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ABSTRACT 

Chloroquine phosphate  s u p p o s i t o r i e s  were formula-  
t e d  u s i n g  w i t e p s o l  H I 5  a s  a model base .  The phys ico -  
mechanical  p r o p e r t i e s  o f  t h e  p r e p a r e d  s u p p o s i t o r i e s  
were s t u d i e d .  I n - v i t r o  drug  r e l e a s e  a s  well a s  i n -v ivo  
a v a i l a b i l i t y  were de termined  and compared w i t h  t h o s e  
from commercial t a b l e t s  c o n t a i n i n g  t h e  same dose  o f  
t h e  drug  ( 2 5 0  mg). In  a d d i t i o n ,  t h e  e f f e c t  o f  pH o f  
t h e  d i f f e r e n t  segments o f  GIT on t h e  p a r t i t i o n  c o e f f i -  
c i e n t  o f  t h e  drug  was t e s t e d .  

Resul t s  r e v e a l e d  t h a t  fo rmula t ed  s u p p o s i t o r i e s  
e x h i b i t  good mechanical  p r o p e r t i e s  a s  wel l  a s  h i g h  r e -  
l e a s e  c h a r a c t e r i s t i c s .  Vo lun tee r s  r e c e i v e d  s u p p o s i t o -  
r i es  showed u r i n e  peak l e v e l  a f t e r  2 h r s  wh i l e  w i t h  
t h o s e  a d m i n i s t e r e d  t h e  t a b l e t s  t h e  peak was reached  
a f t e r  3 h r s .  The t o t a l  amounts r e l e a s e d  were 6 0 %  and 
48'2, from t h e  a d m i n i s t e r e d  dose i n  c a s e  o f  s u p p o s i t o r i e s  
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2682 ABDEL-GAWAD AND EL-DIN 

and t a b l e t s  r e s p e c t i v e l y .  The h i g h e r  b i o a v a i l a b i l i t y  
o f  t h e  medicament a f t e r  r e c t a l  t h e r a p y  i s  e x p l a i n e d  
on t h e  b a s i s  o f  t h e  p a r t i t i o n  c o e f f i c i e n t  d a t a .  The 
o b t a i n e d  v a l u e s  were 0.667, 0.941 and 5.333 a t  pH 1 . 2 ,  
6 .8  and 7 . 4  r e s p e c t i v e l y .  Vo lun tee r s  used  t h e  formu- 
l a t e d  s u p p o s i t o r i e s  d i d  n o t  s u f f e r  from any G I  i r r i t a -  
t i o n  which i s  accompanying t h e  o r a l  a d m i n i s t r a t i o n  of  
t h e  drug ,  The proposed fonnula had no i r r i t a t ing  effect  on the 
rectum. 

I NT RODU CT I ON 

Chloroquine phosphate  i s  one o f  t h e  most p o t e n t  
drugs  which i s  p r e f e r a b l e  i n  t h e  t r e a t m e n t  o f  m a l a r i a  
and h e p a t i c  amoebias i s  ( 1 ) .  The drug  i s  a v a i l a b l e  i n  
t h e  form o f  i n j e c t i o n s  and t a b l e t s .  Oral a d m i n i s t r a -  
t i o n  of  ch lo roqu ine  phosphate  i s  accompanied wi th  
g a s t r o i n t e s t i n a l  . d i s o r d e r s  such a s  nausea ,  vomi t ing  
and d i a r r h e a  which may be a t t r i b u t e d  t o  i t s  ex t r eme ly  
b i t t e r  t a s t e  ( 2 ) .  There i s  no in fo rma t ion  i n  t h e  
l i t e r a t u r e  r e g a r d i n g  t h e  fo rmula t ion  o f  c h l o r o q u i n e  
phosphate  s u p p o s i t o r i e s .  However, s u p p o s i t o r i e s  r e -  
p r e s e n t  a s p e c i a l  dosage form from the pharmaceutical point  

of view which i s  s u i t a b l e  f o r  s e v e r a l  med ic ina l  subs-  
t a n c e s  such a s  a n a l g e s i c s ,  an t i spasmodics ,  a n t i e m e t i c s ,  
n o n - s t e r o i d a l  an t i i n f l ammato ry  drugs  as w e l l  a s  l o c a l  
a n a e s t h e t i c s  (3-5). 

Rectal r o u t e  f o r  d rug  a d m i n i s t r a t i o n  was proved 
t o  be  advantageous o v e r  o t h e r  r o u t e s  because  o f  t h e  
reduced s i d e  e f f e c t s  such  as  g a s t r o i n t e s t i n a l  i r r i t a -  
t i o n  and t h e  avoidance  o f  b o t h  d i s a g r e a b l e  t a s t e  and 
f i r s t - p a s s  e f f e c t s  (6 ) .  S u p p o s i t o r i e s  a r e  a convenient  
dosage form f o r  c h i l d r e n  and bed-r idden  p a t i e n t s  ( 7 ) .  
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CHLOROQUINE PHOSPHATE FORMULATED SUPPOSITORIES 2683 

In  a d d i t i o n ,  a b s o r p t i o n  o f  d rugs  from t h e  r e c t a l  mucosa 
d i r c c t l y  i n t o  t h e  venous c i r c u l a t i o n  may b r i n g  abou t  

f a s t e r  o n s e t  o f  a c t i o n  than  t h a t  obse rved  a f t e r  o r a l  
a d m i n i s t r a t i o n  (8). 

The aim of  t h i s  work was t o  f o r m u l a t e  c h l o r o q u i n e  
phosphate  s u p p o s i t o r i e s  s u i t a b l e  f o r  e i t h e r  c h i l d r e n  
o r  a d u l t s  so  a s  t o  a v o i d  t h e  s i d e  e f f e c t s  a r i s i n g  from 
t h e  o r a l  a d m i n i s t r a t i o n  o f  t h e  d rug ,  and t o  compare 
t h e  i n - v i t r o  r e l e a s e  a s  w e l l  a s  t h e  b i o a v a i l a b i l i t y  
o f  t h e  fo rmula t ed  s u p p o s i t o r i e s  w i t h  t h e  commercial  
t a b l e t s  c o n t a i n i n g  t h e  same dose  o f  t h e  d r u c .  

E X P E R I bl E NT A L 

Mat e r i a 1 s : 

Chloroquine phosphate  (Sigma Chemical Co., S t .  
Louis ,  MO, USA), Wi tepsol  I115 (Dynamit Nobel A . G .  
Chemische Wi t t en ,  G . F . R .  W. Germany), Cel lophane 
membrane, S p e c t r a p o r ;  M . W .  Cutof f  1 2 0 0 0 - 1 4 0 0 0  
( F i s h e r .  S c i .  Co. USA), n -oc tano l  (BDH Chemicals ,  
L td ,  Poole ,  UK). 

A l l  o t h e r  chemica l s  and s o l v e n t s  were o f  a n a l y t i -  
c a l  and r e a g e n t  grade  q u a l i t y  and used  wi thou t  f u r t h e r  
p u r i f i c a t i o n .  

Methods : 
P r e p a r a t i o n  o f  S u p p o s i t o r i e s :  

Chloroquine phosphate  s u p p o s i t o r i e s ,  each  c o n t a i n -  
i n g  250 mg medicament and weighing 1 g + 3 % ,  were prepa-  
r e d  by t h e  f u s i o n  method (9), t h e  powdered drug  (pas-  
s ed  through 3 1 0 0  mesh s i e v e )  was suspended i n  t h e  
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2684 ABDEL-GAWAD AND EL-DIN 

molten base  a t  4 O o C ,  t h e  suspens ion  was homogenized 
and t h e n  poured i n t o  s t a i n l e s s  s t e e l  moulds (ERR0 
Prazisions-Formenbau GmbH, D-7470 ,  West Germany) at 2 8 O C .  
S u p p o s i t o r i e s  were coo led  a t  l0OC and k e p t  a t  4°C u n t i l  
u sed ,  Wi tepsol  HI5 was used  a s  a model b a s e .  

2 -  E v a l u a t i o n  of  t h e  fo rmula t ed  s u p p o s i t o r i e s :  

The d rug  c o n t e n t  u n i f o r m i t y  a s  wel l  a s  weight  
v a r i a t i o n  were de termined  acco rd ing  t o  RPC 1973 and 
BP 1980 r e s p e c t i v e l y .  .The ha rdness  t e s t  was d e t e r m i -  
ned u s i n g  Erweka a p p a r a t u s  model SRT (West Germany). 
Deformation time was de te rmined  u s i n g  Erweka a p p a r a t u s  
SSP. 

3 -  P a r t i t i o n  c o e f f i c i e n t  s t u d y :  

P a r t i t i o n  c o e f f i c i e n t  of c h l o r o q u i n e  phosphate  
was determ'ined u s i n g  t h e  p r e s a t u r a t e d  n -oc tano l /phos -  
pliate b u f f e r  system. F ive  m l  o f  n - o c t a n o l ,  20 m l  bu f -  
f e r s  o f  e i t h e r  pH 1 . 2 ,  6 . 8  o r  7 . 4  a s  wel l  a s  2 0  m l  
d rug  were p l a c e d  i n  1 0 0  m l  g l a s s  b o t t l e .  The b o t t l e s  
were t i g h t l y  c l o s e d  and r o t a t e d  a t  50  rpm f o r  24  h r  
i n  a water  b a t h  a t  37+0.2"C. The b o t t l e s  were removed, 
l e f t  t o  c o o l  a t  room t empera tu re .  The o i l y  phase was 
s e p a r a t e d u s i n g  a s e p a r a t i n g  f u n n e l  w h i l e  t h e  aqueous 
one was c l a r i f i e d  by f i l t r a t i o n  through a 0 . 2  pm Milli- 
pore  f i l t e r .  The amount o f  c h l o r o q u i n e  phosphate  i n  
t h e  aqueous phase was de te rmined  s p e c t r o p h o t o m e t r i c a l l y  
a t  329 nm and t h e  p a r t i t i o n  c o e f f i c i e n t  o f  t h e  drug  
was computed ( 1 0 ) .  A c o n t r o l  exper iment  was preformed 
under  t h e  same c o n d i t i o n s  b u t  w i thou t  t h e  drug .  The 
ave rage  of  f o u r  d e t e r m i n a t i o n s  was r e p o r t e d .  
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CHLOROQUINE PHOSPHATE FORMULATED SUPPOSITORIES 2685 

4- Release r a t e  s tudy  from t h e  formulated s u p p o s i t o r i e s :  

The modified Krowcziniski  method ( 1  1 )  was ado- 
p ted .  One suppos i to ry  was added t o  1 0  m l  d i s t i l l e d  
water  conta ined  i n  a g l a s s  tube  opened from both ends 
(150  mm l eng th  and 38 mm i n t e r n a l  d i ame te r ) .  The tube  
was f i r m l y  t i e d  on i t s  end wi th  a ce l lophane  membrane, 
and v e r t i c a l l y  suspended i n  250 m l  beaker c o n t a i n i n g  
100 m l  d i s t i l l e d  water  so as  t h a t  t h e  membrane was 
j u s t  below t h e  s u r f a c e  o f  water .  The system was main- 
t a i n e d  a t  37+O.Z0C. One m l  samples were withdrawn a t  
predetermined t ime i n t e r v a l s  and then  r ep laced  by t h e  
same volume of  d i s t i l l e d  water  a t  t h e  same temperature .  
The amount of drug r e l e a s e d  was measured spec t rophoto-  
m e t r i c a l l y .  The average o f  s i x  de t e rmina t ions  was 
taken.  

5- D i s so lu t ion  r a t e  s t u d i e s  o f  t h e  commercial t a b l e t s :  

The d i s s o l u t i o n  r a t e  of  t a b l e t s  was determined 
us ing  t h e  modified USP r o t a t i n g  baske t  (Erweka Type 
DT) provided wi th  500 m l  d i s t i l l e d  water  a t  3 7 k O . 2 O C .  

The speed of r o t a t i o n  was a d j u s t e d  t o  60  rpm. Samples 
were withdrawn a t  t h e  depth o f  t h e  baske t  and immedia- 
t e l y  rep laced  by f r e s h  media. The amount of  drug d i s -  
solved was determined spec t ropho tomet r i ca l ly .  Five 
p a r a l l e l  experiments  were performed and t h e  average 
was c a l c u l a t e d .  

6-  B i o a v a i l a b i l i t y  s tudy:  

S ix  h e a l t h y  male vo lun tee r s  aged 30-41 y e a r s  
(mean age :  36 y e a r s )  and weighing 53-69 kg (mean body 
weight :  59 kg) were chosen f o r  t h e  experiments .  A l l  
vo lun tee r s  gave t h e i r  consent  a f t e r  r e c e i v i n g  f u l l  
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2686 ABDEL-GAWAD AND EL-DIN 

v e r b a l  and  w r i t t e n  i n f o r m a t i o n  a b o u t  t h e  purpose  o f  
t h e  s t u d y .  The s e l e c t e d  s u b j e c t s  were a l l o w e d  t o  
a d m i n i s t e r  b o t h  t h e  f o r m u l a t e d  s u p p o s i t o r i e s  and t h e  
commercial  t a b l e t s .  The i n t e r v a l  between t h e  two 
a d m i n i s t r a t i o n s  was a t  l e a s t  2 weeks i n  a l l  v o l u n t e e r s .  
None was on any m e d i c a t i o n  d u r i n g  t h e  c o u r s e  o f  t h e  
e x p e r i m e n t ,  and a l l  v o l u n t e e r s  were f a s t e d  8 h p r i o r  
t o  t h e  exper iment  and 2 h p o s t d o s i n g .  

Urine samples  were c o l l e c t e d  q u a n t i t a t i v e l y  be-  
f o r e  and a t  0 . 5 ,  1 ,  2 ,  3, 4 ,  6, 1 2  and 2 4  h a f t e r  
e i t h e r  r e c t a l  o r  o r a l  a d m i n i s t r a t i o n  o f  t h e  formula-  
t e d  s u p p o s i t o r i e s  and  commercial  t a b l e t s  r e s p e c t i v e l y .  

7 -  D e t e r m i n a t i o n  o f  t h e  drug  i n  u r i n e :  

The method d e s c r i b e d  by Vogel and Konigk ( 1 2 )  
was u s e d  t o  d e t e r m i n e  t h e  amount o f  d r u g  e x c r e t e d  i n  
u r i n e .  Two m l  u r i n e  were shaken f o r  30 min w i t h  a n  
e q u a l  volume o f  1 N sodium h y d r o x i d e  and  30 m l  h e p t a n e .  
Twenty m l  o f  t h e  o r g n a i c  l a y e r  was t r a n s f e r r e d  t o  a n  
a n o t h e r  f l a s k  c o n t a i n i n g  3 m l  0.1N h y d r o c h l o r i c  a c i d .  
The s o l u t i o n  was shaken  f o r  5 min and  t h e n  c e n t r i f u g e d  
a t  3000 rpm f o r  10  min. The h e p t a n  l a y e r  was removed 
by a s p i r a t i o n .  Two m l  o f  t h e  aqueous l a y e r  was t r a n s -  
f e r r e d  t o  a c u v e t t e  c o n t a i n i n g  0.5 m l  0 . 4 N  sodium 
hydroxide  and 0 . 5  ml 314 b o r a t e  b u f f e r  (pH 9 . 5 ) .  The 
f l u o r e s c e n c e  was measured on s p e c t r o p h o t o f l u o r o m e t e r  
(MINCO-BOWMAN, American I n s t .  Col USA) w i t h  a n  e x c i t a -  
t i o n  wavelength  o f  3 4 0  nm and an  e m i s s i o n  wavelength  
of 385 nm. 
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CHLOROQUINE PHOSPHATE FORMULATED S U P P O S I T O R I E S  2687 

RESULTS AND DISCUSSION 

The weight of  each suppos i to ry  was found t o  dev i -  
a t e  by n o t  more than  5 %  from t h e  average.  Drug cont -  
e n t  i n  each suppos i to ry  ranged between 2 4 3 . 9 1  and 
2 5 2 . 3 2  mg, while  i n  commercial t a b l e t s  i t  was 2 3 9 - 2 4 5  mg. 
Chloroquine phosphate formulated s u p p o s i t o r i e s  e x h i b i t  
good mechanical c h a r a c t e r i s t i c s  where hardness  and de- 
formation t ime were 2 . 3 k 0 . 2  kg and 292k20 sec 

r e s p e c t i v e l y .  

P a r t i t i o n  c o e f f i c i e n t  of  t h e  medicament was d e t e r -  
mined us ing  n-octanol /phosphate  b u f f e r  a t  d i f f e r e n t  
pH va lues  1 . 2 ,  6 . 8  and 7 . 4  which r e p r e s e n t  t h e  pH of 
d i f f e r e n t  segments of t h e  g a s t r o i n t e s t i n a l  t r a c t .  

The obta ined  r e s u l t s  were p re sen ted  i n  Table 1 .  
I t  i s  obvious t h a t ,  p a r t i t i o n  c o e f f i c i e n t  of  t h e  drug 
i s  markedly a f f e c t e d  wi th  t h e  pH, where it showed t h e  
lowest value a t  t h e  a c i d i c  p1-l ( 1 . 2 ) .  S l i g h t  i n c r e a s e  
( 1 . 5  f o l d )  i n  p a r t i t i o n  c o e f f i c i e n t  was ob ta ined  a t  
pH 6 . 8 .  A marked i n c r e a s e  i n  p a r t i t i o n  c o e f f i c i e n t  
( 9  f o l d s )  was shown a t  pH 7 . 4 .  

Release r a t e  s tud i ' es :  

Figure 1 shows t h e  r e l e a s e  p r o f i l e s  of ch lo ro -  
quine phosphate from t h e  formulated s u p p o s i t o r i e s  and 
t h e  commercial t a b l e t s .  About 8 6 %  drug was r e l e a s e d  
from t h e  commercial t a b l e t s  w i th in  3 0  min compared t o  
4 0 %  from the  formulated s u p p o s i t o r i e s .  A f t e r  6 0  min, 
9 0 %  and 7 0 %  drug were r e l eased  from both  t h e  t a b l e t s  
and s u p p o s i t o r i e s  r e s p e c t i v e l y .  
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2688 ABDEL-GAWAD AND EL-DIN 

FIGURE 1 
Release profiles of chloroquine phosphate from the 
fromuloted suppositories and the commercial tablets. 
Key : 0 Formulated suppositories. 

o Commercial tablets. 

T h e o r e t i c a l  a n a l y s i s  o f  t h e  re lease p r o f i l e s  d a t a  
r e v e a l e d  t h a t  f i r s t  o r d e r  k i n e t i c s  (13) c o u l d  b e  app- 
l i e d  t o  d e s c r i b e  t h e  d rug  r e l e a s e  from b o t h  fo rmula t ed  
s u p p o s i t o r i e s ,  and t a b l e t s  (F igu re  2 ) .  

The drug  r e l e a s e  r a t e s  from s u p p o s i t o r i e s  were 
slow compared w i t h  t h e  d i s s o l u t i o n  r a t e s  from t h e  com- 
m e r c i a l  t a b l e t s .  I t  i s  p o s s i b l e  t h a t  t h e  d i s s o l u t i o n  
f l u i d  i n  t h e  c a s e  o f  t a b l e t s  had t h e  a b i l i t y  t o  pene- 
t r a t e  t h e  t a b l e t  s t r u c t u r e  forming f l u i d  c h a n n e l s  w i t h  
t h e  consequent  d i s i n t e g r a t i o n  and d i s s o l u t i o n  o f  drug 
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FIGURE 2 
Relation between time and log the amount retained in 
the formulated suppositories and tablets. 
Key : 0 Formulated suppositories. 

o Commercial tablets. 

p a r t i c l e s ,  while  i n  case  o f  s u p p o s i t o r i e s  t h e  r e l e a s e  
p a t t e r n  depends mainly on t h e  meltinp; range o f  t h e  
base ( 1 4 )  which t a k e s  comparat ively lonper  time. 

Bioava i l a b  il i t y  s t u d i e s  : 

Figure 3 shows t h e  mean cumulat ive u r i n a r y  excre-  
t i o n  o f  ch loroquine  phosphate a f t e r  r e c t a l  and o r a l  
admin i s t r a t ion .  I t  i s  c l e a r  t h a t  t h e  t o t a l  amount r e -  
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Time(hr.1 

FIGURE 3 
Mean cumulative urinary excretion of chloroquine 
phosphate after rectal and oral administration 
Key : o Formulated suppcsitories. 

0 Commerical tablets. 

l ea sed  from t h e  formulated s u p p o s i t o r i e s  was about  6 0 %  
of t h e  adminis te red  dose whi le  t h a t  amount was 4 8 %  
from t h e  adminis te red  dose i n  case  of commercial t a b -  
l e t s .  I t  was observed t h a t  vo lun tee r s  r ece ived  suppo- 
s i t o r i e s  showed u r i n e  peak l e v e l  a f t e r  2 h while  t hose  
adminis te red  t h e  t a b l e t s  showed peak a f t e r  3 h. This  
could be expla ined  on t h e  b a s i s  of t h e  drug a c i d i c  
n a t u r e ,  pKa 8 . 3  and 1 0 . 2  ( 1 5 )  which r e t a r d s  i t s  absor -  
p t i o n  from t h e  stomach u n t i l  t h e  drug reachs  t h e  i n -  
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T A B L E  1 

PH 

1 . 2  

6 .8 

7.9 

2691 

P a r t i t i o n  C o e f f i c i e n t  

0 .667 - + 0 .102 

0 . 9 4 1  - + 0 . 1 3 1  

5.333 2 0.112 

E f f e c t  o f  pH o n  t h e  P a r t i t i o n  C o e f f i c i e n t  o f  

C h l o r o q u i n e  P h o s p h a t e  

Average of four determinations 

t e s t i n e  where complete abso rp t ion  t a k e s  p l a c e  gradua- 
l l y .  In c a s e  of  r e c t a l  a d m i n i s t r a t i o n  abso rp t ion  t a k e s  
p lace  d i r e c t l y  from r e c t a l  mucosa t o  blood c i r c u l a t i o n .  

In a d d i t i o n  t h e  p a r t i t i o n  c o e f f i c i e n t  s tudy  of  
t he  drug between o rgan ic  and aqueous phases proved t h e  
h igher  a b s o r b a b i l i t y  of t h e  drug a t  t h e  pH of  t h e  r e c -  
tum than  a t  t h a t  of t h e  stomach (Table 11. 

Volunteers  used t h e  formulated s u p p o s i t o r i e s  d i d  
not  s u f f e r  from any g a s t r o i n t e s t i n a l  i r r i t a t i o n  which 
was accompanying t h e  o r a l  a d m i n i s t r a t i o n  o f  t h e  drug. 

The ob ta ined  f i n d i n g s  i n d i c a t e  t h a t  t h e  formula- 
t e d  s u p p o s i t o r i e s  could b e  cons idered  as a s u i t a b l e  
form f o r  ch loroquine  phosphate a d m i n i s t r a t i o n  e s p e c i -  
a l l y  i n  young p a t i e n t s  s u f f e r i n g  from malar ia  and 
h e p a t i c  amoebiasis .  
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