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QUANTITATION OF ACETAZOLAMIDE I N  PHARMACEUTICAL DOSAGE 
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Department o f  Pharmaceutics, U n i v e r s i t y  o f  Houston 
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ABSTRACT 

S t a b i l i t y - i n d i c a t i n g  reve rse  phase h igh-pressure  1 i q u i d  chroma- 

tography methods t o  q u a n t i f y  ace tazo l  amide i n  pharmaceut ical  dosage 

forms have been developed. 

w i t h  pe rcen t  r e l a t i v e  s tandard  d e v i a t i o n s  based on s i x  i n j e c t i o n s  o f  

0.9 w i th  a semipolar column and 0.4 w i t h  a nonpo lar  column. No pre- 

1 i m i  nary  e x t r a c t i o n  procedure i s r e q u i  r e d  t o  assay t h e  ace tazo l  ami de 

sodium i n  v i a l s  and a very  s imp le  e x t r a c t i o n  i s  needed t o  e x t r a c t  

acetazolamide f rom t h e  t a b l e t s  o r  con ten ts  o f  t h e  capsules.  

zolamide appears t o  be very  uns tab le  i n  t h e  presence o f  0.1N NaOH 

w i t h  a h a l f - l i f e  o f  about 14 days. 

a c i d  and 5-amino-1,3,4-thiadiazole-2 sulfonamide. 

f o l l o w e d  f i r s t - o r d e r  law w i t h  a K va lue  o f  0.0495 day-1 a t  25'. 

The methods a r e  accura te  and p r e c i s e  

Aceta- 

It underwent h y d r o l y s i s  t o  a c e t i c  

The h y d r o l y s i s  

BACKGROUW 

Acetozolamide i s  one o f  t h e  most comnonly used d i u r e t i c s  and 

It i s  a v a i l a b l e  i n  a number o f  dosage carbon ic  anhydrase i n h i b i t o r .  

forms such as acetazolamide sodium f o r  i n j e c t i o n  i n  v i a l s ,  sus ta ined  
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l b 8  DAS GUPTA AND PARASRAMPURIA 

re lease  capsules,  and t a b l e t s .  The USP-NF method l  f o r  t h e  q u a n t i t a -  

t i o n  o f  acetazolamide i n  i n j e c t i o n  i s  based on UV spectroscopy. The 

USP-NF method' f o r  t h e  deter in i  n a t i o n  o f  ace tazo l  ami de i n tab1 e t s  i s  

based on po la rography .  The capsules are  n o t  o f f i c i a l  i n  t h e  USP-FIF. 

The q u a n t i t a t i o n  o f  acetazolamide i n  b i o l o g i c a l  f l u i d s  has been 

r e c o ~ n m e n d e d ~ , ~  u s i  ng h i  gh-performance 1 i qui d chromatography. 

methods were n o t  t r i e d  f o r  t h e  q u a n t i t a t i o n  o f  acetazolamide i n  dosage 

forms e s p e c i a l l y  i n  t h e  presence o f  i t s  ma jor  p roduc t  o f  decompositon, 

5-amino-1,3,4-thiadiazole-2 sul fonamide. 

These 

The purpose o f  these s t u d i e 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  high-performance 1 i q u i d  chromatography method f o r  t h e  quan t i  t a t i o n  

o f  ace tazo l  aini de i n  pharmaceut ical  dosage forms. 

MATERIALS AND METHODS 

Chemicals and Reagents: A l l  t h e  chemica ls  and reagents  were e i t h e r  

USP-NF o r  ACS grade and used as rece ived.  Acetazolamide powder5 was 

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 .  

Apparatus: 

a m u l t i p l e  wavelength UV de tec to r '  and a recorder8 .  

The h igh-pressure  1 i q u i d  chromatograph6 was equipped w i t h  

9 Columns: Two semipo la r  columns (30  cm x 3.9 inm i .d. ) and a non- 

p o l a r  column" (25  cm x 4.6 mm i .d .1  were used. 

Chromatographic Cond i t i ons :  

6% (V/V) o f  a c e t o n i t r i l e  i n  0.02 M ammonium a c e t a t e  b u f f e r  i n  water.  

For nonpo lar  column, t h e  mob i l e  phase was 12% (V/V) methanol, 2% ( V / V )  

a c e t o n i t r i l e  i n  0.02 M potassium phosphate monobasic i n  water .  The 

f l o w  r a t e  f o r  b o t h  columns was 2 ml/min.  

The mob i l e  phase f o r  semipo la r  columns was 

The s e n s i t i v i t y  was 0.04 

AUFS a t  265 nm. 

was ambient. 

The c h a r t  speed was 30.5 crii/hr and t h e  tempera ture  
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QUANTITATION OF ACETAZOLAMIDE 149 

Pepara t i on  o f  Stock S o l u t i o n s :  

(0.5 mg/ml) was prepared by d i s s o l v i n g  50.0 mg o f  t h e  powder i n  0.5 m l  

o f  %l N NaOH s o l u t i o n  and then  adding enough water  t o  make 100.9 m l  i n  

a v o l u m e t r i c  f l a s k .  T h i s  s o l u t i o n  was prepared f r e s h  d a i l y .  The 

s tock  s o l u t i o n  o f  h y d r o c h l o r o t h i a z i d e  ( t h e  i n t e r n a l  s tandard  f o r  semi- 

p o l a r  columns) was prepared by d i s s o l v i n g  100.0 mg o f  t h e  powder i n  

enough methanol t o  make 100.0 m l .  

l e a s t  one month. 

p repared acco rd ing  t o  procedure g i ven  above f o r  ac te tazo lamide.  

s o l u t i o n  was prepared f r e s h  every  week. 

used as an i n t e r n a l  s tandard  w i t h  nonpo lar  column. 

P r e p a r a t i o n  o f  Standard So lu t i ons :  The s tandard  s o l u t i o n s  c o n t a i n i n g  

t h e  d e s i r e d  concen t ra t i ons  o f  ace tazo l  amide and the  i n t e r n a l  s tandard  

were prepared by d i l u t i n g  t h e  stock s o l u t i o n s  w i th  water .  Before  

f i n a l  d i l u t i o n  % 5  m l  o f  0.1 M potassium phosphate monobasic s o l u t i o n  

was added t o  n e u t r a l i z e  sodium hyd rox ide  p resen t  i n  t h e  s tock  solu- 

t i o n s .  The most commonly used s tandard  s o l u t i o n s  contd ined;  15 vg/ml 

of ace tazo l  ami de and 20 v g/ml o f  hydroch l  o r o t h i  a z i  dg f o r  semi po l  a r  

columns; 15 u g h 1  o f  acetazolamide and 18 u g h 1  o f  su l fameraz ine  f o r  

nonpo lar  c o l  umn. 

The s tock  s o l u t i o n  o f  acetazolamide 

The s o l u t i o n  was s t a b l e  f o r  a t  

The s tock  s o l u t i o n  o f  su l fameraz ine  (1.2 mg/ml) was 

T h i s  

j u l f a m e r a z i n e  s o l u t i o n  was 

P r e p a r a t i o n  o f  Assay Sol u t i  on f rom V i  a1 s Conta i  n i  ng Sodi uin Acetazo l  a- 

mide Powder: The con ten ts  o f  one v i a l  were d i s s o l v e d  i n  enough water  

t o  make 100.0 m l .  The s o l u t i o n  was f u r t h e r  d i l u t e d  10.0 t o  100.0 m l  

w i t h  water.  

o f  t h e  s tock  s o l u t i o n  o f  h y d r o c h l o r o t h i a z i d e ,  5 m l  o f % O . 1  M Kh2P04 

s o l u t i o n  and b rough t  t o  volume (100.0 m l )  w i t h  water.  Fo r  nonpo lar  

A 3.0 m l  q u a n t i t y  o f  t h i s  s o l u t i o n  was mixed w i t h  2.0 m l  

column, 2.0 m l  o f  h y d r o c h l o r o t h i a z i d e  s o l u t i o n  was s u b s t i t u t e d  w i t h  

1.5 in1 o f  stock s o l u t i o n  o f  su l fameraz ine .  
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150 DAS GUPTA A N D  PARASRAMPURIA 

E x t r a c t i o n  Procedure f rom Tab le ts  and Capsules: 

t e n t s  o f  10 capsules were weighed a c c u r a t e l y  and ground t o  a f i n e  

powder. 

was mixed w i t h  0.5 m l  o f % l  N NaOH s o l u t i o n  and 0.5 m l  o f  water .  The 

m i x t u r e  was s t i r r e d  o c c a s i o n a l l y  d u r i n g  12-15 minu tes  and brought  t o  

volume (100.0 m l )  w i t h  water. 

15-20 m l  o f  t he  f i l t r a t e  was r e j e c t e d  and then c o l l e c t e d  f o r  f u r t h e r  

d i l u t i o n  as descr ibed under p r e p a r a t i o n  o f  assay s o l u t i o n  f rom v i a l s .  

Sampl es o f  Decomposed Sol u t i o n :  Three s tock  s o l u t i o n s  c o n t a i n i n g  0.25 

mg/ml o f  acetazolamide were a l lowed t o  s tand  a t  25" (+ - 1") and assayed 

a t  0 day and 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 .  

prepared from comrnerci a1 powder o f  sodi  um acetazo l  ami de; so l  u t i  on two 

was i n  0.01 N NaOh s o l u t i o n ;  and s o l u t i o n  t h r e e  was i n  0.1 lu NaOH 

Ten t a b l e t s  o r  con- 

A p o r t i o n  o f  t h e  powder r e p r e s e n t i n g  50.0 mg o f  acetazolamide 

The m i x t u r e  was f i l t e red1 ' ,  f i r s t  

S o l u t i o n  one was i n  water 

s o l u t i o n .  

Assay Procedure: A 20 u l  a l i q u o t  o f  t h e  assay s o l u t i o n  was i n j e c t e d  

i n t o  t h e  chromatograph a t  t he  c o n d i t i o n s  descr ibed.  For comparison, a 

20 ~1 o f  t he  s tandard  s o l u t i o n  c o n t a i n i n g  i d e n t i c a l  concen t ra t i ons  o f  

acetazolamide and t h e  i n t e r n a l  s tandard  based on t h e  l a b e l  c l a i m  was 

i n j e c t e d  a f t e r  t h e  assay e lu ted .  

50%, then t h e  assay s o l u t i o n  was prepared aga in  us ing  h ighe r  concen- 

t r a t i o n  ( 2  t imes o f  t h e  f i r s t  s o l u t i o n ) .  

Cal c u l  a t i  ons: Since p r e l  i m i  nary  i n v e s t i  g a t i  ons i n d i  ca ted  t h a t  t h e  

r a t i o  o f  peaks h e i g h t s  o f  ace tazo lamide / in te rna l  s tandard  were 

d i r e c t l y  r e l a t e d  t o  t h e  concen t ra t i ons  ( range t e s t e d  0.15 t o  0.36 p g ) ,  

t h e  r e s u l t s  were c a l c u l a t e d  us ing  t h e  equat ion:  

I f  t he  assay r e s u l t s  were l e s s  than 

A - x 100 = Percent  o f  t h e  l a b e l  c l a i m  found 
S 
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QUANTITATION OF ACETAZOLAMIDE 151 

TABLE 1 - Assay Resu l ts  

Dosage Form Acetazol amide Column Percent  o f  t h e  Label  
mg/Dosage Form Used C la im Found 

I n j e c t i  on 

I n j e c t i o n  

Capsules sus ta i  ned 
re1  ease 

Capsul es s u s t a i  ned 
re1  ease 

Tabl e t s  

Tabl e t s  

Tab le ts  

Syn the t i c  m i x t u r e  1 

Syn the t i c  m i x t u r e  2 

500 mg as sodium s a l t  

500 mg as sodium s a l t  

500 mg 

500 nig 

250 mg 

250 mg 

250 mg 

390 mg and 500 mg 
o f  dex t rose  

400 mg and 450 mg 
o f  l a c t o s e  

Semi p o l a r  

Nonpolar 

Semi p o l  a r  

Nonpolar 

Semi p o l  a r  

Nonpolar 

Nonpol a r a  

Nonpolar 

Nonpolar 

99.7 

100.5 

101.2 

99.5 

100.3 

99.8 

99.3 

100.1 

100.8 

aUsing USP-dF procedure 2 f o r  t h e  e x t r a c t i o n  o f  acetazolamide i . e .  w i t h  
bo i  1 i ng water.  

where A i s  t h e  r a t i o  o f  t he  peak h e i g h t s  o f  t he  d r u g / i n t e r n a l  s tandard  

o f  t h e  assay s o l u t i o n  and S t h a t  o f  t h e  s tandard  s o l u t i o n .  

RESULTS AND DISCUSSION 

The assay r e s u l t s  ( T  

can be used f o r  t he  quant 

dosage forms, i n j e c t i o n s ,  

s tandard  d e v i a t i o n s  based 

column and 0.4 w i t h  nonpo 

b l e  1) i n d i c a t e d  t h a t  t h e  developed method 

t a t i o n  o f  acetazolamide i n  pharmaceut ical  

capsules and tab1 e ts .  

on 6 i n j e c t i o n s  were 0.9 w i t h  semipolar 

a r  column. 

The pe rcen t  re1  a t i  ve 

The r e s u l t s  were r e p r o d u c i b l e  
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FIGURE 1 

Structure  of acetazol ami de 
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MINUTES 

FIGURE 2 

Sample chromatograms using semipolar column. Peaks 1-3 a re  from 
acetazol amide, hydrochlorothiazide and 5-amino-l,3,4-thiadiazole-2 
sulfonamide, respect ively.  Chromatogram A i s  from a one day o l d  
standard solut ion ( r e s u l t s  about 9 7 % ) ;  B from a stock solut ion which 
was heated f o r  10 minutes on a hot p la te  ( r e s u l t s  70%);  C from a vial  
containing sodium acetazolamide powder and D from the t a b l e t s .  
chromatographic conditions,  see t ex t .  

For 
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QUANTITATION OF ACETAZOLAMIDE 153 
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FIGURE 3 

Sample chromatograms using nonpolar column. 
acetazolamide, sul famerazine and 5-amino-lY3,4-thiadiazole-2 sul fona- 
mide, respect ively.  Chromatogram A i s  from a f resh ly  prepared stan- 
dard solut ion;  6 froin capsules;  C from t a b l e t s  usig the USP-NF2 extrac-  
t ion grocedure and U from 19 days old solut ion 2 (Table 1)  when stored 
a t  25 ( r e s u l t s  53.3%). For  chromatographic condi t ions,  see t e x t .  

Peaks 1-3 are  from 

from day to  day within 1%. The r a t i o  of peaks heights (drug/ internal  

s tandard)  were d i r ec t ly  re1 ated t o  the concentration of acetazol ami de 

between 0.15-0.36 p g .  The assay method i s  s t ab i l i t y - ind ica t ing  s ince 

the hydrolyzed p roduc t s  ( a c e t i c  acid and 5-amino-lY3,4-thiadiazole-2 

sulfonamide) of acetazolamide (Figure 1)  eluted with the solvent  (peak 

3 in Figures 2 and 3 ) .  

hydrolyzed product .  

This was confirmed by in jec t ing  sample of the 

Since 5-amino-1,3,4-thiadiazole-2 sul fonamide 
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DAS GUPTA AND PARASRAMPURIA 
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FIGURE 4 

Sample chromatograms us ing  a new.semipolar column. 
acetazolamide and hyd roch lo ro th iaz ide ,  r e s p e c t i v e l y .  Chromatogram A 
i s  f rom a s tandard  s o l u t i o n  and B f rom capsules.  
cond i t i ons ,  see t e x t .  

Peaks 1 and 2 a r e  

For  chromatographic 

a l s o  absorbs l i g h t  a t  265 nm (peak 3 i n  F igu res  2 and 31, t h e  USP-NF 

method' f o r  t he  q u a n t i t a t i o n  o f  acetazolamide sodium i n  v i a l s  cannot 

be s t a b i l i t y - i n d i c a t i n g .  

The sample chromatograms o f  t h e  dosage forms ( F i g u r e  2 u s i n g  

semipolar column and F i g u r e  3 us ing  nonpolar column) i n d i c a t e  exce l -  

l e n t  separa t ion  o f  t he  drug and t h e  i n t e r n a l  standard. The sample 

chromatograms i n  F i g u r e  4 a r e  produced t o  emphasise t h e  f a c t  t h a t  a 

neN column (apparen t l y  more e f f i c i e n t )  can make a d i f f e r e n c e  i n  sepa- 

r a t i o n .  I n  F i g u r e  4, t h e  r e t e n t i o n  t ime o f  t h e  i n t e r n a l  s tandard  

( h y d r o c h l o r o t h i a z i d e )  i s  h i g h e r  than i n  F i g u r e  2. These two semipo la r  

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



QUANTITATION OF ACETAZOLAMIDE 155 

TABLE 2 - Assay Resu l t s  o f  Decomposed Stock SOlUtiOnS (0.25 mg/ml) 
When Stored  a t  25" (t 1" )  - 

Percent  o f  t h e  Label Claim Founda 
Number o f  Days S o l u t i o n  1 S o l u t i o n  2 S o l u t i o n  3 

S tored  I n i t i a l  p ~ b  8.8 I n i t i a l  pH 10.8 I n i t i a l  pH 12.7 

95.8 

-c 

-c 

9 76.8 

-c 14 

18 67.9 

19 -c 

F i n a l  pH 8.3 

87.9 

80.7 

-c 

59.7 

56.7 

53.3 

F i n a l  pH 10.2 

-c 

83.3 

72.0 

63.7 

49.7 

-c 

39.5 

F i n a l  pH 12.3 

aResul t s  wi th bo th  semi p o l a r  and nonpolar columns were s i m i l a r .  
bDetermi ned us ing  Beckman Model 4500 d i g i t a l  pHmeter. 
'Not determined on t h i s  day. 

columns were o f  t he  same manufac turer  w i t h  same p a r t i c l e  s ize ,  l e n g t h  

and t h e  i n t e r n a l  d iameter.  

The recovery  f rom t h e  s y n t h e t i c  m i x t u r e s  (Tab le  1) were q u a n t i t a -  

t i v e .  

procedure g iven i n  t h e  USP-NF2 which r e q u i r e s  t h e  use o f  b o i l i n g  water  

and h e a t i n g  f o r  15 minutes.  

were s i m i l a r  t o  the  r e s u l t s  w i t h  our  procedure which d i d  n o t  r e q u i r e  

The t a b l e t s  were a l so  assayed (Tab le  1) us ing  the  e x t r a c t i o n  

The r e s u l t s  w i t h  t h e  USP-NF procedure 

t h e  use o f  heat. 

F i n a l  l y  , acetazo l  amide appears 

The stock so 

On o v e r n i g h t  s to rage 

hydro lyzed very  f a s t .  

t h e  same day. 

t o  be very  uns tab le  and can g e t  

u t i o n s  were s t a b l e  when used on 

l o s s  i n  potency was approx imate ly  
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156 DAS GUPTA AND PARASRAMPURIA 
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FIGURE 5 

F i r s t - o r d e r  p l o t  o f  s o l u t i o n  3 (Tab le  2 )  when s t o r e d  a t  room tempera- 
t u r e  (25"  - t 1"). 

3%. The da ta  o f  3 s o l u t i o n s  (Tab le  2 )  o f  d i f f e r e n t  pH va lues  i n d i c a t e d  

decrease i n  pH va lues  on storage. T h i s  was expected due t o  the  produc- 

t i o n  o f  a c e t i c  a c i d  on h y d r o l y s i s .  Because o f  decrease i n  pH values, 

t h e  f i r s t - o r d e r  law was n o t  f o l l o w e d  i n  s o l u t i o n s  1 and 2. I n  these 

s o l u t i o n s ,  t he  decompo i t i o n  cons tan t  decreased as t h e  pH decreased. 

tlowever, i n  s o l u t i o n  3 which con ta ined  0.1 N NaOH, t h e  f i r s t - o r d e r  law 

was fo l l owed  ( F i g u r e  5 a l though t h e r e  was s l i g h t  decrease i n  t h e  pti 

va lue  o f  t h i s  s o l u t i o n  ( f r o m  12.7 t o  12.3). Apparent ly ,  i n  t h i s  pH 

range, t h e  K va lue  d i d  n o t  change s i g n i f i c a n t l y .  The h a l f - l i f e  o f  t h e  
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QUANTITATION OF ACETAZOLAMIDE 157 

s o l u t i o n  3 was approx imate ly  14 days and K va lue  0.0495 day-’ a t  

25” ( +  - la). 
F u r t h e r  i n v e s t i g a t i o n s  a r e  i n  p rogress  t o  determine t h e  b e s t  pH 

va lue  and v e h i c l e  f o r  t h e  fo rma t ion  o f  a s t a b l e  l i q u i d  dosage form. 
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