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a b s t r a c t

The objective of the current study was to develop a validated, specific and stability-indicating reverse
phase liquid chromatographic method for the quantitative determination of acetazolamide and its related
substances. The determination was done for an active pharmaceutical ingredient, its pharmaceutical
dosage form in the presence of degradation products, and its process-related impurities. The drug was
subjected to stress conditions of hydrolysis (acid and base), oxidation, photolysis and thermal degrada-
tion as per International Conference on Harmonization (ICH) prescribed stress conditions to show the
stability-indicating power of the method. Significant degradation was observed during acid and base
hydrolysis, and the major degradant was identified by LC–MS, FTIR and 1H/13C NMR spectral analysis.
The chromatographic conditions were optimized using an impurity-spiked solution and the generated
samples were used for forced degradation studies. In the developed HPLC method, the resolution between
orced degradation

alidation
tability-indicating

acetazolamide and, its process-related impurities (namely imp-1, imp-2, imp-3, imp-4 and its degrada-
tion products) was found to be greater than 2. The chromatographic separation was achieved on a C18,
250 mm × 4.6 mm, 5 �m column. The LC method employed a linear gradient elution, and the detection
wavelength was set at 254 nm. The stress samples were assayed against a qualified reference standard
and the mass balance was found to be close to 99.6%. The developed RP-LC method was validated with

acy, p
respect to linearity, accur

. Introduction

Acetazolamide, N-(5-sulfamoyl-1,3,4-thiadiazol-2-yl)-aceta-
ide, is a carbonic anhydrase inhibitor, mainly used to reduce

ntraocular pressure in the treatment or long-term management
f glaucoma. However, the potential therapeutic value of acetazo-
amide as well as other carbonic anhydrase inhibitors is frequently
imited due to a high incidence of side effects associated with
heir continued use [1]. Epstein and Grant reported that, 44 out
f 92 patients undergoing carbonic anhydrase inhibitor therapy
omplained of systemic adverse reactions, such as malaise, fatigue,
eight loss, depression, anorexia and loss of libido [2]. Acetazo-
amide is sometimes taken prophylatically. The drug promotes
he excretion of bicarbonate, the conjugate base of carbonic acid,
hrough the kidneys. By increasing the amount of bicarbonate
xcreted in the urine, the blood becomes more acidic, which
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ster, PA 18974, USA. Tel.: +1 215 441 9546; fax: +1 215 441 9543.
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recision and robustness.
© 2009 Elsevier B.V. All rights reserved.

stimulates ventilation and in turn increases the amount of oxygen
in the blood. In addition, acetazolamide speeds up part of the
acclimatization to acute mountain sickness process, helping to
relieve symptoms.

A few chromatographic methods have appeared in the literature
for the quantification of acetazolamide in human and rat plasma
[3,4]. Several other methods have been published for the quantifi-
cation of acetazolamide in human urine [5,6]. In addition, Vargas
et al. reported the photosensitized degradation of acetazolamide
[7] and del Pilar Corena et al. described the degradation and effect
of methazolamide and acetazolamide in sheeps-head minnow [8].
To the best of our knowledge stability-indicating LC method for
the quantitative estimation of acetazolamide in drug substance
and in pharmaceutical dosage forms in the presence of degrada-
tion products and process-related impurities has been reported.
The purpose of the present research work was to develop a suit-
able single stability-indicating LC method for the determination of
acetazolamide and its related substances. The developed LC method

was validated with respect to specificity, LOD, LOQ, linearity, pre-
cision, accuracy and robustness. Forced degradation studies were
performed on the drug substance and drug products to show the
stability-indicating nature of the method. These studies were per-
formed in accordance with established ICH guidelines [9].

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:prabhasrinivasu@yahoo.in
mailto:drdvsubbarao@yahoo.com
dx.doi.org/10.1016/j.jpba.2009.12.011


P. Srinivasu et al. / Journal of Pharmaceutical an

2

2

r
(
o
(
c
S
a
G

Fig. 1. Structures and names of acetazolamide and its impurities.

. Experimental

.1. Chemicals

Samples of acetazolamide and its related impurities were
eceived from Versapharm Incorporated, Warminister, PA, USA
Fig. 1). All of the impurities and the acetazolamide standard were
f >99% purity and are as follows: acetazolamide (99.1%), imp-1

99.5%), imp-2 (99.4%), imp-3 (99.7%) and imp-4 (99.5%). Commer-
ially available acetazolamide sustained-release capsules (Diamox
equels) were purchased for this study. In addition, HPLC grade
cetonitrile and methanol were purchased from Merck (Darmstadt,
ermany). Analytical reagent grade sodium dihydrogen phosphate
d Biomedical Analysis 52 (2010) 142–148 143

monohydrate, phosphoric acid and acetic acid were purchased from
Merck. Highly pure water was prepared with the Millipore Milli-Q
Plus water purification system.

2.2. Equipment

The LC system used for method development, forced degrada-
tion studies and method validation consisted of a Waters 2695
binary pump with an auto sampler and a 2996 photo diode array
detector (PDA). The output signal was monitored and processed
using Empower software on a Pentium computer (Digital equip-
ment Co.). Photo stability studies were carried out in a photo
stability chamber (Sanyo, Leicestershire, UK). Thermal stability
studies were carried out in a dry air oven (Lindberg-Blue, USA).

2.3. Chromatographic conditions

A Waters symmetry C18 250 mm × 4.6 mm, 5 �m column was
used with a mobile phase containing a gradient of solvents A and B.
The buffer was composed of 0.02 M sodium dihydrogen phosphate,
with its pH adjusted to 3.0 with orthophosphoric acid. Buffer and
acetonitrile in the ratio of 950:50 (v/v); was used as solvent A. Water
and acetonitrile in the ratio of 150:850 (v/v); was used as solvent B.
The flow rate of the mobile phase was 1.0 ml/min with a gradient
program of 0/5, 5/5, 25/50, 30/50, 30.1/5 and 35/5 (time (min)/%B).
The column temperature was maintained at 27 ◦C and the detection
wavelength was set at 254 nm. The injection volume was 20 �l. The
diluent consisted of buffer and acetonitrile in a ratio of 50:50 (v/v).

2.4. LC–MS conditions

The LC–MS system (Agilent 1100 series liquid chromatogra-
phy system coupled with a 6400 series triple quadrapole mass
spectrometer) was used for the identification of unknown com-
pounds formed during forced degradation. A Waters symmetry C18
250 mm × 4.6 mm, 5 �m column was used as the stationary phase.
Water, acetonitrile and acetic acid in a ratio of 950:50:1 (v/v/v)
was used as the mobile phase. A mixture of water and acetoni-
trile in a 50:50 (v/v); ratio was used as the diluent. The flow rate
was 1.0 ml/min. The analysis was performed in positive and nega-
tive electrospray ionization modes. The capillary and cone voltages
were 3.5 kV and 25 V, respectively. The source and dissolvation
temperatures were 120 ◦C and 350 ◦C, respectively and the dissol-
vation gas flow was 500 l h−1.

2.5. Preparation of standard solutions and sample solutions:

A stock solution of acetazolamide (5.0 mg/ml) was prepared by
dissolving the appropriate amount of acetazolamide solid in the
diluent. Working solutions of 1000 and 100 �g/ml were prepared
from the stock solution for the determinations of related substances
and assay, respectively. A stock solution of impurity (mixture of
imp-1, imp-2, imp-3 and imp-4) at 1.0 mg/ml was also prepared in
the diluent.

Five capsules were weighed and the powder was emptied from
the capsules into a clean dry mortar and mixed well using a pes-
tle. The powder equivalent to 100 mg of drug was transferred into
a 100 ml volumetric flask, and 70 ml of diluent was added. The
flask was attached to a rotary shaker and shaken for 10 min to dis-

perse the powder completely. The mixture was sonicated for 10 min
and then diluted to the appropriate volume with diluent to make
a solution containing 1.0 mg/ml. This solution was centrifuged at
3000 rpm for 5 min. The solution was filtered through a 0.45 �m
Nylon 66 membrane filter.
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.6. Stress studies/specificity

Specificity is the ability of the method to measure the ana-
yte response in the presence of its potential impurities [10]. The
pecificity of the developed LC method for acetazolamide was
etermined in the presence of its impurities (namely imp-1, imp-
, imp-3 and imp-4) and degradation products. Forced degradation
tudies were also performed on acetazolamide to provide an indi-
ation of the stability-indicating property and specificity of the
roposed method [11–15]. The stress conditions employed for the
egradation study included light (carried out as per ICH Q1B), heat
60 ◦C), acid hydrolysis (1 M HCl), base hydrolysis (1 M NaOH) and
xidation (5% H2O2). For heat and light studies, the samples were
xposed for 10 days, whereas the samples were treated for 24 h for
cid, base hydrolysis and for oxidation. The peak purity of the aceta-
olamide stressed samples was checked by using a Waters 2996
hoto diode array detector (PDA). The purity angle was within the
urity threshold limit in all of the stressed samples, demonstrating
he homogeneity of the analyte peak.

Assays were carried out for the stress samples against a qualified
eference standard. The mass balance (% assay + % of impurities + %
f degradation products) was calculated for all of the samples.

.7. Method validation

The proposed method was validated per ICH guidelines [9].

.7.1. Precision
The precision of the related substance method was investigated

y injecting six individual preparations of (1000 �g/ml) acetazo-
amide spiked with 0.15% each of imp-1, imp-2, imp-3 and imp-4.
he %RSD of the areas of each imp-1, imp-2, imp-3 and imp-4 was
alculated.

The intermediate precision of the method was evaluated using
different analyst and instrument located within the same labora-

ory.
The precision of the assay method was evaluated by carrying out

ix independent assays of a test sample of acetazolamide against a
ualified reference standard. The %RSD of six obtained assay values
as calculated.

.7.2. Limit of detection (LOD) and limit of quantification (LOQ)
The LOD and LOQ for imp-1, imp-2, imp-3 and imp-4 were esti-

ated at a signal-to-noise ratio of 3:1 and 10:1, respectively, by
njecting a series of dilute solutions with known concentrations.
he precision study was also carried at the LOQ level by injecting
ix individual preparations of imp-1, imp-2, imp-3 and imp-4 and
alculating the %RSD of the areas.

.7.3. Linearity
Linearity test solutions for the assay method were prepared

rom a stock solution at six concentration levels from 50% to 150%
f the assay analyte concentration (50, 75, 100, 125 and 150 �g/ml).
he peak area versus concentration data was analyzed with least-
quares linear regression.

Linearity test solutions for the related substance method were
repared by diluting the impurity stock solution (2.5) to the
equired concentrations. The solutions were prepared at eight con-
entration levels from the LOQ to 200% of the specification level
LOQ, 0.02%, 0.05%, 0.10%, 0.15%, 0.20%, 0.25% and 0.3%). The slope
nd y-intercept of the calibration curve are reported.
.7.4. Accuracy
The accuracy of the assay method was evaluated in triplicate at

hree concentration levels (50, 100 and 150 �g/ml), and the per-
entage recoveries were calculated.
d Biomedical Analysis 52 (2010) 142–148

The drug substance did not show the presence of imp-2, but con-
tained 0.06% of imp-1, 0.1% of imp-3 and 0.07% of imp-4. Standard
addition and recovery experiments were conducted to determine
the accuracy of the related substance method for the quantification
of all four impurities (imp-1, imp-2, imp-3 and imp-4) in the drug
substance as well as in the drug product. The study was carried out
in triplicate at 0.075%, 0.15% and 0.225% of the analyte concentra-
tion (1000 �g/ml). The percentage of recoveries for imp-1, imp-2,
imp-3 and imp-4 were calculated.

2.7.5. Robustness
To determine the robustness of the developed method, the

experimental conditions were altered and the resolution between
acetazolamide and imp-1, imp-2, imp-3 and imp-4 was evaluated.
The flow rate of the mobile phase was 1.0 ml/min. To study the
effect of the flow rate on the resolution, the flow rate was changed
by 0.2 units (0.8 and 1.2 ml/min). The effect of pH on the resolu-
tion of the impurities was studied by varying the pH by ±0.1 units
(buffer pH of 2.9 and 3.1). The effect of the column temperature
on the resolution was studied at 22 ◦C and 32 ◦C instead of 27 ◦C.
In all these varied conditions, the components of the mobile phase
remained constant, as outlined in Section 2.3.

2.7.6. Solution stability and mobile phase stability
The solution stability of acetazolamide in the assay method was

carried out by leaving both the sample and reference standard solu-
tions in tightly capped volumetric flasks at room temperature for
48 h. The same sample solutions were assayed for in 6 h intervals
over the study period. The mobile phase stability was also examined
by assaying the freshly prepared sample solutions against freshly
prepared reference standard solutions for 6 h intervals up to 48 h.
The prepared mobile phase remained constant during the study
period. The %RSD of the acetazolamide assay was calculated for the
mobile phase and solution stability experiments.

The solution stability of acetazolamide and its impurities in
the related substance method was carried out by leaving a
spiked sample solution in a tightly capped volumetric flask at
room temperature for 48 h. The content of imp-1, imp-2, imp-
3 and imp-4 was determined at 6 h intervals up to the study
period.

The mobile phase stability was also investigated for 48 h by
injecting the freshly prepared sample solutions for every 6 h inter-
val. The content of imp-1, imp-2, imp-3 and imp-4 was determined
in the test solutions. The prepared mobile phase remained constant
during the study period.

3. Results and discussion

3.1. Method development and optimization

The main objective of the chromatographic method was to sep-
arate imp-1, imp-2, imp-3, imp-4 and the generated degradation
products from the analyte peak during stress studies. Impurities
and degradation products were co-eluted by using different sta-
tionary phases, such as C8, cyano and phenyl with various mobile
phases with buffers, such as phosphate, sulfate and acetate with
different pH values (3–7), and organic modifiers, including ace-
tonitrile and methanol, in the mobile phase. A sodium dihydrogen
orthophosphate buffer with a pH value of 3.0 and acetonitrile
(50:50, v/v) at a flow rate of 1.0 ml/min was chosen for the ini-
tial trail with a 250 mm × 4.6 mm ID column and 5 �m particle

size C18 stationary phase. When an impurity-spiked solution was
injected, the resolution between the impurities and analyte was
poor. Imp-1 and imp-2 were almost co-eluted with the analyte
(Fig. 2). To improve the resolution between the impurities and ana-
lyte, acetonitrile was replaced with methanol in the mobile phase
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nd injected the impurity-spiked solution. The resolution between
he impurities and analyte was slightly improved but one of the
mpurities, which was eluted at ∼RRT 2.5 (RT ∼6.6) in the initial trail

buffer:acetonitrile: 50:50, v/v), was not eluted even after 60 min
f run time. To optimize the resolution between the impurities
nd the retention time of the process impurity, trails were carried
ut with different mobile phase ratios using buffer and acetoni-

Fig. 2. Typical chromatogram from the method develop
d Biomedical Analysis 52 (2010) 142–148 145

trile (buffer:acetonitrile: 90:10, 80:20, 70:30, v/v). Isocratic trails
were not successful in achieving a favorable resolution between the
impurities and analyte peak and the elution of the process impu-

rity. Therefore, a gradient method was selected using buffer and
acetonitrile in a ratio of 950:50 (v/v) as mobile phase A and water
and acetonitrile in a ratio of 150:850 (v/v) as mobile phase B. Dif-
ferent gradient programs were investigated and satisfactory results

ment trials and stressed acetazolamide samples.
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Fig. 2.

ere obtained when a gradient program of (time (min)/%B): 0/5,
/5, 25/50, 30/50, 30.1/5 and 35/5 was used.

The effect of the buffer pH was also studied under the above
onditions. At pH 7.0, the resolution between imp-2 and one of
he degradants in base degradation was poor and tailing of the
cetazolamide peak was 1.4. At pH 5.0, the resolution between
cetazolamide and imp-2 was poor and tailing of acetazolamide
eak was 1.3. At pH 3.0, the resolution between all of the impurities,
egradants and acetazolamide was >2 and tailing of acetazolamide
as 1.1. Therefore, a pH value of 3.0 was selected for further method
evelopment.

Under the above described conditions, impurity-spiked solution
nd degradation samples were injected on to cyano, phenyl and

8 columns. On the cyano and phenyl columns, imp-3 and imp-
were co-eluted however, on C8 columns, the peak shapes were

ot good and the resolution between acetazolamide and imp-2 was
oor. In contrast, when a Waters symmetry C18 250 mm × 4.6 mm,
�m column was used, satisfactory results were obtained. Based
nued ).

on these experiments, the conditions were further optimized as
described below.

A Waters symmetry C18 250 mm × 4.6 mm, 5 �m column was
used as the stationary phase. The buffer consisted of 0.02 M sodium
dihydrogen phosphate monohydrate, and its pH was adjusted to
3.0 using phosphoric acid. Mobile phase A contained a mixture
of buffer and acetonitrile in a ratio of 950:50 (v/v). The mobile
phase B contained a mixture of water and acetonitrile in the ratio
of 150:850 (v/v). The flow rate of the mobile phase was 1.0 ml/min
with a gradient program of 0/5, 5/5, 25/50, 30/50, 30.1/5 and 35/5
(time (min)/%B). The column temperature was maintained at 27 ◦C
and the detection was monitored at a wavelength of 254 nm. The
injection volume was 20 �l.
Using the optimized conditions, acetazolamide, imp-1, imp-2,
imp-3 and imp-4 were well separated with a resolution of greater
than 2 and typical retention times for imp-1, acetazolamide, imp-2,
imp-3 and imp-4 of about 6.2, 10.8, 13.2, 14.9 and 15.8 min, respec-
tively. The system suitability results are given in Table 1 and the
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Table 1
System suitability report.

Compound USP resolution (RS) USP tailing factor No. of theoretical plates (USP tangent method)

Imp-1 – 1.2 14,772
Acetazolamide 20.9 1.2 39,759
Imp-2 12.7 1.4 110,972
Imp-3 11.0 1.2 140,190
Imp-4 5.5 1.1 171,110

Table 2
Summary of forced degradation results.

Stress condition Time %Assay of active
substance

Mass balance (% assay + % impurities
+ % degradation products)

Remarks

Acid hydrolysis (1M HCl) 24 h 94.2 99.7 One major degradation product was formed
Base hydrolysis (IM NaOH) 24 h 92.5 99.5 One major degradation product was formed
Oxidation (5% H2O2) 24 h 98.5 99.7 Mild degradation observed
Thermal (60 ◦C) 10 days 98.5 99.8 No degradation products formed
Light (photolytic degradation) 10 days 98.6 99.8 No degradation products formed

Table 3
Regression and precision data.

Parameter Acetazolamide Imp-1 Imp-2 Imp-3 Imp-4

LOD (�g/ml) 0.04 0.04 0.06 0.03 0.03
LOQ (�g/ml) 0.16 0.16 0.25 0.12 0.09

Regression equation
Slope (m) 1,052,219.7 232,207.1 66,689.4 332,333.4 454,828.3
Intercept (C) 1,060,977.1 −707.7 −242.2 −86.5 246.9

Correlation coefficient 0.9997 0.9951 0.9965 0.9992 0.9996
Precision (%RSD)a 0.42 0.84 1.25 1.42 0.68
Intermediate precision (%RSD)a 0.33 0.98 1.33 1.84 0.94
Accuracy at 100% for drug substance 99.2 ± 0.6 100.2 ± 0.8 100.6 ± 0.5 99.6 ± 1.0 99.0 ± 0.8
Accuracy at 100% for drug product 99.6 ± 0.8 100.6 ± 0.4 101.4 ± 0.2 99.9 ± 0.5 99.6 ± 0.6
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inearity range was LOQ to 150% with respect to 1.0 mg/ml acetazolamide for imp
ssay.

a Six determinations using LOQ solutions for impurities and 0.1 mg/ml for acetaz

eveloped LC method was determined to be specific for acetazo-
amide and the four impurities, imp-1, imp-2, imp-3 and imp-4
Table 2).

.2. Method validation

.2.1. Precision
The %RSD of acetazolamide during the assay method precision

tudy was within 0.5% and the %RSD values of the area of imp-1,
mp-2, imp-3 and imp-4 in the related substance method preci-
ion study were within 1.5%. The %RSD of the results obtained in
he intermediate precision study was within 0.4% and the %RSD of
he areas of imp-1, imp-2, imp-3 and imp-4 were well within 2%,
evealing the high precision of the method (Table 3).

.2.2. Limit of detection and limit of quantification
The limits of detection and quantification of acetazolamide,

mp-1, imp-2, imp-3 and imp-4 (analyte concentration of
000 �g/ml) for a 20 �l injection volume are given in Table 3. The
recision at the LOQ concentration for imp-1, imp-2, imp-3 and

mp-4 was below 2%.

.2.3. Linearity
The linear calibration plot for the assay method was obtained
ver the tested calibration range (50–150 �g/ml) and the obtained
orrelation coefficient was greater than 0.999. The results revealed
n excellent correlation between the peak area and analyte con-
entration. The slope and y-intercept of the calibration curve were
,052,220 and 1,060,977, respectively.
; linearity range was 50–150% with respect to 0.1 mg/ml of acetazolamide for the

de.

The linear calibration plot for the related substance method was
determined over the calibration ranges (LOQ to 0.3%) for imp-1,
imp-2, imp-3 and imp-4, a correlation coefficient of greater than
0.99 was obtained. The linearity was checked for the related sub-
stance method over the same concentration range for 3 consecutive
days. The %RSD values of the slope and y-intercept of the calibra-
tion curves were 3.5 and 6, respectively. These results showed an
excellent correlation between the peak areas and concentrations of
imp-1, imp-2, imp-3 and imp-4 (Table 3).

3.2.4. Accuracy
The percentage recovery of acetazolamide in the drug substance

and product ranged from 98.9 to 100.6 and from 98.2 to 102, respec-
tively. The percentage recoveries of imp-1, imp-2, imp-3 and imp-4
in the drug substance and product ranged from 98.1 to 101.5 and
from 98.9 to 102.1, respectively. The HPLC chromatograms of spiked
samples at the 0.15% level of all four impurities in the acetazolamide
drug substance sample are shown in Fig. 2.

3.2.5. Robustness
In all of the deliberately varied chromatographic conditions car-

ried out as described in Section 2.3 (flow rate, pH and column
temperature), the resolution between the closely eluting impuri-
ties, namely imp-3 and imp-4 was greater than 5.0, illustrating the
robustness of the method. The assay variability of acetazolamide

and the impurities was within ±1% and within ±2%, respectively.

3.2.6. Solution stability and mobile phase stability:
The %RSD of assaying acetazolamide during the solution sta-

bility and mobile phase stability experiments was within 1%. No
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Table 4
Spectral data for the isolated compound at RRT 0.29 in acid and base hydrolysis.

Spectral technique Isolated compound (0.29 RRT imp)

m/z (ESI +ve) 181.0 (M+H)
IR (cm−1) 3431.36, 3325.28 (primary amine)

1640 (NH bending), 1320.5 (–C–N stretching)
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[

H NMR CD3OD, 300 MHz;
ı (ppm)

4.0 (S) (C–NH), 2.0 (S) (amine)

13C NMR CD3OD, 60 MHz; ı
(ppm)

161.6

ignificant changes were observed in the content of imp-1, imp-2,
mp-3 and imp-4 during the solution stability and mobile phase sta-
ility experiments when performed using the related substances
ethod. The results of the solution and mobile phase stability

xperiments confirm that the sample solutions and mobile phase
sed during the assays and related substance determinations were
table up to 48 h.

. Results of forced degradation studies

Degradation was not observed in acetazolamide stressed sam-
les subjected to light and heat. Significant degradation of the drug
ubstance and product was detected under acid and base hydrol-
sis, leading to the formation of one major unknown degradation
roduct at 0.29 RRT (Fig. 2). Peak purity test results derived from
he PDA detector, confirmed that the acetazolamide peak and the
egraded peaks were homogeneous and pure in all of the ana-

yzed stress samples. Assay studies were carried out for the stress
amples (at 100 �g/ml) against a qualified reference standard of
cetazolamide.

The mass balance of the stressed samples was close to 99.6%.
he assay of acetazolamide was unaffected in the presence of imp-
, imp-2, imp-3, imp-4 and its degradation products, confirming
he stability-indicating power of the developed method.

.1. Identification of major degradation product (RRT 0.29)
ormed in acid and base hydrolysis

A LC–MS study was carried to determine the m/z value of the
ajor degradation product formed under acid and base hydrolysis

sing an Agilent 1100 series liquid chromatography system cou-
led with a 6400 series triple quadrapole mass spectrometer. The
olatile mobile phase contained water, acetonitrile and acetic acid
n a ratio of 950:50:1 (v/v/v) and the conditions were described
n Section 2.4. The m/z value obtained for the degradation prod-
ct resolving at 0.29 RRT in ESI positive mode was 181 (M+H) and
orresponds to a molecular weight of 180. The impurity was iso-
ated using preparative LC–MS, and its structure was confirmed by
haracterization through FTIR, and 1H/13C NMR spectral analysis
Table 4).

The mass data was generated for the process-related impurity

hat eluted at RRT ∼2.6 in positive electron spray ionization (ESI)

ode. The m/z value obtained for the degradation product resolving
t ∼2.6 RRT was 634.1. However, FTIR, and 1H/13C NMR spectral
ata for this impurity is not available as this impurity could not be

solated.

[

[

d Biomedical Analysis 52 (2010) 142–148

5. Conclusions

In this paper, a sensitive, specific, accurate, validated and well-
defined stability-indicating LC method for the determination of
acetazolamide in the presence of degradation products and its
process-related impurities was described. The behavior of aceta-
zolamide under various stress conditions was studied, and the
hydrolysis (acid and base) degradant was identified by LC–MS and
presented. All of the degradation products and process impurities
were well separated from the drug substance and drug prod-
uct demonstrates the stability-indicating power of the method.
The information presented in this study could be very useful for
quality monitoring of active pharmaceutical ingredients in their,
dosage forms and be used to check drug quality during stability
studies.
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