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DIMETHYL SULFOXIDE AS A PHOTOPROTECTIVE 
AGENT FOR SODIUM NITROPRUSSIDE SOLUTIONS 

Ahmed F. Asker*  and R i c h a r d  Gragg  

ABSTRACT 

The e f f ec t  of  d i m e t h y l  s u l f o x i d e  (DMSO) a s  a pho to -  

p r o t e c t i v e  a g e n t  f o r  v a r i o u s  b u f f e r e d  s o l u t i o n s  of sod ium 

n i t r o p r u s s i . d e  was i n v e s t i g a t e d .  DMSO was  f o u n d  t o  e n h a n c e  

t h e  p h o t o s t a b i l i t y  of 50 mg% s o l u t i o n s  of sod ium n i t r o -  

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

DMSO, t h e  g r e a t e r  was  its p h o t o s t a b i l i z i n g  e f f e c t .  How- 

ever,  a 10% v/v of  DMSO a p p e a r e d  t o  b e  a n  optimum con-  

c e n t r a t i o n  when a c e t a t e  b u f f e r  of  pH 4 .65 was used  a s  t h e  

s o l v e n t  medium. The p h o t o p r o t e c t i v e  a c t i o n  of d i m e t h y l  

s u l f o x i d e  was  found  t o  be i n f l u e n c e d  by t h e  pH of  t h e  medium 

and its b u f f e r  species. 

INTRODUCTION 

Sodium n i t r o p r u s s i d e  ( sod ium n i t r o f e r r i c y a n i d e )  , a 

p o t e n t ,  r a p i d - a c t i n g  h y p o t e n s i v e  a g e n t  when a d m i n i s t e r e d  

* S c h o o l  of Pharmacy,  F l o r i d a  A&M U n i v e r s i t y ,  T a l l a h a s s e e ,  
F l o r i d a  , 32307 
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838 ASKER AND GFUGG 

i n t r a v e n o u s l y ,  h a s  been known f o r  many y e a r s ,  b u t  h a s  

been r e c e i v i n g  i n c r e a s e d  a t t e n t i o n  o n l y  r e c e n t l y .  

Sodium n i t r o p r u s s i d e  is v e r y  s o l u b l e  i n  w a t e r ,  less 

s o l u b l e  i n  a l c o h o l ,  fo rming  an o range  c o l o r e d  s o l u t i o n  of 

pH 4.5-5 w h i c h  is s e n s i t i v e  t o  l i g h t  and h e a t .  

I n  t h e  p r e s e n c e  of l i g h t ,  sodium n i t r o p r u s s i d e  under-  

goes numerous r e a c t i o n s  many of w h i c h  a r e  r e p o r t e d  t o  be 

unde f ined  (1). I n  direct  s u n l i g h t ,  sodium n i t r o p r u s s i d e  

e v e n t u a l l y  y i e l d s  P r u s s i a n  b l u e ,  c y a n i c  a c i d  and n i t r i c  

o x i d e  (2) .  Immediate p r o d u c t s  of t h e  pho todecompos i t ion  

i n  l i g h t  of low e n e r g y  appea r  t o  be n i t r i c  o x i d e  and 

[ Fe (CN)S(H20)] 

f e r r i c y a n i d e  is pho to reduced  i n  aqueous s o l u t i o n  t o  y i e l d  

n i t r o f e r r o c y a n i d e  ( 4 ) .  Depending on t h e  i n t e n s i t y  and 

e n e r g y  of t h e  i n c i d e n t  l i g h t ,  aqueous s o l u t i o n s  of n i t r o -  

f e r r i c y a n i d e  e v e n t u a l l y  d e v e l o p  a b l u e  c o l o r ;  no  b l u e  

c o l o r  is obse rved  when n i t r o f e r r i c y a n i d e  is i r r a d i a t e d  i n  

w a t e r  w i t h  l i g h t  of moderate  i n t e n s i t y  o v e r  l o n g  p e r i o d s  

-3 
(3). I t  h a s  a l s o  been  r e p o r t e d  t h a t  n i t r o -  

(1). 

" S o l u t i o n s  of s o d i u m  n i t r o p r u s s i d e  must be p r o t e c t e d  

from l i g h t  d u r i n g  i n f u s i o n  by wrapping t h e  c o n t a i n e r  w i t h  

aluminum f o i l  or some o t h e r  opaque m a t e r i a l .  S o l u t i o n s  

d i s c o l o r e d  by r e a c t i o n  of n i t r o p r u s s i d e  w i t h  o r g a n i c  and 

i n o r g a n i c  m a t e r i a l s  s h o u l d  be d i s c a r d e d " ,  (5) Hargrave 

(6)  h a s  r e p o r t e d  t h a t  t h e  appea rance  of a b l u e  c o l o r a t i o n  

s h o u l d  be  t a k e n  t o  i n d i c a t e  t h a t  i n j e c t i o n s  a r e  u n f i t  f o r  

u s e .  P a t e 1  (7) s t u d i e d  t h e  e f f e c t  of l i g h t  and h e a t  on 

t h e  s t a b i l i t y  of aqueous s o l u t i o n s  of sodium n i t r o p r u s -  
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A PHOTOPROTECTIVE AGENT FOR SODIUM N I T R O P R U S S I D E  839 

s i d e .  H e  a n a l y z e d  t h e  s o l u t i o n s  s p e c t r o p h o t o m e t r i c a l l y  

by d e t e r m i n g  t h e  a b s o r b a n c e  a t  390 nm. Upon e x p o s u r e  t o  

l i g h t  and e l e v a t e d  t e m p e r a t u e s ,  a pronounced i n c r e a s e  i n  

abso rbance  was obse rved .  

Dimethyl s u l f o x i d e  (DMSO) h a s  been r e p o r t e d  b y  

Ashwood-Smith (8 )  t o  be a r a d i o p r o t e c t i v e  a g e n t  i n  mice. 

T h e r e f o r e ,  i n  view of t h e  s u s c e p t i b i l i t y  of sodium n i t r o -  

p r u s s i d e  s o l u t i o n s  t o  p h o t o d e g r a d a t i o n ,  it appea red  worth-  

w h i l e  t o  i n v e s t i g a t e  t h e  p o t e n t i a l  u s e  of DMSO a s  a photo- 

p r o t e c t i v e  a g e n t  f o r  sodium n i t r o p r u s s i d e  s o l u t i o n s .  

EXPERIMENTAL 

M a t e r i a l s :  Sodium n i t r o p r u s s i d e ,  d i m e t h y l  s u l f o x i d e ,  

sodium h y d r o x i d e ,  c i t r i c  a c i d ,  monobasic p o t a s s i u m  phos- 

p h a t e ,  d i b a s i c  p o t a s s i u m  phospha te ,  sodium a c e t a t e  and 

p o t a s s i u m  hydrox ide  were o b t a i n e d  from commercial  s o u r c e s  

i n  p h a r m a c e u t i c a l  or r e a g e n t  g r a d e  and were used w i t h o u t  

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

Equipment: The f o l l o w i n g  were used:  a l i g h t - s t a b i l i t y  

c a b i n e t  equ ipped  w i t h  a n  18 - inch , l5 -wa t t  S y l v a n i a  f l u o r e s -  

c e n t  lamp t o  s e r v e  a s  t h e  l i g h t  s o u r c e ;  a S p e c t r o n i c  20 

s p e c t r o p h o t o m e t e r ;  Or ion  d i g i t a l  pH meter. 

P rocedure :  The t y p i c a l  e x p e r i m e n t a l  p r o c e d u r e  was a s  

follows: Volumes of s o l u t i o n s  p r e p a r e d  w i t h  and w i t h o u t  

DMSO, e a c h  of 6 m l  were p l a c e d  i n  10x100 mm s p e c t r o p h o t o -  

meter t u b e s  cove red  w i t h  p a r a f i l m  and exposed t o  t h e  f l u o -  

r e s c e n t  l i g h t .  S o l u t i o n s  c o n s i s t i n g  of DMSO i n  t h e  v a r i o u s  

b u f f e r s  were s i m i l a r l y  exposed to l i g h t  t o  s e r v e  a s  b l a n k s .  
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840 ASKER AND GRAGG 

Absorbance r e a d i n g s  were made on d u p l  i c a t e  s a m p l e s  a t  v a r i o u s  

t i m e  i n t e r v a l s  on t h e  S p e c t r o n i c  20 a t  395 nm u s i n g  approp- 

r i a t e  b l a n k s .  Samples of sodium n i t r o p r u s s i d e  s o l u t i o n s  

c o n t a i n i n g  no DMSO were s t o r e d  i n  t h e  d a r k  t o  s e r v e  a s  con- 

t r o l s .  

I n  s t u d y i n g  t h e  e f f e c t  of v a r i a t i o n  of d i m e t h y l  s u l f -  

o x i d e  c o n c e n t r a t  i o n  on t h e  p h o t o s t a b i l i t y  of sodium n i t r o -  

p r u s s i d e ,  s o l u t i o n s  c o n t a i n i n g  50 mg% of sodium n i t r o p r u s -  

s i d e  and 3%, 5%, 10% and 20% v/v of DMSO i n  a c e t a t e  b u f f e r  

of pH 4,65 were exposed t o  t h e  l i g h t  s o u r c e .  

The e f f e c t  of b u f f e r  species on t h e  p h o t o p r o t e c t i v e  

a c t i o n  of DMSO fo r  sodium n i t r o p r u s s i . d e  s o l u t i o n s  was 

s t u d i e d  u s i n g  s o l u t i o n s  c o n t a i n i n g  50 mg% sodium n i t r o p r u s -  

s i d e  and lO%v/v DMSO i n  a c e t a t e ,  phospha te  and c i t r a t e  

b u f f e r s  of pH 4.65. 

The pH e f f e c t  was de te rmined  f o r  s o l u t i o n s  c o n t a i n i n g  

50 mg% of sodium n i t r o p r u s s i d e  and lO%v/v DMSO i n  phospha te  

b u f f e r s  w i t h  t h e  f o l l o w i n g  pH v a l u e s :  4.65, 7.0 and 7.9. 

DISCUSSION OF RESULTS 

I n f l u e n c e  of DMSO on t h e  P h o t o s t a b i l i t y  of Sodium N i t r o -  

p r u s s  ide : 

F i g u r e  1 shows t h a t  t h e  i n c o r p o r a t i o n  of lO%v/v of  

DMSO i n t o  50 mg% of sodium n i t r o p r u s s i d e  s o l u t i o n  i n  ace- 

t a t e  b u f f e r  of pH 4.65, produced a measu reab le  p r o t e c t i v e  

a c t i o n  a g a i n s t  p h o t o d e g r a d a t i o n  of sodium n i t r o p r u s s i d e .  

I t  would a l s o  a p p e a r  f rom T a b l e  1, t h a t  there is a n  o p t i -  

mum c o n c e n t r a t i o n  of DMSO t h a t  would produce t h e  maximum 
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A PHOTOPROTECTIVE AGENT FOR SODIUM NITROPRUSSIDE 841 

TABLE 1: E f f e c t  of Light  on t h e  Absorbance Values of 
Sodium Ni t rop russ ide  S o l u t i o n s  i n  Ace ta t e  
Buffer  of p H  4.65 

S o l u t i o n s  A b s  o r b  a n c  e Va 1 u e  s 

Ohr 3h r  6hr  9hr  12hr  
a t  

50mg% Sodium Ni t ro-  
p russ ide  0.034 0.231 0.389 0.493 0.570 

50mg% Sodium Ni t ro -  
p russ  i d e  p l u s  : 

3%v/v DMSO 0.036 0 ,141  0.171 0.171 0.180 

5%v/v DMSO 0.035 0.142 0.151 0.151 0.163 

lO%v/v DMSO 0.040 0.105 0.131 0.143 0.155 

2O%V/V DMSO 0.039 0.122 0.132 0.161 0.180 

s t a b i l i z i n g  e f f e c t .  This  c o n c e n t r a t i o n  was found t o  be 

10% v/v when a c e t a t e  b u f f e r  of pH 4.65 was used a s  t h e  

s o l v e n t  medium. The reason  f o r  t h e  r e l a t i v e  dec rease  i n  

p h o t o s t a b i l i t y  of sodium n i t r o p r u s s i d e  w i t h  h ighe r  con- 

c e n t r a t i o n s  of DMSO could  be a t t r i b u t e d  t o  r e d u c t i o n  of 

t h e  d i e l e c t r i c  c o n s t a n t  of t h e  s o l v e n t  s y s t e m .  The d i -  

e lectr ic  c o n s t a n t  of DMSO l i e s  nea r  t h a t  of g l y c e r i n  which 

was found i n  a prev ious  r e p o r t  (9) t o  enhance t h e  photode- 

composi t ion of FD&C B l u e  No.2. However, f u r t h e r  s t u d i e s  

a r e  needed t o  f u l l y  understand t h e  r o l e  of h igher  concen- 

t r a t i o n  of DMSO i n  t h e  p h o t o s t a b i l i z a t i o n  of sodium n i t r o -  

p russ ide  s o l u t i o n s .  

E f f e c t  of Buffer  Spec ies :  

It can be seen  from F igures  1-3 t h a t  DMSO e x e r c i s e d  

i t s  pho topro tec t ive  a c t i o n  i n  a c e t a t e ,  c i t r a t e  and phos- 
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842 ASKER AND GRAGG 

0 3 6 9 12 

Exposure Time ( H o u r s )  

FIGURE 1 .  P h o t o s t a b i l i z i n g  Effect of DMSO for Sodium 
N i t r o p r u s s i d e  i n  Ace ta te  Buf fer  of pH 4.65 

@ S o l u t i o n  wi thout  DMSO Exposed to  Light  

0 S o l u t i o n  w i t h  lO%v/v DMSO Exposed t o  L ight  

& S o l u t i o n  wi thout  DMSO Stored i n  t h e  Dark 
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A PHOTOPROTECTIVE AGENT FOR SODIUM NITROPRUSSIDE 843 

0 3 6 9 18 

Exposure Time ( H o u r s )  

FIGURE 2.  P h o t o s t a b i l i z i n g  Effect of DMSO for Sodium 
N i t r o p r u s s i d e  i n  C i t r a t e  Buf fer  of pH 4.65 

Q S o l u t i o n  wi thout  DMSO Exposed to  L i g h t  

0 S o l u t i o n  w i t h  lO%v/v DMSO Exposed to  Light  

A S o l u t i o n  wi thout  DMSO Stored  i n  t h e  Dark 
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FIGURE 3 .  P h o t o s t a b i l i z i n g  Effect of DMSO for Sodium 
N i t r o p r u s s i d e  i n  Phosphate Buf fer  of pH 4 .65  

Q S o l u t i o n  wi thout  DMSO Exposed t o  Light  

0 S o l u t i o n  w i t h l O % v / v  DMSO Exposed t o  Light  

& S o l u t i o n  wi thout  DMSO Stored i n  t h e  Dark 
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FIGURE 4. P h o t o s t a b i l i z i n g  E f f e c t  of DMSO for Sodium 
N i t r o p r u s s i d e  i n  Phosphate  B u f f e r  of pH 7 . 0  

@ S o l u t i o n  w i t h o u t  DMSO Exposed t o  L i g h t  

0 S o l u t i o n  w i t h  lO%v/v DMSO Exposed t o  L i g h t  

& S o l u t i o n  w i t h o u t  DMSO S t o r e d  i n  t h e  Dark 

845 
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846 ASKER AND GRAGG 

I I I 

0 3 6 9 18 

Exposure Time (Hours) 

FIGURE 5,  P h o t o s t a b i l i z i n g  Effect of DMSO f o r  Sodium 
N i t r o p r u s s i d e  i n  Phosphate Buf fer  of pH 7 . 9  

8 S o l u t i o n  wi thout  DMSO Exposed to  Light  

0 S o l u t i o n  w i t h  lO%v/v DMSO Exposed t o  L ight  

A S o l u t i o n  wi thout  DMSO Stored i n  t h e  Dark 
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p h a t e  b u f f e r s  of pH 4.65. The absorbance  v a l u e s  o b t a i n e d  

a f t e r  exposure  of t h e  v a r i o u s  s o l u t i o n s  t o  l i g h t  f o r  n i n e  

h o u r s ,  were 0.143, 0.133 and 0.175 f o r  t h e  a c e t a t e ,  c i t -  

r a t e  and phosphate  b u f f e r s  r e s p e c t i v e l y .  Such r e s u l t s  

i n d i c a t e d  t h a t  DMSO demonst ra ted  its g r e a t e s t  s t a b i l i z i n g  

e f f e c t  i n  c i t r a t e  b u f f e r  f o l l o w e d  by a c e t a t e  b u f f e r  and 

t h e n  phosphate  b u f f e r .  The r e s u l t s  a r e  i n  agreement w i t h  

t h o s e  r e p o r t e d  by Schumacher (10) who found t h a t  t h e  u s e  

of a 5% s o l u t i o n  of sodium c i t r a t e  r e s u l t e d  i n  t h e  most 

s t a b l e  p r e p a r a t i o n .  

E f f e c t  of pH: 

The e f f e c t  of pH on t h e  p h o t o s t a b i l i z i n g  a c t i o n  of 

DMSO was c a r r i e d  o u t  i n  phosphate  b u f f e r s  having t h e  

f o l l o w i n g  pH v a l u e s :  4.65, 7.0 and 7.9. The d a t a  a r e  re- 

p r e s e n t e d  by F i g u r e s  3-5. The r e s u l t s  i n d i c a t e  t h a t  DMSO 

demonst ra ted  its g r e a t e s t  p h o t o p r o t e c t i v e  a c t i o n  a t  pH 7.0 

fo l lowed by pH 7.9 and t h e n  pH 4.65. 
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