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ABSTRACT 

A s t a b i l i t y - i n d i c a t i n g  assay method f o r  e t h a c r y n i c  a c i d  based 

on h i g h  p ressu re  l i q u i d  chromatography was developed. 

developed i s  s e n s i t i v e ,  accu ra te  and p r e c i s e  ( s t a n d a r d  dev ia t l i on  

based on 6 read ings  was 2 1.5%). 

l i t y  o f  e t h a c r y n i c  a c i d  i n  v a r i o u s  aqueous systems. The s t a b - i l i t y  

t e s t s  were conducted a t  room temperature as w e l l  as a t  65",  at. 

v a r i o u s  pH va lues  and u s i n g  d i f f e r e n t  v e h i c l e s .  The d a t a  werc! 

t r e a t e d  m a t h e m a t i c a l l y  t o  e s t i m a t e  v a r i o u s  K values.  I t  has been 

shown t h a t  amonium i o n  causes a f a s t  r e v e r s i b l e  decomposi t ion o f  

e t h a c r y n i c  ac id .  Formaldehyde appeared t o  be one o f  t h e  p roduc ts  

o f  decomposit ion. 

The method 

It was used t o  s t u d y  t h e  s t a b i -  

BACKGROUND 

E thac ryn i c  a c i d  ( I )  i s  used as a d i u r e t i c .  It has been r e -  

por ted1 t h a t  an a lpha  b e t a  unsa tu ra ted  ketone moiety ,  which i s  

Copyright GI 1982 by  Marcel Dekker, Inc 
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870 DAS GUPTA 

q u i t e  r e a c t i v e  chemical ly, i s  essen t ia l  f o r  optimum b i o l o g i c a l  

a c t i v i t y .  

d imer i za t i on  under a v a r i e t y  o f  cond i t ions ,  and the  i n t a c t  drug 

cou ld  be assayed i n  the  presence o f  dimers by polarography. 

method was l a t e r  adopted by U.S.P.3. 

i n v e s t i g a t i o n s  was t o  develop a s t a b i l i t y  i n d i c a t i n g  assay method 

based on h igh  pressure l i q u i d  chromatography and t o  study the  

s t a b i l i t y  o f  e thacryn ic  ac id  i n  some aqueous systems. 

Cohen2 repor ted  t h a t  e thacryn ic  ac id  can undergo 

This 

The purpose o f  these 

MATERIALS AND METHODS 

Chemicals and Reagents: 

or U.S.P. 

Aparratus: - A h igh  pressure l i q u i d  chromatograph4 equipped w i t h  

a U V  de tec tor  (254 nm), a recorder5 and an i n teg ra to r6  was 

used. 

Column: - A column7 (30 cm x 4 mm i ,d.) of a very  nonpolar pack- 

i n g  ma te r ia l  cons i s t i ng  o f  a monomolecular l aye r  o f  o c t a d e c y l t r i -  

ch lo ros i l ane  permanently bonded by s i l i con-carbon bonds was used. 

Chromatographic Condit ions: - The chromatographic so lvent  was 0,OlM 

s o l u t i o n  o f  (NH4)2HP04 i n  water conta in ing  45% by  volume o f  

methanol, 

ml/min. 

u n i t s  f o r  f u l l  sca le  d e f l e c t i o n  and the  cha r t  speed was 30.5 cm per 

hour. 

Preparat ion o f  So lu t ions  and Dosage Forms: - A l l  t h e  so lu t i ons  were 

prepared us ing  a simple s o l u t i o n  method and are  l i s t e d  i n  Table 1. 

Assay Procedure f o r  Ethacrynic Acid i n  In jec t i ons :  - Dissolve the  

powder ( the  v i a l  contained t h e  sodium s a l t  o f  e thacryn ic  ac id  

A l l  chemicals and reagents were ACS, N.F. 

q u a l i t y  and used w i thout  f u r the r  p u r i f i c a t i o n .  

The temperature was ambient and t h e  f l o w  r a t e  was 2.0 

The de tec tor  was se t  a t  a s e n s i t i v i t y  o f  0.16 absorbance 
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QUANTITATION OF ETHACRYNIC ACID 871 

TABLE 1 

L i s t  o f  Aqueous S o l u t i o n s  Prepared 

.- __ 
So 1 u t  i on Cone. o f  

No, I (mg/ml) V e h i c l e  
.- -. 

1 0.05 (Std.  So l . )  Watera 

2 0.5 Bora te  b u f f e r  (0.04b-l) 

3 0.5 ( NH [I) 2HP04 b u f f e r  ( 0.04E) 

4 0.5 As tibove (0.02lJ) 

6 0.5 As above ( 0 .o 2M) 

5 0.5 NH4HC03 b u f f e r  (0.04b-l) 

7 0.5 Na2HP04 b u f f e r  (0.041) 

8 

9 

0.5 

1 .o 

C i t r a t e  b u f f e r s  (0.05z) 
o f  \ / a r i ous  pH Values 

Phosphate b u f f e r s  (0.05z) 
o f  Var ious pH Values 

10 1 .o 0.111 HC1 

11 1.0 0.llV NaOH 

1 2  1 .o Sugar S o l u t i o n s  (LO-30%) 
i n  water 

1 3  1.0 S o r b i t o l  50%b i n  water  

1 4  1 .o Same as aboveb except  
t h a t  10% e t h a n o l  was sub- 
s t i  t u t e d  f o r  water 

aA prox imate1 
tRe powder w l i c h  was f u r t h e r  d i l u t e d  w i t h  wa te r  t o  a c o n c e n t r a t i o n  
o f  5 0  ug/ml o f  e t h a c r y n i c  acid. 

Parabens (0.005% o f  me thy l  paraben and 0.002% o f  p r o p y l  para6en) 
were added as p r e s e r v a t i v e s .  

2 m i  of a l c o h o l  was used t o  d i s s o l v e  50.0 mg o f  

bThe pH was ad jus ted  t o  7.0 w i t h  a s o l u t i o n  o f  NaOH (app. 0.1N). 
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872 DAS GUPTA 

TABLE 2 

Assay Resul ts o f  Commercial Dosage Forms 

Dosage Form Percent of t he  Label Claim Founda 

Tab le t  #1 

Tablet  #2 

Tab le t  #3 

I n j e c t i o n  

99.6 

101.6 

102.5b 

102.7 

aAverage of two. 

bAverage weight o f  these t a b l e t s  was 103.2% o f  t h e  average weight 

I n  t h e  case o f  i n j e c t i o n ,  average o f  three. 
The standard dev ia t i on  based on s i x  readings was 5 1.5% 

o f  t a b l e t s  i n  #2. 

equ iva len t  t o  50.0 mg o f  e thacryn ic  acid, 62.5 mg o f  mannitol  and 

0.1 mg of th imerosal  as p reserva t ive)  i n  50.0 m l  o f  water. D i l u t e  

fu r the r  one i n  twenty w i t h  water and i n j e c t  40 p l .  

i n j e c t  an i d e n t i c a l  volume o f  t h e  standard s o l u t i o n  (So lu t i on  1 i n  

Table 1) a f t e r  t he  assay sample i s  eluted. 

Assay Procedure f o r  Ethacrynic Acid i n  Aqueous Solut ions:  - D i l u t e  

t h e  s o l u t i o n  t o  a concent ra t ion  of 50 p g h l  o f  e thacryn ic  ac id  and 

i n j e c t  as descr ibed above. 

Assay Procedure f o r  Ethacrynic Acid i n  Tablets:  - Grind one t a b l e t  

( c la im  was 25 mg o f  e thacryn ic  ac id  per t a b l e t ) ,  m i x  i t  thoroughly 

w i t h  approximately 3 m l  o f  a lcohol  and t r a n s f e r  t o  a 500 m l  

vo lumet r ic  f l a s k  w i t h  t h e  a i d  o f  water. 

water, f i l t e r  and i n j e c t  c lea r  f i l t r a t e  as described above. 

As a c o n t r o l  

B r ing  t o  volume with 
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B I-; 
30 35 

TIME (MINUTES) 

FIGURE 1 

Some Sample Chromatograms; Key: A ,  Standard Solution of Ethacrynic 
Acid; B ,  From a Solution in 50% Sorbitol  with 10% Alcohol After 2 1  
Days of Storage a t  Room Temperature; Peak 2 i s  from Ethacrynic ac id ,  
Peaks 1 and 3 a re  from Methyl paraben and Propyl paraben; C ,  ljame 
as B except t h a t  i t  was s tored  a t  65"; Peak 3 i!; from Ethacrynic 
acid. Peaks 2 and 5 a re  from Methyl paraben and Propyl paraben 
respec t ive ly ,  o thers  a r e  from t h e  Decomposition Products. 

TIME (MINUTES) 

FIGURE 2 

Sample Chromatograms; Key: A ,  From a Sample o f  Ethacrynic Acid 
After Refluxing with Solution of Ammonium Hydroxide; Peak 1 i s  from 
Ethacrynic ac id ;  All Others a r e  from Decomposition Products; B ,  
Same as A except t h a t  Hydorxylamine HC1 was a l so  added, No Etha- 
crynic Acid was Found; C ,  From a Solution of Ethacrynic acid i n  
0.04M Solution of Ammonium Phosphate Dibasic After 34 Hours of 
Storage a t  Room Temperature; Peak 3 i s  from Ethacrynic acid and A l l  
Others from the  Decomposition Products. 
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874 DAS GUPTA 

TABLE 3 

Assay Results of Ethacrynic Acid in Various Buffer Solutions 

So 1 u t  i on Percentage o f  I Found After 
(See Table 1) PH 3 Days 6 Days 13 Days 

Borate (0.04bJ) 

( N H4) 2HP04 ( 0.0 2E) 
As Above (0.04E) 

NH4HC03 (0.02E) 

As Above (0.04E) 

Na2HP04 (0,045) 

Citrate  Buffers 
(0 a 055) 
# 1  

#2 

# 3  

#4 

7.7 

7.7 

7.8 

7.8 

8.0 

7.8 

7.1 

6.5 

5.4 

4.5 

- 99.6 99.6 

85.7 82.2 77.8 

73.5 70.7 66.1 

91 .o 87.5 87.2 

81.1 78.7 76.4 

- 98.8 97.5 

After 90 Days of Storage 

87.1 

88.8 

89.5 

92.8 

Calculations: - Since preliminary investigations indicated that  the 

peak areas o f  ethacrynic acid were d i rec t ly  related t o  the 

concentrations (between 0.5 t o  3 p g ) ,  the resu l t s  were calculated 

using the following equation: 

x 100 = Percent o f  the label claim Aa 

As 
- 

Where A, = peak area of the assay sample and A, = peak area o f  

the standard sample. The resu l t s  on commercial dosage forms are 
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QUANT ITATION 875 

0.11 . ' " " ' . -.- 
2 4  8 12 16 20 24 

TIME (HOURS) 

FIGURE 3 

P l o t  o f  Log - Versus Time; Key, A 
A - Aeq. 

i n  0.04M S o l u t i o n  o f  

(NH4)2HP04 and i n  0.02M S o l u t i o n  o f  (NH4)2HP04 .  

presented i n  Table 2 and some sample chromatograins a r e  presentled i n  

F igu res  1. and 2. 

S ince t h e  i n v e s t i g a t i o n s  i n d i c a t e d  (see D iscuss ion )  t h a t  t h e  

developed method was s t a b i l i t y  i n d i c a t i n g ,  a l l  tihe s t a b i l i t y  

s t u d i e s  on s o l u t i o n s  and dosage forms were conducted u s i n g  t h i s  

method. 

S t a b i l i t y  Tes ts  on Dosage Forms and S o l u t i o n s :  

(i) S o l u t i o n s  o f  E t h a c r y n i c  A c i d  i n  Var ious Bluf fers  (See Talble 

1, S o l u t i o n s  2-8): - These s o l u t i o n s  were s t o r e d  a t  room 
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876 DAS GUPTA 

temperature,  24" (+1) - and assayed f r e q u e n t l y .  The r e s u l t s  a r e  

p resen ted  i n  Tab le  3. 

( i i )  F u r t h e r  S t u d i e s  on S o l u t i o n s  i n  Ammonium Phosphate D i b a s i c  

B u f f e r  S o l u t i o n s :  - Since t h e  r e s u l t s  i n d i c t e d  (see Table 3) 

t h a t  t h e  decomposi t ion o f  e t h a c r y n i c  a c i d  was q u i t e  f a s t  and 

r e v e r s i b l e  i n  t h e  presence o f  amonium ion, t hese  s o l u t i o n s  were 

Y as f u r t h e r  i n v e s t i g a t e d .  The d a t a  were t r e a t e d  t h e o r e t i c a l  

f o l l o w s 8 :  

When s t u d i e d  on h o u r l y  bas i s ,  t h e  e q u i l i b r i u m  was e s t a b l i s h e d  i n  

about  24 hours.  I n  Eq. 1: 

A, 

Aeq = Percent  c o n c e n t r a t i o n  a f t e r  24 hours  ( i . e .  t h e  e q u i l i b r i -  

= I n i t i a l  p e r c e n t  c o n c e n t r a t i o n  o f  e t h a c r y n i c  ac id .  

um c o n c e n t r a t i o n ) .  A = Percent  c o n c e n t r a t i o n  a t  t i m e  t. 

Kf  = Decomposit ion c o n s t a n t  f o r  t h e  f o r w a r d  r e a c t i o n  and Kr = 

decomposi t ion c o n s t a n t  f o r  t h e  r e v e r s e  r e a c t  i on .  

t = Time i n  hours. 

The r e s u l t s  a r e  p resen ted  i n  F i g u r e  3. I n  o r d e r  t o  determine 

v a r i o u s  K va lues,  t h e  d a t a  were f u r t h e r  t r e a t e d  as f o l l o w s :  

S ince  two d i f f e r e n t  c o n c e n t r a t i o n s  o f  (NHq)' were s tud ied ,  two 

Kobs va lues  c o u l d  be determined. Furthermore, Kobs = KO + 
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QUANTITATION OF ETHACRYNLC ACID a77 

TABLE 4 

L i s t  o f  Var ious Decomposit ion Constants as I letermined b y  IJsing 
Equat ions 1 and 2 

Decomposi t i o n  Const an t  Value Remarks 
(hou r -1 )  

K r  

K f 

Kobs 

K r  

K f 

Kobs 

0.256 

(Eq. 2) K1 (NI-14)' ------------- 

By s o l v i n g  two s imul taneous equa t ions  i t  was p o s s i b l e  t o  determine 

KO (decomposi t ion cons tan t  w i t h o u t  t h e  e f f e c t  o f  ammonium i o n )  

and kl (decomposi t ion cons tan t  i n  t h e  presence o f  ammonium i o n ) .  

The r e s u l t s  a r e  p resen ted  i n  Table 4. 

( i i i )  S o l u t i o n s  i n  Phosphate Buffers, 0.1.Pi NaOH, 0.1N HC1, _. 

on s S o r b i t o l  50% and Sugar (Va ry ing  Concentrationl): - These s o l u t  

were s t o r e d  a t  6 5 "  and assayed a f t e r  a p p r o p r i a t e  i n t e r v a l s .  

S o l u t i o n s  i n  s o r b i t o l  were a l s o  s t u d i e d  a t  room temperature.  

r e s u l t s  a re  presented i n  Table 5. 

he 
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878 DAS GUPTA 

TABLE 5 
Assay Results of Various Solutions When Stored a t  650a 

Solution or Percent Retained After 
Dosage Form PH 

(See Table 1) (+ - 0.1) 21 Days 62 Days 

0.11 NaOH 13.0 
0.1N H C 1  1.3 

(0.05z) #1 3.0 
#2 3.4 
#3 3.8 
#4 4.2 
#5 4.6 

#1 - 10% 3.1 
#2 - 20% 3.1 
#3 - 30% 3.1 

Sorbitol 50% 7.0 
Sorbitol 50% 
With 10% Alc. 7 .O 

Phosphate Buffers 

Sugar Solution 

0.0 
28.4 

85.7 
84.1 
86.3 
84.0 
87.6 

85.3C 

67.8 
47.2 
50.4 
71.gb 

73.3b 

Results at  Room Temperature 

Sorbitol 50% 7 .o 9%. 3 97.1b 

Sorbitol 50% 
With 10% Alc. 7.0 100.0 97.gb 

aSolutions containing sorbitol  were also studied a t  room tempera- 
ture .  

bThe f ina l  pH values of the solutions have changed t o  4.6 and 4.9 
from an original of 7.0 (see Table 1) for  sorbitol  solutions 
stored a t  higher temperature. The f i r s t  one i s  for 50% sorbitol  
and the second one for  50% sorbitol  containing 10% of alcohol. 
The corresponding decreases a t  room temperature were 5.2 and 5.8 
(from an original of 7.0) 

of alcohol t o  20%. 
‘Similar resu l t s  were obtained on increasing the concentration 

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.



QUANTIT.ATION OF ETHACRYNIC ACID 879 

RESULTS A N D  DISCUSSION 

The method developed f o r  the quan t i t a t ive  determination of 

ethacrynic acid appears t o  be s t a b i l i t y  ind ica t  

and 2 A - C ) .  

based en s i x  readings was 5 1.5%) and sens i t i ve  

0.05 pq can be assayed using 0.02 absorbence UII 

The method i s  accurate and prec ise  

n g  (Figures I A - C  

standard deviation 

( a s  small a s  

t f o r  f u l l  s ca l e  

de f l ec t ion ) .  

t i o n s  (range t e s t ed  was 0.5 t o  3 u g  of ethacrynic ac id) .  

two conimercial dosage forms ( in j ec t ion  and t a b l e t s )  no decomposi- 

t i on  was noticed in samples which were about cine year old. Etha- 

crynic acid i s  very unstable in both highly ac id i c  and basic media 

(Table 5 ) .  

s a fe r  f o r  t he  s t a b i l i t y  of ethacrynic acid in aqueous so lu t ions  

(Table 3 and 5 ) .  

n i c  acid very rap id ly  (Figure 2C) .  

borate,  phosphate and sodium ions which do  not have adverse e f f e c t s  

(Table 1 and 3 ) .  The decomposition process i n  ammonium ion appears 

t o  be complex and r eve r s ib l e  (Figures 2A, 2 C  and 3 ) .  An equ i l ib r i -  

u m  was es tab l i shed  in about 24 hours. 

d i r e c t l y  r e l a t ed  t o  t h e  concentration o f  ammonium ion present 

(Table 4 ) .  

0.026 versus 0.052 a t  a concentration of 0.08N. 

values were 0.101 and 0.108 respec t ive ly  (Table 4 ) .  The K1 value 

due t o  t h e  presence of ammonium ion was estimated t o  be 5.742 

l i ter-mole-1 per hour. 

The peak areas  were d i r e c t l y  r e l a t ed  t o  concentra- 

In the  

Weakly ac id ic  or  neut ra l  media appears t o  be r e l a t i v e l y  

Ammonium ion causes t h e  decomposition of ethacry- 

This i s  in d i r e c t  cont ras t  t o  

The K f  value appears t o  be 

In 0.042 concentration o f  ammonium ion, t he  K f  was 

In con t r a s t ,  K r  

One process of decomposition of ethacrynic acid in the  presence 

The presence of of ammonium ion i s  probably according t o  Scheme I .  
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880 DAS GUPTA 

Hydrolysis It n'o 

JE Retrograde Aldol 

SCHEME I: Hydrolysis of Ethacrynic Acid And Retrograde Aldol.  

formaldehyde as one of the decomposition products was determined as 

fol  lows9: 

(i) There was no decomposition of ethacrynic acid in 0.04M am- - 
monium phosphate dibasic in 24 hours in the presence of 0.1N con- 

centration of formaldehyde. 

ed to the left due to the presence of formaldehyde. 

- 
Apparently, the equilibrium was shift- 

( i i )  A 25.0 mg of quantity of ethacrynic acid was mixed with 20 

ml of 0.51 ammonium hydroxide solution and 21.8 ml of water and 
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QUANTITATION OF ETHACRYNIC ACID 881 

refluxed f o r  one hour. The mixture was cooled, neut ra l ized  with 

0 . 1 l  so lu t ion  of s u l f u r i c  ac id ,  brought t o  volume (500 ml) with 

water and assayed f o r  ethacrynic acid. 

ethacrynic acid s t i l l  i n t a c t  (Figure 2 A ) .  

The  r e s u l t s  showed 60.2% 

( i i i )  The above experiment was conducted by replacing 21.8 m l  of 

water with 21.8 ml of a so lu t ion  of hydroxylarnine H C 1  (2%)  in 

water. The r e s u l t s  were 0% re ta ined  (Figure 26).  Since hydroxy- 

lamine H C 1  r eac t s  with formaldehyde9, t he  equilibrium sh i f t ed  t o  

t h e  r igh t .  

Considering t h e  above discussion and the  r e s u l t s  in Table 5, 

i t  i s  possible t o  formulate a l i qu id  dosage form (with l imited 

s t a b i l  i t y )  containing s o r b i t o l ,  alcohol (10% b y  volume) and pre- 

se rva t rves  (methyl paraben 0.005% and propyl paraben 0.002%). The 

pH should be adjusted t o  about 7 with a 0.1N solution of sodium 

hydroxide. 
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