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Abstract: This study aims to find the bioactive compounds from Allium sativum for inhibiting HER2
enzyme by using molecular docking method. In this study, the protein tyrosine kinase HER2
structure was obtained from Protein Data Bank; bioactive compounds were collected from previous
publications on Allium sativum and were retrieved from PubChem database; molecular docking was
done by Autodock vina software; Lipinski’s rule of 5 was used to compare compounds with drug-
like and non-drug-like properties; and pharmacokinetic parameters of potential compounds were
evaluated using the pkCSM tool. As a result, 55 compounds were collected based on previous
publications on Allium sativum. The study results show that there were two compounds having
HER?2 inhibitory activity stronger than the reference compounds including biochanin A and cyanidin
3-malonylglucoside. Lipinski’s rule of five shows that these two compounds had proprietary drug-
likeness. ADMET property prediction of these compounds was also analyzed. The study concludes
that biochanin A and cyanidin 3-malonylglucoside may be potential natural product compounds for
HER2-positive breast cancer treatment.

Keywords: Allium sativum, tyrosine kinase HER2, breast cancer HER2 positive, in silico, molecular
docking.

* Corresponding author.
E-mail address: tungasia82@gmail.com

https://doi.org/10.25073/2588-1132/vnumps.4295
35



36

N.B. Kim et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 37, No. 1 (2021) 35-47

Sang loc cac hop chat te ché thy thé HER2 trong cy toi

(Allium sativum) nham diéu tri ung thu vi
bang phuong phdp docking phan tu

Nguyén Bao Kim, Nguyén Thi Thay, Phan Héng Minh,
Dbing Kim Thu, Bui Thanh Tung”

Trwong Pai hoc Y Dugc, Pai hoc Quéc gia Ha Néi, 144 Xudn Thity, Cau Gidy, Ha Ngi, Viét Nam

Nhén ngay 28 thang 01 nam 2021
Chinh sira ngay 04 thang 02 nam 2021; Chap nhin dang ngay 04 thang 02 nam 2021

Tém tit: Myc tidu: ung thu vii duong tinh voi thy thé HER2 1a ung thu va ¢6 két qua xét nghiém
duong tinh véi thy thé yéu t6 ting truong biéu bi 2 (HER2). Thuy thé yéu t6 phat trién biéu mo 2
(Human Epidermal Growth Factor Receptor-2, HER2) la mét protein tyrosine kinase mang ma khi
biéu hién qua muc lam tang sinh dang ké cua té bao khdi u. Nghién ctru nay tap trung vao tim kiém
céc hop chat cuia toi (Allium sativum) trc ché enzym HER2 béng cach st dung phuong phap docking
phan tu. Déi tuong va phuong phap nghién ciru: Ciu truc protein tyrosin kinase HER2 duoc truy
xuat tir Protein Data bank. Cac hop chét duoc thu thap tir cac cong bd trudce cia ciy toi va nhiing
cAu tric nay dugc tai Ve tir co s6 dir liéu PubChem. Docking phén tir duoc thue hién boi phan mém
Autodock vina. Quy tic 5 tiéu chi cua Lipinski dugc st dung dé so sanh cac hop chat cé dic tinh
gidng thudc va khong gidng thude. Cac thong sé duoc dong hoc ciia cac hop chat tiém niang dugc
danh gia bang cong cu pkCSM. Két qua: dua trén cic cong bd trude day vé cay toi, chung toi thu
thap duoc 55 hop chét. Két qua cho thay c6 2 hop chét c¢6 tac dung trc ché HER2 manh hon ca chat
chimg duong 1a biochanin A va cyanidin 3-malonylglucoside. Phan tich quy tic 5 tiéu chi cua
Lipinski cho thiy ca 2 hop chit déu c6 dic tinh gidng thudc. Ngoai ra, thong sb duge dong hoc va
ddc tinh ciia cac hop chit nay ciing duoc phan tich. Két luan: Cac hop chat nhu biochanin A va
cyanidin 3-malonylglucoside tir cay toi 14 cac hop chit tiém nang tro thanh thude diéu tri ung thu
v HER2 duong tinh.

Tur khéa: Tai, tyrosin kinase HER2, ung thu vii HER2 duong tinh, molecular docking, in silico.

1. Mé dau

Ung thu vii 12 bénh ung thu pho bién nhat
dugc chan doan va 1a nguyén nhan phd bién thir
hai gay tir vong do ung thu ¢ phu nir [1]. Ung thu
vl duong tinh véi HER2 (Human Epidermal
Growth Factor Receptor-2) la bénh ung thu va
6 két qua xét nghiém dwong tinh vé6i thu thé yéu
td phat trién biéu mé 2 (HER2). Ung thu vu
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duong tinh v6i HER2 ¢6 xu hudéng phat trién
nhanh, c¢6 xu huéng di cin sém [2-4]. Thy thé
yéu td phat trién biéu mé 2 (HER2) la mot
protein tyrosine kinase mang ma khi duoc biéu
hién qua mirc lam ting sinh dang ké cua té bao
khéi u [1,3]. Vi vay, HER2 1a myc tiéu 1y tuong
cho cac phuong phap dleu tri ung thu va.

Trong nhiing nam gan day, céc loai thude co
nguon goc dugc liéu voi cac hoat tinh khang
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khuén, khang virus, chong ung thu va chdng oxy
hoéa ngay cang phat trien [5,6]. Toi (Allium
sativum), mot loai thyc vat dugce trong tir thoi b
dai, chu yéu dugc s dung lam gia vi. Trong cac
nén vin hoa ¢ dai va hién dai , toi da duoc sir
dung nhu mét phuong phap phong va chita bénh
nho tac dung khang khuén, chdng viém [7,8].
Hon nira t6i duoc danh gia 1a ¢6 nhidu kha ning
chéng ung thu bdi sy c6 mat ctia mot sb hop chét
organosulfua [9,10]. Bao céo cua Airo Tsubura
cling da cho thiy toi va cac hop chat chiét xuat
tir t6i 1 nhimg mg cr vién tiém nang glup kiém
soat ung thir vii bén canh kha nang lam giam cac
tac dung phu khong mong mudn cia chit chong
ung thu [11].

Docking phan tir [a mot k¥ thuat mé hinh hoa
gitip dy doan vi tri va cdu hinh thuan lgi ma phan
tr co chat (phdi tir) co thé lién két v6i phan tir
protein (dich). Phuong phap in silico nay tiét
kiém nhiéu thoi gian va chi phi trong viéc sang
loc cac hop chéat hon so voi phuong phap thuce
nghiém [12]. Trong nghién ctru nay, ching toi st
dung phuong phap docking phan tir dé sang loc
cac hop chét trong cy toi ire ché thu thé HER 2
nham dinh hudng diéu tri bénh ung thu va.

2. Nguyén li€u va phuwong phap nghién ciru
2.1. Md hinh docking

Chuén bj céu trc protein: cu trac tinh thé
ctia phirc hop chat (e ché HER2 véi ID: 3PPO
duoc thu thap tir ngan hang dit liéu protein RCSB
(V\NV\N rcsh. org) [13] Trong phirc hop 3PP0 dé chta
san ligand dong két tinh 1a 2-{2-[4-({5-chloro-6-[3-
(trifluoromethyl)phenoxy]pyridin-3-yl}amino)-5H-
pyrrolo[3,2-d]pyrimidin-5 yl]ethoxy}ethanol. Vung
hoat dong (binding site) cua protein dugc xac dinh
bang phin mém MOE va Discovery Studio
Visualizer 4.0. Dé chun bi cho qué trinh docking, tat
ca cac phan tir nudc va phan tir ddng két tinh duogc
loai bo khoi cdu tric protein bang phin mém
Discovery Studio Visualizer 4.0. Cac phan tu
hydrogen s& dugc thém vao bing phan mém
Autodock Vina trudce khi tai 1ap ving hoat dong
ctia protein sir dung phan mém MGL Autodock
tools 1.5.6. Vung hoat dong ctia enzym tyrosine

kinase HER2 dugc xac dinh trong mot hop ludi cod
kich thuée 30 A x 30 A x 30 A, trung tAm (x,y,2)
la (34, 46, -12). Sau d6 luu protein dudi dinh dang
pdbqt dé chuin bi cho qua trinh docking.

Chuan bj cau tric phéi tir: dua trén cac cong
bd trude day, nhém nghién ctru tp hop duge 55
hop chat c6 kha niang wrc ché enzym HER2 tir cay
toi [9, 14-21]. Céu trac 3D cua nhiing hop chat
nay va cac chét chimg duong dugc lay tir co so
dir liéu PubChem & dinh dang sdf sau do6 chuyén
thanh dinh dang pdb bang phdn mém Chimera
[22,23]. Tiép theo, cac phdi tir dugc t6i wu hoa
bang phan mém Avogadro st dung phuong phap
Gradient lién hop (Conjugate Gradients) rdi
chuyén thanh dinh dang pdbqt bang phan mém
Autodock Tools [24,25].

Thuc hién docking phan tir: cac phdi tir
duoc dock vao trung tdm hoat dong ctia protein
bang phan mém Autodock vina. Str dung phan
mém Discovery Studio Visualizer 2020 gitip
quan sat cac lién két giita protein va cac hop
chat sang loc dugc.

Panh gia két qua docking: dé danh gia két
qua qua trinh docking, phdi tir tir dong tinh thé
da dugc re-dock lai vao vi tri hoat dong cua muc
tiéu. Qua trinh dugc thyc hién thanh cong néu
gia tri do léch binh phuong trung binh gbc
(RMSD) nho hon hoic bang 1,5 A. Di voi cac
chat can docking, kha ning gin két cia ching
dugc danh gia thong qua tuong tac véi cac acid
amin trong hdc phan tng va ning lugng tuong
tac tinh boi ham tinh diém (scoring function) cia
Autodock vina.

2.2. Pdnh gid quy tdc 5 tiéu chi ciia Lipinski

Quy tic 5 tiéu chi cua Lipinski duoc st dung
dé so sanh giita cac hop chat c6 dic tinh gidng
thudc va khong gidng thudc [26]. Ching toi sir
dung cong cu online (http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp) ~ dé
danh gia quy tic 5 tiéu chi cta Lipinski [27]. Du
doan cac thong sé duoc dong hoc.

Két qua dy doan céc thong s6 vé duoe dong hoc
bao gom hép thu, phan bd, chuyén héa, thai trir va doc
tinh (ADMET) cua cac hop chat tiém ning dugc
déanh gia qua cong cu pkCSM
(http://biosig.unimelb.edu.au/pkcsm/prediction) [28].
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3. Két qua
3.1. Ving hoat dong cua protein
Ving hoat dong (vi tri lién két) cua protein

dugc xac dinh bang cong cu SiteFinder cia phan
mém MOE va Discovery Studio Visualizer 2020

(hinh 1). Pong thoi, cac acid amin quan trong &
vung hoat dong nay ciing dugc xac dinh, bao
gdm: LYS753, VAL734, ALA751, GLN799,
MET801, LEUS852, LEU726, PHE1004,
ASP863, ASN850, GLU770, MET774,

LEU785, LEU796.

Hinh 1: Ving hoat dong ciia HER2 dugc xac dinh bang phan mém MOE (trai) va
Discovery Studio Visualizer 2020 (phai).

= Ensemble Match

#0.1
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oo @] |

Hinh 2. Két qua re-dock ctia phdi tir ddng két tinh.

3.2. Danh gia mé hinh docking

_ Trude khi sang loc cac hop chat, phdi tir
dong ket tinh dugce tach ra khoi phire hop 3PPO
r0i dugc re-dock lai vao vi tri hoat ddng ctiia muc

tiéu dé xac dinh d6 1éch binh phuong trung binh
gbc (RMSD) tir d6 danh gia tinh phi hop cua céc
thong sb docking. Két qua sau khi docking lai
phéi tir ddng tinh thé thu dwoc gia tri RMSD la
1,025 A. Gia tri nay théa man diéu kién RMSD
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nho hon 1.5 A ching t6 két qua docking phan tir
vao muc tiéu la dang tin cdy.

Sy tuong tac gitra phdi tir dong két tinh va
HER2 dugc thé hién nhu trong Hinh 3. Twr hinh
ta co thé thiy duoc phdi tir dong két tinh hinh
thanh lién két voi nhiéu acid amin nhu: lién két

MET
B:801
GLMN
B:799
ALA
B:751
WAL
B:734
LYS
B:753
THR
B:862
LEU THR
B:736 B:738
PHE
B:364
MET
5 LEL ?”
ELE B:785
ALA
B:771
GLU
B:770

Interactions

D wan der Waals

D Conventional Hydrogen Bond
D Carbon Hydrogen Bond

I:I Halogen {Fluorine)

I:I Pi-Donor Hydrogen Bond

n-alkyl c6i LEU796, LYS753, VAL 734,
ALA751, LEU 785, MET774, n-c v&i LEUS852,
LEU726; lién két hydro véi ASP863, METS801,
GLN799; - v6i PHE864, PHE1004 va lién két
v6i nhiéu acid amin khac nhu: GLU770,
ASN850, THR862.

LEU

3 G LY
FHELL B:804

LEW LEWL

B:852 B:726
PHE
Brio04

CY5S
B:805

S5ER
B:7832

|:| Pi-Sigma
|:| Pi-Pi Stacked
|:| Pi-Pi T-shaped
[ akyl

|:| Pi-Alkyl

Hinh 3. Twong tac 2D cua ligand dong két tinh voi HER2.

3.3. M6 hinh docking ciia cdc hop chat véi dich
protein

Sau khi chuan bi phéi tir, ching t6i tién hanh
docking 55 hop chit thién nhién tir cay toi (Allium
sativum) dé sang loc hoat dong trc ché HER2 ua
chiing. Két qua dugc thé hién ¢ Bang 1.

Tucatinib, lapatinib va neratinib déu la
nhing thudc chdng ung thu, di dwoc FDA (Cuc
quan 1y Thuc phdm va Dugc pham Hoa Ky) phé
duyét trong diéu tri ung thu vi duong tinh HER2

[29-34]. Vi vay, trong nghién ctru nay, chung toi
so sanh docking scores ctia cac hop chét tim
dugc tir cay toi voi ba hop chat nay dé danh gia
kha ning @c ché enzym HER2 cua ching.
Tucatinib, lapatinib va neratinib déu co ning
lwong lién két 1a -9,4 (kcal/mol) véi dich protein,
va thé hién lién két v6i nhimg protein quan trong
nhu LYS753, VAL734, ALA751, GLN799,
MET801, LEU852, LEU726, PHE1004,
ASP863, ASN850, GLU770, MET774,
LEU785, LEU796.
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Bang 1. Két qua docking ciia 55 hop chit va cac chat chimg dwong (tucatinib, lapatinib, neratinib) véi

enzym HER?2
) Nang luong ) Nang luong
STT | Hop chat lién két STT | Hop chat lién két
(kcal/mol) (kcal/mol)

1 Diallyl thiosulfinate (Allicin) -5,0 30 Axit chlorogenic -8,6
2 S-allylcysteine sulfoxide (Alliin) | -5,3 31 Axit vanilic -6,4
3 (S&Angfg?iﬁl)cysm'“e sulfoxide 48 32 | Axit caffeic 6,9
4 f&f}fgﬁ(’};ﬁ&iﬁ’;ﬁ?ﬁ;*L'CySte'”e 55 33 | Axit p-coumaric 67
5 Cycloalliin -5,6 34 AXxit m-coumaric -6,8
6 S-allyl-cysteine (SAC) 51 35 AXit o-coumaric -7,1
7 cG)?srtT;Twael(_Gg:\l/Jlgn yl-S-methyl-L- -6,1 36 Axit ferulic -6,6
8 SriminL- LG ::l;;:tr;xle ?G%M Q) -6,6 37 Axit sinapic -6,5
9 Srirggill)_— LG_ g:{;%le ?égﬂé)l -7,2 38 Myricetin -9,4
10 S-propy!l cysteine sulfoxide 51 39 Quercetin 9,1
11 Diallyl tetrasulfide -4,4 40 Kaempferol -8,8
12 Allyl methyl sulfinate -4,4 41 Axit gallic -7,1
13 Dipropyl disulfide -4,3 42 AXit protocatechuic -6,7
14 Gitogenin -9,5 43 Axit B-Resorcylic -8,7
15 Methyl allyl trisulfide -3,8 44 AXit syringic -5,7
16 Diallyl sulfide (DAS) -4,1 45 Pyrogallol -6,0
17 Diallyl disulfide (DADS) -4,4 46 Rutin -9,7
18 Diallyl trisulfide (DATS) -4,5 47 Vanillin -6,2
19 Dimethyl disulfide -2,4 48 AXit veratric -5,8
20 Methyl methanesulfinate -3,2 49 Hesperidin -10,4
21 Dipropylsulfide -4,1 50 Resveratrol -8,4
22 3-vinyl-4H-1,2-dithiin -5,1 51 Naringenin -8,7
23 Diosgenin -9,5 52 Formononetin -9,3
24 3-vinyl-6H-1,3-dithiin -4.8 53 Biochanin A -9,7
25 B-chlorogenin 9.4 54 ﬁﬁgr:?/llgli_cosi de 9,9
26 Methyl propyl disulfide -3,6 55 Agapanthagenin -9,3
27 Thiosulfinate -5,0 56 Tucatinib (R1) -9,4
28 E-ajoene -5,5 57 Lapatinib (R2) -9,4
29 Z-ajoene -5,4 58 Neratinib (R3) -9,4
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MET #
GLU B:774 §:852
B:770 LEU
d R B1726
B1751
b
LEU g
B:785
VAL
B:734
LEU -
6:735 B:727
LYs
B:753
Interactions
[ carbon Hydrogen Bond [ Pkt (Rl)
|:| FiSigma
LEU
B:726
= VAL

B:734

ALA

B:751

Interactions
|:| Carbon Hydrogen Bond
[ Fication
|:| PiSigma

GLN LEU PHE
B:799 MET E LEU B:1004
B:801 &) B:726
CYs
VAL B:805
B:734  ALA
B:751
GLU ASP
2 ; LYS
B:770 B:863 B:753 i
0=
~o"
LEY
B:785 - N
MET LEU o
B:774 o B:795
B:864
Interactions
|:| Conventional Hydrogen Bond :l Pi-Pi Stacked
|:| Carbon Hydrogen Bond :' Pi-Pi Tshaped
[ Helogen (Fluorie) [ Ak (RZ)
|:| Pi-Sigma D Pi-Alkyl
PHE
MET B:864
LEU B:774
B:796
LYS
B:753
LEU
. SER
Y B:783
|:| Pi-Pi Stacked
|:| Pi-Alkyl

Hinh 4. Lién két giita tucatinib (R1), lapatinib (R2) va neratinib (R3) v6i enzym HER2.

Hinh 4 cho thdy lién két cia ba chét chimg
duong voi enzym HER2.

Tu Bang 1, cac hop chéat duge chon do co
ning luong lién két thip hon ba chat ching
duong (-9,4 kcal/mol) Ia rutin, hesperidin,
biochanin A, cyanidin 3-malonylglucoside,
gitogenin va diosgenin. Do hai hop chat
gitogenin va diosgenin co gia tri nang lugng lién

két rat gan véi chig dwong nén ching t6i khong
lwa chon dé tién hanh cac phén tich tiép theo.
Tuong tac giita cac hop chat rutin, hesperidin,
biochanin A va cyanidin 3-malonylglucoside véi
dich HER2 dugc biéu dién 2D va 3D trong Hinh
5, cho thay cac phdi tir lién két chu yéu véi cac
acid amin qua lién két n-alkyl, n-o, hydro, nt-r.
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. {7
Asp q
B:863 A 4
H
PHE %
: o— — PHE
&3k / A B:1004
-H —d
= / — <
— Y o VAL
B:i734
AT
N o— LEU
ALA B:726
B:730
%

LYS LEU
B:753 B:852

ALA
B:751
Interactions
Conventional Hycrogen Bond FirFi T-shaped
Bl Unfevorable Acceptor-Acceptor Pi-Alkyl

Pi-Sigma

d, cyanidin 3-malonylglucoside

Hinh 5. Sy tuong tac cua 4 phén tir rutin (hinh 5a), hesperindin (hiﬂnh Sp), biochanin A (hinh 5c), cyanidin 3-
malonylglucoside (hinh 5d) véi HER2 biéu dién 2D va 3D.

Hesperidin 1a chat c6 ning lugng lién két
thap nhat voi HER2, duoc dock vao ving hoat
dong cliia enzym qua nhirng du luong tuong tu
v6i 3 hop chat mau. Hop chit nay cho thay kha
ning gan két thong qua cac lién két hidro véi
LYS753, ASN850, LEU796; lién két n-alkyl véi
VAL734, ALA751, LEU785. Sy tuong tac cua
ba hop chét con lai, hesperidin, biochanin A va
cyanidin 3-malonylglucoside ciing déu co sy
tuong ddng v6i 3 hop chit chimg dwong. Diéu
d6 dugc thé hién & sy lién két voi acid amin
LEU726, LYS753, dic biét 1a lién két m-alkyl
vaoi VAL734, ALATS1.

3.4. Két qud quy tdc 5 tiéu chi ciia Lipinski

Céc hop chét duoc goi 1a “giéng thudc” khi
chung dép ung it nhat 2 trong 5 céc tiéu chi cia
qui tic 5 tiéu chi cta Lipinski: (1) Khéi lugng
phan tir <500 Da; (2) C6 tinh wa dau cao (LogP
nho hon 5); (3) Khong c6 nhiéu hon 5 nhém cho
lién két hydrogen; (4) Khong c6 nhiéu hon 10
nhom nhan lién két hydrogen; (5) P khuc xa
mol phai nam trong khoang 40-130. Két qua dap
g quy tic 5 tiéu chi cta Lipinski ctia bon hop
chat trén duoc trinh bay & Béang 2.

Bang 2. Két qua d4nh gia quy tic 5 tiéu chi cua Lipinski

. Nhom
T Nhém cho han Lia Hoo chit
ST ) N8 jign Kkét fLn fien Dokhicxa | .opha
Hop chat luong ket logP giong
T . —. | hydrogen mol (MR) £
phan tir (HBD) hydrogen thude
(HBA)
1 Rutin 610,5 10,0 16,0 1,8385 132,336 Khoéng
2 Hesperidin 610,5 8,0 15,0 3,0561 139,017 Khoéng
3 Biochanin A 284,0 2 5 2,722599 75,701080 Co
4 | Cyanidin3- 535 8 14 0217590 | 122,576347 | C6
malonylglucoside
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Trong 4 hop chét trén, c6 2 hop chit thoa
man nhiéu hon 2 tiéu chi, 1a biochanin A va
cyanidin - 3-malonylglucoside. Pac  biét,
biochanin A thda man ca 5 tiéu chi, cho théy dac
tinh giéng thudc cao. Tiép theo, 2 hop chit nay
tiép tuc dugc cac dac tinh dugc dong hoc b'fmg
du doan hd so ADME/Tox: hip thu, phan bd,
chuyén hoa, thai trir va doc tinh.

3.5. Panh gia ADMET

Két qua du doan ADMET gdm cac qué trinh
hép thu, phan bd, chuyén hoéa, thai trir, doc tinh
duoc trinh bay trong Bang 3.

Kha niang hap thu cta cac hop chit dugc
phan tich dya vao cac thong sb vé do tan trong
nude, tinh thim qua mang Caco2, va kha ning
hép thu ¢ rudt. Mot hop chat co tinh tham qua
mang Caco-2 cao khi gia tri 16n hon 0,9. Két qua

Bang 3 cho thiy biochanin A c6 tinh tham Caco2
cao, 16n hon 0,9. Chét nay ciing c¢6 kha ning hip
thu & rudt t6t véi 93,28%. Ngwoc lai, cyanidin 3-
malonylglucoside kém hap thu ¢ rudt, chi véi
18,811%. Ddi v6i mot hop chét cu thé, khi gia tri
log BB < -1, dugc coi 1a han ché qua hang rao
mau ndo [35]. Cyanidin 3-malonylglucoside
dugc du doan 1a khong c6 kha nang di qua hang
rdo mau nao. Hai da hinh chinh cta cytochrome
P450 chiu trach nhiém chuyén hoa thudc la
CYP2D6 va CYP3A4 [36]. Két qua Bang 3 cho
thay biochanin A 13 co chét cia CYP3A4, ca 2
chat déu khong c6 kha ning wrc ché CYP3A4 va
CYP2D6, nén chiing c6 thé chuyén hoa tai gan.
Ca 2 hop chét déu c6 kha ning thai trir qua than.
V& doc tinh, biochanin A va cyanidin 3-
malonylglucoside déu khong c6 doc tinh AMES,
cling khong c6 doc tinh trén gan hay da.

Bang 3. Két qua danh gia ADMET

Thong sb Biochanin A | Cyanidin 3-
malonylglucoside

Hap thu

Tan trong nudc (log mol/L) -3,735 -2,895

Tinh tham mang Caco?2 (log Papp trong 10—° cm/s) 0,91 -1,234

Hap thu & rudt ( %) 93,28 18,811

Phan bo

Theé tich phan bo (log L/kg) -0,341 1,345

Tinh tham BBB (log BB) -0,221 -1,993

Chuyén hoa

Co chat CYP2D6 Khong Khong

Co chat CYP3A4 Co Khoéng

Uc ché CYP2D6 Khéng Khéng

Uc ché CYP3A4 Khéng Khéng

Thai trir

Do thanh thai toan phan (log ml/min/kg) | 0.247 | 0.66

Ddc tinh

Doc tinh AMES Khong Khong

Doc tinh gan Khong Khong

Kich ung da Khong Khong

Céc hop chit c6 ngudn gde tir duoc liéu dong
vai trd quan trong trong viéc phat trién cac thude
trong diéu tri cho nhiéu loai bénh. Trong nghién
ctru ndy, chang t6i tim kiém cac hop chat tir cay
t6i co kha ning tc ché enzym tyrosine kinase
HER2. Pay la enzym quan trong trong qua trinh

khuéch dai cac gen trong ung thu v, 1am ting
sinh té bao ung thu, dugc coi 1a myc ti€u hi€u
qua cho diéu tri bénh. Cac chat wc ché nhu
lapatinib, tucatinib va neratinib da@ dugc FDA
phé duyét cho diéu tri ung thu via c¢6 dich 1a thu
thé HER2. Nghién ciru ciia chung t6i cho thay
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biochanin A va cyanidin 3-malonylglucoside
lién két vao viing hoat dong cia HER2 théng qua
cac lien két hidro véi LYS753, ASN850,
LEU796; lién két n-alkyl v6iVAL734, ALA751,
LEU785, day la cac acid amin nam trong cac vi
tri hoat dong cua tyrosine kinase HER2 [37,38].
Hon nira, hai hop chat nay déu co thé lién két
manh hon véi HER2 so vdi ca ba chat chimg
duong (lapatinib, tucatinib va neratinib) voi
nang lugng lién két 1an lwot 1a -9,7, -9,9
kcal/mol.

Quy tic 5 tidu chi cua Lipinski va két qua dy
doan ADME/Tox va déu cho thay biochanin A
va cyanidin 3-malonylglucoside khong c6 doc
tinh, c6 dic tinh giéng thudc. Biochanin A 1a mot
isoflavone O-methyl hoa, c¢6 thé ngin can su
phat trién ctia ung thu bang cach gy ra qua trinh
apoptosis, trc ché su di cin va trc ché chu ky té
bao [39,40]. Biochanin A c6 thé wc ché té bao
ung thu ma khong anh hudng téi cac mo va té
bao binh thuong [41,42]. Cyanidin 3-
malonylglucoside 1a mdt anthocyanin, cé trong
16p vay ngodi cua cu toi [19]. Cac hop chat
anthocyanins duong nhu 1a mot bién phap phong
ngira ddy hira hen dé diéu tri cac bénh man tinh
nhu ung thu [43]. Nghién ctru ctia Chang Hui
cling chitng minh tic dung cta anthocyanin trén
té bao ung thu vi bang cach kich hoat caspase,
phin cit polymerase poly (ADP-ribose)
(PARP), khir cuyc dién thé mang ty thé va giai
phéng cytochrome C, tir d6 dan dén qua trinh
apoptosis [44].

4. Két luan

Nghién ciru cta chung t6i cho thay cac hop
chit  biochanin A va cyanidin  3-
malonylglucoside tir cay toi la nhitng cht trc ché
tiém ning ctia enzym HER2 nham diéu tri ung
thu vii. Cac hop chat nay c6 4i luc lién két manh
vdi céac vi tri hoat dong cua HER2, do do6 trc ché
hoat dong ctia enzym nay. Ca hai hgp chit trén
déu dap tmg quy tic 5 tiéu chi cua Lipinski va c6
dic tinh dugc dong hoc c¢6 thé phat trién thanh
thudc. Do d6, chiing t6i dé xuét tién hanh nghién
ctru sau hon in vitro, in vivo hai hop chét nay

nham muc dich diéu tri bénh ung thu va duong
tinh v6i HER 2.
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