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Optimization of the Preparation Technology of Florfenicol Microsphere by Simple Coacervation Based 

on Central Composite Design and Response Surface Methodology 

 

LIN Weirui, WANG Hongguang, LÜ Haiying(Department of Pharmacy, Qingdao University of Science & Technology, 

Qingdao 266042, China) 

 

ABSTRACT: OBJECTIVE  To optimize the preparation technology of florfenicol sustained release microspheres by simple 

coacervation method. METHODS  Microspheres were prepared by simple coacervation method. The effects of influences 

factors such as the ratio of core to material, encysted pH and stirring speed, on overall desirability (OD) of diameter and 

entrapment efficiency were investigated by central composite design and response surface method. The data were imitated using 

second-order polynomial. Microspheres prepared by optimal condition were releasing in vitro in artificial body fluid. RESULTS 

The optimal conditions were as follow: the ratio of core to material as 0.375, encysted pH as 4.8, and stirring speed as 615 

r·min

−1
. The microspheres prepared by optimal condition were round and uniform with particle size of 40~50 µm. The 

entrapment efficiency was 57.45% and the drug loading reached 17.52%. The microspheres had good slow-release characteristics 

in Hank’s artificial body fluid. CONCLUSION  Microspheres prepared by optimal method load more drug with good shape, 

and the slow-release characteristics are good. 

KEY WORDS: central composite design and response surface methodology; simple coacervation; microspheres; florfenicol 
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IT-09A5 ��ÉÊËÌÍ(&�¶�)hTG328A

��@��(&��*���)hXSP-2CA �L3

�(&��*�ÍÏm'���)hUV1000 ��w
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��
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2.1  Gmb¯ 

A÷b�+0�lE-��0
Gm�lîh

ÛÜÝq� 200 ��ìíE0�lî0·	C÷

b�+��H AEO9h	
·ËÌ
�ú¤=#

45~50 �hü	 10%12l;� pHh� ü	 25% 

Na

2

SO

4 

50 mL ËÌ
³�34h� 	C 13% 

Na

2

SO

4 

200 mL
!�h	C÷b����jø�

�
û34º�
">ËÌ 30 minh� ü	 2% 

NaOHlm;�+ pH` 6.0
">ËÌ 1 hh#$

ËÌS%à 24 h
GzÛÜÝq34. 

2.2  &'(x+G¿ 

2.2.1  noï�+)*  r+�ÛÜÝq<>l

î��,-.+<>lîKL�wï�~�
Û

ÜÝq# 266 nm÷'6!�Z¸/Ì-.#N÷

y^/. 

2.2.2  x0��+Gm  ��qrÛÜÝq(�

200 ��)0.200 3 g
E 100 mL �10
	<>s

�l_
l_S">	<>`2ú.��cr 0.25


0.5
1.0
1.5
2.0 mL E 10 mL �10
	C 1 mL

�S	<>`2úhE 266 nm ÷o¿��ú
P

��ú A \BúKL34
5z34b��

A=0.002 1C+0.017 9(r=0.999 5).Â­¾0ÛÜÝ

q# 50~400 µg·mL

−1
<M��ú�Uµ�ÓÔ. 

2.2.3  ÛÜÝq34³��o¿    0Y:�

2010��:Ù�� XIX E
L3�a�o36 500

A
z�µ��

[6]

. 

2.2.4  3Z��É  ��qr 0.300 0 mgÛÜÝ

q
-<>l_
M�,34Gm��0�O 3

��uBú+pvlî
o¿��ú
·Æx0

��ÓÔ7�.��0�OBú+3Z����

99.7%
100.5%
101.3%. 

2.2.5  ��ú�É   ��7G 100
200
300 

µg·mL

−1
��0�O 3 ABú+lî
o¿$<�

5 d +$Ä��ú.��0�O 3 ABú+$< RSD

� 0.38%
0.57%
0.23%.$Ä RSD � 0.57%


0.96%
0.75%. 
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10 mL �10
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-'Õ3öXY�X
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�
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Tab 1  Factor and levels for central composition design test 

Æ� ��� pH ��/r·min

−1
 

−1.732 1�4 4.5 500 

−1  3�10 4.7 542 

0 3�8 5.0 600 

1  9�20 5.3 658 

1.732 1�2 5.5 700 
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Tab 2  Index of the maximum value and the minimum value 

�� Y

min

 Y

max

 OD 

íÚ�/% 30 60 

minmax

min

1

��

��

Y

Y

d

i=  

��/µm 25 75 

minmax

max

2 =
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YY
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2.3.3  �Ï÷å  P�µ�������OD��

(x(pê�)
��\Bp	(»ê�)- Statistica 

6.0 �ÓJÚKL:£yþv
Â­fa, 

Y1=−9.417 9+5.070 1X1+2.864 2X2+0.005 5X3−
12.269 3X1*X1−0.380 4X2*X2+1.105 6X1*X2+ 
0.001 0X2*X3−0.001 7X1*X3(r=0.934 5) 

Y2=−9.417 9+5.070 1X1+2.864 2X2+0.005 5X3− 
12.269 3X1*X1−0.380 4X2*X2+1.105 6X1*X2+ 
0.001 0X2*X3−0.001 7X1*X3(r=0.934 5) 

OD=−12.864 8+11.098 7X1+4.109 7X2+ 

0.004 8X3−33.348 8X1*X1−0.587X2*X2+1.567 0X1*X2+ 
0.001 8X2*X3+0.009 9X1*X3(r=0.945 8) 

� 3  �������� 

Tab 3  Results of experiment designed by CCD 

NO. 

��� 

(X1) 

�� pH 

(X2) 

ôõ�� 

(X3) 

íÚ� 

(Y1)/% 

��(Y2)/ 

µm 

OD 

1 

2 

3 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1 

−1 

 1 

−1 

 1 

−1 

 1 

−1 

−A 

 A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

−1 

−1 

1 

1 

−1 

−1 

1 

1 

0 

0 

−A 

A 

0 

0 

0 

0 

0 

0 

0 

0 

−1 

−1 

−1 

−1 

1 

1 

1 

1 

0 

0 

0 

0 

−A 

A 

0 

0 

0 

0 

0 

0 

0.420 9 

0.415 8 

0.394 5 

0.478 2 

0.390 1 

0.346 5 

0.422 6 

0.489 2 

0.324 2 

0.495 8 

0.488 6 

0.543 4 

0.523 7 

0.527 7 

0.574 3 

0.573 5 

0.574 5 

0.572 8 

0.574 2 

0.573 5 

40±10 

60±10 

50 

70 

30±5 

30±5 

55±5 

55±10 

65±15 

65±15 

30 

55 

50 

40 

45±5 

45±5 

45±5 

45±5 

45±5 

45±5 

0.531 131 

0.340 294 

0.396 863 

0.243 721 

0.519 904 

0.373 497 

0.404 310 

0.502 262 

0.127 017 

0.361 294 

0.752 197 

0.569 678 

0.610 601 

0.728 903 

0.740 675 

0.739 594 

0.740 945 

0.738 647 

0.740 540 

0.739 594 

2.3.4  9,÷¯ø�  ÎÏb��K OD �¥p

	ê�+kL9,÷V:L�OÅ
)rDM+

eÚ. 

 

� 1  ����
(OD)����(X1)��� pH(X2)� !

"#$ 

Fig 1  Three-dimensional response surface of OD with two 

factors of the ratio of core to material(X1) and pH(X2) 

 

� 2  ����
(OD)����(X1)��� pH(X2)�%!

&'( 

Fig 2  Contour plot of OD with two factors of the ratio of 

core to material (X1) and pH(X2) 

 

� 3  ����
(OD)����(X1)�)*+,(X3)� 

!"#$ 

Fig 3  Three-dimensional response surface of OD with two 

factors of the ratio of core to material (X1) and stirring 

speed(X2) 
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� 4  ����
(OD)����(X1)�)*+,(X3)�%

!&'-( 

Fig 4  Contour plot of OD with two factors of the ratio of 

core to material(X1) and stirring speed(X3) 

 

� 5  ��"#
(OD)��� pH(X2)�)*+,(X3)� 

!"#$ 

Fig 5  Three-dimensional response surface of OD with two 

factors of pH(X2) and stirring speed(X3) 

 

� 6  ��"#
(OD)��� pH(X2)�)*+,(X3)�%

!&'-( 

Fig 6  Contour plot of OD with two factors of concentration 

of pH(X2) and stirring speed(X3) 

ÆÅ]NÛÜÝqÇO16MeÚ,:/6;

0.37
�6 pH 4.8
ËÌùú 615 r·min

−1
. 

2.3.5  6øeÚÉ¥   6MeÚKLÛÜÝq

ÇO134+Gm
z�P¹µ¶
40~50 µm �

:0L+34
Â­ÄÅ 7.���� 57.45%


�:�� 17.52%. 

 

� 7  ./012�345367(400�) 

Fig 7  Micrograph of optimized microspheres(400�) 

2.4  ;w?@úo¿ 

2.4.1  ?@Q7+)*

[8] 

  ÛÜÝq�?34+

Gm
5���K¶RGmS-TU��H.p

Nû:�#;w?@eÚV]�ýþ;<�-W

@¯
o¿Q7+;éJ�¯E�ïlýúo¿

¯
X5YZ[\]^eÚ.|Élî) Hank’s 

_ãýþ;î
/Ö��,NaCl 8.0 g+KCl 0.4 g+ 

CaCl

2

 0.14 g+NaHCO

3 

0.35 g+C

6

H

12

O

6

(`ab ) 

1.0 g+MgCl

2

·6H

2

O 0.1 g+MgSO

4

·7H

2

O 0.06 g+ 

KH

2

PO

4

 0.06 g+Na

2

HPO

4

·12H

2

O 0.06 g+1 L H

2

O.

- HCl V NaOH lîlm pH=7.5
�ú¢G#

( 37.0�1.0)�.Õ	C 1% N,N-:<À<�j.

 

2.4.2  �U|É  ��qrÛÜÝq 0.2 g
àE

100 mL �10
cü	 1 mL N
N-:<À<�j

l_
dS	_ã;î`2ú
zÛÜÝqx0

Hmî.����cr 0.25
0.5
1
1.5
2 mL

Hmî` 10 mL �10
	_ã;î`2ú.P

�,_ã;î�Ã¿î
-�w���ú¯E 266 

nmo¿��ú A�.PBú C\ AKL�U34


34b�� Y=0.002 4X+0.041 4
r=0.999 3. 

2.4.3  ÛÜÝqä.:;w?@  A 0.035 0 g Û

ÜÝqä.:ìíE 10 mL -��0
àEW@

e0
AW@eàE 100 mLfgh³i10
?

@Q7� 90 mL D 1%N
N-:<À<�j+_ã

;î+.# 37 �
72 t·min

−1
����0��.

�j 30 min rp 1 mL
rpSks 1 mL_ã;

î.rz+pv-3�¿"l# 266 nm ÷o�w
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�Z
# 2.5 h O
ä.:+?@h� 90%P&. 

2.4.4  ÛÜÝq34;w?@úo¿  ©-W@

¯KL34;w?:�É.��qr¶¿�+Û

ÜÝq34(6øeÚÉ¥�É0Gz)
ÝCW@

e0
	C¶¿�_ã;îû34ìíSAem

no
àEp' 100 mL_ã;î+lý10
E

(37.0�1.0)� ��
72 r·min

−1
+I�a=>�¼


¿Or?@î 1 mL
qrk	��+_ã;î.

Arý+?@îs� 0.45 µm +3öXY
-_

ã;ît?`2ú
E 266 nm ÷o¿�Zú
9

Cx0��b�ÓÔ?:�
ÓÔ340:�+

Èé?@Ç�� Q(%).?@��ÄÅ 8. 

 

� 8  89:;34<=>?@ABC- 

Fig 8  Release curve of florfenicol microspheres in artificial 

body fluid 

3  �� 

ÛÜÝq#��lH0+l_úuD§
#

N
N-:<À<�j0vl.#;w?@|É0


Hmî0	C 1%+ N
N-:<À<�j¶b÷'

æEÛÜÝqä.:+l_(ÛÜÝql_Uw§

s�úÞØ¯)
Õ¶b÷]P>W:�%xy?

@� +U7(ä.:vlE?@Q7)
]P<¿

5G�34ûzÛÜÝq� ?@.        

ÆEÛÜÝq�lUw§
pN#34Gm

��0Ð	C¶¿�+��H
æE6;�z{

lU:�.ÇO1¯©-��C|+0���6

;
#	C��HS
ÛÜÝqî}#6;0�

�9­DÔ
æE#�6��0\:�+�~.

ø�S+ãÂGz+34�:�]h 17.52%
¸

�?9­DÔ
]®�K:t�
Ts®�,�U. 

%|Éø�PÛÜÝq34+GmãÂ
]G

z��D¯��:�D!�'�?U7+34.�

K¶R`GO7�+S-TU��HN�P]�. 
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