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PHAN TACH VAT LIEU GOM Y SINH HYDROXYAPATITE (HA)
TU XUONG GA SU DUNG PHUONG PHAP NHIET PHAN HUY

Preparation and Characterization of Bioceramic Hydroxyapatite (HA)
Derived from Chicken Bones Using Pyrolysis

Hoang Thi Trong Hoal, Bli Manh Ha?, Bui Xuan Vuong?”

1Truong Pai hoc Su pham Thanh phé H6 Chi Minh
2Truong Dai hoc Sai Gon

Tom tat

Hydroxyapatite (HA) — vt liéu gbm sinh hoc, duoc tong hop tir xwong ga thong qua phuong phap nhiét
phan hity. Qua trinh nay bao gdm thu thap, 1am sach xwong bang cach dun s6i va say kho, sau d6 nung &
800 °C trong 3 gio dé loai bo cac thanh phén hitu co va hinh thanh cAu tric tinh thé HA. Vat liéu thu dugc
duogc danh gia bang nhidu xa tia X (XRD), ph6 hong ngoai (FTIR), kinh hién vi dién tir quét (SEM), pho
tan sic nang lugng tia X (EDX) va thir nghiém MTT kiém tra tinh tuong thich sinh hoc. Phén tich cho
thiy HA tong hop c6 do tinh khiét cao, chu yéu 1a HA véi mot lugng nho Cas(POa)z. Thong sb mang tinh
thé (a=~ 9,29 A, ¢ = 6,76 A) ciing kich thudc tinh thé trung binh (D = 35,7 nm) twong (g gan véi gia tri
chuén, x4c nhan cu trac tinh thé 6n dinh. Quan sat SEM cho théy céc hat HA nho lién két thanh cac cum
16m, tao d¢ x6p thuan lgi cho bam dinh té bao. Phan tich EDX ghi nhén ty 1¢ Ca/P 1a 1,62, gan véi gia tri
ly thuyét 1,67. Thir nghiém MTT trén té bao L929 chimg minh HA c6 kha ning twong thich sinh hoc tdt
va thiic day su phat trién cua té bao.

Tir khoa: Hydroxyapatite; xirong ga; nhiét phan hay; tinh twong thich sinh hoc; gom y sinh.
Abstract

Hydroxyapatite (HA), a bioceramic material, was successfully synthesized from chicken bones using a
pyrolysis method. The synthesis process involved collecting and cleaning the bones by boiling and drying,
followed by calcination at 800 °C for 3 hours to remove organic components and form a stable HA crystal
structure. The obtained material was characterized using multiple analytical techniques. X-ray diffraction
(XRD) results indicated that the synthesized HA had high purity, consisting mainly of HA with a small
amount of Cas(POa)., and the lattice parameters (a = 9.29 A, ¢ = 6.76 A) and average crystallite size (D =
35.7nm) were close to standard values, confirming a stable crystal structure. Scanning electron
microscopy (SEM) observations revealed that the HA nanoparticles aggregated into larger clusters,
creating a porous structure favorable for cell adhesion. Energy-dispersive X-ray spectroscopy (EDX)
analysis showed a uniform distribution of Ca and P, with a Ca/P ratio of 1.62, close to the theoretical
value of 1.67. Finally, MTT assays on L929 fibroblast cells demonstrated that the HA exhibited good
biocompatibility and promoted cell proliferation.

Keywords: Hydroxyapatite; chicken bone; pyrolysis; biocompatibility; bio-ceramics.
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1. Giéi thiéu

Hydroxyapatite (HA), v6i cong thirc hoa hoc Caio(PO4)s(OH):, 1a mot khoang chét
thudc nhom calcium phosphate, c6 cu tric tinh thé luc giac sit chat (Hexagonal close-
packed) va dong vai trd 14 thanh phan v6 co chinh trong xuong Va ring ciia con ngudi [1].
Vat liéu HA dugc quan tam rong rai nho cac dac tinh ndi bat nhu tinh tuong thich sinh hoc
cao, kha nang dan xuong, hoat tinh sinh hoc va do bén hoa hoc tbt trong moi trudng sinh 1y.
Nho nhirng vu diém d6, HA di dugc Gng dung trong nhiéu linh vyec, tir y sinh hoc (lam chét
bd sung khoang calcium trong sita va thyc phdm chire ning, vat liéu ghép xuong, ciy ghép
nha khoa, 16p phu cho implant kim loai, hay gia thé trong k¥ thuat mo) dén mai truong va
cong nghiép (hap phu ion kim loai nang, 1am chat mang xuc tac, hay chat xir Iy nuéc thai
nho kha ning trao doi ion va hap phu bé mit [2-4]. Nhiéu phuong phap hoa hoc duoc ding
dé téng hop vat liéu HA, chrfmg han nhu két tia dung dich, sol—gel, thiy nhiét, vi song va vi
nhil tuong dao [5-6]. Tuy nhién, chiing con ton tai mot sé han ché nhu chi phi cao do sir
dung céc tién chét tinh khiét, thiét bi phéan Ung phuec tap, diéu kién phan Uing nghiém ngat,
thoi gian tong hop dai, ciing nhur yéu cau cac bude tinh ché phrc tap dé loai bo cac hoa chat
du thtra. Mgt hudng tiép can dang nhan dugc nhiéu su quan tam la khai thac cac phé phém
sinh hoc gidu calcium va phosphorus, ching han nhu xuwong dong vat, dé ché tao
hydroxyapatite (HA) thong qua phuong phap nhiét phan. So véi cac phuong phap tong hop
hoa hoc khéc, nhiét phan c6 uu diém nbi bat 1a quy trinh don gian, khong yéu cau s dung
hoa chat phirc tap, han ché phat sinh chét thai thir cAp va c6 kha ning bao toan t6t thanh phan
khoang tu nhién cua xuong, tir d6 tao ra HA c6 dac tinh gﬁn v&1 HA sinh hoc trong co thé.
Nho vay, phuong phap nay khong chi tin dung hiéu qua ngudn nguyén liéu doi dao ma con
gdp phan giam thiéu 6 nhidm mai trudng, phi hop véi nguyén tic hoa hoc xanh [7]. Trong
thuce té, cac loai xuong bo, xuwong ga hay xuong cé thuong bi thai bo sau qua trinh ché bién
thyc pham, 1am gia ting lugng réc thai kho phan huy sinh hoc. Viéc téi sir dung cac phé
pham nay dé tong hop HA bang nhiét phan khong chi gitp giam ap lyc xir 1y chét thai ma
con tao ra vat liéu co gid tri cao, tmg dung trong y sinh va cong nghiép. O Viét Nam, thit ga
12 mot trong nhitng thyc pham duoc tiéu thu phd bién, kéo theo lwgng xuwong ga thai ra mdi
ngay tuong d6i 1on. Pang chu ¥, xuong ga chira ham luong calcium va phosphorus cao, rat
thich hop lam tién chat cho qua trinh nhiét phan dé san xuat HA sinh hoc [8]. Xuét phat tir
nhimng vu diém d6, nghién ctru nay tap trung tong hop HA tu nhién tir xwong ga bang phuong
phap nhiét phan. Cac ky thuat dic trung 1y — héa — sinh hoc dugc st dung nham xéc dinh
c4u trac, thong s6 mang tinh thé va kich thudc hat, dong thoi danh gia kha niang tuong thich
sinh hoc cua vat liéu HA thu duoc.

2. Thuc nghiém va phwong phap danh gia

2.1. Quy trinh tong hop HA

Xuong ga dugc thu thap tir cac bita dn gia dinh va xtr Iy ngay sau khi 1ay mau. Trudc
hét, chung dugc rira nhiéu 1an bang nudc cat dé loai bo bui ban va tap chat bam trén bé mat.
Tiép theo, mau dugc dun sbi trong khoang 2 gid nham loai bo phan thit, m& va protein con
sot lai, ddng thoi giup khir mui va lam sach ciu tric khoang bén trong. Sau budc ndy, xuong
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duoc rira lai bang nudce va dé kho tu nhién trude khi chuyén sang giai doan sdy. Qua trinh
séy khé duge tién hanh ¢ 100 °C trong 6 gio, nham loai bé hoan toan dd 4m con lai va han
ché nguy co nit gy khi xir Iy & nhiét d6 cao. Sau do, cic miu duoc nung trong 16 nung &
800 °C trong vong 3 gio. Diéu kién nhiét nay duoc lya chon dua trén nhitng béo cao trudc
day dé dam bao qué trinh phan hay hoan toan thanh phan hiru co, déng thoi thac day su két
tinh cia hydroxyapatite (HA) [9]. Sau khi nung, miu xwong tré nén gion, d& nghién. Céc
mau duoc dé nguoi ty nhién, sau do nghién min béng cdi str dé thu duoc bot HA ¢6 ngué)n
gdc tir xwong ga véi hidu suat dat khoang 63 %, ding cho cac phén tich dic trung tiép theo.

2.2. Phwong phap danh gia

Cac mau hydroxyapatite (HA) diéu ché tir xwong ga dugc khao sat bang cac phuong
phap phan tich nhdm 1am rd dic diém cdu tric va hinh thai. Phd nhidu xa tia X (XRD) duoc
sir dung dé xac dinh thanh phan pha, danh gia mic do tinh thé héa ciing nhu tinh todan mot
s6 thong s6 mang dic trung. Hinh thai bé mat duoc kiém tra bang kinh hién vi dién tir quét
(SEM), ddng thoi phd tan sic niang luong tia X (EDX) duge st dung dé xac dinh thanh phan
nguyén to va ty 1& Ca/P cta mau. Kinh hién vi dién tir truyén qua (TEM) duoc ap dung dé
quan sat cAu tric & cép dd nano, tir d6 cung cép thém dir liéu chi tiét vé hinh dang va kich
thudc hat tinh thé. Ngoai cac phép phan tich 1y — hoa, kha ning twong thich sinh hoc ctia vat
lidu duoc danh gia thong qua thir nghiém MTT. Trong quy trinh nay, té bao duoc nudi ciy
trong moi truong ¢ bo sung bot HA va sau mot thoi gian G nhat dinh s& duoc xir Iy véi dung
dich MTT. Enzym ty thé clia té bao khir MTT thanh san pham formazan khong tan, va lugng
formazan duoc xac dinh thong qua do quang phd héap thu. Két qua do phan anh truc tiép ty
1¢ té bao sdng sot, qua d6 cho phép nhan xét vé mirc do an toan sinh hoc cia mau HA.

3. Két qua va thao luin
3.1. Phan tich phé XRD

Ph6 nhidu xa tia X (XRD) ctia mau xuong ga nung ¢ 800 °C trong 3 gid cho thay sy
xuét hién rd rang cta cac vach dic trung cua hydroxyapatite (HA). Khi so sanh voi phd
chuén (JCPDS 09-0432), tat ca cac dinh nhidu xa dién hinh cia HA déu duge xéac dinh va
gan chi s6 Miller (hkl) ddy du, nhu thé hién ¢ Hinh 1. Trong d6, hai dinh ndi bat nhat lan
luot xuat hién tai khoang 20 ~ 26° img v&i mit phang (002) va 20 ~ 32° g véi mat phang
(211), phan 4anh ciu triic mang tinh thé dac trung cia HA. Ngoai ra, chi quan sat thdy mot
dinh c6 cudng do rat thip, duoc danh dau (*), dic trung cho pha Cas(POa).. Pha Cas(PO4):
thuong dugc ghi nhan khi tong hop HA tir nguon sinh khdi va ban than né ciing dugc ting
dung rong rai nhu mot loai gdm y sinh theo bao cdo trong cac nghién ctru trude day [10-12].
Pha Cas(PO4): trong mau c6 thé hinh thanh do sy phan hy cuc bd ctia hydroxyapatite & nhiét
d6 cao hodc do cac qua trinh thay thé ion trong ciu tric HA sinh hoc. V& tinh chit, pha
Cas(PO4)2 c6 kha nang phan huy sinh hoc nhanh hon HA, nén c6 thé hd trg qua trinh tai tao
xuong va ting cudng twong tac sinh hoc. Tuy nhién, néu ham luong pha nay qué 16n, nd cé
thé lam giam do bén co hoc va d6 6n dinh cua vt liéu. Trong nghién ctru ndy, Cas(POa): chi
xuét hién véi cudong do rat thap trén phd XRD, vi vdy khong gy anh huong dang ké dén
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tinh chét téng thé, ma con c6 thé gop phén cdi thién hi€u qua ung dung sinh hoc cua vat li¢u.
Nhu vay, vat liéu HA thu duoc tir xuong ga trong nghién ctru nay dat do tinh khiét cao. Két
qué phan tich XRD khang dinh rang diéu kién nung ¢ 800 °C trong 3 gid 1 phu hop dé loai
b6 hoan toan cac thanh phan hitu co (collagen, protein) va carbonate trong xwong, dong thoi
thic day qua trinh tai két tinh HA. O mirc nhiét nay, ciu trac HA van dugc duy tri 6n dinh
ma chua xdy ra sy phan huy dang ké sang cac pha calcium phosphate khéc [11-12]. Do dé,
san pham thu dugc c6 muc do két tinh cao, thanh phan chu yéu 1a HA véi luong tap chat rat
thép, dap tng tdt cac yéu cAu cho ung dung trong Iinh vyc vat li¢u sinh hoc.

Théng sé mang cua vt liéu HA téng hop duoc tinh theo cac cong thic 1-4 (E. Rabiei
va cong sy, 2020). Trong d6 A = 1,5406 A, n= 1; h, k, 1 1a cac chi s6 cua mat phang Miller;
a, ¢ la cac tham s6 mang cua hé tinh thé luc giac HA; v 1a thé tich & mang; D 1a kich thuéc
tinh thé tinh cho médi dinh nhiéu xa.

n.A = 2d.sinf Q)
2 2 2
i=f*h +hk+k l_ @)
dz 3 a2 c?
KA 3
~ B.cosb )
v = a? c.sin (60°) 4)

Dua trén phd nhidu xa tia X va két qua xu Iy bang phan mém Origin, bay dinh nhiéu
Xa dic trung ciia mau hydroxyapatite (HA) da dugc chon dé tinh toan céc thong sé mang
tinh thé caa vat liéu HA tong hop (Hinh 2). Két qua tinh toan thong sé mang cua vat liéu HA
duoc trinh bay trong Bang 1. Cac dinh nhiéu xa duoc lya chon véi gia tri 20 quan sat dugc
dao dong trong khoang 26,3° dén 49,9°, twong tng vai cac mat tinh thé (002), (211), (112),
(300), (310), (222) va (213). Tir cac s6 liéu vé goc nhidu xa, khoang cach mat phang dhk,
cling céc théng sé B va cosb, cac tham $6 mang co ban dugc xac dinhlaa=9,29 A, ¢ = 6,76
A, thé tich 6 mang v ~ 505,25 A3 va kich thudc tinh thé trung binh D = 35,7 nm. Cac thong
sb mang a, ¢, va v thu duoc cua mau HA trong nghién ctru nay rat gan véi cac thong sé mang
cua vat liéu HA chuan véia=9.418 A, ¢ = 6.884 A, and v = 528.8 A% (JCPDS 09-0432). B
trong dong khi so sanh dai lwong thé tich 6 mang caa mau HA téng hop so véi mau HA
chuan dat 95,55 %. Nhitng két qua dat dwoc khang dinh mau HA ty nhién tong hop dugc tir
xuong ga c¢6 mang cau tric luc giac dic trung, kich thudc tinh thé nanomet, tuong duong
véi hydroxyapatite chuan.
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Hinh 2. Cac peak chinh si dung dé xac

dinh thdng sé mang tinh thé ciia HA

hkl 26° sind dhia (A) cos®0 P (Degree) P (Radian) D (A)

002 26.349 0.227918 3.379731 0.97368 0.20833 0.00363604 387.2882
211 32.228 0.277549 2.775362 0.960711 0.21862 0.00381564 374.0414
112 32.653 0.281111 2.740203 0.959675 0.23391 0.0040825 349.9689
300 33.363 0.287051 2.683493 0.957915 0.22643 0.00395195 362.1942
310 40.255 0.34411 2.238526 0.938929 0.22388 0.00390744 373.7269
222 47.128 0.399773 1.926843 0.916614 0.26954  0.00470436 317.9749
213 49905 0.421867 1.825932 0.906658 0.25752  0.00449457 336.4714

a=9,29A;¢c=6,76 A; v=1505,2528 A% D =357.3808 A ~ 35,7 nm

3.2. Phan tich phé FTIR

Ph6 FTIR ctia miu HA tong hop cho thay cac dai hap thy ddc trung phan 4nh 16 rang
cdu trac hoa hoc cua vat liéu (Hinh 3). Vung dao dong rong nam trong khoang 1400—1450
cm ™' duoc gan cho dao ddng ubn ciia nhom carbonate (COs>). Su xudt hién cua dai nay cho
thy trong mang tinh thé c6 su thay thé mot phan nhom phosphate boi carbonate, hién tugng
thudng giap ¢ hydroxyapatite tw nhién va khong anh huong dén tinh chat sinh hoc cua vat
lidu [7, 13-14]. Céc dai hap thu manh tai 1090, 1029 va 959 cm™ twong tmg voi cac dao
dong kéo gidn bat ddi xtmg va ddi ximg ctia nhom phosphate (PO+*), ddy 1a tin hidu dic
trung quan trong khang dinh sy ton tai ctia khung céu tric phosphate trong hydroxyapatite
[14-15]. Pang cht ¥, dinh tai 631 cm™ lién quan dén dao dong udn bén ngoai mit phang cua
nhom hydroxyl (OH"), ching minh su hién dién ctia nhém OH dic trung trong cu trac tinh
thé [15]. Ngoai ra, cic dinh tai 600 va 567 cm™ dugc quy cho dao dong udn cta nhom
phosphate, b6 sung thém bang chimg cho thdy ciu trac PO+~ trong phan tir HA [14-15].
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Viéc quan sat ddy du cac dai dic trung khong chi x4c nhén sy hinh thanh ctia hydroxyapatite
ty nhién trong mau ma con phan anh mic d6 hoan chinh ctia mang tinh thé ciing nhu kha
nang thay thé ion trong qua trinh hinh thanh vat liéu HA [7, 14-15].
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Hinh 3. Phé FTIR ciia vit liéu HA tong hop
3.3. Quan sat anh SEM

Anh SEM trén thé hién bé mit ciia mau hydroxyapatite (HA) quan sat & do phong dai
1.000 va 5.000 lan. Hinh anh cho thiy cac hat vat liéu phan b day dic, lién két chat ché tao
thanh cum, dong thoi bé mat kha x6p va khong dong nhat. Cac hat c6 dang gan nhur cdu hodc
bét dinh hinh, c4c hat nho két tu thanh nhiing khdi 16n hon. Su két tu nay thuong xay ra do
ning luong bé mat cao ciia cac hat nano, dan dén xu huéng giam ning luong tu do thong
qua lién két hodc va cham [16]. CAu triic bé mit xSp va nhiéu hat min nhu quan sat dugc co
thé tao diéu kién thuén l¢i cho kha nang bam dinh té bao va trao doi ion, tir d6 nang cao tinh
tuong thich sinh hoc va kha nang trng dung cua vét li¢u trong céc linh vuc nhu y sinh hodc
ciy ghép xuong [17].

Hinh 4. Anh SEM ciia vit liéu HA ¢ cdc dp phéng dgi X.1000 va X.5000
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3.4. Phén tich nguyén t6 EDX

Thanh phéan cc nguyén té trong mau HA tong hop tir xwong ga dugc phan tich bang
phd tan séc ning luong tia X (EDX). Hinh 5 trinh bay ban d6 EDX (EDX-mapping) ctia miu
HA véi sy c6 mit cta cac nguyén té nhu Ca, P, O, Mg, va C. Ban dd EDX cho thiy Ca, P
va O phan bb dong déu trén toan bé mit, khang dinh cau triic giau hydroxyapatite dic trung
ctia mau. Nguyén t6 Mg xuat hién v&i cudng d6 yéu va phan tan rai rac, cho thiy vai tro cia
Mg nhu thanh phan vi luong, trong khi tin hiéu C thua thét chi yéu lién quan dén nhom
carbonate con sot lai hoc do sy hap phu CO2 vao miu do. Hinh chong day da cac nguyén
tb thé hién su hoa tron déng nhét, ching minh sy phan bd nguyén t6 6n dinh trong vat li¢u
HA tong hop.

Hinh 5. Anh EDX-Mapping ciia vit ligu HA
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Hinh 6 trinh bay phé EDX dinh lugng céc nguyén t c6 mit trong mau HA téng hop
duogc. Két qua cho thiy cac dinh dic trung cua Ca, P va O véi cudng do cao, kém theo tin
hiéu yéu cua Mg va C, khang dinh mau chua yéu chtra thanh phan hydroxyapatite véi mot
lwong nhé tap chat hodc nhom thay thé [18-19]. Trong d6, dinh Ca ndi bat so véi cac nguyén
t khac, tiép dén 1a P va O, phan anh khung cau tric Ca—P—O dién hinh cua HA. Dya vao
ham lugng nguyén td tinh theo % nguyén tir (Ca = 40,1%; P = 24,8%), ti I¢ Ca/P duoc xac
dinh khoang 1,62, hoi thap hon gia tri chuan cua hydroxyapatite Iy thuyét (Ca/P = 1,67) [20].
Gia trj Ca/P = 1,62 thap hon so vdi gié tri ly thuyét (1,67) 1a dic trung thudng gap cua
hydroxyapatite c6 ngudn gdc sinh hoc. Sy sai léch nay chu yéu do céc khuyét tat mang tinh
thé, hién tuong thay thé ion (chang han COs* thay thé PO+*~ hodc OH") va su hién dién cua
c4c nguyén té vi lugng nhu Mg?*, din dén thiéu hut Ca nhe hoic du P twong dbi. Dac diém
nay ph hop véi ban chat caa HA sinh hoc, gilp vat liéu c6 cau tric gan véi xuong ty nhién
hon, tir 46 gdp phan cai thién tinh tuong thich sinh hoc va kha nang tai tao mo.

Nhu vay, cac phan tich XRD, FTIR va SEM-EDX cho thay hydroxyapatite (HA) tong
hop tir xwong ga c6 nhidu wu diém so véi cac ngudn sinh hoc khac nhu xwong bo, xuwong ca
va vo trang. Cu thé, HA tir xuong ga c6 ty 1& Ca/P gan gia tri Iy thuyét (~1,67) va chira mot
lugng nho ion thay thé (COs?), gbp phan cai thién tinh twong thich sinh hoc. Pong thoi, vat
liéu nay c6 kich thudc hat nho, dién tich bé mat 16n, do on dinh nhiét tét va it tap chat hitu
co sau nhiét phan. So vai o, HA tir vo trimg thuong thiéu phosphorus va cau tric xop tu
nhién, trong khi xuong bo va ca c6 thé doi hoi xu Iy phirc tap hon. Nhd sy can bang vé thanh
phan va ciu tric, xwong ga 1a ngudn nguy@n liéu tiém nang cho tong hop HA ung dung trong
y sinh.
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Hinh 6. Pho EDX ciia vit ligu HA
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3.5. Panh gia tinh twong thich sinh hoc cia vat liéu HA

Két qua phan tich tinh twong thich sinh hoc cia vat liéu HA véi té bao nguyén bao soi
(fibroblast) L929 duoc thé hién ¢ Hinh 7. Té bao sbng trong cac mau tiép xuc véi HA déu
cao hon so v6i mau ddi ching, voi mire sdng dat 125% & ndong do 10%, 115% & 30%, 110%
& 60% va 100,5% & 100%. Diéu nay cho thiy HA khong chi khong doc hai ma con c¢6 kha
nang kich thich su phat trién ctia té bao ¢ cic ndng do thap va trung binh. Sy giam nhe vé ty
1¢ té bao séng & ndng d6 60% va 100% so voi mire cao nhat 10% cé thé phan anh hiéu ung
bdo hoa hodc tac dong ciia ndng do vat liéu 1én moi trudng nudi cay [20-21]. Nhin chung,
vat liéu HA thé hién tinh twong thich sinh hoc tot vi té bao L929, phui hop cho céc tmg dung
trong m6 hoc va y hoc tai tao.
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Hinh 7. Dgc tinh té bao ciia HA téng hep trén té bao nguyén bao sei L929 ¢ cac nong
d¢ chiét xudt khac nhau

4. Két luan

Nghién ciru da thanh cong trong viéc tong hop hydroxyapatite (HA) tir xwong ga bang
phuong phap nhiét phan hay. Qua trinh nay loai bé cac thanh phan hitu co va hinh thanh HA
c6 cdu trac tinh thé 6n dinh. Két qua phén tich bang nhiu xa tia X (XRD) cho thdy vat liéu
thu duoc c6 d6 tinh khiét cao, chu yéu 1a HA v&i mot lugng rat nhd Cas(POa)2, dong thoi cau
trac tinh thé luc giac dac trung ciia HA dugc xac nhan, véi cac thong ) mang tinh thé gﬁn
v6i gia tri chuan. Phd hong ngoai (FTIR) ghi nhan sy hién dién ciia cdc nhom phosphate,
hydroxyl va carbonate, khing dinh céu triic hoa hoc dic trung ctia HA. Quan sat bang kinh
hién vi dién tir quét (SEM) cho thay HA gdm céc hat nanomet lién két thanh cum, tao cau
trac xp thuan lgi cho bam dinh té bao. Phan tich nguyén t6 bang pho tan sic nang luong tia
X (EDX) x4c dinh sy phan bé dong déu ciia Ca va P, voi ty 1é Ca/P 1a 1,62, gan voi gia tri
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Iy thuyét 1,67. Két qua thir nghiém MTT trén té bao nguyén bao soi L929 ching minh HA
¢6 tinh twong thich sinh hoc t&t va cdn c6 kha ning kich thich sy phat trién cua té bao ¢ ndng
d6 thap va trung binh. Nhu véy, viéc sir dung xuong ga 1am nguyén liéu téng hop HA c6 chi
phi thip va than thién vi méi trudng. Phuong phap ndy vira gitp giam luong rac thai sinh
hoc vira tao ra vat liéu c6 gié tri cao cho cac ing dung y sinh hoc, dic biét la lam vat li¢u
cdy ghép xuong.

“Lé&i cam on: Bai b4o nay 1a san pham cua dé tai nghién ciru ma s6 CS.2025.A4.014 duoc
tai tro boi Truong Pai hoc Sai Gon”.
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