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Tém tit:

Doxorubicin (DOX) dwogc biét dén 1a mot tac nhan hoéa tri liéu nhiéu loai ung thw. Tuy nhién, DOX bi han ché trong
cac irng dung 1am sang do tac dung phu nghiém trong giy ra béi viée phan bd khong dic hiéu din dén hiéu qua didu
tri thap. Trong nghién ciru nay, hat nano oxy héa khir nhay pH axit chira DOX dwoc nghién ciru nhim tao thanh
hat nano bao thuéc ¢é kich thwéc khoing 40-60 nm lam ting ndng dd thudc tich lity & vi tri khoi u khi dap vng véi
méi trwomg pH thip. Cac dic tinh tdi wu ciia hat nano dwoc khio sat bang cac phan tich vé kha ning khang oxy
héa, nhay véi pH, kha ning giii phéng thude trong méi truomg pH thap va thir nghiém ddc tinh trén té bao ung thur,
quan sat kha niing trc ché sy di ciin ciia thude bao nano. Két qua cho thay, sw két hop DOX véi hat nano oxy héa khir
nhay pH nay khéng nhirng 1am ting kha ning khang ung thw trén dong té bao ung thw dai truc trang (C-26), ung
thu vii (MCF-7) ma con lam giam ddc tinh trén té bao ndi mé (BAEC), irc ché s di chuyén ciia té bao C-26 in vitro.
Tir nhirng két qua trong nghién ciru nay cho thiy tiém ning img dung ciia hat nano oxy héa khir nhay pH trong viéc
cai thién hiéu qua diéu tri ung thuw.

Tir khéa: doxorubicin, hé thong phan phdi thudc, oxy hoa, stress, ung thw, y hoc nano.

Chi s6 phén loai: 3.4

Gidi thiéu kha pho bién, st dung thudc dé tiéu diét cac t& bao phat
trién va tang sinh nhanh chéng, 1a ddc tinh quan trong ciia
té bao ung thu [5, 6]. Doxorubicin (DOX) 1a thudc hoa tri
liéu cua nhiéu loai ung thu, dugc chuyén hoéa tir xa khuan
Streptomyces peucetius [7]. DOX khang té bao ung thu
béng cach xam nhap vao DNA té bao, ngan chan hoat dong

Ung thu 12 mot nhém bénh do cac té bao phat trién bat
binh thuong, mat kiém soat, co kha nang xam l4n va 1am hai
cac md khoe manh, ching c¢6 thé di chuyén dén mot s6 co
quan quan trong nhu gan, nao, phéi, tim, khién bénh nhan
suy da co quan va tu vong [1, 2]. Nguyén nhan gy ung thu
6 thé do sy bién dbi cac yéu t6 di truyén hodc bi tac dong
bdi cac tac nhan bén ngoai nhu birc xa tia cyre tim va ion hoa
(tac nhan vat 1¥), khoi thudc 14, chat gay 6 nhiém thuc pham,
6 nhiém moi trudng (tac nhan hoa hoc), nhiém tring tir mot

enzyme sao chép topoisomerase II hodc hinh thanh cac gbc
tir do ROS dé tiéu diét t& bao ung thu [8]. DOX tan trong
nudc nén sau khi tiém tinh mach, cac phan tu thudc khuéch
tan va phan phdi tu do khip co thé, dan dén tac dung phu

sb loai virus, ky sinh tring (tic nhan sinh hoc) [3]. Ngoai ~ kKhong mong mudn va han ché dat li€u lugng thich hop can

ra, mirc 6 ROS (gdc oxy hoa khir manh, reactive oxygen thiét dé e ché t€ bao ung thur.

species) trong mé cling dugc xem 1a déu higu bénh Iy ung Cong nghé nano 1a mot linh vuc khoa hoc mdi dang phat
thu. Trong té bao ung thu, RQS duoc chimg minh hi¢n dién 141 nhanh chéng trong thé ky XXI va dugc tmg dung rong
v6i nong do cao hon so véi té bao thuong. Chung dong vai
trd nhu phén tir tin hiéu, gop phan thuc ddy cac té bao ung
thu tang sinh mat kiém soat, tang sinh mach, xam lan, di can
va trén thoat chuong trinh ty chét cua té bao (apoptosis).
Do d6, ROS tré thanh muc tiéu tiém ning cho céc liéu phap
diéu tri ung thu [4].

rdi trong nhiéu linh vic nhu céng nghiép, néng nghiép, y
hoc, my phém...[9, 10]. Cac vat li€u c6 kich thudce tir 10-
100 nm nhu hat nano tuong thich sinh hoc, nano robot cho
thdy hiéu qua rat cao trong viéc chan doan, phan phdi thudc
tring dich... [11, 12]. Mot trong nhiing Gng dung dugc
nghién ctru nhidu nhat vé cong nghé nano 1a thiét ké cac vat
Hoa tri 1a mot hinh thirc diéu tri ung thu truyén théng  lidu co kich thudc nano lam hé thong phan phdi thudc dén
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Abstract:

Doxorubicin (DOX) is known as a chemotherapeutic
agent for treating a variety of cancers. However, due to
non-specific distribution, DOX causes severe side effects,
leading to the limitation of its clinical application. In
this study, pH-sensitive redox nanoparticles containing
DOX were studied to form drug-coated nanoparticles
with the size of about 40-60 nm that increases the
concentration of drugs accumulated at the tumor site in
response to low pH conditions. The optimal properties
of the nanoparticles were investigated by analysing the
antioxidant activity, sensitivity to pH, drug delivery in a
low pH environment, and toxicity on cancer cells, thereby
observing the possibility of inhibiting the migration of
cancer cells. Results showed that the combination of
DOX and the pH-sensitive redox nanoparticles not only
increases anticancer in colorectal cancer (C-26), breast
cancer (MCF-7) but also reduces bovine aorta endothelial
cells (BAEC) and inhibits C-26 cell migration in vitro.
The paper results reveal the application potential of
the pH-sensitive redox nanoparticles in improving the
effectiveness of cancer treatment.

Keywords: cancer, doxorubicin, drug delivery system,
nanomedicine, oxidizing, stress.
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vi tri muc tiéu, gitp tiéu diét t& bao ung thu ma khong anh
huéng dén té bao thuong. Hé thdng thudc nano cai thién
thoi gian hip thu thude, gitip cac thudc tan trong nude giai
phong thudc cham hon, gilt ham lugng thudc 6n dinh trong
khoang thoi gian téi da va t6i thidu mong mudn. Mot s dang
hat nano thudng dugc tng dung lam hé thong phan phdi
thu6c nhu nano polymer, liposome, dendrimer, nanoshell. ..
[13], trong d6 nano polymer 1a mot trong nhimg hé thdng
phéan phdi thude tiém niang nhat boi kha nang phan huy va
tuong hop sinh hoc [14, 15]. Trong nghién ctru nay, hat nano
oxy hoéa khtr (redox nanoparticle - RNP) 1a mot loai nano
polymer dugc tao tir khdi polymer ludng tinh poly(ethylene
glycol)-b-poly(4-(2,2,6,6-tetramethylpiperidine-1-oxyl)
aminomethylstyrene (PEG-b-PMNT) bang phuong phap
tham tich loai dung méi. Khdi polymer dong tring hop
nay sau khi hoa tan trong nudc sé xay ra hién tuong tai sip
xép céu truc giita cac phan doan ua nudc va ky nuée thanh
nhimng khdi cau micell trong nudc. Trong khdi cau ndy, cac
phan doan ky nudc s€ tap trung tao thanh 161 dugc bao boc
bdi vo hinh thanh tur nhitng phan doan ua nudc [16] nhu
dugc mo ta ¢ hinh 1. Hat nano nay gém mach va nuéc PEG
va mach ky nuéc PMNT cé chtra gbe nitroxide TEMPO c6
kha niang khang oxy hoa [17]. Bén canh d6, hat nano thé
hién tinh nhay véi pH axit vi gdc nitroxide TEMPO lién
Kkét trong mach PMNT voi lién két amine, 1a mot lién két
dé dang bi proton hoa trong diéu kién axit [17], din dén
su khong kém bén cta hat nano RNP-N ¢ pH thip nhu &
moi truong vi khéi u. Lop phi PEG lam cho hat nano trg
nén wa nudc va trung tinh hon, cho phép ching dé dang
vuot qua hé thong mién dich, ting thoi gian ban huy va luu
thong trong mau [18]. Ngoai ra, nhim muc ti€u thu dong 1a
qué trinh céc hat nano thoat ra khoi vong tuin hoan qua hé
mach bi ro ri dén ving khéi u [19], day 1a hién twong hiéu
(g ting tinh thdm va tinh luu (Enhanced Permeability and
Retention effect) [20]. Khai thac cac dic diém sinh hoc dic
trung ctia moi truong khdi u nhu ¢6 do pH axit so véi pH
mau, néng dd ROS cao, kha nang thAm va luu gili cac vét
liéu kich thuéc nhd hon 1.000 nm, hat nano oxy hoa khu
nhay pH mang thuéc DOX dén muc tiéu khdi u nhim ting
hiéu qua duoc chit va giam tac dung phyu. Muc tiéu cua
nghién clru nay la khao sat hoat tinh khang oxy ho4 cua hat
nano nhay pH (RNP-N) va hoat tinh khang ung thu sau khi
mang thubc DOX trén mé hinh té bao in vitro. Hat nano
oxy hoa khur khong nhay vé6i pH (RNP-O) [21] va hat nano
khong c6 kha nang khang oxy hoa (nRNP) [17] 1a nhiing hat
nano dugc st dung thuc hién cac khao sat dbi chung dung
trong nghién ctu nay.

23



s Khoa hoc Y - Duoc

Ua nuéc Ky nudc

A " " )
CH30~(CH,CH,0)m-CH,CH,S-(CH,CH)n-H
EG
Mach polymer \ TEMPO
[ 0 PEG-b-PMNT O py /
Nhay pH | &=
T T 4L + (homamin) —(NH ) =) (= 5 7
/ NG
o L;"H B3tROS _, -
° i (Tempol) N
)
DOXORUBICIN 3
©0x) © DOX@RNP-N
B c

CH30-(CH,CH,0)m-CH,CH,S-(CH,CH)n-H

Mach polymer
PEG-b-PCMS
Knéng nhay pH

[¢] (nhém eter)

CH30-(CH,CH,0)m-CH,CHS-(CH,CH)n-H

Mach polymer
PEG-b-PMOT

[}

B3tROS _,
(Tempol) N
&

Hinh 1. Céu triac mach polymer téng hop nano ding trong nghién
ctru nay. (A) Mach polymer PEG-b-PMNT va hat nano nhay pH bao
thubc doxorubicin (DOX@RNP-N). (B) Mach polymer PEG-b-PCMS
khéng chira gbc khang oxy hoa Tempo. (C) Mach polymer PEG-b-PMOT
chtra gbc khang oxy hoa Tempo tao lién két ether khong nhay pH.

Vat liéu va phuong phap
Héa chit

Céc bao gdébm poly(ethylene glycol)-
b-poly[4-(2,2,6,6-tetramethylpiperidine-1-oxyl)
aminomethylstyrene] PEG-b-PMNT, mach polymer PEG-
b-PCMS, mach polymer poly(ethylene glycol)-b-poly[4-

(2,2,6,6-tetramethylpiperidine-1-oxyl)oxymethylstyrene]

polymer

PEG-b-PMOT dugc tong hop bang phuong phap polymer
hoa ty do theo nghién ctu trude day [17, 21]. Trudce tién,
mach PEG-b-PCMS dugc tong hop bing phuong phap
polymer hoa tao gdc tu do ding PEG va chloromethyl styrene
v6i chat xuc tac azobisisobutyronitrile. Sau do, gdc nitrixide
ctia amino-tempo hodc hydroxyl-tempo dugc gan vao mach
PEG-b-PCMS tao lién hét amine hodc eter. Cac hoa chét
bao gdm doxorubicin (DOX), dimethylformamide (DMF),
4-amino-2,2,6,6-tetramethylpiperidine-1-oxyl (amino-
tempo) dugc mua tur Cong ty Wako, Nhat Ban. Moi truong
nudi t& bao Dulbecco’s Modified Eagle Medium (DMEM)
mua tir Cong ty Gibco, My duoc pha véi 5% huyét thanh
nhau thai bo (fetal bovine serum (FBS) va 1% khang sinh
penicillin, streptomycin, neomycin tur Cong ty Sigma, M¥,
dugc khir tring bang mang loc 0,22 pm. Cac hoa chat
khac nhu 2,2-diphenyl-1-(2,4,6 trinitrophenyl) hydrazyl
(DPPH), 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) dugc mua tu Sigma, My. Cac
dung dich dém phosphate dugc pha voi NaCl (137 mM),
KCI (2,7 mM), Na,HPO, (10 mM) va KH,PO, (1,8 mM),
sau d6 pH duoc chinh bang NaOH (1 M) hodc HCI (1 M).
Nudc cat 2 1an duge sir dung trong sudt qua trinh thi nghiém.

TAP CHI

HOA HOC ||,
ONG NGHE | IE{ Ny 8366 5:2021

Té bao

Té bao ndi mod dong mach bo (BAEC), té bao ung thu dai
truc trang chudt (C-26) va té bao ung thu va ¢ ngudi (MCE-7)
duoc mua tir RIKEN BioResource Research Center, Nhat Ban.

Quy trinh tao hat nano va hat nano bao thuébc

Tao hat nano: hat nano RNP-N tao ra tir mach polymer
PEG-b-PMNT bang phuong phap tham tich loai dung
mdi. Pau tién, hoa tan 15 mg PEG-b-PMNT trong 1 ml N,
N-dimethylformamide (DMF), khudy tir 15 phut dé hoa tan
hoan toan, sau &6 chuyén hdn hop dung dich vao mang thim
tich (MWCO = 3,5 kDa tir Cong ty Spectrum Laboratories)
tién hanh thdm tich trong 24 gid véi 2 lit nudc cat, thay
nude 4 1an. Hat nano d6i chimg 1a RNP-O (tir mach PEG-b-
PMOT) va nRNP (tir mach PEG-h-PCMS) thuc hién tuong
tu nhu trén.

Tao hat nano bao thudc: hoa tan hdn hop thubec DOX va
mach polymer véi ty 1¢ 1:20 trong dung dich DMF, khudy tir
15 phut dé hoa tan hoan toan. Sau d6, chuyén hon hop dung
dich nay vao mang tham tich kich thuéc MWCO = 3,5 kDa,
tham tich trong 24 gio va khoang 4 gio s& thay nudc 1 1an.

Phwong phdp bit géc tw do DPPH

Khdo sat khd nang khdang oxy hoa cua hat nano: dung
dich DPPH 40 pg/ml: hoa tan 4 mg trong 100 ml dung dich
methanol (chu y tranh sang). Pha cdc mau thir (RNP-N,
RNP-O, nRNP, Tempol) v6i dung dich dém photphat pH
7,4 thanh cac n6ng d6 khac nhau (0, 20, 50, 80, 100 ug/ml).
Tron 1 ml mau thir véi 1,5 ml dung dich DPPH (ty 1& 2:3) va
dé phan g xay ra 30 phut trong tdi. Po gia tri OD & budc
song 517 nm bang may quang pho ké UV-Vis.

Khdo sdt sw anh hwéng ciia pH dén kha nang khdng oxy
héa: cach tién hanh tuong tu nhu thi nghiém khao sat kha
ndng khang oxy hoa cuia hat nano nhung thir nghiém véi 3
mau thir (RNP-N, RNP-O, nRNP) trong hai dung dich dém
phosphate c6 pH 7,4 va dém phosphate c6 pH 5,5.

Phwong phdp tan xq dnh sing dong

Do kich thudc hat: kich thude hat nano va d§ phan bd
hat (PdI) duoc xac dinh bang thiét bi do kich thudc hat
Zetasizer Nano ZS (Malvern, Anh) ¢ 25°C, vdi goc tan xa
1a 173°. Mau duoc pha lodng v6i nude cat hodc dung dich
dém phosphate c6 pH 7,4 trude khi do.

Khao sat d¢ nhay véi pH axit: pha loang mau thir
(RNP-N, RNP-0) vo6i dung dich dém phosphate (PBS 7,4,
PBS 5,5, PBS 2,0) theo ty 1& 1:2. Tién hanh x4c dinh toc do
dém cua hdn hop nano voi PBS 7,4. C6 dinh vi tri anh sang
phat ra va quan sat su thay d6i tc d6 dém cta cac hdn hop
con lai sau 10 phut ¢ cac pH khac nhau.
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Khao sat sw giai phong DOX

Cho 3 ml dung dich miu thir gdm DOX va DOX@
RNP-N vao mang tham tich kich thuéc MWCO 3,5 kDa.
Tiép d6, cho mang thim tich vao 400 ml dung dich dém
phosphate (PBS 7,4, PBS 5,5). Xac dinh mat d§ quang cua
100 pl dich mau ¢ budc song 490 nm bang thiét bi do mat
d6 quang 96 giéng PerkinElmer tai cac thoi diém 0 phut, 30
phut, 1 gio, 3 gio, 6 gio, 8 gid, 20 gio va 24 gio.

Khio sdt djc tinh té bao bang phwong phip MTT

Cho 180 pl dich té bao (C-26, MCF-7, BAEC) vao dia
96 giéng voi mat do khoang 10* té bao/giéng, u & didu kién
37°C, 5% CO, trong 24 gio. Thém’ZO ul méu thr DOX,
DOX@RNP-N, RNP-N vao moi giéng v6i nong do DOX
lan luot 1a 0,03125; 0,0625; 0,125; 0,25; 0,5; 1 (ug/ml), 4
¢ 37°C, 5% CO, trong 48 gi0. Loai bo dich mdi truong va
thém 50 pl dung dich MTT (0,5 mg/ml PBS), 1 ti€p trong 4
gid. Loai bd MTT va thém 100 ul dung dich DMSO, 1 tiép
trong 10 phiit va huyén phi dé hoa tan hoan toan formanzan.
Tién hanh do mét d¢ quang & budc séng 540 nm biang may
doc dia 96 giéng (PerkinElmer).

Hiéu qua khang ung thu cia DOX két hop véi nano
dugc xac dinh bang phan tram song sot cua te bao theo cong
thure sau:

ODyn3y — ODpjank

VODmSu ddi chimg — ODbJank

% t€ bao sdng sét = x 100%

Trong d6: OD_; la chi s6 mat do quang cua té bao xtr 1y v6i
hat nano va DOX; OD,  la chi s6 mat d§ quang cua mau
dung dich moéi truong khong ¢ t€ bao; OD , .. chimg la chi

s6 mat do quang clia mau té bao xur 1y voi PBS.
Phwong phdp tao irc ché té bao di cin

Cho 500 pl dich té bao C-26 vao dia 24 giéng véi mat
do khoang 10° té bao/giéng va i & diéu kién 37°C, 5% CO,
trong 48 gio. Hat bé mdi truong, tao vét rach bang dau tip
200 pl. Rira bo té bao troi bang 200 ul dung dich PBS. Bo
sung 450 ul moi truong DMEM c6 5% FBS, 1% khang sinh
va 50 pl mau thir (DOX, DOX@RNP-N, RNP-N) vao mdi
giéng, lic nhe. Cac mau thu nghiém khao sat voi néng do
DOX 14 0,5 pg/ml. Quan sat va do khoang cach vét rach &
thoi diém 24 gio.

Kha ning trc ché té bao di chuyén ciia nano bao thude
DOX dugc tinh theo cong thire sau:

P Khoang cach di chuyén & 24 gior
Y t€bio di chuyén (%) = Khodng cach té bao & 0 gio x 100

% tkc ché t& bao di chuyén (%) = 100% — % té bao di chuyén
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Xir ly thong ké

Tat ca sb liéu duoc xur Iy bang phan mém Microsoft
Office Excel 2016 dudi dang trung binh +SD. Su dung
Student’s ¢-test @& danh gia sy khac biét thong ké gitra cac
két qua, véi do lap lai 3 1an. Su khéc biét gitra hai nhém co
y nghia khi *p<0,05 hodc **p<0,01.

Két qua va thio luan
Phan tich cdc ddc tinh hat nano

Mau dung dich nano thu tir qué trinh tham tich loai
dung méi duoc tién hanh phan tich cac dic tinh gom kha
nang khang oxy hoa bang phuong phap bt gbc tw do DPPH
va kha niang nhay voi pH axit bang phuong phap tan xa
anh sang dong DLS. Hinh 2A va hinh 2B cho thdy hat
nano RNP-N va RNP-O c6 kha nang khang oxy hoda so voi
Tempo - chit dugc chimg minh 1d mot trong nhimng chat
c6 khd nang khang oxy hoa manh va hat nRNP khong c6
kha nang khang oxy hoa. Tai ndng d6 100 pg/ml, hoat tinh
khang oxy hoa cua RNP-N dat dugc khoang 30%, RNP-O
40% va Tempo 50%. Mach polymer PEG-H6-PMNT c6 chira
nhom nitroxide c¢6 kha ning bt gdc tu do nhung chung bi
gAp cudn lai dé hinh thanh 15i hat nano nén kha ning bét gbc
tir do ciia nhém nano thép hon so véi Tempo.

Kha nang nhay véi pH axit ciia hat nano duogc thé hién
0 hinh 2C. Khi vi tri anh sang laser dugc ¢ dinh & mot vi
tri nhat dinh, cuong do tan xa cta hat nano ty 1¢ thuan véi
s6 luong hat hip thu. O céc diéu kién pH giam dan tir trung
tinh dén axit (pH 7,4 dén pH 2.,0), cuong d6 tan xa cua hat
nano RNP-N lién tuc giam tir 100 xudng 30%, trong khi d6
dai lwong nay hau nhu khong dbi dbi véi hat nano RNP-O.
Nhanh ky nuéc PMNT cua mach polymer PEG-6-PMNT
¢6 chira nhém amino dé dang bi proton hoa & diéu kién axit,
trong khi d¢6 nhanh PMOT chira gbc eter 6n dinh & diéu
kién axit. Do d6, chung t6 hat nano RNP-N nhay trong moi
trudng axit, dan dén ciu truc long 1€o, su tach roi cua cac
mach polymer va khong gir lai cau trac nano.

Tién hanh danh gia kha ning khang oxy héa cua hat
nano trong 2 diéu kién moi trudng trung tinh (pH 7,4) va
moi truong axit (pH 5,5) bang phuong phap bét gdc ty do
DPPH cho thdy: trong diéu kién trung tinh (pH 7,4), hoat
tinh khang oxy hoa cta hat nano nhay véi pH axit RNP-N
va hat nano khong nhay RNP-O khong c6 nhiéu su khac
biét, cu thé RNP-N dat 27,85% va RNP-O dat 30,04%. Tuy
nhién, trong diéu kién pH 5,5 hoat tinh khang oxy hoa cta
RNP-N dat 60,45%, cao gap 1,5 1an so v6i RNP-O chi dat
46,86% (hinh 2D). Diéu nay chung minh cAu tric hat nano
RNP-N kém bén trong méi truong axit so voi hat nano
RNP-O, biéu 16 cac nhoém Tempo trong mach polymer lam
tang hoat tinh khang oxy hoa cia hat nano.
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khang oxy hoa. (C) Kha nang nhay véi pH axit cta hat nano: cuong do
tan xa 4nh sang ciia hat nano RNP-N giam dén theo chidu giam déan cua
gia tri pH dung dich dém PBS 7,4 (mau xanh duong), PBS 5,5 (mau cam)
va PBS 2,0 (mau xam), trong khi cuong do tan xa cua RNP-O khong thay
ddi & ca 3 gia tri pH. (D) Sy anh huong cua pH dén kha ning khang oxy
hoa ciia hat nano: phin trim bét gbc tw do DPPH ctia RNP-N (nhay voi pH
axit) va RNP-O (khong nhay voi pH axit) khong c6 su khac biét ¢ gia tri
PBS 7,4 (xanh duong) nhung chénh 1éch nhiéu & dung dich PBS 5,5 (mau
cam) v6i *p<0,05, N.S: khong co su khac biét théng ké.

Phdn tich cdc ddc tinh cia hat nano bao thuéc

Quan sat mau dung dich nano bao thudc sau thim tich
(DOX@RNP-N) ¢6 mau do nhat so véi mau hoi vang cua
mau dung dich nano RNP-N (hinh 3A), tirc DOX da dugc
bao trong 161 hat nano. Mat khac, hat nano bao thube xuat
hién dinh hép thu tai budc song 490 nm, 1a budc song hép
thu cuc dai cua thudc DOX, trong khi d6 hat nano RNP-N
khong hap thu tai budc song nay (hinh 3B). Didu niy ching
t6 cac hat nano khong anh huéng dén do hip thu cia DOX
va DOX c6 chtra trong 161 hat nano. Khi quan sat kich thuéc
thi hat nano bao thudc (DOX@RNP-N) c6 kich thugc ting
so vdi kich thudc cua hat nano (RNP-N) (hinh 3C va D). Cu
thé, kich thudc cua RNP-N 1a 42,9+7.2 nm thi sau khi bao
thudc kich thudc hat dat 52,3+10,4 nm (DOX@RNP-N).
Vi khoang kich thudce nay, cac hat nano s€ thuén 19i mang
thuéc DOX thu dong dén vi tri khdi u nho higu tng ting tinh
thim va tinh luu [22].

bé xac dinh chiph Xac néng do thude duge bao, tién
hanh dinh luong bang phuong phdp khao sat kha nang
bao thuoc (Drug Loading Capacity) va hi¢u suat bao thudc
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(Enficiency Encapsulation) cua hat nano. Dya vao gia tri
OD cua DOX@RNP-Nva dd thi duong chuén, xac dinh hat
nano RNP-N bao thanh cong 30,18% thuéc DOX véi kha
ning bao thudc 1a 1,51%.
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Hinh 3. Dic tinh ciia hat nano bao thuéc (DOX@RNP-N). (A) Dung
dich nano RNP-N va DOX@RNP-N, mau séc cua hat nano trude va sau
khi bao thudc c6 sy khéc biét rd rét. (B) Phd hap thy UV-Vis ciia hat nano.
DOX@RNP-N (mau cam) xuét hién dinh hip thu ¢ budc séng 490 nm, 1a
bude song hap thu cuc dai cia DOX (mau do), trong khi d6 RNP-N (mau
xanh duong) hau nhu khong hip thu & budce song nay. (C va D) Su thay
d6i kich thudc trude va sau khi bao thudc bang phuong phép tin xa anh
sang dong (DLS).

Sw gidai phong DOX cuia hat nano

Su giai phong DOX cua hat nano bao thudc (DOX@
RNP-N) duoc khao sat & diéu kién 37°C véi hai gia tri pH
khéc nhau, pH 7,4 (tugng trung cho mdi trudng mau va sinh
Iy binh thuong) va pH 5,5 (tugng trung moi truong vi mo
khéi u) (hinh 4). O diéu kién pH 7,4, lugng thude giai phong
ra khoi hat nano RNP-N kha thap, cu thé sau 24 gio khao sat
chi ¢6 khoang 19% luong thuéc DOX dugc gidi phong (hinh
4). Con & gia tri pH 5,5, lugng thudc DOX giai phong nhanh
hon do RNP-N phan ri trong diéu kién axit, voi khoang 18
va 40% luong thude 1an lugt duge giai phong sau 6 gio va
24 gid khao sat. Vi wu diém kich thuéce nho khoang 40-60
nm, DOX@RNP-N c6 thé di chuyén dén céc vi tri ving mo
khdi u thong qua hidu tmg tang tinh thim va tinh luu. Mit
khac, khi so sanh sy gidi phong cua hai dung dich DOX va
DOX@RNP-N (hinh 4) da cho thay kha ning thuéc DOX
giai phong ra ngoai dugc kiém soat khi bao trong hat nano
oxy hoa khir nhay pH. Diéu nay chimg té hat nano RNP-N
da kéo dai thoi gian luu théng trong méau cua thube DOX,
phu hop tng dung trong diéu tri ung thu. Do d6, v6i nhirng
dic tinh t&i wu nay cta hat nano RNP-N va DOX@RNP-N,
chung dugc lya chon dé thyc hién khao sat tiép 0 nhiing thi
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nghiém xac dinh hoat tinh khang ung thu nhu doc tinh trén
t€ bao va trc ché su di cédn cua té bao.
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Hinh 4. Sy giai phong DOX ¢ nhirng diéu ki¢n pH khac nhau. So sinh
su giai phong thube ciia DOX va DOX@RNP-N ¢ diéu kién pH 7,4 (mébi
truong sinh 1y binh thudng) va pH 5,5 (mdi truong vi md khéi u). Hat
nano RNP-N c6 kha ning kiém soat lugng DOX giai phong ra ngoai moi
trudng. Cac s6 lidu dugc trinh bay duéi dang trung binh £SD va *p<0,05,
**p<0,01.

RNP-N tang cwong khd nang khdang ung thuw cia DOX

Hi¢éu qua khang ung thu in vitro cia DOX, DOX@
RNP-N, RNP-N trén dong té bao ung thu dai truyc trang
C-26 va ung thu vii MCF-7 dugc thuc hién biang phuong
phép doc tinh trén té bio MTT. Hat nano RNP-N khong gay
doc tinh trén té bao ung thu va diéu nay ciing da duoc ching
minh trong mot s6 nghién ciru trude dé [23]. RNP-N cai
thién hiéu qua khang ung thu ciia DOX trén ca dong té bao
ung thu dai truc trang C-26 va ung thu via MCF-7 v6i ndng
d6 thudc cang cao thi sd luong té bao ung thu séng sot cang
thép (hinh 5A va B). O nong d6 khao sat cao nhat 1 pg/ml,
sau 48 gio chi con 20% té bao C-26 con séng khi diéu tri boi
DOX@RNP-N, trong khi d6 40% té bao C-26 con song khi
thtr nghiém boi DOX. Tinh trang tuong tu cling xay ra vo6i
diéu tri ¢ té bao MCF-7 (hinh 5B). Két qua cho thdy RNP-N
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tang hiéu qua didu tri cua thuéc DOX trong su trc ché phat
trién cuia cac dong té bao ung thu.

Ngoai ra, tic dong cia DOX@RNP-N dén su séng sot
clia té bao thudng BAEC ciing dugc dénh gid. Két qua cho
thiy RNP-N lam giam doc tinh cua DOX trén dong té bao
ndi mo binh thuong BAEC (hinh 5C). Sau 48 gi¢ khéao sat co
40% té bao sdng sot khi diéu tri boi DOX 0,25 pg/ml, trong
khi ¢6 khoang 62% té bao sdng sot khi diéu tri bang DOX@
RNP-N cung néng do DOX. Hat nano RNP-N c6 kha ning
khang oxy hoa, chiing bat ROS dugc tao ra boi thude DOX
trén té bao thuong, 1am can bang ty 1 chat khang oxy hoa
va gbc oxy héa manh ROS trong co thé, giam ddc tinh do
DNA khong bi ton thuong bai stress oxy hoa [19]. Hat nano
RNP-N c¢6 tiém ning tng dung trong viéc ting hiéu qua
khang ung thu va lam giam tac dung phu cua thude hoa tri
1én mo té bao khoe manh.

Kha nang e ché sw di chuyén ciia té bao ung thw dai
truc trang C-26

Khao sat kha nang rc ché sy di chuyén té bao bang thudc
hoa tri DOX, DOX@RNP-N va hat nano RNP-N. DOX@
RNP-N cho thay c6 sy trc ché di chuyén cua té bao ung thu
dai truc trang C-26 cao hon so véi DOX & cung nong do
khao sat 1a 0,5 pg/ml (hinh 6). Sau 24 gio thtr nghiém trén
dong té bao ung thu dai tryc traing, DOX@RNP-N tic ché
su di chuyén ciia khoang 66% té bao, trong khi DOX trc ché
khoang 49% té bao. Diéu nay c6 thé 1a do ban chit RNP-N
cling c6 kha ning e ché sy di chuyén té bao va trong cting
mot thoi gian khao sat, RNP-N trc ché khoang 45% té bao.
Do d6, su két hop DOX véi hat nano oxy hoa RNP-N tic ché
sw di chuyén t€ bao higu qua hon so v6i DOX tu do. Két qua
nay cho thiy tiém nang cua DOX@RNP-N trong trc ché kha
nang di can cua cdc té bao ung thu trong co the Céc nghién
ctru tiép theo can khao st cac diéu kién vé nong do va thoi
gian phu hop dé tim duoc cong thirc tdi uu trong e ché kha
ning di chuyén ciia té bao ung thu bang két hop hat nano va
thudc khang ung thu.
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Hinh 5. Pjc tinh ciia DOX@RNP-N in vitro thir nghiém trén té bao ung thu va té bao thuwong dugc xac dinh bﬁng phuong phap MTT sau 48
gio. (A) Dong té bao ung thu dai tryc trang C-26; (B) Dong té bao ung thu vt MCF-7; (C) Dong té bao ndi md thuong BAEC. S liéu dugc trinh bay
dudi dang trung binh £SD (n=3), v6i mau ddi chimg 1a miu té bao va méi truong ma khong ¢é thude didu tri. *p<0,05 so vi DOX.
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Hinh 6. Kha ning trc ché di chuyén té bao ung thwr dai truc trang C-26
ciia DOX@RNP-N so véi DOX. % irc ché sy di chuyén t& bao duoc tinh
béng céch so sanh v6i mau té bao khong diéu tri thude. S6 liéu duge thé
hién dudi dang trung binh +SE va *p<0,05.

Két luan

Trong nghién ctru nay, DOX@RNP-N duoc tong hop
voi kich thude khoang 40-60 nm cé kha nang nhay pH va
kha nang khang oxy hod. Hoat tinh khang oxy hoa va giai
phong thude DOX cua hat nano RNP-N ting 1én & pH thip
mé phong méi truong vi khéi u. Hoat tinh khang cac té bao
ung thu cia DOX@RNP-N cao hon va it doc tinh trén té
bao thuong so véi DOX. Tuy nhién, & nhitng ndéng d6 cao
DOX@RNP-N van giy doc trén té bao thuong véi ty 1&
song s6t thap hon 80% (hinh 5C), do vy can tbi wu hoa
dic tinh cua hat nano nham tang tinh bén khi di vao té bao
thuong dé giam thiéu tac dung phu cua thube. Mit khac,
DOX@RNP-N ciing c6 kha ning trc ché sy di chuyén cta
cac té bao ung thu in vitro t6t hon so véi DOX. Nhitng két
qua trong nghién ctru ndy cho thiy tiém ning cia DOX@
RNP-N trong diéu tri ung thu va la tién d& dé thuc hién
nhitng nghién ctru in vivo cling nhu thir nghiém lam sang
sau nay.

Nghién ctru ndy dugc tai trg boi Dai hoc Qudc gia TP H6
Chi Minh (d¢ tai ma s6 C2019-18-24). Cac tac gia xin tran
trong cam on.
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