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ABSTRACT 

The b i o a v a i l a b i l i t y  of metronidazole  w a s  eva lua ted  when ad- 

minis te red  a lone  and i n  presence of an a n t i d i a r r h e a l  mix ture ,  an 

an tac id  o r  i n  t h e  presence of t h  ean ion  exchange r e s i n  cho le s ty ra -  

mine. A previous ly  developed method f o r  b i o a v a i l a b i l i t y  e v a l u a t i o n  

from u r i n a r y  exc re t ion  d a t a  f o r  drugs  e x h i b i t i n g  l i n e a r  pharmacoki- 

n e t i c s  has  been used i n  t h i s  s tudy .  It i s  based upon c a r e f u l  

c o l l e c t i o n  of u r i n e  samples over  1 2  h r  s t a r t i n g  a f t e r  one h a l f -  

l i f e  of t h e  drug. Through mathematical  t rea tment  of t h e  cumulat ive 

amount excre ted  a f t e r  d i f f e r e n t  t i m e  i n t e r v a l s ,  a s t r a i g h t  l i n e  

r e l a t i o n s h i p  i s  obtained.  from which t h e  t o t a l  amount of t h e  drug 

excre ted  i n  u r i n e  is ca l cu la t ed .  Good agreement between expe r i -  

mental  and es t imated  t o t a l  amounts of drug exc re t ed  unchanged i n  

u r i n e  was obtained.  While t h e  e f f e c t  of t h e  a n t i d i a r r h e a l  mix ture  

on metronidazole  b i o a v a i l a b i l i t y  w a s  found t o  be i n s i g n i f i c a n t ,  a 

reduct ion  of 14.5% and 21.37; i n  b i o a v a i l a b i l i t y  w a s  observed i n  

presence of t h e  an tac id  mixture  and cholestyramine r e s p e c t i v e l y .  

In  agreement wi th  a previous  r e p o r t ,  about 1 4 %  of t h e  drug  w a s  

found t o  be excre ted  unchanged i n  u r i n e .  
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INTRODUCTION 

MOLOKHIA AND AL-RAHMAN 

Metronidazole (M) is  an a n t i b a c t e r i a l ,  a n t i p r o t o z o a l  agent  

widely used sys temica l ly  a g a i n s t  a v a r i e t y  of anaerobic  b a c t e r i a ,  

and i n  t h e  t reatment  of t r ichomonias i s ,  g i a r d i a s i s ,  amaebiasis  and 

o t h e r  cond i t ions  . Severa l  publ ished r e p o r t s  d e a l  w i th  t h e  bio-  

a v a i l a b i l i t y  and pharmacokinetics of  M2-7. A wide i n t e r s u b j e c t  

v a r i a t i o n s  i n  exc re t ion  of unchanged M w a s  r epor t ed  . The o r a l  

rou te  of admin i s t r a t ion  showed much b e t t e r  b i o a v a i l a b i l i t y  when 

compared with t h e  rectal  o r  t h e  v a g i n a l  rou te  . The b ioava i l ab i -  

l i t y  of t he  s u p p o s i t o r i e s  w a s  about 90% of t h e  corresponding tab-  

le t  dose as judged by t h e  area under t h e  serum curves  and amounts 

excre ted  i n  u r i n e  . The mean recovery i n  u r i n e  of  unchanged M 

wi th in  36 h w a s  7-14% of t h e  o r a l l y  adminis tered dose . Food in-  

t ake  w a s  found t o  have no c o n s i s t e n t  e f f e c t  on t h e  b i o a v a i l a b i l i t y  

of M5-6. Di f fe rences  i n  M b i o a v a i l a b i l i t y  i n  f a s t i n g  and nonfas t -  

ing  vo lun tee r s  were found t o  be i n s i g n i f i c a n t  . 

1 

2 

3 

4 

4 

6 

The present  s tudy  is  concerned wi th  t h e  in f luence  of concomi- 

t a n t  o r a l  admin i s t r a t ion  of an a n t a c i d ,  an a n t i d i a r r h e a l  mixture  

o r  t h e  anion exchange r e s i n ,  cholestyramine,  on the  b ioava i l ab i -  

l i t y  of M from i ts  t a b l e t s .  

l a r g e  doses .  They have tendency t o  bind many drugs  i n  t h e  gas t ro -  

i n t e s t i n a l  t ract  and i n t e r f e r e  wi th  t h e i r  a v a i l a b i l i t y .  Bioavai l -  

a b i l i t y  eva lua t ion  w a s  c a r r i e d  by ana lys ing  u r i n e  e x c r e t i o n  d a t a  
8 of the  unchanged drug according t o  t h e  method of N iebe rga l l  e t . a l . .  

These agen t s  are used o f t e n l y  and i n  

MATERIALS AND METHODS 

Commercial M t a b l e t s  w e r e  adminis tered t o  f i v e  hea l thy  volun- 

teers. 

a f t e r  an overnight  f a s t .  

and some u r i n e  was kept  f o r  con t ro l .  

t h e  experiment but  food w a s  cont inued t o  be wi thhe ld  f o r  t h r e e  

hours  a f t e r  drug admin i s t r a t ion .  Urine was then c o l l e c t e d  at  pre-  

determined t i m e  i n t e r v a l s  over  17  h r s .  

experiments,  u r ine  c o l l e c t i o n  w a s  cont inued f o r  48 hours .  For 

A s i n g l e  o r a l  dose of 500 mg w a s  given wi th  enough water 

The b ladder  w a s  emptied be fo re  each  dose 

Dr inks  were allowed dur ing  

In  some randomly s e l e c t e d  
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THE B I O A V A I L A B I L I T Y  OF METRONIDAZOLE 

-A- 
Drug 

-2 t a b l e t s  con- 
t a i n  500 mg M 

1231 

-B- -C- 
Drug /Ant i d i a r r -  
h e a l  Mixture Mixture 

-2 t a b l e t s  con- -2 t a b l e t s  con- 
t a i n  500 mg M t a i n  500 mg M 

Drug / A n  tac i d  

TABLE 1 

Drug Combinat ions  and Doses 

' -30 m l  suspen- 
s ion  conta in  
5916 mg Kaolin, 
132 mg Pec t in .  

-30 m l  suspen- 
s ion  conta in  
1290 mg Alumi- 
num Hydroxide, 
150 mg Sime- 
th icone .  

-D- 
Drug/Cholesty- 
ramine 

-2 t a b l e t s  con- 
t a i n  500 mg M 

-1 powder 
sac he t conta in  
4 gm Cholesty- 
ramine. 

model a p p l i c a t i o n  and s t a t i s t i c a l  e s t ima t ion  of t o t a l  drug excre- 

t ed  unchanged i n  u r i n e ,  dur ing  t h e  per iod  7-17 h r s  (10 h r s  a f t e r  

t he  f i r s t  h a l f - l i f e ) ,  u r i n e  samples were c o l l e c t e d  every  two hours  

and s u b j e c t s  w e r e  advised t o  completely empty t h e  b ladder  f o r  each  

sample. This  procedure was repea ted  every two weeks wi th  t h e  same 

s u b j e c t s  adminis te r ing  t h e  assigned dose of one of t h e  drug combi- 

na t ions  l i s t e d  i n  Table  1. 

The u r i n e  samples were r e f r i g e r a t e d  a f t e r  c o l l e c t i o n  and drug 

assay  w a s  c a r r i e d  bp a s e n s i t i v e  WLC method. 

is a modi f ica t ion  of t h a t  of Gulaid e t .  a l . '  involved t w i c e  e x t r a c -  

t i o n  of 2 m l  u r ine  each wi th  1 0  m l  chloroform. Exact ly  18 m l  of 

t h e  separa ted  chloroform extract  were evaporated t o  dryness  i n  a 

rotavapor  a t  30 C. The r e s idue  w a s  then r e c o n s t i t u t e d  i n  1 m l  

mobile phase (methanol 7.5%, a c e t o n i t r i l e  7.5% and water  85%). An 

exac t  volume of 20-40 p1 s o l u t i o n  was used f o r  HPLC determina t ion .  

The instrument  was a Waters Assoc ia tes  (Milford,  MA) equipped wi th  

a 6000 A pump; U6K i n j e c t o r ,  481  Lambda Max d e t e c t o r ;  M730 Data 

Module and a MCH 10  column (Varian,  C a l i f o r n i a ) .  The flow r a t e  w a s  

The procedure which 
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1232 MOLOKHIA AND AL-RAHMAN 

a d j u s t e d  a t  1.8 ml/min and s e n s i t i v i t y  w a s  set a t  0.02. U l t r a v i o l e t  

a b s o r p t i o n  was measured a t  a Xmax of 316 pm. 

Theory 

A previous  measurement of  M k i n e t i c s '  h a s  i n d i c a t e d  t h a t  t h e  

drug e x h i b i t s  l i n e a r  pharmacokinet ics ,  hence,  t h e  model indepen- 

d e n t ,  u r i n a r y  e x c r e t i o n  measurement t o  e v a l u a t e  t h e  drug  b i o a v a i l a -  

b i l i t y '  is p o s s i b l e .  

d r u g s  conforming t o  t h e  one-compartment o r  t h e  two-compartment open 

models i s  completed,  t h e  cumulat ive amount of  d r u g  e x c r e t e d  i n  

u r i n e  may be given by: 

Accordingly,  a f t e r  t h e  a b s o r p t i o n  phase f o r  

-K t e U = Um - P e 

where U, is t h e  cumulat ive amount o f  drug  e x c r e t e d  unchanged i n  

t h e  u r i n e  up t o  t i m e  t ;  Um, is  t h e  t o t a l  amount of drug  e x c r e t e d  

unchanged i n  t h e  u r i n e ,  Ke, i s  t h e  o v e r a l l  e l i m i n a t i o n  rate con- 

s t a n t  and P i s  a c o n s t a n t  r e l a t e d  t o  b o t h  t h e  a b s o r p t i o n  and t h e  

e l i m i n a t i o n  ra te  c o n s t a n t s .  When u r i n e  samples are c o l l e c t e d  a t  

uniform t i m e  i n t e r v a l s  A ,  eq .  1 becomes: 

1 

u =  
1 

where U is  t h e  

By r e a r r a n g i n g  

1 

u =  

-Ke (t+A) 
U m - P e  (Eq. 2) 

cumulat ive amount of drug  e x c r e t e d  a f t e r  t i m e  t + A .  

eq. 1 and s u b s t i t u t i n g  f o r  P i n  eq. 2 ,  U becomes: 

-KeA -K A 
U e  + Um(l-e (Eq. 3) 

1 

A p l o t  of U v e r s u s  U should y i e l d  a s t r a i g h t  l i n e .  The v a l u e  of 

Um can t h u s  be c a l c u l a t e d  from t h e  s l o p e  and t h e  i n t e r c e p t  of t h e  

l i n e .  

adminis te red  a l o n e  and t h o s e  when t h e  drug  was coadminie te red  w i t h  

adsorb ing  a g e n t s  should r e f l e c t  any b i o a v a i l a b i l i t y  changes.  

A comparison between t h e  e s t i m a t e d  Um when t h e  drug  was 

RESULTS 

Fig .  1 shows r e p r e s e n t a t i v e  chromatograms f o r  Mas o b t a i n e d  

f o r  a b lank  u r i n e  sample e x c r e t e d  b e f o r e  and a f t e r  a d d i t i o n  of Mand 
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THE B I O A V A I L A B I L I T Y  OF METRONIDAZOLE 1233 

+-L-g- 
g 0  2 4 6 8 Y O  2 4 6 0yO 2 4 6 8 

Z - MINS. z z - MINS.  - MINS. 

FIGURE 1 

Typical  Metronidazole Chromatogran a ,  ex t r ac t ed  blank u r i n e ;  b y  
ex t r ac t ed  u r ine  spiked w i t h  M; c ,  e x t r a c t e d  u r i n e  froman experiment. 

an ex t r ac t ed  u r i n e  sampe c o l l e c t e d  dur ingone  o f t h e  experiments.  

S i m i l a r  chromatograms were obtained f o r  a l l  runs wi th  r e t e n t i o n  

time f o r  M of 5.99-6.02 min. The chromatograms showed no i n t e r -  

ference from o t h e r  u r ina ry  conten ts .  A p l o t  of M peak a rea  v e r s u s  

i t s  concent ra t ion  i n  s tandard  so lu t ion  w a s  l i n e a r  i n  t h e  range of 

0.5-25 pg/ml and e s s e n t i a l l y  passed through t h e  o r i g i n  (r2=0.  99) .  

Metronidazole recovery from f i v e  spiked samples of u r i n e  w a s  i n  

t he  range of 98.5-100%. Concentrat ions down t o  0.05 pg/ml were 

measurable. These r e s u l t s  i n d i c a t e  t h a t  t h e  e x t r a c t i o n  procedure 

and t h e  ins t rumenta l  method of a n a l y s i s  are accura t e  and reprodu- 

c i b l e .  

Table 2 presen t s  t h e  u r ina ry  exc re t ion  r e s u l t s  of one of  t h e  

experiments i n  which M was coadministered with t h e  a n t i d i a r r h e a l  

mixture (combination B) and u r i n e  c o l l e c t i o n  was continued f o r 4 8 h .  

Resul t s  of samples withdrawn between t h e  7-17 hours  were used f o r  

the  es t imat ion  of t h e  t o t a l  amount of M excre ted  (U,). From t h e  
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1234 MOLOKHIA AND AL-RAHMAN 

'ample No. 

I 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14  

15 

16 

TABLE 2 

Experimental Amounts of M Excreted i n  Urine 

gol lec t ion  
rime t (hr)  

1 

2 

3 
5 

7 

9 

11 

13 

15 

17 

24 

27.25 

31.50 

37 

4 1  

48 

houn  t 
3xcreted 

(mg) 

0.89 

4.57 

7.75 

9.32 

6.49 

5.88 

4.21 

3.98 

3.89 

2.60 

7.68 

1.95 

1.36 

.90 

. 4 2  

.44 

hmula t  i v e  
b o u n t  a f t e r  
r i m e  t (U) 

(md 

0.89 

5.46 

13.21 

22.53 

29.02 

34.90 

39.11 

43.09 

46.98 

49.58 

57.26 

59.21 

60.57 

61.47 

61.89 

62.33 

Cumulative Amount 
Excreted af,ter 
rime t + A  (U ) 

34.90 

39.11 

43.09 

46.98 

49.58 

1 

p l o t  of U 

ment t o  be 64.58 mg. When compared wi th  t h e  experimental  va lue  

f o r  U (62.33 mg), a less than 4% d i f f e rence  w a s  no t i cab le .  Resu l t s  

of experiments i n  which u r i n e  c o l l e c t i o n  w a s  continued f o r  48 hours  

showed a d i f f e rence  between experimental  and es t imated  Urn of less 

than 6%. 

ve r sus  U, Urn was ca l cu la t ed  and found f o r  t h i s  exper i -  

Table 3 p resen t s  t he  es t imated  t o t a l  amounts of M excre ted  

unchanged i n  u r i n e  as w e l l  as the means and s tandard  dev ia t ions  

f o r  a l l  t e s t e d  drug combinations. On analys ing  t h e  r e s u l t s  by t h e  

t-test of s ign i f i cance  at  (P=0.05) and us ing  t h e  proper  degrees  of 
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THE B I O A V A I L A B I L I T Y  OF METRONIDAZOLE 

C 

1235 

D 

TABLE 3 

Tota l  Amounts of M Excreted Unchanged i n  Urine 

Estimated Urn 

jubj-ec t 

1 

2 

3 

4 

5 

Mean S.D 

A 

68.14 

63.06 

78 .31  

70.45 

68.20 

69.63+5.56 - 

Drug Com 
B 

65.92 

57 .21  

73.13 
* 

64.58 

65.21+6.52 - 

69.00 

50.04 

57.47 

61.32 

59.76 

59.52+6.84 - 

54.29 

43.50 

65.30 

56.03 
* 

54.7858.94 

Experiments were not  completed. 

freemom, i t  was found t h a t  t h e  d i f f e r e n c e  i n  b i o a v a i l a b i l i t y  be t -  

ween adminis te r ing  M a lone  o r  coadminis ter ing i t  wi th  t h e  a n t i -  

d i a r r h e a l  mixture is  i n s i g n i f i c a n t .  However, t h e  d i f f e r e n c e s  i n  

b i o a v a i l a b i l i t y  a f t e r  adminis te r ing  M wi th  t h e  a n t a c i d  mixture  o r  

t h e  anion exchange r e s i n  w a s  s i g n i f i c a n t  under t h e  same s t a t i s t i c a l  

condi t ions .  The est imated t o t a l  amount of M excre ted  unchanged i n  

u r ine  w a s  14.5% less when adminis tered wi th  t h e  an tac id  mixture  and 

21.3% less when adminis tered wi th  t h e  anion exchange r e s i n .  

The subjec t - subjec t  v a r i a t i o n s  which a r e  n o t i c a b l e  from 

Table 3 were no t  r e l a t e d  t o  s u b j e c t s  sex ,  weight o r  d a i l y  rou t ine .  

Such v a r i a t i o n s  may be r e f e r r e d  t o  d i f f e r e n c e s  i n  metabolism and/ 

o r  exc re t ion  among t h e  sub jec t s .  I n  agreement wi th  a prev ious  

r epor t4 ,  about 14% of M were found t o  be excre ted  unchanged i n  

ur ine .  

DISCUSSION 

Urine exc re t ion  da ta  of unchanged rnetronidazole have been 

used t o  eva lua te  t h e  e f f e c t  of concomitant admin i s t r a t ion  of some 

adsorbing agents  on the  drug b i o a v a i l a b i l i t y .  The method used t o  
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1236 MOLOKHIA AND AL-RAHMAN 

estimate t o t a l  u r i n a r y  e x c r e t i o n  of t h e  unchanged drug  al lowed f o r  

r e l a t i v e l y  less number of samples c o l l e c t e d  and a conveniency i n  

completing t h e  experiment i n  less than one day. The comparison 

between t h e  e s t i m a t e d  and t h e  exper imenta l  t o t a l  u r i n a r y  e x c r e t i o n  

of unchanged E l  conducted i n  few exper iments  showed good agreement 

and d i f f e r e n c e s  of less than  6% were observed.  

The a n t i d i a r r h e a l  mix ture  c o n t a i n i n g  p e c t i n  and k a o l i n  w a s  

found t o  a f f e c t  M b i o a v a i l a b i l i t y  i n s i g n i f i c a n t l y .  However, s i g n i -  

f i c a n t  reduct ion  i n  M b i o a v a i l a b i l i t y  w a s  observed w i t h  t h e  an ta-  

c i d  mixture  c o n t a i n i n g  aluminum hydroxide and magnesium hydroxide 

and w i t h  t h e  anion exchange r e s i n  choles tyramine .  T h i s  r e s u l t  

would recommend f o r  t h e  s e p a r a t i o n  between t h e s e  adsorb ing  a g e n t s  

and M i f  s imul taneous ly  p r e s c r i b e d  f o r  o r a l  a d m i n i s t r a t i o n .  

The d a t a  presented  i n  t h i s  paper  a g r e e  w i t h  p r e v i o u s  r e p o r t s  

on t h e  e x t e n t  of u r i n a r y  e x c r e t i o n  of unchanged M and on t h e  appa- 

r e n t  subjec t - subjec t  v a r i a t i o n s .  I t  i l l u s t r a t e s  t h e  p o s s i b l e  u s e  

of t h e  u r i n a r y  e x c r e t i o n  d a t a  i n  e v a l u a t i n g  b i o a v a i l a b i l i t y  

changes a s s o c i a t e d  w i t h  drug  envi ronmenta l  c o n d i t i o n s  at  t h e  ab- 

s o r p t i o n  s i te .  
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