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Tém tit

Dt vin dé: Khung hydrogel nu6i ciy té bao tir cac polyme tur nhién tuong hop sinh hoc
dang duogc phat trién nghiép ctru ing dung trong linh vyc gﬁng nghé mﬁ., Pé tao duoc
khung hydrogel nu6i cay t& bao thi viéc chon lya thanh phéan cac hop chéat polymer va
phuong phap ché tao hydrogel luén thu hat nhiéu nghién ctru.

Muc tiéu: Ché tao duogc khung hydrogel tur gelatin va carboxymethyl-chitosan (CM-
chitosan) c6 dic trung tinh chat phii hop dé nudi cay té bao gbc trung md (mod md).

Phwong phdp: Sir dung birc xa tia gamma Co® dé khau mach cac hon hop gelatin/CM-
chitosan vai ty 1¢ ham luong 10/0; 9/1; 8/2 va 7/3 tao hydrogel. Sau phan trng khau mach,
céc hydrogel duoc xac dinh ham lugng gel, 6 truong nude bao hoa biang phuong phap
can trong lugng va kich thudc 16 xdp bang chup anh kinh hién vi dién tir quét (SEM).

Két qud: Xac dinh duoc lidu xa 30 — 35 kGy la can thiét dé tao hydrogel dat ham lugng
gel 72 — 84%; d¢ truong nudc bao hoa 4,9 — 12 g/g trong thoi gian ngdm nudce 10 gio;
kich thuéc 16 xdp cua hydrogel dat 100 — 350 um. Hydrogel tao dugc tir hop phan
gelatin/CM-chitosan v&i ti 1& khdi lugng 9/1 c¢6 ham lugng gel cao (~84%), do truong
nude ~5,8 g/g va kich thudc 16 xdp 120 — 250 um phi hop dé ung dung 1am khung nuoéi
ciy té bao gbc trung mo.

Két lugn: Da ché tao dugc hydrogel gelatin/CM-chitosan ¢6 ham lugng gel, do truong
nude bao hoa va cau tric — kich thude 10 x6p phit hop 1am khung nudi cdy té bao trung
mo. Céc dic trung lién quan khac dang tiép tuc khao sat.

Twr khoa: Gelatin, carboxymethyl-chitosan, hydrogel, birc xa gamma.

1. MO PAU

Trong nhimg ndm gan day, cong nghé tao mo tir té bao goc trung moé md& da va dang thu
hut nhidu nghién ctru nham muc tiéu tng dung diéu tri khuyét mo va tai tao mo. Pé tao dugc
mo nhan tao doi hoi phai c6 khung nudi ciy té bao (scaffold) c6 vai tro va chirc ning tuong tu
chét nén ngoai bao (ECM) dé dam bao té bao gbc bam dinh, ting sinh va biét hoa thanh mo
[1], dac biét kich thudc 15 x6p cua khung 1a thong sé quan trong, vi du nudi ciy té bao trung
mo thi kich thude 16 xbp trong khoang 100 — 300 pum. Vat liéu hydrogel tir cac polyme tur
nhién luén la dbi tugng duoc wu tién nghién ciru do c6 dic trung tinh chat co-ly-hoa va sinh
hoc gan giéng véi EMC [2]. Gelatin, mot san pham thity phan cua collagen c6 nhiéu trong da
dong vat, thuong duge sir dung dé khau mach tao hydrogel 1am khung nuéi cay té bao do
gelatin la mot polyme sinh hoc va trong cdu triic ¢6 mang céc trinh ty axit amin lam phéi tir
lién két vai té bao (RGD: Arg- Gly-Asp) [3]. Tuy nhién, hydrogel gelatin co tinh co 1y han ché
nhu ¢6 d6 cing cao, tinh dan hdi, 6 6n dinh céu trac 3D va mirc d6 6n dinh nhiét do kém [4].
Do vy, cac dan xuat polysacarit ty nhién dién hinh 1a carboxymethyl chitosan (CM-chitosan)
c¢6 kha nang hoa tan t6t trong nudc va c6 hoat tinh sinh hoc dugce bd sung vao dung dich
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gelatin nhim khai thac hoat tinh sinh hoc cia CM-chitosan va cai thién tinh chit co ly cua
hydrogel gelatin [5]. Khau mach hdn hop gelatin/polysacarit thudng bing phuwong phap hoa
hoc [1, 4] va phuong phap chiéu xa ion hoa nang luong cao [3, 5, 6]. Khau mach hoéa hoc cho
hiéu qua cao nhung ciing c6 nhitng ton tai nhat dinh nhu 1a phai 1am sach chit khoi mao khau
mach ton du, ching han 13 glutaraldehit c6 nguy co giy do té bao [3, 6]. Nguoc lai, phuong
phap khau mach buc xa cé nhiéu thuan loi do khong str dung chit hoa hoc dé khoi mao phan
ung nén san phém c6 do6 tinh sach cao [3, 5, 6], déng thoi hién nay da co nhiéu may chiéu xa
quy md cong nghiép nén kha thi 4p dung san xuat hydrogel quy mé 16n. Tuy nhién, trong
khau mach birc xa hdn hop gelatin/CM-chitosan tao hydrogel 1am khung nuéi cay té bao thi
viéc nghién ctru chon lya ty 16 hop phan cac polyme t6i wu van con 1a ndi dung can tiép tuc
nghién ctru. Xuat phat tir cac 1y do trén, ching t6i thuc hién nghién ctru ché tao hydrogel khau
mach birc xa tir hon hop gelatin/CM-chitosan véi ty 16 hop phan khac nhau, dinh huéng tng
dung 1am khung nudi cdy té bao gbc trung mé md. Ham luwong gel, d6 truong nude va cu
trac x6p cua khung hydrogel da duoc khao sat.

2. NOI DUNG

2.1. P6i twong va Phuwong phap

- Gelatin tir da lon, loai A (thay phan bang axit) va CM-chitosan (Mw ~60 kDa, do thé
1,7) cua hang Sigma-Aldrich va nuéce tinh khiét ctia Merck dugc sir dung cho thuc nghiém.

- Dung dich c6 tong néng do ctia hai loai polyme 1a 15% (w/v) véi ty 1¢ khdi luong
gelatin/chitosan 1a 10/0; 9/1; 8/2; 7/3 duoc chuan bi bang cach hoa tan hoan toan gelatin va
CM-chitosan trong nudc cat theo ty 1€ xac dinh. Qua trinh hoa tan dugc thyc hi¢n trong 30
phut, & nhiét d6 50°C trén may khudy dila IKA, 400 vong/phat. Sau d6 rét dung dich vao cac
ong Erlen loai 30 ml, rung siéu 4m 15 phat cho tan bot khi, dwa mau vao ngin mat ta lanh gitr
qua dém (~16 gi®) dé dinh hinh khéi gel rin. Chuyén mau gel di chiéu xa tia y dé khau mach
tao hydrogel trén ngudn gamma Co® (SVST Co®/B, Hungary) c6 suit liéu ~1,2 kGy/gio tai
Trung tam VINAGAMMA. Ham lugng gel va d truong nude bao hoa ctia hydrogel duoc xac
dinh theo phuong phép can trong lugng nhu mo ta boi Yang va cs (2010) [3].

Ham lugng gel [GF (%)] = W4 x100/W; xa (1)
D¢ truong nude bao hoa [ESW (g/g)] = (Ws— W4)/Wy 2)

Trong do6 a la téng nong do cua cac polyme (0,15). Wq, Wi va W tuong tmg voi khéi lugng
ctia mau hydrogel sau lam kho, mau hydrogel uét ban dau va mau hydrogel truong nude.

- Kich thuédce 1(:2 xép ctia khung hydrogel sau say dong kho duoc xac dinh bang phuong
phép do kich thudce 16 x0p trung binh tir anh chup kinh hién vi dién tr quét [1, 3, 4].

2.2. Két qua
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Hinh 1. Ham lugng gel theo liéu xa ctia cac mau hydrogel c6 ty 1& gelatin/CM-chitosan khac nhau
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Hydrogel sau chiéu xa khau mach duoc cat thanh khéi 1ap phuong 5x5x5 mm, ngdm
nudc cit trong 5 ngdy & nhiét 46 phong ~32°C dé loai bo cac thanh phan hoa tan, sau d6 sy
kho phan khong tan & 60°C dén trong lugng khong doi dé xac dinh ham lugng gel. Tir két qua
ham luong gel (GF) clia cac mau hydrogel nhu trinh bay trén hinh 1 cho thdy rang: GF cua
cac miu gia ting khi ting lidu xa va dat gia tri cao nhit trong khoang liéu xa 30 — 35 kGy;
trong khi d6 gia tri GF giam khi ting ham lugng CM-chitosan trong hop phan, cu thé 1a GF
dat cuc dai lan luot 12 85,1%; 83,8%; 77,1% va 70,9% twong tmg ddi véi mau hydrogel co ty
1¢ khdi luong gelatin/CM-chitosan 1a 10/0; 9/1; 8/2 va 7/3.
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Hinh 2. Do truong nudc cta cac mau hydrogel co ty 1¢ gelatin/CM-chitosan khac nhau theo thoi gian

Cac mau hydrogel gelatin/CM-chitosan c6 ty 1¢ gelatin/CM-chitosan khac nhau sau khi
chiéu xa khau mach tai liéu xa 30 kGy duogc ngdm va lac trong nudc cat & nhiét d6 37°C. Sau
mdi khoang thoi gian 1 gid, cAn mau va tinh d6 truong nudc. Két qua trén hinh 2 cho thay do
truong nudc cia cic mau hydrogel ting theo thoi gian ngdm nudc va dat gia tri 6n dinh sau
khoang 8 — 9 gio, day dugc goi 1a do truong nudc bao hoa (ESW). Két qua trén ciing cho thay
gia tri ESW tang tir ~4,8 g/g 1én dén ~12 g/g khi ting ty 18 ham luong CM-chitosan trong hop
phan tir 10/0 dén 7/3. Hay néi mot cach khac, ESW cua hydrogel giam khi GF tang.
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Hinh 3. Anh SEM cua cac khung hydrogel c6 ty 1& khéi luong gelatin/CM-chitosan khac nhau
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Hinh 3 mo ta c4u trac vi x0p cua cac khung hydrogel c6 ty 16 hop phan khac nhau duoc
khau mach bang buc xa va sdy dong kho. Quan sat tir anh chup SEM cho thiy, khung
hydrogel gelatin (mau 10/0) c6 kich thude 16 x6p 300 — 500 pm, thanh day va khéng c6 nhiéu
16 x0p hen thong; trong khi d6 khung hydrogel gelatin/CM-chitosan ty le 9/1 va 8/2 ¢o kich
thude 16 xop trong khoang 120 — 250 pm, thanh mong va c6 nhiéu 16 xdp lién thong rat phu
hop dé nudi cay té bao gbc m6 m&; tuy nhién khi tang ham lugng CM-chitosan Ién ty 1¢ 7/3
thi khung hydrogel c6 cdu tric kénh x6p khong 16 rang va nhiéu vét nit gdy. Qua két qua ghi
nhan dugc nhu trén cho thiy ty 16 hop phan polyme c6 anh hudng rd rang dén dic trung tinh
chét ciia khung hydrogel gelatin/CM-chitosan khau mach birc xa.

2.3. Ban luan

Khong gidng nhu phuong phap khau mach hoa hoc, st dung buic xa tia gamma dé khau
mach hydrogel tir gelatin/CM-chitosan dugc danh gia 1a phuong phéap sach va hi¢u qua. Phan
tmg khau mach buc xa trong dung dich gelatin/CM-chitosan dién ra chu yéu theo hiéu tmg
gian tiép tir san pham xa ly nudc, duge trinh bay tém tit nhu sau [5]:

Chiéu xa tia gamma

|5 o J > ‘OH, € 4, H, H20,, Hp, H', OH
RH +"OH (H) S R’ + H,0 (Hy)
R'+R'— R-R

Trong do, R 1a cac phan tir gelatin hay CM-chitosan.

Theo két _qua nghién ctru cta Tarao va cs [6], hi€u qua khau mach bure xa gelatin phu
thudc vao ngudn goc, cu thé 1a gelatin tir da lon va da bo thi khau mach burc xa trong khi
gelatin tur da ca tuyét thi khong. Diéu nay 1a do sy khac nhau vé mic d6 xoan trong cau trac
chudi phan tir gelatin. Ddi véi CM-chitosan, hiéu qua khau mach phu thudc chu yéu vao nong
d6 va trang thai. O nong d6 thap hon 10% hodc trang thai ran thi CM-chitosan bi cit mach
btrc xa, trong khi dung dich né)ng dd cao (dang keo dac) thi khau mach buc xa [7]. Thong
thudng, bd sung CM-chitosan vao cac polyme khac dé khau mach buc xa nham muc dich cai
thién hi¢u g sinh hoc va tinh chat hoa 1y cho hydrogel. O dang hdn hop thi ty 18 hop phan
¢6 anh huong o rang dén dic trung tinh chat cua hydrogel khau mach buic xa. Két qua & hinh
1 va hinh 2 cho thay khi ting ham lugng CM-chitosan trong hgp phan thi GF giam nhe va
taing ESW dang ké so véi hydrogel gelatin. Két qua tuong tu cung dugc ghi nhan boi nhiéu
cong trinh nghién ctru khéac [3, 5, 7]. Hon nita, mot trong nhitng két qua mong doi tir viée két
hop CM-chitosan voi gelatin d6 1a cai thién dugc tinh co ly va céu tric xbp cua khung
hydrogel. Trong khi d6 kha nang diéu chinh cau tric va kich thuéc 16 x6p thong qua thay doi
ty 1¢ gelatin/CM-chitosan bang phuong phap khau mach hoa hoc dung glytaraldehyde la it
hiéu qua [4]. Két qua ¢ hinh 3 cho thay khi ting mau hydrogel c6 ty 1 9/1 va 8/2 c6 do xbp
cao, thanh mong va nhiéu khoang xdp lién théng hon so véi hydrogel gelatin. Kich thudc
trung binh 16 Xép dat duoc trong khoang 120 — 250 pum la ph hop véi yéu cau cia khung
nudi cay té bao goc (75 — 250 pm) [8]. Cac tac gia khac nhu Yang va cs [3], Huang va cs [5]
cling ghi nhan rang viéc bo sung CM-chitosan dé 1am giam d¢ ctng va cai thién do x6p ciing
nhu cac dic tinh mong mubn khac ddi voi khung hydrogel gelatin/CM-chitosan khau mach
btrc xa tng dung lam khung nudi cdy té bao tao mé nhan tao.

Trong hau hét hydrogel tir cic polyme tu nhién 1am khung nudi cay té bao gdc trung mo
thi cac yéu td nhu ham luong gel, do truong nude va kich thude 16 xdp co ¥ nghia quyét dinh
dén chat luong cua khung. Ham lugng gel thuong cao hon 75% dé dam bao d6 6n dinh ciu
trac 3D, do truong nude 5 — 8 g/g 1a thich hop dé té bao hip thu dudng chat va dao thai chét
bai tiét, kich thude 16 x5p 100 — 350 um véi nhidu kénh xdp lién thong dé thuan loi cho sy di
tri, bAm dinh té bao va hinh thanh mach [1, 9]. Dua vao cac ti€u chi trén va Kkét qua thu duoc



trong nghién ctru nay thi khung hydrogel tao dugc tir ty 1& hop phan 8/2 dén 9/1 bang phuong
phap khau mach btrc xa tia gamma véi liéu 30 — 35 kGy 1a Iya chon thich hop.

3. KET LUAN

Di nghién cru ché tao duoc khung hydrogel tir hdn hop polyme sinh hoc gelatin/CM-
chitosan bang phuong phap khau mach birc xa két hop xtr 1y dong kho. Ty 1é hop phan
gelatin/CM-chitosan c6 anh huéng dang ké dén dic trung tinh chat cia khung hydrogel.
Hydrogel voi ty 1€ gelatin/CM-chitosan la 9/1 va 8/2 ¢6 ham lugng gel cao, d6 truong nudce
thich hop, cau trac va kich thudc 16 x6p phu hop lam khung nudi ciy té bao gdc trung ms.
Mic du vay, cac dic trung khac nhu twong hop — phan huy sinh hoc, kha nang bam dinh va
tang truong té bao cua khung hydrogel gelatin/CM-chitosan can phai nghién ctru bd sung.
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SYNTHESIS OF RADIATION CROSSLINKED GELATIN/CARBOXYMETHYL
CHITOSAN HYDROGEL SCAFFOLD FOR TISSUE CULTURE

Email address.: phu659797@yahoo.com (D.V. Phu)

Abstract

Background: The hydrogel scaffolds from biocompatible natural polymers have been
investigated and developed for application in tissue engineering. In order to create a
suitable hydrogel scaffold, the selection of polymer compounds and hydrogel production
methods has always attracted many studies.

Objectives: To prepare a hydrogel scaffold with suitable characteristic properties from
gelatin/CM-chitosan for culturing mesenchymal stem cells (adipose tissue).

Methods: Hydrogels from gelatin/CM-chitosan mixtures with the different weight ratios
of 10/0, 9/1, 8/2, and 7/3 were prepared by y-ray irradiation-crosslinking. After
irradiating, the hydrogels were determined the gel fraction and equilibrium water swelling
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by the weighing; and scanning electron microscope (SEM) images of scaffolds were
taken after freeze-drying to determine the porous structures.

Results: 1t was determined that the dose of 30 — 35 kGy is necessary to prepare the
hydrogels with gel fraction of 72 - 84%; equilibrium water swelling of 4.9 — 12 g/g after
10 hours immersing; the porous size of 100 — 350 um. The hydrogel derived from the
gelatin/CM-chitosan mixture of 9/1 ratio has a high gel fraction (~ 84%), equilibrium
swelling of ~ 5.8 g/g, and porous size of 120 — 250 um, met the requirements for use as a
mesenchymal stem cell culture scaffold.

Conclussion: The hydrogel scaffolds were prepared from the different ratios of
gelatin/CM-chitosan by crosslinked-irradiation and their properties were characterized
after freeze-drying. Amongst all the studied samples, the hydrogel gelation/CM-chitosan
with the ratio of 9/1 (13.5 g/1.5 g/100 ml water) attained the highest gel content (~84%),
the water absorption degree (5.8 g/g), and the porous size was suitable for use as a
scaffold for tissue culture. However, the other important properties of the hydrogel
scaffold should be further investigated.

Keywork: Gelatin, carboxymethyl-chitosan, hydrogel, gamma irradiation.



