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Abstract − In this work, biodegradable poly(L-lactide) (PLA)/poly(ethylene glycol) (PEG) microcapsules were prepared by emul-

sion solvent evaporation method. The effect of PEG segments on the degradation, size distribution, and release behavior of the

microcapsules was studied. According to the experimental results, PLA/PEG copolymers were more hydrophilic  and exhib-

ited lower glass transition temperatures compared to PLA homopolymer. The surface of PLA/PEG microcapsules was not as

smooth as that of PLA microcapsules. The mean diameters of the PLA and PLA/PEG microcapsules were 40 and 57µm, respec-

tively. The spherical forms were observed by image analyzer and scanning electron microscope (SEM). Drug release from micro-
capsules was determined by UV/Vis spectra. It was found that the drug release rates of the microcapsules were significantly increased

with adding of PEG, which could be attributed to the increase in their hydrophilicity and swelling characteristics.
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,� ��[1]. �� ��	-
. ���� ���
��� /	� 0

1/2 ��� 345 ���� $%� 6��7 89 :5/2 ��

;<= >�? @A� BB CD� ��. EFG� H
I 3J+ K

L
�[2]. �M/2 3J� ��� �N >� �AO���+ P?Q

R� S5/2 TU� �� VW� �X#Y 3J�Z �AO���+

���
 ��[ Q\ ]#� ^_QRY 3J� ��[3].

PLA [poly(lactic acid)]= PLGA [poly(lactic-co-glycolic acid)]Y ��

�� `A�ab
 01/2 ��34+ c
 �X�� defa
.

ghc#7 i	j�k lYm, �n� o�p �V/q�+ "0� �

� $%� �V /	rF � �� ��	 s� tu7 vw j�0�

��[4, 5].

0p 10x y>, solvent evaporation[6, 7], phase-separation[8] @A�

spray-drying[9, 10] s� � 
 3Jn� PLGA zY PLA ���
�
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)

�� K{� �	j�k l�. |}, solvent evaporation 3J� K{L

~� �� $%� �A i	j� �0�, $$
 T	� ��� �
 �

�[ :�� �7 Z�Z�, initial burst" Z�Z ��� (�  � *

��� 34j�� 
�[5].

��
 ��� defa
�b� �� ��34� ��� defa

� M#�Z defa >-
 ;5� �� �� ��� water-filled pore

� M
 ��� ��� �� {�j�[11, 12], � 5~� ���� �

��, L�q�, K{3J, *��� |� @A� ���� �A���

�(Tg) s (� 2�n� ��. ��+ �Y�� ��k ��[13-16].

z
 c� 2�n� ���
��� ���� ��+ �E7 jYm �

�
 ���y+ ���� c#< ���/ ) , ��� ���� ¡

[, Tg� ¡[, water uptake @A� ¢7£¤ s+ M
 vw" O¥}

¦§j� ��[17-19].

���� `A�ab� ��Y <� "0 5~� �#< ¨�ZYm,

@ � �X5~� �
 ��Y ��� ��5 34+ "1QR� $%

� ���� `A�ab� ��. ��� 34 ©ª«¬� dD ­®

#¯ �X� �� °�jY ��� 34� ±²#� �³� z
 34

+ {�#�� ��´� µ¶�[16]. ¨·/-
 ���� ���=

polyethylene glycol(PEG)� L�qV� q�#�Z ̧ ¹º+ M#< �

��� ��1�� »"QR�, ����� ��(acidity)� £¤QR¯,

���� ¼T�+ »"Q½ T ��� ��k ��[20].

µ¾. ¿ vw�.Y L-lactide� �	#< ���� PLA� q�#

� �� �	#< ��+ ?�
 ���
��+ À�Á{J-
 K{

#�, z
 PLA� PEG� ¼T�� �_� �
 ���
��� ��

�y, ���P � ��� ?�� @A� �� 34�y� �EY ��

+ ��Â-
Ã �� ��	-
.� :	�+ ����� 
�.

2. �  �

2-1. �� � ��

¿ vw�.Y monomer
 L-lactide(Boehringer Ingelheim)� i	#

� stannous octoate(F.W.: 405.11, d: 1.251, Aldrich Co.)� Äd
 i	

#< ���� q�#< ���
��� År
 i	#Æ�. q��

poly(L-lactide) (PLA, Mw/Mn=26,000/15,000, m.p.: 170oC)= PEG (Mw:

2,000, Kanto Chem. Co.)Y ÇÈ� É. T�+ K�#Æ-¯, PLA/

PEG� 	dY methylene chloride(Junsei Co.)� i	#Æ�. z
 �[

K
 polyvinyl alcohol(PVA, degree of polymerization: 2,000, viscosity

of 4% aqueous solution at 20oC: 35-45 cps, Kanto Chem. Co.) 2.5% 	

À+ i	#Æ�, *��
 i	� ��� Fig. 1� Z�Ê Ë= Ì�

macrolideÍ Î�K2 erythromycin estolate� (̂ )ÏÐK��. LÑ �

Ò�.

2-2. PLA� ��

Stannous octoate� Äd
 i	#< L-lactide= PEG
�b PLA=

PLA/PEG(PEG 5, 10 wt.%) L�qV� q�#ÆYm, �q� 160oC

�. 24 h y> ÇQ#Æ�, monomer/catalyst� Ó�� 1,500/1(mol/

mol)� {Á-
 #Æ�. 

q�� ���Y 1H-NMR(300 MHz, Bruker DSX-300 spectrometer

+ i	#< w{ � PEG� ?�+ Ô~#Æ�, QÕÖ�^i�(DSC,

Perkin Elmer DSC-6)� i	#< 10oC/min � ×�1�
 �¤�c�

#�. Tg� ¡[� ) #Æ-¯ Ø �
�Ù@Ú](GPC, Waters

150C)� i	#< ���+ ²~#Æ�.

2-3. PLA	 PLA/PEG� 
��


PLA= PLA/PEG� ���y+ ���� c#< ��� QF 20 mg

(M0)+ 0.02%� sodium azide� ?�
 phosphate buffer solution(PBS,

pH 7.4) 4 ml� Û� 37oC
 {�� Î�{� ~E#Æ�. QÜÝ


¢7� ²~#� c#< Þ*�A�� �	#< 2,000 rpm-
 10�

y> ßA#< PBS
�b ���� �A#� »àT
 áâ#Y 5~

+ 2ã ·­#< ä�¦ å�� æç+ èéW� ²~
 ¢7(M1)= ¦

Lêë�. Á{Q\ ²~
 ¢7(M2)� �	#< X (1)5 (2)� �#

< water uptake= mass loss� �� Í� #Æ�[16].

Water uptake(%) = (1) 

Mass loss(%) = (2)

z
, PLA= PLA/PEG(PEG 5 wt.%)� pH ¡[� �é�� c#<

10 @A� 20 mg� PLA= PLA/PEG� 0.02%� PVA= sodium azide

� ?�
 10 mM PBS(pH 7.4) 4 ml� Û�, 37oC
 {�� Î�{

� ~E
 ì QÜÝ
 pH meter� �	#< pH� ¡[� ) #Æ�.

2-4. ������� ��

PLA= PLA/PEG ���
��+ K{#� c#< PLA � PLA/PEG

L�qV �� 2 g+ methylene chloride(CH2Cl2) 20 ml� 	�Qí �

î, � 	À� �ï��� �� 0.5 g+ Û� 	�Qð�. � 	À+ 2.5%

PVA 	À 200 ml� ñ"#< 1,500 rpm� 1�
 4QÜ y> 40oC�

. ò·Q\ methylene chloride� ó�} »¥QR� »àT
 3ô á

â
 ì <5#� Á{#< PLA= PLA/PEG ���
��+ K{#

Æ� ^i��õ�C(SEM, JEOL JXA 840A)+ M#< K{� ���


��� ��� ) #Æ�.

z
 K{� ���
��� ���P� �é�� c#< image

analyzer(BMI Plus, Bum Mi Uni. Co.)� i	#Æ-¯, ��� ?��

+ �é�� c#< K{� ���
��+ methylene chloride� 	�

QR� UV/Vis(Scin Co. UV S2100) ögg�J+ i	#< ��� ¥

÷ ]�2 280 nm�. ög�� ²~#< ��� ?��+ ²~#Æ�.

2-5. ������� �� ���� ��

PLA � PLA/PEG ���
��� 34�y+ ) #� c�. 10

ml ethyl alcohol� 0.2 g� ���
��+ Û�, N2 "a� 1-2�Ü ^

_#< 	ø�¤� K�
 �î, 37oC
 {�� Î�{� ~E#Æ�.

QÜ� µ¾ 	À+ ùú#< UV/Vis(Scin Co. UV S2100) ögg�J

-
 ��� ¥÷ ]�2 280 nm�. ög�� ²~#< 	4� ��

�  + ~�#< ��34 |�+ QÈ#Æ�.

M1 M2–
M2

------------------- 100 %( )×

M0 M2–
M0

------------------- 100 %( )×

Fig. 1. Structure of 15-atom macrolide (erythromycin estolate).
���� �41� �4� 2003� 8�
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3. �� 	 
�

3-1. PLA� ��

PLA= PLA/PEGY û6�q+ M#< q�#Æ-¯, PEG� ?�

(5, 10 wt.%)� µ¶ ��+ Table 1� Z�Wü�. Dý ���(Mn)�

�EY ��+ �é�ç, PEG� ?�� 0, 5 @A� 10 wt.%
 »"?

� µ¾ 15,000, 11,000 @A� 10,000-
 �� £¤?+ � T �ü

�, Tg z
 PEG� ?�� 0�. 10 wt.%
 »"?� µ¾ 59.1�.

41.6oC
 £¤
 þ+ � T �ü�. �Y PEG� ?�� »"?� µ

¾ PLA/PEG L�qV� ���� £¤#7 j� 89 �v
 ��w

{� ÿ7 jü� $%�¾ ����. @A� PLA/PEG L�qV� q

�� ��. ��� 5= 10 wt.%
 ñ"
 PEG� ?�Ó" q� ì�

Y 6.35 18.4 wt.%
 »"
 þ+ ) � T �üYm, �Y ¼T�

PEG� ?�� »"?� µ¾ lactide� ·!�+ 89 £¤Q\ PLA�

�
 PEG� ?�Ó" ê}� ���� »"
 þ-
 ) ��.

3-2. PLA	 PLA/PEG� 
��


Fig. 2Y PLA= PLA/PEG� water uptake� Z�Ê þ-
 PLA=

PLA/PEGi�� õ�
 Õ�" ) jü�. PLA= PLA/PEG(PEG

18.4 wt.%)� Óò� �Ò+ $ 7, 15 @A� 31̈ 
 QÜ� 0�� µ

¾ � QFÜ� water uptake Õ�Y �� 8, 11 @A� 21%
 @ Õ�

" »"#Æ�, 31̈ � 0�+ $Y PLA�� PLA/PEG(PEG 18.4

wt.%)" � � � ~� 8 öT
 þ+ �2� T �ü�. �Y PEG�

<� "0 |�, 	, �� ���, ¼T� @A� 
��� |� $%�

¾ iF��.

Table 3� PLA= PLA/PEG� ¢7£¤ Ó�+ Z�Ê þ-
 PLA/

PEG" PLA�� 89 �
7 ��jY þ+ � T ��. PLA� CD

�Y 7, 14 @A� 21̈ 
 QÜ� 0�� µ¾ ¢7£¤�� �� 14,

24, 30%
 Z��-¯ ·ç� PLA/PEG(PEG 18.4 wt.%)� CD�Y

�� 31, 50 @A� 60%
 PEG" ñ"�� µ¾ ¢7£¤ 1�" »

"?+ � T �ü�. �Y PEG� ñ"
 2#< ¼T��" �_j�

���� £¤#7 j¯ z
 89 �
7 "T��·!� ̈ �Z7 j

� ¢7£¤�� »"
 þ-
 iF��.

��� õ�À�.� pH ¡[Y ���� ���y+ Z�WYm �

	j� 0� �Ym[21], Fig. 3� 10 mM PBS� PLA= PLA/PEG

(PEG 6.3 wt.%)� �� 10 @A� 20 mg� Û� QÜ� µ¶ õ�À

� pH ¡[� Z�Ê þ��. Dý 10 mg� PLA= PLA/PEG� Óò

��ç, PLAY 5̈  y> 6.9�. 6.5
 £¤� #Æ� �ì 5̈ Ü �

Q 6.2
 pH" £¤#Æ�, PLA/PEGY 10̈  y> 6.6�. 5.3-
 pH

" £¤
 þ+ � T ��. 20 mg� PLA= PLA/PEG� Óò��Ò

+ $, PLAY 10̈  y> pH" 6.6�. 5.3-
 £¤#Æ�, PLA/PEG

� CD�Y 6.6�. 4.6-
 £¤#Æ�. 	, 10 mg̈  $�� 20 mg

¨ $ pH� ¡[" �7 Z��-¯, z
 PLA�� PLA/PEG� pH

¡[" 89 �7 Z��+ � T �Ym, �= Ì� pH� ¡[" Z�

ZY þ� PLA� carboxylic acid ï��n� PLA defa� M#<

;5jY �5 bulk
 d�
 ��jY hydrogen ��� �� �
7

��[j� $%-
 PEG" ñ"�� µ¾ c= Ì� ·!� 89 "

1j� $%-
 ����.

Table 1. Molecular weight and Tg of the resulting copolymers with PLA/PEG ratio 0, 5, and 10 wt.% in feed

PEG contents in feed [wt. %] PEG contents in copolymer (NMR) [wt. %] Molecular weight (Mn) (GPC) Tg [
oC]

0 - 15�000 59.1
5 6.3 11�000 43.3
10 18.4 10�000 41.6

Fig. 2. Water uptake of PLA homopolymer and various PLA/PEG (6.3
and 18.4 wt.%) copolymers.

Table 2. Loading efficiency of prepared microcapsules with PLA
homopolymer and various PLA/PEG (6.3 and 18.4 wt.%)
copolymers

PEG contents [wt.%] 0 6.3 18.4

Loading efficiency [%] 42 48 56

Table 3. Mass loss (%) of PLA homopolymer and various PLA/PEG
(6.3 and 18.4 wt.%) copolymers

Incubation time 
[days]

PEG contents [wt.%]

0 6.3 18.4

0 0.0 0.0 0.0
7 13.8 24.2 31.9
14 24.0 41.0 50.8
21 29.9 48.2 61.0

Fig. 3. The pH change in PLA homopolymer and PLA/PEG (6.3 and
18.4 wt.%) copolymers suspensions as a function of time.
HWAHAK KONGHAK Vol. 41, No. 4, August, 2003
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3-3. ������� ��

Fig. 4Y PLA= PLA/PEG(PEG 6.3 wt.%) ���
��� image

analyzer i¦+ Z�Ê þ-
 PEG" ñ"�� µ¾ ���
���

��" »"
 þ+ ) � T �ü�. Fig. 5Y PLA= PLA/PEG(PEG

6.3 wt.%)
 K{
 ���
��� �� �P� Z�Ê þ-
 PLA�

CD 30-40(�5) µm� ��� ���� �P?+ � T ��, PLA/PEG

(PEG 6.3 wt.%)Y 50-60(�5) µm ��� ���
��� (� K{j

ü-Z @ �PY �7Y 10(�5)�. �7Y 100(�5) µm�0 u� �

P
 K{jüî+ � T �ü�. z
 ���
��� �� ��Y 6.3

wt.%� PEG" ñ"�� µ¾ 40�. 55µm
 »"?+ �2� T �

ü�. c= Ì� Ô5n
�b PEG" ñ"�� µ¾ ���
���

��" »"#Æ-¯, ��� �P � ����" »"?+ � T �Y

m, �Y PEG� 
��-
 ��� T ��, PEG" ñ"�� µ¾

water uptake" »"#7 j� c= Ì� Ô5" Z�p þ-
 ) ��. 

Fig. 6� ¦Lêë�. ó�#7 Á{� PLA= PLA/PEG ���


��� SEM i¦+ Z�Ê þ-
 PLA ���
��� Óò/ ��

#� ���I æç+ Z�WY ·ç PLA/PEG ���
��� CD

æç� ?�� ��� ) jYm �Y PEG� ñ"
 2� K{5~

�. water uptake
 2#< 
�jü� ���
��� T�� K�j

ç. T�j� År� ?�� ¨�p þ-
 ����.

��� ?��� ��34� ��+ �EY ��
 2�
Ã ���

?��� �+T  ��� 341�Y 89 !¾07 ��. Table 3�

K{� PLA= PLA/PEG(6.3, 18.4 wt.%) ���
��� �� ?��

+ Z�Ê þ-
 ¿ vw� i	� ��� ¼T�+ Z�WY Î�K


 PLA ���
��� CD�Y 42%� ?��+ Z�Wü�, PLA/

PEG ���
��� PEG� ?�� 6.3�. 18.4 wt.%
 »"?� µ

¾ 48�. 56%
 »"?+ � T �ü�. �Y PLAY ¤T�� G

(phase)�+ "0� �Y ·ç� PEG" ñ"� PLA/PEG(5, 10 wt.%)

Fig. 4. Image analysis of prepared microcapsules; (a) PLA and (b)
PLA/PEG (6.3 wt.%) microcapsules.

Fig. 5. Particle distribution rate (%) of prepared microcapsules; (a)
PLA and (b) PLA/PEG (6.3 wt.%) microcapsules.

Fig. 6. SEM photograph of prepared microcapsules; (a) PLA and (b)
PLA/PEG (6.3 wt.%) microcapsules.
���� �41� �4� 2003� 8�
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c-
� CD�Y ¼T�5 ¤T�� � G+ "� ��#� �� z
 PEG

� ?�� »"?� µ¾ ¼T��" 89 »"#Æ� $%� ���

?��� »"
 þ-
 ) ��.

3-4. �� ���


Fig. 7� PLA= PLA/PEG(PEG 6.3, 18.4 wt.%) ���
�� 0.2 g

� in vitro�.� 30QÜ y>� �� 34�y+ Z�Ê þ-
 PLA

���
��� CD Óò/ �¨
 1�
 ��� 34� j� �î

+ � T �Ym, PEG" ñ"�� µ¾ initial burst" Z�Z7 j�

PEG� ?�� 6.3�. 18.4 wt.%
 »"?� µ¾ initial burst� ��

" 89 ª¦ þ+ ) � T �ü�. PLA ���
��� 6QÜy>

0.7 ppm� ��� 34j� 12QÜ ì�Y 1.0 ppm @A� 30QÜ ì

�Y � 1.4 ppm� ��� 34jü�. PLA/PEG� CD�Y PLA=

Óò#Æ+ $ 89 �¶ 1�
 �� 34� ¨�Z PEG 6.3 @A�

18.4 wt.%�. 6, 12 @A� 30QÜ� 0p ì� �� 1.7, 2.0 @A�

2.3 ppm5 2.3, 2.5 @A� 2.7 ppm� ��� 34�+ � T �ü�.

Ô5/-
, PLA/PEG" PLA ����
���� 89 �¶ 34+

Z�#+ � T �Ym, �Y 34�y5 )Í" j�0Y water uptake

= ��� ?�� s5 Ì� Ô5� M#< ±²� Ô5
 ethylene

glycol� ¼T� � �� "T�� 1�, @A� 
��� |�, 	, PEG

� ?�� »"?� µ¾ PLA/PEG ���
��� ¼T��= ethyl

alcohol5� G$�	 � "T�� 1�� »"
 2#< �� 341

�" !¾¦ þ-
 ����.

4. � �

¿ vw�.Y ���� PLA= PLA/PEG L�qV� q�#� ��

�	#< À�Á{J-
 ���
��+ K{#Æ�, PEG� ñ"�

µ¶ ��-
 ���y, ���
��� ���P, �� ?�� @A

� �� 34�y� �#< � #Æ�.

���y+ ���ç water uptake� QÜ� 0�� µ¾ PLA= PLA/

PEG� Õ�" 89 �7 %�&�, ¢7£¤� CD PLA�� PLA/

PEG" 89 �
7 ¨��-¯, PLA= PLA/PEG õ�À� pH� ¡

[� ���Ò+ $ QÜ� 0�� µ¾ pH" £¤�+ �2� T �

üYm PLA�� PLA/PEG" 89 �
7 £¤�+ � T �ü�. K

{� ���
��� ���P � �� @A� �� ?��� PEG"

ñ"�� µ¾ ���
��� ��" ª&� ��Y PEG� 
��-


 2#< ?�� ��� æç�. ) jü-¯, ��� ?��� PEG

� ?�� »"?� µ¾ »"#Æ�. �� 341� z
 PEG� ?�

� »"?� µ¾ »"#Æ� initial burst" ) jü�. ¿ vw� M

#< ���� �	
 ���
��� K{� �� ¼T��� �_�

�� � ��� 34� �� 89 �¶ 1�
 ¨�Z7 � T �î+

� T �ü�.

�
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