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Nghién e i slio va i vitto v tic dng 1én qua trinh chet theo churong trinh
cia Markhacanasin A trén dong t¢ hao ung thw vii MCE-7 thong qua co'ché kich hoat caspase-3

Nguyén Quéc Trung", Nguyén Khanh Hung', Ngo Trong Nghia?', Nguyén Tn Phat?
IKhoa Héa hoc, Trieong Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia TP Ho Chi Minh, 227 Nguyén Vin Cir, phirong 4, quén 5, TP Hé Chi Minh, Viét Nam
2Khoa Tai nguyén - Méi truong, Truong Pai hoc Kién Giang, 3204 quéc 16 61, thi tran Minh Lwong, huyén Chdu Thanh, tinh Kién Giang, Viét Nam
3Vién Cong nghé Hod hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam, 14, TL29, phuong Thanh Léc, qudn 12, TP Hoé Chi Minh, Viét Nam

Ngay nhén bai 17/2/2023; ngay chuyén phan bién 20/2/2023; ngay nhén phan bién 13/3/2023; ngay chip nhan dang 16/3/2023
Tom tit:

Markhacanasin A (MA) 1a mét cycloartane triterpenoid dwoc phan lap tir 14 cAy Thiét dinh Ca Na (Markhamia stipulata
var. canaense V.S. Dang) thu thap tai tinh Ninh Thuin, Vi¢t Nam. Nghién ciru cho thdy, MA thé hi¢n hoat tinh giy doc
manh trén dong té bao ung thu vii MCF-7 véi 1C_=16,51+0,22 nM. Tuy nhién, co ché MA kich hoat qua trinh chét ciia té
bao theo chwong trinh (apoptosis) trong té bao ung thu vit MCF-7 van chwa dwge kham pha. Trong nghién ctru nay, cac
tac gia danh gia tic dong cia MA 1én qua trinh apoptosis trén dong té bao ung thw vii MCF-7 bang phuwong phip phan
tich té bao theo dong chay, két hop phan tich mé hinh docking phén tir trén caspase-3, caspase-8, caspase-9, Apaf-1 va
survivin. Két qua cho thiy, MA c6 tic dung hoat hoa qua trinh chét ciia té bao ung thw vit MCF-7 theo chwong trinh,
thong qua cam \ng caspase-3 in vitro va in silico, qua d6 chirng minh tinh khang té bao ung thw vi MCF-7 ciia phan tir
nay. Nghién ctru ciing cung cip nhirng hiéu biét méi vé co ché hoat dong ciia MA, dong thoi cho thiy tiém ning ciia MA
nhw mét lya chon diéu tri diy hira hen cho bénh ung thw vii.

Tir khéa: caspase-3, Markhacanasin A, qua trinh chét ciia té bao theo chwong trinh, Thiét dinh Ca Na.

Chi s6 phén logi: 1.4,1.6

1. Dt van deé

Thiét dinh Ca Né thudc chi Makhamia, ho Quao (Bignoniaceae)
1a loai thyc vat méi duoc phat hién tai xa Ca N4, huyén Thuan Nam,
tinh Ninh Thuan boi V.S. Dang (2015) [1].

Theo thong ké hién c6 khoang 7 loai thudc chi Markhamia da
duoc nghién ctru vé thanh phan héa hoc, chu yéu la cac din xuat
phenol, flavonoid, triterpenoid, anthraquinone, naphthoquinone...
Trong mot nghién ciru trude day, chung toi da phan lap va danh gia
hoat tinh trén cac dong té bao ung thw (HeLa, HepG2, MCF-7, Jurkat,
NCI-H460) ciia 2 hop chét 1a la,3B,7f-trihydroxycycloart-24-en-
28-oic acid (MA) va la,3f,22-trihydroxycycloart-24-en-28-oic acid
(Markhacanasin B) tir cao chiét ethyl acetate 14 cay Thiét dinh Ca Na.
Thong qua phuong phap nhuém Sulforhodamine B cho théy, hop chat
MA gdy doc dbi véi tat ca cac dong té bao thir nghiém. Trong s6 do,
MA thé hién doc tinh manh trén dong té bao MCEF-7 vai gia tri IC,,
la 16,51+0,22 UM [2]. Mot 56 nghlen ctru khac vé duoc 1y cua chi
Makhamia cho théy, cac hop chat cycloartane 13 musambin A, B, C va
dan xuit musambioside A, B, C tir 14 cay M. lutea dugc c6 lap boi D.
Lacroix va cs (2009) [3] c6 kha nang trc ché dong té bao ung thu biéu
mo. Nghién ctru cua D.M. El- Kersh va cs (2016) [4 ] cho thdy, dich
chlet con tir 14 cia M. zanzibarica c6 kha ning (e ché té bao ung thu
¢d tir cung voi gia tri IC,,1a 9,68 pg/ml. Ngoal ra, két qua nghién ciru
cua M.B. Ibrahim va cs (201 8)[5] 5] cho thdy, molhc acid co 1ap tur 1a M.
tomentosa c6 kha ning tic ché dong ung thu ¢ tir cung [5].

Apoptosis 1a mdt kleu chét t& bao theo chwong trinh thong qua sy
kich hoat Cac protease té bao 1a cac caspase ¢ vai trd phéan cat protein
lam mét cdu tric va chirc nang cua té bao [6, 7]. Caspase-3 1a protease
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lién quan dén giai doan dau cia qué trinh chét theo chwong trinh. Cu
thé, caspase ndy xtc tac cho sy phan cit nhidu protein quan trong cia
té bao, d6ng vai trd quan trong trong qué trinh ngung tu chat nhidm
séc apoptotic va phan manh DNA [8-10]. Do do, caspase-3 dugc xem
1a enzyme chu chit gay ra qua trinh chét theo chuong trinh.

Céc caspase lién quan dén qué trinh apoptosis dugc chia thanh 2
nhom chinh la caspase khoi mao (caspase-8, caspase-9) va caspase
tac dong (caspase-3 hodc caspase-7) [11]. Do do, qua trinh kich hoat
caspase-8, caspase-9 hay kich hoat tryc tiép caspase-3 s& anh huong
tryc tiép dén qua trinh apoptosis cua té bao. Trong cac nghién ctru gi?m
day, qua trinh kich hoat caspase-3 thong qua caspase-9 c6 thé duogc
thyc hién thong qua qua trinh tc ché survivin, mgt protein thugc ho
IAPs, c6 tac dung chdng lai qua trinh chét té bao thong qua lién két
voi procaspase-9, cyctochrome C, Apaf-1 va ngan chan sy hinh thanh
caspase-3 [12-14]. Survivin chi duoc biéu hién qué mure ddi voi té bao
ung thu ma khong duoc phét hién ¢ t bao thuong [15, 16], cu thé véi
dong té bao ung thu vu, survivin biéu hién protein 6 mure 70,7-90,2%.
Trong nghién ciru cta S.I. Wanandi va cs (2020) [17], viéc tc ché
survivin da duoc chimg minh 1a ¢6 lién quan dén qua trinh kich hoat
caspase-3. Chinh vi vy, trong nghién ctru ndy, chung t6i tién hanh
xdy dung m hinh docking phan tir cia hop chit MA véi caspase-3,
caspase-8, caspase-9, Apaf-1 va survivin dé chimg minh hoat tinh
khang ung thu manh trén dong té bao MCF-7 cia MA thong qua co
ché kich hoat caspase-3.

Hién chua co nghién ctru ndo danh gia co ché cam tmg qué trinh
apoptosis 1én té bao ung thw vit MCF-7 ctia MA. Chinh vi thé, nghién
ctru ndy duoc tién hanh nhdm xac dinh phﬁn trim té bao ung thu va
MCF-7 duong tinh caspase-3 sau khi xir Iy v6i hoat chét trén. Ngoai
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Abstract:

Markhacanasin A (MA), a cycloartane-type triterpenoid was
isolated from the leaves of Markhamia stipulata var. canaense V.S.
Dang, collected in Ninh Thuan province, Vietnam. In our previous
study, it was found that MA possessed potential cytotoxicity against
MCF-7 human breast cancer cell lines, with an IC,=16.51+0.22
pM. However, the mechanism by which MA triggers apoptosis in
the MCF-7 cells has not been explored yet. Therefore, this study
has been conducted to investigate the mechanism of apoptosis
induction in the MCF-7 cell lines by MA. The study utilised
the flow cytometry method and molecular docking patterns
analysis of caspase-3, caspase-8, caspase-9, Apaf-1, and survivin.
Interestingly, the results have demonstrated that MA induces
apoptosis in the MCF-7 cell line by activating the caspase-3
enzyme, both in vitro and in silico, which suggests that MA may
have therapeutic potential as a breast cancer treatment agent.
This study provides new insights into the mechanism of action of
MA and highlights its potential as a promising therapeutic option
for breast cancer.

Keywords: apoptosis, caspase-3, Markhacanasin A, Markhamia
stipulata var. canaense V.S. Dang.
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ra, md hinh docking phan tir ctia céc protein lién quan dén con duong
cascade nhu caspase-3, caspase-8, caspase-9, Apaf-1 va survivin ciing
duoc xdy dung nham danh gi4 kha nang lién két cia MA véi cac
protein dé xac nhan kha ning cam tmg kich hoat caspase-3.

2.Vt liéu va phuong phap nghién ciiu
2.1. Vit ligu

Dong té bao ung thu vii (MCF-7) sir dung trong nghién ctru nay
duoc cung cp boi Vién Té bao gbe, Truong Dai hoe Khoa hoc Tu
nhién, Pai hoc Qudc gia TP Hb Chi Minh.

MA dugc phan lap tir cao ethyl acetate cia la cay Thiét dinh Ca Na
v6i d6 tinh khiét >99%. Cau tric hoa hoc cta hop chét (hinh 1) dwgc
xéc dinh dya trén dit liéu phd IR, UV, HR-ESI-MS, 1D, 2D-NMR [2].
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Hinh 1. C4u trtc cua MA.

2.2. Phwong phdp nghién ciru

2.2.1. Nghién ciru kha nang cam wng qua trinh apoptosis cua
MA in vitro

Nudi cdy té bao va xir Iy té bao voi MA: Phan tich apoptosis
cta té bao ung thu va MCF-7 dugc thyc hién theo phwong phap cta
H.S. Bagheri va cs (2020) [18] c6 hiéu chinh. Theo dé, té bao dugc
cdy vao dia 6 giéng voi mat do 100.000 té bao trén 1 giéng. Té bao
sau d6 duoc nudi cdy trong moi trudong DMEM-F12 b sung huyét
thanh bo (FBS) ¢ ndng do 10%, nhiét do 37°C, CO, 5% (v/v) trong
24 gi0. Sau 24 gio nudi cay, t¢ bao dugc xu ly véi MA & cac nong
d6 5, 10, 20 va 40 uM trong 24 gid tiép theo. Pi chimg am dugc
xtr 1y voi DMSO ¢ ndng do 0,1%. Sau khi hoan thanh xir ly MA
trong 24 gio.

Nhuom khang thé: Sau 24 gid xir Iy MA & cac ndng do néu
trén, té bao dugc tach 1én khoi bé mit nudi cdy bang dung dich
tach t& bao Detachment (Vién Té bao géc, Truong Dai hoc Khoa
hoc Ty nhién, Pai hoc Qubc gia TP Ho Chi Minh). Nong do té bao
trong mdi mau khoang 2x10° va 1x107 t& bao/ml. Mau té bao sau
d6 duoc dem di nhuom khang thé dé phat hién sy hoat dong cua
caspase-3 bang bg kit PE Active Caspase-3 Apoptosis (Cat 550914,
BD Bioscience, Uc) theo huéng dan cua nha san xuét.

Rira té bao 2 lan bang dung dich PBS 1X, sau d6 tai huyén phu
t& bao trong dung dich BD Cytofix/Cytoperm ¢ nong do 1x10° té
ba0/0,5 ml. U dung dich chira té bao trong 20 phut ¢ nhiét do 4°C.
Sau do, ly tim dé tach bo dung dich BD Cytofix/Cytoperm, thu cin
té bao, rira té bao 2 1an trong dung dich BD Perm/Wash 1X ¢ nhiét
d6 phong. T4i huyén phu té bao trong dung dich BD Perm/Wash 1X
cung v6i 10 pl khang thé va u ¢ nhiét do phong trong 30 phit. Sau
d6 rira mau trong 1 ml dung dich BD Perm/Wash 1X va tai huyén
phu trong 0,5 ml dung dich BD Perm/Wash 1X roi dem di phén tich
bang may FCM FACSJazz (BD Bioscience, Uc).

Xir Iy s6 lidu: Phan tich két qua dugc thyc hién bang phan mém
FlowlJo (ver.10.5.3). Céc thi nghiém duoc thuc hién 3 1dn va két qua
duoc biéu thi béng trung binh +SD.

2.2.2. Nghién cvuu docking phdn tw

Chuén bj ligand: Hop chat MA duoc phac thao bang phin mém
Chemdraw Professional 16.0, sau d6 duoc tdi wu hoa ciu trac 3
chiéu trén phan mém MOE.2022 va ning luong duoc giam thiéu toi
da 0,0001 gradient.
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Chuén bi protein: Céu trac tinh thé cia céc protein caspase-3
(PDB ID: 2XYG), caspase-8 (PDB ID: 2C27), caspase-9 (PDB ID:
INW9), survivin (PDB ID: 2RAW) va Apaf-1 (PDB ID: 1Z6T) thu
dugce tir ngan hang co so dir li¢u protein RCSB (http://www.rcsb.org).
Tét ca cac phan tir nho, nude va cac phi tir dong két tinh duoc loai bo,
chi giir lai phan tir chét te ché. Chu trac protein sau do duoc ) dinh
dién tich, hydrogen va dugc solvate trong pha khi str dung truong luc
AMBER10:EHT. CAu truc protein sau do dugc t6i wu hoa va xéc dinh
ving tim hoat tinh bang cong cu Site Finder trén phan mém MOE.

Quy trinh docking phan ti: Qua trinh docking phan tir duge thyc
hién trén phin mém MOE.2022. Céc thong s6 docking da dugc didu
chinh dé cac ving dummy dugc chon lam ving docking. Phuwong
phap sép xép 1a triangle matcher, phuong phép tinh diém 1 London
dG. Ngoai ra, phuong phap sang loc dugc chon 1a induced receptors
vi GBVI/WSA, déy la phuong phép chim diém dé lwa chon 5 trong
s6 30 céu truc docking tot nhat ciia ligand. Cac cdu tric thu duogc phai
c6 diém docking tt nhat (docking score, DS) va gi4 tri rmsd_refined
khong cao hon 3A.

3. Két qua va ban luan
3.1. Kha nang cim irng qud trinh apoptosis in vitro

Téc dong ctia MA tir cdy Thiét dinh Ca Na Ién qua trinh apoptosis
ctia té bao ung thu via MCF-7 dugc phan tich bang k¥ thuat dém té bao
dong chay & cc nong do MA trong méi truong nudi cy 1a 5, 10, 20
va 40 pM. Két qua xéc dinh ty 18 té bao dwong tinh caspase-3 sau khi
xir ly mau thir dugc trinh bay & hinh 2.
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Hinh 2. Anh hwéng cla hoat chat MA Ién apoptosis cua té bao ung thw
va MCF-7.

Két qua hinh 2 cho thay, ty 1& té bao apoptosis tang khi dugc xir
Iy voi MA. Sau 24 gio, ty 1¢ té bao duong tinh caspase-3 ting 1én
4,5+0,6% & nong do 5 uM MA, 6,6+0,4% & nong do 10 uM MA,
6,9+0,6% 6 ndng do 20 uM MA va tang dang ké Ién 19,4+0,9% khi
& nong do 40 pM MA so véi ddi chimg khoang 4,0£0,2%. O ndng do
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xtr 1y 5 uM, khong co sw khac biét vé ty 16 té bao duong tinh caspase-3
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50 vOi dbi chimg. C6 thé két luan rang, MA 1a mot hop chat ¢ kha
ning cam (mg su chét t& bao theo chuong trinh. Nghién ciru trude
day cua B. Ibrahim va cs (2013) [19] da cho thdy dich chiét ethanol
ctia M. tomentosa c6 kha ning gy apoptosis trén t& bao ung thur ¢ tir
cung. Cu thé, 6 nong do 189 pg/ml, dich chiét da lam tang ty 16 té bao
apoptosis som 1én 25,9% so v6i ddi chimg 14 0,4% sau 24 gio xt Iy.

3.2. Kh ndng lién két véi caspase ciia MA in silico

Mo hinh docking phan tir cia MA vdi céc protein lién quan dén
qué trinh apoptosis trén dong t& bao ung thu vi MCF-7 cho thdy, phan
tir MA tuong tic voi nhiéu amino acid tai trung tim hoat dong cia
protein thong qua céc lién két hydrogen manh. Dya trén con duong
cascade kich hoat caspase-3 dé qua trinh apoptosis dién ra manh m&
hon, viéc kich hoat tot hay kha nang tao phitc hop caspase - hop chat
dich cang tot va survivin bj trc ché cang manh thi hoat tinh gay chét
t& bao ung thu cang cao [20]. Dua trén két qua thu duoc ¢ bang 1 va
mo hinh tuong tac 2D, 3D ctia MA vdi cac protein, ching toi c6 thé
chimg minh dugc kha nang kich hoat caspase-3 cia MA thong qua
co ché kich hoat truc tiép caspase-3 hodc gian tiép dua trén kich hoat
caspase-8, caspase-9 hay Apaf-1. MA c6 thé tao lién két hydrogen
manh v6i Ser209 va Phe250 véi gia tri ning lugng lién két cao 1a
6,9606 Kcal/mol, gi tri nay chi thap hon chét trc ché TQ8 (N-[(2S)-
4-chloro-3-oxo-1-phenyl-butan-2-yl]-4-methyl-benzenesulfonamide)
cua caspase-3 va gan nhu tuong dong vé6i 2 loai thude dang duogc
st dung dé diéu tri ung thu vii & nguoi 1a Doxorubicin (IC,=4,39
uM) [21] va Rafloxifene (IC,=10 uM) [22]. Trong nghién clru ctia
X. Ma va cs (2017) [23], mot triterpenoid c6 khung twong tu véi
MA 1a ursolic acid (UA), nhom carboxylic ciia UA hinh thanh lién
két hydrogen vdi Ser va Agr trén protein caspase-3 (PDB ID: 514C).
Quad trinh tuong tac ndy cling dugc quan sat trén mo hinh 2D nhém
carboxylic cia MA, ¢ hinh thanh lién két hydrogen vdi Phe va twong
tac vOi Arg, ngodi ra con co lién két hydrogen v6i Ser (hinh 3). Véi
nhimg bang chimg thu dwoc tir mé hinh docking phén tir, MA hinh
thanh phtrc hop tot v6i caspase-3 va kich hoat qué trinh apoptosis,
chimg minh tinh khang té bao ung thu vi MCF-7 ctia phan tir nay.
Bang 1. Két qua docking phan tir cia MA, Native ligand (NL), chat déi
chirng (Doxorubicin, Rafloxifene) véi protein kich hoat caspase.

Docking score (Kcal/mol) . i
Protein Loailién ket~ AAs lién ket
MA NL Doxorubicin  Rafloxifene
2 H-donor Asp32
Apaf1 84969 9,508 - !
(PDB ID: 1Z6T) H-acceptor ~ Arglll
Caspase-3 H-acceptor ~ Ser209
-6,9606  -7,1375 -7,0313 -7,1838
(PDBID: 2XYG) H-acceptor ~ Phe250
H-donor Lys253
Caspase-8
(PDB ID: 2022) 60,8253 -8,4308 -7,5334 -7,6949 H-acceptor  Ser256
H-pi His317
H-donor Thr254
Caspase-9
(PDB ID: INW9) 64453 - -13119 -7,9543 H-donor Gln240
H-acceptor ~ GIn240
Survivin A5 H-donor Leu87
(PDBID: 2RAW) 68293 76180  Heacceptor  LysT8
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Hinh 3. M6 hinh docking phan tir 2D va 3D cua MA vé&i caspase-3 (A), caspase-8 (B), caspase-9 (C), Apaf-1 (D) va survivin (E).
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Bén canh do, MA ciing cho thiy két qua twong tac tt v6i Apaf-
1, mét protein khi két hgp vé6i cyctochrome C s& tao thanh phirc hop
apotosome, tién chét trong tong hop caspase-3; tuong tac kha tot véi
caspase-8 va caspase-9, cac protein khoi mao cho qua trinh apoptosis
[24]. Bang chu y, trong qua trinh nghién ciru qua trinh docking phan
tir, MA ciing cho thdy kha nang tic ché khi tao thanh phitc hgp voi
survivin, mot protein trc ché qué trinh apoptosis [20]. Nhin chung,
v két qua thu duge tir th nghiém in silico, MA cho théy kha nang
tuong tac tot v6i protein caspase, kich hoat qua trinh apoptosis thong
qua cdm ung caspase-3.

Trong nghién ctru nay, ching t6i nhan thay hoat chat MA c6 hoat
tinh gdy doc té bao ung thu vii MCF-7 bang céch gay ra qué trinh chét
té bao theo chuong trinh. Phén tich docking phén tir da cho thay, MA
¢6 kha ning twong téc tt vi céc protein caspase, kich hoat qué trinh
apoptosis thong qua cam (mg caspase-3. Két qua cta nghién ctru ndy
di cho thiy MA duoc phén lap tir cay Thiét dinh Ca Na tai tinh Ninh
Thuén c6 tiém nang phat trién nhu mét loai thude chdng ung thw. Tuy
nhién, dé c6 két luan chinh xac hon vé con dudng trc ché, ciing nhu
vi tri cam Ung ciia MA, cac thir nghiém vé biéu hién protein can duoc
thuc hién nhiéu hon, ciing nhu cac nghién ciru docking vé twong tac
cuia protein-protein, protein-protein-ligand can duogc thuc hién thém.
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