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LOI CAM KET
T61 xin xac nhan ré’mg cong viéc dugce trinh bay trong luan an cua t61 1a hoan toan
do t6i thuc hién, toan bo ndi dung dugc hoan thanh sau khi t6i dang ky hoc chuong trinh
Thac si tai Hoc vién Khoa hoc va Cong nghé va truéc d6 né khong phai 1a mot phan cua
luan 4n hodc bai nghién ciru khac da hoc vién hoac bat ky t6 chic nao khac dé lay bang
cap, bang tbt nghiép hoic cac bang cip khac. Néu bat ky két qua nao khong chinh xac,
to1 xin chiu hoan toan trach nhiém.

TP.H6 Chi Minh, 2023

Phan Thi Thanh Tam
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LOI CAM ON

Truéc hét, toi dac biét cam on ngudi hudng dan cua toi, PGS.TS. Nguyén Thi Hiép
d3 cung cap cho t6i chu dé thu vi nay, co hoi lam viée doc lap va nhirng cudc thao luan
c6 gia tri. Co da ludn tin twong va dong vién toi trong sudt qua trinh thyuc hién luan van
nay. Co di tan tinh hudng din toi trong sudt thoi gian nghién ciru va viét luan vin nay.
T6i ciing xin cam on c6 vi dé day t6i cach lam viéc hiéu qua, cach giai quyét van dé va
cach nghién ctru mot cach doc lap.

T6i ciing mudn cam on Hoc vién Han 1am Khoa hoc va Cong Nghé di tao diéu kién
cho t61 hoc tap va lam viéc.

Luén an nay da nhan duoc rat nhiéu sy huéng dan va hd trg tir cac ddng nghiép cua
t6i: chi V& Hong Phiic, anh Vii Thanh Binh, chi Pang Ngoc Thao Nhi, chi Nguyén Thi
Thanh Ngoc, anh Nguyén Vian Khiém, va ban Tang Tuan Ngan, em Luong Pai Tin va
em Nguyén Thi Phuong Théao tai phong thi nghiém K§ thuat mé & Y hoc tai tao
(TERM). S& khong thé thuc hién dugc néu khong c6 nhiing ca nhan hd trg va hudng
dan t6i cho viéc hoan thanh luan 4n nay.

Cubi cung nhung khong kém phan quan trong, toi xin bay t6 long biét on siu sic
nhét toi gia dinh t6i. Ho d4 ho tro va danh cho t6i moi diéu tét dep nhat trong sudt qua
trinh 1am luan van. Sy hd trg vé tinh than va vat chat cua ho da gitp toi vuot qua rat
nhiéu kho khan.

D6 1a niém vinh dy cua toi khi c6 tt ca cac ban ung ho t6i. Néu khong cé cac ban
c6 18 toi khong thé thyuc hién thanh cong luan vin nhu thé nay. Mot lan nira, cam on ban
rat nhiéu.

Tran trong,

Thanh Tam
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TOM TAT

Str dung nguon chitosan trong nude dé tong hop oligomer chitosan (COS) bang
cach sir dung qua trinh oxy héa hydrogen peroxide (H202) theo phuwong phap chiéu
Xa vi song. Két qua cho thay chitosan dja phuwong cta Viét Nam va dan xuat COS
ctia n6 o hiéu suat tinh ché cao trong khi phén tir COS tao ra trong lwong thap. Két
qua khao sat kha ning khang khuin dong Staphylococcus aureus (S. aureus) cho
thiy kha ning str dung nhu 1a mot ngudn vat liéu khang khuan tu nhién, giam nguy
co hinh thanh ching khang khang sinh. Bén canh két hop silver hanoparticles
(AgNPs), giup tang kha nang bao vé vét thuong khoi tac nhan nhiém khuan. Déi
tuong nghién ctru chu yéu 1a mang 3 16p két hop gitra tinh ky nudc & 16p ngoai va
kha nang hap thu nudc & mat trong nhd két hop ciing cac polymer wa nudc tao diéu
kién 1y tuong trong thiét ké mang lanh thuong tri bong. Khao sat trén mé hinh in
vivo cho thay, kha niang lanh thuong twong duong v4i mang thuong mai Betaplast
Silver va nhanh hon khi so sanh voi mang Cotton. Dong thoi, cho thay kha ning
kinh té trong st dung vat liéu dia phuong dé giam gia thanh ché tao bang gac nhung
van c6 hiéu qua diéu tri.

11
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GIOI THIEU

Diéu tri lanh thuong cua Vét thuong bong dugc xem nhu la van dé y té toan cau

dugc quan tam, dac biét tir cac vét thuong bong nang (cap 2 va cap 3).
Cac Vet bong néng thuong di kém viéc nhiém trung do cac vi khuan xam nhap trong qua
trinh vét thuong tiép xtc voi moi truong xung quanh. Tt d6, ¥ tudng ché tao bang gac
da chirc ning, két hop cac thanh phan ty nhién khang khuan cho phép viéc lanh thuong
dién ra nhanh hon dong thoi, cho phép ngin can cac tic nhan gay nhiém tring xAm nhap,
tir ¢6 giam thiéu téi da viéc sir dung thude khang sinh va ngin chin nguy co vi khuan
khang khang sinh hinh thanh. Y tuéng chinh ctia nghién ctru 1a viéc sur dung mang da
I6p rng dung k¥ thuat electrospinning Che tao mang su dung cho bang gac két hop cac
tac nhan khang khuan nano bac va tiém ning khang khuan cua oligomer chitosan —
chitosan khéi lugng phan tu thap, c6 kha ning hoa tan trong nudc. Ca nano bac va
oligomer chitosan déu c6 kha nang diét hogc uc ché vi khuan. Y tuong két hop ca hai
vt liéu cho phép ting kha ning bao vé vét thuong khoi sy nhiém trung.

Dua vao qua trinh chita lanh vét thuong duoc mé ta phia trén, bang gac duoc thiét
ké dé ho trg qua trinh lanh thuong, dong thoi, két hop cac tac nhan khang khuan dé bao
vé vét thuong khoi qua trinh nhiém trang. Tir d6, van dé 1am sao dé két hop nhiéu yéu
t6 thiét yéu cho qua trinh bao vé tranh nhiém khuan va ting téc d6 lanh thuong cua bang
gac dugc dit ra. Bing gac da 16p vai 16p ngoai chira tac nhan khang khuan, dong thoi
chéng tham nudc tao mot 16p mang bao vé cho vét thuong bong, mat trong (ng dung
nhitng nghién ctru dang chi y gan day cho viéc ngin chin va chira lanh vét bong boi tac
nhan khang khuan nhu oligomer chitosan phu trén bé mit trong bang gac.

Staphylococcus aureus (S.aureus) 1a dong khuan gram 4m c6 mat trén cac bé mat
da. Mic du vét thuong viém nhiém cuc b hay mén tinh dugc gy ra boi nhiéu 1y do, thi
vét thuong nhiém tring boi chung S.aureus dugc xem nhu 13 mét trong nhiing truong
hop pho bién nhat.Viéc nhiém trung vét thuong khién vét thuong cham lanh, mang sinh
hoc (biofilm) hinh thanh trong qu4 trinh viém nhiém khién vét thuong cham lanh va tro
nén ngay mot nang hon[1]. Viéc diéu tri cac vét thuwong nhiém khuan S.aureus dan tro
nén phtc tap vi doc luc sinh ra tir vi khuan va dong khang khang sinh. St dung cac
ngudn tu nhién c6 kha nang khang khuan c6 the giam thiéu nguy co khang khang sinh
cua viéc lam dung khang sinh trong diéu tri vét thuong.
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CHUONG 1: TONG QUAN LY THUYET
1.1. Van dé nghlen curu

1.1.1. Mgt so khdi niém quan treng

Vet thuong c6 thé dugc dinh nghia 1a sy gian doan sap xép sinh 1y cua cac té bao da

va rdi loan chirc nang cua no6 trong viéc két ndi va bao vé cac mo va co quan bén dudi.
N6 ¢6 thé 1a nguyén nhan chinh do v6 tinh cat, rach, tréy xude, ap luc, nhiét do qua cao,
hoa chét va dong dién, hoic thir phat sau can thiép phau thuat hodc bénh (vi du: tiéu
duong, loet hodc ung thu biéu mo). Cac tén thuong bao gom cac cap do nhu anh huéng
dén 16p biéu bi dén d6 day mot phan (anh hudng dén ca Iop biéu bi va cac phan cua lop
ha bi) va do day toan bo (bao gom ca md dudi da va xuong) [2].
Chita lanh vét thuong 13 mot qua trinh sinh 1y trong co thé, trong d6 co thé song sira
chita cac tén thuong mé, khéi phuc tinh toan ven vé mit giai phau va 14y lai chirc ning
cua cac bo phan bi thuong. Mot vét thuong c6 thé duogc dong lai hoic dé tu chita lanh
theo co ché ty nhién trong co thé, qua trinh chita lanh xay ra thong qua mot loat cac sy
kién chong chéo va bi anh huong bai mot sé yéu té bén trong va bén ngoai [3].

1.1.2. Déi twong nghién ciru

Chitin 1a polysaccharid phd bién tha hai trong tu nhién sau cellulose. Qué trinh
deacetyl hoa mot phan chitin thuc ddy qué trinh thu duoc chitosan va su khac biét giita
chung 12 & nhom acetyl. Chitin bao gom chu yéu don vi cua N-acetyl-D-gluamine
(GIcNAC), trong khi chitosan bao gém cha yéu D-gluamine (GleN). Cac don vi co ban
hinh thanh ciu trac chitin va chitosan lién két voi nhau boi lién két B-(1->4)
glycosidic[4]. Chitosan 1a mot oligomer véi lién két p-(1->4)-linked D-glucosamine co
thé duoc diéu ché tir qua trinh deacetyl hoa va thity phéan chitin, thudng dugc tim thay
cha yéu trong bo xuong ngoai ctia dong Vat giap xac va con tring, ngoai vi khuan, gioi
nam va nam.

Nghién ciru gan day chi ra rang chitosan nhu 1a polymer sinh hoc c6 tinh twong hop
sinh hoc cao, c6 kha nang phan hay sinh hoc va khong gy doc té bao. Panh gia tinh
chat cua oligomer chitosan chu yéu dya vao khéi luong phén tir va d6 deacetyl hoa, lién
qua dén ty 1¢ gitta GIcNAc va GleN. Hau hét cac san pham chitosan trén thi truong c6
khoi lwong phan tir tir 50-2000 kDa, véi do deacetyl tir 80-90%. Dya vao khéi luong
phan tir, chitosan c6 thé duoc nhoém thanh 3 nhém chinh: khéi lugng phan tir thap (<100
kDa), khdi lwong phén tir trung binh (100—1000 kDa), va khéi lugng phan tir cao (>1000
kDa) [4]. Tuy nhién, chitosan khong tan trong nudc gidi han kha nang irng dung cia né.
Tir d6, nhiéu nghién ctru ting kha nang hoa tan trong nudc cua chitosan bang cach thay
d6i cau truc hoic tao ra cac dan xuat cua chitosan. Chitosan oligomer (COM) con duoc
goi la chitooligomer hoac chitosan oligosaccharide, dugc dinh nghia 1a chitosan c6 muc
do trung hop dudi 20 va trong lugng phan tir trung binh dudi 3900 Da (thuong 1a 0,2—
3,0 kDa).

Co ché khang khuan cua oligomer chitosan van con chua rd. Tuy nhién, nhiéu gia
thuyét rang ban chit khang khuan tuong tu chitosan, trong d6 polycation dudi pH 6,5 1a
mot yéu td quyét dinh. Dién tich duong trong chudi twong tac véi cc thanh phan tich
dién am trong mang té bao vi sinh vat, lam thay doi tinh chit rao can cia chung va do
d6 ngan can sy xam nhap cla cac chat dinh dudng hoic gdy 10 ri cac chat bén trong té
bao. Do cac dién tich duong cua no, chitosan ciing co thé twong tac voi phan am cua
mang té bao, diéu nay co thé din dén sy tai t6 chic va mé cac protein lién két chat chg,
giai thich dic tinh ting cuong tham thiu cua n6 [5]. Hai co ché chinh di duge béo cao
trong tai liéu dé giai thich cac hoat dong khang khuan va khang ndm cua chitosan. Trong
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co ché dau tién dugc dé xuét, chitosan tich dién duong c6 thé twong tac v6i cic nhom
tich dién 4m trén bé mat té bao va do d6 lam thay doi tinh thdm cua né. Diéu nay s&
ngan can cac vat liéu thiét yéu xam nhép vao té bao va din dén ro ri cac chét hoa tan co
ban ra khoi té bao. Co ché thir hai lién quan dén sy lién két cua chitosan véi DNA cua
té bao (Vﬁn thong qua cac nhom amin duoc proton hoa), diéu nay s& dan dén su e ché
qué trinh tong hop RNA cua vi sinh vat. Trén thyc té, dic tinh khang khuan caa chitosan
c6 thé 1a két qua cua su két hop cua ca hai co ché. Thach thirc chinh cta nghién ctru nay
1a danh gia duoc d6 an toan va kha nang hd trg lanh thuong ctia COS. Do thanh phan
chinh chu yéu duoc lam tir PCL, mot loai polyester thiéu cac nhom chirc ning hoat dong,
mang PCL-Ag c6 bé mit ky nuéce, khong thé twong tac voi cac thanh phan phi ua nuéc
vé mat vat 1y hodc hoa hoc. Dé khac phuc van dé nay, poloxamer 407 (POX) duoc chon
lam ‘chat keo’ dé két hop mang PCL tich hop AgNPs v&i I6p pha COS-PVP. La polyme
triblock c6 khdi ky nude trung tim cua polypropylen glycol va hai khéi wa nudc khoi
polyethylene glycol, POX c6 thé két ndi véi ca PCL va COS-PVP cung ltc va giir ching
nhu mot khoi thong nhat. Sau d6, dung dich COS-PVP duoc phu 1én 16p trung gian dé
thu duoc san pham ‘mang da 16p. V6i 16p ky nude c6 thanh phan AgNPs giup bao vé vét
thuong khoi bi nhidm khuan va céc cic nhan nhidm khuan tir bén ngoai, dong thoi 16p
trong ciing cho phép tham hut tt va sir dung COS nhu mot hop chét ty nhién lanh tinh
c6 kha nang hd tro lanh thuong nhung dong thoi ciing 1a tic nhan khang khuan giup bao
vé vét thuong khoi sy nhiém tring trong qua trinh lanh thuong. Tir d6, gia thiét giup vét
thuong lanh nhanh va giam nguy co viém nhiém duoc dit ra trong luan vin nay.

1.2. Tinh hinh nghién ctru

Nhiéu nghién cttu gan day cho thay tinh kha thi sir dung mang chitosan dé chita lanh
cac vét thuong bong. Cac vét thuong c6 kha niang lanh ty nhién, nhung c6 nhitng nguoi bi
réi loan dan dén giam kha nang ty chita lanh vét thuong, chang han nhu bénh nhan tiéu
duong co thé phat trién thanh mén tinh, vét thuong khong lanh khién benh nhan dau don
va chiu dung trong thoi gian dai [5]. Trong nhiing trudng hop nhu vay, Can c6 thoi gian
diéu tri dai, diéu nay cling s€ lam tang chi phi lién quan dén cham soc y té tién tién. Do
do, trong tam la cac chét tri liéu ty nhién c6 thé day nhanh qué trinh chira lanh vét thuong
va dong thoi co thé dé dang tiép can voi ngudi dan gitp giam chi phi diéu tri, va chitosan
dudng nhu dép ung tat ca cac diéu kién nay. Chitosan ddy nhanh qué trinh chira lanh vét
thuong bang cach kich thich cac té bao viém, dai thuc bao va nguyén bao soi, do d6 thuc
day giai doan viém. Bang cach nay, giai doan viém dién ra nhanh hon va giam nhanh, giai
doan ting sinh bat diu sém hon trong qué trinh chita lanh vét thuong®. Mang chitosan véi
oleic acid va glycerol 1% di dugc chuan bi trude d6. Cac mang chitosan nay ¢ hinh thai
pht hop va duoc st dung nghién citu in vivo véi chudt Wistar® cho thidy mang chitosan
dugc cdy ghép tuong thich sinh hoc va c¢6 kha nang hap thu sinh hoc gitp mé khoe manh.
Tir két qua khao sat nay, mang chitosan c6 thé cho phép st dung chung dé chita lanh vét
thuong [6].

Trong mot nghién ctru khiac cho thdy, két hop gitta mang polysulfone(PSF) va
chitosan cho thay ting kha nang khang khuan, trong d6 mang PSF- ching minh kha ning
khang khuan khoang 10° cells/ml trong vong 18 gio, cac co ché co thé bao gom pha v&
thanh té bao vi khuan va mang té bao, thai ra mot lugng nho cation kim loai sat, tuong tac
V6i cac muc tiéu ndi bao va lang dong trén vi khuén[?]

Co ché c6 thé giai thich cho kha ning khang khuan bao gom Viéc pha v& thanh té bao vi
khuan va mang sinh chat, cc tuong tac voi cac muyc tidu gan ngoai bé mat mang va pha
hay té bao vi khuan.
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Vi khuan thudng duoc chia 1am 2 nhom chinh: vi khuan gram 4m va vi khuan gram duong
dua theo két qua nhuém gram. Thanh té bao ctia vi khuan gram am gém Iép ngoai 1a mang
té bao va thanh peptidoglycan. Lop ngoai bao gbm 2 don 16p khong can xung. Lop bén
trong chi bao gom phospholipid, trong khi 16p ngoai bao gom phospholipid va
lipopolysaccharide. Bé mit cua vi khuin gram 4m duoc tich dién am do cac nhom
phosphate va pyrophosphates cua lipopolysaccharides ¢ 16p ngoai. Thanh té bao cua vi
khuan gram duong bao gom peptidoglycan va teichoic acids (Hinh 1). B& mat caa vi khuan
gram duong dugc tich dién am do cac nhom carboxyl va phosphate cua teichoic acids.

Lép phl COS
NH3+ NH3+  NH3+ r"lH3+ NH3+ {as NH3+
&, o Te bao vi khuan
Réiloan |Ddctinh |Bathoat ||Phahty ||Phén Gay stress
chuyén gene protein thanht€ ||manh DNA | oxy hoa
héa t€ b:‘io bao I
A
Far o
e, @ Tébao vi khuan chét

Hinh 1. Co ché khdng khudn cua COS duya vao co ché khdang khudn cua chitosan.

Khi COS duogc hoa tan trong dung dich nudce c6 tinh acid, cac nhém NH»- dugc proton
hoa thanh cation -NH3C[8]. Gia thiét phu hop nhat cho kha nang khang khuén 13 cdc nhom
polycationic (-NHsC) tu nhién vi c6 sy ¢6 mat cua g6c amine tir nhom glutamine. Tinh
chat quan trong nay gia thich cho kha nang bam vao nhing thanh phan mang dién tich Am
trén bé mat caa vi khuan. Viéc bam dinh nay cho phép kich hoat nhung thay doi trén bé
mit té bao dan dén su ro ri té bao chat dan dén su chét té bao[9], teichoic acid va
lipopolysaccharide trong vi khuan gram 4m cho phép chitosan bam vao va pha huy bé mat
té bao vi khuan, tao ra co ché diét khuan.

Perinelli va dong nghiép dit gia thiét rang chitosan bam vao DNA cta vi khuan dan
dén rc ché qua trinh phién ma cia mRNA ciing nhu 1 tuwong tac v6i bé mit té bao. Je va
Kim (2006) dé xuat mot gia thiét ring co ché khang khuan cua chitosan 1a bam 1én mang
té bao va pha huay tir d6 thay d6i chirc ning mang té bao din dén su v mang té bao[10].
Trong mot nghién ctru khao sat anh huong cua khi luong trung binh cua chitosan (90-
300 kDa) dbi véi kha nang diét khuan ciia nhom khuan _gram am trén ca nudc ngot cho
thay & nong do 0.8% (W/v) cua chitosan 1a diéu kién can va du caa cho wc ché sy phat
trlen cua areomonas hydrophila, khao sat tuong tu, cho thdy 0.4% chitosan 1a diéu kién
can dé e ché su phat trién cua flavobacterium columnare va edwardsiella ictaluri. Gia
thuyét dat ra rang sy c6 mat ciia cic nhém mang dién tich am va bé mat ky nudc cua vi
khuan 14 nguyén nhan dan dén sy twong tac ¢ ché vi khuan cua chitosan [11]. Mot nghién
ctru khac ctia Chung va cong su (2014) chi ra rang nhom khuan thé hién cac nhom mang
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dién tich Am trén bé mit s& lién két t6t hon vdi cac polycationic cia chitosan [12].

Trong s6 cac md hinh mang lanh thuong khac nhau, mang chitosan d dugc phat
trién thanh bang gac cho chan thuong va/hoic vét thuong méan tinh do déc tinh cam mau,
hoat dong khéng khuan va phan ung chdng viém [13][14].Khi vét thuong xay ra, tiéu
cau s& duoc kich hoat va tap hop lai tai vi tri. vét thuong dé cam mau nhu 1a co ché dé
chita lanh vét thuong, duoc goi 14 giai doan cam méu. O diéu kién vét thuong dlen hinh
(pH <7), mang dua trén chitosan c6 khd néng hap thu mét lugng lon dich tiét Vet thuong
va tir mang sén sét va/hoic hydrogel c6 dic tinh bam dinh manh vao mé bi tén thuong
dé cam mau[15]. Trong mot nghién ciru 1am sang, gac chitosan dd duoc sir dung lam
Chét cam mau trén 75 bénh nhan bi chan thuong[16]. Két qua cho thay thoi gian lanh
vét thuong trung binh {tuong duong vo6i thoi gian bang vét thuong thuong mai, hé tro dir
licu mé hoc in vivo vé kha ning cua chitosan trong viéc tao ra huyet khéi & bé mat vét
thuong va thuc day qua trinh dong mau thong qua kich hoat tiéu cau.

Mot nhuge diém 16n 1am han ché viéc tng dung rong rii chitosan 1a n6 khong hoa
tan trong dung dich nudc. Piéu nay 1a do céc lién két hydro ngoai phén tir tao thanh cau
tric tinh thé. Tuy nhién, n6 hoa tan trong dung dich axit & do pH khong 16n hon 6. Axit
acetic 1a axit duoc str dung phd bién nhat cho myc dich nay. Cac bién d6i hoa hoc cua
chitosan 1a lya chon thay thé dé cai thién cac dic tinh duoc tng dung trong linh virc rong
hon. Cac nhom chtrc ning quan trong nhat c6 kha nang bién doi chitosan 1a nhom amine
(-NHy). chitosan oligosaccharide duoc xem nhu 13 mot giai phap dé giit nhém amine
nhung dong thoi c¢6 kha ning hoa tan trong nudc.

Bén canh chitosan, cac hat nano bac (AgNPs) da cho thay hiéu qua trong hoat dong
khang khuan va viéc cung cdp cac hat nano ndy & dang bao ché rin st dung soi
PEO/chitosan hoa tan trong nudc gitp cai thién hon nita kha niang khang khuan. Viéc
két hop cac hat nano bac vao soi quay dién thuong 13 mot qua trinh gém hai buéc véi
viéc st dung cac hoa chat doc hai lam chat khir va dé cai thién su phan tan trong dung
dich polymer. Cac nghién ctru d ching minh quy trinh mot budc dé san xuét soi Ag-
PEO/chitosan tir chiéu xa tia cuc tim cua dung dich quay dién bac nitrat (AgNO3)[17].
Céc hat nano Ag c6 kich thudc trung binh 3.5 £ 0.6 nm dugc phén tich bang kinh hién
vi dién tir truyén qua duoc phan tan dong nhat trong sgi PEO/chitosan (dudng kinh ~
250 nm dén 350 nm) ciing nhu trén bé mat soi. PO bén kéo trung binh cua soi Ag-
PEO/chitosan dao dong tir 5.50 + 0,19 MPa dén 7.54 + 0.74 MPa, tly thudc vao nong
do AgNOs trong dung dich[18]. Ngoai ra, sy giai phong ion Ag trong 6ng nghiém cho
thay téc do giai phong nhanh vé nong do ion Ag luc 10 gid, sau d6 giai phong chdm va
cudi cung dat dén trang thai 6n dinh ¢ 72 gio. Hoat tinh khang khuan dugc thuc hién
trén S.aureus gram duong va E. coli gram 4m bang phuong phap trai dia thach. Két qua
cho thdy ving trc ché tang gap 1.9 lan va 3.4 1an tir sgi Ag-PEO/chitosan trén S. aures
va E. coli so voi soi PEO/chitosan. Nhitng soi nay duoc danh gia bang cac thir nghiém
vé doc tinh té bao bang cach sir dung té bao ndi mod chau cua lon va két qua cho thay
kha nang séng sot cua té bao 1a trén 90% sau 24 gio nudi cay. Nghién ciru nay khong
chi cung Cap quy trinh mt budc trong viéc két hop cac hat nano Ag vao soi chitosan ma
con dé xuat nhiéu loai tac nhan héa hoc va sinh hoc twong thich véi sgi PEO/chitosan.
Tir cac nghién ctru da khao sat, cho thay viéc két hop giita 2 tac nhan khang khuan COS
va AgNPs cho phép dat gia thuyét vé viéc sy két hop nay 1am ting kha ning khang
khuan, dat biét cac két qua tir lieu tham khao cho thay tiém nang trong viéc hd tro lanh
thuong.

Do kha ning ché tao mang cta chitosan kém, do khong tan trong nudc nén dung
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dich polymer pha tron caa chitosan va cac copolymer khac thudng duoc diéu ché dé san
XUt Soi chitosan gay mat thoi gian va qué trinh phac tap. Viéc lya chon loai chitosan
dong vai tro chinh trong viéc xac dinh cac dic tinh cua soi do ty I¢ pha tron thé tich cua
polymer va do do, c6 thé lam giam kha nang tuong thich sinh hoc (doc hai) va do on
dinh (phan hay sinh hoc) cua soi. Pé khac phuc van dé nay, mot dan xuat ua nuéc cua
chitosan, oligomer chitosan (COS) da duoc st dung dé cai thién kha ning tron 1an véi
copolyme (tuc la PVP), 1a mot polymer hoa tan trong nude c6 déc tinh tao mang. Trong
luan van ndy, nghién ctru giai phong in vitro tir soi phu COS-PVP. Cac thu nghiém vé
kha ndng song sot in vitro str dung té bao 1929 va déanh gia trén mo hinh chudt in vivo
Vvé ty Ié dong vét thuong cho thay dién tich vét thuong . Cong trinh nay dé xuat sy két
hop ctia nano bac (AgNPs) va déi tuong khao sat dua trén dong vi khuan S.aureus.

Str dung phuong phap phun kéo so¢i dién treong la mot phuong phap don gian, linh
hoat dé san xuat soi c6 dudng kinh tir vai micromet dén nanomet [19]. Nguyén Iy cta
phuong phap phun kéo soi dién trudng la str dung dién treong manh (vi du: 1 ~4kV/em)
dé hut cac soi ran tir dung dich polymer. Trudc khi ché tao, dung dich polymer dugc
chuan bi véi cac dic tinh dung dich thich hop (vi du: d6 nhét, 46 dan dién, stic cing bé
mit va d6 bay hoi cua dung méi). Trong qua trinh ché tao, dién trudng tng dung can
phai vuot qua strc cang bé mat cua dung dich polymer (hinh nén Taylor), noi tao ra cac
chudi soi min va theo sau 1a su bay hoi dung méi trudge khi ha xuong bo thu soi. San
pham thu dugc 12 mot tim tham soi min va day dic, ¢ dang cau trac soi khong dét hoic
duoc can chinh twong (g bang cach sir dung bo thu soi ¢ dinh. Nhiéu ngudi da xem
xét anh huong cua cac thong sd quay dién 1én cau trac soi thu dugc véi muc dich téi wu
hoa cac diéu kién quay dién [20][21].

CHUONG 2: POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. HOA CHAT

Poly (e-caprolactone) (PCL, Mn 80,000), poloxamer 407, va dimethyl sulfoxide
(DMSO), poly (N-vinyl pyrrolidone) (PVP) dugc mua tir Sigma-Aldrich Co. Ltd.,
Dorset Gillingham, UK. Silver nitrate (AgNO3, > 99%), acetone (AC, CH3COCH3,
99.5%), hydrogen peroxide (H,O,) 30% (v/v), va ethanol (C,HsOH) dugc mua boi
Xilong Chemical Co., Ltd. (China). Low vicosity chitosan véi khéi lugng phan tir
khoang 270 kDa dugc mua tr Vietham Food JSC, Vietnam. Mueller Hinton Broth
(M391-500G) duoc mua tur Hi-Media (India). The pathogen, such as Staphylococcus
aureus (S. aureus, ATCC 25913) duoc cung cap boi the Marine Laboratory,
International University-HCM Vietnam National University (Vietnam). Mouse
fibroblast 1929 cell line dugc rd dong va nudi cdy trong dulbecco’s modified eagle
media (DMEM, Gibco, USA) b sung 10% fetal bovine serum (Gibco, USA) va 1%
penicillin-streptomycin (Gibco, USA). Tat ca cac hoa chat déu dat tiéu chuan phan tich
va duoc sir dung tryc tiép ma khong can tinh ché thém.

2.2. CHE TAO VA PANH GIA TiNH CHAT OLIGOMER CHITOSAN

2.2.1.  Ché tao Oligomer Chitosan

Phuong phap chuan bi dugc mo phong va thay d6i dwa theo phuong ctia Vinh va
cong su [22], [23]. Bot chitosan dugc pha ¢ ba nong dd (1%, 3%, 5% va 7%) voi 6%
H202 & 30°C trong 10 phat. Hon hop (HH) sau dé dugc dit vao 10 vi song & mac 400W
trong vong 3 phut, sau d6 dé ha nhiét & nhiét do phong. Ethanol 99% sau d6 dugc thém
vao HH véi ty 1€ 3:1 (ethanol: HH). May c6 quay chan khong Buchi Rotavapor R-300
loai bo dung méi thira thu duoc cin tua. Phan can taa thu duge, duoc loai b nude bang
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may dong khé (LABCONCO) thu duoc oligomer chitosan dang bot.
2.2.2. P dé acetyl ciia oligomer chitosan
Phé 1H-NMR cua dugc do bang cach st dung 1H-NMR ¢ trang thai 1ong (400 MHz,
8 tinh bang ppm, Bruker Avance-400 MHz FT-NMR (Bruker Corp, Billerica, MA,
USA). Cac mau chitosan da duoc hoa tan trong DMSO/DCI2 va dugc loc trude khi do
NMR. Sau d6, do deacetyl hoa cia duogc tinh toan dua trén phuong trinh sau:
34,
DD (%) = -1 X100

gAl

trong d6 A1 la gié tri tich phan proton ctia céac vi tri C2—C6 trén vong duong, 1a dién tich
trung binh do duoc trong khoang 6 3—6 ppm, va A> la gia tri tich phan proton cua ba
proton N-acetyl cia N-acetyl glutamide & khoang & 2 ppm.

2.1.1.  Khéi liong phén tir (GPC)

Khdi lwong phan tir ctia oligomer chitosan va chitosan dugc do bang Gel Permeation
Chromatography (GPC) (Shimadzu/LC-10ADvp, Kyoto, Japan) véi refractive index
detector RID-10A. Hé théng st dung nuée 1am pha dong. Tat ca cac mau déu hoa tan ¢
1,5 mg/mL trong 0,3 M acetic acid va 0,2 M sodium acetate, mau sau d6 duogc loc truéc
khi do GPC véi téc do6 dong 0,8 mL/ phut & 40°C véi thé tich mau 1a 20 uL. Chuan
EasiVial PEO/PEG véi khdi lugng phan tir tir 1,42 dén 1220 kDa da duoc sur dung dé
hiéu chuan OHpak SB-804 HQ columns (dimension 8 mm x 300 mm).

2.1.2.  Khdo sdt khd ning khdang khudn cia Oligomer Chitosan

Trong thi nghiém khao sat tinh khang khuan, phuong phép khuéch tan thach dugc
ap dung dé xac dinh kha nang khang khuan 1én dong vi khuan c6 kha niang gay nhiém
trung trén da S. aureus. Cac buadc thyc nghi¢m nhu sau:

Budc 1: Chuan bi:

- Chuan bi mau: Mau déi ching (khang sinh penicillin-streptomycin ) va miu can
Kiém tra (1%, 3% va 5%, 7%).

- Chuan bi vi khuan :

Dong vi khuan trit déng gdm S. aureus duoc dua vao ti u 37 °C khoang 2 phut, sau d6
lap tic cho vao 20 ml dung dich Mueller Hinton va u ¢ 37 °C trong vong 24 gio. Sau
d6, dung dich nay dugc ciy 1én dia thach Mueller Hinton va 1 37 °C trong vong 24 gid
dé cho vi khuan moc thanh tirng cum khuan lac va duoc trit trong ta mat 4 °C t6i da 1
thang. Tiép theo, ldy 1 cum khuan lac trén dia thach cho vao 6ng nghiém c6 chaa 20 ml
moéi truong Miller Hinton 1 37 °C. Sau 24 gid, dung dich ¢6 vi khuan phat trién s& duoc
pha loang xudng nong do6 twong duong 108 CFU/ml (Theo tiéu chuan Mc Farland, do
duc cia dung dich vi khuan & budce song 625 nm trong khoang 0,08-0,1 &ng vai nong
do 108 CFU/m).

Budéc 2: Thuc nghiém:

- Trai dung dich vi khuan 1én bé mat dia thach: 150 pl dung dich vi khuan (108
CFU/ml) trai 1én dia thach Mueller Hinton Dé kho cac mat cua dia thach trude khi dat
mau gidy loc tham & cac ndng d6 (1%, 3%, 5%, va 7%).

- Bt cac mau duoc chuan bi sin 16n dia thach (3 mau duoc dit 16n 1 dia thach) va o

37 °C trong vong 24 gio.

Budc 3: Thu va phan tich dir liéu:

- Sau 24 gid, cac dia thach duoc lay ra khoi ti @ va tién hanh do kich thuéc vong
khang khuén (dung thudc do tir mit sau caa dia va khong dugc mé nap) cia cac chang
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vi khuan,
- Chup lai cac hinh bang may Canon EOS75.

- Anh vong khang khuan s& duoc Xt Iy bang phan mém ImageJ dé phan tich va tinh

toan kich thudc vong khang khuan.

Budc 4: Lap lai thi nghiém va thng ké dit liéu, cac thi nghiém duoc lap lai 3 lan.

2.2. CHE TAO MANG PCL-Ag-COS (PAC)
2.2.1. Quy trinh ché tao mang

il

~Lo

—0[~ \.---.( micrey
Chitosan

el O
H Qs T
.0 ;
e, 3 mins 3 R
Wi NHEERCH, HEY !

Oligomer Chitosan (C0S)

li
i

SO\

AgNPs: Silver Nanoparticle
PCL: Polycaprolactone
POX: Poloxamer

Hinh 2. M6 ta quy trinh ché tao mang ba I6p PAC.

Bang 1. MG ta thanh phan va gidi thich ki hiéu sir dung trong qud trinh ché tao.

Thanh phan

Mo ta Ki hiéu
PCL Ag POX

PVP-COS

Mang PCL chtra
PCL-Ag-y 0,02%
(w/w)

PA X

L6p mang chi co

PCL-POX PP

Mang 2 16p véi
|6p trén 1a PA,
l6p dudi 1a PCL-
POX

PAP

Mang 3 16p véi 2
|6p mang PA-
PAP, sau do
duoc phu lop
PVP-COS bé mit

PAC
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Mang 3 lop PAC
phu COS khao
sat sau 12 tiéng

Mang 3 lop PAC
phu COS khao
sat sau 18 tiéng

Mang 3 lop PAC
phu COS khao
sat sau 24 tiéng

PACS5-1 X X X

PACS5-2 X X X X

PAC5-3 X X X X

Mang PA va PP duoc ché tao bang phuong phap phun kéo soi dién truong, cac budc
chuan bj nhu sau dugc mé ta & Hinh 3: 45 mL dung dich AgNPs-PCL dugc phun déng
thoi bang ba 6ng tiém nam ngang & dién ap 15 kV va téc do dong 2,5 mL/h vao xi lanh
quay & khoang cach 10 cm. Cac thong sb quay dién ti wu da duoc xac dinh trude dé
dap ng tiéu chi soi dong nhat, khong hat va hiéu suat thu gom cao nhat. Sau d6, 45 mL
dung dich PCL-POX tiép tuc duoc str dung cho 16p mang thir 2 ¢ cung diéu kién ché
tao.
2.2.2.Chudn bj mang PCL-Ag (PA)

Chuan bi dung dich Ag 10% (w/v): duoc pha tir mubi bac nitrate trong dung méi
dimethyl sulfoxide (DMSO) theo cac budc nhu sau:
+ Bude 1: Hoa tan 1g mubi AgNOs hoan toan trong 10 ml dung dich DMSO.
+ Budc 2: Khudy tir hdn hop & nhiét do 40 °C trong 2 tiéng dé thu duoc dung dich dong
nhat trong sudt.
+ Budc 3: Dung dich duge day chit va boc kin bang gidy thiéc dé tranh sy bay hoi cua
dung moi cing nhu tac dong cua anh sang.
Chuan bi dung dich PCL-Ag-gamma (y) 0,02% (Wiv):
Budc 1: 2 L dung dich 12% PCL duoc chuan bi biang cach hoa tan hoan toan 240 g PCL
trong 2 L dung mdi acetone (AC) va khudy tir & nhiét do 50 °C dén khi tan hoan toan.
Dung dich 12% PCL-AC s& duoc chia ra 2 phan bang nhau vé thé tich (1000 ml).
Budc 2: Céc thé tich dung dich Ag 10% (w/w) s€ dugc thém vao ting phan dung dich
12%PCL-AC dé thu dugc nong do tuong tng (Bang 2).
Bdang 2. Théng sé chudn bj va liéu chiéu Xa cdc dung dich.

Thé tich dung The tl(.:h dung A £
dich Ag 10% dich Liéu chiéu xa

! 12%PCL-AC (KGy)

(ml)
(ml)
- - 0
PCL-Ag-y 0,02% 5.00 995,00 25.00
(wiw)

+ Budce 3: Dung dich PCL-Ag-y 0,02% (w/w) (PA) dugc bao quan trong cac lo thuy
tinh day chit va boc trong mang nhom dé tranh sy bay hoi ciia dung moéi cling nhu tranh
bi anh sang khur cac ion bac.
2.2.3. Chudn bj mang PCL-Ag-POX(PAP)
Dung dich PCL-POX (PP) thu duoc bang cach hoa tan bot polixamer 407 (POX)
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trong dung dich PCL 12% (w/v) (¢ ty 16 POX: PCL 1a 1:12 (w/w)). Tiép theo, 15 mL
PCL-POX duoc quay dién tao I6p 2 trén mang PCL-Ag 0,02% (w/w) véi cac thong sb
tuong tu.
2.2.4. Phaché dung dich COS-PVP
Dung dich duoc chuan bi theo phuong phap da dugc mé ta. Dau tién, bot COS 5%
duoc ngam hoan toan nudc cat. Dung dich chaa 6% (w/v) polyvinylpyrrolidone (PVP)
thu duoc bang cach hoa tan 36 g PVP trong 600 ml trong dung dich COS ¢ nhiét do
phong trong 30 phtt. PVP duoc thém vao dung dich dugc dé ting tinh thim cua trén bé
mat mang.
2.2.5. Lop phua COS/ PVP trén mang PAP
Dau tién, mang PAP dugc chuan bi ¢ dang miéng vudng c6 kich thudc 10 x 10 cm2.
Sau d6, dung dich COS-PVP duoc trai déu trén khay dung dung dich kich thuéc 1,2 x
1,2 m?. Cung luc 12 mang PAP dugc nhing vao va khao sat & cac khoang thoi gian khac
nhau (6 tiéng, 12 tiéng, 18 tiéng va 24 tiéng). Sau d6, mang dugc dit vao ti sdy ¢ 50 °C
cho dén khi mang kho hoan toan trude khi thém mot 16p dung dich phu khac. Quaé trinh
nhing mang vao duogc lap lai lién tuc cho dén khi dung dich phu déu bé mat. S6 lwong
nhung s& duoc khao sat bang phuong phap chup kinh hién vi dién tir quét (SEM). Cudi
cung, mang dugc khir tring bang ethylene oxide (EO) va duoc bao quan trong ti kin
t6i mau & nhiét do phong cho céc thi nghiém sau nay.
2.3. DANH GIA TINH CHAT MANG PAC
2.3.1. Khdo sdt va ddnh gid hinh thdi bé mdt san phdam mang bang thiét bi SEM
Cac mang PA, PAP va PAG (1 x 1 cm?) duoc phu vang (JEOL Smart Coater, Nhat
Ban) trong 60 gidy trudc khi quan sat hinh thai bé mat. Sau d6, may SEM (JSM-1T100,
JEOL, Japan) véi dién ap gia toc 10 kV duoc st dung dé danh gia bé mat cia mang.
Puong kinh soi va kich thudc 16 cia mang duge phan tich bang phan mém Imaged (NIH,
Hoa Ky). TEM duogc ap dung dé chup anh AgNPs duoc tich hop véi soi PCL va duong
kinh cia AgNPs dugc tinh bang Imagel.
2.3.2. Ddnh gid tinh chét héa hoc ciia mang PAC
Céu triic héa hoc cuia mang duoc thé hién qua phd hong ngoai bién doi Fourier (FT-
IR, Spectrum GX, PerkinElmer Inc., Hoa Ky) s6 song 4000 — 400 cm™,
Cac mang duoc kiém tra su hién dién cua pha tinh thé Ag trén mang bang phuong phap
nhiéu xa tia X (XRD, D8 Advance, Brucker) & btc xa Cu K, buéc nhay 0,02 do, thoi
glan 0,5 giy tai Trung tim Nghién ctru Vat lidu Cau triic Nano va Phén ti.
Biéu d6 phan b kich thude duoc vé tir dit liéu 1y dugc de danh gia tinh dong nhat cua
AgNPs tong hop. EDS duoc sir dung dé do ty 16 nguyén t6 Ag trén bé mit mang.
Phuong phép do phé hap thyu phan tir UV-Vis dugc ap dung dé danh gia so bo sy tao
thanh cta nano Ag ciing nhu sy dong déu vé phuong dién kich thudc caa ching.
2.3.3. Khdo sdt va danh gid tinh ky va wa nwoc Ciia mang PAC
Khoang 10 uL nudc cat dugc nho 1én bé mat mang PA, PAP va PAC5-3 bang
micropipette. Sy thay doi hinh dang giot nudc trong thoi gian thir nghiém duoc ghi lai
bai bo goc tiép xtic bao gdm may anh DSLR (Canon) va hé théng bé d&. Goc tiép xuc
cta hinh anh duoc ghi lai dugc phan tich bang phan mém ImageJ (NIH, Hoa Ky).
2.3.4. Khdo sdt va ddnh gid tinh chit co ly ciia mang PAC
Mau mang PA va PAP va PAC5-3 duoc cit thanh cac hinh chit nhat véi kich
thuéc 3 cm x 1 cm. Sir dung SEM do d6 day cua cac mang. Cac mau sau d6 duoc mang
di do d6 bén kéo dut, do bién dang dut va 1ap gian do ung suat kéo gian (TA.XTplus,
Stable Micro System, UK). Thi nghiém duoc lap lai 5 1an cho mdi mau.
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2.3.5. Khdo sdt va ddnh gid khd ning hdp thu nwéc va thodt hoi nwéc (MVTR)
ciia mang PAC
Thu nghiém dugc thuc hién thu cong dua trén tiéu chuan thir nghiém BS EN
13726— 1:2002[24].
Kha niang hip thy nuwdc cia mang duoc tién hanh theo chuan BS EN 13726-1:2002.
+ Budgc 1: Chuan bi dung dich thir: Dung dich thtr chtra 142 mmol ion Na va 2,5 mmol
ion Ca dué6i dang muébi clorua. Dung dich nay c6 thanh phan ion gidng véi dich co thé
ngudi hoac dich tir vét thuong. Cu thé, hoa tan 8,298 g mudi NaCl va 0,368 g mudi
CaCl2.2H20 vao 1 lit nuéc.
+ Budce 2: Dat cac mang PA, PAP va PACS-3 kich thuéce 5 cm x 5 cm trong dia Petri.
+ Buégc 3: Cho mét luong nudc 4m 37° C tuong wng 40 1an khdi lwong mau vao dia Petri.
+ Budc 4: it dia petri vao tu t 4m & 37 °C va giit trong 30 phut.
+ Budc 5: Dung nhip kep chat 1 goc mang va 1ac manh ngap trong dung dich trong 30
gidy rdi can khdi lwong cua mang.
+ Budéc 6: Két qua tinh toan dwa vao khoi lugng nudc hap thy trén 100 cm? hoac khéi
lurong cua mang. Lap lai thi nghiém véi sb lugng mang téng cong la 10 1an cho 1 mau.
Kha niang hap thu nudc cia cac miu duge tinh theo phuong trinh sau:

We-W;
Wi

Kha ndng hip thu (%) = X 100 (g/100 cm?)

Trong d6 Wi 1a khdi lugng ban dau cua mang and Wk 1a khdi lwgng mau sau khi hap thu
dung ich tiét nhan tao. Thi nghiém duoc lap lai 3 lan.

Téc do thoat hoi nudec (MVTR) qua mang duoc tién hanh kiém tra theo chuan BS
EN 13726-2:2002 [24], tién hanh nhu sau:
+ Budc 1: Cho nuéc cat (40 ml) & nhiét d6 phong vao mot binh chira va phti mang
kich thudc 10 cm? kin miéng binh sao cho mang cach mit nuéc 5 mm, dam bao khong
bi ho khi & mép tiép xtc giita mang va miéng binh chira va mang khong bi cang hoic
chung.
+ Budc 2: Can khdi lugng hé do gom binh chira, mang va nudc (W1, g)
+ Budc 3: Dat hé do vao ti 4m 37 °C
+ Budc 4: Sau 18 dén 24 gio (T), can lai khdi lugng caa hé do (W2, g)
+ Budc 5: Toc do thoat hoi nudc qua mang duge tinh theo cong thic sau:

MVTR= (W1 - W2) x 1000 x 24/T (g/m?/24 gio)

+ Budc 6: Lap lai thi nghiém véi s6 lugng mang tong cong 1a 5 1an cho 1 mAau.
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2.1.1. Khdo sdt va dinh gid toc d¢ phong thich nano Ag ciia mang theo thoi
gian
Céac mau hinh vudng 1x1 cm? ciia mang PA, PAP va PAC5-3 duoc chuan bi va
dit 1én bé mat dung dich PBS (20 mL, pH = 5,5), véi I6p nén PA hudng 1én trén. Sau
d6, cac lo chira mau dugc i & 37 °C. Cac phan dich chiét duoc lay sau 1, 3, 6, 12 va 24
gio trong khi mét lwong dung dich dém méi twong duwong duoc thém vao hé thong dé
duy tri thé tich khong ddi. Nong d6 bac trong cac mau chat long duoc phén tich bang
ICP-MS, NexION 2000, Perkin Elmer, USA.
2.1.2. Khdo sdt va dinh gid téc d¢ phong thich ciia COS
Thi nghiém ndng d6 phéng thich duoc tién hanh bang cach ngdm mang PAC5-3 (6 x 6
cm?) trong 20 mL dung dich mudi dém photphat (PBS) 0,1 M pH = 5,5 u ¢ 37 °C. Tai
cac thoi diém nhat dinh, moi trudng dugc rat ra va do d6 hap thu huynh quang & budc
song kich thich 420 nm va budc song phat xa 460 nm bang cach str dung dau doc vi ban
(Varioskan™, ThermoScientific, USA) véi PBS 1am mau ddi chiéu. Nong do phong
thich ctia COS da duoc tinh toan va thé hién bang do thi.
2.1.3. Khdo sdt va dinh gid khd néing khdng khudan ciia mang PAC
Phuong phap AATCC 100 (Antimicrobial Fabric Test) [25]: 1a phuong phap xet
nghiém khang khuan dinh luong duoc sir dung dé phat hién hoat tinh @c ché vi khuan
trén vat li¢u mang.
Cac budc thuc nghiém nhu sau:
- Budc 1: Chuan bi
Chuan bj mau: Mau déi chimng (mang PCL) va mau can kiém tra (mang PA)
duoc cat thanh cac hinh tron c6 duong kinh 4,8 cm.
Chuan bi vi khuan:
Dong vi khuan trit ddng gdm S. aureus duoc dua vao ti i 37 °C khoang 2 phut, sau
do6 cho vao 20 mL dung dich Mueller Hinton, G ¢ 37 °C trong vong 24 gid, sau do 150
uL huyén phu vi khuan cay 1én dia thach va u 37 °C trong vong 24 gio dé cho vi khuan
moc thanh tirng cum khuan lac, que cdy lay 1 khuan lac trén dia thach cho vao 20 mL
moi truong long, u 37 °C. Sau 24 gid, dung dich c6 vi khuan phat trién s& duoc pha
lodng xuéng nong do twong dwong 108 CFU/mI.
- Budc 2: Thuc nghiém
Vi khuan dugc pha lodng xudng mat d6 105 CFU/ml va dem u trong tu 37 °C trong
2 gio trude khi thi nghiém, 1 mL dung dich vi khuan duoc thém vao 2 binh tam giac c6
chira mau PA va 1 binh tam giac c6 chira mau d6i chimg PCL. Sau d6 dugc chuyén sang
moi trudng nudi cay vi khuan vo trung,  trong may 1ic ¢ nhiét &6 phong trong 24 gio.
Sau khi 1, l1ay 100 pL dung dich mAu trai trén agar, G 37 °C trong vong 24 gid, dém s6
lwgng khuan lac trong dia nuéi cay tir dich chiét chira mau doi chimg PCL (A) va mau
PA (B).
- Budc 3: Thu va phan tich dir liéu
R% =2

Trong do6:
R%: Hiéu suat khang khuan cia mang
A: S khuan lac trong dia nudi cdy tur dich chiét tir mau control (PCL)
B: S6 khuan lac trong dia nudi cay tir dich chiét tir mau PA
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Céc thi nghiém lap lai 3 1an, di liéu duoc dugc trinh bay dang hinh anh va hiéu suat
khang khuan.

Kha ning khang khuan ciia PAC5 duoc ché tao da dugce danh gia bang cach sir dung
thir nghiém uc ché ving vai khang khuan (AATCC 147) kiém tra trén ching S. aureus
[26].

Trudce cac thi nghiém, cum khuén cua tirng chung duoc Iay tir dia thach goc dat vao
dng 5 mL MHB va nudi cdy & 37 °C trong 24 gid. Sau d6, huyén phu vi khuan cua ting
chung duoc chuan bj bang ky thuat pha loang dat mat d6 quang & budc séng 620 nm
0OD620 = 0,08-0,1 (bang 0,5 chuan McFarland, xap xi 1-2x108 CFU/mL).

Do nhay caa vi sinh vat cua tirng mau di véi chang vi khuan cu thé da duoc nghién ctu
tach biét trén dia petri Mueller-Hinton agar (MHA). Tém lai, 150 uL huyén phui vi khuan
da pha lodng duoc dua vao va trai déu trén bé mat MHA. Sau do, cdc mang hinh vudng
1x1 cm? ctia mdi mau dugc dat trén dia MHA va 1 trong 24 gio. Ving wc ché vi khuan
xung quanh cac mau duogc do.
2.1.4. Khdo sdt va dinh gid déc tinh té bao ciia mang
Poc tinh gy doc té bao cua dich chiét tir mang PA, PAP va PAC duoc danh gi trén
cac té bao 1929 bang xét nghiém Resazurin tun thu cac huéng dan caa 1SO 10993[27].
Pau tién, cac té bao dugc nudi voi mat do 1x10° té bao/mL va nudi cdy trong 24 gid.
Tiép theo, cac dich chiét duoc chuan bi bang cach ngdm cac mau c6 kich thudc 6 cm?
trén 1 mL moi truong va u trong 24 gid ¢ 37 °C. Chiét xuat 100% va d6 pha lodng 50%
ctia n6 duoc thém vao cic giéng nhan té bao va nudi cy trong 24 gio. Sau do, cac dung
dich chiét dugc loai bo va méi truong nudi cdy cd Resazurin (0,02 mg/mL) dugc thém
vao ting giéng va 1 thém 4 gid. Su phat huynh quang cua cac dung dich dugc kich thich
& budc séng 530 nm va tin hiéu phat ra duoc do & budce song 590 nm bang dau doc vi
ban (VarioskanTM, Thermo Scientific, USA). Tin hiéu cta cac té bao chua duoc xu ly
dugc nudi cdy trong moi trudng nudi cdy 100% duoc coi 13 kha ning sdng 100%.
2.2. KHAO SAT PO AN TOAN VA KHA NANG HO TRQ LANH THUONG
2.2.1. Theo doi va dinh gid tic dung diéu tri ciia mang PAC quy mé phong thi
nghiém

Mo hinh bong trén thé dugc thuc hién dua theo cac tai liéu tham khao sau [28].
- Dung dich vi khuan dugc chuan bj bang cach cay vi khuan vao dung dich Mueller
Hinton va nudi trong ti & & 37 °C. Mat do vi khuan trong dung dich dugc xac dinh bang
phuong phap do mat d quang hoc (OD) ¢ budce song 620 nm. Sau d6 dung dich s& dugc
pha lodng nhiéu lan, mat d6 vi khuan trong dung dich dat khoang 108 CFU/mL. Dong vi
khuan duoc sir dung dé danh gia 1a Staphylococcus aureus (khuan tu cau vang).
- Quy trinh tao bong duoc tién hanh nhu dd mo ta. Sau khi hoan thanh cong viéc tao
bong, 100 pL dung dich vi khuan s& duoc cho vao vét thuong. Sau do cac vét thuong s&
duogc bang lai bang gac thuong. Tho sé duoc quan sat cac dau hiéu bén ngoai:
Dién bién toan than: Tinh trang an udng, phan va nuéc tiéu, trong lwong va tinh trang
nhi€m doc, nhiém khuan, sot.
Dién bién tai chd: Hinh anh, kich thudc va nhiing thay dbi cua vét thuong dugc chup
bang may anh mdi 0, 7, 15, 21, 30 ngay cho dén khi lay mau.
Tinh trang dich xuat tiét, dich mu vét thuong.
- Theo ddi tho trong 28 ngay

2.2.2. Pdnh gid khd nang hé tro lanh thuwong mang PAC
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- Sau 28 ngay, mau da tai ving vét thuong dugc thu hoach dé tién hanh danh gia kha
nang bao vé chdng nhidm khuan va chira lanh vét thuong.
- M6 sau khi thu hoach dugc bao quan trong dung dich formaldehyde 10%. Sau d6 mo
dugc duc khoéi parafin va duoc cit thanh timg lat mong dé nhuom bang H&E
(Hematoxylin va Eosin), va MT (Masson Trichrome). Phuong phap nhuom gitip danh
gid muc do tai tao mé mai, qua trinh hinh thanh collagen, sy nhiém tring (néu co).

2.3. PHAN TiCH THONG KE

Dit liéu dwoc biéu thi duéi dang trung binh + do léch chuan (SD). Phan tich thong ké
dit liéu thu duoc dugc thuc hién bang phan tich ANOVA. Khi p <0,05, két qua duoc coi
13 c6 ¥ nghia théng ké. Tt ca cac thir nghiém dwoc l3p lai ba lan .

CHUONG 3: KET QUA VA THAO LUAN

3.1. DANH GIA TiNH CHAT CUA OLIGOMER CHITOSAN

3.1.1. D¢ dé acetyl (DA) cuia oligomer chitosan

Pé danh gia chinh xac tinh chat cia oligomer chitosan, do dé acetyl 1a mot trong
nhitng tinh chat diu tién can danh gid. Mirc do dé acetyl anh hudng dén céc tinh chat vat
1y, sinh hoc va hoa hoc cia COS tong hop duoc. Mic do dé acetyl xac dinh cac nhom
amino ty do tiép xuc do loai bo cac nhom acetyl khoi chudi phan tir chitin [29].
Phé 1H-NMR cta cac mau duoc thé hién trong Hinh 3 va cac gia tri DA tinh toan duoc
liét ké trong cong thirc bén dudi. Tin hi¢u cua proton H-1a cua cac don vi GIcNAc khong
1d rang do cac don vi nay co6 DA thap, Su xuat hién tin hiéu caa proton H-1a cia cac don
vi GIcNAC (Ac) & khoang 5,13 ppm.. Tuy nhién, mot s6 khac biét da duoc quan sat thay.
Tin hiéu caa proton H-1a cia don vi GIcN(D), proton H-1 cia cac gbc bén trong va
proton H-2 ciia don vi GleN (D) da dugc chuyén sang trudng cao.

Do d6, két luan rang su dich chuyén trudng cao cua céac tin hiéu nay trong pho cd

lién quan dén sy gia ting DA c6 thé do sy tach H khoi cdc nhoém amino ctia don vi GIcN,
dan dén su khir amine.

Hinh 3. Két quad H-NMR cuia COS.
Cong thtrc tinh d¢ deacetyl hoa cua COS:
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1

342
DD (%) = -1 X100 = 89%
gAl

trong d6 A1 la gié tri tich phan proton ctia cac vi tri C2—C6 trén vong duong, 1a dién tich
trung binh do dugc trong khoang 6 3—-6 ppm, va A, 1a gia tri tich phan proton cua ba
proton N-acetyl caa N-acetyl gluamine & khoang & 2 ppm.

Mt d6 dé acetyl 70-85% 1a mirc do dé acetyl trung binh cua chitosan, c6 thé hoa tan
mét phan trong nudc. Cubi cuing, 85-95% 1a mirc d dé acetyl cao cua chitosan, c6 kha
nang hoa tan t6t trong nude, va 95-100% duoc goi 1a mic do dé acetyl cuC cao cua
chitosan, rat kho dat duoc [30]. Dua trén két qua thu duoc, nghién ctru ché tao thanh cong
COS véi d6 dé acetyl (DA) dat 89%, COS c6 kha niang hoa tan tdt trong nudc.

3.1.2.  Khéi lwong phén tir
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Hinh 4. Duong chudn PEO/PEG va két qua GPC tir mau COS.

Khdi lugng phén tir COS duoc xac dinh dua vao dudng chuan PEO/PEG (Hinh
4); duong chuan PEO/PEG dugc dung dua trén 3 mau chuan (xanh, vang, do),
duong chuan duoc dung dua trén 12 diém xay dyng dua trén 3 mau chuan c6 dang:

y = 2887,48 + 6,77 x 0,19%

Trong dé: y 1a khdi lwong phan tir (Da) dugc tinh toan dya va thoi gian luu x (phut).

Tt cong thire ta tinh dugc khoi lugng phan tir cia COS. Fernandes va dong
nghiép béo cao rang voi khéi lwong phan tir <5 kDa cho thay két qua khang khuan
t6t hon so véi c6 khéi luong phén tir Ion [18]. Két qua cua Fernandes cho két qua
tuong dong voi Kulikov va dong nghiép, két qua nay cho thay vé6i khoi lugng phén
tir 2,89 kDa, nam trong khoang khéi lwong phan tir cho két qua khang khuan tot.

3.1.3. Khdo sdt nong dp khing khuan ciia COS
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Hinh 5. Két qua khdo sdt nong dé khang khuan cua COS bang phwong phdp dia thach
(4) va dwong kinh trung binh ciia vong khdng khudn (B) véi 1-PCL, 2-COS 1%, 3-
COS 3%, 4-COS 5%, 5-COS 7%, 6-Penicillin Streptomicycin.

Tir két qua khao sat ¢ Hinh 5, phuong phap khuyéch tan dia thach, c6 thé thay
nong do6 COS & ndng d6 1% va 3% khong du kha ning tao vong khang. Bong thoi, ¢
nong do 7%, kha ning khang ctia COS khong cho thiy su khac biét gitra khi so sanh
duong kinh khang khuan véi mau COS & ndng do 5%. Tir két qua khao sat nay, ndong
d6 COS 5% duoc chon lam dung dich nhiing cho qua trinh phil méang tiép theo.

3.2. PANH GIA TINH CHAT MANG PAC

3.2.1. Hinh thdi ciia mang

Mang PCL duoc sir dung nhu mang d6i chimg dé khao sat bé mat va duong kinh

soi so voi mang PCL-Ag 0,02% (PA), mang PCL-Ag-POX (POX) va 3 mang dugc
phi COS ¢ 3 mdc thoi gian 12 gio, 18 gio va 24 gio ung véi PCL-Ag-COS 5-1
(PAC5-1), PCL-Ag-COS 5-2 (PAC5-2) va PCL-Ag-COS 5-3 (PAC5-3);
Hinh SEM (Hinh 6) cho thay hinh thai bé mét cua PCL(A), PA (B), PAP (C), PACS5-
1 (D), PAC5-2 (E), PAC5-3 (F). Tat ca cac mau déu cho thay cac soi khong co6 hat,
min va khong thing hang véi d6 ddng nhat twong ddi cao vé duong kinh soi. Hinh B
cho thdy bai vi nano bac di duoc tich hop vao soi PCL, nén dudng kinh soi nho hon
do d6 dan dién tir cac hat nano bac nhung khong c6 thay doi rd rang nio vé cau tric
bé mit mang so sanh véi mang PCL.

Puong kinh sgi cia PCL (Hinh 6-A) c6 kich thudc tir 3-10 um, vdi duong kinh
trung binh 1a 5,38 + 1,87 um; Nhin chung, kich thuéc duong kinh s¢1i trung binh giam
dan khi nano bac (AgNPs) duoc tich hop; viéc tich hop nano bac trong soi PCL gitip
tang mat do dién tich ctia dung dich. Thém vao do, su c6 mat cia AgNPs trong dung
dich PCL lam x4o tron sy sap xép cua chudi polymer va do d6 1am giam do nhét cua
dung dich. Tir d6, dung dich PCL/AgNPs c6 do nhét thap hon va do dan dién tét hon
khi so sanh véi dung dich PCL[31] két qua 1a dudng kinh sgi nho hon do sy gidn nd
cua tia polyme dién tang Ién trong qua trinh quay dién. Hién tuong nay dugc xem nhu
1a hién twong pho bién cua dung dich polymer , khi ma dung dich c6 d6 nhét thap va
d6 dan dién cao s& dan dén dudng kinh soi nho hon [32]. O 16p thir 2, bé mit mang
PCL-POX (PP) tao thanh mang 2 16p PCL-Ag-POX (PAP) cho thiy trung binh duong
kinh sgi 16n hon so voi mang PA, tuy nhién viéc két hop POX ting do nhét cua dung
dich [33].
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Hinh 6. Anh vi mé SEM Bé mdt Ciia cdc nhém mang (4) PCL; (B) PA; (C) PAP; (D)
PAC5-1; (E) PAC5-2 va (F) PAC5-3.

Soi PCL/poloxamer cho thiy bé mit soi min va cdu tric tham soi dong nhat khong co
khuyét tat, twong ty nhu cac soi tir nhom kiém soat PCL, viéc két hop poloxamer vio soi
PCL d3 dan dén viéc giam dudng kinh soi trung binh, qué trinh kéo gidn va lam mong
soi tot hon [34].

30



Phan Thi Thanh Tam- Luan Van Thac Si Chuong 3: Két Qua va Thao Luan

Y]

" Eg 27 .t *
e B
ol RIBE:
£ o] = 2104 e D
= . = « E *
3 8- 2 =
3 S &l
E 71 £ ¥
8 B
'E 6 ° 6 (,8> 'ﬁ*
8 5] g " T
2 @ R "
© £
= 44 T ! g 44 & F 4
3 J | S o e
3 3 = :
> Q R d
< 2] 8
w
1]
0

o
S

>
o
!

90 - P
£ 130+ 3 e
2 = 80
£ 120 e /
E 2 704 y
] b=
£ 110 y 3] /
@ g 907
£ 100 / @
o € s04
< 8

©
o
1

304

0
=3
1

T T T T T T T T T T T T T T T T T T T T
4 6 8 10 12 14 16 18 20 22 24 26 4 6 8 10 12 14 16 18 20 22 24 26

Immersion time (hours) Immersion time (hours)

Hinh 7. Két qua (1) so sdnh dwong kinh soi trung binh va (2) dé phén bé dwong kinh
soi giita cdc mau A-PCL, B-PA, C-PAP, D-PAC5-1, E-PAC5-2, F-PAC5-3; (3) P¢ day
I6p phit COS va (4) dg phii bé mat cua COS ¢ 4 khoang thoi gian 6 tieng, 12 tiéng, 18
tieng va 24 tiéng.

Tai thoi diém khao sat 24 gid, cho thiy do phu trén bé mit trén 90% & vi tri khao
sat. Khao sat mdi twong quan gitra d6 pha bé mit va do day cua lép phua cho thiy thoi
gian t6i wu cho qua trinh phu 1a 24 gio. Pong thoi, viéc phu COS lam ting kich thudc
duong kinh sgi trung binh. Sau qua trinh khao sat, PAC5-3 dugc lua chon cho cac nghién
ctu tiép theo.
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Hinh 8. Két qua (A) do day mang PACS5-3 va (B) do day 1op phu COS tai ba vi 1ri ngau
nhién. Bang ket qua cho thay do day trung binh cia mang PACS-3 va lop phu COS.

Két qua khao sat va do do diay mang mang phan mém Image J cho thay Hinh 8,

sau 12 gio ngdm mang thi bé mat phu trén dién tich 50 pm x 50 pum tai 10 vi tri khao sat
thdy rang do phu dat trén 50 %. Nho su két hop cac polymer ua nudc 1a POX va PVP,
gitip cho COS khong chi phi trén bé mat mang ma con tham vao 16p thir 2 PP, do d6
lugng COS du I6n dé khi giai phong ra khoi mang du thuc hién kha nang khang khuan.
Hinh cho thiy lwong COS tham vao mang dat gan 40% bé day.
POX dugc sir dung ¢ 16p thir 2 caa mang. Khéi polypropylene glycol thu hat bé mit ky
nudc ciia mang PA (w/w) trong khi hai khdi wa nuéc cia polyetylen glycol lién két voi
nhém -OH hoic -NH. Két qua 1a hai 16p PA va COS duoc giit voi nhau bang 16p PP trung
gian. Ta thiy ring cac soi PP bao phu bé mat PA. Sau qua trinh phu, c¢6 2 16p tach biét
trong 1 tim mang. Khi quan sat hinh cit ngang, khong c6 dau hiéu tach 16p giira ting 16p.
Pong thoi ciing cho thay mot phan caa dung dich COS di dugc hap thu sau vao 16p PP.

200 NM  —

Hinh 9. Anh hién vi dién ti truyén qua (TEM) cia mang PA va biéu dé phdn phéi kich
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thuoc dwong kinh AgNPs. (Thanh ty 1¢: 200 nm, n = 50).

Anh vi mé (Kinh hién vi dién tir truyén qua) TEM cho thiy xu hudng vé kich thudc
hat Ag. Kich thudc trung binh ctia cac AgNPs 1a 26.8 + 8.7 nm, tir biéu d6 phan phdi
kich thudc dudong kinh AgNPs t r 5 nm dén 55 nm. Tir tai liéu tham khdo, Yaohua
Dong va cong su da chimg minh AgNPs duong kinh 10 +5 nm ¢ thé trc ché hoan toan
vi khudn & ndng d6 trc ché tbi thiéu thap hon (1.0 pg/ml), trong khi kich thudc hat
khoang 90 + 5 nm c6 thé &rc ché vi khuén & ndng do cao hon (11.5 pg/ml) [35].

3.2.2. Pdnh gid tinh chit héa hoc Ciia mang
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Hinh 10. Két qua XRD ciia mang PAP, PAG va PACS-3.

Phan tich XRD da duoc thuc hién dé xac minh cau trac tinh thé nano cta cac hat
nano bac. Hinh 10 cho thay gian 6 XRD ciia cac mau PA cho thiy ba dinh ¢ cac goc
20 1a 38,13 °, 44,26 °, 64,5 °. Cac gia tri nay cho thdy cho cac mat phang twong @ng
(111), (200), (220) tu’ong g véi cac pha két tinh cia nano bac [36].

Két qua nay mot lan nita khang dinh su c6 mat cdc hat nano bac trong mang PCL
bang k§ thuat chiéu xa gamma. Céac nhiu nén trong cac mau XRD phan anh hanh vi v6

dinh hinh cua ma tran PCL.
C-K O-K Ag-L

[ 10pm 10pm 1 10um

Hinh 11. Két qua EDS khdo sdt si ¢ mdt ciia nguyén té6 C, O va Ag trén bé mdt mang
PA.
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Nguyén tir, phan traim khoi luong va ndng dd Ag cua PA duogc xac dinh bang EDS
va duoc trinh bay trong Bang 3. ’
Bang 3. Phan tram nguyén tir, phan tram khoi luwong cua C, O va Ag.

. Mass % - . Atom % -
Phan tram khoi lugng (%) Phan tram nguyén tu (%)
C K 65,86 + 0,09 72,98 + 0,01
O K 32,19+ 0,16 26,78 + 0,13
Ag L 1,95+ 0,09 0,24 +0,01
Tong 100,0 100,0

Khao sat s phan bd cuia AgNPs trén bé mat mang, thay rang lwong AgNPs tich
hop trong soi v6i mot lugng rat it, tuy nhién chua thé danh gia chinh xac luong AgNPs
bang phuong phap EDS. Két luan rang, dung phuong phap nay chi c6 thé chang minh
AgNPs c¢6 mit va su phan bd cta né trén bé mat mang. Cung véi khao sat phd UV-
vis (Hinh 12) chi c¢6 thé két luan duoc di thanh cong trong viée tich hop AgNPs vao
sgi PCL.

380 nm

Absorbance
o o o
> o o
S (4] (o)}
1 1 1

0.03

0.02

T 3 T T T T
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Hinh 12. Két qua UV-Vis khdo sdt s ¢6 mat cia AgNPSs ¢ thoi diém ché tao.

Phan tich FTIR duoc tién hanh dé xac dinh cac nhém chirc ning hién dién trén mang.
Dinh troi ¢ 1718 cm™ thudc vé nhom carbonyl ciia PCL. Hai tin hiéu ¢ 2943 va 2871 cm’
! twong wng V&i su kéo dai khong ddi xtmg va dbi xang cia nhém -CH [37]. PAP duoc
Ky vong s& c6 dinh tuong ty phdé POX ciing ¢6 nhom -OH, tuy nhién, phd cuia PAP khong
cho thay tin hiéu nao vé né. Piéu nay co thé 1a do lugng POX tich hop trong mang qua
nho dé co thé phat hién dugc. Hai dinh dic trung ctia nhém C=0 va C-N ctia PVP & 1639
va 1288 cm® déu duoc quan sat thdy trong mau PAC5-3. Két qua XRD di kiém ching
su ton tai cua pha tinh thé nano bac trén mang PAC5-3.
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Hinh 13. Phé FT-IR cia PCL, POX, PVP, COS déi chiéu ciing mang PPCS5 va
PAC5-3.

Sy pha tron COS véi polymer téng hop hoic tu nhién 1a cach don gian dé tao ra vat

liéu moi. Cac mang duoc tao ra bang cach tron hai polymer thuong dan dén cac tinh
chat co 1y bi bién ddi lién quan dén cac mang dugc diéu ché tir cac thanh phan chinh.
Poly vinyl pyrrolidone (PVP) 1a mét loai polymer wa nudc dwoc san xuat tir monome
phan tng trung hop N-vinyl pyrrolidone [38]. PVP c¢6 lgi thé trong nhiéu linh vuc khac
nhau nhu tng dung phan phéi thudc nhd kha nang phan hay sinh hoc tét va kha nang
tuong thich sinh hoc, k¥ thuat mo, vat liéu khang khuan va xtc tac [39]. Nhiéu nghién
ctru nhan thay rang su tich hop ctia PVP véi cac polyme khac dang ting cudng tinh chat
treong né va on dinh nhiét [40] . Do d6, COS va PVP hoan toan phu hop cho viéc ché
tao hdn hop polymer. Luc hut lién két hydro giita cic nhém carbonyl lién quan dén PVP
va nhoém hydroxyl va amino ctia COS 1am cho cac polymer ¢ thé ddng nhat thanh mot
hon hop [41], din dén sy hinh thanh hdn hop tuong thich sinh hoc dong nhat cai tién,
¢6 thé dugc sir dung cho cac tng dung khac nhau. Bang cach tron COS véi PVP dan
dén su tuong tac manh mé giita cac nhom (N-H va O—H) ctiia COS va nhom (O—H) cua
PVP, do d6, d6 dai cua lién két hydro giira va ndi phan tir giam trong khi PVP va COS
tré nén dong nhat dung dich, gitp d6 ciing cia mang ting 1én.
Déi voi COS, dao dong kéo gidn ctia nhom O-H va N-H duoc quan sat thiy & 3360
cmt va 3286 cm™L. Dao dong kéo déli dbi xtmg va khong ddi xang C—H lan luot duoc
nhin thay & 2921 cm™ va 2870 cm 1. Dao dong cua lién két amit I va amit IT 1an luot
dugc xac dlnh & muc 1641 cm va 1564 cm™t. Nhém OH chinh dugc quan sat thay &
1382 cm™*. O 1155 cm™?, ngudi ta quan sat thiy dao dong kéo dai ctia 0Xy cau trong cac
lién két glycosid. Dao dong kéo gidn C—O dugc quan sat thdy & 1063 cm™ va 1027
cm™ . Dao dong uén C—H duoc 4n dinh & 896 cm™ [42].
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Trong phd PVP. Cac dai & 1427 cm™t va 1373 cm ! dwoc gan cho cac dao dong udn
ciia nhém CH. Cac dai nam & 1278 cm ! dugc gan cho dao dong uén C-N. Dao dong
x04n va lac cua CH2 dugce xac dinh lan luot 13 1223 cm ! va 1012 cm ~ Dao dong udn
N-C=0 nim ¢ 567 cm =,

Ddi v4i phé COS-PVP, nguoi ta quan sat thay rang su tao phtc gitra COS va PVP
dugc xac nhan théng qua sy thay ddi vi tri va d6 mé rong dai cua cac dai OH va NH cua
tirng polymer trong hdn hop. Ngoai ra, con c6 su thay ddi trong dai amide IT va dai C—
O caa COS. Ngoai ra, vi tri dai C-N caa PVP duoc dich chuyén sang tan s6 cao hon.
Ngoai ra con c6 sy thay doi vé cudng d6 dai. Két qua nay khing dinh tinh dong nhat va
tuong tac gitra COS va PVP.

3.2.3. Khdo sdt va danh gid tinh ky, va wa nwoéc Ciia mang

200

&~ 150

100

Water contact angle (°

0
o
1

Time (s)
Hinh 14. Géc tiép xiic ciia PCL, PA, PAP va PAC5-3. Cdc birC anh phia trén méi cét minh
hoa cac giot nuoc trén bé mat mang. (div liéu = trung binh + SD, n=5, *: p<0,05, ns:
p>0,05).

Bang 4. Géc tiép xiic ciia cac nhém mang & thoi diém bat dau khdo sat va sau 60s.

Sample Os 60s

PAC5-3 52 + 1,52 (°C) 50 + 2,08 (°C)
PAP 53 + 1,52 (°C) 36+ 1,15 (°C)
PA 123 + 1,34 (°C) 123 + 1,36 (°C)
PCL 127 £ 5,6 (°C) 130 £ 9,6 (°C)

Hinh 14 cho thay, do goc tiép xtc duoc tién hanh dé danh gia kha ning ua nudc
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va ki nudc cua mang. Hinh minh hoa sy tuong tac gitta cadc mang vdi nudc va goc
tiép xuc twong ung ciua ching. Vi viéc két hgp AgNPs vao mang PCL, tinh ky
nuéc ciia mang khong thiy sy thay d6i dang ké (p < 0,05) nhu dwoc thé hién qua
cac gia trj goc tiép xuc véi nudce.

Trong khi do, ¢ su khac biét dang ké vé mirc do goc tiép xtic giita cac mang
PA dugc thir nghiém, véi cac gid tri cho PAP va PAC5-3 lan luot 14 36 + 1,15 va
50+ 2,08 °C.

Viéc két hgp POX vao 16p thtr hai 1am ting tinh tham cta mang, tir d6 cho
thay két qua 1a goc tiép xtic giam & 60s dau va sau do cac giot nudc dugc tham hat
hoan toan. Lép phi COS-PVP tao mét 16p phu bé mit lam ting stc cing va che
pht cac 16 gitra cac soi hano trong ma tran mang electrospining. Két qua 1a goc
tiép xuc ting 1én 14 °C khi so sanh v6i mang PAP (36 + 1,15°C).

3.2.4. Khdo sdt va danh gia tinh chat co ly ciia mang
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Hinh 15. Ddc tinh co hoc cia PCL, PA, PAP, PAC5-1, PAC5-2, PAC5-3.
(data = trung binh céng + phuwong sai, so lan lap la 3).

Dic tinh co hoc cuia mang duoc khao sat thong qua duong cong d6 bén kéo — gidn
dai, duoc thé hién trén (Hinh 15)vdi cac gia tri trung binh ctia d6 bén kéo va d6 gidn dai
khi dut duoc thé hién trong gian do 15-C va 15-D. PA ¢6 d6 bén kéo MPa va do gidn
dai %.

Do bén kéo t6i da giam sau khi tao thém mét 16p PP va tiép tuc giam xudng do pha
COS-PVP. Tuong ty nhu vy, mang trai qua xu huéng giam va chi dat mac 210,8 +
8,5% trong san pham cudi cung cia PAC5-3,
Can phai nghién ctru cac tinh chat co hoc ciia mang xem chiing c¢6 thé chiu dugc ap
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lyc do chuyén dong gy ra ma khong bi v& hoic gay ra ap luc hoic luc cét co thé gay
hai cho da hay khong. Ly do chon PCL, vi 16p mang nén trong nghién ctru ¢6 cac dic
tinh co hoc tdt.

Puong cong d6 bén kéo-gidn dai cho thay rang viéc bd sung mot 16p khac bao gom
PP va COS-PVP 1én 16p nén PA da lam giam do bén co hoc caa né.
Bat chap su giam nay, do bén kéo cudi cung cua PACS5 (¢ mic 4,3 MPa) van vuot troi
S0 Vi yéu cau tdi thiéu dugc bdo cdo 1a 1,8 MPa [43]. Bén canh do bén kéo, Young’s
modulus ciing 12 mét chi sé can danh gia. Young’s modulus 1a mot thudc tinh rat c6 gia
tri ctia vat chat va duoc st dung dé mé ta do bén kéo cua vat liéu

Dua vao 1y thuyét ta thdy rang, mang c6 dudng kinh sgi nano nhé nhét c¢é chi sé
Young’s modulus cia mang cao nhat nhd kha ning sap xép soi tét hon va do két tinh
cao hon trong cac soi dugc ché tao. Tur két qua (Hinh 15-B), ta thiy rang mang 2 16p
PAP c6 chi s6 Young modulus cao nhat. Tir két qua SEM (Hinh 15-B) c6 thé thay rang ,
mang PA cho két qua dudng kinh sgi tao ra nho nhat, két hop cung 16p thir hai PP két
qua tao ra mang c6 Young’s Modulus 16n, cho phép vat li¢u cang clirng; n6i cach khac,
bién dang dan hoi s& nho hon[44]. Viéc pha 16p COS-PVP cho thiy lam giam chi s6
Young ‘s Modulus, ¢ thé thdy mang dé bién dang, giam kha niang chiu dugc su thay
ddi vé chiéu dai khi chiu luc kéo hogc nén theo chiéu doc.

3.2.5. Khdo sdt va ddnh gid khd nang hdp thu nwéc va téc dp thodt hoi nwéc
Ciia mang

Mtic d6 trao d6i hoi nudc qua mang duge xac dinh bang toc do truyén hoi nudc
(MVTR) tir trong ra ngoai cta binh chtra nuée dugc phu mang, thé hién ¢. Néi chung,
mang cang nhiéu 16p thi gia tri MVTR quan sat dugc cang giam. Toc do truyén hoi qua
mang PA va binh chira nudc khong dugc che phu lan luot 14 2345,5 va 3729,4 g/m?/24h,
trong 16p mang PAP va PAC di ha tdc do truyén cudi cung xuéng lan luot 14 2171 va

2052 g/m?/24h.
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Hinh 16. Téc dé truyén hoi nuée (4) va do hdp thy nwéc (B) ciia 3 nhém mang PA, PAP
va PACS5-3; voi uncover-bé mat thodang khong phii mang (data = mean = SD, n = 5, ns:
p> 0,05, *: p< 0,05).
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Theo quy dinh cua phép do MVTR, tbc do trao doi hoi qua mang giam khi sb 16p
tang 1én. Két qua nay phu hop vdi bao cao cua Oh va cong su, trong do tuyén b ring
trong cung diéu kién nhiét d6 va o6 am, dic tinh truyén hoi am bi anh huong tich cuc
boi kich thudc 16 va do day khi ché tao mang [45]. PAC5-3 ¢6 MVTR thap nhat (2052
+ 385 g/m%24h), so sanh v&i véi mot trong nhitng mang c¢6 d6 tham trung binh trong
nghién ctru cia Xu et al. (2028 + 238 g/m?24 h), dugc ching minh 1a loai bang tot dé
gitt diéu kién d6 4m téi wu cho qua trinh lanh vét thuong so véi cac toc do truyén hoi
nude khac nhau [46].

Ngoai kha ning thim am, kha ning hut 4m ciing 13 mot trong nhitng dic tinh can
thiét cua COS dé can bang do am cho nén vét thuong. Kha nang hap thy chat long caa
mang duoc danh gia bang cach so sanh trong lwong cia chung sau 30 phut ngdm trong
chat long vai trong luong ban dau cua ching. Theo két qua trinh bay trén Hinh -B, mang
PA cho kha ning hap thu thap nhat (khoang 10%). Nguoc lai, mang PAP dat ty I¢ hap
thu cao nhat (khoang 60%), trong khi d6 mang PAC5-3 chi dat 40% cho kha ning hap
thu.

Trong khi PA khong thé gitt lai dung dich thi PAP va PAC5-3 ¢6 kha nang hap thu
luong nudc tét. Kha niang hap thu nudc cia PAC5-3 thip hon so v6i PAP. Piéu nay
duoc giai thich 1a do 16p COS-PVP lam giam kha nang hap thy ciia mang.

Véi tac dung kép cua kha niang thAm am va hat am, PAC5-3 ¢6 thé dam bao mot
moi trudng phi hop dé thic day qua trinh lanh vét thuong.

3.2.6. Khao sat va danh gia tc do phong thich nano Ag clia mang theo thdi gian

Mo hinh giai phong AgNPs trong ong nghiém (Hinh 17) ciia mang PAC5-3 dugc
nghién cttu bang cach dinh luong su phong thich ham lugng AgNPs tai cac thoi diém
khac nhau. Nghién ctru nham tranh kha ning giai phong AgNPs dot ngot, tir d6 gay doc
cho cac mo va 1am tri tré qua trinh chira lanh vét thuong. Hinh 17 minh hoa hoat dong
giai phong cac thanh phan bac tir mang: PAC5-3. Trong 6 gio dau, nong do Agla 0,7
ppm. Sau moc sdu gio, toc do g|a1 phong lugng bac tich lily ting 1én va biéu d6 nong
d6-thoi gian gan nhu tuyén tinh. Nong d6 Ag dat lan luot 13 7,1 va 15,1 ppm sau 12 gio
va 24 gio.
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Hinh 17. Luong AgNPs giai phong trong ong nghiém tir mang PAC5-3 trong dung dich
PBS (pH=35,5). Cdc phan dich dwoc ldy sau 1, 3, 6, 12 va 24 gio va dinh luong bang ky
thugt ICP-MS (diz liéu = trung binh + SD, sé lan lgp=3).

3.2.7. Khdo sdt va danh gid téc dp phéng thich cia COS
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Hinh 18. (A) No”‘ng dé phong thich ciia COS trong vong 24 gio va (B) dwong chudn dé
hap thu cua cdac nong do COS.

Két qua (Hinh 18) cho théy sau 4 gio, ndng do phong thich cua COS 43,37 +
3,13 mg/ mL, sau 24 gi¢ thi ndng d phong thich 1a 49,47 + 4,14 mg/ mL. Nhin
chung, nong do tang nhanh trong 4 gio dau sau d6 ting cham trong 16 tiéng tiép
theo. Két qua tai mdc thoi gian 24 tiéng co thé xem xét nhu mot gia tri tham khao
cho két qua danh gia doc tinh té bao sau nay. Nong do thuc té co thé dung dé so
sanh voi néng do gay doc té bao tir d6 danh gia chinh xac lwgng COS can dé sir
dung cho bang gac ¢o thé hd trg khang khuan lanh thwong nhung khong gay doc
cho té bao trong co thé.
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3.2.8. Khio sat va danh gia tinh khang khuan ciia mang
Khao sat kha niang khang khuan ciia mang PA so v6i mang dbi chimg PCL, phuong
phap khuéch tan qua dia thach khong cho két qua ddi véi mang PCL chira AgNPs 0,02 %
(wiw) (PA).

o g o
N 3 \\\\

Hinh 19. Hinh dnh (A) Cdc ving iwc ché dwoe hinh thanh béi mang (1) penicillin-
streptomycin , (2) PA va (3) PCL trén chung S. aureus,(B) Dia agar trai dung dich chiét
mang PCL, (C) Dia agar trai dung dich chiét mang PA, (D) mdu doi ching trai dung dich
khudn nuéi t rong méi trong penicillin-streptomycin . (Thanh ty 1¢: 10 mm, s¢ lan lap =4).

Bang 5. Hiéu sudt khdng khudn cia dung dich chiét mang PA trong 24 gio.

Sample Antibacterial
efficiency
(%)
PA 79,4%

Giai thich cho hién tuong khong tao vong khang & mang PA (Hinh 19), ta thay
luong AgNPs duogc ché tao bit gon trong cac soi nano PCL, tir d6 kha ning giai phong
AgNPs bi gisi han. Dong thoi, trén bé mat thach khong dung maéi, lwong AgNPs khong
thé giai phong dan dén gisi han kha ning khao sat tiém nang khang khuan cia AgNPs.
Tu 1y do nay, phuong phap AATCC 100 (Antimicrobial Fabric Test): 1a phuong phap
xét nghiém khang khuan dinh lugng duoc st dung dé phat hién hoat tinh wrc ché vi khuan
trén vat liéu mang duogc sir dung. Két qua cho thdy & hinh Hinh 19-B, mang PCL cho
thay, & nong do thap 10° CFU/mL, hinh thanh cac cum colony khuan S. aureus, trong
khi d6 hinh Hinh 19-C cho thay kha ning tc ché sy khang khuan cua mang PA & cung
ndng d6 khuan so sanh vai hiéu suat 1a 79,4%.

Kha nang khang khuan cia mang PAC5-3 duoc khao sat trén dong khuan S. aureus
bang phuong phap khuéch tan qua dia thach, két qua thé hién & Hinh 19. Xu4t hién ving
khang khuan & dong S. aureus. Vung khang khuan duoc hinh thanh khi mang tiép xuc
V6i S. aureus sau 24 gio, kich thude twong tng 1a 238,73 + 11,8 mm so v6i mang ddi
ching penicillin-streptomycin ¢6 duong kinh vong khang trung binh 1a 386,4 + 14,9
mm (Bang 6).
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Bang 6. Viing khdng khuan cia 3 nhém mang
penicillin-streptomycin , PAC5-3 va PCL.

Zone of
Sample inhibition
(mm)
Pen|C|II|n-. 386,40 + 14,9
streptomycin
PAC5-3 238,73+ 11,8
PCL 0

Hinh 20. Cdc viing i ché diwoc hinh thanh béi mang (1) penicillin-streptomycin , (2)
PAC5-3 va (3) PCL trén chung S. aureus. (Thanh ty I¢: 10 mm, so lan lap =4).

Khoang thoi gian cho qua trinh chira lanh vét thuong bi anh huéng bai kich thuéc
vét thuong va bat ky su gian doan ndo bao gom ca nhiém trung. Nhiém tring vét thuong
1a tinh trang vi khuan phat trién qua mirc, ting cuong va kéo dai giai doan viém.

biéu nay co thé lam tinh trang vét thuong tré nén tram trong hon, tham chi t¢ hon
1a dan dén vét thwong mén tinh khong lanh hoac nhiém tring lan rong [47]. Do nhiing
hau qua nghiém trong ndy, viéc ngin ngira nhiém trung 12 mot trong nhirng muc tiéu
quan trong khi thiét ké san pham cham séc vét thuong. Thi nghiém cho thady mot két qua
an tuong 1a PAC5-3 e ché hiéu qua chung S. aureus . Ving @c ché dugc hinh thanh boi
penicillin-streptomycin Ién hon so véi PAC5-3. Tuy nhién dua vao biéu do tiéu chuan
dién giai duong kinh ving dé xac dinh tiém ning khang sinh [48]. Két qua duoc xem
nhu kha nang khang khuan ctia mang duoc danh gia c6 do nhay trung binh.

3.2.9. Khdo sdt va ddnh gid dpc tinh té bao ciia mang
Thir nghiém khir resazurin duoc thuc hién dé do kha ning song sot cua té bao sau
khi nudi cay trong dung dich chiét trong 24 gio, tir d6 danh gia doc tinh té bao cua vat
licu. Theo két qua trén hinh , kha ning song sét cua té bao 1a 102% sau khi nudi cay
trong dung dich chiét 50% tir mau PAC5-3. Tuy nhién, viéc tiép xuc v6i nong d6 100%
lam giam ty 18 séng sot ctia quan thé té bao xudng 10%, thip hon dang ké so voi
PA(76%).
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Hinh 21. Khd ndng séng (%) cua nguyén bao soi sau 24 gio u ¢ cac nong dg khac
nhau cua dung dich chiet PCL, PA, PAC5-3 va mang Betaplast Silver (dit lieu =
trung binh £ SD, n = 3, ns: p> 0,05, *: p< 0,05).

Bing vét thuong khong dugc gy doc té bao hoic tén thuong mé tiép xtc. Tuy
nhién, mang Pac5-3 khién gan 90% té bao bi tiéu diét. Cu thé, polymer c6 trong lugng
phan tir cao Vi ciu triic mé rong va cac nhom tich dién duong co6 thé dé dang lién két
v6i mang té bao va can tré qua trinh trao doi chat va ho hap cua chung. Mic du chiét
Xuat tr mang PAC5-3 tiéu diét hau hét cac té bao, nghién ctru khong thé khang dinh
rang mang khong phu hop dé sir dung bang vét thuong vi nong d6 khao sat khac xa so
V6i ndng do phong thich COS thyc té. Bong thoi, co sy khac biét 16n giita cac thi
nghiém in vitro va in vivo. Giai thich rang khi dich chiét trong in vitro, sy twong tac 1a
truc tiép gitra té bao séng va cac chat duoc phong thich, tuy nhién, khi sir dung trén
mo hinh in vivo thi cac 16p té bao da cing co ché bao vé tir co thé nén chua thé dua ra
két luan loai bo. Bén canh do, trong xét nghiém resazurin, cac té bao duoc phoi nhiém
hoan toan trong dung dich chiét duoc giai phong trong 24 gid. Tuy nhién, trong cac
thir nghiém in vitro, qué trinh khuéch tan tir tir vao vét thuong trong thot gian ngan
hon, do d6 gay ra it cang thang hon cho céc mo bi ton thuong. Do dé, can pha1 c6 mot
thir nghiém in vivo dé danh gia chinh xac tiém ning ciia PAC5-3 trong diéu tri vét
thuong.

3.1. KHAO SAT PQ AN TOAN VA KHA NANG HO TRQ LANH THUONG
3.1.1. Tacdung diéu tri bang mang PAC5-3

Vét thuong bong nhidm khuan phai dugc thay méi cac bang gac hang ngay di kem

Vi viéc rira vét thuong. Diéu nay 1 hoan toan phu hop trong thuc tién diéu tri bong.
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Hinh 22. Két qua H&E ciia da th sau khi diéu tri 28 ngay doi véi mé hinh bong nhiém
khuan SA duwoc diéu tri bang bang gac khang khuan PACS-3, bang gac thuong mai
(Betaplast Silver) va bang gac binh thuong (cotton). (Thuoc do: 10 mm)

Hinh 22 cho thay vét thuong nhiém mu va duoc diéu tri tiép tuc cho dén ngay thir

12, vét thuong kho va cé biéu hién lanh. Thé dugc tiép tuc theo doi cho dén ngay 28
thi gay chét nhan tao va iy mau nhudém dé quan sat kha ning lanh thwong.
Trong giai doan 1 (ngay 0- ngdy 7): Sau khi gay bong, cac vét thuong cia 3 nhom diéu
tri voi 3 loai bang gac (mang PACS5-3, bang gac thuong mai Betaplast silver va bang
gac cotton) twong Ung, quan sat qua trinh co thé thy Vet thuong ¢ nhimg ngay dau
(ngay 1-ngay 3) vung da tao bong c6 mau trang hodc tring nga, vién xung quanh Vet
thuong c6 mau d6. O ngay thir 3, mot vai Vet thuong hoi phong rOp, ca ba nhom vét
thuong bit diu chuyén mau sang mau nau téi va den. Nhom vét thuong diéu tri bang
gac cotton c¢6 dau hiéu lan rong ra khoi ving tao bong.

Giai doan 2: Vét thuong sau 10 ngay bét dau bong troc 16p da bong, tuy nhién viéc
thay bang gac 2 ngay/lan va rua vét thuong cung voi sir dung vong chéng 1iém cho
thdy hiéu qua trong bao vé vét thwong bi nhiém tring va viém. Vét thuong kho va dong
may nhanh. Cac vét thuong tao 16p vay hoan toan vao ngay thir 21.
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Bdng 7. Thé hién mize dg thu nhé vét thuwong & nhém gdy nhiém khuan S.A ¢ ngay thir
28 0 3 nhom dap mang cotton, Betaplast Silver va PAC5-3.

Mang/Bang gac Phan trim lanh thuong (%)
Co:[ton (Mau  doi 64,0423
chirng)
Betaplast Silver 82,0+£0,6
PAC5-3 85,8+5,8

So sanh d¢ lanh thuong & 3 nhém dap mang & vét thuong cdy khuan SA khao sat tix
ngay 7 dén ngay 28 cho thiy ca Betaplast Silver va PAC5-3 déu c6 kha ning lanh thuong
t6t hon so voi mang dbi ching cotton. Ngay thr 21 cho thay vét thuong dép mang PACS5-
3 va Betaplast Silver déu phuc hoi hon 50% va do lanh thuong dat hon 80% & ngay thtr
28.

3.1.2. Ddnh gid khd ning hé tro lanh thwong ciia mang PAC5-3

Tai tao biéu mo va hinh thanh mé hat dugc cho la can thiét dé dong vét thuong hiéu
qua sau chan thuong da. So sanh két qua gitra vét ‘thuong dap mang PAC5-3, Betaplast
Silver va cotton. C6 thé thay qua trinh tai tao biéu moé va hinh thanh mé hat da duoc
hinh thanh & vét thuong dap mang PAC5-3 va Betaplast Silver (miii tén xanh), trong khi
d6 vét thuong dap mang Cotton van con ving viém va mé chét (mili tén cam). Ving té
bao moi tai tao dugc tao ra ¢ vung ha bi, 16p biéu bi gém céc té bao chat khong nhan
dang dan dan bi day 1én viing bé mit da va bi loai bo thong qua 16p sung. Qua trinh nay
tao nén 16p da ton tai song song hai 16p: 16p dudi 1a ving té nao moi hinh thanh dan dan
lap day vét thuong, trong khi d6, mit trén 13 16p té bao chét gom cac té bao khong nhan
[49]. Giai doan tai tao hinh thanh trong sudt qua trinh t6 chtic cic ngoai gian bao méi
do co nguyén bao soi thuc hién. Cac té bao nay lién két voi cac bo vi soi dan dén su lién
két chat ché moi. Luc ndy phan Gng sinh hoc ciing tiét ra hang loat hoat chat méi giup
tang mat d va 6n dinh chat nén. Song song v&i d6, qua trinh stra d6i phan trim collagen
cling dugc thuc hién tao thanh collagen I va collagen III. Sau do, nguyén bao s¢1 s€ dugc
phan hiy, tong hop céc ngoai gian bao khoe manh gop phan cho vét thuong duge lién
nhanh chéng[50]. Nhuém Masson’s Trichrome (MT) duoc st dung dé hinh dung céc
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mo lién két, dic biét 1a collagen, trong cac phan mo.

e 100 pm

e 100 w, | ‘ | — 100 'pm

Hinh 23. Két qua nhugm H&E va MT ciia mau vét thiwong cdy khudn SA ddp mang
PACS5-3, Betaplast silver, cotton. (Thudc do: 100um).

Trong quy trinh tiéu chuan, collagen dugc nhudm mau xanh (mii tén vang), nhén
duoc nhudm mau nau sim, md co duge nhudém mau do va té bao chat duge nhuom mau
hong. Hinh 23 cho thiy luong collagen trong da duge diéu tri bang cotton khong nhiéu
bang hai san pham bang gac chira bac. Diéu nay cho thiy viéc khang khuan da hd trg
nhiéu trong qua trinh tai tao da va lanh thuong.

Két qua giai thich qua trinh lanh vét thuong lién quan dén su di chuyén va ting sinh
Clia cac té bao, bao gdm te bao ndi mo6 mach mau va nguyén bao sgi.

Nghién cttu chirng minh rang chitosan lam ting qua trinh ti tao mach trong mé hat, cho
thy tac dung c6 loi cua chitosan d6i véi su ting sinh té bao ndi mé mach mau [51]. Hon
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nita, nghién ctu hién tai cho thiy COS cling lam tang nguyén bao sgi trong mo hat. Sy
gia tang sO lugng nguyén bao soi chu yeéu phat sinh do sy téng sinh cua cac nguyén bao
so1 thuong tra dé dap rng voi cac yéu tb tang truong, bao gom ca nguyén bao soi di
chuyén tir mé lién két xung quanh vao vi tri vét thuong.

CHUONG 4: KET LUAN VA KIEN NGHI

Budc dau thanh cong trong viéc ché tao COS tir Chitosan- hop chat ti nhién c6
dugc tir nguon Chitin ¢ san trong tu nhién. Trai qua qué trinh khao sat, két qua kha
quan ¢ng dung trong vat liéu khang khuan, dic biét 1a bang gac khang khuan lanh
thwong. Két qua khao sat trén dong Staphylococcus aureus hay Tu cau vang 1a mot loai
tu cdu khuan Gram-duong hiéu khi, va 1a nguyén nhan théng thudng nhét giy ra nhiém
khuan trong cac loai tu cau. Khoang 20% dan s loai ngudi 1a vat mang lau dai cua S.
aureus. va ti 18 co thé 1én t6i 80% doi véi nhitng nguoi 1am viéc ¢ cac co so'y té, nhitng
ngudi sir dung kim tiém thudng xuyén (nhu bénh nhén tiéu duong), bénh nhan nam vién
va nhiing ngudi c6 hé mién dich suy yéu [52]. Budc dau cho thay két qua kha quan khi
st dung COS két hop ciing AgNPs tang tinh khang khuan cho mang, (ng dung cho bang
gac lanh thuong. Qua trinh ché tao ciing cho thay tiém ning dat cac tiéu chuan co ban
cho mot bang gac bao gom tinh chat co 1y, tinh chat hoa hoc va do twong thich sinh hoc
& mac chap nhan. Bén canh d0, qué trinh khao sat phuong phap nhang phu 16p COS-
PVP cho thay tiém ning ung dung sir dung & quy moé 16n. két qua cho thay I6p phu hét
bé mat, déu.

Cubi cung 1a sir dung mang PAC5-3 cho thi nghiém trén mé hinh bong & thé cho
thiy két qua kha quan khi so sanh véi mang thuong mai Betaplast silver déu dat trén
80% sau 28 ngay diéu tri.Vi mang PAC5-3 duogc ché tao gidng nhu mot chiée bang gac
y té binh thudng nén rat dé sir dung. Dién tich ctia né c6 thé thay doi rong, hep khac
nhau nén duoc dung déi véi moi tén thuong da tir nhé dén lén: cac ton thuong da do
bong nhé dén ving da bong 16n. Bing gac chtra nano Ag vdi co che phong thich tur tr
va lién tuc sé co tac dung khang khuan tot trong qua trinh diéu tri vét thwong bong. Viéc
két hop kha ning khang khuan cua ca nano Ag va COS dem hiéu qua cao trong diéu tri
vét thuong bong, bao vé vét thuong khong nhiém tring, déng thoi giam dau cho bénh
nhan trong khi thao bang. Hiéu qua diéu trj vét thuong diéu tri bang mang PAC5-3 cho
phép giam thoi gian diéu tri dong thoi giam chi phi diéu tri d6i véi vét thuong bong.
Hon nita c6 thé mé ra mot huéng méi tng dung cong nghé nano trong diéu trj vét thuong
bong véi chi phi phu hop diéu kién kinh té ciia nude ta. Tuy nhién, nghién ctru can thuc
hién sdu vao cac qua trinh ché tao, dic biét & quy mo Pilot va kha ning ché tao & mé
hinh c6ng nghiép. Bén canh d6, qua trinh dénh gia kha ning diéu tri ciing nhu cac tac
dung phu nhu kha ning gay kich tng do thanh phan COS ddi véi cac bénh nhén di tng
Vi cac thanh phan caa toém, cua. Hon nita, mo hinh thir nghiém trén dong vat lan lap di
lap lai nhiéu lan dé dam bao tinh an toan va do 1ap lai tin tuong trudc khi cé thé di vao
giai doan ung dung cho nguoi. Cudi cing 14 qué trinh nghién ciru trong luan vian van
can thém thoi gian dé danh gia nhiéu tinh chat cia mang PACS5-3.
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DANH MUC CONG TRINH CUA TAC GIA
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The effect of silver nanoparticle concentration on the antibacterial properties
of tri-layer PCL-Ag/PT/PVP wound dressing
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Abstract:

To comprehensively manage wound infection, tri-layer fibre membranes have been designed with two antibacterial
agents, including silver nanoparticles (AgNPs) and chitosan oligosaccharide (COS), and their antibacterial
properties were evaluated using qualitative and quantitative tests. While the first polycaprolactone (PCL) silver
layer and the second plasma-treated PCL layer were fabricated by electrospinning, the third COS layer was
constructed via coating and heat-vacuum drying. The formation of the membranes and their fibrous and porous
structures were examined using scanning electron microscopy (SEM). The antibacterial activities of the membranes
against Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus aureus were examined by disk diffusion and
percentage reduction assays, which were performed simultaneously as per the certificates from the Ministry of
Health Institute of Public Health in Ho Chi Minh city. The tri-layer membranes, named PCLAgS0/PT (plasma
treatment)/COS and PCLAg500/PT/COS, achieved desirable antibacterial results with extensive inhibition zones
and bacterial reduction rates ranging from 99-100%. In addition, while the PCLAg500 membrane exhibited broad
inhibition zones and reduction rates ranging from 94.6-97%, the PCLAg50 membrane achieved reduction rates
ranging from 67.5-82.1% despite the absence of inhibition zones. As a result, the fabricated tri-layer membranes
could reduce local and opportunistic infections. Depending on infectious risks, the concentration of silver utilsed as
an infection-prevention agent must be adjusted from 50 to 500 ppm to ensure safety.

Keywords: antibacterial, chitosan oligosaccharide, electrospinning, plasma treatment, polycaprolactone,
polyvinylpyrrolidone, silver nanoparticles.

Classification number: 3.6

1. Introduction ideal dressings should be designed with three layers: an

.\ . inner-contact layer, a middle absorbent layer, and an outer
Traditional dressings have often favoured cotton gauze 4 Y

to dress all types of wounds [1]. Over centuries, advanced
dressings have evolved into numerous forms including
adherent dressing, semipermeable films, hydrocolloids,
hydrogels, alginates, foam dressings, and antimicrobial
dressings, effectively supporting treatment for different types
of wounds [2, 3]. Among these, antimicrobial dressings play
a crucial role in wound infection management or at least in

waterproof layer with suitable characteristics [7]. The inner
layer, in direct contact with the wound site, plays a critical
role in treating infection and promoting tissue regeneration,
necessitating essential features such as antibacterial
capability, absorption, and biocompatibility [8]. Meanwhile,
the middle layer primarily absorbs the exudate and
maintains moisture in the wound bed, while the outer layer,
. L which covers the wound surface and prevents the invasion
preventing potential risks from external pathogens [4]. In p )
. . . . L of pathogens, needs to be waterproof, mechanically robust,
clinical practice, the use of commercial dressings containing ) ) ) o
S . C e and antibacterial [9]. Consequently, dressing characteristics
antiseptic substances leads to a significant alleviation in

wound severity and treatment-related burdens [5]. Besides
antibacterial properties, ideal dressings should enable

gaseous exchange, exudate absorption, waterproofing, Focusing on antibacterial properties, various antiseptic

that promote the healing process have attracted significant
interest from scientists for further investigation.

and painless removal [6]. To meet these requirements, substances used in wound dressings, such as silver,
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chitosan, chlorhexidine, iodine, etc., have proven effective
to treat infectious wounds [10]. Among these, silver in
the forms of silver ions or silver nanoparticles is known
for its outstanding antibacterial efficiency against a wide
range of bacteria, including antibiotic-resistant strains [11,
12]. Historically, silver’s mechanism of action involves its
positive charges entrapping and penetrating the negatively
charged bacterial membrane, triggering the disruption of
the respiratory process and resulting in bacterial death [13].
Simultaneously, silver nanoparticles convert into silver
ions to prolong the antibacterial effect [14, 15]. However,
drawbacks related to overdosing or silver’s metal ion
form have also been documented [16]. Hoping to achieve
low toxicity, COS have been proposed as an additional
antibacterial indicator.

Although COS dissolves in water or organic solvents,
facilitating its use in wound dressings without causing
toxicity, it may be rapidly released and degraded in the
exuding wounds, shortening the antibacterial treatment
duration due to its low molecular weight. To address these
limitations, researchers have studied the combination
of polyvinylpyrrolidone (PVP) with COS to increase
molecular weight. PVP, a non-ionic and water-soluble
polymer, is widely used in pharmaceutical applications
and approved by Food and Drug Administration. In wound
dressings, its advanced properties include hygroscopicity,
attributed to the presence of vinylpyrrolidone, which helps
to absorb exudate and maintain moisture in the wound bed,
significantly promoting wound healing.

Regarding the foundation of wound dressings, numerous
polymers have been combined to synthesise multi-
functional membranes with advanced characteristics such
as high tensile strength, waterproofness, wettability, and
biocompatibility. Notably, the electrospinning technique
has been widely applied to produce fibre membranes with
advanced features for wound dressing, thanks to polymers.
Many researchers have taken an interest in a synthetic
material known as PCL, which is utilised to fabricate electro-
spun membranes with exceptional mechanical, physical,
elasticity, and hydrophobic properties. Consequently, it can
cover and protect the wound from the external forces while
preventing unexpected leakage or absorption. Another
advantage of PCL-based membranes is their scaffolding,
which can entrap and stabilise silver nanoparticles.

One study reported that silver nanoparticles loaded in
PCL electrospun membranes, with a silver content of 500
ppm, exhibited excellent growth inhibition against both
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gram-negative and gram-positive bacterial strains [17].
In contrast to PCL’s features, PT is known as a method to
improve polymer wettability. In several studies, a time-
stable wetting effect on plasma-treated polymers helped
manage weak hydrophobic properties. In fact, PCL surface
are hydrophobic, which limits their compatibility with
human tissue essential for such applications as dressings. In
the dressing application of plasma-treated polycaprolactone,
its functional group anchors to the PCL backbone, and
these groups tend to etch the polymer surface and attract
other hydrophilic components [18]. As a result, the plasma-
treated membrane is not only wettable but also a scaffold for
hydrophilic solution coatings. In addition, this membrane
possesses good mechanical strength and biocompatibility,
both of which have been widely utilised in biomedical
applications. In another investigation, membranes coated
with COS/PVP also demonstrated growth inhibition of
both gram-negative and gram-positive bacterial strains
[19]. However, this research focuses on the antibacterial
properties of silver and COS in polymetric electrospun
membranes, encompassing not only growth inhibition but
also bactericidal performance.

This work aims to evaluate the antibacterial properties
of tri-layer membranes containing two antibacterial agents,
COS and AgNPs, against P aeruginosa, E. coli and S.
aureus using qualitative and quantitative testing. The
tri-layer membranes consist of: (1) an outer layer with a
PCL membrane loaded with silver nanoparticle (50 ppm
and 500 ppm), serving as the waterproof cover to maintain
an aseptic environment; (2) a middle PCL/PT layer
primarily for absorption; and (3) an inner layer featuring
COS/PVP coatings, intended to treat wound infections,
maintain moisture, ensure non-adherence. Additionally,
these membranes were re-examined objectively to confirm
their high reliability at the Institute of Hygiene and Public
Health.

2. Materials and methods
2.1. Materials

PCL (80,000 Da) and dimethyl sulfoxide (DMSO) were
purchased from Sigma-Aldrich Co., St. Louis, MO (USA).
PVPK30 (40,000 Da), silver nitrate (AgNO, >99%), acetone
(AC, CH,COCH,, 99.5%), hydrogen peroxide (H,0,)
30% (v/v) reagent, EtOH (C,H,OH) (100%), and Tween
20 were produced by Xilong Chemical Co., Ltd. (China).
Low-viscosity chitosan (CS) (270 kDa) was purchased
from Dao Nguyen, Vietnam. Mueller-Hinton broth (MHB)



was supplied by Hi-Media (India). Muller-Hinton agar
(MHA) was purchased from Oxoid, UK. CN Agar for P.
was purchased from Biokar Diagnostics, France. Bacteria P,
aeruginosa ATCC 9028, E. coli ATCC25922, and S. aureus
ATCC 25913 were supplied from the Marine Laboratory,
International University - Vietnam National University, Ho
Chi Minh City, Viet Nam. All chemicals were analytical
grade and were used directly without further purification.

2.2. Methods

2.2.1. Preparation of PCLAg solutions with silver
concentrations of 50 and 500 ppm and PCL solution

AgNO, solution (100,000 ppm) was prepared by
dissolving 1.573 g of AgNO, in 10 ml DMSO solvent in
a dark container, stirring at 200 rpm for 1 hour at room
temperature. A PCL solution (12% w/v) was then prepared
by dissolving PCL pellets in fresh acetone, stirring at 400
rpm at 70°C for 4 hours. After that, 2.5 ml of freshly prepared
liquid AgNO, was added to 497.5 ml of PCL solution while
stirring at 400 rpm for 30 min at room temperature. The
solutions of silver nanoparticles stabilised in PCL were
successfully prepared by y-ray (Co-60) irradiation at a dose
of 15 kGy and dose rate of 6.5 kGy/h by Gamma GC-5000
(Brit, India), following a previously described procedure
[17]. Additionally, the PCLAg50 solution was also obtained
by diluting the irradiated PCLAg500 solution ten times with
PCL solution (12% w/v).

2.2.2. Preparation of membranes: PCLAg50 and
PCLAg500

The electrospun membranes were fabricated with
an electrospinning machine designed by the School of
Biomedical Engineering, International University, Vietnam
National University, Ho Chi Minh City. The following
parameters were used: feed rate of 2.5 ml/h, voltage of 15
kV, the rotation speed of 150 rpm, collecting membrane
area of 600 m?, 10 ml syringe, and 18G needle. The bilayer
membranes were electrospun with three syringes set up
in parallel, and the volumes of PCLAg solution and PCL
solution were 45 ml and 15 ml, respectively. PCLAg50/PCL
and PCLAg500/PCL (10x10 c¢cm) were placed at the center
of the plasma chamber (Gala Instrumente, Germany) for 2
min of air plasma treatment under the following conditions:
30 W RF power and a frequency of 13.56 MHz.

2.2.3. Preparation of solution: COS-PVP

The coating solution containing COS and PVP was
formulated in accordance with previous work [19]. Firstly,
chitosan (3%w/v) was immersed in H,O, solution (6% v/v)
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and stirred at 90°C for 4 hours. The COS-formed solution
was filtered before the PVP powder (6% w/v) was added to
and stirred for 30 min at room temperature.

2.2.4. Preparation of the tri-layer membranes:
PCLAg50/PT/COS and PCLAg500/PT/COS

The bilayer membranes were cut into 6x6 cm pieces
and placed in a 5x5 cm exposure area mold. Then, 6 ml
of COS-PVP solution was coated onto the surface of the
PCL-PT layers in three equal portions. After each coating,
they were dried in a vacuum oven at 40°C for one day.
Finally, the total collection area of the coated membrane
was 5x5 cm. All samples were fabricated with the following
parameters shown in Table 1 below.

Table 1. The content of components in the PCLAg/PT/COS
membrane.

LAYER PCL SILVER COS
PCLAg _
12% wiv 50 ppm 500 ppm
PCLAg/PT -
COS - - - 0.18% w/v

2.2.5. Scanning electron microscopy (SEM)

The surface morphologies of all the membranes were
determined by SEM (JSM-IT100 and Smart Coater, JEOL,
Japan). After that, the fibre diameter and the porosity of
the membrane were measured by Image] software (NIH,
Maryland, USA).

2.2.6. Antibacterial experiments

Quality antibacterial experiment: The agar diffusion
standard method was employed as a quick qualitative
evaluation of the antibacterial susceptibility of specimens
[20]. The prepared bacterial culture of 10° CFU/ml was
transferred to sterile agar disks of 90 mm diameter containing
15 ml Miller-Hinton agar. Then, 10x10 mm square samples
were gently placed on the surface of the inoculated disks.
The disks were incubated for 18-24 hours, and the results
were demonstrated by measuring the diameter of inhibition
zones around the specimens. The experiments were
triplicated.

Quantitative antibacterial experiment: The AATCC100
method was employed as a quantitative evaluation of the
antibacterial performance of specimens over 24 hours [21].
An antibacterial membrane and two blank membranes
(controls) with diameters of 4.8 cm were placed into separate
250 ml flasks and then 1 ml of diluted suspension with 103
CFU/ml was added dropwise. Immediately after, 100 ml of
sodium chloride 0.9% was added to the control flasks, and
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the bacteria was shaken out from the membrane. Then, 100
ul of this solution was spread on the surface of Miller Hinton
agar disks (except for the P. aeruginosa sample, which used
the CN agar disk) and inoculated at 37°C for 18-24 hours.
Finally, the number of bacterial colonies was counted as A.
The two remaining flasks were simultaneously inoculated
at 37°C for 18-24 hours. As in the preceding procedure, the
number of bacterial colonies shaken out of the antibacterial
membrane and the blank membrane were denoted as B
and C, respectively. The experiments were triplicated. The
results are expressed by the formula:

R (%) = [(A-B)/A]x100

where R (%) is the percentage reduction; A is the number of
bacteria recovered from the blank membrane immediately
after being treated; B is the number of bacteria recovered
from the inoculated antibacterial specimen after 24 hours.

2.2.7. Statistical analysis

Statistical analysis and graphs were done using Origin
Pro 8.5.1. Differences between samples were analysed by
one-way analysis of variance (ANOVA) followed by the
Student’s T-test. Data were expressed as mean +SD.

3. Results and discussion
3.1. Evaluation of surface morphology

The successful fabrication of the tri-layer
membranes (including the outer PCLAg layer with two
silver concentrations of 50 and 500 ppm, the middle
PCLAg/PT layer, and the inner COS-coated layer) and the
PCL membrane is demonstrated in Fig. 1. Fig. 1A provides
the SEM micrographs, Fig. 1B shows the distributions of
the fibre diameters, and Fig. 1C shows the distributions of
the pore diameters. All membranes were produced with
non-beaded fibres stacked on top of each other to create
a bulging and porous structure. There is no significant
difference in fibre diameters between groups containing
silver concentrations of 50 and 500 ppm. The outer layers
of PCLAg50 and PCLAg500 have mean fibre diameters
of 1.07 and 1.05 pum, respectively. Compared to those in
the outer layers, the fibres in the middle layers, including
PCLAg50/PT and PCLAg500/PT, increased slightly to
approximately 1.18 and 1.17 pm, respectively. Changes
in the surface of all layers were also observed in the mean
diameter of porosity. The outer PCLAg layers had mean
porosity sizes around 11.51 and 12.89 um. However, the
coated COS layers had significantly reduced mean porosity
diameters of 7.76 and 9.45 um, with only 10% of porosity
visible on the surface. The coating method allowed for
covering over 90% of the membrane surface. Both diameter
and porosity contributed to creating an ideal membrane for
wound dressing applications.
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Fig. 1. SEM results of tri-layer membranes including the

PCLAg layers, the PCLAg/PT layers, and the COS layers at two
concentrations of silver (i) 500 ppm and (ii) 50 ppm.



3.2. Evaluation of antibacterial activities

The antibacterial activities of the PCLAg membranes and
the tri-layer PCLAg/PT/COS membranes were examined by
qualitative and quantitative tests against P. aeruginosa, E.
coli, and S. aureus to comprehensively understand their
characteristics over a wide range of applications.

In terms of the antibacterial activity, Fig. 2 and Table
2 demonstrate the results of the PCLAg membranes
consisting of silver nanoparticles at 50 and 500 ppm, which
show that the inhibition zones of the PCLAg500 membrane
against P. aeruginosa, E. coli, and S. aureus were 15.3,11.4,
and 13.6 mm, respectively, whereas those of PCL served
as the control. For the quantitative results, the reduction
percentages of the membrane with a silver content of 500
ppm against P. aeruginosa, E. coli, and S. aureus achieved
expected numbers (over 90%). Regardless of the absence
of inhibition zones, the PCLAg50 membrane obtained
valuable reduction percentage of over 60%. With this
reduction in concentration, there is great potential for using
low concentrations of silver nanoparticles in dressings to
reduce the accumulation of silver in the skin and blood
while still possessing a bactericidal potential of more than
50%.
(A) B)

PCL PCLAg PCLAg PCL
50 ppm 500 ppm

PCLAg
50 ppm

PCLAg
500 ppm

Control

Control

E.coli

s N Tomm

"’ P ,:.Z:.\ :
S.aureus / '
Many CFU/disk 43 CFU/disk 16 CFU/ disk

Fig. 2. Images of the antibacterial results of PCLAg50, PCLAg500,
and PCL (control) membranes against P. aeruginosa, E. coli, and
S. aureus. (A) Inhibition zone with a 10-mm scale bar; (B) bacterial
colonies 24 hours after injection (n=3).

Table 2. The inhibition diameter and reduction percentage of
PCLAg50, PCLAg500, and PCL (control) membranes against P.
aeruginosa, E. coli, and S. aureus.

Inhibition zone diameter (mm) Reduction percentage (%)

Sample P. aeruginosa E. coli §. aureus P aeruginosa  E. coli S, aureus
() () () () () (1)

PCLAgS00 15.5£0.05 11.4£0.06 13.620.06 94.6 9%.8 97

PCLAGS0 - - - 67,5 86.5 §2.1

PCL (Control)
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Table 3. The inhibition zone diameter and reduction percentage
of PCLAg50/PT/COS, PCLAg500/PT/COS, and PCL (control)
membranes against P. aeruginosa, E. coli, and S. aureus.

Inhibition zone diameter (mm) Reduction percentage (%)

Sample P. aeruginosa  E. coli S. aureus P. aeruginosa  E. coli S, aureus
() () (+) () ) ¥
PCLAES00/PT/COS  13.7+0.03 132001 2244006 100 9 994
PCLAESOPT/COS  11.9£0.03 123002 1524005 100 9 9.3
PCL (Control)
(if) PCL (i) PCLAg/PT/COS (i) PCLAZ/PT/COS

(A) (B)

Control 50 ppm

500 ppm

P. aeruginosa

U/ disk

"
A 4

1 CFU/ disk

E. coli

S. aureus

N -

Many CFU/ disk 1 CFU/ dia 1 CFU/ dia

Fig. 3. Images of the antibacterial results of PCLAg50/PT/COS,
PCLAg500, and PCL (control) membranes against P. aeruginosa,
E. coli, and S. aureus. (A) Inhibition zone with a 10 mm scale bar and
(B) Bacterial colonies 24 hours after injection (n=3).

All results from the tests on the tri-layer PCLAg/PT/COS
membranes containing silver and COS are shown in Fig.
3 and Table 3. From the qualitative results, Fig. 3A and
Table 3 show the inhibition zones of the PCLAg500/PT/
COS membranes against three strains of bacteria were
considerably higher than those of the PCLAg50/PT/COS
membrane and the COS-containing surface in direct contact
with bacteria. In detail, while the inhibition diameters of
the PCLAg500/PT/COS membranes against P. aeruginosa,
E. coli, and S. aureus were 13.7, 13.2, and 22.4 mm,
those of the PCLAgS50/PT/COS membranes were slightly
lower at 11.9, 12.3 mm, and 15.2 mm, respectively. In
the quantitative results, Fig. 3B and Table 3 show that the
aforementioned membranes have comparable reduction
percentages against P. aeruginosa (100%) and E. coli (99%)
with the exception of S. aureus, which was about 99.4%
for PCLAg500/PT/COS and 99.3% for PCLAg50/PT/COS
(the difference was not statistically significant). Therefore,
the antibacterial efficiency of the tri-layer membrane at the
wound site increased when combined with COS, and the
silver nanoparticles seem to be a subsequent antibacterial
factor to maintain an aseptic environment around to
wound, supporting the healing process. In conclusion, the
synergistic effect of COS and silver nanoparticles in the
PCLAg/PT/COS membranes not only reduces the wound
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infection but also disinfects the surrounding environment to
promote healing.

3.3. Certification of the antibacterial activities of the
tri-layer membranes

PCLAgS50/PT/COS and PCLAg500/PT/COS at the
Ministry of Health Institute of Public Health in Ho Chi
Minh city. To objectively guarantee high accuracy of the
antibacterial properties of the tri-layer PCLAg/PT/COS
membranes, all membranes were examined through a
qualitative test (the AATCC147 Standard) and a quantitative
test (the AATCC100 Standard) by the Ministry of Health
Institute of Public Health in Ho Chi Minh city. According
to the AATCC145 results, both PCLAg500/PT/COS and
PCLAg50/PT/COS samples had relatively similar inhibition
zones against P. aeruginosa (7.6 and 6.7 mm), E. coli (3.0
and 3.1 mm), and S. aureus (11.1 and 11.6 mm), respectively
(Fig. 4 and Table 4). According to the AATCC100 results,
both membranes attained reduction percentages of 100%
(Table 4). In conclusion, the investigations conducted by the
Ministry of Health Institute of Public Health in Ho Chi Minh
city demonstrated that PCLAg50/PT/COS and PCLAg500/
PT/COS had excellent antibacterial efficacy, agreeing with
the aforementioned results.

PCLAg500/PT/COS

PCLAg50/PT/COS

E. coli S. aureus

P. aeruginosa

Fig. 4. The inhibition zone images of PCLAg500/PT/COS and
PCLAg50/PT/COS membranes against P. aeruginosa, E. coli, and
S. aureus implemented by the Ministry of Health Institute of Public
Health in Ho Chi Minh city.

Table 4. The inhibition diameters and reduction percentages of the
PCLAg50/PT/COS and PCLAg500/PT/COS membranes examined
at the Ministry of Health Institute of Public Health in Ho Chi Minh
city against P. aeruginosa, E. coli, and S. aureus.

Inhibition zone diameter (mm) Percentage reduction (%)

Sampl
e P.aeruginosa  E.coli S.aureus P aeruginosa  E.coli . aureus
(-) ) (%) (-) (-) (+)
PCLAgS00/PT/COS 7.6 3.0 11.1 100 100 100
PCLAgSO/PT/COS 6.7 3.1 11.6 100 100 100
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3.4. Discussion

The aim of this study is to gain a comprehensive
understanding of the antibacterial properties of tri-layer
membranes to apply the concept of antibacterial dressings
for the prevention and treatment of infections. The
monolayer PCLAg membranes and the tri-layer PCLAg/PT/
COS membranes, consisting of two antibacterial agents of
AgNPs in the outer layers and COS in the inner layer, were
evaluated for their antibacterial effects using two qualitative
and quantitative tests. Simultaneously, the completed tri-
layer membranes were objectively reassessed for reliability
and transparency at a second prestigious institute prior to
conducting pilot-scale production process experiments.

With this aim, all fabrication parameters of the PCLAg/
PT/COS membranes incorporating the two antibacterial
agents - AgNPs and COS - were determined by consulting
and selecting appropriate recent research results [19].
Regarding AgNPs, a silver concentration of 500 ppm
in PCL (12% w/v) solution was gamma-irradiated at 15
kGy and analysed by UV-vis spectrometry, displaying an
absorption peak of 416 nm indicating the formation of
AgNPs [17]. Subsequently, the PCL electrospun membrane
was produced to encapsulate AgNPs while preserving their
structure from rapid silver ion release. PCL, known for
possessing advanced qualities such as biocompatibility,
high mechanical and physical strength, and hydrophobicity,
was used to fabricate the electrospun membrane as the
waterproof covering layer. The shape and size ranged from
15-20 nm, with a distribution of around 0.06%, and notably
exhibited a high biological effect (in vitro), including
bacterial inhibition and biocompatibility. Their antibacterial
mechanisms have been reported in numerous studies.
However, concerns regarding toxicity due to overdosing and
metal ions remain. For this reason, a thorough understanding
of their antibacterial characteristics in relation to silver
concentration is necessary to minimise potential hazards.
In this research, silver nanoparticle concentration in the
PCL electro-spun membranes were examined at 500 and
50 ppm to broaden applications. Three bacterial strains - P.
aeruginosa (gram-negative), E. coli (gram-negative), and S.
aureus (gram-positive) - were selected due to their potential
to exacerbate wound infections and the persistent treatment
burden posed by their antibiotic resistance. In Fig. 1, SEM
results showed the formation of electrospun PCL 12 %w/v,



PCLAg500, and PCLAg50 membranes, which had fibre and
porous diameters ranging from 1.05-1.22 pm and 11.51-
12.89 um, respectively. These fibre and porous structures
allowed these membranes to effectively distribute and
capture AgNPs, enhancing their antibacterial capabilities. In
Fig. 2 and Table 2, the PCLAg500 effectively demonstrated
its antibacterial properties against P. aeruginosa, E.
coli, and S. aureus, with inhibition diameters of 15.5, 11.4,
and 13.6 mm, respectively, and reduction percentages of
94.6, 96.8, and 97%, respectively. In contrast, the PCLAg50
membrane, with a silver concentration ten times lower at
50 ppm compared to PCLAg500, showed reduction rates of
67.5, 86.5, and 82.1% against P. aeruginosa, E. coli, and S.
aureus, respectively, despite the absence of inhibition zones.
Owing to their superior characteristics, the PCLAg layer
should be utilised as a covering layer to prevent pathogen
spread and offensive odours.

For the construction of the absorption layer as the
middle, the PCLAg membrane was treated with air plasma
to transform it into a hydrophilic agent [19, 21]. The
effectiveness of this air plasma treatment and its mechanism
have been investigated in numerous previous studies [22].
In this research, Figs. 1B and 1C demonstrate that the fibre
(approximately 2.17 and 2.18 pm) and porous (around 16.84
and 17.68 pm) structures of the PCLAg/PT membrane
treated with air plasma were slightly higher than those of
PCLAg. In fact, air plasma interacts with the surface of the
polymer membrane, changing its surface structures [18].
Simultaneously, it has also been reported that air plasma
triggers the formation of new polar groups such as hydroxyl
(-OH) and carbonyl (-C=0), attracting water molecules [23].
Therefore, the air plasma treatment of the PCLAg layers
produced the middle layers, which underwent structural
changes accompanied by the modification of hydrophilic
properties. These characteristics facilitate coating of
hydrophilic solutions to form the inner layer.

For the fabrication of the third layer, bioactive substances
are often incorporated and directly applied to the wound
site to promote healing. In the case of an infected wound,
several inevitable issues, such as pathogens, excessive
exudate, and physical soft tissue injury, impede the healing
process. Hence, a membrane coated with COS-PVP solution
has proven biological advantages to promote wound healing
owing to its excellent antibacterial activity, hemostatic
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action, and biocompatibility. In detail, COS, a naturally
derived bioproduct from shrimp, is known for its antibacterial
properties and, especially, its outstanding biocompatibility
in tissue engineering applications [24]. Although the exact
mechanisms remain unclear, several theories suggest that
protonated amine groups in COS interact with the bacterial
membrane, leading to leakage of intracellular constituents
or disrupted nutrient transportation. However, COS exhibits
weak stability due to the low molecular weight, making it
difficult to achieve maximum antibacterial performance.

To enhance the benefits of COS, PVP is combined with
COS in the coated layer as a delivery agent [19], which
supports exudate absorption, moisture retention, and COS
delivery to the wound bed. This means that the dressing
could absorb exudates and release the maximum amount of
COS with the assistance of PVP, increasing its antibacterial
performance and healing progress. Additionally, the coating
the COS/PVP layer onto the other two layers during
use facilitates painless removal. In previous studies, the
electrospun membrane coated with 6 ml COS (3% w/v) and
PVP (6% w/v) solution was demonstrated to inhibit bacterial
growth (in vitro) and promote wound healing (in vivo). In
this work, the formation of a coated layer was evidenced
by a significant decrease in porous diameters to 9.45
(PCLAg500/PT/COS) and 7.76 um (PCLAgS0/PT/COS)
(Fig. 1). In Fig. 3 and Table 3, although the inhibition zones
of PCLAg500/PT/COS membrane against P. aeruginosa, E.
coli, and S. aureus were 13.7, 13.2, and 22.4, wider than
those of the PCLAg50/PT/COS at 11.9, 12.3, and 15.2 mm,
the bacterial reduction results of both membranes were
comparable around 100, 99, and 99.4%, respectively.

Finally, the antibacterial tests reassessed at the Ministry
of Health Institute of Public Health in Ho Chi Minh city
showed that the PCLAg500/PT/COS and PCLAg50/
PT/COS membranes achieved broad inhibition zones of
approximately 7.6, 6.7, 3.0 and 3.1 11.1, and 11.6 mm,
respectively, against P. aeruginosa, E. coli, and S. aureus,
respectively, will all exhibit reduction percentages of 100%
(Fig. 4 and Table 4). In fact, both tri-layer membranes
obtained optimal antibacterial performance despite the
silver concentration being 50 ppm or 500 ppm, comparable
to the results above. While a silver concentration of 500 ppm
captures attention for its high antibacterial performance in
sterilising dressing, a silver concentration of 50 ppm still
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achieves an acceptable value for infection prevention. In this
experiment, silver played a key role in preventing infection
by maintaining a sterile environment around the wound by
preventing pathogens from entering the wound and helping
disinfect the wound fluid. Therefore, a silver concentration
of 50 or 500 ppm should be selected by considering the
degree of safety and infection.

4. Conclusions

This study reported the antibacterial capabilities of
tri-layer membranes containing two antibacterial agents,
AgNPs and COS, designated as PCLAg50/PT/COS and
PCLAgS500/PT/COS, to exploit their synergistic impact for
the development of ideal antibacterial wound dressings.
The main difference between these two membranes is the
concentration of silver nanoparticles in the PCLAg layers
of which 50 and 500 ppm were compared to investigate its
toxicity due to overdose. The fibre and porous structures
of all three layers of the membranes were examined by
SEM. The antibacterial performance of both tri-layer
membranes reached almost 100%. Meanwhile, the reduction
percentages of PCLAg500 were high, approximately 94.6%
(P. aeruginosa), 96.8% (E. coli), and 97% (S. aureus).
The PCLAg50 membrane values were slightly lower at
67.5, 80.6, and 82.1%, respectively. Although the silver
concentration of the outside layer was reduced 10 times to
50 ppm, its reduction percentage was only reduced by 15%.
Therefore, applying silver concentrations of 50 or 500 ppm
to the outer layer to maintain a sterile wound environment
should consider safety and the degree of infection. Finally,
applying two antibacterial agents to wound dressings could
provide comprehensive antibacterial efficacy to facilitate
wound healing.
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ABSTRACT

Introduction: The aim of this study is to evaluate the influence of the concentration of acetone
(AC) and acetic acid (AA) solvents to fabricate a polycaprolactone (PCL) membrane for wound dress-
ing applications. The viscosity of PCL solutions is evaluated to choose the best AC and AA solvent
ratio. Methods: The PCL membrane was successfully fabricated by the electrospinning method.
The physicochemical properties of the membranes were evaluated using a scanning electron mi-
croscope (SEM), fiber diameter distribution, water contact angle measurements, the moisture va-
por transmission rate, and a biocompatibility assay. Results: The results show that two samples of
15%PCL-AC and 12%PCL-AC are suitable for fabricating the membrane by electrospinning method.
Conclusion: Therefore, two samples consisting of 129%PCL-AC and 15%PCL-AC with good physical-
chemical properties and good biocompatibility can be selected for use in wound dressing applica-

tions.

Key words: electrospinning, polycaprolactone, acetone, acetic acid, cell adhesion

INTRODUCTION

Skin is an extremely important organ that protects the
human body. While it is often thought of as just an
exterior cover, there are various important reactions
that take place on the human skin such as microbial
defenses, hydration, and thermal control. The innate
immune system’s first line of protection against in-
fection is the skin, which reduces the likelihood of
microbial attacks 2. However, skin is easily prone
to external injuries such as bruises, burns, cuts, lac-
erations, gashes, and tears, causing wounds. When
the skin is wounded, one of the major complications
is infection, which makes the wound progress from
an acute to a chronic condition if the wound site is
not treated as soon as possible. Choosing a suit-
able wound dressing is necessary and important. Var-
ious types of wound dressing have been researched
by scientists and are manufactured using many dif-
ferent methods in which electrospinning has been ap-
plied for gauze fabrication in recent decades?. This
method is very convenient and has the ability to be
used for a variety of polymers with different levels of
biological compatibility such as cellulose, gelatin, silk,
polyvinyl alcohol, polycaprolactone (PCL), etc®. In
addition to being able to be used in traditional dress-
ings, the electrospun membrane has demonstrated
advantages such as breathability, easy synthesis, and
especially the easy addition of other substances to

increase the antibacterial abilities and wound heal-
ing support. Among the types of materials used
for wound dressing, PCL membranes are outstanding
thanks to their mechanical properties, high biological
compatibility, and electrospun PCL membranes that
hardly deform when influenced by body temperature
and room temperature®. Electrospinning technology
is a simple technology with the ability of high eco-
nomic efficiency because of the ability to create thin
membranes. This saves on the cost of materials dur-
ing production. Moreover, this technology is grad-
ually becoming popular in the medical industry due
to its versatility with many materials. From this pro-
cess, we can produce different healthcare products us-
ing electrospinning which can match the required in-
ternational quality at lower prices. Electrospinning
uses an electrospinner in which the machine struc-
ture includes (1) a one-way high-voltage power sup-
ply, (2) the fiber collection system, and (3) the elec-
trical syringe system containing the polymer. Elec-
trospinning can produce nanofibers by applying high
electric fields. When a high enough voltage is placed
in a drop of liquid, the liquid will be charged, and the
electrostatic force thrusts against the surface tension
from which the liquid drops are stretched to form a
spray connected to the membrane collector. Overall,
electrospinning is a set of electric fields that control
the polymer spray rays in relation to the membrane

Cite this article: Nguyen K, Nguyen N,NgocT,PhanT, Vo P H,Ngoc TN D, Nguyen K, Nguyen T H. Studying
the influence of solvent concentration on the fabrication of PCL me mbrane for wound dressing
applications. Sci. Tech. Dev. J.; 2022, 25(4):2600-2607.

2600



Science & Technology Development Journal 2022, 25(4):2600-2607

collection block that forms a non-woven format prod-
uct. Electrospinning products obtained with a mi-
crostructure consist of countless interwoven polymer
fibers with a diameter of several hundred nano to sev-
eral micrometers. The parameters include the proper-
ties of the polymer solution (molecular weight, elec-
trical conductivity, conformation of polymer chains,
surface tension, and solvent type) while the process
parameters include applied voltage, the distance be-
tween the needle and collector, electrode geometry,
the rotating speed of the collector, the feeding rate of
the polymer solution, and the environmental condi-
tions (temperature and humidity)”. The viscosity of
solution is one of the most important properties®. For
a successful electrospinning procedure, the selection
of an appropriate solution viscosity is among the key
parameters because continuous fibers cannot be pro-
duced with a solution consisting of low viscosity. At
a high viscosity, the electrical charges fail to generate
the required strength to attenuate the solution to form
fibers. With an increase in viscosity, the amount of
polymer chain entanglement of the solution also in-
creased and the shape of the beads transformed from
spherical to spindle- like until a smooth fiber was pro-
duced. It has been found that the optimum spinning
viscosity ranges from 1 to 200 poise approximately
a range of 1 to 20 uniform nanofibers can be pro-
duced?. Therefore, the aim of this study is to evaluate
the influence of solvent concentration on the process
of creating PCL membranes using the electrospinning
method in relation to wound dressing applications.

MATERIALS AND METHODS

Materials

Polycaprolactone (Mn= 80000, Sigma-Aldrich),
Acetone (>99,5%, Xilong), acetic acid (>99.9%,
xilong), acetonitrile (>99,9%, Sigma-Aldrich), Dul-
beccos Modified Eagle Medium (Thermo Fisher),
Fetal Bovine Serum (Thermo Fisher), Penicillin-
Streptomycin (Thermo Fisher), and Resazurin

(Thermo Fisher) were used.

Methods

The PCL membrane was successfully fabricated us-
ing the electrospinning method. The physicochemi-
cal properties of the membranes were evaluated using
a scanning electron microscope (SEM), fiber diame-
ter distribution, water contact angle measurements,
moisture vapor transmission rate, membrane surface

hydrophilicity, and a biocompatibility assay.
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Scanning electron microscopy (SEM)

The membranes (1x1 cm?) were sputter coated with
gold (JEOL Smart Coater, Japan) for 60 seconds. The
SEM (JSM-IT100, JEOL, Japan) with an acceleration
voltage of 10kV was then used to evaluate the surface
and side morphologies of the membranes. The fiber
diameter, pore size, and thickness of the membranes
were analyzed using the Image]J software (NTH, USA).

Water absorbability

The water contact angle measurements were taken ac-
cording to the following protocol. Principally, 10 ul of
water droplets were dispensed onto the surface of the
membranes using a pipette. Immediately, any change
in water droplet shape during the testing period was
recorded using the contact angle set including the
DSLR camera (Canon) together with a pedestal sys-
tem. The contact angle of the recorded images was
analyzed using the Image] software (NIH, USA). The
experiment was performed in triplicate at three differ-
ent locations on the surface membranes.

Moisture Vapor Transmission Rate (MVTR)

The Moisture Vapor Transmission Rate (MVTR) of
the membranes was carried out according to BS EN
13726-2:2002. A cup filled with distilled water was
completely covered by the testing membrane of 6x6
cm? (A), provided that the membrane was placed
5mm above water level. The system, including the
container, membrane, and water, was then weighed
(W1, g) before being incubated in an oven at 37°C
for 24 hours (T). After that, the whole system was
weighed again (W2, g) and the dressing was observed.
Each test was replicated five times. The Water Vapor
Transmission Rate (MVTR) of the samples was calcu-
lated as follows:

MVTR=
(W) — W) x 10000 5 22 (g /m? 24h)

Tensile strength test

The mechanical strength of the membranes was tested
using Texture Analyser (TA.XTplus, Stable Micro Sys-
tems, USA). Firstly, specimens with a rectangular
shape of 1x3 cm? were prepared from the membranes.
Prior to testing, the thickness of the membrane was
measured using an electronic caliper. The stress and
strain graphs of the membrane were reported. The
measurements were repeated three times and the data
presented as average + standard deviation.



Science & Technology Development Journal 2022, 25(4):2600-2607

Biocompatibility assay

First, the membranes (1 cm x 1 cm) were soaked
in Dulbecco’s Modified Eagle Medium (DMEM) cell
culture medium (ratio of 0.1g/mL) with 10% bovine
serum (Fetal Bovine Serum, FBS) and 1% antibiotic
(Penicillin, PS) for 24 h to collect the extracted solu-
tion. Secondly, the extracted solution was used to cul-
ture L929 mouse fibroblasts in a 96-well culture plate
at a concentration of 10* cells/100uL/well for 24 h.
After that, resazurin was added to each well at a con-
centration of 2 g/100u L and incubated for another 4
hours. Finally, the fluorescence signal was measured
at an excitation wavelength of 530 nm and absorp-
tion wavelength of 590 nm. The experiments were re-
peated three times.

Statistical analysis

The statistical analysis was performed using Sigma
Plot V.12.0 version (SSI, USA). Differences between
samples were analyzed using one-way analysis of vari-
ance (ANOVA). The data was expressed as the mean
+ SD and P values, while those that were less than 0.05
(p < 0.05) were determined to be statistically signifi-
cant.

RESULTS

Table 1 shows that the viscosity results of the PCL so-
lutions with different concentrations of 12%, 15% and
20% (w/v) PCL in AC and AA solvents, along with
mixed solvent systems of 7AA:3AC, 8AA:2AC and
9AA:1AC, were recorded. These results show there
to be a correlation between the solvents’ composi-
tion and viscosity as the solution became more vis-
cous with the increasing concentration of AA in the
mixture. Specifically, when using the AC solvent, the
viscosity of the 12%, 15% and 20% PCL solutions was
225 + 4.96 cP, 450 £+ 4.96 cP and 1940 + 31.04 cP,
respectively. The results also show that the viscosity
of the solution was affected by the solvent, where the
solution dissolved in AA had a higher viscosity than
that of AC. The solution dissolved in a two-solvent
system with a changing solvent proportion shows that
increasing the ratio of AA and decreasing the ratio of
AC will increase the viscosity of the solution. The so-
lution at the same PCL concentration of 20% when
dissolved with AA and AC has a viscosity ratio greater
than 1940 + 31.04 cP which is not suitable for the elec-
trospinning method.

More specifically, increasing the AA ratio in the se-
ries of solvent mixtures yielded greater viscosity rat-
ings for the newly synthesized 12% PCL membrane
(from 225 cP with no AA present up to 515 cP with

only AA present in the solvent). Moreover, in the pre-
vious work of the group !°, PCL membranes were suc-
cessfully using AC solvent at a 15% PCL concentra-
tion corresponding to 450 cP viscosity. In this study,
450 + 4.96 cP was chosen as the control value and
the solution samples with an approximate viscosity
value (12% PCL-8AA:2AC) were investigated using
the new electrospinning system. A solution of 12%
PCL-7AA:3AC, 12% PCL-9AA:1AC and 12% PCL-
AA with viscosity values of 400 =+ 9.04, 470 £ 17.84
and 515 =+ 9.84 cP respectively were also chosen due
to their resistance regarding the clogging of the noz-
zle (no need to clear the needle)!!. In addition, a
solution of 12% PCL-AC with a viscosity value of
225 + 4.96 cP, was also selected for its good mem-
brane forming ability from the experiment. Therefore,
the six solution samples of 15% PCL-AC, 12% PCL-
AC, 12% PCL-AA, 12% PCL-9AA:1AC, 12% PCL-
8AA:2AC and 12% PCL-7AA:3AC were chosen and
the other remaining samples were not selected.

Table 2 shows that the two solutions containing 12%
PCL-8AA:2AC and 12% PCL-7AA:3AC obtained the
high membrane bombardment efficiency in terms of
membrane fabrication due to the ratios of AC in the
mixed solvent systems of 9AA:1AC, 8AA:2AC and
7AA:3AC being rather ineffective. On the other hand,
AA is not a good PCL solubilizer and only plays a
role in reducing the evaporation rate of AC, helping
to avoid condensation at the injector head and in-
creasing the membrane forming efficiency. However,
this creates a granular texture on the surface of 12%
PCL-8AA: 2AC (Figure 1c) and 12% PCL-7AA: 3AC
(Figure 1d), 12% PCL-9AA:1AC (Figure le) and 12%
PCL-AA (Figure 1f). This does not happen in the two
samples of 15% PCL-AC (Figure 1a) and 12% PCL-
AC (Figure 1b). Therefore, two samples of 15% PCL-
AC and 12% PCL-AC were determined to be suitable
for fabricating wound dressing membranes.

The average sizes of the membranes synthesized from
12% PCL-AC and 15% PCL-AC were 0.88 + 0.40
um and 2.29 + 0.34 um. On top of that, the aver-
age pore sizes were 2.13 & 0.64 um and 8.66 £ 2.69
um.Figure 2 shows that when the 12% PCL solution
in AC was used, 33,33% of all PCL strands had di-
ameters of 0.4 - 0.6 um and nearly 50% of the pores
spanned 1.5-2.0 um across in diameter. Nevertheless,
as the concentration of PCL in the solution increased
from 12% to 15%, the diameter of the strands, in con-
junction with the pore sizes, were observed to increase
in lock-step. Additionally, strands with diameters of
2.2-2.4 ym made up 36.67% and pores with diameters
of 6-8 um made up nearly 50%.
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Table 1: Table of viscosity ratings of PCL solutions at various concentrations of 12%, 15% and 20%, dissolved in
AA, AC solvents and mixed solvent systems of 7AA:3AC, 8AA:2AC and 9AA:1AC (n=10)

12% PCL
AC 225 £ 4.96
7AA:3AC 400 £ 9.04
8AA:2AC 445 +11.04
9AA:1AC 470 £ 17.84
AA 515+£9.84

15% PCL 20% PCL
450 £ 4.96 1940 4 31.04
700 £ 6.64 3190 £ 35.84
765 & 18.56 3270 £ 20.16

1050 & 16.56 3475 £ 26.4
1625 £ 9.36 3500 £ 18.32

Table 2: Table of records from membrane synthesis and membrane bombardment efficiency ratings during the
assessment procedure of the effects of PCL concentration and its solvents

Voltage and Observation Distance
15%PCL-AC +
12%PCL-AC +
12%PCL-AA -
12%PCL-9AA:1AC

12%PCL-8AA/2AC =

12%PCL-7AA/3AC -

Cleaning of Injector Head

Bead formation Efficiency Rating (%)
89 + 1.04
- 90 £ 1.40
+ 83 +1.44
+ 84 £ 1,36
+ 89 £ 1.04
+ 97 + 1.04

SEM scans and distribution diagrams of the mem-
brane’s thickness for the two samples 12% PCL-AC
and 15% PCL-AC are illustrated in Figure 3. The re-
sults were indicative of a uniform thickness across the
membranes synthesized by the electrospinning device
with negligible inconsistencies between the measure-
ments. Under the same injection conditions and solu-
tion volume (45mL), the membrane made from 12%
PCL-AC averaged around 230.7 + 20.1 um of thick-
ness less than the membrane fabricated from the solu-
tion 15% PCL-AC 0f 301.3 £ 19.3 um (p < 0.05). This
was mainly due to the average strand size of the mem-
brane from 12% PCL-AC being much less, leading to
an overall reduction in thickness.

Table 3 shows that the moisture vapor transmission
rate (MVTR) of the membranes was employed and
that the membranes for 12% PCL-AC and 15% PCL-
AC possessed a great average trans-membrane evap-
oration rate with each being 3690 + 283 and 3866 +
141(g/m2.24h) in that order. This further moisture
vapor transmission relates to its ability to keep the sur-
face of the wound dry and well-ventilated, speeding
up the recovery process as a result.

Figure 4a shows that the 12% PCL - AC and 15% PCL
- AC membranes acquired hydrophobicity (with con-
tact angles greater than 90°). More specifically, the
less hydrophobic surface was found for the 12% PCL
membrane synthesized in AC solvent with a contact
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angle of 116.7 &+ 5.6°. The 15% PCL - AC mem-
brane was more hydrophobic, leading to a widened
contact angle of 127.1 & 5.4°. Besides, Figure 4b
shows that the PCL 12%-AC membrane possessed a
tensile strength of 4.011 £ 0.380 MPa and a strain of
672,900 + 44,028%, both of which are significantly
greater than some of the physico-mechanical proper-
ties of the PCL 15%-AC membrane with a 2.594 +
0.250 MPa tensile strength and strain of 579,491 +
97,284%. Finally, Figure 4c illustrates that both sam-
ples of 12% PCL-AC and 15% PCL-AC obtained good
biocompatibility with the 1929 cell viability main-
tained above 90% at a 100% extract concentration.
The results showed statistically significant differences
in cell viability across the three different concentra-
tions of 100%, 50%, and the control in the 15% PCL-
AC sample (p < 0,05). Overall, cell viability remained
over 90% across all samples. The results indicate that
the samples including 12% PCL-AC and 15% PCL-AC
are biocompatible.

DISCUSSION

The concentration, viscosity, and surface tension of
the solution are the factors that determine the mor-
phology of the fibers. Surface tension tends to re-
duce the surface area of the droplet and the viscos-
ity helps the droplet resist deformation when sub-
jected to external influences. In contrast, electrospin-
ning can increase the surface area of the droplet via
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Figure 1: Overview of the effects of PCL concentration and solvent composition on the morphology of mem-
brane surface (a) 15%PCL-AC, (b) 12%PCL-AC, (c) 12%PCL-8AA/2AC, (d) 12%PCL-7AA/3AC, (e) 12%PCL-

9AA:1AC and (f)12%PCL-AA (Measuring scale: 10 ;:m))

Table 3: Table of average evaporation rates of the samples 12%PCL-AC va 15%PCL-AC (n=5)

Sample
12%PCL-AC

15%PCL-AC

Average evaporation rate (g/m?.24h)
3690 £ 283

3866 £ 141

droplet elongation (by the Coulomb force) to form
polymer fibers. Therefore, the higher the surface ten-
sion and the higher the viscosity, the more difficult it
is to stretch the droplet to produce fibers with a larger
diameter (Figure 5) 12 This could account for the in-
crease in PCL concentration from 12% to 15% with
the increase in surface tension and viscosity leading
to an increase in fiber size.

Viscosity has been listed as one of the more impact-
ful factors that mainly impinges on the formation of
polymer strands and other characteristics such as the
diameter and formation of polymeric beads on the
strands. In addition, it was agreed that the greater
the solvent’s viscosity, the higher the average size of

the polymeric strands. In our previous study, a PCL
membrane was successfully synthesized using PCL in
AC which yielded a viscosity rating of 450 cP %11 ;
samples with a suitable viscosity were chosen. When
varying the concentration of PCL in solution across
the different samples including 15% PCL-AC, 12%
PCL-AC, 12% PCL-8AA/2AC, 12% PCL-7AA/3AC,
12% PCL-9AA:1AC, and 12%PCL-AA, there was an
increase in fiber diameter as well as pore size. The
number of beads increased significantly as the dif-
ferent AA concentrations were increased (Figure 3).
Besides, the 2 membranes of 12% PCL-AC and 15%
PCL-AC possessed great hydrophobicity due to their
angles of contact being greater than the offset of 90°.
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Figure 3: Cross section scans and distribution diagrams of membrane thickness of samples (a) 12%PCL-AC
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Figure 5: The effect of viscosity on fiber size.

A possible explanation can be because the pore sizes
of the 15% PCL-AC membrane were more prominent
(Figure 4a), prompting an inflation in hydrophobicity
as more water droplets were pushed to the surface, re-
sulting in much larger contact angles. In addition, the
two membranes of 12% PCL-AC and 15% PCL-AC
met all the preset physical conditions at a relatively
satisfactory level where the ultimate tensile strength
must be no less than 1.8 MPa with a deformation ca-
pacity of more than 30%. However, the 12% PCL-
AC membrane was thinner, retaining greater tensile
strength and elasticity (Figure 4b). Therefore, the 12%

PCL-AC samples were chosen for use in wound dress-
ing applications.

CONCLUSION

Two samples of 15% PCL-AC and 12% PCL-AC were
determined to be suitable for fabricating membranes
and both samples exhibit prominent biocompatibility
where the cell viability is over 70%, which is needed to
apply it to a wound dressing. However, the 12% PCL-
AC sample is a more suitable option for use in wound
dressing applications than 15% PCL-AC and the other
samples evaluated in this study.
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