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Abstract

A stability-indicating UPLC method was developed for the simultaneous quantitative deter-
mination of losartan potassium, atenolol, and hydrochlorothiazide in pharmaceutical dosage
forms in the presence of degradation products. The separation was achieved on a simple
isocratic method (water: acetonitrile: triethyl amine: ortho phosphoric acid (60:40:0.1:0.1,
v/v) at 0.7 mL min-1, a detection wavelength of 225 nm). The retention times of losartan
potassium, atenolol, and hydrochlorothiazide were 2.3, 0.6 and 0.9 min. The total runtime
was 3 min. Losartan potassium, atenolol, and hydrochlorothiazide were subjected to dif-
ferent ICH prescribed stress conditions. The method was validated with respect to linearity,
accuracy, precision, robustness and ruggedness.
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Introduction

The aim of the present study was to

establish the inherent stability of losartan

potassium, atenolol, and hydrochlorothi-

azide through stress studies under a variety

of ICH recommended test conditions [1–3]

and to develop a stability-indicating assay

[4–6]. Losartan (L) (2-butyl-4-chloro-1-

[p-(o-1H-tetrazol-5-ylphenyl)benzyl]imid-

azole-5-methanol mono potassium salt) is

an angiotensin II receptor (type AT1)

antagonist. Hydrochlorothiazide (H) (6-

chloro-3,4-dihydro-2H-1,2,4-benzothia-

diazine-7-sulfonamide 1,1-dioxide) is a

thiazide diuretic. Atenolol (A) is a blocker

described as 4-[2-hydroxy-3-[(1-methyl-

ethyl)amino]propoxy] benzeneacetamide.

Literature survey reveals that a vari-

ety of spectrophotometric and chro-

matographic methods, and a stability—

indicating LC method, have been

reported for determination of L in phar-

maceutical preparations in combination

with other drugs [7–12]. Spectrophoto-

metric and chromatographic methods

have been reported for determination of

A, in combination with other drugs, in

bulk and pharmaceutical preparations

[13–16]. A variety of methods has been

used for determination of H [17–23]. An

HPTLC method has been reported for

simultaneous quantitative determination

of the three drugs in tablets [24]. Whereas

no LC method has been reported for

simultaneous quantitative determination

of these in the combined dosage form.

Hence a UPLCmethod was developed

for simultaneous quantitative deter-

mination of the three drugs in combined

pharmaceutical dosage forms in the pres-

ence of degradation products.

Experimental

Chemicals

Standards were supplied by Dr. Reddy’s

Laboratories, Hyderabad, India. Com-

mercially available Repalol H tablets

(50 mg of L, 50 mg of A, 12.5 mg of H)

were purchased from Sun Pharmaceutical

Industries, India. LC grade acetonitrile,
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analytical grade triethyl amine and ortho

phosphoric acid were purchased from

Merck, Darmstadt, Germany; water was

prepared by Millipore MilliQ Plus water

purification system.

Equipment

The used Waters UPLC Acquity system

consisted of a binary solvent manager, a

sample manager and a UV detector. The

output signal was monitored and pro-

cessed by Empower software, a water

baths equipped with MV controller

(Julabo, Seelbach, Germany) was used

for hydrolysis studies. Photo stability

studies were carried out in a photo sta-

bility chamber (Sanyo, Leicestershire,

UK). Thermal stability studies were

performed in a dry air oven (MACK

Pharmatech, Hyderabad, India).

Chromatographic Conditions

The chromatographic column was a

Zorbax C-18, 50 mm 9 4.6 mm i.d with

1.8 lm particles. Mobile phase contained

a mixture of water: acetonitrile: triethyl

amine: ortho phosphoric acid (60:40:

0.1:0.1, v/v). The flow rate of mobile phase

was 0.7 mL min-1 and the detection was

monitored at a wavelength of 225 nm. The

column temperature was maintained at

25 �C and injection volume was 5 lL.

Preparation of Stock Solutions

A stock solution of L, A and H stan-

dard and sample (0.5 mg mL-1 of L,

0.5 mg mL-1 of A, 0.125 mg mL-1 of

H) was in acetonitrile: water (40:60, v/v).

Working solutions 0.05 mg mL-1 of L,

0.05 mg mL-1 of A, 0.0125 mg mL-1 of

H were prepared from above stock

solution in the mobile phase for assay

determination.

Preparation of Sample
Solution

Twenty Repalol H tablets were weighed

and grinded in a mortar. Then an

equivalent to 50 mg of L (50 mg of

losartan potassium, 50 mg of atenolol,

12.5 mg of hydrochlorothiazide) was

transferred to a 100 mL volumetric flask,

70 mL of acetonitrile: water (40:60, v/v)

added and sonicated for 15 min and di-

luted to 100 mL (0.5 mg mL-1 of L,

0.5 mg mL-1 of A, 0.125 mg mL-1 of

H). About 5 mL of supernant solution

was diluted to 50 mL with the mobile

phase. This was filtered using a 0.45 l
(Nylon 66-membrane) filter.

System Suitability Solution
Criteria

The system suitability was assessed by

five replicate analyses of the drugs at

concentrations of 0.5 mg mL-1 of L or

A, 0.125 mg mL-1 of H.

Stress Studies

All stress decomposition studies were

performed at an initial drug concentra-

tion 0.05 mg mL-1 of L or A, 0.0125

mg mL-1 of H. Acid hydrolysis was

performed in 0.1 N HCl at 70 �C for 4 h.

The study in basic solution was carried

out in 0.1 N NaOH at 70 �C for 4 h. For

study in neutral solution, drugs dissolved

in water were heated at 70 �C for 3 h.

Oxidation studies were carried out at

room temperature in 5% hydrogen per-

oxide for 4 h. Photo degradation stud-

ies were carried out at according to

Option 2 of Q1B in ICH guidelines [3].

Samples were exposed to light for an

overall illumination of 1.2 million lux

h-1 and an integrated near ultraviolet

energy of 200 W hm2. The drug product

was exposed to dry heat at 80 �C for

24 h. Samples were subjected to UPLC

analysis after suitable dilution (0.05

mg mL-1 of L or A, 0.0125 mg mL-1

of H).

Method Validation

Method validation was performed as per

ICH guidance for simultaneous deter-

mination of L, A and H in the formu-

lations.

Limit of Detection and Limit
of Quantification

The LOD and LOQ for L, A and H

were estimated at a signal-to-noise ratio

of 3:1 and 10:1 by injecting a series of

dilute solutions with known concentra-

tion.

Precision

Precision was investigated using the

sample preparation procedure for six

real samples of commercial tablets

(Repalol H).

Repeatability (Intra-Day) The preci-

sion of the assay method was evaluated

by carrying out six independent assays of

L, A and H (0.05 mg mL-1 of L or A,

0.0125 mg mL-1 of H) test samples

against qualified reference standard (%

RSD).

Intermediate Precision (Inter-Day)
A different analyst on a different day in

the same laboratory evaluated the inter-

mediate precision % RSD of the meth-

od. Six samples of L, A and H tablets

against were assayed reference standard.

Linearity

Linearity solutions were prepared from

stock solution at five concentration lev-

els from 50 to 150% of analyte concen-

trations (25 to 75 lg mL-1 for L, A and

6.25 to 18.75 lg mL-1 for H). The slope,

Y-intercept and correlation coefficient

were calculated.

Accuracy

The accuracy of the method was eval-

uated in triplicate at three concentra-

tion levels, 50, 100 and 150% of the

target test concentration (0.5 mg mL-1

of L or A, 0.125 mg mL-1 of H).

The percentage of recoveries were

calculated.
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Robustness

The relative standard deviation for rep-

licate injections of L, A and H peaks and

the USP resolution factor between L, A

and H peaks were evaluated.

The mobile phase flow rate was

0.7 mL min-1. This was changed by

0.1 units to 0.6 and 0.8 mL min-1. The

effect of column temperature was studied

at 20 and 30 �C instead of 25 �C. The
effect of mobile phase composition was

studied by use of water: acetonitrile:

triethyl amine: orthophosphoric acid

62:38:0.1:0.1 and 58:42: 0.1:0.1 (v/v).

Specificity and Selectivity

The specificity of the method was

established through study of resolution

factors of the drug peaks from nearest

resolving peak, and among all other

peaks.

Solution Stability and Mobile
Phase Stability

The solution stability of L, A and H was

carried out by leaving the test solution in

tightly capped volumetric flasks at room

temperature for 24 h and assayed at 6 h

interval, against the freshly prepared

standard solution. The mobile phase

stability was carried out by assaying the

freshly prepared standard solution at

24 h interval up to 48 h. The percentage

of RSD of assay of L, A and H was

calculated for the study period during

mobile phase and solution stability

experiments.

Results and Discussion

Force Degradation Studies

Degradation was not observed in L, A

and H under stress conditions like pho-

to, thermal degradation and water

hydrolysis. Degradation was observed at

RRT 1.26 with respect atenolol in 0.1 N

NaOH at 70 �C for 4 h. The impurity

which was formed at RRT 1.26 in

base degradation was the impurity of H

(4-amino-6-chlorobenzene-1,3-disulph-

onamide). This was confirmed with

spiking analysis with qualified reference

standard and also with spectral matching

and with mass spectroscopy.

Major degradation was observed

after 4 h in 5% hydrogen peroxide for L,

A and H. Peak purity test results con-

firmed that the drug peaks are homoge-

neous and pure in all the analyzed stress

samples.

Mass balance (% assay + % degra-

dents + % impurities) was calculated

for stress sample. The mass balance of

stressed sample was > to 99.0% for all

three drugs.

Method Development and
Optimization of Stability
Indicating Assay Method

The main target of this study was the

separation of the degradation product

at 1.26 RRT (with respect to A). The

degradation samples were run using

different stationary phases like C18, C8,

Cyano and mobile phases containing

buffers like phosphate, sulphate and

acetate at different pH (2–7) and using

organic modifiers like acetonitrile and

methanol in the mobile phase. The

separation was satisfactory under the

isocratic conditions with 40% acetoni-

trile as organic modifier in the mobile

phase.

The assay results (n = 3) for com-

mercially dosage from products, were

99.0, 99.3, 98.9% of L, 98.5, 98.8, 98.6%

of A and 99.2, 99.5, 99.4% of H.

Analyses were also performed

(n = 3) separately for losartan potas-

sium tablets and losartan potassium

and hydrochlorothiazide tablets. The

assay results for losartan potassium

were 99.1, 99.3, 99.5%. The assay re-

sults for losartan potassium and

hydrochlorothiazide were, 98.8, 99.0,

98.6% for losartan potassium and 99.0,

99.2, 99.0% for hydrochlorothiazide.

This shows that, adopted UPLC meth-

od can also be used separately for assay

estimation of Losartan potassium tab-

lets, and simultaneous estimation of

losartan potassium and hydrochloro-

thiazide tablets.

Validation of Developed
Stability-Indicating method

The relative standard deviation for

replicate injections of L, A and H was

0.2, 0.5 and 0.2% for L, A and H. The

USP resolution factor between A and H

was 5.7 and that between H and L was

19.8 indicating the suitability of the sys-

tem.

The limit of quantification was 0.39,

0.40 and 0.11 lg mL-1 and the limit of

detection was 0.13, 0.15 and

0.04 lg mL-1 for L, A and H for 5 lL
injection volume.

The percentage RSD values for the

precision study were 0.4, 0.5, 0.4% (in-

ter-day precision) and 0.8, 0.8, 1.0%

(intra-day precision) for L, A and H

confirming a good precision.

The linear calibration plot for this

method was obtained over the calibra-

tion ranges 25.08–75.24 lg mL-1 for L,

25.05–75.15 lg mL-1 for A, 6.26–

18.77 lg mL-1 for H. The correlation

coefficient was greater than 0.999 for all

three drugs. The mean regressions

equations were found as A = 26538

C - 13476 (r2 = 0.9993, n = 5), A =

12541 C - 4094 (r2 = 0.9990, n = 5)

and A = 43100 C - 14825 (r2 = 0.9999,

n = 5) for L, A and H. A = aC + b,

where A is the peak area ratio of

the drugs, a is the slope, b is the inter-

cept and C is the concentration

(lg mL-1). The results show an excellent

correlation existed between the peak

area and the concentration of the analyte

(Fig. 1).

The percentage recovery of L, A and

H in pharmaceutical dosage forms ran-

ged from 99.1 to 100.5% for L, 99.0 to

100.8% for A, 99.1 to 100.5% for H.

Excellent recoveries were made at each

added concentration.

For the robustness study, all changes

of conditions the system suitability

parameters were evaluated—one condi-

tion tested, the other conditions at the

optimum values. Relative standard

deviation for replicate injections of L, A

and H for all deliberate changes of con-

ditions was within 0.2–0.6%, 0.1–0.4%

and 0.2–0.8%. The USP resolution fac-

tor between A and H was within 4.8–6.5

and the USP resolution factor between
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H and K was within 18.1–20.3, thus

proven that the method is robust.

The solution stability and mobile

phase stability experiment data con-

firmed that sample solutions and mobile

phase used during the assay were stable

up to 48 h.

Figure 2 shows the specifics. The

resolution factor for the drug peaks was

>1.5 from the nearest resolving peak

(RRT * 1.26).

Intermediate precision confirmed

that separation between L, A and H was

satisfactory. The resolution factor be-

tween the A and H peaks was >4.0 and

between H and L was >15.0 indicat-

ing that the method remained selective

for all components under tested condi-

tions.

Conclusions

The novel isocratic UPLC method

proved to be simple, linear, precise,

accurate, robust, rugged and specific.

The total runtime was 3 min within

which three drugs and their degradation

products were separated. The method

was validated showing satisfactory data

for all validation parameters tested. The

developed method was stability indicat-

ing and could be used for simultaneous

quantitative determination of the drugs

in the presence of degradation products.

The method can also be useful for the

estimation of losartan potassium tablets,

and the simultaneous estimation of lo-

sartan potassium and hydrochlorothia-

zide tablets.
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