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TOM TAT

Nghién ctru thir nghiém cdy ghép vat liéu hydrogel composite sinh hoc trén co so
b1pha51c calcium phosphate (BCP)-oxidized alginate, gelatin dugc tién hanh trén tho. Panh
gia sy phat trién cta xuwong sau khi cdy ghép vat liéu composite vao xuong dui tho dya trén
két qua phén tich phuong phap vi m6 chup cit 16p vé ty 18 thé tich xuong/thé tich mé, dién
tich xwong bé mat/thé tich xwong va két qua phén tich mé hoc. Nhuém mé hoc bang k¥ thuat
nhuoém thuong quy H&E dé khao sat cu traic mdé xwong danh gia sy phat trién clia té bao
trén khoi xuong ghép vat liéu cho thdy sau 4 thang va 6 thang trén tat ca cac mau xuong méi
hinh thanh, t& bao xuong va té bao mach mau phat trién.

Tir khéa: Biphasic calcium phosphate, phuong phép vi mo chup cét 16p, H&E, oxidized
alginate, gelatin.

1. GIOI THIEU

Vit liéu y sinh d3 va dang duoc quan tdm nghién ctru dé dap tmg nhu cau thay thé cac
bd phan co theé, cay ghép md, xuong clia con nguoi, hira hen cho viéc chira tri va tai tao cac
mo va co quan bi mat hodc bi ton thwong do chan thuong, bénh tat hodc 1ao hoa.

Trong linh virc vat lidu dung cho xwong, nhiéu loai vat lidu dung trong cdy ghép va thay
thé xwong da phat trién dang ké trong nhiing thap ky qua nhu kim loai va hop kim (titan, hop
kim cua titan, thép khong ri...). Nhirng vat liéu nay tuy twong hop sinh hoc nhung tinh chat
co ly cua kim loai, hop kim khac biét nhidu so voi xwong dan dén nguy co gy xuong do
kém tuong thich giita phan xuong tiép xtc voi kim loai ghép.

Vi vy, cac nha khoa hoc trén thé gi6i hién nay quan tdm dén vat lidu trén co so
calcium phoaphate nhu hydroxyapatite (HAp) va biphasic calcium phosphate (BCP). HAp va
BCP c6 tinh tuong hop sinh hoc, hoat tinh sinh hgc cao, va kha nang chira lanh xuong do
thanh phan tuong tu thanh phan khoang trong xuong. Mat khac, HAp va BCP c6 thé tir tir
hoa tan trong co thé giai phong ion calcium va phosphate c¢6 loi trong viéc hinh thanh va
phat trién xwong. Tuy nhién HAp va BCP & dang bot nén kho tao hinh c¢é thanh phan, ciu
trac x6p twong ty nhu xuong [1-3].

Cac cong trinh nghién ctru vat li€u hydrogel composite cé kha nang tai tao xuong trén
co sd calcium phosphate va polymer tu nhi€n nhu gelatin, chitosan, hyaluronic acid, collagen
tuy nhién thoi gian phan hity cta cac vat liéu ndy ngén, chua phu hop véi thoi gian phat trién
ctia xuong. Trén co sé két qua kinh nghiém tai Bénh vién Dai hoc Soonchunhyang - Han
Qudc, vat liéu hydrogel composite sinh hoc trén co s& calcium phosphate, alginate va gelatin
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¢6 kha ning kich thich phat trién t& bao xuong rat t6t dong thoi thoi gian phan huy cua vat
lidu pht hop véi thoi gian xwong phat trién [4]. Vit liéu hydrogel composite sinh hoc trén co
s6 BCP va oxidized alginate, gelatin, vat li¢u tiém ning day htra hen trong linh vuce tai tao
xuong. Cau tric xop 3D cua hydrogel tao diéu kién cho té bao phat trién bén trong vat liéu
giip xuwong phat trlen bén trong vat liéu. Vit liéu trén tuong tu cac thanh phan cia xuwong.
Gelatin c6 ngudn gdc tir collagen, gelatin rt twong hop sinh hoc nén tng dung nhiéu trong y
hoc. Alginate la mot polysaccharide phan huy sinh hoc, tuong thich véi extracellular matrix
ctia té& bao. BCP twong hop sinh hoc, BCP dan dan hoa tan va giai phong cac ion Ca® va
PO,”, ¢6 loi dé hinh thanh xuwong. Hydrogel composite ndy tao moi truong phong theo moi
truong sinh hoc cliia xuong voi sy tuong hop sinh hoc cao, khi hydrogel composite phan huy
sinh hoc s& thiic day qua trinh tai tao m6 xwong, xwong méi hinh thanh thay thé dan hydrogel
composite duoc cay ghép.

Vit li€u hydrogel composite sinh hoc trén co s calcium phosphate, oxidized alginate,
gelatin twong hop sinh hoc, t& bao xuong MG-63 phat trién tot trén vat liéu va diéu thi vi
cua vat liéu nay 1a thoi gian phan huy sinh hoc dai thich hop lam vét liéu cho xuong. Trén co
so nhirng két qua da dat dugc, kinh nghiém vé tong hop nano calcium phosphate, hydrogel
composite [4, 5] va nhitng danh gia uu khuyét diém cta nhitng vat liéu composite y sinh cua
cic nhom nghién ctru nhu dé cép trén nén viéc hoan thién quy trinh tong hop hydrogel
composite sinh hoc trén co so biphasic calcium phosphate-oxidized alginate, gelatin tng
dung lam vat lidu thay thé tam thoi va hd trg qua trinh tai tao xwong rét can thiét.

Trén co s& d6, viéc nghién ciru thir nghiém ciy ghép vat liéu hydrogel composite sinh
hoc trén co s¢ biphasic calcium phosphate (BCP)-oxidized alginate, gelatin trén tho dugce
tién hanh. Panh gia sy phat trién cua xuong sau khi cdy ghép vat liéu composite vao xuong
dui tho dwa trén két qua phan tich phuong phap vi m6 chup cit 16p vé ty 1& thé tich
xuong/thé tich mo, dién tich xuong bé mat/thé tich xuong va két qua phén tich md hoc.
Nhuém mod hoc bang k¥ thudt nhudém thuong quy H&E dé khao sat cau trac md xuong, hinh
thai, cac thanh phan khéac trong mé xwong, danh gia sy phat trién cua té bao trén khéi xwong
ghép vt lidu cho thiy sau 4 thang va 6 thang trén tit cd cac miu xuwong mdi hinh, t& bao
xuong va té bao mach mau phat trién.

2. THUC NGHIEM

2.1. Phiu thujt
Quy trinh phau thuat

Chich thudc mé.

C6 dinh tho, chon ving phau thuat, cao 1ong ving phau thuat.

C6 lap ving phiu thut, sat tring ving phau thuét.

Rach da, 14t vat.

Khoan 16 5/5 mm.

Bom rira nudc mudi sinh 1y, kiém soat chiay mau.

Vi tri ghép: Lap day vat liéu ghép vao 16 khoan, nhdi nén cho day dén miéng 16 khoan.
bat mang- khau kin.

Vi tri d6i chimg: Bom rira sach bing nudc mudi sinh 1y, kiém soat chay mau. Dt
mang - khau kin.

Dianh dau vi tri phiu thuft bang 2 vit kim loai cdm vao ving xwong lanh 2 bén miéng 16
khoan, cach thanh 16 khoan 1 mm. Sau khi lanh vét thuong, boc 16 vi tri nghién ctru dya vao
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du seo luu trén da, s& ndi 2 diém nay lai dé xéac dinh tam 18 khoan, 1am co s& cho viéc léy
mau md dung vi tri nghién ctu.

Sau phau thuat tho duogc theo ddi vét thuong nhu cac du hiéu nhiém tring (vét thuong
sung, mép vat vét thuong chdy dich c6 mui hoi) va chich khang sinh trong 14 ngay.

Cham soc, theo ddi lanh thuong trong 4, 6 thang.
2.2. Quy trinh danh gia sy phat trién ciia xwong va té bao
Phdn tich xwong hinh thanh bang phwong phdp vi mé chup cat 1op (Micro computed
tomography — Micro-CT)

Mau duge quét bang cach str dung hé thdng chup cit 16p (Skyscan 1072, SKYSCAN,
Kontich, Bi. Sau khi quét, cac dit liéu hinh anh 2D dugc xdy dung lai 3D. Tur nhiing hinh
anh lat st dung phﬁn mém (TomoNT, SKYSCAN, Kontich, Bi) tinh toan cac thong sb cdu
trac: thé tich xwong/thé tich mo, dién tich xwong/thé tich xwong.

Co dinh mau

Mau xuong tho dugc ngam trong dung dich 4% formalin (48 gio ¢ nhiét do phong), sau
do ngdm mau xuong trong dung dich ethanol 70%.

Khir khodang xuwong
Ngam mau trong 11% acid formic qua dém.
Rira mau dudi nude trong 30- 60 phit.
C6 dinh méu trong parafin
70% ethanol trong 1 gio.
95% ethanol (95% ethanol/5% methanol) trong 1 gio.
Ngam mau trong ethanol trong 1 gio.
Ngam mau trong ethanol trong 1,5 gior (2 1an).
Ngam mau trong ethanol trong 2 gio.
Ngam mau trong xylene trong 1 gior (2 lan).
Ngam mau trong nén ¢ 58 °C trong 1 gio (2 1an).
Muc dich nhuém thwong quy H&E:

Nhuoém H&E: Khao sat cdu triic md xwong, hinh thai, cac thanh phan khac trong mo
xuong. Hematoxylin ¢6 mau xanh-tim, Eosin ¢c6 mau hong.

2.3.Xir Iy théng ké s6 li¢u thi nghi¢m

Phan tich thong ké dugc thuc hién bang phan mém thong ké SPSS ver 22 (SPSS Inc.,
Chicago, IL, USA) va excel. Phan tich phuong sai 2 yéu t6 (Anova) dung dé so sanh ham
luong Ca, P san sinh trong qua trinh khoang hoéa trong dung dich SBF va danh gia xuong
moéi duge hinh thanh & mdi nhém trong phan tich két qua phuong phép vi mé chup cét 16p.
Mt ¥ nghia thong ké duoc sir dung 1a 5%. Mai thi nghiém lip lai 3 1an.

3. KET QUA VA THAO LUAN

3.1. Thir nghiém cAy ghép vit li¢u hydrogel composite sinh hoc trén co sé biphasic
calcium phosphate (BCP)-oxidized alginate, gelatin trén tho

Tho dugc gdy mé, sau do ¢b dinh trén ban phiu thuat. Tién hanh cao 16ng va khir tring
vung phau thudt. Tién hanh phau thuat khoan xuong dui tho, ghép vat liéu vao cho xuong da
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khoan, dat mang ghep phau thuat 1én trén vi tri Xoang xuong dé tranh phin mém xam 14n mo
xuong. Khau phin mém va phin da dé che kin vét thuong.

)

Hinh 1. Anh phu thuat xuong dui tho
3.2. Panh gia sw phat trién ciia xwong bing phwong phap vi mé chup cit 16p (Micro-CT)

Sau khi phau thuat 4 thang, quan sat hinh anh phwong phap vi mé chup cit 16p cia cac
mau xwong cho thay xuwong méi dugc hinh thanh trong vung phau thuat, mau hydrogel
composite xuwong méi hinh thanh 1ap kin 16 khoan xuong, mau hydrogel va mau d6i chimg
xuong méi c6 hinh thanh nhung chwa 1ap kin 16 khoan xwong.

Ty 1¢ thé tich xuong/thé tich mo xuong 4 thang ciia mau hydrogel composite (13,28 + 1,58),
hydrogel (8,00 £ 0,37) va mau ddi chung (8,37 £ 0,14) cho thay c6 su khac biét gilta cac loai
mau phan tich (p < 0,05). Nhung két qua thong ké s6 licu ty 1& thé tich xuong/thé tich mo
xuong 4 thang gitra cac mau hydrogel va cac mau dbi ching khong c6 su khac biét (p>0,05).
Do d6 c6 thé két luan miu hydrogel va d6i chimg anh hudng khong khac nhau dén ty 16 thé
tich xuong/thé tich mo. Két qua sé lidu thong ké ctia mau hydrogel composite va miu
hydrogel cho thiy su khac biét trong thong ké (p < 0,05). Do d6 c6 thé két luan BCP lam
tang ty 1& thé tich xuong/thé tich mo.

Ty 1¢ thé tich xuong/thé tich mo xuong 6 thang ciia mau hydrogel composite (13,89 + 1,67),
hydrogel (8,37 £ 0,14) va mau déi chung (8,00 £ 0,37) cho thdy co su khac biét giira cac loai
mau phan tich ( p < 0,05). Tuy nhién, két qua thong ké s6 liéu ty 18 thé tich xwong/thé tich
mo xuong 6 thang gitra cac mau hydrogel va cac mau a6i ching cho thdy khong co su khac
biét (p > 0,05). Do d6, c6 thé két luan mau hydrogel va dbi chimg anh huéng khong khac
nhau dén ty 1¢ thé tich xuong/thé tich mo. Két qua sd liéu thong ké ciia miu hydrogel
composite va mau hydrogel cho thdy su khac biét trong thong ké (p < 0,05). Vi vay, c6 thé
két luan BCP 1am ting ty 18 thé tich xwong/thé tich mo.

Két qua phan tich ty 1¢ thé tich xwong/thé tich mo ciia miu xwong 4, 6 thang cia
hydrogel composite cao hon hydrogel va mau déi ching, nhung so sanh két qua ciia mau
hydrogel va mau dbi chirmg khong khéc biét trong thong ké (p < 0,05). Do dé, ¢ thé két luan
mau hydrogel va mau ddi chimg cho két qua nhu nhau trong phan tich phuwong phap vi mo
chup cit 16p.

Két qua phan tich dién tich bé mat xuong/thé tich xwong ctia cac miu xuong 4 thang cho
thdy dién tich bé mat xuong/thé tich xuong cia hydrogel composite (13,78 £ 0,48) cao hon
hydrogel (12,02 + 0,76) va mau ddi chimg (7,73 + 0 ,95). Theo phén tich thong ké (p <0,05), co
su khac biét giita cac loai mau | phan tich. So sanh mau hydrogel va mau dbi chimg ciing co su
khac biét (p < 0,05). So sanh mau hydrogel va hydrogel composite cé su khac biét (p < 0,05).
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Hinh 2. Két qua phén tich phuong phap vi mo chup cét 16p clia mau xwong
sau 4 va 6 thang phau thuat; p < 0,05

Két qua phan tich dién tich bé mit xwong/thé tich xuong clia cdc miu xuong 6 thang
cho thdy dién tich bé mat xwong/thé tich xwong cua hydrogel composite (10,87 + 4,89),
hydrogel (9,27 + 3,13) va miu ddi chtng (10,48 + 2,94). Theo phan tich thdng k& (p > 0,05)
cho thay khong co sur khac biét giita cac loai mau phan tich. Do d6, c6 thé két luan sau 6
thang khong c6 su khac biét vé dién tich xuong bé mit/thé tich xuong gitra cic mau.

Céc két qua phén tich phuong phap vi mé chup cit 16p trén co thé giai thich nhu sau: té
bao xwong bam 1én bé mit vat liéu (hydrogel va hydrogel composite) dé phat trién nén dién
tich xwong bé miat/thé tich mé cua mau hydrogel va hydrogel composite cao hon dbi ching
[6-8]. Hydrogel composite c6 kha ning khoang héa nén ty 1¢ thé tich xwong/thé tich mé cao
hon so v6i hydrogel. Tuy nhién, két qua phan tich dién tich bé miat xuwong/thé tich xuong ciia
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cac mau xwong 6 thang cho thay khong c6 sur khac biét giira cac loai mau phan tich do c6 su
tiéu xuong trén bé mat cac mau [9, 10]. Mic du co hién tuong tiéu xwong nhung ty 1¢ thé
tich xuong/thé tich mo ctia mau 6 thang khong thip hon mau 4 thang cho thiy tiéu xuwong
xay ra dong thoi véi hinh thanh xwong méi.

3.3. Panh gia sy phat trién ciia té bao xwong in vivo bang ky thuit nhuém thwong quy
H&E (Hematoxylin Eosin)

4 thang 6 thang

Pai chirng

Hydrogel

Hydrogel composite

Khéng phau thuat

Hinh 3. Anh nhudm tiéu ban H&E ctia xwong dui tho: NB (xwong hinh thanh),
B (t€ bao mau), OB (t€ bao tao thanh xuong), S (mau con lai)

98



Ung dung hydrogel composite biphasic calcium phosphate/gelatin/oxidized alginate ...

Két qua khao sat cdu traic md xwong, hinh thai, cac thanh phan khac trong mé xuong
clia cac mau hydrogel composite, hydrogel va mau dbi chimg cho thay sau khi cdy ghép vat
lidu 4, 6 thang mo xuong méi hinh thanh (NB), cac té bao tao thanh xuong (OB), té mach
mau (B) phat trién tai vi tri phau thuét.

Mau hydrogel sau 4 thang van con hydrogel chua phan hiy hét.

Lép xuong cimg hinh thanh ¢ mAu 6 thang phat trién hon mau 4 thang. Céu tric md
xuong cua mau hydrogel composite 6 thang giong nhu mau xuong khong phau thuét, 16p
xuong cung hinh thanh che phu toan bd vi tri phau thuét.

Mau hydrogel 6 thang 16p xuong cimg hinh thanh van xen l1an ving té bao xwong cho
thay su phat trién chua hoan thién cia 16p xuong ctng. Mau ddi ching 6 thang cling tuong
tu mau hydrogel, 16p xuong cimg hinh thanh nhu chua che pha hét vi tri phiu thuat xuwong.

N Két qua nhudm tiéu ban H&E cua mAu hydrogel composite cho thiy sau 6 thang ving
phau thuat xuong giong xuong chua phau thuat.

4. KET LUAN

Sau khi phiu thuat 4 va 6 thang, két qua phan tich phuong phap vi mé chup cét 16p cua
cic mau xuong cho thdy xwong méi duogc hinh thanh trong ving phau thuat, hydrogel
composite xwong mai hinh thanh véi ty 18 thé tich xwong/thé tich mé cao hon hydrogel va
mau d6i chimg. So sanh két qua phén tich phwong phap vi mé chup cit 16p cia miu 4 thang
va 6 thang cho thiy khong c6 su khac biét vé ty 1¢ thé tich xuong/thé tich mé ciing nhu ty 1¢
dién tich bé mat xwong/thé tich xuong, diéu nay cho thiy c6 sy tiéu xuwong va sy hinh thanh
xuong dong thoi xay ra trong giai doan h01 phuc xuong. Két qua phén tich mé hoc cho thay
mau hydrogel composite sau 6 thang cdy ghép da phat trién thanh moé xwong gidng md
xuong khong phau thust.
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ABSTRACT

HYDROGEL COMPOSITE BASED BIPHASIC CALCIUM PHOSPHATE AND
GELATIN, OXIDIZED ALGINATE FOR BONE REGENERATION

Nguyen Thi Phuong*
Ho Chi Minh City University of Food Industry
*Email: ntphuongvc0201@gmail.com

Hydrogel composites based on oxidized alginate-gelatin and biphasic calcium phosphate
(BCP) were implanted into rabbit femur. Evaluation of bone development after implantation
into rabbit bones based on the results of micro-CT and histological analysis. Micro-CT data
showed that hydrogel composites have bone surface/volume ratio and bone surface density
higher than hydrogel. Hematoxylin-Eosin (H&E) staining technique for examination of bone
structure, evaluation of cell growth in bone grafts showed that after 4 months and 6 months
new bone formation, bone cells and blood vessels develop.

Keywords: Biphasic calcium phosphate, micro-CT, H&E, oxidized alginate, gelatin.
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