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MO DAU
1. Ly do chon dé tai
Xanthine oxydase (XO) dong mdt vai tro quan trong trong qué trinh oxy hoda xtc tac
hypoxanthine thanh xanthine va xanthine thanh acid uric trong qua trinh phan huy
purin [1]. Hoat d6ng qua mirc ctia XO c6 kha ning 1am ting ndng do acid uric trong
méau, dan dén bénh Gout [2]. Do do, tc ché hoat dong XO duogc dé xuit nhu mot
phuong phap diéu tri ddy hira hen khong chi dé diéu tri chimg ting acid uric mau ma
con dbi v6i nhidu bénh khac lién quan dén cac loai oxy hoat dong (ROS)[3]. Mot sb
nghién ctru dich t& hoc quy mé 16n cho thiy bénh Gout c6 lién quan dén viéc ting
nguy co mac bénh Pai thao dudng. Ca bénh Gout va Dai thio dudng déu 13 yéu t6
nguy co cua bénh tim mach va tr vong [4]. Dai thao duong 1a mot tinh trang bénh ly
dai dang duogc dic trung bdi nong do glucose trong mau tang do san xuét hoic st
dung insulin khong dii. Mot cudc khao sat trén toan thé gidi cho thdy bénh Dai thao
duong dang anh huéng dén gan 12% dan sé6 mdi nam [5]. Piéu nay da dan dén nhu
cau vé chién luoc diéu tri bénh Déi thao duong ngay cang ting. Trong nhiing thap ky
qua, cac san pham tu nhién da nhan duoc su chi ¥ ngay cang ting nhu 1a lya chon
diéu tri thay thé do pham vi hoat dong dugc phém da dang va giam sy xuét hién cta
tac dung phu. Cac san pham tu nhién 13 ngudn phat trién thudc khong ngirng nghi va
nhiéu loai thuc vat d3 duoc chtirng minh 14 c6 hi€u qua trong diéu tri bénh Pai thao
duong va Gout.
Viét Nam nam trong vung khi hau nhi¢t déi gié mua nén c6 hé thuc vat phong phu,
da dang, nhiéu loai trong s6 d6 tir 1au da duogc str dung dé phong va/hoic chira bénh.
Pay 1a ngudn nguyén liéu vo cing quy gia cho cac nghién ctru hién dai vé& hop chat
tu nhién va hoat tinh sinh hoc. Dé c6 thé khai thac tot ngudn tai nguyén ndy, can co
nghién ctru mot cach hé théng vé thuc vat, thanh phén hoa hoc va tadc dung sinh hoc
ctia cay thudc. Trong d6, Rau dang dat 13 duoc liéu phd bién & mién nam Viét Nam.
Theo Y hoc c6 truyén, toan cay Rau dang dit c6 vi dang, tinh mat, quy vao kinh can,
than nén thuong dugc s dung trong cac bai thudc loi tiéu hoéa, nhuan gan, ich mat,
thanh nhiét, loi tiéu, giai doc... Trong cac nghién ctru gin dy, Rau ding dit con co
cac tac dung duoc Iy nhu tac dung trén hé mién dich [6], bao vé gan [7], khang khudn
[8], khang nim [9], ha lipid huyét, ha glucose huyét [10], chdng oxy héa [11].... Tuy
nhién, ¢ rat it thong tin vé dic tinh tre ché xanthine oxidase va o-glucosidase cua cao
chiét cling nhu cac chét phén lap tir loai G. oppositifolius.
Nhirng nam gan day, duoc 1y mang (network pharmacology) d tro thanh xu huéng



m&i trong nghién ciru phat trién thude, tim hiéu co ché cua thude voi nhiéu muyc tiéu,
cai thién tinh an toan va hiéu qua cua céc loai thudc hién c6. Dugc Iy mang xuét hién
nhu mét cong cu quan trong trong viéc hiéu cac mdi quan hé phirc tap co ban giira
thao dugc va toan bd co thé [12]. Cho dén nay cac hoat chét va tac dung diéu tri bénh
Dai thdo dudng va Gout ciia Rau déng dit van chwa dugc nghién ctru bang phuwong
phap duoc Iy mang.

Vi vay, voi mong mudn tim kiém cac hoat chit méi ung dung tri bénh trong Y Dugc
tir ngudn nguyén lidu thién nhién va du doan co ché tic dung nham néng cao gié tri
sit dung ciing nhu gop phan vao kho tang cay thudc cua Viét Nam, chung toi tién
hanh d¢ tai “Nghién ctru thanh phan hoéa hoc va hoat tinh trc ché enzyme a —
glucosidase, xanthine oxidase ctia ciy rau dang dat [Glinus oppositifolius (L.) A.
DC.], ho Rau déng dat (Molluginaceae)”

2. Muc tiéu nghién ciru

- Dénh gia duoc tac dong e ché enzyme o—glucosidase va enzyme xanthine
oxidase cua cac cao phan doan

- Phan lap, tinh ché va xac dinh duoc ciu trac mot sb hop chit ¢6 hoat tinh (e
ché enzyme a—glucosidase va enzyme xanthine oxidase tir ciy Rau dang dat

- Dénh gia duoc tac dong e ché enzyme o—glucosidase va enzyme xanthine
oxidase cua cac chat phan lap dugc

- Phan tich, du doan co ché tac dung cua Rau déng dat trong diéu tri bénh Dai
thdo duong typ 2 va Gout st dung phuong phap dugc 1y mang va docking.

3. Noi dung nghién ciru

- Chiét xuit va diéu ché cao tong va cic cao phan doan

- Khao sat hoat tinh trc ché enzyme a-glucosidase va xanthine oxidase cta cao
phan doan

- Phén 14p va tinh ché cac hop chét tir phan doan c6 hoat tinh

- Xéc dinh cdu trac cac chat tinh khiét phan 1ap duoc

- Thir nghiém hoat tinh trc ché enzyme a-glucosidase va xanthine oxidase cua céc
chat tinh khiét phan 1ap dugc

- Phan tich duoc 1y mang co ché tac dung ciia Rau dang dét trong diéu tri bénh
Dai thao duong typ 2. Docking phan tir giita hoat chat quan trong va dich tic dong
tiém nang.

- Phan tich duoc 1y mang co ché tac dung ciia Rau dang dét trong diéu tri bénh
Gout. Docking phan tir giita hoat chat quan trong va dich tac dong tiém nang.

4. Y nghia khoa hoc va thyec tién ciia dé tai



Y nghia khoa hoc

Dé tai dong gdp nhitng dit liéu khoa hoc méi vé thanh phan hoa hoc va hoat tinh trc
ché enzyme a-glucosidase va enzyme xanthine oxidase ctia cdy Rau déng dit nhim
tao co s& khoa hoc cho viéc khai thac str dung hop 1y, hi¢u qua. Pay la nghién ctru
dau tién tim hiéu hop chit tiém ning va co ché tic dung ctia Rau ding dit dinh hudng
diéu tri bénh dai thao duong typ 2 va Gout tmg dung duogc Iy mang - giup tiét kiém
thoi gian, chi phi cho viéc tim kiém hoat chat va co ché tac dung cua thude, rong hon
1a cho qua trinh nghién ctru phat trién thudc. Tir d6 cung cap thém thong tin vé loai
thao dugc tiém ning ndy va tao tién dé cho cac nghién ctru duge 1y va kiém nghiém
trong tuong lai sir dung cdy thudc nay cho muc dich diéu tri.

Y nghia thue tién

Két qua d¢é tai lam sang t6 nhitng minh chimg khoa hoc vé tac dung ha duong huyét
va ha acid uric cta cdy Rau dang dat. Pong thoi cung cip dit liéu ban dau vé tiém
nang tng dung dé phat trién cac san phim an toan va hiéu qua tir cdy Rau dang dat
trong phong chdng Déi thdo dudng va Gout; Pong gop dang ké vao viée bao vé stc
khoe noi chung va trong viéc tim kiém cac ciu triic c6 tic dung duoc 1y néi riéng,
Nhirng dong gop mai cia luan an

- Pay la nghién ctru d4u tién vé hoat tinh trc ché xanthine oxidase cuia ciy Rau
déng dat (Glinus oppositifolius). Cao con toan phan cia cay Rau ding dat thé hién
hoat tinh ¢ ché enzyme xanthine oxidase v6i ICso = 130,56 + 3,79 pg/mL, cao
EtOAc va BuOH thé hién hoat tinh trc ché enzyme xanthine oxidase t6t v&i ICso lan
lwot 12 29,67 + 1,02 pg/mL va 83,16 + 0,27 pg/mL.

- Di phén lap va xdc dinh dwoc 3 hop chit méi tir phan trén mit dat cua loai
Glinus  oppositifolius 1la:  G-6  (apigenin-5-0-f-D-glucopyranosyl-8-C-B-D-
glucopyranoside), G-11 (spergulin C), G-17 (L-(-)-(N-cis-cinnamoyl)-arginin).
Trong d6 hai hop chit G-11 va G-6 thé hién hoat tinh e ché enzyme a-glucosidase
véi ICso twong tmg 14 31,23 + 0,45 uM va 257,90 + 1,00 uM. Hop chét G-17 thé
hién hoat tinh \rc ché enzyme xanthine oxidase voi1 ICso = 178,02 £ 1,65 uM.

- Lan dau tién phan 1ap duoc hop chit G-20 (7-O-methylwogonin) tir phan trén
mit dat cua loai Glinus oppositifolius. Dong thoi ddy ciing 1 nghién ctru dau tién thir
nghiém hoat tinh @rc ché enzyme a—glucosidase va xanthine oxidase cta hop chat 7—
O-methylwogonin. Két qua cho thdy hop chat G-20 (7-O-methylwogonin) thé hién
hoat tinh tc ché enzyme o—glucosidase tdt v6i ICso = 94,92 + 1,85 uM, va khong thé

hién hoat tinh rc ché enzyme xanthine oxidase.



- Diy 1a nghién ctru ddu tién tng dung duoc 1y mang dé tim hiéu hop chét tiém
ning va co ché tac dung dinh hudng diéu tri bénh Dai thdo dudng typ 2 cua cdy Rau
ding dat. Co ché tac dung chinh cua Rau déng dit trén bénh Dai thio duong tuyp 2
dugc du doan 13 giam dé khang insulin (théng qua tac dong dén AKT1, PPARG va
con duong EGER resistance), giam bién chimg Dai thio duong (théng qua tac dong
dén con dudng AGE-RAGE, HIF-1, va STAT3), khang viém — chéng oxy hoa (nhim
dén cac dich TNF, IL6, TP53). Céc hoat chit chinh 14 3-oxo-olean-12-ene-28,30-
dioic acid;  6,8-dimethyl-5,7,4'-trihydroxyflavon;  7-hydroxy-5-methoxy-6,8-
dimethylflavon. Qua trinh docking phén tir giira cac hoat chat quan trong ctia Rau
dang dat va muc tiéu tiém ning trong diéu tri bénh Pai thao dudng typ 2 da gitp xac
minh su chinh xac ctia dg doan dugc 1y mang.

- Pay 1a nghién ciru dau tién tng dung dugc 1y mang dé tim hiéu hop chét tiém
nang trong diéu tri bénh gout va co ché 1a giam viém man tinh (thong qua cac dich
IL6, TNF, TP53 va con dudng PI3K-Akt), chdng oxy hoa — giam acid uric (qua tc
dong dén TP53 va diéu hoa hoat dong SLC2A9), giam rdi loan lipid mau va nguy co
bién ching tim mach. Cac hoat chat quan trong nhat 13 acid trans-ferulic; 7-hydroxy-
5-methoxy-6,8-dimethylflavon; lutein. Qua trinh docking phan tir gitta cac hoat chét
quan trong cua Rau dang dat va muc tiéu tiém ning trong diéu tri bénh Gout di gitp

xac minh sy chinh x4c cia du doan dugc ly mang.



CHUONG 1. TONG QUAN NGHIEN CcUU
1.1. Téng quan vé bénh Pi thao duong
1.1.1. Dinh nghia va phan loai
P4i thdo dudng 13 bénh chuyén héa khong ddng nhat, diic trung béi tinh trang ting
tuong huyét do khiém khuyét vé tiét insulin, vé tic dong ctia insulin hodc ca hai.
Ting duong huyét man tinh kéo dai cé thé gy réi loan chuyén héa glucid, lipid,
protid va gay ton thuong cho nhiéu co quan khac nhau, dac biét 1a tim va mach mau,
mit va hé than kinh, than [13].
Pai thao duong 1a mot trong nhitng nguyén nhan hang dau dan dén tir vong trén toan
cau. Pé duy tri strc khoe va nang cao chat luong cudc séng, viée chan doan, phat hién
som va diéu tri bénh can tuan thi ding cac nguyén tic can thiét.
bai thao duong duoc chia thanh 4 loai chinh (American Diabetes Association-ADA
2021) [13]:
- Dai thao duong typ 1: Xuat hién do sy pha hay té bao beta cua tuyén tuy, dan dén
thiéu hut insulin mot cach tuyét doi.
- Dai thao dudng typ 2: Hinh thanh bai sy suy giam chirc ning ctia té bao beta tuyén
tuy, tién trién trén nén dé khang insulin
- Pii thao duong thai ky: Pugc chan doan vao giai doan giita hodc cudi thai ky,
khong c6 bang ching ciia dai thdo dudng typ 1 hay typ 2 trudc do
- Cac thé bénh chuyén biét ciia dai thao dudng: Do cac nguyén nhan khac nhu dai
thao dudng so sinh, hoic di thao dudng do tac dong cia thude va hoa chét (vi du: st
dung glucocorticoid, diéu tri HIV/AIDS, hoic sau ghép md)
1.1.2. Co ché bénh sinh ciia bénh Ddi thdo dwong
Co ché bénh sinh ciia dai thio dwong typ 1
Dai thao duong typ 1 1a két qua cta sy pha huy céc té bao beta dao tuy thong qua hé
théng trung gian mién dich, dan dén tinh trang thiéu hut insulin. Nhiéu yéu t6 di
truyén va mdi trudng dugc tim thiy trong cac su két hop khac nhau ¢ tirmg bénh nhan
c6 lién quan dén sy phat trién ciia bénh [14].
Céc yéu to di truyén nhu céc ca thé c6 biéu hién qua mirc khang nguyén bach cau
nguoi HLA DR4, DQ8 va DQ2 lam tang tinh nhay cdm cta ching hién di¢n ¢ khoang
90% bénh nhan dai thao duong typ 1. Nhing yéu té ndy, cing véi mot hodc nhiéu
yéu t6 moi trudng nhu virus, vi tri dia 1y, tudi, can ning, ché do dn udng va tap luyén,
dan dén viéc hé théng mién dich nham 1in nhan dang cac thanh phan té bao beta la

vat la va pha hiy gy ra cac ton thuong vinh vién. Pha huy tién trién qua thoi gian



dén khi khéi luong té bao beta giam t6i diém ma ndng d6 insulin khong du dé kiém
soat nong d6 glucose huyét turong [15].

Co ché bénh sinh cua déi thdo dwong typ 2

Dai thao dudng typ 2 dic trung boi tinh trang ting dudng huyét, khang insulin va suy
giam twong ddi kha ning bai tiét insulin cua co thé. Sy giam tiét insulin dap tng voi
glucose chu yéu do tac dong cia ting glucose mau, lam ton thuong té bao béta tuy.
V& khang insulin, day 13 hién tuong cac co quan dich mat hoic suy giam d6 nhay cam
d6i voi insulin. Co ché gy ra khang insulin bao gdm su rdi loan chirc ning ctia cic
thu thé insulin, bat thudng trong con dudng truyén tin hiéu tir thu thé, ciing nhu céac
van dé lién quan dén van chuyén hoic chuyén hoa glucose. Khang insulin khong chi
1a yéu t6 du bao manh mé& nhét vé su phét trién ciia bénh tiéu duong typ 2 trong twong
lai ma con 13 muc tiéu diéu tri khi c6 tinh trang ting dudng huyét [16].

Céc yéu té méi trudng ciing dong vai trd 16n vao sy phat trién cia bénh Déi thao
duong typ 2 nhu béo phi, ludi van dong, ché do an du thira chit béo, cang thing,
stress va tudi cao. Hau hét bénh nhan mic bénh Dai thao dudng typ 2 bi béo phi va
dai dich béo phi toan cau phan 16n giai thich sy gia ting dang ké ty 1é mic bénh Dai
thao dudng loai 2 trong nhitng nim qua [17]. O nhitng ngudi béo phi, mdé mé& giai
phong luong acid béo khong ester hoa, glycerol, hormone, cytokine gy viém va cac
yéu té khac c6 lién quan dén sy phat trién tinh trang khang insulin. Khi tinh trang
khang insulin di kém véi rbi loan chirc ning cua té bao beta dao tuy - té bao giai
phong insulin - din dén khong kiém soat dugc lwong dudng trong méu [18].

1.1.3. Téng quan vé enzyme a-glucosidase

Alpha glucosidase (EC.3.2.1.20) ¢6 tén goi khac nhau nhu: Glucoinvertase, a-D-
glucosidase, a-glucosidase hydrolase, o-1,4-glucosidase, maltase,
glucosidoinvertase, maltase glucoamylase, glucosidosucrase, nitrophenyl-o-D-
glucosidase, transglucosidase, glucosidoinvertase,

a-glucosidase 13 mot enzyme nam trén mang ban chai rudt non, déng vai trd co ban
trong qué trinh tiéu hda carbohydrate. Co ché 1a cit dit lién két a-D-1,4 glucose dau
khong khtr. Hoat dong cua a-glucosidase ting dan tir té trang, dat mirc cao nhét tai
hoi trang. Bén canh sur hién dién & rudt non, a-glucosidase cling dugce phat hién trong
biéu mé than [19].

Enzyme a-glucosidase gdm hai tiéu phan: tiéu phan N tan va tiéu phan C tan (Hinh
1.1). Ca hai tiéu don vi nay déu c6 khéi lwong phan tir khoang 100 kDa va thudc
nhém GH31, phan nhém 1, nho sy hién dién cta chudi WiDMNE tai trung tdm xuc
tac [20; 21].



Hinh 1.1.  Céu trac cta phén tir a-glucosidase (PDB ID: 2QLY)
Ché d6 #n cua con nguoi phu thudc nhiéu vao tinh bot thuc vat nhu nguf“m cung cép
glucose- mét chit chuyén hoa quan trong trong qué trinh chuyén hoéa ning lwong. Cac
loai tinh bét déu bao gdm hai thanh phan céu tric chinh: amylose- mdt chudi bao gdm
cac don vi glucose lién két a(1-4) va amylopectin - mét phan tir phan nhénh 16n hon
v6i cac lién két a(1-4) va a(1-6). O nguoi, cac loai enzyme tham gia vao qud trinh
tiéu hoa hoan toan tinh bot thanh glucose gém: a-amylase nude bot va tuyén tuy (EC
3.2.1.1) cit cac lién két a(1-4) bén trong tinh bot thanh cac chudi dextrin ngin hon.
Hon hop dextrin thu duoc sau d6 dugc thiy phan thanh glucose boi enzyme a-

glucosidase (EC 3.2.1.20) & vién ban chai ruét non, enzyme glucoamylase

(EC.3.2.1.3) va sucrase/isomaltase (EC 3.2.148, 3.2.10) [20; 21]. Nhu vay, viéc tc
ché hoat dong ctia enzyme a-glucosidase c6 thé 1am giam su phan giai carbohydrate,
dong thoi 1am cham qua trinh hip thu glucose vao mau, gop phan kiém soat luong
duong huyét sau an.

Hién nay, nhiéu hop chét tir ty nhién hodc tong hop di dugc tim thiy c6 kha ning trc
ché enzyme a-glucosidase. Tuy nhién, khi xem xét trién khai cac chét @c ché a-
glucosidase, can can nhic nhiéu khia canh lién quan téi d§ an toan va dgc tinh. Mot
phan tich tong hop cho thay viéc st dung nhém thude trc ché a-glucosidase co thé
lam tang nguy co ting men gan (ALT va AST) hon 3 1an gidi han trén binh thudng,
dic biét & lidu cao hon [22].

Ngoai ra, cac tic dung phu phd bién ctia nhém thude tc ché a-glucosidase 14m sang
— nhu dy hoi, tiéu chay va dau bung — xudt phat tir viéc carbohydrate khong hap thu
duoc bi 1én men trong dai trang [23]. Nhimng tac dung nay c6 thé anh hudng téi sy
tuan thi diéu tri va chat lugng séng ctia ngudi bénh.

Trong phdi hop diéu tri, nguy co twong tac thudc 1 yéu t6 khong thé bo qua. Mic du
nhém thudc trc ché a-glucosidase thuong khong co kha ning gay ha duong huyét
manh néu dung don doc (vi tac dung chil yéu & rudt, khéng phu thude insulin), nhung
khi phdi hop véi thude didu tri dai thao duwong khac nhur Sulfonylurea hozc Insulin,



van can theo dbi dé tranh nguy co ha dudng huyét — nhét 1a khi ché d6 an udng hoic
tiéu thy thic an/dd udng thay d6i. Hon nira, viéc dung nhom thudc tc ché a-
glucosidase c6 thé bi anh huéng boi luong carbohydrate trong bita dn hodc loai thire
an, do co ché tac dung gin lién véi phan giai tinh bot/oligosaccharide — nén hiéu
qua diéu tri c6 thé khac nhau tuy bita dn va ché do dinh dudng [24].

Tém lai, dé danh gia toan dién lgi ich-rii ro cua hoat tinh tc ché enzyme a-
glucosidase, can cin nhic giita hiéu qua kiém soat duong huyét sau in, do an toan/doc
tinh va nguy co twong tac thudc. Viéc nghién ctru sau hon vé cac hop chit méi — dic
biét nhitng dan xuét tir ngudn duoc lidu véi tiém nang it tac dung phy hon — 13 hudng
trién vong trong diéu tri dai thao duong typ 2.

1.1.4. Bién chirng ciia bénh Pdi thdo dwong

Dai thao duong tién trién theo thoi gian. Khi khong duoc kiém soat, Pai thao dudng
c6 thé gy ra nhiéu bién chtng cép tinh va man tinh nguy hiém. Céc bién chimg cap
tinh 1a nhiing bénh canh cép ctru ndi1 khoa, thuong géap va de doa tinh mang, g6m cac
loai bién ching sau: Nhiém toan ceton, ting ap luc tham thau, ha duong huyét, ting
acid lactic trong mau [25].

Céc bién ching man tinh ctia bénh Pai thdo duong anh huéng dén nhiéu hé co quan
trong co thé, chil yéu la do tén thuong tai cc to chitc mach mau va than kinh. Tinh
trang nay lam gia tdng nguy co méc cac bénh Iy nghiém trong nhw nhdi méu co tim,
d6t quy va tai bién mach mau ndo. Ngoai ra, bénh 1y véng mac do tiéu duong duoc
xem la nguyén nhan hang dau din dén mu loa va suy giam thi luc, gay tac dong sau
sdc toi chat lwgng cude séng cia ngudi bénh. Bénh Pai thao duong 1a nguyén nhan
thwong gédp cua bénh than man. Bénh thuong khong ¢o triéu chirng tdi khi hoi ching
than hw hodc suy than. Diéu tri can chay than nhan tao hay tham phan phic mac dé
duy tri cudc sdng. Bién ching than kinh ngoai bién do Pai thdo dudng giy mit cam
giac ¢ chan, tay hay di cam, té, gdy dau nhirc...la nguy co ctia nhiém tring chan dua
dén doan chi [26].

1.1.5. Cic thuéc diéu tri bénh Pdi thdo dwong

Céac thudc diéu tri Dai thdo duong typ 1: Chi dinh bat bude s dung insulin do su
thiéu hut insulin hoan toan. Insulin ¢6 nhiéu loai, nhung chu yéu duoc chia thanh hai
dang chinh: insulin tac dung nhanh va insulin tdc dung chdm. Hién nay, da c6 dang
bao ché mai cua insulin dudi dang inhaler, dua thudc vao mau qua dudng phdi.
Phuong phap nay mang lai nhiéu loi ich dang ké nhu giam sd 1an tiém insulin hang

ngay cho bénh nhan va cai thién chat lugng cudc song [27].



Déi v6i cac thude diéu tri Dai thao duong typ 2, liéu phap thuong duoc két hop véi
nhirng bién phap khac nhu xay dung ché d6 an udng khoa hoc va duy tri hoat dong
thé luc hop ly. Tuy vao tinh trang cu thé cta bénh nhan, c6 thé bod sung mot hodc
nhiéu loai thudc dic hiéu dé diéu trj hiéu qua [27]. Danh muc céac loai thube diéu tri
bai thdo duong s€ dugc trinh bay trong Bang 1.1.

Bang 1.1.  Céc thudc vién ha glucose mau dudng udng va thude tiém khong

thudoc nhom insulin [27]

Nhém Co ché tac dung
Sulfonylurea Kich thich tiét insulin
Biguanid Giam san xuét glucose & gan

Tang nhay cam voi1 msulin

Pioglitazone (TZD) Hoat hoa thu thé PPARG

Ut ché enzyme a- . o o
Lam chdm hap thu carbohydrate & rudt

glucosidase
Uc ché enzyme DPP-4 Uc ché DPP-4 Lam ting GLP- 1
Nhém e ché kénh dong van
chuyén Natri- glucose Ting thai glucose qua dudng tiéu
SGLT2

1.1.6. Tinh hinh nghién civu vé cdy thudc cé tic dung ha dwong huyét

Tinh hinh nghién ciru quoc té

Niam 2012, Pantel D. va cong sy da thu thap dir liéu 6 sin vé duoc lidu c6 hoat tinh
ha duong huyét thong qua viéc tang tiét insulin tir tuyén tuy hodc hoat dong twong
tu v6i insulin dugc béo cdo trong cac ngudn tai liéu khac nhau [28]. Danh sach mot
s6 dugc lidu c6 tac dung chéng Pai thao dudng va co ché tac dung duoc trinh bay
trong Bang 1.2

Bang 1.2. Mot sb nghién ctru vé duoc liéu chéng Pai thao dudng

Duogc li¢u Nong dé Két qua nghién ciru Co ché tic dung

Chiét xuat vo cdy cho | Kich thich phéng thich
thdy tac dung ha duong | insulin tir té bao B; trc ché
huyét, ting tiét insulin, | DPP-IV lam ting GLP-1;

cai thién dung nap | cai thién thu nhan glucose

CayKeo- | In vitro: 40—
vocady | 5.000 pg/mL cao

(Acacia | ethanol; In vivo: N R . .
' . glucose, dieu hoa lipid | (GLUT4); giam peroxid
arabica) | 250 mg/kg dudng |~ . . o )
. mau va giam stress oxy | hoa lipid va tdng cac enzym
uon .
8 hoéa trén moé6 hinh dong | chong oxy hoa (SOD,

vat GSH). [29; 30].
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Giam dang ké glucose | Kich thich tiét insulin tir té&
huyét thanh va céc triéu | bao B, ting thu nhan
In vitro: 0,25-10 | chting dai thdo duodng | glucose qua GLUT4, tang
Cé thi— | mg/mL (chiét | (khat nuée, tiéu nhiéu); | glycogen hoa, tiac dung
phantrén | xudt nudc); In |ting kha ning van | chdng oxy hoa [31].
mit dit | vivo: 62,5 g/kg | chuyén glucose va tong
(Agrimony | trong thitc an + | hop glycogen ¢ co; cai
eupatoria) | 2,5 g/L  trong | thién tinh trang suy dinh
nuée udng dudng do dai thao duong;
hd tro hoi phuc chuc
nang té bao p
Giam dang ké glucose | Kich thich tiét insulin, ting
Dambut |25 mg/kg cao |huyét thanh va HbAlc, | glycogen hoa, tic dung
d6- hoa |ethanol dudng|cai thién dung nap | chdng oxy hoéa va bao vé
(Hibiscus |udng trén chudt | glucose, giam lipid méau | mé tuy [32]
rosa) | STZ va hd tro phyc hdi chirc
nang té bao p
Giam dang ké glucose | Kich hoat con duong Nrf2
Hong hoa | 300 mg/kg cao | lic doi, giam | — ting biéu hién cac
—hoa methanol dudng | triglyceride, cholesterol, | enzym chéng oxy hoa
(Carthami | udng trén chudt | LDL; cai thién cau truc | (SOD, HO-1), giam NF-«B
tinctorii) | (mo hinh dai thao | gan va gidm thodi héa m¢ | (viém), va taing PPARa —
duong type 2) O gan gidm stress oxy hoa, viém
va tich m& gan [33]

Tinh hinh nghién ciru trong nuoc

Tai Viét Nam, nhiéu loai cay thudc di va dang dugc nghién ciru vé tac dung ha dudng

huyét, tiéu biéu 1a: day thia canh (Gymnema R.Br.) [34], c6 ngot (Stevia rebaudiana),

sinh dia (Rehmania glutinosa), bong 6i (Lantana camara) [35], mudp déng

(Momordica charantia)[36], ¥ di (Coix lachryma jobi)[36], bang ling nudc

(Lagerstroemia speciosa L. Pers. ) [37]...

Trong nhitng ndm gan day, cac nghién ctru thyc hi¢én nham phat hién ra cac chat trc

ché enzyme a-glucosidase c6 ngudn gdc tir ty nhién trong chéng Pai thio duong da

nhan dugc nhiéu cha y vi cac hop chat doi dio trong ty nhién va tac dong diy hua

hen ctia chung. Nam 2019, Duong Thi Thu Thanh Trac va cdng su da sang loc hoat

tinh trc ché enzyme a-glucosidase dbi voi 16 loai ciy (25 mau véi nhiéu bd phan khac
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nhau) dugc thu hai & tinh Dong Nai va 91 loai cy (158 mau) duoc thu hai ¢ tinh Pha
Yén. Két qua nghién ctru cho thiy c6 105/183 mau khao sat c6 28 mau c6 tac dong
trc ché rat manh (ICso < 1 pg/mL), 48 mau co tac dong e ché manh (ICso < 10
ng/mL), 77 mau c6 ICso < 50 pg/mL. Mau than cdy Chép mao (Salacia chinensis L.)
va miu than cdy Quéo (Mangifere reba P.) thé hién hoat tinh @c ché enzyme o-
glucosidase rat manh (ICso < 1 pg/mL)[38].

1.2. Tong quan vé bénh Gout

1.2.1. Dinh nghia

Bénh Gout, hay con goi 1a théng phong, duoc dinh nghia 1a sy réi loan chuyén hoa
purin, ddn dén tinh trang ting nong d¢ acid uric trong mau. Sy tich tu céc tinh thé
natri urat xay ra trong nhiéu loai md, bao gSm mang hoat dich khop, sun xuong, gan,
cling nhu t6 chtrc dudi da. Bénh dic trung boi nhirng dot viém khép cap tinh tai phat,
thudng giy ra nhitng con dau dir doi va c6 kha ning dién bién thanh viém khdp man
tinh [39].

1.2.2. Co ché bénh sinh ciia Gout

Acid uric la mét trong cac san phz;tm chuyén hoa tw nhién cua co thé, duoc tao thanh

tir sw gidng hoa cic nucleotide chira nhan purin. Cé 3 ngudn cung cap purin la sur

phan hiy acid nucleic tir thitc dn dura vao, sw phan hiy acid nucleic tir cac té bao bi

chét va téng hop noi sinh, chuyén hod purin trong co thé nho céc enzyme dic hiéu.

Céc purin dugc tao ra di vao chu trinh chuyén hoa dé tao ra acid nucleic va acid uric.

Pé mire acid uric dwgc cin bang, acid uric dwoc thai ra ngoai chu yéu theo dudng

than qua nudce tiéu, mot phan qua hé thong tiéu hoa. Nguyén nhan nguyén phat (yéu

t6 di truyén, co dia) va thir phat nhw thuong xuyén dn nhiéu thire n chira nhiéu purin

(gan, thit, c4), udng nhiéu ruou, bia [am cho qua trinh chuyén héa purin thanh acid

uric ting (Hinh 1.2)[40; 41].

Purin nucleotid

Hypoxanthin
Enzym xanthine oxidase

Xanthin

Enzym xanthine oxidase

Acid uric

Tiéu hoa Thén

Hinh 1.2. Qua4 trinh chuyén héa purin trong co thé
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Khi ting acid uric, huyét twong va dich ngoai bao bi qua bio hoa acid uric va hinh
thanh tinh thé ling dong & cac mé, goi 1a cac hat tophi. Sy ling dong cua cac hat nay
& cac vi tri khac nhau gay nén nhirng ton thuong khac nhau cho co thé. Khi cac tophi
tai sun kh6p v s& khai phat qua trinh viém gy con Gout cip. Su ling dong vi tinh
thé tai khop, trong mang hoat dich, trong mé sun va mé xuong 1a nguyén nhan giy
ra cic bénh 1y xwong khdp man tinh lién quan dén Gout. Tinh thé urat ling dong tai
mo k& cua than dugc xac dinh c6 vai tro trong su hinh thanh viém than ke. Déng thoi,
ndng do acid uric ting cao trong nudc tiéu cling véi sy toan hda moi truong nude tiéu
1a yéu to gop phan tao séi tiét niéu trong bénh Gout [41].

Do d6, mot trong nhitng hudng diéu tri Gout 13 phat trién cac thude c¢é tic dung e
ché qua trinh san sinh ra acid uric. Cac thudc trc ché san sinh acid uric chi yéu thong
qua trc ché enzyme chu chét 1 xanthine oxidase.

1.2.3. Téng quan vé enzyme xanthine oxidase (X0)
Xanthine oxidase (XO) (EC 1.17.3.2) va Xanthine dehydrogenase (XD) (EC

1.17.1.4) 1a hai dang ddng phan c6 thé chuyén d6i qua lai clia enzyme xanthine

oxidoreductase (XOR). Enzyme xanthine oxidase dwogc phan lap tir stta bo [a mot mot

protein bao gom 2 tiéu don vi gidng nhau, khéi lrong phan tir 290 kDa. Mdi tiéu don

vi gdm 1 nguyén tir molybden, 1 phan tir flavin adenine dinucleotide (FAD) va 2

trung tam sit sulfur (2Fe-2S) (Hinh 1.3). Thanh phan acid amin ctia XO tuwong tu nhu
ctia XD mic du XO c6 nhiéu lysin va threonin hon [42].

Mo »”
Fe/S1">

Fe/S I’y

FAD "~

Hinh 1.3. CAu trac cta enzyme xanthine oxidase (PDB ID: 1FIQ) [43]

Tir dau N trong tiéu don vi bén phai, cic mién c6 mau xanh cho hai cum [2Fe-2S]
(1an luot 1 Fe/S 1T va Fe/S I), mau vang cho FAD va mau xam cho lién két molypden
phan protein. Ving lién két giita cAc mién lién két sat-luu huynh va FAD c¢6 mau do
& phia dudi bén trai cua tiéu don vi. Tiéu don vi bén trai duoc hién thi dudi dang ludi
dé minh hoa cach bé tri khong gian ctia mot s6 trung tdm hoat dong oxi hoa khir trong
tiéu don vi dé minh hoa con dudng chuyén dién tir Mo — Fe/S 1 — Fe/S II — FAD.
Hai tim molypden cdch nhau 52 A[43].
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Qua trinh oxi hoa xanthine thanh acid uric dién ra tai trung tim molybden cta
enzyme. O trang thai oxy hoa, trung tam molybden ciia enzyme duge xay dung theo
mé hinh MoVIOS(OH) trong d6 L dai dién cho ddng yéu t6 pyranopterin, mot thanh
phan phd bién trong cac enzyme c¢6 molybden va vonfram don nhan. Budc dau cua
qua trinh xuc tac lién quan dén viéc proton tir nhém MoOH tin cong trung tim ai
nhén cta xanthine tai vi tri C-8. Pdng thoi, nguyén tir hydro duge giai phong tai vi
tri ndy s& dwoc van chuyén téi nhém Mo-S, tao thanh san phim trung gian
LMoIVO(SH)(OR). Pha trung gian nay sau dé bi pha v& thong qua su di chuyén
electron giita cac trung tdm oxy hoa khir khéc ctia enzyme, din dén sy giai phong H+
va hinh thanh cau tric LMoVOS(OR). Cudi cting, nhém R bi thay thé boi hydro, dua
enzyme trd lai trang thai oxy hoa ban dau véi cau hinh LMoVIOS(OH).
Co ché nay khong chi dam bao tinh hiéu qua trong xiic tic ma con cung cap cai nhin
sdu sac vé sy phdi hop va diéu hoa chirc ning giita cac thanh phan héa hoc trong hé
enzyme [42].
1.2.4. Diéu tri bénh Gout
Nguyén tic diéu tri
Trong trudng hop Gout cap tinh, viéc diéu tri can dugc tién hanh ngay trong vong 24
gid dau sau khi khoi phat. Cac phuong phap diéu tri pho bién bao gom: [44]
- Nhém thude NSAIDS, colchicin
- Steroid duong udng két hop véi colchicin (4p dung khi khong dap ung voi
NSAIDS).
- Steroid duong ti€ém trong cac truong hop khong hiéu qua véi cac phuong phap khac.
Diéu tri Gout man tinh: Muc tiéu chinh 1a phong ngira cac con Gout cap, dong thoi
tranh gay ton thuong cho co quan ndi tang. Thong thudng, ndng do acid uric trong
mau can duoc ha xubng dudi mirc 60 mg/L (360 uM). Dé dat duoc muc tiéu nay, viéc
tuan thu ché do an uéng lanh manh két hop v6i st dung thude dang céch la rit can
thiét [44]. Cac nhom thube diéu tri bénh Gout duoc trinh bay & Bang 1.3.

Bing 1.3. Cac thudc diéu tri bénh Gout

Nhom Tén thude

Thudce tre ché tong hop acid uric | Allopuriol

Febuxostat

oL . . Probenecid (Benemid), Benzbromaron,
Thudc tang dao thai acid uric ] _
Lesinurad, Sulfinpyrazon (Auturan),

Thude tiéu acid uric Uricase, Pegloticase
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1.2.5. Tinh hinh nghién civu vé cdy thuéc cé tic dung ha acid uric mdu
Céc san pham tu nhién 1am giam acid uric cling dugc chia thanh hai nhom chinh:
nhém e ché tong hop acid uric va nhom ting dao thai acid uric [45].
Nam 2000, tai Trung Quéc, Kong LD va cong su tién hanh nghién ctru cac dugc li€u
c¢6 kha ning trc ché tong hop acid uric bang cach e ché enzyme XO. Két qua cho
thiy 69/122 mau dich chiét methanol cta cac cay dugc liéu c6 kha ning tc ché XO,
trong d6 29 mau wc ché trén 50%. Trong d6 manh nhét 13 Qué chi -Cinnamomum
cassia (ICso, 18 pg/mL), tiép theo 1a Cutc hoa - Chrysanthemum indicum (1Cso, 22
pg/mL) va 14 cua Co giap trang - Lycopus europaeus (1Cso, 26 pg/mL)[45].
Niam 2004, & Viét Nam, Nguyén Thi Thanh Mai d3 tién hanh nghién ctru véi 288 dich
chiét MeOH, MeOH: H,O (ti 18 1:1) va nudc tir 96 cay thudc duoc ngudi dan ban dia
st dung theo y hoc c6 truyén dé diéu tri cac bénh thap khép, viém khép va Gout. Két
qua thu dugc cac dich chiét MeOH dién hinh c6 tac dung tc ché XO véi gia tri ICso
<20 pg/mL la: Ngai ctou (Artemisia vulgaris), T6 mdc (Caesalpinia sappan), Pai bi
(Blumea balsamifera), Cac hoa tring (Chrysanthemum sinense), DAy chiéu
(Tetracera scandens) [46].
Tuwong doi it nghién ctru bao cdo cac hoat chat tir cay thude co tic dung trén hé thong
van chuyén urat ¢ than. Quercetin, & liéu 50 va 100 mg/kg, co thé tang hoat dong
OATI1 va tic ché GLUT9 va URATI trong thin cua chudt ting acid uric méu.
Esculetin va esculin duoc tim thay c6 tac dong cai thién tinh trang ting acid uric mau
va rdi loan chirc ning than thong qua viée diéu chinh OAT1. Thong qua viée tc ché
GLUT9 hodc URATI trong than cua chudt tang acid uric mau, fraxetin va fraxin co
thé ting cudng bai tiét urat & mot mirc dd nao d6 [47]. Mot sb duoc licu co tac dong

trong ha acid uric dugc trinh bay trong Bang 1.4.

Bang 1.4.

Mot s0 nghién ctru vé dugc li¢u co tac dong trong ha acid uric

Dugec liéu

Nong dd

K¢ét qua nghién ciru

Co ché tic dung

Hat nhan

(Dimocarpus

80 mg/kg trong
mo hinh tang uric

bang  potassium

Giam nong do acid uric
huyét thanh, (rc ché hoat tinh
XO tuan hoan, thay ddi biéu

Piéu hoa transporter
urate: tang GLUTI
(than), giam GLUT9

longan Lour.) | oxonate/hypoxant | hi¢n céc transporter urate.
hi (gan). [48].
ine.
Xa tién Duong ubng | Giam dang ké acid uric | Giam biéu hién URATI
(Plantago 0.9375 —3.75 g/kg | huyét thanh, giam hoat tinh | va4 GLUT9 ¢ than —

asiatica L)

trong 28 ngay.

xanthine oxidase (XO) trong

tang thai urate, diéu hoa
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huyét thanh va gan, bao vé
than: giam viém va ton

thuong mo

cac con dudng chuyén
hoa lién quan (PPAR,
lipid, acid amin). [49].

Giam dang ké ndng do acid

Uc ché XO dé giam

300 mgkg | . P i ) X N
. | uric huyét thanh & chudt; | tong hop uric acid; diéu
Tra xanh | (polyphenol  tra | . g
_ . . giam hoat tinh XO trong gan | chinh bi€u hién céc chat
(Camellia xanh) dung duong | ~. . A . o
_ ] X | va huyét thanh van chuyén urat ¢ than:
sinensis L.) uong cho chudt N .
5 ) ) giam URATI, tang
tang acid uric .
OATI1 va OAT3 [50]
Kim cang la Giam nong do acid wuric | Giam bi€u hién URAT1

mong
(Smilax

riparia A.)

Pallidifloside D: 5,
10, 20
(chuot

mg/kg

huyét thanh theo liéu; cai
thién chirc nang than ¢ chuot

tang acid uric

than — tang thai urat;
rc ché XOD dé giam

san xuat urat [51]

1.3. Tong quan vé cAy Rau ding dat

1.3.1. So lwgc vé ciy Rau ding dit
1.5.1.1 Vi tri phan logi

Vi tri phan loai ciia Rau dang dat

(Glinus oppositifolius) dugc xép nhu sau (hé
théng phan loai thuc vat ciia Takhtajan 2009 [52])

Nganh Ngoc lan (Magnoliophyta)

Ldp Ngoc lan (Magnoliopsida)

Phan 16p Cam chuéng (Caryophyllidae)

B6 Cam chudéng (Caryophyllales)

Ho Rau déng (Molluginaceae)

Chi Glinus (L.) A. DC.

1.5.1.2. Ddc diém thuc vdt va phdn bé cia cdy Rau dang dat

- Tén goi
Tén Viét Nam:
Tén khoa hoc:

Rau ding dat

Glinus oppositifolius (L.) A. DC.
DPong danh: Mollugo opposifolia L.; Mollugo spergula L.

- DPic diém thuc vat

Cay than thao séng hang nim. Than va canh manh, thuong moc gan sat mat dat. Bé

madt cua than co 1ong, tiét dién tron; than non c6 mau xanh, trong khi than gia tré nén

ctmg va chuyén sang mau nau do. Cac mau trén than phinh to va c6 mau sic twong

tu. Loai cay nay dugc biét dén véi vi rat déng. La don moc theo vong 3-5 14, kich

thude khong dong déu. La 16n nhét ¢6 chiéu dai tir 1,2 dén 1,7 cm va chiéu rong tir
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0,4 dén 0,6 cm; 14 nhoé nhat dai khoang 0,4-0,5 cm va rong khoang 0,15-0,2 cm. La
¢6 hinh thon nguoc, mili ¢6 ring nhon, goc hinh chét budm, mép 14 cé céc ring cua
nho, thwra. Mat trén cua la c6 mau xanh dam, trong khi mat dudi nhat hon va c6 phu
16ng. Cudng 14 ngin khoang 0,2-0,3 cm véi hé gan gébm mét gan chinh ndi rd. Cum
hoa la chum 3-6 hoa tai nach la. Hoa ludng tinh va cau tric mau 3, khong cd canh
hoa. Cuéng hoa dang s¢1, mau xanh c6 phu 16ng, dai tir 0,9 dén 1,2 em. L4 dai gém
5 manh déu nhau, hinh thuyén véi 3 gén ndi rd; mép 1a dai c6 16ng va kich thudc
khoang 4 x 1 mm; cach sip xép 1a tién khai nim. Hoa c6 5 nhi déu nhau, xen k& véi
céc 14 dai (Hinh 1.4). Hat phan cua hoa roi rac, mau tring, hinh bau duc hodc tron.
L4 nodn c6 cdu tric gdm 3 manh dinh lién nhau tao thanh bau trén chia lam 3 6. Mdi
6 chtra nhiéu nodn voi kiéu dinh nodn trung try. Voi nhuy 3, ngén mau vang nhat.
Qua 1a dang qud nang, 3 6. Hat kha nho va nhiéu, hinh than, mau nau do; bé mit vo
hat c6 cac vach u 161 di kém véi phu bd & phéan t& [53].

- Phan bd sinh théi

Rau ding dat 1a mot loai thue vat phé bién tai cdc ving nhiét di chau A, véi phan
b trai dai tit An Do, Malaysia, Campuchia, Viét Nam dén dao Hai Nam thude Trung
Qubc. Tai Viét Nam, loai cay nay xuat hién chu yéu & céc tinh ven bién tir Nam Dinh
dén khu vue dong bang song Ciru Long. Pay la loai thue vat wa anh sang, thuong
phat trién trén dat pha cat & nhimg rudéng bo hoang hodc cc hd nuwée nong can trong
mua kho. Nho kha ning phan nhanh manh mé, Rau déng dat thudng moc thanh nhitng
quan thé 16n, day dic, d6i khi l4n at ca céc loai cdy co khac. Dic biét, loai ciy nay ra
hoa va két qua thudong xuyén mdi nim, véi st tai sinh tr nhién chii yéu thong qua hat
gidng [54].

B0 phén dung: Phan trén mat dat [53]

e S R
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(a), (b), (c) toan cay; (d) ré; (e) cum hoa moc & nach 14;
(f), (g) hinh dang va vi tri cta 14; (h) hoa
Hinh 1.4. Ciy Rau déng dat
1.5.1.5. Cong dung theo y hoc cé truyén
Cong dung [55]
Rau déng dat co téc dung kién vi, sat trung, nhuan trang

Rau déng dat, tir 1au da duge ghi nhan trong y hoc déan gian Viét Nam la mot vi thude
thay thé cho rau ma trong céc bai thuc co ban nham ha sét, diéu tri bénh gan ciing
nhw cic ching vang da. Tai An Do, Rau déng dat thwong duoc st dung dudi hinh
thire sic toan cay léy nuadce uéong dé loai bo san dich hodc téan nhuyén, thém mét chat
dau thau dau lam thudc boi giam dau dau. Dich chiét tir 14 cta ciy con duoc ding
trong diéu tri cac bénh ngoai da va ghé ngira. G Viét Nam, ngudi dan déi khi dot toan
cay thanh tro, ngam lay nwée dé lam nwée g6i dau.

Cu thé, trong cac bai thudc dan gian c¢6 st dung rau déng dat, phai ké dén nhiing bai

thuoc sau:
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Déi véi bénh vang da va triéu ching kho tiéu: Rau déng dat dugc két hop véi day cut
qua v&i lidu luong twong duong. Ca hai vi thude nay duoc ndu chung dén khi nh,
loa1 bo phﬁn xdc, sau do c6 dic nude dé ché thanh cao thude. Khi cao dat d6 dic
mong muén, cé thé thém dudng hodc mat giu nhim ting hiéu qua va bao quan lau
dai. Nguoi bénh nén sit dung mdi ngay ba lan sang, tra va toi - mdi lan mot mudng
ca phé. Cao thude nay c6 tac dung diéu tri cac chimg vang da, tiéu hoa kém, cing céc
bénh néi man may day va u nhot

Pé thanh loc gan va giai doc co thé: Phdi hop gitta nhiéu loai duoc liéu gdm rau dang
dat (6 g), rau mé (6 g), danh danh (5 g), nhén tran (5 g), cé xudc (6 g), ké dau ngua
(6 g), co muc (8 g), day kho qua (6 g), mudng trau (6 g), sai dat (6 g) ré tranh (6 g)
va cam thao (3 g). Cac thanh phan nay c6 thé duoc sic thanh nudc udng hoic nghién
thanh bot dé uéng. Cong thirc nay khong chi gitp giai doc gan ma con hd tro trong
viéc cai thién strc khoe téng thé [55].

1.3.2. Thanh phén héa hoc

Nhiéu nghién ctru da chi ra rang cdy Rau dang dat chira nhiéu thanh phan hoa hoc
thudc cac nhém nhu flavonoid, saponin, steroid, cac hop chat thom, dan xuét acid
acylamin ciing mot s6 hop chat khac. Trong d6, flavonoid va saponin 1a hai thanh
phan chinh c6 nhiéu tac dung dugc 1y di duoc ching minh trén cac mé hinh thur
nghiém [56].

1.3.2.1. Flavonoid

Flavonoid dugc xem la mdt trong nhitng nhom hop chit phan bb rdng rii nhit trong
tu nhién, khong chi dugc tim the"iy & thuc vat bac cao ma con hién dién & mot s6 loai
thwe vat bac thap va ca cac loai tao. Nhém hop chit nay ciing dwoc phéan 1ap nhiéu
trong loai G. oppositifolius. Cac hop chit flavonoid bao gém: Vitexin (apigenin 8-C-
[D-glucopyranosid) (1); Vicenin-2 (apigenin 6,8-di-C-#-D-glucopyranosid) (2);
Kaempferol 3-O-galactopyranosid (3); Isorhamnetin 3-O-fD-xylopyranosyl-
(1=2)-fp-D-galactopyranosid (4), 5.,4’-dihydroxy-7-methoxy-6,8-dimethylflavon
(5); 5,74 -trihydroxyflavonol (6); 5,7-dihydroxy-6,8-dimethylflavon (7); 6,8-
dimethyl-5,7,4’-trihydroxyflavon (8); 5,7-dihydroxy-4’-methoxy-6,8-
dimethylflavon (9); 7-hydroxy-5-methoxy-6,8-dimethylflavon (10); 3-hydroxy-5,7-
dimethoxy-6,8-dimethylflavon (11); 7-hydroxy-5-methoxy-6-methylflavanon (12);
7-hydroxy-5-methoxy-6,8-dimethylflavanon (13); S5-hydroxy-8-hydroxymethyl-7-
methoxy-6-methylflavon (14) [57] (Hinh 1.5).
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Hinh 1.5. Cau triic mét s6 flavonoid ¢6 trong Rau dang dat
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1.3.2.2. Saponin triterpenoid

Céc nghién ctru vé thanh phan héa hoc cua Rau déng dat di chi ra rang, phan 16n
saponin c6 trong loai ciy nay thudc nhom saponin triterpenoid véi cau trac khung
hopan[58; 59]. Cac hop chat saponin triterpenoid di phan lap dwoc tir loai G.
oppositifolius bao gdbm: glinosid C (16-0-(D-glucopyranosyl)-34, 123, 163, 21 a, 22-
pentahydroxyhopan) (15), glinosid A (16-O-(f-arabinopyranosyl)-3-oxo-12, 16/,
21, 22-tetrahydroxyhopan) (16), glinosid B (16-O-(f-arabinopyranosyl)-3-oxo-12,
164, 22-trihydroxyhopan) (17) [59], spergulin B (18), spergulin A (19),
spergulagenin A-3-O-f-D xylopyranosid (20), spergulacin (21), spergulacin A (22)
[60].

Niam 2019, cac nha nghién ctiru Trung Qudc da phan 1ap duoc 21 saponin triterpen
méi, d6 1a cac glinusopposid A-U. M6t sd cau tric nhu glinusopposid K (23),
glinusopposid B (24), glinusopposid M (25), glinusopposid L (26), glinusopposid Q
(27), glinusopposid U (28), glinusopposid T (29) [61].

T nim 2021 dén nim 2024, cac hop chat saponin méi dugc phan lap la
glinusopposide V (30) [62], traphanosid GO1 (31) [63], spergulagenin B (32),
spergulagenin C (33), spergulagenin D (34) [64] va muoi mdt saponin triterpenoid
gliopposide A-K (gliopposide D (35) - J (36)) (Hinh 1.6) [65].

(17)R=H
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(35) (36)

Hinh 1.6. Cau triic mot s6 saponin c6 trong Rau déng dat
1.3.2.3.  Nhém hop chit khdc
Céc hop chit thom: 4-hydroxy-3,5-dimethoxy benzaldehyd (37), acid methyl 3-(4"-
hydroxyphenyl)-(E)-propenoic (38)...[57]
Phytosterol: stigmasterol (39), spinasterol (40) [66]
Céc polysaccharid: GOA1 (arabinose, galactose, arabinogalactan typ [ (AG-I), typ II
(AG-II)); GOA2 (acid galacturonic, thamnose, arabinose va galactose) [67].
Nucleoside: Adenosine [68]
Hai hop chat 13 dotracontyl docosanoat (41) va trilinolein (42) dugc phéan lap béi cac
nha nghién ctu & Bangladesh (Hinh 1.7) [56].
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Hinh 1.7. Cau triic cic hop chét khac c6 trong Rau dang dat
1.3.3. Tac dung dwoc ly

o  Tac dung chong oxy héa
Nghién ctru dugce thuc hién vaér dich chiét con 70% cua toan cay Rau déng dat da
duoc thue hién nhim dénh gia kha ning chdng oxy hoa thong qua nhiéu phurong phap
thtr nghiém 7n vitro bao gdbm xac dinh kha ning bit giir gbc tw do DPPH, loai bé gdc
nitric oxide (NO), suy thoai deoxyribose, dinh lwgng ham lugng phenolic, flavonoid,
st dung phuong phap thiocyanate, phwong phap phosphomolybdate, tao phire hop
kim loai, lam nhat mau p-caroten va danh gia murc do ton thwong DNA phu thudc
bleomycin. Bén canh dé, trong nghién ctru nay, mé hinh ex vivo ciing duoc trién khai
thong qua thi nghiém peroxid hoa lipid. Pé so sanh, céc chat doi chimg dwong nhu
acid ascorbic, butylated hydroxytoluene (BHT), a-tocopherol, curcumin, quercetin
va trolox d3 dugc str dung. Két qua tir ca cac thi nghiém in vitro va ex vivo cho thiy
dich chiét Rau ding dat co kha ning loai bé gdc tu do va giam thiéu ton thuong do
qua trinh oxy hoa gy ra. Piéu nay khang dinh tiém ning ctia Rau dang dat nhu mot

ngudn chat chéng oxy hoa tu nhién [11].
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Trong mot nghién ctru khéc, dich chiét methanol tir Rau ding dat di duoc danh gia
vé hoat tinh chdng oxy hoa thong qua mé hinh DPPH va thir nghiém loai bo gdc nitric
oxide (NO). Két qua cho thay gia tri ICso cua dich chiét 1a 1000 pg/mL (so véi acid
ascorbic c6 ICso = 14,45 pg/mL). Trong thir nghiém loai bo gdc nitric oxide, gia tri
ICso dat 269 pg/mL (so v&i quercetin c6 ICso = 5,47 pg/mL). Thém vao dé, tong ham
lwong flavonoid dat 25,46 mg/g, tuong duong v6i quercetin, trong khi tong hoat tinh
chdng oxy héa duogc xac dinh & muirc 79,48 mg/g [69].
Céc dich chiét tir nhiéu b phan cta cay Rau ding dat (bao gdm ré, than va 1) ciing
d3 duoc danh gia kha niang chong oxy hoa thong qua mo hinh DPPH. Két qua ching
minh rang tat ca cac b phan déu thé hién hoat tinh chéng oxy hoa [70].
Mot s6 nghién ctru khic dénh gia hiéu qua cua dich chiét nuée va methanol tir Rau
ddng dét trong viée loai bo céc loai gbe twr do khic nhau nhw ABTS [2,2°-azinobis-
(3-ethylbenzothiazoline-6-sulfonate)], gdc hydroxyl, nitric oxide va cc phirc sit kim
loai. Két qua cho thay ca hai loai dich chiét nay déu co kha ning trung hoa tt ca cac
gbe tu do duogc thir nghiém, khing dinh thém gid trj ciia Rau ding dat nhur mot ngudn
chat chdng oxy hoa da dang [9; 71].

o Tac dung bao vé gan
Dich chiét methanol 80% cua Rau ding dit da duoc dénh gia so sanh véi dich chiét
tir cay Sam bién (Trianthema decandra) vé hiéu qua bao vé gan thong qua mot nghién
ctru thue nghiém trén chudt. Trong nghién ctru nay, paracetamol duoc str dung nhu
tac nhan gay viém gan trén chudt, sau d6 cac nhom dugce diéu tri br?mg dich chiét véi
liéu lwong 250 mg/kg va 500 mg/kg, dong thoi dugc so sanh véi nhoém ching duong
st dung silymarin. Hiéu quéa bao vé gan duoc danh gia dua trén cac chi sb sinh hoa
lién quan dén tén thwong gan, bao gém glutamat oxaloacetat transaminase (SGOT),
glutamat pyruvat transaminase (SGPT), alkalin phosphatase (ALP) va bilirubin truc
tiép. Két qua nghién ctru cho thiy ca hai loai dich chiét déu thé hién tac dung bao vé
gan phu thudc vao nong d6 st dung. Trong d6, dich chiét tir Rau ding dat cho thiy
hiéu qua vugt tro1 hon so vd1 Sam bién. Pidc biét, & mure lidu 500 mg/kg, dich chiét
Rau dflng dat da dat hiéu qua diéu tri twong duong vai silymarin, mot thude bao vé
gan thuong duogce str dung trong diéu tri bénh 1y lién quan dén gan [8].
Dich chiét ethanol 80% tir toan bo phan trén mit dit ctia cAy Rau ding dit da duogc
tién hanh nghién curu nham danh gid hiéu qua bao v¢ gan trén chudt thi nghiém duoc
gy viém gan bang lidu cao paracetamol (2 g/kg). Viéc quan sat dua trén sy thay d6i
ndng do cac chi sé sinh héa bao gdbm SGPT, SGOT, ALP, cholesterol va bilirubin

gifta nhom chudt dugc diéu tri bang dich chiét va nhom khéng diéu tri. Két qua cho
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théy, & nhom chudt duoc diéu trj voi dich chiét tir Rau déng dat & cac mire 1idu 200
mg/kg va 400 mg/kg, cac chi sb sinh héa giam dan va tién gin dén ngudng binh
thuong. Didu nay ching minh rang dich chiét ethanol tir Rau ding dat c6 hiéu qua
trong viéc giam thiéu ton thwong gan do paracetamol giy ra trén chudt thi nghiém
[72].

o Tdc dung khdng khudn
Céc dich chiét chloroform, ethanol, methanol tir 14 va than cay Rau déng dat da duoc
nghién ciru nhdm danh gia hoat tinh khang khuén. Qua trinh nay duoc thuc hién thong
qua cac thtr nghiém khuéch tan trén dia thach, x4c dinh nfmg dd e ché téi thiéu
(MIC) va nong d6 diét khuan téi thiéu (MBC).Pong thoi, hiéu qua cua cac dich chiét
cling duwoc so sanh voi cdc chat vre ché chuan nhw gentamicin va oxacillin. Nghién
ctru 4p dung trén céc chung vi khuan khéc nhau dé phan tich hiéu qua khéng khuan:
Enterococcus khang vancomycin, Staphylococcus aureus khang methicillin,
Enterobacteriaceae sinh men f-lactamase phd mo rong, Enterobacteriaceae khang
carbapenem va Acinetobacter baumanii, Pseudomonas aeruginosa san sinh enzyme
metallo-B-lactamase. Dich chiét tir 14 Rau déng dat da cho thay kha ning trc ché dang
ké su phat trién cua cac loai vi khuan Gram am, bao gém Escherichia coli,
Acinetobacter baumanii, Klebsiella pneumoniae va Pseudomonas aeruginosa. Diéu
nay mé ra tiém nang sir dung dich chiét 14 Rau ding dit 1am ngudn khang sinh méi
thay thé, dic biét trong viéc chong lai cac ching vi khuan khang thudc va da khang
thudc thudc nhom Gram am [73].

o Tac dung giam dau, khdang viém
Dich chiét methanol tir toan cdy Rau ding dit da duoc nghién ciru vé kha ning giam
dau va khing viém thong qua cac mé hinh thi nghiém trén chudt. Cu thé, tic dung
giam dau dugce danh gia bing moé hinh giy dau quin bung véi acid acetic, trong khi
hiéu qua khang viém duwoc thir nghiém trén moé hinh giy phu chan chudt bing
carrageenan. O liéu luong 200 mg/kg va 400 mg/kg, dich chiét cho thdy kha ning
giam dau & ca ngoai vi 1an trung wong. Ngoai ra, véi lidu 500 mg/kg, dich chiét ciing
gitip giam mic d6 phu né & chan chudt. Nhitng phat hién nay chimg minh ring cao
methanol tir Rau ding dét c6 tiém ning trong viéc hd tro giam dau va chong viém
[74].

o Tdc dung khdng nam
Céc hop chat triterpen va glycosid duoc tim thiy trong cdy Rau dang dat da duoc
ching minh 1a c6 tac dung uc ché manh mé& ddi v4i hai loai ndm gay bénh,

Microsporum gypseum va Trichophyton rubrum. Trong sb d0, cac hoat chat nhu
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glinusopposid Q, glinusopposid T, glinusopposid U va glinusopposid B cho thiy hiéu
qua khang khudn vuot troi ddi v6i ca hai loai ndm nay. Gia tri MICso cua céc
glinusopposid va terbinafin hydrochlorid dugc thé hién & Bang 1.5.

Bang 1.5.  MICs cua cac glinusopposid va terbinafin hydrochlorid

Hoat chat MICso (uM) £ 5D

) M. gypseum T. rubrum
Glinusopposid B 7,1+1,2 143+2,1
Glinusopposid Q 6,7t2,1 134+%1,1
Glinusopposid T 6,8 £3,2 11,9+0.,3
Glinusopposid U 11,124 13,0x1.3
Terbinafin 0,008 +0,4 1,647+ 0,1
hydrochlorid ’ ’ ’ ’

Nghién ciru ndy ching minh tiém ning diéu tri cac bénh 1y da lidu cua cac bai thude
dan gian c6 thanh phan tir Rau dang dat [61].
Tdc dung khdng ky sinh trimg sot rét

Nghién ctru dénh gia kha ning khang ky sinh tring sot rét ciia hai hop chat glinosid
A va glinosid B duoc thuc hién trén hai chung Plasmodium falciparum, gbm: 3D7
(nhay v&i chloroquin) va W2 (khang chloroquin), dugc nudi cdy lién tuc trong moi
truong RPMI 1640 bo sung 40 mM Hepes va 10% huyét thanh ngudi, theo phuong
phép nuoi cay ciia Trager. Két qua phén tich dura trén gid tri ICsp cho thdy phan doan
chira ca hai hop chat glinosid A va glinosid B (ICsp = 31,80 pg/mL) ¢6 tac dung khéng
ky sinh trung st rét vurot troi hon so véi phan doan chi chira glinosid A (ICso = 42,30
ug/mL)[59].

o Tac dung trén hé mién dich
Polysaccharide dugc phan 1ap tir dich chiét nudc cua phan ciy trén mat dat caa Rau
dang dat o nhiét d6 50 °C, ky hiéu GOA1 va GOA2, da ching minh cac dic tinh diéu
hoa mién dich dang chu y. Cu thé, GOAI kich thich ting sinh té bao lympho B va
thuc day bai tiét IL-1B boi cac dai thuc bao. Pong thoi, GOA2 khong chi 1am ting sy
biéu hién mRNA lién quan dén tong hop interferon gamma (IFN-y) trong té bao chét
tu nhién (NK) ma con cai thién kha ning phuc hoi ton thuong ¢ té bao lympho
B.Ngoai ra, GOA2 con kich thich bai tiét cac cytokine tién viém, gop phan diéu hoa
dap ung mién dich [6; 75].

o Tdc dung chong ung thu
Dich chiét methanol tir Rau dang dit di dugc thir nghiém trén nhiéu dong té bao ung
thu nhu lympho B 4c tinh (REH), ung thu gan (HEP G2), bach cau lympho T (MOLT
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4), dong thoi so sanh voi té bao mau ngoai vi va chirmg minh kha ning tc ché su ting
sinh mét cach hiéu qua. Diéu nay cho thdy Rau ding dit 1a mot ngudn nguyén liéu
thién nhién tiém ning, c6 thé duoc phat trién dé san xuét thudc chdng ung thu [76].
o Tdc dung ha dwong huyét
Saru va cdc cong su da sir dung dich chiét ethanol tir toan cay trén mat dat cua Rau
ding dat dé danh gia tac dung ha duong huyét. Trong nghién ctru nghiém phap dung
nap glucose dudng uéng (OGTT) duoc thue hién trén chuét binh thuong va chudt bi
giy Déi thdo duong bang alloxan, két qua cho thay dich chiét duoc sir dung véi lidu
lwong 400 mg/kg co kha ning giam dédng ké chi sé dwong huyét & chudt Pai théo
duong, lan lwot dat mitc giam 56,15%. Hiéu qua nay twong dwong véi thude
glibenclamid, von dat muc giam 58,67% [77].
Dich chiét methanol liéu dung 200 mg/kg va 400 mg/kg cua toan cdy Rau ding dat
cling duoc danh gia kha nang ha duong huyét cho két qua twong duong voi metformin
[10].
o Tdc dung ha lipid huyét
Mot nghién ctru di chi ra rang dich chiét tir nudc va methanol ciia Rau déng dat co
tac dung giam lipid mau & chudt bi tiéu dudng gy ra boi streptozotocin (STZ). Trong
thi nghiém, chudt duoc cho st dung dich chiét qua dudng udng véi liéu lwong 200
mg/kg va 400 mg/kg trong khodng thoi gian 14 va 28 ngay [10].
Mot nghién ciru khic dd chimg minh rang dich chiét methanol tir Rau déng dat ¢
kha ning giam lipid huyét & chuét bi ting lipid huyét gay ra bai Triton. Khi st dung
dich chiét véi hai mite lidu 200 mg/kg va 400 mg/kg bing dudng udng, két qua danh
gid cdc chi s6 lién quan dén rdi loan lipid huyét cho thay dich chiét nay c¢6 hiéu qua
dang ké trong viéc giam cholesterol toan phan, triglycerid, lipoprotein ty trong thip
(LDL) va lipoprotein ty trong rat thip (VLDL). Dong thoi, né ciing ¢6 tic dung ting
lipoprotein ty trong cao (HDL) khi so sanh véi nhom d6i chimg [78].
o Tdc dung an than, gidi lo du
Dich chiét ethanol cta 14 Rau dang dat di chirng minh tiém ning trong viéc an than
va giam lo Au, mé ra kha ning tng dung trong diéu trj cac rdi loan tim than. Két luin
nay duogc rat ra dua trén cac nghién ctru sitr dung mé hinh hanh vi khac nhau, bao gdm
thir nghiém mé cung nang cao (EPM) va hop sang-téi (LDB), & chudt duoc xu 1y véi
cac lidu dich chiét 1an luot 1a 50, 100 va 200 mg/kg [79].
1.4. Tong quan vé dwogc Iy mang (Network pharmacology) va docking phén tir
1.4.1. Dwoc ly mang - Network pharmacology
1.4.1.1. Téng quan vé dwoc Iy mang
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Khai niém phat trién thudc “mot thubc-mot muc tiéu-mot bénh” dang phai ddi mat
v6i mot s6 van dé vé an toan, hiéu qua va tinh bén virg. Trong khi cic muc tiéu don
1¢ c6 thé ching minh 13 mot phuong phép tiép cin hiru ich dbi v6i cac rdi loan gen
don 1¢, tuy nhién, d6i v6i cac bénh phirc tap do su twong tac clia nhiéu gen gay ra, thi
cac phuong phap tiép can mot muc tiéu don 1é nhu vay khong hiéu qua [80]. Mot sb
bénh 1y phtic tap véi da nguyén nhan, da yéu t6 (nhu ung thw, Dai thao dudng, ting
huyét 4p...) khong thé dugc diéu tri hiéu qua biang mét loai thuéc nhim dich ma
thudong can phdi hop véi nhiéu loai thude, dic biét 1a cac thude co kha niang diéu tri
rong theo nhiéu co ché hoat dong trén nhiéu dich tac dung. Hién tuong nay con dugc
goi la dugc ly da tac nhan (polypharmacology) [81].

Hé théng sinh hoc la mang ludi cac thanh phﬁn phu thude 1an nhau va do do6 két ni
v6i nhau tao thanh mot téng thé thong nhat. Sinh hoc mang (network biology) la
nghién ctru vé cach céc phan ti twong tac va két hop voi nhau dé hinh thanh cic don
v1 chire nang c¢6 kha ning thuc hién cac hoat dong can thiét cho cac chitc nang sinh
Iy & cép do té bao va mé/co quan. Py la linh vue lién nganh bao gdm hé gen, hé
protein, hé chuyén héa... st dung phuong phép tiép can toan dién [82].

Céc khai niém sinh hoc mang (network biology) va dugc 1y da tac nhan
(polypharacology) ngay cang trd nén pho bién nhu 1 phuong phép luan dé tich hop
dir liéu gen/protein va phat trién thudc da muc tiéu. Hopkins d3 nhan ra rang sinh
hoc mang va dugc 1y da tac nhan co thé 1am sang to hoat dong cua thubc. Dua trén
su két hop cua hai khai niém nay, ong da dua ra thuat ngir “duoc Iy mang” nghién
cuu cac tac dong dugce Iy cung vai tuong tac va mue do bénh [80].

Duoc Iy mang duya trén sy tich hop cia cac nguyén tic chuyén nganh khac nhau nhu
sinh hoc phan ttr, sinh hoc sinh hoa va tin sinh hoc. Duoc Iy mang ngdy cang phd
bién do ty 1¢ thanh cong cao trong céc thir nghiém 1am sang, tac dung phu thap hoic
gia ca phai ching, hiéu qua thudc duoc cai thién, didu chinh con dudng truyén tin
hiéu v6i nhiéu kénh va tuong tac cta nhiéu gen va protein ¢ thé d& dang nhim muc
tiéu dé gay bénh. Hon nita, dugc 1y mang hd tro xac dinh vi tri nat bénh 13 ntt bénh
thiét yéu [83].

1.4.1.2. Ung dung cia dwoc Iy mang

Duoc Iy mang c6 thé cung cép thong tin toan dién hodc mot phan vé Iy thuyét mang
lu6i va cac khai niém sinh hoc hé théng. Nguoi ta ¢ thé tim thy cac muc tiéu cua
thudc va bénh tat cung vdi cac con dudng co hoc cua cac muc ti€u nay tur co sé dir
liéu khéng 16 bang cach st dung duoc 1y mang. Pham vi tng dung cta duoc Iy mang

dang dugc md rong va bao gom viéc nghién ctru cac tdc dong duoc 1y chung cua
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thube d6i véi cac bénh va co ché chita bénh cua ching. Cac cong cu duoc st dung
trong mang ludi bao gdm cac co s dit liéu nhu SwissTargetPrediction, Binding,
STITCH (Cbng cu tim kiém cac twong tac hoa hoc), STRING (Céng cu tim kiém dé
truy xudt cic gen/protein tuong tac), PubChem, ChemSpider, ChEMBL (Co s¢ dit
liéu hoa hoc ctia phong thi nghiém sinh hoc phan tir Chau Au) co sé dir liéu cho cac
thanh phan hoat tinh, KEGG (Béach khoa toan thu vé gen va bd gen Kyoto) va DAVID
(Co s dir liéu chu thich, truc quan hoa va kham pha tich hop) dé phan tich lam giau
con duong. Hon nita, cac co s¢ dir liéu nhu OMIM, DisGeNET, GeneCards va
MalaCards c6 thé duoc st dung dé truy xuit muc tiéu bénh, HPRD (Co so dir licu
tham chiéu protein & nguoi), BioGRID (Kho luu trit sinh hoc chung cho cac tap dir
lidu twong tac), DIP (Co sé dit liéu protein twong tac) cho dit liéu lién quan dén protein
va BIND, DIP, HAPPI (Tuong tac protein dugc chu thich va du doan & nguoi), MINT
(Co so dir licu twong tac phan tir), STRING va PDZBase cho cac tuong tdc phan tu
sinh hoc. Sau khi thu thap dir li€u tir cac co s¢ dir li€u nay, viéc xay dung va phan
tich mang duoc thyc hién béng phén mém nhu Cytoscape, Pajek, WIDAS, Patika va
Guess. Vi dugc ly mang dua trén sy da thanh phﬁn, da muc tiéu, nén nd c6 thé hd trg
phat trién cac loai thuéc méi cho nhiéu bénh khac nhau bang cach giam cac han ché
cua liéu phap muyc tiéu don 1¢ [84].

Bén canh phat trién thuéc méi, phan tich dugc Iy mang con gop phan gitp cai thién
an toan va hiéu qua cua cac loai thude hién c6. Dugc Iy mang ciing giit vai tro quan
trong trong viéc du doan sy két hop thude trong diéu tri cac bénh 1y phirc tap. Pay
duoc coi 1a mot chién luge hiéu qua gitp han ché tinh trang khang thudc trén 1am
sang [85].

Duoc 1y mang duoc Gmg dung trong diéu tri bénh bing y hoc ¢b truyén Trung Hoa.
Pon thudc theo y hoc ¢d truyén Trung Hoa 14 da thanh phan, chira nhiéu vi thudc va
¢6 vu diém 13 hé théng da muc tiéu, da kénh va da lién két. Tuy nhién, do thanh phan
phtrc tap nén co ché tac dong, doc tinh, tac dung phu khong rd rang, kho cé thé xac
dinh dugc mot cach rd rang. Do d6, can phai két hop véi duge 1y mang dé 1am cho
céc bai thudc y hoc ¢6 truyén duoc hidu qua hon [86]. Vi su phat trién ciia x4 hoi
lodi ngudi va sy thay d6i ciia moi truong xung quanh, cac bénh ciia con ngudi di dan
chuyén ttr cac bénh truyén nhiém sang cac bénh mén tinh bao gém cac bénh tim mach,
Dii thao dudng va khodi u. Nhitng bénh nay thuong khong chi do mot yéu té don 1é
gy ra ma con do nhiéu yéu té cung liic gay ra, tring hop véi viée sir dung don thude
ciia Y hoc ¢ truyén Trung Qudc. Céac dic diém chinh cua Y hoc co truyén Trung

Quéc bao gom quan diém toan dién, phuong phap diéu tri dua trén su phan biét hoi
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chtng Y hoc ¢ truyén Trung Quéc va don thude, phi hop véi cac dic diém hé théng
chung cua duoc Iy mang. Bang 1.6 chu yéu liét ké tmg dung cua dugc Iy mang trong
diéu tri bénh bang y hoc c6 truyén Trung Hoa [87].

Biang 1.6.  Ung dung duoc Iy mang ludi trong y hoc Trung Hoa

Ung dung Co s6 dir liéu Bénh
Nghién ctru hoi Viém khép dang thap
i . CBM, PubChem, MetaDrug, ) ~
chitng Y hoc co David (RA); Bénh hen suyén
; avi
truyén Trung Hoa dang ho (CVA)
Kha nang trong . Thiéu méu co tim cip
, . KEGG, HPRD, BioGRID, , )
thich cua Y hoc co tinh (AMI); Viém xwong
; PubChem .
truyén Trung Hoa khop (OA)
L . BioGRID, BIND, DIP, HPRD, Bénh Dai thao duong typ
Phat trién thuoc .
.. MINT, MPDB, TarNet, KEGG, 2 (T2DM); Bénh
mai
HIT, TCMSP, TCMID Alzheimer (AD)

TCMSP, PharmMapper,
UniProtKB, OMIM, STRING, Ung thu v duong tinh
DrugBank TCM Database, vo1 HER2; Bénh
Chinese Natural Product Alzheimer (AD)
Database, TCMSP, TTD

Céng thirc thude cb

truyén

1.4.2. Docking phdn tir

Docking phan tir 1a nghién ctru vé cach hai hodc nhiéu cdu triac phan tir (thudc,
enzyme, protein) phu hop vé1 nhau. Docking 1a mdt k§ thuat mo hinh hoa phan tir
duogc st dung dé dy doan cach mot protein (enzyme) twong tic voi cac phan tir nho.
Kha ning ciia mot protein (enzyme) va acid nucleic twong tac v6i cac phan tir nho dé
tao thanh phuc hop si€u phan tir dong vai tro chinh trong dong luc hoc cua protein,
c6 thé ting cuong hodc e ché chirc ning sinh hoc cia nd. Twong tic ciia cac phén tir
nho trong khoang lién két ctia protein muc tiéu c6 thé dugc mo ta bang docking phan
tr. Phuong phap ndy nhdm xac dinh vi tri chinh xac ctia cac phdi tir (ligand) trong
khoang lién két cuia protein va dy doan ai luc gitta phdi tir va protein [88]. Dua trén
cac loai phdi tir, docking c6 thé duoc phan loai thanh

- Docking protein-ligand

- Docking protein-protein

- Docking protein-acid nucleic

Docking protein - ligand don gian hon va c6 nhiéu chuong trinh c¢6 san thuc hién dic

biét tt trong viéc du doan cac phan tir ¢6 kha ning e ché protein. Docking protein-
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protein thudng phirc tap hon nhiéu, vi protein linh hoat va cau hinh khong gian cta
chung kha rong [89].

Mot sé tng dung cua docking bao gdm sang loc 4o, tdi wu hoa ciu trac, xt 1y sinh
hoc, du doan ADMET, mé phong dong luc hoc phan tir, lam sang t6 cau tric.

Sang loc ao

Docking phan tir dugc st dung rong rii trong xac dinh cac tng cir vién thudc tiém
ning bang cach du doan ai luc lién két cua cac phan tir nhé voi protein hodc thyu thé
quan tam. Docking c6 thé duoc sir dung dé sang loc co s& dit liéu 16n cac phan tir nhd
dé xac dinh nhitng phan tir ¢6 4i lyc lién két cao véi protein quan tam.

T6i wu héa cdu triic

Sau khi x4c dinh dugc hop chét tiém ning, docking phan tir c¢6 thé duogc sir dung dé
t6i wu hoa céu trac cia hop chit ban dau nham cai thién ai luc lién két va tinh chon
loc ctia hop chat d6. Docking ciing c6 thé duoc st dung dé thiét ké cac chat twong tur
moi béng cach du doan cac ché do lién két cta cac ciu tric da stra doi

Xur ly sinh hoc

Docking phan tir dugc sir dung trong xir Iy sinh hoc dé du doan 4i luc lién két ctia cac
phan tr nho v6i cac enzyme tham gia vao qua trinh phan hiy cac chat 6 nhidm méi
truong. Docking co thé gitip thiét ké cac chat (e ché hodc chat hoat hoa cac enzyme
nay dé ting cuong hiéu qua xt 1y sinh hoc

Dy doan ADMET

Docking co thé duoc su dung dé dyu doéan cac dic tinh hép thy, phan bo, chuyén hoa,
bai tiét va doc tinh (ADMET) cuia cac phan tir nho. Cac dac tinh ADMET dy doan c6
thé dugce st dung dé sang loc céac hop chit c6 dic tinh bat lgi ngay tu dau qué trinh
kham pha thudc. Mot s6 phan mém dang cha y bao gdbm AutoDock Vina, GOLD (Tbi
vu hoa di truyén cho ghép phdi tir), Glide va Schrodinger Suite. Cac phan mém nay
cung cip céc thudt toan tién tién va k¥ thuat tinh toan dé mé phong ghép phdi ti-thu
thé hiéu qua, cho phép du doan ai luc lién két va xac dinh cac Gng ctr vién thude tiém
nang. Hon nita, chiing két hop ciac mo hinh du doan ADMET, cho phép danh gia
thube vé kha nang hép thu, phan phéi, chuyén hoéa, thai trur trong co thé va doc tinh
tiém an.

Mo phong dong luc hoc phan tir

Docking phan tir ¢6 thé két hop v6i mo phong dong luc hoc phan tir dé nghién ciru
dong hoc cta phuc hop protein-ligand. Cac md phong c6 thé giup hiéu dugc nhiing
thay doi vé cu hinh xdy ra véi lién két phdi tir va tinh 6n dinh ctia phirc hgp. Mot s6

cong cu phan mém két hgp docking phan tir va mo phong dong luc hoc bao gom
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AutoDock, Vina, Glide va GOLD. Ngoai docking phan tir, chung con cung cap kha
nang thuc hi¢én mé phdng dong luc hoc phan tir, cho phép kham pha cac tuong tac
protein-ligand theo thoi gian va phan tich dong hoc cua chung.

Du dodn cau tric

Ciing c6 thé sir dung docking phén ttr dé du do4n cu tric cua cac protein ¢ cau tric
chua biét. Co thé str dung docking dé du doan cac ché d6 lién két ctia cac phan tir nhd
v6i protein va tao ra mé hinh twong ddng cua protein dua trén du doan ché do lién
két. Sau d6, co thé tinh chinh mé hinh duoc tao ra bang cach st dung dit liéu thuc
nghiém dé c6 dugc cu tric chinh xac cta protein [90].

Nhu vay, cac nghién ctru cong bd vé thanh phan hoa hoc cua cay Rau ding dat van

con han ché, dic biét la vé kha nang uc ché enzyme a-glucosidase va xanthine oxidase

clia cac chiét xuét ciing nhw cac hop chét tinh khiét duoge phan lap. Trén thé gidi,

dugc Iy mang dang ngay cang dong vai trd quan trong khong chi giup tiét kiém thoi

gian va chi phi trong viéc tim kiém cic hoat chit ma con gép phan diay nhanh qua

trinh nghién ctru va phat trién thude. Do do, viée nghién ctru chuyén sau vé thanh

phin hoa hoc cung kha ning trc ché enzyme a-glucosidase va xanthine oxidase ctia

cdy Rau déng dat, cling nhu tim hiéu co ché tdc dung cua loai cdy nay dinh huéng

diéu tri bénh P4i thdo duong typ 2 va Gout img dung duoce 1y mang khong chi lam

phong phu thém kho tang hoa hoc cua loai cidy nay ma con gia tang gia tr1 itmg dung

thure tién cua ching.
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CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong nghién ciu
Phan trén mat dat cia cay Rau ding dat dugc thu héi tai tinh Tay Ninh (thang 4/2022)
va dugc x4c dinh tén khoa hoc boi Tién si Nguyén Thuy Vy, Khoa Sinh hoc — cong
ngh¢ sinh hoc, Truong Pai hoc Khoa hoc Ty nhién Thanh phé HO Chi Minh. Mau
tiéu ban duoc luu giir tai Phong Duoc liéu, Khoa Duoc, Pai hoc Nguyén TAt Thanh,
Thanh phé H6 Chi Minh, Viét Nam.

—_—r——T— -
- - » # o ownw

Hinh 2.1. Hinh anh mau cay Rau déng dat (ngay 17/5/2022 — Phong thuc hanh
duogc li¢u, Truong Pai hoc Nguyén Tat Thanh)

2.2. Phuwong phap nghién ciru

2.2.1. Chiét xudt va phén tich cdac phin doan

Phén trén mit dat cia Rau ding dat twoi (than, 14 c6 mau xanh tuoi) (31 kg) duoc
séy kho va xay thanh bot tho thu duoc 8,0 kg bot kho. Bot kho dugce ngém kit & nhiét
d6 phong véi cdn 70% (30 lit x 4 1an) thu duoc dich chiét cdn, thu hdi dung moéi ¢ af
sudt giam thu duoc cao 16ng (9 lit). Chiét phan bd cao 16ng thu duoc véi EtOAc (9 li
x 5 lan), 1ép EtOAc duoc ¢b giam ap thu duoe cao EtOAc (78 ). Lép dich nude cor
lai sé tiép tuc duoc chiét phan bd v6i 7-BuOHbio noa nse (9 lit x 7 1an), ¢d giam ap the
duoc cao n-BuOH (117 g) (Hinh 2.2).
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Rau dang dat
tuoi (31 kg)

Séy khé, xay bot

Rau déng dat
kho (8 kg)

Ngflm kiét con 70%

FJ €8

Cao long

EtOAc (9 lit x 5 lédn) Cao EtOAc
C6 giam ap (78 g)

Dich nudce
(duéi)

n-BuOH,, (9 lit x 7 1dn) | Cao #»-BuOH
C6 giam ap (117 g)

Dich nudc

i

Hinh 2.2. So d6 quy trinh chiét phan b6

2.2.2. Phén Igp cdc hop chit

Cao EtOAc (60 g) duoc tach bang sic ky cot silica gel (600 g) va rira giai bang hdn
hop gradient CHCIz;/MeOH (100:0 — 60:40, v/v) thu dugc 9 phan doan (E1 — E9).
Phéan doan E1 (98:2, v/v, 15,9 g) tiép tuc duoc sic ky trén cot silicagel (150 g) ria
giai bang CHCIL:/EtOAc (80:20 = 50:50, v/v) thu dugc 7 phan doan (E1.1-E1.7).
Phéan doan E1.2 (75:25, v/v, 210 mg) duoc phén tach tiép trén cot silica gel (30 g) ria
giai bang CH2Clo/MeOH (90:10 — 50:50, v/v), sau d6 két tinh trong MeOH thu dugc
G-20 (10 mg). Phan doan E1.4 (128 mg), E1.5 (100 mg) dugc tinh ché va két tinh
trong MeOH thu dugc 1an lugt G-13 (18 mg), G-14 (13 mg). Phan doan E2 (95:5,
v/v, 0,96 g) tién hanh tach tiép trén cot sephadex LH — 20 (50 g) véi dung moi
methanol thu dugc G-8 (13 mg) va G-16 (20 mg). Phan doan E3 (92:8, v/v, 1,65 g)
tién hanh tach tiép trén cot sephadex LH — 20 v6i dung moi MeOH thu duoc G-2 (52
mg) va G-18 (16 mg). Phan doan E4 (17,01 g) tiép tuc duoc phéan lap trén cot pha
dao C-18 bang hé dung mo6i MeOH/H>0 (0:100 >22:78, v/v) thu dugc 5 phan doan
(E4.1-E4.5). Phan doan E4.1 (88:12, v/v, 234 mg) tién hanh tich tiép trén cot
sephadex LH — 20 v6i dung m6i MeOH thu dugc G-19 (20 mg). Phan doan E4.2 (160
mg), E4.4 (85 mg), E4.5 (74 mg) duoc hoa trong mot lugng t6i thiéu MeOH, loc va
dé lanh cho két tinh, loc va rira bang MeOH lanh, thu dugc lan lugt G-3 (50 mg), G-
4 (15 mg), G-5 (19 mg). Phan doan E5 (85:15, v/v, 8,42 g) dugc phan tach tiép trén
cot sephadex LH — 20 v6i dung méi MeOH thu dugc ba phan doan (ES.1- ES.3). Phan
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doan E5.2 (45 mg) duoc tiép tuc tién hanh tinh ché bing hé thong sic ky long diéu
ché vo1 pha dong la MeOH/HO (60:40, v/v) thu dugc G-7 (12 mg). Phan doan ES5.1
(55 mg) dugc tinh ché va két tinh trong methanol thu dwoc G-9 (15 mg). Phan doan
E5.3 (42 mg) dugc tinh ché va két tinh trong methanol thu duwoc G-10 (20 mg).

Cao BuOH (90 g) duoc phan tach trén cot silica gel (900 g), rira gidi vdi hé dung moi
c6 do phan cuc ting dan CHCl:/MeOH (95:5 — 40:60, v/v) thu dugce 8 phan doan
(B1-B8). Phan doan B3 (90:10, v/v, 7 g) duoc phan lap bing cot silica gel véi dung
mo1 CHCI/EtOAc (90:10 = 50:50, v/v) thu duoc 6 phan doan (B3.1-B3.6). Phan
doan B3.4 (2 g) dwoc phén tach tiép trén cot pha dao C-18 khai trién bing hé dung
mo1 MeOH/H,O (15:85 = 23:77, v/v) thu dugc 5 phan doan (B3.4.1 — B3.4.5). Phan
doan B3.4.2 (220 mg) duoc tinh ché tiép bing hé thong sic ky long diéu ché véi pha
dong la ACN/H,O (20:80, v/v) thu duwoc G-12 (12 mg). Phan doan B3.4.4 (80 mg)
duoc st dung dé phan lap trén cot Sephadex LH-20 (50 g) v6i dung méi MeOH thu
duoc G-15 (16 mg) va G-11 (13 mg). Phan doan B5 (82:18, v/v, 1,8 g) dugc phan
tach tiép trén cot pha dao C-18 (100 g) véi hé dung méi MeOH/H,O (10:90 =>100:0,
v/v) thu duogc 4 phan doan (B5.1 — B5.4). Phan doan B5.1 (130 mg) dugc hoa trong
lrong methanol ti thiéu, loc va dé lanh cho két tinh, loc va rira br?ing MeOH lanh,
thu duoc G-6 (25 mg). Phan doan B6 (78:22, v/v, 2,1 g) duoc phan 1ap bang cot pha
dao C-18 vo1 hé dung mo1 MeOH/HO (10:90->80:20) thu dwoc 8 phan doan (B6.1-
B6.8). Phan doan B6.1 (35 mg) dwoc tinh ché tiép bang hé thong sic ky long diéu ché
pha dong 1a ACN/H,O (15:85 (v/v), dung moi pha miu acetonitril — nwde (15:85, v/v)
thu duge G-17 (19 mg). Phan doan B6.2 (150 mg) duoc sir dung dé phan 1ap trén cot

sephadex LH-20 v&i dung méi 12 methanol thu duoc G-1 (97 mg). So d6 phén lap
dugc tom tat trong Hinh 2.3
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Glinus oppositifolius (L.) DC. (8 kg)
Chiét véi con 70% (30 lit x 4 lin)
Sau dé c6 giam dp thu hoi dung moi
Cao cbn long (9 lit)

Lic phin bé lan lwgt véi EtOAc, n-BuOH
Sau do co6 giam dp thu héi dung moi

Cao EtOAc Cao n-BuOH
(60g) ¥0g)
Silicagel c.c Silicagel c.c
CHCly — MeOH CHCl; — MeOH
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(1,65g) (17,01 ¢) (8429) 79 (18¢g)
Sephadex LH - 20 Cjt pha dio C-18 Sephadex LH - 20 Silicagel c.c Cot pha ddo C-18
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Hinh 2.3. So d6 phén lap cac hop chit tir ciy Rau déng dat

Dich nuée
B6 B7
2,19
Cjt pha dio C-18
MeOH - H,0
Séic ky long diéu ché
G-6 B6.1 Pha djng ACN - H,0
(25 mg) (35 mg)
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2.2.3. Phwong phdp xdc dinh ciu triic héa hoc cdc hop chit

Céu tric héa hoc cua cac hop chit dugc xac dinh thong qua viée ap dung cac phuong
phap phd, dong thoi so sanh va déi chiéu véi dir liéu tham khao trong tai lidu. Céc
phuong phap pho nay bao gém:

Phé khoi lwong (MS): Phd khéi phan giai cao dugc do trén may X500R QTOF, Vién
Khoa hoc vat liéu ing dung, Thanh phé Ho Chi Minh

Phé céng hueong tir hat nhdn NMR: Pho cong huéng tir hat nhan (NMR) da duoc tién
hanh do trén thiét bi BRUKER AV-500 tai Vién Hoa hoc, truc thude Vién Han lam
Khoa hoc va Céng nghé Viét Nam, Ha Noi. Mau thi nghiém duoc hoa tan trong dung
moi thich hgp, stt dung TMS lam cht chuan noi.

Phé hong ngoai (IR) va UV: Phé IR duge do trén may Frontier FT-IR/NIR, ding vién
nén KBr. Phd UV do trén may UV-VIS Shimadzu Nhat UV 190010001, Truong Pai
hoc Nguvyén Tat Thanh

D6 quay cue [a]p: PO quay cuc duoc do trén may phan cuc ké Varipol B hing S+H
(buc).

2.2.4. Phwong phdp ddnh gid hoat tinh trc ché enzyme a-glucosidase

Phuong phéap dénh gia hoat tinh rc ché enzyme a-glucosidase dugc thuc hién tai
Phong thi nghiém sinh hoc, Trudng Pai hoc Nguyén Tat Thanh

Nguyén tac

Dé tién hanh khao sét hoat tinh e ché a-glucosidase, p-nitrophenyl-a-glucopyranosid
(pPNPG) duoc sir dung lam chat nén. Chét nén nay bi enzyme a-glucosidase thiy phén,
tao thanh hai san pham la p-nitrophenol (PNP) va a-D-glucose. Luong p-nitrophenol
thu duoc sau phan tmg duoc xdac dinh thong qua viée do do hé‘ip thu quang hoc tai
budc song 405 nm.

HOOH
Ho
H Enzym HOOH OH
H 0 H a-glucosidase Ho
OH o ~— =~ HJ e
0O
OH  OH le
O,N
p-Nitrophenyl-a-D-glucopyranosid a-D-glucose p-Nitrophenol
(PNP-G)

Hinh 2.4. Phén Gng thiy phén ciia enzyme a-glucosidase
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Theo phan tng, lugng glucose duoc tao thanh ty I¢ thuan véi PNP. Vi vay, nguoi ta
s& dya vao do hap thu cia PNP & budc song 405 nm dé danh gia ham luong glucose
sinh ra [91].

Tién hanh

Hén hop phan tmg trong dung dich dém phosphat 0,1 M (pH 6,8), bao gém 50 uL
dich chiét & cac néng d6 khao sét (cao chiét duoc hoa tan trong DMSO (Merck), sau
d6 pha lodng thanh day ndng d6 sao cho néng ¢6 DMSO khong qua 2,5%) va 50 uL
dung dich dém c6 chira a-glucosidase (from Saccharomyces cerevisiae, EC.3.2.1.20,
Sigma) 0,2 U/mL. Hon hop nay duoc u & 37 °C trong 10 phut, sau d¢6 thém 50 pL
dung dich p-nitrophenyl-a-D-glucopyranoside (pNPG, Sigma). Hon hop phan tng
tiép tuc duoc 1 & 37 °C trong 20 phut, sau d6 do hap thu quang ctia hdn hop sau phan
tmg duoc do & bude séng 405 nm bang mdy doc dia Elisa da ning (Biotek, USA) va
so sanh v&i mdt mau chimg chita 50 pL dung moi pha mau thay cho mau thir.
Acarbose (Sigma, >95% HPLC) duoc sir dung lam chimg duong. Moi phép do dugc
lap lai 3 lan, lay gi4 tri trung binh.

Phan tram (rc ché a-glucosidase ctia mau thir duoc tinh theo cong thirc:

(ODC - ODOC) - (ODt - ODOt)
(%) = x 1009
) (0D, — 0Dyo) i

Trong do:
I: Phan trim tc ché a-glucosidase (%)
0D,: Mat d6 quang ctia miu chimg (c6 enzyme, khong co chat thir)
0D,,.: Mat d6 quang ctia mu tring chimg (khong co enzyme, khong co chit thir)
0D,: Mat d6 quang ctia mau thir (c6 enzyme, c6 chat thir)
0D,,: Mit 6 quang cuia miu tring thtr (khéng co enzyme, c6 chét thir)
Tir két qua phan trim trc ché enzyme & cac ndng dd, xdc dinh gia tri ICso ctia mau
thu.
2.2.5. Phwong phdp ddnh gid hoat tinh trc ché enzyme xanthine oxidase
Phuong phép danh gié hoat tinh uc ché enzyme xanthine oxidase dugc thyc hién tai
Phong thi nghiém sinh hoc, Truong Pai hoc Nguyén Tét Thanh
Nguyén tic
XO déng vai trd xuc tac trong qua trinh hinh thanh acid uric c6 budc séng hap thu
cuc dai ¢ 290 nm. Khi mau thir c6 kha ning trc ché XO cao, qué trinh tao acid uric s€
bi han ché, dan dén gidm gia tri mat do quang do duoc. Pé danh gia hi€u qua trc ché

X0, méu chira chit thir s& duoc so sanh voi mau khong chira chit thir [45].
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Tién hanh
Hén hop phan tng ban dau chira 200 pL méu thir & céc ndng dd khac nhau (mau thir
duoc hoa tan trong DMSO (Merck) tuyét ddi, sau d6 pha lodng thanh diy ndng do
can khao sat sao cho néng d6 DMSO khéng qué 2,5%), 50 uL XO (EC 1.17.3.2,
Sigma) 0,2 U/mL va 950 ul dung dich dém natri phosphat (50 mM, pH 7,5), hon hop
phéan tmg dwoc u ¢ nhiét dd phong (25 °C) trong 15 phut. Sau d6, phan g duoce bo
sung 400 uL xanthine (Sigma) 1,5 mM, u & nhiét d6 phong trong 30 phut. Hon hop
phan tmg sau d6 dwoc do mat do quang bing méy do quang phd & bude séng 295 nm.
Phép do duoc Lip lai ba 1an. Allopurinol (Sigma) duoc sit dung lam chimg dwong.
Hoat tinh (% trc ché) ctia mau dugc tinh theo cong thic:

(0D, — 0Dy) — (0D — ODy,)

1(%) = X 100%
(ODC - ODOC)

Trong d6
I: Phan trim e ché xanthine oxidase (%)
0D,: Mat d6 quang ctia miu chimg (c6 enzyme, khong c6 chat thir)
0D,.: Mat d6 quang ctia méu tring chimg (khong ¢ enzyme, khong cé chét thir)
0D,: Mat d6 quang cta mau thir (c6 enzyme, c6 chét thir)
0D,,: Mt d6 quang ciia méu tring thir (khong cd enzyme, co chét thir)
Tir két qua phan tram e ché enzyme & cic ndng do, xac dinh gia tri ICso clia mau
thur.
2.2.6 Phwong phdp xir Iy 56 li¢u
S liéu duogc xtr Iy bang phan mém Microsoft Excel 2019. Céc gia tri duoc biéu dién
du6i dang M £ SD, trong d6 M 14 gia tri trung binh va SD 13 d6 1éch chuin; mdi thi
nghiém duoc lap lai t6i thiéu ba lan (n > 3). Dir liéu duoc kiém tra sai 1éch va loai trir

cac gia tri bat thuong trude khi phan tich.
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Gia tri ICso dugc xdc dinh bang phan tich héi quy phi tuyén duwa trén mdi quan hé
gitra néng d6 mau thir va phan trim wre ché, tir d6 noi suy gia tri ICso tir dwong cong
dép tmg-—ndng do.

Dé danh gia sw khic biét vé ICso giita cdc hop chat hodc gilta cdc nhom hop chat, di
liéu duoc phén tich bing ANOVA mét nhan t6. Khi ANOVA cho thay su khéc biét
cd ¥ nghia, phép kiém dinh hau nghiém Tukey duoc sir dung dé xac dinh céc cip
nhom khac biét théng ké. Mtrc ¥ nghia duwgc xac dinh tai p <0,01.

2.2.7. Phwong phap phén tich dwgc ly mang (network pharmacology)

2.2.7.1. Sang loc cdc thanh phan hoat chat ciia cdy Rau ddng dat va cdc protein dich
lién quan

Nghién ctru sir dung dir liéu hoat chat tir két qua phan 1ap duoc két hop véi cac chat
dugc xac dinh thong qua phan tich sac ky d6 UPLC-MS. Hé théng UPLC (Acquity
UPLC, Water, USA) két hop véi khoi pho biy ion tuyén tinh (Q exactive Plus Hybrid
Quadrupole Orbitrap Mass (Thermo Fisher Scientific Inc., USA). Cot AcclaimTM
RSLC PA2 (2,2 um, 120 A, 2,1 mm x 150) (Thermo Fisher Scientific Inc., Waltham,
MA, USA). Téc d6 dong 14 0,3 mL/phtit. Chuong trinh gradient pha dong géom A
(nudc) va B (MeOH) 1a 0-3 phut: 5-30 % B; 3-7 phut: 30-60 % B; 7-11 phut: 60-100
% B. Cot duoc rira bang 100% MeOH trong 2 phit va tai can bang lai trong 3 phiit.
Thé tich bom mau 14 2 pL.

Céu trac SMILE cta mdi hop chét cling dugc thu thap trén cac co so dir liéu PubChem
(https://pubchem.ncbi.nlm.nih.gov). Cong cu SwissADME

(https://www.swissadme.ch/) dugc st dung dé sang loc céac thanh phén hoat tinh dua

trén quy tac ctia Lipinski. Muc tiéu ctia quy tac Lipinski 14 nhan dién cac hop chét co
kha niang hap thu tot qua duong udng, tir d6 hd tro viéc t6i wvu hoa cau tric phan tir
trong thiét ké thudc. Theo quy tic nay, mot hop chat duoc danh gia 1a ¢ tiém ning
sinh kha dung qua dudng udng néu khong vi pham qua mét trong bdn tiéu chi: (i)
trong lugng phan tir khong vuot qua 500 Dalton; (ii) sé lugng nhém cho lién két
hydro (bao gdm cac nhém —OH va —NH) khong 16n hon 5; (iii) s6 lwong nhém nhan
lién két hydro (gém cac nguyén tir nito va oxy) khéng vuot qua 10; va (iv) logP (hé
s6 phan bd dau/nuée) khong 16n hon 5.

Tiép theo, cac dich tac dung trén ngudi cia timg hop chit dat yéu cau duoc thu thip
v6i cong cu SwissTargetPrediction théng qua SMILES cua mdi hop chat, voi lua
chon loai (species) 1a Homo sapiens.

Céc protein lién quan dén bénh Dai thao duong typ 2 va Gout duoc thu thap tir co s&

dir liéu GeneCards (https://www.genecards.org/) va co so dir lieu OMIM


https://pubchem.ncbi.nlm.nih.gov/
https://www.swissadme.ch/
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(https://www.omim.org/), sit dung tir khoa tim kiém 13 “type 2 diabetes mellitus”;
“Gout”. Danh sach thu duoc 1a cc dich tac dung trén ngudi co lién quan dén bénh
sinh va cAn nhim tGi trong diéu tri bénh. Cac protein dich trung 1ap da duoc xac dinh.
2.2.7.2. Phirong phdp xdy dung mang luGi hoat chat — dich tac dong

Dich tac dung tiém ning dwgc xac dinh 13 phan giao nhau cua tip hop cac gen lién
quan dén bénh va tap hop cac dich tic dung trén ngudi cia cac hop chét co trong ciy
Rau ding dit.

Cong cu Draw Venn Diagram (https://bioinformatics.psb.ugent.be/webtools/Venn/)
duogc str dung dé xay dung biéu db ven tir hai tap hop: “Dich tac dung trén ngudi cia
cac hop chét c6 trong dbi tugng nghién ctru” va “Cac gen lién quan dén bénh”. Tir
d6, thu duogc sé luong va tén cac dich tac dung trong phan giao nhau cua hai tap hop
nay.

Mang ludi hoat chit - dich tac dung tiém ning trong diéu trj bénh cta Rau ding dat
dugc xay dung va phan tich, st dung phin mém Cytoscape 3.10.2.

2.2.7.3. Phuwong phap xay dung mang luoi twong tac protein -protein (PPI) cua cdc
dich tac dung tiém ndng

Céc dich tiém ning duogc ldy tir cac protein trung lip gitra muyc tiéu du doan cua cac
thanh phén hoat tinh va muc ti€u protein cho bénh. Co s& dir liéu STRING
(https://string-db.org/) duoc sir dung dé xdy dung mang ludi PPI cua cac dich tac
dung tiém ning, mdi dich tic dung twong Gmg v4i mot nat (node) trong mang ludi.
So d6 PPI sau d6 duoc chuyén qua phan mém Cytoscape 3.10.2 dé thyc hién phan
tich bang chuong trinh CytoNCA tich hogp. Cau trac hinh hoc khong gian ctia mang
lu6i PPI dugc phan tich va tinh toan cac thong s6 ciia mdi nat thanh phéan, bao gdm:
DC (Bic trung tdm truc tiép - Degree Centrality) va BC (Bic trung tdm gitta —
Betweenness Centrality), CC (Béc trung tim gan - closeness centrality). Nhiing thong
s6 nay sé& duoc str dung dé xac dinh nhimg nut trung tdm c6 anh hudéng 16n dén toan
mang ludi [92].

2.2.7.4. Phwong phap phan tich GO va con duong KEGG

Nén tang ShinyGO v0.8 [93] duoc st dung dé thyc hién phan tich GO (Gene
Ontology) va phén tich con duong KEGG trén cac dich tac dung tiém ning cua ciy
Rau dang dat. Tén viét tat cua cac dich tac dung tiém nang duoc tai 1én ShinyGO v0.8
v6i lya chon loai (species) 1a Human dé tién hanh cac phan tich. Céc két qua phan
tich dugc biéu dién duéi dang biéu do.

Phan tich GO thu thap 20 qué trinh c6 kha ning lién quan cao nhat dén cac dich tac

dung tiém nang, thuéc mot trong 3 nhom: qua trinh sinh hoc (Biological Process),
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thanh phan té bao (Cellular Component) va chirc ning phan tir (Molecular Function),
voi gia tri P-value cutoff (FDR) 1a 0,05.
Phan tich con duong KEGG dugc thuc hién nham dy doan 20 con duong c6 kha nang
lién quan cao nhit dén cac dich tac dung tiém niang. Mot con duong KEGG cu thé ¢
lién quan dén bénh s& duge lya chon dé phan tich.

2.2.8. Phwong phadp docking phan tir
Phuong phap docking phén tir duoc st dung nhim mo phong tuong tac giita ligand
va thu thé muc tiéu. Co sé ctia phuong phap nay dua trén nguyén 1y 6 khoa — chia
khoa, trong do6 ligand (chia khoa) gén vao vi tri hoat dong cua protein (6 khoa), tao
thanh phirc hop c6 ning luong lién két 6n dinh. Trong nghién ctru ndy, phuong phap
docking duoc thuc hién bang phan mém AutoDock Vina, cho phép danh gia va xép
hang céc cau dang ligand dua trén ning luong lién két.
Céc budc tién hanh
- Chuan bi protein: Cau triic 3D cta protein dich tac dong tiém ning & dang phirc
hop dugc tim kiém trén ngdn hang dir liecu RSCB PDB database
(http:/www.rcsb.org/). Protein va ligand dong két tinh dwoc tach riéng sir dung
Discovery Studio 2024 (file pdb), sau d6 duoc loai nudc, thém lién két hydro phan
cuc, gin trudng lyc Kollman bang Autodock took 1.5.7 (file pdbqt).
- Chuén bi co s¢ dit liéu: Ligand duoc tai tor Pubchem hodc ve, tdi thiéu hoa nang
luong bang phan mém Chem3D 19.0 va chuyén thanh tap .pdb biang PyMOL 3.0.4.
Dung AutodockTool 1.5.7 dé chuyén thanh tap .pdbqt.
- Redocking: Gia tri d6 1éch RMSD (root mean square deviation) ctia phéi tir dong
két tinh trudc va sau khi re-dock vao protein bang quy trinh docking s& sir dung dé
danh gia quy trinh docking. Néu gid tri RMSD < 2,0 A thi quy trinh thyc hién dang
tin cdy va co gia tri [92].
- Docking ligand va danh gia két qua: Docking phan tir dugc thyc hién bang phan
mém Autodock Vina 1.1.2. Két qua danh gia duva trén nang luong gin két (kcal/mol).
Ning luong gan két cang am thi ligand cang gin két tot v6i protein. Két qua docking
duogc biéu dién boi PyMOL 3.0.4.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Két qua thir hoat tinh sinh hoc ciia cic cao phan doan
3.1.1. Két qud thir nghiém hoat tinh irc ché enzyme a-glucosidase

Cao EtOAc duoc ching minh c6 hiéu qua cao nhit trong viéc e ché enzyme
a-glucosidase, v6i ICso 105,10 + 1,56 pg/mL, trong khi cao c6n 70% va phan doan
n-BuOH c6 ICso 1an luot 1a 448,55 + 1,86 png/mL va 484,99 + 4,47 ng/mL. Hoat tinh
cua phan doan EtOAc trong nghién ctru nay cao hon mot s6 mau thuc vat khac duoc
bao cdo nhu cao EtOAc tir vo than cay Nuc nac (Oroxylum indicum) c6 ICso 17,20 £
1,16 ng/mL[94], r& Dau tim (Morus alba) bao céo ICso 13 5,80 + 2,29 pg/mL[95] va
thap hon so voi cao EtOAc tir 14 cdy Lan chi (Chlorophytum comosum) véi ICso 12
198,18 + 0,25 pg/mL [96]. Su khac biét nay co thé do thanh phan héa hoc, nong do
cac hop chat hoat tinh, cling nhu k¥ thuat chiét tach va diéu kién thir nghi¢m.

Két qua thir nghiém cho thdy phan doan EtOAc ctia mau nghién ctru 13 phan doan
tiém ning nhat, do d6 cac phan doan cé hoat tinh s& dugc tiép tuc phan lap va danh

gia hoat tinh sinh hoc dé x4c dinh kha ning trc ché a-glucosidase. Két qua dugc trinh

bay trong Bang 3.1.
Bang 3.1.  Két qua hoat tinh &rc ché enzyme a-glucosidase ciia cac cao phan doan cta
ciy Rau ding dét

Méu thir [Cs0 (ug/mL)
Cao cdn 70% 448,55 + 1,86
Cao EtOAc 105,10 + 1,56
Cao n-BuOH 484,99 £ 4,47
Acarbose 659,46 £ 6,97

3.1.2. Két qud thir hoat tinh irc ché enzyme xanthine oxidase

Qua thir nghiém hoat tinh rc ché enzyme xanthine oxidase cua cao phan doan (chét
@61 chimg duong allopurinol) (Bang 3.2) cho thiy: cao cdn 70% c6 hoat tinh trc ché
enzyme xanthine oxidase voi gia tri ICso = 130,56 £ 3,79 ng/mL. Cao EtOAc ¢6 hoat
tinh ttc ché manh nhit véi gia tri ICso = 29,67 + 1,02 pg/mL, tiép dén 1a cao #n-BuOH
v6i gia tri ICso= 83,16 £ 0,27 la pg/mL. Két qua ICso ctia cao EtOAc thip hon so voi
mdt s6 chiét xudt EtOAc duoc liéu khac nhu cdy Kim cang (Smilax china) dat 1Cso 13
101,04 pg/mL[97], P trong (Eucommia ulmoides) v&i ICso 247 pg/mL[98].

Két qua nay cho thay G. oppositifolius 12 nguén thyc vat tiém nang véi hoat tinh trc
ché XO dang ké, dic biét 1a phan doan EtOAc. Theo hiéu biét cua chung toi, day 1a
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bao cdo dau tién vé tac dung trc ché xanthine oxidase (XO) in vitro cua chiét xuit G.
oppositifolius. Do d6, hoat tinh wrc ché cua tit ca cic hop chit phan 1ap duoc dbi voi
XO duogc danh gia sau hon trong in vitro. Nhimng két qua trén sé& 13 co s& cho viée
tim kiém cac hop chit trong cdy Rau déng dit c6 tic dung trc ché enzyme xanthine

oxidase.

Bang 3.2.  Két qua thir nghiém hoat tinh tic ché enzyme xanthine oxidase ciia cic cao

phan doan cta cay Rau ding dit

Méu thi ICso (Lg/mL)
Cao con 70% 130,56 £ 3,79
Cao EtOAc 29,67 £ 1,02
Cao n-BuOH 83,16+ 0,27
Allopurinol 0,52 +£0,02

3.2. Xac dinh cau tric héa hoc cic hop chat phan lap

3.2.1. Hop chit G-1: Vicenin 2 (apigenin 6,8-C-di-B-D-glucopyranoside)

Hinh 3.1. Cau tric hoa hoc va cac tuong tac HMBC chinh cua hop chat G-1
Hop chit G-1 thu dwoc dudi dang bot vo dinh hinh, mau vang. Phé (-) ESI-MS cia
G-1 cho dinh jon phén tir gia tai [M-H]™ v&i m/z 593,14, két hop vé6i dir liéu pho 13C-
NMR va HSQC cho phép xac dinh cong thirc phan tir C27H30015 (Q=13). Trén phd
IH-NMR c6 5 tin hiéu proton véi oy trong khoang 6,81 dén 8,03 ppm ctia vong thom.
Ba tin hieu OH ¢ vung truong thép dugc xac dinh la 5-OH (6 13,76), 7-OH (6 10,37),
4’-OH (6 9,36) dua trén twong tac quan sat thiy trén phé HMBC. Trén phd 3C-NMR
ctia G-1 xuat hién 27 tin hiéu carbon, trong do co 15 tin hiéu dic trung cuia flavonoid
va 12 tin hi¢u cia 2 duong hexose. Cau trac flavone duoc xac dinh thong qua dich
chuyén hoa hoc ctia carbon carbonyl ving trudng thip véi dc 182,3 va su hién dién
ctia carbon =CH- duoc gan cho C3 vé6i dc 102,6 va 6H 6,81 s. Trong cau tric nay,
vong B duoc xdc dinh 1 d6i xtng | nhom thé khi trén phd 3C-NMR cho 2 tin hiéu
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d6i xtmg & dc 129,0 va 115,9. Trén phd *C-NMR, ving 60-80 ppm cho 12 tin hiéu

carbon trong tng voi 2 dudng hexose, va viée thiéu di tin hiéu dic trung thuong thiy

ctia C6 ~ 98 ppm va C8 ~ 94 ppm trén khung aglycon goi ¥ cho cdu trac cua 2 lién

két C-glycosid tai 2 vi tri nay. Diéu nay mot lan nita dugc chimg minh trén twong tac
quan sat thiy trén phd HMBC cua 2 proton anomer H-1"" (4,76 d, 10 Hz) vé6i C-8
(105,3 ppm) va H-1""’ (4,81 d, 9,5 Hz) v6i C-6 (107,5 ppm). Céc dit liéu phd cua G-

1 duoc so sanh véi dit liéu phd twong Gng ctia hop chét vicenin 2 cho thiy su phi hop

[99].Vi vdy, hop chat G-1 dugc xac dinh 13 vicenin 2 — mot hop chat da dugc bao

céo trude day trong lodi G. oppositifolius va mot s loai thudc chi Glinus.

Bang 3.3.  Dit liéu phd NMR ctia G-1 va vicenin 2
G-1 Vicenin 2
Vit (DMSO - ds, 500 MHz) (DMSO - ds, 400 MHz)
: dc ou (ppm) HMBC  COSY dc ou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
2 164,1 - - 164,1 )
3 102,6 6,81 s 2,4,10, 1 102,6 6,81 s
4 182,3 - - 182,3 -
5 158,6 - - 158,6 -
6 107,5 - - 107,5 -
7 160,8 - - 161,2 -
8 105,3 - - 105,3 -
9 155,1 - - 155,1 -
10 103,9 - - 103,8 -
K 121,5 - - 121,5 )
2’ 129,0 8,03 d (9,0) 2,3,4 3 129,0 8,03d (8,5)
3 115,9 6,90 d (9,0) r,2’,4 2’ 115.,8 6,91d (8,5)
4 161,2 - - 161,2 )
5 116,0 6,94 d (8,5) I',4,6’ 6’ 115.,8 6,91d (8,5)
6’ 128,7 7,95d(8,5) 2,4°,5 5 129,0 8,03d; 8,5)
Gle- 17 73,4 4,76 d (10,0) 7,8,9 73,8 4,80d (9,8)
2” 70,9 3,88 m 70,9
3” 78,8 3,20 m 78,8
4” 70,6 345m 70,6 3.50 - 3.86m
5” 81,9 3,30 m 81,8
. 3,60 m
6 59,8 3.65 m 59,8
Gle- 197 74,1 4.81d (9,5) 6,7 74,1 4,75 d (9,8)
2> 72,0 3,50 m 71,9
3 77,8 3,30 m 78,8 3,50-3,86 m
4> 69,1 3,40 m 69,1
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G-1 Vicenin 2
Vi tri (DMSO - ds, 500 MHz) (DMSO - ds, 400 MHz)
i dc ou (ppm) HMBC  COSY dc on (ppm)
5 80,9 3,35m 81,4
s 3,55m
° 613 3,76 m 61,3
13,70 s

3.2.2. Hop chit G-2: Spergulacin (spergulagenin A -3-O-[o-L-rhamnopyranosyl-
(1 23)]-p-D-xylopyranosid)

Hinh 3.2. Ciu trac hoa hoc va tuong tac HMBC, COSY cua G-2

Hop chit G-2 phén 1ap 1a dang bdt v6 dinh hinh, mau tring. Cong thirc phan tir ctia

G-2 duoc xac dinh 1a C41HesO12 (Q=8) bang phuong phap phd khoi phan giai cao (-

) HR-APCI-MS dua vao peak ion phan tir gia tai m/z 797,4670 [M+HCOO]". Phd

I3C-NMR va DEPT ctia hop chit G-2 cho biét c6 41 tin hiéu carbon, trong dé c6 30

tin hi€u cuia aglycon triterpen cung 5 tin hi¢u cia duong O-pentose va 6 tin hi¢u ctia

dudong O-hexose. Céc tin hiéu trén phd 3C-NMR ciing cho thdy cic tin hiéu cua

khung aglycon hopan, bao g("imz 8 nhom -CH;s (oc 27,4; 16,1; 15,6; 16,6; 18,5; 17,2;

20,1; 25,8 ppm), 6 nhom Cry vo1 mot >C=0 (¢ 213,8 ppm), 8 nhom -CHa-, 7 nhom

-CH-. Hop chit G-2 ¢6 tin hiéu carbon tai dc 52,2 ppm gin v6i nhém methyl C29 (5¢

20,1 ppm) va diéu nay duoc khang dinh vi céc proton nhom methyl H29 (dg 1,25

ppm), proton H17 (1,62 ppm) va 2 proton H20 (1,73, 1,49 ppm) co6 tuong tac HMBC

v61 C-21. Tin hiéu cia carbon thugc nhom >C=0 tai dc 213,7 ppm duoc quy cho C22

va diéu nay ciing duoc khing dinh do cac proton nhém methyl tai du 2,1 ppm, proton

nhom methyl tai oy 1,25 ppm, proton tai oy 1,62 ppm va 2 proton (1,73 ;1,49 ppm) co

turong tac HMBC vo1 C-22.

Ph6 'H-NMR cuia G-2 cho thay c¢6 8 tin hiéu dudi dang peak don ciia 8 nhém methyl
(-CH3) v6i 8u lan lugt 1 0,95; 0,75; 0,79; 0,95; 0,90; 0,91; 1,25; 2,10 ppm. Céc tin
hiéu & vung truong thap H-3 (du 3,01), H-12 (Ju 3,67) va H-16 (Ju 3,58) cling nhu
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tin hiéu carbon tuong ing C-3 (dc 87,9), C-12 (dc 67,3) va C-16 (oc 64,1). Nhu vay
c6 thé nhan dinh rang phan aglycon thudc khung hopan véi nhém methylceton gin
vao C-21, ba nhém hydroxy gin tai C-3, C-12 va C-16. So sanh dit liéu pho trong tai
liéu, khung aglycon ctia hop chit G-2 dugc xac dinh 1a spergulagenin A, mot genin
ctia saponin triterpend kiéu hopan c6 trong ciy Rau ding dit. Ngoai ra, hop chét G-
2 con c6 céc tin hi€u dac trung ctia duong D-xylose vdi oc 105,8; 74; 81; 68,2; 65,4
ppm. Carbon anomer cua dudng c6 dc 105,8 ppm cho thiy day 1a mot O-glycosid.
Trén ph6 '"H-NMR, tin hi¢u H-1" anomer cta duong xylose c6 twong tic HMBC véi
C-3 cta aglycon chimg t6 dudng D-xylose gin vao C-3 cia aglycon va H-1" ¢6 Ju
4,16 (d; 7,5 Hz) cho biét cau hinh £ ctia D-xylose (H-1’va H-2” déu huéng axial so
v6o1 mat phéng vong). Cac tin hi¢u carbon tai (éc 100,5; 70,5; 70,6; 72,1; 68,1; 17,9
ppm) cung thém tin hiéu tai du 5,0 s (H-17) gin véi carbon anomer dic trung cho
duong a-L- thamnose. Trén phd HMBC, tin hiéu cta proton tai ou 5,00 ppm (H-17)
cua carbon anomer (duong L-rhamnose) c6 tuong tac véi C-3’ va proton tai on 3,30
ppm H-3’ ¢6 tuong tac véi C-1"> ching minh duong L-rhamnose gin vao dudng
xylose tai vi tri 3°. Cac twong tac ctia cac proton ké can ghi nhan duoc tir dit liéu phd
COSY cuia hop chat G-2 cho phép gan cic vi tri cua cac proton ndy trong cu tric.
CAu tric cta cc chit G-2 duoc xac dinh mot cach chic chin béng cac dir licu phé NMR
mot chiéu va hai chiéu. So sanh vé6i dit liéu phd "H-NMR va 3C-NMR trong tai liéu
[60], hop chit G-2 duoc xac dinh 1a spergulacin (spergulagenin A-3-O-[a-L-
rhamnopyranosyl-(13)]-B-D-xylopyranosid) — mot hop chat da dugc bao céo trude
day trong loai G. oppositifolius va mot sb loai thudc chi Glinus.

Biang 3.4.  Dir liéu phd NMR ctia G-2 va spergulacin

G-2 Spergulacin
Vi tri (DMSO-ds, 500 MHz) (DMSO-ds, 500 MHz)
: dc ou (ppm) HMBC COSY dc ou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
1 38,2 1,60 m 2 38,2 1,60 m
0,90 m
2 25,8 1,69 m 1 25,8 1,70 m
1,52 m
3 87,9  3,01dd (3,5 11,5) 24, 1° 87,8 3,01dd (11,5; 4,0)
4 38,8 - 38,8 -
5 54,8 0,67 d (10,5) 25 6 54,8 0,67 d (10,5)
6 17,8 1,48 m 5,7 17,8 1,46 m
1,35m
7 32,8 1,37 m 6 32,8 1,38 m

1,17 m
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G-2 Spergulacin
Vi tri (DMSO-ds, 500 MHz) (DMSO-ds, 500 MHz)
* oc on (ppm) HMBC COSY oc on (ppm)
(ppm) J (Hz) H>C) (ppm) J (Hz)
8 44,7 - 44,7 -
9 48,1 1,21 m 26 48,1
10 36,2 - 36,1 -
11 31,8 1,67 m 31,8 1,65 m
1,25 m
12 67,3 3,67 m 13 67,3 3,68 m
13 54,5 1,30d (10,5) 8,12,27 12 54,5 1,30d (10,5)
14 40,9 - 40,9 -
15 443 1,38 m 13,16,27 443 1,37 m
1,16m
16 64,1 3,58 m 17 64,0 3,58 m
17 62,9 1,62 d (11,5) 16,18,21,28,2 16 62,8 1,62 d (11,5)
9
18 46,0 - 45,9 -
19 44,6  2,00dd (7,0;12,0) 17,18,21,28 20 44,6 2,00dd (7,0; 12,0)
20 36,7 1,49 m 18,22 19 36,7 1,73 m
1,73 m
21 52,2 - 52,2 -
22 213,8 - 213,6 -
23 27,4 0,95 s 3,4,5,24 274 0,95 s
24 16,1 0,75 s 3,4,5,23 16,0 0,75 s
25 15,6 0,79 s 1,5,9,10 15,5 0,79 s
26 16,6 0,95 s 7,8,9,14 16,5 0,95 s
27 18,5 0,90 s 8,13,14,15,28 18,4 0,91 s
28 17,2 091 s 13,14,17,19 17,1 091 s
29 20,1 1,25 s 17,20,21,22 20,1 1,25 s
30 25,8 2,10 s 21,22 25,7 2,10 s
Xyl-1  105,8 4,16d(7,5) 3 105,6 4,16d (7,5)
2’ 74,0 3,09 m 73,8 3,09 m
3 81,0 3,30 m 4.1 81,0 3,30 m
4’ 68,2 3,30 m 68,2 3,30 m
5 65,4 3,09 m 65,3 3,09 m
3,68 m 3,70 m
Rha-1”  100,5 5,00 s 3’2757 100,5 5,00 s
27 70,5 3,68 m 70,5 3,68 m
3” 70,6 3,48 m 70,6 3,48 m
4” 72,1 3,18 m 72,1 3,18 m
5” 68,1 3,87 m 68,0 3,87 m

6” 17,9 1,08 d (6,0) 47,57 17,8 1,08 d (6,0)
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3.2.3. Hop chit G-3: Glinosid C (16-O-(B-D-glucopyranosyl)- 38,128, 168, 21a, 22-

pentahydroxyhopan)
CHa
OH
Hs
0
__» HMBC
--> COSY

I/ : H ‘
. ’ CH3
; ;27 o/‘/
<MH 5 O
(2:3 S/ya \(\

Hinh 3.3. Cong thirc cdu tao va tvong tac HMBC, COSY ctia hop chit G-3
Hop chit G-3 thu dugc dang bdt vo dinh hinh, mau tréng. Phd (-) APCI-MS cua G-
3 cho dinh [M+HCOO] v61 m/z 699,4321 phu hop véi cong thire CisHe2010 (2=6).
Trén pho *C NMR cua G-3 xuat hién 36 tin hiéu carbon, trong dé ¢6 30 tin hiéu cua
aglycon triterpend va 6 tin hiéu cua dudng hexose. Céc tin hiéu trén phd 3C-NMR
cling cho thiy céc tin hiéu ctia khung aglycon hopan, bao gdm: 8 nhom -CHs (dc 29;
16,5; 16,1; 17,2; 19.,9; 17,1; 26,7; 27,5 ppm), 7 nhém Cry, 8 nhém -CH»-, 7 nhém -
CH-. Ph6 'H-NMR ctia G-3 cho thiy c6 8 tin hiéu dudi dang peak don ctia 8 nhém
methyl (-CH3) voi dn lan luot 1a 1,2; 0,98; 0,71; 0,86; 1,08; 1,30; 1,52; va 1,53 ppm.
Céc tin hiéu & vung trudng thip H-3 (6 3,42), H-12 (6 4,42) va H-16 (6 4,47) ciing
nhu tin hiéu carbon tuong tng C-3 (8 78,2), C-12 (6 66.,9) va C-16 (75.,4) cho thiy su
xudt hién ctia nhém oxymethin (-O-CH-) trong cau tric. Ngoai ra con ¢o cdc tin hiéu
dac trung cua dueong D- glucose voi1 dc 101,7; 75,8; 78,7, 72,5; 78,4, 63,5 ppm. Carbon
anomer ctia dudng cd dc 101,7 ppm cho thay day 1a mot O-glycosid. Trén phd HMBC,
tin hi€u H-1" anomer ctia duong glucose co tuong tac voi C-16 cia aglycon chirng té
dudng D-glucose gin vao C-16 cta aglycon va H-1" ¢6 855,07 d (7,5 Hz) cho biét
cAu hinh g cua D- glucose (H-1"va H-2” déu hudng axial so véi miat phing vong). Cau
trac clia cac chit G-3 duge xac dinh mdt cach chic chin bfmg cac dir iéu phé) NMR mot
chiéu va hai chiéu. So sanh voi dit liéu pho '"H-NMR va '*C-NMR trong tai liéu [58],
G-3 1a glinosid C (16-O-(f-D-glucopyranosyl)- 35,124, 16, 21a, 22-penta hydroxy
hopan) — mot hop chat co tic dung tic ché a-glucosidase, d3 duoc bao cio nam 2012

trong loai G. oppositifolius.
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Dir liéu phd NMR ctia G-3 véi glinosid C

(pyridine-ds, 500 MHz)

Glinosid C

(pyridine-ds, 600 MHz)

vieh s S (ppm) HMBC  COSY Sc St (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
1 39,0 1,53 m 2 39,1 1,49 m
0,80 m 0,79 m
2 28,2 1,80 m 1,3 28,6 1,78 m
1,30 m 1,24 m
3 78,2 342 m 423,24 2 78,4 343 m
4 39,6 - 39,8 -
5 56,0 0,71 m 425 6 56,0 0,73 m
6 19,0 1,45 m 5,7 19,1 1,49 m
1,25 m 1,29 m
7 33,7 1,20 m 26 6 33,8 1,17 m
1,35 m 1,41 m
8 42,0 - 42.0 -
9 48,9 1,25 m 26 48,9 1,24 m
10 37,6 - 37,6 -
11 27,8 225 m 9,12 12 279 2,30 m
1,50 m 1,45 m
12 66,9 442 m 11 66,9 442 m
13 54.4 1,86 d (6,5) 14 54.6 1,86 d (7,8)
14 45.4 - 455 -
15 458 1,68 m 12,14,16,26, 46,0 1,67 m
1,85 m 27 1,89 m
16 75,4 447 m 13,1° 75,4 4,44 m
17 73,7 232d(11,5)  12,13,15,16, 74,1 2,32d (9,0)
18,21,22
18 47,8 - 479 -
19 42,7 1.91m 12,14,17,18, 20 42,8 1,91 m
2,70 m 21,28 2,69 m
20 37,8 1,80 m 17,18,19,21 19 38,1 1,82 m
1,90 m 1,91 m
21 86,1 - 86,1 -
22 75,7 - 75,8 -
23 29,0 1,20 s 34,524 29,0 1,21 s
24 16,5 0,98 s 3,4,5,23 16,6 1,00 s
25 16,1 0,71 s 1,5,9,10 16,2 0,71 s
26 17,2 0,86 s 7,8,9,14 17,2 0,84 s
27 19,9 1,08 s 8,13,14,15 20,0 1,09 s
28 17,1 1,30 s 13,17,18,19 17,2 1,32 s
29 26,7 1,52 s 17,21,22 26,9 1,52 s
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G-3 Glinosid C
Vi tri (pyridine-ds, 500 MHz) (pyridine-ds, 600 MHz)
’ dc ou (ppm) HMBC COSY oc ou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
30 27,5 1,53 s 17,21,22,29 27,6 1,56 s
Glc-1 101,7 5,07d (7,5) 16 2’ 102,0 5,13d (7,8)
2’ 75,8 4,03 m 76,0 4,08 m
¥ 78,7 4,34 m 4 79,0 4,35 m
4 72,5 4,17 m 3°,5°,6° 5’ 72,7 4,25 m
5 78,4 4,03 m 1’3’4 1’46’ 78,4 4,05 m
6’ 63,5 4,34 m 5’ 63,8 4,40 m
4,58 m 4,62 m

3.2.4. Hop chit G-4: Spergulacin A (spergulagenin A-3-O-[o-L-rhamnopyranosyl-
(1 22)]-p-D-xylopyranosid)

<-» COSY

Hinh 3.4. Cau trac hoa hoc va twong tic HMBC, COSY cua G-4
Hop chit G-4 phan lp 13 dang bot vo dinh hinh, mau tring. Phd (-) APCI-MS cia
G-4 cho dinh [M+CI]'v6i m/z 787,23 tuwong tmg véi phan tir khéi 752 phu hop véi
cong thire C4/HgsO12 (Q=8). Phd BC-NMR va DEPT ctia hop chit G-4 cho biét ¢6
41 tin hi¢u C, trong do6 co 30 tin hi¢u cua aglycon triterpen va 5 tin hiéu cua duong
pentose va 6 tin hiéu cta dudng hexose. Cac tin hiéu trén phd 3C-NMR ciing cho
théy cac tin hi¢u cia khung aglycon hopan: 8 nhom -CH3s (d¢c 27,2; 15.9; 15,7; 16,5;
18,4; 17.,2; 20,1; 25,8 ppm), 6 nhom Cry vo1 mot >C=0 (dc 213,7 ppm), 8 nhom -
CHaz-, 7 nhom -CH-. Hop chit G-4 ¢6 tin hiéu carbon tai ¢ 52,1 ppm ge"m vO1 nhom
methyl C29 (8¢ 20,1 ppm) va diéu nay duoc khing dinh vi cdc proton nhém methyl
(6u 1,25 ppm), proton (1,61 ppm) va 2 proton (1,74, 1,48 ppm) co6 tuwong tac HMBC
vd1 C-21. Tin hi€u cua carbon thudc nhém >C=0 tai dc 213,7 ppm duge quy cho C22
va diéu nay ciing duoc khang dinh do cac proton nhom methyl tai d 2,1 ppm, proton

nhom methyl tai dg 1,25 ppm, proton tai du 1,61 ppm va 2 proton (1,74, 1,48 ppm) co
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turong tac HMBC véi C-22. Phd 'H-NMR ciia G-4 cho thdy c6 8 tin hiéu dudi dang
peak don cua 8§ nhém methyl (-CH3) v6i dn lan luot 1a 0,94; 0,74; 0,79; 0,95; 0,91;
0,90; 1,25; 2,10 ppm. Céc tin hiéu ¢ ving trudong thap H-3 (du 3,02), H-12 (Ju 3,68)
va H-16 (du 3,58) cling nhu tin hiéu carbon tuong tng C-3 (. 87,4), C-12 (dc 67,2)
va C-16 (4. 64,0) cho thay su xut hién cia nhém oxymethin (-O-CH-) trong cau truc.
Nhu vdy c6 thé nhin dinh ring phin aglycon thudc khung hopan véi nhém
methylceton gin vao C-21, ba nhom hydroxy gin tai C-3, C-12 va C-16. Ngoai ra,
hop chit G-4 con co céc tin hiéu dic trung cua duong D-xylose v6i 6c 104,5; 76,6;
77,7; 69,9; 65,4 ppm. Carbon anomer cua dudng c6 dc 104,5 ppm cho thdy ddy 1a mot
O-glycosid. Trén phé HMBC, tin hiéu H-1" anomer cta duong D-xylose c¢6 tuong tac
v6i C-3 ctia aglycon chting to D-xylose gan vao C-3 ctia aglycon va H-17 ¢6 5u4,24(d;
7,0 Hz) cho biét cau hinh f ctia D-xylose (H-1’va H-2" déu huéng axial so voi mit
phéng vong). Cac tin hi€u carbon tai (6c 100,0; 70,2; 70,3; 72,0; 68,1; 17,8) ppm cung
v6i tin hiéu tai on 5,22 s gan voi H-17 dic trung cho dudng L-rhamnose. Trén phd
HMBC, tin hi¢u cua proton tai ou 5,22 ppm (H-1") ctia carbon anomer (duong L-
rhamnose) co6 tuwong tac vai C-2° va proton tai ou 3,23 ppm (H2’) c6 tuong tac véi C-
1>’ d chimg t6 dudng L-rhamnose gin vao dudng D-xylose ¢ vi tri C-2°. Ciu tric ciia
cac chat G-4 duoge xac dinh mot cach chic chin bé“mg cac dir liéu phé NMR mét chiéu
va hai chiéu. So sanh véi dit liéu phd 'H-NMR va *C-NMR trong tai liéu [60], hop
chit G-4 dugc xac dinh 1a spergulacin A (spergulagenin A-3-O-[a-L-
rhamnopyranosyl-(1->2)]-8-D-xylopyranosid) — mot hop chat da dugc bao céo trude

day trong loai G. oppositifolius va mot sb loai thudc chi Glinus.

Bang 3.6.  Dit liéu phd NMR ctia G-4 véi spergulacin A

G-4 Spergulacin A
Vi tr (DMSO-ds, 500 MHz) (DMSO-ds, 500 MHz)
) oc oH HMBC COSY oc on
(ppm) (J= Hz) ppm (H>C) (ppm) (J= Hz) ppm
1 38,5 1,58 m 38,5 1,57 m
0,90 m
2 26,0 1,70 m 3 26,0 1,70 m
1,55m
3 87,4 3,02m 4,23,24,1° 2 87,5 3.02m
4 38,7 - 38,7 -
5 55,0 0,67 d (10,5) 25 6 55,1 0,67 d (10,8)
6 17,8 1,48 m 5,7 17,9 1,35m
1,35m

7 32,8 1,35 m 8 6 32,9 1,35m
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G-4 Spergulacin A
Vi tr (DMSO-d;s, 500 MHz) (DMSO-ds, 500 MHz)
’ oc on HMBC COSY oc on
(ppm) (J= Hz) ppm H~>O) (ppm) (J= Hz) ppm
1,15m
8 447 - 44.8 -
9 48,1 1,23 m 48,1
10 36,1 - 36,2 -
11 31,8 1,65 m 9 12 31,8 1,65 m
1,23 m
12 67,2 3,68 m 11,13 67,3 3,71 m
13 54,5 1,30 d (10,5) 12, 14,18,27 12 54,5 1,30 d (10,8)
14 40,9 - 41,0 -
15 443 1,38 m 13,8,17,27 16 443 1,37 m
L17m
16 64,0 3,58m 15,18,22,28,2 17,15 64,1 3,59 m
9
17 62,9 1,61d (11,0) 13,16,18,21,2 16 62,9 1,61d(11,5)
2,28,29
18 45,9 - 46,0 -
19 44,6 2,00 dd (7,5; 12,5) 17,18,21,28 20 44,7 2,01dd(7,3; 12,4)
20 36,7 1,74 m 17,18,21,22,2 19 36,8 1,73 m
1,48 m 9
21 52,1 - 52,2 -
22 213,7 - 213,6 -
23 27,2 0,94 s 3,5,24 24 27,3 0,94 s
24 15,9 0,74 s 3,45,23 23 16,0 0,74 s
25 15,7 0,79 s 1,5,6,9,10 15,8 0,79 s
26 16,5 0,95 s 7,8,9,14 16,6 0,95 s
27 18,4 0,91 s 8,13,14,26 18,5 091 s
28 17,2 0,90 s 13,17 17,2 091s
29 20,1 1,25 s 17,20,21,22 20,1 1,25 s
30 25,8 2,105 21,22,29 25,8 2,105
Xyl - 104,5 4,24 d (7,0) 3 2’ 104,6 4,23 d (7,0)
1’
2 76,6 323 m 1” r 76,6 323 m
3’ 71,7 323 m 77,8 3,19m
4 69,9 325m 5 70,0 327 m
5 65,4 3,02m 4 65,5 3,02m
3,66 m 3,68 m
Rha- 100,0 522s 2” 100,1 522
1
2” 70,2 3,69 m 3” 70,3 3,71 m
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G-4 Spergulacin A
Vi tr (DMSO-d;s, 500 MHz) (DMSO-ds, 500 MHz)
’ oc on HMBC COSY oc on
(ppm) (J= Hz) ppm (H>C) (ppm) (J= Hz) ppm
3” 70,3 3,48 m 27 70,4 3,48 m
4” 72,0 3,18 m 5” 72,1 3,14 m
5” 68,1 3,77 m 4 68,0 3,78 m
6” 17,8 1,06 d (6,5) 17,9 1,06 d (6,2)

3.2.5. Hop chit G-5: Spergulin B (3-O-[a-rhamnopyranosyl (1>2)-B-D-
xylopyranosyl]-spergulatriol)

Hinh 3.5. CAu triic hoa hoc va mot sd twong tac HMBC chinh cta hop chit G-5

Hop chat G-5 thu duoc ¢ dang bot vo dinh hinh mau trang. Pho (-) APCI-MS cua G-
5 cho dinh m/z =742,78 [M+CI] phu hop v6i céng thitc phan tir C3oHesO11 (M=
707,78 g/mol). Quan sat trén phd '*C-NMR va DEPT xuat hién 39 carbon, trong d6
c¢6 28 tin hiéu tin hiéu cua khung aglycon bisnor-triterpenoid. Pong thoi trong viing
60-80 ppm ¢6 8 tin hi¢u cung véi 2 tin hi€u ¢6 dc 105,6 va 101,6 va 1 tin hi¢u c6 dc
18,3 goi ¥ ciu tric glycosid v6i 1 duong pentose va 1 duong hexose. Céac tin hiéu
trén pho '3C-NMR ctia khung aglycon bao gdm: 6 nhém -CH; — (15,7; 18,7; 16,7;
15,8;16,5;27,7); 9 nhom —CHz- (38,8; 26,6; 18,3, 33,2; 32,5; 44,5; 42,6; 29,6; 105,7);
7 nhom —-CH- (88,3; 55,7; 48,9; 69,2; 53,4; 67, 61,6); 5 Carbon —Civ-
(36,6;39,3;41,4;45;45) v6i mot >C=CH; (dc 151,8).

Tin hiéu H-16 (3u 4,25), H-12 (81 4,10) va H-3 (dx 3,19) & ving truong thip, ciing
nhu cac tin hiéu carbon frong wng cho th:fly su xuat hién ctiia nhém thé —OR & C-16,
C-12 va C-3. Cung voi 2 proton cia C-22 (dc 105,7 va ou 5,92;5,01) & vung truong
thap cho dinh singlet, goi ¥ cho cau tric exo-methylen va thong qua tuong tac trén
HMBC H-22 véi C-17 va C-20 cho biét ¢6 nhém methylen gin vao vi tri C-21. Viy
vong E 1a methylencyclopentan. Nhu vy ¢6 thé nhan dinh ring phéan aglycon thudc
khung hopan véi ba nhom hydroxyl tai vi tri C-3, C-12, C-16 thuong thiy cua nhimg
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hop chét c6 trong cdy, va nhém methylen gin vao vi tri 21. Trén phd *C-NMR cua
G-5, ¢6 cac tinh hi€u dac trung cua duong D-xylose vai oc 105,6; 77,8; 78.,9; 71,1;
66,4. Carbon anomer cua dudng cé dc 105,6 cho thay day 1a mot O-glycoside. Trén
phé HMBC, tin hiéu H-1’ cia dudng Xylose c6 turong tac v6i C-3 cua aglycon ching
t6 duong D-xylose gin vao C-3 cua aglycon va H-17 ¢6 du 4,71 d (6,5) cho biét cAu
hinh S cta D-xylose. Ngoai ra trén phd *C-NMR cua G-5, con c6 cac tin hiéu dic
trung cua duong rhamnose véi oc 101,6; 71,9; 72,1; 73,6; 69,5; 18,3. Thém vao do
trén phd HSQC c6 tin hiéu H-1"" ¢6 du 6,34 s gan véi carbon anomer cta duong
rhamnose cho thdy ddy 1a dic trung cta duong a-L-rhamnose. Tin hiéu H-1"" (0n 6,34
s) anomer cua a-L-rhamnose c6 tuong tac vé1 C-2’ dc 77,8 cuia D-xylose ching minh
duong a-L-rhamnose gin vao dudng D-xylose tai vi tri C-2°. Céc dir liéu phd NMR
cua G-5 dugc so sanh voi cac dir liéu tuong tng trong tai li¢u tham khao [60], xac

dinh hop chat G-5 1a spergulin B.

Biang 3.7.  Dir liéu pho NMR ciia G-5 va spergulin B

G-5 Spergulin B
Pyridine-ds, S00MHz Pyridine-ds, S00MHz

C ou (ppm) ou (ppm) HMBC COSY Ju(ppm) ou

J (Hz) J (Hz) (H>C) J (Hz) (J=Hz) ppm
1 38,8 0,78 m;1,50 m 1 39,1 1,50 m
2 26,6 1,99 m;1,75 m 2 27,0 1,96 m
3 88,3 3,19dd(4,11,5) I 88,5 3,30dd(4,1;11,7)
4 39,3 - - - 39,6 -
5 55,7 0,62 d(11,5) 1,10,24,25 6 56,0 0,74 d(11,5)
6 18,3 1,23 m;1,37 m, 5 18,72
7 33,2 1,28 m;1,22 m 26 33,6
8 45,0 - - - 45,4 -
9 48,9 1,24 m 11 49,2
10 36,6 - - - 37,0 -
11 32,5 2,00 m;1,50 m 9 33,1
12 69,2 4,10 m 69,3 4,18 ¢(8,5)
13 53,4 1,74 d(11) 27,18,12 53,9 1,77 d(10,8)
14 41,4 - - - 41,8 -
15 445 1,80 dd(4,12,5); 13,16,17,2 45.1

1,67m 7

16 67,0 4,25 m 67,2 4,30 m
17 61,6 2,07m ;2’18’21’ 62,2 2,12 m
18 45,0 - - - 454 -

19 42,6 2,4m;1,7Tm 21 43,2
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G-5 Spergulin B
Pyridine-ds, SOOMHz Pyridine-ds, SOOMHz
C ou (ppm) ou (ppm) HMBC COSY Ju(ppm) on
J (Hz) J (Hz) (H>C) J(Hz)  (J=Hz) ppm

20 29,6 2,25 m;2,29 m 21 29,9
21 151,8 - - - 152,0 -
22 105,7 5,92 5;5,01 s 17,20 106,0
23 27,7 1,16 s 3,4,5,24 28,0 1,25 s
24 16,5 1,05 s 4,5,23 16,9 1,18 s
25 15,8 0,71 s 1,5,9,10 16,2 0,84 s
26 16,7 0,97 s 7,8,14 17,0 1,04 s
27 18,7 1,05 s 8,13,14,15 19,1 1,17 s
28 15,7 0,98 s 17,18,19 16,0 1,07 s
Xyl-' 1056 4,71 d(6,5) 3 106,1 4,84 d(6,2)
2’ 77,8 4,10 m 78,0 4,23 m
3 78,9 4,10 m 79,6 4,16 m
4’ 71,1 4,10 m 5’ 71,5 4,14 m

, ) , , 4,33 m
5 66,4 4,28 m;3,67 m 4 4 66,9 3.71 dd(9,6:11)
Il{}}a_ 101,6 6,34 s 2’27 2”7 101,9 6,52 s
2”7 71,9 4,78 m 374 3 72,4 4,86 dd(1,4,3,2)
3” 72,1 4,58 dd(3,5,9,5) 4> 27 72,6 4,67 dd(3,4,9,4)
4> 73,6 4,26 m 5” 5” 74,1 4,33 m
5”7 69,6 4,63 m 4.6 4> 69,7 4,76 m
6" 18,3 1,61 d(6) 574 18,7 1,71 d(6,2)
3.2.6. Hop chit G-6: Apigenin-5-O-f-D-glucopyranosyl-8-C-B-D- glucopyranosid
(hop chdt méi)

Hinh 3.6. Céu tric hoa hoc va mot sb tuong tac HMBC cua G-6

Hop chit G-6 duoc phan 1dp ¢ dang bot vo dinh hinh, mau vang. Phé UV cua G-6

trong dung moi methanol xuét hién céc cuc dai hép thu ¢ 268 nm, 338 nm. Trén phé
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hdng ngoai xuat hién cic dinh dic trung: 3421 (-OH), 1658 (>C=0), 1575 (Ar), 1075
(C-O-C). Cong thirc phin ttr cia G-6 duoc xic dinh 1a Ca7Hz005 (Q=13) bing
phuong phap phd khéi phan giai cao (-)-HR-ESI-MS dua vio peak ion phén tir gia
tai m/z 593,1502 [M-H](tinh todn 1§ thuyét cho cong thitc [Ca7H29015]: 593,1512 ;
A =- 1,69 ppm). Trén phd 3C-NMR ctia G-6 xuat hién 27 tin hiéu C, trong d6 c6 15
tin hiéu c6 d6 dich chuyén viing C thom (6-3-6) goi ¥ day 1a 1 flavonoid. Ddng thoi
trong viing 60-80 ppm ¢6 11 tin hiéu kém 1 tin hiéu 3¢ 101,2 goi ¥ cdu trac glycosid
v6i 2 duong hexose. Cau tric flavone duoc xac dinh thong qua dich chuyén hoa hoc
ctia carbon carbonyl viing trudng thip véi 8¢ 182,3 va su hién dién cta carbon =CH
— duogc gan cho C; vo1 dc 102,5 va dy 6,86. Trong cau truc nay, vong B duoc xac dinh
1a ddi xtmg 1 nhom thé tai vi tri Cs khi trén phd 3C-NMR cho 2 tin hiéu cudng do
cao & dc 129,2; 115,9 va hai cdp do6i 2H duge gan cho H-2",6° va H-3",5 (ou 8,06 va
6,90). Hop chit G-6 cho thiy cic dic tinh cia mot glycosid flavonoid ¢6 khung
aglycon la apigenin [100]. Céc tin hi¢u proton anomer ¢ du 4,88 (d, 10,0 Hz) va 4,95
(d, 7,5 Hz) xuat hién trén pho 'H-NMR chung té su ton tai hai cdu hinh £ ctiia mdi
don vi dudng trong cdu triic ctia hop chit G-6. Trong phé HSQC, cac tin hiéu proton
anomer cho lién két voi hai tin hiéu carbon ¢ dc 73,3 va 101,2 duoc gan cho cac
carbon anomer. Dua trén sy dich chuyén hoa hoc ciia hai nguyén tir carbon nay, da
¢6 sy hién dién cia ciu triic C-glycosid va O-glycosid trong hop chat G-6. Vi tri clia
cac gbe duong trong cau truc duge xac dinh thong qua phan tich twong quan HMBC.
M&i teong quan HMBC gitta dn 4,95 v6i dc 160,8 cho thay don vi glucose dau tién
duoc lién két voi nhom hydroxy cua aglycone & C-5; Phd HMBC ciing cho thay twong
tac gitra mot proton anomer khac (du 4,88) véi oc 107,2, 155,0 va 161,2 trong khung
flavone ching to phan tir glucose thir hai lién két véi vi tri C-8. Nhu vay rat ¢6 thé

G-6 1a apigenin-5-O-f-D-glucopyranosyl-8-C-f-D- glucopyranosid.
Bang 3.8.  Dit liéu phd NMR ctia hop chit G-6

G-6
Vi (DMSO-ds, 500 MHz)
' dc on (ppm) HMBC COSY
(ppm) J (Hz) H>C)
2 164,6 -
3 1025 6,86 s 4,2, 1
4 182,3 -
5 160,8 -
6 98.5 6,615 5,10
7 161,2 ;
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G-6
Vi (DMSO-d;, 500 MHz)
: PR ou (ppm) HMBC COSY
(ppm) J (Hz) H>C)
8 107,2 -
155,0 -
10 105,7 -
I’ 121,1 -
2 129,2 8,06 d (9,0) 2,4,6 3
3 115,9 6,90 d (9,0) 40,3
4 161,7 -
5’ 116,2 6,96 d (9,0) 15,3
6’ 128,6 7,92.d(9,0) 4,6 5’
Gle-1” 733 488d(10,0)  7,8,9,27, 27
3
27 71,7 3,72 m
3 78,5 3,36 m 4
4 70,7 3,38 m 3
5 81,9 3,28 m
6 61,3  3,78m;3,54m 6
Gle-1"”  101,2 4,95d (7,5) 517 2
2 73,4 3,35m 1,3
3 75,9 331 m 2 4
4 69,5 3,21 m 377,57
5 77,1 3,41 m 47,67
6 60,6 3,70 m; 3,50 m

3.2.7. Hop chat G-7: Trifolin (kaempferol-3-O-galactoside)

o
Y w
;
Hee, OH — HMBC
( A 1 -
\ y 2

on  =--» COSY

Hinh 3.7. CAu trac hoa hoc va mét sé twong tic HMBC, COSY cua G-7

Hop chét G-7 dugc phan lap & dang bot vo dinh hinh mau vang. Phé (-) ESI-MS cuia
G-7 cho dinh ion phén tir gia tai [M-H] m/z = 447,07, két hop véi dir liéu phd 3C-
NMR va HSQC cho phép xac dinh cong thirc phan tir cua G-7 1a C21H20011 (Q=12).
Phd '3C-NMR va DEPT cuia hop chit G-7 xuat hién 21 tin hiéu carbon, trong d6 c6

15 tin hi€u carbon déc trung cua flavonoid va 6 tin hi€u carbon dudng hexose. Cau
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trac flavonol duoc xac dinh bai su dich chuyén cua carbon carbonyl dc 177,5 va véi
su hién dién nhom thé oxy duoc gan cho C-3 vdi oc 133,2. Trong cau tric nay, vong
B duoc xéc dinh co tinh dbi xtng khi trén phd 3C-NMR cho 2 tin hiéu carbon c6
cuong d6 cao gip ddi va cach nhau 15 ppm & dc 115,0 va 130,9. Trén phd 'H-NMR
¢6 4 tin hiéu proton véi dir trong khoang 6,20 dén 8,06 ppm ciia vong thom. Phéi hop
quan sat dir liéu pho G-7 va tién hanh so sédnh véi tai liéu tham khao cho thay phan
aglycon ctia G-7 duoc xac dinh 1a kaempferol. Trén phd *C-NMR xuét hién tin hiéu
dac trung cua duong D-galactose voi dc 101,6; 71,2; 73,1; 67,8; 75,7; 60,1. Carbon
anomer ctia dudng co dc 101,6 cho thiy diy 1a mot O-glycosid. Trén phd HMBC,
H1” ctua duong galactose co tuong tac voi C-3 cua aglycon ching to duong D-
galactose gin vao C-3 cua aglycon va H1” ¢6 oy 5,39 d (7,5) cho biét cAu hinh S cua
D-galactose. So sanh dit liéu pho 'H-NMR va *C-NMR trong tai liéu [101], hop chat
G-7 duoc xac dinh 1a trifolin (kaempferol-3-O-galactosid)— mot hop chat da dugc

bao cdo trudc day trong loai G. oppositifolius.

Bang 3.9.  Dit liéu phd NMR ciia G-7 va trifolin

G-7 Trifolin
(DMSO-ds, 500 MH?z) (DMSO-ds, 500 MH?z)
C Jc ou (ppm) HMBC COSY Jc ou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
2 156,3 - - - 156,6 -
3 133,1 - - - 133,6 -
4 177,5 - - - 177,7 -
5 161,2 - - - 161,1 -
6 98,7 6,20 d (2,0) 5,8,10 98,9 6,21 d (2,0)
7 164,0 - - - 164,2 -
8 93,7 6,43 d (2,0) 6,7,9,10 93,9 6,43 d (2,0)
9 156,3 - - - 156,6 -
10 103,9 - - - 104,1 -
1’ 120,9 - - - 120,9 -
2°,6°,2 130,1
2,6’ 130,9 8,06 d (8,5) ’ 4,’ ’ 3,5 ’ 8,07 d (9,0)
3,5,1°, 115,5
3,5 115,0 6,85 d (9,0) 4 2°,6° 6,88 d (9,0)
4’ 159,9 - - 159,9 -
Gal- 3 101,9
1,2,1 101,6 5,39d(7,5) 27’ ’ 5,25d (7,0)
2 71,2 3,54 m 1’ 71,4 352m
3 73,1 3,36 m 4 73,1 337m

4> 67,8 3,66 m 3 68,2 3,67 m
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G-7 Trifolin
(DMSO-ds, 500 MHz) (DMSO-ds, 500 MHz)
C dc ou (ppm) HMBC COSY dc ou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
57 75,7 3,34 m 6”’ 75,7 3,30 m
, 3,46 m ), 60,3 3,42 m
6 60,1 328 m 5

3.2.8. Hop chit G-8: 3-O-f-D-Xylopyranosyl-spergulagenin A

Hinh 3.8. Céu tric hoa hoc va mot sé tuong tac HMBC, COSY ciia G-8

Hop chit G-8 thu dugc & dang bdt vo dinh hinh, mau tréng. Phd (-)APCI — MS cua
G-8 cho phan manh m/z = 641,83 [M+CI]- cho phép nhan dinh khdi lwong phan tir 1a
M = 606 , phu hgp voi cong thire phan tir [a C3sHszsOg (M=606,4 g/mol). Qua quan
sat phd BC-NMR xuit hién 35 tin hiéu carbon, trong dé c6 5 tin hiéu ctia duong
pentose va 30 tin hiéu ctia khung aglycon triterpen. Trén phd NMR ciing cho thay cac
tin hiéu cia khung aglycon hopan, gom 8 tin hiéu dudi dang peak don 810,96 s; 0,74
550,79 5; 0,95 5; 091 5,091 5; 1,25 5 va 2,10 5) twong img lan luot véi céc tin hiéu
cua nhom methyl (-CHs3) nam & vung treong cao lan luot 1a & 27.4; 16,1; 15,6: 16,5;
18,4;17,1; 20,1; 25,8 — Pay la nhirng tin hi¢u dic trung cho khung saponin triterpen.
Ngoai ra xuit hién cdc tin hiéu ctia mot >C=0 (Oc 213,7) v61 6 nhom carbon bac 4
(Crv), 8 nhém >CH; va 7 nhom >CH-. Tir twong tac gitra H-29, H-17, H-20 véi C-22
va gitra H-30 v6i C-22 trén HMBC cho biét nhém methylceton gian vao C21. Tin hiéu
H-3 (8 3,01 m), H-12 (S 3,68 m) va H16 (8u 3,59 m) & ving trudng thap cling nhu
céc tin hiéu carbon twong tGng cho thdy xuat hién nhém C-O & C-3 (& 87.6), C-12
(Jc 67,2) va C-16 (Jc 64,0). C-21 (5 52,1) gin v6i nhém methyl C-29 (Jc 20,1) va
diéu nay duoc chimg minh thong qua twong tic quan sat thiy trén phé HMBC. Nhu
vay c6 thé thiy rang phan aglycon thudc khung hopan v6i nhém methylceton gin vao
C-21, nhém methyl C-29 gin vao C-21, ba nhom hydroxy gén tai C-3, C-12 va C-16.
Dua vao dir liéu phé tham khao xac dinh cac tin hiéu (oc 106,1; 73,7; 76,7; 69,6; 65,5)
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trén phd *C-NMR la duong D-xylose. Proton anomer tuong tic véi C-3 cua algycon
trén phéd HMBC cho thiy dudng D-xylose gin vao C-3 cta khung aglycon va H1’ ¢
Su 4,12 (d; 7,5 Hz) cho biét cAu hinh AD-xylose. Carbon anomer ctia duong c6 oc
106,1 thé hién day 1a mot O-glycosid. Dit liéu phd NMR cua G-8 khi so véi dit liéu
phd cta 3-O-(S-D-xylopyranosyl 3-sulphat)-spergulagenin A thdy rang do dich
chuyén C-3’ bj giam hon so véi tin hiéu C-3’ cia duong xylose c6 gan thém -SOsH
[60]. Vay c6 thé két luan ring G-8 1a 3-O-f-D-xylopyranosyl-spergulagenin A.
Bang 3.10.  Dit liéu phd NMR ctia G-8 va 3-O-(-D-xylopyranosyl 3-sulphat)-

spergulagenin A

G-8 3-0-( p -D-Xylopyranosyl 3-
(DMSO-ds, 500 MHz) sulphat)-spergulagenin A
Vi tri (DMSO-ds, 500 MHz)
dc Jou (ppm) HMBC COSY Jc ou (ppm)

(ppm) J (Hz) (H>C) (ppm) J (Hz)
1 38,1 0,87 m; 1,60 m 38,2 1,58 m; 0,91 m
2 25,8 1,69 m; 1,53 m 25,7 1,68 m; 1,56 m
3 87,6 3,0l m 87,8 3,04 m
4 39,0 - 38,8 -
5 54,7 0,67d(10,5) 6 54,8 0,68d(11.5)

1,48 m;
6 17,9 1,49 m; 1,38 m 5 17,9 137 m
7 32,8 1,38 m; 1,16 m 32,8 1,17 m; 1,41 m
8 44,6 - 44,7 -
9 48,0 1,21 m 25 11 48,1 L,L17m
10 36,1 - 36,2 -
11 31,8 1,67m; 1,24 s 9 31,8 1,67 m; 1,22 ¢
12 67,2 3,68 m 67,3 3,67m
8,12, 19,
13 54,5 1,30 m 27,28 54,5 1,31d (10,6)
14 40,9 - 40,9 -
15 443 1,38 m; 1,16 m 44.4 1,17 m; 1,41m
16 64,0 3,59 m 64,1 3,59 m
17,18, 19,
17 62,8 1,62d (11,5) 22, 28,29 62,7 1,63d(11,4)
18 459 - 46,0 -
1,33 m;
19 44,7 2,01 m 16 20 44,6 201 dd (7.4; 12.4)
1,49 m; 1,76 dd (7,0;

20 36,7 1,76 m; 1,49 m 18, 22 19 36,7 143)
21 52,1 - 52,2 -

22 213,7 - 213,6 -
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G-8 3-0-( § -D-Xylopyranosyl 3-
(DMSO-ds, 500 MHz) sulphat)-spergulagenin A
Vi tri (DMSO-ds, 500 MHz)
dc ou (ppm) HMBC COSY oc ou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
23 27,4 0,96 s 3,5,24 24 27,3 0,98 s
24 16,1 0,74 5 3,5,23 23 16,1 0,73 s
25 15,6 0,79 s L Sig’ 9 15,5 0,80 s
26 16,5 0,95 s 7.9, 1153 14, 16,5 0,96 s
27 18,4 091 s 8, 14,15 18,5 0,92 s
13, 14, 16,
28 17,1 091 s 19 17,1 0,92 s
29 20,1 1,25 s 20, 21,22 20,1 1,26 s
30 25,8 2,10 s 22 25,7 2,10 s
Xyl1” 106,1 4,12d (7,5) 3,2 105,7 4,23d(7,0)
2’ 73,7 2,97 m 3 72,3
3 76,7 3,07m 2' 82,6
4 69,6 3.25m 68,4
5 65,5 3,64 m,3,0lm 5! 65,0

3.29. Hop chit G-9: Spergulin A (3-O-(B-D-xylopyranosyl 3-sulphat)-
spergulagenin A)

Hinh 3.9. Ciu tric héa hoc va mot s tuong tic HMBC cta G-9
Hop chat G-9 thu dugc dudi dang tinh thé hinh kim mau trang. Pho (-)ESI — MS cuia
G-9 cho dinh ion phan tir gia [M-H] tai m/z = 685,16, két hop véi dir liéu pho '>C-
NMR va HSQC cho phép xac dinh cong thirc phan 1a C3sHsgO11S (2= 7). Tuong tu
G-8, phd *C-NMR va DEPT ctia G-9 ciing xuat hién 35 tin hiéu carbon, trong d6 c6
30 tin hi¢u cuia khung aglycon triterpen va 5 tin hi¢u cua duong pentose. Céc tin hi¢u
trén pho *C-NMR cho thiy cac tin hi¢u cua khung aglycon hopan, bao gém 8 tin
hiéu nhém methyl (-CH3) nam & vung trudong cao lan luot 1a & 27,3; 16,1; 15,6; 16.5;
18,5; 17,2; 20,1; 25,8 (twong tng lan luot véi cac tin hiéu proton dudi dang peak don
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010,97 s; 0,73 5; 0,79 5; 0,95 5; 0,91 55 0,91 55 1,25 5 va 2,10 s) 1a nhitng tin hi¢u dac
trung cho khung saponin triterpen. Ngoai ra xuét hién céc tin hiéu ctia 6 nhém carbon
bac 4 (Crv) v6i mt >C=0 (oc 213,7), 8 nhém >CHz va 7 nhom >CH-. Tur tuong tac
gitta H-29, H-17, H-20 v6i C-22 ciing nhu gitta H-30 v&i C-21 trén HMBC cho biét
nhom methylceton gin vao C-21. Tin hiéu H-3 (&g 3,04 m), H-12 (g 3.66 m) va H-
16 (8 3,58 m) & vung trudng thap ciing nhu cdc tin hiéu carbon twong tmg cho thay
xudt hién nhém -C-O & C-3 (& 87,8), C-12 (& 67.2) va C-16 (Jc 64,0). C-21 (&
52.1) gin véi nhom methyl C-29 (& 20,1) va diéu nay duoc chitng minh théng qua
twong tac trén phd HMBC.”Nhu viy c6 thé nhan dinh ring phin aglycon thudc khung
hopan véi nhém methylceton va nhom methyl C-29 gin vao C-21, ba nhém hydroxy
gén tai C3, C12 va C16. Pho PC-NMR xuét hién tin hidu (& 105,8; 72,3; 82,6; 68,4;
65,0) va dua vao dit liéu phd tham khao xdc dinh day la duong D-xylose voi vi tri
C3’ gin nhém —~HSO; thay cho —~OH din dén d6 dich chuyén ctia C3’ bi downfield
hon so vai tin hiéu C3° cua duong xylose binh thuong . Carbon anomer cua duong
¢ 8¢ 105,8 cho thiy day 13 mot O-glycosid. Két hop véi phd HMBC, H1’ twong tic
véi C3 cta algycon cho thay dudng D-xylose gin vao C3 cua khung aglycon va H1’
¢ Su 4,22 (d- 7,5 Hz) cho biét cau hinh f-D-xylose (H1’ va H2’ déu hudng axial véi
mit phing vong). Cac tuong tac cta cdc proton ké cin ghi nhan dugc tir dit liéu phd
COSY cua hop chat G-9 cho phép gin cdc vi tri ciia cac proton nay trong cau tric.
So sanh cho thay dir liéu phd NMR ctia G-9 tring khép véi phd ciia spergulin A trong
tai lidu [60]. Vay co thé két luan raing G-9 1a spergulin A.

Bang 3.11.  Dit liéu phd NMR ctia G-9 va spergulin A

G-9 Spergulin A
Vit (DMSO-d;, 500 MHz) (DMSO-d;, 500 MHz)
° Se S (ppm) HMBC COSY  éc ou (ppm)
(ppm) J (H2) (H>C) (ppm) J (Hz)
1 38,1 1,58 m; 0,91 m 382 1,58 m; 0,91 m
2 25,8 1,69 m; 1,53 m 257  1,68m;1,56m
3 87.8 3,04 m 87.8 3,04 m
4 38,8 ; 38,8 ;
5 54,7 0,68 d (10,5) 25 6,7 54,8 0,68d (11.5)
6 17,9 1,48 m; 1,38 m 5 179 A8
1,37 m
32.8 1,18 m; 1,38 m 5 328  L17m 14l m
8 44,7 - 44,7 ;
9 48,1 1,18 m 1 48,1 1,17 m

10 36,1 - 36,2 -
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G-9 Spergulin A
Vi tr (DMSO-d;s, 500 MHz) (DMSO-ds, 500 MHz)
) oc ou (ppm) HMBC COSY oc ou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
11 31,8 1,67 m; 1,25 m 9 31,8 1,67 m; 1,22 ¢
12 67,2 3,66 m 67,3 3,67m
13 54,5 1,30 d(11,0) 8,12 54,5 1,31d(10,6)
14 40,9 - 40,9 -
15 44,3 1,18 m; 1,38 m 13 44,4 1,17 m; 1,41m
16 64,0 3,58 m 64,1 3,59 m
16, 21, 22,
17 62,8 1,62d (11,5) 28, 29 62,7 1,63 d(11,4)
18 45,9 - 46,0 -
19 44,6 1,33 m; 2,01 m 17,21, 28 20 44,6 1,33 m;
’ ’ T T ’ 2,01dd (7,4, 12,4)
1,49 m; 1,76 dd
20 36,7 1,48 m; 1,75 m 22 19 36,7 (7.0: 14.3)
21 52,1 - 52,2 -
22 213,7 - 213,6 -
23 27,3 0,97 s 3,5,24 24 27,3 0,98 s
24 16,1 0,73 s 3,5,23 23 16,1 0,73 s
25 15,6 0,79 s 1,5,9,10 15,5 0,80 s
26 16,5 0,955 7,8, 14 16,5 0,96 s
27 18,5 091s 8,13, 14 18,5 0,92 s
28 17,2 091s 13,14 17,1 0,92 s
17, 20, 21,
29 20,1 1,25 s 20,1 1,26 s
22
30 25,8 2,10 21,22 25,7 2,10 s
Xyl-1'  105,8 4,22.d(7,5) 3 105,7 4,23d (7,0)
2! 72,3 3,11m 72,3
3 82,6 3,89 m 2.4 82,6
4 68,4 3,50m 68,4
5' 65,0 3,70 m; 3,08 m 1,3, 4' 65,0
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3.2.10. Hop chit G-10: Vitexin (8-5-D-glucopyranosyl apigenin)

Hinh 3.10.CAu trac hoa hoc ctia hop chit G-10

Hop chit G-10 duoc phan 1ap dudi dang bot v6 dinh hinh mau vang. Cong thire phan
tir cia G-10 duoc xac dinh 13 Ca1Hz0010 (M=432,10 g/mol) bing phwong phap phd
khdi (-)-APCI-MS dwa vao peak ion phan tir gia tai m/z = 431,05 [M-H].. Phd 'H-
NMR cua hop chat G-10 (trong DMSO-djs) thé hién cac tin hiéu sau: bén proton thom
cua h¢ ghép doi trong vong B & ou 6,89 (2H, d, J= 8,0 Hz) va 8,02 (2H , d, J= 8,0
Hz); hai proton don & du 6,27 (1H, s) va 6,77 (1H, s) dugc gan cho flavone aglycon;
mot proton ¢ ou 4,70 (1H, d, J= 9,5 Hz), duoc gan cho mot don vi dudong gén vo1 C.
Phé 3C-NMR cho théy tin hiéu ctia 21 nguyén tit carbon, trong d6 c6 mot nguyén tir
carbonyl ¢ 0c¢182,03, 8 nguyén ti carbon khong proton hoa & 0c104,59, 104,59,
121,59, 155,98, 160,38, 161,12, 162,68 va 163,91, 11 nguyén tir carbon methine tai
oc 70,54, 70,84, 73,36, 78,65, 81,80, 98,14, 102,41, 115,80 x 2, 128,92 x 2 va mot
carbon methylene & d¢c 61,28. Dit liéu 'H-va *C-NMR cuia G-10 twong ty dit liéu cia

vitexin [102]. Vay c6 thé két luan rang G-10 1a vitexin.

Bang 3.12.  Dir liéu pho NMR ciia G-10 va vitexin

G-10 Vitexin
(DMSO-ds, 500 MH?z) (DMSO-ds, 500 MH?z)
C Jc ou (ppm) oc ou (ppm)
(ppm) J (Hz) (ppm) J (Hz)
2 163,9 - 163,9 -
3 102,4 6,77 s 102,4 6,62 s
4 182,3 - 182,0 -
5 161,1 - 161,0 -
6 98,1 6,27 s 98,1 6,26 s
7 162,6 - 162,5 -
8 104,6 - 104,6 -
9 156,0 - 1559 -
10 104,0 - 104,0 -
1 121,6 - 121,5 -
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G-10 Vitexin
(DMSO-ds, 500 MHz) (DMSO-ds, 500 MHz)
C oc ou (ppm) oc ou (ppm)
(ppm) J (Hz) (ppm) J (Hz)
2! 128,9 8,02 d (8,0) 128,8 8,01d(8,4)
3 115,8 6,89 d (8,0) 115,7 6,89 d (8,4)
4 160,4 - 160,3 -
5 115,8 6,89 d (8,0) 115,7 6,89 d (8,4)
6’ 128,9 8,02 d (8,0) 128,8 8,01d(84)
Glc- 73,4 4,70 d (9,5) 73,3 4,69d (9,9)
1"
2" 70,8 3,85m 70,8 3,82¢(9,6)
3" 78,7 78,8 3,24 m
4" 70,5 70,5 3,37t (9.4)
5" 81,8 3,30 m 81,7 321 m
6" 61,3 3,77d (8,5); 61,3 3,75 dd (11,6;
3,53 m 1,4); 3,51 dd
(11,6, 6,7)
13,16 s 13,14
10,73
10,26

3.2.11. Hop chit G-11: Spergulin C (Hop chdt méi)

\,\O'za

Hinh 3.11. Cau trac héa hoc va mot s6 twong taic HMBC cua G-11

Hop chit G-11 duoc phén lap tir & dang bot vo dinh hinh, mau tring. Pho UV cua G-
11 trong dung mdi methanol xuit hién cuc dai hip thu & 203 nm. Trén phd hdng ngoai
xuat hién cac dinh dic trung: 3480 (-OH), 1700 (>C=0). Cong thirc phén tir cia G-
11 duoc x4c dinh 1a C35HssO12S (Q = 7) biang phuong phép phd khéi phan giai cao (-
)-HR-ESI-MS dya vao peak ion phan tir gia tai m/z 701,3567 [M-H] (tinh toan ly
thuyét cho cong thirc [C3sHs70128]: 701,3576 ; A = - 1,28 ppm). Tuong tw G-9, phd
I3C-NMR va DEPT ctia G-11 ciing xuét hién 35 tin hiéu carbon, trong dé c¢6 30 tin
hiéu ctia khung aglycon triterpen va 5 tin hiéu cua dudng pentose. Trong d6 xudt hién

cac tin hiéu ctia 6 nhom carbon bac 4 vg1 mot >C=0 (éc 214.4), 8§ nhom >CH; va 7
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nhém >CH-. Tt tuong tac gitta H-29, H-17, H-20 véi C-22 cling nhu gitra H-30 véi
C-21 trén phéd HMBC cho biét nhém methylceton gan vao C-21. Tin hiéu H-3 (5
3,26 m), H-12 (S 4,22 m) va H-16 (S 4,15 m) & ving truong thap ciing nhu cac tin
hiéu carbon twong tng cho thiy xuit hién nhom >CH-O & C-3 (& 88.1), C-12 (&c
69,7) va C-16 (& 64,4). C-21 (&c 52,8) gan v6i nhoém methyl C-29 (&¢ 21,1) va didu
nay duoc ching minh théng qua tuong tic trén phé HMBC. Nhu vay c6 thé nhan
dinh rang phan aglycon thudc khung hopan véi nhoém acetyl gin vao C-21, nhém
methyl C-29 gén vao C-21, ba nhém hydroxy gin tai C-3, C-12 va C-16. Céc tin hiéu
trén phd 3C-NMR cho thiy 7 tin hiéu nhém methyl (-CH3) nim ¢ ving trudng cao
lan luot 1a & 28,0; 16,5; 15,9; 16,5; 17,1; 19,4; 21,1; 26,0 (twong Ung lan luot véi
cac tin hi¢u dudi dang peak don trén phé '"H-NMR tai &4 1,22 s; 0,94 5; 0,77 55 1,00
531,39 5; 1,69 5, 2,36 5). So sanh véi G-9, phd NMR cita G-11 thiéu 1 tin hi¢u methyl
& vung truong cao tuong ing véi 1 tin hiéu singlet trén phd 'H-NMR nhung xuat hién
thém mot tin hiéu oc 61,4 ; ou 4,36 (1H, d, 10,8) dugc gan cho C-28 dua trén tuong
tac HMBC v6i H17 (2,52 d (11,5).

Ph6 '*C-NMR xuat hién tin hiéu ctia carbon anomer va 4 nhdm oxymethine (Jc 106,3;
73,6; 83,1; 70,6; 66,1), dua vao dir li¢u phé tham khao xac dinh day la duong D-
xylose véi vi tri C-3’ gan nhom —HSOs thay cho —OH dan dén d6 dich chuyén cua C-
3’ bi dich chuyén vé phia tir trudng thap hon so véi tin hiéu C-3” ctia dudng xylose
binh thuong [60]. Carbon anomer cua duong cd & 105,8 cho thdy diy 1a mot O-
glycosid. Két hop véi pho HMBC, H1’ twong tic véi C-3 ctia algycon cho thay dudng

D-xylose gin vao C-3 cta khung aglycon va H1’ ¢6 & 4,92 (d; 7.0 Hz) cho biét ciu

hinh AD-xylose (H1’ va H2’ déu hudng axial véi mit phing vong). Céc tuong tac

cuia cdc proton ké can ghi nhin duoc tir di liéu phé COSY cua hop chat G-11 cho

phép gin cdc vi tri ciia cdc proton nay trong ciu tric

Tién hanh so sanh dir liéu phé NMR cua G-11 vdi G-9: spergulin A (3-O-(5-D-

xylopyranosyl 4-sulphat)-spergulagenin A). Két qua duoc trinh bay trong Bang 3.13

Bang 3.13.  Dir liéu phd NMR ciia G-11 va spergulin A

G-11 Spergulin A
Pyridine-ds,500MHz DMSO-ds,500MHz
C oc ou (ppm) HMBC COSY oc ou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
1 38,5 0,84 m 2 38,1 1,58 m; 0,91 m
2 26,5 1,8 m 1,3 25,8 1,69 m; 1,53 m

3 88,1 3,26 m 2 87,8 3,04 m
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G-11 Spergulin A
Pyridine-ds,500MHz DMSO-ds,500MHz
C dc ou (ppm) HMBC COSY oc ou (ppm)
(ppm) J (Hz) (H>0O) (ppm) J (Hz)
4 39,3 - - 38.8 -
5 553 0,68 d (10,7) 10 6 54,7 0,68 d (10,5)
6 18,4 1,28 m 5 17,9 1,48 m; 1,38 m
7 33,5 L1om 8, 14 32,8 1,18 m; 1,38 m
1,23 m
8 45,7 - - 44,7 -
9 49,2 141 m 48,1 1,18 m
10 36,7 - - 36,1 -
1 31,5 207 m 31,8 1,67 m; 1,25 m
12 69,7 422 m 67,2 3,66 m
13 56,6 187d(11,0) 8 12,21 545 1,30 d(11,0)
14 41,9 - - 40,9 -
15 45,5 1,74 m 16 443 118 m; 1,38 m
16 64,4 415m 15,17 64,0 3,58 m
16, 21,
17 63,2 252d(115) "0, 16 62,8 1,62d(11,5)
18 52,6 - - 45,9 -
19 46,1 1.9m 16, 18 44,6 1,33 m; 2,01 m
20 37.8 ;33 Z 21 36,7 1,48 m; 1,75 m
21 52.8 - - 521 -
2 2144 3 3 213,7 3
23 28,0 1225 4,5 273 0,97 s
24 16,5 0,94 5 45,23 16,1 0,73 s
25 15,9 0,77 s 1,5,9,10 15,6 0,79 s
26 17.1 1,00 7.8,9, 14 16,5 0,95 s
27 19,4 139 5 8, 13, 14 18,5 0,91 s
28 61,4 436d(10,8) 17,2 0,91 s
17, 20,
29 21,1 1,69 s . 20,1 1,25 s
30 26,0 2,365 21,22 25.8 2105
Xyl-1' 1063 4.92d (7,0) 3 2 1058 422d(7,5)
2 73,6 4,02 m .3 1,3 723 3,01 m
3 83,1 5,40 m 2.4 2 82,6 3.89 m
4 70,6 47 m 68,4 3.50 m
5 66,1 423 m 3 65,0 3,70 m; 3,08 m
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3.2.12. Hop chit G-12: 2”-p-Coumaroylvitexin 7-glucosid

Hinh 3.12. Céu tric héa hoc va mot sé tuong tac HMBC, COSY ciia G-12

Hop chat G-12 duoc phan 1ap dudi dang bot vo dinh hinh mau vang. Cong thirc phan
tir cia G-12 duge xac dinh 13 C36H36017 (Q = 19) bang phuong phap phd khéi (+)-
HR-ESI-MS duya vao peak ion phan tir gia tai m/z =741,2027 [M+H]". Trén phd 'H-
NMR cua G-12, céc tin hi¢u tai ou 6,57 (1H, s, H-6), 6,69 (1H, s, H-3), 6,97 (2H, d,
J =8.,5 Hz, H-3', 5") va 8,08 (2H, d, ] = 9,0 Hz, H-2', 6"), thé hién cac tin hiéu dic
trung cia apigenin, sy khac biét dugc ghi nhan do la thiéu tin hiéu proton cua H-8.
Hai proton xuit hién & & 4,84 (1H, d, J= 7,5 Hz, H-1"") va 5,34 (1H, d, J= 10,0 Hz,
H-1"), cho thiy c6 mdt proton ctia C-glycosid va mot proton ciia O-glycosid véi cdu
hinh beta twong tng trong phd 'H-NMR. veeMdi twong quan gitra cic tin hiéu & &
4,84 (H-1") va 6 162,8 (C-7) ciing nhu § 5,34 (H-1") va 6 106,4 (C-8) trong phd
HMBC da x4c nhan rang hai glucopyranosid lan luot duoc lién két véi nguyén tir
oxygen & C-7 va lién két v6i nguyén tir carbon & C-8 trén G-12. Dua trén hing sb
ghép cia H-1" 8 5,34 (10 Hz) va H-1" 6 4,84 (7.5 Hz) cho biét cAu hinh £ cua 2
dudng D-glucose. Phé 'H NMR cua G-12 cho thiy su hién dién cua nhom p-
coumaroyl véi lién két d6i cAu hinh 7rans khi xét dén hing s6 ghép dic trung (16 Hz)
giita 2 proton olefin @ & 6,15 va 7,47 ppm. Phd 13C NMR ciing xac nhan su hién dién
clia trans-p-coumaroyl véi 6c114,9; 168.4 ppm. Ngoai ra 2 tin hiéu carbon cao gip
do1 tai oc 116,7 va oc 131,3 dac trung ciu trac doi xtng vong benzen thé 1,4 duoc
gan cho carbon 11°/15° va 12°/14° ing vé1 2 tin hiéu proton 7,44 (2H, d, 1 = 9,0 Hz
va 6,76 (2H, d, T = 9,0 Hz)] va diéu nay duoc chimg minh théng qua tuong tic trén
phé HMBC, COSY. Trén phd HMBC, H2” cua dudmg glucose ¢ twong tic voi C7°
phé HMBC, COSY. Trén phé HMBC, H2” ciia duong glucose c6 tuong tac vai C7’

cua trans-p-coumaroyl chung t6 nhanh trans-p-coumaroyl gan vao C2” cua duong
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glucose. So sanh véi dit 1iéu phd 'H-NMR va '3C-NMR trong tai liéu [103], hop chat
G-12 duoc xac dinh 1 2”-p-coumaroylvitexin 7-glucosid — mot hop chat di duoc bao
cdo trudc day trong loai G. oppositifolius.

Bang 3.14.  Dit liéu phd NMR ctia G-12 va 2”-p-coumaroylvitexin 7-glucosid
G-12 2”-p-coumaroylvitexin 7-
(Methanol-d,, 500 MH?z) glucosid
(Methanol-ds, 500 MH?z)
C dc ou (ppm) HMBC  COSY dc
(ppm) J (Hz) (H>C) (ppm)
2 167,2 - 164,5
3 103.,9 6,09 s 4,1°,2,10 102,4
4 184.,4 - 182,2
5 163,2 -
6 100,0 6,57 s 7,8,10 98,0
7 162,8 - 161,5
8 106,4 - 104,7
9 157,8 - 155,6
10 107,4 - 105,3
1 123,5 - 121,2
2’6’ 130,3 8,08 d (9,0) 4,2 3°/5 129,1
3/5 117,0 6,97d (8,5) I’ 2°/6° 1159
& 163,0 - 161,0
K 168,4 - 168,4
8 114,9 6,15d (16,0) 7’5 10° 9 114,2
9’ 146,7 7,47 d (16.0) 8’ 144,0
10° 127,3 - 125,2
11’15 131,3 7,44 d (9,0) 9,13’ 12°/14° 130,0
12°/14° 116,7 6,76 d (9,0) 10° 11°/15° 115,0
13’ 161,2 - 159,6
Glc-17” 102,8 4,84 d (7,5) 7 2% 101,2
277 74,8 3,61l m 1 73,1
3 78,1 3,49 m 27, 4 76,2
4> 71,1 3,43 m 35 70,7
5 78,3 3,35m 4 77,1
6 62,2 3,95m; 3,87 m 60,5
1” 73,1 5,40 d (10,0) 7,8,9,2” 2” 70,7
2” 73,9 5,64 m 1,7 72,0
3” 77,4 3,90 m 2” 74,8
4” 72,3 3,77 m 3” 69,5
5” 83,0 3,59 m 4” 81,7
6” 62,9 4,01 m 61,0
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3,75m

3.2.13. Hop chit G-13: Kaempferol (3,4', 5, 7-tetrahydroxyflavone)

Hinh 3.13. Céu trac hoa hoc va mot sé twong tic HMBC cia G-13

Hop chit G-13 duoc phan lap dudi dang bot vo dinh hinh mau vang. Cong thirc phan

tir ciia G-13 dwoc xac dinh 13 C15H;006 (Q = 11) bing phuwong phap phd khéi (+)-

ESI-MS duwa vao peak ion phan tir gia tai m/z = 285,05 [M-H]. Dua vao thong tin

trén phd 'H-NMR ctia hop chat G-13 cho thdy cac tin hiéu ctia proton vong thom,

bao gdm c6 tin hiéu ctia 2 proton cudng dd cao dudi dang doublet ghép ortho tai du

8.04 (2H, d, J= 8,5 Hz, H-2’/H-6’) va 6,92 (2H, d, J= 9 Hz, H-3°/H-5"). Thong tin

trén phd 3C-NMR ciing cho thiy dugc 13 tin hiéu ctia 15 carbon, trong d6 2 tin hiéu

tai 8C 129,5 (C-2°/C-6") va 115,4 (C-3°/C5”) ¢6 cuong d6 carbon gip déi, 1 nhém

carbonyl (C=0) tai 175,9 (C-4), céc tin hi¢u carbon vong thom tai dc 163,9 (C-7);

160,7 (C-5); 156,2 (C-9); 129.5 (C-2°/C-6); 121,7 (C-17); 115.4 (C-3°/C-5"); 103,0

(C-10); 98,2 (C-6); 93,5 (C-8) va 2 carbon olefin gfm va1 oxy tai oc 146,8 (C-2); 135,6

(C-3). Phé HMBC ctia hop chit G-13 ciing cho thiy tuong tic gitta H-2',6' (Jn 8,04)

voi C-1' (d¢ 121,7), C-3',6' (6c 115,4); tuong tac gitta H-3',5' (8u 6,92) véi C-2,6' (6¢

129,5) va C-4' (6c 159,2 ppm), H-5' twong tac voi C-4' (oc 159,2) va C-2',6' (oc 129,5);

H-6 vd1 C-5 (dc 160,7) va C-7 (dc 163.9) va H-8 (on 6.,44) vdi C-7 (6c 163,9) va C-9

(6c 156,2). Tin hi¢u dudi dang singlet tai on 12,46 (1H, s, 5-OH) dac trung cho nhom—
OH gin vao vi tri C-5 trén khung flavone. Dura vao thong tin trén phé HMBC con
quan sat duoc tin hi€u proton ctia nhém hydoxyl trong quan vadi carbon tai dc 103,0;

98,2 va 160,7 tuong ung vi tri C-5, C-6 va C-10. Ngoai ra con co su tuong quan gitra
hai proton H-6 va H-8 véi carbon dc 163,9 (C-7), diéu nay khang dinh carbon nay 1a
C-7. Carbon dc 156,2 cling cho tuong quan v&i voi proton H-8 nén carbon nay 1a C-
9. So sanh véi dir liéu phd 'H-NMR va 3C-NMR trong tai liéu [104], G-13 duoc xac
dinh 1a kaempferol (3,4',5,7-tetrahydroxyflavone)
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Bang 3.15. Dit liéu phd NMR ciia G-13 va kaempferol«

G-13 Kaempferol
(DMSO-ds, 500 MH7z) (DMSO-ds, 500 MHz)

C 5C JH (ppm) HMBC 5C 5H (ppm)

(ppm) J (Hz) H>C)  (ppm) J (Hz)
2 146,8 - 146,8 -
3 135,6 - 135,6 -
4 175,9 - 175,9 -
5 160,7 - 160,7 -
6 98,2 6,19 s 7,8,9,10 98,2 6,21 s
7 163,9 - 164,0 -
8 93,5 6,44 s 5,6,7,10 93,5 6,46 s
9 156,2 - 156,2 -
10 103,0 - 103,0 -
r 121,7 - 121,6 -
2,6 129,5 8,04d(8,5) 2,3, 4, 129.5 8.03d(8,5)

5

4 159,2 - 159,3 -
35 1154 6,92 d (9,0) r,4 1154 6.93d (9,0)
3-OH 9,39 s 9,34 s
5-OH 12,46 s 5,6,10 12,46 s
7-OH 10,80 s 10.85 s
4-OH 10,12 s 10,13 5

3.2.14. Hop chit G-14: Apigenin (4,5, 7-trihydroxyflavone)”

Hinh 3.14. Ciu trac héa hoc va mot s6 twong taic HMBC cua G-14

Hop chat G-14 thu dugc & dang bot vo dinh hinh mau vang. Pho (-)ESI — MS cia G-
14 cho dinh ion phan tu gid [M-H] tai m/z = 269,06 ung vdi cong thuc phéan tir 1a
CisH10Os (Q = 11). Phd 'H-NMR xuét hién tin hiéu proton thom tai du 7,92 (2H, d, J
= 8,0 Hz) va 6,92 (2H, d, J = 8,50 Hz) cho thiy ciu truc d6i xing ctia vong B. Pho
13C-NMR cho thdy 13 tin hiéu ctia 15 carbon trong phén tir, bao gém tin hiéu carbonyl
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& dc 181,7 ppm (C-4). Nam nguyén tir carbon oxyaryl c6 thé duoc quan sat thiy &
murc 157,27; 161,4; 161,13; 163,7 va 164,1, hai nguyén tir carbon sp? bac bdn & dc
103,6; 121,15 va bay nguyén tir carbon methin sp? & dc 93,92; 98,79, 128,42 (20),
115,92 (2C). Proton olefinic & du 6,77 cho tuong quan HMBC véi oc 103,66 va
121,15 chi ra rang hop chit A 1a nhém flavone. Mbi twong quan HMBC giita oy 6,19
v6i dc 161,40, 164,10, 103,56 va 93,92, cung vé6i cac moi twong quan duge thé hién
boi proton ou 6,48 voi cac nguyén tir carbon ¢ dc 157,27, 103,66, 164,10 va 98,79 da
x4c nhén vi tri ctia du 6,19 va 6,47 1an luot tai H-8 va H-6 cua vong A. Mot tap hop
cac mdi twong quan HMBC khac gitta du 6,92 v6i carbon sp? bac bon & dc 121,15 va
on 7,92 véi carbon sp? bac bdn & dc 161,13 d3 xac nhén sy hién dién cta ciu tric ddi
xung trong vong B. Céc dir liéu phdo NMR ciia G-14 dugc so sanh voi cac dir liéu

tuong tng trong tai liéu tham khao [105], x4c dinh hop chit G-14 13 apigenin.

Bang 3.16.  Dir liéu phd NMR ciia G-14 va apigenin

G-14 Apigenin
(DMSO-ds, 500 MH7) (DMSO-ds, 500 MHz)

C oc ou (ppm) HMBC COSY oc ou (ppm)

(ppm) J (Hz) (H>C) (ppm) J (Hz)
2 163,70 - - 163,7 -
3 102,81 6,77 s 2,4,10, I 102,81 6,75 s
4 181,7 - - 181,73 -
5 161,40 - - 161,25 -
6 98,79 6,19 s 5,7,8, 10, 98,96 6,15d (2,0)
7 164,10 - - 164,57 -
8 93,92 6,48 s 6,7,9,10 94,06 6,44 d (2,0)
9 157,27 - - 157,37 -
10 103,66 - - 103,56 -
I 121,15 - - 121,17 -
2°,6° 128,42 7,92 d (8,0) 2’4 3,5 128,51 7,91d (9,05)
4 161,13 - - 161,46 -
3,5 115,92 6,924d (8,5) r,4 2,6 116,01 6,90 d (9,05)
5-OH 12,96 s 5,6, 10

3.2.15. Hop chit G-15: Astragalin (kaempferol-3-O-B-D-glucopyranosid) “

_OH _y HMBC
<-» COSY

Hinh 3.15. Ciu trac héa hoc va mot sb trong tic HMBC va COSY cua G-15
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Hop chat G-15 thu duogc & dang bdt vo dinh hinh mau vang. Phd (-)ESI — MS cua G-
15 cho dinh ion phan tir gia [M-H] tai m/z = 447,09 ung vo1 cong thirc phan tir la
C21H20011 (Q = 12). Trén phd 3C-NMR xuat hién 19 tin hiéu carbon (2 tin hiéu déi
ximg), trong d6 ¢6 14 tin hiéu & ving tredng thip (dc 93,7 — 177,4). C6 5 tin hiéu
carbon xuét hién & ving trudng 60-80 ppm dic trung cho diu hiéu cta ciu trac gin
1 duong. Céu tric flavonol cia G15 duoc xac dinh boi tin hiéu carbon carbonyl dc
177,4 va tin hi¢u o 12,60 (OH, s) ddc trung cho 5-OH. Hai tin hiéu carbon c6 do
dich chuyén 93,7 ppm va 98,7 ppm lan luot 1 C-8 va C-6 trong ciu tric flavonol
cling tuong tng vo1 2 tin hi€u proton dy 6,42 (1H; d; 2,4 Hz) va 6éx 6,20 (1H; d; 2,4
Hz) ¢6 J = 2 Hz dic trung cho ghép mera.”Ngoai ra trén phd 3C-NMR con xuit hién
2 tin hiéu carbon cao gé‘ip do1 tai oc 115,1 va oc 130,8 dac trung cAu truc ddi Xurng cua
vong B dugce gan cho C3°,5” va C2°,6” g vai 2 tin hi¢u proton ou 6,88 (2H; dd, 1,8
Hz va 6,6 Hz) va oy 8,04 (2H; dd; 1,8 Hz va 7,2Hz). Trén phé HMBC, H1” ctia dudng
glucose co twong tac voi C3 cuda aglycon chiing t6 dudng D-glucose gfm vao C3 cua
aglycon va H1” ¢6 du 5,45 d (7,8) cho biét cAu hinh S ciia D-glucose Nhu vay, G15
duogc xéac dinh 13 astragalin (kaempferol-3-0-£-D-glucopyranosid). Cau tric caa G15
dugc khang dinh khi so sanh v6i *C-NMR va 'H-NMR duoc cong bd trude day
[106].

Bang 3.17. Dit liéu phd NMR ciia G-15 va astragalin

G-15 Astragalin
(DMSO-ds, 600 MHz) (DMSO-ds, 600 MH?)
C dc ou (ppm) HMBC COSY oc ou (ppm)
(ppm) J (Hz) H>C) (ppm) J (Hz)
2 156,2 - - - 156,5 -
3 133,2 - - - 133,9 -
4 177,4 - - - 178,1 -
5 161,2 - - - 161,3 -
6 98,7 6,20d (2,4) 5,7,8,10 8 99,8 6,44 d (2,0)
7 164,4 - - - 163,3 -
8 93,7 6,42 d (2,4) 6,7,9,10 6 94,9 6,78 d (2,0)
9 156,4 - - - 1573 -
10 103,9 - - - 105,9 -
I 120,9 - - - 121,1 -
2,3°,4,
2,6 130,8 8,04 dd (1,8;7,2) 5 3.5 131,4 8,06 d (8,6)
4 159,9 - - - 160,6 -
4,1°,2°,
3,5 115,1 6,88 dd (1,8; 6,6) 2,6 115,6 6,90 d (8,6)
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G-15 Astragalin
(DMSO-ds, 600 MHz) (DMSO-ds, 600 MH7)
C oc ou (ppm) HMBC COSY oc ou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
Glc-17 100,9 5,45d (7,8) 3,57,2” 2” 101,2 5,48 d (7,2)
2” 74,2 3,18d (7,2) 17,37, 4” 17 74,6 3,15m
3” 76,4 3.22m 6,2”,4” 76,9 3,30 m
4 69,9 3,08 d(4,8) 37,57 70,4 3,10 m
5” 77,5 3,08 d(4,8) 3” 78,0 3,10 m
6” 60,8 3,56d(11,4) 61,3 3,55m
12,60s

3.2.16. Hop chit G-16: Vanilin (4-Hydroxy-3-methoxybenzaldehyde)

5/5\:/CHO
(AN
HO™ —> HMBC
OMe

Hinh 3.16. Cau trac héa hoc va mot s6 trong tic HMBC cua G-16

Hop chét G-16 thu duoc duéi dang bot vo dinh hinh, mau trang. Phé (-)HR-ESI-MS
ciia G-16 cho dinh [M-H] vé&i m/z 151,0386, két hop véi dir liéu phd 3C-NMR va
HSQC cho phép xac dinh cong thirc phan tir CsHsO3 (Q = 5). Pho 'H-NMR cho thay
tin hiéu cua hop chét phenolic aldehyd voi tin hiéu aldehyd & on 9,82 (1H, s, H-7),
tin hiéu cua proton thom & ou 7,42 (2H, m, H-2, H-6) va 7,04 (1H, d, J = 8,5 Hz, H-
5). Hon nira, tin hi€u cta cdc nhom hydroxyl va methoxy lan luot duoc thé hién & Sy
6,58 (1H, s, OH), 3,95 (3H, s, OMe).”Phd '*C-NMR cho thiy tin hiéu cta 8 nguyén
tir carbon bao gdm nhém aldehyd & dc 191,0 (C-7), 6 nguyén tir carbon thom va mot
nhém methoxy & dc 56,1 (OMe). Vi vay, G-16 dugc xac dinh 1a vanillin. Céu trac
ctia G-16 duoc khing dinh khi so sanh véi 3C-NMR va 'H-NMR duoc cong b trude
day [107].

Bang 3.18.  Dit liéu phd NMR ctia G-16 va vanilin

G-16 Vanilin
(Chloroform-d;, 600 MHz) (Chloroform -d;, 500 MH7z)
C oc ou (ppm) HMBC COSY Jc on
(ppm) J (Hz) (H>C) (ppm) (J=Hz) ppm

1 129,8 - 129,9 -

2 109,0 7,42 m 1,3,4,6 108,8 7,43 m

3 151,9 - 151,7 -

4 147,3 - 147,1 -
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G-16 Vanilin
(Chloroform-d;, 600 MHz) (Chloroform -d;, 500 MH?z)

C oc ou (ppm) HMBC COSY dc on

(ppm) J (Hz) (H>C) (ppm) (J=Hz) ppm
5 114,5 7,04 d (8,4) 1,3,4 6 114,4 7,04 4d (8,5)
6 127,5 7,42 m 1,3,4,6 5 127,4 7,43 m
7 191,0 9,82 s 1,2,4 190,8 9,83 s
OMe 56,1 3955 56,1 397s

3.2.17. Hop chit G-17: L-(-)-(N-cis-Cinnamoyl)-arginin (hop chdt méi)

GNH S— @) —> HMBC
"
NHZ/U\ 'J 0 <~ » COSY

N <yt H
H HN.) O »

Hinh 3.17. Céu tric héa hoc va mét s tuong tac HMBC, COSY ctia G-17

Hop chit G-17 duoc phan 1ap & dang bot vé dinh hinh, mau vang. Phé UV cia G-
17 trong dung moi methanol xuét hién cyc dai hap thu & 256 nm. Trén phd hong ngoai
xuét hién cac dinh dic trung: 3348, 3119 cm™ (N-H); 1681 cm™ (C=0); 1608, 1503,
1493 va 1450 cm™ (C=N, phenyl C=C). Cong thirc phan tir cia G-17 dugc xac dinh
1a C15H20N405 (Q= 8) bang phuong phap phd khédi phan giai cao (-)-HR-ESI-MS dua
vao peak ion phan tir gia tai m/z 303,1442 [M-H] (tinh toan 1y thuyét cho cong thirc
[C1sH1oN4O3]: 303,1457 ; A = - 4,9 ppm) va m/z 305,1597 [M+H]*(tinh toan 1y thuyét
cho cong thirc [C15sH21N403]": 305,1608 ; A = - 3,6 ppm). Phd 'H-NMR xuét hién
mot by nam proton twong tng vo1 mot vong thom & du 7,27 (2H), 7.30 (1H) va 7,47
(2H), ngoai ra con ¢6 hai proton olefin & dy 6,77 d va 6,08 d dic trung cho ciu tric
cinnamoyl. Cau hinh cis ctia ndi d6i duoc xac dinh tir hing s6 ghép véi T = 12,5 Hz.
Su hién dién ctia nhom cis-cinnamoyl duge xac nhan thém b::ing twong quan 'H-'H
COSY cua H-7"/H-8', cling vdi cac twong quan HMBC tir H-7"/H-8' dén C-9' (3C
169,1), tir H-8' d¢én C-1" (dc 136,8), tir H-7" dén C-2'/C-6' (dc 130,2), tir H-2'/H-6' dén
C-7' (dc 138,0) va céc twong quan khéc ciia vong benzen. Phd 3C-NMR cho thay 13
tin hi¢u carbon, trong d6 9 tin hiéu thudc khung cis-cinnamoyl. Cac tin hiéu carbon
con lai thudc vé ba methylen (dc 26,1; 30,9; 42,1), mot methin (dc 55,3) va hai carbon
bac bdn (dc 158,6, 178,1) phu hop vai cac tin hi€u cia amino acid arginin. CAu trac
arginine duoc 1am sang t6 bing cic twong quan cua H-2/H-3/H-4/H-5 trong phd
COSY 'H-'H va céc tuong quan HMBC tir H-2 dén C-1/C-3/C-4, tir H-3 dén C-2/C-
4, va tir H-5 dén C-4. Do d6, hop chit nay dugc du doan 1a din xuat cis-cinnamoyl

cua arginin.
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Trén phd HMBC, mbi twong quan dugc quan sat giita du 4,29 (H-2) va dc 169,1 (C-
9'), cho thiy ring mdt trong cac nguyén tir hydro ctia nhdm a-amino da duoc thay thé
bang cinnamoyl. P quay cuc cta G-17 [a]3’— 16.7° nén cau hinh tuyét d6i & vi tri
C-2 duoc két luan 1a (S). Khi so sanh phd NMR cta G-17 v6i hop chat L-(-)-(N-
trans-cinnamoyl)-arginin cho thy su khac biét & cau hinh dong phan cis (C7°=C8"),
két hop voi dir liéu phd MS cho phép xac dinh G-17 1a L-(-)-(N-cis-cinnamoyl)-
arginin [68].

Tinh toan ning luong tu do cia hop chit G-17 cho két qua E= - 1028.30954661,
trong khi hop chit L-(-)-(N-trans-cinnamoyl)-arginin ¢6 E=  -1028.42410089.
Diéu nay cho thiy cau hinh trans s& bén hon & dang tinh thé rin, con dang cis (G-17)

bén khi ¢ dang dung dich hon.

Bang 3.19. Dit liéu phd NMR ctia G-17 va L-(-)-(N-trans-cinnamoyl)-arginin

G-17 L-(-)-(N-trans-Cinnamoyl)-
(Methanol-ds, 500 MH?) arginin (DMSO-ds, 400 MH7)

C dc ou (ppm) HMBC COSY dc ou (ppm)

(ppm) JHz)  (HHC) (ppm) J (Hz)
Amino acid
1 178,1 - 176,6 -
2 55,3 4,31¢(6,5) 1,3,4,9° 3 54,3 4,13 m
3 30,9 1,67 m 2,4 2 30,2 1,62 m

1,81 m 1,75 m

4 26,1 1,51 m 5 25,5 1,48 m
5 42,1 3,13 m 4 4 40,8 3,05m
6 158,6 - 157,7 -
2-NH 8,21d(8)
cinnamoyl
1’ 136,8 - 135,5 -
2°,6 130,2 7,49 d (9,0) 4,7 127,8 7,43 dd (8,0; 1,7)
3,5 129,3 7,27 m 1,5 129,2 7,32 m
4 129,5 7,30 m 1,5 129,6 7,35 m
7 138,0  6,79d (12,5) 6,9 8’ 138,4 7,28 d (15,8)
8’ 125,1 6,09d (12,5) 1,9 7 123,3 6,74 d (15,8)

9 169,1 - 164,7 -
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3.2.18. Hop chit G-18: Acid cinnamic (trans-3-phenylacrylic acid)

Hinh 3.18. Ciu trac hoa hoc va mot sb twrong tic HMBC, COSY cua G-18

Hop chat G-18 thu duogc dudi dang bot v dinh hinh, mau vang nhat. Pho (-)ESI —
MS ctia G-18 cho dinh ion phan tir gia [M-H] tai m/z = 147,0438, phu hop vdi cong
thire phan tir 1 CoHzO» (Q = 6). Trén phé 'H-NMR cta hop chit G-18 c6 su xuit
hién tin hiéu cta 5 proton thom & ving trudng thap [du 7,56 (2H; m; H-2, H-6)], [0x
7,41 (3H; m; H-3, H-4, H-5)] cho thﬁy hgp chit G-18 c6 mét vong benzen c6 1 nhom
thé. O ving trudng thap xuat hién tin hiéu cong hudng 2 proton olefin ghép trans véi
nhau [du 7,80 (1H; d; J = 16,2 Hz; H-7)], [Ju 6,46 (1H; d; J = 16,2 Hz; H-8)].”Phé
I3C-NMR cuia hop chit G-18 c6 tin hiéu ctia 9 carbon. O ving trudong thip xuét hién
1 carbon carbonyl cua nhom acid [dc 171.9; C-9]; 1 carbon thom béc 4 [oc 134.1; C-
1]; 5 carbon thom bac 3 [dc 128.,4; C-2, C-6], [dc 129,0; C-3, C-5], [dc 130.8; C-4];
2 carbon olefin bac 3 [dc 147,1; C-7], [6c 117.3; C-8]. Tién hanh so sanh dit liéu phé
ctia hop chat G-18 v6i hop chat cinnamic acid [108] cho thay c6 su twong hop. Vay
hop chat G-18 1 acid cinnamic.

Bang 3.20. Dir liéu phd NMR ctia G-18 va acid cinnamic

G-18 Acid cinnamic
(Chloroform-d;, 600 MHz) (Chloroform -d;, 400 MHz)

C oc ou (ppm) HMBC COSY oc ou (ppm)

(ppm) J (Hz) (H>0) (ppm) J (Hz)
1 134,1 - 134,0 -
2/ 6 128,4 7,56 m 4,7 128,4 7,57 m
3/5 129,0 7,41 m 1,2/6 129,0 7,42 m
4 130,8 7,41 m 130,8 7,42 m
7 147,1 7,80 d(16,2) 9,1,2/6,8 8 147,1 7,81 d (16,0)
8 117,3 6,46 d (16,2) 1,7,9 7 117,2 6,47 d (16,0)
9 171,9 - 172,1 -
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3.2.19. Hop chit G-19: Acid trans-ferulic (trans-4-Hydroxy-3-methoxycinnamic
acid)
,j{‘r oolely

OCH3 - - » COSY

— HMBC

Hinh 3.19. Ciu trac hoa hoc va mot sé twong tic HMBC, COSY cua G-19

Hop chit G-19 thu duoc & dang bot vo dinh hinh mau tring. Cong thirc phan tir clia

G-19 duoc xéc dinh 1a C1oH;004 (Q = 6) bang phuong phap pho khéi (-)-ESI-HRMS

dua vao peak ion phan tir gia tai m/z = 193,0493 [M-H]". Ph 'H-NMR cho thay su
c6 mat cua hai proton olefin ¢ 6 7,62 (d, J = 16,2 Hz, 1H, H-7) va 6,33 (d, 11,J = 15,6

Hz, 1H, H-8), va ba proton vong thom ¢ 6 7,19 (d, J = 1,8 Hz, 1H, H-2), 7,08 (dd, ]

=8.,4, 1,8 Hz, 1H, H-6) va 6,83 (d, ] = 7,8 Hz, 1H, H-5), va mdt methoxyl ¢ ¢ 3,91

(s, 3H, 3-OCH3). Phé 3C-NMR ciia G-19 cho thiy hai nguyén tir carbon olefin & &

146.,9 (C-7), 116,0 (C-8) va sau nguyén tir carbon thom ¢ 0 127.8 (C-1), 111,7 (C-2),

1494 ( C-3), 150,5 (C-4), 116,5 (C-5) va 124,0 (C-6), va mot carbon methoxy & 6

56,5, ciing nhu mot carbon cacboxyl & 6 171,0 (C-9). Hiang sb ghép cua proton

olefinic giita C-7 va C-8 1a 15,6; 16,2 Hz cho phép xéc dinh lién két doi cua G-19
dudi dang trans. Dua trén su so sanh nhitng dir li¢u nay véi dir li¢u dugc cong )
trong tai liéu [109], hop chat G-19 dugc xé4c dinh 1a acid frans-ferulic.

Bang 3.21.  Dit liéu pho NMR ctia G-19 va acid trans-ferulic

G-19 acid frans-ferulic
(Methanol-d,, 600 MHz) (Methanol-d,, 400 MH?)
C Jc ou (ppm) HMBC COSY oc ou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
1 127,8 - 127,8 -
2 111,7 7,19d (1,8) 4,6,7 111,6 7,18 d (1,93)
3 149.,4 - 149,9 -
4 150,5 - 151,5 -
5 116,5 6,83 d (7,8) 1,3 116,5 6,82 d (8,23)
2,4,7 7,07 dd (1,93;
6 124,0 7,08 dd (1,8; 8,4 124,0
> s ( ) 8,23)
1,2,6,8, 8
7 146,9 7,62d(16,2) 9 147,0 7,59d (15,88)
8 116,0 6,33d(15,6) 1,9 7 116,0 6,31d (15,88)

171,0 - 171,2 -
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G-19 acid zrans-ferulic
(Methanol-d,, 600 MHz) (Methanol-d,, 400 MHz)
C dc ou (ppm) HMBC COSY Jc ou (ppm)
(ppm) J (Hz) H>C) (ppm) J (Hz)
OCH; 56,5 391s 3 56,5 3,89 s

3.2.20. Hop chit G-20: 7-O-Methylwogonin (5-hydroxy-7,8-dimethoxyflavone)

Hinh 3.20. Céu tric héa hoc va mot sé tuong tac HMBC chinh ciia G-20

Hop chit G-20 duoc phan lp dudi dang bot vo dinh hinh mau vang. Phd (+)HR-ESI

— MS cua G-20 cho peak ion phan tur gia tai m/z = 299,0916 [M+H]",“phu hop vdi

cong thirc phin tir 13 C;7H 405 (Q = 11). Phé BC-NMR cho théy tin hiéu cua 15

nguyén tir carbon, trong do ¢6 nhom carbonyl & dc 182,3 (C-4), 5 nguyén tir carbon

mang oxy & dc 163,3 (C-2), 158,6 (C-7), 156,6 (C-5), 148.8 (C-9) va 128,5 (C-8), hai

nguyén tu carbon bac 4 & dc 130,7 (C-1') va 104,1 (C-10), va bay nguyén tir

oxymethin carbon & dc 132,1 (C-4"), 126,3 (C-2"/C-6"), 129,2 (C-3'/C-5"), 96,1 (C-6)

va 105,0 (C-3) va hai nhém methoxy & dc 56,5 (7- OCH3) va 61,1 (8-OCH3) cho thiy

hop chét G-20 13 khung C6-C3-C6 cua flavonoid Bang 3.22.

Phé 'H-NMR thé hién 5 tin hiéu proton thom lién tiép ctia vong B va tin hiéu proton

don ctia H-3 (0u 7,02 5) va H-6 (Jx 6,61 ). Ngoai ra, phd 'H-NMR thé hién tin hiéu

don ctia nhom 5-OH tai dg 12,63 va tin hi¢u cia hai nhom methoxy tai on 3,93 (3H,

s, 7-OCH3) va 3,86 (3H, s, 8-OCH3). Phd HMBC cho thiy mbi twong quan tir 5-OH

dén C-5/C-6/C-10, tir H-6 dén C-5/C-7/C8/C-10, tir H-3 dén C-2/C-4/C-10/C-1", tix
H-2'/H-6' d&én C-2/ C-4', va tir H-3'/H-5" ¢én C-1'. Dua trén su so sanh nhiing di liéu
nay véi dir liéu duge cong bo trong tai liéu [110], hop chat G-20 duoc xac dinh 1 7—
O-methylwogonin (5-hydroxy-7,8-dimethoxyflavone) - Pay 1a 1an dau tién phan lap
dugc hop chat nay trong cy.
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Bang 3.22.  Dit liéu phd NMR ctia G-20 va 7-O—-methylwogonin

G-20 7-O-methylwogonin
(DMSO-ds, 600 MHz) (DMSO-ds, 300 MH7)
C DEPT dc on HMBC oc on
opm)  (=Hyppm  (HIC) (ppm)  (J=H) ppm
2 Cwv 163,3 - 164,7 -
3 CH 105.,0 7,02 2,4, 10, 105,8 7,01 s
I
4 Civ 182,3 - 183,5 -
5 Cwv 156,6 - 159.4 -
6 CH 96,1 6,61 s 5,7,8,10 96,7 6,60 s
7 Cwv 158,6 - 160,0 -
8 Cwv 128,5 - 132,3 -
9 Cwv 148,8 - 150,3 -
10 Cw 104,1 - 105,4 -
1 Civ 130,7 - 130,0 -
2’/6° CH 126,3 8,08 m 2,4 127,2 8,10 m
4 CH 132,1 7,63 m 2°,6' 132,8 7,61 m
3°/5° CH 129,2 7,61 m I 130,1
7-OMe CH; 56,5 393s 7 56,8 398 s
8-OMe CH; 61,1 3,86 s 8 61,6 3,87 s
5-OH - 12,63 s 5,6,10 12,65 s

Bang 3.23.  Tong hop cau triic cac hop chét phan 1ap duoc

K}” }( r r Ky }( r 14

o Cau truc hoa hoc o Cau truc hoa hoc
hi¢u hi¢u
G-1 G-11
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G-2 G-12
G3 G-13
G-4 G-14
G-5 G-15
G-6 G-16
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G-7 G-17 - o
HoNT N7 OH
& HN. 0 2
G-8 G-18
G-9 G-19
G-10 G-20

3.3. K&ét qua thir hoat tinh sinh hoc ciia cac hop chit phan 1ap dwoc

3.3.1. Két qua thir hoat tinh irc ché enzyme a-glucosidase ciia cac hop chat phan
lap duoc

Két qua thir hoat tinh trc ché enzyme a-glucosidase ctia cac hop chat phan lap duoc
tir loai Glinus oppositifolius duoc thé hién & Bang 3.24.

Bang 3.24.  Két qua thtr hoat tinh (rc ché enzyme a-glucosidase cta cac hop chat phan

1ap duoc tir cAy Rau ding dét

Mau thir ICso (UM) MAu thir ICso (uM)
G-1 1247,21 + 2,15 G-12 222,22 +3,71
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G-2 310,51 + 1,38" G-13 9,52 +£0,19*
G-3 ND G-14 10,28 +0,05°
G-4 ND G-15 80,27 + 1,50¢
G-5 ND G-16 ND

G-6 257,90 £ 1,008 G-17 ND

G-7 380,71 + 5,431 G-18 ND

G-8 13,99 £ 0,33¢ G-19 ND

G-9 ND G-20 94,92 +1,85¢
G-10 193,60 +2,47° Acarbose 1021,47 £ 10,79
G-11 31,23 £ 0,45°¢

ND: khéng phat hién dugc hoat tinh. Céac chit cai khac nhau thé hién sy khac biét co ¥ nghia

thong ké gitra cac gia tri theo phép kiem Tukey & murc tin cdy 99% (p < 0,01).
Theo két qua thtr hoat tinh nhu trén cho th:?'ty cac hop chit G-1, G-2, G-6, G-7, G-8,
G-10, G-11, G-12, G-13, G-14, G-15, G-20 co kha nang tuc ché enzyme o-
glucosidase so v6i chimg dwong acarbose (ICso= 1021 £ 10,79 (uM). Céc hop chit
G-13, G-14, G-8, G-11, G-15, G-20 cho hoat tinh trc ché manh enzyme o-
glucosidase voi ICsg theo thur tu lan luot 13 9,52 + 0,19 uM, 10,28 £ 0,05 uM, 13,99
+0,33 uM, 31,23 £ 0,45 uM, 80,27 + 1,50 uM, 94,92 + 1,85 uM. Trong d6, hop chat
G-13 (ICso= 9,52 £ 0,19uM) thé hién hoat tinh manh nhat. Cac hop chit G-12, G-6,
G-2, G-7, G-10 cho hoat tinh &c ché yéu hon (ICso < 400 pM ) v&i ICso 1an luot 1a
222,22 £ 3,71 uM, 257,90 £ 1,00 uM, 310,51 = 1,38 uM, 380,71 + 5,43 uM, 193,60
+ 2,47 uM. Hop chit G-1 c6 hoat tinh rc ché yéu nhat v6i ICsp = 1247,21 £2,15 pM.
Cic hop chat con lai khong cho hoat tinh e ché enzyme a-glucosidase.
Thao ludn:
Acarbose 13 chit (rc ché canh tranh va hoi phuc véi enzyme a-glucosidase & té bao
ban chai cta rudt, 1am chim tiéu hoa, hip thu carbohydrate va két qua 13 glucose mau
ting chim hon sau dn. Acarbose dugc st dung phd bién nhat trong nhom thude v
ché enzyme a-glucosidase. Do d6, acarbose duoc sir dung 1am thude d6i ching duong
trong thir nghiém. Tuy nhién, hoat tinh trc ché enzyme a-glucosidase cuia acarbose co
gia tri dao dong khac nhau véi khoang ICso tir 46 pg/mL dén 4687,06 ug/mL [111]
[112] [113]. Diéu nay c6 thé do acarbose hoat dong trén ngudi tot hon nAm men,
trong khi enzyme a-glucosidase sir dung c6 ngudn gbc tir nAm men, va c6 thé do
ngudn cung cip acarbose (hing san xuit, ngudn gbc enzyme...), quy trinh thuc hién.
Trong thir nghiém ciing cho két qua ICso (ug/mL) cua acarbose ndm trong khoang gia

tri nhu cac bao cao da cong bd. Két qua thir hoat tinh trén cao phan doan cho thiy cac
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cao phan doan déu thé hién hoat tinh trc ché enzyme a-glucosidase voi gia tri ICso
thip hon so véi acarbose. Dic biét, cao EtOAc ciing ghi nhan mét gia tri ¥ nghia voi
ICso= 105,10 + 1,56 pg/mL. Cac phin doan c6 hoat tinh dugc tiép tuc tién hanh phan
l1ap va xac dinh hoat tinh in vitro. Ttr cao EtOAc da phan lap dugc 14 hop chit va 6
hop chat tir phan doan BuOH (G-1 — G-20). Cac hop chét duoc tién hanh thir nghiém
hoat tinh trc ché enzyme a-glucosidase in vitro.

Lan dau tién 3 hop chat G-6, G-11, G-17 dugc phan lap trong ty nhi€én va thir hoat
tinh trc ché enzyme a-glucosidase. Két qua cho thiy hop chit G-11 (spergulin C) c6
hoat tinh manh vo1ICso=31,23 + 0,45 uM, G-6 (apigenin-5-O-F-D-glucopyranosyl-
8-C-f-D - glucopyranosid) trc ché yéu vai ICso = 257,90 + 1,00 uM va G-17 (L-(-)-
(N-cis-cinnamoyl)-arginin) khong c6 hoat tinh. Lan dau tién hop chat G-20 (7-O-
methylwogonin) duoc phin lap tir loai Glinus oppositifolius va thir hoat tinh (e ché
enzyme o-glucosidase. Két qua cho thiy hoat tinh ¢ ché manh véi ICso = 94,92 +
1,85 uM.

Trong nghién ctru hién tai, két qua hoat tinh trc ché cua hop chat G-2 (ICso = 310,51
+ 1,38 uM) va G-8 (ICso = 13,99 + 0,33 pM) manh hon nhiéu so véi bao céo trude
day (tuong ung ICsp 12 628,80 £ 80 uM va 1654+ 170 uM) [58]. Kumar va cong su
(2013) da bao céo tac dong trc ché enzyme a-glucosidase ctia cac hgp chat phan lap
tur loai Glinus oppositifolius nhu 1a glinosid C, spergulacin A, spergulin B, spergulin
A v6i ICso lan lugt 13 127 + 30 uM, 694 £ 60 uM, 1783 + 290 uM, 143 + 20 uM.
Tuy nhién nhitng hop chat nay (G-3, G-4, G-5, G-9) khong thé hién hoat tinh trc ché
trong nghién ctru ndy. Cac hop chat G-16 (vanilin), G-18 (acid cinnamic), G-19 (acid
trans-ferulic) khong cho thay hoat tinh trc ché enzyme a-glucosidase & cac ndong do
khao sat, diéu nay phu hop voi cac bao cdo trude day cua cac hop chat nay [114; 115;
116].

Nhitng nghién ciru gan diy da chi ra rang cic din chat glycosid flavone nhu vicenin
2, vitexin, astragalin c6 hoat tinh rc ché enzyme a-glucosidase. Trong thir nghiém
ctia chung t61, cac hop chit G-1 (vicenin 2), G-10 (vitexin), G-6 (apigenin-5-0-4-D-
glucopyranosyl-8-C-f-D-glucopyranosid), G-15 (astragalin) déu thé hién hoat tinh
trc ché enzyme a-glucosidase. Tuy nhién két qua ctia nghién ctru hoi khac so véi bao
céo trude ddy, didu nay co thé 1a do diéu kién thuc hién phan tmg khac nhau nhu thi
gian 1, ndng d6 clia enzyme va thudc thir, tit ca nhitng diéu kién nay co thé tic dong
dén ICso. Gia tri ICs0 ctia vicenin 2 (1247,21 £2,15 uM), vitexin (193,60 £ 2,47 uM),
astragalin (80,27 = 1,50 uM) trong nghién clru nay cao hon so voi vicenin 2 (270,53
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+ 6,23 uM) [99], vitexin (52,80 £ 1,65 uM)[117], astragalin (33,09 £ 0,68 uM) [118]
d3 duoc bao cdo trude day. Theo hiéu biét cua chung toi, ddy 13 1an dau tién thu
nghiém hoat tinh trc ché enzyme a-glucosidase cua cac hop chit G-7 (trifolin), G-12
(2”-p-coumaroylvitexin 7-glucosid), va két qua cho thay chung c6 hoat tinh trc ché
yéu v6i ICs lan luot 13 380,71 + 5,43 pM; 222,22 + 3,71 uM. Cac hop chat G-13
(kaempferol), G-14 (apigenin), G-20 (7-O—methylwogonin) — cac aglycon flavone —
déu thé hién hoat tinh manh tc ché enzyme oa-glucosidase vdi ICso lan luot 12 9,52 +
0,19 uM; 10,28 + 0,05 uM; 94,92 + 1,85 uM. Két qua nay twong duong véi bao céo
nghién ctru trude d6 [119]. Bic diém cdu trac lién két doi C2=C3, cac nhom 5-OH
va 3-OH va nhém 4-oxo trén vong C, giai thich cho tac dung trc ché a-glucosidase
manh cua kaempferol, apigenin [120]. Hién chua tim thiy bao céo vé hoat tinh trc
ché enzyme a-glucosidase ctia 7-O—methylwogonin.

Céc hop chat G-13 (kaempferol, ICso = 9,52 pM), G-14 (apigenin, ICso = 10,28 uM),
G-8 (ICso= 13,99 uM), va G-11 (ICso = 31,23 uM) c6 hoat tinh trc ché a-glucosidase
vugt tr1 so voi acarbose (ICso = 1021,47 uM), ching to tiém nang ro rét. Nhitng
flavonoid nay chtra cdic nhém hydroxy tai vi tri 5, 7 va 4’ cua khung flavone, von da
dugc ching minh 1 cac yéu té ciu trac cha dao trong mé hinh pharmacophore cia
chat trc ché a-glucosidase [121; 122]. Nhém OH & C-4' dong vai tro then chét trong
hinh thanh lién két hydro v&1 Asp214 va Glu276 tai vi tri xtic tdc cia enzyme [123;
124]. Cac hop chat nhu G-6, G-7, G-10 du c6 ICso cao hon (tir 193-380 uM), van thé
hién hoat tinh twong d6i va phu hop véi cdu tric cua flavonoid glycoside, noi nhém
duong lam tang do tan va on dinh sinh hoc [125].

Tiém ning tc ché a-glucosidase cua flavonoid di duoc nghién ctru va béo céo rong
rai. Hoat dong trc ché cua cac hop chét bi anh huong dang ké boi cac nhom thé trong
cAu trtc flavonoid. Thong qua phan tich tong hop dua trén két qua thir nghiém va cac
bao céo trude day, ching toi da thiét 14p mdi quan hé ciu truc-tac dong (SAR) cia
chung. Viéc khir hoic thay thé cac nhom hydroxyl tu do, nhém olefin A2® va nhém
ketone C-4 anh huong truc tiép dén su tc ché a-glucosidase, gop phan 1am giam tac
dung cua ching. Hydro hoa lién két d6i C-2=C-3 hodc khir/thay thé nhom ketone C-
4 déu 1am giam hoat dong trc ché a-glucosidase. Cac nhém hydroxy tai cac vi tri C-
3, C-5, C-6, C-7, C-8, C-3', C-4', C-5' cua khung flavonoid dong vai trd quan trong
trong vi¢c tao ra cac hoat dong trc ché manh dbi véi a-glucosidase. Ngoai ra, gén
thém nhom methoxy ctia cac vi tri di dé cap & trén ciia khung flavonoid lam giam tac

dung trc ché ddi vai a-glucosidase. Sy tao thanh C-Glycosyl ¢ céc vi tri C-3, C-6, C-
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thwe nghiém cho thay flavone ¢ dang aglycon nhu hop chat G-13 (kaempferol), G-
14 (apigenin) c6 hoat tinh ¢ ché manh hon khi so sanh véi dang glycosid cua ching
(G-1, G-6, G-7, G-10, G-12, G-15). Bén canh do, hop chit G-1 (vicenin 2) ¢o tac
dung tic ché yéu ddi véi a-glucosidase (ICso = 1247,21 + 2,15 uM) sau khi gan duong
tai vi tri C-6 ctia vong A so voi cac hop chit G-6, G-10, G-12 thé hién hoat tinh tc
ché a-glucosidase tot hon véi gia tr1 ICso lan luot 14 257,90 + 1,00 uM, 193,60 = 2,47
uM, 222,22 + 3,71 uM. Nhirng két qua nay phu hop véi viée thiét 1ap trude day cua
SAR giita s6 nhom hydroxy thom va hoat tinh ¢ ché enzyme a-glucosidase cia
7 va C-8 cua khung flavonoid 1am giam manh tac dung trc ché [126; 127]. Tir két qua
flavonoid (Hinh 3.21).

4, -OH,-OCH3

Sy thay thé cau tric Hoat tinh rc ché a-glucosidase

C-3, C-5, C-7, C-8: thém duding l

C-6: thém duong '
C2=C3: hydrogen héa
C-5, C-6, C-7, C-4': thém OH t

-OH, Budng C-3, C-5’: thém OH t
-OH, Buong o C-4': thém OH, OCH3 l

Hinh 3.21. Lién quan cu tric - tac dung rc ché enzyme a-glucosidase
3.3.2. Két qua thir hoat tinh trc ché enzyme xanthine oxidase ciia cic hop chat
phan lap dwge
Két qua thtr hoat tinh rc ché enzyme xanthine oxidase ctia cac hop chat phéan lap
duoc tir cay Rau ding dat duoc thé hién ¢ Bang 3.25

Bang 3.25. Két qua thir hoat tinh trc ché emzym xanthine oxidase cta cac hop chat

phan lap duoc tir cdy Rau dang dat

Miu thir ICso (M) Miu thir ICso (uM)
G-1 56,82 + 1,954 G-12 127,51 + 2,33¢
G-2 288,68 + 1,94 G-13 26,18 +0,78¢
G-3 ND G-14 10,26 + 0,55
G-4 ND G-15 144,65+ 0,17"
G-5 ND G-16 5,37 40,332
G-6 ND G-17 178,02 + 1,65
G-7 ND G-18 106,69 + 3,55¢
G-8 ND G-19 87,40 + 1,96¢
G-9 394,42 + 1,35k G-20 ND

G-10 927,49 + 448! Allopurinol 3,84 +0,11%
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G-11 ND
ND: khong phat hién dugc hoat tinh. Cac chir cai khac nhau thé hién su khac biét co y nghia

thong ké giita cac gia tri theo phép kiém Tukey & muic tin ciy 99% (p < 0,01).
Theo két qua thtr hoat tinh nhu trén cho théy cac hop chit G-1, G-2, G-9, G-10, G-
12, G-13, G-14, G-15, G-16, G-17, G-18, G-19 co6 kha ndng wc ché enzyme xanthine
oxidase so véi chimg duong allopurinol (ICse= 3,84 + 0,11 pM). Céc hop chat G-1,
G-13, G-14, G-16, G-19 cho hoat tinh rc ché manh (ICso< 100 uM) enzyme xanthine
oxidase véi ICso 1an Iuot 14 56,82 + 1,95 uM, 26,18 + 0,78 uM, 10,26 + 0,55 uM,
537 + 0,33 uM, 87,40 + 1,96 uM. Trong d6, hop chit G-16 (5,37 + 0,33 uM) thé
hién hoat tinh manh nhét. C4c hop chét G-9, G-2, G-17, G-15, G-12, G-18 cho hoat
tinh trc ché yéu hon vé6i ICso lan lwot [a 394,42 + 1,35 uM, 288,68 + 1,94 uM, 178,02
+ 1,65 uM, 144,65 + 0,17 uM, 127,51 + 2,33 uM, 106,69 + 3,55 uM. Hop chit G-10
thé hién hoat tinh rc ché yéu nhét véi ICso 1a 927,49 + 4,48 uM. Céc hop chat con lai
khong cho hoat tinh trc ché enzyme xanthine oxidase.
Thao ludn:
Két qua thtr nghiém hoat tinh cta cic cao phan doan thé hién tic dong e ché enzyme
xanthine oxidase dang ké véi gia tr1 ICso tir 29,67 £ 1,02 pg/mL dén 130,56 + 3,79
pg/mL. Pac biét, cac phan doan EtOAc va BuOH cho théy hoat dong trc ché X0
manh hon (gia tri ICso lan luot 12 29,67 + 1,02 va 83,16 + 0,27 pg/mL) so vdi cao con
70% (gia tri ICso 1a 130,56 + 3,79 pg/mL). Noi cach khac, tat ca cac cao phan doan
(cao con 70%, cac phan doan EtOAc va n-BuOH) déu cho thiy kha ning c6 trc ché
enzyme XO c6 ¥ nghia. Theo hiéu biét ctia chiing toi, dy 14 bao cdo dau tién vé tac
dung trc ché xanthine oxidase in vitro cia cac cao chiét loai Glinus oppositifolius. Do
d6, hoat dong (rc ché ctia cac hop chat dugc phan 1ap chong lai XO di duoc danh gia
thém.
Lan dau tién 3 hop chat G-6, G-11, G-17 dugc phan 1ap trong tu nhién va thir hoat
tinh e ché enzyme XO. Két qua cho thay hop chat G-17 c6 tac dong trc ché yéu voi
ICs0 12 178,02 + 1,65 uM, con hop chit G-6, G-11 khong thé hién hoat tinh. Lan dau
tién hop chat G-20 (7-O-methylwogonin) duoc phan 1ap tir loai Glinus oppositifolius
va thir hoat tinh trc ché enzyme XO cho thay khong c6 hoat tinh trc ché & cac nong
do thu nghiém.
Céc hop chat saponin G-2 (spergulacin), G-3 (glinosid C), G-4 (spergulacin A), G-5
(spergulin B), G-8 (3-O-/-D-xylopyranosyl-spergulagenin A), G-9 1an du duoc tién
hanh thir nghiém hoat tinh {rc ché enzyme XO cho két qua hop chat G-2, G-9 c6 tac
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dong e ché yéu véi ICso 1an luot 13 288,68 + 1,94 uM, 394,42 + 1,35 uM. Cac hop
chat G-3, G-4, G-5, G-8 khong thé hién hoat tinh ¢ cac ndng d6 khao sat.

Hop chit G-16 (vanilin) thé hién hoat tinh trc ché enzyme XO manh nhat véi ICso
= 5,37 + 0,33 uM. Hop chit G-18 (acid cinnamic), G-19 (acid trans-ferulic) ciing
cho thay hoat tinh {rc ché t6t v&i ICso lan lugt 1a 106,69 £ 3,55 pM, 87,40 £ 1,96 uM.
Béo c4o ctia Chang va cong su (2007) di chimg minh rang cac phenylpropanoid 1a
cac chét tre ché canh tranh manh véi enzyme XO [128]. Két qua thir nghiém in vitro
clia bdo cdo di cho thay hoat tinh trc ché cua cic phenylpropanoid phu thudc vao
nhom phenethyl, carbonyl va hydroxy. Trong cau tric cua acid cinnamic bi thiéu di
nhom hydroxy gan vao vong benzen, dan dén giam 4i luc véi enzyme XO. Diéu nay
phu hop véi két qua nghién ctru ctia dé tai khi 1Cs0 acid cinnamic > IC50 acid srans-ferutic (106,69
+ 3,55 uM > 87,40 + 1,96 uM).

Mot sd nghién ctru d3 bao cao rang loai Mentha longifolia L.[129], Pogostemon
cablin (Blanco) Benth. [130] chtra mét flavonoid quan trong la vicenin 2 ¢6 tac dong
trc ché XO. Két qua cua dé tai ciing cho thiy G-1 (vicenin 2) thé hién hoat tinh manh
v6iICso = 56,82 + 1,95 uM. Mot nghién ctru cia Watanabe [131] d3 chirng minh rang
vitexin khong uc ché hoat dong cua XO, con nghién ctru hién tai cho théy vitexin (G-
10) c6 tac dung trc ché XO rét yéu (ICso = 927,49 + 4,48 uM). Trong nghién ctru hoat
tinh e ché XO tir 14 Alsophila spinulosa (Hook) Tryon. [132], hop chét astragalin
phan 1ap duoc cho két qua ICso = 49,46 uM thap hon so voi gid tri ICso = 144,65 +
0,17 uM thu dugc tir dé tai. Piéu nay ¢ thé 1a do diéu kién thue hién phan tng khéc
nhau nhu thoi gian 0, ndng d6 cta enzyme va thude thir.

Kaempferol (G-13) va apigenin (G-14) 1a hai flavone & dang aglycon c6 hoat tinh trc
ché enzyme XO rat manh (ICso 1an luot 12 26,18 + 0,78 uM va 10,26 + 0,55 pM) phu
hop voi nghién ctru trude ddy cia hai hop chat nay [133; 134]. Cac nhém hydroxy
(dac biét 1a meta hydroxy C5 va C7) trong kaempferol, apigenin dugc cho la dong
vai trd quan trong trong tac dung trc ché, tao diéu kién cho su tiép can vao ving lan
can cua khoang ky nudc ciia XO (vi tri hoat dong cuia XO) thong qua lién két hydro
va tuong tac tinh di¢n [135].

Hoat tinh trc ché XO noi bat dugc ghi nhin & cac hop chat G-14 (apigenin, ICso =
10,26 uM), G-13 (kaempferol, ICso = 26,18 uM), G-16 (vanillin, ICso = 5,37 uM), va
G-18/19 (acid cinnamic/frans-ferulic acid, ICso ~87—106 pM), cho thay vai tro tiém
ning cua cac nhom phenol don gian va flavonoid trong diéu hoa san xuét acid uric.
Dic biét, apigenin va kaempferol — hai hgp chat cung thé hién hoat tinh cao trén ca

hai enzyme — da dugc bao cao trude do 1a e che kép a-glucosidase/XO, voi co ché
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tuong tac thong qua ving hydroxyl va hé lién hop m giup gin vao ti xtc tac va 6n
dinh phuc chit enzyme—chit nén [136; 137].

Phan tich cau tric — hoat tinh

« Nhom flavonoid aglycon (G-13, G-14): Thé hién hoat tinh manh nh¢ khung C6-
C3-C6, OH-5, OH-7, OH-4' va hé & lién hop — phu hop v&1 mo6 hinh pharmacophore
cua ca hai enzym.

« Flavonoid glycoside (G-6, G-7, G-10): Mic du ICso cao hon, song van giit dic
tinh ciu trac cdt 161 — c6 thé dong vai tro prodrug hoic tuong tac da dich (multi-target)
[125].

« Phenolic acid (G-18, G-19): Dan xuét acid hydroxycinnamic nhu acid ferulic
dugc ching minh ¢6 kha nang tuong tac tai vung flavin—molibden cua XO [138§].
 Hop chat G-17 (L-(-)-(N-cis-cinnamoyl)-arginin) bao gom nhém guanidinium
tich dién (arginin) va vong thom lién hop (cinnamoyl). Theo mé hinh tuong tac hoda
hoc — phan tir, cdu triic nay co thé tao lién két ion va H-bond (qua guanidinium va cac
acid amin mang dién 4m trong ving hoat dong ctia XO) ddng thoi sir dung twong tac
cation—r gilta vong thom va aromatic pocket trong enzym.

« Mo hinh tuong tac nay dugc hd tro bang gia 1ap DFT gitta guanidinium va vong
thom ctia amino acid nhu phenylalanine, cho thay tuong tac kép (H-bond + cation—
m)[139]. Bat chap khong thudc cdu trac purine, co ché nay phu hop voi cac dang non-
purine XO inhibitors nhu febuxostat, von dugc phat trién dua trén céc twong tac phtc
tap tai vung xuc tac XO.

Ngoai cac dic diém co ban vé hydroxyl va vong thom, mét sé bao céo gan ddy ciing
nhan manh vai tro ciia nhém methoxy (~OCHs), dudng glycoside, hoic lién két khong
gian giita vong A—C—B trong 6n dinh cu hinh lién két voi enzyme [122; 140]. Trong
s6 cac hop chat phan 1ap, cdu tric cia G-14 va G-13 cho thdy mirc d6 phu hop gan
nhu t6i uu véi cac yéu td nay, gop phan giai thich cho hoat tinh sinh hoc vuot trdi.
Bén canh cac hop chat flavonoid, hai triterpenoid saponin phan lap duoc 1a G-8 va
G-11 ciing thé hién hoat tinh tc ché a-glucosidase kha manh (ICso lan luot 12 13,99
va 31,23 uM). Pay la nhém hop chét co cau trac khung oleanane pentacyclic, véi cac
nhém hydroxyl tai C-3 va C-28 hodc C-21 — nhiing dic diém da duoc xac dinh 1a
thanh phan quan trong trong moé hinh pharmacophore ctia cac chat wc ché a-
glucosidase khong phai flavonoid.

Céc nghién ciru gin day da chi ra ring nhom —OH tai vi tri C-3 ¢6 vai trd tao lién két
hydro véi Asp518 va Arg600 trong tai hoat dong cia enzym, trong khi nhém carboxyl

tai C-28 tao twong tac ion héa v6i ving phan cuc gan trung tdm xuc tac [140]. Su két
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hop gitra phan khung triterpen ky nuéc va cac nhém chirc phan cyc tao ra co ché tc
ché da diém (multi-point inhibition), giup ting cudng dd bén cia phirc enzym-—chat
trc ché [122]. Piu nay giai thich cho hoat tinh trc ché cao cua G-8 va G-11, va phu
hop voi1 cac dac trung da dugc ghi nhan trong cdc mé hinh pharmacophore cta
triterpen saponin.

Téng két

Cac hop chét phan lap tir Glinus oppositifolius, dic biét 1a hai flavonoid aglycon (G-
13, G-14), thé hién hoat tinh (tc ché manh trén c4 hai enzyme muc ti€u. Phan tich mbi
lién hé ciu trac — hoat tinh (SAR) cho th:fty, cac nhom hydroxyl tai vi tri C-3 va C-7
c6 kha ning hinh thanh lién két hydro véi cac amino acid tai tAm hoat dong cua
enzyme, gop phan ting cudng ai luc lién két. Hé théng vong thom véi kha ning tuong
tic m—m gitp 6n dinh phirc hop enzyme—chat @c ché, trong khi sy hién dién ctia phan
duong C-glycosid ¢6 thé anh huwong dén do tan va dinh hwéng tuong tic cua phan ti
trong tii hoat déng. Ngoai ra, khung saponin kiéu oleanane dwoc ghi nhan c6 vai tro
trong viéc duy tri twong tac ky nudce vai vung hoat ddng chira nude cua enzyme. Su
twong thich gitra cac hop chat nay véi mé hinh pharmacophore da cong bd cang khing
dinh vai trd ctia cac nhom chire va khung cau tric néi trén nhu nhitng dic diém then
chét quyét dinh hoat tinh sinh hoc.

Trén co s& két qua phan lap, xac dinh cAu tric héa hoc va danh gia hoat tinh sinh hoc
in vitro, nghién ctru da budc dau xé4c dinh dugc mot sd hop chit co tiém nang uc ché
enzyme a-glucosidase va xanthine oxidase — hai enzyme quan trong lién quan dén
bénh 1y dai thao duong 2 va gout. Tuy nhién, cac két qua ndy méi phan anh tac dong
don dich trong diéu kién in vitro va chua thé giai thich day du co ché tac dung da muc
tiéu, da co ché cua dugce litu trong th uc tién sur dung. Viéc két hop phén tich SAR
cung mo phong docking va duoc 1y mang 13 huéng tiép can can thiét dé 1am sang to
co ché tac dong toan dién cia cac hop chat hoat tinh tir Glinus oppositifolius. Do o,
dé mo rong va 1am sau sac thém cac nhan dinh tir phan thuc nghiém, nghién ciru tiép
tuc trién khai phan tich dugc 1y mang (network pharmacology) két hop mé phong
docking phén tir. Phuong phap nay cho phép tich hop dit liéu hoa hoc (bao gém ca
céc hop chat da phan 1ap va cac hop chat dugc phat hién qua phan tich phd HRMS)
v6i dit lidu sinh hoc hé thong, nham xéac dinh cac dich phan tir lién quan, ban d6 hoa
mang tuong tac protein (PPI), va nhan di€n céc con duodng sinh hoc (KEGG
pathways) tiém niang. Py 1a budc tiép can theo hudng “da dich — da con duong”,
phul hgp vai ban chat phic tap ctia cac bénh chuyén hoa nhu Déi thdo duong va Gout.
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Viéc sang loc va mé phong tuong tac giita cac hop chit va cac dich bénh hoc qua
docking phén tir con déng vai trd nhu mot cong cu kiém ching bd sung, gitp danh
gid kha nang tuong tac tai vi tri hoat dong, ttr d6 nang cao dd tin cay cho cac phat
hién tir in vitro. Nguge lai, cac két qua tir duoc Iy mang ciing hd trg 1am sang to co
ché tac dong sau hon cua cac hop chat di duoc chtirng minh c6 hoat tinh sinh hoc,
dong thoi goi y thém cac muc tiéu phan tir méi va hudng nghién ctru phat trién tiép
theo.

Nhu vay, phan phan tich duoc 1y mang va docking khong chi dong vai tro bd tro ma
con 1a bude phat trién tt yéu nham két ndi, hé thong hoa va nang cao gia tri khoa hoc
ctia cac két qua nghién ctru hoa hoc va sinh hoc, gop phan hoan chinh burc tranh toan
dién vé tiém nang duoc 1y cta cay Glinus oppositifolius.

3.4. Du doan co ché tic dung va hoat chit quan trong ciia Rau ding dit trong
diéu tri bénh Pai thiao duong typ 2

3.4.1. Sang loc hop chit va xdy dung mang lwéi hoat chit — dich tic dong
(Compound-Target Network)

Thong qua phan tich UPLC-HRMS phat hién dugc 32 hop chat két hop véi dir liéu
thue nghiém gitp xac dinh dugc tong cong 43 hop chat co trong cdy Rau ding dat.
Bang 3.26 cho thay thoi gian luu, cac gid tri m/z thir nghiém va tinh toan, cong thirc
phan ti, sai s6 tinh bang phan triéu (ppm). Sai sé khdi lugng cua tt ca cac hop chat
dugc xac dinh 1a nhé hon 5 ppm.

Sau khi 4p dung tiéu chi sang loc theo quy tic Lipinski, 34 hop chit dugc chon 13 cac
hop chat c6 tiém ning dugc 1y (Bang 3.27). Quy tic Lipinski duoc xay dung dya trén
cac tiéu chi lién quan dén trong lwong phan ttr, phan bd dau/nude (LogP), va kha ning
hinh thanh lién két hydro (s lugng nhom cho va nhan lién két hydro). Trong khi do,
cac hop chat dang glucosid thudng co trong luong phan tir 16n hon (do ¢6 thém phan
duong), ddng thoi chira nhiéu nhém hydroxyl, lam ting sé lugng nhém cho/nhan lién
két hydro, tir 46 d& dan dén vi pham cac tiéu chi cua quy tic ndy. Do viy, trong qua
trinh sang loc in silico, phan 16n cac hop chét glycosid bi loai bo vi khong dat chuan,
trong khi cac aglycon — v&i cau triic nho gon, it phan cuc hon — lai thoa mén tt cac
tiéu chi va duoc giit lai dé phan tich tiép theo.

Duya trén nén tang SwissTargetPrediction, tir 34 hop chat niy, 831 dich tac dong tiém
nang duoc du doan. Khi ddi chiéu véi 2446 dich lién quan dén bénh Pai thao dudng
typ 2 (thu thép tor GeneCards va OMIM), 326 dich trung khdp dugce xac dinh 1a cac
dich tac dong tiém nang (Biéu d6 Venn -Hinh 3.22).

Mang ludi hoat chat — dich tic dong dugc xdy dung bao gom:
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e 360 nat: 34 nut hop chat (hinh thoi, mau cam) va 326 nat dich tac dong (hinh tron,

mau xanh 14).

o 1545 canh thé hién mdi tuong tac gitta hop chat va dich tac dong (Hinh 3.23).

Ba hop chét co d6 trung tdm cao nhat trong mang 1a:
1. Acid 3-oxo-olean-12-ene-28,30-dioic (DC =57, BC =0,0651, CC = 0,3925)

2. 6,8-Dimethyl-5,7,4'-trihydroxyflavone (DC = 54, BC = 0,0334, CC = 0,3897)

3. 7-Hydroxy-5-methoxy-6,8-dimethylflavone (DC = 54, BC = 0,0327, CC =

0,3897)
Bang 3.26. Céac hop chét trong ciy Rau ding dat duoc xac dinh tir UPLC — HRMS
Thoi
STT  gian Manh ion m/; Sai b Tén hop chit CTPT Cic phan manh
(phit)
1 1,25 [CsHsO5+H]* 153,0541 3,47 Acid p-anisic CsH;O 107,0495
> sMgU3 > 5 p 8133 [CsHs03-COOH]"
2 1,27 [C7HsO,-H] 121,0287 2,35 Acid benzoic C/HeO2  93,0335[CeH;sO]
, 120,0809 [CsHioN]*
3 2,66  [CoH;NO+H]*  166,0865 -0,81 L-Phenylal CoH;1NO
> [CoH11NO>+H] > > enylalanin or111NO2 103,0546 [CsHy]*
4-Hyd
4 279  [CsHOxtH]  137,0596  -0,55 yaroxy CsHsO:  119,0492[CsHsO2-OH]*
acetophenol
i L-(-)-(N- )
5 4,83  [CisHxN4O5-H]  303,1465 4,56 _ .. CisHaoN4O3  131,0493 [CoH,0O]
cinnamoyl)-arginin
o 473,1096[C23H2:011]
6 5,29 CyH300is-H  593,1517 2,65 \% 2 C27H300
[C27H30015-H] icenin 27H30015 325.0714[C1sH1s0]
178,0267[CoHOu]
7 5,41 [C10H1004-H]' 193,0504 4,22 Acid trans-ferulic CioH1004 149,0601[C9H902]"
134,0366[CsH4O]
o , 132,0524[CoH50]"
8 5,37 CoHsO,+H]* 149,0598 0,70 Acid CoHsO
R [CoHsO2+H] R R cid cinnamic 9HgO> 103,0546[CsHy]*
283,0015[Ci6H110s]
9 593  [CyHxOn-H]  431,0984 2,52 Vitexin C2iHaO10  161,0240[CoHs0s]"
117,0335[CsHsO]
2P 579,1498[C3H27012]"
10 694 CasHzO+H]®  741,2020 0,75 C lvitexin 7-  CseH36O ’
) [C3sH36017+H] ) , oumaroylvitexin oHsa01 1 0601[C1sHLOs]"
glucosid
C3sHss011S+HC
1 g5 L©¥ 5(?)0‘]1_ 731,3681 0,68 Spergulin A CasHssO1S  685,3633[CasHssO11-H
12 875  [CsHssOstH]*  619,4220 1,55 Glinusopposid H Cols0y 014110
5 3615808 s 5 pp 36H158U8 [C36HssOs-OH]*
13 879  [CsHeOw-HI  653,4276 2,58 Glinosid C CscHe2O10  491,3741[C30Hs,05]"
_ _ 163,0394[CoH05]"
14 8,80 CoHsO4+H]* 181,0500 2,40 Acid caff CoH5O
: [CoHsO,+H] . : cié cattere P 135,0444[CsH-0,]
15 8,94 [C33Hs5206Na]* 567,3662 0,60 Glinusopposid N C33Hs5206 545,3851[C33Hs206+H]"
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Thoi
STT  gian Minh ion m/z Sai 6 Tén hop chit CTPT Cac phan méanh
(phut)
7-Hydroxy-5-
281,1159[CisH1304-
16 9,00 [CisH1sO4+H]* 299,1270 -2,49 methoxy-6,3- CisHi304 OH]’+ [CisH1504
dimethylflavanon
3-Hyd -5,7-
. YEToXy 30,1107
17 9,03 [C1oH1305+H] 327,1220 -3,24 dimethoxy-6,8- C1oH130s N
. [Ci9H1505-OH]
dimethylflavone
457,3687
18 9,17 C30Hs5004+H]* 475,3792 2,22 S 1 in-A C30Hs00. ’
5 [C30Hs50041H] , 5 pergulagenin 305004 [C3oHsoO4-OH]+
7-Hyd -5-
. YEToxY 267,1004
19 9,20 [Ci7H1604+H] 285,1126 1,66 methoxy-6- Ci17H 1604 N
[Ci7H1604-OH]
methylflavanon
6,8-Dimethyl-5,7,4'- 283,0613[C16H,105]"
20 979  [CrHWOstH]* 2990926 4,08 O-DIMETY =, /s C17H140; 0613[CreH O
trihydroxyflavone 207,0663[C11H1104]
H 5.
7-Hydroxy-5 279,1024
21 10,15 [Ci1sH1604+H]" 297,1114 -2,61 methoxy-6,8- CisHi604 .
. [CisH1604-OH]
dimethylflavon
22 10,77 [CaoHs560+H]* 569,4379 3,51 Lutein C40Hs60, 205,1590[C14H2,0]*
5,7-Dihydroxy-6,8- 267,0656[Ci6H1104]"
23 10,80 Ci7H1404+H]* 283,0970 0,57 Ci7H140
’ [CirH10stH] ’ ’ dimethylflavone TR 99,0550[CeHA T
3-Oxo-olean-12-ene-
24 11,14 [CyHuOsH] 4833125 4,07 FOTOTEAN LIS CyoHuOs  439,3221[CasHisOs]
28,30-dioic acid
453,3347[C30Ha604-
25 11,24 [C30H46O4+H]" 471,3477 1,64 Spergulagenin-C C30H460 OHJ"
> 304604 > 5 pergulag 30H46U4 425,3417[C30HacOs-
COOH]"
5,4'-Dihyd -7-
. TRy 295,0953[C15H160s-
26 11,27 [CisH1605+H] 313,1062 2,72 methoxy-6,8- CisH160s OHJ*
dimethylflavone
459,3466[C29H4g0s-
3B,12B,16B,21B,22- OHJ*
27 11,61 CaoHusOs+H]* 477,3578 0,40 C2oHu30
[CooHasOsH] Pentahydroxyhopan PEIES 431,3515[CasHusOs-
COOH]"
455,3502[C30Hag04-
28 12,17 [C30HasO4+H]* 473,3615 2,29 Spergulagenin-B C3oH430 OHJ"

) 304804 ) > pergulag 304804 427.3567[CsoHaOs-
COOH]"
457,3289[C29Ha60s-

12B, 168, 21B, 22- OH]; [CaoHasOs
29 12,62 CooH460s+H]* 475,3402 -1,59 Tetrahyd h - C29H460
) [CaoHasOs+H] ) > ctra y3roxy opan 20H4605 429.3346[Ca0H1c0s-
-on
COOH]*
[C29Hs500O+H- . 411,3619[C29H47,0]"
30 13,15 413,3770 -2,04 Beta-sistosterol C2oHs500
: 2H]* . ’ cta-sistostero P 397 3820[CasHas]"
. 136,0167[C7H40s3]
31 13,14 CsHgOs3-H] 151,0403 4,50 Vanil CsHsO
: [CsH50-H] ’ : antm S 108,0214[CeHL05]
32 14,36 [C30H50+H]+ 41 1,3974 -2,74 Squalen C3()H5() 11 1,1 171 [C3H15]
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Bang 3.27. Danh sach 34 hop chét cia ciy Rau déng dat duoc du doan dich tac dong

Ki hiéu Tén chat
HG 1 7-O-methyl wogonin
HG 2 Kaempferol
HG 3 Apigenin
HG 4 Vitexin (apigenin 8-C-f-D-glucopyranoside)
HG 5 Vicenin-2 (apigenin 6,8-di-C-f-D-glucopyranoside)
HG 6 6,8-Dimethyl-5,7,4'-trihydroxyflavone
HG 7 5,7-Dihydroxy-6,8-dimethylflavone
HG 8 5,4'-Dihydroxy-7-methoxy-6,8-dimethylflavone
HG9 7-Hydroxy-5-methoxy-6,8-dimethylflavanone
HG 10 3-Hydroxy-5,7-dimethoxy-6,8-dimethylflavone
HG 11 7-Hydroxy-5-methoxy-6,8-dimethylflavone
HG 12 7-Hydroxy-5-methoxy-6-methylflavanone
HG 13 3-0O-4-D-xylopyranosyl-spergulagenin A
HG 14 Spergulagenin-A
HG 15 Spergulagenin-B
HG 16 Spergulagenin-C
HG 17 3B,12B,16pB,21pB,22-Pentahydroxyhopan
HG 18 128, 16pB, 21B, 22-Tetrahydroxyhopan-3-on
HG 19 Acid 3-0xo0-olean-12-ene-28,30-dioic
HG 20 Glinusopposide H
HG 21 Glinusopposide N
HG 22 4-Hydroxy acetophenol
HG 23 Squalen
HG 24 Lutein
HG 25 Acid caffeic
HG 26 Acid benzoic
HG 27 Vanillin
HG 28 Acid cinnamic
HG 29 L-(-)-(N-cis-cinnamoyl)-arginin
HG 30 Acid trans-ferulic
HG 31 Acid p-anisic
HG 32 Beta sisterol
HG 33 L-Phenylalanin
HG 34 L-(-)-(N-trans-Cinnamoyl)-arginin
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T2DM
Hinh 3.22. Biéu d6 Venn ctia Glinus oppositifolius va Dai thao duong typ 2
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Hinh 3.23. Mang ludi hoat chat — dich tac dong. Trong d6, nit kim cuong mau
cam dai dién cho 34 hoat chat, sy thay ddi kich thudc theo sé canh lién két,
326 nut tron xanh 14 dai dién cho 326 dich tiém nang.
3.4.2. Xay dung mang lu6i Twong tac Protein — Protein (PPI, Protein — Protein
interaction)
Tur 326 dich tac dong tiém nang, mang PPI duoc xdy dung st dung co s¢ dit liéu
STRING-db v&i db tin cdy cao. Két qua ban dau thu dwgc mang gom:
o 326 nut (dai dién cho protein)
o 7297 canh (tuong tac gilra cac protein) —Hinh 3.24A
Mang nay sau d6 duoc phan tich bang Cytoscape 3.10.2 va plugin CytoNCA. Dya
trén cac chi sd d6 trung tam (DC > 100, BC > 0,0049, CC > 0,59), 28 protein trung
tam duoc chon dé xay dung mang PPI rit gon véi 374 canh (Hinh 3.24B).
Cac protein trung tam ndi bat gém: AKT1, TNF, IL6, ALB, TP53, SRC, EGFR,
STAT3, PPARG. DPiy 1a cac dich quan trong trong co ché tac dong ctia hop chét tir
Rau ding dit.
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(A) (B)
Hinh 3.24. Mang PPI Rau ding dit — Dai thao dudng typ 2 bao gdm mang (A) dugc xay

dung tir cac protein tiém ning thu duoc tir co s& dit liéu STRING-db gdm 326 ndt va 7297
canh. Trong d6, cac canh déu duoc td mau theo loai trong tac da duoc xac minh (biéu dién
trong hinh). Mang (B) dugc loc tir mang (A) dya trén gia tri DC, BC, CC, mang gom 28 nit
va 374 canh. Nut co6 gia tri DC cang 16n thi cang c6 mau do6 hon va kich thudc 16n hon.

3.4.3. Phan tich chirc ning Gene Ontology (GO)
Phan tich GO duoc thuc hién trén 326 dich tiém nang, chia thanh ba nhom:

« BP (Biological Process): phan tng v4i hoa chat (GO:0042221), phan tng véi
hop chét chita oxy (GO:1901700), dap g véi kich thich (GO:0070887)...

« CC (Cellular Component): mang vi mién (GO:0098857), phirc hop thy thé
(GO:0043235)...

« MF (Molecular Function): hoat dong cua thu thé protein tyrosine kinase
(GO:0004714), hoat dong thu thé nhan (GO:0004879)...

Téng cong ¢ 1120 chirc ning GO ¢ ¥ nghia théng ké (FDR < 0,05). 20 chtic ning

n6i bat nhat cia mdi nhom dugce biéu dién bang biéu do cot (Hinh 3.25A, B, C), cho

thay vai tro chu dao cua céac dich trong phan trng véi stress, viém va truyén tin hi¢u.

Response to chemical =

Response to oxygen-containing compound =
esponse to organic substance =

Cellular response to chemical stimulus =

Reg. of biological quality =

Cellular response to oxygen-containing compound =
Reg of multicellular organismal proc. =

esponse to endogenous stimulus =

-log10(FDR)
60

70
80

Reg. of localization =

Response to external stimulus =

Cellular response to organic substance =
Response to organonitrogen compound =
Response to nitrogen compound =
Response to stress =

Reg. of signaling =

Reg. of cell communication =

Cell population proliferation =
Intracellular signal transduction =

Reg. of cell population proliferation =
Reg. of response to stimulus =

(l) 5IO 1(.10 1;0 2;)0
N. of Genes
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(A)

Receptor complex

Membrane raft

Membrane microdomain

Axon

Integral component of presynaptic membrane
Distal axon

Intrinsic comgonem of presynaptic membrane
Plasma membrane signaling receptor complex
Caveola

Presynaptic membrane

Plasma membrane raft

Neuron projection terminus

Integral component of synaptic membrane
Phosphatidylinositol 3-kinase complex class 1A
Phosphatidylinositol 3-kinase complex class |
Axon terminus

Intrinsic component of synaptic membrane
Myelin sheath

Phosphatidginositol 3-kinase complex

rotease inhibitor complex

-log10(FDR)
5
10
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TIO 2l0 SIO 4.0
N. of Genes
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(B)

Transmembrane receptor protein tyrosine kinase activity
Nuclear receptor activity

Ligand-activated transcription factor activity

Nuclear steroid receptor activity

Calcium-dependent protein serine/threonine kinase activity
Calcium-dependent protein kinase C activity

MAP kinase kinase activity

Histone kinase activity

Phosphatidylinositol 3-kinase activity

Catecholamine binding

MAP kinase activity

Phosphatidylinositol kinase activity

Growth hormone receptor binding

Neurotrophin receptor binding

Bile acid binding

Long-chain fatty acid binding

Prostanoid receptor activity

Death domain binding

STAT family protein binding

Transferrin receptor binding

-log10(FDR)
5
10
15

0 5 1'0 1I5
N. of Genes
©
Hinh 3.25. Biéu do phan tich chirc nang GO céac gen tiém nang cua Rau dang dat trong
diéu tri Péi thao dudng typ 2. Theo thir tu hinh (A) 14 biéu dd cua cac chirc ning GO-BP,
hinh (B) 14 biéu d6 cua cac chirc ning GO-CC va hinh (C) 1a biéu d6 cua cac chirc ning
GO-MF. Mbi biéu d6 bao gdm 20 chirc ning quan trong nhat dua trén sb gen tiém ning.
3.4.4. Phan tich con dwong sinh h6a KEGG
Phan tich KEGG xac dinh 239 con duong sinh hoa c6 lién quan (FDR < 0,05). 20 con

duong hang dau dugc thé hién trong biéu dd bong bong (Hinh 3.26). 5 con duong
ndi bat nhat gom:

1. EGFR tyrosine kinase inhibitor resistance (hsa01521)

Prostate cancer

AGE-RAGE signaling pathway in diabetic complications

Endocrine resistance

A

HIF-1 signaling pathway
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Trong d6, so d6 chi tiét con duong EGFR tyrosine kinase inhibitor resistance voi cac
gen dich cta Rau ding dat duoc t6 d6 dugc trinh bay ¢ Hinh 3.27.
Céc con dudng nay lién quan dén dé khang insulin, viém va stress oxy hoa — 1a nhiing

co ché bénh sinh chinh ctia bénh Dai thio dudng typ 2.

EGFR tyrosine kinase inhibitor resistance = [
Prostate cancer = [ J N. of Genes
AGE-RAGE signaling pathway in diabetic complications = [ e 15
Endocrine resistance = [ ] ° 20
HIF-1 signaling pathway - @

Pancreatic cancer = o ® 25
PD-L1 expression and PD-1 checkpoint pathway in cancer = ® ® 30
Non-small cell lung cancer - [ ] ® 35

ErbB signaling pathway = ([ ]

Glioma - [ ]
Prolactin signaling pathway = ®
Central carbon metabolism in cancer - ° -logl0(FDR)
Chronic myeloid leukemia = ® ® 15
Acute myeloid leukemia - [ ] ® 20
Melanoma = ® ® 25
VEGEF signaling pathway - [ ® 30
Endometrial cancer= @
Bladder cancer = L] ® 35
Type Il diabetes mellitus - . ® 40
Aldosterone-regulated sodium reabsorption = .
1

1 1 1 1
22.5 25.0 27.5 30.0 325
Fold Enrichment

Hinh 3.26. Biéu do 20 con dudng sinh hoa khi phan tich Kyoto Encyclopedia of Genes and
Genomes (KEGG). Truc x biéu thi gié tri Fold Enrichment, gié tri ndy cang 16n thé hién kha
nang dai dién cho con duong tuong tng cua cac dich tac dung tiém ning cang cao. Mau sic cta
cham tron dai dién cho con dudng biéu thi gia tri -logioFDR, -logioFDR cang 16n, kha ning
phat hién con dudng cang chinh xéc. Cham tron trén truc dai dién mdi con duong thé hién sb
luong gen lién quan dén con dudng.



99

EGFR TYROSINE KINASE INHIBITOR RESISTANCE |

Pancreatic N
@ (Glioma

Non-small cell
lung cancer

(" ERBB signaling
pathay

tyrosine

EGFR ty
kinase ihubitors

EGFR mutation
[~~~ (Gefitinib
= Okrlotinib

A AR
b T TTTTTTTTT T T T T T T T ~ LY
T ~ Differentiation
~ - N
\f - 4 Gowh
@ o—*[Bm |-* Proliferation
o
- « Survival
-
c-Met amplification / _______________________ // // Motility
HGF overexpression G \ / /4
-L> \ FA I Jv—
IGFR abnormality \\ MAPK signaling / fj !
“ \ ey ; /
/
EGFRYI] \"-—'-—F' ****** +0——— !
[ zoFe | KRAS  BRAF DNA £
JEGFVEGE ow expeeic mutstion  mutation
-y e Om fo
[FEGF] = fo
!
PDGFPDGFR [ Bax | F
abnormality Impairment of ; .‘ﬂ
FLGF apoplotic pativay w / o
[ A — 4o
abnomality [Bim_}
[FeE —» Bim BH3 [eaz] /
deletion ,[
AXL overexpression ondrio !
- - Mitochondrion f’
L6 abnormality T3 Epitheltal mesenchymal transition (EMT) — —— ————— — — —— — —— = —— —— -~
I
L - i,
Data on KEGG graph
\ \ /
‘ A \ A , , A . . .
Hinh 3.27. So d6 con duong dé khang trc ché tyrosine kinase EGFR (hsa01521, EGFR tyrosine

Rendered by Pathview
kinase inhibitor resistance) cac nut duoc boi do 1a cac gen dich cua thanh phan hoat chat Rau

dang dat trong diéu tri Dai thdo duong typ 2

3.4.5. Phan tich docking phan tir
Docking phan tir duoc tién hanh gitta 3 hop chét chinh véi 9 protein dich trung tam
nham x4c nhan ai lyc lién két. Quy trinh docking duoc danh gia 1a dang tin cy véi

RMSD tir 0,835-1,244 A (RMSD < 2 A).

Céc t6 hop co6 nang lugng lién két manh nhat:
Acid 3-Oxo0-olean-12-ene-28,30-dioic — ALB: -10.1 kcal/mol

7-Hydroxy-5-methoxy-6,8-dimethylflavone — TNF: -9.9 kcal/mol

Acid 3-Oxo0-olean-12-ene-28,30-dioic — SRC: -9.4 kcal/mol
Két qua chi tiét thé hién & Bang 3.28, va cac ciu tric lién két n6i bat minh hoa tai

Hinh 3.28.

Trong s céc to hop ligand—protein, phirc hop gitra acid 3-oxo-olean-12-ene-28,30-

dioic va albumin (ALB) thé hién niang lugng lién két thap nhat, phan anh &i lyc tuong

tac manh gitta ligand va protein dich. Albumin la protein van chuyén chinh trong
huyét tuong, dong thoi c6 vai trd diéu hoa ndong do acid uric — mot yéu té chuyén hoa
c6 lién quan dén dé khang insulin va Déi thdo duong typ 2 [141]. Ligand nay hinh
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thanh nam lién két hydro 6n dinh véi cac gbc acid amin LYS A:195, LYS A:199,
ASP A:451, TYR A:452 va ARG A:222, gitp cb dinh céu trac phan ti tai ving gan.
Bén canh do6, cac tuong tac Van der Waals véi cac acid amin nhu TRP A:214, ARG
A:218, GLU A:292, VAL A:343... gop phan gia ting d6 6n dinh cua phutc hop. Pang
chu y, su hién di¢n cua twong tac alkyl véi CYS A:448 nhan manh vai trd cta luc ky
nude trong viée duy tri cAu tric lién két. Tap hop cac twong tac manh — yéu va su phu
hop vé& mit dién tich véi cac acid amin tich dién dwong nhu ARG va LYS ching to
kha ning gan dich hiéu qua va bén vimg cua ligand ny véi ALB.

Dbi voi hop chat 7-hydroxy-5-methoxy-6,8-dimethylflavone, két qua docking véi
TNF (Tumor Necrosis Factor) — mot cytokine viém lién quan dén co ché bénh sinh
ctia Pai thdo dudng typ 2 — cho thiy ligand chu yéu tuwong tic qua cac luc ky nude
Va cac m-twong tac gitta nhan thom ctia ligand véi cac acid amin c6 chudi bén aliphatic
va vong thom. Lién két hydro duy nhat hinh thanh véi TYR C:227 déng vai tro neo
giit phan tir tai vi tri gan. Cac tuong tac n—m va n—alkyl phong phu, dic biét voi LEU
133, TYR 135 va ILE 231 (thudc cac chudi A, B, C), goi y kha ning gin vao mot
ving hoat dong lién chudi, cho thiy tiém ning diéu hoa TNF thong qua tc ché twong
tac hodc 6n dinh cau tric protein. Nhiing dic diém nay mé ra trién vong phat trién
flavonoid nay nhu mét tac nhan chong viém c6 lién quan dén diéu hoa dap Gmg insulin
[142].

Ngoai ra, phirc hop gifra acid 3-oxo-olean-12-ene-28,30-dioic vdi SRC kinase — mot
protein tyrosine kinase tham gia vao con dudng tin hiéu viém va chuyén héa — ciing
cho thiy twong tac dang cht ¥ [143]. Ligand tao mot lién két hydro bén vimg voi
ARG A:156, twong tac alkyl véi LEU A:398, cung hé théng van der Waals day dic
v6i cac acid amin bao quanh ving gin. Nhitng twong tac nay thé hién su twong thich
vé khong gian va héa hoc, hd tro kha ning ¢ ché SRC kinase. Trong bdi canh bénh
1y viém man tinh va khang insulin, day c6 thé 1a mot hudng tiép can tiém nang trong

thiét ké thubc diéu tri Pai thao duong typ 2 hodc bénh lién quan.

Bang 3.28. Ning lugng gin két giita hoat chét quan trong va dich tac dong tiém ning

Protein dich Ning lwong gin

Hop chit tiém niing

(PDB ID) két (kcal/mol)
AKT1 Acid 3-Oxo-olean-12-en-28,30-dioic 9,1
@4GV1) 6,8-Dimethyl-5,7,4'-trihydroxyflavone -8,1
7-Hydroxy-5-methoxy-6,8-dimethylflavone -8,1
Acid 3-Oxo-olean-12-en-28,30-dioic -8.3
TNF (7JRA)

6,8-Dimethyl-5,7,4'-trihydroxyflavone -8.5
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7-Hydroxy-5-methoxy-6,8-dimethylflavone -9.9
Acid 3-Oxo-olean-12-en-28,30-d1oic 7.9
IL6 (1ALU) 6,8-Dimethyl-5,7,4'-trihydroxyflavone -6,7
7-Hydroxy-5-methoxy-6,8-dimethylflavone -6,4
Acid 3-Oxo-olean-12-en-28,30-dioic -10,1
ALB (4E99) 6,8-Dimethyl-5,7,4'-trihydroxyflavone -8,3
7-Hydroxy-5-methoxy-6,8-dimethylflavone -8,0
Acid 3-Oxo-olean-12-en-28,30-dioic -8,7
TP53 (5AB9) 6,8-Dimethyl-5,7,4'-trihydroxyflavone -7,6
7-Hydroxy-5-methoxy-6,8-dimethylflavone -7,7
Acid 3-Oxo0-olean-12-en-28,30-dioic 9.4
SRC (2H8H) 6,8-Dimethyl-5,7,4'-trihydroxyflavone -9,4
7-Hydroxy-5-methoxy-6,8-dimethylflavone -9,3
Acid 3-Oxo-olean-12-en-28,30-d1oic -7.,9

EGFR . P
(3W33) 6,8-Dimethyl-5,7,4 -tr1hydr0xyﬂavone -8,8
7-Hydroxy-5-methoxy-6,8-dimethylflavone -8,9
Acid 3-Oxo-olean-12-en-28,30-d1oic -7.,9

STAT3 . P
(6NUQ) 6,8-Dimethyl-5,7,4 —trlhyd.roxyﬂavone -7,3
7-Hydroxy-5-methoxy-6,8-dimethylflavone -6,9
PPARG Acid 3-Oxo0-olean-12-en-28,30-dioic 9,3
(85C9) 6,8-Dimethyl-5,7,4'-trihydroxyflavone -7,9
7-Hydroxy-5-methoxy-6,8-dimethylflavone -7,9
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(a) (b)

(¢

Hinh 3.28. Cac tu thé gan két ctia phtic hop protein — ligand c6 niang luong lién két
manh nhét. (a) 3-oxo-olean-12-ene-28,30-dioic acid — ALB (b) 7-hydroxy-5-
methoxy-6,8-dimethylflavon — TNF (c) 3-oxo0-olean-12-ene-28,30-dioic acid —
SRC (Nét xanh 14: lién két hydro, nét tim: lién két n-6, nét hong dam: lién két n- ,
nét hong nhat: lién két alkyl, n-alkyl)

3.4.6. Tong két co ché tac dung tiém ning
Cac két qua phan tich mang cho thiy co ché tac dung tiém ning ctia Rau dang dat
trong diéu tri Dai thdo duong typ 2 la:
« Giam dé khang insulin thong qua tac dong dén AKT1, PPARG va con duong
EGFR resistance.[144; 145; 146]
« Giam bién chirng Pai thiao dwong thong qua tic dong dén con duong AGE-
RAGE, HIF-1, va STAT3. [147; 148; 149]
 Khang viém — chdng oxy héa: nham dén cac dich TNF, IL6, TP53. [150; 151;
152]
Tac dong duge 1y cia Rau dang dat 1a két qua cia sy két hop giira cac flavonoid va
triterpenoid. Ca hai nhom chat nay déu c6 bang chimg khoa hoc hd tro tic dung diéu
hoa glucose, khang viém va bao vé té bao beta tuy.
Ba hop chit quan trong nht 1a:

1. Acid 3-Oxo-olean-12-en-28,30-dioic (triterpenoid)

2. 6,8-Dimethyl-5,7,4'-trihydroxyflavon (flavonoid)
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3. 7-Hydroxy-5-methoxy-6,8-dimethylflavon (flavonoid)
Céc hop chét nay déu c6 ai luc lién két tét voi dich dich trung tam va gdp phan giai
thich 15 co ché tac dong tiém ning cua Rau ding dét trong diéu tri Dai thao duong

typ 2.
3.5. Duw doan co ché tic dung va hoat chit quan trong ciia Rau ding dat trong
diéu tri bénh Gout
3.5.1. Sang loc hop chiat va xiy dung mang lw6i hoat chat — dich tac dong
(Compound-Target Network)
Thong qua phan tich UPLC-HRMS va thyc nghiém, di xac dinh dugc tong cong 43
hop chit co trong cdy Rau ding dat. Sau khi ap dung tiéu chi sang loc theo quy tic
Lipinski, 34 hop chat dugc chon 14 cac hop chat co tiém ning dugc Iy (Bang 3.27)
Dua trén nén tang SwissTargetPrediction, tir 34 hop chat nay, 831 dich tic dong tiém
ning duoc du doan. Khi ddi chiéu véi 1260 dich lién quan dén bénh Gout (thu thap
tor GeneCards va OMIM), 149 dich trung khép dugce xac dinh la cac dich tdc dong
tiém nang (Biéu d6 Venn —Hinh 3.29).
Mang ludi hoat chat — dich tic dong duoc xdy dung bao gom:
« 183 nut: 34 nat hop chat (hinh chit V mau cam) va 149 nut dich tic dong (hinh
tron mau xanh 14).
« 751 canh thé hién mdi twong tac gitta hop chat va dich tac dong (Hinh 3.30).
Ba hop chét c6 d6 trung tdm cao nhét trong mang 1a:
1. Acid trans-ferulic (DC = 30, BC = 0,0794, CC = 0,4217)
2. 7-hydroxy-5-methoxy-6,8-dimethylflavon (DC = 30, BC = 0,0419, CC =
0,4217)
3. Lutein (DC =30, BC =0,0728, CC =0,4193)
GO

R
GOUT
Hinh 3.29. Biéu d6 Venn cua Glinus oppositifolius va Gout



Hinh 3.30. Mang luéi hoat cht — dich tac dong. Trong do, nit chitr v mau cam dai
dién cho 34 hoat chét, su thay ddi kich thude theo sb canh lién két, 149 nat tron xanh 14
dai dién cho 149 dich tiém nang.

Két qua phan tich mang twong tac giita hop chat — dich — bénh cho thay acid trans-

ferulic c6 két ndi voi sé lugng dich tic dong nhiéu nhat so v6i cac hop chat khac
trong mau nghién ctru, bao gdm céac enzyme va protein diéu hoa qua trinh chuyén hoa
purin, phan Gng viém va stress oxy hoa — nhitng yéu té trung tam trong co ché gay
bénh Gout.

Péng chu ¥, acid trans-ferulic khong chi dugc du doan 1a hop chat da dich trén 1y
thuyét, ma con da dugc phan 1ap va danh gia thuc nghiém vé kha ning trc ché enzyme
xanthine oxidase — enzyme then chét trong con dudng sinh tong hop acid uric. Két
qua thir nghiém in vitro cho thay acid trans-ferulic c6 hoat tinh (¢ ché manh, véi gia
tri ICso dat 87,40 + 1,96 pM. Pay 1a mot két qua e ché manh, dic biét khi so sanh
v6i cac hop chit thién nhién khac, va cho thdy kha niang gin két hiéu qua gitra hop
chat nay véi trung tim hoat dong clia enzyme muc tiéu.

Su két hop gitra bang chung 1y thuyét (in silico) va thuc nghiém (in vitro) cing cb
vai tro tiém ning cta acid trans-ferulic nhu mot hop chat tiém ning trong dinh hudng
phat trién thude diéu tri Gout c6 ngudn gde ty nhién. Hon nita, vdi ciu triic don gian,
6n dinh va kha nang tdn tai phé bién trong céc loai thuc vat, acid trans-ferulic co thé
duogc khai thac hiéu qua va téi uu hoa vé duge dong hoc va doc tinh trong cac nghién

ctru tiép theo.
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3.5.2. Xay dung mang ludi twong tac Protein — Protein (PPI, Protein — Protein
interaction)

Tir 149 dich tac dong tiém ning, mang PPI duoc xdy dung sir dung co s& dit lidu
STRING-db. Sau khi loai bo 3 dich khong c6 tuwong taic (GLRA2, PLAA, GLRA1),
mang ban dau thu duoc:

o 146 nut

o 1808 canh —Hinh 3.31 A

Mang dugc xtt Iy bang Cytoscape 3.10.2 va plugin CytoNCA. Sau loc céc dich trung
tam (DC > 40, BC > 0.0029, CC > 0.5513), mang PPI rtt gon gém:

e 22nutva218 canh (Hinh 3.31 B).

Céc dich trung tAm ndi bat: IL6, ALB, TNF, TP53, SRC.

Hinh 3.31. Mang PPI Rau ding dat —Gout bao gdm Mang (A) dugc xay dung tir cac
gen tiém ning thu duoc tir co sé dir liéu STRING-db gom 146 nut va 1808 canh. Trong
d6, cac canh déu dugc t6 mau theo loai tuong tac da dugc xac minh (biéu dién trong
hinh). Mang (B) duoc loc tir mang (B) dua trén gia tri DC, BC, CC, mang gém 22 nat
va 218 canh. Nut co gia tri DC cang 16n thi cang c6 mau do6 hon va kich thudc 16n hon.

3.5.3. Phan tich chirc ning Gene Ontology (GO)

Phan tich GO dugc thuc hién trén 146 dich tiém nang, chia thanh ba nhom:

« BP (Biological Process): phan tng véi hop chét chira oxy (GO:1901700), phan
g cua té bao véi kich thich héa hoc (GO:0070887), phan ung véi chét hitu co
(GO:0010033)...

« CC (Cellular Component): phtic hop thu thé (GO:0043235), mang sinh chat
(GO:0005886), mat bén cua mang (GO:0098552)...

« MF (Molecular Function): lién két phan tor nho (GO:0036094), hoat dong
protein tyrosine kinase (GO:0004713)...

Tong cong co 862 chirc ning GO c6 y nghia théng ké (FDR < 0,05). 20 chirc ning
ndi bat nhat cia mdi nhém dugc trinh bay bang biéu d6 cot (Hinh 3.32 A, B, C).
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Hinh 3.32. Biéu dd phan tich chtrc ning GO céc gen tiém ning ctia Rau ding dét
trong diéu tri Gout. Theo thi tir hinh (A) 13 biéu dd cua cac chirc ning GO-BP, hinh (B)
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1a biéu db cua cac chirc ning GO-CC va hinh (C) 1a biéu dd cua cac chirc ning GO-MF.
MB&i biéu dd bao gdm 20 chirc ning quan trong nhét dya trén sé gen tiém nang.

3.5.4. Phan tich con duwdng sinh héa KEGG
Phan tich KEGG xac dinh 200 con duong sinh hoa c6 1ién quan (FDR < 0,05). 20 con
duong hang dau dugc thé hién trong biéu d6 bong bong (Hinh 3.33). 3 con dudng
ndi bat nhat gom:
1. Pathways in cancer (hsa05200)
2. Lipid and atherosclerosis (hsa05417)
3. PI3K-Akt signaling pathway (hsa04151)
Trong d6, so dd chi tiét con duong PI3K-Akt vdi cac gen dich ciia Rau déng dat dugc
t6 do dugc trinh bay ¢ Hinh 3.34.
Cac con dudng nay lién quan dén viém man tinh, rdi loan lipid mau, va chuyén héa

acid uric — 1a céc yéu to bénh sinh chinh cua Gout.

Pathways in cancer- @
Lipid and atherosclerosis - [ ]
PI3K-Akt signaling pathway- @
Fluid shear stress and atherosclerosis - L
Coronavirus disease-COVID-19- ° N. of Genes
Hepatitis B- L ® 20
EGFR tyrosine kinase inhibitor resistance - ° ® 0
TNF signaling pathway - .
MAPK signaling pathway - @ @ 40
Proteoglycans in cancer- [
Ras signaling pathway- @
AGE-RAGE signaling pathway in diabetic complications - ° -log10(FDR)
C-type lectin receptor signaling pathway - L ® 5
Acute myeloid leukemia - o
Kaposi sarcoma-associated herpesvirus infection - L ® 20
Central carbon metabolism in cancer- J ® >
Prostate cancer- °
Chagas disease - °
Human cytomegalovirus infection- @
Insulin resistance - 0 . 1
10 15 20 25
Fold Enrichment

Hinh 3.33.  Biéu d6 20 con dudng sinh hoa khi phén tich Kyoto Encyclopedia of
Genes and Genomes (KEGG). Truc x biéu thi gia tri Fold Enrichment, gié tri ndy cang
16n thé hién kha ning dai dién cho con dudng twong Ung ciia cac dich tac dung tiém
nang cang cao. Mau sic ciia chim tron dai dién cho con duong biéu thi gia tri -
loglOFDR, -log10FDR cang 16n, kha ning phat hién con duong cang chinh xac. Cham

tron trén truc dai dién mdi con dudng thé hién s6 lugng gen lién quan dén con dudng.
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Hinh 3.34. So db con duong tin hiéu PI3K-Akt (hsa04151, PI3K-Akt signaling pathway) cac nut

duoc boi do 1a cac gen dich cua thanh phan hoat chat Rau déng dat trong diéu tri Gout

3.5.5. Phan tich docking phan tir

Docking phan tir dugc thyc hién giita 3 hop chit chinh voi 5 protein dich trung tam.
Két qua duoc trinh bay chi tiét trong Bang 3.29 va Hinh 3.35.

Céc t6 hop c6 ning luong lién két manh nhit:

o 7-Hydroxy-5-methoxy-6,8-dimethylflavon — TNF: -9,9 kcal/mol
o 7-Hydroxy-5-methoxy-6,8-dimethylflavon — SRC: -9,3 kcal/mol
e Lutein — SRC: -8.,5 kcal/mol
Trong sb ba td hop duoc khao sat, 7-hydroxy-5-methoxy-6,8-dimethylflavon twong

tac vo1 TNF-o cho thfiy 4i luc lién két manh nhat véi nang luong ty do lién két dat -

9.9 kcal/mol, phan anh kha ning gin két cao cua hop chit ndy v6i TNF-a — mot

cytokine dong vai tro then chét trong qué trinh viém cta bénh Gout. Phan tich mo
hinh twong tac cho thiy hop chét hinh thanh lién két hydro bén viing véi goc Tyr227,
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tir 46 gdp phan On dinh phirc hop ligand—protein. Ngoai ra, su hién dién cta nhiéu
tuong tac m-alkyl va m-sigma véi cac acid amin ky nuéc nhu Leul33, Leu233 va
[le231 cung voi cac tuong tac van der Waals khong dac hi¢u voi Gly197, Ser136 va
GIn137 d3 lam ting cuong do 6n dinh va tinh ai lyc cua phirc hop. Nhitng dic diém
nay cho thdy hop chit c6 kha ning tuong tac hiéu qua tai ving hoat dong ctia TNF-
0, goi ¥ tiém ning tng dung nhu mot chét Grc ché qua trinh viém [142].

Trong t6 hop thtr hai, 7-Hydroxy-5-methoxy-6,8-dimethylflavone gin véi SRC
kinase, nang lugng lién két ghi nhan ¢ mirc -9.3 kcal/mol, tiép tuc phan anh kha ning
gan két manh cta hop chat. Mic du khong hinh thanh lién két hydro dic hiéu, mo
hinh twong tac cho thay ligand c6 kha ning tham gia vao mang ludi twong tac n-alkyl
va m-sigma véi cac acid amin ky nude nhu Leu273, Val281, Leu393 va Ala293, cling
nhu tuong tac van der Waals voi Gly344, Ser345 va Thr338. Piéu nay cho thiy vai
trd quan trong clla cac twong tac ky nude trong viée duy tri do on dinh cua phire hop,
dong thoi cing cb gia thuyét rang hop chat c6 thé dong vai tro 13 chat e ché tiém
ning ciia SRC kinase — mot kinase lién quan dén co ché viém va rdi loan chuyén héa
purin trong bénh Gout [153; 154].

To hop thtr ba gitra Lutein va SRC kinase thé hién nang lugng lién két -8.5 kcal/mol,
thap hon so v&i hai t6 hop trudc nhung van nam trong ngudng twong tac manh. Hinh
anh twong tac cho thiy lutein hinh thanh lién két hydro v&i Tyr340 va Ser342, gop
phan ning cao tinh chon loc va d6 bén cua phirc hop. Ngoai ra, ligand con tham gia
vao cac tuong tac alkyl va van der Waals véi cac acid amin nhu Leul53, Ilel153,
Val399 va Met341. Pang chu ¥, cu tric kéo dai cta lutein pht hop véi ranh hoat
dong ctia SRC kinase, gitip duy tri vi tri gin két bén vitng. Du ai luc lién két thip hon
so voi flavonoid cuing khao sat, lutein van cho thay tiém ning tuong tac da diém voi
protein dich, hd trg vai trd nhu mét img vién trc ché enzyme trong diéu tri Gout.
Diéu nay ciing c¢6 két qua duoc 1y mang va xac nhan do tin ciy cua cac dich tac dong
duoc du doan.

Bang 3.29. Ning lugng gin két giita hoat chét quan trong va dich tac dong tiém ning

Protein dich Ning lwong gin

Hop chit tiém niing

(PDB ID) két (kcal/mol)
Acid trans-ferulic -7,0
TNF (7JRA)  7-Hydroxy-5-methoxy-6,8-dimethylflavon -9,9
Lutein -7.8
Acid trans-ferulic -5,7
IL6 (1ALU)

7-Hydroxy-5-methoxy-6,8-dimethylflavon -6,4
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Lutein -7,8

Acid trans-ferulic -6,7

ALB (4E99) 7-Hydroxy-5-methoxy-6,8-dimethylflavon -8,0
Lutein -8.2

Acid trans-ferulic -5,6

TP53 (5AB9) 7-Hydroxy-5-methoxy-6,8-dimethylflavon -1,7
Lutein -7,7

Acid trans-ferulic -6,6

SRC (2H8H) 7-Hydroxy-5-methoxy-6,8-dimethylflavon -9,3
Lutein -8.5

s

&

£%

(b)

(e)

Hinh 3.35. Cac tu thé gin két ctia phirc hop protein — ligand c6 niang luong lién két manh
nhét. (a) 7-hydroxy-5-methoxy-6,8-dimethylflavone — TNF (b) 7-hydroxy-5-methoxy-6,8-
dimethylflavone — SRC (c) Lutein — SRC (Nét xanh 14: lién két hydro, nét tim: lién két n-o,
nét hong dam: lién két n- m, nét hong nhat: lién két alkyl, n-alkyl)
3.5.6. Tong két co ché tic dung tiém ning
Co ché tac dung tiém niang ctia Rau dang dat trong diéu tri Gout bao gom:
o Giam viém man tinh: thong qua cac dich IL6, TNF, TP53 va con dudong PI3K-
Akt [82; 155; 156]
« Chong oxy héa — giam acid uric: qua tac dong dén TP53 va diéu hoa hoat dong

SLC2A9 [156].
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« Giam rdi loan lipid mau va nguy co bién chirng tim mach: thong qua con

duong lipid va xo vita dong mach. [157; 158]
Ba hop chét chinh:

1. Acid trans-ferulic (phenolic)

2. 7-hydroxy-5-methoxy-6,8-dimethylflavon (flavonoid)

3. Lutein (carotenoid)
Cac chit nay déu c6 kha ning diéu hoa cac qua trinh viém, stress oxy hoa va chuyén
hoa acid uric — déng vai tro then chét trong diéu tri va phong ngira bién chimg cta
bénh Gout.
Céc két qua thu dugc phu hop véi nghién ctru trude day vé hoat tinh chdng oxy hoa,
ha dudng huyét va e ché xanthine oxidase ciia ciy Rau ding dit. Dong thdi ciing
cho thay tac dung cua Rau ding dat khong chi lién quan dén mot chat ma 1a tic dong
hiép ddng ctia nhiéu thanh phan. Nghién ctru cung cp co s& cho viée phét trién san
phim tir Rau ding dit, v&i cac hop chit chinh 13 marker kiém soét chat lwong. Két
qua du dodn doan co ché tic dung va hoat chit quan trong cua Rau ding dét trong
diéu tri bénh Pai thao dudng t¥p 2 va Gout duoc tong két trong Bang 3.30.

Bang 3.30. Tom tat két qua du doan co ché tac dung va hoat chat quan trong clia Rau
dang dat trong diéu tri bénh Pai thio dudng typ 2 va Gout

Tiéu chi Dai thao duong typ 2 Gout
Hop chit chi dao Acid 3-oxo0-olean-12-ene-28,30-dioic; Acid trans ferulic;
6,8-dimethyl-5,7,4'-trihydroxyflavon; 7-hydroxy-5-methoxy-6,8-
7-hydroxy-5-methoxy-6,8- dimethylflavon;
dimethylflavon Lutein
S6 dich chung 326 149
Pich trung tam AKTI, TNF, IL6, ALB, TP53, SRC, IL6, ALB, TNF, TP53, SRC
EGFR, STAT3, PPARG.
Con dwong sinh EGFR resistance; AGE-RAGE; HIF-1 PI3K-Akt; Lipid and
hoéa chinh atherosclerosis
Co ché tic dung Tang nhay cam insulin, chéng viém Chéng viém, hd tro dao thai
chinh acid
Hop chit c6 Acid 3-oxo-olean-12-ene-28,30-dioic — | 7-hydroxy-5-methoxy-6,8-
docking manh ALB: -10.1 kcal/mol dimethylflavon — TNF: -9.9

kcal/mol
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CHUONG 4. KET LUAN VA KIEN NGHI
4.1. Két luén
Sau qua trinh nghién ctru, dé tai da thu dwoc két qua nhu sau:
- Phén lap va xé4c dinh cau trac 20 hop chat (G-1>G-20) tir phan trén mit dat caa
loai Glinus oppositifolius, bao gdm 9 hop chét thuéc nhom flavonoid (G-1 (vicenin
2), G-6 (apigenin-5-O-f-D-glucopyranosyl-8-C--D- glucopyranoside), G-7
(trifolin), G-10 (vitexin), G-12 (2”-p-coumaroylvitexin 7-glucosid), G-13
(kaempferol), G-14 (apigenin), G-15 (astragalin), G-20 (7-O-methylwogonin)); 7
hop chat thudc nhom saponin (G-2 (spergulacin), G-3 (glinosid C), G-4 (spergulacin
A), G-5 (spergulin B), G-8 (3-O-D-xylopyranosyl-spergulagenin A), G-9
(spergulin A), G-11 (spergulin C)) va 4 hop chat khic (G-16 (vanilin), G-18 (acid
cinnamic), G-17 (L-(-)-(N-cis-cinnamoyl)-arginin), G-19 (acid rrans-ferulic)).
Trong d6 c¢6 3 hop chit méi 1a G-6 (apigenin-5-O-B-D-glucopyranosyl-8-C-p-D-
glucopyranoside), G-11 (spergulin C), G-17 (L-(-)-(N-cis-cinnamoyl)-arginin) va |
hop chét 1an ddu duoc phén lap trong cay 13 G-20 (7-O-methylwogonin).
- Cao cdn 70%, va cac cao phan doan cua ciy déu c6 tic dong wc ché o-
glucosidase, Trong do cao EtOAC co hoat tinh manh nhat (ICso= 105,10 £ 1,56
ug/mL). Trong s6 20 hop chét phan lap duoc, cic hop chit G-8, G-11, G-13, G-14,
G-15, G-20 cho hoat tinh trc ché manh enzyme a-glucosidase voi ICso = 9,52 ~94,92
uM. Trong do, hop chit G-13 (IC50=9,52 £ 0,19 uM) thé hién hoat tinh manh nhét.
CAc hop chit G-10, G-2, G-6, G-7 cho hoat tinh trc ché yéu hon véi ICso = 193,60 ~
380,71 uM. Hop chit G-1 ¢6 hoat tinh trc ché yéu nhit v&i ICso = 1247,21 £ 2,15
M. Cac hop chat con lai khong cho hoat tinh trc ché enzyme a-glucosidase.
- Cao con 70%, va cac cao phan doan cta cdy déu co tic dong wc ché enzyme
xanthine oxidase. Trong do, cao EtOAc c6 hoat tinh trc ché manh nhat véi gia tri ICso
=29,67 + 1,02 pg/mL. Trong sb 20 hop chit phan lap duoc, cac hop chat G-1, G-13,
G-14, G-16, G-19 cho hoat tinh trc ché manh enzyme xanthine oxidase véi ICs0=5,37~
87,40 uM. Trong d6, hop chit G-16 (5,37 + 0,33 uM) thé hién hoat tinh manh nht.
Céc hop chat G-2, G-9, G-10, G-12, G-15, G-17, G-18 cho hoat tinh trc ché yéu hon
v6i ICs0 = 106,69~394,42 uM. Hop chat G-10 thé hién hoat tinh &rc ché yéu nhat véi
ICs0 12 927,49 + 4,48 uM. Cac hop chat con lai khong cho hoat tinh tc ché enzyme
xanthine oxidase.
- Tir phan tich duoc Iy mang va docking phan tir cho thiy cay Rau ding dat c6 tac
dung trén bénh Dai thao dudng typ 2 v6i co ché giam dé khang insulin (thong qua tac
dong dén AKT1, PPARG va con duong EGFR resistance), giam bién ching Daéi thao
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duong (théng qua tac dong dén con dudng AGE-RAGE, HIF-1, va STAT3), khang
viém — chéng oxy hoa (nhdm dén cac dich TNF, IL6, TP53). 3 hop chét tiém ning la
acid 3-oxo-olean-12-ene-28,30-dioic; 6,8-Dimethyl-5,7,4'-trihydroxyflavon; 7-
hydroxy-5-methoxy-6,8-dimethylflavon.

- Tu phan tich duoc 1y mang va docking phén tir cho thdy ciy Rau ding dit c6 thé
tham gia hd trg diéu tri bénh Gout thong qua co ché giam viém man tinh (thong qua
cac dich IL6, TNF, TP53 va con dudng PI3K-Akt), chéng oxy hoa — giam acid uric
(qua tac dong dén TP53 va diéu hoa hoat dong SLC2A9), giam réi loan lipid mau va
nguy co bién chtng tim mach. 3 hop chat tiém ning 1a acid trans ferulic; 7-hydroxy-
5-Methoxy-6,8-dimethylflavon; lutein.

4.2. Kién nghi

- Tién hanh thém céc thir nghiém ha dudng huyét va ha acid uric in vivo dé cing
¢6 thém cho két qua da thu duoc.

- Tiép tuc nghién ctru thanh phén hoa hoc va tac dung sinh hoc hudng td1 viéc lam
sang to hon cong dung ctia Rau ding dat.

- Tiép tuc két hop cac phan mém mé phong va du doan duoc dong hoc khac nham
lam sang t6 hon co ché tac dong va tiém ning duogc 1y ctia cac hop chit chira phan
glycol trong cdy Rau dang dat.

- Nghién ctru cac dang bao ché thich hop tir ciy Rau déng dat dé danh gia tic dung

trén 1am sang theo hudng tac dung ha dudng huyét va ha acid uric.
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