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Appendix I

Composition and Preparation of Acetate Buffer pH 4.5 + 0.1
pH 4 .5  ± 0 .1

S od ium  acetate 0.1 N  3 3 .5  ml
A cetic  acid  0.1 N  6 6 .5  ml

M ix  the required am ount o f  th ese  solution  together.

Sodium  acetate 0.1 N  
(C 2H 30 2N a)

D isso lv e  sod ium  acetate pow der 8 .2 0 4  g in purified w ater then adjust to 
the final vo lu m e o f  1000 ml.

A cetic  acid 0.1 N

D isp erse glacia l acetic  acid 6 .0 0 5  g  in purified w ater, adjust to the final 
vo lu m e o f  1000 ml.
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Appendix II
Preparation of Gel Bases

Poloxamer 407 Gel

A  w eig h ed  am ount o f  poloxam er 4 0 7  w as slow ly  added to cold  m ixture  
(~  5 °C ) o f  g lycerin  and bronopoiw  in acetate buffer about 2 /3  o f  the form ula. 
T his d ispersion  w a s then placed in a refrigerator to ensure com plete d issolution . 
E ventually , a clear and v isco u s solution  w a s form ed and transform ed to gel state 
w h en  the so lu tions w a s later stored at room  temperature.

Hydroxyethyl Cellulose Gel

T he hydroxyethyl ce llu lose  gel w a s prepared by scattering hydroxyethyl 
ce llu lo se  pow der in hot m ixture (~  8 0 -9 0 °C ) o f  g lycerine and bronopoKR) in 
acetate buffer about 2 /3  o f  the form ula w ith  gentle stirring u sin g  a stirring rod 
until they w ere clear and uniform.

Hydroxypropyl Methylcellulose Gel

T he hydroxypropyl m eth ylcellu lose  gel w as prepared by d ispersing  
hydroxypropyl m eth y lcellu lose  pow der in hot buffer (~ 8 0 °C ) in sm all 
increm ents w ith  con tin u ou s stirring until a w hite sm ooth paste w a s form ed. 
C old m ixture (~  4 °C ) o f  g lycerin  and b ron op oiw  in acetate buffer about 2 /3  o f  
the form ula w as added to the paste im m ediately  to form a clear gel.
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Appendix III
Stability Data of Clindamycin Hydrochloride Gel.

Stability  D ata o f  C lindam ycin  H ydrochloride in P oloxam er 4 0 7  G el at Joel-
D avis C ondition.

T im e (D a y s) C oncentration3 (m g/g )
0 9 .8 9 2 2  ± 0 .4 4 5 2
12 1 0 .6044  +  0 .0 5 6 2
48 9 .8 5 2 7  +  0 .2 8 0 0
63 9 .9 2 6 0  +  0 .2 4 8 4
78 10 .3622  +  0 .2 6 0 9
107 9 .6 9 6 5  +  0 .2 0 5 7
135 10.0661 ±  0 .1 3 4 2

a: M ean ±  S D , (ท =  3)

C oncentration =  9 .9 9 5 7 + 2 .5 9 0 3  X 10'4 tim e ; r2 =  0 .0 0 1 4  
ln (concentration) =  2 .3 0 1 5 + 2 .8 9 7 9  X  10"5 tim e ; r2 =  0 .0 0 1 8



The Concentration vs Time Plots o f  Clindamycin Hydrochloride in Poloxamer 407 Gel at
Joel-Davis Condition.
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Stability Data of Clindamycin Hydrochloride in Hydroxyethyl
Cellulose Gel at Joel-Davis Condition.

T im e (D ays) C oncentration3 (m g/g)
0 9 .8 8 0 6  ± 0 .2 8 1 2
12 9 .8 6 9 7  +  0 .0571
33 1 0 .5 3 1 0  ±  0 .4 4 6 3
48 10 .2 4 1 5  +  0  0 9 4 7
63 1 0 .1535  ±  0 .1 3 7 7

oo 1 0 .2985  ±  0 .4 6 1 9
107 1 0 .1 8 6 4  ±  0 .3 6 4 6
135 1 0 .7 4 7 7  +  0 .2 6 5 7

a : M ean +  S D , (ท =  3)

C oncentration =  9 .9 6 8 6  +  4 .5 3 8 2  X  10-3 tim e ; r2 =  0 .4 9 4 3  
ln (concentration) =  2 .2 9 9 5  +  4 .4 2 1 9  X  10-4 tim e ; r2 =  0 .4 9 6 4



The Concentration vs Time Plots o f  Clindamycin Hydrochloride in Hydroxyethyl Cellulose
Gel at Joel-Davis Condition.
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Stability D ata o f  C lindam ycin H ydrochloride in H ydroxypropyl 
M eth y lcellu lose  G el at Joel-D avis C ondition.

T im e (D a y s) C oncentration3 (m g/g )
0 10 .6102  ± 0 .0 5 9 8
12 10 .0952  +  0 .2 7 0 5
33 1 0 .6988  ±  0 .2311
48 1 0 .5 3 1 0  +  0 .2 5 5 0
63 10 .0213  ±  0 .2 1 6 5
7 8 '1 0 .2 6 3 4  +  0  2041
107 9 .9 6 1 7  +  0  1345
135 1 0 .7566  ±  0 .3 0 1 6

a : M ean +  S D , (ท =  3)

C oncentration =  1 0 .3 8 8 0 -3 .4 8 1 5  X  10-4 lim e ; r2 =  0 .0 0 2 5  
ln (concentration) =  2 .3 4 0 4 -3 .6 8 0 2  X  10"5 :im e ; r2 =  0 .0 0 3 0



The Concentration vs Time Plots o f  Clindamycin Hydrochloride in Hydroxypropyl
Methylcellulose Gel at Joel-Davis Condition.
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Stability Data of Clindamycin Hydrochloride in Poloxamer 407
Gel at Ambient Temperature.

T im e (D ays) C oncentration3 (m g/g )
0 9 .6 3 5 0  ±  0 .4 4 5 2

28 1 1 .3339  ±  0 .0 5 9 3
39 1 0 .6990  ±  0 .1 1 5 6
6 6 10 .7629  +  0 .2 0 1 9
95 10 .6892  +  0 .2 6 2 0
122 10 .7618  ±  0 .3361

a :M ean +  S D , (ท =  3)

Concentration = 10.3770 + 4.6231 X 10-3 time ; r- = 0.1421
ln(concentration) = 2.3368 + 4.6742 X 10‘4 time ; r2 = 0.1568



The Concentration vs Time Plots o f  Clindamycin Hydrochloride in Poloxamer 407 Gel at
Ambient Temperature.
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Ambient Temperature.

2.5 --
T

2 ■■

1.5 -■

3 T

1

0.5 -■

0 •!-— H -
0 10

.1 , t , 4 . 1 .............I ■ ■ ■ ‘ I ‘ ‘ ■ I ■ ' ‘ ‘ i ‘-■‘-■1 ‘ I

20 30 40 50 60 70 80 90 100 110 120 130
Time (Days)

D Run I ° Run 11 A Run III * Average

oo
O s



87

Stability D ata  o f  C lindam ycin H ydrochloride in H ydroxyethyl 
C ellu lose  Gel at A m bient Temperature.

T im e (D ays) C oncentration3 (m g/g )
0 9 .8 8 0 6  ± 0 .2 8 1 2

28 1 1 .0 1 0 9  ±  0 .1 3 0 0
39 1 0 .7929  ±  0 .1 5 8 3
66 1 0 .6849  +  0 .3 2 6 6
95 10 .3928  +  0 .6 5 0 6
122 1 1 .3 3 1 7  ±  0 .4 6 8 4

a : M ean ±  S D , (ท =  3)

Concentration = 10.3065 + 6.4422 X 10"3 time ; r2 = 0.3322
ln(concentration) = 2.3322 + 6.0830 X 10-4 time ; โ2 =  0.3310



The Concentration vs Time Plots o f  Clindamycin Hydrochloride in Hydroxyethyl Cellulose
Gel at Ambient Temperature.
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The ln(concentration) vs Time Plots o f Clindamycin Hydrochloride in I Iydroxyethyl
Cellulose Gel at Ambient Temperature.
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Stability Data of Clindamycin Hydrochloride in Hydroxypropyl
Methylcellulose Gel at Ambient Temperature.

T im e (D ays) C oncentration3 (m g/g )
0 1 0 .6102  ± 0 .0 5 9 7

2 8 1 0 .9722  +  0 .0 0 8 7
39 1 0 .8012  +  0 .0 4 2 3
66 10 .2363  + 0 .0 6 5 6
95 10 .3 0 4 9  +  0 .1 9 4 7
122 1 0 .6020  +  0  1036

a : M ean +  S D , (ท =  3)

Concentration = 10.7559 - 2.8814 X 10*3 time ; r2 = 0.2120
ln(concentration) = 2.3752 - 2.7185 X 10-4 time ; r2 = 0.2112



The Concentration vs Time Plots o f  Clindamycin Hydrochloride in Hydroxypropyl
Methylcellulose Gel at Ambient Temperature.
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The ln(concentration) vs Time Plots o f  Clindamycin Hydrochloride in Hydroxypropyl
Methylcellulose Gel at Ambient Temperature.
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In Vitro Release Data of Clindamycin Hydrochloride Gel.
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G ellin g  A gent: P oloxam er 4 0 7 , 18% พ /พ

M em brane: DuraporeW ; T hickness: 0 .1 3 2  mm.; Pore size: 0 .4 5  m icron  

R ece iv in g  M edium : A cetate  Buffer  

R elea se  R un D ata

Time (min) Run I Run II Run III
T Jh2 Amount

(mg)
Cumulative

Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.4703 0.4703 0.5656 0.5656 0.5690 0.5690
45 6.708 0.6124 1.0827 0.6034 1.1690 0.5823 1.1513
75 8.660 0.6255 1.7081 0.6110 1.7800 0.6152 1.7665
105 10.247 0.5833 2.2915 0.6082 2.3882 0.6033 2.3698
135 11.619 0.5511 2.8427 0.5471 2.9253 0.5701 2.9439
165 12.845 0.6028 3.4465 0.6112 3.5464 0.6157 3.5596
195 13.965 0.5603 4.0068 0.5730 4.1195 0.5746 4.1342
225 15.000 0.5856 4.5924 0.5851 4.7046 0.5803 4.7415
255 15.969 0.5406 5.1330 0.5835 5.2881 0.5292 5.2437

Steady -state slope 
Cumulative Amount 
vs T I/2X 10-2 
(mcg/min"1'2)

5.0012 5.0090 5.0642

Diffusion 
Coefficient X 1 o4 

(cm2/min)
8.2832 8.5766 8.4940

1. 0.9964 0.9952 0.9974

อ  = 8.4513 + 0.1513 % c v  = 1.7902



Clindamycin Hydrochloride Release from Poloxamer 407 Gel by Using Durapore(R) and
Acetate Buffer.

ระ1c/1



C lindam ycin H ydrochloride R elease from Poloxam er 4 0 7  Gel by U sing Durapore(R)
and A cetate Buffer.

Run I 0 ~ Run II A Run III
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G ellin g  A gent: H ydroxyethyl C elu lose; 2%  พ /พ  

M em brane: Durapore^); T hickness: 0 .1 3 2  mm.; Pore size: 0 .4 5  m icron  

R ece iv in g  M edium  : A cetate  Buffer  

R elea se  Run D ata

Time min) Run I Run II Run III
T Jl/2 Amount

(mg)
Cumulative

.Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.3857 0.3857 0.5325 0.5325 0.4586 0.4586
45 6.708 0.3875 0.7714 0.4948 1.0273 0.5290 0.9876
75 8.660 0.3512 1.1226 0.3748 1.4021 0.4294 1.4171
105 10.247 0.3909 1.5175 0.3480 1.7502 0.3925 1.8496
135 11.619 0.3120 1.8295 0.3053 2.0555 0.3586 2.1682
165 12.845 0.3040 2.1335 0.2828 2.3384 0.3255 2.4937
195 13.965 0.2654 2.3989 0.2318 2.5702 0.2996 2.7932
225 15.000 0.2444 2.6433 0.2192 2.7894 0.2189 3.0122

Steady -state slope 
Cumulative Amount 
vs T1,2X 10'2 
(mcg/min "1/2)

2.3945 2.1975 2.5545

Diffusion 
Coefficient X 104 

(cm 2/min)
1.8990 1.5994 2.1612

r2 0.9999 0.9998 0.9993

D = 1.8865 + 0.2811 % cv = 14.9007
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Clindamycin Hydrochloride Release from Hydroxyethyl Cellulose Gel by Using Durapore(K)
and Acetate Buffer.

--- Run I ---------- 0—  Run I I --- *--- Run III
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Gelling Agent: Hydroxypropyi Methylcellulose, 3% พ/พ 

Membrane: Durapore'W; Thickness: 0.132 mm.; Pore size: 0.45 micron 

Receiving Medium: Acetate Buffer 

Release Run Data

Time (min) Run I Run II Run III
T Jh2 Amount

(mg)
Cumulative

.Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.5648 0.5648 0.4344 0.4344 0.4450 0.4450
45 6.708 0.5580 1.1229 0.4651 0.8995 0.4531 0.8981
75 8.660 0.5420 1.6648 0.4164 1.3159 0.4124 1.3105
105 10.247 0.4177 2.0825 0.3774 1.6933 0.3738 1.6843
135 11.619 0.4776 2.5601 0.3457 2.0390 0.3760 2.0604
165 12.845 0.4436 3.0038 0.4398 2.4788 0.3821 2.4425
195 13.965 0.4716 3.4754 0.3069 2.7857 0.3910 2.8335
225 15.000 0.4304 3.9058 0.3799 3.1655 0.3540 3.1875

Steady -state slope 
Cumulative Amount 
vs TI,>2X 10‘2 
(mcg/min '1/2)

3.9984 3.2735 3.3468

Diffusion 
Coefficient X  104 

(cm 2/min)
5.2950 3.5491 3.7098

r2 0.9988 0.9972 0.9994

D = 4.1846 + 0.9649 % cv = 23.0595
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Clindamycin Hydrochloride Release from I lydroxypropyl Methylcellulose Gel by Using
Durapore(R) and Acetate Buffer.
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Clindamycin Hydrochloride Release from ilydroxypropyl M ethylcellulose Gel by
Using Durapore(R> and Acetate Buffer.
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Gelling Agent: Poloxamer 407, 18% พ/พ

Membrane: DuraporeW; Thickness: 0.132 mm.; Pore size: 0.45 micron 

Receiving Medium: Chloroform 

Release Run Data

Time [min) Run I Run II Run III
T Jl/2 Amount

(mg)
Cumulative

.Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.1913 0.1913 0.1460 0.1460 0.2094 0.2094
45 6.708 0.2486 0.4399 0.2819 0.4279 0.2740 0.4834
75 8.660 0.2658 0.7057 0.3091 0.7371 0.2453 0.7287
105 10.247 0.2636 0.9693 0.2834 1.0205 0.2762 1.0049
135 11.619 0.2686 1.2379 0.2466 1.2671 0.2619 1.2668
165 12.845 0.2729 1.5108 0.2736 1.5407 0.2694 1.5363
195 13.965 0.2897 1.8005 0.2636 1.8043 0.2469 1.7832
225 15.000 0.2559 2.0564 0.2644 2.0687 0.3139 2.0971
255 15.969 0.2659 2.3223 0.2533 2.3221 0.3130 2.4101

Steady -state slope 
Cumulative Amount 
vs T1/2X 10-2 
(mcg/min _1/2)

2.4350 2.3666 2.4242

Diffusion 
Coefficient X  104 

(cm 2/min)
1.9638 1.8553 1.9464

r2 0.9990 0.9990 0.9910

D = 1.9217 + 0.0584 % cv  = 3.0412
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Clindamycin Hydrochloride Release from Poloxamer 407 Gel by Using Durapore(k) and
Chloroform.
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Clindamycin Hydrochloride Release from Poloxamer 407 Gel by Using Durapore(R) and
Chloroform.
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Gelling Agent: Hydroxyethyl Cellulose, 2% พ/พ 

Membrane: Durapore(R); Thickness: 0.132 mm.; Pore size: 0.45 micron 

Receiving Medium: Chloroform 

Release Run Data

Time (min) Run I Run II Run in
T Jl/2 Amount

(mg)
Cumulative

.Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.3936 0.3936 0.3446 0.3446 0.3847 0.3847
45 6.708 0.3736 0.7372 0.3746 0.7192 0.3019 0.6866
75 8.660 0.2100 0.9773 0.2236 0.9428 0.2281 0.9147
105 10.247 0.1996 1.1769 0.1844 1.1272 0.1727 1.0874
135 11.619 0.1685 1.3454 0.1431 1.2703 0.1403 1.2277
165 12.845 0.1651 1.5105 0.1372 1.4075 0.1385 1.3663
195 13.965 0.1424 1.6529 0.1448 1.5523 0.1096 1.4759

Steady -state slope 
Cumulative Amount 
vs T1,7X 10'2 
(mcg/min ~1/2)

1.2528 1.1762 1.0887

Diffusion 
Coefficient X 104 
(cm 2/min)

0.5198 0.4582 0.3926

* 0.9990 0.9986 0.9997

D = 0.4569 + 0.0636 % cv = 13.9232



Clindamycin Hydrochloride Release from Hydroxyethyl Cellulose Gel by Using Durapore(k)
and Chloroform

Run I — ^  R un  II A R u n  III



Clindamycin Hydrochloride Release from Hydroxyethyl Cellulose Gel by Using
D urapore(R) and Chloroform.

—  Run I ---- Run II ----------- A----  Run III

ooo



109

Gelling Agent: Hydroxypropyl Methylcellulose, 3% พ/พ 

Membrane: DuraporeiR>; Thickness: 0.132 mm.; Pore size: 0.45 micron 

Receiving Medium: Chloroform 

Release Run Data

Time jnin) Run I Run II Run rn
T ๅฯ a Amount

(mg)
Cumulative

Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
.Amount

(mg)
15 3.875 0.2211 0.2211 0.3061 0.3061 0.2431 0.2431
45 6.708 0.2904 0.5115 0.3260 0.6321 0.2625 0.5056
75 8.660 0.2187 0.7302 0.3495 0.8817 0.2378 0.7435
105 10.247 0.2042 0.9345 0.2266 1.1083 0.2141 0.9576
135 11.619 0.1867 1.1211 0.1854 1.2938 0.1866 1.1442
165 12.845 0.1660 1.2872 0.1702 1.4640 0.1797 1.3239
195 13.965 0.1629 1.4501 0.1653 1.6293 0.1637 1.4876
225 15.000 0.1491 1.5992 0.1586 1.7879 0.1441 1.6317

Steady -state slope 
Cumulative Amount 
vs Tli2x 10'2 
(mcg/min -,/2)

1.3983 1.4278 1.4268

Diffusion 
Coefficient X 1 o4 
(cm 2/min)

0.6476 0.6752 0.6742

r2 0.9997 0.9993 0.9998

D = 0.6657 + 0.0156 % cv = 2.3516



Clindamycin Hydrochloride Release from I lydroxypropyl Methylcellulose Gel by Using
Durapore(R) and Chloroform.
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Gelling Agent: Poloxamer 407, 18% พ/พ

Membrane: Fluoropore(R>; Thickness: 0.066 mm.; Pore size: 0.5 micron 

Receiving Medium: Acetate Buffer 

Release Run Data

Time (min) Run I Run II Run III
T '■ [ฯ.2 Amount

(mg)
Cumulative

Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.7164 0.7164 0.8562 0.8562 1.0458 1.0458
30 5.477 0.3499 1.063 0.2751 1.1363 0.2581 1.3039
45 6.708 0.8596 1.9259 0.7058 1.8371 0.8794 2.1833
75 8.660 1.3315 3.2574 0.9739 2.8110 1.1735 3.3568
105 10.247 1.2119 4.4693 1.0084 3.8194 1.1453 4.5020
135 11.619 0.8491 5.3184 0.9016 4.7210 1.1165 5.6185
165 12.845 - - 0.9490 5.6700 _ _

Steady -state slope 
Cumulative Amount 
vs T1/2X 10'2 
(mcg/min _1/2)

6.9854 6.7891 6.9780

Diffusion 
Coefficient X 104 
(cm 2/min)

16.1612 15.2656 16.1270

0.9988 0.9979 0.9953

D = 15.8513 +0.5075 % cv  = 3.2016



Clindamycin Hydrochloride Release from Poloxamer 407 Gel by Using Fluoropore(R) and
Acetate Buffer.

— —  Run I ---- «----  R u n  II — ■ *-—  R u n  III



Clindamycin Hydrochloride Release from Poloxamer 407 Gel by Using Fluoropore(K) and
Acetate Buffer.

Run I 0 Run II ~ & Run III
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Gelling Agent: Hydroxyethyl Ceiulose, 2% พ/พ 

Membrane: Fluoropore^); Thickness: 0.066 mm.; Pore size: 0.5 micron 

Receiving Medium: Acetate Buffer 

Release Run Data

Time!'min) Run I Run II Run III
T yi/2 Amount

(mg)
Cumulative

Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.9466 0.9466 1.0784 1.0784 1.1348 1.1348
45 6.708 0.8745 1.8211 0.8692 1.9476 0.8136 1.9484
75 8.660 0.6308 2.4520 0.6758 2.6234 0.6063 2.5547
105 10.247 0.5647 3.0166 0.5280 3.1514 0.4952 3.0500
135 11.619 0.5060 3.5227 0.5314 3.6828 0.4870 3.5369
165 12.845 0.4612 3.9839 0.4422 4.1250 0.4648 4.0018
195 13.965 0.4513 4.4351 0.4470 4.6020 0.4479 4.4496
225 15.000 0.4523 4.8874 0.4094 5.0115 0.4255 4.8752

Steady-state slope 
Cumulative Amount 
vs TI/2X 10‘2 
(mcg/min _1/2)

3.8221 3.6666 3.4837

Diffusion 
Coefficient X  104 
(cm 2/min)

4.8383 4.4526 4.8932

r2 0.9987 0.9996 0.9992

D = 4.7280 + 0.2401 % cv = 5.0783



Clindamycin Hydrochloride Release from I lydroxyethyl Cellulose Gel by Using Fluoropore(R)
and Acetate Buffer.

---- D ~ R un  I °  R u n  II A R u n  III



Clindamycin Hydrochloride Release from I Iydroxyethyl Cellulose Gel by Using Fluoropore
and Acetate Buffer.
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Gelling Agent: Hydroxyethyl Methylcellulose, 3% พ/พ 

Membrane: FluoroporedO; Thickness: 0.066 mm.; Pore size: 0.5 micron 

Receiving Medium : Acetate Buffer 

Release Run Data

Time (min) Rim I Run II Run m
T ฯๆ/2

X .

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.5220 0.5220 0.5931 0.5931 0.6025 0.6025
45 6.708 0.7085 1.2305 0.7174 1.3105 0.6057 1.2082
75 8.660 0.7407 1.9712 0.7081 2.0186 0.6258 1.8340
105 10.247 0.7466 2.7178 0.6973 2.7159 0.6009 2.4349
135 11.619 0.6870 3.4048 0.7171 3.4330 0.5094 2.9443
165 12.845 0.6738 4.0786 0.6421 4.0751 0.5779 3.5222
195 13.965 0.6007 4.6793 0.5284 4.6035 0.6441 4.1663
225 15.000 0.6300 5.3093 0.5571 5.1606 0.5407 4.7070

Steady -state slope 
Cumulative Amount 
vs T1/2X 10'2 
(mcg/min ’1/2)

5.2570 4.9869 5.2620

Diffusion 
Coefficient X 104 

(cm 2/min)
9.1531 8.2368 9.1705

r2 0.9982 0.9992 0.9984

D = 8.8533 +0.5344 % cv  = 6.0363



Clindamycin Hydrochloride Release from Hydroxypropyl Methylcellulose Gel by Using
Fluoropore(l<) and Acetate Buffer.

0 2 4 6 8 10 12 14 16
Square Root of Time (min)1/2
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Clindamycin Hydrochloride Release from Hydroxypropyl Melhylcellulose Gel by
Using Fluoropore(R) and Acetate Buffer.
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Gelling Agent: Poloxamer 407, 18% พ/พ

Membrane: Fluoropore w ; Thickness: 0.066 mm.; Pore size: 0.5 micron 

Receiving Medium: Chloroform 

Release Run Data

Time min) Run I Run II Run r n

T Jl/2 Amount
(mg)

Cumulative
-Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
-Amount

(mg)
15 3.875 0.5282 0.5282 0.5934 0.5934 0.5453 0.5453
45 6.708 0.5588 1.0870 0.6000 1.1934 0.5607 1.1060
75 8.660 0.4117 1.4987 0.4363 1.6297 0.4629 1.5689
105 10.247 0.3794 1.8781 0.3935 1.9932 0.4097 1.9786
135 11.619 0.3322 2.2103 0.3510 2.3442 0.3687 2.3473
165 12.845 0.3148 2.5251 0.3145 2.6587 0.3293 2.6766
195 13.965 0.2816 2.8067 0.2789 2.9376 0.2823 2.9585
225 15.000 0.2436 3.0503 0.2561 3.1937 0.2599 3.2188
255 15.969 0.2450 3.2953 0.2257 3.4194 0.2468 3.4656

Steady -state slope 
Cumulative Amount 
vs TI/2X 10'2 
(mcg/min -yl)

2.468 2.5042 2.6021

Diffusion 
Coefficient X  104 

(cm 2/min)
2.0154 2.0770 2.2425

r2 0.9999 0.9999 0.9998

D = 2.1116 + 0.1174 % cv  = 5.5618
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Gelling Agent: Hydroxyethyl Cellulose, 2% พ/พ 

Membrane: Fluoropore^; Thickness: 0.066 mm.; Pore size: 0.5 micron 

Receiving Medium: Chloroform 

Release Run Data

Time (min) Run I Run II Run m
T ๅโฯ ว. Amount

(mg)
Cumulative

.Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.5197 0.1597 0.4851 0.4851 0.4823 0.4823
30 5.477 0.2212 0.7409 0.1893 0.6744 0.1814 0.6637
45 6.708 0.1737 0.9146 0.1463 0.8207 0.1947 0.8584
60 7.746 0.1512 1.0658 0.1327 0.9534 0.1126 0.9710
90 9.489 0.2247 1.2905 0.2396 1.1830 0.2199 1.1909
120 10.954 0.1867 1.4772 0.1825 1.3655 0.1856 1.3765
150 12.247 0.1928 1.6700 0.2147 1.5802 0.1818 1.5583
180 13.416 0.1652 1.8352 0.1624 1.7426 0.1675 1.7258
210 14.491 0.1774 2.0126 0.1897 1.9323 0.1842 1.9000
240 15.492 0.1840 2.1966 0.1699 2.1022 0.1832 2.0932

Steady -state slope 
Cunmlative Amount 
vs T1/2X 10-2 
(mcg/min -m)

1.5015 1.5399 1.4952

Diffusion 
Coefficient X 104 

(cm 2/min)
0.7467 0.7854 0.7404

r2 0.9964 0.9970 0.9952

D = 0.7575 + 0.0244 % cv = 3.2167
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Gelling Agent: Hydroxypropyl Methylcellulose, 3% พ/พ 

Membrane: Fluoropore^); Thiclcness: 0.066 mm.; Pore size: 0.5 micron 

Receiving Medium: Chloroform 

Release Run Data

Time (min) Run I Run II Run in
T Jl/2 Amount

(mg)
Cumulative

Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.4052 0.4052 0.5140 0.5140 0.4450 0.4450
30 5.477 0.2151 0.6203 0.2034 0.7174 0.2243 0.6693
60 7.746 0.2762 0.8915 0.3139 1.0313 0.2939 0.9632
90 9.487 0.2105 1.1020 0.2812 1.3125 0.2551 1.2183
120 10.954 0.2179 1.3199 0.2408 1.5533 0.1933 1.4116
150 12.247 0.2124 1.5323 0.1764 1.7297 0.1804 1.5920
180 13.416 0.1763 1.7086 0.1789 1.9486 0.1962 1.7882
210 14.491 0.1745 1.8831 0.1873 2.0959 0.1929 1.9811
240 15.492 0.1789 2.0620 0.1777 2.2736 0.1947 2.1758

Steady -state slope 
Cumulative Amount 
vs T*'2X 10'2 
(mcg/min '1/2)

1.5922 1.5806 1.5923

Diffusion 
Coefficient X 104 

(cm 2/min)
0.8396 0.8274 0.8397

r2 0.9994 0.9990 0.9938

D = 0.8356 + 0.0071 % cv  = 0.8464
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Gelling Agent: Poloxamer 407, 18% พ/พ

Membrane: Nylon 66; Thickness: 0.149 mm.; Pore size: 0.45 micron 

Receiving Medium: Acetate Buffer 

Release Run Data

Time (mm) Run I Run n Rim III
T J l /2 Amount

(mg)
Cumulative

Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.8309 0.8309 0.6596 0.6596 0.6919 0.6919
45 6.708 0.8841 1.7150 0.7671 1.4267 0.7496 1.4415
75 8.660 0.7777 2.4927 0.9102 2.2369 0.7721 2.6125
105 10.247 0.8428 3.3355 0.7883 3.0252 0.8376 3.0001
135 11.619 0.7619 4.0974 0.7601 3.7853 0.8069 3.8070
165 12.845 0.7683 4.8657 0.7919 4.5772 0.7893 4.5963
195 13.965 0.7798 5.6455 0.7299 5.3071 0.7658 5.3621
225 15.000 0.7396 6.3851 0.6965 6.0036 0.7215 6.0836

Steady -state slope 
Cumulative Amount 
vs T 1,7 X 10'2 
(mcg/min ~m)

6.7780 6.5543 6.7400

Diffusion 
Coefficient X 104 

(cm 2/min)
15.2158 14.2280 15.0456

0.9990 0.9999 0.9996

D = 14.8298 ± 0.5281 % cv = 3.5609



Clindamycin Hydrochloride Release from Poloxamer 407 Gel by Using Nylon 66 and
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Gelling Agent: Hydroxyethyl Cellulose, 2% พ/พ 

Membrane: Nylon 66; Thickness: 0.149 mm.; Pore size: 0.45 micron 

Receiving Medium: Acetate Buffer 

Release Run Data

Time (min) Run I Run II Run III
T ๅ'! a Amount

(mg)
Cumulative

Amount
(mg)

Amount
(mg)

Cumulative
.Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.873 0.7589 0.7589 0.8039 0.8039 0.8637 0.8637
45 6.708 0.7539 1.5128 0.7896 1.5935 0.8063 1.6700
75 8.660 0.7546 2.2674 0.5787 2.1722 0.6527 2.3227
105 10.247 0.6548 2.9222 0.5235 2.6957 0.4893 2.8120
135 11.619 0.5075 3.4297 0.4895 3.1852 0.5093 3.3213
165 12.845 0.5626 3.9923 0.4759 3.6611 0.5233 3.8446
195 13.964 0.5336 4.5259 0.5413 4.2024 0.4398 4.2844
225 15.000 0.4259 4.9518 0.4401 4.6425 0.5595 4.8439

Steady -state slope 
Cumulative Amount 
vs Twx 10'2 
(mcg/min ’1/2)

4.1615 4.3591 4.2283

Diffusion 
Coefficient X  104 
(cm 2/min)

5.7357 6.2934 5.9214

r2 0.9991 0.9982 0.9958

D = 5.9835 + 0.2840 % c v  = 4.4762
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Gelling Agent: Hydroxypropyl Methylcellulose, 3% พ/พ 

Membrane: Nylon 66; Thickness: 0.149 mm.; Pore size: 0.45 micron 

Receiving Medium: Acetate Buffer 

Release Run Data

Time (min) Run I Run n Run III
T ■ pl/2 Amount

(mg)
Cumulative

Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.873 0.8525 0.8525 0.8595 0.8595 0.8131 0.8131
45 6.708 0.6888 1.5413 0.7700 1.6292 0.7373 1.5504
75 8.660 0.7096 2.2509 0.6489 2.2784 0.6128 2.1632
105 10.247 0.7521 3.0030 0.7201 2.9985 0.7009 2.8641
135 11.619 0.7883 3.7913 0.6717 3.6702 0.7103 3.5744
165 12.845 0.7714 4.5627 0.6583 4.3285 0.7211 4.2955
195 13.964 0.7141 5.2768 0.6634 4.9919 0.6925 4.9880
225 15.000 0.5834 5.8602 0.6658 5.6577 0.6634 5.6514

Steady -state slope 
Cumulative Amount 
vs T1/2X 10'2 
(mcg/min _1/2)

6.0746 5.8740 5.8830

Diffusion 
Coefficient X  104 

(cm 2/min)
12.2215 11.4277 11.4627

r2 0.9996 0.9984 0.9982

D = 11.7040 + 0.4485 % cv = 3.8324



Clindamycin Hydrochloride Release from Hydroxypropyl Methylcellulose Gel by Using
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Gelling Agent: Poloxamer 407, 18% พ/พ

Membrane: Nylon 66; Thickness: 0.149 mm.; Pore size: 0.45 micron 

Receiving Medium: Chloroform 

Release Run Data

Time (min) Run 1 Run II Run in
T

-

J12 Amount
(mg)

Cumulative
.Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.873 0.2784 0.2784 0.3109 0.3109 0.2724 0.2724
45 6.708 0.3680 0.6464 0.3109 0.6218 0.3340 0.6064
75 8.660 0.3710 1.0174 0.3467 0.9685 0.3353 0.9417
105 10.247 0.4090 1.4264 0.3433 1.3118 0.3660 1.3077
135 11.619 0.3146 1.7416 0.3185 1.6303 0.3545 1.6622
165 12.845 0.3627 2.1037 0.3176 1.9479 0.3319 1.9941
195 13.865 0.3070 2.4107 0.2858 2.2337 0.2992 2.2933
225 15.000 0.3235 2.7342 0.3002 2.5339 0.2875 2.5848
255 15.965 0.2909 3.0251 0.3002 2.8341 0.2696 2.8544

Steady -state slope 
Cumulative Amount 
vs T1/2X 10-2 
(mcg/min_1/2)

2.7453 2.5459 2.6291

Diffusion 
Coefficient X  104 

(cm 2/min)
2.4961 2.1467 2.2893

1. 0.9976 0.9962 0.9990

D = 2.3107 + 0.1757 % cv = 7.6029
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Gelling Agent: Hydroxyethyl Cellulose, 2% พ/พ 

Membrane: Nylon 66; Thickness: 0.149 mm.; Pore size: 0.45 micron 

Receiving Medium: Chloroform 

Release Run Data

Time (min) Run I Run II Run HI
T -p/2 Amount

(mg)
Cumulative

.Amount
'(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.5396 0.5396 0.7054 0.7054 0.7391 0.7391
45 6.708 0.4927 1.0323 0.6351 1.3405 0.6118 1.3509
75 8.660 0.3805 1.4128 0.4159 1.7564 0.3983 1.7492
105 10.247 0.3098 1.7226 0.3084 2.0648 0.3485 2.0977
135 11.619 0.2443 1.9669 0.2891 2.3539 0.2666 2.3643
165 12.845 0.2528 2.2197 0.2759 2.9698 0.2540 2.6183
195 13.965 0.2216 2.4413 0.2201 2.8499 0.2283 2.8466
225 15.000 0.2047 2.6460 0.2146 3.0645 0.2220 3.0686
255 15.969 0.2040 2.8500 0.1947 3.2592 0.2089 3.2775

Steady -state slope 
Cumulative Amount 
vs T1/2X 10-2 
(mcg/min -I/2)

1.9532 2.0755 2.0732

Diffusion 
Coefficient X  104 

(cm 2/min)
1.2635 1.4267 1.4236

r2 0.9999 0.9999 0.9999

D = 1.3713 +0.0933 % cv  = 6.8069
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Gelling Agent: Hydroxypropyl Methylcellulose, 3% พ/พ 

Membrane: Nylon 66; Thickness: 0.149 mm.; Pore size: 0.45 micron 

Receiving Medium : Chloroform 

Release Run Data

Time! min) Run I Run II Rim ni
T pl/2 Amount

(mg)
Cumulative

.Amount
(mg)

Amount
(mg)

Cumulative
Amount

(mg)

Amount
(mg)

Cumulative
Amount

(mg)
15 3.875 0.5077 0.5077 0.5645 0.5645 0.4843 0.4843
45 6.708 0.4763 0.9840 0.5154 1.0799 0.4402 0.9245
75 8.660 0.3721 1.3561 0.3798 1.4597 0.3362 1.2607
105 10.247 0.3132 1.6693 0.3214 1.7811 0.2773 1.5380
135 11.619 0.2968 1.9661 0.2881 2.0692 0.2720 1.8100
165 12.845 0.2630 2.2291 0.2539 2.3231 0.2644 2.0744
195 13.965 0.2344 2.4635 0.2410 2.5641 0.2291 2.3035
225 15.000 0.2416 2.7051 0.2254 2.7895 0.2162 2.5197
255 15.969 0.2199 2.9250 0.2047 2.9942 _ _

Steady -state slope 
Cumulative Amount 
vs TI/2X 10-2 
(mcg/min '1/2)

2.1500 2.1045 2.0725

Diffusion 
Coefficient X  104 

(cm 2/min)
1.5310 1.4668 1.4226

r2 0.9994 0.9999 0.9999

D = 1.4735 + 0.0545 % c v  = 3.6992
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Appendix V
Details of Some Excipients

Bronopol(R)

Bronopolw is a water-soluble antimicrobial preservative that is especially 
effective against Pseudomonas species. Activity can be demonstrated against 
Gram-negative bacteria, Gram-positive bacteria, yeasts, and fungi. Bronopol<R) 
is considered a formaldehyde-releasing antimicrobial agent. It has been used as 
an effective preservative at concentration of 0.01-0.02% in various cosmetic, 
toiletry, household, and pharmaceutical formulations over the past 16 years 
because of its high activity.

Br
h o c h 2 - c - ÇH20H  

n o 2
Molecular weight : 200
Synonyms : BNPD, 2-Bromo-2-nitro-l, 3-propanediol,2-Bromo-2- 

nitropropane-l,3-diol, Myacide BTXDnyxide 500<*>

Bronopol^ is a white or almost white crystalline powder with a faint 
characteristic odor. Its melting point is approximately 130°c. BronopoUR) is 
readily soluble in water and polar organic solvents. It is effective over a wide 
pH range.

Hydroxyethyl Cellulose 4000 (HEC)

Hydroxyethyl cellulose is a partially substituted 2-hydroxyethyl ether of 
cellulose.

( C 12H 2150 g )n

Cellosize and Natrosol are two trade names for hydroxyethyl cellulose. It 
is a light tan, white, yellow-white powder, practically odourless, hygoscopic
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agent. It is soluble in cold or hot water, forming colloidal solution. Variation in 
pH between about 2 and 12 have little effect on the viscosity of the solutions. It 
can be used with a wide variety of water-soluble preservatives. Hydroxyethyl 
cellulose solutions tolerate salts except sulfates and especially aluminium salts. 
Strong acids and alkalies are undesirable. Hydroxyethyl cellulose is an effective 
film former, binder, thickener, stabilizer and dispersant in shampoo, hair sprays, 
neutralizers, creams, gel and lotion. The concentration to be used is dependent 
on the solvent and molecular weight of the grade used.

To prepare solution of hydroxyethyl cellulose, the dry loose material is 
sifted into water at 65°c, agitating continuously. Allow to set overnight in a 
refrigerator.

Hydroxypropyl Methylcellulose 4000 (HPMC)

Hydroxypropyl methylcellulose is a cellulose hydroxypropyl methylether.

15O6-(C]0HgO6)n-C8H 150 5

Hydroxypropyl methylcellulose is an odorless, tasteless white or creamy-white 
fibrous or granular powder. It is soluble in cold water, forming a viscous 
colloidal solution, insoluble in alcohol, ether and chloroform but soluble in 
mixtures of methylalcohol and methylene chloride. The solution of HPMC is 
stable at pH 3.0-11.0. It is incompatible in the extreme pH conditions and with 
oxidizing materials. HPMC can be used as a film-former, thickening agent, 
protective colloid, emulsifying agent, suspending agent and stabilizer.

Aqueous gels are formed on heating, the gel point ranges from 50 to 
90°c, depending on the grade. Addition of small amounts of water-immisible 
solvent, such as ethanol and the glycols, raises that gel point (Swarbrick, 1988).
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Poloxamer 407

Poloxamer is a series of nonionic polyoxyethylene polyoxypropylene 
copolymers (A-B-A block copolymers) with the following chemical structure.

CH3
H0-(CH2-CH2-0)a-(CH2-CH-0)b-(CH2-CH2-0 )a-H

The other name is Pluronic^) F-127 is one of the Pluronic series that 
have average molecular weight of 12500. The composition of this copolymer is 
70% พ/พ polyoxyethylene and 30% พ/พ polyoxypropylene. It is the most 
efficient gelling agent in the series. A distinguishing property of poloxamer is 
that it can be liquified by merely lowering their temperature without 
concomitant loss of product integrity. Also, it can be reversed to their original 
consistency. Therefore it is called as "thermoreversible gel" that is, they gel 
with heating and melt with cooling. One of the advantages of a reversible gel 
product is that it can eliminate any air bubbles which may have been 
accidentally incorporated during the processing.

Poloxamer gels have many characteristics favorable for use as artificial 
skin, which is helpful in treating third-degree bums. These gels mimic mucous 
and are optically clear, which make them suitable for opthalmic drug delivery 
(Swarbrick, 1988).



Physicochemical Characteristic of Poloxamer Series

Physical Characteristics
Poloxamer Trade Name Molecular

Weight
POE/kg POP/kg HLB at 25°c

188 F-68 8350 17.96 3.59 29.0
238 F-88 10800 17.86 3.61 28.0
288 F-98 13000 18.77 3.62 27.5
333 P-103 4950 8.08 10.91 9.0
334 P-104 5850 10.60 9.23 13.0
335 P-105 6500 11.69 8.31 15.0
338 F-108 14000 18.29 3.86 27.0
407 F-127 12500 15.68 5.36 22.0



Appendix VI
Physicochemical Properties of Synthetic Membrane

Durapore(R)
Polyvinylidene Difluoride

These polymers are consisted of saturated hydrocarbons in which 
hydrogen atoms have been replaced with fluorine. Polyvinylidene difluoride is 
resistant to most inorganic acids and bases. Among the organics, nearly 
complete resistance is shown to aliphatic and aromatic hydrocarbons, alcohol, 
acids and chlorinated solvents. Strongly polar solvent such as ketones amines 
and esters cause partial solvation. They exhibit good resistance to oxidizing 
agent and the halogens.

Durapare® membrane (HVLP04700) is a hydrophilic membrane with
0.45 micron pore size, 47 mm diameter. Water flow rates, which are milliliters 
per minutes per cm2 of filtration area at 20°c with a differential pressure of 0.7 
kg/cm2, are 35. Typical porosity is 75%. Bubble point pressure is 1.45 kg/cm2. 
Bubble point pressure is the pressure required to force air through the pores of a 
water-wet membrane.

FluoroporeW

Polytetrafluoroethylene (PTFE)

Polytetrafluoroethylene is a highly crystalline, orientable polymer. The 
PTFE consists of linear -CF2-CF2- chains. It is extremely resistant to attack by 
corrosive reagents or solvents. Only alkali metals, either molten or dissolved in 
liquid ammonia, attack the polymer, presumably by removing fluorine atoms 
from the chain. The polymer IS completely unaffected by water. Water 
absorption is zero. Its electrical and mechanical properties do not change for 
long internal (months) at temperature as high as 250°c. The polymer is not 
hard but slippery and waxy to the touch, and has a very low coefficient of 
friction on most substances.
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Fluoropore® membrane are polytetrafluoroethylene bonded to high- 
density polyethylene to improve handling. These membrane are hydrophobic 
and can only be used with gases or nonaqueous fluids unless prewet with a low- 
surface-tension fluid such as methanol.

FluoroporeW membrane (FHUP04700) is 0.5 micron, pore size, 47 mm 
diameter. Methanol flow rate is forty milliters per minutes per cm2 of filtration 
area at 20°c with a differential pressure of 0.7 kg/cm2. The 85% typical 
porosity and 0.49 kg/cm2 bubble point pressure.

Nylon 66

Nylon has been accepted as a generic term for synthetic polyamides. The 
nylons are described by a numbering system which indicates the number of 
carbon atoms in the monomer chains. Amino acid polymers are designated by a 
single number, as Nylon 6 for polycarprolactam. Nylons from diamines and 
dibasic acids are designated by two numbers, as Nylon 66 for the polymer of 
hexamethylenediamine and adipic acid.

[-N-(CH2) 6 -N-C-(CH2) 4-C-L 
H H

Nylon 66 (polyhexamethylene adipamide) is characterized by a 
combination of high strength, elasticity, toughness and abrasion resistance. The 
solvent resistant is good; only phenol, cresol and formic acid dissolve the 
polymer at room temperature. They are essentially unaffected by lubricants,oils, 
fuel.

The permeability of nylon membrane to drug is not that exhibited by a 
porous membrane, nor that of many polymeric membranes. Nylon is relatively 
impermeable to small molecules and ions, such as water, urea and sodium 
chloride, but many less polar, higher molecular weight, unionized species, as 
well as such ionic compounds as cetyl-, dodecyl-, and ethylpyridinium bromides 
and sodium napthalene sulfonate diffuse readily through Nylon membrane.
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