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ABSTRACT 

The preparat ion and cha rac te r i za t i on  o f  c imet id ine-caf fe ine 

complexes i n  the s o l i d  s t a t e  i s  described. 

r a t i o s  were considered. 

DSC thermograms. 

ca l cu la ted  and found t o  be dependent on the  molar r a t i o  o f  c ime t i -  

d ine t o  ca f fe ine .  

from which a 1:3.25 molar r a t i o  o f  c ime t id ine  t o  c a f f e i n e  was found 

t o  e x h i b i t  optimum complexation cha rac te r i s t i cs .  

endotherms f o r  physical mix tures o f  t he  same molar r a t i o s  show no 

s i g n i f i c a n t  changes as compared t o  t h a t  o f  c ime t id ine  alone. 

Ten d i f f e r e n t  molar 

Complexes were obtained as shown on t h e i r  

The heat o f  t r a n s i t i o n  o f  these complexes was 

A phase diagram was constructed f o r  these complexes 

The c ime t id ine  

INTRODUCTION 

Cimetidine i s  a widely  used histamine H2-receptor antagonist.  

It has been proven useful i n  the treatment o f  pep t i c  u l c e r  and 

duodenal u l c e r  disease s ta tes  by i n h i b i t i n g  basal and meal- 
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596 EL-RIDY ET 

1 stimulated gas t r i c  acid secretion . Absorption o f  the drug appears 

t o  be rapid, with the peak concentration and the time t o  reach tha t  

peak dependent upon the intake o f  

been reported t o  be 60%4'5. 

the b i o w a i l a b i l i t y  has 

Of i n te res t  i n  t h i s  study i s  the possible in te rac t ion  between 

caffeine and cimetidine. Cimetidine has been advocated as a t rea t -  

ment for coffee-induced gastrointest inal  disorders" and so i t  i s  

only natural t o  invest igate the in te rac t ion  between cimetidine and 

caffeine. 

Complex formation between caffeine and a number o f  solutes has 
7 been reported i n  the l i t e r a t u r e  . 

effect of caffeine on the absorption o f  s a l i c y l i c  x i d  i n  r a t s  

while Zoglio and co-workers documented an increased absorption o f  

ergotamine i n  the presence o f  a caf fe ine complex . The object ive 

Levy and Reuninq investigated the 
8 

9 

AL. 

of the present invest igat ion i s  t o  study the complex fonned by cimetidine 

free base and caffeine using d i f f e r e n t i a l  scanning calorimetry and t o  

eva 1 uate the forma t i on and trans i ti ons o f  c imet i  d i  lie-ca f f e i  ne compl exes 

i n  the s o l i d  state. 

EXPERIMENTAL 

Materials 

The cimetidine was supplied by Smith Kl ine 8 French Laboratories. 

The caffeine and Methanol A. R. were obtained from Mallinckrodt. 

A Perkin-Elmer Model DSC-1 B Di f fe ren t i a l  Scanning Calorimeter 

was used t o  make a l l  the quant i tat ive thermal measurements. The scan 

ra te  was 10°C min" and the s e n s i t i v i t y  was 8 mcal sec" i n  a 

nitrogen atmosphere f o r  a l l  experiments. The instrument was ca l -  

ibrated by the use o f  indium enthalpy o f  fusion (0.78 Kcal mo1-l). 

The measurement o f  the area under the peak was taken by the use of 

a mechanical planimeter (K & E). 
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ANALYSIS OF CIMETIDINE-CAFFEINE COWPLEXES 597 

Cimetidine-caf f e i n e  complexes were prepared by d i s s o l v i n g  d i  f - 
f e r e n t  molar r a t i o s  o f  c ime t id ine  and ca f fe ine  i n  a s u f f i c i e n t  volume 

o f  methanol i n  a p o r c e l i n  dish. 

steam bath wi th continuous mix ing o f  t he  contents. A f t e r  so lvent  

evaporation, t h e  conta iner  was imnediate ly  t rans fe r red  t o  a vacuum 

desiccator  and kept  f o r  24 hours before c a r r y i n g  ou t  t he  DSC measure- 

ments. 

complexes were a l s o  evaluated by DSC. 

The d i s h  was then t rans fe r red  t o  a 

Physical mix tures o f  t h e  same molar r a t i o s  as used i n  t h e  

RESULTS AND DISCUSSION 

Ten d i f f e r e n t  molar r a t i o s  o f  c ime t id ine  t o  c a f f e i n e  were con- 

sidered f o r  t he  ob jec t i ve  o f  ob ta in ing  the  optimum r a t i o  f o r  complex 

formation. The molar r a t i o s  were: 1:0.65, 1:1.3, 1:2.6, 1:3.00, 

1:3.25, 1:3.575, 1:3.9, 1:5.2, 1:6.5, and 1:7.8. Blank experiments 

f o r  both c ime t id ine  and c a f f e i n e  tes ted  i n  t h e  same manner as the  

complexes were a l so  c a r r i e d  out. 

DSC thermograms o f  t h e  d i f f e r e n t  c imet id ine-caf fe ine complexes 

a re  presented i n  F igure I .  The measurement o f  t he  area under the  

thermogram peak was c a r r i e d  ou t  t o  prov ide the  d i r e c t  bas is  f o r  

c a l c u l a t i o n  o f  t r a n s i t i o n  energies. The fo l l ow ing  equation was used 

t o  convert these area readings t o  ca lo r i es :  

Sample t r a n s i t i o n  ( ca lo r i es )  = 

area under t h e  sample t r a n s i t i o n  peak x range s e t t i n q  x 60 
area o f  t he  rectangle x 1000 x 2 

where the  area of the rec tang le  i s  t he  area on the  c h a r t  which i s  

one h a l f  o f  t he  cha r t  i n  width and equal i n  l eng th  t o  one minute 
10 o f  run . 

The r e s u l t s  presented i n  Table I and Figure I 1  show t h a t  t h e  

values o f  heat o f  t r a n s i t i o n  o f  c imet id ine-caf fe ine complexes d i f f e r  

s i g n i f i c a n t l y  from those o f  p l a i n  c ime t id ine  o r  ca f fe ine .  It i s  
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FIGURE 1 

Thermograms of Cimetidine Caffeine Complexes. 

There was no cimetidine peak observed f o r  caf fe ine mole f rac t ions  
of 0.765, 0.855, and 0.886. 

Caffeine Mole Fraction 
1-0, 2-0.394, 3-0.565, 4-0.722, 5-0.750, 6-0.781, 7-0.796, 8-0.839. 

also c lear  tha t  these values depend t o  a great extent on cimetidine- 

caf fe ine molar ra t ios .  

f o r  pure cimetidine and 1:3.9 r a t i o  t o  zero Kcal ml-' f o r  the 1:3.25, 

1:6.5 and 1:7.8 molar ra t i os  o f  cimetidine t o  caffeine. 

These values range from 8.!3668 Kcal mol" 

It i s  apparent t ha t  no f ree  cimetidine i s  pre#;ent a t  molar ra t i os  

o f  1:3.25, 1:6.5 and 1:7.8. The molar ra t i os  themelves indicate 
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T 

0 

I 

Mole Fraction Caffeine 

FIGURE 2 

Phase Diagram o f  Cimetidine-Caffeine Complexes a t  14OoC. 

the formation o f  a unique complex w i th  a 4:13 complex corresponding 

t o  the 1:3.25 r a t i o  and a 2:13 complex corresponding t o  the 1:6.5 

ra t i o .  The 1:7.8 r a t i o  i s  d i f f i c u l t  t o  understand as i t  i s  not a 

mu l t ip le  o f  the f i r s t  two but, indeed, i s  a mu l t ip le  o f  the 1:3.9 

r a t i o  which indicates a l l  the cimetidine i s  f ree  w i th  no complex 

format ion. 

The phase diagram shown i n  Figure I11 also indicates the 

presence o f  a cimetidine-caffeine interact ion.  

tu re  o f  cimetidine and caffeine shows an increase i n  the cimetidine 

peak temperature a t  a 1:3.25 molar r a t i o  (there i s  a discont inui ty 

a t  the 1:3.25 molar r a t i o  f o r  the complex as well  9s a t  the 1.65 

molar ra t i o ) .  There i s  also an increase i n  caf fe ine peak temperature 

f o r  the complex and the 1:3.25 molar ra t i o .  

The physical mix- 

There appears to  be a 
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ANALYSIS OF CLMETIDINE-CAFFEINE COMPLEXES 60 1 

Caffeine 

240, 

220 - 

'*Ot 

4 
0 0.25 0.5 0.75 

Mole Fraction Caffeine 

FIGURE 3 

Peak Temperature of Cimetidine-Caffeine Complexes and Physical 
Mixtures. Cimetidine Peak, 0 Cimetidine-Caffeine Complex, 
o Cimetidine-Caffeine Physical Mixture; Caffeine Peak, 

Mixture. 
Cimetidine-Caffeine Complex, 0 Cimetidine-Caffeine Physical 

small change in the caffeine peak temperature for both the complex 

and the physical mixture at a1:6.5molar ratio, but it is difficult 

to be certain. 

Table I 1  gives the values of the heat of transition of cimetidine- 

caffeine physical mixtures of the same molar ratios considered for 

the complexes. 

heat of transition values for cimetidine and those for the physical 

mixtures. 

complexes are mainly due to cimetidine-caffeine complex formation 

and not to the presence o f  caffeine per se. 

No significant differences were observed between the 

This also indicates that the changes observed for the 
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ANALYSIS OF CIMETIDINE-CAFFEINE COMPLEXES 603 

It i s  d i f f i c u l t  t o  speculate on t h e  e f f e c t  o f  t h i s  complex 

formation on c ime t id ine  absorpt ion as the  c ime t id ine  f r e e  base has 

been used r a t h e r  than the s a l t  which would e x i s t  i n  the  stomach. 

Fur ther  s tud ies a re  under way t o  evaluate complexation o f  t he  s a l t  

form; i n  add i t i on ,  t he  d i s s o l u t i o n  and p a r t i t i o n i n g  behavior o f  t he  

complex i s  being studied. 
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