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Gastro- intest inal  absorption and b ioavai lab i l i  ty of hydrophobic ac t ive  
ingredients  are usual ly  1 imi ted by t h e i r  poor sol ubi 1 i ty  and low 
d isso lu t ion  rate. 

With a view t o  improving these d i f f e ren t  parameters,a grea t  deal of 
research work has been car r ied  o u t  to  present the ac t ive  ingredients  
i n  so l id  dispers ion form. 

The most widely used def in i t ion  of so l id  dispersions i s  t h a t  p u t  
forward by Chiou and Reigelmans in 1971 (1).  
in  the  pa r t i c l e  o r  molecular s t a t e ,o f  one o r  more very s l i g h t l y  soluble  
ac t ive  ingredients  i n  one o r  more water-soluble i n e r t  exc ip ien ts .  

Solid dispers ions can be obtained by three m a i n  procedures: 
melting, by using solvents ,  o r  by a combined process including 
me1 t i  ng and solvents .  

Sekiguchi and Obi f i r s t  used the melting method i n  1961 (8) .  
consisted of melting the physical mixture of the ac t ive  ingredient  and 
the water-soluble excipient  by agi ta t ion,and then,by cooling,causing 
rapid s o l i d i f i c a t i o n  of the l iquid obtained. This product i s  then 
crushed and ca l ibra ted .  This i s  the melt .  

The advantage of t h i s  method i s  i t s  s impl ic i ty  and i t s  economy. 
However,i t has the  drawback of possible decomposition o r  evaporation 
of the  cons t i tuents  during melting a t  h i g h  temperatures. 

The solvent method was usedfor  the f i r s t  time by T,tchibana and 
Nakamura i n  1965 ( 9 ) .  This consisted of dissolving the ac t ive  
ingredient and the excipient  in  a n  organic solvent  which was then 
evaporated. 
This is the coprec ip i ta te .  

They are  dispers ions,  

by 

I t  

The product obtained i s  crushed and ca l ib ra t ed .  
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104 ANASTASIADOU ET AL. 

T h i s  method does n o t  i n v o l v e  t h e  r i s k  o f  decompos i t ion  o r  evapora t i on  
o f  t h e  component p roduc ts  by hea t .  
drawbacks s u b s i s t :  t h e  cho ice  o f  t h e  so l ven t ,  t h e  d i f f i c u l t y  o f  i t s  
complete e l i m i n a t i o n  a n d , f i n a l l y ,  t h e  h i g h  c o s t  o f  t h e  process. 

We thought  i t  would be i n t e r e s t i n g  t o  compare these two techn iques :  
m e l t  and c o p r e c i p i t a t e .  We chose diazepam f o r  t h i s  i n v e s t i g a t i o n ,  
which i s  a psycho t rop i c  benzod iazep in  e x h i b i t i n g  a b s o r p t i o n  
i r r e g u l a r i t i e s  (2) which a r e  nodoubt  r e l a t e d  t o  i t s  poor  s o l u b i l i t y .  
A f t e r  a c o m p a t i b i l i t y  t e s t  between diazepam and va r ious  combina t ion  
produc ts  i n  t h e  form o f  me l t s  o r  c o p r e c i p i t a t e s ,  we s e l e c t e d  
po lyoxyethy lene g l y c o l  4000 ( 5 )  as e x c i p i e n t .  

I n  f a c t , i n  50/50 m e l t  form, diazepam cannot be used w i t h  mann i to l ,  
so rb i to l ,  ga lac tose  o r  c i t r i c  ac id ,s ince  t h i s  r e s u l t s  i n  co lou red  
produc ts  i n  which e i t h e r  t h e  e x c i p i e n t  o r  t h e  diazepam i s  degraded. 
N e i t h e r  can diazepam be used e a s i l y  w i t h  g lucose o r  u rea  due t o  poor  
m i  s c i  b i  1 i ty w i t h  ga lac tose .  Used w i t h  PEG 4000, t h e  me1 t e d  
produc t  i s  a t r a n s p a r e n t  l i q u i d  which takes  on a homogeneous 
appearance on c o o l i n g .  

However a c e r t a i n  number o f  

1 - EXPERIMENTAL 

1.1 R A W  MATERIALS 

1.1.1 Diazepam 

T h i s  i s  7-chloro-1-methyl-  5-  phenyl-1,3-dihydro-2H-1,4-benzodiazepin-Z-one. 

0 

CL @,- - N  

I t  i s  a y e l l o w i s h - w h i t e  c r y s t a l l i n e  powder. 
between 130 and 133 "C.  No thermal deg rada t ion  appears b e f o r e  
160 T. 
methanol ,ch lo ro fo rm,  e ther ,ace tcn? and propy lene g l y c o l .  

I t s  m e l t i n g  p o i n t  i s  

I t  i s  p o o r l y  s o l u b l e  i n  water,  b u t  s o l u b l e  i n  e thano l ,  
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SOLID DISPERSIONS 10 5 

1.1.2 Po lyoxyethy lene g l y c o l  4000 

T h i s  i s  a wa te r -so lub le  polymer i n  s o l i d  form. 
i s  53 O C  and i t  remains s t a b l e  up t o  135 OC. 

i n  methanol e thano l  and ch lo ro fo rm.  

I t s  m e l t i n g  p o i n t  
I t  i s  ve ry  s o l u b l e  

1.1.3 Sol vents  

Methanol and e thano l  were used as so l ven ts  i n  t h i s  i n v e s t i g a t i o n .  

1.2 PRODUCTS INVESTIGATED 

F i g u r e  1 shows phase diagrams prepared u s i n g  d i f f e r e n t i a l  scann ing  
c a l o r i m e t r y  (DSC) c a r r i e d  o u t  on m i x t u r e s  o f  diazepam and PEG 4000 
( i n  v a r i a b l e  p r o p o r t i o n s )  
(3,5,6). 

We demonstrated t h e  e x i s t e n c e  o f  a e u t e c t i c  cor respond ing  t o  t h e  
p r o p o r t i o n  diazepam 17 %/PEG 4000 83 % m e l t i n g  a t  52 "C. 

and taken f rom p rev ious  i n v e s t i g a t i o n s  

On t h e  

D 1  
I I 

AZEPAM 0 10 2G 30 40 50 60 70 80 90 l O c l  
100 90 80 70 60 50 40 30 20 10 0 PEG 4000 

F i g u r e  1. Phase diagram o f  m ix tu res  o f  diazepam and PEG 4000 
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106 ANASTASIADOU ET AL. 

other  hand i t  was n o t  possible to  confirm the exis tence o f  a so l id  
so lu t ion .  

These invest igat ions pointed o u t  t h a t  the higher the proportion of 
P E G  4000 in  the melt  (90 and 95%),  the grea te r  the d isso lu t ion  
r a t e  of the diazepam. 
of the eu tec t i c  did not exh ib i t  any pa r t i cu la r  proper t ies .  

These r e s u l t s  therefore  led us t o  choose the proportion diazepam lo%/  
PEG 4000 90% f o r  the inves t iga t ion  presented here. 

During th i s  cur ren t  work, the products which were pa r t i cu la r ly  
studied a re  f i r s t  diazepam (bas ic  product,product melted a n d  
r ec rys t a l l i zed ,  product dissolved in  methanol or ethanol and 
r ec rys t a l l i zed )  , and secondly the combinations diazepam/PEG 4000 
(physical mixture,mel t , coprec ip i ta tes  obtained e i the r  i n  methanol 
o r  ethanol ) . 

The melt corresponding t o  the composition 

1.3 PREPARATION OF DIAZEPAM/PEG 4000 COMBINATIONS 

1.3.1 - Physical mixture 

A mortar was used to  obtain the mixture of diazepam and P E G  4000. 
The mixture was then p u t  through a 200 )im mesh s ieve .  

1.3.2 Me1 t - 
10 g of the physical mixture were placed i n  a c r y s t a l l i z e r  and allowed 
t o  melt in  a s i l i cone  o i l  bath placed on a heating p l a t e .  This p l a t e  
was regulated so tha t  a temperature of 130 O C  was reached i n  20 minutes. 
A t  the moment of melting the mixture was s t i r r e d  using a g lass  a g i t a t o r .  
As soon as  a homogeneous l iqu id  was obtained, i t  was poured on to  a cold 
porcelain surface and kept f o r  48 hours a t  37 O C .  The product was then 
recovered,crushed and p u t  through a 200 l m  mesh s 

1 .3 .3  Coprecipi t a t e  

10 g of  the physical mixture of diazepam/PEG 4000 
dissolved in  a minute quant i ty  of solvent(methano 

eve. 

obtai  ned as  above , were 
or  e thanol)  then placed 

i n  the f lask  of a rotary evaporator.  Evaporation was car r ied  o u t  under 
vacuum in  a bain-marie a t  40 " C .  
recovered and to t a l  elimination of the remaining solvent  achieved by stoving 
a t  40 O C ,  the product being kept a t  t h i s  temperature t o  constant weight. 
The sold mass obtained was crushed a n d  sieved as  above. 

When a pasty mass was ob ta ined , th i s  was 

1.4 DESCRIPTION OF TESTS 

The t e s t s  carr ied out on the products obtained from the  various treatments 
and combinations included th in  layer  chromatography,in order t o  check the 
non- a l t e r a t i o n  of the diazepam, and a l so  determination of the s o l u b i l i t y  
and  d i sso lu t ion  r a t e  o f  diazepam. 

A s torage t e s t  was a l so  performed on  the coprec ip i ta tes  and the melt .  
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SOLID DISPERSIONS 107 

1.4.1 T h i n  l a y e r  chromatography 

Chromatographs o f  diazepam were c a r r i e d  o u t  on s i l i c a  ge l  p l a t e  
60 F-254 (Merck).  

The produc ts  t o  be s t u d i e d  were d i s s o l v e d  i n  methylene c h l o r i d e  u i n g  

The depos i t s  on t h e  p l a t e  were 10 mm3. 

The m i g r a t i o n  s o l v e n t  was made up o f  a 50/50 m i x t u r e  o f  heptane 
and e t h y l  ace ta te .  S o l v e n t  m i g r a t i o n  l a s t e d  20 minutes.  

10 mg (diazepam) o r  20 mg (diazepam/PEq 4000 combina t ions)  p e r  cm 5 . 

A f t e r  d r y h g ,  development was c a r r i e d  o u t  by u l t r a v i o l e t .  

1.4.2 

Der te rm ina t ion  o f  s o l u b i l i t y  i n  water  was c a r r i e d  o u t  a t  ambient 
temperature.  
o f  d i s t i l l e d  wa te r  and c o n t i n u o u s l y  a g i t a t e d  f o r  48 hours u s i n g  a 
v i b r a t i n g  p l a t e .  
g lass .  
added t o  b r i n g  up t o  20 cm3. 
by u l t r a v i o l e t  a b s o r p t i o n  a t  242 nm. 

Sol u b i  1 i ty 

To do t h i s ,  20 mg o f  diazepam were p laced i n  20 cm3 

T h e s o l u t i o n s  were f i l t e r e d  on FIL 4 s i n t e r e d  
1 cm3 o f  t h e  f i l t r a t e  was taken up and 0 . 1  N s u l p h u r i c  a c i d  

F i n a l  d e t e r m i n a t i o n  was c a r r i e d  o u t  

1.4.3 D i s s o l u t i o n  r a t e  

The d i s s o l u t i o n  r a t e  was determined u s i n g  a techn ique s i m i l a r  t o  t h e  
beaker method o f  Levy and Hayes ( 7 ) .  

A t e s t  sample o f  about  10 mg o f  diazepam was p laced  i n  a beaker 
c o n t a i n i n g  500cm3 o f  d i s t i l l e d  water  k e p t  a t  37 O C .  

t u r n i n g  a t  2 1  rad /s  ensured a g i t a t i o n .  Samples were taken a t  
s p e c i f i c  t ime i n t e r v a l s  ove r  a p e r i o d  o f  two hours,and these 
were rep laced  by  equal volumes o f  d i s t i l l e d  water .  
were c a r r i e d  o u t  i n  t h e  same c o n d i t i o n s  as above. 

A p r o p e l l e r  

samples 
De t e r m i  n a t i  ons 

1.4.4 S torage 

The f o l l o w i n g  c o n d i t i o n s  were imposed f o r  s to rage :  
4 and 37 O C  f o r  t h e  me l t ,  and f i v e  months a t  ambient tempera ture  
f o r  t h e  c o p r e c i p i t a t e s .  A f t e r  check ing  the  non-a1 t e r a t i o n  o f  t h e  
diazepam by u l t r a v i o l e t  spec t romet ry  and t h i n  l a y e r  chromatography, 
t h e  d i s s o l u t i o n  r a t e  o f  t h e  diazepam was determined i n  t h e  same 
c o n d i t i o n s  as f o r  t he  p rev ious  t e s t .  

2 RESULTS AND DISCUSSION 

four months a t  

2 .1  EFFECT OF THE DIFFERENT TREATMENTS 

2.1.1 S t a b i  1 i ty  o f  diazepam 

The chromatograms shown i n  F igu re  2 i n d i c a t e  t h a t  n e i t h e r  m e l t i n g  nor  
d i s s o l u t i o n  i n  methanol o r  e thano l ,  f o l l o w e d  by r e c r y s t a l l i z a t i o n ,  caused 
any degrada t ion  o f  t h e  diazepam. 
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108 ANASTASIADOU ET AL. 

b 1 

1 2 3 4 5 6 7 8 

Figure 2. Chromatograms of : diazepam ( l ) ,  melted diazepam ( 2 ) ,  
diazepam recrystallized in ethanol (3), diazepam re- 
crystallized in methanol ( 4 ) ,  physical mixture (5 ) ,  
melt ( 6 ) ,  coprecipitate in ethanol ( 7 ) ,  coprecipitated 
in methanol (8). 

Tab le  1 
So l  u b i  1 i ty o f  diazepam 

E f f e c t  o f  r e c r y s t a l l i z a t i o n  i n  methanol or ethano l  

p roduc t  

diazepam 46 f 0 . 7  

d i  azepam/methanol 43.5 k0.7 

d i  azepam/ e thano l  

s o l u b i l i t y  i n  mg . l o 3  cm-3 

50 k1.4 
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110 ANASTASIADOU ET AL. 

2 . 1 . 2  

As can be seen from Table 1, dissolut ion i n  methanol or e thanol ,  
followed by r ec rys t a l l i za t ion  of the diazepam, caused no s i g n i f i c a n t  
a l t e r a t i o n  in  i t s  solubi l i ty ,which remained between 43.5 and 
50 mg . lo3  cm-3. 

Sol ubi 1 i ty 

2.1.3 Dissolution r a t e  

Regardless of the treatment undergone by the diazepam (melting or  
r ec rys t a l l i za t ion )  , i t s  d i sso lu t ion  r a t e  remined  about the same,or 
underwent a s l i g h t  reduction (Figure 3 ) :  a f t e r  30 minutes the amounts 
dissolved were between 15 and 20 %, and  a f t e r  90 minutes between 40 and 
50 % .  

2 . 2 .  EFFECT OF COMBINATION WITH P E G  4000 

The var ia t ions  were n o t  important. 

2 . 2 . 1  

The chromatographs shown in  Figure 2 ind ica te  t h a t  the combination 
of P E G  4000 and diazepam did not cause any degradation of the 
diazepam, whether t h i s  be in  the physical mixture,or in the form of the 

2 . 2 . 2  

As can be seen from Table 2 ,  the  combination of P E G  4000 with 
diazepam had no ser ious e f f e c t  on the s o l u b i l i t y  of t h i s  product; 
there was just a s l i g h t  increase i n  the case of the so l id  dispers ions 
( 

Stabi 1 i ty of the diazepam 

me1 t or the coprecipi t a t e .  

Sol ubi 1 i ty 

me1 t o r  coprecipi t a t e s )  . 

Table 2 

So lub i l i t y  of diazepam 
Effect  of combination with P E G  4000 (diazepam 10 % / P E G  4000 90 % )  

Product s o l u b i l i t y  i n  mg . l o3  cm-3 

diazepam 46 t 0 . 7  

physical mixture 47 t 0 . 6  

me1 t 53 t 1 . 5  

methanol coprecipi t a t e  56 *O 

ethanol coprecipi t a t e  55 *0.2 
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114 ANASTASIADOU ET AL. 

2.2.3 Dissolution r a t e  

I n  every case P E G  4000 increased the d isso lu t ion  r a t e  of diazepam 
(Figure 4 )  
dispers ions than f o r  the physical mixture. 
dispers ions,  the coprecipi t a t e s  (espec ia l ly  tha t  obtained in  methanol) 
dissolved somewhat more quickly than the 
whi l s t  only 19 % of diazepam had dissolved with regard to  the pure product, 
the f igu re  reached 52 % fo r  the physical mixture 70 % f o r  the 
f o r  the ethanol coprecipi ta te ,and 36 % f o r  the methanol coprec ip i ta te .  

The e f f e c t  of PEG 4000 was therefore  due not only to  the improved 
"wetting"of diazepam, b u t  a l so  to  a " f ine r "  dispers ion,  indeed a 
dispersion approaching the molecular s t a t e ,  of the diazepam in the 
PEG 4000. 

This s i t ua t ion  was much more obvious f o r  the so l id  
Also, among the so l id  

melt. After  30 minutes, i n  f a c t ,  

mel t ,  82 % 

2.3 STORAGE OF SOLID DISPERSIONS 

Although s torage conditions were not the same f o r  the melt  ( four  months 
a t  4 and 37 " C )  and f o r  the coprec ip i ta tes ( f ive  months a t  ambient 
temperature),  i t  i s  surpr is ing t o  note tha t  
completely d i f f e r e n t  for these tv40 types of nroduct. 

I n  the case of  melt ,  whatever i t s  s torage temperature, there  was a 
reduction in the dissolut ion r a t e  of the diazepam. This 
phenomenon was however l e s s  obvious a t  37 *C t h a n  a t  4 "C 
(Figure 5 )  

I n  the case of the coprec ip i ta tes  s tored a t  ambient temperature, no 
reduction in  the dissolut ion r a t e  was observed (Figure 6 ) .  

These r e su l t s  need to  be extended over a g rea te r  temperature range 
and f o r  longer periods.  
r e su l t s  of Ford and Rubinstein ( 4 )  who found t h a t  the s torage of 
melts of  indomethacin and P E G  6000 was b e t t e r  a t  4 O C  t h a n  a t  
35 O C ,  b u t  a l so  t h a t  in  the l a t t e r  case a s t a b i l i z a t i o n  of the product 
s e t  i n  a f t e r  several  days in s torage.  

the r e s u l t s  a re  

They do not in  f a c t  agree with the 

CONCLUSI9N 

The work which has just  been presented d e a l t  w i t h  the preparation of 
so l id  dispersions of diazepam i n  polyoxyethylene glycol 4000, and 
par t icu lar ly  with the comparison of the products obtained, e i t h e r  by 
comelting, o r  by coprecipi ta t ion in  methanol or e thanol .  

The following points should be borne in mind. 

The d i f f e r e n t  treatments undergone by the diazepam during 
the preparation of the so l id  dispers ions (me1 t ing  o r  d i sso lu t ion ,  
followed by r ec rys t a l l i za t ion )  d i d  not themselves cause e i t h e r  
degradation of the diazepam, or  any a l t e r a t ions  t o  s o l u b i l i t y  
o r  the d isso lu t ion  r a t e .  

The combination of diazepam w i t h  polyoxyethylene glycol 4000 
caused, i n  every case,  a n  increase i n  the d isso lu t ion  r a t e  of 
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SOLID DISPERSIONS 115 

diazepam. 
sol id  dispers ions than f o r  the  physi cal mixture ,and 
espec ia l ly  fo r  the coprecipi t a t e s ,  notably t h a t  prepared i n  
methanol. 

This increase was much more obvious fo r  the  

The s torage o f  products obtained by comelting appears 
de l i ca t e ,  the d isso lu t ion  r a t e  decreasing with time. I n  
the case of the coprec ip i ta tes ,  s torage appears t o  be e a s i e r .  
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