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ABSTRACT 

Dif ferent ia l  scanning calor imetry (DSC) was used t o  invest i -  

gate t h e  physico-chemical compatibi l i ty between naproxen and a 

number of commonly used tablet  excipients. 

Interactions o f  naproxen wi th  PVP, cross- l in  ked PVP, 

Erncompress and the lubr icants  stear ic acid, magnesium stearate and 

Precirol  Ato 5 were found.  Naproxen was found to b e  compatible 

w i t h  starch, Sta-Rx 1500, Primojel, Expiotab, Avicel  PH 101, Elcema 

G250, Ac-Di-Sol and Sterotex.  

INTRODUCTION 

In  pharmaceutical work, studies of  t h e  interact ion between 

drug and excipients in the sol id state are obl igatory.  Excipients 

can ef fect  the  solid state s tab i l i ty  of a drug ei ther  d i rec t l y  as a 

chemical reaction between t h e  drug and t h e  excipient(s1 or, mostly 
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674 BOTHA AND LOTTER 

i nd i rec t l y  by adsorption of moisture and/or catalysis, Although a 

number of methods a r e  available f o r  rout ine drug-exc ip ient  inter-  

action studies’-’, DSC has become the  screening method of choice, 

since it allows the  fast  evaluation of possible incompatibilities be- 

tween t h e  formulation compounds der ived f rom appearance, sh i f t  

o r  disappearance of peaks and/or var iat ions in t h e  corresponding 

AH. 

Thermal analysis does not replace t h e  chemical methods f o r  

determination of  the  concentrat ion of  a drug in a dosage form and 

s t a b i l i t y  tests, but it does represent a valuable tool in the  f i r s t  
6 step o f  a formulation . 

T h i s  study was undertaken t o  establ ish the  compatibi l i ty of 

naproxen, a potent systemic non-steroidal anti- inf lammatory drug 

used in rheumatoid ar thr i t is ,wi th  a number of commonly used tablet  

excipients. Tablet formulations typ ica l l y  contain di luents, binders, 

d is integrat ion agents a n d  lubr icants,  there fore  t h e  compatibi l i ty of 

naproxen wi th  selected excipients f rom each group was investi-  

gated. This  was achieved by comparing DSC curves of the  active 

ingredient  and each of the invest igated excipients w i t h  curves for 
1 : 1 mixtures of naproxen and t h e  excipients.  

EXPERIMENTAL 

Materials 

T h e  fol lowing materials were used: naproxen (suppl ied by 
Twins-Propan, Johannesburg, R.S.A.); corn  starch; d i rect ly  

compressible starch (Sta-8x iSOW); sodium carboxymethyl  starch 

(Primojela, ExplotabB); microcrystal l ine cellulose (Avicel PH 101@) ; 
microfine cellulose (Elcema G25OB); a cross- l inked form of sodium 

ca rbox ymeth yl -cell u lose (Ac- Di - Sol@), magnesium stea rate; stea ric 

acid ; pol  i v i n y I py r rol idone ( PVP 1 ; cross - I i n ked poi ivi n y I py r r o l  idone; 
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FIGURE 1 

DSC thermograms o f  naproxen ( I ) ,  s tear  

phys ica l  mixture o f  naproxen : s t e a r i c  

c ac 

a c i d  

d (2 )  and 1 : 1 

( 3 )  

hydrogenated cotton seed o i l  (Sterotexo); g l y c e r y l  palmito stearate 

(Precisol A t 0  9); dicalcium phosphate d ihyd ra te  (Emcompress@). 

Samples (3 - 8mg) were measured and hermetical ly sealed in 

f lat-bottomed aluminium pans. Samples of ind iv idual  substances, 

as wel l  as 1 : 1 phys ica l  mix tures of naproxen and excipients 

p repared  by grinding i n  a mor ta r  and pestle, were heated o v e r  t h e  

temperature range of 30 - 200OC in an atmosphere of nitrogen a t  a 

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.



20 40 60 80 100 120 140 160 180 200 220 

TEMPERATUUR ( O C l  

FIGURE 2 

DSC thermograms o f  naproxen ( 1 1 ,  P rec i ro l  Ato 5 ( 2 )  and 1 : 1 

physical mixture o f  naproxen : Prec i ro l  A t o  5 ( 3 ) .  

constant rate of S°C per minute in a Du Pont 910 DSC system 

equipped with a Du Pont Series 99 Thermal Analyzer programmer. 

A Hewlett-Packard X-Y recorder was used. The  instrument was 

calibrated with an indium standard. The DSC curves of naproxen 

and each of the investigated excipients with 1 : 1 mixtures of 

naproxen and excipients were compared. 
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TEMPERATUUR ( O C )  

FIGURE 3 

DSC thermograrns o f  naproxen ( 1 1 ,  PVP cross-1 inked (2 )  and 

1 : 1 physical mixture o f  naproxen : PVP cross-linked ( 3 ) .  

RESULTS AND DISCUSSION 

T h e  DSC t race of naproxen ( t race 1 of fig. 1 - 6) shows a 

sharp melt ing endotherm wi th  a n  onset of 152OC and a maximum 

occur r ing  a t  155OC. 

The excipients corn starch, Sta-Rx 1500~3, Primojelo, 

Explotabm, Avicel  PH 101@, Elcema G-250@ and Ac-Di-Sol@ al l  e x h i b i t  

a shallow broad endotherm that is  completed a t  145OC. Th is  migh t  

correspond t o  t h e  volat i l izat ion of adsorbed water, since it was 
8 repor ted that t h e  thermal analysis of cellulose7 and wheat s tarch 

showed endotherms above 100°C that were a t t r ibu ted  to water va- 
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I I 1 I 1 I 1 1 I I I #  

20 40 60 80 100 120 140 160 iao 200 220 

' 

DSC thermograms o f  naproxen ( 1 1 ,  PVP ( 2 )  and 1 : 1 physical 

mixture o f  naproxen : PVP ( 3 ) .  

por. I t  is probable that similar dehydration reactions occur in 

Brimojel, Explotab and Ac-Bi-Sol. The combination 0f naproxen 

with each of these excipients exhibit the characteristic features of 

napsoxen, indicating compatibility. As expected, some changes in 

peak shape and height-to-width ratio can be seen because of pss- 
9 

sible differences in the mixture sample geometry . 
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FIGURE 5 

DSC thermsgrams of naproxen ( 1 1 ,  Mg-stearate ( 2 )  and 1 : 1 

physical mixture o f  naproxen : Mg-stearate ( 3 ) .  

The trace of naproxen : SterotexB also combines the features 

characteristic of the curves of each component, indicating compat- 

ibi i ity . 
When two substances are mixed, the puri ty of each may be 

reduced and generally slightly lower melting endotherms result. 

If the solid-solid interaction is extremely weak or non-existent, the 
reduction of the melting point is  usually inconsequential. On the 
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FIGURE 6 

DSC thermograms o f  naproxen (l), Emcompress ( 2 )  and 1 : 1 

physical mixture o f  naproxen : Emcompress ( 3 ) .  

other  hand, any large shift in melt ing po in t  signif ies t h a t  a s t rong 

sol id-sol id interact ion has occurred, al though it does not  neces- 

sar i l y  indicate an incompatibi l i ty. 

In t h e  trace of a naproxen : stearic acid mix tu re  ( t race 3; 
fig. 1) the characterist ic endotherm of stearic acid (49 - 55OC) can 

b e  seen, as well as a lowered naproxen endothermic peak at  a 

temperature of 124 - 141OC. This peak i s  also smaller than antic- 
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NAPROXEN AND TABLET EXCIPIENTS 681 

ipated and could b e  indicat ive of  an  interact ion.  A number of  in- 

compatibilities between stearic acid and drug components have 

already been repor ted 

The combination naproxen : Precirol  A t o  5@ ( t race 3; fig. 2) 
shows not  only a lowered naproxen endotherm, namely a t  135 - 
146OC, but also a smaller peak than anticipated. T h i s  resu l t  might  

b e  ind icat ive o f  an interaction. 

T h e  c u r v e  of cross- l inked PVP ( t race 2, fig. 3) shows a broad 

endotherm (30 - 140OC) due t o  t h e  volat i l izat ion of adsorbed water. 

T h e  combination naproxen : cross- l inked PVP shows, apar t  from 
t h e  water endotherm, a small endotherm w i t h  an onset temperature 

of 153OC ( t race 3; fig. 3) .  T h i s  peak i s  much smaller than antic- 

ipated and could b e  indicat ive of an  interact ion.  

Trace 2 o f  fig. 4 is t h e  c u r v e  o f  PVP, showing a broad 

adsorbed water endotherm (12% of water as determined by Kar l  

Fischer titration method) over  t h e  temperature range of 53 - 
96OC. A mix tu re  o f  naproxen : PVP shows, apar t  f rom t h e  water 

endctherm, a vsry slight endotherm w i t h  a maximum a t  125OC. T h e  

disappearance of one o f  t h e  component peaks in a mix tu re  might 
3 b e  indicat ive of  an  incompat ib i l i ty  . 

10-13 

T h e  DSC curve  of magnesium stearate shows a broad melt ing 

endotherm a t  110 - 113OC ( t race 2, fig. 5) while t h e  combination 

of naproxen : magnesium stearate shows an  endothermic peak w i th  

an onset o f  81OC a n d  also two small endotherms wi th  onsets of 

85OC and 14OOC ( t race  3, f ig.5).  Ex t ra  thermal ef fects in a 

thermogram before t h e  peak of  the  lower melt ing component might  
3 b e  indicat ive of  a n  incompat ib i l i ty  . 

Dicalcium phosphate d ihydra te  [EmcompressQ) shows a melt ing 

endotherm wi th  an onset of 176OC and a maximum a t  187OC ( t race  

3, fig. 6). The combination of naproxen : dicalcium phospate 

d ihydra te  shows a complicated endotherm which could b e  ind icat ive 

o f  a n  incompatibi l i ty, sine t h e  combination of a n  alkal ine vehicle, 

such as dicalcium phosphate w i th  an acidic component (pKa 4,7) i s  
14 contra- i ndicated . 
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682 BOTHA AND LOTTER 

CONCLUSIONS 

DSC studies o f  naproxen i n  combination wi th  a number of 

commonly used tablet  excipients reveal no interact ion between 

naproxen and fol lowing excipients, namely corn  starch, Sta-Rx 

1500, Primojel, Explotab, Avicel  PH 101, Elcema G250, Ac-Di-Sol 

and Sterotex. 

Al though it cannot be conclusively stated t h a t  an interact ion 

wi l l  occur during storage a t  room temperature if naproxen is used 
in combination w i th  s tear ic  acid, Precirot A to  5, cross- l inked PVP, 

PVP, magnesium stearate o r  Emcompress, there  are  suf f ic ient  

excipients available to choose only  those unl ike ly  to cause problems. 
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