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ABSTRACT 

The d e g r a d a t i o n  o f  E t h a c r y n i c  A c i d  has been i n v e s t i g a t e d  as 

a f u n c t i o n  o f  t empera tu re  and c o n c e n t r a t i o n .  D e g r a d a t i o n  

produced a dimer,  t h e  c o n c e n t r a t i o n s  b e i n g  measured u s i n g  an HPLC 

a n a l y s i s .  D e g r a d a t i o n  d a t a  were f i t t e d  t o  t h e  A r r h e n i u s  e q u a t i o n  

u s i n g  a l e a s t  squares r e g r e s s i o n  a n a l y s i s .  Data were f i t t e d  

s e p a r a t e l y  f o r  each temper.ature and s i m u l t a n e o u s l y  f o r  a l l  

temperatures.  A r r h e n i u s  parameters were c a l c u l a t e d .  A s t a t i s t -  

i c a l  assessment o f  t h e  i n f l u e n c e  o f  e x p e r i m e n t a l  d e s i g n  on t h e  

e s t i m a t i o n  o f  A r r h e n i u s  parameters has been made. 

I NTROO UC T I0 N 

From t h e  r e s u l t s  o f  a p o l a r o g r a p h i c  study, Cohen (1  I 
i n d i c a t e d  t h a t  t h e  p r i n c i p a l  r o u t e  o f  d e g r a d a t i o n  f o r  E t h a c r y n i c  

Ac id  i s  by a D i e l s - A l d e r  t y p e  condensa t ion  l e a d i n g  t o  t h e  

f o r m a t i o n  o f  a d imer .  T h i s  r e p o r t  i s  an i n v e s t i g a t i o n  o f  t h e  

aqueous s o l u t i o n  s t a b i l i t y  Q f  E t h a c r y n i c  A c i d  c a r r i e d  o u t  p r i o r  

t o  a more d e t a i l e d  p r o j e c t  r e l a t e d  t o  t h e  s t a b i l i t y  o f  v a r i o u s  

p h y s i c a l  forms of E t h a c r y n i c  Ac id.  The k i n e t i c s  o f  t h e  degrad-  
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36 YARWOOD ET AL. 

a t i o n  p rocess  have been i n v e s t i g a t e d  as a f u n c t i o n  o f  concen- 

t r a t i o n  of  E t h a c r y n i c  A c i d  and temperature.  

EXPERIMENTAL 

Apparatus 

The h i g h  per formance l i q u i d  chromatographic  (HPLCl system 

was equipped w i t h  a v a r i a b l e  f l o w  pump and an a u t o m a t i c  l o o p  

i n j e c t o r .  A d d i t i o n a l  components c o n s i s t e d  o f  a column heater ,  
i 

autosampler,  v a r i a b l e  wavelength u l t r a v i o l e t - v i s i b l e  d e t e c t o r  

and a s i n g l e  channe l  p l o t t i n g  - r e p o r t i n g  i n t e g r a t o r  . ii 

Reagents and M a t e r i a l s  
i ii 

E t h a c r y n i c  A c i d  , I N  Sodium Hydrox ide  S o l u t i o n ,  0.051 Tham 
i v  V P e r c h l o r a t e  B u f f e r  pH 3.5 , Methanol  , and D i s t i l l e d  Water were 

used. 

C h roma t og r a  p h i  c Co nd i t i  o ns 

A 250 x 5 mm 1.0. Zorbax ODS packed columnVi was used a t  

50' C. 

P e r c h l o r a t e  B u f f e r  pH 3.5. The s o l v e n t s  were f i l t e r e d  t h r o u g h  

10pm f i l t e r s ,  mixed and pumped t h r o u g h  t h e  HPLC system a t  a f l o w  

r a t e  o f  1 .5  ml/min.  A l l  sample and s t a n d a r d  i n j e c t i o n  volumes 

were 10~1. L i n e a r  g r a d i e n t  e l u t i o n  was employed f rom 65% t o  95% 

Methanol .  The d e t e c t o r  employed a wave leng th  o f  279 run. 

The average E t h a c r y n i c  A c i d  peak a r e a  was r e c o r d e d  and t h e  

assay de te rm ined  w i t h  r e f e r e n c e  t o  t h e  s t a n d a r d  s o l u t i o n  r e s u l t s .  

The m o b i l e  phase c o n s i s t e d  o f  Methanol  - 0.051 Tham 

RESULTS AND DISCUSSION 

c o n c e n t r a t i o n s  o f  E t h a c r y n i c  A c i d  [c] as a f u n c t i o n  o f  t i m e  

and tempera tu re  have been f i t t e d  t o  t h e  r a t e  e q u a t i o n  
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DEGRADATION OF ETHACRYNIC ACID 37 

where t denotes t ime,  k is t h e  apparen t  r a t e  c o n s t a n t  and n i s  

t h e  apparent  o r d e r  o f  r e a c t i o n .  The d a t a  were f i t t e d  

[ a 1  s e p a r a t e l y  f o r  each t e m p e r a t u r e  and c o n c e n t r a t i o n  

( b l  s e p a r a t e l y  f o r  each t e m p e r a t u r e  a t  a l l  c o n c e n t r a t i o n s  

( c l  s i m u l t a n e o u s l y  f o r  a l l  t empera tu res  and c o n c e n t r a t i o n s  u s i n g  

t h e  A r r h e n i u s  e q u a t i o n  

k = explA-E / R T I  
a 

t o  r e l a t e  k t o  t h e  a b s o l u t e  tempera tu re  T. exp(A1 i s  t h e  

f requency f a c t o r  and E is t h e  a c t i v a t i o n  energy.  C o n s i s t e n t  w i t h  

t h e  mechanism d e s c r i b e d  above f o r  t h e  d e g r a d a t i o n  process, a 

v a l u e  o f  n = 2 was used. The f i t s  were o b t a i n e d  by l e a s t  

squares r e g r e s s i o n  a n a l y s i s  u s i n g  t h e  s t a t i s t i c a l  package NONLIN 

(21.  D e v i a t i o n s  between observed and c a l c u l a t e d  c o n c e n t r a t i o n s  

were weighted by a f a c t o r  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  

magni tude o f  t h e  observed c o n c e n t r a t i o n .  

a 

Table 1 l i s t s  v a l u e s  o f  k f o r  i n d i v i d u a l  c o n c e n t r a t i o n s  and 

temperatures.  Tab le  2 l i s t s  t h e  v a l u e s  o f  t h e  e s t i m a t e d  v a l u e s  o f  

k f o r  each t e m p e r a t u r e  and t h e  co r respond ing  c o e f f i c i e n t s  o f  

v a r i a t i o n .  T a b l e  3 l i s t s  t h e  e s t i m a t e d  A r r h e n i u s  p a r m e t e r s .  

F i g u r e  1 shows t h e  l i n e a r  r e l a t i o n  between l o g  k and 1 / T  

c a l c u l a t e d  f rom t h e  e s t i m a t e d  A r r h e n i u s  parameters l i s t e d  i n  Table 

3. The v a l u e s  o f  l o g  k f rom wh ich  t h e  A r r h e n i u s  parameters were 

c a l c u l a t e d  a r e  a l s o  p l o t t e d  t o  a l l o w  d i r e c t  v i s u a l  comparison. 

From an i n s p e c t i o n  o f  Tab le  2 and F i g u r e  1 i t  can be seen 

1 0  

10 

t h a t  t h e  e r r o r s  a s s o c i a t e d  w i t h  t h e  e s t i m a t i o n  of  k a r e  p rop -  

o r t i o n a t e l y  g r e a t e r  a t  20 C t h a n  t h e y  a r e  a t  t h e  h i g h e r  temp- 

e r a t u r e s .  That  i s  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  i s  g r e a t e r  and 

t h e  95% c o n f i d e n c e  l i m i t s  a r e  w i d e r  a t  t h e  l o w e s t  t empera tu re  

i n v e s t i g a t e d .  T h i s  o b s e r v a t i o n  i s  d o u b t l e s s  due t o  t h e  exper-  

i m e n t a l  d e s i g n  s i n c e  t h e  s t u d y  was conducted o v e r  a p p r o x i m a t e l y  

t h e  same p e r i o d  o f  t i m e  a t  a l l  temperatures w i t h  t h e  r e s u l t  

t h a t  t h e  e f f e c t s  o f  s t o r a g e  were marked ly  d i f f e r e n t  and were i n  

f a c t  s l i g h t  a t  20' C. 

e s t i m a t i o n  o f  t h e  A r r h e n i u s  p a r m e t e r s  a l l o w s  t h e  lesser e f f e c t s  

0 

However t h e  t r e a t m e n t  o f  d a t a  i n  t h e  
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TABLE 1 

RATE CONSTANT [DAYS-’ 1 FOR DEGRADATION OF I N D I V I D U A L  
ETHACRYNIC ACID SOLUTIONS CONTAINING DIFFERENT 

CONCENTRATIONS OF ETHACRYNIC A C I D  AT INDPVIUUAL TEMPERATURES 

0 S t o r a g e  T e m p e r a t u r e  C 

rn M/ 1 i t  r e 2 0  40  50 60 

22.1 0.2071 x l o - ’  0.1826 0.3399 0.5645 

46.6 0.9136 x 0.1175 0.3065 0.4199 

76.4 0.1518 x 1 0 - I  0.1291 0.2671 0.4545 

96.3 0.1804 x 1 0 - I  0.1304 0.2825 0.4261 

122.1 0.2540 x 1 0 - I  0.1176 0.2571 0,4246 

149 .2  0.2621 x 1 0 - I  0.1223 0.2474 0.4155 

TABLE 11 

RATE CONSTANTS FOR DEGRADATION OF SOLUTIONS CONTAINING 
DIFFERENT CONCENTRATIONS OF ETHACRYNIC 

ACIO AT I N D I V I D U A L  TEMPERATURES 

S t o r a g e  T e m p e r a t u r e  0 C 

20  40  50 60 

k ( d a y s - ’ ]  0.2436 x 1 0 - I  0.1226 0.2599 0.4254 
c o e f f i c i e n t  o f  
v a r i a t i o n  % 2.929 1 .462 1.254 1.661 

TABLE 111 

ARRHENIUS PARAMETERS FOR DEGRADATION OF ETHACRYNIC 
A C I D  ESTIMATED FROM RATE CONSTANTS AT A L L  

TEMPERATURES AND CONCENTRATIONS 

F r e q u e n c y  f a c t o r  

e x p ( A 1  [ d a y s - ’ )  exp(19 .74661 

A c t i v a t i o n  e n e r g y  

Ea ( J / ° C / r n o l e l  56,869 
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DEGRADATION OF ETHACRYNIC ACID 
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THE DEPENDENCE OF RATE CONSTANT k ON 
RECIPROCAL ABSOLUTE TEMPERATURE 1 / T  

- t h e  r e l a t i o n s h i p  a c c o r d i n g  t o  t h e  A r r h e n i u s  p a r a m e t e r  l i s t e d  

0 t h e  r a t e  c o n s t a n t s  k g i v e n  i n  T a b l e  2. 
I 

i n  T a b l e  3. 

s t a n d a r d  d e v i a t i o n  of t h e  r a t e  c o n s t a n t s  k l i s t e d  i n  T a b l e  2. 

a t  t h e  l o w e r  t e m p e r a t u r e s  t o  c o n t r i b u t e  t o  t h e  e s t i m a t i o n  o f  t h e  

A r r h e n i u s  p a r a m e t e r s  w i t h o u t  undue w e i g h t .  I t  can  b e  seen t h a t  

t h e  v a l u e  o f  k e s t i m a t e d  o n l y  fran t h e  d a t a  o b t a i n e d  a t  2OU C 

d e v i a t e s  a p p r e c i a b l y  from t h a t  c a l c u l a t e d  f rom t h e  e s t i m a t e d  
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40 YARWOOD ET AL. 

E t h a c r y n i c  A c i d  S o l u t i o n  P r e p a r a t i o n  and S t o r a g e  

25 g of E t h a c r y n i c  A c i d  were  d i s p e r s e d  i n  a p p r o x i m a t e l y  

300 m l  of D i s t i l l e d  Water  u s i n g  a p a d d l e  s t i r r e r .  The pH of  t h i s  

suspens ion  was 3.5. I N  Sodium H y d r o x i d e  s o l u t i o n  was added 

s l o w l y  u n t i l  a c o n s t a n t  pH o f  7 .0  was o b t a i n e d .  The s o l u t i o n  

was t h e n  made up t o  500 m l ,  f i l t e r e d  t h r o u g h  a 0.22um M i l l i p o r e  

membrane f i l t e r  p r e v i o u s l y  hashed w i t h  D i s t i l l e d  Wate r  and 

a d j u s t e d  t o  pH 7.0 w i t h  I N  Sodium H y d r o x i d e  s o l u t i o n .  A l i q u o t s  

o f  t h i s  s o l u t i o n  were  d i l u t e d  w i t h  D i s t i l l e d  Wate r  and t h e  

f i n a l  s o l u t i o n s  a d j u s t e d  t o  pH 7 .0  w i t h  I N  Sodium H y d r o x i d e  

s o l u t i o n .  The r e s u l t a n t  c o n c e n t r a t i o n s  o f  Sodium E t h a c r y n a t e  i n  

t h e  s o l u t i o n s  were  22.1, 46.6, 76.4, 96.3, 122.1 and 149.2 mM/ 

l i t r e .  

These s o l u t i o n s  were  t r a n s f e r r e d  t o  c o n t a i n e r s ,  s t o p p e r e d  

and s t o r e d  a t  20, 40, 50 and 60 C f o r  s a m p l i n g  a t  a p p r o p r i a t e  

i n t e r v a  Is. 

0 

P r e o a r a t i o n  and Assav o f  S t a n d a r d  S o l u t i o n  

A p p r o x i m a t e l y  1 0 0  mg of E t h a c r y n i c  A c i d  was a c c u r a t e l y  

weighed i n t o  a 100 m l  v o l u m e t r i c  f l a s k  and 50 m l  o f  Me thano l  

added. The f l a s k  was a g i t a t e d  t o  d i s s o l v e  t h e  E t h a c r y n i c  A c i d  and 

t h e  r e s u l t i n g  s o l u t i o n  made up  t o  vo lume w i t h  Me thano l .  T h i s  

s o l u t i o n  was f o u n d  t o  b e  s t a b l e  f o r  up t o  24 h o u r s  under  a m b i e n t  

c o n d i t i o n s .  A t  l e a s t  t h r e e  s t a n d a r d  samples  were  chromatographed 

under  t h e  d e s c r i b e d  HPLC c o n d i t i o n s  and t h e  a v e r a g e  E t h a c r y n i c  

A c i d  peak  a r e a  de te rm ined .  

P r e D a r a t i o n  and Assav o f  SamDle S o l u t i o n s  

The s t o r e d  s o l u t i o n s  were  a l l o w e d  t o  c o o l  t o  20' C. F o r  

each sample  5 m l  was p i p e t t e d  i n t o  a n  a p p r o p r i a t e l y  s i z e d  

v o l u m e t r i c  f l a s k  a n d  made up t o  vo lume w i t h  D i s t i l l e d  Water  t o  

y i e l d  a f i n a l  c o n c e n t r a t i o n  o f  = 1 mg/ml. These samples were  

chromatographed i n  d u p l i c a t e  u n d e r  t h e  d e s c r i b e d  HPLC c o n d i t i o n s .  

A r r h e n i u s  pa ramete rs .  The v a l i d i t y  o f  t h e  u s e  o f  t h e  A r r h e n i u s  

e q u a t i o n  t o  exp ress  t h e  r e l a t i o n  be tween c o n c e n t r a t i o n  o f  

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DEGRADATION OF ETHACRYNIC ACID 41 

E t h a c r y n i c  Acid,  t i m e  and tempera tu re  has been t e s t e d  by u s i n g  

t h e  F i s h e r  F t e s t  

(CWSS, - WSSzI/ CDF1 - OF2] 

[ WSS2/DF2 I 
= 24.3 

F2, 1 66 - 

where OF denotes degrees o f  freedom WSS denotes weighted sum of  

squares, s u b s c r i p t  1 denotes t h e  separate,and s u b s c r i p t  2 denotes 

t h e  s i m u l t a n e o u s , f i t s  o f  d a t a  a t  t h e  d i f f e r e n t  t empera tu re  l e v e l s .  

The t a b u l a t e d  (3) v a l u e  o f  F c o r r e s p o n d i n g  t o  F2,1 66 i s  approx-  

i m a t e l y  3.0, [P=O.O51. F t a b u l a t e d  < F c a l c u l a t e d  and i t  t h e r e -  

f o r e  i s  conc luded i n  t h e  case of t h e  d a t a  r e p o r t e d  he re  t h a t  

t h e r e  i s  a s i g n i f i c a n t  [P=O.051 improvement i n  t h e  r e p r e s e n t -  

a t i o n  o f  t h e  d a t a  by r e p o r t i n g  t h e  r a t e  c o n s t a n t s  k f o r  t h e  

d i m e r i s a t i o n  o f  E t h a c r y n i c  A c i d  a t  t h e  f o u r  s e p a r a t e  tempera tu res  

r a t h e r  than  s i m u l t a n e o u s l y  d e s c r i b i n g  t h e  t i m e  and tempera tu re  

dependencies u s i n g  t h e  A r r h e n i u s  equa t ion .  
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