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Abstract A highly sensitive, simple and rapid stability-
indicating spectrofluorimetric method was developed for the
determination of metolazone (MET) and xipamide (XPM) in
their tablets. The proposed method is based on the measure-
ment of the native fluorescence of MET in methanol at 437 nm
after excitation at 238 nm and XPM in alkaline methanolic
solution at 400 nm after excitation at 255 nm. The fluores-
cence—concentration plots were rectilinear over the range of
2.0-20.0 ng/mL for MET and 0.2—2.0 pg/mL for XPM, with
lower detection limits (LOD) of 0.35 ng/mL and 0.02 pg/mL
and a lower quantification limit (LOQ) of 1.05 ng/mL and
0.07 pg/mL for MET and XPM, respectively. The method was
successfully applied to the analysis of MET and XPM in their
commercial tablets and the results were in good agreement
with those obtained using the official and comparison
methods, respectively. Furthermore, content uniformity test-
ing of the studied pharmaceutical tablets was also conducted.
The application of the proposed method was extended to
stability studies of MET and XPM after exposure to different
forced degradation conditions, such as acidic, alkaline, oxida-
tive and photolytic degradation conditions, according to ICH
Guidelines. Moreover, the method was utilized to investigate
the kinetics of the alkaline, acidic and photolytic degradation
of MET. The apparent first-order rate constants and half-life
times were calculated. Proposals for the degradation pathways
for both MET and XPM were postulated.
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Introduction

Metolazone (Fig. 1a; 7-Chloro-1,2,3 4-tetrahydro-2-methyl-3-(2-
methylphenyl)-4-oxo-6-quinazolinesulfonamide) and xipamide
(Fig. 1b; 4-chloro-2,6-dimethyl-5-sulfamoylsalicylanilide) [1]
are diuretics with similar actions and uses to those of the thiazide
diuretics. They are orally administered for treatment of
edema associated with heart failure and for management
of hypertension [2].

MET is official in the United State Pharmacopoeia (USP)
[3], the British Pharmacopoeia (BP) [4], and the European
Pharmacopoeia (EP) [5].

Literature survey revealed that, several analytical methods
were reported for the determination of MET in raw material
and pharmaceutical formulations including; spectrophotometry
[3, 6-10], HPTLC [11, 12], and liquid chromatography [3,
13—15]. Meanwhile, some analytical methods have been reported
for the determination of MET in biological matrices including;
fluorimetry [16], HPLC [17-22], liquid chromatography- tan-
dem mass spectrometry (LC-MS) [23-26].

Regarding XPM, it is not official in any of the pharmaco-
poeias. However, various analytical methods have been pub-
lished for its determination either per se or in pharmaceutical
preparations viz spectrophotometry [27-34], spectrofluorimetry
[29], TLC-densitometry [28, 32, 35], HPLC [35-44], and elec-
trochemical analysis [45].

Spectrofluorimetry has been widely applied for the anal-
ysis of several compounds of pharmaceutical interest owing
to its highly sensitive, selective, easily operated and eco-
nomical technique.

To the best of our knowledge, up till now only one fluorimet-
ric method [16] has been published concerning the determination
of MET in urine with 50 times less sensitivity than the proposed
method. However, HPLC methods with fluorimetric detection
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have been reported [18-21] for MET. For XPM, a fluorescence
quenching spectrofluorimetric method [29] have been reported;
based on ternary complex formation with eosin and lead (I) in
the presence of methylcellulose as surfactant.

None of the reported methods was described as a stability-
indicating method for the determination of MET or XPM or
introduced a degradation kinetic study of MET.

The current study was aimed to develop and validate a simple,
rapid and sensitive spectrofluorimetric methodology for the de-
termination of MET and XPM utilizing the native fluorescence of
MET in methanol and of XPM in alkaline methanolic solution.
The present study is simpler and more time saving, with no need
for derivatization reaction compared with the reported
spectrofluorimetric method for the analysis of XPM [29]. The
proposed method was fully validated according to ICH guide-
lines [46], and successfully applied for the determination of the
studied drugs in their tablets. Furthermore, the proposed method
was extended to establish the inherent stability of both drugs
under different stress conditions such as alkaline, acidic, oxida-
tive and photolytic conditions.

Experimental
Apparatus

A RF-1501 Shimadzu spectrofluorophotometer (Japan) with a
xenon lamp was used with the excitation and emission slits set
at 5 mm. A 1-cm quartz cell was used for all measurements. A
Consort NV P-901 pH —Meter (Belgium) was used for pH
measurements. Ultrasonic bath, model SS 101 H 230, USA
was used for dissolving materials and reagents.

Camag UV-Lamp (S/N 29000), dual wavelength (254/
336), 2 X8W(Muttenz, Switzerland) was used in the photo
stability study.

Materials and Reagents

All chemicals and pharmaceuticals used were of Analytical
Reagent grade and Pharmaceutical grade, and the solvents were
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of HPLC grade, and distilled water was used throughout the
work.

Metolazone was kindly provided by Pharmaceutical Div.,
Pennwalt Corp., Rochester, N.Y. The purity percentage of
MET was 100.45 %. The purity was established by applying
the USP method [3].

Xipamide was kindly provided by Egyptian INT.
Pharmaceutical Industries CO. (EIPICO), Egypt.

Sodium dodecyl sulphate (SDS; 95 %) and cetyl trimethyl
ammonium bromide (CTAB; 99 %) were purchased from
Winlab (UK).

Acetonitrile was obtained from Sigma- Aldrich (Germany)
and Methanol was purchased from Tedia (USA).

Hydroxy propyl p-cyclodextrin (HP-3-CD) was obtained
from Merck (Germany).

Tween- 80, methyl cellulose, acetone, ethanol, acetic acid
96 %, sodium acetate trihydrate, boric acid, sodium hydrox-
ide, 30.0 %hydrogen peroxide, sulfuric acid; were all obtained
from El-Nasr Pharmaceutical Chemical Co. (ADWIC; Egypt).

Acetate buffer (0.2 M, pH 3.6-5.0) and borate buffer
(0.2 M, pH (6.0 — 10.0) solutions were freshly prepared.
SDS, CTAB, methylcellulose, HP-3-CD and Tween-80 were
prepared as 0.25 % w/v aqueous solutions.

Metenix tablets; batch # 099536, labeled to contain 5.0 mg
metolazone per tablet (Sanofi-aventis S.A.E, Egypt) were pur-
chased from commercial sources in the local pharmacy. Xipamid
HEXAL® tablets; batch # CR1503, labeled to contain 10.0 mg
xipamide per tablet (HEXAL AG industriestraBe, Holzkirchen,
Germany) were obtained as a gift from a friend in Germany.

Standard Solutions

Stock solutions of 400.0 pug/mL of MET and XPM were
prepared by dissolving 20 mg of each in 50 mL methanol
with the aid of an ultrasonic bath. Working standard solutions
were prepared by appropriate dilution of the stock solutions
with methanol. Solutions of MET were protected from
light with aluminium foil. All solutions were stored in
the refrigerator and found to be stable for at least
10 days without alteration.
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General Procedures
Procedures for Calibration Graphs

Aliquot volumes of the standard solutions covering the work-
ing concentration range were transferred into a series of 10 mL
volumetric flasks so that the final concentrations were in the
range of 2.0-20.0 ng/mL for MET and 0.2— 2.0 ug/mL for
XPM. 2.0 mL of 0.4 M NaOH was added to XPM flasks and
mixed, and then all the solutions were completed to the mark
with methanol and vigorous mixed. The fluorescence intensi-
ties were measured at 437 nm after excitation at 238 nm for
MET and at 400 nm after excitation at 255 nm for XPM. The
relative fluorescence intensities were plotted against the final
concentrations of the drugs. Alternatively, the corresponding
regression equations were derived.

Procedures for Tablets

Accurately weighted quantities of the mixed contents of 10
powdered tablets equivalent to 5.0 mg MET or 10 mg XPM
were transferred into a 25 mL volumetric flask and about
20 mL of methanol were added. The contents of the flask
were sonicated for 30 min, completed to the volume with the
same solvent and filtered. The filtrate was further diluted with
methanol to get working standard solutions to be assayed by
subjecting to the general procedure as described under
“Procedures for calibration graphs”. The nominal contents
were calculated either from previously plotted calibration
graphs or using the corresponding regression equations.

Procedures for Content Uniformity Testing

The same procedure applied for the analysis of MET and
XPM in tablets was followed using one tablet as a sample.
Ten different metenix or xipamid hexal® tablets were ana-
lyzed and the uniformity of their contents was tested by
applying the official USP [3] Guidelines.

Procedures for Stability Studies
Procedure for Alkaline and Acidic Degradation
e For MET

Aliquots of appropriate methanolic MET standard
solution (equivalent to 5.0 pg of the drug) were trans-
ferred into a series of small tubes; 5 mL of either 0.2 M
NaOH or 0.1 M HCI were added. The solutions were
heated in boiling water bath for different time intervals
(10-70 min). At the specified time, the contents of each
tube were cooled, neutralized to pH 7.0 and the solu-
tions were then transferred into a series of 25.0 mL

volumetric flasks. The volumes were completed with
distilled water. 1.0 mL of each solution was then trans-
ferred into 10.0 mL volumetric flask and the
“Procedures for calibration graphs” was performed.
The drug concentration was derived either from the
previously plotted calibration graph, or using the regres-
sion equation.

e For XPM

Aliquots of appropriate methanolic XPM standard solution
(equivalent to 250.0 pg of the drug) were transferred into a
series of small tubes; 5.0 mL aliquots of 2.0 M NaOH or 2.0 M
HCI were added. The solutions were heated in a boiling water
bath for 2.0 hrs. At the specified time, the contents of each
tube were cooled, neutralized to pH 7.0 and the solutions were
then transferred into a series of 25.0 mL volumetric flasks.
The volumes were completed with water. 1.0 mL of each
solution was then transferred into 10.0 mL volumetric flask
and the “Procedures for calibration graphs”. was performed.
The drug concentration was derived either from the previously
plotted calibration graph, or according to the regression
equation.

Procedure for Oxidative Degradation

Aliquots of appropriate methanolic MET or XPM standard
solutions (equivalent to 5.0 pg of MET or 250.0 pug of XPM)
were transferred into a series of 25 mL volumetric flasks;
5 mL of either H,O, solution (2-30 %, w/v) were added.
The volumes were completed with distilled water. 1.0 mL of
each solution was then transferred into 10.0 mL volumetric
flask and the “Procedures for calibration graphs” were
performed. The drug concentration was derived either from
the previously plotted calibration graph, or according to the
regression equation.

Procedure for Photolytic Degradation
Under UV-light
e For MET

Aliquots of appropriate methanolic MET standard solu-
tion (equivalent to 5.0 pg of the drug) were transferred into
a series of 25.0 mL volumetric flasks and completed to the
volume with either methanol, water or methanol:water
mixture (50:50, v/v). The volumetric flasks were exposed
to UV-lamp at a wavelength of 366 nm at a distance of
15.0 cm placed in a wooden cabinet for different time
intervals (0.5-4.0 hr). At the specified time, 1.0 mL of each
solution was transferred into 10.0 mL volumetric flask and
the “Procedures for calibration graphs” was performed.
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¢  For XPM

Aliquots of appropriate methanolic XPM standard
solution (equivalent to 125.0 pg of the drug) were
transferred into a series of 25.0 mL volumetric flasks
and completed to volume with either methanol, water or
methanol: water mixture (50:50, v/v). The volumetric
flasks were exposed to UV-lamp at a wavelength of
254 nm at a distance of 15.0 cm placed in a wooden
cabinet for different time intervals (1.0-24.0 hr).
1.0 mL of each solution was transferred into 10.0 mL
volumetric flask and the “Procedures for calibration
graphs” was performed.

Under Sunlight

Aliquots of appropriate methanolic MET or XPM standard
solutions (equivalent to 2.5 pg of MET or 125.0 pg of XPM)
were transferred into a series of 25 mL volumetric flasks and
completed to volume with methanol. The volumetric flasks
were exposed to sunlight for different time intervals (0.5—
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Fig. 2 Fluorescence spectra of: (a) a": Excitation and a: Emission spectra
of (20.0 ng/mL) of MET in methanol. b": Excitation and b: Emission
spectra of methanol (blank). b a': Excitation and a: Emission spectra of
(2.0 pg/mL) of alkaline methanolic solution of XPM (2.0 mL of 0.4 M
NaOH/10 mL methanol). b': Excitation and b: Emission spectra of alka-
line methanol (2.0 mL of 0.4 M NaOH/10 mL methanol) (blank)
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48.0 hr). 1.0 mL of each solution was transferred into
10.0 mL volumetric flask and the “Procedures for calibration
graphs” was performed.

Results and Discussion

MET exhibits an intense native fluorescence in methanolic
solution at 437 nm after excitation at 238 nm (Fig. 2a). It is
clear that, MET exhibits three excitation wavelengths of 238,
268 and 340 nm. A wavelength of 238 nm was selected as the
optimum excitation one since it yields the sharpest emission
spectrum with the most sensitivity.

XPM was found to exhibit a native fluorescence in
alkaline methanolic solution at 400 nm after excitation
at 255 nm (Fig. 2b). XPM exhibits two excitation
wavelengths of 238 and 255 nm. A wavelength of 255 nm
was selected as the optimum excitation wavelength
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Fig. 3 Effect of pH (0.2 M acetate buffer and 0.2 M Borate buffer;
1.0 mL of each), (0.1 M H,SO,, 0.1 M NaOH; 1 mL of each) on RFI
of: (a) MET (10 ng/mL) (b) XPM (2.0 pg/mL)
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since it gave emission spectrum with best reproducibil-
ity and linearity and nearly the same sensitivity.
Practically, when trying to make calibration of XPM
using 238 nm as the excitation wavelength, it was
found that the results were not reproducible and the
calibration plot was not rectilinear over the used con-
centration range. This was due to high blank reading
(0.4 M NaOH/methanol) at 400 nm by excitation at
238 nm. Being phenolic compound, its intrinsic fluores-
cence intensity was enhanced (240 %) in the presence
of sodium hydroxide solution due to phenolate formation.

As a consequence, we aimed to utilize these emission
bands of MET and XPM, in order to explore a new
methodology for the analysis of MET and XPM in tablets.
Different experimental parameters affecting the fluorescence
intensities of MET and XPM were carefully studied and
optimized. Such factors were changed individually, where
others kept constant. Furthermore, the developed methods
were applied to establish the inherent stability of MET
and XPM under different stress conditions. In addition,
content uniformity testing of MET and XPM tablets was
performed.

Optimization of Experimental Conditions

Effect of pH

The influence of pH on the fluorescence of MET and
XPM was studied using different types of buffers cov-
ering the whole pH range, such as 0.2 M acetate buffer
over the pH range 3.0-5.0 and 0.2 M borate buffer over
the pH range 6.0-10.0, in addition to 0.1 M H,SO,4 and
0.1 M NaOH (Fig. 3: a & b). For both drugs, the use of
buffer did not enhance the RFI over the entire pH range
studied. It was noticed that bellow pH 5.0, the RFI of
MET and XPM was decrease. Above pH 5.0 and up to
pH 10.0, the RFI of MET did not change, while that of
XPM increase with increasing the pH. 0.1 M H,SO,
was found to decrease the RFI of both drugs, while

400-
350-
& 300-
250

200 —

o 1 2 3 4 5 6

Volume of 0.4 M NaOH, mL
Fig. 4 Effect of volume of 0.4 M NaOH on RFI of XPM (1.0 pg/mL)

Table 1 Effect of different diluting solvents on the RFI of the studied

drugs
Diluting solvent RFI
MET (10 ng/mL) XPM (1.0 pg/mL)
Methanol 339 341
H,0 348 335
Ethanol 256 366
Acetonitrile 197 253
Acetone 0 0

0.1 M NaOH caused an enhancement of the fluores-
cence intensity of XPM compared with its methanolic
solution. This enhancement of the RFI of XPM with the
addition of 0.1 M NaOH was increased with increasing
the concentration of NaOH. Thus, 0.4 M NaOH was
conveniently used.

It was found that maximum RFI of MET was achieved in
methanolic solution without the addition of any buffer, while
that of XPM needed the addition of NaOH.

Effect of the Volume of NaOH

The influence of the volume of NaOH on the RFI of
XPM was studied using increasing volumes of 0.4 M
NaOH. It was found that increasing volumes of 0.4 M
NaOH solution resulted in a corresponding increase in
RFI up to 2.0 mL, after which no further increase in
RFI was attained. Therefore, 2 mL 0.4 M NaOH solution

Table2 Analytical performance data for the determination of the studied
drugs by the proposed methods

Parameter MET XPM

Linearity range 2.0 —20.0 (ng/mL) 0.2 2.0 (ng/mL)

Intercept (a) 7.03 16.08

Slope (b) 32.90 321.64
Correlation coefficient (r) 0.9999 0.9998

S.D. of residuals (S,) 4.06 2.62

S.D. of intercept (S,) 3.46 2.23

S.D. of slope (Sp) 0.26 1.68

S.D. 0.84 0.61

% RSD * 0.84 0.61

% Error 0.34 0.25

LOD¢ 0.35 (ng/mL) 0.02 (ug/mL)
LOQ! 1.05 (ng/mL) 0.07 (ug/mL)

# Percentage relative standard deviation
® Percentage relative error
¢ Limit of detection

9 Limit of quantitation
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was chosen as the optimal volume for maximum fluores-
cence intensity of XPM (Fig. 4).

Effect of Diluting Solvent

The effect of different diluting solvents on the RFI of
MET and XPM was investigated using water, ethanol,
methanol, acetonitrile, and acetone. It was found that
methanol was the best solvent for dilution, as it gave
the highest RFI and the lowest blank reading with
reproducible results (Table. 1). Water gave nearly the
same results as methanol but with reduced reproducibil-
ity. Ethanol caused a very slight increase in the RFI of
XPM and decrease in the RFI of MET. Using acetoni-
trile resulted in decrease of the RFI of MET and XPM
due to physical interaction between the drug and solvent
molecules leading to transfer of energy from the drug to
the solvent molecules via collision and hence decrease
fluorescence intensity. On the other hand, acetone great-
ly quenched the fluorescence of both drugs and that was
due to intersystem crossing process.

Effect of Time

The effect of time on the RFI of the two drugs was also
studied. It was found that the fluorescence intensity remained
stable for more than 3 hr in the dark.

Validation of the Method
Linearity and Range

Assessment of linearity of the assay method was performed
by replicate analysis of six sets for each drug (standard
calibration plots). The relative fluorescence intensity vs.
concentration plots were linear over the range 2.0-
20.0 ng/mL for MET and 0.2- 2.0 pg/mL for XPM.
Linear regression analysis of the data gave the following
equations:

RFI =7.03 +32.90 C (r=0.9999) for MET

RFI = 16.08 +-321.64 C (r=0.9999) for XPM

Table 3 Assay results for the determination of the studied drugs in pure form by the proposed and comparison methods

Compound Proposed method Official method [3]
Amount | Amount Amount | Amount
MET taken found | % Found| taken found | % Found
(ng/mL) | (ng/mL) (ng/mL) | (ug/mL)
2.0 2.020 101.01 20.0 20.326 | 101.63
6.0 6.016 100.28 40.0 39.956 99.89
10.0 10.058 100.59 60.0 60.570 | 100.95
14.0 13.827 98.76 80.0 79.456 99.32
18.0 17.929 99.61
20.0 20.148 100.74
Mean 100.17 100.45
= S.D. 0.84 1.04
t-test 0.48 (2.306)*
F-test 1.53 (5.409)*
oy | Amount| Amoun| | Comparison metnod (3]
(HZ /;T_) (p;;jr:L) o Foundl ~iaken found | % Found
(ug/mL) | (ug/mL)
0.2 0.202 100.90 10.0 10.136 | 101.36
0.6 0.597 99.45 16.0 15.785 98.65
1.0 1.001 100.09 20.0 19.996 99.98
1.4 1.405 100.36 26.0 26.083 | 100.32
1.8 1.787 99.30
2.0 2.008 100.41
Mean 100.09 100.08
= S.D. 0.61 1.12
t-test 0.014 (2.306)*
F-test 3.35 (5.409)*

N.B. Each result is the average of three separate determinations

*The figures between parentheses are the tabulated t and F values at P=
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Where: RFI is the relative fluorescence intensity, C is the
concentration of the drug in ng/mL for MET and in pg/mL for
XPM and r is the correlation coefficient.

Statistical analysis [47] of the data gave high value of the
correlation coefficient () of the regression equation, small
values of the standard deviation of residuals (S, ), of intercept
(S,), and of slope (S,), and small value of the percentage
relative standard deviation and the percentage relative error
(Table. 2). These data proved the linearity of the calibration

graphs.

Limits of Quantification (LOQ) and Limits of Detection
(LOD)

The limits of quantitation (LOQ) were determined by
establishing the lowest concentrations that can be measured
according to the ICH Q2 (R1) recommendation [46] below
which the calibration graph is non-linear. The limits of detec-
tion (LOD) were determined by evaluating the lowest concen-
trations of the analytes that can be readily detected. The results
are also summarized in Table 2.

The values of LOQ and LOD were calculated according to
the following equations [46]:

LOQ = 10Sa/b

LOD = 3.3Sa/b

Where Sa is the standard deviation of the intercept of the
regression line and b is the slope of the calibration graph.

Accuracy and Precision

Statistical analysis [47] of the results obtained by the
proposed method and official method [3] for MET or
comparison method [44] for XPM using Student’s ¢-test
and variance ratio F-test showed no significant differ-
ences between the two methods regarding accuracy and
precision (Table 3).

The intra-day precision was evaluated by determination of
three concentrations of each drug in pure forms on three
successive occasions. The inter-day precision was also evalu-
ated through replicate analysis of three concentrations for a
period of 3 successive days. The results of intra-day and inter-
day precision are summarized in Table 4. The relative standard
deviations were found to be very small indicating rea-
sonable repeatability and intermediate precision of the pro-
posed methods.

Selectivity The selectivity of the method was investigated by
observing any interference encountered from common excip-
ients in different formulations. It was shown that these com-
pounds did not interfere with the results of the proposed
method.

Pharmaceutical Applications

The proposed method was applied to the determination of
MET and XPM in tablet dosage form (Table 5). The results
shown in Table 5 are in good agreement with those obtained
using the official and comparison methods [3, 43]. Statistical
analysis of the results obtained using Student’s ¢-test and

Table 4 Precision data for the

determination of the studied drugs Parameter MET (ng/mL) XPM (png/mL)
by the proposed methods
4.0 8.0 16.0 0.2 0.6 1.0
Intraday % Found 100.27 98.66 99.51 100.90 98.91 100.09
101.53 99.79 100.85 98.60 102.37 101.40
99.42 101.03 100.14 100.10 99.45 99.09
Mean 100.41 99.83 100.17 99.87 100.24 99.19
S.D. 1.06 1.19 0.67 1.17 1.86 1.16
% RSD 1.06 1.19 0.67 1.17 1.86 1.16
% Error 0.61 0.69 0.39 0.68 1.07 0.67
Interday % Found 100.82 99.41 100.36 99.15 99.45 99.28
99.11 100.62 97.84 97.57 100.11 100.09
100.05 102.32 99.45 100.90 103.24 100.89
Mean 99.99 100.78 99.22 99.21 100.93 100.09
S.D. 0.86 1.46 1.28 1.67 2.03 0.81
% RSD 0.86 1.45 1.29 1.68 2.01 0.80
N. B. Each result is the average of % Error 0.49 0.84 0.74 0.97 1.16 0.46

three separate determinations
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Table 5 Assay results for the determination of the studied drugs in their tablet dosage form by the proposed methods

Proposed method Official method[3]
Parameter Amount| Amount Amount| Amount
taken found % taken found %
(ng/mL) | (ng/mL) | Found (re/mL)| (O/ML)| Found
6.0 6.003 | 100.06 5.0 4.868 97.36
Metenix 5 mg 10.0 9.907 | 99.07 10.0 10.188 | 101.88
Tablet 14.0 14175 [101.25| 15.0 15.019 | 100.13
18.0 17.914 | 99.52 20.0 19.924 | 99.62
Mean 99.98 99.75
+S.D. 0.94 1.86
t-test 0.22 (2.447)*
F-test 3.91 (9.276)*
comparison method [43]
Amount| Amount
(mL)| (ML) | Founal aken | dound | %
Xipamid Hexal® (hg/mL) | (ug/mL) | Eound
10 mg Tablet 0.4 0.401 |100.28| 10.0 9.981 | 99.81
0.8 0.812 |101.45 16.0 15.783 | 98.64
1.2 1.181 98.43 20.0 20.413 | 102.07
1.6 1.590 99.38 26.0 25.823 99.32
Mean 99.89 99.96
+S.D. 1.29 1.49
t-test 0.076 (2.447)*
F-test 1.33 (9.276)*

N.B. Each result is the average of three separate determinations

*The figures between parentheses are the tabulated t and F values at P=0.05 [47]

variance ratio F-test [47] revealed no significant differ-
ence between the performance of the two methods re-
garding the accuracy and precision, respectively.

Content Uniformity Test

Due to the high sensitivity of the proposed method and its
ability to rapidly measure the fluorescence intensity of a single
tablet extract with sufficient accuracy, the method is ideally
suited for content uniformity testing. The steps of the test were
adopted according to the USP [3] procedure. The acceptance
value (AV) was calculated and it was found to be smaller than
the maximum allowed acceptance value (L1). The results
demonstrated excellent drug uniformity for MET and XPM
as shown in Table 6.

Stability Studies and Degradation Kinetics
Degradation in Alkaline and Acidic Conditions

Being an amide, MET was found to be highly labile to alkaline
and acidic hydrolysis. The degradation in 1 M NaOH or | M

@ Springer

HCI at 100 °C was so fast that, almost the entire drug was
degraded within 15 min. Subsequently, degradation studies
were performed using either 0.2 M NaOH or 0.1 M HCI
solutions. The degradation of MET in alkaline and acidic
conditions at boiling temperature was found to be time depen-
dent; it was observed that the RFI decreased gradually by
increasing boiling time with either NaOH or HCI. Fig. 5 (a&
b) revealed that drug concentration decreased with increasing
boiling time intervals in alkaline and acidic medium. Plotting
the logarithms of drug concentrations against time resulted in
straight lines as shown in Fig. 6 (a, b) for alkaline and acidic
degradation. The apparent first order rate constants and half-
life times for both alkaline and acidic degradation were cal-
culated (Table 7)

Alkaline and acidic degradation of MET occurred signifi-
cantly at boiling temperature, where, at lower temperatures the
degradation was mild. The alkaline and acidic treatments of
MET are expected to cause cleavage of its amide bond
resulting in decrease of the RFI intensity of the drug.

XPM was found to be insusceptible to acid degradation;
after boiling with 2.0 M HCI for 2 hr no evidence of
degradation of the drug was observed. The alkaline hydroly-
sis of XPM with 2.0 M NaOH for 2 hr at boiling temperature
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Table 6 Results of content uniformity testing of MET and XPM tablets
using the proposed methods

Parameter Percentage of the label claim
Metenix Tablet ~ Xipamid Hexal® Tablet

Data 98.74 100.52
99.64 101.70
99.64 98.63
97.67 99.52
98.95 100.06
100.51 99.83
99.10 101.12
101.32 97.79
100.47 98.88
101.14 102.16

Mean (X ) 99.72 100.02

+S.D. 1.15 1.39

% RSD 1.15 1.39

% Error 0.36 0.44

Acceptance value (AV) [3] 2.76 3.34

Max. allowed AV (L1) [3] 15 15

was accompanied by a slight increase in the fluorescence
intensity (23 %). This could be explained by the formation of
a degradation product that also exhibited a high native
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Fig. 5 Plot of different heating times vs. MET concentration at boiling
temperature. a With 0.2 M NaOH. b With 0.1 M HC1
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Fig. 6 Plot of different heating times vs. log MET concentration at
boiling temperature. a With 0.2 M NaOH (b) With 0.1 M HCI

fluorescence. Alkaline degradation of XPM occurred signif-
icantly at boiling temperature, where, at lower temperatures
no degradation was observed. Previous report [48] confirmed
that XPM was stable in acidic as well as in basic media at
room temperature, but when XPM is acted upon by strong
alkali and elevated temperature. The alkaline treatment of
XPM was expected to cause cleavage of its amide bond
resulting in the formation of products of higher native fluo-
rescence intensity.

Table 7 Results of the degradation study of MET under different stress
conditions on the kinetic parameters of MET (20 ng/mL) at boiling
temperature

Degradation condition Reaction rate Half life time

constant (12, min)
(K, min 1)
Alkaline degradation 0.0283 24.49
(0.2 M NaOH, 100 °C)
Acidic degradation 0.0332 20.87
(0.1 M HCI, 100 °C)

Photolytic UV Methanol 0.0076 91.18
degradation Methanol/Water 0.0059 117.46
(50/50, v/v)

Water 0.0071 97.60
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a drugs with H,O, solution at room temperature, according
700 7 to the procedure described above, resulted in immediate
600 - degradation of MET and XPM. The amounts of degraded
S0 | drugs were dependent on the concentration of H,O, added
(Fig. 7: a&b); 49 % degradation of MET and 66 % of
400 - XPM were observed upon using 15.0 % H,O, solution.
300 4 = RFI The oxidative degradation of MET is proposed to proceed
via oxidation of the nitrogen atom yielding the corre-
200 1 sponding N-Oxide derivative of MET leading to decrease
100 - in the RFI of MET. Oxidation of tertiary amino group
0 (like in MET) into the corresponding oxide was previously
without 2% 10%  15%  30% reported in the literature [49, 50]. The oxidative degrada-
H202 H202 H202 H202  H202 tion pathway of XPM was expected to be through the oxidation
b of the phenolic hydroxyl group with the formation of
700 quinonoid structure resulting in decrease of the RFI
600 intensity of the drug as in the case of ethamsylate drug
500 previously reported [51].
400 = RFI
300 Photolytic Degradation
200
100 The effect of UV-light on the stability of MET was studied by
0 . . ; ; ; .

without 2%H202 4%H202 6%H202 10% 15%
H202 H202 H202

Fig. 7 Effect of the %concentration of H,O, (5 mL) at room temperature
on RFI of : a MET (20.0 ng/mL) (b) XPM (2.0 pg/mL)

Oxidative Degradation

Considerable degradation of MET and XPM was observed
under oxidative conditions. It was found that treating the

exposing the drug solutions in different solvents (methanol,
water, methanol/water mixture, 50/50, v/v) to the UV-light at
254 and 366 nm. No considerable degradation of MET upon
exposure to the UV-light at 254 nm was observed in any of the
three solutions, even after 48 hr, 31 % degradation only
occurred. However, by exposing different MET solutions to
UV-light at 366 nm, the degradation rate was greatly en-
hanced. It was found that a significant decrease in the RFI of
MET was observed upon exposure of the drug to UV-light at
366 nm for 4 hrs. (80 % degradation). Appreciable

Fig. 8 Plot of different exposing a b
times to UV lamp (366 nm) vs. 25+ 25+
MET concentration in: (a) = 201 = 204
Methanolic solution. (b) > E’
Methanol/water mixture (50/50). £ 151 £ 154
(¢) Aqueous solution = -
= 104 £ 107
c c
(7] (7]
g g
s 51 5 5
o o
0 T T T T \ 0 T T T T 1
0 50 100 150 200 250 0 50 100 150 200 250
Time, min. Time, min.
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-
E 20
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_s 15+
®
= 104
c
Q
g
s 57
o
0 T T T T d
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Time, min.
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Fig. 9 Plot of different exposing
times to UV lamp (366 nm) vs.
Log MET concentration in: (a)
Methanolic solution. (b)
Methanol/water mixture (50/50,
v/v). (¢) Aqueous solution
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degradation of MET was carried out in methanol, methanol/
water mixture and in water when irradiated for the same
period but with slower rate with respect to methanol/water
mixture. Figure (8: a&b&c) revealed that drug concentration
decreased with increasing exposing time intervals. Plotting the
logarithms of drug concentrations against time resulted
in straight lines as shown in Fig. (9: a& bé&c). The
apparent first order rate constants and half-life times for
photolytic degradation in different solvents were calculated
(Table 7). A proposal for the degradation pathway of
MET has been postulated as shown in Scheme 1. It is
expected that, the photolytic degradation of MET proceeds

Scheme 1 Proposed pathway of al
alkaline, acidic, oxidative and UV
degradation of MET HoN \S
7N\
o O
o
gm
Cl
HaN
//S\\
o O

ZT

N
HaC

through photohydrolysis. This proposal is based on previ-
ous report concerned with the photodegradation of furose-
mide which has similar structure to MET [52].

In case of XPM, a marked increase in the RFI was observed
upon exposure of the drug solution in different solvents
(methanol, water, methanol/water mixture, 50/50, v/v) to
UV-light at 254 nm for 6 hr (116 % increase) and at 366 nm
for 40 min (197 % increase). This increase was more signif-
icant in water and methanol/water mixture rather than in
methanol. The increase of RFI of XPM under UV was attrib-
uted to photo-cyclization which is one of the expected mech-
anisms of photodegradation [53].

ZT

\l/CH3 cl CHs
N HN
D 2NaOH Naogs:i :[ COOND + NH;
+ H,0
HC HsC
4
@
%0
cl N cH
3
uv \|/ + NH,CI

light j@( HN
HO;S COOHD
HaC

NH, (

CH,3
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Scheme 2 Proposed pathway of HsC
alkaline, oxidative and UV/sun 0\ /0 0
light degradation of XPM \S/
7
HoN N
H
cl OH
N
o
o HsC
\/ T
_S
HoN N
H
Cl 0]
Methanolic solution of MET was stable to sun-light even 3.
after exposure for 48 hrs. On the other hand, methanolic
solution of XPM was stable to sun-light for about one hour; 4

after which RFI was increased gradually with time (80 %
increase in RFT after 30 hr). 5

Degradation pathways for both MET and XPM were dem-
onstrated in Scheme 1, 2, respectively.

Conclusion

A simple and sensitive spectrofluorimetric method was devel-
oped for the determination of MET and XPM. The proposed 8
method is rapid, less time—consuming and does not require the
elaborate treatment associated with chromatographic methods;
moreover, it is sensitive, with no need for derivatization reac- 9
tions compared with the reported spectrofluorimetric methods
for the determination of XPM. By virtue of its simplicity and
rapidity, the proposed method could be applied to the analysis

of the two drugs in their tablet dosage forms. Furthermore, 10.
content uniformity testing of the studied tablets was also
conducted. Additionally, the proposed method has been 11
adapted for stability studies of the two drugs as a novel stabil-
ity—indicating method.
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References
1. Budavari S (2006) The Merck Index, 14th edn. Merck & Co. Inc, 14.

Whitehouse Station, pp 1059, 1736
2. Sweetman SC (2011) Martindale: The Complete Drug Reference, vol
A, 37th edn. The Pharmaceutical Press, London, pp 1469-1536

@ Springer

NaO,S COONa H,C
3NaOH +
CHy, ——— >
Cl ONa HoN
CH,
HzO + NH3
0‘%&\
QYA
O
HsC
O
o O + HCl
\/ ;
H
\ Ch
CHy HN OH

The United States Pharmacopoeia XXXIV, the National Formulary
XXIX; The US Pharmacopoeial Convention (2011) Rockville, MD,
Vol. I, pp 35064267

. The British Pharmacopoeia (2010) Her Magesty’s Stationary Office:

London, Vol. 11, pp 1418, 1976, Vol. 111, pp 3105

. The European Pharmacopoeia VII (2010) Strasbourg : Council Of

Europe : European Directorate for the Quality of Medicines and
Healthcare, Vol. 11, pp 2494-2976

. Manjunath S, Raju SA, Kumar SS, Chouhan VS (2011) Ultra

violet and derivative spectrophotometric methods for estima-
tion of Metolazone in pharmaceuticals. Pharm Sci Monitor 2:
204-209

. Umadevi B, Vetrichelvan T (2011) Simultaneous estimation of

Metolazone and Spironolactone in combined tablet dosage form by
UV Spectroscopy. Int J PharmTech Res 3:2068-2074

. Kumar SS, Manjunath S, Chouhan VS, Appalraju S (2011)

Development and validation of visible spectrophotometric methods
for the estimation of Metolazone in pharmaceutical dosage forms.
Der Pharma Chemica 3:512-516

. Chaudhary A, Vadalia KR, Thummer P (2012) Development and

validation of ratio derivative spectrophotometric for simultaneous
estimation of metolazone and spironolactone in pharmaceutical dos-
age form. IJPSR 3:3999-4003

Prasad BD, Kanth BC, Vasanthi R, Mohan MR, Prabhakar D (2012)
A validated UV spectroscopic method of metolazone in bulk and its
tablet dosage forms. [JBPR 3:154-157

Dubey R, Bhusari VK, Dhaneshwar SR (2011) Validated HPTLC
method for simultaneous estimation of losartan potassium and
metolazone in bulk drug and formulation. Der Pharm Lettre 3:
334-342

Wayadande JA, Dubey R, Bhusari VK, Dhaneshwar SR (2011)
Validated HPTLC method for simultaneous estimation of ramipril
and metolazone in bulk drug and formulation. Der Pharm Sin 2:
273

Dubey R, Bhusari VK, Dhaneshwar SR (2011) Validated RP-
HPLC method for simultaneous quantitation of losartan potassi-
um and metolazone in bulk drug and formulation. Sci Pharm 79:
545-554

Jadhav V, Mande P, Kadam V (2009) Validation of reverse phase
high performance liquid chromatography method of metolazone and
its determination in bulk drug and pharmaceutical dosage form. JPR
2:961-963



J Fluoresc (2014) 24:363-376

375

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Devika GS, Sudhakar M, Venkateshwara JR (2012) RP- HPLC
method for simultaneous estimation of metolazone and ramipril in
oral solid dosage form. Int J Pharm Bio Sci 3:193-200

Vose CW, Stevens PM, Muirhead DC, Palmer RF, Mclnnes GT
(1980) A fluorimetric assay for metolazone in urine. Br J Clin
Pharmacol 9:213-215

Babu B, Muralidharan S, Meyyanathan SN, Suresh B (2010)
Pharmacokinetic evaluation of metolazone tablets using healthy hu-
man volunteers. J Bioequiv Availab 2:015-017

Farthing D, Sica DA, Fakhry I, Gehr TWB (1994) Novel high-
performance liquid-chromatographic method using solid-phase on-
line elution for determination of metolazone in plasma and whole
blood. J Chromatogr B Biomed Appl 653:171-176

. Farthing D, Fakhry I, Gehr TWB, Sica DA (1990) Quantitation of

metolazone in urine by high-performance liquid chromatography
with fluorescence detection. J Chromatogr Biomed Appl 534:228—
232

Vose CW, Muirhead DC, Evans GL, Stevens PM, Burford SR (1981)
Quantitation of metolazone in plasma and urine by high-performance
liquid chromatography with fluorescence detection. J Chromatogr
Biomed Appl 222:311-315

Farthing D, Gehr TWB, Fakhry 1, Sica DA (1991) Direct injection
method for determining furosemide [frusemide] and metolazone in
urine using high-performance liquid chromatography and fluores-
cence detection. LC-GC 9:478-480

Brodie RR, Chasseaud LF, Walmsley LM (1981) Determination of
the diuretic agent metolazone in plasma in high-performance liquid
chromatography. J Chromatogr Biomed Appl 226:526-532

Jia Y, Zhang Y, Wang C, Wang Z, Liu Y, Wang J, Wen A (2011) An
improved LC-MS/MS method for quantitative determination of
metolazone in human plasma and its application to a pharmacokinetic
study. Biomed Chrom 25:1138-1143

Qiao Y, Peng J, Jia Y, Ma Z, Yang Z, Yang L, Wen A (2011)
Quantitative determination and pharmacokinetic study of metolazone
tablets in human plasma by an improved LC-MS/MS. Zhongguo
Yaoshi (Wuhan, China) 14:0 606-609

Roy SMN, Mangaonkar KV, Yetal SM, Joshi SS (2008) LC-MS-MS
method for determination of metolazone in human plasma. E-J Chem
5:634-640

Wei G, Xiao S, Liu C (2007) Determination of metolazone in human
blood by liquid chromatography with electrospray ionization tandem
mass spectrometry. J Chromatogr B Analyt Technol Biomed Life Sci
845:169-173

El Guindi NM, Abd-Elhamid SM, El-Bakry WMM, El-Shahat MF
(2010) Quantitative determination of xipamide in pure form and in tablets
through complexation with iron (III) chloride. J Drug Res 31:93-99
Wagich NE, Abbas SS, Abdelkawy M, Abdelrahman MM (2010)
spectrophotometric and spectrodensitometric determination of
triamterene and xipamide in pure form and in pharmaceutical formu-
lation. Drug Test Anal 2:113-121

Omar MA (2010) Spectrophotometric and spectrofluorimetric deter-
mination of certain diuretics through ternary complex formation with
eosin and lead (II). J Fluoresc 20:275-281

El-Kommos ME, Ahmad AA, Salem H, Omar MA (2006)
Spectrophotometric and spectrofluorimetric determination of certain
diuretics in pure forms and in their pharmaceutical formulations. Bull
Pharm Sci (Assiut University) 29:33-58

Salem MY, Merey HA, El Bayoumi A, El Zeany BA (2003)
Simultaneous determination of spironolactone with xipamide or with
frusemide. Bull Fac Pharm (Cairo University) 41:27-42

Salem MY, Merey HA, El Bayoumi A, El Zeany BA (2002)
Simultaneous determination of triamterene and xipamide by spectro-
photometry and spectrodensitometry. Bull Fac Pharm (Cairo
University) 40:11-24

Bedair MM, Barary MH (1991) Application of derivative-differential
UV spectrophotometry the for the determination of triamterene in

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

combination with hydrochlorothiazide or xipamide. Bull Fac Pharm
(Cairo University) 29:1-5

Sadana GS, Gaonkar MV, Sane RT (1986) A simple spectrophoto-
metric method for the determination of xipamide, clopamide and
chlorpropamide in pharmaceutical preparations. Indian Drugs 23:
559-562

Hassib ST, El-Bagary RI, El-Sherif ZA, Youssef NF (2000)
Simultaneous determination of triamterene and xipamide in pharma-
ceutical dosage form by reversed phase high performance liquid
chromatographic and densitometric methods. Bull Fac Pharm
(Cairo University) 38:61-66

Maher HM, Youssef RM, El-Kimary EI, Hassan EM, Barary MA
(2012) Bioavailability study of triamterene and xipamide using uri-
nary pharmacokinetic data following single oral dose of each drug or
their combination. J Pharm Biomed Anal 61:78-85
Rosado-Maria A, Gasco-Lopez Al, Santos-Montes A,
Izquierdo-Hornillos R (2000) High-performance liquid chro-
matographic separation of a complex mixture of diuretics
using a micellar mobile phase of sodium dodecyl sulfate.
Application to human urine samples. J Chromatogr B
Biomed Sci Appl 748:415-424

Bonet-Domingo E, Torres-Lapasio JR, Medina-Hernandez MJ,
Garcia-Alvarez-Coque MC (1994) Chromatographic monitoring of
diuretics in urine samples using a sodium dodecyl sulfate-propanol
micellar eluent. Anal Chim Act 287: 201-10

Sane RT, Gangrade MG, Bapat VV, Surve SR, Chonkar NL (1993)
Simultaneous high-performance liquid chromatographic determina-
tion of combined dosages, acebutolol hydrochloride and hydrochlo-
rothiazide xipamide and propranolol hydrochloride methocarbamol
and ibuprofen and haloperidol and trihexyphenidyl hydrochloride.
Indian Drugs 30:205-219

Bodenan S, Paillet M, Christen MO (1990) Rapid determina-
tion of xipamide in human plasma and urine by high-
performance liquid chromatography. J Chromatogr Biomed
Appl 533:275-281

Dadgar D, Kelly M (1988) High-performance liquid chromatograph-
ic determination of xipamide in human plasma Analyst (Cambridge,
United Kingdom) 113:229-31

Sadana GS, Gaonkar MV (1987) High performance liquid
chromatographic determination of xipamide in pharmaceutical
dosage forms using tinidazole as an internal standard. Indian
Drugs 24:527-530

Sane RT, Sadana GS, Bhounsule GJ, Gaonkar MV, Nadkarni AD,
Nayak G (1986) High-performance liquid chromatographic determi-
nation of xipamide and clopamide in pharmaceuticals. J] Chromatogr
356:468-472

Legorburu MJ, Alonso RM, Jimenez RM (1999) Determination of
the non-thiazide diuretic xipamide in pharmaceuticals and urine by
HPLC with amperometric detection. J Liq Chrom Relat Tech 22:
735-746

Legorburu MJ, Alonso RM, Jimenez RM (1993) Voltammetric study
of the diuretic xipamide. Bioelectrochem Bioenerg 32(1):57-66
ICH Harmonized Tripartite Guideline, Validation of Analytical
Procedures: Text and Methodology, Q2(R1), Current Step 4
Version, Parent Guidelines on Methodology Dated November 6
1996, Incorporated in November 2005. http://www.ich.org/LOB/
media/MEDIA417.pdf. Accessed 15 February 2008

Miller JC & Miller JN (2005) Statistics and Chemometrics for
Analytical Chemistry, 5th edn. Pearson Education Limited: Harlow,
England, pp 39-73, 107-149, 256

Hempelmann FW (1977) Studies on Xipamide (4-chloro-5-
sulfamoyl-2',6'-salicyloxylidide). Part 1: Physico-chemical and
chemical properties. Arzneimittelforschung 27:2140-2143

Hoh GLK, Barlow DO, Chadwick AF, Lake DB, Sheeran SR (1963)
Hydrogen peroxide oxidation of tertiary amines. ] Am Oil Chem Soc
40:268-271

@ Springer


http://www.ich.org/LOB/media/MEDIA417.pdf
http://www.ich.org/LOB/media/MEDIA417.pdf

376 J Fluoresc (2014) 24:363-376

50. Walash MI, Belal F, El-Enany N, Eid M, El-Shaheny RN (2011) pharmaceutical preparations and biological fluids. Application to stability
Stability-Indicating HPLC Method for Determination of Naftazone in studies. J Fluoresc 21:1371-1384
Tablets. Application to Degradation Kinetics and Content Uniformity 52. Moore DE, Sithipitaks V (1983) Photolytic degradation of frusemide.
Testing. J Chromatogr Sci 49:495-501 J Pharm Pharmacol 35:489-493

51. Belal F, El-Brashy A, El-Enany N, Tolba M (2011) Conventional and 53. “Photostability of Drugs and Drug formulations” 2nd edition, edited
first derivative synchronous fluorometric determination of ethamsylate in by H. Hjorth Tonnesen (2004) CRC PRESS LLC

@ Springer



	Stability&ndash;Indicating...
	Abstract
	Introduction
	Experimental
	Apparatus
	Materials and Reagents
	Standard Solutions

	General Procedures
	Procedures for Calibration Graphs
	Procedures for Tablets
	Procedures for Content Uniformity Testing
	Procedures for Stability Studies
	Procedure for Alkaline and Acidic Degradation
	Procedure for Oxidative Degradation
	Procedure for Photolytic Degradation


	Results and Discussion
	Optimization of Experimental Conditions
	Effect of pH
	Effect of the Volume of NaOH
	Effect of Diluting Solvent
	Effect of Time


	Validation of the Method
	Linearity and Range
	Limits of Quantification (LOQ) and Limits of Detection (LOD)
	Accuracy and Precision
	Pharmaceutical Applications

	Content Uniformity Test
	Stability Studies and Degradation Kinetics
	Degradation in Alkaline and Acidic Conditions
	Oxidative Degradation
	Photolytic Degradation


	Conclusion
	References


