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ABSTRACT 

The objective of the study is to improve the 
dissolution rate and efficiency and bioavailability 
of nalidixic acid (NA) and to evaluate three modified 
starches namely dextrin (D) B-cyclodextrin (B-CD) and 
hydroxyethyl starch ( H E S )  as carriers for solid 
dispersions. Solid dispersions of NA in D, B-CD and 
HES were prepared by common solvent method and the 
dispersions were evaluated by TLC, IR, DTA, X-ray 
diffraction, moisture absorption, dissolution rate 
and bioavailability studies. The three modified 
starches were found to be non-hygroscopic, 
non-interacting carriers giving solid dispersions and 
effective in increasing the dissolution rate, 
efficiency and absorption r a t e o f N A . A m a r k e d r e d u c t i o n  
in the crystallinity and crystal size of NA in the 
dispersions was observed. 

INTRODUCTION 
Nal idixic acid, an antibacterial agent, is 

poorly soluble in water and aqueous fluids and its 
absorption is dissolution rate 1 imited. Significant 
differences were observed ( 1 , 2 )  among the 
formulations of nalidixic acid with respect to lag 
time of absorption and availability rates.USF XXII(3) 
has also prescribed a dissolution rate test for 
nal idixic acid tab1 ets. Among the various approaches 
to improve the dissolution of poorly soluble drugs, 
the preparation of solid dispersions has often proven 
to be successful(4). In the present work solid 
dispersions of nalidixic acid (NA) in three modified 
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starches namely dextrin (D), 6-cyclodextrin ( B  -CD) and 
hydroxyethyl starch (HES) were prepared with a view 
to improve its dissolution and absorption rates. 
These modified starches have not been studied earlier 
as carriers for solid dispersions. Hence an 
evaluation of these modified starches as carriers for 
solid dispersions was also made. The results are 
reported here. 

EXPERIMENTAL 
Material s 

Nalidixic acid I.P.; Dextrin white (E.Merck); 
B -cyclodextrin (Sigma) ; Hydroxyethyl starch (Sigma 
and Ammonia solution 25% (Merck) were used. 
Preparation of Solid Dispersions 

Solid dispersions of nalidixic acid in various 
modified starches were prepared by common solvent 
method using ammonia solution as solvent. The sampl es 
were prepared by di.ssolving the carrier in warm water 
and nalidixic acid was added and dispersed. Ammonia 
solution was then added to the dispersion, while 
stirring, to get a clear solution. The solvent was 
then removed by evaporation at 40°C under vacuum. The 
mass obtained was then crushed, pulverised and sifted 
through mesh No.100. In each case four different 
concentrations of carrier namely 5, 10, 25 and 50 
per cent were used in the preparation of solid 
dispersions. 
Interaction Studies 

TLC method was used to study the chemical 
stability of drug in solid dispersions. A solvent 
system consisting of chloroform : methanol : formic 
acid (90:7:3) was used. The drug was detected by 
exposing to iodine vapours. 

IR spectra of NA, D, B-CD and HES and their 
sol id dispersions (1: l )  were obtained using Bomen 
Michel son IR spectrophotometer. IR spectra were 
obtained by preparing solid disc in KBr using KBr as 
reference. 
Differential Thermal Analysis 

Ditierential Th ermal Analysis was performed on 
nal idixic acid, dextrin, B-cycl odextrin, hydroxyethyl 
starch and their solid dispersions (1:l) using 
Stanton Redcroft DTA 673-4 analyser with RE 571.20 
Potentiometric recorder. The samples were analysed in 
the temperat re range of 30"-260°C at a heating rate 
of 10°C min . -Y 
X-ray Diffraction Studies 

X-ray diffractograms were obtained b using 
Phillips diffractometer (PW 1140) an2 Cu-K, 
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r a d i a t i o n .  D i f f r a c t o g r a m s  were run a t  a s cann ing  
speed o f  2"/min and a c h a r t  speed of  2 " / 2  cm/20. 
Moisture Absorption Studies - 

Hygroscopic  n a t u r e  of t h e  carr i -ers  and t h e  
sol i d  d i s p e r s i o n s  was e v a l u a t e d  by moi s tu re  
a b s o r p t i o n  s t u d i e s  i n  c l o s e d  d e s i c c a t o r  a t  8 4  p e r  
c e n t  r e l a t i v e  humidi ty  ( R H )  and room t e m p e r a t u r e .  
Dissolution Rate Studies 

The d i s s o l u t i o n  r a t e  of  n a l i d i x i c  a c i d  i n  pure  
form and from s o l i d  d i s p e r s i o n s  and phys ica l  m i x t i r e s  
w a s  s t u d i e d  u s i n g  USP X X I  D i s s o l u t i o n  R a t e  Test 
Apparatus  employing a padd le  s t i r r e r .  I n  900 ml of 
d i s s o l u t i o n  medium ( a  mix tu re  of one volume of pH 7.4 
phosphate  b u f f e r  and 4 volumes of  d i s t i l l e d  w a t e r ) ,  a 
sample e q u i v a l e n t  t o  50 mg o f  n a l i d i x i c  a c i d ,  a speed 
of 50 rpm and a t e m p e r a t u r e  of 3 7 + 1 " C  were employed 
i n  each  t e s t .  A 5 ml a l i q u o t  of  d i s s o l u t i o n  medium 
was withdrawn a t  d i f f e r e n t  time i n t e r v a l s ,  s u i t a b l y  
d i l u t e d  and a s sayed  s p e c t r o p h o t o m e t r i c a l l y  a t  258 nm. 
The d i s s o l u t i o n  e f f i c i e n c y  v a l u e s  were c a l c u l a t e d  a s  
sugges t ed  by Khan ( 5 ) .  D i s s o l u t i o n  pa rame te r s  
c a l c u l a t e d  a r e  g i v e n  i n  Table-1.  
In VIVO Evaluation 

I n  v i v o  e v a l u a t i o n  of t h e  s o l i d  d i s p e r s i o n s  of 
n a l i d i x i c  a c i d  w a s  done i n  h e a l t h y  human s u b j e c t s  by 
u r i n a r y  e x c r e t i o n  s t u d i e s .  I n  v i v o  s t u d i e s  were 
c a r r i e d  o u t  on i )  n a l i d i x i c  a c i d  i i )  NA-D ( 9 : l )  
i i i) NA- 6 -CD ( 9 : l )  and i v )  NA-HES ( 9 : l )  s o l i d  
d i s p e r s i o n s  a s  p e r  a c r o s s o v e r  randomized b l o c k  
d e s i g n  ( n = 4 )  w i t h  a washout p e r i o d  of 1 5  d a y s  between 
t h e  t r e a t m e n t s .  The p r o d u c t s  were t e s t e d  a t  a dose  
e q u i v a l e n t  t o  500 mg of  NA.  N a l i d i x i c  acid i n  u r i n e  
samples  was de t e rmined  by t h e  method d e s c r i b e d  by 
P e r e n y i ,  T .  ( 6 ) .  

El i m i n a t i o n  r a t e  c o n s t a n t  (K,] 1 and b i o l o g i c a l  
h a l f - l i f e  ( t b )  were c a l c u l a t e d  from u r i n a r y  e x c r e t i o n  
d a t a  by u s i n g  Nelson e q u a t i o n  ( 7 ) .  Per c e n t  of drug  
absorbed t o  v a r i o u s  times and a b s o r p t i o n  r a t e  
c o n s t a n t  ( K a  ) were c a l  cul  a t e d  from u r i n a r y  e x c r e t i o n  
d a t a  by t h e  method of Wagner-Nelson ( 8 , 9 ) .  Cumulat ive 
amount e x c r e t e d  i n  u r i n e  (Xu), w a s  t a k e n  a s  a measure 
of b i o a v a i l  a b i l  i t y .  The r e s u l  t s  were anal ysed  
s t a t i s t i c a l  l y  u s i n g  S t u d e n t ' s  p a i r e d  t - t e s t .  The 
resu l t s  a r e  g iven  i n  Table-2.  - 

RESULTS AND DISCUSSION 
A 3 1  t h e  d i s p e r s i o n s  p repa red  were found t o  be 

f i n e  and f r e e  f lowing .  Low s . d .  v a l u e s  i n  per c e n t  
d rug  c o n t e n t  e n s u r e d - u n i f o r m i t y  i n  d rug  c o n t e n t  i n  
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TABLE-1 
Dissolution Parameters of Nalidixic acid from various 

Sol id Dispersions 

Per cent Cube Root 
Carrier T50 D*E* Dissolution 

tration K(~ngl’~,rnin-l) 

Sol id 
Dispersion Concen- (min) ( % )  Rate Constant 

-- NA 
NA-D 5 

10 
2 5  
50 

NA- B-CD 5 
10 
2 5  
50 

NA-HES 5 
10 
2 5  
50 

>120 18.83 
37 39.58 
1 2  70.00 

5.5 82.25 
4.5 84.17 
28 48.58 
14 69.92 
11 72.50 
10 83.24 
23 54.00 
17 64.58 
15 70.00 
14 73.66 

0.0054 
0.0189 
0.0556 
0.0950 
0.1081 
0.0263 
0.0594 
0.0612 
0.0696 
0.0350 
0.0579 
0.0593 
0.0694 

each batch. No ammonia was detected in products when 
tested with Nessler’s reagent. 

In TLC studies NA dispersed in various 
carriers showed the same Rf value as pure compound 
and no additional spots were detected. IR spectra of 
NA and its solid dispersions are identical. The 
principal IR absorption peaks of NA were all observed 
in the spectra of NA as well as its dispersions. DTA 
thermograms of NAY D, B-CD, HES and their solid 
dispersions are shown in Fig. 1. In all the 
thermograms of NA and solid dispersions a well 
defined endothermic peak around 229°C corresponding 
to the melting point of NA was observed. The TLC, IR 
spectra and DTA thus indicated no interaction between 
the drug and carriers in the solid dispersions. The 
moisture absorption by the solid dis ersions was 
found to be very low,  less than 1.0% w P w indicating 
that they were essentially non-hygroscopic. 
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F I G U R E  1 
DTA THERMOGRAMS OF M O D I F I E D  
S T A R C H E S ,  N A L I D I X I C  A C I D  AND 
T H E I R  D I S P E R S I O N S  (1 : l ) .  

Solid dispersions gave fast and rapid 
dissolution of NA when compared to pure drug and 
physical mixtures (Table-1) . The dissolution of NA 
from solid dispersions obeyed Hixson-Crowell's cube 
root dissolution rate equation(l0). With all the 
three carriers as the carrier concentration in solid 
dispersion was increased the dissolution rate also 
increased. Among the three modified starches studied 
dextrin gave highest dissolution. An eleven fold 
increase in the dissolution rate was observed with 
dextrin at 50% carrier concentration. There was 
considerabl e improvement in the dissolution 
efficiency of NA in the case of solid dispersions. 

I n  X-ray diffraction studies NA exhibited 
characteristic crystalline diffraction patterns 
whereas in the case of solid dispersions the peak 
heights were much reduced (Fig.2) indicating that the 
crysfallinity and crystal size of NA was much reduced 
i n  sol id dispersions. Thus the increased dissolution 
rate in the case of solid dispersions may be due to 
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30 25 20 15 10 5 
2 8  

FIGURE 2 
X-RAY DIFFRACTION SPECTRA OF 
NALIDIXIC ACID AND ITS DISPERSIONS 
( 1 : l )  IN MODIFIED STARCHES. 

the reduction of crystallinity and crystal size of 
the drug dispersed. In addition other factors like 
absence of aggregation and aggl omerati on between drug 
particles and good wettabil ity and dispersibil ity of 
dispersed drug might have also contributed to the 
observed increase in the dissolution rate of NA from 
so l  id dispersions. 

Tab1 e-2 gives the pharmacokinetic and 
bioavail ability parameters estimated foll owing the 
oral administration of NA and its solid dispersions. 
The biological half-life (t%) of NA was found to be 
2.71 _+ 0.17 hrs. and this value was in good agreement 
with that of 2.7 hrs. reported in the literature 
(11). N o  significant difference was observed in t h  of 
NA and its dispersions in modified starches. Thus the 
el imination characteristics of NA remained unal tered 
when it was solid dispersed in modified starches. 
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Absorption rate constant (Ka) and er cent 
drug absorbed to various times, calculate8 as per 
Wagner-Nelson method were significantly higher with 
sol id dispersions indicating fast and rapid 
absorption of NA from solid dispersions when compared 
to pure drug. However, no significant difference was 
observed in (Xu), of NA and its dispersions 
indicating that the extent of bioavail abil ity 
remained the same with all the products. 

CONCLUSIONS 
The results of the study indicated that the 

modified starches dextrin, B-cycl odextrin and 
hy d r ox ye t hy 3 starch were non-hygroscopic, 
non-interacting carriers giving so1i.d dispersions; 
effective in increasing the dissolution rate and 
efficiency and absorption rate of nalidixic acid, a 
poor1 y sol ubl e drug. 
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