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ABSTRACT 

The d i s s o l u t i o n  c h a r a c t e r i s t i c s  of t h e  g e l a t i n  

s h e l l s  of f o u r  brands of  te t racycl ine-EX1 c a p s u l e s  

w e r e  examined by measuring t h e  s h e l l  r u p t u r e  t i m e  

(t,) i n  a modified v e r s i o n  of two-blade stirrer ap- 

p a r a t u s  under v a r i o u s  stirrer dep th ,  i o n i c  s t r e n g t h ,  

and pII c o n d i t i o n s .  The d i s s o l u t i o n  r a t e  of t e t r a -  

cycline-HC1 from t h e s e  c a p s u l e s  w a s  a l s o  determined 

using t h e  U.S.P. XIX d i s s o l u t i o n  appa ra tus .  While 

no s i q n i f i c a n t  e f f e c t  of  stirrer depth on tr w a s  

found, i n c r e a s i n g  t h e  b a s k e t - s t i r r e r  d i s t a n c e  from t h e  
bottom of t h e  f l a s k  from 0 . 2  t o  2 c m  was found t o  
i n c r e a s e  t h e  d i s s o l u t i o n  ra te  of  te t racycl ine-HC1 

from c a p s u l e s  s i g n i f i c a n t l y  (p  <: 0 .001 :I. A s  t h e  i o n i c  

s t r e n g t h  w a s  i nc reased ,  t h e  d i s s o l u t i o n  ra tes  of both 

g e l a t i n  s h e l l  and te t racycl ine-HC1 c o n t e n t  w e r e  i n -  

c r eased ,  however, i n c r e a s i n g  t h e  ionic: s t r e n g t h  from 

0 . 6  t o  1 . 5  f a i l e d  t o  produce any f u r t h e r  i n c r e a s e  i n  
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912 EL-YAZ IGI 

tr. 
(p <0.01) i n f luenced  t h e  d i s s o l u t i o n  rate of  t h e  cap- 
s u l e  s h e l l  and tr w a s  l o n g e s t  a t  p H  = 4 .  

i n v e r s e  r e l a t i o n s h i p  between pH and te t racycl ine-HC1 
d i s s o l u t i o n  ra te  c o n s t a n t  (ks) w a s  ob ta ined .  While a 
good c o r r e l a t i o n  between tr and ks w a s  o b t a i n e d  under 
c e r t a i n  c o n d i t i o n s ,  c a p s u l e  s h e l l  and te t racycl ine-HC1 
c o n t e n t  showed d i f f e r e n t  d i s s o l u t i o n  behaviour  under 
o t h e r  c o n d i t i o n s .  It  i s  expected t h e r e f o r e ,  t h a t  under 

t h e  l a t t e r c o n d i t i o n s  c a p s u l e  s h e l l s  had t h e i r  maximum 
effect  on drug release from t h e  c a p s u l e s  s t u d i e d .  

The pH of t h e  d i s s o l u t i o n  f l u i d  s i g n i f i c a n t l y  

A l i n e a r ,  

INTRODUCTION 

Although t h e  d i s s o l u t i o n  rate of  d rugs  from cap- 
s u l e s  has  been adequa te ly  s t u d i e d  (1-51, a l i t t l e  o r  
no work has  been r e p o r t e d  on t h e  d i s s o l u t i o n  ra te  of 
t h e  c a p s u l e  s h e l l  i n  r e l a t i o n  t o  drug release from 
capsules under v a r i o u s  c o n d i t i o n s .  A knowledge o f  
t h i s  r e l a t i o n s h i p  may assist i n  understanding t h e  
i n f l u e n c e  of t h e  g e l a t i n  s h e l l  on t h e  drug release 
f r o m  c a p s u l e s ,  and e n a b l e  d rug  fo rmula to r s  t o  select  
t h e  a p p r o p r i a t e  t y p e  of  g e l a t i n .  

The p r e s e n t  r e p o r t  d e s c r i b e s  a method f o r  
c h a r a c t e r i z a t i o n  of t h e  d i s s o l u t i o n  of t h e  c a p s u l e  
s h e l l ,  and examines t h e  d i s s o l u t i o n  rate of te t ra-  
cycline-HC1 from f o u r  c a p s u l e  p roduc t s  under v a r i o u s  
stirrer d e p t h ,  i o n i c  s t r e n g t h ,  and p H  c o n d i t i o n s .  The 
r e l a t i o n s h i p  between t h e  c a p s u l e  s h e l l  d i s s o l u t i o n  ra te  
and t h e  release of te t racycl ine-HC1 f r o m  t h e s e  Eorm- 
u l a t i o n s  w a s  a l s o  addressed.  

METHODOLOGY 

M a  ter  i a  1 s 

The p roduc t s  s t u d i e d ,  c a p s u l e s  I ,  11, 111, and 
I V ,  each c o n t a i n i n g  250 mg of te t racycl ine-HC1,  w e r e  
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TETRACYCLINE-HC1 CAPSULES 913 

purchased commercially. Tetracycline-MC1 w a s  used as 

ob ta ined .  

Methods 

Determination of t h e  S h e l l  Rupture Time- 

-_ 

T h e  d i s s o l u t i o n  r a t e  of t h e  g e l a t i n  s h e l l  w a s  

determined by measuring t h e  s h e l l  r u p t u r e  t i m e  i n  a 
modified v e r s i o n  of a two-blade stirrer- d i s s o l u t i o n  

appa ra tus  ( 6 ) .  The c a p s u l e  w a s  p laced i n  t h e  v e s s e l  

and a round, 10-mesh, s t a i n l e s s  s teel  sc reen  w a s  
anchored h o r i z o n t a l l y  on t h e  v e s s e l  w a l l  so t h e  d i s -  

t a n c e  between t h e  v e s s e l  bottom and t h e  sc reen  was 

1 c m .  A f t e r  s t i r r i n g  w a s  i n i t i a t e d ,  the d i s s o l u t i o n  

f l u i d  w a s  poured i n  and t i m e  commenced. Th i s  approach 

was used t o  p reven t  t h e  capsu le  from flLoating when 

t h e  f l u i d  i s  added, and t o  l i m i t  t h e  volume i n t o  which 
t h e  capsu le  could move. The r u p t u r e  L i m e  was d e t e r -  

mined v i s u a l l y  a t  25 rpm s t i r r i n g  r a t e .  The stirrer 
w a s  p o s i t i o n e d  2 mm, 2 c m ,  o r  7 c m  from t h e  c e n t e r  

of t h e  sc reen .  D i s t i l l e d  wa te r ,  H C 1  ( p H  = l), a c e t a t e  

b u f f e r  (pH = 4 ;  0 . 1  M ) ,  and phosphate b u f f e r  (pH = 7 ;  

0 . 1  ?4) w e r e  used a s  d i s s o l u t i o n  media. The e f f e c t  of 

i o n i c  s t r e n g t h  (p) was s t u d i e d  us ing  aqueous s o l u t i o n s  

of  sodium c h l o r i d e  a t  c o n c e n t r a t i o n s  e q u i v a l e n t  t o  

1-1 = 0.25, 1 = 0 . 6 ,  and 1-1 = 1.5. 

Determination of D i s s o l u t i o n  Rate of Tl:?tracyc 1 ine-  HC1 
from C:apsules 

The d i s s o l u t i o n  ra te  of tetracycli-ne-HC1 from t h e  

capsu le  used w a s  determined us ing  t h e  [J.S.P. X I X  d i s -  

s o l u t i o n  appa ra tus  under t h e  s a m e  d i s s o l u t i o n  c o n d i t i o n s  

mentioned above. A s t i r r i n g  speed of 5 0  rpm w a s  used. 

Th i s  appa ra tus  could n o t  be used f o r  de t e rmina t ion  of 
t h e  s h e l l  r u p t u r e  t i m e  because t h e  capsu le  can n o t  be 
seen through t h e  sc reen  of t h e  r o t a t i n q  baske t .  
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914 EL-YAZIGI 

Determination of the Dissolution Rate Constant 

The data were well described by the following 
equation (7) : 

-ks At 
In AA= -k (t-t ) + ln(Am-Ao) (1-e ) for t ?to 

S 0 

where AA is the successive increment in cumulative 
percent dissolved during the time interval At, Am, 
A are the cumulative percent dissolved at time 
(t) = m and t = 0 respectively, k is a first-order 
rate constant f o r  dissolution, and to is the time at 
which AA commences to decrease exponentially with time. 
The dissolution rate constant (ks) was determined by 
plotting In AA against (tmid-t 1 where tmid is the 0 
time at mid-interval using least square regression 
analysis. The slope of the resulting line is equal 
to -ks. 
ion rate of tetracycline-HC1 from capsules since at 
t = to most of the gelatin shell would be dissolved. 

0 

S 

The values of ks reflect mainly the dissolut- 

RESULTS AND DISCUSSION 

A direct determination of dissolution rate of the 
gelatin capsule shell is practically infeasible, there- 
fore, characterization of the shell dissolution behaviour 
is frequently achieved by incorporation of a dye into 
the gelatin during capsule shell preparation, and 
measuring the color intensity of the dissolution fluid 
as a function of time. Such an approach can not be 
employed for most commercial capsules since the shells 
of these formulations are not adequately colored to 
produce solutions of measurable color intensity with- 
out interference of the drug content dissolving in the 
medium. For such products, the determination of the 
shell rupture time as described here may represent a 
suitable tool to characterize the dissolution behaviour 
of the capsule shell. 
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TETRAC'ZCLINE-HC 1 CAPSULES 915 

The s tudy of  t h e  r e l a t i o n s h i p  between t h e  d i s -  

s o l u t i o n  ra te  of t h e  capsu le  s h e l l  and t h a t  of drug 

con ten t  should i d e a l l y  be c a r r i e d  o u t  using t h e  salme 

a p p a r a t u s ,  however, s i n c e  t h e  de t e rmina t ion  of t h e  s h e l l  

r u p t u r e  t i m e  can no t  be c a r r i e d  o u t  t h e  U.S.P. X I X  

d i s s o l u t i o n  appa ra tus ,  a mod i f i ca t ion  had t o  be devised 

t o  accommodate f o r  t h a t .  Th i s  mod i f i ca t ion  c o n s i s t e d  

of r e p l a c i n g  t h e  r o t a t i n g  baske t  with a two-blade 

stirrer and a capsu le  compartment which a l lows  one t o  

observe t h e  d i s s o l u t i o n  p rocess  of  both capsu le  s h e l l  

and c o n t e n t ,  and determine tr v i s u a l l y .  

D i s so lu t ion  Rate as a Function of S t i q e r  Depth 

Table 1 l i s t s  t h e  d i s s o l u t i o n  parameters  ob ta ined  

f o r  t h e  capsu le s  t e s t e d  a t  d i f f e r e n t  s t irrer depths .  

N o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t and k w e r e  found as 

stirrer depth was changed, however, a:: shown i n  Table 1 

t h e  va lues  of d i s s o l u t i o n  ra te  c o n s t a n t  (ks) a t  2 mm 
w e r e  somewhat h ighe r  t han  those  ob ta ined  a t  2 o r  '7 cm 

basket  depth.  Evaluat ion of t h e  e f f e c t  of baske t  dep th ,  

based on t h e  a n a l y s i s  of  v a r i a n c e  of t h e  pe rcen t  

l a b e l e d  con ten t  d i s s o l v e d  a t  1 5  minutes (Al5)  , r evea led  

t h a t  t h e  baske t  depth s i g n i f i c a n t l y  (13 <0.01) i n f luenced  

t h e  ra te  of d i s s o l u t i o n  of tetracycline-ffC1 from t h e  

capsu le s  s t u d i e d .  I t  should be n o t e d ,  however, t h a t  t h e  

d i f f e r e n c e  i n  A15 a t  2 c m  and t h a t  ob ta ined  a t  7 c m  was 
n o t  s i g n i f i c a n t  according t o  Tukey's W Procedure ( 8 )  

a t  t h e  5 %  l e v e l  of s i g n i f i c a n c e .  A p o s s i b l e  exp lana t ion  
f o r  t h e s e  f i n d i n g s  i s  t h a t  t h e  hydrodynamics of  t h e  
l i q u i d  i n  t h e  vesse l  may vary with thc: p o s i t i o n  of t h e  

baske t  i n  t h e  v e s s e l .  The a c t u a l  s t i r r i n g  and a g i t a t i o n  

of t h e  f l u i d  may i n c r e a s e  as t h e  baske t  approaches t h e  

bottom of  t h e  f l a s k  i n  t h e  range . 2  t o  2 c m  from the  

bottom. The d i f f e r e n c e  i n  d i s s o l u t i o r i  behaviour 
between drug c o n t e n t  (as expressed by A15) and capsu le  

shell .  a s  a f u n c t i o n  of stirrer depth may be due tl3 a 

r s 
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916 

TABLE 1 

EL-YAZ IGI 

Effect of Stirrer Depth on the Dissolution Parameters 
€or the Capsules Tested in Distilled Water. 

b 
Stirrera A15 t: Formulation 
Depth 
(cm) ( % )  (min) (min-l) 

I 0.2 106 (9.9)e 1.26 (0.14) 0.1859 
I 2.0 107 (5.6) 1.45 (0 .30 )  0.1520 
I 7.0 108 (4.5) 1.21 (0.19) 0.1695 
I1 0.2 64.8 (2.6) 1.16 (0.39) 0.1113 
I1 2.0 55.3 (8.7) 1.03 (0.28) 0.1077 
I1 7,O 37.3 (20.2) 0.93 (0.21) 0.0870 
I11 0.2 97.4 (7.8) 1-50 (0.14) 0.1317 
I11 2.0 73.6 (16.2) 1.60 (0.19) 0.1267 
I11 7.0 72.2 (8.1) 1.36 (0.17) 0.1304 
IV 0.2 51.8 (14.5) 1.41 ( 0 . 3 5 )  0.0975 
IV 2.0 49.7 (12.5) 1.47 (0.20) 0.0872 
IV 7.0 54.4 ( 5 . 9 )  1.45 (0.17) 0.0905 

Distance between the stirrer and the bottom of the 
flask or screen. 

Percent of labeled content dissolved at 15 min.; 
n = 5. 

a 

Shell rupture time; n = 5. 

First-order dissolution rate constant. 

Standard deviation. D
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TETRACYCLINE-HC1 CAPSULES 917 

L I 1 I I 1 -  
1 2 3 4 5 6 7 8  

0.20 - 

0.15 - 

0.10 - 0 

0.05 ----QG I 1 I I 

1 -  
1 2 3 4 5 6 7 8  

PH 

FIGURE 1 

E f f e c t  o f  pH on t h e  D i s s o l u t i o n  Rate  C o n s t a n t s  
f o r  Capsule .  Key: 1 ( o ) ,  I1 ( A ) ,  . I 1 1  ( o ) ,  and 
117 ( 0 ) .  

TABLE 2 

E f f e c t  o f  pH on t h e  S h e l l  Rupture  T i m e  f o r  t h e  Capsu le s  

Tes t ed .  

Shel l .  RuptU:Ke T i m e  

I?ormu:Lation pH = 1 pH = 4 pH = 7 

I 0.97 ( 0 . 2 4 )  1..13 ( 0 . 1 0 )  1 . 3 1  ( 0 . 0 8 )  

I 1  0 . 7 7  ( 0 . 0 7 )  1 . 0 8  ( 0 . 1 7 )  1 - 0 4  ( 0 . 2 0 )  

I 1  1 1.06 ( 0 . 2 9 )  1 . 2 9  ( 0 . 1 4 )  1 . 0 4  ( 0 . 1 7 )  

I 'J 0 .85  ( 0 . 1 5 )  1-60 ( 0 . 2 1 )  1 . 2 9  (0.17) 
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918 EL-YAZIGI 

II ' O O i  80 

5 10 15 20 25 30 

F '" c 

0 

5 10 15 20 25 30 

T i m e ,  m i n .  

FIGURE 2 
Effect of Ionic Strength on the Dissolution 
Profiles of Capsules Studied. Key: u = 0.25 ( A ) ;  
1-1 = 0.6 ( 0 ) ;  1-1 = 1.5 ( 0 ) .  

solubility difference between the tetracycline-HC1 and 
gelatin, or to differences in the stirring pattern 
between the two dissolution apparatus used. The dis- 
solution of the gelatin shell in water was possibly so 
rapid that a change in the stirrer depth failed to 
produce any effect. 

The statistical discrepancy between A and ks 
While A15 

15 
may be due to the nature of each parameter. 
is a single point parameter and a subject to experiment- 
al errors, ks reflects the general behaviour of the 
dissolution data and is a subject to equation fitting 
errors. 

Dissolution Rate as a Function of pH 

Because the solubility of tetracycline hyrdo- 
chloride is much greater than that of tetracycline 
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?'ETMCYCLINE-HCl CAPSULES 9 19 

TABLE 3 

E f f e c t  of I o n i c  S t r e n g t h  on t h e  S h e l l  Rupture T i m e  

f o r  t h e  Capsules Tested.  

____-- ___- 
S h e l l  Rupture T ' i m e  (minutes)  

For mu 1 a t  ion  1J = 0.25 1~ = 0.6 1J =: 1.5 

I 1.25 (0.14) 1.71 (0.23) 1.68 (0.24) 
I1 1.05 (0.24) IL.31 (0.08) 1.28 (0.10 

I11 1.14 ( 0 . 1 1 )  1.55 (0.29) 1.85 (0.54 
IV 1.10 (0.22) 1.58 (0.17) 1.36 (0.35 

____-- 

base ,  t h e  i n c r e a s e  i n  pH may be expec:-t:ed t o  i n c r e a s e  

t h e  r a t i o  t e t r acyc l ine / t e t r acyc l ine -HC1,  which l e a d s  
t o  a dec rease  i n  t h e  d i s s o l u t i o n  r a t e  of t e t r a c y c l i n e -  

H C 1  firom capsu le s .  Indeed, as can be seen i n  F igu re  1, 

t h e  d i s s o l u t i o n  r a t e  c o n s t a n t  (k ) was i n v e r s e l y  and 
l i n e a r l y  r e l a t e d  t o  pH of t h e  d i s s o l - u t i o n  medium i n  

t h e  range 1 - 7 .  The e f f e c t  of pH on t h e  d i s s o l u t i c n  

ra te  of t h e  g e l a t i n  s h e l l  a s  i n d i c a t e d  by tr w a s  
a l s o  s i g n i f i c a n t  (p  < 0 . 0 1 )  , however, .tr was l o n g e s t  

a t  p1-I = 4 (Table 2 ) .  The pH of t h e  minimum d i s s o l u t i o n  

of t h e  capsu le  s h e l l  seems to be c l o s e  t o  t h e  i s o -  
e lec t r ic  p o i n t  of t ype  B g e l a t i n  (pH 4 . 7  - 5 .1 )  which 
may be t h e  c h i e f  component of t h e  capsu le  s h e l l s  

testlsd.  

D i s s o l u t i o n  R a t e  a s  a Funct ion of Ior!ic S t r e n g t h  

S 

Figure  2 demonstrates  t h e  d i s s o l u t i o n  prof i:Les 
of te t racycl ine-HC1 from t h e  capsu le s  t e s t e d .  A s  shown 
i n  t h i s  f i g u r e ,  t h e  d i s s o l u t i o n  ra te  of  t h i s  drug 
decreased as t h e  i o n i c  s t r e n g t h  inc reased  from 0.25 t o  
1 .5 .  Treatment of t h e  r e s u l t s  by the a n a l y s i s  of 

va r i ance  showed t h a t  t h e  d i f f e r e n c e  .in A15 a s  a func t ion  
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of  i o n i c  s t r e n g t h  w a s  s i g n i f i c a n t  (p <0.001). This  
seems t h e  r e s u l t  of " s a l t i n g  o u t "  e f f e c t  on t h e  d i s -  
s o l u t i o n  of bo th  c a p s u l e  s h e l l  and te t racycl ine-HC1 
c o n t e n t .  Table 3 shows t h a t  t h e  s h e l l  r u p t u r e  t i m e  
i n c r e a s e d  as i o n i c  s t r e n g t h  i n c r e a s e d  from 0 . 2 5  t o  
0 .6 ,  however, a f u r t h e r  i n c r e a s e  i n  d i d  n o t  y i e l d  

any f u r t h e r  i n c r e a s e  i n  tr. Th i s  may be a t t r i b u t e d  
t o  t h e  p o s s i b i l i t y  t h a t  t h e  " s a l t i n g  o u t "  e f f e c t  on 
t h e  d i s s o l u t i o n  of t h e  g e l a t i n  r eaches  a maximum a t  
a c e r t a i n  va lue  of  i o n i c  s t r e n g t h .  

CONCLUSION 

The method d e s c r i b e d  h e r e  f o r  t h e  de t e rmina t ion  
of  t h e  s h e l l  r u p t u r e  t i m e  i s  s imple,  p r a c t i c a l ,  and 
enable  one t o  c h a r a c t e r i z e  capsu le  s h e l l  d i s s o l u t i o n  
r a p i d l y .  

A good c o r r e l a t i o n  between t h e  d i s s o l u t i o n  ra te  
of te t racycl ine-HC1 and t h a t  of t h e  c a p s u l e  s h e l l  w a s  
ob ta ined  under c e r t a i n  c o n d i t i o n s  i .e .  pH = 1, 
p = 0.25 - 0.5,  or  stirrer dep th  = 2 c m .  I t  is  appa ren t ,  
t h e r e f o r e ,  t h a t  under t h e s e  c o n d i t i o n s ,  c a p s u l e  s h e l l s  
showed no i n f l u e n c e  on t h e  drug r e l e a s e  from t h e  c a p s u l e s  
s t u d i e d ,  whereas, a t  o t h e r  c o n d i t i o n s  e .g .  pH = 4 ,  t h e  
s h e l l  d i s s o l u t i o n  w a s  t h e  s lowes t  r e l a t i v e  t o  t h e  o t h e r  
pH v a l u e s  used, t h e r e f o r e ,  one would t h i n k  t h a t  a t  t h i s  
pH c a p s u l e  s h e l l  would have i t s  maximum e f f e c t  on te t ra -  
cycline-HC1 release from t h e  c a p s u l e s  t e s t e d .  
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