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ABSTRACT

The study was conducted to graft collagen extracted from catfish skin
(Pangasiidae) onto surface of hydroxyapatite (HA) synthesized from
catfish bone in order to increase its applications in biomedical field. After
extracting from catfish skin, collagen was grafted onto the HA surface by
using glutaraldehyde as a bridge. HA particles were firstly grafted to 3 -
amino propyl triethoxysilane (APTES) to form amine functional groups
on the surface. Glutaraldehyde was then used as bonding bridge to graft
HA and collagen through the reaction between amine and aldehyde.
Factors affecting the grafting efficiency such as collagen concentration,
time and temperature of the reaction were investigated. Experimental
results showed that solution of 1 mg/mL collagen, reaction time of 3 hours
and reaction temperature of 37°C are suitable conditions for grafting
collagen onto surface of HA. In addition, the SEM images showed that
size of HA particles was approximately 1,000 nm and covered by a layer
of collagen after grafting.

TOM TAT

Nghién cieu duoc tién hanh nham gdn két collagen trich ly tir da cd tra
(Pangasiidae) 1én bé mdt hydroxyapatite (HA) tong hop tir xuong cd tra
lam tang kha nang ung dung trong linh vuc y sinh. Sau khi trich 1y,
collagen dwoc gin két 1én bé mdt HA thong qua cau néi glutaraldehyde.
Cdc hat HA truée tién gan két véi 3 — amino propyl triethoxysilane
(APTES) tao nhom chirc amine trén bé mat. Glutaraldehyde la cau noi
gdn két HA va collagen thong qua phan iing gitta nhom chirc amine va
aldehyde. Céc yéu to anh dén sw gan két nhi nong do collagen, pH dung
dich phan umg, thoi gian va nhi¢t d cua phan irng duoc tién hanh khao
sat. Két qua thi nghiém cho thdy nong do collagen 1 mg/mL, dung dich
acetic acid hoa ran collagen co pH 3, thoi gian phan u’ng 3 gm va nhiét
d¢ phan vmg 37 <C la diéu kién thich hop dé tién hanh gan két. Ngodi ra,
két qua chup SEM cho thdy rang cdc hat HA dwoc ché tao cé kich thuéce
khodng 1.000 nm va bi phit mét I6p collagen sau khi gdn két.
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1. GIOI THIEU

Hydroxyapatite (HA) c6 cong thiac hda hoc
[Ca10(PO4)s(OH)2], 1a thanh phan khoang vo co
quan trong, chiém 60-70% trong lugng xwong ngudi
va dong vat (Mostafa, 2005; Sobczak, Kowalski, &
Wzorek, 2009). Pay la vat ligu tiém ning c6 thé
dugc su dung trong linh vuc y hoc do tinh twong
thich sinh hoc tét cua chung ddi vai té bao khi cay
ghép. HA c6 thé duoc tong hop bang nhiéu phuong
phap khac nhau nhu sol-gel, ngung tu h6a hoc, thuy
nhiét va vi nhil twong (Barakat et al., 2008), tir cic
tién chat khac nhau nhu CaO, Ca(NO3),, CaHPO,,
CaCO3, C&(OH)z, P205, C&Clz, CaSO4 va
(NH.4)2HPO, (Sadat-Shojai, Khorasani, Dinpanah-
Khoshdargi, & Jamshidi, 2013). Ngoai ra, HA con
c6 thé diéu ché tir cAc ngudn nguyén liéu tu nhién
nhu v SO, VO trimg, san hd, va xwong dong vat.

HA la mot loai khoang v6 co nén cO nhiét do
nong chay rat cao va bé mit kha tro nén viéc tao
hinh va g dung ching 1a mét thir thach ddi véi cac
nha nghién ctu. HA c6 thé dung dé ché tao
bioceramic va tién hanh & nhiét do rat cao (1.300—
1.400°C), & d6 qua trinh thiéu két thé xay ra lam cho
vat liéu ran chic. Tuy nhién, bén canh d6 khoi vat
liéu tré nén gion dé v& va hoat tinh sinh hoc it nhiéu
bi thay ddi. Ngoai ra, HA c6 thé dugc dugc sir dung
nhu 13 thanh phan cbt liéu dé dua vao cac loai
polymer tong hop nham dé ting cudong co tinh va
kha nang tuong hop sinh hoc cta ching khi ché tao
thanh céac vat liéu sir dung trong linh vuc y sinh. Do
bé mit ciia HA khé tro nén sy lién két gitra HA va
polymer rat kém dan dén khong lam ting co tinh ciia
polymer tham chf con 1am giam khi dwa HA vao nén
polymer.

Chinh vi thé, bé mat HA can dugc hoat hoa hay
gan két mot sé nhém chirc nham ting cuong kha
nang lién két cua ching véi polymer. Collagen la
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polymer ty nhién dugc xem nhu hop chét tiém nang
c6 thé két hop 1én bé mat HA nham lam tang kha
ning lién két voi polymer va dong thoi 1am ting
cuong tuong thich sinh hoc so véi cac thanh phan
riéng I& tr d6 lam tang tinh wng dung cua HA
(Yoshimura & Byrappa, 1994). Su gan két giira HA
va collagen dugc thyc hién qua mot s6 phuong phap
nhu tao mam tinh thé HA trén soi collagen (Traub,
Avrad, & Weiner, 1989; L. Zhang et al., 2010), dong
két tua (Kikuchi et al., 2004; Sato, Kumagai, &
Tanaka, 2000) va lién két ngang (cross-linking)
(Zeeman, Feijen, & Dijkstra, 1998). Tuy nhién,
phuong phap tao mam tinh thé va dong két tua
khong thé vira gan két vai collagen va vira cho HA
¢6 do tinh khiét cao. Vi thé, phuong phap lién két
ngang da dugc sur dung va day la phuong phap st
dung dé gan két cac phan tir nhu protein hay cac hoat
chat 1&n bé mat cac vat liéu tro nhu nano-Fe,03 (ng
dung trong dan truyén thudc (Chen et al., 2012).

Tuong tu, Fe;0s, hé mat cia HA tuong d6i tro
vé mat hoa hoc ddi véi cac hop chat co hoat tinh sinh
hoc chang han collagen vi thé khong thé gan két truc
tiép collagen 1én bé mat HA. Do d6 dé gin két
collagen 1én bé mat HA, nghién ctu tién hanh theo
céc bude dugc md ta nhu Hinh 1. Bude du, bé mat
HA duoc phan ¢ng gin két APTES, tao san phdm
HA-APTES mang nhém chic amine trén bé mit.
Tiép theo, phan tu glutaraldehyde (CsHgO2) mang
hai nhém chirc CHO & hai dau, ¢ nhiém vu la cau
lien két phan tu collagen 1én bé mat HA-APTES
thdng qua phan ing gitra cac nhom CHO va amin.
Su gin két cua APTES lén bé mat cia HA va
collagen lén bé mat cia HA-APTES duoc danh gia
bang phuong phap phan tich phd hong ngoai FT-IR
va hinh thai bé mat ciia HA trudc va sau khi gan két
dugc danh gia bang kinh hién vi dién tir quét (SEM).
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Hinh 1. So d6 mo ta gin két collagen 1én bé mat HA
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2. PHUONG PHAP NGHIEN CUU
2.1. Héa chat

Xuong va da ca tra (Pangasius hypophthalmus)
dugc cung cap tir nha may ché bién thuy san thugc
khu cong nghiép Tra N6c. Céac hoa chat nhu NaOH,
H3PO4, NHs, HCI, NaCl, Glutaraldehyde (GA),
Phosphate-buffered saline (PBS), (3-aminopropyl)
triethoxysilane (APTES), Con va enzyme pepsin
duogc cung cap boi cong ty Merck (Viét Nam).

2.2. Piéu ché hydroxyapatite tir xwong ca tra

Xuong ca tra sau khi thu mua s€ duoc rira sach
va ham trong 4-6 gio dé loai bo thit va ma. Mau
xuong sau d6 dugc xir ly trong dung dich NaOH 0.1
M trong 24 gio dé loai béo, protein trén xuong. Mau
duoc tiép tuc rira véi nudc, sdy khd ¢ 100°C va nung
900°C trong 6 gir dé loai bo hét tap chit hiru co con
lai trong xuong. Mau xwong c4 sau khi nung dugc
nghién tao thanh bot véi kich thuéc khoang 5-10 pm
s dung may nghién bi siéu téc. Bot xwong ca
(BXC) phan ung véi dung dich HsPO4 60 mM vi ti
18 1/10 (g/mL), nhiét do phan img 90°C, pH 11 (NH3
duoc sir dung dé dieu chinh pH) va khuay déu trong
2 gio. Hon hop sau d6 duoc dua ve nhiét do phong
va gitr 6n dinh 24 gio, loc va say khd o nhiét do
100°C. Mau dugc tiép tuc nung ¢ nhiét do 1000°C
nham 6n dinh cau trdc san pham HA.

2.3. Trich ly collagen tir da ca tra

Collagen duoc trich ly tir da ca tra bang enzyme
pepsin (Singh, Benjakul, Magsood, & Kishimura,
2011). Giai doan xir 1y so bd: mau da ca tra nguyén
liéu sau khi thu mua tir nha may dugc ria sach voi
nudéc cat, cit nho kich thudc khoang 2 cm x 2 cm va
xtr ly trong dung dich NaOH 0,1 M vai ti 1€ da c&/
dd NaOH = 1:10 g/mL trong 6 gid, téc dd khudy 300
vong/phat. Dung dich NaOH dugc thay mdi 2 gio
nhim ting kha ning loai khodng va béo. Sau 6 gio,
mau duoc lay ra va rira sach véi nuée cat cho dén
pH trung tinh va tiép tuc dugc khudy voi ethanol
99,5% ti & 1:10 g/mL trong 24 gio, téc do 300
vong/phut.

Sau khi xir 1i so bd, mau s& duoc cit nho véi kich
thude khoang 0,5 cm x 0,5 cm va trich ly trong dung
dich HCI pH 2 chira 0,1% pepsin véi ti I€ da ca/ dd
HCI = 1:40 g/mL, thoi gian 48 gio va tée do khudy
300 vong/phat. Sau khi loc bo bd bang mang vai,
dung dich duoc két taa bing NaCl 1 M va loc 6 10°C
thu lay phan két tia. Dé loai bo NaCl, két tua dugc
hoa tan bang dung dich HCI pH 2 véi ti 18 1:20
g/mL, cho vao éng thim tach va tién hanh tham tach
v6i nuée cat trong 24 gio, tée do 400 vong/phit.

Tdp 57, S6 3A (2021): 1-9

Thay nuéc cat 6 1an, mdi 1an cach nhau 4 gio dé ting
hiéu qua tham tach. Sau 24 gio tham tach s& thu
duoc dung dich collagen. Mau collagen thu duoc
sau khi say bang phuong phép siy dong kho. Trong
d0, Iuu y céac giai doan xu ly va trich ly phai dugc
thuc hién ¢ nhiét do thap 4°C nham tranh su bién
tinh ctia nguyén liéu.

2.4. Gin két collagen lén bé mat

hydroxyapatite

Collagen duoc gan két 1én bé mat HA theo
phuong phap hai giai doan (Sionkowska &
Koztowska, 2013): (i) gan két APTES Ién bé mat
HA thu duoc HA-APTES va (ii) gin két collagen
Ién bé mat HA-APTES thu HA-collagen (Hinh 1).
Giai doan i, HA ndng do 1/25 (g/mL) trong ethanol
tinh khiét dugc danh siéu am 5 phut va huyén phi
sau d6 dugc dat trong bé déu nhiét 70°C va khudy
téc do 300 v/p. Dung dich huyén pht HA phan ting
v6i APTES & nong do 0,2 M, ham lugng nudc
0,75%, thoi gian 12 gio, ¢ nhiét d6 70°C. Sau phan
ng, hdn hop dugc loc chan khong va rira 3 1an voi
nudéce cat va ethanol nham loai bo phan APTES con
thira va sau d6 duoc siy ¢ 60°C trong khoang 24 gio
thu dugc HA-APTES.

Giai doan (ii) gan collagen, HA-APTES dugc
phan tan vao dung dich phosphate buffer saline
(PBS) ti lé 1:25 (g/mL) va phan tng véi
glutaraldehyde (GA) ¢ ndng d6 0,25 M, thoi gian 1
gio, & nhiét d6 30°C. Han hop duoc loc rira 3 lan véi
PBS d¢é loai bo phan GA con thira va say khoang 1
gio thu dugc hat HA-APTES-GA. Pé gin két
collagen, hat HA-APTES-GA sau d6 dugc phan tan
vao trong dung dich collagen dugc hoa tan trong
acetic acid, khudy déu véi toe do 300 rpm. Collagen
s& phan tng gan két Ién bé mat HA théng cau noi
GA tao thanh HA-collagen (Hinh 1). Céc thi nghiém
dugc tién hanh theo phuong phap luan phién tung
bién. Cac yeu t6 anh dwoc dén su gin két duoc khao
sat gdm nong do collagen thay doi tir 0,25-1 mg/mL,
thoi gian phan tng (30-120 phat), pH acetic acid (2-
4), nhiét @6 phan tng (4-37°C). Mdi thi nghiém
dugc 13p lai 3 1an dé dam bao do lap lai cua két qua.

2.5. Phuwong phap phan tich

2.5.1. Phuwong phép nhiéu xa tia X

Thanh phan pha cia san phdm dugc xac dinh
bang phuong phap nhidu xa tia X (XRD), dong may
D8 Advance cua hang Bruker (CHLB Dirc), vai goc
quét 26 WL =1.54060 quét tir 10 - 60°, bude do 0.01
do/pht. Thiét bi hoat dong ¢ hiéu dién thé U = 40
KV va cuong d6 dong dién I =30 A. Kich thudc tinh
thé trung binh dwoc xac dinh bing cong thirc
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Scherrer dya vao gian ¢6 XRD. Ciu tric caa mau
HA tong hop duoc danh gia khi so véi thé chuan
ICDD (International Centre for Diffraction Data)
(01-080-6199) va thé chuin JCPDS 9-0432 (Y.
Zhang, Lu, & Yang, 2012). Trong do, cac peak dac
trung ctia HA tuong g véi cac mat tinh thé c6 chi
sé Miller (211), (002), (112), (300), (202) va (301)
s& dugc quan tdm so sanh.

2.5.2. Phan tich kinh hién vi dién tir quét

Hinh théi va kich thuéc hat cua san pham HA
dugc xac dinh bang kinh hién vi dién tr quét (SEM).
Phuong phap dugc thuc hién trén dong may
HITACHI S-4800 (Nhat Ban). Thong sé thiét bi van
hanh & mic dién ap gia téc U tir 0.5 - 30 kV, do phan
giai 8 = 1 nm va d6 phong dai tir X25 - X800000
lan.

2.5.3. Phan tich phé hong ngogi FTIR

Hiéu qua gan két dwoc danh gia thong qua sy
xuat hién cac nhom chic trén HA, HA-APTES va
HA-collagen duoc xac dinh bang phd hong ngoai
(FTIR, Thermo Scientific Nicolet 6700 FT-IR
Spectrometer, United States) véi  budc song tir
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4000-400 cm, @ phan giai 4 cm*. Mau duoc tron
KBr véi ti 1¢ 1%, ép thanh film mong sau d6 tién
hanh do va phd phan tich dwgc xu ly bang phan mém
OMINIC theo may. Cac peak dac trung va cuong do
peak duoc so sanh danh gia hiéu qua gan két cua
APTES, GA va collagen véi HA.

3. KET QUA VA THAO LUAN
3.1. Pidu ché hydroxyapatite tir xwong ca

Xuong cé tra sau khi xir Iy nhiét duoc nghién tao
thanh bot xwong ca (BXC) va chuyén hoa thanh
hydroxyapatite (HA) theo phuong phap da dugc dé
cap. Két qua phan t|ch XRD (Hinh 2) cho thay rang
phd nhiéu xa cia mau HA xuat hién cac peak dic
trung tai goc 20 = (25.9; 28; 28.9; 31.9; 32.2; 32.9;
34.1; 39.8; 46.7, 48.1; 49.5; 50.6; 51.3; 52.1; 53.2).
Khi so sanh phé nhiu xa caa mau HA vi thé chuan
ICDD (International Centre for Diffraction Data)
(01-080-6199) hay JCPDS 9-0432 (Y. Zhang et al.,
2012) va phd nhiéu xa ciia mau HA cung cip boi
hang Merck cho thiy rang c6 do twong dong rat cao
Vi vay c6 thé néi rang da ché thanh cong HA tur
xuong ca.
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Hinh 2. Phé nhiéu xa tia X (XRD) miu: (a) HA cung cip tir hdng Merck va (b) HA téng hop tir xwong
catra

3.2. Trich ly collagen tir da c4 tra

Da cd sau khi xir 1i so bd va trich ly trong dung
dich HCI pH 2 chua 0,1 % pepsin voi ti 1€ 1:40
g/mL, thoi gian 48 gio va toc do khudy 300
vong/phut theo quy trinh da dwgc dé& cap. Mau
collagen sau khi trich ly dugc tién hanh phan tich

phd hong ngoai (FTIR). Két qua phan tich (Hinh 3)
cho thdy mau phé hdng ngoai caa mau collagen ton
tai cac peak dic trung tai budc séng hap thu 3284,
2927, 1650, 1550 va 1370 cm™ twong ung voi Cac
dao déng cta amine A, amine B, amine bac I, 11, 11
(Singh et al., 2011).
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Hinh 3. Phd FTIR cia collagen trich ly tir ca tra

3.3. Gin két APTES Ién bé mit cia
hydroxyapatite

APTES (3 —amino propyl triethoxysilane) la tac
nhan hoat héa bé mat cho nhiéu vat liéu khac nhau
nhu TiO,, SiO, va Fe3O4 (Chen et al., 2012; Meroni
et al., 2016; Song, Hildebrand, & Schmuki, 2010).
Trong nghién ctru nay, HA duoc gin két bang
APTES theo phuong phap nhu da dugc trinh bay
phan thyc nghiém nham tao gc amine gan két
collaegn (Hinh 1). Trong d6 HA ndng do 1/25
(g/mL) trong ethanol tinh khiét phan tng véi
APTES ¢ néng d6 0,2 M, ham lugng nudc 0,75%,
thoi gian 12 gio, ¢ nhiét d6 70°C nham thu duoc
HA-APTES. Két qua phan tich phé phan tich hong
ngoai (Hinh 4) cho thiy ring mau HA ban dau dugc
dic trung boi peak hap phu & 3570 cm™ tuong ng
cho lién két OH va peak hap thu 1046, 962, 601 va

strectching cua ion v-PO,>. Khi mau HA dwoc gan
két phan tir APTES thi phé FTIR xuat hién cac peak
dic trung cia APTES véi cac peak hap phu tai 3400
cmtva 1550 cm ! twong ung hap phu stretching va
bending cua nhém NH,, cing véi peak hap phu tai
2929 cm® va 1450 cm® tuong ung hap phu
stretching va bending cua CH,. Ngoai ra, sy xuat
hién peak hap phu tai budc song 1410 cmt va 471
cm twong g 1a dic trung cho dao dong bending
CH,-Si va stretching cua lién két Si-O-Si 1a lién két
méi dwoc hinh thanh trong quéa trinh gin két giira
HA va APTES tu phan ung polymer héa (Chang &
Tanaka, 2002; Goonasekera, Jack, Cooper-White, &
Grgndahl, 2013). Vi thé APTES di gin thanh cong
I&n bé mat HA bang sy xuit hién cac peak dic trung
& 3400 cm, 2929 cm, 1550 cm™, 1450 cm™,
1410 cm™ va 471 cm ! twong tng cho cac lién két
cta cac nhom NH,, CH,, CH,-Si va Si-O-Si.

571 cm! tuong ung cho 4 peak hap phu dic trung
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Hinh 4. Phé FTIR ciia miu HA va HA-APTES. Piéu kién tao miu: HA ethanol 1/25 (g/mL), APTES
0,2 M, ham luwgng nuéc 0,75%, 12 gior phan @ng va nhiét dé 70°C
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3.4. Anh huéng cua n(“)ng‘d(f) collagen dén
kha niing gan két 1én be mat HA

Dé gan két collagen, HA-APTES dugc phan tan
vao dung dich phosphate buffer saline (PBS) ti I&
1:25 (g/mL) va phan &ng vai glutaraldehyde (GA) ¢
nong do 0,25 M, thoi gian 1 gio, & nhiét do 30°C.
Han hop duoc loc rira 3 1an véi PBS dé loai bo phan
GA con thira va siy khoang 1 gio thu duoc hat HA-
APTES-GA. Céc hat nay tiép tuc dwoc sir dung gan
két v6i collagen dé tao thanh HA-collagen thdng qua
cau ndi aldehyde cia GA. C4c thi nghiém duoc tién
hanh & cac ndng do collagen thay ddi tir 0,25 — 1
mg/mL dé khao sat anh huéng cua nong do collagen
dén qua trinh gan két. Yéu t6 cd dinh: thoi gian phan
ung 60 phat, dung dich acetic acid hoa tan collagen
c6 pH=3, thoi gian gin két 1 gio, nhiét o phan tng
30°C. Két qua phan tich FT-IR mau sau khi gin két
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(Hinh 5) cho thdy bén canh sy hién dién cac peak
dic trung cua HA-APTES con c6 su xuat hién cua
céc peak tai buéc song 1628 cm, 1550 cmtva 1370
cm? 1a cac peak dic trung cta amine I, amine I,
amine 111 va peak & 1750 cm* dic trung cho nhom
chirc C=0 cua GA (Barth & Zscherp, 2002; Coates,
2006). Qua d6 c6 thé néi rang da gin két thanh cong
cho collagen gin vao bé mat phan tir HA. Ngoai ra,
phd FTIR (Hinh 5) ciing cho thdy rang nong do
collagen cang cao, qua trinh gan két dién ra tét hon.
Khi ndng do collagen ting 1én thi cudng d6 peak cua
cac nhdm amine c6 xu hudng ting c6 nghia la kha
ning gin két tot hon vi nong do collagen ting 1én
thic day qua trinh gén két dién ra nhanh chong, dong
hoc phan ung tang 1én (Azami, Rabiee, &
Moztarzadeh, 2010). Két qua phan tich trén cho thay
rang nong do collagen & 1 mg/mL cho két qua gan
két tot nhat.
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Hinh 5. Phé FTIR ciia cac miu HA gin két véi collagen & cac nong dd khac nhau

a) 0 mg/mL; b) 0,25 mg/mL; c) 0,5 mg/mL; d) 0,75 mg/mL; e) 1 mg/mL. Cac yéu 6 cé dinh: HA-APTES/dd PBS = 1/25
(g/mL), thei gian phan sing gan két 60 phat; dung dich acetic acid hoa tan collagen c6 pH 3, nhiér dé 30 C

Anh huéng cia thoi gian dén kha niing gin
ket collagen véi HA

Khao sat anh huéng cua thoi gian phan tng gin
két thi nghiém duoc tién hanh ¢ cac khoang thoi
gian khac nhau thay d6i tir 1-5 gio. Trong d6, ndng
do6 collagen 1 mg/mL, dung dich acetic acid pH 3,
nhiét d6 phan ng 30°C s& duoc cb dinh. Két qua

phan tich FTIR mau sau khi gén két cho thiy ring
khi thoi gian phan ung tang 1én tir 1-3 gid thi cuong
d6 peak ¢ 1628 cm™ ciia nhém amine 1 ting 1én rd
rét (Hinh 6a-c). Tuy nhién khi thoi gian ting 1én 4-
5 gior thi cac peak hap thy bi nhidu va tré nén khong
rd rét (Hinh 6d-e). Didu nay cho thay thoi gian 3 gio
1a thoi gian phu hop dé gén két collagen véi HA.
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Hinh 6. Phd FTIR ciia cac miu HA gin két collagen véi méc thai gian khac nhau

a) 1 gio; b) 2 gio; c) 3 gio; d) 4 gio; €) 5 gio. Cac yéu té ¢ dinh: HA-APTES/dd PBS = 1/25 (g/mL), dung djch acetic
acid hoa tan collagen c6 pH 3, nong dé collagen 1g/mL, nhiés dg 30 C.

3.5. Anh hwéng caa nhiét do phan ing dén
kha niing gin két collagen Ién bé mat HA

Phan wng gan két collagen duoc tién hanh & céc
nhiét d6 tir 4-37°C trong do ndng do collagen 1
mg/mL, thoi gian phan ¢ng 3 gio, dung dich acetic
acid hoa tan collagen c6 pH=3. Két qua phan tich
FT-IR mau sau khi gin két cho thdy riang nhiét do
cang cao thi qua trinh gén két cac phan tir collagen
I&n bé mat hat HA-APTES-GA dién ra tot hon. Tin
hiéu caa c&c nhdm amine béc I va III tang khi nhiét
do tang tir 4 dén 37°C. O 4°C tin hiéu 1740 cm™ cua
nhoém C=0 cua GA c6 cuong d6 cao nhat va cuong
d6 giam dan khi nhiét do tang 1én 37°C. Dong thoi,

tin hiéu nhém imin (-C=N-) tang dan khi nhiét do
tang tir 4 dén 37°C. Piéu nay la do khi nhiét do ting
1én d4 1am ting téc d6 phan (g ciia cac nhom amine
cua phén tir collagen vai nhém —CHO ¢6 trong GA.
Tir phan tich trén cho thay rang diéu kién 37°C toi
wru cho qua trinh gan két collagen vao phan tir HA-
APTES-GA. Két qua chup SEM cho thay ring so
v6i HA chua gan két (Hinh 8a), bé mat HA gén két
APTES xuét hién mot 16p mong phu 1én bé mat
(Hinh 8b) va bé mat HA khi gan két collagen c6 su
xuat hién 16p phu day trén bé mat (Hinh 8c) vi thé
mét lan nira khang dinh thém sy gan két thanh cong
collagen trén bé mat HA.
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Hinh 7. Phé FT-IR ciia cac miu HA-APTES-GA-Col & nhiét d§ phan ng khac nhau

a) HA-APTES, b) 4 T, ¢) 20 C, d) 30 C, €) 37 C. Céc yéu t6 ¢d dinh: HA-APTES/dd PBS = 1/25 (g/mL), dung dich
acetic acid hoa tan collagen c6 pH 3, néng dé collagen 1g/mL, thoi gian phan #ng 3 gio
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Hinh 8. Anh SEM ciia miu: a) HA tir xwong c4, b) HA-APTES, c) HA-Collagen

4. KET LUAN

Nghién ctu cho thy rang c6 thé trich ly collagen
tr da cd tra va gin két ching lén bé mat
hydroxyapatite dwoc diéu ché tir xwong cé. Trong dé
diéu kién gan két hiéu qua, thoi gian phan wng 3 gio,
dung dich acetic acid pH 3, nhiét do phan ung 37°C
va nong do collagen 1 mg/mL. Két qua nghién ciru
chung t6 rang c6 thé hoat hda bé mat hydroxyapatite
bang protein nham ting cudong kha ning twong tac
véi polymer va hoat tinh sinh hoc cua vat liéu tir @6
mé ra nhidu huéng ng dung trong linh vyc y sinh.

LOI CAM ON

Nhém tac gia xin cam on Dy 4n Nang cip
Trudng Pai hoc Can Tho VN14-P6 bang ngudn vén
vay ODA tir Chinh pha Nhat Ban (MSDT: F4-4) da
tai tro kinh phi dé thuc hién nghién cau nay.
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