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uiazepam - poiyethyieneglycoi bUlJU soi id 
dispersions systems were prepared by mei~ing and 
solvent methods. These dispersions were characterized 
using D.T.U., x-Ray diffraction and microscopy. 'rhe 
phase diagram has shown that tnis system is 
characterized as a simple eutectic mixtui-e with a 
eutectic composition of 87 % diazepam and 13 % P . E . r ; .  

6000. solubility studies showed a iinear increase i n  
drug solubility with the inc~-ease of P . E . G .  6000 

concentration. 
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2284 G I N E S  ET AL.  

INTRODUCTION 

The b i o a v a i l a b i l i t i e s  of many p o o r l y  w a t e r - s o l u b l e  
drugs a r e  l i m i t e d  by t h e i r  d i s s o l u t i o n  r a t e s  which a r e  
i n  t u r n  c o n t r o l l e d  by t h e  s u r f a c e  a r e a  t h a t  t h e y  
p r e s e n t  f o r  d i s s o l u t i o n .  consequen t ly ,   he r e d u c t i o n  of 

the  p a r t i c l e  s i z e  can  v e r y  o f t e n  i n c r e a s e  t h e  r a t e  of 
a b s o r p t i o n  and t h e  amount of absorbed  d rug .  

r a r t i c i e  s i z e  r e d u c t i o n  oi drugs  i s  g e n e r a i l y  
achieved  by mechanicai  m i c r o n i z a t i o n  p r o c e s s e s ,  b u t   he 

r e s u l t a n t  micronized  p a r t i c i e s  can have d i s a d v a n t a g e s .  
Aggrega t ions  and aggiomera t ions  can occur  due ~o t h e  
i n c r e a s e d  s u r f a c e  energy  aiid poor  w e t t a b i l i t y  i n  wa te r  
is observed .  

SEKIGUCHI and i jBI  [~~ f i r s r ;  proposed t h e  use of 
s o l i d  d i s p e r s i o n s  a s  a novei  metiiod f o r  reduci i ig  
p a r t i c i e s  S i z e  and demonst ra ted  t h e  p o t e n t i a l  of s o i i d  
d i s p e r s i o n  i n  i n c r e a s i i i g  t h e  b i o a v a i i a b i i i t y  of p o o r l y  
wa te r - so lub le  d r u g s ,  t o  i n c r e a s e  t i le d i s s o i u t i o n  and 
o r a i  a b s o r p ~ i o n .  Moreover t h e  c a r r i e r  can incre .ase  t h e  
aqueous s o l u b i l i t y  of t h e  d r u g .  Tile mechanism of 
ennacement s o i u b i l i t y  of i n s o l u b l e  o r  s i i g i i t i y  s o l u b l e  
drugs v i a  s o l i d  d i s p e r s i o n  t echn iques  is e x ~ e n s i v e l y  
reviewed by C H I U U  and RIEGELMAN [ L ]  and v e r y  1-ecent iy  
by EijfcD i j  j . 

Diazepam, a p o o r l y  w a t e r - s o i u b i e  benzod iazep ine ,  
has  been shown t o  be i r r e g u i a r y  a b s o r p t i o n  a f t e r  orai  
a d m i n i s t r a t i o n  because  of i ~ s  low s o i u b i i i t y  i4, S i .  

Many s u ~ s r a n c e s  have been examined f o r  t h e i r  
c a r r i e r  p r o p e r t i e s .  r o l y e t h y l e n e g l y c o i s  a r e  t h e  most 
commonly used  c a r r i e r s  ~ b ] ;  P . E . ( ; .  buuu has been most 
e x t e n s i v e l y  s t u d i e d  [ 7  - l j ]  . 
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DIAZEPAM-POLYETHYLENEGLYCOL 6000 SOLID DISPERSIONS 2285 

The p resen t  work d e a l s  with physicochemical 
p r o p e r t i e s  of diazepam-P.E.G. dUuu s o l i d  d i s p e r s i o n s .  
The purpose of tn i s  s tudy  i s  t o  cha rac t e r i zed  t h e  s o i i d  
d i s p e r s i o n s  systems prepared by fus ion  and soivel l t  
method and t o  determine how the  s o l u b i i i t y  and s i z e  of 
parKic ie  of drug i s  modified when a s o i i d  d i spe r s ion  i s  
done. 

The physicochemicai s t r u c t u r e  o~ tlie sl,iid 

d i spe r s ion  p l ay  an important r o l e  i n  c o n t r o l l i n g  t h e i r  
drug r e i e a s e .  Tne  phase e q u i i i b r i a  between d r u g s  and 
c a r r i e r s  may be examined us ing  tnermai a n a l y s i s ,  x-r.-ay 
d i f f r a c t i o n ,  microscopic ,  s p e c ~ r o s c o p i c  , thermodynamic 
techniques and by  a i s s o i u ~ i o n  r a t e s  da t a  i ~ ] .  

EXPERIMENTAL 

Commercial diazepam and poiyeKhyienegiyCOl-bUUU of 

pnarmaceuKicai grade suppi ied  by Acofar,  were used a s  
sKar t ing  m a t e r i a i s .  Both compounds were ground and 
s ieved  (ReKscn s i e v e  type v i b i - 0 ~ .  F o r  s o l i d  aispersioxi 
p r e p a r a t i o n ,  t h e  5 u  - L U U  I.lm f r a c t i o n  was SeiecKed. 

P repa ra t ion  of solid Uispersions Uiazepam-YEti b U O 0  

Aj Meit l l lg  method 

Piiysical mixtures  of diazepam and P . E . G .  b u u u  were 
weighted from K n e  range 5 t o  8(1 t. Then, tney  were 
g r a a u a i l y  nsa t ed  up t o  15u “ ‘C ,  wirsh  c o n s ~ a n t  s t i r r i n g ,  
empioying a magnetic s t i r r e r  h e a t e r  s e i e c t a  agirnat ic ,  
S - L B J  modei. T i i i s  temperature i s  i i g i i t i y  h igher  tnan 
t h e  m e i ~ i n g  po in t  o~ diazepam. 

when r,he obta ined  meit was c l e a r  and homogeneous, 
t n e  d i spe r s ion  was r a p i d l y  quencned i n  an i ce -ba th .  
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2286 GINES ET AL. 

After cooling, 'the obtained solid was ground and 
sieved. The fraction of 270 mesh was seiected. 

Bj Solvent method 

uiazepam solid dispersions in P.E.G. b U U ( j  were 
prepared by the solvent method using ethanol as a 
solvent in l:l(jr 1:5 and 1:l wiw ratios. 

Weighted quantities of two components were 
dissolved in a minimum voiume of ethanol. 

The solvenr; was then removed by evaporation in 
vacuum at room temperature using a magnetic stirrer. 

Tile obtained viscous iiquids were allowed to 
solidify at room temperature in a giass desiccator. 

After 2 4  hours of standing in the giass desiccator 
the solid masses were powdered ana the i 7 ( j  mesh 
fraction was selected. 

c j  Physical mixtures 

The physical mixtures were prepared by simpie 
mixing of the two components previousiy sieved ~ 2 7 ~  

meshf in l : ~ ~ r  1:5 and 1:1 w / w  ratios. 

The physical mixtures were used for comparation 
with solid dispersions. 

stability studies 

Thermal and x-ray diffraction methods were used to 
evidence chemicai stabiiity of drug after elaboration 
of solid dispersions. 

Differential Thermal Analysis 

uifferentiai thermal. analysis (DTAj experiments 
were carried out in static air with an automatic 
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DIAZEPAM-POLYETHYLENEGLYCOL 6000 SOLID DISPERSIONS 2287 

thermai  a n a l y z e r  system ~ i g a k u ,  PTC-10 A model. The 
d a t a  p r o c e s s i n g  system UPS-i and t h e  p i o t t e r  watanabe 
Mipio t  were connec ted  t o  t h e  the rma l  a n a l y z e r .  samples  
or' 2cI mg i n  w e i g ~ t  were packed. l o o s e l y  i n t o  a p l a t inum 
c y l i n d r i c a l  holder and h e a t e d  f rom 2 0  uc t o  a maximum 

(Pt /P t -Rh 13 ~ thermocoupie j .  The h e a t i n g  of 20u W C  

r a t e s  were ii, and 5 degrees /min .  c=aiciiied alumina was 
used  a s  a r e f e r e n c e  m a t e r i a l .  For c a l i b r a t i o n ,  K N 0 3  

Merck was empioyed. The s e n s i t i v i t y  range  i n  UTA was 
f i5 1.1v and t h e  c h a r t  speed. 2 . 5  mmjmin. 

x - ~ a y  Diffraction 

x- ray  diagrams were obta ined .  i n  a Siemens 
K r i s t a i i o f i e x  U-5uu  d i f f r a c t o m e t e r  w i t h  N i - f i l t e r e d  
Cu K a  r a d i a t i o n  a t  a goniometer  speed  of l~ ( L  ~ j / m i n  
ana  a c h a r t  speed  of  i cm/min. 

solubiiitv study 

An excess  o r  diazepam ( i u u  mg) was added t o  i 5  mL 

of p u r i f i e d  wa te r  i n  a e r ienmeyer  f i a s k ,  c o n t a i n i n g  
U - L(J Z Of P.E.G. b U U U .  

The f i a s k  were e q u i l i b r a t e d  by  magne t i ca i  s t i r r i n g  
a t  ;ji r u . 5  "t f o r  4~ h o u r s ,  time t n a t  was found enough 
to r e a c h  e q u i i i b r i u m .  

A t  t h e  end 0 2  t h i s  p e r i o d ,  t h e  s o l u t i o n  were r;hen 
witndrawn by a s y r i n g e  f i t t e d  w i t n  a membrane f i i t e r  

( p o r e  s i z e  u . 4 S  ~ m ) ,  s u i t a b l y  d i l u t e d  and a s sayed  
s p e c t r o p n o t o m e t r i c a i l y  a t  i 4 i  nm. 

Microscopy of solid Dispersions 

u )  scann ing  e i e c ~ r o n  microscopy 

sampies deposir ;ea  i n  a cu  h o l d e r ,  were c o a t e d  w i t h  
a t n i n  f i l m  of ALI ~o make them conduc t ing  and examined 
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2288 GINES ET AL. 

under a scanning electron microscope Is1 model ss-40 at 
20 Kv. 

B) optical microscopy 

Initially, we got some difficulties to 
identificate the diazepam into solid dispersions by 
using this technique. so, we developed another 
technique consisting in making a very thin film of the 
melt on a typical slide-glass. 

Due to formation of a very thin film at cooling of 
P.E.G. 6000, the diazepam particles can be easily 
identified by using a microscope Nikon type 104 with a 
camera attachment. selected microphotographs of several 
visual fieids were performed. 

RESULTS AND DISCUSSION 

stability studies 

A) Pure diazepam 

The thermal stability of diazepam (m.p. 131 - 
135 * C )  was demonstrated by DTA. 

Analogous thermograms were reached for diazepam 
untreated, melt-resolidified (melted) and diazepam 
obtained by evaporation of its ethanolic solution 
sample (solvated) (fig. 1). 

Neither alteration nor shifts in U.V. spectra were 
noted between original and treated diazepam. 

The x-ray diffraction spectra of the three samples 
evidence that this treatment did not influence the 
crystallinity of the drug; moreover the iack of 
additional diffraction peaks indicated that no 
degradation had occurred (fig. 2 ) .  
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DIAZEPAM-POLYETHYLENEGLYCOL 6000 SOLID DISPERSIONS 2289 

pure  
m.p. 138'C 

b )  

~' m e l t e d  

I 

EX0 I I  

li v END0 

D T A  p = l  o 'C/min 

I I I I I I I I I 

60 100 140 180 T [  

FIGURE 1 

c l  

DTA thermograms of: a)Untreated diazepam b)Melt 
resolidified diazepam c)Solvated diazepam 
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2290 GINES ET AL. 

D I A 2 E PAM 

FIGURE 2 
X-ray diffraction Fatterns of: a)pure diazepam b)melted 
diazepam c)solvated diazepam 
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DIAZEPAM-POLYETHYLENEGLYCOL 6000 SOLID DISPERSIONS 2291 

'8) Solid dispersions 

Diazepam dispersed in P.E.G. tjuOu prepared by 
fusion and solvent method showed same U.V. spectra to 
that of untreated diazepam. 

Differential Thermal Analysis 

The DTA thermograms of diazepam-PEG buuu 

"solidified-melts" and pure compounds, obtained heating 
up to 2uu " c ,  are depicted in ~igure ~. 

In general, endothermic DTA effects that resui~ 
from melting are observed, and endo~nermic effects 
corresponding to melting of a simpie eutectic system 
aiso appear. From these curves, it is clear that wi~ii 

increasing diazepam content, the second DTA-endothermic 
peak is closer to that of pure diazepam compound. Note 
than the two-endothermic5 DTA erfects disappear at LU ~ 

w/w composition, and a single endothermic effect of the 
solid dispersion is obtained. 

in connection with this fact, increasing PEI; tiuuu 

ieads to a decrease of melting point, as well as ~ n e  
DTA endothermic areas remarkably increase. Tfiis 
endothermic peak is very ciose to that or  the pure 
compound. 

Phase Diagram 

The phase diagram ror  diazepam-PEt bUUU 

compositions, determined by the UTA data is snown in 

figure 3 .  

Thermal analysis suggest tnat a simpie eutectic is 
formed ciose to the melting point of pure PEG buuu. 

According to these resuits, the phase diagram aiazepam- 
P . E . G .  b U ~ u  is proposed, aithough the precise 
determination o~ the eutectic point is tsntative, as in 
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IAZEPAI 

j - 

8 0 '/. 

r\l 
I 

6 0 '/. 

li" 
- 

L 0 '/. 2 0 '/. 
1 

GINES ET AL. 

100 200 100 200 100 200 100 200 100 200 100 200 loo  200 

DEG 600( 

- I 
100 200 

Diazepam 10 20 30 LO 50 60 70 80 90 PEG 
6000 

weight '/~ 

FIGURE 3 
DTA diagrams of diazepam (Dz), P.E.G. 6000 and solid disper- - 
sions (melting method).Heating rate lOgC/min;and phase diagram 
proposed of the diazepam-P.E.G. 6000 binary system. 
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DIAZEPAM-POLYETHYLENEGLYCOL 6000 SOLID DISPERSIONS 2293 

o t h e r  solid d i s p e r s i o n s  sys t ems .  The e x t r a p o l a t e d  
v a l u e s  a r e  tti ~ of PEG ~ C ) C ) U  and 1.j ~ of t i ~ e  d rug  

( W / W ) .  

X-Ray   if fraction 

The X-ray d i f r a c t i o n  p a t t e r n s  of t h e  pu re  diazepam 
ana  p u r e  P . E . G .  buuI, and p a t t e r n s  of s o i i d  d i s p e r s i o n s  
of  l u  ~ diazepam p r e p a r e d  by  m e l t i n g  and s o i v e n t  method 
and p h y s i c a i  mix tu res  of l u  ~ a r e  shown i n  f i g u r e  4 .  

NO a d d i t i o n a l  new d i f r a c t i o n  i i n e s  were d e t e c t e d ,  
i n d i c a t i n g  t h a t  no d e g r a d a t i o n  o r  i iew compounds 
fo rma t ion  had o c u r r e d .  Minor changes i n  t n e  i n t e n s i t y  
of  some peaics were obse rved .  However, t h i s  was p robab ly  
due t o  change i n  p r e f e r r e d  o r i e n t a t i o n  r a t h e r  t han  any 
a l t e r a t i o n  i n  t n e  pl iysicochemical  p rope l - t i e s  of  he 

d r u g .  

s p e c t r a  i n d i c a t e  t h a t  the diazspam and P . E . c r .  

buuu i n  t h e  so l id .  d i s p e r s i o n s  siiow t h e  same p a t t e r n s  
t h a t  i n  t h e  pure  compounds. 

x - r a y  d i f r a c t i o n  d a t a  a l s o  show t h a t  d i spe l -sed  
sys tems of diazepam i n  PEG buuu s h o u l d  be  c l a s i f i e d  a s  
a simpie e u t e c t i c  mix tu re ,  a s  found by DTA s tud ie s .  

s o l u b i i i t v  s t u d y  

The s o l u b i l i t y  s t u d y  was performed t o  de te rmine  
~ n e  s o i u b i l i z i n g  e f r e c t  o r  P . E . G .  bC)uu on diazepam. 

The e q u i l i b r i u m  s o l u b i i i t y  d a t a  o r  ciiazepam i n  
p u r i f i e d  c a r  r 1 e r 
c o n c e n t r a t i o n  a t  t w o  t e m p e r a t u r e s  a r e  shown 111 f i g u r e  5 .  

A l i n e a r  i n c r e a s e  in t h e  s o i u b i l i t y  of  he d rugs  was 
obse rved  w i t h  tile i n c r e a s e  of P . E . G .  buuu c o n c e n t r a t i o n .  

wa t e 1- , con t a 111 i n g  d i  f r e 1-en t 

s i m i l a r  r e p o r t s  about  t h e  s o l u b i l i z i n g  e f f e c t  of  
P . E . ~ .  on a n o t h e r  d rugs  have been p u b l i s h e d  114, i s j  
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a) 
PEG 6000 

PURE 

b) 
S 0 LVATE D 
( 1 0 ‘~. ) 

c )  
MELTED 
( 1  0%)  

d )  
PHYSICAL 
MIXTURE 
( 1  0%) 

e )  
DIAZEPAM 

PURE 

L O  30 20 10 

(‘20) C u K d  

F I G U R E  4 
X-ray diffraction patterns of: a)pure - 
P.E.G.  6000, h)solid dispersion of 1 0 ~  - 
diazepam ( s o l v e n t  method) c)solid di s p e r  
sion of 1~~~ diazepam (melting method d) 
physical mixtures of 10% diazepam e)pure 
diazepam. 

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DIAZEPAM-POLYETHYLENEGLYCOL 6000 SOLID DISPERSIONS 2295 

2 L 6 8 10 12 1L 16 18 20 

C 0 NC E N T R AT i 0 N of P E G 6000 [ '/. w/ v I 

F ' IGURE 5 
S o l u b i l i t j r  of diazepam i n  aqueous P . E . G .  6000 solu - 
t i o n s  at 370C and 2 7 0 C .  

and a t ~ r i u u t e d  t o  t h e  format ion  of a s o i u b i e  compiex. 
However, it snou id  be a v e r y  weak compiex wi th  a n i g h  

d i s s o c i a t i o n  c o n s ~ a n r : ,  s i i i ce  x - r ay  d i f r a c t i o n  s t u d i e s  
a i d  n o t  siiow t h e  c3x i s~ence  of any c o m p i e x a ~ i o n  i=e~ween 
t n e  ~ w o  componen~s  i i i  ~ i i e i r  s o i i d  s t a t e .  

nicroscoPv studv 

A j  EieCtrOn microscopy 

~ i g u r e s  t, and 7 show t h e  o r i g i n a l  p r o d u c t s ,  
diazepam and P . E . G .  buuu r e s p e c t i v e i y .  The s o i i d  
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FIGURE b 

scanning  e i e c t r o n  micrograph o~ pure  aiazepam 

FIGiJRE r 
scaniiing e l e c t r o n  micrograph or  pu re  PEG bUuU 
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Fi( ; t iRE tl 
scann ing  e iecr - ron  micrograpn of soiia 

d i s p e r s i o n  iu ~ aiazepam (meir-ing mer;noa) 

F iGLiRE Y 
s c a n n i i ~ g  e i e c t r o n  micrograph of  soiia 

a i s p e r s i o n  Zu z aiazepam ( s o i v e n t  methoa)  
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FIGUFlE lU 
Microphotograph o f  "coevaporate"  LU z 
diazepam ( x  IuL)) a f t e r  s o i i d i f i c a t i o n  

d i s p e r s i o n s  of l u  ~ w/w mel t ing  me~hod and L U  ~ w / w  
s o i v e n t  method a r e  snown i n  f i g u r e s  tf and ~. 

The i d e n t i f i c a t i o n  of p a r r ; i c l e s  of  he d r u g  i n ~ o  
t h e  s o i i d  d i s p e r s i o n  was  no^ p o s s i b i e  by e iec t ror i  
microscopy because t h e  c a r r i e r  masjced them. 

B j  o p t i c a i  microscopy 

Figure i u  snows r.iie microphotograph of 

' . c o p r e c i p i t a t e ' '  of LU ~, prepared a s  i n d i c a t e d  
p r e v i o u s l y .  T h e  s o l v e n t  metiiod a i d  not  reduce 
s i g n i f i c a n t i y  t n e  p a r ~ i c l e  s i z e  of p u l v e r i z e d  d r u g .  
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F i G u R E  1 1  
M 1 c r o pho L 0 gr apn o i me i t - I- e s o i 1 ci 1 f 1 e d ' I  

iu % diazepam (x i u u u j  

E ' I b U K E  1 L  
Microphotograph of ' -meir-resoi  iaif lea', 

l u  a diazepam (x 4 u u )  
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I n  t h e  s o i i d  d i s p e r s i o n  of iu z ,  as  ic i s  snow i n  
f i g u r e  1 1 ,  t h e  p a r t i c l e  s i z e  of cne  d r u g  i s  c o n s i d e r a b i y  
reduced  when w e  u s e  che  f u s i o n  method, w t i i c n  i s  
i n t e r e s t i n g  from ciie p o i n t  of view of soiid aispers i o n .  

Moreover,  t h e  s o i i d  dispersion of l u  "o ( m e l t i n g  
method) , shows r n e  homogeneous a specc  p resenced  i n  
f i g u r e  12. The p a r t i c i e  s i z e  oi t h e  drug LS s m a i i e r .  

u s u a i l y ,  cnis face  i s  a t t r i b u t e d  t o  che forinacion 
cf v e r y  f i n e  d r u g  p a r t i c l e s  d u r i n g  s o i i d i f i c a c i o n  of 

cne  e u c e c t i c  meit  i i b j ,  a s  shown i n  f i g u r e  1 ~ .  ?,he 
above r e s u i t  c o n f i r m s  t h e  daca  o b t a i n e d  f o r  i u  ,b w/w 
soiid d i s p e r s i o n s  by x-Kay D i f  f r a c c i o n  and t h e  
s u g g e s t e d  phase  d iagram ( f i g u r e s  3 and. 4). 
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