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infrared spectroscopy Fourier
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MO PAU
A. Ly do chon d@ tai

Ung thu hién 1 mot trong nhitng nguyén nhan gy tir vong hang dau trén toan
cau, dat ra nhitng thach thic 16n cho sirc khoe cong dong va sy phat trién kinh té - xa
héi. Cac phuong phap diéu tri truyén théng, dac biét 1a hoa tri, thuong gap nhiéu han
ché nhu doc tinh toan than, kha nang chon loc kém va su xuét hién tinh trang khang
da thudc. Piéu nay lam giam hiéu qua diéu tri va anh hudong nghiém trong dén chat
luong séng cua bénh nhan. Do d6, vi¢c phat trién cac hé mang thudc tién tién, c6 kha
ning kiém soat phan phdi duoc chit, nang cao hiéu qua diéu tri va giam thiéu tac
dung phu dang tr¢ thanh mot hudng nghién ctru trong tdm trong y hoc hién dai.

Trong sb cac vat liéu nano mang thé hé méi, khung hitu co-kim loai (MOF)
ndi bat nho cau trac tinh thé xdp, dién tich bé mat 16n, do xbp va dic tinh bé mat co
thé diéu chinh. Dic biét, zeolitic imidazolate framework-8 (ZIF-8) 1a mgt trong nhiing
vat liéu MOF dugc quan tam nhiéu nhat, nho tinh tuong thich sinh hoc, kha nang
nhay pH va tinh 6n dinh c4u triic. Tuy nhién, ZIF-8 ciing ton tai han ché ¢4 hitu 14 bé
mat tich dién duwong cao, c6 kha ning tuong tac véi cac thanh phan tich dién 4m trong
mau, chang han protein huyét twong va mang té bao. Hé qua 1a hién twong niy can
tr& sy tuan hoan trong méau va tham chi c6 thé gay ra cac tac dung phu lién quan dén
doc tinh té bao.

Trén co sé do, viée lwa chon mot 16p phii dé diéu chinh dién tich duong qua
mirc cta ZIF-8 1 can thiét. Nham giai quyét cac van dé néu trén, phirc hop dong-
tannic acid (CuTA) 1a mét chién luoc hop 1y vi nhiéu 1y do. Thir nhat, CuTA thudc
loai mang polyphenol-kim loai (MPN), da dugc bao céo c6 kha nang hinh thanh 16p
phu trén bé mit nén trong thoi gian ngan. Thir hai, CuTA mang dién tich am trén bé
mat, c¢6 thé lam giam déng ké dién tich duong cao ctia ZIF-8 sau khi phu. Thir ba, cac
16p phu MPN ciing da dugc chirng minh giup cai thién tinh twong thich sinh hoc trén
nhiéu hé mang thudc khic nhau nhu silica mao quén, graphene oxide, cham luong tir
carbon va zein. Cudi cung, CuTA con ¢6 kha nang chéng oxy hoa manh mé nho su
hién dién doi dao ciia cidc nhom hydroxyl trong céu tric, ¢6 thé hién electron hodc
nguyén tir hydro dé trung hoa gbc tu do, tir 6 giam stress oxy hoa tai vi tri khéi u.

Song song véi viéc bién tinh bé mat, viéc tich hop thém mot tac nhan diéu tri
c6 hoat tinh sinh hoc manh 1a can thiét dé nang cao hi¢u qua diéu tri. Curcumin (Cur),
mot hop chét ty nhién co6 nguén géc ttr cu nghé, duogc biét dén vai nhiéu dic tinh quy
gia nhu chong viém, chéng oxy héa va khang ung thu. Tuy nhién, han ché 16n nhat

cua Cur la d¢ tan trong nudc kém va tbc do chuyén héa nhanh, ddn dén sinh kha dung



thap trong ing dung 1am sang. Viéc tich hop Cur vao hé mang thudc nano nhu ZIF-
8 1a mot hudng di trién vong dé cai thién kha niang hoa tan, 6n dinh va giai phong kéo
dai ctia duogc chat.

Tir nhilng co so trén, luan vin “Nghién ctru phat trién vat liéu nano lai
CuTA/Cur@ZIF-8 dya trén khung htru co-kim loai véi dinh hudng ung dung trong
diéu trj ung thu” dugc thyc hién. Nghién ctru tap trung vao vi¢c phat trién hé vat liéu
nano lai CuTA/Cur@ZIF-8 véi déc tinh da chue nang. Trong do, ZIF-8 dam nhiém
vai trd mang va phan phdi curcumin theo co ché dap tmg pH, giup thudc duoc giai
phong wu tién trong méi truong khdi u. Pong thoi, CuTA gop phan lam giam stress
oxy hoa va cai thién tinh tuong thich sinh hoc. Cac phan tich dac trung hoa ly, mo
hinh héa dong hoc giai phong thude va danh gia sinh hoc in vitro ciing duge tién hanh
nham 1am 6 trién vong ung dung cua hé vat liéu nay nhu mdt h¢ phan phéi thudc thé
hé moi (So do 1).

e ’)‘ D) (" Chpds1 R (" Chpdo2 h
e AP g
T\)—%_(‘\I‘ C/)» Téng hop Téng hop
< T oMM \ ':\‘H>One-p6t < In-situ
L ]
. Azn”A A 1A Cu

- Tiénchdt - - cu@zFs

Hiéu ng EPR

So @6 1. Hinh minh hoa quy trinh tong hop vat liéu nano lai CuTA/Cur@ZIF-

8 va co ché tiém nang trong ing dung diéu tri ung thur.



B. Muc dich nghién ciru

Nghién ctru nay duoc thuc hién nham phat trién va danh gia hé vat liéu nano

lai CuTA/Cur@ZIF-8 nhu mdt nén tang phan phéi thudc thé hé moi huéng dén didu
trj ung thu. Muc dich chinh bao gdm:

Phét trién hé vat liéu nano lai CuTA/Cur@ZIE-8, trén co sd tich hop Cur vao
khung ZIF-8, dong thoi tién hanh bién tinh bé miat bang phirc hop CuTA.

Khiac phuc han ché dién tich dwong qua muc ctia ZIF-8, qua d6 cai thién tinh 6n
dinh va kha nang tuong thich sinh hoc.

Khai thac tinh chét dap ung pH ciia ZIF-8 dé dat dugc sy phan phbi va giai phong
Cur theo co ché kiém soat, phi hop véi vi moi truong khéi u.

Tan dung dic tinh chéng oxy hoéa cia CuTA nham trung hoa goc tu do va giam
stress oxy héa trong qua trinh diéu tri.

Danh gia toan dién hé vat li€u, bao gém phan tich ddc trung hoa 1y, m6 hinh hoa
dong hoc giai phong thudc va thir nghiém sinh hoc in vitro, nham 1am rd tiém

nang ung dung trong y hoc ung thu.
C. Noi dung nghién ciru

Noi dung 1: Nghién ctru tong hop va kiém soat kich thudc vat liéu ZIF-8.

Noi dung 2: Nghién ctru tong hop va kiém soat kich thude vat licu Cur@ZIF-8.
Noi dung 3: Nghién ctu tong hop va kiém soat kich thudc vat lidu
CuTA/Cur@ZIF-8.

Noi dung 4: Nghién ciru cac dic trung hoa 1y cia vat liéu bang cac phuong phap
phan tich hién dai, bao gém DLS, SEM, FT-IR, XRD, EDX va TGA.

Noi dung 5: Nghién ctru kha ning tai va giai phong thude ciia vat lidu trong moi
truong mod phong diéu kién sinh 1y & pH 5,5 va pH 7,4.

Noi dung 6: Nghién ciru dic tinh chéng oxy hoa cia vat liéu thong qua cac phép
thir DPPH, ABTS va Folin—Ciocalteu.

Noi dung 7: Panh gi4 dac tinh sinh hoc in vitro cua vat li¢u trén té bao thuong va

té bao ung thu thong qua phuong phap MTT, nhudm song/chét.
D. Co sé khoa hoc va tinh thue tién ciia dé tai

Co s¢ khoa hoc cua dé tai “Nghién ctou phét trién vat li¢u nano lai

CuTA/Cur@ZIF-8 dua trén khung hitu co-kim loai v6i dinh huéng tmg dung trong

diéu tri ung thu”dwa trén dic tinh ndi bat ctia khung hitu co-kim loai, dic biét 1a ZIF-

8. Vit lidu niy c6 ciu triic xp, dién tich bé mit 16n, kha ning phan hiy nhay pH va



tinh twong thich sinh hoc, nhd d6 phu hop dé mang va giai phong dugc chét trong
diéu kién vi moi truong khdi u. Tuy nhién, mot han ché 16n cua ZIF-8 1a dién tich bé
mat duong cao, c6 thé gay tuong tac bat loi v6i cac thanh phan sinh hoc va 1am giam
tinh an toan. Viéc bién tinh bé mat bang phic hop dong-tannic acid (CuTA) duoc
xem 1a giai phap hop 1y vi vira gitip trung hoa dién tich duong, vira bd sung dic tinh
chbng oxy hoa, tir 46 gdp phan giam stress oxy hoa. Song song véi do, curcumin 13
mat hoat chat co tiém ning khang ung thu nhung bi han ché béi do tan thap va sinh
kha dung kém. Khi dugc nap vao ZIF-8, curcumin khong chi dugc bao v¢ trude su
phan hity ma con c6 thé duoc giai phong hiéu qua hon theo co ché dap ung pH.

Vé mit thyc tién, sy két hop giita ZIF-8, curcumin va CuTA cho phép hinh
thanh hé vat liéu nano lai da chic nang. H¢ vat liéu nay vua c6 kha nang mang va
giai phong thudc theo co ché kiém soat, vira lam giam stress oxy hoa va cai thién tinh
twong thich sinh hoc. Do d6, CuTA/Cur@ZIF-8 cé trién vong tré thanh mot hé phan
phéi thude thé hé moi trong diéu tri ung thu, gop phan mé rong cac hudng tiép can

an toan va hiéu qua hon so véi nhitng phuong phap tri liéu truyén thong.
E. Nhirng dong gop ciia luan van

— Luan van da phat trién thanh cong hé vat liéu nano lai CuTA/Cur@ZIF-8 bang
phuong phap tong hop nhanh trong thoi gian ngan (khoang 20 phut), quy trinh
don gian va hiéu qua, cho thay tiém ning ing dung cao.

— Nghién ctru da chimg minh tinh da chtic nang cua CuTA/Cur@ZIF-8, vira c6 kha
ning mang va giai phong curcumin theo co ché dap ting pH, vira thé hién dic tinh
chéng oxy hoa gop phan giam stress oxy hoa.

— Hé vat lidu CuTA/Cur@ZIF-8 di dugc dic trung toan dién vé ciu tric, hinh théi,
kich thudc va do 6n dinh bang cac phwong phap phan tich hién dai, cung cap dir
liéu khoa hoc dang tin cdy.

— Luan vian da thyuc hién cac danh gia in vitro vé kha nang phan phdi thudc va dic
tinh sinh hoc, chimg minh tiém nang ciia CuTA/Cur@ZIF-8 nhu mot hé phan phdi
thudc thé hé méi trong diéu tri ung thur.

— Két qua nghién ctru md ra trién vong cho viéc cong bd khoa hoc chét luong cao

trén cac tap chi quoc té uy tin trong linh vyc vat li¢u nano va y sinh hoc.



Chuong 1. TONG QUAN NGHIEN CUU

1.1. Thue trang ung thu hién nay
1.1.1. Thue trang ung thw trén thé gioi

Ung thu 1 mot can bénh lién quan dén sy ting sinh khong kiém soat cac té
bao, vuot qua co ché diéu hoa ty nhién trong co thé. Nguy hiém hon, ung thu con co
kha nang xam l4n va pha hily cac mo lan can, di can dén céc bd phan khac cua co thé
thong qua hé bach huyét va mach méau. Trong nhiéu thap ky qua, ung thu van luén 1a
mat trong nhitng van dé y té nghiém trong trén toan cau, anh hudng sau sac dén st
khoe va chat luong cudc sdng cua con ngudi. Theo bao cdo ciia TO chirc Y té Thé
gidi (WHO) nam 2022, s6 ca mic méi va tir vong do ung thu dang gia ting nhanh

chéng, v6i hang triéu ngudi duoc chan doan mac bénh mdi niam [1].

25,000,000
23,429,909
1S4 ca ung thw tir nam 2017 dén 2022 (nguwei)
20,000,000 - mS6 ca mic ung thw méi ndm 2022 (ngudi)
S6 ca tir vong do ung thw nam 2022 (ngwei)
15,000,000 1 13,646,087
9,826,539
10,000,000 - 8,799,565
4,096,032
5,000,000 -
2,611,478
1,986,093 1,551,060 1185216 221116
749,242 269,088
706,427 73.776
0 -

Chau A Chau Au Bac My Chau My Latinh Chau phi Chau Dai Dwong
va vung Caribe

Hinh 1.1 Sy phan bd cua ung thu theo chau lyc va vung lanh thd. Trong do6, dir licu
sd ca mac ung thu méi, sb ca tir vong do ung thu va tong sb ca ung thu tir nam 2017
dén nam 2022 dugc trich xuat tir bao cao cia WHO vé ung thu nam 2022 [1].

Cu thé, WHO da dé cap rﬁng tir ndm 2017 dén nam 2022 toan cau c6 hon 53,5
triéu ca ung thu, phan thanh 36 loai ung thu chinh va phan bd khap cac chau lyc va
vung lanh thé (Hinh 1.1). Pang bao dong, trong vong 5 nam da thyc hién thong ké,
cac qubc gia thudc khu vue chau A ludn xép vi tri thir nhat trén ban dd ung thu thé
gidi voi khoang 23,4 tri€u ca, cao gép 1,7 1an chau Au, 2,7 1an chau M§ va 25,4 lan
chau Pai Duong. Riéng nam 2022, chau A c6 thém hon 9,8 triéu ca mac méi (chiém

49,2 % toan cu) va 5,5 triéu ca tir vong (chiém 56,1% toan cau) [1].



Trong d6, 5 loai ung thu c6 ti 1&é mic phai cao nhat & ca nam va nir c6 thé ké
dén nhu ung thu phoi (~2,4 triéu ca), ung thu va (~2,3 triéu ca), ung thu tryc trang
(~1,9 triéu ca), ung thu tuyén tién liét (~1,5 triéu ca) va ung thu da day (~968,8 nghin
ca). Mit khac, ti 1¢ tir vong ctia cc loai ung thu duoc sip xép theo thtr tu ung thu
phoi (18,7%) > ung thu truc trang (9,3%) > ung thu gan (7,8%) > ung thu va (6,8%)
> ung thu da day (6,8%). Nhin chung, cac yéu t6 din dén sy ting truong cia sb ca
ung thu dugc dé cap dén bao gom 16i sdng khong lanh manh, méi trudng 6 nhiém, di
truyén, va su lao hoa dan s. Ngoai ra, sy phat trién cua cac cong nghé chuan doan
tién tién va ting cudng nhan thirc ciia cong dong ciing gbp phan phat hién ung thu &
giai doan sém hon.

Céc bao cao vé xu hudng cua ung thu trong twong lai déu c6 két luan 1a su
tang trudng vuot bac néu khong co bién phap kiém soat hiéu qua [2—4]. Dy kién vao
nam 2070 s6 ca ung thu mac méi cé thé ting gap doi so véi nam 2018, cu thé ung thur
tryc trang ting 61,7 %, ung thu v ting 55,3%, ung thu phdi tang 55,3% va ung thu
tuyén tién liét tang 44,8% [2]. Tom lai, sy gia ting nhanh chong vé s6 ca méc va tir
vong do ung thu da dat ra nhidu thach thirc dbi voi cac hé théng y té, dong thoi nhan
manh nhu cau cip bach vé nghién ctru va phat trién cac phwong phap diéu tri hiéu

qua.
1.1.2. Thue trang ung thw tai Viét Nam

b

Ung thw gan = Ung thw v
Ung thw phdi
Ung thw trye trang
Ung thw da day
Ung thw gan

= Ung thw khac

Ung thw phéi

Ung thw da day

Ung thw trwe trang
= Ung thw tuyén tién ligt
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Ti lé ung thw & nam nam 2022 Ti |é ung thw & ni¥r nam 2022

Hinh 1.2 Ti 1é méc céc loai ung thu theo gidi tinh nam 2022 tai Viét Nam. Dt li¢u
duoc trich xuét tir bao cdo cia WHO vé ung thu nam 2022 [1].

Hién nay, tinh hinh ung thu ¢ Viét Nam dang tr¢ thanh méi quan tam 1én véi
ty 1¢ mac va to vong ngdy cang gia ting dang bio dong. Theo théng ké cia
GLOBOCAN nim 2022, Viét Nam c6 tong 180.480 ca mac ung thu méi, ting gip
2,26 lan so v6i tong sd ca ung thu trong 5 nam gan nhat [1]. Cu thé, sb ca ung thu

mac m&i & nam 13 95.358 ca véi cac loai ung thu chii yéu nhu ung thu gan (19,9%),



ung thu phdi (17,8%), ung thu da day (10,6%), ung thu truc trang (9,9%), ung thu
tuyén tién liét (6,2%) va cac loai ung thu khac (35,7%) (Hinh 1.2a). Di voi nit gidi
thi s6 ca mic méi 1a 85.122 ca, trong d6 ung thu va chiém ti 1é cao nhét 28,9%, cao
gap 3,3 1an so v6i ung thu phoi va ung thu dai tryc trang, gép 4 1an so voi ung thu da
day, gap 4,4 1an so véi ung thu gan (Hinh 1.2b). Dang bio dong, riéng nam 2022 thi
sd ca tir vong do ung thu & Viét Nam d3 ghi nhan duogc 14 120.184 ca, véi ti 16 nam
chiém 59,4% va nir chiém 40,6% [1].

Véi thuc trang hién tai, B Y té Viét Nam da udc tinh duoc rang ctir 100.000
nguoi Viét Nam thi ¢6 159 ngudi duoc mac méi ung thu va 106 ngudi tir vong do
ung thu [5]. Theo bao céo ctia PGS. TS Pham Vin Binh, Pho Giam dbc Bénh vién K
Trung wong tai hoi thio Ung thu Viét — Phap véi chu dé “Ky nguyén mdi trong chan
doan va diéu tri ung thu” nam 2023 thi c6 khoang 350.000 ngudi Viét Nam dang phai
song chung vé&i bénh ung thu. Thém vao do, con sd nay ngiy cang ting va co xu
hudng tré hoda. Tai hoi nghi, GS. Lé Van Quang, Giam ddc Bénh vién K cling chia s¢
thuc trang Bénh vién K mdi nim phau thuat 26 nghin truong hop, diéu tri xa trj 17
nghin bénh nhan, diéu tri hoa chat 18 nghin bénh nhéan [6].

Dua trén thyc trang phurc tap ciia can bénh ung thu trén trén thé gidi va tai Viét
Nam, nhiéu phuong phép diéu tri, hd tro diéu tri hodc giam thiéu cac tac dung phu
ciia ung thu da duoc nghién ctru. Tuy nghién, hoa tri, xa tri va phau thuat van 1a ba

phuong phép chinh, da dugc cong nhan va tmg dung thuc tién trong diéu tri 1am sang.
1.2. Cac phuwong phap diéu tri ung thw phd bién hién nay
1.2.1. Phiu thuat

Phau thuat 14 mot trong nhitng phuong phap diéu tri ung thu phd bién, hi¢u
qué cao va duoc tmg dung thyc té trong 1am sang. Thong thuong, phiu thuat tin dung
cac tién bo ctia k¥ thuat ngoai khoa dé loai bo khéi u va cac mé ung thu khoi co thé
bénh nhan. Phau thuat c6 thé 13 lya chon diéu tri chinh cho nhiéu loai ung thu, dic
biét 1a khi ung thu dugc phat hi¢n ¢ giai doan sém va khdi u con khu tra. Qua trinh
phau thuat thuong bao gdm viéc cit bo khdi u chinh va nao vét hach bach huyét xung
quanh dé dam bao khong con té bao ung thu lan rong [7].

Uu diém cta phiu thuat 1a c6 kha nang loai bo hoan toan khéi u ung thu ¢ gia
doan dau, té bao ung thu chua lan rong. Tuy nhién, cac bién ching sau phau thuat c6
thé xay ra nhu nhiém trung, 16i loan ho hép, r6i loan hoat dong tim mach. Nghiém
trong hon, ti 18 tir vong trong qua trinh phau thuat van c6 thé gap phai. Cac truong
hop bénh nhan cé suc khde kém, kich thuoc khdi to hodc vi tri khdi u dic biét, cling
khong phu hop dé phau thuat.



1.2.2. Xa tri

Xa tri 1a mot phuong phap diéu tri ung thu tién tién duoc Gmg dung pho bién
hién nay. Theo do, phuong phép xa tri str dung céc tia ion hoa (tia X hodc tia gamma)
nham pha huiy hodc kiém soat sy phat trién cua té bao ung thu [8]. Cu thé, cic tia ion
hoa tac dong vao cac té bao ung thu giy bién doi vé cau trac cia DNA, ngin chin
qua trinh nhan d6i DNA, hoac lam ton thuong va pha huy DNA. Mat khac, cac tia xa
tri co thé tao ra céc loai tac dong vat ly va héa hoc trong té bao ung thu, gay ra su ton
thwong tryc tiép hodc gian tiép cho ching. Mot s6 nghién ctru ciing dé cap rang xa tri
kich thich cac phan tng sinh ra goc tu do trong té bao ung thu, giy ra sy stress oxi
hoa 1am ton thuong va gay chét té bao ung thu [9,10].

Toém lai, xa tri hi¢u qua trong kiém soat va tiéu diét té bao ung thu, khong can
phau thuat, kha ning tip trung diéu tri vao vi tri cu thé ma khong anh hudng dén céac
co quan lan can. So v6i phuong phap phau thuat truyén thong, xa tri gitip giam thiéu
cac 1ii ro vé nhidm trung. Thém vao d6, thoi gian phuc hdi sau didu tri cling c6 thé
duoc rat ngén. Bén canh cac wu diém, han ché cua xa tri ¢6 thé dén tir do phu séng
ctia trang thiét bi diéu trj do gi4 thanh cao va doi ngii chuyén gia giam sat van hanh.
Ngoai ra, cic tac dung phu tiém an ctia phuong phéap hoa tri van ludn can duge nghién

ctru danh gia rd rang hon.
1.2.3. Hoa tri

Hoa tri 1a mot phuong phap diéu tri ung thu linh hoat, phd bién va hiéu qua
cao. Theo d6, héa tri c6 thé dugc sir dung mot minh hodc két hop véi cac phuong
phap khac nhu phau thuat hodc xa tri dé tang hiéu qua trong viéc kiém soét va tiéu
diét té bao ung thu. Co ché hoat dong chu yéu ciia hoa tri dua trén tic dung ciia cac
loai thudc tri lidu 1én té bao ung thu [11]. Tuy theo vi tri khdi u ung thu, thube hoa tri
dugc dua vao trong co thé bénh nhan thong qua cic con duong khac nhau, bao gom
duong ubng, dudng tiém (vi du, tinh mach, dong mach, mang bung, mang phdi), hay
dung tai chd (boi tryc tiép 1én ving ton thuong do ung thu). Sau khi tiép xuc duoc té
bao, cac loai thudc ndy sé& tin cong, kiém ham hodc tiéu diét t& bao ung thu. Tir do,
c6 thé kiém soat su phat trién cia té bao, gay ra qua trinh chét theo chu ky va giam
kich thudc khéi u [12,13].

Mic du c6 cac két qua lam sang an tuong, hoa tri van ludn duoc can nhéc ky
ludng trudc khi ap dung dé diéu tri cac loai ung thu do tac dung phy cua chung
[14,15]. Cac loai thube hoa tri thuong thiéu tinh nhdm muc tiéu, co nghia la chung
tiéu diét ca té bao thudng va té bao ung thu. Bénh nhan hoa tri thuong trai qua cac

triéu chung nhe nhu budn nén va ndén mira, do tdc dong cua cac thude hoa tri 1én hé



tiéu hoa va hé than kinh trung uong. Rung toc ciing 1 mot tac dung phu phd bién,
Xuét phat tir viéc hoéa tri lam ton thuong cac nang tdc, khién bénh nhan mat di toc tam
thoi. Tac dung phu nghiém trong hon bao gdm suy giam hé mién dich, lam ting nguy
co nhiém tring do giam sé lugng bach cau. Cac co quan ndi tang nhu tim, gan va
than ciing c6 thé bi anh hudng néu sir dung hoa tri liéu lidu cao hoic kéo dai.

V& co ban, mdi phuong phap diéu tri ung thu déu c6 nhiing wu va nhuoc diém.
Tuy nhién, xét vé do linh hoat, gia thanh va hiéu qua diéu tri thi hoa tri s¢ hitu nhiéu
loi thé so véi xa tri va phéu thuat. Nhuogc diém chu yéu dén tir kha nang nhdm muc
tiéu, d6 hoa tan va doc tinh té bao toan than cua cac loai thudc hoéa tri. Dé giai quyét
cac van dé trén, cac nghién cru nham nang cao tinh sinh kha dung va phan phéi thudc

tai vi tri khoi u can dugc tién hanh.

1.3. Curcumin trong hoa tri
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Hinh 1.3 Mot s co ché tac dung sinh hoc cia curcumin trong diéu tri ung thu [16].

Curcumin (Cur) va cac din xuat tir ching da duoc nghién ctru ing dung dé tri
lidu nhiéu loai ung thu, pho bién bao gdm ung thu v, ung thu dai trang, ung thu phoi,
ung thu tuyén tién liét va ung thu budng tring. Cac co ché tri liéu ung thu khac nhau
cling da dugc dé xuat (Hinh 1.3) [16]. Thir nhat, co ché trj liéu ung thu dwa trén hoat
dong chdng oxy héa ciia hai nhém hydroxyl (-OH) gin vao cac vong benzene cia
Cur. Nhom hydroxyl phenol nay c6 kha ning cung cap hydrogen dé trung hoa cac
gbc tu. Tir d6, diéu hoa cac phan (mg, giam tinh trang stress oxy hoa tai vi tri khdi u.
Thir hai, Cur c6 thé ngin chan sy kich hoat ctia NF-«xB thong qua tic ché hoat dong
kKB, din dén e ché nhiéu gen do NF-kB diéu chinh lién quan dén nguyén nhan gay
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khéi u bao gdom TNF, COX-2, cyclin D1, c-myc, MMP-9 va interleukins. Thit ba,
Cur tham gia vao viéc kiém soét chu ky té bao va kich thich qua trinh apoptosis thong
qua viéc diéu chinh lai protein p16 va p53. Cubi ciing, Cur ciing c6 thé trc ché su hinh
thanh mach va di can cta khéi u thong qua viée trc ché nhiéu yéu to ting trudng bao
gém VEGF, COX-2, MMP va ICAM.

1.4. Viat liéu khung hiru co-kim loai trong héa tri li¢u

Vit liéu khung hitu co-kim loai (metal-organic framework, MOF) 1a 16p vét
liéu tién tién s& hitu ciu tric xép tiém nang, dugc cAu tao tir cac ion kim loai va phéi
tir hiru co. So voi cac loai vat li€u truyén théng, thuan vo co hodc hitu co, MOF ndi
bat v6i kha nang tiiy chinh linh hoat, c6 thé kiém soat kich thudc va 16 x6p dé dang.
Ban dau, MOF duoc tng dung rong rai trong luu trit va tach khi, xtc tac va hap phu.
Gan day, chiing con dugc kham pha va phat trién manh mé trong linh vuc y sinh, dic
biét 14 trong hé théng phan phdi thudc (drug delivery system, DDS) [17,18].

Cap1 Cap 2 Cap 3 Cip4

5o || B S

—
Phéitir  lon kim
hiru cor loai

Cau néi phéi tir

Don vi xay
dwng thi cap

Hinh thai hoc

Céu tric khung
bén trong

Hinh 1.4 Qua trinh hinh thanh tinh thé caa vat liéu khung hiru co kim loai [19].

V& mat cau truc, qué trinh hinh thanh MOF c6 thé duoc chia thanh 4 cép do
(Hinh 1.4) [19]. Cap d6 dau tién bat dau vé6i cac thanh phan héa hoc co ban, bao gom
cac ion/cum ion kim loai va cac phdi tir hitu co. O giai doan nay, viéc lwa chon cac
thanh phan c6 thé linh dong tiy thudc vao muyc tiéu tng dung. Pdi véi cac ing dung
y sinh, cac ion kim loai nhu Zn(II), Fe (I1I), Zr (IV), va Cu (II) cing vdi cac phdi tir
hiru co nhu trimesic acid, terephthalic acid, va 2-methylimidazole c6 tinh tuong thich
sinh hoc thuong dugc uu tién lya chon.

Cép d6 thr hai dé cap dén su két ndi giita cac phdi tir hitu co va ion/cum ion

kim loai dé hinh thanh cic don vi cdu tric co s¢ thir cip (secondary building unit,
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SBU). SBU c¢6 thé duoc coi 1a don vi co ban cho su phat trién cua ciu trac MOF. O
cap do tha ba, cac SBU sé tiép tuc lién két voi nhau théng qua céc cau ndi hiru co ¢6
chira cac nhom chire chirc nang (vi du, carboxyl, amine) c6 kha nang lién két phoi tri
v6i ion kim loai. Ttr 46, khung bén trong (inner-framework), con dugc goi 1a 16 rong
(pore) hoic 10ng (cage) cia MOF dugc hinh thanh. Ciu trac 16 rdng nay thudng cé
thé duoc xac dinh trude dua trén cac ion kim loai va phdi tir hiru co duge sir dung.

Trong ba cép do dau, cAu trac dau tién cia MOF chu yéu duoc xac dinh bai su
phéi hop gitra ion kim loai va ligand. O cép d6 4, hinh thai hoc bén ngoai (vi dy, kich
thudc, hinh dang va hudng) phu thude vao dinh hudng phat trién “inner-framework”.
Ngoai ra, cac diéu kién tong hop (vi dy, nhiét do, thiét bi, dung méi, phdi tir canh
tranh) va/hodc viéc tai lén cac phan tr tri li¢u (vi du, thudc, DNA, RNA, enzyme)
trong qua trinh tong hop ciing anh hudng dén hinh thai hoc bén ngoai cia MOF. Hon
nira, MOF chura cac vi tri kim loai khong bao hoa (unsaturated metal site, CUS) co
kha ning hoat dong nhu Lewis acid, hd trg trong viéc tai cac phan tir 1én bé mit va
chuc nang hoa MOF. Dya vao cac luan diém trén c6 thé nhan xét réng cAu tric MOF
1a Iyra chon 1y tudng dé kiém soat da cap do cac dic diém cdu trac cho ing dung cu
the.

v

mIM ZIF-8 (so

Hinh 1.5 Ciu trac vat liéu ZIF-8 [20].

Trong s6 cac loai MOF duoc nghién ctru tmg dung trong y sinh, ZIF-8 13 cau
trac duge nghién ciru pho bién, hinh thanh bai lién két phéi tri giira ion kém va phdi
tir hitu co 2-mIM (Hinh 1.5) [20]. Xét vé mat cdu trac, ZIF-8 thira hudng cac dic
diém céu trac cuia MOF bao g6m dién tich bé mat riéng 16n, do xép cao va kich thudc
c6 thé diéu chinh. Thém vao d6, ZIF-8 véi cac lién két Zn—N di duoc ching minh
khong bén trong diéu kién acid, tao diéu kién thuan loi cho hiéu tng giai phong thudc

dap tung pH tai moi truong khéi u tir pH 5,0 dén 6,8. Kich thudc ctiia ZIF-8 ciing cd



12

thé kiém soat dé dang tir 50 dén 200 nm, tao diéu kién thuan loi cho qua trinh bién
tinh bé mat vat liéu pht hop véi myc tiéu tri liéu [21].

V& mit sinh hoc, ZIF-8 1a mdt trong s6 it chat mang thudc ho MOF s hitu dic
tinh twong thich sinh hoc cao. Diéu nay c6 thé duoc giai thich béi ngudn gde cac khoi
xay dung thir cap SBU. Cu thé, kém duoc biét dén 1 nguyén t6 vi lugng trong co thé,
an toan véi té bao tai nong do dudi 180 uM [22]. Cac ion Zn>* ciing dugc dé cap rang
can thiét cho qua trinh ting sinh, biét hoa té bao, diéu hoa qua trinh tong hop va
nguyén phan DNA [23]. Mit khac, cac phdi tir hitu co 2-MIM cua ZIF-8 ciing duoc
ching minh rang c6 thé phan hily trong diéu kién sinh 1y thanh cac thanh phan c6 doc
tinh thap nhu purine (LDso = 800 mg/kg), benzimidazole (LDso = 445 mg/kg) va
imidazole (LDso= 300 mg/kg) [24,25]. Pién thé zeta dwong (khoang 30,3 £ 0,5 mV)
trén bé mat ZIF-8 ciing gop phan ting hiéu qua tich tu va xAm nhap mang té bao.
Nguoc lai, dic diém nay ciing c6 thé gdy ra mot bat lgi cho ZIF-8 trong qua trinh di
chuyén trong hé théng tuan hoan mau va tiép can muc tiéu tri li¢u do kha nang tuong
tac cac phan tir sinh hoc trong huyét twong (albumin, globulin, fibrinogen) [26,27].
Trén co s& d6, viéc phu 1én bé mat ZIF-8 mot 16p phu sinh hoc dé cai thién kha nang

tuong tac gitra vat liéu va moi truong sinh 1y bén trong co thé 13 can thiét.

1.5. Lop phu sinh hoc polyphenol-kim loai
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Hinh 1.6 Mot s6 ing dung ctia MPN trong y sinh [28].

Trong linh vyc nghién clru va phat trién vat liéu sinh hoc, mang ludi
polyphenol-kim loai (Metal-phenolic network, MPN) da thu hit sy chtl y 16n nho vao
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su da dang va kha ning (mg dung rong rai ciia n6. Hé théng nay bao gdm hon 8000
loai phéi tir polyphenol ty nhién c6 san trong ty nhién, gia thanh thap va dé dang tinh
ché [28]. Ngudn ion kim loai véi kha nang twong thich sinh hoc cao nhu Cu®*, Zn**va
Fe* ¢ thé dé dang lwa chon tity theo muc tiéu trj liéu [29]. Cac dic tinh sinh hoc n6i
bac cia MPN bao gém khang khuan, chdng viém, chéng oxy héa, chong ung thur,
twong thich sinh hoc va phan huy sinh hoc da duoc dé cap trong cic nghién ciru
[30,31].

Trong d6, phirc hop dong-tannic acid (CuTA), mét thanh vién tiéu biéu cua
MPN, 1a mdt lya chon 1y tuong dé cai thién cac dic tinh bé mat cua vat liéu ZIF-8.
Su két hop doc dao giira kha nang tong hop nhanh choéng, tinh twong thich sinh hoc
cao, va dic tinh chic ning da dang khién CuTA tré thanh mét giai phap hidu qua,
vuot trdi hon so véi cac 16p phit vo co hodc vo co truyén thong (Hinh 1.6) [28].

Thir nhat, CuTA thudc nhém MPN, néi bat véi kha nang hinh thanh 16p phu
chi trong vai gidy nho cac twong tic manh mé nhu chelate héa kim loai, lién két hydro,
tuong tac tinh dién va twong tac m-m. So véi cac 16p phi polymer thuong yéu cau thoi
gian dai, nhiét do cao va cac diéu kién phan tng phuc tap, CuTA cung cap mot quy
trinh tong hop don gian hon, than thién véi moi trudng hon khi chi sir dung nude lam
dung moi va thyc hién & nhiét d6 phong. Diéu nay khong chi giam chi phi va ning
lugng ma con phu hop véi xu hudng hda hoc xanh.

Thir hai, CuTA s hitu bé mit mang dién tich am, giup khic phuc hiéu qua
véan dé dién tich bé mit dwong qua mirc ciia ZIF-8. Trong khi cac 16p phit khac c6 thé
yéu cau diéu chinh phtrc tap dé can bang dién tich, CuTA mang lai giai phap tu nhién
va hiéu qua hon. Su thay d6i dién tich bé mat nay duogc ky vong giam nguy co két tu,
nang cao tinh kha dung ciia DDS trong diéu kién in vitro va in vivo.

Thur ba, CuTA vuot troi nho kha nang nang cao tinh tuong thich sinh hoc.
Nhiéu nghién ctru di chi ra rang cac 16p pha MPN nhu CuTA khéng chi giam doc
tinh tiém tang cta vat liéu co ban ma con hd tro ting cudng sy twong tac voi té bao.
So véi 16p phu tir polymer tong hop, von cé thé gay phan Gng mién dich, CuTA sir
dung tannic acid — mot polyphenol ty nhién pho bién, dé tinh ché véi chi phi thép,
dam bao an toan hon trong cac tng dung y sinh hoc.

Cubi cling, CuTA con ndi bat v6i kha niang chong oxy héa vuot troi nhd vao
cac nhom polyphenol trong cau tric cia né. Nho dic tinh chéng oxy héa, CuTA cd
kha ning trung hoa cac gbc tu do, giam stress oxy héa tai moi truong khbi u — mot
yéu td quan trong trong viéc cai thién hiéu qua diéu tri ung thu. Pic diém nay giup
CuTA khong chi 13 16p phii don thuan ma con déng vai trd hd trg tich cuc trong co

ché diéu tri.



14

Toém lai, 16p phtt CuTA khong chi vuot trdi vé mit don gian hoa quy trinh tong
hop, nang cao tinh 6n dinh bé mit ma con mang lai cac gia tri chirc nang vuot xa so
v6i cac 16p phii khac. Voi sy két hop doc déo giita kha nang chong oxy hoa, tinh
tuong thich sinh hoc cao va quy trinh than thién moi truong, CuTA mo ra mot hudng

tiép can day trién vong trong viéc phat trién cac hé théng DDS hiéu qua va bén viing.

1.6. Tinh hinh nghién ctru vt liéu nano lai dua trén ciu triic MOF trén thé

gidi va tai Viét Nam
1.6.1. Tinh hinh nghién ciru trén thé gi6i

Trong nhiing nim gan day, viéc phat trién cac hé théng phan phdi thude nano
lai, da chtic ndng nham giam thiéu tac dung phu va nang cao hiéu qua diéu tri luén 1a
mot chu dé nong, duoc quan tdm cta nhiéu nha khoa hoc. Pic biét, cac hé thong phan
phéi thude dugc phat trién va sira doi dua trén cau trac cia MOF da thu hat duoc s6
luong 16n cac nghién ciru. Piéu nay c6 thé dén tir diac diém céu tric ciia MOF, bao
gdm dién tich bé mat riéng 16n, 16 x6p da dang, kha ning twong thich sinh hoc va
phan huy sinh hoc. Kich thuéc cua cac chat mang dwa trén cdu triic ciia MOF ciing
dé dang kiém soat thong qua diéu kién phan tng, ti 1¢ gitra phdi tir hitu co va ion kim
loai, cac phdi tir canh tranh (modulator) lién két voi ion kim loai. Pac tinh bé mit cta
MOF ciing co thé stra doi thong qua cac nhém chirc bé mat (vi du, -NH»>, —-COOH)
va/hodc céc vi tri ion kim loai. Ngoai ra, cac lién két gitra M—N, M-0 v6i M 1a cac
kim loai chuyén tiép nhu Co, Zn, Cu thudng kém bén trong diéu kién acid tao diéu
kién thuan loi cho cac nghién ciru giai phong thude tai vi tri khdi u.

Khai thac cac wu diém vé mit cau trac trén, Gao va cong su da phat trién mot
hé¢ chat mang thong minh c6 ciu triic 18i-vé CaO.@Dox@ZIF-67 bao gdm
doxorubicin (Dox) va canxi peroxide (CaO;) tich hgp trong MOF tam cobalt (ZIF-
67) [32]. Hé CaO,@Dox@ZIF-67 thé hién hoat dong tdi wu & do pH thap 5,0 nho do
nhay pH cua ZIF-67. Trong khi chi c6 30% Dox dugc giai phong & pH 6,5 — 7,4 thi
hon 90% duoc gidi phong trong vong 15 phut ¢ pH 5,0. Hon nita, 1 mg
CaO@Dox(@ZIF-67 tao ra 58,4 umol H>O2, nang cao hi¢u qua tri li¢u hoa dong hoc.
Két qua thir nghiém voi dong té bao ung thu MCF-7 chi ra rang CaO>@Dox@ZIF-
67 c6 hidu qua tiéu diét té bao khoang 80%. Céac nghién ctru in vivo trén chudt mang
khéi u ciing d3 chimg minh sy giam dang ké thé tich khéi u khi sir dung
CaO@Dox@ZIF-67.

Tuong ty, Wang va cong su di phat trién hé thong hat nano lai (SMOF-NP)
bang cach tich hop silica va MOF dé cung cap thudc Dox va phan tir sinh hoc nhu
DNA, mRNA, Cas9-sgRNA ribonucleoprotein va DNA. Két qua chi ra raing SMOF-
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NP s¢ hitu kha nang tai thuée Dox ~ 17% trong lugng, trong khi kha nang tai cac dai
phan tir sinh hoc t6i da 14 ~9,8% trong lwong. Cac nghién ctru in vitro da chimg minh
SMOF-NP dgc tinh khong dang ké ddi véi té bao HEK 293, gan nhu 100% té bao
sdng & ndng d6 vat lidu 200 pg/mL. Pang cha y, SMOF-NP dugc nap mRNA di
chinh stra hiéu qua bd gen in vivo trong biéu mé sic to vong mac & chudt, lam noi bat
tinh linh hoat cua viéc két hop cic nén tang nano khac nhau dé nang cao hi¢u qua
diéu tri [33].

Trong mot nghién ctru khac, Jiang va cong su da chon diclofenac sodium (DS),
mot loai thude chong viém dé tai 1én cau trac MIL-125 (DS@MIL-125) [34]. Nghién
ctru ctia ho da diéu tra qua tinh giai phong DS@MIL-125 trong cac dung dich PBS ¢
cac muc do pH khac nhau (8,0, 7,4, 6,5 va 5,4). O pH 5,4, dai dién cho mdi truong
khéi u, lugng thudc giai phong tich liy dat 80%, cao nhat trong cac mirc pH dugc thir
nghiém. Nguoc lai, & pH 6,5, 7,4 va 8,0, lugng thudc giai phong tich lity 1an luot 14
62%, 55% va 35%. Diéu nay nhin manh dic tinh dép tmg pH cua DS@MIL-125,
thuc déy gidi phong thudc tai cac vi tri bi viém hodc ung thu. Ngoai ra, cac thu nghi¢m
vé do on dinh cho thay MIL-125 duy tri cu trac tt & d6 pH 8,0, nhung bi suy giam
& d6 pH thap hon (5,4 va 4,0). Hon nita, MIL-125 thé hién kha nang tuong thich sinh
hoc t6t, kha ning séng ciia té bao khoang 80% ngay ca & ndng do 1én t6i 200 pg/mL.

Duya vao cac két qua trén c6 thé nhan dinh rang MOF va cac hé thong phan
phéi thube dua trén MOF 14 tiém ning dé tng dung trong y sinh. Tuy nhién, dé duoc
mg dung trong 14m san can c¢6 thém nhitng nghién ctru chuyén sau, khai thac nhiéu
khia canh khac nhau nhu dic tinh ciu tric vat liéu, qué trinh tuwong tac in vitro va in
vivo. N6i cach khéc, viéc phat trién cac dé tai vé MOF dinh huéng trong y sinh 1a phu

hop véi cac xu huéng nghién ctru trén thé gidi va co y nghia khoa hoc.
1.6.2. Tinh hinh nghién ctru tai Viét Nam

Tai Viét Nam, cau tric MOF di duoc nghién curu trong nhiéu nam qua, tuy
nhién chil yéu & dang chat hap phu hodc chat xuc tac tmg dung cho méi truong. Céac
nghién ctru vé vat liéu nano lai dya trén ciu trac MOF trong diéu tri ung thu con
tuong d6i it. O nudc ta, cac nghién ciru vé vat liéu mang thudc, nano lai mang thude,
vét liéu mang thudc thong minh chu yéu tap trung khai thac va bién doi cac vat liéu
mang thudc truyén thong, dd dugc FDA ching minh 14 c6 d6 tuwong thich sinh hoc
cao. Nhom nghién ctru ciia PGS. TS. Tran Ngoc Quyén thudc Vién Cong nghé tién
tién — Vién Han 1am Khoa hoc Viét Nam 1a mot trong nhitng nhém nghién ctru tién
phong vé vt liéu nano gel phan phdi thuéc nham muc tiéu thong minh, nano gel cau

triac 16i — vo. Cu thé, hé thong chat mang nano gel FA-Cs-P123 c6 kha niang nham
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muc tiéu t& bao ung thu da dugc tong hop thanh cong thong qua viée lién hop truc
tiép folic acid (FA) voi chitosan-Pluronic P123. Két qua chi ra rang nano gel FA-Cs-
P123 khong chi c6 hiéu suat tai thuéc chong ung thu Paclitaxel xap xi 95,57 + 5,51
wt/wt%, ma con c6 kha ning giai phong co kiém soat theo pH. Thém vao d6, dic tinh
hép thu vao té bao ung thu MCF-7 phu thudc vao ham luong FA trén bé mat vat liéu
[35]. Trong mdt nghién ctru khac, nano gel GP-F127-nCur véi ciu trac 18i-vo duoc
ché tao thanh cong bang cac tuong tac ky nudc va tinh dién kép ciia chat dong tring
hop ludng tinh GP-F127 tich dién duong va nano curcumin (nCur) hoat tinh sinh hoc
ky nuéc va dién tich am. Tai gia tri pH 5,5, nano gel cho thdy hi¢u suat giai phong
nCur dat xap xi 90%, cao hon 3,6 1an so v&i pH 7,4 [36]. Gan ddy, chat mang nano
PCAC-FA da ning c6 kha nang nham muyc tiéu dya trén FA, giai phong theo nhiét do
dua trén pluronic F127 cling da dugc bdo cdo. Nhu mong doi, nano PCAC-FA cho
thdy kha ning thAm nhap t6t vdi cac té bao md viém va giai phong thude tri lidu
methotrexate c6 kiém soat [37].

Tai Khoa K¥ thuat Y sinh, Pai hoc Quéc Té, Pai hoc Quéc gia Thanh phé Ho
Chi Minh, cac nghién ctru vé vat liéu nano lai phan phdi thudc thong minh theo dudong
ubng va tiém tinh mach ciing dang duoc phat trién manh mé. PGS. TS. Vong Binh
Long va cong su da bao cao tong hop thanh cong vat liéu nano siRNP ¢6 cau trac 16
— v6 thong qua kha ning ty lap rap cia co-polymer ¢ tinh chat ludng tinh, trong do,
gdc nitroxide dugc gan vao chudi bén cua doan ki nudc véi kha nang chdng oxy hoa.
Céc gdc silica trong 18i hinh thanh mét lién két chéo giira cac khdi co-polymer ty lip
rap dé gitip hip thu thudc 6n dinh, giup vuot qua nhing diéu kién khac nghiét cua
duong tiéu hoa, mang dén tiém ning trong viéc van chuyén thudc theo duong udng.
Dua trén két qua in vitro, cac hat nano siRNP c6 kha ning giai phong hiéu qua thudce
Sorafenib, chng ting sinh, chéng xo hoa ddi vai cac té bao hinh sao ¢ gan va co doc
tinh thép ddi voi cac té bao ndi mé binh thuong [38]. Tuong tu, cac hat nano siRNP
v6i kich thudc khoang 50 — 60 nm cho thay hiéu suat tai cao ddi voi thude chong ung
thu dai trang Camptothecin (CPT). Két qua diéu tri trén mo hinh chudt mang khéi
uC-26 da chi ra rang nano CPT@siRNP duoc sir dung qua duong udéng khong nhiing
trc ché hiéu qua sy phat trién ctia khdi u va con han ché duoc tic dung phu so véi
CPT dung tryc tiép [39]. Thém vao dé, cac hat organosilica x6p c6 kha nang phan
huiy sinh hgoc dugc chirc nang héa véi nhom amin (BPMO-NH>») cling da dugc nghién
ctru thanh céng. BPMO-NH s hitu kha ning giai phong thube 5-fluorouracil (5-FU)
cao & pH 5,5 va bén viing & pH 7,4. Pong thoi, kha ning twong thich sinh hoc ciia
vat liéu BPMO-NH; da dugc chirng minh véi nguyén bao sgi L929 [40].
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Tai Vién Cong nghé tién tién — Vién Han 1am Khoa hoc va Cong ngh¢ Viét
Nam, nhém nghién ciru ciia GS. TS. Nguyén Dai Hai ndi bat véi viéc mg dung thanh
cong cong nghé nano dé kiém soat kich thudc va dic tinh cia cac chat mang c6 kha
nang tuong thich sinh hoc cao nham hudng dén tinh linh hoat ctia vat liéu cho da ung
dung. Cac ciu tric vat liéu sinh hoc di va dang duge nhom nghién ciru phét trién bao
gém liposome, dendrimer, silica, MOF, nano lai dya trén chung. Péc biét, clu trac
cac chat mang c6 ngudn gdc tir silica da dugc nhém t6i wu cho nhiéu hé thong phan
phéi thude khac nhau. Nano silica dd dugc phat trién tir dang co ban (pristine), rng
(hollow), x&p (mesoporous), x6p rong (hollow mesoporous) dén gan cac nhom chirc
1én bé mat nhuw — NH,, —COOH. Sau khi chtrc ning hoa, cac chat mang dua trén nano
silica déu duoc gia ting hiéu suat tai va giai phong duge chit c6 kiém soat [41,42].

Pong thoi, cac dic tinh sinh hoc nang cao cta vat liéu nano ciing duoc dau tu
nghién ciru. Trong d6, cac 16p pht nham ting giao dién sinh hoc cho cac hat nano di
dat nhitng két qua mong doi. Vi dy, 16p phu phospholipid cia liposome trén bé mat
16i silica x6p (MSN) gitip tang 6n dinh keo, giam sy 10 ri thudc va phong thude bén
vitng hon so véi vat liéu MSN ban dau [43]. Tuong tu, polyethylene glycol (PEG)
dugc s dung 1am chat bao boc va kiém soat d6 day 16p vo trung mo cua céc hat
MSN. Két qua chi ra rang, v6i sy tham gia phan ung ctia ham luong PEG thap hon
2%, MSN dam bao dugc hinh thai hinh cau don phan tan, kich thudc hat 95,40 nm,
va d6 day vé khoang 14,40 nm. Thém vao do, cac thi nghi€m in vitro da xac nhan
rang ca MSN va PEG@MNS déu c6 kha ning twong thich sinh hoc cao, tiém ning
cho cidc ung dung y sinh [44]. Trong mot nghién cuu khéac, dendrimer
polyamidoamine (PAMAM) ciing di phu thanh cong lén bé mat MSN
(PAMAM@MSN) véi kich thude 16n nhét 1a 185,3 nm. Nghién ciru tai thude 1én
PAMAM@MSN cho thiy hiéu qua dong goi cao (85,8%) va kha ning giai phong co
kiém soat so v6i cac MSN thong thudng, md ra mot hé thong phan phdi thude day
htra hen [45].

Tom lai, cac vat liéu mang thude hd tro diéu tri ung thu da va dang duoc day
manh nghién ctru tai Viét Nam. Tuy nhién, cac nghién ctru vé MOF, vat liéu lai dya
trén MOF nhu mot hé théng phan phdi thude thong minh con tuong ddi han ché. Trén
co s& d6, viéc dé xuit thuc hién dé tai “Nghién ctu phat trién vat liéu nano lai
CuTA/Cur@ZIF-8 dua trén khung hitu co-kim loai v6i dinh huéng tmg dung trong
diéu tri ung thu” 1a phii hop v&i nhu cau thyc thyc té, gép phan dong gop cac nghién
ctru vé hé thdng phan phdi thude tiém nang. Thém vao dé, hoc vién 1a mot thanh vién
trong nhom nghién cuou cua TS. Tran Diéu Linh, dudi su lanh dao cta GS. TS.
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Nguyén Dai Hai, nhitng chuyén gia trong linh vyc y sinh. Néi cach khéc, dé tai c¢6

tinh kha thi cao, dam bao vé mit hoc thuat va tinh méi.



19

Chuong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Poi twong nghién ciru

Déi tugng nghién ciru trong luan vin nay 1a vat liéu nano lai CuTA/Cur@ZIF-

8, bao goém 151 ZIF-8, hoat chat curcumin va 16p vé phirc hgp ddng-tannic acid.

Nghién ciru tip trung vao viéc danh gia dic trung ciu tric, hanh vi giai phong thude

dap ung pH, tinh tuwong thich sinh hoc va ddc tinh trén té bao ung thu, nhim 1am rd

tiém nang ing dung ctia vat liéu trong diéu tri ung thu.

2.2. Héa chit, dung cu va thiét bi thue nghiém

2.2.1. Héa chit

Bang 2.1 Danh sach héa chat dugc sir dung trong thyc nghiém.

STT Tén hoa chat Po tinh khiét | Hang san xudt | Xuat x@r
{ Zinc nitrate hexahydrate 999 Thermo Fisher Hoa K3
oa
Zn(NO3),.6H,0 ’ Scientific Y
Copper (II) sulfate - Fish
ermo Fisher
2 pentahydrate 99% o Hoa Ky
CuSOLSHO Scientific
uS0O4.5H>
Th Fish
3 Ethanol 99% er@o , Sher Hoa Ky
Scientific
Th Fish
4 Methanol 99% er@o , Shet Hoa ky
Scientific
5 2—methylimidazole 99% Sigma Aldrich | Hoa ky
6 Tannic acid - Sigma Aldrich | Hoaky
7 Curcumin 94% Sigma Aldrich | Hoaky
8 Dimethyl sulfoxide 99% Sigma Aldrich | Hoa Ky
2,2'-Azino-bis(3- Tok
okyo
ethylbenzothiazoline-6- y o
9 ) . i ] 98% Chemical Nhat Ban
sulfonic acid) diammonium
It Industry
sa
3-(4,5-dimethylthiazol-2-yl)- Tokyo
10 2,5-diphenyltetrazolium 98% Chemical Nhat Ban
bromide Industry
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2,2-Diphenyl-1- ) )
11 ) - Sigma Aldrich | Hoa Ky
picrylhydrazyl
12 Folin & Ciocalteu - Sigma Aldrich | Hoa Ky
Dulbecco's Modified Eagle Thermo Fisher .
13 i - o Hoa Ky
Medium Scientific
14 Fluorescein diacetate - Sigma Aldrich | Hoa Ky
15 Propidium iodide - Sigma Aldrich | Hoa Ky
16 Phosphate-buffered saline - Sigma Aldrich | Hoa Ky
17 Fetal bovine serum - Corning Hoa Ky
0,05% Trypsin 0,53 mM . .
18 - Corning Hoa Ky
EDTA 1X
Té bao dai thuc bao chuot , A
19 - Riken Nhat Ban
RAW 264.7
Té bao ung thu dai trang , A
20 - Riken Nhat Ban
C26
2.2.2. Dung cu
Bang 2.2 Danh sach dung cu dugc st dung trong thuc nghiém.
STT Tén dung cu Nha san xuit Xudt xt
Binh trung tinh (50 mL, 100 mL, ,
1 Duran Schott Duc
250 mL)
2 Micropipette Slamed Duc
3 Falcon (15 mL, 50 mL) SPL Life Sciences Han Qudc
4 Eppendorf (1,5 mL) Biologix Hoa Ky
Mang tham tach cellulose
5 | MWCO: 3.5 kDa; 6 —8 kDa, 12 Spectrum Hoa Ky
— 14 kDa)
6 Pia 96 giéng SPL Life Sciences Han Quéc
Pipette nhya tiét trung (5 mL, 10 . , . .
7 SPL Life Sciences Han Quéc
mL, 25 mL)
Dung cu hd trg hiit pipette Biologix Hoa Ky
Binh nudi cay té bao SPL Life Sciences Han Quéc
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2.2.3. Thiét bi

Bang 2.3 Danh sach thiét bi dugc str dung trong thyc nghiém.

STT Tén thiét bi Nha sén xuét Xuat xir
1 May khuay tir gia nhiét IKA Dric
May ly tam toc do cao HermLe ,
2 HermLe Duc
Z32HK
3 Can phan tich 5 s6 1é Sartorius Dric
4 B rira siéu am S8OH Elmasonic Duc
May do kich thudc hat va thé zeta
5 ] Malvern Anh
Zetasizer Nano ZS
M4y quang pho hong ngoai bién PerkinElmer .
6 . . Hoa Ky
doi FT-IR Frontier
Ma ho nhiéu xa tia X D8
7 | dHAnE PROTINIGH Bruker AXS Pic
Advance Bruker
Thiét bi phan tich pho tan xa ,
8 ] Horiba Anh
nang lugng tia X EDX H-7593
May phan tich nhiét trong lugng , .
9 , TA instruments Hoa Ky
Discovery TGA 55
May doc vi dia Varioskan™ ) .
10 . Thermo Fisher Hoa Ky
LUX multimode
11 May quang pho UV-Vis V-730 Jasco Nhat Ban
12 Thiét bi sy dong kho EYELA Nhat Ban
Kinh hién vi dién tir quét phét xa L o
13 ] ) Hitachi Nhat Ban
truong Hitachi S-4800
Kinh hién vi ddo nguoc Eclipse _ .
14 TiU Nikon Nhat Ban
1_
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2.3. Phwong phap tong hop vat li¢u
2.3.1. Tong hop vit liéu ZIF-8

4
Zn(NO5),6H,0  2-mIM / bung dich A

Dung dich B

ey \
Ly tdam }
|

Nho giot

‘ (A) vao (B;

Loai bo dung dich -
Hinh 2.1 Quy trinh tong hop ZIF-8.

Quy trinh tong hop hat ZIF-8 duoc thyc hién thong qua cac budc sau: dau tién,
0,6 g Zn(NO3)2.6H>0 dugc hoa tan hoan toan trong 20 mL nude cit dé tao thanh dung
dich A, trong khi d6 1,32 g 2-MIM dugc hoa tan trong 20 mL MeOH dé tao thanh
dung dich B (Hinh 2.1). Tiép theo, dung dich A dugc nho tir tir vao dung dich B trong
diéu kién khuay déu ¢ téc d6 500 vong/phut, va hdn hop duoc dé phan ting & nhiét
d6 phong trong 15 phat nham thuc day su hinh thanh tinh thé ZIF-8. Sau khi phan
g két thuc, dung dich chuyén sang trang thai mau trang duc, dugc dem ly tim & toc
d6 10.000 vong/phut trong thoi gian 15 phat dé tach két tia. Phan két tua thu dugc
chinh 1a cac tinh thé ZIF-8, sau d6 dugc lam kho bang phuong phép dong khé nham

bao quan va sit dung cho céc thi nghiém ké tiép.
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2.3.2. Tong hop vit liéu Cur@ZIF-8

Zn(NO;),:6H,0  2-mIM

v . 4
DungdichC N\, /" bung dich A

DungdichA  Dung dich B R—
. -
Curcumin _Nho giot | ~——
Ly tam
Phan (rng trong 15 phdt
Dung dich C
Thu két tua \m \_
Cur@ZIF-8 Loai b6 dung dich - o

Hinh 2.2 Quy tinh tong hop Cur@ZIF-8.

Vit liéu mang thuéc Cur@ZIF-8 duoc tong hop dua trén phuong phéap tong
hop mot budc (one-pot) (Hinh 2.2). Qua trinh niy bat dau véi viée hoa tan 0,6 g
Zn(NO3),-6H20 trong 20 mL nude cit dé tao thanh dung dich A. Pong thoi, 1,32 g
2-MIM va 10 mg Cur duoc hoa tan trong 20 mL MeOH dé 1an luot tao thanh dung
dich B va dung dich C. Sau do, dung dich A va dung dich C dugc nhd d@)ng thoi vao
dung dich B trong diéu kién khuady déu véi toc d6 500 vong/phut, va hdn hop duoc
dé phan tng trong thoi gian 15 phit nham thuc diy sy hinh thanh cua tinh thé
Cur@ZIF-8. Sau khi phan tng hoan tat, hdn hop chuyén sang mau cam dic trung.
Dung dich nay sau d6 duoc ly tam ¢ téc do 10.000 vong/phut trong 15 phat dé tach
két tua. Phan két tia thu duoc, chinh 1a cac tinh thé Cur@ZIF-8, duoc 1am kho bang
phuong phap dong kho dé bao quan va sir dung trong cac thi nghiém tiép theo.
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2.3.3. Tong hop vit liéu CuTA/Cur@ZIF-8

v

Tannic acid

~ . Nhégiot e o

Nho giot
Cur@ZIF-8

)

CuSO4-5H20\

Thu két taa
|

CuTA/Cur@ZIF-8 Loai bé dung dich

Phan (rng trong 5 phdt

Hinh 2.3 Quy trinh tong hop CuTA/Cur@ZIF-8.

Vit liéu lai CuTA/Cur@ZIF-8 dugc tong hop thong qua hai bude chinh, dam
bao sy hinh thanh va két hop t6i wu gitta cac thanh phan (Hinh 2.3). Budc dau tién 1a
qua trinh tong hop vt liéu mang thudc Cur@ZIF-8, duoc thyc hién theo quy trinh da
duge mo ta & trén. Qua trinh nay dam bao rang Cur dugc tich hop 6n dinh trong khung
vt liéu ZIF-8. O budc tiép theo, vat lidu lai CuTA/Cur@ZIF-8 dugc hinh thanh thong
qua phuong phap téng hop in situ. Cu thé, 0,1 g Cur@ZIF-8 dugc phéan tan trong 50
mL nudc cat. Tiép theo, 0,027 g TA va 0,02 g CuSO4.5H20 lan lugt dugc b sung
vao dung dich. Hon hop nay dugc khudy déu trong 5 phut dudi cac diéu kién kiém
soat gidng nhu & budc dau tién dé thic day phan Ung tao thanh vat liéu lai. Sau khi
phan tng hoan tat, két tiia nau duoc tach ra khoi dung dich bang phuong phap ly tim
& toc do 10.000 vong/phit. Cudi cung, san pham thu duoc duoc lam kho bang phuong
phép dong kho, tao ra cac hat nano CuTA/Cur@ZIF-8, sin sang cho cac ung dung va
thir nghiém tiép theo.
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2.4. Phuong phap danh gia dac trung hoa ly vat liéu
2.4.1. Tan xa anh sang dong (DLS)

Kich thudc thuy dong luc hoc cta hat va sy phan bd kich thude duge xac dinh
bang phwong phap tdn xa anh sang dong (DLS) trén thiét bji Zetasizer Nano ZS
(Malvern Panalytical) tai khoa Ki thuat Y Sinh, truong Pai hoc Québc Té, DbHQG TP.
Ho Chi Minh. Phuong phap DLS hoat dong dua trén sy dao dong cua anh sang tan
xa khi cac hat chuyén dong Brown trong dung dich, tir d6 cung cap hai thong sé quan
trong: kich thudc trung binh (Z-average size) va chi sé phan tan (PDI) dé danh gia do

déng nhét cta hé hat.
2.4.2. Kinh hién vi di¢n tir quét phat xa treong (FE-SEM)

Kich thudc, phan bd va hinh thai bé mit cia hat duge phan tich thong qua kinh
hién vi dién tir quét phét xa trudng FE-SEM Hitachi S-4800 (Hitachi) tai Vién Cong
nghé tién tién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam, TP. H6 Chi Minh.
K¥ thuat ndy sir dung chim dién tir c6 ning luong cao dé quét qua bé mat mau, cung
cép hinh anh c6 d6 phan giai cao vé cdu trac va bé mat vt liéu, gitp danh gia sy d@)ng

déu va cac dic diém hinh thai cu thé cua hat.
2.4.3. Pho tia hong ngoai bién d6i (FT-IR)

Céac nhom chuc trén bé mit vat liéu duoc xac dinh st dung may quang phd
bién d6i FT-IR (PerkinElmer) tai Vién Cong ngh¢ tién tién, Vién Han 1am Khoa hoc
va Cong nghé Viét Nam, TP. H6 Chi Minh. Phuong phéap nay duya trén kha nang hap
thu cac budc song hong ngoai dic trung ciia timg lién két hoa hoc, tir d6 giup phan

tich chi tiét ciu trac phan tir va cac tuong tac trong hé vat li¢u.
2.4.4. Tan xa nang lugng tia X (EDX)

Thanh phan nguyén té va sy phan bd cic nguyén té héa hoc trong vat lidu
dugc phan tich trén thiét bi phan tich phd tan xa ning luong tia X EDX H-7593
(Horiba) tai Vién Cong nghé tién tién, Vién Han 1am Khoa hoc va Cong ngh¢ Viét
Nam, TP. H6 Chi Minh. Phuong phap nay hoat dong dua trén nguyén ly phat xa tia
X dic trung cia ting nguyén t6 khi bi kich thich boi chum dién tir, cung cap thong
tin dinh tinh va dinh lugng vé thanh phan nguyén t4.
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2.4.5. Nhiéu xa tia X (XRD)

Céu triic tinh thé va thanh phan pha ciia vat liéu duge xac dinh thong qua sir
dung thiét bi phén tich nhiéu xa tia X (XRD) D8 Advance Eco (Bruker AXS) tai Vién
Cong ngh¢ tién tién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam, TP. H6 Chi
Minh. Phuong phap nay dya trén hién tuong nhiéu xa cua tia X khi chiéu qua mang
ludi tinh thé, cung cidp md hinh nhidu xa dic trung giup xac dinh dang pha va muc

do két tinh cta vat ligu.
2.4.6. Phan tich nhiét trong lwgng (TGA)

Su thay d6i khéi lugng cua vat liéu theo nhiét dd dugc danh gia thong qua may
phan tich nhiét trong luong (TGA) Discovery TGA 55 (TA Instruments) tai Vién
Cong ngh¢ tién tién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam, TP. H6 Chi
Minh. Phuong phép nay cho phép xac dinh nhiét d6 phan huy, mic d6 bén nhiét va
cac giai doan mét khéi lugng cua vat lidu, cung cap thong tin quan trong vé tinh chat

nhiét dong hoc.
2.4.7. Dién thé zeta

Thé zeta cua hé vt liéu dugc xac dinh bang phuong phap tan xa anh sang dong
trén thiét bi Zetasizer Nano ZS (Malvern) tai khoa Ki thuat Y Sinh, truong Pai hoc
Qudc Té, PHQG TP. Ho Chi Minh. Thé zeta 1a mot thong sé quan trong dé danh gia
tinh 6n dinh dién tich bé mat cua hat, tir d6 dua ra du doan vé kha nang phan tan va

tuong tac gitra cac hat trong moi truong dung dich.
2.5. Phwong phap danh gia tong ham lweng polyphenol (TPC)

Phuong phap xét nghiém Folin—Ciocalteu (F—C) 1a mot phwong phéap dung dé
dinh lugng tong polyphenol (TPC) trong vat liéu, hoat dong dua trén co ché khir ciia
chat thir F-C do polyphenol gay ra [46]. Cu thé, 80 pL mau CuTA/Cur@ZIF-8 (100
pg/mL) dugc u véi 20 pl. dung dich Folin—Ciocalteu 50% ¢ nhiét do phong. Sau 15
phat, 100 uL dung dich Na>COs3 2% (w/v) duogc bd sung vao hdn hop va tiép tuc u
trong bong tdi trong 60 phut. Trong sudt qua trinh ndy, cac polyphenol trong mau s&
tac dung v&i chét thir Folin—Ciocalteu, gdy ra sy thay d6i mau sic cia dung dich tir
xanh luc sang xanh lam dén vang, véi sy chuyén mau nay ti 1¢ thuan véi ham lugng
polyphenol duoc dinh lwgng trong mau vat liéu. Sy chénh léch vé do hap thu ciia mau
s& dugc xac dinh théng qua két qua do UV-Vis tai budc song 765 nm. Cudi cung,
téng polyphenol (TPC) dugc tinh toan dudi dang milligram TA twong duwong mdi
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gram mau CuTA/Cur@ZIF-8 (mg TAE/g). Puong chuan duoc dung dua trén chat

chuan TA & cic nong do khac nhau.
2.6. Phwong phap danh gia hoat dong don goc tuw do (RSA)
2.6.1. Thir nghiém 2,2-Diphenyl-1-picrylhydrazyl (DPPH)

Dé thuc hién phép tha DPPH [46], 50 uL mau vat liéu (v6i cac n@)ng do 12,5,
25,50, 100, 200 pg/mL) dugc thém vao 200 uLL dung dich DPPH (0,1 mM). Sau do,
hdn hop nay duge 1 trong bong tdi trong 60 phiit. Trong sudt qué trinh nay, dung dich
c¢6 goc tu do DPPH, vén c6 mau tim dic trung, s& bi cac chat chong oxy hoa trong
mau khir 1am nhat mau dung dich. Cudi cing, do hap thy (OD) dugc do ¢ budc song
517 nm dé xac dinh mutc d6 quét géc te do ctia mau béng may doc dia UV-Vis. Két
qué ctia phép thir DPPH duoc tinh toan thong qua kha ning loai bé goc tu do, va ty
1¢ quét goc ty do (RSA) duoc tinh theo cong thirc sau:

OD

dbi chimg — méiu

O
RSA (%)= -100

()[)déichﬁng
Trong do6:
e ODgsi chimg: PO hap thu ctia mau thudc thir DPPH

e ODniu: DO hép thu cua mau thudc tha DPPH u cung mau vat liéu.

2.6.2. Thir nghiém 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS)

Pé thuc hién phép tha ABTS [46], 7 mM acid 2,2'-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic) dugc pha tron voi 2,45 mM potassium persulfate dé
tao thanh cation gbc ABTS, goi 13 dung dich ABTS. Sau d6, 50 pL mau vat liéu (voi
cac nong do 12,5, 25, 50, 100, 200 pg/mL) lan luot duge thém vao 200 pL dung dich
ABTS va duoc Ui trong bong téi trong 60 phut. Qua trinh nay dan dén sy thay d6i mau
sdc cua dung dich ABTS tr mau xanh lyc lam ban dau chuyén sang mau nhat hon,
ching t6 rang cac goc tu do ABTS da bi khir béi cac chat chéng oxy hoa co trong
mau. Cubi ciing, 46 hap thy cua dung dich dugc do & budc song 734 nm bang may
doc dia UV—Vis. Két qua ctia phép thir ABTS dugc tinh todn thong qua kha nang loai
b6 gbe tu do, va kha ning bat gdc tu do (RSA) duoc tinh theo cong thirc sau:

OD

d6i chimg ™~ “"“'miu

O
RSA (%)= -100

()[)déichﬁng
Trong do:
e ODsi chimg: PO hap thu ctia mau thudc thir ABTS
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e ODuiu: D0 hip thu cia mau thudc thir ABTS 1 cing mau vat liéu.
2.7. Phwong phap danh gia kha ning tai thudc va giai phéng thude
2.7.1. Kha niing tii thudc

Kha ning tai thudc cua vat liéu duoc dénh gia thong qua hai thong sd quan
trong, d6 14 hiéu suat nang hoa thudc (Drug Encapsulation Efficiency - DEE) va kha
nang tai thudc (Drug Loading Capacity - DLC). Pay 1 hai chi tiéu chinh dé x4c dinh
mirc d6 hidu qua cua vat liéu trong viéc bao goi va mang thude, tir d6 danh gia tiém
ning ung dung ciia chiing trong cac hé thong van chuyén thudc tién tién.

Dé xac dinh cac gia tri DEE va DLC cua hai loai vat li¢u 1a Cur@ZIF-8 va
CuTA/Cur@ZIF-8, qua trinh phén tich dugc thuc hién dua trén phuong phap phan
huay cAu tric cua chat mang [46]. Trudce tién, khoang 10 mg mau vat liéu duge xur Iy
bang cach thém 50 pL dung dich HCI (1 mol/L), nhdm pha v& cdu triic cta hat nano
dé giai phong thubc. Dung dich nay sau d6 dugc pha lodng véi 2000 pL nude cat dé
dat dugc nong d6 phu hop. Ké tiép, hdn hop thu duoc duoc loc qua mang loc kich
thudc 0,45 pm dé loai bo cac tap chat khong mong muén va dam bao dung dich phan
tich co do tinh khiét cao. Phan dung dich di loc tiép tuc duoc phan tich thong qua
thiét bi quang phd UV-Vis tai budc song 425 nm, ddy 1a budce song dic trung dé do
ludong néng ¢ Cur trong mau. Qué trinh do lwdng nay gitip xac dinh chinh xac lugng
thudc duge bao gdi trong cdu tric hat nano, tir d6 tinh toan duoc cac gia tri DEE va
DLC thong qua céc cong thue sau:

Wi
DEE (%)= W-IOO

1

t

100

A%
DLC (%)= W

n
Trong do:
e Wt Téng lugng Cur thyc su dugc bao goéi trong cac hat nano.
« Wi: Téng luong Cur duge sir dung trong qua trinh tong hop vat liéu.
e Wn: Téng lugng hat nano duogc tao thanh sau qua trinh téng hop.

2.7.2. Kha niing giii phong thudc

Pé danh gia kha ning giai phong thudce dap ting theo pH [46], mot luong thich
hop Cur@ZIF-8 va CuTA/Cur@ZIF-8 duoc dat trong cac tii tham tach (MWCO =
3,5 kDa). Cac thi nay sau do dugc ngadm trong dung dich PBS vai hai mirc pH khéc
nhau: pH 5,5 (md phong mdi trudng acid ctia vi méi truong khdi u) va pH 7.4 (dai
dién cho méi trudng sinh 1y binh thudng). Thi nghiém duoc tién hanh & 37°C nham
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gia 1ap nhiét d6 co thé, dam bao cac diéu kién mé phdng sat voi moi trudong sinh hoc
thuc té. Tai cac mdc thoi gian dinh trude (0, 1, 3, 6, 9, 12, 24, 36, 48, va 72 gid),
luong thude Cur giai phong tir vat lidu dugc xac dinh bang cach st dung quang phd
UV-Vis tai budc song 425 nm, 1a budc séng dic trung cia Cur. Hiéu suat giai phong
thudc (Drug Release Efficiency - DRE) duoc tinh toan theo cong thirc sau:

W,
DRE (%)= <7-100

t
Trong do:
« W¢ Téng luong Cur ban dau duoc nap vao hat nano.

« W: Luong Cur dugc giai phong tai timg mdc thoi gian cu thé
2.7.3. M6 hinh djng hoc

Mo hinh dong hoc thude giai phong Cur tir vat liéu CuTA/Cur@ZIF-8 duoc
phan tich thong qua nim mo hinh dong hoc bao gdbm: bac khong (Zero-order), bac
mot (First-order), Hixson — Crowell, Higuchi, va Korsmeyer — Peppas [46]. Cac dir
liéu dugc tinh toan va thé hién thong qua dd thi dua trén céc phuong trinh thong qua
phan mém Origin. Trong s6 d6, mo hinh pht hop nhat (dwa trén gié tri hé s6 xac dinh

R? cao nhat) duge xac dinh 1a mé hinh dong hoc mé ta tét nhat qua trinh giai phong.
» Mo hinh dong hoc bac khong (Zero-order)

M5 hinh bac khong mo ta qua trinh giai phong thude véi tde dd khong doi theo thoi gian,
doc 1ap voi néng d6 thudc con lai trong hé:
C=Cyt Kpt
Trong do:
« Co: lwong thude dugc gii phong ban dau (tai t=0)
o C¢ luong thudc duoc giai phong tai thoi diém t
« Ko: hang s6 dong hoc bac khong

» M6 hinh dong hoc bac nhat (First-order)

Mo hinh bac nhat mé ta qué trinh giai phéng thude véi téc do giai phong thude ty 18
thuan voi luong thude con lai trong hé:
logC = logC,+ Kt
Trong do:
o Co: lwong thude dugc gidi phong ban dau (tai t=0)
o C¢ luong thudc duoc giai phong tai thoi diém t
« Ki: hing s6 dong hoc bac nhat (h™)
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> Mo hinh Hixson — Crowell

Mo hinh Hixson — Crowell mé ta qua trinh giai phong thudc phy thudc vao sy thay
ddi dién tich bé mat va kich thudc hat cua hé mang, thuong ap dung cho cac h¢ ran
c6 hién tugng hoa tan kém theo an mon hodc co rut.
V€ = YCoKict
Trong do:
« Co: lwong thude dugc giai phong ban dau (tai t=0)
o C¢ luong thude duoc giai phong tai thoi diém t

« Kuc: hing s6 dong hoc Hixon — Crowell
» Mo hinh Higuchi

Mo hinh Higuchi mé ta qué trinh giai phong thudc chii yéu theo co ché khuéch tan
(diffusion-controlled release).
Ci= Co+ Kyt /2
Trong do:
« Co: lwong thude dugc giai phong ban dau (tai t=0)
o C¢ luong thudc duoc giai phong tai thoi diém t
« Ku: hing s6 dong hoc Higuchi

» Mo hinh Korsmeyer — Peppas

Mo hinh Korsmeyer — Peppas mo ta mbi quan hé ham mil giita lugng thudce duogc giai
phong va thoi gian. Tham sé n (hé s6 giai phong) gitip phan loai co ché khuéch tan
thudc 1a khuéch tan Fick hoac khong theo Fick :
C=Kgpt"

Trong do:

o Co: lwong thude dugc giai phong ban dau (tai t=0)

o C¢ luong thudc duoc giai phong tai thoi diém t

 Kxp: hing s6 Korsmeyer — Peppas.

o n:chi sb giai phong, xac dinh loai co ché khuéch tan.
2.8. Phuong phap danh gia kha niang phan huy sinh hoc

Khé nang phéan huy sinh hoc cta vat liéu dugc danh gia thong qua thi nghiém
ngam mau trong dung dich dém PBS, mé phong diéu kién sinh 1y [46]. Cu thé, cac
mau vat liéu duge ngam trong dung dich PBS tai 37°C & hai mtc pH khac nhau: pH
5,5 (md phong moéi truong acid cia vi méi truong khdi u) va pH 7,4 (dai dién cho
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mai truong sinh 1y binh thuong) hai mdc thoi gian 1a 0 va 72 gio. Sau mdc thoi gian
trén, mau s& dugc quan sat quan sat bang phuong phap FE-SEM dé danh gia kha ning
phén huy sinh hoc.

2.9. Phwong phap danh gia dc tinh té bao
2.9.1. Nudi cay té bao

Dong té bao dai thuc bao chudét RAW 264.7 va dong té bao ung thu dai trang
C26 dugc thu nhan tir Riken, Nhat Ban. Céc té bao ndy duoc nudi cdy trong moi
truong DMEM, bo sung 5% huyét thanh thai bo (FBS) va 1% hdn hop khang sinh,
bao gdm penicillin, streptomycin va neomycin. Qué trinh nudi cdy duoc thyc hién
trong mot moi trudong du am, véi ty 1¢ CO; 1a 5%, ¢ nhi¢t d§ 37°C, nham dam bao

diéu kién 1y twong cho sy phat trién va sinh truong cua té bao [46].
2.9.2. Thir nghiém MTT

Kha ning song sot ciia cac té bao RAW 264.7 va C26 duoc danh gia thong
qua phuong phap xét nghiém 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) [46]. Dau tién, cac té bao duoc cho vao cac giéng cua dia 96 giéng
v6i mat do 1 x 10* té bao mdi giéng va nudi cdy trong 24 gio dé cac té bao c6 thoi
gian bam dinh va phat trién. Sau khi cac té bao dd bam dinh 6n dinh, cic mau thir
nghiém goém ZIF-8, Cur@ZIF-8 va CuTA/Cur@ZIF-8 duoc bd sung vao cac giéng
vOi cac néng do khac nhau (12,5, 25, 50, 100, 200 ug/mL). Mau té bao v6i moi truong
s& dugc st dung 1am mau doi ching am, trong khi té bao duogc u voi 10% DMSO sé&
1a d6i chimg duong. Cac mau nay tiép tuc dugc nudi cdy trong 24 gid dé té bao co du
thoi gian tiép xuc vi cac chat thir nghiém. Sau 24 gio nudi cay, moi trudng nudi ciy
duogc loai bo hoan toan va cac giéng dugc rira sach hai lan bang dung dich dém PBS
dé loai bo cac tap chét va chét dinh dudng con sét lai, giup dam bao tinh chinh xéac
cta két qua. Tiép theo, 50 pL dung dich MTT (0,5 mg/mL) duoc bd sung vao mdi
giéng va cac giéng nay duoc U trong 4 gid tai 37°C. Trong sudt thoi gian nay, MTT
s& duoc cac té bao hap thu va chuyén hoa thanh cac tinh thé formazan trong céc té
bao song. Sau khi qua trinh @ hoan tét, cc tinh thé formazan s& duoc hoa tan trong
DMSO, va do hap thu s& duge do ¢ budc song 540 nm dé danh gia kha ning séng sot
cta té bao, dugc tinh theo cong thic:

OD ODa0 trang
ODygs; chimg &m — OD

mau

Ti 1é té bao song (%)= -100

mau trang

Trong do:
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e ODmau: P9 hap thy cua céac giéng té bao duge U voi cac mau vt liéu
o ODgéi chimg am: DO hap thu ctia cac giéng té€ bao dugc G v6i moi trudng
o ODumiu ring: PO hap thu cua thude thir MTT

2.9.3. Thir nghiém nhudm séng/chét

Kha ning song cia té bao C26 dugc danh gia thong qua phuong phap thir
nghiém nhudém sbéng/chét, mot phuong phép pho bién dé xac dinh ty 1¢ té bao song
va chét [46]. Pau tién, cac té bao dugc dua vao cac giéng cua dia 96 giéng voi mat
d6 1 x 10* té bao mdi giéng va dugc nudi ciy trong 24 gid, giup té bao co thoi gian
bam dinh va thich nghi v&i méi truong. Khi cac té bao dd bam dinh viing chic, cac
mau thir nghiém gém ZIF-8, Cur@ZIF-8 va CuTA/Cur@ZIF-8 dugc bd sung vao cac
giéng. Céac giéng sau do tiép tuc dugc nudi ciy trong 24 gir dé tao dicu kién cho té
bao tiép xuc véi cac chat thir nghiém. Sau khi két thuc 24 gio nudi cay, moi trudng
nuoi céy duogc thay thé hoan toan va cac té bao dugc rira sach hai lan béng dung dich
dém PBS dé loai bo cac tap chét va chat dinh dudng con sét lai. Tiép theo, dung dich
nhudém dugc pha trong DMEM bao gom fluorescein diacetate (FDA) v6i nong do 5
mg/mL dé nhudm céc té bao séng va propidium iodide (PI) v6i nong do 5 mg/mL dé
nhudm cac té bao chét. 100 pL dung dich nhuom nay duoc thém vao mdi giéng va
cac giéng dugc u trong 5 phut dé dung dich tham thau vao té bao. Sau do, cac giéng
duogc rira sach bang dung dich dém PBS mot 1an nita dé loai bo lwong thudc nhudém
khong phan ung dé tranh gy nhidu trong qué trinh quan sat. Cudi cung, PBS duoc
bd sung vao mdi giéng dé té bao co thé tiép tuc duoc quan sat dudi kinh hién vi huynh

quang soi ngugc, cho phép danh gia tryc tiép su hién dién ciia té bao sdng va chét.
2.10. Phwong phap xir Iy hinh anh va sé li¢u

Dir liéu hinh anh trong nghién ciru dugc thiét ké bang cac phian mém
BioRender, ChemDraw va Vesta. Bang biéu va do thi dugc phan tich va trinh bay
bang Origin va Excel. S6 liéu dugc xir 1y va biéu dién duéi dang trung binh cong £
d6 1éch chuan (SD), véi tat ca thi nghiém dugc thyc hién ba lan lap lai (n = 3). Pé so
sanh théng ké gilta cac nhom, phan tich dugc thuc hi¢n bﬁng Microsoft Excel. Tat ca

cac gia tri p < 0,05 déu duoc coi 1a co ¥ nghia théng ké.
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Chuong 3. KET QUA VA THAO LUAN

3.1. Thiét ké vat liéu

4 /)\ Do) (" cépdo 1 M (" Cépdo 2 N
Cur \ Yol A
iyer O P 2o
o, 4 % H ’ e 4 o 9, .
I_ P8 [ eg s\ Tonghop W@ Q:.,‘;v .,?‘2,) Téng hop : L A.. / M
<\ : 2-M|M\I;H>one-pot e, %!QQL« In-situ < LN\ 3 >
A A ‘;A\i’° E!g "gAlo o ... v ¥ o
A Zn2 A 5 S W TA Cu? o .
n + a'h ;3 ﬂg A" < ¢
\_ Tiénchdt _J \_ Cur@zIF-8 ) \_ CuTA/Cur@ZIF-8 )

Hinh 3.1 Quy trinh thiét ké vt liéu nano lai CuTA/Cur@ZIF-8.

Vit lieu CuTA/Cur@ZIF-8 dugc phat trién thanh coéng thong qua mét quy
trinh don gian, bao gdm hai giai doan nhu mé ta trong Hinh 3.1. Trong giai doan dau,
cau tric 16i Cur@ZIF-8 duoc hinh thanh dua trén su két hop gitta Cur va khung hiru
co-kim loai ZIF-8. O day, phuong phap “one-pot” dugc dp dung nham tich hop dong
thdi qua trinh tao hat va tai hoat chat trong mot bude duy nhat, thay thé cho quy trinh
“step-by-step” truyén thong. Co ché tong hop 18i dua trén phan mg giita ion kém
(Zn*") va phéi tr 2-MIM trong mdi truong MeOH & nhiét d6 phong. Curcumin duoc
b sung truc tiép vao dung dich phan ting, déng vai tro vira 1a phéi tir phu vira 1a hoat
chat tri liu. Cac nhom hydroxyl va methoxy trong cau trac Cur c6 kha ning lién két
chelate v&i Zn?*, hd tro qua trinh hinh thanh tinh thé ZIF-8 mot cach hiéu qua. Viéc
tich hop Cur vao cau triic ZIF-8 mang lai hai lgi ich chinh. Thir nhat, Cur dugc bao
v€ bén trong khung ZIF-8, gitip nang cao tinh sinh kha dung va do 6n dinh cua hoat
chat ndy trong mdi truong sinh hoc [21]. Thir hai, phwong phap nay gitp tiét kiém
thoi gian tai thudc, giam thiéu dung moi va trang thiét bi, dong thoi dam bao tinh
dong nhat ctia san pham [47].

Sau khi hoan thién cau tric 16i Cur@ZIF-8, giai doan tiép theo 13 ting trudng
16p vo CuTA tryc tiép 1én bé mat 18i. Lop vo nay khong chi hoan thién cau tric vat
liéu ma con cai thién cac dac tinh sinh hoc, ttr d6 nang cao hi€u qua tri li¢u. Qua trinh
hinh thanh vé CuTA trén bé mat Cur@ZIF-8 c6 thé duoc kiém soat bai twong tac tinh
dién, twong tic m-m, va phan tmg chelate [48,49]. Cu thé, 161 Cur@ZIF-8 mang dién
tich dwong manh nhd ion Zn?*, trong khi TA, mot loai polyphenol giau nhom
hydroxyl, mang dién tich &m. Tuong tic tinh dién giita hai thanh phan nay tao nén sy
gan két bén viing giira 16i va vo. Pong thoi, cac nhom hydroxyl trong TA c6 thé phan
trng v6i ion kim loai (Cu?*, Zn*"), tao thanh mang ludi chelate déng nhét bao phu trén

bé mit ciia Cur@ZIF-8. Ngoai ra, twong tac m-m giita vong benzene ctia TA va vong
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imidazolate ctia ZIF-8 ciing c6 thé dong gop dang ké vao qua trinh hinh thanh hat
nano lai CuTA/Cur@ZIF-8.

Nhin chung, quy trinh téng hgp CuTA/Cur@ZIF-8 1a sy két hop hai hoa giira
phuong phap “one-pot” va cac co ché hoa hoc dic thi nham phat trién mot vat liéu
nano lai véi cu tric tdi wu va tinh nang vuot trdi. Loi ZIF-8 dong vai tro 1a khung
mang hoat chat Cur hiéu qua, trong khi 16p vo CuTA khong chi bao vé ciu trac ma
con bo sung dic tinh don cac goc tu do. Cach tiép can nay md ra tiém ning 1én cho
cac ung dung tri liéu thong minh va phan phdi thudc dap tmg pH, dic biét trong diéu
tri ung thu.

3.2. Pic trung cau tric vit liéu

3.2.1. Kich thwée va hinh thai

20 20
a ZIF-8 b Cur@zIF-8
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Hinh 3.2 Kich thudc thuy dong hoc cua ZIF-8 (a), Cur@ZIF-8 (b) va
CuTA/Cur@ZIF-8 (c) thong qua phuong phap DLS.

Trong hé thdng phan phdi thubc nano, sy phan bd kich thude cia chat mang
anh hudng tryc tiép dén kha nang luu thong trong mau va tiép can vi tri khéi u [50,51].
Cu thé, cc chét mang c6 kich thudc tir 200 nm dén 400 nm c6 thé tranh duoc hé
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thong thuc bao don nhan (mononuclear phagocyte system - MPS), nhung lai d& bi
giit lai boi hé théng ludi ndi mo (reticuloendothelial system - RES), didc biét ¢ gan va
lach. Cac chat mang c6 kich thuéc tir 100 nm dén 200 nm khéng chi kéo dai thoi gian
ban huy trong mau ma con tan dung hiéu qua hiéu tng EPR dé nhim muc tiéu thu
dong vao khdi u. Nguoc lai, cac chét mang c6 kich thudce tr 1 nm dén 100 nm c6
nguy co cao bi tich Iy va dao thai qua than.

a 2{ ZIF-8

-
o

-
o

Tén suét (%)
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Hinh 3.3 Kich thudc hat vat 1y va hinh thai bé mit cta ZIF-8 (a), Cur@ZIE-8 (b) va
CuTA/Cur@ZIF-8 (c) thong qua phuong phap FE-SEM.
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Nhan dinh dugc tim quan trong, kich thudc hat thuy dong luc hoc cua céc hat
nano ZIF-8, Cur@ZIF-8 va CuTA/CurZIF-8 da dugc danh gia thong qua phuong
phép DLS va kich thudc hat vat 1y thong qua anh FE-SEM (Bang 3.1). Theo do, kich
thudc hat thity dong luc hoc va chi sé da phan tan PDI cia ZIF-8 (96,79 nm, PDI =
0,08) < Cur@ZIF-8 (137,10 nm, PDI = 0,11) < CuTA/Cur@ZIF-8 (177,50 nm, PDI
=0,16) (Hinh 3.2a-c). Kich thudc hat vat 1y cua ZIF-8 dugc udc tinh 1a 89,0 £ 10,53
nm (Hinh 3.3a), Cur@ZIF-8 1a 119,36 + 14,52 nm (Hinh 3.3b) va CuTA/Cur@ZIF-
8 14 132,52 + 16,39 nm (Hinh 3.3¢). Nhin chung, ca ba vat liéu déu co kich thudc
dudi 200 nm, duoc xem 13 an toan truéc RES va MPS, dong thoi han ché sy dao thai
qua than. Dya trén két qua DLS, cling co thé nhan dinh réng Cur@ZIF-8 va
CuTA/Cur@ZIF-8 c6 thé tan dung hiéu qua hiéu tmg EPR dé tich lily va giai phong

kiém soat Cur tai vi tri khoi u.

Bang 3.1 Kich thudc trung binh cua ZIF-8, Cur@ZIF-8, CuTA/Cur@ZIF-8 thong
qua anh FE-SEM va DLS.

. FE-SEM DLS
Tén vat liéu
Kich thuéc (nm) | Kich thudce (nm) PDI
ZIF-8 89,0 £ 10,53 96,79 0,08
Cur@ZIF-8 119,36 + 14,52 137,10 0,11
CuTA/Cur@ZIF-8 132,52 + 16,39 177,50 0,16

Vé mat thiét ké vat liéu, su gia tang kich thudc cua cac vat li¢u theo tung giai
doan ciing ngu y rang qué trinh phat trién vat liéu thanh cong. RS rang, khi so sanh
kich thuéc thily dong luc hoc giita chat mang ZIF-8 va chit mang bao boc thudc
Cur@ZIF-8 c6 thé nhan thay sy chénh léch 40,31 nm. Piéu nay cé thé dugc gan cho
su ¢6 mit ctia Cur trong cau triic ZIF-8 gép phan 1am tang kich thudc (Hinh 3.2a, b).
Tuong tu, sy khac bi¢t 40,40 nm gitra Cur@ZIF-8 va CuTA/CurZIF-8 tuong ung véi
dd day cua 16p phu CuTA trén Cur@ZIF-8 (Hinh 3.2b, ¢). Ngoai ra, sy hoan thién
ctia nano lai CuTA/Cur@ZIF-8 ciing c6 thé duoc xac nhan thong qua su khac biét vé
hinh thai bé mat. Cu thé, CuTA/Cur@ZIF-8 cho thay hinh dang tron v6i bé mat tho
(Hinh 3.3¢), so v6i bé mit twong d6i min ctia ZIF-8 va Cur@ZIF-8 (Hinh 3.3a, b).
Mit khac, day ciing c6 thé 1a nguyén nhan lam gia tang PDI tir 0,08 1én 0,16, gap 2
lan, giita vat liéu dau (ZIF-8) va vat liéu cudi (CuTA/Cur@ZIF-8). Tuy nhién, cac
gi4 tri PDI nay van duy tri dudi 0,2, cho thay su phan b kich thudc hep, phu hop cho
viéc mg dung nhu mot hé théng phan phdi thude tiém nang [52,53].
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3.2.2. Phé EDX
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Hinh 3.4 Ph6 EDX cua ZIF-8 (a), Cur@ZIF-8 (b), va CuTA/Cur@ZIF-8 (c).

Phd EDX duoc sir dung dé khéo sat su thay ddi cac nguyén t trén bé mit cla
cac hat nano lai CuT A/Cur@ZIF-8 trong qua trinh lai héa. O cap d6 1, twong mg v&i
Cur@ZIF-8, Cur dugc bao goi bén trong ciu triic ZIF-8. Do d6, vé 1y thuyét, khong
c6 su khac biét dang ké vé thanh phan nguyén t6 giira Cur@ZIF-8 va ZIF-8. Theo
d6, ZIF-8 chira cac nguyén to Zn (7,45%), N (30,28%), C (60,66%) va O (1,61%)
(Hinh 3.4a, Bang 3.2). Tuong ty, Cur@ZIF-8 khong xut hién cac nguyén té méi.
Tuy nhién, ty 1& nguyén tir van c¢6 nhimng bién d6i nho, nhu sy giam 0,98% cua nito
va su gia tang 1an lugt 0,31% va 0,66% cua kém va carbon (Hinh 3.4b, Bang 3.2).
Nhiing thay doi nay c6 thé 1 do twong tac giita Cur, Zn*" va 2-MIM trong qué trinh
phan ung.

Céc hat nano lai & cip d6 2 twong tmg véi CuTA/Cur@ZIF-8, n6i bat noi bat
v6i CuTA bao boc bén ngoai Cur@ZIF-8. Quan sat Hinh 3.4¢ va Bang 3.2 c6 thé
nhan dinh rang nano lai CuTA/Cur@ZIF-8 di duoc phat trién thanh cong. Theo do,
CuTA/Cur@ZIF-8 khong chi giir lai cac nguyén té dic trung ciia ZIF-8 va Cur@ZIF-
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8 nhu C (59,16%), N (7,34%), O (25,34%) va Zn (5,78%), ma con xuat hién nguyén
t6 méi 1a Cu (2,39%). Hon nita, so sanh ty 18 nguyén tir giita vat liéu cap do 1 va cap
do 2 cho théy su gia tang 15,74 lan cua oxy, cung v&i sy giam lan luot 3,99 1an va
1,34 14n clia nito va kém. Diéu nay chi ra rang mang polyphenol TA, giau cic nguyén
tir oxy, da bién d6i thanh cong bé mat cia Cur@ZIF-8. Hinh 3.5 trinh bay EDX
mapping ciia cac nguyén td trén bé mat hat nano lai CuTA/Cur@ZIF-8.

Hinh 3.5 EDX mapping thé hién sy phan b clia cac nguyén td carbon (a), nitrogen
(b), oxygen (c), zinc (d), copper (e) va tong hop tt ca cac nguyén to (f) trén
CuTA/Cur@ZIF-8.



Bang 3.2 Tém tit cac thanh phan nguyén td

39

CuTA/Cur@ZIF-8 thong qua pho EDX.

cia ZIF-8, Cur@ZIF-8,

ZIF-8
Nguyén t6 Khéi luong (%) Nguyén tir (%)
C 4375 60,66
N 25,47 30,28
0 1,55 1,61

Zn 29,24 7,45
Cur@ZIF-8
Nguyén t6 Khéi luong (%) Nguyén tir (%)
C 43,83 61,32
N 24,42 29,30
0 1,53 1,61
Zn 30,21 7,76
CuTA/Cur@ZIF-8
Nguyén t6 Khéi luong (%) Nguyén tir (%)
C 40,65 59,16
N 5,88 7,34
0 23,19 25,34
Zn 21,60 5,78
Cu 8,68 2,39
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3.2.3. Phd FT-IR
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Hinh 3.6 Phd FT-IR cia ZIF-8, Cur@ZIF-8 va CuTA/Cur@ZIF-8.

Thanh phan héa hoc bé mit cia CuTA/Cur@ZIF-8, Cur@ZIF-8 va ZIF-8 di
duogc phan tich théng qua phd FT-IR. Nhu dugc thé hién trong Hinh 3.6, phd FT-IR
ctia Cur@ZIF-8 va ZIF-8 c6 mirc do twong ddng cao, voi cac dinh dic trung trong
khoang tir 4000 cm™ dén 400 cm. Cu thé, dai hr?ip thu rong tai 3445 cm™ ¢o thé
duoc gan cho dao dong kéo gian —OH cua polyphenol va’/hodc nudce (do hién tugng
hat 4m cua KBr, lugng H20 con sét lai trong cau tric) [54]. Hai dinh tai 3137 cm™
va 2930 cm™ 1an lugt tuong ng véi dao dong kéo gian cia C—H aromatic va C—H
aliphatic [55]. Cac dai hép thu tai 1585, 1459, 1426, 1384, 1310 va 1180—1147 cm™!
1an luot lién quan dén dao dong kéo gidn C=N, C=C, ubn cong bat d6i xting CHa, udn
bat d6i xtmg CHs, dao dong lic CH, va dao dong bién dang mit trong cia =C—H
[56]. Ngoai ra, cic dinh tai 996 cm™' va trong khoang 760—694 cm™' ¢6 thé dugc gan
cho dao dong uén mit trong cia =C—H va dao dong ubn cia C—H [57]. Pinh sic nét
tai 422 cm' dai dién cho dao dong kéo gian Zn—N, cho thiy sy hinh thanh lién két
giita ion k&m va nguyén tir nito ciia 2-MIM [58]. Dya trén cac két qua ndy, co thé két
luan rang ca ZIF-8 va Cur@ZIF-8 duoc tong hop trong nghién ciru nay déu thé hién
cac nhom chuc dac trung cua khung ZIF-8.

Trong truong hop cua cac hat nano lai CaTA/Cur@ZIF-8, mac du c6 cac dinh
twong ty nhu ZIF-8 va Cur@ZIF-8, nhung cuong do suy giam dang ké. Hién tugng
nay ngu y rang 16p phit CuTA da dugc lap rap thanh cong trén bé mat cac hat nano



41

Cur@ZIF-8. Cy thé, su hién dién ctia TA trén bé mat CuTA/Cur@ZIF-8 dugc xac
nhan boi dai rong tir 3216 cm™ dén 3615 cm™, dic trung cho cac nhém hydroxyl.
Dinh sic nét tai 1695 cm™' duoc gan cho dao dong kéo gian C=0 cua nhém carbonyl
[59]. Ngoai ra, mot loat cac dinh méi tai 1311, 1201, 1082 va 1036 cm™ ¢6 thé dai
dién cho dao dong kéo gian C—O [60,61]. Dinh nhd tai 553 cm™ ¢6 kha nang lién
quan dén lién két Cu—O trong phirc CuTA [62]. Hon nita, dai rong tir 547480 cm™
c6 thé dugc gan cho dao dong kéo gian Zn—0, goi y su hinh thanh lién két giita Zn**

trong cau tric ZIF-8 va cac nhom phenolic trén cau tric CuTA [63,64]

3.2.4. Gian d6 XRD
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Hinh 3.7 Gian d6 XRD cuta ZIF-8, Cur@ZIF-8 va CuTA/Cur@ZIF-8.

Gian d6 XRD di duogc s dung dé kiém tra cdu truc tinh thé ctua ZIF-8,
Cur@ZIF-8 va CuTA/Cur@ZIF-8 (Hinh 3.7). Cac dinh nhiéu xa cua ZIF-8 tuong
g véi cac hang s6 mang tai 7,22° (011), 10,37° (002), 12,67° (112), 14,72° (022),
16,35° (013), 17,93° (222), 19,47° (123), 22,08° (114), 24,49° (233), 25,46° (224),
26,53° (134), 30,53° (224), 31,42° (235), 34,77° (226), va 36,42° (444). Cac két qua
nay phi hop véi dir lidu ctia ZIF-8 chuan dugc cong bd boi Uy ban Tiéu chuan Nhiéu
xa Bot (Joint Committee on Powder Diffraction Standards, JCPDS 00-062—1030).
Do d6, c6 thé két luan rang ZIF-8 duoc tong hop trong nghién ciru nay da duogc tong
hop thanh cong, so hitu cau tric tinh thé cao. Mit khac, sy so sanh gian d6 XRD ciia
Cur@ZIF-8 va ZIF-8 khong cho thdy su xuat hién cta cc dinh tap chat rd rét. Didu
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nay ngu y rang viéc tich hop tryc tiép cac phan tir thubc Cur vao qua trinh tong hop
ZIF-8 khong anh huéng dang ké dén do két tinh cua vat liéu.

Nguoc lai, CuTA/Cur@ZIF-8, sau khi duoc bién d6i bé mat bang mang ludi
kim loai-polyphenol, cho thdy su giam dang ké cuong do cac dinh nhidu xa. Nhu thé
hién trong Hinh 3.7, cac dinh dic trung cia Cur@ZIF-8 va ZIF-8 hoic khong xuat
hién, hodc xuat hién khong 10 rang trén vat li€u nano lai CuTA/Cur@ZIF-8. Hién
tugng nay ¢ thé 1a do 16p phirc hop CuTA, dugc dic trung bai cau triac vo dinh hinh,
bao boc chit ché bé mat cua vat lidu nano lai. Két qua tuong tu cling di dugc bao cdo
trong cac nghién ctru sira d6i bé mat vat liéu thong qua phirc hop gitra TA va cac ion
kim loai khac nhau (vi du: Cu?*, Ni**, Fe**, Co*") [65].

3.2.5. Gian d6 TGA
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Hinh 3.8 Gian do TGA cua ZIF-8, Cur@ZIF-8 va CuTA/Cur@ZIF-8.

Anh huéng cua nhiét d6 ddi v6i cac vat lidu tong hop duge lam rd thong qua
phan tich TGA. Hinh 3.8 chi ra su mat khéi lugng theo nhi¢t do cia CuTA/Cur@ZIF-
8, Cur@ZIF-8 va ZIF-8. Nhu di dé cap trudc do, Cur@ZIF-8 ké thira cac dic tinh
cau tric cua ZIF-8. Do d6, khong cé gi ngac nhién khi Cur@ZIF-8 thé hién sy 6n
dinh nhiét tuyét voi twong tu nhu ZIF-8. Thyuc té, trong dai nhi¢t do tr 30—-150°C, ca
hai duong cong chi cho thiy sy giam nhe (khoang 1%), ¢6 thé 1a do cac phan tir khach
bi giir lai trong cAu trac hodc hép phu trén bé mit ciia ZIF-8 va Cur@ZIF-8. Tu 150—
400°C, chiing tiép tuc thé hién xu hudng giam, cé thé 1a do sy phan hily mot phan
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ctia ciu trac ZIF-8 va/hodc mot sd phéi tir 2-MIM bi méc ket trén bé mit cua vat liéu
mang nano [66,67]. Khi nhiét d6 vuot qua 400°C, c6 su khac biét gitra ZIF-8 va
Cur@ZIF-8. Cu thé, ZIF-8 duy tri su 6n dinh nhiét ¢én 500°C. Nguoc lai, su mat
khéi lwong khoang 11% dugc quan st & Cur@ZIF-8. Diéu thu vi 1a cac nghién ciru
trude day thuong gan su khac biét ndy cho viéc mat di ham luong thudc dugc bao
boc trong cAu trac vat liéu mang nano [68,69].

So v&i cac vat liéu nén, cac hat nano lai CuTA/Cur@ZIF-8 c6 su 6n dinh nhiét
thap hon. Cu thé, CuTA/Cur@ZIF-8 trai qua sy mat khéi lugng khoang 20% trong
dai nhiét d6 tir 30 — 250°C, ¢6 thé do mat cac phan tir nudc va mot phan ciia TA [70].
Sau d6, dudng cong cho thiy su sup d6 nhanh chdng ctia cau triic 16p phi CuTA khi
nhiét do tang tir 250°C dén 350°C, tuong tng véi sy mat khdi luong khoang 39%.
Nhiing két qua tuong ty vé anh hudng nhiét d6i véi cau trac cia mang polyphenol
kim loai cling da duoc bao céo trong cac nghién ciru khac [71,72]. Cubi cing, xu
huéng giam cham duoc quan sat ddi v6i phan con lai cua chu ky nhiét
CuTA/Cur@ZIF-8. Hanh vi nay c6 thé lién quan dén su ton tai cua ZIF-8 con lai
trong cau tric CuTA/Cur@ZIF-8.

3.2.6. Thé zeta
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Hinh 3.9 Thé zeta cta ZIF-8, Cur@ZIF-8 va CuTA/Cur@ZIE-8.

Pién tich bé mat ciia ZIF-8, Cur@ZIF-8 va CuTA/Cur@ZIF-8 di dugc nghién
ctru thong qua phan tich thé zeta. Cac két qua chi ra rang dién tich bé mat cua ZIF-8,
Cur@ZIF-8, va CuTA/Cur@ZIF-8 lan luot 1a 28,77 + 0.56, 28,30 + 1,27 va —24,27
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+ 0,76 mV (Hinh 3.9). Nhin chung, ca ba vat li¢u déu duoc téng hop thanh cong voi
dién tich bé mit cao, diéu nay co thé cai thién sy 6n dinh cua vat liéu trong dung dich
thong qua hién twong day tinh dién [73]. Nhan dinh nay ciing pht hop véi cac gia tri
PDI cua ZIF-8, Cur@ZIF-8 va CuTA/Cur@ZIF-8 thu dugc thong qua phan tich DLS
(Hinh 3.2).

Ngoai ra, khi so sanh dién tich bé mit giita ZIF-8 va Cur@ZIF-8, khong co sy
khac biét dang ké, diéu nay cho thiy cac phan tir Cur da dugc bao boc tét trong khung
ZIF-8. Tuy nhién, sau khi 16p phit CuTA phat trién trén Cur@ZIF-8 dé tao thanh vat
liéu nano lai CuTA/Cur@ZIF-8, da xay ra su chuyén dich ro rét tir dién tich duong
sang dién tich am. Két qua nay co thé xuat phat tir mot s6 lwong 16n nhém hydroxyl
da bi proton héa trén ciu tric CuTA, va cdc nhom nay da dugc bao phu thanh cong
lén bé mat cua vat liéu nano lai. V& mat y sinh, DDS mang dién tich 4m nhu
CuTA/Cur@ZIF-8 ciing dic biét quan trong, vi n c6 thé cai thién kha ning tuong
thich sinh hoc bang cach giam thiéu sy tuong tac véi cac protein huyét twong trong

qua trinh tudn hoan mau va giam su bét gitt cua dai thuc bao [74].

3.2.7. Phan tich TPC va RSA
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Hinh 3.10 Hoat dong don goc ty do cia CuTA/Cur@ZIF-8 va Cur@ZIF-8 thong
qua thtr nghi¢m DPPH (a) va thtr nghiém ABTS (b).

Nhu da dé cap, thiét ké phtrc hop kim loai-polyphenol CuTA bb sung trén bé
mat cia Cur@ZIF-8 nham muc dich tao ra hat nano lai CuTA/Cur@ZIF-8 c6 kha
ning chong oxy héa, c6 kha ning cung cap cic nguyén tir hydro hoic electron dé
trung hoa cac géc tu do qua mure dugc tao ra tai cac vi tri khdi u. Trong budce dau cua
nghién ctru, su ton tai ciia polyphenol trén céu tric CuTA/Cur@ZIF-8 da duoc xéac
nhan thong qua phuong phap F-C. Két qua cho thay téng ham lugng phenolic (total
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phenolic content - TPC) ctia CuTA/Cur@ZIF-8 dao dong trong khoang 426,15 + 7,58
mg TAE/g. Do d6, c6 thé két luan rang CuTA/Cur@ZIF-8 da duoc chirc ning hoa
thanh cong véi dic tinh chéng oxy hoa.

Céc thir nghiém DPPH va ABTS duoc lua chon dé udc tinh hoat tinh bét géc
tu do (radical scavenging activity - RSA) cta cac vat liéu nho tinh don gian, nhanh
chong, nhay va sy 6n dinh cta cac goc ty do. Quan sat Hinh 3.10, ¢ thé nhan thay
rang sy hién dién ciia 16p phu CuTA déng vai trd quan trong trong viéc gia ting hiéu
qua RSA trong céc thir nghiém. That vay, khi ndng d6 CuTA/Cur@ZIF-8 trong thir
nghiém DPPH tang tr 12,5 pg/mL 1én 200 pg/mL, gié tri RSA tang tir 34,94 + 1,37%
1én 68,50 + 1,71%. M4t xu hudng tuong tu ciing dugc ghi nhan trong thtr nghiém
ABTS, v6i CuTA/Cur@ZIF-8 & cac néng dé 12,5, 25, 50, 100 va 200 pg/mL tuong
ung voi hiéu qua RSA 1a 6,10 £ 1,59%, 46,11 = 0,58%, 85,98 + 0,20%, 93,55 +
0,20%, va 93,99 + 0,23%. Thu vi 14, mac du chia Cur, mot polyphenol c6 kha nang
chéng oxy héa, Cur@ZIF-8 van thé hién hi¢u qua RSA thap hodc khong déng ké &
cac nong do nay. Két qua nay mot lan nita khang dinh dic tinh bao phu chit ché cac
phan tir thuc ctua ZIF-8. Nhitng hién twong twong tu ciing dd duoc ghi nhan trong
nghién ctru trude ddy vé cac hat nano ZIF-8 bao boc cac phan tir thudc théng qua

phuong phap “one-pot” [75,76].
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3.3. Kha niing tii va giai phéng thudc
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Hinh 3.11 Kha nang tai Cur (a) va giai phong Cur ¢ PBS pH 7,4 (b), PBS pH 5,5
(c) cua Cur@ZIF-8 va CuTA/Cur@ZIF-8.

3.3.1. Kha niing tii thudc

Pé duoc xem xét 1a mot hé théng phan phdi thude tiém ning, cac vat lidu thu
dugc da duoc danh gia vé hiéu qua bao phi thudc (drug encapsulation efficiency -
DEE) va kha ning tai thudc (drug loading capacity - DLC), vi Cur 1a phén tir thude
muc tiéu. Trong nghién ctru ndy, ching t6i da sir dung qua trinh phan hiy cdu tric
cho Cur@ZIF-8 va CuTA/Cur@ZIF-8 trong dung dich acid dé xac dinh ham luong
Cur (Hinh 3.11a). Theo tinh toan, Cur@ZIF-8 thé hién DEE dat 96,53% va DLC dat
9,65%, CuTA/Cur@ZIF-8 c6 DEE va DLC lan luot 1a 95,61% va 9,56%. Dua trén
két qua DEE, c6 thé két luan rang Cur@ZIF-8 va CuTA/Cur@ZIF-8 di bao phii Cur
thanh cong véi hidu qua cao. Tuy nhién, khoang 1% Cur da bi that thoat khéi cau tric
ZIF-8 trong qua trinh chuyén tir Cur@ZIF-8 (cip do 1) sang CuTA/Cur@ZIF-8 (cap
d6 2). Pidu nay c6 thé duoc quy cho mot lugng Cur di bi thoat ra khoi cau truc ZIF-
8 thong qua qua trinh rira vat liéu. Mat khac, cac gia tri DLC cao cho thdy phuong
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phap tong hop “one-pot” da giai quyét dugce nhitg han ché von cé cua cac phuong
phap tong hop va tai thude truyén théng [77,78].

3.3.2. Kha niing giai phéng thudc

Hanh vi giai phong thudc tir cu tric chat mang 1a mot trong nhiing yéu t6 then
chét quyét dinh hiéu qua va do an toan cua liéu phap diéu tri ung thu dya trén hé
thong phan phdi thudc. Viéc giai phong thude khong kiém soat duoc co thé dan dén
nguy co gy doc tinh toan than, trong khi giai phong khong du lai c6 thé can trd cac
muc tiéu diéu tri. Ly tuéng nhét 1a cac chat mang nén bao boc thubc mot cach 6n dinh
trong moi trudng sinh 1y (pH 7,4) va giai phong chiing trong méi truong khéi u (pH
5,5) [79,80]. Dua vao nhiing gia thuyét trén, hanh vi giai phong thudc cia Cur@ZIF-
8 va CuTA/Cur@ZIF-8 da dugc nghién ctru trong dung dich dém PBS pH 7,4 va PBS
pH 5,5 tai 37°C, mo phong méi trudng in vitro clia moi truong sinh 1y va khai u.

Quan sat Hinh 3.11b c6 thé nhan thay rang hiéu sudt giai phong Cur cua
Cur@ZIF-8 va CuTA/Cur@ZIF-8 ti 1¢ thuan vdi thoi gian va duoc kiém soat chit
ché boi gia tri pH. Cu thé, tai PBS pH 7,4, Cur@ZIF-8 va CuTA/Cur@ZIF-8 thé hién
d6 on dinh cao, khong ghi nhan hién tuong giai phong bung nd. Trong sudt 72 gid
thir nghiém, Cur@ZIF-8 va CuTA/Cur@ZIF-8 chi giai phong lan luot khoang
12,58% va 10,15% lugng Cur khoi cau triac ctua ching.

Nguoc lai, xu huéng giai phong bung nd, duoc ghi nhan trong PBS 6 pH 5,5
(Hinh 3.11c¢). Qua trinh giai phéng Cur tir Cur@ZIF-8 va CuTA/Cur@ZIF-8 vé co
ban c6 thé chia thanh bon giai doan: giai doan 1 (0-9 gid), giai doan 2 (912 gio),
giai doan 3 (12-36 gio), va giai doan 4 (36-72 gio). Pdi v6i Cur@ZIF-8, higu suat
giai phong tich Ity ctia Cur ¢ céc giai doan 1, 2, 3, va 4, lan luot 13 53,15%, 1,02%,
19,26%, va 3,33%. Trong khi d6, CuTA/Cur@ZIF-8 ghi nhan hiéu suét giai phong
Cur tuong ung la 29,70% (giai doan 1), 19,05% (giai doan 2), 6,51% (giai doan 3),
va 7,91% (giai doan 4). Dya vao cac két qua nay co thé nhan dinh rﬁng ¢ gia doan 1
mot lugng 16n Cur di duoc giai phong ra khéi ciu triic chat mang va khéch tan qua
mang tham tach thong qua radient nong d6. O giai doan tir 2—4, van nhéan dinh thiy
su tang truong cua luong Cur trong dung ngoai mang, tuy nhién xu hudéng bao hoa
d3 dan dién ra va kéo dai dén cudi thir nghiém. Dong thoi, khi so sanh hiéu suét giai
phong thude & mbe 72 gio, ciing co thé két luan rang PBS 5,5 di kich hoat thanh cong
hiéu (mg giai phong theo pH ctia CuTA/Cur@ZIF-8 va Cur@ZIF-8, cho thay két qua
t6t hon xap xi 6 1an so véi PBS 7,4.
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3.3.3. Pong hoc giai phong thude
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Hinh 3.12 Bdng hoc gidi phong Cur cua CuTA/Cur@ZIF-8 theo md hinh bac
khong (b), bac mét (c), Higuchi (d), Korsmeyer-Peppas (e) va Hixson-Crowell (f).

Dt liéu dong hoc cua qué trinh gidi phong Cur tr cdc hat nano lai
CuTA/Cur@ZIF-8 di duoc nghién ctru thong qua cac md hinh giai phong thuée nham
tim hiéu co ché giai phong thude tir cau tric chat mang. Cac két qua va cong thirc
tinh todn dugc trinh bay trong Bang 3.3 va minh hoa qua Hinh 3.12. Nhin chung,
phan 16n dir liéu vé giai phong Cur cho thay sy phu hop tét v6i cac mé hinh dong
hoc, mirc d6 phit hop nay duoc danh gia bang chi sé thong ké R? (R-squared). Gia tri
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R2? dao dong tir 0,715 dén 0,962, ngu ¥ rang c6 sy twong quan truc tiép giita két qua
thuc nghiém va 1y thuyét. Ngoai ra, & mdi gia tri pH khac nhau thi CuTA/Cur@ZIF-
8 thé hién hanh vi giai phong Cur twong thich véi cac md hinh dong hoc khac nhau,
diéu nay nhan manh anh huéng dang ké ctia moi truong pH dbi v6i co ché giai phong.

Cu thé, tai méi truong pH 7,4, mirc do tuong thich giira dit liéu dong hoc va
cong thirc tinh toan duoc sap xép theo thir tu tir cao dén thap nhur sau: mo hinh bac
khong (R? = 0,955) > bac mdt (R? = 0,827) > Hixson-Crowell (R? = 0,826) >
Kosmeyers-Peppas (R?= 0,801) > Higuchi (R?>= 0,715). Su twong thich cao v&i mo
hinh bac khong trong diéu kién pH gan trung tinh ngu y rang qua trinh giai phong
Cur tir cdu tric CuTA/Cur@ZIF-8 dién ra mét cach lién tuc, 6n dinh, va toc do khong
d6i [81]. Bén canh d6, sy thiéu sy phi hop ctia mé hinh Higuchi cho chi ra rang co
ché khéch tan khong dic trung cho qua trinh giai phong thude & pH 7,4 [82].

Mat khac, tai pH 5,5, xu hudng tuong tuong thich gitta dong hoc giai phong
Cur va cac md hinh dong hoc thu dugc 1a: Bac mot (R = 0,962) > Hixson-Crowell
(R?=0,955) > Kosmeyers-Peppas (R?>= 0,940) > Higuchi (R*>= 0,893) > Béc khong
(R?=0,826). Két qua nay cho théy mé hinh bac mot thé hién wu thé, chira ré’mg moi
truong acid c6 kha ning kich thich viéc phan huy cau tric CuTA/Cur@ZIF-8 giai
phéng cac phan tir Cur theo co ché khuéch tan. Thém vao d6, mirc phi hop cao véi
hinh Hixson-Crowell va Higuchi goi y rang qua trinh giai phéng cia
CuTA/Cur@ZIF-8 c6 thé lién quan dén dién tich bé mat 16n, trai qua qua trinh phan
hay/hoa tan trong PBS pH 5,5 va tuan theo dinh luat khuéch tan cua Fick [83].

Ngoai ra, gi tri » tinh tir m6 hinh Korsmeyer-Peppas ¢ thé dy doan co ché
giai phong Cur qua cau triac chat mang CuTA/Cur@ZIF-8 [69—71]. Thir nhat, n <0,5
twong (mg vai co ché giai phong Quasi-Fickian, mo ta qua trinh giai phong thude dua
trén khuéch tan nhung bi can tr¢ boi cAu trac chat mang. Tht hai, n = 0,5 dai dién
cho khuéch tan Fickian (case I), trong d6 khuéch tan 13 co ché chinh ctia qua trinh
giai phong thudc. Thir ba, khi 0,5 < n < 1, co ché van chuyén di thuong duge kich
hoat, thuong lién quan dén ca khuéch tan va co ché truong né. Thi tu, n = 1 chi ra
véan chuyén khong theo Fick (case II), trong d6 sy gian nd hodc phan hiiy/hoa tan cau
trac chat mang hd tro giai phong thude. Cudi cing, #> 1 mo ta van chuyén cuc doan
(super case II), thudng bao gém su cing va pha v cau tric chat mang. Trong nghién
clru ndy, cac gia tri n thu dugc 1a 0,326 (PBS pH 7,4) va 0,343 (PBS pH 5,5), déu
dudi 0,5. Do d6, co ché giai phong Cur c6 thé duge giai thich 14 do sy thim thau dan
ctia dung dich PBS vao cau triic CuTA/Cur@ZIF-8, kich hoat qua trinh giai phong
thuoc.
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Bang 3.3 Tom tat két qua dong giai phong Cur & PBS pH 7,4 va PBS pH 5,5 ciia
CuTA/Cur@ZIF-8.

Cac
M6 hinh dong hoc Cong thuc . | PBSpH 7,4 | PBSpHS,5
tham soO
Ko 6,387 1,035
Bac khong Ci=Cot Kot
R2 0,955 0,826
K — 0,005 — 0,049
Bic mot logC,= logC,+ Kt : : :
R2 0,827 0,962
i hi Cm Ot K Y. Ku 1,045 6,707
1gucni = + 2
8 = Cot Rt R2 0.715 0.893
K p C—Kornt® n 0,326 0,343
osmeyers—re as =
y PP (NP R2 0.801 0.940
Kuc 0,345 2.129
Hixson—Crowell f/C — ,3/C =Kyt ’ ’
' 07 HHC R2 0,826 0,955

3.3.4. Co ché giai phéng thudc dap wng pH

Dua trén cac két quéa thuc nghi€m va tinh toan, c6 thé nhan théy ré’mg cac hat
nano lai CuTA/Cur@ZIF-8 thé hién kha ning giai phong Cur manh mé trong méi
truong PBS pH 5,5 va bén viing trong mdi trudng PBS pH 7.4. Do d6, co thé gia
thuyét rang cdu traic CuTA/Cur@ZIF-8 da chiu anh hudng tiéu cuc tir mot sb tic nhan
gdy phan hily c4u tric trong diéu kién acid.

Cu thé, vé miat cdu tao, CuTA/Cur@ZIF-8 dugc hinh thanh tir ba thanh phan
chinh 1a thudc Cur, 15i ZIF-8 va 16p vé CuTA. Diéu nay cho phép dé dang nhan dinh
rang cac lién két phdi tri giita ion kim loai (Cu, Zn) va cac phéi tir hitu co (Cur, 2-
MIM, TA) déng vai trd cbt 16 trong viéc tao thanh ciu triic nano lai nay. Tuy nhién,
dé hinh thanh lién két phdi tri, cac phdi tir can duoc khir proton trong méi truong
trung tinh hodc kiém, tir 46 phan ing manh mé véi cic cation kim loai. Néi cach
khac, méi trudng pH 7,4 trong thi nghiém gitp ting cudng tinh 6n dinh cta cac lién
két Cu—O, Zn—O va Zn—N giita ion kim loai va phi tir.

Tuy nhién, trong mdi trudng acid, qua trinh proton héa phdi tir xay ra, lam suy
yéu hodc pha v cac lién két kim loai-phdi tir trong khung CuTA/Cur@ZIF-8. Hién
tuong nay din dén sy giai phong Cur duoc ting cudng & cac gia tri pH thap. Céac gia
thuyét twong tu vé hiéu Gng giai phong thude dap tmg pH cua cac vat liéu nano lai
cling da duoc dé cap trong cac nghién ctru trude do [84,85].
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3.4. Kha niang phan hiy sinh hoc

B @ | i
$-4800 10.0kV 7.8mm x100k SE(M) 500nm

$-4800 10.0kV 7.9mm x80.0k SE(M) 500nm $-4800 10.0kV 8.0mm x100k SE(M)

Hinh 3.13 Kha nang phan hay sinh hoc cua CuTA/Cur@ZIF-8 dugc minh hoa qua
anh FE-SEM, gbm: ciu trac ban dau (a) va sau 72 gid giai phong Cur ¢ pH 7,4 (b)
va pH 5,5 (¢).

Vi¢e phan tich kha nang phan huy sinh hoc cta vat li¢u, dac biét 1a cac vat liéu
nano nhu CuTA/Cur@ZIF-8, dong vai troé quan trong trong viéc danh gia hiéu qua va
tinh an toan cua chiing trong cac ung dung y sinh. Cac vat li¢u nano dung trong hé
thong phan phdi thudc phai c6 kha ning phan hity mot cach co kiém soat trong co
thé, giup giai phong dugc chat theo yéu cau, dong thoi tranh tich tu trong cdc mo va
gay tac hai lau dai cho stic khoe

Kha ndng phan huy sinh hoc cua vét liéu CuTA/Cur@ZIF-8 dugc phan tich
thong qua anh FE-SEM, véi cac mau duoc thu thip trong qua trinh giai phéng thude
& cac diéu kién pH khac nhau. Anh FE-SEM cuia vt liéu ban dau (Hinh 3.13a) cho
thdy cAu trac hat nano dong déu, bé mit nhin min va toan ven, minh ching cho tinh
6n dinh trudce khi tiép xac voi moi truong thir nghiém. Sau 72 gid trong dung dich
PBS pH 7.4 (Hinh 3.13b), vat liéu chi xuét hién cac ddu hiéu phan hiy nhe véi bién
dang bé mat, gia ting kich thudc. Noi cach khac, moi trudng trung tinh tac dong cham

dén qua trinh phan hity sinh hoc. Nguoc lai, khi tiép xtic véi méi truong PBS pH 5,5



(Hinh 3.13c¢), vat li¢u phan huy nhanh chong, bé mat bi &n mon nghiém trong, vdi
cac du hiéu phan manh va giam kich thudc hat. Nhin chung, cic két qua nay phu
hop v6i dac tinh pH nhay cua CuTA/Cur@ZIF-8 da dugc giai thich trude do. Ngoai
ra, cac ion nhu CI-, Na*, HoPO4~ trong dung dich PBS ciing ¢6 thé tham gia vao céac
phan {mg thay thé phdi tir hodc tao phic méi véi cac ion kim loai trong khung

CuTA/Cur@ZIF-8. Su trao d6i ndy lam suy yéu cau triic ban dau va thuc day qua

trinh phan huy sinh hoc [86].
3.5. Pjc tinh té bao

3.5.1. Thir nghiém MTT
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Hinh 3.14 Kha ning song cia té bao RAW 264.7 (a), C26 (b), ti 1¢ séng cua
C26/RAW 264.7 (c) khi duoc 1 voi ZIF-8, Cur@ZIF-8 va CuTA/Cur@ZIF-8 sau
24h. *p < 0,05, **p < 0,01 and ***p< 0,001 (n = 3).

Sau khi dat dugc cac muc tiéu thiét ké dé ra, CuTA/Cur@ZIF-8, Cur@ZIF-8,
va ZIF-8 da dugc danh gia doc tinh t& bao thong qua xét nghiém MTT. Trong do,
ching t6i str dung té bao RAW 264.7 dai dién cho cac dong té bao binh thuong va té
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bao C26 dai dién cho cac dong té bao ung thu. Quan sat & Hinh 3.14 va Hinh 3.15
cho thdy CuTA/Cur@ZIF-8 thé hién hiéu qua vuot tri so véi ZIF-8 va Cur@ZIF-8.

Cu thé, ddi voi dong té bao binh thudong RAW 264.7, CuTA/Cur@ZIF-8
khong chi khong gay doc ma con thic ddy sy ting sinh nhe ¢ ndng do 50 pg/mL.
Trong khi d6, ZIF-8 va Cur@ZIF-8 gy suy giam nhe kha ning séng cua té bao, lan
luot dat 21,26 = 1,08% va 11,78 £2,30% & cung n@)ng do (Bang 3.4). Xu hudng nay
c6 thé giai thich dua trén twong tac giira cac hat nano tich dién duong va mang té bao
tich dién am, tao ra tuong tac tinh dién, tang kha nang xam nhap té bao va gay doc
tinh nhe [87]. Mt khac, khi so sanh ddc tinh té bao giita ZIF-8 va Cur@ZIF-8 trong
khoang néng do tir 12,5 — 200 pg/mL, sy chénh 1éch khong dang ké, khéng dinh r:?lng
cac phén tr Cur duoc giit chit trong cau trac ZIF-8 trong moi truong chira té bao binh
thuong.

Déi v6i té bao ung thu C26, kha ning trc ché sy phat trién té bao duge xép
theo thir ty CuTA/Cur@ZIF-8 > Cur@ZIF-8 > ZIF-8. Két qua nay cho thay hiéu qua
trc ché té bao ung thu phu thudc vao ham lugng duge chat ton tai trong cau tric vat
liu. Cu thé, cac phan tir Cur da duoc bao céo c6 kha ning kich hoat chét té bao theo
chu trinh (apoptosis) thong qua diéu chinh cac con dudng tin hiéu cia té bao ung thur
[88]. Ngoai ra, TA dugc giai phong tir CuTA/Cur@ZIF-8 ciing gop phan ting cudng
hiéu qua tiéu diét té bao ung thu so v6i Cur@ZIF-8. Cac nghién ctru gan ddy ciing dé
cap dén vai tro ciia TA trong viéc tiéu diét t& bao ung thu, tuy nhién, can cé nghién
ctru sau hon dé 1am rd cac tuwong tac sinh hoc lién quan [30,31]. Trong nghién ctru
nay, chiing toi tap trung danh gia dac trung ciu triic va bao cao so bd vé doc tinh cua
hat nano lai CuTA/Cur@ZIF-8. O nong d6 50 pg/mL, CuTA/Cur@ZIF-8 tiéu diét
79,13 = 4,31% té bao ung thu C26, cao hon 1,25 lan so véi Cur@ZIF-8 va 3.60 lan
so voi ZIF-8 (Bang 3.5).
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Bang 3.4. Tom tat két qua thir nghiém trén dong té bao RAW 264.7 ciia ZIF-8,
Cur@ZIF-8, CuTA/Cur@ZIF-8.

N . ZIF-8 Cur@ZIF-8 CuTA/Cur@ZIF-8
Nong do L 1s X 1s Z s
T¢€ bao T¢ bao T¢€ bao
(ng/mL) . SD p SD p SD
song (%) song (%) song (%)
12,5 104,278 6,078 99,503 5,478 115,274 2,132
25 91,306 7,621 94,688 3,897 109,287 0,516
50 78,742 1,075 88,215 2,297 105,309 2,244
100 69,116 5,190 62,911 0,187 96,888 3,414
200 57,511 9,345 35,501 1,683 77,306 2,378
IC50* > 200 pg/mL ~ 152,583 pg/mL > 200 ug/mL

*[C50: Nong do té bao chét di mot nira (half-growth inhibition concentration)

Bang 3.5 Tom tat két qua thir nghiém trén dong té bao C26 cua ZIF-8, Cur@ZIF-8,
CuTA/Cur@ZIF-8.

N . ZIF-8 Cur@ZIF-8 CuTA/Cur@ZIF-8
Nong d6 . : -
T¢ bao T¢ bao T¢ bao
(ng/mL) . SD . SD p SD
song (%) song (%) song (%)
12,5 117,083 10,533 | 105,155 5,075 91,488 9,623
25 89,931 3,262 98,406 5,681 78,987 1,204
50 78,010 8,929 36,885 14,054 20,865 4,307
100 68,785 2,332 16,223 3,626 9,039 1,680
200 59,412 8,237 12,276 0,908 4,221 0,561
IC50* > 200 pg/mL ~ 46,726 pg/mL ~ 27,721 pg/mL

*[C50: Nong do té bao chét di mot nira (half-growth inhibition concentration)
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CuTA/CUR@ZIF-8 CUR@ZIF-8

Hinh 3.15 Kha ning song cta té bao RAW 264.7 (a), C26 (b) khi duoc 1 véi ZIF-8,
Cur@ZIF-8 va CuTA/Cur@ZIF-8 sau 24h. Thanh ty 1&: 200 pm.
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3.5.2. Thir nghiém nhudm sdng/chét

ZIF-8 Cur@ZIF-8 CuTA/Cur@ZIF-8

Hinh 3.16 Hinh anh té bao C26 quan sat dudi kinh hién vi huynh quang cho thiy té
bao séng c6 huynh quang mau xanh 14 ciy va té bao chét c6 huynh quang mau do

thong qua thir nghiém nhudém séng/chét. Thanh ty 1&: 200 pum.

DPé truc quan hon, thtr nghiém nhudém séng/chét da dugc thuc hién nham
nghién ciru 4nh huéng ciia ZIF-8, Cur@ZIF-8, va CuTA/Cur@ZIF-8 ddi véi té bao
ung thu C26. Két qua duoc trinh bay trong Hinh 3.16, voi tin hiéu huynh quang xanh
luc va huynh quang do 1an lugt dai dién cho té bao séng va té bao chét cia méi mau
& nong do 50 pug/mL. Nhin chung, cic két qua thu duoc hoan toan phu hop véi dir
lidu doc tinh té bao da duoc trinh bay trudc d6. Cu thé, vat liéu ZIF-8 thé hién tin
hiéu huynh quang xanh lyc chiém uu thé, cho thay sy ton tai cua té bao khi tiép xtc
v6i mau thir. Nguoc lai, Cur@ZIF-8 cho thay sy chuyén dbi giita tin hiéu huynh

quang xanh luc va do, goi ¥ rang hoat tinh chéng ung thu da duogc cai thién nho sy



57

hién dién ctia cac phan tir thude Cur. bung nhu du doan, CuTA/Cur@ZIF-8 thé hién
su vuot tri voi tin hi¢u huynh quang do chiém wu thé hoan toan so véi tin hiéu huynh
quang xanh luc. Két qua ndy mot lan nita khang dinh rang viéc tich hop 16p phit CuTA
1én 16i Cur@ZIF-8 da nang cao d4ng ké hiéu qua tri liéu ung thur.

3.6. So sanh véi cac nghién ciru khac

Vit liéu CuTA/Cur@ZIF-8 n6i bat nhd nhidu wu diém vuot troi so véi cac hé
thong phan phdi thudc khac da duogc cong bd (Bang 3.6). Pau tién, quy trinh phu
phirc hop CuTA trén bé mit Cur@ZIF-8 duoc thyc hién dé dang trong méi truong
nude khur ion, thay vi st dung cadc dung moéi hiru co doc hai nhu dimethyl sulfoxide,
dimethyl formamide, chloroform, toluene thudng dung trong phu vét li€u nano
[89,90]. Piéu nay khong chi 1am giam tac dong tiéu cuc téi moi truong ma con tao
diéu kién thuan loi dé trién khai tong hop & quy mé 16n, phit hop véi dinh huéng phat
trién cac vat liéu “xanh” trong nghién ctru y sinh.

Thir hai, thoi gian phit CuTA chi mét 5 phut, khudy tir & nhiét d6 phong, ngan
hon d4ng ké so véi nhiéu nghién ctru khac. Chang han nhu qua trinh phi mang té bao
thudng doi hoi thoi gian dai dé thu thap va xir Iy mang té bao qua cac budc dong lanh,
nghién, siéu 4m va ép dun [91]. Tuong tw, 16p phi folic acid thudng can nhiéu budc
gén két hoa hoc phuc tap dé tao lién két v4i bé mit vat liéu, mat khoang 3-4 ngay
[92]. Trong khi phu silk fibroin/polydopamine doi hoi thiét bi vi luu tién tién, khong
pho bién & cac phong thi nghiém quy mé nhé [93]. Noi cach khac, phii phtrc hop
polyphenol-kim loai CuTA 1a mét lya chon uu viét dé t6i wu hoa vé thoi gian, chi phi
va trang thiét bi, huéng dén cac nghién ctru tng dung.

Thir ba, CuTA/Cur@ZIF-8 dam bao kha ning tai thudc twong dong véi nhiéu
nghién ctru trude ddy. Khung ZIF-8 duoc biét dén véi kha nang hap phy va gitr thude
nhd dién tich bé mit 16m, d6 xdp cao. Trong hé CuTA/Cur@ZIF-8, su b sung cia
CuTA khong lam gidm kha nang tai curcumin. So v&i cac hé ZIF-8@Cur phu
hyaluronic acid [94], B-cyclodextrin/lactose [95], CuTA/Cur@ZIF-8 duy tri hiéu suat
tai thudc 6n dinh, tham chi con dat duoc nhitng cai tién nho cac tinh nang dic trung
cua l6p phu CuTA.

Quan trong hon, higu qua tiéu diét té bao ung thu ciia CuTA/Cur@ZIF-8 khong
chi twong déng ma con vuogt trdi so véi mot sé nghién ciru khac [94], [92]. Cac thi
nghiém trén dong té bao ung thu C26 cho thiy CuTA/Cur@ZIF-8 khong chi gay doc
té bao hidu qua ma con tao ra cac co ché bo sung, chang han nhu giam stress oxy hoa

nho sy hién dién cia CuTA. Diéu nay cho thay hé vat liéu khong chi 1a mot hé dan
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thudc thu dong ma con co thé kich hoat cac phan ung sinh hoc ¢6 o1, vuot qua gioi
han ctia nhiéu hé dan thudc truyén théng.

Tuy nhién, bén canh cac uu diém trén, CuTA/Cur@ZIF-8 cling ton tai mot sd
nhuoc diém va han ché can duoc cai thién trong tuong lai. Dau tién, hé vat liéu nay
hién chi mang mot loai thude 1a Cur. Du Cur 13 mét tac nhan chéng ung thu tiém
nang, kha nang cai tién hidu qua diéu tri c6 thé duoc tang cudng néu CuTA/Cur@ZIF-
8 dugc phat trién dé mang da thudc. Vi du, nghién ctru két hop thém cac thudc hoa
trj khac nhu doxorubicin, methotrexate, paclitaxel, cisplatin vao hé théng phan phéi
thudc CuTA/Cur@ZIF-8. Diéu nay khong chi gitip mé rong pho mg dung ma con
tang tinh linh hoat ctia vat liéu trong diéu tri ung thu.

Ngoai ra, CuTA/Cur@ZIF-8 méi chi duoc thir nghiém trén dong té bao ung
thu C26 va can duoc kiém tra trén nhidu dong té bao khac dé danh gia toan dién hon
vé hiéu qua va co ché tac dong. Viéc thir nghiém trén cac dong té bao ung thu phoi,
vi, hay gan s& cung cap thém dir lidu quan trong dé khang dinh tinh da ning cta hé
vat liéu. Xa hon, can tién hanh cac thi nghiém in vivo trén mo hinh dong vat dé danh
gia kha nang sinh kha dung, doc tinh hé théng va hiéu qua diéu tri thuc té. bay la
budc can thiét dé rat ngan khoang cach giira nghién ctru co ban va ung dung 1am
sang, hudng t6i viéc phét trién cac hé dan thude tdi wu cho diéu tri ung thur.

Tom lai, 16p phit CuTA trong hé CuTA/Cur@ZIF-8 1a mot bude tién dang ké
50 voi cac vat liéu phit khac nho vao su don gian trong téng hop, than thién véi moi
truong va hiéu qua tiéu diét té bao ung thu vuot trdi. Tuy nhién, dé t6i vu hoa tiém
nang ng dung, cac nghién ctru twong lai can tap trung phat trién cac cai tién vé kha

ning mang da thudc va danh gia toan dién hon trén cac mo hinh ung thu khac nhau.
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Bang 3.6 So sanh qui trinh tong hop, hiéu suét tai thuéc va doc tinh té bao cia cac
hat nano lai CuTA/Cur@ZIF-8 véi cac nghién ctru khéc.

Kich Diéu kién lai hoa Té bao ,
Tenvat | DLC IC50 | Tai
uocC . Tk un
liéu Dung | Thoi | Thiét (%) & (ug/mL) | liéu
(nm) N : . thu
moti gian bi
CuTA/C 5 Khuiy Nghién
ur@ZIF | 132,5 DI - tr & 9,5 C26 27,72 ciu
8 P R nay
Khuiy
HA/Cur 30 .
184,1 | DI |t | 96 | 4Tl 10° [94]
@ZIF-8 phut
RT
FA- Khuiy
DI, 15 :
GA/Cur | 383 ) tr & 3,3 | A549 752 [96]
EtOH | phut
@ZIF-8 RT
FA- Khuiy
DI, 15 o
GA/Cur | 383 ) tr & 3,3 Hela 552 [96]
EtOH | phut
@ZIF-8 RT
CM/IQ PBS, 65 Siéu
@Cur@ | 1645 | FBS, | | amép | 414 |MCF-7| 184 [91]
ZIF-8 pt | P | din
Alg@s Siéu
sSe DI, | 250 | am,
@Cur@ | 61,5 ) . | 18,74 | MCF-7 | 13,63 [97]
MeoH | phut | khuay
ZIF-8 \
tu
Alg@s Siéu
sse DI, | 250 | am,
@Cur@ | 61.5 ) . | 1874 | 4T1 20,51 [97]
MeoH | phut | khuay
ZIF-8 \
tu
Thiét
PDA/SF 60 bi vi MDA-
[Cur@Z | 196 DI - luu, | 8,32 | MB- 1002 [93]
IF-8 PR chudy 231
tir
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Thiét
PDA/SF 60 bi vi
/Cur@Z | 196 DI hat luu, 8,32 | MCF-7 100* [93]
IF-8 P khudy
tur
CS-
FA/Cur Khay
EtOH, 4 .
@ZIF- - . tr o | 39,23 | Hela 50° [92]
i PBS | ngay
8@mSi 70°C
02
Nung
CS- 300°C
FA/Cur trong
EtOH, 3
@DZIF- - . N, 19,80 | Hela 100* [92]
PBS | ngay X
8@PM Khuay
O tur
70°C
M- :
Siéu
Lactose n
am,
@ZIF- 24 .
2000* | MeOH . khuay | 6,5 | MCF-7 8 [95]
8-B-CD- gio .
tu
DOX-
80°C
Cur
DMSO Khuiy
FA-g- 22 .
356,1 | ,Tol, B to & 91,6 | Hela 25 [90]
AZIF-8 g10
DI RT
Siéu
) DI, am,
mSiO; 24 .
150 EtOH, N khuay | 21,4 - - [98]
@ZIF-8 gio L
MeOH to o
RT
UCNP/ Thuy
TiO2/Cu CF, 2 nhi¢t &
100 . 33 4T1 25° [89]
r@ZIF- MeOH | ngay | 180°C,
8 khudy
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tu &
50°C

Ky hiéu: Cur = curcumin; hyaluronic acid = HA; chitosan = CS; GA = gum arabic;
FA =folic acid; Alg = alginate; CM = homotypic cancer cell membranes; 1Q =
imiquimod; Se = selenium; SF = silk fibroin; PDA = polydopamine; CF = chloroform,
Tol = toluene, DZIF-8= ZIF-8 sau khi nung; PMO = periodic mesoporous organic
silica; mSiO2 = mesoporous silica; FA-g-AZIF-8 = folic acid grafted aminated ZIF-
8; 5-FU = 5-Fluorouracil; UCNP (NaGdF: Yb**, Tm*", Nd*"), # s6 liéu duoc tinh toan
dwa vao cac thong tin dugc cung cap trong bai.
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KET LUAN VA KIEN NGHI
KET LUAN

1. Luén van da phat trién thanh cong hé vat liéu nano lai CuTA/Cur@ZIF-8
v6i kich thuée trung binh 177,50 nm, chi s6 phén tan 0,16, dugc tong hop trong diéu
kién nhe (nhi¢t 46 phong, khqu tir, thoi gian phan ung 20 phut).

2. Vat liéu CuTA/Cur@ZIF-8 da dugc dic trung toan dién bang cac ki thuat
hién dai nhu FT-IR, XRD, EDX, TGA, SEM, DLS, thé zeta, cung voi cac phép danh
gia sinh hoc DPPH, ABTS, TPC, MTT va nhudém séng/chét. Két qua cho thiy
CuTA/Cur@ZIF-8 s¢ hitu cac dic tinh vuot troi hon cac thanh phan tao nén né.

3. Vat liéu CuTA/Cur@ZIF-8 dat hiéu qua nap Cur cao véi kha nang tai thude
dat 9,56% va hiéu suit tai dat 95,61%, chung minh vu thé vuot troi trong kha nang
bao gbi duge chat.

4. Khao sat giai phong thude cho thay vat lisu CuTA/Cur@ZIF-8 thé hién dic
tinh phan phdi thuc nhay pH. O mai truong PBS pH 7,4, Cur dugc giai phong bén
virng theo ddng hoc bac khong (R? = 0,955). Trong khi d6, & mdi truong PBS pH 5,5,
su proton héa gay sup d6 khung cau trac, dan dén giai phong curcumin nhanh hon
theo dong hoc bac mot (R? = 0,962).

5. Céc thi nghiém in vitro cho thay vat liéu CuTA/Cur@ZIF-8 biéu hién dic
tinh sinh hoc phu thudc noéng do, téi wu tai 50 pg/mL. O diéu kién nay,
CuTA/Cur@ZIF-8 tic ché khoang 80% té bao ung thu C26, thé hién kha niang bat gbc
tu do khoang 86%, trong khi duy tri ty 1é ting truong té bao binh thuong RAW 264.7

o muc 5%.
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KIEN NGHI

1. Can mé rong nghién ciru in vivo trén mo hinh dong vat dé danh gia kha nang
phan phdi thudc, tinh an toan va hiéu qua diéu tri cua hé vat liéu CuTA/Cur@ZIF-8.

2. Nén khao sat thém cac dugc chat khac ngoai Cur dé ching minh tinh da
dung cua hé vat liéu CuTA/Cur@ZIF-8.

3. Can nghién ctru t6i wu quy trinh téng hop & quy mo 16n, nham dam bao do
lap lai, 6n dinh va kha nang ing dung trong san xuét thyc tién.

4. Nén tién hanh cac nghién ciru chuyén sau hon vé cac co ché tac dong sinh
hoc cua vat liéu CuTA/Cur@ZIF-8.

5. Trong dinh hudng lau dai, cé thé xem xét két hop hé CuTA/Cur@ZIF-8 véi
cac phuong phap diéu tri khac nham tao ra hi¢u tmg hiép dong, nang cao hiéu qua

trong diéu tri ung thu.
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