
��������  � 20 � � 52 �  2016	12	16 
� 

Chinese Journal of Tissue Engineering Research  December 16, 2016  Vol.20, No.52 

 

P.O. Box 10002, Shenyang   110180   www.CRTER.org 

7878 

������

www.CRTER.org 

������1994���

�	
�������

�����������

������  

 

!"#$%&'�()�

*+,-./0.1�

2�34  300309 

 

�����:R318 

���	
:B 

����:2095-4344 

(2016)52-07878-07 

�����2016-09-25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�

��

�

��������	
��� 

�

��

�

���

1

����

1

��  	

2

�
  �

3

 (�������

1

��	
�

2

���

3

���������  300309) 

 

��������������	�
�. �������������[J].������ !�2016�20(52):7878-7884. 

DOI: 10.3969/j.issn.2095-4344.2016.52.018      ORCID: 0000-0002-2304-2356(���) 

 

����	
� 

 

 

   

 

 

 

 

 

 

 

 

���� 

����������������������������� !"�#��$%�&'()*

+,�-./01�234�56789:";TraumaStat�Celox< HemCon9=>+�?@A 

B/CA�DEFG FDAHIJKLMNOPB/QR;�STUVWXY�>+�ZB/[\]^

_/O` Rab�cd�ef[\]ghi_/O` B/aj�klDmnop�q; 

�������>+� C

2

rstudvw xyz{|{}.~�������=����>+

� �/��������tuz{������A �����/�.u�A�`X�������

tuz{2 >+�������>+� �/����� ��;���z{2�� ��B/�¡

 ¢;��z{2���£wB/�¡¤?¥¦ §¨; 

 

�� 

���TUVW�©�>+� C

2

rstudvw xyz{|{}.~�����������

>+� �/��; 

���ª>+���tuz{��«�AkP¬ ®¡; 

���¯K#@°2±ª>+���stuz{�²³�´µ¶� z{2>+�(7%�16%�26%�

40%)�·¸>+�k�´µ¶�z{2>+� ¹º���»¼½�¾�½�¿ÀÁ36Â�/�

�;µ 30ÃUÄÅÆÇ�ÈÉÊËÌghi_/ÍÎ�ÏÐ� 6Ñ�ÒÓ 4Ñ�Ô=�´µ¶�z{

2>+�B/ÕÖB/�×�]ØÑ=�¾ÙB/opB/�]ØÑ=>+�B/ÕÖB/�ÚÛ_/

wkB/ÜÝ; 

������ÞÏßµ¶� ���z{2>+� �àá���â0 ãä�»¼½�¾�½åæ

çè�¿ÀÁåæ�^éêk>+��ë��´µ¶�µ¶�z{2>+�È��¤� 6ÂB/aj�

ì�= 16%z{2>+� 6ÂB/ajT�éí6îÒÓ�ï�µ¶� 16%�26%�40%z{2>

+�Ñ B/ÜÝk_/wÈðL]ØÑ(P < 0.05)�40%z{2>+�Ñ _/wðL×�]ØÑ  

(P < 0.05)éñ¹j�©�µ¶� 40%z{2>+�KL6îB/Ü�B/ajTò; 

�� � 

"#$%&$%'()&���&*�&��&��+%&,-.  

!� � 

���&��&���� 

�"#$� 

/0123456789 !:;<=>?(15JCYBJC18600) 

 

 

��������	
��

��������

	
���(7%�

16%�26%�40%) 

� 30 ����������������

 !"�#$% 6&�'( 4&%)*��

���	
���+ ,-+ �./0

1&*234+ 56+ �01&*�

�+ ,-+ �78� 9:+ ;< 

#=����>?�	
����@�AB>

?CDE�FG�HIJ�3KJLMNO�P

QRLM>ST:��UV��������

�	
����WXYZ�[\+ ]^�_

`* 16%	
����[\+ ]^aZ 

[b'(cd���� 16%�26%�40%	


���&�+ ;<:� 9�ef

01&(P < 0.05)�40%	
���&�

� 9ef./01&(P < 0.05)g 

hi��:�����	
��

��jk�@��HIJ�3KJ�

PQRl[\m /n 



 

�����. ���	
�������� 

ISSN 2095-4344  CN 21-1581/R   CODEN: ZLKHAH 

7879 

www.CRTER.org 

Huang Yu-fen, Second 

Student Brigade, Logistics 

University of Chinese 

Armed Police Force, 

Tianjin 300309, China 

 

Corresponding author: 

Liu Lu, M.D., Department 

of Chemistry, Logistics 

University of Chinese 

Armed Police Force, 

Tianjin 300309, China 

 

Alkylated-chitosan preparation and its hemostatic effect 

 

Huang Yu-fen

1

, Zou Li-hong

1

, Gao Jie

2

, Liu Lu

3

 (

1

Second Student Brigade, 

2

Research Department, 

3

Department of Chemistry, Logistics University of Chinese Armed Police Force, Tianjin 300309, China) 

 

Abstract 

BACKGROUND: 18-Alkylated-chitosan has been proved to exhibit a good coagulation capacity through 

hydrophobic modification. 

OBJECTIVE: To improve the adhesion between the material and the wound through the introduction of 

alkylated-chitosan molecules. 

METHODS: The alkyl group was introduced in the chitosan by potentiodynamic method to prepare the 

alkylated-chitosan with different substitution degrees (7%,16%, 26% and 40%), and then their structure, 

viscosity, porosity, water absorption, contact angle and in vitro coagulation capacity were detected. Thirty 

New Zealand rabbits were enrolled, modeled into the left femoral artery hemorrhage, and randomized into 

six groups, including four experimental groups, positive control and control groups, followed by treated 

with alkylated-chitosan sponges with different degrees of substitution, absorbable hemostatic gauze and 

chitosan sponge, respectively. Afterwards, the blood loss and clotting time were observed. 

RESULTS AND CONCLUISON: With the degree of substitution increased, the viscosity of 

alkylated-chitosan increased firstly and then decreased, the porosity and water absorption decreased 

gradually, and the contact angle on a rise. Compared with chitosan, different alkylated-chitosans showed a 

better henostatic effect in vitro, especially the alkylated-chitosan with 16% substitution degree. The blood 

loss and clotting time in the experimental groups except that the alkylated-chitosan with 7% substitution 

degree were significantly lower than those in the control group (P < 0.05); the bold loss in the 

alkylated-chitosan with 40% substitution degree group was significantly lower than that in the positive 

control group (P < 0.05). These findings suggest that the alkylated-chitosan with 40% substitution degree 

exhibits the best hemostatic effect in vivo. 

Subject headings: Chitosan; Hemostasis; Tissue Engineering 

Funding: the General Project of Research Planning of Tianjin Application Basic and Advanced 

Technology, No. 15JCYBJC18600 

 

Cite this article: Huang YF, Zou LH, Gao J, Liu L. Alkylated-chitosan preparation and its hemostatic effect. 

Zhongguo Zuzhi Gongcheng Yanjiu. 2016;20(52):7878-7884. 

 

0  ��  Introduction 

��������	
�����������

������������� !"#�$%&'(�

)*"#+,-./012�3456789:	;

<�=>�?@A�B/CD�EFGH�IJKLA

�B/�MNOPQRST�UVWXYZ[\]^�

A�_�`aB/b0cbd�eZMNfgXA�h

i0A�#jkXlmnopqr��stXFt��

uN�vwMNWx��nyz�GH� 

{|}XY~�P���}�n��"w����

��w�����s��W�"��������|��

�:/����)�����Td��

[1-2]

�TraumaStat�

Celox0HemCond�{|}@���B/ ��¡¢£

¤FDA¥¦§KL¨�©8B/$%

[3-5]

�Pª3«¬

®¯�{|}°B/±²7³./©´�%#µn�¶�

·Z±²7¸�¹./©´�B/#j�º»¡¼½¾

¿�À

[6-7]

��ÁÂ1@{|}Ã�ÄÅ�Æ/ÇK"È�

n1ÉÊËÌÍÎÏ³./©´ÐÑÒK�ÓV� 

ÔL{|}RÕÖx�×Ø0ÙØ�Ú�Û7Ü:

	�ÝÞßàáâ1ã�pä��å��æØ��çè�

éêë|�ìíd�Áª7{|}:	î�KL./©

´ï?@YF¬�ð��ñp��{|}òÏàáó

ôØ�ÔLõ�öRÕ÷�øùªú{|}�ûü�ý

þÚ�î��n�1ûL��ªÂ��{|}�B/#

j

[8]

���Ð���ÜB/1	��:
è1	��Ò

������sw�Ã�"È��ºÖ¤��³Ýë

�¬-�{|}��Â��B/Ã� ���¾��UV

?RX��Ø{|}�XÖ¤�©K{|}�Y?RÇ

@��Â��B/Ã��±²�ÍÎÂKL !,-"

�/#�$¹0��¹�./�Á%&/'(&1	)�

*+�n�ªn,KL�¹³./�-P.��î�B

/�1�L/{|}��7L³/#./�#jOn0

1�Ü�Á�Â1XÁ@Ã�º89�*+	n��

�³{|}½û��Â"2L/��ºÃ�*+1	)

Ã�789�*+	�Á3�{|}RÕÖàáæØ�

��Ã�º���*+1	�:ª�n4567�08



 

�����. ���	
�������� 

P.O. Box 10002, Shenyang   110180   www.CRTER.org 

7880 

www.CRTER.org 

��������	
���� 

������������������ �!"

#$��%&'O�(N� � O�N�)!"�*+,�(

�,�(-.�(/0�1234�567893��

��:;<����,�=>?�@ABCDEFGH

I,(JKLMNOPQLMR!"1ST

[9-11]

�U�

���GJKLMN�!"V?W�!"�XJ�YZ

[�\]S^�_!"`ZY�a?#$��bN��

�����c;!"defgh(ijkl)�mn�o

pqr[�;e,�=���� 

���3stu�1%�vatw��dexy�

zJKLMN{�|}������atw~���|

y�c;=�!"���Z�!"����+y���

=q���!"&'��!";e����fgh�x

tw���7��

[12]

�����u{���!"<�z

�opq�x����u��������tq�op

qYop�=^��,�=�������U\���

��tq� �Yb���¡¢&+�|y�\£¤

¥����¦§awtu(¨§hw©ªn�U<ª«

?¬c;>�®JU��|tq��tu?�`Zo

p�=!"¯°�tq{1�2�±²³,�´µ¶·�

������¸¹��tu?º7»�¼½r¹¾¿�

±.�.Rj{!"tqÀU±����Áopq� 

�Y®J!"�°Â?�op�=!"Z[�opq�

Ãµ=Ä(Å�Ãµ=ÄOÆ³RÇ�Ãµ=Ä�È¸

¹°Â?ÉÊ�ZË!"����N\Ìop�ÍÎÏ

<ÉÐ�ÑAWÒ�opq�zÆ³RÇ�Ãµ=Ä7

ÓÔ?ÉÕ�z�Ö°Â?opijkl���3�×

ØÙ!"�ÎÏ<�;e

[13]

� 

ÚÛÜÝÞ���,�=>?�ß�àáÞâãäå

?3�&zæ6ç�è	���� ����éêëì(

!í©î(ïðrñ�âò����ëó�8ô�%õ

öu÷øOùúûü"ý!"nþ���ÑA� 

 

1���������Materials and methods  

1.1  ��  ��?��� 

1.2 ������ ���2014�10��2015�7��

ùúnþ�	�|�e��
&'� 

1.3  	
����(65���³R95%�����)À

��N(CAS:112�54�9�������)ÀÆ³RÇ�Ã

µ=Ä(STAB-H��������)À��ä�(0.4���

0.5 mm������)À !"#(1530VP�LEO�$

%)À¢&'(�)(FM40 Easy Drop�*+�,-)À

./%01	�23(.456�78)� 

����F9�e�:?�;<W=>��}Ò 

2.5 kg�?�u÷øø@A�4�	�<���B�C

%DEFSCXK(ø)2012-0004� 

1.4 �����

1.4.1  ,�=���O	�Fá���  Ë���t

�1%³a�GH�IJtuÀKL�+1 mol/L�µÇ
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C

1

(mol/L)�HCl��twV

1

(mL)b��tu�[���

{C

2

(mol/L)�NaOH��tw����(�"�X

��Ìr"�X�NaOH�������U��S�n5
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Table 1  Structure and physical properties of alkylated-chitosans 

���HM-CS1�����	
�������������� 10�1�HM-CS2�����	
�������������� 5�1�

HM-CS3�����	
�������������� 10�3�HM-CS4�����	
�������������� 2�1� 

��� ���� ������ HM-CS1 ������HM-CS2 ������ HM-CS3 ������ HM-CS4 

� !"%#� 0 7 16 26 40 

$! η

r

� 1.54 1.693 1.549 1.504 1.306 

%&'"x

_

±s(%#� 733.00±2.30 600.00±1.73 450.00±1.50 433.00±1.52 316.00±0.76 

)!"x

_

±s(g/mL)� 0.061±0.010 0.058±0.020 0.051±0.025 0.047±0.026 0.041±0.017 

*+,"x

_

±s(°#� 63.67±0.88 76.08±0.61 78.03±0.91 79.22±0.45 80.93±0.77 

� 1  �������	
�����������(��=100 µm) 

Figure 1  Longitudinal section of the alkylated-chitosan sponges with different degrees of substitution 

����� A�E����	
�7%�16%�26%�40%������	
������������� !�"#$ 200�1 000 µm

%&� 
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� 2  ���������� 5 min 	
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Figure 2  Comparison of the 5-minute hemorrhagic ability of 

the alkylated-chitosan and chitosan in vitro  
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Figure 3  Hemostatic effects of different hemostatic materials 
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