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ABSTRACT 

DSC screening for drug-excipient interactions of 

a polypharmaceutical capsule dosage form containing 

salicylamide, ascorbic acid, pyrilamine maleate, 

phenylephrine hydrochloride, lactose, colloidal 

silicon dioxide and sodium starch glycolate was per= 

formed . 
1197 
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1198 BOTHA, LOTTER, AND DU PREEZ 

1. 

2.  

3 .  

4 .  

5. 

6. 

The results show the following: 

Ascorbic acid is incompatible with lactose and 

sodium starch glycolate. 

Salicylamide is incompatible with lactose. 

Pyrilamine maleate is incompatible with sodium 

starch glycolate. 

Phenylephrine hydrochloride is incompatible with 

lactose. 

Lactose is incompatible with ascorbic acid, 

salicylamide, pyrilamine maleate and phenylephrine 

hydrochloride. 

Sodium starch glycolate is incompatible with 

ascorbic acid and pyrilamine maleate. 

No attempt was made to determine the nature of 

the interactions. 

INTRODUCTION 

In our first communication the DSC screening and 

findings of a combination product containing acetamino= 

phen, diphenhydramine hydrochloride, phenylephrine 

hydrochloride, ascorbic acid and magnesium stearate 

were discussed . ( 1 )  

In a second communication the findings on another 

popular combination product containing an analgesic 
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DSC SCREENING 1199 

(salicylamide), an antihistamine (pyrilamine maleate), 

a decongestant (phenylephrine hydrochloride) and 

ascorbic acid were reported(2) . 
product was marketed in capsule form and on storage 

it was found that the capsule content turned brown. 

Since an instability was suspected, DSC screening for 

possible drug-drug, drug-excipient and excipient- 

excipient interactions were undertaken. In this third 

communication we are reporting our findings when 

salicylamide, ascorbic acid, pyrilamine maleate and 

phenylephrine hydrochloride were combined with lactose 

as filler and colloidal silicon dioxide (Aerosil) and 

sodium starch glycolate (Primojel) as other excipients. 

This combination 

The influence of some additives on the stability 

of sodium ascorbate was disc~ssed'~). 

have a small influence on the degradation of ascorbic 

acid(3). In a study of complex formation of starches 

with drugs Goudah and Guth ( 4 )  found that salicylic 

acid forms an insoluble complex with both potato and 

arrowroot starch. It is thus possible that salicyl= 

amide can also form complexes with corn starch. The 

stearates have been shown to influence the stability 

of selected active ingredients 

browning of lactose in the presence of amines is well 

documented ( "  l o '  ' I ) .  

Starch seems to 

( 5 ,  6, 7, '1. The 

The question arises as to 
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1200 BOTHA, LOTTER, AND DU PREEZ 

whether the browning of the capsule contents on 

storage was due to lactose in the presence of amines 

only. 

The use of DSC in drug-drug and drug-excipient 
( 1 )  interactions was reviewed in our first communication 

MATERIALS AND METHODS 

Salicylamide, ascorbic acid, pyrilamine maleate, 

phenylephrine hydrochloride, lactose, colloidal 

silicon dioxide and sodium starch glycolate were 

pharmacopoeia1 grade. 

Each of the above-mentioned drugs and excipients 

were subjected to DSC.  The instrumentation used was 

a Du Pont 910 system equipped with a Du Pont Series 99 

Thermal Analyzer programmer. A Hewlett-Packard X-Y 

recorder was used. 

Thermograms were obtained by heating at a constant 

rate of 5OC per minute and recorded at a constant 

chart speed of 5 cm per minute. Samples (3-8  mg) were 

measured in aluminum pans and hermetically sealed. 

The reference was a sealed aluminum pan. The indivi= 

dual substances and 1 : l  mixtures of each drug and 

excipient, prepared with mortar and pestle, were 

heated over a temperature range of 30° to 250OC. 
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DSC SCREENING 1201 

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 thermo= 

gram. 

RESULTS AND DISCUSSION 

The DSC thermogram of  a s c o r b i c  a c i d  ( t race  1 of  

F igu re  1 )  shows t h e  m e l t i n g  endothermic peak a t  190 

t o  193OC, w i t h  decomposi t ion s t a r t i n g  a t  a t empera tu re  

of 217OC. The thermogram of lactose ( t race 2 of F i g u r e  

1 )  shows an endothermic t r a n s i t i o n  s t a r t i n g  a t  137OC, 

cor re spond ing  t o  dehydra t ion  of t h e  p r o d u c t  and sub= 

sequen t  changing i n t o  anhydrous lactose w i t h  m e l t i n g  

p o i n t s  of 207.5 t o  217OC and 208 t o  231°C(12). 

p h y s i c a l  mix ture  of  a s c o r b i c  acid and lactose (trace 

3 of  F igu re  1 )  shows an endothermic peak w i t h  an  o n s e t  

of 137OC, fo l lowed by a broad endotherm (150 to .180°C)  

and a t h i r d  endothermic peak w i t h  an  o n s e t  of 223.5OC. 

This  change i n  t h e  DSC thermogram cou ld  be  due t o  an 

i n t e r a c t i o n  between l a c t o s e  and a s c o r b i c  a c i d .  

The 

The DSC thermogram o f  a 1:l p h y s i c a l  mix tu re  of  

s a l i c y l a m i d e  and lactose ( t race 3 of F i g u r e  2) shows, 

i n  a d d i t i o n  t o  t h e  endothermic peak which co r re sponds  

i n  p o s i t i o n  t o  bo th  t h e  m e l t i n g  thermogram f o r  

s a l i c y l a m i d e  ( t race 1 of  F i g u r e  2), as w e l l  as  t h e  

f i r s t  t r a n s i t i o n  peak f o r  l a c t o s e  ( t race 2 of F i g u r e  
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F I G U R E  1 

DSC thermograms of ascorbic a c i d  (11 ,  lactose ( 2 )  
and 1 : l  p h y s i c a l  mixture of a s c o r b i c  a c i d  and 
l a c t o s e  ( 3 ) .  

2 ) ,  an e x t r a  endotherm w i t h  an o n s e t  of 127OC and a 

maximum of 13OOC. The t h i r d  endotherm of t h e  p h y s i c a l  

mix ture  of s a l i c y l a m i d e  and lactose w i t h  an o n s e t  of 

185OC d i f f e r s  i n  p o s i t i o n  from t h a t  of p u r e  lactose 

which h a s  endothermic peaks  w i t h  o n s e t s  of 137, 207.5 
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DSC SCREENING 
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FIGURE 2 

DSC thermograms of s a l i c y l a m i d e  ( 1 1 ,  lactose ( 2 )  
and 1 : l  p h y s i c a l  mix tu re  of s a l i c y l a m i d e  and 
lactose ( 3 ) .  

and 208OC. T h i s  r e s u l t  w a s  expec ted ,  s i n c e  it i s  w e l l  

known t h a t  lactose forms brown c o l o u r e d  S c h i f f  b a s e s  

i n  t h e  p re sence  of  amines.  

The DSC thermogram of a 1 : l  p h y s i c a l  m i x t u r e  of 

py r i l amine  maleate and l a c t o s e  shows and endothermic  
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1204 BOTHA, LOTTER, AND DU PREEZ 

FIGURE 3 

DSC thermograms of py r i l amine  maleate (11,  l a c t o s e  ( 2 )  
and 1 : l  p h y s i c a l  mix tu re  of py r i l amine  maleate and 
lactose ( 3 ) .  

peak wi th  an o n s e t  of 94OC ( trace 3 of F i g u r e  3 ) .  

This  peak d i f f e r s  s l i g h t l y  i n  p o s i t i o n  from t h a t  of 

pyr i lamine  maleate ( t race  1 of  F i g u r e  3; 99.5OC) as 

w e l l  as be ing  somewhat broader .  The most s t r i k i n g l y  

d i f f e r e n t  f e a t u r e  of  t h i s  thermogram i s  t h e  o n s e t  of 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DSC SCREENING 1205 

d e g r a d a t i o n  a t  a t empera tu re  of 125OC, w h i l e  none o f  

t h e  s i n g l e  components showed d e g r a d a t i o n  a t  tempera= 

t u r e s  below 250OC. Although t h e  d e t r i m e n t a l  e f f e c t  

a r i s i n g  from t h e  combinat ion of lactose and pr imary  

and secondary amines i s  well-documented, t h e  q u e s t i o n  

arises as t o  whether  t h i s  e f f e c t  i s  r e s t r i c t e d  t o  

pr imary and secondary amines,  s i n c e  py r i l amine  maleate 

h a s  two t e r t i a r y  amine f u n c t i o n s .  

The DSC thermogram of a p h y s i c a l  combinat ion of 

phenylephr ine  h y d r o c h l o r i d e  - lactose (trace 3 of  

F igu re  4 )  shows t h a t  t h e  combinat ion of  l a c t o s e  ( trace 

2 of F i g u r e  4) and phenylephr ine  h y d r o c h l o r i d e  ( t race 

1 of F igu re  4) which h a s  a secondary amine f u n c t i o n ,  

i s  incompat ib le .  I t  can  t h u s  be concluded from t h i s  

s tudy  t h a t  l a c t o s e  i s  incompa t ib l e  n o t  o n l y  w i t h  

pr imary amines,  b u t  a l s o  w i t h  secondary  and t e r t i a r y  

amine s . 
The thermogram of sodium s t a r c h  g l y c o l a t e  ( trace 2 

of F igu re  5 )  shows a broad  endothermic peak ,  r a n g i n g  

from 87 t o  162OC, due t o  t h e  p r e s e n c e  o f  adsorbed  

water. The p h y s i c a l  mix tu re  of a s c o r b i c  a c i d  and 

sodium s t a r c h  g l y c o l a t e  ( trace 3 of F i g u r e  5)  shows, 

apar t  from t h e  endothermic peak,  a n  exotherm w i t h  a n  

o n s e t  of  169OC. I t  i s  concluded t h a t  t h i s  combina t ion  

should  b e s t  be avoided.  
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FIGURE 4 

The DSC thermograms of phenylephrine HC1 (11, 
lactose ( 2 )  and 1:l physical mixture of phenylephrine 
HC1 and lactose ( 3 ) .  

The physical mixture of salicylamide and sodium 

starch glycolate (trace 3 of Figure 61, shows a 

double-peaked melting peak with onsets of 139 and 

142OC, while salicylamide has a single melting peak 

with an onset of 14OOC (trace 1 of Figure 6). Although 

the possibility of an interaction cannot altogether 
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DSC SCREENING 1207 
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FIGURE 5 

DSC thermograms of a s c o r b i c  a c i d  ( 1 )  , sodium starch 
g l y c o l a t e  ( 2 )  and 1 : l  p h y s i c a l  mix tu re  of  a s c o r b i c  a c i d  
and sodium s t a r c h  g l y c o l a t e  ( 3 ) .  

be exc luded ,  it seems as  i f  sodium s t a r c h  g l y c o l a t e  

can  be  used  as an  e x c i p i e n t  i n  pha rmaceu t i ca l  formula= 

t i o n s  c o n t a i n i n g  s a l i c y l a m i d e .  

The DSC thermogram o f  a p h y s i c a l  combinat ion of 

py r i l amine  maleate and sodium s t a r c h  g l y c o l a t e  i s  sub= 

s t a n t i a l l y  d i f f e r e n t  from t h a t  of t h e  s i n g l e  components. 

The mix tu re  h a s  t w o  b road  endothermic peaks ,  a t  60  t o  
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FIGURE 6 

DSC thermograms of salicylamide ( 1 1 ,  sodium starch 
glycolate (2) and 1:l physical mixture of salicylamide 
and sodium starch glycolate (3). 

77OC and 124 to 135OC (trace 3 of Figure 7) while 

pyrilamine maleate alone had a sharp melting endotherm 

at 99.5 to 102'C (trace 1 of Figure 7). Thus, there 

is a possibility of an interaction between pyrilamine 

maleate and sodium starch glycolate. 
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DSC SCREENING 1209 

FIGURE 7 

DSC thermograms of  p y r i l a m i n e  maleate (1)  , sodium 
s t a r c h  g l y c o l a t e  ( 2 )  and 1:l p h y s i c a l  mix tu re  of  
py r i l amine  maleate and sodium s t a r c h  g l y c o l a t e  ( 3 ) .  

The p h y s i c a l  mix ture  of a s c o r b i c  acid-colloidal 

s i l i c o n  d i o x i d e  ( trace 3 of F i g u r e  8 )  shows no s i g n i =  

f i c a n t  d i f f e r e n c e s  compared t o  t h a t  of  t h e  i n d i v i d u a l  

subs t ances  ( t r ace  1 and 2 of F i g u r e  8 ) .  One can  t h e r e =  

f o r e  conclude t h a t  t h e s e  t w o  s u b s t a n c e s  can  b e  used  

t o g e t h e r  i n  pha rmaceu t i ca l  dosage forms. Although an  
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FIGURE 8 

DSC thermograms of a s c o r b i c  a c i d  ( 1 )  , c o l l o i d a l  
s i l i c o n  d iox ide  ( 2 )  and 1 : l  phys ica l  mixture  of 
a s c o r b i c  acid and c o l l o i d a l  s i l i c o n  d iox ide  ( 3 ) .  

as ( 1 3 )  i n t e r a c t i o n  of s i l i c i c  a c i d  and a s c o r b i c  acid 

w e l l  as a decrease  i n  a sco rb ic  s t a b i l i t y  i n  t h e  presence  

of hydrated sodium s i l i c o  aluminate  ( 

it seems as i f  t h i s  i n t e r a c t i o n  does no t  e x i s t  i n  

mixtures  of a sco rb ic  a c i d  and c o l l o i d a l  s i l i c o n  d iox ide  

were r e p o r t e d ,  

The phys ica l  mixture of l a c t o s e  and sodium s t a r c h  

g l y c o l a t e  shows t h a t  t h e  f i rs t  endothermic peak (trace 
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FIGURE 9 

The DSC thermograms of l a c t o s e  ( 1 1 ,  sodium s t a r c h  
g l y c o l a t e  ( 2 )  and 1:l p h y s i c a l  mixture  of l a c t o s e  and 
sodium s t a r c h  g l y c o l a t e  ( 3 ) .  
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1212 BOTHA, LOTTER, AND DU PREEZ 

3 of F igure  9 )  co r re sponds  i n  p o s i t i o n  t o  t h a t  o f  p u r e  

l a c t o s e  ( t race 1 of F i g u r e  9 ) ,  b u t  t h e  second endo= 

thermic  peak ( t race 3 of F i g u r e  9 ;  191 t o  20OoC)  i s  

d i f f e r e n t  i n  p o s i t i o n  t o  t h a t  of p u r e  lactose ( t r ace  

1 of F igu re  9; 207.5  t o  217'C). A l s o ,  t h e  second 

endotherm of t h e  mixture  is immediately fo l lowed by a 

degrada t ion  r e a c t i o n .  I n  t h e  p u r e  s u b s t a n c e s ,  no 

degrada t ion  w a s  d e t e c t a b l e  up t o  a t empera tu re  of  

250OC. The combinat ion of  lactose and sodium s t a r c h  

g l y c o l a t e  a s  e x c i p i e n t s  i n  dosage forms should  t h u s  be 

avoided.  

The combinat ions of  phenylephr ine  h y d r o c h l o r i d e  and 

sodium s t a r c h  g l y c o l a t e  and phenylephr ine  h y d r o c h l o r i d e ,  

py r i l amine  maleate o r  s a l i c y l a m i d e  w i t h  c o l l o i d a l  

s i l i c o n  d i o x i d e  show, a p a r t  from a s l i g h t  broadening  

i n  t h e  endothermic m e l t i n g  peak as compared t o  t h a t  of 

t h e  s i n g l e  subs t ance ,  no change i n  p o s i t i o n  o f  t h e  

endothermic peak. I t  can be concluded t h a t  t h e s e  

d rug-exc ip i en t  combina t ions  can be  used i n  pharma= 

c e u t i c a l  dosage forms. 

The combinat ions of  c o l l o i d a l  s i l i c o n  d i o x i d e  and 

sodium s t a r c h  g l y c o l a t e  and c o l l o i d a l  s i l i c o n  d i o x i d e  

and l a c t o s e  are n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  

of  t h e  i n d i v i d u a l  components. Thus, c o l l o i d a l  s i l i c o n  

d i o x i d e  and sodium s t a r c h  g l y c o l a t e  or c o l l o i d a l  
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DSC SCREENING 1213 

s i l i c o n  d i o x i d e  and lactose c a n  be  combined i n  dosage 

forms as e x c i p i e n t s .  

N o  attempt w a s  made d u r i n g  t h i s  s t u d y  t o  d e t e r m i n e  

t h e  n a t u r e  of t h e  i n t e r a c t i o n s ,  namely shou ld  it be 

due t o  chemica l  or  p h y s i c a l  i n t e r a c t i o n s  or due t o  

e u t e c t i c  o r  complex fo rma t ion .  

I t  i s  also accepted t h a t  i n  a number o f  cases 

where 1 : l  m i x t u r e s  were made t h a t  t h i s  i s  a h i g h e r  

r a t i o  t h a n  would ever be used  i n  pract ice ,  however,  

t o  o u r  mind t h i s  does  n o t  minimize t h e  v a l u e  of  t h e  

r e s u l t s .  

1. 

2. 

3 .  

4 .  

5 .  

The r e s u l t s  can  b e  summarized a s  f o l l o w s :  

Lactose i s  incompa t ib l e  w i t h  ascorbic a c i d ,  

s a l i c y l a m i d e ,  p y r i l a m i n e  maleate and pheny lephr ine  

hydroch lo r ide .  

Sodium s tarch g l y c o l a t e  i s  incompa t ib l e  w i t h  

a s c o r b i c  acid and p y r i l a m i n e  maleate. 

Ascorbic acid i s  compatible w i t h  c o l l o i d a l  s i l i c o n  

d i o x  i d e  . 
Sa l i cy lamide  i s  compa t ib l e  w i t h  co l lo ida l  s i l i c o n  

d i o x i d e  and sodium s t a r c h  g l y c o l a t e .  

Phenylephr ine  h y d r o c h l o r i d e  i s  compatible w i t h  

c o l l o i d a l  s i l i c o n  d i o x i d e  and sodium s t a r c h  

g l y c o l a t e .  
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6. L a c t o s e  i s  compatible w i t h  co l lo ida l  s i l i c o n  

dioxide a n d  sodium s t a r c h  g l y c o l a t e .  

7. Sodium s t a r c h  glycolate  i s  compatible w i t h  s a l i c y l =  

amide, p h e n y l e p h r i n e  h y d r o c h l o r i d e ,  lactose a n d  

co l lo ida l  s i l i c o n  dioxide. 

8 .  Col loidal  s i l i c o n  dioxide i s  compatible w i t h  

ascorbic ac id ,  s a l i c y l a m i d e ,  p h e n y l e p h r i n e  h y d r o =  

chloride,  lactose and  sodium starch g l y c o l a t e .  
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