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ABSTRACT 

The poss ib le  i n t e r a c t i o n  between aspartame and c a f f e i n e  was 

inves t i ga ted  by comparing the  thermal behavior, us ing d i f f e r e n t i a l  

scanning ca lor imetry ,  o f  phys ica l  mix tures o f  aspartame and c a f f e i n e  

along w i t h  mixtures, i n  the  same molar r a t i o s ,  obtained as the co- 

p r e c i p i t a t e .  

aspartame. 

r a t i o s  o f  aspartame t o  ca f fe ine .  

c a f f e i n e  complexes were determined from the  enthalpy change o f  t he  

DSC t r a n s i t i o n s  r e s u l t i n g  from the  complex formation . 

Caf fe ine was found t o  form several complexes w i t h  

These complexes were found t o  be dependent on the molar 

The s to ich iometry  o f  t he  aspartame- 

INTRODUCTION 

Emery and Wright' s tud ied the complexing a c t i o n  o f  c a f f e i n e  

w i t h  a number o f  compounds i n c l u d i n g  sodium benzoate, sodium s a l i c y -  

l a t e ,  c i t r i c  acid, e t c .  Chambon e t  a1.2 repor ted a phase r u l e  study 

o f  the caffeine-sodium benzoate-water system. They made no attempt 
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652 EL-SHATTAW!, KILDSIG, AND PECK 

t o  obtain quant i ta t i ve  data r e l a t i v e  t o  the stabi l i t . ,  o f  the complexes 

postulated. 

Higuchi e t  a1 .3-5 have investigated the complexing o f  caf fe ine 

w i th  a number o f  pharmaceutical acids esters,and sal ts.  

shown tha t  these complexes were d i s t i n c t  molecular soecies capable 

of ex i s t i ng  i n  both l i q u i d  and s o l i d  phase i n  f i xed  tnolecular pro- 

port ions. 

plexing studies t o  other organic compounds. They Found tha t  the 

stoichiometric relat ionships o f  the complexing react ion can be ca l -  

culated from phase diagrams obtained by the s o l u b i l i t y  method. 

another study they investigated the complexing tendencies o f  theo- 

phy l l ine  and theobromine w i th  a number o f  organic acids and the 

data obtained were compared w i th  tha t  obtained e a r l i e r  w i th  caffeine. 

It was 

Higuchi and L a ~ h ~ - ~  fu r ther  extended these caffeine com- 

I n  
8 

9 Higuchi and Lachman found tha t  the ra te  o f  h y d v l y s i s  of 

benzocaine i n  aqueous so lu t ion  can be subs tan t ia l l y  Inhibi ted by 

addi t ion o f  caf fe ine which had previously been shown t o  complex w i th  benzocainl 

Levy and Reuning lo 

absorption o f  s a l i c y l i c  ac id  i n  rats.  They concluded tha t  the ab- 

sorpt ion ra te  o f  drugs can be modif ied by formation o f  complexes 

which d i f f e r  from the free drug mainly i n  s ize o r  i n  l ipoid-water 

p a r t i t i o n  coef f i c ien t .  

the d isso lu t ion  ra te  o f  ergotamine t a r t r a t e  by a fac to r  o f  three a t  

gas t r i c  pH. 

t a r t r a t e  from an aqueous t o  an organic phase was influenced by caf-  

feine. 

studied the e f f e c t  o f  c a f f e h e  on the gas t r i c  

Zoglio e t  a1 .ll found tha t  c ~ f f e i n e  enhanced 

They found also tha t  the pa r t i t i on ing  r . i t e  o f  ergotamine 

Kono e t  a1 .'*, using d i f f e r e n t i a l  scanning calo-imetry (DSC), 

polarized i n f ra red  (IR) spectroscopy and X-ray f i b e r  photography, 

confirmed the formation o f  complexes o f  PEG wi th  quaiiidine HC1 and 

w i th  phenobarbital. They discussed the structures O F  PEG molecules 
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CALORIMETRY OF ASPARTAME-CAFFEINE MIXTURE 653 

i n  the complexes i n  comparison w i t h  a PEG-urea complex and o r i g i n a l  

samples o f  PEG. 

o f  PEG w i t h  urea, guanidine HC1, and w i t h  phenobarbital were con- 

f i rmed by DSC curves o f  phys ica l  mix tures o f  the respect ive o r i g i n a l  

components. 

They repor ted a l so  t h a t  t h e  formations o f  complexes 

The o r i g i n a l  regu la t i on  f o r  aspartame’’ approved i t s  use as a 

sugar s u b s t i t u t e  i n  t a b l e t  form f o r  sweetening h o t  beverages, i n -  

c lud ing  co f fee  and tea, a l so  i n  d r y  bases f o r  beverages and i n s t a n t  

co f fee  and tea. 

poss ib le  i n t e r a c t i o n  between aspartame and ca f fe ine .  This  i s  

achieved by comparing the thermal behavior, us ing DSC, o f  phys ica l  

mixtures o f  aspartame and c a f f e i n e  i n  d i f f e r e n t  molar r a t i o s  along 

w i t h  mix tures prepared by d i sso l v ing  aspartame and caf fe ine,  i n  the 

same molar r a t i o s ,  i n  methanol fo l lowed by evaporation o f  the so lvent .  

It i s  i n t e r e s t i n g ,  therefore, t o  i nves t i ga te  the  

EXPERIMENTAL 

Mate r ia l s  

The f o l l o w i n g  ma te r ia l s  were used: Aspartame (G.  D. Searle and 

Co. ,), ca f fe ine  (Sandoz Pharmaceuticals) and methanol (Baker). 

Preparation o f  Aspartame-Caffeine Mixtures: 

Physical mix tures were prepared by m ix ing  d i f f e r e n t  molar r a t i o s  

o f  aspartame and c a f f e i n e  us ing motar and peste l  (Set I ) .  

r a t i o s  were: 1:0.17, 1:0.38, 1:0.65, 1:1.00, 1:1.50, 1:2.27, 1:3.53, 

1:6.00 and 1:13.62. 

The molar 

Another se t  o f  aspartame-caffeine mixtures o f  t he  same molar 

r a t i o s  

r a t i o s  o f  aspartame and c a f f e i n e  i n  a s u f f i c i e n t  volume o f  methanol 

i n  a po rce la in  d i sh  which was maintained fo r  24 hours a t  25OC. The 

d i sh  was then t ransferred t o  a vacuum desiccator  u n t i l  so lvent  

(Set 11) was prepared by d i s s o l v i n g  the  respect ive molar 
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654 EL-SHATTAWY, KILDSIG, AND PECK 

evaporation was complete. 

caf fe ine were also prepared by the same method t o  be used as blank. 

D i  f f e ren t i a 1 Sca nni nc~ Cal o r  i met ry 

Separate samples o f  asrpartam and 

Samples (4 mg) were weighed a f t e r  being f i n e l y  powdered and 

encapsulated i n  v o l a t i l e  sample pans w i th  t i g h t l y  sedled l ids .  The 

samples were heated i n  an atmosphere o f  nitrogen and themgrams 

were obtained on a Perkin-Elmer DSC-1B D i f f e ren t i a l  !;canning Calo- 

rimeter. Thennograms were obtained by heating a t  a constant heating 

ra te  o f  10°C per minute, a constant range se t t ing  o f  8 mcal per 

second, anrl'recorded a t  a constant chart speed o f  one inch per minute. 

The indiv idual  substances and the two sets o f  aspartilme-caffeine 

mixtures were heated over the temperature range, 30 '50 30OoC. 

The area under the d i f f e r e n t i a l  scanning calor i r retr ic heating 

curve was measured using a K I E planimeter and the heat of t rans i -  

t i o n  was then calculated as described previously14. A t  leas t  two 

rep1 icates were made f o r  each DSC thermogram. 

RESULTS AND DISCUSSION 

I n  a previous i n v e ~ t i g a t i o n ' ~ ,  aspartame has bec!n shown by 

d i f f e r e n t i a l  scanning calorimetry t o  have two endothdmic peaks. 

The f i r s t  one, w i th  a t rans i t i on  temperature range frinn 167-19OoC 

and w i th  a maximum peak o f  t rans i t i on  a t  185OC, repntsents the loss 

of the methyl ester and conversion t o  the dipeptide, aspartyl 

phynylalanine. The second peak, w i th  a t rans i t i on  ttsnperature 

range from 234-254OC and w i th  a maximum peak o f  t rans i t i on  a t  24OoC, 

represents the conversion t o  diketopiperatine (DKP) . 
DSC thermograms o f  caf fe ine showed a melt ing endothermic peak 

w i th  a t rans i t i on  temperature range from 227-238OC arid w i th  a max- 

imum peak o f  t rans i t i on  a t  234OC. 
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CALORIMETRY OF ASPARTAME-CAFFEINE MIXTURE 655 

Figure 1 i l l u s t r a t e s  the DSC thermograms o f  aspartame and 

caf fe ine,  separate ly  and i n  phys ica l  mix tures (Set I ) ,  wh i le  Table 

1 and Figure 3 i l l u s t r a t e  the  enthalpy change o f  the physical mix- 

t u res  as a func t i on  o f  composition. The DSC thermogram o f  a 1:0.17 

molar r a t i o  o f  aspartame-caffeine phys ica l  m ix tu re  showed three 

t r a n s i t i o n s .  

peak wi th a t r a n s i t i o n  temperature range from 116-140°C corresponding 

t o  the me l t i ng  t r a n s i t i o n  o f  an aspartame-caffeine complex. 

second and t h i r d  t r a n s i t i o n s  ( t r a n s i t i o n s  B and D respec t i ve l y )  were 

two endothermic peaks corresponding t o  those o f  aspartame, w i t h  a 

s h i f t  t o  lower temperatures from t h a t  o f  pure aspartame. No exo- 

thermic peak due t o  the  complex formation i t s e l f  was observed upon 

examining a t  several heat ing speeds . 

The f i r s t  one ( t r a n s i t i o n  A) was a small endothermic 

The 
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FIGURE 1 
DSC t h e m g r a m s  o f  aspartame and c a f f e i n e  separate ly  and 

i n  m ix tu res  (Set I ) .  
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CALORIMETRY OF ASPARTAME-CAFFEINE MIXTURE 657 

A 1:0.38 molar r a t i o  o f  aspartame-caffeine phys ica l  mix ture 

showed, i n  a d d i t i o n  t o  the  p rev ious l y  mentioned t r a n s i t i o n s ,  a new 

endothermic peak w i t h  a t r a n s i t i o n  temperature range from 197-209OC 

( t r a n s i t i o n  C)  corresponding t o  the me l t i ng  t r a n s i t i o n  o f  an aspar- 

t y l  phenyl a1 ani  ne-caf fe i  ne complex. 

As aspartame concentrat ion i n  the m ix tu re  decreases, t r a n s i t i o n s  

A, B and D decrease wh i l e  t r a n s i t i o n  C increases u n t i l  the molar 

r a t i o  o f  aspartame-caffeine reaches 1:3.53 (2:7) , a f t e r  which 

t r a n s i t i o n  A nea r l y  disappears, t r a n s i t i o n s  B and C decrease and 

t r a n s i t i o n  D increases (Table 1 and Figure 3 ) .  

T r a n s i t i o n  A, which has a maximum enthalpy change o f  2.47 

c a l / g  a t  an aspartame-caffeine molar r a t i o  o f  approximately 6:1, 

represents the me l t i ng  endotherm o f  a complex very r i c h  i n  aspar- 

tame; therefore, i t  i s  normal t h a t  t r a n s i t i o n  A should decrease 

as the concentrat ion o f  aspartame i n  the m ix tu re  decreases. 

t i o n  C which has a maximum enthalpy change o f  19.19 ca l /g  a t  an aspartame- 

caf fe ine molar r a t i o  o f  approximately 2:7 (Table 1 and Figure 3), 

represents the me l t i ng  endotherm o f  a complex r i c h  i n  c a f f e i n e  and i n -  

creases as the concentrat ion o f  c a f f e i n e  i n  the  m ix tu re  increases. 

Transi- 

A t  molar r a t i o s  1:0, 1:0.17, 1:0.38, 1:0.65, 1:1, 1:1.5 and 

1:2.27 o f  aspartame-caffeine phys ica l  mixtures, t r a n s i t i o n  D represents 

t h e  format ion of DKP as the re  i s  f r e e  aspar t y lpheny la l i n ine  below 

the  optimum complexation r a t i o  o f  1:3.53 (2:7). A t  aspartame- 

c a f f e i n e  molar r a t i o s  o f  1:6 and 1:13.62, however, t he re  i s  no 

f ree aspartylphenylalanine; therefore, t r a n s i t i o n  D represents the 

me l t i ng  endotherm o f  uncomplexed c a f f e i n e  and n o t  o f  DKP. 

F igure 2 i l l u s t r a t e s  the DSC thermograms o f  aspartame and ca f -  

feine, separately and i n  mix tures (Set 11), wh i le  Table 2 and F igure 

4 i l l u s t r a t e  the  enthalpy change o f  the same mixtures as a f u n c t i o n  

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



658 

1.00 

0.85 
0.72 
0.61 
0.50 
0.40 
0.31 

P 0.22 
0.14 

g 0.07 
4" 

a 

g 0.00 
c .  
CI 
0 a 
L I& 

u 
ii 

EL-SHA'ITLWY, K I I D S I G ,  AND PECK 

u 
Ti 

i! 
Q c * 
0 

60 100 140 180 220 260 

Temperature ('C) 

FIGURE 2 
DSC themgrams o f  aspar taw and ca f fe ine  separately and i n  mixtures (Set 11) 

o f  composition. 

more or  less the same as i n  the case o f  the physicr l  mixtures. 

Transi t ion A i n  the case o f  Set I1 mixtures i s  more d i s t i n c t  and 

complicated than i n  the case o f  physical mixtures iis i t  represents 

the me1 t i n g  endothenns o f  several aspartame-caffeiile complexes formed 

during co-precipi tate preparation. One o f  the cwblexes, having a 

t rans i t i on  temperature range from 76-114OC, i s  very r i c h  i n  aspar- 

tame as i t  has a maximum enthalpy change o f  42.69 c:al/g a t  an 

aspartame-caffeine molar r a t i o  o f  approximately 6:l (Table 2 and 

Figure 4). 

It i s  apparent t ha t  t rans i t ions  B, C and D are 

Complexes also fonn a t  an aspartame-caffeine nlolar r a t i o  o f  

2:3. 

one having a temperature range o f  t rans i t i on  from CO-73OC and the 

other from 84-119OC. 

There appears t o  be two molecular conf igurat ion o f  t h i s  complex, 

The l a t t e r  complex appears t o  have the stronger 
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CALORIMETRY OF ASPARTAME-CAFFEINE MIXTURE 

45 

30 
I 

3 s 

0 Transition A 

0 Transition B 
A Transition C 
0 Transition D 

1 .o 

0 

Mole Fraction Caffeine 

Mole Fraction Aspartame 
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FIGURE 3 
Enthalpy change of aspartame-caffeine mixtures (Set I )  as a function 

of composition. 

mutual binding w i t h  enthalpy change of 30.69 cal/g. 

plexes rich i n  caffeine also appear t o  form w i t h  an aspartame-caffeine 

molar ra t io  of approximately 1:13 (Table 2 and Figure 4 ) .  Again two 

molecular configurations are apparent, one again having a transit ion 

temperature range from 60-73OC while the second, stronger complex 

has a transit ion temperature range from 87-105OC. 

Further, com- 

An interesting observation i s  that  in addition to  the previously 

mentioned complexes, a transit ion was observed imnediately following 

the main complex transiton fo r  a l l  Se t  I 1  m i x t u r e s  and having a 

transit ion temperature ranging from 114-128°C to 105-ll1°C. 

exact nature of this transit ion i s  not c lear ,  b u t  i t  may represent 

some form of molecular rearrangement of the melting complex. 

The 
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FIGURE 4 

Enthalpy change o f  aspartame-caffeine m ix tu res  (Set 11) as a f u n c t i o n  
of composition. 

Chemically, aspartame i s  N-L-aspartyl -L-phenylalanine-1- 

methyl e s t e r  and, therefore, i t  has many p o l a r  centers which may 

serve as poss ib le  s i t e s  o f  complexation w i t h  ca f fe ine .  

t u r n  has been shown t o  have complexing tendencies w i t h  a number o f  

organic  acids, esters  and aromatic and nonaromatic nitrogenous 

 compound^^-^. 
the free, unsubst i tu ted amino and one carboxyl group of a s p a r t i c  

acid, as we l l  as the d is tance between them and the  absolute con- 

f i g u r a t i o n  o f  the asymnetric carbon, are completely c r i t i c a l  f o r  

sweetness. They repor ted a l so  t h a t  sweetness f e l l  o f f  r a p i d l y  

Caf fe ine i n  

Mazur e t  a t .  l5 repor ted t h a t  t he  presence o f  both 
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wi th  increasing size o f  the ester radical .  The characterization o f  

the aspartame-caffeine complexes and t h e i r  e f fec t ,  i f  any, on the 

sweetness o f  aspartame requires addit ional investigation. 
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