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ABSTRACT 

D i f f e r e n t i a l  scanning ca lo r ime t ry  was used  t o  i nves t i ga te  t h e  

i n te rac t i ons  between doxy lamine succ ina te  a n d  a number  of d r u g s  

a n d  e x c i p i e n t s .  Doxy lamine succ ina te  was f o u n d  t o  b e  compat ib le 

w i t h  manni to l ,  Ae ros iD ,  calc ium sal ts,  s tarches,  Ac-Di-Sol@, 

Prirnojelo a n d  Avice ls .  Doxy lamine succ ina te  was f o u n d  to b e  

i ncornpa t i b l e  w i t h  acetomi nop  hen, dex  t rometho rp han  h yd r o b  romide, 

codei  n e  phosphate,  pseudoep h e d  ri ne h yd r o c  h lo r ide,  mag nes i urn 

stearate,  s tea r i c  acid,  P.V. P. a n d  lactose. 

I NTROD UCTlON 

Doxylamine succ inate [NN-Dimethy l -2- [ l -phenyl - l -  (pyrid- 

2-yl) - e t h o x y ]  e thy lamine succ inates a n  ant ih is tamine is used in 

combinat ion w i t h  o t h e r  d r u g s  f o r  t h e  t r e a t m e n t  o f  headaches a n d  

co lds.  I t i s  combined w i t h  acetaminophen, ca f fe ine  and  codeine 

phospha te  f o r  headaches a n d  w i t h  dex t rometho rp  han hyd rob romide ,  

pseudoephedr ine  hyd roch lo r i de ,  acetaminophen, ca f fe ine  a n d  

codeine phospha te  in co ld  p r e p a r a t i o n s .  
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2126 VAN T O N D E R ,  L O T T E R  AND BOTHA 

T h i s  s t u d y  was u n d e r t a k e n  t o  establ ish t h e  compat ib i l i ty  o f  

Doxylamine succinate w i t h  t h e  abovement ioned drugs and a number 

o f  commonly used exc ip ien ts  by DSC i n  o r d e r  t o  d e r i v e  a stable 

combination o f  doxy lamine succinate w i t h  d r u g s  and exc ip ients .  

DSC allows t h e  f a s t  evaluat ion o f  possible incompat ib i l i t ies  between 

substances in a formulat ion,  by look ing  a t  appearance, shif t  o r  
1 disappearance of peaks and/or  var ia t ions  in t h e  cor respond ing  AH 

D u r i n g  t h e  DSC s t u d y  t h e  thermograms o f  1 t o  1 mix tu res  o f  

doxylamine succinate w i t h  t h e  d r u g s  o r  exc ip ien ts  were compared 

w i t h  t h a t  o f  doxy lamine succ inate and t h a t  o f  t h e  d r u g  o r  exc ip ient  

i n  quest ion.  A l t h o u g h  it cannot  b e  conc lus ive ly  s ta ted  t h a t  an  

in teract ion w i l l  o c c u r  d u r i n g  s torage a t  room tempera ture  t h e r e  are  

of ten enough o t h e r  d r u g s  o r  exc ip ien ts  avai lable to use in choosing 

on ly  those u n l i k e l y  t o  cause problems . 2 

EXPE R I MENTAL 

Mater ia ls 

T h e  fo l low ing  mater ia ls  w e r e  used: doxy lamine succinate;  

s tarch;  d i r e c t l y  compressable s t a r c h  (Sta Rx 1500@); sodium 

carboxymethy l  s t a r c h  ( P rimojelm) ; mic r o c r y s t a l  I ine  cel I u lose (Av ice l  

p H  101S);. c ross  l i n k e d  sodium carboxyrnethy l  cellulose 

(Ac-Di-Sol@); col lo idal  s i l icon d iox ide  (Aerosi IB);  lactose; mannitol; 

calcium carbonate; d ica lc ium phosphate;  calc ium phosphate;  calcium 

sulphate;  p o l y v i n y l p y r r o l i d o n e  (PVP);  acetominophen; caffeine; 

codeine phosphate;  dex t romethorphan hydrobromide;  pseudoephe- 

drine hydroch lo r ide .  

D i f fe ren t ia l  Scanning Ca lor imet ry  

Samples (3 - 9 mg) were measured (Sar to r ius  4503 
microbalance) a n d  hermet ica l ly  sealed in f l a t  bot tomed aluminum 

pans. These samples were  heated i n  a n  atmosphere o f  n i t rogen a n d  

thermograms were  obta ined w i t h  a D u  Pont  910 DSC system equipped 

w i t h  a D u  Pont  Ser ies 99 Thermal  Ana lyzer  programmer.  A 
Hewlet t -Packard X-Y r e c o r d e r  was used. T h e  ins t rument  was 

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DIFFERENTIAL SCANNING CALORIMETRY 2127 

40 80 120 160 200 240 

Temperature "C 

FIGURE 1 

DSC thermograms of acetaminophen ( 1 ) ,  doxylamine succinate 

(2)  a n d  t h e i r  phys ica l  m i x t u r e  ( 3 ) .  

ca l ib ra ted  w i t h  an ind ium s t a n d a r d .  Thermograms were obta ined 

by heat ing  a t  a constanit r a t e  of 5OC p e r  minu te  a n d  recorded a t  a 

cons tan t  c h a r t  speed of  10 mm p e r  minute.  T h e  i n d i v i d u a l  

substances, as wel l  as  1:l  phys ica l  m i x t u r e s  of doxy lamine succ inate 

and d r u g s  and exc ip ients  p r e p a r e d  by m o r t a r  and pest le,  were  

heated o v e r  t h e  tempera ture  range of 30 - 24OOC. 

RESULTS AND DISCUSSION 

No s h i f t s  or minor  ones in p e a k  pos i t ions  between s i n g l e  a n d  

1 : 1 m i x t u r e s  w e r e  found f o r  combinat ions o f  doxy lamine succ inate 

w i t h  mannitol ,  AerosilB, calc ium sal ts,  s tarches,  Ac-Di-Sols,  

Pr imojels a n d  AvicelB. These substances were  t h e r e f o r e  r e g a r d e d  

as compat ib le w i t h  doxy lamine succ inate.  

In f i g u r e  1 t h e  thermograms of  acetaminophen ( 1 )  and 

Doxylamine succ inate (2) a r e  compared t o  t h a t  of t h e  1: l  phys ica l  

m i x t u r e  (3) .  It is c lear  in thermogram 3 that t h e  endotherms of 
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2128 VAN TONDER, LOTTER AND BOTHA 

40 80 120 160 200 240 
Temperature "C 

FIGURE 2 

DSC thermograms of dextromethorphan hydrobromide ( l ) ,  
doxylamine succinate (2)  and the i r  physical m ix tu re  (3). 

both d rugs  had disappeared. Two broad endotherms a t  70 - 
100°C and 170 - 24OOC appeared. It i s  concluded tha t  these two 

d rugs  should no t  be used i n  combination w i t h  each o ther .  

In f i g u r e  2 dextromethorphan hydrobromide ( l ) ,  doxylamine 

succinate (2) and the i r  1 : l  mix tu re  (3) are compared. A new broad 

endotherm appeared f rom 60 t o  100°C wi th  t h e  disappearance o f  t h e  

endotherms of bo th  d rugs .  These two  drugs might  also in te rac t  

i n  combination. 

I n  f i g u r e  3 codeine phosphate (11, doxylamine succinate (2) 
and the i r  1 : l  physical m ix tu re  (3) a re  compared. Both endotherms 

of codeine phosphate disappeared i n  thermogram 3 whi ls t  the  

doxylamine endotherm was sh i f ted  t o  a lower temperature w i th  

broadening and ta i l ing .  These two d rugs  should be avoided i n  

combination. 

I n  f i gu re  4 pseudoephedrine hydrochlor ide ( l ) ,  doxylamine 

succinate (2) and the i r  1 : l  physica l  m ix tu re  (3) are compared. 

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DIFFERENTIAL SCANNING CALORIMETRY 2129 

L 
40 80 120 I60 200 24C 

Temperature 'C 

FIGURE 3 

DSC thermograms of codeine phospha te  ( l ) ,  doxylamine 

succ inate ( 2 )  and  t h e i r  phys i ca l  m i x t u r e  (3).  

c, 
I 

I/ 

2 

I 
40 80 120 160 200 240 

Temperature "C 

F I G U R E  4 

DSC thermograrns of pseudoephedr ine  h y d r o c h l o r i d e  ( l ) ,  

doxylamine succ inate (2 )  and  t h e i r  p h y s i c a l  m i x t u r e  (3) .  
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2130 VAN TONDER, LOTTER AND BOTHA 

I 
40  80 120 160 200 24 

Temperature "C 

FIGURE 5 

DSC thermograms o f  magnesium stearate ( 1  1 ,  
succ inate (2) a n d  t h e i r  phys i ca l  m i x t u r e  ( 3 ) .  

1 

doxylamine 

T h e  endotherm o f  pseudoephedr ine  i n  t h e  m i x t u r e  was s h i f t e d  t o  a 

lower  tempera tu re  a n d  i s  v e r y  much  smal ler  t h a n  expected.  T h e  

endotherm o f  doxy lamine  succ inate in t h e  m i x t u r e  was als,o s h i f t e d  

t o  a lower tempera tu re  a n d  is v e r y  much b r o a d e r .  T h i s  combinat ion 

should also b e s t  b e  avoided.  

I n  f i g u r e  5 magnesium s tea ra te  ( l ) ,  doxylamine succ inate (2) 

a n d  t h e i r  1 : l  phys ica l  m i x t u r e  (3) a r e  compared. T h e  endotherms 

o f  magnesium stearate were  s h i f t e d  t o  h i g h e r  tempera tu res  and  

became much smal ler  t h a n  expec ted .  T h e  endotherms o f  doxy lamine 

succ inate was s h i f t e d  to a l ower  t e m p e r a t u r e  but became much 

l a r g e r  a n d  b r o a d e r  t h a n  expected.  Magnesium stearate shou ld  b e s t  

b e  avoided as an exc ip ien t  f o r  doxy lamine succ inate tab le ts .  

I n  f i g u r e  6 s tea r i c  ac id  ( l ) ,  doxy lamine  succ inate (2) a n d  t h e i r  

1 : l  phys ica l  m i x t u r e  (3) a r e  compared.  T h e  s tear ic  ac id  endotherm 

s h i f t e d  t o  a l ower  tempera tu re  a n d  become much  l a r g e r  a n d  b r o a d e r  

t h a n  expected.  T h e  endo the rm of doxy lamine succ inate was also 
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DIFFERENTIAL SCANNING CALORIMETRY 2131 

40 80 120 160 200 240 

Temperature 'C 

FIGURE 6 

DSC therrnograms of s tear ic  ac id  ( l ) ,  doxylarnine succ inate (2) 

a n d  t h e i r  phys i ca l  m i x t u r e  (3) 

1 
40 80 120 160 200 24C 

Temperature "C 

FIGURE 7 
DSC therrnograms of PVP (11, doxy larn ine succ inate (2)  a n d  

t h e i r  phys i ca l  m i x t u r e  (3 ) .  
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2132 VAN TONDER, LOTTER AND BOTHA 

W 

40 80 120 160 200 240 
Temperature "C 

FIGURE 8 

DSC thermograms of lactose (l), doxylarnine succ inate (2)  a n d  

t h e i r  phys i ca l  m i x t u r e  (3) .  

s h i f t e d  t o  a l ower  tempera tu re  and became much smaller a n d  v e r y  

b road .  It n e a r l y  d i sappeared .  S tea r i c  ac id  should b e  avoided as 

lubricant f o r  doxy lamine  succ inate.  

I n  f i g u r e  7 PVP ( l ) ,  doxy lamine  succ inate (2)  a n d  t h e i r  

phys i ca l  1 : l  m i x t u r e  (3) a r e  compared. T h e  PVP endotherm d u e  

t o  abso rbed  mo is tu re  is much smal ler  o r  d isappeared i n  the rmogram 

3. T h e  the rmogram a t  a l ower  tempera tu re  may b e  d u e  in p a r t  t o  

a s h i f t  t o  a l ower  t e m p e r a t u r e  o f  doxy lamine 's  endo the rm o r  d u e  

t o  t h e  lesser amount o f  mo is tu re  f r o m  t h e  PVP d r u g  m i x t u r e .  T h e  

e x t r a  peak a t  170'C i s  most p r o b a b l y  a complex between PVP and  

doxy lamine succ inate.  Be fo re  t h i s  combinat ion i s  used one  w i l l  have  

t o  make s u r e  t h a t  complexat ion does n o t  lead t o  a less so lub le d r u g .  

In f i g u r e  8 lactose (11, doxy lamine  succ inate (2) a n d  t h e i r  

1 : l  phys i ca l  m i x t u r e s  (3) a r e  compared. T h e  endo the rm o f  
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DIFFERENTIAL SCANNING CALORIMETRY 2133 

doxylamine was s h i f t e d  t o  a l ower  t e m p e r a t u r e  but become m u c h  

l a r g e r  a n d  b r o a d e r  t h a n  expec ted .  T h e  lactose peaks also s h i f t e d  

t o  lower  tempera tu res  a n d  became b r o a d e r  (peak  1) o r  smal ler  (peak 

2 ) .  I t  seems as if some o f  t h e  lactose i n te rac ted  w i t h  doxy lamine  

succ ina te  t o  g i v e  a l a r g e r  peak (peak  1 o f  t he rmogram 3 ) .  T h i s  

t y p e  o f  i n te rac t i on  o f  amine w i t h  lactose was p r e v i o u s l y  

d e s c r i b e d  . 3 

No a t tempt  was made d u r i n g  t h i s  study t o  determine t h e  n a t u r e  

of t h e  i n te rac t i ons ,  w h e t h e r  i t  i s  chemical o r  phys i ca l  i n te rac t i ons  

o r  eu tec t i c  o r  complex fo rma t ion .  Some o f  t h e  in teract ions may b e  

u s e f u l  t o  e f f e c t  b e t t e r  s o l u b i l i t y  a n d  o t h e r s  may b e  used to e f f e c t  

sus ta ined  release. Be fo re  u s i n g  t h e  combinat ion i t  mus t  h o w e v e r  

b e  s t ressed  t h a t  t h e  n a t u r e  o f  t h e  i n t e r a c t i o n  b e  i n v e s t i g a t e d  

b e f o r e h a n d .  

CONCLUSIONS 

D u r i n g  t h i s  p re fo rmu la t i on  s t a b i l i t y  sc reen ing  of  doxy lamine  

succ inate it was f o u n d  t h a t  doxy lamine  was compat ib le  w i t h  

manni to l ,  Aerosi lo,  calc ium sal ts,  s tarches,  Ac -D i -So ls ,  Prirnojela 

a n d  Av ice l s .  I n te rac t i ons  between doxy lamine  and t h e  f o l l o w i n g  

d r u g s  a n d  exc ip ien ts  m i g h t  r e s u l t  i n  decomposi t ion d u r i n g  s t a b i l i t y  

s to rage :  acetaminophen, dex t rometho rphan  hyd rob romide ,  codeine 

phosphate,  pseudoephedr ine  h y d r o c h l o r i d e ,  magnesium stearate,  

s tea r i c  acid, PVP a n d  lactose. 
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