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TOM TAT

Su két hgp gitra vat liéu nano hydroxyapatite va carbohydrate (chitosan va
glucosamine) c6 kha nang nang cao ttng dung sinh hoc. Nano hydroxyapatite dwoc
diéu ché tir xuwong bo thai tir cong nghiép ché bién thiwc phadm. Chitosan duoc diéu
ché tr vo tdm va glucosamine duoc diéu ché tir chitin trong vo tom. Cac phan tich
anh SEM, nhiéu xa XRD va tan xa EDX cho thay vat liéu nano hydroxyapatite c6
hinh thai dang manh v, kich thudc phan bd 10-30 nm, ¢ d6 tinh thé hoa cao, va c¢d
do tinh khiét cao. Ty 1é mole Ca/P tuong tng voi apatite sinh hoc, 1a 1,87. Cac phan
tich IR cho thdy hydroxyapatite lién két v6i chitosan qua nhém hydroxyl (-OH) tai
3570 cm?, va glucosamine qua nhom phosphate (PO4%) tai 1446 cm. Két qua cho
thay dwoc kha nang bién tinh bé mit ctia vat liéu nano hydroxyapatite bang chitosan
va glucosamine, qua do gitip nang cao tiém nang tng dung sinh hoc cua cac loai vat
liéu nay.

T khoa: vat liéu nano hydroxyapatite, chitosan, glucosamine, xuong dong vat.

1. DAT VAN PE

Gan day, cau tric nano hydroxyapatite (HAp) da thu htt sy quan tam 16n ti cac
linh vuc nghién cttu khac nhau nho cac dac tinh wu viét ctia chang. Nhiéu nghién ctru
da cho rang vat liéu sinh hoc ctia nano hydroxyapatite c6 kha nang hap thu va hoat tinh
sinh hoc cao hon dang ké so véi cac vat liéu c6 kich thuwdc micrometer [1]. HAp 6 ich
thwdc nanometer co ty trong tang [2] va kha nang lién két cao [3] nho vao viéc tang
nang luwong bé mit bang cach giam kich thudc hat. Trong nhitng ndm qua, HAp 1a vat
liéu sinh hoc pho bién duoc sit dung trong qua trinh tai tao mo ciing, bdi vi nd 1a hop
chéat vo co chinh trong md ciing ctia dong vat c6 vu, co tinh twong thich sinh hoc cao, gia
thanh phu hop va phd bién trong doi song. N6 da dwgc tich hop vao nhiéu loai thiét bi
y sinh hoc bao gom cdy ghép nha khoa, gia thé phan huy sinh hoc va cac loai cdy ghép
chinh hinh khac ¢ cac bd phan cua xwong.
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Cac tng dung cta vat liéu nano hydroxyapatite dioc nang cao nho cac giai phap
bién tinh nham nang cao kha ndng tuong thich sinh hoc, bao gom cac bo phan gia dé
thay thé, vat liéu phu trong cac by phan cua xuong. Céc vat liéu sinh hoc nhu calcium
phosphates bién tinh bang chitosan dwoc bao cdo c6 tng dung dang ké trong vat liéu
thay thé xuong [4]. Chitosan cting dwgc biét dén rong rai la loai hop chat polysacharide
c6 kha nang twong hop sinh hoc va tinh khang khuén cao [5], [6]. Bén canh chitosan,
glucosamine cling la chat c6 nhiéu ting dung trong y hoc [7], [8]. N6 la nguyén liéu chu
yéu dé tong hop cac chat nhon va sun 6 cac khép cua co thé. Khi cac khop bi ton thuong,
noé la nguyén liéu d€ co thé san xudt cac chat can thiét nhw collagen, proteoglycan va
glucosaminoglycan dé phuc hoi sun khép va tai cung cap chat nhon gitp cac khép linh
dong tro lai. Tai tao xwong la mot van dé 1am sang phd bién va phtic tap trong phau
thuat chinh hinh. Hang ndm, hang triéu ngudi dang mac bénh xuwong do chan thuong,
khoi u, gay xuwong hodc khuyét tat khong dwoc diéu tri va thay thé xuwong kip thoi. Tt
nhitng van dé dit ra, chung t6i tién hanh diéu ché vat liéu nano hydroxyapatite va bién
tinh thanh cac vat liéu c6 kha nang twong thich sinh hoc gom cao hon chitosan-
hydroxypatite va glucosamine-hydroxypatite.

2. PHUONG PHAP NGHIEN CcUU
2.1. Hoa chat

Chitin, hydrochloric acid (HCI), sodium hydroxide (NaOH) xuat x& ttr Xilong
Chemicals. Tét ca cac hoa chat dugc st dung truc tiép ma khong tién hanh tinh ché lai.
Trong tét ca thi nghiém, cac dung dich phan tng duoc khtt oxy b.:?mg cach suc khi N2
(nitrogen) d€ loai khi O2 (oxygen) khoang 30 phut trude khi st dung.

2.2. Cac phuwong phap dac trung vat liéu

C4u trac tinh thé dac trung boi su nhiéu xa tia X (X-Rays Diffraction, XRD) do
trén thiét bi D8-ADVANCED-BRUKER (Germany) duoc trang bi btrc xa Cu Ka (A =
1.5406 A) & nhiét d6 phong va kich thude trung binh ctia cac hat nano duoc tinh bing
phuong trinh Scherrer [9]. Thanh phan nguyén t8 phan tich bang phuong phép tan séc
nang lugng tia X (Energy Dispersive X-Ray Spectroscopy, EDX) do trén thiét bi JEOL-
6490-JED-2000 (Japan). Hinh thai san phdm quan sat bang kinh hién vi dién tie quét
(Scanning Electron Microscope, SEM) do trén thiét bi JOEL5410-LV (Japan). Phd FT-IR
ctia cdc mau dugc do trén may quang phd FT-IR 8400S, Shimadzu, (Japan).

2.3. Thyc nghiém
2.3.1. Chuan bj mau xuwong

Mau xuwong bo dwoc 14y tir phan xwong dui tir mot 10 mé dia phuwong tai thanh
phd Hué€, Viét Nam. Xuong twoi dugc cuu thanh cac miéng nhé hon (khoang 5 cm dai)
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va rtra sach d€ loai bo cac tap chat (chat ban, thé thit,...) bAm dinh trén dé. Sau do, cac
mau xuong duoc dun sdi bang nudc cit trong 4 gio sau &6 phoi ndng dé loai bo tiy va
gan.

2.3.2. Biéu ché hydroxyapatite

Bot hydroxyapatite (HAp) dugc diéu ché tir cdc mau xwong bd nhu sau: Xuong
duoc nung 6 nhiét do 900 °C trong 3 gio. Tai nhiét dd nay, nghién cttu tredc do chi ra
rang qua trinh nung 1am hydroxyapatite bi phan htiy thanh CaO [10], tuy nhién cdc hop
chét hitu co bi d6t chdy hoan toan [11]. Sau d6, mau dang néng dd duoc gap ra khoi 1o
va lam lanh d6t ngot bang cch tha nhiing vao bé nuéc lanh & 4 °C. Chat ran
hydroxyapatite mau trang duoc tach bang cach ly tdm & t8c ¢6 5000 vong/phtt trong 15
pht, tién hanh rita bang nudc cat ba Ian, sau d6 nghién nhe bang c8i va chay phong thi
nghiém. Céc san pham dang bot duoc lam kho trong ti sdy ¢ 120 °C trong 3 gio.

2.3.3. Tong hop chitosan va glucosamine

Chitosan duoc tdng hop theo quy trinh: 25 g vo tom duwgc ngam trong dung dich
HCl 20 % trong 20 phut 6 nhiét dd phong. Thém NaOH 8 % khuét ttr ¢ nhiét d¢ 120 °C
trong 2 gid d& khtr protein. Phan lang duoc loc va rira bang nuwdc cat va tiép tuc duoc
ngam-khudy trong dung dich HCI 20 % trong 15 gio gia nhiét & 90 °C. Hop chat chitin
da bi khtr acetyl sé duoc tua trong dung dich NaOH 10 % lién tuc 1-3 gio. Khi két thuc
phan tng, mau duoc loc va rira nhigu [an bang nudc cat dén khi pH ctia nuwdc rira 1a
trung tinh, sau d6 say dén khoi luong khong d6i & 40-50 °C dé thu dwgc chitosan.

Trong quy trinh tong hop glucosamine: chitin duoc G trong dung dich HCl trong
24 gi0, sau d6 duoc dun cach thuy dén khi thu duoc dung dich 6 mau ndu dam. Dung
dich tiép tuc duoc loc va hap thu dé thu dugc dung dich c6 mau vang nhat. Tién hanh
két tinh dung dich d€ thu duoc tinh thé glucosamine.

2.3.4. Bién tinh hydroxyapatite

HAp Ian luot duoc bién tinh bang chitosan (C-HAp) va glucosamine (G-HAp).
Trong quy trinh chudn, 0,1 g chat bién tinh (glucosamine hodc chitosan) dwoc hoa tan
vao 100 mL nudc cat dudi dong khudy manh cho dén khi hoa tan hoan toan. Sau d6 0,5
g HAp duoc thém vao dung dich chat bién tinh da chuan bi, trudc khi toan bo hon hop
dwgc siéu am trong 2 gio, tiép tuc khudy déu trong 3 ngay, va dé dn dinh trong 2 gio.
Phan dung dich huyén phti trang duc lo ltng phia trén dwoc tach ra va ly tam véi tdc do
6000 vong/phtt. Chat ran thu sau khi gan dwoc rita bang nwdc cat roi sy o 40 °C dén
khi kho hoan toan. San phan thu duoc twong ting (C-HAp va G-HAp) c¢6 mau tring
duoc dwa di ddc trung vat liéu.
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3. KET QUA VA THAO LUAN

3.1. Diéu ché hydroxyapatite

Anh SEM trong Hinh 1 cho thdy hinh thai va phan bé kich thwdc cta cac hat
hydroxyapatite diéu ché duoc. Cac hat nano tong hop duoc c6 hinh thai khong dong
nhédt ¢6 dang nhu nhitng manh v3, kich thudc phan bd tir 10-30 nm. Diéu nay c6 thé
duoc giai thich do qua trinh s6c nhiét xay ra ltic lam lanh dot ngdt cdc mau xuong (tir
900 °C trong 10 nung xudng 4 °C trong bé nudc lanh) khién cau tric xuong bi nitt gay va
v& thanh cdc manh nho hon. Hién twong sdc nhiét duoc biét dén la ddc trung cho cac vat
liéu ceramic nhu hydroxyapatite [12]. Do d6, san pham thu dwgc cé kich thude
nanometer. Ngoai ra, két qua quan sat duoc khong ¢ vung trong sudt hodc c6 hinh dang
thé hién tinh chat dan hoi. Diéu nay chitng minh rang khong cé mé sinh hoc mém nhu
collagen hoéc t& bao m& con s6t lai trong mau, san pham hydroxyapatite c6 do tinh khiét
cao.

100 nm

Hinh 1. Anh SEM ctia mau HAp

Gian d6 nhiéu xa XRD ctia mau HAp dwoc thé hién trong Hinh 2. Két qua cho
thay 10 dinh 10 rang ¢ 2-theta 25,84 °, 28,94 °, 31,78 °, 32,17 °, 32,91 °, 34,05 °, 39,76 °, 46,60
°, 47,98 ° va 49,39 ° tuong trng vdi cac mat mang dac trung (002), (201), (211), (112), (300),
(202), (310), (222), (312), va (213) hoan toan gidng vdi cac goc mau XRD tiéu chudn cta
cdu trac tinh thé hydroxyapatite theo ICDD-PDF No. 00-024-0033 - Cas(POx4)s(OH). Két
qua nay chiing minh rang khong c6 tinh thé tap chat xuat hién trong mau va qué trinh
xt ly nhiét khong anh hudng dén pha tinh thé ctia hydroxyapatite. Bén canh d6, khong
6 tin hiéu nao dai dién cho pha v6 dinh hinh ¢ 2-theta choan rong tr 20 ° dén 30 ° [13]
hodc btic xa tia X phan tan boi collagen dang s¢i xuat hién khi diéu ché
nanohydroxyapatite tit cac ngudn tie nhién [14]. Diéu nay chiing té réng cac hop chat
httu co trong thanh phéan ctia xwong da bi loai bo. Do d6, san phdm thu dwgc c6 do tinh
thé hoa va do tinh khiét tinh thé cao. Ngoai ra, kich thwdc tinh thé trung binh duoc tinh
toan gan dung tir phuong trinh Scherrer < 10 nm cho tat ca mat mang tinh thé duoc
trung ciing khang dinh lai kich thudc quan sat dugc tir anh SEM.
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Hinh 2. Ph6 XRD cua nano HAp

Thanh phan nguyén t8 c6 trong mau nano HAp phén tich bang phuong phap
pho tan xa tia X thé hién trong Hinh 3 va Bang 1. Két qua phd EDX trong mau chi chita
nam nguyén td bao gom Ca, P, Mg, Na va O, la nhitng nguyén t6 duoc ludn cé mat trong
cac nghién ctru vé apatite sinh hoc. Khong phat hién peak cua cac nguyén t6 khac. Két
qua chiing minh d¢ tinh khiét ctia cadc nano ¢ quy mo phan tich nguyén to. Ty 1é mole
Ca/P tinh toan dwoc 1a 1,87. Miac du ty 1é mole chuan ctia hydroxyapatite tinh nguyén
ch4t1a 1,67, ty 1é tinh toan tir nghién cttu nay duwgc xem la ndm trong chénh léch thuong
duwgc ghi nhan khi nguén hydroxyapatite vd co tw nhién [14]. Viéc san pham
hydroxyapatite thu duwoc van gitt duoc ty 1€ Ca/P thién nhién duoc chitng minh réng co
tinh twong hop sinh hoc cao hon so véi cac san pham tong hop nhén tao, do d6 ¢6 tiém
ndng tng dung trong cadc nghién cttu in vitro va in vivo cao hon [15].
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Bang 1. Két qua thanh phan ctia nano HAp

Nguyén t6 Nang luong (keV) Khoi luwong (%) Nguyén ttr (%)
@) 0,525 43,89 64,12

Na 1,041 0,43 0,44

Mg 1,253 0,56 0,54

P 2,013 16,13 12,17

Ca 3,690 39,00 22,74

Ca/P - - 1,87

3.2. Bién tinh hydroxyapatite

Twong tac gitta HAp véi chitosan va glucosamine c6 thé dugc ghi nhan tir sw
thay d6i dao ddng ctia cac lién két trén bé mat vat liéu, phan tich tir phd hong ngoai Hinh
6. Vé mat nguyén ly, néu chi c6 cac tuwong tac vat ly thi vi tri, hinh dang, va cuong do
cuia cac peak (sau khi bién tinh) thuwong khong thay d6i so véi cac gid tri tuong tng trong
cac pho ban dau. Hinh 6 cho thay tat ca cac phd déu ghi nhan dai peak choan rong ti
khoang 3700 cm™ dén khoang 2700 cm!, duoc cho 1a cac dao dong lién két O-H bé mat.
Hinh dang va cuong do cua cac dai peak nay thay déi 1on gitra cac pho vat liéu trude va
sau khi bién tinh chting t6 rang twong tac héa hoc chinh gitta cac thanh phan chu yéu tai
cac nhom -OH trén bé mat. Pho IR cia HAp xuét hién mot peak sdc nhon tai 3570 cm-,
dac trung cho dao dong ctia nhém -OH bé mat vat liéu hydroxyapatite [16], nhung
khong con dugc ghi nhan trong phé C-HAp. Trong khi d6, dai peak ddc trung cho nhém
-OH bé mét cia C-HAp nhon hon va ty 1é cuong d 16n hon so véi mau chitosan nguyén
chéat (C). biéu nay chiing to twong tac chinh gitta hydroxyapatite va chitosan xay ra tai
cac lién két hydroxyl trén bé mat cua ca hai. Két qua twong tu cling duoc bao cao boi
Luo va cdng su, nhung voi su thay ddi cuong do ghi nhan thdp hon [17]. Tuy nhién,
peak dic trung cho nhém -OH bé mit ctia hydroxyapatite van xuat hién trong pho IR
cua G-HAp chiing t6 tuong tac glucosamine-hydroxyapatite khong dwa trén loai lién két
nay. Thay vao d6, mét peak 16n ddc trung cho nhom PO+* tai 1446 cm™ [16] trong pho
IR cua HAp khong con duoc ghi nhan trong pho IR cia G-HAp ching to vat liéu nano
hydroxyapatite tham gia vao qua trinh bién tinh thong qua nhém chitc phosphate. Bén
canh d96, su thay d6i rd rang nhat ghi nhan dwoc gitra cac peak ctia glucosamine (C va
C-HAp) van nam & dao dong ctia cac nhém -OH bé mit, véi hinh dang va ceong d6 thay
dai trén dai rong 3700-2300 cm!. Diéu nay ching té qua trinh bién tinh cé thé duoc cho
rang xay ra gitta nhém chitc phosphate ctia hydroxyapatite va nhém chtic hydroxyl ctia
glucosamine. Ngoai ra, phan 16n cac peak don 1é ghi nhén su dich chuyén khong dong
nhét trong khoang vai chuc dén vai tram cm™ cling chttng minh cho su tuwong tac hda
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hoc xudt hién gitra vat liéu nano hydroxyapatite va cac tac nhan bién tinh (chitosan va
glucosamine).
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Hinh 4. Pho FT-IR ctia HAp, Glucosamine (G), G-HAp, Chitosanine (C) va C-HAp

4. KET LUAN

Nghién cttu nay chiing minh duoc kha nang bién tinh ctia nano hydroxyapatite
bang chitosan va glucosamine. D&i véi vat liéu nano hydroxyapatite diéu ché tir xuong
bo, anh SEM cho thay hat ¢ hinh dang cac manh vg, kich thudc trong khoang 10-30 nm,
khong bi 1an cac pha vo dinh hinh; gian d6 XRD cho thay 10 dinh 10 rang ¢ 2-theta 25,84
°,2894°,31,78° 32,17 ©, 32,91 °, 34,05 °, 39,76 °, 46,60 °, 47,98 ° va 49,39 ° twong tng voi
cac mat mang ddc trung (002), (201), (211), (112), (300), (202), (310), (222), (312), va (213)
cua cdu trac tinh thé hydroxyapatite; phd EDX cho thdy d¢ tinh khiét cao vdi chi 5
nguyén t& Ca, P, Mg, Na va O, ty 1¢ mole Ca/P nam trong khoang thuong duoc ghi nhan
cua apatite sinh hoc 1,87. B6i véi liéu nano hydroxyapatite, ph6 IR cho thay su bién tinh
xay ra ¢ lién két nhém hydroxyl (-OH) khi duoc bién tinh béng chitosan; trong khi do,
thdy s bién tinh xay ra & lién két nhém phosphate (POs*) khi dugc bién tinh bang
glucosamine.
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PREPARATION OF CHITOSAN-BASED AND GLUCOSAMINE-BASED
FUNCTIONALISED HYDROXYAPATITE NANOMATERIALS

Ton Nu My Phuong*, Doan Mai Phuong, Dang Nhu Kim Ngan, Bui Quang Thanh
Faculty of Chemistry, University of Sciences, Hue University
“Email: myphuong1705@gmail.com

ABSTRACT

Carbohydrate-hydroxyapatite synergy is considered conducive to the improvement
of each-component physiological applicability. Hydroxyapatite nanomaterials were
prepared from waste bovine bones disposed by food industry. Chitosan was
synthesised from shrimp shells, while glucosamine was synthesised from chitin.
Scanning electron spectroscopy, X-ray crystallography, and energy-dispersive X-ray
spectroscopy reveal that the obtained hydroxyapatite nanomaterials possess
fragment-like morphology, size distribution of 10-30 nanometer, high crystallisation
(no crystalline impurity detected), and purity (only five common-reported elements,
i.e. Ca, P, Mg, Na and O). Ca/P molar ratio is consistent with that of biological
apatite, 1.87. Infrared spectroscopy indicates that hydroxyapatite-chitosan seems
relating to hydroxyl group (-OH) of hydroxyapatite at 3750 cm, and the
corresponding bonding for hydroxyapatite-glucosamine is likely to accord to
phosphate group (PO+*) at 1446 cm™. The results demonstrate the practicable
functionality of hydroxyapatite nanomaterials regarding chitosan and glucosamine
as funtionalising agents, thus enhancing their potentiality in physiological

applications.

Keywords: hydroxyapatite nanomaterials, chitosan, glucosamine, mammal bones
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nganh Hoéa hoc tai Treong Dai hoc Khoa hoc, Pai hoc Hu€. Hién ¢6 dang
tham gia nghién cttu khoa hoc tai khoa Héa hoc, Trieong Pai hoc Khoa

hoc, Pai hoc Hué.

Linh vwc nghién ciru: Vat liéu nano.

Dang Nhu Kim Ngan sinh ngay 29/10/2001. C6 hién dang la sinh vién
cua Khoa Hoéa hoc, Trueong Dai hoc Khoa hoc, Dai hoc Hué.

Linh vwc nghién ciru: Xt ly moi treong.

Bui Quang Thanh sinh ngay 11/03/1989. Ong t5t nghiép ctr nhan chuyén
nganh Héa hoc tai Treong Dai hoc Sw pham, Dai hoc Da szmg va nhan
béng Thac si chuyén nghanh Héa ly thuyét va Héa ly tai Truong Dai hoc
Khoa hoc, Pai hoc Hué. Hién nay, dng cong tac tai Truong Dai hoc Khoa

hoc, Dai hoc Hué.

Linh vuwc nghién ciru: Hoa hoc ly thuyét.
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