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ABSTRACT 

D i f F e r e n t i a l  scanning c a l o r i m e t r y  was used as a screen ing  

techn ique f o r  assess ing  t h e  c o m p a t i b i l i t y  o f  cepha lex in  w i t h  some 

o f  t h e  d i r e c t  compression e x c i p i e n t s .  Cephalexin 'was found t o  be 

compat ib le  w i t h  A v i c e l  PH 101, A v i c e l  PH 105, Elceiiia F 150, Elcema 

G 250, S o l k a - f l o c  BW 100, Sta-Rx 1500 and Cab-0-Si l ,  w h i l e  incom- 

p a t i b l e  w i t h  Emdex, Brownex sugar, s o r b i t o l ,  mannit.01, g r a n u l a r  

mann i to l  , d i c a l c i u m  phosphate d ihyd ra te ,  Di-Tab and Emcompress. 

t s  m e l t i n g  

iused as l u b r i c a n t  

1: a c i d  and magnes 

Cephalexin appears t o  i n t e r a c t  ~ri 

t r a n s i t i o n .  I t  appears t h a t  L - (  

i n  f o rmu la t i ons  c o n t a i n i n g  cepha 

s t e a r a t e  cannot.  

t h  Di-Pac a f t e r  

) - l e u c i n e  can be 

e x i n  w h i l e  s t e a r  
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898 EL-SHATTAWY, KILDSIG, AND PECK 

INTRODUCTION 
1 The authors p rev ious l y  used d i f f e r e n t i a l  scanning ca lo r ime t ry  

(DSC) as a screening technique f o r  assessing t h e  c o m p a t i b i l i t y  o f  

aspartame w i t h  some o f  the d i r e c t  compression exc ip ien ts .  

a l so  used DSC i n  preformulat ion s t a b i l i t y  s tud ies on anhydroud ampi- 

c i l l i n .  

w i t h  magnesium stearate,  s o r b i t o l  and Di-Pac, and appears t o  form 

complexes w i t h  mannitol , granular  mannitol and Brownex sugar a f t e r  

t h e i r  m e l t i n g  t r a n s i t i o n s .  The c o m p a t i b i l i t i e s  o f  anhydrous amp ic i l -  

l i n  and a m p i c i l l i n  t r i h y d r a t e  w i t h  dextrose and w i t h  aspartame4 were 

a lso i nves t i ga ted  by the present authors. 

aspartame were found t o  form coinplexes w i t h  anhydrous a m p i c i l l  i n  

and ampi c i  1 1 i n  t r i hydrate . 

2 El-Shattawy 

Anhydrous a m p i c i l l i n  was found i n  t h a t  study t o  be incompatible 

3 

Anhydrous dextrose and 

Whatever the f a c t o r s  which are considered i n  the formulat ion 

o f  any o f  the B-lactame a n t i b i o t i c s ,  the s t a b i l i t y  and c l i n i c a l  re -  

sponse o f  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 .  It has 

been repor ted t h a t  t o  e l im ina te  p e n i c i l l i n  and cephalosporin a l -  

l e r g e n i c i t y ,  the f i n a l  product must be pure and f r e e  o f  contaminants . 
Obviously, t he  pharmaceutical formulator  must remain aware o f  t he  

poss ib le  degradations of  the B-lactame a n t i b i o t i c s  and must excerc ise 

due care i n  the  design o f  new dosage forms t o  ensure t h a t  no adjuvant 

i s  added t h a t  cou ld  i n t e r a c t  t o  produce a l l e r g e n i c  by-products . 

5 

6 

Bond e t  a l . ’  discussed some o f  t he  problems considered i n  the  

I n  t h i s  study,the authors i nves t i ga ted  formulat ion o f  cephalexin. 

the c o m p a t i b i l i t y  o f  cephalexin w i t h  some o f  the  d i r e c t  compression 

exc ip ien ts .  

cephalexin and each o f  t he  i nves t i ga ted  exc ip ien ts  w i t h  1:l mixtures 

o f  cephalexin and exc ip ients .  

Thiswas achieved by comparing the  DSC thermograms of 

Although i t  cannot be conc lus i ve l y  
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CEPHALEXIN-DIRECT COMPRESSION EXCIPIENTS 899 

s ta ted  t h a t  an in te rac t ion  incompatibi l i ty  wil l  occur during s torage 

a t  room temperature, there  a r e  of ten s u f f i c i e n t  excipients  ava i lab le  

in  a preformulation program 

trouble  . 

t o  choose only those unl ikely t o  cause 
8 

E X P E R I M E N T A L  _____ 
Materials 

The following mater ia ls  were used: cepha1e:c-in (El i  L i l ly  & Co.), 

Avicel F'H 101 and Avicel PH 105 (FMC) ,  Elcema F I50 and Elcema G 250 

(Dequssa), Sol ka-floc BW 100, Emdex and Erncompress ( E .  Mendel 1 ) ,  

Sta-Rx 1.500 ( S t a l e y ) ,  Cab-0-Sil ( C a b o t ) ,  Brownex sugar and Di-Pac 

(Amstar) sorb i to l  ( P f i z e r ) ,  mannitol and granular mannitol ( I C I  

Americas , dicalcium phosphate dihydrate (Baker) ,  Di-Tab (S tauf fer  

Chemical , L-(-)- leucine (Eastman Kodak), s t e a r i c  acid (Ruger Chemical) 

a n d  magnesium s t e a r a t e  (Mall inckrodt) .  

___ Different ia l  Scanning Calorimetry 

Samples (2-8 mg) were weighed a f t e r  being f i n e l y  powdered and 

encapsulated in  flat-bottomed aluminum pans with crimped-on l i d s .  

Voia t i le  sample pans with t i g h t l y  sealed l i d s  were used f o r  those 

samples containing L-(-)- leucine.  

atmosphere of nitrogen and thermograms were obta-ined on a Perkin-,Elmer 

OSC-1 B Different ia l  Scanning Calorimeter. Thermograms were obtained 

by heating a t  a constant heating r a t e  of 10°C per minute, a const:ant 

range s e t t i n g  of 8 mcal per second and recorded i1.t a constant char t  

speed o f  one inch per minute. The individual substances and 1 : l  

physical mixtures o f  cephalexin and exc ip ien ts ,  prepared with mortar 

and p e s t l e  were heated over the temperature range, 30 t o  30OoC. 

The samples wwe heated in  an 

The area under the  d i f f e r e n t i a l  scanning ca lor imet r ic  heating 

curve was measured using a K & E planimeter and the heat of t r a n s i -  
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900 EL-SHATTAWY, K I L D S I G ,  AND PECK 

1 t i o n  was then ca l cu la ted  as described p rev ious l y  . 
r e p l i c a t e s  were made f o r  each DSC thermogram. 

A t  l e a s t  two 

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

The DSC thermograms o f  cephalexin (Trace 1 o f  Figures 1-8) 

e x h i b i t  no t r a n s i t i o n  when scanned over the temperature range of 

30 t o  178OC.  A t  178OC cephalexin thermograms 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 max- 

imum peak o f  t r a n s i t i o n  a t  195OC.  A t  198OC cephalexin decomposed. 

Av ice l  PH 101, Av ice l  PH 105, Elcema F 150, Elcema G 250, Solka-f loc 

BW 100, Sta-Rx 1500 and Cab-0-Sil e x h i b i t  no t r a n s i t i o n  when scanned 

i n d i v i d u a l l y  over t h e  temperature range o f  30 t o  30OoC. 

DSC thermograms of mixtures o f  t he  exc ip ien ts  w i t h  cephalexin 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 ea tu res  o f  the thermograms o f  each 

component i f  no i n t e r a c t i o n  occurred. 

the r e s u l t i n g  DSC thermograms showed no t r a n s i t i o n  over the  tempera- 

t u r e  range o f  30 t o  about 175-18OOC. A t  about 175-18OoC,  exothermic 

peaks corresponding t o  cephalexin were observed. 

Therefore, 

This  i s  indeed t h e  case as 

The DSC thermograms o f  Emdex (Trace 2 o f  Figure 1) showed two 

endothermic peaks, t he  f i r s t  one w i t h  an average t r a n s i t i o n  temperature 

range from 4 9 - 1 0 3 O C  and w i t h  an average maximum peak o f  t r a n s i t i o n  

a t  78OC, t he  second one w i t h  an average t r a n s i t i o n  temperature range 

from 1 2 9 - 1 5 7 O C  and w i t h  an average maximum peak o f  t r a n s i t i o n  a t  

148OC. 

cephalexin-Emdex m ix tu re  (Trace 3 o f  F igure 1) showed the  same two 

endothermic peaks w i t h  the t r a n s i t i o n  temperature range and the 

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

enthalpy change, ca l /g ,of  the f i r s t  peak was found t o  be 60.86% of 

the p red ic ted  value ca l cu la ted  from the  exact percentage con t r i bu -  

A t  about 2OO0C, Emdex decomposed. The DSC thermogram of t he  

The 
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CEPHALEXIN-DIRECT COMPRESSION EXCIPIENTS 901 

L 

40 100 160 220 

Temperature (OC) 

FIGURE 1 

DSC thermograms o f  cepha lex in  (l), Em'clex (2) and 
1:l cephalexin-Emdex m i x t u r e  (3). 

t i o n  o f  Emdex t o  t h e  t o t a l  en tha lpy  change o f  t h e  m i x t u r e  f i r s t  peak, 

w h i l e  t h a t  o f  t h e  second peak was found t o  be 43.52% o f  t h e  p re -  

d i c t e d  va lue  i n d i c a t i n g  t h e  p o s s i b l e  i n c o m p a t i b i l i t y  o f  Emdex w i t h  

cepha lex in  under t h e  exper imenta l  c o n d i t i o n s .  The decomposi t ion o f  

cephalexin-Emdex m i x t u r e  was found t o  be a t  about  138OC, i .  e . ,  

markedly l ower  than those o f  t h e  pure  r e s p e c t i v e  o r i g i n a l  components, 

aga in  i n d i c a t e d  t h e  p o s s i b l e  i n c o m p a t i b i l i t y .  

The' DSC thermograms o f  Brownex sugar (Trace 2 o f  F igu re  2 )  showed 

a me1 t i r i g  endothermic peak w i t h  an average t r a n s i t i o n  tempera ture  

range f rom 168-188OC and w i t h  an average maximum peak o f  t r a n s i t i o n  

a t  185OC:. The DSC thermo- 

gram o f  cephalexin-Brownex sugar m i x t u r e  (Trace 3 of F i g u r e  2 )  showed 

an endothermic peak cor respond ing  t o  t h e  m e l t i n g  t r a n s i t i o n  o f  Brownex 

sugar. The down curve  o f  t h i s  peak con t inued  below t h e  scanning base 

l i n e  t o  fo rm a sharp exotherm w i t h  an average t r a n s i t i o n  temperalture 

range f rom 178-18loC and w i t h  an average maximum peak o f  t r a n s i t i o n  

A t  about  208'C, Brownex sugar decomposed. 
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902 EL-SHATTAWY, KILDSIG, AND PECK 

c, 
0 W 
c w 

I I 
70 120 170 220 

Temperature ( O C )  

FIGURE 2 
DSC thermograms of cephalexin ( l ) ,  Brownex sugar ( 2 )  and 
1:l cephalexin-Brownex sugar m ix tu re  ( 3 ) .  

FIGURE 3 
DSC thermograms o f  cephalexin ( l ) ,  Di-Pac ( 2 )  and 
1:l cephalexin-Di-Pac m ix tu re  (3). 
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CEPHALEXIN-DIRECT COMPRESSION EXCIPIENTS 903 

a t  18OoC b e f o r e  decompos i t ion  occu r red  a t  about  l r 3 l 0 C .  

change c a l / g  o f  t h e  m i x t u r e  endotherm was found t o  be 79.56% o f  

t h e  p r e d i c t e d  va lue  i n d i c a t i n g  t h e  p o s s i b l e  i n c o m p a t i b i l i t y  o f  Brownex 

sugar w i t h  cepha lex in  under t h e  exper imenta l  c o n d i t i o n s .  

The en tha lpy  

Trace 3 o f  F igu re  3 i s  t h e  thermogram o f  a cephalexin-Di-Pac 

m i x t u r e  which shows t h e  same phenomena as i n  t h e  case o f  t h e  cepha lex in -  

Brownex sugar m i x t u r e  b u t  t h e  exotherm t h a t  f o l l o w e d  t h e  m e l t i n g  endo- 

the rm ic  t r a n s i t i o n  o f  t h e  m i x t u r e  i s  sma l l .  

t h e  m i x t u r e  was found t o  be q u a n t i t a t i v e l y  i d e n t i c a l  t o  t h e  p r e d i c t e d  

va lue  i n d i c a t i n g  no i n c o m p a t i b i l i t y  between cepha lex in  and Di-Pac 

be fo re  t h e  m e l t i n g  t r a n s i t i o n ,  i. e., b e f o r e  163'1~. 

composed a t  182OC immedia te ly  a f t e r  t h e  m e l t i n g  t r a n s i t i o n  and a t  

a temperature l ower  than those o f  t h e  pure  r e s p e c t i v e  o r i g i n a l  

components i n d i c a t i n g  t h e  p o s s i b l e  i n t e r a c t i o n  between cepha lex in  

and Di-Pac a f t e r  t h e  m e l t i n g  t r a n s i t i o n .  

The DSC thermogram o f  s o r b i t o l  (T race 2 o f  F i g u r e  4 )  showed a 

The en tha lpy  change o f  

The m i x t u r e  de- 

doub le  peaked t r a n s i t i o n ,  t h e  f i r s t  one w i t h  a t m n s i t i o n  temperature 

range f rom 65-80°C and w i t h  a maximum peak o f  t r a n s i t i o n  

t h e  second one w i t h  a t r a n s i t i o n  tempera ture  range f rom 80-94OC and 

w i t h  a maximum peak o f  t r a n s i t i o n  a t  90°C. 

observed on scanning u n t i l  24OoC1. 

c e p h a l e x i n - s o r b i t o l  m i x t u r e  (Trace 3 o f  F i g u r e  4 )  showed one 

broadened 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  t.emperature range 

from 51-93OC. 

t o  be a t  142OC. 

and i t s  decomposi t ion a t  marked ly  l ower  tempera t i i re  than those o f  

t h e  pure  r e s p e c t i v e  o r i g i n a l  components i n d i c a t e d  t h e  p o s s i b l e  i n -  

c o m p a t i b i l i t y  o f  s o r b i t o l  w i t h  cepha lex in  under t h e  exper imenta l  

c o n d i t i o n s .  

a t  78OC, 

No aecompos i t ion  was 

The DSC thermogram of t h e  

The decompos i t ion  tempera ture  o f  t h e  m i x t u r e  was found 

T h i s  change i n  t h e  thermal behav io r  o f  t h e  m i x t u r e  
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904 EL-SHATTAh'Y, KILDSIG, AND PECK 

1 I I I 
100 160 220 40 

Temperature (OC) 

FIGURE 4 
DSC thermograms of cephalexin (11, sorbitol (21 and 
1: 1 cephalexin-sorbitol mixture (3). 

l------- n f 

I 
220 

I - I  1 

70 120 170 
Temperature ( O C )  

FIGURE 5 
DSC thermograms of cephalexin ( l ) ,  mannitol. ( 2 ) ,  
1:l cephalexin-mannitol mixture ( 3 ) ,  granular 
mannitol (4) and 1:l cephalexin-granular mannitol 
mixture (5). 
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CEPHALEXIN-DIRECT COMPRESSION EXCIPIENTS 905 

The DSC thermogram of  mann i to l  (T race 2 of  F igu re  5)  showed a 

m e l t i n g  endothermic peak w i t h  an average t r a n s i t i o n  tempera ture  range 

f rom 1 5 5 - 1 6 9 O C  and w i t h  an average maximum peak o f  t r a n s i t i o n  a t  1.66OC. 

No decomposi t ion was observed on scanning u n t i l  3OOoC. The DSC thermo- 

gram o f  cepha lex in -mann i to l  m i x t u r e  (Trace 3 of F igu re  5 )  showed ain 

endothermic peak cor respond ing  t o  t h e  me1 t i n g  t r a n s i t i o n  of  mannit01 . 
Before  t h e  down cu rve  of t h i s  peak r e t u r n e d  t o  t h e  program l i n e  de- 

compos i t ion  occu r red  a t  about  1 6 5 O C  i n d i c a t i n g  t h e  p o s s i b l e  incorn-. 

p a t i b i l i t y  o f  mann i to l  w i t h  cepha lex in  under t h e  exper imenta l  c o n d i t i o n s .  

The thermal behav io r  o f  g r a n u l a r  mann i to l ,  a lone  and i n  phys i ca l  

m i x t u r e  w i t h  cepha lex in ,  was found t o  be more o r  less t h e  same as 

w i t h  manr i i to l  and i s  i l l u s t r a t e d  i n  F i g u r e  5 (Traces 4 and 5 ) .  

The p o s s i b l e  i n c o m p a t i b i l i t y  o f  cepha lex in  w i t h  Emdex, Brownex 

sugar, Di-Pac, s o r b i t o l ,  mann i to l  and g r a n u l a r  man i i i t o l  i s  i n  agree- 

ment w i t h  t h e  l i t e r a t u r e  i n  t h a t  t h e  cepha lospor ins  a r e  r e a d i l y  

a t t a c k e d , s m i l i a r  t o  p e n i c i l l i n s ,  by n u c l e o p h i l i c  reagents  . T h i s  

f i n d i n g  i s  a l s o  i n  agreement w i t h  p rev ious  work on anhydrous a m p i c i l l i n  

and w i t h  Schneider and de Weck who found a r e a c t i o n  between benzy l -  

p e n i c i l l i n  and a number o f  carbohydra tes ,  i n c l u d i n g  reduc ing  sugars,  

nonreducing sugars,  dex t ran  and s imp le  g l y c o l s .  

5 

2 

9 

The DSC thermogram of  d i c a l c i u m  phosphate d i h y d r a t e  (Trace 2 

o f  F igu re  6 )  showed a broadened t r a n s i t i o n  cor respond ing  t o  t h e  l o s s  

of  wate r  o f  c r y s t a l l i z a t i o n  f o l l o w e d  by a m e l t i n g  endothermic peak 

w i t h  a t r a n s i t i o n  tempera ture  range f rom 172-2OZoC, and w i t h  a maxi- 

mum peak o f  t r a n s i t i o n  a t  1 9 1 O C .  Trace 3 o f  Figun: 6 i s  t h e  themio- 

gram o f  c :epha lex in -d ica lc ium phosphate d i h y d r a t e  m i x t u r e  wh ich  shows 

t h e  broadened t r a n s i t i o n  cor respond ing  t o  t h e  loss of d i c a l c i u m  

phosphate d i h y d r a t e  wa te r  of  c r y s t a l l i z a t i o n  f o l l o w e d  by t h e  melt ' ing 
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A f 1 
2 

120 170 220 70 

Temperature ( O c )  

FIGURE 6 
DSC t hermograms of cephalex in  ( l ) ,  d ica l c ium 
ph 1' phate d ihyd ra te  ( 2 ) ,  1:l cephalex in-d ica lc ium 
p h ) ,  i h a t e  d ihyd ra te  m ix tu re  ( 3 ) ,  Di-Tab (4), 1:l 
ce )I i lexin-Di-Tab m ix tu re  (5), Emcompress (6)  and 
1: . (ephalexin-Emcompress m ix tu re  (7) .  

V 
.r 

t 
al x 
c, 
0 
TI 
C w 

30 90 150 
Temperature (OC) 

2 10 

, 

FIGURE 7 
DSC thermograrns of cephalexin ( l ) ,  s t e a r i c  a c i d  (2) and 
1:l cepha lex in -s tea r i c  a c i d  m ix tu re  ( 3 ) .  
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220 

FIGURE 8 

DSC thermograms o f  cepha lex in  (l), magnesium s t e a r a t e  ( 2 )  and 
1:l cephalexin-magnesium s t e a r a t e  m i x t u r e  ( 3 ) .  

endothermic peak o f  t h e  l a t t e r  b u t  w i t h  t h e  t r a n s i t i o n  temperature 

range and t h e  maximum peak o f  t r a n s i t i o n  s l i g h t l y  s h i f t e d  t o  l ower  

temperatures.  The thermal behav io r  o f  Di-Tab and Emcompress a lone  

and i n  ph.ysica1 m i x t u r e s  w i t h  cepha lex in  was found, as expected, t o  

be more o r  l e s s  t h e  same as w i t h  d i c a l c i u m  phosphate d i h y d r a t e  and 

i s  i l l u s t r a t e d  i n  F igu re  6 (Traces 4-7) .  The en tha lpy  change o f  

m ix tu res  o f  cepha lex in  w i t h  d i c a l c i u m  phosphate d i h y d r a t e ,  Di-Tab 

and w i t h  Emcompress was found t o  be 88.54, 83.89 and 75.64%, r e -  

s p e c t i v e l y ,  o f  t h e  p r e d i c t e d  va lues  i n d i c a t i n q  t h e  p o s s i b l e  i n -  

compati b i ' l  i t y  under these c o n d i t i o n s .  

L - ( - ) - l e u c i n e  e x h i b i t s  no t r a n s i t i o n  when scanned ove r  t h e  

temperature range o f  30 t o  285OC; a f t e r  t h a t  a s u b l i m a t i o n  endo them 

begins.  There fore ,  t h e  DSC thermogram o f  cepha lex in - l euc ine  m i x t u r e  

w i l l  r e f l e c t  t h e  c h a r a c t e r i s t i c  f e a t u r e s  o f  t h e  thermograms o f  each 

component i f  no i n t e r a c t i o n  occur red .  T h i s  i s  indeed t h e  case as 
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908 EL-SHATTAWY, KILDSIG, AND PECK 

the DSC thermogram o f  t he  m ix tu re  showed no t r a n s i t i o n  over the  

temperature range o f  30 t o  175OC. 

i n g  t o  cephalexin was traced. 

A t  175OC the exotherm correspond- 

Trace 3 o f  F igure 7 i s  the thermogram of cephalex in-s tear ic  

a c i d  m ix tu re  which shows the features c h a r a c t e r i s t i c  o f  t he  thermo- 

grams o f  each component u n t i l  114OC. 

The enthalpy change o f  t he  m ix tu re  was found t o  be q u a n t i t a t i v e l y  

i d e n t i c a l  t o  the p red ic ted  value i n d i c a t i n g  no i n c o m p a t i b i l i t y  be- 

f o r e  decomposition, i.e., before 114OC. 

p o i n t  o f  t he  s t e a r i c  a c i d  i n  the m ix tu re  from t h a t  observed w i t h  

pure s t e a r i c  a c i d  i s  a f u r t h e r  support. 

of the mixture a t  a temperature markedly lower than those o f  t he  

pure respec t i ve  o r i g i n a l  components i s  a r e s u l t  o f  a severe t e s t ,  

s ince s t e a r i c  a c i d  was present i n  the  m ix tu re  i n  equal weight r a t i o  

wh i l e  the  usual concentrat ion o f  i t  as a l u b r i c a n t  i s  on l y  from 

1-5% . Decomposition on ly  occurred above 114OC and may n o t  

be a problem a t  room temperature; however, i f  t h e  r e a c t i o n  does 

proceed a t  room temperature, i t  would probably  be observed o n l y  a f t e r  pro-  
% longed storage. 

A t  114OC the m ix tu re  decomposed. 

The unchanged m e l t i n g  

However, the decomposition 

10 

Trace 3 o f  F igure 8 i s  the thermogram o f  cephalexin-magnesium 

stearate mixture.  

been broadened and s h i f t e d  t o  lower temperatures. The enthalpy 

change o f  t he  m ix tu re  was found t o  be 80.66% o f  the p red ic ted  value 

i n d i c a t i n g  the poss ib le  i n c o m p a t i b i l i t y  o f  magnesium stearate w i t h  

cephalexin under the  experimental condi t ions.  

The second endotherm o f  magnesium s tea ra te  has 
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