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ABSTRACT: OBJECTIVE  Wound healing is a common clinical problem, there are various method for treatment. 

METHODS  Reviewed related literatures about the recent research on wound healing. RESULTS  Reviewed the mechanism 

of wound healing and novel topical drug delivery systems potential use in wound healing. CONCLUSION  Novel topical drug 

delivery system has many advantages, such as higher local drug concentration, reducing the side reaction, improving the wound 

healing, convenient for administration, and improving patient compliance. Novel drug delivery system for the treatment of 

wound healing has huge market potential. 

KEY WORDS: skin; wound healing; topical drug delivery 

 

����(wound healing)����	�
�

��
�
����������������

��� �!"#$%�&�'()
*�*�

+

[1]

,-./�0�123456789:;<=

>�>
�?@AB>��=��C�BD��

'7E8�FGHIJHKJ,����
�L

�MNOPQR�S'��TU���#!"V

W�&�
P����TU(�M�XY��TU)

�Z��[\]8��#VW�&

[2]

,0^��_

`CabCcMd5�'efg�1hH�(ij

k��lm�n)�<*opH�(iqr��s��

opHtu���vwHtuxyn)�zH�(i

{|)��}H�(i~�)a\�H�(i��
H

tuxy)n, 

�������������O8���

�����������a�	��w����

<��n

[3]

,��������������	�

�wn��O����A���,�<��g� 2

7�������a����,�������

�<  NO32¡¢�£¤�¥¦�g§�\

���#5¨tu����©8ª�#V«��

¬©��­®���<�¯KJ�°±²³ZV,

����(´µ��<¶·_�����¸��

<3�¹º�»¼�ZV�½�¾¿���¯K

J,�ÀÁ$��Â³���Ã���XÄÅÆ

HÇÈÉÊMtu�ÉËÌ8Í7����(´

ÎJA_�����, 

1  �������� 

tu�Ï���PTU�2Ð=TUgÑÒS

ÓÔ�'ÕÖ×�+�Øtu����fµÙÚÛ

ÜË,3Ý�+�tu���� 'eg� 3ÕÞ

ß!à�áâãzäKJå-Z�å-!æå

[4]

, 

1. 1  zäKJå 

����ç 1 Õáâ�èOKJ�}éêë

ì�í}�+�î�$ïzäKJå

[5]

,3�¹ð

��� 5~10 min¡���}ñ¤ò�¾¿}Ðó

L�ô«©TU�Ña�õ�Ñ�}ö÷&��

���

[6]

,Ý	�}øögÑô8ùúûü�ùý

ûü�þýûüaø}����ûü��üTU�

�.TU��ùúTUa}ñ¡tTU�õ�Ñ

���¸�'Õ	C
�XÄ

[7-8]

,}ñ¤ò�P

_}éêï��¹­®}ñ
��Ã�}éêa

üTU�vTU�Ña�õ�Ñ(IL-1α�IL-1β�

IL-6�TNF-α)fW;ðzä�KJ�:;�]ûü

����;��ùúTU¥o���ùúTU=

}ñ��, 

3í}�+$%�SC����}ñ¡tT

U/TU���gÑ(ICAM)�E-��?�P-��

?n��gÑ«©�¨

[9]

,�HüTU���$ï

����zäTU��3����g���g 

IL-1β�IL-6�TNF-α n�Ñf!«zäKJ�Ã

:; VEGF= IL-8­®� KJ

[10]

,Ã�"µ�

v��H�#$<.aûü�

[6]

,3�H%TU&

·��'(TU)*+ZÍ,'(TU8Í7F

G,µ-.Á$=/0zä��123TUaV

Â���TUZ4a��� 

[11]

,356,µ�

Ï�'(TU7(23TU��¨#2,µ�g

 «©��õ�Ñi TGF-α�TGF-β�b-FGF�

PDGF�VEGF�Á$TUZ4aTU	8.(ECM)

���Ø#Á�tu��

[12]

, 

1.2  Z�å 

Z�å�O��tTU���aZ4,�ù

úTUZ���9:���Ã�;�}ñ*+�

�,0Õáâ�O�<��oTU�¡tTU�



 

�������� 2014	 10
� 31�� 10
                      

Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10      �1419� 

�ùúTU���Z4go�¨5�/to��

�9:��

[6-7,13]

,è=�67ÓÔ�Ñ����

]ûü�ùú�ýûün<.���¸�8-N

O,>���]ûü��ùúTU�?��a@

A���¨5`B,�/to��+C��.T

UD�¹��a�tETU���

[9,14-15]

,0^&

·3�¹�É�/tTU=F/tTUfW�v

Í7�S�TU�Ñ=�õ�Ñ

[16-17]

,Ã���

�GfµD�;�}ñ�;��}ñ����G

¸���HI<.a�<�H<.��ÝJ��

� ®À!O@A

[18-20]

,9:�������¹

Z�å���'K�ìÝSC���!æå�L

å)M¢*+,9:��P«©��ùúTU�

%TU�'(TU�N}ñW=�]ûüO��

[21]

,

P_ÝC�}ñ��"�Å���Ý9:��«

ÍP<QR�Ã�S�T45�9,@�9:�

����UVTU��ùúTUW8Í7,µ�

iD��]ûü=TU	8.<.(ùXûü�Y

Z�[8&���ûü&���\].^)

[22-23]

,

0^TU	8.Bô��g�67�S���T

U������¸�À�õ_`,�Ý�ùúT

UZ4fWa�������=b,ÝCå��

�cd��¹º�ùúTUa¡tTUnð�2

3�Ü©¾¿

[24-25]

, 

1.3  !æå 

��� �ç 3 áâ�!æåa�eå�Ø

ç 2~3 Q*+'f5 1 Ë
ÇgW�,«ÍÜ�

¡tTU�'(TUa�ùúTUhi23
0

j�¹�#kl'Õ|ö��O-ô'^TUa

�]ûüa��TU	8.ûü,Ý	�6~12 Õ

mW��0^nTU�8.�OPop�]ûü

aqp�]ûü��,rM��¹���+Ù­

®stuvaZ�Hst

[25]

,Z�Hst�wt

¡�ùúZ�HKJ�P_�]���a@A�

�`B�Ø#x>�©�]3wt��yz

[26-27]

,

aZ�H�{tÞ|�stuv�}~�{t�Ú

ÛZõÃ�Ù�ï5ÊM��

[28]

,stuvaZ�

H{t��O��������[^�o�(�]

���cd<)�H�ZV³���S,stuv�

ÊMtu�]��³�� 20 ��Z�Hst� 3

�,3W�� 2Ë� 3Ë07Â³���³�*+

ÊMo

[29-30]

,�î���Z�Hstastuv�

�O]�fµ�ã�LÓzäáâ��3��LÓ

�TU�Ñ�`���]ûü��ì@A�LB�

�q/op�]ûü��|��¨

[3,31-33]

, 

2  	
����
�������� 

tu������]8�FG,µ>�/L�

J_	�_`��oÇ���,3VÂ�¹��

��+��;p��¢t��(´3�<�ÚÛ

�vaJ_�����F�/��ÇÍ!��W

¨5¾¿�¯KJ�ZV�A��H�Z���

�ØH���,����ø����%��.2�

N����ùú�N���MÎ��W8¯��

�<�H�µ ¡��<54	¢�£¤�¡Ú

�<�ÚÛ�v#ÎA_Á$����, 

2.1  �ø�(hydrogels) 

�ø��P¥�H¦�§_���gÑ&�

<�����2(

[34]

,3��f²³§¨�`B

2y#©µ¡Ú��ªa«ú¬�­®XÄ�Ã

3'¯°±l²���'�·£��¡��³�

_'2�´¬,�ø�A_�������1´

fµ����µ}�£��¡�=¶�}H

[35]

�

��W8·¸���Ha¹ºH�µ��<¡Ú

3�¹�É,Dun

[36]

��À'7Í,µ]Gp�

ø���ìJ��/»¼§Þ|�µ ]½ò¾

zäKJå�Z�¿$½À�3���ç 6 ·µ

 ÁÂ5;�}ñ��� 8 d �]½Á$�¹�

�,Wengn

[37]

��À'7P�oÃÄ�ÅaÆÇ

8È&����]G�ø���3ÊMtuÉ¼

a pH _`l���ÍÊp��ø�µ Ë�ù

úTUÊMZ4��õ�n»H�Ã�ìJ��

Þ|�µV³éÌ�tu����³¼,Kumar

n

[38]

Í���ìí}ÎÏÞ|�-Ð�oÑÒÑ

� β-È&��ø�µ ZV}éê��H�Â³

í}�Á$�tùúTU��õ�ÇÍ��]û

üÆÓ�Ô)�Ç�Õ� �¹, 

2.2  E2�.��%(solid lipid nanoparticles) 

�É�Ë���(´@�'7fW¸���

½Àa@Ö�¯KJ�;pÐ�(´Î×Ø�

�,E2�.��%ÙÚ�E2�.2��'7

ÛÉl�E×�·¸
����.
���P�

<ÞÜH���.ÝÞÄ��i«ßàá�âã

�^àá��ä�n�fWå�<-æ_ç¡


£�3�.�Ï

[39]

,E2�.���XÄW8F

íB-Ð��<45��@A�¾¿E2�.�

�%èétuC��g�L�W=f��<Wõ



 

�1420�       Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10                     

�������� 2014	 10
� 31�� 10


 

½����vnê~#JA_����(´,ë

ìÍ��Ð8íîïð�E2�.��%ø��

µ Á$�¹����}��3��Lå�JA

íîïð�E2�.��%ø��µ Â³Á$

�¹���Ã�ìJ��Þ|µ ZV�¹;�

}ñ����Á��]ûü�8ñÔ)�¾¿{

t�����

[40]

,Sandri n

[41]

��Àåòóôõ

ö÷Ð_E2�.��%��fWFíòóôõ

öJÊMø�ùúTU=�oTU�»H���

<µ JA_����#�D��¯KJ�¨5

#z�Á$�¹���@A, 

2.3  �.2(liposome) 

ùä�Îgú3��C�ÙûðÕ��'^

Íü�ý��þª���#��'üc��.�

gÑü,07P�.�gÑü���¡���Þ

���ÎÚ��.2

[42]

�W8¥�Ha��H�

fW��Õ-æ¥�H<.a¥�H<.,3¦

��<C��.2fW��-æ�<$ïtu�

��3�t=wt¡���<�	���<³


�v�W8õ½³�H,Ã��.2��g'e

��ø2¡E8�g�Jtun:;@A

[43]

,Vogt

n

[44]

��À;p��.ø��Ð&Ç�
��-

��W 45%ä�ß��ì 10%~18%ä�ßÇ�ó

��@�áÞ�Vï���^��3ä^�³�

Ð��o���å´����Ð��º*���5

W8]½����.2�JA_r���tu�

�,	 !"�]W8#��#zaÁ�¹��

�½À,ì$´�#z�<�%¯¼§Þ|�&

Ç�
��-��.ø�fWå«gÑ�<WÖ³

Ã�&DHÕ�v_�¹�Ï,Fukuin

[45]

��À

-Ð}Qûü��.2�'�}~�-Ð}Qû

ü��.2�%((250 nm)é_QTU�Ã�}Q

ûüµ µ)�3�.2����XÄìQTU

��3��Þ*��ÒÐ O

2

ô©� P

5

O

2

µ¨5

10 mmHg�Ãµ ûP$ï}ñ­®,JA_�

�����fWV³9:������/t��

+¼ZV�Ki67 �¨/,�¾¿xy��Ïy�

�ì���Þ|�CD31��¨a}ó©-8]½

.�,XÀ�]��fWVÂ BALB/céÌ�¹�

��1´�@ÖzäKJ�VÂ\��¦��P

_¸�}ó©a¡t��, 

2.4  N�(micro emulsion) 

N�fWa@������*/Ð2Ð2,

'PáÞ��Þ��Ï�H¬a0�Ï�H¬1

'¯�|2��#��3_\]
4\]�Ö5

¼a6ÞSH�q6p7¯2(

[46]

,N�fWZ

V�<�§A¼�Ã�P_N�-�W8'^á

Þ8.a�Ï�H¬�fWZV�.ü�.�g

Ñü�óÖH�Ø#¸��<\��.89,Ã

�N��éÐ:�×"fW��_;�Ï�Ô´

�H�<gÑ�¥¦,Kitagawn

[47]

��ÀWW/O

pN�-Ð�<=>�AÌFí�	�w¾¿Q

?���,Kogan n

[48]

@]ÀN�fW¡��<

Î�A=�o�¾¿�<AC�vBD��»H�

Bõ�<�vC��Ã�W8���-C�=7

¯H,¸#�J_��N:�7¯HNO'Õ�

»¼��Ï�H¬
0�Ï�H¬,�Z§¬�

D�É�N�)MM45É¼�pHn_`�?�

£¤,Cao n

[49]

��À 1 7X�ä�-ÐEë?

�N�¬�ô 10%Eë?-ä��8%rF8GH^

��30%I)JK RH40L&ÇM� 400(1L1)�

52%�,N´¬�`c%(� 32.4 nm�ÃW8�

Ö�5¼(Ü 113.7 mPa·s,'W8#��2	è

\�=2¡Ok��µ½P¸�Eë?Jst�

���ùúTU�#Z4�H, 

2.5  ��ùú(nano fiber) 

��ùú�'7f(3 100 nmWl�ùú,

fQ0_RST@A�U&�<§Ð
V2´�

W8W��|�Ïy�XY|(õ¼f(|)�Z�

4(�ÍÊNé��[ùú���ùú�<XÄ

\T�W8W��Ê]¼�W��¹ºH�£�

H��^H���H�f8�_�<Øùú�²

³§j,Schneider n

[50]

A��ùú
�_Ð�t

�õ�ÑÁ$�¹�tTU���,ù÷Ð�t

�õ�Ñ���ùúÈ`5�¹�ÏC�µ �

�'Õ}a� 3D XÄÃ7¯Õ�v�t�õ�

Ñ�V³tu���,Yun

[51]

A�]ûü-È&�

(80 20)� ´b� ���ùú;f@�'73t

u���JA��<cÞ,� � 14 d de��

ÏM8-���Xf�gh\-iQjR½k�Ï

lT}ñÜ©¾¿�ùúô©ZÍ,J��m�

ÏJ��ÆÓ�lT}ñÜ©�Í�!�]½�

8«©zHTU�no,¸k�]ûü-È&� 

���ùú;�p�¼§cÞµÇ�ÕÁ$��

� ���,Sq����ùúW8�|�Ïy�

ÍÊXÄ�µ £¤Ð2�8#��\r�£�



 

�������� 2014	 10
� 31�� 10
                      

Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10      �1421� 

Hµ�µ ¡��¹54T$��ïa²�,0

^}~�@]ÀSq��ùúI�_@����

��Ð2�}�s��
xy��t
, 

2.6  N��(microsponge) 

N���ÍÊ�uX&�<��(´�¡�

ô8#Í�¬]�%(3 5~300 µm�fWvwH

.aAx´b��S«é�N%,N���Pu

X&�<Ä��fW����¬§y!ú�aû

P8�z&�� 27��å�<-æ3&�<�,

J_JA_tu���N��´¬�3´b�+

��M{AÇ8ùú?@�81Þì�<§_M

�ï|§¬����¡Þ�å¡ÞhKVïP PVA

�§ÐÄ��	Þ��}~�§¬�ð�E��

��

[52-53]

,����(´å�<£�_¡�Ê]

��@�'7�<�	3ÞJ�õ�'âC�¡

³
Õ�vj�<,��1´W!ú���SC

"4	¢�?�£¤,£¤�<����?�O

8�</&�<�|2�Ê]Üy��ÏyaÊ]

�n,N����O}~-.�½����Bõ

�<@AC�,Deann

[52]

A�]ûü@���Ý

Þ�´�N��A_�<�+a���+,

Amrutiya n

[53]

åJ���N��A_«Ì���

�tu�¾¿�¹�j,-ÐJ���N���

���vZ��]�3 10 h¡�v�<¨ 60%��

ÚÛ�v�<5 24 h¨ 90%W/,�³
�7×

\t³�[(49.89�1.25)µg·cm

−2
·h

−1
])@]N��

fW7¯õ½��vJ���, 

3  �� 

���øì�D��ÏÌÀW«�����

����2���E��� �+"�����

�ÏÌ�9,�Ý��A����Â³� ��,

� 1 ��À���� �+=Í7;��<$�

(´�i�.2���ùú�N��n@�Ð2

Á$�����½À=�1´����<��f

ZV�<»¼�Ô´�<��v�¡������

VÂ�¹��n,¦0^Ð2©¸�3�i7¯

H.�´bÞJ����-��n�Ï���8

�_$'K���,¦���í�0^;pÐ2

3Á$�����ÏB�<j�ê�����W

W*ð�6�;¬p�W8×��JA��, 

� 1  ��������	
� 

Tab. 1  Application examples of Novel Topical Drug Delivery Systems 

�� �� Y� �j �� 

���

[38]

 β-����� ����� �G�N��� ¡¢

£¤¥¦n§ 

¨����©��ª«¬­�®¯°±�²¢£¤

¥n§³´µ¶·©¸¹ 

ºAO»¼½

[41]

 ¾¿ÀÁÀÂÃÄ�¾

¿�ÅÆÇÈ 188�� 

ÉÊ �Ë� ¡¢£¤¥�

CD TGF-β1 ©
7 

ºAO»¼½ÌÍ>ÎÏÐÑO<©Y��Ò§Y

�ÓÔÕª 

O»A

[54]

 Ö×O�ØºÙ ÚÛÜÝ Þ�ßà+áâFã

ä�åæç©­� 

O»Aè¶n�éê<¦ëìí<�ëîïðY�

ñò¢£ó�CDôõböY�÷ø 

ù8

[55]

 úû¿�üý 20�� úû¿ þ�à+��¦���

D�à+áâ 

ù8è¶���	
��C}�	ÌÍÍ��CD

�¢
é��j�D��
�� 

¼½ ¡

[50]

 RADA16-I� Ìûn§�� DGÌû��û���

ßà+©áâ 

¼½ ¡ë�����
��¨��©Y��Þj

��à+Õ>Î­��� !"¡�¨#$%©

ÓÔÌûn§�� 

ù&'

[53]

 (k ¡9��()Ù *+,- ì.à+�� ù&'/è¶0®©ù1���ë�CDY���

2�Þû3ÌÍ­�4â©5�CDû3�â�j� 

 

REFERENCES 

[1] SCANLAN B J, TUFT B, ELFREY J E. Intestinal inflam- 

mation caused by magnesium deficiency alters basal and 

oxidative stress-induced intestinal function [J]. Mol Cell 

Biochem, 2007, 306(1/2): 59- 69. 

[2] ROBERT P L, ROBERT L, JOSEPH V. Principle of Tissue 

Engineering(34�567) [M]. Beijing: Chemical Industry 

Press, 2006: 127-822. 

[3] HENGGE U R, RUZICKA T, SCHWARTZ R A, et al. 

Adverse effects of topical glucocorticosteroids [J]. J Am Acad 

Dermatol, 2006, 54(1): 1-15. 

[4] ROBSON M C, STEED D L, FRANZ M G. Wound healing: 

biologic features and approaches to maximize healing 

trajectories [J]. Curr Probl Surg, 2001, 38(2): 72-140.  

[5] ENOCH S, JOHN L D. Basic science of wound healing [J]. 

Surgery(Oxford), 2008, 26(2): 31-37.   

[6] KRAFTS K P. Tissue repair: the hidden drama [J]. 

Organogenesis, 2010, 6(4): 225-233.    

[7] CRAIG R D, SCHOFIELD J D, JACKSON D S. Collagen 

biosynthesis in normal and hypertrophic scars and keloid as a 

function of the duration of the scar [J]. Br J Surg, 1975, 62(9): 

741-744. 

[8] STRODTBECK F. Physiology of wound healing [J]. Newborn 

Infant Nurs Rev, 2001, 1(1): 43-52.    

[9] WOO Y C, PARK S S, SUBIETA A R, et al. Changes in 

tissue pH and temperature after incision indicate acidosis may 



 

�1422�       Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10                     

�������� 2014	 10
� 31�� 10


 

contribute to postoperative pain [J]. Anesthesiology, 2004, 

101(2): 468-475.   

[10] WERNER S, GROSE R. Regulation of wound healing by 

growth factors and cytokines [J]. Physiol Rev, 2003, 83(3): 

835-870.    

[11] DALEY J M, REICHNER J S, MAHONEY E J, et al. 

Modulation of macrophage phenotype by soluble product(s) 

released from neutrophils [J]. J Immunol, 2005, 174(4): 

2265-2272.    

[12] TZIOTZIOS C, PROFYRIS C, STERLING J. Cutaneous 

scarring: pathophysiology, molecular mech-anisms, and scar 

reduction therapeutics [J]. J Am Acad Dermatol, 2012, 66(1): 

13-24.    

[13] LINARES H A. From wound to scar [J]. Burns, 1996, 22(5): 

339-352.   

[14] REDD M J, COOPER L, WOOD W, et al. Wound healing and 

inflammation: embryos reveal the way to perfect repair [J]. 

Philos Trans R Soc Lond B Biol Sci, 2004, 359(1445): 

777-784.    

[15] KOH T J, DIPIETRO L A. Inflammarion and wound healing: 

the role of the macrophage [J]. Expert Rev Mol Med, 2011, 13: 

e23.  

[16] DIPIETRO L A, POLVERINI P J. Role of the macrophage in 

the positive and negative regulation of wound neovasculari- 

zation [J]. Behring Inst Mitt, 1993(92): 238-247.    

[17] BAUER S M. Angiogenesis, vasculogenesis, and induction of 

healing in chronic wounds [J]. Vasc Endovascular Surg, 2005, 

39(4): 293-306.    

[18] ARNOLD F, WEST D C. Angiogenesis in wound healing [J]. 

Pharmacol Ther, 1991, 52(1991): 407-422. 

[19] BARTKOWSKI R, ENDRICH B. DRG practice: wound 

management with vacuum therapy [J]. Chirurg, 2007(Suppl): 

414-416.    

[20] MADDEN J W, PEACOCK E E. Studies on the biology of 

collagen during wound healing: III. Dynamic metabolism of 

scar collagen and remodeling of dermal wounds [J]. Ann Surg, 

1971, 174(3): 511-520. 

[21] NOBES C D, HALL A. Rho, Rac, and Cdc42 GTPases 

regulate the assembly of multimolecular focal complexes 

associated with actin stress fibers, lamellipodia, and filopodia 

[J]. Cell, 1995, 81(1): 53-62.    

[22] SORG H, KRUEGER C, VOLLMAR B. Intravital in-sights in 

skin wound healing using the mouse dorsal skin fold chamber 

[J]. J Anat, 2008, 211(6): 810-818. 

[23] NAUTA A, GURTNER G, LONGAKER M. Wound healing 

and regenerative strategies [J]. Oral Dis, 2011, 17(6): 541-549. 

[24] ECKES B, NISCHT R, KRIEG T. Cell-matrix interactions in 

dermal repair and scarring [J]. Fibrogenesis Tissue Repair 

2010, 3: 4.   

[25] ABERGEL R P, PIZZURRO D, MEEKER C A, et al. 

Biochemical composition of the connective tissue in keloids 

and analysis of collagen metabolism in keloid fibroblast 

cultures [J]. J Invest Dermatol, 1985, 84(5): 384-390. 

[26] SHIH B, GARSIDE E, MCGROUTHER D A, et al. Molecular 

dissection of abnormal wound healing processes resulting in 

keloid disease [J]. Wound Repair Regen, 2010, 18(2): 

139-153. 

[27] RHETT J M, GHATNEKAR G S, PALATINUS J A, et al. 

Novel therapies for scar reduction and regenerative healing of 

skin wounds [J]. Trends Biotechnol, 2008, 26(4): 173-180. 

[28] MCCAULEY R L, CHOPRA V, LI Y Y, et al. Altered 

cytokine: production in black patients with keloids [J]. J Clin 

Immunol, 1992, 12(4): 300-308. 

[29] RAJA, SIVAMANI K, GARCIA M S, et al. Wound 

re-epithelialization: modulating keratinocyte migration in 

wound healing [J]. Front Biosci, 2007(12): 2849-2868. 

[30] TANG B, ZHU B, LIANG Y, et al. Asiaticoside suppresses 

collagen expression and TGF-beta/Smad signaling through 

inducing [J]. Arch Dermatol Res, 2011, 303(8): 563-572. 

[31] CAO C, LI S, DAI X, et al. Genistein inhibits proliferation and 

functions of hypertrophic scar fibroblasts [J]. Burns, 2009, 

35(1): 89-97. 

[32] KOSSI J, VAHA-KREULA M, PELTONEN J, et al. Hexose 

sugars differentially alter collagen gene expression and 

synthesis in fibroblasts derived from granulation tissue, 

hypertrophic scar and keloid [J]. Arch Dermatol Res, 2004, 

295(12): 521-526. 

[33] LI-TSANG C W, LAU J C, CHAN C C. Prevalence of 

hypertrophic scar formation and its characteristics among the 

Chinese population [J]. Burns, 2005, 31(5): 610-616. 

[34] BILLIET T, VANDENHAUTE M, SCHELFHOUT J, et al. A 

review of trends and limitations in hydrogel-rapid prototyping 

for tissue engineering [J]. Biomaterials, 2012, 33(26): 

6020-6041. 

[35] LU G D, YAN Q ZH, SU X T. Progress of Porous hydrogels. 

progress in chemistry [J]. Prog Chem(-�89), 2007, 4(19): 

485-493. 

[36] DU L, TONG L, JIN Y. A multifunctional in situ-forming 

hydrogel for wound healing [J]. Wound Repair Regen, 2012, 

20(6): 904-910. 

[37] WENG L, ROMANOV A, ROONEY J, et al. Non-cytotoxic, 

in situ gelable hydrogels composed of n-carboxyethyl chitosan 

and oxidized dextran [J]. Biomaterials, 2008, 29(29): 3905- 

3913.  

[38] P T SK, LAKSHMANAN V K, RAJ M, et al. Evaluation of 

wound healing potential of β-chitin hydrogel/nano zinc oxide 

composite bandage [J]. Pharm Res, 2013, 30(2): 523-537. 

[39] ZHENG J M. Transdermal Drug Delivery Formulations(:;

<�=>?) [M]. Bejing: People’s Medical Publishing House, 

2006. 

[40] CHEN X, PENG L H, LI N. The healing and anti-scar effects 

of astragaloside @ on the wound repair in vitro and in vivo 

[J]. J Ethnopharmacol, 2012, 139(3): 721-727.  

[41] SANDRI G, BONFERONI M C, CARAMELLA C. Wound 

dressings based on silver sulfadiazine solid lipid nanoparticles 

for tissue repairing [J]. Eur J Pharm Biopharm, 2013, 84(1): 

84-90. 

[42] ZHANG L Z. Preparing Liposomes and Application in 

Biomedicine(ABCDEFGH�����I��) [M]. 

Beijing: Beijing Medical University and Peking Union 

Medical College Press, 1998. 

[43] CADDEO C, SALES O D, VALENTI D, et al. Inhibition of 

skin inflammation in mice by diclofenac in vesicular carriers: 

liposomes, ethosomes and PEVs [J]. Int J Pharm, 2013, 

443(1/2): 128-136. 

[44] VOGT P M, HAUSER J, ROSSBACH O, et al. Polyvinyl 

pyrrolidone-iodine liposome hydrogel improves epitheliali- 

zation by combining moisture and antisepis [J]. Wound Repair 

Regen, 2001, 9(2): 116-122. 

[45] FUKUI T, KAWAGUCHI A T, TAKEKOSHI S, et al. 

Liposome-encapsulated hemoglobin accelerates skin wound 

healing in mice [J]. Artif Organs, 2012, 36(2): 161-169.  

[46] YANG J, NI B, LIU J, et al. Application of liposome- 

encapsulated hydroxycamptothecin in the prevention of 

epidural scar formation in New Zealand white rabbits [J]. 

Spine J, 2011, 11(3): 218-223. 

[47] KITAGAWA S, INOUE K, TERAOKA R, et al. Enhanced 



 

�������� 2014	 10
� 31�� 10
                      

Chin J Mod Appl Pharm, 2014 October, Vol.31 No.10      �1423� 

skin delivery of genistein and other two isoflavones by 

microemulsion and prevention against UV irradiation-induced 

erythema formation [J]. Chem Pharm Bull(Tokyo), 2010, 

58(3): 398-401. 

[48] KOGAN A, GARTI N. Microemulsions as transdermal drug 

delivery vehicles [J]. Adv Colloid Interface Sci, 2006, 123-126, 

369-385. 

[49] CAO F H, OUYANG W Q, WANG Y P, et al. A combination 

of a microemulsion and a phospholipid complex for topical 

delivery of oxymatrine [J]. Arch Pharm Res, 2011, 34(4): 

551-562. 

[50] SCHNEIDER A, GARLICK J A, EGLES C. Self-assembling 

peptide nanofiber scaffolds accelerate wound healing [J]. PLoS 

One, 2008, 3(1): e1410. 

[51] YU P J, WANG L P, GUO Y. Repair of skin defect with 

collagen-chitosan compound nanofiber membrane [J]. Chin J 

Tissue Eng Res(��34�5JK"LMNO ), 2011, 

15(51): 9561-9564.  

[52] DEAN J R. Weighted collagen microsponge for immobilizing 

bioactive material [P]. U S: 4997753, 1991-03-05P 

[53] AMRUTIYA N, BAJAJ A, MADAN M. Development of 

microsponges for topical delivery of mupirocin [J]. AAPS 

PharmSciTech, 2009, 10(2): 402-409. 

[54] YANG J, NI B, LIU J, et al. Application of liposome- 

encapsulated hydroxycamptothecin in the prevention of 

epidural scar formation in New Zealand white rabbits [J]. 

Spine J, 2011, 11(3): 218-223. 

[55] GHOSH V, SARANYA S, MUKHERJEE A, et al. 

Antibacterial microemulsion prevents sepsis and triggers 

healing of wound in wistar rats [J]. Colloids Surf B 

Biointerfaces, 2013(105): 152-157.  

QRS
T2013-08-30

 

 

 

KL¢MDò{5������ôw´µGJ 

 

 
 

��� ����(�VW��67_`��V 310006) 

 

�����  ��������	
��
���������
�������������  ��� !"#$%

��&'�()*	���������+,-��.
��
���	�/�01��+2��	  *	
��
�

�������34536%789:��;%<=>�?@ABC�DEF��G��� 2 HIJ�K36%7��

L�RNDMN%7OPQ�R@A���
���	KST#MUVWX��YZ[\]��
  ��
�����<

^4�_`���abcd��efgA��
�� 

��
�*	h��
�h��h%7O 

������R978.1       ������A       �����1007-7693(2014)11-1423-04 

DOI: 10.13748/j.cnki.issn1007-7693.2014.11.031 

 

Advances in Resistant Mechanisms of Clinical Isolated Bacteria to Tigecycline 

 

CHEN Zixi, CHEN Fanghui(The First People’s Hospital of Hangzhou, Hangzhou 310006, China) 

 

ABSTRACT: OBJECTIVE  To review the research progress on the resistant mechanisms of tigecycline-resistant bacterias in 

clinic. METHODS  Base on the correlative reports in recent years, the resistant mechanisms of tigecycline-resistant bacterias 

were illustrated respectively. Also, the epidemiology of tigecycline-resistant bacterias were analyzed subsequently. RESULTS  

The resistant mechanisms of tigecycline-resistant bacterias mainly involved the efflux pump system and alteration of the drug 

targets, as well as the occurrence of resistant enzymes. The RND efflux pump plays a key role in the efflux pump system. 

Tigecycline-resistant bacterias has become a tough problem in clinical anti-infection therapy. CONCLUSION  The definite 

mechanism of tigecycline resistant remains elusive. Further study are needed so as to guide rational use of tigecycline in clinic. 

KEY WORDS: bacteria; tigecycline; drug resistance; efflux pump 
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