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Tém tat. Dai thdo duong gay ra tinh trang dwong huyét cao qua mirc va lam rdi loan chuyén héa trong
co thé. Uc ché cac enzyme a-glucosidase 14 mot trong nhitng phuong phép diéu tri bénh tiéu dwong.
Trong nghién cttu nay, cao chiét n-hexane ctia cay B6 cong anh Viét Nam (Lactuca indica L.) dwgc chiét
xuat va xac dinh duoc 11 hop chét (1-11) béng phwong phdp GC-MS va sang loc i silico &€ tim cac hop
chét tiém ndng trong viéc e ché protein 3W37 ctia enzyme a-glucosidase. C4u triic hinh hoc ctia cac
hop chat 1-11 da dwoc t8i wu va xac dinh cac thong s6 luong tir bang phuong phép orbital lién két tu
nhién. M6 phéng docking phan ttt xac dinh vi tri 1 va 2 ctia protein 3W37 thuan loi cho qua trinh
docking phan tit va kha nang tic ché protein 3W37 duoc sap xép theo chiéu giam dan: 3>8>10>5 >
7>6>11>4>1>9> 2. Cac hop chat 1-11 pht hop véi quy téc 5 Lipinski va c¢6 déc tinh dwoc dong
hoc va doc tinh nhw hap thu kha t6t, khong chuyén héa ¢ gan, thai trir qua than va an toan véi co thé.
Céc két qua nghién ctru nay sé dinh huéng cho thiee nghiém dé phét trién cac phuwong phép maéi hd tro
diéu trji bénh ti€u duong.
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Abstract. Diabetes causes excessively high blood sugar levels and disrupts metabolism in the body.
Inhibiting the a-glucosidase enzyme is one of the treatments for diabetes. In this study, the compounds
from Lactuca indica L. in the n-hexane extract were screened in silico to identify potential inhibitors of
the 3W37 protein of the a-glucosidase enzyme. Eleven compounds (1-11) from the extract were
identified by using the GC-MS method. The geometric structures of these compounds were optimized,
and their quantum parameters were determined with the natural bond orbital method. The binding
sites 1 and 2 of the protein were identified as favourable for molecular docking, and the inhibitory
potential of the compounds was ranked in descending order as follows: 3>8>10>5>7>6>11>4>1
> 9 > 2. These compounds comply with Lipinski’s Rule of Five and exhibit pharmacokinetic and
toxicity properties, including good absorption, no hepatic metabolism, renal excretion, and safety for
the human body. These results will guide experimental studies to develop new approaches for

supporting diabetes treatment.
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1 Méb dau

Tinh trang khang thudc dang trd thanh van
dé y t& toan cau, lam giam hiéu qua diéu tri, dac
biét trong kiém soat bénh truyén nhiém va rdi
loan chuyén hoda. Lam dung thudc khién vi
khuan, virus, ky sinh trung va ndm kho bi tiéu
diét, doi hoi thay d6i phac d6 diéu tri. Viéc phat
trién cac hop chat ty nhién tiém nang dé thay thé
va cai thién thudc hién hanh dang duoc gidi khoa
hoc quan tam [1, 2].

Bénh tiéu dwong 1a hoi chung rdi loan
chuyén hda carbohydrate khi hormone insulin
cua tuyén tuy bi thi€éu hay giam tdc ddng trong co
thé véi biéu hién bang luong glucose trong mau
cao hon mttc binh thuwong [3]. Sy gia ting ti 1é
bénh nhan mac bénh tiéu duong trong nhiing
nam gan day cd lién quan mat thiét dén cac yéu t6
nhu 16i sdng, ché€ dd an udng, tinh trang béo phi
va dac biét la sy roi loan cia mét sd enzyme quan
trong trong qua trinh chuyén hdéa glucose [4]. Mot
phuong phép diéu tri hién nay dé kiém soat bénh
tiéu duong bang cach tic ché cic enzyme a-
trinh
carbohydrate c6 thé lam giam dang ké su gia tang

glucosidase trong qua thuy phan

duong huyét sau khi an, do d6 lam giam nhu cau

insulin va déng vai tro quan trong trong kiém
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soat muic duong huyét 6 bénh nhan tiéu duong
[5]. Hién nay, cac loai thuSc nhu Acarbose,
miglitol va voglibose c6 kha nang trc ché enzyme
a-glucosidase. Tuy nhién, ching c6 gia thanh cao,
gay ra nhiéu tac dung phu khong mong mudn va
khong lam giam cac bién chiing ctia bénh dai thao
duong. Do d6, viéc tim ra cac hop chat thién
nhién maéi ¢ hiéu qua cao va co it tac dung phu la
van dé cdp thiét, thu hut sy quan tam nghién ctru

cua cac nha khoa hoc.

Trong d6, cay B6 cong anh Viét Nam
(Lactuca indica L.), dwgc nguoi dan st dung nhwe
mot loai rau va lam duwgc liéu trong y hoc c6
truyén, la mét vi thude trong dan gian d€ giai doc,
tiéu viem va hd tro diéu tri nhiéu bénh ly khac
nhau. Nhigu nghién da ching minh rang dich
chiét tir cay B6 cong anh Viét Nam c6 kha néng
chdng oxy hoa manh, bao vé gan, khang khuan va
khang viém [6-8]; mOt s6 hop chdt con cé tiém

nang trc ché€ mot s6 dong té bao ung thw [9].

Dwa vao nhitng phan tich trén, ching toi
tién hanh xac dinh thanh phan hoéa hoc cua cao
chiét ctia cay BO cong anh Viét Nam. Sau d¢ tién
hanh nghién cttu kha nang tGc ché protein 3W37
cia enzyme a-glucosidase (PDB-3W37; DOI:
10.2210/pdb3W37/pdb) (Hinh 1A) bang phuong
phap tinh todn hoéa hoc luong t va ky thuat mo
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phong hién dai (m6 phong docking phan ttt, tinh
toan cac hop chat giong thudc theo quy tac 5
Lipinski va mdé hinh ADMET). Thudc Acarbose
trong diéu tri bénh tiéu duong dwoc stt dung lam
thudc d6i ching (Hinh 1B). Viéc sang loc va

Alpha - glucosidase
Protein 3W37

nghién ctu in silico d6i voi cac hop chat co6 kha
nang trc ch€ eznyme a-glucosidase gitip gop phan
phét trién thudc méi va dinh hudéng cho nghién

cttu thie nghiém.

Thuéc déi chirng
Acarbose

oF

Hinh 1. (A) C4u truc protein 3W37 clia enzyme a-glucosidase (B) thudc d6i chiing Acarbose

2 Phuong phap nghién ctitu
2.1  Nguyén liéu va hoa chit
Nguyén liéu

Phan trén mat dat cay B6 cong anh Viét
Nam duogc thu hai vao thang 1/2024-3/2024 tai
huyén Phong Dién, tinh Thira Thién Hué€ (Hinh
2). Mau duoc dinh danh tai Khoa Sinh hoc,

Truong Pai hoc Khoa hoc, Pai hoc Hué, véi ky
hiéu mau BCAVN-2024.

Hoa chat va dung cu

Hoa chat: n-hexane va ethanol

Dung cu: Can phan tich, ruou k& tu say,
bép cach thuy, may khudy ti, may xay, may co
quay, c6c becher loai 100 va 300 mL va 6ng dong
loai 100 mL.

DOI: 10.26459 /hueunijns.v134i1C.7798

L (B)

Hinh 2. (A) Anh toan cay (14, than va ré) (B) Anh 14 cua
cay B6 cong anh Viét Nam (Lactuca indica L.)

2.2 Chiét xuat cao n-hexane cua ciy Bo cong
anh Viét Nam

Than va 14 cay B6 cong anh Viét Nam duoc
say kho 0 nhiét d¢ khoang 60-80 °C trong vong 3-
4 gio va duoc xay nhé. Ngam 500 g bot duoc liéu
v6i 5 L ethanol 70% tai nhiét d6 phong trong vong
24 gio (lap lai 3 Tan). Rat dich chiét va béc hoi
dung moi bang may c6 quay chan khong, thu
duoc 30 g cao dédc. Cao chiét B6 cong anh Viét
Nam dwgc hoa tan trong 45 mL nuwdc va chiét

béng 90 mL n-hexane (qué trinh nay 1p lai cho
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dén khi dung dich cao chiét mat mau). Loai bo
dung moi n-hexane d€ thu duoc cao n-hexane ctia

cay B6 cong anh Viét Nam.

23 Xac dinh thanh phin héa hoc cao
n-hexane cta cdy B6 cong anh Viét Nam

Cao n-hexane duoc xac dinh thanh phan
hop chat bang phuong phép sac ky ghép ndi phdi
phd (GC-MS) thong qua thiét bi sic ky ghép khdi
phd (Agilent GC 7890B-MS 5975C) véi cot sac ky
HP-5MS (30 m x 250 um x 0,25 um). Céac hop chat
o6 trong cao chiét n-hexane cuia cay B6 cong anh
Viét Nam dwoc xac dinh ciu tric bf?mg cach so

sanh vdi co s& dir liéu NIST14.

24  CAu trac t8i wu va tinh chét dic trung cta
cac thudc theo tinh toan hoa lwgng tir

C4u truc hinh hoc cta cac hop chdt nghién
ctu c6 thé duoc t6i wu hdéa bang pham mém
Gaussian 09 véi b ham co s¢ 6311++G(d,p) hodc
def2-TZVPP. Day la hai b6 ham co so thuong
duoc st dung cho cac nhom hop chédt gom: (1) cac
hé phtrc ctia cac nguyén t6 thudc nhém IIIA, IVA
va VA; (2) Hé phttc chita cac di t6 O, S, P, N va
cac halogen; (3) nhom céc hop chét hitu co chia
cac nhom chitc dac trung (-NHz, -OCHs, —CHs,
vong N-heterocyclic, ...) két hop voi mie ly thuyét
cua DFT cho cac phép tinh gan dang [10-12]. Giai
phép phan giai dong nhat gan diung (resolution-
of-identity — RI) dwoc 4p dung cho mdi qud trinh
toi wu. Do d6, dua trén d6i twgng ap dung cta bo
ham co s0, trong nghién ctu nay chung toi st
dung b0 phiém ham va by ham co sd
M052X/6311++G(d,p) dé€ tién hanh tdi wu hinh hoc

va xac dinh cac thong so luong tu.

Phan tich orbital bién cho biét thong tin vé
hinh dang ctia cdc orbital phan t¢* va nang lwong
ctua chung. C4c tinh toan nay c6 thé duoc tién
hanh bang tng dung NBO 5.1 trong phan mém
Gaussian 09 ¢ muc ly thuyét M052X/def2-TZVPP
[13]. Cac thong tin vé mat do electron c6 thé dugc
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danh gia bang cac phan tich lién két. Trong do,
mitc nang lueong HOMO (Highest Occupied
Molecular Orbital), Eromo, dai dién cho xu hudng
cho electron lién phan t; ngwoc lai, mitc nang
lwvong LUMO (Lowest Unoccupied Molecular
Orbital), Erumo, ¢é thé dwgce danh gia nhu la gia tri
dai dién cho kha nang nhan electron lién phan tt.
Nang luong vung cam AE = Enomo — ELumo ¢d thé
duoc xem nhu la mét thong s6 cho kha ning
twong tac lién phan t boi vi nd cho biét xu hudng
chuyén dich cta electron c6 thé€ dwoc kich thich
lén mtc nang luong cao hay khong, dong nghia
vdi viec c6 kha nang roi khéi phan tix hay khong.
Néng luong ion hoéa (ionisation potential, I) va ai
lwec electron (electron affinity, A) dwoc tinh thong
qua dinh ly Koopmans' [14, 15] [=-Enomo va A
= —ELumo. Cac s0 liéu nay dwgc st dung d€ tinh do
am dién (electronegativity, y) ctia toan phan tt.
Dai v6i N- hé thong electron ¢d tong nang luong
electron (E) va thé ndng ngoai v(r), 40 am dién (y)
duoc dinh nghia la gia tri &m cta thé nang () [16,
17].

_ - _[%E
X p N " @)
va do cting (1) duoc dinh nghia la theo cong thitc
_lfow) _1fCE )
o), 2laN ), @

Do cing va dd am dién cua cac chét tc ché
c6 thé duoc xap xi bang co sd ctia xap xi sai phan
httu han nhw sau

_1a_ (©)
T1—2(l A)

K=+ W

D6 mém (S) duoc dinh nghia la nghich dao
véi d§ cing tuyét doi (n)
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2.5 Mo phong docking phan t&

Str dung phuong phap docking phan tix dé€
du¢ doan ndng luong docking va tuwong tac gitta
phoi tir (ligand) voi enzyme/protein cuia vi khuan,
tr d6 dé nghi co ché trc ché vi khuan ctia hé chat
nghién cttu. Qua trinh mo6 hinh héa docking phan
tee gom 5 budc dugce thuc hién théng qua phan
meém MOE 2022.10 [18-21].

Buéc 1. Lua chon va chudn bi cdu triic muc tiéu
tac dong

— Lyea chon protein trén ngan hang dit liéu

protein toan cau.

— Xac dinh vi tri gan két thong qua vung tac
dong ctia protein. Cac phan tt nudc duoc loai bo
va cdu dang cdc amino acid duoc kiém tra trude

khi tai lap vlung tac dong ctia protein.
Buéc 2. Chudn bi cdu triic phdn tik phéi ti (ligand)

- Xay dung cau trac 2D va chuyén doi tu
dong sang cau trac héa hoc bang phan mém
ChemBioOffice 2018.

— T6i wu hoa ning luong cau tric phan ti
3D ctia hop chéat nghién ctu bang phan mém
SYBYL-X 1.1

Budc 3. Docking phdn tir vao muc tiéu tac dong

— Docking phan tir dwoc nghién cttu trong
co so dit liéu da chuan bi. Tién hanh quy trinh
docking bang phan mém MOE 2022.10 véi c4c tuy
chon nhu sau: phuong phap ddt cac manh ligand
vao tai gan két 1a phép thiét 1ap phi hop véi cau
trac 3D; s8 két qua toi da cho mdi budc lap la
1000; s& két qua toi da cho mdi sy phan manh
ligand la 200; git lai mét s6 cdu dang t6t nhat cuia
mdi phéan tir hop chat trong phtic hop (ligand-
protein) gin két dé tiép tuc phan tich twong tac.
Cdu dang tot v6i diém s6 docking thap nhat

DOI: 10.26459 /hueunijns.v134i1C.7798

(docking score energy — kcal.mol™); diém s6 nay
la tong nang lwong tiéu thu cho sy hinh thanh céc
tuong tac gan két gifta phan tir nghién ctu voi
muc tiéu tac dong (protein).

Budc 4. M6 hinh tai docking phéin ti (Re-docking)

— Tai docking cau trac ligand dong két tinh
trong protein, nhdm muc dich danh gia tinh phu
hop ctia cac thong s6 docking, tién hanh theo 3
budc:

(1) Tach ligand tr phirc chat dong két tinh
trong protein.

(2) Chudn bi lai phan ttx ligand theo Budce 1.

(3) Thurc hién docking phan tix lai.

- Két qua mo6 phong docking duoc danh gia
la dang tin cay khi gid tri sai s6 binh phuong
trung binh cdn bac hai
deviation; RMSD) < 2,0 A. Thong s& nay cho biét

muc d0 sai léch vé lién két xwong protein ban dau

(root-mean-square

(sau Budce 3) va tai docking phan t (sau Budc 4).

Budc 5. Phin tich két qua docking phdn tir vao
muc tiéu tdac dong

- Péanh gia kha nang tic ché protein cua
hop chat nghién ctu thong qua viéc danh gia

diém s6 docking va tuong tac ligand-protein gom:

+ Nang luwong docking phan t& DS
(kcal.mol-!) va tham s6 sai s6 binh phuong trung

binh can bac hai.

+ Phan tich tuong tac gitta phan tt hop chat
véi muc tiéu tdc dong va bidu dién tuong tac trén
mit phang 2D, 3D thong qua cic lien két
hydrogen, twong tac n—m, twong tac ion, twong tac
cation—n. Cac twong tac bé mat van der Waals
duoc phat hién qua su ti€p xuc cac bé mat uwa
nuée, ky nudce gitta phan t hop chat va diém gan

két (cac amino acid cua protein).
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2.6  Sang loc hgp chat “giong thudc” tir Quy
tac 5 Lipinski

Cac hop chat thién nhién duoc sang loc d€
thu dugc cac hop chat “gidng thudc” bang quy tac
5 Lipinski. Cau truc hoéa hoc va cac thong s6 hda
ly duoc tong hop tir hé thong MOE2022.10 thong
qua phuwong phdp Gasteiger-Marsili [9]. Céc
thong s6 gom: khdi luong phéan ti (Da), d¢ phan
cuc (A3), thé tich (A%, hé s6 phan tan (logP va
log$S), duoc st dung dé€ danh gia kha nang tuwong
thich duoc ly thong qua duong udng dwa vao quy
tac 5 Lipinski [22]. D& sang loc cac hop chat
“gidng thudc” c6 kha nang thdm qua mang tot va
twong tac tot voi cac amino acid phai cé logP < 5;
khéi lwong phan tit < 500 amu v6i s6 luong chat
nhan lién két hydro < 10; s6 lwgng chét cho lién
két hydro <5 [23, 24].

2.7 Dy doan tinh chit dwgc dong — doc hoc
theo mo6 hinh ADMET

Tinh chdt duwoc dong — doc hoc duoc duw
doan va phan tich tt mo6é hinh héi quy
SwissADME do Vién Tin sinh hoc Thuy si phat

trién va duy tri va dugc danh gia ly thuyét dua
trén co sO dé xudt cta Pires va cong su [25], duoc
Pai hoc Melbourne va Dai hoc Cambridge hop tac
thanh khao
(http://biosig.unimelb.edu.au/pkesm/theory). Cac

phat  trién nguén  tham
thong s6 ADMET cua hgp chét nghién cttu nhw
hap phu (adsorption), phan bd (distribution), su
trao doi chat (metabolism), bai tiét (excretion) va

doc tinh (toxicity) dwoc du doan.

3 K&t qua va thao luan

3.1 Thanh phin cao n-hexane cta cao chiét B6
cong anh Viét Nam

Két qua phan tich thanh phan hda hoc ctia cao
chiét n-hexane B6 cong anh Viét Nam bang phuong
phép sac ky khi ghép néi khdi phd (GC-MS) cho thdy
sw xuat hién cta 11 hop chéat chinh (Hinh 3). Thanh
phan héa hoc qua phéan tich GC-MS ctia 11 chét ttr cao
chiét n-hexane B6 cong anh Viét Nam dugc trinh bay
trong Bang 1 va cong thiic cdu tao duoc trinh bay trén
Hinh 4.
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Hinh 3. Phé GC-MS ctia cao chiét n-hexane B6 cong anh Viét Nam (Lactuca indica L.)

Bang 1. Thanh phan héa hoc chinh ctia cao chiét n-hexane B6 cong anh Viét Nam (Lactuca indica L.)

. 0 hu Ham 1
STT Hop chit Congthue  p i hieu  Thoigianlwn oW IUOmg
phén t& (%)
1 2-Heptanone C7H1410 1 3,270 8,85
2 Benzaldehyde C7HeO 2 3,304 35,16

50



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Tw nhién
Tap 134, S6 1C, 45-63, 2025

pISSN 1859-1388
eISSN 2615-9678

STT Hop chit Cs;‘ég;lt‘gc Ky hiéu  Thoi gian luu H“m:;:;"“g
3 4-oxopentanethioic O-acid CsHsO2S 3 3,454 9,01
4 Octan-3-one CsHisO 4 3,525 5,89
5 2,2-dimethylpentan-1-ol C7HisO 5 3,560 6,69
6 (92,12Z)-octadeca-9,12-dienoic acid Ci1sH3202 6 13,353 0,98
7 (Z)-icos-9-enoic acid C20H3s02 7 13,386 1,90
8 (R)-(-)-14-Methyl-8-hexadecyn-1-ol CivH20 8 15,440 0,84
9 2-hydroxycyclopentadecan-1-one Ci1sH2s02 9 15,464 0,89
1-(2-ethyl-3,3-dimethylbutyl) 2-(2-ethyl-4-

10 methylpentyl) cyclohexane-1,2- C24H4sO4 10 16,137 20,92
dicarboxylate

11 2-ethylhexyl nonyl carbonate Ci1sHs3603 11 16,566 7,77

o

/V\)K

L

o

I

S

\\I\/\><//\W\M

WWWNMM

9 10

Hinh 4. Cac hop chét cé trong cao chiét n-hexane ctia cdy B cong anh Viét Nam (Lactuca indica L.)

Trong s6 cac hop chat da xac dinh,
benzaldehyde chiém ti 1¢ cao nhét (35,16%), ti€p
theo la 1-(2-ethyl-3,3-dimethylbutyl) 2-(2-ethyl-4-
methylpentyl) cyclohexane-1,2-dicarboxylate
(20,92%). Sau d6 1a nhém cac hop chdt c6 ham
lwong 5-10%, gom octan-3-one (5,89%), 2,2-
dimethylpentan-1-ol (6,69%), 2-ethylhexyl nonyl
carbonate (7,77%), 2-heptanone (8,85%) va 4-
oxopentanethioic O-acid (9,01%). Ngoai ra, nhitng

DOI: 10.26459 /hueunijns.v134i1C.7798

hop chat nhw (9Z,12Z)-octadeca-9,12-dienoic acid,
(R)-(-)-14-
methyl-8-hexadecyn-1-ol va (Z)-icos-9-enoic acid

2-hydroxycyclopentadecan-1-one,

chiém ham luong nho (dudi 2%). Nhiing hop chat
nay dugc ky hiéu tir 1 dén 11 va tién hanh nghién
ctu in silico vé kha nang tc ché protein 3W37
a-glucosidase trong diéu tri bénh ti€éu duong

bédng m6 phong docking phan t.

51



Nguyén Vinh Phu va CS.

PSS A i e
@ .m,f,_;.m;v:. & u:-,_.. LR
¢ ¢ g, A

6

A’ ¢ e e
2. é
- 3 .
19y from 1% b
t‘r"’:." -t ;;"X
¢ *iTe o -'} '
8 9
11l
. L" At
R Lo 8
£'3 ol
D
.

o S ms

1.35) 53¢
e o % - S raner
12009 11882 - L M

No e B

Hinh 5. C4u tric t8i wu véi d6 dai lién két (A) ctia cac hop chat 1-11 tai mic Iy thuyét M052X/6-311++G(d, p)

3.2 Théng sd lugng tit cic cac hgp chat
nghién citu
C4u truc t6i wu ctia 11 hop chéat nghién ctru
duoc x4c dinh bang phuong phép DFT tai mtic ly
thuyét MO052X/6-311++g(d,p) (Hinh 5). Gid tri
nang lwong electron & trang thai co ban va cac gia

tri moment ludng cuc duoc trinh bay trong Bang

2. Trong d06, nang lugng electron ¢ trang thai co
ban nam trong khoang tir —345,62017 au dén
-1242,19769 a.u. Ngoai ra, d¢ dai cua cac lién két
d3c trung nhu C-C, C-O va O-H nam trong
khoang ttr 1,3 dén 1,5 A va moment ludng cuc ti
0,886 dén 4,006 Debye. Do d6, ciu truc nay thuan
loi cho viéc hinh thanh lién két gitta cac phoi tw

voi protein [26, 27].

Bang 2. Nang luong electron ¢ trang théi co ban (a.u) va moment ludng cuc ctia cac hop chat nghién ctru 1-11 tai
muec ly thuy&t M052X/6-311++g(d,p)

Hop chit Ning lwong electron 6 trang thai co ban (a.u) Moment lwdong cuec (Debye)
1 -350,44598 2,947
2 —-345,62017 3,548
3 —744,04509 3,378
4 -389,76396 2,784
5 -351,65130 1,707
6 —855,74561 1,544
7 -935,59676 1,685
8 —742,34908 1,632
9 -739,01732 3,636

10 -1242,19769 0,886
11 -933,41543 4,006
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Dua trén cdu trtc t6i wu cua 11 hgp chat
nghién ctu, chung toi tién hanh xac dinh cadu hinh
phan b6 HOMO-LUMO va théng sd luong t
béng phuong phap orbital lién két tw nhién (NBO)
tai mac ly thyét M052X/def2-TZVPP va két qua
duoc trinh bay trén Hinh 6. Vé mat ly thuyét,
HOMO (vung orbital phan t&t bi chiém déng cao
nhdt) va LUMO (vung orbital phan t bi chiém
déng thap nhat) dai dién cho cac vung cta mat
phang phan tir ma tai d6 phan tir c6 xu hudéng
tham gia cac lién két ludong cuc lién phan t cao
nhat va theo thit ty ddc trung cho lién két nhuong
electron va nhan electron. Ttt Hinh 6 cé thé nhan
thdy nhitng vi tri tap trung cdu trac HOMO c6
kha nang nhuong electron va cac vi tri tap trung
orbital LUMO thich hgp cho qua trinh nhan
electron.

Céc thong sd hoa hoc luong tir ctia cac hop
chat 1-11 gébm nang lvong HOMO (Enomo), nang
luong LUMO (Erumo), bién thién nang lwong ving

3 LUMO (0,646 eV)

oJ

LUMO (1,004 eV)

o

€

AEgpp = 9,464 eV AEgpp = 7,966 eV

1
9 9

9
9 o

cam (AEcap), nang luwong ion héa (I), ai luwc
electron (A), d6 am dién (x) va hda thé (u) dwoc
trinh bay trong Bang 3. C6 thé xac dinh duoc
chiéu giam dan cua gia tri Enomo theo tht tw 7 > 6
>3>8>9>4>1>2>10>5>11 va day ciing la
chiéu giam kha nang nhuwong electron. Mat khac,
nhitng hgp chat c6 gia tri Etumo cang bé thi phan
tir 46 cang dé nhan electron nén chiéu giam dan
kha ndang nhan electron1a2>3>9>11>7>4>1
>8>10>5 > 6. Gid tri AEcar trong bang dao dong
ttr 7,508 dén 10,452 eV, phan anh mutc d6 6n dinh
va kha nang phan tng cua cac hop chat. Trong
hop chat 3, AEcar (7,508 eV) c6 gid tri thap nhat
nén dé bi kich thich va hoat déng manh nhét nén
dwoc dy doan cé kha nang tuong tac manh véi
cac amino acid c6 trong protein 3W37. Céac thong
s0 I, A, x va p cung cap thém thong tin vé d bén
electron va xu hudng nhuong hoac nhan electron
ctia phan tt, tit d6 budc dau danh gia kha tng

teeong tac véi protein 3W37.

LUMO (-0,668 eV) [} 3
¢ ¥

LUMO (9,399 eV)

AEgap = 7,508 eV AEgap = 0,643 eV

" 4
;
wd .4 v ‘ ° B ‘vq u $
HOMO (-8,818eV) s HOMO (-8,969 eV) HOMO (-8,176 eV) " HONO (8,756 V)
1 2 3 4
322, L
LUMO (0,672 eV) G443 “; LUMO (0,688 eV) ‘ :ﬁ, @ LUMO (0,598 eV) Y S LUMO (0,654 eV)
— F ? 99 - 3 2 9 - i
84 $igiss “ sl K\
b e o
. 2 HHP
AEgpp = 10,022 eV AEgap = 8,789 eV AEgap = 8,513 eV t AEgap = 9,105 eV
2 +$44ef 3%
J J 085050 A T , o
HOMO (-9,349ev) ° =5 S HOMO (-8,102 eV) L3783 HOMO (7,915 eV) @ 45 4% HOMO (8.451eV)
5 6 ‘ 57 o e
P ‘o 4’0‘ ]
5“ LUMO (0,195 eV) ';39‘ = LUMO (0,655eV) 4 2 ‘; _LUMO (0,580 eV)
L 20 799 7 ‘32 " 4
a @3g 2" 8 ‘ [
3 a3, .“?5“, . ¥ :
R AEgpp=8,784eV . P’ AEgpp = 9,991 eV AEgpp = 10,452 eV
309, B0
< ,’:l 9 » ay 98
g S8 Beg e
¢ J = SN o -
g, HOMO (-8,589 eV) v 773" HOMO (-9,336eV, *° HOMO (-9,873 eV)
9 10 "

Hinh 6. HOMO va LUMO ctia cac hop chét 1-11 theo phuwong phap NBO tai mtic ly thuyét M052X/def2-TZVPP
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Gian d6 thé€ electron phan t (Mocular
Electronic Potential — MEP) cling la mot thong s6
quan trong trong qua trinh tinh toan lwgng t cua
cac hop chat 1-11 trong cao chiét B6 cong anh.
Trén gian d6 thé electron phén t& 6 Hinh 7, chiing
tdi quy udc rang mau do dai dién cho muc thé
electron am (tttc la giau mat do electron) nén sé
hinh thanh cac trung tdm phan tng mang dién

tich am va thu hut cac tac nhan phan ting mang

dién tich dwong. Nguoc lai, mau xanh dai dién
cho thé electron dwong va mau tréng dai dién cho
cac vuing trung hoa. Dua vao s¢ phan b mau sic
trén gian d6 MEP cuta cac chat 1-11 ¢6 thé budc
dau xac dinh duoc cac trung tam dién tich am,
duong trén mdi hop chdt nghién ctu. Tt d6, cé
thé du doan duoc cac vi tri tiém nang dé tang kha

nang tic ché cac protein 3W37.

Bang 3. Thong s6 hoa hoc luong tie ctia 1-11 ti tinh toan NBO tai muec ly thuyét M052X/def2-TZVPP

Hop Enomo Erumo _ _ _
chit V) V) AEcar I=-Enomo A =-Erumo % n n S =1~
1 -8,818 0,646 9,464 8,818 0,646 4,086 —4,086 4,732 0,211
2 -8,969 -1,004 7,966 8,969 1,004 4,986 —4,986 3,983 0,251
3 -8,176 -0,668 7,508 8,176 0,668 4,422 4,422 3,754 0,266
4 -8,756 0,643 9,399 8,756 -0,643 4,057 —4,057 4,700 0,213
5 -9,349 0,672 10,022 9,349 0,672 4,339 —4,339 5,011 0,200
6 -8,102 0,688 8,789 8,102 -0,688 3,707 -3,707 4,395 0,228
7 -7,915 0,598 8,513 7,915 -0,598 3,659 -3,659 4,257 0,235
8 -8,451 0,654 9,105 8,451 -0,654 3,899 -3,899 4,552 0,220
9 -8,589 0,195 8,784 8,589 -0,195 4,197 —4,197 4,392 0,228
10 -9,336 0,655 9,991 9,336 -0,655 4,340 —4,340 4,995 0,200
11 -9,873 0,580 10,452 9,873 -0,580 4,646 —4,646 5,226 0,191

—
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Hinh 7. Gian d6 thé electron phén tit (MEP) ctia cac hop chat nghién ctru 1-11
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3.3 Khao sat kha ning tec protein 3W37 bang
mo phéng docking phan tt

Céu trac bac hai cua hai protein 3W37 voéi
cac vi tri tiép can (hdc) clia cac protein nay véi cac
hop chéat 1-11 c6 trong cao chiét n-hexane cua cay
B6 cong anh Viét Nam dugc trinh bay trén Hinh 8.
4 vi tri ti€p can tuong tng véi cac mau sac khac
nhau ctia héc dwgc xac dinh: vi tri 1 (mau xam), vi
tri 2 (mau vang), vi tri 3 (mau xanh 14 cay) va vi tri
4 (mau cam). Kha nang tic ché cua cac hop chat 1-
11 v6i cac vi tri ti€p can cua hai protein muc tiéu
duoc danh gia thong qua nang liong docking DS
va s0 tuong tac. Vi tri nao cd nang luwong docking
thdp (cang am) va sd luong twong tac 16n sé thich
hop cho qua trinh e ché protein 3W37.

Két qua sang loc vé kha nang tc ché cta
cac hgp chét nay tai cac vi tri ti€p can khac nhau
duoc trinh bay trong Bang 4 va cidc hop chat
nghién cttu sé tic ché tot hai protein tai cac vi tri
ma tai d6 c6 nang luong docking thidp véi s6
lwong twong tac lon. Vi tri 1 (mau xam) thuan lgi
cho cac hop chat tir 2 dén 10 tiép can protein
3W37 dé tién hanh twong tac voi khoang nang

luong docking DS -8,8 kcal.mol! dén -12,0
kcal.mol-! véi s6 lugng twong tac tix 1 dén 3.
Ngoai ra, cac hop chat 1 va thudc doi ching
Acarbose (D) tiép can t6i wu véi vi tri s6 2 (mau
vang). Con ¢ cac vi tri s6 3 va 4, cac hop chat 1-11
va thudc d6i ching Acarbose van cé twong tac,
nhung gia tri docking cao va s6 twong tac it nén
khong dwoc chon lam vi tri tiép can tdi wu d6i voi
protein 3W37.

Vi tri 1 — 4 protein 3W37

Vitri1  Vitri2 Vitri3 Vitrid

Hinh 8. C4u tric cta hai protein 3W37 véi cac vi tri tiép
can khac nhau (vi tri 1-4)

Bang 4. Sang loc vé kha néng tc ché ctia 1-11 d6i v6i cac vi tri tiém nang trén protein 3W37

Protein 3W37
Hop chat Vi tril Vi tri 2 Vitri3 Vitri4

E N E N E N E N
1 -§8,1 1 -9,0 2 -7,8 1 -7,0 0
2 -8,8 1 -7,2 0 -6,8 0 -6,5 0
3 -12,0 3 -9,9 1 -84 1 -8,2 1
4 -9,1 1 -7,2 0 -6,7 0 -6,5 0
5 -11,0 2 -8,7 1 -8,0 0 7,2 0
6 -10,7 2 -8,6 0 -9,4 1 -7,7 0
7 -10,9 2 -8,8 1 -9,0 1 -7,5 0
8 -11,8 3 -9,0 1 -8,7 1 -8,3 1
9 -8,9 1 -7,3 0 -7,0 0 -6,8 0
10 -11,2 2 -8,7 1 -7,0 0 -6,7 0
11 -9,2 1 -7,9 0 -7,1 0 -6,6 0
D -94 2 -13,4 8 -10,2 3 -10,0 2

E la ndng lwgng docking DS (kcal.mol™); N la s0 twong téc.

DOI: 10.26459 /hueunijns.v134i1C.7798
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[9-3W37]

[10-3W37]

[11-3W37]

[D-3W37]

Hinh 9. M6 phong triec quan 2D-3D tic ché protein 3W37 thong qua trwong tac cia cac nhém chike trong hop chat
nghién cttu (1-11 va thudc ddi chitng D) v6i amino acid cta protein 3W37

Bang 5. Cac thong sd trong twong tac thong qua md phong docking phén ti gitta cc chat nghién ctru 1-11

va thudc d6i chiing D protein 3W37

Phic Ligand-protein Lién két hydro Twong tac van der Waals
Phirc DS RMSD L P T D E
Asp 568, Trp 432, Gly 567, Ile 358,
. Trp 467, Asp 357, Trp 565, Phe 601,
13W37 90 141 O N  His626 H-acceptor 311  -2,0 Ilep39 ‘ Argp552, Trpp 29, Mot 470,
Asp 469
Arg 552, Phe 601, Trp 565, Asp 568,
2-3W37 88 1,30 C 6-ring Trp329 H-n 382 06 Ile 396, Gly 567, Asp 469, Asp 357,
Met 47, Ile 358
S N His 626 H-acceptor 3,34 -1,5 Phe 601, Asp 568, Met 470, Asp 469,
3-3W37 -120 194 C 5ring Trp329 H-n 400 -0,6 Trp 432, Trp 467, Ile 396, Trp 568,
C 6oring Trp329 H-n 4,01 -0,6 Asp 357, Arg 552
Phe 601, Asp 469, Trp 432, Trp 565,
43W37 91 080 C 6ring Trp329  Hen 350 —05 O 567 Trp 467, Asp 568, Asp 357,

Ile 396, Arg 552, Ile 358, His 626, Met
470
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Phirc Ligand-protein Lién két hydro Twong tic van der Waals
Phirc DS RMSD L P T D E
O S Met 470  H-donor 3,22 -1,5 Asp 469, Arg 552, Gly 567, Trp 565,
5-3W37 -11,0 0,61 o o Sp 568 H-donor 328 0,9 Phe 601, Asp 357, Trp 329, Ile 396,
Trp 432
O N Lys 506 H-acceptor 3,07 -2,8 Asp 469, Gly 567, Met 479, Arg 552,
Asp 568, Trp 432, Asp 475, Ser 474,
6-3Ws7  -107 172 C 6—ring Phe 476 H-n 4,02 -0,7 Asg 232, Trg 329, th 601, Asp 357,
Ile 396, Trp 467, Trp 565
O (@) Asp 568  H-donor 3,38 -0,5 Asp 232, Ser 474, Phe 467, Met 470,
Arg 552, Lys 506, Gly 567, Phe 601,
73wz 109 183 O N His 626 H-acceptor 3,38  -1,0 Asn 475, Trp 565, Asp 357, Asp 469,
Trp 467, Trp 329, Trp 432
O N Lys 506 H-acceptor 3,15 -1,4 Asp 469, Asp 568, Met 470, Arg 552,
8-3W37 11,8 233 C 6-ring Trp329 H-n 3,84 -1,2 Trp 432, Phe 601, Asp 232, Asp 357,
C 6-ring Phe 476 H-n 3,78 -0,6 Trp 565, Trp 467, Ile 396
Trp 432, Arg 552, lle 233, Ser 474, Ala
9-3W37 -89 1,29 O (@] Asp 232 H-donor 2,93 -2,0 234, Met 470, Asp 568, Lys 506, Phe
476
C S Met 470  H-donor 3,65 -0,6 Phe 476, Asp 232, Ala 234, Ile 233,
Phe 236, Arg 552, Trp 432, Asp 469,
10-3Ws7 112 161 C (@] Asp 568  H-donor 3,11 -0,6 Trp 565, Phg 601, TrI;) 467, HiIs) 626,
Ile 396, Asp 357, Trp 329
Ala 234, Tle 233, Arg 442, Trp 432,
. Asp 568, Asp 232, Asp 357, Phe 601,
11-3W37 92 153 C 5ring Trp329  Her 379 07 Ilep35 5 Hisp& 6 Trpp5 65, Mot 470,
Trp 467, Ile 396, Asp 469, Phe 236
O (@) Asp 568  H-donor 2,80 2,2
O (@] Asp 232 H-donor 2,90 -1,4
(@) (@) Asp 469  H-donor 2,69 -0,8 Als 628, Phe 236, Trp 329, His 626,
O O Asp 357 H-donor 2,75 -3,1 Ile 358, Ile 396, Trp 565, Trp 467, Asp
D-3Ws7  -134 127 C (@] Asp 568  H-donor 3,11 -1,9 469, Phe 476, Phe 601, Trp 432, Ile
O N Lys506 H-acceptor 2,86 -6,3 233, Phe 601, Asn 475, Ala 234
O N Lys 506 H-acceptor 3,14 -0,7
O 6-ring  Phe 476 H-n 4,37 -1,1

DS la ning luong docking (kcal.mol!); RMSD 1a sai s§ binh phwong trung binh can bac hai (A); L 1a Ligand; P la
protein; T 12 loai twong téc; D 1 khoang cach twong tac (A); E 1a nang luong (kcal.mol-).

Chung t6i sit dung phwong phap docking
dé€ nghién cttu kha nang tic ché protein 3W37 cta
cac hop chat 1-11 va thudc d6i chung D. Két qua
vé théng sO qua trinh docking nhu ning luong
docking (DS), chi s6 RMSD, cé4c twong tac van der
Waals va lién két hydro duwgc trinh bay trong
Bang 4 va hinh anh mo6 phong 2D-3D cua qua
trinh e ché dugc trinh bay trén Hinh 9. Cac két
qua md phong trinh bay trong Bang 5 déu co gia
tri sai s trung binh binh phuong can bac hai
(RMSD) déu nho hon 2A nén két qua docking 1a
dang tin cay [28]. Kha ndng trc ché manh hay yéu
phu thudc vao cic yéu t6 nhu ning lugng

DOI: 10.26459 /hueunijns.v134i1C.7798

docking va s6 lugng tuwong tic gitta hop chat

nghién cttu véi protein.

Dua vao két qua docking cé thé thdy cac
hop chét cé trong cao chiét n-hexane cua cay Bo
cong anh Viét Nam twong tac véi protein 3W37
béng cac phdi tit -C-, -O- va -S- thong qua cac
tuong tac nhue H-acceptor, H-donor va H-n véi
cac amino acid cé trong protein 3W37 voi gia tri
docking déu cho két qua tot tir —8,8 kcal.mol-! dén
-12,0 kcalmol?. Trong do6, hop chat 3 (4-
oxopentanethioic O-acid) ttc ch€ manh déi véi
protein 3W37 véi gia tri DS ~12,0 kcal.mol-! bang
3 lién két hydro (1 lién két H-acceptor va 2 lién
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két H-n) va 10 tuong tac van der Waals. Bang
cach so sanh nang luong docking va so lién két
hydro c6 thé xac dinh dugc day sap xép theo
chiéu giam dan kha nang tic ché protein 3W37: 3 >
8>10>5>7>6>11>4>1>9>2. Mit khéc, so
séanh két qua docking ctia cac hop chat nam trong
nhom tc ché manh (hgp chat 3, 8, 10) vdi kha
nang tic ché cua thudc ddi chiing Acarbose, ching
toi nhan thdy khong c6 su khac biét 16n vé nang
lwong docking. T d6, cd thé budc dau xac dinh
duoc cac hop chat c6 trong cao chiét n-hexane ctia

cay B6 cong anh Viét Nam c6 tiém ndng trong

viéc trc ché protein 3W37.

34 Du doan tinh chat héa ly

Cac thdong s6 hda ly cta cac hop chat
nghién cttu 1-11 va thuSc d6i chiing D bao gom
khoi lwgng phan tr (Da), d6 phéan cuc (A3), the
tich (size) (A) va hé s6 phan tan logP va log$ duwoc
tinh thong qua hé thdng MOE2022.10 bang
phuong phap Gasteiger-Marsili va dwoc trinh bay
trong Bang 6.

Bang 6. Két qua tinh chat hda ly ctia cac hop chét 1-11 va thudc d8i chiing D

Hé s6 phan tan o s
w S0P Tong s6 lién

Hop chat Thétich  Khéilugng Do phan cuc Hé s6 hoa tan két hydro
LogP Log$S 3Ws7

1 210,7 114,2 14,6 1,90 -1,68 2
2 186,4 106,1 13,9 1,83 -1,39 1
3 241,7 132,2 17,2 -059  -094 3
4 269,3 128,1 16,5 2,24 -1,88 1
5 225,6 116,3 15,7 2,19 -1,35 2
6 493,5 280,5 37,6 5,04 4,87 2
7 568,9 310,5 39,3 6,96 5,34 2

470,1 2534 342 5,80 4,25 3
9 420,8 240,4 28,1 431 4,74 1
10 609,9 396,6 31,7 6,23 -5,12 2
11 527,3 300,5 29,6 6,37 5,38 1
D 756,3 645,6 56,0 -7,04 1,49 8

Thé tich (A); Khdi luong phan tir (Da); D phan cuc (A%)

Hoat tinh sinh hoc hodc dugc ly cua cac
hop chat nghién cttu duoc danh gia dua trén quy
tac 5 Lipinski, mot tiéu chuan dang tin cay dé du
doan tiém nang ctia hgp chat nhw mot loai thudce
[22]. Quy téc chi ra rdng mot phan tir c6 kha ning
tec ché tot thong qua twong tac voi amino acid
phai c6 logP < 5, khdi lwong phan ti < 500 amu
v6i sO luong chat nhan lién két hydro < 10, s6
luwong chét cho lién két hydro < 5 [24]. Pong thoi,
quy tic nay gitip dw doan tinh tham va hap thu

58

qua ctia cac hop chat trong co thé. T két qua o
Bang 4, c6 thé nhan thay tat ca cac hop chat
nghién cttu déu c6 khéi luong dwdi 500 amu.
Dong thoi, cdc hop chat nghién ctru phan 16n ¢
gia tri phan tan log P < 5. Tuy nhién, mot s6 hop
chét co gid tri logP cao nhu 7, 10, 11 (logP > 6) nén
c6 xu hudng kho tan trong nudce va kha nang hap
thu vao co thé€ kém hon. Bén canh d6, cac hop
chat 1-11 déu c6 gid tri phan cuc 16n >10 A3 va

dan dén kha nang lién két cao voi cac acid amin
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thong qua kha ning lién két manh mé bang cac
lién két hydro va tuong tac van der Waals. C6 thé
két luan rf“ang, diéu nay rat c6 1gi cho su tic ché&
protein. Cac hop chédt nghién cttu c6 kha nang
twong thich v6i méi treong sinh hoc trong co thé,
do d6 phu hop véi dinh hudng nghién cttu phat

trién thudc trong twong lai.

35 Duw doan tinh dwgc dong — doc hoc theo
phan tich ADMET

Dé phan tich hiéu qua tinh dwgc dong -
ddc hoc ctia cac hop chat 1-11 bang phuong phap
phén tich t* m6 hinh hoéi quy SwissADME, cac
thong s6 gom hdp thu, phan bd, su trao doi chat,
bai tiét va doc tinh déu déng vai trdo quan trong
trong viéc du doan tiém nang tng dung cta cac
hop chat thién nhién trong viéc phat trién thudc.
Két qua ADMET duoc trinh bay trong Bang 7 va
Bang 8.

Bang 7. K&t qua ADMET ctia hop chat 1-7

Tinh chat 1 2 3 4 5 6 Pon vi
Hap thu
D6 tan trong nude -2,129  -1,198 -0,618 -2,563 -1,33 -5,862 @
Tinh thdm mang Caco2 1,491 1,65 1,575 1,396 1,48 1,57 @
Hap thu 6 rudt 95,4 96,246 96,532 95511 93,412 92,329 @
D6 tham thau cta da -1,755 -1,667 3,045 -1,548 2,188 -2,723 @
Co chat P-glycoprotein Khéng Khong Co Khéng Co Khéng &
Chat tec ché P-glycoprotein I Khéng Khong Khong Khong Khong Khong ®
ChA4t e ché P-glycoprotein II Khong Khong Khong Khong Khong Khong ®
Phan bd
Thé tich phan b8 VDss (nguoi) 0,075 0,027 -0,604 0,111 0,042 —0,587 ®
Ty 16 hop chat tw do (nguoi) 0551 0445 0,656 05 0612 0,054 ©®
Tinh thdm qua hang rao méau nao (BBB) 0,515 0,082 -0,246 0,64 0,453 -0,142 @
Tinh thdm qua hé than kinh trung wong 2,176 -1,75 2,698 2,132 2,469 -1,6 ®
Chuyén héa
Co chat CYP2D6 Khéng Khoéng Khong Khong Khong Khong ®
Co chat CYP3A4 Khong Khong Khong Khong Khong (@) ®
Co chdt CYP1A2 Khong Co Khong Khong Khong Co G
Co chét CYP2C19 Khong Khoéng Khong Khong Khong Khong ®)
Co chét CYP2C9 Khéng Khong Khong Khéong Khéng Khong G
Co chét CYP2D6 Khong Khong Khong Khong Khong Khong ®)
Uc ché CYP3A4 Khéng Khong Khong Khong Khoéng Khong ®
Bai tié€t
Do thanh thai toan phan 0,448 0,243 0,22 1,613 0,405 1,936 ®
Co chat OCT2 than Khéng Khong Khong Khéong Khéng Khong ®
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Tinh chat 1 2 3 4 5 6 Pon vi
Poc tinh
Doc tinh AMES Khéng Khong Khong Khong Khoéng Khong ®
Liéu dung nap t8i da 0,785 0,997 0,893 0,743 0,979 -0,827 a0
Chat tcc ch€ hERG 1 Khong Khong Khong Khong Khong Khong ®
Chat trc ché hERG 11 Khong Khong Khong Khong Khong Khong ®
Déc tinh cdp tinh - LD50 1,771 1,803 2,152 1,765 1,827 1,429 an
Doc tinh man tinh LOAEL 1,999 1,959 2,225 2,059 1,838 3,187 a2
Nhiém ddc gan Khéng Khong Khong Khong Khong Co &
Nhay cam vé da Co No Co Co Co Co ®
Doc tinh T.Pyriformis -0,173 0,285 0,194 0,203 0,571 0,701 a3
Doc tinh Minnow 1,39 1,724 2,021 1,078 1,851 -1,31 a9
M Jog mol.L}; @ log Papp (10-° cm.s); @%; @ log Kp; © Yes/No; © log L.kg™; @ log BB; ® log PS;
® Jog mL.min"'.kg; @ Jog mg.kg.day!; @ mol.kg™; 12 log mg.kg™'_bw.day™; @ log ug.L-1; @ log mM
Bang 8. Két qua ADMET ctia hop chét 8-11 va thudc ddi chiing D
Tinh chat 7 8 9 11 Arcabose Pon vi
Hap thu
D6 tan trong nude -6,16 -6,579 -3,16 -5,037 -5,9 -1,482 @
Tinh thdm mang Caco2 1,561 1,497 1,599 1,55 1,873 -0,481 @
Hap thu ¢ rudt 91,136 92,229 92,697 93,985 90,642 4,172 ®
Do thdm thau cua da 2,731 2,233 2,884 2,585 2,461 2,735 @
Co chat P-glycoprotein Khéng  Khéng Khong Khong  Khong Co ®
Chat tic ché P-glycoprotein I Khong  Khong  Khong Cé Co Khong ®
Chat tic ché P-glycoprotein II Khong Khong  Khong Cé Khéng Khong ®
Phéin bg
Thé tich phan b6 VDss (nguoi) -0,56 0416 0,165 -0,296 0,294 0,836 ©
Ty 1& hop chét tu do (nguoi) 0,02 0,09 0,481 0,095 0,505 ®
(Tég}];)thgm qua hang rac mau nao 0253 0781 0204 0171 042  -1717 ’
Tinh thim qua hé than kinh trung 1544 1,637 3417 1737 2054 6438 °
uwong
Chuyén héa
Co chat CYP2D6 Khéng Khéng Khong  Khong  Khong Khoéng ®
Co chat CYP3A4 Cé Cé Khéng Cé Cé Khéng ®
Co chat CYP1A2 Co Co Khéng  Khéong  Khong Khoéng ®
Co chét CYP2C19 Khong Khong Khong Khong  Khong Khong ®
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Tinh chat 7 8 9 10 11 Arcabose Pon vi
Co chét CYP2C9 Khéng Khéng Khéng Khong  Khong Khoéng ®
Co chat CYP2D6 Khéng  Khéong Khong  Khong  Khong Khoéng ®
Uc ché CYP3A4 Khéng  Khéng Khéng  Khong  Khong Khéng &
Bai tiét
D6 thanh thai toan phan 1,951 1,828 1,438 0,981 1,734 0,428 ®
Co chéat OCT2 than Khéng Khéng Khéng Khong  Khong Khéng &
Poc tinh
Doc tinh AMES Khéng Khéong Khong Khong  Khong Khong ®
Liéu dung nap t6i da -0,847  -0,061 0,585 0,51 0,661 0,435 a0
Chat tcc ch€ hERG 1 Khong  Khong Khong  Khong  Khong Khoéng ®
Chat tic ch& hERG 11 Khéng Cé Khéng Khéng Khong Co ®
Ddc tinh cép tinh - LD50 1,393 1,5 2,081 1,491 1,752 2,449 a
Doc tinh man tinh LOAEL 3,411 1,112 1,896 1,953 2,611 5,319 a2
Nhiém déc gan Co Khéng Khéng  Khong  Khong Khéng ©)
Nhay cam vé da Co Co Co Khong Co Khong ®
Doc tinh T.Pyriformis 0,507 2,291 0,659 0,398 1,712 0,285 3)
Doc tinh Minnow -1,919  -0,723 1,854 -1,748  -0,993 16,823 as

™ Jog mol.L; @ log Papp (10 cm.s); ®@%; @ log Kp; ® Yes/No; ® log L.kg™; @ log BB; ® log PS;
©® Jog mL.mintkg?; @ Jog mg kg1.day?; @ mol.kg; ®? Jog mg kg _bw.day?; @ log ug.L; @ Jog mM

Vé tinh hap thu, hai thong s6 quan trong
quyét dinh kha nang hap thu caa mot hop chat la
kha nang hdp thu ¢ rudt nguoi va tinh thdm cua
dong t€ bao ung thu biéu md rudt két (Caco2).
Mot chat duoc xem la kém hap thu néu ty 1é hap
thu trong rudt nguoi thap hon 30%. Nhin chung,
cac hop chéat 1-11 déu c6 ti 1€ hap thu ¢ rudt cao
va dong thoi tinh tham Caco?2 cao (logPapp > 0,9).
Vé tinh phan b, cac hop chat duoc cho 1a phan
bd tot dén cac md néu gia tri logVDss > 0,45 va
phan b6 kém néu logVDss < -0,15. Cac gia tri
VDss cua cac hop chat 1-11 khé thidp dao dong ti
-0,604 dén 0,111 cho thdy muic d6 phéan bd ctia cac
hop chét trong co thé tuong d6i thap. Pong thoi,
cac hop chat 1-11 déu duwoc dy doan ¢6 kha nang
hép thu tot qua hang rao mau nao (logBB: —0,252
dén 0,64) va tinh thdm qua hé than kinh trung
wong (logPS < 0) nén ho tro trong viéc tdc dong
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lén hé than kinh d€ diéu chinh qua trinh chuyén
hoa glucose.

Phan 16n cac chat 1-11 clng khoéng co
twong tac dang ké voi ca ho enzyme Cytochrome
P450 hay protein Organic Cation Transporter 2;
diéu nay c6 nghia la cac hoat chat it bi gan chuyén
hoéa cting nhw khong tic ché qud trinh bai tiét. Do
dé, tac dung ctia cac chat c6 thé duoc duy tri voi
thoi gian dai hon trong co thé. Vé doc tinh, c6 thé
ndi rang cc thanh phan trong cao chiét an toan
v0i co thé, cu thé: (i) khong phai la tac nhan gay
ung thu (AMES);, (ii) khong can tré kénh
potassium (ttc ché€ hERG I and II); (iii) khong gay
ngd doc gan. Cac hop chat 1-11 (trix hop chat so 2)
déu co thé gay nhay cam da. Do d6, ¢ thé néi cac
hop chat cé trong cao chiét n-hexane ctia cay Bo
cong anh Viét nam co tiém nang cho phat trién

thanh thudc diéu tri bénh tiéu duong.
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4  Kétluan

Chung t6i da tach chiét va xac dinh dwoc
thanh phan ctia cao chiét n-hexane ctia cay BO
cong Anh Viét Nam (Lactuaca indica L.) v6i thanh
phan chinh la benzaldehyde (35,16%); tiép theo la
1-(2-ethyl-3,3-dimethylbutyl) 2-(2-ethyl-4-
methylpentyl) cyclohexane-1,2-dicarboxylate
(20,92%) va 4-oxopentanethioic O-acid (9,01%).
C4u hinh hinh hoc cua cac hop chat 1-11 da duoc
to1 uu tai mic ly thuyét M052X/6-311++G(d,p) va
cac théng s6 luwong tir ctia cac hop chat 1-11 da
duoc x4c dinh bang phuong phap orbital tw
nhién tai mtec ly thyét M052X/def2-TZVP. Chung
toi da danh gid kha nang tc ché protein 3W37
enzyme a-glucosidase ctua cac hgp chat 1-11 va
thudc d6i chiig Acarbose bang phirong phap mo
phong docking phan tr. Két qua md phong
docking phén tit cho thdy cidc hop chat nghién
ctu déu ¢ gia tri sai s6 trung binh binh phuong
can bac hai cua phdi ti véi protein trong cac phtic
hop nghién cttu nho hon 2A; diéu nay ching to
két qua docking la dang tin cdy. Da xac dinh
dwgc vi tri 1 va 2 la vi tri t61 wu cho qua trinh
docking. Day sip x&p theo chiéu giam dan cta
kha nang tc ché 3W37 1a 3 (-12,0 kcal.mol-!) > 8 (-
11,8 kcal.mol-!) > 10 (-11,2 kcal.mol) > 5 (-11,0
kcal.mol?) > 7 (-10,9 kcalmol?) > 6 (-10,7
kcal.mol") > 11 (-9,2 kcal.mol-?) > 4 (-9,1 kcal.mol-
1) > 1 (-9,0 kcal. mol) > 9 (-8,9 kcal.mol-?) > 2 (-8,8
kcal.mol). M6 hinh vé dac tinh “giéng thudc”
dua trén phan tich theo quy tac 5 Lipinski va
danh gia tinh chat duwoc dong — ddc hoc da budc
déau sang loc va danh gia cac hop chdt 1-11 la kha
twong thich v6i méi treong sinh hoc trong co theé,
c6 dac tinh dugc dong hoc nhu hdp thu kha tét,
khong chuyén hda ¢ gan, thai trir qua than va an

toan vdi co thé.
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