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NGHIEN CUU IN SILICO CO CHE TAC DUNG CUA VERNONIA AMYGDALINA
TRONG PIEU TRI BENH PAI THAO PUONG TYP 2

Nguyén Thuy Viét Phwong”, Ho Ngoc Khdnh Phwong'
Tém tit
Mouc tiéu: Kham pha co ché tdc dung ciia cdc chat trong cay 14 ding - Vernonia
Amygdalina (VA) Asteraceae trén bénh dai thdo duong typ 2 (DTD T2) ¢ cép do
phan ti. Phwong phdp nghién ciru: St dung ky thuat mo phong trén may tinh
(in silico) gém duoc ly nbi mang (network pharmacology) va gén két phan t
(molecular docking) dé dy doén co ché thong qua xdc dinh céc dich tic dong cho
cic chat ciia VA trén DTD T2. Hé théng gom mang hop chat - dich tic dong,
tuong tac gilra protein-protein, dich tac dong quan trong - con duong sinh hda
dugce xay dung st dung Cytoscape 3.9.0. Gan két phan tir (st dung Autodock
Vina 1.1.2) xdc dinh dugc cdc dich tic dong va céac chét tiém nang. Két qua:
Co ché ting nhay cam véi insulin dugc dé xuat 1a co ché chinh cua VA trén DTD
T2. Céc chat tiém nang duoc xac dinh nhu P1 (luteolin), P5 (scutellarein), P15
(6,8-diprenylnaringenin), P16 (eriodictyol), P25 (ononin) va T20 (aglycon cua
vernoniamyosid D) tdc dong trén 5 muc tiéu tiém nang (EP300, EGFR, MAPKS,
SRC, TNFo). Két lugn: Thong qua dugc 1y ndi mang va gin két phan tir, co ché ting
nhay cam voi insulin dugc dé xuét 1a co ché tic dung chinh cua VA trén DTD T2.
Twr khéa: In silico; Vernonia amygdalina Asteraceae; Ddi thao duong tuyp 2;
Duoc ly n6i mang; Gan két phéan tu; Co ché phén tu.

IN SILICO STUDY ON THE MECHANISM OF ACTION
OF VERNONIA AMYGDALINA ASTERACEAE IN TREATING TYPE 2 DIABETES
Abstract

Objectives: To explore the mechanism of action of Vernonia Amygdalina (VA)
Asteraceae at an atomic level. Methods: In silico techniques, including network
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pharmacology and molecular docking, were used to predict the molecular
mechanism of VA by identifying potential therapeutic targets of VA in diabetes.
The important network, consisting of the compound - target network, protein-
protein interaction network, and hub target-pathway network, was developed
using Cytoscape 3.9.0. Molecular docking using Autodock Vina 1.1.2 was
conducted to identify the potential targets and compounds of VA related to the
anti-diabetes bioactivity of VA. Results: Insulin resistance was explored as the
main mechanism of anti-diabetes of VA. The potential compounds including P1
(luteolin), P5 (scutellarein), P15 (6.8-diprenylnaringenin), P16 (eriodictyol), P25
(ononin), T20 (aglycon cua vernoniamyosid D) and five molecular targets
(EP300, EGFR, MAPKS, SRC, TNFa) were identified. Conclusion: Through
network pharmacology and molecular docking, insulin sensitivity was considered

the main molecular mechanism of VA against type 2 diabetes.

Keywords: In silico; Vernonia amygdalina Asteraceae; Type 2 diabetes;
Network pharmacology; Molecular docking; Molecular mechanism.

PAT VAN PE

Cay 14 dang Vernonia amygdalina
Asteraceae da dugc chung minh la
duoc liéu tiém nang trong diéu tri bénh
DTP T2. Céc nghién ctru trén thé gidi
da chting minh dich chiét nuée VA c6
kha ning giam dudng huyét lic déi tir
520mg% con 300mg% tuong duong
voi tolbutamid [1]. Nghién cuu khac
cling cho két qua dich chiét nuéc cua
VA giam ddng ké duong huyét lic déi
tu 520,00 £ 7,80 mg/dL con 150,00 +
2,16 mg/dL, tuong duong V&i
glibenclamid [2]. Tai Vi¢t Nam, thu
nghiém in vitro cho thiy cao ethanol
ciia VA tGrc ché a-glucosidase (ICsy =
480 pg/mL) [3]. Trén bénh nhan DTD
T2, cao 16ng chiét nudc tir 14 VA giam
duong huyét sau dn (AUC giam 74,43
+ 109,52) nhung khong giy ha duong
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huyét trAm trong [4]. Tuy nhién, co ché
tdic dung trén bénh DTD T2 cua VA
van chua duoc d4nh gid toan dién va
hé thong & cap do phan tu.

Hiéu 16 co ché, tic dong hiép dong
cua hop chat dé su dung hi¢u qua dugc
liéu va bai thudc ¢ truyén c6 tim quan
trong 16n trong nghién ciru thuéc méi
[6]. Trong d6, hai k¥ thuat la phuong
phap dugc 1y ndi mang va gan két phan
tor da tro thanh giai phap gidp danh gia
toan dién méi lién quan cua dugc li¢u
véi muc tiéu trén nhitng bénh da co
ché théng qua thiét 1ap mot mang ludi
“hop chét - protein/gen - bénh” [5]. Vi
du: Céc nghién cuu lién quan nhu hat
chum ngdy (Moringa oleifera) da
phat hién glycosidic isothiocyanate va
glycosidic benzylamine 1a nhitng hgp
chat chinh gitp cai thién khang insulin
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bang céch tidc dong 1én SRC, PTPNI
va CASP3 [6]. Bai thudc LiuWei
DiHuang véi 6 duoc liéu da xac dinh
10 hop chit c6 lién quan dén chéng
viém, chbng stress oxy héa va giam
ton thuong té bao B, thong qua con
duong tin hicu AGE - RAGE, con
duong tin hi¢u TNF va con duong tin
hiéu NF - kappa B [7].

Do d6, nham 4p dung cdc k¥ thuét
hién dai nay, myc ti€u cua nghién ctru

nham: Khdm phd co ché tdc dung ciia
VA trén bénh PTD T2 & cap do phan
tr thong qua moé phong mdy tinh. Cac
dich tdc dong cua VA trén bénh DTD
T2 dugc du doan. Cac mang hop chét -
dich tic dong diéu tri PTD T2 cua VA
duoc xdy dung va théng qua gin két
cua hop chat va dich tic dong tiém
ning dé xdc dinh co ché chinh ciing
nhu céc chat tiém nang trong VA co tic
dung trén bénh DTD T2.

PHUONG PHAP NGHIEN CUU

1. Thiét ké nghién ciru

Hinh 1. Céc giai doan nghién ctru.

* Pia diém nghién crru: Nghién ctru dugce thuc hién tai Khoa Duoc, Pai hoc Y

Dugc Thanh ph Ho Chi Minh.
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2. Co sé dir liéu true tuyén xay
dung dich tac djong

Co so dir liéu truc tuyén cho du doan
dich tdc dong cta hop chat 1a STITCH
(http://stitch.embl.de), SwissTargetPrediction
(http://swisstargetprediction.ch),
PharmMapper (http://lilab-ecust.cn/
pharmmapper). Du dodn céc dich tdc
dong lién quan dén bénh DTD T2 su
dung co s& dir licu 1a GeneCard
(http://genecards.org), Therapeutic Target
Database (http://db.idrblab.net/ttd), OMIM
(http://omim.org), va DrugBank
(http://go.drugbank.com).

3. Duoc Iy ndi mang

Duogc 1y ndi mang bao gdm cic giai
doan chinh: Dy dodn dich tic dong;
xdy dyng mang hop chét - dich tic
dong dé tim chat va cic dich tic dong
tiém nang.

Du doan dich tac dong cua cac hop
chat c¢6 trong VA trén DTD T2: Cic
chat chiét xuit trong 14 VA duogc thu
thap gém 70 triterpenoid, 67 polyphenol,
14 sesquiterpen lacton, 7 hop chat
chtta mach carbon dai va 1 diterpen.
Pbi v6i cdc chat c¢6 khung glycosid,
céc aglycon ciing dugc thém vao co s¢
dir liéu vi 6 duong tiéu hda, cic
glycosid bi thuy phan thanh aglycon
va hip thu vio mdu. Cau tric cua

cdc chit duoc tim trén PubChem
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(http://pubchem.ncbi.nlm.nih.gov), néu
khong tim thdy trén PubChem thi c6
thé v& bang ChemDraw 19.0 (98 céu
tric) va sau do loai trung ldp. Cong cu
SwissADME (http://www.swissadme.ch/)
duoc st dung dé chon céc hop chit ¢6
sinh kha dung dudng udng tot.

Du dodn dich tdc dong cua VA trén
bénh DTD T2: Gian d6 Venn
(http://bioinformatics.com.cn/static/oth
ers/jvenn) la cdc dich tic dong chung
hodc dich tic dong cua VA trén DTD
T2 duogc nhan dang.

Xdy dung mang hop chét - dich
tdc dong:

- Mang hop chat - dich tic dong: Str
dung Cytoscape 3.9.0 va Network
Analysis tich hop san trong Cytoscape
gitip phan tich céc théng s6 mang.

- Mang tuong tac protein - protein:
Str dung STRING (http://string-db.org).

- Mang dich tac dong quan trong -
con duong sinh héa: Cong cu DAVID
(http://david.ncifcrf.gov) dugc st dung
tich GO va KEGG
(http://kegg.jp/kegg/pathway.html).

dé phan

4. Gin két phan tir

Géan két phan t¢ duogc thuc hién
bang phan mém Autodock Vina 1.1.2
[8]. Pich tic dong tiém ning & dang
phirc hop dugc tim kiém st dung ma
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Uniprot trén ngan hang dir liéu PDB
(http://www.rcsb.org).  Protein  va
ligand ddng két tinh duoc tich riéng sir
dung Discovery Studio 2016 (file pdb):
Protein dugc thém hydro (file pdbqt)
bang AutoDock tool 1.5.6; ligand duoc
tdi tr PubChem hodc v& va téi thicu
héa ning luong bang phin mém
Chem3D 19.0 (file pdb). Dung
AutodockTools 1.5.6 dé chuyén thanh
tap .pdbqt. Thong s6 gan két (file txt)
bao gdém toa do khoang gan két (grid
box) voi khoang cach khong gian la
1A, s6 céu dang tdi da 1a 8. Két qua
danh gid dua trén kha nang gan, 4i luc
gén (kcal.mol™) va twong tac voi céc
acid amin quan trong trong khoang.
Pong thoi, gid tri do 1éch RMSD (root-
mean-square-deviation) cua phdi tir
trudc va sau qué trinh gan dugc ding
dé danh gid tinh tuong thich va sy phi
hop ctia phan mém sau qud trinh tai
gin két: Néu RMSD < 2A thi phin
mém st dung 12 phit hop.

KET QUA NGHIEN CUU

1. Dy doan dich tac dong cia cac
hop chit trong VA trén PTD T2

Vi dang thudc duong udng tién loi,
dé su dung va an toan; do do, nghién
ctru da thuc hién sang loc céac chét st
dung theo duong udng. Tir 159 hop

chat c6 trong VA qua sang loc, két qua
thu duoc 91 hop chat c6 sinh kha dung
duong udng tét. Dya vao tuong dong
cdu triic, 91 hop chét dugc phéan thanh
4 nhom chinh 1a nhém P, T, S va C:
Nhém P gém 36 polyphenol, trong dé
c6 2 coumarin, 5 acid phenolic, 29
flavonoid (9 flavon, 5 flavonol, 7
isoflavon, 7 flavanon, 1 chalcon);
nhém T gdom 34 hop chat 1a phan
aglycon ciia cdc hgp chit nhém cau
tric saponin trong VA, trong dé c6 33
steroid, 1 hop chét triterpenoid; nhém
S goém 15 hop chit véi 14 sesquiterpen
lacton va 1 diterpen; nhém C gém 6
hop chit vé6i céu tric chira cic mach
carbon dai.

Dy dodn dich tic dong cua VA: Tu
91 hop chét dy dodn dugc 1.207 dich
tac dong.

Tim kiém dich tic dong diéu tri
DTD T2: Pich tic dong diéu tri PTD
T2 duoc tim kiém trén 4 co sé dit liéu,
sau khi loai trung 1ap, thu dugc 1.095
dich tac dong.

Dich tic dong cua VA trén bénh
DTD T2: Bang gian d6 Venn, 339 dich
tdc dong chung dugc xdc dinh ¢ phan
giao nhau cua hai tdp dir liéu la dich
tdc dong cua cdc hop chit trong VA
trén DTD T2.
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2. Mang duoc Iy hop chét - dich tac dong

Mang hop chit - dich tdc dong cia VA trén DTD T2 duoc xay dung véi 91
hop chat va 339 dich tic dong chung (Hinh 2).

Nhém S

i

W

-

Hinh 2. Mang hop chit - dich tdc dong cta VA trén DTD T2.

Trong d6, cdc hgp chat (hinh tron)
¢6 kich thuéc 16n dan theo muc do
tang dan, lién quan dén cang nhiéu
dich tic dong. Pich tdc dong (hinh chir
nhat) ¢6 mau dam dan theo mtc do
taing dan, lién quan dén cang nhiéu
hop chat.

Tu 339 dich tic dong trén, qua qua
trinh phan tich c4u tric mang tuong tic
protein - protein da tim ra dugc nhirng
muyc tiéu tiém ning cua VA trén DTD
T2 (Hinh 3) dua trén cac tiéu chi danh
gia. Két qua da xdc dinh duogc 32 hop

chéat, 22 dich tac dong tiém nang, 5 con
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duong sinh héa giai thich co ché tic
dung cua VA trén BDTD T2. Trong d6,
22 dich tic dong tiém ning dugc xdc
dinh, gom PIK3R1, AKTI1, PIK3CA,
MAPKI1, RELA, NFKBI, STAT3,
MTOR, IL6, MAPKS, EGFR, NFKBIA,
TP53, RPS6KB1, SRC, STAT1, VEGFA,
TNFa, FOXO1, EP300, IGF1, RHOA.
Df’)ng thoi, 5 con duong sinh héa lién
quan dén PTP T2 1a & khédng insulin,
béo phi - xo vira, con duong tin hi¢u
PIK3 - AKT, con duong tin hi¢u AGE-
RAGE trong bién chimg DTD, con
duong tin hi¢u HIF-1.
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Hinh 3. Két qua tim kiém muyc tiéu tiém ning tir 339 dich
tdc dong cua VA trén BDTD T2.
Mtic do (MD), d6 trung gian (DTG), do gﬁn DBG).

Dua trén phan tich KEGG, dé khéng
insulin c6 thé 1a co ché tic dung chinh
cua VA trén DTD T2 vi c6 gia tri p
thap nhit (5,97.10*). Trong d6, AKT1,
FOXO1, IL6, MAPKS8, MTOR, NFKBI,
NFKBIA, PIK3CA, PIK3RI1, RELA,
RPS6KB1, STAT3, TNFa la nhiing
dich tic dong lién quan dén con dudng
tang nhay cam véi insulin (Hinh 4).
Pbi chiéu voi cic nghién ciru trude dé
cho thiy VA 1am giam san xuat glucose
thong qua trc ché hai enzym PIK3 va
FOXOI1 [9]. PIK3 gitp hoat héa AKT
c6 thé tang tong hop glycogen thong qua
diéu chinh glycogen synthase kinase 3

(GSK3), glucose transporter 4 (GLUT4)
dé chuyén héa glucose, trong khi FOXO1
1a yéu t6 phién ma & té bao P tuy, lién
quan dén ting biéu hién enzyme tong
hop glucose [9]. Viém la mdt trong
nhitng nguyén nhan din dén dé khing
insulin thong qua tang phosphoryl héa
serin. Nuclear factor kappa B (NFKB)
1a yéu t6 chinh lién quan dén cdc con
duong truyén tin hiéu viém, ciing nhu
dong vai trd quan trong trong viéc kich
hoat va diéu chinh cic yéu t6 gy
viém. Nhu vdy, tdic dong cia ciac muc
tiéu trén c6 thé gép phan giai thich cho
viéc dé xudt VA c6 thé 1am ting nhay

11
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cam véi insulin. Mot s6 con dudng
sinh héa khéc ciing lién quan dén dé
khang insulin nhu con duong PIK3 -
AKT lién quan dén didu hoa duong
huyét cua insulin, béo phi va xo vita
lién quan dén tich tu lipid lam ting
mirc diacylglycerol trong mo, dan dén

Cay | dang  |mmm)
(Vernonia amygdalina)

kich hoat cdc thanh vién cua protein
kinase C trong gan, dan dén tic ché qué
trinh truyén tin hiéu insulin, gy ra dé
khéng insulin; hoat héa EP300 dan dén
kha ning aceyl héa IRS, giam lién két
ctia thu thé insulin voi tiéu don vi B
lam gian doan tin hi¢u insulin.

Co ché dé khang insulin

Cdc dich tdac déng

AKT1, FOXO1, IL6, MAPK8, MTOR,
NFKB1, NFKBIA, PIK3CA, PIK3R1, RELA,
RPS6KB1, STAT3, TNFa

Hinh 4. M6 ta co ché tic dung cta cdy 14 ding VA
theo cédc dich tic dung trong co ché dé khang insulin.

3. Gan két phan tir

Nghién ctru dd thuc hién gan két
phan tir cho 91 hop chét va 14 dich tc
dong bao gém AKT1 (PDB: 4GV1),
EGFR (PDB: 3W33), EP300 (PDB:
7LJE), IL6 (PDB: 1ALU), MAPKI
(PDB: 6SLG), MAPKS (PDB: 4LF7),
MTOR (PDB: 4JSX), PIK3CA (PDB:
4JPS), RHOA (PDB: 5JHH),
RPS6KB1 (PDB: 4L46), SRC (PDB:
2H8H), STAT3 (PDB: 6NUQ), TNFa
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(PDB: 7JRA), TP53 (PDB: 5AB9).
Qud trinh tdi gan két cho thdy tinh
tuong thich va sy phit hop cia phan
mém sau qué trinh gan véi ciu tric cic
dich tdc dong (céc ligand dong két tinh
c6 4 lyc gan tir khd dén réat tét (-6,6
kcal.mol ™' dén -13.9 kcal.mol™") véi gid
tri RMSD < 2A).

Két qua gin két phan tir cho thay 91
hop chét c6 trong VA déu gin duogc
vao khoang gin két cua 14 dich tic
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dong véi 4i luc gan tir -11,5 keal.mol™
dén -2,5 kcal.mol ™. Qua4 trinh gén két
da gitp xdc minh va cdi thién su chinh
xdc cia dugc 1y nbi mang thong qua
loai boé nhirng hop chit c6 gid tri mirc
d6 cao nhung khéng c6 kha ning gin
két v6i dich tic dong tiém ning trong
mang hop chit - dich tic dong.

Mot sb phirc hop ligand - protein
tiém ning tao dugc nhimng lién két
hydro, lién két ky nudc quan trong dé
quyét dinh hoat tinh, nhu P15 - EP300
(-10,6 kcal.mol), P1 - EGFR (-8,7
kcal.mol'), P25 - MAPKS (9,9
kcal.mol™), P1 - SRC (-8,8 kcal.mol ™),
P15 - TNFa (-11,5 kcal.mol™') (Hinh 5).

Hinh 5. Nhiing phirc hgp protein - ligand ¢6 4i luc gan tét: (A) EP300 - P15,
(B) EGFR - P1, (C) MAPKS - P25, (D) SRC - P1, (E) TNFa - P15.
(Nét xanh 1a: Lién két hydro, nét tim: Lién két 1-o, nét héng dam:
Lién két -7, nét héng nhat: Lién két alkyl, m-alkyl, nét cam dam:
Lién két n-cation, nét cam nhat: Lién két n-sulfur).

13
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Trong do, P1, P5, P15, P16, P25,
T20 12 nhitng chat i lyc cao trén nhiéu
dich tic dong nhéat (10/14 dich tic
dong). Céc chat trong nhém P déu c6
khung flavonoid (véi cdu tric C6-C3-
C6) dai hon so véi céu tric C6-C3
trong coumarin va acid phenolic nén
flavonoid c6 thé tiép can duoc cac acid
amin quan trong dé hinh thanh lién két
hydro va lién két ky nudc, tir d6 gan
t6t hon cdc coumarin va acid phenolic.
Trong cdc dich tic dong tiém ning,
EP300 la dich tac dong ndi bat vi cho
kha niang gan két voi da s6 hop chat
(73/91 hop chat, chiém 80% chat gin
tb véi 4i lue < -8,0 kcal.mol ).

BAN LUAN

Viéc xdc dinh co ché phan tu dé tim
hiéu va nghién ctru tim kiém cdc chat
tiém nang tir hiéu qua cua ciy 14 ding
VA trong diéu tri PTD T2 la rit can
thiét, mo ra cac nghién ctu sau hon vé
cdc hop chit c6 trong VA nhim ting
hoat tinh sinh hoc, giam doc tinh, tang
cdc tinh chét dugc dong hoc cua céc
thudc ¢6 sir dung thanh phan dugc liéu
nay. Phuong phép duoc 1y ndi mang 1a
modt k¥ thuat may tinh hién dai, trong
d6, cdc yéu to lién quan dén bénh BTD
T2 va cic hop chét trong VA duoc
quan tim. Két qua xdc dinh duoc tir
339 dich tdc dong va 91 chét, thu duoc
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32 hop chét, 22 dich tic dong tiém
nang va 5 con duong sinh héa lién
quan gitra VA va BDTD T2. Trong do,
tang nhay cam vdi insulin c6 thé 1a co
ché tic dung chinh ctia VA trén DTD
T2, bén canh céc co ché khdc nhu con
duong tin hi¢u PIK3 - AKT, HIF-1,
béo phi - xo vita, AGE-RAGE trong
bién ching DTP.

Nghién cuu cling da su dung k¥
thuat mo phong viéc gan két va tuong
tic 1a phuong phap dugc sir dung phd
bién hién nay dé xdc dinh cic cau tric
duoc cho 1a ¢6 hoat tinh sinh hoc cao.
Két qua di giip nhan dang P1, PS5,
P15, P16, P25, T20 la nhiing chit c6
kha niang gan két cao véi 10/14 dich
tdc dong. Két hop duoc 1y ndi mang va
gin két phan tir dd xdc nhan cic hop
chét nay, dac bi¢t 1a cac flavonoid la
nhirng hop chat chinh ctia VA cho tic
dung cai thién DTD T2. Piéu nay goi y
flavonoid 12 cdc chét tiém ning 16n cho
tac dung trén bénh PTD. Déi chiéu voi
cdc nghién ciu di cong bd cho thay
trén md hinh in vivo, cdc dich chiét
giau flavonoid c6 kha nang giam
duong huyét tét, hiéu qua tuong dwong
hay c6 thé 5t hon so véi insulin [10].
Nhu vay, nghién ctru da xac dinh P1
(luteolin), P5 (scutellarein), P15 (6,8-
diprenyl naringenin), P16 (eriodictyol),
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P25 (ononin), cua

vernoniamyosid D) 1a nhitng hop chét

T20 (aglycon

chinh cua VA cho tiac dung cai thién
DTD T2 thong qua tdc dong Ién 5 muc
tiéu tiém nang (EP300, EGFR, MAPKS,
SRC, TNFa). Nghién ciru nay 1a tién
dé cho cdc nghién ctru tiép theo nhu tién
lam sang va 1am sang bénh DTD T?2.

KET LUAN

Nghién ctru da su dung k¥ thuat in
silico 12 duoc 1y nbi mang va gan két
phan tir dé dy dodn dugc 32 hop chat,
22 dich tic dong tiém ning va 5 con
duong sinh héa cua VA lién quan dén
tdc dung diéu tri PTD T2. Trong dé,
cdc hop chit chinh cia VA duogc xdc
dinh cho tdc dung cai thi¢n DTD T2
thong qua co ché dé xuat 1a ting nhay
cam voi insulin bao gém P1 (luteolin),
PS5 (scutellarein), P15 (6,8-diprenyl
P16
P25 (ononin), T20 (aglycon cua

naringenin), (eriodictyol),
vernoniamyosid D) tdc dong 1én 5 muc
tiéu tiém nang (EP300, EGFR,
MAPKS, SRC, TNFa).

Loi cam on: Nghién ctu duoc thuc
hién dudi su hd tro ciia Bo moén Cong
nghé thong tin Dugc, Khoa Dugc, Dai
hoc Y Dugc Thanh phd HO6 Chi Minh.
Chting t6i xin cam két khéng c6 xung

dot lgi ich trong nghién curu.
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