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Abstract: Epidermal growth factor receptor (EGFR) and Human epithelium receptor 2 (HER2) are
important targets in cancer treatment such as lung cancer, breast cancer. Siegesbeckia orientalis L.
is a medicinal plant that has the ability to inhibit the proliferation of cancer cells. In this study, we
evaluated the ability to inhibit EGFR and HER2 receptors of compounds from the Siegesbeckia
orientalis L. by molecular docking method. Based on the published phytochemicals of Siegesbeckia
orientalis L., we have collected 50 isolated compounds. Molecular docking results showed that the
ability to inhibit EGFR was higher than erlotinib with 34 compounds, higher than icotinib with 7
compounds, higher than almonertinib with 21 compounds, and higher than olmutinib with 3
compounds; 4 compounds with higher ability to inhibit HER2 than neratinib, and 4 compounds may
inhibit both EGFR and HER2 receptors simultaneously. Analysis of Lipinski's rule of five and
predicting pharmacokinetic - toxicological parameters, we obtained two compounds that have drug-
like properties. Therefore, these two compounds have the potential to be drugs that inhibit EGFR
and HER2 receptors for cancer treatment and need to be studied further.
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Nghién ciru tac dung Grc ché thy thé EGFR va HER2
cua cac hop chat trong duogc li¢u Hy thiém
(Siegesbeckia orientalis L.) dinh hudng di€u tri ung thu
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Tém tit: Thy thé yéu t6 ting truong biéu bi (EGFR — Epidermal growth factor receptor) va thy thé
yéu td phat trién biéu mé 2 (HER2 - Human epithelium receptor 2) 1a cac dich quan trong trong diéu
tri ung thu nhu ung thu phdi, ung thu vi. Hy thiém 1a dugc lidu ¢6 kha ning tc ché tang sinh té bao
ung thu. Trong nghién ctru ndy ching t6i danh gia kha niang trc ché hai thy thé EGFR va HER2 cia
c4c hop chét tir duoc liéu Hy thiém (Siegesbeckia orientalis L.) bang phwong phap docking phan tir.
Dua trén cac cong bd vé thanh phan hoa hoc cia cdy Hy thiém, chung t6i d thu thap 50 hop chét
da dugc phan 1ap. Két qua docking phan tir cho thiy kha nang trc ché EGFR cao hon erlotinib c6 34
hop chét, cao hon icotinib c6 7 hop chét, cao hon almonertinib ¢6 21 hop chit va cao hon olmutinib
¢6 3 hop chat; 4 hop chit c6 kha ning (rc ché HER2 cao hon neratinib, 4 hop chat ¢6 kha ning trc
ché ddng thoi 2 thu thé EGFR va HER2. Tién hanh phan tich theo quy tic 5 tiéu chi cua Lipinski va
du doan cac thong sb dugc dong hoc - doc tinh hoc thu dugc 2 hop chét c6 dic tinh giéng thude. Vi
vay, hai hop chit nay c6 tiém niang dé phat trién thanh thudc ¢ tac dung trc ché cac thy thé EGFR

va HER2 d¢é diéu tri ung thu va can dugc nghién ctru sau hon.

Tur khéa: EGFR, HER2, Docking phén tir, Hy thiém, Siegesbeckia orientalis L.

1. Mé dau

Hién nay, ung thu dang 13 nguyén nhén gy
tr vong hang dau trén toan thé gidi. Theo ude
tinh cta co quan Nghién ciru Ung thu Quéc té
(GLOBOCAN) ¢6 khoang 19,3 triéu truong hop
ung thu méi va gan 10 triéu truong hop tir vong
do ung thu vao nim 2020 trén toan thé gidi.
Trong d6, phd bién nhat 1a ung thu v véi wéce
tinh c6 khoang 2,3 triéu ca méi (11,7%) va ung
thu phoi (11,4%) [1]. Tai Viét Nam, tinh hinh
méc méi va tir vong do ung thu déu dang ting
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nhanh. Nam 2020, Viét Nam xép thir 91/185 vé
ty suat mac moi va thir 50/185 vé ty suét tir vong
trén 100.000 ngudi. Mic du cac lidu phap diéu
tri ung thu ngay nay da phat trién nhanh chéng voi
hiéu qua cao va it dc tinh hon nhung ung thu van
dang 14 van dé can duoc nghién clru khén cap.

Thu thé yéu t6 ting truong biéu bi (EGFR-
Epidermal growth factor receptor) va thu thé yéu
t6 phat trién bicu mé 2 (HER2-Human
epithelium receptor 2) 14 nhirng thu thé protein
xuyén mang [2]. EGFR tham gia qua trinh tu
phosphoryl hoa, kich hoat m¢t loat cac con
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duong ndi bao dan dén tang sinh té bao ung thur,
ngan chan qué trinh apoptosis, kich hoat sy xam
l4n va di can, dong thoi kich thich tin tao mach
méu [3]. HER2 1a thy thé c6 lién quan dén con
duong dan truyén tin hiéu diéu chinh sy phat
trién va biét hoa cua té bao. Su biéu hién qua
mirc cia HER2 lién quan dén nhiéu bénh ung
thu, dac biét 1a ung thu va [4]. Viéc kich hoat
chtrc nang ciia cc thy thé EGFR va HER2 xay ra
& hau hét cac bénh ung thu té bao biéu mé, dic
biét 1a ung thu phoi khong té bao nhé va ung thu
via, do d6 hai thy thé nay 1a muc tiéu quan trong
trong diéu tri ung thu.

Hy thiém, tén khoa hoc la Siegesbeckia
orientalis L., thudc ho Cuc, dugc dan gian dung
dé diéu tri rén can, viém khop thap khép, di ing,
mién dich va cac bénh viém nhiém [5]. Theo
nghién ciru trude day, cac hop chét ursolic acid
va quercetin trong cdy Hy thiém thé hién hoat
tinh gay doc nhiéu dong té bao ung thu [6].

Docking phan tir 1a mét k§ thuat mo hinh hoa
gitp dy doan vi tri va cdu hinh thuan lgi ma phan
tr co chét (phdi tir) co thé lién két v6i phan tir
protein (dich). Uu diém cta phuong phap nay la
tiét kiém thoi gian va giam chi phi hon so véi cac
phuo‘ng phap thuc nghiém khéac dé sang loc cac
hop chét tiém ning [7]. Trong nghién ciru nay,
ching t6i st dung phuong phap docking phan tir
dé tim kiém cac hop chét trong cay Hy thiém c6
tac dung trc ché thy thé EGFR va HER2.

2. Phwong phap nghién ciru
2.1. Md hinh docking

Chuan bj céu trac protein: cAu truc cua thyu
thé EGFR (PDB ID: 1M17) va HER2 (PDB ID:
3PP0) dugc ldy tir ngan hang dit liéu protein
RCSB (https://www.rcsb.org/). Tién hanh loai
b6 phan tir dong két tinh va cac phan tir nudc
bang phin mém Discovery Studio Visualizer
4.0. Sau @6, cac nguyén tur hydro s€ dugc thém
vao phan tir protein, tinh toan dién tich Kollmans
va x4c dinh ving hoat dong ctia protein bang
phan mém MGL Autodock tools 1.5.6.

Vung hoat dong ciia EGFR dugc lya chon
boi mot hop ludi c6 kich thude 40A x40Ax40A
(toa d6 truc x = 22,01; y = 0,25; z = 52,79) va
cua protein HER2 1a 30Ax30Ax30A (toa d6 truc
X =34;y =46; z=-12). Sau d9, protein dugc luu
dudi dang pdbqt. Viéc lya chon cac chi sb cua
hop ludi dya trén tham khao mot sb bai bao da
dugc cong bd trude day [8, 9].

Chuén bi cdu trac phdi ti: tir cac cong bd
trudc day vé thanh phan héa hoc cua cdy Hy
thiém, chung toi da thu thap dugc 50 hop chat ty
nhién va tong hop hoa hoc c6 trong cay Hy thiém
(Siegesbeckia orientalis L.) [6, 10-21]. Céu truc
3D ctia nhitng phan tir nay dugc lay tir co so dit
liéu PubChem (https://pubchem.ncbi.nim.nih.gov/)
va luu ¢ dinh dang sdf sau d6 chuyén thanh dinh
dang pdb biang phan mém Discovery Studio
Visualizer 2021. Tiép theo, cac phdi tir dugc tdi
vu hoa biang phan mém Avogadro s dung
phuong phap Gradient lién hop (Conjugate
Gradients) roi chuyén thanh dinh dang pdbqt
bang phan mém Autodock Tools.

Thuc hién docking phan tir: cic hop chét
dugc dock vao trung tam hoat dong ctia protein
sir dung phan mém Autodock Tools.

2.2. Pdnh gid két qua docking

Dé danh gia két qua qua trinh docking, phdi
tlr dong tinh thé sau khi dugc tach ra khoi protein
s& dugc re-dock lai vao vi tri hoat dong ciia muc
tiéu. Két qua qua trinh docking dugc goi 1a déang
tin cay néu gia tri d¢ 1éch binh phuong trung binh
gbc (RMSD) nhé hon 1,5 A. Di voi cac chat can
docking, kha ning gin két cua chiung dugc danh
gia thong qua twong tac vai cac acid amin trong
héc phan tmg va ning lugng tuong tac tinh bai ham
tinh diém (scoring function) ctia Autodock vina.

2.3. Pdnh gid quy tdc Lipinski 5

Quy téic Lipinski 5 tiéu chi duoc sir dung dé
so sanh giita cac hop chit co dic tinh giéng thudc
va khong gidng thubc. Pé danh gia quy tic
Lipinski 5, chung t6i sir dung céng cu online
(http:/Avww.scfbi-oiitd.res.in/software/drugdesign/
lipinski.jsp) va théng qua cac tiéu chi: trong lugng
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phan tir, s6 nhoém cho/nhan lién két hydro, logP
va d0 khic xa MR. CAu tric héa hoc cua cac

cua EGFR.

AAA

Hinh 3. Twong tc gitta phdi tor ddng két tinh
vdi EGFR.

2.4. Dy doan cdc thong 56 duwoc dong hoc

Két qua du doan céc thong sd vé duoc dong
hoc (ADMET) bao gdm: hip thu, phan bd,
chuyén hoéa, thai trir va dc tinh ctia cac hop chét
tiém ning dwoc danh gia qua cong cu pkCSM
(http://biosig.unimelb.edu.au/pkcsm/prediction).

3. Két qua
3.1. Danh gia mé hinh docking
Trudce khi tién hanh sang loc cac hop chét,

phéi ta déng tinh thé dugc re-dock lai vao vi tri
hoat dong cuia protein bang phan mém Chimera

hop chat duoc tai tir co s¢ dir liéu Pubchem
(www.pubchem.nchi.nlm.nih.gov).

Hinh 2. Két qua re-dock phéi tir dong két tinh
cua HER2.

Hinh 4. Tuong tac giita phéi tir dong két tinh
v6i HER2.

va chung t6i da xac dinh d¢ 1éch binh phuong
trung binh gbc (RMSD) cia EGFR 1a 1,32A <
1,5A (Hinh 1), HER2 la 1,1A < 1,5A (Hinh 2),
chung té qua trinh docking phén tir vao muc tiéu
la dang tin cdy. Chang toi sir dung phan mém
Discovery Studio Visualizer 4.0 dé biéu dién sy
twong tac gitra phdi tir ddng két tinh véi EGFR
(Hinh 3) va HER2 (Hinh 4).

3.2. Két qua qud trinh docking cdc hop chdt véi
protein muyc tiéu

Sau khi chuan bi phéi tir, chiing t6i tién hanh
docking 50 hop cht tir cAy Hy thiém dé sang loc
hoat dong trc ché trén ca 2 dich EGFR va HER2.
Két qua thu dugc & Bang 1 nhu sau:
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Bang 1. Két qua docking 50 hop chit va chit ching dwong véi thy thé EGFR va HER2

47

Nang lugng lién két (kcal/mol)

STT Hop chat EGFR HER?
1 Siegesmethyletheric acid (461510698) -9,7 -9,5
2 Quercetin (5280343) -8,9 -9,1
3 Ursolic acid (64945) -9,6 -9,2
4 [-sitosterol (222284) -8,4 -9,9
5 Stigmasterol (5280794) -8,9 -9,9
6 Uracil (1174) -4,8 -5,3
7 Kirenol (15736732) -8,4 -8,2
8 16-0O-Acetyldarutigenol (44607100) -8,6 -8,9
9 15,16-Di-O-acetyldarutoside (44607101) -8,8 -1,7
10 16-O-Acetyldarutoside (102080494) -9,2 -8,6
11 Darutigenol (3037565) -8,4 -8,6
12 Darutoside (44715524) -9,0 -8,1
13 Hythiemoside A (44607102) -9,2 -8,4
14 Berlandin (101306929) -9,1 -8,1
15 Zoapatanolide B (5458914) -7,9 -7,3
16 Oleanolic acid (10494) -9,3 -8,3
17 Apigenin (5280443) -8,9 -8,9
18 Chlorogenic acid (1794427) -7,9 -8,6
19 Betulinic acid (64971) -8,5 -1,5
20 Caffeic acid (689043) -6,3 -7,0
21 3-CQA (89360385) 7,7 -8,8
22 4-CQA (9798666) -8,3 -9,3
23 Quercitrin (5280459) -9,6 -8,8
24 Kaempferol-3-O-rhamnoside (5835713) -8,9 -8,7
25 Rutin (5280805) -10,0 -9,6
26 Kaempferol-3-O-rutinoside (5318767) -9,9 -10,2
27 Orientalide (98050571) -7,0 -6,7
28 Aurantiamide acetate (124319) -8,7 9.4
29 Hythiemoside B (11203296) -8,6 -8,8
30 7B-hydroxydarutigenol (44606934) -7,6 -7,5
31 Syringic acid (10742) -5,7 -5,6
32 9B-hydroxydarutigenol (44606935) -7,8 -7,9
33 Lecocarpinolide B (101630355) -7,0 -6,8
34 Daucosterol (5742590) -9,6 -9,8
35 Geranylnerol (70359001) -6,3 -8,5
36 Retusin (5352005) -8,0 -7,6
37 2,5-Dimethoxy-p-cymene (6427071) -5,7 -6,1
38 Afzelin (5316673) -9,6 -8,4
39 Santamarine (188297) -7,9 -8,3
40 Costunolid (5281437) -7,2 7,7
41 Phytol (5280435) -5,3 -6,9
42 p-coumaric acid (1549106) -5,8 -6,3
43 Luteolin (5280445) -8,8 -9,2
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44

Gallic acid (370)

-6,0

-7,1

45

Vanillic acid (8468)

-6,5

6.4

46

m-coumaric acid (637541)

-6,1

-6,9

47

Syringaldehyde (8655)

-5,5

-5,7

48

Cinnamic acid (444539)

-5,6

-6,7

49

3,5-dicaffeoylquinic acid (146160109)

-8,8

-10,6

50

3,4-dicaffeoylquinic acid (5281780)

-8,9

-9,1

51

Erlotinib (R1)

7,6

52

Icotinib (R2)

-9,3

53

Almonertinib (R3)

-8,6

54

Olmutinib (R4)

-9,6

55 Neratinib -9,8
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Hinh 5. Tuong tac giira erlotinib (R1), icotinib (R2), almonertinib (R3) va olmutinib (R4) vdi EGFR.
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Hinh 6. Tuong tac giita neratinib voi HER2.

Erlotinib (ICsp = 2 nM) va icotinib (ICso = 5
nM) 14 nhitng chat trc ché EGFR manh va chon
loc d3 duge phé duyét dé diéu tri ung thu phdi
khong té bao nho [22-24]. Almonertinib 1
EGFR-TKI thé hé thtr ba di dugc chtirng minh
vao nim 2020 tai Trung Qudc cho ung thur phdi
khong té bao nho duong tinh véi dot bién gen
EGFR T790M. Almonertinib cho thdy cac hoat
dong e ché chéng lai mot s6 EGFR dét bién cao
hon so voi EGFR kiéu hoang di [25, 26].
Olmutinib dugc FDA (Cuc quan 1y Thyc pham

va Duoc pham Hoa Ky) cap chi dinh diéu tri dot
pha trong ung thu phdi khong té bao nho va ciing
1a chat dwoc chip thuan dé diéu tri ung thu phoi
khong té bao nho duong tinh véi dot bién gen
EGFR T790M tién trién & Han Quéc [27]. N6
hoat déng nhu mot chat &rc ché khong hdi phuc
cua EGFR thong qua viéc hinh thanh mét lién
két cong hoa tri voi cysteine (CYS797) trong
kinase. Thir nghiém trc ché kinase ctia olmutinib
cho thiy hoat dong trc ché & gia tri ICso la 0,01
uM ddi voi EGFR (790M / L858R) [28].

Neratinib 13 thudc chdng ung thu, da duoc
FDA phé duyét trong diéu tri ung thu va duong
tinh HER2 [29]. Neratinib c¢6 ning luong lién két
14 -9,8 (kcal/mol) voi dich HER2 va thé hién lién
két véi nhitng protein quan trong nhu LYS753,
VAL734, ALA751, GLN799, MET801,
LEU852, LEU726, PHE1004, ASP863,
GLU770, MET774, LEU785, LEU796. Do do,
trong nghién ctru nay, chung t6i so sanh nang
lwong gan két ciia cac hop chat tiém nang voi cac
chit chung duong (erlotinib, icotinib,
almonertinib, olmutinib, neratinib) dé danh gia
kha ning ¢ ché EGFR va HER2 cua chiing.
Tuong tac giita cac chit chig dwong voi 2 dich
EGFR va HER2 dugc thé hién trong tmg & Hinh
5 va Hinh 6.
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3,5-dicaffeoylquinic acid

Hinh 7. Biéu dién sy twong tac ciia B-sitosterol, stigmasterol, kaempferol-3-O-rutinoside
va 3,5-dicaffeoylquinic acid véi dich EGFR (trai) va HER2 (phai).
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Tir Bang 1 ta thay 4 hop chat ¢6 nang luong
lién két thap hon neratinib (-9,8 kcal/mol) bao
gdm P-sitosterol (-9,9 kcal/mol), stigmasterol
(-9,9 kcal/mol), kaempferol-3-O-rutinoside
(-10,2 kcal/mol) va 3,5-dicaffeoylquinic acid
(-10,6 kcal/mol). Hon nita, 4 hop chét nay con
thé hién kha ning wc ché thy thé EGFR thong
qua viéc lién két véi nang luong kha thép cu thé
la B-sitosterol (-8,4 kcal/mol), stigmasterol (-8,9
kcal/mol), kaempferol-3-O-rutinoside  (-9,9
kcal/mol) va 3,5-dicaffeoylquinic acid (-8,8
kcal/mol). Twong tac phdi tir - amino acid giira
cac hop chét véi thy thé EGFR va HER2 (Hinh
7) cho thiy chu yéu 1a tuong tac qua lién két ©
va lién két hydro.

Bang 2 thé hién su tuong tac ciia 4 hop chét
tiém ning khi lién két v6i EGFR va HER2. So
sanh tuong tac cua 4 hop chéat nay va cac chat
chtng duong véi dich EGFR, c6 thé thy lién két
phéi tir-acid amin ctia hau hét cac hop chét ciing
tuong tu nhau. Do la nhitng acid amin quan trong
nhu VAL702, ALA719, PHE699, ASP831. Ddi
véi dich HER2, 3,5-dicaffeoylquinic acid cé
ning luong lién két thap nhit trong 4 chat trén
(-10,6 kcal/mol). Chit nay cho thay su twong tic
tuong tu voi ching dwong neratinib do lién két
véi cac acid amin MET774, LEU785, LEU796.
B-sitosterol, stigmasterol va kaempferol-3-O-
rutinoside cling c¢6 ning luong lién két kha thip
v6i thu thé nay qua nhitng amino acid twong tu
nhu: LYS753, VAL734, ALA751, LEUS852.

Bang 2. Cac amino acid ctia 4 hop chét tiém nang lién két v6i thu thé EGFR va HER2
trong vung hoat dong tuong ing

STT Tén Amino acid lién két véi dich Amino acid lién két vdi dich
EGFR HER2
LEU796, PHE864, LYS753,
1 B-sitosterol ﬁéﬁgzlg |,D\f—|EE-I;379%9 VAL702, VAL734, ALA751, LEU852,
’ LEU726, CYS805
CYS805, LEU726, ALAT751,
2 Stigmasterol iggggi I[EB%% Xﬁ’l&;% VAL734, LEU796, LEU785,
' ' LYS753, LEU852
ARG849, ASN850, ASP845,
Kaempferol-3-O- ASP831, GLY772, LEUB20, PHE731, GLY729, ASP863,
3 S VAL702, LEU694, LYS721,
rutinoside THR766. ALA719 GLU738 LYS753, VAL734, LEU726,
' ' ALA751, LEU852, GLY804
ALA719, LEU764, THR766, ASP808, CYS805, LEU726,
. L LYS721, VAL702, GLU738,
4 3,5-dicaffeoylquinic acid ARG849, PHE864, LEU796,
ASP831, ASN818, GLY772, LEU785. MET774
CYS773 '
Bang 3. Két qua danh gia quy tic 5 tiéu chi cua Lipinski
Nhém cho | Nhém nhan Do khic | Hop chét
£ Phan lién két lién két logP | xamol gibng
STT Hop chat tekhdéi | hydrogen | hydrogen (MR) thude
(HBD) (HBA)
3,5-dicaffeoylquinic acid -
1 (146160109) 516,0 7 12 1,03 125,2 Khéng
Kaempferol-3-O- R
2 rutinoside (5318767) 594.0 9 15 -1,58 135,83 Khong
3 B-Sitosterol (222284) 414,0 1 1 8,025 128,22 Co
4 Stigmasterol (5280794) 412,0 1 1 7,8 128,12 Co
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3.3. Két qua ddnh giG quy tdc 5 tiéu chi Lipinski.

Céc hop chat duoc goi 1a “giéng thude” khi
chung dap ung it nhét 2 trong 5 ti€u chi cua qui
tac 5 tiéu chi Lipinski: khi Iwgng phan tir < 500
Da; ¢6 tinh wa dau cao (logP nh6 hon 5); it hon
5 nhom cho lién két hydrogen; it hon 10 nhém
nhan lién két hydrogen; d6 khiic xa mol phai nam
trong khoang 40-130.

Tir két qua Bang 3 cho thiy, c6 2 hop chét
thoa man nhiéu hon 2 tiéu chi, d6 1a p-Sitosterol
va stigmasterol. Tiép theo, 2 hop chat nay tiép
tuc duoc danh gia cac dac tinh vé duge dong hoc
- doc tinh béng du doan ADMET.

3.4. Banh gia ADMET

Bang 4. Két qua danh gia ADMET

Thong sb B-sitosterol | Stigmasterol
Hap thu
Tan trong nudce (log 6,773 6,682
mol/L)
Tinh thim mang
Caco2
(log Papp trong 107 1,201 1,213
cm/s)
Hap thu & rudt ( %) 94,464 94,97
Phén bo ,
Theé tich phan bo
(log L/Kgl; 0,193 0,178
Tinh tham BBB
(log BBB) 0,781 0,771
Chuyén hoa
Co chat CYP2D6 Khong Khong
Co chat CYP3A4 Co Co
Uc ché CYP2D6 Khong Khong
Uc ché CYP3A4 Khong Khong
Thai trir
Do thanh thai toan
phan (log 0,628 0,618
ml/min/kg)
Doc tinh Khong Khong
boc tinh AMES Khong Khoéng
Ddc tinh gan Khong Khoéng

Dé d4nh gia higu qua ctia hai chét trén, chiing
toi tiép tuc danh gia thong so dugc dong hoc va
doc tinh (ADMET) thong qua viéc st dung

pkCSM. Bang 4 1a két qua du doan ADMET cua
B-sitosterol va stigmasterol.

V& hap thu, kha ning hép thu cia mot chét
duogc danh gia dya vao cac thong sé: do tan trong
nuée, tinh thim qua mang Caco2 va kha ning
hap thu & rudt (nguoi). Mot chat duoc cho 1a co
kha nang thim tt khi tinh thAm qua mang Caco2
(log Papp trong 10° 6 cm/s) ¢6 gia tri 16n hon 0,9.
Két qua tir bang 3 cho thdy, ca hai chat trén déu
¢6 gia tri 1én hon 0,9, chimg minh kha ning thim
qua mang tot. Bén canh d6, kha ning hap thu ¢
rudt ngudi (HIB) ciia hai chét nay kha tot do HIB
16n hon 30%. Vé phan bd, gia tri logBBB 16n
hon 0,3 duoc cho 1a c6 kha nang hap thu tét qua
hang rao mau ndo. Két qua cho thiy, logBBB
16n hon 0.3 nén ca hai chat B-sitosterol va
stigmasterol déu c6 kha ning qua hang rao méu
ndo. Vé chuyén hoa, hé cytochrome P450 1a hé¢
enzym quan trong trong qua trinh chuyén hoa
thudc & gan v6i hai CYP quan trong 1a CYP3A4
va CYP2D6. bay la 2 isoform chinh ctia ho CYP
tham gia chuyén hoa phan 16n cac thude, dic biét
la CYP3A4. O déy, ca hai hop chét trén déu 1a
co chét caa CYP3A4, cho théy né c6 thé bi
chuyén hoa ¢ gan. V& thai trir, hop chat p-
sitosterol va stigmasterol c6 kha nang thai tru
qua than v6i do thanh thai toan phan (log
ml/min/kg) 1an luot 1a 0,628 va 0,618. Vé doc
tinh, phé”m mém ADMET xac dinh dua vao cAu
trac hoa hoc ctia 531 chét va dua ra du doan rang
ca hai chat nay khong c6 doc tinh trén gan. Ngoai
ra, thr nghiem ADMET la m¢t phuong phap
dugc st dung rong rai, dung dé phan tich xem
mot chat ¢ thé gdy ra dot bién trong DNA hay
khong, va két qua cho thdy ca p-sitosterol va
stigmasterol déu khong gy hién tugng nay.

4. Ban luin

Trong nghién cuu nay, chung t6i thuc hién
danh gia kha ning tc ché cua 50 hop chit trong
cay Hy thiém vdi ca 2 dich phan td HER2 va
EGFR. Sau khi thuc hién docking phén tir, ching
t6i thu duoc 2 hop chét thé hién kha ning e ché
cao 2 dich trén, c6 ning luong lién két thap hon
hop chit dong két tinh va c6 dic tinh giéng
thudc, do 1a p-sitosterol va stigmasterol.
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Hop chét B-sitosterol 1a mét sterol thuc vat
¢6 cAu tric tuong tu cholesterol. Trong bai
nghién ctru nay, p-sitosterol thé hién kha ning irc
ché ca hai thu thé EGFR va HER2 véi ning
lugng lién két 1an luot 1a -8,4 va -9,9 kcal/mol
qua viéc lién két véi cac acid amin tuong ty nhu
cac chat ching duong. Mot sé nghién clru da chi
ra rang B-sitosterol trc ché sy phat trién cua cac
dong té bao ung thu duogc nudi cay khic nhau
thong qua cac co ché nhu kich hoat chu trinh
sphingomyelin [30, 31], trc ché chu ky té bao
[31, 32] va kich thich chu trinh apoptosis ciia té
bao [33, 34]. Ché d6 an co chira B-sitosterol ciing
dong mét vai tro quan trong trong cé viéc phong
ngira va diéu tri ung thu va [35, 36]. Pic biét,
nghién ctru gan day trén té bao MCF-7 va té bao
MDA-MB231 d3 ching minh sy két hop cua
B-sitosterol va tamoxifen (mot thudc diéu bién
chon loc thu thé estrogen) co thé Grc ché su phat
trién ctia té bao ung thu vii hidu qua hon khi ding
tamoxifen don doc [37]. B-sitosterol ciing cho
thay tiém nang trong dleu tri ung thu phoi qua
viéc trc ché su phat trlen clia té bao biéu mo day
phé nang & nguoi c6 té bao tuyén A549 1én dén
13% trong 72 gio [38]. Ngoai dic tinh chong ung
thu, B-sitosterol cling dwgc nghién ctru c6 cac tac
dung wc ché ting cholesterol mau, chong viém,
khang khuan va khang nam [39].

Hop chét stigmasterol 1a mot sterol thuc vat
ndi bat boi kha ning chdng lai cac dong té bao
ung thu theo cac co ché khac nhau nhu trc ché su
phat trién ctia té bao khdi u [40], trc ché ting sinh
mach va kim ham sy phat trién cua ung thu
duong mat [41], kich hoat té bao ung thu chét
theo chuong trinh [42-46]. Dic biét, theo nghién
chu gan day ctua Huange Zhao va cong su
(2021), stigmasterol duoc chimg minh la kich
hoat qua trinh chét theo chuong trinh thong qua
viéc rc ché con duong truyén tin hién
Akt/mTOR & té bao ung thu da day in vitro va
{rc ché sy phat trién cua té bao in vivo [47].

5. Két luan
Tir két qua sang loc 50 chat tir cay Hy thiém,

chung t61 da tim ra 4 hop chat tiém nang c6 kha
nang uc che dong thoi hai dich EGFR va HER2.

Trong d6 c6 2 hop chét bao gdm p-sitosterol va
stigmasterol c6 niang luong lién két 4m nhat, ¢
dic tinh gidng thudc khi thoa min tiéu chuin
Lipinski va du doan ADMET cho thay kha ning
hép thu tbt, it bi chuyén hoa & gan, thai trir qua
than. Do d6, can tién hanh nhimng nghién ctru in
Vitro va in vivo dé phat trién nhiing hop chat tiém
nang nay tré thanh thudc chong ung thu.

Tai li€éu tham khao

[1] H. Sung, J. Ferlay, R. L. Siegel, M. Laversanne,
I. Soerjomataram, A. Jemal et al., Global Cancer
Statistics 2020: GLOBOCAN Estimates of
Incidence and Mortality Worldwide for 36 Cancers
in 185, CA: A Cancer Ournal for Clinicians,
Vol. 71, No. 3, 2021, pp. 209-249.

[2] A. Friedlaender, V. Subbiah, A. Russo, G. L.
Banna, U. Malapelle, C. Rolfo et al., EGFR and
HER2 Exon 20 Insertions in Solid Tumours: from
Biology to Treatment, Nature Reviews Clinical
Oncology, Vol. 19, No. 1, 2022, pp. 51-69.

[3] F. Ciardiello, G. Tortora. EGFR Antagonists in
Cancer Treatment, New England Journal of
Medicine, Vol. 358, No. 11, 2008, pp. 1160-1174.

[4] Y. Yarden, Biology of HER2 and Its Importance in
Breast Cancer, Oncology, Vol. 61, No. (Suppl. 2),
2001, pp. 1-13.

[5] C. C. Chang, H. F. Hsu, K. H. Huang, J. M. Wu,
S. M. Kuo, X. H. Ling et al., Anti-Proliferative
Effects of Siegesbeckia Orientalis Ethanol Extract
on Human Endometrial RL-95 Cancer Cells,
Molecules, Vol. 19, No. 12, 2014, pp. 19980-19994.

[6] Y.Yang, H.Chen,J. Lei,J. Yu, Biological Activity
of Extracts and Active Compounds Isolated from
Siegesbeckia Orientalis, Industrial Crops and
Products, VVol. 94, 2016, pp. 288-293.

[7] J. Fan, A. Fu, L. Zhang, Progress in Molecular
Docking, Quantitative Biology, Vol. 7, No. 2,
2019, pp. 83-89.

[8] F. A. Almalki, A. M. Shawky, A .N. Abdalla,
A. M. Gouda, Icotinib, Almonertinib, and
Olmutinib: A 2D Similarity/Docking-Based Study
to Predict The Potential Binding Modes and
Interactions Into, Molecules, Vol. 26, No. 21, 2021,
pp. 1-16.

[91 B. K. Nguyen et al., Screening Bioactive
Compounds from Allium Sativum as HER2
Inhibitors Targeting Breast Cancer by Docking
Methods, VNU Journal of Science: Medical and
Pharmaceutical Sciences, Vol. 37, No. 1, 2021,
pp. 35-47 (in Vietnamese).



54

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

D. T. Hang et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 38, No. 2 (2022) 43-55

L. L. Wang, L. H. Hu, Chemical Constituents of
Siegesbeckia Orientalis L., Journal of Integrative
Plant Biology, Vol. 48, No. 8, 2006, pp. 991-995.

F. Wang, X. L Cheng, Y. J. Li, S. Shi, J. K. Liu,
Ent-Pimarane Diterpenoids from Siegesbeckia
Orientalis and Structure Revision of A Related
Compound, Journal of Natural Products, Vol. 72,
No. 11, 2009, pp. 2005-2008.

P.M. Giang, P.T. Son, H. Otsuka, Ent-Pimarane-
Type Diterpenoids from Siegesbeckia Orientalis
L., Chemical and Pharmaceutical Bulletin, VVol. 53,
No.2, 2005, pp. 232-234.

D. T. T. Hang, D.T . Dung, D. T. H. Yen, N. H.
Hoang, N. A. Bang, N. T. Cuc et al., Guaianolide
Sesquiterpenes and Benzoate Esters from The
Aerial Parts of Siegesbeckia Orientalis L. and Their
Xanthine Oxidase Inhibitory, Phytochemistry,
Vol. 190, 2021, pp. 1-8.

S. K. Pradhan, R. C. Gupta, R. K. Goel, Differential
Content of Secondary Metabolites in Diploid and
Tetraploid Cytotypes of Siegesbeckia Orientalis L.,
Natural Product Research, Vol. 32, No. 20, 2018,
pp. 2476-2482.

T. D. Nguyen, P. T. Thuong, I. H. Hwang, T. K. H.
Hoang, M. K. Nguyen, H. A. Nguyen et al., Anti-
Hyperuricemic, Anti-Inflammatory and Analgesic
Effects of Siegesbeckia Orientalis L., Resulting
from The Fraction with High Phenolic Content,
BMC Complementary and Alternative Medicine,
Vol. 17, No. 1, 2017, pp. 1-9.

N. S. Engels, B. Gierlikowska, B. Waltenberger,
F. R. Chang, A. K. Kiss, H. Stuppner, A New
Diterpene and Anti-Inflammatory Sesquiterpene
Lactones from Sigesbeckia Orientalis, Planta Med,
Vol. 86, No. 15, 2020, pp. 1108-1117.

J. Xiong, Y. Ma, Y. Xu, The Constituents of
Siegesbeckia Orientalis, Natural Product Sciences,
Vol. 3, No. 1, 1997, pp. 14-18.

C. Zdero, F. Bohlmann, R. King, H. Robinson,
Sesquiterpene Lactones and Other Constituents from
Siegesheckia Orientalis and Guizotia Scabra,
Phytochemistry, Vol. 30, No.5, 1991, pp. 1579-1584.
D. Guo, Z. Zhang, G. Ye, Z. Lou, Studies on
Liposoluble Constituents from The Aerial Parts of
Siegesbeckia Orientalis, Yao xue xue bao= Acta
Pharmaceutica Sinica, Vol. 32, No. 4, 1997,
pp. 282-285.

W. C. Hung, X. H. Ling, C. C. Chang, H. F. Hsu,
S. W. Wang, Y. C. Lee et al., Inhibitory Effects of
Siegesbeckia Orientalis Extracts on Advanced
Glycation end Product Formation and Key
Enzymes Related to Metabolic Syndrome,
Molecules, Vol. 22, No.10, 2017, pp. 1-18.

M. Asif, M. Saleem, S. Yousaf, M. Saadullah,
M. Zafar, R. U. Khan et al., Antidiabetic Activity

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

of Aqueous Extract of Sigesheckia Orientalis
(St. Paul’s Wort) in Alloxan-Induced Diabetes
Model, Brazilian Journal of Pharmaceutical
Sciences, Vol. 55, 2019, pp. 1-10.

F. Tan, X. Shen, D. Wang, G. Xie, X. Zhang,
L. Ding et al., Icotinib (BPI-2009H), A Novel
EGFR Tyrosine Kinase Inhibitor, Displays Potent
Efficacy in Preclinical Studies, Lung Cancer,
Vol. 76, No. 2, 2012, pp. 177-182.

L. Li, J. Li, M. Khanna, 1. Jo, J. P. Baird, S. O.
Meroueh, Docking Small Molecules to Predicted
Off-Targets of the Cancer Drug Erlotinib Leads to
Inhibitors of Lung Cancer Cell Proliferation with
Suitable In Vitro Pharmacokinetic Properties,
ACS Medicinal Chemistry Letters, Vol. 1, No. 5,
2010, pp. 229-233.

M. H. Cohen, J. R. Johnson, Y. F. Chen,
R. Sridhara, R. Pazdur, FDA Drug Approval
Summary:  Erlotinib  (Tarceva), Oncologist,
Vol. 10, No.7, 2005, pp. 461-466.

C. Zhou, L. Xie, W. Liu, L. Zhang, S. Zhou,
L. Wang et al., Absorption, Metabolism, Excretion,
and Safety of [(14)C] Almonertinib in Healthy
Chinese Subjects, Annals of Translational
Medicine, Vol. 9, No. 10, 2021, pp. 1-16.

J. C. Yang, D. R. Camidge, C. T. Yang, J. Zhou,
R. Guo, C. H. Chiu et al., Safety, Efficacy, and
Pharmacokinetics of Almonertinib (HS-10296) in
Pretreated Patients with EGFR-Mutated Advanced
NSCLC: A Multicenter, Open-Label, Phase 1
Trial, Joumal of Thoracic Oncology, Vol. 15,
No. 12, 2020, pp. 1907-1918.

E. S. Kim, Olmutinib: First Global Approval,
Drugs, Vol. 76, No. 11, 2016, pp. 1153-1157.

X. Hu, S. Tang, F. Yang, P. Zheng, S. Xu, Q. Pan
et al., Design, Synthesis, and Antitumor Activity of
Olmutinib  Derivatives Containing Acrylamide
Moiety, Molecules, VVol. 26, No. 10, 2021, pp. 1-14.
H. Singh, A. J. Walker, L. A. Kordestani, J. Cheng,
S. Tang, P. Balcazar et al., U. S. Food and Drug
Administration Approval: Neratinib for The
Extended Adjuvant Treatment of Early-Stage
HER2-Positive Breast Cancer, Clinical Cancer
Research, Vol. 24, No. 15, 2018, pp. 3486-3491.
A. B. Awad, M. Chinnam, C. S. Fink, P. G.
Bradford, Beta-Sitosterol Activates Fas Signaling
in Human Breast Cancer Cells, Phytomedicine,
Vol. 14, No. 11, 2007, pp. 747-754.

A. B. Awad, H. Williams, C. S. Fink, Phytosterols
Reduce In Vitro Metastatic Ability of MDA-MB-
231 Human Breast Cancer Cells, Nutrition and
Cancer, Vol. 40, No. 2, 2001, pp. 157-164.

A. B. Awad, A. T. Burr, C. S. Fink, Effect of
Resveratrol and Beta-Sitosterol in Combination on
Reactive Oxygen Species and Prostaglandin



(33]

[34]

[35]

(36]

[37]

(38]

[39]

[40]

D. T. Hang et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 38, No. 2 (2022) 43-55 55

Release by PC-3  Cells, Prostaglandins
Leukotrienes Essential Fatty Acids, Vol. 72, No. 3,
2005, pp. 219-226.

Y. H. Choi, K. R. Kong, Y. A. Kim, K. O. Jung, J.
H. Kil, S. H. Rhee et al., Induction of Bax and
Activation of Caspases During Beta-Sitosterol-
Mediated Apoptosis in Human Colon Cancer Cells,
Intermational Journal of Oncology, Vol. 23, No. 6,
2003, pp. 1657-1662.

A. B. Awad, R. Roy, C. S. Fink, Beta-Sitosterol, A
Plant Sterol, Induces Apoptosis and Activates Key
Caspases in MDA-MB-231 Human Breast Cancer
Cells, Oncology Reports, Vol. 10, No. 2, 2003,
pp. 497-500.

S. Sieri, V. Krogh, V. Pala, P. Muti, A. Micheli,
A. Evangelista et al., Dietary Patterns and Risk of
Breast Cancer in The ORDET Cohort, Cancer
Epidemiol Biomarkers Prevention Biomarkers,
Vol. 13, No. 4, 2004, pp. 567-572.

P. Greenwald, C. K. Clifford, J. A. Milner, Diet and
Cancer Prevention, European Jourmal of Cancer,
Vol. 37, No. 8, 2001, pp. 948-965.

A.B.Awad, S. L. Barta, C. S. Fink, P. G. Bradford,
Beta-Sitosterol Enhances Tamoxifen Effectiveness
on Breast Cancer Cells by Affecting Ceramide
Metabolism, Molecular Nutrition & Food
Research, Vol. 52, No. 4, 2008, pp. 419-426.

S. S. Vundru, R. K. Kale, R. P. Singh, Beta-
Sitosterol Induces G1 Arrest and Causes
Depolarization of Mitochondrial Membrane
Potential in Breast Carcinoma MDA-MB-231
Cells, BMC Complementary and Alternative
Medicine, Vol. 13, 2013, pp. 1-9.

W. H. Ling, P. J. Jones, Dietary Phytosterols: A
Review of Metabolism, Benefits and Side Effects,
Life Sciences, Vol. 57, No. 3, 1995, pp. 195-206.
C. Scholtysek, A. A. Krukiewicz, J. L. Alonso,
K. P. Sharma, P. C. Sharma, W. H. Goldmann,
Characterizing Components of The Saw Palmetto
Berry Extract (SPBE) on Prostate Cancer Cell
Growth and  Traction, Biochemical and
Biophysical Research Communications, Vol. 379,
No. 3, 2009, pp. 795-798.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

T. Kangsamaksin, S. Chaithongyot,
C. Wootthichairangsan, R. Hanchaina,
C. Tangshewinsirikul, J. Svasti, Lupeol and

Stigmasterol Suppress Tumor Angiogenesis and
Inhibit Cholangiocarcinoma Growth in Mice Via
Downregulation of Tumor Necrosis Factor-Alpha,
PLoS One, Vol. 12, No. 12, 2017, pp. 1-16.

Y. S. Kim, X. F. Li, K. H. Kang, B. Ryu, S. K. Kim,
Stigmasterol Isolated from Marine Microalgae
Navicula Incerta Induces Apoptosis in Human
Hepatoma HepG2 Cells, BMB Reports, Vol. 47,
No. 8, 2014, pp. 433-438.

P. Pandey, P. Bajpai, M. H. Siddiqui, U. Sayyed,
R. Tiwari, R. Shekh et al., Elucidation of The
Chemopreventive Role of Stigmasterol Against
Jabl in Gall Bladder Carcinoma, Endocrine,
Metabolic & Immune Disorders-Drug Targets
(Formerly  Current Drug  Targets-Immune,
Endocrine & Metabolic Disorders), Vol. 19, No. 6,
2019, pp. 826-837.

H. Ali, S. Dixit, D. Ali, S.M. Algahtani,
S. Alkahtani, S. Alarifi, Isolation and Evaluation of
Anticancer Efficacy of Stigmasterol in a Mouse
Model of DMBA-Induced Skin Carcinoma, Drug
Design, Development Therapy, Vol. 9, 2015,
pp. 2793-2800.

K. Li, D. Yuan, R. Yan, L. Meng, Y. Zhang,
K. Zhu, Stigmasterol Exhibits Potent Antitumor
Effects in Human Gastric Cancer Cells Mediated
Via Inhibition of Cell Migration, Cell Cycle Arrest,
Mitochondrial Mediated Apoptosis and Inhibition
of JAK/STAT Signalling Pathway, J BUON,
Vol. 23, No. 5, 2018, pp. 1420-1425.

H. Bae, G. Song, W. Lim, Stigmasterol Causes
Ovarian Cancer Cell Apoptosis by Inducing
Endoplasmic  Reticulum and Mitochondrial
Dysfunction, Pharmaceutics, Vol. 12, No. 6, 2020,
pp. 1-16.

H. Zhao, X. Zhang, M. Wang, Y. Lin, S. Zhou,
Stigmasterol Simultaneously Induces Apoptosis
and Protective Autophagy by Inhibiting
Akt/mTOR Pathway in Gastric Cancer Cells,
Frontiers in Oncology, Vol. 11, 2021, pp. 1-11.



