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ABSTRACT 

Th i s  i n v e s t i g a t i o n  w a s  des igned  t o  de t e rmine  t h e  in v i t r o  

release of i b u p r o f e n  from s u p p o s i t o r y  b a s e s ,  and t h e i r  in v i v o  

b i o a v a i l a b i l i t y  i n  r a b b i t s .  Suppos i to i . i e s  c o n t a i n i n g  i b u p r o f e n  

w e r e  made by t h e  f u s i o n  method w i t h  Theobroma o i l ,  Wi tepso l  H-15 

and PEG 1540. In o r d e r  t o  produce an cTxact dosage form,  t h e  

d i sp lacemen t  v a l u e  w a s  determined.  The s u p p o s i t o r y  h a r d n e s s  w a s  

determined by u t i l i z i n g  t h e  SBT (Erweka) a p p a r a t u s  and i t t  w a s  

found t h a t  t h e  Wi tepso l  H-15 a l l o w s  t h e  f o r m a t i o n  of b r i - t t l e r  

s u p p o s i t o r i e s .  The release rates were de t e rmined  w i t h  t h e  USP 

__ __ 

* R e p r i n t  r e q u e s t s  t o  C o l l e g e  of Pharmalcy, L . I . U . ,  Brooklyn, N.Y.  
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412 ALI ET AL. 

d i s s o l u t i o n  appara tus  and w i t h  ce l lophane  membrane and i t  was 

found t o  be:  PEG 1540 > W i t e p s o l  H-15 > Theobroma o i l .  The b i o a v a i l -  

a b i l i t y  of Indomethacin a f t e r  rectal  a d m i n i s t r a t i o n  w a s :  PEG 1540 > 

Witepsol  H-15 > Theobroma o i l  which c o r r e l a t e s  w i t h  t h e  i n  v i t r o  

release. 

INTRODUCTION 

Ibuprofen ,  2-(4-isobutylphenyl) propionic  a c i d  i s  a nons ter -  

o i d a l  agent  w i t h  ant i - inf lammatory,  a n a l g e s i c  and a n t i p y r e t i c  

p r o p e r t i e s  It is  be ing  used i n  t h e  t rea tment  of rheumatoid 

a r t h r i t i ~ ( ~ - ~ ) ,  o s t e o r t h r i t i ~ ( ~ ? ~ ) ,  a c u t e  gouty a r t h r i t i s ( ' ) ,  and 

mild t o  moderate degrees  of pain'''). 

u s e  i n  dysmenorrhea(11s12). 

Recent s t u d i e s  i n d i c a t e  i t s  

Though i t  h a s  been suggested t h a t  i t  i s  a r e l a t i v e l y  s a f e  drug, 

l i k e  a l l  o t h e r  ant i - inf lammatory a g e n t s ,  i t  produces g a s t r o i n t e s -  

t i n a l  s i d e  e f f e c t s ,  u l c e r a t i o n  and b leeding  be ing  t h e  most ~ o m r n o n ( ~ ~ 9 ~ ~ ) .  

This  l i m i t s  i t s  v a l u e  i n  p a t i e n t s  who are prone t o  g a s t r i c  i r r i t a t i o n ,  

p e p t i c  u l c e r ,  e tc .  Rectal therapy  i n  such c l i n i c a l  s i t u a t i o n s  could 

b e  of g r e a t  va lue .  Hence, t h e  purpose of t h i s  s tudy  w a s  t o  formula te  

ibuprofen  s u p p o s i t o r i e s  u s i n g  t h r e e  bases :  theobroma o i l ,  PEG 1540, 

and Witepsol  H-15, and t o  e v a l u a t e  t h e i r  physicochemical  p r o p e r t i e s  

and b i o a v a i l a b i l i t y  i n  r a b b i t s .  

EXPERIMENT 

Material and Reagents 

Ibuprofen', PEG 15402, Witepsol  H-1!i3, theobroma o i l 4 ,  e t h a n o l 4 ,  

b u f f e r e d  s o l u t i o n  P H = ~ ~ ,  acet ic  a c i d 4 ,  methanol5, and a c e t o n i t r i l e 5 .  
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EDICAMENT RELEASE FROM SUPPOSITORY BASES. I11 413 

A c e t i c  a c i d ,  a c e t u 1 i i t r i l r  and methanol  were of chr-omnat- 

o g r a p h i c  g r a d e ,  w h i l e  t h e  o t h e r  chemica l s  were o f  a n a l y t  i c a l  

g rade .  

Apparatus  - 

U.S.P. t a b l e t  d i s s o l u t i o n  a p p a r a t u s 6 ,  U . S . P .  t a b l e t  d i s -  

/ i n t e g r a t i o n  a p p a r a t u s ' ,  f r a c t u r e  p o i n t  t e s t i n g  apparatu.s  , 

s u p p o s i t o r y  m e l t i n g  t es te r7 ,  Dynac c e n t r i f u g e 8 ,  r e c i r c u l a t i n g  

t h e r m o s t a t 7 ,  and s p e ~ t r o p h o t o m e t e r ~ .  'The high-performance 

l i q u i d  chromatograph5 c o n s i s t e d  of a c m s t a n t  f low pump5 ~ a 

u n i v e r s a l  i n j e c t o r 5 ,  C-18 r e v e r s e d  phase  column i n  series5, 

and a U.V.  d e t e c t o r 5  set  a t  254 nm. 

I n  V i t r o  S t u d i e s  __________ 
A l l .  s u p p o s i t o r i e s  were p r e p a r e d  by a f u s i o n  inethod u s i n g  

t h r e e  b a s e s :  theobroma o i l ,  PEG 1540, and W i t e p s o l  H-15 .  

The disp1acen;ent  v a l u e  of i b u p r o f e n  i n  t h e s e  b a s e s  w a s  ca l cu -  

l a t e d ,  as p r e v i o u s l y  d e ~ c r i b e d ( l ~ > ~ ~ ) ,  

A f t e r  c a l c u l a t i n g  t h e  d i s p l a c e m e n t  v a l u e ,  t h e  we igh t  of 

each b a s e  w a s  de t e rmined .  The b a s e  was; c a r e l u l . l y  me l t ed  on a 

steam.h,l th t a k i n g  p r e c a u t i o n s  n o t  t o  ovc:rheat.  The  d rug  w a s  i n -  

c o r p o r a t e d  and t h e  r e s u l t a n t  m a s s  a l l owed  t o  cool.. When t h e  mass 

began t o  s o l i d i f y ,  i t  w a s  poured i n t o  molds a n d  a l lowed  t o  c o n g e a l .  

The e x c e s s  amount was trimmed away w i t h  a s h a r p  b l a d e .  A f t e r  i n i -  

t i a l  c o o l i n g ,  the s u p p o s i t o r i e s  were rc,moved from t h e  molds and 

s t o r e d  i n  a w e l l  c l o s e d  c o n t a i n e r .  
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4 14 ALI ET AL. 

Weight Determina t ion  

Twenty s u p p o s i t o r i e s  from each b a s e  w e r e  weight  i n d i v i d u a l l y .  

The average  weight  and t h e  percentage  v a r i a t i o n  w a s  c a l c u l a t e d .  

Though t h e  U.S.P. does  n o t  s p e c i f y  t h e  weight  v a r f a t i o n  f o r  r e c t a l  

s u p p o s i t o r i e s  a f 5.0% d e v i a t i o n  is q u i t e  reasonable .  

Content  Uniformity 

Ten randomly s e l e c t e d  s u p p o s i t o r i e s  from each b a s e  w e r e  assayed 

i n d i v i d u a l l y .  A preweighed s u p p o s i t o r y  w a s  p laced  i n  a 100 m l  volu- 

m e t r i c  f l a s k  c o n t a i n i n g  2 0  m l  of phosphate  b u f f e r  s o l u t i o n  (pH=8). 

The s u p p o s i t o r y  w a s  mel ted w i t h  g e n t l e  h e a t  on a water b a t h .  

volume w a s  a d j u s t e d  t o  100 ml w i t h  phosphate  b u f f e r .  

a g i t a t e d  on a r e c i p r o c a t i n g  shaker  f o r  4 hours ;  10 m l  of  t h i s  s o l u t i o n  

w a s  d i l u t e d  t o  50 m l ,  c e n t r i f u g e d  and f i l t e r e d .  I ts  absorbance w a s  

measured a t  272 mu on t h e  spec t rophotometer .  The c o n c e n t r a t i o n  w a s  

determined w i t h  r e f e r e n c e  t o  a s t a n d a r d  c u r v e  o b t a i n e d  by p l o t t i n g  

abosrbance v e r s u s  known c o n c e n t r a t i o n  of ibuprofen .  

The 

The f l a s k  w a s  

A s imul taneous  b l a n k  was r u n  t o  de te rmine  i f  t h e r e  w a s  any in-  

t e r f e r e n c e .  N o  s i g n i f i c a n t  i n t e r f e r e n c e  w a s  found. 

There are no U.S.P. s p e c i f i c a t i o n s  f o r  c o n t e n t  un i formi ty  of  

s u p p o s i t o r i e s ,  b u t  as i t  h a s  s p e c i f i e d  i n  o t h e r  s o l i d  dosage forms 

a 2 10% l i m i t  was set .  

F r a c t u r e  P o i n t  Determination. 

Zhe f r a g i l i t y  of s u p p o s i t o r i e s  w a s  determined by u s i n g  t h e  

f r a c t u r e  p o i n t  t e s t i n g  appara tus .  

double  wal led  chamber which m a i n t a i n s  t h e  d e s i r e d  tempera ture  

when connected t o  a r e c i r c u l a t i n g  t h e r m o s t a t i c a l l y  c o n t r o l l e d  

The a p p a r a t u s  c o n s i s t s  of a D
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MEDICAMENT RELEASE FROM SUPPOSITORY BASES. I11 4 15 

b a t h .  The s u p p o s i t o r y  p l a c e d  i n  t h e  cliamber i s  s u b j e c t e d  t o  

a n  i n i t i a l  l o a d  of 0.6 Kg. A f t e r  one m i n u t e ,  a d i s c  we igh ing  

0 . 2  Kg i s  added and t h e  p r o c e s s  con t in l i ed  u n t i l  t h e  s u p p o s i t o r y  

c o l l a p s e s .  I f  t h e  b r e a k i n g  o c c u r s  w i t l i i n  t h e  f i r s t  20 seconds  

a f t e r  t h e  a p p l i c a t i o n  of  t h e  a d d i t i o n a i  d i s c ,  onLy t h e  sum of  

t h e  p r e v i o u s  w e i g h t s  i s  c o n s i d e r e d .  Ij i t  c o l l a p s e s  between 

20-40 s e c o n d s ,  on ly  h a l f  t h e  v a l u e  o f  z i d d i t i o n a l  w e i g h t  w a s  

added t o  t h e  sum. I f  the  b r e a k i n g  occttrs a f t e r  40 s e c o n d s ,  t h e  

a d d i t i o n a l  w e i g h t  i s  f u l l y  c o n s i d e r e d .  

I t  i s  i m p o r t a n t  t h a t  t h e  s u p p o s i t o r i e s  m a i n t a i n  the1.r s h a p e  

unde r  v a r i o u s  ambien t  t e m p e r a t u r e s  and t h a t  the  m e l t i n g  t i m e  i s  

c o n t r o l l e d  a f t e r  i n s e r t i o n ( 1 7 ) .  I n  f a c t ,  s u p p o s i t o r i e s  must b e  

f o r m u l a t e d  t o  m e l t  c o m p l e t e l y  a t  a t e m p e r a t u r e  abou t  one d e g r e e  

below normal body t e m p e r a t u r e .  

The m e l t i n g  r a n g e  c a n  b e  d e t e r m i n e d  by immersing t h e  suppos-  

i t o r y  i n  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  w a t e r b a t h .  For theobroma 

o i l  and W i t e p s o l  H-15,  t h e  U.S.P. T a b l e t  D i s i n t e g r a t i o n  Appara tus  

was u s e d ,  and t h e  s u p p o s i t o r y  m e l t i n g  ttzster w a s  u t i l i z e d  f o r  PEG 

1540. 

Release R a t e  

P r o c e d u r e  I :  Using U.S.P. R o t a t i n g  Baske t  D i s s o l u t i o n  Appara tus  

- 

Each s u p p o s i t o r y  w a s  p l a c e d  i n  a wi l l -e  b a s k e t  ad lowtered i n t o  

a beake r  c o n t a i n i n g  600 m l  of phospha te  b u f f e r  s o l u t i o n  (pH=8), 

m a i n t a i n e d  a t  a c o n s t a n t  t e m p e r a t u r e  of  37" i_ 0 . 5 " C .  The b a s k e t  

w a s  r o t a t e d  a t  100 r.p.m. 10 ml sample? were drawn a t  t i m e  i n -  

t e r v a l s  and r e p l a c e d  w i t h  e q u a l  amounts of b u f f e r  s o l u t i o n .  The 
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4 16 A L I  ET AL. 

samples  w e r e  c e n t r i f u g e d ,  f i l t e r e d  and assayed by u s i n g  a spec t ro-  

photometer (absorbance a t  272 A )  t o  o b t a i n  a d i s s o l u t i o n  p r o f i l e .  

Procedure 11: Employing Dia lyz ing  Tube 

The d i a l y z i n g  bags were prepared from d i a l y z i n g  ce l lophane  

tub ing  and soaked o v e r n i g h t  i n  phosphate  b u f f e r  s o l u t i o n .  A f t e r  

r i n s i n g  t h e  bags twice, 20 m l  of t h e  b u f f e r  w a s  in t roduced  i n  each. 

One s u p p o s i t o r y  w a s  p laced  i n  every  t u b e ,  which w a s  t h e n  t i e d  and 

immersed i n  beakers  c o n t a i n i n g  400 m l  of b u f f e r  s o l u t i o n .  The 

s o l u t i o n s  w e r e  c o n s t a n t l y  s t i r r e d  and maintained a t  27" ? 0 . 5 " C .  

5 m l  samples  w e r e  drawn and assayed  as is. 

I n  Vivo S t u d i e s  

Heal thy ,  w h i t e ,  male, New Zealand r a b b i t s  weighing about  3-4 Kg 

w e r e  used as test  animals .  They w e r e  d i v i d e d  i n t o  f o u r  groups of 

t h r e e  an imals  each:  group A f o r  PEG 1540 s u p p o s i t o r i e s ,  group B 

f o r  Witepsol  H-15 s u p p o s i t o r i e s ,  group C f o r  theobroma o i l  supposi-  

t o r i e s  and group D f o r  o r a l  a d m i n i s t r a t i o n  of ibuprofen  suspens ion .  

A 2.0 m l  b lood sample w a s  drawn f o r  each animal b e f o r e  adminis- 

t r a t i o n  of t h e  drug t o  s e r v e  as c o n t r o l .  A t  t i m e  z e r o  one s u p p o s i t o r y  

w a s  i n s e r t e d  r e c t a l l y  and observed f o r  expuls ion .  S i m i l a r l y ,  a sus-  

pens ion  c o n t a i n i n g  an e q u i v a l e n t  amount of drug  w a s  adminis te red  or- 

a l l y .  Blood samples were c o l l e c t e d  a t  %, %, 1, l%, 2 ,  3 ,  4 ,  5 ,  6 ,  

and 24 hours  by c a r d i a c  p u n c t u r e ,  allowed t o  c l o t  a t  room tempera ture  

f o r  about  twenty minutes ,  and t h e n  c e n t r i f u g e d  a t  2000 r.p.m. f o r  

h a l f  an hour .  The serum w a s  s e p a r a t e d  and analyzed by HPLC o r  

deep f r o z e n  u n t i l  assayed.  
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MEDICAMENT RELEASE FROM SUPPOSITORY BASES. 111 4 L7 

- Apparatus  and Chromatographich C o n d i t i o n s  

A h i g h  p r e s s u r e  l i q u i d  chromatogralih equipped w i t h  a UV-detector 

(model 4 4 0 )  s e t  a t  254 nm w a s  employed. The mob1.112 phase  w a s  ace ton -  

i t r i l e  - 0 .1  M a c e t i c  a c i d  ( 5 5 : 4 5  v / v ) .  The f l O b 7  r a t e  was 1 ml/min 

a t  a p r e s s u r e  of 1500 p s i ,  and t h e  coliimn was Boudapak C - 1 8 .  

I n t e r n a l  S t anda rd  S o l u t i o n  ________. 

10 mg of t h e  i n t e r n a l  s t a n d a r d  (1-I p-f luorobm:zoyl-'j-methoxy-2-- 

me thy l  i n d o l  a c e t i c  acid'") w a s  d i s s o l v e d  i n  methanol  in a 10 m l  

v o l u m e t r i c  Elask. 0 . 1  m l  of t h i s  1 mg/'ml s o l u t i o n  was d i l u t e d  t o  

10 m l  w i t h  methanol  and used  as t h e  i n t e r n a l  s t a n d a r d  s o l u t i o n .  

Plasma Assay ___ 
To 0.5 m l  of a plasma sample ,  0 . 1  nil of t h e  in t - e rna l  s t a n d a r d  

s o l u t i o n  was .added and t h e  volume w a s  rriade up t o  2 . 0  m l  w i t h  methanol .  

The  sample was mixed w e l l  and c e n t r i f u g , e d  f o r  30 minutes, .  The supe r -  

nate w a s  s e p z c a t e d  and f i l t e r e d  th rough  an o r g a n i c  f i l t e r ( ' ' ) .  

f i l t r a t e  was chromatographed on t o  t h e  HPLC unde r  t h e  p r e v i o u s l y  

d e s  c r i b  ed c o n d i t i o n .  

The 

The c o n c e n t r a t i o n  of i b u p r o f e n  w a s  de t e rmined  by a p r e v i o u s l y  

d e s c r i b e d  c a l i b r a t i o n  cu rve .  

RESULTS AND DISCUSSION 

In V i t r o  S t u d i e s  ---____ 
T h e  U.S.P. does  n o t  s p e c i f y  w e i g h t  g a r i a t i o n s  € o r  r e c t . a l  suppos- 

i t o r i e s .  The German and t h e  Russ i an  Phsrmacopeias  a l l o w  f o r  a -t 5% 

d e v i a t i o n  from t h e  a v e r a g e  w e i g h t ,  a p r i n c i p l e  which is g e n e r a l l y  

a p p l i e d  t o  all. s o l i d  forms.  
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4 18 ALI ET AL. 

The average weights  of theobroma o i l ,  PEG 1540 and Witepsol  H-15 

s u p p o s i t o r i e s  are 1.4171 Gm, 1.8009 Gm and 1.5884 Gm r e s p e c t i v e l y .  

The s t a n d a r d  d e v i a t i o n s  as c a l c u l a t e d  are i 0.0242, f 0.236 and 

f 0.0327 f o r  t h e  t h r e e  b a s e s ,  r e s p e c t i v e l y .  The percentage  de- 

v i a t i o n s  of a l l  s u p p o s i t o r i e s  are w i t h i n  t h e  +_ 5% l i m i t s .  

There are no U.S.P. s p e c i f i c a t i o n s  f o r  c o n t e n t  un i formi ty  of 

s u p p o s i t o r i e s ,  b u t  g e n e r a l l y  a k 10% l i m i t  could b e  a p p l i e d  as w i t h  

o t h e r  s o l i d  dosage forms. The averages f o r  theobroma o i l  PEG 1540, 

and Witepsol  H-15 s u p p o s i t o r i e s  are 99.7%, 100.28%, and 99.12% 

r e s p e c t i v e l y .  The h i g h e s t  and lowest  percentages  f o r  theobroma o i l  

arelI)S.i)l+and 92.89; f o r  PEG 1540 they  are 106.63 and 93.82; f o r  

Witepsol  H-15, 104.76 and 95.04, t h e r e f o r e ,  a l l  are w i t h i n  t h e  k 10% 

l i m i t .  

The f r a c t u r e  p o i n t  of a suppos i tory  i s  important  s i n c e  i t  must 

w i t h s t a n d  handl ing  dur ing  product ion ,  packaging, c a r t o n i n g ,  s h i p p i n g ,  

etc. A s  can b e  seen  i n  F igure  1 t h e  f r a c t u r e  p o i n t  decreases  i n  t h e  

o r d e r :  Witepsol H-15.> PEG 1450.> and theobroma o i l .  Furthermore i t  

is  apparent  t h a t  t h e  f r a c t u r e  poins  i s  i n v e r s l y  p r o p o r t i o n a l  t o  t h e  

temperature .  Witepsol  H-15 shows a s t e e p e r  s l o p e  i n d i c a t i n g  t h a t  i t  

i s  more b r i t t l e  t h a t  t h e  o t h e r  two. 

e l a s t i c i t y  i n d i c a t i n g  a longer  s o f t e n i n g  i n t e r v a l  than  theobroma o i l  

and Witepsol  H-15. 

The PEG 1540 curve  shows g r e a t e r  

The m e l t i n g  range of ibuprofen-containing s u p p o s i t o r i e s  made wi th  

t h e  t h r e e  b a s e s  w a s  compared t o  t h e  corresponding b l a n k  s u p p o s i t o r i e s .  

F igure  2 r e p r e s e n t s  mel t ing  range as a f u n c t i o n  of temperature .  A s  

t h e  tempera ture  i n c r e a s e s ,  t h e  t i m e a  suppos i tory  t a k e s  t o  m e l t  de- 
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e-0 - Witepsol H.-15 

&A- PEG 1540 

W . 4 -  Theobroma oil 

- .  . --- 
30 32 34 36 318 40 

Temperature OC 

Figure 1 - Comparison of Fracture Points of Ibuprofen Suppositories 

creases. Blank s u p p o s i t o r i e s  of theobroma o i l  and Witepsol  I-I-15 

have  a h i g h e r  m e l t i n g  r a n g e  t h a n  t h e  corrcbsponding I b u p r o f e n - c o n t a i n i n g  

s u p p o s i t o r i e s .  The a d d i t i o n  of i b u p r o f e n ,  i t  can  b e  d e d u c t e d ,  lower 

t h e  m e l t i n g  r a n g e  of t h e s e  b a s e s .  

In  t h e  case of PEG 1540 t h e  o p p o s i t e  is  t r u e .  T h i s  c o u l d  b e  

e x p l a i n e d  on t h e  a b i l i t y  of PEG 1500 t o  f c rm complexes w i t h  d r u g s ( 1 8 ) .  
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18 

16 

14 

12 

10 

1 

f 

4 

2 

Ibuprofen Containing Suppmilwies 

M- Theobroma oil 

A--&- PEG1540 
H- Witepsol H-15 

Blank Suppositories 

C-4)- Theobroma oil 

C--U- W itepsoi H-15 
bd- PEG 1540 

30 32 34 36 38 40 42 

Temperature 

Figure 2 - Cornpar#son of Melting Range of Ibuprofen Suppositorres 

Figure 3 p r e s e n t s  t h e  release p r o f i l e  of ibuprofen  s u p p o s i t o r i e s  

as determined by Procedure I. The percentage  release has  been 

rounded t o  t h e  n e x t  h i g h e s t  t e n t h  of a p e r c e n t ,  beyond which t h e r e  

can n o t  b e  any p r a c t i c a l  s i g n i f i c a n c e .  Whereas, Table  I r e p r e s e n t s  

t h e  release c o n s t a n t s  (K) and T50, t h e  t i m e  r e q u i r e d  f o r  t h e  supposi- 

t o r y  t o  release h a l f  of i t s  c o n t e n t s  i n  t h e  medium. It i s  evident  

t h a t  ibuprofen  is r e l e a s e d  more r e a d i l y  from PEG 1540 than  from t h e  

o t h e r  two bases  because PEG 1540 i s  a w a t e r  s o l u b l e  base  and ibupro- 
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101 

9( 

8( 

71 

6( 

51 
P 
- 
al a 
m 41 

8 
”- 

31 
I 

al . 
0. 

2c 

1c 
L-- 

30 60 90 120 I50 180 

Time - Minutes 

Figure 3 - Release Profile of Ibuprofen Suppositories irI Procedure I 

‘TABLE I 
F i r s t  Order  Values  

Using P rocedur -  I 
Obtained f r o m  I n  V i t r o  Release 

B.ase 
R e l e a s e  R a t e  
Cons tan t  (I;) 

10-3 
mg%/min 

T50 

(minu tes )  

Theobroma Oil 5.40 123 .91  

PEG 1540 24.30 28.5 

Wi tepso l  H-15 8.06 85.91 
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4 22 ALI ET AL. 

loo. 

f e n  i s  f r e e l y  s o l u b l e  i n  t h e  medium of pH=8. PEGS are known t o  form 

complexes w i t h  t h e  d r u g s ( l 8 ) ;  a s o l u b l e  complex l e a d s  t o  an i n c r e a s e  

i n  t h e  release rate. Ibuprofen w a s  r e l e a s e d  f a s t e r  from Witespol  

H-15 than  theobroma o i l ,  which may be due t o  emuls i fy ing  and water 

a b s o r p t i v e  p r o p e r t i e s  of t h e  former(''). 

The percentage  r e l e a s e d  ibuprofen  u s i n g  Procedure 11 is pre- 

s e n t e d  i n  F i g u r e  4 .  Again, t h e  percentage  r e l e a s e d  h a s  been 

rounded t o  t h e  n e x t  h i g h e s t  t e n t h  of one p e r c e n t .  It is  apparent  

t h a t  t h e  f a s t e s t  release i s  obta ined  aga in  from PEG 1540,  fol lowed 

by Witepsol  H-15. The f i r s t  o r d e r  release ra te  (K) and T are 

l i s t e d  i n  Table  11. 

50 

H - Wi topsol H-15 

0-0 - Theobroma Oil 

H- PEG 1540 

1 
1 2 3 4 5 6 

Time - Hour8 

Figure 4 - Release Profile of ibuprofen Suppositories by Procedure II . 
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MEDICAMENT RELEASE FROM SUPPOSITORY BASES. 111 

TABLE 1 1  
F i r s t  Order Values  Obtainecl from I n  V i t r o  Release 

Using Procedurt  11 

4 2 3  

Base 
Re lease  Rage 
Cons tan t  ( K )  

mg%/min 
10-3 T50* 

(minutes  1 

Theobroma Oil 

PEG 1540 

Wi tepso l  H-L5 

2.88 

6.08 

3.50 

240.1 

113.3 

198.6 

"Rounded t o  t h e  n e a r e s t  t e n t h  of a minu te  

I n  Vivo S t u d i e s  
-l___l- 

The serum l e v e l s  o b t a i n e d  w i t h  t h e  t h r e e  b a s e s  and t h e  o r a l  

suspens ion  i n  r a b b i t s  are p r e s e n t e d  i n  1:igure 5. The v a l u e s  of 

AUC measurements,  as w e l l  as t h e  averagc' peak t i m e ,  t h e  ,average 

of i n d i v i d u a l  peak serum c o n c e n t r a t i o n  and t h e  a v e r a g e  of  i n d i -  

v i d u a l  peak t i m e s  are g iven  i n  Table  III.. 

Ibupro fen  s u s p e n s i o n  produces t h e  l i i ghes t  peak which is 28.2  ugfml,  

fol lowed by PEG 1540, Wi tepso l  H-15 and theobroma o i l  w i t h  peaks 26 .9  

ug/ml,  25.6 ugfml,  and 21.9 ugfml r e s p e c t i v e l y .  T h e  t i m e  of t h e  peak 

serum c o n c e n t r a i t i o n  which i s  c l o s e l y  rcalated t o  t.he r a t e  of t h e  d rug  

from p a r t i c u l a r  f o r m u l a t i o n ,  i s  90 minu tes  from t h e  o r a l  s u s p e n s i o n  

and PEG 1540 and 120 minu tes  from theobroma o i l  and Wi tepso l  H-15. 

The area under  t h e  plasma c o n c e n t r a t i o n - t i m e  c u r v e  (AUG) w a s  m e a s -  
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MEDICAMENT KELEASE FROM SUPPOSITORY BASES. T i 1  4 25 

TABLE I11 
U i o a v a i l a b i l i t y  Pa rame te r s  of I b u p r o f e n  

S u p p o s i t o r i e s  and Suspens ion  

Peak of t h e  T i m e  of t h e  
fLverage Serum Peak of t!ie 
Concen t r a t ion -  Average Serum 
T i m e  Curve Concen t r a t ion -  

( u d m l )  T i m e  c u r v e  
( m i n u t e s )  

Theobroma O i l  

PEG 1540 

Wi tepso l  H-15 

O r a l  Suspension 

21.9 120 

26.9 90.0 

25.6 120.0 

28.2 90 

.- 

Averaze of P e r c e n t a g e  
t h e  a r e a  of t h e  
unde r  t h e  Suspens ion  
c u r v e  
(0-360 min, 
ug/m1) 

74.37 57.68 

89.77 69.62 

96.50 74.85 

1.28. 9 3  100.00 

u r e d  by t r a p e z o i d a l  r u l e .  The areas undsi?r t h e  c u r v e  (AUG) theobroma 

o i l ,  PEG 1540 and Wi tepso l  H-15 are 57.68%, 69.62% and 74.852 of 

t h e  o r a l  s u s p e n s i o n ,  r e s p e c t i v e l y .  T h i s  i n d i c a t e s  t:hat t h e  t o t a l  

amount of i b u p r o f e n  abso rbed  r e c t a l l y  i s  less t h a n  t h a t  albsorbed froin 

o r a l  a d m i n i s t r a t i o n .  R e l e a s e  from theob-roma o i l  may b e  i m p a i r e d ,  as 

i t  t e n d s  t o  form a b a r r i e r  between t h e  d rug  and r e c t a l  mucosa clue t o  

i ts  f a t t y  n a t u r e ( ” ) .  

s m a l l  amount of r e c t a l  f l u i d ( 1 7 ) .  

i b u p r o f e n  abso rbed  may a l s o  b e  i n f l u e n c e d  by i t s  i r i t e r ac t . i on  or  

complex f o r m a t i o n  wi.th t h e s e  b a s e s .  

R e l e a s e  from PEG 1.540 may be liampered by t h e  

I n  p a r t ,  t h e  t o t a l  amount of t h e  

Each p o i n t  i n  F i g u r e  5 is t h e  a v e r a g e  of t h r e e  d e t e r m i n a t i o n s  

and i n  o r d e r  t o  f i n d  o u t  i f  t h e r e  i s  any s t a t i s t i c a l  d i f f e r e n c e  be- 

tween b a s e s  and o r a l  s u s p e n s i o n  and from r a b b i t  t o  r a b b i t  a 1-way 
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A L I  ET AL. 426 

S u p p o s i t o r i e s  

Witepsol  H-15 

Theobroma o i l  

PEG- 1540 

Suspension 

ANOVA w i t h  repea ted  measures w a s  u t i l i z e d  and t h e  r e s u l t s  are summer- 

i z e d  as fo l lows:  

( a )  The 1-way ANOVA w i t h  repea ted  measures f o r  t h e  f o u r  prepa- 

r a t i o n s  gave F=15.29 and p r o b a b i l i t y  0.0000 which i n d i c a t e s  t h a t  

s t a t i s t i c a l l y  t h e r e  is s i g n i f i c a n t  d i f f e r e n c e  a t  least  i n  some of t h e  

f o u r  formula t ions .  Therefore ,  a s t u d e n t  "t" test w a s  conducted on 

a l l  d a t a  from t h e  f o u r  formula t ions ;  i t  w a s  found t h a t  t h e r e  i s  a 

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  b i o a v a i l a b i l i t y  d a t a  obta ined  from theo- 

F P r o b a b i l i t y  Level of s i g n i f i c a n c e  between 
r a b b i t  

1-2 1- 3 2-3 

20.58 0.0000 0 .01  0.001 0.05 

19.13 0.0002 0 . 0 1  0 .01  0.05 

9.966 0.0015 ns 0.01 0.05 

14.22 0.0002 0 .01  0 .01  0.05 

broina o i l  and PEG 1540 s u p p o s i t o r i e s ,  where i n  t h e  d a t a  obta ined  from 

Witepsol  H-15 and PEG 1540, and from Witepsol  H-15 and o r a l  suspen- 

s i o n  are s t a t i s t i c a l l y  s i g n i f i c a n t  a t  0 . 0 1  l e v e l  of s i g n i f i c a n c e  

(p < 0.001) .  

TABLE I V  
Evaluat ion of S tudent  "t" Test* 
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MEDICAMENT RELEASE FROM SUPPOSITORY BASES. 111 427 

Furthermore,  t h e  b i o a v a i l a b i l i t y  d a t a  from o r a l  suspension and theo-  

broma o i l ,  and from o r a l  suspens ion  and PEG 1540 are s t a t i s t i c a l l y  

s i g n i f i c a n t  a t  0.001 l e v e l  of s i g n i f i c a r i c e  (p < 0..001). I n  a d d i t i o n  

i t  w a s  found t h a t  t h e  d a t a  obta ined  from Witepsol  H.-15 and Theobromn 

o i l  are s t a t i s t i c a l l y  s i g n i f i c a n t  a t  O.(l5 l e v e l  of  SigniEicance 

( 0  < 0.05) .  

(b )  I n  order  t o  determine i f  t h e r e  i s  d i f f e r e n c e  from r a b b i t  t o  

r a b b i t  w i t h i n  t h e  same s u p p o s i t o r y  base  t h e  s a m e  a n a l y t i c a l  procedure 

w a s  used and t h e  r e s u l t s  are shown i n  Table  I V .  I t  is apparent  from 

t h e  d a t a  i n  Table  I V  t h a t  i n  any s tudy  riot only t h e  number o 

specimens t a k i n g  p a r t  i n  t h e  s t u d y  must b e  r e p o r t e d  b u t  ,ilso any d i f -  

f e r e n c e  i n  t h e  d a t a  among t h e  specimens. 

ACKNOWLEDGINENTS 

Abs t rac ted  from a thesis  submi t ted  by A l i  Anver to t h e  Graduate 

Facul ty ,  Arnold & Marie Schwartz College.? of Pharmacy and Heal th  

Sc iences ,  L.I.U., i n  p a r t i a l  f u l f i l l m e n t  of t h e  M z 3 s t e r  oE Sc ience  

degree  requirements .  

The Authors thank The Upjohn Compariy, Kalama~:oo, Michigan and 

Kay-Fries Chemical Company, F a i r  Lawn, N.J. f o r  t h e i r  g iE ts  of 

ibuprofen  and Witepsol  H-15 respectivel::. 

FOOTNOTES 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

The Upjohn Company, Kalamazoo, Michigan 
J.J. Baker Chemical Company, P h i l l i p s b u r g ,  N . J .  
Kay-Fries Chemical Inc. ,  Montvale, N . J .  
F i s h e r  S c i e n t i f i c  Company, F a i r  Lawn, N . J .  
Waters A s s o c i a t e s ,  Mi l ford ,  Mass. 
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