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PRODUCT DEVELOPMENT STUDIES FOR THE SELECTION OF AN 
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ABSTRACT 
The low water s o l u b i l i t y  o f  diazepam n e c e s s i t a t e s  t h e  use o f  non- 

aqueous v e h i c l e s  i n  i ts i n j e c t a b l e  formula t ions .  Inc reased  s o l u b i l i t y  

o f  a compound is achieved  by t h e  fo l lowing  ways : ( a )  S o l u b i l i z a t i o n ,  

(b) use o f  co-so lvent ,  ( c )  complexation and (d) a l t e r i n g  t h e  pH. The 

l a s t  method is n o t  a p p l i c a b l e  because diazepam is  incapab le  o f  

accep t ing  o r  donat ing  a p ro ton  o r  hydroxyl ion  i n  the  p r e s c r i b e d  pH 

range  (6.2-6.9). I n  most of  t he  commercial i n j e c t a b l e  s o l u t i o n s  o f  

diazepam, propylene  g l y c o l  i s  o f t e n  used a s  co-solvent which may 

r e su l t  i n  pa in  a t  t h e  i n j e c t i o n  s i t e  and p r e c i p i t a t i o n  i n  in t r avenous  

s o l u t i o n s ,  r e s u l t i n g  i n  thrombophlebi t i s .  In t r o p i c a l  c o u n t r i e s  t h e r e  

is ano the r  problem o f  d i s c o l o r a t i o n  o f  t he  i n j e c t a b l e  s o l u t i o n  due t o  

deg rada t ion  p roduc t s  du r ing  s t o r a g e .  

With these  problems i n  mind, t he  p re sen t  s tudy  was undertaken t o  

r e a s s e s s  t h e  s i t u a t i o n  i n  a newer pe r spec t ive .  I n  t h i s  s tudy  PEG 400 

was used t o  r e p l a c e  propylene  g lyco l  e n t i r e l y  i n  an e f f o r t  t o  develop 

a non-p rec ip i t a t ing ,  s t a b l e  and l e s s  p a i n f u l  diazepam i n j e c t i o n .  

Encouraging resul ts  were ob ta ined .  These a r e  be ing  r e p o r t e d  i n  t h i s  

paper .  

*To whom c o r r e s p o n d e n c e  s h o u l d  be a d d r e s s e d  
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1296 GHOSH, BANERJEE, AND GUFTA 

Problems such  as p r e c i p i t a t i o n  of diazepam i n  aqueous env iron-  

ment o f  blood or  on d i l u t i o n  o f  i n f u s i o n  w i th  I .V .  f l u i d s  ( 2 - 4 )  , 
pa in  a t  i n j e c t i o n  s i t e  and d i s c o l o r a t i o n  o f  commercial f o rmula t ions  

due t o  enhanced degradat ion  o f  diazepam by  i o n i c  m o i e t i e s  

provided t h e  impetus f o r  t h e  presen t  work. The r e l a t i v e  s t a b i l i t i e s  o f  

t h e  developed PEG fo rmula t ions  w i t h  d i f f e r e n t  b u f f e r  sys tems  were a l s o  

s t u d i e d .  

(5, 6) 

: A l l  reagents  used were o f  a n a l y t i c a l  grade. Methanol was 

of s p s c t r o  grade. Diazepam R . S .  and Diazepam I .P .  ‘ 7, were suppl ied  by 

cour t sey  o f  Central Drug Laboratory,  Ca lcu t ta  and Indian  Drugs  and 

Pharmaceutical L t d .  r e s p e c t i v e l y .  

: I n  equ i l ib r ium s o l u b i l i t y  s t u d i e s  us ing  a mechanical 

shaker ,  diazepam was assayed spec t ropho tome t r i ca l l y  i n  a c i d i f i e d  

methanol a t  360 nm and i n  s t a b i l i t y  s t u d i e s ,  t h e  method g iven  by 

Nudelman and Waisbaum “)was adopted. Th i s  was based on t h e  separat ion  

o f  diazepam from i t s  degradation products  by TLC and subsequent 

spec trophotometr ic  e s t ima t ion  a t  360 nm.. The d a t a  obtained was 

compared w i th  t h e  standard d a t a  obtained by process ing  known amount o f  

standard diazepam i n  t h e  same way and i n  t h e  same manner. 

I n  order  t o  see  t h e  a p p l i c a b i l i t y  o f  m i c e l l a r  s o l u b i l i z a t i o n  

technique f o r  s o l u b i l i z a t i o n  o f  diazepam, a t e s t  was carr i ed  out  using 

po ly sorba te  80 (0 .0  t o  0 .1% w/v i n  g l a s s  d i s t i l l e d  water)  

The d i e l e c t r i c  requirement o f  a s o l u t e  i s  an impor tant  f a c t o r  f o r  

s o  1 ubi 1 i z a t i on (’) . The abso lu te  s o l u b i l i t y  o f  a s o l u t e  may vary 

cons iderably  i n  two d i f f e r e n t  s o l v e n t s  o f  t h e  same d i e l e c t r i c  cons tan t  

bu t  t he  s o l u b i l i t y  p r o f i l e  as a f u n c t i o n  o f  d i e l e c t r i c  cons tant  

appears t o  be similar f o r  a s o l u t e  i n  a wide v a r i e t y  o f  s o l v e n t  

sys tems .  Hence, t he  s o l u b i l i t y  of diazepam i n  dioxane-water b l ends  o f  

d i f f e r e n t  d i e l e c t r i c  cons tan t s  a t  room temperature (26 deg .  C) w a s  

determined by Universa l  Die lec trometer  Type OH - 301. 

Four s o l v e n t  m ix tures  were prepared as f o l l o w s  : 
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SOLVENT SYSTEM FOR DIAZEPAM 1297 

Solvents  (% v /v)  Solvent  mixtures  
1 2 3 4 

PEG 400 40.0 50.0 60.0 70.0 

Ethyl a1 co hol 

Benzyl a1 coho1 

Pur i f i ed  water 

10.0 10.0 10.0 10.0 

1.5 1.5 1.5 1.5 

48.5 38.5 28.5 18.5 

S o l u b i l i t y  o f  diazepam i n  these solvent  mixtures were determined 

a t  room temperature. The f i n a l  f i l t r a t e  was stored i n  t h e  r e f r i g e r a t o r  

( 4  deg. C) overnight ,  again f i l t e r e d  and analysed. The r e s u l t s  are 

given i n  table  1. 

The A . D . C .  o f  each mixture was calculated by neg lec t ing  the volume 

changes and using the  D . C .  o f  each so lven t  from l i t e r a t u r e  with the 

help o f  t h e  equat ion,  A . D . C .  = [El (% o f  A x D . C .  o f  A )  + ( %  o f  B x 

D . C .  o f  B )  + . .... ]]/loo. 
The re la t ionsh ip  o f  log o f  s o l u b i l i t y  wi th  % o f  PEG 400 and A . D . C .  

i s  shown i n  f i g .  1 .  

For s t a b i l i t y  s tudy o f  experimental formulat ions,  t h e  so l ven t  

mixture containing 55% PEG 400 was chosen t o  reach a compromise 

between % o f  water and s y r i n g a b i l i t y  o f  the formulat ions.  The 

composition o f  t h e  experimental formulat ions are given below : 

Composition Formulations 

1 2 3 

1 .  PEG 400 (% V / V )  55.0 55.0 55.0 

2. Ethanol ( %  V / V )  10.0 10.0 10.0 

3. Benzyl alcohol (% V / V )  1.5 1.5 1.5 

4. Water [ glass  d i s t i l l e d  ( %  V / V ) ]  33.5 33.5 33.5 

5. Diazepam (% W / V )  0.525 0.525 0.525 

6. Ascorbic acid (% W/V)  0.100 0.100 0.100 

7. B u f f e r  " B  " "P" 
' B '  = Benzoate b u f f e r  t o  pH 6.5 (Total b u f f e r  conc.0.10 m o l e / l i t . )  and 
'PI = Phosphate b u f f e r  t o  pH 6.5 (Total  b u f f e r  conc. 0.06 m o l e / l i t . )  
____-----____--_____------  
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1298 GHOSH, BANERJEE, AND GUPTA 

S o l v e n t  S o l u b i l i t y  a t  S o l u b i l i t y  a t  A p p r o x i m a t e  D i e l e c t r i c  

Mix ture  26deg. C ( m g / m l )  4 d e g .  C ( m g / m l )  C o n s t a n t  ( A . D . C . )  

1 4.375 

2 9.000 

3 15.600 

4 26.530 

2.675 

5.500 

10.800 

22.750 

46.69 

40.09 

33.48 

26.87 

DIELECTRIC CONSTANT (++-I 
25 30 35 40 45 50 

I I I I I I 

PERCENTAGE OF PEG 400. v / v  I*) 

FIGURE 1 
Plot of solubility o f  Diazepam at 26'C as 
a function of percentage o f  PEG 400 and 
dielectric constant o f  the injectable 
vehicle. 
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SOLVENT SYSTEM FOR DIAZEPAM I299 

Ascorbic acid i s  used as an ant ioxidant  and complexing agent.  The 
use o f  ethanol i s  t o  reduce t h e  v i s c o s i t y  and thereby improve the  
s y r i n g a b i l i t y  o f  t he  preparat ions.  Benzyl alcohol i s  used as d 

b a c t e r i o s t a t i c  agent ,  s o l u b i l i z e r  and local  anaes the t i c .  First two 

formulations were b u f f e r e d  and t h e  th i rd  one was kep t  as c o n t r o l .  The 

pH was adjusted t o  6 . 5  w i t h  triethanolamine. 

A f t e r  t h e  so lu t ions  were prepared, they were f i l t e r e d  and s tored 
i n  sealed amber colored ampules. They should be s t e r i l i z e d  by 
f i l t r a t i o n .  B u t  here they  were autoclaved a t  121 deg. C a t  15 l b s / s q .  

inch pressure f o r  e f f e c t i v e  15 minutes t o  observe the  change i n  p H ,  i f  

any. Then they were stored a t  room temperature and 53.5 2 0 .5  deg. C 

i n  a constant temperature oven. Some o f  t he  samples were stored i n  
r e f r i g e r a t o r  t o  examine p r e c i p i t a t i o n ,  i f  any. The contents  o f  t h e  
ampules were assayed p e r i o d i c a l l y .  For periodic  d i sco lora t ion  s t u d i e s  
the samples were d i l u t e d  10 t imes w i t h  methanol and t h e  % 

transmittances o f  these methanolic so lu t ions  were measured a t  410 nm. 

RESULTS 8 DISCUSSIONS 

During s o l u b i l i t y  s tudy i n  polysorbate 80 s o l u t i o n ,  i t  i s  observed 

t h a t  t he  h ighes t  s o l u b i l i t y  o f  299.1 p g / m l  i s  achieved a t  a 
polysorbate concentration o f  0.02% (W/V). T h i s  s o l u b i l i t y  is q u i t e  low 
f o r  i n j e c t a b l e  formulat ions.  Therefore,  polysorbate 80, alone can not 
be used t o  s o l u b i l i z e  diazepam i n  an i n j e c t a b l e  formulat ion.  But i t  

can be used as an adjunct t o  o ther  means o f  s o l u b i l i z a t i o n .  
I n  t he  s o l u b i l i t y  study of diazepam i n  dioxane-water b l ends ,  it i s  

observed t h a t  t he  D .  C .  o f  maximum s o l u b i l i t y  i s  about 10. Th i s  is a 
very low D .  C .  t o  be prac t i cab le .  

In  f i g .  1 .  L o g  o f  s o l u b i l i t y  shows a l i n e a r  r e l a t i o n s h i p  w i th  the  
% o f  PEG 400 and A . D . C .  o f  t he  medium, b u t  absolute  s o l u b i l i t y  a t  a 

par t i cu lar  d i e l e c t r i c  constant  i s  not  s i m i l a r  t o  t h a t  obtained from 

s o l u b i l i t y  s tudy.  Th i s  m i g h t  be due t o  so l ven t - so lven t  i n t e r a c t i o n .  
In  the s t a b i l i t y  s tudy i t  i s  observed tha t  t h e  pH o f  t h e  

formulation w i t h  t he  phosphate b u f f e r  i s  not s t a b l e  and decreased 
below 6 . 4 .  B u t  pH o f  t he  other two formulat ions remains more or l e s s  
cons tan t . 

No p r e c i p i t a t i o n  i s  found i n  any o f  t he  formulat ions a f t e r  being 
kept  f o r  10 days i n  r e f r i g e r a t o r .  
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1300 GHOSH, BANERIEE, AND GUPTA 

1.96 
0 5 10 15 20 25 30 35 40 45 

TIME IN DAYS 

FIGURE 2 

Log o f  
Formulations stored a t  26 C .  

remaining versus t ime plot for 

85 5 10 15 20 25 30 35 40 45 
TIME IN DAYS 

FIGURE 3 

0 

Log of o/o remaing versus t ime p lo t  f o r  
Formulations stored at 53.5'C. 
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SOLVENT SYSTEM FOR DIAZEPAM 1301 

K (days  - I  ) Formul a t i o n s  

A t  26 deg. C 7.575 6.356 x 5.585 
-3 -3 -3 

A t  53.5 deg .  C 2.606 x 1 0  3.023 x 1 0  2.243 x 1 0  

The r e s u l t s  o f  per iod ic  assay  are g iven  by the  p l o t s  o f  l og  o f  % 

remaining vs. t ime  ( f i g .  2 and 3 ) .  The apparent f i r s t  order  r a t e  

cons tants  'K' f o r  each fo rmula t ion  a t  26 deg. C and 53.5 deg. C are 

shown i n  tab le  2 .  

I t  i s  observed t h a t  t h e  fo rmula t ion  conta in ing  phosphate b u f f e r  i s  

more s t a b l e  than t h e  benzoate  b u f f e r e d  fo rmula t ion  a t  room temperature 

but  l e s s  s t a b l e  a t  53.5 deg. C .  Th i s  shows t h a t  phosphate b u f f e r e d  

formula t ion  degrades more r a p i d l y  a t  h igher  temperatures .  The benzoate  

b u f f e r e d  fo rmula t ion  shows more d i s c o l o r a t i o n  and i s  l e s s  s t a b l e  than 

the  unbuf fered  one. Th i s  may be due t o  the  h igh  i o n i c  concen t ra t ion  

assoc ia ted  w i th  b u f f e r e d  fo rmula t ions  because i o n s  c a t a l y z e  the  

degradation and enhance d i s c o l o r a t i o n .  Low i o n i c  s t r e n g t h  o f  t he  

unbuf fered  fo rmula t ion  may be t h e  reason f o r  i t s  grea te r  s t a b i l i t y  and 

l e s s e r  d i s c o l o r a t i o n .  A t  room temperature i t  i s  seen tha t  v i r t u a l l y  no 

d i s c o l o r a t i o n  i s  t here  on s torage .  The i n i t i a l  d i s c o l o r a t i o n  i n  o t h e r  

formula t ions  both a t  room temperature and 53.5 deg. C may be 

a t t r i b u t e d  t o  ascorbic  a c i d ,  t h e  an t iox idan t  used ,  which degrades t o  

form brown coloured produc t s .  

S t u d i e s  on fo rmula t ion  3 i n d i c a t e  t h a t  unbu f f e red  fo rmula t ion  can 

be used wi th  a s u i t a b l e  an t iox idan t  which i t s e l f  shows no 

d i s c o l o r a t i o n  on s t o r a g e .  As t h i s  parentera l  f o rmula t ion  con ta ins  

ox ida t ion  s u s c e p t i b l e  diazepam, f i l l i n g  and sea l ing  under n i t rogen  

atmosphere prevent  t h e  degradation more e f f i c i e n t l y .  S ince  au toc lav ing  

of t h e  fo rmula t ions  had  a bearing on t h e  s t a b i l i t y  and d i s c o l o r a t i o n  

o f  diazepam, membrane f i l t r a t i o n  i s  adopted t o  e l i m i n a t e  t h e  

d i s c o l o r a t i o n  o f  t h e  i n j e c t a b l e  s o l u t i o n s .  
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