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ABSTRACT 

Caffe ine  has r e c e n t l y  been found t o  cure a t o p i c  
d e r m a t i t i s ,  presumably by inc reas ing  s k i n  l e v e l s  of 
c m . I n  t h e  l i g h t  of t h e s e  f ind ings ,  i t s  release f r o m  
d i f f e r e n t  ointment bases  a t  varying concent ra t ions  w a s  
i n v e s t i g a t e d  i n  v i t r o .  The ointment bases  used were a 
petrolatum (named as petrolatum A ) ,  a PEG ointment (USP 

XVITI), a hydrophi l ic  ointment (USP X V I I I ) ,  and a w/o 
type  emulsifying ointment.  I t  was incorpora ted  i n t o  o i n t -  
ment bases a t  1,5,10,20 and 30 % (w/w) concent ra t ions ,  
by simple t r i t u r a t i o n  technique. 

Release experiments were c a r r i e d  o u t  a t  37OC ,wi th  
d i f f u s i o n  cells which were placed i n  d i s t i l l e d  water 
f i l l e d  beakers.  

For a l l  c a f f e i n e  concent ra t ions  used, t h e  release 
was h ighes t  from t h e  PEG ointment.  I t  decreased w i t h  t h e  
hydrophi l ic  ointment,  t h e  emulsifying ointment ,  and 

* I t  w a s  presented a t  APGI 2nd I n t e r n a t i o n a l  Conference 
on Pharmaceutical  Technology, Par i s ,  1980. 
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1514 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

petrolatum A ,  i n  t h a t  o r d e r ,  From both petrolatum base 
and the  PEG ointment ,  release of c a f f e i n e  increased  
s i g n i f i c a n t l y  w i t h  i nc reas ing  concent ra t ions .  As for  
t h e  hydrophi l ic  and emulsifying ointments ,  release 
p a t t e r n s  were found t o  be independent of concent ra t ion  
f o r  some percentages of c a f f e i n e .  

INTRODUCTION 

I t  has been found r ecen t ly  t h a t  c a f f e i n e  can be 
used t o  cure  a t o p i c  d e r m a t i t i s  (1,2). Its  supress ion  
of immediate h y p e r s e n s i t i v i t y  r e a c t i o n s  was expla ined  
w i t h  i t s  P-adrenergic e f f e c t  ( 3 ) .  By local  a p p l i c a t i o n ,  
it probably i n h i b i t s  c y c l i c  nuc leo t ide  phosphodiesterase 
which degrades c y c l i c  adenosine -3',5'-monophosphate 
(CAMP),  thus  inc reases  l eve l s  of CAMP ( 4 , s ) .  T h i s  

increment t h e r e f o r e  eases t h e  s k i n  problems of a t o p i c  
s u b j e c t s  (3 ,6)  . 

This e f f e c t  was f i r s t l y  repor ted  by Kaplan e t . a l .  
(1 ,2 ,3)  where c a f f e i n e  was used a t  1 0  t o  30% concentra- 
t i o n s  i n  hydrophi l ic  ointment ,  They have no t  given t h e  
p a r t i c u l a r s  of n e i t h e r  t h e  method of p repa ra t ion  nor 
t h e  choice of concent ra t ion  and t h e  ointment base.  

Knowing t h e  dependence of e f f i c a c y  of an o i n t -  
ment on t h e  type  of ointment base(7-16) and the  con- 
c e n t r a t i o n  of t h e  drug (7,13,17-19),  it was f e l t  t h a t  
t h e  t o p i c a l  a p p l i c a t i o n  of c a f f e i n e  from d i f f e r e n t  
ointment bases  a t  varying concent ra t ions  deserved 
f u r t h e r  i nves t iga t ion .  First of a l l ,  i t s  release from 
d i f f e r e n t  ointment bases  was planned t o  be looked i n t o  
i n  v i t r o .  

This paper desc r ibes  t h e  method of i n  v i t r o  
release of c a f f e i n e  from an oleaginous (petrolatum) , t w o  
emulsion type (o/w and w/o) and a water-soluble  (PEG 
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IN VITRO RELEASE PROPERTIES OF CAFFEINE. I 1515 

ointment) base a t  1,5,10,20 and 30 % (w/w) concentra- 
t i o n s .  It also compares release p a t t e r n s  and released 
amounts of c a f f e i n e  f o r  o b t a i n  an optimum cond i t ion  for 
i n  vivo app l i ca t ions .  

EXPERIMENTAL 

Mater ia l s  
1 

An anhydrous c a f f e i n e  was used throughout t h e  
experiments.  I R  spectrum of c a f f e i n e  e x h i b i t e d  i n f l e c -  
t i o n s  only a t  t h e  same f requencies  as t h e  r e fe rence  
s tandards .  Its UV spectrum showed maxima and minima 
similar t o  those  of r e fe rence  s tandards  given i n  t h e  
l i t e r a t u r e  and the  a b s o r p t i v i t y  of  t h e  sample a t  t he  

maximum near 272 nm is  wi th in  t h e  same h e i g h t  of t h e  
a b s o r p t i v i t y  gene ra l ly  repor ted .  I ts  melt ing p o i n t  w a s  
236OC. The rest of  t h e  p u r i t y  c o n t r o l s  according t o  
Pharmacopeia s tandards  were found t o  be s a t i s f a c t o r y .  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  of c a f f e i n e ,  
determined by s i e v i n g  w a s  found t o  be wi th in  t h e  45-180 
vm range. However t h e  major i ty  of pa r t i c l e swere  around 
180 wn. 

Deionized g l a s s  d i s t i l l e d  water was used for  t h e  

experiments.  Its pH was 6 . 0  and conduct iv i ty  of 1.1 
UMHOS . 

A petrolatum of unknown source ,  named as pe t ro-  
latum A w a s  used as an oleaginous base. It was i n  
accordance wi th  USP X V I I I  requirements.  Propylene 
g lyco l  , polyethylene g lyco l  (PEG) 400  ,PEG 4000 , 
l i q u i d  p a r a f f i n  , 1-octanol , s o r b i t a n  mono o l e a t  , 
sodium l a u r y l  su lpha te  and s t e a r y l  a lcohol  used wi thout  
f u r t h e r  p u r i f i c a t i o n .  The d i a l y s i s  membrane used w a s  
from t h e  same roll f o r  a l l  t h e  experiments.  

2 1 1 

1 1 3 

4 
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1516 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

S o l u b i l i t i y  Determinations 

The s o l u b i l i t y  of  c a f f e i n e  was determined i n  
water  a t  25OC. About 400 mg of c a f f e i n e  w a s  placed i n  
15 m l  of water ,  i n  50 m l  screw capped tubes. The tubes 
were placed h o r i z o n t a l l y  on a shaker  i n  a water-bath,  
and shaked a t  95 rpm u n t i l  t h e  equi l ibr ium was reached. 
T h i s  s t a g e  was determined by r e p e t i t i v e  sampling. The 
concent ra t ion  determinat ion was made by W absorp t ion  
measurements. 

S o l u b i l i t y  of c a f f e i n e  i n  PEG 400 and l i q u i d  
p a r a f f i n  were determined because they were t h e  major 
components of different  type of ointment bases and t h e  
s o l u b i l i t y  of c a f f e i n e  i n  these  v e h i c l e s  could g ive  an 
i n d i c a t i o n  t o  i t s  s o l u b i l i t y  i n  o t h e r  s i m i l a r  semisol id  
o r  s o l i d  components of t h e  ointments used. 

These s a l u b i l i t y  de te rmina t ions  were made by 
incorpora t ing  known amounts of material i n  inc reas ing  
amounts i n  a known q u a n t i t y  of s o l v e n t .  The s o l u b i l i t y  
value@ of c a f f e i n e  i n  t h e . P E G  400 and l i q u i d  p a r a f f i n  
were accepted as t h e  h i g h e s t  concent ra t ions  t h a t  could 
be completely s o l u b i l i s e d  i n  t h e  r e f e r r e d  so lven t s .  

' P a r t i t i o n  Coef f i c i en t  

1 0  m l  of l -oc tanol  was added t o  1 0  m l  of 0 .0824  M 
c a f f e i n e  s o l u t i o n ,  i n  50 m l  screw-capped tubes.  The tubes  
were shaken on a h o r i z o n t a l  shaker  a t  37OC u n t i l  no 
d i f f e r e n c e  was observed between t h e  r e p e t i t i v e  samplings. 
The water and oc tano l  phases w e r e  s epa ra t ed  and assayed 
f o r  c a f f e i n e  concent ra t ion .  

The results of t h e s e  experiments are shown i n  
Table 1. 

Preparation of Ointments  

The ointments were prepared by slmple t r i t u r a t i o n .  
Petrolatum A was used as suppl ied .  Hydrophilic and 
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IN VITRO RELEASE PROPERTIES OF CAFFEINE. I 1517 

TABLE 1 
Some Physicochemical P r o p e r t i e s  of Caf fe ine  

- 

S o l u b i l i t y  

I n  water (25OC) 0.103 M 

I n  PEG 4 0 0  (37OC) 1 %  
I n  l i q u i d  p a r a f f i n  (37OC) 0 . 0 0 1  % 

P a r t i t i o h  c o e f f i c i e n t  (1-octanol/water) 0 . 4 6 4  

polyethylene g lyco l  (PEG) ointments were prepared 
according t o  USP WIII requirements.  I n  hydrophi l ic  
ointment p re se rva t ives  were no t  used t o  prevent  a 
poss ib l e  in t e r f e rence .  The water  i n  o i l  (w/o )  type  
emulsion base  t h a t  conta ins  6 4  p a r t s  whi te  petrolatum, 
6 p a r t s  s o r b i t a n  monooleat (Span 8 0 )  and 30 p a r t s  water 
was prepared according t o  t h e  method given by whitwoth 

(19) 

Incorpora t ion  of c a f f e i n e  powder t o  t h e  ointment  
bases  was c a r r i e d  o u t  using a mortar and p e s t l e .  I n  
o rde r  t o  o b t a i n  1,5,10,20 and 30 % (w/w) concen t r a t ions ,  
c a f f e i n e  was accura t e ly  weighed and powdered i n  a mortar. 
Freshly prepared ointment base was incorpora ted  on t o  it 
by geometric d i l u t i o n  u n t i l  a homogeneous mixture w a s  
obtained.  The mixture then  was l e f t  a t  ambient tempera- 
t u r e  f o r  s i x t e e n  hours before  i t  was placed i n  t h e  
d i f f u s i o n  c e l l s ,  A l l  t h e  ointments prepared w e r e  o f  
suspension type .  

During t h e  d i f f u s i o n  measurements, t o  c o n t r o l  
a p o s s i b l e  i n t e r f e r e n c e  of t h e  ointment bases wi th  t h a t  
of caf fe ine ,o in tments  having no c a f f e i n e  were prepared 
t o  be used as blanks.  

Di f fus ion  C e l l  : 

Diffus ion  ce l l  which was used i n  t h i s  s tudy  was 
s i m i l a r  t o  t h a t  of Ayres and Lagkar ( l3 ) .  It w a s  made of 
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1518 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCfi 

i n e r t  g l a s s  wi th  1 .8  c m  of i n t e r n a l  diameter and 1 . 5  cm 
of depth,  A 6 . 0  c m  g l a s s  rod was a t t ached  to t h e  back of 
t h e  device from t h e  cen te r  i n  o rde r  t o  suspend it i n t o  
d i f f u s i o n  medium. 

The d i f f u s i o n  ce l l  was placed a t  t h e  c e n t e r  of a 
beaker wi th  a 4 . 5  c m  diameter and 8.0 c m  depth.  The 
d i f f u s i o n  su r face  was placed a t  3.0 c m  he igh t  from t h e  
bottom of  t h e  beaker .  The beaker w a s  f i l l e d  w i t h  1 0 0  m l  
of d i s t i l l e d  water  and i t s  top  was covered wi th  a watch 
g l a s s  t o  prevent  p o s s i b l e  evaporat ion.  A s m a l l  ho le  w a s  
bored a t  t h e  cen te r  of t h e  watch g l a s s  through which t h e  
glass rod extruded.  The exposed p a r t  of t h e  g l a s s  rod 
w a s  he ld  t i g h t  by means of a p i ece  of  sponge hence t h e  
movement of t h e  device  was prevented throughout t h e  
experiment,  Whole system was placed i n  a 37OC water ba th  
(Figure 1). 

P roce dure 

The d i f f u s i o n  ce l l  was f i l l e d  wi th  each ointment 
t o  t h e  t o p  by means of  a s p a t u l a  t o  ensure  t h a t  t h e r e  
are m i n i m u m  amount of a i r  bubles l e f t  in t h e  system. The 
excess was removed using a s p a t u l a  t o  o b t a i n  an even 
su r face .  Then a cel lophahe membrane which was l e f t  in 
d i s t i l l e d  water for  s i x t e e n  hours ,  was p laced  on t h e  
su r face  of t h e  ointment.  It w a s  c a r e f u l l y  pressed  t o  
ensure a complete contac t  of t h e  membrane wi th  t h e  
ointment and t i g h t l y  secured.  

The device w a s  then immediately placed i n  t h e  
beaker and t h e  whole system w a s  placed i n  a water ba th .  
N o  a t tempt  was made t o  s t i r  t h e  " rece iv ing  s i n k "  du r ing  
t h e  experiments except  a t  t h e  t i m e s  of sampling. 

Caf fe ine  concent ra t ion  i n  d i s t i l l e d  water a t  
d e f i n i t e  time i n t e r v a l s  w a s  t h e  measured s p e c t r o -  
photometr ical ly  a t  272 m. For t h i s ,  1 . 0  m l  samples 
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IN VITRO RELEASE PROPERTIES OF CAFFEINE. I 1519 

I Water bath (37OC) 

F I G U R E  1 
Schematic Diagram of Dif fus ion  Apparatus Used For 
Release Experiments. 

were withdrawned by r a i s i n g  t h e  top  a t  first 15 and 30 
minutes and la ter  a t  hourly i n t e r v a l s  up t o  s i x  hours .  
The system w a s  s t i r r e d  quick ly  a t  each sampling and w a s  
rep laced ,  a f te r  t h e  add i t ion  of 1 . 0  m l  of d i s t i l l e d  
water t o  i ts  o r i g i n a l  pos i t i on .  The d i l u t i o n s  were made 
f o r  d i r e c t  spectrophotometr ic  readings  as found necessary.  

Black runs demonstrated t h a t  t h e r e  w e r e  no 
i n t e r f e r e n c e s  of t h e  bases  a t  spectrophotometr ic  
readings  of 272 nm. S t a b i l i t y  c o n t r o l s  showed t h a t  t h e r e  
were no measurable degradat ion of c a f f e i n e  dur ing  t h e  

experimental  pe r iod ,  

R e p e a t i b i l i t y  of t h e  Experiments 

R e p e a t i b i l i t y  of t h e  experiments was c o n t r o l l e d  
using petrolatum base with 1 0  % c a f f e i n e  (Table 2).Each 
experiment was repea ted  s i x  t i m e s .  The v a r i a t i o n  
c o e f f i c i e n t s  of t h e  f i r s t  15 and 30  minutes sampling 
were 18 and 9 .  Beginning from second hour t h e  v a r i a t i o n s  
decreased t o  5 and s t a b i l i s e d  t h e r e a f t e r .  
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1520 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAT., 

Time  

L5 Min. 
30 Min. 
1 H r .  
2 H r .  

3 H r .  

4 H r .  
5 H r .  

6 H r .  

TABLE 2 

R e p e a t i b i l i t y  of t h e  Experiments 

Mean of t h e  Amount of Released 
Caffe ine  f S.E(n = 6 )  

5 . 3 3 ~ 1 0 ~ ~  M f 0 . 3 9 ~ 1 0 - ~  
6 . 7 3 ~ 1 0 ~ ~  M f 0 . 2 5 ~ 1 0 - ~  
8 . 0 6 ~ 1 0 ~ ~  M f 0 . 2 8 ~ 1 0 - ~  
1 . 2 3 ~ 1 0 ~ ~  M f 0 . 0 3 ~ 1 0 - ~  
1.50~10-~ M k 0 . 0 3 ~ 1 0 - ~  
1 . 8 0 ~ 1 0 ~ ~  M f 0 . 0 3 ~ 1 0 - ~  
1 . 9 1 ~ 1 0 - ~  M f 0 . 0 3 ~ 1 0 ~ ~  
2 .12x10-~  M o . o 4 x 1 0 - ~  

V a r  i a t i o n  
C o e f f i c i e n t  

18.2 
9.3 
8.6 
6 . 4  
5.6 
4.3 
4.5 
5 .l 

n: Number of experiments.  

To  reduce p o s s i b l e  e r r o r s  which might be 
introduced by t h e  measuring technique,  each experiment 
was repea ted  5 t o  15  t i m e s  whenever necessary.  The 
means f o r  each set  of measurements were c a l c u l a t e d  and 
these  were used t o  p l o t  t h e  r e spec t ive  curves.  

S t a t i s t i c a l  Analysis 

Release r e s u l t s  ob ta ined  wi th  a l l  bases  a t  
varying c a f f e i n e  concent ra t ions  were compared 
s t a t i s t i c a l l y  us ing  S tuden t ' s  T test t o  asses t h e  
d i f f e rences  between t h e  experimental  p o i n t s  correspond- 
ing  t o  i d e n t i c a l  values  on the  t i m e  axis.A s i g n i f i c a n t  
d i f f e rence  between t h e  p repa ra t ions  w a s  accepted t o  
e x i s t  i f  a l l  t h e  experimental  p o i n t s  were d i f f e r e n t  
except  t h e  f i r s t  t h r e e  p o i n t s  a t  t h e  5 % l e v e l .  

I n  add i t ion ,  a l l  t h e  r e s u l t s  ob ta ined  wi th  
d i f f e r e n t  ointment bases  a t  varying concent ra t ions  were 
inves t iga t ed  to  f i n d  t h e  b e s t  curve f i t t i n g  by computes. 
Therefore  a l l  t h e  r e l e a s e  data were f i t t e d  t o  normal, 
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I N  VITRO RELEASE PROPERTIES OF CAFFEINE. I 1521 

log-log and q versus  6 curves t o  o b t a i n  a s a t i s f a c t o r y  
f i t t i n g  f o r  a l l  t h e  a v a i l a b l e  d a t a .  

RESULTS AND DISCUSSION 

Release rates of t h e  in so lub le  drugs i n  t h e i r  
ointment bases  gene ra l ly  fol low t h e  well-known equat ion  
of Higuchi ( 2 0 , 2 1 )  which is, 

Q = J  D t  (2A-Cs)Cs Eq.1 

I n  t h i s  equat ion Q d e f i n e s  t h e  amount of drug 
r e l eased  p e r  u n i t  area a t  t i m e  t ,  A is t h e  concent ra t ion  
of drug expressed i n  units/cm , Cs i s  i t s  s o l u b i l i t y  as 
units/cm3 i n  the  e x t e r n a l  phase of t h e  ointment and D 

is  t h e  d i f f u s i o n  c o e f f i c i e n t  of drug molecule i n  t h e  
e x t e r n a l  phase.  Because i n  t h e  ointments of t h e  sus- 
pension types ,  t h e  concent ra t ion  of t h e  drug is 
gene ra l ly  g r e a t e r  than  i t s  s o l u b i l i t y  ( A  2 C S l l  t h e  
equat ion  given above can be more s i m p l i f i e d  t o  g ive  
Equation 2 ,  

3 

Eq.2 

which t h e o r e t i c a l l y  proves t h a t  t h e  amount of drug 
r e l eased  is p ropor t iona l  t o  t h e  square root of t h e  
amount of drug i n  pe r  u n i t  volume, d i f f u s i o n  c o e f f i c i e n t ,  
s o l u b i l i t y  of t h e  drug and t h e  t i m e .  

Therefore  when Q versus  t are drawn, gene ra l ly  
s t r a i g h t  l i n e s  are obta ined ,  b u t  they are not  always 
l inear  (9,19). When logari thm of t h e  amount of drug 
r e l eased  is p l o t t e d  a g a i n s t  t h e  logari thm of d i f f u s i o n  
t i m e  ( 2 2 )  o r  t h e  amount r e l eased  versus  t h e  square  root 
of t h e  time, b e t t e r  f i t t i n g s  are seen i n  t h e  l i t e r a t u r e  
(7,13,15) 

Therefore  t h e  p re sen t  r e s u l t s  were f i t t e d  t o  
t h e  equat ions  given above by means of a computer and 
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1522 KONUR-HEKIMOGLU, K I S ~ I O G L U ,  ANTI HINCAL 

s t r a i g h t  l i n e s  wi th  h ighes t  c o r r e l a t i o n  c o e f f i c i e n t s  
were obtained when t h e  amount r e l eased  is p l o t t e d  
a g a i n s t  t h e  square  r o o t  of t h e  t i m e .  

The release f r o m  PEG ointment was an except ion  
t o  t h a t  f o r  which, t h e  log-log f i t t i n g  could be 
s a t i s f a c t o r i l y  used. Therefore ,  it can be suggested 
t h a t  t h e  r e l e a s e  from a l l  t h e  i n v e s t i g a t e d  ointment 
systems are veh ic l e  c o n t r o l l e d  wi th  p o s s i b l e  except ion 
of PEG ointment.  

Effe'ct o f  Concentrat ion on t h e  Release Properties of 
Caffe ine  

The release of c a f f e i n e  from petrolatum A is 
given i n  Figure 2 .  The dependence of release rate and 
r e l eased  amounts on c a f f e i n e  concent ra t ion  is c l e a r l y  
seen i n  t h i s  f i g u r e .  According t o  t h e  s t a t i s t i c a l  
eva lua t ion ,  t h e  r e l eased  amounts f o r  r e s p e c t i v e  
concent ra t ions  of c a f f e i n e  are s i g n i f i c a n t l y  d i f f e r e n t  
from one another .  

Figure 3 shows t h e  release from a w/o type 
emulsion ointment.  I n  t h e s e  release curves,  t h e  amount 
of re leaaed  c a f f e i n e  increased  up t o  1 0  % concent ra t ion .  
Tn t h e s e  a e r i e s ,  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  
between the  r e l eased  amounts of 1 0  and 20  %, 1 0  and 
30 % and 20 and 30  % concent ra t ions .  

The release from t h e  hydrophi l ic  ointment is 
given a t  Figure 4 .  Although a concent ra t ion  dependence 
of release is followed up t o  1 0  % c a f f e i n  concen t r a t ion ,  
s t a t i s t i ca l  eva lua t ion  of t h i s  d a t a  showed no 
d i f f e rence  between 5 and 1 0  %, 5 and 20  % and 1 0  and 
20 % concent ra t ions .  Release from t h e  hydrophi l ic  
ointment which contained 30  % c a f f e i n e  showed a 
s i g n i f i c a n t  decrement. 

On t h e  o t h e r  hand, PEG ointment fol lows the samel 
genera l  t r e n d  (F ig .5 ) .  I n  t h i s  ointment base, an 
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IN VITRO RELEASE PROPERTIES OF CAFFEINE. I 

40. 

1523 

r) 

10 - 

f 

/ 7 

L 
3.07 7.74 10.95 13.41 17.32 

t 1R (minutes) 

F I G U R E  2 

Release of Caffe ine  a t  Varying Concentrat ions From 
Petrolatum A. 
Key: A ,  l % ( w / w ) ;  0 ,5 % )  ., 10 %; 0 20% ; A t 3 0  % 
Caffe ine  . 

increment i n  t h e  released c a f f e i n e  i s  observed up t o  
2 0  % concent ra t ion .  N o  s i g n i f i c a n t  d i f f e r e n c e  of 
release was found between 20 and 30  % concent ra t ions .  

For PEG ointments t h e  r e l e a s e  p a t t e r n  demonstrat- 
ed a b e t t e r  f i t t i n g  to  t h e  log-log arrangement than  t h e  
usua l  Q v e r s u s d T  arrangement as it is mentioned 
previously (F ig .6 ) .  This  can be explained rear ranging  
Equation 2 as fol lows)  

q = Q.A' = A '  4 2 AC,D~ Eq. 3 
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1524 AND HINCAL 

I 
3.87 7.74 10.95 13.41 17.32 

tlR(minutes) 

F I G U R E  3 

E f f e c t  of Caf fe ine  Concentration on Release From a w/o 
Type Emulsion B a s e .  
Key: A , l % ( w / w ) ;  0 ,5% ; ,lo% ; 0,20%; A,30 % Caffe ine .  

where, q is t h e  amount of drug r e l eased  from t h e  whole 
a rea  a t  t i m e  t ,  Q is  t h e  amount of drug r e l eased  p e r  
u n i t  a r e a  a t  t i m e  t and A '  i s  t h e  d i f f u s i o n  a rea .  

According t o  E q . 3 ,  s o l u b i l i t y  of t h e  drug (Cs), 
d i f f u s i o n  c o e f f i c i e n t  ( D )  and t h e  d i f f u s i o n  area ( A ' )  

must be cons tan t  throughout t h e  d i f f u s i o n  per iod .  
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1525 

wlOsM 
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70 - 
E - 
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- 4 -  

i 
8 50' 

30 - 

10 - 

3.07 7.74 10.95 13.41 17.32 

t m(rninutea) 

F I G U R E  4 
Release of Caffe ine  a t  D i f f e r e n t  Concentrat ions From 
Hydrophilic Ointment (USP X V I I I ) .  
Key: A , l % ( w / w ) +  0 , 5 % +  a ,LO % 5  0,20% ; A ,30 % Caffe ine .  

However, hydrophi l ic  cha rac t e r  of PEG ointment would 
cause t h e  absorp t ion  of water t o  such e x t e n t  t h a t  
even tua l ly  t h e  whole ointment would become a s o l u t i o n .  
I n  f a c t ,  dur ing  t h e  experiment it was observed t h a t  t h e  
PEG ointment absorbed water too much t h a t  t h e  surface 
of t h e  membrane become v i s i b l y  concave and towards t h e  
ends of t h e  d i f f u s i o n  experiments t h e  whole ointment  
tu rned  t o  be a so lu t ion .  Therefore  a dev ia t ion  from Eq.3 
can be expected due t o  t h e  v a r i a t i o n s  of t h e  va lues  A ' ,  

C, and D during t h e  experimental  per iod .  

F igs .  2 t o  6 suggest  t h a t ,  t he  occurance of 
concent ra t ion  dependency is observed c o n s i s t e n t l y  only 
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1526 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

x ~ ~ - 5 ~  

2400 t 
2000 - 

FIGURE 5 
E f f e c t  of C a f f e i n e  Concen t r a t ion  on Release From PEG 
Ointment (USP XVIII). 
Key: A , l % ( w / w ) ;  0,5%3 ,10 %; 0 ,20%;A,30% C a f f e i n e .  

w i t h  petrolatum b a s e .  For t h e  rest  o f  t he  o i n t m e n t s  u s e d ,  
such  dependence o n l y  observed  up t o  c e r t a i n  concen t r a -  
t i o n s ,  from t h e n  onwards i r r e g u l a r  v a r i a t i o n s  occured .  

The i r r e g u l a r i t i e s  are most obvious  i n  t h e  
emulsion t y p e  o f  o in tmen t s .  Mic roscop ica l  examinat ion  
o f  t h o s e  e x h i b i t e d  a g r e a t  i n c r e a s e  i n  t h e  s i z e  of 
c a f f e i n e  c r y s t a l s  s imilar  t o  t h e  c r y s t a l  s i z e s  of 
hydra t ed  c a f f e i n e  earlier observed. As b o t h  o i n t m e n t s  
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F I G U R E  6 
Logarithmic Representat ion of Release From PEG Ointment. 
Key: A,l%(w/w); 0 ,5%3 .,LO%) 0 ,20 %; A ,30  % Caffe ine .  
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1528 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

contained water i n  t h e i r  s t r u c t u r e  hydra t ion  of 
c a f f e i n e  c r y s t a l s  can be expected. 

F igs .  7 and 8 show t h e  microscopical  apparences 
of c a f f e i n e  c r y s t a l s  i n  anhydr and emulsion type of 
ointments.  As seen i n  these  f i g u r e s  c a f f e i n e  c r y s t a l s  
show a g r e a t  i nc rease  i n  s i z e  i n  hydrophi l ic  ointment 
and w/o emulsion type  ointment while  they  are i n  
o r i g i n a l  shape and s i z e  i n  anhydrous bases .  

As a l ready  mentioned, t h e  hydra t ion  was found t o  
cause a r ap id  and enormous increase i n  t h e  p a r t i c l e  s i z e  
i n  emulsion type ointments.  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  under t h e s e  
condi t ions  can very l i k e l y  change. I n  t h e  hydrophi l ic  
and emulsifying ointments t h e r e f o r e ,  a t  higher  c a f f e i n e  
concent ra t ions ,  t h i s  increment i n  s i z e  and change i n  
s i z e  d i s t r i b u t i o n  can obscure t h e  e f f e c t  of c a f f e i n e  
concent ra t ion  on release. 

Since  i n  o u r  experiments and i n  t h e  l i t e r a tu re  
(23), no thermodynamic d i f f e rences  between anhydrous 
and hydrated c a f f e i n e  was found t h e  i r s i g n i f i c a n t  
d i f f e r e n c e s  or  t h e  decrement i n  t h e  released amounts 
i n  t h e  more concentrated ointments might be due t o  t h e  
u t i l i z a t i o n  of some of t h e  incorpora ted  c a f f e i n e  t o  
en la rge  i t s  c r y s t a l s .  Thus, t h e  rest of c a f f e i n e  might 
ac t  a s  a lesser concent ra t ion  of drug added t o  i n  t h e  
sys  t e m .  

E f f e c t  of Ointment Bases 

When t h e  s o l u b i l i t y  of  c a f f e i n e  i n  PEG and 
l i q u i d  p a r a f f i n  is  considered,  a maximum release can be 

expected from petrolatum i f  t h e  r u l e  of " the  release 
from the  bases i n  which t h e  d rug  i s  inso lub le  is higher  
than the  bases  i n  which it is so lub le"  is appl icable .  
However, our  r e s u l t s  seem t o  be cont ra ry  t o  t h i s  

gene ra l i za t ion .  
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I N  VITRO RELEASE PROPERTIES OF CAFFEINE. I 

P e t r o l a t u m  A base 

PEG o i n t m e n t  b a s e  

P e t r o l a t u m  A base w i t h  L % 
c a f f e i n e  

PEG Oin tmen t  b a s e  w i t h  1 % 
c a f f e i n e .  

FIGURE 7 
Microscopical Apparences of Caffeine Crystals in 
Anhydrous Ointment Bases (Magnification: X 143). 

1529 
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1530 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

w / o  Type emulsion base w/o Type emulsion base with 
1 % caffeine. 

Hydrophilic Ointment base Hydrophilic Ointment base 
with 1 % caffeine. 

FIGURE 8 
Microscopical Apparences of Caffeine Crystals in Emulsion 
Type of Ointment Bases (Magnification: x 143). 
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F I G U R E  9 
E f f e c t  of Ointment Base on Release of 1 % (w/w)Caffeine. 
Key: A ,  Petrolatum As B ,  w/o Type Emulsion Base; C ,  
Hydrophilic Ointment; D ,  PEG Ointment. 

I n  F i g s .  9 and 1 0 ,  t h e  release of 1 and 3 0  % 

c a f f e i n e  f r o m  d i f f e r e n t  ointment bases are given. For 
a l l  c a f f e i n e  concent ra t ions  i n v e s t i g a t e d ,  t h e  release 
was h ighes t  from PEG ointment.  It w a s  decreas ing  wi th  
hydrophi l ic  ointment,  water i n  o i l  type  emulsion base 
and petrolatum A i n  t h a t  o rder .  I n  fac t ,  looking 
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1532 KONUR-HEKIMOGLU, KISLALIOGLU, AND HINCAL 

,BA 
. ./ .~~ C 

3.87 7.74 10.96 13.41 17.32 

FIGURE 1 0  
'Ef fec t  of Ointment Base on Release of 30 % (w/w)Caffeine 
Key: A,  Petrolatum A; B ,  w/o Type Emulsion Base; C, 
Hydrophilic Ointment# D, PEG Ointment. 

through t h e  Figs. 2 t o  1 0 ,  it can be pred ic t ed  t h a t  
from t h e  bases  i n  which c a f f e i n e  is p a r t i a l l y  s o l u b l e ,  
release is f a s t e r  and t h e  r e l eased  amount of drug is 
more 

The reason f o r  t h e  maximum release from PEG 

ointment is l i k e l y  to  be the water-soluble character and 
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I N  VITRO RELEASE PROPERTIES OF CAFFEINE. I 1533 

high osmotic p re s su re  of t h i s  base. T h i s  phenomenon 
can a l s o  exp la in  t h e  lag-time seen i n  t h e  release 
p a t t e r n s  from t h e  PEG ointments (F igs .  5 ,6 ,9 ,10) .  

S imi l a r  f i nd ings  were repor ted  by Ayree and 
Laskar (13)  , Plakogiannis  and Yaakob ( 1 5 ) ,  Spang-Brunner 
and Spe i se r  ( 1 6 )  us ing  d i f f e r e n t  drugs.  Therefore  a 
p r e d i c t i o n  about which base might release t h e  drug b e s t ,  
does not  seem t o  be p o s s i b l e  f o r  t h e  ointment t ypes  
under cons idera t ion .  But  i n  gene ra l ,  s o l u b i l i t y  of 
c a f f e i n e  i n  polyethylene g lyco l  and its water m i s c i b i l i t y  
as w e l l  as hydrophi l ic  ointment and water i n  o i l  type  
emulsion base may be con t r ibu t ing  factors i n  achiev ing  
improved release r a t e s  compared wi th  pe t ro la tum d .  

t h e  in t roduc t ion ,  used c a f f e i n e  i n  a hydrophi l ic  o i n t -  
ment a t  30 % concent ra t ion .  According t o  t h e  r e s u l t s  
ob ta ined  " i n  v i t r o "  i n  t h e  p r e s e n t  s tudy ,  t he  release 
w i l l  be h ighes t  from PEG ointments and 20  % concentra- 
t i o n  would seem t o  be t h e  opt imal  concent ra t ion  as there 
is no s i g n i f i c a n t  d i f f e r e n c e  between 2 0  % and h igher  
concent ra t ions .  

Kaplan e t . a1 . (1 ,2 ,3 )  whose r e s u l t s  were c i t e d  a t  

I n  i n  vivo experiments,  absorp t ion  p r o p e r t i e s  of 
t h e  drug is as important a s  t h e  r e l e a s e  p r o p e r t i e s .  
Therefore ,  t h e  same r e s u l t s  may not  be a p p l i c a b l e  i n  
vivo.  However, it seems reasonable  t o  expec t  a c e r t a i n  
degree of c o r r e l a t i o n  between our  r e s u l t s  and the  i n  viva 

absorp t ion  s t u d i e s  which w e  i n t end  t o  i n v e s t i g a t e  f u r t h e r .  

FOOTNOTES 

) Merck, Germany 
' ) B . D . H .  England. 
3 ,  A t l a s  Co., U.S .A .  

'+) E . I .  du Bont Nemours and Co., 
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