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ABSTRACT 

Petrolatum is widely used for the preparation of topically 
appl ied pharmaceutical forms , 1 i ke ointments. The physic0 - 
chemical characteristics of petrolatum lwgely depends on the 
source of crude petrolatum which is obtained. 

The purpose of this study is to investigate whether any 
difference exists in release characteristics o f  two different 
batches of petrolatum, named as A and B, and to look into the 
effect of sodium benzoate as a complexing a?ent on the release 
properties of caffeine from petrolatum and PEG bases. It is 
found that the released amount of caffeine from both petrolatums 
for each concentration is significantly different. It is also 
established that the use of sodium benzoate increased the 
released amount of caffeine from petrolatum and PEG bases 
significantly 

INTRODUCTION 

Petrolatum is widely employed in the field of pharmaceutics, 
especially for the preparation of topically applied pharmaceutical 

* 
Correspondence 

1093 

Copyright 0 1987 by Marcel Dekker, Inc. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1094 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

forms, 1 i k e  o in tments.  There a r e  seve ra l  t h e r a p e u t i c  agents  1 i ke 
b a c i t r a c i n ,  su lphu r  and z i n c  o x i d e  which appear a t  IISP, French 
Na t iona l  Formulary and BPC o f f i c i a l l y  as p e t r o l a t u m  o intments.  
Pe t ro la tum was a l s o  found as a s u i t a b l e  base f o r  t h e  r e l e a s e  o f  

s u l f a n i l a m i d e  ( 1 )  and s a l i c y l i c  a c i d  (2,3). 

I t  i s  w e l l  known t h a t ,  t h e  physico-chemical  c h a r a c t e r i s t i c s  o f  
p e t r o l a t u m  l a r g e l y  depends on t h e  source o f  c rude  p e t r o l a t u m  which 
i s  ob ta ined  and t h e  t y p e  and degree o f  p u r i f i c a t i o n .  Therefore,  t h e  

p r o p e r t i e s  o f  d i f f e r e n t  batches o f  p e t r o l a t u m  may v a r y  cons ide rab ly ,  
a l t hough  they may a l l  s u i t  t h e  d e s i r e d  pharmacopea requi rements as 
f a r  as m e l t i n p  p o i n t ,  a c i d i t y ,  a l k a l i n i t y  e t c .  a r e  concerned. Hence, 
t h e  d i f f e r e n c e s  i n  t h e  i n  v i t r o  r e l e a s e  p r o p e r t i e s  o f  d i f f e r e n t  
pe t ro la tums  can a l s o  be expected. There fo re  i t  would be i n t e r e s t i n g  
t o  f i n d  o u t  whether t h e r e  i s  a d i f f e r e n c e  i n  r e l e a s e d  amounts o f  
c a f f e i n e  f rom two d i f f e r e n t  batches o f  pe t ro la tum.  

Al though c a f f e i n e  i s  a drug a e n e r a l l y  f o r  o r a l  and p a r e n t e r a l  
use, r e c e n t l y  some p a t e n t s  o f  t o p i c a l  p r e p a r a t i o n s  have been seen i n  
t h e  1 i t e r a t u r e  f o r  t h e  t rea tmen t  o f  t r i c h o p h y t i a  and eczema (4)  , 
acne, baldness and s k i n  w r i n k l i n g  ( 5 ) .  Zesch e t  al. ( 6 )  i n v e s t i g a t e d  
t h e  q u a n t i t a t i v e  d i s t r i b u t i o n  o f  percutaneously  a p p l i e d  c a f f e i n e  i n  
t h e  human sk in .  

I n  a d d i t i o n ,  i t  has been shown t h a t  c a f f e i n e  can be used t o  c u r e  
a t o p i c  d e r m a t i t i s  (7,8,9). By l o c a l  a p p l i c a t i o n  , i t  inc reases  s k i n  
l e v e l s  o f  c y c l i c  adenosine monophosphate (c-AMP) by i n h i b i t i n g  c y c l i c  
n u c l e o t i d e  phosphodiesterase. T h i s  increment  t h e r e f o r e  eases t h e  
symtomps o f  a t o p i c  d e r m a t i t i s  (10) .  I n  t h e  f i r s t  p a r t  o f  t h i s  paper 
(11).  p e t r o l a t u m  was found t o  r e l e a s e  c a f f e i n e  i n  minimum amounts 
compared t o  a w/o e m u l s i f y i n g  o in tment ,  h y d r o p h i l i c  o in tmen t  and a 
PEG ointment.  But t h e  most u n d e r l i n e d  r e l a t i o n s h i p  between t h e  

c o n c e n t r a t i o n  and t h e  amount re leased  was a l s o  f rom pe t ro la tum,  
between 1.0 and 30.0 % (w/w) o f  c a f f e i n e .  A d d i t i o n a l l y ,  c a f f e i n e  
appeared t o  r e a c t  w i t h  p e t r o l a t u m  minimal 1 l y  i n  comparison w i t h  
o t h e r  bases and t h i s  i s  a f a v o r a b l e  p r o p e r t y  f o r  an o in tmen t  base 

i n  0rd.r t o  i n v e s t i a a t e  t h e  e f f e c t  o f  an a d d i t i o n a l  agent  on 
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RELEASE PROPERTIES OF CAFFEINE 1095 

re lease .  I n  f a c t ,  i t  i s  found i n  t h e  l i t e r a t u r e  t h a t  t h e  r e l e a s e  
o f  benzocaine increased by t h e  a d d i t i o n  o f  sodium s a l  i y c l a t e  (12) .  

I n  i n  v i t r o  permeat ion s t u d i e s  (13) ,  drug-complex f o r m a t i o n s  were 

found t o  chanae t h e  d i f f u s i o n  c h a r a c t e r i s t i c s  o f  seve ra l  druas l i k e  
c a f f e i n e  and s a l i c y l i c  a c i d .  S ince i t  i s  wel l -known t h a t ,  t h e  

s o l u b i l i t y  o f  c a f f e i n e  can be i nc reased  by benzoic  a c i d  and i t s  
s a l t s  (14) ,  i t  m iah t  a l s o  be expected an increment  i n  t h e  r e l e a s e  
o f  c a f f e i n e  f rom d i f f e r e n t  types o f  o in tmen t  bases. 

I l i t h i n  t h e  frame o f  i n t r o d u c t i o n  Given above, t h e  purpose o f  
t h i s  s tudy  i s  t o  i n v e s t i g a t e  whether any d i f f e r e n c e  e x i s t s  i n  

r e l e a s e  c h a r a c t e r i s t i c s  o f  two d i f f e r e n t  batches o f  pe t ro la tum.  
And i f  a d i f f e r e n c e  i s  found, choosing t h e  base which r e l e a s e s  
c a f f e i n e  b e t t e r ,  t o  l o o k  i n t o  t h e  e f f e c t  o f  sodium benzoate on 
r e l e a s e  p r o p e r t i e s  a t  1.0 t o  30.0 %(w/w)  concen t ra t i ons .  I f  sodium 
benzoate w i l l  be found t o  chanae t h e  r e l e a s e  o f  c a f f e i n e  
s i g n i f i c a n L l y ,  then t h e  e f f e c t  o f  i t  on c a f f e i n e  r e l e a s e  f rom PEG 

o in tmen t  w i l l  a l s o  be i n v e s t i g a t e d .  

EX P E R I  !I ENTAL 

M a t e r i a l s  

The same m a t e r i a l s  r e p o r t e d  i n  t h e  p rev ious  paper (11)  were 

used throughout  t h e  exper iments.  Two d i f f e r e n t  batches o f  pe t ro la tum,  

named as p e t r o l a t u m  A and p e t r o l a t u m  B y  were o f  unknown sources. 
Both p e t r o l a t u m  A and p e t r o l a t u m  B were c o n t r o l l e d  a c c o r d i v @  t o  USP 

requi rements f o r  c o l o u r ,  s o l u b i l i t y ,  t a s t e ,  odour, a c i d i t y ,  
a l k a l i n i t y ,  f o r e i n g  o rgan ic  m a t t e r ,  su lpha ted  ash, f i x e d  o i l s ,  f a t s  
and r o s i n  and they  bo th  were found t o  be s u i t a b l e  t o  pharmacopeia 
reaui rements.  Sodium benzoate’ was used as supp l i ed .  

P repara t i on  o f  Pe t ro la tum -- Ointments -- 

Both pe t ro la tums  were used as supp l i ed .  They were added on t o  
c a f f e i n e  i n  a m o r t a r  by geometr ic d i l u t i o n ,  t o  g i v e  p r e v i o u s l y  
determined concen t ra t i ons ,  i n  we iah t  percentages. C a f f e i n e  was 
mixed w i t h  p e t r o l a t u m  tho rouah ly  u n t i l  a homogenous m i x t u r e  was 
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1096 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

obtained. I t  was used a t  1,5,10,20 and 30 % (w/w)  c o n c e n t r a t i o n s  
i n  b o t h  p e t r o l a t u m  A and B. The m i x t u r e s  were l e f t  a t  t h e  ambient 
temperature f o r  s i x t e e n  hours b e f o r e  t h e  r e 1  ease exper iments.  

- P r e E r a t i o n  --- o f  C a f f e i n e  Complexes 

Two d i f f e r e n t  p r e p a r a t i o n  techniques were used: 

The f i r s t  method was t h e  one c i v e n  i n  t h e  Merck Index (15 ) .  
According t o  t h i s  method equal amounts o f  c a f f e i n e  and sodium 
benzoate were mixed and tho rough ly  g r i n d e d  i n  a mor ta r .  T h i s  
m i x t u r e  i s  c a l l e d  as Complex I. 

I n  a second method o f  p r e p a r a t i o n ,  c a f f e i n e  was mixed w i t h  an 
equal amount o f  sodium benzoate. Wi th  t h e  a d d i t i o n  o f  s u f f i c i e n t  
amount o f  a l c o h o l  a smooth pas te  was ob ta ined .  T h i s  pas te  was d r i e d  
a t  t h e  ambient temperature and powdered. I t  was c a l l e d  as Complex 
I 1  (16) .  Both complexes were i n c o r p o r a t e d  i n  p e t r o l a t u m  and PEG 
bases w i t h  r o u t i n e  methods t o  g i v e  a t o t a l  o f  20% (w/w) 
c o n c e n t r a t i o n  10% o f  which was c a f f e i n e .  

k a r a t u s  and Method o f  Measurement 

D i f f u s i o n  c e l l s  used were desc r ibed  i n  t h e  f i r s t  p a r t  o f  t h i s  

paper (11).  The f i l l i n g  procedure and t h e  measur ing technique were 

ne r e l e a s e d  i n t o  d i s t i l l e d  water  was 
c a l l y  a t  272 nm w i t h  a spectrophotometer2.  

t h e  same as before.  C a f f e  
measured spectrophotometr  

I n  o r d e r  t o  m in im ise  
which m iah t  be induced by 

o intments c o n t a i n i n p  o n l y  

a p o s s i b l e  i n t e r f e r e n c e  on measurepents 
sodium benzoate, p e t r o l a t u m  B and PEG 
10% sodium benzoate were a1 so prepared. 

Release exper iments were c a r r i e d  o u t  w i t h  t h i s  "b lanks "  and c a f f e i n e  
re leased  i n t o  water  phase was measured a g a i n s t  t h e  d i f f u s a t e  f rom 
these b lanks . 

RESULTS and 4 l I S C U S S I O N  - - 
Release From Petro la tums -- 

F i g u r e  1, shows t h e  r e l e a s e  o f  c a f f e i n e  f rom two types o f  
pe t ro la tum bases, p e t r o l a t u m  A and p e t r o l a t u m  B f o r  1,lO and 30 % 

( w / w )  concen t ra t i ons .  
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FIGURE 1 

Release o f  Caf fe ine  From Petrolatum A and Petrolatum B. 
Key:-*-, 1 %(w/w); - l - ,  10 %i-L-, 30 % Caf fe ine  
From Petrolatum A .  

From Petrolatum B. 
---A--.,l %(w/w);--- I ---, 10 %;.-.A - - - *  30 % Caf fe ine  

The released amounts o f  c a f f e i n e  and re lease ra tes  fo r  each 
concentrat ion were found t o  be s i g n i f i c a n t l y  d i f f e r e n t  from each 

o ther  as F igure 1 shows. On the o ther  hand, a p o s i t i v e  c o r r e l a t i o n  
between the released amounts and the  concentrat ion i s  obvious f o r  
each concentrat ion i n  bo$h bases. A 1  though both p e t r o l a t u m  were 
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1098 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

TABLE I 

Release Rates (x1C-6) o f  C a f f e i n e  From Two Pe t ro la tum Bases 
a t  Va ry i  ng Concen t ra t i ons  

O i  n tmen t 

Pe t ro la tum A 
Pe t ro la tum B i 

s u i t a b l e  t o  USP X V I I I  r equ i remen ts ,pe t ro la tuv  R re leased  c a f f e i n e  
i n  h i g h e r  amounts cornparing t o  p e t r o l a t u m  A f o r  each c o n c e n t r a t i o n .  
Table I shows t h e  d i f f e r e n c e  between t h e  r e l e a s e  r a t e s  o f  each 

pe t ro la tum which were c a l c u l a t e d  f rom s lopes o f  l i n e s  ob ta ined  by 
p l o t t i n g  t h e  re leased  amounts o f  c a f f e i n e  a g a i n s t  6. 

If t h e  r e l e a s e  r a t e s  p i v e n  i n  Table I a r e  p l o t t e d  ac la inst  
concen t ra t i ons ,  s t r i g h t  1 i n e s  a r e  o b t a i n e d  which i n d i c a t e  a 1 i n e a r  

r e l a t i o n s h i p  between t h e  c o n c e n t r a t i o n  and t h e  r e l e a s e  r a t e s .  The 
d i f f e r e n c e  o f  r e l e a s e  f rom b o t h  pe t ro la tums  can be a t t r i b u t e d  t o  

t h e  d i f f e r e n t  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  these bases. I n  o r d e r  
t o  check t h i s  p o i n t ,  bo th  pe t ro la tums  were i n v e s t i g a t e d  under a 

p o l a r i s i n g  microscope. However, no apparent  d i f f e r e n c e  between t h e  
c r y s t a l  s t r u c t u r e  was observed(Fia.2) .Also,  X-ray d i f f r a c t i o n  
s t u d i e s  o f  b o t h  bases showed no d i f f e r e n c e  between t h e  Debye- 

Sher re r  p a t t e r n s  o f  bo th  bases (F ig.3) .  F u r t h e r  t h e  DTA 
i n v e s t i g a t i o n s  o f  them a l s o  e x h i b i t e d  t h e  same i n v e r s i o n  p o i n t s  by 

h e a t i n g  and c o o l i n g  t h e  samples. The m e l t i n g  temperatures o f  bo th  
bases were 56.5O C and t h e  c r y s t a l l i s a t i o n  temperatures were o f  
53.5-54O C. F i n a l l y ,  v i s c o s i t y  measurements were c a r r i e d  o u t  t o  

see whether a p o s s i b l e  d i f f e r e n c e  between t h e  v i s c o s i t i e s  o f  
pe t ro la tums  e x i s t s .  A r o t a t i o n a l  cone and p l a t e  v iscometer  used 
f o r  t h i s  purpose. The pe t ro la tums  bo th  e x h i b i t e d  p l a s t i c  v i s c o s i t i e s .  

3 
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RELEASE PROPERTIES OF CAFFEINE 

FIGURE 2 

1099 

Mic roscop ica l  Appearences o f  Pe t ro la tum A and P e t r o l a t u m  B 
( M a g n i f i c a t i o n  : x 143 ). 

The v i s c o s i t y  o f  p e t r o l a t u m  A was h i g h e r  than  o f  p e t r o l a t u m  B f o r  a l l  
t h e  shear r a t e s  s tud ied .  Pe t ro la tum A a l s o  e x h i b i t e d  a t h i x o t r o p i c  

behaviour ,  whereas p e t r o l a t u m  6 d i d  n o t  show a s i m i l a r  e f f e c t .  

The apparent  v i s c o s i t i e s  o f  b o t h  samples were determined f r o m  
t h e  apex o f  upcurves, ob ta ined  when shear s t r e s s e s  were p l o t t e d  

a g a i n s t  shear r a t e s .  The apparent  v i s c o s i t y  o f  p e t r o l a t u m  A was 1.85 
and p e t r o l a t u m  B o f  0.69 p o i s e  a t  3 7 O  C. 

Since t h e r e  i s  an i n v e r s e  r e l a t i o n s h i p  between t h e  v i s c o s i t y  
and t h e  d i f f u s i o n  c o e f f i c i e n t  as f o r m u l a t e d  w i t h  S t o k e s - E i n s t e i n  
equat ion,  a h i g h e r  r e l e a s e  f rom a l e s s  v i scous  sample can be 
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1100 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

FIGURE 3 

X - Ray D i f f r a c t i o n  A n a l y s i s  o f  Pe t ro la tum A and Pe t ro la tum R.  

expected. Al though t h i s  r e l a t i o n s h i p  may n o t  h o l d  r i g i d l y  f o r  t h e  
complex s t r u c t u r e  o f  t h e  o in tments,  i t  can be assumed t h a t  t h e  
decrement i n  v i s c o s i t y  would y i e l d  an i nc reased  d i f f u s i o n  c o e f f i c i e n t  

f o r  t h e  drug i n  t h e  o in tmen t  base. Davis and Khander ia (17) showed 
t h e  e f f e c t  o f  v i s c o e l a s t i c  p r o p e r t i e s  o f  t h e  o in tmen t  bases t o  i n  

v i t r o  r e l e a s e  and i n  v i v o  a k s o r p t i o r  p r o p e r t i e s  o f  s a l i c y l i c  a c i d .  
Boylan (18)  observed s l i g h t  r h e o l o g i c a l  d i f f e r e n c e s  between 
t h e  v i s c o s i t i e s  o f  NF and USP pet ro la tums.  L a t e r  B a r r y  and Grace (19 )  
examining t h e  grade v a r i a t i o n s  o f  pe t ro la tum,  found changes i n  t h e  
Newtonian v i s c o s i t i e s  by a f a c t o r  o f  ten.  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



RELEASE PROPERTIES O F  CAFFEINE 1101 

Since t h e  m i c r o c r y s t a l l i n e  s t r u c t u r e  in p e t r o l a t u m  i s  a m i x t u r e  

o f  n and i s 0  p a r a f f i n e s ,  i t  i s  p o s s i b l e  t h a t  t h e i r  amount may 
change,hence, t h e  c r y s t a l  d i s t r i b u t i o n  may d i f f e r  w i t h i n  t h e  g ross  

s t r u c t u r e  o f  pet ro la tum. Since t h e r e  a r e  no d i f f e r e n c e s  between 
t h e  X-ray and DTA data,  t h e  o n l y  p o s s i b l e  e x p l a n a t i o n  seems t o  be 
t h e  v a r i a t i o n  i n  t h e  d i s t r i b u t i o n  o f  t h e  c r y s t a l  a g r e g a t i o n  o f  b o t h  
pe t ro la tums  and t h i s  mav cause a d i f f e r e n c e  i n  t h e  r e l e a s e  

p r o p e r t i e s  o f  t h e  i n c o r p o r a t e d  drug. 

The d i f f e r e n c e  o f  t h e  da ta  presented w i t h  b o t h  pet ro la turns 

i n d i c a t e s  an i m p o r t a n t  f a c t  v h i c h  m i r l h t  be o f  use f o r  f u r h e r  

s tud ies .  There a r e  seve ra l  o f f i c i a l  p r e p a r a t i o n s  u s i n a  p e t r o l a t u m  

as an o in tmen t  base. B a c i t r a c i n  and p o l y m i x i n  B s u l p h a t e  o in tmen ts  

i n  USP, p e n i c i l l i n e  and ca lamine o in tments i n  BPC and z i n c  ox ide,  
n i a o u l i  o i l  and su lphu r  o in tments i n  N a t i o n a l  Formulary  o f  France 

can be mentioned amonp a few. I f  a s i g n i f i c a n t  v a r i a t i o n  i n  

r e l e a s e  as i t  i s  seen f rom t h e  p r e s e n t  da ta  can be expected, 
dependin? on t h e  t y p e  o f  pe t ro la tum,  t h e  r e l e a s e  p r o p e r t i e s  of 

those o f f i c i a l l y  accepted o in tments must be exawined f u r t h e r ,  f o r  

t h e  s t r u c t u r a l  v a r i a t i o n s  o f  pe t ro la tums  used. O r  e l s e ,  t h e  
s t r u c t u r a l  p r o p e r t i e s  o f  pe t ro la tums  g i v e n  i n  t h e  pharmacopeia must 
be d e f i n e d  more p r e c i s e l y .  B a r r y  and Grace (20)  recommended 

r h e o l o o i c a l  t e s t i n g  o f  these v e h i c l e s .  Ne a l s o  recommend t h e  

i n c l u s i o n  o f  d e f i n i t e  ranoe o f  p h y s i c a l  c a h a r a c t e r i c t i c s  i n  

pharmacopeial monograph , such as con t inuous  shear rbeope t ry .  

E f f e c t  o f  Sodium Benzoate on Release -~ 

I n  F i g u r e  !,release o f  c a f f e i n e  f rom p e t r o l a t u m  B o in tmen ts  

c o n t a i n i n g  Complexes I and I 1  a r e  presented. 

Both sodium benzoate complexes were found t o  i n c r e a s e  t h e  
r e l e a s e  o f  c a f f e i n e  s i g n i f i c a n t l y .  B u t  no s i g n i f i c a n t  d i f f e r e n c e  i n  

r e l e a s e  c o u l d  be found between t h e  r e l e a s e  f rom o in tmen ts  c o n t a i n i n a  

t h e  complexes. A s i m i l a r  data was a l s o  o b t a i n e d  u s i n g  t h e  PEG bases. 
I n  t h i s  s e t  o f  r e s u l t s  (F ig .S) ,  an i nc reased  r e l e a s e  f rom b o t h  

complexes were a l s o  found. As i n  p e t r o l a t u m  o intment ,  t h e r e  were no 
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FIGURE 4 

Release o f  Complex I and Complex I1  From Pe t ro la tum B. 
Key : , 10 % Ca f fe ine ;  , 211 % Complex I ;  0 , 20 % Complex 11. 

d i f f e r e n c e s  
increased t h e  r e l e a s e  o f  c a f f e i n e  s i y n i f i c a n t l y .  

i n  r e l e a s e  f rom two complexes, b u t  b o t h  covplexes 

Release da ta  f r o p  PEG o in tmen t  showed a l i n e a r  r e l a t i o n s h i p  

when p l o t t e d  r e 1  eased amounts versus fi and 1 o p a r i  thm o f  r e 1  eased 
amounts a t y i n s t  l o g a r i t h m  o f  t ime.  As seen i n  F i a u r e  5, t h e  l o g -  
l o g  p r e s e n t a t i o n  of t h i s  p a r t i c u l a r  da ta  was p r e f e r r e d ,  because i t  

gave h i g h e r  c o r r e l a t i o n  c o e f f i c i e n t s  between t h e  v a r i a b l e s .  Thus, 

a b e t t e r  f i t  c o u l d  be obta ined.  

The v a r i a t i o n  observed w i t h  PFG ointments may be due t o  t h e  
i n t e r a c t i o n  o f  t h i s  base w i t h  sodium benzoate and t h e  s o l u b i l i t y  o f  
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10-41 I I I a 
L a . 1  

30 60 120 240 360 15 

T i m e  (Minutes) 

FIGURE 5 

Release o f  Complex I and Complex I 1  From PEG 
Key : m , 10 % C a f f e i n e  ; 

Ointment. 
20 % Complex I; 0 20 % Complex 11. 
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1104 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

c a f f e i n e  i n  i t .  Therefore,  r e l e a s e  f rom t h i s  o in tmen t  i s  b o t h  

d i f f u s i o n  and s o l u b i l i t y  dependent. Thus, i t  i s  reasonable t o  expect  
t h a t ,  t h e  mutual i n t e r a c t i o n  w i l l  be r e f l e c t e d  on t h e  r e s u l t s .  

Petrolatum, on t h e  o t h e r  hand can be accepted as a most s u i t a b l e  
base t o  determine t h e  e f f e c t  o f  a s i n g l e  v a r i a n t . F i a u r e  4 and 5 
i n d i c a t e  t h a t  t h e  methods o f  p r e p a r a t i o n  d i d  n o t  s i a n i f i c a n t l y  
e f f e c t  t h e  p r o p e r t i e s  o f  b o t h  complexes as t h e r e  was no d i f f e r e n c e  
i n  re leased  amounts n o r  t h e  r e l e a s e  p a t t e r n s  between them. Bu t  i n  
each case, use of sodium benzoate i nc reased  t h e  r e a l e d  amounts o f  
c a f f e i n e .  Th is  e f f e c t  w i l l  be f u r t h e r  i n v e s t i g a t e d  t o  f i n d  o u t  how 

much o f  t h i s  i s  r e f l e c t e d  on i n  v i v o  s t d u i e s .  

AC KFIOVL EDG EIEFITS 

The au tho rs  a r e  i ndep ted  t o  Prof.C.Fuhrer,from I n s t i t u t  f u r  
Pharmazeutische Technologie d e r  Technischen U n i v e r s i t d t ,  

Braunschweig, Germany, f o r  c a r r y i n g  o u t  t h e  X-ray and DTA 
measurements and he1 p f u l  recommendation. 

FOOTNOTES 

1 )  rlerck, Germany 

2) Bausch and Lornb-Spectronic 700, U . S . A .  
3) Rheotest 2, East Germany 
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