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SUMMARY
FABRICATION OF POLYVINYLACOHOL MICRONEEDLE BY LASEER ENGRAVING MOLD

Microneedles (MN) offer an attractive, painless, and minimally invasive approach for drug delivery through
the skin. In this study, we describe a method for fabricating MN molds with controlled microstructures.
Microfabrication using laser ablation was employed to create patterns on the surface of PDMS sheets to
obtain MN molds, which were then replicated twice to produce PDMS molds and used with PVA material
for micro-needle fabrication. During the fabrication process, the microstructure of the MN molds was
controlled by varying laser parameters. The resulting MNs produced from these molds had dimensions of
approximately 1500 um and could withstand forces ranging from 0.77 N to 0.93 N. Additionally, different
concentrations of PVA were investigated to determine the optimal conditions for fabricating micro-needle
systems with suitable mechanical properties. The study also assessed the characteristics of the microneedle
system, such as durability and effective drug delivery capability. The results demonstrated that at a PVA
concentration of 10%, the microneedles exhibited the best characteristics. The findings have shown the
feasibility of using PVA microneedles for drug distribution, offering a promising solution to address the
limitations of conventional drug delivery methods.
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1. GIOI THIEU tinh hudng y té can t6i su can thiép nhanh chéng.
Tuy nhién, str dung kim tiém khong ding cach vo
tinh ¢6 thé gay rai ro tén thuong cho ngudi bénh.
Ngoai ra, viéc nay ciing c6 thé gay dau don, kho
chiu va tao ra cam giac khéng thoai mai, dac biét
1a d6i vé6i nhitng ngudi mac hoi chirng so kim tiém

Trong diéu tri bénh, thudc sir dung theo duong
uéng la phuong phap duoc sir dung phd bién. Tuy
nhién, qua trinh bién d6i ¢ gan hoic su tac dong
cua hé tiéu hoa c6 thé 1am bién d6i cau tric, tinh
chat cua thudc, gay ra nhiing tac dung khong

mong mudn, lam giam higu qua diéu tri. Sir dung (trypanophobia).

kim tiém dé tiém thudc truc tiép vao co bap, mach Dé khic phuc nhimg kho khin, thach thic cia hai
méu thay thé cho viéc dung thudc udng s& gitp phuong phap dé cap ¢ trén thi nhiing nim gan day,
thudc hiéu qua hon va dap g nhanh hon véi cac hé vi kim dang nhan dugc nhiéu sy quan tam va
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nghién ciru phat trién dé ung dung trong viéc van
chuyén thudc, vaccine, hormone qua da. Céc vi kim
c6 chiéu dai khoang tir 25 pm dén 1500 pum, duoc
tich hop trén mot bé mat nhu miéng dan trén da.
Cong nghé nay str dung cac vi kim siéu nho dé tao
ra cac 15 trén 16p biéu bi, cho phép thudc tham thau
qua da di vao co thé mot cach hiéu qua ma khong
gdy dau do khong cham téi day than kinh hay mach
méu nam trong 16p trung bi cua da. Bong thoi, ciing
cho phép kiém soét chinh x4c liéu luong thudc dua
vao co thé ciing nhu tiét kiém thoi gian hon so v6i
viéc dén céac co so'y té dé tiem.,

Dua trén hinh dang va dic diém ma hé vi kim
dugc phét trién thanh nam loai sau: Vi kim dang
ran co su gioi han vé do sau khi tham nhap vao da,
dan dén viéc van chuyén mot sé loai thube dén céc
I6p sau hon bi han ché theo [1,2]. Vi kim dang
phu, c6 mot 16p thude duoc thém vao dau kim dé
tang cuong do chinh xac trong viéc van chuyén
thudc, nhung lai yéu cau thoi gian sir dung l1au hon
va quy trinh san xuat ching c6 d6 phuc tap kha
cao [3, 4]; hé vi kim cé cac kénh cuc nho bén
trong kim, cho phép truyén thuéc truc tiép vao da,
nhung gap thach thic trong viéc san xuat va co
kha nang tic nghén kénh; vi kim dang réng c toc
d6 van chuyén thudc nhanh hon dang ran, khdng
dau dén, chi phi san xuat thip, nhung kha ning
nap thudc c6 han [5, 6]; dé khic phuc cac nhuoc
diém néu trén cua céac loai vi kim, hé vi kim hoa
tan duoc ché tao tir mot loai polyme cé kha ning
hoa tan hodc phan huy trén da. Didu nay tao diéu
kién thuan lgi cho cac wng dung sir dung mot lan
va giam nguy co tai st dung kim. Chlng dé ché
tao va thich hop cho viéc van chuyén nhiéu loai
thudc, bao gom ca thude sinh hoc.

C6 hai phuong phap chinh trong ché tao hé vi kim.
Ky thuat khong can khudn vi md, linh hoat va
nhanh chéng nhung gip théch thic khi san xuét
hang loat va kho dé dam bao dé chinh xac. Nguoc
lai, phuong phap st dung ky thuat tao khuén vi
md cung cap kich thudc én dinh cho viéc san xuit
hang loat hé vi kim quy mé 1én va dam bao do
chinh xac trong van chuyén thudc.

Trong nghién ciru nay, chdng téi st dung vat liéu
14 Polyvinyl Alcohol (PVA) véi nhitng thugc tinh
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dac biét nhu kha nang tan trong nudc, kha nang
phén hay sinh hoc, tinh twong thich sinh hoc cao,
doc tinh thip, kha nang tao mang, va tinh két dinh
dé ché tao hé vi kim théng qua phuong phap tao
khuon bang Polydimethylsiloxane (PDMS). Pay
1a mot loai Polyme c6 c6 tinh linh hoat va dan hoi
cao, b& mat min, khdng bam dinh, thuong khong
tuong tac v6i nhiéu chat héa hoc, duoc tng dung
pho bién trong cac cong nghé y sinh. Sau d6 cac
dic tinh 1y héa s& duoc khao sat dé xac dinh kha
nang cua hé trong viéc van chuyén thudc qua da.

2. NGUYEN VAT LIEU VA PHUONG PHAP
NGHIEN CcUU

2.1. Nguyén vat liéu

Polyvinyl Alcohol (PVA) (Mw 31000 - 50000),
dung dich mudi dém photphate (PBS), Eosin va
Methacrylate (Mw ~ 120,000) duoc cung cip boi
Sigma Aldrich (Hoa Ky). Polydimethylsiloxane
(PDMS) duoc st dung trong hdn hop Sylgard™
184 Silicone Elastomer Base (GMID 04019862)
cing chat xuc tac Silicone Elastomer Curing
Agent (GMID 01317318) mua tr Dow Corning
(Hoa Ky). Polymethyl Methacrylate (PMMA) la
san pham thuong mai (Mica) cung cip bai cong ty
FuSheng (Dai Loan) véi cac dic diém ky thuat: do
day 5 mm, trong luong riéng 1,19 g/cm®, d6 bén
1100 kg/cm?, khuc xa 1,49.

2.2. Phuong phap nghién ctiu
2.2.1. Khdc laser khuén PMMA

Khuén PMMA cua hé vi kim duoc thiét ké boi
phan mém CorelDraw 2020 (Corel Corporation,
Canada) va duoc gia cong ché tao bang céach cit
va khic laser tai co so dich vu cét khic laser (Phan
Long Ltd, Viét Nam).

Mot hé vi kim dat tiéu chuan can c¢6 kha ning
xuyén qua I6p siing caa da va dén 16p biéu bi ma
khoéng tiép xdc véi day than kinh tap trung dudi ha
bi. Do d6, chiéu dai ctia nhitng vi kim 1a mét trong
nhimg dic diém can dic biét cha y. Ba yéu tb
quan trong c6 thé anh huéng dén cau trdc cua hé
vi kim bao gom cong sut laser, toc do laser va
duong kinh thiét ké. Dé khao sat anh huéng cua
ching, cac téc d6 khac tir 100 — 400 mm/s lan luot



duoc &p dung cling vai sy thay doi cua cac cong
suit khac nhau tir 60% dén 100%. Puong kinh
duoc thiét ké cho cac khuon 12 0,1 mm, 0,15 mm,
0,2 mm va 0,25 mm.

2.2.2. Ché tao khudn PDMS

Khuon PDMS dugc tao ra bang cach sao chép 2
Ian tir cAu trdc caa khudn mau PMMA. Hdn hop
PDMS duoc pha theo ty 1€ trong lugng 10:1 véi sy
két hop cua chat dan hdi co ban va chat dong ran.
Sau d6 dwoc hiit chan khong trong 30 phut dé loai
bo cac bot khi trong hdn hop, va dd 1én cac khudn
PMMA d khac laser truc d6. Sau khi hdn hop da
déng dac lai, cac khudn vi kim PDMS dugc tach
can than ra khoi khuon PMMA va dugc bao phi
boi mot 16p bac mong thyc hién bang méay chuyén
dung, dé dam bao cho viéc khéng xay ra hién
tugng két dinh khi 16p PDMS tiép theo duoc d6
Ién. So do quy trinh ché tao hé vi kim duoc thé
hién trong Hinh 1.

PDMS

Tia laser

A B
— —_
Khuén PMMA
lc
PVA
E D
< -

Vi kim PVA Khudn PDMS

Hinh 1. Quy trinh ché tao hé vi kim. (A) Tao
khudn PMMA bang phuwong phép laser, sao chép
lan 1 thanh vi kim PDMS. (B),(C) Sao chép lan 2
tao thanh khuén PDMS. (D) Bé dung dich PVA

1én khudn PDMS. (E) Vi kim dwoc tach ra khgi
khuon sau khi dong kho

2.2.3. Ché tao hé vi kim PVA

Pé tao ra hé vi kim PVA, cac dung dich duoc
chuan bj bang cach hoa tan PVA & cac nong do lan
luot 13 15%, 12,5%, 10%, 7,5%, 5%. Viéc lua
chon céc nong d6 nay dé khao sat chon ra mot
nong do téi wu dam bao vé d6 bén co hoc va do
ctrng caa hé vi kim.

Céc dung dich PVA duoc db Ién khuén PDMS va

hut chan khong dé loai bo bot khi trong dung dich
va trong cau triic khuon vi kim. Sau d6 cac khuén

110

PDMS chaa dung dich PVA dugc lam dong ¢ -
20°C trong 4 gio, va tiép tuc rad dong & nhiét do
phong trong 8 gio. Lap lai chu ky vai lan, thu dugc
mot hé vi kim PVA hoan chinh.

2.2.4. Khdo sat dac tinh cua hé vi kim
Khdo sdt do bén co hoc

Sau khi tach hé vi kim PVA khoi khuén PDMS,
ching s& duoc bao quan kin ¢ nhiét do tir 2 dén
8°C. Nam hé vi kim véi cac nong do PVA khéc
nhau s& dugc mang di do cuong do nén bing may
do luc kéo nén Shimadzu AGS-X (Nhat Ban) vai
lyc nén t6i thiéu 1a 20 N, téc do do nén tir 0,001
dén 1000 mm/phut, duoc minh hoa ¢ Hinh 3B.
Ngoai ra, c6 sir dung ddng hd ap suat thiay luc
(Ligi, Dai Loan) véi ddy ap suat tir 0 dén 25
kg/cm? dé danh gia do cung cua ting hé.

Khao sét kha ndng chira va giai phong thuoc

Trong mot hé vi kim thi kha nang chira va giai
phéng thudc ciing 14 mot thuge tinh quan trong
can dugc danh gia dé tao co so cho viéc van
chuyén thudc hiéu qua. Trong nghién ciu nay,
thudc nhuém Eosin Y duoc sir dung lam gia duoc
dé kiém tra kha nang chtra va giai phong thudc cua
hé vi kim. Sir dung 49 g dung dich PVA 10% pha
vé6i 1g Eosin, khudy & nhiét do phong dé dat duoc
dung dich PVA chira Eosin & nong do 2%. Sau do
tiép tuc pha lodng hdn hop véi dung dich PVA
10% dé tao ra cac dung dich PVA chira Eosin dng
nhat & ndng d6 1% va 0,5%. Ba ndng d6 nay s&
dugc db vao cac khudn PDMS hit chan khong
trong 30 phat. Cudi cung céc khuén PDMS chia
hdn hop PVA - Eosin sg trai qua vai 1an chu ki 1am
dong trong 4 gio va rd dong trong 8 gio.

Sau khi tach ra khoi khudn, hé vi kim chira Eosin s&
duoc thir nghiém kha nang mang thudc bang cach
nghién min va ngam trong 2000mL dung dich PBS
trong 24 gio. i véi kha niang gai phong thude, hé
vi kim chira Eosin hoan chinh sé dugc ngam trong
2000mL dung dich PBS. Sau mdi mdc thai gian
nhu 2h, 4h, 6h, 8h, 10h, 24h, 48h, 72h, 10mL dung
dich ngam Eosin s& duoc ldy ra, dong thoi bé sung
lai 10mL dung dich PBS. Cac dung dich thu thap



dwoc s& mang di do quang phé UV-Vis (Biochrom
Libra S60PC, USA) ¢ budc séng 517 nm.

Dé xay dung mot duong chuan, 10mg Eosin duoc
hoa tan vgi 200 mL PBS cho ra dung dich Eosin
v6i nong @6 50 pg/mL. Tir dung dich do, tiép tuc
pha loéng voi PBS tao thanh cac dung dich Eosin
c6 nong do 25 pg/mL, 20 pg/mL, 10 pg/mL, 5
pg/mL, 2,5 pg/mL, 2 pg/mL, 1 pg/mL, 0,5
pg/mL, 0,25 pg/mL, 0,2 pg/mL, 0,1 pg/mL, 0,05
Hg/mL. Céc dung dich Eosin véi ndng do khac
nhau s& duoc do bang may do quang phd UV-vis &
budc séng 517 nm.

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cia cac thong sé khic laser dén
cAu truc caa hé vi kim

Anh hwong cia dwong kinh thiét ké dén si hinh
thanh vi kim

Cac duong kinh 0,1 mm, 0,15 mm, 0,2 mm, 0,25
mm dugc khao sat trén cac khudn cd cung cong
suit va toc do laser. Két qua cho thiy, cac vi kim
¢6 xu huéng ting chiéu dai theo su 16n dan cua
duong kinh (Hinh 2B). Nhu vay, c6 thé néi ring
viéc kiém soat duong kinh c6 thé 13 mot phuong
tién hiéu qua dé cho ra duogc kich thuéc vi kim
mong mudn. Tuy nhién van can xem xét dén anh
huong cua cac yéu to khéac

Anh hieong cua cdng sudt khac laser doi Véi cdu
trdc hé vi kim

Dé nghién ctru anh huong cua cdng suét laser dén
su hinh thanh vi kim, c4c khuon ¢ téc do duoc cb
dinh trong khi cong suit thay ddi tir 60%, 70%,
80%, 90%, 100%. Biéu dd (Hinh 2A) cho thiy
chiéu dai kim co xu huéng ting khi cong suit
tang. Cu thé nhu ¢ toc do 200 mm/s voi duong
kinh thiét ké 1a 0,1 mm, két qua khao st cho thay,
chiéu dai kim ting dan tir 0,52 mm dén 0,7 mm
theo cong suit tir 60% lén 100%. Dong thoi,
duong kinh cua kim ciing ting tir 0,32 mm dén
0,33 mm. Pdi véi cac thdng s tée do khac ciing
cho ra két qua twong ty. Giai thich cho hién tugng
nay nhu sau, khi téc do laser ¢ dinh, theo ly
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thuyét, cong suat laser ting 1én, chum tia laser
trong qua trinh khic ciing lam ting ning luong
mot cach tuyén tinh, didu ndy dan dén su phat
trién vé chiéu dai cua vi kim. Va khi chum tia
laser duoc giit ¢6 dinh, s& c6 xu hudng phét ra
ning lugng theo phuwong thiang dimg hon 1a theo
phuong nam ngang, do d6 duong kinh c6 kha
ning ting cham & khoang nay. Diéu nay ciing
dugc ching minh trong mot bai bdo cia Wang va
cong su vao nam 2016 [7].

Anh hwong cua tée dé khde d@én sy hinh thanh vi
kim

Tuong tu voi su khao séat trén, cac khubn vai cac
tbc d6 khéc nhau bao gobm 100 mmis,
200 mm/s, 300 mm/s, 400 mm/s s& dugc danh gia
v6i cong suit laser va duong kinh thiét ké gii
nguyén. Mdi quan hé giira tdc do khic laser va cau
trac vi kim dugc thé hién trong Hinh 2A. Khac véi
hai thong s trén, khi téc do laser tang, duong kinh
thiét ké va cong suat cb dinh thi chiéu cao cua vi
kim lai ¢6 xu huéng giam. Cu thé nhu khi giir
nguyén duong kinh thiét ké 1a 0,2 mm, cong suit
80%, chiéu cao cua vi kim giam tir 2,1 mm xudng
0,7 mm. Ddi véi duong kinh thyc té, c6 thé thay it
bi anh huong hon so véi su thay doi cua cong sut
laser. C6 thé khi tdc do laser tang 1én, thoi gian
cham tia laser tiép xdc véi khuon PMMA giam di,
nang lugng trong qua trinh khic giam di. Do d6
dan dén viéc chiéu dai va dudng kinh thuc té co
xu huéng giam chung.

Muc tiéu cta nghién ctru nay la tao ra mot hé
thdng vi kim c6 kha niang van chuyén thubc qua da
hiéu qua ma khong giy dau don hay kho chiu.
Nhu di biét, 16p biéu bi thuong day t6i 1500 pm,
vi viy dé dap ung dwoc muc tiéu trén thi mot
chiéc kim dai khoang 1500 um sé la hop Ii. Tir cac
két qua khao sat thu duoc, ¢ thé nhan thay chiéu
dai kim mong mudn dat dugc & toc do laser 100
mm/s va 200 mm/s. Dya trén quan sat nay, khuén
vi kim phu hop nhét duoc lya chon cho cac thi
nghiém tiép theo c6 cac thdng sb 1a: duong kinh
0,2 mm, toc d6 khic 200 mm/s, cong suit 80%.
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Hinh 2. (A) Biéu @6 minh hoa dnh hurong cia cac thong sé khdc laser dén chiéu dai va dwong kinh thyec té
cua hé Vi kim, trong dé S la toc dé laser (mm/s); P 1a cong sudt laser (%); h & chiéu dai vi kim (mm); wvad
lan lwot la dwong kinh thuc té va dwong kinh thiét ké cua vi kim. (B) Hinh dang ciia mét vi kim ¢6 chiéu cao
va dirong kinh thiét ké khdc nhau duwoc ché tao bang cach siz dung téc dg laser khac nhau (thanh ty 16 ¢6
kich thuéc 0,2 mm)

3.2. Khao sat dic tinh ly hda caa hé vi kim PVA
3.2.1. Khdo sdt d@é bén co hoc cua hé vi kim

Céc khao sét bao gdom viéc theo ddi nam nong do
PVA khac nhau d3 duoc tién hanh. Dé cho ra dugc
moét hé vi kim nhu mong muén (Hinh 3A), céc
ndng d6 PVA déu phai trai qua sb luong chu ky
lam déng, rd dong khic nhau. O nong do 15%,
chi can khoang 5 chu ky dé c6 thé tao thanh kim,
& nong do 12,5% can 6 chu ky, trong khi nong do
10% va 7,5% yéu cau dén 7 va 8 chu ky. Bdi véi
ndng do thip nhat I1a 5%, can téi 10 chu ky lam
dong, ra dong dé cho ra két qua vi kim nhu mong
mudn

Tinh chét co hoc ciia hé vi kim dugc danh gia
thong qua viéc tha nghiém cuong d6 nén
(Hinh 3B). Két qua do lyc cua hé vi kim véi nim
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nong d6 PVA khac nhau dugc minh hoa béi biéu
dd (Hinh 3C). Ap luc do duoc & PVA 15% la
12,8 kg/cm?® Gi4 tri nay giam dan xudng con
12,2 kg/cm? dbi véi PVA 12,5% va tiép tuc xubng
con 11,9 kglem? dbi véi PVA 10%. O ndng do
PVA 7,5 % va 5% ghi nhan &p luc do duoc lan
luot 14 11 kg/ecm? va 10,8 kg/cm?. Tir gia tri duong
kinh ciia may do Iyc 12 10,6 mm, c6 thé xac dinh
dugc ca hé vi kim & cac ndng d6 chiu duoc luc lan
lwot 12 111N, 105,8N, 102,9N, 95,2N, 93,3N. Mdi
hé vi kim duoc thiét ké vai 120 kim, cho thiy voi
mdi kim tir ndng d6 PVA 5% dén 15% c6 thé chiu
lyc & 0,77N dén 0,93N. Qua qué trinh khao sat,
céc vi kim trong nghién ctru nay da thé hién cau
trdc manh mg trong qua trinh xam nhap vao da.
Diéu nay giam thiéu tdi da cac nguy co tiém an
lién quan dén viéc vi kim gap su ¢ trong qué trinh
str dung.
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Hinh 3. (A) Hinh dnh hé vi kim ¢ nam mfng do PVA khac nhau (thanh ty 1¢ ¢d kich thwéc 0,5 mm). (B) M6
Hinh may nén. (C) Biéu do cho két qua do luc ciia nam hé vi kim ¢6 nong dg PVA khac nhau

3.2.2. Khd ndng chira va gidgi phong thuéc cia hé
vi kim PVA

Pé nghién ciu kha nang chira va giai phong thudc
cua hé vi kim, chiing t6i da sir dung Eosin Y lam
gia dugc trong thi nghiém. Eosin da dugc pha
lodng véi PBS & céc ndng do tir 50 pg/mL dén
0,05 ug/mL va do UV-Vis dé xay dung duong
chuin nhu Hinh 4A.

Ngoai ra, dé danh gia kha nang van chuyén thudc,
ba hé vi kim véi ba n6ng d6 Eosin khac nhau (2%,
1%, 0,5%) dwoc nghién nho va ngam trong
2000mL dung dich PBS trong 24h, sau do tiép tuc
dugc lay ra do UV-Vis va so sanh véi duong
chuan dé tinh toan nong do thuc té cua Eosin trong
hé vi kim. Két qua cho thay, nong do Eosin 2% c6
d6 hap thu quang hoc cao nhat 1a 0,726, tiép theo
1a ndng d6 Eosin 1% véi d6 hap thu 1a 0,483 va
thip nhit 1a nong do Eosin 0,5% véi do hip thu
guang hoc la 0,153. Sau khi so sanh v&i duong
chuan, ching t6i tinh duogc ndng o thuc té cua
Eosin trong hé vi kim la 12,26 pg/mL, 7,88 pg/mL
va 1,92 pg/mL, twong tng véi cac nong do Eosin
2%, 1% va 0,5%.
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Hinh 4. So do giai phong thudc cia hé vi kim PVA
véi ba nong do Eosin khac nhau trong 72h.



Kha ning giai phong thudc dugc xac dinh trong
72h. Hinh 4B trinh bay su khac biét rd rét trong
qua trinh giai phéng thudc cia ba ndng do Eosin
khéc nhau. Sau 6 gio, hé vi kim vai nong do Eosin
2% da c6 mot sy tang 1én nhanh chong trong viéc
giai phong thudc, dat 8,29 ug/mL sau 6 gio va
tang 1én 10,04 pg/mL sau 8 gio. Cho dén 24 gio,
hé vi kim nay da giai phong khoang 13,653 pg/mL
va bit dau giam dan toc d6. Sau 72h, lwong thude
duoc giai phong dat mic 13,78 pg/mL. Tuong tu
v6i hé vi kim chira Eosin & ndng do 1% va 0,5%,
dat dinh & khoang 24h va giam dan toc do téi 72h.
Vi hé vi kim dugc thiét ké dé cung cép viéc giai
phdng thudc bén viing trong mot khoang thoi gian,
nén tir két qua chang minh su giai phéng thanh
cong Eosin trong PBS, cd thé cho thay day nhu 1a
mot phwong phap van chuyén thudc dang tin cay.

4. KET LUAN

Trong nghién ciru nay, ching toi da ché tao thanh
cong hé vi kim véi chiéu dai 1,5 mm pho hop dé
tham nhap vao da bang phwong phap khic laser
tao khudn vai cac théng sé duong kinh 0,2 mm, téc
d6 khic 200 mm/s, cong suit 80%. Ngoai ra, hé vi
kim vé&i PVA 10% duoc lya chon dé tiép tuc cho thi
nghiém véi gia dugc Eosin Y. Bac biét, cac hé vi
kim véi ndng do PVA khéc nhau c6 thé chiu luc tir
0,77N dén 0,93N. Vé kha ning chira va giai phong
thudc ciing da dugc khao sat cho thiy sy dang tin
cdy trong viéc van chuyén thudc. Viéc ché tao thanh
cong hé vi kim PVA nay mang ¥ nghia day hira hen,
dac biét nhu mot céng nghé nén tang day tiém ning
dé van chuyén thudc qua da.

LOI CAM ON
Nghién ctru nay dwoc hoan thanh véi su hd tro

kinh phi tir dé tai PTPLCN.68/22 cua By Khoa
hoc va Cdong nghé
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