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A CaTiOs coating on a Ti substrate was fabricated by a hydrothermal
method at 200°C for 24 hours. The Ca element in the material is an
essential component in bone, enhancing biocompatibility. The structure
and properties of the material were characterized by X-ray diffraction
(XRD) and field emission scanning electron microscopy (FE-SEM).
The process of drug loading and release of curcumin was conducted in
phosphate-buffered saline (PBS). The curcumin drug loading ability of
the CaTiOs membrane was recorded by confocal laser scanning
microscopy (CLSM). The release of curcumin was studied by an
enzyme-linked immunosorbent assay (ELISA) over 72 hours. The
results of curcumin releasing showed that the percentage of curcumin
releasing was 69.32% compared to the initial amount. This study
suggests that the CaTiOs coating on a Ti substrate has potential
applications in biomedicine.
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Mang phu CaTiOj3 1én dé Ti dugc ché tao bang phuong phap thity nhiét
& 200 °C trong 24 gid. Nguyén t6 Ca trong vt liéu Ia thanh phan can
thiét trong xuong gitip tang kha ning twong thich sinh hoc. Cau trdc va
tinh chit cua vat liéu dwoc khao sat bing phwong phap nhidu xa tia X
(XRD), hién vi dién tir quét phat xa truong (FE-SEM). Qua trinh ngam
va nha duoc chit curcumin dwoc tién hanh trong dung dich dém
phosphate (PBS). Kha nang ngam curcumin cta mang CaTiOs dugc ghi
nhan bang phuong phap hién vi lase quét hoi tu dong tiéu (CLSM).
Mirc d6 nha curcumin dwoc nghién ciu bang phuong phap do do hip
thu (ELISA) & thoi gian nghién cau toi 72 gio. Két qua nghién cau nha
curcumin cho thiy ty I¢ phan trim lwong curcumin nha 1a 69,32% so
vé6i lugng ban dau. Nghién ciru nay cho thiy mang phu CaTiO3 lén dé
Ti ¢6 tiém nang ung dung trong y sinh.
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1. Giéi thiéu

Trong nhiing thap ky gan déy, cac hé théng phan phéi thudc nha cham di ching t6 tiém ning
to I6n trong linh vuc y sinh va dugc pham, 90p phan nang cao hiéu qua diéu tri cho bénh nhan.
Viéc duy tri phan phdi nha cham thube co thé cung cap déu va day du luong thude diéu tri cho cac
té bao hoic md voi ndng do va thoi gian mong mudn [1], [2]. Gan déy, c6 nhiéu vat liéu twong
thich sinh hoc dugc nghién ctiu 1am céc vat liéu nha cham thude nhu thay tinh sinh hoc [3], silica
[4], hydroxyapatite [5], calcium phosphate [6] va calcium silicat [7]. CaTiOs la vat li¢u da chuc
nang, vat liéu nay co cac dac tinh nhu quang hoc, hang s6 dién mai cao, Sat dién, 6n dinh hda hoc,
it ton that dién moi, chi phi thap va than thién voi méi truong [8]. Mot sé tinh chat cua CaTiOs da
duogc nghién ctru lién quan dén cac tng dung trong cac linh vuc khac nhau nhu quang dién tir [9],
quang xuc tac [10], [11] va y sinh [12]. Calcium titanate (CaTiOs) la loai perovskite duoc gidi
thiéu nhu mot vat lidu hitu ich cho cac tng dung y sinh [13]. CaTiOz 1a mot chat nén tét cho hinh
thanh va phét trién khoang xwong y sinh apatite vi d6 dan dién va phan cuc cia nd. Cac nghién
clru trude ddy, vat lieu CaTiOs da dugc tim hiéu nghién ciru vé tinh tuong thich sinh hoc cua vat
liéu, tiéu biéu c6 nhém nghién ctu cua téc gia Samah K. AbdulKareem [14], nhém nghién ctru cua
Tawat Chanadee [15]. Ngoai ra, CaTiOs con duoc phat trien lam vat ligu ciy ghép trong hdn hop
vei hydroxyapatite cho cac ung dung y sinh [14], [16] - [18]. Tuy nhién, CaTiOs van la mot vat
lieu méi chua dugc khai thac sdu vé cac tng dung trong y sinh cu thé nhu ciy ghép, nha cham
duoc chat. Do do, muc dich cia nghién ciu nay 1a khao st kha nang ngdm va nha duoc chat
curcumin trong thoi gian nghién citu téi 72 gio trong mdi trudng PBS nham dinh hudng tng dung
trong y sinh. Két qua nghién ciru cho thay vat liéu CaTiOs c6 kha ning nha cham dugc chat vai ty
1& phan tram lugng curcumin nha ra 1a 69,32% so véi lugng ban dau. Két qua nay goi mé cac tiém
nang ung dung cua mang CaTiOs phu I&n Ti tng dung trong y sinh.

2. Thuc nghiém
2.1. Phwong phdp thuc nghiém
2.1.1. Ché tao mang CaTiOs

Mang CaTiO; duoc tong hop bang phuong phap thily nhiét véi cac tién chat gdm: vat lidu
mang TiO; phu trén nén Ti, NaOH, Ca(OH), va H,0. Mang TiO; phii trén nén Ti duoc ché tao
bang phuong phap anot hoa nhu duoc cong bd & cong trinh trude cia nhém [19]. Quy trinh che
tao dugc mo ta chi tiét nhu sau: Pau tién hoa tan NaOH vao 10 ml nuoce cat dugc dung trong coc
thity tinh 50 ml, khudy déu bang khudy tir cho tan hét dwoc cdc dung dich 1. Sau dé, cho
Ca(OH); vao 40 ml nudc cét khudy déu bang may khudy tir cho dén khi tan hét dugc cbe dung
dich 2. Tiép theo, tron 2 cbc dung dich déa lam xong ¢ trén vao vdi nhau va khudy tiép trong vong
1 gio thu dugc hdn hop mong mudn. Sau 1 gi khudy, cho dung dich vao binh teflon c6 dé sin
tam TiO, phi1 1én Ti. Thay nhiét hdn hop trong 10 nung & nhiét do 200 °C trong vong 24 gid.

2.1.2. Khao sat kha nang nha cham dwoc chat

Nghién ctru nha cham duge chit duge thuc hién trong thoi gian 72 gio. Vit liéu CaTiOs duoc
ngam trong 150 pl dung dich curcumin trong 1 gio, cu thé dung dich curcumin dugc pha voi ty 18
1 mg tinh bt ngh¢ hoa tan trong 1 ml ethanol va loc dé loai bo can. Luong téng s6 curcumin hép
phu 1én bé mit duge bleu thi bang ki hi¢u Tcur. Bé dé dang dénh gia kha nang nha chdm dugc
chat, sir dung vat liéu nén Ti va CaTiO3 dong thoi dugc dat trong 5 giéng mau va 3 ml dung dich
dém phosphate (PBS, pH 7,4) da dugc thém vao mdi giéng. Dung dich PBS chira 0,05% cua
Tween-80 dé hd tro giai phong cac loai duoc chét ky nudec. Piéu kién dé mau nha cham duoc
chat 1a & 37 ° C. Sau d6 100 pl dung dich PBS duoc thu thap & cac khoang thoi gian khac nhau (1
gid, 2 gid, 5 gid va dén 72 gid) va dung dich PBS duoc bd sung vao mdi khoang thoi gian. Do
nha dugc chit duge ghi nhan bang cach do do hip thu st dung may doc ELISA & 429 nm va
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lugng dugc chat curcumin dugc giai phong dugc phan tich va so sanh voi duodng cong tiéu chuan
curcumin. Luong dugc chat curcumin dugc giai phong duge thé hién dudi dang phan tram cia

Tcur. Ty 1€ phan tram ctia dugc chat curcumin dugc tinh toan nhu sau:
Lwong curcumin nha ra

Ty 1é lwgng thuéc nha ra = X 100% Q)

Téng curcumin da hdp phu trong CaTiO3
2.2. Cac phwong phdp phdn tich

Pé xac dinh cdu truc tinh thé cua mang vat liu sau khi ché tao duoc kiém tra béng phép do
XRD (D8-Advance, Bruker). Hinh thai cau tric cta vat liéu ciing dugc phan tich bang hé may
hién vi dién tir quét phat xa truong (FE-SEM, JSM-6700F, JEOL). Phan tich nguyén t6 dugc thuc
hién bing cach do phd tan xa ning lugng tia X, EDS (EDS, Gatan, UK) két hop véi FE-SEM.
Hinh anh vat lidéu ngdm curcumin dugc do bang kinh hién vi laser quét hoi tu dong tiéu (CLSM,
FV3000RS, Olympus). Mirc do nha duoc chat curcumin dugc dénh gia bang phuong phap do do
hép thu (ELISA) st dung may doc (Chromate 4300).

3. Két qua va ban luan
3.1. Hinh thai cdu trac cia vat ligu

Hinh 1 cho thay cac mau XRD cia mang CaTiOs duoc téng hop bang phwong phap thuy
nhiét. Pha tinh thé cia CaTiO3 che tao dugc da duogc xac nhan la phu hop voi co sé dir li€u cau
trac tinh thé twong tng (ICSD) s6 03-1864 v6i cac mit phang (001); (111); (220); (112); (131) va
(222). Tét ca cac dinh nhidu xa ctia CaTiOs thé hién vat liéu ¢ cdu tric cubic thudc nhom khong
gian Pm3m. Ngoai ra, trén pho nhiéu xa cua vat liéu con xuét hién 2 dinh nhiéu xa cua nén Ti cb
mit tinh thé 13 (100) va (101).

¢ CaTio;
(111) T

(100) (220)

F (101)

(001)

Cuong do (d.v.ty)

20 30 40 50 60 70 80
20 (%)

Hinh 1. Phé XRD ciia mang CaTiOs

Hinh 2 thé hién hinh thai va thanh phan cic nguyén té héa hoc cua vét liéu. Quan sat hinh 2a
cho thiy vat liéu c6 hinh dang cac 6ng tru kin véi kich thudc dudng kinh khoang 100 nm va
thanh dng khoang 10 nm. Cac dng try tuong ddi dong déu va duoc lap day dugc cho rang 1a do
¢6 sy chuyén d6i thanh CaTiOs trén nén khung dng TiO2 phu 1én Ti. Dé khing dinh mang
CaTiO;s ché tao duoc tinh khiét, tién hanh do cac thanh phin nguyén t EDS (Hinh 2b). Vat liéu
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ché tao dugc co cac thanh phan nguyén t6 nhu Ca, Ti, O va khong co cac thanh phan nguyén to
nao khéac.

0= s
R B e e o e o e R
) 5 10 15

Hinh 2. (@) Anh FE-SEM ciia mang CaTiOz va (b) phé EDS ciia mang CaTiOs
3.2. Thir nghigm nhd cham dwoc chit curcumin

Dbi voi vat liéu tmg dung y sinh néi chung va vat lidu ing dung din nha chdm dugc chat ndi
riéng thi yéu t6 wa nude, ki nudc cua vat liéu 1a rat quan trong. Vat liéu y sinh can c6 kha nang ua
nudc vuot tri hon so cac vat ligu khac béi vi tinh wa nudc sé gitp vat li€u co thé héip phu duogc
chat ciing nhu cac chat can thiét khi méi cdy ghép. V6i muyc tiéu tng dung ngam nha cham dugc
chat, goc thdm w6t cia mang CaTiOs duoc khao sat va so sanh véi goc tham uét cia nén Ti ban
dau. Tir hinh 3 c6 thé thdy mang CaTiOs c6 tinh wa nudc vuot trdi, goc thim udt bang 0°. Trong
khi d6 goc tham w6t cia nén Ti nam trong khoang 58°. V&i két qua nay, vat liéu CaTiO3 s& 1a vat
lidu o tiém ning ung dung trong y sinh.

Ti CaTiO,

100 pm e

Hinh 4 . Anh hién vi lase quét héi tu dong tiéu ciia curcumin trén cdc mau:(a) nén Ti, (b) mang CaTiOs
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Mang CaTiOj3 sau khi ngdm curcumin va thir nghiém kha ning nha cham dugc dénh gia bang
phuong phap hién vi lase quét hoi tu dong tiéu (CLSM) & ngudn kich thich 14 426 nm. Hinh 4a va
4b ching minh rang nén Ti c6 kha ning ngadm dugc chit curcumin kém hon rat nhiéu so véi
mang CaTiOs. Hinh 4b minh hoa 13 rang sy tham nhap cua dugce chét curcumin vao mang
CaTiOs, thé hién qua sy phat trién huynh quang mau xanh 14 cdy do sy ton tai ctia curcumin khi
quan sat dudi kinh hién vi lase quét hoi tu dong tiéu.

Mang CaTiOsz sau khi thtr nghiém ngdm duoc chét thanh cong, da dugc nghién ctru nha dugc
chat trong dung dich PBS, thoi gian kéo dai 72 gio duge thé hién qua hinh 5. Quan sat hinh 5,
théy réng ca 2 h¢ vat liéu co6 kha nang nha dugc chit curcumin, va sau 72 gid van con kha ning
nha chdm do lugng curumin vét liéu hép phu duogc van con trong mau. Pbi voi mang CaTiOs &
thoi gian dau 1 gi0 lugng duoc chét nha ra kha cao chiém 36,02% so véi luong hép phu duoc,
tuy nhién & cac thoi gian sau vat liéu nha cham dugc chit twong dbi ddng déu, va c6 xu hudng
nha cham hon so vé6i vat lidu Ti ban dau. Tir két qua nha cham trong 72 gi ¢6 thé thdy mang
CaTiO; co tiém ning dinh hudng dén tng dung nha cham dugc chat.
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Hinh 5. Khd néng nha dioc chdt curcumin ciia mang CaTiOs
4. Két luan

Mang CaTiO3 dugc ché tao thanh cong lén déTi bang phuong phap thuy nhiét ¢ 200 °C dinh
hudng ung dung trong y sinh. Vat ligu che tao dugc co cau tric ong tru kha dong déu, kich thudc
duong kinh khoang 100 nm va thanh éng khoang 10 nm. Géc tham uét ciia mang CaTiOj3 thap
hon so véi nén Ti, vat liéu CaTiOs thAm w6t tuyét di. Mang CaTiOs da duoc thir nghiém thanh
céng nha cham dugc chat curcumin trong thoi gian 72 gio. Kha ning nha duoc chat cua CaTiOs
dong déu hon so véi nén Ti. Tir cac két qua trén cho thidy mang CaTiOs c6 tiém ning tng dung
trong y sinh.

Loi cam on

Nghién ctru nay duoc t,éi tro bdi B Gido duc va Pao tao trong chuong trinh dé tai khoa hoc
va cong nghé cap bo ma s6 CT2022.03/ CT2022.03.BKA.O1.
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