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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  tech -  

n ique f o r  assess ing  t h e  c o m p a t i b i l i t y  o f  anhydrous a m p i c i l l i n  w i t h  

some o f  t he  d i r e c t  compression e x c i p i e n t s .  

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, Elcema f' 150, 

Elcema G 250, Sta-Rx 1500 and Cab-0-Sil, w h i l e  i ncompa t ib le  w i t h  so r -  

b i t o l ,  Di-Pac and d i c a l c i u m  phosphate d ihyd ra te .  Anhydrous a m p i c i l l i n  

appears t o  fo rm complexes w i t h  mann i to l ,  g r a n u l a r  mann i to l  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 .  I t  appears t h a t  s t e a r i c  a c i d  

and L - ( - ) - l e u c i n e  can be used as l u b r i c a n t s  i n  f o r m u l a t i o n s  con ta in -  

i n g  anhydrous a m p i c i l l i n  w h i l e  magnesium s t e a r a t e  cannot.  

Anhydrous a m p i c i l l i n  was 

INTRODUCTION 
2 3 4-6 Simon', Jacobson and R e i e r  , Lee and Hersey and Geneidi  e t  a l .  

have u t i l i z e d  d i f f e r e n t i a l  thermal a n a l y s i s  (DTA) a s  a t o o l  f o r  t h e  

r a p i d  e v a l u a t i o n  o f  i n t e r a c t i o n s  o f  drugs w i t h  e x c i p i e n t s  i n  p r e f o r w l a t i o n  

s t a b i l i t y  s tud ies .  G u i l l o r y  e t  a l .7  eva lua ted  t h e  \ u t i l i t y  o f  t h e r m l  

methods, including DTA, f o r  t h e  d e t e c t i o n  o f  p o s s i b l e  i n t e r a c t i o n s  
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8 20 EL- SHATT AWY 

6 occurring between solid components of pharmaceuticals. 

concluded t h a t  DTA a t  the preformulation stage offers a possible help 

i n  the solution of the problem of drug-drug and drug-additives in te r -  

actions. 

Geneidi e t  a l .  

A l t h o u g h  d i f fe ren t ia l  scanning calorimetry (DSC) yields data which 

are inherently more quantitative and more amenable to theoretical in- 

terpretation t h a n  the technique of DTA, i t  does n o t  seem to  have been 
8 used as widely a t  the l a t t e r  . 

of comaptibility problems involving phenobarbital. 

previsouly used DSC as a screening technique fo r  assessing the com- 

pa t ib i l i t y  of aspartame with some of the d i rec t  compression excipients. 

In th i s  investigation, the a u t h o r  used DSC in preformulation s t a b i l i t y  

studies on anhydrous ampicillin. 

Kono e t  al.’ u t i l i zed  DSC i n  a study 
10 El-Shattawy e t  a l .  

Ampicillin and i t s  sodium s a l t  were reported to  be incompatible 

with several  pharmaceutical^^'-^^. 
t h a t  injections containing dextrose, sodium chloride, o r  dextrose and 

sodium chloride, laevulose and sodium lac ta te  caused the inactivation 

of ampicillin sodium. 

sodium was adversely affected by the addition of glycerol o r  propylene 

A number of reports 14-17 i ndi ca ted 

Lynn18 found that the s t a b i l i t y  of ampicillin 

glycol. 

Hem e t  a1.I’ studied the formation of 1:l molar complexes between 

sucrose and a number of penicil l ins including anhydrous ampicillin. 

Ampicillin was found i n  t h a t  s t u d y  t o  have a much lesses degree of 

complexation. 

o f  1:1, 2:3 and 1:3 molar complexes between ampicillin, anhydrous and 

t r i  hydrate, and anhydrous dextrose. 

El-Shattawy e t  alZo uti l ized DSC to  confirm the formation 

In t h i s  study the author investigated the compatibility of an- 

hydrous ampicillin with some of the d i rec t  compression excipients. 
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AMPICILLIN-DIRECT COMPRESSION EXCIPIENTS 821  

Th is  11s achieved by comparing t h e  DSC thermograrrl o f  a m p i c i l l i n  and 

each o f  t h e  i n v e s t i g a t e d  e x c i p i e n t s  w i t h  1:l  mix tu res  o f  a m p i c i l l i n  

and e x c i p i e n t .  A l though i t  cannot be c o n c l u s i v e l y  s t a t e d  t h a t  an i n t e r a c t i o n  

3 i ncompat i  b i  1 i ty  w i  11 occu r  d u r i n g  s to rage  a t  room tempera ture  , DSC 

can d i i s t i n g u i s h  between those e x c i p i e n t s  u n l i k e l y  t o  cause a problem 

and those t h a t  may cause t r o u b l e  and the reby  a more r a t i o n a l  approach 

t o  e a r l y  f o r m u l a t i o n  designs can be e s t a b l i s h e d .  

EX PER1 MENTK 

Mate r i  a1 s ____ 

1'He f o l l o w i n g  m a t e r i a l s  were used: anhydrous a m p i c i l l i n  (Wyeth), 

A v i c e l  PH 101 and A v i c e l  PH 105 (FMC), Elcema 1- 150 and Elcema G 250 

(Dequssa), Sta-Rx 1500 ( S t a l e y ) ,  Cab-0-Sil (Cabot) ,  mann i to l  and 

g r a n u l a r  mann i to l  ( I C I  Americas),  s o r b i t o l  ( P f n z e r ) ,  Brownex sugar 

and Di-Pac (Amstar) ,  d i c a l c i u m  phosphate d i h y d r a t e  (Baker ) ,  s t e a r i c  

a c i d  (Ruger Chemical) ,  L - ( - ) - l e u c i n e  (Eastman Kodak) and magnesium 

s t e a r a t e  ( M a l l i n c k r o d t ) .  

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

5amples ( 2 - 8  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 .  

V o l a t i l e  sample pans w i t h  t i g h t l y  sea led  l i d s  were used f o r  those 

samples c o n t a i n i n g  L - ( - ) - l e u c i n e .  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 -  

Elmer DSC-1B D i f f e r e n t i a l  Scanning Ca lo r ime te r .  Thermograms were 

ob ta ined  by h e a t i n g  a t  a cons tan t  h e a t i n g  r a t e  c l f  10°C p e r  minute,  

a cons tan t  range s e t t i n g  o f  8 mcal per second cirld recorded a t  21 cons tan t  

c h a r t  speed of  one i n c h  p e r  minute.  The ind i v id lua l  substances and 

1:l phys ica l  m ix tu res  o f  a m p i c i l l i n  and exc ip ien l ts ,  prepared w i t h  mor ta r  

and p e s t l e ,  were heated ove r  t h e  tempera ture  rcinge,30 t o  25OOC. 
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822 EL-SHATTAWY 

The area under the  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  heat ing 

curve was measured us ing a K & E planimeter, and the  heat o f  t r a n s i t i o n  

was then ca l cu la ted  as described previously''. 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. 

RESULTS AND DISCUSSION 

I n  a previous i nves t i ga t i onz0 ,  anhydrous a m p i c i l l i n  has been 

shown by DSC t o  e x h i b i t  no t r a n s i t i o n  when scanned over the  tempera- 

t u r e  range o f  30 t o  214OC. A t  214OC anhydrous a m p i c i l l i n  decomposed. 

Av ice l  PH 101, Av ice l  PH 105, Elcema F 150, Elcema G 250, 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 

the  temperature range o f  30 t o  350°C1'. 

o f  mix tures o f  the exc ip ien ts  w i t h  anhydrous a m p i c i l l i n  w i l l  r e f l e c t  

the 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. 

thermograms showed no t r a n s i t i o n  over the temperature range o f  30 t o  

about 20OoC A t  about ZOO°C, decomposition peaks corresponding t o  an- 

hydrous a m p i c i l l i n  decomposition, w i t h  a s l i g h t  s h i f t  t o  lower tempera- 

tures, were observed. 

Therefore, OSC thermograms 

This i s  indeed the  case as the r e s u l t i n g  DSC 

The DSC thermogram o f  mannitol (Trace 2 o f  Figure 11 showed a mel t -  

i n g  endothermic peak w i t h  an average t r a n s i t i o n  temperature range 

from 155-169OC and w i t h  an average maximum peak o f  t r a n s i t i o n  a t  166OC. 

No decomposition was observed on scanning u n t i l  30OoC. The DSC thermo- 

gram o f  anhydrous amp ic i l l i n -mann i to l  mix ture (Trace 3 o f  Figure 1) 

showed an endothermic peak corresponding t o  the me l t i ng  t r a n s i t i o n  

of  mannitol.  The down curve o f  t h i s  peak continued below the scan- 

n ing  base l i n e  t o  form a small exotherm, w i t h  an average t r a n s i t i o n  

temperature range from 169-17Z°C and w i t h  an average maximum peak o f  

t r a n s i t i o n  a t  17OoC, before decomposition occurred a t  172OC. 

small exothermic peak may be a t t r i b u t e d  t o  the  format ion o f  an anhydrous 

This 
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AMPICILLIN-DIRECT COMPRESSION EXCIPIENTS 823 
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FIGURE 1 

) 220 

DSC thermogram o f  ampicillin ( l ) ,  rii'annitol (2) and 
1:l ampicillin mannitol mixture. 

u .,- 
€ 
aJ 
c I-, 

0 
-0 c 
4 

Temperature ( O C )  

FIGURE 2 
DSC thermogram o f  ampicillin ( l ) ,  granular mannitol (2) and 
1:1  ampicillin-granular mannitol mixture (3). 
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EL-SHATTAWY 824 

ampicillin-mnnitol complex. The immediate decomposition of the anhydrous 

ampicillin-mannitol mixture after the melting transition and at temper- 

atures markedly lower than those of the pure respective original com- 

ponents is in agreement with previous conclusions2' in that complexed 

ampicillin decomposed at markedly lower temperatures than uncomplexed 

ampicillin. 

of Hem et a1.I' in that the complexed penicillin degrades 5-6 times 

as fast as the uncomplexed penicillin and results in an increased 

overall rate of degradation. 

found to be 28.02 cal/g, i. e., quantitatively identical to the predicted 

value calculated from the exact percentage contribution of mannitol 

to the total enthalpy change of the mixture indicating no incompatibil- 

ity between anhydrous ampicillin and mannitol before the melting transi- 

tion, i. e., before 155OC. 

This finding is also in agreement with the conclusion 

The enthalpy change of the mixture was 

The thermal behavior of granular mannitol, alone and in physical 

mixture with anhydrous ampicillin, was found to be more or less the 

same as with mannitol and is illustrated in Figure 2 .  

The DSC thermogram of sorhitol (Trace 2 of Figure 3) showed a double 

peaked transition, the first one with a transition temperature range 

from 65-8OoC and with a maximum peak of transition at 78OC, the second 

one with a transition temperature range from 80-94OC and with a max- 

imum peak of transition at 90°C. 

scanning until 240°C10. 

sorbitol mixture (Trace 3 of Figure 3) showed the same double peaked 

transition with the same transition temperature range and maximum 

peak of transition. The enthalpy change, cal/g of the first peak 

was found to be 71.8% the predicted value calculated for the mixture 

first peak. 

No decomposition was observed on 

The DSC thermogram of the anhydrous ampicillin- 

It has been reported that sorbitol is hygroscopic and 
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AMPICILLIN-DIRECT COMPRESSION EXCIPIENTS 825 

I I 1 - - - _ 1  

160 210 60 110 
Temperature ( O c )  

FIGURE 3 
DSC thermograms o f  a m p i c i l l i n  ( l ) ,  s o r b i t o l  ( 2 )  and 
1:l a m p i c i l l i n - s o r b i t o l  m i x t u r e .  

V ..-- 
E 2 -  
a, 
L 

V 

W 

Ii- I--.- I 
70 120 170 220 

Temperature (OC) 

F I G U R E  4 
DSC thermogram of a m p i c i l l i n  ( l ) ,  Browner sugar (2 )  and 
1:l amp ic i l l i n -B rownex  sugar m i x t u r e .  

t h a t  i t s  mo is tu re  con ten t  c o u l d  make i t  d e l e t e r i o u s  t o  most a c t i v e  

ingred i len ts  w i t h  which i t  migh t  be tab le ted21y22.  

b i t o l  eiidotherm occurs  f rom 65'to 80°, i t  i s  possi lb le t h a t  t h e  incom- 

p a t i b i l i t y  o f  s o r b i t o l  w i t h  anhydrous a m p i c i l l i n  niay be due, i n  p a r t ,  

As t h e  f i r s t  !;or- D
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826 EL-SHATTAWY 

I I I 1 
70 120 170 220 

Temperature (OC) 

FIGURE 5 
DSC thermogram o f  a m p i c i l l i n  ( l ) ,  Di-Pac (2) and 
1:l ampic i l l in -Di -Pac mixture.  

t o  mois ture present  i n  s o r b i t o l .  

a m p i c i l l i n - s o r b i t o l  mix ture was found t o  be a t  about 17OoC, i. e., 

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

The decomposition o f  anhydrous 

Trace 3 o f  F igure 4 i s  the thermogram o f  an anhydrous a m p i c i l l i n -  

Brownex sugar m ix tu re  which shows the same phenomena as i n  the  case 

o f  t he  anhydrous amp ic i l l i n -mann i to l  mix ture,  b u t  t he  exotherm t h a t  

fo l lowed t h e  m e l t i n g  endothermic t r a n s i t i o n  o f  the m ix tu re  i s  sharp and 

more d i s t i n c t .  

me l t i ng  t r a n s i t i o n  and a t  a temperature lower than those o f  the pure 

repsect ive o r i g i n a l  components. The enthalpy change o f  t he  mix- 

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  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  between anhydrous a m p i c i l l i n  and 

Brownex sugar before the me l t i ng  t r a n s i t i o n ,  i. e., before 165OC. 

The mixture decomposed a t  188OC immediately a f t e r  the 

Trace 3 o f  F igure 5 i s  the thermogram o f  an anhydrous a m p i c i l l i n -  

Di-Pac mixture, which shows the  me l t i ng  endothermic peak correspond- 

i n g  t o  Di-Pac w i t h  the t r a n s i t i o n  temperature range and maximum peak 
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AMPICILLIN-DIRECT COMPRESSION EXCIPIENTS 827 

70 120 170 

Temperature ( O C )  

2 20 

FIGURE 6 
DSC thermogram o f  a m p i c i l l i n  ( l ) ,  d i c a l c i u n i  phosphate d i h y d r a t e  ( 2 )  
and .1:1 a m p i c i l l i n - d i c a l c i j m  phosphate d ihydra i te  m i x t u r e .  

o f  t r a n s i t i o n  s n i f t e d  t o  lower  temperatures.  As i n  t h e  case o f  t h e  an- 

hydrous a m p i c i l l i n - m a n n i t o l  m ix tu re ,  t h e  m e l t i n g  endothermic peak was 

f o l l o w e d  by a smal l  exotherm b e f o r e  deconiposi ticiri occur red  a t  186OC,  

I. e., 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  dind a t  a temperature 

markedly lower  than those of t h e  pure  r e s p e c t i v e  o r i g i n a l  components. 

The en tha lpy  change of  t h e  m i x t u r e  was found t o  be 86.1% of t h e  ipre- 

d i c t e d  va lue  i n d i c a t i n g  the  p o s s i b l e  i n c o m p a t i b i l i t y  between anh.ydrous 

a m p i c i l l i n  and Di-Pac under these c o n d i t i o n s .  Di--Pac i s  prepared by 

t h e  c o - c r y s t a l l i z a t i o n  o f  sucrose w i t h  smal l  amounts o f  m o d i f i e d  

dex t r insL1.  

i n  agreement w i t h  Schneider and de Wecki13 who foldrid a r e a c t i o n  between 

b e n z y l p e n i c i l l i n  and a number o f  carbohydrates,  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 .  

There fore ,  i t s  i n t e r a c t i o n  w i t h  anhydrous a m p i c i l l i n  i s  

The DSC thermogram of d i c a l c i u m  phosphate di i - iydrate (Trace '2 o f  F i g u r e  

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  o f  wa te r  
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828 EL- SHATTAWY 
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'E 2 

: : 3  E 

W .!= c1 

w 

30 90 150 210 
Temperature (OC) 

FIGURE 7 
DSC thermograms of ampicillin (l), stearic acid (2) and 
1:l ampicillin-stearic acid mixture (3). 

of crystallization followed by a melting endothermic peak with a tran- 

sition temperature range from 172-202'C and with a maximum peak of 

transition at 191OC. 

drous ampicillin-dicalcium phosphate dihydrate mixture, which shows 

the broadened transition corresponding to the loss of dicalcium phos- 

phate dihydrate water of crystallization followed by the melting endo- 

thermic peak o f  the latter but  with the transition temperature range 

and the maximum peak of transition shifted to lower temperatures. 

A decomposition peak was traced at 1 9 8 O C  corresponding to anhydrous 

ampicillin decomposition with a slight shift to lower temperature. 

The enthalpy change of the mixture was found to be 48.8% the pre- 

dicted value indicating the possible incompatibility under these 

conditions. 

Trace 3 of Figure 6 is the thermogram of anhy- 

Trace 3 of Figure 7 is the thermogram o f  anhydrous ampicillin- 

stearic acid mixture which combined the features characteristic of 

the thennograms of each component, but with anhydrous ampicillin 

decomposition slightly shifted to lower temperature at 191OC. The 
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I-__ I___- I 
70 120 170 220 

Temperature ( O C )  

FIGURE 8 

DSC thermogram of a m p i c i l l i n  (l), magnesiuiii s t e a r a t e  ( 2 )  and 
1:1 ampic i l l i n -magnes ium s t e a r a t e  m i x t u r e  ( 3 ) .  

en tha lpy  change o f  t h e  m i x t u r e  was found t o  be q a c i n t i t a t i v e l y  i de !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  under thlese 

c o n d i t i o n s .  

who concluded t h a t  t h e  DTA thermal p a t t e r n  f o r  t h e  a m p i c i l l i n  t r i h y -  

d r a t e - s t e a r i c  a c i d  m i  x t u r e  showed no s i g n i f i c a n t  a l t e r a t i o n s  and 

t h a t  m i x t u r e  was presumed t o  be s t a b l e .  

2 Th is  f i n d i n g  i s  i n  agreement w i t h  Jacobson and Re ie r  

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 over  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  endotherm 

beg ins .  Therefore,  DSC thermogram o f  anhydrous a m p i c i l l i n - l e u c i n e  

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 ea tu res  o f  t h e  thermograms 

0.f each component i f  no i n t e r a c t i o n  occur red .  Th i~s  i s  indeed t h e  

case as t h e  DSC thermogram of t h e  m i x t u r e  showed ria t r a n s i t i a n  over  

t h e  temperature range of 30 t o  206OC. A t  206OC decomposi t ion peak 

cor respond ing  t o  anhydrous a m p i c i l l i n  decomposi t ion,  w i t h  a s l i g h t  

s h i f t  t o  lower  temperature,  was observed. 
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Trace 3 of Figure 8 i s  the  thermogram of an anhydrous ampici l l in-  

magnesium s t e a r a t e  mixture. 

s t e a r a t e  has been o b l i t e r a t e d  and a rapid decomposition a t  16OoC 

occurred. T h e  enthalpy change of the mixture was found t o  be 68.8% 

the  predicted value ind ica t ing  a l s o  the  possible  incompatibi l i ty  of 

magnesium s t e a r a t e  with anhydrous ampic i l l in .  

The second endotherm of magnesium 
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