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ABSTRACT 

D i f f e r e n t i a l  scann ng ca lo r imet ry  was used as a screening 

technique f o r  assessing the corf lpatibi l  i t y  o f  Aspartame w i t h  some o f  

the c u r r e n t l y  ava i l ab le  d i r e c t  comoression exciuients.  

t o  be compatible w i t h  Avicel  PH 101, Avicel  PH 105, Elcema F 150, 

Elcema G 250, Sta-Rx 1500, Cab-0-Sil, So rb i to l ,  Di-Pac and Brownex 

Sugar, wh i l e  incompatible w i t h  d ica lc ium phosphate dihydrate. 

appears t h a t  s t e a r i c  a c i d  can be used as a l u b r i c a n t  i n  formulat ions 

containing Aspartame wh i le  magnesium s teara te  cannot. 

Asoartame was found 

It 
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606 EL-SHATTAWY, PECK, AND KILDSIG 

INTRODUCTION 

Aspartame, a new intense sweetener, i s  N-L-aspartyl-L- 

phenylalanine-1-methyl e s t e r .  I t  was found to  have a potency of 
1 100-200 times sucrose and to  be devoid of unpleasant a f t e r t a s t e  

Unlike any other sweetener, aspartame i s  a protein and i s  metabo 

6 

i zed 

by the body in i t s  normal pathways. I t  i s  not an a r t i f i c i a l  sweet- 

ener under U.S. law. The original regulation for  Aspartame approved 

i t s  use as a sugar subst i tute  in tab le t  and packet forms . 6 

The presence of both the f ree ,  unsubstituted amino and one car- 

boxyl group of aspar t ic  acid as well as the distance between them 

and the absolute configuration of the asymmetric carbon are  com- 

pletely c r i t i c a l  fo r  sweetness; the requirement of absolute L 

configuration also holds for  phenylalanine? The methyl es te r  i s  

most potent e s t e r  . 5 
the 

Aspartame contains an e s t e r  linkage tha t ,  under cer ta in  mo s- 

ture ,  temperature and pH conditions, may hydrolyze to  the dipep ide, 

aspartylphenlalanine, which can then cyclize to  the corresponding 

di ketopiperazine ( D K P ) .  Prolonged cooking temperatures can cause 

s ignif icant  breakdown of aspartame to  diketopiperazine, with a con- 

sequent loss of sweetness . Aspartame d i d  not degrade with storage 

for  12 weeks a t  5OoC and 50% re la t ive  humidity . I t ,  however, dis-  

colors in the presence of ascorbic and t a r t a r i c  acids . 

6 

1 

1 

7 Lee and Hersey reported the u t i l i t y  of d i f fe ren t ia l  thermal 

analysis in preformulation s t a b i l i t y  screening of oxytetracycline 

tab le t  formulations. Simon8, Jacobson and Reier and Geneidi e t  a l .  
have ut i l ized th i s  technique as  a tool f o r  the rapid evaluation of 

9 10-12 
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ASPARTAME-DIRECT COMPRESSION EXCIPIENTS 607 

interactions of drugs with excipients in preformulation s t ab i l i t y  

studies.  

Kono e t  al.13 ut i l ized different ia l  scanning calorimetry in a 

study of compatibility problems involving phenobarbital. They 

performed the analysis by running DSC curves on the individual 

components in the mixture and f ina l ly  on the mixture i t s e l f .  

th i s  manner they were able t o  detect  any possible interactions and 

pa ten t i  a 1 compa t i bi 1 i ty prob 1 ems. 

In 

Whenever a inaterial undergoes a change in physical s t a t e ,  such 

as melting or  t ransi t ion from one crystal l ine form to  another, o r  

whenever i t  reacts chemically, heat i s  e i ther  absorbed or l iberated.  

Many such processes can be in i t ia ted  simply by raising the temper- 

ature of the material. Modern different ia l  scanning calorimeters 

are designed t o  determ ne the enthalpies of these processes by 

measuring the differen ia l  heat flow required t o  maintain a sample 

of the material and an inept reference a t  the same temperature. 

This temperature i s  usually programed to  scan a temperature range 

by increasing l inear ly  a t  a predetermined rate .  DSC yields data 

which are  inherently more quantitative and more amenable to  the- 
14 oret ical  interpretation than the technique of DTA . 

By comparing the DSC thermogram of aspartame and each of a 

number of excipients currently used in d i rec t  compression with 

mixtures of aspartame and excipient, i t  i s  possible to  ascertain 

i f  an excipient i s  l ikely to  be sui table  in  a formulation con- 

taining aspartame. 

elevated temperatures used’, DSC can distinguish between those 

While th i s  i s  not conclusive, because of the 
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608 EL-SHATTAWY, PECK, AND KILDSIG 

excipients unlikely to  cause a problem and those tha t  may cause 

trouble and thereby a more rational approach t o  early formulation 

designs can be established. 

EXPERIMENTAL 

Materials 

The following materials were used: Aspartame ( G . D .  Searle & C o . ) ,  

Avicel PH 101 and Avicel PH 105 ( F M C ) ,  Elcema F 150 and Elcema G 250 

(Dequssa), Sta-Rx 1500 (Staley) ,  Cab-0-Sil (Cabot), Sorbitol (Pf izer ) ,  

Di-Pac and Brownex sugar (Amstar), dicalcium phosphate dihydrate 

(Baker), s tear ic  acid (Kuger Chemical) and magnesium s teara te  

( Ma 1 1 i nc k rod t ) . 
Differential Scanning Calorimetry 

Samples (2-10 mg) were weighed, a f t e r  being f inely powdered, 

and encapsulated in flat-bottomed aluminum pans  with crimped-on 

l ids;  

thermograms were obtained on a Perkin-Elmer DSC-1B Differential  

Scanning Calorimeter. 

constant heating r a t e  of 10°C per minute, a constant range set t ing 

of 8 mcal per second, and recorded a t  a constant char t  speed of 

one inch per minute. The individual substances and 1:l physical 

mixtures of aspartame and excipients,  prepared with mortar and pes- 

t l e ,  were heated over the temperature range, 30 t o  35OoC. 

these samples were heated in an  atmosphere of nitrogen and 

Thermograms were obtained by heating a t  a 

The measurement o f  the area under the curve provided the d i rec t  

base for  the calculation of the energy needed fo r  the t ransi t ion.  

This measurement was taken by a planimeter ( K  & E ) .  In order t o  

convert t h i s  area reading to  calor ies ,  a rectangular area on the 
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ASPARTAME-DIRECT COMPRESSION EXCIPIENTS 609 

chart  which i s  one half of the chart  in width and in length equal 

t o  one minute of run was measured by the planimeter. The h e a t  of 

t ransi t ion was then calculated by the following general equation15: 

Transition energy of sample (calor ies)  = 

area of the sample t ransi t ion peak x RANGE set t ing x 60 
area of the rectangle x 1000 x 2 

A t  l eas t  two replicates were made for  each DSC thermogram. 

RESULTS AND DISCUSSION 

Trace 1 of Figure 1 i s  t h a t  of aspartame. The f i r s t  endo- 

thermic peak, with temperature range of t ransi t ion a t  167-190°C 

and with a maximum peak of t ransi t ion a t  185OC, represents the loss 

of the methyl es te r  and conversion t o  the dipeptide. 

endothermic peak, with temperature range of t ransi t ion a t  234-254OC 

and with a maximum peak of t ransi t ion a t  249OC, represents the con- 

verstion to  the DKP. 

change (cal /g)  of the f i r s t  t ransi t ion of aspartame was taken as a 

base f o r  assessing i t s  s t ab i l i t y  in th i s  work. 

DSC peak area i s  a true e lec t r ica l  energy measurement, the magnitude 

of which does not depend on any of the thermal constants of the 

sample o r  apparatus . 

The second 

A t  266OC the DKP decomposed. The enthalpy 

This i s  because a 

16 

Traces 2-7 of Figure 1 are the thermograms of 1:l physical 

mixtures o f  aspartame with Avicel PH 101, Avicel PH 105, Elcema F 

150, Elcema G 250, Sta-Rx 1500 and Cab-0-Sil respectively. These 

excipients exhibit  no t ransi t ion when scanned individually over the 

temperature range of 30 to  35OoC. 

mixtures of the excipients with aspartame will re f lec t  the character- 

i s t i c  features of aspartame i f  no incompatibility occurred. 

Therefore, DSC themograms of 

T h i s  
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610 EL-SHATTAWY, PECK, AND KILDSIG 

I 1 I 1 ' -u 
130 160 190 220 250 2x0 

\ 

Temperature I ° C )  

FIGURE 1 

3SC thermograms or Aspartame (1) and mixtures thereof with Avicel PH 
101 (2), Avicel PH 105 ( 3 ) ,  Elcema F 150 ( 4 ) ,  Elcema G 250 (5), Sta- 
Rx 1500 (6 )  and Cab-0-Sil ( 7 ) .  

i s  indeed the case as seen in Figure 1 and Table 1. 

peak shape and height-to-width r a t i o  was expected because of  possible 

lifferences in the mixture sample geometry 

Some change in 

17, 18. 
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612 EL-SHATTAWY, PECK, AND K I L D S I G  

Trace 7 of Figure 1 is  the thermogram of the aspartame-Cab-0- 

S i l  mixture. 

t h a t  of the o the r  mixtures and the  two peaks a r e  s h i f t e d  t o  lower 

temperatures; however, the enthalpy change of the mixture i s  quan- 

t i t a t i v e l y  iden t i ca l  t o  t h a t  of aspartame a lone ,  a s  seen i n  Table 1, 

indica t ing  no incompat ib i l i ty  under these  condi t ions .  

e s t ing  f ind ing  i s  t h a t  w i t h  a l l  mixtures,  except t h a t  containing 

Sta-Rx 1500, there  was no decomposition t raced  a t  266OC. 

delay in DKP decomposition may be a t t r i b u t e d  t o  the  presence of these  

exc ip i en t s ,  the  more o r  l e s s  rapid decomposition w i t h  Sta-Rx 1500 

a t  25OoC may be due to  the moisture content of s t a r c h .  

The t r a n s i t i o n  temperature range i s  much broader than 

One in t e r -  

While t h i s  

The therrnogram of the aspartame-sorbitol  mixture shown i n  

Trace 3 o f  Figure 2 combined the  f ea tu res  c h a r a c t e r i s t i c  of the 

thermograms of each component. 

the two peaks c h a r a c t e r i s t i c  t o  aspartame were s h i f t e d  t o  lower 

temperatures a s  was the  temperature of decomposition o f  DKP.  The 

width of the  peaks broadened and the  peak's shape became i r r e g u l a r  

i n  comparison t o  those o f  aspartame alone. This change i n  peak's 

shape did not a l t e r  the energy o f  t r a n s i t i o n  of t he  mixture which 

was found to  be 22.04 ca l /g ,  i . e . ,  q u a n t i t a t i v e l y  iden t i ca l  t o  t h a t  

of aspartame alone ind ica t ing  no incompat ib i l i ty  under these  conditions 

The temperatures of t r a n s i t i o n  of 

Trace 2 of Figure 3 i s  the  thermogram of Di-Pac, which shows 

one well-shaped peak c l o s e  t o  t h a t  of aspartame. 

3 i s  the thermogram of aspartame-Di-Pac mixture. 

were observed corresponding t o  the f i r s t  peak of aspartame, the 

Di-Pac peak, the Di-Pac decomposition and the second peak o f  aspar- 

Trace 3 of Figure 

Four t r a n s i t i o n s  
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ASPARTAME-D IRECT COMPRESS ION EXC IP IENTS 613 

60 100 180 220 260 

Temperature ( O C )  

FIGURE 2 

DSC thermograms of Aspartame (l), Sorb i to l  (2 )  and 1:l Aspartame- 
S o r b i t o l  mixture ( 3 ) .  

ame respectively, b u t  with a s h i f t  t o  lower temperatures. The 

enthalpy changes, corresponding t o  the f i r s t  peak o f  aspartame and 

the Di-Pak peak, was found t o  have a value o f  22.53 cal/g which i s  

close to the mean of the enthalpy changes of aspartame and Di-Pac 

(22.28 ca l lg) .  This means tha t  there was no change i n  the energy 

of t ransi t ion o f  the two components as a resu l t  o f  mixing them to- 

gether. indicating no incompatibility under these conditions. 

Trace 3 of Figure 4 i s  the thermogram of an aspartame-Brownex 

sugar mixture, which shows the same phenomena as i n  the case o f  

aspartame-Di-Pac mixture, b u t  with an additional t ransi t ion cor- 

responding to  the DKP decomposition with a s h i f t  to  lower temperature. 

The enthalpy change, corresponding to  the f i r s t  peak of aspartame 

and the Brownex sugar peak, was found to have a value o f  20.57 cal lg .  
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614 EL-SHATTAWY, PECK, AND KILDSIG 

._ ....\- 
L . - - L - - A - -  

130 170 210 250 

Temperature (OC) 

FIGURE 3 

DSC thermograms of Aspartame (l), Di-Pac (2) and 1:1 Aspartame-Di- 
Pac mixture (3). 

This value i s  about 93.3% the mean of  the enthalpy changes o f  aspar- 

tame and Brownex sugar, indicating no incompatibility under these 

conditions . 
Trace 2 of Figure 5 i s  the thermogram of a 5 mg sample of  

dicalcium phosphate dihydrate, which shows one well-shaped peak 

close t o  tha t  of aspartame. 

of a 4 mg sample of a 1:l aspartame-dicalcium phosphate dihydrate 

mixture. Two transi t ions were observed, the f i r s t  one representing 

the SUIII o f  the enthalpy change of  the aspartame f i r s t  peak and tha t  

Trace 3 o f  Figure 5 i s  the thermogram D
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ASPARTAME-DIRECT COMPRESSION EXCIPIENTS 615 

Temperature (OC) 

FIGURE 4 

DSC thermograms of Aspartame (l), Brownex sugar (2) and 1:l Aspartame- 
Brownex sugar mixture (3). 

L 1 1 

130 180 230 280 
Temperature (OC) 

FIGURE 5 

DSC thermograms of Aspartame (l), Dicalcium phosphate dihydrate (2) 
and 1:l Aspartame-Dicalcium phosphate dihydrate mixture (3). 
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616 EL-SHATTAWY, PECK, AND KILDSLG 

of dicalcium phosphate d ihydra te ,  while the second one representing 

the  secona peak of aspartame. 

t o  have a value of  43.81 ca l /g .  

of the enthalpy changes of aspartame and dicalcium phosphate d i -  

hydrate. T h i s  decrease i n  the  enthalpy change of the  mixture may 

be a t t r i b u t e d  t o  the p a r t i a l  l o s s  of the  methyl ester o f  aspartame, 

and hence, the  p a r t i a l  conversion t o  the  d ipept ide  before the 

t r a n s i t i o n  temperature. I t  may, therefore ,  be i n d i c a t i v e  of an 

i ncompati b i  1 i t y  a t  higher temperatures. 

The f i r s t  enthalpy change was found 

This value i s  about 83.9% the  mean 

Trace 3 of Figure 6 i s  the thermogram of an aspartame-magnesium 

s t e a r a t e  mixture. The  endotherms c h a r a c t e r i s t i c  t o  aspartame and 

the  second endotherm of magnesium s t e a r a t e  have been o b l i t e r a t e d  and 

a rapid decomposition a t  128OC occurred. 

s i b l e  incompat ib i l i ty  of magnesium s t e a r a t e  with aspartame. 

T h i s  i nd ica t e s  the  pos- 

Trace 3 of Figure 7 i s  the  thermogram of aspartame-stearic ac id  

mixture which combined the  f e a t u r e s  c h a r a c t e r i s t i c  of the  thertxograms 

of each component, b u t  w i t h  a s h i f t  t o  lower temperatures a s  regards 

the  two peaks of aspartame and the decomposition of DKP. 

t r a n s i t i o n  w i t h  an i r r e g u l a r  peak shape following the m e l t i n g  endo- 

them o f  s t e a r i c  ac id  was observed which may be due t o  s a l t  formation 

o r  the  d i s so lu t ion  of aspartame in  the  s t e a r i c  ac id  melt. 

of the  change i n  the peak shape c h a r a c t e r i s t i c  f o r  the f i r s t  t ran-  

s i t i o n  of aspartame, t he  energy of t r a n s i t i o n  was found t o  be 21.27 

ca l /g ,  almost quan t i t a t ive ly  iden t i ca l  t o  t h a t  of aspartame alone 

ind ica t ing  the poss ib le  use of s t e a r i c  ac id  a s  a l ub r i can t  i n  formu- 

l a t i o n s  containing aspartame. 

A new 
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L I I 1 1 
60 110 160 210 260 

Temperature ('C) 

FIGURE 6 

DSC thermograms of Aspartame (l), Magnesium stearate (2) and 1:l 
Aspartame-Magnesium stearate (3). 

1 I h 1 I I J 
40 80 120 160 200 240 280 

Temperature (OC) 

FIGURE 7 

DSC thermograms of Aspartame (l), Stearic acid (2) and 1:l Aspartame- 
Stearic acid mixture (3). 
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