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ABSTRACT 

Di f fe ren t i a l  scann ing  ca lo r ime t ry  was used t o  i nves t i ga te  t h e  

in te rac t ions  between t h e  drug ke top ro fen  and a number of commonly 

used tab le t  exc ip ien ts .  Ketopro fen  was f o u n d  t o  i n te rac t  w i t h  

Prec i ro l  A t o  5, magnesium stearate,  Emcompress, PVP, c ross - l i nked  

PVP and lactose. 

INTRODUCTION 

T h i s  s t u d y  was under taken  t o  establ ish t h e  compat ib i l i t y  of 

ke topro fen  [2-(3-benzoylphenyl)propionic acid] ,  a drug w i t h  

analgesic, an t i - in f lammatory  and a n t i p y r e t i c  act ions wh ich  is used 

i n  t h e  t rea tment  o f  rheumatoid a r t h r i t i s  and os teoar th r i t i s ,  w i t h  a 

number  o f  commonly used tab le t  and capsule exc ip ien ts .  
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416 BOTHA AND LOTTER 

I n  pharmaceutical preformulat ion work,  studies o f  t h e  i n te r -  

action between d r u g  and excipients i n  the  sol id state a re  obl igatory .  

Excipients can af fect  t h e  sol id state s tab i l i ty  of a drug e i ther  di- 

rec t l y  as a chemical reaction between t h e  d r u g  and t h e  exc ip ient (s1 

or ,  mostly, i nd i rec t l y  by sorpt ion o f  moisture and/or catalysis. 

S i n ce tab I e t  form u I a t  ion s t y  p i ca I I y con t a  i n d i I u en t s , b i n de r s  , 
disintegrat ion agents and lubr icants,  compat ib i l i ty  screening must 

be considered w i t h  selected excipients f rom each g roup .  Two 

methods are available f o r  rout ine d rug -exc ip ien t  interact ion studies, 

namely thermal analysis, both d i f ferent ia l  thermal analysis 

( D T A ) ’ - *  and d i f ferent ia l  scanning calor imetry (DSC)3-5, and 

quant i ta t ive assay a f te r  an isothermal stress tes t  . DSC allows t h e  

fast  evaluation of  possible incompatibi l i t ies between t h e  formulat ion 

compounds de r i ved  f rom appearance, s h i f t  o r  disappearance of 

peaks and/or var iat ions i n  t h e  corresponding AH. Thermal analysis 

does not  replace t h e  chemical methods f o r  determination o f  t h e  

concentrat ion of a d r u g  i n  a dosage form and does not  replace 

s tab i l i ty  tests, b u t  i t  does represent a valuable tool i n  t h e  f i r s t  

step of  a formulation . Van Dooren8 has recommended t h e  use of 

DSC in  combination w i t h  sho r t  time stress i n  o r d e r  t o  evaluate DSC 

cu rves  easier. 

6 

7 

I n  th i s  work,  t h e  compat ib i l i ty  of  ketoprofen w i t h  a number 

of  excipients commonly used in  tablet  and capsule manufacture was 

invest igated as a preformulat ion s tudy .  T h i s  was achieved by 

comparing the  DSC thermograms of  ketoprofen and each of  t h e  i n -  

vestigated excipients wi th  1 : 1 mixtures o f  ketoprofen and 

excipients. A l though it cannot b e  conclusively stated that an 

interact ion wi l l  occur d u r i n g  storage a t  room temperature,  t h e r e  

are of ten suf f ic ient  excipients available t o  chose on ly  those un l i ke l y  
9 t o  cause problems . 

EXPERIMENTAL 

Materials 

The fol lowing materials were used: ketoprofen (suppl ied by 

Twins-Propan, Johannesburg,  RSA);  starch; d i r e c t l y  compressible 
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DIFFERENTIAL SCANNING CALORIMETRY 41 7 

s ta rch  (S ta-Rx 1500B); sodium ca rboxymethy l  s t a r c h  (PrimojelB,); 

m ic roc rys ta l  I ine  cel I ulose ( Av ice l  PH 1 O l @ )  ; micro f  ine  cel I u lose 

(Elcema G250B) ; a cross - I i n  ked  f o r m  o f  sodium 

carboxymethy lce l lu lose  (Ac-Di-Sol@); hyd rogena ted  co t ton  seed oil 

(SterotexB);  g l y c e r y l  palmitostearate (P rec i ro l  A t o  50) ; magnesium 

stearate; d icalc ium phosphate  d i h y d r a t e  (Emcompress@); 

p o l y v i n y l p y r r o l i d o n e  (PVP); c ross - l i nked  PVP; lactose. 

D i f f e ren t i a l  Scann ing  Ca lo r ime t ry  (DSC)  

Samples (3 - 8 mg)  were  measured (Sar to r i us  4503 rnicrobal- 

ance) and  hermet ica l l y  sealed i n  f l a t  bot tomed aluminum pans .  

These samples were  heated i n  an atmosphere o f  n i t r o g e n  and 

thermograms were  ob ta ined  w i t h  a Du Pont  910 DSC system equ ipped  

w i t h  a D u  Pont Series 99 Thermal  Ana lyze r  p rogrammer .  A 

Hewle t t -Packard  X - Y  reco rde r  was used.  T h e  ins t rumen t  was ca l -  

i b r a t e d  w i t h  a n  i nd ium s tandard .  Thermograms were  ob ta ined by 

heat ing  a t  a cons tan t  r a t e  o f  5OC p e r  m inu te  and  reco rded  a t  a 

cons tan t  c h a r t  speed o f  10 mm p e r  minu te .  T h e  i n d i v i d u a l  sub- 

stances, as we l l  a s  1 : 1 phys ica l  m i x t u r e s  of ke top ro fen  and 

exc ip ien ts  p r e p a r e d  by m o r t a r  a n d  pest le,  were  heated o v e r  t h e  

tempera ture  range  o f  30 - 250OC. 

RESULTS AND DISCUSSION 

T h e  DSC thermogram of ke topro fen  ( t r a c e  1 o f  f i g u r e s  1 - 8 )  

showed a me l t i ng  endothermic  peak w i t h  an  onset  o f  88'C and a 

maximum peak of t r a n s i t i o n  a t  91OC. T h e  exc ip ien ts  s ta rch ,  S ta-Rx 

1500, Primojel, Av ice l  P H  101, Elcema G250 and Ac-D i -So l  e x h i b i t e d  

a shal low b r o a d  endotherm that  was completed a t  145OC. T h i s  may 

co r respond  t o  t h e  vo la t i l i za t ion  of adsorbed wa te r  s ince it was r e -  
10-11 p o r t e d  t h a t  t h e  thermal  analyses of cel lulose and wheat s ta rch  

showed endotherms above 100°C t h a t  were  a t t r i b u t e d  t o  water  v a -  

p o r .  I t i s  probab le  that s imi lar  d e h y d r a t i o n  react ions o c c u r r e d  i n  
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418 BOTHA AND LOTTER 
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FIGURE 1 
DSC thermograms o f  ke top ro fen  ( 1 1 ,  p h y s i c a l  m i x t u r e s  o f  
ke topro fen  - A v i c e l  PH 101 (21 ,  ke top ro fen  - Elcema 6250 ( 3 )  
and ke top ro fen  - Pr imo je l  ( 4 ) .  

Primojel and Ac-Di-Sol. If no in teract ion occurred, t h e  DSC 

thermograms of  mix tures of  these excipients w i t h  ketoprofen wi l l  

ref lect  t he  combined character ist ic features o f  ketoprofen and t h e  

excipient.  T h i s  is indeed t h e  case as  showed i n  t race 2 - 4 o f  fig. 

1, i l l us t ra t i ng  t h e  thermograms of  1 : 1 physical  mix tures of  

ketoprofen w i t h  Avicel PH 101, Elcema G250 and Primojel respec- 

t i ve l y .  Similar thermograms were obtained w i th  1 : 1 mixtures of  

ketoprofen and starch, S t a - R x  1500 and Ac-Di-Sol .  As expected, 

some changes in  peak shape and he igh t - to -w id th  rat ios were found, 

because of  possible di f ferences i n  t h e  m i x t u r e  sample geometry 12 

The  thermogram of ketoprofen : Sterotex physical  m i x t u r e  

( t race 3, f i g . 2 )  combined t h e  features character ist ic of  t h e  
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DIFFERENTIAL SCANNING CALORIMETRY 41 9 
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FIGURE 2 
DSC thermograms o f  ketoprofen ( l ) ,  Ste ro tex  ( 2 )  and a phys ica l  
mix ture o f  ke topro fen  - S te ro tex  ( 3 ) .  

thermograms of each component ind icat ing t h a t  no reaction oc- 

cu r r e d .  

On t h e  o the r  hand, the  thermogram o f  ketoprofen : Precirol  

Ato 5 ( t race  3, f ig. 3)  showed a downward s h i f t  o f  t h e  ketoprofen 

melt ing endotherm t o  a temperature of  77 - 96OC; also, t h e  size of 

t he  peak was appreciably smaller t han  expected. A large s h i f t  in 

melt ing point  s igni f ies tha t  a s t rong  sol id-sol id interact ion has oc- 

curred,  al thaugh it does not necessari ly indicate an incompat ib i l i ty .  

The  thermogram o f  magnesium stearate ( t race 2, f i g .  4) 
showed t rans i t ion endotherms wi th  onsets of l lO°C and 15OoC, t h e  

l a t te r  small. Mul ler  , us ing DTA/TG, examined two crysta l l ine 

forms of magnesium stearate; each w i t h  a number of  t rans i t i on  

13 
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420 BOTHA AND LOTTER 
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FIGURE 3 
DSC thermograms of ketoprofen ( l ) ,  Precirol Ato 5 ( 2 )  and  a 
physical mixture of ketoprofen - Precirol Ato 5 ( 3 ) .  

temperatures. The needle fo rm had endothermic t rans i t ion peaks 

a t  59, 81, 116, 15OOC and a degradat ion exotherm a t  183OC, while 

magnesium stearate plates exhib i ted endothermic t rans i t ion temper- 

atures a t  60, 76, 104, 17OOC and a degradat ion exotherm a t  

200OC. T h e  endotherm of magnesium stearate a t  l lO°C was v e r y  

small i n  t h e  thermogram obtained by t h e  m ix tu re  ketoprofen : 

magnesium stearate ( t race 3, fig. 4) .  Also, t h e  character is t ic  

endotherm due t o  ketoprofen was absent and an endotherm a t  a 

much lower temperature (59 - 65OC) was obtained. E x t r a  thermal 

effects i n  a thermogram before t h e  peak o f  t h e  lower melt ing com- 

ponent might  be indicat ive of an incompat ib i l i ty ,  t h i s  also applies 

when one o f  t h e  component peaks disappears completely . Stearates 8 
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DIFFERENTIAL SCANNING CALORIMETRY 421 

1 1 1 1 1 I 1 1 1 I 1 1 1 1 

o 20 40 60 80 100 120 140 60 ieo 200 220 240260 
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FIGURE 4 
DSC thermograms o f  ke top ro fen  ( 1)  , magnesium s t e a r a t e  ( 2 )  and 
a p h y s i c a l  m i x t u r e  o f  ke top ro fen  - magnesium s t e a r a t e  ( 3 ) .  

were  shown t o  b e  incompat ib le w i t h  cephalexin14, anhydrous 

ampici I I i n15, e r y t h  romyci  n ", nal idi x i c  acid'  , c h  l o r p  ropamide a n d  
18 indomethacin . 

T h e  cha rac te r i s t i c  me l t ing  endotherm of ke top ro fen  can b e  seen 

in a combinat ion o f  ke topro fen  w i t h  Emcompress ( t r a c e  3, f ig. 51, 

but t h e  cha rac te r i s t i c  me l t ing  endotherm o f  Emcompress (176 - 
187OC; t r a c e  2, fig. 5) had been ob l i t e ra ted .  A n  e x t r a  endotherrn 

cou ld  b e  seen a t  a tempera ture  of 98 - 103OC, i nd i ca t i ng  a poss ib le  

incompat ib i l i t y  of ke topro fen  w i t h  Emcompress. 

T r a c e  2 of  fig. 6 i s  t h e  thermogram o f  PVP, showing a b r o a d  

endotherm (53 - 96OC) due  t o  adsorbed wa te r .  I n  t h e  thermogram 

of a phys i ca l  m i x t u r e  of ke topro fen-PVP ( t race  3, fig. 6), t h e  
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FIGURE 5 
DSC thermograms of ke top ro fen  ( 1  ) 
p h y s i c a l  m i x t u r e  o f  ke top ro fen  - Emcompress ( 3 ) .  

Emcompress ( 2 )  and a 

I 1 I I 1 1 I 1 I 1 1 1 I 1 
0 20 40 60 80 100 120 140 160 I80 200220 240 26( 

9 20 40 60 80 100 120 140 160 180 200 210 240 27( 

TEMPERATURE ("C) 

FIGURE 6 
DSC thermograms o f  ke top ro fen  ( 1 )  
m i x t u r e  o f  ke top ro fen  - PVP ( 3 ) .  

PVP ( 2 )  and a p h y s i c a l  
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DIFFERENTIAL SCANNING CALORIMETRY 423 
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I 
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FIGURE 7 
DSC thermograms of ketoprofen (I), cross-linked PVP (2) and a 
physical mixture of ketoprofen - cross-1 inked PVP (3). 

character ist ic melt ing endotherm of ketoprofen was absent, which 

can be ind icat ive of  an interact ion.  

T h e  thermogram of cross- l inked PVP also showed a b road  

endotherm due t o  adsorbed water ( t race 2, f ig. 7 ) .  A small 

endothermic t rans i t ion a t  a temperature of  75 - 88OC was found  i n  

t h e  thermogram of a physical  m ix tu re  o f  ketoprofen : cross- l inked 

PVP ( t race  3, fig. 7) which is ind icat ive of  an interact ion.  

T h e  thermogram o f  lactose showed two  large endothermic 

t rans i t ions a t  137 - 144OC and 207.5 - 217OC, followed by a t h i r d  

smaller endotherm ( t race 2, f i g .  8 ) .  T h e  ketoprofen : lactose 

combination showed, a p a r t  f rom t h e  character ist ic ketoprofen 

endotherm, also endotherms a t  126 - 133OC and 204 - 21OOC as well 
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4 24 BOTHA AND L O T T E R  

0 

W 

a 

F I G U R E  8 
DSC thermograms of ketoprofen ( I ) ,  lactose ( 2 )  and a physical 
mixture o f  ketoprofen - lactose ( 3 ) .  

as a smaller endotherm a t  150 - 151OC. If character ist ic new peaks 

can be seen in  thermograms of  d rug -exc ip ien t  mixtures,  it can be  

i n f e r r e d  t h a t  a n  interact ion is o c c u r r i n g  between t h e  compounds 

and is l i ke ly  t o  resul t  i n  a chemical incompat ib i l i ty  19 

No attempt was made d u r i n g  th i s  s tudy  t o  determine t h e  na tu re  

o f  t h e  interactions, be  it chemical o r  physical  interact ions,  eutect ic 

o r  complex formation. 

CONCLUSIONS 

I n  t h e  preformulat ion s tab i l i ty  screening i n  o r d e r  to formulate 

a ketoprofen dosage form, it was found  t h a t  ketoprofen was com- 
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DIFFERENTIAL SCANNING CALORIMETRY 425 

pat ib le  w i t h  starch, Sta-Rx 1500, Primojel, Avicel  PH 101, Elcema 

G250 and Ac-Di-Sol .  In teract ions between ketoprofen and t h e  fo l -  

lowing excipients might  resu l t  i n  decomposition d u r i n g  s t a b i l i t y  

storage : Precirol  A to  5; magnesium stearate;  Emcornpress; PVP; 

cross- l inked PVP and lactose. 
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