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Tom tat

Hydrogel poly 12 mang duoc hinh thanh dua trén lién két gitra cAc mach polymer poly Nhan 22/06/2022

(vinyl alcohol). Mang hydrogel ¢ nhiéu (ng dung trong linh vuc y sinh hoc nhat la Pugc duyét 27/10/2022

mang che phu vét throng. Dé 1am duoc diéu nay, mang can co cac tinh chat nhu ¢o COng bo 02/11/2022

bén cao va c6 kha nang khang khuan nham bao vé vét thuong khoi tac dong vat Ii va

sinh hoc. Trong nghién ctru ndy, dbi twong duoc hudng dén 13 mang hydrogel poly

c6 thanh phan nano bac, ngoai ra, mang poly duoc ting cudng d6 bén thdng qua viée

tao lién két ndi mach giita mach poly va chit dong rin glutaric anhydride. Két qua

phd hong ngoai Fourier chimg minh mang poly c6 d6 bén cao do c6 cac lién két

(—OCO) gitra cac mach polymer poly & bude song 1 700 ecm™. Mang poly-glutaric ,

anhydride c6 d6 phan ra thip hon so v&i mang poly dbi chimg (17 % so véi 25 %). Tur khoa

Trong thtr nghiém sinh hoc, mang poly-glutaric anhydride tai hat nano bac dugc PVA, hydrogel,

ching minh c6 tinh khang P. aeruginosa trong 2 gio va S. aureus trong 4 gid khi tiép Nano bac, )

xtic. Két qua so bo trong phong thi nghiém trén da chimg minh duge do bén va hoat Khang khuan,

tinh sinh hoc ctia mang hydrogel poly-glutaric anhydride tai hat nano bac. glutaric anhydride
® 2022 Journal of Science and Technology - NTTU

1 Gidi thi¢u va hon nira c6 thé str dung dé tao thanh hydrogel, tinh
chat cua hydrogel duoc tao thanh s& phu thudc vao khdi
lugng phén tir va kha nang thuy phéan ctia polymer duoc
sir dung [2]. Cac chudi polymer c6 khdi lwong phan tir
cang 16n thi thoi gian phan ra cang lau. Cac lién két
trong hydrogel bao gom céc lién két hydro, lién két Van
der Waals, cac tuong tac vat li giita cac chudi mach
trong polymer la céc tuong tac ki nudc khi ton tai trong
dung dich [3,4]. Dién hinh nhu twong tac gitta cac chudi
mach ki nudc trong copolymer ghép, c¢6 cau tric mot
mach va nudc va mot mach ki nudc. Cac hydrogel vat
li duoc tao thanh boi cac lién két ndi mach (cross-
links), khong c6 lién két cong hoa tri. Ngoai ra, cac
chudi poymer nay co thé duoc lién két v6i nhau bing
céc phan tmg hoa hoc, nhur tao lién két ester hay peptit.
Céc lién két vat li, hoa hoc nay ¢ anh huong rat 16n

Hydrogel 1a mot mang ludi cac chudi polymer ua nudc,
c6 kha ning hap thy va tich trit mot luong nude 16n gip
nhidu 1an khéi lwong cia né. Tuy mot sb phan tir
polymer bi solvate hoa khi hdp thy nudc, nhung nhin
chung van giit duge hinh dang va khdng tan trong nudc
do phan 16n cac polymer ¢4 lién két hda hoc va lién két
vat li v6i nhau. Nhitng yéu t6 anh huong dén kha ning
truong nd cia hydrogel bao gdm s phan tir khdi va ti
1¢ s6 hydrolysed polymer [1]. Hydrogel c6 thé duoc tao
thanh tir nhiéu nguyén vat liéu khac nhau tir thién nhién
nhu thach rau cau, mu trom, ..., dén cac vat liéu téng
hop nhu polyvinyl alcohol (PVA), ...

Trong d6, PVA 1a mét loai polymer tong hop, ¢6 nhiéu
g dung trong cac nganh y hoc, dugc pham, mi phdm
[1]. PVA c6 kha ning tao d¢ nhét, kha niang két dinh
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1én tinh co i, hinh dang bé mit, két cAu cua hydrogel
tir &6 anh huong dén tdc d6 khuéch tan cac vat chat bén
trong chdng [5,6]. Viéc tao cac lién két hoa trong
hydrogel PVA 1am ting cudng tinh chit bén viing ciia
vat liéu, tang thoi gian phan ré.

Tinh bén viing cta hydrogel PVA c6 thé tao ra bing
nhiéu phuong phap vat li héa hoc khic nhau. Vi du
mang hydrogel dugc 1am tir cac phuong phap do gel va
dé kho, phuong phéap dong va ra dong, phuong phap s
dung tia gamma, hodc stir dung céc loai dung moi khac
nhau nhuy DMSO/DMF dung dé ting d bén ciing nhu
tinh lién két ciia cac mach PVA [3]. Pong thoi PVA
cling c¢6 thé dugc phdi tron voi cac loai polymer khéc
nhu chitosan, agarose hay gelatin dé ting mic do lién
két giita cac mach polymer v6i nhau. Cac mach
polymer ciia PVA ciing c6 thé duoc lién két véi nhau
nhu viéc sit dung glutaric anhydride c6 kha nang lién
két hai nhém hydroxyl cua PVA.

Céc hydrogel PVA duoc g dung trong nhiéu linh vue,
quan trong nhét Ia trong linh vuc vat liéu y sinh hoc phuc
vu chiam séc strc khoe con ngudi: nhidu nghién ciru da
Kkét hop hydrogel va bac nitrat tng dung lam vét liéu y
sinh trong viéc chira tri cac vét thuong [7] hay két hop
hydrogel PVA voi thudc khang viém dexamethasone
trong diéu tri nhiém tring [8]. Cac nghién ciru trén cho
thiy (mg dung rong rii cua hydrogel trong nhiéu linh
vue, ddc biét trong Iinh vuc vat liéu y sinh c6 kha nang
khang viém, khang khuan. Do d6, viéc tao ra cac
hydrogel PVA mdi c6 kha ning ap va che phu cac vét
thwong hé, ddng thoi gitp diét cac vi khudn gdy bénh
tranh nhiém trong 1a can thiét. Nhu vay, vat liéu
hydorgel duoc tao thanh cin c6 mét s6 dic tinh nhu kha
nang thdm hat tbt, thoi gian phan huy 1au, c6 kha ning
gitt thube ddng thoi hd tro tai tao ving md bi ton thuong
[9-12].

Do d6, nghién ctru duoc tién hanh nham tim ra phuong
phap tao ra hydrogel PVA c6 tinh bén viing cao nhd
tuong tac gitra cac polymer PVA va glutaric anhydride.
Ngoal ra, trén mang hydrogel PVA duoc tai thém véi
cac hat nano bac nham ting cudng tinh khang khuén

clia mang.
2 Vit liéu va phuong phap thi nghiém

2.1 Vatliéu

Poly (vinyl alcohol) khéi lugng (89-100) kDa, do thiy
phan 90 %, glutaric anhydride 99 % tir hang Sigma
Aldrich (Saint Louis, MO, Mi), AgNOs, glycerol,
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poly(acrylamlde) tir hing Xilong, Trung Qudc. Cac
chung vi khuan Staphylococcus aureus (S. aureus
ATCC 29213) va Pseudomonas aeruginosa (P.
aeruginosa ATCC 52395), mot s mdi trudong nudi cay
khuén bao gém Trypton Soy broth (TSB), Trypton Soy
Agar (TSA), Muller Hinton Broth (MHB), Muller
Hinton Agar (MHA) tir HiMedia, An D6. Ngoai ra con
sir dung mot so loai vat lidu, hoa chat khac dat chuan
ACS.

2.2 Phuong phép chudn bi nano bac

Can 0,025 g AgNOs3 vao becker chira 20 g glycerol, va
0,1003 g polyacrymide va khudy déu & nhiét do phong.
Hon hop sau d6 duoc dun trong microwave trong 5
phut, vi mac nang lugng 500 W. Hat nano bac sau do
dugc tinh sach bang cach li tim 13 000 rpm trong 30
pht va duoc 1ap lai 3 1an voi nudc.

2.3 Phuong phap chuan bi mang

PVA duoc hoa tan trong nude voi ndng do 5 % bing
cach khudy tir gia nhiét ¢ nhiét do 70 °C trong 20 phit.
Dung dich PVA 5 % sau khi chuan bi dugc bd sung
thém glutaric anhydride véi ti 1€ 5 % va dung dich nano
bac & cac ndong do khac nhau, khudy déu. Dung dich
trén dugc cho vao dia petri nhya va mang siy kho &
nhiét do 60 °C, sau d6 nhiét do dugc nang 1én mirc 80
OC trong 4 gid dé glutaric anhydride phan tng véi nhom
hydroxyl (—OH) ctia polymer PVA.

2.3.1 Phuong phap do do truong nd ctia mang

Mau duoc cit ¢ kich thude (0,5 x 3) cm tir mang ban
dau, va ngdm trong 3 mL nudc cat trong 24 gid. Mang
sau d6 duogc thAm kho nude va do kich thude.

2.3.2 Phuong phap do d6 phan hiy cia mang theo
thoigian

Céc mau do sau khi dugc chuan bi c6 khéi lugng bang
nhau va duoc ngam trong 3 mL nudc cat, voi cac
khoang thoi gian (1, 3, va 5) ngay. Sau d6, mau duogc
sdy kho & 60 °C trong 2 gio. Sau khi sdy kho, cac mau
dugc mang can va ghi nhan khéi lugng. Ba mau duoc
chuan bi cho mot diéu kién do. Khdi lugng phan hiy
dugec tinh theo ¢cdng thire:

ethan diu — Netsay ngam

Netmarai (%) = x 100

, Netpan dau .
2.3.4 Phuong phap kiém tra cac lién két cé trong mang

PVA (FTIR)

Kha ning hinh thanh lién két giira cac mach PVA duoc
xac dinh bang phuong phép do quang phd hdng ngoai
Fourier Transform Infrared (Agilent, 630 Mi) & ché do
ATR.
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2.4 Panh gia két qua sinh hoc ctia mang PVA-Bac
2.4.1 Thir nghiém tinh khang khuan ctia mang, nong do
trc ché vi khuan téi thiéu (MIC)

Hai loai vi khuén S. aureus (ATCC 29213) gam duong
va P. aeruginosa (ATCC 52395) gam am dugc nudi
cdy trén 5 mL méi truong MHB qua dém & diéu kién
37 °C, téc do lic 150 rpm. Dich nudi cay duoc pha
lodng v6i MHB dén khi OD cuia vi khuan S. aureus 1a
0,06-0,08 va P. aeruginosa la 0,04-0,06 twong ung vdi
108 CFU/mL. Vi khuan dugc chia déu (100 pL) vao cac
ong eppendorf 0,5 mL. Mang hydrogel AGNP@PVA-
GA duogc cit thanh hinh tron duong kinh 0,6 mm, véi
khéi Tuong (38,5 + 2) mg. Cac diéu kién thir nghiém
dugc phan ra nhu sau: (1) tube ddi chimg am (thém
H.0), (2) tube d6i ching dwong (thém 10 ng/mL
AgNO:3), (3) cac tube con lai thém cac mang hydrogel
AgNP@PVA-GA lan luot ¢ cac ndng do khac nhau, (4)
c4c tube chira hydrogel AgNP@PVA-GA va chit khir
Ka[Fe(CN)s].3H20 véi ndng do cudi 4 mM. H.0 duogc
thém vao dé thé tich cudi cung 1a 200 pL. Cac tube
dugc U trong diéu kién tinh 37 °C trong 18 gid. Ngay
tiép theo, céc tube duoc bd sung 5 % dung dich
resazurin red. Phan ing dugc u trong thoi gian 30 phat
0 nhiét d6 phong. Két qua dugc doc dua trén mau sdc
clia cac tube. C4c tube c6 mau do chung t6 ¢6 sy ton tai
cta vi khuin trong tube, nguoc lai, khi trong tube co
mau xanh thi khéng c6 sy hién dién cta vi khuan.

242 Péanh gi4 kha nang khéng khuin ciia mang
hydrogel AQNP@PVA-GA va dich sau chiét sau khi
khir K4[Fe(CN)g].3H:0.

Vi khuin duoc chuin bi nhu mo ta trén. Tuy nhién,
trong thi nghiém nay, mang hydrogel AgNP@PVA-
GA dugc ngdm voi dung dich 4 mM Ka[Fe(CN)s].
3H2O qua dém. Sau do, dich ngdm va va mang dugc
chia 1am hai va u véi cac tube vi khuan da duge chuan
bi. Két qua duoc danh gia thong qua tuong tac cua vi
khuan véi dung dich resazurin red da mo ta.

2.4.3 Thir kha ning khang khuin bang phuong phap
khuéch tan trén dia thach

Céc dia thach MHA duoc chuén bi ¢6 ndng d6 agar 1,6 %.
Céc giéng duoc dyc 13 trong c6 duong kinh 10 mm, va

duoc trai v6i S. aureus va P. aeruginosa bang tim bong da
hép khr tring. Sau do, cho cac hydrogel AQNP@PVA-GA
d3 ngdm nudc vao, & cac didu kién c6 va khong co su hién
dién ciia chat khir 4 mM Kq[Fe(CN)g].3H,0. O céc giéng
dbi chimg duoc thém vao cac dung dich 100 pL ¢6 chira
50 ng AgNOs va 100 ng AgNOs, chat khir 4 mM
Ka[Fe(CN)e].3H-0, kanamycin 100 pg/mL, streptomycin
100 pg/mL. Céc dia petri duoc u nhiét do 37 °C, trong 18
gio. Ngay hdm sau, vong khang khuan cuia céc diéu kién o
duge do va ghi nhan.

2.4.4 Thir kha nang khang khuan bang phuong phép &p
mang hydrogel

Dia thach MHA duoc ciy trang voi 2 loai vi khuan nhu
trén. Cac mang hydrogel AGQNP@PVA-GA sau khi thim
nude duge ap truc tiép 18n mit thach véi ¢ bo sung va
khong bo sung chat khir 4 mM Ka[Fe(CN)g].3H:0. Sau
khoang thoi gian (1, 2, 4 va 24) gio, cac mang
AgNP@PVA-GA dugc ge"lp ra, dia thach duoc tiép tucu
qua ngay. Két qua ghi nhan sy hién dién va khdng hién
ctia vi khuén tai vi tri 4p mang hydrogel.

3 Két qua

3.1 Két qua tao mang

Mang sau khi tao ¢6 mau nau, d¢0 ddm nhat ciia mang
la do mat d6 hat nano bac khac nhau. Mau cang nau
dam thi mét d¢ hat nano Ag c6 trong mang cang cao.
Mang hydrogel AQNP@PVA-GA duogc tao ra c6 mat
d6 nano bac trén mang la (1,5; 3; 4,5; 6; va 7,5) pg/cm?
tam goi 1an lugt mang gel 1; 2; 3; 4; va 5.

Control il 2 3 4

-

5 mg

Hinh 1 Mang hydrogel AgNP@PVA-GA sau khi dugc tao
ra. Lan luot tir trai sang: control (mang PVA ddi chiing
khong c6 hat nano bac), mang 1; 2; 3; 4 va 5 dugc tai hat
AgNP v&i cac ndng d tir twong tng tir (1-5) mg/dia petri

3.2 Céc dac tinh cua mang hydrogel AQNP@PVA-Ag
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Hinh 2 (A) Phan tng tao lién két giita c4c mach polymer
PVA va (B) két qua phan tich quang phd hdng ngoai
Fourier transform (FTIR) ctia mang hydrogel PVA va
PVA-GA.

Céc két qua do bang phuong phap quang phd hong
ngoai cho thay tai khoang song tir (3 500-3 200) cm'?
la dao dong kéo gidn ctia nhom —OH c¢6 trong polymer
PVA. P6i v6i miu PVA, thi dinh nay 16n hon miu
PVA-GA, viéc nay phil hop véi du doan vé sy tham gia
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cia GA trong viéc phan tng lién két véi nhom —OH
trong mach polymer. Tai vi tri sébng 2 900 cm™, c6 dao
dong cua lién két trong nhom C—H. Va tai vi tri song 1
700 cm?, trong mau PVA-GA c6 cudng do dinh cao
hon so véi mau mang PVA, day la dao dong dic trung
ctia lién két —C=0. Két qua nay di chung minh duoc
su hinh thanh néi mach gitra PVA va GA theo (lién Kkét
este —OCO-) (Hinh 2A).

Két qua Hinh 3A vé theo ddi su thay dbi khéi luong
clia mang, thiy rang, sau 24 gio ngam thi ti 18 khoi
lwong mat di cia mang hydrogel PVA 1a 15 % so véi ti
¢ nay & mang PVA khoéng duoc phan ung vdéi GA la
20 %. Sau mot thoi gian theo ddi bang phuong phap
ngam, sy kho va can khdi lwong tinh cd thé thdy mang
hydrogel PVA-GA Ag NP c6 khbi lugng khong doi,
tuy nhién khéi luong ciia mang hydrogel PVA lai tiép
tuc giam & ngay tha hai va giir khong doi vao cac ngay
tiép theo (Hinh 3A). Mang gian tir (0,5 x 3) cm dang
khé t6i (0,8 x 4) cm dang ngdm nuéc (Hinh 3B). Khong
c6 su khic biét giita mang hydrogel PVA dugc ndi
mach v&i GA va mang hydrogel PVA. Sau khi ngam
v6i nudce thi mang ¢6 khdi lugng tang tir (10 £ 0,5) mg
lén (39,64 + 3,5) mg, nhu vy kha ning thim hut nuéc
ctia mang 1a khoang 4 lan.
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——PVA Ag NP 1 mg
—o-PVA-GA Ag NP 1mg
—o—PVA-GA Ag NP 2mg
—o=PVA GA Ag NP 3 mg
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Hinh 3 Sy thay ddi khdi lugng ciia mang sau 150 gioy

150
theo ddi (A) va su thay di kich thudc ciia mang

khi truong n¢ (B)

3.3 Két qua tinh khang khudn ctia mang

Nong dé tiu diét Vi khudn ciia mang hydrogel

O thi nghiém nay, mang AgNP@PVA-GA duoc ngam
truc tiép voi vi khudn véi sy ¢6 va khong co6 mit cua
chit khir 4 mM Ku[Fe(CN)g].3H-0. Hinh 4A cho thay,
khi khong c6 chét khir, mang AgNP@PVA-GA khdng
¢6 kha ning diét khuan. Tuy nhién, khi thém 4 mM chat
khir K4[Fe(CN)].3H20 vao, chat khtr da hd tro gidp thé
hién kha ning diét khudn cia mang, do chit khir phan

U Pai hoc Nguyén T4t Thanh

{mg véi nano bac dé tao ra phirc bac (bac chelate) co
kha ning diét khuan. TUy theo mat d¢ hat nano c6 trong
hydrogel PVA ma mang c6 kha ning diét khuan khac
nhau, khi mat d¢ bac cang nhiéu thi kha ning khéng
khuén ctia mang cang cao. O diéu kién tir 2 &én 5, mang
¢6 kha ning wrc ché vi khuan P. Aeruginosa. Tuy nhién.
dé trc ché vi khuan S. aureus can phai tang gip doi s6
luong mang can str dung, nhu vay 1a phu hop vai két
qua dat duogc.
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Hlnh 4 Két qua vé kha nang e ché vi khuan S aureus va P aeruginosa cua mang hydrogel AgNP@PVA -GA. A két qua
vé kha nang diét khuan ciia mang hydrogel PVA nano bac khi khdng cé su hién dién ctia chat khir. B: két qua vé kha ning
tiéu diét vi khuan caa mang hydrogel AQNP@PVA-GA khi ¢6 chat khir 4 nM K4[Fe(CN)s].3H20. Riéng dbi véi
vi khudn S. aureus thi can sir dung 2 mang gel cho tit ca diéu kién u dé ching minh kha ning diét khuén.

Dé ching minh kha ning trc ché sy phat trién cia vi
khudn ciia cac hat nano bac ¢ trén mang hay cic
chelate bac tan trong dung dich (Hinh 5), mang sau khi
dugc khtr véi 4 mM Ki[Fe(CN)e].3H20, mang sau
ngam va dich ngdm mang dugc chia ra thanh 2 thir
nghiém. Két qua Hinh 5 cho thay, chi c6 dich ngdim
mang sau khi khir méi ¢6 kha ning tc ché vi khuén, c6
két qua twong duong véi thi nghiém thuc hién & phan
trén. Nguoc lai, mang sau khi kht véi 4 mM
Ka[Fe(CN)s].3H20 khong c6 kha ning tc ché khuin
nguyén nhan la do bac c6 trong mang da khuéch tan hét
ra moi truong bén ngoai.
S.aureus 0 1 2 3 4 5
Dich khtr | (

S— uuw
P. aeg/nosa 0 1
Hydrogel a 3 -

Hinh 5 Két qua (rc ché S. aureus va P. aeruginosa tir
dich ngdm mang va mang sau khi ngam.

Thir nghiém kha néang khuéch tan khing khuan ciing
mang hydrogel PVA.

Mang tao ra khong ¢ kha ning khang khuan khi thyc
hién thi nghiém nay (Bang 1) ké ca khi sir dung chit
khir K4[Fe(CN)¢].3H20. Tuy nhién, néu so sanh véi cac
dbi ching khéc nhu thudc khéng sinh streptomycin,

kananmycin va AgNOs (50 va 100) ng thi kha nang tao
vong khuéch tan ciia mang hydrogel AQNP@PVA-GA
la khéng co.

Bang 1 Thir nghiém khuéch tan dia thach

o r n P.aeruginosa | S.aureus
Cac thir nghi¢m Kich thu’(rc‘ vong
0 (dbi chirng am) 0 0
1 mg Ag/mL 0 0
2mg Ag /mL 0 0
3mg Ag/mL 0 0
4 mg Ag /mL 0 0
5mg Ag/mL 0 0
Streptomycin 100 pg 24 26
Kanamycin 100 pg 19 31
AgNO3 50 pg 15 16
AgNO3100 pg 15 16
K4[F€(CN)G]. 3H20, 0 0
4mM

Thir nghiém khd nang khang khuan cua mang khi sw
dung phuong phap 4p mang hydrogel AQNP@PVA-GA
truec tiép 18n dia thach cdy Vi khudn
Mang hydrogel AQNP@PVA-GA duoc &p truc tiép Ién
dia thach vi khuan. Tai thoi diém 2 gid va 4 gio tré vé
sau, thi c6 thé thiy dwoc vi khudn P. aeruginosa va S.
aureus 1an luot khong c6 kha ning phat trién lai, sau
khi mang duoc lay ra. Nguoc lai, & cac thoi diém trude
d6, vi khudn co tiép tuc phat trién khi dwoc u tiép
(Hinh 6).
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Hinh 6 Két qua ap mang hydrogel AQNP@PVA-GA Ién dia thach. A: dia d6i ching. B: dia két qua khi 4p mang 2 gio cho
P. aeruginosa va 4 gio cho S. aureus, C: hinh cin canh sau ap mang 2 gi¢ cho P. aeruginosa va hon 4 gio cho S. aureus.

4 Théo luan

Viéc ngin ngira nhidm tring rat quan trong trong diéu
trj vét thuong ho, gidp vét thwong mau lanh, ngin ngira
&4p-xe, 6 mu va xa hon 1a ngan ngira nhiém tring méau.
Céc vét thuong co thé duoc che phu béi nhiing tim
bing gac dé phong trir nhiém khuén. Tuy nhién, sit
dung cc mang hydrogel ngdm nudc c6 nhimg vu diém
nhu 1am diju vét thuong, hay c6 thé tai thudc 1én gel
phuc vu muyc dich chira tri. Vi li do do, tién hanh téng
hop mang hydrogel AgNP@PVA-GA nham két hop
cac dac tinh déc biét cia hydrogel bao gém kha nang
thdm huat va gilt nudc cao, cham phan ra véi nano bac
c6 déc tinh khang khuén, trong do, dic tinh bén, lau
phan ra ciia mang tiy thudc vao mot s6 yéu té nhét dinh
bao gdm phuong phap d6 mang, lam khé mang, khoi
luong phan tir polymer, phan Gng lién két mach giita
cac polymer. Nghién ctru sit dung polymer PVA c6
khéi Iwong (90-100) kDa, véi ti 1¢ thuy phan cac mach
polymer 1a 90 %. Vi cac chi sb nay, mang hydrogel
PVA duoc hinh thanh c¢d d6 bén, va tinh chat twong ddi
t6t. Tuy nhién, sir dung phuong phap tao hydrogel &
nhiét d6 60 °C dugc cho la khong tdt so voi sir dung
phuong phap dong, ra dong [13]. O phuong phép dong
va ri dong, ti 18 lién két gitra cac nhoém hydroxyl duoc
tang cao do qua trinh dong va ra dong, tir do lam tang
d6 bén ciia mang hydrogel. Nguoc lai, khi st dung
phuong phap say khd ¢ nhiét d6 60 °C, cac lién két giira
cac gbc hydroxyl ciia cac mach PVA it hon, tir d6 1am
mang hydrogel tao thanh kém bén hon. Tuy nhién sir
dung phuong phap siy kho co nhimg wu diém nhat
dinh. M4t 1a tao moi truong kho 1au dai nén diéu kién
tap nhiém vi sinh duoc han ché. Hai 1a, phuong phap
tao hydrogel don gian va c6 thé duoc ap dung san xuat
& quy md cong nghiép. Pé ting cuong do bén cua
hydrogel PVA, GA duoc bd sung vao dung dich tao
hydrogel, sau khi gel duoc sdy kho & nhiét do 60 °C,
mang gel tiép tuc duoc siy & 80 °C trong 4 gio. Khi do,
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cac phan tt GA duoc kich hoat va tao lién két véi cac
nhoém hydroxyl ctia polymer PVA. Két qua trén hinh
FTIR da ching minh c6 sy xuat hién ctia nhém chirc (-
OCO) 6 hydrogel PVA duogc thm GA vao ¢ vi tri budce
song 1700 cm™. Viéc d6 chirng minh mang
hydrogel PVA mdi tao thanh htra hen thoi gian phan
huy lau hon do céc mach polymer cua PVA lién két voi
nhau tao thanh mang luéi chat ché thong qua phan tir
trung gian GA. Do héap thu nuée ciia mang PVA ¢6 ham
luwgng tuong duong véi mang hydrogel PVA khong c6
GA. Kiém tra do truong nd, thi sau khi ngdm nudc,
mang gel bién doi chiéu dai tir (0,5 x 3) cm 1én (0,8 x
4,5) cm, ¢o ti 1€ nd rong 1a 2,4 lan. Theo ddi thoi gian
phan i ciia cac mang hydrogel PVA bing cach can
khéi lugng tinh qua mot sé mébc thoi gian nhét dinh.
Qua két qua theo di su thay doi khdi luong ciia mang
gel c6 thé dua ra mo hinh giai thich sau: & ngay dau tién
sau khi dugc ngdm nudc, mang hydrogel hut nuéc va
truong nd, dong thoi cac mach PVA khong lién két voi
mang ludi mang gel s& that thoat ra bén ngoai, ti 1 that
thodt ndy gin bang khdng cho mang hydrogel
AgNP@PVA-GA ¢ nhitng lan ngam tiép theo. Nhu
vay, cac lién két gitta cac gbc hydroxyl trén mach
polymer PVA va GA dd gop phan tao tinh 6n dinh cho
mang. Nguoc lai, khi khdong c6 GA trong mang
hydrogel PVA, mang tré nén kém bén hon, do d6 lam
thit thoat khdi lugng mang gel 16n hon so v6i su xuat
hién ctia GA trong mang hydrogel. Gia thuyét nay phu
hop véi cac nghién ciru trude d6 vé cac phuong phép
duogc thuc hién dé tao su dn dinh cho mang gel [5].

Hydrogel PVA tir lau da dugc img dung trong nhiéu linh
vuc trong d6 ¢6 y sinh hoc, mi phém va moi truong
[1,5,12,14,15]. Trong y sinh hoc, hydrogel c6 thé duoc
sir dung lam mang che phu cac vét thuong bao gdm cac
vét thwong hé va cac vét bong [14]. Nhiéu nghién ctru
d3 két hop nhidu tdc nhan khac nhau vao mang
hydrogel PVA khong nhitng tang cuong kha nang phuc
hdi cua da, ma con co tac dung khang khuén, chdng lai
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cac vi khuén gy hai & vét thuong, phong ngira 16 loét
va nhiém trung [6,16]. Cac nghién ctru d chi ra ring
¢ thé két hop dich chiét 1a trau khong va hydrogel
PVA c6 tac dung khang khuan va thic day tai tao da.
Hay nghién ctru két hop chiét xuat curcumin vao mang
PVA ciing ¢4 tac dung hd trg twong tu [16]. Nghién ctru
da két hop hat nano bac vao mang hydrogel PVA véi
muc dich tao ra mang vat li¢u két hop mdi coé tinh
khang khuan. Két qua thr nghiém in vitro cho thay,
mang hydrogel AQNP@PVA-GA khong c6 kha nang
khang khuan tryc tiép. Tuy nhién khi c6 tac dong cta
chat khir thi kha nidng nay méi dugc phat huy. Cé thé
Iuc téng hop nano bac, nano bac da dugc oxi hoa hoan
toan, nén khong c6 kha nang diét khuan. Nhung khi tiép
xUc voi chét khir, hat nano bac ¢6 cong thirc hoa hoc la
Ag.03 dugc khir thanh phure bac, chinh phire nay c6 tac
dung bam vao mang vi khuan tir 46 ngan chin qué trinh
sdng va phat trién cia ching. Sau khi dugc khir, hau
hét cac phuc bac thoat ra ngoai hydrogel PVA va tic
ché su phét trién cua vi khuén. Rét it phirc bac duoc luu
lai bén trong mang PVA, va lugng nay rat it dé c6 thé
diét khuan. So voi dbi ching Ag* tir dung dich AgNO3,
phtrc bac tir mang hydrogel PVA c6 két qua tuong tu.
Nong d6 ion bac sir dung dé khang vi khuan S. aureus
1a cao gip d6i so v6i P. aeruginosa viéc nay co lién
quan dén dic trung cua thanh vi khudn gram duong va
gram am. Trong thi nghiém khuéch tan dia thach, co
thé thiy rang phirc bac khong c6 kha nang khuéch tan
tao vOng nhu khang sinh, viéc ndy c6 thé giai thich rang
ndng d6 Ag khdng du cao dé khuéch tan hoic phirc nay
bi méc ket trong mang ludi hydrogel cta thach nudi

Tai liéu tham khao

cdy. Tuy nhién, déi v6i thi nghiém st dung viéc ap
mang gel truc tiép Ién mat thach da duoc céy vi khuan
trude d6. CO thé thay duoc sau mot khoang thoi gian tir
(2-4) gio, ca hai loai vi khuan dai dién cho gram am va
gram duong 1a P. aeruginosa va S. aureus déu khong
thé tiép tuc phat trién trén dia thach. Ttr md hinh tic ché
vi khudn bang tiép x0c truc tiép hydrogel
AgNP@PVA-GA da m¢d ra viéc tng dung mang
hydrogel nay trong-ngin ngira nhiém trung do phong,
hay vét thuong ho.

5 Két luan

Nghién ctru dd ché tao thanh céng mang hydrogel
AgNP@PVA-GA. Mang duogc tao ra cO cac mach
polymer lién két v6i nhau thong qua twong tac tao lién
két voi GA, tir do tang do bén cua mang, va cac tinh
chat vat 1i khac. Vé mat tuong tac sinh hoc, mang
hydrogel AGNP@PVA-GA c6 kha niang diét khuan
thong qua tiép xuc truc tiép giira noi co vi khuan va
chelate bac dugc tao ra trong qua trinh khur. Tuy nghién
Clru chi dirng & murc do khao sat cac dac tinh ctia mang
in vitro nhung két qua thu duoc hira hen nhiéu kha ning
g dung mang trong diéu tri vét thuong nhat 1a cac vét
thuong ho.
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Abstract Hydrogel poly (vinyl alcohol) is a network of Polyvinyl alcohol (PVA) polymers which has various
application in biomedicine, especially in wound healing. In wound treatment, the hydrogel should have strong
stability as well as anti-bacteria effect in order to protect the opened wound from physical and biological interaction.
For these purposes, the study on the characterization of silver nanoparticle loaded hydrogel Poly (vinyl alcohol)
Glutaric anhydride has been done. The polymer also had its stability reinforced through the cross-linking between
the poly (vinyl alcohol) and the solidifier glutaric anhydride structures. The results on Fourier transformed infrared
spectrum have shown the bonding between PVA polymer via (—OCO) at the wave length 1,700 cm. The PVA-
GA hydrogel has lower degradation rate than the control (17 % vs 25 %). In biological test, the PVA —GA Ag
nanoparticles have proved the ability to eradicate the P. aeruginosa after 2 hours and S. aureus after 4 hours after
directed contact. These results in vitro have proved the statbility and antibacterial effect of PVA-GA- Nano Ag.
Even though more tests should be performed, the hydrogel has showed great potential in wound healing.

Keywords PVA, hydrogel, Ag nanoparticles, antibiotic, glutaric anhydride
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