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LOI CAM DOAN

T6i xin cam doan dé tai nghién civu trong ludn van nay la cong trinh nghién ciru
clia t6i dwa trén nhiing tai liéu, sé liéu do chinh téi tw tim hiéu va nghién civu. Chinh vi
vdy, cdc két qua nghién ciru dam bdo trung thiee va khdch quan nhdt. Pong thoi, két
qud ndy chiea tirng xudt hién trong bdt cit mt nghién civu ndo. Cdc so liéu, két qua néu
trong ludn van la trung thyc néu sai téi hoan chiu trach nhiém.

Téc giad ludn van Ky va ghi r6 ho tén
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LOI CAM ON

Em xin guri giri cam on sau sic ti TS. Lé Thi Thuy Duong ngudi da dinh hudng
¥ tudng nghién ctru, nhiét tinh huéng dan em céc thi nghiém va chi day kién thirc chuyén
mon giip em hoan thanh tot luan vin. Sy dong vién va khich 18 cua c6 da giup em co
thém dong luc tim toi, kham pha va kién tri v6i nhitng ¥ tuéng cua minh. D6 1a diéu
may man 16n nhat ma em c6 dugc trong nhitng bude dau ctia con duong nghién ciru
khoa hoc.

Em xin giri 10i cdm on dén cac thay cd, cac anh chi k¥ thuat vién thuoc phong
Hoa sinh mién dich di giup d& em trong sudt qua trinh thuc hién dé tai. Em ciing xin
guri 101 cam on dén cac thay ¢, cac anh chi Phong Thi nghiém trong diém Cong nghé
gen va Phong thi nghiém trong diém Cong nghé Vacxin va ADN tng dung, Vién Sinh
hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam da tao diéu kién thuan loi vé co
s& vt chat dé em thuc hién dé tai.

Em xin cdm on sy gitp do tan tinh, tao tat ca cc diéu kién thuan loi cho em cua
ban Lanh dao, phong Pao tao va cac ban phong churc nang cua Hoc vién Khoa hoc va
Cong nghé dé em hoan thanh luan vin trong thoi gian hoc tap va nghién ctru tai Hoc
vién.

Cubi cung, em Xin cam on sy gidp dd tan tinh cua ban be, sy dong vién, tao diéu
kién ctia nhitg nguoi than trong gia dinh trong sudt qua trinh em hoan thanh luan vin
nay.

Xin chan thanh cam on

Ha Noi, ngay 22 thang 6 nam 2026

Hoc vién

O

D Thi Huyén
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MO PAU

Ung thu 12 mot trong nhitng thach thirc y té toan cau 10n nhat caa thé ky XXI,
v6i ganh ning ngay cang gia ting ca vé ty 1é mac 1an ty 1¢ tir vong. Theo Bao cao Ung
thu Toan cau ndm 2022 cta T6 chirc Y t& Thé gigi (WHO), mdi nam trén thé gisi co
hang chuc triéu ca mic moi va hang triéu ca tir vong lién quan dén ung thu. Trong sb
cac loai ung thu, ung thur ndo va dic biét 1a u nguyén bao than kinh dém (glioblastoma
multiforme, GBM) duoc xem 1a dang 4c tinh nhét, chiém ty 1é cao nhat trong cac khoi
u than kinh dém. Bénh 1y ndy dic trung bai tbe do phat trién nhanh, kha ning xam 14n
manh vao moé nao lanh va ty I¢ tai phat rat cao sau diéu tri. Du di co nhirng tién bod trong
chan doan hinh anh, phau thuat, xa trji va hoa tri, tién lugng séng cua bénh nhan GBM
van rat han ché. Thoi gian séng trung vi chi khoang 14-16 thang, ty 18 sdng sau 5 nim
dudi 10%. Béi vay viée tim kiém nhiing loai thudc/dugc chat méi dic tri khang u, khang
viém ciing nhu hd trg diéu tri va phong bénh 1a hét strc can thiét va cip bach. Mic du
trong y hoc hién dai da c6 nhirg budc phat trién trong viéc tong hop céc loai thude diéu
trj bénh ung thu nhung t6i nay chua c6 thude nao duoc cho 1a hoan toan hiéu qua va an
toan.

Thuc vat va cac hop chét co ngu@)n géc tur thue vat tir 1au da duoc xem la nguén
cung cap cac tac nhan tiém ning trong diéu tri ung thw, nho dic diém doc tinh thap, kha
ning dung nap tot va tic dong da co ché 1én t& bao ung thu. Nhiéu nghién ctru cho thiy
cac chit chuyén hoa thir cAp tir thuc vat c6 thé @e ché su phat trién cua té bao ung thu
thong qua nhiéu co ché khac nhau nhu gay ton thuong DNA, cam tng apoptosis va diéu
hoa céc truc tin hi¢u quan trong nhu RAS/ERK, PI3K/Akt hay con duong ty thé. Vén la
mot dat nude duoc thién nhién vu dai, nam trong vung nhi¢t dé1 gido mua, Viét Nam co
mot tham thyc vat v cung phong phu va da dang véi rat nhiéu loai thuc vat khac nhau.
Tir nhidu thé ky nay, thuc vét khong chi 1a ngudn cung cap dinh dudng cho con ngudi
ma con 13 nhitng phuong thirc chira bénh hét sitc quy gia. Trong bdi canh cic phuong
phép diéu tri ung thu hién nay vin con nhiéu han ché vé hiéu qua lau dai va tic dung
phu, viéc tim kiém céc hop chit c6 ngudn gdc ty nhién, c6 kha ning tac dong da co ché
va doc tinh thap dang tré thanh mot hudng nghién ciru day trién vong. Trong s6 cac hop
chat ty nhién, o-mangostin — mot xanthone duoc tim thay chii yéu trong vo qua mang
cut (Garcinia mangostana L.) — da dugc ching minh c6 nhiéu hoat tinh sinh hoc ndi bat
nhu khang viém, chdng oxy héa va dic biét 1a kha ning gy doc té bao ung thu. Mot sb
nghién ctru trén cac dong té bao ung thu nhu ung thu v, dai truc trang va gan cho thay
hop chét nay c6 thé tac dong 1én nhiéu dich phan tir, bao gdm stress oxy hoa, chirc ning
ty thé va cdc truc tin hiéu ndi bao quan trong. Tuy nhién, cic nghién ctru ndy van con
101 rac va thiéu tinh hé théng. Bén canh d6, cac nghién ctru chu dong tach chiét, phan
1ap hop chat nay tir ngudn nguyén lidu trong nudc, déng thoi sir dung xuyén sudt cho

céc danh gia sinh hoc van con han ché. Didu nay dit ra nhu cu xdy dung quy trinh phan
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1ap 6n dinh nham dam béo tinh dong nhit va d6 tin cdy cua hop chit sir dung trong
nghién ctru. Dong thoi, cac nghién ciru mod phong in silico nham dy doan twong tac giira
a-mangostin va protein dich ciling con han ché va it duoc lién két truc tiép voi dir liéu
thuc nghiém. Do d6, viéc 1am sang to co ché tac dong cuia o-mangostin tir hop chit duoc
phan 1ap truc tiép tir ngudn nguyén liéu tu nhién, khong chi gop phan bo sung tri thirc
vé duoc 1y cila cac hop chat ty nhién ma con mé ra hudng tiép can méi trong phit trién
cac lidu phap diéu tri ung thu than kinh dém. Xuat phat tir nhitng van dé trén, dé tai
“Nghién ctvu tic dung gdy dic ciia a-mangostin tiv vé qud mdng cut trén dong té bao
ung thw than kinh dém” véi muc tiéu nghién ctru nhu sau:

* Muc tiéu tong qudt:

Pénh gia tic dung giy doc té bao va bude dau 1am rd co ché tic dong cua o-
Mangostin duoc phan 1ap tir vo qua mang cut (Garcinia mangostana) trén dong té bao
ung thu than kinh dém U-87 MG.

* Muc tiéu cu thé:
(i) Phén lap, tinh sach va xac dinh cdu triic clia a-mangostin tir v qua mang cut
(Garcinia mangostana).
(ii) Panh gia tac dung gy doc té bao va kha ning giy ton thuwong DNA cia o-
mangostin trén dong té bao ung thu than kinh dém U-87 MG.
(iii) Phan tich anh hudng cta a-mangostin 1én hinh théi ty thé té bao, dién thé mang
ty thé (A¥m) va céc protein lién quan dén qué trinh apoptosis ciing nhu tryc tin hiéu
song con AKT/GSK3p nham budc dau lam rd co ché tac dung ciia hop chét.
(iv) Khao sat tuong tac phan tur gitra a-mangostin va cac protein dich thong qua moé

phong in silico.
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CHUONG 1. TONG QUAN NGHIEN CUU

1.1. Tong quan vé ung thw thin kinh
1.1.1. Téng quan vé ung thw than kinh

Ung thu hién duoc xem 1a mot trong nhimg thach thirc y t& 16n nhét toan cau
trong thé ky XXI. Theo thdng ké ctia T6 chirc Y té Thé gidi (WHO) va Co quan Nghién
ctru Ung thu Quéc té (IARC), nam 2022, toan cu ghi nhan khoang 20 tri¢u ca mic méi
va 9,7 triéu ca tir vong do ung thu. Dy bao dén nam 2050, sd ca mic mdi co thé vuot
ngudng 35 triéu ca mdi ndm, twong ng vi mic ting hon 75% so v6i nam 2022 [1]. Su
gia ting nay chi yéu bit ngudn tir qua trinh gia hoéa dan sd, su phat trién kinh té — x3 hoi
dan dén thay d6i 16i séng, cing véi sy gia tang ty 18 tiép xtic véi cac yéu td nguy co nhu
huat thude 14, tiéu thu rugu bia, ché do an uéng khong lanh manh, thtra can—béo phi va
16i sdng khong lanh manh [2].

a)

Incidence, males
Prostate (118) Stomach (8)

Lung (33) Lip, oral cavity (3) P
Liver (11) Kaposi sarcoma (2)

Colorectum (9) Esophagus (1)

b)

Incidence, females
Breast (157)
Cervix uteri (25)
Lung (2)
Liver (1)

[ Nodata ] Not applicable

The bous designations used on not imply the expression of any opinion Data source: Globocan 2022 @ Y World Health
mmundnw«ummmmmwmm uudu-ymuymayormoromm Map production: IARC %, 9 Organization
and dashed lines on maps represent approximate border lines World Health Organization

for which there may not yet be full agreement. ©WHO 2022. Al rights reserved

Hinh 1.1. Ban do toan cau trinh bay cdc loai ung thw phé bién nhat nam 2022
tai moi quéc gia
Céc loai ung thu phd bién trén toan ciu bao gdm: ung thu v, ung thu phdi, ung
thu dai truc trang, ung thu tuyén tién liét, ung thu da day va ung thu gan. Trong d6, ung
thu v 1a loai ung thu co ty 1€ mic cao nhat, chiém khoang 11,6% téng s6 ca méc moi,
trong khi ung thu phdi van 1a nguyén nhan hang dau gy tir vong do ung thu, véi khoang
1,8 triéu ca tr vong mdi nim [3]. Mic du cac loai ung thu phd bién nhu ung thu vi,
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phdi, gan hay dai tryc trang dang chiém ty trong 16n trong ganh ning bénh tt toan ciu,
van ton tai mot nhom ung thu tuy it gdp hon nhung lai dac bi¢t ac tinh va kho diéu tri —
d6 14 cac loai ung thur c6 ngudn gbc tir hé than kinh. Trong nhém nay, ung thu than kinh
bao gom cac khdi u khai phat tir té bao than kinh trung wong hodc ngoai bién, véi cac
dic diém sinh hoc va 1am sang riéng bi¢t, da va dang tr¢ thanh thach thuc khong nhéd
trong thyc hanh 14m sang hién dai. Tinh chét tién trién nhanh, vi tri giai phiu phuc tap
va kha nang khang lai nhiéu liéu phap diéu tri thong thuong khién ung thu than kinh, du
it pho bién hon, van 1a nguyén nhan hang dau giy tir vong do ung thu & tré em va gop
phan dang ké vao ganh ning ung thu néi chung.

Theo phan loai ctia T6 chitc Y té Thé giéi (WHO), cac khéi u than kinh trung
uong dugc phan loai dya trén dac diém mo hoc két hop vdi cac diu 4n phan tu. Céc khéi
u thin kinh trung wong bao gébm medulloblastoma, neuroblastoma, u mang nio
(meningioma) va u bao Schwann (schwannoma). Trong d6, u than kinh dém (glioma) 1a
nhom pho bién nhat, bao gdm astrocytoma, oligodendroglioma va glioblastoma.

U than kinh dém 1a nhém khdi u nguyén phat phd bién nhét ciia hé than kinh
trung wong, bao gdm astrocytoma, oligodendroglioma va glioblastoma. Theo théng ké
toan cau, u than kinh dém chiém khoang 30% tong sd u ndo nguyén phat va gan 80%
cac khéi u ac tinh trong ndo. Trong d6, glioblastoma (GBM) la dang 4c tinh cao nhat
(WHO grade IV), voi dic trung xam 14n manh, tién trién nhanh va tién luong rat kém;
thoi gian séng trung binh cta bénh nhan thudng dudi 15 thang sau chan doan, ngay ca
khi dugc diéu tri tich cuc. Vé dich té, ty 1& méic glioblastoma trén thé gi61 dao dong
khoang 35 ¢a/100.000 dan mdi ndm va c6 xu hudng gia ting, dic biét & nhom nguoi
16n tudi [4]. Tai Viét Nam, mac du chua c6 hé théng ghi nhan ung thu nio toan dién,
céc bao cio 1am sang cho thay glioma noi chung va glioblastoma néi riéng chiém ty 18
dang ké trong cac u ndo dugc chan doan tai cac trung tim than kinh 16n, véi xu hudng
phat hién ngay cang nhiéu trong nhitng nim gan day.

Mac du céac phac dd diéu tri hién nay nhu phau thuat két hop xa tri va hoa tri véi
temozolomide d3 gdp phan cai thién thoi gian sdng cia bénh nhan glioblastoma, hiéu
qua diéu tri tong thé van con han ché. Nguyén nhan chil yéu xuat phat tir kha nang khang
tri cao ctia té bao u, tinh di hop ndi khdi u va kha ning xam 1an manh, khién bénh dé tai
phat sau diéu tri [5]. Bén canh d0, cac phuong phap diéu tri hién hanh thuong di kém
v6i tac dung phu dang ké. Hoéa tri véi temozolomide c6 thé gdy we ché tiy xwong, giam
bach cau va tiéu cau, 1am ting nguy co nhidm trung [6]. Xa tri ¢6 thé din dén ton thuong
mo nao lanh, suy gidm nhan thic va roi loan chirc nang than kinh. Céc liéu phap nhim
trang dich nhu bevacizumab tuy c6 thé cai thién triéu chimg tam thoi nhung ciing lién
quan dén ting nguy co huyét khdi, ting huyét 4p va rdi loan lanh vét thuong [7]. Nhimg
tac dung khong mong mudn nay khong chi anh huong dén hidu qua diéu tri lau dai ma

con lam suy giam chat lugng sdng ctia bénh nhan. Trude nhimg thach thic nay, viée tim
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kiém céc tac nhan diéu tri mé&i c6 hiéu qua cao hon va doc tinh thfip hon tré thanh mot
hudng nghién ciru cip thiét. Trong d6, cac hop chét ¢ ngudn gde ty nhién dang duoc
quan tdm do kha nang tac dong da co ché 1én té bao ung thu, bao gom diéu hoa ting
sinh, cam tng apoptosis va anh hudng dén cac truc tin hiéu ndi bao. Tuy nhién, cac bang
chtng vé hiéu qua ciing nhu co ché tac dong cua cac hop chit ndy trén glioblastoma van
con han ché, dit ra nhu cdu can c6 thém cac nghién ctru chuyén siu trong linh vyc nay.
1.1.2. Céc dac trung sinh hoc cia té bao ung thu

Ung thu 13 két qua cua su tich lily cac bién doi di truyén va biéu sinh, dan dén rbi
loan kiém soat ting truong, phan bao va chét theo chuong trinh cua té bao. Céac bién doi
nay co thé bat nguén tur yéu td ngoai sinh nhu hoa chét, burc xa, vi sinh vat hodc tir yéu
t6 noi sinh nhu 1561 sao chép DNA, stress oxy hoa va viém man tinh. Hé qua 1a su thay
d6i hoat tinh ctia cac gen sinh ung, gen trc ché khdi u va hé thdng sira chira DNA, thuc
day qua trinh chuyén dang 4c tinh [8]. Nhitng dic trung nay hinh thanh thong qua qua
trinh chon loc tién hoa & cip d6 té bao. Theo Hanahan va Weinberg, té bao ung thu
mang cac dic trung sinh hoc co ban nhu Hinh 1.2 bao gom:
- Duy tri tin hiéu tang sinh: thong qua hoat hoa cac con duong nhu Ras/ERK va
PI3K/AKT do ting biéu hién yéu tb ting trudng hodc dot bién thu thé (vi du EGFR)[9].
- Khdng lai cdc chat irc ché tang truong: Cac co ché kiém soat chu ky té bao nhur Rb va
TGF-p thuong bi bat hoat do dot bién hodc thay d6i bi¢u hién, 1am mat kiém soét phan
bao va thiic ddy ting sinh khong kiém soat [10].
- Chong lai qud trinh chét té bao theo chwong trinh (apoptosis): Té bao ung thu lam rdi
loan can bang giira cac protein thudc ho Bel-2, trong dé ting cac protein khang apoptosis
(Bcl-2, Bel-xL) va giam cac protein tién apoptosis (Bax, Bak) [11].
- Ddc tinh sao chép va nhdn lén: Té bao ung thu duy tri chiéu dai telomere thong qua
hoat hoa telomerase cho phép phan chia kéo dai va vuot qua gidi han lao hoa [12].
- Kich thich ting sinh mach mdu: Tinh trang thiéu oxy trong vi méi trudng khdi u 1a yéu
t chinh thuc day biéu hién cac yéu t6 ting trudng mach mau, dic biét 1a VEGF. VEGF
sau d6 hoat hoa cac thu thé VEGFR trén té bao ndi mo, dan dén tang sinh, di chuyén va
hinh thanh cac mach mau méi. Qua trinh nay khong chi hd trg sy phat trién ciia khoi u
ma con gop phan tao diéu kién té bao ung thu xdm nhép vao hé tuan hoan va di can [13].
- Xém lan va di cin: lién quan dén chuyén doi biéu mo — trung mé (EMT) va tuong tac
v6i vi moi truong khéi u, cho phép té bao lan rong va hinh thanh khéi u thir phat [14].

bBdi véi ung thu h¢ than kinh, bén canh cac dic diém chung, con ghi nhan cac bat
thuong phan tir dac trung nhu hoat hda cac gen MYCN, ALK hoac EGFR [15, 16], gop
phan thic day tang sinh va khang apoptosis. Pong thoi, cac khdi u ndy thuong cé kha
nang tan sinh mach manh va xu hudng lan rong theo truc than kinh hodc di can qua
duong mau, 1am ting tinh 4c tinh va gy khé khan trong diéu tri.
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Hinh 1.2. Céc déc trung sinh hoc co bdn cia té bao ung thuw

1.1.3. Cdc giai doan tién trién ciia té bao ung thu

Qua trinh tién trién cta ung thu khong dién ra mot cach dot ngot ma 1a két qua
ctia sy tich lity nhiéu bién ddi di truyén va thay doi sinh hoc trong té bao qua timg giai
doan, tir t& bao binh thudng chuyén hoa thanh té bao 4c tinh c6 kha ning xam l4n va di
can.
- Giai doan khoi dau: Té bao bi ton thuong DNA do céc tic nhan nhu héa chat, bic xa
hoac yéu td sinh hoc, dan dén dot bién & cac gen quan trong nhu TP53, RAS, RB1. Té
bao chua ting sinh bat thudng nhung da hinh thanh nén tang cho qua trinh ung thu hoa
[9].
- Giai doan thuc ddy: Cac t€ bao da ton thuong bat dau tdng sinh dudi tac dong cia viém
man tinh, hormone hodc chét sinh ung. Qua trinh nay lam tich Ity thém dot bién va mat
dan kiém soat chu ky té bao, nhung van chua c6 kha ning xam lan.
- Khi tién sang giai doan tién trién: Té bao tich liy thém nhiéu bién ddi, dan dén rdi
loan toan dién ting sinh va apoptosis. Dong thoi, cic co ché nhu tin sinh mach, bién doi
chuyén héa va EMT dugc hoat hoa, chuin bij cho qua trinh xam lan [17]. Bén canh do,
vi moéi truong khéi u bi bién ddi theo hudng hd tro su phat trién va ton tai cua té bao
ung thu
- Giai doan lan nhanh: Té bao ung thu ting sinh nhanh, hinh thanh khéi u 6 rét. Khoi
u kich thich viém va tdn sinh mach, tao diéu kién cho ting trudng va lam ting tinh da
dang di truyén.
- Cudi ciing, giai doan di can: Day 1a budc ngoit quan trong va nguy hiém nhét trong
tién trinh ung thu. Té bao ung thu x4m nhap vao hé tuan hoan hoic bach huyét, di chuyén
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dén co quan xa va hinh thanh khéi u tht phat. Qua trinh nay doi hoi kha ning thich nghi
v6i méi truong méi va né tranh hé mién dich, 1 nguyén nhan chinh gay tir vong [18].
1.2. Mét s6 mé hinh thir nghiém thuéc chong ung thw hi¢n nay
1.2.1. M6 hinh in vitro

O cép d6 co ban, mo hinh nudi ciy té bao hai chiéu (2D) 13 cong cu phd bién dé
danh gia ddc tinh sinh hoc va hiéu qua ctia cac tac nhan diéu tri. Trong mo hinh nay, té
bao dugc nudi trén bé mat phang trong moi truong giau dinh dudng va phat trién thanh
16p bam dinh. Uu diém cta phuong phéap 1a don gian, chi phi thap, dé kiém soat diéu
kién va thuan loi cho céc xét nghiém nhu danh gia kha nang sdng, apoptosis hoic ting
sinh [19]. Tuy nhién, do thiéu cu tric khong gian va cac twong tac voi vi moi truong,
mo hinh 2D chua phan anh day du dic tinh cta khédi u in vivo, din dén sai khac trong
dap umg thude [20]. Dé khéc phuc han ché ndy, mé hinh nuéi ciy ba chiéu (3D) duoc
phat trién, cho phép té bao hinh thanh céc cau triic spheroid trong ma tran sinh hoc. M6
hinh nay tai hién tot hon twong tac té bao — t& bao, sy phan bd oxy va kha ning tham
nhap thudc, tir d6 hd tro nghién ctru co ché khang thude hiéu qua hon [21]. Tuy nhién,
phuong phap nay doi hoi ki thuat phirc tap, chi phi cao va kho chuan hoa do tinh khong
ddng nhit ciia cu trac nudi cdy. O muc do tién tién hon, mo hinh organoid duoc phat
trién tir té bao géc hodc té bao ung thu cua bénh nhan, cho phép tai tao ciu trac, chirc
nang va tinh khong dong nhat ciia mo gdc. Nhd d6, mo hinh nay phan anh sat hon dic
diém sinh hoc va dap ung diéu tri ctia khdi u, ddng thoi mé ra hudng tiép can ca thé hoa
[22]. Tuy vay, k¥ thuat nudi cdy organoid van phirc tap, chi phi cao va chua thé thay thé
hoan toan mo hinh in vivo.

Trong nghién ciru ung thu, mé hinh in vitro — dic biét 1a nudi cay té bao ung thur
— van déng vai trd nén tang trong giai doan tién 1am sang, gitip sang loc nhanh cac hop
chat c6 hoat tinh sinh hoc va dénh gia doc tinh ciing nhu co ché tic dong & cap do té
bao. Du chua thé tai hién day du vi moi truong khdi u, mé hinh ndy van 13 cong cu hiéu
qua dé phat hién cac tin hiéu sinh hoc tiém ning va dinh hudng cho cac nghién ciru siu
hon trén mo hinh in vivo. Trong nghién ctru ndy, mo hinh in vitro dugc st dung nhu mot
hé théng sang loc ban dau nham danh gia nhanh tiém ning gay doc va co ché tac dong
clia a-mangostin trén dong té bao ung thu than kinh dém U-87MG.
1.2.2. M6 hinh in vivo

Trong nghién ctru phat trién thudc chdng ung thu, cic mé hinh in vitro nhu nuéi
ciy té bao 2D va 3D cung cip thong tin vé tic dong truc tiép cua hoat chit 1én té bao.
Tuy nhién, cic md hinh nay chwa phan anh ddy du méi trudng sinh hoc phic tap cua
khéi u trong co thé, do d6 mé hinh in vivo trd thanh budc can thiét dé danh gia hidu qua
va d6 an toan trong diéu kién sinh 1y thyc té. Chudt thi nghiém 1a mé hinh in vivo phd
bién nho chi phi thip va dé thao tac. M6 hinh xenograft cho phép cdy té bao ung thu vao

chudt suy giam mién dich dé danh gia sy phat trién khéi u va dap tng thude, nhung han
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ché & viéc thiéu vai tro cia hé mién dich [23]. Cac mo hinh chuot bién ddi gen (GEMMs)
st dung cong ngh¢ Cre-loxP hodc CRISPR/Cas9 gitip md phong qua trinh sinh ung trong
mdi truong mién dich hoan chinh, du phirc tap va t6n thoi gian [24, 25]. Ngoai ra, mo
hinh khéi u tir bénh nhan (PDX) duy tri dic diém sinh hoc va di truyén cta khdi u bénh
nhan, hd trg nghién ctru c4 thé hoa didu tri [26]. Mic du cung cip thong tin quan trong
vé tang sinh, di cin, dugc dong hoc va ddc tinh, cic mé hinh in vivo van ton tai han ché
vé khac biét lién loai, chi phi va van dé dao dirc, do d6 can két hop véi cac mo hinh in
vitro dé tang d¢ tin cdy cta nghién ctu.
1.2.3.M0 hinh in silico

MG hinh in silico st dung cac phuong phap moé phong may tinh dé du doan twong
tac sinh hoc, dac tinh dugc 1y va hiéu qua cta cac hop chit ma khong can thir nghiém
truc tiép trén té bao hay dong vat. Day 1a cong cu quan trong trong nghién ctru ung thu
hién dai, giap tiét kiém thoi gian, chi phi va gidm phu thudc vao cac mé hinh sinh hoc
truyén théng. Cac k¥ thuat pho bién gdm docking phan tir dé dy doan 4i luc va vi tri lién
két, mo phong dong luc hoc phan ti dé danh gia su 6n dinh ciu trac theo thoi gian va
cac thuat todn hoc may trong du doan dgc tinh, ha?ip thu va chuyén héa thude. Nho do,
in silico cho phép sang loc nhanh sé lwong 16n hop chét va lira chon cac tng vién tiém
nang cho nghién ciru tiép theo [27, 28]. Trong nghién ctru ung thu, mo hinh nay hd tro
phan tich twong tac thubc—dich, thiét ké thudc nham trang dich va dy doan co ché khang
thudc [29]. Tuy nhién, day chi 1a cong cu du doan va can duoc kiém ching bang cac md
hinh in vitro va in vivo. Sy phat trién cta tri tué nhan tao va tinh toan hiéu nang cao dang
mo rong tiém ning cua in silico, gop phan thic diy phat trién thudc ca thé hoa trong
twong lai. Viéc thiéu su tich hop giita sang loc in silico va kiém ching thuc nghiém, din
dén hai xu huéng tach roi: cac nghién ctru tinh toan chi dimg lai & mic du doan ma
khong dugc xac thyce sinh hoc va cac nghién cttu in vitro tién hanh thir nghiém trén sb
luong hop chit han ché ma chua co6 bude sang loc dinh hudng ban dau. Piéu nay lam
giam hiéu quéa phat hién hop chét tiém ning ciing nhu chua t6i vu héa dugce ngudn luc
nghién ctru. Trong bdi canh cac hop chat ty nhién ngdy cang dugc quan tim, cac nghién
ctru thudng tap trung vao danh gia hoat tinh sinh hoc riéng 1é ma chua khai thac day du
cong cu in silico dé du doan dich tac dong phan tu, co ché tuong tac va kha nang hiép
ddng. Viéc thiéu cac phan tich docking, mé phong dong liuc hoc phan tir hoic du doan
ADMET ngay tir dau khién qua trinh lya chon hop chét cho thi nghiém in vitro kéo dai
thoi gian va giam tinh dinh huéng cta nghién ciru. Mot khoang tréng quan trong 13 chua
c¢6 nhiéu nghién ciru tich hop da tang (multi-scale integration), trong d6 dit liéu tir in
silico (twong tac phan tu, 6n dinh ciu trac, duy doan dugc dong hoc) duoc st dung dé
thiét ké va tdi wu cac thi nghiém in vitro (chon ndng dd, dich protein, pathway phan tich)
va tiép tuc xac thuc trén mo hinh in vivo. Sy thiéu lién két nay han ché kha ning giai

thich co ché tac dung mdt cach toan di¢n, dac biét trong cac bénh ly phirc tap nhu ung
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thu ndo. Do d0, viéc xay dung mot chién lugc nghién ctru két hop sang loc in silico dinh
huéng — kiém ching in vitro — va xac nhén in vivo 1a can thiét nham thu hep khoang
tréng giita du doan va thuc nghiém. Cach tiép can nay khong chi ning cao d6 tin cay
ctia két qua ma con gop phan phat hién chinh xac hon cac ing vién tiém ning, dic biét
trong nghién ciru phat trién thuéc nham trang dich va liéu phap ca thé hoa.

g g
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Hinh 1.3. So dé tong quan cdc mé hinh thir nghiém trong phat trién thudc chong ung
thuw. Hinh minh hoa quy trinh phdt trién va ddnh gid thuéc chong ung thie thong qua cdc
mé hinh nghién ciwu tir in silico, in vitro, in vivo dén vmg dung lam sang.
1.3. Vo qua mang cut
1.3.1. Gidi thiéu chung vé mang cut

Cay mang cut (tén khoa hoc Garcinia mangostana L.), thuoc ho Clusiaceae, 1a
mot loai cdy dn qua nhiét d6i phd bién tai cac qudc gia Pong Nam A nhu Thai Lan,
Indonesia, Malaysia va Viét Nam [30]. Tai Viét Nam, mang cut dugc tréng chu yéu o
céc tinh phia Nam nhu Tién Giang, Bén Tre, Pong Nai va Can Tho — noi ¢6 khi hau
néng am va dat phu sa thich hop cho sy sinh truéng va phat trién ciia ciy. Cay mang cut
c6 kich thudc trung binh, chiéu cao dao dong tir 6 dén 25 mét, tan 1a rAm rap véi cac 14
moc d6i, hinh bau duc, day va xanh bong. Hoa moc don ddc hodc ting cum, c6 mau
trang pha d6. Qua ming cut c¢6 hinh cau, dudng kinh khoang 5-8 cm, vo day mau tim
dam hodc do nau khi chin, bao boc bén trong la cac mui thit mau tréng c6 vi ngot thanh,
duoc ua chudng trong ti€u dung vi huong vi dac trung va gia tri dinh dudng cao [31].
Trong khi phan thit qua thuong duoc st dung lam thuc pham, thi phan vo — chiém
khoang 60—75% khdi lwong qua — lai thudng bi loai bo. Tuy nhién, nhiéu nghién ctru
gan day di chi ra rang chinh phan vo nay chtra ham luong cao cac hop chit hoat tinh
sinh hoc, dic biét 1a cac dan xudt xanthone nhu a-mangostin, y-mangostin, va gartanin.
Céc hop chat nay thé hién nhiéu hoat tinh quy gia nhu chéng oxy hoa, chong viém,
khang khuan, va chéng ung thu [32, 33]. Do d6, ming cut khong chi 1a mot loai tréi cdy
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nhiét d6i ma con 1 mot ngudn nguyén liéu ty nhién gidu tiém ning trong nghién ciru
duoc liéu va phat trién thude c6 ngudn gbe thuc vat.
1.3.2. Thanh phan hod hoc trong vé qud mdng cut

Vo6 qua mang cut (Garcinia mangostana L.) tir 1au da dugc ghi nhan 1a ngudn
phong phu ctia cac hop chét ty nhién c6 hoat tinh sinh hoc cao. Trong d6, ndi bat nhat
la nhom xanthone, bén canh mot s6 nhom chét khac nhu flavonoid, tanin, saponin va
pectin. Thanh phan héa hoc da dang nay dong vai tro then chét trong tiém niang duoc 1y
cua vo mang cut, dac bi¢t 1a trong diéu tri ung thu. Xanthone 1a hop chét c6 ciu trac
khung co ban 1a 9H-xanthen-9-one (con goi 1a 1,3-dihydroxy-9H-xanthen-9-one). Nho
kha niang gan két linh hoat véi cac nhom thé nhu hydroxyl, prenyl hodc methoxy,
xanthone tao thanh hang loat dan xuét khac nhau véi hoat tinh sinh hoc da dang. Trong
v6 ming cut, cac xanthone thudng mang cac chudi isoprenyl hodc geranyl gin & cac vi
tri khac nhau trén khung xanthone, lam ting tinh ky nudc va kha niang xuyén mang té
bao, tir 46 nang cao kha ning tuong tic véi ciu tric sinh hoc trong té bao. Cac dan xuat
xanthone chinh trong vo qua ming cut bao gdm:

+ o-Mangostin: 13 hop chat chiém ty 1& cao nhit, thuong tir 60-80% tong lugng
xanthone. Cu triic chira ba nhém hydroxyl (tai C-1, C-3 va C-6) va hai chudi isoprenyl
(tai C-2 va C-8). o-Mangostin thé hién manh mé cac tac dung khang ung thu, khéng
viém, chong oxy héa va khang khuan. N6 c¢6 kha ning cam tng apoptosis, tc ché chu
ky té bao, va can thi€p vao cac con duong tin hi¢u nhu PI3K/Akt, MAPK, NF-«B [34].
+ B-Mangostin: gidng a-mangostin nhung c¢6 nhém hydroxyl tai vi tri khac va hoat tinh
sinh hoc yéu hon mét chut; tuy nhién, su két hop véi a-mangostin doi khi cho hiéu tng
cong huong.

+ y-Mangostin: c6 thém nhém methoxy tai vi tri C-3, anh huéng dén dic tinh phan cuc
va kha nang khang enzyme COX-2, gbp phan vao tac dung chdng viém.

+ Gartanin va 8-deoxygartanin: c6 nhiéu nhom isoprenyl, cho thay kha nang tc ché di
can thong qua viéc 1am bt hoat metalloproteinase (MMP-2, MMP-9), dong thoi trc ché
tang sinh t& bao ung thu tuyén tién liét va ung thu dai truc trang.

+ Garcinone E: thé hién hoat tinh manh trén mot s6 dong té bao ung thu nhu ung thu
gan (HepG2), ung thu phdi (A549), ung thu budng trimg (SKOV-3) va ung thu dai truc
trang (HCT116), thong qua viéc cam tng apoptosis phu thudc ty thé va e ché chu ky
té bao tai pha G2/M.

Bén canh nhom xanthone, vo mang cut con chira cac flavonoid nhu quercetin,
kaempferol v epicatechin — nhitng hop chit co tac dung chdng oxy hda manh, nho kha
nang khir gbc tu do, e ché peroxid hoéa lipid va hd tro hé thong enzym chéng oxy hoa
ndi sinh [32]. Tanin 13 cac polyphenol ¢ trong lugng phan tir 10n, c6 kha ning két tia
protein va tuong tic v&i mang sinh hoc. Trong y hoc ¢b truyén, tanin tir vé ming cut

duoc tng dung trong diéu trj tiéu chay, viém loét va sat khuan tai chd. Trong nghién
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ctru hién dai, tanin ciing cho thiy tac dung diéu hoa mién dich va tiém ning chdng ung
thu théng qua viéc e ché angiogenesis va gan két DNA.
1.3.3. Hoat tinh sinh hoc ciia cdc chdt tir vé qua mang cut

Vo6 qua ming cut (Garcinia mangostana L.) 1a ngudn nguyén liéu tu nhién giau
cac hop chét thir cip c6 hoat tinh sinh hoc da dang. Trong sb d6, cac dan xuat xanthone
— dac biét la a-mangostin — da dugc ching minh sé hiru nhiéu tac dung sinh hoc ndi bat
nhu: chéng oxy héa, chéng viém, khang khuan, khang ung thu, diéu hoa mién dich va
bao vé than kinh. Céc tac dung nay khong chi dugc khao sat trén mé hinh in vitro va in
vivo ma con timg bude duge danh gia trong cac hudng nghién ctru tién 14m sang.
- Hoat tinh chong oxy hod: Co ché stress oxy hoa 1a mot trong nhitng nguyén nhin quan
trong thuc ddy qua trinh ung thu hoa té bao. a-mangostin va mot sd xanthone khac trong
v6 mang cyt thé hién kha ning quét gc tu do (ROS) manh mé théng qua viéc cung cip
dién tr tr cAc nhoém hydroxyl trén khung xanthone [35].
- Hoat tinh khang viém: Tinh trang viém man tinh dong vai tro trung tdm trong nhiéu
giai doan cta qua trinh sinh ung thu, tir khoi phat cho dén di can. a-Mangostin trc ché
hoat héa NF-xB, mot yéu td phién ma diéu hoa nhiéu gen viém va gen sinh tdn t& bao
ung thu, tir d6 1am giam biéu hién cac cytokine tién viém nhu IL-6, IL-1p va TNF-a
[36].
- Hoat tinh khdng khudn va khdng virus: Mot s6 xanthone nhu a-, B- va y-mangostin thé
hién kha nang trc ché vi khuan Gram dwong nhu Staphylococcus aureus, Bacillus subtilis
va mot s6 chung khang methicillin (MRSA) [37].
- Hoat tinh bdo vé than kinh: a-mangostin thé hién hoat tinh bao vé than kinh thong qua
viée tre ché qua trinh chét t& bao than kinh do glutamate, AP (amyloid-beta) hodc ROS
gdy ra, dong thoi giam hoat hoa vi té bao than kinh dém (microglia) — mot ngudn 16n
clia cac cytokine gdy viém trong bénh thoai hoa than kinh [38]. Nho tac dung kép: chong
viém than kinh va chdng stress oxy hoa, a-mangostin dang duoc xem 13 Gng vién tiém
nang trong diéu tri Alzheimer va Parkinson.
- Hoat tinh khdng ung thw: Trong s6 cac nhom hop chét ty nhién c6 hoat tinh sinh hoc
manh, xanthone ndi bat nhd cau trac da vong on dinh, kha nang gén véi nhiéu dich phan
tir khac nhau va pho tac dong rong da dugc ghi nhan co tiém ning khang ung thu manh
mé trén nhiéu dong té bao ung thu khac nhau nhu ung thu gan, dai truc trang, tuyén tuy,
tuyén tién 1iét va than kinh. Cac co ché chinh gop phan vao hoat tinh khang ung thu cua
nhom xanthone bao gdm: (1) diéu hoa chu ky té bao, (2) cam ung chét t& bao theo
chuong trinh (apoptosis) va (3) tic ché cac con duong tin hi¢u sinh ung quan trong nhu
PI3K/Akt/mTOR, MAPK/ERK va NF-«kB.
+ Piéu hoa chu ky té bao: Mot s6 xanthone di dugc chimg minh c6 kha ning giy ngung
chu ky té bao tai cac pha G1 hodc G2/M ty theo loai té bao. Co ché nay thuong lién

quan dén viéc trc ché biéu hién cua cac cyclin (nhu cyclin D1, cyclin B1), kinase phu
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thudc cyclin (CDK4/6, CDK 1), dong thoi 1am ting biéu hién cua cac chit tre ché CDK
noi sinh nhur p21 va p27. Chang han, y-mangostin da cho thiy kha ning ngin chin pha
G1 va lam giam ty 1¢ t& bao trong pha S trén cac dong té bao ung thu rudt két, qua d6
kim ham sy ting sinh cua té bao ung thu [39].
+ Cam ung apoptosis qua con duong ndi sinh va ngoai sinh: a-mangostin va y-mangostin
tr vo mang cut c6 kha nang kich hoat apoptosis thong qua ca hai con duong noi sinh (ty
thé) va ngoai sinh (thu thé chét nhu Fas, TRAIL-R)[45]. Cac hop chit nay lam ting
ROS, giy mat dién thé mang ty thé va giai phong cytochrome c, tir d6 hoat hoa caspase-
9 va caspase-3, dan dén cac bién doi dic trung ctia apoptosis [46]. Pong thoi, xanthone
diéu hoa biéu hién protein theo huéng ting Bax/Bad va giam Bcl-2/survivin, gop phan
thic ddy chét té bao.
+ Ut ché cac truc tin hiéu ting sinh: Xanthone tir vo mang cut c6 kha ning trc ché cac
con duong sinh ung thu quan trong nhu NF-xB, PI3K/Akt/mTOR va JAK/STAT3, tu
d6 giam viém, trc ché ting sinh va cam tng apoptosis. Cac hop chat nhu o-, B-, v-
mangostin va gartanin c¢6 thé e ché truc tiép hodc théng qua PTEN dbi véi truc
PI3K/Akt/mTOR, lam giam phosphoryl hoa Akt/mTOR, giy ngung chu ky té bao pha
G1[40, 41]. Bong thoi, xanthone e ché hoat héa NF-kB thong qua IKK/IkB, 1am giam
biéu hién cac gen lién quan dén viém va xam lan [58], va ttc ché phosphoryl hda STAT3,
tir 46 giam biéu hién cac gen chdng apoptosis nhu Bel-2 va survivin [42]. Nho d6, cac
hop chat nay khong chi kim ham sy phat trién ctia khdi u ma con 1am ting d6 nhay cua
té bao ung thu véi cac tac nhan diéu tri. Hiéu qua tic dong da dich nay cho thiy tiém
ning tng dung cua xanthone trong cac chién luoc diéu tri ung thu két hop [43].
1.3.4. Tac dung khang ung thu cua a-mangostin

Tir cc hoat tinh sinh hoc da dang ctia cac hop chat phan lap tir vo qua ming cut,
cac nghién ctru gan ddy da tap trung 1am rd vai trd cta timg thanh phan riéng 18, dic biét
12 nhém xanthone. Trong d6, a-mangostin dugc xem 13 hoat chét trung tim, déng gop
phan 16n vao cac hiéu tmg sinh hoc ndi bat, nhat 13 trong linh vyuc chdng ung thu. Mot
s6 nghién ctru da chimg minh rang hop chét nay c6 kha niang we ché ting sinh, cam tng
apoptosis, gy r6i loan chu ky té bao va lam suy giam chirc nang ty thé trén mot sé dong
té bao ung thu khac nhau nhu ung thu va (MCF-7), dai truc trang (HT-29, COLO 205),
gan (HepG2) [44]. O cap d6 phan tir, trén cac mo hinh té bao ung thu khac nhau nhu
ung thu vt MCF-7, ung thu dai truc trang HT-29, a-mangostin dugc ghi nhan c6 kha
nang tac dong 1én nhiu co ché khac nhau nhu gia ting ROS ndi bao, suy giam dién thé
mang ty thé (A¥m), hoat hoa hé théng caspase, diéu hoa cac protein lién quan dén
apoptosis (Bax, Bcl-2, p53) ciing nhu anh huong dén cac truc tin hiéu séng con nhu
PI3K/AKT va NF-kB [44, 45]. Nhiing bang chtrng nay cho thiy a-mangostin khong chi
don thuan 13 mot chit gay doc té bao ma con c6 kha niang diéu phdi cac mang ludi tin

hi€u nd1 bao — mdt dac di€m quan trong cua cac tac nhan chong ung thu thé hé mai.
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Tuy nhién, cac bing chimg hién c6 vin mang tinh phan manh, chua hinh thanh
duoc mot birc tranh co ché hoan chinh ma chi 1am rd mot khia canh don 1é cua tac dong
sinh hoc, chang han nhu rbi loan chitc ning ty thé va apoptosis phu thudc ty thé [46],
trong khi cac nghién ctru khac lai nhdn manh vai tro ctia stress oxy hoa hodc ton thuong
DNA nhu nhiing su ki¢n riéng biét [47].

o-Mangostin gdy ra su gia ting ROS noi bao c6 thé dan dén dit gdy DNA va hoat
hoa cac protein dap tng ton thwong nhu p53, tir d6 khuéch dai tin hiéu apoptotic trén
dong té bao ung thu vii 4T1 [48]. Co ché nay co sy khac biét so véi cac thude hoa tri o
dién nhu temozolomide — tic nhan gay t6n thuong DNA tryc tiép thong qua alkyl hoa —
trong khi o-mangostin gy ton thuong DNA nhu mot hé qua thir phat caa rdi loan ndi
bao va chuong trinh chét t& bao duge kich hoat [49]. Mdc du cac tac nhan alkyl héa nhu
temozolomide d3 duoc sir dung rong rii trong diéu tri glioblastoma, hiéu qua cta ching
thudng bi giéi han bdi hién twong khang thude, dic biét lién quan dén cac co ché sia
chita DNA, ciing nhu cac tac dung phu dang ké nhu trc ché tiy xuong va doc tinh toan
than. Bén canh do, phan 16n cac thude diéu tri hién nay thudng tac dong theo co ché don
dich, chu yéu tap trung vao gay tdn thuong DNA hodc urc ché mét truc tin hiéu riéng ¢,
trong khi té bao ung thu — dic biét 1a glioblastoma — lai s& hitu mang ludi tin hiéu phirc
tap. Mot trong nhiing truc tin hiéu duy tri sy séng con cua té bao u 1a AKT/ GSK3p,
trong d6 AKT déng vai tro diéu hoa nhiéu qua trinh quan trong nhu chuyén hoa, ting
sinh, @rc ché apoptosis va duy tri 6n dinh chirc ning ty thé. Pac biét, AKT c6 kha ning
kiém soat hoat tinh cia GSK3p thong qua phosphoryl hoa tai Ser9, tir d6 duy tri trang
thai bat hoat cua kinase ndy va goép phan ngin chin cac tin hiéu tién apoptosis [50].
Trong khi d6, a-mangostin ciing duoc ghi nhan ¢ kha ning trc ché xam l4n va di can,
thong qua viéc 1am giam biéu hién cac enzyme phan huy chat nén ngoai bao nhu MMP-
2, MMP-9 va tic ché hoat hoa NF-kB trén cac dong ung thu phdi va dai trang [51]. Diéu
nay cho thiy a-mangostin khong chi anh hudng dén sy séng con ciia té bao ma con tac
dong dén cac dic tinh ac tinh quan trong khac cua khdi u. Do d6, can c6 nhing nghién
ctru mang tinh hé thong nham lam 16 dong thoi cac co ché tic dong clia a-mangostin, tir
d6 xay dung mot birc tranh co ché hoan chinh va théng nhat hon vé tiém niang chéng
ung thu ctia hop chat nay, dic biét trén mo hinh ung thu than kinh dém.
1.3.5. Téng quan vé tach chiét va tinh sach a-mangostin tir vé qud mang cut

Tir nhimg bang chimg vé hoat tinh sinh hoc ndi bat clia a-mangostin, viéc thu
nhan hop chat ndy v6i do tinh sach cao dong vai tro thiét yéu trong cac nghién ctru vé
co ché va img dung duoc 1y. Do d6, cac phuong phap tach chiét va tinh sach a-mangostin
tir vo qua mang cut dd duoc quan tim nghién ciru rong rai, v6i nhiéu hudéng tiép can
khac nhau nhim t6i wu hiéu suét thu hdi va chat lugng san phém. Vé mit hoa hoc, a-
mangostin 13 mot dan xuit xanthone c6 cu trac polyphenol véi tinh ky nuéc twong ddi

cao, do d6 hoa tan tbt trong cac dung moi hitu co nhu ethanol, methanol, chloroform
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hoac ethyl acetate. PBac diém nay la co so cho viéc lya chon dung moi chiét phu hop,
ddng thoi anh hudng truc tiép dén hiéu suat thu nhan hop chat [32]. Cac phuong phap
tach chiét a-mangostin c6 thé chia thanh hai nhém chinh: phuong phap truyén thong va
phuong phép hién dai. Cac phuong phap chiét xuat truyén thong nhu ngam chiét, chiét
hoi luu hodc Soxhlet véi dung moi hiru co van duoc sir dung phé bién, dic biét trong
cac nghién ctru tai Viét Nam, nhd vu diém don gian, dé trién khai va khong doi hoi thiét
bi phirc tap. Tuy nhién, cac k¥ thuat nay thudng tiéu ton lugng 16n dung méi, thoi gian
chiét kéo dai va c6 nguy co lam suy giam hoat tinh sinh hoc ctia hop chat do tac dong
ctia nhiét 6 cao va thoi gian xu 1y 1au [52]. Nham khic phuc nhitng han ché nay, nhiéu
phuong phép chiét hién dai d duoc phat trién nhu chiét siéu am (UAE), chiét vi song
(MAE) va chiét bang CO: siéu t&i han (SFE). Cac k¥ thuat nay gitip tang hiéu suét thu
hdi, rit ngén thoi gian chiét va han ché sy phan huy ctua hop chit nhd kiém soat tét hon
diéu kién chiét. Bic biét, phuong phap CO: si€u td1 han cho phép thu nhan san phém co
d6 tinh sach cao va khong d¢é lai du luong dung méi, tuy nhién chi phi du tu thiét bi 16n
va yéu cu k¥ thuat van hanh phtc tap. Trong bdi canh d6, chiét siéu 4m duoc xem 1a
mot giai phap phu hop trong diéu kién phong thi nghiém hién nay, khi vira cai thién hiéu
qua chiét nhd co ché tao bot khi gitp pha v cu tric té bao thuc vat, vira dam bao tinh
don gian, tiét kiém thoi gian va dung méi. Do d6, trong nghién ciru nay, phuong phap
chiét siéu 4m dugc lya chon nham nang cao hiéu quéa thu hoi a-mangostin, dong thoi
dam bao tinh kha thi va kha nang tng dung trong diéu kién nghién ctru trong nudc.

Trén thé gidi, nhiéu nghién ctru d4 tdi wu héa quy trinh tach chiét o-mangostin tir
v6 qua ming cut. Pedraza-Chaverri va cong su d tong hop ring ethanol va methanol 1a
dung méi chiét phd bién, sau d6 dich chiét dugc phan doan bing cac dung méi co do
phan cuc khac nhau nham lam giau a-mangostin truéc khi tinh sach bang sac ky [53].
Nhiéu nghién ctru tién 1am sang d4 ghi nhan hiéu qué ciia a-mangostin trong viéc e ché
tang sinh, cam Ung apoptosis, gay roi loan chu trinh té bao va pha v& chirc ning ty thé
& cac dong ung thu nhu va (MCF-7), dai truc trang (HT-29), gan (HepG2) va mot sb
dong than kinh nhu SK-N-SH, SH-SY5Y [64].Tac dong nay chu yéu théng qua viéc
tang san xuat ROS noi bao, 1am suy giam dién thé mang ty thé (Aym), hoat héa cac
caspase va diéu hoa sy biéu hién ciia cdc gen quan trong trong tién trinh apoptosis nhu
Bax, p53, Bcl-2, hay céc tin hi¢u séng con nhu Akt va NF-xB [59].Nhitng phat hi¢n nay
cho thiy o-mangostin khong chi don thuin 13 mot chat gy doc té bao ma con c6 kha
nang diéu phdi tinh vi cac mang ludi tin hiéu ndi bao — yéu td then chdt trong phat trién
thudc diéu tri ung thu hién dai. Tuy nhién, trong khi a-mangostin da dugc nghién ctru
kha sau trén cac dong ung thu pho bién, thi cac bang chimg vé tac dung va co ché tac
dong cua no trén ung thu than kinh dém — dic biét 1a dong té bao U-87MG — con hét
strc han ché. Glioblastoma 14 dang 4c tinh cao nhat trong cac u than kinh dém, noi tiéng

v6i kha ning xam 14n manh, khang diéu tri va tai phat nhanh.
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Tai Viét Nam, mang cut 1a loai cay ban dia duogc tréng phé bién & khu vuc Nam
Bo. Vo miang cut chira nhiéu hop chét polyphenol, trong d6 a-mangostin chiém ty 1¢ cao
va da dugc nghién ctru vé mat hoa hoc, sinh hoc va tiém nang dugc li¢u. Cac nghién ctru
trong nudc vé tach chiét va phan 1ap a-mangostin tir vo qua ming cut di budc dau duoc
trién khai, cha yéu tap trung vao viéc xdy dung quy trinh chiét bang dung méi két hop
v6i cac k¥ thuat tinh sach nhu séc ky cot silica gel. Nghién ctru ciia Nguy@én va cong su
(2018) da phan lap thanh cong o-mangostin tir ngudn nguyén lidu trong nudc va xac
dinh cau trac bang cac phuwong phap phan tich hién dai nhu HPLC va NMR va da xac
dinh hoat tinh khang khuan, kha ning chong oxy hoa [54]. Bén canh d6, nghién ctru cia
Quynh va cong su (2024) ciing d3 chu trong tdi wu hoa quy trinh chiét xuat thong qua
khao st cac yéu td cong nghé nhu ndng do ethanol, ty 16 dung moi/nguyén liéu, nhiét
d6 va thoi gian chiét nhim nang cao hiéu sudt thu hoéi [55]. Sau khi phan lap, o-
mangostin buéc dau dugc danh gia hoat tinh sinh hoc nhu khang khuén, chéng oxy hoa
hodc khao sat doc tinh té bao trén mot sb dong ung thu phé bién nhu HepG2 va HelLa.

Tuy nhién, phan 16n cac nghién ctru trong nudc hién nay van ding lai & murc chiét
xuét, dinh lugng hodc sang loc hoat tinh sinh hoc co ban, trong khi cac nghién ctru két
hop gitra phan 1ap hop chét tinh khiét va dénh gia co ché tac dong & cap do phan tir trén
cac md hinh ung thu chuyén biét con han ché. Trong bdi canh nhu cau phat trién cac
hoat chat sinh hoc c6 ngudn gbc tw nhién ngiy cang gia ting, hudng tiép can nay khong
chi gép phan giam phu thudc vao ngudn hop chit thwong mai ma con nang cao gia tri
khai thac cta duoc liéu ban dia. Do d0, can thiét c6 mot nghién ctru mang tinh h¢ théng,
tich hop tir phan 1ap, xac dinh céu trac dén danh gia tic dung sinh hoc va phan tich co
ché ¢ nhidu cip do. Cach tiép can nay khong chi gop phan lap day khoang tréng vé mat
hoc thuat ma con cung cip bang ching toan dién hon vé tiém ning cla a-mangostin
trong diéu tri Glioblastoma. Tir nhitng phan tich trén, dé tai: “Nghién ciru tic dung gay
djc ciia a-mangostin tir vé qud mdng cut trén dong té bao ung thw thin kinh dém” s&
tap trung vao cac ndi dung nghién curu sau:
1. Phén Idp, tinh sach va xdc dinh cdu tric ciia a-mangostin tir vé qud mdng cut: Tién
hanh chiét xut tir vo qua mang cut (Garcinia mangostana) bang dung moéi thich hop,
sau d6 phan lap va tinh sach a-mangostin bang cac k¥ thuat sic ky. Cau tric héa hoc
ctia hop chat dugc xac dinh thong qua cac phuong phap phd hién dai nhu MS, FTIR va
NMR ('H, 2C).
2. Pdanh gid tdc dung gdy doc té bao va kha ndang gdy ton thwong DNA ciia o-mangostin
trén dong té bao U-87MG: Xu 1y dong té bao ung thu than kinh dém U-87MG véi cac
nong do khac nhau ciia a-mangostin va danh gia kha ning séng ciia té bao bang phuong
phap MTS nham x4c dinh hoat tinh gy ddc té bao va gia tri ICso ctia hop chat. Pong
thoi, khao sat mtrc do ton thuong DNA bang phuong phap Comet assay thong qua cac
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chi s6 nhu % Tail DNA va Tail moment nham danh gia kha ning gay dtt gdy DNA cua
hop chit.
3. Phdn tich anh huong ciia a-mangostin 1én hinh thdi ty thé té bao, dién thé mang ty
thé (A¥m) va cdc protein lién quan dén apoptosis ciing nhw truc tin hiéu AKT/GSK3p:
Quan sat sy thay d6i hinh thai ty thé té bao va dién thé mang ty thé sau xtr 1y a-mangostin
nhim danh gia vai tro cua rdi loan chirc ning ty thé trong co ché giy doc té bao. Dong
thoi, xac dinh su thay d6i biéu hién ciia cac protein lién quan dén apoptosis (BAX, BCL-
2) va tryc tin hiéu séng con AKT/GSK3p bang ki thuat Western blot nham buéc dau
1am 1 co ché tac dong ciia hop chat.
4. Khao sat twong tdac phan tu giita a-mangostin va cdc protein dich thong qua mo phong
in silico: Thyc hién mé phong docking phan tir nham danh gia kha ning twong tac giira
a-mangostin va cac protein dich lién quan nhu AKT1 va GSK3p. Phan tich nang lugng
lién két va cac twong tac phan tir chinh nham hd trg giai thich co ché tic dung cua hop
chat & mtrc 6 phan ti.



17

CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Péi twong nghién civu
- Dong té bao u than kinh dém ¢ ngudi (U-87MG) (ATCC) do phong Ho4 sinh mién
dich — Vién Sinh hoc — Vién Han 1am Khoa hoc va Cong nghé¢ Viét Nam cung cép.
- Qua mang cut (Garcinia mangostana L.) dugc thu hai vao mua he nam 2024 tai tinh
Tién Giang, Viét Nam. V6 qua mang cut kho sir dung trong nghién ctru duge cung cip
boi Cong ty Thanh Binh (s6 16: HD167163). Mau thyc vt dugc dinh danh béi chuyén
gia thuc vat hoc dua trén cac dic diém hinh thai va ddi chiéu véi cac mau chuan da duoc
cong bd [56]. Ti€u ban thuc vat dugc luu gitr tai Vién Sinh hoc, Vién Han 1am Khoa hoc
va Cong ngh¢ Viét Nam voi s6 hiéu HN 000082651.
2.2. Thiét bi va hod chit
2.2.1. Thiét bi va dung cu nghién ciiu
- Cdc thiét bi sir dung trong nghién ciru ndy bao gom: hé théng may c6 quay chan khong
YRE-2000E, hé thng sic ky long hiéu ning cao (HPLC), Bruker AM500 FT-NMR
Spectrometer, Thermo Nicolet 6700, hé théng may AVANCE NEO 600 MHz (Bruker
BioSpin, Thuy S7), ta 4m 5% CO: (Panasonic Biomedical), tii an toan sinh hoc (ESCO),
may ly tdm (Eppendorf), kinh hién vi quang hoc (Olympus), hé thong doc ELISA
Multiskan Sky (Thermo Fisher Scientific), may dién di DNA (Cleaver Scientific), kinh
hién vi huynh quang (Nikon), mdy phan tich té bao dong chay MACSQuant VYB
(Miltenyi Biotec), hé thong dién di protein SDS-PAGE, bo chuyén mang Western blot
(Thermo Fisher), hé thdng chup anh gel va mang lai huynh quang Amersham Imager
680 RGB (Cytiva).....
- Cac dung cu thi nghiém dugc sir dung bao gém: dng nghiém thiy tinh, gia d& 6ng
nghiém, diia khuéy, phéu loc, giéy loc (Whatman, Anh), micropipette cac dai thé tich;
ong ly tAm 1.5 mL va 2.0 mL (Eppendorf, Dirc); ng Falcon 15 mL va 50 mL (Corning,
Hoa Ky); dia nuéi cdy té bao cac loai; lam kinh va lamen (Dtrc), mang PVDF (Thermo
Fisher) va cac vt tu tiéu hao vo tring khac phuc vu cho qué trinh nui cay té bao va thi
nghiém sinh hoc phéan t. ...
2.2.2. Hod chat sir dung
- Cac dung mo1 hiru co nhu: methanol, ethanol, chloroform, ethyl acetate, n-hexane va
acetone, silica gel va ban mong TLC (Merck)....
- Cac ho4 chét dung trong dénh gia hoat tinh sinh hoc nhu: Dulbecco’s Modified Eagle’s
Medium (Corning, Hoa Ky), fetal bovine serum (Corning, Hoa Ky), Penicillin—
Streptomycin (Capricorn Scientific, Puc), dung dich dém phosphate PBS (Corning, Hoa
Ky), Trypsin-EDTA (Capricorn Scientific), thuéc nhuém Trypan Blue (Vivacell),
dimethyl sulfoxide — DMSO (Merck, Dirc), bo kit danh gia ting sinh té bao CellTiter
96® AQueous One Solution (Promega, Hoa K¥), thudc nhuom nhan DAPI (Sigma-
Aldrich, Hoa Ky), paraformaldehyde (Merck, Ptic), thuéc nhudm ty thé MitoTracker
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Orange CMTMRo (Promega, Hoa KV), Rhodamine 6G, b kit danh gid apoptosis
Annexin V-FITC/PI, cic khang thé dugc cung cép boi Santa Cruz va Abcam, hoa chat
phat hién tin hiéu Western blot Amersham ECL (Cytiva). ....
2.3. Phuong phap nghién ciru

TACH CHIET MO HINH TE BAO VA XU LY DANH GIA IN VITRO PHAN TICH VA KET LUAN
N4
Q ) —
A Y/ 4 —
L cocssoses Iﬂ -% / =
— o Dénh gia doc tinh Tén thuong DNA
Y MTS Comet assay
LLLLLR Té bao U-87MG > = Phan tich dir liéu
— } Diént thé mang ty thé s 7
\ / Apoptosis ”: o -
/o (Annexin V/PI) —
\ e _’_;j’ II '~-\’<, ” K&t luan
XU ly a-mangostin el 28 0
Biéu hién protein TR s

: (Western blot) »Molecular docking

Hinh 2.1. So' d6 tong quan thiét ké nghién ciru va quy trinh thwe nghiém

2.3.1. Phwong phdp chiét xudt va phén lgp a-mangostin tir vé qud mdng cut
2.3.1.1. Quy trinh chiét xudt

Quy trinh chiét xudt dugc t6i vu hoa dua trén nghién ctru cuia Sandar Naing va
cong su (2023) [57], voi mot sé diéu chinh vé ndng d6 va thé tich dung moi nhim nang
cao hiéu suét thu hdi va do tinh sach cua hop chat. Vo qua mang cut kho (1 kg) duoc
nghién thanh bdt min, khéi lugng bot thu hoi dat 98% so véi ban dau. Trong mdi mé
chiét, 200 g bdt kho dugce cho vao binh tam gidc dung tich 2 L, b6 sung 1000 mL ethanol
70% (v/v) (ty 18 1:5, w/v). Hon hop dugc khudy tir nhe lién tuc ¢ nhiét do phong (25 +
2°C) trong 1 gid nham tang kha ning tiép xtc gitta dung moi va nguyén liéu thuc vat.
Sau thoi gian chiét, dich chiét dugc thu bang cach ly tim ¢ 4000 vong/phut trong 10
phut, sau dé loc qua giéy loc Whatman dé loai bd ba thuc vat. Phan ba tiép tuc duoc
chiét lai 1an thtr hai v&i 300 mL ethanol 70% trong cung diéu kién nham thu hoi t6i da
hoat chat con s6t lai. Céc dich chiét ethanol dugc g0p chung va tién hanh ¢6 dic dudi
ap suét giam bang thiét bi ¢6 quay chan khong ¢ nhiét do khéng vuot qua 45°C dé tranh
phan huy hoat chat.
2.3.1.2. Phdn doan dung méi va tinh sach bang sdc ky cét

Cao chiét ethanol thd dugc hoa tan hoan toan trong nudc cat (ty 1é vira du dé phan
tan dong nhat), sau d6 chuyén sang phéu chiét dung tich 2 L dé tién hanh phan tach 1ong
— 10ng voi cac dung méi 1an luot 13 n-hexan, diclomethan, etylacetate. Qua trinh phan
bd duoc thue hién 3 1an lién tiép, mdi 1an st dung khoang 300-350 mL dung méi. Sau
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mdi 14n lc déu va dé phan 16p hoan toan, thu duoc cac phan doan dung méi khac nhau
va tién hanh c6 quay chan khong ¢ nhiét 46 dudi 45°C.

Phan doan cao chiét thu dugc & bude trén duoc tinh sach bﬁng sdc ky cdt silica
gel. Cot sac ky dugc lam wot bang hé dung mdi n-hexan/acetone. Mau duoc hoa tan
trong mot lugng nhoé dung moéi ban dau va nap 1én dau cot. Hé dung mai rira giai duoc
st dung theo gradient ting dan d6 phan cuc (n-hexan:acetone), bat dau tir 9:1 dén 3:1
(v/v). Cac phan doan thu dugc dugce theo ddi bang sic ky 16p mong (TLC), sir dung ban
mong silica gel F254, quan sat dudi den UV (254 nm va 365 nm). Nhitng phan doan co6
vét tuong d@)ng duoc gdp lai. Phan doan chura hop chit muc tiéu duoc co dung moi va
tién hanh két tinh lai.

Toan b0 quy trinh chiét xuét, phan 1ap va tinh sach a-mangostin dugc thuc hién
1ap lai 3 14n trén cac 16 nguyén lidu doc 1ap dé kiém tra tinh tai lap cua quy trinh
2.3.1.3. Danh gia d¢ tinh sach va cdu tric hod hoc cia hop chdt thu duwoc

Do tinh sach cua hop chat phan 1ap dugc xac dinh bang sac ky 1ong hiéu ning
cao (HPLC). Hé théng str dung gdm bom Alliance 2695 két hop dau do PDA 2996
(Waters, Hoa Ky). Cot sic ky str dung: Poroshell 120 EC-C18 (4,6 x 250 mm, kich
thude hat 4 pm). Cu thé: Pha dong: acetonitrile:nuée (95:5, v/v), ché d6 dang dong; tde
d6 dong: 0,7 mL/phut, thoi gian chay: 15 phut, thé tich tiém mau: 5 uL, budc séng phat
hién: 243 nm va 320 nm.

Xac dinh céu tric hod hoc:

+ Khoi lwong phan tir (ESI-MS): Khéi lugng phan tir va cong thirc phan tir ciia hop chat
duoc xac dinh bang phuong phap phd khéi ion héa phun dién tir 46 phén giai cao (High-
Resolution Electrospray lonization Mass Spectrometry, HR-ESI-MS) trén h¢ may phu
hop tai Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Phuong phap
nay cho phép xac dinh chinh xéc ty 1¢ khdi lugng trén dién tich (m/z) ciia ion phén tir va
cac ion dac trung, tur do hd tro xac dinh cong thirc phan tir cia hop chit.

+ Phé hong ngoai bién doi Fourier (FTIR): dugc ghi nhan trén may Thermo Nicolet
6700 (Vién Hoa hoc — VAST) nham x4c dinh cac nhém chtic dic trung trong phén tir
thong qua su hap thu birc xa hong ngoai & cac sd song dic trung. Cac dai hap thu dugc
su dung dé nhéan dién sy hién dién cua cac nhom hydroxyl (-OH), carbonyl (C=0), lién
két d6i C=C thom va cac nhom chirc khac trong cau tric o-mangostin.

+ Phé céng hueong tir hat nhan ((H-NMR va C-NMR): duoc thuc hién trén hé may
AVANCE NEO 600 MHz (Bruker BioSpin, Thuy Si) (Vién Ho4 hoc — VAST) trong
dung moi thich hop. Céc tin hi¢u phé thu dugc dugc so sanh voi dir liéu tham khao da
cong bd nham xac nhan cau trac hoa hoc clia a-mangostin.

+ Sdc ky Iong hiéu ndang cao (HPLC): Do tinh khiét ctia hop chat sau phan lap duoc
danh gia bang phuong phap HPLC. Két qua sic ky duoc st dung dé xac dinh thoi gian
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lwu dic trung va wdce tinh do tinh khiét ciia a-mangostin thong qua dién tich peak séc
ky.
2.3.2. Phwong phap danh gia hoat tinh sinh hoc
2.3.2.1. Phuong phdp hoat hod va nhdn nudi té bao
- Té bao U-87MG va té bao nguyén bao so (fibroblast) dugc cat giit trong Nito lanh,
dem ra dong trong tu 6n nhiét 37°C. Chuyén dung dich chua té bao vao 6ng falcon 15
mL d3 c6 chira mdi trudng DMEM, ly tim 1500 vong trong 5 phut, bo dich ndi, thu cin
té bao.
- Phan tan té bao lang vao 1 — 2 mL moi truong nudi cdy thich hop, mix déu sau do
chuyén sang dia petri 100 mm @ trong ta 4m 37°C, 5% CO,. Kiém tra hang ngiy, thay
moi trudng 2 ngay mot lan. Khi t& bao moc kin 75 — 80% bé mit dia thi thu té bao hodc
tién hanh cay chuyén té bao sang dia nudi ciy moi.
- Phurong phdp dinh lwong té bao nudi cdy
+ Huat 20ul dich huyén phu c6 té bao vao dng eppendorf 1,5 mL, pha lodng véi dung
dich Trypan Blue 0,4% theo ti I¢ 1:1 va tron déu. Phu buéng dém v6i lamelle va cho 1
giot huyén phu t& bao vao budng dém bang cach nho sat vi tri tiép xuc giita lamelleva
budng dém.
+ Tién hanh dém té bao tai bon 6 dém nam & bén goc cua budng dém. Chi tinh cac té
bao c6 hinh dang tron, kich thudc 16mn va hinh thai sang, rd rang. Gia tri trung binh dugc
tinh dya trén s6 lugng té bao thu dugc tir bén 6 dém nay.
+ Mat do té bao trung binh trong 1 mL méi trudng dugc xac dinh theo cong thuc:
S té bao (t& bao/mL) = gi4 trj trung binh x 10* x hé s pha lodng
2.3.2.2. Phwong phdp thir déc tinh té bao (MTS)
- Nguyén Ily: Phuong phép thtr doc tinh MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4- sulfophenyl)-2H-tetrazolium) dya trén kha ning cac té
bao séng chuyén héa mudi tetrazolium MTS, véi sy hd tro ctia PMS, thanh san phdm
formazan tan c6 kha ning hap thu anh sang & budc song 490 nm. Luong formazan tao
thanh ti 1& thudn vai s6 luong té bao sdng, tir d6 cho phép danh gia doc tinh té bao va
xac dinh gia tri ICso [58].
- Quy trinh thi nghiém:
+ Té bao U-87MG va nguyén bao soi fibroblast dugc gieo vao dia 96 voi mat do 5.000
té bao/giéng trong 200 pL mdi trudng va i & 37°C, 5% CO.. Sau 24 giv, té bao duge xur
1y v&i a-mangostin ¢ cac ndng d6 khac nhau (1-30 pg/mL) trong 48 gio.
+ Sau thoi gian xir 1y, loai bo 100 uL méi truong va bd sung 20 uL dung dich MTS vao
mdi giéng, tiép tuc U trong 3 gid trong diéu kién tranh anh sang.
+ Do hip thu quang (OD) duoc do tai budce sdng 490 nm bang may Microplate Reader.
Dit liéu duoc xtr 1y dé tinh ty 18 sdng sot cua té bao theo cong thirc:
A (%) dugc tinh theo cong thure
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A(%) =V/Vn X 100%
V: Chi s6 OD do duoc ¢ trong giéng thi nghiém
Vi: Chi s6 OD do duoc ¢ trong giéng ddi chimg dung moi.
+ Gia tri ICso duoc xac dinh tir dwong cong hdi quy bicu dién mdi twong quan giira ndng
d6 chat thir va ty 18 sng sot cua té bao.
2.3.2.3. Phuong phdp dién di don té bdo
- Nguyén Iy: Phuong phap dién di don té bao (Comet assay) dua trén viéc DNA bj dut
gy mat ciu triic siéu xoan, nén khi dit trong dién truong, cac manh DNA s& di chuyén
ra khoi nhan va tao hinh anh giéng sao chéi sau khi nhuom huynh quang. Mirc do ton
thuong DNA duogc danh gia qua cac thong sb cua “dudi” sao chdi nhu chiéu dai, ty 18
DNA va moment dudi [59].
- Quy trinh thuc hién:
+ Té bao sau khi xtr Iy v6i a-mangostin (6 pg/mL) va dbi chimg duong Hz0: (250 pM)
duoc thu nhan, ly tam va huyén phu trong PBS. Té bao duoc tron voi agarose 1% va trai
1én lam kinh da phu agarose nén, sau d6 1am lanh dé ¢ dinh.
+ Lam kinh duoc U trong dung dich ly giai & 4°C qua dém, tiép theo xir 1y trong dung
dich kiém manh (pH > 13) trong 60 phut dé tach d6i chudi DNA va lam 10 13 cac ton
thuong nhu dit gay soi don hodc céc vi tri khong on dinh trong chudi DNA. Sau d6 tién
hanh dién di trong mdi trudng kiém, cho phép cac doan DNA bi dit gdy di chuyén tao
thanh “dudi sao choi”,
+ Sau dién di, lam kinh dugc nhuom DAPI va quan sat dudi kinh hién vi huynh quang.
Hinh anh duoc phan tich bang phan mém CometScore dé xac dinh cac thong sb nhu %
Tail DNA va Olive Tail Moment, phan anh mitc do ton thwong DNA.
2.3.2.4. Phuong phdp danh gia hinh thdi ty thé
- Nguyén Iy: MitoTracker 1a thuéc nhuém huynh quang c6 kha ning tich liy chon loc
trong ty thé séng nhd su chénh 1éch dién thé mang ty thé (Aym). Do d6, nhuém
MitoTracker 1a mot cong cu hiéu qua dé danh gia dong thoi chirc ning va hinh thai ty
thé trong cac nghién ciru vé stress té bao va qua trinh apoptosis.
- Quy trinh thuc hién:
+ Hoan nguyén MitoTracker dong kho trong dimethylsulfoxide khan chét lugng cao
(DMSO) dén nong do cudi cung 1a ImM. Pha dung dich thudc thir & ndong d6 100nM
trong moi truong nudi cdy té bao khong cé huyét thanh.
+ Cac té bao dugc nudi cay trong dia 48 giéng da dugce xu Iy & cac ndng do thude thir
khac nhau trong 24 gio. Loai bé méi truong nudi ciy té bao sau d6 thém dém rira PBS.
+ C dinh té bao bang Parafomaldehyde 4% trong 10 phut & nhiét do phong (50uL/
giéng), rira lai bang PBS 1X x 3 lan.
+ Thém dung dich thudc nhudém di pha & cac nong do va 1 té bao & 37°C trong 15 — 45
phut, loai bd mdi trudng & tat ca cac mau va rira té bao bang PBS 1X x 3 lan.
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+ Nhudm nhan bang DAPI trong 30 phiit & nhiét dd phong ( 30 puL/ giéng), rira lai bang
PBS 1X x 3 lan ( boc gidy bac dé tranh anh sang).
+ Quan sat hinh anh trén kinh hién vi huynh quang vé&i bude song kich thich 554nm dé
phat hién tin hiéu ty thé ( phat quang & budc séng 578 nm- mau do), va bude song kich
thich 341 nm dé phat hién DNA nhan (phat quang ¢ budc séong 408nm — mau xanh).
2.3.2.5. Phuong phdp danh gia dién thé mang ty thé
- Nguyén ly: Rhodamine 6G (Rh6G) 1a thuéc nhuoém huynh quang cationic, thim mang
va tich lily chon loc trong ty thé nhd dién thé mang (Aym). Do d6, cuong d6 huynh
quang ctia Rh6G phan anh truc tiép mirc Aym va duge do bang may huynh quang.
- Quy trinh thuc hién:
+ Nudi cay va xir Iy t& bao: Nudi té bao trong dia 96 giéng trong moi truong DMEM
hoan chinh. Khi té bao dat khoang 70-80% mat d, tién hanh xu Iy voi a-mangostin &
cac ndng do khac nhau trong thoi gian 24 gio.
+ Chuén bi thudc nhuém Rhodamine 6G: pha dung dich Rhodamine 6G trong dung dich
dém PBS hoic mdi truong khong co6 FBS véi ndng do cubi 1a 20 pM.
+ Nhuom té bao: Loai bd moi trudng nudi, rira nhe té bao bang PBS 1X, thém
Rhodamine 6G vao mdi giéng va u & 37°C, 5% CO: trong bong t6i trong khoang 30
phut. Sau thoi gian nhudém, rira t& bao 1-2 1an bang PBS lanh dé loai bo phan thudc
nhudm khong gan. Giit lai t bao trong PBS 1X.
+ Do tin hi¢u huynh quang: Poc cuong d§ huynh quang tai budc song kich thich ~500
nm va phat xa ~550—580 nm bang méay doc SpectraMax iD5.
2.3.2.6. Phan tich apoptosis bang phwong phdp nhuém Annexin V/PI
- Nguyén Iy: Phuong phap nhudém Annexin V/PI dya trén sy thay doi vi tri phan bd cua
phosphatidylserine (PS) va tinh toan ven mang té bao trong qua trinh apoptosis. PS binh
thudng ndm & mit trong mang té bao. Khi té bao vao apoptosis som, PS di ra ngoai va
duogc Annexin V gan trong diéu kién co6 Ca?*. Propidium iodide (PI) chi di vao té bao
khi mang bi ton thuong (apoptosis muodn hodc hoai tir). Két hop Annexin V va PI giup
phan biét té bao sdng, apoptosis sdm, apoptosis mudn va hoai tir.
- Quy trinh thuc hién:
+ Nuodi cdy va xtr Iy té bao: Cac té bao dugc nudi cdy trong dia 6 giéng voi méi trudng
DMEM hoan chinh & 37°C, 5%CO2. Khi mat do té bao dat 70-80%, tién hanh thir
nghiém v&i o-mangostin & néng do 6 va 10 pg/ml trong 24 gio.
+ Thu nhan té bao: t& bao duogc thu bang Trypsin EDTA 0,25%, ly tam 1500 vong trong
5 phut. Sau d6 loai bo dich ndi, rira té bao 2 1an bang PBS lanh dé loai bo phan du moi
truong va chat thir. Huyén phu lai té bao trong 500 uL dung dich dém lién két (Annexin
V binding buffer) c¢6 chita ion Ca?*, diéu chinh mat do khoang 1-2 x 10° té bao/mau.
+ Nhudm Annexin/ PI: Thém 5 pL Annexin V-FITC vao hén dich t& bao va Thém 5 pL
propidium iodide (PI) vao cung 6ng phan tmg. Tron déu nhe nhang va t mau trong bong
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t61 & nhiét do phong (hodc 4°C) trong 15 phiit. Mau nén dugc phan tich ngay bang flow
cytometry trong vong 1 gid sau nhudm.
+ Phan tich bang phuong phap dém té bao dong chay : Thiét lap may do dong chay té
bao véi cac kénh phu hop. Sau d6 phan tich dir liéu bang phan mém MACSQuant VYB
va biéu d dot lot thanh 4 ving:

+ Q1: Annexin V/PI* — hoai tur.

+ Q2: Annexin V*/PI" — apoptosis mudn hodc hoai tir

+ Q3: Annexin V*/PI" — apoptosis sém

+ Q4: Annexin V/PI" — té bao sdng.
2.3.2.7. Western Blot
- Nguyén ly: Western blot 13 k¥ thuat dung dé phat hién va dinh luong protein dic hiéu
trong mau sinh hoc. Nguyén 1y dua trén ba budc: (1) protein duge bién tinh va tach theo
kich thudc bang SDS-PAGE, (2) cac protein duoc chuyén tir gel sang mang
nitrocellulose hodc PVDF nho dong di¢n, (3) protein dich dugc nhéan dién béng khéng
thé dic hiéu; tin hiéu duoc tao ra nhd khang thé tht cép gén enzyme hodc chit huynh
quang, cho phép phat hién va phan tich bang hé thong ghi nhan hinh anh [60].
- Quy trinh thyc hién:
+ Nudi cay va xtr 1y té bao: Dong té bao U-87MG duoc nudi trong méi trudng DMEM
hoan chinh, 0 & 37°C, 5%CO2. Sau khi xir Iy a-mangostin & cic ndong d6 khac nhau, té
bao duoc rira bang PBS. Sir dung trypsin EDTA 0,25% dé thu té bao.
+ Ly giai té bao va dinh luong protein:

- Té bao duoc ly giai bang Ripa buffer, u trén da trong thoi gian 30 phut. Sau d6
méu dugc ly tim & 12.000 vong/ phat 4°C trong 15 phut dé thu dich ndi chira
protein téng s6.

- N6ng do protein dugc xéac dinh br:ing b xét nghiém protein Pierce Bradford, st
dung BSA lam duong chuan. N6ng do cac mau dugc tinh dua vao duong chuén,
hiéu chinh vé cung ndng dd va sir dung 30 pg protein cho mdi giéng dién di.

+ Dién di SDS-PAGE:

- Mau protein duoc bd sung dém xir Iy mau dye 4X vai ty 18 mau/ dye 1a 4/1 bién
tinh & 100°C trong 10 phut, sau d6 dé bao ti -20°C trong 1 phut.

- Pién di dugc tién hanh trong trén gel polyacrylamide 10% trong diéu kién SDS-
PAGE ¢ 100 V trong khoang 90 phut, dén khi hang miu chay chay xubng day
ban gel. Sau d6 ban gel dugc tach ra khoi phién kinh dé tién hanh cac budc sau.

+ Chuyén mang u6t: Sau khi dién di, protein dwoc chuyén sang mang PVDF bang
phuong phap chuyén mang uét trong budng chuyén cé dung dich dém chuyén Tris —
glycine & 20V trong 60 pht.

+ Chin mang va lai khang thé:
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- Sau khi chuyén mang xong, mang duoc chin bang dung dich 5% BSA trong
TBST trong 1 gio & nhiét d6 phong nhim ngin ngira bat khang thé khong dic
hi¢u.

- Mang sau d6 duoc i qua dém ¢ 4°C véi khang thé so cip anti-B-actin (1:1000),
BAX (1:1000), BCI2 (1:1000), GSK3p (1:1000).

- Mang duoc rtra 3 1an véi TBST (mdi 1an 10 phat), sau d6 u voi khang thé tha cap
gan HRP (1:5000) trong 1 gid' ¢ nhiét do phong.

+ Phat hién va phan tich:
- Tin hiéu protein duoc phat hién bang co chét phat quang ECL, ghi nhan trén hé
théng chup anh héa phat quang, va cuong do bang tin hi¢u dugc phan tich béng
phan mém Image].
- Biéu hién cta cac protein dugc chuin hoa theo B-actin va so sanh giita cac nhom
xu ly.
2.3.2.8. Mo phong docking phan tu
- Céu trac tinh thé cua protein AKT1 (PDB ID: 4GV 1) va GSK3p (PDB ID: 1Q5K)
duogc thu thap tir co sé dir liéu RCSB Protein Data Bank, trong khi cau trac dy doan cua
AKT2 (AF-P31751) va AKT3 (AF-Q9Y243) duogc lay tir co so dit litu AlphaFold
Protein Structure Database. Trudc khi tién hanh docking, tit ca cac cdu trac protein duoc
xtr Iy bang cach loai bo cac ligand dong két tinh va phan tir nudc bang phan mém
PyMOL™ (phién ban 3.1.6.1), nham thu dugc mo hinh receptor phuc vu cho phan tich
docking phan ti.
- Vung géan két (binding pocket) cta protein dwgce duy doan bang céng cu CB-Dock2,
trong d6 vi tri ¢6 gia tri Vina score thap nhat duoc lua chon dé thuc hién docking bang
phan mém AutoDock 4. Ca protein va ligand o-mangostin (PubChem CID: 5281650)
déu duoc chuan bj bang phin mém AutoDockTools 1.5.7 trude khi docking.
- Qua trinh docking dugc thuc hién trén phén mém AutoDock 4, va ciu dang lién két co
nang luwong thap nhat duoc lya chon dé phan tich twong tac phan tir bang phan mém
Discovery Studio Visualizer V25.1.0.24284. Cac acid amin tham gia tuong tac dugc so
sanh voi cac vi tri gan ATP d3 duoc cong bd cia protein (thu thap tir co s¢ dit lidu
UniProt), nham danh gia kha nang canh tranh v&i ATP clia a-mangostin.
2.3.2.9. Phuong phdp phan tich thong ké

S liéu duoc xtr li bé“mg Excel va phﬁn mém GraphPad Prism 10.3. Dt li¢u duoc
thé hién bang gia tri trung binh (mean) + SD); Su khac biét thong ké duoc phén tich
bang phuong phap phuong sai mot chiéu (ANOVA mét chiéu). Gia tri p < 0,05 13 su
khac biét c6 y nghia théng ké.


https://www.rcsb.org/structure/4GV1
https://www.rcsb.org/structure/1Q5K
https://alphafold.ebi.ac.uk/entry/AF-P31751-F1
https://alphafold.ebi.ac.uk/entry/AF-Q9Y243-F1
https://pubchem.ncbi.nlm.nih.gov/compound/5281650
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Két qua phén ldp va xdc dinh ciu tricc héa hoc ciia a-mangostin

Qua trinh chiét xuét tir 200g nguyén liéu vé qua ming cut (Garcinia mangostana)
khé bang ethanol thu dugc 36,0 + 0,56 g cao chiét tho. Viée st dung ethanol lam dung
moi chiét khong chi dam bao kha ning hoa tan tot cac hop chét c6 hoat tinh sinh hoc
thudc nhém xanthone ma con phu hgp véi dinh hudng g dung sinh hoc do ¢6 doc tinh
thap va dé loai bo. Cao chiét thu duoc chira hdn hop phirc tap cac hop chat thir cap voi
d6 phan cuc khac nhau, do d6 can dugc phan tach thém bang cac phuwong phép sic ky.
Cao chiét ethanol sau d6 dugc phan tach bang sic ky cot silica gel sir dung hé dung moi
c6 do phan cyc ting dan. Nguyén tic cua phuwong phap nay dua trén sy khac biét vé ai
luc giita cac hop chat vai pha tinh silica gel va pha dong, cho phép cac cdu tir dugc rira
giai theo thur ty tang dan vé o phan cuc. Viéc lya chon hé dung moéi phu hop dong vai
trd quan trong trong viéc t6i vu hoa kha ning phan tach, dic biét ddi voi cac hop chat
c6 cdu trac tuong tu nhu cac din xuét xanthone.

Trong qué trinh phan doan, sic ky 16p méng (TLC) duoc st dung nhu mot cong
cu theo doi nhanh va hi¢u qua nham danh gia sy phan tach va dinh huéng thu nhan hop
chat muc tidu. Két qua TLC cho théy su xudt hién cua mot vét dic trung voi gia tri R
on dinh trong hé dung mai lya chon, dong thoi thé hién tin hiéu rd dudi dén UV & cac
budc séng thich hop. Pic biét, khi tién hanh chim dbi chiéu véi chat chun a-mangostin,
vét ctia mAu phén lap cho gia tri Rf trang khép va c¢6 dic diém hién thi twong ddng, cho
thdy sy twong Gmg vé ban chit hoa hoc giita hai mau (Phu luc 1.1). Pay 1a mét budc
kiém ching nhanh nhung c6 ¥ nghia quan trong, giup dinh huéng chinh xac viéc thu
nhan hop chét trudc khi tién hanh cac phén tich cau trac chuyén sau. Dya trén két qua
theo ddi bang TLC, cac phan doan c6 dic diém tuong ddng duoc gop lai va tiép tuc tinh
sach. Viéc gop phan doan hop 1y khong chi gitip giam thiéu that thoat hop chat ma con
nang cao hiéu qua cua cac budc tinh sach tiép theo. Két qua cudi cung thu dugc hop
chat o-mangostin dudi dang tinh thé mau vang nhat voi khéi luong 1,3 £ 0,16 g, twong
g hiéu suat khoang 0,45 + 0,02 % so v&i nguyén liéu ban dau. Hiéu sut nay phu hop
v6i cac nghién ctru di cong bd ddi véi cac hop chat xanthone tir vo mang cut, cho thiy
quy trinh chiét tach va tinh sach duoc lya chon 1a hop 1y va hi¢u qua. Sau khi phan lap,
hop chat muc tiéu duoc kiém tra do tinh sach va xac dinh cu trac béng cac phuong
phap phan tich phd hién dai nhw HPLC, ESI-MS, FTIR va NMR
- Két qua phan tich HPLC danh gid dg tinh sach: Sac ky d6 HPLC cuia hop chat phan
1ap duogc trinh bay ¢ Hinh 3.1. Két qua cho thdy mau xuat hién mdt pic chinh chiém wu
thé voi thoi gian luu (Rt) = 6,289 phit. So sanh véi miu chudn o-mangostin cho thay
thoi gian luu hoan toan tuong dong, ching té hop chat phan 1ap c6 cung tinh chit sic
ky v6i chat chudn. Dién tich peak chinh chiém > 97% tong dién tich cac peak trén sic

ky d6, cho thay mau c6 d¢ tinh sach cao. Khi so sanh véi cac nghién ctru trude day, a-
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mangostin thuong dugc ghi nhan co6 thoi gian luu trong khoang 5 — 8 phut khi str dung
cdt C18 va hé pha dong giau acetonitrile [33].

v

Hinh 3.1. Séic ky pho HPLC ciia hop chit phén Igp dwoc
- Két qud phé khoi ESI-MS cho thdy: ion gia phan tir [M+H]* tai m/z 411,2 va [M—H]
tai m/z 409,2, hoan toan phu hop véi khdi lugng phan tir 1y thuyét cia a-mangostin (410
Da). Dir liéu nay trung khop véi cac cong bd trude d6 vé phan 1ap o-mangostin tir vo
qua Garcinia mangostana ciing nhu dit liéu trong co s¢ dir liéu PubChem [61]. Diéu
nay cho thdy hop chat thu duoc c6 khdi luong phan tir chinh xac va khong c6 su bién
d6i cau triic trong qua trinh chiét xuat (Hinh 3.2).

Positive MS

Negative MS

Hinh 3.2. Phé khoi ion héa dién tiv phin gidi cao (ESI-MS) ciia a-mangostin
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- Phé FTIR: cho thiy cac dai hip thu dic trung tai 3421 cm™ (-OH), 1642 cm™ (C=0
trong khung xanthone) va 1238 cm™ (C-O-C). Cac tin hi€u nay phu hop véi dac trung
pho hdng ngoai cta cac dan xuat xanthone da dugc cong bd [62]. Sy hién dién cia dai
hép thu carbonyl manh trong viing 1640-1660 cm™ 13 dic trung cua hé xanthone lién
hop (Hinh 3.3).
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Hinh 3.3. Két qud phé FTIR ciia hop chit thu dwoc

- Phén tich phé NMR: Pho 'H-NMR (Hinh 3.4) hop chat cho thdy cong hudng & ving
truong thip xudt hién mot tin hiéu singlet tai 8H 13,77 pmm, ddy 1a tin hiéu proton dic
trung ctia nhom hydroxy (-OH) va c¢6 lién két nodi phan tr v6i nhom ketone (>C=0).
Dich chuyén vé phia vung truong manh hon théy xudt hién bon tin hiéu proton olefin tai
OH 5,28 x2, 6,83, 6,29 ppm, bén canh d6 14 hai tin hi¢u cua cac nhom hydroxy (-OH) tai
OH 6,30 va 6,13 ppm (xac dinh dugc cac tin hi¢u nay cua nhoém —OH duya trén tuong tac
phd HMBC (Phy luc 1.2)). Cong hudng trén ving truong manh 13 tin hiéu cia bén nhom
methyl tai dH 1,81, 1,77, 1,83 va 1,69 pmm, hai tin hi€u ctia cdic nhém methylene cong
huong tai 0H 4,10 va 3,46 pmm (Hinh 3.4).

Pho *C-NMR (Hinh 3.5) cta hop chit xuat hién tin hiéu cua 24 nguyén tu
carbon, két hop véi pho HSQC (Phu luc 1.2) cho thay hop chit c6 mot nhém oxymethyl
tai 0C 62,1 ppm, mudi tin hi€u dac trung ctuia hai nhém isoprenyl tai [0C 26,6, 121,5,
132,2, 17,9, 25,8] va [8C 21,5, 123,2, 132,2, 18,2 va 25,8]. Con lai la 13 tin hi¢u ctua
khung chat cong huong trong ving truong 8C 182,1 — 93,3 ppm, dong thoi két hop voi
phd HSQC va HMBC (Phu luc 1.3) cho dy doan hop chit ¢ khung xanthone
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Hinh 3.5. Phé >C-NMR ciia hop chit a-mangostin



Hinh 3.6. Ciu triic hod hoc va cdc twong tdc HMBC chinh ciia hop chit a-mangostin

Nhin chung, cac két qua tir dit liéu pho thu duogc trong nghién ctru nay véi cac tai
lidu d3 cong bd cho thiy hop chit phan 1ap chinh 14 a-mangostin c6 d6 tinh sach cao.
Két qua phan tich HPLC cho thay hop chat phan lap dat d6 tinh sach >97% duogc xac
dinh dua trén ty 1¢ di¢n tich peak ctia a-mangostin so véi téng dién tich tat ca cac peak
thu duoc trén sic ky do tai budc song phat hién phi hop. Gia tri ndy nam trong khoang
twong duong véi nhidu nghién ciru da cong bd trén thé gidi va tai Viét Nam, trong d6 o-
mangostin thuong dugc ghi nhan ¢ do tinh sach dao dong ttr 90-98% sau céc budc tinh
sach bang sic ky cot silica gel két hop véi HPLC phén tich [63]. Nghién ctru ciia Chen
Li-Guo va cong su (2008) cling bao cdo dg tinh sach a-mangostin dat khoang 95-98%
khi sir dung hé dung moéi thich hop dé dé tinh sach va dugce danh gia do tinh sach bang
HPLC [64].

Déng cht y, hiéu suit thu hdi a-mangostin trong nghién ctru dat 0,45%, cao hon
s0 Vi cac phuong phap chiét dung méi truyén thong (0,22-0,26%). Cu thé, trong nghién
ctru ctia Tran va cong su (2021), nghién ctru stt dung phuong phap ngdm lanh mau vo
mang cut kho trong dung méi hitu co dé chiét o-mangostin. Mau duogc dé yén trong dung
mdi trong nhiu gio, sau d6 loc va cd dic dé thu phan chiét. Hiéu suat thu hoi o-
mangostin chi dat 0,26% so v&i khdi lugng nguyén li¢u kho [65]. Su cai thién khi két
hop siéu am va tach chiét trong nghién ctru nay cho thiy hiéu qua cua viéc t6i vu hoa
dong thoi diéu kién chiét va quy trinh tinh sach, gop phan nang cao kha niang khai thac
hop chét tir nguyén liéu ty nhién. Khong chi mang y nghia vé mat k§y thuat, hiéu suat
thu hoi cao con gitp dam bdao tinh 6n dinh va kha nang lap lai ctia nguén hop chét, tao
diéu kién thuan loi cho cac thi nghiém sinh hoc tiép theo, dac biét 1a cac nghién ctru co
ché & cap d6 phan tir. Tai Viét Nam, mot s nghién ctru phan 1ap a-mangostin tir vo
mang cut cling ghi nhan do tinh sach tuong tu khi sir dung sdc ky cot silica gel vdi hé
dung méi c6 d6 phan cyc ting dan. Tuy nhién, hiéu qua phan lap van phy thudc dang ké
vao cac yéu té nhu ngudn nguyén liéu, diéu kién chiét xuat va phuong phap tinh sach.
Do d6, bén canh muyc tiéu dat do tinh sach cao, nghién ctru nay hudng té1 xay dung mat
quy trinh phan 14p c6 tinh 6n dinh, kha ning lip lai tot va phu hop voi diéu kién phong

thi nghiém trong nudc. Viéc lam chu quy trinh va nguon nguyén liéu nham nang cao do
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tin cdy cta két qua thuc nghiém va tao nén tang cho cac nghién ctru chuyén sau trong
tuong lai.

Quan trong hon, nghién ctru nay khong chi dung lai & viéc phan 1ap thanh cong
o-mangostin v6i do tinh sach cao, ma con nim ¢ hudng tiép can tich hop gitta hoa hoc
va sinh hoc. Trong khi phan 16n cac nghién ciru trudc day ¢ Viét Nam chu yéu ding lai
& viéc danh gia cac hoat tinh sinh hoc co ban nhu chéng oxy héa hodc khang khuan, thi
nghién ctru ndy d3 mé rong sang danh gia tac dung sinh hoc trén mé hinh té bao ung
thu, ddc biét 1a dong té bao u nguyén bao than kinh dém nguodi U-87MG. Mot s6 nghién
ctru trén thé giéi da bude dau khao sat tic dung gay doc té bao cua o-mangostin trén
mot sb dong ung thu nhu ung thu v, gan hodc dai trang, tuy nhién cac nghién ciru
chuyén sau trén glioblastoma van con han ché. Viéc tng dung hop chat sau tach chiét
vao mé hinh in vitro trong nghién ctru ndy da cho phép danh gia sdu hon vé co ché tac
dong & cap do té bao, bao gébm anh hudng dén kha nang séng sot, tin hiéu ndi bao va
qua trinh apoptosis
3.2. Két qud khdo sdt dic tinh ciia a-mangostin trén mé hinh dong té bao ung thw
than kinh dém U-87MG.

Sau khi xtr 1y té bao U-87MG voi hoat chit a-mangostin trong 48 gio, ghi nhan
su giam sb lugng té bao phu thude vao n@)ng do, d@)ng thoi hinh thai té bao c¢6 biéu hién
co lai rd rét so vi nhém d6i chimg (Hinh 3.7). Kha ning song cua té bao duoc danh gia
bang kit MTS tai cac ndng d6 a-mangostin 1, 5, 10, 20 va 30 pg/ml.

Két qua cho thiy su suy giam dang ké vé kha ning song cta té bao bat dau tir
ndng do 5 pg/ml, tai d6 ty 18 sdng chi con 53,5 + 1,27%. Khi ting ndng do 1én 30 pg/ml,
ty 1& séng giam manh xubéng mirc 5,1 £ 1,01%, cho thdy a-mangostin c6 kha nang gay
doc té bao rd rét. Pong thoi, xu hudng phu thudc nong do va thoi gian xur 1y cua o-
mangostin 1én su sdng cua té bao U-87MG duoc ghi nhan rd rang (Hinh 3.8). Gia tri
ICso cia a-mangostin ddi véi dong té bao U-87MG duoc xac dinh 1a 6,387 + 0,329
ng/ml. Két qua nay phu hop voi nghién ctru trude d6 cia chung t6i trén dong té bao C6
glioma ctia chudt, trong d6 o-mangostin thé hién hoat tinh trc ché ting sinh vi ICso
khoang 4,67 pg/mL [66]. Su twong dong vé hiéu lyc giita hai dong té bao glioma c6
ngudn goc khac nhau (chudt va ngudi) cho thdy o-mangostin c6 hoat tinh 6n dinh trén
cac mo hinh in vitro khac nhau. Tuy nhién, gia tri ICso trén U-87MG cao hon mot chut
s0 v6i C6, c6 thé phan anh sir khac biét vé dic diém sinh hoc giira hai dong té bao. Pang
chu ¥, khi danh gi4 trén té bao thudng (fibroblast), a-mangostin cho gia tri ICso cao hon
dang ke, dat 24,6 + 1,45 ug/mL (Hinh 3.9). Két qua nay cho thay té bao fibroblast co
mirc d6 nhay cam thap hon ddi véi o-mangostin so vdi té bao ung thu U-87MG. Sy khac
biét vé gia tri ICso gitra hai dong té bao goi ¥ rang a-mangostin ¢ tinh chon loc nhat
dinh d6i véi té bao ung thu, qua d6 1am giam nguy co gy doc trén té bao binh thudng.
Su khac biét vé do nhay giita t& bao U-87MG va fibroblast goi ¥ rang a-mangostin co
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thé vu tién tac dong 1én céc té bao co hoat tinh chuyén hoa va tin hiéu tang sinh cao, von
1a ddc trung cua té bao ung thu. Day 1a mot dic diém quan trong ddi véi cac hop chat
chéng ung thu tiém ning, boi kha nang duy tri hiéu qua gy doc trén té bao u dong thoi
han ché doc tinh trén té bao lanh c¢6 y nghia 16n trong dinh huéng phét trién liéu phap
an toan hon. So sanh vdi cac nghién ctru trén thé giodi, két qua thu dugc trong nghién

I3
A

clru nay co su tuong dong dang ké.

Déi chirng 1 ng/mL

{

5 pg/mL

24 gio»r

48

10 pg/mL 20 pg/mL 30 pg/mL

24 gio»

48 gior

Hinh 3.7. Hinh dnh té bao U-87 MG khi ii a-mangostin 6 cdc néng dp khdc nhau sau
48 gio 1 (10%). Té bao dwge xir 1y véi a-mangostin & cdc nong @ 0, 1, 5, 10, 20 va 30
ug/mL. Hinh dnh dwoc ghi nhdn bang kinh hién vi quang hoc nham ddanh gid sw thay
d6i hinh thdi té bao theo thoi gian va nong dé. Thanh ty 16 = 50 um.
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Hinh 3.8. Anh hwéng ciia a-mangostin 1én khd ning song cia té bao U-87MG. Té
bao USTMG duwoe xir Iy véi cde nong do tang dan ciia a-mangostin (0 — 30 ug/mL) trong
thoi gian 48 gio. Kha néng séng cua té bao dwoc xdc dinh bang phiong phdp MTS. Dir
liéu dwoc trinh bay dwéi dang gid tri trung binh + dg 1éch chudan (mean + SD) tir ba thi
nghiém doc lap (n = 3). Phan tich théng ké dwoc thuc hién bcing phép kiem ANOVA mét
yéu té (one-way ANOV; gid tri p < 0,05 dwoc xem ld ¢6 ¥ nghia théng ké.
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Hinh 3.9. Anh hwéng ciia a-mangostin Ién khd ning séng ciia té bao fibroblast. Té
bao dwge xir 1y véi cdc nong dé tang dan cia a-mangostin trong thoi gian 48 gio. Kha
ndng song cia té bao dwoc xdc dinh bang phiong phdp MTS. Dit liéu dwgc trinh bay
dudi dang gid tri trung binh + dg 1éch chudn (mean + SD) (n = 3).
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Trong bdi canh cac nghién ciru di cong bd, o-mangostin trong nghién ciru nay
thé hién mirc do hoat tinh canh tranh so véi cac dan xudt cung nhom xanthone. Cu thé,
y-mangostin dugc bao cdo c¢6 ICso khoang 74 pM (~30 pg/mL) trén té bao USTMG, sau
24 gid xur 1y [67]. Gia tri nay phan anh hoat tinh gy doc té bao & mic trung binh trong
diéu kién xur Iy ngan han, dong thoi cho thay hiéu luc ciia cac din xuét xanthone c6 thé
thay ddi dang ké tuy thudc vao cdu trac héa hoc va thdi gian tac dong. Tuy nhién mot
sd nghién ctru da bao cao vé hoat tinh gy ddc té bao cuia a-mangostin trén cac dong ung
thu khac voi gid tri ICso twong tu. Vi dy, trén dong MCF-7 (ung thu vu), a-mangostin
{rc ché su séng sot té bao vdi ICso khoang 6,12 pg/mL [68], phan 4nh tic dong giy doc
tinh manh ngay ¢ nong d6 thap. Trén dong HT-29 (ung thu dai trang), a-mangostin thé
hién ICso khoang 8,23 pg/mL [69], trong khi trén dong HeLa (ung thu ¢6 tir cung) hop
chat nay @c ché té bao v6i ICso khoang 7-10 pg/mL tiy thoi gian xtr ly. Nhitng gi tri
ICso trén nhiéu dong té bao ung thu khac nhau déu nam trong phd 5 — 10 pg/mL [46],
trong dong v4i muc do gdy doc quan sat dugc trén dong U-87MG trong nghién ciru
nay. Diéu nay cho thdy a-mangostin duy tri hoat tinh gay doc on dinh trén nhiéu loai té
bao ung thu c6 ngudn gbe khac nhau, phan anh tinh da muc tiéu sinh hoc cta xanthone
tir nhién. Su twong ddng trong cac gia tri ICso gitta cac nghién ctru cho thdy két qua thu
dugc khong chi phu hop véi xu huéng hoat tinh chung ciia hop chat ma con cung cb
tinh hop 1¢ cua phuong phap thtr nghiém va moé hinh dung trong nghién ctru.
3.3. Két qud anh hwéng ciia a-mangostin 1én DNA nhan té bao U-87MG

Dé danh gia kha ning gy t6n thuong DNA nhan cua o-mangostin, chiing toi tién
hanh thi nghiém comet assay trén dong t& bao U-87MG sau 24 gio xir Iy tai cac ndng do
khac nhau. Phuong phap comet assay cho phép quan sat su phan manh DNA & cap do
don té bao duya trén hinh thai “dudi sao chdi” — ddc trung cho mirc d6 ton thwong DNA.
O nhom chimg 4m khong xtr 1y chat, té bao cho thdy hinh anh nhan DNA nguyén ven,
c6 hinh cau r rang, hiu nhu khong xuat hién dudi comet. Piéu ndy chimg t6 DNA cua
té bao ¢ trang thai 6n dinh, khong chiu tac dong gy tén thuong. Nguoc lai, & nhom
ching duong, té bao dugce xir Iy v6i 250 uM H20> — mot chét gay ton thuong DNA
manh — xut hién dudi comet dai va lan toa, thé hién muic d6 dut gay DNA 10 rét. Nhém
chtng duong nay dong vai tro kiém soat chat luong k¥ thuat va khang dinh diéu kién
thi nghiém dép (mg yéu cau phan biét mau c6 ton thuong DNA. Dbi vi nhom té bao xir
1y a-mangostin 6 pg/ml, dudi té bao bat ddu xuat hién, cho thiy hop chét nay c6 kha
ning gy dut gdy DNA. Hinh anh thu duoc tir kinh hién vi huynh quang cho thay su kéo
dai ctia dudi comet trong tmg v6i mirc do ton thuong DNA (Hinh 3.10A). So v&i nhém
chtng am, té bao xir Iy a-mangostin khong chi ¢6 “du6i” dai hon ma con cé dién tich
vung lan téa 16n hon, phan anh mirc d§ phan manh DNA gia tang.

Phan tich dinh lugng bang phan mém CometCore cho thiy cac thong sd dic trung
ctia ton thuong DNA ting déng ké so voi ddi ching. Cuy thé, % Tail DNA & nhom xt 1y
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a-mangostin dat 13,32 & 0,49%, trong khi nhom chimg am chi 14 2,342 + 0,166%. Tuong
ti, Tail moment — thong sb tich hop phan anh ca chiéu dai va cuong d6 huynh quang
ctia dudi comet dat 3,4 = 0,81% & nhom xur 1y a-mangostin, cao hon dang ké so voi
nhém ching am (1,52 + 0,34%) véi p < 0,05 (Hinh 3.10B).
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Hinh 3.10. Anh hwéng ciia a-mangostin lén DNA té bao. (A) Thir nghiém comet dwoc
thuc hién va ghi nhan hinh anh dai dién o moi néng do xu ly. Hinh anh dgi dién cua té
bao US7MG dwoc xw ly voi a-mangostin (6 ug/mL, 24 gio) hodc hydrogen peroxide
(H:0:, doi chimg dwong, 200 uM, 30 phit). Sw phdn manh DNA dwoc quan sdt bang
kinh hién vi hupnh quang (Nikon Eclipse Ti-E, Nhdt Ban) sau khi nhuém DAPI. (B) Phdn
tich dinh luong ty Ié % Tail DNA va Tail Moment tw it nhat 30 té bao cho méi nhém, sir
dung phan mém CometScore. Dit liéu dwoc trinh bay duéi dang gid tri trung binh + dé
léch chudn (mean + SD). Sy khdc biét ¢é y nghia thong ké dwoc xdc dinh bang phép
kiém Student’s t-test (* tuwong iing véi p < 0,001; ** twong img véi p < 0,0001 so vi
nhém chitng; p < 0,05 dwoce xem la c6 ¥ nghia thong ké).

Céc két qua thu duoc cho thiy a-mangostin c6 kha ning gy ton thuong DNA
trén t& bao U-87MG theo xu hudng phu thudc néng d6. Su xuit hién cta dudi comet
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cung véi su gia ting cta % Tail DNA va Tail moment cho thay ring o-mangostin c6 thé
khoi phét cac co ché din dén apoptosis, dic biét thong qua con duong gay stress ty thé
hoic hoat hoa cac protein kiém soat chu ky t& bao. Mot s6 nghién ctru trén cac dong té
bao ung thu nhu MCF-7, HL-60 da ghi nhan a-mangostin gay phan manh DNA va kich
hoat cac con dudng chét té bao phu thudc ty thé [70, 71]. Tuy nhién, cac nghién ctru nay
phan 16n sir dung cac phuong phap nhu TUNEL assay, trong khi viéc danh gia truc tiép
mirc d t6n thuong DNA bang xét nghiém dién di don té bao (comet assay) con han ché.
Dbi v6i cac dong té bao ung thu than kinh dém, bao gom U-87MG, hién chua c6 bao
c4o danh gia tic dong ciia a-mangostin 1én ton thuong DNA bang comet assay. Trong
khi d6, két qua ctia nghién ctru hién tai cho thiy a-mangostin gay ton thuong DNA trén
té bao U-87MG theo xu hudng phu thudc ndng do, thé hién qua su gia ting cta % Tail
DNA va Tail moment. Viéc ap dung comet assay cho phép dinh lugng truc tiép muirc d6
dut gdy DNA, qua dé cung cap bang ching rd rang hon vé co ché tac dong cua a-
mangostin. Nhimg dit liéu nay khong chi ciing ¢b vai trd cua hop chat trong viée cam
g apoptosis ma con cho thiy ton thuong DNA c6 thé 1a mot thanh phan quan trong
trong co ché gay doc té bao ctia a-mangostin trén glioblastoma. Diéu nay cho thdy hop
chét khong chi tic dong & mirc d6 chirc ning té bao ma con anh hudng truc tiép dén tinh
toan ven clia hé gen — mot dich tic dong quan trong trong kiém soat sy phat trién khoi
u. Tir goc do co ché, ton thuong DNA do o-mangostin ¢ thé dong vai trd nhu tin hiéu
khéi phat dap ung stress nodi bao, dan dén hoat hoa hé théng stra chtra DNA. Khi murc
d6 t6n thuong vuot qua kha niang phuc hoi, t& bao s& chuyén sang kich hoat apoptosis.
3.4. Két qud anh hwéng ciia a-mangostin dén hinh thdi va dién thé mang ty thé ciia
té bao U-87MG.

3.4.1. S thay déi hinh thdi ty thé cia té bao U-87MG duwdi tic dong ciia a-mangostin

Pé danh gia tac dong ciia o-mangostin 1én hinh thai t& bao va ciu tric ty thé,
dong té bao U-87MG duoc xir Iy voi a-mangostin & cac ndong do 1, 6 va 10 pg/mL trong
24 gidr. Sau xur 1y, té bao duogc nhuém huynh quang kép bang thudc nhuém huynh quang
ty thé MitoTracker Orange CMTMRos (MitoTracker Orange) dé quan sat ty thé va thude
nhudm nhan - DAPI dé danh dau nhan té bao. Quan sat hinh anh huynh quang cho thay
su thay d6i hinh théi t& bao phu thudc vao nong do (Hinh 3.11).

O nhém dbi chimg am, té bao U-87MG duy tri hinh thai dic trung cta dong té
bao than kinh dém vé6i dang kéo dai, bam dinh tét trén bé mit nudi ciy va phan bd tuong
dbi ddng déu. Nhan té bao 13, mang té bao nguyén ven, khong ghi nhan hién tuong co
rat hay bién dang. Song song v&i do, tin hiéu huynh quang ctua MitoTracker Orange
quan sat dugc phan bd lan téa va dong déu trong bao tuong, phan anh trang thai hoat
dong binh thuong va tinh toan ven ctia hé théng ty thé trong diéu kién sinh ly. Khi xtr 1y
v6i o-mangostin & néng d6 thap (1 pg/mL), hinh thai tong thé cua té bao chua co su

thay doi rd rét so voi ddi chimg. Tuy nhién, d3 bit dau ghi nhan su suy giam nhe vé
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cudng d6 huynh quang ctiia MitoTracker Orange, mic du sy phan bd van tuong dbi dong
déu. Piéu ndy goi y rang o-mangostin c6 thé giy ra nhiing bién doi sém ¢ mirc chirc
nang ty the, trudc khi xuat hién cac thay doi hinh thai rd rang & cap do té bao. Noi cach
khac, ty thé co thé 1a mot trong nhirng dich tac dong sém cta hop chit nay. Tai ndng do
trung binh (6 pg/mL), cac bién ddi trd nén rd rét hon va thé hién dong thoi & ca hai mirc
d6: hinh théi t& bao va chirc ning ty thé. Té bao c6 xu hudng co lai, giam kha ning bam
dinh va xuat hién nhiéu té bao ¢ hinh dang tron — dic trung ciia giai doan sém trong
qua trinh apoptosis. Pong thoi, tin hiéu huynh quang cua MitoTracker giam dang ké vé
cuong d6 va bat dau mat tinh dong nhét trong phan b, véi nhidu ving huynh quang mo
hoic gian doan. O ndng dd cao (10 pg/mL), t& bio mat gin nhu hoan toan hinh dang
ban dau, nhiéu té bao trd nén tron, co rat manh hodc phan manh, tham chi xuét hién cac
ciu triic goi y hién twong v& mang. Pang chu ¥, tin hiéu huynh quang cua MitoTracker
Orange suy giam manh, cho thay chirc nang ty thé bi anh huéng. Viéc mat tin hiéu huynh
quang nay thudng lién quan truc tiép dén su mat dién thé mang ty thé va ting tinh thAm
clia mang ngoai ty thé, tao diéu kién cho viéc giai phong cac yéu t6 tién apoptosis nhu
cytochrome ¢ vao bao tuong. Dy 1a mot bude then chdt trong qué trinh kich hoat chudi
caspase va dan dén chét t bao theo chuong trinh.

Nhin chung, cac quan sat cho thay a-mangostin gay ra sy thay doi c6 hé théng va
phu thudc nong d6 ddi véi ca hinh thai té bao va chirc ning ty thé trén dong té bao U-
87MG. Pang cht ¥, sy suy giam cudng do va thay doi phan bé tin hiéu huynh quang
ctia MitoTracker xay ra song song, thim chi c6 xu huéng xuat hién sém hon so véi cac
bién d6i hinh thai rd rét cua té bao. Mic du cac quan sat tir nhuém MitoTracker Orange
cho thdy su thay ddi rd rét vé hinh thai va sy phan bd cia ty thé theo ndng do o-
mangostin, nhung phuong phép nay chii yéu cung cap thong tin mang tinh dinh tinh vé
ciu tric va trang thai ty thé, chua phan 4nh truc tiép mtc do thay d6i chirc ning cia
mang ty thé. Do d6, dé danh gia mot cach chinh xac hon anh huéng cta o-mangostin
1én chirc ning ty thé, dic biét 1a tinh toan ven cta dién thé mang ty thé (A¥m), can sir
dung cac phuong phap dinh luong chuyén biét. Trén co sé d6, chung toi tién hanh do
dién thé mang ty thé (A¥m) nham xac dinh mirc d6 rdi loan chirc ning ty thé dudi tac
dong clia o-mangostin. Viéc két hop gitta quan sat hinh thai ty thé (thong qua
MitoTracker) va dit liéu dinh lugng A¥m cho phép cung cip cai nhin toan dién hon vé
tac dong ctia hop chét nay 1én ty thé, tir thay dbi cau trac dén suy giam chirc ning. Dong
thoi, day ciing 13 co s& quan trong dé 1am 13 vai trd cua ty thé trong co ché cam tng

apoptosis ctia a-mangostin trén té bao U-87MG.
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Hinh 3.11. Hinh thdi ty thé va nhén té bao 6 té bao US7MG dwoc xir Iy bang a-
mangostin. Té bao USTMG diwgc xik Iy v&i a-mangostin & cdc nong dé 1, 6 va 10 ug/mL
trong 24 gio, sau d6 nhuém MitoTracker Orange dé quan sdt ty thé va nhuém DAPI dé
ddanh ddu nhén té bao. Hinh anh dwoc chup bang kinh hién vi huynh quang (Nikon
Eclipse Ti-E, Nhat Ban) voi vdt kinh 10x. Thanh ty lé¢ = 50 um.
3.4.2. Panh gid sy thay déi dién thé mang ty thé

Dién thé mang ty thé (A¥m) 1a mot chi s6 chirc niang phan anh kha nang duy tri
gradient dién hoa va hoat dong ho hép cua ty thé. Trong nghién ctru nay, A¥m duoc
danh gia théng qua nhuém Rhodamine 6G va do cuong do huynh quang bing may
microplate reader. Do Rhodamine 6G tich liiy trong ty thé phu thudc vao dién thé mang,
cudng do huynh quang thu duge c6 mbi twong quan truc tiép véi mire do toan ven cia
A¥m. Sy thay d6i A¥m dugc ghi nhan sau 24 gio xir Iy té bao U-87MG véi a-mangostin
& cac nong d6 khac nhau.

O nhom ching am, cuong d6 huynh quang duy tri & muc cao, cho thiy ty thé
hoat dong on dinh va dién thé mang dugc bao toan. Khi xtr Iy vdi a-mangostin & néng
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d6 1 pg/mL, cuong dé huynh quang bat dau giam nhe, phan anh sy suy giam budc dau
ctia A¥m. Mic dii muc thay doi chua rd rét, két qua nay cho thay a-mangostin c6 thé
tac dong som lén chirc nang ty thé, trudc khi xuat hién cac bién doi hinh thai 1 rang &
cép do té bao. Tai néng do 6 pg/mL, sy suy giam A¥m trd nén 16 rét, voi cuong do
huynh quang giam xudng con 42,34 + 3,01% so voi ddi chtmg. Piéu ndy cho thiy hién
turong khir cuc mang ty thé da xay ra, din dén suy giam kha niang duy tri gradient proton
va r6i loan chue nang ho héap cia ty thé. O ndng d6 10 pg/mL, A¥m tiép tuc giam manh
xubng con 20,91 + 2,12% (Hinh 3.12), cho thay sy suy giam sau chirc ning mang ty thé
va mat kha nang duy tri dién thé mang. Mtrc suy giam nay thuong lién quan dén sy gia
tang tinh thAm cta mang ngoai ty thé, mot budc quan trong trong viée khoi phat con
dudng apoptosis ndi sinh.

MMP (% of control)

0 1 6 10
a-mangostin concentration (ug/mil)

Hinh 3.12. Anh hwéng ciia a-mangostin lén dién thé mang ty thé. Dién thé mang ty
thé (A¥m) dwoc danh gid théng qua nhudém Rhodamine 6G. Truc hoanh biéu thi nong
dé a-mangostin (ug/mlL), trong d6 0 ug/mL la nhém doi chimg khéng xit Iy, trong khi
truc tung biéu thi cwong dg huynh quang twong déi (Mitochondrial Membrane Potential
— MMP) dwoc chudn héa so véi doi chirng. Dir liéu dwoc trinh bdy dwéi dang gid tri
trung binh + d¢ léch chudn (mean + SD) tir ba thi nghiém doc Idp (n = 3). Sw khdc biét
6 ¥ nghia théng ké duwoc xdc dinh bang phép phan tich phwong sai mét yéu t6 (one-way
ANOVA) (p < 0,001).
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Céc dit liéu dinh lugng vé A¥m phu hop v6i nhimg bién d6i hinh thai té bao da
quan sat trudc d6, bao gdm hién tugng co rat, tron hoa va giam kha ning bam dinh —
nhing dic trung dién hinh ciia té bao dang budc vao apoptosis. Su trong quan nay cho
thdy cac bién d6i vé hinh thai khong chi 13 biéu hién bé mit ma c6 lién quan tryc tiép
dén su suy giam chtrc nang ty thé. Mirc d6 dién thé mang trong thi nghiém nay duoc
danh gia doc 1ap thong qua Rhodamine 6G, phan anh truc tiép trang thai chirc ning cia
mang ty thé, khac v&i nhuém MitoTracker & phan trudc chi yéu cung cép thong tin vé
hinh thai va sy phan bd cla ty thé. V& mit co ché, ty thé duoc xac dinh 1a trung tdm diéu
hoa apoptosis ndi sinh: su méat 6n dinh mang ty thé c6 thé din dén rdi loan dién thé
(A¥m), giai phong cytochrome ¢ va kich hoat caspase khai dau con duong apoptotic.
Cac nghién ctru trén cac dong ung thu khac nhu MCF-7 (ung thu via), COLO 205 (ung
thu dai trang) hay HepG2 (ung thu gan) ciing ghi nhan rang o-mangostin tac dong 1én
ty thé, lam suy giam AWm, ting ty 1é¢ Bax/Bcl-2 va kich hoat caspase-3/-9, tir d6 thuc
day apoptosis noi sinh [47, 48, 72]. Co ché nay lién quan dén stress oxy hoa tai ty thé,
suy giam ho hip va ting ROS, tao tin hiéu ndi sinh thuc day chét té bao. Mic du co ché
tac dong 1én ty thé d3 duoc ching minh trén mot s moé hinh té bao ung thu khac, tuy
nhién chua c6 nghién ciru chuyén siu trén dong té bao ung thu than kinh dém
(glioblastoma). Két qua hién tai cho thiy o-mangostin tic dong truc tiép va manh mé
1én chirc nang ty thé, lam mat A¥m, suy giam chtrc ning séng con ciia té bao va tao dicu
kién khoi phat apoptosis. Viéc tap trung danh gia A¥m khong chi gitp 1am rd co ché
phan tir ciia a-mangostin trén glioblastoma ma con cung cp co sé giai thich cho cac rdi
loan can bing Bax/Bcl-2 va kich hoat con dudng apoptotic ndi sinh.

Su suy giam dién thé mang ty thé (A¥m) quan sat dugc trong nghién ctru nay
cho thdy a-mangostin c6 kha nang gay rdi loan chirc ning ty thé c6 y nghia quan trong
trong con duong apoptosis ndi sinh. Theo co ché, sy mat 6n dinh A¥m thudng di kém
v6i tang tinh thAm mang ngoai ty thé, tao diéu kién cho viéc gidi phong cac yéu to tién
apoptosis va khoi phat chudi tin hiéu dan dén chét té bao theo chuong trinh. Tuy nhién,
su thay d6i vé A¥m méi chi phan anh bién dong ¢ cap d6 chirc ning bao quan va chua
du dé khang dinh mot cach tryc tiép qué trinh apoptosis dang dién ra & cap do té bao.
Do d6, dé 1am 15 liéu cac ri loan chirc ning ty thé ndy c6 thyc su chuyén hoa thanh dap
tmg chét té bao theo chuong trinh hay khong, can thiét phai danh gid cac du an dic
trung cta apoptosis & cap do té bao. Trong nghién clru nay, qué trinh apoptosis duoc
tiép tuc khao sat thong qua phuong phap nhuém Annexin V-FITC/PI két hop phan tich
bang flow cytometry, cho phép phén biét cac giai doan khac nhau cua té bao trong tién
trinh chét theo chuong trinh.

3.5. Pdnh gid tic dung gdy apoptosis ciia a-mangostin trén dong té bao U-87MG
3.5.1. Panh gid khd ndng cam vmg chét theo chwong trinh (apoptosis) ciia a-mangostin
trén dong té bao U-87MG
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Pé khao sat kha ning gy chét theo chuong trinh ciia o-mangostin trén dong té
bao ung thu than kinh dém U-87MG, té bao dugc xir Iy v6i hop chét trong 24 gid, sau
d6 tién hanh nhuém Annexin V-FITC/PI va phan tich bang flow cytometry. Két qua
phan tich cho thay trong nhom ddi chimg khong xtr Iy (0 pg/mL), ti 1¢ té bao apoptotic
ghi nhan & muc 6.12 + 0.17%, bao gdm 2.48 + 0.16% té bao apoptotic giai doan sém va
3.64 + 0.05% té bao apoptotic giai doan mudn. Piéu ndy cho thiy muirc d6 apoptosis tu
nhién cua té bao trong diéu kién nudi ciy binh thuong. Khi xir 1y té bao véi a-mangostin,
s6 lugng té bao apoptotic ting mot cach phu thudc nong do. O nong d6 6 pg/mL, tong
ti 1¢ té bao apoptotic dat 15.61 £ 1.95%, trong d6 té bao apoptotic giai doan sém chiém
11.29 + 1.92%, giai doan mudn chiém 4.32 + 0.35%. Khi ting ndng d6 1én 10 pg/mL, ti
1¢ apoptosis ting manh 1én 35.50 + 1.90%, gém 25.78 + 1.83% apoptotic sém va 9.72 +
0.50% apoptotic mudn (Hinh 3.13).

0 pg/ml 10 pg/ml

"~ J043£007 11.2 - 40511002 -

PI

Annexin V - FITC

Hinh 3.13. Pinh lirong té bao apoptosis bang phwong phdp nhuém Annexin V/PI sau
khi xi¢ Iy v6i a-mangostin. Té bao USTMG duge xit Iy véi cdc nong dé ciia a-mangostin
(0, 6 va 10 ug/mL) trong 24 gio, sau do duwoc nhuom Annexin V-FITC va propidium
iodide (PI). Két qua biéu dién bang cdc biéu do dot plot cua flow cytometry, trong dé
tin hiéu huynh quang Annexin V-FITC duoc thé hién trén truc hoanh va tin hiéu PI trén
truc tung. Ty 1é té bao apoptosis (bao gom apoptosis sém va apoptosis muén) dwoc xdc
dinh bang phwong phdp do dong té bao (flow cytometry). Dit lidu dwege trinh bay dudi
dang gid tri trung binh + dg 1éch chudn (mean + SD) tir ba thi nghiém déc ldp (n = 3).

Két qua tir phan tich Annexin V-FITC/PI cho thdy a-mangostin lam ting
apoptosis & U-87MG theo nong d9, vai ti 1¢ té bao apoptotic giai doan sém chiém wu
thé, cho thdy hop chat nay bat dau kich hoat budc khai dau cua qua trinh apoptosis ndi
sinh. Hién tuong nay hoan toan twong thich véi cac quan sat hinh thai té bao, noi ma té
bao bit dau co tron, giam bam dinh va mat hinh dang binh thudng, cling nhu voi cac két
qua vé dién thé mang ty thé (A¥m), khi APm giam rd rét theo ndng do, phan anh sy suy
giam chirc nang ho hap va mit on dinh ty thé. Sy twong quan nay cho thdy a-mangostin
tac dong 1én apoptosis thong qua co ché trung gian ty thé va viéc gia ting apoptosis giai
doan sém va apoptosis muon ciing cing c6 nhan dinh rang ty thé dong vai tro trung tim
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trong viéc khoi phat tin hiéu chét theo chuong trinh. Cac két qua ting ti 18 té bao
apoptotic theo néng do a-mangostin quan sat dugc thong qua phan tich Annexin
V-FITC/PI phul hop véi co ché giy chét t& bao dd duoc mo ta trong nghién clru trudc
day, trong d6 c6 nghién ctru trén dong YD-15 (ung thu biéu mé vay ludi). Trong nghién
ctru nay, Joo va cong sy (2018) dd chimg minh o-mangostin chiét xudt tir vo qua
Garcinia mangostana khong chi e ché sy ting sinh cua té bao YD-15 ma con 1am ting
rd rét ti 16 apoptosis theo ndng do, dong thoi ghi nhan cac dic trung apoptotic nhu co té
bao, phan manh DNA va bién d6i hinh thai nhan. T4c gia ciling ghi nhan sy ting hoai tir
té bao cung voi sy gia ting tin hiéu apoptotic sém va mudn & cac ndng do a-mangostin
sau 24 gio xir 1y, khang dinh hiéu qua gy apoptosis ctia hop chit ndy trén mo hinh ung
thu biéu mé vom miéng [73]. So sanh vé6i két qua trong nghién ciru trén dong U-87MG
ctia chiing t6i, a-mangostin ciing gy ting ty 18 apoptosis theo huéng phu thudc noéng do
sau 24 gid xir Iy, voi sy gia ting rd rét cia quan thé té bao apoptotic, dic biét ¢ giai doan
som. Viéc ty 18 apoptosis sém chiém uu thé trong nghién ctru ndy goi ¥ rang a-mangostin
chu yéu tac dong vao cac budc khoi phat ciia qué trinh apoptotic trude khi tién trién
sang giai doan mudn. Mic du nghién ctru trén dong té bao YD-15 khong tip trung truc
tiép vao chirc ning ty thé, nhung su gia ting apoptosis sém va mudn & cac nong do
o-mangostin cao phit hop voi cic quan sat vé rdi loan chirc ning ty thé (A¥m giam)
dugc ghi nhan trong nghién ciru ndy trén U-87MG. Diéu nay goi ¥ rang di mo hinh ung
thu khac nhau, a-mangostin c6 thé kich hoat cac con dudng tin hiéu apoptosis da dang
nhung hdi tu vao diém chung la [am mat 6n dinh cac co ché bao toan kha nang séng con
cta té bao. Két qua phan tich apoptosis trén U-87MG khong chi phu hop véi dit liéu
sinh hoc phan tor dugc ghi nhan trong mot vai nghién ctru trude day, ma con mé rong
hiéu biét vé hiéu ing din dén apoptosis & dong glioblastoma - mot mo hinh ung thu ¢6
tinh khang manh va tién lugng xu. Sy tuong dong trong mo hinh ting ti 1& apoptosis
gilta cac dong té bao nay cung cb luan diém ring a-mangostin 14 hop chat ¢ kha ning
kich hoat apoptosis mot cach hiéu qua, bat ké ngudn gdc mo té bao va cho thiy co ché
nay co thé 1a mot diém nén tang dé phat trién cac liéu phap vé con dudng chét noi sinh
trong diéu tri ung thu.

3.4.2. Sw thay déi biéu hién protein lién quan dén qud trinh apoptosis va truc tin hiéu
AKT/GSK3p sau xu ly a-mangostin.

Dé 1am sang to co ché phan tir lién quan dén tic dung cam tng apoptosis ciia o-
mangostin trén dong té bao U-87MG, chiing t6i sir dung k¥ thuat Western blot nham
danh gia sy bién d6i biéu hién cua cac protein chi chdt trong truc tin hiéu AKT/GSK3p
va nhém protein diéu hoa apoptosis ho BCL-2. Pay 1a hai hé thong tin hiéu trung tim
chi phéi can bang gitra séng con va chét té bao, dic biét quan trong trong glioblastoma
— loai ung thu c6 mirc do hoat héa AKT cao va kha nang khang tri ndi bat.



42

Két qua Western blot (Hinh 3.14A) cho thiy a-mangostin lam giam dang ké muc
phosphoryl hoa AKTT tai vi tri Ser473 theo xu hudéng phu thudc néng do, qua do6 phan
anh sy (rc ché hoat hoa cua kinase nay. Trong té bao ung thu, AKT déng vai trd nhu mot
“nut diéu phdi sdng con”, thuc day ting sinh, chuyén hoa va e ché apoptosis thong qua
diéu hoa nhiéu protein. Do d0, su suy giam phosphoryl héa AKT1 cho thiy o-mangostin
d3 can thiép truc tiép vao truc tin hiéu séng soét then chdt, 1am suy yéu kha ning duy tri
trang thai ting sinh lién tuc cia t& bao U-87MG. Su trc ché AKT kéo theo nhing bién
do6i dang cha y & protein dich 1a GSK3B. Cu thé, mirc phosphoryl héa GSK3p tai Ser9
— vi tri lién quan dén trang thai bat hoat — giam rd rét sau xr Iy o-mangostin. Piéu nay
ddng nghia véi viee GSK3P duoc giai phong khoi sy kim hdm ciia AKT va chuyén sang
trang thai hoat hoa. V& mit sinh hoc, GSK3p hoat héa c6 kha nang trc ché chu ky té bao,
diéu hoa cac yéu td phién ma lién quan dén ting sinh, dong thoi thuc day apoptosis thong
qua nhiéu co ché khac nhau [74]. Nhu vay, o-mangostin khong chi 1am gian doan tin
hiéu sdng con ma con cha dong chuyén dich can bang ndi bao theo hudng tién apoptotic
thong qua vi¢c kich hoat GSK3p, tao ra hi€u ung diéu hoa hai chiéu trén truc
AKT/GSK3p.

Song song véi cac thay dbi cua tin hiéu AKT/GSK3p, a-mangostin ciing gdy diéu
hoa rd rét nhom protein BCL-2 — nhom protein quan trong trong viée kiém soét tinh toan
ven cua ty thé. Két qua cho thiy nong d6 a-mangostin cang cao thi muc biéu hién cia
BCL-2 — protein ¢ chtic ning chéng apoptosis cang giam. Nguoc lai, BAX — protein
tién apoptotic lai ting dang ké theo ndng do (Hinh 13.4G va 13.4F). Su thay ddi theo
huéng ting ty 16 BAX/BCL-2 1a mét chi ddu quan trong cho viéc kich hoat con dudng
apoptosis ndi sinh qua ty thé [75]. Sw mat can bang nay lam tang tinh thAm mang ngoai
ty the, dan dén giai phong cytochrome ¢ va cac yéu t6 tién apoptotic khac vao bao tuong,
tir d6 kich hoat dong thic caspase va cac bién doi hinh thai dic trung cua apoptosis.
Dang chu y, khi dat trong mbi lién hé v6i két qua suy giam dién thé mang ty thé (Aym)
dd quan sat true do, co thé thay o-mangostin gdy roi loan chirc ning ty thé mot cach
nhit quan & ca mirc d6 chirc ning va phan tir. Piéu nay cho thay ty thé 1a mot trong
nhing dich tac dong chinh ctia hop chat, dong thoi nhan manh vai tro trung tim ciia con
duong ndi sinh trong co ché gay chét té bao clia a-mangostin.

Khong chi dimg lai & d6, viéc dong thoi te ché AKT va hoat hoa GSK3p ¢6 thé
lién quan dén kha ning 1am giam tinh khang tri cua té bao glioblastoma, do truc tin hiéu
nay von duoc biét dén 1a yéu t6 gop phan vao su dé khang v6i hoa tri va xa tri. Vi vy,
tac dong da ting ciia a-mangostin 1én truc AKT/GSK3p va hé théng BCL-2 khong chi
thiic day apoptosis ma con co thé mé ra hudng tiép can mai trong viée ting d6 nhay diéu
tri clia té bao ung thu. Cac két qua Western blot di cung cap bang ching 16 rang rang
a-mangostin tac dong déng thoi 1én nhiéu mang ludi tin hi¢u quan trong: Urc ché tin hiéu
song con AKT, giai phong va hoat héa GSK3p, dong thoi tai 1ap can bang BAX/BCL-
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2 theo hudng tién apoptotic. Su phéi hop cta cac co ché nay tao nén hiéu tng hi¢p luc
manh m&, thiic ddy qua trinh apoptosis & té bao U-87MG va lam ni bat tiém ning ciia
a-mangostin nhu mdt tdc nhan chéng ung thu da dich, dac bi¢t trong bdi canh diéu tri

glioblastoma.
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Hinh 3.14. a-Mangostin lam thay d6i mirc biéu hién ciia AKT, GSK3p, Bax va Bcl-2
trong té bao U-87MG. Té bao U-87MG dugc xir Iy v&i a-mangostin & cdc nong dg 0, 6
va 10 ug/mL trong 24 gio.

(A) Hinh anh Western blot dai dién thé hién mirc biéu hién cia cdc protein: AKT tong
s6, AKT phosphoryl héa tai vi tri Serd73 (p-AKT Ser473), GSK3p tong so, GSK3p
phosphoryl hoa tai vi tri Ser9 (p-GSK3p Ser9), Bax va Bcl-2. -actin duwoc sw dung lam
protein néi chudn (loading control).

(B—G) Phan tich dinh lwong mirc biéu hién protein, dwoc chudn héa theo [-actin va biéu
dién tuwong déi so véi nhém doi chieng. Dir liéu dwoc trinh bay dudi dang gid tri trung
binh + do léch chudn (mean = SD) tir ba thi nghiém doc lap (n = 3), voi sy khdc biét co
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¥ nghia thong ké khi p < 0,05 so véi doi chimg. Cuwong dg cdc bing protein dwoc dinh
lwong twong doi bang phan mém ImageJ.
3.6. Két qui mé phéng docking phan tir giiva a-mangostin va AKT1, GSK3p

Két qua docking phén tir cho thdy o-mangostin c6 kha ning gin két véi cac
protein dich AKT1, AKT2, AKT3 va GSK3B v&i mirc do ai luc khac nhau. Trong do,
phtc hop AKT1 — a-mangostin thé hién ning luong lién két thap nhat (AG = —9,60
kcal/mol), cho thay 4i lyc gin két manh nhat trong cac protein dugc khao sat. Phirc hop
nay dugc 6n dinh béi mot lién két hydro véi Asp292, cing nhiéu twong tac ky nudc
quan trong, bao gdm tuong tac n—o véi Vall 64, tuong tac n—m véi Phed42, va cac tuong
tac m—alkyl vo1 Vall64, Alal77, Met227, Ala230, Phe237 va Met281. Ngoai ra, nhiéu
tuong tac van der Waals véi cac acid amin 14n can trong hdc gén ciing gop phan 6n dinh
ciu tric phirc hop. Déi véi AKT2 va AKT3, a-mangostin thé hién 4i luc lién két & murc
trung binh, voi gia tri AG lan lugt 1a —7,30 va —7,34 kcal/mol. Trong phtic hop véi
AKT?2, a-mangostin hinh thanh céc lién két hydro v&i Tyrd38 va Asp440, dong thoi xuét
hién cac tuong tac m—anion v&i Glu236, n—sulfur véi Met282 va n—n vai Phe439. Trong
khi d6, & phtc hop AKT3, ligand tao lién két hydro véi Leul54, Glu232 va Asp436,
cung vdi cac tuong tac n—o, n—sulfur va n—alkyl vdi cac acid amin nhu Vall62, Met278
va Alal75.

Dbi voi GSK3P, a-mangostin thé hién ai luc lién két twong d6i cao (AG = —8,99
kcal/mol). Phirc hgp nay duge on dinh bai hai lién két hydro véi Lys85 va Asp133, bén
canh céc tuong tic n—o, m—alkyl va van der Waals véi cac residue trong vung gin. So
sanh véi cac acid amin thudc vi tri gén ATP dugc bao cdo trong co s& dit li¢u UniProt
cho thay o-mangostin co tuong tac truc tiép vdi mot sb residue quan trong, bao gom
Vall64 trong AKT1; Gly159, Vall66 va Lys181 trong AKT2; Leul54, Gly155, Vall62
va Lys177 trong AKT3; va Ile62, Val70 va Lys85 trong GSK3p. Cac két qua nay cho
thdy ligand dugc dinh vi trong ving gan ATP cua cac kinase khao sat (Hinh 3.15, Bang
3.1).

Két qua nghién ctru cho thiy a-mangostin c6 kha ning tac dong dang ké 1én truc
tin hiéu AKT/GSK3p — mdt trong nhitng con dudng quan trong diéu hoa su séng sot va
chét theo chwong trinh cila té bao ung thu. Phan tich docking phan tir ¢4 cung cép bang
chting ban dau vé kha ning twong tac truc tiép ctia o-mangostin v6i cac kinase thudc ho
AKT va GSK3p. Gia tri ning lugng lién két dao dong tir —7,30 dén —9,60 kcal/mol cho
thdy cac phutrc hop ligand — protein duoc hinh thanh twong d6i 6n dinh, trong d6 4i luc
manh nhéat dugc ghi nhan voi AKTI, tiép theo 1a GSK3p. Piéu nay goi ¥ rang o-
mangostin c6 xu hudng uvu tién tuong tdc voi AKT1 — isoform dong vai tro trung tam
trong diéu hoa tin hiéu ting sinh va chdng apoptosis ¢ nhiéu loai ung thu, bao gdm
glioblastoma. Phan tich chi tiét cac twong tic cho thiy a-mangostin c6 kha nang hinh

thanh lién két hydro va twong tac ky nuéc véi nhiu acid amin quan trong nim trong
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vung gin ATP cta cac kinase. Pang chu ¥, cac residue nhu Asp292 (AKT1), Tyr438 va
Asp440 (AKT2), Leul 54, Glu232 va Asp436 (AKT3), cung Lys85 va Asp133 (GSK3p)
déu 13 nhitng vi tri c6 vai trd chitc ning trong hoat dong xtic tic ciia enzyme. Su dinh vi
clia a-mangostin trong hdc xtc tac va su chong 1ap voi ving gan ATP cho thay hop chat
nay cé thé canh tranh v6i ATP, tir d6 1am gian doan qua trinh phosphoryl héa — mot
budce thiét yéu trong hoat hoa kinase. Co ché trc ché canh tranh tai vi tri ga“'ln ATP la mot
chién lugc phd bién ctia nhiéu thudc e ché kinase trong diéu tri ung thw, do d6 két qua
nay goi mé tiém nang clia a-mangostin nhu mot tic nhan diéu hoa kinase c6 nguén goc
tur nhién. Cac du doan tir md hinh docking dugc cung ¢ bdi két qua thuc nghiém in
vitro, khi ghi nhan sy giam phosphoryl héa ctia AKTI tai vi tri Ser473 — mdt chi diu
quan trong phan anh trang thai hoat hoa ctia AKT. Pdng thoi, mic phosphoryl héa tc
ché cua GSK3p tai Ser9 ciing giam, cho thdy sy giai e ché va tai hoat hoa cia kinase
nay. Sy diéu hoa dong thoi hai protein ndy phan anh sy can thiép cta a-mangostin vao
truc tin hiéu AKT/GSK3p, dan dén su thay d6i can bang gitta cac tin hiéu séng sot va
chét t€ bao.

2
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Hinh 3.15. Tuwong tiac docking phéan tir cia a-mangostin véi AKT1 (A), AKT2 (B),
AKT3 (C) va GSK3p (D). Mé hinh lién két 3D va so dé twong tic 2D trong viing hoat
déng ciia cdc kinase AKTI (PDB ID: 4GV1), AKT2 (AF-P31751), AKT3 (AF-0Q9Y243)
va GSK3p (PDB ID: 105K).

Bang 3.1. Nang luong lién két ty do va cac gbe acid amin tham gia twong tac ctia a-mangostin
véi cac isoform AKT va GSK3p.

AG
Complex Interaction
(kcal/mol)
- Hydrogen bond: Asp292;
- t-0: Vall64;
- m-7t: Phe442;
. - m-alkyl: Vall64, Alal77, Met227, Ala230, Phe237,
AKTI - a-mangostin -9.60

Met281, Phe438,;

- van der Waals: Leul56, Gly157, Lys158, Lys179,
Thr211, Glu228, Tyr229, Gly233, Glu234, Phe236,
Thr291, Tyr437, Asp439.
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- Hydrogen bond: Tyr438, Asp440;

- C-H: Gly159, Phe439;

- m-anion: Glu236;

- w-sulfur: Met282;

AKT?2 - a-mangostin -7.30 - n-m: Phe439;

- m-alkyl: Vall66, Lys181, Leul83;

- van der Waals: Leul58, Lys160, Gly161, Phel63,
Glyl64, Lys165, 1le182, Gly235, Phe239, Asp293,
Phed43.

- Hydrogen bond: Leul54, Glu232, Asp436;

- C-H: Gly155;

- -0: Vall62;

- -sulfur: Met278;

- n-alkyl: Alal75, Lys177, Met225, Val228, Phe235,
Met278;

- van der Waals: Thr209, Gly231, Phe234, Thr288,
Asp289, Tyr434, Phe435, Phe439.

AKT3 - a-mangostin -7.34

- Hydrogen bond: Lys85, Asp133;

- 1-6:Val70, Leul88;

- m-alkyl: 1le62, Val70, Ala83, LysS85, Tyr134,
-8.99 Leul88, Cys199;

- van der Waals: Gly63, Gly65, Ser66, Phe67,
Gly68, Vall10, Leul32, Val 135, Pro136, Glul37,
Thr138, Asp200.

GSK3p - a-

mangostin

Trong khi glioblastoma van 1a mét trong nhitng khéi u ac tinh c6 tién lugng xau
nhat, viéc tim kiém céc tic nhan méi khong chi dimg lai & kha ning gay doc t& bao ma
con phai tra 161 dugc mot cau hoi quan trong hon: liéu chiing c6 thé can thiép vao nhiing
co ché nén tang tao nén tinh khang tri ctia khéi u hay khong. Mot trong nhing truc tin
hiéu then chét duy tri su séng con cia glioblastoma 13 PI3K/AKT, vén thudng xuyén bi
hoat hoa qua mirc do dot bién hodc mét chirc nang [76]. Chinh sy phu thudc nay khién
AKT tré thanh “diém tya sinh hoc” cua té bao u, déng thoi 1a muc tiéu diéu tri tiém
nang. Trong khi d6, a-mangostin - mot xanthone tu nhién phan 1ap to Garcinia
mangostana, di dugc chimg minh c6 hoat tinh chéng ung thu trén mot s mé hinh biéu
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mo nhu ung thu vi, gan va phoi [77, 78]. Tuy nhién, chua c6 bing chimg vé tac dong
cua hop chét nay trén glioblastoma va mdi lién hé truc tiép vO1 truc tin hiéu séng con
dac trung cua GBM.

Céc két qua thu duoc cho thiy a-mangostin khong chi lam giam kha ning song
ctia té bao U-87MG ma con giy ra sy thay d6i co hé thong trong mang luéi tin hidu noi
bao. Sy giam phosphoryl hoa AKT tai Serd73 goi ¥ rang hop chat nay 1am suy yéu hoat
tinh kinase thay vi chi don thuan tc ché biéu hién protein. Pang cha y 1a sy thay doi nay
kéo theo trang thai hoat hoa cia GSK3p — mot kinase nam & niit giao giira tin hiéu séng
con va apoptosis. Khi AKT bi trc ché, GSK3p thoat khoi trang thai bi phosphoryl hoa
trc ché, tir 6 thuc day cac tin hiéu tién apoptosis. Su chuyén dich can bang nay phan
anh mot thay d6i sinh hoc mang tinh dinh hudéng, chir khéng phai mot dap g doc tinh
ngiu nhién. O glioblastoma, AKT khéng don thuan 1a mét kinase thuc day ting sinh, né
1a mot trung tAm diéu phdi sinh t6n, kiém soat déng thdi chuyén héa glucose, tong hop
protein, trc ché apoptosis va duy tri tinh toan ven ty thé. Nhiéu nghién ctru d chi ra ring
su hoat hoéa lién tuc cia AKT trong GBM c6 lién quan chat ché dén mét chirc nang
PTEN va gop phan tao nén hién tuong khang apoptosis dic trung [76]. Do d6, viéc quan
sat thiy a-mangostin lam giam phosphoryl hoa AKT khong chi 13 su thay d6i protein
don 1&, n6 phan anh su can thiép vao nat diéu hoa trung tdm cia té bao u. Tiép theo sy
thay d6i trang thai phosphoryl hoa ctia GSK3 trong nghién ctru nay dic biét dang quan
tam. Trong diéu kién binh thuong ciia té bao glioblastoma, AKT hoat hoa sé phosphoryl
hoa GSK3p tai Ser9, giit enzyme ndy ¢ trang thai bat hoat. Khi a-mangostin lam giam
hoat tinh AKT, GSK3p thoat khoi su (rc ché ndy va chuyén sang trang thai hoat dong.
GSK3p hoat hoéa da dugc chirng minh c6 kha nang thuc day apoptosis thong qua nhiéu
co ché, bao gdm ting biéu hién BAX, giam BCL-2 va thic day qué trinh thim mang
ngoai ty thé [79]. Nhu vay, su diéu bién truc AKT/GSK3p trong nghién ctru nay khong
chi 1a mét thay d6i song song, ma 1a mot chudi hop 1y vé mit sinh hoc. Trong nhiéu mo
hinh ung thu, AKT c6 thé truc tiép diéu hoa cac thanh phan ciia mang ty thé, tir d6 duy
tri dién thé mang va ngan chan giai phong cytochrome ¢ [80]. Khi tin hiéu nay bi suy
yéu, mang ngoai ty thé tr& nén dé tham hon, dic biét khi ty 16 BAX/BCL-2 tang lén. Sy
gia ting BAX quan sat dugc trong nghién ciru nay khong chi 1a mot dau 4n apoptosis,
ma con phan anh sy chuyén dich cdu trac mang ty thé vé trang thai d& bi pha v&. Su
giam A¥m 1a hé qua cua sy mat cin bang tin hiéu ndi bao, chir khong phai mot hién
turong doc tinh ngau nhién. Ngoai ra, trong két qua nghién ctru cua ching tdi cho thiy
¢ sy ton thuong DNA dién ra. Apoptosis ndi sinh thuong di kém voi su hoat hoa
nuclease va gia tang stress oxy hoa, dan dén dut giy DNA. Tuy nhién, trong nghién ctru
nay, ton thuong DNA xuat hién cung véi su thay d6i truc AKT/GSK3p, cho thiy day
c6 thé 1a mot phan cua tién trinh apoptosis duoc kiém soat. Piéu nay phan biét a-

mangostin véi cac tdc nhan gay doc DNA ¢6 dién nhu doxorubicin, von tao ra ton thuong
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DNA tryuc tiép va manh mé [81]. Trong nghién ctru nay, ton thuong DNA c6 thé 1a két
qua cua mQt chuong trinh chét té bao duoc kich hoat thong qua diéu hoa tin hiéu va ty
thé. So v&i nhiéu hop chat tu nhién khac dugc bao cao co hoat tinh trén glioblastoma,
nghién ctru ndy 1am noi bat mot dic diém dang chi y: a-mangostin tac dong dong thoi
1én tin hiéu sdng con, su cAn bang protein ho BCL-2 va chiic ning ty thé trong ciing mot
hé théng. Sy tich hop nay phan anh mdt co ché da tﬁng, han ché hién tuong bu tru tin
hiéu — vén 14 nguyén nhan khién nhiéu liéu phap nhiam tring dich don 1¢ thit bai trong
GBM.

Mot khia canh quan trong lam ndi bat tinh méi cua nghién curu 1a vige két ndi co
ché nay véi dit liéu in silico. Trong mdt s6 nghién ctru trude ddy vé a-mangostin, su e
ché AKT/GSK3B duoc mé ta chu yéu & muc hién trong, théng qua Western blot hodc
phan tich biéu hién protein [82], nhung it khi dugc dit trong bdi canh twong tic phan tir
truc tiép v4i kinase. Két qua docking trong nghién ciru hién tai cho thay a-mangostin c6
thé gan vao cac gbc lién két ATP ctia AKT1 va GSK3 voi 4i luc dang ké, hinh thanh
cac lién két hydro véi cac acid amin quan trong trong viing xuc tac. Sy twong dong gitta
du doan tinh toan va biéu hién giam phosphoryl hoa quan sat duoc trong dit liéu thuc
nghiém in vitro da cang cb gia thuyét vé co ché tic dong truc tiép clia a-mangostin trén
md hinh GBM.

Tur gbéc nhin téng thé, nghién ctru nay khong chi dung lai ¢ viéc xac nhan hoat
tinh gdy doc ciia a-mangostin trén dong té bao U-87MG, ma con nam & cach tiép can
hé théng nham lién két cac mirc 6 dap Gmg sinh hoc khac nhau cua té bao ung thu. Thay
vi tap trung vao mét chi ddu don 1¢, nghién ctru d3 ddng thoi tich hop cac dir liéu tir
nhiéu ting phan tich, bao gdm danh gia doc tinh, bién ddi hinh thai t& bao, chirc ning ty
thé, ton thuong DNA, céc chi dau phan tir va dy doan tuong tac & cr?ip do tinh toan. Su
két hop nay cho phép xdy dung mot chudi bang ching c6 tinh lién két, gop phan 1am rd
mdi quan hé gitra hién tuong sinh hoc quan sat dugc va nén tang co ché tiém an, tir d6
han ché cac dién giai mang tinh roi rac hodc suy doan. Mot diém dang chu ¥ khac 1a
viéc chu dong phén 1ap va tinh sach a-mangostin tir ngudn nguyén liéu trong nude, thay
vi phy thudc hoan toan vao cac hop chat thuong mai. Cach tiép can nay khong chi dam
béo tinh on dinh va kha nang tai 1ap cua vat liéu nghién ciru, ma con goép phan nang cao
gia tr1 khai thac cta dugc li¢u ban dia trong bdi canh phat trién cac hoat chét sinh hoc
c6 ngudn gde tu nhién ngdy cang dugce quan tim. Viée tdi wu hoa quy trinh tach chiét
va tinh sach ddng thoi véi danh gia hoat tinh sinh hoc ciing tao ra mot nén tang twong
dbi hoan chinh, tir khau chuan bi nguyén li¢u dén phan tich co ché tac dong. Bén canh
do, trong bdi canh glioblastoma 1a mot mé hinh ung thu ¢6 tinh di hop cao va kha niang
thich nghi manh véi cac ap luc diéu tri, viée tiép cin nghién ctru theo huéng da ting va
da chi ddu nhu trong nghién ctru ndy mang ¥ nghia dic biét quan trong. Thay vi danh
gia riéng 1é timg hién tugng, cach tiép can tich hop cho phép nhan dién cac xu hudng
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thay d6i mang tinh hé thng, qua d6 cung cip cai nhin toan dién hon vé dap tng cia té
bao ung thu trudc tdc dong cua hop chat. Diéu nay dic biét co gia tri trong viéc dinh
huéng cac nghién ctru tiép theo, noi ma viéc két hop nhiéu co ché tic dong co thé 1a
chia khoa dé vuot qua céc rao can khang tri dic trung cta glioblastoma. Tuy nhién, ciing
can nhin nhan réng nghién ctru hién tai van dugc thyc hién trén moé hinh in vitro vdi mot
dong té bao dai dién, do d6 chua phan 4nh ddy du tinh phire tap cua vi moéi trudng khi
u trong co thé sé)ng. Cac yéu t6 nhu tuong tac vai hé mién dich, sy di hop noi khéi u
hay anh hudng ctia vi moi trrdng méd dém van chua duge xem xét. Vi vdy, cac nghién
clru trong twong lai can mé rong sang ciac md hinh khac nhu dong nudi cdy, organoid
hozc mé hinh in vivo, dong thoi danh gia thém tinh chon loc cta o-mangostin trén té
bao than kinh binh thudng dé 1am rd hon tiém ning tng dung 1am sang. Tong thé, nghién
ctru nay khong chi cung cip thém bang chimg vé hoat tinh sinh hoc ctia a-mangostin
trén glioblastoma ma con gdp phan dinh hinh mot cach tiép can nghién ciru ¢6 tinh hé
thong va tich hop. Nhitng két qua thu duoc ¢ thé xem 14 co so ban dau cho cic hudng
nghién ctru siu hon nham khai thac tiém ning cua cac hop chat tu nhién trong phat trién
cac chién luge diéu tri da co ché d6i vdi cac khdi u co tinh khang tri cao nhu

glioblastoma.
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KET LUAN VA KIEN NGHI
KET LUAN
Tir cac két qua nghién ctru, chiing toi rit ra nhitng két luan chinh nhu sau
1. Phén 1ap thanh cong hop chit a-mangostin tir vo qua mang cut (Garcinia mangostana)
bing phuong phap tach chiét va sic ky thich hop. Hop chat thu dugc c6 do tinh khiét
cao (> 97%) va dugc xac dinh cau trac théng qua cac phuong phap phd hién dai (HPLC,
ESI-MS, FTIR, '"H-NMR va *C-NMR).
2. a-Mangostin thé hién hoat tinh gay doc té bao dang ké trén dong té bao glioblastoma
U-87MG theo co ché phu thudc ndéng do, voi gid tri ICso dat 6,387 + 0,329 pg/mL sau
48 gid xtr Iy. Dong thoi, hop chit gay ton thuong DNA trén té bao U-87MG, duoc thé
hién qua sy gia ting dang ké cac chi s6 % Tail DNA (13,32 + 0,49%) va Tail moment
(3,4 +£0,81%) so véi nhém ddi chung am (% Tail DNA: 2,342 + 0,166%; Tail moment:
1,52 £ 0,34%)
3. a-Mangostin gy r6i loan chirc nang ty thé trén té bao U-87MG, biéu hién qua su suy
giam dién thé mang ty thé (A¥m) va thay doi hinh thai ty thé t& bao. O murc d phan tt,
o-mangostin 1am ting biéu hién protein tién apoptosis BAX va giam biéu hién protein
khang apoptosis BCL-2. Dong thoi, hop chat tre ché truc tin hiéu séng con AKT/GSK3p
thong qua giam phosphoryl héa AKT va gidm phosphoryl hoa GSK3p tai Ser9, qua do
g6p phan hoat hoa GSK3p. Két qua Annexin V-FITC/PI ciing cho thiy sy gia ting rd
rét ty 16 t& bao apoptotic ¢ ca giai doan sém va mudn.
4. Két qua mo phong in silico cho thdy a-mangostin c6 ai luc lién két dang ké véi cac
protein dich AKT1 va GSK3, qua d6 hd tro giai thich co ché tac dung & mitc do phan
tir va cang cb su twong quan véi cac két qua thuc nghiém in vitro.

KIEN NGHI
Can tiép tyc thyuc hién cac nghién ciru danh gia trén dong té bao than kinh binh
thudng va trén mo hinh dong vat — in vivo dé danh gia hiéu qua khang u than kinh va 4o

an toan toan cua o-mangostin.
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ABSTRACT

Glioblastoma is a brain tumour with limited therapeutic options,
prompting the exploration of novel treatments. This study evalu-
ates the effects of a-mangostin, a xanthone derived from the peri-
carp of mangostin (Garcinia mangostana L), on C6 glioma cells. a
-mangostin was successfully purified with a purity of > 97%, and
its chemical structure was confirmed. This study evaluated the anti-
oxidant and anticancer activities of a-mangostin isolated from G.
mangostana. The compound showed moderate antioxidant capac-
ity (DPPH- IC5, = 67.55+0.91 ug/mL) and potent cytotoxicity against
C6 glioma cells (IC;, = 4.67pg/mL). Mitochondrial membrane
potential dropped to 34.27+1.24% and 25.77+0.98% at 5 and
8ug/mL, respectively. DNA fragmentation increased from
2.17£1.543% (control) to 17.95+6.277% at 5ug/mL. These findings
suggest that a-mangostin induces glioma cell death via mitochon-
drial dysfunction and genotoxic stress, supporting its potential as
a therapeutic lead for alioblastoma.
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1. Introduction

Glioblastoma multiforme (GBM), the most aggressive type of glioma, is characterised
by rapid progression, resistance to standard therapies, and poor clinical outcomes,
with median survival less than 15 months and a five-year survival rate below 5% (Park
et al. 2010). Despite standard therapies, including temozolomide (TMZ), targeted
agents, and immunotherapies, treatment resistance remains a major challenge, under-
scoring the need for novel therapeutic approaches (Hombach-Klonisch et al. 2018).

Natural products are a valuable source of anticancer compounds. G. mangostana
(mangosteen), widely cultivated in Southeast Asia, contains bioactive xanthones in
its pericarp, notably a-mangostin, which has demonstrated antioxidant, antibacterial,
anti-inflammatory, and anticancer properties (Gutierrez-Orozco and Failla 2013).
Previous studies have reported a-mangostin’s cytotoxic effects in several cancer types
(Nauman and Johnson 2022), but its impact on glioma cells remains poorly understood.

Given the importance of DNA integrity and mitochondrial function in cancer pro-
gression (Zorova et al. 2022) and treatment response, this study investigates the
effects of mangosteen pericarp extract on C6 glioma cells, focusing on cell viability,
DNA damage, and mitochondrial membrane potential. The findings may provide new
insights into the therapeutic potential of mangosteen-derived compounds in glioblas-
toma management.

2. Results and discussion
2.1. Characterisation of a-mangostin

The compound isolated from Garcinia mangostana pericarp was conclusively identified
as a-mangostin based on multiple spectroscopic techniques. HPLC analysis confirmed
high purity (=97%) with a prominent peak at Rt=6.289 min, consistent with the ref-
erence standard (Figure S1, Supplementary Material). ESI-MS revealed molecular ion
peaks at m/z 411.2 [M+H]* (positive mode) and m/z 409.2 [M-H]~ (negative mode),
aligning with the theoretical molecular weight of a-mangostin (410 Da) and matching
reported data in PubChem (Figure S2, Supplementary Material). FTIR spectra showed
characteristic absorption bands, including -OH stretching at 3421.08 cm~', C=0 stretch-
ing within the xanthone core at 1642.88cm™', and C-O-C stretching near 1238cm™,
consistent with published FTIR data (Figure S3, Supplementary Material). NMR analysis
further confirmed the structural identity, with chemical shifts matching those previ-
ously reported (Figure S4, S5 and Table S1, Supplementary Material). '*C-NMR and
HSQC spectra displayed 24 carbon signals, including an oxymethyl group at &C
62.1 ppm, two isoprenyl groups, and resonances corresponding to the xanthone
backbone. HMBC correlations established the substitution pattern, with an oxymethyl
group at C-3, isoprenyl groups at C-4 and C-6, and hydroxyl groups at C-2, C-5, and
C-7. The hydroxyl at C-5 was further supported by an intramolecular hydrogen bond
with the carbonyl at C-10, consistent with the xanthone scaffold (Figure S6, S7, S8,
Supplementary Material). These spectroscopic data collectively corroborated the iden-
tification of the compound as a-mangostin of high purity, in agreement with existing
literature.


https://doi.org/10.1080/14786419.2025.2571853
https://doi.org/10.1080/14786419.2025.2571853
https://doi.org/10.1080/14786419.2025.2571853
https://doi.org/10.1080/14786419.2025.2571853
https://doi.org/10.1080/14786419.2025.2571853

NATURAL PRODUCT RESEARCH 3

2.2, Antioxidant activity of a-mangostin

The antioxidant activity of a-mangostin was evaluated using the 2,2-diphenyl-1-
picrylhydrazyl radical (DPPH-) assay, showing a dose-dependent radical scavenging
effect in the concentration range of 2-100 ug/mL. The IC,, value was determined to
be 67.55+0.91 ug/mL, compared to 28.4+0.72 ug/mL for the positive control, ascorbic
acid (Figure S9, Supplementary Material). Although less potent than ascorbic acid,
a-mangostin exhibited notable free radical quenching capacity. This moderate anti-
oxidant activity aligns with previous studies attributing the effect of xanthones to
the presence of phenolic hydroxyl groups. The observed scavenging potential may
underlie the cytoprotective effects of a-mangostin in oxidative stress-related models,
supporting its potential as a natural antioxidant lead compound.

2.3. Anti-proliferative effects in C6 glioma cells

a-Mangostin exhibited dose-dependent cytotoxicity against C6 glioma cells. MTS
assay after 72 h revealed a significant viability reduction from 92.33 +3.25% (0.5 ug/
mL) to 6.32+0.67% (10ug/mL), yielding an IC;, of 4.67+0.199 ug/mL (p <0.05).
These results demonstrate strong cytotoxicity of a-mangostin in chemoresistant
glioma cells. In contrast, the IC;, value in fibroblasts was markedly higher
(24.6 £1.45ug/mL), indicating a favourable degree of selectivity towards tumour
cells (Figure S10, Supplementary Material). These findings are consistent with pre-
vious reports showing that a-mangostin exhibits markedly lower cytotoxicity in
normal cell lines compared to cancer cells, further supporting its potential thera-
peutic selectivity (Markowicz et al. 2019). Compared to B-mangostin and synthetic
xanthone analogs studied in other cancer models, a-mangostin shows equal or
superior potency (Janhom and Dharmasaroja 2015; Li et al. 2020). The potent
cytotoxic activity of a-mangostin observed in this study is consistent with its
well-defined chemical structure. The presence of multiple phenolic hydroxyl groups
may enhance its antioxidant and redox-modulating properties, while lipophilic
prenyl substituents increase membrane permeability and cellular uptake. These
features likely contribute to the compound’s ability to disrupt mitochondrial function
in cancer cells.

2.4. Induction of DNA damage

To investigate the cytotoxic mechanism, DNA fragmentation was assessed using the
comet assay. Treatment with 5pg/mL a-mangostin resulted in notable comet tail
formation, indicating DNA damage. Quantitative analysis showed a significant increase
in % tail DNA (17.95+£6.277%) compared to the control (2.17£1.543%), though less
than the H,O,-treated positive control (59.37 +5.199%) (p <0.05) (Figure S11,
Supplementary Material). Oxidative stress and interference with DNA repair pathways
may contribute to the observed DNA damage, as similarly reported in glioblastoma
models (Qu et al. 2023). This adds another layer to its cytotoxic action, complementing
mitochondrial disruption.
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2.5. Mitochondrial disruption and loss of membrane potential

Given the central role of mitochondria in intrinsic apoptosis, we investigated mito-
chondrial morphology and membrane potential. MitoTracker™ staining revealed pro-
gressive mitochondrial fragmentation beginning at 3 pug/mL, with marked rounding
and condensation at 8 ug/mL (Figure S12A, Supplementary Material). These structural
alterations were accompanied by a significant, concentration-dependent loss in mito-
chondrial membrane potential (AWm), with fluorescence intensity reduced to
34.27+1.24% and 25.77+0.98% at 5 and 8ug/mL, respectively (Figure S12B,
Supplementary Material). These findings implicate mitochondrial disruption as a key
mediator of a-mangostin-induced cell death. The observed decrease in AYm aligns
with previous reports showing that xanthones can inhibit complex | or lll of the
electron transport chain, leading to ROS accumulation and mitochondrial outer mem-
brane permeabilization (MOMP) (Vyas et al. 2016; Wallace 2012). Importantly, the early
mitochondrial effects observed here precede overt cytotoxicity, suggesting that mito-
chondrial destabilisation may be a primary trigger rather than a secondary conse-
qguence of apoptosis (Holmuhamedov et al. 2003). The interplay between AYm collapse
and nuclear DNA damage suggests coordinated activation of both intrinsic and geno-
toxic stress pathways.

The cytotoxic effects of a-mangostin on glioma cells were evaluated through
mitochondrial dysfunction and DNA fragmentation assays. Treatment with a-mangostin
resulted in a dose-dependent reduction in cell viability, accompanied by significant
mitochondrial membrane depolarisation and morphological changes, indicating the
compound’s ability to induce apoptosis in glioma cells. The DNA fragmentation
observed further supports its pro-apoptotic effects. In contrast to conventional che-
motherapeutics such as temozolomide (Hajiahmadi et al. 2023), which primarily act
through alkylation of DNA and often encounter resistance, a-mangostin operates
through a multifaceted mechanism. It modulates oxidative stress, disrupts mitochon-
drial integrity, and induces genomic instability, reducing the likelihood of
single-pathway resistance. The biological effects of a-mangostin are closely linked to
its chemical structure. The phenolic hydroxyl groups act as electron donors, enabling
redox cycling and ROS modulation, which contributes to oxidative stress and DNA
damage. Meanwhile, the lipophilic prenyl substituents facilitate membrane penetration
and mitochondrial accumulation, leading to AYm collapse and activat. Thus,
a-mangostin presents a promising candidate for glioblastoma therapy, either as a
monotherapy or in combination with ROS-inducing agents or mitochondrial
sensitisers.

3. Experimental

See Supplementary Material.

4. Conclusions

This study shows that a-mangostin from G. mangostana pericarp has strong antioxi-
dant and antiproliferative effects on C6 glioma cells. It induces DNA fragmentation
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and disrupts mitochondrial membrane potential within 24 h, suggesting mitochondrial
involvement in its cytotoxicity. These results highlight a-mangostin’s potential as a
mitochondria-targeting agent for glioma therapy and its promise in developing
plant-derived brain cancer treatments.
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ABSTRACT

Glioblastoma is a brain tumor with limited therapeutic options, prompting the exploration of novel
treatments. This study evaluates the effects of a-mangostin, a xanthone derived from the pericarp of
mangostin (Garcinia mangostana L), on C6 glioma cells. o -mangostin was successfully purified with a
purity of > 97%, and its chemical structure was confirmed. This study evaluated the antioxidant and
anticancer activities of a-mangostin isolated from G. mangostana. The compound showed moderate
antioxidant capacity (DPPHe ICso = 67.55 + 0.91 pg/mL) and potent cytotoxicity against C6 glioma cells
(ICso = 4.67 pg/mL). Mitochondrial membrane potential dropped to 34.27 + 1.24% and 25.77 + 0.98% at 5
and 8 pg/mL, respectively. DNA fragmentation increased from 2.17+ 1.543% (control) to 17.95 + 6.277%
at 5 pg/mL. These findings suggest that a-mangostin induces glioma cell death via mitochondrial
dysfunction and genotoxic stress, supporting its potential as a therapeutic lead for glioblastoma.
Keywords: a-mangostin, C6 glioma cell, Garcinia mangostana L., DNA fragmentation, mitochondrial
membrane potential
3. Experimental
3.1. Material

G. mangostana fruits were collected in the summer of 2024 from Tien Giang Province, Vietnam.
The dried pericarp of mangosteen was purchased from Thanh Binh Company (batch number: HD167163).
Species identification was conducted by a botanist based on morphological characteristics and comparison
with authenticated reference specimens (HO 1999). The specimen has been assigned voucher number HN
000082651 and is currently deposited in the herbarium of the Institute of Ecology and Biological Resources,
under the Vietnam Academy of Science and Technology (VAST).

The C6 mouse glioma cell line and fibroblast cell line (PCS-201-012) (American Type Culture
Collection) was supplied by the Institute of Biotechnology - Vietnam Academy of Science and Technology.



All chemicals and equipment used in this study were purchased from well-known suppliers such as Thermo
Fisher, Gibco, Promega, etc.

3.2. Extraction and isolation of mangostin pericarp.

Following Sandar Naing et al. (Naing et al. 2023), we optimized the extraction by adjusting solvent
concentration and volumes to improve yield and purity. One kg of dried mangosteen pericarp was ground
into powder with a recovery efficiency of 98% and 200 g of powder was macerated in 1000 mL of 70%
ethanol under gentle agitation at room temperature for 1 hours, then centrifuged and filtered. The extract
was centrifuged and filtered, and the plant residue was re-extracted with an additional 300 mL of 70%
ethanol under the same conditions. The pooled ethanol extracts were concentrated under reduced pressure,
yielding 36.0 g of crude ethanolic extract. The crude extract was suspended in water and partitioned with
1000 mL of n-hexane (in three portions) to separate non-polar constituents. The combined hexane layers
were evaporated to dryness under vacuum, resulting in 5.4 g of hexane-soluble fraction. This fraction was
further purified by silica gel column chromatography using an n-hexane:acetone gradient system. Selected
active fractions were pooled and crystallized to obtain 1.3 g of purified compound.

The purity of the isolated compound was assessed using high-performance liquid chromatography (HPLC)
(Alliance series 2695, detector PDA 2996 from Waters-USA). Chromatographic separation was performed
on a Poroshell 120 EC-C18 column (4.6 x 250 mm, 4 pm particle size) with an isocratic mobile phase of
acetonitrile and water (95:5, v/v) over 15 minutes at a flow rate of 0.7 mL/min. The injection volume was
5 uL, and detection was monitored at A = 243 and 320 nm. The retention time of a-mangostin was 6.289
minutes, and the compound purity was estimated to be >97% based on peak area integration. Its molecular
weight was determined by electrospray ionization mass spectrometry (ESI-MS) (Thermo Fisher EASY-
Max NG). Fourier-transform infrared spectroscopy (FTIR) (Thermo Nicolet 6700 FT-IR optical
spectrometer) was then employed to characterize functional groups. Finally, nuclear magnetic resonance
(NMR) (AVANCE NEO 600 MHz spectrometer, Bruker BioSpin, Switzerland) spectroscopy was
performed for structural elucidation.

3.3. DPPH- Radical Scavenging Activity

The free radical scavenging activity of the extract was determined following the method of Blois (Blois
1958) with some modifications. The samples were dissolved in ethanol, and ascorbic acid was used as the
positive control. A 190 pL aliquot of 0.2 mM 2,2-diphenyl-1-picrylhydrazyl radical (DPPH®) in ethanol
was mixed with 10 puL of the extract at various concentrations (2, 10, 20, 50, 100 pg/mL). After a 30-minute
incubation at room temperature, the absorbance was measured at a wavelength of 517 nm. The radical
scavenging capability was expressed as ICso.

3.4. Cytotoxicity Assay



The cytotoxic effect of a-mangostin was evaluated using the CellTiter 96® AQueous One Solution Cell
Proliferation Assay (MTS assay). C6 glioma cells and fibroblast cell were cultured in a 96-well plate at a
density of 5000 cells/well using a complete medium. After 24 hours of incubation, the cells were treated
with a-mangostin at various concentrations (0, 0.5, 5, 10, 15, and 25 pg/mL) and incubated at 37°C for 72
hours. Cell proliferation and viability were assessed using the MTS cytotoxicity assay kit ([3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium). The MTS reagent
was added to the treated C6 cell wells and incubated for 3 hours at 37°C. The PMS (phenazine methosulfate)
present in the reagent is metabolized by the cells to produce a formazan product that is soluble in cell culture
medium, with maximal absorption at a wavelength of 490 nm (measured using a Thermo Science™
Multiskan™ GO spectrophotometer) (Le et al. 2025). The ICsy value (the concentration at which the test
compound is capable of causing 50% cell death) is calculated using the following formula.

3.5. Comet assay

To assess cytotoxic or oxidative effects, C6 cells were incubated with a-mangostin at varying
concentrations, alongside 500 uM H:0O: as a positive control, for 24 hours (Le et al. 2024). To assess DNA
damage, after treatment, cells were collected post-treatment and resuspended in 1% agarose gel before
being transferred onto a glass slide pre-coated with agarose. The cells were lysed in a lysis solution (2.5M
NacCl, 10 mM Tris HCI, 100 mM EDTA, 200 mM NaOH, pH 10) overnight at 4°C. After lysis, the slides
were immersed in an alkaline solution (300 mM NaOH, 1 mM EDTA, pH >13) for 1 hour at 4°C, protected
from light. The slides were then subjected to cold electrophoresis in 1X TBE buffer for 30 minutes (1 V/cm)
and subsequently rinsed with deionized water to neutralize the pH (Olive and Banath 2006). The DNA in
the cell samples was stained with DAPI (1 pg/mL) and observed at 50X magnification using a Nikon Ti-E
Eclipse fluorescence microscope equipped with a confocal system to evaluate DNA fragmentation. The
results were analyzed using CometScore 2.0 software.

3.6. Mitochondrial fluorescence staining

To evaluate the effect of a-mangostin on cellular mitochondria, C6 cells were treated with a-mangostin at
concentrations of 0, 1, 3, 5, and 8 pg/mL and then fixed in 4% paraformaldehyde for 10 minutes. Following
fixation, C6 cells were stained with mitochondria, and nuclei were observed using a Nikon Ti E Eclipse
fluorescence microscope, and the images were analyzed using ImageJ software (Bosch and Calvo 2019) .
MitoTracker™ Orange CMTMRos (1 mM) at 37°C for 30 minutes. The cell nuclei were stained with DAPI
(1 pg/mL) for 30 minutes at room temperature. The samples were washed three times with 1X PBS.
Fluorescent images of mitochondria and nuclei were observed using a Nikon Ti-E Eclipse fluorescence
microscope, and the images were analyzed using ImagelJ software.

3.7. Mitochondrial Membrane Potential Assessment



Mitochondrial membrane potential was analyzed using the fluorescent dye Rhodamine 6G (Audi et al.
2020). C6 cells were cultured in a 96-well plate at a density of 5000 cells/well and treated with a-mangostin
at concentrations of 0, 1, 3, 5, and 8 pug/mL. After 24 hours, the C6 cells were stained with 20 uM
Rhodamine 6G at 37°C for 60 minutes. After being washed three times with 1X PBS, the samples were
subjected to fluorescence measurement (excitation: 525 nm; emission: 595 nm) using a SpectraMax iD5
Multi-Mode Microplate Reader.

3.8. Statistical Analysis

All data are expressed as mean + standard deviation (SD). Statistical differences among group means were
assessed using one-way analysis of variance (ANOVA) followed by Dunnett's t-test. A p-value of less than
0.05 was considered statistically significant. For statistical analysis, we performed independent experiments
at least three times.

References

Audi SH, Cammarata A, Clough AV, Dash RK, Jacobs ER. 2020. Quantification of mitochondrial
membrane potential in the isolated rat lung using rhodamine 6G. J Appl Physiol (1985). Apr
1;128:892-906. Epub 20200305.

Blois MS. 1958. Antioxidant Determinations by the Use of a Stable Free Radical. Nature.
1958/04/01;181:1199-1200.

Bosch A, Calvo M. 2019. Automated Quantitative Analysis of Mitochondrial Morphology.
Methods Mol Biol.2040:99-115.

H& P-h. 1999. Cay cd Viét nam: NXB tré.

Le DTT, Nguyen NH, Do HTM, Vu CM, Nguyen PTM, Chu HH. 2025. Honokiol-loaded PLGA-PEG
nanoparticles with solubility in water for infusion treatment of solid cancer. Journal of Drug
Delivery Science and Technology. 2025/01/01/;103:106436.

Le DTT, Vu CM, Ly TTB, Nguyen NT, Nguyen PTM, Chu HH. 2024. Effect of Honokiol on culture
time and survival of Alzheimer's disease iPSC-derived neurons. Bioimpacts.14:27652. Epub
20230805.

Naing S, Sandech N, Maiuthed A, Chongruchiroj S, Pratuangdejkul J, Lomarat P. 2023. Garcinia
mangostana L. Pericarp Extract and Its Active Compound a-Mangostin as Potential Inhibitors of
Immune Checkpoint Programmed Death Ligand-1. Molecules. Oct 9;28. Epub 20231009.

Olive PL, Banath JP. 2006. The comet assay: a method to measure DNA damage in individual cells.
Nat Protoc.1:23-29.

This section contained a list of tables and figures associated with the results of the existing study.



rel. Response [%]

10

80

70

46.289

5254

Retention time [min]

Figure S1. HPLC chromatogram of the isolated compound
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Figure S2. High resolution electron ionization mass spectrum of a-mangostin
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Figure S4. "H-NMR spectrum of o - mangostin
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Figure S6. HSQC spectrum of a-mangostin
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Figure S8. HMBC correlations of a-mangostin

Table S1. Analysis data of 'H and '3C spectra of isolated o - mangostin

Vitri C ocd ocP on**
1 101.5 101.6 6.83 (1H. s)
la 155.0 155.1 -

2 155.4 155.8 -
3 142.7 142.6 -
4 137.0 137.1 -
4a 112.0 112.3
5 160.5 160.7 -
Sa 103.5 103.7




6 108.4 1085 |-

7 161.5 1616 |-

8 93.3 933 6.29 (1H. s)

8a 154.4 1546 |-

10 181.9 182.1 |-

I 26.5 26.6 4.10 (2H. d. 6.6)

2 121.4 1215  |5.28 (1H. m)

3 132.1 1322 |-

4 17.9 17.9 1.84 (3H. s)

5 25.8 25.8 1.77 (3H. d. 1.2)

1" 214 215 3.46 (2H. d. 7.2)

2" 123.0 1232 | 528 (1H. m)

3" 132.1 1322 |-

4 18.2 18.2 1.83 (3H. s)

5" 25.7 25.8 1.69 (3H. d. 1.2)
3-OMe 61.1 62.1 3.81 3H. 5)
2-OH - - 6.30 (1H. s)
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Figure S9. Scavenging effects of a-mangostin and ascorbic acid on DPPH radical
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Figure S10. Effect of a-mangostin on cytotoxicity in C6 and fibroblast cells
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Figure S11. Comet assay results for U87MG cells treated with a-mangostin.
(A) Representative images of single-cell gel electrophoresis (comet assay) showing DNA damage at different o-

mangostin concentrations.
(B) Quantification of DNA damage expressed as % Tail DNA at the indicated a-mangostin concentrations. Data are

presented as mean = SD from three independent experiments, *P < 0.05.
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