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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  e ry th romyc 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 .  Ery th romyc i i i  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, Elcema F 150, Elcemei 

G 250, S o l k a - f l o c  BW 100, Sta-Rx 1500, Cab-0-Si l ,  13rownex sugar,  

Di-Pac, s o r b i t o l ,  mann i to l  and g r a n u l a r  mann i to l  , w h i l e  i ncompa t ib le  

w i t h  Emdex, d i c a l c i u m  phosphate d ihyd ra te ,  Di-Tab dnd Emcompress. 

It appears t h a t  L - ( - ) - l e u c i n e  can be used as l u b r i c a n t  i n  f o r m u l a t i o n s  

c o n t a i n i n g  e ry th romyc in  w h i l e  s t e a r i c  a c i d  and magnesium s t e a r a t e  

cannot.  

~~ 

Correspondence shou ld  be addressed t o  Hamed H. E l -Shat tawy.  
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938 EL-SHATTAWY, KILDSIG, AND PECK 

INTRODUCTION 

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 the c o m p a t i b i l i t y  o f  

aspartame 

exc ip ien ts .  El-Shattawy a l so  used DSC i n  preformulat ion s t a b i l i t y  

s tud ies on anhydrous a m p i c i l l i n .  

a m p i c i l l i n ,  a m p i c i l l i n  t r i h y d r a t e  and cephalexin w i t h  anhydrous dex- 

t rose  and w i t h  aspartame were a l so  i nves t i ga ted  by the present 

 author^^-^. 

1 and cephalexin2 w i t h  some o f  t he  d i r e c t  compression 
3 

The c o m p a t i b i l i t i e s  o f  anhydrous 

Grant’ repor ted t h a t  a p r e c i p i t a t e  was formed when erythromycin 

was mixed w i t h  chloramphenicol, oxy te t racyc l i ne  Hcl o r  t e t r a c y c l i n e  
8 Hcl i n  5% dextrose so lu t i on .  El-Nakeeb and Yousef found t h a t  

erthromycin was very much less  a c t i v e  against  StaphYlococcus aureus i n  the 

presence o f  magnesium t r i s i l i c a t e ,  sodium a lg ina te ,  p e c t i n  and 

ben ton i te  and less  a c t i v e  w i t h  calamine, Ae ros i l ,  methy lce l lu lose,  

carboxymethylcel lulose sodium and polysorbate 80. 

I n  t h i s  study, t he  authors i nves t i ga ted  the c o m p a t i b i l i t y  o f  

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

was achieved by comparing the  DSC thermograms o f  erythromycin and 

each o f  the i nves t i ga ted  exc ip ien ts  w i t h  1:l mixtures o f  erythromycin 

and exc ip ien ts .  

i n t e r a c t i o n  i n c o m p a t i b i l i t y  w i l l  occur du r ing  storage a t  room 

temperature, t he re  are o f t e n  s u f f i c i e n t  exc ip ien ts  a v a i l a b l e  i n  a 

preformulat ion program t o  choose on ly  those u n l i k e l y  t o  cause 

t r o u b l e  . 

This 

Although i t  cannot be conc lus i ve l y  s t a t e d  t h a t  an 

9 

EXPERIMENTAL 

Mate r ia l s  

The f o l l o w i n g  ma te r ia l s  were used: erythromycin (Sigma), Av ice l  

PH 101 and Avice l  PH 105 (FMC), Elcema F 150 and Elcema G 250 (De- 
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ERYTHROMYCIN-DIRECT COMPRESSION EXCIPIENTS 9 39 

qussa), Sol k a - f l o c  BW 100, Emdex and Emcompress ( E .  Mendell ) ,  Sta-Rx 

1500 ( S t a l e y ) ,  Cab-0-Sil (Cabot), Brownex sugar and Di-Pac (Amstar) ,  

s o r b i t a l  ( P f i z e r ) ,  mann i to l  and g ranu la r  manni to l  ( I C I  Americas), 

d i c a l c i u m  phosphate d i h y d r a t e  (Baker) ,  Oi-Tab ( S t a u f f e r  Chemical) ,  

L - (  - ) - l e u c i n e  (Eastman Kodak), s t e a r i c  a c i d  (Ruger Chemical ) 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 fe ren  t i a1 Scanning Ca 1 o r i  metry  

Samples (2-8 mg) were weighed a f t e r  be ing  f i w l y  powdered and 

encapsulated i n  f l a t -bo t tomed  aluminum pans w i t h  c:rimped-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  sealed l i d s  were used f o r  those 

samples c o n t a i n i n g  L - ( - ) - l euc ine .  

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 Calor imeter .  lhermograms were 

ob ta ined  by hea t ing  a t  a cons tan t  hea t ing  r a t e  of l.O°C p e r  minute,  

a constant  range s e t t i n g  o f  8 mcal p e r  second and recorded a t  a 

constant  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  sub- 

stances and 1:l phys ica l  m ix tu res  o f  ery thromycin and e x c i p i e n t s ,  

prepared w i t h  mor ta r  and p e s t e l  were heated over  t h e  temperature 

range, 30 t o  30OoC. 

The samples were heated i n  an 

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  hea t ing  

curve was measured u s i n g  a K & E p lan ime te 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 descr ibed p r e v i o u s l y  . 
rep1 i c a t e s  were made f o r  each DSC thermogram. 

1 A t  l e a s t  two 

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

The DSC thermograms of  e ry th romyc in  (Trace 1 o f  F igures 1-8) 

e x h i b i t  no t r a n s i t i o n  when scanned over  t h e  temperature range o f  30 

t o  about 167OC. A t  about 167OC, ery thromycin decomposed. Av i ce l  

PH 101, Av i ce l  PH 105, Elcema F 150, Elcema G 250, So lka - f l oc  BW 1.00, 

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 -  
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940 EL-SHATTAWY, K I L D S I G ,  AND PECK 

- ._ -----.-I 
40 100 160 220 

Temperature (OC) 

FIGURE 1 
DSC thermograms o f  erythromycin ( l ) ,  Emdex (2 )  and 
1:l erythromycin-Emdex m ix tu re  ( 3 ) .  

\ 

FIGURE 2 
DSC thermograms o f  erythromycin (11, Brownex sugar ( 2 )  and 
1 : 1 erythromycin-Brownex sugar m ix tu re  ( 3 ) .  

u a l l y  over the temperature range of 30 t o  30OoC. Therefore, DSC 

thermograms o f  mix tures o f  the exc ip ien ts  w i t h  erythromycin 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 

if no i n t e r a c t i o n  occurred. 

DSC thermograms showed no t r a n s i t i o n  o r  even decomposition over the 

This i s  indeed the  case as the  r e s u l t i n g  
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ERYTHROMYCIN-DIRECT COMPRESSION EXCIPIENTS 941 

, 

70 120 170 
Temperature (OC) 

220 

FIGURE 3 

DSC thermograms o f  e ry th romyc in  ( l ) ,  [I i-Pac ( 2 )  and 
1: 1 erythromycin-Di-Pac m i x t u r e  (3 ) .  

tempera ture  range o f  30 t o  3OO0C, except  w i t h  Sta-Rx 1500 where a 

decomposi t ion was t r a c e d  a t  277OC. Whi le  t h i s  de lay  in erythroimycin 

decomposi t ion may be a t t r i b u t e d  t o  t h e  presence o f  these e x c i p i e n t s ,  

t h e  decomposi t ion w i t h  Sta-Rx 1500 a t  277OC may Ibe due t o  t h e  mo is tu re  

con ten t  o f  s t a r c h  . The c o m p a t i b i l i t y  o f  e ry th romyc in  w i t h  s t a r c h  

i s  i n  agreement w i t h  t h e  El-Nakeeb and Yousef' i n v e s t i g a t i o n .  

1 

The DSC thermogram of  t h e  erythromycin-Emdex m i x t u r e  (Trace 3 

o f  F i g u r e  1) showed t h e  same two endothermic peaks cor respond ing  t o  

Emdex (Trace 2 o f  F igu re  1) 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 h i f t e d  t o  l ower  tempera tures .  

The en tha lpy  change, c a l / g ,  o f  t h e  f i r s t  peak w a s  found t o  be 68.46% 

of t h e  p r e d i c t e d  va lue  c a l c u l a t e d  from t h e  exac t  percentage c o n t r i -  

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

peak, w h i l e  t h a t  of  t h e  second peak was found t o  be 82.8% 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  Emdex 

w i t h  e ry th romyc in  under t h e  exper imenta l  c o n d i t i o n s .  
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942  EL-SHATTAWY, KILDSIG,  AND PECK 

I ! I I I 
40 110 180 

Temperature (OC) 

FIGURE 4 
DSC thermograms o f  erythromycin (11, sorbitol (21  and 
1: 1 erythromycin-sorbital mixture (3). 

FIGURE 5 

DSC thermograms o f  erythromycin (1) , manni to1 
(21, 1:l erythromycin-mannitol mixture (3), 
granular mannitol (4) and 1: 1 erythromycin- 
granular manni to1 mixture (5). 

\ 
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ERYTHROMYCIN-DIRECT COMPRESSION EXCIPIENTS 9 4 3  

The DSC thermogram of erythromycin-Brownex sugar m i x t u r e  (Trace 

3 of F igu re  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  (Trace 2 o f  F i g u r e  2 )  f o l l o w e d  tiy 

t h e  m i x t u r e  decomposi t ion.  The en tha lpy  change, c a l / g ,  o f  t h e  

m i x t u r e  t r a n s i t i o n  was found t o  be 91.02% o f  t h e  p r e d i c t e d  value! 

c a l c u l a t e d  f rom t h e  exac t  percentage c o n t r i b u t i o n  of  Brownex sugar 

t o  t h e  t o t a l  e n t h a l p y  change o f  t h e  m i x t u r e  i n d i c a t i n g  no i ncompa t i -  

b i l i t y  o f  Brownex sugar w i t h  e ry th romyc in  under these cond i t i ons ' .  

Trace 3 of  F i g u r e  3 i s  t h e  thermogram o f  erythromycin-Di-Pa.c 

m i x t u r e  wh ich  shows an 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  o f  Oi-Pac (Trace 2 o f  F igu re  3)  w i t h  some change i n  peak ' s  

h e i g h t - t o - w i d t h  r a t i o .  

wh ich  can be a t t r i b u t e d  t o  t h e  p o s s i b l e  d i f f e r e n c e s  i n  t h e  m i x t u r e  

sample geometry'', d i d  n o t  a l t e r  t h e  en tha lpy  change, c a l / g ,  o f  t h e  

m i x t u r e  which 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 re -  

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 these c o n d i t i o n s .  

T h i s  change i n  peak ' s  h e i g h t - t o - w i d t h  r a l t i o  

The thermograms o f  t h e  e r y t h r o m y c i n - s o r b i t o l  m i x t u r e  (Trace 

3 o f  F igu re  4 ) ,  e ry th romyc in-mann i to l  m i x t u r e  (Trace 3 o f  F igu re  5 )  

and e ry th romyc in -g ranu la r  manni t o 1  m i x t u r e  (Trace 5 o f  F i g u r e  5)  

combined t h e  f e a t u r e s  c h a r a c t e r i s t i c  o f  t h e  therrnograms o f  each 

component. The en tha lpy  change, c a l / g ,  o f  t h e  t r a n s i t i o n s  o f  these 

m i x t u r e s  was found t o  be q u a n t i t a t i v e l y  ident ica .1  t o  t h e  p r e d i c t e d  

va lues  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 these c o n d i t i o n s .  

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

of  F i g u r e  6 )  showed a broadened t r a n s i t o n  cor respond ing  t o  t h e  lloss 

o f  wa te 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 meltinmy endothermic peak 

w i t h  a t r a n s i t i o n  tempera ture  range f rom 172-202°C and w i t h  a maxi-  

mum peak o f  t r a n s i t i o n  a t  191OC.  No decompositi lon o f  d i c a l c i u m  
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944 EL-SHATTAWY, KILDSIG, AND PECK 

I I I 
120 170 220 

Temperature (OC) 

FIGURE 6 
DSC thermograms o f  erythromycin (1), d ica l c ium 
phosphate d i  hydrate (21, 1:l erythromycin-dicalcium 
phosphate d ihyd ra te  m ix tu re  ( 3 ) ,  Di-Tab ( 4 ) ,  1:l 
erythromycin-Di-Tab m ix tu re  (5), Emcompress (6)  
and 1:l erythromycin-Emcompress m ix tu re  ( 7 ) .  

1 

1 

2 1 
3--- , _I 1 
30 100 170 

Temperature (OC) 

FIGURE 7 
DSC thermograms o f  erythromycin ( l ) ,  s t e a r i c  a c i d  ( 2 )  
and 1:l erythromycin-s tear ic  a c i d  m ix tu re  ( 3 ) .  
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ERYTHROMYCIN-DIRECT COMPRESSION EXCIPIENTS 

phosphate d i h y d r a t e  was t r a c e d  on scanning u n t i l  30OoC. 

F igu re  6 i s  t h e  thermogram of e ry th romyc in -d i ca l c ium phosphate d i -  

hyd ra te  m i x t u r e  wh ich  shows a sharp peak w i t h  a maximum peak o f  

t r a n s i t i o n  a t  1 3 5 O C .  

t o  t h e  program l i n e ,  decomposi t ion occu r red  a t  about  1 3 7 O C .  

marked change i n  t h e  thermal behav io r  o f  t h e  m i x t u r e  and i t s  decom- 

p o s i t i o n  a t  markedly l ower  tempera ture  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  d i c a l c i u m  phosphate d i h y d r a t e  w i t h  e ry th romyc in  under t h e  ex- 

pe r imen ta l  c o n d i t i o n s .  The thermal  behav io r  o f  Di -Tab and Erncompress 

a lone  and i n  p h y s i c a l  m i x t u r e s  w i t h  e ry th romyc in  was found 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 ihyd ra te ,  be ing  

chemica l l y  t h e  same, and i s  i l l u s t r a t e d  i n  F igu re  6 (Traces 4 - 7 ) .  

Trace 3 o f  

Before  t h e  down cu rve  o f  t h i s  peak r e t u r n e d  

Th is  

L - ( - ) - l e u c i n e  e x h i b i t e d  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  endotherm 

begins.  There fore ,  t h e  DSC thermogram o f  e ry th ro imyc in - leuc ine  m-ix- 

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  therrnograms of 

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

as t h e  DSC thermogram o f  t h e  m i x t u r e  showed no t r a n s i t i o n  ove r  t h e  

tempera ture  range o f  30 t o  about  24OoC; a f t e r  t h a t  decomposi t ion 

occur red .  

Trace 3 o f  F igu re  7 i s  t h e  thermogram o f  e r y t h r o m y c i n - s t e a r i c  

a c i d  m i x t u r e .  The endotherm c h a r a c t e r i s t i c  of  s t e a r i c  a c i d  (Trace 

2 of F igu re  7 )  has been o b l i t e r a t e d  and a r a p i d  decomposi t ion a t  

about  1 1 7 O C  occur red ,  i. e., t h e  decomposi t ion occu r red  a t  a temper- 

a t u r 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. 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  lylas 

expected as e ry th romyc in  r e a d i l y  forms s a l t s  w i t h  i n o r g a n i c  and 
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I 
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Temperature (OC) 

FIGURE 8 
DSC thermograms of erythromycin ( l ) ,  magnesium s teara te  (2 )  and  
1: 1 erythromycin-magnesium s teara te  mixture ( 3 ) .  

organic acids,  and a1 so forms esters". 

releases active erythromycin i n  the duodenum'', the possible in te r -  

action of s tear ic  acid with erythromycin during tableting o r  storage 

must be guarded against t o  avoid the e f fec t  of water released from 

the interaction. 

While erythromycin s teara te  

Trace 3 of Figure 8 i s  the thermogram of erythromycin-magensium 

s teara te  mixture which shows rapid decomposition occurred a t  a b o u t  

15OoC, immediately a f t e r  the second endotherm of magnesium s teara te .  

The enthalpy change, cal/g,  o f  the mixture was found t o  be 66.06% 

o f  the predicted value indicating the possible incompatibility of 

magnesium s teara te  with erythromycin under the experimental 

conditions . 
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