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A B S T R A C T  

Furosemide-PVP solid dispersion systems were 

prepared by co-evaporation and freeze-drying methods. 

The X-ray diffraction patterns indicated that fmsemide 
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1440 AKBUGA, GURSOY,  AND K E N D I  

i n  t h e  c o p r e c i p i t a t e s  w a s  i n  amorphous form. The 

d i s s o l u t i o n  ra te  of furosemide w a s  markedly increased  

i n  these s o l i d  d i spe r s ion  systems. The inc rease  i n  

d i s s o l u t i o n  w a s  a func t ion  of t h e  r a t i o  of drug t o  PVP 

used. With 1 : 7  r a t io  t h e  b e s t  r e s u l t  was obtained.  The 

49000 m o l .  w t .  PVP y i e lded  t h e  m o s t  r a p i d  furosemide 

d i s s o l u t i o n .  Disso lu t ion  s t u d i e s  have shown t h a t  

c o p r e c i p i t a t e  of furosemide-PVP (1:7) is t h e  b e s t  

combination. Fac tors  c o n t r i b u t i n g  t o  t h e  enhancement of 

furosemidef ,d isso lu t ion  from t h e  d i spe r s ion  i n  PVP w e r e  

d i scussed .  The inc rease  i n  release rates w a s  a t t r i b u t e d  

t o  t h e  increased  w e t t a b i l i t y ,  coacervate  formation and 

t h e  complexation. 

The e f f e c t  of aging on furosemide-PVP s o l i d  

d i spe r s ions  has been inves t iga t ed .  Af t e r  s t o r a g e ,  under 

t h e  d i f f e r e n t  humidi t ies  (55%,  7 0 %  and 85% RH) 

c o p r e c i p i t a t e s  showed no change i n  e i t h e r  d i s s o l u t i o n  

rate or X-ray d i f f r a c t i o n  p a t t e r n s .  

INTRODUCTION 

It is  known t h a t  s o l i d  d i s p e r s i o n s  of poorly 

so lub le  drugs and water-soluble c a r r i e r s  i nc rease  drug 

d i s s o l u t i o n  and b i o a v a i l a b i l i t y  (1-3). A s  an i n e r t  

carrier, povidone (polyvinylpyrrol idone)  i n h i b i t s  

c r y s t a l  growth and phase t ranformat ion  (4,5). It  has 

a l s o  approved f o r  use i n  o ra l  medications ( 6 ) .  
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FUROSEMIDE-PVP 1441 

Furosemide i s  a poorly so lub le  d i u r e t i c  and 

exheb i t s  e r r a t i c  d i s s o l u t i o n  c h a r a c t e r i s t i c s  and 

b i o a v a i l a b i l i t y  ( 7 - 9 ) .  On the  o the r  hand very l imi ted  

information i s  a v a i l a b l e  for  t h e  s o l i d  d i spe r s ion  

s y s t e m  of furosemide (10-12). Therefore an at tempt  t o  

modify t h e  d i s s o l u t i o n  c h a r a c t e r i s t i c s  of furosemide by 

prepar ing  s o l i d  d i spe r s ion  system using polyvinylpyrrolidone 

(PVP)  w a s  made and t h e  e f f e c t s  of p repa ra t ion  techniques, 

molecular weight of PVP and t h e  p a r t i c l e  s i z e  of 

c o p r e c i p i t a t e  on the drug d i s s o l u t i o n  w e r e  a l s o  

i n v e s t i g a t e d .  

Furthermore t h e  e f f e c t  of aging on t h e  d i s s o l u t i o n  

of s o l i d  d i spe r s ion  systems has  not  been ex tens ive ly  

repor ted  (13,14). In  t h i s  paper t h e  s t a b i l i t y  of 

furosemide-PVP s o l i d  d i s p e r s i o n  systems w a s  a l s o  studied. 

E X P E R I M E N T A L  

Mater i a 1 s 

Furosemide (Hoechst A.G.  F rankfu r t ,  W. Germany), 

polyvinylpyrrol idone [PVP K - 2 5 ,  K - 3 0 ,  K - 9 0  (BASF,  D- 

ludwigshafen,W. Germany)], methanol (Riedel-de-Haen 

A . G .  Seelzo-Hannover W. Germany). 

Methods 

Prepara t ion  of So l id  Dispersions 

Sol id  d i spe r s ion  systems conta in ing  d i f f e r e n t  r a t i o  

of furosemide-PVP w e r e  prepared a s  fol lows.  
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1442 AKBUGA, G U R S O Y ,  A N D  K E N D I  

I- Co-evaporation Method : A weighted q u a n t i t y  of 

furosemide and PVP w e r e  d i s so lved  i n  a minimum volume 

of methanol and t h e  so lven t  w a s  removed by evaporat ion 

i n  a r o t a r y  evaporator  (Ika-werk, Janke 13 Kunkel GmbH) 

and d r i ed .  The r e s idue  w a s  powdered and p a r t i c l e s  i n  

100-mesh s i z e  w e r e  used. 

11- Freeze-drying Method : Both furosemide and PVP 

w e r e  d i s so lved  i n  a minimum amount of ammonium s o l u t i o n  

( 1 0 % )  and t h e  s o l u t i o n  w a s  f reeze-dr ied  (Lyovac GT2 ,  

Leybold-Heraeus). The r e s idue  w a s  s to red  i n  d e s s i c a t o r  

then d r i e d  and powdered a s  mentioned above. The residual  

ammonia i n  t h e  s o l i d  d i spe r s ion  systems w a s  checked. 

D i f f e ren t  furosemide t o  PVP r a t i o s  w e r e  used i n  

the  p repa ra t ion  of s o l i d  d i spe r s ion  systems. 

Phys ica l  mixtures  of furosemide-PVP of weight 

f r a c t i o n s  s i m i l a r  t o  c o p r e c i p i t a t e s  w e r e  prepared by 

mixing t h e  drug and carrier i n  a mortar with a s p a t u l a .  

TLC technique was appl ied  f o r  d e t e c t i n g  p o s s i b l e  

decomposition. 

- X-Ray D i f f r a c t i o n  S tudies  

X-ray powder d i f f r a c t i o n  p a t t e r n s  w e r e  obtained 

using an X-ray powder d i f f r ac tomete r  [(- ,enera1 Electr ic  

xRD-7 ( t h r e e  c i rc le)]  employing n i c k e l  f i l t e r e d  CuK a 

r a d i a t i o n .  D
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FUROSEMIDE-PVP 1443 

IR-Analyses 

Perkin E l m e r  i n f r a r e d  spectrophotometer was used 

t o  o b t a i n  I R  ana lyses  of samples. 

Disso lu t ion  R a t e  S tud ie s  

For t h e  d i s s o l u t i o n  ra te  de termina t ions ,  Levy's 

beaker method w a s  used ( 1 5 ) .  The d i s s o l u t i o n  medium w a s  

0 . 1  N hydrochlor ic  a c i d  a t  37 Z C).5O and r o t a t e d  a t  100 

rpm. Wighted amounts of c o p r e c i p i t a t e  or  phys ica l  mixture 

were d i r e c t l y  added on t h e  medium and drug conten t  w a s  

spec t rophotometr ica l ly  (Varian Techtron S e r i e s  6 3 4  

Spectrophotometer) determined a t  272 nm. The r e s u l t s  are 

t h e  mean of 6 de te rmina t ions .  Correc t ions  w e r e  made f o r  

any absorp t ion  due t o  PVP. 

E f f e c t  of PVP Molecular Weight on Drug R e l e a s e  

BY using PVP K-25, K - 3 0 ,  K - 9 0  (average molecular 

weight 25000, 49000 ,  1 1 0 0 0 0 0 )  c o p r e c i p i t a t e s  and 

phys ica l  mixtures  of furosemide and PVP w e r e  prepared 

a s  descr ibed previous ly .  

E f f e c t  - ,  of Coprec ip i ta te  P a r t i c l e  S ize  on Drug 

Release 

Coprec ip i ta tes  having d i f f e r e n t  p a r t i c l e  s i z e  w e r e  

- 

prepared and t h e  d i s s o l u t i o n  r a t e s  of t h e s e  

c o p r e c i p i t a t e s  w e r e  determined as mentioned above. D
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1444 AKBUGA, G U R S O Y ,  AND K E N D I  

S o l u b i l i t y  and Sur face  Tension Measurements 

The e f f e c t  of PVP c o n c e n t r a t i o n  on t h e  s o l u b i l i t y  

of fu rosemide ,  i n  d i s t i l l e d  w a t e r  and 0 . 1  N 

h y d r o c h l o r i c  a c i d  a t  2 5  t 0 . 2 O  w a s  de te rmined  by shaking 

an excess of  powdered d rug  w i t h  s o l v e n t  i n  a water -ba th .  

Samples w e r e  withdrawn and a s sayed  spectrophotometr ical ly  

a t  272  nm. 

Sur face  t e n s i o n  w a s  measured by u s i n g  d r o p  weight  

method . 

S t a b i l i t y  s t u d i e s  

Powdered samples  w e r e  s t o r e d  i n  screw-capped 

b o t t l e s  a t  d i f f e r e n t  r e l a t i v e  h u m i d i t i e s  ( 5 5 % ,  7 0 %  and 

85% RH) a t  ambient t empera tu re  f o r  5 months and t h e  

d i s s o l u t i o n  rates of  c o p r e c i p i t a t e s  w e r e  de te rmined .  The 

X-ray d i f f r a c t i o n  p a t t e r n s  w e r e  a l so  i n v e s t i g a t e d  

d u r i n g  t h e  tes ts .  

RESULTS and DISCUSSION 

P r o p e r t i e s  of Furosemide-PVP S o l i d  Di spe r s ion  

Systems 

The X-ray d i f f r a c t i o n  p a t t e r n s  o f  furosemide ,  P V P ,  

furosemide-PVP s o l i d  d i s p e r s i o n  systems and p h y s i c a l  

m i x t u r e s  are shown i n  F i g .  1. By c o p r e c i p i t a t i o n  wi th  

PVP, t h e  s h a r p  d i f f r a c t i o n  peaks  a t t r i b u t e d  furosemide  

c r y s t a l s  d i s a p p e a r e d .  As seen  i n  t h i s  f i g u r e ,  t h e  
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FUROSEMIDE-PVP 1445 

23  21 I9 17 15 

2 %  

FIGURE 1 

X-ray Diffraction Patterns; Furosemide (I) , 
Furosemide-PVP, Physical Mixture (II), 

Furosemide-PVP Coprecipitate (111) , PVP (IV) 
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1446 AKBUGA, GURSOY, AND KENDI 

2 3  21 I9  17 )5 

2 6  

FIGURE 2 

X-ray D i f f r a c t i o n  P a t t e r n s  of Furosemide-PVP 

Coprec ip i t a t e s  Prepared by Di f f e ren t  Methods 

Co-evaporation (I)  , Freeze-drying (11) 

absence of furosemide d i f f r a c t i o n  peaks i n d i c a t e s  t h a t  

an amorphous form e x i s t e d  i n  t h e  c o p r e c i p i t a t e s .  As 

i nd ica t ed  i n  earlier r e p o r t ,  PVP d i d  not  show any 

c r i s t a l l i n i t y  (16). The s i m i l a r  X-ray d i f f r a c t i o n  

p a t t e r n s  w e r e  obtained with furosemide-PVP s o l i d  

d i spe r s ion  systems prepared by freeze-drying method 

( F i g . 2 ) .  However, c h a r a c t e r i s t i c  furosemide d i f f r a c t i o n  

peaks remained cons t an t  i n  phys i ca l  mixtures .  With PVP, 

furosemide formed well-defined c o p r e c i p i t a t e s .  

Figure 3 shows t h e  d i f f r a c t i o n  p a t t e r n s  of 

furosemide-PVP c o p r e c i p i t a t e s  composed of d i f f e r e n t  drug 

t o  PVP ra t ios  such as 3:1, 1:1, 1:3, 1:7 and 1:lO. No 
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FUROSEMIDE-PVP 1447 

I 

23 21 19 17 15 

2 %  

F I G U R E  3 

Comparison of X-ray D i f f r a c t i o n  P a t t e r n s  of 

Furosemide-PVP Coprecipi ta tes ;  Drug-PVP (3:l) (I) , 
Drug-PVP (1:l) ( 1 1 1 ,  Drug-PVP (1:3) ( 1 1 1 1 ,  

Drug-PVP (1:7) ( I V ) ,  Drug-PVP (1:lO) (V)  

d i f f e r e n c e  w a s  observed i n  t h e  d i f f r a c t i o n  p a t t e r n s  of 

t h e s e  c o p r e c i p i t a t e s .  

The I R  spectrum of furosemide shows a sharp  band 

a t  3400 c m - l  and 3350 cm-I while t h e  IR-spectrum of 

furosemide-PVP c o p r e c i p i t a t e  shows a broad band a t  these 

reg ions .  The o t h e r  sharp  bands disappeared i n  t h e  systan. 

The I R  spectrum provided evidence t h a t  t h e r e  w a s  complex 
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1448 AKBUGA, GURSOY,  AND K E N D I  

formation between furosemide and PVP, probably v i a  

hydrogen bonding. This f ind ing  i s  i n  accordance with 

S h i n ' s  r e p o r t  (11) t h a t  an i n t e r a c t i o n  i s  p resen t  

between t h e  func t iona l  groups of furosemide with PVP. 

Furthermore no  decomposition w a s  de t ec t ed  by th in -  

l a y e r  chromatography. 

Disso lu t ion  S tud ie s  

Disso lu t ion  parameters of pure  drug,  furosemide- 

PVP c o p r e c i p i t a t e s  and phys ica l  mixtures  w e r e  given i n  

Table I .  With furosemide-PVP s o l i d  d i spe r s ion  systems, 

approximately s i x t y f o l d  inc rease  i n  drug r e l e a s e  w a s  

obtained.  The d i s s o l u t i o n  process  followed f i r s t  o rder  

k i n e t i c .  Disso lu t ion  r a t e  cons t an t s  a r e  k=O .0037 min-l 

and k=0.2197 min-' f o r  pure drug and furosemide-PVP 

c o p r e c i p i t a t e .  For phys i ca l  mixture ,  k va lue  i s  0 .0099  

min . Furosemide i n  t h e  phys ica l  mixture d isso lved  

m o r e  r a p i d l y  than  furosemide alone.  

-1 

Comparison of t h e  two d i f f e r e n t  techniques ,  co- 

evaporat ion and f reeze-dry ing ,  no s i g n i f i c a n t  

d i f f e r e n c e  was found i n  drug r e l e a s e .  The  r e s u l t s  are 

summarized i n  Table I.  With c o p r e c i p i t a t e s  'prepared 

by freeze-drying method, a h igher  d i s s o l u t i o n  r a t e  was 

obtained a t  l o w  weight f r a c t i o n s  of PVP. However s o l i d  

d i spe r s ion  systems prepared by co-evaporation and 

freeze-drying methods, both exh ib i t ed  f a s t  drug 

r e l e a s e  than furosemide and phys ica l  mixture (Fig.  4 ) .  
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FUROSEMIDE -PVP 

Drug t o  PVP j k  
' a t  i o  i (min-) 

1449 

t50 A30 % A45 % (min ) 

TABLE I 

F i r s t - o r d e r  D i s s o l u t i o n  Rate Cons tan t  (k) 
H a l f - l i f e  ( t 5 0 ) ,  A30 and A45 Values  of 

Furosernide-PVP Coprec ip  i t a tes  

Furosemide 1 0 . 0 0 3 7  

1:l : 0 . 0 1 3 4  
! - 

1 8 7 . 2 9  6 . 7 5  1 4 . 0 3  

5 1 . 5 4  2 9 . 0 5  41 .44  

1:5 I 0 . 0 5 4 6  

1 : 7  , 0 . 2 1 9 7  

1:10 j 0 . 2 0 2 1  

1:20 0 . 2 9 6 5  

1:l : 0 . 0 2 4 8  

1: 3 0 . 0 1 9 1  

- 
I 

I 
I 

1 - 

- 
I 

1: 3 j 0 . 0 2 5 7  I 2 6 . 9 6  5 2 . 4 7  6 5 . 3 9  

1 2 . 6 8  7 1 . 5 4  7 5 . 0 7  

3 . 1 5  90 .36  9 1 . 4 4  

3.42 8 7 . 1 6  8 8 . 2 8  

2 . 3 3  96 .32  9 7 . 4 0  

2 7 . 9 4  5 0 . 2 2  6 4 . 8 6  

3 6 . 2 8  3 0 . 1 8  5 0 . 0 0  

1 : 7  0 . 1 7 3 1  

1: 1 0  0 . 1 8 6 3  

1: 1 1 0 . 0 0 9 9  

1: 3 0 . 0 0 9 9  

1: 5 I 0 . 0 0 9 9  

1:7 I 0 , 0 0 9 9  

1: 1 0  , 0 . 0 0 9 9  

1 :20  0.0138 

- 
4 .00  8 2 . 8 8  8 4 . 0 0  

3 . 7 1  8 7 . 4 3  8 7 . 5 0  

7 0 . 0 0  3 4 . 7 5  4 0 . 0 1  

7 0 . 0 0  2 9 . 3 9  32 .20  

7 0  . O O  3 9 . 1 8  4 4 . 9 6  

7 0 . 0 0  3 9 . 1 8  42 .17  

7 0 . 0 0  3 6 . 4 8  4 5 . 0 4  

5 0  . O O  4 3 . 3 9  47 .97  

l p r e c i p i t a t e  o. 2699  

0 . 2 3 2 7  

(80-mesh) 
Cop re c i p  it ate 

(120-mesh) I 

Par t ic le  s i z e  of c o p r e c i p i t a t e  X 

2 .56  91 .96  9 3 . 6 1  

2 . 9 7  9 6 . 0 9  9 9 . 3 2  
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t i m e  (mrn)  

FIGURE 4 

Disso lu t ion  P r o f i l e s  of Furosemide ( A ) ,  

Furosemide-PVP, Phys ica l  Mix tu re  (A) ,  

Coprec ip i ta te  Prepared by Method ( I )  

(0 )  and Method (11) (0) 

The e f f e c t  of furosemide-PVP r a t i o  on t h e  release 

rate of drug w a s  next  s t u d i e d .  Disso lu t ion  

c h a r a c t e r i s t i c s  of furosemide-PVP s o l i d  d i spe r s ion  

systems having d i f f e r e n t  weight f r a c t i o n s  of PVP such 

as 1:1, 1:3, 1:5, 1:7, and 1:20 are shown i n  Fig.  S and 

Table I. The  b e s t  release w a s  obtained with (1:7) r a t io .  
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1oc 
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80  
U 
b, 
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,' 
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time (min) 

r 

10 20 30 40 50 60 
time (min.) 

FIGURE 5 

The E f f e c t  of Furosemide-PVP R a t i o  

on Drug Release, Furosemide ( Q )  , Furosemide-PVP 

Coprec ip i t a t e  (1:l) ( x ) ,  (1:3) (A), 

(1:5) ( A  1 ,  (1:7) ( 0 , (1:20) ( 0 )  

Figure 6 shows p l o t  of t50 values  versus  % furosemide 

i n  d i spe r s ions .  There i s  no d i f f e r e n c e  of t va lues  

u n t i l  12%, but  above t h i s  r a t i o  a gene ra l  i nc rease  i n  

t50 
inc rease  was observed u n t i l  t h e  r a t i o  1 :7  and then 

inc reases  i n  t h e  weight f r a c t i o n  of PVP d i d  n o t  a f f e c t  

50 

va lues  i s  found. A s  i nd ica t ed  i n  Table I ,  an 
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1452  AKBUGA, G U R S O Y ,  AND K E N D I  

t50 
(min  ) 

l0C 

60 

40 

20 

20 40 69  8C 'ooo/o furosemide 

F I G U R E  6 

P l o t  of Disso lu t ion  Hal f - l ives  (tS0) 

of Coprec ip i t a t e s  Versus  % Furosemide 

i n  PVP Dispersions 

furosemide release. It i s  considered t h a t  a c r i t i c a l  

mixture r a t i o  is p r e s e n t  f o r  d i s s o l u t i o n  of furosemide 

from furosemide-PVP so l id  d i spe r s ion  systems and t h i s  

ratio is approximately (1:7). When t h e  welght r a t i o  of 

PVP increased above t h i s  va lue ,  no enhancement w a s  

observed i n  drug r e l e a s e .  The i n c r e a s e  i n  d i s s o l u t i o n  

rate i s  seen t o  be dependent of PVP r a t i o .  
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FUROSEMIDE-PVP 1453 

The f a s t e r  d i s s o l u t i o n  rates of c o p r e c i p i t a t e s  may 

be a t t r i b u t e d  t o  t h e  formation of a high energy 

amorphous phase of drug as previous ly  repor ted  ( 1 6 ) .  

Here t h e  i n h i b i t i n g  e f f e c t  of PVP on drug crystallization 

is  important t oo .  In  furosemide-PVP c o p r e c i p i t a t e s ,  PVP 

i n  t h e  medium s t r o n g l y  i n h i b i t e d  t h e  recrystallization of 

furosemide and no peak w a s  observed i n  d i s s o l u t i o n  

curves s i n c e  t h e  d i s s o l u t i o n  curve r ep resen t s  t h e  

d i f f e r e n c e  of t h e  rate of d i s s o l u t i o n  and t h e  ra te  of 

r e c r y s t a l l i z a t i o n  ( F i g . 5 ) .  In  furosemide-PVP s o l i d  

d i spe r s ion  systems, however, d i f f e r e n t  mechanisms may 

be e f f e c t i v e  i n  drug r e l e a s e  bes ides  s o l i d  s t a t e  a g e s .  

A s  seen i n  X-ray d i f f r a c t i o n  d a t a  (F ig .  3 ) ,  furosemide 

i s  p resen t  i n  amorphous form i n  t h e  s o l i d  d i spe r s ion  

systems having l o w  f r a c t i o n  of PVP (1:l) , but  t h e  

r e l e a s e  r a t e  of furosemide i s  not  high enough. For 1:l 

and 1 : 7  ra t ios  of furosemide-PVP c o p r e c i p i t a t e s ,  k 

va lues  are 0.0133 and 0 .2197  min-’ r e s p e c t i v e l y .  These 

f ind ings  are considered t h a t  a d i f f e r e n t  mechanism may 

be e f f e c t i v e  i n  furosemide release. I n  furosemide-PVP 

s o l i d  d i spe r s ion  systems, drug release may be control led 

by d i s s o l u t i o n  of carrier as Corrigan noted ( 3 ) .  

Moreover, t h e  a b i l i t y  of low-concentration of PVP t o  

depress  s o l u b i l i t y  of drugs has been previous ly  reported 

by Giba ld i  and Weintraub (17). A s  Sekikawa e t  a 1  (18) 

proposed coacervate  formation m a y  p l ay  an important role 

i n  t h e  d i s s o l u t i o n  of c o p r e c i p i t a t e .  
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1454 AKBUGA, GURSOY, AND KENDI 

TABLE I1 

Comparison of S u r f a c e  Tension-Lowering 

E f f e c t  of  PVP wibh D i f f e r e n t  Molecular  F r a c t i o n s  

Molecular  f r a c t i o n  S u r f a c e  Tension r-- of  PVP ( % )  dynes  / c m  

0 71.70 1- 0.50  71.92 

I 0.75 68.45 I 
I 0.83 68.25 I 
I 0 .85  67.75 I 

I 0 .87 67.24 I 
I 0 .88  6 7 . 2 1  I 

On t h e  o t h e r  hand carriers may r educe  t h e  s u r f a c e  

t e n s i o n  of aqueous medium. Sekikawa e t  a1 ( 1 8 )  proposed 

t h a t  PVP i n  t h e  medium may l o w e r  t h e  s u r f a c e  t e n s i o n  

and f a c i l i t a t e  t h e  w e t t i n g ,  t h u s ,  t h e  d i s s o l u t i o n  of  

d rug .  I n  o u r  p r e v i o u s  s t u d y  (19)  it w a s  found t h a t  

w e t t i n g  w a s  an e f f e c t i v e  mechanism i n  furosemide  

d i s s o l u t i o n .  I n  t h i s  s t u d y ,  as shown i n  Table I1 t h e  

s u r f a c e  t e n s i o n  of  t h e  medium changed as t h e  weight  

r a t io  of  PVP i n c r e a s e d .  

N o  d i f f e r e n c e  w a s  found between t h e  release rate 

of c o p r e c i p i t a t e s  having  d i f f e r e n t  par t ic le  s i z e s  

(Table  I ) .  
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FUROSEMIDE-PVP 

TABLE I11 

1455 

E f f e c t  of Molecular Weight of PVP on 

D i s s o l u t i o n  R a t e  of Furosemide -PVP C o p r e c i p i t a t e s  

Drug t o  PVE 
r a t io  

1 : 2 0  

1 : 7  

1: 2 0  
l--t--- 

1 : 7  1 i ' 1 : 2 0  

k 
( m i n -  ) 

0 . 2 2 3 5  

0 . 2 0 8 6  

0 . 2 1 9 7  

0 . 2 9 6 5  

0 . 1 0 0 6  

0 . 0 6 3 8  

3 . 1 0  I 85.81 I 8 6 . 2 6  I 
3 . 3 2  I 9 1 . 4 4  I 9 4 . 1 4  I 

90 .36  9 1 . 4 4  

96 .32  9 7 . 4 0  

6 . 8 8  9 5 . 9 4  9 8 . 2 7  

I 
~~ ~ 

1 0 . 8 6  I 9 0 . 8 4  I 9 4 . 3 6  

%olecular w e i g h t s  are 2 5 0 0 0 ,  4 9 0 0 0  and 1100000  

re spec t i v e  l y  

On t h e  con t r a ry  t o  H a j r a t w a l a  and H o  (20) t h e  rate 

of evaporation of so lvent  had no effect  on the  

d i s s o l u t i o n  of f u r o s e m i d e - P V P  coprecipitates.  

E f f e c t  of PVP Molecular Weight on Furosemide 

R e l e a s e  

T a b l e  I11 ind ica t e s  t h e  release rate of drug f r o m  

f u r o s e m i d e - P V P  coprecipitates prepared by PVP having 

d i f f e r e n t  molecular w e i g h t .  I t  i s  also found t h a t  t h e  

chain l eng th  s i g n i f i c a n t l y  changes the dissolut ion ra te  

of furosemide the  4 9 0 0 0  molecular w e i g h t  polymer i s  
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1456 AKBUGA, GURSOY,  AND K E N D I  

be ing  t h e  m o s t  r a p i d  of  t h e  t h r e e  sys tems.  The s i m i l a r  

r e s u l t s  w e r e  o b t a i n e d  w i t h  p h y s i c a l  m i x t u r e s .  T h e  effect 

dec reased  i n  t h e  fo l lowing  molecular  weight ;  K - 3 0  >K-25 > 

K-90. Our f i n d i n g s  are i n  accordance  w i t h  S i h n ' s  

r e p o r t  (11). 

The g r e a t e r  enhancing  e f f e c t  of  t h e  lower molecular 

weight  PVP polymer w a s  no ted  by S i m o n e l l i  e t  a1  and 

Cor r igan  e t  a1 (16,211. 

For t h i s  r e a s o n  49000  m o l  w t .  polymer (PVP K-30) 

w a s  used o u r  s t u d i e s .  

S o l u b i l i t y  

F ig .  7 shows t h e  s o l u b i l i t y  of furosemide i n  

aqueous and 0 . 1  N h y d r o c h l o r i c  a c i d  s o l u t i o n s  

c o n t a i n i n g  PVP i n  d i f f e r e n t  c o n c e n t r a t i o n s .  The 

s o l u b i l i t y  o f  fusosemide i n c r e a s e d  as t h e  comnt ra t ion  

of PVP i n c r e a s e d .  S ince  t h e  d i s s o l u t i o n  ra te  i s  

p r o p o r t i o n a l  t o  s o l u b i l i t y ,  t h e  p re sence  of furosemide 

w i t h  PVP i n  t h e  s o l i d  d i s p e r s i o n  sys tem i n c r e a s e s  t h e  

d i s s o l u t i o n  ra te  of furosemide .  

T a b l e  I1 i n d i c a t e s  t h e  s u r f a c e  t e n s i o n  o f  PVP 

s o l u t i o n s .  

S t a b i l i t y  S t u d i e s  

During t h e  s t o r a g e  p e r i o d ,  by TLC t e c h n i q u e ,  no 

drug  decomposi t ion  w a s  observed  and no c o l o r a t i o n  also 

occured  . 
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FUROSEMIDE-PVP 1457 

FIGURE 7 

Solukility of Furosemide in Aqueous (-) 

and Acidic (0.1 N HC1) Solutions (---I of 

PVP at 25O 

Tables IV and V show dissolution characteristics 

of furosemide-PVP solid dispersion systems over 5 

months. 

At 55% RH, no change in dissolution parameters of 

coprecipitates was observed during the storage periods. 
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1458 AKBUGA, GURSOY, AND KENDI 

Release ra te  of  f reeze-dr ied  samples s t o r e d  a t  t h e  same 

condi t ion  d id  n o t  a l t e r  too (Table I V ) .  The 

p repa ra t ion  method of c o p r e c i p i t a t e s  has  no e f f e c t  on 

t h e  s t a b i l i t y  of t h e s e  systems. 

A t  7 0 %  RH, d i s s o l u t i o n  c h a r a c t e r i s t i c s  of 

furosemide-PVP s o l i d  d i s p e r s i o n s  remained s t a b l e  over 5 

months (Table V ) .  A t  85% RH, however, a f t e r  1 2  weeks, a 

tacky m a s s  formed (Table I V ) .  

The propor t ion  of PVP has  no importance on t h e  

s t a b i l i t y  of furosemide-PVP c o p r e c i p i t a t e s  s t o r e d  a t  

d i f f e r e n t  humidity cond i t ions .  

As con t ra ry  t o  previous  r e p o r t s  (13,14) it w a s  

found t h a t  aging d i d  not  a f f e c t  t h e  d i s s o l u t i o n  r a t e  of 

furosemide-PVP c o p r e c i p i t a t e s .  

These r e s u l t s  are s i m i l a r  t o  those  found by E l  

G a m a l  e t  a1 ( 2 2 )  i n  phenylbutazone s o l i d  d i spe r s ions .  

They have poin ted  o u t  t h a t  PVP d i d  no t  show a 

de t r imen ta l  e f f e c t  on t h e  d i s s o l u t i o n  of drug a f t e r  

s to rage .  F r o m  t h i s  p o i n t ,  PVP w a s  found t o  be a 

s u p e r i o r  carrier than t h e  o t h e r s  ( 2 2 ) .  

Figure 8 shows t h e  X-ray d i f f r a c t i o n  p a t t e r n s  of 

aged furosemide-PVP c o p r e c i p i t a t e s .  A s  it i s  seen ,  no 

d i f f e r e n c e  was observed i n  t h e  X-ray d i f f r a c t i o n  

p a t t e r n s  of c o p r e c i p i t a t e s .  Amorphous form of drug 

remained unchanged even a f t e r  5 months of s to rage  and 

t h e  d i f f r a c t i o n  peaks due t o  furosemide w e r e  absent  i n  

X-ray d i f f r a c t i o n  p a t t e r n s  of s t o r e d  samples. 
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I 

23 21 19 17 15 

2% 

F I G U R E  8 

X-rav D i f f r a c t i o n  P a t t e r n s  of 

F r e s h l y  Prepared Fur0 s e m i d e - P V P  Coprecip i t a  t e  

( I )  and Aged Coprec ip i t a t e  (11) 

A s  a conclusion,  it appears  t h a t  the modi f ica t ion  

of t h e  d i s s o l u t i o n  behavior of furosemide by prepar ing  

furosemide-PVP c o p r e c i p i t a t e  r e s u l t s  increased  drug 

d i s s o l u t i o n ,  Coprec ip i t a t e s  prepared by co-evaporation 

or freeze-drying methods had s i m i l a r  p r o p e r t i e s .  Among 

t h e  d i f f e r e n t  r a t i o s  of PVP,  t h e r e  is a c r i t i c a l  mixture 

r a t io  i n  furosemide-PVP c o p r e c i p i t a t e s ,  a t  t h i s  r a t i o  

t h e  b e s t  release is  obta ined .  The p a r t i c l e  s i z e  of 

c o p r e c i p i t a t e s  and evaporat ion rate had no effect  on 

drug release. Furthermore t h e  molecular weight of PVP 

is  an important f a c t o r .  

Based on t h e s e  r e s u l t s ,  enhanced d i s s o l u t i o n  w a s  

p r imar i ly  due t o  t h e  increased  w e t t a b i l i t y ,  and t o  t h e  
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s o l u b i l i z a t i o n  of t h e  drug by c a r r i e r .  Other f a c t o r s  

such a s  formation of high energy amorphous form and 

complexation may a l s o  c o n t r i b u t e  t o  t h e  enhancement 

of d i s s o l u t i o n  of furosemide d i spe r sed  i n  PVP. 

I t  w a s  a l s o  observed t h a t  a f t e r  a s t o r a g e  pe r iod ,  

furosemide-PVP c o p r e c i p i t a t e s  showed no s i g n i f i c a n t  

change i n  e i t h e r  d i s s o l u t i o n  rate o r  X-ray d i f f r a c t i o n  

p a t t e r n s .  
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