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ABSTRACT 

Inclusion complex formation of piromidic acid 

( P A )  with dimethyl -0 - Cyclodextrin (DM-0-CyD) in aqueous 
solution and in solid state was confirmed by solubility 

method, power x-ray diffractometry. The apparent stability 

constant, Kc, of the complex was estimated as 244 M-'. 

The stoichiometry of complex was given as the ratio 1:2 

PA to DM-P -CyD. 

(*) Presented partly in the 3rd International Pharma- 
ceutical Technology Symposium, Ankara, Sempt. 1986. 

( f f )  To whom inquiries should be directed. 
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64 CELEB1 AND NAGAI 

The inc lus ion  complex was prepared two d i f f e r e n t  

methods, c o p r e c i p i t a t i o n  an n e u t r a l i z a t i o n .  

The d i s s o l u t i o n  r a t e  of PA/DM-P-CyD complexes 

were d isso lved  much more r ap id ly  than i n t a c t  PA. 

INTRODUCTION 

Priomidic ac id  ( P A ) ,  5,8 dihydro-8-ethly-5-oxo-2- 

pyrro l ido  pyrido [ 2,3-d ] pyrimidine-6- carboxcycl ic  a c i d ,  

i s  a pyrido pyrimidine d e r i v a t i v e ,  a congener of n a l i d i x i c  

ac id ,  PA i s  w i d e l y  used as a n t i b a c t e r i a l  a c t i v i t y  patho- 

gens (1,2). 

C H  

N N 
12 5 

HOOC ciPJ:g 0 

,Chart 1. Chemical S t r u c t u r e  of Piromidic A c i d  

Cyclodextrins (CyDs) or cycloamyloses are c y c l i c  

o l igosacchar ides  conta in ing  G,(a-CyD) , 7 (P-CyD) o r  8 (pCyD) 

a - ( 1 , 4 )  l inked  glucose u n i t s .  The important s t r u c t u r a l  

f ea tu re s  of these  compounds a r e  t h e i r  t o r o i d  o r  doughnut 

spape, t h e i r  hydrophi l ic  f a c e s  ( 3 , 4 ) .  
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DISSOLUTION CHARACTERISITICS OF PIROMIDIC ACID 65 

Recently, the chemically modified cyclodextrins 

have received considerable attention because their 

physicochemical properties and inclusion behaviors are 

different from those of the natural cyclodextrins. For 

example, the methylated P-cyclodextrins such as heptakis 

(2,6-di-o-methyl) -P-cyclodextrin (DM-P-CyD) and heptakis 

(2,3,6-tri-o-methyl) 4-cyclodextrin (TM-P-CyD) , are ex- 
remely soluble in water (more than 30 W/V % at 25 OC), 

and they interact with a variety of drug molecules (5). 

Cyclodextrins have been extensively employed 

to increase the solubility, dissolution rate, and ab- 

sorption characteristics of poorly-soluble drugs (6,7, 

8 )  . 
The present study deals with inclusion complexa- 

tion of piromidic acid with dimethyl-P- cyclodextrin in 

anticipation of improving solubility and dissolution 

behaviour of the piromidic acid. 

Inclusion complex formation of PA with DM-P-CyD 

in aqueous solution and in solid state was ascertained 

by solubility method, powder x-ray diffactometry, differ- 

ential scanning calorimetry (DSC) and proton nuclear 

magnetic resonance (1~-NMR) (9) . 

EXPERIMENTAL 

Materials: "Piromidic acid" (Panacid) and cyclodextrins 

were supplied from Dainippon pharmaceutical Co, and 
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66 CELEB1 AND N A G A I  

Nippon Shokuhin Kako Ltd,, (Japan) respectively. All 

other materials and solvents were of analytical reagent 

grade. 

Apparatus: The ultraviolet (uv) spectra, Hitachi 323, 
The powder x-ray diffactometer, Rigaku Dengi Geigerflex 

model D-2 (Japan). 

METHODS 

Solubility Studies: Solubility measurements were carried 

aut according to Higuchi et.al., the method (10). Excess 

amounts of PA were added to solutions at pH 7 . 4  containing 

various concentrations of CyD polymers and shaken 37+0,5 

OC. After equilibrium was attained (approximetely 4 days) 

an aliquot was filtered through a Toyo TM-2 membrane 

filter (0.45 clm) . A portion of the sample was adequately 
diluted and analyzed using a spectrophotometer at 273 nm 

for concentration of piromidic acid. 

Preparation of Solid Complexes: The solid complexes were 

prepared by two different methods, coprecipitation and 

neutralization method (Chart. 2) Amounts were calculated 

from the descending curvature of the phase solubility 

diagram (Fig. 2 ) .  These powder corresponded to 1:2 

PA/DM-P -CyD complex. 

The physical mixture of PA with DM-P-CyD in 1:2 

molar ratio was perpared by simple blending a ceramic 
mortar. 
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DISSOLUTION CHARACTERISITICS OF PIROMIDIC ACID 67 

NEUTRALIZATION 
METHOD 

COPRECIPITATION 
METHOD 

1. 73~10-~H P A  and 

2 4 ~ 1 0 - ~ M  DM-8-CD 

in 100 m l  of 0 . 1  N NaOH 

1 . 4 ~ 1 0 - ~  M DM-8-CD 

1) agitate w e l l  
for 7d. a t  
room temp. 

1 )  adjust to pH 7 . 0  
with 0 . 1  N HCL I 

2)  w a s h  w i t h  
w a t e r  

3)  dry in vacuo 
a t  room t e m p .  

Chart 2.  Methods for Mass 
Complex 

2)  w a s h  with 
w a t e r  

3 )  dry in vacuo 
a t  r o o m  t e m p .  

Preparation of Inclusion 

Powder x-Ray D i f f r a c t i o n  Study: The powder x-ray d i f f r a c -  

tometry w a s  carried o u t  u s i n g  t h e  d i f f r a c t o m e t e r  under  

t h e  fo l lowing  c o n d i t i o n s ;  x-ray,  N i  f i l t e r e d  Cu-K, r a d i a -  

t i o n ;  v o l t a g e  32,5 kv; c u r r e n t  30 mA; t i m e  c o n s t a n t  25; 

scanning  speed  1°/min. 

D i s s o l u t i o n  S t u d i e s :  D i s s o l u t i o n  rates of p i rorn id ic  acid 

from t h e  i n c l u s i o n  complex were measured by t h e  method 

o f  Nogami e t  al.,(ll). I n  b r i e f ,  t h e  sample powder (150 

mesh) of  drug  o r  i t s  e q u i v a l e n t  amount o f  t h e  complex 
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68 CELEB1 AND NAGAI 

was put  i n t o  50 m l  o f b u f f m  s o l u t i o n s  pH 1 . 2  and pH 7.5 

i n  a d i s s o l u t i o n  ce l l  which w a s  kept  a t  37*0.5 OC and 

t h e  d i s s o l u t i o n  medhm w a s  f i l t e r e d  through a membrane 

f i l t e r  (0.45 ccm),  d i l u t e d  and assayed spectrophotometr i -  

c a l y  . 

RESULTS AND DISCUSSION 

Phase s o l u b i l i t y  diagrams obtained f o r  PA wi th  

0-CyD and DM-6-CyRare shown i n  f i g u r e  1 and f i g u r e  2 .  

The d i f f e rences  i n  t h e  s o l u b i l i t y  curves  are substan- 

t i a t e d  and obvious. The s o l u b i l i t y  of piromidic  a c i d  

wi th  inc reas ing  concent ra t ion  0-CyD, showing Ap-type 

phase-so lubi l i ty  diagrams ( 1 0 ) .  

On t h e  o t h e r  hand t h e  DM-P-CyD system showed a 

t y p i c a l  Bs-type s o l u b i l i t y  curve with p r e c i p i t a t i o n  of 

mic roc rys t a l l i ne  PA/DM-P-CYD complex (1 :2  molar r a t i o )  

occuring a t  high DM-P-CyD concent ra t ions .  

Calcu la t ion  of t h e  s to ich iometry  of t h e  complex 

based on t h e  d a t u i n  t h e  p l a t e u  region i n  Figure 2 w a s  

i n  agreement with t h a t  obtained by i s o l a t i o n  and a n a l y s i s  

of t h e  c r y s t a l l i n e  complex. I n  sharp  c o n t r a s t  P-CyD 

systems d i d  not  y i e l d  any s o l i d  complex. 

I n  cases, t h e  magitude of apparent  s t a b i l i t y  

cons t an t  ( K c )  values  increased  i n  order of DM-P-C-D > 
0-CyD. The K c  va lues  of DM-0-CyD and P-CyD were found t o  

be 2 4 4  M - l  and 77.5 M-', r e spec t ive ly .  
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DISSOLUTION CHARACTERISITICS OF PIROMIDIC ACID 69 
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I 

4 8 12 T 6  2 0  

p -Cyclodextrin (XI 03M) 

Fig.1. Phase S o l u b i l i t y  Diagram of Piromidic acid-  
0-cyclodextr in  System i n  Buffer  S o l u t i o n  
PH 7 . 4  a t  37 OC 

The ord inary  method, e .g . ,  t h e  c o p r e c i p i t a t i o n  

method based on phase s o l u b i l i t y  and t h e  kneading method, 

arie no t  appropr ia te  t o  o b t a i n  PA/DM-P-CyD complex s a t i s -  

f a c t o r y  e f f i c i e n c y  and y i e l d .  However inc lus ion  complex 

could be prepared e a s i l y  t h e  n e u t r a l i z i n g  procedure.  

The p r i n c i p a l  advantages of n e u t r a l i z a t i o n  method 

can be summarized as follows; a )  t h e  unnecess i ty  of 

organic  so lven t ,  b) a good y i e l d  i n  a s h o r t  ope ra t ing  

t i m e ,  and c) s u i t a b l e  f o r  ex tens ion  t o  manufacturing 

s c a l e  ( 1 2 ) .  Fur ther ,  n e u t r a l i z a t i o n  method is s u i t a b l e  
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I 

8 1 6  2 4  3 2  

Fig.2. Phase S o l u b i l i t y  Diagram of Piromidic acid-  
Dimethyl-P-cyclodextrin System i n  Buffer  
Solu t ion  pH 7 . 4  a t  37 C 

0 

f o r  a prepara t ion  of complex wi th  h igher  p u r i t y  i n  s h o r t  

opera t ing  t i m e .  

Figure 3 shows t h e  powder x-ray d i f f r a c t i o n  

p a t t e r s  of t h e  complexes prepared by t w o  d i f f e r e n t  

methods i n  comparison with t h a t  of a phys ica l  mixture  

was found t o  be simple superpos i t ion  p a t t e r n  of t h e  

components, while t h a t  of t h e  complex was apparent ly  

d i f f e r e n t ,  corresponding to a new s o l i d  phase. I n  

add i t ion ,  t h e r e  w a s  no d i f f e r e n c e  i n  d i f f r a c t i o n  patterns 

among t h e  complexes. These r e s u l t s  i n d i c a t e  t h a t  PA in-  

t e r a c t e d  with DM-P-CyD t o  form an inc lus ion  complex. 
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DISSOLUTION CHARACTERISITICS OF PIROMIDIC ACID 7 1  

10 20 30 40 

2 e  ( O )  

Fig.3. Powder X-Ray D i f f r a c t i o n  P a t t e r n s  of PA/DM-P-CyD 
Sys t e m  
(a), I n t a c t  PA; (b), Phys ica l  mixture of PA and 
DM-P-CYD; (c)  , Inc lus ion  complex PA/DM-P-C~D 
( c o p r e c i p i t a t i o n  method) ; (d)  Inc lus ion  Complex 
PA/DM-P-CyD ( n e u t r a l i z a t i o n  method) ; (el , DM-P-CyD 

Figure 4 and Figure 5 show t h e  d i s s o l u t i o n  

p r o f i l e s  of PA from DM-P-CyD complex and phys ica l  m i x -  

t u r e  and PA powders i n  pJA 1 . 2  o r  pH 7.5 b u f f e r  s o l u t i o n s  

a t  37*0.5 OC. I t  is  ev iden t  t h a t  t h e  r a p i d l y  than  i n t a c t  

PA. 
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72 CELEB1 AND NAGAI 

h x 
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Fig.4. Disso lu t ion  P r o f i l e s  of Piromidic a c i d  and i t s  
DM-P-CyD complexes i n  pH 1 . 2  Buffer  s o l u t i o n  
a t  37 OC 

v, I n t a c t  PA, 0, Phys ica l  mix ture  of PA 

and DM-P -CyD ; 0, PA/DM-P -CyD inc lus ion  
complex ( c o p r e c i p i t a t i o n  method); 0 ,  PA/DM- 

P-CyD i n c l u s i o n  complex ( n e u t r a l i z a t i o n  med- 

hod) .  

The PA/DM-P-CyD complex prepared by n e u t r a l i z a -  

t i o n  method w a s  d issolved larger than  t h a t  of coprec ip i t a -  

t i o n  method. A l s o  t h e  d i s s o l u t i o n  p r o f i l e s  of PA i n  pH 

7.5 l a r g e r  than t h a t  t h e  pH 1 . 2 .  This  r e s u l t  dependent 
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L n =  20 
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Fig.5. Dissolution Profiles of Piromidic acid and its 
DM-P-CyD complexes in pH 7 . 5  Buffer Solution 
at 3 7  C 0 

v, Intact PA;e,Physical mixture of PA and 
DM-P-CYD; 0 ,  PA/DM-P-CYD inclusion complex 
(coprecipitation method) ; I, PA/DM-P -CyD 
inclusion complex (neutralization method) 

on solubility properties of drug and due to the greater 

solubility of DM-P-CYD available for complexation. 

The enhanced dissolution rate may be due to the 

increase in solubility and the decrease in crystallinity 
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74 CELEB1 AND NAGAI 

of the drug by the inclusion complexation as expected 

from Figure 2 and Figure 3 respectively. 

Thus, the remarkable increase in dissolution 

characteristics suggested that the complexed form of PA, 

particulary for DM-P-CyD, might improve bioavailability. 
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