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hypertension. The mixture of chlorthalidone and benidipine in tablet dosage form has not been
previously determined by any method. A stability indicating HPLC method was developed for
the simultaneous determination of benidipine and chlorthalidone in bulk and tablets.

Methods: Chromatographic separation was accomplished in a reverse phase system using

ﬁZrﬁZirs;e an isocratic elution with a mobile phase composed of methanol-0.1M dipotassium hydrogen

-Chlorthalidone phosphate buffer (40:60, v/v), at 1 ml/min flow rate. The photodiode array (PDA) detector

-Degradation set at 260 nm was used to detect and quantify benidipine and chlorthalidone. Benidipine and

-Tablets chlorthalidone tablet samples were subjected to degradation under acid, neutral, alkali, thermal,

:;Ir}:;l;:sis photo and oxidative. The proposed method was effectively adapted to quantify benidipine and
chlorthalidone in the combined tablet formulation.
Results: The elution times for benidipine and chlorthalidone were approximately 4.573 min and
6.422 min, respectively. The method was validated within a concentration range of 2 - 6 ug/ml
(R*=0.9997) for benidipine and 6.25 - 18.75 ug/ml (R* = 0.9998) for chlorthalidone. Adequate
results were obtained for precision (RSD% = 0.106% for benidipine and RSD% = 0.031% for
chlorthalidone) and accuracy (99.95 - 100.25 % mean recovery for benidipine and 99.60 -
99.63% mean recovery for chlorthalidone). Robustness has also been found to be acceptable.
During the degradation study, interference was not noticed in the analysis of studied drugs.
Conclusion: The findings demonstrated that the method could be useful for determination of
the selected drug combination in routine analysis.

Introduction

Benidipine is a Ca®* channel blocker. It is a derivative of
synthetic dihydropyridine with IUPAC name (3R)-1-
Benzyl-3-piperidinyl —methyl (4R)-2,6-dimethyl-4-(3-
nitrophenyl)-1,4-dihydro-3,5-pyridinedicarboxylate.'*
Benidipine has anti-anginal and anti-hypertensive
activities. Chlorthalidone is a thiazide-like diuretic agent.
It is a sulfonamide with IUPAC name (RS)-2-Chloro-5-(1-
hydroxy-3-oxo-2,3-dihydro-1H-isoindol-1-yl)benzene-
1-sulfonamide.®® It has anti hypertensive and diuretic
activities. The chemical structures of benidipine and
chlorthalidone are given in Figure 1.

The combination of chlorthalidone and benidipine was
used to manage increased blood pressure (hypertension).’
This combination is available as tablet dosage form with
brand names: Benitowa-CH (Akumentis Healthcare
Ltd), Beniduce CH (Macleods Pharmaceuticals Pvt Ltd),
Benidin CH (Lloyd Healthcare Pvt Ltd), Benina C (UTH
Healthcare) and Benitowa-CH (Akumentis Healthcare Ltd).

In all brands, the strength of each tablet is 4 mg benidipine
and 12.5 mg chlorthalidone. In this combination,
benidipine relaxes the blood vessels and makes the heart
very effective in pumping blood all through the body and
chlorthalidone removes excess water and some electrolytes
from the body by increasing the volume of urine generated.
Literature study revealed few methods for the quantification
of chlorthalidone and benidipine as a single component in
bulk, formulation and human plasma. These methods are:
spectrophotometric,'®!” fluorimetric'®, high-performance
liquid chromatography (HPLC),"*! LC-MS,** GC-MS*
and voltametric.”

To the best of our thorough literature survey, the mixture
of chlorthalidone and benidipine in tablet dosage form was
not previously determined by any method. The purpose
of this investigation was to develop an effective and
simple stability indicating method for the simultaneous
quantification of chlorthalidone and benidipine using
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Figure 1. Chemical structures of benidipine and chlorthalidone.

reversed-phase HPLC. The developed method was
validated and then adopted to analyze chlorthalidone and
benidipine in tablets.

Materials and Methods
Materials
Standards of benidipine and chlorthalidone were

supplied by Prayosha Healthcare Pvt, Ltd (Gujarat,
India) and Pronter Pharma drugs Pvt. Ltd (Hyderabad,
India). Benitowa-CH Tablets (Akumentis Healthcare
Ltd, Gujarat, India) labeled to have 4 mg of benidipine
and 12.5 mg of chlorthalidone was procured and used
for analysis. Methanol (HPLC grade) was obtained from
Merck specialties Ltd (Telangana, India). Dipotassium
hydrogen phosphate, sodium hydroxide, phosphoric
acid, hydrochloric acid and hydrogen peroxide were of
analytical grade and procured from Sd Fine-Chem Limited
(Tamilnadu, India). The water of HPLC grade (Milli Q,
Millipore, USA) was utilized.

Chromatographic conditions

The Waters Alliance 2695 model HPLC system composed
of quaternary pump, autosampler and photodiode array
detector was utilized. A C18 Kromasil column (5 pm
particles, 250 mm X 4.6 mm i.d) was used for separation
and analysis of benidipine and chlorthalidone. The
operating temperature was set at 25°C. The mobile phase
utilized consisted of a combination of methanol and 0.1
M dipotassium hydrogen phosphate buffer (adjusted at
pH 4.5 with orthophosphoric) in the ratio of 40:60 (v/v)
in an isocratic mode flow rate at 1.0 ml/min. The injection
volume was 10 pl. The detector has been fixed at 260 nm
for the simultaneous determination of benidipine and
chlorthalidone. The chromatographic information was
gathered and processed using a computer system with
Water Alliance empower 2 software.

Preparations

Stock solution

Stock solution of benidipine (40 pg/ml) and chlorthalidone
(125 pg/ml) was prepared by dissolving benidipine (4
mg) and chlorthalidone (12.5 mg) standards in diluent
(methanol and 0.1 M dipotassium hydrogen phosphate
buffer, ratio 40:60, v/v).

Solutions for calibration graph
Stock solution (benidipine - 40 pg/ml and chlorthalidone
- 125 pg/ml) was accurately diluted with diluent to obtain
the following concentrations:
Solution I: benidipine - 2 pg/ml and chlorthalidone - 6.25

pg/ml
Solution 2: benidipine - 3 ug/ml and chlorthalidone - 9.375
pg/ml
Solution 3: benidipine - 4 pg/ml and chlorthalidone - 12.5
pg/ml

Solution 4: benidipine - 5 pg/ml and chlorthalidone -
15.625 pg/ml

Solution 5: benidipine - 6 ug/ml and chlorthalidone - 18.75
pg/ml

Solutions for validation

Stock solution (benidipine - 40 pg/ml and chlorthalidone
- 125 pg/ml) was accurately diluted with diluent to obtain
a solution with a concentration of 4 pg/ml benidipine and
12.5 pg/ml chlorthalidone.

Tablet sample solution

Twenty tablets were finely powdered and weighed. A
powder amount equal to 12.5 mg of chlorthalidone and
4 mg of benidipine was transferred to a 100 ml flask and
sonicated for 20 min with 60 ml of diluent. The solution
was filtered and the volume was diluted to 100 ml mark
with the diluent (Concentration: benidipine - 40 pg/ml
and chlorthalidone - 125 pug/ml). From this solution, 1 ml
aliquot was transferred to 10 ml flask and the volume was
diluted to 10 ml mark with the diluent to get a solution
with a concentration of 4 pug/ml benidipine and 12.5 pg/ml
chlorthalidone.

Degradation of benidipine and chlorthalidone

* Hydrolysis with acid: 10 ml of tablet sample solution
(benidipine - 40 pg/ml and chlorthalidone - 125 pg/
ml) was mixed with 10 ml of 0.1N HCI and sonicated at
ambient temperature for 30 min.

* Hydrolysis with alkali: 10 ml of tablet sample solution
(benidipine - 40 pg/ml and chlorthalidone - 125 pg/ml)
was mixed with 10 ml of 0.IN NaOH and sonicated at
ambient temperature for 30 min.

* Wet degradation with water: 10 ml of tablet sample
solution (benidipine - 40 pug/ml and chlorthalidone -
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125 pg/ml) was mixed with 10 ml of distilled water and
sonicated at ambient temperature for 30 min.

Oxidative degradation with hydrogen peroxide: 10 ml
of tablet sample solution (benidipine - 40 pg/ml and
chlorthalidone - 125 ug/ml) was mixed with 10 ml of 30%
hydrogen peroxide and sonicated at ambient temperature
for 30 min.

Degradation with dry heat: A powder amount equal to
12.5 mg of chlorthalidone and 4 mg of benidipine was
spread in a petri plate and placed in an oven set at 105°C
temperature for 30 min.

Degradation with sunlight: A powder amount equal to
12.5 mg of chlorthalidone and 4 mg of benidipine was
spread in a petri plate and placed in direct sunlight for
24 hr.

Following degradation, each sample collected under each
condition of degradation was diluted properly with diluent
to get a solution with a concentration of 4 pg/ml benidipine
and 12.5 pg/ml chlorthalidone.

Procedures

Calibration graphs

For this, five calibration solutions in the range of 2-6 ug/ml
(benidipine) and 6.25-18.75 pg/ml (chlorthalidone) were
prepared. These solutions were injected into the system
and analyzed by the suggested conditions. Benidipine and
chlorthalidone calibration curves were assessed by plotting
the drug peak area versus drug concentration. Regression
equations for benidipine and chlorthalidone were also
determined.

Determination of benidipine and chlorthalidone in tablets
The prepared tablet sample solution was subjected to
analysis by the suggested conditions in triplicate. The
benidipine and chlorthalidone peak areas were referred to
corresponding regression equations to obtain the sample
concentration and nominal percent of the labeled claim.

Degradation study

Forced degradation experiments were conducted on
bendipine and chlorthalidone combination tablets under
different conditions as described in QlA (R2) ICH
guideline.”® The conditions include: acid, alkali, wet, dry
heat, oxidative and photolytic. The degraded solutions were
injected in the system and analyzed with the suggested
conditions. The obtained chromatograms were explored for

peak areas and additional peak appearance. The decrease
in the drug peak area was considered as degradation. The
occurrence of additional peaks and its resolution from the
peaks of benidipine and chlorthalidone were considered as
an indication of specificity and stability indicating nature
of the method.

Results and discussion

Method optimization

The optimum conditions required for the quantitative
analysis of benidipine and chlorthalidone with maximum
sensitivity were determined by selecting the analytical
column, varying the mobile phase composition, ratio
and pH followed by observing its effects on peak width,
peak symmetry, retention time and resolution. The
chromatographic separation was executed on different
HPLC columns including Kromasil C18, Waters C18 and
Inertsil C18. Finally, Kromasil C18 column with ambient
temperature was selected as it provided good resolution
between peaks of benidipine and chlorthalidone with good
peak shape.

Solvent systems like 0.1% orthophosphoric acid buffer
with methanol, 0.1M sodium dihydrogen phosphate bufter
with methanol and 0.1M dipotassium hydrogen phosphate
with methanol were investigated with different ratios,
pH and flow rate. Good peak shapes, good resolution
with high sensitivity and reasonable retention time were
obtained with the following conditions: solvent system
as mobile phase - 0.1M dipotassium hydrogen phosphate
and methanol in the ratio of 60:40, v/v; flow rate - 1.0
ml/min; pH - 4.5. The wavelength of 260 nm was found
to be suitable for the quantification of benidipine
and chlorthalidone. Using recommended conditions,
benidipine and chlorthalidone were eluted at 4.573 min
and 6.422 min (Figure 2), respectively.

Method validation
The procedure was validated in accordance with the ICH Q2
(R1) regulations for pharmaceutical sample assessment.”

System suitability

This was tested by injecting the standard solution (4 pg/ml
benidipine and 12.5 pg/ml chlorthalidone) in five replicates.
The relative standard deviation values for peak areas and
retention times of selected drugs were determined. Plate
count, peak asymmetry and resolution factor were also
determined for both drugs. The determined values were
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Figure 2. Elution of benidipine and chlorthalidone using recommended conditions.
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compared with the recommended limits of ICH. All the
values are within the acceptance limits, so the system is
appropriate for the simultaneous analysis of benidipine
and chlorthalidone. The results are shown in Table 1.

Table 1. Benidipine and chlorthalidone system suitability results.

Statistical = o PR PC  PA Rs
evaluation

Benidipine

Mean* 4.602 3398873 6926 1.188 -

SD 0.0281 2372.76 13.221 0.004 -

% RSD 0.612 0.070 0.191 0.376 -
Chlorthalidone

Mean* 6.436 8632165 8662 1.118 5.086
SD 0.0141 4749.61 26.025 0.004 0.065
% RSD 0.219 0.055 0.300 0.400 1.286

Recommended limits

ICH limits RSD:<2% RSD:<2% >2000 <2 22

* mean of five values; ET - elution time; PR - Peak area response;
PC - plate count; PA - peak asymmetry; Rs - resolution.

Selectivity

Standard solution (4 pg/ml of benidipine and 12.5 pg/
ml of chlorthalidone), tablet sample solution (4 pg/ml of
benidipine and 12.5 pg/ml of chlorthalidone) and mobile
phase blank solution were injected separately into the
system and chromatograms obtained were compared. No
interfering peak was observed near the retention times
of benidipine and chlorthalidone in the chromatograms
of tablet and mobile phase blank. This demonstrated the
method’s selectivity.

Linearity

The linearity was determined using five point calibration
curve that represented the relationship between the values
of peak area and analyte (benidipine and chlorthalidone)
concentration. Table 2 shows the calibration data. Linearity
was confirmed through values of correlation coefficient (>
0.999).

LOD and LOQ

LOD was defined as 3.3 x standard deviation of regression
line’s intercept/Slope of calibration graph. LOQ was defined
as 10 x standard deviation of regression line’s intercept/
Slope of calibration graph. The determined values are
shown in Table 2. The low values of obtained LOD and
LOQ indicated the good sensitivity of the method.

Table 2. Calibration and sensitivity data of benidipine and chlor-
thalidone.

Parameter Benidipine  Chlorthalidone
Linearity (ug/ml) 2-6 6.25-18.75
Slope (m) 84925 69123
Intercept (1) 2130 9755
Correlation coefficient (R?) 0.9997 0.9998
LOD (pg/ml) 0.004 0.005
LOQ (ug/ml) 0.013 0.016

Precision

Intra-day and inter-day precision were performed with
working standard solution at a concentration of 4 ug/
ml benidipine and 12.5 ug/ml chlorthalidone. Precision
results were expressed as relative standard deviation of
peak area values. Acceptance criteria for precision stated
that the percent relative standard deviation should be <2%.
The results (Table 3) demonstrated the precision of the
method.

Table 3. Precision data of benidipine and chlorthalidone.

Injection no. Benidipine Chlorthalidone
Intra-day

Peak area® 3394260 8636063

SD* 3598.601 2683.512
RSD** 0.106 0.031
Inter-day

Peak area® 3392321 8635564

SD* 2577.360 3227.561
RSD** 0.076 0.037

*SD - standard deviation;**RSD — percent relative standard
deviation; $ - mean of six determinations; $$ - mean of three
determinations

Ruggedness

Ruggednesswas performed using working standard solution
(4 pg/ml of benidipine and 12.5 pg/ml of chlorthalidone)
with two different analysts and two different HPLC systems
(instrument 1 - Waters Alliance HPLC system; instrument
2 - Schimadzu HPLC system). Ruggedness results were
expressed as relative standard deviation of peak area
values. Acceptance criteria for ruggedness stated that the
percent relative standard deviation should be <2%. From
the results (Table S1 in supplementary data), the proposed
method was demonstrated as rugged.

Accuracy

Accuracy was evaluated by adding pure standards of
benidipine and chlorthalidone to the pre-analyzed tablet
sample solution at three levels of concentration (50%,
100%, and 150%). Accuracy results were expressed as
percent recovery of added benidipine and chlorthalidone.
Acceptance criteria for accuracy stated that the percent
recovery should be within 98-102%. The percent recoveries
of benidipine and chlorthalidone determined (Table 4)
suggested excellent accuracy of the method.

Robustness

The robustness was evaluated by investigating the change
of flow rate, temperature, methanol ratio in the mobile
phase, pH of mobile phase and detection wavelength on the
system suitability parameters. Under studied conditions, no
substantial changes were noticed in the system suitability
parameters. The results demonstrated the robustness of the
method (Table S2 in supplementary data).
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Table 4. Accuracy data of benidipine and chlorthalidone.

Spiked level (%) Concentration added (pug/ml) Concentration found*(ug/ml) SD Recovered(%) RSD (%)
Benidipine
50 2 1.999 0.0044 99.95 0.226
100 4 4.008 0.0023 100.19 0.055
150 6 6.015 0.0017 100.25 0.032
Chlorthalidone
50 6.25 6.225 0.0036 99.60 0.063
100 12.50 12.452 0.0046 99.62 0.041
150 18.75 18.680 0.0137 99.63 0.077

*mean of three values; SD — standard deviation; RSD — percent relative standard deviation.

Table 5. Degradation data of benidipine and chlorthalidone.

Condition Ben peak area Benrecovered % Ben degraded % Chl peak area Chlrecovered % Chl degraded %
Undegraded 3398873 100.00 - 8632164 100.00 -
Acid 3345851 98.44 1.56 8069347 93.48 6.52
Base 3217033 94.65 5.35 8298099 96.13 3.87
Oxidation 3067483 90.25 9.75 7947633 92.07 7.93
Thermal 3323078 97.77 2.23 8516493 98.66 1.34
Photo 3325117 97.83 217 8506998 98.55 1.45
Water 3378820 99.41 0.59 8550158 99.05 0.95
Ben — benidipine; Chl — chlorthalidone.
Table 6. Benidipine and chlorthalidone content in Benitowa-CH tablet.
Labeled claim (mg) Determined value (mg) Recovered (%) Mean recovery (%) SD RSD
Benidipine
4 3.998 99.95
4 4.008 100.19 100.13 0.1587 0.159
4 4.010 100.25
Chlorthalidone
12.5 12.450 99.6
12.5 12.453 99.62 99.62 0.0153 0.015
12.5 12.454 99.63
SD - standard deviation; RSD — percent relative standard deviation
Specificity Conclusion

The specificity was evaluated by analyzing tablet sample
solution (4 pg/ml of benidipine and 12.5 pg/ml of
chlorthalidone) that was exposed to different degradation
conditions (acid, alkali, wet, dry heat, oxidative and
photolytic). The degradation study was done to show
the method’s capability to quantify benidipine and
chlorthalidone simultaneously in the presence of possible
degradants. The results are summarized in Table 5. The
chromatograms of degradation study are given in Figure
S1 in supplementary data. From the chromatograms it
was noticed that there was a clear separation of benidipine
and chlorthalidone peaks from degradants. This indicated
the good specificity and stability-indicating ability of the
method.

Benidipine and chlorthalidone content in marketed tablet
product

Benidipine and chlorthalidone content of marketed tablet
product, Benitowa-CH, was determined by the proposed
method. The outcomes (Table 6) were in good agreement
with the labeled claim.

A new stability indicating HPLC method was established for
the simultaneous analysis of benidipine and chlorthalidone
in tablets. All parameters of validation agreed with the
acceptance criterion of ICH. The system suitability shows
excellent analytical efficiency and reproducibility. This
method allowed the accurate quantification of benidipine
and chlorthalidone, so it can be used in quality control
analysis. The degradation products formed under different
degradation conditions were well resolved from benidipine
and chlorthalidone, showing that the procedure was
capable of indicating stability.
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