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Tom tat

Nanoliposomes ¢6 nhiéu vu diém trong diéu tri nhung day vn 1a van dé nghién ciru méi. Curcumin (Cur) duoc sir dung
hd tro didu tri va phong ngura nhiéu bénh nhung cé nhitng dic diém duoc dong hoc khong thuan lgi. Muc dich cia
nghién ciru nay 14 bao ché hé nanoliposomes boc chitosan dan Cur (Chi-Lip-Cur) dinh huéng dung cho duong udng.
Chi-Lip va Chi-Lip-Cur dugc bao ché bang phuwong phap hydrat héa mang méng. Chi-Lip va Chi-Lip-Cur dwoc dénh
gi4 cac chi tiéu vé hinh thai, kich thudc hat trung binh, chi s6 phan bb (PDI), dién thé zeta, hiéu sut liposomes hod va
nghién ctru d6 6n dinh. Lip-Cur va Chi-Lip-Cur (boc 0,1% chitosan) sau khi bao ché c6 dang hinh cau; KTTP nhé hon
300nm (216,5; 273,7); PDI nho hon 0,25 (0,18; 0,22); hiéu suét liposomes héa kha cao (76,7%; 87,9%); KT TP va PDI
tuong db6i 6n dinh trong moi trudng md phong dich ti€u hoa. Két qua cho thdy Chi-Lip-Cur di duoc bao ché thanh cong
dé tao ra mot hé thong phan phdi curcumin tiém ning qua dudng udng.

Tir khéa: Bao ché; chitosan; curcumin; duong udng; nanoliposomes.

Abstract

Nanoliposomes have many advantages on treatment, but this is still new research issue. Curcumin (Cur) is used to
support the treatment and prevention of many diseases, but has poor pharmacodynamic properties. The aim of this work
was to prepare chitosan coated nanoliposomes containing Cur (Chi-Lip-Cur) for oral administration. Chi-Lip and Chi-
Lip-Cur were prepared by the thin film hydration method. Chi-Lip and Chi-Lip-Cur were evaluated by morphology,
mean particle size, polydispersion index (PDI), zeta potential, entrapment efficiency and stability study. The results
indicated that Lip-Cur and Chi-Lip-Cur (coated with 0.1% chitosan) were spherical; the particle size was less than
300nm (216.5; 273.7); the PDI was less than 0.25 (0.18; 0.22); entrapment efficiency was quite high (76.7%; 87.9%),
particle size and PDI were relatively stable, in the simulated digestive environment. The results suggested that Chi-Lip-
Cur was successfully formulated to give a potential oral delivery system of curcumin.
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1. Giéi thiéu

Curcumin 14 thanh phan c6 trong than r& mot
sO loai nghé, dac biét 1a Nghé vang (Curcuma
longa L.). Hop chat nay c6 nhiéu tac dung dugc
1y nhu chéng lai qué trinh dong méu, chéng
nghén mach, chéng oxy héa, chdng lai su ting
sinh, chdng viém va chdng ung thu,... [1]. Tuy
nhién, curcumin thuoc nhém IV trong hé théng
phan loai sinh dugc hoc, it tan va bi chuyén
hoa, thai trir nhanh khi dung duong udng [1, 2].
Nhiéu cong trinh nghién ctru di dé cap dén mot
s6 bién phdp cai thién sinh kha dung cua
curcumin dung dudng udng theo nhiéu hudng:
tang d§ tan va d¢ hoa tan cua curcumin, ting
tinh thdm qua dudng tiéu hoéa hodc giam
chuyén hoa, thai trir ctia curcumin,... [2-4].
Trong sb céc bién phap trén, bao ché dudi dang
hé nanoliposomes dugc coi 1a bién phap hudéng
tGi cai thién sinh kha dung duong udng cua
curcumin mot cach hiéu qua [2, 3]. Liposomes
1a nhiing tiéu phan hinh cau dugc tao thanh tir
cac phospholipid, c¢6 cdu trac gdm mot nhan
nude ¢ trong duge bao boc b1 mot hodc nhiéu
16p mang lipid kép dong tam. Cac 16p mang
kép cua liposomes dugc tao nén boi cac lipid ty
nhién hodc tong hop, do dé liposomes c6 tinh
tuong thich sinh hoc twong d6i voi mang té
bao, phan huiy sinh hoc va it bi hé mién dich
dao thai. Véi céu tric dic biét, liposomes c6
thé che ché va van chuyén duoc ca nhitng hoat
chit than dau va than nude. Cac hoat chat than
nuéc s& nam bén trong nhan nudc cla
liposomes va cac hoat chét than dau s& nam bén
trong 16p mang lipid kép [5]. Sau khi liposomes
chtra thude chuyén tr da day dén rudt non,
liposomes dan bi phan hay dé giai phong thude
ngay lap tirc vao long 6ng tiéu héa hodc duoc
chuyén sang cic chat mang thir cdp giup van
chuyén thubc dén biéu mé rudt dé hap thu; chi
nhiing liposomes chua bi phan huy trong moi
truong ti€u hoa cé kha nang xuyén qua cac 16p
nhéy méi c6 thé dén duge biéu mé rudt va duge
hép thu [5, 6]. Tuy nhién, ban than liposomes

c6 chua lipid bi phan huy trong thanh rudt boi
cac enzyme tiéu hoa va méi truong pH. Dé ting
cuong kha ning hip thu qua duong miéng cua
liposomes chira thudc thi can duy tri tinh toan
ven cua liposomes va kéo dai thoi gian luu tra
trong duong ti€u hoda, tor d6 ting cuong kha
ning xuyén qua cac 16p nhdy [5]. Cac nghién
chu gin diy tip trung vdo sira bé mait
liposomes bang polyme dé ting d6 bén va kéo
dai thoi gian cua liposomes trong co thé sau khi
uéng [5, 6, 7]. bdi véi cac polyme sinh hoc,
chitosan c6 thé boc va bao vé liposomes trong
moi truong cua dng tiéu hoa [2]. Chitosan la
san pham kiém héa cia polyme chitin c6 doi
dao trong ty nhién, c6 thé tuong hop va phan
hay sinh hoc nén 1a mot ta duoc rat hiru dung
[7]. Chitosan con c6 kha ning kiém soat gidi
phong thude kéo dai, bao vé duoc chat khoi tac
dong cua cac enzyme nhu pepsin, trypsin trong
dich tiéu hoa [2, 6, 7]. Chitosan boc liposmes la
nho su tuong tac gilra nhom amin mang di¢n
tich duong cta chitosan va cac anion & bé mit
liposomes mang dién tich am [6, 7]. Gan day,
nghién ctru tap trung vao viéc chuan bi va danh
gia dac tinh hoa 1y cua nanoliposomes boc
chitosan dugc san xuét tir lecithin chiét xuét tir
c4 hdi da duge cong bd [8]. Nghién ctru nay da
chimg minh nanoliposomes boc chitosan co
trién vong lam chat mang cho cac hop chét hoa
tan trong nudc kém va véi sinh kha dung duong
udng thap, vi du nhu curcumin. Nghién ctru cta
ching t6i dugc tién hanh nhiam bao ché hé
nanoliposomes boc chitosan dan curcumin dung
cho dudng udng tir lecithin chiét xuét tir dau hat
huéng duwong bang phuwong phap hydrat héa
film mong két hop phwong phap ép/dun va
danh gia mot sb dic tinh ciia hé nano tao thanh.

2. Vat liéu va phuwong phap nghién ciru
2.1. Vit liéu va trang thiét bi

Vat liéu: Lecithin, cholesterol, dihexadecyl
phosphate, curcumin, chitosan, dugc cung cép
boi Glentham Life Sciences (Corsham, Anh);...
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va cac hoa chat khac dat tiéu chuan dung trong
phan tich.

Trang thiét bi: May c¢6 quay chan khéng
WEV-101V (Daihan, Han Qudc); thiét bi giam
kich thuéc bang cach ddy qua mang (Estern
Scientific, My); may thtir d§ hoa tan Agilent 708-
DS (Agilent Technologies, M$); bé siéu 4m
Ultrasound CB S-100H (Elma, Duc); may phan
tich kich thudc hat nano SZ-100Z (Horiba
Scientific, Nhat Ban); kinh hién vi dién tir truyén
qua TEM (JEM-1001, Nhat Ban); bo
Micropipette don kénh (Capp, Pan Mach); tai
thdm tich Spectrumlab/Por 4, MWCO: 12-14 kD
(Spectrum Labs, M¥); may khudy tir gia nhiét
HS15-26P (Misung, Han Qudc); may do pH, mV,
nhiét 46 dé ban Lab 855 (SI Analytic, Puc); can
phan tich (Sartorius, Thuy Sy); may do quang
ph6 UV-Vis 2450 (Shimadru, Nhat Ban) va mot
s6 thiét bi khac dat tiéu chuan thi nghiém.

2.2. Phwong phap nghién ciru

2.2.1. Phwong phdp bdo ché hé nanoliposomes
dan curcumin

Liposomes gom lecithin, cholesterol va
dihexadecyl phosphate (theo ty 1€ trong Iugng
1: 0,242: 0,036) duogc bao ché bang phuong
phéap hydrat hoa film theo cac nghién ctru trude
day [1, 3, 7]. Can va hoa tan 0,7296g lecithin,
0,1765g cholesterol va 0,0263g dihexadecyl
phosphate trong mot binh ciu day tron dung
tich 500mL ciia hé thong cit quay, thém 20mL
ethanol va khudy hdn hop & nhiét d6 phong cho
dén khi lipid duwoc hoa tan. Tién hanh cat &
nhiét d6 40°C véi téc do quay cua binh la 50
vong/phut. Hé théng cit quay duoc ndi hut
chan khong. Piéu chinh 4p suat hut chan khong
dé dung méi ethanol bay hoi tir tir khong qué
nhanh gitip mang lipid mong, trong sudt va bam
trén thanh binh. Sau khi dung m6i ethanol bay
hoi hét, tiép tuc cit quay dé dung moi bay hoi
hoan toan. Thoi gian cit quay tién hanh khoang
2-3 gid. Hydrat héa bang dung dich dém
curcumin (50mL dung dich curcumin c6 ndng

d6 1mg/mL duoc chuin bi trong binh ciu day
phang dung tich 50mL dit ¢ ndi cach thuy da
6n nhiét & 60°C trudc khi thém vao binh c6
mang lipid da kho). Nhi¢t d¢ hydrat hoa khoang
60°C, toc do quay cia binh 1a 80 vong/phut,
thoi gian hydrat hoa khoang 2 gio. Giam kich
thuéc tiéu phan tao nanoliposomes dan
curcumin bang phuong phéap ép/dun (Pua hdn
dich vao thiét bi dun liposomes, dy lan luot
qua mang polycarbonate ¢6 kich thudc 400nm,
200nm; mdi loai mang ddy 10-15 lan).

2.2.2. Phirong phdp bao ché hé nanoliposomes
dén curcumin boc chitosan

Dung dich chitosan dugc chudn bi bang cach
hoa tan 0,05; 0,1 hoac 0,3% (w/v) chitosan
trong dung dich axit axetic 0,1% c6 khudy qua
dém dé dam bao hydrat hoa hoan toan [7].
Thém tung giot hon dich nanoliposomes
curcumin vao mot thé tich twong dwong cua
dung dich chitosan trong diéu kién khudy tir &
nhiét do phong va hon hop nay duge G & 10°C
trong 1 gid v6i su khudy lién tuc. Nong d6 lipid
va chitosan cudi cung bang mot nira dung dich
ban dau, va ndng d6 curcumin cudi cing trong
hon dich nanoliposomes duogc boc chitosan 1a
0,5mg/mL.

2.2.3. Phuwong phap danh gia cac dac tinh cua
hé nano

Kich thudc hat, chi sé da phan tan va thé
zeta [3, 4, 7]: Kich thuéc hat (KTTP), chi sb da
phan tan (PDI) va thé zeta (Zeta) ctia hé nano
duoc do trén hé théng phan tich kich thudc hat
¢0 nano SZ-100Z. Do KTTP va PDI duoc thuc
hién & nhiét d6 budng do 25°C, goc do 90°, sb
lan do trén 1 lan dua mau 1a 01 lan, s dung
cuvet thach anh. Po thé zeta dugc thuc hién &
nhiét 6 budng do 25°C, st dung cuvet nhya
vo1 dién cuc carbon.

Phén tich bing hién vi dién tir truyén qua
(TEM) [3, 7]: Hinh dang va kich thudc hat cua
hé nano duoc do b?mg kinh hién vi dién tu
truyén qua TEM.
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Phuong phap danh gia hiéu suét liposomes
hoa [4, 7]: Hiéu suit liposomes hoa 1a phan
trim duoc chit gin vao bén trong liposomes.
Tach curcumin ty do bang ti tham tich, sau d6
dinh luong curcumin trong liposomes con lai
trong thi, so sanh véi luong curcumin ban dau
(toan phan) dé tinh hiéu suit liposomes hoa
theo cong thuc 1.

@ = Qd) 000 (1)

H (%) =

Trong d6 H 1a sudt liposomes héa, Qt la

lugng curcumin duoc thém vao theo 1y thuyét
va Qd 13 lugng curcumin dugc tham tach.

Cho 1 thé tich chinh xac ché pham vao trong
tai tham tich. Treo ti thdm tich ngdp trong
dung dich dém choa NaCl 100mM va
phosphate 50mM pH 7,4. Thé tich dung dich
dém gap 100 lan thé tich ché phim trong tui.
Dé yén 24 gid ¢ nhiét d6 tir 5 dén 10°C. Pinh
lugng curcumin trong moi trudong ngoai tui
thim tich bang miy do quang phé UV-Vis
2450 ¢ budce song 427nm. Phuong trinh duong
chuan cua curcumin do ¢ budc soéng 427nm:
y = 0,1566x + 0,0035 v&i hé sb twong quan
R2=0,9994; x 13 nong d6 curcumin; y 13 gia tri
OD tuong trng.

2.2.4. Banh gia do on dinh vé kich thudc va
phdn bé kich thuéc cia hé nano trong moi
truong mo phong dich tiéu hoa

Moi truong mo phong dich da day [2, 7]:
Hoa tan 1g NaCl trong nudc, thém 40mL HCI
1M rbi pha lodng v6i nude vira du 500mL diéu
chinh dén pH = 1,2. Cho 10mL hdn dich h¢
nano vao mdi truong mé phong & 37 + 2°C, tdc
d6 khudy 50 vong/phut trong 3 gio, anh sang
yéu, st dung thiét bi thir hoa tan. Tai cac thoi
diém 0, 30, 60, 90, 120, 180 phut lay 2mL dich
moi truong dé do kich thude tiéu phan, dong
thoi bd sung 2mL mdi trudng cho du thé tich.
So sanh KTTP, PDI & cac thoi diém 0, 30, 60,
90, 120, 180 phuit.

Moi truong mo phong dich rudt [2, 7]: Tron
125mL dung dich chioa 3,4g KH2POs va
38,5mL dung dich NaOH 0,2M va 50mL nudc
diéu chinh pH = 6,8 sau d6 pha lodng vi nude
vira du 500mL. Tién hanh cac budc thi nghiém
va danh gia tuong ty nhu & moéi truong mo
phong dich da day.

2.3. Xir Iy 56 liéu

Céc sd liéu duoc phén tich xir Iy thong qua
phan mém Microsoft Excel 2016 va duoc bicu
dién duéi dang “sd trung binh + d¢ 1éch chuan”
(¥ = SD). Nhirng khac biét dugc coi la ¢ y
nghia théng ké khi gia tri p < 0,05. Mdi cong
thire do 13p lai it nhat 3 1an.

3. Két qua va thao luin

3.1. Bao ché hé nanoliposomes dan curcumin
khong boc va co boc chitosan

Hé nanoliposomes dan curcumin (Lip-Cur)
va hé nanoliposomes dan curcumin boc
chitosan (Chi-Lip-Cur) duoc bao ché véi cac
dic tinh duoc trinh bay ¢ Bang 1. Két qua &
Bang 1 cho thay, Lip-Cur thu duoc cé kich
thudc nhé (216,5nm), phan bd kha dong déu
(chi s6 PDI < 0,25) va hiéu suét liposomes ho4
kha cao (76,7%); trong khi Chi-Lip-Cur thu
dugc co cac dic tinh thay dbi tly thudc vao
néng do chitosan boc khac nhau. Khi boc hé
Lip-Cur v&i ndng do chitosan ting dan (0,05%;
0,1%; 0,3%) thi c6 sy ting dan dién thé zeta
(-11,4; 36.,8; 38,6) va hiéu suit liposomes hoa
(81,1; 87,9; 89,6); h¢ Lip-Cur boc chitosan véi
ndéng d6 0,05% co su ting manh vé KTTP va
chi s6 PDI (1303,8; 0,52) nhung co su ting nhe
vé cac chi s6 nay ¢ nong do 0,1% (273,7; 0,22)
va 0,3% (457,3; 0,45). Chitosan co thé boc
(pht1) 1én bé mit cua liposomes thong qua céc
twong tac ctia lyc Van der Waals, lién két hydro
va luc day tinh dién [4, 7]. Két qua ciing cho
thiy, KTTP va chi sb PDI cua Lip-Cur khong
thay d6i nhiéu sau khi thém 0,1% chitosan.
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Bang 1. Dic tinh cta h¢ nanoliposomes dan curcumin khdng boc va c¢6 boc chitosan véi nong do

khac nhau (0,05%; 0,1%; 0,3%) (X £ SD, n = 3)

Céng thirc KTTP (nm) PDI Zeta(mV) | Higu suat (%)

Lip-Cur 216,5° %38 0,18" + 0,03 435° %24 | 767°%18
0, i-1 in-

0,05 A)C(li?l Lip 1303,8° +31.1 0,52 + 0,03 -11,4°+1,6 81,1°+2,0
[0) i-l1 1n-

0.1% Chi-Lip 2737°+59 0,22° £ 0,04 36,8°+25 87,9°4 26
0, i-l1 in-

0-3% Chi-Lip 457,357 0,45 + 0,03 38,6°+3,8 89,6° + 3,2

Ghi chii: Trong ciing mot cot s6 liéu, cdc gid tri mang cung chit cdi khéng thé hién sw sai khdc,
cde gid tri mang chik cai khdc nhau thé hién sy khdc nhau ¢ mike y nghia thong ké

Céu triic cua hé nano ciing dugc tim hiéu va
phan tich bang kinh hién vi dién tir truyén qua
(TEM). Két qua ¢ Hinh 1 cho thay, Lip-Cur va
Chi-Lip-Cur thu dugc c6 dang hinh cau dién
hinh, kich thudc dao dong trong khoang 216,5-
457,3nm, phan bd twong ddi ddng déu, tuwong
ddng voi két qua do KTTP va chi sé PDI &

A

Béang 1. Két qua nghién ctru ctia Zhou va cong
su (2021) cho thiy ciu trac vi md cia Lip va
Chi-Lip c¢6 kich thudc hat nhoé va c6 d¢ phén
tan tot [2]. Hinh thai hoc ctia Lip va Chi-Lip
déu c6 dang hinh cau va kich thudc Lip ting
nhe sau khi boc va tdng n(‘Sng do chitosan [7].

C

Hinh 1. Anh chup TEM cua h¢ nanoliposomes dan curcumin khéng boc (A) va c6 boc chitosan
v6i ndng d6 khac nhau (B: 0,1%; C: 0,3%)

3.2. P$ én dinh vé kich thwéc va phin bé kich
thudc cua hé nano trong moi trwong mo
phong dich tiéu hoa

Két qua o Bang 2 cho thiy, hé
nanoliposomes  dan  curcumin va  hé
curcumin boc  0,1%
chitosan sau khi cho vao moi truong mé phong
dich da day c6 KTTP va chi s6 PDI thay ddi
khéc nhau trong khoang thoi gian 180 phut.
Lip-Cur c6 KTTP ting ¢ khoang 60 phut dau

nanoliposomes dan

va trong khoang 216-295nm, sau d6 KTTP
giam dan, chi s6 PDI dao dong trong khodng
0,18-0,25; trong khi Chi-Lip-Cur (0,1%
chitosan) c6 KTTP gidm nhe dao dong trong
khoang 264-273nm, chi s6 PDI dao dong trong
khoang 0,22-0,25; chung t6 moi truong sinh 1y
da day it anh huong dén do 6n dinh cua Chi-
Lip-Cur di bao ché va 16p phu chitosan co thé
cai thién tinh 6n dinh cta hé trong méi trudng
m6 phong dich da day. Két qua nghién ciru cua
Nguyen va cong su (2014) cho rang Chi-Lip 6n
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dinh trong moéi trudng mé phong dich da day la
do sy twong tac ting cudng gitta chitosan va bé
mit cua liposomes trong diéu kién pH thap (pH
=1,2), vi su ion hoa ctia caic nhom amino trong

chitosan dugc ting 1én nho su proton hoa; cAu
truc phan tur cta chitosan ciing tré nén mo rong
hon, dan dén i luc manh hon déi voi bé mit
liposomes [7].

Bing 2. KTTP va PDI ctia hé nanoliposomes dan curcumin khong boc va c¢6 boc chitosan (0,1%)

trong moi trudng mo phong dich da day (X £ SD, n = 3)

Thoi gian Lip-Cur Chi-Lip-Cur
(phat) KTTP (hm) PDI KTTP (hm) PDI

0 216,5%+ 3,8 0,182+ 0,03 273,72 +5,9 0,222 + 0,04
30 293,22 +59 0,25° + 0,03 268,9° + 3,4 0,25° + 0,02
60 295,12 +53 0,25° + 0,03 267,5° + 6,3 0,232+ 0,03
90 2574+ 51 0,22° + 0,03 266,5" + 5,7 0,25° + 0,02
120 251,59+ 3,8 0,192+ 0,03 264,9°+53 0,222 + 0,04
180 241,32+ 6,1 0,25° + 0,04 264,5°+ 3,9 0,25° + 0,02

Ghi chu: Trong cung mot cot s6 liéu, cac gia tri mang cung chir cdi khong thé hién sy sai khdc,

cdc gid tri mang chik cai khdc nhau thé hién sw khdc nhau & mike y nghia thong ké

Khac v6i moi truong da day, két qua ¢ Bang
3 cho théy, hé nanoliposomes dan curcumin va
hé nanoliposomes dan curcumin boc 0,1%
chitosan sau khi cho vao méi truéng mo phong
dich rudt c6 xu hudng két tu hodc truong nd
lam tang KTTP & 60 phut dau sau d6 giam dan

nhung van trong khoang kich thudc cho phép
hap thu tét qua dudng rudt. Trong sudt thoi
gian 180 phat, KTTP ctia hé nano thay doi
khong qua 16n, cho thdy Chi-Lip-Cur di bao
ché kha 6n dinh trong méi trudng rudt.

Bing 3. KTTP va PDI ctia hé nanoliposomes dan curcumin khong boc va c¢6 boc chitosan (0,1%)
trong moi trudng mod phong dich rudt (X + SD, n = 3)

Thaoi gian Lip-Cur Chi-Lip-Cur
(phat) KTTP (nm) PDI KTTP (nm) PDI

0 216,5% + 3,8 0,182+ 0,03 273,72+ 59 0,22% + 0,04
30 391,3P + 7,7 0,45° + 0,03 342,2°+9,1 0,35° + 0,02
60 421,7°+7,0 0,46° + 0,04 380,9° + 6,3 0,43° + 0,03
90 259,87+ 8.8 0,37°+0,08 280,5°+ 7,9 0,397 + 0,04
120 265,2¢+ 9,3 0,43° + 0,07 284,99 +122 0,44° + 0,04
180 264,32+ 7,8 0,48° + 0,06 28459+73 0,37¢ + 0,02

Ghi chu: Trong cung mot cot so liéu, cac gia tri mang cung chir cdi khong thé hién sy sai khdc,

cdc gid tri mang chik cdi khdc nhau thé hién sy khdc nhau & mirc y nghia thong ké

4. Két luan

Bao ché thanh cong hé nanoliposomes boc
chitosan din curcumin bing phuong phap
hydrat hoa film mong va budc dédu danh gia
mot s6 ddc tinh ciia hé nano tao thanh phu hop
v6i dinh huéng dung cho duong ubng. Hé nano

(Lip-Cur va Chi-Lip-Cur boc 0,1% chitosan)
sau khi bao ché co dang hinh cau, KTTP nho
hon 300nm (216,5; 273,7), PDI nho hon 0,25
(0,18; 0,22), hiéu suét liposomes hoa khé cao
(76,7%; 87,9%). Trong diéu kién nghién ctru va
trong moi truong moé phdéng dich tiéu hoa, hé
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nano dugc bao ché van gitt dugc do 6n dinh vé
KTTP va sy phan bd KTTP (PDI).

Loi cam on

Két qua nghién ctru nay duoc tai trg kinh phi

tir dé tai KH&CN cap Bo, mi sb: B.2022-SP2-
06. Xin tran trong cam on cac thanh vién dé tai
da dong gop thuce hién cac ndi dung nghién ciu.
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