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610031)� ~� ,�Di$_4WF��> Ti-O-N $\:S��/	��* 3- �?/-�p/�� (APTES) $_C��"�	v7>J Ti-O-N $\:Sw �℄e7���#3� XN/RY; APTES _,�/�{9	M/� � 7T H3PO4 p(�� Ti-O-N :S℄en)� 6.6µg/cm2 . }ÆJ!AWEl:Y	}Dip(Aw ℄e� Ti-O-N \:Seu#N
\J!�AW�5T	�#2Æ��kXe�G�\+&3L>��k:Ss_yn;{d#N�?WU/�- 9 ��Ti-O-N $\�Di$_4W�pPw ℄e��kX	�A0�TB34, TB43 gnÆYG�A

Study on Covalent Immobilization of Heparin on Ti-O-N Surface and

Antithrombogenicity
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Abstract: Fourier transform infrared spectroscope (FTIR) and X-ray photoelectron spectroscope

(XPS) were used to characterize the surface component and bonding state, and these analyses show

that the content of hydroxyl group on the surface of Ti-O-N film is enhanced by the chemisorption

of phosphoric acid, and the reaction sites with 3-aminopropyltriethoxysilane (APTES) are amplified,

furthermore the concentration of immobilized heparin molecules are increased. Fluorescence staining

analysis qualitatively proves that the terminal amino groups of APTES are in existence. The result of

the toluidine blue method shows that the concentrations of the immobilized heparin on the Ti-O-N film

treated by phosphoric acid are 6.6µg/cm2. The evaluation of the platelet adhesion test in vitro indi-

cates that the Ti-O-N film treated by phosphoric acid and then immobilized with the heparin molecules

can effectively suppress the adhesion and activation of the platelets, and has a better antithrombotic

property.

Key words: Ti-O-N film; chemisorption of phosphate; covalent immobilization of heparin;

antithrombogenicity
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5 � �+9	�� Ti-O-N :S℄eNo�pPw :�kXg� 997Qx!�ld�-Pq'^fPqi�a��8$(��1jztnYP�Ej%a5XGA�?;T�1�B�
 3- ��1.�q1��z�r0}��FA^fPq: Ti-O-N %℄;TqQx!�
2 X{��
2.1 }P��℄<K��u�℄9GA: Si(100) |6`7℄, Ti-O-N %℄�1�N� [5−7].

8.5%(V/V)H3PO
[8]
4 &yzu Ti-O-N ℄� 30◦C^.�# 3h,7A#X 100◦C^. 6h �k�120◦C<[; 3h, ℄L^_=�75w��7�;T-)5XEj�u�8G� TiON-P.bEjq) u�Z( 100◦C, 71.67mmol/L

APTES/ N0&yb%l*J 4h, ! �nPz�
*J�7 5h, u�8G� TiON-P-APTES.b^f 1%(W/V)(50mmol/L 2-(N-ML})�)j�&B) �30mg N- �1���e�� 125mg1-

(3- ;N�1�1)-3- �1s;e�q& �u�I)�b� 25 ◦C <IZ 4h, u�8G� TiON-P-

APTES-Hep.

2.2 
L��� NICOLET 5700����ND9GHP1F�%℄;Twe�� XSAM800 R X 9C��qg��;N<%℄;T%aeP�%ao�r�P���8GUU APTES `-�1��
15mg H0;N��K) 1.5mL (^�t&p �� 90mL  0.05mmol/L (pH=9.3) yj&y6O�7F�bK) 1.5mL 2-|1�t�,6 Z(�q�.;G��bu�I)6Y&ybD� 10min,�k � pH=9.3 yj&y}7��l;T-)5XH0;N��: Leica ��?��<|Xu�;T��?4�;TqQx!^f8UU�:� 9.5µg/mL^f^&y 0 � 0.1 � 0.2 � 0.3 � 0.4 � 0.5 �
0.6 �0.7 �1.0 �1.2mL Q}bP=K) NaCl ^&y 0.2%(w/v), Gt~7� 5.0mL. FfeQ}bP=K) 1mL N0�! NaCl ^&y (50mg/l), ,�6�fK) 3mL O=��
BK�|0CR��PyK%�k<Vy~U�5�*B+℄8l�C�-�"D39!L
klU^f�8 [9].

2.3 aewq��#Z|P=� TiON � TiON-P-APTES-Hep 5eu

��,P=$UdK"dd: 37◦C �K��[<lnws 4h, ~}7�*;�&yx!��^�t� CO2 Fq[;�'t �1W�� (QUANTA

2000)|X [10] BxV[8�E�� SPSS �E*[xV�EP1�[V68� (x̄± s);J�[3jP�GYP1�3jwP�x3 t Um� P <0.05�Y$?jY���
3 ;/2_F
3.1 E^� Ti-O-N L�J�3tk#
3.1.1 FTIR !j'
 1 pJ�, ~Ejq) TiON ;TD3�TiON-P;T5SR>�<���3600cm−1qP5SR� –OH;mK$R�1100∼1600cm−1q�R�gM!' –OH �T6hK$5SR��Y�� O–H 6hK$R� P=O ;mK$R,33uRh��6Yo�;ZEjPq: TiON;TUe%a5X [11], ��?K< Ti-O-N %℄;T�1�1o*�y8:����<$Æ5S�
3.1.2 XPS !j3j
 2 b (a) � (b) ���k� (a) 
bkA< Ti � O � N 1f� (b) 
bl<$v.e1f�&P?<o�g: 140eV  P2p � 195eV 
P2s[12]. `Z Ti-O-N ℄~Ejq) �>�<D�����~~
5w_=�7��v H3PO4 Pq:%℄;TUe%a5X8K-)5X�; 1 ;ZEjq)� [O]/[Ti] � 0.81 ?K�
1.68, [O]/[N] � 4.56 ?K� 6.48. [P]/[Ti] � 0 ?K� 0.30,~33P1o�g�|:Y�kr P=O �
P-OH � P-O-Ti ot�Hx|ISZ< H3PO4 �
Ti-O-N >�<%aD��

	 1 (a)TiON � (b)TiON-P ��Æ��
Fig. 1 FTIR spectra of (a) TiON and (b) TiON-P
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	 2 TiON(a) � TiON-P(b) � XPS ��
Fig. 2 XPS survey spectra of TiON (a) and TiON-P (b)� 1 TiON 1 TiON-P �'�S�i:.

Table 1 High resolution spectra of TiON and TiON-P

Samples [Ti] [O] [N] [P] [O]/[Ti] [N]/[Ti] [P]/[Ti] [O]/[N]

TiON 8091.5 6520.0 1430.1 0 0.81 0.18 0 4.56

TiON-P 3215.5 5412.9 835.4 952.1 1.68 0.26 0.30 6.48

3.2 APTES �	K�H�OB
APTES Lzd�" –Si(OCH2CH3)3 � –NH2�\zd���q/A��">+��W�℄-��'>+K=�9RZW [13,14].� 3 >I: APTES Mn8 TiON-P 9Rq/�t~��~�m��)� 1 ` b �B2i�8

3600cm−1 o2�' –OH ��3RHB�F�dL�'t~9R��JM�.) APTESMn<>:B�� 2928cm−1 Oj��QL –CH2– �J2b:lI#Q�F�2' APTES Mn��~�m�QD: APTES 89RSd:q/Æ� 4 L+��~"2E?M.E� Ti-O-N #[9R –NH2 �MGÆ(a) �`� Ti-O-N [��Q"Z>�~B�Æ(b) �`�t~9R"Z4�5�I9��9X�~"2i�5Æv� APTESM

	 3 TiON-P-APTES ��Æ��
Fig. 3 FTIR spectrum of TiON-P-APTES

n�#[f�j�~WLÆ� APTES ^+ –NH2)�~>2x`�G.:L�� 2- {.�s8VW�Z;B�>d)/&�Y)/&)G.:L��.&Sdo�1|8x6=I:>d+�_W��Y�~�Z> [15]. 6 Ti-O-N #[9RQ"

	 4 ��7F�TT –NH2 ���E{
Fig. 4 Light microscope photos of fluorescence la-

beled amino group

(a) TiON; (b) TiON-P-APTES
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5 � �+9	�� Ti-O-N :S℄eNo�pPw :�kXg� 999C�.��z8�o� (a) t~9REd{W��~�GÆ�~SSm�9X�APTESMn8 TiON-

P-APTES t~9Ri�5��	 –Si(OCH2CH3)3)�.B�X�� –NH2 y���J.��\y'#[9R�F�;zH89Rk(>+�Mnxm:B�!�Æ
3.3 %\)6+�\dMnLzdBW�&n4v�q��&n-W.�)�jbP III(AT-III) �o&n.�m��dIg�jbP�jbPS�|Sd�u6jbPB�-WZ>�j [16].

3.3.1 XPS UR�h� 5 � XPS ��`j�: S � Na Æ/d� S/d�r\d`�(hg�Na /d�z8L)v�\d`�(hgSdbf���iHt1\dMn-v��#[9R [17,18].

3.3.2 FTIR �h� 6(a) ` TiON 8 2971� 1110cm−1 "4�3RQ�kT\d��t~<>:���4QM<�� 3548cm−1 � 1000∼1750cm−1 ��Q�
3548cm−1 x%�dL�X# –OH � –NH �:I#�22t�Q<>f�Æ 1000∼1750cm−1 ��Q�dL & C=O :lI#��X# C=O :lI# (���) � –NH 4SI# (�� I) � S=O :lI#�wM3RQ� & –OH �R4gI#3RQ��X��� O–H 4gI#Q�22t<dQ�f�Æ9X\dMn�|oOv�'#[9R [19].

3.3.3 	K�H%\�
��D�hO�L.���6?S	 TiON-P-APTES-Hept~9RoOv��\d6~� 6.6 µg/cm2. m��R�z8Am��QX�	 H3PO4 #^3V�=I:K=9R�.��6�u6=I: APTES

	 5 TiON-P-APTES-Hep � XPS ��
Fig. 5 XPS survey spectrum of TiON-P-APTES-Hep

	 6 (a)TiON � (b)TiON-P-APTES-Hep ��Æ��
Fig. 6 FTIR spectra of (a) TiON and (b) TiON-P-

APTES-Hep

	 7 TiON � TiON-P-APTES-Hep :SJ!AW�Cn� (T!avr 240min)

Fig. 7 Statistical quantity of platelets adhered on the

surface of TiON and TiON-P-APTES-Hep after 240min

of incubation in PRPMn8#[9R�q/6�x6xmh4�B�!� –NH2 �v�\dMn�=I:oOv��\d6Æ
3.3.4 `dup��"Q6bI �VDk9X�TiON-P-APTES-HepdX>	[9RbI ��VÆ8�\dZW� Ti-

O-N #[9R����V 443.0±42.9bI Æ8�t�R65� TiON-P-APTES-Hep 9R�VbI Z� 94.0±10.6, f�:3 78%. K=9R�V�bI /U��Dz (� 8) >I��\dZW�
Ti-O-N#[�bI �9�4Sg(i`�4ZbI &f�j�u��9�6 TiON-P-APTES-Hep#[9RbI �VZ67�%�9�4S6IÆ�5��	�� TiON-P-APTES-Hep ��jbW�' Ti-O-N. F_X8 Ti-O-N #[9RoOv��jMn\d�9�j�j-W�d"MvWbI �8-�4S�F�[*�jbW%2K=�jb9Rr^xm:z��>VT. [20,21].
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	 8 J!AW�0V��E{ (a)TiON, (b)TiON-

P-APTES-Hep(T!avr 240min)

Fig. 8 Morphology of adherent platelets on (a) TiON

and (b) TiON-P-APTES-Hep after 240min of incuba-

tion in PRP observed by SEM

4 ;F
1. �	 H3PO4 #^3V	���#^H��y���=I Ti-O-N #[9R��.m(�x6uzH=I APTES Mn8#[9R�q/Æ
2. �	 APTES Mn�q/y���j>+Mn - \ddk�oOv�� Ti-O-N #[9R�9R\dm(�~ 6.6µg/cm2.

3. /U��{Wm�9X9Rv�\dMn� Ti-O-N #[d>i	[�V�bI �8-�

4SÆ��fm
[1] Huang N, Yang P, Leng Y X, et al. Biomaterials, 2003,

23: 2177–2187.

[2] Yang P, Huang N, Leng Y X, et al. Biomaterials, 2003,

24: 2821–2829.

[3] Thomas C, Gladwin S D, Robert F W, et al. Biomaterials,

2000, 21: 699–712.

[4] Philip R B, Elijah W M, Elodie M M, et al. Thromb.

Res., 2000, 98: 249–256.

[5] Chen Song-Zhe, Zhang Ping-Yi, Zhuang Da-Ming, et al.

Catalysis Communications, 2004, 5: 677–680.

[6] ��e
' �
$�E
� (WAN Guo-Jian, et al). '4M?`' (Journal of Inorganic Materials), 2003, 18 (4):

904–910.

[7] *j�
R$>
� �
��'4M?`' (Journal of

Inorganic Materials), 2006, 21 (5): 1067–1072.

[8] Ellen S G, Kristina B R, Mark S D, et al. Langmuir, 2001,

17: 6743–6745.

[9] I`�
a0�
u[�
��br�``'
2004, 36 (1):

41–44.

[10] Joseph I Z, Claire G, Peter H, et al. J. Surg. Res., 1997,

67: 4–8.

[11] Philip R D, Nicholas G N. Appl. Surf. Sci., 2001, 181:

296–306.

[12] Chen Y X, Liu W M, Ye C F, et al. Materials Research

Bulletin, 2001, 36: 2605–2612.

[13] I�L
n�^
Q�~�M?h�`'
 2002, 16 (5):

529–535.

[14] v ^
a�?
C2�
� (YAO Chao, et al). '4M?`'
(Journal of Inorganic Materials), 2006, 21 (2): 315–321.

[15] �"
�-����`+��O0
2005, 25 (10): 1645–

1647.

[16] ��O
sN%
PJ<�){?,}`ih
1997, 16 (1):

44–49.

[17] Kristensen E M E, Larsson R, Sanchez J, et al. Colloids

and Surfaces B: Biointerfaces, 2006, 49: 1–7.

[18] Denis L, Christine V, Cedric C, et al. Biomaterials, 2005,

26: 5075–5084.

[19] ��O
sN%
PJ<�lfM?
1997, 28 (6): 644–647.

[20] Yali L, Neoh K G, Kang E T. Polymer, 2004, 45: 8779–

8789.

[21] ��Q
! �
D \
��aOp`'
 1997, (3):

263–270.


