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B I O A V A I L A B I L I T Y  I N  MAN O F  N A L I D I X I C  AC I D  rA13LE rS 
Nawal K h a l a f d l l a h ,  Mona Darwish and S a i d  A .  K h d l i l  
D e p a r t m e n t  o f  P h a r l ,  I c e u t i c 5 ,  F a c L l t )  c ) t  I'hdrni. c y ,  
U n i v e r s i t y  o f  A l e x a n d r i a ,  A l e u a r d r i a ,  Egypt  

ADS TRACT 
An i n  v i v o  a b s o r p t i o n  s t u d y  was c i l r r i e d  o u t  i n  

v o l u n t e e r s  t o  compare t h e  b i o a v i t i l a 1 ; i l i t y  o f  liwo b r a r d s  

o f  n a 1 i d i x i . c  a c i d  t a b l c t s  a g a i n s t  a m a t - k e  L c d  p a e d i a t r i  c 

s u s p e n s i o n  s e r v i n g  a s  a 1-eferei-.ce s t a n d a r d .  A b s o r p t i o n  

was assess tbd  by a u r i n a r y  e x c r e i - i o n  method i n  whicb. d r u g  

a n d  m a j o r  m e t a b o l i t e  were a s s a y e d  fliror-iine t r i c a l l y ,  The 

e x c r e t i o n  d a t a  were s t a t i s t i c a l l y  t r e a l - z d .  R e s u l t s  o f  

t h e  i?nalys:Ls of v-ariar-;ce i n d i c a t e d  a s i g n i f i c a n t  d i f C c -  

r e n c e  i n  r a t e ,  b u t  n o t  i n  e x t e n t  o f  abaorpt io-ti, aniong 

t h e  p r e p a r a t i o n s  t e s t e d .  P o o r  d i s i n t e g r a t i o n  q u a l i t y  o f  

one  of  t h t  t a b l e t .  b r a n d s  w a s  f o u n d  r e s p o n s i b l e  f o r  i t s  

d e l a y e d  d i s s o l u t i o n  arid, c o n s e q u e n t l y ,  s low a b s o r p t i o n .  

INTRCDUCTI 
The p r e s e n t  s t u d y  i s  one o f  a s e r i e s  of' i n v e s t i g a -  

t i o n s  a i m i n g  a t  assessment, o f  t h e  b ioavai1abi .Li t .y  of  

s o m e  l o c a l l y  manu. fac tured  d r t  g prc2duct.s. In t h i s  

r e s p e c t  , t y k e  i n  v i v o  a b s o r l l t i o n  of  d - L f f e r e n t  brar?ds of  

t e t r a c y c l i n e  cap . -u les  and g r i s e o f u l v i n  I a h l e t s  , manrifac- 

t u r e d  i n  E g y p t ,  h a s  heen  i n v e s t i g a t e d  ( 1 , 2 ) .  . 4 r i t , i c i p a f r d  
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580 KHAIAFALLAH, DARWISH, AND KHALIL 

benifits of this line of research include ensuring the 

interchacgeability of multisource products ar_d initia- 

ting modifications, when justified, in formulations and 

manufacturing procedures of local brands to improve drug 

bioavailability. 

Nalidixic acid is currently used in chemotherapy 

o f  urinary tract infections ( 3 - 5 ) .  While the literature 

supplies ample data on the pharmacokinetics O P  this drug 

(6-101, information relating to the influence o f  formula- 

tion factors on the absorption o f  nalidixic acid is 

scarce. The poor solubility in water of this naphthyri- 

dine drug together with the high doses needed to achieve 

therapeutic concentrations in urine suggest that misfor- 

mulation could result in subeffective products. The 

recent inclusion of a dissolution test for nalidixic 

acid tablets in the U S P  XX - NF XV (11) is compatible 

with these speculations. 

In the present study, the bioavailability in man of 

two brands o f  nalidixic acid tablets, obtainable in 

Egypt, was assessed. A marketed oral sxspeilsion served 

as standard for the absorption study. 

METHODS 
I In-Vivo -- Absorption Study- Five apparently healthy volun- _-- 

teers pai.ticipated in this study. Nalidixic acid 

( 5 0 0  mg) was administered around 8 a.m., on an empty- 

stomach, with 100 ml o f  warm tea without m i l k  and 20 g 
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NALIDIXIC ACID TABLETS 58 1 

o f  d ry  b i s c u i t s  t o  avo id  nausea  and g a s t r l c  11- r i ta t ion .  

Vo lun tee r s  a b s t a i n e d  from food f o r  f o u r  hours  a f t e r  

dos ing .  Urine was c o l l e c t e d  at 2 , 4 , 6 , 8 , 1 2  a n d  24 hours .  

Volume and pH 0)- each  sample were recorded .  'The 

randomly at f o 11 ow 1 ng 

weekly i n t e r v a l s :  

T rea tm?n t  A -  One 500 m g  nalidixic a c i d  

manufactured i n  Egypt d u r  

Trea tment  B-  One 500 mg Wegram' t a b l e t  

Trea tment  C- Ten r n l  ( e q u i v a l e n t  t o  500 

t r e  a t men t s w e r e  a dtz i n  1 s t e r e  d 

t ab 1 13 t S 

n g  1.977. 

ba tch  1 1 0 .  I N D 3 6 4  

mg oi' n a l i d i x i c  

a c i d )  o f  Negraml P a e d i a t r i c  Suspc?ns i o n ,  

b a t c h  no. 2LE27/i  

A n a l y s i s  o f  Urine-  pruceeded I l u c ~ r i m e i r i c a b l y  as sug-  

g e s t e d  by McChesney, e t  a l ,  ( 6 )  f o r  the de t e rmina t ion  o f  

t o t a l  n a l i d i x i c  ,and hydroxyna l i t l i x i c  i ic I.ds ( f r e e  and 

c o n j u g a t e d )  i n  u r i n e .  S t anda rds  f o r  a d j u s t i n g  t h e  

f luorime t e r  t o  100 p e r c e n t  emiss ion  w c ! r e  p r e p . ~ r e d  by 

s p i k i n g  a l i q u o t s  o f  d i l u t e d  b lank  ur i i ie  w i t h  10-40 ug o f  

n a l i d i x i c  a c i d -  and running  thein t h r o u L ~ .  the a n a l y t i c a l  

p rocedure  aloi ig  wi th  t h e  i i r ine  ,sdmples. k.11 measurements 

were made on a P e r k i n  Elmer 204 f l u o r e s c e n c e  s p e c t r o -  

photometer  at e x c i t a t i o n  and e n i i s s i o r i  w a v e  l o n g t h s  o f  

2 9 4  and 355 n m  r e s p e c t i v e l y .  

3 

'Manufactured i n  England f o r  Witnthrop P r c ~ d u c t s  i nc .  , 

2Ster l ing- -Winthrop  Research  I n s t i t u t e ,  l i e n s s e l a e r ,  N.Y.  

N . Y . ,  U.S.A. 
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582 KHALAFALLAH, DARWISH, AND KHALIL 

r a b l e t s  and Suspens ion  Content -  w a s  de te rmined  fo l lowi l lg  

B P  1973 (12)  i n s t r u c t i o n s ,  u s i n g  a Unicam SP 500 

spec t ropho tomete r .  

T a b l e t s  D i s i n t e g r a t i o n  T i m e -  w a s  de te rmined  by b o t h  

B P  1973 ( 1 2 )  and NE' X I V  ( 1 3 )  methods. 

T a b l e t s  D i s s o l u t i o n  Rate  T e s t -  w a s  c a r r i e d  o u t  a c c o r d i n g  

t o  USP XX-NF XV method u s i n g  a p p a r a t u s  2 a t  50 r p m  (11). 

--- RESULTS AND D I S C U S S Z  
N a l i d i x i c  a c i d  and i t s  major  m e t a b o l i t e ,  hydroxy- 

n a l i d i x i c  a c i d ,  a r e  e x c r e t e d  i n  u r i n e  p a r t l y  f r e e  b u t  

ma in ly  a s  g l u c u r o n i d e s  (10) .  The method o f  a s s a y  

adop ted  i n  the  p r e s e n t  i n  v ivo  s tudj - ,  c o l l e c t i v e l y  

de t e rmined  a l l  f o u r  n a p h t h y r i d i n e  s p e c i e s  e x c r e t e d  i n  

u r i n e .  Such an  approach ,  whereby t o t a l  d rug  and metabo- 

l i t e s  a r e  moni tored  i n  u r i n e  i s  a r ecogn ized  method i n  

b i o a v a i l a b i l i t y  d e t e r m i n a t i o n  ( 1 4 ) .  

Ciimulat J'.ve u r i n a r y  e x c r e t i o n  d a t a  o f  t o t a l  naphthy-  

r i d i n e s ,  o b t a i n e d  a f t e r  adminis  tei-ing t r e a t m e n t s  A-C a r e  

g i v e n  i n  Tab le  1. A p rev ious  r e p o r t  i n d i c a t e d  complete  

d r u g  recov-ery w i t h i n  24 hour s  ( 8 ) .  The i n f l a t e d  r ecove ry  

v a l u e s  (Table  1, 24 h column),  were due t c  t h e  h i g h e r  

f l u o r e s c e n c e ,  on a weight  b a s i s ,  o f  h y d r o x y n a l i d i x i c  a c i d  

rompared t o  r i a l i d i x i c  a c i d  ( 6 ) .  The u n t r e a t e d  ave rage  

d a t a  (Tab le  I), i n d i c a t e d  h i g h e r  r e c o v e r y  v a l u e s  f o r  t h e  

s u s p e a s i o n  form compared t o  the  two t a b l e t  b rands .  

Average u r i n a r y  e x c r e t i o n  r a t e  p r o f i l e s  (F ig .  I), r a t e d  

t a b l e t s  o f  t r e a t m e n t  A ,  s l owes t  i n  a b s o r p t i o n  r a t e .  
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NALIDIXIC ACID TABLETS 58 3 

TABLE 1 
Cumula t ive  U r i n a r y  E x c r e t i o n  Data F o l l o w i r i p ;  t,lie Adrninist-  
r a t i o n  o f  500  m g  o f  Na l - id iu i c  Acid i i i  ‘ T r e a t m e n t s  A-C. 

Treatmeli t  S u b j e c t  a 
T o t a l  NaphthyridLiie EscrcLed , mg 
2 4  G 8 1 2  24 hour s  

-- _ . _ _ _ _ - - ~ -  

AH 81.7 1 9 3 . 1  265.9 341..3 399.9 439.3 
N K  8 6 . 2  220.1 315.3 395.5 437.7 464.6 

A MZ 8 3 . 2  267.5 407.7 497.5 572.7 620.3 
AM 84.4 235.3 326.8 394.3 4417.1 574.4 
ME$ 8 5 . 1  218.2 398.2 539.3 571.6 633.2 

Averaye 8 4 . 1  226.8 342.8 433.6 4ti5.8 546.4 

AH 29.2 277.8 3 6 r . 3  402.1 404.7 506.3 
NK 100 .3  310.1 431.7 464.7 521.8 581.2 

SE‘ 0.8 12.2 zfi.7 30.f; 36.1 40.0 

B MZ 42.3 292.2 374 .1  4Lt1.5 4tl9.3 542.3 
AM 99.4 315.2 300.7 449.9 45)4.:L 541.2 
M R  167.4 333.7 427.7 473.3, 51-1.0 550.0 

:;L; 305.8 398.9 4’41..7 496.2 544.2 
S E  5j.6 14.0 1 : I . b  9 .8  11 .9  
AH 100.3 262.3 370.1 409.?i 444.2 486.8 
NK 98.0 267.7 383.6 4 l c j . 6  45i8.O 493.0 

C MZ 73 .5  305.8 53.L.6 672.4 706.!5 753.4 
AM 173 .3  370.4 469.0 542.4: 583.:3 615.7 
MI3 196.0 374.6 523.0 560.0 602.6 662.4 

Averaqe 121.0 316.2 455.5 522.5 5gj8.9 602.3 
SE’ 21.3 24.2 33.9 4(3.2! 48.8 50.9 

Average 

a 

1J 

C a l c u l a t e d  as  n a i i d i x i c  a c i d  

S t a n d a r d  e r r o r  of‘ t h e  mean 

R e s u l t s  0;’ t a b l e t s  and suspens io i i  a s s a y  i r i t l i ca ted  

ii d r u g  c o n t e n t  exceed ing  95% i n  each  ~casc .  T h i s  r u l e d  

o t i t  c h e m  i c a i i n e  yu i va 1 enc y ainon.,g the [>re pa n-a t. i o n s  

S imi 1 a r  i y , 

f 1ucttl.or;ions i n  u r i n a r y  pH sugy;estr-d ,a n e g l i g i b l e  e f f e c t  

o f  u r i n e  p H  on e x c r e t i o n  data.  T h u s ,  i n t e rb r -and  d i f f e r e -  

n c e s  i n  e x c r e t i o n  data were i n d i c a t i v e  of‘ ‘ d i f f e r e n c e s  i n  

b i o a v a i l a h i l i t y .  

t e 5 t e d . 
i n s  i gn i f i c an t we e k - t o -we e k i t i  t r a b u  t i  j e c t 
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584 KHALAFALLAH, DARWISH, AND KHALIL 

W 

ix k 

HOURS 

FIGURE 1 

Excretion rate profiles following the administration of 500 mg of 
nalidixic acid in the form of tablets, 5 -Treatment A,O-Treatment 
B; and in the form of suspension,.)-Treatment C. Each point is the 
mean of five volunteers. Bars denote the standard error of the mean 

Excretion data were statistically analysed. Peak 

excretion rate and total amount of drug ultimately 

recovered in urine were selected as indices of rate and 

extent of drug absorption. ANOVA results indicated an 

insignificant difference in extent of absorption among 

the products tested (Table 2 ) .  However, a statistically 
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N A L I D I X I C  A C I D  TABLETS 585 

TABLE 2 
A n a l y s i s  o f  V a r i a n c e  o f  t h e  24  h Ciimiilal i v e  ExcreLiorl  
D a t a  O b t a i n e d  FoILlowing The Adrninistr;il..ion o f  500 m g  o f  
K a l i d i x i c  Acid i n  T r e a t m e n t s  A-C. - -- 

S i g n i f i -  
ca11ce S o u r c  e d f  8s M S  

d 
Between Brands  2 10842.0 5421.0 0. ,705 NS 
Between S u b j e c t s  4 55353.9 13838.5 1.800 NS 
E r r o r  8 61484.5 7685.6 
T o t a l  -.--I- 1 4  127680.4 ____I 

a N o t  s i g n i f i c a n t  

s i g n i f i c a n t  d i f f e r e n c e  i n  r a t e  o f  a b s o r p t i o n  w a s  o b s e r v e d  

( T a b l e  3 ) .  

De i e r m i n a  Lion o f  d l s i n t o g r a ' i i o i i  i ime , o f  bo i  h brarids 

o f  t a b l e t ?  sltowed f a i l u r e  of t a b i e t s  i j i .  ti- 'oatmcnt A t o  

p a s s  t h e  1.5 m i n u t e s  BP 1 9 7 3  t e s t  (la), : s p e c i f i e d  by the  

UPC 1.977 ( 1 5 )  f o r  n a l i d i x i c  a c i d  t a b l e t s .  The same 

t a b l e t s  ( t r e a t m e n t  A ) ,  however, ,  passed the  3 0  m i n u t e s  

d i s i n t e g r a t i o n  t i m e  l i m i t  o f  t h e  NFS.LV ( 1 3 ) .  Such a 

d e l a y e d  d i s i n t e s r a t i o n  would b e  r a t e  1 . i m i t  i i ig  t o  b o t h  

d i s s o l u t i o n  arid a b s o r p t i o n .  D l s i n t e g r a t l o r l  o f  t a b l e t s  o f  

t r e a t m e n t  B ,  w a s  c o m p l e t e  w i t h i n  2 m i i i i i t e s .  

D u r i n g  t h i s ,  s t u d y ,  a d i s s o l u t i o n  t r s t  i 'or n a l i d i s i c  

a c i d  tabIets a p p e a r e d  i n  t h e  U 8 P X X - N F X V  (11 ) .  'rrear;mc.lit A 

t a b l e t s ,  when t c s t e d ,  were f o u n d  u t iub lc  to mcet t-he d i s s o -  

l u t i o n  r a t e  l i m i t  s p e c i f i c d  (11-1 .  O n l y  25;X o f  t h e  ta l )Let  

c o n t e n t  d i s s o l v e d  w i t h i n  30 i n i n u t e s .  R a p i d  d i s i n t  c - g r a t i o n  

o f  t a b L e t s  of  t l - e a t n e n t  13, p e r m i t t e d  t h e m  to p a s s  t h c  same 

d i s s o l u t i o n  t e s t .  More t h a n  80% of  I h e  t l r .ug  was l i h e r a t e d  
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586 KHALAFALLAH, DARWISH, AND KHALIL 

TABLE 3 
A n a l y s i s  o f  Var iance  o f  t h e  3 h E x c r e t i o n  Ra te  Data  
Obta ined  Fol lowing  t h e  A d m i n i s t r a t i o n  o f  500 mg o f  
N a l i d i x i c  Acid i n  Trea tment  A-C. 

S i g n i f  i- 
cance Source  df  ss M S  

Between Brands 2 3605.0 1799.1 8.38 P < 0.05 
Between S u b j e c t s  4 2203.5 550.9 2.56 N S  
E r r o r  a 1716.9 214.6 
T o t a l  1 4  7525.4 - 

i n t o  s o l u t i o n  i n  t h e  same ti.me p e r i o d .  The p a r t i a l l y  

a l c o h o l i c  d i s s o l u t i o n  medium d i d  n o t  appea r  t o  a f f e c t  t h e  

d i s i n t e g r a t i o n  p r o p e r t i e s  o f  t a b l e t s  o f  e i t h e r  t r e a t m e n t  A 

o r  B. 

F o r  n a l i d i x i c  a c i d  and o t h e r  d rugs  a d m i n i s t e r e d  on 

a m u l t i p l e  dosage regimen b a s i s ,  t h e  e x t e n t  of a b s o r p t i o n  

i s  cons ide red  a m o r e  c r u c i a l  b iophe rn iaceu t i ca l  pa rame te r  

t h a n  t h e  r a t e  of a b s o r p t i o n .  Compar:ision o f  e x c r e t i o n  

d a t e  o f  t rea tment .  A w i t h  t h o s e  o f  C ,  u s i n g  t h e  s t u d e n t  t- 

t e s t ,  i n d i c a t e d  a s i g n i f i c a n t l y  l o v e r  ra t ,e  and e x t e n t  o f  

a b s o r p t i o n  of  t h e  t a b l e t s  compared t o  t h e  suspensi .on 

(Tab le  4 ) .  Delayed d i s i n t e g r a t i o n  o f  t reat .ment  A t a b l e t s ,  

t h e r e f o r e ,  compara t ive ly  impai red  b o t h  r a t e  a n d  e x t e n t  o f  

t h e i r  b i o a v a i l a b i l i t y .  The impor tance  of prompt d i s i n t e -  

g r a t i o r ,  o f  t a b l e t s  as  a means of  promoting d i s s o l u t i o n ,  

and cocsequen t ly  abso rp t io r , ,  o f  d rbgs  shou ld  c o t  be 

unde res t ima ted .  

The d a t a  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  have been  

made a v a i l a b l e  t o  the  l o c a l  pha rmaceu t i ca l  f i r m  produ- 
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TABLE 4 
S t u d e n t  t - t e s t  App l i ed  t o  U r i n a r y  E x c r e t i o n  Data 
Fo l lowing  t h e  A d m i n i s t r a t i o n  of' 500 nia fin Trea tmen t s  A 
and  C .  

Da ta  Analy-sed t S i g n i  f i  c anc  e 

3 h E x c r e t i o n  Hate  5.30 P < 0.05 
2 4  h Cumulaitive E x c r e t i o n  2.84 P < 0.05 

- 

- 

c i n g  t h e  t a b l e t s  of  t r e a t m e n t  A,.  A s t u d y  o f  p o s s i b l e  

b a t c h - t o - b a t c h  v a r i a t i o n  i n  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  t h e  same t a b l e t s  i s  underway. 

I n  c o n c l u s i o n ,  t h e  r e s u l t s  o f  t he  p re sen t .  s t u d y  

s u p p o r t  t h e  r e c e n t  s p e c i f i c a t i o n  of  a d i s s o l u t i o n  r a t e  

t e s t  f o r  m a l i d i x i c  a c i d  t a b l e t s  (11). E3ased 011 t h e  

i.n v i v o  and  i n  v i t r o  d a t a  o b t a i n e d ,  t h e  d i s s o l u t i o n  t e s t  

p roved  more e f f e c t i v e  i n  d e t e c t i n g  a p o t e n t . i a l l y  l o w  

b i o a v a i l a b  ili t y  p r e p a r a t i o n  t h a n  t h e  30 miiiut e s  d i s i n t e g -  

r a t i o n  t ime l i m i t  ( 1 3 ) .  

-I 
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