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The rigidities and dissolution times have been 
compared for a range of glycerogelatin gels prepared 
from both acid and alkali processed gelatins. A 

statistical linear correlation between these parameters 
was observed for gels containing proflavine hemisulphate 
provided the melting point of the gel exceeded the disso- 
lution temperature. However, when phenol was included 
as the drug then a marked decrease in gel rigidity was 
observed and no correlation between dissolution time and 
rigidity was apparent. 

INTRODUCTION 

Glycerogelatin or glycogelatin has been used for many 
years as a water miscible gel base for the delivery of 
medicinal agents to body surfaces and cavities. Because 
the gel dissolves in body secretions it is particularly 
suitable for the administration of anti-bacterial agents. 
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196 MARRIOTT AND KELLAWAY 

I n  a d d i t i o n ,  i t  is  p e r h a p s  best known for  its u s e  i n  
t h e  f o r m  o f  a s u p p o s i t o r y  w h i c h h a s  a l a x a t i v e  a c t i o n  
d u e  t o  a d i r e c t  e f f e c t  o n  t h e  r ec t a l  mucosa .  

T h e  o f f i c i a l  monograph  o n  g e l a t i n ’  s ta tes  t h a t  t h e  
bloom s t r e n g t h  ( 6  213%) mus t  be greater  t h a n  150. The  
g e l a t i n  may be acid o r  a l k a l i  p r o c e s s e d  and s i n c e  n o  

u p p e r  l i m i t  of bloom s t r e n g t h  is g i v e n  t h e n  a w i d e  

range o f  h i g h  grade g e l a t i n s  w o u l d  be acceptable.  
S e l e c t i o n  o f  d i f f e r e n t  grades o f  g e l a t i n  by  m a n u f a c t -  
urers h a s  lead t o  a v a r i a t i o n  i n  t h e  s o l u t i o n  t i m e  o f  

s u p p o s i t o r i e s  . R e c e n t l y ,  t h e r e f o r e ,  a s o l u t i o n  t es t  2 

h a s  b e e n  a d o p t e d  a n d  a maximum d 
h o u r  a t  3 7 O  is permit ted . 1 

However ,  l i t t l e  i n f o r m a t i o n  
re lease o f  d r u g s  f r o m  s u c h  bases  

s s o l u t i o n  t i m e  o f  o n e  

is a v a i l a b l e  o n  t h e  
T h e  c u r r e n t  s e a r c h  

f o r  p r o l o n g e d  a c t i o n  dosage f o r m s  t o g e t h e r  w i t h  t h e  

f a c t  t h a t  r e g u l a t o r y  bodies f a v o u r  i n n o c u o u s  f o r m u l a t i o n  

a ids  h a s  l e a d  t o  a n  i n c r e a s e d  u s e  of g e l a t i n  i n  s u c h  
d e v i c e s 3  ’ ’. For example, g l y c e r o g e l a t  i n  h a s  b e e n  
u s e d  i n  t h e  f o r m  of s t r i p s  t o  a d m i n i s t e r  s u c h  d r u g s  as  
p r e d n i s o l o n e ,  o x y t e t r a c y c l i n e  a n d  n y s t a t i n  t o  t h e  
o r a l  mucosa  . S u c h  dosage f o r m s  p r o d u c e d  c o n t i n u o u s  
release o f  d rugs  a t  a s i t e  w h i c h  is n o t o r i o u s l y  

d i f f i c u l t  i n  terms o f  d r u g  a d m i n i s t r a t i o n .  S i m i l a r l y ,  
g e l a t i n  d i s c s  h a v e  been i n c l u d e d  i n  d e v i c e s  f o r  t h e  
d e l i v e r y  o f  15 S 1 5 - 1 n e t h y l - P G F ~ ~  m e t h y l  ester t o  t h e  

v a g i n a  . 

4 

5 

I t  was ,  t h e r e f o r e ,  c o n s i d e r e d  v a l u a b l e  t o  o b t a i n  
a be t t e r  u n d e r s t a n d i n g  of d r u g  release f r o m  g e l a t i n  
based s y s t e m s .  I n  t h i s  work  w e  h a v e  compared t h e  
e f f e c t  of g e l a t i n  t y p e  on d r u g  release f r o m  g l y c e r o -  

g e l a t i n  ge l s .  
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RELEASE OF ANTIBACTERIAL AGENTS 

MATERIALS 

197 

The gelatins were commercial acid and lime 
processed ossein samples (Croda Ltd.) considered 
suitable for pharmaceutical use. The physical 
characterisation and properties of these samples have 
been reported previously" 
Table 1. 

and are summarised in 

Proflavine hemisulphate B.P. (Macarthys Ltd.) and 
glycerol (Analar, BDH Chemicals Ltd.) were used as 
supplied. Chromatography grade phenol, p-methyl- 
phenol (BDH Chemicals Ltd.) and p-ethyl-phenol (Koch 
Light Laboratories Ltd.) were recrystallised twice 
from ether. 

METHODS 

Glycerogelatin gels containing 2-14% gelatin and 
70% glycerin were prepared by heating with distilled 
water at 50° for 1 h. 
dissolved in the molten gels immediately prior to 
pouring into the molds or the apparatus used for the 
physical measurements. 

Antibacterial agents were 

TABLE 1 
Properties of Gelatins 

ACID ALKALI 

PH 5.3 5.6 
Bloom, g at 6.66% 249 243 
Molecular weight (Mn) 40,300 53,800 
I.E.P. 6.0-6.2 5.6 
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198 MARRIOTT AND KELLAWAY 

Dissolution tests were carried out using cylin- 
drical blocks of gel weighing approximately 3.25 g 

into 2 1 of distilled water 37O. The fluid was 
stirred at 110 r.p.m. and 5 ml samples were withdrawn 
every 240 s from a fixed point in the medium . Each 
sample was analysed for proflavine content at 443  nm 
or phenol at 269 nm. 

Rigidities were determined at 25' using the 

8 

9 modified gelometer described by Timson and Kelly , The 
solutions were poured into 1.5 cm diameter tubes, 
allowed to cool to 4O and aged for 21 h. 
viscosities were determined using an Epprecht Rheomat 
30 automatic viscometer (Contravcs Ltd., Zurich) with 
concentric cylinder geometry. 

Apparent 

RESULTS 

The dissolution curves obtained for the release 
of proflavine hemisulphate from 2, 5 and 14% acid and 
alkaline gels are shown in Figure 1. 

All the curves were of similar shape although the 
time to release a given amount of drug increased with 
increasing gelatin concentration. Only a slight 
difference was observed between the release from the 
acid and alkaline samples; the acid sample showing 
the fastest release at low gelatin concentrations and 
the alkaline at higher concentrations. When the time 
to release 75% of the drug is plotted as a function of 
gelatin concentration (Figure 2) then the crossover 
can be seen to occur at the 4% level. Above this 
concentration a linear relationship exists f o r  each 
of the gelatins. 
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RELEASE OF ANTIBACTERIAL AGENTS 199 
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FIGURE 1 

Dissolu t ion  curves f o r  t h e  r e l e a s e  of p r o f l a v i n e  from 
2 ( A ), 5 ( j ~  ) and 14 ( 0 ) p e r  c e n t  a c i d  (closed 
symbols), and a l k a l i n e  (open symbols) g e l a t i n s ,  

The e f f ec t  of a l t e r i n g  t h e  g l y c e r i n  c o n c e n t r a t i o n  
be tween  50 and  70% i n  7% a c i d  b l o c k s  i s  shown i n  F i g u r e  
3 .  Although t h e r e  is a t e n d e n c y  t o w a r d s  i n c r e a s e d  
release t i m e  w i t h  i n c r e a s e  i n  g l y c e r i n  c o n c e n t r a t i o n  
t h e  d i f f e r e n c e s a r e  n o t  s i g n i f i c a n t  and t h e  times t a k e n  

t o  release 100% of t h e  d r u g  are t h e  same,  
The r e l a t i o n s h i p  be tween ge l  r i g i d i t y  and g e l a t i n  

c o n c e n t r a t i o n  f o r  b o t h  g e l a t i n s  is shown i n  F i g u r e  4 and 
is n o n - l i n e a r  o v e r  t h e  c o n c e n t r a t i o n  r a n g e  2-14%. A t  
any p a r t i c u l a r  c o n c e n t r a t i o n  t h e  a c i d  ge ls  are more 
r i g i d  t h a n  t h o s e  p r e p a r e d  from a l k a l i n e  g e l a t i n .  
Nixon e t  a l l o  showed a l i n e a r  c o r r e l a t i o n  be tween 
g e l a t i n  c o n c e n t r a t i o n  and r i g i d i t y  fo r  g l y c e r i n  c o n t e n t s  
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200 MARRIOTT AND KELLAWAY 
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FIGURE 2 

The e f f e c t  of g e l a t i n  concentration on r e l ease  t i m e .  

of up to 40% but could find no such correlation for 
higher glycerin concentrations. This is particularly 
significant since the highest grade gelatin used by 
these workers had a bloom strength of 250 which is 
similar to that of the gelatins used in this work. 

When the time to release 75% of the proflavine 
was plotted as a function of gel rigidity then a 
significant linear correlation (r=0.9954) was found 
f o r  formulations containing greater than 7% gelatin 
(Figure 5). Moreover, this relationship is obeyed by 
both the acid and the alkaline samples indicating an 
independance of the manufacturing process. The gels 
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FIGURE 3 

The influence of varying glycerin concentration on 
release time. 

which d i d  n o t  obey t h i s  r e l a t i o n s h i p  c o n t a i n e d  2 and 4% 
g e l a t i n  and F i g u r e  6 i n d i c a t e s  t h a t  t h e  l i n e a r  r e l a t i o n  
between m e l t i n g  p o i n t  and release time which h o l d s  at  
h i g h e r  c o n c e n t r a t i o n s  is  n o t  obeyed at  t h e  lower 
c o n c e n t r a t i o n s .  C o r r e l a t i o n  a g a i n  appears to depend 
upon g e l a t i n  t y p e .  
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202 MARRIOTT AND KELLAWAY 
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FIGURE 4 

The r e l a t ionsh ip  between r i g i t y  modulus (G)  and 
g e l a t i n  concentration. 

When p h e n o l  w a s  added  t o  t h e  g e l s  t h e n  p r o f o u n d  
d i f f e r e n c e s  i n  t h e  r i g i d i t y  were o b s e r v e d  ( F i g u r e  7 ) .  

Once  t h e  p h e n o l  c o n c e n t r a t i o n  r e a c h e s  5-61 t h e n  t h e  

r i g i d i t y  h a s  been  r e d u c e d  t o  s u c h  a l e v e l  t h a t  t h e  
r e s u l t a n t  g e l s  are p h a r m a c e u t i c a l l y  u n a c c e p t a b l e ,  
Also ,  a t  h i g h e r  p h e n o l  c o n c e n t r a t i o n s  t h e  g e l s  a p p e a r  

o p a l e s c e n t  even  a t  37 . 0 

The d a t a  i n  T a b l e  2 i n d i c a t e s  t h a t  t h e  m e l t i n g  
p o i n t  o f  t h e  g e l  a l so  d e c r e a s e s  w i t h  i n c r e a s e  i n  
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RELEASE OF ANTIBACTERIAL AGENTS 203 

ACID 

o ALK 

FIGURE 5 

Release t i m e s  as functions of ge l  r i g i d i t y  modulus (G). 

p h e n o l  c o n c e n t r a t i o n .  The t i m e  t o  release 75% of 

t h e  p h e n o l  h a s  also been  i n c l u d e d  i n  T a b l e  2 and i t  is 
a p p a r e n t  t h a t  t h i s  release is n o t  a f u n c t i o n  of g e l  
r i g i d i t y  f o r  g e l a t i n  c o n c e n t r a t i o n s  up t o  3.2%. 
However, o n c e  t h e  r i g i d i t y  is markedly  r e d u c e d  and 
as  t h e  g e l  m e l t i n g  p o i n t  a p p r o a c h e s  37O, t h e n  t h e  

release t i m e  f a l l s .  The i r r e g u l a r  p a t t e r n  i n  these 

r e s u l t s  may w e l l  be d u e  t o  t h e  f a c t  t h a t  t h e s e  h i g h e r  
c o n c e n t r a t i o n  ge l s  were o p a l e s c e n t  and  presumably  t h e  

p h e n o l  was p r e s e n t  i n  a d i f f e r e n t  p h y s i c a l  s ta te .  T h e s e  
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204 MARRZOTT AND KELLAWAY 

.ACID 

o ALK 

0 

1 10 20 30 

75% RELEASE TIME min 

FIGURE 6 

The relationship between release time and gel melting 
point. 

changes in base characteristics and state of the drug 
probably explain the small differences in release which 
were obtained with the substituted phenols from 7% 
alkaline gels (Figure 8). Since the higher members of 
the series are more potent disrupters of gel structure 
then the release times might be expected to be reduced. 

DISCUSSION 

The release of the water soluble proflavine 
hemisulphate from glycerogelatin can be predicted from 
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1 2 3 4 5 8 7 8 9 1 0  

% x PHENOL 

FIGURE 7 

The effect of added phenol on the rigidity modulus (G) 
of alkaline gelatin. 

TABLE 2 
The Effect of Phenol on Gel Rigidity and Release Time 

% w/v Phenol Melting Point 75% Release Time 
OC mi n 

0 48.0 - 
0.8 45.4 20.6 
2.0 43.2 21.0 
3.2 41.7 20.6 
6.4 36.9 15.6 
9.6 34.6 16.6 

the gelatin concentration used (Figure 2). However, 
the relationship does depend upon the gelatin type 
and therefore is not independent of the manufacturing 
process. When the release time is expressed as a 
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MARRIOTT AND KELLAWAY 

o Proflavine 

v Phenol 

o Me-Ph 

a Et-Ph 

TIME min 

FIGURE 8 

Dissolution curves for phenols from 7% alkaline gels .  

f u n c t i o n  o f  ge l  r i g i d i t y  t h e n  t h e  r e l a t i o n s h i p  is 
i n d e p e n d e n t  o f  t h e  method o f  m a n u f a c t u r e .  T h i s  may b e  
d u e  t o  t h e  f a c t  t h a t  b o t h  g e l a t i n s  are  o s s e i n  and s u c h  
c o r r e l a t i o n  may n o t  have  been  a p p a r e n t  i f  g e l a t i n s  f rom 

d i f f e r e n t  s o u r c e s  had b e e n  u s e d .  
The release of p r o f l a v i n e  is a l so  i n d e p e n d e n t  of 

t h e  g l y c e r i n  c o n c e n t r a t i o n  i n  t h e  b a s e  ( F i g u r e  3 ) .  
Nixon and o t h e r s "  have  examined t h e  d i f f u s i o n  of methy- 
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RELEASE OF ANTIBACTERIAL AGENTS 207 

l e n e  b l u e  from 10% g l y c e r o g e l a t i n  b l o c k s  c o n t a i n i n g  0- 
60% g l y c e r i n .  D i f f u s i o n  was measured f rom 200 g b l o c k s  
i n t o  200 m l  o f  water a t  25O and a dependence  upon 
g l y c e r i n  c o n c e n t r a t i o n  was f o u n d  w i t h  maximum d i f f u s i o n  
o c c u r r i n g  a t  10% g l y c e r i n .  The d i f f e r e n t  e x p e r i m e n t a l  
c o n d i t i o n s  and lower c o n c e n t r a t i o n s  of g l y c e r i n  m i g h t  
a c c o u n t  f o r  t h e  d i f f e r e n c e s ,  b u t  i t  would a p p e a r  t h a t  
t h e  p r o f l a v i n e  release is n o t  g o v e r n e d  by t h e  r a t e  of  
d i f f u s i o n  t h r o u g h  t h e  b l o c k .  

The l a c k  o f  e f f e c t  of a water s o l u b l e  d r u g  l i k e  
p r o f l a v i n e  o n  g l y c e r o g e l a t i n  bases p r o b a b l y  a c c o u n t s  
f o r  t h e  s e l e c t i o n  o f  s u c h  a b a s e .  When less water 
s o l u b l e  d r u g s  are i n c l u d e d  i n  t h e  bases t h e n  t h e  i n t e r -  
a c t i o n  be tween base and  d r u g  c a n  r e s u l t  i n  a l t e r a t i o n  
o f  t h e  b a s e  p r o p e r t i e s .  The f o r m u l a t i o n  o f  p h e n o l s  i n  
g l y c e r o g e l a t i n  bases would o b v i o u s l y  be p r e c l u d e d  s i n c e  
t h e  r e s u l t a n t  r e d u c t i o n  i n  g e l  s t r e n g t h  r e s u l t s  i n  a 
d e c r e a s e d  release time ( T a b l e  2 ) ;  When s u b s t i t u t i o n  of  
t h e  p h e n o l  is c a r r i e d  o u t  t o  p r o d u c e  m o l e c u l e s  w i t h  a 
g r e a t e r  a b i l i t y  t o  d i s r u p t  hydrogen bonds” t h e n  a n  
e v e n  g r e a t e r  g e l  d e s t r u c t i o n  o c c u r s .  The h i g h  d e g r e e  
o f  i n t e r a c t i o n  n o t e d  would p r e c l u d e  s u c h  f o r m u l a t i o n s .  

I t  i s  c o n c l u d e d  t h e r e f o r e  t h a t  g l y c e r o g e l a t i n  b a s e  
is o n l y  of  u s e  i n  t h e  f o r m u l a t i o n  of d r u g s  which d o  
n o t  d i s r u p t  hydrogen  b o n d s ,  u n l e s s  t h e s e  are u s e d  a t  
l o w  c o n c e n t r a t i o n s .  F u r t h e r  m o d i f i c a t i o n  of t h e  base 

would be n e c e s s a r y  i f  p r o l o n g e d  release p r o d u c t s  are 
t o  b e  f o r m u l a t e d  i n  g e l a t i n  b a s e d  s y s t e m s .  
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