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� �. 
 ����� ����� �� ��� �� �� �� (emulsification diffusion method)�  �!" poly

(DL-lactide-co-glycolide) (PLGA) ����# ��!$ %�& vitamin A (Retinol)' Vitamin E acetate# (%!)

*. $+� �,- .� / 012� 34 ��� �567 89:�  ; 01 ��# <�!" ��!)$ 3���

=>?1&  @�� polyethyleneglycol-polypropyleneglycol diblock copolymer# <�!)*. $+�� AB, 3���

AB, ./CDE� F, $+�/G.� F H� ��I  ����� J&7 G.� (% KL� MN� OP� �<!)

*. Q& &+  RST ����# ��� U, ��� V4' +WB� X�Y �B +Z4#  �!" [\!)$ (%

KL- UV-visible spectroscopy#  �!" ]^!)*. ��T ����� 50-200 nm� V4' _+� J`� V4+

W# a)bc (% KL- 50-60%d% e� � fg*. h�, 34E7 ��,E��  ; 01 ��' $+�� AB

� i� ?j� �k� �lmbRn PLGA ����� o- �L7 @�� .p? q&� e� � fg*.

���: PLGA, ����, ��, ��	

ABSTRACT. In this study, poly(DL-lactide-co-glycolide) nanoparticles loaded with water-insoluble vitamins su

vitamin A (Retinol) and vitamin E acetate were prepared by the emulsification diffusion method. Polymer soluti

prepared by the two water-miscible organic solvent, such as ethanol and acetone. Because of its biocompatible

polyethyleneglycol-polypropyleneglycol diblock copolymer was used as surfactant and stabilizer. The influence o

preparative variables on the nanoparticle formation and on the loading efficiency of active agents, such as the

concentration of stabilizing agent, the stirring methods, the water/oil phase ratio and the polymer concentrati

investigated in order to control and optimize the process. After preparation of nanoparticles loaded with active ag

ticle size and distribution were evaluated by the light scattering particle analyzer. The loading efficiency of active

was evaluated by the UV-visible spectroscopy. As the results, particle size were 50-200 nm and dispersibility w

odisperse. The optimum loading efficiency of active agents was observed 50-60%. It was found that the appro

selections of binary solvent mixtures and polymeric concentrations in both organic and aqueous phases coul

good yield and favorable physical properties of PLGA nanoparticles.

Keywords: PLGA, Nanoparticle, Emulsification, Vitamin
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Poly(DL-lactide-co-glycolide)(PLGA)
 ��
���

���� �� � ���� ����� ��
��  

!
" #$% &' ()� �*+ #$ ,-�� ./

0� 1
 ��� 2% ���3. 456, PLGA7 8

9 �� 
��� ���: �� �6; �� <
 �

=� ��
 ���> �?�@ #$ ,-�� A?�

! B+ CD� EFB�G CD<H�� 13.1-7 IJ,

456 �K+ ���� LMHN O��P ��M�

QJ RS+ T!% ����% UV� W(�@ #$

� X�+ Y #$,-�� Z?�! B+ CD� N[

<� 13.9 �K+ ����
 QJ \9 T!7 ] ̂

_
� ��
 I�� 1�:, ��  `6 a+ ��

+ bc�� d! ef6 gh
 #$ ,-� �?�G

i jL klm X�n #$% op7 &' () !*

% qr�� o3 ��
" #$% sc> ��tu .


 &v�� wxy 13.10,11 PLGA> �?+ ���

� W(6 1H !z6 {^n W( &v6
 emulsion-

evaporation method13, salting out method14, nanoprecipitation

method10|� 13. B6; }~+ &vM9 �� ?�

% A?, ����� �� �� �6; ��,�� d


 ��W, �9 ��c #$% X� s� | @K �

� fW�� ��� 1
 ��� o� <�3.15,16 �K

+ &vM% ��� o�+ &v��, �{
 �� ?

� ��v (spontaneous emulsification solvent method,

SESD method)� o� n� 13.17 � W(&v9 �

�� ?�% ?��� ������c kS�% ��

�! �� ?�> A?���:, ��c�c ?���

c�� �� ��� U�n3. ��L, ����� U

� � e �+ ���r� �H� a ¡� W(�!�

Hx¢ ��� 1
 ��� wxy 13.18,19 �K+ �

�� o��! B�@ Murakami £¤6;
 ����

��� w¥¦� a��� ultrafiltrationc�� §�6

¨��@ ��n ��c a ¡% W(� �*+ ��

� o���3.20,21 � &v9 PLGA7 ��W6 a�

@ ;� r©n ª�¨> d� 1
 w¥¦c kS��

��+ (��� ��+ ?�> A?�@ ��� ?�

� W(+ Y, ��W� A?n poly(vinylalcohol), (PVAL)

�?�6 ��tu 250 nm �«% �� T!> d


����> W(��3. £K�, ����> �� � ,

-�� A?i ¬�, �� � bc�� ­��, gh


" #$ ¢©�� A?�! B�;
 50-100 nm FB

% �� T!� ®¯ �
 ��� o� n� 13.14

 ° CD6;
 B6; }~+ &vM% ��� o�

±��� ��% ²³ T!� 100 nm ��% T!�

W(�� vitamin A7 vitamin E acetate% X� s�

� qrt´
 µ CD% ¶�� ·¸�3. vitamin A

7 vitamin E acetate
 �?� ����� ��&�%

sc> d� 1�: !*� � ¹6 º� A?<� 1


 �» Z� ���3. �K+ Z� ��9 ¼¨ ½ ¾

6 %+ �,�� o��� ¿À bc� ½ Á���

­�! B�@ ��T!% ��� ��6 X��
 &

v� A?<� 13.15 ��-?��� &v6 %�@ W

( n PLGA �� ��
 ����% T!, �Â, ��

|% ��% $»
 �=6 a�@ @K �� "�6

%� Ãq� 0
3. �7 8� ��% $»
 �= ½

#$% X� s�6 Ãq� .
 "�M� �! ?�%

�Ä, ���% ��Å ½ Æ¨, ��W% �Ä ½ Æ¨,

$/Ç�r% � 7 ���/#$% � |� 1
 ���

wxy 13. ° CD6;
 �7 89 PLGA ����

U�6 Ãq� RÈ
 @K �� "�M� É�tu L

ÊiL+ T!7 �=� d
 ����> W(���

��3. �> B�@, !z% W( &v6; Ë �� Ì

gn W( &v� W� ��3. Í ÎÏ� �?� r%

!Ð
 Ñ© &v% Ìg��, !z% !Ð
 Ñ©!>

A?�� Ò� ÓÔ+ ¶ÕÖ> �?�
 &v� A?

��3. × ÎÏ�, !z% PLGA ����% ��W�

A?n PVAL% Ø� �6;% ��,�� Ìg�!

B�@ o3 ��
��� ��+ polyethyleneglycol-

polypropyleneglycol (PEG-PPG) ÙÚ §2��> ��

W ½ ��W� A?��3.


 �

��.  ° ÛÜ6; ����> W(�! B�@ A?

n ����;, ��Å� 50,000-75,000�� §Ý �Å

�% ��� 85/15" PLGA (Aldrich, WI, USA)> D

��@ £a� A?��3. ��W� A?n PEG-PPG

diblock copolymer (Basf, Lutrol F 68, Germany), pol

(vinylalcohol) (PVAL) (Aldrich, WI, USA), polyoxyethylene

sorbitane monooleate (Yakuri pure chemical CO., Twe

80, Japan)
 D��@ £a� A?��3. Vitamin A

(trans-RETINOL, Aldrich, WI, USA)c vitamin E acetate
Journal of the Korean Chemical Society
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(Aldrich, WI, USA)
 D��@ £a� A?��3. w

¥¦c kS� |% �! ?�
 �©
" t# |~�

A?��3.

PLGA  ��	
� �� 
 �� ��. PLGA ��

��
 ��-?��� &v6 %�@ W(��3.20 �

&v9 3Õc 89 S �Ð% c�� Þ�@ N[��

3. �g, Í ÎÏ �Ð� Quasi-emulsification� B�

@ PLGA 50 mgc �� ��% �?� ��	� kS

�c 6�¦� 6:4 ��� ��+ ?� 2.5 ml6 ?�

tß3. W(n ���/#$ �� ?�9, PEG-PPG Ù

Ú §2�� �?� (8%, w/w) 20 ml6 ¶ÕÖ  È

(Ultrasonicator, model 500, FIsher Scientific, USA)> �

?�@ Ó+ ¶ÕÖ> (A�@ Ñ©tu ._;, .A

!> �?�@ ¶ÕÖ� {��
 à�T� á% â À

�6 ;;J ã���3. × ÎÏ �Ð" ����%

�W �Ð
 PLGA ?�c �� ?�� ���@ W(

+ 6äå ?�� 1000 ml æmçT6 èé Y, êÄ�

200 ml> ã��@ ëì��3. � ëì ?�� ultrafiltration

 È6 èé Y, 20 mlí� Æî�� 3t 200 ml� ë

ì�
 c�� 3ï ©ð��3. à�ñ �Ð�,

ultrafiltration c� Y, 20 ml� Æîn ?�� @c�

> �?�@ @c+ Y Ýò ó(�@ �?� ��	�

�ôn PLGA ���� �õ� ö�3.

PLGA ��	
� ��� �� ��. W(n ��%

T!7 �Â¨
 light scattering particle analyzer (Elec-

trophoretic light scattering spectrophotometer, ELS-

8000, OTUSKA Electronics Co., Japan)> �?�@ ÷

���3. PLGA ����% UV
 scanning electronic

microphotometer (SEM) (6700F Cold/Fe-SEM, JEOL Co.,

Japan)� �?�@ øù��3.

PLGA ��	
� �� ��. PLGA ����% �

�9 ultrafiltration c� Y, �Wn �� ?�� 0.22 µm

membrane (cellulose acetate membrane, Corning, NY, USA)

� �?�@ úû @c�� Ýò-ó( c� Y öHN

����% üG> ÷��@ ����% ��� ²�

��3. ����% ��9 3Õ ý6 %� Ð���3.

Yield(%) =

þ100(%)

��� ����  � !� ��. PLGA ����6

X�n �?� vitamin A7 vitamin E acetate% X� s

�9 UV-visible spectroscopy (UV mini 1240, SHIMADZU,

Japan)> �?�@ ²���3. Vitamin A7 vitamin E

acetate> ^ÿ$=� �� 90% v/v kS����� ?

�� A?�@ �� �g� ��+ Y, PLGA ���

�6 Â±n �?� ��	% X� s�� ÷���3. �

���6 Â±n #$% �9 ���� W(c� 2

ultrafiltration� Þ�@ ��6 Â±<� Ò9 #$� W

�+ Y öHN �� ?�6; 400 µl> ���, � ?

�6 3.6 ml% kS������ ã��@ PLGA ��

7 ��6 Â±n #$� 	" Y UV-visible spectroscopy

> �?�@ vitamin A
 Á�Ö  327.7 nm6;, vitmin

E acetate
 Á�Ö  283.5 nm6; ÁE¨> ÷���

3. �?� ��	% X� s�9 3Õ ý6 %� Ð�

��3.

Loading efficiency (%) =

þ100(%)

�� � ��

"# �$� %&

PLGA ����> W(�
 µ 1H !z6 A?<

�
 �! ?�
 ���Â�, ������ |% $c

��<� Ò
 ?�> .� A?��3. �K+ �!

?�> A?+ &v9 ?�% ���� "+ fW�c

6äå U� ½ ?�% �� �Ð6; {��
 ���

r�� "�@ �9 ��c �� T!% ê�7 89

��� ��� 1�3. ° CD6;
 $6 � ��<

� ��� �Ñ
 
9 kS�c 6�¦� �� ���

��+ ?�> A?�@ PLGA ����> W(��3.

Table 19 kS�c 6�¦% �� ��6 
m W(n

PLGA ��% T! É�> ��� òc�; 6�¦%

��� ê�i�Ú ��% T!
 ú��: kS�/6

�¦% �� ��� 6/4� 4
% (ó�� o@ÿ3.

� òc
 ���� U� ��l�6; 6�¦c kS

�% 2�Ð6 �ª ��� �� T!6 Ãq� .! e

f6 6�¦% �� ê�i�Ú ��% T!� ú��


 ��� A�n3. 6�¦c kS�% ��
 ��9

6�¦c kS�% $6 a+ ª�¨% ��6 !"�


 ��� wxy 13.19 ��� ?�� ��W� Â±

n �?rc ��n Y U�n 6äå &�% Ð_6;

?�% ��� �H�: $6 a+ ª�¨% ��6 


 Weight of nanoparticles

Weight of polymer in formulation

 Mass of drug in nanoparticles

Mass of drug used in formulation
2003, Vol. 47, No. 5
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A
od.
m ra
�� ª�¨� ­9 6�¦� �� ��n Y

kS�� ��
�� ��<
 ��� wxy 13.20

6�¦% ��� 5/5 �r ê��_ ��% T!� Ç

Jx ê��� 4/6 �r% ��6;
 ��T!% ��

� U�<� Ò�3. � òc
 �� Æ¨ �r�� 6

�¦% Æ¨� ê��_ PLGA6 a+ ?�¨� ú�

�@ 6äå� U�<! ,6 �,� U�<
 �6 !

"�
 ��� wxy 13.21 
m;, 4
% �� �

�9 �,� U�<� Ò
 ?�¨> ��i � 1


µ í� 6�¦% ��� ê�t´
 ��3. �,�

U�<
 ?�% �� ��9 ��� (cloud point) ÷

�v� �?�@ ò�i � 1�: PLGA% ¬�, lactide

7 glycolide% ��c ��Å6 Ãq� 0
 ��� w

xy 13.22,23

'(
 
 ")�� %&. ��-?��� &v9 ×

�Ä% �! ?�6 	k1
 PLGA� ��W� Â±

<H 1
 �?�6 ��� e, �!r% PLGA7 �

?r% ��W, × ����% ¥kS���  c��

�?�
 ��� wxy 13.16 
m;, ���% Æ¨

7 ��W% �Ä ½ Æ¨
 PLGA ��% U�c $

»
 �=6 ] Ãq� RÈG n3. Table 2
 ���

?�% Æ¨> 1, 2, 4% w/v� !! É�t´� ��

W% Æ¨> 1, 2, 4, 8% w/v� !! É�tu PLGA

����> W(i e U�n ����% T!7 �Â

¨> �Ñ+ òc�3. U�n ����% T!
 ��

�% Æ¨ ½ ��W% Æ¨� ú�i�Ú " \k�


�� �"���: ��% �Â
 ���% ��n �

Â> o�
 �� �"i � 1�3. #+, �?� #$

% X�� "�@ ��% T!� #� ê�$� �"i

� 1�3. o� n �6 
�_ ��W% Æ¨� ­�

�Ú W(n ����% T!� \k�� ���¨ ê

���L �� Æ¨ �r6;
 ÇJx PLGA �� .

B6 ��W% ��� �H� ��% T!� ê��:,

��� ?�% Æ¨� ê�i�Ú �� T!¨ ê��


 ��� wxy 13.17 PLGA% Æ¨6 
% Ãq�

o_ PLGA ����% T!� PLGA% Æ¨� ê�

i�Ú &'�G ê��
 �� ( � 13. �K+ ò

c
 PLGA% Æ¨� ê�i�Ú ��W� Â±n �

?�6 ��� e U�n 6äå &�M% )¨� ­k

y; ���r� �H�
µ !"�
 ��� wxy

13.18 ©_6, !z CD òc7
 3�G 1-8% w/v

FB6; ��W% Æ¨6
 *3% Ãq� 0� Ò


��� ��+3. �K+ òc
 ��W� A?n PEG-

PPG ÙÚ §2��� �9 Æ¨6;¨ 6äå &�M

% sc
" ��c ���� �o�! ef" ���

A�n3. Fig. 19 PLGA7 ��W� A?n PEG-PPG

ÙÚ §2��% �� É�6 
% �� T!% É�>

��� òc�3. ��W6 a+ PLGA% ��� 40%

Table 1. Effect of binary organic solvent ratio on the particle
size and yield of PLGA nanoparticles prepared by the emul-
sification-diffusion method. PLGA concentration: 2% w/v,
Surfactant concentration: 8% w/v

Binary solvent ratio*
(acetone/ethanol)

Particle size
(nm)

Yield
(%)

10/0 256.5 42.5
9/1 231.2 64.1
8/2 157.8 70.5
7/3 132.5 89.4
6/4 113.6 98.7
5/5 205.4 81.5
4/6

**

3/7
2/8

1/9
0/10

*Volume ratio 
**Nanoparticles could not be prepared in these binary solvent. 

}

Table 2. Physical property of vitamin E acetate loaded PLG
nanoparticles prepared by the emulsification-diffusion meth
Solvent composition: acetone/ethanol =6/4

Concentra-
tion of PLGA

(%, w/v)

Concentration 
of surfactant*

(%, w/v)

Particle size(nm)
Polydisper-

sityBeforea Afterb

1 1 82.3 89.7 1.78
2 80.7 90.2 1.60
4 90.3 95.4 2.19
8 88.4 96.1 1.94

2 1 93.1 95.4 1.40
2 97.6 98.0 1.58
4 110.6 119.7 1.70
8 113.6 145.2 1.99

4 1 202.9 200.7 1.84
2 198.0 209.8 1.79
4 212.2 225.5 2.31
8 255.3 280.4 2.45

*Surfactant: PEG-PPG diblock copolymer 
aBefore vitamin E acetate loading 
bVitamin E acetate loaded PLGA particles
Journal of the Korean Chemical Society
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o-
n-
o3 �9 (ó6; 200 nm ��% �� T!� W(

<��: ��W% ��� £ �r�� ê�i�Ú �

�% T!
 ~,J ê���3. ��% ��¨ #+,

��W6 a+ PLGA% ��� 40% o3 �9 (ó6

; �Ñ
 ��� UV� ��+ T!% ��� U�$

� w � 1�3. �K+ òc
 6äå% sc
" �

�c ���6 a+ ��W% -i� o@.
 ���

;, 100 nm �¨% ��+ T!% ��% ö! B�;


 ��W6 a+ ���% ��� 10% ���H¯ ±

� o@ÿ3.

 Fig. 2
 PLGA ����> 6�¦/kS� (6/4)%

?� (óc 2% w/v PLGA/drug ?�c ��W� 8%

w/v PEG-PPG ÙÚ §2�� �?�% (ó6; ¶Õ

Ö> A?�@ W(+ Y, Ýò-ó(+ ����% SEM

�R��3. W(n PLGA ����
 DU��, �»

n ��� z.�: �/K¢ ̂ _ UV> ��� 1�

�: 100 nm �¨% ²³ T!> o�3.

")�� *+, -. %&. Fig. 39 PEG-PPG ÙÚ

§2��7 PVAL, Tween 80� ��W� !! A?�

@ PLGA ����> W(+ Y ��% T!> �Ñ+

òc�3. ��W
 Quasi-emulsification �Ð6; 6ä

å &�% 01� &��@ �!r� sc
�� ��

t´�, ��n 6äå &�% �,�� À@�! B�

@ A?n3. Ý�+ Æ¨6; ����> W(���

e PEG-PPG ÙÚ §2��> ��W� A?+ ¬��

3% ¬�6 �� " \9 ����> U����:

16% w/v �r6;
 PVAL6 ��@ ���G \9 �

�> U���3. � òc
 ��% T!� 2�
 .

n 3"�� wxN ���r� &��
µ 1H PEG-

PPG ÙÚ §2��� PVAL�� Tween 806 ��@

" sc
" ��� A�n3. #+ 16% w/v �r%

Æ¨6;
 ��W �?�% �¨� PEG-PPG ÙÚ §

2��7 Tween 806 ��@ PVAL �?�� ��J

­! ef6 ��� ?�c �?�� ���e ��n

��� H4! ef" ��� A�n3. PLGA �� �

� W(6 A?n a^
" ��W 2% ��" PVAL

9 ��W7 ��W�; PLGA ���� ^_6 Ó�G

ò�<H ����> ����
 ��� wxy 13.23 �

�L, PVAL9 Ø� �6;% ����6 %� #$ ,-

�� A?�
µ Hx5� 1! ef6 PVAL� a6i �

Fig. 1. Effect of polymer/surfactant ratios on the mean size of
the PLGA nanoparticles. Solvent composition: acetone/etha-
nol=6/4 (-�- : Mean diameters and - � - : Polydispersity).

Fig. 2. Scanning electron microphotograph image of PLGA
nanoparticles prepared by the emulsification-diffusion method.

Fig. 3. The change of mean diameters of the PLGA nan
particles with various surfactant used in the emulsificatio
diffusion method. PLGA concentration: 1 % w/v (- �- :
PEG-PPG diblock copolymer, - 7- : PVAL and - 8- : poly-
oxyethylene sorbitane monooleate).
2003, Vol. 47, No. 5
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d
n-
/4,
1� ��
��� ��+ ��W> 9
 CD� N[<

H :3. PVAL� a��! B+ ��W�; polyoxyethylene

sorbitane monooleate, polyvinylpyrrolidone, dextran,

poloxamer|� o� <�3.16 PEG-PPG ÙÚ §2��


 �� ª��� ��+ PEG� Â±<H 1H ��

� #$ ,-�� A?i ¬�, PVAL6 ��@ ��


��� ��i ��� ;rn3. #+, .� ¿À6

A?<
 !*� � ¹6 1H; PEG� ¥< n �

���
 PEG% ��ª�
" �=� "�@ ¿À6

a+ bc� ½ �=�� qr� ��� !an3.

PLGA ��	
� ��. Fig. 4
 1, 2, 4, 8% w/v

PEG-PPG ÙÚ §2�� Æ¨6; PLGA ?�% Æ¨

> É�tu ����> W(��� e öHN ���

�% �� É�> ��� òc�3. PLGA ?�% Æ

¨� ê�i�Ú ����% ��� ú���3. ��

W% Æ̈ � 2-8% w/v" ¬�, PLGA% Æ̈ � 2-4% w/v

FB6;
 95%�r% ­9 ��� o��� 10% w/v �

r% FB6;
 ~,+ �� ú�� ��+3. IJ

��W% Æ¨� 1% w/v" ¬� 4% w/v �r% PLGA

Æ̈ 6; ~,+ ��% ú�� �H>� w � 1�3. �

K+ òc
 PLGA% Æ¨� ê�i�Ú ���r�

ê��@ ��% T!� ê��� 10% w/v �r% (

ó6;
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Fig. 4. Effect of PLGA and surfactant concentration on the
yield of nanoparticles prepared by PEG-PPG diblock copol-
ymer system (Surfactant concentration (% w/v): -�- : 1,
- � -: 2, -7 -: 4 and - 8 -: 8).

Fig. 5. Effect of PEG-PPG diblock copolymer on the yiel
of the PLGA nanoparticles prepared by the emulsificatio
diffusion method. Solvent composition: acetone/ethanol=6
PLGA concentration: 4% w/v (-�- PEG-PPG diblock copol-
ymer, -7 -: PVAL and -8 -: polyoxyethylene sorbitan
monooleate).
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