0D NQH VOH NAIH NHL IHL NIANON

920¢

BQ GIAO DUC VIEN HAN LAM KHOA HOC
VA PAO TAO VA CONG NGHE VIET NAM

HQC VIEN KHOA HQC VA CONG NGHE

Nguyén Thi Thu Hién

NGHIEN CUU THANH PHAN HOA HQC VA HOAT

TiNH UC CHE ENZYME a — GLUCOSIDASE,
XANTHINE OXIDASE CUA CAY RAU PANG PAT
|Glinus oppositifolius (L.) A. DC.], HO RAU PANG PAT
(Molluginaceae)

LUAN AN TIEN ST KHOA HQC VAT CHAT

Thanh phé Hé Chi Minh - 2026




’ B() (Jl/\() DUC VIEN !l/\N LAM KHOA HOC
[ VA DAO TAO VA CONG NGIIIE VIET NAM

HOC VIEN KHOA HOC VA CONG NGHE

Nguyén Thi Thu Hién

" NGHIEN CU'U THANH PHAN HOA HQC VA HOAT TiNII U'C
CHE ENZYME «a — GLUCOSIDASE, XANTHINE OXIDASE

CUA CAY RAU DANG DAT [(;lums oppositifolius (1..) A. DC.],
H(Q RAUDANG DPAT (Molluginaceac)

LUAN AN TIEN ST KHOA HOC VAT CHAT
Nganh: Hoa hiru co
Mi s6: 9440114

Xdc nhén cua Hoce vién Ngwdi huéng din 1 Negwdoi huong dian 2
Kho: IIQL va (,(m 1ghé (Ky. ghi ro ho (én) (Ky, ghi 1o ho (én)
- TAMDOC

‘‘‘‘‘

Thanh plm Hé Chi Minh - 2026
Nguyén Thy Trung. —




LOI CAM DOAN
T6i xin cam doan luén an: “Nghién ctru thanh phan héa hoc va hoat tinh trc ché enzyme
o — glucosidase, xanthine oxidase cua ciy Rau dang dat [Glinus oppositifolius (L.) A.
DC.], ho Rau dang dat (Molluginaceae)” 1a cong trinh nghién ctru ctia chinh minh duéi
s huéng din khoa hoc cua tap thé hudéng dan. Luan 4n sir dung thong tin trich dan tir
nhiéu ngudn tham khao khac nhau va céc thong tin trich din duoc ghi rd ngudn gdc.
Céc két qua nghién ciru cua toi dugc cong bd chung véi cac tac gia khac di duoc su
nhit tri ciia dong tac gia khi dua vao luin an. Cac sd liéu, két qua duoc trinh bay trong
luan 4n 14 hoan toan trung thyc va chua ting dugc cong b trong bat ky mot cong trinh
nao khac ngoai cac cong trinh cong bd cia tic gia. Luan an dugc hoan thanh trong thoi
gian t01 lam nghién ctru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa
hoc va Cong nghé¢ Viét Nam.
TP. HCM, ngay 30 thang 01 nam 2026
Tac gia ludn an
(Ky va ghi ro ho tén)

Nguyén Thi Thu Hién



LOI CAM ON
Vi tim long biét on sau sic, toi xin dugc gui 101 tran trong cam on dén PGS.TS
L& Tién Diing, Vién Cong nghé Tién tién - Vién Han 1am Khoa hoc va Cong ngh¢ Viét
Nam ; PGS.TS Nguyén Trong Tuin, Truéong bé mon Hoa hoc- Khoa KHTN- Truong
Pai hoc Can Tho. Hai Thdy da truc tiép hudng dan, truyén dat nhitng kién thirc quy bau

gitip t61 dinh huéng nghién ctru trong sudt qua trinh thuc hién dé tai.

To1 chan thanh gtri 161 cdm on t61 cac thﬁy c6 khoa Hoa hoc, Vién Cong nghé Tién
tién - Vién Han 1am Khoa hoc va Cong nghé Viét Nam, nhing ngudi di tan tinh giang
day cac hoc phan va chuyén dé trong chuong trinh dao tao. Pong thoi, t6i cling xin gui
10i cam on dén Ban Lanh dao, phong Pao tao cung cac phong ban chirc nang ctua Hoc
vién Khoa hoc va Cong nghé di hd tro tdi trong viéc hoan thién cac thu tuc subt qua

trinh hoc tap va thuc hién luén an.

Tbi xin tran trong cam on ban lanh dao Truong Pai hoc Nguyén Tat Thanh, dic
biét 1a cac théy c6 bd mon Dugc liéu Truong Dai hoc Nguyén TAt Thanh da quan tdm

gitip d&, hd tro nhiét tinh dé t6i hoan thanh lun an.

To1 xin chan thanh cdm on cac anh, chi va cac em trong nhoém nghién ctru da luén

quan tdm, hd tro va danh cho t6i nhiing 16i khuyén quy bau.

Xin giri 101 cdm on cac em sinh vién Duoc K14, K15, K16 da dong hanh cing toi

trong qua trinh nghién ctru.

T6i xin bay to 1ong biét on chan thanh ti toan thé gia dinh, ban bé luén quan tam,
dong vién to1 trong subt qué trinh hoc tip va thuc hién nghién ctru. Xin tran trong cam
on!

TP.HCM, ngay 30 thang 1 nam 2026
Téc gia lun an

(Ky va ghi ro ho tén)
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MO DAU
1. Ly do chon dé tai
Xanthine oxidase (XO) dong mot vai tro quan trong trong qua trinh oxy hoa xuc 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, uc ché hoat dong XO dugc dé xuét 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 tir cac cao phan
doan c6 hoat tinh tc ché enzyme a—glucosidase va enzyme xanthine oxidase tir cay
Rau ding dit

- 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 ciia cc
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 caa 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 ddng dit dinh hudng
diéu tri bénh dai thao duong typ 2 va Gout tmg dung duogc Iy mang - giup tiét kiém
thot gian, chi phi cho viéc tim kiém hoat chit va co ché tac dung cua thudc, 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 twong lai str dung cdy thudc ndy 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 14 nghién ctru dau tién vé hoat tinh e ché xanthine oxidase cta ciy Rau
ding dat (Glinus oppositifolius). Cao con toan phan cia cdy Rau dang dat thé hién
hoat tinh wrc ché enzyme xanthine oxidase voi ICso = 130,56 + 3,79 pg/mL, cao
EtOAc va BuOH thé hién hoat tinh @rc ché enzyme xanthine oxidase tot voi ICso 1an
lugt 14 29,67 £ 1,02 pg/mL va 83,16 £ 0,27 pg/mL.

- D3 phén lap va xac dinh duge 3 hop chat moi tir phan trén mat dat cua loai
Glinus  oppositifolius  1a:  G-6  (apigenin-5-O-f-D-glucopyranosyl-8-C-B-D-
glucopyranoside), G-11 (spergulin C), G-17 (L-(-)-(N-cis-cinnamoyl)-arginin).
Trong d6 hai hop chat G-11 va G-6 thé hién hoat tinh trc ché enzyme a-glucosidase
v6i ICso twong tmg 13 31,23 + 0,45 uM va 257,90 + 1,00 pM. Hop chit G-17 thé
hién hoat tinh tc ché enzyme xanthine oxidase vdi [Cso = 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 ctia hgp chat 7—
O-methylwogonin. Két qua cho thdy hop chat G-20 (7-O-methylwogonin) thé hién
hoat tinh trc ché enzyme a—glucosidase t6t voi ICso = 94,92 + 1,85 uM, va khong thé

hién hoat tinh rc ché enzyme xanthine oxidase.



- Diy 1a nghién ctiru dau tién ing dung dugc 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 ding dat trén bénh Dai thao dudng typ 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 phan 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
Dai thdo duong 1a bénh chuyén hoa khong dong nhat, dic trung boi tinh trang ting
duong huyét do khiém khuyét vé tiét insulin, vé tac dong cta insulin hodc ca hai.
Ting duong huyét mén tinh kéo dai co thé gay rdi loan chuyén hoéa glucid, lipid,
protid va gay tén thuong cho nhiéu co quan khac nhau, dic biét 1a tim va mach méu,
mit va hé than kinh, than [13].
Dai thao duong 13 mot trong nhitng nguyén nhan hang dau dan dén tir vong trén toan
cau. Dé duy tri strc khoe va ning cao chit luong cudc sdng, viée chan doan, phat hién
som va diéu tri bénh can tuan thi diing cdc nguyén tic can thiét.
bai thao duong dugc chia thanh 4 loai chinh (American Diabetes Association-ADA
2021) [13]:
- Dai thao duong typ 1: Xuat hién do sy pha huy té bao beta cua tuyén tuy, dan dén
thiéu hut insulin mot cach tuyét ddi.
- Dii 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
- Dii thao duong thai ky: Pugc chan doan vao giai doan giita hodc cubi thai ky,
khong c6 bang ching cua dai thdo dudng typ 1 hay typ 2 trudc do
- Cac thé bénh chuyén biét cta dai thao dudng: Do cac nguyén nhan khac nhu dai
thdo duong so sinh, hodc dai thao duong do tac dong cua thudc va hoa chat (vi du: st
dung glucocorticoid, diéu tri HIV/AIDS, hodc sau ghép mo)
1.1.2. Co ché bénh sinh ciia bénh Pdi thio dwong
Co ché bénh sinh ciia ddi thdo dwong typ 1
Dai thao duong typ 1 13 két qua cta sy pha huy cac té bao beta dao tuy thong qua hé
thdng trung gian mién dich, ddn dén tinh trang thiéu hut insulin. Nhiéu yéu t6 di
truyén va moi trudng duge tim thiy trong cac su két hop khac nhau ¢ tirng bénh nhan
¢6 lién quan dén sy phat trién ctia bénh [14].
Céc yéu t6 di truyén nhu cac ca thé c6 biéu hién qua mirc khang nguyén bach cau
nguoi HLA DR4, DQ8 va DQ2 lam tdng tinh nhay cdm ctia chung hién dién & khoang
90% bénh nhan dai thao duong typ 1. Nhitng yéu t6 ndy, cung véi mot hodc nhiéu
yéu t6 moi truong nhu virus, vi tri dia 1y, tudi, can nang, ché do an uéng va tap luyén,
dan dén viéc hé thdng mién dich nham 13n nhan dang cac thanh phan té bao beta 1a

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 mdi trudng ciing dong vai trd 16n vao sy phat trién ctia bénh Pai 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) c6 tén goi khac nhau nhu: Glucoinvertase, a-D-
glucosidase, o-glucosidase hydrolase, a-1,4-glucosidase, maltase,
glucosidoinvertase, maltase glucoamylase, glucosidosucrase, nitrophenyl-a—D-
glucosidase, transglucosidase, glucosidoinvertase,

a-glucosidase 1a mot enzyme nam trén mang ban chai rudt non, déng vai tro co ban
trong qué trinh tiéu hoa carbohydrate. Co ché 1a cat dut lién két a-D-1,4 glucose dau
khong khir. Hoat dong cua a-glucosidase ting dan tir ta trang, dat muc cao nhat tai
hoi trang. Bén canh sy hién di¢n & rudt non, a-glucosidase cling dugc 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 luong phan tir khoang 100 kDa va thudc
nhém GH31, phan nhém 1, nho sy hién dién cta chudi WiDMNE tai trung tam xuc
tac [20; 21].



Hinh 1.1.  Céu trac cta phén tir a-glucosidase (PDB ID: 2QLY)
Ché d6 an cua con nguoi phu thude nhiéu vao tinh bot thuc vat nhu nguén cung cép
glucose- mot chit chuyén hoa quan trong trong qué trinh chuyén hoa niang luong. Cac
loai tinh bot déu bao gom hai thanh phan cau tric chinh: amylose- mot chudi bao gdm
cac don vi glucose lién két a(1—4) va amylopectin - mdt phan tir phan nhanh 16n hon
v6i cac lién két a(1-4) va a(1-6). O nguoi, cac loai enzyme tham gia vao qua trinh
tiéu hoa hoan toan tinh bot thanh glucose gdom: a-amylase nudc bot va tuyén tuy (EC
3.2.1.1) cat cac lién két a(1—4) bén trong tinh bot thanh cac chudi dextrin ngan hon.
Hon hop dextrin thu duoc sau d6 duoc thily phan thanh glucose bdi enzyme a-
glucosidase (EC 3.2.1.20) ¢ vién ban chai rudt non, enzyme glucoamylase
(EC.3.2.1.3) va sucrase/isomaltase (EC 3.2.148, 3.2.10) [20; 21]. Nhu vay, viéc uc
ché hoat dong ctia enzyme a-glucosidase c6 thé 1am giam su phan giai carbohydrate,
d6ng 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 da duoc tim thdy c6 kha nang tic
ché enzyme a-glucosidase. Tuy nhién, khi xem xét trién khai cac chat tc ché a-
glucosidase, can can nhic nhiéu khia canh lién quan téi do an toan va doc tinh. Mot
phan tich tong hop cho thay viéc sir dung nhom thude e ché a-glucosidase c6 thé
lam ting nguy co ting men gan (ALT va AST) hon 3 1an gi6i han trén binh thuong,
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 phét 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 thude 14 yéu td khong thé bo qua. Mic du
nhém thudc e ché a-glucosidase thuong khong c6 kha niang gy ha duong huyét
manh néu dung don doc (vi tac dung chu yéu o rudt, khong phu thudc insulin), nhung
khi phéi hop vé6i thube diéu tri dai thao dudng khac nhu Sulfonylurea hodc Insulin,

van can theo ddi 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 sdu 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 chirg man tinh ctia bénh Déi thao duong anh huong dén nhiéu hé co quan
trong co thé, chu yéu 1a do ton thuong tai cac to chirc mach mau va than kinh. Tinh
trang nay lam gia ting nguy co mic cac bénh Iy nghiém trong nhu nhdi mau co tim,
d6t quy va tai bién mach mau ndo. Ngoai ra, bénh 1y vdng mac do tiéu dudng duoc
xem 13 nguyén nhan hang dau din dén mu loa va suy giam thi lyc, gy tac dong siu
sic toi chat luong cude séng cua nguoi bénh. Bénh Dai thdo duong 1a nguyén nhan
thuong gap ctuia bénh than man. Bénh thuong khong co triéu chimg téi khi hdi chiing
than hu hodc suy than. Piéu tri cAn chay than nhan tao hay thAm phan phuc mac dé
duy tri cudc sdng. Bién ching than kinh ngoai bién do Pai thao duong gdy mat cam
giac & chan, tay hay di cam, té, gdy dau nhirc...1a nguy co ciia nhiém trung chan dua
dén doan chi [26].

1.1.5. Cdc thuéc diéu tri bénh Ddi thdo dwong

Céac thudc diéu tri Dai thao duong typ 1: Chi dinh bt budc sir dung insulin do su
thiéu hut insulin hoan toan. Insulin c6 nhiéu loai, nhung chu yéu duoc chia thanh hai
dang chinh: insulin tic dung nhanh va insulin tdc dung cham. Hién nay, da c6 dang
bao ché méi cua insulin dudi dang inhaler, dua thudc vao méau 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].

Dbi voi cac thude diéu tri Dai thao duong typ 2, liéu phap thuong duoc két hop véi
nhitng bi¢n phap khac nhu xay dung ché d6 an uéng khoa hoc va duy tri hoat dong



thé luc hop ly. Tuy vao tinh trang cu thé cta bénh nhan, c6 thé b sung mot hoac
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.  Cac nhom thudc ha glucose mau va co ché tac dung [27]

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

Tang nhay cam véi insulin

Pioglitazone (TZD X
g ( ) Hoat hoa thy thé PPARG

Uc ché enzyme o- . o o
Lam cham hap thu carbohydrate & rudt

glucosidase
Uc ché enzyme DPP-4 Uc ché DPP-4, 1am ting GLP- 1
Nhém tre ché kénh dong van
chuyén Natri- glucose Tang thai glucose qua dudng tiéu
SGLT2

1.1.6. Tinh hinh nghién civu vé cdy thuéc cé tic dung ha dwong huyét
Nam 2012, Pantel D. va cong sy da thu thap dir 1iu co san vé duoc liéu c6 hoat tinh
ha duong huyét thong qua viée tang tiét insulin tir tuyén tuy hodc hoat dong twong
tu voi insulin dugce bao céo trong cac ngu@m tai li¢u khac nhau [28]. Danh sach mdt
s6 dugc lidu c6 tac dung chéng Pai thao dudng va co ché tac dung duoc trinh bay
trong Error! Reference source not found.

Bang 1.2. Cac duoc liéu o tac dung chéng Pai thdo dudng va co ché tac dung

Dugrc liéu Co ché tac dung

Cay Keo (Acacia arabica) Giai phong insulin tir tuyén tuy

oo ‘ ) Giai phong insulin va hoat dong tuong tu
Cé thi (Agrimony eupatoria) o
insulin

L6 hoi (Aloe barbadensis) Kich thich tong hop va giai phong insulin

A A _ Tang tiét insulin va giam lién két insulin trén
Cay nhuom (Bixa orellana) - ,
thu thé insulin

Hoan ngoc doé (Boerhaavia

diffusa)

Tang nong do insulin mau

Ché (Camellia sinensis) Tang bai tiét insulin
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o Lz ‘ Tang tiét insulin va giam lién két insulin trén
Ot hiém (Capsicum frutescens) - .
thu thé insulin

Qué Sri lanka (Cinnamomum . . . . p
) Tang nong dd insulin trong huyét tuong
zeylanicum)

Bach dan xanh (Eucalyptus . . p o
Tang tiét insulin tor dong beta tuyén tuy vo tinh
globulus)

Dam but do (Hibiscus rosa) Kich thich tiét insulin tir té bao beta

o ) Tang giai phong insulin va ting hip thu glucose
Cay 6 liu (Olea europia) . L
0 ngoai vi

Nhén tran ding (Swertia . ) e o
. Kich thich giai phong insulin tir cac ti€u dao
chirayata)

o ‘ ) Chéng ting dudng huyét, kich thich giai phong
DAy coc (Tinospora crispa) insuli.n tir cac tiéu dao

Dura can (Catharanthus roseus) Tré hoa, tai tao va kich thich té bao beta

Tang murc insulin va giam muc duong huyét lic
doi

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

Gung (Zingiber officinale)

huyét, tiéu biéu 1a: day thia canh (Gymnema R.Br.) [29], c6 ngot (Stevia rebaudiana),
sinh dia (Rehmania glutinosa), bong 6i (Lantana camara) [30], mudp déng
(Momordica charantia)[31], ¥ di (Coix lachryma jobi)[31], bang ling nudc
(Lagerstroemia speciosa L. Pers. ) [32]...

Trong nhitng nim gan day, cac nghién ctru thyc hién nham phat hién ra cac chat tc
ché enzyme a-glucosidase c6 ngudn gdc tir ty nhién trong chéng Pai thio duong da
nhan duoc nhiéu cht ¥ vi cac hop chét doi dao trong tu nhién va tac dong day hira
hen ctia chung. Nam 2019, Duong Thi Thu Thanh Trac va cong su da sang loc hoat
tinh (rc ché enzyme a-glucosidase dbi vi 16 loai cdy (25 mau v6i nhiéu b phan khac
nhau) dugc thu hai ¢ tinh Pong Nai va 91 loai cy (158 mau) duoc thu hai ¢ tinh Pha
Yén. Két qua nghién ctru cho thay c¢6 105/183 mau khao sat c6 28 mau c6 tac dong
trc ché rat manh (ICso < 1 pg/mL), 48 mau co tac dong trc ché manh (ICso < 10
ng/mL), 77 mau c6 ICso < 50 pg/mL. Mau than cdy Chép mao (Salacia chinensis L.)
va mau than cdy Quéo (Mangifere reba P.) thé hién hoat tinh tc ché enzyme a-
glucosidase rat manh (ICso < 1 pg/mL)[33].
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1.2. Tong quan vé bénh Gout

1.2.1. Dinh nghia

Bénh Gout, hay con goi 1a théng phong, dugc dinh nghia 1a sy réi loan chuyén héa
purin, dan dén tinh trang ting ndng d6 acid uric trong méau. Su tich tu cac tinh thé
natri urat xay ra trong nhiéu loai mo, bao gdm mang hoat dich khép, sun xwong, gan,
cling nhu t6 chtrc dudi da. Bénh dic trung béi nhirng dot viém khép cip tinh tai phat,
thudng giy ra nhitng con dau dir doi va c6 kha ning dién bién thanh viém khép man
tinh [34].

1.2.2. Co ché bénh sinh ciia Gout

Acid uric 1a mot trong cac san pham chuyén hoéa ty nhién ctia co thé, duoc tao thanh
tir sy giang hoa cac nucleotide chira nhan purin. C6 3 ngudn cung cap purin 13 sy
phan huy acid nucleic tir thitc an dua vao, su phan huy acid nucleic tir cac té bao bi
chét va tong hop ndi sinh, chuyén hoa purin trong co thé nho cac enzyme dic hiéu.
Céc purin dugc tao ra di vao chu trinh chuyén héa dé tao ra acid nucleic va acid uric.
Pé muc acid uric duoc can bang, acid uric dugc thai ra ngoai chu yéu theo dudng
than qua nudc tiéu, mot phan qua hé thdng tiéu hoa. Nguyén nhan nguyén phat (yéu
t6 di truyén, co dia) va thir phat nhu thudng xuyén dn nhiéu thirc in chtra nhiéu purin
(gan, thit, ca), uéng nhiéu ruou, bia lam cho qua trinh chuyén hoa purin thanh acid
uric tang (Hinh 1.2)[35; 36].

Purin nucleotid

Hypoxanthin
Enzym xanthine oxidase
Xanthin
. Enzym xanthine oxidase

Acid uric

Tiéu hoa Than

Hinh 1.2. Qua trinh chuyén hoa purin trong co thé
Khi ting acid uric, huyét tuong va dich ngoai bao bi qua bio hoa acid uric va hinh
thanh tinh thé lang dong & cdc md, goi 1a cac hat tophi. Sy lang dong clia cic 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
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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 ciing véi su toan hda moi truong nude tiéu
13 yéu t6 gop phan tao soi tiét niéu trong bénh Gout [36].

Do dé, mot trong nhitng hudng diéu tri Gout 1a phét trién cac thude c6 tac dung e
ché qua trinh san sinh ra acid uric. Cac thudc e ché san sinh acid uric chi yéu théng
qua trc ché enzyme chu chét 1a 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 dong phan co thé chuyén doi qua lai clia enzyme xanthine
oxidoreductase (XOR). Enzyme xanthine oxidase dugc phan 1ap tur stra bo 1a mot mat
protein bao gom 2 tiéu don vi gidng nhau, khdi lwong phan tir 290 kDa. Mdi tiéu don
vi gdbm 1 nguyén tir molybden, 1 phan tir flavin adenine dinucleotide (FAD) va 2
trung tam st sulfur (2Fe-2S) (Hinh 1.3). Thanh phéan acid amin ctia XO tuwong tu nhu

ctiia XD mic du XO c6 nhiéu lysin va threonin hon [37].

Fe/S1"

FAD "~

Hinh 1.3. CAu triic ctia enzyme xanthine oxidase (PDB ID: 1FIQ) [38]

Tir dau N trong tiéu don vi bén phai, cac mién c6 mau xanh cho hai cum [2Fe-2S]
(1an luot 1 Fe/S 1T va Fe/S T), 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 c6 mau do
& phia dudi bén trai cta tiéu don vi. Tiéu don vi bén trai dugc hién thi dudi dang ludi
dé minh hoa cach bb tri khong gian ctia mot s6 trung tim hoat dong oxi hoa khir trong
tiéu don vi dé minh hoa con dudng chuyén dién tir Mo — Fe/S I — Fe/S II — FAD.
Hai tim molypden cdch nhau 52 A[38].

Qua trinh oxi hoa xanthine thanh acid uric dién ra tai trung tim molybden cua
enzyme. O trang thai oxy héa, trung tim molybden ctia enzyme duoc xay dung theo
m6 hinh MoVIOS(OH) trong d6 L dai dién cho ddng yéu td pyranopterin, mot thanh
phan phd bién trong cac enzyme c6 molybden va vonfram don nhan. Budc dau cta
qua trinh xuc tac lién quan dén viéc proton tir nhém MoOH tin cong trung tim ai

nhan cta xanthine tai vi tri C-8. Dong thoi, nguyén tir hydro dugc giai phong tai vi
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tri ndy s& dugc van chuyén t6i nhém Mo-S, tao thanh san phiam trung gian

LMoIVO(SH)(OR). Pha trung gian ndy sau d6 bi pha v& thong qua sy di chuyén

electron giita cac trung tim oxy hoa khir khac ctia enzyme, dan dén su giai phong H+

va hinh thanh c4u trac LMoVOS(OR). Cudi cung, nhém R bj thay thé boi hydro, dua

enzyme trd lai trang thai oxy hoa ban dau véi cu hinh LMoVIOS(OH).

Co ché nay khong chi dam bao tinh hiéu qua trong xtic tic ma con cung cip cai nhin

sdu sdc vé sy phdi hop va diéu hoa chirc ning giita cac thanh phan héa hoc trong hé

enzyme [37].

1.2.4. Diéu tri bénh Gout

Nguyén tic diéu tri

Trong truong 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 phd bién bao gdm: [39]

- Nhém thube NSAIDS, colchicin

- Steroid duong udng két hop véi colchicin (4p dung khi khong dap ung voi

NSAIDS).

- Steroid duong ti€ém trong cac truong hgp khong hi¢u qua vdi cac phuong phap khac.

Diéu tri Gout min tinh: Muc tiéu chinh 13 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 dugc 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 v&i st dung thude dang céch la rit can

thiét [39]. Cac nhom thube diéu tri bénh Gout duoc trinh bay & Bang 1.3.
Bang 1.3. Cac thudc diéu tri bénh Gout

Co ché tac dong Tén thudc

Thudc e ché tong hop acid uric | Allopuriol

Febuxostat

L . . ) Probenecid (Benemid), Benzbromaron,
Thudce tang dao thai acid uric _
Lesinurad, Sulfinpyrazon (Auturan),

Thuoc tiéu acid uric Uricase, Pegloticase

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:
nhom tc ché tong hop acid uric va nhom ting ddo thai acid uric [40].

Nam 2000, tai Trung Quéc, Kong LD va cong su tién hanh nghién ctru cac dugc li€u
c6 kha ning trc ché tong hop acid uric bang cach e ché enzyme XO. Két qua cho
théy 69/122 mau dich chiét methanol cta céc cay duoc liéu c6 kha nang uc ché X0,

trong d6 29 mau wc ché trén 50%. Trong d6 manh nhét 13 Qué chi -Cinnamomum
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cassia (ICso, 18 pg/mL), tiép theo 1a Cutc hoa - Chrysanthemum indicum (ICso, 22

ng/mL) va 14 cua Cé giap trang - Lycopus europaeus (1Cso, 26 pg/mL)[40].

Nam 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 cdy 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 trc ché XO véi gia tri ICso

<20 pg/mL la: Ngai cuu (Artemisia vulgaris), T6 mdc (Caesalpinia sappan), Pai bi

(Blumea balsamifera), Cac hoa tring (Chrysanthemum sinense), DAy chiéu

(Tetracera scandens) [41].

Tuong d6i it nghién ciru bao cdo cac hoat chat tir cdy thude c6 tac dung trén hé thong

van chuyén urat ¢ than. Quercetin, & lidu 50 va 100 mg/kg, co thé tdng hoat dong
OATI va tc ché GLUT9 va URATI trong than cta chudt ting acid uric mau.

Esculetin va esculin duoc tim thiy co tic dong cai thién tinh trang ting acid uric mau

va rbi loan chtrc niang than thong qua viéc diéu chinh OAT1. Thong qua viée trc ché

GLUT9 hodc URAT]I trong than cia chudt tang acid uric mau, fraxetin va fraxin co

thé tdng cuong bai tiét urat & mot mac do nao do [42]. Mot sb duoc liéu c6 tac dong

trong ha acid uric dugc trinh bay trong Bang 1.4.

Bang 1.4.

Mot s nghién ctru vé dugc liéu co6 tac dong trong ha acid uric

Dugec liéu

Nong do

Keét qua nghién ciru

Co ché tic dung

Hat nhan
(Dimocarpus

longan Lour.)

80 mg/kg trong
mo hinh tang uric
bing  potassium
oxonate/hypoxant

hine.

Giam nong d6 acid uric
huyét thanh, &rc ché hoat tinh
XO tuan hoan, thay d6i biéu

hién cac transporter urate.

DPiéu hoa transporter
urate: tang GLUTI
(than), giam GLUT9
(gan). [43].

Xa tién
(Plantago

asiatica L)

Puong udng
0.9375-3.75 g/kg
trong 28 ngay.

Giam dang ké acid uric
huyét thanh, giam hoat tinh
xanthine oxidase (XO) trong
huyét thanh va gan, bdo v¢
than: giam viém va ton

thuong mo

Giam biéu hién URATI
va GLUT9 ¢ than —
tang thai urate, diéu hoa
cac con duong chuyén
hoéa lién quan (PPAR,
lipid, acid amin). [44].

Tra xanh
(Camellia

sinensis L.)

300
(polyphenol

mg/kg
tra

xanh) dung duodng

Giam dang ké nong do acid
uric huyét thanh ¢ chudt;
gidm hoat tinh XO trong gan
va huyét thanh

Uc ché XO dé giam
tong hop uric acid; diéu
chinh biéu hi¢n céc chat

van chuyén urat ¢ than:
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ubng cho chudt giam URATI, tang
tang acid uric OAT1 va OAT3 [45]
Kim cang la o Giam néng do acid uric | Giam biéu hién URAT1
Pallidifloside D: 5, . . ) i
mong huyét thanh theo liéu; cai | than — tang thai urat;
. 10, 20 mg/kg - . A ae | X PO
(Smilax (chuot thién chirc nang than ¢ chuot | tc ché XOD dé giam
chud .
riparia A.) ’ tang acid uric san xuat urat [46]

1.3. Tong quan vé cay Rau ding dit
1.3.1. So lwgc vé ciy Rau ding dit
1.5.1.1 Vi tri phan logi
Vi tri phan loai ctia Rau ding dat (Glinus oppositifolius) duoc xép nhu sau (hé thong
phan loai thuc vat cua Takhtajan 2009 [47])
Nganh Ngoc lan (Magnoliophyta)
Lép Ngoc lan (Magnoliopsida)
Phén 16p Cam chudng (Caryophyllidae)
Bo Cam chudng (Caryophyllales)
Ho Rau dang (Molluginaceae)
Chi Glinus (L.) A. DC.
1.5.1.2.  Ddc diém thyc vt va phdn bé cia cdy Rau dang dat

- Tén goi
Tén Viét Nam: Rau ding dat
Tén khoa hoc: Glinus oppositifolius (L.) A. DC.

DPong danh: Mollugo opposifolia L.; Mollugo spergula L.

- bic diém thyc vat

Cay than thao séng hang nam. Than va canh manh, thudng moc gan sat mit dat. Bé
mat cua than c6 16ng, tiét dién tron; than non c¢6 mau xanh, trong khi than gia tré nén
cimg va chuyén sang mau niu d6. Cac mau trén than phinh to va c6 mau sic tuong
tu. Loai cay nay dugc biét dén véi vi rit déng. La don moc theo vong 3-5 1a, kich
thudc khong dong déu. La 16n nhat co chiéu dai tir 1,2 dén 1,7 cm va chiéu rong tir
0,4 dén 0,6 cm; 14 nho nhat dai khoang 0,4-0,5 cm va rong khoang 0,15-0,2 cm. L4
c6 hinh thon ngugc, miii c6 rang nhon, géc hinh chét budm, mép 14 ¢b céc rang cua
nhd, thua. Mit trén cia 14 c6 mau xanh dam, trong khi mét dudi nhat hon va c6 phu
16ng. Cudng 14 ngin khoang 0,2-0,3 cm voi hé gan gdm mét gan chinh ndi 3. Cum
hoa la chum 3-6 hoa tai nach l4. Hoa ludng tinh va cAu triic mau 5, khong c6 canh
hoa. Cudng hoa dang soi, mau xanh c6 phu 16ng, dai tir 0,9 dén 1,2 cm. L4 dai gdm

5 manh déu nhau, hinh thuyén véi 3 gan ndi r6; mép 14 dai co 16ng va kich thude
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khoang 4 x 1 mm; cach sap xép 14 tién khai nim. Hoa c6 5 nhi déu nhau, xen k& véi
cac 14 dai (Hinh 1.4). Hat phan cua hoa roi rac, mau tring, hinh bau duc hodc tron.
L4 nodn c6 ciu tric gdbm 3 manh dinh lién nhau tao thanh bau trén chia lam 3 6. Mdi
6 chira nhiéu nodn véi kiéu dinh nodn trung tru. Voi nhuy 3, ngin mau vang nhat.
Qua la dang qua nang, 3 6. Hat kha nho va nhiéu, hinh than, mau nau do; bé mit vo
hat ¢6 cac vach u 16i di kém v&i phu bo & phan t& [48].

- Phan bd sinh théi

Rau déng dat 1a mot loai thyc vat phé bién tai cac vung nhiét doi chau A, voi phan
b trai dai tir An Do, Malaysia, Campuchia, Viét Nam dén dao Hai Nam thudc Trung
Quéc. Tai Viét Nam, loai cay nay xuét hién chu yéu & céc tinh ven bién tir Nam Pinh
dén khu vuc dong bang song Ciru Long. Day 13 loai thuc vat wa anh sang, thuong
phat trién trén dét pha cat & nhitng rudng bo hoang hoic cac hd nudc ndéng can trong
mua kho. Nho kha nidng phan nhanh manh mé&, Rau déng dat thudng moc thanh nhiing
quan thé 16n, day dic, doi khi 14n at ca cac loai cay co khac. Pic biét, loai ciy nay ra
hoa va két qua thuong xuyén mdi ndm, véi su tai sinh tu nhién chi yéu thong qua hat
gidng [49].

Bo phan dung: Phan trén mat dat [48]
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(a), (b), (¢) toan cay; (d) 1&; () cum hoa moc ¢ nach 14;
(f), (g) hinh dang va vi tri cia 1a; (h) hoa
Hinh 1.4. Ciy Rau dang dat
1.5.1.5. Céng dung theo y hoc cé truyén
Cong dung [50]

Rau déng dat c6 tac dung ki¢n vi, sat trung, nhuan trang

h

Rau dang dat, tir 1au da dugc ghi nhan trong y hoc dan gian Viét Nam 1a mot vi thude
thay thé cho rau ma trong cac bai thudc co ban nham ha sot, diéu tri bénh gan ciing
nhu cac ching vang da. Tai An Do, Rau ding dat thudong duoc st dung dudi hinh
thirc sdc toan cay léy nudc uéng dé loai bo san dich hodc tan nhuyén, thém mot chut
dau thau dau 1am thudc bdi giam dau dau. Dich chiét tir 14 ctia cdy con duoc ding
trong diéu trj cac bénh ngoai da va ghé ngira. O Viét Nam, nguoi dan d6i khi dot toan
cay thanh tro, ngdm lay nudc dé lam nude goi dau.

Cu thé, trong céc bai thudc dan gian c6 st dung rau ding dat, phai ké dén nhirng bai
thudc sau:

Déi voi bénh vang da va triéu ching khoé tiéu: Rau dang dat duoc két hop voi day cit
qua voi lidu lugng twong duong. Ca hai vi thude nay dugce nau chung dén khi nh,
loai bo phﬁn xéac, sau d6 co dic nude dé ché thanh cao thudc. Khi cao dat do dic
mong mudn, c6 thé thém duong hodc mat giu nhiam ting hiéu qua va bao quan lau
dai. Nguoi bénh nén sir dung mdi ngay ba lan sang, trua va tdi - mdi 1an mot mudng
ca phé. Cao thubc nay c6 tac dung diéu tri cac ching vang da, tiéu hoa kém, cung cac

bénh n61 man may day va u nhot
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Dé 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 nude udng hoic nghién
thanh bot dé udng. Cong thirc nay khong chi gitp giai déc gan ma con hd tro trong
viéc cai thién strc khoe téng thé [50].

1.3.2. Théanh phén héa hoc

Nhiéu nghién ctru da chi ra rang cdy Rau déng dat chira nhiéu thanh phan héa hoc
thudc cac nhom nhu flavonoid, saponin, steroid, cac hop chit thom, dan xuit acid
acylamin ciing mot s6 hop chit khac. Trong d6, flavonoid va saponin 1a hai thanh
phan chinh ¢6 nhiéu tic dung duoc 1y da dwoc ching minh trén cac mo hinh thir
nghi¢m [51].

1.3.2.1. Flavonoid

Flavonoid duoc xem 1a mot trong nhitng nhém hop chat phan bd rong rii nhét trong
tu nhién, khong chi dugc tim théy & thue vat bac cao ma con hién dién & mot s6 loai
thue vat bac thap va ca cac loai tao. Nhom hop chét nay ciing duoc phan 1ap nhiéu
trong loai G. oppositifolius. Cac hop chit flavonoid bao gdm: Vitexin (apigenin 8-C-
[D-glucopyranosid) (1); Vicenin-2 (apigenin 6,8-di-C-S-D-glucopyranosid) (2);
Kaempferol 3-O-galactopyranosid (3); Isorhamnetin 3-O-p-D-xylopyranosyl-
(1-2)-p-D-galactopyranosid (4), 5,4’-dihydroxy-7-methoxy-6,8-dimethylflavon
(5); 5,7,4’-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); 5-hydroxy-8-hydroxymethyl-7-
methoxy-6-methylflavon (14) [52] (Hinh 1.5).
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(3) (4)
Gal: f-D-galactopyranosyl; Glec: -D-glucopyranosyl; Xyl: s-D-xylopyranosyl

(12) H
(13) CHs
(14)

oH O
Hinh 1.5. Cau triic mét s6 flavonoid c6 trong Rau dang dét

1.3.2.2. Saponin triterpenoid

Céc nghién ciru vé thanh phan hoa hoc cua Rau dang dat da chi ra rang, phan 16n
saponin c6 trong loai cdy nay thudc nhom saponin triterpenoid véi cau trac khung
hopan[53; 54]. Cac hop chat saponin triterpenoid di phan lap dwoc tir loai G.
oppositifolius bao gobm: glinosid C (16-0-(D-glucopyranosyl)-34, 123, 165, 21 a, 22-
pentahydroxyhopan) (15), glinosid A (16-O-(f-arabinopyranosyl)-3-oxo0-12, 16/,
21, 22-tetrahydroxyhopan) (16), glinosid B (16-O-(f-arabinopyranosyl)-3-oxo-12,
164, 22-trihydroxyhopan) (17) [54], spergulin B (18), spergulin A (19),
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spergulagenin A-3-O-f-D xylopyranosid (20), spergulacin (21), spergulacin A (22)
[55].

Nam 2019, cac nha nghién ctru Trung Qudc dd phan 1ap duoc 21 saponin triterpen
méi, d6 1a cac glinusopposid A-U. Mot sd cdu trac nhu glinusopposid K (23),
glinusopposid B (24), glinusopposid M (25), glinusopposid L (26), glinusopposid Q
(27), glinusopposid U (28), glinusopposid T (29) [56].

Tt nim 2021 dén nim 2024, cac hop chit saponin méi dugc phan lap la
glinusopposide V (30) [57], traphanosid GO1 (31) [58], spergulagenin B (32),
spergulagenin C (33), spergulagenin D (34) [59] va mudi mdt saponin triterpenoid
gliopposide A-K (gliopposide D (35) - J (36)) (Hinh 1.6) [60].

(17)R=H

(21) R1=H Rz2=rhamnose
(22) R1=rhamnose R2=H
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(27)
(28)
(29)

R R2 Rs

AcNH H CH20H
OH Rha H
OH H H

HyC, ,COOCH;
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H HO/O i
Ho
no 2H
(35) (36)

Hinh 1.6. Cau triic mét s6 saponin c6 trong Rau déng dat
1.3.2.3.  Nhém hop chat khéc
Cac hop chat thom: 4-hydroxy-3,5-dimethoxy benzaldehyd (37), acid methyl 3-(4"-
hydroxyphenyl)-(E)-propenoic (38)...[52]
Phytosterol: stigmasterol (39), spinasterol (40) [61]
Céc polysaccharid: GOA1 (arabinose, galactose, arabinogalactan typ I (AG-I), typ 11
(AG-II)); GOA2 (acid galacturonic, thamnose, arabinose va galactose) [62].
Nucleoside: Adenosine [63]
Hai hop chat 13 dotracontyl docosanoat (41) va trilinolein (42) duoc phan 1ap boi cac
nha nghién ctru 6 Bangladesh (Hinh 1.7) [51].

OCHs
HO
| 0
H,CO Z

(37)
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(40)

(41)

/\/\WO OLWV:\/W
w

(42)
Hinh 1.7. Cau trac cac hop chat khac co trong Rau dang dat
1.3.3. Tac dung dwoc ly

o  Tdc dung chéng oxy héa

Nghién ctru dugc thyc hién véi dich chiét con 70% cua toan cay Rau déng dat da
duogc thue hién nham danh gia kha ning chdng oxy héa thong qua nhiéu phuong phap
thir nghiém in vitro bao gdm xac dinh kha ning bt giir gbc tu do DPPH, loai bo gbc
nitric oxide (NO), suy thoai deoxyribose, dinh lugng ham lugng phenolic, flavonoid,
st dung phuong phép thiocyanate, phuong phap phosphomolybdate, tao phirc hop
kim loai, 1am nhat mau B-caroten va danh gia mac do tén thuong DNA phu thudc
bleomycin. Bén canh d6, trong nghién ctru nay, mé hinh ex vivo ciing dugc trién khai
thong qua thi nghiém peroxid hoa lipid. Dé so sanh, cac chat d6i chung duong nhu
acid ascorbic, butylated hydroxytoluene (BHT), a-tocopherol, curcumin, quercetin
va trolox da dugc str dung. Két qua tir ca cac thi nghiém in vitro va ex vivo cho thay
dich chiét Rau diang dat co kha ning loai bé gdc tu do va giam thiéu ton thuong do
qua trinh oxy hoa gay ra. Piéu nay khang dinh tiém ning ciia Rau dang dat nhu mot
ngudn chat chéng oxy hoa tu nhién [11].

Trong mot nghién ctru khac, dich chiét methanol tir Rau déng dat da duoc danh gia
vé hoat tinh chéng oxy hoéa thong qua mé hinh DPPH va thir nghiém loai bo gbc nitric
oxide (NO). Két qua cho thay gia tri ICso cua dich chiét 1a 1000 pg/mL (so véi acid
ascorbic co ICso = 14,45 pg/mL). Trong thir nghiém loai bo gbc nitric oxide, gi tri

ICso dat 269 pg/mL (so v6i quercetin ¢6 ICso = 5,47 ug/mL). Thém vao d6, tong ham
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lwong flavonoid dat 25,46 mg/g, tuong duong véi quercetin, trong khi tong hoat tinh
chdng oxy héa duogc xac dinh & muirc 79,48 mg/g [64].
Céc dich chiét tir nhiéu bo phan cua cay Rau ding dit (bao gdm ré, than va 14) ciing
d3 duoc danh gia kha ning chdng oxy hoa thong qua mé hinh DPPH. Két qua ching
minh rang tit ca cac bd phan déu thé hién hoat tinh chéng oxy hoa [65].
Mot sd nghién ctru khac danh gia hiéu qua cua dich chiét nuéc va methanol tir Rau
déng dat trong viéc loai bd cac loai géc tu do khac nhau nhu ABTS [2,2’-azinobis-
(3-ethylbenzothiazoline-6-sulfonate)], goc hydroxyl, nitric oxide va cac phirc sat kim
loai. Két qua cho thay ca hai loai dich chiét nay déu c6 kha ning trung hoa tat ca cac
géc tu do dugc thir nghiém, khéng dinh thém gia tri ciia Rau déng dat nhu mot nguén
chat chdng oxy hoa da dang [9; 66].

o Tac dung bao vé gan
Dich chiét methanol 80% cua Rau ding dat di duoc danh gia so sanh véi dich chiét
tir cdy Sam bién (Trianthema decandra) vé hiéu qua bao vé gan thong qua mot nghién
ctru thyc nghiém trén chudt. Trong nghién ctru nay, paracetamol dugc st dung nhu
tac nhan gay viém gan trén chudt, sau do cac nhom duogc diéu tri béng dich chiét véi
lidu lwong 250 mg/kg va 500 mg/kg, dong thdi dugc so sanh véi nhom chimg duong
st dung silymarin. Hiéu qua bao vé gan dugc danh gia dua trén cac chi sb sinh hoa
lién quan dén ton thuong gan, bao gdm glutamat oxaloacetat transaminase (SGOT),
glutamat pyruvat transaminase (SGPT), alkalin phosphatase (ALP) va bilirubin truc
tiép. Két qua nghién ctru cho thay ca hai loai dich chiét déu thé hién tac dung bao vé
gan phu thudc vao ndng do st dung. Trong d6, dich chiét tir Rau déng dat cho thay
hiéu qua vuot troéi hon so vé1 Sam bién. Pac biét, & muc lidu 500 mg/kg, dich chiét
Rau déng dat da dat hiéu qua diéu tri tuong duong véi silymarin, mot thudc bao vé
gan thuong duogc str dung trong diéu tri bénh 1y lién quan dén gan [8].
Dich chiét ethanol 80% tir toan bd phﬁn trén mat dat cta cay Rau déng dat da duoc
tién hanh nghién ciru nham danh gia hiéu qua bao vé gan trén chudt thi nghiém dugc
gy viém gan bang liéu cao paracetamol (2 g/kg). Viéc quan sat dua trén sy thay do6i
ndéng do cac chi sd sinh héa bao gdbm SGPT, SGOT, ALP, cholesterol va bilirubin
gitra nhoém chudt duoc diéu tri bﬁng dich chiét va nhém khong diéu tri. Két qua cho
thdy, & nhém chudt duoc didu tri véi dich chiét tir Rau dang dat & cac muc lidu 200
mg/kg va 400 mg/kg, cac chi s6 sinh hoa giam dan va tién gan dén ngudng binh
thuong. Diéu nay ching minh rang dich chiét ethanol tir Rau dang dat c6 hiéu qua
trong viéc giam thiéu ton thuong gan do paracetamol giy ra trén chudt thi nghiém
[67].
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o Tdc dung khdng khudn
Céc dich chiét chloroform, ethanol, methanol tir 14 va than cdy Rau ding dét dd duoc
nghién ciru nhim danh gia hoat tinh khang khuan. Qua trinh ndy duoc thyc hién thong
qua cac thtr nghi¢m khuéch tan trén dia thach, xac dinh néng dd e ché téi thiéu
(MIC) va nong d6 diét khuan tbi thiéu (MBC).Ddng thoi, hiéu qua cta cac dich chiét
cling duoc so sanh véi cac chat e ché chuan nhu gentamicin va oxacillin. Nghién
ctru ap dung trén cac chung vi khuan khac nhau dé phan tich hiéu qua khang khuén:
Enterococcus khang vancomycin, Staphylococcus aureus khang methicillin,
Enterobacteriaceae sinh men f-lactamase phd md rong, Enterobacteriaceae khang
carbapenem va Acinetobacter baumanii, Pseudomonas aeruginosa san sinh enzyme
metallo-g-lactamase. Dich chiét tir 14 Rau dang dat da cho thdy kha nang wrc ché dang
ké su phat trién cta cdc loai vi khudn Gram am, bao gém Escherichia coli,
Acinetobacter baumanii, Klebsiella pneumoniae va Pseudomonas aeruginosa. Diéu
nay mo ra tiém ning str dung dich chiét 14 Rau déng dat lam ngudn khang sinh méi
thay thé, dic biét trong viéc chéng lai cac chung vi khuan khang thudc va da khang
thudc thudc nhom Gram am [68].

o Tac dung giam dau, khdang viém
Dich chiét methanol tir toan cdy Rau déng dat di duoc nghién ctru vé kha ning giam
dau va khang viém thong qua cac moé hinh thi nghiém trén chut. Cu thé, tac dung
giam dau dugc danh gia bang moé hinh gay dau quin bung véi acid acetic, trong khi
hiéu qua khang viém dugc thir nghiém trén mé hinh gdy phu chan chudt bang
carrageenan. O liéu lugng 200 mg/kg va 400 mg/kg, dich chiét cho thdy kha ning
giam dau & ca ngoai vi 13n trung wong. Ngoai ra, vdi liéu 500 mg/kg, dich chiét ciing
gitip giam muc d6 phu né & chan chudt. Nhitng phat hién ndy chimg minh rang cao
methanol tir Rau ding dat c6 tiém ning trong viéc hd tro giam dau va chéng viém
[69].

o Tdc dung khdng nam
Céc hop chat triterpen va glycosid duoc tim thay trong cdy Rau dang dat da dugc
ching minh 1a c6 tac dung uc ché manh mé& ddi v4i hai loai ndm gay bénh,
Microsporum gypseum va Trichophyton rubrum. Trong s6 d6, cac hoat chit nhu
glinusopposid Q, glinusopposid T, glinusopposid U va glinusopposid B cho thay hiéu
qua khang khuan vuot trdi ddi v6i ca hai loai nAm nay. Gia tri MICso cla céc
glinusopposid va terbinafin hydrochlorid dugc thé hién & Bang 1.5.

Bang 1.5.  MICsp cua cac glinusopposid va terbinafin hydrochlorid
Hoat chit MICso (uM) = SD
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M. gypseum T. rubrum
Glinusopposid B 7,1+1,2 143 +2,1
Glinusopposid Q 6,7+2,1 13,4+1,1
Glinusopposid T 6,8 + 3,2 11,9 £0,3
Glinusopposid U 11,124 13,0+ 1,3
Terbinafin 0,008 + 0,4 1,647 £0,1
hydrochlorid ’ ’ ’ ’

Nghién ciru ndy chimg minh tiém ning diéu tri cic bénh 1y da lidu cua cac bai thube
dan gian c6 thanh phan tir Rau ding dat [56].
Tdc dung khéng ky sinh triing sot rét

Nghién ctru danh gia kha nang khang ky sinh tring sot rét ctia hai hop chét glinosid
A va glinosid B duoc thyc hién trén hai ching Plasmodium falciparum, gom: 3D7
(nhay véi chloroquin) va W2 (khang chloroquin), dugc nuéi cdy lién tuc trong moi
truong RPMI 1640 bo sung 40 mM Hepes va 10% huyét thanh nguoi, theo phuong
phap nudi cdy cia Trager. Két qua phan tich dua trén gié tri ICso cho thdy phan doan
chtra ca hai hop chat glinosid A va glinosid B (ICso = 31,80 pg/mL) c6 tac dung khang
ky sinh tring sbt rét vugt troi hon so véi phan doan chi chira glinosid A (ICso = 42,30
png/mL)[54].

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, di ching minh cac dic tinh diéu
hoa mién dich dang chu y. Cu thé, GOALI 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, gbp phan diéu hoa
dap ung mién dich [6; 70].

o Tdc dung chong ung thu
Dich chiét methanol tir Rau déng dat dd duogc 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
4), dong thoi so sanh voi té bao mau ngoai vi va chirmg minh kha ning tc ché su ting
sinh mot 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 chéng ung thu [71].

o Tdc dung ha dwong huyét
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Saru va cac cong su da sir dung dich chiét ethanol tir toan cay trén mat dét cia Rau
ding dat dé danh gia tac dung ha duong huyét. Trong nghién ciru nghiém phap dung
nap glucose duong ubng (OGTT) duogc thyc hién trén chudt binh thudng va chudt bi
gy Dai thdo dudng bang alloxan, két qua cho thiy dich chiét dugc sir dung véi lidu
lwrong 400 mg/kg c6 kha ning giam dang ké chi s6 duong huyét & chudt Pai thao
duong, lan luwot dat muc giam 56,15%. Hiéu qua nay twong duong véi thudc
glibenclamid, von dat mirc giam 58,67% [72].
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 khac da chimg minh rang dich chiét methanol tir Rau ding dat co
kha ning giam lipid huyét & chudt bi ting lipid huyét gdy ra boi Triton. Khi str dung
dich chiét v6i hai muc lidu 200 mg/kg va 400 mg/kg bang duong udng, két qua danh
gia cac chi s6 lién quan dén rdi loan lipid huyét cho thiy dich chiét nay c6 hiéu qua
dang ké trong viéc giam cholesterol toan phan, triglycerid, lipoprotein ty trong thap
(LDL) va lipoprotein ty trong rat thdp (VLDL). Pong thoi, no ciing c6 tac dung ting
lipoprotein ty trong cao (HDL) khi so sanh véi nhom d6i chimg [73].

o Tdc dung an than, gidi lo du
Dich chiét ethanol ctia 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 dugc rit ra dya trén cac nghién ctru sit dung mé hinh hanh vi khac nhau, bao gom
thir nghiém mé cung nang cao (EPM) va hop sang-t6i (LDB), & chudt duogc xu 1y véi
cac liéu dich chiét 1an luot 1a 50, 100 va 200 mg/kg [74].
1.4. Téng quan vé dugc ly 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
Khai ni€ém phat trién thudc “mot thubc-mot muc tiéu-mot bénh” dang phai ddi mat
véi mot sb van dé vé an toan, hiéu qua va tinh bén virng. Trong khi cac muc tiéu don
1¢ c6 thé chirg minh 1a mot phuong phap tiép can hiru ich ddi véi cac réi loan gen

don 1¢, tuy nhién, d6i v6i cac bénh phirc tap do sy twong tac cia nhiéu gen gy ra, thi
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cac phuong phap tiép can mot muc tiéu don 1é nhu vay khong hiéu qua [75]. Mot sb
bénh 1y phtc tap véi da nguyén nhan, da yéu t6 (nhu ung thu, Dai thao dudng, ting
huyét 4p...) khong thé dugc diéu tri hiéu qua biang mét loai thuéc nhim dich ma
thudng can phdi hop véi nhiéu loai thude, dic biét 1a cac thude co kha ning diéu tri
rong theo nhiéu co ché hoat dong trén nhiéu dich tac dung. Hién tuong nay con dugc
goi la duogc ly da tac nhan (polypharmacology) [76].

Hé théng sinh hoc 1a mang ludi cac thanh phz‘in phu thudc 1an nhau va do d6 két nbi
v6i nhau tao thanh mot tong thé thong nhat. Sinh hoc mang (network biology) 1a
nghién ctru vé cach cac phan tir twong tac va két hop véi nhau dé hinh thanh cac don
vi chirc nang c6 kha nang thuc hién cac hoat dong can thiét cho céc chirc nang sinh
Iy & cap d6 té bao va md/co quan. Pay 1a linh vyc lién nganh bao gdm hé gen, hé
protein, hé chuyén héa... st dung phuong phép tiép can toan dién [77].

Céc khai niém sinh hoc mang (network biology) va dugc ly da tac nhan
(polypharacology) ngay cang trd nén phd bién nhu 13 phuong phap luin dé tich hop
dir liéu gen/protein va phat trién thubc da muc tiéu. Hopkins d4 nhén ra rang sinh hoc
mang va dugc ly da tac nhan co thé lam sang té hoat dong ctua thudc. Dua trén su két
hop cua hai khai niém nay, 6ng da dua ra thuat ngir “dugc Iy mang” nghién ctru cac
tac dong duoc 1y cung véi tuong tdc va mac d bénh [75].

Duoc Iy mang dya trén sy tich hop ctia 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 cia 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 [78].

1.4.1.2. Ung dung cua dwoc 1y mang

Duoc 1y mang c6 thé cung cap thong tin toan dién hoic mot phan vé 1y thuyét mang
ludi va cac khai ni€m sinh hoc hé théng. Nguoi ta cé thé tim théy cac muc ti€u cua
thudc va bénh tat cing véi cac con dudng co hoc ctia cac muc tiéu nay tir co so dit
liéu khong 16 bang cach sir dung dugc 1y mang. Pham vi ing dung cia dugc 1y mang
dang dugc md rong va bao gdm viée nghién ciru cac tac dong duge 1y chung cia
thudc dbi véi cac bénh va co ché chira bénh cua chung. Cac cong cu duoc st dung
trong mang ludi bao gdm cac co s dit liéu nhu SwissTargetPrediction, Binding,
STITCH (Cong cu tim kiém céc tuong tac hoa hoc), STRING (Cong cu tim kiém dé
truy xuat cac gen/protein tuong tac), PubChem, ChemSpider, ChEMBL (Co s¢ dit
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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 xudt muc tiéu bénh, HPRD (Co s¢ dir licu
tham chiéu protein & ngudi), BioGRID (Kho luu trit sinh hoc chung cho cac tap di
lidu trong 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 s¢ dit liéu twong tac phan tu), STRING va PDZBase cho cac tuong tac phan tir
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¢ [79].

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 [80].

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 uu diém 1a hé thong da muyc tiéu, da kénh va da lién két. Tuy nhién, do thanh phan
phtrc tap nén co ché tac dong, ddc tinh, tac dung phu khong rd rang, kho co thé xac
dinh dugc mot cach rd rang. Do d6, can phai két hop véi duge 1y mang dé 1am cho
cac bai thude y hoc ¢6 truyén duoc hiéu qua hon [81]. Vi sy phat trién cta x3 hoi
loai nguoi va sy thay doi ciia moi truong xung quanh, cac bénh ciia con ngudi da dan
chuyén ttr cac bénh truyén nhiém sang cac bénh man tinh bao gém cac bénh tim mach,
Dai thao dudng va khéi u. Nhitng bénh nay thuong khong chi do mot yéu té don 1&
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
chtng Y hoc ¢b truyén Trung Qudc va don thude, phit hop véi cac dic diém hé thong
chung ciia duoc 1y mang. Bang 1.6 chu yéu liét ké img dung ctia duoc 1y mang trong
diéu tri bénh bang y hoc ¢o truyén Trung Hoa [82].
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Biang 1.6.  Ung dung duoc Iy mang ludi trong y hoc Trung Hoa

Ung dung Co s¢ dir liéu Bénh
Nghién ctru hoi Viém khép dang thap
i . CBM, PubChem, MetaDrug, A ~
chtirng Y hoc ¢c6 David (RA); Bénh hen suyén
) avi
truyén Trung Hoa dang ho (CVA)
Kha nang tuong _ Thiéu méu co tim cap
. KEGG, HPRD, BioGRID, _
thich cua Y hoc co tinh (AMI); Viém xuong
N PubChem ;
truyén Trung Hoa khép (OA)
o . BioGRID, BIND, DIP, HPRD, B¢nh bdi thao duong typ
Phat trién thuoc
. MINT, MPDB, TarNet, KEGG, 2 (T2DM); Bénh
méi
HIT, TCMSP, TCMID Alzheimer (AD)

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

Cong thirc thude co

truyén

1.4.2. Docking phdn tr

Docking phan tir 1a nghién ctru vé cach hai hodc nhiéu cdu triac phan tir (thudc,
enzyme, protein) phu hgp vdi nhau. Docking 1a mot ky thuat mo hinh hoéa phan tir
duogc st dung dé dy doan cach mot protein (enzyme) twong tic voi cac phan tir nho.
Kha ning ctia mot protein (enzyme) va acid nucleic twong tac vdi cac phéan 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 tac ctia cac phén tir
nho trong khoang lién két cia 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 ctia protein va dy doan ai luc gitta phdi tir va protein [83]. 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 chwong trinh c¢é san thyc hién dic
biét tot trong viéc du doan cac phén tir ¢ kha niang e ché protein. Docking protein-
protein thudng phirc tap hon nhiéu, vi protein linh hoat va cu hinh khong gian cua
chung kha rong [84].



31

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 ciu tric.

Sang loc ao

Docking phan tir dugc st dung rong rai 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 thy thé
quan tim. Docking c6 thé duoc sir dung dé sang loc co s6 dir liéu 16n cac phan tir nhd
dé x4c dinh nhitng phan tir c6 i luc lién két cao v6i protein quan tam.

T6i wu héa cdu triic

Sau khi x4c dinh dugc hop chét tiém ning, docking phan tir ¢6 thé duogc sir dung dé
t61 wu hoa cau 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 st dung dé dyu doéan cac dic tinh hép thy, phan bo, chuyén hoa,
bai tiét va doc tinh (ADMET) cua cac phan tir nho. Cac dac tinh ADMET dy doéan 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 cap cac thuat toan tién tién va k§y thuat tinh toan dé mo phong ghép phdi ti-thu
thé hiéu qua, cho phép du doan ai lyc lién két va xac dinh cac ung cu vién thudc tiém
nang. Hon nita, chiing két hop ciac mo hinh du doan ADMET, cho phép danh gia
thudc vé kha ning hap thu, phan phdi, chuyén hoa, thai trir trong co thé va doc tinh
tiém an.

Mo phong dong luc hoc phan tir

Docking phan tir ¢6 thé két hop vi mo phong dong luc hoc phan tir dé nghién ciru
dong hoc cua 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 hop docking phan tir va mo phong dong luc hoc bao gom

AutoDock, Vina, Glide va GOLD. Ngoai docking phan tir, chiing con cung cap kha
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nang thuc hi¢n mé phdng dong luc hoc phan tur, 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 doan 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 do, c6 thé tinh chinh md hinh duoc tao ra bﬁng cach st dung dir li¢u thuc
nghiém dé c6 dugc cu tric chinh xac cta protein [85].

Nhu véy, cac nghién ctru da cong bd vé thanh phan héa hoc ciia cay Rau ding dat van
con han ché, dic biét 1a cac nghién ciru lién quan dén kha ning e ché enzyme o-
glucosidase va xanthine oxidase ctia cac cao chiét cling nhu cac hop chat tinh khiét
dugc phan 1ap tir loai cdy nay. Bén canh d6, co ché tac dung ciia Rau dang dét theo
huéng diéu tri bénh Déi thdo duong typ 2 va Gout hién chua duoc 1am sang t6 mot
cach hé théng, nhat 13 dudi gbc do tiép can dugc Iy mang. Trong khi do, trén thé gioi,
duoc 1y mang dang ngay cang dong vai tro quan trong trong viéc dinh hudng sang
loc hoat chat, du doan co ché tac dung va dich tac dung sinh hoc, gop phén tiét kiém
thoi gian va chi phi trong nghién ctru va phat trién thude.

Ttr nhitng phén tich trén cho thay ton tai khoang tréng nghién ctru vé mdi lién hé gitra
thanh phan hoa hoc, hoat tinh trc ché enzyme o-glucosidase va xanthine oxidase, ciing
nhu co ché tac dung cua cdy Rau dang dat theo huéng diéu tri Pai thdo dudng typ 2
va Gout. Do do, luan an dugc thuc hién dya trén gia thuyét khoa hoc réng cay Rau
ding dat chtra cac hop chat co hoat tinh sinh hoc c6 kha ning tc ché enzyme a-
glucosidase va xanthine oxidase, va cac hop chét nay co thé tac dong 1én nhimng dich
sinh hoc lién quan dén bénh i thao dudng typ 2 va Gout, c6 thé dugc lam sang t6
thong qua phuong phép tiép can duoc Iy mang. Viéc kiém ching gia thuyét nay khong
chi gbp phan 1am phong pht thém hiéu biét vé thanh phan hoa hoc va hoat tinh sinh
hoc cta cdy Rau dang dat ma con dinh hudng tiém ning Gng dung cua loai cay nay

trong nghién ctru va phat trién thudc.
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CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong nghién ciu
Nguyén liéu : Phan trén mit dat cia cdy Rau ddng dat duoc thu hai tai tinh Tdy Ninh
(thang 4/2022) va duoc xac dinh tén khoa hoc béi Tién si Nguyén Thuy Vy, Kcchoa
Sinh hoc — cong nghé sinh hoc, Truong Pai hoc Khoa hoc Ty nhién Thanh phé HO
Chi Minh. Mau tiéu ban duoc luu giit tai Phong Duoc liéu, Khoa Duoc, Pai hoc
Nguyén T4t Thanh, Thanh phé H6 Chi Minh, Viét Nam.
Dbi twong nghién ciru: phan trén mit dat cua cay Rau dang dit kho (46 am 13%), cac
cao chiét thu duge tir duoc lidu nay va cac hop chét tinh khiét duoc phan 1ap tu céac
cao chiét; dong thoi nghién ciru hoat tinh e ché enzyme a-glucosidase va xanthine
oxidase clia cac cao chiét va hop chat phan lap, ciing nhu mbi lién hé giira cac hop
chét ndy véi cac dich tac dung sinh hoc lién quan dén bénh Pai thio duong typ 2 va
Gout.

e — - - Ty

Hinh 2.1. Hinh anh miu cdy Rau ding dat (ngay 17/5/2022 — Phong thuc hanh
dugc liéu, Truong Pai hoc Nguyén Tét Thanh)

2.2. Phuwong phap nghién ciru

2.2.1. Chiét xudt va phén tich cic phin dogn

Phan trén mit dt cua Rau dang dat tuoi (than, 14 c6 mau xanh tuoi) (31 kg) dugc siy
kho va xay thanh b6t thé thu duoc 8,0 kg bot kho. Bot khé duoc ngém kiét & nhiét do
phong véi ¢dn 70% (30 lit x 4 1an) thu duge dich chiét con, thu hdi dung méi & ap
suat giam thu duoc cao 1ong (9 lit). Chiét phan b cao 1ong thu dugc véi EtOAc (9 lit
x 5 1an), 16p EtOAc duoc ¢ giam ap thu duoc cao EtOAc (78 g, d6 am 11%). Lop
dich nuéc con lai sé& tiép tuc duoc chiét phan bd voi n-BuOH bio hoa muee (9 lit x 7 1an),
o giam ap thu dugc cao n-BuOH (117 g, d6 am 16%) (Hinh 2.2).
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Rau ding dat
twoi (31 kg)

Say khé, xay bt

Rau ding dat
kho (8 kg)

Ns__-fhn kiét com 70%

!

Cao long

i

EtOAe (9 lit x 5 lin) Cao EtOAc

(78 &)
Dich nudc
(dhrdi)
n-BuOHy, (9 lit x 7 lan) | Cao n-BuOH
Co giam ap (117 g)

Dich nudc

Co6 giam ap

i

Hinh 2.2. So d6 quy trinh chiét phan b6

2.2.2. Phén Igp cdc hop chit

Cao EtOAc (60 g) dugc tach bang sic ky cot silica gel (600 g) va rira giai bang hon
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 bang hé thdng sic ky 1ong diéu
ché véi pha dong 1a MeOH/H»0 (60:40, v/v) thu dugc G-7 (12 mg). Phan doan E5.1
(55 mg) duoc tinh ché va két tinh trong methanol thu dugc G-9 (15 mg). Phan doan
E5.3 (42 mg) duoc tinh ché va két tinh trong methanol thu dugc G-10 (20 mg).

Cao BuOH (90 g) dugc phan tach trén cdt silica gel (900 g), rira giai voi h¢ dung moi
c6 d6 phén cyc ting dan CHCl:/MeOH (95:5 — 40:60, v/v) thu duoc 8 phan doan
(B1-B8). Phan doan B3 (90:10, v/v, 7 g) duoc phan lap bang cot silica gel voi dung
moi CHCI/EtOAc (90:10 = 50:50, v/v) thu dugc 6 phan doan (B3.1-B3.6). Phan
doan B3.4 (2 g) duoc phan tach tiép trén cot pha ddo C-18 khai trién bang hé dung
moéi MeOH/H0 (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 bang hé thdng sic ky 1ong diéu ché voi pha
dong 1a ACN/H:0 (20:80, v/v) thu dugc G-12 (12 mg). Phan doan B3.4.4 (80 mg)
duogc sir dung dé phéan 1ap trén cot Sephadex LH-20 (50 g) voi dung moi MeOH thu
dugc 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) voi hé dung moi MeOH/H,0 (10:90 =100:0,
v/v) thu dugc 4 phan doan (B5.1 — B5.4). Phan doan B5.1 (130 mg) dugc hoa trong
lwong methanol ti thiéu, loc va dé lanh cho két tinh, loc va rira béng MeOH lanh,
thu dugc G-6 (25 mg). Phan doan B6 (78:22, v/v, 2.1 g) duoc phan 1ap bing cot pha
dao C-18 vdi hé dung moi MeOH/H,0 (10:90->80:20) thu dugc 8 phan doan (B6.1-
B6.8). Phan doan B6.1 (35 mg) dugc tinh ché tiép bang hé thong sic ky long diéu ché
pha dong 1a ACN/H»0 (15:85 (v/v), dung méi pha mau acetonitril — nudc (15:85, v/v)
thu dugc G-17 (19 mg). Phan doan B6.2 (150 mg) duoc sir dung dé phén lap trén cot
sephadex LH-20 v&i dung mdi 1a methanol thu duoc G-1 (97 mg). So d6 phan lap
dugc tom tat trong Hinh 2.3
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B6.4

B6.5

B6.6
G-12
(12 mg)
G-15
(16 mg)
G-11
(13 mg)

G-17
(19 mg)

G-1
(97 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
Cong nghé tién tién, Thanh phd H6 Chi Minh

Phé céng hudng tir hat nhan NMR: Pho cong hudng tir hat nhan (NMR) di dugc tién
hanh do trén thiét bi BRUKER AV-500 tai Vién Hoa hoc, truc thudéc Vién Han l1am
Khoa hoc va Cong nghé Viét Nam, Ha Noi. Mau thi nghi¢m dugc hoa tan trong dung
moi thich hop, str dung TMS 1am chat chuan noi.

Phé hong ngoai (IR) va UV: Phé IR duoc do trén may Frontier FT-IR/NIR, dung vién
nén KBr. Phd UV do trén may UV-VIS Shimadzu Nhat UV 190010001, Truong Pai
hoc Nguyén T4t Thanh, Thanh phé H6 Chi Minh

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

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

Phuong phap dénh gia hoat tinh ¢ ché enzyme a-glucosidase duoc thuc hién tai
Phong thi nghiém sinh hoc, Truong Pai hoc Nguyén Tét Thanh

Nguyén tic

Pé tién hanh khdo sat hoat tinh trc ché a-glucosidase, p-nitrophenyl-a-glucopyranosid
(pNPG) duoc sir dung 1am chat nén. Chat nén nay bi enzyme a-glucosidase thity phén,
tao thanh hai san pham 1a p-nitrophenol (PNP) va a-D-glucose. Luong p-nitrophenol
thu duoc sau phan tmg duoc xac dinh thong qua viée do do hap thu quang hoc tai

budc song 405 nm.

HOOH
H
H - Enzym HOOH OH
H 0 H a-glucosidase HO
OH 0O H H H +
0O
OH OH NO,
O,N
p-Nitrophenyl-a-D-glucopyranosid a-D-glucose p-Nitrophenol
(PNP-G)

Hinh 2.4. Phan Umg thiy phéin ctia 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 [86].

Tién hanh

Hon hop phan tng trong dung dich dém phosphat 0,1 M (pH 6,8), bao gdm 50 uL
dich chiét & cac ndng d6 khao sat (cao chiét dugc hoa tan trong DMSO (Merck), sau
d6 pha lodng thanh diy nong d¢ sao cho ndng d6 DMSO khéng 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 i & 37 °C trong 10 phut, sau d6 thém 50 pL
dung dich p-nitrophenyl-a-D-glucopyranoside (pNPG, Sigma). Hon hop phan ting
tiép tuc duoc 1 ¢ 37 °C trong 20 phit, sau d6 d6 hip thu quang ctia hdn hop sau phan
g duoc do ¢ budc song 405 nm bang may doc dia Elisa da ning (Biotek, USA) va
so sanh v6i mot mau chung chira 50 pL dung méi pha mau thay cho mau thu.
Acarbose (Sigma, >95% HPLC) duoc str dung lam ching duong. Mdi phép do dugc
lap lai 3 lan, ldy gia tri trung binh.

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

(OD; — O0Dy.) — (0D — ODy)
(%) = X 100%
(ODC - ODOC)

Trong do6:
I: Phan trdm tc ché a-glucosidase (%)
0D,: Mat 46 quang ctia mau chiing (c6 enzyme, khong c6 chat thir)
0D,.: Mat d6 quang cia mau trang ching (khong cé enzyme, khong c6 chat thir)
0D,: Mat d6 quang ctiia miu thtr (c6 enzyme, c6 chét thir)
0D,,: Mat d6 quang ctia miu trang thtr (khong c6 enzyme, ¢ chat thir)
Tir két qua phan tram @c ché enzyme & cac nong do, xac dinh gia tri ICso cia miu
thir.
2.2.5. Phwong phdp ddnh gid hoat tinh trc ché enzyme xanthine oxidase
Phuong phép danh gia hoat tinh trc ché enzyme xanthine oxidase duoc thuc hién tai
Phong thi nghiém sinh hoc, Trudng Pai hoc Nguyén Tat Thanh
Nguyén tic
XO dong vai trd xuc tac trong qua trinh hinh thanh acid uric c6 budc séng hap thu
cuc dai & 290 nm. Khi mau thtr c6 kha ning e ché XO cao, qua 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 [40].
Tién hanh
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Hdn hop phan tmg ban dau chira 200 pL mau thir & cac ndng do khac nhau (miu thir
dugc hoa tan trong DMSO (Merck) tuyét d6i, sau d6 pha lodng thanh diy nong do
can khao sat sao cho ndng d6 DMSO khéng qua 2,5%), 50 uL XO (EC 1.17.3.2,
Sigma) 0,2 U/mL va 950 pl dung dich dém natri phosphat (50 mM, pH 7,5), hon hop
phan tmg dugc G & nhiét 46 phong (25 °C) trong 15 phut. Sau d6, phan tng dugc bd
sung 400 pL xanthine (Sigma) 1,5 mM, U & nhiét d6 phong trong 30 phut. Hon hop
phan tng sau d6 duoc do mat d6 quang bang méy do quang phd & bude séng 295 nm.
Phép do duogc lap lai ba l1an. Allopurinol (Sigma) duoc sir dung 1am chimg duong.
Hoat tinh (% trc ché) ctia mau dugc tinh theo cong thic:

(0D, — 0Dy) — (0D — ODy,)

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

Trong do

I: Phan trdm (rc ché xanthine oxidase (%)

0D,: Mat 6 quang ctua mau chig (c6 enzyme, khong c6 chat thir)

0D,.: Mat do quang ctia mau trang ching (khong c6 enzyme, khong ¢6 chat thir)

0D,: Mat d6 quang ctia miu thtr (c6 enzyme, c6 chét thir)

0D,,: Mat do quang clia mau trang thtr (khong c6 enzyme, ¢ chat thir)
Tir két qua phan tram @c ché enzyme & cac nong do, xac dinh gia tri ICso cia miu
thu.
2.2.6 Phwong phdp xir Iy so liéu
S liéu duoc xtr Iy bang phan mém Microsoft Excel 2019. Cac gia tri duoc biéu dién
dudi dang M + SD, trong d6 M la gia tri trung binh va SD la d¢ léch chuan; mdi thi
nghiém dugc lap lai tbi thiéu ba 1an (n > 3). Dit liéu duoc kiém tra sai 1éch va loai trir
cac gia tri bat thuong trude khi phan tich.
Gia tri ICso dugc xac dinh bang phén tich hdi quy phi tuyén dua trén mdi quan hé
gitta ndng d6 mau thtr va phan tram e ché, tir 46 ndi suy gia tri ICso tir dudng cong
dap tmg—ndng do.
Pé danh gia su khac biét vé ICso gitta cac hop chét hodc giita cic nhom hop chat, di
liéu duoc phan tich bang ANOVA mot nhan t6. Khi ANOVA cho thay sy khéac biét
c6 y nghia, phép kiém dinh hau nghiém Tukey dugc st dung dé xac dinh cac cip
nhom khac biét théng ké. Mtc ¥ nghia duoc xac dinh tai p < 0,01.
2.2.7. Phuwong phdp phdan tich dwoc 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
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Nghién ctru sir dung dir liéu hoat chét tir két qua phan 1ap duoc két hop véi cac chit
dugc xac dinh thong qua phan tich sic ky d6 UPLC-MS. Hé théng UPLC (Acquity
UPLC, Water, USA) két hop véi khéi phé 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 1a 0,3 mL/phit. Chuong trinh gradient pha dong gébm 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 dugc rira bang 100% MeOH trong 2 phut va tai cAn bang lai trong 3 phut.
Thé tich bom mau 14 2 pL.

Céu trac SMILE ctia mdi hop chit ciing dugc thu thap trén cac co so dit liéu PubChem

(https://pubchem.ncbi.nlm.nih.gov). Cong cu SwissADME

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

trén quy tac cta Lipinski. Muc tiéu cta quy tic Lipinski 14 nhan dién cac hop chét co
kha niang hap thu tot qua duong udng, tir d6 hd tro viéc t6i wu hoa cau tric phan tir
trong thiét ké thudc. Theo quy tic nay, mot hop chat duwoc danh gia 1a ¢ tiém ning
sinh kha dung qua dudng udng néu khong vi pham qua mét trong bdn tiéu chi: (i)
trong luong phan tir khong vuot qua 500 Dalton; (i) sé lugng nhém cho lién két
hydro (bao gdm cac nhéom —OH va —NH) khong 16n hon 5; (iii) s6 lugng 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 cta mdi hop chat, voi lua
chon loai (species) la 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 licu OMIM
(https://www.omim.org/), sit dung tir khoa tim kiém 1a “type 2 diabetes mellitus”;
“Gout”. Danh sach thu duoc 1a cac dich tac dung trén ngudi co lién quan dén bénh
sinh va can nhim téi trong diéu tri bénh. Cac protein dich trung 1ap da duoc xac dinh.
2.2.7.2. Phuong phdp xdy dwng mang lwdi hoat chat — dich tic déng

Dich tac dung tiém nang duoc x4c dinh 1a phan giao nhau ciia tap hop cac protein lién
quan dén bénh va tap hop cac dich tic dung trén ngudi ciia cac hop chat 6 trong ciy
Rau ding dat.

Cong cu Draw Venn Diagram (https://bioinformatics.psb.ugent.be/webtools/Venn/)
duogc s dung dé xay dung biéu db ven tir hai tap hop: “Dich tac dung trén nguoi clia

cac hop chat co trong doi tugng nghién ciru” va “Céc protein lién quan dén bénh”.


https://pubchem.ncbi.nlm.nih.gov/
https://www.swissadme.ch/
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Tir d6, thu dugc sb lugng va tén cac dich tac dung trong phan giao nhau cta hai tp
hop nay.
Mang ludi hoat chit - dich tac dung tiém ning trong diéu tri bénh cta Rau déng dét
dugc xay dung va phan tich, st dung phin mém Cytoscape 3.10.2.
2.2.7.3. Phuwong phap xdy dung mang luoi twong tac protein - protein (PPI) cua cac
dich téc dung tiém ndng
Céc dich tiém ning duogc ldy tir cac protein trung 13p gitra muyc tiéu du doan cua cac
thanh phan hoat tinh va muc tiéu protein cho bénh. Co s¢ dir litu STRING
(https://string-db.org/) duoc sir dung dé xdy dung mang ludi PPI cia 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 hgp. 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 ndy sé& duoc str dung dé xac dinh nhirg nat trung tdm c6 anh hudéng 16n dén toan
mang ludi [87].
2.2.7.4. Phuong phap phan tich GO va con duong KEGG
Nén tang ShinyGO v0.8 [88] dwoc sir dung dé thuc hién phan tich GO (Gene
Ontology) va phén tich con dudng KEGG trén céc dich tac dung tiém ning cua ciy
Rau déng dat. Tén viét tit ciia cac dich tac dung tiém ning duoc tai 1én ShinyGO v0.8
v6i lya chon loai (species) 1a Human dé tién hanh cac phan tich. Céac két qua phan
tich duoc biéu dién duéi dang biéu do.
Phan tich GO thu thap 20 qué trinh c6 kha niang lién quan cao nhat dén cac dich tac
dung tiém ning, thuéc mot trong 3 nhom: qua trinh sinh hoc (Biological Process),
thanh phan té bao (Cellular Component) vé chirc ning phan tir (Molecular Function),
v6i gié tri P-value cutoff (FDR) 14 0,05.
Phan tich con duong KEGG duogc thuc hién nham dy doan 20 con duong c6 kha nang
lién quan cao nhat dén cac dich tic dung tiém nang. Mot con dudng KEGG cu thé co
lién quan dén bénh s& dugc lya chon dé phan tich.

2.2.8. Phwong phap docking phan tw
Phuong phap docking phan tir duoc st dung nham mé phéng twong tac gitta ligand
va thy thé muc tiéu. Co so cua phuong phap nay dua trén nguyén 1y 6 khoa — chia
khoa, trong d6 ligand (chia khéa) gan véo vi tri hoat dong cua protein (6 khoa), tao

thanh phirc hop c6 nang lugng lién két 6n dinh. Trong nghién ciru ndy, phuong phap
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docking duoc thuc hién bing phan mém AutoDock Vina, cho phép danh gia va xép
hang cac cdu dang ligand dya trén ning luong lién két.

Cdc buéc tién hanh

- Chuén bi protein: C4u triic 3D cta protein dich tac dong tiém ning & dang phirc
hop duwoc tim kiém trén ngin hang dir lieu RSCB PDB database
(http:/www.rcsb.org/). Protein va ligand dong két tinh dwoc tach riéng st dung
Discovery Studio 2024 (file pdb), sau d6 dugc loai nude, thém lién két hydro phin
cuc, gin trudng lyc Kollman bang Autodock Tools 1.5.7 (file pdbqt).

- Chuan bi co sé dit liéu: Ligand dugc tai tir Pubchem hodc vé, tdi thiéu hoa nang
luong bang phan mém Chem3D 19.0 va chuyén thanh tap .pdb bang PyMOL 3.0.4.
Dung Autodock Tools 1.5.7 dé chuyén thanh tap .pdbqt.

- Redocking: Gia tri d6 1léch 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 [87].

- Docking ligand va danh gia két qua: Docking phan ttr dugc thuc hién bang phan
mém Autodock Vina 1.1.2. Két qua danh gia dya trén nang luong gan két (kcal/mol).
Ning luong gin két cang am thi ligand cang gin két tot v6i protein. Két qua docking
duoc biéu dién boi PyMOL 3.0.4.

So d6 tong thé nghién ciru dugce trinh bay trong Hinh 2.5

A

Rau dang dat
AN —

Chiét xudt, lic phan b Phén tich duoc 1y mang

Pai thao
Cao EtOAc [ Cao n-BuOH [du@ng typ 2 J { Gout J
[

Hop chét Hop chét l
tinh khiét tinh khiét

Hop chat ‘ Dich tac déng Co ché tac
‘ | chi dao tiém nang dung
[ Thir nghiém in vitro

|
Docking

Uc ché a- ‘ Uc ché xanthin
Hinh 2.5. So d6 tong thé nghién ctru cua cay Rau dang dat

glucosidase oxidase
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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 kém hon mdt 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[89], r& Dau tim (Morus alba) bao céo ICso 13 5,80 + 2,29 pg/mL[90] va
thap hon so voi cao EtOAc tir 14 cdy Lan chi (Chlorophytum comosum) véi ICso 12
198,18 + 0,25 pg/mL [91]. 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

Mau thir ICso (ug/mL)
Cao con 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 thtr nghiém hoat tinh trc ché enzyme xanthine oxidase ctia cao phin doan (chat
d6i chimg duong allopurinol) (Bang 3.2) cho thay: cao cdn 70% cé hoat tinh trc ché
enzyme xanthine oxidase v&i gid tri ICso = 130,56 £ 3,79 nug/mL. Cao EtOAc c6 hoat
tinh (rc ché manh nhat véi gia tri ICso = 29,67 + 1,02 pg/mL, tiép dén 1a cao n-BuOH
v6i gia tri ICso= 83,16 + 0,27 1a ng/mL. Két qua ICso cia cao EtOAc thap hon so véi
mot s6 chiét xuat EtOAc duoc lidu khac nhu cdy Kim cang (Smilax china) dat ICso 12
101,04 pg/mL[92], P trong (Eucommia ulmoides) v&i ICso 247 pg/mL[93].

Két qua nay cho thiy G. oppositifolius 1a ngudn thuc vat tiém ning v6i 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 rc 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 duoc danh gia sdu hon trong in vitro. Nhitng két qua trén s& 1a co sé cho viée tim
kiém cac hop chét trong ciy Rau ding dat ¢ tic dung e 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

Miu thir ICso (ng/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 ciu triic héa hoc cac hop chit phan lap

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

Hinh 3.1. CAu trac hoa hoc va cac twong taic HMBC chinh ctia hop chit G-1
Hop chit G-1 thu dugc dudi dang bot vo dinh hinh, mau vang. Pho (-) ESI-MS cua
G-1 cho dinh ion phan t&r gia tai [M-H] véi m/z 593,14, két hop véi dit liéu phd *C-
NMR va HSQC cho phép xac dinh cong thirc phan tir C27H30015 (Q=13). Trén phd
'H-NMR ¢6 5 tin hiéu proton véi du trong khoang 6,81 dén 8,03 ppm cua vong thom.
Ba tin hiéu OH & ving truong thip duoc xac dinh 1a 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 *C-NMR
ctia G-1 xuét hién 27 tin hiéu carbon, trong d6 co6 15 tin hi¢u dic trung cua flavonoid
va 12 tin hiéu cta 2 duong hexose. Cau trac flavon dugc xac dinh thong qua dich
chuyén héa hoc ctia carbon carbonyl vung truong thap voi dc 182,3 va su hién dién
cua carbon =CH— dugc gan cho C3 voi dc 102,6 va 6H 6,81 s. Trong cAu tric nay,
vong B duoc xac dinh 1a dbi xtng 1 nhom thé khi trén phd '>*C-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 g ctia hop chét vicenin 2 cho thiy su phi hop

[94]. Vi vay, hop chit G-1 duoc xac dinh 14 vicenin 2 — mot hop chét dd 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 MHZz) (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 13,60 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 chat G-2 phan lap 1a dang bot vo dinh hinh, mau tring. Cong thirc phan tir clia
G-2 duoc xéc dinh 12 C41HesO12 (Q=8) bang phuong phap pho khdi phan gidi cao (-
) HR-APCI-MS dua vao peak ion phan tir gia tai m/z 797,4670 [M+HCOO]". Pho
3C-NMR va DEPT cua hop chit G-2 cho biét c6 41 tin hiéu carbon, trong d6 c6 30
tin hi€u cua aglycon triterpen cung 5 tin hi€u cua dudong O-pentose va 6 tin hi¢u cia
duong O-hexose. Céc tin hiéu trén phd *C-NMR ciing cho thiy cac tin hiéu cia
khung aglycon hopan, bao gom: 8 nhém -CHs (dc 27,4; 16,1; 15,6; 16,6; 18,5; 17,2;
20,1; 25,8 ppm), 6 nhom Ciy voi mot >C=0 (dc 213,8 ppm), 8 nhém -CHz-, 7 nhém
-CH-. Hop chat G-2 ¢6 tin hiéu carbon tai dc 52,2 ppm gin véi nhom methyl C29 (5¢
20,1 ppm) va diéu nay dugc khang dinh vi cac proton nhom methyl H29 (du 1,25
ppm), proton H17 (1,62 ppm) va 2 proton H20 (1,73, 1,49 ppm) c6 twong tic HMBC
v61 C-21. Tin hi€u ctia carbon thugc nhém >C=0 tai dc 213,7 ppm dugc quy cho C22
va diéu nay ciing dugc khang dinh do cac proton nhdm methyl tai du 2,1 ppm, proton
nhoém methyl tai ou 1,25 ppm, proton tai ou 1,62 ppm va 2 proton (1,73 ;1,49 ppm) c6
tuong taic HMBC vo1 C-22.

Phd 'H-NMR ctia G-2 cho thdy c6 8 tin hiéu dudi dang peak don ctia 8 nhém methyl
(-CH3) voi ou lan lwot 14 0,95; 0,75; 0,79; 0,95; 0,90; 0,91; 1,25; 2,10 ppm. Cac tin
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hiéu & vung truong thap H-3 (du 3,01), H-12 (Ju 3,67) va H-16 (Ju 3,58) cling nhu
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 triterpen kiéu hopan c6 trong cdy Rau ding dat. Ngoai ra, hop chit G-2
con ¢o6 cac tin hi¢u dac trung cua duong D-xylose véi dc 105,8; 74; 81; 68,2; 65,4
ppm. Carbon anomer cta dudng c6 dc 105,8 ppm cho thiy diy 1a mot O-glycosid.
Trén pho '"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
vo1 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) co 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 chidu va hai chiéu. So sanh véi dit liéu phé 'H-NMR va '3C-NMR trong tai liéu
[55], 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 trudc

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 3,01 dd (4,0, 11,5)
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
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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)
1,17 m
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 2,00 dd (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 27,4 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 18,4 091 s
28 17,2 0,91 s 13,14,17,19 17,1 0,91 s
29 20,1 1,25 s 17,20,21,22 20,1 1,25 s
30 25,8 2,10s 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 4,17 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
2” 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 3,87Tm

6” 17,9 1,08 d (6,0) 47,57 17,8 1,08 4 (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)

Hinh 3.3. Cong thirc cdu tao va tvong tac HMBC, COSY ctia hop chit G-3
Hop chat G-3 thu duoc dang bot vo dinh hinh, mau trang. Phé (-) APCI-MS cua G-
3 cho dinh [M+HCOO] véi m/z 699,4321 phu hop vdi cong thire C3sHs2O10 (Q=6).
Trén phd 3C NMR ctia G-3 xuat hién 36 tin hiéu carbon, trong d6 c6 30 tin hiéu cua
aglycon triterpen va 6 tin hiéu ciia dudng hexose. Céc tin hiéu trén pho *C-NMR
cling cho thiy cac tin hiéu cta khung aglycon hopan, bao gém: 8 nhém -CHj (¢ 29;
16,5; 16,1; 17,2; 19,9; 17,1, 26,7; 27,5 ppm), 7 nhéom Cry, 8 nhém -CHa-, 7 nhom -
CH-. Phd '"H-NMR ctia G-3 cho thay c6 8 tin hiéu dudi dang peak don ctia 8 nhom
methyl (-CH3) véi 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 & ving trudng thap H-3 (6 3,42), H-12 (6 4,42) va H-16 (5 4,47) ciing
nhu tin hiéu carbon tuong tng C-3 (6 78,2), C-12 (5 66,9) va C-16 (75,4) cho thay sy
xudt hién ctia nhom oxymethin (-O-CH-) trong cau tric. Ngoai ra con cé cac tin hiéu
dac trung ctia duong D- glucose vdioc 101,7; 75,8; 78,7; 72,5; 78.,4; 63,5 ppm. Carbon
anomer cia dudng c6 dc 101,7 ppm cho thdy ddy 1a mot O-glycosid. Trén phé HMBC,
tin hiéu H-1" anomer ctia dudong glucose c6 tuong tac voi C-16 cia aglycon ching to
duong D-glucose gan vao C-16 cia aglycon va H-1" ¢6 du 5,07 d (7,5 Hz) cho biét
cau hinh  cta D- glucose (H-1’va H-2 déu hudng axial so voi mit phang vong). Cau
tric ciia cac chat G-3 dugc xac dinh mot cach chic chan bang céc dir liéu pho NMR mdt
chiéu va hai chiéu. So sanh voi dit liéu pho "H-NMR va '*C-NMR trong tai liéu [53],
G-3 1a glinosid C (16-O-(f-D-glucopyranosyl)- 35,124, 16f, 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)

Hinh 3.4. Cau trac hoa hoc va twong tic HMBC, COSY cua G-4
Hop chit G-4 phén 1ap 13 dang bot vo dinh hinh, mau tring. Phd (-) APCI-MS cua
G-4 cho dinh [M+CI1]"véi m/z 787,23 twong tng v&i phan tr khdi 752 phu hop voi
cong thirc C41HesO12 (Q=8). Pho *C-NMR va DEPT ciia hop chit G-4 cho biét co
41 tin hiéu C, trong d6 c6 30 tin hi¢u cua aglycon triterpen va 5 tin hi¢u cua duong
pentose va 6 tin hidu ciia duong hexose. Cac tin hiéu trén phd '*C-NMR ciing cho
théy cac tin hiéu cua khung aglycon hopan: 8 nhém -CHj3 (dc 27,2; 15,9; 15,7; 16,5;
18,4; 17,2; 20,1; 25,8 ppm), 6 nhém Crv vo1 mot >C=0 (oc 213,7 ppm), 8 nhom -
CH>-, 7 nhom -CH-. Hop chit G-4 c6 tin hiéu carbon tai dc 52,1 ppm gan v6i nhém
methyl C29 (8¢ 20,1 ppm) va diéu nay duoc khang dinh vi cac proton nhom methyl
(ou 1,25 ppm), proton (1,61 ppm) va 2 proton (1,74, 1,48 ppm) c6 tuong taic HMBC
v61 C-21. Tin hi€u ctia carbon thugc nhém >C=0 tai dc 213,7 ppm dugc quy cho C22
va diéu nay ciing dugc khang dinh do cac proton nhdm methyl tai du 2,1 ppm, proton

nhom methyl tai ou 1,25 ppm, proton tai ou 1,61 ppm va 2 proton (1,74, 1,48 ppm) c6
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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 c6 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 du 5,22 s gin v6i 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 [55], 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 2,00dd (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-ds, 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
c6 28 tin hiéu tin hiéu cta khung aglycon bisnor-triterpenoid. Pong thoi trong ving
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) véi mot >C=CH: (dc 151,8).

Tin hiéu H-16 (8u 4,25), H-12 (81 4,10) va H-3 (du 3,19) & ving trudng thip, ciing
nhu cac tin hiéu carbon twong tng cho thy su xuét hién ctia nhom thé —~OR ¢ C-16,
C-12 va C-3. Cung véi 2 proton cua C-22 (dc 105,7 va 6u 5,92;5,01) & vung trudong
thip cho dinh singlet, goi y cho cau triic exo-methylen va thong qua twong tic trén
HMBC H-22 véi C-17 va C-20 cho biét c6 nhom methylen gin vao vi tri C-21. Vay
vong E 13 methylencyclopentan. Nhu vay c6 thé nhan dinh ring phan aglycon thudc
khung hopan v&i ba nhém hydroxyl tai vi tri C-3, C-12, C-16 thuong thay ciia nhitng
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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 c6 dc 105,6 cho thdy day 1a mot O-glycosid. 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 [55], xéac

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 0,744d (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 (11,0) 27,18,12 53,9 1,77 d (10,8)
14 41,4 - - - 41,8 -
15 445 1,80 dd (4,0;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 5 17,20 106,0
23 27,7 1,16 s 3,4,5,24 28,0 1,255
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  4,71d(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 66,9 371 dd (9,6:11)
II{’I}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 1,61d (6,0) 574 18,7 1,714 (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 trac hoa hoc va mot s6 twong tac HMBC ciia G-6

Hop chit G-6 duoc phan 1ap & dang bot vo dinh hinh, mau vang. Phd 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 cac dinh dic trung: 3421 (-OH), 1658 (>C=0), 1575 (Ar), 1075
(C-O-C). Coéng thuc phéan tir cia G-6 dugc xac dinh 1a Ca7H30015 (Q=13) bing
phuong phap phé khéi phan giai cao (-)-HR-ESI-MS dua vao peak ion phén tir gia
tai m/z 593,1502 [M-H](tinh toan 1y thuyét cho cong thirc [C27H20015]: 593,1512 ;
A =- 1,69 ppm). Trén phd *C-NMR ctia G-6 xuét hién 27 tin hiéu C, trong d6 c6 15
tin hiéu c6 do dich chuyén ving C thom (6-3-6) goi y ddy 1a 1 flavonoid. Dong thoi
trong ving 60-80 ppm c6 11 tin hiéu kém 1 tin hiéu 8¢ 101,2 goi y cdu tric glycosid
v6i 2 dudng hexose. Cau trac flavon dugc xac dinh théng qua dich chuyén hoa hoc
ctia carbon carbonyl ving trudng thip véi 8¢ 182,3 va su hién dién ciia carbon =CH
— duoc gan cho C3 v6i dc 102,5 va du 6,86. Trong cau tric ndy, vong B dugc xac dinh
1a d6i xtng 1 nhom thé tai vi tri C4 khi trén phd *C-NMR cho 2 tin hiéu cuong do
cao & oc 129,2; 115,9 va hai cap d61 2H duogc gan cho H-2",6° va H-3",5 (Ju 8,06 va
6,90). Hop chit G-6 cho thiy cac dic tinh cua mét glycosid flavonoid c6 khung
aglycon la apigenin [95]. Céc tin hi€u proton anomer & ou 4,88 (d, 10,0 Hz) va 4,95
(d, 7,5 Hz) xuét hién trén phé '"H-NMR ching t6 su tdn tai hai cu hinh f cua mdi
don vi dudng trong ciu triic cua hop chit G-6. Trong phé HSQC, cac tin hiéu proton
anomer cho lién két v4i hai tin hiéu carbon & dc 73,3 va 101,2 duogc gan cho cac
carbon anomer. Dua trén sy dich chuyén hoa hoc ctia hai nguyén tir carbon nay, da
c6 sy hién dién cta ciu tric C-glycosid va O-glycosid trong hop chat G-6. Vi tri cia
cac gbe duong trong ciu trac duge xac dinh théng qua phan tich twong quan HMBC.
Méi twong quan HMBC giita dn 4,95 voi dc 160,8 cho thdy don vi glucose ddu 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
flavon chtng to phan tir glucose thir hai lién két v6i vi tri C-8. Nhur vy rat c6 thé G-

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

G-6
Vit (DMSO-ds, 500 MHz)

: dc ou (ppm) HMBC COSY

(ppm) J (Hz) (H>C)

2 164,6 _

3 102,5 6,86 s 4,2, 1’

4 182,3 -

5 160,8 ;

6 98.5 6,61s 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)

— HMBC
<--» 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 dac trung cua flavonoid va 6 tin hiéu carbon duong hexose. Cau
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trac flavonol duoc xac dinh bdi su dich chuyén cua carbon carbonyl dc 177,5 va voi
su hién dién nhém thé oxy dugc gan cho C-3 véi dc 133.2. Trong ciu trac nay, vong
B duoc xac dinh c6 tinh dbi xtmg khi trén phd *C-NMR cho 2 tin hiéu carbon c6
cudng do cao gip d6i va cach nhau 15 ppm & dc 115,0 va 130.,9. Trén phd 'H-NMR
c6 4 tin hiéu proton voi o trong khoang 6,20 dén 8,06 ppm cia vong thom. Phéi hop
quan sat dit liéu phd G-7 va tién hanh so sanh véi tai liéu tham khao cho thiy phan
aglycon ctia G-7 dugc x4c dinh 13 kaempferol. Trén pho 3C-NMR xuét hién tin hiéu
dac trung cua duong D-galactose voi oc 101,6; 71,2; 73,1; 67,8; 75,7; 60,1. Carbon
anomer ciia duong c6 dc 101,6 cho thay day 1a mot O-glycosid. Trén phé HMBC,
H1” cua duong galactose co tuwong tdc voi C-3 cua aglycon ching to duong D-
galactose gan vao C-3 cua aglycon va H1” ¢6 du 5,39 d (7,5) cho biét ciu hinh 5 ctia
D-galactose. So sanh dit liéu phd 'H-NMR va *C-NMR trong tai liéu [96], hop chat
G-7 duoc xac dinh 1a trifolin (kaempferol-3-O-galactosid)— mot hop chat da duoc

bao cao trude day trong loai G. oppositifolius.

Biang 3.9.  Dit liéu pho NMR ciia G-7 va trifolin

G-7 Trifolin
(DMSO-ds, 500 MH?z) (DMSO-ds, 500 MH?z)
C oc Jou (ppm) HMBC COSY oc Jou (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 (8,9) ’ 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) 2” ’ 5,25d (7,0)
27 71,2 3,54 m 17 71,4 3,52 m
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 chat G-8 thu dugc ¢ dang bot vo dinh hinh, mau trang. Pho (-)APCI — MS cuia
G-8 cho phan manh m/z = 641,83 [M+Cl] cho phép nhan dinh khéi luong phan tir 12
M = 606 , phu hgp véi cong thirc phan tir 1a C3sHsgOg (M=606,4 g/mol). Qua quan
sat pho *C-NMR xuit hién 35 tin hiéu carbon, trong d6 c6 5 tin hiéu ctia duong
pentose va 30 tin hiéu ctia khung aglycon triterpen. Trén pho NMR ciing cho thay céc
tin hi€u cua khung aglycon hopan, gém 8 tin hi¢u dudi dang peak don 610,96 s; 0,74
550,79 5;0,955; 0,91 5; 0,91 5; 1,25 s va 2,10 5) tuwong trng lan luot vé&i cac tin hiéu
cua nhém methyl (-CH3) nam & vung trudng cao lan luot 14 & 27,4; 16,1; 15,6; 16,5:
18,4; 17,1; 20,1; 25,8 — Bay la nhitng tin hi¢u dic trung cho khung saponin triterpen.
Ngoai ra xuat hién céc tin hiéu ciia mot >C=0 (Jc 213,7) v6i 6 nhom carbon bac 4
(Crv), 8 nhom >CH> va 7 nhém >CH-. Tu tuong tac gitra H-29, H-17, H-20 véi C-22
va gitra H-30 voi C-22 trén HMBC cho biét nhém methylceton gian vao C21. Tin hiéu
H-3 (81 3,01 m), H-12 (81 3,68 m) va H16 (8u 3,59 m) & vung trudng thap ciing nhu
cac tin hiéu carbon twong tGng cho thiy xuat hién nhém C-O & C-3 (& 87,6), C-12
(& 67,2) va C-16 (& 64,0). C-21 (& 52,1) gan véi nhom methyl C-29 (& 20,1) va
diéu nay duoc chimg minh thong qua twong tic quan sat thiy trén phd HMBC. Nhu
vay c6 thé thy 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 aglycon
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
[55]. Vay c6 thé két luan rang G-8 13 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)

0
Hog e e\

&
03
v Ho 2

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 C3sHssO11S (QQ = 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) vé1 mot >C=0 (éc 213,7), 8 nhém >CHz va 7 nhom >CH-. Tur tuong tac
giita H-29, H-17, H-20 véi C-22 ciing nhu gitra H-30 véi C-21 trén HMBC cho biét
nhém methylceton gén vao C-21. Tin hiéu H-3 (8u 3,04 m), H-12 (Su 3,66 m) va H-
16 (8u 3,58 m) & vung trudng thip cling nhu cac tin hiéu carbon twong tmg cho thay
xuat hién nhém -C-O & C-3 (& 87,8), C-12 (& 67,2) va C-16 (& 64,0). C-21 (&c
52,1) gan v6i nhom methyl C-29 (&c 20,1) va diéu nay dugce ching minh théng qua
tuong tac trén phd HMBC. Nhu vay c6 thé nhan dinh rang phan aglycon thudc khung
hopan véi nhém methylceton va nhém methyl C-29 gan vao C-21, ba nhom hydroxy
gan tai C3, C12 va C16. Pho *C-NMR xuét hién tin hiéu (éc 105,8; 72,3; 82.6; 68.4;
65,0) va dua vao dir li¢u phé tham khdo xac dinh day la duong D-xylose véi vi tri
C3’ gan nhém —SO;sH thay cho —OH dan dén C3” dich chuyén vé ving truong thap
hon so voi1 tin hi¢éu C3’ cia duong xylose binh thuong [60]. Carbon anomer cua
duong c6 oc 105,8 cho thiy day 1a mot O-glycosid. Két hop véi pho HMBC, H1’
tuong tac voi C3 cua algycon cho thidy duong D-xylose gin vao C3 cua khung
aglycon va H1’ ¢6 u 4,22 (d; 7,5 Hz) cho biét cdu hinh S-D-xylose (H1’ va H2’ déu
huéng axial véi mit phang vong). Cac twong tac ctia cac proton ké can ghi nhan duoc
tir dir liéu pho COSY cua hop chat G-9 cho phép gin cac vi tri ctia cac proton nay
trong cdu tric. So sanh cho thy dit liéu phd NMR ctia G-9 tring khdp véi phd cua
spergulin A trong tai liéu [55]. Vay c6 thé két luan rang G-9 1a spergulin A.

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

G-9 Spergulin A
Vi (DMSO-ds, 500 MHz) (DMSO-ds, 500 MHz)
) Jc Jou (ppm) HMBC COSY Jc Jou (ppm)
(ppm) J (Hz) (H>C) (ppm) J (Hz)
1 38,1 1,58 m; 0,91 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 87,8 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 1AM
1,37 m
32,8 1,18 m; 1,38 m 5 32,8 1,17 m; 1,41 m
8 447 - 447 -
9 48,1 1,18 m 11 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 1,30d (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. C4u trac hoa hoc cua hop chit G-10

Hop chat G-10 duoc phan 1ap dudi dang bot vo dinh hinh mau vang. Cong thirc phan
tir ctia G-10 duoc xac dinh 13 C21H20010 (M=432,10 g/mol) bang phwong phap phd
khéi (-)-APCI-MS dua vao peak ion phan tir gia tai m/z = 431,05 [M-H]". Ph6 'H-
NMR ciia hop chat G-10 (trong DMSO-ds) thé hién céc tin hiéu sau: bon proton thom
cua hé ghép doi trong vong B ¢ du 6,89 (2H, d, J= 8,0 Hz) va 8,02 (2H , d, J= 8,0
Hz); hai proton don & ou 6,27 (1H, s) va 6,77 (1H, s) dugc géan cho flavon aglycon;
mot proton & ou 4,70 (1H, d, J=9,5 Hz), dugc gan cho mét don vi duong gén voi C.
Pho *C-NMR cho thay tin hiéu ciia 21 nguyén tir carbon, trong d6 c6 mot nguyén tir
carbonyl & 0c182,03, 8 nguyén tir carbon khong proton hoa & dc104,59, 104,59,
121,59, 155,98, 160,38, 161,12, 162,68 va 163,91, 11 nguyén tir carbon methin tai dc
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 & dc 61,28. Dt liéu 'H-va '>*C-NMR cua G-10 tuong tu dit liéu cua
vitexin [97]. Vay c6 thé két luan rang G-10 13 vitexin.

Biang 3.12.  Dit liéu pho NMR ciia G-10 va vitexin

G-10 Vitexin
(DMSO-ds, 500 MH?z) (DMSO0-ds, 500 MH7z)
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 5
7 162,6 - 162,5
8 104,6 - 104,6
9 156,0 - 155,9
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 dc ou (ppm) oc ou (ppm)
(ppm) J (Hz) (ppm) J (Hz)
2! 128,9 8,02 d (8,0) 128,8 8,01d(84)
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 3,75dd (11,6;
3,53 m 1,4);3,51 dd
(11,6, 6,7)
13,16 s 13,14 s

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

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

Hop chit G-11 duoc phan lap tir & dang bot vo dinh hinh, mau tréng. Ph6 UV cua G-
11 trong dung moi methanol xuét hién cuc dai hap thu & 203 nm. Trén ph6 hong ngoai
xuét hién cac dinh dic trung: 3480 (-OH), 1700 (>C=0). Cong thirc phan tir ctia G-
11 duoc xac dinh 1a C35HssO12S (Q = 7) bang phuong phap phd khdi phan giai cao (-
)-HR-ESI-MS dua vao peak ion phan tu gia tai m/z 701,3567 [M-H] (tinh toan ly
thuyét cho cong thirc [C3sHs7012S]: 701,3576 ; A = - 1,28 ppm). Twong ty G-9, pho
3C-NMR va DEPT cua G-11 ciing xut hién 35 tin hiéu carbon, trong d6 ¢ 30 tin
hiéu ciia khung aglycon triterpen va 5 tin hiéu ctia duong pentose. Trong dé xuat hién
cac tin hi¢u cua 6 nhom carbon bac 4 vd1 mot >C=0 (oc 214,4), 8 nhom >CH» va 7

nhom >CH-. Tt tuong tac gitta H-29, H-17, H-20 v61 C-22 cling nhu gitta H-30 véi
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C-21 trén phéd HMBC cho biét nhém methylceton gan vao C-21. Tin hiéu H-3 (5
3,26 m), H-12 (Su 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 cila 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 (2H, 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 nhom 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 viing truong thap hon so véi tin hiéu C-3’ ctia duong xylose
binh thuong [55]. Carbon anomer cua duong cd & 105,8 cho thdy day 1a mot O-
glycosid. Két hop v6i phd HMBC, H1” twong tac véi C-3 ciia algycon cho thiy dudng
D-xylose gin vao C-3 cta khung aglycon va H1’ ¢6 &u 4,92 (d; 7,0 Hz) cho biét cu
hinh AD-xylose (H1’ va H2> déu hudng axial voi mit phang vong). Cac tuong tac
cua cac proton ké can ghi nhan duogc tu dir liéu phé COSY cua hop chit G-11 cho
phép xéc dinh cac vi tri ciia cac proton nay trong cau trac

Tién hanh so sanh dit liéu phd NMR ciia G-11 véi G-9 spergulin A (3-O-(B-D-
xylopyranosyl 4-sulphat)-spergulagenin A) cho thay hai hop chat c¢6 nhiéu diém
tuong dong vé khung aglycon hopan, vi tri gin duong tai C-3 va su hién dién ctia don
vi duong p-D-xylose sulfat hoa. Tuy nhién, phd NMR ciia G-11 cho thay su khéc biét
1 rét so voi spergulin A & phan aglycon, thé hién qua viéc thiéu mot tin hiéu nhoém
methyl so véi G-9 va xuét hién thém tin hiéu oxymethine tai C-28 (0C 61,4; 0H 4,36),
chirng t6 nhom methyl tuong Ung trong spergulin A da bi oxy hoéa thanh nhém
hydroxymethyl trong G-11. Ngoai ra, sy hién dién ctia nhom acetyl gan tai C-21 trong
G-11, duoc xac nhan théng qua cac twong tac HMBC dic trung, 1a diém khéc biét

quan trong so v&i spergulin A. Tir cac phan tich trén c6 thé két luan ring G-11 1a mot
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dan xuit méi cta spergulin A, c6 su bién d6i cdu trac & phan aglycon, trong khi phan
duong va kiéu lién két glycosid duoc bao toan. Két qua duoc trinh bay trong Bang
3.13

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

G-11 Spergulin A
Pyridine-ds,S00MHz DMSO-ds,S00MHz
C dc 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
4 39,3 - - 38,8 -
5 55,3 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 L m 8, 14 32,8 1,18 m; 1,38 m
1,23 m
8 45,7 - - 44,7 -
9 49,2 1,41 m 48,1 1,18 m
10 36,7 - - 36,1 -
11 31,5 2,07 m 31,8 1,67 m; 1,25 m
12 69,7 4,22 m 67,2 3,66 m
13 56,6 1,87d (11,0) 8,12,21 54,5 1,30d (11,0)
14 41,9 - - 40,9 -
15 45,5 1,74 m 16 443 1,18 m; 1,38 m
16 64,4 4,15 m 15,17 64,0 3,58 m
16, 21,
17 63,2 2,52d(11,5) 22, 28,29 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 1,83 m 21 36,7 1,48 m; 1,75 m
2,09 m
21 52,8 - - 52,1 -
22 2144 - - 213,7 -
23 28,0 1,22 s 4,5 27,3 0,97 s
24 16,5 0,94 s 4,5, 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 s 7,8,9, 14 16,5 0,95 s
27 19,4 1,39 s 8,13, 14 18,5 0,91 s
28 61,4 4,36 d (10,8) 17,2 0,91 s
29 21,1 1,69 s 17,20, 20,1 1,255
’ ’ 21,22 ’ ’

30 26,0 2,36 s 21,22 25,8 2,10
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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>C) (ppm) J (Hz)
Xyl-1' 106,3 4,92d (7,0) 3 2 105,8 4,22.d (7,5)
2' 73,6 4,02 m 1,3 1,3 72,3 3,11m
3 83,1 5,40 m 2’4 2 82,6 3,89 m
4 70,6 4,7 m 68,4 3,50 m
5! 66,1 4,23 m 3’ 65,0 3,70 m; 3,08 m

3.2.12. Hop chit G-12: 2”-p-Coumaroylvitexin 7-glucosid

Hinh 3.12. Céu tric héa hoc va mot sd 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 ciia G-12 duge xac dinh 1a C36H36017 (Q = 19) bang phuong phap pho khdi (+)-
HR-ESI-MS dua 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 du 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 ctia apigenin, sy khac biét duoc ghi nhan d6 1a thiéu tin hiéu proton cua H-8.
Hai proton xuat hién & J 4,84 (1H, 4, J="7,5 Hz, H-1"") va 5,34 (1H, d, J= 10,0 Hz,
H-1"), cho thdy c6 mét proton ctiia C-glycosid va mot proton ctia O-glycosid v6i cau
hinh beta twong g trong phd "H-NMR. Mdi twong quan giita cac tin hiéu & J 4,84
(H-1"") va 6 162,8 (C-7) ciing nhu 6 5,34 (H-1") va 6 106,4 (C-8) trong phé HMBC
da x4c nhan rang hai glucopyranosid 1an luot duogc lién két v6i nguyén tir oxygen &
C-7 va lién két voi nguyén tir carbon & C-8 trén G-12. Dya trén hang sd ghép ctia H-
1" § 5,34 (10,0 Hz) va H-1" § 4,84 (7,5 Hz) cho biét cau hinh £ cua 2 dudng D-
glucose. Phd "H NMR ciia G-12 cho thay su hién dién ctia nhom p-coumaroyl véi
lién két d6i cAu hinh trans khi xét dén hang sé ghép dic trung (16,0 Hz) giira 2 proton
olefin & 6 6,15 va 7,47 ppm. Phd 1*C NMR ciing x4ac nhan sy hién dién cta trans-p-

coumaroyl véi dc114,9; 168,4 ppm. Ngoai ra 2 tin hiéu carbon cao gap doi tai dc
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116,7 va 5c 131,3 dic trung ciu trac d6i xting vong benzen thé 1,4 dugc gan cho
carbon 11°/15° va 12°/14’ tmg v&i 2 tin hiéu proton 7,44 (2H, d, J = 9,0 Hz va 6,76
(2H, d, J=9,0 Hz) va diéu nay duoc chirng minh thong qua tuong tac trén phéd HMBC,

COSY. Trén phé HMBC, H2” cua duong glucose co twong tac véi C7° cua trans-p-

coumaroyl ching to nhanh trans-p-coumaroyl gin vao C2” cua dudng glucose. So
sanh v6i dit liéu phd 'H-NMR va *C-NMR trong tai liéu [98], hop chit G-12 duoc

xéc dinh 1a 2”-p-coumaroylvitexin 7-glucosid — mot hop chit da duoc bao cdo trude

day trong loai G. oppositifolius.

Bang 3.14. Dit liéu phé NMR ctia G-12 va 2”-p-coumaroylvitexin 7-glucosid
G-12 2”-p-coumaroylvitexin 7-
(Methanol-d,, 500 MH?z) glucosid
(Methanol-d,, 500 MH7)
C Jc ou (ppm) HMBC COSY dc
(ppm) J (Hz) (H>C) (ppm)
2 167,2 - 164,5
3 103,9 6,69 s 4,1°,2,10 102,4
4 184.4 - 182,2
5 163,2 - 162,0
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°/6 115,9
4 163,0 - 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 1440
10° 127,3 - 1252
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-1"” 102,8 4,84 d (7,5) 7 27 101,2
2> 74,8 3,61l m 1> 73,1
3 78,1 3,49 m 27,4 76,2
4> 71,1 3,43 m 3,57 70,7
5 78,3 3,35m 4 77,1
6> 62,2 3,95 m, 3,87 m 60,5
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17 73,1 5,40 d (10,0) 7,8,9,2” 2” 70,7

2” 73,9 5,64 m 17,7 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
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 tuong tac HMBC ctia G-13

Hop chat G-13 duoc phan 1ap dudi dang bot vo dinh hinh mau vang. Cong thirc phan
tir ctia G-13 duoc xac dinh 1a CisHi0Os (Q = 11) bang phuwong phap phd khéi (+)-
ESI-MS dua vao peak ion phan tr gia tai m/z = 285,05 [M-H]". Dua vao thong tin
trén ph6 'H-NMR cua hop chit G-13 cho thay cac tin hiéu cua proton vong thom,
bao gdm c6 tin hiéu cta 2 proton cudng do cao dudi dang doublet ghép ortho tai dn
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 *C-NMR ciing cho thiy duoc 13 tin hiéu cua 15 carbon, trong d6 2 tin hiéu
tai 6C 129,5 (C-2°/C-6’) va 115,4 (C-3’/CS5’) c¢6 cuong do carbon gép doi, 1 nhom
carbonyl (C=0) tai 175,9 (C-4), cac 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-57); 103,0
(C-10); 98,2 (C-6); 93,5 (C-8) va 2 carbon olefin gin véi oxy tai dc 146,8 (C-2); 135,6
(C-3). Phdé HMBC cuia hop chat G-13 ciing cho thiy twong tac gitra H-2',6' (Ju 8,04)
véi C-1' (6c 121,7), C-3',6' (dc 115,4); tuong tac gitra H-3",5' (du 6,92) voi C-2',6' (dc
129,5) va C-4' (dc 159,2 ppm), H-5' tuong tac véi C-4' (oc 159,2) va C-2',6' (dc 129,5);
H-6 v61 C-5 (6c 160,7) va C-7 (dc 163,9) va H-8 (ou 6,44) v61 C-7 (¢ 163,9) va C-9
(dc 156,2). Tin hi¢u dudi dang singlet tai on 12,46 (1H, s, 5-OH) déac trung cho nhém—
OH gin vao vi tri C-5 trén khung flavone. Dya vao thong tin trén pho HMBC con
quan sat dugc tin hiéu proton cua nhom hydoxyl twong quan véi carbon tai doc 103,0;
98,2 va 160,7 tuong ung vi tri C-5, C-6 va C-10. Ngoai ra con c6 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 véi voi proton H-8 nén carbon nay 1a C-
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9. So sanh véi dit liéu phd 'H-NMR va '3C-NMR trong tai liéu [99], G-13 duogc xac

dinh 1a kaempferol (3,4',5,7-tetrahydroxytlavone)

Bang 3.15.  Dit liéu phé NMR ctia G-13 va kaempferol
G-13 Kaempferol
(DMSO-ds, 500 MH?) (DMSO-ds, 500 MH7z)

C 5C JH (ppm) HMBC 5C §H (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 6,195 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 -
3,5 115,4 6,92 d (9,0) r,4 1154 6.93d (9,0)
3-OH 9,39s 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 s

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

Hinh 3.14. Céu trac hoa hoc va mot sé tuong tac HMBC cta 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 phan tir 1a
Ci5H100s (Q = 11). Phd "H-NMR xut 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 thay cau tric d6i xing ctia vong B. Pho
3C-NMR cho thay 13 tin hiéu ciia 15 carbon trong phan tir, bao gdm tin hiéu carbonyl

& dc 181,7 ppm (C-4). Nam nguyén tir carbon oxyaryl c6 thé duoc quan sat thiy &
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mirc 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 (2C),
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 nhan vi tri cta oy 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 cia ciu tric ddi
xung trong vong B. Céc dir liéu phd NMR ciia G-14 dugc so sanh voi cac dir liéu

tuong ng trong tai liéu tham khao [100], x4c dinh hop chit G-14 13 apigenin.

Bang 3.16.  Dir liéu phd NMR ctia 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(9,1)
4 161,13 - - 161,46 -
3,5 115,92 6,924d (8,5) r,4 2,6 116,01 6,90d (9,1)
5-OH 12,96 s 5,6, 10 12,94

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

. AT

_OH _, HMBC

HO (X 5 «-» COSY
6 1 5 g OH
oH OHO- 3

HO

Hinh 3.15. Cau trac hoa hoc va mot sé twong tic HMBC va COSY cua G-15
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Hop chét G-15 thu dugc & dang bot vo dinh hinh mau vang. Phé (-)ESI — MS cia G-
15 cho dinh ion phan tur gia [M-H] tai m/z = 447,09 ung v&i cong thirc phan tur 1a
C21H20011 (Q = 12). Trén phd C-NMR xuét hién 19 tin hiéu carbon (2 tin hiéu ddi
xtng), trong d6 c6 14 tin hiéu & ving truong thip (dc 93,7 — 177,4). C6 5 tin hiéu
carbon xuét hién & ving truong 60-80 ppm dic trung cho diu hiéu cia cdu tric gin
1 duodng. CAu trac flavonol cia G15 duoc xac dinh boi tin hiéu carbon carbonyl dc
177,4 va tin hiéu ou 12,60 (OH, s) dac trung cho 5-OH. Hai tin hi¢u carbon c6 do
dich chuyén 93,7 ppm va 98,7 ppm lan luot 1a C-8 va C-6 trong céu truc flavonol
cling tuong ung vdéi 2 tin hiéu proton on 6,42 (1H; d; 2,4 Hz) va éu 6,20 (1H; d; 2,4
Hz) c¢6 J = 2 Hz dic trung cho ghép meta. Ngoai ra trén phé *C-NMR con xuit hién
2 tin hiéu carbon cao gap ddi tai dc 115,1 va dc 130,8 dic trung cau trac d6i xting cla
vong B dugc gén cho C3°,5” va C2°,6” ing vd&i 2 tin hiéu proton Ju 6,88 (2H; dd; 1,8
Hz va 6,6 Hz) va ou 8,04 (2H; dd; 1,8 Hz va 7,2Hz). Trén pho HMBC, H1” ciia dudng
glucose c6 tuong tac voi C3 ciia aglycon ching to dudng D-glucose gan vao C3 cla
aglycon va H1” ¢6 on 5,45 d (7,8) cho biét cau hinh f ctia D-glucose Nhu vay, G15
dugc xéac dinh 13 astragalin (kaempferol-3-0-£-D-glucopyranosid). Cau triic caa G15
dugc khang dinh khi so sanh vdi *C-NMR va '"H-NMR duoc cong bd trudc day
[101].

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

G-15 Astragalin
(DMSO-ds, 600 MH7) (DMSO-ds, 600 MHz)
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 - - - 157,3 -
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)

67
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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)

F 2% \rjo
) 1
\ )
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 '3C-NMR cho thay tin hiéu cua 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 [102].

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 9,825 1,2,4 190,8 9,83 s
OMe 56,1 3955 56,1 397s
4-OH 6,58 s 6,49 s

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

BEE.. e 9 —» HMBC

HN ‘

Hinh 3.17. Cau trac héa hoc va mot s6 twong tic HMBC, COSY cua G-17

Hop chat G-17 dugc phan 1ap ¢ dang bot vo dinh hinh, mau vang. Pho UV cia G-17
trong dung moi methanol xuét hién cuc dai hap thu & 256 nm. Trén phd hong ngoai
xudt 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 thic [C1sH21NsO3]": 305,1608 ; A = - 3,6 ppm). Phd 'H-NMR xuat hién
mot bd nam proton twong ung véi mdt vong thom & on 7,27 (2H), 7,30 (1H) va 7,47
(2H), ngoai ra con co hai proton olefin & du 6,77 d va 6,08 d dic trung cho ciu tric
cinnamoyl. Cau hinh cis ctia ndi d6i duoc xac dinh tir hang s ghép véi J = 12,5 Hz.
Su hién dién cua nhém cis-cinnamoyl dugc x4c nhan thém béng twong quan 'H-'H
COSY cua H-7"/H-8', cung voi cac twong quan HMBC tir H-7'/H-8' dén C-9' (3C
169,1), tir H-8' dén C-1' (dc 136,8), tir H-7' dén C-2"/C-6" (5¢c 130,2), tir H-2'/H-6' dén
C-7' (dc 138,0) va cac tuong quan khac ciia vong benzen. Phd 3C-NMR cho thay 13
tin hi¢u carbon, trong d6 9 tin hi¢u thudc khung cis-cinnamoyl. Cac tin hiéu carbon
con lai thudc vé ba methylen (dc 26,1; 30,9; 42,1), mdt methin (dc 55,3) va hai carbon
bac bén (5c 158,6, 178,1) phit hop véi cac tin hiéu cua amino acid arginin. Cau tric
arginin dwoc 1am sang to bang cac trong quan ciia H-2/H-3/H-4/H-5 trong phd COSY
'H-'H va cac twong quan HMBC tir H-2 dén C-1/C-3/C-4, tir H-3 dén C-2/C-4, va tir
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H-5 dén C-4. Do d6, hop chit nay dugc du doan 1a din xuét cis-cinnamoyl cia
arginin.

Trén phd HMBC, mbi twong quan dwgc quan sat giita du 4,29 (H-2) va 5c 169,1 (C-
9'), cho thiy ring mdt trong cac nguyén tir hydro ctia nhdm a-amino da duoc thay thé
bang cinnamoyl. D6 quay cuc ciia G-17 [a]37— 16,7° nén ciu 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 dit liéu phd MS cho phép xac dinh G-17 13 L-(-)-(N-cis-cinnamoyl)-
arginin [63].

Tinh toan ning lugng tu do ciia hop chiat G-17 cho két qua E= - 1028,30954661,
trong khi hop chat L-(-)-(N-trans-cinnamoyl)-arginin c6 E= -1028,42410089. Diéu
nay cho thiy cau hinh frans 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 ciia G-17 va L-(-)-(N-trans-cinnamoyl)-arginin

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

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

(ppm) JHz)  (HC) (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(8,0)
cinnamoyl
I 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 7,35m
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)
H @)
Ly 1L
KGO oH
! 2 H — > HMBC
3
Hinh 3.18. Ciu trac hoa hoc va mot sb twrong tic HMBC, COSY cua G-18

Hop chit G-18 thu duoc dudi dang bdt v6 dinh hinh, mau vang nhat. Pho (-)ESI —
MS cua G-18 cho dinh ion phan tir gia [M-H]" tai m/z = 147,0438, phu hgp véi cong
thirc phan tir 14 CoHzO2 (Q = 6). Trén phd 'H-NMR cua hop chit G-18 c6 su xuit
hién tin hi¢u cua 5 proton thom ¢ vung truong thép [ou 7,56 (2H; m; H-2, H-6)], [ou
7,41 (3H; m; H-3, H-4, H-5)] cho théy hop chit G-18 c6 mot vong benzen c6 1 nhém
thé. O ving truong 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)], [ou 6,46 (1H; d; J = 16,2 Hz; H-8)]. Phé
3C-NMR cuia hop chat G-18 c6 tin hiéu ciia 9 carbon. O ving trudng thap xuét hién
1 carbon carbonyl ciia nhom acid [oc 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], [oc 129,0; C-3, C-5], [doc 130.8; C-4];
2 carbon olefin bac 3 [dc 147,1; C-7], [dc 117.3; C-8]. Tién hanh so sanh dir liéu phod
ctia hop chat G-18 vé6i hop chit cinnamic acid [103] cho thay c6 sy twong hop. Vay
hop chat G-18 1 acid cinnamic.

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

G-18 Acid cinnamic
(Chloroform-d;, 600 MHz) (Chloroform -d;, 400 MH7)

C Jc 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)

/
f — » HMBC

OCH3 -« - » COSY

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

Hop chat G-19 thu duoc ¢ dang bot vo dinh hinh mau tring. Cong thirc phén tir ciia
G-19 dugc xac dinh 1a C19H 004 (Q = 6) bang phuong phap ph khdi (-)-ESI-HRMS
dua vao peak ion phan tir gia tai m/z = 193,0493 [M-H]". Pho '"H-NMR cho thiy sy
c6 mat cua hai proton olefin & 0 7,62 (d, J = 16,2 Hz, 1H, H-7) va 6,33 (d, 11,] = 15,6
Hz, 1H, H-8), va ba proton vong thom ¢ 0 7,19 (d, J = 1,8 Hz, 1H, H-2), 7,08 (dd, J
= 8,4, 1,8 Hz, 1H, H-6) va 6,83 (d, J = 7,8 Hz, 1H, H-5), va m{t methoxyl ¢ ¢ 3,91
(s, 3H, 3-OCH3). Pho *C-NMR ciia G-19 cho thay hai nguyén tir carbon olefin & 0
146,9 (C-7), 116,0 (C-8) va sau nguyén tir carbon thom ¢ 6 127,8 (C-1), 111,7 (C-2),
149,4 ( C-3), 150,5 (C-4), 116,5 (C-5) va 124,0 (C-6), va mot carbon methoxy &
56,5, cling nhu mot carbon cacboxyl & 6 171,0 (C-9). Hang s6 ghép cta 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 [104], 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 zrans-ferulic
(Methanol-d,, 600 MH?z) (Methanol-d,, 400 MHz)
Jc ou (ppm) HMBC COSY Joc 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 7,18d (1,9)
3 149.,4 - 149,9 -
4 150,5 - 151,5 -
5 116,5 6,83 d (7,8) 1,3 116,5 6,82d(8,2)
6 124,0 7,08 dd (1,8; 8,4) 2,4,7 124,0 7,07 dd (1,9;8,2)
7 146,9 7,62 d (16,2) L 2’96’ 8, 8 147,0 7,59d (15,9)
8 116,0 6,33 d (15,6) 1,9 7 116,0 6,31d(15,9)
9 171,0 - 171,2 -

OCH;3 56,5 391 3 56,5 3,89 s
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3.2.20. Hop chit G-20: 7-O-Methylwogonin (5-hydroxy-7,8-dimethoxyflavone)

Hinh 3.20. Céu trac hoa hoc va mot sé twong tic HMBC chinh ciia G-20

Hop chat G-20 duogc phan 1ap dudi dang bot vo dinh hinh mau vang. Phd (+)HR-ESI
— MS cta G-20 cho peak ion phan tir gia tai m/z = 299,0916 [M+H]", phu hop véi
cong thic phan tr 13 C17H1405 (Q = 11). Phd *C-NMR cho thiy tin hiéu coa 15
nguyén tir carbon, bao gdm nhom carbonyl & dc 182,3 (C-4), 5 nguyén tir carbon
mang oxy 0 dc 163,3 (C-2), 158,6 (C-7), 156,6 (C-5), 148,8 (C-9) va 128,5 (C-8), hai
nguyén tir carbon bac 4 & oc 130,7 (C-1") va 104,1 (C-10), va bay nguyén tu
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- OCHs) va 61,1 (8-OCH3) cho thay
hop chat G-20 1a khung C6-C3-C6 cua flavonoid Bang 3.22.

Phd 'H-NMR thé hién 5 tin hiéu proton thom lién tiép ctia vong B va tin hiéu proton
don ctia H-3 (du 7,02 s) va H-6 (Ju 6,61 5). Ngoai ra, phé '"H-NMR thé hién tin hiéu
don cia nhém 5-OH tai on 12,63 va tin hi€u ctia hai nhém methoxy tai ou 3,93 (3H,
s, 7-OCH3) va 3,86 (3H, s, 8-OCH3). Phé HMBC cho thdy mdi tuong quan tir 5-OH
dén C-5/C-6/C-10, tir H-6 dén C-5/C-7/C8/C-10, tlr H-3 dén C-2/C-4/C-10/C-1", tit
H-2//H-6' dén C-2/ C-4', va tir H-3'/H-5' dén C-1'. Dya trén sy so sanh nhirng dir liéu
nay voi dir liéu dugc cong bd trong tai li¢u [105], hop chit G-20 duoc xéac dinh 1a 7—
O-methylwogonin (5-hydroxy-7,8-dimethoxyflavone) - Pay 1a 1an dau tién phan lap
dugc hop chit nay trong cdy.

Bang 3.22.  Dir liéu phd NMR ctia G-20 va 7—-O-methylwogonin

G-20 7-O—methylwogonin

(DMSO-ds, 600 MHz) (DMSO-ds, 300 MH7)

C oc on HMBC oc OH
(ppm)  (J=Hz) ppm (H>C) (pm)  (J=Hz) ppm
2 163,3 - 164,7 -
3 105,0 7,02 s 2,4, 10, 105,8 7,01 s
I

4 182,3 - 183,5 -

5 156,6 - 159,4 -
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G-20
(DMSO-ds, 600 MHz)

7-0O-methylwogonin
(DMSO-ds, 300 MH7)

C dc OH HMBC oc on
(ppm)  (J=Hz) ppm (H>C)  (ppm) (J= Hz) ppm

6 96,1 6,61 s 5,7,8,10 96,7 6,60 s

7 158,6 - 160,0 -

8 128,5 - 1323 -

9 148,8 - 150,3 -

10 104,1 - 105,4 -

r 130,7 - 130,0 -

2’/6° 126,3 8,08 m 2,4 127,2 8,10 m

4 132,1 7,63 m 2°,6' 132,8 7,61 m

35 129,2 7,61 m I’ 130,1

7-OMe 56,5 393 s 7 56,8 3,985

8-OMe 61,1 3,865 8 61,6 3,87 s

5-OH - 12,63 s 5,6, 10 12,65 s

Bang 3.23.  Tong hop cau tric cac hop chat phan lap duoc
Ky A Ky Ao
. Cau truc hoa hoc o Cau truc hoa hoc

hi¢u hi¢u
G-1 G-11
G-2 G-12
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G-8 G-18
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HOS
H
G-9 HEH, G-19
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HO
O
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G-10 G-20

3.3. Két qua thir hoat tinh sinh hoc ciia cic hop chét phén lap dwoc

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

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

Bang 3.24.  Két qua thir hoat tinh trc ché enzyme a-glucosidase ctia cac hop chat phan
lap dugc tir cdy Rau déng dat

Mau thir ICso (uM) Miu thir ICso (uM)
G-1 1247,21 +2,15* G-12 22222 +3,71¢
G-2 310,51 = 1,38t G-13 9,52 +0,19?
G-3 ND G-14 10,28 + 0,05
G-4 ND G-15 80,27 + 1,509
G-5 ND G-16 ND

G-6 257,90 + 1,00 G-17 ND
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G-7 380,71 + 5,43 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 giita cac gia tri theo phép kiém Tukey & muic tin ciy 99% (p < 0,01).
Theo két qua thtr hoat tinh nhu trén cho thay cac hop chat G-1, G-2, G-6, G-7, G-8,
G-10, G-11, G-12, G-13, G-14, G-15, G-20 c6 kha ndng trc ché enzyme o-
glucosidase so v6i chirng duong acarbose (ICso= 1021 £ 10,79 pM). Cac hop chat
G-13, G-14, G-8, G-11, G-15, G-20 cho hoat tinh tc ché manh enzyme a-
glucosidase vdi ICso theo thur tu lan luot 14 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 chat G-12, G-6,
G-2, G-7, G-10 cho hoat tinh wrc ché yéu hon (ICso < 400 pM ) véi ICso lan 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 trc ché yéu nhat v6i ICso = 1247,21 £2,15 uM.
Céc hop chét con lai khong cho hoat tinh trc ché enzyme a-glucosidase.
Thao luan:
Acarbose 13 chat trc ché canh tranh va hdi phuc véi enzyme a-glucosidase & té bao
ban chai cta rudt, lam cham tiéu hoa, hip thu carbohydrate va két qua 1a glucose mau
ting cham hon sau dn. Acarbose dugc sir dung phd bién nhét trong nhom thube tc
ché enzyme a-glucosidase. Do d6, acarbose duoc sir dung 1am thude d6i ching duong
trong thir nghiém. Tuy nhién, hoat tinh &rc ché enzyme a-glucosidase cua acarbose co
gia tri dao dong khac nhau véi khoang ICso tir 46 pg/mL dén 4687,06 ug/mL [106]
[107] [108]. Piéu nay co thé do acarbose hoat dong trén ngudi tot hon nAm men,
trong khi enzyme a-glucosidase sir dung c6 ngudn gdc tir nAm men, va c6 thé do
ngudn cung cap acarbose (hing san xut, ngudn gbc enzyme...), quy trinh thuc hién.
Trong thir nghiém ciing cho két qua ICso (ug/mL) ciia acarbose nam trong khoang gia
tri nhu cac bao cao di cong bd. Két qua thir hoat tinh trén cao phan doan cho thay cac
cao phan doan déu thé hién hoat tinh trc ché enzyme a-glucosidase voi gia tri ICso
thap hon so véi acarbose. Dic biét, cao EtOAc ciing ghi nhan mot gia tri y nghia véi
ICso= 105,10 + 1,56 pg/mL. Cac phan doan c6 hoat tinh dugc tiép tuc tién hanh phan
1ap va xac dinh hoat tinh in vitro. Tt cao EtOAc da phan 1ap dugc 14 hop chat va 6



85

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.

Léan dau tién 3 hop chat G-6, G-11, G-17 dugc phan 13p trong tu nhién va thir hoat
tinh @rc ché enzyme a-glucosidase. Két qua cho thdy hop chat G-11 (spergulin C) co
hoat tinh manh v61 ICso=31,23 + 0,45 uM, G-6 (apigenin-5-O-S-D-glucopyranosyl-
8-C-B-D - glucopyranosid) trc ché yéu véi ICso=257,90 + 1,00 uM va G-17 (L-(-)-
(N-cis-cinnamoyl)-arginin) khong c6 hoat tinh. Lan dau tién hop chit G-20 (7-O—
methylwogonin) dugc phan 1ap tir loai Glinus oppositifolius va thir hoat tinh trc ché
enzyme a-glucosidase. Két qua cho théy hoat tinh ¢ ché manh v&i ICso = 94,92 +
1,85 uM.

Trong nghién ciru hién tai, két qua hoat tinh rc ché cta 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 trudc
day (tuong ung ICso 14 628,80 = 80 uM va 1654 = 170 uM) [53]. Kumar va cOng sy
(2013) da bao céo tac dong e ché enzyme a-glucosidase cia cac hop chat phan lap
tu loai Glinus oppositifolius nhu 1a glinosid C, spergulacin A, spergulin B, spergulin
A v6i ICso 1an luot 13 127 + 30 uM, 694 + 60 uM, 1783 £ 290 uM, 143 + 20 pM.
Tuy nhién nhitng hop chat nay (G-3, G-4, G-5, G-9) khong thé hién hoat tinh rc 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 cta cac hop chat nay [109; 110;
111].

Nhitng nghién ctru gin ddy da chi ra rang cac din chat glycosid flavone nhu vicenin
2, vitexin, astragalin c6 hoat tinh trc ché enzyme a-glucosidase. Trong thir nghiém
ctia chiing 61, cac hop chat G-1 (vicenin 2), G-10 (vitexin), G-6 (apigenin-5-O-S-D-
glucopyranosyl-8-C-A-D-glucopyranosid), G-15 (astragalin) déu thé hién hoat tinh
trc ché enzyme a-glucosidase. Tuy nhién két qua cia nghién ctru hoi khac so véi bao
cdo trude ddy, diéu nay co thé 1a do diéu kién thuc hién phan tng khac nhau nhu thoi
gian 0, nong d6 ctia enzyme va thude thi, tit ca nhitng diéu kién nay c6 thé tic dong
dén 1Cso. Gia tri ICso cta vicenin 2 (1247,21 £ 2,15 uM), vitexin (193,60 + 2,47 uM),
astragalin (80,27 £ 1,50 uM) trong nghién ctru nay cao hon so véi vicenin 2 (270,53
+ 6,23 uM) [94], vitexin (52,80 + 1,65 uM)[112], astragalin (33,09 £ 0,68 uM) [113]
da dugc bao cao trude ddy. Theo hiéu biét cua chung toi, day 1a lan dau tién thir
nghiém hoat tinh trc ché enzyme a-glucosidase ciia cac hop chat G-7 (trifolin), G-12
(2”-p-coumaroylvitexin 7-glucosid), va két qua cho thay chiing c6 hoat tinh trc ché
yéu voi ICso 1an lugt 14 380,71 + 5,43 uM; 222,22 + 3,71 puM. Cac hop chat G-13
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(kaempferol), G-14 (apigenin), G-20 (7-O—methylwogonin) — cac aglycon flavone —
déu thé hién hoat tinh manh e ché enzyme oa-glucosidase vadi ICso lan lwot 149,52 +
0,19 uM; 10,28 + 0,05 uM; 94,92 + 1,85 uM. Két qua nay twong duong véi béo céo
nghién ctru trude d6 [114]. Pic diém cau 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 tic ché a-glucosidase
manh cia kaempferol, apigenin [115]. Hién chua tim thdy bao céo vé hoat tinh trc
ché enzyme a-glucosidase ciia 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 pM) 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 chira cac nhém hydroxy tai vi tri 5, 7 va 4’ cua khung flavone, von da
dugc ching minh 1a cac yéu té ciu tric cha dao trong md hinh pharmacophore cia
chat e ché a-glucosidase [116; 117]. Nhém OH & C-4' dong vai tro then chdt trong
hinh thanh lién két hydro v6i Asp214 va Glu276 tai vi tri xtc tic ctia enzyme [118;
119]. 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 phut hgp vdi ciu tric cia flavonoid glycosid, noi nhém
duong 1am ting do tan va 6n dinh sinh hoc [120].

Tiém ning tc ché a-glucosidase cua flavonoid di duoc nghién ctru va béo céo rong
rii. Hoat dong trc ché cua cac hop chét bi anh huong dang ké boi cac nhom thé trong
c4u tric flavonoid. Thong qua phan tich tong hop dua trén két qua thir nghiém va cac
bao céo trudc day, chiing toi da thiét 1ap mdi quan hé ciu truc-tac dong (SAR) cia
chung. Viéc khir hodc thay thé cac nhom hydroxyl tu do, nhém olefin A2® va nhom
ketone C-4 anh hudng tryc 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 nhom 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 viéc tao ra cac hoat dong trc ché manh dbi véi o-glucosidase. Ngoai ra, gén
thém nhom methoxy ciia cac vi tri da dé cap o trén ciia khung flavonoid lam giam tac
dung tc ché ddi vai a-glucosidase. Sy tao thanh C-Glycosid ¢ cac vi tri C-3, C-6, C-
7 va C-8 cua khung flavonoid 1am giam manh tac dung trc ché [121; 122]. Tir két qua
thue nghiém cho thiy flavon & dang aglycon nhu hop chit G-13 (kaempferol), G-14
(apigenin) c6 hoat tinh wrc ché manh hon khi so sanh véi dang glycosid cia ching (G-
1, G-6, G-7, G-10, G-12, G-15). Bén canh d6, hop chat G-1 (vicenin 2) ¢6 tac dung
trc ché yéu ddi véi a-glucosidase (ICso = 1247,21 + 2,15 uM) sau khi gin duong tai
vi tri C-6 clia vong A so v6i cac hop chit G-6, G-10, G-12 thé hién hoat tinh e ché
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a-glucosidase tot hon véi gia tri ICso 1an lwot 14 257,90 + 1,00 uM, 193,60 + 2,47
uM, 222,22 + 3,71 puM. Nhitng két qua nay phu hop vé6i viée thiét 1ap trude day coa
SAR giita s6 nhom hydroxy thom va hoat tinh trc ché enzyme a-glucosidase cua
flavonoid (Hinh 3.21).

B 4 | -OH,-OCH3
Puang

Sir thay the cau triic Hoat tinh (re ché a-glucosidase
C-3, C-5, C-7, C-B: them dutmg
C-6: thém dudmg

C2=C3: hydrogen héa

f - C-7, C-4": them OH t
Buong
thém OH

-OH, Pudng | C-4' thém OH, OCH3

o]

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 chit
phan lap duge
Két qua thir hoat tinh {rc ché enzyme xanthine oxidase ctia cdc hop chat phan lap
duoc tir cdy Rau déng dat duoc thé hién ¢ Bang 3.25
Bang 3.25. Két qua thir hoat tinh (rc ché enzym xanthine oxidase ctia cac hop chat phan

1ap duoc tir cdy Rau ding dat

Mau thir ICso (uM) Mau thir ICso (uM)
G-1 56,82 + 1,959 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 +£0,332
G-6 ND G-17 178,02 + 1,65
G-7 ND G-18 106,69 + 3,55F
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%
G-11 ND

ND: khong phat hién dugc hoat tinh. Cac chir cai khac nhau thé hién sy khac biét co y nghia
thong ké giita cac gia tri theo phép kiém Tukey & mirc tin cdy 99% (p < 0,01).
Theo két qua thir hoat tinh nhu trén cho thay cac hop chat G-1, G-2, G-9, G-10, G-
12, G-13, G-14, G-15, G-16, G-17, G-18, G-19 c6 kha nang rc ché enzyme xanthine
oxidase so v6i ching duong allopurinol (ICso= 3,84 + 0,11 uM). Cac hop chit G-1,
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G-13, G-14, G-16, G-19 cho hoat tinh trc ché manh (IC50< 100 uM) enzyme xanthine
oxidase v6i ICso 1an luot 13 56,82 + 1,95 puM, 26,18 + 0,78 uM, 10,26 £ 0,55 pM,
5,37 £ 0,33 puM, 87,40 + 1,96 pM. Trong d6, hop chat G-16 (5,37 + 0,33 uM) thé
hién hoat tinh manh nhat. C4c hop chit G-9, G-2, G-17, G-15, G-12, G-18 cho hoat
tinh trc ché yéu hon v6i ICso 1an luot 14 394,42 + 1,35 uM, 288,68 + 1,94 puM, 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 nhat véi ICso 1a 927,49 + 4,48 uM. Cac hop chét con lai
khong cho hoat tinh @rc ché enzyme xanthine oxidase.

Thao luan:

Két qua thir nghiém hoat tinh cta cac cao phan doan thé hién tac dong tric ché enzyme
xanthine oxidase dang ké véi gia tri 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 uc ché X0
manh hon (gia tri ICso lan luot 12 29,67 + 1,02 va 83,16 + 0,27 pg/mL) so véi cao con
70% (gia tri ICso 1a 130,56 + 3,79 ng/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 tc ché
enzyme XO c6 ¥ nghia. Theo hiéu biét ctia chiing t6i, dy 14 bao cdo dau tién vé tac
dung trc ché xanthine oxidase in vitro ciia cac cao chiét loai Glinus oppositifolius. Do
d6, hoat dong trc 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 thdy khong c6 hoat tinh trc ché & cac nong
do thtr 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 thtr nghiém hoat tinh @c ché enzyme XO cho két qua hop chat G-2, G-9 ¢o tac
dong e ché yéu vai 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 chat G-16 (vanilin) thé hién hoat tinh trc ché enzyme XO manh nhét véi ICso =
5,37 + 0,33 uM. Hop chit G-18 (acid cinnamic), G-19 (acid trans-ferulic) ciing cho
thay hoat tinh trc ché tt véi ICso 1an luot 14 106,69 + 3,55 uM, 87,40 + 1,96 uM. Bao

c4o ctia Chang va cong sy (2007) d3 chirng minh ring cac phenylpropanoid 13 cac
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chét rc ché canh tranh manh vé6i enzyme XO [123]. Két qua thir nghiém in vitro cia
bao cao di cho thiy hoat tinh trc ché cua cac phenylpropanoid phu thudc vao nhém
phenethyl, carbonyl va hydroxy. Trong cdu tric cua acid cinnamic bi thiéu di nhém
hydroxy gin vao vong benzen, dan dén giam ai luc véi enzyme XO. Diéu nay phu
hop véi két qua nghién ctru ctia dé tai khi 1C50 acid cinnamic > IC50 acid trans-ferutic (106,69 +
3,55 uM > 87,40 = 1,96 uM).

Mot sd nghién ctru d3 bao cao rang loai Mentha longifolia L.[124], Pogostemon
cablin (Blanco) Benth. [125] 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
v6iICs0 = 56,82 + 1,95 pM. Mot nghién ctru ctia Watanabe [126] da chirng minh rang
vitexin khong trc ché hoat dong ctia XO, con nghién ctru hién tai cho thay vitexin (G-
10) c6 tac dung trc ché XO rat yéu (ICso = 927,49 £ 4,48 uM). Trong nghién ctru hoat
tinh e ché XO tir 14 Alsophila spinulosa (Hook) Tryon. [127], hop chét astragalin
phan lap dugc cho két qua ICso = 49,46 uM thap hon so véi gia tri ICso = 144,65 +
0,17 uM thu dugc tir dé tai. Piéu nay co thé 1a do diéu kién thyc hién phan ung khac
nhau nhu thoi gian 0, ndng d6 cta enzyme va thude thir.

Kaempferol (G-13) va apigenin (G-14) 1a hai flavon ¢ dang aglycon c6 hoat tinh trc
ché enzyme XO rat manh (ICso 1an luot 13 26,18 + 0,78 uM va 10,26 + 0,55 uM) phu
hop voi nghién ctru trude ddy cia hai hop chit nay [128; 129]. Cac nhém hydroxy
(dac biét 1a meta hydroxy C5 va C7) trong kaempferol, apigenin dugc cho 1a dong
vai tro quan trong trong tac dung Urc ché, tao diéu kién cho su tiép can vao vung lan
can cua khoang ky nudc ctia XO (vi tri hoat dong cua XO) thong qua lién két hydro
va tuong tac tinh dién [130].

Hoat tinh &rc ché XO ndi bat dugc ghi nhin & cac hop chit 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/trans-ferulic acid, ICso ~87—106 uM), cho thay vai tro tiém
ning ctia cac nhom phenol don gian va flavonoid trong diéu hoa san xuat acid uric.
Dic biét, apigenin va kaempferol — hai hop chét cung thé hién hoat tinh cao trén ca
hai enzyme — dd duogc bio céo trude do6 1a e ché kép a-glucosidase/XO, v6i co ché
tuong tac thong qua ving hydroxyl va hé lién hop = giup gin vao ti xtc tac va 6n
dinh phirc chat enzyme—chét nén [131; 132].

Phan tich cau tric — hoat tinh

«  Nhém flavonoid aglycon (G-13, G-14): Thé hién hoat tinh manh nho khung C6-
C3-C6, OH-5, OH-7, OH-4' va h¢ = lién hgp — phu hop v61 mo6 hinh pharmacophore

cua ca hai enzym.
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«  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 trong tac da dich (multi-target)
[120].

« Phenolic acid (G-18, G-19): Dan xuit acid hydroxycinnamic nhu acid ferulic
dugc chiing minh ¢6 kha nang tuong tac tai vung flavin—molibden cua XO [133].

« Hop chit G-17 (L-(-)-(N-cis-cinnamoyl)-arginin) bao gébm nhém guanidinium
tich dién (arginin) va vong thom li€n hop (cinnamoyl). Theo mé hinh tuong tac hoda
hoc — phan tir, cu tric nay c6 thé tao lién két ion va H-bond (qua guanidinium va céc
acid amin mang dién 4m trong ving hoat dong ctia XO) ddng thoi sir dung twong tac
cation—r gilta vong thom va vung thom 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)[134]. Bat chap khong thudc cau trac purine, co ché ndy phu hop voi cac dang non-
purine XO inhibitors nhu febuxostat, von dugc phat trién dya trén cac twong tac phtic
tap tai vung xuc tac XO.

Ngoai cac dic diém co ban vé hydroxyl va vong thom, mét sd bao céo gan day ciing
nhan manh vai tro ciia nhém methoxy (~OCH:), dudng glycoside, hoic lién két khong
gian giita vong A—C—B trong 6n dinh cu hinh lién két véi enzyme [117; 135]. Trong
s6 cac hop chat phan 1ap, cdu tric ciia G-14 va G-13 cho thidy mirc d6 phu hop gan
nhu t6i wu véi cac yéu td ndy, gop phan giai thich cho hoat tinh sinh hoc vuot troi.
Bén canh cac hop chét flavonoid, hai triterpenoid saponin phan 1ap dugc 13 G-8 va
G-11 cling thé hién hoat tinh wrc ché a-glucosidase kha manh (ICso lan luot 12 13,99
va 31,23 uM). Pay 1a nhém hop chét co cu trac khung oleanane pentacyclic, v6i cac
nhém hydroxyl tai C-3 va C-28 hodc C-21 — nhiing dac diém di duge xac dinh 13
thanh phan quan trong trong mod hinh pharmacophore ctia cac chat @c ché a-
glucosidase khong phai flavonoid.

Cac nghién ctru gan day da chi ra rang nhom —OH tai vi tri C-3 c6 vai tro tao lién két
hydro voi Asp518 va Arg600 trong tui hoat dong cua enzym, trong khi nhom carboxyl
tai C-28 tao twong tic ion héa v6i ving phan cuc gan trung tdm xuc tac [135]. Su két
hop giita phan khung triterpen ky nudc va cac nhém chire phéan cuc tao ra co ché e
ché da diém (multi-point inhibition), gitip ting cudng d6 bén cua phirc enzym—chat
trc ché [117]. Piéu nay giai thich cho hoat tinh trc ché cao ctia G-8 va G-11, va phu
hop v6i céc dac trung da dugc ghi nhén trong cdc md hinh pharmacophore cua
triterpen saponin.

Téng két
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Céc hop chat phan 1ap tir Glinus oppositifolius, dic biét 13 hai flavonoid aglycon (G-
13, G-14), thé hién hoat tinh (rc ché manh trén ca hai enzyme muc tiéu. Phan tich mbi
lién hé céu truc — hoat tinh (SAR) cho thiy, cac nhom hydroxyl tai vi tri C-3 va C-7
c6 kha ning hinh thanh lién két hydro véi cac amino acid tai tim hoat dong cia
enzyme, gop phan ting cudng ai luc lién két. Hé thong vong thom vdi kha ning tuong
tac m—m giup 6n dinh phtrc hop enzyme—chit trc ché, trong khi sir hién dién cia phan
duong C-glycosid c6 thé anh huéng dén do tan va dinh huéng tuong tac cta phan ti
trong tui hoat dong. Ngoai ra, khung saponin kiéu oleanane duoc ghi nhan c6 vai tro
trong viéc duy tri trong tac ky nudc voi vung hoat dong chira nude cuia enzyme. Su
tuong thich gitra cac hop chat nay voi mo hinh pharmacophore d cong b cang khang
dinh vai tro ctia cac nhom chirc va khung ciu triic néi trén nhu nhiing 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 liéu trong thuc tién st dung. Vi¢c két hop phan tich SAR
cung mo phong docking va duoc 1y mang 13 huéng tiép can can thiét dé lam sang to
co ché tac dong toan dién cia cac hop chat hoat tinh tir Glinus oppositifolius. Do do,
dé mo rong va lam sau sac thém cac nhan dinh tir phan thuc nghiém, nghién ctru tiép
tuc trién khai phan tich duoc 1y mang (network pharmacology) két hgp mo phong
docking phén tir. Phuwong phap nay cho phép tich hop dit liéu hoa hoc (bao gém ca
cac hop chit da phan 14p va cac hop chit duoc phat hién qua phéan tich phé HRMS)
v6i dit liéu sinh hoc hé théng, nham xac dinh cac dich phan tir lién quan, ban d6 hoa
mang tuong tac protein (PPI), va nhan dién céc con duodng sinh hoc (KEGG
pathways) tiém niang. Pay 1a budc tiép can theo hudng “da dich — da con duong”,
phtt hop véi ban chat phirc tap ciia cac bénh chuyén hoa nhu Pai thao duong va Gout.
Viéc sang loc va md phong tuong tac gitta cac hop chét va cac dich bénh hoc qua
docking phan tir con déng vai trd nhu mot cong cu kiém ching bd sung, giup danh
gia kha nang tuong tac tai vi tri hoat dong, tr d6 nang cao do tin cdy cho céac phat
hién tir in vitro. Ngugc lai, cac két qua tir duoc 1y mang ciing hd trg 1am sang to co
ché tac dong sau hon cua cac hop chit da duoc ching minh c6 hoat tinh sinh hoc,
dong thoi goi y thém cac myc tiéu phan tir méi va hudng nghién ctru phat trién tiép
theo.
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Nhu vay, phan phan tich duoc 1y mang va docking khong chi dong vai trd bd tro ma

con 1a bude phat trién tat yéu nham két ndi, hé théng hoa va nang cao gia trji khoa hoc

ctia cac két qua nghién ciru hoa hoc va sinh hoc, gop phan hoan chinh btrc tranh toan

dién vé tiém ning duoc 1y cua cay Glinus oppositifolius.

3.4. Du doan co ché tic dung va hoat chit quan trong ciia Rau déing dit trong

diéu trj bénh Pai thao dwong 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 voéi dir liéu

thuc 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

duoc xac dinh 1a nhé hon 5 ppm.

Sau khi 4p dung tiéu chi sang loc theo quy tic Lipinski, 34 hop chit dugc chon 1a céc

hop chat c6 tiém ning dugc 1y (Bang 3.27). Quy tic Lipinski duoc xay dung dua trén

cac tiéu chi lién quan dén trong luong phan ttr, phan bd dau/nude (LogP), va kha ning

hinh thanh lién két hydro (sé lwong 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), dong thoi chira nhiéu nhém hydroxyl, 1am ting s lwong nhém cho/nhén lién

két hydro, tir 46 d& din dén vi pham cac tiéu chi cta quy tic nay. Do viy, trong qua

trinh sang loc in silico, phan 16n cac hop chét glycosid bi loai bo vi khong dat chuén,

trong khi cac aglycon — vdi cAu trac nhé gon, it phan cuc hon — lai théa man tt cac

tiéu chi va duoc giit lai dé phan tich tiép theo.

Dua trén nén tang SwissTargetPrediction, tir 34 hop chat nay, 831 dich tac dong tiém

ning 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 ning (Biéu d6 Venn -Hinh 3.22).

Mang luéi hoat chat — dich tac dong duoc xdy dung bao gdm:

e 360 nat: 34 nat hop chat (hinh thoi, mau cam) va 326 nit dich tac dong (hinh tron,
mau xanh 14).

e 1545 canh thé hién mbi twong tac giira hop chat va dich tac dong (Hinh 3.23).

Ba hop chit c6 d6 trung tim cao nhét trong mang la:

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'-trihydroxyflavon (DC = 54, BC = 0,0334, CC = 0,3897)

3. 7-Hydroxy-5-methoxy-6,8-dimethylflavon (DC = 54, BC = 0,0327, CC = 0,3897)



93

Bang 3.26.  Cac hop chit trong cdy Rau ding dét dugc xac dinh tir UPLC — HRMS
Thoi
STT  gian Manh ion m/z Sai 6 Tén hop chit CTPT Céac phan manh
(phut)
107,0495
1 1,25 CsHsOs+H]* 153,0541 -3,47 Acid p-anisi CsH;O ’
[CsHsO3+H] cid p-anisic sHgO3 [CsH;05-COOH]*
2 1,27 [C7HeO2-H] 121,0287 2,35 Acid benzoic C/HeO2  93,0335[C¢HsO]
, 120,0809 [CsHioN]"
3 2,66  [CoHiNO+H]*  166,0865 -0,81 L-Phenylal CoH;1NO
5 [CoH1y »+H] , 5 cnylalanin ol 2 103,0546 [C8H7]+
4-Hyd
4 279  [CsHOrtH]"  137,0596  -0,55 yeroxy CsHsO»  119,0492[CsHsO,-OH]"
acetophenol
i L-(-)-(N- )
5 4,83  [CisHxN4Os-H]  303,1465 4,56 . .. CisHaN4Os  131,0493 [CoH;0]
cinnamoyl)-arginin
6 529  [CyH3Ois-H 5931517 2,65 Vicenin 2 CoHygOrs 72 1096[CosHnOnf
- cenin
> 271130V15 5 5 278130U15 325,0714[C18H130]_
178,0267[CoHeOu]
7 5,41 [CioH100s-H]T  193,0504 4,22 Acid trans-ferulic CioH100s  149,0601[CoHoOs]"
134,0366[CsH4Ox]
o , 132,0524[CoH30]"
8 537 CoHsO,+H]* 149,0598 0,70 Acid CoHsO
, [CoH3O,+H] , R cid cinnamic 9HgO» 103,0546[CsHs]"
283,0615[C16H;105]
9 5,93 [Cz]HzoO]o-H]' 431 ,0984 2,52 Vitexin Cz]HzoO]o 161 ,0240[C9H503]"
117,0335[CsH5O]"
27?_p_ N
10 694  [CyxHsxOtH]* 7412020  -075  Coumaroylvitexin7-  CscHyOp - r08lCaorOn
’ 7 ’ : vt N 271,0601[CisH 0]
glucosid
[C35H58011S+HC . R
11 851 00} 731,3681 0,68 Spergulin A C3sHssO1S  685,3633[C3sHssO11-H]
12 875  [CiHssOsHH]*  619,4220 1,55 Gli id H Cols0y 04110
1INUSOPPOSI:
, 36115808 , > pp 36115808 [C1sHs3O5-OH]"
13 879  [CsHeOw-HI  653,4276 2,58 Glinosid C CscHe2O10  491,3741[C30Hs,05]"
, , 163,0394[CoH;03]"
14 8380 CoHsO4+H]* 181,0500 2,40 Acid caff CoH;50
, [CoHsO4+H] ; ; cid catieic P 135,0444[CsH00]"
15 894  [CiHsONa]™  567,3662 0,60 Glinusopposid N C:Hs06  545,3851[C33Hs5206+H]"
7-Hydroxy-5-
X yaroxy 281,1159[CsH 504-
16 9,00  [CisH;sO4+H] 299,1270 2,49 methoxy-6,8- C1sH 504 oY
dimethylflavanon
3-Hydroxy-5,7-
Yoy, 309,1107
17 9,03  [CioHisOs+H]*  327,1220 3,24 dimethoxy-6,8- C1oH 505 .
. [Ci9H1505-OH]
dimethylflavon
457,3687
18 9,17 CsoHs0O4+H]*  475,3792 2,22 S lagenin-A C30Hs500 ’
i [C30Hs004+H] , s pergulagenin 3015004 [C30Hs5004-OH]*
7-Hydroxy-5-
X YEToxy 267,1004
19 9,20 [Ci7H1604+H] 285,1126 1,66 methoxy—6— C17H 1604 N
[C17H1604-OH]
methylflavanon
6,8-Dimethyl-5,7,4'- 283,0613[C6H,105]"
20 979  [ChHuOstH]  299,0926 4,08 ety C17H 1405 [C16H1Os]

trihydroxyflavon

207,0663[C11H;104]"
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Thoi
STT  gian Minh ion m/z Sai 6 Tén hop chit CTPT Cac phan méanh
(phit)
-H _5-
7-Hydroxy-5 279,1024
21 10,15 |:C18H1604+H]+ 297,1 114 -2,61 methoxy—6,8- C18H1604 i
) [C1sH1604-OH]
dimethylflavon
22 10,77 |:C4()H5602+H]+ 569,4379 3,5 1 Lutein C40H5602 205, 1 590[C14H21O]+
5,7-Dihydroxy-6,8- 267,0656[C16H;104]"
2 1 H404+H]* 283,0970 0,57 Ci7H140
3 080 [CrHuOHH] ’ ’ dimethylflavon TR 99,0550[CeHA]
3-Oxo-olean-12-ene-
24 11,14 [CyHuOs-HF 4833125 4,07 NOTOTANTIZTENET  CHwOs  439,3221[CaoHasOs]
28,30-dioic acid
453,3347[C30Ha604-
25 11,24 [C30H46O4+H]* 471,3477 1,64 Spergulagenin-C C30Ha60. OHJ"
u m-
> 30H46U4 > > pergulag 304604 425,3417[C0HasOs-
COOH]"
5,4'-Dihyd -7-
ARy Eroxy 295,0953[C1sH60s-
26 11,27 [C]gH1605+H]+ 313,1062 -2,72 methoxy-6,8- Ci13H160s5 OH]+
dimethylflavon
459,3466[C29H4305-
3B,12B,16B,21P,22- OHJ"*
27 11,61 CaoHys05+H]* 477,3578 0,40 C29Ha30
’ [CooasOs H] Pentahydroxyhopan PEIES 431,3515[CasHusOs-
COOH]"
455,3502[C30Ha304-
28 12,17 [C30HasO4+H]* 473,3615 2,29 S 1 in-B C30H4s0 OHJ*
- ergulagenin-
s 304804 > 5 pergulag 304804 427,3567[C30HagOs-
COOH]"
457,3289[C29H4605-
12B, 16p, 21B, 22- OH]; [CasHacOs
+HT* -1,59 Tetrahyd h - C29Hs60
29 12,62 [C29Hs605+H] 475,3402 1,5 etra y3r0xy opan 20H4605 429.3346[CsHigOs-
-on
© COOH]*
[C29H500+H' . 41 1,3619[(:29H47O]Jr
13,1 41 -2,04 Beta-sistosterol Ca9Hs500
30 3,15 HT 3,3770 ,0 eta-sistostero 29H 50 397,3820[CaoHao]"
- 136,0167[C7H405]
1 13,14 HgOs-HJ 151,04 4 Vanil CsgHszO
3 3, [CsHs03-H] 51,0403 ,50 anilin sHsO3 108,02 14[CeHO-]
32 14,36 [C3oHsotH]* 411,3974 -2,74 Squalen Cs0Hso 111,1171[CsH;s]
Bang 3.27. Danh sach 34 hop chét ciia cdy Rau déng dat dugce du doan dich tac dong
Ki hi¢u Tén chat
HG 1 7-O-methyl wogonin
HG 2 Kaempferol
HG 3 Apigenin
HG 4 Vitexin (apigenin 8-C-f-D-glucopyranoside)
HGS Vicenin-2 (apigenin 6,8-di-C-$-D-glucopyranoside)
HG 6 6,8-Dimethyl-5,7,4'-trihydroxyflavon
HG 7 5,7-Dihydroxy-6,8-dimethylflavon
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HG 8 5,4'-Dihydroxy-7-methoxy-6,8-dimethylflavon
HG 9 7-Hydroxy-5-methoxy-6,8-dimethylflavanon
HG 10 3-Hydroxy-5,7-dimethoxy-6,8-dimethylflavon
HG 11 7-Hydroxy-5-methoxy-6,8-dimethylflavon
HG 12 7-Hydroxy-5-methoxy-6-methylflavanon
HG 13 3-O-p-D-xylopyranosyl-spergulagenin A

HG 14 Spergulagenin-A

HG 15 Spergulagenin-B

HG 16 Spergulagenin-C

HG 17 36,12/,164,21p,22-Pentahydroxyhopan
HG 18 128, 16p, 215, 22-Tetrahydroxyhopan-3-on
HG 19 Acid 3-ox0-olean-12-ene-28,30-dioic
HG 20 Glinusopposid H

HG 21 Glinusopposid 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

GO

T2DM

Hinh 3.22. Biéu d6 Venn cua 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 doi kich thudc theo s6 canh lién két,
326 nit tron xanh 14 dai dién cho 326 dich tiém nang.
3.4.2. Xay dung mang ludi Twong tac Protein — Protein (PPI, Protein — Protein
interaction)
Tu 326 dich tac dong tiem nang, mang PPI dugc xdy dung st dung co sé dit li¢u
STRING-db véi db tin cay cao. Két qua ban dau thu dugc mang gom:
e 326 nut (dai dién cho protein)
o 7297 canh (tuong tac gilra cac protein) —Hinh 3.24A
Mang nay sau d6 dugc phan tich bang Cytoscape 3.10.2 va plugin CytoNCA. Dya
trén cac chi sé d6 trung tam (DC > 100, BC > 0,0049, CC > 0,59), 28 protein trung
tam dugc chon dé xay dung mang PPI rat gon voi 374 canh (Hinh 3.24B).
Cac protein trung tdm ndi bat gom: AKT1, TNF, IL6, ALB, TP53, SRC, EGFR,
STAT3, PPARG. Pay la cac dich quan trong trong co ché tac dong ctia hop chét tir
Rau dang dat.

A) (B)
Hinh 3.24. Mang PPI Rau déng dit — Déi thio dudng typ 2 bao gdbm mang (A) duoc xiy

dung tir cac protein tiém nang thu dugc tir co so dit liéu STRING-db gém 326 niit va 7297
canh. Trong do, cac canh déu duoc t6 mau theo loai tuong tac da dugc xac minh (biéu dién
trong hinh). Mang (B) duoc loc tir mang (A) dya trén gia tri DC, BC, CC, mang gom 28 nit
va 374 canh. Nut c6 gia tri DC cang 16n thi cang c6 mau do6 hon va kich thudc 16n hon.
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3.4.3. Phén tich chirc niang Gene Ontology (GO)
Phan tich GO dugc thyc hién trén 326 dich tiém nang, chia thanh ba nhom:

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

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

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

Téng cong c6 1120 chire ning GO ¢ ¥ nghia théng ké (FDR < 0,05). 20 chic ning

no6i bat nhat cia mdi nhom dugc biéu dién bang biéu do cot (Hinh 3.25A, B, C), cho

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

Response to chemical

Response to oxygen-containing compound
Response to organic substance

Cellular response to chemical stimulus

eg. of biological quality

Cellular response to oxylgf]en containing comf)ound
Reg1 of multicellular organismal proc
esponse to endogenous stimulus

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 communicaltion

Cell population proliferation

Intracellular signal transduction =

Reg. of cell population proliferation =

Reg. of response to stimulus =

-log10(FDR)
60

70
80

0 50 100 150 200
N. of Genes

(A)

Receptor complex

Membrane raft

Membrane microdomain

Axon

Integral component of presynaptic membrane
istal axon

Intrinsic component 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

Phosphalidginosilol 3-kinase complex

rotease inhibitor complex

-log10(FDR)
5
10
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20
25

' '
10 20 30 40

N. of Genes

O -

(B)
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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
alcium-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

1'0 15
N. of Genes

[

o=
(&)

©
Hinh 3.25. Biéu d6 phan tich chirc nang GO céc gen tiém ning ciia Rau déng dt trong
diéu tri Dai thao duong typ 2. Theo thi ty hinh (A) 14 biéu dd ciia cac chic 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 nhit dua trén sb gen tiém ning.
3.4.4. Phan tich con duong sinh héa KEGG
Phan tich KEGG xac dinh 239 con duong sinh hoa c6 lién quan (FDR < 0,05). 20 con
duong hang dau duoc thé hién trong biéu do bong bong (Hinh 3.26). 5 con duong
ndi bat nhat gom:
EGFR tyrosine kinase inhibitor resistance (hsa01521)
Prostate cancer

AGE-RAGE signaling pathway in diabetic complications

Endocrine resistance

A e

HIF-1 signaling pathway

Trong d6, so d6 chi tiét con duong EGFR tyrosine kinase inhibitor resistance voi cac
gen dich ctia Rau ding dat duoc t6 d6 duogc trinh bay ¢ Hinh 3.27.

Céc con duong nay lién quan dén dé khang insulin, viém va stress oxy hoa — 1 nhiing

co ché bénh sinh chinh ctia bénh Dai thao duong typ 2.
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EGFR tyrosine kinase inhibitor resistance = @
Prostate cancer = @ N. of Genes
AGE-RAGE signaling pathway in diabetic complications = @ e 15
Endocrine resistance = ® e 20
HIF-1 signaling pathway - @

Pancreatic cancer = ® ® 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 meta?:olismgig cance!r{ = <] -log10(FDR)
Chronic myeloid leukemia = ° @ 15
Acute myeloid leukemia = ® ® 20
Melanoma=- @ ® 25
VEGF signaling pathway = b ® 30
Endometrial cancer- @
Bladder cancer - L] ® 35
Type Il diabetes mellitus = ® @® 40
Aldosterone-regulated sodium reabsorption L . ,
] 1 1

225 250 275 300 325
Fold Enrichment
Hinh 3.26. Biéu dd 20 con dudng sinh hoa khi phan tich Kyoto Encyclopedia of Genes and
Genomes (KEGG). Truc x biéu thi gia tri Fold Enrichment, gi4 tri ndy cang 16n thé hién kha
ning dai dién cho con dudng tuong tmg cta cac dich tic dung tiém ning cang cao. Mau sic cia
cham tron dai dién cho con duong biéu thi gia tri -logioFDR, -logioFDR cang 16n, kha nang
phat hién con duong cang chinh xac. Cham tron trén truc dai dién mdi con duong thé hién s
luong gen lién quan dén con duong.
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Hinh 3.27. So d6 con duong dé khang trc ché tyrosine kinase EGFR (hsa01521, EGFR tyrosine
kinase inhibitor resistance) cac nut dwgc bdi d6 1a cac gen dich cta thanh phan hoat chat Rau
déng dat trong diéu tri D4i thao duong typ 2

3.4.5. Phan tich docking phan ti
Docking phén tir duoc tién hanh giita 3 hop chat chinh véi 9 protein dich trung tim
nhim x4c nhan ai luc lién két. Quy trinh docking duoc danh gia 1a dang tin ciy véi
RMSD tir 0,835-1,244 A (RMSD <2 A).
Céc t6 hop c6 ning luong lién két manh nhét:

e Acid 3-Oxo0-olean-12-ene-28,30-dioic — ALB: -10,1 kcal/mol

o 7-Hydroxy-5-methoxy-6,8-dimethylflavon — TNF: -9,9 kcal/mol

o Acid 3-Oxo-olean-12-ene-28,30-dioic — SRC: -9.4 kcal/mol
Két qua chi tiét thé hién & Bang 3.28, va cac céu trac lién két ndi bat minh hoa tai
Hinh 3.28.
Trong sb cac t6 hop ligand—protein, phitc hop giita acid 3-oxo-olean-12-ene-28,30-
dioic va albumin (ALB) thé hién ning luong lién két thap nhat, phan anh ai lyc twong
tac manh giira ligand va protein dich. Albumin 1a protein van chuyén chinh trong
huyét twong, dong thoi co vai tro diéu hoa nong do acid uric — mot yéu t chuyén hoa
c6 lién quan dén dé khang insulin va Pai thao duong typ 2 [136]. Ligand nay hinh
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 cdu trac phan tir tai ving gan.
Bén canh do6, cac tuong taic 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 on dinh ctia phirc hop. Pang
chu y, sy hién di¢n cua twong tac alkyl vé1 CYS A:448 nhan manh vai tro cua luc ky
nudc 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 vimng cua ligand ny véi ALB.
DPbi voi hop chat 7-hydroxy-5-methoxy-6,8-dimethylflavon, két qua docking véi
TNF (Tumor Necrosis Factor) — mot cytokine viém lién quan dén co ché bénh sinh
ctia Dai thdo dudng typ 2 — cho thiy ligand chu yéu tuong tic qua cac luc ky nuée
Vva cac m-twong tac gitta nhan thom cta ligand véi cac acid amin c6 chudi bén aliphatic
va vong thom. Lién két hydro duy nhit hinh thanh véi TYR C:227 déng vai trd neo
giit phan tir tai vi tri gan. Cac tuong tac n—m va n—alkyl phong phu, dic biét véi 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 hoac 6n dinh cau tric protein. Nhitng dac diém nay mé ra trién vong phat trién
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flavonoid nay nhu mét tac nhan chéng viém c6 lién quan dén diéu hoa dap tmg insulin
[137].

Ngoai ra, phtrc hop gitta 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 ¥ [138]. Ligand tao mot lién két hydro bén vimg voi
ARG A:156, twong tac alkyl voi LEU A:398, cung hé thong vander Waals day dic
v6i cac acid amin bao quanh ving gén. Nhitng twong tac nay thé hién su twong thich
vé khong gian va héa hoc, hd tro kha ning trc ché SRC kinase. Trong bdi canh bénh
1y viém man tinh va khang insulin, day c6 thé 1a mot hudng tiép can tiém ning trong
thiét ké thudc diéu tri Pai thao dudng typ 2 hodc bénh lién quan.

Bang 3.28. Ning luong gin két giita hoat chat quan trong va dich tic dong tiém ning

Protein dich Ning lwong gan

Hop chit tiém niing

(PDB ID) két (kcal/mol)

Acid 3-Oxo-olean-12-en-28,30-dioic 9,1

AKT1 . P
4GV1) 6,8-Dimethyl-5,7,4 -trlhyd'roxyﬂavon -8,1
7-Hydroxy-5-methoxy-6,8-dimethylflavon -8,1
Acid 3-Oxo-olean-12-en-28,30-dioic -8.3
TNF (7JRA) 6,8-Dimethyl-5,7,4'-trihydroxyflavon -8,5
7-Hydroxy-5-methoxy-6,8-dimethylflavon -9.9
Acid 3-Oxo-olean-12-en-28,30-dioic 7.9
IL6 (1ALU) 6,8-Dimethyl-5,7,4'-trihydroxyflavon -6,7
7-Hydroxy-5-methoxy-6,8-dimethylflavon -6,4
Acid 3-Oxo0-olean-12-en-28,30-dioic -10,1
ALB (4E99) 6,8-Dimethyl-5,7,4'-trihydroxyflavon -8,3
7-Hydroxy-5-methoxy-6,8-dimethylflavon -8,0
Acid 3-Oxo-olean-12-en-28,30-dioic -8,7
TP53 (5AB9) 6,8-Dimethyl-5,7,4'-trihydroxyflavon -7,6
7-Hydroxy-5-methoxy-6,8-dimethylflavon -1,7
Acid 3-Oxo0-olean-12-en-28,30-dioic -9,4
SRC (2H8H) 6,8-Dimethyl-5,7,4'-trihydroxyflavon -9.,4
7-Hydroxy-5-methoxy-6,8-dimethylflavon -9,3
Acid 3-Oxo-olean-12-en-28,30-dioic -7.9

EGFR . P
(3W33) 6,8-Dimethyl-5,7,4 -trlhyd.roxyﬂavon -8.8
7-Hydroxy-5-methoxy-6,8-dimethylflavon -8,9
STAT3 Acid 3-Oxo0-olean-12-en-28,30-dioic -7,9

(6NUQ) 6,8-Dimethyl-5,7,4'-trihydroxyflavon -7,3
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7-Hydroxy-5-methoxy-6,8-dimethylflavon -6,9
PPARG Acid 3-Oxo-olean-12-en-28,30-d1oic -9.3
(85C9) 6,8-Dimethyl-5,7,4'-trihydroxyflavon -7.9
7-Hydroxy-5-methoxy-6,8-dimethylflavon -7,9

. fr. \ £

(a) (b)

(c)

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-, nét hong dam: lién két n- ,
nét hong nhat: lién két alkyl, m-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 Pai thao dudng typ 2 1a:

« Giam d¢& khang insulin thong qua tac dong dén AKT1, PPARG va con duong
EGFR resistance.[139; 140; 141]

« Giam bién chirng Pai thao dwong thong qua tac dong dén con duong AGE-
RAGE, HIF-1, va STATS3. [142; 143; 144]

o Khang viém — ch(“')ng oxy hoa: nhdm dén cac dich TNF, IL6, TP53. [145; 146;
147]
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Tac dong duogc 1y cua Rau dang dat 1a két qua cua su 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 chét quan trong nhat 1a:
1. Acid 3-Oxo-olean-12-en-28,30-dioic (triterpenoid)
2. 6,8-Dimethyl-5,7,4'-trihydroxyflavon (flavonoid)
3. 7-Hydroxy-5-methoxy-6,8-dimethylflavon (flavonoid)
Céc hop chét nay déu co ai luc lién két tot v6i dich trung tdm va gop phan giai thich
1d co ché tic dong tiém ning ctia Rau ding dit trong diéu tri Pai thao duong typ 2.
3.5. Du 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 chit va xdy dung mang lwéi hoat chit — dich tic dong
(Compound-Target Network)
Thong qua phan tich UPLC-HRMS va thuc nghi¢m, da xac dinh dugc téng cong 43
hop chit co trong cdy Rau ding dat. Sau khi ap dung tiéu chi sang loc theo quy tic
Lipinski, 34 hop chit 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
nang dugc du doan. Khi dbi chiéu véi 1260 dich lién quan dén bénh Gout (thu thap
tor GeneCards va OMIM), 149 dich trung khép dugce xac dinh 1a cac dich tdc dong
tiém nang (Biéu d6 Venn —Hinh 3.29).
Mang ludi hoat chit — 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).
o 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)



104

GOUT
Hinh 3.29. Biéu d0 Venn cta Glinus oppositifolius va Gout
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Hinh 3.30. Mang luéi hoat chét — dich tac dong. Trong do, nut chir v mau cam dai
dién cho 34 hoat chét, su thay ddi kich thudc theo sé canh lién két, 149 nut 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 vai s6 luong dich tic dong nhiéu nhit so véi cac hop chat khac
trong mau nghién ctru, bao gdm céc enzyme va protein diéu hoa qua trinh chuyén hoa
purin, phan Gng viém va stress oxy hoa — nhitng yéu t6 trung tdm trong co ché giy

bénh Gout.

Pang chu v, acid trans-ferulic khong chi dugc du doan 13 hop chit da dich trén 1y
thuyét, ma con da dugc phan lap va danh gia thuc nghiém vé kha nang trc ché enzyme
xanthine oxidase — enzyme then chét trong con dudng sinh tong hop acid uric. Két
qua thir nghiém in vitro cho thiy acid trans-ferulic ¢6 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 chat thién nhién khac, va cho thdy kha ning gin két hiéu qua giira hop

chat nay vai trung tam hoat dong ctia enzyme muc ticu.
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Su két hop gitra bang ching 1y thuyét (in silico) va thuc nghiém (in vitro) cing cb
vai tro tiém ning cta acid trans-ferulic nhu mot hop chat tiém nang trong dinh hudng
phat trién thude diéu trj Gout c6 ngudn gdc ty nhién. Hon nita, voi cu trac don gian,
on dinh va kha ning ton tai phd bién trong cac loai thuc vat, acid trans-ferulic ¢ thé
duogc khai thac hi¢u qua va t6i wu hoa vé dugc dong hoc va doc tinh trong cac nghién
ctru tiép theo.

3.5.2. Xay duwng mang lw6i twong tac Protein — Protein (PPI, Protein — Protein
interaction)

Tu 149 dich tac dong tiem nang, mang PPI dugc xay duyng st dung co s¢ dit li¢u
STRING-db. Sau khi loai bo 3 dich khong c6 tuong tac (GLRA2, PLAA, GLRA1),
mang ban dau thu duoc:

e 146 nut

o 1808 canh —Hinh 3.31 A

Mang duoc xtr Iy bang Cytoscape 3.10.2 va plugin CytoNCA. Sau loc cac dich trung
tam (DC > 40, BC > 0.0029, CC > 0.5513), mang PPI rut gon gom:

e 22 n0tva 218 canh (Hinh 3.31 B).

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

o

Hinh 3.31. Mang PPI Rau ding d4t —Gout bao gdbm Mang (A) duoc xay dung tir cc
gen tiém ning thu duoc tir co s¢ 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 c6 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 nhém:

« BP (Biological Process): phan tng véi hop chét chira oxy (GO:1901700), phan
mg cua té bao véi kich thich héa hoc (GO:0070887), phan ung véi chét hitu co
(GO:0010033)...
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« CC (Cellular Component): phtrc hop thu thé (GO:0043235), mang sinh chat
(GO:0005886), mat bén cuia mang (G0O:0098552)...

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

Téng cong c6 862 chirc ning GO c6 y nghia thong ké (FDR < 0,05). 20 chtic ning
no6i bat nhat ciia mdi nhom duogc 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 dat
trong diéu tri Gout. Theo thtr tu hinh (A) 1a biéu dd cta cac chtrc ning GO-BP, hinh (B)



107

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 - =
PIZK-Akt signaling pathway- @
Fluid shear stress and atherosclerosis - @
Coronavirus disease-COVID-19- @ N. of Genes
Hepatitis B- ® ® 20
EGFR tyrosine kinase inhibitor resistance - L] ® 30
TNF signaling pathway - &l
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 - * ® 15
Acute myeloid leukemia- .
Kaposi sarcoma-associated herpesvirus infection - L ® 20
Central carbon metabolism in cancer - . ® 5
Prostate cancer - ®
Chagas disease - °
Human cytomegalovirus infection-
Insulin resistance - °
10 15 20 25
Fold Enrichment
Hinh 3.33. Biéu d6 20 con duong sinh hoa khi phan tich Kyoto Encyclopedia of
Genes and Genomes (KEGG). Truc x bi€u thi gia tri Fold Enrichment, gi4 tri nay cang
16n thé hién kha nang dai dién cho con dudong tuong tng cia cac dich tac dung tiem
nang cang cao. Mau sac cua cham tron dai dién cho con duong biéu thi gia tri -
loglOFDR, -log10FDR cang 16n, kha nang 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 ti
Docking phén tir dugc thuc hién giita 3 hop chét chinh véi 5 protein dich trung tim.
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 voi1 TNF-a cho théiy ai luc lién két manh nhét 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 qua trinh viém cta bénh Gout. Phan tich mé

hinh tuong tac cho thiy hop chat hinh thanh lién két hydro bén viing véi gbc 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 Gre ché qua trinh viém [137].

Trong t6 hop thir hai, 7-Hydroxy-5-methoxy-6,8-dimethylflavon gin v6i SRC kinase,
nang luong lién két ghi nhan ¢ mirc -9.3 kcal/mol, tiép tuc phan anh kha nang gan két
manh ctia hop chat. Mic du khong hinh thanh lién két hydro dac hiéu, mé hinh tuong
tac cho thiy ligand c6 kha niang tham gia vao mang ludi twong tac m-alkyl va m-sigma
voi1 cac acid amin ky nude nhu Leu273, Val281, Leu393 va Ala293, cling nhu tuong
tac van der Waals v&i Gly344, Ser345 va Thr338. Diéu nay cho thay vai trd quan
trong ctia cac tuwong tic ky nudc trong viée duy tri d6 on dinh cta phuc hop, dong
thoi cung cd gia thuyét rang hop chét c6 thé dong vai tro 13 chét trc ché tiém ning cia
SRC kinase — mot kinase lién quan dén co ché viém va rdi loan chuyén héa purin
trong bénh Gout [148; 149].

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

4t

(b)

i

(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-dimethylflavon — TNF (b) 7-hydroxy-5-methoxy-6,8-
dimethylflavon — SRC (c) Lutein — SRC (Nét xanh 14: lién két hydro, nét tim: lién két n-c,
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 [77; 150; 151]
« Chong oxy héa — giam acid uric: qua tac dong dén TP53 va diéu hoa hoat dong
SLC2A9 [151].
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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. [152; 153]
Ba hop chét chinh:

1. Acid trans-ferulic (phenolic)

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

3. Lutein (carotenoid)
Céc chét nay déu c6 kha ning diéu hoa cac qua trinh viém, stress oxy hoa va chuyén
hoéa acid uric — dong vai trd then chdt trong diéu tri va phong ngira bién chimg cia
bénh Gout.
Céc két qua thu dugc phit hop voi nghién ctru trude ddy vé hoat tinh chdng oxy hoa,
ha duong huyét va trc ché xanthine oxidase ctia cidy Rau dang dat. Pong thoi cling
cho thiy tac dung ctia Rau ddng dat khong chi lién quan dén mot chat ma 1a tic dong
hiép ddng ciia nhiéu thanh phan. Nghién ciru cung cip co so cho viéc phat trién san
pham tir Rau déng dét, v6i cac hop chat chinh 1a marker kiém soat chét luong. Két
qua du dodn co ché tac dung va hoat chat quan trong cia Rau dang dat trong diéu tri

bénh Pai thao duong typ 2 va Gout dugc tong két trong Bang 3.30.

Bang 3.30. Tom tit két qua du doan co ché tac dung va hoat chét quan trong ctia Rau
dang dat trong diéu tri bénh Dai thio duong typ 2 va Gout
Tiéu chi Dai thao duong typ 2 Gout
Hop chit chu dao Acid 3-oxo-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

AKTI, TNF, IL6, ALB, TP53, SRC,
EGFR, STAT3, PPARG.

Dich trung tam

EGEFR resistance; AGE-RAGE; HIF-1 PI3K-Akt; Lipid and

atherosclerosis

Con dudng sinh
hoéa chinh

IL6, ALB, TNF, TP53, SRC

Co ché tac dung
chinh

Téng nhay cam insulin, chong viém

Chong viém, ho tro dao thai
acid uric

Hop chit c6
docking manh

Acid 3-oxo-olean-12-ene-28,30-dioic —
ALB: -10.1 kcal/mol

7-hydroxy-5-methoxy-6,8-
dimethylflavon — TNF: -9.9
kcal/mol




112

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 chat thuéc nhém 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 nhém saponin (G-2 (spergulacin), G-3 (glinosid C), G-4 (spergulacin
A), G-5 (spergulin B), G-8 (3-O-p-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 trans-ferulic)).
Trong d6 c6 3 hop chat méi 1a G-6 (apigenin-5-O--D-glucopyranosyl-8-C-p-D-
glucopyranoside), G-11 (spergulin C), G-17 (L-(-)-(N-cis-cinnamoyl)-arginin) va 1
hop chét lan dau dugc phan lap trong ciy 1a G-20 (7—-O—methylwogonin).
- Cao con 70%, va cac cao phan doan cua cdy déu cé tic dong wc ché o-
glucosidase, Trong d6 cao EtOAC c6 hoat tinh manh nhat (ICso= 105,10 + 1,56
ng/mL). Trong s6 20 hop chat phan 1ap duoc, cac hop chat G-8, G-11, G-13, G-14,
G-15, G-20 cho hoat tinh trc ché manh enzyme o-glucosidase véi ICso = 9,52 ~94,92
uM. Trong d6, hop chat G-13 (ICse= 9,52 + 0,19 uM) thé hién hoat tinh manh nhat.
Cac hop chat 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 c6 hoat tinh @c ché yéu nhat voi ICso = 1247,21 + 2,15
M. Cac hop chat con lai khong cho hoat tinh trc ché enzyme a-glucosidase.
- Cao cdn 70%, va cac cao phan doan cua cdy déu co tac 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 s6 20 hop chat 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 chit 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.
- Tu phan tich duoc 1y mang va docking phan tir cho thiy cdy Rau déng dét co tac

dung trén bénh D4i thdo dudng typ 2 véi co ché giam dé khang insulin (thong qua tac
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dong dén AKT1, PPARG va con duong EGFR resistance), giam bién chimg Dai thao
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 thy ciy Rau ding dit c6 thé
tham gia hd trg diéu tri bénh Gout thong qua co ché giam viém man tinh (thong qua
céc dich IL6, TNF, TP53 va con duong PI3K-Akt), chéng oxy héa — 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 in silico ciia cac hop chét phan 1ap duoc nham sang t6 co
ché tac dong cua cac hop chit tiém ning

- 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 dugc 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 tac dung

trén 1am sang theo hudng tac dung ha dudng huyét va ha acid uric.
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2. Hop chit G-2

Spergulacin - CTPT C41HssO12

2.1.  Phd (-) HR-APCI-MS cua hop chit G-2
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2.3.  Phd *C — NMR cua hop chit G-2
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4

Hop chat G-3
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I4

— NMR cua hgp chat G-3
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4.  Hop chat G-4

spergulacin A — CTPT C41HesO12
4.1. Phd (-) APCI-MS cua hop chit G-4
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4.3. Phd *C-NMR cua hop chit G-4

G4.1-DMSO-C13CPD
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4

I3
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Hop chat G-5
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Ph6 *C-NMR cua hop chit G-5

5.3.
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G5.1-Pyridine-HMBC
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6.  Hop chit G-6
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I4

Ph6 'H-NMR cuia hop chat G-6
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G6 -DMSO-HSQC
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6.8. Phd COSY cua hop chit G-6
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7.2. Phé '"H-NMR cua hop chit G-7
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Pho HSQC cua hop chat G-7
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7.6.

8.1.
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Phd COSY cua hop chat G-7
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5 'TH-NMR cua G-8
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I3

Pho HSQC cua G-8
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8.6.

9.

9.1.
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5 'TH-NMR cua G-9
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I3

Pho HSQC cua G-9
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9.6.

10.

Phd COSY cua G-9
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10.2. Pho 'H-NMR cua hop chit G-10
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11. Hop chat G-11
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11.3. Phé IR cua hop chit G-11
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11.5. Pho '*C-NMR cua hop chat G-11
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11.7. Ph6é HMBC cua hop chat G-11
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12.  Hop chat G-12

2”-p-coumaroylvitexin 7-glucosid — CTPT CssH36017

12.1. Phé (+)-HR-ESI-MS ctia hop chat G-12

Spectrum from 20230511Hang wiff2 (sample 8)- G12, Experi 1, +DA TOF MS (100 - 1000) from (0 160 min
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12.4. Ph6 HSQC cuia hop chat G-12
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12.6. Pho COSY cuia hop chat G-12
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13.  Hop chit G-13

Kaempferol — CTPT Ci15H100s
13.1. Phé (+)-ESI-MS cua hop chat G-13

Spectrum from HIEN_G-13_{-)ESLwiff2 (sample 1) - HIEN_G-13_(-)ESI, -TOF MS (70 - 1500...om 0.148 min, noise filtered (noise multiplier = 1.5), Gaussian smooth
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I4

Ph6 'H-NMR cuia hop chat G-13
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13.4. Ph6 HSQC cua hop chit G-13
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14.  Hop chat G-14

Apigenin — CTPT Ci5H100s
14.1. Pho (-)ESI — MS cuia hop chat G-14

Spectrum from HIEN_G-14_(-)ESIwiff2 (sampla 1) - HIEN_G-14_{-}ESI, -TOF MS (70 - 1500...0m 0.162 min, noise filtered {noise muliiplier = 1.5), Gaussian smaoothed (0.5 points)
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14.3. Pho '*C-NMR cua hop chit G-14
G-14-DMSO-C13CPD
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14.5. Phé HMBC cuia hop chat G-14
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15.  Hop chit G-15

Astragalin - CTPT C21H20011
15.1. Phé (-)ESI — MS cua hop chat G-15

Spectrum from HIEN_tT5_[-)ESLWINZ (sample 1) - HIEN_{315_{-JES), -10F MS (/U - 1508) trom U.1 /6 min, noise hitered [noise mulliplier = 1.5), Liaussian smac
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15.3. Phd '*C-NMR cua hop chat G-15
G15-DMSO-C13CPD
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15.5. Pho HMBC cua hop chat G-15
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16. Hop chit G-16
5 i
5 CHO
2
HO™ 3
OMe
Vanilin — CTPT CgHgOs3
16.1. Phé (-)HR-ESI-MS ctia G-16
Specirum from HIEN_G-16_ESI[-12024-06-18-11.08-08 wif2 sample 1) - HIEN_G-16_ESK:, -TOF M3 (70 - 1500] from 0167 min, roise fkered (noise mullipier= 1.5, Gaussizn smoothed (0.5 poirts)
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16.3. Pho '*C-NMR cuia hop chat G-16

G16-CDC13-C13CPD
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16.5. Pho HMBC cua hop chat G-16
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17. Hop chit G-17

17.1. Pho HR-ESI-MS ciia hop chit G-17

3e5 . [M+H]" | 305.1597
i 2e5 |
g’.
© jes| 131.0509 6,149
‘ I L 307 1673 609.3114
Oe0r—sk | 1
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
Mass/Charge. Do
Spectrum from HIEN_G17_(-ESLwilf2 (sample 1) - HIEN_G17_(-)ESI, -TOF MS (70 - 1500) from 0,181 min, noige fitered (noise iplier = 1.5), i (0.5 points)
. [M-HT'| 303 1442
1.5e5§
8 E
E 1.0e5/
50041 304.1482
171 ;
0000d 27039 619237 3391222  366.1408 447.1866
) 200 250 300 350 400 450 500
MassCharge. Da
17.2. Pho UV cua hop chat G-17
1.0000) + v v e
- | 1
u,auuu'—\ f\ 3
El T ]
F ) ]
E 3
Cv \ ]
| -
o.6000f | 3
- | .
oa000f | 1
2 | o
r I, ]
0.2000f \ i
- \ b
- \_ -
r \ ]
B p
i S~ ]
00000 0w a1 | T T Trrr ey
200.00 400.00 600.00 800.00

nm



53

I3

17.3. Pho IR cua hop chat G-17
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17.5. Ph6 '3C-NMR cuia hop chat G-17
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17.7. Phé HMBC cua hop chat G-17

_ll B _JL\ i L\

A.Jt__u‘u‘\_fl\_..ﬂh

HMBC

] . " s 4
S -
]
] TREwWE B . ik
— a ® 0ol (T
__. - ] .
7:5 TTB 6:5 6:0 5:5 sio 4!5 ’ -1:0 315 3:0 2.-5 2!0 1:5
12 (ppm)
17.8. Pho COSY cua hop chit G-17
— i _LL l_ l _)l \_«\_ .'|. J\JL "._;MJq'w.k_ =
i
. :
' I&Iu!ﬁ 2
: s 0 3
"'.w".

. QILL l__,Jh_n___JIJL_JMJ

85 80 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 30
f2 (ppm)

25

0

FL {pom)



18.

Imensity, cpa

18.2.

Hop chat G-18

3000
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Acid cinnamic — CTPT CyoHgO»
18.1. Phé (-)ESI — MS cua G-18

Spectrum from HIEN_G-18_ESI[-) 2024-06-18-11-11-38.wifi2 (sample 1) - HIEN_G-18_ESI[-), - TOF MS (78 - 1500 from 0. 167 min, noise fitered {noise multplier = 1.5), Gaussian smoathed 0.5 points)
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18.3. Pho '3C-NMR ciia hop chat G-18

G18-CDC1l3-C1l3CPD
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18.5. Pho HMBC cuia hop chat G-18
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19.  Hop chit G-19

OCHj
Acid trans-ferulic — CTPT Ci1oH1004
19.1. Pho (-)ESI — MS cia G-19

Spectrum from HIEN_G-15_ES1(-) 2024-06-18-11-17-02 wifl2 {sample 1) - HIEN_G-19_ESI(-), -TOF MS (70 - 1500) from 0.167 min, noise filtered [noise multipiar = 1.5), Gaussian smoothed (0.5 paints)
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I4

ua hop chat G-19
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19.5. Pho HMBC cua hop chat G-19
w
.
o - == = - .g.=
2
4 = | . =
2 = S
o
Lﬂ_ - - —
£ L
x l
- »
= - —
w |
in ] 1
i
s T T I T T T T T T T T T T T ;
T 2 8 &8 B S 3 % 5 E B E B s o2 22 g5 uw 3§
19.6. Pho COSY cua hop chat G-19
G19-MeOD-COSYGP
3.5+
4.0 - —
4.5+
]
5.0+ >
5.5+
6.0
-] [ ] —_—
6.5-
| I - |
7.0 o e
- 3
7.5+
] I ) ] I T I
8.0 =5 7.0 6.5 6.0 5.5 5.0 4. .0 3. h=) = 1o}

JHHWH-JOPH-6T2



62

20.  Hop chat G-20

7-O-methylwogonin — CTPT C17H 1405
20.1. Phd (+) ESI— MS cua G-20

Spectrum from HIEN_G20_ESI(+) 2024-07-04-16-08-28 wilf2 (sample 1) - HIEN_G20_ESN+),..m 0.176 min, noise fitered {noise multiplier = 1.5), Gaussian smocthed (0.5 points)
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20.3. Pho '3C-NMR cua hop chit G-20

G20-DMSO-C13CPD
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PL2. TAC DUNG UC CHE ENZYM a — GLUCOSIDASE

Acarbose
Nongdo | 4,5 250 500 1000 | 2000 | Phuong trinh tuyén
(ng/mL) tinh
5 y=19,8611n(x)-78,811
Lan1 | 18.8656 | 31.1815 | 40.1442 | 59.2291 | 73.6760 ? R2=0.9863
5 y=19,4411n(x)-75,925
Lan2 | 20.9850 | 29.8306 | 41.3112 | 58.1242 | 74.2158  R2=0.9836
Lin3 | 18.3680 | 29.3760 | 40.0640 | 59.3280 | 73.0240 | Y~20,092In(x)-80,829
: R?=0,9877
ICso 1021,47 £ 10,79 uM
Cao toan phin
Nong dd 20 200 400 600 300 Phuong trinh tuyén
(ng/mL) tinh
A y=15,189In(x)-42,82 ;
Lan1 | 42118 |34.2649 | 45.7194 | 56.7605 | 60.5589 R-0.6858
A y=15,465In(x)-43,306 ;
Lan2 | 3.4442 |34.8553|45.2076 | 57.3903 | 60.8148 R2-0.9857
Lin3 | 594371 | 35.6229 | 46.605 | 563669 | 59.3781 | Y~'%3 JINC38.083
1Cso 448,55 £ 1,86 ng/mL
Cao EtOAc
Nong d¢ Phuong trinh tuyén
womly | 125 25 50 100 200 i
Lin1 | 150252 |23.9879 | 33.1722 | 51.5408 | 62,7795 | Y~ 1775Hn(x)-32,153;
R?=0,9818
N y=18,639 In(x)-36,83;
Lan2 | 12.8695 | 20.8325 | 32.9379 | 51.8198 | 61.9747 R=0,0823
. y=19,344 In(x)-40,496;
Lan3 | 10.3247 | 20.5889 | 31.5588 | 51.5023 | 61.9076 Rm0,9853
1Cso 105,10 = 1,56 pg/mL
Cao BuOH
Nongdo | H50 | 400 600 800 1000 | Phuong trinh tuyén
(ng/mL) tinh
A y=57,563In(x)-307 ;
Lan1 |2.9145|37.2193 | 66.7941 | 74.2475 | 90.1577 foc0.9917
Lan2 | 2.1511 | 38.8194 | 67.1336 | 76.6883 | 93.7969 | ¥ > 8’91324:13(;‘;'5314’2 ;
N y=58,861In(x)-313,64 ;
Lan3 |3.4588 | 39.8271 | 68.7182 | 75.3815 | 92.4720 Ri=0,0898
ICso 484,99 + 4,47 pg/mL
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Hop chit G-1
Nong . A
dé 200 400 600 | 800 | 1000 | ‘MOmsfrinhtuyen
(ng/mL)
Lin 1 y=20,471In(x)-85,678 ;
21.6402 | 38.7720 | 45.2125 | 52.0824 | 54.1863 R2=0,9886
Lin2 y=23,317In(x)-104,08
4 18.6847 | 36.7160 | 46.2979 | 50.0871 | 57.1429 : R=0,993
Lina y=23,295In(x)-103,9 ;
20.7775 | 34.7632 | 42.2252 | 53.0384 | 58.3110 R2=0,9844
ICso 1247,21 £2,15 uM
Hop chit G-2
Non . £
& | 50 100 200 | 400 | 600 | Phuomg trinhtuyén
(ng/mL) tinh
A y=27,781In(x)-101,49
Lan1 | 10.0697 | 20.47761 | 49.1940 | 64.2189 | 76.5572  R2=0.9823
Lin2 | 10.1870 | 22.4433 | 46.8961 | 63.8679 | 76.5221 -‘/:27%%2151(9"9)1'29’24 :
5 y=26,723In(x)-95,522
Lin3 | 11.2967 | 23.6078 | 47.9316 | 62.9475 | 76.8496  R2=0,0902
ICso 310,51 £ 1,38 uM
Hop chit G-6
Non . £
& | 2 50 100 | 200 | 400 | Phuomgtrinhtuyén
(ng/mL) tinh
N y=18,617In(x)-43.61 ;
Lan1 | 18.9377 | 26.9942 | 39.5067 | 56.4551 | 68.7289 R220,0873
Lan2 | 18.0732 | 27.9260 | 40.0080 | 57.1059 | 67.7150 y=18.,51§23:lg(;;-1483,184
5 y=18,561In(x)-43,543
Lan3 | 18.1891 | 27.7214 | 38.9254 | 56.9154 | 67.9204 TR2=0.9884
ICso 257,90 £ 1,00 uM
Hop chat G-7
Nong Phuong trinh tuyén
ab vy | 2 50 100 200 400 tinh
A y=13,515In(x)-30,321
Lan1 | 15,1053 | 20,1255 | 32,4966 | 39,7131 | 52,1515 TR™=0.9836
A y=14,129In(x)-34,15 ;
Lan2 | 13,2676 | 20,1703 | 29,4487 | 38,7719 | 52,9359 R220.983]
5 y=13,754In(x)-31,526
Lan3 | 14,8364 | 19,9462 | 31,8243 | 39,9821 | 52,9359 ’ R2=0.9846
ICso 380,71 £ 5,43 uM
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Hop chit G-8
Nong dé Phwong trinh tuyén
(uM) 6,25 12,5 25 50 100 tinh
Lin 1 | 32,7886 | 49,9489 | 64,6067 | 70,9397 | 90,2962 -‘7:19"612{%1:%("9)5’4433
A y=20,005In(x)-3,3099
Lan 2 31,5628 | 48,1103 | 65,0153 | 71,5526 | 89,1726 - R?=0,9841
5 y=19,577In(x)-1,4542
Lan 3 32,5332 | 49,6424 | 65,0664 | 70,7354 | 89,8366 - R?=0.9792
ICso 13,99 + 0,33 uM
Hop chat G-10
Nong do Phwong trinh tuyén
(ng/mL) 12.5 25 50 100 200 tinh
ng
\ y=20,558In(x)-
Lan 1 14,4648 | 23,6172 | 36,4107 | 52,5070 | 71,2694 40,771 : R>=0,9824
\ y=20,484In(x)-
Lan 2 13,7629 | 23,6873 | 37,8878 | 51,0740 | 71,0621 40,639 - R?=0,9857
A y=18,716In(x)-
Lan 3 14,9055 | 27,3433 | 37,7512 | 52,1194 | 67,3831 33.318 - R2=0,9949
I1Cso 193,60 +£ 2,47 uM
Hop chit G-11
Nong dd Phwong trinh tuyén
(M) 6,25 12,5 25 50 100 tinh
\ y=27,587In(x)-
Lan 1 10,2145 | 21,9612 | 42,2881 | 59,0398 | 86,3126 44,559 - R>=0,9806
. y=27,267In(x)-
Lan 2 10,4188 | 20,8887 | 40,7559 | 60,3473 | 85,1890 44,248 - R2=0,9827
\ y=27,307In(x)-
Lan 3 10,8785 | 21,3994 | 41,4198 | 60,6231 | 86,8744 43.933 : R2=0,9824
ICso 31,23 + 0,45 uM
Hop chit G-12
Nong do Phwong trinh tuyén
(M) 25 50 100 200 400 tinh
5 y=12,34In(x)-16,489
Lan 1 24,3805 | 32,2124 | 37,2124 | 49,2478 | 58,6283 - R2=0,9828
N y=11,318In(x)-
Lan 2 25,8407 | 34,4690 | 38,0974 | 48,4956 | 58,0531 11,131 : R?=0,9802
A y=12,122In(x)-15,72
Lan 3 23,6728 | 32,8761 | 36,9911 | 49,7345 | 57,2566 - R2=0,9821
I1Cso 22222 +3,71 uM

Hop chit G-13
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Nong dd Phuong trinh tuyén
(M) 3,125 6,25 12,5 25 50 tinh
N y=24,028In(x)-
Lan 1 26,2002 | 38,2022 | 52,3493 | 69,713 | 93,7181 4,6507 - R2=0,9805
N y=24,485In(x)-
Lan2 | 26,5066 | 39,2237 | 53,2686 | 71,2462 | 95,3524 47218 - R2=0,9818
X y=24,212In(x)-
Lan 3 25,8427 | 39,3769 | 53,5751 | 70,4290 | 94,2288 4,4623 « R2=0,9852
ICso 9,52+ 0,19 uM
Hop chat G-14
Nong dd Phuong trinh tuyén
(M) 6,25 12,5 25 50 100 tinh
N y=22,7091In(x)-
Lan 1 35,6997 | 55,8223 | 72,2676 | 88,4065 | 98,1103 3.0356 - R2=0,9865
N y=21,655In(x)-
Lan 2 35,7508 | 57,5077 | 73,2380 | 82,5843 | 97,7528 0.4407 : R2=0.9793
\ y=22,7091n(x)-
Lan 3 34,5250 | 57,7119 | 73,3401 | 87,3340 | 98,4168 2.8313 : R%=0.98
ICso 10,28 £ 0,05 uM
Hop chit G-15
Nong dd Phwong trinh tuyén
(M) 12,5 25 50 100 200 tinh
N y=24,564In(x)-
Lan 1 8,0089 | 17,3894 | 36,1062 | 58,6283 | 72,5221 57.564 « R?2=0,9848
A y=24,966In(x)-59,12
Lan 2 7,7876 | 17,5221 | 34,9115 | 58,8938 | 73,6283 - R?=0,9831
A y=24,302In(x)-57,08
Lan 3 8,0973 | 17,5221 | 34,4247 | 57,6549 | 72,2566 - R?=0,0832
ICso 80,27 £ 1,50 uM
Hop chit G-20
Nong do 12.5 ’5 50 100 200 Phwong trinh tuyén
(M ’ tinh
A y=20,747In(x)-
Lan 1 9,8230 | 19,2478 | 37,4336 | 55,2655 | 63,7168 44,064 « R?=0,9842
\ y=21,711In(x)-
Lan 2 8,8938 | 17,0796 | 34,4248 | 54,9115 | 65,2212 48,826 - R2=0,9818
Lan 3 7,9646 | 17,6991 | 37,4779 | 55,3097 | 62,9646 y=21.,I2{2210ng;)1-4117,38
ICso 94,92 + 1,85 uM

PL3. TAC DUNG UC CHE ENZYM XANTHINE OXIDASE

Allo

urinol

Nong dd
(ng/mL)

0,15625

0,3125

0,625

1,25

2,5

Phuong trinh tuyén
tinh
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5 y=16,732In(x)+60,261
Lan 1 26,8041 | 41,2371 | 57,4742 | 62,1134 | 74,3557 . R=0.9734
A y=15,522In(x)+60,937
Lan 2 30,3677 | 43,4164 | 56,7023 | 63,7011 | 74,0214 " R?=0.9876
A y=14,3411n(x)+59,012
Lan 3 30,6777 | 43,4007 | 55,1724 | 60,0476 | 72,0571 " R2-0.9829
ICso 4,21 +£0,10 uM
Cao toan phin
Nong do 25 50 100 200 400 Phwong trinh tuyén
(ng/mL) tinh
) y=20,802In(x)-50,734 ;
Lan 1 14,6145 | 31,3003 | 45,5696 | 62,9459 | 70,8861 R’=0,9884
A y=22,964In(x)-63,171 ;
Lan 2 9,3491 27,574 | 41,4201 | 63,6686 | 70,8876 R2=0,9832
A y=21,797In(x)-55,543 ;
Lan 3 13,683 | 32,8392 | 41,049 | 61,9156 | 74,6864 R2=0,9875
ICso 130,56 + 3,79 ug/mL
Cao EtOAc
Nong dd Phuong trinh tuyén
oLy | 125 25 50 75 100 ey
N y=30,756In(x)-56,218 ;
Lan 1 19,9781 | 44,5664 | 64,6542 | 77,3875 | 83,7541 R’=0,9966
N y=29,2611In(x)-48,754 ;
Lan2 | 26,4671 | 44,3114 | 64,5509 | 76,2874 | 88,2635 R?=0,9955
Lin3 | 282472 | 42,4968 | 67,8436 | 78,9407 | 88,6507 y:29’7f{§1:no(’;)9"1‘9’278 ;
1Cso 29,67 £ 1,02 pg/mL
Cao BuOH
Nong d9 Phuong trinh tuyén
(ng/mL) 25 50 100 150 200 tinh
Lin1 | 9.6997 |28.7529 | 550808 | 74,3649 | 80,6005 | ¥~>>»>17n()-106,89
R*=0,9918
5 y=33,7811n(x)-99,237 ;
Lan 2 12,3967 | 30,6966 | 50,7674 | 73,1995 | 81,4640 R2=0,9827
Lin3 | 11,4754 | 31,8501 | 51,8735 | 71,8970 | 79,8595 | ¥Y~>3-260In(x)-97,279 ;
R*=0,9915
1Cso 83,16 + 0,27 pg/mL
Hop chit G-1
Nong do Phwong trinh tuyén
(ug/mL) 12.5 25 50 100 200 tinh
Lin1 | 112773 | 45.9148 | 59,3786 | 88,9528 | 1044879 | ¥Y~°>° ’19{‘2”:%("9)627’501 ;
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Lan 2

24,7663

44,0421

58,2944

70,0935

96,1449

y=24,3541In(x)-36,605 ;

R?=0,9832
A y=26,633In(x)-41,828 ;
Lan 3 24,4213 | 44,0972 | 64,5833 | 79,8611 | 98,8426 R2=0,9979
1Cso 56,82 + 1,95 ng/mL
Hop chit G-2
Nong do 100 150 200 300 400 Phwong trinh tuyén
(ng/mL) tinh
A y=50,728In(x)-222,32 ;
Lan 1 14,819 | 30,0905 | 43,3258 | 63,5747 | 86,4253 R?=0,9809
A y=50,377In(x)-221,61 ;
Lan 2 12,6857 | 28,3429 | 46,0571 | 61,2571 | 84,1143 R2=0.9848
A y=48,313In(x)-210 ;
Lan 3 16,2685 | 29,9204 | 42,3208 | 63,5950 | 83,5040 R2=0.9817
ICso 288,68 £ 1,94 pg/mL
Hop chit G-9
Nong dd 200 250 300 350 400 Phuong trinh tuyén
(ng/mL) tinh
A y=113,77In(x)-586,86 ;
Lan 1 19,3378 | 37,7483 | 59,8675 | 79,0729 | 97,2185 R?=0,9905
A y=107,65In(x)-553,62 ;
Lan 2 18,8080 | 38,5431 | 57,7483 | 79,7351 | 91,3907 R?=0,9932
N y=106,39In(x)-545,42 ;
Lan 3 20,6623 | 37,4834 | 60,6623 | 80,5298 | 91,6556 R?=0,9902
1Cso 394,42 + 1,35 pg/mL
Hop chit G-10
Nong d¢ 200 300 400 500 600 Phuong trinh tuyeén
(ug/mL) tinh
N y=62,6011n(x)-325,24 ;
Lan 1 4,6424 | 35,0063 | 49,5609 | 63,1117 | 74,7804 R2=0.9952
N y=63,117In(x)-327,7 ;
Lan 2 5,4020 | 33,7561 | 53,1407 | 61,0553 | 76,7588 R2=0.9922
A y=70,258In(x)-371,62 ;
Lan 3 2,6283 | 25,6571 | 49,6871 | 65,3317 | 78,5983 R2=0,9955
1Cso 394,42 + 1,35 pg/mL
Hop chit G-12
Nong dd Phwong trinh tuyén
(M) 100 125 150 175 200 tinh
A y=99,0091In(x)-432,01 ;
Lan 1 26,3773 | 43,4059 | 62,1035 | 80,3005 | 93,8230 R2=0,9935
Lin2 | 32,2204 | 44,4908 | 62,6878 | 79,5492 | 94,3656 -‘/291’_2%%2?(9’21' 392’12
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5 y=89,394In(x)-382,05 ;
Lin3 | 32,8882 | 454925 | 64,4825 | 80,0918 | 93,3639 R=0,0866
1Cso 127,51 + 2,33 pg/mL

Hop chit G-13
Nong dé Phwong trinh tuyén
M) 12,5 25 50 100 200 G

5 y=11,76In(x)+11,208 ;
Lan1 | 42,7796 | 48,3305 | 55,1753 | 64,1486 | 75,6260 R=0,9792

5 y=11,362In(x)+382,05 ;
Lan2 | 42,0701 | 50,8765 | 55,3005 | 64,9416 | 74,4157 R=0,0866

5 y=11,5611n(x)+12,478 ;
Lin3 | 43,2805 | 48,8314 | 56,4274 | 64,4407 | 75,5426 R2=0,0849
ICso 26,18+ 0,78 ug/mL

Hop chit G-14
Nong dd Phuong trinh tuyén
(uMD 6,25 12,5 25 50 100 ey

5 y=16,285In(x)+12,366 ;
Lin1 | 43,3508 | 54,5550 | 61,6754 | 74,5550 | 89,7906 R2=0,0843
Lin2 | 395812 | 55.6545 | 62,0042 | 74,0838 | 88,6387 | Y~ 10-814In(x)+9,8889 ;

R2=0,9855
Lin3 | 42,5131 | 55,4974 | 60,0524 | 73,5602 | 89,6649 y:16’21i21i%(’9‘)7+1§2’076;
1Cso 10,26 £ 0,55 pg/mL
Hop chit G-15
Nong d9 Phuong trinh tuyén
(uMD 100 125 150 175 200 b

A y=83,156In(x)-363,75 ;
Lan1 | 22,0785 | 33,4307 | 51,8364 | 68,2805 | 76,7947 R0,9336
Lin2 | 20,8264 | 33,7646 | 50,7095 | 68,4057 | 79,7579 y:87’615{25(§x9)é285’95;

5 y=84,2581n(x)-369,07 ;
Lan3 | 22,5793 | 33,0134 | 51,4190 | 67,6544 | 78,6311 R0,9304
1Cso 144,65 + 0,17 pg/mL

Hop chit G-16
Nong dd Phwong trinh tuyén
(uMD 3,125 | 6,25 12,5 25 50 ann

3 y=12,6591n(x)+29,397 ;
Lin1 | 41,3089 | 54,9215 | 63,7173 | 68,9530 | 77,5393 R—0,0848

3 y=11,97In(x)+30,089 ;
Lin2 | 41,8848 | 53,8744 | 62,6702 | 66,8586 | 75,1885 R2=0,9830
Lin3 | 41,8325 | 52.4084 | 61,5707 | 65,9686 | 75,3927 | Y 12-767In(x)*27,709 ;

R2=0,9825
1Cso 5,37+ 0,33 pg/mL
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Hop chit G-17
Nong dé Phwong trinh tuyén
| 128 25 50 100 | 200 ki
X y=12,753In(x)-16,0 ;
Lin1 | 164441 | 26,1269 | 31,6361 | 43,0718 | 52,1703 0901
A y=12,97In(x)-17,157 ;
Lin2 | 149416 | 26,8364 | 32,3873 | 40,8598 | 52,8798 Rt 6556
. y=12.861In(x)-16,783 :
Lin3 | 152337 | 26,0017 | 33,0551 | 41,1102 | 52.2538 iy
1Cso 178,02 + 1,65 pg/mL
Hop chit G-18
Nong dd Phwong trinh tuyén
| 128 25 50 100 | 200 o
Lin1l | 0.6260 | 13.5643 | 310100 | 44,2404 | 70,6177 | Y~ 24621In(x)-64,306 ;
R2=0,0818
Lin2 | 08764 | 12,1035 | 27.8381 | 44,5325 | 68,5309 | Y~ 24199In(x)-63,893 ;
R2=0,0817
A y=24,567In(x)-64,47 ;
Lin3 | 08765 | 12,3122 | 29.9666 | 45,7012 | 69,3239 Relby o
ICso 106,69 + 3,55 pg/mL
Hop chat G-19
Nong dd Phuong trinh tuyén
| 125 25 50 100 | 200 ok
. y=26,566n(x)-69.335 :
Lin1 | 19616 | 11,0601 | 34.2237 | 52,2955 | 73,4140 iy
A y=27,234In(x)-71,115 ;
Lin2 | 2,1285 | 12,3957 | 32,1369 | 55,5092 | 74.9583 R0 bass
Lin3 | 3.005 | 13,1469 | 33,3890 | 53.4224 | 73.7062 y=26,2I1{£1:nO();)ég7,202 ;
1Cso 87,40 = 1,96 ng/mL
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PL4. KET QUA PHAN TICH UPLC- HRMS
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PL5. DUQC LY MANG CUA CAY RAU PANG PAT TRONG PIEU TRI

PAI THAO DPUONG TYPE 2

326 muc tiéu lién quan dén bénh D4i thio duong type 2 (muc tiéu tiém ning)

Muc tiéu tiem

Muc tiéu tiem

Muc tiéu tiem

STT . STT y STT <
nang ning ning

1 AKTI1 110 MMP3 219 SLC9AI1
2 TNF 111 CYPI19A1 220 SHBG

3 IL6 112 IDH1 221 ADRB3
4 ALB 113 INSR 222 FABP3
5 TP53 114 NOS2 223 HSDI11B1
6 SRC 115 CHUK 224 PLA2G2A
7 EGFR 116 CDK1 225 EDNRB
8 STAT3 117 CYPIA1 226 GC

9 PPARG 118 JAK3 227 PTPN2
10 BCL2 119 RXRA 228 ABCCI1
11 CASP3 120 HDAC2 229 SLC5A2
12 MAPK3 121 MAPT 230 CASP2
13 JUN 122 TYK2 231 MGLL
14 CTNNBI 123 NTRK2 232 AVPR2
15 ESRI1 124 TH 233 TKT
16 HIF1A 125 XDH 234 SIGMAR1
17 PTGS2 126 CCR5 235 FAAH
18 HSP90AAL1 127 MMP1 236 PRKD1
19 MMP9 128 CXCR2 237 ADRBI1
20 ERBB2 129 RET 238 AOC3
21 MTOR 130 SELP 239 SORD
22 TLR4 131 PRKCB 240 OPRDI1
23 CCNDI1 132 F2 241 CYPI11B1
24 CXCLS 133 NR1H4 242 ACACB
25 GSK3B 134 AKT3 243 PDESA
26 MAPK1 135 IGFBP3 244 CPT2
27 L2 136 SHH 245 S1PR1
28 FGF2 137 OPRM1 246 GLI2
29 JAK?2 138 ERBB4 247 CETP
30 KDR 139 ITGA2B 248 ADRA2A
31 MMP2 140 CALMI1 249 PTPN22
32 PRKACA 141 ADRB2 250 PSEN2
33 PIK3CA 142 MME 251 RBP4
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34 ACE 143 COMT 252 MMP8
35 APP 144 CYP1A2 253 CES1
36 IGFIR 145 NPPA 254 HSD11B2
37 PPARA 146 IKBKG 255 PTGER3
38 GRB2 147 G6PD 256 SLC5A1
39 PTPRC 148 DRD2 257 SRDS5SA2
40 VCAMI 149 CYP2C9 258 MERTK
41 EP300 150 F3 259 PLA2G2D
42 PIK3R1 151 CTSD 260 PTAFR
43 BCL2LI 152 SMARCA4 261 NRI1H2
44 MDM?2 153 MMP14 262 PTPRF
45 MAPK14 154 NOX4 263 CAMK2G
46 RELA 155 PTGS1 264 TGM2
47 ITGBI 156 NOS1 265 ACPI
48 REN 157 AGTR2 266 PDE4B
49 KIT 158 CD38 267 ALPL
50 BRAF 159 SELL 268 ATPI1Al
51 CASPS 160 PTPNG6 269 FABP2
52 PARPI1 161 GSTP1 270 PLA2GS5
53 PDGFRB 162 ITGA2 271 EPHB4
54 SERPINE]1 163 PTK2B 272 KDM4A
55 PTPN11 164 ELANE 273 PDE4D
56 NR3Cl1 165 GSR 274 MC4R
57 PRKCA 166 RPS6KA1 275 PLA2G7
58 NFE2L2 167 MMP13 276 PDE3B
59 MCL1 168 FABP4 277 SSTR2
60 AR 169 CYP2D6 278 ALOX12
61 MAPKS 170 TYR 279 PADI4
62 PTK2 171 PRF1 280 PLEC
63 PGR 172 PGF 281 CPTIB
64 MAP2K1 173 ACHE 282 GABRAI
65 MET 174 SREBF2 283 MTNRI1B
66 CASP1 175 VCP 284 SCN2A
67 JAK1 176 CSNK2A1 285 CACNAIB
68 MPO 177 SCD 286 HTRI1D
69 HMOX1 178 CYP2CI19 287 CA2
70 HDACI1 179 TTR 288 SOATI
71 LCK 180 PRKCZ 289 SLCI8A2
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72 CYP3A4 181 CNRI1 290 DLK1
73 CDK4 182 GCK 291 ECEI
74 HMGCR 183 AKRI1BI1 292 AHR
75 PIK3CB 184 EPHA2 293 AMPD2
76 TERT 185 COLI18A1 294 F9
77 NTRK1 186 ITGA4 295 KCNA3
78 CDK2 187 NR3C2 296 SCN9A
79 RPS6KBI 188 CPT1A 297 FTO
80 AGTRI1 189 IRAK1 298 PTPN3
81 GCG 190 SLC6A4 299 LNPEP
82 PIK3CD 191 CFTR 300 FADSI1
83 FASN 192 LRRK2 301 SCNI10A
84 ESR2 193 CYP27Bl1 302 CNR2
85 PDGFRA 194 FABPI 303 SLCI6A1
86 FLTI1 195 PRKCG 304 CCKAR
87 ACE2 196 BCHE 305 ACVRLI
88 ABCBI1 197 MGAM 306 AKRI1A1
89 LGALS3 198 MIF 307 MKNK1
90 PLG 199 ADCYS5 308 PHKG2
91 IKBKB 200 CYP17Al 309 PTGFR
92 PTPNI1 201 KDMIA 310 CDC7
93 CCR2 202 PIK3C3 311 DUSPI16
94 HNF4A 203 EPHX?2 312 ADORA3
95 PRKCD 204 PRKAAI 313 HTR6
96 PIK3CG 205 MB 314 HCRTRI
97 FGFR1 206 EDNRA 315 ICMT
98 SELE 207 SI 316 PADI2
99 RAFI 208 IL6ST 317 CDKLS5
100 CTSB 209 KCNH2 318 PDE6A
101 AKT?2 210 GRIA2 319 FUCALI
102 XIAP 211 HTR2A 320 AMY1A
103 DPP4 212 GUSB 321 CA6
104 PLAU 213 ALDH2 322 PADI3
105 TGFBR2 214 PYGM 323 PADI1
106 ABCG2 215 CYPI1B2 324 SLC6A9
107 ALK 216 CASR 325 DUT
108 PLCGI1 217 ADA 326 SSU72
109 PPARD 218 PYGL
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Chi s6 phan tich mang ctia cac protein trung tAm

STT | Protein trung tam DC BC CC
1 AKTI 196 0,042728 0,712719
2 TNF 193 0,041950 0,709607
3 IL6 193 0,041111 0,708061
4 ALB 189 0,054879 0,703463
5 TP53 172 0,032601 0,677083
6 SRC 168 0,056410 0,670103
7 EGFR 164 0,022621 0,661914
8 STATS3 155 0,013108 0,653924
9 PPARG 150 0,035097 0,648703
Céc thong sb ciia 20 con duong sinh héa dau tién
STT Con duong Fold Enrichment -logio0FDR
1 EGFR tyrosine kinase inhibitor
resistance 33.12794738 42.29537
2 Bladder cancer 29.18029651 18.6736
3 Pancreatic cancer 28.53237874 32.96286
4 Prostate cancer 28.5222357 4191311
5 Non-small cell lung cancer 28.04044118 30.49438
6 Glioma 26.91882353 30.01522
7 Prolactin signaling pathway 26.70518207 27.71158
8 Central carbon metabolism in
cancer 26.70518207 27.71158
9 Aldosterone-regulated sodium
reabsorption 26.27212507 14.60802
10 | AGE-RAGE signaling pathway in
diabetic complications 26.17107843 38.27266
11 Endocrine resistance 25.97430341 35.95342
12 Acute myeloid leukemia 25.66886157 25.16194
13 VEGF signaling pathway 25.34729146 21.84609
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14 PD-L1 expression and PD-1

checkpoint pathway in cancer 25.20489095 32.25866
15 ErbB signaling pathway 24.9248366 30.03074
16 Chronic myeloid leukemia 24.59687822 26.76107
17 Type II diabetes mellitus 24.38299233 16.20817
18 HIF-1 signaling pathway 23.32415902 35.25859
19 Endometrial cancer 23.20588235 18.89491
20 Melanoma 22.84776688 22.882

PL6. DUQC LY MANG CUA CAY RAU PANG PAT TRONG PIEU

TRI GOUT

149 muyc tiéu lién quan dén bénh Gout (muyc tiéu tiém ning)

STT Muc tivéu tiém STT Muc tiéu tiém STT Muc tif’%u tiém
nang ning ning

1 IL6 51 GCG 101 COL18A1
2 ALB 52 TERT 102 CDK5
3 TNF 53 HNF4A 103 NR1H3
4 TP53 54 CTSB 104 PNP

5 SRC 55 CYP2C9 105 ABCCl1
6 STATS3 56 G6PD 106 CASR
7 PPARG 57 MMP3 107 ALDH?2
8 JUN 58 PIK3CG 108 TUBB3
9 PTGS2 59 NTRK2 109 CETP
10 MMP9 60 CYP1A2 110 ADK
11 TLR4 61 NTRK1 111 TOP2A
12 IL2 62 AR 112 RARB
13 CXCL8 63 FGFRI1 113 ADRB3
14 VCAMI1 64 PPARD 114 OPRDI1
15 IGFIR 65 FLT3 115 IMPDH2
16 BCL2LI1 66 IDO1 116 AMPD2
17 KDR 67 TH 117 CPT2
18 MMP2 68 MMP1 118 TACRI1
19 JAK2 69 CYP2C19 119 FBP1
20 PPARA 70 CYP2D6 120 AMPD3




21 PDGFRB 71 121 TRPA1
22 HMOX1 72 122 SLC22A6
23 MPO 73 123 TBXASI1
24 ACE 74 124 MC4R
25 RELA 75 ANPEP 125 FDPS
26 KIT 76 MAOA 126 ESRRA
27 PIK3CA 77 127 MAP3KI11
28 ABL1 78 MMP14 128 NRS5A2
29 PTPNI11 79 129 HDAC7
30 MAPK14 80 130 RORC
31 XDH 81 131 FRK
32 SYK 82 132 FADSI1
33 NFE2L2 83 CYP27Bl1 133 MTNRI1B
34 PRKCA 84 134 TUBBI1
35 PIK3R1 85 135 SLC28A2
36 ABCBI1 86 136 SLC22A12
37 CASP1 87 137 HCRTRI1
38 REN 88 138 PHKG2
39 MCL1 89 139 PHKG1
40 HMGCR 90 140 CHKA
41 FYN 91 141 PTGDR
42 CSF1R 92 142 KCNA3
43 CYP3A4 93 143 ACVRLI
44 RPS6KBI 94 144 HCRTR2
45 ABCG2 95 ITGAL 145 HRH2
46 NOS2 96 146 RPS6KA4
47 PDGFRA 97 147 GLRA2
48 JAK1 98 SLC6A3 148 PLAA
49 PTK2 99 UGT2B7 149 GLRAI
50 SELE 100
Chi s6 phan tich mang ctia cac protein trung tim
STT | Protein trung tam DC BC CC
1 IL6 95 0.085570 0.732323
2 ALB 92 0.091893 0.721393
3 TNF 86 0.046727 0.690476
4 TP53 84 0.063490 0.693780
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5 SRC 74 0.069927 0.647321
Céc thong sb ciia 20 con duong sinh héa dau tién
STT Con duong Fold Enrichment -logioFDR
1 Acute myeloid leukemia 29.48265865 12.825920
2 EGFR tyrosine kinase inhibitor
resistance 29.17166014 14.74390
3 Central carbon metabolism in
cancer 25.86752312 11.22516
4 D-L1 expression and PD-1
checkpoint pathway in cancer 22.19481044 11.45363
5 Prostate cancer 22.06133650 12.32220
6 AGE-RAGE signaling pathway in
diabetic complications 21.39949640 12.17543
7 TNF signaling pathway 20.57643885 12.82592
8 C-type lectin receptor signaling
pathway 20.57643885 12.00308
9 Fluid shear stress and
atherosclerosis 20.27822959 15.20075
10 Lipid and atherosclerosis 19.23031668 22.25782
11 Hepatitis B 17.27404743 14.24430
12 Kaposi sarcoma-associated
herpesvirus infection 14.42472002 13.02889
13 Coronavirus disease-COVID-19 14.19064748 15.14303
14 Proteoglycans in cancer 13.85344398 12.82592
15 Ras signaling pathway 13.30901577 13.99559
16 PI3K-Akt signaling pathway 13.02011950 20.64975
17 Pathways in cancer 12.42351025 29.45167
18 | Human cytomegalovirus infection 11.75796506 11.15975
19 MAPK signaling pathway 10.63815886 12.42053
20 Metabolic pathways 4.067124454 12.14902




84

PL7. KET QUA DOCKING PHAN TU

Két qua re-dock phdi tir ddng két tinh vao lai vi tri hoat dong cta protein

STT | Protein - phdi tir dong két tinh | RMSD (A)
1 4GV1 1,398
2 7JRA 1,373
3 1ALU 1,686
4 4E99 1,381
5 5AB9 1,325
6 2H8H 1,689
7 3W33 1,430
8 6NUQ 1,522
9 8SC9 0,835

Két qua gia tri docking ctia cac thanh phan hoat chat trong cdy Rau dang dét véi cac
protein lién quan dén Dai thao dudng type 2 c¢6 thé duge tham khao theo duong dan:
https://drive.google.com/drive/folders/1487mv1adOnB5IPbQ7ax6n0y4CjotK7FD?u
sp=sharing

Két qua gia tri docking ctia cac thanh phan hoat chit trong ciy Rau dang dat véi cac
protein lién quan dén Gout c6 thé dugc tham khao theo duong dén:
https://drive.google.com/drive/folders/1KIG3eUNFtjLhroNSkQQ7h1vkx1dMUi27?

usp=sharing



https://drive.google.com/drive/folders/1KlG3eUNFtjLhr6NSkQQ7h1vkx1dMUi27?usp=sharing
https://drive.google.com/drive/folders/1KlG3eUNFtjLhr6NSkQQ7h1vkx1dMUi27?usp=sharing
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VIEN HAN LAM CONG HOA XA HQI CHU NGHTA VIET NAM
KHOA HOC VA CONG NGHE VN Dje ldp - Ty do - Hanh phic
HQC VIEN KHOA HQC VA CONG NGHE
88,4310 /Qp-HVKHCN Ha Ngi, ngdy 15 thdng 12 ném 2025
QUYET PINH

veé viéc thanh Iip Hoi dong ddnh gid lufin 4n ticn si c4p Hoc vién

GIAMDOC
HOQC VIEN KHOA HQC VA CONG NGHE

Cén cik Quyét dinh s6 364/QD VHL ngay 01/03/2025 ctia Chui tich Vién Han lam
Khoa hoc va Céng nghé Viét Nam vé viée ban hanh Quy ché To chite va hoat dong cua
Hoc vién Khoa hoc va Cong nghé,

Can cit Thong tur s6 1 8/2021/TT-BGDDT ngay 28/6/2021 cta B¢ Gido duc va
Dao tao vé viéc ban hanh Quy ché tuyén sinh va dao tao trinh do 1ién st

Cén cit Quyét dinh sé 1 968/0D-HVKHCN ngay 28/12/2021 cia Gidm débc Hoc
wen Khoa hoc va Céng nghé vé viée ban hanh Quy ché tuyén sinh va dao tao trink ao
tién s5:

Can cir Quyet dinh 56 201 16/0D-HVKHCN ngay 30/11/2022 cia Gidm dbe Hoce
vién Khoa hoc va Céng nghé vé vige cong nhén nghién citu sinh chuong trinh théng
thuong dot 2 nam 2022;

Xét dé nghj ciia T ruong phong Dao tgo.

QUYET PINH:

Diéu 1. Thanh lap Hoi dong d4nh gi4 luén 4n tién si cAp Hoc vién cho nghién ciru
sinh Nguyén Thi Thu Hién v6i dé tai:

“Nghién ciru thanh phan héa hgc va heat tinh ire ché enzyme a-glucosidase,
xanthine oxidase ciia ciy Rau déng dat [Glirnus oppositifolius (L.) A. DC. I, hg Rau
dﬁng dit (Molluginaceae)”

Nganh: H6a hitu co Mi s6: 9 44 01 14

Danh sach thanh vién Hoi ddng d4nh gid ludn 4n kém theo Quyét dinh nay.

Pidu 2. Hoi dong ¢6 trach nhiém dénh gid ludn én tién s7theo dting quy ché hién
hanh ciia B¢ Gido duc va Pao tao, Hoc vién Khoa hoc va Cong nghé.

Quyet dinh ¢6 higu lyc k& tir ngay ky dén truéce ngdy 06/3/2026. Hoi ddng tu
gi4i thé sau khi hoan thanh nhiém wy.

Dleu 3. Truéng phong Té chirc - Hinh chinh, Trtrb'ng phong Dao tao, Trudng
phong Ké todn, c4c thanh vién c6 tén trong danh sich Hoi dong va nghién ctu sinh ¢6
tén tai Pidu 1 chiu trach nhiém thi hanh Quyet dinh nay./. ﬁg/

GIAM PO

Noinhin:

- Nhr Diéu 3;

- Laru hd so NCS;

- Lwu: VT, DT. TN14,
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CAP HOC VIEN

eo Quyét dinh s6 A F0/QP-HVKHCN ngay 15/12/2025
cua Giam dde Hoc vién Khoa hoc va Cong nghé)

Cho lufn 4n ctia nghién ciru sinh: Nguyén Thi Thu Hién
Vé dé tai: “Nghién citu thanh phén héa hoc va hoat tinh tr¢ ché enzyme a-
glucosidase, xanthine oxidase ciia ciy Rau diing dit [Glinus oppositifolius (L.) A.

DC.], ho Rau dfing d4t (Molluginaceae

Nganh: Héa hiru co

Ngudi huémng dén chinh: PGS.

)”
Ma sb: 9 44 01 14
TS.1& Tién Diing - Vién Cong nghé tién tién, Vi¢n

Han 1am KHCNVN
Ngudi huéng din phy: PGS.TS. Nguyén Trong Tudn - Truong Pai hoc Cn Tho,
Bo Giao duc va Dao tao
Trach
Ho va tén, hoe ham, Chuyén o nhiém
TT Hoe ) . Co quan cong tac trong HOi
ddng
) e N Hoc vién Khoa hoc va Cong ngh¢, ot
1 i} 3 h Héa hi .
GS.TS. Nguyén Ciru Khoa 6a hiru co Vién Han lim KHCNVN Chu tich
PGS.TS. Nguyén Quang| Héasinh Trudmg Pai hoe Tay Nguyén, 2
2 :
Vinh hoc B0 Gido dyc va Dao tao Bkl
Vién Cong ngh¢ tién tién, .
3 | PGS.TS. Trin N én | Héah &
ran Ngoc Quyén (i co Vien Han 1im KHCNVN Phan bién 2
x PR A A A g A hJ Aars &
4 TS: Nguyén Thi Thanh Hoa hitu o Vl?n Cong Pgh@ tién ticn, Uy v 1en'
Thuy Vién Han 1am KHCNVN Thu ky
. K thugthéa | Truong Pai hoc cong nghé Sai Gon, B
5 |PGS.TS. Tra Hié
i Suang e hoe B6 Gio dyc va Pao tgo S
. f Trudng Dai hoc Béach khoa, .
6 |PGS.TS.Lé Xuén Tié Hoéa hituco , ¢
P °a Pai hoc Quéc gia TP. HCM Ll
" A 5 A SR ok
7 | PGS.TS. Ding Chi Hién | Héahiuco Vi Coug ngh el 051, Uy vién
Vién Han 1dm KHCNVN

Hgi dong gom 07 thanh vién/. iz



87

VIEN HANLAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HQC VA CONGNGHE VN Poc lap - Tw do - Hanh phic
HOC VIEN KHOA HQC VA CONG NGHE

TP.HCM, ngdy 20 thdng 01 ndam 2026

DANH SACH CHU KY THANH VIEN HOI PONG
BAO VE LUAN AN TIEN Si CAP HQC VIEN

Nghién cttu sinh:  Nguy&n Thi Thu Hién

Tén dé tai: “Nghién ciu thanh phin héa hoc va hoat tinh dérc ché enzyme a-
glucosidase, xanthine oxidase ciia cay Rau dang dit [Glinus oppositifolius
(L.) A. DC.], h¢ Rau diing dat (Molluginaceac)”

Chuyén nganh:  Hoa hitu co

M sb: 94401 14

Ngay bao vé: 20/01/2026

$é Quyét dinh thanh 1p Hoi dbng: 1370/QD-HVKHCN ngay 15/12/2025 cta
Giam doc Hoc vién Khoa hoc va Cong nghé.

So Ho va tén, Chite danh Chir ky
TT hoc ham, hoc vi trong HQi dong
I | GS.TS. Nguyén Ctru Khoa Chu tich Qrdoec e
2 x ; -
PGS.TS. Nguyen Quang Vinh Phan bién 1 AA .

GS.TS. Trin Ngoc Quyén Phan bién 2

Uy vién —

4 | TS. Nguy&n Thj Thanh Thiy i g
u ky

5 | PGS.TS. Trin Quang Hiéu Uy vién

6 | pGS.TS. Lé Xuan Tién Uy vién

7 | PGS.TS. Ping Chi Hién Uy vién




88



BAN NHAN XET LUAN AN TIEN SI CAP HQC VIEN

Tén dé tai luén an: NGHIEN CUU THANH PHAN HOA HOC VA HOAT TiNH
SINH HQC UC CHE ENZYME a-GLUCOSIDASE, XANTHINE OXIDASE
CUA CAY RAU DANG PAT [Glinus oppositifolius (L.) A. DC.], HO RAU
DANG DAT (Molluginaceae).

Chuyén nganh: Hoa hitu co Mi s6: 9 44 01 14

NCS: NGUYEN THI THU HIEN
Ngudi huéng dan: 1. PGS.TS. Lé Tién Diing
2. PGS.TS. Nguyén Trong Tuin

Nguoi nhan xét lusn 4n: GS.TS. NGUYEN CUU KHOA
Co quan cong tac: Hoc Vién Khoa Hoc va Cong Nghé, Vién Han 1am Khoa Hoc va
Cong Nghé Viét Nam

, NOI DUNG NHAN XET

1. Tinh cin thiét, thoi sw, ¥ nghia khoa hoc va thye tién cia dé tai ludn an.

Viét Nam la dat nude c6 ngudn duge liéu thién nhién vo cing phong phu (hon
4000 cdy) va ¢b nén y hoc ¢b truyén hang nghin nam. R4t nhiéu cac cay duogc li¢u
duge sir dung trong phong va tri nhiéu bénh trong doi séng, trong dé c6 bénh Dai
thao duong va bénh Gut. D6 la cac can bénh thudong gap trong xa hoi va lam anh
huong rat nhidu dén stre khoe va doi séng ciia nhung ngudi bénh.

Luan an nay tap trung nghién ciru phan 1ap, xéc dinh cau tric hoa hoc clia mot
s6 hoat chat thu duoc tir cao chiét ciia cay rau diing dat va danh gia cac hoat tinh sinh
hoc bao gom hoat tinh rc ché a-glucosidase, va tc ché enzyme XO ctia ching. NCS
ciing dinh hudng du doan co ché tac dung cua cac qua trinh e ché céc enzyme trén
thong qua phuong phap Network Pharmacology va Phuong phap Docking.

Vi véy dé tai “Nghién cttu thanh phan hoa hoc va hoat tinh sinh hoc ctia cay
rau ddng dat (Glinus oppositifolius (L.) DC., Molluginaceae.” dugc thuc hién la can
thiét..

D& tai vira c¢6 y nghia khoa hoc, vira ¢é ¥ nghia thuc tién.



2. Sy khdng trung l3p ciia dé tai nghién ciru so véi ciac cong trinh, luéin viin,
luiin 4n da cong b & trong va ngoai nwéc, tinh trung thwe, ré rang va day di
trong cac trich din tai li¢u tham khéo
- Dé tai nghién ctru khong trung lap so véi cac cong trinh, luan van, lun an
dd cong bd & trong va ngoai nude.
- C4c tai liéu tham khéo duoc trich dan trung thuc, rd rang va day du.
3. Sw phii hop giira tén dé tai voi ndi dung, giira ndi dung véi nganh dio tao
- Tén d@ tai hoan toan ph hop voi ndi dung nghién ctru.
- Noi dung nghién ctru cia dé tai luén an phi hop voi chuyén nganh Héa hitu
Co.
4. Pj tin cay va tinh hién dai ciia phwong phap da sir dung dé nghién ciru
- Céc phuong phap nghién ciru hinh théi, phan 1ap hop chét la cac phuong phap
thuong quy.
- Céc phuong phép phén tich thanh phan ciu tric ctia cac hop chit phéan lap
duoc 1a cdc phuong phap hoéa ly hién dai ¢6 d6 chinh xéc va tin cdy cao.
- Cac phuong phdp nghién ctru khao séat cac hoat tinh sinh hoc la cac phuong
phép thuong quy.
- Do d6 cic két qua, cac két luan ctia luan 4n 1a hop ly, khoa hoc.
5. Két qua nghién ciru mai cia tac gia
- Pé tai da phan lap, phén tich dir liéu phd va giai cAu trac ctia 20 hop chit tir
cly rau ding dit. Trong d6 c6 3 hop cht méi trong tu nhién 1a G-6; G-11 va G-17.
- Khao sat hoat tinh sinh hoc cho théy:

+ Cao toan phéan va céc cao phan doan ctia cdy déu c6 tac dong tre ché ca 2
enzyme a-glucosidase, va enzyme X0, trong dé cao Ethylacetae ¢6 hoat luc manh
nhét.

+ Hop chat G-13 ¢6 hoat tinh tc ché enzyme a-glucosidase manh nhét véi
IC50 = 9,52 + 0,19 uM.

+ Hop chét G-16 ¢6 hoat tinh ttc ché enzyme XO manh nhét véi [C50 =
5,37 £ 0,33 uM.

- Tr phén tich duoc ly mang (Network Pharmacology) va Docking phan tar cho
thdy cdy rau dang dét co tac dung trén bénh Dai thdo duong typ 2 véi co ché lam
giam tinh trang dé khang insulin (qua con dudng (rc ché tyrosine kinase, con dudng
noi tiét) va con lam giam bién ching cua bénh Dai tdo dudong nhu viém loét, bién
chimg vi mach, xo vita dong mach.

N~



- Tt phan tich dugce ly mang (Network Pharmacology) va Docking phéan tir cho
thdy cdy rau ding dat c6 thé tham gia hd tro diéu tri bénh Gout théng qua co ché
chbng oxy hoéa giam viém, tang doa thai acid uric tai than.

6. Uu, nhuge diém vé ndi dung, két cAu va hinh thirc cia luan an.
Luan 4n c6 két cu hop ly.

- Muc tiéu ciia dé tai duoc dat ra rat rd rang, cu thé. Noi dung ctia luédn an da

duge thue hién tét va dap img dugc voi muyc tiéu dé ra.

- Phuong phap nghién ctru khoa hoc, hgp ly. Cac phuong phap phan tich cac dic

tinh ctia vat liéu nén va xiic tac la cc phuong phap hoa ly hién dai ¢6 d6 chinh

Xac cao.

- Két qua nghién ctru duge phén tich, giai thich rd rang, hop ly, khoa hoc va dat

duoc muc tidu dé ra cla dé tai.

- Két qua nghién ctru ctia luan 4n c¢6 ¥ nghia khoa hoc va thuc tién cao. Cac két

luén ctia ludn an c¢6 phit hp véi cach dit van dé & dau ludn 4n va c6 du ste thuyét

phuc.

Nhiing diém can dwoc bé sung va sira chita:

- Con 16i chinh ta va 16i in an.
7. Noi dung luin an di dwoe cong bd trén tap chi, ky yéu hdi nghj khoa hoc nao
va gia tri khoa hoc cita cic cong trinh di cong bo.

- N6i dung lun an di duoc cong bd trén 03 bao khoa hoc cua céc tap chi khoa

hoc qudc té ¢o chi sd IF cao.
- Bai béo khoa hoc di cong bd mang tinh khoa hoc ¢6 ndi dung phi hop ndi
dung nghién ctu ctia ludn an, dap Gmg yéu cdu dbi véi ludn an tién si.
8. Két luan chung:
Dé tai luan an dép g y8u cau vé mit ndi dung va hinh thire dbi véi mot

luan an tién st chuyén nganh Héa hitu co va dé nghi NCS duoc bao vé tai Hoi dong
danh gié luan an cép Hoc vién dé nhan hoc vi tién si.

Tp. H6 Chi Minh, ngay 05thang 04 nim 2026
Nguoi nhén xét ky tén

e —

GS.TS. NGUYEN CUU KHOA






VIEN HAN LAM KH & CN VIET NAM CONG HOA XA HOI CHU NGHIA VIET NAM
HOC VIEN KH & CN bBoe lap — Tw do -~ Hanh phie

BAN PHAN BIEN LUAN AN TIEN ST CAP HOC VIEN

Tén ludn an: Nghién ciru thanh phan hoa hoc va hoat tinh e ché enzyme g-
glucosidase, xanthine oxidase ciia ciy Rau dfmg dit (Glinus oppositifolius (L.)
A. DC.)

Chuyén nganh: Hoéa hitu co Ma nganh: 9440114

Nghién ctru sinh: Nguyén Thi Thu Hién

Nguoi huéng dan: PGS.TS Lé Tién Diing; PGS.TS Nguyén Trong Tuin

Nguoi nhin xét/ Nguoi phan bién: PGS.TS. Nguyén Quang Vinh

Co quan cong tdc: Vién Céng nghé Sinh hoc va Moéi truong, Truong Dai hoc Tay
Nguyén

NQI DUNG NHAN XET

I. Tinh can thict, thoi su, y nghia khoa hoc va thye tién ciia d@ tai ludn 4n

Dai thdo dudng typ 2 va bénh git la cdc rdi loan chuyén hoa man tinh c6 ty 1&é mac
ngay cang gia tang, gy nhiéu bién chimg va ganh ning cho h¢ thong y té. Trong co ché
bénh sinh cua hai bénh nay, enzyme a-glucosidase va xanthine oxidase (XO) dong vai tro
then chdt; tuy nhién, cdc thube tre ché enzyme hién nay van con han ché vé tac dung phu
khi sir dung lau dai. Vi vay, viée tim kiém cac chét e ché enzyme ¢ nguon goe tu nhién,
hiéu qud va an toan hon 1a huéng nghién ctu ¢d tinh cap thiét va thoi su.

~ Luén dn Iva chon nghién ctru cdy Rau ding dét (Glinus oppositifolius), mot dugc lidu
quen thude trong y hoc ¢6 truyén. la phtt hop. Méc du loai nay da dugc nghién ctru & mot
56 khia canh, song cac dit liéu vé hoat tinh trc ché a-glucosidase va X0, diic biét & murc do
hop chat tinh khiét, con han ché; dong thi co ché tac dung theo hudng da dich dbi véi dai
thao dudng va gut chua duoc lam o mot cach hé 1‘11611;;.

Luén dn két hop nghién ctru hoa hoe céc hop chit thién nhién véi danh g1a hoat tinh
sinh hoce va duge ly mang — docking phan t, 26p phan b6 sung dir liéu vé thanh phin hoa
hoc, mbi lién hé cAu tric — tac dung va co ché tiém nang cia cic hop chét tir Rau dang dat.
Dong thoi, két qua nghién ctru dinh hudong khai thée ngudn duoc liéu trong nude, cung cip
co s¢ khoa hoc cho viée phat trién cdc chit din hodc sdn pham hé tro kiém sodt déi thao
duong va gut trong tuong lai la cé tinh khoa hoc va thuc tién ro rang.

2. Su khong tring liip cia dé tai nghién ciru so véi cic cong trinh, ludn 4n da cong
bé & trong va ngoai nwéc; tinh trung thue, 16 rang va diy di trong trich dn tai li¢u
tham khao

Qua di chidu voi céc tai liGu trong va ngodi nude, khong phat hién su trang lap dang
ké vé ndi dung, dir lidu va cach liép cdn gitra ludn 4n va cac cong trinh da cong bo trude
do. Dong gop mdi 16 rang: (i) phan lap 20 hop chat, trong do 3 hop chit mdi hoan toan va
| hop chét lan dau ghi nhan & loai; (i) dur liéu 1Cse in vitro vé Grc ché a-glucosidase va
Xanthin oxidase ¢ ¢ phan doan va hop chét tinh khiét: (iii) lin déu tng dung duoc Iy mang
va docking dé lam sang t6 co ché da dich cua Rau ding dét trong hoat tinh chéng dai thao



dudng typ 2 va gout. Néu st dung mot phan két qua nén, tac gid da mo rong dang ké vé
chicu sau dinh luong va pham vi co ché (dual-target -> polypharmacology).

Céc cong trinh ¢éng b phan énh dang ndi dung cda luan an. Céc bai bao cong bo bam
sdt cac hgp chat phan 1ap, hoat tinh tic ché thén g qua gid trj ICso hodic co ché dy dodn, phu
hop voi muc tiéu va noi dung caa luan 4n.

Luén an da trich dan day du tai liéu tham khdo, da sd ngudn qubc té cép nhat, cé can
déi tai liéu trong nuée. Cic dinh nghia, tiéu chudn nhu ADA: co s& di liéu KEGG, PDB,
GeneCards, STRING, Swiss Target Prediction duoc vién din df:i}-' du.

3. Sw phu hop gitra tén dé tai véi ngi dung, giiva ngi dung véi chuyén nganh va ma
$0 chuyén nganh

Tén dé tai phan danh ding ndi dung nghién ciru. Ba noi dung chinh gom: thanh phén
héa hoc, hoat tinh e ché a-glucosidase va xanthine oxidase tir cdy rau ding dat (Glinus
oppositifolius) duoc trién khai tron ven trong muyc tiéu, ndi dung va két qua. Luén an bam
sat chuyén nganh Héa hitu co: chiét tich — phan lap — dinh danh cau trac (ID/2D-NMR,
HR-ESI-MS, IR). C4c phén hoat tinh sinh hoc in vitro (a-glucosidase/XO) va in silico
(network pharmacology, docking) giir vai tro hd tro giai thich co ché va dinh hudng g
dung.

4. D9 tin ¢y va tinh hién dai ciia phwong phap da siv dung dé nghién ciru

Cac phuong phap duge lua chon phi hop véi muc tiéu nghién ctru. Tuy nhién, cén
trinh bay o hon cdc tiéu chi chuan héa nguyén liéu (mau chuén, diéu kién sz"'iy. dd am., hiéu
sut chiét) va diéu kién thir enzyme (ngudn enzyme, néng do, sb lan lip, kiém soat nhiéu)
dé tang kha nang tai 1ap va do tin cdy cia két qua.

Cac phuong phap phén lap va dinh danh hoat chét trén cac phuong phip phi hop nhu
cdt séc ky cot, sic ky tinh ché va ddy di dit liéu phé 1D/2D-NMR, HR-ESI-MS, IR dé dinh
danh cau triic cua hop chit phan lap

St dung GeneCards—S'l‘RING—I(EGCi—S\&*isstirget Prediction, Cytoscape, AutoDock
Vina - la cic cong cy hién dai, pht hop muc tiéu dinh hudng co ché.

5. Két qui nghién ciru mai ciia tac gia.

Luén an ¢6 mot sb déng gop mai dang ghi nhan:

- Phén ldp va xéc dinh ciu tric mot s6 hop chit méi va hop chat 1dn du ghi nhén
loai Rau ding dit; Phan lap 20 hop w0 cao chiét cdy rau dang dat; trong do, 3 hop chat mai
(G-6, G-11. G-17); 1 hop chét lan dau ghi nhan ¢ loai (7-O-methylwogonin); di liéu pho
dﬁy du, ¢6 gid tri 1am co sé dinh danh chét.

- Cung Cﬁp dit liéu vé kha néng (rc ché dong thoi 2 enzyme o-glucosidase va xanthine
oxidase cua Glinus oppositifolius; trong do nhi¢u nhidu hop chdt/phan doan dat ICso kha
thap thap.

- Két hop duoe ly mang va docking phan tir dé du dodn co ché tac dung da dich trong
DTD typ 2 va gat.

Tuy nhién, vi cic hop chit mdi, cin lam o hon cac bang ching céu tric then chét
(ddc biét 1a cAu hinh duong, ciu hinh lap thé va vi tri gin nhom thé) dé tang sac thuyét

phuc trong khoa hoc.
o e
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Nhiing gop y cho ludn d4n:

Cén chinh sira mot s8 16 danh may. 16i chinh ta va 13i didn dat trong toan bo luan 4n;
Viét hoa mot sé tir va cum tu frong toan bo luan an.

Mot s6 tir cin xem lai, Vi du “Tui xuc tac cia enzyme™; “tai hoat dong ctia enzyme”
nén chuyén thanh “Trung tim hoat dong™ hogc Vi trf xuc tac™ hodc “Ving gin co chat”
tuy thuge timg ngir canh sé hop ly hon.

" Thong nhit cach dung tir nhu enzyme hay enzym; gene hoic gen....

Chwong 1. Phin téng quan: Da trinh bay khé (6t va day du, tuy nhién, can tang noi
dung phan tich mdi lién h¢ gitra thanh phﬁn hoa hoe va hoat tinh sinh hoe; d&‘mg thoi chuén
héa phan in silico theo hudng mo ta ro quy trinh thuc hién, cdc bude phan tich, tiéu chi lua
chon hop chit/dich tac dong va cach kiém chimg két qua docking. Pong thoi, bd sung mot
muc ngan & cudi chuong tong quan néu ro khodng tréng nghién ctu va gia thuyét khoa hoc
cua ludan an;

Bang 1.1. Trang 9 cin viét lai muyc nhom thude va co ché tac ddng thi chinh xac hon:
bang 1.2 chua thé hién ro nghién ctu trén mé hinh iz vitro lién quan dén vén dé gi? Béang
1.3 cin théng nhét cot nong do: néu ding dudng udng thi cac thi nghi¢m khac ciing phai
ligt ke,

Chwong 2.

. pbi tuong nghién ciru can viét lai cho day du hon vi hién tai chi thé hién nguyén liéu
nghién ciru chura phai déi tuong nghién ctru,

Phan phuong phap nghién ctru: Nén ¢6 so dé tong thé ctia nghién ctru dé ¢o cai nhin
(ong quat hon.

Phan nguyén liéu cin chudn hoa cic thong s6: Tiéu chi lua chon nguyén liéu, diéu kién
va phuong phép sdy kho, do 4m nguyén li¢u; kich thude bot nghién...; céc didu kién trich
ly; céc tiéu chudn cia cao chiét... néu duroce nén bo sun g co s dé lua chon kem minh chimg
tai liéu tham khao.

A 2 3 - A
Chuong 3. Ket qua vao thio lujn

3.1. Can x4c dinh hiéu sudt thu hdi cua cac phén doan, céc thong tin vé do 4m cia céc
cao dé danh gia hoat tinh va so sanh dir liéu nham tang tinh chit ché cua két qua.

3.2. Cac hop chat moi cén phan tich rd hon dé khang dinh. Pic biét, phan tich ki hon
vé cdu triic khéng gian, vi tri gan va cdc nhom dudng,

'3.4. Can trinh bay céc tiéu chi loc do tin cdy, ngudng xac sudt va loai bo dit li¢u nhiéu
trong quy trinh du dodn dich tic dong va docking phan ti.

Néu rd gioi han ctia quy tic Lipinski déi véi hop chét ty nhién vi viée loai bd phan 1on
glycoside dua trén quy tic Lipinski 1 hop 1y vé mit duoce dong hoc, nhung ¢6 thé bo sot
cdc hop chét ¢ hoat tinh tai rudt.

Ngoai ra, can giai thich tiéu chi chon 3 hop chét dé docking: vi sao céc hop chit co
hoat tinh manh trén ca 2 enzyme dich (v6i gid tri 1Cso thap nhu G13, G14) khong duoc vu
tién mo6 phong, va cach lién két div liéu in vitro—in silico dé tranh mau thuén dién giai.

\



6. Uu diém va nhuwoc diém vé ndi dung, két eiu va hinh thire cia lufn n.

Un diém:
- Ludn an ¢6 két cau can déi, dugc trinh bay r6 rang va logic cdc ndi dung, ndi dung
nghién ctru phong pht va ¢é tinh két ndi dé gidi quyét tron ven van dé.
- Hudng nghién ctiru pht hop vai xu thé hién dai, két hop thuc nghiém va in silico

dé du doan co ché tac dong va tiém nang tng dung,
- Phén ldp duge hé hop chat da dang tir duoce liéu két hop danh gid hoat tinh trc ché

cnzyme trén hop chat tinh khiét.
- C6 phan tich méi lién hé cdu tric — hoat tinh sinh hoc (SAR); Phin dugc Iy mang

va docking giup ho trg gidi thich co ché tac dung.

Nhirge diém:
- Nghién ctu chua mé ta ki phan chuan hoa ‘nguyén ligu: Thoi diém thu hai, dia

diém, dinh danh mau (voucher), didu kién say/do dm. hiéu suat chiét— phén doan,..
- Phan thir hoat tinh enzyme mdi dung ¢ mirc 1Cso, chua c6 phan tich dong hoc (kiéu

tre ché).
- Phén in silico chua trinh bay ro tiéu chi loc do tin cdy, ngudng xic sudt va cich
oai bé dir licu nhiéu.
- Méi lién hé gitra két qua thuc nghiém in vitro va docking phin tr chua dugce giai
thich thit su chét ché.
- Nghién cttu chi danh gia trén diéu kién in virro. két qua phan tich in silico chua
dugce xdc thye trén cde mé hinh nghién ctu thue nghiém.
7. Noi dung lugin an da dugc cong bé trén tap chi, ky yéu hdi nghi khoa hoe néao va
gii tl'i khoa hoc ciia cdc cong trinh di cong bo.

Noi dung ctia ludn 4n duge cong bo trén 3 bai bao thude danh mue SCIE (1 Q2 va?2
Q%) dung chuyén nganh hod hitu co (hod hoc céc hop chét tu nhién).

8. K&t luin chung

Lugn én ¢o gia tri khoa hoc. pht hop chuyén nganh, ¢6 dong gop vé thanh phan hoa
hoc va hoat tinh sinh hoc ctiia Rau ddno dat. Mac dir con mét s6 han nhung cé thé c¢6 thé

dugc chinh stra va bo sung.

Lugn dn dép Gmg cdc yéu cau doi véi mot ludn an tién si chuyén nganh. Ban (om (i
ludn an phan anh trung thuc ndi dung co béin ctia luan 4n; ludn an co thé dua ra béo vé cip
Hoc vién dé nhan hoc vi tién si.

Dék Lak, Ngay 05 thang 01 nim 2025

Nguoi nhan xét

PGS.TS. Nguyén Quang Vinh
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BAN NHAN XET/ PHAN BIEN LUAN AN TIEN SI CAP HQC VIEN

Tén dé tai ludn an: Nghién civu thanh phan héa hoc va hoat tinh irc ché
enzyme o-glucosidase, xanthine oxidase cua ciy Rau ding dat [Glinus
oppositifolius (L.) A. DC.[, ho Rau ding dit (Molluginaceae)

Chuyén nganh: Héa hitu co

Ma sb:9 44 01 14

Nghién ctru sinh: Nguyén Thi Thu Hién

Ngudi huéng dan:

Nguoi nhan xét/ Nguoi phan bién: GS.TS Tran Ngoc Quyén

Co quan cong tac: Vi¢n Cong nghé tién tién

1. Tinh cin thiét, thoi sw, y nghia khoa hoc va thuc tién ciia dé tai ludn dn.

Trong vy hoc ¢b truyén, Rau ding dat co trong nhidu bai thude loi tiéu hoa,
nhuédn gan, ich mat, thanh nhiét, loi tidu, gial ddc.... Céc nghién clru gan day cho
thz‘iy c6 cac tac dung duge ly nhu tac dung trén hé mién dich, bao vé gan, khang
khuén, khang nam, ha lipid huyét, ha glucose huyét, chdng oxy héa. Tuy nhién, cé
rét it thong tin vé dic tinh tc ché xanthine oxidase va a-glucosidase ctia cao chiét
cling nhu cac chét phan 1ap tir loai G. Oppositifolius. Bén canh do, cac hoat chat va
thc dung diéu tri bénh Déi thao duong va Gout ciia Rau ding dét van chua dugc
nghién ctru bing phuong phéap duge ly mang. Trong ndi dung nghién ctru cua luan
an, NCS da tap trung giai quyét cac van dé chua dugc 1am séng t6 trén dé cung cap
céc két qua khoa hoc day du dé 1am co sé phat trién cdc san pham chiam soc bao vé
sttc khée trong thurc tién nén ndi dung nghién ctru trong luén 4n ¢6 tinh khoa hoc va
thue tién cao.
2. Sw khéng trimng lidp ciia dé tai nghién ciru so véi cdc cong trinh, lugn dn di
cong bo & trong va ngodi mwdce; tinh trung thiee, ro rang va diy dii trong trich din
tai liéu tham khao.

P& tai nghién ctru khong tring lap véi cac cong trinh, ludn 4n da cong bé trong

ngoai nude va thé hién tinh trung thuc cao trong trich dan tai liéu tham khao



3. Sw phit hop giiva tén dé tai véi nji dung, giita ngi dung voi chuyén nganh va
mid 56 ch uyén nganh.

Phu hop
4. Bg tin cdy va tinh hién dai cia phiong phdp da siv dung dé nghién ciru.

NCS di str dung cdc phuong phap trich ly cao/hoat chat phit hop. Céc phuong
phap phd nghiém hién dai tron g phén tich céu trac. Cac phuong phap thuong quy dé
xdc dinh hoat tinh sinh hoc ctia céc cao/hoat chét phan lap. NCS ciling da st dung
céc phuong phdp nghién ctu tinh toan lién quan dén tuong tic hoa sinh dé lam ro
nhiéu tuong tac clia cdc hoat chit véi tac dong hé tro didu tri cac bénh dai thao duong
va gout nén két qua nghién ctu ¢6 dé tin cy cao.

5. Két qua nghién ciru moi cia tic gia.

- X4c dinh duge hoat tinh tc ché xanthine oxidase (XO) cua cdy Rau déng dat
(Glinus oppositifolius). Cao con toan phén cua cdy Rau dang dit thé hién hoat tinh
tic ché enzyme XO vé6i IC50 = 130,56 + 3,79 pg/mL, cao EtOAc va BuOH vaéi IC50
lan luot 14 29,67 + 1,02 pg/mL va 83,16 + 0,27 pg/ml.

- Da phén ldp va xéc dinh duoec 3 hop chit moi la: apigenin-5-O-f-D-
glucopyranosyl-8-C-B-D-glucopyranosid), spergulin C, L-(-)-(N-cis-cinnamoyl)-
arginin. Trong d6 hai hgp chét G-11 va G-6 thé hién hoat tinh trc ché enzyme o-
glucosidase véi IC50 twong tng 1a 31,23 + 0,45 uM va 257,90 £1,00 uM. Hop chit
G-17 thé hién hoat tinh tic ché enzyme XO v6i IC50 = 178,02 & 1,65 uM.

- Phén lap duge hop chat G-20 (7-O-methylwogonin) tir phan trén mit dit ctia loai
Glinus oppositifolius. Két qua cho thiy hop chéat G-20 (7-O-methylwogonin) thé
hién hoat tinh Gic ché enzyme a—glucosidase t6t véi IC50 = 94,92 + 1,85 uM, va
khong thé hién hoat tinh tic ché enzyme xanthine oxidase.

- Trén co s& nghién ciru duge ly mang, NCS da lam 16 co ché tac dung chinh cua
Rau ding dat trén bénh Pai thao d uong tuyp 2 duge du doan la giam dé khang insulin
(thong qua tac dong dén AKT1, PPARG va con duong EGFR resistance), giam bién
chimg Pai thdo duong (thdng qua tic dong dén con duong AGE-RAGE, HIF-1, va



STAT3), khang viém — chdng oxy hoa (nham dén cac dich TNF, IL6, TP53). Céc
hoat chédt chinh 1a 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
phan tir giita cac hoat chat quan trong ctia Rau dang dat va muc tidu tiém nang trong
diéu tri bénh Pai thao duong typ 2 dd gitp xac minh su chinh xac cta du doéan duge
ly mang.

- Ciing qua duoc Iy mang, NCS da tim hiéu hop chat tiém néng trong diéu tri bénh
gout va co ché 1a giam viém man tinh (thong qua cac dich IL6, TNF, TP53 va con
duong PI3K-Akt), chong oxy hda — giam acid uric (qua tic dong dén TPS3 va dicu
hoa hoat dong SLC2A9), giam rbi loan lipid mau va nguy co bién ching tim mach.
Céc hoat chit quan trong nhit la acid trans-ferulic; 7-hydroxy-5-methoxy-6,8-
dimethylflavon; lutein. Qua trinh docking phén tir gilta céc hoat chét quan trong cta
Rau ding dat va muyc tiéu tiém nang trong diéu trj bénh Gout di giup xac minh sy
chinh xac cua du doan dugc ly mang.

6. Uu diém va nhuoc diém vé nji dung, két cdu va hinh thire cia ludn dn.

Uu diém: Luan 4n duge thuc hién véi khdi lugng cong viée 1on va di dat duge
céc két qua c6 gia tri khoa hoc va thyc tién cao. Céc ndi dung nghién ciru va két qua
duoc trinh bay rd rang va hgp ly.

Khuyét diém:

- Nhidu tén hoa chat viét chua ding hay chua chuén hoa: aglycon (aglycone)
Triterpend/triterpen (triterpene hay triterpenoid), methin (methine),...

- Ldi trinh bay chua diing ban chét vé hoat tinh khéng enzyme alfa-glucosidae cta
cao EtOAc trang 42 khi so v6i cung phan doan cao cia mot sb cay khéc.

- Mbt sb bang so sanh dit liéu phd can hoan thién thém: bang 3.3, 3.6, bang 3.12,
3.14,

- co s& khing dinh ¢6 gbc HSO3 trong hop chét G9 chua that su thuyét phuc, can cé
cac co s tham khao so sanh thém.

- Can cung cép thém co s6 khing dinh G11 1a chit méi. Ngoai ra Két qua so sanh

gitta G11, G9 va Spergulin A cAn ¢6 nhén dinh két lun.



- Trong bang 3.16, vi sao OH kiém ndi ctia Apigenin khong duoc liét ké trong bang
dé so sanh
- Ldi trinh bay OH kiém ndi cta hgp chat G16 trong bang 3.18
- 1am 16 3 hop chat G6, G11, G17 la chét lan dau dugc phan lap trong tu nhién
7. Ngi dung ludn dn da dwoc cong bo trén tap chi, ky yéu hpi nghi khoa hoc nao
va gid tri khoa hoc cia cic cong trinh di cong bo.
Véi nhiéu két qua nghién ctru ¢6 gid tri khoa hoc cao, két qua dat duoc trong
LA dugc cong b trén 3 bai bdo SCIE uy tin: Current Organic Chemistry 2023 va
2025 (IF2.1, Q3), Natural product research (IF 1.6, Q2) 2025,
8. Két ludn: Két qua dugc trinh bay trong bao cdo ddp ting yéu ciu ciia mot ludn én
tién si chuyén nganh. Ban tém tit ludn an phan anh trung thanh néi dung co ban
cta ludn 4n; luan an ¢ thé dua ra bo vé cép Hoc vién dé nhan hoc vi tién si

TP.HCM, ngay(5 thang ¢4 nam 2026

Ngwoi nhan xét
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BAN NHAN XET LUAN AN TIEN SI CAP HQC VIEN

Tén dé tai ludn 4n: “Nghién ctru thanh phan hoa hqc va hoat tinh irc ché enzyme
o—glucosidase, xanthine oxidase ciia ciy Rau déng dit [Glinus oppositifolius (L.) A.
DC.], ho Rau diéing dat (Molluginaceae)”

Chuyén nganh: Hoa Wl 80 i cessvvssaivaiis

M s6: 94401 1deieceiiiiiiiiiniiiiieciceee e,

Nghién ciru sinh: Nguy&n Thi Thu Hién ...............

Ngudi huéng din: 1. PGS.TS Lé Tién Diing

2. PGS.TS Nguyén Trong Tuén
Ngudi nhan xét: TS. Nguyén Thi Thanh Thay
Co quan cong tic: Vién Cong nghg tién tién, Vién Han Lam KHCN VN.

NOI DUNG NHAN XKET:

1. Tinh cdn thiét, thoi su, Y nghia khoa hoc va thuc tién cia dé tdi ludn dn.

Déi thio dudng 12 m¢t tinh trang bénh ly dai ding dugc diic trung boi nong do glucose
trong mdu cao gy anh hu'orng dén cuoc sdng ctia khoang 12% dén sb thé giéi. Bénh Gout
déc trung bdi nhing dot viém khép cdp tinh tai phat gdy ra nhitng con dau dir déi va lam
ting nguy co mic bénh Pai thdo dudng. Hai bénh nay c6 nguyén nhén tir hoat ddng cua
hai enzyme trong dé a-glucosidase gay ra bai thao dudmg va xanthine oxydase gay ra bénh
Gout. Rau dang dat 1a duge ligu pho blen & mién nam Viét Nam, c6 nhleu tac dyng duqc
ly nhu bao vé gan, ha glucose huyét, chéng oxy héa, tuy nhién c6 rét it théng tin vé dic
tinh trc ché xanthine oxidase va a-glucosidase cta cao chiét cling nhur céc chét phan 1ap tir
loai G. oppositifolius. Vi viy @& tai “Nghién ciru thanh phan héa hoc va hoat tinh e ché
enzyme o~glucosidase, xanthine oxidase clia cdy Rau dfing @4t [Glinus oppositifolius (L.)
A. DC.], ho Rau déng dét (Mollugmaceae)” nham tim kiém cac hoat chét méi dong thoi
két hop phuong phap dugc ly mang tim hiéu co ché - duge ly trong dié idu tri hai bénh trén 1a
mdt d& tai c6 y nghia khoa hoc cling nhu tinh thuc ti&n nhdm nang cao gia tri stt dung cling
nhur gép phin vao phit trién kho tang cay thudc Vigt Nam.,

2. Si khdng trimg Igp ciia dé tai nghién cieu so véi cdc cong trinh, ludgn dn dé cong
bo & trong va ngoai medce; tinh trung thue, rd rang va ddy di trong trich dan tai liéu tham
khao. _

P4 tai khong c6 tinh tring 13p so véi cac ludn an hay cong trinh khoa hoc da cong bd &
trong va ngoai nudc. o
Céc tai liéu tham khao duge trich dan day du, rd rang va trung thye.

3. S phit hop giita tén dé 1ai v6i ni dung, gitta ngi dung voi chuyen nganh va ma
56 chuyén nganh.

Tén d& tai phi hop va cac ndi dung duge trinh bay trong luén dn va phit hop véi chuyén
nganh Héa hitu co (M4 s6 9440114).
4. D¢ tin cdy va tinh hién dai ciia phwong phdp da s dung dé nghién ciiu.

Dé tai sir dung céc phuorng phép thudng qui clia nganh Héa hoc hop chat thién nhién trong
cd lap hop chit va két hop véi cac phuong phap phén tich hi¢n dai nhur phé MS, NMR, IR,

/v‘



UV trong x4c dinh c4u tric héa hoc. Pay 1a céc phuong phap phu hgp cho két qua chinh
xdc va do tin cdy cao.
Cac phucmg phép sang loc hoat tinh va céc nghién ctru in silico dugc trinh bay hop Ii, co
do tin cdy cao va phil hgp voi cac muyc tiéu nghién ciru d ra.

5. K&t qua nghién ciru méi cia tde gid.
- Da phan lap, xdc dinh dugc 3 hop chét méi 1a (apigenin-5-O-B-D-glucopyranosyl-8-C-f3-
D- glucopyranoside), spergulin C, L-(-)-(N-cis-cinnamoyl)-arginine.
- bay la nghlen ctru dau tién vé hoat tinh tre ché xanthine oxidase clia céc cao chiét cling
nhu mdt s6 hop chat phén 1ap tir cdy Rau ding dat.

- Bay 12 nghién ciru dAu tién u'ng dung dugc ly mang dé tim hiéu hop chét tiém ning va co
ché tac dung dinh hudng didu tri bénh D4i thdo dudng tuyp 2 va Gout ctia cdy Rau déng

dat.

Céc két qua nay la co s& vé mit khoa hoc gitp minh ching, dinh hudng Umg dung va gép
phin ning cao gid tri cua cua dugc liéu Rau ding dét.

6. Uu diém va nhuge diém vé ngi dung, két céu va hinh thize cia ludn dn.
“U'n diém:
- Luin 4n dugc trinh bay rd rang, mach lac néu bit dugc muc ti€u, ndi dung va két qua
nghién ciru.
*Nhitng diém cin chinh sira:
- Théng nhét cach trinh bay mot s danh phép, chinh sira cdc 18i chinh ta, 181 trinh bay.

7. Ngi dung ludn dn da digc cong b6 tren tap chi, kp yéu hji nghi khoa hoc néo va
gid tri khoa hoc ctia cdc cong trinh da cong bo.

Noi dung ciia luin 4n da dugc cdng bd 02 bai trén tap chi Current Orgamc Chemistry (Q3),
va 01 bai trén tap chi Natural Product Research (Q2) 1a céc tap chi quoc té uy tin trong
nganh Hoéa hitu co.

8. K&t lugn chung:
- Luan 4n dép (mg diy du yéu cu v& ndi dung va hinh thirc d6i véi mot ludn én Tién si
chuyén nganh Hitu co.
- Ban tém tit ludn 4n phan anh trung thanh ndi dung co ban cta lugn an.
- Bf‘)ng ¥ cho NCS trinh luén én ra bao v¢ tai hdi ddng chdm luan 4n tién s7 cdp Hoc vién.

Tp.HCM, ngy 05 théang 01 nim 2026
Nguwoi nhan xét
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(Méu 8-HV-Mau nhén xét ludn dn)

BAN NHAN XET LUAN AN TIEN ST CAP HQC VIEN

Tén & tai luan 4n: NGHIEN CUU THANH PHAN HOA HQC VA HOAT
TiNH UC CHE ENZYME a — GLUCOSIDASE, XANTHINE OXIDASE CUA
CAY RAU DANG DAT [Glinus oppositifolius (L.) A. DC.], HO RAU DANG PAT
(Molluginaceae)
Nganh: Hoéa hiru co
Mi s6: 9440114
Nghién ctru sinh: Nguyén Thi Thu Hién
Ngudi huéng dan khoa hoc 1: PGS.TS. Lé Tién Diing, Vién Cong nghé Tién tién
Ngudi huéng din khoa hoe 2: PGS.TS. Nguyén Trong Tuén, Trudng Pai hoc Céan
Tho
Ngudi nhan xét: PGS.TS. Trin Quang Hiéu
Co quan cong tac: Truong Pai hoc Cong nghé Sai Gon

NOQI DUNG NHAN XET:

1. Tinh cén thiét, thoi sy, y nghia khoa hoc va thye tién ciia d@ tai lun 4n.

Xanthine oxidase (XO) 1a enzyme xic tdc qud trinh oxy héa hypoxanthine thanh
xanthine va xanthine thanh acid uric trong qué trinh phén hiy purin. Do do, (e ché XO
duge xem 13 huéng diéu trj tiém niing cho ting acid uric mau va céc bénh lién quan dén
stress oxy hoa (ROS). Nhiéu nghién ctru dich t& hoc cho thdy bénh Gout 1am ting nguy co
mic Déi thao dudng, va ca hai déu 1a yéu t6 nguy co ctia bénh tim mach. Péi thao duong
la r6i loan man tinh do thiéu hodic gidm hiéu qua cia insulin, anh huéng dén gan 12% dan
s6 toan cdu, 1am gia ting nhu cAu vé liéu phap diéu trj mdi. Gan day, cic sin phdm ti nhién
duge chi y nho hiéu qua da dang va it tdc dung phu.

Rau ding dat — duoc lidu phé bién & mién Nam Viét Nam — dugce ghi nhén ¢6 nhiéu
hoat tinh sinh hoc nhu diéu hoa mién dich, bao vé gan, khéng khuén, ha lipid, ha glucose
va chdng oxy hoa. Tuy nhién, dit li¢u vé tac dung trc ché XO va o- glucosidase cia ciy
nay con han ché. Trong béi canh do, duge ly mang ndi lén nhur hudng nghién ciru méi gitp

gii thich co ché da myc tiéu va céi thién hi€u qua diéu tri, song dén nay hoat chét va co

e



ché tic dung ciia Rau ding dat trén bénh Péi thdo dudmg va Gout van chua duge khéo sét
theo huéng nay.

Vi viy, véi mong mudn tim kiém cac hoat chit mai tng dung trj bénh trong Y Dugc
tlr nguén nguyén liéu thién nhién va dy doén co ché tac dung nhiim néng cao gia tri sir
dung cling nhu goép phin vio kho tang cay thubc ctia Viét Nam, NCS da tién hanh thyc
hién ludn 4n “Nghién ctru thanh ph::’in héa hoc va hoat tinh e ché enzyme a — glucosidase,
xanthine oxidase ctia ciy Rau ding dat [Glinus oppositifolius (L.) A. DC.], ho Rau déng
dat (Molluginaceae)”. Nhu vay, @& tai nay khong chi gidi quyét mot vin d& y t& cip thiét
ma con mang tinh thoi sy cao, dugce xdy dung trén nén tang khoa hoc viing chéc va c6 tiém
niing tmg dung thye tién 16n.

2. Sw khong trung 13p cua dé tai nghién ciru so véi cic cong trinh, ludn 4n da
cong b6 & trong va ngoai nuwéce; tinh trung thye, rd rang va diy da trong trich din tai
liéu tham khao.

Ludn 4n ¢é nhiéu tinh méi, khong tring [4p v&i cdc nghién ciru trude day trong nude
va qubc té.

3. Sw phu hop giira tén dé tai véi ndi dung, giira ndi dung véi chuyén nganh
va ma s6 chuyén nganh.

Tén dé tai, ndi dung dé tai va chuyén nganh cling nhu ma sb chuyén nganh pht hgp
voi quy dinh chung.

4. D) tin cdy va tinh hién dai ciia phwong phép da sir dung dé nghién ciru.
Phuong phap nghién ciru dugce tiép cin mot cach khoa hoc va hop ly. Dit liéu duge thu
thap thong qua viéc bé tri thi nghiém mot cach hgp ly, voi vige tham khao tir cac cong b
quée t& uy tin. Céc phuong phép va thiét bi phén tich déu hién dai. Do do, s6 ligu thu duge
¢6 do tin cdy va chinh xdc cao.

5. Két qua nghién ctru méi ciia tic gid.

- P4y 1a nghién ctru dau tién v& hoat tinh rc ché xanthine oxidase ctia cély Rau ding
dAt (Glinus oppositifolius).

- P4 phén lép, xdc dinh dugc 3 hop chit méi tir ph'c"in trén mat @At cta loai Glinus
oppositifolius 13 apigenin-5-O-f-Dglucopyranosyl-8-C-p-D- glucopyranoside, spergulin
C, L-(-)-(N-cis-cinnamoyl)-arginin va thit nghi¢m hoat tinh tre ché enzym a—glucosidase

va xanthine oxidase ctia cic hop chat nay.

et



- Lan ddu tién phén 1ap duoc hop chit 7-O-methylwogonin tir phén trén mit dat
cva loai Glinus oppositifolius. Pdng thoi day cling 1a nghién ctu diu tién thi nghiém hoat
tinh trc ché enzym a—glucosidase va xanthine oxidase clia hgp chét 7-O-methylwogonin.

- Déy l1a nghién ctru ddu tign ung dung duoc Iy mang dé tim hiéu hop chét tiém ning
va co ché tac dung dinh huéng didy tri bénh Ddi thdo dudng typ 2 va Gout cta cdy Rau
ding dit

6. Uu diém va nhuge diém vé ndi dung, két cAu va hinh thire ctia luin 4n.

Uu diém: Day 1a mdt ludn 4n c6 chét luong chuyén mén tét, khéi lugng cong vige 16n va
ap dung cic phuong phép hién dai. Luan 4n duge bb cuc hop 1y, céc ndi dung trinh bay
day du, phu hop quy dinh va dat tiéu chuin cia LATS,

Mgt 56 nhuege didm cén chinh sia:

Tuy nhién, dé hoan thi¢n trude ndp luu chiéu, nghién ¢tu sinh cAn:

- Ré 504t 16i chinh ta

- Mot s6 hinh anh cAn théng nhét kich thuge

7. N¢i dung luin 4n di dwoc cong bo trén tap chi, ky yéu hai nghi khoa hoc

nio va gid tri khoa hoc ciia cdc cong trinh da cong bé.

NCS di cong bd dugc 03 bai bio trong danh muc WoS, cdc bai bio trén déu phan
anh ndi dung nghién ctru cua ludn an. Céc tap chi dang tai déu 1a cac tap chi khoa hoc
chuyén nganh uy tin ¢6 chi sé IF cao.

1. Nguyen Thi Thu Hien, Huynh Tran Quoc Dung, Bui Hoang Minh, Tran Van
Chen, Nguyen Trong Tuan, Le Tien Dung, 2023, A New Flavonoid Derivative and
Inhibitory Effects on Xanthine Oxidase and a-glucosidase from Glinus oppositifolius,
Current Organic Chemistry, 27(5), pp- 1371-1379.

2. Nguyen Thi Thu Hien, Dung Huynh Tran Quoc, Phuong Vu Luu, Tuan Nguyen
Trong, Dung Le Tien, 2025, Acylamino Acid from Aerial Parts of Glinus oppositifolius
Aug. DC. and Its Xanthine Oxidase, a- glucosidase Inhibitory Activities, Natural product
research, 15(9), pp. 1-14

3. Nguyen Thi Thu Hien, Dung Huynh Tran Quoc, Chen Tran Van, Tran Le Viet
Ha, Tuan Nguyen Trong, Dung Le Tien, Characterization of a Novel Triterpenoid Saponin

from Glinus oppositifolius Aerial Parts with Enzyme Inhibitory Potential, Current Organic
Chemistry, 27(7), pp. 624-629



8. Két lujn chung cin khing dinh mirc d§ d4p ing cic yéu chu ddi voi mot
luin an tién si chuyén nganh. Bin tém tit luin 4n phan dnh trung thanh nji dung
o' béin ciia lugn 4n hay khong; lufin 4n ¢6 thé dua ra bio vé cip Hoc vién dé nhin
hoc vi tién si dugc hay khong.

Luén 4n da d4p Gmg diy du duoc yéu cdu ctia mot ludn 4n tién si. Ban tom tit phan
anh trung thanh véi ndi dung co ban cta luan 4n. Ngudi nhan xét dong y cho NCS dugc

phép bao vé luan an cép Hoc vién dé nhan hoc vi tién si.
Tp.HCM, ngay 04 thang 01 nim 2026
Nguoi nhéiin xét

PGS.TS. Trin Quang Hiéu



BAN NHAN XET LUAN AN TIEN ST CAP HQC VIEN

Tén dé tai luan an: Nghién ctru thanh phan héa hoc va hoat tinh tc ché enzyme o —
glucosidase, xanthine oxidase cuia cay rau diing dit [Glinus oppositifolius (1.) a. dc.],
ho rau diing dit (Molluginaceae)

Chuyén nganh: Hoé hivru co
M3 s6; 9440114

Nghién ctru sinh: ~ Nguyén Thi Thu Hién
Ngudi huéng dan: PGS, TS. Lé Tién Diing
PGS. TS. Nguyén Trong Tuén

Nguoi nhan xét: PGS, TS. Lé Xuén Tién
Co quan cdong tac: Khoa K¢ thuat Hoa hoc — Truong PH Bach Khoa - DPHQG TP.HCM

No§i dung nhin xét:
1. Tinh can thiét, thoi su, y nghia khoa hoc va thyuc tién ctia dé tai lun an:

Dé tai ludn an dugc lya chon phi hop véi thye tién hién nay, khi cac bénh rdi loan chuyén
hoa nhu déi thdo dudng typ 2 va Gout ngdy cang gia ting va can nhimg hudng tiép cin
diéu trj an toan hon, Viéc nghién ciru cdy Rau ding dit — mot dwge liéu di dugce st dung
trong dan gian nhung con it dwge nghién ciru mot cach bai ban — 1a hop 1y va c6 y nghia.
Luan 4n d3 1am rd duge thanh phin hoa hoc va hoat tinh trc ché mdt s6 enzyme lién quan
tryc tiép dén co ché bénh sinh ciia cac bénh nay. Bén canh gia trj khoa hoc, céc két qua thu
duge con gop phén tao co s& cho vide dinh huéng khai thac va phat trién cac san pham tir
Rau ding dat trong thyc tién.

2. Su khéng tring lap ciia @ tai nghién ctru so vdi céc cong trinh, ludn an di cong bd &
trong va ngodi nudc; tinh trung thuc, 18 rang va day du trong trich dan tai liéu tham khao:

Mic du trén thé gidi co nhiéu cong trinh nghién ciru vé rau ding dat, tuy nhién luan 4n
khéng co sir tring lip voi cac cong da cong bd nay. Viée trich dan tai lidu tham khéo dugc
thue hién d:fiy du, o rang va ding quy dinh, dam bao tinh trung thyc va do tin cly cua cac
két qua trinh bay trong luan 4n.

3. Su pht hgp giita tén dé tai v6i ndi dung, gitta ndi dung véi chuyén nganh va ma 56
chuyén nganh:

Tén dé tai pht hop véi ndi dung nghién ciru duge trién khai trong luan an. Noi dung luan
an ph hop v6i chuyén nganh va ma sd chuyén nganh da ding ky.

4. D tin cdy va tinh hién dai ciia phuong phéap da sir dung dé nghién ciru:



Luén 4n st dung céc phuong phap phan tich ¢6 do tin cdy cao nhu NMR va HRMS dé xac
dinh cdu trac hop chat. Céac thir nghiém danh gid hoat tinh sinh hoc dugc thye hién 13p lai,
¢6 xir ly thong ké s6 liéu, qua d6 ddm bao do tin cdy va tinh thuyét phuc cta cic két qua
nghién ciru.

5. Két qua nghién ciru méi cua tac gia:

Téc gia da thu dwoc cac két qua méi vé viéc 1am 16 thanh phan hoa hoc (20 chét, trong do
c6 3 chat méi) va hoat tinh e ché enzyme o-glucosidase va xanthine oxidase ctia cdy Rau
déng dit, qua d6 xéc dinh duoc cac hop chat ¢6 vai tro chit dao lién quan dén co ché tac
dung.

1 LS /1\ . »: f‘\ )\l "~ .{ u‘ A L3 4 k3 P r
6. Uu diém va nhuoc diém vé ndi dung, ket cau va hinh thirc coa luan an:

Ludn 4n ¢6 ndi dung tuong d6i day i, bd cuc hop 1y va bam sat muc tiéu nghién ciru; cac
phuong phap duge lya chon pht hop. Hinh thire trinh bay nhin chung 16 rang, tuan thi quy
dinh ctia luén 4n tién si. Tuy nhién, mét s6 phan thao ludn con mang tinh mé ta va can duoc
1am rd hon v& ¥ nghia so sanh véi cac nghién ciru da cong bo.

7. N6i dung luan an da dugc cong bd trén tap chi, ky yéu hoi nghi khoa hoc nao va gia tri
khoa hoc ciia cac cong trinh di cong bo:
N6i dung ciia ludn an di duge cong bo 3 bai bao trén tap chi qudc té uy tin:

- Nguyen Thi Thu Hien, Huynh Tran Quoc Dung, Bui Hoang Minh, Tran Van Chen,
Nguyen Trong Tuan, Le Tien Dung, 2023, A New Flavonoid Derivative and
Inhibitory Effects on Xanthine Oxidase and o-glucosidase from Glinus
oppositifolius, Current Organic Chemistry, 27(5), pp. 1371-1379.

- Nguyen Thi Thu Hien, Dung Huynh Tran Quoc, Phuong Vu Luu, Tuan Nguyen
Trong, Dung Le Tien, 2025, Acylamino Acid from Aerial Parts of Glinus
oppositifolius Aug. DC. and Its Xanthine Oxidase, oa-glucosidase Inhibitory
Activities, Natural product research, 15(9), pp. 1-14

- Nguyen Thi Thu Hien, Dung Huynh Tran Quoc, Chen Tran Van, Tran Le Viet Ha,
Tuan Nguyen Trong, Dung Le Tien, Characterization of a Novel Triterpenoid
Saponin from Glinus oppositifolius Aerial Parts with Enzyme Inhibitory Potential,
Current Organic Chemistry, 27(7), pp. 624-629

Luén 4n dép img ddy du cac yéu cdu dbi voi mot luan an tién si chuyén nganh. Ban tom tat
lugn an phan anh trung thuc ndi dung co ban va cac két qua chinh ctia ludn an. Luén an ¢t
diéu kién dé bao vé cap Hoc vién va xem xét cong nhan hoc vi tién si cho n ghién ctru sinh.

TP.HCM, ngay 06 thang 01 nam 2026

Ngudi nhin xét

Vo

PRR TQ T & Yuan Tidn



BAN NHAN XET LUAN AN TIEN SI CAP HOC VIEN

Tén dé tai luan 4n: “Nghién ciru thanh phé“m hoi hoc va hoat tinh trc ché
enzyme a-glucosidase, xanthine oxidase ciia cAy Rau ding dit [Glinus
oppositifolius (L.) A. DC.], hg Rau diing dit (Molluginaceae)”

Chuyén nganh: Hoa hiru co

Ma s6: 944 01 14

Nghién citru sinh: Nguyén Thi Thu Hién

Ngudi huéng dan:

I . PGS.TS. Lé Tién Diing
2. PGS.TS. Nguyén Trong Tuin

Ngudi nhéan xét: PGS.TS. Ping Chi Hién
Co quan cong tac: Vién Cong nghé Tién tién

NQI DUNG NHAN XET

1. Tinh cén thiét, tinh thoi su, ¥ nghia khoa hoc va thuc tién ciia dé tai lugn an

Pé tai lua chon huéng nghién ciru vé céc bénh chuyén hoa man tinh la Pai thao
dudng typ 2 va Gout 12 hoan toan phi hop véi bdi canh y té hién nay, khi ty 1¢ mic
céc bénh nay dang gia ting nhanh chéng trén toan ciu ciing nhu tai Viét Nam. Viée
tim kiém cdc hoat chat tir ngudn duoc liéu thién nhién c6 kha ning e ché da dich, it
tac dung phu thay thé hoiic hd tro cho cac thude téng hop 1a xu hudng nghién ctru cha
dao ctia nganh Hoéa dugc va Hoa hoc cac hop chét thién nhién hién dai.

Viée nghién ctru sinh (NCS) lya chon cdy Rau déng dit (Glinus oppositifolius) —
mét loai thyc vat phd bién tai Viét Nam, da duoc sir dung trong y hoc ¢b truyén
nhung chua dugc khai thic sdu vé co ché tdc dyng trén enzyme Xanthine oxidase
(XO) va a-glucosidase 1a mot hudng di ding déin, vira co tinh ké thira vira ¢6 tinh
phét hién méi. Pic biét, vice két hop phuong phap nghién cru hoa thue vat kinh dién
voi cdac cong cy tin sinh hoc hién dai nhudugc ly mang (Network
Pharmacology) va docking phén tir dé dur dodn co ché téc dung da muc tiéu thé hién
tinh thdi sy cao, bat kip xu thé nghién ciu qudc (€ trong viée sang loc va phat trién
thude méi.

Luan 4n da dong gop nhiing gia trj khoa hoc méi, cu thé va déng tin cay:

- V& miit hoa hoc, NCS da thyce hién quy trinh chiét xuét, phan 14p cong phu va
x4c dinh céu tric ctia 20 hgp chét. Diém sang gid nhét 1a viéc phét hién 03 hop chit
méi (G-6, G-11, G-17) va 01 hgp chit 1an dau tién phan Iap duoc tir loai nay (G-20).

%/



Day 1a déng gép quan trong l1am phong pht thém dit liéu vé thanh phin hoa hoc cta
chi Glinus noi riéng va ho Molluginaceae noi chung.

- V& mit dugc Iy, ddy 1a cong trinh du tién cong bd vé hoat tinh e ché cnzyme
Xanthine oxidase ctia dich chiét va cic hop chét tir cdy Rau ding dat. NCS da xac
dinh duge cdc hoat chat ¢o tiém ning (e ché manh (nhu G-13, G-14 déi véi a-
glucosidase va G-16, G-19 ddi voi XO), ddng thoi thiét 1ap mbi quan hé cdu trac - tac
dung (SAR) so bd.

- V& co ché tac dung thi viée tng dung duoc Iy mang dd gitp x4y dung gia thuyét
khoa hoc vé co ché tac dung toan dién cta dugce liéu, khdng chi dimmg lai & tdc dung
don chét ma 1a su hiép ddng cia cdc nhém chit (flavonoid, triterpenoid saponin) 1én
cdc mang ludi protein dich quan trong (nhu AKT1, TNF, IL6, TP53...). Diéu nay
cung cép co s¢ ly thuyét vitng chic cho cac nghién ctu in vivo va lam sang sau nay.

Két qua cta ludn an khong chi dimg lai & nghién ciru co ban ma con mang tinh
g dung cao:

- Cung cp bing chimg khoa hoc (dit liéu hoa hoc va hoat tinh sinh hoc in vitro/in
silico) dé giai thich va chimg minh kinh nghiém sir dung Rau déing dét trong dan gian
dé diéu trj cac bénh 1y 1ién quan dén rdi loan chuyén héa.

- Xac dinh duge phén doan giau hoat chét (cao EtOAc) va céc hop chét chi diém
(marker compounds), tao tién dé quan trong cho viéc xdy dung tiéu chuin chét lwrgng
duge ligu va phat trién cac san phim bao vé sitc khoe hogic thube méi tir cdy Rau
dé‘mg dat c6 tac dung hd tro diéu tri dai thao dudng va Gout.

- D& tai md ra huéng di méi trong viée tan dung ngudn i nguyén thyc vat sin
c6, gid ré tai Vit Nam dé tao ra cdc san phdm co gia trj kinh té va y hoc cao.

2 Su" khong trimg Igp ciia dé tai nghién citu so voi cdc cong trinh, ludn dn da
cong bo o trong va ngoadi nude; tinh trung thuwe, ro rang va day du trong trich dan tai
liéu th:am khao. )

D¢ tai nghién ctru khong trung Ip véi cdc cong trinh, ludn 4n da cong bd & trong
va ngoai nudc; tac gid trich dan tai li¢u tham khdo trung thye, rd rang va twong dbi
day du trong ludn én. .

3. Sw phi hop giita tén dé tai voi nji dung, gitia noi dung voi chuyén nganh va

md s6 chuyén nganh
Tén dé tai phii hop v6i ndi dung ciia dé tai va phit hop v6i chuyén nganh Hoéa hitu

CO.
4. D¢ tin cdy va tinh hién dai cua phwong phdp da sir dung dé nghién ciru

Vige két hop céc phuong phép phén tich hién dai va thudng qui cho phan tich céu
trGc hgp chit thién nhién (IR, HR-MS, 1D va 2D-NMR, phé ludng sic tron CD/do
quay cuc) ddm bao do tin cdy cao cho 20 hop chit phan lap dugc, dic biét 13 déi

2 %/



v6i 03 hop chit méi va cac cdu tric phirc tap nhu triterpenoid saponin hay flavonoid
glycoside.

Cac tht nghiém in vitro ttc ché enzyme a-glucosidase va xanthine oxidase duoc
thyre hién theo céc quy trinh chuédn (protocol) da dwoc cong nhéan qubc té, co sur dung
chdt dbi chimg duong (Acarbose, Allopurinol) va xir 1y théng ké (tinh gia tri ICs,,
kiém dinh ANOVA). Diéu nay dam béo s6 lidu thu duoc ¢ do Idp lai va y nghia khoa
hoc cao.

Luén 4n thé hién sy cAp nhit va tiém cin véi xu huéng nghién ctru quéc té thong
qua viéc két hop hai hoa gitra thye nghiém truyén théng va cong nghé tién tién:

- Ung dung tin sinh hoc (in silico), 1a diém sang cua luén an. Viéc sir dung dugce
ly mang (Network pharmacology) kéL hop véi docking phén tir (st dung céc phén
mém va co s¢ dit lidu uy tin nhu SwissTargetPrediction, STRING, Cytoscape,
AutoDock Vina) da chuyén dich cach tiép can tir "mot thude - mét dich" sang tu duy
hé théng "da hop chit - da dich - da con duong". Phuong phép nay gitp du doan co
ché tac dung & mirc do phan tir va hé gen, diéu ma cdc phuong phép sang loc ¢ dién
khé lam ré dugc.

- Viéc sir dung k¥ thuit sic ky 1ong hiéu nang siéu cao két hop khdi phd phan giai
cao (UPLC-HRMS) cho phép sang lgc va dinh danh nhanh chong, chinh xdc thanh
phin hoa hoc trong hdn hop phirc tap ngay tir dau, gitp dinh huéng phéan 1ap hiéu
qua.

5. Két qua nghién citu méi ciia tdc gia

T4c gia da dat dugce nhimg két qua mai ¢o gi4 tri khoa hoc cao, thé hién rd tinh
"m6i" (novelty) trong ca linh vire héa hoc va duoc 1y, cu thé:

- Trong sb 20 hop chit duoc phan 1ap va xac dinh cau tric, tac gia da phat hién va
cong bd 03 hop chit méi chwa timg duge tim thdy trong tu nhién truge déy, bao gdm:
G-6, mot flavonoid C-glycoside mai (Apigenin-5-O-B-D-glucopyranosyl-8-C-B-D-
glucopyranoside); G-11, mjt triterpenoid saponin méi (Spergulin C); G-17, mot dan
Xudt amino acid mai (L~(-)-(N-cis-cinnamoyl)-arginin).
Ngoai ra, hop chét G-20 (7—O-methylwogonin) ldn diu tién dugc phén 18p tir
loai Glinus oppositifolius.

- Ludn 4n cia tac gia 1a cong trinh déu tiéncong bd hoat tinh e ché
enzyme Xanthine oxidase (XO) ctia cao chiét va céc hgp chét tir ciy Rau déng dt:

+ Xd4c dinh duge cao phan doan Ethyl acetate (EtOAc) ¢6 hoat tinh e ché manh
nhét.

+ Sang loc va xac dinh dugc cac chét ¢ hoat tinh tre ché XO manh (G-16, G-14,
G-13) va trc ché o-glucosidase manh (G-13, G-14, G-8), lam co s& cho viée phat trién

thude didu trj Gout va dai thao duong.
3 /(%_



- Day la nghién ctu diu tién img dung phuong phdp dugc ly mang (Network
pharmacology) két hop docking phén tir d& giai ma co ché tic dung da dich cua cay
Rau déng dit d6i voi bénh déi thdo dudng type 2 va Gout. Két qua da chi ra cac con
duong tin hi¢u quan trong (nhu EGFR, PI3K-Akt, TNF, IL6) va xdc dinh duoc cac
hoat chét "chia khéa" (nhur acid 3-oxo-olean-12-ene-28,30-dioic va acid trans-ferulic)
déng vai tro chinh trong hiéu qua diéu trj cua duge licu.

6. U va nhuoge diém vé ngi dung, két cdu va hinh thire ciia ludn én

e Uu diém:

Vé noi dung: Khdi lugng cong viée thuc nghiém 1én va nghiém tac. Viée phén
lap dugce 20 hop chét, trong d6 c6 03 hop chdt méi (G-6, G-11, G-17) 1a thanh twu
dang ghi nhan déi v&i mot luan an Tién si. Viéc két hop nhip nhang giita Hoa hoc
(phén 1dp), Dugc ly (thtr hoat tinh in vitro) va Tin sinh hoc (Network Pharmacology,
Docking) thé hién tu duy nghién ctru hién dai, toan dién.

B cuc ludn 4n logic, chat ché, tudn thu quy dinh. Sy phén bd dung lugng gitta
cac chuong hop 1y. Phén bién luan céu trac hoa hoc (Chuong 3) duge viét kha ky, thé
hién sy am hiéu séu sic vé phd nghiém cuia tac gia.

V& hinh thire, céc hinh vé cdu tric, bang biéu sb liéu NMR rd rang, dé theo dai.

¢ Nhuoe diém va cac 131 cin khic phuc:

- Con 16i chinh ta va d4nh may:

Trang 4 (L&i cam on): "tryc tiép duéng dn" — sira thanh "huéng din".

Trang 11 (Muc luc bang, Bang 3.25): "emzym" — sira thanh "enzyme".

Trang 16 (M& dau): "Xanthine oxydase” khong théng nhét voi "xanthine oxidase"
duge ding & cac phan khac. Nén théng nhit thudt ngir (vu tién tiéng Anh hoiic tiéng
Viét hoa hoan toan).

Mot s tén latin cta cdy (vi du Glinus oppositifolius) & mét vai chd thiéu in
nghiéng (cin ra soat lai toan bo).

- V& chuyén mén/Thuat ngir:

+ Trong phin dugc Iy mang, thudt ngir "nit bénh" (disease node) hay "nuit thudce"
can duge dinh nghia hoiic viét héa mot cich chuin x4c hon dé tranh gay khé hiéu.

+ Viéce sir dung khdi ni¢m "tac dung duge Iy" cho két qua in silico (du doén) cin
than trong. Nén dung tir "dy doan co ché" hoiic "tiém niing tac dung" dé chinh xdc
hon khi chua ¢6 in vivo.

e Goiy dinh huéng phat trién nghién ctu

Dua trén két qua kha quan ciia ludn 4n, toi g0i y cac hudng phat trién tiép theo:

- Thyc nghiém in vive dé kiém chirng céc dy doén ctia dugce ly mang (tac dung ha
duong huyét, ha acid uric, khang viém) trén mo hinh dong vat thue nghiém dé khéng
dinh hiéu qua thuc té ciia cao chiét EtOAc va céc hop chét chinh (G-13, G-14, G-16).

%/



- Su dung k¥ thuat Western Blot hode RT-PCR dé dinh lugng muac do biéu hién
cua cac protein dich dd duge dy bdo (nhur TNF-a, 11.-6, AKT1) trén md hinh té bao
hodc dong vét, qua d6 1am sang té con dudng tin hiéu.

- bbi véi hop chét méi G-17 (dang cis-cinnamoyl), can nghién ctru do bén hoa
hoc va kha ning dong phéan hoa sang dang trans trong diéu kién bao quan va sinh ly.

- Xay dyng tiéu chufn co s& cho duge liéu Rau dhng dit dua trén céc chit diém
chi (marker compounds) di phan l4p dugc (vi du Spergulacin hogic Vicenin 2) dé dinh
huémng san xudt ché phim bao vé sirc khae.

7. N6i dung ludn an da dupce cong bo trén tap chi, ky yéu héi nghi khoa hoc néo

va gid tri khoa hoc cua cdc céng trinh dd cong bé.

NOi dung ludn 4n da duge cong bd trong 3 bai bédo qudc té c6 tdng sb chi sb IF 5.8
(WoS).

Bai bdo 1. A New Flavonoid Derivative and Inhibitory Effects on Xanthine
Oxidase and o-glucosidase from Glinus oppositifolius.

Chat legng bai bdo 1: bai bso dwgc ding trén Tap chi Current Organic
Chemistry, SCIE, Q3, IF 2.1

Bai bdo 2. Acylamino Acid from Aerial Parts of Glinus oppositifolius Aug. DC.
and Its Xanthine Oxidase, a-glucosidase Inhibitory Activities.

Chat heong bai bdo 2: bai bao duge dang trén Tap chi Natural product research,
SCIE, Q2,IF 1.6

Bai bao 3. Characterization of a Novel Triterpenoid Saponin from Glinus
oppositifolius Aerial Parts with Enzyme Inhibitory Potential.

Chdt Iwgng bai bdo 3: bai béo dwoc ding trén Tap chi Current Organic
Chemistry, SCIE, Q3, IF 2.1

8. Két lugn chung

Luén 4n dép tmg dugc cée yéu cau dbi véi mot luan 4n tién si chuyén nganh Hoa
hitu co. Ban tom tét ludn an phan anh trung thanh va twong déi ddy da noi dung co
ban ctia luan 4n; két qua trinh bay trong luan én c6 thé dua ra bao vé cap Hoc Vién dé
nhén hoc vi tién si.

TP. H6 Chi Minh, ngay 31/12/2025
Nguoi nhan xét
PR

BN

Ping Chi Hién



VIENHANLAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HQC VA CONGNGHE VN Pic lap - Ty do - Hanh phiic
HQC VIEN KHOA HQC VA CONG NGHE

TP. HCM, ngay 20 thang 1 ndm 2026

’ BIENBANCUA
HQI PONG PANH GIA LUAN AN TIEN ST CAP HQC VIEN

Ho va tén NCS: Nguyén Thi Thu Hién
Tén dé tai luan 4n: “Nghién ctru thanh phéan héa hoe va hoat tinh e ché enzyme

a—glucosidase, xanthine oxidase ciia cdy Rau déng dit [Glinus oppositifolius (L.)
A.DC.], ho Rau dang dat (Molluginaceae)”

Nganh: Hoa hitu co

M2 s6: 944 01 14

Ngudi hudng dan 1: PGS.TS Lé Tién Diing - Vién Céng nghé tién tién, Vién Han
lam Khoa hgc va Cong nghé Viét Nam

Ngudi huéng dan 2: PGS.TS Nguyén Trong Tuén - Pai hoc Can Tho, Bd Gido duc
va Pao tao

Dai biéu tham duy: TS. Nguyen Thanh Nghia- Phoé truong Khoa thudng truc Khoa
Dugc-Trudng Pai hoc Nguyén T4t Thanh.

Phin I:

1. Dai dién co s¢ dao tao tuyén b6 1y do, doc quyet dinh ctia Giam déc Hoc vién \
Khoa hoc va Cong ngh¢ ve vigc thanh lap Hoi dong danh gid luan 4n tién st cip
Hoc vién va dé nghi Chu tich Hoi déng didu khién phién hop

2. Chu tich Hoi dong cong bd danh sich thanh vién cO mat va théng qua chuong
trinh budi bao vé. PGS.TS. L& Xuan Tién, Uy vién hdi dong, ving mat va di co
ban nhén xét dong y cho bao ve; Chi: tich Hoi dong dé nghj Thu ky thong bao
céc diéu kién chuén bj cho budi bao vé va doc ly lich khoa hoc ctia NCS.

3. Thu ky thong béo céc diéu kién cho budi bao vé
- Dé tép hop df':iy du 07 nhan xét luan 4n ctia 07 thanh vién trong Hoi dong;
- B c6 gidly x4c nhan ctia cac ddng tac gia cho phép NCS duge sit dung bai béo:

- Lufn 4n, thdng tin tom tit vé nhiing déng gép mdi ciia ludn 4n tién st duoc
ding trén trang web ctia BY Gido duc &DT ngay 23/12/2025 va website Hoc vién
KH&CN ngay 19/12/2024;

- Tin vé ngdy bio vé da duoc ding trén trang web cta Hoc vién KHCN ngay
07/01/2026

- Thu ky Hoi dong doc tém tit LLKH va bang diém ciia NCS.
NCS ¢6 dii cée diéu kién dé bao vé ludn 4n tién si cAp Hoc vién

4. Cac thanh vién h¢i ddng va nhitng ngudi tham dy néu cau hoi hotic y kién thic
mic (néu ¢6) vé 1y lich khoa hoc va qua trinh dao tao cda nghién ctru sinh



2.

6.

Nghién ctru sinh trinh bay ndi dung luén 4n trong thoi gian khéng qua 30 phut.
Khong duoc doc ban tém tét ludn 4n hoiic vin ban chuén bi tru’orc

Céc phan bi¢n doc nhén xét va dit cau hoi

* Phin bién 1: PGS. TS. Nguyén Quang Vinh

Céu hoi: Vi sao NCS chi thuc hién mé phéng docking trén 03 hop chit thu duge
qua sang loc dugc ly mang ma khong thuc hién trén cac hop chat G13 va G142
* Phién bi¢n 2: PGS. TS. Trin Ngoc Quyén

Céu hoi: NCS dua trén co s& ndo dé khing dinh céc hop chat phan lap dugc la
hop chit mai?

* Phdan bi¢n dgc lap 2:

Céu héi: NCS trinh bay cée thach thite chii yéu trong viée chuyen mot hop chat
ty nhién tiém nang tir giai doan hoat tinh in vitro va docking sang giai doan tién

l&m sang va lam sang?
Téc gia luén an tra 101 cac ciu hoi cha phéan bién
* Phén bi¢n 1: PGS. TS. Nguyén Quang Vinh
Do ban diu muc tiéu dé tai st dung dugc ly mang nhim tim ra céc hop chét c6

kha niing twong tac véi nhiéu dich tic dong tiém niing trong co ché bénh sinh
ctia bénh Gout nén phin docking chi thuc hién trén cac hop chét nay.

» Phan bi¢n 2: PGS. TS. Trin Ngoc Quyén

Nghién ctru sinh s& b6 sung minh chimg phdn tra ctu hop chét méi trén
Scifinder” vao Phuy luc luén 4n.

* Phan bi¢n dgc 1ap 2:

Viéc chuyén mot hop chat tw nhién tiém nang tir giai doan hoat tinh in vitro va
docking sang giai doan tién lam sang va lam sang giip nhiéu théch thirc nhu kha
ning hép thu hop chit va su dnh hudng clia hé enzym phuc tap trong co thé,

ngoai ra ham lugng céc hop chét phan Iap tir tw nhién rét thdp qué trinh tong hop
kh6 khin va quy trinh chuén héa phirc tap.

Céc thanh vién khéc trong Hoi dong dua ra y kién nhan xét va dat cau hoi

Nhitng ngudi tham dy c6 thé dat cau héi dé kiém tra kién thic va trinh d6 nghién
ctru khoa hoc ctia nghién ctru sinh

10. Tdc gid ludn an tra 161 cdc cau héi néu ra
11. Pai dién tdp thé hudng dn phat bidu ¥ kién bing vin ban

Phin II: Hoi dong hgp riéng d¢ bau ban kiém phiéu, bé phiéu kin va thao ludn
thong qua quyét nghj ciia Hoi dong

1.

Ban kiém phleu gom 3 ngudi (1 trudng ban va 2 1ty vién). Chu tich Hoi ddng
khong tham gia ban kiém phiéu

Truong ban kiém phiéu: PGS. TS. Trdn Ngoc Quyén
Uy vién ban kiém phiéu: PGS. TS. Trin Quang Hiéu



TS. Nguyén Thi Thanh Thuy

2. Sau khi danh gié tan thanh ludn 4n, nguoi bo phiéu co thé xem x¢ét danh gid luén
4n dat loai xudt sic hay khong. Ludn 4n dugc dénh gid xudt sic néu:

a. Lufin an co gid trj cao vé khoa hoc, co dong gop déng ké trong viéc bd sung,
phat trién va lam phong phu thém kién thirc ly thuyét clia khoa hoc chuyén
nganh, dugc thé hién qua céc bai béo da cong bé trén céc tap chi khoa hoc c6
uy tin vé& chit luvong khoa hoc & trong va ngoai nudc, hodic

b. Luan 4n c¢6 gia tri khoa hoc va thuc tién, két qua cua ludn 4n da dugc Ung
dung trén dién rdng va duge danh gid cao
3. Quyét nghi ctia Hoi ddng phai néu dugc cac van dé theo trinh ty sau:
- K&t qua bo phiéu danh gid lugn dn cua Hpi dong
S6 phiéu da phat cho céc thanh vién: 06
S6 phiéu hop 1&: 06
S6 phiéu khéng hop 16: 0
S& phiéu tan thanh: 06
S phiéu khong tan thanh: 0
Trong d6 sb phiéu x&p loai xudt sic 1a: 06

- Nhiing két ludn khoa hoc co ban, nhitng diém méi, dong gép méi cia lugn én:

+ Tir phan trén mit dit cia Glinus oppositifolius da phén 14p va xé4c dinh cdu
triic 20 hop chét trong d6 ¢6 03 hop chit méi 14 (apigenin-5-O-p- D-glucopyranosyl-
8- C p-D-glucopyranoside), spergulin C, L-(-)-(N-cis-cinnamoyl)-arginine va hop
chét 7-O-methylwogonin 14n ddu ghi nhan & loai.

+ Két qua khao sat kha ning trc ché a-glucosidase va xanthine oxidase cac cao
chiét va c4c hop chét phén 1dp cho thdy cao ethyl acetate ¢d hoat tinh irc ché manh
ca 02 enzyme, hop chit G-13 cho hoat tinh Gc ché manh nhét déi véi a-glucosidase
va G16 cho hoat tinh G ché manh nhit déi voi xanthine oxidase. Day la nghién ctru
dau tién v& hoat tinh trc ché xanthine oxidase cua cdy Rau déng dét.

+ Dé tai 1 nghién ctru dau tién tng dung dugc ly mang va docking phén tir trén
cdy Rau déing ddt. Két qud cho thiy day la nguon duge ligu tiém niing trong hd tro
di€u trj bénh D4 thdo duong typ 2 vdi co ché gidm dé khdng insulin, gidm bién
chimg déi thdo dudng, khéng viém — chdng oxy hoa; hd trg diéu tri bénh git thong
qua co ché giam viém man tinh, chdng oxy héa — gidm acid uric, gidm rdi loan lipid
mau va nguy co bién chimg tim mach.

- Co 56 khoa hoc, dé tin cdy ciia nhitng lugn diém va nhitng két lugn néu frong
ludn an
+ Nghién ctru két hop céc phuong phép phan tich hién dai va thuong qui cho
phan tich cu tric hop chit thién nhién (HR-MS, 1D va 2D-NMR) dam bao do tin

cdy cao



+ Céc thtr nghiém in vitro (rc ché: enzyme a-glucosidase va xanthine oxidase
duge thuc hién theo céc quy trinh chuan dd dugce cong nhén quoc té va xi ly thong
ké. Dicu ndy dam bdo s0 li¢u thu duge c¢6 do lap lai va ¥ nghia khoa hoc cao.

+ Viéce str dung k¥ thudt siic ky 16ng hiéu niing siéu cao két hop khéi phd phén
giai cao (UPLC-HRMS) cho phép sang loc va dinh danh nhanh chéng, chinh xac
thanh phan héa hoc trong hon hgp phire tap, gitup dinh hudéng phéan 1dp hiéu qua.

+ Luén én thé hién sy cép nhat va tiém cén v6i xu hudng nghién ciru quoc €
théng qua vie két hop hai hoa gitra thye nghiém truyén thong va céng nghé tién
tien. Vige sir dung duge ly mang két hop véi docking phén tir (sir dung cac phan
mém va co so dit liéu uy tin nhu SwissTargetPrediction, STRING, Cytoscape,
AutoDock Vma) gitip du doan co ché thc dung & mirc dd phan .

- Y nghia vé Iy lugn, thuc tién va nhitng dé nghi sir dung cdc két quci nghién ciiu
cua ludn an

+Y nghia ly ludn cua luan an: E)ﬁé tai da dat duge nhiéu két qua co y nghia vé
mit khoa hoc cho nganh Héa hop chat ty nhién, Dugc ligu.

+ Y nghia thyc tién cua ludn an: Két qua nghién ctu in vitro va in silico cung
cap co s¢ khoa hoc vitng chéc cho céc nghién ctru in vivo nhim phat trién cac san
phém hd trg kiém soat d4i thdo duong va gut tir ciy Rau déng dét.

- Nhitng thidu sét vé ngi dung va hinh thike ciia ludn dn

+ Lugn 4n van con 13i chinh t, 13i in 4n,

+ Chua thdng nhét cach trinh bay céc thuat ngit khoa hoc.

+ Chua thdng nhét kich thuéc céc cong thirc hop chit.

- Mike dg ddp vmg cde yéu cdu ciia lugn dn

Lugn an dap ong ddy du yéu cau vé ndi dung va hinh thirc dbi vi mot luén 4n

Tien st chuyén nganh Héa hitu co, ma chuyén nganh 9440114
- Nhilng diém can bé sung, sita chita (néu c6) triede khi nép ludn én cho Thur vién

Quac gia Viégt Nam

Chinh sira theo y kién Hoi dong.

- Kién nghi cua Hi déng vé viée cong nhdn trinh do va cé'p bc?ng tién st cho
nghién curu sinh

Hbi dong nhét tri tan thanh, d& nghi co s& dao tao cong nhan trinh do va cép
bang Tién si cho nghién ctu sinh.

4. Nghi quyct cua Hoi dong phai dugc cac thanh vién Hoi ddng nhét tri thong qua
bang biéu quyét cong khai \ ’ '
S6 thanh vign Hoi ddng nhét tri thong qua bang bicu quy¢t cong khai:

Phén III:
1. Trudng ban kiém phiéu cong bb két qua danh gi luan an



S6 phiéu da phét cho céc thanh vién: 06

S phiéu hop 1é: 06

S6 phiéu khong hop 18: 0

S6 phiéu tan thanh: 06

S6 phiéu khong tan thanh:0

Trong d6 s phiu xép loai xudt sic 1a: 06

. Chu tich Hoi ddng doc quyét nghi ctia Hoi dong

3. Chu tich Hgi dong tuyén bd Hoi dong da hoan thanh nhi¢m vu va trao lai quyén
diéu khién cho Co s¢ dao tao

THU KY CHU TICH

Nguyén Thj Thanh Thay Nguyén Ciru Khoa

XAC NHAN CUA

HOQC VIEN KHQA H%Y&EMGHE

Nguyén Thi Trung



VIEN HANLAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Poc lap - Tw do - Hanh phie
HOQC VIEN KHOA HQC VA CONG NGHE

Tp.HCM, ngay 20 thang 01 néim 2026

‘ QUYETNGHICUA
HOQI PONG DANH GIA LUAN AN TIEN ST CAP HOC VIEN

Ho va tén NCS: Nguyén Thi Thu Hién
Tén dé tai ludn an: “Nghién citu thanh phan héa hoc va hoat tinh e ché enzyme

o—glucosidase, xanthine oxidase cia cady Rau déing dit [Glinus oppositifolius (1.)

A.DC.], hg Rau ding dit (Molluginaceae)”

Nganh: Hoa hitu co

M s6: 9 44 01 14

Ngudi huéng din 1: PGS.TS Lé Tién Diing - Vién Cong nghé tién tién, Vién Han
ldm Khoa hoc va Céng nghé Viét Nam

Nguoi huéng dan 2: PGS.TS Nguyén Trong Tuén - Dai hoc Cén Tho, B6 Gido duc

va Pao tao

Quyét nghj ciia Hpi dong phai néu dwge cac vin d& theo trinh ty sau:

- Két qua bo phiéu danh gi4 luan an ctia Hoi ddng
S6 phiéu da phét cho cac thanh vién: 06
S6 phiéu hop 1¢: 06
S6 phiéu khong hop 18: 0
S6 phiéu tan thanh: 06
S6 phiéu khong tén thanh: 0
Trong d6 sé phidu xép loai xuét sic 1a: 06

- Nhiing két luén khoa hoc co ban, nhiing diém méi, déng gép méi cua ludn dn
+ Tur phén trén mit dit cia Glinus oppositifolius di phan lap va xic dinh céu
traic 20 hop chat trong do c6 03 hop chat mdéi la (apigenin-5-O-B-D-
glucopyranosyl-8-C-B-D-glucopyranoside),  spergulin =~ C,  L-(-)-(N-cis-
cinnamoyl)-arginine va hgp chat 7-O-methylwogonin lan dau ghi nhin & loai.
= Két qué khéo s4t kha ning (rc ché a-glucosidase va xanthine oxidase cdc cao
chiét va cac hgp chat phan lap cho thiy cao ethyl acetate c6 hoat tinh ttc ché
manh ¢4 02 enzyme, hop chat G-13 cho’hoat tinh e cl}é manh nhat doi véi a-
glucosidase va G16 cho hoat tinh Grc ché manh nhat doi vdi xanthine oxidase.
Day la nghién ctru dau tién v€ hoat tinh rc ché xanthine oxidase cuia cdy Rau
dang dat.
+Pé tai la nghién ctru déu tién ung dyng duge ly mang va docking phén tir trén

cAy Rau diing dit. Két qua cho thiy Rau ding dit la nguon dugc licu tiém niing
trong hd tro diéu tri bénh Déi thao dudng typ 2 véi co ché giam d& khéng insulin,




giam bién chiing déi théo duong, khang viém — chong oxy héa; hd trg diéu tri

bénh g gjut thong qua co ché giam viém man tinh, chéng oxy hoa — gidm acid uric,

giam roi loan lipid médu va nguy co bién ching tim mach.
- Co $6 khoa hoc, do tin cdy cua nhitng ludn diém va nhitng két ludn néu trong
ludn an

+ Nghién ciru két hop cac phuong phép phan tich hi¢n dai va thuong qui cho
phan tich cau triic hgp chat thién nhién (HR-MS, 1D va 2D-NMR) dam bao dé tin
cy cao.

+ Céc thir nghiém in vitro Gc ché enzyme o- glucosidase va xanthine oxidase
dugc thyc hién theo cac quy trinh chufn céng nhan qudc té va xu 1y thong ké. Diéu
nay dam bao s liéu thu duge c6 do 1dp lai va ¥ nghia khoa hoc cao.

+ Viéc sit dung k§ thuat sdc ky léng hiéu nang siéu cao két hgp khdi phd phan
giai cao (UPLC-HRMS) cho phép sang loc va dinh danh nhanh chéng, chinh xdc
thanh phan héa hoc trong hon hgp phire tap, gitip dinh hudéng phén 18p hi¢u qua.

+ Luén 4n thé hién su cip nhat va tiém cén véi xu huéng nghién ciru qubc té
théng qua viéc két hop hai hoa gitra thuc ngphlem truyén théng va cong nghé tién
llen Viée st dung duoc ly mang két hop véi docking phan tir (st dung céc phén
mém va co s¢ dit lieu uy tin nhu ,Sw1ssTargelP1ed|cl10n, STRING, Cytoscape,
AutoDock Vina) gitip du doén co ché tac dung & mire d6 phén ta.

- Y nghia vé Iy lugn, thiec tién va nhitng dé nghi sit dung cac két qua nghién citu
cua ludn an

+ Y nghia ly luan cua ludn én: Pé tai di dat dugc nhidu két qua c6 ¥ nghia vé
mit khoa hoc cho nganh Héa hop chét ty nhién, Dugc liéu.

+ Y nghia thyc tién cua ludn 4n: Két qua nghién clru in vitro va in silico cung
cap co s& khoa hoc vitng chic cho cac nghién ctru in vivo nhdm phét trién cic san
phém hd trg kiém soat dai tho dudng va git tir cdy Rau ding dat.

- Nhiing thiéu sét vé néi dung va hinh thirc cua lugn dn
+ Lufn 4n vin con 13i chinh t, 18i in 4n.
+ Chua théng nhit c4ch trinh bay cac thuét ngtr khoa hoc.
+ Chua thdng nhét kich thudc cic cong thirc hgp cht.

- Mike dé ddp vmg cdc yéu cdu cia ludn dn
Luén an dép tng diy da yéu ciu vé ndi dung va hinh thirc dbi v6i mét luan 4n
Tién si chuyén nganh Hoa hitu co, ma chuyén nganh 9440114.

- Nhimg diém can bé sung, stka chita (néu c6) truée khi ndp ludn an cho Thu vién
Quadc gia Viét Nam
Chinh stra theo ¥ kién Hoi dong

- Kién nghi ciia Héi dong vé viéc cong nhan trinh dé va cdp bdng tién st cho
nghién ctru sinh



Hbi dbng nhét tri tan thanh, dé nghi co s& dao tao cong nhan trinh do va cﬁp
bang Tién si cho nghién ctru sinh.
- Nghi quyét phdi ghi ré s6 thanh vién Hoi déng nhdt tri thong qua bang biéu
quyét cong khai: 06
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VIEN HAN LAM

KHOA HOC VA CONG NGHE VN
HOC VIEN KHOA HQC VA CONG NGHE

Doc lap - Tw do - Hanh phue

BAN GIAI TRINH CHINH SUA, BO SUNG LUAN AN TIEN ST
CAP HQC VIEN

Ngay 20 thang 1 nam 2026, Ioc vién Khoa hoc va Cong ngh¢ da t6 chire danh
gia ludn an tién st cép Hoc vién cho nghién ctiu sinh Nguyén Thi Thu Hién theo Quyét
dinh s6 1369/QD-ITVKIICN ngay 15 thang 12 nam 2025 cta Giam déc Hoc vién.

P& 1ai: Nghién ctu thanh phin hoéa hoc va hoat tinh e ché enzyme o-
glucosidase, xanthine oxidase cua cdy Rau déing dit [Glinus oppositifolius (L.) A.
DC.], ho Rau déng dit (Molluginaceac)

Nganh: Hoa hitu co,

Ma sd: 944 01 14

Ngudi hudéng din khoa hoc: PGS.TS. Lé Tién Diing - Vién Cong nghé tién tién,
Vién Han lam KITCNVN; PGS.TS. Nguyén Trong Tuan - Trudng Dai hoc Cén

Tho, Bé Gido duc va Dao tao

Theo Bién ban cua Hoi déng, NCS phai bd sung va chinh stra ludn dn cac diém

A 3 A . 3 £} A
Noi dung de nghi chinh sira, bo sung

Ngi dung da dwge chinh sira, bo sung
(Ghi rd s6 trang/chicong/muc ... dd duoc
chinh sira)

CONG HOA XA HOQI CHU NGHIA VIET NAM

Chuin héa lai cac tén hoa chét: aglycone,

Chinh sta lai cdc tén hoa chat: aglycon,
triterpen, methin (trang 20,44,48,54)

B sung O kiém ndi trong bang phd cta

Trinh bay ding ban chit vé hoat tinh
khang enzym alpha glucosidasecia cao
EtOAc trang 42 khi so véi cting phin doan

Da chinh sia vé& hoat tinh khang enzym
alpha glucosidasecia cao EtOAc (Muyc
3.3.1. Két qua thr nghiém hoat tinh Gc ché

enzyme ¢ -glucosidase, trang 42)

Hoan thién thém di liéu phd bang 3.3, 3.6,

BS sung thém dir lidu phd bang 3.3 (trang
44), 3.6 (trang 51,52), 3.12 (trang 65), 3.14
(trang 69,70)

B sung gia tri phd '"H-NMR ctia OH kiém
ndi clia apigenin (Bang 3.16. Dir liéu phd
NMR cutia G-14 va apigenin, trang 72,73)

B sung OH kidm ndi trong clia hop chét

Lam & 3 hop chét G-6, G-11 G-17 la chét
l&n ddu dugc phan 1ap trong tu nhién

sau day:

str
l triterpend, methine
2

______ ca_o ciia mot Séiay khac
3 [3.12,3.14
4 | apigenn
5 |G-16

_._6_

B sung tra ctru scinfinder cua hop chit G-6

B& sung gia tri phd '"H-NMR ciia OH kiém

ndi cia vanilin (Bang 3.18 D liGu phd
NMR ctia G-16 va vanilin, trang 75)

(trang 19), G-11(trang 33), G-17 (trang 53)




Nhan dinh két qua so sanh gitra G-11 va

B4 sung nhén dinh so sanh ciu tric va kcl
qua phé gitra G-11 va G-9 (spergulin A)
(muc 3.2. 1 l Lmng 66)

BB6 sung muc 4 2 Kmn nghi (trang 113)

B6 c.ung ban Iudn néu rod khoang 11 ong
nghién clru va gia lhuycl khoa hoc cua ludn
an & cudi chucrng téng quan (lrang 32)

Chinh stra bang 1.1.Cac nhom thuoc ha
glucose mau va co ché tac dung (trang 9),
bang 1.2. Cac dugc ligu ¢6 téc dung chéng
Péi thdo dudmg va co ché tac dung (trang
9,10), bang 1.3. Céc thude ditu tri bénh
Goul (trang 13)

B6 sung va phin bitt nguyén licu va déi
tuong nghicn cliru (Muc 2.1, trang 23)

i | BS sung hinh 2.5.80 dd tdng thé nghicn chu |

ctia cAy Rau ding dit (trang 41)

7 | G-9 (spergulin A)
g B6 sung phan kién nghi thé hlcn hudng
nghién ctu tiép theo cua ]lel‘l an
B& sung mol muc ngan & cudi chuonb
9 | téng quan ndu 15 khoang trbng nghién ciu
va gia thuyét khoa hoc cia ludn an
Chinh stra bang 1.1, 1.2, 1.3 cho ddy du va
chinh xac théng tin
10
Péi twong nghién ciu cn viét lai cho diy
f dii hon vi hién tai chi thé hién nguyén li¢u
nghién ciu chua phai déi tuong nghién
cliu.
B sung so db tdng thé cua nghién ciru dé
12| ¢6 céi nhin tdng quat hon.
B& sung cac thong tin v& do 4m cua cac
13 | cao dé danh gia hoat tinh, nguyén liéu

B sung thong tin do 4m nguyén liéu (Muc
2.1. D4i twong nghién cir, trang 33), cao
thir hoat tinh (Muc 2.2.1.Chiét xudt va phan
tach cac phan doan, trang 33)

Nghién ctru sinh chan thanh cdm on Qui thay, cd trong Hdi dong danh gia luén
. A -~ A A Aeow ‘ . . P N o a r + s
an tién si cap Hoc vién dd gép y va tao co hdi cho NCS hoan thién ludn 4n cua minh.

Xin trdn trong cam on./.
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TAP THE HUONG DAN

(Trieong hop co 02 nguwroi hirong ddn xin chiv

PGS.TS. L¢ Tién Diing
XAC NHAN CUA H()C VIEN

ky ca 02 ngwai, ky va ghi ré ho tén)
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ngay U thing 4. nam 20.2£
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