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TOM TAT

Trong nghién ctu nay, chiang téi gioi
thiéu mot loai hydrogel trén co s& chitosan
oxi héa dé két dinh mé. Chitosan -
polyethyleneglycol - tyramine hydrogel duoc
hinh thanh nhanh chéng trong sw hién dién
cua enzyme horseradish peroxidase (HRP)
va hydrogen peroxide (H,O,). Thir nghiém in
vitro v&i té bao fibroblast bang kit live/dead
cho thdy khé ndng twong hop sinh hoc cao.

Panh gid khd ndng két dinh mé duoc thuc
hién trén da heo cho théay cuong dé két dinh
mé Ién nhét cta hydrogel chitosan la 88 kPa
va 105 kPa déi véi hydrogel chitosan oxi
héa. Vat liéu hydrogel nay duoc ky vong sé
tr& thanh mot loai vat liéu cé hiéu qud két
dinh mé cao va dwoc trng dung rong rai
frong phéu thuéat.

Tir khoa: Horseradish peroxidase, chitosan, hydrogel.

MO DAU

Hydrogel 1a loai vat lidu gdm cdc mang
polymer ba chiéu, c6 tinh chit ua nudc va c6 kha
ning hap thuy moét luong nudc rat 1on [3].
Hydrogel ¢6 nhiéu tinh chat ddc trung nhu gan
gibng md ty nhién, d6 twong thich sinh hoc va
kha ning két dinh cao. Nh& nhitng tinh chét d6
ma hydrogel da dugc nghién ctru nhiéu dé tng
dung mang nha thudc trong té bao, cong nghé cay
ghép va tdi tao md. Ngoai ra, hydrogel con tng
dung trong cim mdu va chita lanh vét thuong [4].
Hydrogel sinh hoc dugc st dung nhu mot chét
két dinh vét thuong dugc ding trong phiu thujt
dé gin két hodc giit cdc md bén trong hay ngoai
co thé nhu da, mach mau sau phau thuat hay chan
thuong. Sir dung chét két dinh nay thuong mang
lai sy dé chiu, hai long cho bénh nhan va gép
phin thic diy qud trinh chita lanh vét thuong

cling nhu ting tinh thim m¥ cho vét thuong duoc
xu ly [1-6].

Géan ddy, cdc nha nghién ctru da tap trung
nghién ctru diéu ché hydrogel dua trén co so
polymer thién nhién c6 cac dac tinh nhu kha nang
tuong thich va phan huy sinh hoc cao. Theo dinh
hudng trén, hydrogel trén co s¢ chitosan hira hen
12 mot vat lidu tiém nang dé diéu ché keo két dinh
sinh hoc st dung trong phiu thuét. Chitosan la
mdt polysaccarid mach thing, 1a din xuét
deacetyl héa cua chitin, dugc tao thanh tir cac D-
glucosamine lién két tai vi tri p-(1,4) glycoside
[7]. Chitosan s& hitu nhiéu dic tinh sinh hoc cho
tdi tao m6 nhu khd ndng twong thich sinh hoc,
phan hiy sinh hoc, kha niang két dinh sinh hoc,
¢6 tic dung cAm mdu va khang khuan.
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Ngoai ra, chitosan con gitp kich thich san
xuit macrophage va fibroblast dé tao ra cdc nhan
t6 phat trién c6 loi dé ting cuong chira lanh vét
thuong [4].

Khé ning két dinh cua hydrogel trén da duoc
giai thich 1a do sy tuong tdc tinh dién cua dién
tich duong cao trén suon chitosan véi dién tich
4m trong md ciia nguoi. Chitosan duoc biét dén
voi kha ning twong tic chit ché véi té bao biéu
mo [2].

Trong nghién ciru ndy, ching tdi diéu ché
hydrogel trén co s¢ chitosan oxi héa bdi sodium
periodate. Hydrogel dugc tao thanh nhanh chéng
trong vai gidy trong sy hién dién cua enzyme
horseradish peroxidase (HRP) va hydrogen
peroxide (H,0,). Kha ndng twong hop sinh hoc
ctia hydrogel dugc danh gid bing kit live/dead,
kha ning két dinh mé cua hydrogel duge thyc
hién trén da heo. Thir nghiém két dinh trén vét
thuong tho va danh gid chira lanh vét thuong
bang phuong phap nhugm héa moé Hematoxylin —
Eosin.

VAT LIEU VA PHUONG PHAP
Vit liéu

Chitosan (MW=100.000-300.000 Dalton), p-

nitrophenyl chloroformate (NPC), tyramine (TA),
NO,

1€ O>"hon + © —

O\n,Cl
o

polyethyleneglycol (PEG, MW=4000 g/mol) c6
Xuét Xt tir Acros Organics. HRP va H,0, Xuét x{r
tir Sigma-Aldrich. Mang thim tdch Spectra Por
Ester Cellulose Membrane MWCO 14000 Dalton
cua Aldrich.
Téng hop p-nitrophenyl chloroformate-
polyethylene glycol-tyramine (NPC-PEG-TA)
Polymer dugc diéu ché qua 2 giai doan. Pau
tién, hai nhém cudi cia PEG duogc hoat héa véi
NPC. Giai doan 2, PEG duoc hoat héa NPC s&
duoc thay thé mét phan bing tyramine. 10 g PEG
(0,0025 mol) dugc dun néng chay ¢ 70 °C va sau
d6 thém NPC (1,512 g, 0,0075 mol), khudy hdn
hop trong 3 gid va dugc loc hit chan khong.
Thém 10 ml THF vao hén hop va khudy trong 1
gio, dua vé nhiét do phong. Hén hop dugc tao tia
v6i diethyl ether, loc rira két tua nhiéu ldn bang
diethyl ether, sau d6 dem c6 quay chan khong thu
dugc PEG hoat héa NPC. Miii don ¢ & = 2,00
ppm ching té su c6 mét cua proton methyl trong
nhém COCHj; trén mach chitosan. Miii don ¢ & =
3,64 ppm la tin hiéu nhém methylene cia mach
PEG. Hai tin hi¢u miii 6 & = 6,77 ppm va 6 =
7,02 pm Ia tin hiéu proton lién hop vong thom
cta tyramine. Mirc d§ hoat héa dat khoang 94 % .

NO,

+2HCI

O
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O
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Hinh 1. PEG hoat héa vdi NPC

DPé thu duogc NPC-PEG-TA,
tyramine (TA, 0.0028 mol) dugc hoa tan trong 5
mL DMF va 25 ml THF va nho ting giot vao
NPC-PEG-NPC (10 g, 0,0023 mol) dugc hoa tan
trong 40 mL THF, khudy trong 24 gio. Hon hop
dugc tao tia véi diethyl ether du, loc hit chin

polymer

khong va c6 quay thu dugc polymer NPC-PEG-
TA. Khoang 50 % NPC hoat héa PEG duogc thay
thé boi TA. 'H NMR (CDCl3) ciia NPC-PEG—
TA, 8ypm = 3,64 (s, -CH,—~CH,—, PEG); 6,77 va
7,02 (d, -CH=CH-, TA); 8,29 va 8,38 (d, —
CH=CH-, NPC)
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OH

Hinh 2. M6t phin tyramine thay thé PEG hoat héa NPC

Piéu ché chitosan oxi héa ghép

1 g chitosan dugc hoa tan véi 40 mL nude
cét, didu chinh pH = 2+3 bang dung dich HCI
10 %. Sau khi chitosan tan hoan toan thi chinh
pH cia dung dich 1én 4 bing dung dich NaOH
1M, giit & nhiét do phong. Hoa tan NalO, (0,272
) trong 40 mL nudc cit & 4 °C, nho timg giot
vao dung dich chitosan. Hon hop dugc khuay
trong 24 gio & nhiét do phong, trénh tiép xiic truc
tiép voi 4nh sing. Dung dich dwoc tham tich
trong nudc mudi trong 3 ngay véi mang MW
14000 Da thu dugc chitosan oxi héa.

Pé gin NPC-PEG-TA vio sudn chitosan,
hoa tan NPC-PEG-TA (3,8 g) trong 30 mL nudc
cét, nho timg giot vao binh ciu chira chitosan oxi

CH,OH

CH,OH CHLOH

N Q) Q
1 H H NalOy, H H H
——
o 1A WNen 1A Ko gAY — on 1l Won 1/
H H H 2 H H H
1 NH, H N, NI, 1 NI [ 1 NI,

NO,

-

héa, khudy lién tuc trong 24 gid. Dung dich dwoc
thidm tdch bing mang MW 14000 Da véi nudc
ct trong 3 ngay, sau d6 dugc dong sdu rdi dong
kho thu dugc chitosan oxi h6a—PEG-TA. Muc d6
oxi héa periodate dwgc danh gia bing phd 'H
NMR va ham luong tyramine dugc ghép trong
copolymer duoc x4c dinh boi phd UV-Vis. Mirc
d6 oxi héa dat khoang 14 % dugc tinh béng do
suy giam proton H, (glucosamine) trong mau
chitosan vd mAu chitosan oxi héa ghép TA —
PEG. Hiéu suat tong hop duoc khoang 81 %. 'H
NMR (D;O)8ypm: 6 = 2.00 (s, —COCHs,
chitosan); 3,63 (s, -CH,—~CH,—, PEG); 6,77 va
7,02 (d, -CH=CH-, TA).
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Hinh 3. Qud trinh oxi héa periodate va gin NPC-PEG-TA vao sudn chitosan oxi h6aTong hop hydrogel va thoi
gian gel héa
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Téng hop hydrogel va thoi gian gel héa

Hydrogel duoc diéu ché trong su hién dién
cua enzyme horseradish peroxidase (HRP) va
hydrogen peroxide (H,0,). Can 15 mg chitosan
oxi héa-PEG-TA hoa tan trong 135 uL HRP
0,07 mg/ml (dung dich A). Can 15 mg chitosan
oxi h6a—PEG-TA hoa tan trong 135uL H,0, cé
ndng d6 khac nhau tir 0,03 % dén 0,055 % (dung
dich B). Hydrogel dugc tao thanh nhanh chéng
khi tron hai dung dich A va B lai v6i nhau. Thoi
gian tao gel dugc xdc dinh tr thoi diém tron 13n
hai miu vao nhau cho dén khi gel da déng rin va
dbc nguoge dung dich khong cdn chidy nguoc
xudng.

Cuong d6 két dinh mé

Cudng d6 két dinh mé ciia hydrogel chitosan
oxi héa dugc do trén mdy Universal (Hounsfield
model HS5KT, Tinius Olsen, Anh) vdi da heo.
MAu da heo duoc cét va loai bd phﬁn chét béo.
Keo cyanoacrylate, hydrogel chitosan oxi hda,
khong oxi héa & céc ndng d6 khic nhau duoc
chudn bj va tiém vao giita hai 16p da heo. Trong
thoi gian thir nghi¢m, hai 16p da chong 1én nhau
va dugc gilt ¢ nhiét d§ phong trong 30 phiit, sau
d6 do cuong do két dinh trén mdy Universal véi
tdc do trugt 10 mm.phit”. Cudng d6 két dinh 16n
nhit dwoc ghi nhan tai thoi diém hai 16p da bi

/ Porcine ski/n n// '. -
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/
[‘/ %ydrogel / } o

tach roi ra.
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10mm
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Hinh 4. Hinh minh hoa do cudng d6 két dinh md [1]
Panh gia do twong hop sinh hoc ciia hydrogel

Panh gia d0 tuwong hgp sinh hoc cua
hydrogel véi té bao fibroblast bing bé khao

nghi¢m live/dead, trong d6 bao gom Calcein AM
va Ethidium homodimer-1. Sau khi 0 6 gi¢ va 24
gid, cdc hydrogel chira t& bao dwoc rira véi PBS
va nhuém mau trong 45 phuat két hop vai téc
nhan thir live/dead & 37 °C trong béng tdi.
Hydrogel chira té bao da nhuom mau duoc quan
sat bang kinh hién vi huynh quang.

banh gia kha niang két dinh mé ciia hydrogel
trén vet thuwong thé

Pénh gid kha niang két dinh mé dwoc thuc
hién trén ba con tho khac nhau vo6i keo
cyanoacylate, chi khau va hydrogel chitosan oxi
héa. Tho dugc gdy mé bang thuc gy mé
ketamin, viing da ding dé thi nghiém dugc cao
sach 16ng va khir triing bang ethanol.

Tai viing da da xir Iy tao mot vét thuong dai
khoang 2 cm. Hydrogel dugc chuin bi trong
xylanh d6i dugc tiém vao vét thuong, giit 30 phiit
cho hydrogel két dinh vét thuong lai. Cudi ciing
c¢b dinh vét thuong bing keo cyanoacrylate. Sau
phau thuat, thé dugc nudi trong diéu kién binh
thuong, cung cip thirc 4n v nudc udng day di.
Quan sdt qué trinh lanh vét thuong sau 3 ngiy va
14 ngay. Tuong tu, thuc hién két dinh mo trén
tho bang keo cyanoacrylate va chi khéu.

Pénh gia chira lanh vét thwong bing phwong
phap nhu¢m héa mé Hematoxylin - Eosin

Sau 14 ngay, phan vét thuong ciia tho dugc
cit ra va duge ¢d dinh trong dung dich formalin
va sau d6 dwoc nhiing trong dau parafin dé xir ly
md hoc. M6t phin khoang 3 mm cia miu da
nhing parafin dugc nhuém véi Hematoxylin va
Eosin va dugc danh gid quan sdt bing kinh hién
vi 4nh séng voi phin mém phan tich hinh anh dic
biét. Tir két qua thu duogc, tién hanh danh gis kha
ning chita lanh vét thuong cua vét thuong duoc
xir 1y bang chi khau, keo cyanoacylate va

hydrogel chitosan oxi héa.
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KET QUA VA THAO LUAN
Pic trung cia chitosan oxi h6a—-PEG-TA

Hinh 5A cho thiy phd '"H-NMR cua PEG
hoat héa NPC véi céc tin hiéu miii dic trung cla
proton nhém NPC (6= 8,29 va 6= 8,38 ppm) va
proton methylene cia PEG (6=3,64 ppm). Ngoai
ra, proton methylene cua PEG (6= 4,42 ppm) lién
két voi nhom NPC (NPC-O-CH,) 1a tin hiéu
khéng dinh hoat hoa hiéu qua. Mtic d hoat hoa
dat khoang 94 % dugc tinh tir ty 1¢ tich phan cua
proton thom (NPC) va proton methylene (PEG).

Polymer NPC-PEG-TA c¢6 phé 'H-NMR
trong Hinh 5B, mét phan tyramine dwoc thay thé
NPC trong mach PEG hoat héa NPC. phé 'H—
NMR xuit hién tin hiéu cong hudng cua cic
proton thom ctia nhém tyramine & &= 6,77 va
7,02 ppm. Ngoai ra, & viing 8,29 — 8,38 ppm thé
hién tin hiéu cta proton thom (NPC). Khoang 50
% NPC duoc thay thé boi TA thu dugc tir két qua
tinh ty 1¢ tich phan cua proton thom (NPC) va
proton thom lién hop ctua TA.
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Hinh 5. Phé 'H-NMR cua polymer: A) PEG hoat hoa NPC, B) NPC-PEG-TA
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Hinh 6. Phé '"H-NMR ciia Chitosan oxi h6a—PEG-TA
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Hinh 6 cho thiy miii don & & = 2.00 ppm
ching t6 sy cé mat cua proton methyl trong
nhém COCHj3; trén mach chitosan. Miii don ¢ 8 =
3,64 ppm la tin hiéu nhém methylene ctia mach
PEG. Hai tin hi¢u miii ¢ 6 = 6,77 ppm va § =
7,02 pm 1a tin hiéu proton lién hop vong thom
cua tyramine. Mirc d¢ oxi hdéa cua chitosan
khoang 14 % dugc tinh bing d6 suy gidm cua
proton H, (glucosamine) trong mau chitosan vi
TA-PEG ghép chitosan oxi héa.

0.03

Thoi gian gel héa cia hydrogel

Hydrogel dugc tao thanh nhanh chéng khi
tron hai dung dich lai véi nhau trong sy hién dién
cua HRP va H,0,. Trong nghién ctru nay, ching
toi gitt ndong do enzyme HRP & 0,07 mg/mL va
ndng d6 cia H,0, dugc thay dbi tir 0,03 dén
0,055 wt%.

—@— Chitosan OXH 20%
Chitosan khong OXH

0.04
Nong d6 H,0,(%)

0.05 0.06

Hinh 7. Biéu d0 thoi gian gel héa ctia hydrogel chitosan oxi héa va khong oxi héa

Hinh 7 cho thdy thdi gian tao gel héa
hydrogel gifra chitosan oxi héa va khdng oxi héa
¢6 su chénh léch nhiéu, hydrogel chitosan oxi
héa c6 thoi gian tao gel nhanh hon so véi khong
oxi héa. Tuy nhién theo Hinh 7, ca hai déu c6 dd
thi theo dang parabol chirng to n@)ng d6 H,O, anh
huéng t6i thoi gian tao gel, néu ndng d6 qué thip
thoi gian tao gel s& lau, nhung néu ting ndng do

1én qué cao thi H,O, s& gdy {rc ché enzyme lam
cho thoi gian tao gel tdng 1€n.
Cuodng d9 két dinh md

Tién hanh do véi cdc miu da heo dugc din
dinh bing 2 loai hydrogel va keo cyanoacrylate &
nhitng ndéng do khic nhau cho két quia nhu
Hinh 8.
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Chitosan KOXH
H Chitosan OXH 20%

Keo cyanoacrylate

0.04

Néng d6 H,0,

Hinh 8. Biéu dd cudng do két dinh giita hydrogel chitosan oxi héa, chitosan khong oxi héa va keo cyanoacrylate

Biéu d6 trén cho thiy: hydrogel chitosan
khong oxi héa c6 cuong do két dinh mé thap hon
s0 v6i hydrogel chitosan oxi héa, do trong cu
triic cia hydrogel chitosan oxi héa c6 chira nhiéu
nhém aldehyde nén tuong téc tot voi nhém NH,
trong collagen hon, din dn kha ning két dinh
md tdt hon. Tuy nhién 2 loai keo ddn hydrogel
déu c6 cudng d6 két dinh thap hon rit nhidu so
voi keo cyanoacrylate. Mat khdc, ¢ néng do
H,0, 0,04 % cudng do két dinh mo cua hydrogel
chitosan khong oxi héa, oxi hda va cyanoacrylate
lan luot 1a 88 kPa, 105 kPa va 375 kPa déu cao
hon so véi hai néng d0 con lai. Do d6, & néng do
nay 1 thich hop nhét cho qué trinh tién hanh
khao st trén vét thuong ¢ tho.

Dinh gia twong hep sinh hoc bing kit
live/dead

Panh gid d¢ twong thich sinh hoc bing cach
sit dung phuong phip xdc dinh so té bao
song/chét sau 1 ngay véi 2 mau hydrogel U trong
dung dich H,O, 0,035 wt/wt % (trdi) va 0,07
wt/wt % (phai). Cdc té bao c6 mau xanh 14 ciy la
céc té bao sdng va cac té bao c6 mau do 1a cac té
bao chét. Hinh 9 cho thdy hau hét cic té bao déu
¢6 mau xanh 14 ciy dbi voi miu 0,035 wt/wt %
va bét ddu c6 xuét hién cdc té bao bit mau d6 véi
mau 0,07 wt/wt %. Nhitng két qua thu dugc thé
hién su twong thich sinh hoc cao cua mau
hydrogel U trong ndng d6 0,035 % va do tuong
thich giam khi ndng d tang qua cao.

i

Hinh 9. Céc té bao fibroblast trong hydrogel dugc u trong dung dich H,0, 0,035wt/wt% (a) va 0,07wt/wt%(b) sau

24hu
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Kha niing chira lanh vét thwong trén thé

Ke

Hinh 10. Vét thuong xir 1y bang céc loai keo va khau bang chi sau 3 ngay ( trén), quan sit dudi kinh hién vi sau 14
ngay (dudi).

Sau khi tién hanh ddn vét thwong cho tho
béng céc loai keo dan khéc nhau va theo dai mirc
d6 lanh vét thuong dong thoi tién hanh dénh gia
muc d¢ tuong thich sinh hoc bang phuong phép
nhu¢m HE két qua nhu trinh bay trong Hinh 10.

Sau 3 ngay, téc d6 chita lanh vét thwong dén
bing keo cyanoacylate 12 cham nhit, vét thwong
bi sung tiy va cdc mé thit xung quanh vét thwong
bi viém. Vét thuong khau bang chi tuy van con
ho nhung khong bi sung tdy. Vét thuong din
bang hydrogel chitosan di déng kin miéng,
khong bi sung va c6 tc d6 hdi phuc nhanh hon
so v6i vét thuong xir Iy bing chi khau va keo
cyanoacrylate.

Nhu véy tuy keo cyanoacrylate cho cuong do
két dinh cao hon so véi hydrogel chitosan oxi héa
20 % nhung khi tién hanh dén vét thuong thi lai
cho hiéu qua kém hon. Piéu nay 1a do keo
cyanoacrylate sinh nhiét trong qua trinh tiép xtdc
véi md nén dan dén su sung tiy va lam md bi
viém nhiém.

Sau 14 ngay, quan st bing mit thuong thiy
vét thurong & ci ba con thé déu da lanh, 16ng da
moc lai, tho sinh truong va phét trién binh
thuong.

Sau khi tién hanh nhuém miu mé béng
Hematoxylin — Eosin cho két qua nhu sau:

MAu mé duge xir 1y bing keo cyanoacrylate:
khoang cich gitra hai mép ciia mé & vi tri vét cét
12 rét 16m, céc té bao bi kho cung va nim roi rac
chimg t6 su hdi phuc vét thuong kém.

Mau mé dugce xir 1y bang chi khau: ¢6 toc do
héi phyc vét thuong tot hon so véi mau duge xir
Iy bing keo cyanoacrylate, tuy nhién khoang
cdch gifta hai mép tai vi tri vét cit van con, sb té
bao m&i van chua nhiéu.

MAau md duoc xir Iy bing hydrogel chitosan:
¢6 sy xuét hién ctia mot sb lugng 16n céc té bao
méi - té bao bat mau xanh véi Hematoxylin va
xut hién déng déu trén toan bd bé mit cua vét
cit ciia md, chung to vét thuong da hoi phuc
hoan toan.

Nhu vay, kha ning chita lanh vét thuong trén
tho cta hydrogel chitosan 1a tét hon nhiéu so véi
keo cyanoacrylate va twong duong véi chi khau.
KET LUAN

Hydrogel chitosan oxi h6a—PEG-TA duoc
tao thanh nhanh chdong trong sy hién dién cia
HRP va H,0,. Nhing két qua co duge cho thiy
hydrogel tao thanh co thoi gian gel hoa nhanh va
d6 twong hop sinh hoc cao. Hydrogel dugc ky
vong trd thanh vat liéu co do két dinh méd cao
duogc ung dung rong rii trong phau thuat.
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adhesive hydrogel
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ABSTRACT

In this study, we introduce a new kind of
hydrogel based on oxidized chitosan for
tissue adhesion. The hydrogel formed rapidly
in a few seconds in the presence of
horseradish peroxidase (HRP) and hydrogen
peroxide (H.O,). The in vitro cytocompatible
experiment with fibroblast cell using kit
live/dead assay showed that the hydrogel
was highly biocompatible. Evaluation of

tissue adhesion performed on pork skin the
maximum tissue adhesive forces are 88 kPa
for chitosan hydrogel and 105 kPa for
oxidized chitosan hydrogel.. These results
suggest that chitosan hydrogel possessed
the wound healing ability and promises a
tissue adhesive devices for biomedical
applications.
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