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Diéq ché hydrogel chira chitosan va dau dira
bang phwong phap dong lanh - ra dong

Lé Xuén Truong, Tran Vin Thanh*, Hoang Kim Nghi
Khoa Duoc, Dai hoc Y Duwoc TP Hé Chi Minh, 41 Dinh Tién Hoang, phuong Bén Nghé, quan 1, TP Hé Chi Minh, Viét Nam
Ngay nhan bai 22/3/2021; ngay chuyén phan bién 25/3/2021; ngay nhén phan bién 13/4/2021; ngay chip nhan dang 19/4/2021

Tom tiit:

Nghién ctru nay nhim x4y dung cong thirc cho mét hydrogel chira chitosan (CS) va diu dira nguyén chit (VCO) sit dung
cac chu ky dong lanh - ra dong (F-T) lap lai, muc dich cho ung dung bang bo vét thuong. Nghlen ctru da tién hanh danh gla
anh hudng cua do thiy phin polyvinyl alcohol (PVA), nong d va do day l6p dung dich, so chu ky F-T, ty 1€ CS Ién tinh chit
cim quan, d9 trwong né va phin gel ciia hydrogel. Kha ning khang khuin ciia mang PVA/CS/VCO chéng lai Staphylococcus
aureus nhay methicillin, S. aureus khang methicillin, Pseudomonas aeruginosa, Candida albicans dwgc danh gia bang phuong
phap khuéch tan dia thach. Két qué cho thy, PVA c6 dd thily phan cao (trén 99%), dé dang tao dwgc hydrogel sau vai chu ky
F-T. Mang hydrogel cang day, nong do dung dich PVA cang cao thi dd mém déo, dan hdi va trwong né cang thip, dong thoi
phin gel cang cao. Cong thirc dung dich PVA 10%, ty 1&¢ CS/PVA 12 40%, 5% (khoi lwgng/khéi lwgng - kI/kl) VCO, sau 3 chu

ky F-T duwgc chon vi tao ra hydrogel c6 tinh chit phii hgp va hoat tinh khéng khuén tot.

Tir khda: chitosan, dau dira, hydrogel, polyvinyl alcohol.
Chi 56 phan logi: 3.4
1. Dat van de

Mot loat cac loai bang vét thuong da ra doi dé phuc vu cho céc
muc dich khac nhau ciia qué trinh 1am lanh vét thuong. Cac loai
bing gac truyén thong c6 chirc nang chinh 14 giit cho vét thuong
kho rao, ngan chan sy xam nhap cta vi khuén vao vét thuong. Tuy
nhién, hién nay ngudi ta da chimg minh rang viée gitr mot moi
trudng vét thuong 4m va 4m gitip chira lanh vét throng nhanh
chong va hiéu qua hon. Bang vet thuong hién dai giup gitr va tao
moi trudng dm xung quanh vét thuong, ching chu yéu bao gdm
hydrocolloid, alginat va hydrogel [1]. Trong d6, hydrogel duoc béo
cdo 1a lya chon tot nhat do chung dap {mg dugc yéu cau can thiét
cho bang vét thuong 1y tuong. Nhuoce diém duy nhét cua hydrogel
¢ trang thai truong nd la n6 co6 do 6 6n dinh co hoc thap. Han ché
nay da duoc giai quyét bang cach sir dung hé mang hydrogel hon
hop, bao gf)m nhiéu hon mot polymer trong thanh phéan bang [2].
Hydrogel giong v6i md tw nhién hon bét ky loai vat liéu sinh hoc
tong hop nao khac, do ham lugng nudc cao, d6 mém tuwong ty nhu
mo tu nhién, c6 tinh twong thich sinh hoc [3], mang lai cam giac
mat va giam dau cho vét thuong,

Céc polymer than nude ty nhién va tong hop co thé lién két
chéo Ve mit vét Iy hodc hoa hoc dé tao ra hydrogel cho tmg dyung
bing vét thuong [4]. Céc phuong phap lién két chéo vat Iy, ching
han lién két hydro, lién két Van Der Waals hodc chu ky F-T lién
tiép 1a phuong phap lién két chéo an toan nhat dé tao ra hydrogel
cho bang vét thuong, do nhimg phwong phap nay tranh dugc viéc
str dung dung moi hitu co va thudc thir hoa hoc co nguy co doc hai,
kho loai bo khoi san pham... [2].

PVA ¢6 thé tao hydrogel b?{n vimg bing cac chu ky F-Tlap di
1ap lai, do su hinh thanh tinh thé c6 vai tro nhu nhiing lién két chéo
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vat 1y [5]. CS 1amot chat dong tring hop ctia cac don vi glucosamin
va N-acetyl glucosamin duoc lién két boi 1,4-glucosidic, n6 duge
tao ra bé'lng cach deacetyl hoa mot phan chitin [6]. CS duoc coi
14 chat tao bang vét thwong phd bién, c6 hoat tinh khang khuan,
khang nam, chong lai cac tac nhan tir mi trudng, tinh chit két
dinh va kha ning thim oxy rat tot [2]. Hydrogel hon hgp PVA/CS
da tang cuong dang ké céc hoat dong sinh hoc so voi hydrogel chi
bao gdbm PVA [6]. Dau dira da dwgc chimg minh 1a ¢6 rat nhiéu gia
tri trong y hoc, VCO c¢6 nhiéu dic tinh hé trg cho viée 1am lanh vét
thuong ngoai da nhu hoat tinh khang khuan, tac dung khang virus,
khang nam, hiéu qua trong cham soc va dudng & amda[7 7], ching c6
thé duoc diéu ché & dang nhii twong va liposom ma van giir dwoc
cac dac tinh khang khuan.

Tai Viét Nam, vat liéu hydrogel da va dang thu hut sy quan tam
cua cac nha khoa hoc, dac biét trong nong nghiép, tuy nhién nghién
ctru tmg dung cua hydrogel trong y sinh tai Viét Nam hién van con
rat non tré [8]. C6 nhiéu nghién ctru trén thé gidi va mot s6 nghién
ciru & Viét Nam di diéu ché hydrogel chira PVA, CS va két hop
thém cac thanh phan khac nhau nhu minocyclin [9], oxytetracyclin
[10]. Tuy nhién, cic nghién ciru vé hydrogel chita cac loai dau tu
nhién con han ché, trong d6 hydrogel PVA/CS/VCO chua dugc
nghién ctru. Vi thé nghién ciru nay dugc thye hién véi mong mudn
tao duoc mang hydrogel c6 tinh chat phu hop, kha ning khang
khuin t6t, an toan va mang den su thodi mai cho ngudi bénh, giup
day nhanh toc d6 1am lanh vét thuong.

2. Doi tuong va phuong phap nghién ciiu
2.1. Vit liéu

PVA 175050 (d6 thuy phén 299%) duge cung cap bai Cong ty
Shanghai Zhanyun Chemical (Trung Quéc). PVA 217 (49 thuy phan
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Abstract:

This study aimed to formulate a hydrogel membrane
containing chitosan (CS) and virgin coconut oil (VCO)
using repeated cycles of freezing and thawing (F-T) for
wound dressing applications. This study evaluated the
effects of degree of hydrolysis of polyvinyl alcohol (PVA),
solution concentration and thickness, number of F-T
cycles, CS proportion on the sensory properties, swelling
ratio, and gel fraction of hydrogels. The antibacterial
ability of PVA/CS/VCO membrane against methicillin-
sensitive Staphylococcus aureus, methicillin-resistant
Staphylococcus  aureus, Pseudomonas aeruginosa,
Candida albicans was evaluated by disk diffusion
method. The results showed that PVA with a high degree
of hydrolysis (over 99%) easily generated hydrogel after
several F-T cycles. The thicker the hydrogel membrane
or the higher the concentration of PVA solution was, the
lower the flexibility, elasticity, swelling ratio was, and
the higher the gel fraction was. The formula including
10% PVA solution, the ratio of CS to PVA is 40%, 5%
w/w VCO, through 3 F-T cycles created hydrogel with
suitable properties and good antibacterial activity.

Keywords: chitosan, hydrogel, polyvinyl alcohol, virgin
coconut oil.

Classification number: 3.4
'

87-89%) c6 ngudn gde tir Singapore. CS (d¢ nhot thip hon 20 cps,
96,6% deacetyl hoa) duge cung cap boi Cong ty Chitoworld (Viét
Nam). VCO lay tur Cong ty Ché bién dira Lwong Quéi (Viét Nam).

2.2. Phuong phdp diéu ché hydrogel

Bt PVA duoc cho tir tir vao nudc cit & 90-100°C dé tao thanh
cée dung dich PVA ¢6 ndng do 7-15% (kI/K1), tiép tuc khudy 1 gis
&90-100°C dé PVA tan hoan toan. Néu c6 bot khi, giit yén qua dém
dé loai bo. Sau do luong dung dich nhét dinh duoc do ra dia petri
duong kinh 80 mm védi d§ day khac nhau (1, 2 va 3 mm). Céc dia
petri nay dugc dong lanh ¢ -20°C trong 18 gio va rd dong ¢ nhiét
d6 phong trong 6 gio (tong thoi gian 24 gio cho 2 giai doan ndy
duoc goi 1a 1 chu ky), qua trinh nay duoc lap lai 1 dén 7 1an (chu

ky) [9]-
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Hydrogel PVA/CS dugc diéu ché tuong ty, dung dich CS 4%
(kI/kl) dwgc chuan bi trong dung dich acid acetic 2% (kI/kl), sau do
cac dung dich ¢ ty 1¢ khoi luong giita CS va PVA khéac nhau (khoi
lugng CS bing 0, 5, 10, 20, 30, 40 va 50% so v6i khdi lugng PVA)
duoc tron bang cach khudy tir trong 1 gio.

Vi hydrogel PVA/CS/VCO, phoi hop dau dira véi ty 1¢ 5%
(kl/kl) vao dung dich PVA/CS, khuay trong 15 phut dé tao nhu
tuong, sau do tiép tuc nhu trén.

2.3. Phwong phdp xdc dinh phin gel (Gel fraction - GF%)

Céc miéng hydrogel thu duoc sau chu ky F-T cudi cting dugc
cat thanh miéng 2x2 cm, 1am kho trong tii siy ¢ 60°C trong 24 gid
va can (Wo), sau d6 chiing dugc ngam trong 50 ml nudc cat trong
24 gi & nhiét do phong cho dén khi can bang khdi luong (Ws) dé
loai bo céc phan c¢6 thé ro ri hodc hoa tan. Cac miéng hydrogel sau
d6 duoc 1am kho & 60°C trong tu sdy trong 24 gio va can lai (We).
Phan gel (GF%) dugc tinh nhu sau [11, 12]:

GF% = 2% % 100%
Wo
2.4. Phuong phap xdc dinh dj trwong né (Swelling ratio - SR%)

Dé do d¢ truong nd cia hydrogel, cac miu duogc cat thanh cac
miéng 2x2 cm va sdy khd & 60°C trong ti1 siy trong 24 gios cho dén
khéi lugng khong doi (Wa). Cac mau kho duoc ngam trong 50 ml
nuée cat, duy tri & 37°C, sau d6 dem can khdi luong (Ws) ¢ céc
khoang thoi gian cu thé (5 phit dén 72 gio). Su hap thu nudc hay
ty 1€ truong nd duge tinh nhu sau [10, 12]:

SR% = x 100%
MOi thir nghiém dugc thyc hién 3 lan, léy két qua trung binh.
2.5. Phwong phdp danh gia tac dung irc ché vi sinh vit

Hydogel dugc kiém tra kha ning khang khuin bang phuong
phap khuéch tan dia thach, méi truong thir nghiém 1 thach
Mueller-Hinton, v6i 4 loai vi sinh vat S. aureus nhay methicillin
(MSSA), S. aureus khang methicillin (MRSA), Pseudomonas
aeruginosa va Candida albicans. Cit hydrogel thanh miéng co
canh 10 mm va dé 1én bé mat thach, sau d6 @ hop thach trong ti
4m 6 35-37°C trong 24 gid v6i vi khuan va 48 gio voi vi ndm.

Doc két qua: Lay dia petri ra va dé 1én nén den khong phan
quang, xac dinh duong kinh vong khang khuan (duoc dinh nghia
14 dudng di xuyén qua tim cua miéng hydrogel dén mép ciia khom
vi khudn hodc khom nim). Hydrogel duoc xem 1a c6 tinh khang
khuan khi quan sat rd duong kinh nay, va duong kinh nay cang 16n
thi hydrogel ¢6 hoat tinh khang khuan cang manh.

£ 2 ~ ~ S
3. Két qua va ban luan

3.1. Anh hwéng cia d@p thity phin ciia PVA dén sw hinh
thanh hydrogel

PVA véi cac d¢ thiy phan khac nhau dugc khéo sat trong
nghién ctru nay. PVA 217 (d6 thity phan 87-89%) khong thé tao
hydrogel ngay ca vdi nong do dung dich PVA cao (15%) va 7 chu
ky F-T, sau khi ri dong ching van & trang thdi long. Trong khi do
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PVA 1750£50 (d9 thity phan >99%) d c¢6 thé tao hydrogel ngay
ca voi nong do thap (7%) sau 1 chu ky F-T, mac du né khong thuc
sy on dinh. V6i dung dich PVA 1750£50 ¢6 nong do 7%, hydrogel
twong d6i on dinh duoc tao ra sau 3 chu ky F-T (hinh 1). Diéu nay
chimg t6 ring mirc d¢ thiy phan ciia PVA anh huong 16n dén kha
ning tao hydrogel bing chu ky F-T, trong d6 mitc d thuy phan
cang 16n thi kha nang tao hydrogel cang tot. Diéu nay ciing dugc
khéng dinh bai cac nha khoa hoc, theo d6 su hién dién cua cac
nhom acetat cong kénh c6 thé e ché sy hinh thanh hydrogel [5].
Dong thoi, F. Yokoyama va cs (1986) [13] ciing c6 két ludn, su tao
thanh hydrogel rat nhay cam voi mirc d¢ thiy phan, do tinh long
léo va kha ning chdng tham nudc thap ciia cac nhom acetyl ngin
can sy hinh thanh va phat trién céc tinh thé PVA trong méi truong
nude. Véi PVA ¢6 d6 thiy phan 98,7%, can t6i hon 20 chu ky F-T
mdi hinh thanh dugc ciu tric xop cua hydrogel [13].

Hinh 1. Hydrogel tir PVA 175050 v&i ndng dd va dé day dung
dich khac nhau.

3.2, Anh huong ciia néng @ va dj day 16p dung dich PVA
den tinh chat hydrogel

Céc hydrogel tir PVA 1750£50 véi cac ndng d6 7, 10 va 15%,
d¢ day 16p dung dich trong dia petri la 1, 2 va 3 mm duogc tao ra
sau 3 chu ky F-T (hinh 1).

O do day 1 mm, cac hydrogel thu dugc rt mong, mém, qué
linh dong, kho cAm nam co dinh. V6i do day 2 mm thi hydrogel
day hon, nho d6 on dinh, it linh dong hon va dé cam dugc trén tay,
nhung khi d9 day 1én dén 3 mm thi ching lai qué day, cimg. Tinh
mém déo, linh hoat cling giam dan theo thtr ty néng do 7, 10 va
15%, tirc 1a nong d6 dung dich tang thi hydrogel thu dugc cang
ctmg va kém linh dong hon, ddng thoi do dan hoi giam dan, do
bén ting dan. Nguyén nhan la mirc do két tinh ting 1én khi nong
do PVA ting Ién, do ting su chong chéo va thuc day sw gip khuc
cta cac chudi PVA [14].
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Dong hoc trrong nd cua 3 hydrogel tir dung dich PVA 7, 10 va
15% voi d¢ day 2 mm dugce tao ra sau 3 chu ky F-T dwogc thé hién
trong hinh 2. D0 thi cho thdy cac miu truong nd twong tw nhau,
ching déu nhanh chong hap thu nudc va sau 6 gio di dat dén do
truong nd can bang kha tot (tir 280 dén 350%). Nong d dung dich
PVA cang cao, hydrogel ¢6 d9 truong nd cang thip.
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Hinh 2. Déng hoc trwong né cua hydrogel tir dung dich PVA &
néng do 7, 10 va 15%.

Hinh 3 va 4 cho thdy, do truong nd can bing (1a do truong no
t0i da va gan nhu khong thay doi khi tiép tuc ngam, quy wdc lay &
thoi diém 24 gio) va phan gel cia cac hydrogel tir cac dung dich
c6 ndng do va do day khac nhau. Nhin chung, d truong n ty 18
nghich, con phan gel ty 1é thuan v6i ndng do va do day 16p dung
dich PVA. Sau 3 chu ky, cic miu déu tao dugc hydrogel c6 phan
gel 16n (trén 88%) cho thiy su lién két chéo hiéu qua ngay khi
ndng do thip hay 16p dung dich mong.
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Hinh 3. D3 trwong n& can biang cla hydrogel tir dung dich
PVA & néng dé 7, 10 va 15% véi do day 1, 2 va 3 mm sau 3
chu ky F-T.
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Hinh 4. Phan gel ctia hydrogel tir dung dich PVA & néng dé 7,
10 va 15% vé&i dé day 1, 2 va 3 mm sau 3 chu ky F-T.



3.3. 86 chu ky F-T va tinh chit ciia hydrogel

Tir cac két qua trén nhan thay, hydrogel thu duoc tir dung dich
PVA c6 nong do 10% véi chiéu day 2 mm c6 cac tinh chat cam
quan, phan gel, 9 truong nd phi hop, do d6 chiing toi tiép tuc
khao sat anh huong ciia s6 chu ky F-T 1én tinh chit hydrogel dua
trén mau nay. Cac hydrogel dugc tao ra sau 1-7 chu ky F-T c6 do
truong ng va phan gel nhu ¢ hinh 5. PVA ¢6 thé tao duoc hydrogel
chi voi 1 chu ky F-T, nhung hydrogel thu dugc qua déo, dinh, tinh
chat co hoc khong phi hop dé dép 1én vét thuong. Khi sb chu ky
ting, phan gel tang lén do tang sb luong cac tinh thé dong vai tro
nhu céc diém lién két chéo, 1am cho mang ludi bén viing, chat ché
hon [14]. Tir chu ky thr 3 tr6 di, nhin chung tang s chu ky thi do
trrong ng giam, cac hydrogel lién két chéo it chat ch& c6 xu huong
cho thay kha ning hap thu nudc cao hon. Tuy nhién, khac biét vé
do truong ng ctia 3, 4, 5 va 6 chu ky 1a khong dang ké. Vi vay, chon
s chu ky 1 3 dé vira 6 loi vé thoi gian, vira dam bao tinh chit
phu hop ctia hydrogel.
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Hinh 5. Anll hwéng cta s6 chu ky F-T dén dé triwong n® can
bang va phan gel.
3.4. Hydorgel PVA/CS

Khi phdi hop thém CS, hydrogel van dugc tao ra sau 3 chu ky
F-T. Khi ty 1¢ CS cang cao, hydrogel thu dwgc cang mém déo, linh
hoat, nhung khi ty 18 1én dén 50% chung tré nén qua déo va kho
cam nam cd dinh. D§ truong nd va phan gel ciia PVA/CS duoc thé
hién ¢ hinh 6.
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Hinh 6. Anh hwéng cua ty 1é CS dén dd triwong né can bang va
phan gel ctia hydrogel PVA/CS.

D& dang nhén thy, khi c6 mat CS, hydrogel thu dugc c6 do
trwong nd ting, phan gel giam so voi hydrogel chi chira PVA
va ty 1& CS cang cao thi d9 truong ng cang 16m, phén gel cang
thap. Didu nay 1a do sy c6 mat cua CS lam giam lién két chéo
cta cac chudi polymer, mic dit CS ¢6 thé lién két chéo véi PVA
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nhung do bén lién két chéo cua CS yéu hon PVA [9]. Khi chi
¢6 PVA (0% CS), hydrogel ciu trac lién két chéo cao di dugc
thu va cdu triic nay c6 kha nang truong né thap, khoang 320%.
Sau khi ting ham lugng CS 1én 50%, d6 trwong né tang lén dén
850%, do ham lugng CS cao lam tang tinh thim uét va tinh ua
nudc cua hydrogel.

Tir cac két qua trén nhan thiy, hydrogel thu dugc tir dung
dich co ty 16 CS/PVA la 40% co cac tinh chit cam quan (do
linh hoat, mém déo vira phai, khong qua mém), phan gel cao
(trén 75%), d¢ truong nd tét (t0i da 780%). Ngoai ra, ty 1¢ CS
khé cao s& dam bao cho hoat tinh khang khuan, khdng nim ciia
mang. Tuy nhién mang hydrogel PVA/CS ¢6 tinh dinh cao, kha
ning gitr 4m kém, nhanh chéng bi khé khi tiép xtc v6i khong
khi. Vi vay, ching t6i chon ty 1¢ CS/PVA 1a 40% cho nghién
ctru tiép theo.

3.5. Hydrogel PVA/CS/VCO

Khi c6 mat dau dira voi ty 18 5% (kI/k1), hydrogel van dugc
tao ra. Mang hydrogel thu dugc (hinh 7) cho thay tinh dong nhat,
khong ¢6 vét nirt, khong c6 ddu hiéu ciia sy tach pha trén bé mat
hydrogel va mém déo, khong dinh. Hydrogel mau tring duc, c6
mui dau dira nhe va khong c6 bot khi trén bé mat. Ciu trac
dong nhit nay cho thay sy tuong thich tot giira cac thanh phan.

Hinh 7. Hydrogel PVA/CS/VCO sau 3 chu ky F-T.

Két qua khao sat hoat tinh khang khuén duogc thé hién &
hinh 8. MRSA, MSSA, P. aeruginosa va C. albicans 1a nhiing
vi sinh vat thudng thay trong vét thuong bi nhiém tring [15,
16]. Hydogel chi chira PVA (hinh 8E, nhom ching) khong c6
hoat tinh khang khuan do khong quan sat dugc bat ky vong trc
ché nao xung quanh mleng hydrogel, trong khi d6 hydrogel
PVA/CS/VCO cho thay cac vong khang khuan c6 dudng kinh
kha 16m, do d6 n6 tre ché t6t ca 4 loai vi sinh vét néu trén. Diéu
d6 1a nho hoat tinh e ché vi sinh vat cua dau dura va cua CS
trong moi truong acid lodng. CS ¢6 nhidu wu diém nhu phod
khang khuan rong hon, hoat tinh khang khuén cao hon va doc
tinh d6i véi té bao dong vat thap hon so véi cac chit khang
khuan khac. Tinh cht nay lién quan dén dién tich duong cuia
CS do cac nhém amin proton héa trong mdi trudng acid yéu
[17]. Mot co ché duogc dé xuat dé giai thich cho hoat tinh khang
khuan 13 twong tac giira cac dién tich duong cta CS trong moi
trudng acid va dién tich 4m ctia mang té bao vi sinh vat 1am cho
protein va cac thanh phin cta té bao bj rd ri [18].
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Hinh 8. Két qua danh gia hoat tinh khang khuan ctia hydrogel PVA/CS/VCO trén MRSA (A), MSSA (B), P. aeruginosa (C), C.
albicans (D) va cua hydrogel chi chira PVA trén MRSA (E - nhém chirng).

4. Két luan

Bing chu ky F-T, c4c hydrogel PVA, PVA/CS va PVA/CS/VCO
da dugc tao ra thanh cong. DY thity phan ciia PVA, nong do va do
day 16p dung dich, s6 chu ky F-T déu c6 anh huong 1én dén tinh
chat, do truong nd va phan gel ciia hydrogel tao ra. Tir PVA ¢6 do
thily phan trén 99%, néng d6 dung dich 10%, ty 1¢ CS/PVA 1a 40%,
5% VCO, sau 3 chu ky F-T, mdi chu ky dong lanh 18 gior & -20°C
va rd dong 6 gio ¢ nhiét d¢ phong, da hinh thanh hydrogel c6 tinh
chat co hoc phii hgp, hoat tinh khang khuén tot chdng lai MRSA,
MSSA, P. aeruginosa va C. albicans. Mang hydrogel nay s€ 1a mot
(g vién cho mot bang vét thuong tiém ning dé thuc day qué trinh
1am lanh vét thuong.
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