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~ LOI CAM POAN
T6i xin cam doan d& tai nghién ciu trong luan van nay la cong trinh
nghién ctru cla toi dua trén nhing tai liéu, sé liéu do chinh t6i tu tim hiéu va
nghién ciru. Chinh vi véy, cac két qua nghién ciru dam bao trung thuc va
khach quan nhat. Péng thoi, két qua nay chua timg xuét hién trong bat cir mot
nghién ciru nao. Cac s liéu, két qua néu trong luan van 1a trung thuc néu sai
t61 hoan chiu trach nhiém trugc phat luat.

Tac gia luan van ky va ghi ré ho tén

&
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LOI CAM ON

Trudc tién, t61 xin chan thanh cam on Hoc vién Khoa hoc va Cong nghé -
Vién Han lam Khoa hoc va Cong nghé Viét Nam da tao diéu kién thuan loi
cho t6i c6 thé theo hoc chuong trinh cao hoc. Sy hd trg va tao co hoi tir phia
Hoc vién da gitip t6i mo rong kién thirc chuyén mén va phét trién k¥ nang
nghién ciru trong linh vuc minh theo dudi.

T6i xin giri 161 cam on chan thanh va sau sic nhat dén cac quy thay co
trong Hoc vién, nhitng nguoi da tan tinh giang day va truyén dat kinh nghiém
quy bau trong sudt qua trinh t61 hoc tdp va nghién ctru tai day. Dac biét, toi
xin bay t6 1ong biét on téi TS. Lé Thi Phwong - ngudi da truc tiép hudng dén,
dinh huéng va dong hanh cing t6i trong sudt qua trinh thuc hién ludn van.
Véi sy chi dan tan tinh, nhitng gép y chuyén mén siu sic va sy khich 16 kip
thoi ciia C6, t61 da cé thé vuot qua nhimg khé khian trong qua trinh nghién
ctru dé hoan thanh luén van nay mot cach t6t nhat. Nhitng bai hoc vé tu duy
khoa hoc va tac phong lam viéc nghiém tic ma Cb truyén day sé la hanh trang
quy bau cho con dudng su nghiép cia toi vé sau.

Bén canh do, t6i cling xin gui 161 cdm on t6i cac anh chi dong nghiép
trong phong Cong nghé hoat chat tu nhién va céc phong ban khac thudc Vién
cong nghé tién tién. Su hd trg' nhi€t tinh cua anh chi trong qua trinh thuc
nghiém, chia s¢ kinh nghiém ciing nhu trao d6i hoc thuét da giip t6i hoan
thanh t6t cac noi dung nghién ctru. Cudi cung, toi xin chan thanh cam on gia
dinh va ban be da luén ¢ bén, dong vién va tao diéu kién t6t nhét dé toi yén
tam hoc tap va nghién ciru. Su ung ho vé tinh than 13 ngudn dong luc to 16n
giup t6i hoan thanh luan vian nay.

T61 xin tran trong cam on!

Tp H6 Chi Minh, ngay 24 théng 04 nim 2026
Hoc vién cao hoc
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Hlogng Vi Htong
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TOM TAT

Céc hat nano oxit kém da dugc biét dén véi tiém ning trong diéu tri ung
thu nho kha nang gay doc chon loc va tinh tuong thich sinh hoc cao. Dya vao
nhirng dac tinh hoa-1y doc dao, mot h¢ nano kim loai trén nén ZnO da duge
phat trién trong nghién ctru ndy. Hé nano du kién c6 kha niang chon loc khdi u,
tiéu diét té bao ung thu bang co ché giy stress oxy hoa thong qua cac gdc oxy
va nito tu do két hop véi liéu phap bo doi té bao. Cu thé, cac hat nano ZnO
dugc tong hop va 6n dinh bang axit tannic, sau d6 enzyme glucose oxidase
duoc ¢b dinh 1én bé mit ZnO-TA thong qua lién két hydro hoac lién két cong
hoa tri giita cac nhém chirc ciia TA va enzyme. Dic tinh cdu tric va hinh thai
ctia cac hat nano dugc phan tich bang phd hong ngoai bién d6i Fourier, nhiéu
xa tia X, kinh hién vi dién tir truyén qua va kinh hién vi dién tir quét. Hé nano
ZnO-TA@GOx thu dugc c6 duong kinh thuy dong luc hoc khoang 200 nm va
c6 kha nang tiéu thu cac phan tir ni sinh trong té bao, dong thoi tao ra H,O, va
NO thiic ddy qua trinh chét theo chwong trinh cta té bao ung thu. Cac thi
nghiém in vitro cho théy ZnO-TA@GOx co6 tinh chon loc cao, lam gidm manh
kha nang séng cia té bao ung thu vii (MCF-7) khi ¢6 su hién dién cua glucose
nhung khong giy doc dang ké d6i voi té bao thuong (hDFBs). Ngoai ra, trong
mo hinh in vivo, ZnO-TA@GOx thé hién kha ning trc ché hiéu qua sy phat
trién khéi u ma khong gay ra nhimng thay doi dang ké vé khéi luong co thé hay
cac chi sd huyét hoc trong sudt 2 tuan diéu tri. Tom lai, ZnO-TA@GOx la mot
vat liéu nano tiém ning hira hen gop phan thic day su phat trién cta cac chién

lugc di€u tri da co ché nham nang cao hi¢u qua diéu tri ung thu.
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ABSTRACT

Zinc oxide nanoparticles exhibit a promising agent in anticancer therapy.
Based on the unique properties of ZnO NPs, a tumor-selective ZnO-based
nanomaterial was developed in this study that integrates RONS-mediated
oxidative stress with starvation therapy. Specifically, ZnO NPs were
synthesized and stabilized with tannic acid, followed by immobilization of
glucose oxidase onto the ZnO-TA surface by hydrogen or covalent bonding.
Structural and morphological features of NPs were characterized using Fourier
transform infrared spectroscopy, X-ray diffraction, transmission electron
microscopy and scanning electron microscopy. The resulting ZnO-TA@GOx
NPs simultaneously generated H,O, and NO, significantly enhancing cancer
cell apoptosis through oxidative stress—induced damage. In vitro assays
demonstrated selective cytotoxicity of ZnO-TA@GOx, with negligible effects
on normal human dermal fibroblasts (hDFBs) and marked reduction in the
viability of breast cancer cells (MCF-7), particularly in the presence of glucose.
Moreover, in a subcutaneous xenograft mouse model, ZnO-TA@GOx
effectively suppressed tumor growth without causing meaningful changes in
body weight or hematological parameters over a 2-week treatment period.
Overall, ZnO-TA@GOx represents a promising multifunctional nanoplatform
for advancing multimodal therapeutic strategies to achieve improved anticancer

efficacy.



MO DAU
1. Ly do chon dé tai

Ung thu 12 nguyén nhan giy tir vong hang dau va 14 rao can trong viéc ting
tudi tho trén toan thé gii. Ung thu khong chi anh hudng nghiém trong dén sirc
khoe ma con 13 ganh ning 16n dbi v6i hé thdng y té va kinh té xa hoi. Mic du
d3 c6 nhiéu phuong phap diéu tri ung thu duoc nghién ctru va tng dung, nhung
viéc toi wu hoa hiéu qua diéu tri van 1a mot thach thie 10n. Céc liéu phap don
tri liéu truyén théng nhu hoa tri va xa tri thudng giy ra nhiéu tac dung phu
nghiém trong do ddc tinh toan than cao, kha nang chon loc thip va nguy co
xuat hién tinh trang khang thudc. Trong bdi canh d6, cong nghé nano dang noi
1én nhu mot hudng tiép can day tiém niang nho kha ning thiét ké cac hé vat liéu
sinh hoc da chirc ning c6 thé ting cuong su tich lily tai mé khdi u, nang cao
hiéu qua tiéu diét té bao ung thu va dong thoi giam thiéu tac dung phu ddi véi
mo lanh. Hat nano oxit kém la mot loai nano oxit kim loai ¢6 tinh an toan cao
va c6 kha nang tiéu diét té bao ung thu hiéu qua dua vao viéc kich thich san
sinh gbc oxy hoa manh c6 ngudn gdc tir Oxy va Nito (RONS). RONS bao gém
cac goc ROS (vi dy *0,~, H,0,, *OH) va RNS (NO, ONOO"). Cac gdc oxy hoa
c6 thé tan cong truc tiép vao mang té bao, ty the, protein va DNA, gay rdi loan
chtic ning, dut gay chudi DNA, bién tinh enzyme, tir 46 dan dén chét té bao
theo chuong trinh hoac chét hoai tu. Ngoai ra, cac hat nano oxit kim loai thuong
duoc bién tinh véi cac phan tur c6 hoat tinh sinh hoc nham nang cao hiéu qua
diéu tri dong thoi tang tinh 6n dinh va twong thich sinh hoc.

Axit tannic 1a mot polyphenol ty nhién c6 cdu triic giau nhém hydroxyl
phenolic, c6 kha ndng tuong tdc manh vdi bé mat vat liéu thong qua lién két
hydro hodc twong tac phéi tri. Khi dugce phu 1én bé mit ZnO, TA khong chi
gilp cai thién d0 phan tan va do 6n dinh ctia hé nano ma con tao nén tang thuan
loi cho qua trinh gan két cac phan tir sinh hoc. Pong thoi, hop chét nay con co
thé gop phﬁn nang cao hiéu qua diéu tri nho dic tinh sinh hoc va tiém nang
chéng ung thu cia cac polyphenol tu nhién. Bén canh d6, glucose oxidase dugc
biét dén 1a enzyme c6 kha nang xtc tac qua trinh oxy hoa glucose tao thanh axit
gluconic va hydrogen peroxide. Phan tmg ndy vira lam suy giam ngudn glucose
vbn 1a mot co chat thiét yéu cho qua trinh chuyén héa ning luong cta té bao
ung thu, vira gop phan 1am gia ting stress oxy héa trong noi bao. Su két hop

gitra TA va GOx trén bé mit hat nano oxit k&m duoc ky vong s€ tao ra hé nano
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ZnO-TA@GOx c6 kha ning tang cuong hiéu qua tiéu diét té bao ung thu thong
qua co ché hiép dong gitra liéu phap bo doi va stress oxy hoa. Tir nhimng co so
trén, hé nano ZnO-TA@GOx dugc xem 12 mot nén tang nano da chirc ning day
tiém nang, htra hen gop phan nang cao hiéu qua diéu tri ung thu.

Trudc day, ZnO, TA va GOx da dugc nghién clru trong nhiéu hé vat liéu
nano khac nhau phuc vu cac tng dung y sinh. Tuy nhién, viéc tich hop dong
thoi ba thanh phan nay trong ciing mot hé nano da chirc nang nham khai thac
hiéu qua diéu tri ung thu theo co ché phdi hop van con rat han ché. Day chinh
1a khoang tréng nghién ctru dang cht ¥, khi ma dén nay van chua c6 nhiéu
nghién ctru 1am rd mot cach c6 hé thong hiéu g hiép dong gitra liéu phap bo
d6i do GOx xuc tac tiéu thy glucose va qua trinh khuéch dai stress oxy hoa tai
chd do ZnO cam tng trong vi moi trudng khéi u. Trén co so d6, tinh méi cia
dé tai nam & viée phat trién hé nano Zn0O-TA@GOx nhu mot hé vat liéu nano
tich hop da co ché, co kha ning dong thoi gay thiéu hut ngudn ning luong cua
té bao ung thu va thuc day ton thuong oxy hoa noi bao, tir d6 dinh hudéng tang
cuong hiéu qua diéu tri ung thu.

2. Muc dich nghién ciru

Muc dich ctia dé tai la phat trién hé nano ZnO-TA@GOx da chirc ning c6
kha ning ting cuong hiéu qua diéu tri ung thu thong qua su phdi hop gitra liéu
phép bo ddi va stress oxy hoa tai chd.

3. Noéi dung nghién ctru

Noi dung I: Tong hop va xac dinh céc tinh chat héa 1y, dic diém hinh thai
ctia hat nano ZnO bién tinh bé mat v6i TA va GOx.

Ngi dung 2: Khao sat kha nidng sdn sinh RONS (NO, H,0,) cia ZnO-
TA@GOX.

Noi dung 3: Thu nghi€m in vitro danh gia kha nang tuong thich sinh hoc va
gy doc té bao ung thu ciia ZnO-TA@GOX.

Néi dung 4: Panh gia kha ning tiéu diét khbi u ciia ZnO-TA@GOX trén md
hinh dong vat.
4. Co so khoa hoc va tinh thue tién ciia dé tai

Co s& khoa hoc ctia hé nano ZnO-TA@GOx dua trén co ché phdi hop gitra
liéu phap bo do6i va stress oxy hoa tai chd trong diéu tri ung thu. Co ché tac
dong riéng 1 ctia timg thanh phan d6i voi té bao ung thu da dugc chimg minh

trong nhiéu nghién ctru trudc day. Trong d6, ZnO c6 kha ning giai phong ion



Zn*" trong moi truong pH thap dic trung cua khdi u, tir d6 gay ri loan can
bang ndi moi ion va anh huong dén hoat dong cua cac protein phu thudc kém,
dan dén su gia ting san sinh cac tic nhan oxy hoa manh (RONS) va cudi cling
gay chét té bao ung thu. GOx c6 kha ning tiéu thu glucose, xtc tac qua trinh
oxy hoa glucose dé tao thanh axit gluconic va H,O,. Cubi ciing axit tannic dong
vai tro 1a chat khir va chat 6n dinh cho ZnO NPs, gitp kiém soat qua trinh hinh
thanh hat, han ché hién tuong két tu, déng thoi tao nén tang thuan loi cho viéc
gén GOx 1én bé mit ZnO. Su két hop ZnO, TA va GOx trong h¢ ZnO-
TA@GOx dugc ky vong tao ra hiéu ing hiép dong, phtt hop véi xu hudng phat
trién cac hé nano tri liéu da co ché.

Vé tinh thyc tién, ung thu dang 13 mot trong nhitng nguyén nhan gy tr
vong hang dau tai Viét Nam, trong khi hiéu qua diéu tri vin con bi han ché boi
doc tinh, tac dung phu va hién tugng khang thudc cia cac phuong phap truyén
théng. Viéc nghién ctru va phat trién hé nano ZnO-TA@GOX c6 ¥ nghia thuc
tién trong viéc dinh hudng tao ra mot nén vat liéu diéu tri méi co kha nang tac
dong da co ché, ning cao hiéu qua diéu tri va mé rong tiém ning tng dung cua
cong nghé nano trong y sinh hoc va diéu tri ung thu.

5. Nhirng dong gop cua luin van

Luén van c6 mot sé dong gop chinh nhu sau:

« Xay dung quy trinh diéu ché hé nano ZnO-TA@GOX.

« Bb sung co so khoa hoc cho chién luge diéu tri ung thu phdi hop gitra liéu
phép bo d6i va stress oxy héa tai chd.

« Lam rd tiém ning ctia hé nano trong diéu tri ung thu theo co ché dap ung
vi moi trudong khdi u, qua d6 gop phan nang cao tinh chon loc sinh hoc dbi
v6i té bao ung thu so voi té bao binh thuong.

« Dit nén tang khoa hoc cho cac nghién ctru tiép theo vé phat trién vt liéu

nano kim loai théng minh trong diéu tri ung thu.
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CHUONG 1. TONG QUAN NGHIEN CcUU
1.1. Tong quan vé ung thw
1.1.1. Pinh nghia va tinh hinh ung thw

Ung thu 13 mét trong nhitng cin bénh nguy hiém va c6 ty 1¢ tir vong cao
trén toan thé giéi. Ngudn gdc cua bénh bat ngudn tir sy dot bién ngiu nhién
trong cac té bao, khién chung phat trién va ting sinh mat kiém soat va hinh
thanh nén khéi u [1]. Néu khong dugc chan doan va diéu tri kip thoi, cac té bao
ung thu c6 thé tiép tuc xam 14n va di can dén cac mé hoic co quan khéc thong
qua hé tudn hoan va hé bach huyét. Khoang 90% ca bénh tir vong do ung thur
c6 lién quan tryc tiép dén qua trinh di can [2]. Do d6, viéc nghién ctru chuyén
sdu vé ung thu ciing véi cac phuong phap diéu tri van dang mdi quan tim 16n
dbi véi nén y hoc hién dai.

Theo dit liéu thong ké GLOBOCAN méi nhét tir Co quan Nghién ctru Ung
thu Qudc t&, nam 2022, toan cau ghi nhan khoang 20 triéu ca mic ung thu mai.
Dy bao dén nim 2050, con sd ndy sé ting 1én dén 35,3 triéu, tuong duong véi
76% so v&i nam 2022 (Hinh 1.1). Trong sd cac ca mic c6 khoang 9,7 triéu ca
tir vong do ung thur va wéc tinh ¢t 5 bénh nhan s& c6 1 ngudi mac ung thu trong
sudt cudce doi, diéu nay phan anh xu hudng gia ting dang ké ganh nang ung thu
trén toan thé gidi [3]. Riéng tai Viét Nam, udc tinh sd ca mac ung thu méi theo
GLOBOCAN niam 2022 13 180.480 ca va sd ca tir vong 1a hon 120.000 ca. So
v6i nam 2020, ty 16 mac va tir vong do ung thu da giam nhe nhung khong dang
ké (182.563 ca méi va 122.690 ca tir vong). Ung thu gan 1a loai ung thu phd
bién nhat & nam gidi, chiém khoang 20% tong s ca mic; trong khi d6, ung thu
vi 12 loai pho bién nhat & nit gidi vdi ty 16 gan 30%. GLOBOCAN ciing canh
bao Viét Nam xép thir 90 trong s 185 qudc gia vé ty 1é ca mac ung thu méi va
ty 1& tir vong do ung thu xép thr 50 trong sd 185 qubc gia [4,5]. Nhimg sd liéu
thng ké trén da nhan manh mrc 46 nguy hiém cta can bénh ung thu, dong thoi
cho thdy tdm quan trong ctia viéc nang cao nhan thirc cong dong vé tim soat,

phat hién sém va diéu trj kip thoi.
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Hinh 1.1. (A) Dit liéu théng ké vé sb ca mic va tir vong do ung thu trén
toan cau qua cac nam. (B) Phan bb ty 1¢ cac loai ung thu pho bién tai Viét
Nam & ¢4 2 gi61 vao nam 2022 (theo GLOBOCAN)

1.1.2. Phwong phap diéu trj ung thw truyén thong va thach thirc
Viéc diéu trj ung thu 13 mét thach thic 16n, doi hoi su phédi hop ctia nhidu
liéu phap khac nhau tiy thudc vao loai ung thu va giai doan tién trién cia bénh.
Cac phuong phap diéu tri ung thu phd bién hién nay bao gom: phiu thuat, xa
tri, hoa tri, liéu phap gene, liéu phap hormone, liéu phap mién dich, ghép té bao
gbc ngoai vi,... [1]. Trong sd cac phuong phép trén, héa tri 1a mot phuong phap
diéu tri ung thu dé tiép can do gia thanh ré va dé thyc hién [6]. Pay 1a phuong
phép st dung céac loai thudc co tic dung giy doc té bao ung thu nhu:
Doxorubicin, Cisplatin, Paclitaxel, Trabectedin,.... Co ché tac dong dén té bao
ung thu cta cac loai thubc nay chil yéu dua trén sy alkyl hod, (¢ ché phén tir
sinh hoc nhu enzyme topoisomerase, qua trinh hinh thanh tubulin, pha v& cau
truc phan to nhu DNA, protein, trc ché céac con duong dan truyén tin hiéu hoac
gy ngimg chu ky té bao dan dén apoptosis [7]. Uu diém cta hoa tri 1a kha nang
gay doc té manh nhung tinh sinh kha dung kém, thiéu tinh dac hiéu la nhuoc
diém 16n nhit cua phuong phap nay. Thude hod trj ¢6 xu hudng tan cong té bao
lanh tinh c6 tbc d6 phan chia nhanh tuong tu t& bao ung thu nhu:: té bao da,
nang 1ong, té bao mau, da day, rudt, niém mac miéng,...[8]. Pay chinh la
nguyén nhan gay nén cac tac dung phu nghiém trong 4nh huong dén nguoi bénh
nhu: rung toc, thiéu mau, loét miéng, budn nodn, tiéu chay...[9]
Mot trong nhitng nguyén nhan khién viéc diéu tri bang thudc that bai 14 cac
té bao khdi u phat trién kha ning dé khang ddi véi thudc chong ung thu hay
con goi 1a hién twong khang da thudc ¢ khdi u (MDR). MDR & khéi u c6 thé
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dugc hinh thanh thong qua nhiéu co ché khac nhau, bao gdm: dot bién
oncogene, nhirng bién doi trong vi moi truong khéi u, bién d6i diéu hoa chu ky
té bao, tinh khong déng nhét cta khdi u, dot bién tai vi tri dich tac dung cua
thudc, ngin can kich hoat apoptosis hodc thay d6i muc do biéu hién gen (Hinh
1.2) [10,11]. Dé khic phuc nhitng han ché vé tinh dic hiéu caa hod tri truyén
thdng, viéc phat trién cac chién lugc hudng dich 14 vo cing quan trong dé tdi
uu hod kha nang phan phéi thude téi khbi u muc tiéu, nang cao hiéu qua diéu
tri, déng thoi han ché sy tich tu va giam ddc tinh cua thudce tai cac mé lanh tinh.
Trong bdi canh d6, y hoc nano - mét linh vuc giao thoa giita y sinh hoc, cong
ngh¢ nano va vat liéu sinh hoc da ndi 1én nhu mot hudéng tiép can dﬁy hira hen
nham khéc phuc nhirng han ché néu trén. Trong do, cac hat nano kim loai duoc
xem 1a mot bude tién quan trong hudng téi viéc phat trién cac chién luoc diéu

tr1 ung thu hiéu qua hon.
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Hinh 1.2. Cac co ché khang thubc cua té bao ung thu [11]

1.2. Tong quan vé vt liéu nano oxit kém trong diéu tri ung thw
1.2.1. Gi6i thiéu vé hat nano oxit kém

Trong nhiéu thap ky qua, cac hat nano kim loai d& nhan duoc su quan tam
dang ké tir cong dong khoa hoc va ngay cang dugc khai thac manh mé& trong
cac nghién ctru lién quan dén diéu tri ung thu. Ung dung cia cac hat nano kim
loai xuét phat tir nhiing dic tinh hoa 1y doc ddo cta chiing, bao gdm kha nang
kiém soét chinh x4c hinh dang, kich thuéc, dién tich hay hién tuong cong hudéng

plasmon bé mit... [12]. Cac hat nano kim loai c¢6 thé dugc tong hop v6i nhiéu



hinh dang va kich thudc khac nhau thong qua cac phuong phap vat 1y, héa hoc
hoic sinh hoc. Pic biét, ty 1& dién tich bé mit trén thé tich cao cho phép cac hat
nano kim loai duoc bién tinh bé mit v&i nhiéu nhom chie, phan tir ¢6 hoat tinh
sinh hoc khac nhau nham dap tmg voi céc kich thich trong va ngoai té bao, tir
do tang hi€u qua diéu tri ung thu [13]. Vat li¢u nano kim loai dugc phan loai
bao gébm cac dang kim loai nguyén chat (bac, vang, dong) va dang oxit kim loai
(Ti0,, silicate, ZnO va Fe;04) [14]. Céc vat li¢u nay da dugc ghi nhan trong
nhiéu nghién ctru trude day vé tiém ning g dung rong rai trong linh vuc dugce

pham va y sinh hoc (Hinh 1.3).
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Hinh 1.3. Cac tng dung y sinh hoc da dang ctia hat nano kim loai [14]
Trong s6 cac hat nano kim loai, hat nano oxit kém (ZnO NPs) 1a mdt trong
nhitng tng ctr vién duogc khai thac nhiéu nhat nhd cac dic tinh vu viét nhu kha
nang tuong thich sinh hoc cao, quy trinh tong hop don gian va giy doc tinh té
bao chon loc. ZnO NPs 1a cac hat c6 kich thude tir 10-100 nm va c6 thé duoc
tong hop bang nhiéu phuong phap khac nhau. Véi thiét ké va kich thudc phu
hop, ZnO NPs c6 thé d& dang di chuyén dén vi tri khdi u thong qua hé tuan
hoan va xam nhap vao té bao nhd hiéu ing EPR, két qua lam tang sy tich lily

ZnO NPs tai md ung thu dong thoi tang cuong hiéu qua tiéu diét khoi u [15].
Vé tinh chat, kém 1a mot kim loai chuyén tiép c6 mau xam bac, ton tai &
trang thai oxy hoa +2 va c6 ndm déng vi bén. Dang khdi cua ZnO di duoc Cuc
Quan 1y Thyc phdm va Dugc pham Hoa Ky (FDA) cong nhan 14 vat liéu an

toan va co thé dé dang bi phan huy sinh hoc hogc tham gia vao chu trinh chuyén



hoa dinh dudng ctia co thé [16]. Kém dong vai trd quan trong trong diéu hoa
cac hoat dong té bao nhu sao chép, stra chirta DNA, diéu hoa chu ky té bao va
duy tri can bang ndi moi cua co thé [17,18]. Sy mat can bang ndng do kém
(ndéng do ion Zn** ty do ndi bao > 100 nM) c6 thé dan dén rdi loan nghiém
trong ddi v&i nhiéu qua trinh sinh hoc. Ngoai ra, su thiéu hut né)ng do kém co
thé dan dén réi loan can bang ndi moi té bao, gay ton thuong DNA va ting
nguy co ung thu. Nguoc lai, khi lugng kém ndi bao vuot qua kha nang diéu hoa
ndi moéi kém cua co thé, nd s& pha v hé thong van chuyén kém qua mang té
bao, dan dén tang tich liy k&m ndi bao, tir d6 kich hoat apoptosis va gy chét
té bao [19]. Dua vao nhiing phat hién vé tic dong gay hai cia ham luong kém
du thira, cac hat nano ZnO d4 dugc thiét ké nham khai thac co ché nay dé tiéu
diét t& bao ung thu.
1.2.2. Ung dung tiéu diét té biao ung thw ciia hat nano oxit kém

Tiém nang chéng ung thu ciia ZnO NPs da dugc bao céo trong nhiéu nghién
ctru trude day [20-22]. Kha nang gy doc té bao cua ZnO NPs dua trén 3 co
ché chinh: Su hoa tan kém ndi bao 1am mat can bang hoat tinh protein phu
thudoc kém, san sinh ROS giy stress oxy hod va pha huy DNA din dén
apoptosis. Nhiéu nghién ctru da cho thay ZnO NPs c¢6 xu huéng hoa tan va giai
phong ion Zn** manh hon trong mai truong c6 pH thap cia té bao ung thu (pH
5.5) so v6i méi truong ngoai bao (pH 7.4) [23-25]. Méi truong pH cang thap,
tbc d6 hoa tan va giai phong ion k&m tir ZnO NPs cang manh. Nhu minh hoa
trong hinh 1.4, ZnO NPs c6 thé xAm nhap té bao mot cach truc tiép hoac thong
qua cac ti ndi bao nhu endosome. O giai doan sém, endosome c6 pH khoang
6.3 tao diéu kién thuan loi cho qua trinh bat dau giai phong ion Zn?*. Khi
endosome trudng thanh dén giai doan mudn, pH tiép tuc giam xudng 5.5 va dat
t6i 4.7 sau khi hop nhat véi lysosome. O giai doan nay, ZnO NPs bi hoa tan
nhanh chéng dan dén su giai phong b at ion Zn>* vao bao twong khi mang
lysosome bi pha v& [19]. Tém lai, méi truong pH thap 14 yéu t6 then chot trong
g dung diéu tri ung thu cia ZnO NPs.
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Hinh 1.4. Co ché chéng ung thu ctia hat nano ZnO [19]
1.2.2.1. Tiéu diét té bao ung thw dwa trén ROS

Su giai phong dot ngodt cua ion Zn** trong moi trudng axit lam ting nhanh
ham luong kém ndi bao, dan dén rdi loan hoat tinh cua cac protein phu thudc
vao kém. Hé qua 13 nhiéu qua trinh thiét yéu cho su sdng con cua té bao ung
thu bi anh hudng, tir 46 kich hoat apoptosis [15,26]. Su gia ting ion Zn*" ndi
bao cling kéo theo qua trinh san sinh cac goc oxy va nito ty do (RONS) giy
stress oxy hoa ton thuong té bao [27]. Cac hat nano kim loai san sinh ROS
thong qua 2 co ché chinh: (1) Phan tmg viém do té bao duoc kich hoat nham
dap ung voi sy hién dién cua hat nano, tir d6 dan dén tang sinh ROS. (2) Su
tich tu electron trén bé mit ZnO NPs xay ra do tinh chat ban dan cho phép
chung hoat dong nhu mot hé thong phan tmg oxy hoa-khir vdi cac phan tir sinh
hoc, truc tiép tao ra ROS trong diéu kién ndi bao. Ngoai ra, ZnO NPs con co
thé kich hoat qua trinh sinh ROS thong qua co ché quang xtc tac dudi anh sang
UV hoic 4nh sang nhin thay, giup ting cuong hiéu qua diéu tri trong cac liéu
phap két hop nhu liéu phap quang dong. [28,29]. Goc oxy tu do (ROS) dugc
biét dén 1a cac gbc oxy hoa manh c6 ngudn gdc tir oxy dong vai trod 1a tic nhan
gy doc té bao trong liéu phap ung thu. ROS bao gém cac gdc tu do hoat dong
manh nhu gdc hydroxyl (¢*OH), superoxide (O,+7) va phéan tir khong phai gbc
tu do nhu hydrogen peroxit (H,0,), va singlet oxygen ('O,) [30]. Trong diéu
kién sinh ly binh thuong, ROS dong vai tro nhu mét phan tur tin hi€u sinh hoc,

tham gia di€u hoa qua trinh truyén tin hiéu va can bang ndi moi t€ bao. Tuy
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nhién, khi ROS tich tu qué mirc 1am pha v& su can bang gitta cac chat oxy hoa
va hé thdng chéng oxy hoa ndi bao s& dan dén hién tuong stress oxy hoa giy
chét t& bao. Cac phan tir ROS hoat dong manh c6 thé tan cong truc tiép vao
mang té bao, ty thé, protein, va DNA cua té bao ung thu, giy ra rdi loan chirc
nang, dut gdy chudi ADN, bién tinh enzyme va dan dén chét té bao apoptosis
hodc chét hoai tir [31,32].

1.2.2.2. Tiéu diét té bao ung thu dua trén RNS

Bén canh ROS, ZnO NPs con duoc béo céo vé kha nang tao ra cac géc nito
ty do (RNS) nhu NO va ion peroxynitrite ONOO™ nho¢ hoat tinh xtc tac sinh
hoc tuong tu enzyme. Nghién ctru cia Yang va cong su (2020) [33] cho thay
ZnO NPs c6 thé mo phong chirc ning cua cac enzyme nhu glutathione
peroxidase va glycosidase trong co thé, tir d6 xtc tac qua trinh phan hily cac
chat cho NO, bao gdm ca cac hop chat ndi sinh nhu S-nitrosoglutathione
(GSNO) va ngoai sinh nhu B-gal-NONOate. Qua trinh nay gidi phong NO -
mot goc nito tu do c6 kha ning phan ung manh véi cac loai ROS nhu
superoxide (O,*") va H,0, dé tao thanh ONOO™ mdt chat oxy hoéa cyc manh c6
thé pha huy cdu tric phan tir quan trong trong té bao ung thu [34,35]. Tac dong
sinh hoc ctia NO phu thudc manh vao nong do. O nong do thap (100-500 nM),
NO thiic day sy ting sinh va phat trién caa té bao; trong khi & nong do cao (>
1 uM), NO gy cam tng apoptosis t& bao théng qua cac co ché nhu hoat hoa
p53, giai phong cytochrome ¢ va hinh thanh peroxynitrite trong diéu kién stress
oxy hod [36]. Tuy nhién, liéu phap diéu trj bang NO vin ddi mit véi cac thach
thirc 16n nhu thoi gian ban hily ngan (< 5 gidy) va kha nang khuéch tan han ché
(20-160 pm) trong khoi u. Piéu nay da thiic day su phat trién cta cac chat cho
NO va cac hé din truyén dua trén cong nghé nano nham dat duoc su giai phong
NO c6 kiém soat va tai vi tri chinh xé4c.

S-nitrosoglutathione dugc biét dén 1a mot chat cho NO ndi sinh duogc hinh
thanh trong qu4 trinh chuyén hoéa NO trong co thé va nong do trong huyét tuong
ngudi dao dong khoang 0,015-10 pM. GSNO c¢6 thé giai phong NO khi chiu
cac tac dong nhu nhiét, 4nh sang, thiol, chat oxy hoa khir hodc enzyme. Khi co
mit GSH va ZnO NPs, GSNO cho thiy sy gia ting trong téc do phan huy va
giai phong NO [33,37]. Ngoai ra, ham luong 16n NO san sinh c¢6 thé phan tmg
v6i glutathione dé tai tao GSNO [38,39]. Glutathione (GSH) 14 phan tir chéng
oxy hoa duoc tim thay chi yéu trong bao twong véi nong do dao dong tir 1-10
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mM, cao hon khoang 1000 14n so v6i ndng 6 GSH ngoai bao (2-10 uM). Phan
16n céc té bao c6 nong do GSH khoang 1-2 mM. Tuy nhién, trong té bao gan
(noi san xuat GSH) va té bao ung thu, GSH c6 thé dat ndng d6 1én dén 10 mM
hodc tham chi cao gép 10 1an ddi véi cac khdi u khang thude [40—43]. Muc do
GSH ting cao trong té bao ung thu gop phan vao kha niang khang hoa trj bang
cach hoat dong nhu mot chat chdng oxy hoa manh, déng thoi cho phép loai bo
doc t6 tir thudc thong qua hoat dong cua cac enzyme nhu glutathione S-
transferase [44,45]. R4t nhiéu nghién ctru da chi ra rang su suy giam GSH noi
bao khién té bao ung thu tré nén d& bi ton thuong trudce stress oxy hoa va nhay
cam voéi cac tac nhan diéu tri [46-48]. Vi thé, chién luoc dua trén phan tng
gitta NO va GSH hua hen tré thanh mot huéng tiép can day tiém ning, giup
tiéu thu GSH, 1am suy yéu hé théng phong vé chdng oxy hoa cua té bao ung
thu va tang hiéu qua gy doc ciia hé théng RONS.
ZnO NPs

2GSNO
NO + GSH

2NO + 2GSSG
GSNO

1.3. Tong quan vé axit tannic

CAu tric catechol dugc biét dén 1a mot loai phan tr bam dinh Gng dung
trong phil bé mit vat liéu dang nhan dugc nhiéu sy quan tim trén toan thé gidi
[49,50]. Cau trac catechol trong ty nhién phan 16n cac hop chat phenolic co
ngudn gde tir thye vat. Vi du mot dan xuét ciia pyrogallol c¢6 ngudn gdc tir thuc
vat 13 axit tannic (TA) ciing dugc st dung dé phu 1én bé mat cua vat lidu. Cau
triic phan ttr cua TA twong tu nhu mot dendrimer véi hai thé hé (GO, G1) (Hinh
1.5A). Nam phan tir axit gallic (GO) lién két vi mot phan tir glucose nam ¢
trung tAm, va cac phan tir axit gallic khac (G1) dugc gan nbi tiép vao timg phan
tr axit gallic (GO) thong qua lién két ester. Do sy hinh thanh lién két ester nay,
cac nhom gallol bén trong thé hién tinh ning twong ty catechol, trong khi nim
nhom bén ngoai gilt nguyén dac tinh gallol [51]. Thong qua qua trinh oxy hoa
trong mdi truong kiém, cac gallol bén trong c6 thé chuyén hoa thanh quinone
va bam l1én bé mat vat liéu giong polydopamine [52]. Ngoai ra, TA chira nhom
gallol c6 kha ning tao phirc véi ion Zn>* trong moi trudong kiém va tham gia
phan tmg oxy hoa khir diéu ché hat nano ZnO. Trong phan tng nay, TA vira
déng vai tro 1a chat khtr, vira 1a tac nhan 6n dinh cac hat nano kim loai nham
tranh hién tuong két tu [53—55] (Hinh 1.5B).
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OH
Galloyl moiety of TA Zn(OH),-TA Complex
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ZnO NPs capped by TA

Hinh 1.5. Ciu tric axit tannic (A) va co ché khir ion Zn?* ctia axit tannic
tao thanh hat nano ZnO (B)

Trong diéu tri ung thu, TA dugc phat hién c6 hoat tinh gdy doc té bao chéng
lai mot s6 khoi u 4c tinh nhu ung thu gan, phdi, va, budng trimg va dai truc
trang [56]. TA thé hién kha ning ting cuong hiéu qua diéu tri ung thu thong
qua viéc trc ché cac con dudng tin hiéu lién quan dén ting sinh té bao (Hinh
1.6A) va tang biéu hién cac gen lién quan dén ngig chu ky té bao va giét chét
té bao ung thu (Hinh 1.6B). Cu thé, TA diéu hoa hoat dong cua nhiéu con
duong tin hi¢u quan trong nhu VEGF/VEGFR, RAS/RAF/mTOR, JAK/STAT,
TGF-B1/TGF-B1R va CXCL12/CXCR4. Su diéu hoa nay gép phan ngan chin
qua trinh tang sinh té bao bang cach tc ché pha G1 cua chu ky té bao, trc ché
tin hiéu hinh thanh mach mau trong khéi u, va ting cuong phosphoryl hoa p53,
tir d6 hoat hoa qua trinh apoptosis va tiéu diét té bao ung thu. Hoat tinh
chéng ung thu cuia TA, khi dugc két hop véi cac tac nhan tri liéu khac nhu hat
nano oxit kim loai, da dugc chimg minh mang lai hiéu img hiép dong dang ke,
dic biét trong cac trudng hop khédi u khang thube [57,58]. Bén canh d6, nhd

kha nang bam dinh tdt 1én bé mat vat liéu, TA dugc danh gid 1a mdt g vién
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tiém nang trong viéc tao 16p phu chirc ning trén bé mat hat nano, goép phan
nang cao hiéu qua trong cac chién lugc diéu tri ung thu két hop.
() TANNIC ACID

<) (2) e
VEGF vf ’ h
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Hinh 1.6. Co ché khang ung thu cia axit tannic [59]

1.4. Tong quan vé glucose oxidase

Khac véi té bao binh thudng, té bao ung thu ¢6 nhu ciu st dung glucose
va oxy cao hon dang ké nham dép tng ning luong cho qua trinh ting sinh va
di can. Qua trinh chuyén hoa glucose cua khéi u tuan theo “hiéu tmg Warburg”
bang cach sir dung con duong duong phan ki khi ngay ca khi ¢ mit oxy dé tao
ra nang luong. Nang lugng tao ra theo con dudng niy cé toc do nhanh hon so
v6i dudng phan théng thudng. Do d6, liéu phap bo doi té bao ung thu da ndi
1én nhu mét chién luge hiéu qua bang cach cit ngudn cung glucose thiét yéu
cho sy sdng va phat trién cua té bao. Thay vi truc tiép tiéu diét té bao ung thu,
phuong phap nay nhiam vao cac con duong chuyén hoa quan trong nhu duong,
acid amin, lipid - nhitng yéu t6 ma té bao ung thu dic biét phu thudc [60]
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Glucose oxidase (GOx) 1a mot enzyme oxy hoa-khir ty nhién c6 ngudn gdc
tir Aspergillus niger duoc st dung pho bién nhu mot tac nhan diéu tri trong liéu
phap bo d6i. Bang cach gan GOx 1én bé mit hat nano va van chuyén dén té bao
ung thu, no s€ tiéu thu glucose ndi bao mot cach nhanh chong thong qua phan
g oxy hoa glucose trong diéu kién oxy tao ra D-gluconic acid va H,0,
[61,62]. Phan tmg nay gy thiéu hut ning luong cho té bao ung thu déng thoi
tang nong d6 H,O, ndi sinh va gy chét té bao qua co ché stress oxy hoa (Hinh
1.7). GOX hoat dong trong khoang pH kha rong tir 4-7, véi gia tri pH toi wu 1a
5.5[63,64]. Do d6, mdi truong pH axit dac trung cua khdi u tao diéu kién thuan
loi cho hoat tinh xuc tac cia GOX. Tuy nhién, phan Gng chuyén hoa glucose
bdi GOx sé& lam tiéu hao oxy va ting tinh trang thiéu oxy trong té bao, dic biét
1a & cac khdi u ran vén da thiéu oxy tir trude [65]. Cac té bao trong diéu kién
thiéu oxy va dudng chat sé& kich hoat co ché ty thuc bao nham bao vé té bao
khoi tinh trang thiéu nang luong. Qua thdi gian, cac té bao nay trd nén thich
nghi véi su thay doi ctia moi truong va khang lai cac liéu phap diéu tri. Giai
phap téi wu trong trudng hop nay 13 két hop liéu phap bo déi véi liéu phap khac
nhu hé théng phan phbi nano gitp nang cao tinh hudéng dich ciing nhu kich hoat
enzyme tai vi tri dic hiéu [66]. Nhiéu nghién ctru trude diy da thuc hién bién
tinh GOx 1én cac hé nano nhu nano oxit sat tir, silica xp hay nano polymer dé
phéi hop 2 liéu phap diéu tri bo d6i va RONS [67—69]. Tuy nhién, viéc tich hop
GOx v6i ZnO NPs c6 kha nang tao RONS ndi sinh trong ciing mot hé thong

van chua duoc khai thac triét dé.
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Hinh 1.7. Liéu phap bo doi té bao trong diéu tri ung thu dya trén GOx [66]

1.5. Tinh hinh nghién ctru
1.5.1. Tinh hinh nghién ctru trong nwéec

Tai Viét Nam, nhiéu nghién ctru da dugc phét trién cho cac hé phan phdi
thudc diéu tri ung thu, bao g@)m hat kich thudc nano, dendrimer, micelle,
liposome,... nhu nghién ctru tir cdc nhém cua PGS.TS. Ha Phuong Thu, PGS.
TS. Tran Ngoc Quyén, PGS. TS. Nguyén Pai Hai va GS. TS. Nguyén Ctru
Khoa. Nhém nghién ctru PGS.TS. Nguyén Pai Hai va PGS. TS. Tran Ngoc
Quyén thudc Vién Cong ngh¢ tién tién da phat trién hé hat nano tir tinh Fe;0y4
dugc bién tinh bé mat bang chitosan gin vdi mPEG (Fe;04@CTS-mPEG) dé
mang thudc paclitaxel (PTX) (Hinh 1.8). Két qua cho thay thudc PTX khong
tan trong nudc da dugce nang hoa thanh cong vao hé nano Fe;04@CTS-mPEG
va giai phong trong vong 96 gio. Tuong tu nhu nghién ctru cua PGS.TS. Ha
Phuong Thu, hé Fe;04@CTS-mPEG ciing thé hién tiém nang img dung trong
liéu phéap nhiét tri ung thu & nhiét d6 42-45 °C. Nhitng két qua nay chtirng minh
hé nano Fe;04@CTS-mPEG 1a mét hé dan truyén tir tinh on dinh, c6 kha nang

diéu tri kép thong qua nhiét tri va hod tri, hira hen ing dung trong diéu tri ung
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thu [70]. Nhom tac gia ndy sau d6 ciing phat trién thém cac hé dan thude khac
dua trén vat li€u silica xép hodc dendrimer bién tinh bé mit véi PEG, khong
nhitng gitip cai thién kha ning hoa tan thudc ma con ting kha ning twong thich

sinh hoc cua hé thdng dan tryén thudc so véi thude ung thu tu do [71-74].

FeCl,.6H,0 + FeCl,.4H,0 N1©O" | Fe,0, |
4

Hinh 1.8. Hé nano Fe;0,@CTS-mPEG tng dung mang thudc paclitaxel [70]
Gan day, nhom nghién ctru ctia Lé Thi Phuong va cong su (2025) [75] da
sir dung phuong phap khir ion Ag* thanh hat nano bac béi dopamine lién hop
polymer axit hyaluronic, dong thdi mang Doxorubicin dé ting hiéu qua diéu tri
ung thu hiép dong (Hinh 1.9). Hé nano nay c6 kha nang hudng dich chu dong
nhd tuong tac dic hiéu gitta vo HA va thu thé CD44 biéu hién qua muc trén bé
mit té bao, dong thoi giai phong thude tai chd trong moi trudng pH thap cua
khéi u. AgNPs@HA/DOX di cho thay hiéu qua chong khdi u vugt troi trong
cac thi nghiém in vitro, in vivo va d6 tuong thich sinh hoc cao dbi véi té bao

binh thuong.
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Hinh 1.9. H¢ nano bac bién tinh bé mit vdi HA mang thuéc doxorubicin [75]
Tom lai, phan 16n cac nghién ctru trong nude hién nay vé nano kim loai
chu yéu la cac hé nano mang thude hoa tri duoc bién tinh bé mat véi cac phan
tr khac nhau dé ting kha nang diéu tri va hudng dich té bao ung thu. Pén thoi
diém hién tai, tai Viét Nam, chua ghi nhan dugc nghién ctru cling nhu bai bao
lién quan dén kha ning tiéu diét té bao ung thu két hop dya trén phuong phap
gbc tu do san sinh bdi nano oxit kém va liéu phap boé d6i boi GOx. Tuy nhién,
tinh dén hién tai chua ghi nhan bat ky nghién ctru cling nhu bai bao lién quan
dén viéc phat trién cac hé nano oxit kim loai nhu ZnO NPs tao ra cac géc tu do
RONS két hop voi liéu phap bo déi dua trén GOx. Do d6, day 1a sé hudng
nghién ctru maéi ¢ Viét Nam.
1.5.2. Tinh hinh nghién ctru ngoai nwée

Nhiéu cong trinh nghién ciru trén thé gidi da tap trung vao viéc két hop
cac tac dung hiép dong cua lidu phap bo d6i va RONS dé phat trién cac hé vt
liéu nano tién tién cho hiéu qua cao trong diéu tri ung thu.

Nam 2019, Zhang va cac cong su tai Pai hoc Shandong (Trung Qudc)
cling str dung két hop 3 liéu phap bo do6i, nhiét va khi dé ting cuong hiéu qua
diéu tri ung thu [76]. Trong hé thong nay, polydopamine (PDA) dugc gin 1én
cac hat nano oxit sat tir, déng vai tro 13 vat liéu truyén quang nhiét chuyén doi
btic xa hong ngoai gan (NIR) thanh nhiét (Hinh 1.10). Sau d6, GOx dugc lién
két cong hoa tri voi bé mat hat nano c6 thé tiéu thu mot cach canh tranh glucose
tao ra HyO, va co thé duoc chuyén ddi boi cac nano oxit sit thanh géc tu do

«OH d6c hai hon, gy ra qua trinh chét rung cua té bao ung thu. Bang cach nay,
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ho da tao ra mot hé théng diéu tri kép quang nhiét va ROS dé ting hiéu qua

di€u tri chinh xac doi véi bénh ung thu:
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Hinh 1.10. Co ché tiéu diét té bao ung thu cua hé nano oxit st tr bién
tinh vo1 GOx va polydopamine [76]

Niam 2020, Cao va cac cong su [35] da thiét ké hé nano PCL-b-PArg mang
chat cho *NO ¢6 kha ning ty lap rap (Hinh 1.11). Vit liéu nay duoc bao boc
16p polymer PEG-b-PDMA ua nudc mang dién tich &m va nhay pH. Trong hé
thng nay, L-Arg, mot chat sinh *NO phén tir nho, da duoc polymer hoa dé tao
thanh poly(L-arginine) (PArg) dé cai thién d6 6n dinh cia qua trinh bao quan
va kiém soat su gidi phong *NO. B-lapa, mot loai thudc co tinh chon loc cao ddi
véi céac té bao khoi u c6 thé duge xuc tac béi nicotinamide adenine dinucleotide
(NAD(P)H), dugc nap vao cac hat nano dé tao ra mot luong 16n H,O,. Sau do,
H,0O, duoc tao ra tiép tuc dugc xtuc tac béi ferrocene (Fc) dé tao thanh OH
thong qua phan tmg Fenton. Tom lai, chién lugc ndy dua trén chu trinh Haber-
Weiss, du kién s& tao ra H,O, cuc b tir B-lapa cho qua trinh oxy héa xuc tc
Fc tiép theo ctia cac nhém guanidine dé tao ra ONOO™, chit ¢ hoat tinh chéng
khéi u manh hon so voi ROS thong thuong. Phuong phéap nay cho két qua diéu
tri hiép dong voi khi ONOO™ va *NO.
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Hinh 1.11. Co ché tiéu diét té bao ung thu ctia hé nano PCL-b-PArg
mang chat cho *NO [35]

Nghién ctru khac gan ddy cua Zichuang Xu va cong su (2024) [77] da
ching minh hiéu qua xuc tac ciia hat nano ZnO trong céu triic khung co kim
Cu-MOF trong phan tng phan huy GSNO trong té bao ung thu tao ra sNO
(Hinh 1.12). Trong nghién ctru nay, xtc tac nano cau trac 18i/vo da dugc tao ra
bang cach phii nano ZnO 1én vat liéu khung co kim Cu-MOF c6 hinh dang khéi
bat dién va nguy trang bé mit bang mang té bao khdi u. Sy hién dién cia ZnO
dong vai tro xuc tic qua trinh tao ra sNO bén viing va lién tuc tir nguén GSNO
noi sinh trong khdi u ma khong can bo sung *NO ngoai sinh. Dong thoi cac ion
d6ng co thé xuc tac phan Gmg oxy hoa-khir gitta glutathione va H,O,, tao ra gbc
*OH va 1am can kiét glutathione — mot phan tir gdy khang thudc pho bién & té
bao ung thu. Ngoai ra, nhom tac gia da chimg minh viéc giai phong dong thoi
*NO va ROS dan dén sy hinh thanh cta peroxynitrit (ONOO").
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Hinh 1.12. Co ché tiéu diét té bao ung thu ctiia hé hat nano ZnO trong cAu
truc khung co kim Cu-MOF [77]

Nhitng nghién ctru trén da cung cb tinh kha thi ctia viéc tong hop vat liu
nano oxit kém bién tinh bé mit v4i axit tannic va glucose oxidase cing tiém
ning ung dung cta vat liéu trong diéu tri ung thu thong qua liéu phéap két hop
giita gdc ty do RONS va bo doi té bao.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU

Poi twong nghién cuu: Vat 1iéu nano ZnO bién tinh bé mit véi axit tannic
va glucose oxidase

Pham vi nghién ciru: D& tai dugc thyc hién trong pham vi phong thi
nghiém. Vat liéu dugc téng hop bang phuong phap két taa trong méi truong
kiém, két hop v6i qua trinh phan hily nhiét dé tao thanh ZnO. Tiép theo, axit
tannic duogc phu 1én hat nano dé tang do on dinh hé, déng thoi 1am cau nbi gitp
¢ dinh enzyme glucose oxidase trén bé mat hat. Dic tinh hoa-ly va hinh thai
cua hé nano duoc xac dinh béng cac k¥ thuat nhu UV-Vis, DLS, TEM, SEM,
FTIR, XRD. Khao sat kha ning gy doc té bao thong qua céc thi nghiém in
vitro va in vivo.
2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Hoa chat, dung cu va thiét bi

2.2.1.1. Hod chat

Kém nitrat ngdm nudc (Zn(NOs),-6H,0); axit tannic (TA); enzyme
glucose oxidase (ngudn gdc tir Aspergillus niger, type VII, > 100.000 don vi/g
chét ran); hydrogen peroxide (H,O-, ndng d6 30%); thudc thir Griess mua tir
hang Sigma-Aldrich (St. Louis, MO, Hoa Ky); khang sinh Penicillin—
streptomycin (P/S); moéi truong Dulbecco’s Modified Eagle Medium (DMEM)
va dung dich dém phosphate Dulbecco (DPBS) mua tr hang Gibco BRL
(Grand Island, NY, Hoa Ky). B6 kit danh gia kha ning séng té bao EZ-Cytox
(thudc thar WST-1) duoc mua tir hang ITSBIO (Seoul, Han Quéc). Bo kit
nhudm séng/chét dé danh gia kha ning song va doc tinh té bao duoc cung cap
boi Invitrogen (California, Hoa Ky). Cac hoa chat va dung méi khac dugc si
dung truc tiép ma khong qua tinh ché thém.

2.2.1.2. Dung cu va thiét bi

Céc dung cu st dung trong d¢é tai bao gdm: micropipette, dau tip, binh cau,
coc thuy tinh, 6ng dong, thia sat, gidy can, con tir, nhiét ké.

Céc thiét bi str dung trong dé tai bao gom:

- Can phan tich 5 s§, may khudy tir gia nhiét, may li tAm, ti sy, may dong
khé dugc cung cap bai Phong Cong nghé Hoat chat Ty nhién tai Vién Cong

nghé Tién tién.
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- May do quang phd UV-Vis; may quang phd hdng ngoai bién d6i Fourier;
may do quang phé vi dia; mdy phan tich kich thudc hat bang tan xa anh sang
dong duoc cung cip boi phong phén tich hoa 1y tai Vién Cong nghé Tién tién.

- Ngoai ra, mot sb thiét bi khac duogc st dung trong dé tai bao gém: kinh
hién vi dién tr quét SEM, kinh hién vi dién tir truyén qua TEM, may quang phd
nhidu xa tia X XRD, may quang pho hap thu nguyén tir AAS, kinh hién vi
huynh quang.

2.2.2. Tong hop ZnO-TA@GOx NPs

Hat nano oxit k&m duoc tong hop bang cach str dung dém Tris lam tac nhan
két tha va axit tannic lam chat on dinh bé mat. Cu thé, 6 g Zn(NOs),-6H,0 duogc
hoa tan trong 50 mL dém Tris 0.3 M (pH 8.5) va khudy & 70 °C trong 30 phut.
Sau khi hé dat dén nhiét d6 6n dinh, 50 mL dung dich TA véi cac nong do 2, 4
va 6 mg/mL duoc nho giot vao dung dich kém va tiép tuc phan Gmg trong 6 gio.
Sau d6, hon hop phan ung dugc lam nguodi vé nhiét do phong, ly tam ¢ 10.000
vong/phut trong 5 phit va rira 3 1an bang nudc cat nham loai bo hoan toan céc
tac nhan chua phan tmg. Cubi ciing, cac hat nano dugc sdy trong ti sy chan
khong ¢ 90 °C qua dém dé thu duoc ZnO-TA NPs dang bot mau vang nau.

Pé lién két GOx 1én bé mat ZnO-TA, 40 mg ZnO-TA duoc phan tan trong
20 mL dém Tris (pH 8.5). Sau d6, GOx duogc bo sung vao hé dé dat n6ng do
cudi 1an lugt 12 0,5; 1; va 2 mg/mL. Hon hop phan tung duoc khudy & nhiét do
phong trong 24 gid, sau d6 duoc ly tdm & 10.000 vong/phut trong 5 phut dé loai
bo dém Tris. Cac hat nano ZnO-TA@GOx thu dugc tiép tuc duoc rira ba 1an
bang DIW nhiam loai bé GOx ty do, sau d6 dong khé va bao quan & 4 °C cho
dén khi sir dung.

2.2.3. Panh gia dac tinh hoa ly cia hé nano

Phuong phap phd UV-Vis duoc sir dung dé xac dinh mirc do lién hop cia
TA trén bé mat ZnO NPs. Ham luong TA dugc tinh toan dya trén duong chuan
dugc xdy dung tir ddy néng do di biét (4-20 ppm) tai budc séng 275 nm. Su
lién hop enzyme GOx dugc danh gia bang bd dung cu Micro BCA protein kit
(Thermo Scientific Pierce, Rockford, IL, USA) theo hudéng dan cta nha san
xuat. Cu thé, 100 pL ZnO-TA@GOx NPs (1 mg/mL) duoc tron v6i 100 pL hdn
hop thudc thir trong dia 96 giéng. Hon hop thude thir dugc chudn bi theo ty 16
thé tich A:B:C = 25:24:1. Phan tng dugc u trong bong t6i & 37 °C trong 2 gio,
sau do do hép thu t6i da duoc do & 562 nm bﬁng may doc vi dia. Ngoai ra, ham
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luong GOx lién hop duoc tinh toan dya trén dudng chuan GOx, duoc xay dung
theo quy trinh twong tu trong khoang ndng do 2-40 ppm.

CAu tric hoéa hoc cia cac hat ZnO-TA va ZnO-TA-GOx duogc xac dinh
bang phd FTIR. Kich thudc va hinh thai cua cc hat nano duoc danh gia thong
qua cac k¥ thuat TEM, SEM, va DLS. CAu trac tinh thé cta vat liéu duge phan
tich béng phé) XRD. Cubi cung, dién tich bé mit ctia hé nano dugc xéac dinh
bang phuong phap tan xa anh sang dién di (ELS) sir dung thiét bi phan tich thé
zeta.

2.2.4. Panh gia kha nang tiéu thu glucose va sin sinh H>O; cia hé nano
trong diéu kién in vitro

Hoat tinh cia enzyme GOx duoc khao sat dua trén kha ndng xtc tac phan
ung oxy hoa glucose tao thanh axit gluconic va H,0O,. Sy giai phong H,O, tu
cac hat nano dugc dinh luong béng bo kit dinh luong peroxide (Thermo
Scientific Pierce, Rockford, IL, USA). Qua trinh dinh lugng H,O, dugc thuc
hién dua trén phan tng Fenton trong phép thir FOX c6 bo sung sorbitol dé tang
do nhay [78-80]. Trong phan ing Fenton, peroxide oxy hoa ion Fe*" thanh Fe**
trong moi truong axit sulfuric. Sau d6, Fe* lién két voi thude nhudm xylenol
orange, hinh thanh phtrc mau xanh tim c6 do hap thu cuc dai tai budc séng 595
nm.

Quy trinh duoc tién hanh nhu sau: Cac hat nano ZnO-TA@GOX & cac ndng
do khac nhau (250, 500 va 1000 ppm) dugce u voi 1 mL dung dich PBS, ¢6 hoac
khong bo sung glucose (4,5 mg/mL). Tai cac thoi diém xac dinh trude, 10 pL
dich ndi dugc thu nhan va trén voi 100 pL hdn hgp gom thude thir A va B trong
dia 96 giéng (ty 1é thé tich thudc thir A:B = 1:100). Sau d6, phan ung dugc 1 &
nhiét do phong trong 15 phut trudc khi do d6 hap thu tai budc séng 595 nm
bang may doc vi dia. Luong H,0, giai phong dugce tinh toan dya trén dudng
chuén duoc thiét 1ap tir ddy ndng d6 H,0, da biét (0-50 uM). Bén canh d6, kha
ning gidi phong H,O, ctia cac ZnO-TA NPs ciing dugc danh gia nhu mot miu
d6i ching. Dung dich glucose (4,5 mg/mL) duoc bo sung lai vao phan tng sau
mdi 24 gio. Anh hudng cia nong do GOx cb dinh trén bé mat dén kha nang
giai phong H,0, ciing dugc danh gia theo phuong phép tuong ty, trong d6 ndng
do ZnO-TA@GOx duoc ¢6 dinh & murc 1000 ppm.

Kha ning tiéu thu glucose ciia ZnO-TA@GOx NPs duoc danh gia gian tiép

thong qua su hinh thanh axit gluconic, phan 4nh qua su thay d6i pH cta moi
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truong phan tng. Cu thé, ZnO-TA@GOx & néng d6 200 pg/mL dugc 1 trong
dung dich PBS chira cac ndng do glucose khac nhau (4,5 va 10 mg/mL). Hon
hop phan tng dugc duy tri dudi diéu kién khudy nhe ¢ 37 °C. Tai cac thoi diém
xéc dinh trude, gia tri pH cia dung dich phan tng dugc do bang méay do pH.
Céac hat nano ZnO-TA duoc sir dung 1am mau ddi ching.

2.2.5. Panh gia kha nang xuc tac tao NO cua ZnO-TA@GOx NPs trong in
vitro

Kha nang xuc tac phan hiuy GSNO hinh thanh NO cua ZnO NPs dugc danh
gia bang thudc thu Saville-Griess (Sigma) dya trén nhitng nghién ctu trude
day [81,82]. Khi hoa tan thudc thir Griess trong nudc voi nong do 40 mg/mL,
dung dich s€ chira phosphoric acid, 0,288% (w/v) sulfanilamide va 0,016%
(w/v) naphthylethylene diaminedihydrochloride. Trong phan trng phan huy
GSNO, NO duoc chuyén hoa thanh nitrite trong diéu kién c6 oxy. Nitrite s€
phan ng véi sulfanilamide trong dung dich Griess tao mudi diazoni, sau d6
ghép cdp voi1 N-(1-naphthyl)ethylenediamine tao thanh phtrc azo ¢c6 mau tim.
Ham luong NO giai phong duoc xac dinh bang cach do d6 hap thu phirc hop
tai budc song 540 nm.

Quy trinh duoc tién hanh nhu sau: Cac hat nano ZnO-TA@GOx duoc phan
tan trong dung dich PBS & cac nong d6 tir 250 dén 1000 ppm, trong diéu kién
¢6 hodc khong bo sung chat cho NO (GSNO 10 pM va GSH 10 uM). Hdn hop
phan tmg dugc 0 & 37 °C trong diéu kién t6i va khudy nhe. Tai cac thoi diém
xac dinh trude, 75 L moi1 truong phan ing dugce thu nhan va tron véi1 75 pul
dung dich Griess (40 g/L). Sau 15 phut G ¢ nhiét d6 phong, d6 hip thu ctia dung
dich sau phan tng duoc do tai budc séng 540 nm bang may doc vi dia. Nong
do NO duoc tao thanh tir h¢ ZnO-TA@GOx dugc tinh toan dua trén dudng
chuan NaNO, dugc chuan bi theo quy trinh tuong ty véi diy nong do 0-40 M.
Pé danh gia kha nang xtic tic phan hiy GSNO cua GSH, thi nghiém d6i chimg
khong chira hat nano da dugc tién hanh tuong tu vo1 dung dich PBS chi chia
GSNO 100 uM va dung dich PBS chirta GSNO (100 uM) va GSH (10 mM)
nham khao sat kha ning xuc tac phan hity GSNO cua GSH. Luu y rang ngudn
NO ndi sinh GSNO va GSH dugc bd sung lai mbi 4 gid ké tir thoi diém bat dau
phan ng.
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2.2.6. Panh gia djc tinh té bao ciia hé nano trong in vitro

Poc tinh té bao cta cic hat nano ZnO-TA@GOx dugc danh gid trén ca té
bao nguyén bao soi da ngudi (hDFBs) va té bao ung thu va (MCF-7) & céc
ndéng d6 hat nano khac nhau (100-500 ppm), dia trén thir nghiém WST-1 va
phuong phap nhudém séng/chét acridine orange/ethidium bromide (AO/EB).

Nguyén tic thir nghiém WST-1 dua trén phan tmg khir mudi tetrazolium
WST-1 thanh formazan (mau cam) béi enzyme dehydrogenase trong ty thé cua
té bao séng. Kha ning séng cua té bao duge do bang phuong phap quang phd
tai bude song 450 nm [83,84]. Cu thé, t& bao hDFBs va MCF-7 duoc nudi céy
trong dia 96 giéng voi mat do 10 té bao/giéng trong 200 puL mdi trudng DMEM
b6 sung 10% FBS va 1% P/S duéi diéu kién nuéi cay tiéu chuan (37 °C, 5%
CO,). Sau 24 gid u, mdi trudng nudi cay duge loai bo va cac té bao tiép tuc
duoc u trong moi trudng nudi ciy chira ZnO-TA hodc ZnO-TA@GOx trong 24
gid tiép theo. Moi truong nudi cay dugce bd sung glucose (4,5 mg/mL) va cac
chat cho NO (GSNO 10 uM va GSH 10 pM). Cac té bao duoc xtr Iy bang moi
truong nudi cay thong thuong duoc st dung 1am miu ddi chimg. Kha ning
séng cta té bao duoc xac dinh béng bo kit WST-1 theo hudng dan cta nha san
xuat. Sau khi xir 1y, cac té bao dugc G véi moi trudng chira 10% (v/v) thube thi
WST-1 trong ti 4m trong 30 phit, sau d6 d6 hap thu quang cta dung dich phan
ung duoc do tai budc song 450 nm. Ddc tinh té bao ctia cac mau dugc biéu thi
thong qua ty 1¢ phan trim kha ning song cia té bao, duoc tinh theo cong thirc

sau:

r r A x. —A, ¢
% Song sot té bao = ————""9_ x 100

doéi chirng _Atréng

Trong do, Amiu V@ Adéi ching lan luot 1a d6 hép thu quang hoc cta cac té bao
dugc xtr Iy véi moi truong c6 hode khong co vat liéu. Amay wing dai dién cho do
hép thu quang hoc ctia mdi truong DMEM nguyén cht.

Hinh thai va kha ning sdng sot cia té bao ciing dugce danh gia bang bo kit
séng/chét, st dung thudc nhudm té bao calcein-AM va ethidium homodimer-
1. Nhudém séng/chét 1a phuong phap két hop cac thudc nhuém huynh quang,
trong d6 mot thudc nhudém danh diu té bao séng (thuong 1a mau xanh 14) va
thudc nhudém khac danh du té bao chét (thudng 1a mau do). Calcein-AM la
thudc nhudém polyanion c6 kha ning thim qua mang, dugc cac esterase trong

té bao song cit thanh calcein phat huynh quang xanh 14 trong bao tuong. Trong
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khi d6, EthD-1 khong thé thAm qua mang, chi di vao cac té bao c6 mang bi ton
thuong va gan véi acid nucleic, tao ra huynh quang do trong té bao chét. Viéc
xac dinh kha nang séng cua té bao dua trén cac dic tinh sinh héa (hoat tinh
esterase ndi bao) va vat 1y (tinh toan ven mang té bao) [85]. Sau khi nhudm,
kha ning song té bao thé hién qua mau huynh quang dugc quan sat bang kinh
hién vi huynh quang. Quy trinh dugc tién hanh bang cach u cac té bao sau khi
xtr 1y voi cac mau véi 100 uL dung dich PBS chira 2 pM calcein-AM (dan xuat
acetomethoxy cua calcein) va 4 uM ethidium homodimer-1 trong 15 phut. Sau
d6, té bao dugc quan sat bang kinh hién vi huynh quang (Nikon, Nhat Ban).
2.2.7. Panh gia tinh twong thich mau ciia hé nano trong diéu kién in vitro

Tinh tuong thich méu cua céc hat nano cting dugc danh gia thong qua phep
thir tan huyét. Khi cac hat nano twong tic véi mau, ching ¢ thé gay pha v té
bao hong cau (tan huyét), din dén su giai phong hemoglobin. Ham lugng
hemoglobin tu do c6 thé dugce xac dinh bang cach do d hap thu cuc dai tai
budc song 540 nm [86].

Quy trinh duoc tién hanh nhu sau: Mau méu toan phan ctia chudt duoc thu
vao cac dng c6 phu heparin, sau d6 ly tim ¢ 1000 vong/phut trong 10 phut dé
thu hong cau. Mau hong cau sau d6 dugc pha loang 50 lan bang dung dich dém
PBS (pH 7.4). Sau d6, 200 uL huyén phu hat nano & cac nong dé 100-400 ppm
duoc tron véi 800 pL huyén phu hong cau trong dng eppendorf 1,5 mL va u ¢
37 °C trong 1 gio. Sau do, cic mau phan tmg duoc ly tim ¢ 2500 vong/phut
trong 5 phut, va do hip thu quang (A) cua dich ndi duge do tai bude song 540
nm. Triton X-100 (0,1%) va PBS lan luot dugc sir dung lam ddi chimg duong
va d6i chimg am. Ty 1¢ tan huyét duoc tinh theo cong thirc sau:

Amzu— Achl’rng am

Phan tram tan huyét (%) =

chirng duong— Achtng am

Trong 40, Amiu, Adéi ching deong V& Adéi chimg am lan luot 13 do hép thu quang
hoc ctia mau héng cu duoc xur 1y véi NPs, dung dich Trixton va dém PBS.
2.2.8. Panh gia kha ning giai phéng va tich luy ion kém trong té bao

Thir nghiém giai phong ion Zn?" duogc tién hanh dé chimg minh kha ning
hoa tan uu tién ciia ZnO trong méi truong ung thu. Pau tién, ZnO-TA va ZnO-
TA@GOx dugc hoa tan trong nude cat voi nong do 1000 ppm. Sau d6, 1 mL
mdi miu duoc cho vao tai tham tich (MWCO ~3,5 kDa) va ngdm trong 20 mL
dung dich dém PBS pH 5.5 va pH 7.4. Phan tng dugc khudy véi toc do 100
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rpm & 37 °C. Tai cac thoi diém xac dinh, 1 mL dung dich dém dugc léy ra va
thay thé bang 1 mL dung dich dém m¢i. Ham luong ion Zn>" giai phong trong
dung dich dém duoc xac dinh bang may do quang phd hap thy nguyén tir AAS
(Agilent Technologies, Malaysia).

Mirc d9 tich lily kém trong té bao binh thudng va té bao ung thu duoc danh
gia bang bo kit dinh luong k&m (Abcam). Bo kit ndy 1a mot phép thir so mau,
trong d6 kém lién két vdi mot phdi tir va tao thanh phirc c6 thé phat hién bang
do do hép thu tai budc song 560 nm. Cu thé, té bao ung thu MCF-7 va té bao
binh thuong hDFB dugc 0 véi cac néng do khac nhau cua hat nano ZnO-
TA@GOx (100-400 ppm). Sau 8 gid nudi cay trong ti 4m (37 °C, 5% CO,),
moi trudng nudi cay duoc loai bo va cac té bao duoc rira ba 1an bang PBS. Sau
d6, té bao duoc thu gom va xir Iy bang dung dich ly giai khéng chira EDTA.
Tiép theo, 50 pL miu duoc chuyén vao dia 96 giéng va bo sung 200 pL hdn
hop phan tng dinh lugng kém theo hudng dan cta nha san xuat. Hon hop duoc
1l & nhiét d6 phong trong 10 phut, sau d6 d6 hap thu cta dung dich phan tng
dugc do tai budce song 560 nm bang may doc vi dia. Nong d6 kém trong mdi
mau dugc tinh toan dua trén duong chuan duoc thiét lap tir day dung dich chuan
kém c6 nong d6 trong khoang 0-5 nmol.

2.2.9. Khio sat sy tao thanh ROS ngi bao

Anh huong cua cac hat nano 1én sy tao thanh ROS ndi bao & té bao binh
thuong (hDFBs) va té bao ung thu (MCF-7) dugc danh gia bang dau do 2',7'-
dichlorodihydrofluorescein diacetate (DCFH-DA). Nguyén 1y cua phuong
phap dua trén vigc DCFH-DA bi oxy hda thanh 2°,7’-dichlorofluorescein
(DCF) 1a mot chat phat huynh quang va da duoc tmg dung rong rai trong phat
hién cac gbc oxy tu do. Vé co ché, DCFH-DA duoc té bao hap thu, sau d6 cac
enzyme esterase ndi bao sé cit bé cac nhom acetyl dé tao thanh 2'.7'-
dichlorodihydrofluorescein (DCFH). Duéi tac dong cua ROS, DCFH bi oxy
hoéa thanh DCF, phat huynh quang mau xanh luc véi bude song kich thich
khoang 485 nm va phat xa khoang 530 nm [87,88].

Quy trinh dugc tién hanh nhu sau: Té bao hDFBs va MCF-7 (3 x 10* té
bao/mL) dugc gieo vao dia 24 giéng va nudi cdy trong ti 4m (37 °C, 5% CO,)
trong 24 gid. Sau d6, moi trudng nudi cdy duoc loai bo va cac té bao duge xir
Iy v6i cac mau khac nhau, bao géom ZnO-TA, ZnO-TA@GOX va ZnO-
TA@GOx c6 bd sung glucose (4,5 mg/mL), & cing nong do twong duong 400
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ppm trong 6 gio. Cac té bao khong xir 1y voi mau duge sir dung lam nhoém d6i
chtng. Sau thoi gian ¢, méi truong nudi cay dugc loai bo va céc té bao duoc
rira ba lan bﬁng PBS dé loai bo luong mau du thira. Tiép theo, té bao dugc u
v6i dau do DCFH-DA (10 pM) & 37 °C trong 30 phit trong ti. Sau do, cac té
bao dugc rira nhe bang PBS nham loai bé phan dau do du. Cuong do huynh
quang, twong ng voi mie 46 ROS ndi bao, dugc quan sat bang kinh hién vi
huynh quang.
2.2.10. Panh gia kha ning e ché khéi u ciia hé nano trén mé hinh chudt
in vivo

TAt ca cac thi nghié¢m trén dong vat dugc thuc hién theo quy trinh da duoc
phé duyét boi Hoi ddng Pao dirc trong Chim soc va Sir dung Pong vat cua
Truong Pai hoc Tra Vinh (118/GCN.DC-HDDD). Pau tién, chudt duc
C57BL/6 (6-8 tuan tudi) dugce giy suy giam mién dich bang cach tiém phiic
mac cyclophosphamide véi liéu 50 mg/kg thé trong. Sau d6, md hinh ung thu
duoc thiét 1ap bang cach ciy té bao ung thu MCF-7 (10° té bao/mL) thong qua
duong tiém dudi da. Khi thé tich khéi u dat khoang 200 mm?, cac chudt mang
khéi u MCF-7 duogc chia ngiu nhién thanh ba nhém (n = 6 mdi nhém): (1)
nhom d6i chimg khong diéu tri, (2) nhém diéu tri bang hat nano ZnO-TA va
(3) nhom diéu tri bang hat nano ZnO-TA@GOx. Tiép theo, chudt duoc tiém
truc tiép vao khoéi u ZnO-TA hoidc ZnO-TA@GOx véi liéu 5 mg/kg, hai lan
mdi tudn trong vong 3 tuan. Tai cac thoi diém xac dinh trude, khoi luong co
thé ctia chuodt dugc theo ddi va kich thude khéi u duge do bé‘mg thudce kep. Thé
tich khoéi u (mm?®) duoc tinh theo cong thire sau:

Thé tich khbi u (mm?) =

Chidu dai x (Chiéu rong)?
2

x 100

Két thiic ngay tha 16, tat ca chudt duoc hi sinh va mé lay khoi u dé phan
tich mo bénh hoc. Céac chi sé huyét hoc twong tmg véi timg nhom diéu tri ciing
dugc ghi nhan vao ngay thtr 16. Pong thoi, hinh anh nhuém H&E ving khdi u
& mdi nhém ciing duoc chup lai vao ngay thir 16.

2.2.11. Phén tich thong ké

MGdi thi nghiém trong nghién ctru ndy duoc thyc hién lap lai ba 1an. Dit liéu
duoc biéu dién dudi dang gia tri trung binh £+ d6 Iéch chuan (SD), va cac biéu
d6 duoc xdy dung bang phan mém Origin 2018 (OriginLab Corporation, Hoa
Ky). Phan tich thong ké duoc thyc hién bang phép kiém dinh t cua Student
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(khong ghép cdp, hai phia) hodc phén tich phuong sai ANOVA mot hoac hai
yéu t6, sau d6 str dung phép kiém dinh hau nghiém Tukey. Gia tri p < 0,05 duoc
xem 1a ¢ y nghia thong ké va duoc biéu dién dudi dang ki hiéu * (p < 0,05);
** (p<0,01) va *** (p <0,001).
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Két qua tong hop va danh gia dic tinh hoa 1y ciia hé nano
Quy trinh tong hop va bién tinh hat nano ZnO bang TA va GOx dugc
minh hoa trong Hinh 3.1. Trong phuong phap nay, TA dugc st dung nhu mét
16p phti so cdp, cho phép 6n dinh hat nano va ¢ dinh GOx 1én bé mit ZnO
thong qua nhiéu co ché lién két khac nhau.
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Hinh 3.1. So @5 minh hoa qua trinh tong hop hat nano ZnO-TA@GOx
nham tao ra hiéu qua hiép dong trong diéu tri ung thu. (A) Quy trinh tong hop

s Collagen

hat nano ZnO-TA@GOXx. Trudc tién, vat liéu dugc tong hop bang phuong phap
két tua trong moi truong kiém, két hop voi qua trinh phan huy nhiét dé tao
thanh ZnO. Sau d6, axit tannic dugc phu 1€n hat nano dé tang do 6n dinh hé,
dong thoi 1am cau ndi giup cb dinh enzyme glucose oxidase trén bé mat hat.
(B) Sau khi tich lily tai mo khoi u thong qua hiéu tng ting tinh tham va luu
gifr, cac hat nano ZnO-TA@GOx kich hoat qua trinh giai phong H,O, va NO
thong qua phan ung phan huy glucose dugc xtic tac bd1 GOx va qua trinh phan
huy chét cho ndi sinh S-nitrosoglutathione do ZnO xic tac. Hai co ché nay phdi

hop tao nén hiéu qua chéng ung thu hiép dong.
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3.1.1. Két qua do UV-Vis ciia ZnO-TA NPs

Pho hép thy UV-Vis ctia cac miu ZnO-TA duoc tong hop voi cac ndng do
axit tannic khac nhau dugc trinh bay trong Hinh 3.2. T4t ca cac mau dugc phan
tan trong nudc cat & ndong do 1 mg/mL va quét UV-Vis trong khoang budc song
200-500 nm. Két qua cho thdy cac mau déu xuat hién hai dinh hip thu dic trung
tai 213 nm va 275 nm, tuong tng vé6i cac chuyén doi dién tr i—* va n—r* cla
cac nhom galloyl trong cAu tric cia TA [89-91]. Bén canh do, su xudt hién cua
vai pho tai khoang 340 nm 13 bang chimg cho sy hinh thanh ctia hat nano ZnO
[20,92,93]. Trong cac diéu kién khao sat, mau ZnO-TA duoc téng hop véi néng
d6 TA trong dung dich phan ung 1a 2 mg/mL thé hién cuong d6 hap thu cao
nhat, tir d6 goi y mirc d6 lién hop ciia TA trén bé mat ZnO dat gia tri 16n nhat.

1.4
—TA
1.2 4 ZnO + TA 1 mg/mL
ZnO + TA 3 mg/mL
—~1.04 ZnO + TA 2 mg/mL

200 . 2%0 ' 360 . 3%0 . 460 ' 4;0 . 500
Budc song (nm)

Hinh 3.2. Ph6 UV-Vis ctia ZnO-TA NPs

3.1.2. Két qua dinh luwong TA va GOx trén bé mit vit liéu
Phan tich dinh luong cho thay khi ting ndng d6 TA trong dung dich phan
tmg tir 1 1én 2 mg/mL, mutc do lién hop trén bé mit ZnO ting twong Gng tir
10.3 pg/mg ZnO-TA 1én 15 pg/mg (Hinh 3.3). Tuy nhién, khi tiép tuc ting
ndng do6 tong hop TA 1én 3 mg/mL, mirc d6 lién hop lai giam dang ké xudng
con 11.4 ug/mg. Hién tugng nay cé thé duoc giai thich boi hiéu timg bio hoa
bé mit hodc can tro khong gian trong qua trinh gin két. O nong do cao, TA co

xu hudng xay ra hién tuong oligomer hoa trong dung dich, hinh thanh cac cdu
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tric ¢6 kich thude 16n va cong kénh, 1am giam kha ning twong tac hiéu qua véi
bé mat hat nano ZnO, dan dén ham lugng TA lién hop giam. Dua trén cac két
qua thu dugc, néng do TA 2 mg/mL duogc xac dinh la diéu kién tdi wu cho céc
nghién ctu tiép theo.
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Hinh 3.3. Anh hudng ctia ndng d6 TA dén murc d6 lién hop cta TA 1én
bé mit ZnO NPs

Luong GOx cd dinh trén bé mit ZnO-TA@GOx dugc xac dinh b'fmg
phuong phap BCA. Nhu thé hién trong Hinh 3.4, ham lugng GOx c¢b dinh ting
theo nong do GOx ban dau, cho thdy xu hudng phu thudc vao nong do. Pang
chu ¥, tai ndng do GOx téng hop ban dau 2 mg/mL (tuong tmg véi ty 18 khoi
luong ZnO-TA/GOx = 1:1), luong enzyme ¢ dinh dat gia tri cao nhat, dat
162.31 ug GOx trén mdi mg hat nano. Két qua nay nhan manh vai trd quan
trong cua 16p phu TA trong viéc thic day cac twong tac cong hoa tri voi cac
nhom amine cia GOx. Pong thoi, két qua ciing cho thdy hiéu suat cd dinh
enzyme cé thé duoc diéu chinh thong qua viéc thay ddi ndng do GOx ban déu,
tir 46 cung cip mot chién luoc don gian nham kiém soat mat d6 enzyme trén

bé mit hat nano.
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Hinh 3.4. Anh hudng ctia nong d6 GOx dén murc d6 lién hop cia GOx
1&n bé mit ZnO-TA NPs
3.1.3. Két qua do kich thwéc, chi sé da phan tan va thé zeta ciia hé nano
Puong kinh thuy dong hoc va thé zeta ciia hé nano dugc trinh bay trong
Bang 3.1. Két qua cho thdy ZnO-TA c6 duong kinh khoang 114,2 + 16,7 nm,
v6i chi s6 da phan tan twong ddi cao (PDI = 0,49 + 0,12), phan 4nh sy phan bd
kich thudc chua dong déu. Sau khi lién hop véi GOx, kich thudc hat trung binh
tang 1én 227.,4 + 5,02 nm, ddng thoi PDI giam dang ké xudng con 0,26 + 0,06.
Su gia tang kich thudc phan anh sy hinh thanh ctia 16p enzyme bao quanh hat
nano. Trong khi su suy giam ctia PDI chimg minh d6 dong déu vé kich thudc
dugc cai thién 1o rét, giup nang cao do 6n dinh ctia hé ZnO-TA@GOX.
Bang 3.1. Puong kinh thuy dong hoc, chi s6 da phan tan va thé zeta cia
hé nano ZnO-TA va ZnO-TA@GOx

MAu Puong kinh | Chi s6 da phan | Thé Zeta (mV)
(nm) tan PI
ZnO-TA 114,2 + 16,7 0,49 + 0,12 30+4,5

ZnO-TA@GOx 4:1 | 203,8+11,7 0,41 +0,09

ZnO-TA@GOx 2:1 215,6 £8,3 0,37+ 0,04

ZnO-TA@GOx 1:1 | 227,4+5,02 0,26 £ 0,06 -57,8+ 6,36
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Thé zeta cua cac hat nano ZnO-TA va ZnO-TA@GOx phan tan trong nudc
cat dugc xac dinh nham danh gia dién tich bé mat va d6 6n dinh cua hé. Nhu
thé hién trong Bang 3.1, cac hat ZnO-TA mang thé zeta am khoang -30 + 4,4
mV, c¢6 thé duge quy cho su hién dién ciia cac nhom hydroxyl phenolic (—OH)
tir axit tannic trén bé mat hat nano. Sau khi ¢ dinh GOx, thé zeta giam dang
ké tir -30 £ 4,4 mV Xuéng -57.8 £ 6,4 mV. Su gia tang dién tich am cua hé
ZnO-TA@GOx c6 thé dugce giai thich dya trén diém dang dién (pl) ctia enzyme
glucose oxidase. Cu thé, plI ctia GOx vao khoang 4.2, trong khi gia tri pH cta
nuéc cat (pH ~7) thudng cao hon gia tri ndy. Trong diéu kién pH 16n hon diém
dang dién, cdc nhdm amino acid c6 kha nang ion hoa trén bé mit enzyme c6 xu
hudng bi khir proton, khién enzyme mang dién tich am tong thé [94-96]. Nhiéu
nghién ctru di chi ra rang hé co thé zeta 16n hon + 30 mV thudng biéu thi tinh
6n dinh cao, trong khi cac gia tri thap hon thudng lién quan dén hién tuong két
tu va kém 6n dinh [97-99]. Dua trén ti€u chi nay, ca hai h¢ ZnO-TA va ZnO-
TA@GOx déu thé hién d6 6n dinh tot trong méi trudng nude. Pang chi v, su
gia tang dién tich 4m sau khi cd dinh GOx 1am tang luc day tinh dién gitra cac
hat, xu hudng nay tuong déng Vo1 su giam cua chi s6 PDI, han ché hién tuong
két tu va khéng dinh vai tro cia GOx trong viéc cdi thién do 6n dinh cua hé
nano.

3.1.4. Két qua do TEM va SEM ciia hé nano

Hinh thai bé mat cia cac hat nano ZnO duoc khéao sat béng kinh hién vi
dién tr quét, nhu thé hién trong Hinh 3.5. Miu ZnO-TA cho thiy bé mit tho
rap, c6 do xép cao, dugc ciu thanh tir cac cum hat két tu. Nhirng dac diém nay
goi ¥ su lién két tuong d6i 10ng 1éo trong mang ludi hat, cho thidy mirc do bao
pht bé mit bai TA con han ché. Trong khi d6, ZnO-TA@GOx biéu hién trang
thai bé mit min va dé)ng nhét hon, chu yéu gém céc hat hinh ciu véi it dic
trung tinh thé rd rét. Sy thay d6i hinh thai nay c6 thé duoc giai thich boi qua
trinh ¢ dinh thanh cong GOx, tao nén mdt 16p phu bao quanh cac hat ZnO-
TA.
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Hinh 3.5. Két qua do dudng kinh thuy dong hoc va thé zeta cua hé nano
Zn0O-TA va ZnO-TA@GOx

Tuong tu, hinh anh TEM (Hinh 3.6) cho thay céc hat nano ZnO-TA@GOx
¢6 hinh thai trong d6i déng nhat, chii yéu 14 cac cau trac hinh cau phan tan tot
voi kich thude khodng 30 nm, trai nguoc vot hién tugng két tu quan sat dugc o
mau ZnO-TA. Tong hop cac két qua vé hinh thai va kich thude cho thiy qua
trinh ¢6 dinh GOx khong chi 1am bién d6i ddc diém hinh thai ma con cai thién
dang ké kha nang phan tan cta cac hat nano trong méi trudng nude. Pang chu
¥, su hinh thanh c4c hat nano c6 kich thudc nho va phan bé dong déu 1a yéu td
thuan loi cho qua trinh van chuyén thudc hudng dich khéi u thong qua hiéu tmg
EPR. Véi kich thudc nim trong khoang phu hop (100-250 nm), hé ZnO-
TA@GOx c6 kha nang xam nhap té bao hiéu qua qua hé mach mau ro ri dac
trung cua mo khdi u va duoc luu giir lai do hé dan luu bach huyét kém phat
trién [100,101]. Sw dong déu vé kich thudc gitp nang cao hiéu qua hudng dich
thu dong va cho thay tiém ning tng dung day hta hen cta hé nano ZnO-
TA@GOx trong diéu trj ung thu.
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HT Size | OBJ | Exp Mag 100 nm HT Size | OBJ | Exp | Mag 100 nm
200 kV | 4096 | 50 um 15 | 46000 x Ceta 200 kV | 4096 40 pum  1s | 46000 x Ceta

Hinh 3.6. Hinh anh quan sat duoc théng qua kinh hién vi dién tir truyén
qua cua ZnO-TA (bén trai) va ZnO-TA@GOx (bén phai)

3.1.5. Két qua do FTIR ciia hé nano

Phan tich phé héng ngoai bién d6i Fourier dugc thuc hién nham xac dinh
cac dic trung cdu trac ctia ZnO-TA va ZnO-TA@GOx (Hinh 3.7). Pho cua
ZnO-TA xuit hién cac dai hép thu diac trung cia ZnO trong vung
600-700 cm’!, tuong Gmg voi dao dong kéo gidn cua lién két Zn-O va Zn-OH,
qua d6 x4c nhan sy hinh thanh ctia cac hat nano ZnO [102—104]. Mot dai hap
thu rong trong khoang 3000-3700 cm™!, v6i dinh ndi bat ¢ khoang 3550 cm!,
dugc gan cho dao dong kéo gian ciia nhom O-H thudc cac nhém hydroxyl
phenolic trong TA. Ngoai ra, tin hiéu hap thu o tai 1710 cm™' cing v6i nhiéu
dai trong vung 1100-1350 cm™ duoc quy cho dao dong kéo gian C=0 va C-O-
C cua lién két ester gitta cac don vi galloyl. Trong khi cac dao dong dic trung
ctia vong thom, bao gom dao dong kéo gidn C=C trong ving 1450-1600 cm™*
va dao dong udn =C-H trong khoang 680-900 cm!, tiép tuc xac nhan su lién
hop cua TA 1én bé mit ZnO, nhiéu kha ning thong qua lién két hydro voi cac
nhom hydroxyl bé mit [105,106]. Pho ciia ZnO-TA@GOx van duy tri cac tin
hiéu dic trung cta ca ZnO va TA, dong thoi xuét hién thém cac dai hap thu
mai dac trung cho protein. Dai hép thu manh tai 1680 cm™! duoc quy cho vung
amide I, twong tmg v&i dao dong kéo gidn cua lién két C=0, trong khi cac tin
hiéu trong khoang 1583-1607 cm! dugc gan cho ving amide II, lién quan dén
dao dong udn N-H va kéo gidn C-N, c6 sy chong 14p mot phan voi dao dong
C=C cua vong thom. Bén canh do, cac dao dong kéo gian C-H trong vung 2800-

3000 cm™! cho théy su hién dién cua cac géc mach théng co nguén géc tor GOx
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[107-109]. Tong hop lai, cac két qua nay xac nhan su cb dinh thanh cong cia
GOx 1én bé mit hat nano ZnO duoc phu TA, thong qua céc tuong tac nhu lién
két hydro hoic lién két cong hoa tri giita cac nhoém chirc cua TA va enzyme.
Pang chi ¥, viéc dong thoi duy tri cac dinh dic trung ctia TA va Zn-O cung
v6i sy xudt hién cua cac dai amide di cho thiy vai trd chtc ning kép cua 16p
phit TA. Cu thé, 16p phii ndy khong chi neo bam 1én bé mat ZnO ma con cung
cap cac vi tri phan Gmg thuan loi cho qua trinh lién hop enzyme, tir 46 gop phan

tang cuong do o6n dinh cau truc va tinh nang sinh hoc cua h¢ vat liéu nano.

TA
’\/\f GOX W
ZnO-TA
ZnO-TA@GOX

———
4000 3600 3200 2800 2400 2000 1600 1200 800 400
So song (cm!)

Hinh 3.7. Phd FTIR cua hé nano ZnO-TA va ZnO-TA@GOx

3.1.6. Két qua do XRD ciia hé nano

Céu trac tinh thé cia cac hat nano ZnO-TA va Zn0O-TA@GOx dugc danh
gia bang nhiéu xa tia X, nhu trinh bay trong Hinh 3.8. Mau ZnO-TA thé hién
cac dinh nhiéu xa sic nét tai cac gia tri 26 xép xi 32°; 34,4°; 36,2°; 47,5°; 61,8°;
67,5° va 71,09° tuong Gmg voi cac mat tinh thé (100), (002), (101), (102),
(103), (112) va (004) cua cau trac luc gidc wurtzite dic trung cia ZnO
[102,110]. Trong d6, hai dinh ndi bat tai 34,4° (mit (002)) va 36,2° (miat (101))
cho thay vat liéu ZnO c6 do két tinh cao [111,112]. Viéc cac dinh dic trung
nay van dugc duy tri sau khi bién tinh v6i TA chimg to 16p phu polyphenol
khong 1am pha v& mang tinh thé ndi tai ciia ZnO, cho thay qua trinh tong hop

va bién tinh bé mit dién ra ma khong anh hudéng dén cau tric tinh thé. Do6i véi
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mau ZnO-TA@GOx, phd nhiéu xa nhin chung van bao toan dic trung ciia cau
truc wurtzite cua ZnO tai vi tri 20 34,4° (002) va 61,8° (103), tuy nhién, cuong
do va do sic nét cua cac dinh con lai da giam dang ké. Pic biét, duong nén
trong ving 10-30° tré nén rong va kém rd rang hon, cho thay sy hién dién cua
thanh phan v6 dinh hinh tir 16p enzyme bao phtl bén ngoai. Nhitng bién d6i nay
goi y rang qua trinh ¢d dinh GOx da che phtt mot phan bé mit tinh thé cua ZnO-
TA, 1am suy giam cuong d6 nhiéu xa thu dugc, nhung khong 1am thay doi cau
truc mang tinh thé 15i. Bén canh do, viéc khong xuét hién cac dinh nhiéu xa

m&i cho thiy 16p phii enzyme khong hinh thanh pha tinh thé thir cap.

ZnO-TA
ZnO-TA@GOX
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Hinh 3.8. Pho nhiéu xa tia X ctia ZnO-TA va ZnO-TA@GOx

Téng hop lai, cac két qua XRD cho thdy qua trinh bién tinh bé mit voi TA
va c6 dinh enzyme khong 1am thay doi cau triic tinh thé déc trung cia ZnO. Su
bao toan nay cé y nghia quan trong trong viéc duy tri cac tinh chat ly-hoa vén
c6 cla vat liéu, dong thoi gbp phan nang cao hoat tinh sinh hoc nhd su hién
dién cua 16p polyphenol va enzyme duogc gan trén bé mit.
3.2. Két qua danh gia kha ning tiéu thu glucose va sin sinh H:0: ciia hé
nano trong diéu kién in vitro

Tiém ning “bo d6i” té bao ung thu ctia hat nano ZnO-TA@GOx dugc danh
gia thong qua kha niang xuc tic phan huy glucose tao H,O, bang bo kit dinh
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luong peroxide. Nhu thé hién trong Hinh 3.9A, nong d6 H,O, ting déng ké &
cac mau c6 bd sung glucose (4,5 mg/mL) so v6i nhom d6i chung. Sau 24 gid
u, ham lugng H»O; dat trong khoang 362-542 uM, tuong Umg véi su gia tang
ndéng do hat nano tir 125 1én 500 ppm. Két qua nay cho thiy enzyme GOx sau
khi duoc ¢d dinh trén bé mat hat nano van duy tri hoat tinh xtc tac, cho phép
thuc day hiéu qua qué trinh oxy hoa glucose va sinh H,O,. D¢ 1am rd hon vai
tro cua lugng enzyme gén trén bé mit, anh huong cua né)ng dd GOx dén hiéu
suat xtic tac cua hé ZnO-TA@GOx ciing duoc khao sat (Hinh 3.9B). Két qua
cho thiy ton tai mdi twong quan thuén gitra lwong GOx cb dinh va luong H20:
tao thanh. Cu thé, tai ty 1¢ khdi luong GOx/ZnO-TA 1a 1:4 (twong Gng 10 mg
GOx), nong d6 H,0, chi dat 178 pM, trong khi & ty 18 tong hop 1:1 (40 mg
GOx), lugng H,0, tang 1én dén 542 uM sau 24 gid. Sy gia ting ndy ¢ thé duoc
ly giai boi mat d6 enzyme cao hon trén bé mit hat nano, tir 6 thuc day qua

trinh oxy hoa glucose dién ra manh mé hon.

A) B)
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Hinh 3.9. Sy san sinh Hz0: in vitro theo (A) néng d6 hat nano va (B)
muc d6 lién hop ctia GOx trén bé mit hat nano
Gia tri pH trong qua trinh phan tmg ciing duoc theo ddi bang may do pH.
Két qua (Hinh 3.10) cho thiy pH cua cac dung dich chira ZnO-TA@GOx va
glucose giam dang ké so v6i mau doi ching ZnO-TA. Cuy thé, & nong do
glucose 4,5 mg/mL, pH giam xudng 5.2 sau 1 gid G va xudng 3.7 sau 6 gio 0,
cho thay sy hinh thanh san pham axit gluconic trong qué trinh oxy héa glucose.
Khi ndng d6 glucose ting 1én 10 mg/mL, muc giam pH dién ra nhanh va rd rét

hon, tir 6.1 xudng 4.4 chi sau 1 gid va tiép tuc giam xudng 3.1 sau 6 gid 0. Xu
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huéng nay phan anh su gia ting toc do tao san pham khi ndng do co chat ting.
Su gidam pH nay dong vai trd quan trong trong viéc tao moi truong axit thuan
loi cho sur hoa tan ctia ZnO NPs, giai phong ion Zn?* gay doc ddi vai té bao ung
thu [19,113].

R
B 6 gio

Gia tri pH

ZnO-TA ZnO-TA@GOX ZnO-TA@GOX
Glucose 4.5 mg/mL Glucose 10 mg/mL

Hinh 3.10. Sy thay d6i gia tri pH do phan g gitta cac hat nano ZnO-
TA@GOx voi cac nong do glucose khac nhau.

Téng hop lai, cac két qua trén cho thdy cac hat nano ZnO-TA@GOx c6 kha
nang tiéu thy glucose hiéu qua ddéng thoi tao ra lugng H,0, déng ké, qua do thé
hién co ché tac dong kép trong lidu phap bo doi té bao ung thu. Bén canh do,
tdc do xtic tic cna hé co thé dugc diéu chinh linh hoat théng qua viéc thay doi
ndng do hat nano hodc luong enzyme duogc ¢ dinh. Su két hop hiép dong giira
qua trinh can kiét glucose va su tao ROS tai chd cho théy tiém nang diéu tri
ung thu htra hen ctia h¢ vat liéu nano nay.

3.3. Két qua danh gia kha niing xic tac tao NO ciia hé nano trong diéu kién
in vitro.

Kha nang xtc tac tao NO cua ZnO NPs tur nguén NO nd1 sinh dugc xac
dinh bang phép thir Griess. Biéu do hinh 3.11 cho thdy GSNO c6 kha ning tu
phan huy dé giai phong NO trong diéu kién sinh 1y. Tuy nhién, ndng d6 NO thu
duoc rat thép, chi khoang 25,56 uM tai thoi diém 48 gi0 so voi nhom chira hé
nano. Khi b6 sung GSH vao hé GSNO, nong do NO ting 1én dang ke, dat
khoang 75 uM sau 48 gio, cho thay GSH c¢6 kha nang thiic ddy qua trinh phan
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huy GSNO [112,114]. Bang chu y, sy hi¢n dién cua cac hat nano ZnO tiép tuc
lam gia tang ca toc do phan huy 1an lugng NO duoc giai phong theo cach phu
thudc vao ndng do. Sau 48 gid 1, cac mau chira ZnO NPs voi ndng do tang dan
250, 500 va 1000 ppm xtc tac phan huy GSNO san sinh ham luong NO tuong
g 13 140, 150 va 187 pM. Cac két qua nay chtng minh rang ZnO c6 kha nang
thuc day qua trinh giai phong NO manh hon déng ké so véi tic dong ciia GSH

don thuan.
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Hinh 3.11. Sy tao thanh NO tai chd tir phan tmg gitta cac ndng do khac nhau
ctia hat nano ZnO-TA@GOx véi cac chit cho NO, bao gém S-
nitrosoglutathione (GSNO, 10 uM) va glutathione (GSH, 10 uM).

Tong hop lai, cac két qua nay twong dong véi phat hién trong nghién ciru
cua Zichuang Xu va cong su (2024) va Tao Yang va cong su (2020) [33,77].
Hai nghién cu trén ching minh kha ning bat chudc hoat tinh enzyme
glutathione peroxidase ciia ZnO NPs trong viéc xuc tdc phan huy GSNO ndi
sinh khi ¢6 sy hi¢n di¢n cia GSH, hinh thanh NO theo hudng bén viing. Kha
nang xdc tac nay lam noi bat tiém niang tng dung cua hé nano trong diéu tri
ung thu bang cach tan dung cac chat cho NO noi sinh san c6 dé cam mg qua
trinh apoptosis cua té bao ung thu, déng thoi e ché sy hinh thanh mach mau
mai cling nhu tdng cudng hiéu qua cua cac liéu phap dong hoa hoc hodc quang
dong thong qua cac co ché trung gian bai NO.
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3.4. Két qua danh gia doc tinh té bao va kha ning twong thich sinh hoc ciia
hé nano trong diéu kién in vitro

Pé danh gia tiém nang diéu tri va tinh an toan sinh hoc ctia ZnO-TA@GOx
NPs, doc tinh té bao in vitro ctia hé nano nay duogc khdo sat trén té bao ung thu
vi (MCF-7) va nguyén bao soi da ngudi binh thuong (hDFBs) bang phép thir
WST-1 va nhuém séng/chét. Nhu thé hién trong Hinh 3.12, ca ZnO-TA va
ZnO-TA@GOx déu gy tac dong gay doc dang ké 1én té bao MCF-7, lam giam
ty 18 séng cua té bao xudng con 1an luot 72,12% va 43,84% tai ndong do 400
ppm. Pang chi ¥, ZnO-TA@GOx c6 kha ning trc ché khoang 25% té bao
MCF-7 ngay ca & cac néng do thép hon. Nguoc lai, hé ZnO-TA chi thé hién
doc tinh té bao & mirc han ché trong khoang nong d6 100-300 ppm, véi 80% té
bao MCF-7 van sdng sét. Viéc bo sung glucose (4,5 mg/mL) tiép tuc 1am gia
tang dang ké hiéu qua khang ung thu ciia ZnO-TA@GOX, thé hién qua hon
60% té bao ung thu bi tiéu diét & tt ca cac ndng do khao sat (100-400 ppm).
Gia tri nong d6 tc ché 50% (ICso) cua ZnO-TA@GOx duoc xac dinh x4p xi
100 ppm trong diéu kién c6 mit glucose, thap hon dang ké so vai gia tri ICso
khoang 400 ppm khi khong bd sung glucose. Su khac biét ndy cho thdy hiéu
qua gay doc té bao ctia hé phu thudc 10 rét vao su hién dién cua glucose. Hi¢u
qua giy doc vuot troi ctia ZnO-TA@GOx so véi ZnO-TA duge cho 13 xuat
phat tir kha nang xuc tac phan hiy glucose, dong thoi tao ra H,O, va NO, tir d6

gy nén tac dong hiép dong trong qua trinh tiéu diét té bao ung thu.
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Hinh 3.12. Thir nghiém doc tinh té bao WST-1 trén té bao ung thu (MCF-
7) khi tiép xtic v6i hat nano & cac nong do khac nhau.

O ndng d¢ thap dén trung binh, H,0, d3 duoc ching minh c6 kha ning cam
tmg chét t& bao theo cach phy thudc vao néng do va loai té bao. Chang han,
nghién ctru cua Tochigi va cong sy (2013) [115] cho thay H,0, ¢ ndng do 30-
100 uM co thé kich hoat qué trinh apoptosis & té bao ung thu hic t6 nguoi
khang TRAIL-mot loai phéi tir kich hoat apoptosis. Trong mot nghién ctru khac
[116], qué trinh kich hoat apoptosis cua té bao HeLa duoc khao sat theo thoi
gian xtr 1y v6i H,0, va cho thay ty 1& apoptosis dat 28,96% sau 15 phut xir 1y
v6i Ho0, 0 nong do 125 uM. Ngoai ra, H,O, & nong do thap (6,5 uM) ciing da
dugc bao cao ¢ kha ning lam ting do nhay cua té bao ung thu voi cac lidu
phap diéu tri thong qua viéc giy ton thuong DNA, lam can kiét ATP theo co
ché khong phu thudc caspase, trc ché duong phan va ngin can cac con dudng
phuc hoi ATP [117]. Tuong tu H,O,, NO ciing c6 thé thiic day qué trinh
apoptosis & té bao ung thu théng qua nhiéu co ché lién quan dén stress oxy hoa.
O néng do cao, NO c6 thé 1am rdi loan dién thé mang ty thé, tir d6 thuc déy sur
giai phong cytochrome ¢ va hoat hoa con dudng apoptosis ndi sinh. Pong thoi,
NO con c6 thé lam ting biéu hién cac protein tién apoptosis nhu Bax va lam

giam biéu hién céc protein khang apoptosis nhu Bcl-2. Bén canh d6, NO con
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hoat hoa caspase-3 va caspase-9, qua d6 khuéch dai tin hiéu apoptosis. Nhiing
tac dong nay c6 thé dan dén chét chon loc té bao ung thu trong nhitng diéu kién
thich hop. Vi du, Confino va cong su [118] da ghi nhan hién tugng chét té bao
ung thu nhanh chong va trén dién rong & nhiéu loai khdi u khac nhau, bao gdbm
ung thu dai trang, ung thu vu, ung thu tuy va ung thu budng tring, sau khi tiép
xtc v6i NO dang khi & ndng do cuc cao (10.000-100.000 ppm). Gan day,
Gordon va cdng su [119] cling da chung minh hi€u qua khang ung thu cua
GSNO, mdt chat cho NO, trén té bao u nguyén bao than kinh, trong d6 xt Iy
bang GSNO lam giam hoat dong chuyén hoa, trc ché kha ning tao cum dong
va lam ting chét té bao.

Trong nghién ctu ndy, ZnO-TA@GOXx c6 kha ning tao dong thoi H,0, va
NO, 1an luot nho hoat tinh xtc tac ciia GOx va ZnO. Co ché tao dong thoi hai
tac nhan gay doc ndy gép phan tao nén hiéu tng hiép dong trong tiéu diét té
bao ung thu va mé ra mot chién lugc déy htra hen nham loai bo té bao ung thu
mot cach hiéu qua va chon loc, déng thoi han ché doc tinh ddi véi té bao binh
thuong. Can luu ¥ rang ndng d6 glucose duogc sir dung trong cac phép thir doc
tinh t& bao nay (4,5 mg/mL) cao hon mirc sinh 1y théng thudng va co thé chua
phan anh day du diéu kién dinh dudng thuc té ciia vi méi truong khdi u. Du
vay, trong diéu kién thi nghiém hién tai, viéc bo sung glucose khong gay ra su
khac biét dang ké vé kha ning séng cia té bao hDFBs giita cac nhom khao sat.
Han ché nay dong thoi ciing nhan manh su can thiét ctia cac nghién ctu tiép
theo trong cac diéu kién gan véi sinh 1y hon. Trong tuong lai, nén khao sat hé
nano ndy ¢ cac nong do glucose thap hon, dai dién tét hon cho vi méi truong
khéi u, nham dénh gia chinh xac hon d6 nhay va hiéu qua diéu tri ctia hé vat
licu.

Poc tinh té bao cuia ZnO-TA va ZnO-TA@GOx d6i véi nguyén bao soi da
ngudi binh thuong hDFBs thap hon rd rét so véi trén té bao ung thu MCF-7.
Nhu thé hién trong Hinh 3.13, té bao hDFBs van duy tri ty 1¢ séng trén 90%
khi dugc xur Iy voi cac hat nano ¢ ndong d6 100-300 ppm. O ndng do thap hon
300 ppm, ca ZnO-TA va ZnO-TA@GOx déu lam tang dang ké kha nang song
ctia t& bao so vi nhom dbi chung khong xur 1y. Hién tuong nay lién quan dén
vai tro thuc ddy ting sinh cua H,0, & ndng do thap. Cu thé, khi ndng d6 H,0,
& muc dudi ngudng gay doc, tirc nong do H,0, ndi bao < 1 pM dbi voi té bao
binh thuong va < 50 uM dbi véi té bao ung thu [120,121], H,0, c6 thé dong
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vai trd nhu mot chat truyén tin thir cép trong nhiéu con duong tin hi¢u noi bao,
diéu hoa hoat dong ctia nhom thu thé tyrosine kinase nhu cac thu thé yéu t6
tang trudng c6 nhiém vu truyén tin hiéu trong cac hoat dong ting sinh té bao
[122,123]. Do d0, lugng H,O, gi61 han sinh ra tir phan (ing xtc tic cia enzyme
GOx va glucose trong mdi trudng nudi cdy co thé da gop phan lam ting kha
nang séng ctia té bao hDFBs tai céc néng do hat nano théip. Ngoai ra, viéc bo
sung glucose khong tao ra su khac biét ddng ké vé kha ning séng cia té bao
hDFBs giita cac nhom khao sat. Nhitng két qua nay nhdn manh tinh chon loc
gy doc ciia ZnO-TA@GOXx, vira thé hién hiéu qua khang ung thu manh mé,
vira duy tri duge muc do twong thich té bao chip nhan duoc d6i voi té bao binh

thuong & cting ndng d6 xu 1y.
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Hinh 3.13. Thir nghiém doc tinh té bao WST-1 trén té bao té bao binh
thuong (hDFBs) khi tiép xtc voi hat nano & cac nong do khac nhau.
Hinh 3.14 trinh bay két qua nhudom sbéng/chét ctia dong té bao MCF-7 va
hDFBs sau khi xtr Iy véi cac mau ZnO-TA, ZnO-TA@GOx va ZnO-TA@GOx
bo sung glucose. O nhém ddi ching, ca 2 dong té bao déu biéu hién mat do cao,
phan bd déng déu va bam dinh tbt trén bé mat nuodi céy. Cu thé, té bao MCF-7
c6 hinh thai kéo dai dac trung, phat trién day dic va phi gan nhu toan bo dién
tich quan sat, phan anh trang thai tang sinh binh thuong trong diéu kién khong
xtr ly. Tuwong ty, té bao hDFBs ¢ nhom ddi chimg ciing duy tri hinh thai thoi

dai dién hinh ctia nguyén bao soi, sap x€p thanh cac bd dinh hudng 10 rét va



46

cho thiy kha ning song tt. So vi nhém ddi ching, khi xir Iy v6i ZnO-TA,
méat do t& bao MCF-7 bt dau giam nhe, phan bd thua hon kém theo sy xuét
hién rai rac cia mot so tin hiéu do/cam, cho théy vat liéu da bat dau anh huong
dén kha ning séng cia té bao Hiéu ung nay trd nén rd rét hon & nhém ZnO-
TA@GOX, khi s6 luong té bao phat tin hiéu xanh tiép tuc giam, dong thoi s6
tin hiéu d6 c6 xu huéng ting 18n, cho thiy viéc ¢6 dinh enzyme GOx 1én hé
nano da lam tang hiéu qua gy doc té bao. Pic biét, & nhom ZnO-TA@GOx
bd sung glucose, mat do t& bao MCF-7 suy giam manh nhat so voi tit ca cac
nhom con lai, sé lugng té bao séng con rat it va phan bd rai rac trén vi truong.
Su suy giam rd rét ndy cho thay hiéu qua tiéu diét té bao ung thu duoc ting
cuong manh khi c¢6 mit glucose, do hoat tinh xtic tac cia GOx da thac day qua
trinh tiéu thu glucose trong vi moi trudng té bao va tao ra ROS nhu H,0,, tir
d6 1am gia ting stress oxy hoa va trc ché manh kha ning song sot cua té bao
ung thu. Nguoc lai, trén dong té bao binh thuong hDFBs, su khac biét giita
nhom ddi chimg va cac nhom xir 1y khong 16 rét nhu trén MCF-7. O tét ca cac
nhom, té bao hDFBs phan 16n van duy tri hinh thai thoi dai dic trung, d6 bam
dinh tt va su sap xép tuong dbi dong déu. So v6i nhom d6i chimg, cac nhom
xur 1y chi ghi nhan su thay ddi nhe vé mat d6 té bao ma khong xuét hién dau
hiéu ton thwong hinh thai nghiém trong. Ngay ca ¢ nhém ZnO-TA@GOx bd
sung glucose, té bao hDFBs van bao ton twong ddi tot cdu trac hinh thai binh
thuong. Két qua nay cho thdy hé nano ZnO-TA@GOx c6 kha ning gay doc
chon loc uu tién trén té bao ung thu hon 1a trén té bao binh thuong. Nhin chung,
dir liéu tir anh nhudom huynh quang cho thay hiéu qua gay doc té bao déng ké
d6i v6i MCF-7, trong khi mutrc d6 anh hudng trén hDFBs van tuong ddi thép,
qua d6 khang dinh tiém nang (mg dung cia hé nano nay trong diéu tri ung thu

theo co ché két hop gitra liéu phap bo doi va stress oxy hoa.
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Hinh 3.14. Hinh anh nhudém song/chét ciia té bao MCF-7 va hDFBs

3.4.1. Két qua danh gia su twong thich mau ciia hé nano trong diéu kién in
vitro

Pé danh gia tinh an toan ctia cac hé nano dbi véi dudng dung toan than,
phép thir tan huyét dd duogc tién hanh va két qua duogc trinh bay trong Hinh
3.14 két hop v6i quan sat hinh thai hong cau ¢ Hinh 3.15. Két qua phan trim
tan huyét cho thdy nhém ddi chung duong (Triton X-100) gdy tan huyét gan
nhu 100%, phan 4nh kha ning pha hity mang hong cau manh, trong khi nhom
d6i chtirng am (nuwéc mudi sinh 1y) hau nhu khong gay tan huyét. Pang chu v,
tat ca cac hé nano bao gdm ZnO-TA va ZnO-TA@GOX & cac ndong do tir 100
dén 400 ppm déu co ty 18 tan huyét rat thap dudi ngudng 5%. Theo cac tiéu
chuan danh gia vat liéu sinh hoc, mirc tan huyét duéi 5% duoc xem la khong
gy doc dang ké ddi voi hong cau, do d6 cac hé vat liéu nay co thé dugc xép

vao nhém an toan vé mit huyét hoc [86,124,125].
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Hinh 3.15. Phan trdm tan huyét ctia hong cau sau khi tiép xtic véi ZnO-
TA@GOx NPs ¢ cac ndng d6 khac nhau.

Hinh anh hién vi quang hoc ctia hdng ciu sau 1 gid tiép xtac voi cac hé vt
lidu tiép tuc cung cip bang chung truc quan vé muc do tuong thich ctia mau
(Hinh 3.16). O nhom d6i chimg duong, hong cau bi pha v& hoan toan va mat
hinh dang dic trung, trong khi & nhém dbi chimg am, cac té bao giit nguyén
hinh thi. P6i véi cac mau chira hat nano ZnO-TA va ZnO-TA@GOX ¢ ca hai
ndng d6 thap nhat 100 ppm va cao nhat 400 ppm, hong cau van duy tri hinh
dang binh thuong, khong xuét hién hién tuong bién dang, co rat hay két tu. Su
bao toan ciu tric mang té bao nay cho thay cac hat nano khong gay tac dong
co hoc hodc héa hoc dang ké 1én hong cau trong diéu kién khao sat. Tir cac két
qua trén co thé khang dinh rang cac hé nano ZnO c6 tinh twong thich sinh hoc
t6t, khong gy tan huyét va ton thuong hinh thai té bao mau, chimg minh tinh
pht hop va tiém nang tng dung cta ching trong cac liéu phap diéu tri ung thu

theo duong toan than.



49

Trixton-X ‘ ZnO-TA 100 ppm ZnO-TA 400 ppm

20 = A % 20 - .
Saline ZnO-TA@GOX 100 ppm x ZnO-TA@GOX 400 ppm

20 um 20 i"" 20 i""

Hinh 3.16. Hinh anh chup kinh hién vi ctia hong cau sau xu 1y v6i hat
nano ZnO-TA va ZnO-tA@@GOx & néng do
3.5. Két qua danh gia sw giai phong va tich luy ion kém trong té bao

K&m 1a mot nguyén t6 vi luong thiét yéu trong co thé nguoi, dong vai trd
quan trong trong nhiéu qua trinh té bao nhu ting sinh, biét hoa, apoptosis va
diéu hoa chu ky té bao [126,127]. O té bao binh thudng, can bang ndi moi cua
kém duoc kiém soat chat ché boi cac protein van chuyén kém chuyén biét va
thuong duoc du trit trong cac tii biao quan nham dam bao su giai phong noi
bao co kiém soat. Nguoc lai, & té bao ung thu, su diéu hoa ndi moi kém thuong
bi rdi loan, va mirc d6 rdi loan nay co thé thay ddi tuy theo loai ung thu ciing
nhu giai doan tién trién cta bénh [128]. Nhiéu nghién ctru di chi ra rang su tich
lity kém qua murc trong té bao ung thu co thé gay stress oxy hoa va kich hoat
cac hinh thirc chét té bao theo chuong trinh hodc hoai tir qua d6 cho thay tiém
nang cia kém nhu mot tdc nhan khang ung thu [129-131].

Pé khao sat kha ning hoa tan ZnO NPs tao thanh ion Zn?* trong méi truong
pH thap dic trung ciia khdi u, thir nghiém giai phong ion Zn*" duoc tién hanh.
Nhin chung, thir nghiém cho thay cac hat nano ZnO c6 xu huéng hoa tan manh
hon trong méi trudng pH thap so véi pH trung tinh. Trong diéu kién axit, qua
trinh hoa tan ctiia ZnO chu yéu dién ra thong qua phan tng proton hoa trén bé
mit ZnO, tao ra san pham 1a cac ion hoa tan nhu Zn?* va Zn(OH)" [132-134].
Nhu thé hién trong Hinh 3.17, ham lugng Zn?" giai phong tir ca hai hé ZnO-
TA va ZnO-TA@GOx NPs trong méi truong pH 5.5 ting dan theo thoi gian,
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dat gia tri 1an luot 12 501,3 ug/mg NPs va 703,5 pg/mg NPs sau 48 gio. Nguoc
lai, trong mdi trudng PBS pH 7.4, toc d giai phong cham hon dang ké, véi
ham luong Zn** twong tng 1a 188,3 pg/mg NPs va 277,6 ug/mg NPs ddi voi
ZnO-TA va ZnO-TA@GOX tai cung thoi diém. Két qua nay chimg minh rang
ZnO c6 kha ndng hoa tan chon loc trong moi trudng axit dac trung ciia vi moi
truong khoi u, thic ddy giai phong ion Zn®* tai chd - mot tac nhan duoc biét
dén voi kha ning gay doc té bao manh. Co ché nay nhan manh tiém ning tng

dung ctia ZnO nhu mot hé dan thube hudng dich trong diéu tri ung thu.
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Hinh 3.17. Biéu d6 giai phong ion Zn?* tir ZnO-TA va ZnO-TA@GOx NPs

Ngoai ra, sy tich lily kém trong té bao ung thu vit MCF-7 va nguyén bao
soi da nguoi binh thuong hDFBs sau xir Iy v6i cac ndong do khac nhau ctua ZnO-
TA@GOx duogc danh gia bang bo kit dinh lugng kém. Nhu thé hién trong Hinh
3.18, ham luwong k&m ndi bao c6 mdi twong quan véi ca loai té bao va ndng do
hat nano. Cu thé, khi néng dd hat nano tang tir 0 1én 400 ppm, ham lugng kém
tang tir 4,6 ng 1én 142,6 ng & hDFBs va tir 6,9 ng 1én 234,1 ng & té bao MCF-
7. Su tich lily kém cao hon & té bao MCF-7 so véi té bao binh thudng phu hop
Vi cac bao céo trude day vé su ting biéu hién clia cac protein nhap kém trong
mo khéi u [135]. Nhitng két qua nay cho thdy ZnO-TA@GOx c6 kha nang thuc
day sy tich lily kém wu tién trong té bao ung thu, tir 6 mé ra tiém nang phan
phéi kém hudng dich va cam mg apoptosis hodc ting cudng hiéu qua diéu tri

cua cac hé¢ mang kém.
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Hinh 3.18. Pinh luong sy tich liiy kém noi bao trong té bao binh thuong
(hDFBs) va té bao ung thu (MCF-7).

Két qua ghi nhan bang anh chyp huynh quang DCFH-DA (Hinh 3.19) ciing
cho thﬁy su khac biét rd rét vé murc do tao ROS ndi bao gitra cac nhom xu 1y
cling nhu gitta hai dong té bao. O ca hai dong t& bao hDFBs va MCE-7, cudng
do huynh quang mau xanh 14 - dai dién cho mtrc Ao ROS ngi bao - déu tang 10
rét sau khi xtr 1y v6i cac hat nano so voi nhém dbi ching khong xir Iy. Pang
cha y, tin hiéu huynh quang quan sat dugc ¢ té bao ung thu MCF-7 ludn cao
hon 13 rét so véi té bao hDFBs trong cung diéu kién xir Iy. Xu hudng nay phu
hop voi két qua cua thi nghiém tich liy kém trudce do, cho thay su hap thu va
tich luy hat nano dién ra wu tién trong té bao ung thu, tir 6 thiic day qua trinh
san sinh ROS manh hon. Cu thé, & nhom xir ly béng ZnO-TA, mic d0 ROS
tang & mirc trung binh, c6 thé duoc 1y giai boi sy giai phong ion Zn* di gay ra
qué trinh cam Ung stress oxy hoéa ndi bao. Quan trong hon, xir Iy bang ZnO-
TA@GOX lam tang manh cudng do huynh quang & ca hai dong té bao, dic biét
rd 1ét & té bao MCF-7, cho thiy su gia ting dang ké ROS nho tac dong hiép
dong gitra ZnO va GOx. Khi b sung glucose (4,5 mg/mL), tin hiéu huynh
quang tiép tuc ting, xac nhan rang GOx da xtc tac hiéu qua qua trinh oxy héa
glucose tao Hz0:, gop phan khuéch dai stress oxy hoa trong té bao. Muc ting
nay cao hon dang ké so v6i nhom ZnO-TA don thuan, nhan manh vai tro then

chét cuia GOx trong viéc ting cudng kha ning tao ROS.
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Hinh 3.19. (B) Hinh anh huynh quang biéu thi sy tao thanh ROS, dugc phat
hién bang phuong phap nhuém DCFH-DA, trong té bao hDFBs va MCF-7
sau 6 gio xu ly véi cac vat ligu khac nhau. Thudc ty 1€ twong trng 100 um.

3.6. Két qua danh gia kha niing e ché khdi u ciia hé nano trén mé hinh
chudt in vivo
3.6.1. Két qua danh gia kha ning trc ché khéi u trén chudt

Hiéu qua khang ung thu cua ZnO-TA@GOx NPs dugc danh gia trén mo
hinh chudt mang khéi u di ghép dudi da st dung té bao ung thu v ngudi MCF-
7. Chudt duoc diéu tri béng cach tiém truc tiép vao khdi u ZnO-TA hoic ZnO-
TA@GOx véi cung liéu luong twong duong (5 mg/kg), hai 1an mdi tuan trong
thoi gian 3 tuan. Nhu thé hién trong Hinh 3.20, thé tich khdi u cia nhom doi
chtng (chudt khong diéu tri) ting dan lién tuc trong sudt thoi gian thi nghiém.
Nguoc lai, ca ZnO-TA va ZnO-TA@GOx déu tc ché dang ké su phat trién clia
khéi u. Cu thé, tai ngay thir 16 sau diéu tri, thé tich khdi u trung binh & céac
nhom duoc xir Iy bang ZnO-TA va ZnO-TA@GOx déu nhé hon 18 rét so voi
nhom dbi chimg, voi cac gia tri trung binh 1an lugt 1a 1561 mm? va 1285 mm?,

s0 voi 2784 mm? & nhom dbi chimg.
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Hinh 3.20. Su thay d6i thé tich khdi u theo thoi gian

Can ning co thé chudt dugc theo ddi trong sudt qua trinh thi nghiém cho
thay cac nhom diéu tri khéng gy anh hudng tiéu cuc dang ké dén tinh trang
strc khoé cua dong vat (Hinh 3.21). Cuy thé, tat ca chudt & cac nhom diéu tri déu
duy tri khdi lugng co thé 6n dinh trong sudt qua trinh nghién ctru va khong ghi
nhan su khac biét co y nghia so voi nhom dbi chimng, cho thay khong xuat hién
doc tinh toan than dang ké mic du hé nano biéu hién hiéu qua khang ung thu
16 rét. O nhom ddi ching, khéi luong ting déu tir 27,40 g 1én 32,62 g vao ngay
thi 16, phan anh su phat trién binh thuong du khi u tién trién nhanh. Nhom
ZnO-TA va ZnO-TA@GOx ciing cho thdy xu huéng ting khdi luong tuong tu,
du xuat hién mot sé dao dong nhe & cac thoi diém trung gian nhung khong déng
ké, qua d6 cho thiy cac vat liéu nay an toan va khong gay doc tinh toan than.
Tong thé, viéc khong ghi nhan su sut giam khoi luong ¢ cac nhom diéu tri, dic
biét 1a ZnO-TA@GOx, chiing minh rﬁng hé vat liéu c6 tinh an toan sinh hoc

tuong doi cao trong diéu kién in vivo.
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Hinh 3.21. Sy thay d6i khéi luong co thé chudt theo thoi gian.

Hinh anh chudt trong thi nghiém in vivo tai thoi diém ngay thir 16 sau diéu
tri phan anh su khac biét 1o rét vé kich thuéc cling nhu muc do tién trién cua
khéi u giira ba nhom: dbi chimg (khong diéu tri), ZnO-TA va ZnO-TA@GOx
(Hinh 3.22). O nhém ddi chtng, khéi u phat trién manh véi kich thudc 10n, thé
hién qua ving phdng dudi da rd rét va bé mat da cang, phan anh su ting sinh
té bao u khong duoc kiém soat. Trong khi do, & nhom diéu tri ZnO-TA, kich
thude khdi u c6 xu hudng thu nhé so véi nhom déi chimg, v4i viing sung giam
va bé mit da it bi kéo cang hon. Tuy nhién, khdi u van hién dién 15 rang cho
thdy ZnO-TA chi trc ché tang trudong khdi u & mirc d6 nhét dinh. Pang ch v,
nhom diéu tri ZnO-TA@GOx ghi nhan khdi u ¢6 kich thudc nhé nhat trong ba
nhom, v6i muic do phong dudi da giam dang ké. Diéu nay goi y hiéu qua khang
u vuot troi cua hé két hop ZnO-TA@GOx, c6 thé lién quan dén co ché hiép
dong giita tic dong gay stress oxy hoa va can kiét glucose tai vi moi truong
khoi u. Ngoai ra, & ca ba nhom, khong ghi nhan d4u hiéu loét hodc hoai tir
nghiém trong trén bé mit da tai vi tri khdi u. Tinh trang téng thé cua chudt
khong co biéu hién suy ki€t o rét, cho théy cac hé vat liéu st dung c6 tinh an
toan sinh hoc cao. Nhitng két qua in vivo nay phu hop véi cac dit liéu doc tinh
té bao cling nhu cac phép thir in vitro, qua d6 tiép tuc khang dinh tiém ning
diéu tri ciia hé ZnO-TA@GOX.
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Poi chirng ZnO-TA ZnO-TA@GOX

Hinh 3.22. Hinh anh chup cta chudt mang khéi u & ngay thr 16 diéu tri.

3.6.2. Két qua nhuém H&E ciia khoi u trén chudt sau 21 ngay thir nghiém

Céc lat cat khéi u nhudm H&E dugc phan tich vao ngay thir 21 sau diéu tri
nham dénh gia nhitng thay d6i mé bénh hoc (Hinh 3.23). Phan tich so sanh
gilta cac nhom cho théy su khac biét rd rét vé ciu triic mé va trang thai té bao,
phan anh tac dong diéu tri ctia cac hé nano 1én md khéi u. Cu thé, & nhoém dbi
chtng, mo khéi u thé hién dic trung dién hinh cta té bao ung thu vdi cau triic
day dac va mat do nhan té bao cao. Cac té bao phan bo sat nhau, nhan bat mau
dam véi hematoxylin do hoat dong tang sinh va phat trién manh cta té bao ung
thu. Cau trac mo twong d6i dong nhét, khong xuét hién cac khoang tréng déng
ké, phan anh sy phat trién lién tuc va khong bi trc ché cua khdi u trong diéu
kién khong diéu tri. Nguoc lai, & cdc nhém duogce xur ly béng Zn0O-TA va ZnO-
TA@GOX, cu trac mo khoi u c6 su thay d6i dang ké. Mot trong nhiing dic
diém ndi bat 1a sur giam rd rét mat do nhén té bao. Cac vung mé khong con duy
tri su sdp xép chit ch& nhu ¢ nhom ddi ching, thay vao d6 1a sy phan tan thua
thét cua té bao. Nhan té bao & nhiéu vi tri bi mo, co rat hodc mat hoan toan,
cho théy cac diu hiéu dién hinh cua qua trinh chét té bao. Pic biét, trong cac
mau nay xuat hién nhiéu khoang trong 16n, khong bat mau, phan bé rai rac hoic
chiém dién tich dang ké trong mé. Nhimg khoang trong nay duwoc xem 1a du
hi¢u dac trung cua hién tuong hoai tir mo, khi cac té bao bi pha huy va mét di

cau truc ban dau.
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Khi so sanh hinh anh nhuém té bao gitra hai hé vat li¢u, hi€u qua gay tén
thuong mé cua ZnO-TA@GOx ¢ xu hudng rd rét hon so voi ZnO-TA. O miu
ZnO-TA, mic du c6 xuat hién cac ving giam mat do té bao va mot s6 khoang
tréng, nhung cAu triic mo van con duoc duy tri & mot s6 khu vuc. Trong khi do,
& mau ZnO-TA@GOX, cac ving hoai tir chiém uu thé véi kich thude 16n hon
va muc do pha v cdu trac md nghiém trong hon. Piéu nay co thé duoc giai
thich boi co ché tac dong hiép dong ciia hé ZnO-TA@GOX, trong d6 enzyme
GOx xuc tac qua trinh oxy héa glucose tao ra H202, két hop véi dic tinh xuc
tac ctia ZnO gy phan huy GSNO gép phan 1am ting ton thuong té bao ung
thu. Sy gia ting stress oxy hoa ndi bao c6 thé ddn dén ton thuong mang, bién
tinh protein va pha huy DNA, tir d6 thuc day qua trinh chét té bao theo hudng
hoai tir hoac theo chuong trinh. Ngoai ra, su xuét hién cua cac vung mo bi pha
huy kém theo giam mat d6 nhan té bao con cho thay kha ning wrc ché ting sinh
va tiéu diét té bao ung thu cia cac hé nano. Pay 1a mot chi ddu quan trong
chtng minh hiéu qua diéu tri in vivo, boi sy thay doi mé bénh hoc phan anh
truc tiép muc do dap Gng ctia khdi u d6i véi tac nhan diéu tri. Téng hop cac két
qua quan sat tir hinh nhuém H&E, c6 thé khang dinh rang ca hai hé ZnO-TA
va ZnO-TA@GOx déu c6 kha nang giy ra nhimg bién doi moé bénh hoc dang
ké trén khdi u MCF-7, véi biéu hién dic trung 1a gidm mat do té bao va xuét
hién cac vung hoai tu. Trong do, h¢ ZnO-TA@GOx cho théy hiéu qua vuot troi
hon, thé hién qua mic d6 pha hiy cau tric m6é manh hon va dién tich hoai tir
16n hon. Nhitng két qua nay cung cép bang ching truc quan va thuyét phuc vé
tiém ning ing dung cua cac hé nano nay trong diéu trj ung thu, dic biét 1a trong

viéc ti€u diét té bao khoi u thong qua co ché gay bo doi va stress oxy hoa.

ZnO-TA@GOx

Hinh 3.23. Lat cit mo khdi u nhuoém H&E cta cac nhom diéu tri khac nhau.
Thanh ty 1¢: 100 um.
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3.6.3. Két qua phén tich huyét hoc toan phan ciia chudt

Biang 3.2 trinh bay cac thong s6 huyét hoc toan phan ctia chudt tai cac thoi
diém ngay 0, ngay 6 va ngdy 16, cung cap cai nhin hé thdng vé anh hudng cua
cac hat nano ZnO-TA va ZnO-TA@GOx 1én céc chi sd té bao mau ngoai vi
nham danh gid muc do an toan sinh hoc cua vat li¢u trong mo hinh in vivo. Nhin
chung, sau 16 ngay theo ddi, cac thong s6 huyét hoc giita nhoém dbi ching va
cac nhom xtr 1y khong co khac biét co ¥ nghia thong ké va cac gia tri van nam
trong khoang gia tri sinh 1y. Céc gia tri tham chiéu trong diéu kién sinh 1y duoc
thu thap tir cac ngudn nghién ctru uy tin [136-141].

Tai thoi diém ban dau (ngay 0), cac nhom chudt bde 16 mot s6 dau hiéu rbi
loan huyét hoc ddc trung cua tinh trang ung thu. Cu thé, sé lugng hong cau
(RBC) va ndng d6 hemoglobin (HGB) ghi nhin ¢ muc thap, giam so voi
ngudng binh thuong, trong khi chi s6 RDW ting, phan anh tinh trang thiéu mau
nhe kém theo su khong dong nhat vé kich thuéc hong cau. Bén canh dé, sd
luong bach cau (WBC) ¢ mirc thip cin dudi ngudng binh thudng, nhicu kha
nang 1a hé qua cta qua trinh gy suy giam mién dich trude do. Céc chi sb nay
tuong dong véi cac bao cdo vé su bién ddi trong thong sé huyét hoc ciia bénh
nhan ung thu [142,143]. Piéu nay cho thay cac ca thé dong vat thi nghiém cé
trang thai huyét hoc tuong ddi dong déu trude khi tién hanh diéu tri, dam bao
tinh khach quan cho céc so sanh & céc thoi diém tiép theo.

Pén ngay thur 6 sau diéu tri, mot sd bién dong nhe dugc ghi nhan & cac chi
s6 bach cau va hong cau giita cac nhom. WBC ting trd lai va nam trong khoang
binh thudng, phan 4nh sy phuc héi nhat dinh ctia hé mién dich. Song song do,
cac chi s6 lién quan dén dong hong cau nhu RBC, HGB va HCT déu ting, dic
biét 1 & cac nhom diéu tri. Sy gia ting ndy co thé lién quan dén co ché thich
nghi cta co thé dbi voi cac tic nhan diéu tri, bao gdm cac phan Gng viém hoic
diéu hoa mién dich.

Tai thoi diém ngay 16, cac chi s6 huyét hoc gitta cac nhom tré nén tuong
déng 13 rét. WBC 6 tat ca cac nhom déu nam trong hodc ti€ém céan gidi han trén
ctia khoang gia tri binh thudng, phan anh trang thai phuc hdi mién dich ciing
nhu dép ung viém lién quan dén khéiu va qua trinh diéu tri. Pic biét, cac nhom
xt Iy bang ZnO-TA va ZnO-TA@GOx c6 gia tri WBC cao nhe hon so véi
nhom dbi ching, cho thy kha nang cai thién dap ung mién dich va trang thai
sinh 1y tich cuc hon dudi tic dong diéu tri ctia hat nano. Chi sé RBC ¢ hai nhom
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diéu tri duoc cai thién dang ke, trong khi RBC ¢ nhom dbi ching van duy tri &

murc thap. Tir d6 chirmg minh hé nano khong gay trc ché tity xwong, khong gay

ra tinh trang thiéu mau, hay roi loan mién dich von thuong théy 0 cac bénh

nhan hoa tri [143,144]. Céc chi s6 lién quan dén hinh thai va chic ning hong
cau nhu MCV, MCH va MCHC ciing duy tri 6n dinh giita cdc nhém, cho thay
kich thudc va lugng hemoglobin trong hong cau khong bi anh huong dang ké.

D6 phan bd hong cau RDW tuy van cao hon ngudng sinh 1y nhung khong c6

su thay d6i bat thudng giita cac thoi diém khao sat. Két hop véi cac chi sé mau

binh thuong khac, su gia ting nay 1a ddu hiéu cta su gia ting dap ng viém

hodc thiéu hut nhe vé dinh dudng va ham luong sit trong mau [145-147].

Bang 3.2. Phan tich huyét hoc toan phan cta chudt duoc diéu tri va khong

duoc diéu tri.

Ngay 0
. A Ngwéng binh Ko . ZnO-

Chi s0 thudng Doi chung ZnO-TA TA@GOX
WBC
(x10° t& bao/uL) 2-10 2,5+0,57 2,93 £ 0,38 2,23+0,21
RBC

. - + + +
(x105 t& bao/uL) 7-11 7,49 + 0,59 7,62 + 0,6 7,92 + 0,85
HGB (g/L) 136-164 112,5+ 14,05 | 110,67+12,5 | 129,33 +£16,92
HCT (%) 35-52 37,35 £ 8,56 39,7+ 2,01 3247 +£5
MCV (fL) 45-55 45,9 + 0,99 46,87 £ 1,72 47,6 + 1,25
MCH (pg) 13-17 13,85+ 1,06 14,47 + 0,49 1431 +0,44
MCHC (g/L) 300-380 279 + 18,38 293,33 +9,07 | 287,67+ 18,88
RDW (%) 11-15 16,65 + 0,49 16,17+ 0,23 15,2+ 1,01
Ngay 6
. X Ngwong binh Ko . ZnO-

Chi s0 thuong Doi chung ZnO-TA TA@GOX
WBC
(x10° t& bao/uL) 2-10 5,75+ 0,74 6,6 + 1,54 5,43 + 1,67
RBC
(x10° t& bao/uL) 7-11 7,6 2,18 8,56 £2,4 9,06 + 1,57
HGB (g/L) 136-164 122,5+9,19 154+ 5,2 148 + 2,53
HCT (%) 35-52 41,4 + 6,35 47,83 £ 8,13 492 +7,6
MCV (fL) 45-55 47,3 + 2,69 49,7 + 1,81 48,93 + 0,06
MCH (pg) 13-17 13,15+ 0,07 14,57 £ 0,81 14,03 £ 0,96
MCHC (g/L) 300-380 302,5+ 28,99 | 309,67+2,52 [ 301,67+ 16,29
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RDW (%) 11-15 16+ 14 17,83 + 1 16,9 + 0,85
Ngay 16
. X Ngudng binh T ZnO-

Chi so thudng Doi chirng ZnO-TA TA@GOX

WBC
. - + + +

(x10° t& bao/uL) 2-10 8,2+ 1,24 9,33 +1,74 10+1,5
RBC
(x10° t& bao/uL) 7-11 7,42 +1,2 9,57+ 1,42 8,84 +0,41
HGB (g/L) 136-164 143,67 £28,28 | 149+ 22,85 157 +9,54
HCT (%) 35-52 43,6 £10,25 47+7,07 48,55+ 3,21
MCV (L) 45-55 51,05+2,19 49,93 +22 493+ 14
MCH (pg) 13-17 15,65 + 1,06 15,23+ 0,15 15,1 +£0,52
MCHC (g/L) 300-380 307 £ 7,07 306,33 £12,9 307 + 7,94
RDW (%) 11-15 18,05 + 0,64 17,8 £2,19 171,13

Tong hop cac két qua phén tich. co thé khang dinh rang viéc xtr 1y bang céc
hé hat nano ZnO-TA va ZnO-TA@GOx khong gy anh huong dang ké dén cac

chi s6 huyét hoc ngoai vi sau 16 ngay. Piéu nay cho thiy cac hé vat lidu co tinh

tuong thich sinh hoc t6t. khong gay doc tinh trén hé tuan hoan. Pay 1a mot yéu

t6 quan trong. gop phan khang dinh tinh an toan va tiém niang tng dung ctia hé
ZnO-TA@GOx trong diéu tri ung thu. dic biét trong bdi canh sir dung theo

duong toan than. noi cac twong tic véi mau va tiy xuong 1a khong thé tranh

khoi.
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KET LUAN VA KIEN NGHI
1. KET LUAN
Luan van da hoan thanh muc tiéu téng hop hé vat li¢u nano ZnO-TA@GOx
6 cac dic tinh ndi bat sau:

(1) Hat nano ZnO-TA@GOx c6 tinh tuong thich sinh hoc va kha ndng phéan
tan tot trong nudc. Hat nano tao thanh cé hinh cau déng nhét véi kich
thuoc thuy dong hoc duoc xac dinh khoang 210,9 nm. Kich thudc nay
pht hop dé ZnO-TA@GOx d& dang tiép can va tich liy trong khéi u
bang hiéu tmg EPR. tranh gy anh hudng dén té bao lanh.

(2) Hat nano ZnO-TA@GOX ting cuong hiéu qua diéu tri ung thu thong
qua co ché két hop giira liéu phap bo doi té bao va san sinh gbe tu do
RONS d3 dugc chimg minh trong cac thi nghiém in vitro. Cu thé. luong
NO va H,0; san sinh tir phan ing xtc tdc phan huy GSNO (sau 48 gio
1) va glucose (sau 24 gid 0) 1an luot 1a 187 uM va 542 pM. cao hon dang
ké so v6i mau dbi ching.

(3)Hat nano ZnO-TA@GOx cho thiy doc tinh chon loc ddi véi té bao ung
thu MCF-7. tiéu diét trén 70% té bao & nong d6 400 ppm khi bd sung
glucose. véi ICsy khoang 100 ppm. ZnO c¢6 xu hudng tich luy uvu tién va
giai phong ion Zn?* trong méi truong pH thap dic trung ctia khoi u. tir
d6 thic day hinh thanh RONS va gay chét té bao.

(4)Hat nano ZnO-TA@GOx tic ché dang ké su phat trién khéi u trong mo
hinh in vivo trén chudt mang té bao ung thu MCF-7. Sau 16 ngay diéu
tri. thé tich khdi u ghi nhan & nhom ZnO-TA@GOX 1a 1285 mm’. thap
hon 16 rét so v4i 2784 mm? & nhém d6i chimg.

2. KIEN NGHI
Nhin chung. hé nano ZnO-TA@GOx cho thiy tiém ning Gng dung
trong linh vuc diéu tri ung thu. Tuy nhién. dé hoan thién va tdi wu hoa hé
nano. hoc vién dé xuat cac huéng nghién ctru tiép theo nhu sau:

e Danh gid hoat luc enzyme GOx va do 6n dinh ctia hé nano ZnO-
TA@GOx theo thdi gian nham 1am rd kha ning duy tri hiéu qua hoat
dong. tinh bén viing ctia hé nano va tiém nang tng dung trong thyc tién.

e Nghién ctru thiét ké hé nano ZnO-TA@GOx hudng dich chu dong bang
cach grfm thém cac phéi ttr ddc hiéu 1én bé mat hat nano nham tang kha
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nang nhan dién va tich iy chon lgc tai mo6 ung thu. tir 46 nang cao hi¢u
qua diéu trj va giam tac dong khong mong mudn 1én té bao lanh.

Co ché gay doc boi RONS co thé chiu anh huéng boi dap tng thich
nghi va hé théng chdng oxy hoa cua té bao ung thu. Do d6. nghién ctru
phat trién hé nano ZnO-TA@GOx bao gbi thém thubc chéng ung thu
(vi du Doxorubicin. Cisplatin...) 1 huéng di tiém ning nham nang cao
hiéu qua diéu trj hiép dong.

Nghién ctru danh gia tdc dong cua hé nano ZnO-TA@GOxX trong vi¢c
1am suy giam glutathione ndi bao trén té bao ung thu nham ting cudng
stress oxy hoa va gop phan nang cao do nhay cua té bao ung thu ddi véi

hoa tri liéu.
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tion therapy synergistically.

e Structural integrity was confirmed by
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cytotoxicity of ZnO-TA@GOXx, showing negligible effects on normal human dermal fibroblasts (hDFBs) while
markedly reducing the viability of breast cancer cells (MCF-7), particularly in the presence of glucose. Moreover,
in a subcutaneous xenograft mouse model, ZnO-TA@GOx effectively suppressed tumor growth without causing
meaningful changes in body weight or hematological parameters over a 2-week treatment period. Overall, ZnO-
TA@GOX represents a promising multifunctional nanoplatform for advancing multimodal therapeutic strategies
to achieve improved anticancer efficacy.

1. Introduction

In recent decades, nanotechnology has rapidly advanced as a
promising modality for cancer therapy, addressing the limitations of
conventional treatments such as surgery, chemotherapy, radiotherapy,
and immunotherapy. Nanoparticles—ultrafine particles typically less
than 100 nanometers in size — offer significant advantages over tradi-
tional therapeutic approaches by providing multifunctionality, efficient
drug delivery, and controlled release of therapeutic agents. These ben-
efits arise from their unique physicochemical properties, including
minimal dimensions, distinct chemical composition, high surface area,
and the ability to be engineered with tailored shapes and morphologies.
Furthermore, nanomaterials can function as both cytotoxic agents and
enhancers of standard chemotherapies by reducing the adverse side ef-
fects associated with conventional drugs, extending their circulation
time in the bloodstream, and preventing premature drug degradation
before reaching the target site. In particular, metallic nanoparticles are
especially attractive compared to polymeric and lipid-based nano-
particles due to their narrow size and shape distributions, prolonged
activity, dense surface functionalization, and responsiveness to external
stimuli such as heat, light, and magnetic fields, therefore collectively
rendering them advantageous for innovative cancer management
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strategies [ 1-3]. Among them, zinc oxide nanoparticles (ZnO NPs) hold
great promise as innovative anti-tumor agents due to their excellent
biocompatibility and selective cytotoxicity towards cancer cells [4-6].
Furthermore, the inherent photocatalytic and luminescent properties of
Zn0O NPs enable their potential integration with other therapeutic mo-
dalities, such as radiotherapy, photodynamic therapy, and theranostic
approaches [7].

Reactive oxygen and nitrogen species (RONS), including reactive
oxygen species (ROS) and reactive nitrogen species (RNS), are critical
signaling molecules involved in various physiological processes such as
cell growth, proliferation, and differentiation [8-10] While low to
moderate levels of RONS contribute to cellular homeostasis, excessive
accumulation can lead to oxidative damage of key biomolecules—lipids,
proteins, and DNA—ultimately triggering cell death. Over the past de-
cades, RONS-based therapeutic strategies have gained significant
attention as potential alternatives to conventional chemotherapy, of-
fering high selectivity and minimal systemic side effects [11-14].
Among ROS, hydrogen peroxide (H20,), superoxide anion (O.@"), and
hydroxyl radicals (@OH) have demonstrated potent cytotoxic effects
against cancer cells. Similarly, nitric oxide (NO), the most extensively
studied RNS, exhibits diverse biological activities that support its role in
cancer therapy. At controlled concentrations, both ROS and NO can
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Scheme 1. Schematic illustration to describe the construction of ZnO-TA@GOX NPs for synergistic anticancer effects. (A) Synthetic route of ZnO-TA@GOX NPs. ZnO-
TA NPs was first synthesized through the redox reaction between the galloyl groups of TA and ZnO. Then, GOx was conjugated on the surface of NPs via the in-
teractions of the aromatic rings of TA and GOX, to yield ZnO-TA@GOx NPs. (B) ZnO-TA@GOx NPs were accumulated in the tumors via the EPR effect, then triggered
the release of H,O, and NO based on the GOx-catalyzed decomposition reaction of glucose and the ZnO-mediated decomposition of endogenous donor S-nitro-

soglutathione (GSNO), respectively.
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induce apoptosis, suppress tumor cell proliferation, and enhance the
efficacy of standard treatments such as chemotherapy and radiotherapy.
Their capacity to modulate the tumor microenvironment, inhibit
angiogenesis, and sensitize cancer cells to oxidative stress underscores
their therapeutic potential. Furthermore, the development of
RONS-releasing nanocarriers has enabled precise delivery and
controlled release, thereby reducing off-target toxicity and enhancing
therapeutic outcomes. Notably, the elevated intracellular ROS levels in
cancer cells have been proposed as a key mechanism underlying the
selective cytotoxicity of ZnO NPs [4]. Upon exposure to ZnO NPs, cancer
cells tend to generate higher levels of ROS compared to normal cells,
leading to pronounced oxidative stress and subsequent cell death.

In addition to the RONS-mediated cancer killing strategies, cancer
starvation therapy has emerged as a promising strategy by targeting the
nutrient supply essential for tumor growth and survival. Unlike con-
ventional therapies that aim to directly eliminate cancer cells, starvation
therapy disrupts key metabolic pathways—including glucose, amino
acid, and lipid metabolism—on which cancer cells are highly dependent
due to their elevated proliferative demands. Among these approaches,
the enzymatic depletion of intratumoral glucose through glucose oxi-
dase (GOx)-catalyzed oxidation has garnered considerable attention.
This reaction converts glucose into gluconic acid and Hz02, leading to
both metabolic starvation of cancer cells and elevation of endogenous
H:0: levels, thereby enhancing oxidative stress-induced cytotoxicity.
Various studies have explored the functionalization of nanocarriers with
GOx—such as polymer dots [15], iron-based nanoplatforms [16], mes-
oporous silica nanoparticles [17], and polymeric nanoparticles [ 18]— to
achieve synergistic anticancer effects through combined starvation and
RONS-based therapies. However, the integration of GOx with ZnO NPs,
which possess intrinsic catalytic activity for RONS generation, within a
single nanoplatform remains largely unexplored. This represents a sig-
nificant opportunity for developing highly efficient, multi-modal ther-
apeutic systems for enhanced cancer treatment.

In this study, we report, for the first time, the design and develop-
ment of a multifunctional nanocomposite—denoted as ZnO-TA@GOx
nanoparticles (NPs)—exhibiting selective and highly efficient anti-
cancer activity. This system was constructed by integrating ZnO NPs and
GOx in one nanoplatform through a two-step synthesis process. Initially,
ZnO NPs were synthesized and subsequently functionalized with a tan-
nic acid (TA) coating. In this system, TA serves primarily as a poly-
phenolic interfacial linker, facilitating the stable immobilization of GOx
onto the ZnO surface [19]. The enhanced therapeutic efficacy of the
ZnO-TA@GOx nanoplatform is predominantly attributed to the syner-
gistic catalytic activities of its two key components (Scheme 1): (i) GOx
catalyzes glucose oxidation, leading to the generation of H;O, while
simultaneously inducing glucose depletion in the tumor microenviron-
ment, thereby promoting cancer cell starvation; and (ii) ZnO not only
catalytically decomposes endogenous substrates to generate NO under
physiological conditions, but also exhibits intrinsic anticancer activity
through efficient cellular internalization and subsequent intracellular
Zn® * accumulation, which induces ROS generation and contributes to
selective cancer cell cytotoxicity. Characterization by scanning electron
microscopy (SEM), transmission electron microscopy (TEM), and dy-
namic light scattering (DLS) revealed that ZnO-TA@GOXx NPs possess a
uniform spherical morphology with a narrow size distribution. In vitro
experiments demonstrated that the system effectively induced cancer
cell death through the controllable release of H,0, and NO in
conjunction with glucose depletion. Furthermore, in vivo evaluation
using a subcutaneous xenograft mouse model confirmed the excellent
biocompatibility and potent antitumor efficacy of ZnO-TA@GOx NPs.

2. Materials and methods
2.1. Materials

Zinc nitrate hydrate (Zn(NO3),-6 Hz0), tannic acid (TA), glucose
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oxidase (from Aspergillus niger, type VII, > 100,000 units/g solid),
hydrogen peroxide (H203, 30% w/w in H30), Griess reagent (modified)
were purchased from Sigma-Aldrich (St. Louis, MO, USA). Pen-
icillin—streptomycin (P/S), trypsin/ethylenediaminetetraacetic acid
(TE), Dulbecco's Modified Eagle Medium (DMEM), and Dulbecco’s
phosphate-buffered saline (DPBS) were purchased from Gibco BRL
(Grand Island, NY, USA). The EZ-Cytox enhanced cell viability assay kit
(WST-1 assay reagent) was purchased from ITSBIO (Seoul, South Korea).
Live/dead viability/cytotoxicity kit was obtained from Invitrogen
(California, USA). Other chemicals and solvents were used without
further purification.

2.2. Synthesis of ZnO-TA@GOx NPs

Zinc oxide (ZnO) nanoparticles were synthesized and stabilized with
tannic acid (TA). Briefly, 6 g of Zn(NO3),-6 H20 was dissolved in 50 mL
of Tris buffer (pH 8.5) and vigorously stirred at 60 °C for 30 min. After
reaching a stable temperature, 50 mL of TA solutions with concentra-
tions of 2, 4, and 6 mg/mL were added dropwise to the solution and
reacted for 6 h. Then, the reaction mixture was cooled to room tem-
perature and the Tris buffer was removed by centrifuging at 10,000 rpm
for 5 min. The particles were washed three times with deionized water
(DIW) to remove all the unreacted agents. Finally, the particles were
dried in a vacuum oven at 90°C overnight to produce a pale brown ZnO-
TA powder.

For GOX conjugation, 40 mg of ZnO-TA was dissolved in 20 mL of
Tris buffer (pH 8.5). To this solution, GOX was added with final con-
centrations of 0.5, 1, and 2 mg/mL. The reaction mixture was stirred at
room temperature for 24 h, subsequently centrifuged at 10,000 rpm for
5 min to obtain the particles. The resultant ZnO-TA@GOx NPs were
washed 3 times with DIW to remove the free GOx, and then were
lyophilized and stored until use.

2.3. Characterization of ZnO-TA and ZnO-TA@GOx NPs

UV-Vis spectrophotometry was used to determine the conjugation
degree of TA on the surface of ZnO-TA NPs. The TA content was
calculated from a standard curve obtained from a known concentration
range (4 - 20 ppm) at 275 nm. The conjugation of GOx was determined
using the Micro BCA protein kit (Thermo Scientific Pierce, Rockford, IL,
USA), following the manufacturer’s protocol. In brief, 100 pL of ZnO-
TA@GOx NPs (1 mg/mL) was mixed with 100 pL working reagent in a
96-well plate (volume ratio of Reagent A: B: C = 25:24:1). The reaction
mixture was incubated in the dark at 37 °C for 2 h and the maximum
absorbance was measured at 562 nm using a microplate reader (Mul-
tiskan EX, Thermo Scientific, USA). Simultaneously, the GOx content
was calculated from a calibration curve obtained by measuring the
absorbance of a concentration range of GOx (4 — 20 ppm)

The chemical structure of ZnO-TA and ZnO-TA-GOx NPs was also
determined by FT-IR spectroscopy. The size and morphology of NPs
were determined by using transmission electron microscopy (TEM),
dynamic light scattering (DLS) and scanning electron microscope (SEM).
The zeta potential of the particles was measured using electrophoretic
light scattering (ELS) with a zeta potential analyzer. In addition, XRD
was also performed to evaluate the crystal structure and the chemical
components of NPs.

2.4. In vitro glucose-responsive and H20, generation of ZnO-TA@GOx
NPs

The enzymatic activity of GOx was investigated based on its ability to
catalyze the oxidation of glucose to gluconic acid and H,05. The release
behavior of H0, from NPs was quantified by a Quantitative Peroxide
Assay Kit (Thermo Scientific Pierce, Rockford, IL, USA). In brief, ZnO-
TA@GOx NPs with different concentrations (250, 500, and 1000 ppm)
were incubated with 1 mL of PBS solution with and without the addition
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of glucose (4.5 mg/mL). At the predetermined time intervals, 10 pL of
supernatant was withdrawn and mixed with 100 pL of working reagent
in a 96-well plate (volume ratio of Reagent A: B = 1:100). Then, the
mixture was incubated at room temperature for 15 min before
measuring the absorbance at 595 nm using a microplate reader. The
amount of released H,O, was calculated from a calibration curve pre-
pared with known H,0, concentrations (0-50 pM). Additionally, the
H,0, release behavior from ZnO-TA NPs was also assessed as the control
sample. The glucose solution (4.5 mg/mL) was re-supplemented every
24 h. The effect of immobilized GOx concentration on Hy0, release
behaviors was assessed in a similar way, by fixing the ZnO-TA@GOx at
1000 ppm

The glucose consumption ability of ZnO-TA@GOx NPs was assessed
through the generation of gluconic acid (reflected by pH). Briefly, the
ZnO-TA@GOx (200 pg/mL) was incubated with the PBS solution con-
taining different concentrations of glucose (4.5 and 10 mg/mL). The
mixture solution was reacted under gentle stirring at 37 °C. At the
predetermined time intervals, the pH of reacted solution was measured
by a pH meter. The ZnO-TA NPs was used as a control sample.

2.5. In vitro catalytic NO generation

The NO release amount was measured by Saville-Griess reagent as
described in previous studies. The ZnO-TA@GOx NPs was dissolved in
PBS solution (250 — 1000 ppm) in the absence/presence of NO donors
(GSNO 10 pM and GSH 10 pM). The mixture solution was incubated at
37 °C in the dark under gentle stirring. At the predetermined time in-
tervals, 75 pL of the medium was withdrawn and mixed with 75 pL of
Griess solution (40 g/L). After 15 min of incubation at room tempera-
ture in dark, the absorbance of the reacted solution was read at 540 nm
by a microplate spectrophotometer (VersaMax Tunable Microplate
reader, Molecular Devices, USA). The concentration of NO generated
from ZnO-TA@GOx was calculated from a standard curve prepared in a
similar way, using NaNO, at known concentrations in the range of 0 —
1 pM. The NO donor solutions (GSNO 10 yM and GSH 10 pM) were re-
supplemented every 4 h.

2.6. In vitro cytotoxicity and hemocompatibility of NPs

The cytotoxicity of ZnO-TA@GOx NPs was evaluated towards both
normal cells (hDFBs) and cancer cells (MCF-7) at different concentra-
tions of NPs (100-500 ppm). Briefly, hDFBs and MCF-7 cells were pre-
cultured in a 96-well plate (at a density of 10 cells/well) with 200 pL of
DMEM supplemented with 10% FBS and 1% P/S at standard conditions
(37 °C, 5% COy). After 24 h of incubation, the media were removed and
cells were incubated with culture media containing either ZnO-TA or
ZnO-TA@GOXx for further 24 h. The media were added with glucose
(4.5 mg/mL) and NO donors (GSNO 10 pM and GSH 10 pM). The cells
treated with pure culture media were included as the control samples.
The WST-1 assay kit was used to quantify the cell viability, according to
the manufacturer’s instructions and our previous studies. The treated
cells were incubated with the media containing 10% (v/v) WST-1 in an
incubator for 30 min, and the light absorbance of the reacted solution
was subsequently recorded at 450 nm. The cytotoxicity of samples was
determined as the percentage of cell viability, using the following
equation:

ODgumpic —

%Cell viability = ODptan

— = x 100
Deonurot — ODpiank

Where ODgample and ODcontrol are the optical absorbance of cells
treated with media in the presence/absence of NPs, respectively. ODpjank
represents the optical absorbance of pure DMEM.

The cellular morphology and viability were also investigated by a
Live/Dead assay kit. After treating with samples, cells were incubated
with 100 pL of PBS solution containing 2 pM calcein-AM (the aceto-
methoxy derivative of calcein) and 4 pM ethidium homodimer-1
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(EthD-1) for 15 min. Then, the fluorescence microscope (Nikon,
Japan) was used for observation.

The hemocompatibility of NPs was also assessed by hemolysis assay.
In short, the whole blood samples of mice were collected in heparin-
coated tubes, followed by centrifugation at 1000 rpm for 10 min to
obtain the erythrocytes. The erythrocyte samples were diluted 50-fold
with PBS buffer (pH 7.4). In a 1.5 mL microtube, 200 pL of NPs (100 —
400 ppm) was mixed with 800 pL of erythrocyte suspension, and the
mixture was incubated at 37 °C for 1 h. Afterwards, the reacted samples
were centrifuged at 2500 rpm at 5 min, and the absorbance (A) of the
supernatant was recorded at 540 nm. Triton X-100 (0.1%) and PBS were
used as the positive control and the negative control, respectively. The
hemolysis rate was calculated as following:

ODnegarive
Dpoxin‘w - ODm'gan‘w

Hemolysis ratio(%) = ZD‘"'"""' -

Where ODgamples ODpegative, and ODpositive are the optical absorbance
of red blood cells treated NPs, PBS and Trixton X-100, respectively.

2.7. Zinc accumulation assay

The zinc accumulation in the normal/cancer cells was investigated
by quantitative zinc assay kit. Briefly, MCF-7 cancer cells and hDFB
normal cells were incubated with different concentrations of ZnO-
TA@GOx NPs (100-400 ppm). After 8 h of culture in the incubator
(37 °C, 5% CO5), the media were removed and cells were rinsed 3 times
with PBS. Then, cells were collected and treated with EDTA-free lysis
buffer. 50 pL of samples were transferred to a 96-well plate, subse-
quently added with 200 pL of zinc reaction mix, following the manu-
facturer’s protocols. The mixtures were incubated for 10 min at room
temperature, and the absorbance of the reacted solution was read at
560 nm by a microplate reader. The concentration of zinc in each sample
was calculated from a standard curve prepared from a series of zinc
standard solutions (0-5 nmol)

2.8. Intracellular ROS generation

The effect of NPs on the intracellular ROS generation of normal
(hDFBs) and cancer (MCF-7) cells was evaluated using 2',7-dichlor-
odihydrofluorescein diacetate (DCFH-DA). Briefly, hDFBs and MCF-7
cells (3 x107 cells/mL) were seeded in 24-well plates and cultured in
the incubator (37 °C, 5% CO;) for 24 h. The culture medium was then
removed, and the cells were treated with different formulations,
including ZnO-TA, ZnO-TA@GOx, and ZnO-TA@GOx supplemented
with glucose (4.5 mg/mL), at an equivalent concentration of 400 ppm
for 6 h. Cells without any treatment were used as the control group.
After incubation, the medium was aspirated, and the cells were washed
three times with PBS to remove excess samples. The cells were then
incubated with DCFH-DA (10 uM) at 37 °C for 30 min in the dark.
Subsequently, the cells were washed gently with PBS to eliminate excess
probe. The fluorescence intensity, corresponding to intracellular ROS
levels, was observed using a fluorescence microscope.

2.9. In vivo tumor inhibition

All animal experiments were performed according to the protocol
approved by the Animal Care and Use Committee of Tra Vinh University
(118/GCN.DC-HPDD). C57BL/6 male mice (6-8 weeks old) were
rendered immunosuppressed by intraperitoneal administration of
cyclophosphamide (50 mg/kg body weight). Subsequently, tumor xe-
nografts were established in the immunosuppressed mice by subcu-
taneous injection of MCF-7 cancer cells (10° cells/mL). When the tumor
sizes reached approximately 200 mm?, the MCF-7 tumor-bearing mice
were randomly separated into three groups (n = 6 per group): (i) control
with no treatment, (ii) ZnO-TA NPs, and (iii) ZnO-TA@GOx NPs. Then,
the mice received intratumoral injection with 5 mg kg * of ZnO-TA NPs
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Fig. 1. Characterization of ZnO-TA and ZnO-TA@GOx NPs. (A) UV-Vis spectra were performed to characterize and determine the TA content of ZnO-TA NPs. (B)
Effect of TA and GOx feeding concentrations on the conjugation degree. The size and morphology of NPs were performed by (C) SEM, (D) DLS and (E) TEM images.
(F) The chemical structure of NPs was characterized by the FT-IR. (G) Zeta potential distribution and (H) XRD patterns of ZnO-TA and ZnO-TA@GOx NPs.
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or ZnO-TA@GOx NPs twice a week, for 3 weeks. At the predetermined
time intervals, the body weights of mice were monitored and the tumor
sizes were measured using a caliper. The tumor volume (mm®) was
calculated according to the following equation:

tumor length x (tumor width)*

Tumor volume = 5

At the end of the 16-day period, all the mice were sacrificed and the
tumors were excised for histopathological analysis. The blood physio-
logical indicators with respect to each treatment were recorded on day
16. The digital images of tumor regions for each treatment were also
taken on day 16

2.10. Statistical analysis

Each experiment in this study was conducted in triplicate. Data are
expressed as the mean + standard deviation (SD), and graphical repre-
sentations were generated using Origin 2018 software (OriginLab Cor-
poration, USA). Statistical analyses were performed using Student’s t-
test (unpaired, two-tailed), or one-way/two-way ANOVA followed by
Tukey's post hoc test. A p-value of less than 0.05 was considered
indicative of statistical significance

3. Results and discussions
3.1. Synthesis and characterization of ZnO-TA@GOx NPs

The process for synthesis and functionalization of ZnO NPs with TA
and GOx is illustrated in Scheme 1. In this approach, TA was employed
as a primary reactive coating, enabling the immobilization of GOx onto
the ZnO surface through multiple interaction mechanisms, including
covalent bonding, hydrogen bonding, and hydrophobic interactions.
The UV-Vis spectra of ZnO-TA synthesized with different concentrations
of TA are presented in Fig. 1A. All samples (1 mg/mL dissolved in DIW)
exhibited two distinct absorption peaks at 213 and 275 nm, which can
be attributed to the =—n* and n—-n* transitions of the galloyl moieties in
the TA structure [20-22]. In addition, a shoulder peak was observed at
approximately 340 nm, indicating the formation of ZnO NPs [23-25].
Among the tested conditions, ZnO-TA prepared with a final TA con-
centration of 2 mg/mL displayed the highest absorbance intensity,
suggesting the greatest degree of TA conjugation on the ZnO surface.
Quantitative analysis confirmed that increasing the TA concentration
from 1 to 2 mg/mL enhanced the conjugation degree from 6 uM to
8.8 uM (Fig. 1B). However, a further increase to 3 mg/mL resulted in a
significant reduction of the conjugation degree to 6.7 uM, likely due to
saturation effects or steric hindrance during the binding process. Based
on these findings, 2 mg/mL TA was considered as the optimal concen-
tration for subsequent studies. The amount of GOx immobilized on the
surface of ZnO-TA@GOXx was subsequently determined using the BCA
assay. As shown in Fig. 1B, the immobilized GOx content exhibited a
concentration-dependent increase with the initial GOx input. Notably, at
2 mg/mL, the highest enzyme loading was achieved, corresponding to
162.31 pg of GOx per mg of nanoparticles. This result emphasizes the
critical role of the TA coating in facilitating covalent interactions with
the nucleophilic amine groups of GOx. Furthermore, it demonstrates
that the immobilization efficiency can be effectively controlled by
adjusting the initial GOx concentration, thereby providing a straight-
forward approach to modulating enzyme loading on the surface of
nanoparticles.

The surface morphology of the ZnO NPs was investigated using
scanning electron microscopy, as shown in Fig. 1C. While ZnO-TA
sample exhibited a rough, porous surface consisting of aggregated par-
ticle clusters, ZnO-TA@GOx displayed a smoother and more homoge-
neous morphology, characterized mainly by spherical particles with
fewer distinguishable crystalline features. This morphological change
can be attributed to the successful immobilization of GOx, which
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provides a coating layer over the ZnO-TA nanoparticles. Dynamic light
scattering analysis further supported these findings (Fig. 1D). The hy-
drodynamic diameter of ZnO-TA was measured to be 121.5 nm with a
relatively high polydispersity index (PDI = 0.482). Following GOx
conjugation, the average particle size increased to 210.9 nm, while the
PDI decreased to 0.295. The increase in size reflects the formation of an
enzyme shell around the nanoparticles, whereas the reduction in PDI
indicates improved size uniformity and enhanced colloidal stability of
the ZnO-TA@GOx system. Furthermore, TEM images revealed that ZnO-
TA@GOx nanoparticles exhibited a highly uniform morphology with
well-dispersed spherical structures (~30 nm), in contrast to the aggre-
gated clusters observed for ZnO-TA (Fig. 1E). Collectively, these results
confirm that GOx immobilization not only modulates nanoparticle
morphology but also significantly enhances their dispersibility in
aqueous media. Notably, the formation of uniformly small-sized nano-
particles is highly beneficial for tumor-targeted drug delivery via the
enhanced permeability and retention (EPR) effect [26]. Herein, our
ZnO-TA@GOx within this size range can effectively extravasate through
the leaky vasculature of tumor tissues and be retained due to deficient
lymphatic drainage. In addition, the improved size uniformity contrib-
utes to more predictable biodistribution and pharmacokinetic behavior,
thereby enhancing passive targeting efficiency and highlighting the
promising potential of the ZnO-TA@GOx nanosystem for cancer
therapy.

FTIR analysis was performed to verify the structural features of ZnO-
TA and ZnO-TA@GOx (Fig. 1F). The ZnO-TA spectrum displayed char-
acteristic bands of ZnO in the 600-700 cm ™' region, corresponding to
Zn-0 and Zn-OH stretching vibrations, thereby confirming the forma-
tion of ZnO nanoparticles [27-29]. A broad band between
3000-3700 cm ', with a maximum around 3400 cm ™!, was assigned to
O-H stretching vibrations of phenolic hydroxyl groups in TA. Additional
signals, including a distinct band at 1710 cm™! and multiple bands in
the 1350-1100 cm ! region, were attributed to C=0 and C-O-C
stretching of ester linkages, while aromatic ring vibrations
(1450-1600 cm ™! for C=C stretching and 680-900 cm ! for =C-H
bending) further confirmed TA conjugation to ZnO, likely through
hydrogen bonding with surface hydroxyls [30,31]. The ZnO-TA@GOx
spectrum retained both ZnO and TA-specific signals, while also exhib-
iting new absorption features characteristic of proteins. A strong band at
1710 cm™! corresponded to the amide I region (C=O stretching),
whereas signals in the 1583-1607 cm ™' range were assigned to the
amide II band (N-H bending and C-N stretching), partially overlapping
with aromatic C=C vibrations. Furthermore, C-H stretching vibrations
in the 2800-3000 cm ! range indicated the presence of aliphatic resi-
dues from GOx [32-34].

The zeta potential of ZnO-TA and ZnO-TA@GOx NPs dispersed in
DIW was measured to evaluate the surface charge and colloidal stability.
Asillustrated in Fig. 1G, ZnO-TA NPs showed a negative zeta potential of
approximately —30 + 4.4 mV, attributed to the presence of phenolic
hydroxyl (—OH) groups from tannic acid on the nanoparticle surface.
After GOx immobilization, the zeta potential decreased significantly
from —30 + 4.4 mV to —57.8 + 6.4 mV. The greater negative charge of
ZnO-TA@GOx can be explained by the isoelectric point of glucose oxi-
dase. In particular, the pI of GOx was reported at around 4.2 and the pH
value of distilled water is typically higher than this value (pH~7). This
condition leads to the deprotonation of ionizable amino acid residues on
the enzyme surface, resulting in a net negative charge of the enzyme
[35-37]. Many studies have demonstrated that zeta potential values
exceeding +30 mV represent colloid stability, whereas lower values are
typically associated with particle aggregation and instability [38-40].
According to this criterion, both ZnO-TA and ZnO-TA@GOx NPs showed
good stability in aqueous media. The increased negative surface charge
after GOx immobilization enhances the electrostatic repulsion between
particles, reducing aggregation and highlighting the role of GOx in
improving the stability of the NPs. Taken together, these findings
confirmed the successful immobilization of GOx onto TA-coated ZnO



68

P.L. Thi et al.

A) 60

=== 500 ppm =
oo D
—o—250 ppm =
5004
—=— |25 ppm X ]
—o0=Glucose - /:
4004 /

/

/ i
/"
V%

L/
/

.%,

*hn

I*I!Oz concentration (uM)
8
S
1

g

|

T T
15 20 25

Time (h)

o
W
=)

O

pH value

ZnO-TA

ZnO-TA@GOX ZnO-TA@GOX
Glucose 4.5 mg/mLGlucose 10 mg/mL

Colloids and Surfaces A: Physicochemical and Engineering Aspects 745 (2026) 140646

B) oo

—0=—=ZnO-TA/GOX 1:1

s00d ——ZrO-TAGOX 2:1 RS
3 —o=—ZnO-TA/GOX 4:1 _
= —o—ZnO-TA 5
- 1 £
Z 4004 v ]
] / >
=
F 300 7 ¥
g 4
£ //
S
2 /
S 2004 /
- —
- il
(=) // i
= 1004 . /-///
0 . ) . ; :
0 5 10 15 20 25

Time (h)

=
-’
g

=== NO donor (-) —
GSNO only 1

——GSNO + GSH !
~ 1504 !
= s
c A
=
=
2
= 1004
-
=
o
<
£
S
~ 504
I~
z

0
0 10 20 30 40 50

Time (h)

Fig. 2. In vitro generation of H0, as the function of (A) NPs concentration and (B) conjugation degree of GOx. (C) The change of pH values as a result of reaction
between ZnO-TA@GOx NPs and different concentrations of glucose. (D) The in situ NO generation arising from the reaction between different concentrations of ZnO-

TA@GOx NPs and NO donors (GSNO 10 pM and GSH 10 pM).

nanoparticles, mediated by hydrogen bonding or covalent interactions
between TA functional groups and the enzyme. Notably, the simulta-
neous retention of TA and Zn-O peaks with the emergence of amide
bands highlights the dual functionality of the TA coating, which not only
anchors onto the ZnO surface but also provides reactive sites for enzyme
conjugation, thereby enhancing the structural stability and bio-
functionality of the hybrid nanomaterial.

The crystalline structures of ZnO-TA and ZnO-TA@GOX nano-
particles were characterized by XRD spectra (Fig. 1H). The ZnO-TA
sample exhibited sharp diffraction peaks at 20 =~ 32°, 34.4°, 36.2°,
47.5°, 56.6°, 62.8°, and 67.9°, which were indexed to the (100), (002),
(101), (102), (110), (103), and (112) planes of the hexagonal wurtzite
structure of ZnO [28,41]. The most prominent reflection at 34.4° ((002)
plane) and 36.2° ((101) plane) confirmed the high crystallinity of the
ZnO material [42,43]. The preservation of these characteristic peaks
after TA conjugation indicates that the polyphenol coating does not
disrupt the intrinsic ZnO lattice, suggesting that the surface function-
alization occurs without affecting the underlying crystal structure. For
ZnO-TA@GOx, the overall XRD pattern retained the wurtzite ZnO
signature but displayed markedly reduced peak intensity and sharpness,
especially at 20 ~ 31.7°, 34.4°, and 36.2°. In addition, the background
became broader and more diffuse in the 10-30° region, indicative of an
amorphous contribution arising from the enzyme layer. These obser-
vations suggest that GOx immobilization partially masks the crystalline
surfaces of ZnO-TA without altering its core lattice. The absence of new
diffraction peaks further confirms that the enzyme coating does not
induce secondary crystalline phases. Collectively, these results demon-
strate that while TA functionalization preserves the crystalline integrity

of ZnO, subsequent enzyme immobilization primarily influences the
surface properties by introducing an amorphous organic layer. This
structural stability is crucial for maintaining ZnO’s intrinsic physico-
chemical properties while simultaneously imparting biofunctionality
through enzyme conjugation.

3.2. In vitro glucose-responsive and H30; release behaviors of ZnO-
TA@GOx NPs

The starvation therapy potential of ZnO-TA@GOx NPs was evaluated
by quantifying H-02 generation, using a peroxide assay kit. As presented
in Fig. 2A, Ho0, levels significantly increased in the glucose-treated
groups (4.5 mg/mL) compared to the control. After 24 h of incuba-
tion, Hy0 concentrations ranged from 362 to 542 uM as the concen-
tration of NPs increased from 125 to 500 ppm. These findings confirm
that the immobilized GOx retained its catalytic activity, which effec-
tively oxidized glucose and generated H0,. To further investigate the
role of enzyme loading, the effect of GOx concentration on the catalytic
performance of ZnO-TA@GOx NPs was assessed (Fig. 2B). The results
revealed a direct correlation between the initial GOx amount used
during synthesis and the amount of produced H,0,. Specifically, when
the GOx/ZnO-TA ratio was 1:4 (10 mg of GOx), the H,0, concentration
reached only 178 pM, while a 1:1 ratio (40 mg of GOx) yielded up to
542 puM after 24 h. The increased H,0; production is attributable to the
higher density of immobilized GOx on the nanoparticle surface, which
accelerated glucose oxidation.

The pH value during the reaction was monitored using a pH meter.
The results (Fig. 2C) indicated that the pH of the ZnO-TA@GOx and
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Fig. 3. Biocompatibility of ZnO-TA and ZnO-TA@GOXx NPs. (A) Live (green)/dead (red) assay and (B) WST-1 quantitative cytotoxicity assay of normal cells (hDFBs)

and cancer cells (MCF-7) exposed to different concentrations of NPs.

glucose-containing solutions decreased significantly compared to the
ZnO-TA control sample. Specifically, at a glucose concentration of
4.5 mg/mL, the pH dropped from 6.1 to 4.4 after 6 h of incubation,
reflecting the generation of gluconic acid during glucose oxidation.
When the glucose concentration was increased to 10 mg/mL, the pH
decreased even more rapidly, from 6.1 to 3.7 within just 1 h of incu-
bation, and further declined to 3.1 after 6 h. These results confirm that
ZnO-TA@GOx NPs exhibit substrate concentration-dependent catalytic
activity in glucose oxidation. Taken together, these results demonstrate
that ZnO-TA@GOx NPs effectively deplete glucose while producing
substantial amounts of H205, thereby exhibiting a dual mechanism for
starvation therapy. Moreover, the catalytic rate can be modulated by
tuning either the nanoparticle concentration or the amount of immo-
bilized enzyme. The synergistic combination of glucose depletion and
localized ROS generation highlights the strong therapeutic potential of
this nanomaterial for cancer treatment.

3.3. In vitro NO release profiles

The catalytic capability of ZnO-TA@GOx to generate NO from
endogenous NO donor was evaluated using the Griess assay. As shown in
Fig. 2D, GSNO exhibited self-decomposition capability to release NO
under physiological conditions. The NO concentration reached only

about 25.56 pM at 48 h, which was very low compared to the control.
Upon the addition of GSH to GSNO, the NO concentration increased
significantly (approximately 75 pM at 48 h), indicating that GSH ac-
celerates the decomposition of GSNO [44,45]. Notably, the introduction
of ZnO NPs further enhanced both the decomposition rate and the
amount of NO released, in a concentration-dependent manner. After
48 h of incubation, samples containing 250, 500, and 1000 ppm of ZnO
NPs generated 140, 150, and 187 pM of NO, respectively. These findings
demonstrate that ZnO NPs substantially promote NO release beyond the
effect of GSH alone. Taken together, the results indicated that
ZnO-TA@GOx can mimic glutathione peroxidase-like activity [46],
effectively catalyzing GSNO decomposition in the presence of GSH and
leading to the sustained NO generation. This catalytic function high-
lights their potential utility in cancer therapy that exploits endogenous
NO donors to induce tumor cell apoptosis, suppress angiogenesis, and
enhance the efficacy of chemodynamic or photodynamic treatments
through the NO-mediated pathways.

3.4. In vitro cytotoxicity
To assess the therapeutic potential and biosafety of ZnO-TA@GOx

NPs, their in vitro cytotoxicity was evaluated on MCF-7 breast cancer
cells and normal human dermal fibroblasts (hDFBs) using WST-1 and
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Live/Dead assays. As shown in Fig. 3, both ZnO-TA and ZnO-TA@GOx
NPs exerted significant cytotoxic effects on MCF-7 cells, reducing their
viability to 72.12% and 43.84%, respectively, at a concentration of
400 ppm. Notably, ZnO-TA@GOx NPs induced approximately 25% cell
death in MCF-7 cells even at lower concentrations. In contrast, ZnO-TA
showed minimal toxicity in the range of 100-300 ppm, with over 80% of
MCF-7 cells remaining viable. The introduction of glucose (4.5 mg/mL)
further enhanced the anticancer efficacy of ZnO-TA@GOXx NPs, resulting
in over 60% cancer cell death across all tested concentrations
(100-400 ppm). The half-maximal inhibitory concentration (ICs¢) of
ZnO-TA@GOx NPs was determined to be approximately 100 ppm in the
presence of glucose, compared to 400 ppm without glucose, indicating a
glucose-dependent cytotoxic enhancement. The superior cytotoxicity of
ZnO-TA@GOx NPs relative to ZnO-TA is attributed to the synergistic
production of HyO; and NO. Low to moderate levels of H,O, have been

ZnO-TA@GOX 100 ppm

—_— —

ZnO-TA@GOX 400 ppm

17

after treating with ZnO-TA@GOx NPs at different concentrations.

shown to induce cell death in a concentration- and cell type-dependent
manner.

For example, Tochigi et al. [47] demonstrated that HyO5 at con-
centrations of 30-100 pM triggered apoptosis in TRAIL-resistant human
melanoma cells. In another study [48], the apoptosis of HeLa cells was
investigated as the function of H2O; time treatment, which showed
28.96% apoptosis after 15 min treated with H202 125 pM. Furthermore,
the H,0, treatment [49] with low concentrations (6.5 pM) has been
reported to sensitize cancer cells to anticancer therapies by mducmg
DNA damage, depleting ATP via caspase-independ mech
inhibiting glycolysis, and blocking ATP-restoring pathways Like H20,,
NO also promotes apoptosis in cancer cells through various mechanisms
involving oxidative and nitrosative stress. At elevated levels, NO dis-
rupts mitochondrial membrane potential, facilitating cytochrome c
release and activation of the intrinsic apoptotic pathway. It can also
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upregulate pro-apoptotic proteins such as Bax and downregulate
anti-apoptotic proteins like Bcl-2. Moreover, NO activates caspase-3 and
-9, further amplifying apoptosis. These effects can lead to selective
cancer cell death under appropriate conditions. For instance, Confino
et al. [50] reported rapid and extensive cancer cell death in multiple
tumor types, including colon, breast, pancreatic, and ovarian cancers,
following exposure to ultra-high concentrations (10,000-100,000 ppm)
of gaseous NO (gNO). Recently, Gordon et al. [51] demonstrated the
anticancer efficacy of S-nitrosoglutathione (GSNO), an NO donor, in
neuroblastoma cells, where GSNO treatment reduced metabolic activity,
suppressed clonogenic potential, and increased cell death. In our study,
ZnO-TA@GOx NPs simultaneously generate H,05 and NO in the pres-
ence of glucose, owing to the catalytic activities of GOx and ZnO,
respectively. This dual generation mechanism contributes to a syner-
gistic enhancement of the anticancer effect, providing a promising
strategy for selective and efficient cancer cell elimination while mini-
mizing cytotoxicity to normal cells. It should be noted that the glucose
concentration employed in these cytotoxicity assays (4.5 mg/mL) is
higher than physiological levels, which may not fully mimic the nutrient
conditions of the tumor microenvironment. Nevertheless, under these
experimental settings, the addition of glucose did not result in signifi-
cant differences in hDFB viability among the tested groups. However,
this limitation also highlights the need for further investigation under
more physiologically relevant conditions. Future studies should incor-
porate lower glucose concentrations representative of the tumor
microenvironment to better evaluate the sensitivity and therapeutic
performance of the nanosystem.

Furthermore, the cytotoxicity of ZnO-TA and ZnO-TA@GOx NPs
toward hDFBs was significantly lower than that observed in MCF-7

Fig. 5. (A) Quantitative analysis of intracellular zinc accumulation in normal cells (hDFBs) and cancer cells (MCF-7). (B) Fluorescence images of ROS generation,
detected by DCFH-DA staining, in hDFBs and MCF-7 cells after 6 h of treatment with different formulations. The scale bar is 100 pm.

cancer cells. As illustrated in Fig. 3, hDFBs maintained over 90%
viability when exposed to NPs at concentrations up to 300 ppm.
Notably, at lower concentrations (<200 ppm), both ZnO-TA and ZnO-
TA@GOx NPs significantly enhanced cell viability compared to the
untreated control group. This enhancement is likely attributed to the
proliferative effects of HyO, generated at low concentrations. Specif-
ically, H,0, at sub-toxic levels (<100 pM) can act as a secondary
messenger in various cellular signaling pathways, modulating the ac-
tivity of growth factor receptors and kinases involved in cell cycle pro-
gression. Thus, the limited amount of H20: produced via the enzymatic
reaction between GOx and glucose in the culture medium may have
contributed to the increased viability of hDFBs at low NP concentrations.
Moreover, the addition of glucose did not result in significant differences
in hDFB viability among the samples. These findings underscore the
selective cytotoxicity of ZnO-TA@GOx NPs, which demonstrated potent
anticancer activity while maintaining acceptable cytocompatibility with
normal cells at equivalent treatment concentrations.

To ensure the safety of NPs for systemic administration, the hemo-
lysis assay was conducted. As illustrated in Fig. 4A, all ZnO-based
nanocomposites exhibited a low hemolysis rate (<5%), comparable to
the negative control (PBS) and markedly lower than the positive control
(Triton X-100). Furthermore, optical microscopy images of erythrocytes
after 1 h of exposure to NPs at various concentrations confirmed the
absence of red blood cell damage, underscoring their suitability for
cancer therapy applications (Fig. 4B).

3.5. Cellular zinc accumulation and intracellular ROS generation

Zinc is an essential trace element in the human body, which plays
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critical roles in numerous cellular processes, including proliferation,
differentiation, apoptosis, and regulation of the cell cycle [52,53]. In
normal cells, zinc homeostasis is tightly controlled by specific zinc
transporters and is often sequestered in vesicles to ensure regulated
intracellular release. In contrast, cancer cells frequently exhibit dysre-
gulated zinc homeostasis, which varies depending on the cancer type
and progression stage. It is well-documented that excessive zinc accu-
mulation in cancer cells can induce oxidative stress and trigger pro-
grammed cell death, such as pyroptosis, thus highlighting zinc's
potential as an anticancer agent. In this study, we investigated the zinc
accumulation in breast cancer cells (MCF-7) and normal human dermal
fibroblasts (hDFBs) following treatment with varying concentrations of
ZnO-TA@GOx NPs, using Abcam’s zinc quantification assay kit. As
depicted in Fig. 5A, the intracellular zinc levels were found to correlate
with both the cell type and NP concentration. Specifically, as the NP
concentration increased from 0 to 400 ppm, the zinc content increased

from 4.6 ng to 142.6 ng in hDFBs and from 6.9 ng to 234.1 ng in MCF-7
cells. This enhanced zinc accumulation in MCF-7 cells compared to
normal cells is consistent with previously reported elevated expression
of zinc-importing proteins in tumor tissues [54]. These results suggest
that ZnO-TA@GOx NPs can preferentially promote zinc accumulation in
cancer cells, thereby enabling targeted zinc delivery and potentially
inducing apoptosis or improving the therapeutic efficacy of zinc-based
nanocarriers.

The DCFH-DA fluorescence imaging results in Fig. 5B clearly reveal
differences in intracellular ROS generation among the treatment groups
and between the two cell lines. In both hDFBs and MCF-7 cells, the green
fluorescence intensity (indicative of ROS levels) increased upon treat-
ment with the nanoparticles compared to the untreated control.
Notably, the fluorescence signals observed in MCF-7 cancer cells were
consistently and significantly higher than those in normal hDFBs under
the same conditions. This trend is in good agreement with the obtained
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Fig. 7. The whole blood cell analysis of treated and untreated mice after 16 days of treatment. Abbreviations: WBC, white blood cell; RBC, red blood cell; HGB,
hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red

cell distribution width.

Zn accumulation results, indicating that Zn is preferentially internalized
and accumulated in cancer cells, thereby promoting higher ROS pro-
duction. Specifically, for the ZnO-TA-treated group, a moderate increase
in ROS levels was observed, which can be attributed to the release of
Zn** jons and the subsequent induction of intracellular oxidative stress.
More importantly, treatment with ZnO-TA@GOx led to a substantial
enhancement in fluorescence intensity in both cell lines, particularly in
MCF-7 cells, demonstrating a significant increase in ROS generation due
to the synergistic effect between ZnO and GOx. Upon supplementation
with glucose (4.5 mg/mL), the intracellular ROS levels were further
markedly elevated, confirming that GOx effectively catalyzed glucose
oxidation to produce H0, thereby amplifying oxidative stress within
the cells. This increase was significantly greater than that observed for
ZnO-TA alone, highlighting the critical role of GOx in boosting ROS
production. Taken together with the results of enhanced Zn accumula-
tion in cancer cells and the glucose-consuming, HO2-generating cata-
Iytic activity of GOx, these findings provide clear insight into the
synergistic and selective anticancer mechanism of the ZnO-TA@GOx
system.

3.6. In vivo tumor inhibition

The antitumor efficacy of ZnO-TA@GOx NPs was assessed in a sub-
cutaneous xenograft model, using MCF-7 human breast cancer-bearing
mice. Mice were treated via intratumoral injection with either ZnO-TA
or ZnO-TA@GOx NPs at an equivalent dose (5 mg.kg ') twice a week
for a duration of 3 weeks. As illustrated in Fig. 6A, the tumor volumes of
the control (mice without treatment) increased progressively
throughout the experimental period. In contrast, both ZnO-TA and ZnO-
TA@GOx NPs significantly inhibited tumor growth. Specifically, on day
16 post-treatment, the average tumor volumes in the ZnO-TA- and ZnO-
TA@GOx-treated groups were markedly smaller than those observed in
the control group, with mean values of 1561 mm® and 1285 mm?,
respectively, compared to 2784 mm? in the control group. In addition,
all treated mice maintained stable body weights throughout the study,
with no significant differences compared to the control, indicating the
absence of systemic toxicity despite the strong antitumor effects
(Iig. 6B). Notably, ZnO-TA@GOx NPs demonstrated the most pro-
nounced therapeutic efficacy, as evidenced by the smallest excised
tumor sizes and the highest survival rate at the 16-day endpoint (Fig. 6C-
D). The superior anticancer efficacy of ZnO-TA@GOXx NPs is attributed
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to the synergistic effects of reactive oxygen and nitrogen species gen-
eration (notably Hy03 and NO), glucose depletion mediated by GOx, and
the inherent antitumor properties of tannic acid. These in vivo findings
are consistent with the in vitro cytotoxicity results and apoptosis assays,
further confirming the therapeutic potential of ZnO-TA@GOx NPs.

H&E-stained sections of treated tumors were subsequently analyzed
on day 21 post-treatment to evaluate the histopathological changes
(Fig. 6E). In contrast to the control group, which exhibited densely
packed tumor tissues with a high nuclear density, the H&E-stained
section of ZnO-TA and ZnO-TA@GOx NPs-treated groups displayed a
marked reduction in nuclear density along with the presence of large
void regions, indicative of extensive tumor necrosis. Furthermore, he-
matological analysis revealed no statistically significant differences in
complete blood cell counts between the control and nanoparticle-treated
groups after 16 days of treatment (Fig. 7 and Figure $2-3), suggesting
the excellent biocompatibility of ZnO-TA@GOx nanoparticles and their
promising potential for anticancer applications.

4. Conclusions

In summary, we successfully developed a biocompatible and selec-
tively anticancer ZnO nanocomposite by integrating ROS-mediated
oxidative damage with starvation therapy. The ZnO-TA@GOx NPs not
only markedly enhanced ROS generation (H20O, and NO) but also
depleted glucose availability, thereby effectively inducing apoptosis in
tumor cells. Importantly, in vivo studies demonstrated that ZnO-
TA@GOx NPs significantly suppressed tumor growth without causing
notable changes in body weight or hematological parameters of tumor-
bearing mice during the 2-week treatment period. Moreover, H&E
staining revealed extensive tumor necrosis, confirming the potent
cytotoxic activity of ZnO-TA@GOx NPs. Collectively, these findings
underscore the potential of ZnO-TA@GOx NPs as a promising nano-
composite platform for cancer therapy.
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Hinh S2: Céc thong sb huyét hoc toan phﬁn ctia chuét dugc diéu tri va

khéng diéu tri tai ngay 6 cta qua trinh diéu tri.
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VIEN HAN LAM DPANG CONG SAN VIET NAM
KHOA HOC VA CONG NGHE VN
HQC VIEN KHOA HQC VA CONG NGHE
*

S6 340 - QP/HVKHCN Ha Ngi, ngay 95 thang § ndm 2026

QUYET PINH
vé viéc thanh 1p Hgi dong danh gia luan vin thac si

- Can ¢t Quyét dinh sb 175-QD/VHLKHCNVN ngay 28/4/2026 cua Chu
tich Vién Han 1dém Khoa hoc va Cong nghe Viét Nam v& viéc ban hanh Quy ché
T chirc va hoat dong cia Hoc vién Khoa hoc va Cong ngh¢;

-Canc Thong tu $6 23/2021/TT-BGDPT ngay 30/8/2021 ctia Bo Gido duc
va Pao tao vé viéc ban hanh Quy ché dao tao trinh do thac si;

- Can cu Quyet dinh sb 1966/Qb-HVKHCN ngay 28/12/2021 cia Giam dbc
Hoc vién Khoa hoc va Cong nghe vé viéc ban hanh Quy ché dio tao trinh d9 thac sf;

- C3n ¢t Quyét dinh s6 724/QD-HVKHCN ngiy 28/6/2024 cua Gidm ddc Hoc
vién Khoa hoc va Cong ngh¢ Vé viéc cdng nhén hoc vién cao hoc dot 1 ndm 2024,

- Can cir Quyét dinh so 987/QD-HVKHCN ngay 02/10/2025 cua Giam ddc Hoc
vién Khoa hoc va Cong nghé vé viéc cong nhan dé tai va ngudi huéng dan lusn vin thac sf;

- Xét @& nghi ctia Trudng khoa Hoa hoc, Truéng phong Pao tao,
GIAM POC HQC VIEN KHOA HQC VA CONG NGHE

QUYELT PINH

Piéu 1. Thanh 1ap Hoi ddng dénh gia ludn van thac si cho hoc vién Hoang
Kim Huong véi dé tai: “Nghién ciru diéu ché hé nano oxit kém bién tinh bé mit
v6i axit tannic va glucose oxidase dinh hwéng ting cwong hiéu qua diéu tri
ung thu”

Nganh: Héa hitu co M3 s6: 8 44 01 14

Danh s4ch thanh vién Hoi ddng dénh gia luan vin kém theo Quyét dinh nay.

Piéu 2. Hoi ddng c6 trach nhiém danh gia ludn van thac si theo dung quy
ché hién hanh ciia B6 Gi4o duc va Pao tao, Hoc vién Khoa hoc va Cong nghé.

Quyét dinh nay c6 hiéu lyc trong thoi han t6i da 60 ngay lam viéc ké tir ngay
ky va phai dam bao thoi han dao tao theo quy dinh cua Hoc vign. Hoi dong ty giai
thé sau khi hoan thanh nhiém vu.

Dleu 3. Truéng phong T6 chirc - Hanh chinh, Truong phong Pao tao, Trudng
phong K& toan, Trudng khoa Khoa Héa hoc, c4c thanh vién ¢6 tén trong danh sach Hoi
dong va hoc vién cao hoc 6 tén tai Piéu 1 chiu trach nhlem thi hanh Quyét dinh nay. /Z/

Noi nhén:

- Nhu Diéu 3,

- Luu hd so NCS,

- Luu VT,DT, ™).




DANH SACH HQI PONG PANH GIA LUAN VAN THAC Si

(Kem theo Quyet dinh s6 310 /OP-HVKHCN ngay.) 5K/5 72026
ctia Gidm déc Hoc vién Khoa hoc va Céng nghé)

h. 181,
] ) ché hé nano oxit kém bién tinh bé mait véi
dase¢, dmh huéng ting cwong hi¢u qua diéu tri ung

oang Kim Huong

Nganh: Héa hiru
Mai sb: 8 44 01 14

Ngudi huéng dan: TS. Lé Thi Phuong - Vién Cong nghé tién tién, Vién Han 1am
Khoa hoc va Cong nghé Viét Nam

Trach
Ho va tén, hoc ham, Chuyén C it i nhiém
hoc vi nganh SlnEneOuE. trong Hoi
dong
GS.TS. Nguyén Cuul| .., .. Hoc vién Khoa hoc va Cong nghé, o
Khoa Hoaltu oo | ™" ign Han 1am KHONVN ffeh
A 2 ot Vién Cong nghé tién tién, R
GS.TS. Tran Ngoc Quyén | Hoéa hituco Vién Hin [am KHCNVN Phén bién 1
: = Y Trung tam Cong ngh¢ sinh hoc S
TS. Truong Minh Diing Héa hitu co Thanh phé H3 Chi Minh Phén bién 2
PGS.TS. Trin Quang| Hoa phéan Truong Pai hoc - Cong nghiép Uy vie
Hiéu tich Thanh ph HS Chi Minh i
S P Vién Cong nghé tién tién, Uy vién-
TS. T I .
S. Tran Diéu Linh Hoéa hitu co Vién Han 1im KHCNVN Thirky

Hgi dong gém 05 thanh vién, ;;//




VIEN HAN LAM PANG CONG SAN VIET NAM
KHOA HOQC VA CONG NGHE VN

HOQC VIEN KHOA HQC VA CONG NGHE
* TP.HCM, ngay 09 thdng 6 nam 2026

BIEN BAN HQP HOI PONG PANH GIA LUAN VAN THAC Si

Thuc hién Quyét dinh sé: 310-QD/HVKHCN ngay 25/5/2026 ctia Giam
dbc Hoc vién Khoa hoc va Cong nghé vé viéc thanh lap Hoi déng déanh gia luan
van thac si cua hoc vién Hoang Kim Huong

Tén dé tai: Nghién ctru didu ché hé nano oxit kém bién tinh bé mit voi
axit tannic va glucose oxidase dinh huéng ting cuong hiéu qua diéu tri ung
thw

Nganh: Hoa hitu co

Mi s6: 8 44 01 14

Hom nay, ngay 09/6/2026 Hoi dong da hop tai hoi trudng ting trét Vién
Cong nghé tién tién vao lic 14h00, Hoi ddng gdm 05 thanh vién:

TT Ho va tén Chirc danh
1 GS.TS. Nguyén Ciru Khoa Chu tich

2 GS.TS. Tran Ngoc Quyén Phan bién 1
3. TS. Truong Minh Diing Phén bién 2

4 PGS.TS. Tran Quang Hiéu Uy vién

5 TS. Tran Diéu Linh Uy vién-Thu ky

Thanh vién vang mit: 0

NOI DUNG LAM VIEC

Dai dién co s¢ dao tao doc quyét dinh thanh 1ap Hoi ddng danh gia luan van
Chu tich Hoi dong, diéu khién phién hop
Thuky HP, doc Iy lich khoa hoc va bang diém cua hoc vién

Hoc vién trinh bay luin van trude Hoi déng

R

Phén bién 1 doc ban nhan xét va dt cau hoi:

- Trong két qua WST-1, tai sao miu ZnO-TA & néng d6 100-200 ppm lam ting
kha nang song cua té bao ung thu [én khoang 110%, trong khi mau ZnO-TA@GOx &
cung nong d¢ hat nano chi duy tri kha nang séng & khoang 80%?



- Tai sao lai chon phuong phap tiém truc tiép 1én khdi u ung thu vu thay vi ti,ém
thong qua tinh mach IV? Ham luong nano tiém vao chudt duoc tinh dya trén khoi u
hay co thé chuot?

Hoc vién tra loi:

- Hoc vién cho biét ZnO-TA c6 kha nang tao ra mot lugng nhé ROS, chu yéu la
H20:, dudi tac dong ctia UV hodc nhiét do. O néng do thép, H20: déng vai trdo nhu
mot phén ti tin hi¢u tham gia diéu hoa cac qua trinh tang sinh té bao, do d6 ¢6 thé lam
tang kha nang sdng cuia té bao. Sau khi ¢b dinh glucose oxidase (GOX) 1én bé mat vat
liéu, enzym nay xuc tac qua trinh oxy hda glucose tao ra lugng H202 cao hon, gay
stress oxy hoa va lam giam kha ning song cua té bao. Vi vay, & cling ndng do khao
sét, ZnO-TA@GOx thé hién doc tinh té bao cao hon so v6i ZnO-TA.

- V& phuong phép dua vat liéu vao co thé, hoc vién giai thich rang mac du hé
nano c6 kha nang tich lity thu dong tai khéiu thong qua hiéu img EPR, hiéu qua phéan
b6 thyc té thudong con han ché. Do d6, phuong phap tiém tryc tiép vao khdi u duoc
lya chon nhdm dam bao dua dugc lugng vat lidu t5i da dén vi tri diéu tri, ddng thoi
giam that thoat do phan bd dén cac co quan khac. Liéu lugng vét liéu stir dung trong
thi nghiém duoc tinh toan dua trén khoi luong co thé chudt & muc 5 mg/kg.

6. Phan bién 2 doc ban nhan xét va dit ciu hai:

- Co ché nao giai thich viéc ZnO-TA@GOx gdy doc déi véi té bao ung thu
nhung van duy tri d6 an toan twong dbi déi véi té bao thuong?

- Khi tiém tryc tiép thi ham luong nano du thira trong co thé s& di dau, c6 thé bi
phéan huy khoéng?

Hoc vién tra loi:

- Hoc vién giai thich ring té bao ung thu ¢6 nhu cau tiéu thu glucose cao va nhay
cam hon vdi stress oxy hoa so véi t€ bao binh thuong. Két hop véi dic didm vi méi
trudng khéi u co tinh axit, hé ZnO-TA@GOx c6 kha nang tao ra lugng RONS cao
hon tai vi tri khdi u, tir d6 tang hiéu qua tiéu diét té bao ung thu. Trong khi do, té bao
binh thudng c6 co ché chéng oxy héa hiéu qua hon nén mite d¢ anh huong duoc han
che.

- Vé kha ning phan huy va dao thai, hoc vién cho biét trong moi truong axit cua
khéi u, ZnO c6 thé hoa tan va gidi phéng ion Zn?, lam gidm dan kich thuéc hat. Pong
thoi, axit tannic ¢6 thé bi phén huy thanh céc phan tir nhd hon nhu axit gallic, con
enzyme GOX bi cdc enzyme ndi sinh phan giai thanh peptide va axit amin. Cac san
phdm phan huy ndy sau do tiép tuc tham gia cac qua trinh chuyén hoa sinh hoc hozc
dugc dao thai qua gan va than..



7. Céc thanh vién Hoi ddng doc ban nhan xét va dit cau hoi:

- PGS. TS. Tran Quang Hiéu: Hat nano ZnO-TA dugc hinh thanh nhu thé nao?

- GS. TS. Nguyén Ctru Khoa: ZnO & dang ndo, nano hay ion Zn2+ tac dong 1én
qué trinh giét chét té bao ung thu va tac dong lén bo phan nao dé giét chét té bao?
Hoc vién tra loi:

- Hoc vién cho biét hat nano ZnO duoc téng hop thong qua quéa trinh két tua
Zn(OH). tir ion Zn?" trong moi truong kiém, sau d6 Zn(OH). bi phéan hdy nhiét tao
thanh ZnO. Axit tannic v6éi nhiéu nhom phenol ¢6 kha nang tao lién két phdi tri voi
ion Zn?* trén bé mat hat nano, tir do hinh thanh 16p phti TA 6n dinh.

- Vé co ché tac dong lén té bao ung thu, hoc vién giai thich rang trong moéi trudng
axit ddc trung cia khéi u, hat nano ZnO bi hoa tan va giai phong ion Zn?*. Cac ion nay
c6 thé tuong tac véi mang té bao, d@)ng thoi sau khi hat nano duge ndi hoa vao té bao,
ZnO tiép tuc phan huy trong lysosome va gidi phong thém Zn? ndi bao. Qua trinh nay
kich thich san sinh ROS, gdy t6n thuong DNA, r6i loan chirc nang ty thé va thic day
qué trinh chét theo chuong trinh cua té bao ung thu.

8. Hoi dong hop kin va cho diém
- Hoi ddng bau ban kiém phiéu gdm 3 thanh vién:
Trudéng ban: TS. Truong Minh Dling.
Uy vién: PGS.TS. Tran Quang Hiéu.
Uy vién: TS. Tran Diéu Linh.
- Két qua kiém phiéu nhu sau:
S6 phiéu phat ra: 05
S6 phiéu thu vé: 05
Téng sé diém: 44
Piém trung binh: 8,8
Diém thuéng cong trinh cong bd: 1,0

Téng diém danh gid luan van va thuong cong trinh cong b: 9,8

- Keét luén cua Hoi dong: Luén véan dat yéu cau
- Tinh khong tring 1dp ndi dung va tén dé tai véi céac cong bd: No6i dung va
tén de tai khong tring lap véi cac cong bd trude day.

9. Chu tich Hoi dong, cong bd két qua, yéu ciu hoc vién chinh stra luan vin véi céc
ndi dung sau:
Luan van dap (mg cac yéu ciu ctia mot luén vian thac si. Yéu cau hoc vién chinh
stra theo cac gop y ctia Hoi dong



Budi hop da két thiic vao 14 gid 50 phit ngay 09/6/2026.

TP. Ho Chi Minh, ngay 09 thdng 6 nim 2026

THU KY HOI PONG CHU TICH HQI PONG
TS. Tran Diéu Linh GS.TS. Nguyén Ciru Khoa

XAC NHAN CUA CO SO PAO TAQ,
KT. GIAM POC
PHO GIAM POC
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Nguyén Thi Trung




CONG HOA XA HQI CHU NGHIA VIET NAM
Pic lap — Tw do — Hanh phic

BAN NHAN XET LUAN VAN THAC Si
Ho va tén ngudi nhan xét: GS.TS. Tran Ngoc Quyén
Hoc ham, hoc vi: Gido su, Tién si
Nganh: Ho4 hiru co
Co quan cdng tic: Vién Céng tién tién
Ho va tén hoc vién: Hoang Kim Huong

Tén dé tai: Nghién ciru diéu ché hé nano oxit kém bién tinh bé mdt voi axit tannic va
glucose oxidase dinh hudng ting cudng hidu qua diéu trj ung thu

Nganh: Hoa hitu co Mi sb: 8 44 01 14

NQI DUNG NHAN XET

1. Tinh cép thiét, tinh thoi sy, ¥ nghia khoa hoc va thye tién ciia dé tai ludn vin:

Dé tai tap trung vao hudng nghién ctru vat lidu naro mg dung trong diéu trj ung thu
- mét linh vuc dang nhén duge nhiéu sy quan tim trong nudc va qudc té do nhu cdu tim
kiém cac giai phap diéu tri hidu qua va an toan hon cho ngudi bénh. Viée khai thac cac
hé nano da chirc ning nhiam tang kha ning tiéu diét té bao ung thur theo co ché chon loc,
déng thai han ché tac dong Ién té bao binh thudmg, 12 xu hudng nghién ciru phit hop voi
dinh hudng phat trién cua y hoc hién dai.

Luin vin lya chon nén vat lidu nano oxit kém két hop véi axit tannic va glucose
oxidase Ia huémg tiép can ¢6 co s khoa hoc va tinh img dung. ZnO 1a vét liéu c6 nhiéu
wu diém nhu d& tdng hop, chi phi thip, ¢o kha nang tao cdc gée oxy hoa trong moi
truémg khéi u; trong khi do axit tannic g6p phin ting dg 6n dinh cua hé vit lidu va hd
trgr bién tinh bé mat. Viée tich hop enzyme glucose oxidase giup khai thac thém co ché
bd ddi té bao ung thir thong qua qué trinh tiéu thy glucose nodi bao. Su phdi hop nhiéu
co ché trong ciing mdt hé nano cho thiy dinh huéng nghién ctru ¢6 tinh méi va phu hop
vGi xu huéng phét trién cac hé tri lidu hiép déng hién nay. Vé mit khoa hoc, luan van
da xay dung va khao sat twong déi diy du dic tinh ca hé nano ZnO-TA@GOxX théng
qua cac phuong phap phan tich hién dai, déng thoi danh gia duge hoat tinh sinh hoc cua
vét li¢u trén ca md hinh in vitro va in vivo. Két qua nghién ciru gép phin bd sung thém
dir liéu cho hudng nghién ciru vt liéu nano oxit kim loai bién tinh sinh hoc trong didu
tri ung thu, ddc biét 1a cac hé nano c6 kha nang két hop ddng thoi lidu phap stress oxy

hoa va liéu phap chuyén héa. V& mit thuc tién, két qua cta dé tai cho théy hé nano
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nghién ciru c6 tiém nang (g dung trong phat trién cac hé dan truyén va diéu trj ung thu
thé hé méi. Nghién ctru ciing gép phin mé rong dinh hudng irng dung cong ngh¢ nano
trong linh vuc y sinh tai Viét Nam, déng thoi tao tién dé cho cac nghién clru chuyén siu
hon ciing nhu kha ning phat trién thanh cac cong bd khoa hoc trong tuong lai.

2. Sy khéng trung lip céia dé tai nghién ciru so véi cac cong trinh khoa hoc, ludn
vin da céng bbd & trong va ngoai nwrde; tinh trung thue, rd rang va di‘ly du trong

trich din tai liéu tham khao:

Pé tai c6 tinh méi nhat dinh khi tich hop dong thoi ZnO, axit tannic va glucose
oxidase trong ciing mot hé nano nhiim khai thac hiéu img hi¢p ddng giira stress oxy hoa
v liéu phép bé doi té bao ung thu. Qua phén téng quan cho thay tac gia da co ddi chiéu
voi nhiéu céng trinh trong va ngoai nuéc, dong thai xac dinh dugc khoang tréng nghién
ctru twong ddi ro rang. Ludn vin dugc trinh bay trung thuc, ¢6 hé thong 1ai liéu tham
khao tuong dbi ddy dii. cap nhat va phit hop voi ndi dung nghién ctru.

3. Sy phu hop giira tén dé tai véi ndi dung nghién ciru ciing nhwr véi chuyén
nganh va mi sé dao tao:

Tén dé tai phi hgp vdi linh vuc hoa duge thudc chuyén nganh hoéa hiru co va khop
véi ndi dung nghién cru thye hién trong ludn van.

4. DJ tin cdy va tinh hi¢n dai cia phwong phap nghién ciru da sir dung dé hoan

thanh luin vin:

Cac phuong phap nghién ciru duge st dung trong luén vin pha hgp véi ndi dung va
muc tiéu ciia dé tai, dam bao do tin cay cho qua trinh danh gia hé vét liéu nano nghién
ctru. Quy trinh thyc nghiém dugc xay dung tuong déi hop 1y, bao gbm tir giai doan téng
hop vat li€u, khao sat dac tinh héa ly dén danh gia hoat tinh sinh hoc cia hé nano. Cac
ky thudt phan tich va thir nghiém dugc lva chon déu la nhimg phuong phép phé bién va
dugc ing dung rong rii trong linh vurc vat lidu nano y sinh hién nay. Bén canh dé, cac
két qua thuc nghiém dugc trinh bay kha ré rang, ¢é xir Iy va so sanh s liéu giira cac

nhom nghién ciru, gop phén tang d0 tin cdy va gia tri khoa hoc cua luan vin.

5. Két qua nghién ciru cia luin viin:

Luén vin da tong hop thanh ¢6ng hé nano ZnO bién tinh bé mit véi axit tannic va
glucose oxidase theo dinh hudéng tmg dung trong diéu trj ung thu. Hé vat liéu thu duge
dugc dénh gia teong déi ddy du vé dic tinh cAu tric, hinh thai va hoat tinh sinh hoc bing
cac phuong phap phan tich phi hop. Két qua nghién <tru cho thdy viéc bién tinh bé& mat
bang axit tannic va glucose oxidase giip cai thién do 6n dinh ctia hé nano. Hé ZnO-
TA@GOx c6 kha ning két hop giira co ché sinh ROS/RNS va liéu phap bé déi té bao
thong qua phan {mg xic tic oxy hoa glucose ndi bao, qua d6 gop phin ning cao hicu

qua gay doc trén té bao ung thu.




Thir nghiém in vifro ghi nhén hé vt liéu c6 kha ning trc ché dang ké su phat trién
ctia dong té bao ung thu MCF-7, trong khi mic dd anh hudng 1én té bao thuong thip
hon. Cac phép thir twong thich sinh hoc ciing cho thiy vat liéu cé kha ning tuong thich
mau tuong dbi tbt trong diéu kién khao sat.

Péi v6i mé hinh chuét mang khdi u, hé nano nghién ctru cho thdy kha nang lam cham
su phat trién cta khéi u so v6i nhém dbi chirng ma chua ghi nhan déu hiéu doc tinh 1o
rét trong dicu kién khao sat. Cac két qua thu duge budc du cho thiy hé nano ZnO-
TA@GOX c6 tiém nang (mg dung trong phat trién cac hé vat liéu nano da chic nang

phuc vu didu trj ung thur.

6. Nhirng han ché, thiéu sét cia luin vin vé ndi dung va hinh thirc:
Ludn van con tén tai nhiéu han ché va thiéu sét nhu sau:
Ve ngi dung:

Céc thir nghiém in vive budc dau cho thay higu qua irc ché khdi u kha quan, tuy
nhién, thoi gian theo di con trong dbi ngan va chua danh gia ddy du doc tinh lau dai
trén cac co quan nhu gan, than hoidc kha niang phan bé sinh hoc cua vt lidu trong co
thé.

Luan vin chua thuc hién so sanh truc tiép véi cac thude hoa tri thuong mai hodc
cac hé nano tuong tu di dugc cong bé trude do, do do wu thé ndi bat cua hé vat liéu
nghién ciru van chua dugc thé hién thét rd nét.

Luén vin mdi chi dimg & budc danh gia hiéu qua sinh hoc ban diu cia hé nano
ZnO-TA@GOx ma chua khao sat diy du qua trinh phan huy sinh hoc va kha nang
dao thai cia vat liéu trong co thé. Cac dir liéu lién quan dén toc do phén huy caa hé
nano trong moi truong sinh ly, su giai phéng ion Zn?* theo thoi gian ciing nhu kha
néng tich lfiy cta vt li€u tai cdc co quan chua duge 1am rd. Ngoai ra, co ché dao thai
clia hé nano sau diéu trj va nguy co ton luu vat lién trong co thé vin chura dugc danh
gia ddy du, do d6 cén c6 thém cac nghién ciru chuyén sau hon dé khing dinh tinh an
toan sinh hoc va tiém ning (ng dung lau dai cta hé vt liéu trong diéu tri ung thu.
Vé hinh thirc:

V¢ hinh thirc trinh bay, ludn van nhin chung dugc trinh bay tuong dbi rd rang va
¢6 bb cuc hep 1y. Tuy nhién van con mot s 18i nhé trong qua trinh xr ly van ban nhu
khoang cach dong chua déu, cin 1€ gitra cac muc chira théng nhét hodc 15i dinh dang
ky tu. Hoc vién cin ra soat k¥ hon dé hoan thién hinh thirc trinh bay cia luan van.
Mot s6 hinh anh con chua thit su 16 nét, hoc vién can diéu chinh lai chét lugng hinh
anh. Trong ludn vén, cach trinh by diu thap phan & mét sé bang bidu va sé liéu chua
that sy théng nhét, con xen k& giita diu phdy va ddu chdm trong cung van ban.



7. Néu tac gia chwa viét bai bso khoa hoc thi nji dung ciia luin vin cé thé duge
viét thanh cic bai bio dé giri dang trén trén tap chi khoa hoc, sich chuyén nganh
hoc tuyén tip cong trinh hoi nghi khoa hoc cip quoc gia, qubc té hay khong?

N6i dung nghién ciru cua ludn van da duge xudt ban trén tap chi uy tin qudc té
(Colloids and Surfaces A: Physicochemical and Engineering Aspects, Q1 (SJR), IF 5.4)

8 . Két ludn chung (khang dinh mirc d§ dip wng cic yéu cau doi véi mot ludn
vin Thac si; luidn vin c6 thé dua ra bio vé dé nhin hoc vi Thac si dwoc hay
khong?):

Noi dung va cic két qua cta luan van dap tmg duge yéu cau ciia mot ludn vin
Thac si chuyén nganh hoa hitu co. Luan van co thé dua ra bao vé dé nhan hoc vi

Thac si.

TP. Ho Chi Minh, ngay 04 thing 6 ndam 2026
Nguwdi phan bién
(Ky. ghi ro ho tén)
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CONG HOA XA HQI CHU NGHIA VIET NAM
Dée ldp — Ty do — Hanh phic

BAN NHAN XET PHAN BIEN LUAN VAN THAC Si

Ho va tén ngudi phan bién: Truong Minh Diing

Hoc ham, hoc vi Tién sy

Nganh: Cong nghé sinh hoc

Co quan cong tac: Trung tdm Cong nghé sinh hoc TPHCM.
Ho va tén hoc vién: Hoang Kim Huong

Tén dé tai: Nghién ciru diéu ché hé nano oxit kém bién tinh bé mat voi axit tannic va
glucose oxidase dinh hudng tang cudng hi€u qua diéu tri ung thu.

Nganh: Hod hiiu co Ma sb: 8 44 01 14
NOI DUNG NHAN XET

1. Tinh cAp thiét, tinh thdi su, ¥ nghia khoa hoc va thyc tién cla dé tai luan vin:

Tinh cp thiét va tinh thot su cua dé tai: Trong bbi canh ung thu dang tré thanh ganh
ning bénh tat va kinh té - xa hoi toan cdu véi ty 1é tr vong cao, vi€e tim kiém cac phuong
phép diéu tri moi 1a mot yéu cdu cip bach. Céc liéu phap truyén thdng nhw héa trj hay
xa trj hién van dbi mat v&i nhidu thach thire 1én, nhu dde tinh toan than cao, tinh chon
loc kém va nguy co khang da thubc (MDR). Pé tai mang tinh thdi sy cao khi tiép cén
xu hudéng phét trién cac hé vit lidu nano da chirc nang, tich hgp li¢u phap "bé doi” 1é
bio (starvation therapy) thong qua enzyme glucose oxidase va gdy stress oxy héa bing
cac goc ty do RONS tir hat nano ZnO. Dy la huong di tién phong tai Viét Nam, khi
chua ¢6 nghién ciru nao ghi nhén vigc két hop dong thoi kha néng tao RONS cua Zn0O
va lidu phap bo doi dya trén GOX trong cung mot hé théng dé didu tri ung thu.

Y nghia khoa hoc cia dé tai: Vé mit ly lugn va thye nghiém, ludn van da dong gbp mot
quy trinh diéu ché hé nano ZnO-TA@GOx & dn dinh, dong thai lam sang to co ché tac
dong hiép déng giita viée tiéu thu glucose ndi bao va khuéch dai ton thuong oxy héa.
Nghién ctru d& ching minh tinh chon loc sinh hoc vuot trdi cia hé vat liéu théng qua
kha ning dap rng vdi vi moi trudng khdi u (pH thip, ndng dd glucose cao) dé giai phong
ion Zn?", 202 va NO. K& qua thir nghiém in vitro xac nhén h¢ nano géy doc chon loc
trén té bao ung thu MCF-7 ma khéng anh hudng dang ké dc,n té bao lanh HDFs, qua do
cung ¢ip co s6 dit li¢u khoa hoc quan trong cho viéc phat trién cic hé dan truyén thong
minh dua trén nén tang oxit kim loai.

Y ‘nghia thye tién ca dé 1ai: K& qua nghién ctru mang lai gid trj thuc tién 16m khi mé ra
tiém nang tmg dung mot nén tang vt liéu moi gitip ning cao hidu qua diéu tri va gidm
tac dung phu so véi hoa tri truyen théng. Thur nghiém in vivo trén md hinh chudt da
ching minh kha ning Uc ché khéi u thuc té (thé tich khéi u giam hon 50% so v&i nhom
dbi chirng sau 16 ngdy), ma khong gy doc tinh toan thdn va khong lam thay doi tiéu
cyc cae chi s6 huyét hoc. Ludn vin khong chi dimg lai ¢ cac két qué thye nghiém ma
con dit nén mong cho cac nghién ciru tiép theo vé viéc gfin thém phéi t& hudng dich




hoic bao g6i thude hod tri dé t81 wu hod liéu phap diéu tri ung thu da co ché trong tuong
lal.

2. Su khong trung 1ap clia dé taj nghién ctru so vdi cac cong trinh khoa hoc, ludn vin d4
cong bb & trong va ngoai nudc; tinh trung thue, rd rang va déy da trong trich dan tai liéu

tham khao:

V& tinh khong tring lap ciia dé tai nghién cou: Dé tai "Nghién cltu diéu ché hé nano oxit
kém bién tinh bé mit v6i axit tannic va glucose oxidase dinh huéng ting cudng hiéu
qua diéu tri ung thu" duge khang dinh 1a cbng trinh nghién citu doc 1ap cua hoc vién.
Céc két qua thuc nghiém vé hé nano ZnO-TA@GOx tich hop da co ché (liéu phap bd
doi va stress Oxy hoa) 14 moi va chua timg xuat hién trong céc nghién curu da cong bd
truée day. Tai Viét Nam, méc du dd co nhiéu cong trinh vé hé phan phéi thube nano kim
loai, nhung chua ghi nhin nghién ciru nao vé viéc két hop dong thai kha néng tao goc
tu do RONS ctia ZnO NPs vdi liéu phap bo déi dua trén enzyme GOX. bidu nay khing
dinh tinh ddc lap va hudng di moi mé cua dé tai trong nudc. Trén thé gidi, viéc tich hop
ddng théi ba thanh phan Zn0, TA va GOx vao mot hé nano da chirc nang dé khai thac
hicu tmg hiép ddéng van con rat han ché, De taj da lap day khoang tréng nghién clru ndy
bing cac minh chitng khoa hoc cu thé vé co ché tac dong phédi hop.

V¢ tinh trung thuc, rd rang va diy du trong trich dan Hoc vién da thé hién sy nghiém
tic va trung thyc trong nghién cu, cam doan cac 56 ligu va ket quéa trong ludn van la
khéch quan va do chinh minh thuc hién. Sy cong nhén qudc té thong qua viéc cong bd
két qua nghién ciru trén tap chi khoa hoc uy tin Colloids and Surfaces A:
Physicochemical and Engineering Aspects (2026) 1a minh chtng rd nét cho gia tri cling
nhu tinh chinh x4c ctia dit liéu nay. Ludn vin thyc hién trich dan tai liéu tham khao méot
cach ro rang va day dii, véi danh muc gbm 148 tai lidu trong va ngoai nude. Céc thong
tin vé tong quan tinh hinh nghién clry, cic co ché khoa hoc va phuong phap thuc nghiém
déu duoce dan ngudn cu the tir cac cong trinh khoa hoc uy tin trén thé giéi. H¢ théng
danh muc ky hi¢u, chix viét tit, danh muc bang va hinh v& dugc trinh bay khoa hoc, giup
viéc tra ctru va dbi chiéu thong tin trong ludn vin tré nén thufn tién va minh bach hon.

3. Su phu hgp gitra tén dé tai voi ndi dung nghién ctru cling nhu véi chuyén nganh va
mi s dao tao:

Su phu hgp giira tén dé tai va chuyén nganh dao tao: Tén dé tai "Nghién ctru diéu ché
hé nano oxit kém bién tinh bé mit vdi axit tannic va glucose oxidase dinh hudng tang
cudng hiéu qua diéu tri ung thu" hoan toan phu hop véi chuyén nganh Hoa hitu co. Nai
dung tap trung vao vic str dung céc hop chat hiru co ¢6 nguon goc ty nhién (axit tannic)
va cac phan tir sinh hoc (enzyme glucose oxidase) dé bién tinh bé mat vat lidu nano. Day
1a nhitng déi tuong nghién ciru then chét trong linh vuc héa hitu co hién dai va hoa hoc
cac hop chit c6 hoat tinh sinh hoc.

Su phu hop vé1 ma 6 dao tao: Pé tai dugc thyc hién ding theo ma s6 chuyén nganh
dao tao thac st Héa hitu co 1a 8440114. Cac phuong phép tong hop hitu co, k¥ thuét
phén tich cdu trac (FTIR, UV- Vis) va danh gid hoat tinh sinh hoc duge trinh bay trong
luan vin déu niam trong chuong trinh dao tao va yéu cAu khoa hoc ciia ma sd nay.

Dé tai co su théng nhét cao tir tén goi dén noi dung trién khai, ddp tmg hoan toan céc
tiéu chi vé chuyén mén va quy dinh déo tao dbi véi trinh do Thac si chuyén nganh Hoa

hiru co.



4. D6 tin cdy va tinh hién dai cha phuong phap nghién ciru dé su dung dé hoan thanh
ludn van:

Tinh hién dai cia cac k¥ thuét phén tich hoa ly: Luén van d3 st dung hé théng cac thiét
bi phén tich hién dai va dbng b dé xac dinh dic tinh cia vat liéu nano, bao gbm: Phé
hdng ngoai bién ddi Fourier (FTIR) va Nhiéu xa tia X (XRD) dé xac dinh cdu tric hoa
hoc va céu triic tinh thé wurtzite cia ZnO; Kinh hién vi dién tu truyén qua (TEM) va
quét (SEEM) gitip quan sét truc quan hinh thai hat dang cdu va kich thuéc hat & mirc do
nanomet, Tan xa anh sang dong (DLS) va thé Zeta dé danh gia do dong nhét (PDI) ciing
nhu dé n dinh cia hé hat trong moi truomg phén tan,

D tin cdy cta céc thir nghiém sinh hoc in vitro: Cac phuong phap danh gié hoat tinh
enzyme va kha néng tao goc tu do duoc thyc hién thong qua cac bd kit chudn héa (Micro
BCA, Peroxide Assay, thudc thir Griess) va do quang pho trén may doc dia hién dai,
dam bao d chinh xac va kha néng 13p lai cao. Pgce tinh té bao dugc danh gia dinh luong
bing phép thr WST-1 va dinh tinh bang nhuém song/chet (calcein-AM/EthD-1) trén 2
dong té bao dbi ching: té bao ung thu (MCF-7) va té bao lanh (hDFBs), qua d6 khing
dinh tinh chon loc sinh hoc ctia vat ligu.

Tinh toan dién cta thu nghiém in vivo: Nghién ciu khong chi dimg lai & quy mo phong
thi nghi¢m ma con dugc trién khai trén mé hinh chudt mang khéi u di ghép (xenograft),
dbng thoi tudn tha cac quy dinh nghiém ngét cua Hoi dong Pao dirc. Viéc theo doi thé
tich khéi u, khéi lugng co the két hop véi phén tich huyet hoc toan phan va nhudm
1&E md bénh hoc, cung cép bing ching thye té, tin cdy v¢ hiéu qua diéu tri va do an
toan sinh hoc ciia hé nané trén co thé séng.

Két qua cia cong trinh da dugc cong bd trén tap chi qudc 1€ uy tin thude hé thong
Elsevier (Colloids and Surfaces A), qua d6 khang dinh manh mé& d9 tin cay va gia tri
khoa hoc cia phuong phap nghién clru ma tac gia da lua chon.

Danh gia chung: Cac phuong phap nghién ciru duge sir dung trong ludn van ¢6 tinh hé
thong, hién dai va dat dd tin cay cao, phl hgp vdi tiéu chudn nghién ctu trong linh vuc
héa sinh va nano y sinh hién nay.

5. Két qua nghién ciu cua luan van:

Tinh toan dién va tinh hé théng cua két qua nghién ctru: Ludn van dé dat dugc cac két
qua nghién ctru mét cach toan dién va co tinh h¢ théng cao, bam st cdc ndi dung va
muc tiéu dé ra ban ddu. Hoc vién da xdy dung thanh cdng quy trinh tong hop hé nano
/nO-TA@GOx véi dic trung hoa ly 6n dinh, hat co hinh cau ddng nhét va kich thudc
thiy déng hoc khoang 210 nm. Cac k¥ thudt phén tich hién dai da xdc nhin su hién dién
cla cac thanh phén va cu tric mang tinh thé wurtzite dic trung cia ZnO van duge bao
toan sau khi bién tinh bé mat. Két qua thuc nghiém cho thy h¢ vt ligu cé kha ning
phén tan t61 trong nudc va dat kich thude téi wu dé tich Iy tai khéi u théng qua higu
g EPR.

Dong gép vé mit khoa hoc va co ché tac dong: V& mat khoa hoc, lugn vin da minh
ching thanh cong kha ndng dap ung yéu cau v€ mdi truong khéi u ciia hé nano dé tao
ra hiéu ing hiép déng trong diu tri ung thu. Cac thir nghiém in vitro khing dinh enzyme
GOx sau khi ¢b dinh van duy tri hoat tinh xtc tdc manh mé, ti€u thy glucose dé tao ra
202 (542 pM) va lam giam pH mdi trudng, tr dé thic day sur giai phong ion Zn?* géy
doc. Dong thoi, kha ning xdc tic cua ZnO trong viée giai phong NO (187 uM) tir cic
chét néi sinh cling duge lam 13, tao nén mdt hé théng san sinh RONS da dang gip
khuéch dai stress oxy héa néi bao.
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Hiéu qua dicu tri va tinh an toan sinh hoc: Két qua danh gia hoat tinh sinh hoc cho thay
gia trj thuc tién rit 1on cua dé tai khi chimg minh duge dc tinh chon loc trén dong té
bao ung thu vit MCF'- 7 vai gia tri IC50 khoang 100 ppm khi ¢6 mat glucose, trong khi
van dam bao do tuong thich cao voi té bao lanh hDFBs. Dic biét, trén mo hinh in vivo,
hé nano da thé hién kha niing tc ché khéi u vuot troi, lam giam dang ké thé tich khoi u
so v6i nhom déi ching sau 16 ngay diéu tri. Tinh an toan sinh hoc cia vét ligu ciing
duogc khang dinh qua ty 1¢ tan huyct thap (dudi 5%) va su 6n dinh cua cac chi s6 huyét
hoc, cling nhu trong luong co thé chudt, trong sudt qua trinh thir nghiém.

Danh gia chung: Cac két qua nghién ctru duge trinh bay trong luan van la dang tin cdy,
¢cd gid tri dong gop mai cho linh vuc y sinh nano va da dugc cong dong khoa hoc cong
nhan thong qua viéc cong bo trén céc tap chi qude té uy tin.

6. Nhitng han ché, thiéu sot cta ludn van vé ndi dung va hinh thic:

[.oi dinh dang van ban: Trong phan Muc luc, mot s6 muc van con hién thi 18i "Error!
Bookmark not defined" (vi du: muc 3.1.4 va Danh muc cong trinh cua tac gia), cho thiy
su thiéu sot trong khéu kiém tra k§ thuat cudi cung trude khi hoan thi¢n ban in.

Ch thich hinh anh: Can giai thich chi tiét hon cho ting hinh anh.

7. Néu tac gia chua viét bai bao khoa hoc thi ndi dung cta ludn vin c6 thé dugc v1et
thanh céc bai bao dé gui ding trén trén tap chi khoa hoc, sach chuyén nganh hodc tuyén
tdp cong trinh hoi nghi khoa hoc cép qubc gia, quoc té hay khong?

NoOi dung cua ludn vin da dugc viét thanh mot bai bao.

8 . K&t ludn chung (khing dinh muc do ddp (g cac yéu cau dbi vai mot luén vin Thac
s1: ludn vin co thé dua ra bao vé dé nhan hoc vi Thac sT dugc hay khong?):

Cau hoi:

1/ Tai sao & cung nong do xu ly. hé nano lai ¢6 thé g gdy doc manh Ién té bao ung thu

MCF-7 (hon 70%) nhung van dam bao an toan cho té bao hDFBs? Téc gia hdy lam rd
hon cac co ché bao vé ndi sinh khic nhau giira té bao lanh va té bao ung thu.

2/ Phuong phép dugc st dung trong thi nghiém in vivo Ia tiém tryc tiép vao kh01 u. Téac
gia hay danh gia kha nang duy tri hi¢u qua tuc ché khéi u va tinh an toan néu chuyén
sang duong tiém tinh mach.

Két luan chung: D& nghi ludn vin c6 th¢ dua ra bao vé dé nhén hoc vi Thac si.

TRAHCN, ngay . thang 5. nam 20324

Nguoi phan bién
(Ky, ghi ro ho tén)

/7 /{((/
(/;fcf”w 9 /Lf?inf 1 Dufd;

Lueu y:



- Nhdn xét duoc lam thanh 02 ban, c6 chit ky cia ngudi nhdn xét va gui vé phong Dao tao
02 ngay trude budi bdo vé.

- Diachi lién hé: CV. Nguyén Thi Thanh Ngdn, phong Dao tao, Hoc vién Khoa hoc va Cong
nghé, Vién Han lam Khoa hoc va Céng nghé Viét Nam, s0 18 Hoang Qucfc Viét, Nghia D6,
Cdu Gidy, Ha Noi. DT 0989322368
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BAN GIAI TRINH CHINH SUA LUAN VAN )
THEO KET LUAN CUA HQI PONG DANH GIA LUAN VAN THAC SI

Ho tén hoc vién: Hoang Kim Huong

Lop: CHE2024A-1

Tén dé tai luan van: Nghién ctru diéu ché hé nano oxit kém bién tinh bé mat voi
axit tannic va glucose oxidase dinh hudng tang cuong hiéu qua diéu tri ung thu

Chuyén nganh: Hoa hitu co
Mi s6: 8 44 01 14

Ngudi huéng dan khoa hoc: TS. Lé Thi Phuong
Ngay bao vé luan van:03/ 6 /2026

chinh stra luan van nhu sau:

Can ct bién Ban hop Hoi dong danh gia luan van thac si, hoc vién da

STT

Noi dung dé nghi bo sung,
chinh sira

Noi dung da bo sung, chinh sira

Chinh stra phan chu thich
hinh anh trong muc két qua
chi tiét hon

Hoc vién da tiép thu y kién cua hoi dong \|%

va da chinh sira lai phan chu thich hinh

anh chi tiét va rd rang hon.

Chinh stra cach viét dé muc
cho théng nhat, phé‘ln thuc

Hoc vién da chinh stra dé muc phan thuc

2 T g nghiém va két qua theo gop y cta hoi
nghlem su dung dong tur, dbng
két qua sir dung danh tir
Chinh sura lai ngi dung Hoc vién da chinh stra ngi dung trong
3 trong phan pham vi nghién phan pham vi nghién ctru cho hop ly hon
cuu trang 21 (trang 21).
Ra so4t 16i chinh ta va dinh | Hoc vién da ra soat k¥ 13i chinh ta, chinh
4 | dang theo mau cua Hoc stra cau van va dinh dang dang theo mau
vién trong toan bo bai cua Hoc vién.
Chinh stra hinh anh cho rd | Hoc vién da chinh stra d6 phan giai ctia
5 nét hon, mot sb tén mau, hinh anh va dich tén mau, tén truc Ox va

truc Ox va Oy trén biéu dd

con dé Tiéng Anh, can dich

Oy sang Tiéng Viét (trang 51 va 55)




sang Tiéng Viét & trang 51,
55.

Can biéu dién théng s6 mau | Hoc vién dé v& thong so méau cua chudt

cua chudt trong bang 3.2 trong Bang 3.2 trang 58 thanh dang biéu
6 |trang 58 dudi dang biéu dd | dd cot va bd sung trong phan phu luc.

de de dang quan sat, so

sanh hon.

Lueu y: Trong trwong hop Hoi dong yéu cau xin y kien cua 02 phan bi¢n sau bao
vé, hoc vién can xin chit ky cua 02 phan bién xdc nhan.

Thanh phé Ho Chi Minh, ngay Ab thang & ndam 2046
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.

S ecaued L6 T Pty Hoing i

W}f Ca(; oy

XAC NHAN CUA HQC VIEN KHOA HQC VA CONG NGHE  ©
KT.GIAM POC |
PHO GIAM POC

Nguyén Thj Trung



