dinh lan nira s6 lugng carbon khung vong E.




Phd FT-IR cua hop chit A1 con cho théy tin hiéu hién dién ctia nhém
hydroxyl —OH ty do va duoc kéo dai dinh véi gia tri 3564 va 3293 cm™!, céc dao
dong udn kéo dai cua nhom carbonyl tai gia tri 1739 va 1709 cm’!, di khing
dinh lai sy xuét hién cta nhom chuc nang peracide —-COOOH. Ngoai ra, con
nhan théy carbon cua nhom peracide co6 sy khac biét khi dich chuyén hoa hoc &
vung tir treong thip hon so v6i carbon ctia nhém carbonyl, (C30) 3¢ 182.0 thay
vi 184.0.

Déi voi hoa hoc 1ap thé tuong ddi ciia C-1 va C-3, hang s6 ghép ting cta H-
1 (J=11.6 va 4.8 Hz) va H-3 (J = 12.4 va 4.4 Hz) da xac dinh cac vi tri cia

nhom thé proton oxymethine nam & truc (axial) so v6i khung ciu tric ghé A.

Hon nita, sy dinh huéng syn (cting phia so vi mit phang khung A) tir dir liéu
phé NOESY tai céc vi tri proton ¢ du 4.66 (1H, H-1), 6u 4.58 (1H, H-3) va 6u
0.75 (1H, H-5), khéng dinh 1an nira tinh lap thé cta cac nhom thé trén khung
vong A.

Tir cac phan tich néu trén, két hop kiém tra trén Scifinder, hop chat A1 dugc
xac dinh 1a hop chat méi, duoc dit tén 1a tinctoride A.

Hop chét tinctoride A
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Bang 4.1. Tong hop phdé '"H-NMR va *C-NMR cua hop chat Al

Phé '"H-NMR  |Phd 3C-NMR A Ph6 '"H-NMR | Phd 3C-NMR
o
-
8u, mult (J, Hz) 8¢ g 8u, mult (J, Hz) Sc
4.66 dd (4.8, 11.6) 80.5 18 - 44.4
1.89 m 30.1 19 1.52 m 41.0
1.66 m 0.89 m
4.58 dd (4.4, 12.4) 76.5 20 1.86 m 26.7
1.62 m
- 37.9 21 2.36m 42.7
0.75 m 52.9 22 233 m 42.3
1.54 m 17.9 23 0.83 s 28.0
1.40 m 33.1 24 0.83 s 16.2
1.20 m
- 423 25 1.00 s 13.0
1.47 m 50.8 26 0.94 s 17.0
- 42.1 27 0.90 s 16.7
1.45m 23.0 28 0.70 s 15.8
1.30 m
1.47 m 23.9 29 | 1.13d(6.4) 17.8
1.32 m
1.32 m 48.7 30 - 182.0
- 42.1 31 - 170.3
1.18 m 33.5 32 1.97 s 21.3
1.45 m 19.9 33 - 170.5
1.23 m 53.8 34 2.02 s 21.9

Tét cd dwoc do trong dung méi hoa tan la CDCI;

4.1.2. Bién luén céu tric A2

Pho 'H-NMR (400MHz, DMSO — ds, & ppm) cta hop chat A2 cho thay céac

tin hi€éu: Co6 2 proton hydroxyl ¢ 6u 3.82 (1H, d, J= 6.4 Hz, OH-6) va du 3.81
(1H, s, OH-22); 1 proton oxymethine & 6u 3.75 (1H, m, J = 10.4 va 6 Hz, H-6);
5 proton methine ¢ 6u 0.74 (1H, s, H-5), ou 1.21 (1H, m, H-9), ou 1.34 (1H, m,
H-13); 8u 1.37 (1H, m, H-17), 8u 2.10 (1H, m, H-21); 20 proton methylene nim
trong khoang du 0.70-2.00 (m) va 24 proton methyl dugc xac dinh tai on 1.11
(1H, s, H-23), 6u 1.07 (1H, s, H-30), 6u 1.03 (1H, s, H-29); 61 0.98 (1H, s, H-
26), 6u 0.94 (1H, s, H-24), 61 0.92 (1H, s, H-27), ou 0.81 (1H, s, H-25), 1 0.71
(1H, s, H-28).
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Ph6 *C-NMR (100MHz, DMSO-ds, 8 ppm) ctia hop chat A2 cho thiy co
30 dinh, twong ung véi 30 carbon, trong d6: Co 1 carbon oxymethine >CH-O—
& 8¢ 66.6 (C6) va 1 carbon bac IIT ké nguyén tir oxygen & 8¢ 71.6 (C22). Thong
qua cac miii tin hiéu C-NMR, c6 thé du doan: Su hién dién cta bd khung

triterpene loai hopan [73].

Ph6 HMBC cho biét ngoai cac twong tac proton dén carbon cua khung
hopan, thi con thé hién cac ddu hiéu tuong tac nham xéac dinh vi tri cic nhom

hydroxyl nhu sau:

Proton methyl ¢ 6u 0.98 (1H, s, H-26) tuong tac vdi cac carbon & dc¢ 44.7
(C7), 6c 42.1 (C8) va dc 49.3 (C9); Proton methyl ¢ on 0.81 (1H, s, H-25) twong
tac v4i cac carbon ¢ 8¢ 39.9 (C1), 8¢ 42.3 (C10), dc 49.3 (C9) va tin hiéu yéu
v6i 6c 60.0 (C5). Proton methyl ¢ 61 0.92 (1H, s, H-27) tuwong tac véi cac carbon
O dc 48.9 (C13), oc 41.5 (C14) va dc 33.9 (C15). Proton methyl ¢ o 0.71 (1H,
s, H-28) tuong tac véi cac carbon & dc 48.9 (C13), 6c 53.8 (C17), 6c 43.6 (C18)
va 8c 41.5 (C19). Ngoai ra, con cho biét twong tac qua lai giira 2 proton methyl
dén céc vi tri carbon ctia chiing & 8¢ 36.7 (C23), 8¢ 22.0 (C24) va voi cac carbon
O vi tri 8¢ 43.6 (C3), d¢ 33.3 (C4) va 6¢ 60.0 (C5). Cho phép xac dinh cac nhom
methyl thé 1én khung hopan tai céc vi tri (C4)x2, C10, C8, C14, CI18.

Sau khi trir cac tinh hiéu & C-NMR duoc x4c dinh nhu trén thi con du 2
nhom methyl va 1 carbon ké nguyén tir oxygen ¢ ving tir truong thap. Dy doan
su xuat hién c4u tric nhém thé (2-hydroxyl)isopropyl. Diéu nay con duoc khang
dinh thong qua tuong tac qua lai tir cac proton ctia 2 nhém methyl ¢ 61 1.03 (1H,
s, H-29) va 6u 1.07 (1H, s, H-30) dén carbon & vi tri thé cua chung va cac carbon
tai 6c 50.4 (C21) va éc 71.6 (C22). Qua do, nhém (2-hydroxyl)isopropyl dugc
xéac dinh thé tai vi tri C21, khéng dinh ciu tric A2 mang bo khung diplopterol.

Xuét hién tuong tac tir proton hydroxyl ¢ 8u 3.82 (1H, d, OH-6) tdi carbon
d 8¢ 66.6 (C6), dc 60.0 (C5) va 5¢c 44.7 (C7). Ngoai ra, phd COSY cho thiy tin

OH
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hiéu twong quan gan giita 2 proton thong qua truc carbon ¢ du 3.82 (1H, d, OH-
6) va du 0.74 (1H, d, H-5). Chtrng minh vi tri nhom thé hydroxyl trén khung
hopan tai vi tri C6. Proton hydroxyl ¢ 8u 3.81 (1H, s, H-22) xuét hién tuong tac
dén carbon & 8¢ 71.6 (C22), 8¢ 50.4 (C21), 8¢ 28.9 (C29), 8¢ 30.8 (C30). T do,
cho phép xéac dinh vi tri nhém thé ciia nhoém hydroxyl nay thudc vi tri carbon
C22.

- V& lap thé, hing sb ghép proton Jus, ne= 6 Hz & 8u 3.75 (1H, m, H-6) va
81 0.74 (1H, d, H-5) biéu thi twong tc trai phia so v6i khung vong (axial- axial).
Tir d6 cho phép xéac dinh lap thé cta nhanh hydroxyl tai C6 theo hudng o (vi tri
xién - equatorial) cting phia so véi proton tai C5 di duoc xac dinh tinh 1ap thé
tu trudce.
H
A B

6

H

Phé HSQC cho biét mdi twong quan giira tin hiéu proton va carbon nbi truc
tiép v6i proton d6. Theo d6, khang dinh lai 1an nita cac vi tri clia proton trén
khung ciu triic hop chat A2,

Tom tit cac dir liéu pho *C-NMR, '"H-NMR, COSY, HMBC, HSQC va
so sanh voi tai liéu [74]. Khang dinh ring A2 13 6a-22diol hopan (zeorine).

TH, O

Hop chat zeorine

H
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Bang 4.2. So sanh ph6 'H va *C-NMR giit hop chit A2 va zeorine

A2 (DMSO-ds)

Zeorine (DMSO-dp)

=

g

g

=

'"H-NMR BC-NMR '"H-NMR BC-NMR
81 ppm (miii, s6 H) dc ppm 8u ppm (miii, s6 H) dc ppm
400 MHz 100 MHz 400 MHz 100 MHz

1 0.76 & 1.57 (m, 1H) | 39.7 0.77 & 1.56 (m, 1H) | 39.5
2 1.32 & 1.51 (m, 1H) | 18.0 1.32 & 1.51 (m, 1H) | 18.1
3 1.15& 1.28 (m, 1H) | 43.6 1.14 & 1.28 (m, 1H) | 43.5
4 33.3 33.3
5 0.74 (d, 1H) 60.0 0.73 (d, 1H) 60.0
6 3.71-3.78 (m, 1H) 66.6 3.75 (m, 1H) 66.5
7 1.38 (m, 1H) 44.7 1.38 (m, 1H) 44.7
8 42.1 42.1
9 1.21 (m, 1H) 49.3 1.21 (m, 1H) 49.3
10 38.6 38.5
11 1.27 & 1.50 (m, 1H) | 20.6 1.27 & 1.50 (m, 1H) | 20.5
12 1.35 & 1.48 (m, 1H) | 23.5 1.35 & 1.48 (m, 1H) | 23.6
13 1.34 (m, 1H) 48.9 1.34 (m, 1H) 48.9
14 41.5 41.4
15 1.18 & 1.37 (m, 1H) | 33.9 1.17 & 1.36 (m, 1H) | 33.9
16 |1.53&1.93 (m,1H) |21.3 1.53 & 1.93 (m, 1H) | 21.3
17 1.37 (m, 1H) 53.8 1.37 (m, 1H) 53.8
18 43.6 43.5
19 |0.88 & 1.46 (m, 1H) | 40.9 0.88 & 1.45 (m, 1H) | 40.9
20 [ 148 & 1.65 (m, 1H) | 26.1 1.48 & 1.64 (m, 1H) | 26.0
21 | 2.10 (m, 1H) 50.4 2.10 (m, 1H) 50.3
22 71.6 71.5
23 1.11 (s, 3H) 36.7 1.12 (s, 3H) 36.6
24 10.94 (s, 3H) 22.0 0.95 (s, 3H) 22.0
25 10.81(s,3H) 17.0 0.82 (s, 3H) 16.9
26 098 (s, 3H) 18.1 0.98 (s, 3H) 18.0
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27 0.92 (s, 3H) 16.8 0.92 (s, 3H) 16.8
28 | 0.71 (s, 3H) 15.9 0.71 (s, 3H) 15.8
29 | 1.03 (s, 3H) 28.9 1.04 (s, 3H) 29.0
30 | 1.07 (s, 3H) 30.9 1.08 (s, 3H) 30.8

4.1.3. Bién luén céu tric A3

Ph6 '"H-NMR (400MHz, CDCl3, § ppm) ctia hop chat A3 cho thay cac tin
hiéu: C6 2 proton methine trén carbon mang oxygen ¢ du 5.19-5.26 (1H, m, J=
2.0, 5.2 va 10.7 Hz, H-6) va 6u 4.08-4.11 (1H, m, J= 4.8 va 1.6 Hz, H-16); 4
proton methine ¢ éu 1.51 (1H, brs, H-17), éu 2.48-2.55 (1H, m, H-20), du 2.48-
2.55 (1H, m, H-21) va éu 1.135 (1H, s, H-5); 1 proton methlene ¢ dn 1.51 (1H,
s, H-7) va 27 proton methyl dugc xac dinh tai 6 1.03 (1H, s, H-23), dn 1.19
(1H, s, H-30), 6u 1.29 (1H, s, H-29); 6u 1.13 (1H, s, H-26), du 1.85 (1H, s, H-
24), 6u 1.04 (1H, s, H-27), o1 0.93 (1H, s, H-25), u 0.78 (1H, s, H-28) va dn
2.03 (1H, s, 6-COMe).

Ph6 '3C-NMR (100MHz, CDCls, § ppm) ctia hgp chit A3 cho thiy c6 32
dinh c6 cudng d6 tin hiéu twong duong nhau can khao sat, trong tng voi 32
carbon, trong d6: C6 1 carbon nhom carbonyl —CO- ¢ 6c 71.9 (C6). Hon nita,
con xuat hién 2 carbon methine >CH—O- va 1 carbon bac III >C<o_ ké nguyén
tir oxygen lan lugt & 3¢ 71.9 (C6), 3¢ 67.0 (C16) va 3¢ 74.9 (C22). Thong qua
cac tin hiéu mii *C-NMR, c¢6 thé dy doan: Su hién dién cia bo khung triterpene

loai hopan (hay hopanoide) [69].

Phé HMBC ngoai viéc xac dinh lai vi tri cac nhém thé trén khung co s¢
hopan nhu vi tri C10, C8, C14, C18 va C4, tuong tu nhu phﬁn bién ludn cu trac
A1, thi con thé hién cac du hiéu tuong quan nham x4c dinh vi tri thé khac trén

khung nhu sau:

- Nhanh (2-hydroxyl)isopropyl duoc xac dinh céu trac théng qua tuong tac
qua lai gitra proton methyl ¢ on 1.19 (1H, s, H-30), du 1.29 (1H, s, H-29) va dac




diém dich chuyén vé ving tir trudng thap ctia carbon nbi truc tiép voi nguyén td
c6 do am dién cao. Hon nira, con cho phép xac dinh vi tri cua nhanh thong qua
cac tuong tac cic proton cua 2 nhém methyl dén carbon 8¢ 50.9 (C21).

- Nhanh acetyl CH3CO- con lai dugc xac dinh thong qua tuong tac tir cac
proton methyl d6 dich chuyén vé& vung tir trudng thip dic trung cho carbon
carbonyl & oc 170.4 (6-COOMe) va tuong tac tur proton methyl du 2.03 (1H, 6-
COMe) v6i chinh carbon carbonyl do.

- Ngoai ra, phd HMBC con cho biét cac tin hiéu nhidu va tap qua cac twong
tac khong thudc cAu trac can xac dinh.

Pho HSQC ngoai cho thiy cic twong quan 2 chiéu vé cac carbon cé chira
proton, thi con gitip xac dinh ngugc lai c6 7 carbon khong chura proton dua trén
cac tin hiéu di dugc xac dinh rd tir phd BC-NMR. Tir 46, gitp xac dinh lai cau
trac khung vong khi chua thé xac dinh hoan toan céc tin hiéu proton methine va
methylene & phd '"H-NMR.

Két hop v6i phé COSY, c6 thé khiang dinh lai cac vi tri carbon trén khung
vong E khi cac dau hiéu twong tac giita 2 proton trén 2 carbon ké can duoc thé
hién rd trén pho, nhu:

- Tuong tac proton gitra proton & ou 2.48-2.55 (H-21) vdi céc proton & du
1.51 (H-17) va &u 2.48-2.55 (H-20). Cung v6i d6 1a d4u hiéu tuong tac gitra Su
1.51 (H-17) v6i 4.08-4.11 (H-16).

- Ngoai ra, con cho biét dau hiéu tuong tac gitta proton ¢ &u 5.19-5.26 (1H,
m, H-6) vi cac proton ¢ on 1.135 (H-5) va éu 1.51 (H-7).

Xéc dinh lai 14n nita vi tri nhom thé va tin hiéu proton, carbon trén phé NMR

gy
! §OH

OH

¢ khung cau trac vong B va E.
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Tom tit cac dir liéu phd *C-NMR, '"H-NMR, COSY, HMBC, HSQC va
so sanh voi tai liéu [75]. Khang dinh ring A3 1a 6a-acetoxyhopan-168,22-diol.

Hop chét 6a-acetoxyhopan-164,22-diol.

Bang 4.3. Bi¢u dién pho "H-NMR hop chat A3 va so sanh pho *C-NMR ciia
A3 va 6a-acetoxyhopan-16f,22-diol.

A3 (DMSO-dps) 6a-acetoxyhopan-164,22-diol
(DMSO-ds)

&
g
=

'"H-NMR BC-NMR

8 ppm (mili, s6 H) dc ppm

400 MHz 100 MHz
1 40.4 40.2
2 18.1 18.4
3 43.9 438
4 33.6 33.2
5 1.14 (s, 1H) 58.6 584
6 |5.19-5.26 (m, 1H) 71.9 71.8
7 1.51 (s, 1H) 41.1 40.9
8 42.9 42.8
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9 495 493
10 39.7 39.5
11 20.6 20.9
12 23.7 235
13 49.5 485
14 442 44.1
15 43.6 435
16 | 4.08-4.11 (m, 1H) 67.0 66.8
17 | 1.50-1.51 (brs, IH) | 61.0 60.7
18 45.8 45.7
19 41.8 41.6
20 | 1.83-1.87 (m, 1H) 27.9 27.8
21 | 2.48-2.55 (m, 1H) 50.9 50.8
22 74.9 74.4
23 [ 1.03 (s, 3H) 36.4 36.3
24 [0.85 (s, 3H) 222 22.1
25 [0.93 (s, 3H) 17.3 17.1
26 | 1.13 (s, 3H) 18.5 18.4
27 | 1.04 (s, 3H) 17.2 17.0
28 [0.78 (s, 3H) 18.5 18.0
29 [ 1.29 (s, 3H) 28.9 27.0
30 | 1.19 (s, 3H) 31.2 31.2
6-COOMe 170.4 171.3
6-COOMe | 2.03 (s, 3H) |22.2 22.1

4.1.4. Bién luén ciu tric A4

Pho 'H-NMR (400 MHz, Acetone-ds, & ppm) ctia hop chit A4 cho thiy céac
milii tin hi¢u proton sau: Cé 2 proton exo-methylene ¢ du 5.57 va 4.59 (1H, brs,
H-29a,b); 1 proton oxymethine ¢ éu 3.01-3.09 (1H, m, J=12.0 va 4.0 Hz, H-3);
2 tin hiéu proton methine ¢ 6u 3.10-3.14 (1H, m, J=4.0 Hz, H-19), on 2.23-2.28
(1H, m, J=12.0 va 4.0 Hz, H-13); 6 tin hi€u proton methyl véi cuong do tin hiéu
cao va nam ving tir truong cao & 3y 1.70 (3H, s, H-30), 8u 1.40 (3H, s, H-23),
on 1.01 (3H, s, H-27), du 0.96 (3H, s, H-26), 6u 0.85 (3H, s, H-24) va éu 0.75
(3H, s, H-25); cing cac proron methine va methylene con lai nim trong ving 8y
1.10-2.20.

Phé *C-NMR (100 MHz, Acetone-ds, & ppm) ctia hop chit A4 cho thiy co
30 tin hi¢éu carbon, trong d6: C6 1 carbon carbonyl —CO- & oc 177.5 (C28); 1

carbon tir cap >C= & 8¢ 151.6 (C20) va 1 carbon methine —CH= & 8¢ 110.0 (C29)
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nam & ving tir trudng thap dic trung cho 2 nguyén tir carbon olefine va 1 carbon
methine ké nguyén tir oxygen >CH-O— & 8¢ 78,6 (C3).

Thong qua s luong va tan sb cac mili dao dong *C va 'H-NMR: Dy doan
khung co s& 1a dan xuit triterpenoide (C3o — pentacyclic triterpene. Hon nira, vi
tri C19 lién két trirc tiép v6i nhoém hydrocarbon — Nhan dinh 1 loai khung lupan

[76]).

Phé HMBC cho thiy cac tin hiéu twong quan 2 chiéu, twong tac tir proton
dén carbon lan cén, gitp xac dinh vi tri tuong ddi ctia cac nhom thé 1én khung

co sO nhu sau:

- Do khong c6 su tuong tac proton nhom methyl dac trung cua khung lupan
1én céc carbon olefin va hang s6 ghép & H-19 13 Jua1, 110= 4 Hz, c6 thé xac dinh
lién két m khong thudc cdu triic khung vong. Cung véi d6 1a cac tuong tac cia 2
proton olefin dén carbon methyl & 8¢ 19.1 (C30). Giup xac dinh nhanh 13 prop-
1-en-2-yl. Hon nira cac proton methyl ¢ du 1.70 (3H, s, H-30) va proton olefin
lai c6 cung twong tac vdi carbon methine & d¢ 48.0 (C19). Cho phép xac dinh
nhanh prop-1-en-2-yl dugc dinh tai vi tri C19 ¢ khung vong E. Ngoai ra, proton
methyl & 8u 0.95 (3H, s, H-26) tuong tac véi carbon tir cap & 8¢ 43.2 (C14) va
methine & 8¢ 51.5 (C9). Proton methyl ¢ 8u 1.01 (3H, s, H-27) thé hién tuong tac
v6i ba carbon, gdm: 1 carbon tir cip ¢ dc 41.5 (C8), 1 carbon methine 8¢ 39.0
(C13) va 1 carbon methylene ¢ 6c 30.7 (C15). Qua d6 xac dinh nhanh methyl tai
vi tri C9 va Cl14.

- Proton methyl ¢ 61 0.85 (3H, s, H-25) lai c6 twong tac vdi carbon ¢ 6c 39.6
(C1), 6 6c 56.3 (C5) va dc 51.5 (C9). Cac proton methyl ¢ 6u 0.75 (3H, s, H-24)
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va ou 1.40 (3H, s, H-23) cung tuong tac vdi cac carbon & & d¢ 78,6 (C3), dc 39.6
(C4) va 6c 56.3 (C5). Cho phép xac dinh vi tri cua 1 nhanh methyl tai C10 va 2
nhanh tai C4. Ttr d6, khang dinh lai cu tric khung can khao st 1a terpenoide
loai lupan vé6i nhanh hydroxyl tai C3 va c6 xuat hién lién két = & nhanh prop-1-

en-2-yl.

Qua viéc phan tich két hop cac phd va tom tét cac dit liéu phd *C-NMR,
'H-NMR, HMBC va so sanh voi tai liéu [77]. Khing dinh raing A4 13 3p-
hydroxy-lup-20(29)-en-28-oic acid (Acid betulinic).

CH,

H3C//Z .

&)
7
“,

OH

Hop chat acid betulinic
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Bang 4.4. So sanh phd 'H & '*C-NMR giita hop chit A4 va acid belulinic

A4 (Acetone-ds)

Acid belulinic (DMSO-dy)

=

=,

£

S

S

'H-NMR BC-NMR 'H-NMR BC-NMR
81 ppm (miii, s6 H) dc ppm 8u ppm (miii, s6 H) dc ppm
400 MHz 100 MHz 400 MHz 100 MHz

1 39.6 39.1
2 28.3 28.0
3 3.01-3.08 (m, 1H) 78.6 2.95-2.98 (m, 1H) 77.7
4 39.6 39.4
5 56.3 55.8
6 19.5 18.8
7 36.2 34.8
8 41.5 40.9
9 51.5 49.5
10 38.0 37.6
11 21.7 21.3
12 26.4 25.9
13 |2.31-2.38 (m, 1H) 39.0 2.21-2.24 (m, 1H) 38.5
14 43.2 42.9
15 30.7 30.1
16 32.8 32.6
17 56.8 56.3
18 49.9 50.8
19 |3.07-3.14 (m, 1H) 48.0 2.91-2.94 (m, 1H) 47.5
20 151.6 151.2
21 31.3 31.0
22 37.5 37.2
23 10.96 (s, 3H) 28.6 0.87 (s, 3H) 28.9
24 10.75 (s, 3H) 16.5 0.65 (s, 3H) 16.8
25 10.85 (s, 3H) 16.1 0.76 (s, 3H) 16.6
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26 0.95 (s, 3H) 16.6 0.93 (s, 3H) 15.3

27 1.01 (s, 3H) 15.0 0.87 (s, 3H) 16.6

28 177.5 178.1

29 4.72 (s, 1H, C-29a) | 110.0 4.69 (brs, 1H, C-29a) | 110.4
4.59 (s, 1H, C-29Db) 4.56 (brs, 1H, C-29Db)

30 1.70 (s, 3H) 19.1 1.64 (s, 3H) 19.8

CH, | 1.10-1.80 (m, 26H) 1.15-1.85 (m, 26H)

CH:

4.1.5. Bién luén céu tric A5

Pho khdi lugng phan giai cao HR-ESI-MS cho thy mili ion phan tir gia tai
m/z: [M-H] ™ 665.5110 twong tng v6i CTPT 1a C43HeoOs-H (gid tri phan tir khoi
tinh toan la 665.5145).

Pho "H-NMR (400MHz, CDCls, § ppm) ctia hop chat A5 cho thay céc tin
hiéu: C6 1 proton oxymethine ¢ du 4.41-4.46 (1H, td, J= 8 va 4.8 Hz, H-18'); 3
proton methine ¢ 6n 2.68-2.70 (1H, d, J= 8.4 Hz, H-19"), du 2.87-2.88 (1H, brd,
J= 3.0 Hz, H-5); oun 2.50-2.59 (1H, m, H-7); 20 proton methylene nam trong
khoang dn 0.70-2.00 (m); 18 proton methyl dugc xac dinh tai on 2.14 (3H, s, H-
1"), du 0.86-0.87 (3H, d, J= 6.4 Hz, H-16), ou 0.75 (3H, d, J = 6.4 Hz, H-17); du
0.73 (3H, s, H-18), 6u 0.96-0.98 (3H, d, J = 6.8 Hz, H-19), 6u 1.23 (1H, s, H-
20). bac bi¢t, su xuét hién 1 dinh cao vung ou 1.20 — 1.30 ppm, x4c dinh lai co

su hién di¢n chudi aliphatic.

Ph6 '3C-NMR (100 MHz, CDCl3, § ppm) ctia hop chat A5 cho thay c6 43
tin hiéu carbon can khao sat, trong d6: C6 2 carbon carbonyl —CO- & ¢ 210.0
(C2") va dc 180.3 (C23") va 1 carbon carbonyl lactone d¢ 175.2 (C22'). Ngoai ra,
su xuat hién cua 2 carbon carbon olefin & 8¢ 150.4 (C6) va dc 141.1 (C2). Pic
biét 1a cuong dd tin hi€u cao cuia nhom tin hi¢u trong khoang oc 29.5 dén 30.0

ppm cho phép du doan chudi aliphatic.

Dua vao dic diém cAu tric xuét hién chudi aliphalic, nén chia cAu tric hop
chat A5 thanh 2 phéan 13: Phan I 1a diterpene va phan II 13 y-butyrolactone
aliphatic acid.

Phé HMBC cho biét cho thiy cac twong tac nhim xac dinh ciu trac khung

chinh va vi tri cac nhém thé methyl 1én khung, nhu sau:
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- Phan I: Xuét hién tin hiéu twong tac giita proton methyl & vi tri du 0.74 (s,
H-18) v6i 2 carbon methylene va 2 carbon methine 1an luot tai 8¢ 46.4 (C11), 5¢
48.1 (C10), 6c 40.3 (C1) va oc 41.9 (C12). Proton methyl tai ou 1.23 (s, H-20)
c6 tuong tac dén cac 2 carbon tir cip, 1 carbon methylene va 1 carbon olefin lan
lugt 8¢ 61.5 (C3), 6c 58.7 (C20"), 51.1 (C4) va 141.0 (C2). Proton methyl tai dn
1.23 (s, H-20) c6 twong tac dén cac 2 carbon tir cp, 1 carbon methylene va 1
carbon olefin lan lugt 8¢ 61.5 (C3), dc 58.7 (C20"), 51.1 (C4) va 141.0 (C2). Cac
proton trén 2 nhém methyl oy 0.86-0.87 (d, H-16) va ou 0.73-0.75 (d, H-17) c6
tuong tac qua lai dén carbon trén vi tri thé ciia ching va cung twong tac dén 2
carbon methine ¢ 6c 28.5 (C15) va 6c 47.4 (C14), xac dinh c6 su hién dién nhanh
isopropyl. Qua d6 xac dinh vi tri cic nhém thé 3 nhom thé methyl va 1 nhanh
isopropyl tai cac vi tri 1an luot 1a: C3, C7, C11 va C14.

Ai\v
3 H3€:

7
Phan II 5 @ Phan 1

- Ngoai cac twong tic nhom thé 1én khung Phan I, HMBC con c6 tin hiéu

tuong tac trén khung, nhu sau: Proton methylene tai du 2.26-2.28 (d, H-4a) tuong
tac dén carbon 2 carbon olefin & 8¢ 150.4 (C6) va 8¢ 141.1 (C2). Xac dinh cau
ndi carbon tai C3 va C5. Mdi lién két cdu trac gitr phan I va phan II thong qua
tuong tac tir proton methyl & 8u 1.23 (3H, s, H-20) dén carbon 8¢ 58.7 (C20') va
proton methine & &y 2.87-2.88 (d, H-5) dén carbon 8¢ 58.7 (C20'), 8¢ 39.1
(C21").

- Két hop nhiing thong tin tir phé HMBC cling véi viéc so sanh tin hiéu phd
'H-NMR v6i tai liéu [78] thidy c6 su twong ddng vé khung cdu tric
plagiospirolides.

- Phan II: Tuong quan tir proton methyl 8y 2.14 (s, H-1") dén carbon carbonyl
& Oc 210.0 (C2") va carbon methylene & oc 44.0 (C3’). Tin hi¢u tir proton
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methylene 8u 2.40-2.43 (¢, H-3") dén carbon methyl, carbonyl, methylene 1an luot
& 8¢ 29.6 (C1'), 8¢ 210.0 (C2') va 8¢ 24.1 (C4'). Thong tin tir s6 lugng proton
liy ttr nhom miii c¢6 cuong do tinh hiéu cao & phé 'H-NMR, két hop véi khdi
phé MS. Nhan dinh mdt 1an nita sy xuat hién chudi aliphatic, cudi chudi 1a nhom
methylketone va mach gém 17 carbon. Ngoai ra, con xac dinh vi tri nhom
carboxylic nim tai C19’ théng qua dic diém mdi tin hiéu va hing s6 ghép cua
proton methine ¢ ou 2.68-2.70 (d, Ju-13= 8.4 Hz, H-19"), cung v61 do 1a tuong tac
tir proton d6 dén cac carbon dc 79.1 (C18"), 8¢ 58.7 (C20), 5c 61.5 (C3) va d¢
175.2 (C22'). Hon nira, hang s6 ghép va tin hiéu proton methine &u 4.41-4.46
(td, J= 8 va 4.8 Hz, H-18"), ciing véi twong quan tir proton nay dén carbon 3¢
175.2 (C22"). Nhitng dir li¢u trén cho phép xac dinh khung D thudc vong lactone.

Qua @6, ciing x4c dinh dugc chudi aliphalic dugc gén trén C18'.

Qua viéc phén tich két hop cac phd va tom tat cac dit liéu phd *C-NMR,
"H-NMR, HMBC va so sanh voi tai liéu [51]. Khrfmg dinh rr;“mg AS la
reticulatin.

CH,

/////////(
H;

Hop chét reticulatin
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Béng 4.5. So sanh phd 'H & 3C-NMR giita hop chit A5 va reticulatin

A5 (CDCls)

O » 18
CH; H;C

Reticulatin (CDCI3)

18

O
CH; HsC

Z
Z
2

16

CH;

Q HO/Q;XO ) " HO%\) 7
> H,C H,C
g 19 19
'"H-NMR BC-NMR '"H-NMR BC-NMR
81 ppm (miii, s6 H) dc ppm 8 ppm (mili, s6 H) dc ppm
400 MHz 100 MHz 500 MHz 125 MHz
1 2.09 (s, 2H) 40.3 2.09 (s, 2H) 40.3
2 141.0 141.1
3 61.5 61.5
4a 2.26-2.28 (d,1H) 2.27 (d, 1H)
4b S1 1.35 (m, 1H) >1.2
5 2.87-2.88 (d,1H) 40.8 2.87 (d,1H) 40.8
6 150.4 150.4
7 2.50-2.59 (m,1H) 304 2.56 (m,1H) 30.4
8a 1.45 (m, 1H)
8b 369 1.34 (m, 2H) 37.0
9a 1.48 (m, 1H)
9b 241 1.34 (m, 2H) 242
10 48.1 1.79 (m, 1H) 48.2
11 46.4 46.4
12 41.9 1.38 (m, 1H) 41.9
13 1.40-1.44 (m,3H) |21.8 1.43 (m, 3H) 21.0
14 47.4 2.08 (m, 1H) 47.6
15 28.5 1.70 (m, 2H) 28.6
16 0.86-0.87 (d,3H) |23.6 0.87 (d,3H) 23.6
17 0.73-0.75 (d, 3H) 19.0 0.74 (d, 3H) 19.1
18 0.74 (s, 3H) 21.8 0.75 (s, 3H) 21.8
19 0.96-0.98 (d, 3H) 18.2 0.98 (d, 3H) 18.2
20 1.23 (s, 3H) 13.4 1.23 (s, 3H) 13.4
1 2.14 (s, 3H) 29.6 2.13 (s, 3H) 29.7
2! 210.0 209.9
3’ 2.40-2.43 (¢, 2H) 44.0 2.41 (¢, 2H) 44.0
4' 24.1 1.51 (m, 2H) 24.1
?6_'15 1.24-1.29 (m, 24H) 32451 1.24-1.29 (m, 24H) ;22
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177 1.70 (m, 2H)

17'b 35:3 1.61 (m, 1H) 353
18" | 4.41-4.46 (1d, 1H) | 79.1 4.44 (td, 1H) 79.3
19 |2.68-2.70 (d, 1H) | 52.8 2.67 (d, 1H) 52.9
20’ 58.7 58.6
21 [2.15-2.18 (dd, TH) | 4, 2.16 (dd, 1H) 302
21'b | 2.08 (m, 1H) ' 2.08 (m, 1H) '
22’ 175.2 174.2
23’ 180.3 180.4

4.1.6. Tong hop cac hop chit dia dwec phén lap

T cao EA cua dia y Parmotrema tinctorum da tinh ché va co lap duoc 5

hop chat voi cac cong thirc cau tao sau day:

Tinctoride A (A1) — Hop chit méi Zeorin (A2)

CH,

H3C//Z/,/,
H

Reticulatin (AS)
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Trong d6 bao gdm: 3 chat (A3, A4, A5) di duoc xac dinh tir trudc trong loai
tir trude, 1 chat (A2) chua duge phat hién trong loai dja y Parmotrema tinctorum
trude day va 1 chit (A1) 13 hop chit méi.

4.2. KET QUA KHAO SAT HOAT TiNH UC CHE ENZYME 0O~
GLUCOSIDASE

Bang 4.6. Két qua ICso cia cac hop chat di co 1ap so voi acarbose

Hop chit A 0-Glucosidase, ICso (uM)!4!
1 Khong hoat tinh
2 258,87+23,12
3 Khong hoat tinh
4 Khoéng hoat tinh
5 3,90 [l
Acarbose 108,08+3,87

[4 ICs0 céc gia tri dugce trinh bay 13 c4c gia tri trung binh + do léch
chuan (SD) (n=3).

[l Gi4 tri theo tai liéu [79], so voi ICso (Acarbose) = 165 uM.

Luu y: Chi c6 4 hop chit (A1, A2, A3 va A4) duoc thir nghiém hoat tinh
trc ché enzyme o-glucosidase tai mot thoi diém. Do ham lugng hop chat
A5 ¢ lap rat it (2,0 mg) va khong thé ¢6 1ap thém nhu hop chat Al trong
thoi gian thyc nghiém, nén khong thé cung 4 hop chét con lai thir nghiém
hoat tinh trc ché enzyme a-glucosidase tai cing mot thdi diém, nhung
viée st dung cung phuong phap va dia diém nghién ctru thir nghiém, van
c6 thé danh gia dinh tinh vé kha ning hoat déng e ché manh enzyme a-

glucosidase ctia hop chit AS.

Nhén xét: Mot trong bdén hop chat thudéc nhom triterpenoids duoc thir
nghiém tai cing mot thoi diém (hop chat A2, ICso = 258,87 uM) thé hién hoat
dong tc ché enzyme a-glucosidase so voi acarbose (ICso = 108,08 uM). Ngoai
ra, theo cac nghién ctru trude day [80], hop chat A2 cho thdy hoat dong tc ché
a-glucosidase cao nhét trong sb cac hop chét xuét hién nhiéu & dja y. Trong khi
d6 dinh hudng 68-OH (mot déng phan cua hop chit A2 1am giam hoat dong trc

ché a-glucosidase [81]). Tir d6 cho thdy, su anh huéng lap thé cua nhom
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hydroxyl & C6 trong khung hopan dong vai tro quan trong khi ddnh gia hoat tinh
trc ché enzyme nay. Qua khao sat, hop chit A3 va A4 co hoat tinh tc ché kém
d6i v6i enzyme a-glucosidase, 1an lugt 13 39,91 + 3,30 (%) va 25,21 + 3,49 (%)
tai néng do thtr nghiém nén khong tinh dugc gié tri 1Cso, cho théy dic diém
khung cdu truc cta cac hop chat triterpenoides (lupan va hopan) it quyét dinh
dén hoat tinh trc ché enzyme a-glucosidase.

Tuy nhién, chiét xuét tir P. tinctorum cho thay su tc ché a-glucosidase 1a
dang ké [49]. Céu tric lactone trong khung cau triic hop chat A5 c6 thé 1a nguyén
nhan chinh anh huong dén su rc ché manh enzyme o-glucosidase khi hop chét
tinctorinone [45] cling mang dic diém nay. Vay hop chat A5 c6 thé thudc thanh
phan c6 khung cdu triic chinh trong hoat tinh rc enzyme a-glucosidase ¢ dia y
Parmotrema tinctorum khi 1Cso dat gia tri 3,90 uM so véi chit chuén acarbose
ICs0 =165 uM [79].
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Chuwong 5. KET LUAN VA KIEN NGHI
5.1. KET LUAN

Luan an thyc hién nghién ctru hoa hoc trén loai dia y thudc chi Parmotrema
(ho Parmeliaceae), moc ¢ Viét Nam 1a Parmotrema tinctorum. Loai nay dugc
thu hai ¢ tinh Lam Déng, Viét Nam; duoc nhan danh khoa hoc béi T.S Vo6 Thi
Phi Giao, Khoa Sinh hoc - Cong ngh¢ sinh hoc, Truong Pai hoc Khoa hoc Tu
nhién, Pai hoc Quéc gia Thanh phé HO Chi Minh, Viét Nam. Loai nay hién tai

rat it dugc nghién ctru ¢ Viét Nam.
Viéc nghién ctru trén loai cay nay da dat mot so két qua nhu sau:

&% Vé két qua khao sat thanh phin héa hoc tir cao EA cia dia y

Parmotrema tinctorum:

Thuc hién cac phuong phép chiét pha ran két hop véi sac ky cot trén silica
gel va sdc ky diéu ché, tir cac phan doan EL2 da c6 lap dugc 5 hop chit. St
dung cac phuong phap hoa 1y hién dai nhu FT-IR, ESI-MS, NMR két hop so
sanh vai 6 lidu trong tai li€u tham khdo da xac dinh duoc cAu truc hoa hoc cla
cac hop chit nay, cu thé: A2 - 6a-22diol hopan (zeorin); A3 - 6a-acetoxyhopan-
164,22-diol; A4 - (35)-3-hydroxy-lup-20(29)-en-28-oic acid (Acid betulinic); AS
— reticulatin. Trong d6, A2 dugc xac dinh 1a méi — chua duoc tim thay trude day
o dia y Parmotrema tinctorum. Ngoai ra, con ¢6 mot hop chét peracid méi —
chua dugc tim thay tir trude dén nay va qua nghién ctru xac dinh duoc hop chét
nay c6 xuat hién véi mot luong nho & loai dia y Parmotrema tinctorum, d6 1a:
A1l — tinctoride A.

&% Vé két qua khao sat hoat tinh trc ché enzyme a-glucosidase

Céc hop chét ¢ 1ap tir cao EA cua dia y Parmotrema tinctorum dugc kiém
tra hoat tinh trc ché enzyme a-glucosidase. Két qua thu duoc cac hop chit Al
khong thé hién kha nang trc ché, hop chat A3 va A4 thé hién kha ning wc ché
rat yéu voi loai enzyme nay. Trong khi d6, hop chat A2 va A5 1a nhitng hop chét
dang quan tim vé kha ning hoat dong trc ché hoat tinh enzyme o-glucosidase.
Qua céc cong bd gan nhat, tam thoi khang dinh hop chat A5 chira nhém cau tric

chte ning c6 kha ning hoat dong trc ché manh hoat tinh enzyme a-glucosidase.

50



5.2.KIEN NGHI HUONG NGHIEN CUU TIEP THEO
Khao sat tiép trén cac phan doan con lai thudc cao EA va cac cao thanh phan

khéc tir loai dia y Parmotrema tinctorum.

Thir nghiém hoat tinh trc ché enzyme a-glucosidase trén cac cao va hop chat
c6 1ap dugc. Nham dua ra nhitng so sanh khach quan trén co so khoa hoc, 14 tién
dé quan trong dé nhan dinh lai nhém hop chat co ciu tric spiroterpenoid (nhu
hop chit C43-A5) c6 thudc thanh phan chinh hoat dong ndi bat trong hoat tinh
chéng lai enzyme a-glucosidase tir loai dia y Parmotrema tinctorum hay khong?
Tir d6 x4c dinh hoat dong (rc ché enzyme nay 1a do hgp chat hay nhom hop chat
nao trong dia y Parmotrema tinctorum. Ngoai ra, con thir nghiém thém mot sd
phuong phap khac trong viéc xac dinh kha ning (e ché hoat tinh enzyme a-
glucosidase, dé co bang chimg rd rang hon thay vi chi sit dung mot cach thir

nghiém.

Khéo sat thém mdt so loai dia y dé dua ra cai nhin tong quan va c6 hé thong
vé loai dia y Parmotrema tinctorum néi riéng va nhi€u loai thudc chi

Parmotrema n6i chung, trén 1anh thd Viét Nam.
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A new hopan-type triterpenoic peracid, tinctoride A (1), together with three known compounds, zeorin (2), 65,22-
dihydroxyhopane (3), and ergosterol peroxide (4), was isolated from Parmotrema tinctorum (Despr. ex Nyl) Hale. Their
chemical structures were identified by extensive 1D and 2D NMR analysis and high-resolution mass spectroscopy and
compared with those reported in the literature. The enzyme inhibitory potential of compounds 1-3 against a-glucosidase was

investigated, exhibiting nil to weak inhibitory activity.

1. Introduction

Lichens, which are symbiotic organisms having the charac-
teristics of mycobionts and fungi, comprise 17,000 species
distributed from tropical to polar regions [1-3]. This unique
ability produces various chemical constituents that are found
in most of these organisms [4]. Previous chemical investiga-
tions of lichens have confirmed the presence of many kinds
of aromatic secondary metabolites, such as depsides, depsi-
dones, dibenzofuranes, xanthones, and anthraquinones [5].
Most of these compounds are unique to lichens, but some

can also be obtained from fungi and plants [2]. Biological
markers have indicated that lichens have potent antioxidant,
anticancer, antiarthritic, anti-inflammatory, antihuman
immunodeficiency virus (anti-HIV}, and antiherpes simplex
virus 1 (anti-HSV -1} activities [4, 5].

Parmotrema tinctorum (Despr. ex Nyl.) Hale (Parmelia-
ceae) (lichenised Ascomycota) is a foliose lichen growing
abundantly in various countries, commonly on rocks and
trees in moist trepical and temperate areas [6, 7]. The extract
of P. tinctorum exhibits significant «-glucosidase, a-amylase,
and aldose reductase inhibition [7], and some isolated



compounds manifest mederate in advanced glycation end
product formation inhibition activities [8]. However, only
a few publications have reported the chemical investigation
of P. tinctorum, resulting in the isolation of some monoaro-
matic and aromatic compounds [8-12].

The present paper reports the results of the isolation and
elucidation of a new triterpenoid (1) and three known com-
pounds (2-4) from P. tinctorum. Moreover, the enzyme
inhibitory activity of compounds 1-3 against «-glucosidase
is described.

2. Materials and Methods

2.1. General Experimental Procedure. Column chromatogra-
phy (CC) was performed on 60-120-mesh silica gel. The IR
spectra were measured on Frontier FTTR/NIR spectrometers
(Perkin Elmer, USA). NMR spectra (1D and 2D} were
recorded on a Bruker Avance spectrometer at 500 MHz for
'H NMR and 125MHz for “C NMR. HRESIMS were
recorded on a Bruker MicrGTOF-Q II mass spectrometer.
Thin-layer chromatography was carried out on precoated
Kieselgel 60 F,¢, or silica gel 60 RP-18 F,.,S (Merck). Spots
were visualized by spraying with 5% vanillin in acidic aque-
ous solution, followed by heating.

2.2. Plant Material. The thalli of lichen P. tinctorum were
collected in the Lam Dong province of Vietnam in May
2020. The scientific name of the plant was identified by Dr.
Vo Thi Phi Giao, Faculty of Biology-Biotechnology, Univer-
sity of Science, National University, Ho Chi Minh City, Viet-
nam. A voucher specimen PHHO0011338 was deposited in
the Herbarium of the University of Science, Ho Chi Minh
City Vietnam National University (PHH).

2.3. Isolation and Purification. The air-dried roots (2.5kg)
were extracted exhaustively with ethyl acetate (10L x 3)
and methanol (10L x 3} at room temperature. The filtered
solution was evaporated under reduced pressure te afford
two crudes: E (105.2 g) and M (135.5 g). Crude E was washed
with ethyl acetate to yield the liquid EL (23.5 g} and precip-
itate EP (75.8g). EL was applied to Sephadex LH-20 and
eluted with methanol to obtain EL1-3, and EL2 was then
fractionated using C-18 silica gel CC with a gradient system
of water-methanol (1:8), affording five fractions (EL2A-E).
Fraction EL2D (16.6 g} was selected for further fractionation
by silica gel CC, using a solvent system consisting of n-hex-
ane/CHCL /ethyl acetate/acetone (4:0.2:0.2:0.2) to afford
fractions EL2D1-D5. Subfraction EL2D3 (1.43g) was
rechromatographed by silica gel CC using an n-hexane/
CHCl,/ethyl acetate/acetone (5:0.2:0.2:0.2) solvent system,
affording compounds 1 (1.6mg} and 4 (25.0 mg). Fraction
EL2D1 (0.63g) was rechromatographed to afford com-
pounds 2 (3.2mg) and 3 (5.2mg), by the same procedure
used for EL2D3.

2.3.1. Tinctoride. A (1). Colorless gum; IR (KBr, cm 1): 3564,
2925, 2849, 1739, 1709, 1459, 1374, 1247, 1032; 'H NMR
(CDCL,, 400 MHz) 8, 4.66 (1H, dd, J =4.8, 11.6 Iz, H-1),
458 (1H, dd, J=4.4, 124Hz, H-3), 2.36 (1H, m, H-21),
233 (1H, m, H-22), 2.02 (3H, s, H-34), 1.97 (3H, s, H-32),
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1.89 (1H, m, H-2a), 1.86 (1H, m, H-20a), 1.66 (1H, m, H-
2b), 1.62 (1H, m, H-20a), 1.54 (2H, m, H-6), 1.52 (1H, m,
H-19a), 1.48 (2H, m, H-16), 1.47 (2H, m, H-9, H-12a),
1.45 (1H, m, H-11a), 1.43 (1H, m, H-20a), 1.40 (1H, m, H-
7a), 1.32 (2H, m, H-12b, H-13), 1.31 (2H, m, H-15), 1.30
(1H, m, H-11b}, 1.23 (1H, m, H-17), 1.20 (1H, m, H-7b),
1.13 (3H, d, J=6.4Hz, H-29}, 1.00 (3H, s, H-25), 0.94
(3H, s, H-26), 0.90 (3H, s, H-27), 0.89 (1H, m, H-19b),
0.83 (6H, s, H-23, H-24), 0.75 (1H, d, f=2.8, 11.2 Hz, H-
5}, 0.70 (3H, s, H-28)%; "“C NMR (CDCL, 100MHz) &,
182.0 (C-30), 170.5 (C-33), 170.3 (C-31), 80.5 (C-1), 76.5
(C-3), 53.8 (C-17), 52.9 (C-5), 50.8 (C-9), 48.7 (C-13), 44.4
(C-18), 42.7 (C-21), 423 (C-22), 42.3 (C-8), 42.1 (C-14),
42.1 (C-10), 41.0 (C-19), 37.9 (C-4), 33.5 (C-15), 33.1 (C-
7) 30.1 (C-2), 28.0 (C-23), 26.7 (C-20), 23.9 (C-12), 23.0
(C-11), 21.9 (C-34), 21.2 (C-32), 19.9 (C-16), 17.9 (C-6),
17.8 (C-29), 17.0 (C-26), 16.7 (C-27), 16.2 (C-24), 15.8 (C-
28), 13.0 (C-25)% HRESIMS m/z: [M+Na]*™ " for
C,,H-,O-Na (caled. 597.3767).

2.4, - Glucosidase Activity Test. The a-glucosidase inhibitory
activity of the compounds was investigated using a method
from Wan et al. [13]. All samples were examined in triplicate
at different concentrations to obtain the IC., value of each
compound. The mean values and standard deviations were
retained. Briefly, 120 ul. of extract were preincubated with
20 uL of a-glucosidase (1 unit/mL) in 0.1 M potassium phos-
phate buffer (pH 6.8) at 37°C for 15min. The reaction was
then initiated by adding 20 4L of 5mM para-nitrophenyl-a-
D-glucopyranoside (PNPG) in 0.1 M potassium phosphate
buffer, and the mixture was further incubated for 15 min.
The reaction was terminated by the addition of 80uL of
0.2M Na,CO, in 0.1 M potassium phosphate buffer, and
the absorbance of the mixture was recorded at 405 nm. The
results were expressed as % inhibition of enzyme activity
and calculated according to the following equation:

A
Inhibition (%) = {1 - (ﬂ)] % 100. (1)

control

3. Results and Discussion

3.1. Structural Elucidation. The ethyl acetate extract of P.
tinctorum was separated by CC over silica gel normal phase
and reversed-phase RP C-18, and sephadex LH-20 to afford
a new triterpene, tinctoride A (1), and three known com-
pounds, zeorin (2) [14], 6$3,22-dihydroxyhopane (3) [15],
and ergosterol peroxide (4) [16] (Figure 1).

Compound 1 was purified as a colorless gum with
molecular formula C,,H.,0-, as assumed by the sodiated
molecular ion peak at m/z 5973794 (caled. for
C,,H-,O,+ Na, 597.3767) on the HRESI mass spectrum.
The "C NMR and HSQC spectra of 1 revealed 34 carbon
signals, including 9 methyl, 9 methylene, 8 methine, and 8
quaternary carbons. In addition, the "H NMR spectrum
showed six singlets (8;; 1.00, 0.94, 0.90, 0.83 % 2, 0.70} and
one doublet (8;; 1.13, d, 6.4), and the key HMBC correla-
tions were observed from six methyl groups, H;-23 (8
0.83), Hy24 (8., 0.83), Hy-25 (8, 1.00), Hy-26 (5, 0.94),
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2R =4-OH
3 R=p-OH

Figure 1: Chemical structure of compounds 1-4.

H,-27 (84 0.90), and H,-28 (8, 0.70), to their attached qua-
ternary carbons C-4 (6 37.9), C-4, C-10, C-8 (5 42.3), C-
14 (8- 42.1), and C-18 (8. 44.4), respectively, suggesting
that 1 was a hopan-type triterpenoid [17], related to the
known cometabolites 2, 3. In addition, the HMBC correla-
tions from the methyl protons at &;; 2.02 (H,-34) to C-33
(8- 170.5) and &6 1.97 (H,-32) to C-31 (8 170.3) suggested
the occurrence of two acetoxycarbonyl groups located at C-1
and C-3, respectively, which was further backed up by the
HMBC crosspeak of the oxymethine proton H-1 (8 4.66}
to C-31 and H-3 (6 4.58) to C-33. Furthermore, the key
HMBC of the doublet methyl H,-29 (85 1.13, d, =64
Hz) to C-21 (8. 42.7), C-22 (5. 42.3), and C-30 (3.
182.0) indicated that a methyl group belonging to the iso-
propyl moiety located at C-21 (ring E) was oxidated to a car-
boxyl functien (Supplementary material Figure S1). The
FIIR spectrum of compound 1 also revealed the presence
of free OH, OH stretching, C=0O stretching, and OH
bending vibrations of the peracid functional group at 3564,
3293, 1739, and 1459 cm?, respectively [18], indicating a
peracid moiety located at C-30, which was further clearly
evidenced by the value of its chemical shift at §. 182.0,
instead of approximately 184 ppm in the case of an acid
function [15], and also by the molecular formula C,,H.,O-
from the HRESI mass spectrum. In addition, the
chromatography experiment between 1 and the crude
fraction revealed that 1 was a minor substance in P.
tinctorum (Supplementary material Figure S2}.

As to the relative stereochemistry of C-1 and C-3, the
elevated coupling constant of H-1 (]H—l,H—Z =11.6, 4.8 Hz}
and H-3 (]1{72’1{73 =12.4, 4.4Hz) determined the axial posi-
tion of both of these oxymethine protons. Furthermore, the
syn-orientation (S-crientation} of H-1 (8 4.66), H-3 (6
4.58), and H-5 (6;; 0.75) was definitely indicated by pair-
to-pair NOESY interactions (Supplementary material
Figure S1). From all the above data, compound 1, namely,
tinctoride A, was readily elucidated as 183,3f-diacetoxy-
21e-hopan-29-oic peracid.

3.2. a-Glucosidase Inhibition Assay. The enzyme inhibition
of compounds 1-3 against a-glucosidase was evaluated (Sup-
plementary material Table S1). Triterpenoids 1-3 exhibited
weak (compound 2, IC;, 258.87 pM) or ne (compounds 1
and 3) «-glucosidase inhibitory activity compared with
acarbose (positive control, 1C., 108.08 uM}. Among these
compounds, 2 showed the highest a-glucosidase inhibitory
activity, similar to that reported in the previous study [19],

while the 65-OH orientation of compound 3 led to a
decrease in its a-glucosidase inhibitory activity, in spite of
its molecular formula being closely related te compound 2.
It is worth noting that the stereochemistry of C-6 hydroxyl
substitutions in hopan-type triterpenoids could play an
important role in their a-glucosidase inhibitory activities.
The extract of P. tinctorum, however, displayed significant
a-glucosidase inhibitien [7], which indicates that the
hopan-type triterpencids are not the mest potent a-
glucosidase inhibitory component in the ethyl acetate
fraction of P. tinctorum. Due to the reports of various
phenolic compounds [6, 8, 9, 11, 12], further isolation of
other compounds from the ethyl acetate fraction, such as
phenolic compounds or other types of triterpenoids, will be
important research for the discovery of active compounds
against a-glucosidase.

4. Conclusions

Three hopan-type terpenoids, including one new peracid,
tinctoride A, and two known compounds, zeorin (2) and
63,22-dihydroxyhopane (3}, together with ergosterol perox-
ide (4}, were isolated from the lichen P. tinctorum. Their
chemical structures were identified by extensive 1D and 2D
NMR analysis and high-resolution mass spectroscopy and
compared with those reported in the literature. To the best
of our knowledge, compound 1 is a new peracid, while com-
pounds 2-4 have not previously been isolated from P. finc-
torum. Compounds 1-3 displayed nil or weak inhibitory
activity against a-glucosidase.
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Full mass spectrum
Spectrum from DYq_(-)ESI.wiff2 (sample 1) - DYq_(-)ESI, -TOF MS (70 - 1500) from 0.134 min, noise filtered (noise multiplier = 1.5), Gaussian smoothed (0.5 points)
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Expanded spectrum
Spectrum from DYqg_(-)ESI.wiff2 (sample 1) - D¥q_(-)ESI, -TOF MS (70 - 1500) from 0.134 min, noise filtered (noise multiplier = 1.5), Gaussian smoothed (0.5 points)
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