
 CA / PLA - PEG 

  �

�
�

  
 2554

  



 CA / PLA - PEG 

  �

�
�

  
 2554

  



PREPARATION AND CHARACTERIZATION OF CA / PLA - PEG FIBERS FOR 

DRUG DELIVERY APPLICATION BY COAXIAL ELECTROSPINNING TECHNIQUE

By

Koravee  Vichitchote

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree

MASTER OF ENGINEERING

Department of Materials Science and Engineering

Graduate School

SILPAKORN UNIVERSITY

2011



    �
 CA / PLA - PEG 

  �  
 �

...........................................................
(  .  �)

.......... .................... . ...........

�
1.  .   
2.  .   �

�

.................................................... 
(  .  �)

............/......................../..............

.................................................... 
(  .  )

............/......................../..............

.................................................... .................................................... 
(  .   ) ( .   �)

............/......................../.............. ............/......................../..............



51402247 : �
 :  / /

   :  CA / PLA - PEG 
�   : 

. .     .   �. 72 .

 (GS) 
 (PLA) � � �

 (CA) PLA  
�   �  (PEG) GS 

 
PLA    CA 

 GS �  CA 

PLA PLA   GS 
 �

 PEG 

              2554
........................................

   1. ...........................  2. .............................



51402247 : MAJOR : POLYMER SCIENCE AND ENGINEERING

KEY WORD :  POLYLACTIC ACID/GENTAMICIN/COAXIAL ELECTROSPINNING

KORAVEE  VICHITCHOTE : PREPARATION AND CHARACTERIZATION OF CA / 

PLA - PEG FIBERS FOR DRUG DELIVERY APPLICATION BY COAXIAL ELECTROSPINNING 

TECHNIQUE. THESIS ADVISORS: ASST. PROF. POONSUB THREEPOPNATKUL, D. ENG. 

AND SUPAKIJ SUTTIRUENGWONG, DR. ING 72 pp.

In this research, improvement of gentamicin (GS) delivery and mechanical properties of 
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electrospun fiber mats would be controlled drug release by mixture PEG at low molecular weight.
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1.1 
�(Electrospinning) �

�[1] �[2]

� � �[3,4] [5] [6] 

   (Drug delivery system) [7,8]

 (Tissue engineering) [8,9,10]  (Wound dressing) [10]  

�   (Biodegradable polymer) 

�   (Polylactic 

acid; PLA)  PLA   . .  (U.S. 

Food and Drug Administration; FDA) [11]  �

[12]

 [13] � PLA [14-16] �

 PLA  GS   GS  [15,17-19]

�  PLA  GS  

 Y.-Y. Huang T.-W. Chung [16] � �  

(Polyethylene glycol, PEG)  PLA  GS  PEG �

 [20,21]  PLA  [22,23] �  PLA

 [22,24]  (Cellulose acetate; CA) 

 PLA �

� � �[25-27] [28,29] 

 CA PLA �PLA

 CA  GS   

 

�[30-36] �
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 �

�

  

 � �CA PLA

 �PEG GS   

 

1.2 
1.2.1  PLA  �  

 

1.2.2   

PLA �

1.3 
PLA (Biopolymer)

 (renewable resource)  (Biocompatibility) 

�  (Non-toxic)  PLA 

  PLA  �  GS

   GS   PLA  

�PLA  GS � PEG

  PEG  GS 

� �  PLA �

 PLA � �

� � PLA  CA 

� PLA CA �

�    

PLA  PLA � �  GS  CA  

PEG, CA  GS  PLA  �
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 �

  PLA 

 �

 GS 

1.4 
 PLA, PEG  CA 

� �  

�

1.5 
1.5.1 

1.5.2 

1.5.3  

1.5.4 

1.5.4.1 �PLA, PEG  PLA  CA  PLA 

 GS  

  

1.5.4.2   PLA 

CA  PLA   PEG PEG  GS  

  

1.5.5 �

1.5.6 

1.5.7 

1.5.8 

1.5.8.1 

1.5.8.2 
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1.6 
PLA   

 GS �
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 2

2.1 (Polylactic acid; PLA)

£µ¡�¸É 2.1Ã�¦�¦oµ��µ�Á�¤¸�°� PLA [37]

PLA ®¦º°¡°¨·Â¨�Å��r�(Polylactide) Á�}�¡°¨·Á¤°¦r�Ä��¨»n¤¡°¨·Á°Á�°¦r�¤¸Ã�¦�¦oµ�

�́�£µ¡�¸É 2.1 �¨·�Å�o�µ��¦�Â¨��·� (Lactic acid) �¹É�Á�}�µ¦�̧ÉÅ�o�µ��µ¦®¤́��¨�¨·��µ��µ¦

Á�¬�¦�¸É¤¸Â�j�Â¨³�ÊÎµ�µ¨Á�}�°��r�¦³�°�®¨´� Á�n� �oµªÃ¡� �oµªµ¨¸�Â¨³¤́�Îµ�³®¨´� Á�}��o�

PLA Å�o¦́��ªµ¤�Ä�Á�}�°¥nµ�¤µ�Ä��¨»n¤¡¨µ�·�¥n°¥¨µ¥Å�o�µ��¸ª£µ¡ ¤¸�»�¤�́�·��oµ�

�µ¦Â¡�¥r�[3,4] �º° Á�}�¡°¨·Á¤°¦r�¸ª£µ¡ (biodegradable) [37] µ¤µ¦�Á�oµ�´�Á�ºÊ°Á¥ºÉ°

(biocompatible) [38] Å¤nÁ�}�¡·¬ (Non-toxic) [39] Â¨³µ¤µ¦��¼��¼��¹¤ (bioresorbable) Å�oÃ�¥

¦³���¸ª£µ¡ (biological system) Ä�¦nµ��µ¥ [40] �¹��ÎµÄ®o�PLA Á�}�ª́�»�¸É¤¸«´�¥£µ¡Îµ®¦́��µ�

�µ��µ¦Â¡�¥r�Â¨³�¼��Îµ¤µÄ�o�µ��oµ��̧Ê¤µ�µ��ªnµ 2 �«ª¦¦¬ Á�n� ª́�»�d�Â�¨ (wound dressing) 

[41] ª́�»Îµ®¦́��Îµ¡µ®¦º°�¨��¨n°¥�́ª¥µ [12] Á�}��o� nª��»�¤�´�·�µ��µ¥£µ¡�°� PLA 

Â��Ä��µ¦µ��¸É 2.1

�µ¦µ��̧É 2.1 �»�¤�´�·��µ��µ¥£µ¡�°� PLA [11]

Property Units Condition Value

Degree of crystallinity Xc % L-PLA 0y37

Density g/cm3 Amorphous

Single crystal

1.248

1.29
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�µ¦µ��̧É 2.1 (�n°) �»�¤�´�·�µ��µ¥£µ¡�°� PLA [11]

Property Units Condition Value

Heat of fusion ∆Hf KJ/mol

L-PLA complete 

crystalline

L-PLA fiber

As-extruded

146

2.5

Heat capacity Cp J/K/g

L-PLA with

Mv = 5300

Mv = (0.2y6.91)x 105

0.60

0.54

Glass transition temperature K 326y337

Melting point K 418y459

Decomposition temperature K 500y528

Swelling in water % pH 7 buffer 2

Intrinsic viscosity ( ) in chloroform at 25 oC dl/g 3.8y8.2

Radiation resistance G value Under nitrogen 0

Co60 in benzene solution, 30 oC
Chain scission

Cross linking

26.5

4.5

In water
Chain scission

Cross linking

23.0

6.5

IR peaks cm-1

OH (alcohol/carboxylic) 3700y3450

yC=O 1750y1735

yCOO 1600y1580

C-O     1200y1000

CH 950y700



2.2 

£µ¡�¸É 2.2 Ã�¦�¦oµ��µ�Á

PEG Á�}�¡°¨·Á

�¸É�ÎµÄ®o�PEG �¼��ÎµÅ�Ä

�¦³�oµ� ®¦º°Ä�µ¦¨³

Å±Ã�¦�µ¦r�°� [42] nª�

µ¤µ¦��Îµ�́�°°��µ�¦

®¦́�°Á¤¦·�µ (FDA) [11]

Ä��µ¦Â¥�Á�¨¨r�Â¨³�µ¦�

�»�¤�´�·�µ¤�o°��µ¦ Å¤n

Á�}�µ¦�nª¥®¨n°¨ºÉ� µ¦

[42]

¤�´�·�µ��µ¥
oC Â¨³°»�®£¼¤·�¨oµ¥Â�o

¦³Á�¸¥�¼� �¹É�¤¸�nµ�ªµ¤Á�

�nµ�ªµ¤�»�ªµ¤¦o°� 188.2

2.3 (Ce

£µ¡�¸É 2.3 Ã�¦�¦oµ��µ�Á

(Polyethylene glycol; PEG)

Á�¤¸�°� PEG [37]

Á¤°¦rÄ��¨»n¤�°�¡°¨¸�°̧Á�°¦r�¤¸Ã�¦�¦oµ��́�£µ¡�¸É

Ä�o�¦³Ã¥��r¤µ�¤µ¥�º° �ªµ¤µ¤µ¦�Ä��µ¦¨³¨

¨µ¥�°�Á�¨º°�nµ�Ç ¦ª¤�´Ê��́ª�Îµ¨³¨µ¥°·��¦̧¥r�

��µ��µ¦Â¡�¥r PEG Á�}�¡°¨·Á¤°¦r�¸ÉÅ¤nÁ�}�¡·¬�

¦nµ��µ¥Å�o  °̧��´Ê�¥´��nµ��µ¦¥°¤¦́��µ�°��r�µ

] �¹��Å�o�¦́��ªµ¤�·¥¤Ä�oÄ��µ��µ¦Â¡�¥r�Á¡ºÉ°Ä�oÁ�}�ª´

�¦³¥»��rÄ�oÄ��µ��µ¦Â¡�¥r°ºÉ�Ç Á�n� Ä�o��nª¥�¨·�¥

¤nªnµ�³Á�}�¥µ�ÊÎµ ¥µ�¸�¥µÂ���¼¨ ¥µ�¸Ê�¹Ê� Â¨³¥µÁ¤È�

�nª¥Ä��µ¦¨³¨µ¥�°�¥µ ®¦º°µ¦�j°��´��µ¦�́��́ª

£µ¡�°� PEG Ã�¥�´ÉªÅ��³¤̧�»�®¨°¤Á®¨ª ®¦º° Tm

ª ®¦º° Tg �¦³¤µ� -60 oC ¤¸Ã�¦�¦oµ�Á�}�Áo�

�}��¨¹� (Crystallinity) �¦³¤µ�¦o°¥¨³ 70-80 �ªµ

2 J/g

ellulose acetate; CA)

Á�¤¸�°� CA [43]

7

2.2 �»�¤�´�·�¸ÉÎµ�´�

µ¥�ÊÎµ Å¤nªnµ�³Á�}��ÊÎµ

Â¨³µ¦°³Ã¦¤µ�·�

�n°¦nµ��µ¥¤�»¬¥r Â¨³

µ¦°µ®µ¦Â¨³¥µ�°�

ª´�»�Îµn�¥µ ª´�»�¸ÉÄ�o�

¥µÄ�¦¼�Â���nµ�Ç Ä®o�

Ã�¥ PEG �³�Îµ®�oµ�¸É

ªÁ�}��o°�Â�È� Á�}��o�

m °¥¼n�¸É�¦³¤µ� 60-67 

��¦� Â¨³¤¸�ªµ¤Á�}�

µ¤®�µÂ�n� 1.2 g/cm3
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Á�¨¨¼Ã¨°³�·Á��Á�}�Á°Á�°¦r�°��¦�°·��¦̧¥r�r�¸ÉÎµ�́��°�Á�¨¨¼Ã¨ Á¡¦µ³µ¤µ¦�Ä�o�

�µ�Å�o�®¨µ�®¨µ¥ �´Ê�Á�}�Áo�Ä¥�¦°� ÁºÊ°�oµ µ¦Á�¨º°��·ª Â¨³ª́�»�Îµn�¥µ [27-30] Ã�¥µ¤µ¦�

Á�¦̧�¥¤Ä®o�¤¸¤�´�·�́��¨nµªÅ�o��oª¥�µ¦¤¸¦³�́��°�®¤¼nÂ���¸É (Degree Of Substitution; DS) �¸É

Â���nµ��´� Á�¨¨¼Ã¨°³�·Á��µ¤µ¦�¨³¨µ¥Å�oÄ��́ª�Îµ¨³¨µ¥°·���¦̧¥r®¨µ¥��·��¹Ê�°¥¼n�´�¦³�́�

�´Ê��µ¦Â���̧É Â��Ä��µ¦µ��̧É 2.2 Á�n� �oµ¦³�́��´Ê��µ¦Â���̧É¤µ��ªnµ 2.6 Á�¨¨¼Ã¨°³�·Á���³

¨³¨µ¥Ä��́ª�Îµ¨³¨µ¥�¸É¤¸�ªµ¤¤¸�´Êª�o°¥ Á�n� Á°�·¨¸�Å��¨°Å¦�r�(ethylene dichloride) �oµ¤¸�nµ¦³�́�

�´Ê��µ¦Â���¸É¦³®ªnµ� 1.89-2.50 �³¨³¨µ¥Ä�°³�¸Ã�� (acetone) Â�n�oµ¤¸�nµ¦³�́��́Ê��µ¦Â���¸É

¦³®ªnµ� 0.89-1.35 �³¨³¨µ¥Å�oÄ��ÊÎµ�¹É�¤¸�´Êª¤µ� °»�®£¼¤·�¼�»��¸Éµ¤µ¦�Ä�o�µ�Å�o�µ�°¥¼nÄ��nª�

°»�®£¼¤·¦³®ªnµ� 60-85 oC Ã�¥Á�¨¨¼Ã¨°³�·Á���³¤¸¤�´�·���n°µ¦Á�¤¸ Á�n� Á���¸� Å�¤´� 

Â°¨�°±°¨r Â�n�³Å¤n���n°�¦� �nµ� Á°Á�°¦r��¸Ã�� °̧Á�°¦r�Á�}��o� °̧��´Ê�¥´�¤¸�ªµ¤Á®�̧¥ª �ªµ¤

¤´�ªµª �oµ�·É��°Â¨³Áo�Ä¥ Áo�Ä¥Á�¨¨¼Ã¨°³�·Á��Á®¤µ³¤�´��µ¦�ÎµÅ�Ä�o�µ�Á¡ºÉ°�ªµ¤

³�ª��µ¥ Á�}��oµ�¸É�¼��´�Å�o�̧ �µ¦Ä�o�µ��oµ�°ºÉ�Ç Á�n��¦³�µ¬¡·Á«¬ Â¨³�¸É�¦°� ¦ª¤�´Ê��o�

�¦°��»®¦̧É ®¦º°ª́�»�µ���·��¸ÉÄ�oÁ�}�Áo�Ä¥®¥µ� Á�}��o� [44]

�µ¦µ��̧É 2.2 �¦·¤µ��µ¦®¤¼n acetyl Ä�Á�¨¨¼Ã¨°³�·Á���n°�ªµ¤µ¤µ¦�Ä��µ¦¨³¨µ¥ [45]

% Acetyl DS Solvent Applications

13.0-18.6 0.6-0.9 Water

22.2-32.2 1.2-1.8 2-Methoxy ethanol

36.5-42.2 2.2-2.7 Acetone, Ethylene dichloride Fibers, Photographic film

43.0-44.8 2.8-3.0 Chloroform Fabrics, foils, fibers

2.4  (Gentamicin sulphate; GS)

£µ¡�¸É 2.4 Ã�¦�¦oµ��µ�Á�¤¸��°�¥µ GS [46]
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¥µÁ���µ¤́¥�·�®¦º°Á���µ¤́¥�·��´¨Á¢� (Gentamicin sulphate; GS) Á�}�¥µÄ��¨»n¤°³¤·�

Ã�Å�¨Ã�Å��r (Amino glycoside) ¤¸Ã�¦�¦oµ��́�£µ¡�¸É 2.4 Ä�oÄ��µ¦¦́�¬µ�µ¦�·�Á�ºÊ°�nª�´Ê�Ç 

�µ�Â���¸Á¦̧¥��·�Â�¦¤¨� Â¨³Â���¸Á¦̧¥Â�¦¤�ª��µ��́ª Á�n� �¼Ã�Ã¤�µÁ°°¦¼�·Ã��nµ 

(Pseudomonas aeruginosa; gram-negative) Á�}���·�Â�¦¤¨� Â¨³ Á��¢dÃ¨�È°��´ °°Á¦̧¥ 

(Staphylococcus Aureus; gram-positive) Á�}���·�Â�¦¤�ª� Á�}��o� µ¤µ¦�Ä�o¦́�¬µ�µ¦�·�Á�ºÊ°�¸É

�¦·Áª��¦³�¼� ¦³���µ�Á�·�®µ¥Ä� �·ª®�́� Â¨³£µª³�·�Á�ºÊ°Ä��¦³ÂÁ¨º°�Å�o �¹É�¥µ�̧Ê�³°°�§��·Í

�nµÁ�ºÊ° (Bactericidal) Á¤ºÉ°¤¸�ªµ¤Á�o¤�o�¼� Â�n�³¤¸§��·Í¥´�¥´Ê�Á�ºÊ° (Bacteristatic) �¸É¦³�́��ªµ¤

Á�o¤�o�®�¹É� Â¨³°°�§��·ÍÃ�¥¥´�¥´Ê��µ¦¦oµ�Ã�¦�̧� Â¨³�ÎµÄ®o�µ¦°nµ� genetic code �� m RNA 

�·�Å� [47,48]

2.5 �(Electrospinning)
�µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�Á�}��¦³�ª��¸ÉÁ�·��¹Ê�¤µ¤µ��ªnµ 60 �e�Â�n¡¹É�Å�o¦́��ªµ¤

�Ä�«¹�¬µ�´�°¥nµ��¦·��́�Á¤ºÉ°Å¤n�¸É 10 �e�¸É�nµ�¤µ Ä��e��.«. 1934 Formhals [8] Å�o��·��·�´�¦

�¦³�ª��µ¦Â¨³Á�¦ºÉ°�¤º°�¸ÉÄ�oÂ¦��µ�Å¢¢jµÄ��µ¦´�Á�¦µ³®rÁo�Ä¥ Ä��e��.«. 1969 Taylor [8] Å�o�

�̧¡·¤¡r�¨�µ��¸É°�·�µ¥�¹��¦µ���µ¦�r�¸ÉÁ�·��¹Ê� Ä���³�¸Éµ¦¨³¨µ¥¡°¨·Á¤°¦r¡»n�°°��µ�Á�È¤

Ã¨®³�µ��µ¦Ä®o«´�¥rÅ¢¢jµÂ¦��́�¼� �ÎµÄ®o�¦¼�¦nµ��°�µ¦¨³¨µ¥�µ��¦��¨¤¤¸�́̈�¬�³Á�}�

µ¤Á®¨¸É¥¤�¨oµ¥Ã�� Á¤ºÉ°Â¦��µ¤Å¢¢jµ¤¸�nµÁ�nµ�´�Â¦��¹��·ª�°�µ¦¨³¨µ¥¡°¨·Á¤°¦r��¹É��n°¤µ¤¸�

�µ¦Á¦̧¥�¨´�¬�³�̧Êªnµ Taylor cone �µ¦Á�¨¸É¥�Â�¨�¦¼�¦nµ�Á�}� Taylor cone �³�¹Ê��´��ªµ¤®�º�

�°�µ¦¨³¨µ¥¡°¨·Á¤°¦r��e��.«. 1971 Baumgarten [8] Á¦·É¤«¹�¬µ�¨�°��µ¦Á�¨¸É¥�Â�¨�µ¦¨³¨µ¥

¡°¨·Á¤°¦rÂ¨³¡µ¦µ¤·Á�°¦rÄ��¦³�ª��µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r��ÎµÄ®o¦¼oªnµ¡µ¦µ¤·Á�°¦r�nµ�Ç ¤¸�

�¨�n°´��µ�ª·�¥µ�°�Áo�Ä¥�¸ÉÅ�o�Ä��e��.«. 1995 Reneker [49] Å�o«¹�¬µ°¥nµ�Á�}�¦³��¤µ��¹Ê�

�ÎµÄ®o��µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�Å�o¦́��ªµ¤�Ä��µ��́�ª·�́¥�nµ�Ç �´ÉªÃ¨� Á®È�Å�o�µ��Îµ�ª�

�¨�µ��̧¡·¤¡rÄ�ªµ¦µ¦ª·�µ�µ¦�µ�µ�µ�·Á¦ºÉ°��nµ�Ç �¸ÉÁ�¸É¥ª�´��µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�¤¸�

Â�ªÃ�o¤Á¡·É¤�¹Ê�Á¦ºÉ°¥Ç [1] 

 �µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥rÁ�}��µ�Á¨º°�Ä®¤n�¸Éµ¤µ¦�Ä�oÁ�¦̧¥¤Áo�Ä¥�µ�ª́�»¡°¨·�

Á¤°¦rÂ¨³µ¦°�·��¦̧¥r°°�Å��r®¨µ�®¨µ¥��·� µ¤µ¦��¦³¥»��rÄ�oÄ��µ��µ¦Â¡�¥r�[3,4] Á£´�

�¦¦¤ [5] Â¨³�µ��oµ�°ºÉ�Ç [6] °̧�¤µ�¤µ¥ �¹É�Á���·��̧ÊÁ�}�ª·�¸��¨·�Áo�Ä¥Ä®o¤¸���µ�Áo��nµ�

«¼�¥r�¨µ�¦³�́��µÃ�Á¤�¦Å����¹�¤µ��ªnµÅ¤Ã�¦Á¤�¦ Ã�¥°µ«́¥Â¦��́�Å¢¢jµ�¸ÉÁ�·��µ��ªµ¤�nµ�

«´�¥r�Å¢¢jµ Îµ®¦́�¦³��¡ºÊ��µ�¤¸nª��¦³�°�®¨´��¸ÉÎµ�́� 3 nª� �º° Â®¨n��ÎµÁ�·�Å¢¢jµÂ¦��́�
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¼� (High voltage power supply) ®¨°��¦¦�»µ¦¨³¨µ¥�¸É�·��¨µ¥Á�È¤Ã¨®³ (Syringe with metal 

needle) Â¨³ª́�»¦°�¦́��¸ÉÁ�}�Ã¨®³ (Metal collector) 

®¨´��µ¦�µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r  Á¦·É¤�µ��µ¦Ä®o«´�¥rÅ¢¢jµÂ¦��́�¼�Â�n�

µ¦¨³¨µ¥¡°¨·Á¤°¦r�®¦º°¡°¨·Á¤°¦r�¸É®¨°¤Á®¨ª �nµ�Á�È¤Ã¨®³�¨ª��̧É¤¸Áo��nµ�«¼�¥r�¨µ���µ�

Á¨È� �ÎµÄ®o�Á�·�Â¦��¨´��µ�Å¢¢jµÄ�µ¦¨³¨µ¥¡°¨·Á¤°¦r Á¤ºÉ°«´�¥rÅ¢¢jµÁ¡·É¤�¹Ê� ®¥�µ¦¨³¨µ¥

¦¼��¦��¨¤���¨µ¥Á�È¤�³Á¦·É¤Á�¨¸É¥�¦¼�¦nµ�Á�}�¦¼�Ã�� (Â¦��¨´��µ�Å¢¢jµ¤¸�nµÁ�nµ�´�Â¦��¹��·ª

�°�µ¦¨³¨µ¥¡°¨·Á¤°¦r�) Â¨³Á¤ºÉ°Â¦��¨´��µ�Å¢¢jµ¤¸�nµ¤µ��ªnµÂ¦��¹��·ª�°�µ¦¨³¨µ¥¡°¨·�

Á¤°¦r µ¦¨³¨µ¥�³¡»n��°��µ��¨µ¥�°�Ã��Å�¥´�ª́�»¦°�¦́� �¹É��n°Á�oµ�´�«´�¥rÅ¢¢jµÂ¦��́��ÎÉµ �Îµ

Ä®oÁ�·�Á�}��µ¤Å¢¢jµ¦³®ªnµ��¨µ¥Á�È¤�´�ª́�»¦°�¦́� µ¦¨³¨µ¥�³¡»n�Á�}�Â�ª�¦�Ä�¦³¥³®�¹É� 

Â¨³�³�nµ�Á�oµÅ�Ä�nª��°� whipping instability �¹É��³Á�·��µ¦¦³Á®¥�°��́ª�Îµ¨³¨µ¥ �¨µ¥Á�}�

Áo�Ä¥��µ�Á¨È����o°��´��´���ª́�»¦°�¦́�Ä�¨´�¬�³Å¤nÅ�o�° (Non-woven) Ä�nª��°�Á�È¤

�¸��¸É�¦¦�»µ¦¨³¨µ¥¡°¨·Á¤°¦r �³�o°�¤¸�µ¦�ª��»¤Ä®o¤¸°́�¦µ�µ¦Å®¨�¸É¤ÎÉµÁ¤°Ã�¥ª·�¸�nµ�Ç Á�n� 

Â¦�Ã�o¤�nª��°�Ã¨� (gravitational force) �{�¤ (syringe pump) Â¦��́��pµ� (pressure gas) Á�}��o� 

Ä�nª��°�ª́�»¦°�¦́��È¤¸®¨µ¥��·� Á�n� Á¡¨� (stationary plate) �¦́¤ (rotating drum) Á�}��o� 

�µ��µ¦«¹�¬µ�°��́�ª·�́¥Å�o�¤¸�µ¦Ä�o¡°¨·Á¤°¦r��·��nµ�Ç ¤µ��ªnµ 50 ��·� ¤µ�Îµ�µ¦�{~�Áo�Ä¥�oª¥

Å¢¢jµ�·�¥r�[50] Â���́��µ¦µ��̧É 2.3

�µ¦µ��¸É 2.3 �́ª°¥nµ�¡°¨·Á¤°¦r�¸ÉÄ�oÁ���·��µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�Â¨³�µ¦�ÎµÅ�Ä�o�[50]

Polymer Solvent Concentration Perspective 
Application

Nylon6,6, PA-6,6 Formic acid 10 wt.% Protective clothing

Polyurethanes, PU Dimethyl formamide 10 wt.% Electric, Filter

Collagen-PEO Hydrochloric acid 1y2 wt%
Wound healing, 

Tissue engineering

Polyaniline (PANI)/PEO Chloroform 2y4 wt% Conductive fiber

Polyvinylcarbazole Dichlormethane 7.5 wt.% Sensor, Filter

Cellulose acetate, CA
Acetone, Acetic acid, 

Dimethylacetamide
12.5y20% Membrane

Polyvinil alcohol, PVA Distilled water 8y16 wt.% Drug delivery system
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�µ¦µ��̧É 2.3 (�n°) �́ª°¥nµ�¡°¨·Á¤°¦r�¸ÉÄ�oÁ���·��µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�Â¨³�µ¦�ÎµÅ�Ä�o�[50]

Polymer Solvent Concentration Perspective 
Application

Polylactic acid, PLA Dichloromethane 14 wt% Drug delivery system

Polyacrylonitrile, PAN Dimethyl formamide 600 mg/10-5m3 Carbon nanofiber

Polyethylene oxide, PEO Distilled water 7y10 wt.%
Electret filter, blend 

other polymer

poly vinyl phenol, PVP Tetrahydrofuran
20, 60% 

(wt./vol.)
Antimicrobial agent

Polycaprolactone, PCL
Chloroform:methanol 

(3:1)
- Biomedical application

2.6 (Coaxial- Electronspinning)
Ä��µ¦�ÎµÄ®oÁo�Ä¥�µÃ�¤¸®�oµ�¸É®¦º°¤�´�·¡·Á«¬Á�¡µ³�́ª (Functionalization) Ã�¥�µ¦

¦ª¤Á°µÃ¤Á¨�»¨ µ¦®¦º°nª��¦³�°�°ºÉ� (Ã�¥Á�¡µ³Ä��oµ�Á��Ã�Ã¨¥¸Á��Á�°¦r ª·«ª�¦¦¤

Á�ºÊ°Á¥ºÉ° �µ¦�Îµn�¥µ Â¨³�µÃ�°·Á¨È�Ã�¦�·�r�) Á�oµ�´�Áo�Ä¥�µÃ�Ä�®¨µ¥�¦�̧Å¤nµ¤µ¦��ÎµÃ�¥

�µ¦Ä�oÁ���·��µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�°¥nµ��nµ¥ �´Ê��̧ÊÁ�ºÉ°��µ�¤¸�{�®µ�̧ÉÎµ�́�°¥¼n®¨µ¥

�¦³�µ¦ Á�n� �{�®µ�µ¦Á�È�µ¦ (Á°�Å�¤r Ã�¦�̧� ¥µ Åª¦́ Â¨³Â���¸Á¦̧¥) Ä®o�°¥¼n¦nª¤�´�Áo�Ä¥�µ

Ã�Á�}�Å�Å�o¥µ� Á¡¦µ³µ¦Á®¨nµ�̧Ê�³�¼��¤�´��́ª�Îµ¨³¨µ¥Ä®o�¨µ¥Á�}��°�Á®¨ª Â¨³Á�¨¸É¥�

�¨´�¤µÁ�}��°�Â�È� (Á�}�Áo�Ä¥) �ÎµÄ®o�µ¦��£µ¡ ®�oµ�¸É ®¦º�°�»�¤�´�·�Á�·¤Å¤nÅ�o��n°¤µÁ�}�

�{�®µÁ¦ºÉ°��ÊÎµ®�́�Ã¤Á¨�»¨�°�ª́�»�¸É�³Ä�o��¤¥µ Á�n� PEG nª�¤µ�Ä�o PEG �ÊÎµ®�́�Ã¤Á¨�»¨�ÉÎµ

�ÎµÄ®o�µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r°¥nµ��nµ¥Á�}�Å�Å�o¥µ� °¥nµ�Å¦�È�µ¤�{�®µ�̧Êµ¤µ¦�Â�oÅ�Å�o�

�oª¥�µ¦Ä�oÁ���·��µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�Â��¦nª¤Â�� [51]

�µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�Â��¦nª¤Â���³Ä�o®́ª�¸� (Nozzle) �¸É¤¸Â����µ�¦nª¤�´�

�o°��´�°¥¼n°�°́� Â��£µ¡�¸É 2.5 �nµ«´�¥rÅ¢¢jµ�¸ÉÄ®o�´��´Ê�°�®́ª�¸�¤¸��µ�Á�nµ�´� Â¨³�ÎµÄ®oÁ�·�

¨Îµ�°�¡°¨·Á¤°¦r¡»n�°°�¤µ�µ��¨µ¥®´ª�¸� Â¨³Á�·�Á�}�Áo�Ä¥�µÃ�Â��Â��Ä�-Á�¨º°��°� 

(Core-Shell nanofiber) �{�®µ�̧É¡�Ä�¦³®ªnµ��µ¦Á�·�Áo�Ä¥�µÃ�Â��Â��Ä�-Á�¨º°��°��º° �µ¦

�¸É®¥��oµ��°� (Outer droplet) µ¤µ¦��¼�Á�¨¸É¥�Á�}�¨ÎµÅ�o Ä���³�̧É®¥��oµ�Ä� (Inner droplet) 

Å¤nµ¤µ¦��¼�Á�¨¸É¥�Á�}�¨ÎµÅ�o Â��Ä�£µ¡�̧É 2.6 �oµ¥ �¸ÉÁ�}�Á�n��̧Ê Á¡¦µ³®¥�µ¦¨³¨µ¥�oµ�Ä�
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Å¤n¤¸�¦³�»�¸É�·ª�¸ÉÁ�·��µ�Â¦�Å¢¢jµ�·�¥r �́��́Ê� �µ¦Á�¨¸É¥�¦¼��°�µ¦¨³¨µ¥�oµ�Ä�Ä®oÁ�}�Â��Ä�

�°�Áo�Ä¥Á�·��µ�Â¦�®�º� (viscous force) Á¡¸¥�°¥nµ�Á�̧¥ª 

�µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�Â��¦nª¤Â��Å¤nÁ¡¸¥�Â�nÄ�o�¦³�·¬�rÁo�Ä¥�µÃ��¸É¤¸Â��

Ä��¸É�n°Á�ºÉ°�Á�nµ�́Ê� ¥´�µ¤µ¦�Ä�o�¦³�·¬�rÁo�Ä¥�µÃ��¸É¤¸¨´�¬�³Á�}�®¥� (®¥��¦��¨¤ ®¥�

�¦�ª�¦̧�) �n°Á�ºÉ°�°¥¼n£µ¥Ä�Á�¨º°��°�Å�o°̧��oª¥ [51]

£µ¡�¸É 2.5 (�oµ¥) Â��£µ¡�µ¦�́�¦³��®́ª�¸�Îµ®¦́��µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�Â��¦nª¤Â�� 

(�ªµ) ¦³��®́ª�¸�Îµ®¦́�Ä�oÄ�®o°���·�´�·�µ¦ [51]

£µ¡�¸É 2.6 (�oµ¥) �¨µ¥®́ª�¸�Â��Â��Ä�-Á�¨º°��°� Â¨³ (�ªµ) Áo�Ä¥�¤Â��Â��Ä�-Á�¨º°�

�°��°� Polyvinylidene fluoride (PVDF) (Â��Ä�) Â¨³ polycarbonate (PC) (Á�¨º°��°�) [51]

2.7  Disc diffusion [52]

ª·�¸�¸ÉÄ�o�´�°¥nµ�Â¡¦n®¨µ¥¤µ��̧É»��º° Disc diffusion method (Kirby-Bauer) Ã�¥Á�}��¸É

¥°¤¦́��°�°��r�µ¦°µ®µ¦Â¨³¥µ Á�}��µ¦��°�Á�·��»�£µ¡Á�nµ�́Ê� µ¤µ¦��°�Å�oÁ¡¸¥�ªnµÁ�ºÊ°¤¸�

�ªµ¤Åª�n°¥µ ¤¸�ªµ¤Åª�µ��¨µ� ®¦º°�ºÊ°¥µ Å¤n°µ��¦µ��nµ�ªµ¤Á�o¤�o��ÉÎµ»��¸É¤¸§��·Í¥´�¥´Ê��µ¦

Á�¦·�Á�·�Ã� ®¦º°�nµ�ªµ¤Á�o¤�o��ÉÎµ»��¸É¤¸§��·Í�nµÁ�ºÊ°Â���¸Á¦̧¥Å�o 99.9 % Å�o Å¤nÁ®¤µ³Ä��µ¦

��°�Á�ºÊ°�¸ÉÁ�¦·��oµ Â¨³Á�ºÊ°Â���¸Á¦̧¥�¸ÉÁ�¦·�Á�·��Ã��¸É£µª³Å¤n¤¸°°��·Á�� (Anaerobic bacteria) 

Â�n°¥nµ�Å¦�È�µ¤ª·�¸�̧ÊÁ�}�ª·�¸��°��¦³�Îµ®o°���·�´�·�µ¦�¸É�̧�¸É»�



13

2.8
F. Yang et al. [53] Å�o«¹�¬µ�¦³·��·£µ¡�°�Áo�Ä¥�µÃ� PLLA Á¡ºÉ°Ä�oÄ��µ�

ª·«ª�¦¦¤Á�ºÊ°Á¥ºÉ°�¦³µ� Ã�¥�¹Ê�¦¼��oª¥Á���·��µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r £µ¥Ä�o�µ¦�ª��»¤

£µª³Â¨³��µ�Áo��nµ�«¼�¥r�¨µ�Ä���³�Îµ�µ¦�{~�Áo�Ä¥ Ã�¥«¹�¬µ�¨�°��ªµ¤Á�o¤�o��°�

µ¦¨³¨µ¥ Ä��µ¦��¨°��̧ÊÄ�o�Â�n�Áo�Ä¥ PLLA �¸É¤¸�µ¦�́�Á¦̧¥�Â��»n¤ (Random) �¹É�Á�¦̧¥¤

µ¦¨³¨µ¥¡°¨·Á¤°¦r�µ� PLLA (Mw 300,000) ¨³¨µ¥Ä� Dichoromethane/N,N-Dimethyl-

formamid (70/30) �¸É�ªµ¤Á�o¤�o� 1%, 2%, 3% Â¨³ 5% w/w °́�¦µ�µ¦�¸��°�µ¦¨³¨µ¥ 1.0 ml/hr

�³Ä�oÁ�È¤�¸�¥µÁ�°¦r 18G �¸É¤¸��µ�Áo��nµ�«¼�¥r�¨µ�£µ¥Ä� 1.2 mm �´�µ¦¨³¨µ¥ PLLA 5% w/w

Â¨³Ä�oÁ�È¤Á�°¦r 22G �¸É¤¸��µ�Áo��nµ�«¼�¥r�¨µ�£µ¥Ä� 0.7 mm �´�µ¦¨³¨µ¥ PLLA �¸É�ªµ¤

Á�o¤�o� 1%, 2% Â¨³ 3% w/w ¦³¥³®nµ�¦³®ªnµ��¨µ¥Á�È¤�¸�¥µ�´��́ª¦°�¦́�®nµ��´�Á�}�¦³¥³ 10 

cm Îµ®¦́�Â�n�Áo�Ä¥Â���¸É¤¸�µ¦�́�Á¦̧¥��́ª �³Ä�o�́ª¦°�¦́�Â�� disk Â¨³Â�n�Áo�Ä¥�¸É¨´�¬�³

�°�Áo�Ä¥Á�}�Â��»n¤ �³Ä�o�́ª¦°�¦́�Â�� plate Îµ®¦́��ªµ¤Á¦Èª¦°��µ¦®¤»��º° 1000 rpm 

�ªµ¤�nµ�«´�¥r�¸ÉÄ�o�¸É 12 kV Â¨oª�ÎµÂ�n�Áo�Ä¥�¸ÉÅ�oÅ���°��ªµ¤Á�¸¥¦�°�Áo�Ä¥®¨´��nµ��µ¦

��°��µ¦�µ¥¦́�¸ UV �¨�µ¦��¨°� ¡�ªnµ�ªµ¤Á�o¤�o�¤¸°·��·¡¨�n°�»�£µ¡�°�Áo�Ä¥ PLLA

Ã�¥�¸É�ªµ¤Á�o¤�o��°�µ¦¨³¨µ¥Á¡·É¤�¹Ê� �³�ÎµÄ®o��µ�Áo��nµ�«¼�¥r�¨µ�Áo�Ä¥¤̧�nµÁ¡·É¤�¹Ê��µ�Ä�

¦³�́��µÃ�Á¤�¦Á�¨¸É¥�Á�}�¦³�́�Å¤Ã�¦Á¤�¦�́Ê�Ä�¦¼�Â���¸É¤¸�µ¦�́�Á¦̧¥��́ª�°�Áo�Ä¥Â¨³Â��

»n¤

Kwangsok Kim. et al. [54] Å�o«¹�¬µ�µ¦�ª��»¤�µ¦�¨��¨n°¥¥µ Cefoxitin Sodium 

(Mefoxin®) Ã�¥Ä�o�Áo�Ä¥ Poly(lactide-co-glycolide) Â¨³ (PLGA/PLA/PEG-b-PLA) blend 

(80:5:15) Á�}�ª́�»�Îµn�¥µ Ã�¦�¦oµ��µ�´��µ�ª·�¥µ�³«¹�¬µÃ�¥Ä�oÁ���·� Scanning Electron 

Microscope (SEM,LEO 1550) Â¨³��°��µ¦�¨��¨n°¥¥µÃ�¥��°��µ¦¥´�¥´Ê�Á�ºÊ° 

Staphylococcus Aureus Ä�£µª³�¦·�Á�}��µ¦��°� �º° �ÎµÄ��µ�Á¡µ³Á�ºÊ°Ä��ÊÎµ�¸É°»�®£¼¤· 37
oC �µ� 24 �´ÉªÃ¤� Â¨³��°��¦·¤µ�Â���¸Á¦̧¥Ã�¥Ä�o UV-Vis Spectroscopy �¸É�ªµ¤¥µª�¨ºÉ� 

625 nm (Îµ®¦́�Á�ºÊ°¦µ) �¨�µ��µ¦��¨°� ¡�ªnµ �µ¦Á�·¤�́ª¥µ Cefoxitin Sodium ¨�Ä�µ¦¨³¨µ¥

¡°¨·Á¤°¦r�́Ê� �³�ÎµÄ®o¨´�¬�³�°�Áo�Ä¥¤�¼¦�r¤µ��¹Ê�¤¸�¦·¤µ� Beads ¨�¨� ��µ��°�

Áo��nµ«¼�¥r�¨µ�¨�¨� Â¨³�ªµ¤®�µÂ�n�Á�¨¸É¥¨�¨� Á�}��¨�µ�Å°°°��°�¥µ�¸ÉÁ�·¤¨�Å��³Å�

Á¡·É¤�¦³�»Ä®o�´�µ¦¨³¨µ¥�ÎµÄ®o�nµ�µ¦�ÎµÅ¢¢jµÁ¡·É¤�¹Ê� nª�Ä��oµ��µ¦�¨��¨n°¥¥µ ¡�ªnµ Áo�Ä¥

(PLGA/PLA/PEG-b-PLA) blend (80:5:15) �ÎµÄ®o��́ª¥µµ¤µ¦�Â�¦�Á�oµÅ�Å�o��̧��ª��»¤�¦·¤µ�

�µ¦�¨��¨n°¥¥µÂ¨³¨´�¬�³�µ¦�¨��¨n°¥¥µÅ�o°¥nµ�¤�¼¦�r�¸É»�
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XiulingXu. et al. [55] Å�o«¹�¬µÁo�Ä¥�¸É¤¸��µ�Á¨È�¤µ� (Ultrafine fiber) �¹É��¹Ê�¦¼�Ã�¥

�µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r�°�µ¦�¤Â���ÊÎ µ�´��ÊÎ µ¤´�  (Emulsion) Ä��´Ê��°��ÊÎ µ

�¦³�°��oª¥�ÊÎµ�´�¥µ doxorubicin hydrochloride (DOX) Â¨³�´Ê��°��ÊÎµ¤´��¦³�°��oª¥

chloroform �´� Poly(ethylene glycol)-poly (L-lactic acid) (PEG-PLLA) �¸ÉÁ�}�Â�� Di block 

copolymer Ã�¥£µª³�°��µ¦�¹Ê�¦¼� �º° Ä�oÁ�È¤�¦¦�»µ¦��µ��°�Áo��nµ�«¼�¥r�¨µ�£µ¥Ä�

Á�nµ�´� 0.4 mm °́�¦µ�µ¦�¸�µ¦¨³¨µ¥ 50-70 μl/min �ªµ¤�nµ�«´�¥rÅ¢¢jµ 2.5-2.8 kV ¦³¥³®nµ�

¦³®ªnµ��¨µ¥Á�È¤�¦¦�»µ¦�´��́ª¦°�¦́� 18 cm �ªµ¤Á�o¤�o��°�µ¦¨³¨µ¥ PEG5000-

PLLA/CHCl3 7 %wt. �¹É�«¹�¬µ surface morphology Â¨³��µ��°�Áo�Ä¥Ã�¥ Environmental 

Scanning Electron Microscope �¸É�ªµ¤�nµ�«´�¥rÅ¢¢jµ�Îµ¨´�¼� 20 kV Â¨³«¹�¬µ�µ¦�¨��¨n°¥¥µ

�°�Áo�Ä¥�̧É¤¸ Doxorubicin hydrochloride (Dox), Sodiumdodecylsulphate (SDS), Chloroform, 

Triethyl benzyl ammonium chloride (TEBAC), Poly(ethylene glycol)(PEG)-L-lactide (LLA, 

Purac)�¨�µ¦��¨°� ¡�ªnµ �µ¦Á�·¤ SDS ¨�Å�Ä�µ¦¨³¨µ¥¡°¨·Á¤°¦r��ÎµÄ®oÂ¦��¹��·ªÄ��´Ê��ÊÎµ¤´�

�ÉÎµ¨� Â�n�Dox �¸ÉÁ�·¤¨�Å��́Ê�Á�}� hydrophilic drug �¹É�Å¤n¨³¨µ¥Ä� PEG-PLLA/CHCl3 Á¤ºÉ°�¤

�´��¹�Á�·�Á�}�µ¦¨³¨µ¥�¸É¤¸ emulsion drop Ä��¦·¤µ�¼� �¹É��¨�°��µ¦�ÎµÄ�¦¼�Â�� emulsion �̧Ê

�ÎµÄ®o¥µ�¸ÉÅ¤n¨³¨µ¥Ä�¡°¨·Á¤°¦r�µ¤µ¦�¦ª¤�́ªÂ¨³Á�oµÅ�Ä�Áo�Ä¥Å�o°¥nµ�¤�¼¦�r¤µ��¹Ê� nª�

�¦·¤µ��µ¦�¨��¨n°¥¥µ�́Ê� ¡�ªnµ �¸ÉÁª¨µÁ¦·É¤�o��³�¨��¨n°¥¥µ°¥nµ�¦ª�Á¦ÈªÂ¨³Á¤ºÉ°Áª¨µ�nµ�Å�

�³�¨��¨n°¥�oµ¨� ¦ª¤�´Ê� Ä�¡°¨·Á¤°¦r�¸É¤¸ PEG ��·��ÊÎµ®�́�Ã¤Á¨�»¨¼��ªnµ�³µ¤µ¦��́�Á�È�¥µ

Å�oÄ��¦·¤µ�¤µ��¸É»�Â¨³µ¤µ¦��¨��¨n°¥°°�¤µÅ�o¤µ��¸É»�Á�n��´�

Pillin, Isabelle., Montrelay. Nicolas Â¨³ Grohens,Yves. [37] Å�o«¹�¬µ¤�´�·Á�·��¨�°�

¡°¨·Â¨��·�Â°·��¸É¤¸�µ¦Á�·¤µ¦¡¨µ�·Å�Á�°¦r�nµ���·��´� Ã�¥Ä��µ�ª·�́¥�̧ÊÄ�o¡°¨·Â¨��·�

Â°·��¸É¤¸�ÊÎµ®�́�Ã¤Á¨�»¨Á�nµ�´� 74,000 g/mol Â¨³Ä�o�¡¨µ�·Å�Á�°¦r�º° Poly(1, 3-butanediol) 

Mw = 2100, Dibutylsebacate Mw = 314, Acetyl glycerol monolaurate Mw = 358, Poly(ethylene 

glycol) Mw = 200, 400 Â¨³ 1000 g/mol Ã�¥�¤¡¨µ�·Å�Á�°¦r�¸É 10, 20 Â¨³ 30% Ã�¥¤ª¨ Ã�¥

Ä�oÁ�¦ºÉ°��¤ Brabender, 50 EHT �¸É°»�®£¼¤· 180 oC �µ� 15 �µ�¸ �ªµ¤Á¦Èª�µ¦®¤»�Ä�¤¸� 30 ¦°�

�n°�µ�̧ Â¨oª�Îµ¤µ�¹Ê�¦¼���µ� 20×20×0.8 cm3Á¡ºÉ°Ä�oÄ��µ¦��°��µ¦�¹�¥º��¨�̧ÉÅ�o�º° ¡¨µ�·�

Å�Á�°¦r�¸ÉÁ�·¤¨�Å��́Ê�¤¸�¨�ÎµÄ®o�nµ¤°�¼¨´¨�¨� Â¨³�µ¦¥º��́ª�¸É�»��µ�Á¡·É¤�¹Ê� �¹É�¡°¨·Á°��·¨¸�

Å�¨�°¨Ä®o�¨Ä��µ¦¨�¨��°�¤°�¼¨´¤µ��¸É»� Â¨³�¦·¤µ�Ä��µ¦�¤¤µ��̧É»�°¥¼n�¸É 20 % �oµ

¤µ��ªnµ�́Ê��¹Ê�Å�Â¨oª�³Á�·��µ¦�¤Å¤nÁ�oµ�´� nª��nµ¦³¥³¥º��́Ê�Ä®o�nµÁ¡·É¤�¹Ê����¹��¸É 20 % 

Á�n��´� Á�ºÉ°��µ��µ¦�¤�°�¡°¨·Â¨��·�Â°�·��´�¡°¨·Á°�·¨¸�Å�¨�°¨�́Ê�Á�oµ�´�Å�o�̧�Á¤ºÉ°�¤ ¡°
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¨·�Á°�·¨¸�Å��°¨Ä��¦·¤µ��o°¥Ç Á�nµ�́Ê� ¦ª¤�´Ê��¦·¤µ��¨¹��¸ÉÁ�·��¹Ê�Ä��µ¦�¤�́Ê�Á�}��́ª�ÎµÄ®o�

Á�·��µ¦Â¥�Á¢°°��µ��́� �nµ¤°�¼¨´�¹�¨�¨�

P. Frutoset al. [56] Å�oª·Á�¦µ³®r®µ�¦·¤µ��́ª¥µÁ���µ¤́¥�·� Ã�¥�Îµ�µ¦ª·Á�¦µ³®r�nµ�

��·�·¦·¥µ Ninhydrin-gentamicin reaction �¹É�¤¸�µ¦«¹�¬µ�¨�°��ªµ¤Á�o¤�o� �¨�°��nµ pH �°�

µ¦¨³¨µ¥�´¢Á¢°¦r�¸ÉÄ�o Â¨³Áª¨µÄ��µ¦Ä®o�ªµ¤¦o°� �¹É��´¢Á¢°¦r�¸ÉÄ�o¤¸�nµ pH °¥¼n�¸É 7.4 Â¨³ 9

nª��ªµ¤Á�o¤�o��°�µ¦�·�Å±�¦·��¸ÉÄ�o�́Ê�Á�¦̧¥¤�¸É�ªµ¤Á�o¤�o� 1.25% m/v Â¨³�¦́�Á�¨¸É¥�

�¦·¤µ�µ¦�¸ÉÄ�o Â¨³Áª¨µ�¸ÉÄ�o�́Ê�°¥¼n�¸É 5 y 45 �µ�¸ Â¨oª�Îµ�µ¦ª·Á�¦µ³®rÃ�¥Ä�oÁ���·� UV-Visible 

spectrometry �¨�¸ÉÅ�o�º° Á¤ºÉ°Á���µ¤́¥�·��Îµ��·�·¦·¥µ�´��·�Å±�¦·� Ã�¥Ä�o�µ¦¨³¨µ¥Á���µ¤´¥�·�

5 ml �¤�´��·�Å±�¦·� 1.5 ml Â¨³µ¦¨³¨µ¥�´¢Á¢°¦r�¸É pH 7.4 �¦·¤µ� 3.5 ml Â¨oª�ÎµÅ�Ä®o�

�ªµ¤¦o°��¸É 95OC �µ��¦³¤µ� 30 �µ�¸ �³Á�·�µ¦�¸É¤¸¸¤nª��¹Ê� Á¤ºÉ°ª·Á�¦µ³®r�oª¥Á���·� UV-

Visible spectrometry �³¡�¡¸��°��¦µ¢�̧É�ÎµÂ®�n� 315, 400 Â¨³ 550 nm �¹É�µ¤µ¦�Á¨º°�¤µÄ�o�

Ä��µ¦ª·Á�¦µ³®r®µ�¦·¤µ��n°Å�

H.-I. Chang.et al. [57] Å�o«¹�¬µ�µ¦�ª��»¤�µ¦�¨��¨n°¥¥µÁ���µ¤́¥�·��µ�Â�n�Áo�

Ä¥�¸ÉÅ�o�µ��¦³�ª��µ¦�{~�Áo�Ä¥Â��°µ«´¥Â¦�Ã�o¤�nª��°�Ã¨� (Gravity spinning) Ã�¥Ä�o¡°¨·�

Â��Ã�¦Â¨�Ã�� Mw Á�nµ�´� 115,000 ¨³¨µ¥Ä�°³�¸Ã���¸É�ªµ¤Á�o¤�o� 20 % Ã�¥¤ª¨�n°

�¦·¤µ�¦ Â¨³�¤��Á���µ¤́¥�·�Ä��¦·¤µ� 5, 10, Â¨³ 20 % Ã�¥¤ª¨ �Îµ¤µ�¹Ê�¦¼�Ã�¥Ä�oª·�¸ 

Gravity spinning Â¨oª��°��µ¦�¨��¨n°¥¥µÁ���µ¤́¥�·�Â�� In vitro Ã�¥Ä�o�´¢Á¢°¦r¢°Á¢�

�¸É¤¸ pH Á�nµ�´� 7.4 �¸É 37 OC Ä�oÁª¨µÄ��µ¦��°�¤µ��ªnµ 50 ª́�Â¨oª�ÎµÅ���°��¦·¤µ�¥µ�¸ÉÅ�o�

�oª¥Á���·� UV-Visible spectrometry �¨�¸ÉÅ�o�º° �¦·¤µ�¥µ�¸É¡�Ä�Áo�Ä¥Ä��¦�¸�¸ÉÄ�o�µ¦�¤

Â���¦³�µ¥�́ªÁ�}�Á�ºÊ°Á�̧¥ª�´��́Ê� ¡�ªnµÅ�o�¦·¤µ�¥µ�¹� 90 % Â�n�oµÄ�o�µ¦�¤Â���¦¦¤�µ�³

¡��¦·¤µ�¥µ�¸É°¥¼nÄ�Áo�Ä¥�¦³¤µ� 64 % Á¤ºÉ°�¼�µ¦�¨��¨n°¥¥µ�³¡�ªnµ �¦�̧�¸ÉÄ�o�µ¦�¤Â��

�¦³�µ¥�́ªÁ�}�Á�ºÊ°Á�̧¥ª�´� �³Ä®o�µ¦�¨��¨n°¥¥µ°°�¤µ�¦³¤µ� 80 y 90 % Ä��nª� 10 ª́� Â¨oª

�¹��n°¥Ç ���¸É Â�nÄ��¦�̧�µ¦�¤Â���¦¦¤�µ�́Ê�¤¸¡§�·�¦¦¤�µ¦�¨��¨n°¥¥µÂ���n°¥ÇÁ¡·É¤�¹Ê�

Â¨oª���¸É �¹É�¤¸�µ¦�¨��¨n°¥�¦³¤µ� 30 % �¸É 24 �´ÉªÃ¤� 60 % �¸É 10 ª́�Â¨³ 78 % �¸É 50 ª́� 

Á�ºÉ°��µ� ¨´�¬�³�°�¥µ�̧ÉÅ¤n¨³¨µ¥Ä�Áo�Ä¥�ÎµÄ®o¥µ�́Ê�Á�µ³°¥¼n�¸É�¦·Áª��·ª�°�Áo�Ä¥Á�nµ�́Ê� 

nª�Ä��¦�̧�¸É�µ¦�¨��¨n°¥¥µÁ�}�Â���n°¥ÇÁ¡·É¤�¹Ê�Â¨oª���¸É�́Ê� Á�·��µ��µ¦�¸É°�»£µ��°�¥µ�¼�

�´�®¦º°�·�°¥¼nÄ��n°�Â¨³¦¼¡¦»��°�Â�n�Áo�Ä¥�ÎµÄ®oÂ¡¦n°°�¤µÅ�o�oµ�ªnµ

Orawan Suwantong., Uracha Ruktanonchai Â¨³ Pitt Supaphol. [58] Å�o«¹�¬µ�µ¦Ä�o 

asiaticoside �¤�´� CA 17 w/v.% Ä�°́�¦µnª� acetone/ dimethylacetamide 2:1 v/v.% Á�}��́ª�Îµ

¨³¨µ¥ Â¨³Ä�o�¦³�ª��µ¦�{~�Áo�Ä¥�oª¥Å¢¢jµ�·�¥r Á¡ºÉ°Ä®oÅ�oÂ�n�Áo�Ä¥ Ã�¥Ä�o£µª³�µ¦�{~�
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Áo�Ä¥�¸É�ªµ¤�nµ�«´�¥r�Å¢¢jµ 17.5 kV Â¨³¦³¥³¦³®ªnµ��¨µ¥Á�È¤�¹�ª́�»¦°�¦́�°¥¼n�¸É 15 cm ���¸É

�¨°��µ¦��°� ¡�ªnµ¤¸��µ�Áo��nµ�«¼�¥rÁ�¨¸É¥°¥¼n�¸É 301 �¹� 545 nmÂ¨³¤¸�µ¦��°��µ¦Â¡¦n�

�°��́ª¥µÁ�oµ¼n�·ª®�́�Ã�¥Ä�o�·ª®�́��°�®¤¼ �¨�¦µ��ªnµÅ¤n¡�°́��¦µ¥�µ��µ¦��°�Â¨³¥´�

µ¤µ¦�Ä�oÁ�}�Â�n�Â�³Â�¨Å�o°̧��oª¥

C. Schmidt. et al. [59] Å�o«¹�¬µ�µ¦�¨��¨n°¥¥µÁ���µ¤́¥�·� Ã�¥�¦¦�»¨�Ä� PLA µ¤

��·��º° poly(L-actic acid) (L-PLA), DL-lactic acid-glycolic acid copolymer (RG 502) Â¨³ poly 

(DL-lactic acid) (DL-PLA) �oª¥ª·�¸�°́�Á�}�Á¤È�¥µ Â¨oª«¹�¬µ�µ¦�¨��¨n°¥¥µÁ�}�¦³¥³Áª¨µ 30 ª́� 

¡�ªnµ L-PLA ®¨´��µ��¦¦�»¥µ£µ¥Ä�ª´�Â¦�µ¤µ¦��¨��¨n°¥Å�o�´Ê�®¤� 3600 μg. Â¨³£µ¥Ä� 

14 ª́�¤¸°́�¦µ�µ¦�¨��¨n°¥¨�¨��¦³¤µ� 12 μg/day RG 502 µ¤µ¦��¸É�³�¨��¨n°¥¥µ®¨´��µ�

�Îµ�µ¦�¦¦�»£µ¥Ä�ª´�Â¦�Å�oÁ¡¸¥� 1900 μg Â¨³¤¸°́�¦µ�µ¦�¨��¨n°¥£µ¥Ä� 15 ª́� ¨�¨�

�¦³¤µ� 3 μg/day.Â¨³®¨´��µ� 20 ª́��°��µ¦��°�¡�ªnµ¤¸°́�¦µ�µ¦�¨��¨n°¥Á¡·É¤�¹Ê�¼�»��¸É

�¦³¤µ� 100 μg/day °̧��´Ê�®¨´��µ� 8 ´��µ®r�°��µ¦�¦¦�»¥µ¡�ªnµ L-PLA Å¤n¤¸�µ¦ÁºÉ°¤£µ¡

Á�·��¹Ê� Á¤ºÉ°Á�¸¥��´� RG 502 Â¨³ 20 % DL-PLA �¸É¤¸�µ¦Á�¨¸É¥�Â�¨�¦¼�¦nµ�Â¨³�ªµ¤®�º� �¹É��Îµ

Ä®o¤¸�ªµ¤Á®¤µ³¤�¸É�³�Îµ¤µ�¦¦�»¥µÁ¡ºÉ°Ä�oÄ��µ¦¦́�¬µ�µ¦�·�Á�ºÊ°�°��¦³�¼�Å�oÃ�¥Å¤nn��¨

�¦³��
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 3

�   

 �PLA  

PEG  PLA  CA 

  PLA  CA   PEG 

3.1  
3.1.1 �  (Gamma High voltage research)

3.1.2  (Syringe pump)

3.1.3 �

3.1.4 20 ml

3.1.5 10 ml

3.1.6   18G 20G  24G

3.1.7  (Coaxial holder)

3.1.8 (Hot plate stirrer)

3.1.9 �

3.1.10 (Magnetic bar)

3.2 �
3.2.1  Viscometer  Model LV  Brook 

field engineering labs

3.2.2  Conductivity Meters  sevenmulti

 Mettler-toledo �

3.2.3 �Universal Tensile Machine (UTM)  LR-

50K Lloyd Instruments 
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3.2.3 �Universal Tensile Machine (UTM)  LR-

50K Lloyd Instruments 

3.2.4 Ultraviolet-visible spectrometer (UV-Vis) T80+ PG Instruments.Ltd.

3.2.5  

Scanning Electron Microscopy (SEM)  JSM 5410 LV JEOL Technics LTD 

CAMSCAN mx200

3.2.6 �  Polarized Light Microscope

3.2.7 � Differential scanning calorimetry (DSC) 

Mettler-toledo  DSC1 �

3.3 
3.3.1 

PLA   (Nature Works LLC)  

(Commercial Grade, 4042D)  390,000 Da

3.3.2 
PEG Scharlau Chemie S.A. ( )  

600  1,500 Da 

3.3.3 
CA  Aldrich 30,000 Da

3.3.4 
GS  T.P. Drug Laboratories (1969) Co., Ltd (

) �  � 2 ml/80mg

3.3.5  (Dichloromethane; DCM)
DCM  RCI Labscan Limited ( ) 

 (AR Grade)

3.3.6  (Dimethylformamide; DMF)
DMF  RCI Labscan Limited ( ) 

 (AR Grade)
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3.3.7  (Ninhydrin)
 Asia Pacific Specialty Limited 

�

3.4 
3.4.1 �

PLA  PLA �

 3.1  250 ml �  4 cm 

DCM  DMF  70:30 [60]  3.1

� �

  PLA  PLA 

 3.1

 PLA  PEG  PLA  PEG 

 600  1,500  3.1  250 ml 

�  4 cm DCM  DMF  

70:30 [60]  3.1 �

  

 PEG  600  PLA/20- PEG600  PEG 

 1,500  PLA/20- PEG1500  3.1

 PLA  CA  PLA  CA 

 3.2  250 ml �  4 cm 

DCM  DMF  70:30 [60]  3.2 � �

 

  CA 

 CA    CA 1 wt.%  PLA/CA1  

3.2
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 3.1 PLA  PLA  PEG

PLA PEG DCM:DMF
70:30 (g)% (g) % (g)

PLA 100* 20 - - 180

PLA/20- PEG600** 80 20 20 5 175

PLA/20- PEG1500*** 80 20 20 5 175
* PLA 100%  10 wt.%

**PEG600  PEG  600

**PEG1500  PEG  1500

 3.2  PLA  CA

PLA CA DCM:DMF
70:30 (g)% (g) % (g)

PLA/CA1 99 20 1 0.20 179.80

PLA/CA3 97 20 3 0.62 179.38

PLA/CA5 95 20 5 1.05 178.95

PLA/CA7 93 20 7 1.51 178.49

PLA/CA10 90 20 10 2.22 177.78

PLA/CA20 80 20 20 5.00 175.00

PLA/CA30 70 20 30 8.57 171.43

PLA/CA40 60 20 40 13.33 166.67

3.4.2 �
PLA, PLA  PEG  PLA  CA 

GS GS (  3.4.1) 

GS � DCM  DMF

 0.1 �  [60]

PLA, PLA  PEG  PLA  CA GS  /GS 

 GS  PLA/GS, PLA/20-PEG600/GS  PLA/CA1/GS 
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3.4.3 �
�  

 220 ml  250 ml 

Brookfield viscometer 

  10 ml  

Conductivity meters 

3.4.4 �
 

 20 ml  15-20 ml  20G 

  

 (Syringe pump)  1 ml/hr 

 20 cm

�   100 rpm/min

 

17 kV [60]   3.1

 3.1 �

 SEM 

 10 min   

 1 hr
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3.4.5

 5 x 5 mm  slit  30 

  SEM  2,000  3,500 � 

 15 kV  SemAfore Version 5.00

3.4.6
�

 10 x 60 mm [61] 2

 3.2

Universal Tensile Machine (UTM) (

 20 ) 3.3

 3.2

 3.3

Load cell 100 N

Speed 10 mm/min

Gauge range 40 mm

10cm

5cm

10cm6cm

2cm

1cm
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� 10 x 20 mm 

( ) 

�  100-150 mm

  

  

( )  ASTM D792-

08 (ASTM D792-08 Standard Test Methods for Density and Specific Gravity (Relative Density) 

of Plastics by Displacement)  1

Sp gr 23/23 oC (1)

a = 

d =  ( )

b = ( �) 

w =  ( �) 

3.4.7
�  35 mg

DCM 10 ml   10 

ml  � GS [57, 17, 62] �

 50 oC DCM  GS

5 ml �  (Ninhydrin)  1.25% 

(w/v) 1.5 ml (Ninhydrin-gentamicin reaction) pH 7.4 

(  3.4)  3.5 ml �

 95 oC  30 min

  Ultraviolet-

visible spectrometer  400 nm [56]
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 3.4 � pH 7.4  200 ml

NaOH 0.2 mol/dm3 19.55

KH2PO4 0.2 mol/dm3 25

H2O - 55.45

GS 1  

  35 mg 

 pH 7.4  10 ml 

 37 oC 3.5 (  1)  5 ml

 �5 ml  

�  15 

3.5  GS

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(min)
0 30 60 90 150 210 270 330 570 810 1050 1440 2160 2880 3600 4320

3.4.8
 Clear zone 

 2    (Staphylococcus Aureus; gram-positive) 

� � (Pseudomonas aeruginosa; gram-negative) 

 5 mm 3 

 3   1 (

) �6 1  

Incubator  72   Clear Zone  24 
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3.4.9

 2    

 GS  (  3.4.1) 

 PLA  PEG

� PEG

 600  1,500 10 g  50 ml �

 1 cm  10 ml  

 

 s   c   3.6 

 3.6  PLA, PLA  CA  PEG 

PLA (g) CA (g) DCM:DMF 70:30 (g) PEG (g)  (ml)
sPLA-c PEG 20 - 180.00 10 3

sPLA/CA1-cPEG 20 0.20 179.80 10 3

sPLA/CA3-cPEG 20 0.62 179.38 10 3

3.4.10

�  GS

 GS  3.4.9

  GS  

 /GS  GS  3.7
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 3.7 PLA, PLA  CA   PEG 

PLA (g) CA (g) DCM:DMF 70:30 (g) PEG (g) GS (ml)*
sPLA-c PEG/GS 20 - 180 10 3

sPLA/CA1-cPEG/GS 20 0.20 179.80 10 3

sPLA/CA3-cPEG/GS 20 0.62 179.38 10 3
*  GS 

3.4.11

 �   

   

 

 

 1 ml/hr

18 cm  3.8

3.8

 ( cm) 18 18 18

 (ml/hr) 1 1 1

(ml/hr) 0.001 0.01 0.1

(kV) 12 13 14 15 12 13 14 15 12 13 14 15

 �

 20 ml  20 ml

 PE  

  �  24G  

 18G  (  3.3 ) �

 10 ml  2 ml 
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 (Syringe pump)

 

  100 rpm/min

  3.4

�  SEM 

 10 min   

 1 hr

 3.3

 3.4 �
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 4

PLA  GS �

�  PLA  GS   PEG 

 �  PEG  20 wt.% 600 Da 

(PEG600)  1500 Da (PEG1500)  PLA

  1 ml/hr  20 cm

 100 rpm/min  17 kV    

 [60]  PEG 20 wt.%

 

 PLA  PLA   CA 

CA  GS  

PEG, CA  GS  PLA   

  �

 GS  PLA  CA  

 CA  PLA  GS  PEG  

 �PEG  GS  

 

 

 PEG 10 g GS 3 ml 1 ml/hr

18 cm  
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4.1  PLA 

 PLA  GS   PLA

 [55,57]   PLA 

  

CA  CA  GS �  

 4.1.1  

4.1.2

4.1.1  CA 

PLA  PLA  CA 

 1, 3  5 wt.%  1 ml/hr 

 20 cm  100 rpm/min

 17 kV

 4.1  (Nonwoven 

mats)  4.2  

 

 4.3  Normalize (Normalize 

) 

 PLA  PLA  

CA  Normalize   4.4  4.5   CA  1  3 

wt.%   67.90  73.19 MPa  4.4

 CA  PLA 

 (Van der Wall interaction)  PLA  CA 

 CA  PLA  [63] CA 

5 wt.%  54.30 MPa

 CA  PLA �PLA 

 CA  [63,64]  PLA �

 PLA �

 4.5 � (PLA 2.10 MPa, PLA/CA1 2.10 MPa, PLA/CA3 1.98 MPa 

 PLA/CA5 1.39 MPa)  PLA  CA 

 (DSC)  4.6 Glass transition temperature  CA  142 



oC  

 Phas

 4.1

 4.2 SEM micrograp

 3,500 

0.4

0.6

0.8

1.0

1.2

1.4
A

ve
ra

ge
 d

ia
m

et
er

 (
m

)

Melting temperature  PLA  146

e  PLA  CA

 PLA, PLA/CA1, PLA/

( ) PLA ( ) PLA/CA1

( ) PLA/CA3 ( ) PLA/CA5

phs ) PLA, ) PLA/CA1 ), PLA/CA3

PLA PLA/CA1 PLA/CA3 PLA/CA

5 m

5 m

30

6 oC

A �

/CA3  PLA/CA5

3  ) PLA/CA5

A5

5 m

5 m
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 4.3  PLA, PLA/CA1, PLA/CA3  PLA/CA5

 4.4 PLA, PLA/CA1, PLA/CA3  PLA/CA5

0.0

0.5

1.0

1.5

2.0

PLA PLA/CA1 PLA/CA3 PLA/CA5

Sp
ec

ifi
c g

ra
vi

ty

0

20

40

60

80

100

PLA PLA/CA1 PLA/CA3 PLA/CA5

Yo
un

g'
s m

od
ul

us
 (M

Pa
)
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 4.5 PLA, PLA/CA1, PLA/CA3  

PLA/CA5

 4.6  DSC PLA, CA, PLA/CA1, PLA/CA3  PLA/CA5

PLA  PLA  CA �

 CA 5 wt.%  1.39 MPa

  PLA  CA 

 3 wt.%  CA 1  3 wt.% �

0.0

0.5

1.0

1.5

2.0

2.5

PLA PLA/CA1 PLA/CA3 PLA/CA5

U
lti

m
at

e t
en

sil
e s

tr
en

gt
h 

(M
Pa

)

30 60 90 120 150 180 210 240 270

H
ea

t F
lo

w 
Ex

o U
p

Temperature (oC)

PLA/CA5

PLA/CA3

PLA/CA1

PLA

CA
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4.1.2  CA PEG 

GS  PLA, PLA  PEG PLA 

 CA � (total 

immersion) GS � pH 7.4  37 oC

 GS  chromophore  fluorophore [65]  

ultraviolet visible light  UV-Visible spectroscopy

 (  Ninhydrin colorimetric reaction 

amino groups) [56] Chromophore  GS 

UV-Visible spectroscopy  400 nm  4.7

 4.7 GS PLA/GS, PLA/20-PEG1500/GS, 

PLA/20- PEG600/GS, PLA/CA1/GS  PLA/CA3/GS

 GS  PEG  CA  PLA  

burst release  (Burst release 

)  4.1  burst release  GS 

  GS  �

  4.8  GS 

0

20

40

60

80

100

0 6 12 18 24 30 36 42 48 54 60 66 72 78

G
en

ta
m

ic
in

 re
lea

se
 (%

)

Time (hrs)

PLA/CA3/GS

PLA/CA1/GS

PLA/20-PEG600/GS

PLA/20-PEG1500/GS

PLA/GS

0

10

20

30

40

50

0 1 2 3 4 5 6
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  GS 

 [54]

 4.1  burst release  PLA/GS, PLA/20-PEG1500/GS, PLA/20-

PEG600/GS, PLA/CA1/GS  PLA/CA3/GS

Burst release

%  ( .)

PLA 18.03 5.5

PLA/20- PEG600/GS 16.27 2.5

PLA/20- PEG1500/GS 21.78 5.5

PLA/CA1/GS 38.48 5.5

PLA/CA3/GS 41.78 5.5

 4.8 PLA, PLA/20-PEG600, PLA/20-PEG1500, 

PLA/CA1  PLA/CA3  GS

 4.7  PLA/20-

PEG600/GS  burst release  4.1

PEG600  GS  PLA  

PEG1500   CA PEG GS 

��   PEG  OH

0
2
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6
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14
16
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 (u
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)
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 OH  GS �  burst release  

GS  4.8

 PLA/CA3/GS  PLA/GS  PLA/CA1 

 GS   

burst release   CA [66]  ( �

 pH 7.4)  CA 

 PLA/CA3/GS  GS  

 4.7  PLA/20- PEG600 

 PLA/CA3/GS  PLA/CA1/GS  PLA/20- PEG1500  PLA/GS 

 GS PEG600 �   OH 

 GS PEG   PLA/20- PEG600/GS  GS 

PLA/CA3/GS  PLA/CA1/GS  GS 

PEG600   PEG600   �

 PLA/20- PEG600/GS  PLA/20- PEG1500/GS

(PEG1500 )

PLA/CA3/GS

 51.43 %  PLA/GS  26.22%

 

PLA, PLA  PEG  PLA  CA GS 

 Disc diffusion method  

  

 [67] �

Clear zone  

2  (P. 

aeruginosa; gram-negative)  

(S. aureus; gram-positive)  

 4.2

Clear zone  4.2 

  PLA, PLA/20-PEG600, 
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PLA/20- PEG1500, PLA/CA1  PLA/CA3  GS 

 P.aeruginosa S.aureus   PLA, PLA  PEG  PLA  

CA  � Clear zone 

 4.2 Clear zone PLA, PLA  PEG  PLA  CA

GS

Clear zone (mm)

Pseudomonas Aeruginosa Staphylococcus Aureus

24 Hr. 48 Hr. 72 Hr. 24 Hr. 48 Hr. 72 Hr.

PLA - - - - - -

PLA/GS - - - 9.66±0.50 9.34±0.71 8.89±0.60

PLA/20- PEG600 - - - - - -

PLA/20- PEG600/GS 6.00±0.00 5.00±0.00 5.00±0.00 10.78±0.67 10.89±0.60 10.33±0.71

PLA/20- PEG1500 - - - - - -

PLA/20- PEG1500/GS - - - 10.00±0.00 10.00±0.00 9.67±0.50

PLA/CA1 - - - - - -

PLA/CA1/GS - - - 9.78±1.41 9.78±0.67 9.33±1.00

PLA/CA3 - - - - - -

PLA/CA3/GS 8.33±0.50 7.78±0.67 7.33±0.50 11.11±0.60 10.78±0.67 10.45±0.53
* (-) 

**  5 

 4.3 Clear zone diameter Aminoglycosides [68]

Aminoglycosides
Zone diameter (mm)

Resistance Intermediated susceptibility Susceptibility

Amikacin < 14 15-16 > 17

Gentamicin (GS) < 12 13-14 > 15

Kanamycin <13 14-17 >18

Netilmycin <12 13-14 >15

Streptomycin <11 12-14 >15

Tobramycin <12 13-14 >15
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 4.3  Clear zone �

 4.2   PLA/GS, PLA/20-PEG600/GS, PLA/20-

PEG1500/GS, PLA/CA1/GS  PLA/CA3/GS  

 (Resistant)  S. aureus   PLA/20-

PEG600/GS  PLA/CA3/GS   P. aeruginosa   

Clear zone  4.9  4.10

Pseudomonas Aeruginosa Staphylococcus Aureus

4.9 Clear zone P.aeruginosa S.aureus PLA/20-

PEG600/GS

Pseudomonas Aeruginosa Staphylococcus Aureus

4.10 Clear zone  P.aeruginosa S.aureus
PLA/CA3/GS
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 4.4  GS 0.1 wt.% �

 GS

PLA:GS PLA/PEG:GS PLA/CA:GS

PLA/GS 100:1 - -

PLA/20- PEG600/GS - 125:1 -

PLA/20- PEG1500/GS - 125:1 -

PLA/CA1/GS - - 101:1

PLA/CA3/GS - - 103:1

 GS  0.1 wt.% �   GS 

  4.4  

 PLA/GS > PLA/CA1/GS > PLA/CA3/GS > PLA/20- PEG600/GS

 PLA/20- PEG1500/GS

  

 4.7  Clear zone  4.2  PLA/GS 

 GS 

PLA   GS  PLA/GS  PLA/GS �

 PLA/GS 

 24  PLA/GS  

 PLA/GS  S. aureus  

 24  

 S. aureus   P. aeruginosa
PLA/CA3/GS 

  PLA/CA1/GS

 PLA/CA3/GS  

PLA/CA3/GS  CA  PLA   GS  

 CA  PLA/CA3/GS �

  PLA/CA3/GS

 PLA/CA1/GS  24



39

 PLA/CA3/GS  PLA/CA1/GS   PLA/CA3/GS 

 burst release   GS 

  PLA/CA1/GS

 P. aeruginosa  burst release  

 PLA/CA1/GS  S. aureus   

PLA/20- PEG600/GS PLA/20- PEG1500/GS

  burst release   

PLA/GS, PLA/CA1/GS PLA/CA3/GS  burst release

   PEG  GS 

  

 GS  PEG  CA 

   PEG

  GS  CA  PEG  CA  

burst release   GS  burst release  GS 

 60%   GS �

 60%  CA  PLA 

 GS   �PEG  GS 

 

4.2  sPLA/CA-cPEG �

4.2.1 sPLA/CA-cPEG

�   

  

 

  

�  10 g 

 3 ml 1 ml/hr

18 cm
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( ) ( ) 

 4.11  )  ) GS

 4.11

  �s (Shell) 

  PLA  PLA  CA  c (Core) 

 � PEG  PEG 

GS � sPLA-cPEG, sPLA-cPEG/GS 

 PEG600  PEG1500

 PLA  

�  PEG600  

 

 

 �   PLA1500 

4.2.1.1

 4.12  

�  

 4.13 �

�(Tylor cone) �

� �
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 13 kV

  13 kV

4.2.1.2

4.14 

� 4.15

 ��

�

 � �

(0.01 ml/hr) �

 

  4.15 

 

 4.14 SEM micrographs sPLA-cPEG ) 

0.001 ), 0.01 ) 0.1 ml/hr  2,000 

   0.01 ml/hr  

  

1 ml/hr,  0.01 ml/hr,  

13 kV  18 cm  

( ) 0.001 ml/hr ( ) 0.01 ml/hr ( ) 0.1 ml/hr
10 m 10 m10 m
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 4.15 sPLA-cPEG 

0.001, 0.01  0.1 ml/hr

4.2.1.3 CA 

CA  PLA 

� �

 CA  4.16 

�  4.17  sPLA-cPEG

4.17( )  sPLA/CA1-cPEG 4.17( ) 

sPLA/CA3-cPEG 4.17( ) 

  4.18 

 4.19 

� �

 [69] 4.20
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 4.16  PLA, PLA/CA1  PLA/CA3

( ) sPLA-cPEG ( ) sPLA/CA1-cPEG ( ) sPLA/CA3-cPEG

 4.17 TEM micrographs sPLA-cPEG, sPLA/CA1-cPEG  
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( ) sPLA-cPEG ( ) sPLA/CA1-cPEG ( ) sPLA/CA3-cPEG

( ) sPLA-cPEG/GS ( ) sPLA/CA1-cPEG/GS ( ) sPLA/CA3-cPEG/GS

 4.19 SEM micrographs  sPLA-cPEG  sPLA/CA-cPEG 

GS  2,000 

 4.20

4.2.2 sPLA/CA-cPEG

4.2.2.1  CA 

sPLA-cPEG, sPLA/CA1-

cPEG  sPLA/CA3-cPEG  

Normalize 

  4.21

 sPLA-cPEG, sPLA/CA1-cPEG  sPLA/CA3-cPEG  Normalize 

 4.22  4.23   CA 1  3 wt.% 
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  4.16 sPLA/CA3-

cPEG sPLA/CA1-cPEG sPLA-
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 4.22 )  ) 

 4.23  )  ) 
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 400 nm  72  

 4.24 

 

 4.24 � GS

GS 

4.24  GS sPLA-cPEG/GS �

 sPLA-cPEG/GS

 sPLA/CA1-cPEG/GS sPLA/CA3-cPEG/GS 4.17 

 GS   

�  2  �  burst release  sPLA-

cPEG/GS (35.53%), sPLA/CA1-cPEG/GS (23.66%) sPLA/CA3-cPEG/GS (17.86%)

 PEG  GS 
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 sPLA/CA1-cPEG/GS sPLA/CA3-cPEG/GS � GS

 4.24   GS 

 60% �

 60% 

 �  burst release ��

 GS  PEG   burst 

release  

� �  

 CA  burst release  

 GS  PEG  

 CA 

 �

 

 

GS  Disc diffusion method 

 

 Clear zone  Disc diffusion method

 P. Aeruginosa  S. Aureus �  GS 

(  sPLA-cPEG/GS, sPLA/CA1-cPEG/GS  sPLA/CA3-cPEG/GS 

 sPLA-cPEG, sPLA/CA1-cPEG  sPLA/CA3-cPEG)  

   

 GS  GS 

  GS  �

  GS 

 GS 3 ml  120 mg  PEG1500 10 g  GS 7 ml  280 mg  PEG1500 10 g �

 4.5  4.3  Clear zone 

 4.5  sPLA-cPEG/GS7, sPLA/CA1-cPEG/GS7 
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 sPLA/CA3-cPEG/GS7  

 S. aureus  �

 P.aeruginosa �

 4.5 Clear zone  GS

Clear zone (mm)

Pseudomonas Aeruginosa Staphylococcus Aureus

24 Hr. 48 Hr. 72 Hr. 24 Hr. 48 Hr. 72 Hr.

sPLA-cPEG - - - - - -

sPLA-cPEG/GS7 - - - 6.66±0.50 6.34±0.71 6.89±0.60

sPLA/CA1-cPEG - - - - - -

sPLA/CA1-cPEG/GS7 - - - 5.78±0.67 6.89±0.60 6.33±0.71

sPLA/CA3-cPEG - - - - - -

sPLA/CA3-cPEG/GS7 - - - 6.00±0.00 6.67±0.50 6.00±0.00
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 5

5.1 
5.1.1  PEG  PLA  CA PLA  

1.  PEG 

 PEG   S. 

Aureus

2. CA  3 wt.%  

 CA  PLA   CA  3 wt.% 

PLA  CA �

 CA  

3.  CA burst release �

GS  S. Aureus �

5.1.2  CA  PLA PEG 
 GS   

1.  12, 14  15 kV 

 

  13 kV 

 

   0.001  0.1 ml/hr 

  0.01 ml/hr 

2.  CA � PEG �

 �
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PLA  200 g  10 wt.%
PLA 200 g  PLA 

100
10200× = 20 g  DCM:DMF 70:30 �

 PLA  DCM
100
70200× = 140 g  DMF

100
30200× = 60 g

DCM DMF PLA 20 (140+60) = 180 g  PLA 

 200 g  10 wt.%

 PLA  CA 1 wt.%  200 g
PLA  CA  PLA  10 

wt.%  PLA  CA  200 g PLA 20 g

 CA �  PLA 20 g  99% �

� �  100
99
20

× = 20.202 g   CA

 20.202 20 = 0.202 g  DCM DMF  70 : 30 �

 200 20.202 = 179.798 g  PLA  CA 1 wt.% 

 200 g

� GS
GS 0.1 %wt 

�200 g  200
100

1.0
× = 0.2 g  200 mg �

GS  2 ml 40 mg/ml  �

 200 mg � 200
40
1
× = 5 ml
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 .1  PLA  PLA  CA 1, 3, 5, 7, 10, 20, 30 

 40 wt.%  GS

Viscosity (mPa.s) SD.

PLA 167 2.1

PLA/CA1 331 22.7

PLA/CA3 362 25.6

PLA/CA5 398 24.9

PLA/CA7 408 2.3

PLA/CA10 429 16.3

PLA/CA20 785 36.8

PLA/CA30 1454 185.3

PLA/CA40 3860 424.3

 .2  PLA PLA  CA  1  3 wt.% 

 GS

Viscosity (mPa.s) SD.

PLA/GS 283 0.8

PLA/CA1/GS 266 0.9

PLA/CA3/GS 293 11.3

 .3  PLA  PLA  CA 1, 3, 5, 7, 10, 20, 

30  40 wt.%  GS

Conductivity ( S/cm) SD.

PLA 1.17 0.021

PLA/CA1 1.03 0.073

PLA/CA3 1.12 0.073

PLA/CA5 1.17 0.075

PLA/CA7 1.30 0.002

PLA/CA10 1.53 0.184

PLA/CA20 1.87 0.083
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PLA/CA30 2.07 0.008

PLA/CA40 2.25 0.103

 .4  PLA  PLA  CA 1 3 wt.% �

 GS

Conductivity ( S/cm) SD.

PLA/GS 12.15 0.055

PLA/CA1/GS 11.54 0.225

PLA/CA3/GS 10.33 0.305

 .5  PLA  PLA  CA 1, 3, 5, 7, 

10, 20, 30  40 wt.%  GS

Average diameter ( m) SD.

PLA 0.73 0.103

PLA/CA1 0.95 0.187

PLA/CA3 0.80 0.073

PLA/CA5 0.91 0.191

PLA/CA7 1.09 0.138

PLA/CA10 1.15 0.151

PLA/CA20 1.04 0.148

PLA/CA30 1.10 0.132

PLA/CA40 1.89 0.426

 .6  PLA  PLA  CA 1 3 

wt.%  GS

Average diameter ( m) SD.

PLA/GS 0.747 0.128

PLA/CA1/GS 0.767 0.106

PLA/CA3/GS 0.727 0.099
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.7 PLA  PLA  CA  1, 3  5 wt.%

Thickness ( m) SD.

PLA 0.043 0.016

PLA/CA1 0.058 0.014

PLA/CA3 0.061 0.009

PLA/CA5 0.055 0.009

 .8 PLA  PLA  CA  1, 3  5 

wt.%

Specific gravity SD.

PLA 1.48 0.28

PLA/CA1 1.29 0.18

PLA/CA3 1.28 0.13

PLA/CA5 1.26 0.18

 .9 PLA  PLA  CA  1, 3  5 wt.%

Ultimate tensile strength % Strain at maximum load Young's modulus

Normaliz

e

Non-

normalize
Normalize

Non-

normalize
Normalize

Non-

normalize

PLA 3.10±0.32 2.10±0.22 122.27±24.47 82.77±16.57 76.19±4.57 51.58±3.09

PLA/CA1 2.71±0.20 2.10±0.15 123.60±18.52 95.73±14.34 87.67±5.73 67.90±4.44

PLA/CA3 2.53±0.14 1.98±0.11 122.15±21.32 95.60±16.69 93.52±7.68 73.19±6.01

PLA/CA5 1.75±0.07 1.39±0.05 78.14±14.35 61.85±11.36 68.59±6.20 54.30±4.90



( ) PLA

( ) PLA/CA5

( ) PLA/CA20

 .1 SEM microgra

) 10, ) 20, ) 30  

.10

cPEG

Thi

sPLA-cPEG

sPLA/CA1-cPEG

sPLA/CA3-cPEG

( ) PLA/CA1 (

( ) PLA/CA7 ( )

( ) PLA/CA30 (

aphs  PLA  PLA  CA  

) 40 wt.%  3,500 

sPLA-cPEG, sPLA/CA1-cPEG

ickness ( m) SD.

0.062 0.027

0.050 0.010

0.064 0.020

68

) PLA/CA3

) PLA/CA10

) PLA/CA40

) 1, ) 3, ) 5, ) 7,     

 sPLA/CA3-
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 .11 sPLA-cPEG, sPLA/CA1-cPEG  sPLA/CA3-

cPEG

Specific gravity SD.

sPLA-cPEG 1.37 0.27

sPLA/CA1-cPEG 1.32 0.27

sPLA/CA3-cPEG 1.38 0.16

 .12 sPLA-cPEG, sPLA/CA1-cPEG  sPLA/CA3-cPEG

Ultimate tensile strength % Strain at maximum load Young's modulus

Normalize
Non-

normalize
Normalize

Non-

normalize
Normalize

Non-

normalize

sPLA-cPEG 1.28±0.18 1.75±0.25 29.46±10.10 40.28±13.80 57.61±4.04 78.76±5.52

sPLA/CA1-cPEG 1.45±0.18 1.92±0.18 17.18±4.05 22.69±5.34 59.95±6.43 79.20±8.49

sPLA/CA3-cPEG 1.72±0.12 2.37±0.17 24.30±7.40 33.49±10.19 38.79±5.40 53.44±7.45

 .2  GS 

 400 nm

0.058
0.164

0.326

0.498

0.738y = 0. 008x - 0.151
R² = 0.980

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

0 20 40 60 80 100 120

A
bs

.

Conc. (ug/ml)

Calibration Curve



 
 (Coaxial holder)
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