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ABSTRACT 

Attempt w a s  made to  develop the s o l i d  dosage form 

of n i f e d i p i n a  which showed good absorpt ion rate and 

total  b i o a v a i l a b i l i t y .  Ni fed ip ine  is a poor ly  water- 

saluble drug, whom b i o a v a i l a b i l i t y  is low whan a d d n -  

istored o r a l l y  i n  the c r y s t a l l i n e  form. S o l u t i o n s  of 

n i t e d i p i n e  were wll absorbed from t h e  g a s t r o i n t e s t i n a l  

t ract .  The d i s s o l u t i o n  r a t e  of PVP-nifedipine copre- 
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138 SUCMum El AL. 

c i p i t a t s s  exh ib i t ed  r ap id  d i s s o l u t i o n  r a t e .  

d i f f r a c t i o n  d a t a  suggested t h e  l a c k  of c r y s t a l l i n i t y  

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

l u t i o n  r a t e s  and average molecular weights  of PVP w a s  

s tud ied .  Ni fed ip ine  i n  t h e  c o p r e t i p i t a t e  was chemi- 

c a l l y  s t a b l e  t o  h e a t  and humidity,  bu t  t h e  d i s s o l u t i o n  

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

2P0 and 75% R.H. markedly decreased.  X-ray d i f f r a c t i o n  

da ta  revealed t h a t  i t  might be due t o  t h e  transforma- 

X-ray 

The r e l a t i o n  between t h e  disso- 

t i o n  of amorphous fom of  n i f e d i p i n e  t o  c r y s t a l l i n e  

form under h igher  r e l a t i v e  humidity. The gas t ro-  

i n t e s t i n a l  absorp t ion  of n i f e d i p i n e  i n  beagle  dogs 

a f t e r  oral admin i s t r a t ion  of t h e  c o p r e c i p i t a t e  was 

increased t h a n  t h a t  a f t e r  o r a l  a d n i n i a t r a t i o n  of t h e  

physical  mixture.  

It?TROOUCTI ON 

Dissolu t ion  s t u d i e s  have been r ece iv ing  g r e a t e r  

a t t e n t i o n  t h e  l a s t  decade or two.  Disso lu t ion  rates 

are shown t o  be a rate l i m i t i n g  s t e p  i n  t h e  abeorp t ion  

of drugs from t h e  g a s t r o i n t e s t i n a l  system by numerous 

w o r k e r s  (1).  For drugs whose g a s t r o i n t e s t i n a l  absorp- 

t i o n  is rate l i m i t e d  hy d i s s o l u t i o n ,  a reducton of 

t h e  pa r t i c l e  s i z e  gene ra l ly  i n c r e a s e s  the r a t e  of 
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DISSOIJJTION AND ABSORPTION OF NIFEDIPINB 139 

absorption and its bioavailability. This coummonly 

occurs for drug. with poor water-aolubility. 

uany w W a  to reduce the particle site have 

bean reported. A unique approach of aolid diaparaion 

to reduca the particle size and increase the dissolu- 

tion rate. and absorptions of poorly water-soluble 

drugs was dsmonrtrated ( 2 ) .  Coprecipitates o'f 5-CarO- 

tene and water-soluble polymers such as polyvinyl- 

pyrrolidone (PVP) prepared by evaporation from a CIIClj 

solution was expoaed to water, then a colloidal disper-  

d o n  of the drug was obtained ( 3 ) .  And nou there are 

many atudies concerning these solid di8peraion and 

coprecipitate methods to reduce the particla a i z e  ( I ,  

5 ,  6 ) .  

Nifedipine i r  a poorly water-soluble drug. Its 

solubility is about 11 mg/liter of water at 37.. In 

experiments on dogs (71 ,  a "C-nifedipine gelatin 

capsule containing the cryatalline compound was admin- 

istered orally. The dogs excreted 151 of the adminia- 

tered activity. But in case of dog8 which received 

gelatin capsule containing dissolved nifedipine, 

approximately 701 of the administered activity was 

eliminated via the kidney. Prom this result, it was 

found that the doaage form containing the crystal had 

poor bioavailability. 
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140 5 0 G m  ET AL. 

In this study the coprecipitate system was 

applied to develop the solid dosage forma of nifedipine 

which showed good absorption rate and total bioavaila- 

bility. 

MATERIALS AND METHODS 

Ma tar ials 

Nifedipine, mp 171-2O, on the market  was used 

without further purification. Three grades of ply- 

vinylpyrrolidona' were uaed as received. 

c a b  were used of J . P .  I X  or reagent grade. 

Other chelaf- 

Methods 

All exper-mants ware carried out in a dark room 

in view of the high sensitivity of .nifedipine to 

light ( 8 ,  9 ) .  

Absorption in Rats 

Nifedipine solutions (10 stg/ml) were prepared 

either in isotonic hydrochloride-citrate buffer at 

pH 2.0 for the stomach, or in isotonic phosphate buffer 

at pH 6.4 for swll intestine. 
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D I S S O L U T I O N  AND ABSORPTION OF NXF?3LYINB 141 

H a l e  Wister r a t s  weighing 210-320 g were f a s t e d  

Lor a whole n i g h t  p r i o r  t o  e x p e r i n n t s ,  b u t  water was 

allowed f r e e l y .  The r a t s  were a n e s t h e t i z e d  w i t h  20% 

u r e t h a n  s o l u t i o n  (0 .6  m l / l O O  g body weight) and t h e  

small i n t e s t i n e  waa exposed by a mid-line abdominal 

i n c i s i o n .  For experiments  on t h e  upper sum11 i n t e s t i n e ,  

t h e  f i r s t  20 cm of t he  i n t e s t i n e  beyond t h e  l i gamen t  of 

T r e i r  was used. For e x p e r h e n t a  on t h e  lwer 8ma11 

i n t e a t i n e ,  a l oop  w a s  prepared a t  t h e  ileocecal j u n c t i o n  

and 20 c m  proximally.  S t u d i e s  on g a a t r i c  a b s o r p t i o n  

were carried o u t  by the  & ritu t echn ique  d e a c r i b e d  by 

Schanker fi ( 1 0 ) .  

Throe milliliters of a n i f e d i p i n o  b u f f e r  s o l u t i o n ,  

p r e v i o u s l y  warmed to 37*,  w e r e  i n j e c t e d  i n t o  the atom- 

ach or i n t e s t i n a l  loopa. A f t e r  a g iven  ti-, t h e  s o l u -  

t i o n  w a s  collected completely i n  a 100 m 1  measuring 

f l a s k  by washing w i t h  each b u f f e r  a o l u t i o n  and al lowed 

for assay .  A h a l f  milliliter of  blood was withdrawn a t  

approximate t i m e  from the femoral  a r t e r y  us ing  a poly-  

e t h y l e n e  cannula .  N i f e d i p i n s  was assayed us ing  a g a s  

c h r o m t o g r a p h  equipped w i t h  a n  e l e c t r o n - c a p t u r e  date- 

(ECD-GC) accord ing  to  a d e s c r i b e d  procedure (11). 

P r e p a r a t i o n  of Coprec ip i ta tes  

A l l  c o p r e d p i t a t e  systems were p repa red  by t he  

s o l v e n t  method ( 4 ,  1 2 ) .  A s u i t a b l e  amount of  t h e  
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142 sucmrrm er L o  

n i f e d i p i n e - c a r r i e r  w a s  weighed, d i s s o l v e d  i n  ethanol 

(minimum 9 9 . 5 % )  and t h e n  t h e  s o l v e n t  evapora ted  under 

reduced p r e s s u r e  below S O " .  The r e s i d u a l  s o l i d  w a s  

p u l v e r i z e d  w i t h  a mortar and p e s t l e ,  and v a r i o u s  mesh 

f r a c t i o n s  were c o l l e c t e d .  The c o p t e c i p i t a t e 8  were 

stored i n  an  amber d e s i c c a t o r .  The p a r t i c l e  s i z e  of  

t h e  n i f e d f p i n e  used as c o n t r o l s  i n  t h e  exper imenta t ion  

w a s  9 .6  urn (determined by a i r  permeat ry) .  P h y s i c a l  

mix tures  were prepared  by thoroughly mixing n i f e d i p i n e  

( p a r t i c l e  s i z e :  9 .6  urn) and PVP i n  t h e  d e s i r e d  propor- 

t i o n s .  

D i s s o l u t i o n  Study 

A r e c y c l i n g  and au tomat ic  r e c o r d i n g  system w a s  

used for t h e  s tud ie s  of t h e  e f f e c t  of p a r t i c l e  s i z e  and 

of aging.  The d i s s o l u t i o n  r a t e  of  n i f e d i p i n e  i n  

d i f f e r e n t  samples was run  i n  S O 0  ml of w a t e r  i n  a 

c y l i n d r i c a l  beaker  w i t h  a s l i g h t l y  concave bottom 

maintained a t  37'. Sample powders c o n t a i n i n g  t h e  

e q u i v a l e n t  o f  1 0  lag n i f e d i p i n e  were t r a n a f e r r e d  direct- 

l y  i n t o  the d i s s o l u t i o n  medium and stirred a t  150 rpa 

by means o f  four-bladed p r o p e l l e r .  The s o l u t i o n  w a s  

puaiped a t  a r a t e  of SO m l / m i n  through a g l a s s  f i l t e r  

s t i c k  (40-50 um pore s i z e )  to  a 0 . S  cm flow cel l  and 

then  back t o  t h e  d i s s o I u t i o n  medium. The absorbance 
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DISSOLUTION AND ABSOUPTIW OF NIFEDDIPINE 14 3 

of the solution was monitored by a recording spectro- 

photolratsr at 325 run. 

The dissolution method, which wa8 used for the 

studies of the effect of nifedipincPVP ratio and the 

effect of molecular weight of PVP, was the same beaker 

method as that reported by Sekikawa ( 4 ) .  An appropri- 

ate amount of the test sample containing 50 mg 

nifedipine equivalent was weiyhed and placed in 500 ml 

of water maintained at 25.. At various suitable time 

intervals, 5 a1 of the sample solution were pipetted, 

and replaced by an equal volura of fresh water. The 

pipetted solution was then filtered (nillipore, 0.22 pm 

pore site) and it was assayed after appropriate dilu- 

tion by m a n 8  of a opectrophotommter at 340 M. 

Physical Measurements 

To characterize nifedipine-PVP coprecipitatea and 

phyaical mixture, solid samples were analyzed by X-ray 
3 powder diffractwtry2 and differential thermal analysis. 

Chemical Stability 

The coprscipitate and the physical mixture, both 

containing 113 ratio of nifedipine to PVP, were stored 

in air tight glass containers at 4 0 * ,  or kept in a 
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144 !KKMLIIIo KT AL, 

des i cca to r  under 7 5 %  r e l a t i v e  hu id i ty (R .H. )  a t  21.. 

The l a t t e r  cond i t ion  was a t t a i n e d  by using a s a t u r a t e d  

s o l u t i o n  of sodium ch lo r ide .  

The chemical s t a b i l i t y  of n i f e d i p i n e  in each 

sanple  dur ing  s t o r a g e  was studied using th in- layer  

chromatography (“LC) and high-performance l i q u i d  

chromatography (HPLC). 

spot ted  with methanol s o l u t i o n s  of  s tandard  n i f e d i p i n e  

and each s t o r e d  sample. These p l a t e s  were placed i n  a 

chamber conta in ing  AcOEt:CCl,:NH40H (80:60:1). Af t e r  

developamnt. t h e  p l a t e s  were removed and dried, and tbx 

spots were v i sua l i zed  under u l t r a v i o l e t  l i g h t  a t  2 5 4 m  

Contents of n i f e d i p i n e  in t h e  stored sanples uere 

determined by HPLC. 

methanol s o l u t i o n  of m-dinitrobenzene ( i n t e r n a l  

s t anda rd ) ,  and an a l i q u o t  of  t h e  sample s o l u t i o n  was 

i n j e c t e d  i n t o  HPLC system 

S i l i c a  g e l  TLC p l a t e s 4  were 

Each a a l p l e  waa d i l u t e d  with t h e  

5 

P l a s m  Level i n  Beagle Oop 

Reagle dogs,  8-12 kg, were f a a t e d  for 24 h r  p r i o r  

t o  tha experiwnt, bu t  were allovad f r e e  accesa t o  

water. Each dog was o r a l l y  adminis tered t h e  t e s t  

prepara t ion  con ta in ing  10 mg of n i f e d i p i n e  and 30 mg 

of PVP wi th  100 m l  of water. P l a s m a  samples were 

obtained a t  20, 40, 60, 120 and 240 d n  i f t e r  t h e  
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DISSOLUTIOH AND ABSORPTION OF YIFEDIPIHP 145 

a d m i n i s t r a t i o n .  The second a d m i n i s t r a t i o n  were given 

8 day. a f t e r  t h e  i n i t i a l  adminis t ra t ion.  by the cross- 

over ar rangenrn t .  Plasma s w l e a  ware aa8ayed f o r  

n i f e d i p i m  by ECD-GC (11) - 

RESULTS AND DISCUSSION 

Absorption of Dissolved N i f e d i p i n e  Lrom R a t  Castro- 

i n t e a t i n a l  T r a c t  

It w8a reported t h a t  dosaga forma c o n t a i n i n g  

crystalline n i f e d i p i n e  showed poor b i o a v a i l a b i l i t y  (71. 

I t  may b. due t o  its poor w a t e r - s o l u b i l i t y .  If t h i s  

aaaumption is correct, t h e  a b s o r p t i o n  of d i s s o l v e d  

n i f e d i p i n e  from the g a s t r o i n t e s t i n a l  t r a c t  rwt be 

good. To confirm t h i s  a s s u q r t i o n ,  t h e  d isappearance  

of n i f e d i p i n e  from t h e  r a t  stomach, upper or lowar 

s m a l l  i n t e s t i n e  were examined us ing  t h e  i n  e i t u  l i g a -  

t u r d  loop mathod. 

About 3 7 t  of t h e  dose d isappeared  from t h e  

s o l u t i o n  i n j e c t e d  i n  t h e  r a t  stomach i n  40 lnin and 

approximately 92-94% of  t h e  dose d isappeared  from t h e  

uppar o r  l o w e r  small i n t e s t i n e  (Table 1). Genera l ly ,  

t h e  diaappeared amount may be e q u a l  t o  the absorbed 

arpount. It  wan a s s u r e d  from t h e s e  experiments  

that d i s s o l v e d  n i f e d i p i n e  WAS w e l l  absorbed. F u r t h e r ,  
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146 S I I C m  er AL. 

TABLE 1 

Absorption of Nifed ip ine  from D i f f e r e n t  Sites of 
R a t . C a s t r o i n t e s t i n a 1  T r a c t  

S i t e  Residual  % Blood l e v e l ,  ng/al  
a t  4 0  d n  Snin lolain 20 m i  n 4 O d n  

Stomach 62 .9  1 5 . 4  19 .5  2 3 - 8  31.8 
( 6 . 7 1  ( 2 . 8 )  (3.1) (4 .7 )  ( 4 . 1 )  

Upper small 8.3 8 6 . 3  68 .7  68.2 53 .4  
i n t e s t i n e  (1.01 (13 .2 )  ( 1 1 . 6 )  ( 1 7 . 0 )  115.8) 

Lower small 6 . 0  8 5 . 9  76.0 64.7 4 3 -  7 
i n t e s t i n e  ( 1 . 4 )  (7.3) ( 8 . 7 )  ( 7 . 9 )  (1.3) 

Average data f o r  3 to  4 experiments are represetnted and 
the  s tandard  e r r o r s  of t h e  mean a r e  given i n  parentheses ,  

t o  confirm these  results, t h e  ti= course8  of the blood 

l e v e l s  of n i f e d i p i n e  were observed (Table  I ) .  

These r e s u l t s  i n d i c a t e  t h a t  d i s so lved  n i f e d i p i n e  

is well absorbed and its abso rp t ion  r a t e  is r ap id .  

Therefore, it can be expected t h a t  b i o a v a i l a b i l i t y  will 

be c o r r e l a t e d  wi th  t h e  d i s s o l u t i o n  of t he  dosage form, 

Se lec t ion  of Coprec ip i t a t c  Carrier 

Water-soluble polynmrs, such aa PVP,  hydroxy- 

p ropy lce l lu loae  and polyethylene g lyco l ,  and o rgan ic  

acids such an citric and s u c c f n i c  a c i d  have been 

proposed as possible d i s p e r s i o n  matrices for water- 
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DISSOLUIION AND ABSORPTION OF ~IPFDIPINO 14 7 

insoluble drugs  ( 1 2 ) .  I n  the p r e l i m i n a r y  d i s s o l u t i o n  

experiment8 on n i f e d i p i n e  d i s p e r s i o n 8  prepared  w i t h  

them carrier8, it was found that tha PVP coprecipitate 

gave the f a s t e a t  releaae rates. 

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

X-ray d i f f r a c t i o n  p a t t e r n s  of pure  n i f e d i p i n e ,  PVP 

(K-301, their phy8ica l  mixture  and c o p r e d p i t a t e 8  i n  

d i f f e r e n t  weight  ratio8 a r e  ahown i n  F i g u r e  1. Pure 

n i f e d i p i n e  and PVP proved to  have c r y a t a l l i n e  and 

amrphow forms, r e s p e c t i v e l y ,  by them patterns. h 

marked d i f f e r e n c e  i n  X-ray d i f f r a c t i o n  p a t t e r n a  contain-  

i n g  1:3 and 119 weight ratio8 of n i f e d i p i n e  to  PVP 

waa observed. Tha data i n d i c a t e s  t h e  l a c k  o f  

c r y s t a l l i n i t y  i n  t h e a e  ratio.. 

d i f f e r e n t i a l  thermal a n a l y a i s  ( D T A ) ,  endothermic peak 

accompanied by the m l t i n g  of n i f e d i p i n e  (171' )  

disappeared  i n  t h e  c o p r e c i p i t a t e  c o n t a i n i n g  1:3 r a t i o  

of n i f e d i p i n e  t o  WP. Prom th i8  DTA r e s u l t ,  i t  w a 8  

r e c o n f i r m d  t h a t  n i f e d i p i n e  is probably p r e s e n t  i n  t h e  

amorphous form i n  PVP a a t r i x .  But in ays tenu  composed 

of n i f e d i p i n e  t o  PVP ratio8 of 1:O.S and l:l, a p a r t  of 

n i f e d i p i n e  might be p r e s e n t  i n  t he  c r y e t a l l i n e  form. 

?rom t h e s e  r e s u l t s ,  i t  was found t h a t  c o n t e n t s  of  PVP 

i n  the c o p r e c i p i t a t e  system ahould be &re than 75 WM. 

I n  the m a s u r e m n t  w i t h  
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3 I 

S 10 15 20 25 30 
26  (%r- I 

PXCURE 1 

X-Ray D i f f r a c t i o n  P a t t e r n s  f o r  ( A )  PVP a lone,  (El 1:9 
w/w*Nifedipine-PVP C o p r e c i p i t a t e ,  (C)  183 w/w Copre- 
c i p i t a t e ,  ( 0 )  1:l w/w ' C o p r e c i p i t a t e ,  (El 1:O.S w/w 
C O p r e ~ f p i t d t e ,  (PI 1: 3 w/w Nifedipine-PVP P h y s i c a l  
Mixture,  (GI N i f e d i p i n e  a lone .  

For t h i s  reaaon,  1:3 r a t io  o f  n i f e d i p i n e  t o  PVP wag 

u t i l i z e d  for f u r t h e r  s t u d i e s  i n  t h i s  r e p o r t .  

D ia8o lu t ion  Rate of C o p r e c i p i t a t e  

All d i s s o l u t i o n  studies were based on three or 

four t e s t s  and w e r e  h i g h l y  r e p r o d u c i b l e .  So o n l y  

ave rage  v a l u e s  a r e  r e p o r t e d .  
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DISSOLUTION AND ABSORPTIOH OF NIFEDIPINE 149 

(1) E f f e c t  of p a r t i c l e  size - I t  wan r e p o r t e d  t h a t  

d i s s o l u t i o n  rates of g r i s e o f u l v i n  from s o l i d  d i s p e r s I m  

were found t o  ba markedly a f f e c t e d  by the particle r i t e  

of solid d i e p e t r i o n ,  t h a t  is, t h e  smller the mite, t h e  

faster the d i n s o l u t i o n  ra te  (13) .  So the d i s s o l u t i o n  

c h a r a c t e r i b t i c s  of nifedipine-PVP (K-30 1 c o p r e c i p i t a t e s  

i n  v a r i o u s  particle sizes, 12-16 meah, 18-60 mesh, and 

l e a s  t h a n  145 mhrh size, were i n v e s t i g a t e d .  

As shown i n  F i g u r e  2 ,  a l l  p a r t i c l e  s i t e  aamplss 

were found t o  dissolve i n  a few minu tes .  Itowever, t h e  

d i s s o l u t i o n  ra te  of t h e  c o p r e c i p i t a t e  i n  12-16 m s h  

site was nlower  t h a n  t h a t  i n  48-60 mesh size. It 

would ba due t o  t h e  s8all s u r f a c e  area of t h e  sample 

T i m (  d n )  

FIGURE 2 

D i n s o l u t i o n  Rates o f  1:3 w/w Nifedipint-PVP Coprec ip f  
- tatee (amount e q u i v a l e n t  t o  10  mg of n i f e d i p i n e )  a t  
37.. Mesh S i z e :  ( A )  12-26 mesh, (B) 48-60 mesh, 
(C) lea8 t h a n  145  mesh. 
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150 SUCTBWTO R A L e  

i n  12-16 mesh s i z e .  On t h e  o t h e r  hand, t h e  d i s o o l u t i o n  

r a t e  of t h e  p a r t i c l e  less t h a n  145 mesh size w a s  

n e a r l y  t h e  same a s  that i n  12-16 mash size. I t  d g h t  

be due t o  t h e  f a c t  that  t h r  small particle d i d  n o t  

s i n k  r a p i d l y  i n t o  t h e  d i s s o l u t i o n  m e d i u m  and d r i f t e d  on 

t h e  s u r f a c e  of t h e  - d i m  f o r  a longer  per iod .  

In any case, aa  shown i n  F igure  2 ,  it  w a s  found 

t h a t  p a r t i c l e  s i z e  of t h e  c o p r e c i p i t a t e  would have 

l i t t l e  e f f e c t  on t h e  d i s s o l u t i o n  r a t e  of  t h e  drug.  So 

t h e  60-100 mesh size f r a c t i o n  w a s  u s e d  f o r  f u r t h e r  

s t u d y  i n  t h i s  paper .  

( 2 )  E f f e c t  of  r a t io  of n i f e d i p i n e  t o  PVP - F i g u r e  3 

ahova t h a t  t h e  c o p r e c i p i t a t e s  c o n t a i n i n g  1:3, 1:s and 

119 ratio of n i f e d i p i n r  to  PVP (K-30) d i s a o l v e d  r a p i d l y  

i n  the i n i t i a l  atage of d i s s o l u t i o n ,  and y i e l d e d  

s u p e r s a t u r a t e d  c o n c a n t r a t i o n a .  Then, the concent ra -  

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

va lue  which were n e a r l y  equal to  t h e  solubility. 

The b i n a r y  system c o n t a i n i n g  t h e  1:l r a t io ,  t h e  

p h y a i c a l  mixture  and p u r e  n i f e d i p i n e  showed a lmost  t h e  

i d e n t i c a l  bdmvior. The a o l u b i l i t i e s  of n i f e d i p i n e  

from t h r a e  a y a t a n  -re much l o w e r  t h a n  t h a t  o f  t h e  

c o p r e c i p i t a t e  c o n t a i n i n g  1:3 r a t i o .  

The s o l u b i l i t y  of n i f e d i p i n e  i n  water, i n  0 . 5 9  and 

i n  1% PVP aqueous i o l u t i o n  a t  37' waa 11.5,  14 .6  and 

17.0 ug/mA r e s p e c t i v e l y .  These d a t a  ahowed t h a t  P v p  
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DISSOLLlTION AND ABSORPTION OF HIFEDIPINE 15 1 

FIGURE 3 

D i s s o l u t i o n  Rate8 of N i f e d i p i n e  from T e s t  P r e p a r a t i o n s  
(amount e q u i v a l e n t  t o  50  mg of  n i f e d i p i n e )  a t  25'. 
Key2 (a; 129 w/w n i f e d i p i n c P V P  c o p r e c i p i t a t e ,  (A) 1:5 
w/w c o p r e c i p i t a t e ,  (0) 113 w/w c o p r e c i p i t a t e ,  (0) 1:l 
w/w c o p r e c i p i t a t e ,  0) 1:3 w/w p h y s i c a l  mix tu re ,  (0) 
n i f e d i p i n e  a l o n e  (9.6 urn). 

i n  the c o p r e c i p i t a t e  cou ld  h a r d l y  a f f e c t  t h e  s o l u b i l i t y  

of n i f e d i p i n e ,  because t h e  anount  o f  PVP i n  t h e  medium 

(500 ml) a f t e r  the d i s s o l u t i o n  o f  t h e  1:3 r a t i o  c o p t e -  

c i p i t a t e  was o n l y  150 mg t h a t  w a s  e q u i v a l e n t  t o  0 . 0 3 %  

PVP aqueous s o l u t i o n .  So it w a s  confirmed t h a t  t h e  

r a p i d  i n c r e a s e  of  s o l u b i l i t y  i n  F i g u r e  3 w a s  due t o  t h e  

c o p r e c i p i t a t e  formation.  

( 3 )  E f f e c t  o f  arolecular  weight  o f  PVP - S i n c e  w i d e  

r anges  of molecular  weight  of PVP are a v a i l a b l e ,  i t  

was iaaportant t o  de te rmine  i f  any b e h a v i o r a l  d i f f e r -  

ences  e x i a t e d  with a v a r i a t i o n  i n  molecular  weight .  

To t h i s  end ,  c o p r e c i p i t a t e s  c o n t a i n i n g  1:3 r a t i o  of 
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SUCTM3TO ET AL' 152 

nifedipine to PVP, using PVP of 10000, 40000 and 360000 

average mlecular weight, were prepared and their 

dissolution ratea were determined (Figure 4). It was 

found that the nrolecular weight indeed significantly 

changed the dissolution rate of nifedipine, the 

40000-molecular weight PVP being the m a t  rapid of the 

three ays team. 

The inhibitory effect of PVP on the crystalliza- 

tion of several drugs to clarify the mechanism of 

coprecipitation of the drug with PVP was reported ( 5 ) .  

The inhibitory effect decreased in the following 

molecular weight order; 40000~360000~10000. This order 

FIGURE 4 

Dissolution Rates of 1x3 w/w Nifedipine-PVP Coprecipi- 
tates (amount equivalent to SO mg of nifedipine) at 25 '  
Average molecular weight of PVP: (0) 10000, (0 )40000 ,  
(A) 360000. 
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DISSOLUTION AND ABSORPTION OF NIFEDIPINE 153 

is c o n s i t t e n t  w i t h  t h e  molecular weight o r d e r  t o  a f f e c t  

t h e  d i s s o l u t i o n  ra te  of  n i f e d i p i n e  as  shown i n F i q x e  4. 

These r e s u l t s  indicate t h a t  t h e  e f f e c t  r e a c h e s  

maximum a t  a c e r t a i n  mlecular weight ,  and d e c r e a s e s  

w i t h  f u r t h e r  increases i n  molecular weight.  For t h i s  

reason the 4 0 0 0 0 - ~ l e c u l a r  weight  PVP (K-30) w a s  

u t i l i z e d  f o r  a l l  studies r e p o r t e d  i n  thia paper.  

S t a b i l i t y  of  C o p r t c i p i t a t e  

These amorphous system m y  c r y s t a l l i z e  upon a g i n g  

o v e r  a long  period of t im,  e s p e c i a l l y  under h i g h e r  

r e l a t i v e  h d d i t y .  On. would expect that a r e t u r n  t o  

t h e  c r y s t a l l i n e  s t a t e  would r e s u l t  i n  a d e c r e a s e  i n  

t h e  d i s s o l u t i o n  ra te  of  t h e  system. The e f f e c t  of 

ag ing  or s t o r a g e  under v a r i o u s  c o n d i t i o n  o n  t h e  

f a s t - r e l e a s e  c h a r a c t e r i a t i c s  and chemical s t a b i l i t y  of 

t h e  d rug  in t h e  c o p r e c i p i t a t e  system had n o t  p r e v i o u s l y  

been r e p o r t e d  e x t e n a i v e l y .  

Aging e f f e c t s  of  c o r t i c o a t c r o i d s  u t i l i z i n g  sugar 

g l a s s  d i s p e r s i o n  were r e p o r t e d  ( 1 4 ) .  I n  t h e i r  i n v e s t i -  

g a t i o n  it w a s  r e v e a l e d  t h a t  t h e  g l a s s  d i s p e r s i o n  

samples a f t e r  s t o r a g e  f o r  30 days a t  25.  showed n o  

d e c r e a s e  i n  t h e  d i s s o l u t i o n  r a t e .  But, t h i s  s t o r a g e  

c o n d i t i o n  was very short-term. F u r t h e r ,  i t  is neces- 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



154 s f f i m  F 3  a. 

sary to store the sample under high relative humidity 

to realize the transformation from the amorphous s t a t e  

to crystalline state. 

In this section it waa undertaken to evaluate the 

chemical stability of nifedipiqe in the coprecipitate 

and the effect of aging on the dissolution rate of the 

coprec ipi ta te. 

(1) Chemical stability - Any decomposition product 
in the coprecipitate containing 1:3 ratio of nifedipine 

to PVP a f t e r  storage at 4 0 ' ,  o r  at 21' and 7 5 %  R . H .  

for 6 months respectively was not revealed by TLC. 

Further, the assay result8 of the cdprecipitate by HPLC 

showed that nifedipine wa8 stable under these condi- 

tions. Detail w i l l  be reported in the next report. 

(2) Dissolution property - The coprecipitate 
samples containing 1:3 ratio of nifedipine to PVP were 

atored at 40; and at 21' and 7 5 9  R.H. for 6 rmnths. 

Forty milligram of rach sample (equivalent to 10 ag 

of nifedipine) were dissolved in 500 ml of water. 

Storage at 40' for 6 month. did not have any effects 

on the dissolution profiles of coptecipitates, so it 

wan suggested that amorphous nifedipine in the copre- 

cipitates was stable to heat. On the other hand, the 

storage at 21' and 759  R.H. resulted in marked changes 

of diasolution profiles a8 shown in Figure 5. It was 
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DfSSOLUnON AND MSORPTXON OF N I F E D I P I N E  155 

A 

8 
C 
0 

D i s s o l u t i o n  Rates o f  1:3 w/w Nifedipine-PVP C o p r e c i p i -  
tater (amount e q u i v a l e n t  to 10  mg of n i f e d i p i n e )  a t  37.. 
The samples were r t o r c d  a t  21. and 758 R.H. for 
d i f f e r e n t  d u r a t i o n s .  Key: (A) i n i t i a l ,  (B) 0 .5  month, 
( C )  1 . 5  months, (D) 4 month.. 

observed that t h m  p e r c e n t  dia8olvad had decreased 

r a p i d l y  unde r  a t o r a g e  c o n d i t i o n .  

This migh t  be due  t o  t h e  f o r n u t i o n  of micro 

crystals of n i f a d i p i n e ,  so X-ray d i f f r a c t i o n  p a t t e r n s  

of t h e  samples stored under humid c o n d i t i o n  were 

mhasured t o  examine t h e  c r y s t a l l i n e  state o f  n i f c d i p h .  

By 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 t h e  s t o r e d  

namples, whose d i s s o l u t i o n  rates decreased markedly ,  

many peaks  which rhowed t h e  p r e s e n c e  o f  n i f e d i p i n e  

crystal8 were observed. 

The e n d o t h t r n  f o r  n i f e d i p i n e  m e l t i n g  which is 

a b a e n t  i n  t h e  f r e s h  c o p r c c i p i t a t e  would o c c u r  i n  t h e  

aged material. By mcasuremsnt of its area w e  would be 

able to  eatimate t h e  amount of c r y s t a l l i n e  material 
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156 S a m  Ez AL. 

p r e s e n t .  So, w e  measured t h e  DTA c u r v e s  of the copre-  

c i p i t a t e ,  i t s  aged sample, and t h e  p h y s i c a l  mix tu re  

c o n t a i n i n g  1: 3 r a t i o  of n i f e d i p i n e  t o  PVP. But,  w e  

cou ld  n o t  n o t i c e  the endothermic peak a c c o q a n i e d  by 

t h e  n i f e d i p i n e  m a l t i n g  of tl.a p h y s i c a l  mixture .  This 

r e s u l t ,  t h a t  even t h e  endothermic peak o f  t h e  p h y a i c a l  

mixture  d i s s a p e a r e d ,  shows t h a t  t h e  c r y s t a l l i n e  f o r m  

of n i f e d i p i n e  t u r n 9  to  t h e  amorphous form d u r i n g  t h e  

saaqle h e a t i n g  w i t h  PVP. Prom these r e s u l t s ,  ue c o u l d  

n o t  estimate t h e  amount of c r y s t a l l i n e  material p r e s e n t ,  

and correlate w i t h  t h e  d a t a  i n  F i g u r e  5 .  

Plasm Level of C o p r c c i p i t a t e  

I n  o r d e r  t o  ascer ta in  t h e  e f f e c t  o f  c o p r e c i p i t a t e  

oystem on t h e  b i o a v a i l a b i l i t y ,  t h e  g a s t r o i n t e s t i n a l  

a b s o r p t i o n  o f  n i f e d i p i n e  from the c o p r e c i p i t a t e  in  

beagle dogs w a s  compared w i t h  t h a t  f rom tha p h y s i c a l  

mixture .  Mean p l a s m  l e v e l s  of n i f e d i p i n e  a f t e r  o r a l  

a d m i n i s t r a t i o n s  of 40 mg o f  t h e  t ea t  samples ( c o n t a i n -  

i n g  1:3 r a t i o  of n i f e d i p i n e  t o  PVP) t o  f o u r  doga are 

shown i n  Figure 6 and Tab le  2.  Three v a r i a b l e 6  were 

examined i n  a b i o a v a i l a b i l i t y  a a n e a m n t  u s i n g  t h e  

plasma l e v e l  data. Thane included:  area under t h e  

time-plasma level c u m e  ( A K )  from 0 to 24Osin, maximum 
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0 60 120 240 
l h ( r * r )  

FIGURE 6 

Plaama Levels of Nifedipine after Oral Administration 
bf 40 mg of the Test Preparation in Dogs. Key: (0) 
1: 3 w/w nifedipine-PVP coprecipitate (60-100 mesh), 
(m) 1:3 w/w physical mixture. Each p o i n t  indicates 
the m a n  of 4 experiments with the standard error of 
the mean. 

TABLE 2 
Statistical Comparison of Plasma Levels, Cmax, Tnmx 

and AUCo,Z,O ain. 

Significance Plasma level, ng/ml 
Coprecipitate Physical mixture 

20 min 135.1 (17.8) 20.3 (3.9) P<O. 001 

120 min 31.7 (3.0) 14.0 (0.8) P<O. 025 

40 min 111.9 (32.5) 27.5 (1.4) P<O. 05 
60 min 64.9 (9.1) 24 .0  (2.6) P<O.Ol 

240 min 13 .4  (3.5) 11.7 (3.2) N.S. 
Cmax, ng/ml 143.8 (25.0) 28.0 (1.5) P<O. 0 1 5  
Raax, minute 25.0 ( 5 . 0 )  30.0 ( 5 . 8 )  N . S .  

P <  0 :005 

Average data for 4 dogs are represented and the standard 
errors of the mean are given in parentheses. 

a no significance 
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1 sa 

observed concentration (Orrar) and time to attain maximum 

ovserved level (Tmax) . 
cmax and AUC of the coprecipitate increased about 

5-fold and about 3-fold, respectively, more than those 

of the physical aixtuTe. Statistical significant 

differences between the coprecipitate and the physical 

mixture uere revealed in plasma levels beyond 120 min, 

Cmax and AUCO-240 min, although there was no signifi- 

cance in Tmax (Table 2). The reason for no significant 

difference in 'hnax may be due to the fact that plasma 

levels of the phy8ical mixture uere so low that a sharp 

peak level could not.ba observed. 

The results obtained in this absorption study arc 

consistent with those of the dissolution study in 

Figure 3. From this abmrption study, it was confirmed 

that the coprecipitate system was a good method to 

improve the bioavailability of nifedipine. 
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FOOTNOTES 

l PVP K-15, K-30 and K-90, average molecular ueights 
are 10000, 40000 and 360000 respectively ( G o k y o  
Traiding Co., Ltd., Osaka, Japan) . 
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2 Rigaku Dcnk i  G e i g e r f l e x  2027 (Rigaku Denkl L td . ,  
Tokyo, J a p a n )  u s i n g  N i  f i l t e r e d  Cu Ka r a d i a t i o n ,  
V o l t a g e  30 kV, C u r r e n t  10  d. 

3 Shimadzu thermal a n a l y z e r  DT 208 ( S h h d r u  Se i8aku-  
rho Ltd., Kyoto, J a p a n )  . 

4 A r t .  5715, D c - P e r t i g p l a t t a n  Kierelgel 60 PZs;, (E. 
n e r c k ,  Darmstadt). 

5 L i q u i d  chromatograph  modal 4 4 0  equ ipped  w i t h  
vBondapak C (Water Associatea, Inc . ,  M i l f o r d  
H a a 8 a c h u a e t ~ ~ ) .  
H a O H r H 2 0  (60:40); f low r a t e ,  1.1 m l / r i n .  

Detection, UV a t  254 nm; e l u e n t ,  
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