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ABSTRACT
A reverse phase high performance liquid chromatography (RP HPLC) method was developed and validated for the simultaneous estimation of atenolol and
chlorthalidone in marketed formulation. The determination was carried out on an Xterra RP8 (150 x 4.6 mm, 5 µm) column using a mobile phase of potassium
dihydrogen phosphate buffer solution: methanol (50:50v/v, pH 3.6) with flow rate 0.5ml/min (UVdetection at 240 nm). The retention time for atenolol was 3.2
min and for chlorthalidone 5.0 min. Atenolol and chlorthalidone showed a linear response in the concentration range of 50-150 µg/ml. The correlation coefficient (' r ' value) for atenolol and chlorthalidone was 0.9996. The developed method was validated with regard to linearity, accuracy, precision, selectivity
and robustness and the method was found to be precise, accurate, linear and specific. The method was validated as per ICH guidelines. The RSD for intra-day
and inter-day precision were found to be less than 2 %. The percentage recoveries obtained for atenolol and chlorthalidone ranges from 100.54-103.32% and
98.03-102.77% respectively which was in good agreement with the labeled amount in the pharmaceutical formulations.
Keywords: Atenolol, Chlorthalidone, High performance liquid chromatography, pharmaceutical formulation.

INTRODUCTION
Atenolol (ATN) is cardio selective beta-adrenergic blocker1,
chemically Known as 2-(4-{2-hydroxy-3-[(propan-2-yl)
amino] propoxy} phenyl) acetamide, with molecular formula
C14H22N2O3 and molecular weight 266.34 g/mol as shown in
Figure 1 Atenolol competes with sympathomimetic
neurotransmitters such as catecholamines for binding at
beta(1)-adrenergic receptors in the heart and vascular smooth
muscle, inhibiting sympathetic stimulation. This results in a
reduction in resting heart rate, cardiac output, systolic and
diastolic blood pressure, and reflex orthostatic hypotension.
Higher doses of atenolol also competitively block beta (2)adrenergic responses in the bronchial and vascular smooth
muscles.
Chlorthalidone (CTH) is thiazide-like diuretic2, chemically
known as 2-chloro-5-(1-hydroxy-3-oxo-2,3-dihydro-1Hisoindol-1-yl)benzene-1-sulfonamide,with molecular formula
C14H11ClN2O4S and molecular weight 338.766 g/mol as
shown in Figure 1. Chlorthalidone inhibits sodium ion
transport across the renal tubular epithelium in the cortical
diluting segment of the ascending limb of the loop of Henle.
By increasing the delivery of sodium to the distal renal
tubule, Chlorthalidone indirectly increases potassium
excretion via the sodium-potassium exchange mechanism.
Literature survey reveals several spectroscopic3-8, RP-HPLC911
, HPTLC,12-13 methods for the estimation of atenolol
individually and in combination with other drugs. Similarly, a
survey of the analytical literature for chlorthalidone revealed
methods based on UV spectroscopy14, HPLC15-16 methods
individually and in combination with other drugs17-21
To date, analytical literature for the simultaneous
determination of atenolol and chlorthalidone revealed
methods based on TLC-Densitometric and chemometric22,
Capillary electrophoresis23,HPLC for determination in
Human Breast milk24, HPLC for determination in Human
plasma25-26. But no HPLC method was reported for their
determination in pharmaceutical dosage form. The present
work describes the development and validation of reverse
phase high performance liquid chromatographic (RP-HPLC)
method, which
can
quantify these components
simultaneously. Confirmation of the applicability of the

developed method was validated according to the
International Conference on Harmonization (ICH) for the
determination of atenolol and chlorthalidone in
pharmaceutical formulations.
MATERIALS AND METHODS
Chemicals and reagents
The solvents used were of HPLC/AR grade. standard samples
of Atenolol and Chlorthalidone are obtained as gift samples
from Hetero Pharmaceuticals Limited, Hyderabad and Mylan
Pharmaceuticals Ltd., Hyderabad, respectively. Marketed
formulation Tenoretic®100 (IPCA pharmacy) was procured
from the local market.
Chromatographic conditions
HPLC system, (Waters 2690 series) with Xterra RP C8
column, (150 x 4.6 mm, 5 µm) was used for the study. The
HPLC system was equipped with Empower software for data
processing. Isocratic elution was performed using potassium
dihydrogen phosphate buffer solution: methanol (50:50v/v,
pH 3.6) with flow rate 0.5 ml/min. Detection was carried out
at 240 nm.
Standard stock solution
A standard stock solution was prepared by accurately
weighing about 100 mg of Atenolol and 25 mg of
Chlorthalidone standard and each drug is transferred into
separate 20 ml volumetric flask; add 5ml of methanol and
sonicate for 10min, make up the volume to 20 with methanol
(stock solution-I). From this stock solution-I, transfer 5ml of
above solution to 50ml volumetric flask and make up the
volume with methanol labeled as stock solution-II.
Sample stock solution
Twenty tablets were weighed and crushed to fine powder.
The tablet powder equivalent to 50 mg of atenolol and 12.5
mg of chlorthalidone was transferred to a 10 ml volumetric
flask and dissolved in 5ml of methanol. The suspension was
sonicated for 15minutes. Finally, the volume was made up to
the mark with methanol. The solution was filtered through
0.4 µm membrane filter paper. Transfer 5ml of the above
solution into 50ml volumetric flask and make up the volume
with methanol. The clear solution obtained was diluted with
the same solvent systems as used for calibration graphs to
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give a final concentration within the range of linearity. 20 μL
of these solutions were injected into the system and the peak
area was recorded from the respective chromatogram.
Calibration curves
For each drug, appropriate aliquots were pipetted out from
each standard stock solution (I) into a series of 20 ml
volumetric flasks. The volume was made up to mark with
methanol to get set of solutions having concentration range
250, 375, 500, 625 and 750 µg/ml for Atenolol and 62.5,
93.75, 125, 156.25 and 187.5 µg/ml of Chlorthalidone.
Triplicate dilutions of each concentration of each drug were
prepared separately. From these triplicate solutions, 20 µl
injections of each concentration of each drug were injected
into the RP-HPLC system separately and chromatographed
under the conditions as described above. Evaluation of both
drugs was performed with UV detector at 240nm. Peak areas
were recorded for all the peaks and peak areas were plotted
against the concentrations to obtain the standard calibration
curves.
Method Validation
The method was validated for the following parameters:
system suitability, linearity, precision, accuracy, selectivity,
robustness and limit of quantitation (LOQ), limit of detection
(LOD) 27.
System suitability
System suitability parameters were analyzed on freshly
prepared standard stock solutions of Atenolol and
Chlorthalidone. Both the drugs were injected 5 times into the
chromatographic
system
under
the
optimized
chromatographic conditions. System suitability parameters
Retention time, Tailing factor,Theoreticalplates, %RSD,
Similarity
factor
were
evaluated.
Linearity
Linearity test solutions for the assay method were prepared
from a stock solution at different concentration levels of the
assay analyte concentration (50, 75, 100, 125 and 150µg/ml).
20 µl of each solution was injected in to the HPLC system
and the peak area of the chromatogram obtained was noted.
The solutions extracted from the marketed formulations
were injected in to the HPLC system and the peak area of
the chromatograms was noted. The analytical curve was
evaluated on three different days. The peak area vs.
concentration data was analyzed with least squares linear
regression. The slope and y-intercept of the calibration curve
was reported.
Precision
The precision (intra-day and inter day precision) of the
proposed methods was ascertained by determination of six
replicates of a fixed concentration within the linearity range
of the mixture of the drugs on the same day and on three
different days
Accuracy (Recovery studies)
The accuracy of the method was determined by recovery
experiments. Known concentration of working standard was

Conc. (µg/ml)
50
75
100
125
150

added to the fixed concentration of the pre-analyzed tablet
solution. Percent recovery was calculated by comparing the
area before and after the addition of working standard. For
both the drugs, recovery was performed in the same way.
This standard addition method was performed at 50%, 100%,
150% level and the percentage recovery was calculated.
Robustness
The robustness study was done by making small changes in
the optimized method parameters like change in flow rate and
column temperature. There was no significant impact on the
retention time and tailing factor.
Limit of detection (LOD) and limit of quantitation (LOQ)
The limit of quantification (LOQ) and limit of detection
(LOD) were based on the standard deviation of the response
and the slope of the constructed calibration curve (n=3), as
described in International Conference on Harmonization
guidelines Q2 (R1)27. Sensitivity of the method was
established with respect to limit of detection (LOD) and LOQ
for Atenolol and Chlorthalidone. LOD and LOQ were
established by slope method as mentioned below.
LOD =

3.3 × standard deviation of y-intercept
Slope of the calibration curve

LOQ=

10 × standard deviation of y-intercept
Slope of the calibration curve

LOD and LOQ were experimentally verified by injecting six
replicate injections of each impurity at the concentration
obtained from the above formula.
Analysis of the marketed formulations
Twenty tablets were weighed and crushed to fine powder.
The tablet powder equivalent to 50 mg of atenolol and 12.5
mg of chlorthalidone was transferred to a 10 ml volumetric
flask and dissolved in 5ml of methanol. The suspension was
sonicated for 15minutes. Finally, the volume was made up to
the mark with methanol. The solution was filtered through
0.4 µm membrane filter paper. Transfer 5ml of the above
solution into 50ml volumetric flask and make up the volume
with methanol. The clear solution obtained was diluted with
the same solvent systems as used for calibration graphs to
give a final concentration within the range of linearity. 20 μL
of these solutions were injected into the system and the peak
area was recorded from the respective chromatogram.
Table 1: System suitability parameters for Atenolol and
Chlorthalidone
Parameters
Atenolol Chlorthalidone
Retention time (min)
3.25
5.05
1.42
1.12
Tailing factor
Theoretical plates
2651
2017
Calibration range (µg/ml)
50-150
50-150
Correlation coefficient
0.9996
0.9996
% RSD
0.30
0.20
*Mean of three replicates

Table 2: Linearity of Atenolol and Chlorthalidone
*Mean area ± SD
*RSD (%)
Atenolol Chlorthalidone
Chlorthalidone Atenolol Chlorthalidone
Atenolol
2030269 ± 11105.60 1301857 ±3098.42
0.55
0.24
2913409 ± 18179.70 1953357 ± 10606.70
0.63
0.54
3991878 ± 8462.78 2695747 ±17037.10
0.21
0.63
5029835 ± 21678.60 3308794 ±9066.10
0.43
0.27
6027432 ± 37852.30 4004688 ±17260.20
0.63
0.43
*Mean of three replicates
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Table 3: Accuracy - recovery studies of Atenolol and Chlorthalidone by standard-addition method
Spike
Amount
Amount
% Recovery Mean % Recovery
Sample no
Level
(µg / ml) added
(µg / ml) found
50 %
249
255.7678
102.72
103.32
50 %
250
261.6083
104.64
50 %
249.75
256.2576
102.61
100 %
496
506.0143
102.02
100.54
ATN
100 %
496.5
494.5998
99.62
495.75
495.6733
99.98
100 %
150 %
700.5
703.9395
100.49
101.68
150 %
699/75
715.2814
102.22
150 %
700.25
716.6557
102.34

CTH

Parameter

Detection wavelength (nm)

Mobile phase composition (v/v)

Column oven temp.
±5ºc

64.1364
64.3939
64.3295
127.7576
127.8864
127.6932
180.4318
180.2386
180.3674

62.4823
64.1656
62.427
129.8157
127.6086
127.4552
181.4974
186.8076
187.7406

97.42
99.65
97.04
101.61
99.78
99.81
100.59
103.64
104.09

98.03

100.40

102.77

Table 4: Robustness study of Atenolol and Chlorthalidone
% Assay
Condition Retention time Tailing factor

Flow rate (mL/min)

pH ±0.1

50 %
50 %
50 %
100 %
100 %
100 %
150 %
150 %
150 %

0.4
0.5
0.6
238
240
242
48:52
50:50
52:48
3.5
3.6
3.7
25
30
35

ATN
CTH
ATN
5.39
8.3
1.46
3.25
5.09
1.42
2.30
3.60
1.48
3.10
5.10
1.48
3.25
5.09
1.42
3.23
5.11
1.52
4.23
6.12
1.45
3.25
5.09
1.42
2.85
4.35
1.45
3.42
5.23
1.53
3.25
5.09
1.42
3.11
4.92
1.44
3.22
5.03
1.39
3.25
5.09
1.42
3.27
5.09
1.38
*Mean of three replicates

CTH
1.23
1.12
1.10
1.26
1.12
1.09
1.22
1.12
1.06
1.21
1.12
1.11
1.13
1.12
1.11

%RSD

ATN

CTH

ATN

CTH

99.93

100.2

0.60

0.92

98.90

99.12

1.02

1.32

99.84

101.2

1.26

1.12

99.53

98.67

1.32

1.43

102.6

99.23

0.32

0.28

Table 4: Analysis of Atenolol and Chlorthalidone commercial formulation (Tablets)
*Recovery (%)
Labeled claim (mg)
*Amount found
(mg)
Atenolol Chlorthalidone
Atenolol
Chlorthalidone Atenolol Chlorthalidone
TENORETIC®100
100
25
99.85
24.81
99.85
99.24
*Mean of three replicates
Formulation

Figure 1: Chemical structure of Atenolol and Chlorthalidone

Figure 2: Representative chromatogram of Atenolol and Chlorthalidone
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Figure 3: Calibration curve of Atenolol

Figure 4: Calibration curve of Chlorthalidone

RESULTS AND DISCUSSION
A reversed-phase chromatographic technique was developed
to quantitate atenolol and chlorthalidone in tablets. Both the
drugs were well resolved on Xterra RP C8 (150 x 4.6 mm, 5
µm) column using potassium dihydrogen phosphate buffer
solution: methanol (50:50v/v, pH 3.6) as demonstrated in
Figure 2. The flow rate was 0.5ml/min with detection at 240
nm. Overall, the data demonstrated that the excipients did not
interfere with atenolol and chlorthalidone peaks, indicating
the selectivity of the method. The complete separation of the
analytes was accomplished in less than 10 min.
HPLC method development and optimization
Initially the samples were analyzed using a mobile phase
potassium dihydrogen phosphate buffer solution: methanol
(70:30, v/v) at a flow rate of 0.8 mL/min. Under these
conditions, the resolution and peak symmetry were not
satisfactory, so the mobile phase was changed to potassium
dihydrogen phosphate buffer solution: methanol (50:50v/v,
pH 3.6) with a flow rate of 0.8 mL/min under which peaks
were well resolved with good symmetry and sharpness.
Therefore, mobile phase containing potassium dihydrogen
phosphate buffer solution: methanol (50:50v/v, pH 3.6) was
chosen for the best chromatographic response for the entire
study.
Method validation
System suitability
The system suitability test was performed to ensure that the
complete testing system was suitable for the intended
application. The parameters measured were peak area,
retention time, tailing factor and theoretical plates. In all
measurements the peak area varied less than 2.0, the average
retention time was 3.25 min and 5.05 min, theoretical plates
were 2651 and 2017(more than 2000) and tailing factor was
1.42 and 1.12 (less than 2) for the Atenolol and
Chlorthalidone peaks as shown in Table 1.respectively. The
proposed method offers high sensitivity and both the peaks
can be detected accurately. In all the cases, the Atenolol and
Chlorthalidone peaks were well separated from the excipients
Linearity
The typical chromatogram for Atenolol and Chlorthalidone
was shown in Figure 2. The calibration curve for Atenolol
and Chlorthalidone were linear over the concentration range
of 50–150 μg/mL. The data for the peak area of the drug in
corresponds to the concentration was treated by linear
regression analysis (Table 2) and the regression equations for
the calibration curves (Figure 3.) were found to be y =
40182x - 16334 and y = 26750x – 18411 (Figure 4.) with

correlation coefficient of 0.9996 which is nearly equals to
unity.
Precision
The precision of the method was determined by repeatability
(intra-day precision) and intermediate precision (inter-day
precision) of the Atenolol and chlorthalidone standard
solutions. Repeatability and intermediate precision was
calculated by assaying six independent samples preparations
from a single lot of formulation on the same day and on three
different days. The % RSD for intra-day and interday
precisions were found to be less than 2% indicating high
degree of precision.
Accuracy
The method accuracy was proven by the recovery test. A
known amount of Atenolol and chlorthalidone standard was
added to aliquots of samples solutions and then diluted to
yield the required concentrations as described in Table 3. The
assay was repeated over 3 consecutive days. The resultant %
RSD was found to be less than 2.0 with a recovery 100.54103.32% and 98.03-102.77 % for Atenolol and
Chlorthalidone respectively.
LOQ and LOD
The LOQ and LOD were determined based on the 10 and 3.3
times the standard deviation of the response, respectively,
divided by the slope of the calibration curve. LOD of
Atenolol and Chlorthalidone was found to be 0.0003 and
0.0001 respectively. LOQ of Atenolol and Chlorthalidone
was found to be 0.001 and 0.0003 respectively.
Robustness
The robustness of an analytical procedure refers to its ability
to remain unaffected by small and deliberate variations in
method parameters and provides an indication of its
reliability for routine analysis 27.The robustness of the
method was evaluated by assaying the same sample under
different analytical conditions deliberately changing from the
original condition. The column oven temperature was set at
25 and 35ºc (±5 ºc). The detection wavelength was set at 238
and 242 nm (± 2 nm), the ratio of percentage of potassium
dihydrogen phosphate buffer solution: methanol in the
mobile phase was applied as 48:52 and 52:48 (± 2 % v/v), the
flow rate was set at 0.4 and 0.6 mL/min (± 0.1 mL/min). The
results obtained from assay of the test solutions as shown in
Table 4.were not affected by varying the conditions and were
in accordance with the results for original conditions. The %
RSD value of assay determined for the same sample under
original conditions and robustness conditions was less than
2.0% indicating that the developed method was robust.
Page 218

G. S Kumar et al. IRJP 2012, 3 (10)
Solution stability and mobile phase stability
The %RSD of the assay of Atenolol and chlorthalidone from
the solution stability and mobile phase stability experiments
was within 2%. The results of the solution and mobile phase
stability experiments confirm that the sample solutions and
mobile phase used during the assays were stable up to 48 h at
room temperature and up to 3 months at 4ºC.
Analysis of commercial formulations (Tablets)
The proposed method was applied to the determination of
Atenolol and Chlorthalidone tablets TENORETIC® 100 and
the result of these assays yielded 99.85and 99.24 % for
Atenolol and Chlorthalidone respectively with RSD < 2.0 %.
The result of the assay (Table 5) indicates that the method is
selective for the assay of Atenolol and Chlorthalidone
without interference from the excipients used in these tablets.
CONCLUSION
The proposed HPLC method was validated as per ICH
guidelines and applied for the determination of Atenolol and
Chlorthalidone in pharmaceutical formulations. The method
was found to be accurate, precise, robust and specific. At the
same time the chromatographic elution step is undertaken in a
short time (< 6 min). No interference was seen from any
components of pharmaceutical dosage form. In conclusion,
the high sensitivity, good selectivity, accuracy and
reproducibility of the proposed method is suitable for
simultaneous determination of Atenolol and Chlorthalidone
in pharmaceutical formulations.
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