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ABSTRACT 

The re lease o f  g r i s e o f u l v i n  from griseofu1vin:phosphol i p i d  

cop rec ip i t a tes  has been stud ied as a f u n c t i o n  o f  1) the  f a t t y  

e s t e r  chain l e n g t h  o f  phosphat idy lchol ine,  2 )  the choice of 

s o l v e n t  i n  fo rm ing  c o p r e c i p i t a t e s ,  and 3 )  t h e  r a t i o  o f  

phosphol  i p i  d: c h o l  e s t e r o l  i n t h e  1 i p i  d component. Only  

cop rec ip i  t a t e s  con ta in ing  95%w/w and 80%w/w g r i s e o f u l  v i n  were 

examined. The re lease k i n e t i c s  and t o t a l  re lease a f t e r  60 min 

c o r r e l a t e s  w i t h  the phase t r a n s i t i o n  temperatures o f  the var ious 

phosphat idylchol  ines.  The a d d i t i o n  o f  cholestero l  d iminishes the 

i n i t i a l  re lease r a t e s  b u t  increases the t o t a l  amount released 

a f t e r  60 min when the phospho1ipid:cholesterol mole r a t i o  i s  

greater  than u n i t y .  The r o l e  o f  chloroform as an enhancer o f  the 

r e l e a s e  p r o c e s s  and t h e  p h o s p h o l i p i d  a s  a s o l u b i l i z e r  o f  

g r i s e o f u l v i n  i s  demonstrated. 
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2 2 4  VENKATARAM AND ROGERS 

INTRODUCTION 

A formulation approach which has been advocated for some time 

t h a t  al ters the dissolution characteristics of a d r u g  a n d  i t s  

b ioava i lab i l i ty  i s  the sol id  dispersion system. A marked 

enhancement of  in vitro dissolution and oral absorption of 

griseofulvin in dogs and humans has been reported with solid 

dispersions w i t h  polyethylene glycol 6000 . I n  general , the main 

interest has been focused on attempts t o  increase the dissolution 

properties of a hydrophobic drug by combining i t  with a large 

proportion of an inert water-soluble agent either as a fused melt 

or as a coprecipitate from a suitable organic solvent.' However, 

i t  has also been shown t h a t  the same approach can be applied t o  

del ay d i  ssol uti on , thereby yiel ding a sl ow or sustai ned re1 ease 

of drug3 with a subsequent increase i n  i t s  oral absorption 

efficiency . 4-6 Recent evidence7 has indicated t h a t  pronounced 

increases in the dissolution ra te  of  griseofulvin a n d  

substantially larger amounts of d r u g  in solution are obtainable 

from coprecipi tates of gri seoful vin and L-(r-dimyri stoyl phospha- 

tidylcholine of compositions which have a high proportion of 

drug, e.g. 95%w/w. 

-- 

1 

7 

The choice of phospholipids as co-dispersing agents i s  based 

on their potenti a1 advantages re1 ated t o  their 1 i posome-formi ng 

behaviour . I t  i s  we1 1 known t h a t  under appropri ate condi t i  ons, 

phospholipids can spontaneously form myel i n i c  or liposomal 

structures in aqueous media a n d ,  in so doing, entrap various 
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CONTROLLED RELEASE OF GRISEOFULVIN 2 25 

solutes i n  e i t h e r  the aqueous compartments o r  i n  the b i l a y e r s .  

Furthermore, l iposomal drugs may be protected against  de le te r i ous  

f a c t o r s  associated w i t h  the environment and, as a mat ter  o f  

cou rse ,  be a s s i s t e d  i n  t h e i r  t r a n s p o r t  a c r o s s  b i o l o g i c a l  
8 membranes by v i r t u e  o f  the biomembrane-liposome i n t e r a c t i o n .  

Thus, a drug:phosphol  i p i d  s o l i d  d i s p e r s i o n  f o r m u l a t i o n  may 

possess many o f  the a t t r i b u t e s  of an i dea l  drug d e l i v e r y  system. 

Fu r the r  i n v e s t i g a t i o n s  have now y i e l d e d  data which suggest 

t h a t  t he  s e l e c t i o n  of s u i t a b l e  phosphol ip id  composit ions o f f e r s  

c o n s i  d e r a b l  e v e r s a t i  1 i t y  f o r  o b t a i n i n g  t h e  d e s i  r e d  r e 1  ease 

p r o p e r t i e s  o f  a drug, i n  p a r t i c u l a r ,  g r i s e o f u l v i n ,  when the 

system i s  prepared as a c o p r e c i p i t a t e  a t  a r e l a t i v e l y  h i g h  weight 

r a t i o  o f  drug. 

MATER I AL S 

Pure 
9 

Gr i seo fu l v in  was obtained i n  a micronized s ta te .  

syn the t i c  phosphol ip ids w i t h  l a b e l  c la im  of 98 percent  p u r i t y  

i nc l  uded: L-a-dimyr i  s t o y l  phosphati  dy l  chol i ne" (DMPC) , L-a-di  pal  - 

rni toylphosphat idylchol  ine" (DPPC) , and L-a-distearoylphospha- 

t i d y l c h o l i n e "  (DSPC). C h o l e s t e r o l "  (CHOL), 99+% pure ,  

polyoxyethylene 40 stearate" (POS) , polyethylene g l y c o l  (PEG) 

40001' were used as received. Chloroform and methylene c h l o r i d e  

were r e a g e n t  grade s o l v e n t s .  E thano l  was USP g rade  and 

demi nera l  i zed, d i  s t i  11 ed water was used throughout. 
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226 VENJUTARAM AND ROGERS 

METHODS 

2 Coprec ip i  t a t e s  were prepared employing t h e  s o l v e n t  method . 
The r e q u i r e d  amounts o f  t h e  drug  and l i p i d s  were weighed, 

d i s s o l v e d  i n  t h e  a p p r o p r i a t e  so l ven t ,  then the  s o l v e n t  was 

evaporated over a warm water-bath a s s i s t e d  by a g e n t l e  stream o f  

n i t r o g e n .  F u r t h e r  d r y i n g  was c a r r i e d  o u t  under vacuum over 

anhydrous c a l  c i  um su l  f a t e .  A1 1 sampl es were examined w i  t h i  n 24 

hours a f t e r  p r e p a r a t i o n  f o l l o w i n g  s i e v i n g  a t  80/120 mesh f o r  s i z e  

un i fo rm i t y .  G r i s e o f u l v i n  was s i m i l a r l y  t rea ted .  

The re lease  o f  g r i s e o f u l v i n  from i t s  s o l i d  s t a t e  t o  the  

aqueous' medium was measured us ing  t h e  s p i n - f i l  t e r  d i s s o l u t i o n  

t e s t  a p p a r a t u s  . A powdered sample e q u i v a l e n t  t o  50 mg 

g r i s e o f u l v i n  was s p r i n k l e d  on t h e  su r face  o f  t he  s t i r r e d  (600 

RPM) b u f f e r  (900ml of  HC1-KC1 b u f f e r  a t  pH2) a t  37°C. The 

aqueous medium was con t inuous ly  c i r c u l a t e d  through a f l o w  c e l l  i n  

a spectrophotometer and absorbance values a t  293nm were recorded 

g r a p h i c a l l y  and by a p r i n t e r .  The presence o f  t he  co -d i spe rs ing  

substance d i d  n o t  i n t e r f e r e  w i t h  t h e  a n a l y s i s  o f  g r i s e o f u l v i n .  

The r e s u l t s  a re  averages o f  dupl i c a t e  exper iments o f  which 

v a r i a t i o n  f rom the mean was no rma l l y  5 pe rcen t  o r  l e s s .  

13  

RESULTS 

The d i  s s o l  u t i  on o f  g r i  s e o f u l  v i  n f r o m  a 1 i p i  d - c o n t a i  n i  ng 

c o p r e c i p i t a t e  i s  analogous t o  re lease  o f  d ispersed drug from a 

b ioe rodab le  m a t r i x  polymer drug d e l i v e r y  system. I n  bo th  cases, 
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CONTROLLED RELEASE OF GRISEOFULVIN 227  

t he  r a t e  and e x t e n t  of drug d i s s o l v i n g  i s  i n f l u e n c e d  by the  

e ros ion  k i n e t i c s  of the  m a t r i x  m a t e r i a l  i n  each u n i t .  

E f f e c t  o f  Phospho l i p id  Composition: 

The r e 1  ease o f  g r i  s e o f u l  v i  n f r o m  95%w/w and 80%ww/w 

c o p r e c i p i t a t e s  w i t h  DMPC, DPPC, o r  DSPC i s  shown i n  F i g u r e  1. The 

d i s s o l u t i o n  o f  pure g r i s e o f u l v i n  i s  a l so  shown f o r  comparison. 

I t  i s  apparent t h a t  the  re lease r a t e  and the  amount re leased 

a f t e r  60 min  are  g rea te r  f o r  a l l  c o p r e c i p i t a t e s  than t h a t  

ob ta ined by the  d i  ssol  u t i o n  o f  g r i  seo fu l  v i  n. Furthermore , the  

re lease o f  drug decreases wi th an inc rease i n  the  f a t t y  e s t e r  

cha in  l e n g t h  o f  the  phospho l ip id .  An i nc rease i n  the  con ten t  o f  

t he  phospho l i p id  i n  the  c o p r e c i p i t a t e  leads t o  a g rea te r  re lease 

o f  g r i s e o f u l v i n  w i t h  each phospho l i p id  except DSPC. I f  i t  i s  

assumed t h a t  DPPC and DSPC behave l i k e  DMPC i n  the  fo rmat ion  of 

t he  c r y s t a l  1 i ne 1 a t t i c e  o f  t he  coprec i  p i  t a t e  , the  decreased 

re lease o f  g r i s e o f u l v i n  when combined w i t h  a l onger  cha in  agent 

i s  l i k e l y  determined by the  r e l a t i v e  ease o f  d i s p e r s i o n  o f  the  

phospho l i p id  upon con tac t  w i t h  the  aqueous phase, which, i n  t u r n ,  

i s  r e l a t e d  t o  i t s  phase t r a n s i t i o n  temperature (Tc) and i t s  

corresponding phys ica l  s t a t e  a t  37°C. The Tc o f  DMPC, DPPC, and 

DSPC i s  23", 41", and 58"C14, r e s p e c t i v e l y .  Thus, DSPC would n o t  

spontaneously d isperse  because i t s  Tc i s  t oo  f a r  above 37°C. 

Therefore,  i n c r e a s i n g  the  amount o f  DSPC i n  the  c o p r e c i p i t a t e  

makes 1 i ttl e d i  f f e rence  i n  the  re1  ease o f  g r i  seo fu l  v i n .  
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228 VENKATARAM AND ROGERS 

0 DMPC 

4 DPPC 
* D,VC 
' Pure GriseofulVin 

30 --95% w/w Griseofulvin 

- - -80% W/W GriSeOfdViIl 
h 

I 1 I I J 
0 10 20 30 40 50 60 

Xme(min)  

FIGURE 1 

Release o f  G r i s e o f u l v i n  from Griseofu1vin:Phosphol i p i d  
Coprecipi t a t e s .  

I n f l uence  o f  t he  C o p r e c i p i t a t i n g  so lvent :  
15 It i s  known t h a t  g r i s e o f u l v i n  forms a ch loroform so lva te  

and when combined w i t h  DMPC i n  a c o p r e c i p i t a t e  c h l o r o f o r m  

augments the release o f  g r i  seoful  v i n  upon con tac t  w i t h  aqueous 

sol u t i o n  . However, the d i  ssol u t i o n  o f  sol vated g r i  seofu l  v i  n 7 

alone i s  e s s e n t i a l l y  the same as  micronized g r i s e o f u l v i n .  The 

r e s u l t s  of f u r t h e r  s tud ies t o  e s t a b l i s h  the r o l e  played by the  

cop rec ip i  ta te- forming so l ven t  on release o f  g r i s e o f u l v i n  are 

given i n  Table 1, 
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CONTROLLED RELEASE OF GRISEOFULVIN 229 

TABLE 1 

E f f e c t  o f  t he  Coprecipi tate-Forming Solvent on the Release of 
Gr i seo fu l v in  from 80 Per Cent Griseofu1vin:DMPC Coprecipi  t a t e s  

Copreci p i  tate-Formi ng I n i  t i a l  Re1 ease Ratea Amount Re1 eased 
Sol vent  (mcg/ml / m i  n 1 a f t e r  60 min(mg) 

Chloroform 2.18 (0.68) 21.8 (10.2) 

Methyl ene ch l  o r i  de 0.89 (0.63) 10.5 (10.3) 

Ethanol 0.32 (0.21) 9.1 (8.1) 

aAverage re lease r a t e  du r ing  the f i r s t  5 min. 
Numbers i n  brackets  correspond t o  sol  ven t - t rea ted  g r i  s e o f u l v i n  
shown f o r  compari son. 

Thus, i t  i s  found t h a t  the use o f  methylene c h l o r i d e  as a 

so l ven t  has 1 i t t l e  e f f e c t  on a1 t e r i n g  the release o f  g r i s e o f u l v i n  

from c o p r e c i p i t a t e s  o f  80%w/w griseofu1vin:DMPC whereas the use 

o f  ch loroform produces a very s i g n i f i c a n t  e f f e c t .  Using ethanol 

as a s o l v e n t  i n  f o r m i n g  t h e  c o p r e c i p i t a t e  o r  i n  t r e a t i n g  

g r i s e o f u l v i n  appears t o  cause a s l i g h t  reduc t i on  i n  the re lease 

o r  d i s s o l u t i o n  of g r i s e o f u l v i n .  D i f f e r e n t i a l  thermal ana lys i s  o f  

c o p r e c i p i  t a t e s  y i e l d e d  a s o l v e n t  endothermic peak f rom a l l  

ch l  oroform-treated sampl es and n o t  from other  sol ven t - t rea ted  

Samples . These r e s u l  t s  sugges t  t h a t  c h l  o r o f o r m - s o l  va ted  

g r i s e o f u l v i n  combines w i t h  phosphol ip id  i n  a manner t h a t  provides 

an appropr ia te o r i e n t a t i o n  o f  the phosphol i p i d  mol ecules t o  

enable r a p i d  d ispers ion i n t o  b i l a y e r s  when contact  i s  made w i t h  
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230 VENKATARAM AND ROGERS 

water. The format ion of m y e l i n i c  s t ruc tu res  and liposomes w i t h i n  
7 2 min o f  making contact  w i t h  water has been observed p rev ious l y .  

Ethanol o r  methylene c h l o r i d e  do n o t  y i e l d  c o p r e c i p i t a t e s  i n  

which the phosphol ip id  i s  r e a d i l y  a v a i l a b l e  f o r  d i spe rs ion  i n  

water, consequently, re lease o f  g r i s e o f u l v i n  i s  poor from these 

samples. Thus, res idua l  chloroform i n  the cop rec ip i  t a t e  may be 

c o n s i d e r e d  an enhancer of  t h e  r e 1  ease o f  g r i  s e o f u l  v i  n and 

phosphol ip id  i n  aqueous media. 

Comparison o f  t h e  E f f e c t  o f  Var ious Agents: 

The r e l e a s e  o f  g r i s e o f u l v i n  f rom 95%w/w c o p r e c i p i  t a t e s  

prepared from c h l  oroform w i t h  agents other  than phosphol i p i d  i s 

described i n  Table 2. 

The a d d i t i o n  o f  PEG 4000 o r  CHOL produces l i t t l e  improvement 

i n  re1 ease over the  d i  ssol u t i  on o f  g r i  seofu l  v i  n because ne i  t h e r  

of these agents i s  able t o  reduce surface tens ion o r  s o l u b i l i z e  

drug.  R a p i d  d i s s o l u t i o n  o f  g r i seo fu1v in :PEG 4000 s o l i d  

d ispers ions has on ly  been shown a t  much h igher  concentrat ions o f  

c a r r i e r  . 16 

G r i  seofu l  v i  n :POS coprec i  p i  t a t e s  re1 eased approximately tw ice  

the  amount of g r i s e o f u l v i n  a f t e r  60 min compared w i t h  the  other  

agents (except DMPC) as we l l  as a s i g n i f i c a n t l y  h ighe r  i n i t i a l  

re1 ease ra te .  

therefore,  increases the  e f f e c t i v e  surface area o f  g r i s e o f u l v i n  

f o r  d i sso lu t i on .  The c r i t i c a l  m i c e l l e  concentrat ion o f  POS i s  

O.O14%w/v a t  370C17, thus, s o l u b i l i z a t i o n  does n o t  p lay  a r o l e  i n  

POS possesses pronounced surface a c t i  v i  ty17 and, 
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CONTROLLED RELEASE OF GRISEOFULVIN 231 

TABLE 2 

Comparison of Various \gents Coprecipi t a t e d  w i t h  Griseofulvin on 
Re1 ease of Gri seoful v i  n 

Amount Re1 eased 
Agent (mcg/ml/min) a f t e r  60 m i n ( m g )  

b I n i t i a l  Re1 ease Rate 

POS 2.72 22.3 

DMPC 1.26 17.7 

P E G  4000 0.77 11.1 

CHOL 0.76 9.5 

No agent 0.68 10.2 

a95%ww/w gri seoful v i  n copreci p i  t a t e s .  
bAverage r e l e a s e  r a t e  d u r i n g  the f i r s t  5 m i n .  

d i sso lu t ion  of gr i seofu lv in  (maximum obtainable  concentrat ion i n  

the d isso lu t ion  f l u i d  i s  2.8 x 1 0 - 4 % ~ / v ) .  

Cholesterol i s  a l i p i d  which r e t a r d s  d isso lu t ion  of some 

drugs’ and does n o t  s i g n i f i c a n t l y  a l t e r  t h e  r e l e a s e  of  

gr i seofu lv in  (Table 2 ) .  On the o ther  hand, a phospholipid such 

a s  DMPC increases  the r e l e a s e  of gr i seofu lv in  without i t s e l f  

p o s s e s s i n g  a p p r e c i a b l e  s u r f a c e  a c t i v i t y ,  b u t  i t  does  form 

liposomes i n t o  which gr i seofu lv in  may p a r t i t i o n .  T h u s ,  the 

mechanism of r e l e a s e  may be described as  involving two s tages :  

1. spontaneous d i  spersi on of phosphol i p i  d and 2 .  p a r t i  t i  oni ng of 

gr i seofu lv in  i n t o  rapidly-formed phospholipid b i l a y e r  s t r u c t u r e s .  
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232 VENKATARAM AND ROGERS 

Cont ro l l ed  Release from G r i s e o f u l v i n :  L i p i d  Coprec ip i ta tes:  

The r e 1  ease o f  g r i  s e o f u l  v i  n f r o m  95%w/w and 80%w/w 

coprec ip i t a tes  as a f u n c t i o n  o f  t he  r a t i o  o f  DMPC:CHOL i s  

g r a p h i c a l l y  i l l u s t r a t e d  i n  F igu re  2 and F igu re  3, respec t i ve l y .  

The a d d i t i o n  o f  CHOL has a v a r i a b l e  e f f e c t  on the  re lease of 

g r i s e o f u l v i n  depending on t h e  r a t i o  o f  DMPC:CHOL i n  t h e  

coprec ip i  t a t e .  With 80%w/w coprec ip i  t a t e s  having a h igh  mole 

r a t i o  o f  DMPC:CHOL ( 1 : 0 . 3 3 ) ,  the release r a t e  i s  s i m i l a r  t o  t h a t  

o b t a i n e d  when DMPC i s  t h e  o n l y  l i p i d  p r e s e n t  ( F i g u r e  3 ) .  

However , w i t h  95%w/w coprec ip i  t a t e s  t h e  i n t r o d u c t i o n  o f  CHOL 

decreases the re lease r a t e  o f  g r i s e o f u l v i n .  Furthermore, a f t e r  

approximately 20 min the re lease curve corresponding t o  the  

griseofu1vin:DMPC coprec ip i  t a t e  begins t o  plateau, whereas the  

curve corresponding t o  a copreci  p i  t a t e  con ta i  n i  ng a DMPC: CHOL 

r a t i o  o f  1:0 .33  cont inues t o  increase and the curve does n o t  

p la teau even a t  60 min. A t  a mole r a t i o  o f  DMPC:CHOL, 1:1, the 

release r a t e  a t  e a r l y  t imes i s  f u r t h e r  reduced b u t  again the  

concentrat ion of g r i s e o f u l v i n  i n  s o l u t i o n  cont inues t o  r i s e  w i t h  

time. The decrease of the re lease r a t e  from c o p r e c i p i t a t e s  

becomes more pronounced a f t e r  the a d d i t i o n  o f  CHOL when there i s  

a smal ler  amount o f  t o t a l  l i p i d  ma te r ia l  present. I n  a s i m i l a r  

fashion, c o p r e c i p i t a t e s  con ta in ing  a preponderance o f  CHOL i n  the  

l i p i d  component, e.g. DMPC:CHOL, 1:3, re lease g r i s e o f u l v i n  a t  

even slower r a t e s  b u t  cont inue t o  re lease the  drug a f t e r  60 min. 

I n  summary, the e f f e c t  o f  adding CHOL t o  the l i p i d  component o f  
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FIGURE 2 

Release of Griseofulvin from 95%ww/w Griseofu1vin:Lipid 
Copreci pi t a tes .  

the coprecipitates i s  t o  decrease the release rate a t  the early 

times b u t  t o  increase the amount of drug  released a f te r  60 min. 

The magnitude of these e f fec ts  appears t o  be related t o  the total  

amount of l ip id  in the coprecipitate. 

A quantitative comparison of these and additional d a t a  are 

shown i n  Table 3 .  

I t  can be seen t h a t  the inclusion of a smaller amount of 

CHOL (DMPC:CHOL,  1:0.2), or a larger amount of  CHOL (DMPC:CHOL, 

1 :5 ) ,  does n o t  drastically a l t e r  the rate of release or the 
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0 

0 

30 v 

DMPC 

CHOL 

Pure Griseofulvin 

DMPC:CHOL, 1:0.33 

DMPC:CHOL. 1 : 1 
DMPC: CHOL, I : 3 

f l  

FIGURE 3 

Release of G r i s e o f u l v i n  from 80%ww/w G r i s e o f u 1 v i n : L i p i d  
Coprec ip i  t a t e s ,  

amounts o f  g r i s e o f u l v i n  re leased,  r e s p e c t i v e l y .  However, i t  

should be noted t h a t  t h e  f r a c t i o n  o f  g r i s e o f u l v i n  re leased  a f t e r  

60 m i n  f rom c o p r e c i p i t a t e s  c o n t a i n i n g  a p h o s p h o l i p i d  i s  

cons ide rab ly  g r e a t e r  than the  f r a c t i o n  o f  pure g r i s e o f u l v i n  

d isso lved.  Furthermore, these l e v e l s  a re  increased by i n c l u d i n g  

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

D I SCUSSI ON 

The f o r m u l a t i o n  o f  drugs, p a r t i c u l a r l y  those having low water 

s o l u b i l i t y ,  i n  s o l i d  d i s p e r s i o n  systems t o  p rov ide  a f a s t  re lease  
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CONTROLLED RELEASE OF GRISEOFULVIN 2 35 

TABLE 3 

Re1 ease o f  G r i  seo fu l  v i n  f rom G r i  seo fu l  v i n : L i p i d  Coprec ip i  t a t e s  

I n i t i a l  gelease F r a c t i o n  Released 
G r i  s DMPC : CHOL Rate a f t e r  60 m i  n 
Composit ion (mole r a t i o )  (mcglml / m i  n )  ( % I  

100% - 

95%w/w l:o 
1:0.2 
1:0.33 
1:l 
1:3 
1:5 
0:l 

8O%w/w 1 :o 
1:0.2 
1:0.33 
1:l 
1:3 
1:5 
0 : l  

0.68 

1.26 
0.76 
0.98 
0.90 
0.50 
0.44 
0.76 

2.18 
1.84 
2.10 
1.28 
0.62 
0.60 
1.20 

20.4 

35.5 
46.3 
45 .o 
30.6 
28.8 
29.3 
19.1 

43.6 
52.7 
55.6 
50.4 
25.9 
27 .O 
21.8 

aAverage re lease  r a t e  d u r i n g  the  f i r s t  5 min. 

o f  a drug i s  a common p r a c t i c e .  In orde r  t o  achieve t h i s ,  a 

l a r g e  p r o p o r t i o n  of a water-sol  u b l e  c a r r i e r  such as po lye thy lene  

g l y c o l  o r  p o l y v i n y l p y r r o l i d o n e  i s  o f t e n  used i n  t h e  dosage 

form.16 

c o n t a i n i n g  s o l i d  d i spe rs ions  i s  poss ib le ,  a l though t h i s  i s  a l s o  

f r o m  f o r m u l a t i o n s  p o s s e s s i n g  h i g h  1 i p i d : d r u g   ratio^.^ The 

r e s u l  t s  o b t a i  ned i i s i  ng g r i  seo fu l  v i  n: phosphol i p i  d cop rec i  p i  t a t e s  

i n d i c a t e  t h a t  s u b s t a n t i a l l y  h ighe r  re lease  r a t e s  o f  drug can be 

I n  c o n t r a s t ,  a sus ta ined re lease  o f  drug from l i p i d -  
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236 VENKATARAM AND ROGERS 

achieved w i t h  as l i t t l e  as 5%w/w phospho l i p id  and much h ighe r  

drug concen t ra t i ons  i n  the  aqueous medium can be ob ta ined  w i t h i n  

one hour compared wi th t h a t  ob ta ined by the  d i s s o l u t i o n  o f  p l a i n  

g r i s e o f u l v i n .  

The importance of t he  r o l e  of ch lo ro fo rm i n  p repar ing  t h e  

c o p r e c i p i  t a t e s  and t h e  i n c l  us ion  o f  a phosphol i p i  d i s under1 i ned 

by the  r e s u l t s  o f  several  s tud ies .  F i r s t l y ,  i t  was demonstrated 

t h a t  phys i ca l  m i x t u r e s  o f  g r i  seo fu l  v i n  and phosphol i p i  d do n o t  

improve t h e  d i  sso l  u t i o n  c h a r a c t e r i s t i c s  o f  g r i  seo fu l  v i n 7  and a 

s imple monotec t ic  phase diagram i s  ob ta ined  i n d i c a t i v e  o f  t he  

absence o f  any s o l i d  s o l u t i o n  o r  e u t e c t i c  f o r m a t i o n .  

F u r t h e r m o r e ,  powder X - r a y  d i f f r a c t i o n  measurements on  

coprec i  p i  t a t e s  a1 ways revea l  ed t h e  e x i  stence o f  g r i  seo fu l  v i  n 

c r y s t a l l i t e s .  A c o r r e l a t i o n  was found between t h e  heats  of 

f u s i o n  o f  c o p r e c i p i  t a t e s  o f  v a r y i n g  compos i t ion  , b u t  n o t  o f  

p h y s i c a l  m i x t u r e s ,  and r e l e a s e  o f  d r u g .  S e c o n d l y ,  when 

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

c o p r e c i p i t a t e s  o f f e r  no advantage over phys i ca l  m ix tu res  o r  p l a i n  

drug. When phospho l i p id  i s  rep laced by PEG 4000 o r  CHOL, aga in  

l i t t l e  advantage i s  ob ta ined  from u s i n g  c o p r e c i p i t a t e s  o f  h i g h  

drug conten t .  T h i r d l y ,  i t  was observed under a microscope t h a t  a 

c r y s t a l  o f  c o p r e c i p i  t a t e  p laced i n  water spontaneously dispersed, 

such t h a t  over a p e r i o d  of about two minutes a l a r g e  number o f  

elongated, myel i n i c  s t r u c t u r e s  had formed and p ro t ruded  o u t  from 

t h e  c r y s t a l  surface. ’ T h i s  behav io r  was n o t  observed wi th 
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physica l  mix tures o r  w i t h  c o p r e c i p i t a t e s  prepared using a sol vent 

o ther  than chloroform. 

Combining CHOL w i t h  DMPC a l t e r s  t h e  b e h a v i o r  o f  t h e  

phosphol ip id  i n  re leas ing  g r i s e o f u l v i n  i n  such a way t o  prov ide 

vary ing re1 ease pa t te rns  depending on the  r a t i o  o f  DMPC :CHOL . 
This  o f f e r s  the p o s s i b i l i t y  o f  prepar ing a c o n t r o l l e d  release 

formul a t i o n  of g r i  seoful  v i  n t o  meet a p a r t i  c u l  a r  need. 

CONCLUSIONS 

Coprec ip i ta tes o f  griseofu1vin:phospholipid o f  h igh drug 

content  can be prepared which prov ide r a p i d  re1 ease and extended 

release of drug i n  aqueous media a t  37°C. Fur ther  c o n t r o l  over 

t h e  r e l e a s e  k i n e t i c s  can be ach ieved  by i n c o r p o r a t i n g  t h e  

appropr ia te amount o f  CHOL. The mechanisms invo lved  are re1 ated 

t o  a complex arrangement o f  g r i  seoful  v i  n, phosphol i p i  d, and 

c h l o r o f o r m  i n  t h e  c o p r e c i p i  t a t e  c r y s t a l  wh ich  p e r m i t s  t h e  

phosphol ip id  t o  spontaneously disperse upon con tac t  w i t h  aqueous 

so lu t i on .  This  enhancing e f f e c t  o f  chloroform could p o s s i b l y  be 

achieved w i t h  some other  agent. 
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