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ABSTRACT 

The p o s s i b l e  i n t e r a c t i o n  o f  cepha lex in  w i t h  ,anhydrous dex t rose  

and w i t h  aspartame, i n  t h e  s o l i d  s t a t e ,  was i nves t i gaged  by comparing 

the  thermal behav io r  o f  p h y s i c a l  m i x t u r e s  o f  t h e  r e s p e c t i v e  o r i g l n a l  

components i n  d i f f e r e n t  mo la r  r a t i o s ,  u s i n g  d i f f e r e n t i a l  scanning 

c a l o r i m e t r y .  Both anhydrous dex t rose  and aspartaii ie were found t o  

fo rm cornplexes w i t h  cepha lex in .  The s t o i c h i o m e t r i e s  o f  these corn- 

p lexes  were found t o  be 1:l mola r  complexes betwe'en cepha lex in  and 

anhydrous dex t rose  and 4: 1 and 1: 1 molar  complexes between cepha lex in  

and aspartame. Complexed cepha lex in  was found t o  decompose a t  markedly 

l ower  temperatures than uncomplexed cepha lex in .  

INTRODUCTION _ _ _ ~  

Whatever t h e  f a c t o r s  which a r e  cons idered i n  t h e  f o r m u l a t i o n  

o f  any o f  t h e  B- lactam a n t i b i o t i c s ,  t h e  s t a b i l i t y  and c l i n i c a l  response 

Correspondence shou ld  be addressed t o  Hamed H. E l -Sha t tawy .  
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924 EL-SHATTAWY, K I L D S I G ,  AND PECK 

of these a n t i b i o t i c s  must  always be s a t i s f a c t o r y .  

teinaceous contaminants which may be la rge ly  responsible  f o r  the  

induction of hypersens i t iv i ty  and anaphylact ic  reac t ions  i n  pa t ien ts  

t rea ted  w i t h  the B-lactam these a n t i b i o t i c s  contain 

polymers t h a t  a r e  formed i n  so lu t ion  by in te rna l  reac t ions  between 

the  i n t a c t  and degraded mo1ecu1es7’*. The polymerization normally 

takes  place a s  a chain reac t ion ,  i n i t i a t e d  by the degradation product 

and influenced by pH, temperature, oxygenation and o ther  f a c t o r s  . 
T h u s ,  t o  e l iminate  p e n i c i l l i n  and cephalosporin a l l e r g i n i c i t y ,  the  

f i n a l  product must be pure and f r e e  of contaminants. Obviously, the 

pharmaceutical formulator m u s t  remain aware of the possible  degra- 

dat ions of the  B-lactam a n t i b i o t i c s  and must excercise  due care  i n  

the design of  new dosage forms t o  ensure t h a t  no adjuvant is  added 

t h a t  could i n t e r a c t  t o  produce a1 le rgenlc  by-products 

Besides the pro- 

9 

10 . 
The authors  previously used d i f f e r e n t i a l  scanning calor imetry 

(DSC) f o r  assess ing  t h e  compat ib i l i t i es  of anhydrous ampic i l l in  and 

ampic i l l in  t r i h y d r a t e  w i t h  dextrose’’ and w i t h  aspartame’’. 

drous dextrose and aspartame were found t o  form complexes w i t h  
13 anhydrous ampic i l l in  and ampic i l l in  t r i h y d r a t e .  T h e  authors a l s o  

used DSC in  preformulation s t a b i l i t y  studies on cephalexin. Cepha- 

lex in  was found i n  t h a t  study t o  be  incompatible w i t h  Emdex, Brownex 

sugar ,  s o r b i t a l ,  mannitol, granular  mannitol, dicalcium phosphate 

dihydrate ,  Di-Tab, Emcompress, s t e a r i c  a c i d ,  and magnesium s t e a r a t e  

and appears t o  i n t e r a c t  with Di-Pac a f t e r  i t s  melting t r a n s i t i o n .  

Anhy- 

In t h i s  study the authors  i n v e s t i g a t e  the  possible  i n t e r a c t i o n  

of cephalexin w i t h  anhydrous dextrose and with aspartame i n  the sol id 

s t a t e .  This was achieved by comparing the  thermal behavior, using 

DSC, of physical mixtures of  the  respec t ive  or ig ina l  components i n  

d i f f e r e n t  molar r a t i o s .  
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CIIPHALEXIN-DEXTROSE AND CEPHALEXIN-ASPARTAME MIXTLKES 9 2 5  

EXPERIMENTAL 

M a t e r i a l s  

The f o l l o w i n g  m a t e r i a l s  were used: cepha lex in  ( E l i  L i l l y  & Co.), 

anhydrous dex t rose  (Baker)  and aspartame (G.D. Sear le  & Co.). 

- Prepara t i on  o f  Phys i ca l  M ix tu res  

Phys ica l  m ix tu res  o f  cepha lex in  and anhydrou,; dex t rose  were 

prepared by m i x i n g  therr,using a m o r t a r  and p e s t l e , i n  t h e  f o l l o w i n g  

molar  r a t i o s :  1:0 .17 ,  1 :0 .25 ,  1 :0 .33 ,  1 :0 .50 ,  1:1.00, 1:1 .25 ,  k 1 . 5 0 ,  

1 :1 .75 ,  1:2.00, 1:2 .50 ,  1 :3 .00 ,  1:4.00, 1:6.00, 1 : 9 . 0 0  and 1:12.00 

Phys ica l  m ix tu res  o f  cepha lex in  and aspartame were prepared i n  t h e  

f o l l o w i n g  mo la r  r a t i o s :  1:0 .17 ,  1 :0 .25 ,  1 :0 .33 ,  1, :0.50, 1:1 .00 ,  

1 :1 .25 ,  1 :1 .50 ,  1:2.00,  1:3.00, 1:4.00, 1:6.00 and 1:9.00. 

_I_ D i f f e r e n t i a l  Scanning Ca lo r ime t ry  

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

encapsu la ted  i n  f l a t -bo t tomed  aluminum pans w i t h  crimped-on l i d s .  

The samples were heated  i n  an atmosphere o f  n i t r o g e n  and thermograms 

were ob ta ined  on a Perk in -E lmer  DSC- IB D i f f e r e n t i a l  Scanning 

Ca lo r ime te r .  

h e a t i n g  r a t e  o f  10°C p e r  minu te ,  a cons tan t  range s e t t i n g  o f  8 mcal 

p e r  second and recorded a t  a cons tan t  c h a r t  speed o f  one i n c h  p e r  

minute.  The i n d i v i d u a l  substances and t h e  p h y s i m l  m ix tu res  o f  

cepha lex in  and anhydrous dex t rose  were heated o v e r  t h e  tempera ture  

range o f  30 t o  230°C, w h i l e  i n  t h e  case o f  cepha lex in  and aspartame, 

they were heated o v e r  t h e  tempera ture  range o f  30 t o  28OoC. 

Thermograms were ob ta ined  by h e a t i n g  a t  a cons tan t  

The area  under t h e  d i f f e r e n t i a l  scanning c a l o r i m e t r i c  h e a t i n g  

curve was measured u s i n g  a K & E p l a n i m e t e r  and t h e  heat  o f  t r a n s i t i o n  

was then c a l c u l a t e d  as desc r ibed  p r e v i o u s l y  . A t  l e a s t  two r e p l i -  

c a t e s  were made f o r  each DSC thermogram. 

14 
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926 EL-SHATTAWY, KILDSIG, AND PECK 

RESULTS AND D I S C U S S I O N  

DSC thermograms of cephalexin e x h i b i t  no t r a n s i t i o n  when scanned 

over the temperature range o f  30 t o  1 7 8 O C .  

grams showed an exotherm w i t h  a t r a n s i t i o n  temperature range from 

1 7 8 - 1 9 8 O C  and w i t h  a maximum peak o f  t r a n s i t i o n  a t  1 9 5 O C .  

cephalexin decomposed. 

A t  1 7 8 O C  cephalexin thermo- 

A t  1 9 8 O C  

DSC thermograms of anhydrous dextrose showed a me l t i ng  endo- 

thermic peak w i t h  a t r a n s i t i o n  temperature range from 1 3 7 - 1 6 3 O C  and 

w i t h  a maximum peak o f  t r a n s i t i o n  a t  1 5 2 O C .  A t  about 200°C anhydrous 

dextrose decomposed. Therefore, DSC thermograms o f  phys ica l  mix tures 

o f  cephalexin w i t h  anhydrous dextrose w i l l  r e f l e c t  t he  c h a r a c t e r i s t i c  

features o f  the thermograms o f  each component i f  no i n t e r a c t i o n  occurred 

F igure 1 i l l u s t r a t e s  the DSC thermograms o f  cephalexin and an- 

hydrous dextrose, separate ly  and i n  phys ica l  mixtures, wh i l e  F igure 

2 i l l u s t r a t e s  the enthalpy change o f  t he  phys ica l  mix tures as a f u n c t i o n  

o f  composition. The DSC 

thermogram o f  a 1:0.17 molar r a t i o  o f  cephalexin-anhydrous dextrose 

phys ica l  m ix tu re  showed two t r a n s i t i o n s .  The f i r s t  one i s  a broadened 

exothermic peak w i t h  an average t r a n s i t i o n  temperature range from 

1 3 0 - 1 6 I 0 C  and w i t h  an average maximum peak o f  t r a n s i t i o n  a t  1 4 7 O C .  

This peak corresponds t o  the  m e l t i n g  t r a n s i t i o n  of  anhydrous dextrose, 

w i t h  a s h i f t  t o  lower temperatures from t h a t  of pure anhydrous dex- 

t rose.  

1 7 5 - 2 O O 0 C  and w i t h  maximum peak of t r a n s i t i o n  a t  1 9 6 O C ,  corresponds 

t o  the exothermic peak o f  cephalexin, w i t h  a change i n  the  peak's 

he ight - to-width r a t i o .  

exothermic peak. 

The data i n  F igure 2 i s  shown i n  Table 1. 

The second t r a n s i t i o n  w i t h  t r a n s i t i o n  temperature range from 

The m ix tu re  decomposed immediately a f t e r  the 

DSC thermograms o f  1:0.25 and 1:0.33 molar r a t i o s  o f  cephalexin- 

anhydrous dextrose phys ica l  mix tures showed the same t r a n s i t i o n s  as 
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CEPHALEXIN-DEXTROSE AND CEPHALEXIN-ASPARTAME MIXTIlliES 927 

80 130 180 

Temperature ( O C )  

230 

FIGURE 1 
DSC thermograms o f  c e p h a l e x i  n and anhydrous  d e x t r o s e  s e p a r a t e l y  
and i n  p h y s i c a l  m i x t u r e s .  

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.



9 28 EL-SHATTAW, KILDSIG, AND PECK 

1 45 45 I 

0 0.5 1.0 
Mole Fraction Anhydrous Dextrose 

1.0 0.5 0 
Mole Fraction Cephalexin 

45 45 r 

D) : 

W m 

m 

a 

w 

0 
0 0.5 1.0 

Mole Fraction Anhydrous Dextrose 
1.0 0.5 0 

Mole Fraction Cephalexin 

FIGURE 2 
Enthal py change of cephal exi n-anhydrous dextrose 
physical mixtures a s  a funct ion of composition. 

in  the  case of the 1:0.17 mixture b u t  with the  t r a n s i t i o n  temperature 

range and the maximum peak of t r a n s i t i o n  of the  endotherm and the 

exotherm a s  well a s  the decomposition temperature o f  the mixtures 

s h i f t e d  t o  higher temperatures w i t h  increasing dextrose concentrat ion.  

A t  a 1:0.5 molar r a t i o ,  a mul t ip le  endothermic t r a n s i t i o n  w i t h  

an average t r a n s i t i o n  temperature range from 130-168OC and w i t h  an 

average maximum peak o f  t r a n s i t i o n  a t  148OC was t raced .  

thermic t r a n s i t i o n  corresponding t o  cephalexin showing more of a s h i f t  

t o  higher temperatures. 

The exo- 

A t  a 1:l molar r a t i o ,  a decomposition was t raced a t  15OoC f o l -  

lowing immediately the  melting endothermic peak of  dextrose.  T h i s  may 

be a t t r i b u t e d  t o  a decomposition of cephalexin-dextrose complex formed 

during the melting t r a n s i t i o n  o f  dextrose.  The DSC thermograms o f  

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.



1 
: 

4.
00

 

1
 :

 6
.0

0 

1 
: 

9.
00

 

1 
:1

2.
00

 

*C
ep

ha
le

xi
n 

e
xh

ib
it

s 
no

 t
ra

n
si

ti
o

n
 b

ef
or

e 
th

e 
ex

ot
he

rm
ic

 p
ea

k 
pr

ec
ed

in
g 

it
s

 d
ec

om
po

si
tio

n.
 

0.
20

 
0.

80
 

29
.2

5 
1 

: 
9.

00
 

0.
10

 
0.

90
 

19
.6

6 

0.
14

 
0.

86
 

32
.1

3 
0 

: 
1.

00
 

0.
00

 
1.

00
 

21
.9

1 
0.

10
 

0.
90

 
33

.0
6 

I 

0.
08

 
0.

92
 

' 
33

.2
0 

I I 
0 

: 
1.

00
 

, 
0.
00
 

1.
00

 
42

.6
8 

, 

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.



9 30 EL-SHATTAWY, KILDSIG, AND PECK 

a l l  the o the r  i nves t i ga ted  mixtures showed the  same thermal behavior 

as i n  the  case o f  t he  1:l mixture.  

anhydrous dextrose i s  i n  agreement w i t h  the  l i t e r a t u r e  i n  t h a t  the 

cephalosporins are r e a d i l y  attacked, s i m i l a r  t o  p e n i c i l i i n s ,  by 

n u c l e o p h i l i c  reagents15. 

dextrose mixtures a f t e r  the m e l t i n g  t r a n s i t i o n  and a t  a temperature 

markedly lower than those o f  t he  pure respect ive o r i g i n a l  components 

i nd i ca tes  t h a t  complexed cephalexin decomposes a t  markedly lower 

The i n t e r a c t i o n  o f  cephalexin w i t h  

The imnediate decomposition o f  the cephalexin 

temperatures than uncomplexed cephalexin. 

ment w i t h  the  prev ious conclus ion l1 ' l2  w i t h  a m p i c i l l i n  and a l so  i n  

agreement w i t h  the conclusion o f  Hem e t  a1.I6 t h a t  the complexed 

Th is  f i n d i n g  i s  i n  agree- 

p e n i c i l l i n  degrades 5-6 times as f a s t  as the uncomplexed p e n i c i l l i n  

and r e s u l t s  i n  an increased o v e r a l l  r a t e  o f  degradation. 

When the enthalpy change o f  t he  phys ica l  mix tures was p l o t t e d  

against  t he  mole f r a c t i o n  o f  t he  components (F igure 2 ) ,  the enthalpy 

change was found t o  pass through a maximum corresponding t o  1:l molar 

r a t i o  o f  cephalexin-anhydrous dextrose phys ica l  mix ture.  Since en- 

tha lpy  change i s  an a d d i t i v e  proper ty ,  t h i s  maximum represents an 

optimum complexation r a t i o  according t o  the  method o f  continuous 

v a r i a t i o n  f o r  complexation ana lys i s  . 17 

I n  a previous i n v e ~ t i g a t i o n l ~ ,  aspartame has been shown by DSC 

t o  have two endothermic peaks. 

temperature range from 167-19OoC and w i t h  a maximum peak o f  t r a n s i -  

t i o n  a t  1 8 5 O C ,  represents the l o s s  o f  the methyl e s t e r  and conversion 

t o  the d ipept ide,  aspar ty lphenyla lan ine.  The second peak, w i t h  a 

t r a n s i t i o n  temperature range from 234-254OC and w i t h  a maximum peak 

o f  t r a n s i t i o n  a t  249OC, represents the conversion t o  d iketopiperaz ine 

(DKP). A t  266OC the DKP decomposed. Therefore, DSC thermograms o f  

The f i r s t  one, w i t h  a t r a n s i t i o n  
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CEPHALEXIN-DEXTROSE AND CEPHALEXIN-ASPARTAME MIXl'lURES 931 
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.r 

7 

.r 

m 

150 21n 270 90 

Temperature ( O C )  

FIGURE 3 
DSC thermograms o f  cepha lex in  and aspartame s e p a r a t e l y  and i n  
phys i ca l  m i x t u r e s  . 

p h y s i c a l  m ix tu res  of  cepha lex in  w i t h  aspartame w i l l  r e f l e c t  t he  

c h a r a c t e r i s t i c  f e a t u r e s  of  t h e  thermograms o f  each component i f  no 

i n t e r a c t i o n  occur red .  

F igu re  3 i l l u s t r a t e s  t h e  DSC thermograms of' cepha lex in  and 

aspartame, s e p a r a t e l y  and i n  phys i ca l  m ix tu res ,  w h i l e  F igu re  4 il- 

.lustrat .es t h e  en tha lpy  change o f  t h e  p h y s i c a l  m ix tu res  as a f u n c t i o n  

o f  compos i t ion .  The da ta  f o r  F igu re  4 i s  shown -in Table 1. The DSC 

thermogram of 1 : O .  17 molar  r a t i o  o f  cephalexin-aspartame p h y s i c a l  
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932 EL-SHATTAWY, KILDSIG, AND PECK 

F I G U R E  4 
Enthal py chznge of cephalexin-dspartame physical 
mixtures a s  a funct!on of composition. 

mixture showed a small exotherm with a maximum peak of t r a n s i t i o n  

a t  147OC followed by a broadened endotherm w i t h  a t r a n s i t i o n  temper- 

a t u r e  range from 1 4 9 - 1 6 9 O C  and w i t h  a maximum peak o f  t r a n s i t i o n  a t  

164OC. 

with a s h i f t  t o  lower temperatures from t h a t  of pure aspartame. 

decomposition of  t h i s  mixture was found t o  be 17Z°C, i. e . ,  the 

mixture decomposed a t  a temperature which i s  markedly 'lower than 

those of  the  pure respect ive or ig ina l  components. 

change of t h i s  mix tu re  was found t o  be 35% l e s s  than the predicted 

value ca lcu la ted  from t h e  exact  percentage contr ibut ion of aspartame 

t o  the t o t a l  enthalpy change of  the mixture. 

enthalpy change ind ica tes  in te rac t ion  between cephalexin and aspar-  

tame i n  the s o l i d  s t a t e  under the experimental condi t ions.  

This endotherm corresponds t o  t h e  f i r s t  peak o f  aspartame 

The 

The enthalpy 
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CEPHALEXTN-DEXTROSE AND CEPHALEXIN-ASPARTAME MIXTURES 933 

A 1:0.25 molar r a t i o  of cephalexin-aspartame physical mixture 

showed the  same peaks a s  in the case of  the previously mentioned mix- 

t u r e  b u t  with the t r a n s i t i o n  temperature range and the  maximum peak 

of t r a n s i t i o n  s h i f t e d  t o  lower temperatures. 

the decomposition temperature of 168OC was the  minimum observed f o r  

A t  t h i s  molar r a t i o ,  

a l l  the  physical mixtures invest igated and the decomposition was 

found t o  occur immediately a f t e r  the endothermic t r a n s i t i o n .  The 

immediate decomposition of the  mixture a f t e r  the  t r a n s i t i o n  and a 

a temperature markedly lower than those of the  pure respect ive or  

inal components i s  in  agreement with previous conclusion i n  t h i s  

9- 

study t h a t  complexed cephalexin decomposes a t  markedly lower temper- 

a tures  than uncomplexed cephalexin. 

DSC thermograms o f  1:0.33, 1:0.50, 1:l and  1:1.25 molar r a t i o s  

of cephalexin-aspartame physical mixtures showed the same peaks a s  

in  the  case of the  1:0.17 and 1:0.25 mixtures b u t  the down curve of 

the endothermic peak continued below the scanning base l i n e  t o  form 

an exotherm. Since the f i r s t  peak of aspartame represents  the l o s s  

of' the  methyl e s t e r ,  t h i s  exothermic peak may be a t t r i b u t e d  t o  a 

complex rearrangement involving the  resu l t ing  f r e e  carboxyl group. 

The area of t h i s  exotherm increases  t o  a maximum r e f l e c t i n g  a new 

complex stoichiometry a t  1:l molar r a t i o  of cephalexin t o  aspartame. 

A small endothermic peak, representing uncomplexed aspartame, ap- 

pears immediately a f t e r  the  u p  curve o f  t h i s  exotherm. The decompo- 

s i t i o n  temperatures of these mixtures were found t o  be 192,  203, 212 

and 220 C ,  i .  e . ,  the  decomposition temperatures increasedas the  

concentration of aspartame in  the  mixture increased r e f l e c t i n g  the 

r e l a t i v e  thermal s t a b i l i t y  of the rearranged complexes. One i n t e r e s t -  

ing f inding i s  t h a t  the thermal behavior of these cephalexin-aspar- 
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934  EL-SHATTAWY, KILDSIG, AND PECK 

tame mixtures i s  more o r  l e s s  the  same as i n  the case o f  anhydrous 

ampic i l l in -aspar tame mixtures b u t  w i t h  d i  f e r e n t  molar r a t i o s  . 12 

When the enthalpy change o f  the phys ca l  mix tures was p l o t t e d  

against  t h e  mole f r a c t i o n  o f  t h e  components (F igure 4), t he  enthalpy 

change was found t o  pass through two maxima corresponding t o  1:0.25 

(4: 1) and 1:l molar r a t i o s  o f  cephalexin-aspartame phys ica l  mixtures; 

these maxima represent two optimum complexation r a t i o s  17 . 
DSC thermograms o f  1:1.5, 1:2, 1:3, 1:4, 1:6 and 1:9 molar r a t i o s  

of cephalexin-aspartame physical mix tures showed a double peaked 

t r a n s i t i o n .  The area o f  t he  f i r s t  peak, represent ing complexed 

aspartame, decreased as t h e  concentrat ion o f  aspartame i n  t he  mix- 

t u res  increased, r e f l e c t i n g  the decreasing amount o f  cephalexin 

present. 

sent ing uncomplexed aspartame, and the  f i n a l  peak o f  aspartame, 

represent ing DKP formation, increased as t h e  concentrat ion o f  

aspartame i n  the  m ix tu re  increased. 

o f  these mixtures were a l s o  s h i f t e d  t o  h igher  temperatures as 

aspartame concentrat ion i n  the m ix tu re  increased. 

As would be expected, the area o f  t he  second peak, repre-  

The decomposition temperatures 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
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