
INTRODUCTION

Cinitapride (Figure1A) is a substituted
benzamide that acts as a gastro prokinetic and antiulcer
agent. It is chemically 4-amino-N-[1-(3-cyclohexen-1-
ylmethyl)-4-piperidinyl]-2-ethoxy-5-nitrobenzamide1.
Pantoprazole (Figure 1B) is a proton pump inhibitor drug
used for short-term treatment of erosion and ulceration
of the oesophagus caused by gastro oesophageal reflux
disease. Pantoprazole is chemically 5-
(Difluoromethoxy)-2-[[(3,4- dimethoxy-2-pyridinyl) methyl
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ABSTRACT

A new rapid, precise and sensitive reverse phase high performance liquid chromatographic
(RP-HPLC) method has been developed and validated for the estimation of cinitapride and
pantoprazole simultaneously in combined dosage form. The two components cinitapride and
pantoprazole were well resolved on an isocratic C18 column, utilizing a mobile phase composition
of acetonitrile: phosphate buffer (50:50, v/v, pH 6.8) at a flow rate of 1.0 mL/min with UV detection
at 281 nm. The retention time of cinitapride and pantoprazole were 4.5 min and 5.4min respectively.
The developed method was validated for specificity, linearity, precision, accuracy, limit of detection
(LOD), limit of quantification (LOQ) and robustness as per ICH guidelines.  Linearity for cinitapride
and pantoprazole were found in the range of 1.5-10.5µg/ml and 20-140µg/ml, respectively. The
percentage recoveries for cinitapride and pantoprazole ranged from 97.9-103.44 % and 98.9-
103.1%, respectively. The proposed method could be used for routine analysis of cinitapride and
pantoprazole in their combined dosage forms.
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[sulfynyl]-1H benzimidazole. It acts by the inhibition of
hydrogen-potassium adenosine triphosphatase (H+/ K+

- ATPase) in gastric parietal cells2, 3.

Pantoprazole is official in European
Pharmacopoeia4 and Indian Pharmacopoeia5.
Cinitapride is not official in any Pharmacopoeia.
Literature survey revealed about RP-HPLC
methods for individual drugs 6-12. However, RP-
HPLC methods employing UV-Visible detection
have been reported in combination with other drugs.
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Hence in the present work a simple precise and
accurate, RP-HPLC method was developed for the
estimation of cinitapride and pantoprazole in
combined dosage forms.

MATERIALS AND METHODS

Materials
A reference standard sample of cinitapride

was obtained as a gift sample from Avon organics,
Hyderabad. Pantoprazole was obtained as a gift
sample from Life Line Formulations, Vijayawada.
HPLC grade potassium dihydrogen phosphate
(KH2PO4), sodium hydroxide, acetonitrile and water
were procured from Merck India. For the estimation
of commercial formulation, Cintodac capsules
having cinitapride 3mg and 40mg pantoprazole
manufactured by Cadila health care ltd were
procured from the local market.

Instrumentation
Agilent 1120 compact LC

chromatographic system, with variable wavelength
UV detector and Rheodyne injector equiped with
20 µL fixed loop was used for the chromatographic
separation. The chromatogram was recorded at and
peaks quantified by means of Ezchrome software.
Chromatographic separation was carried out on a
C18 column [Agilent ODS UG 5 column, 250mm x
4.5mm 5µ]. AXIS AGN204–PO electronic balance
was used for weighing the samples. Ultra-sonic bath
sonicator was used for degassing and mixing of the
mobile phase.

Chromatographic conditions
Chromatographic separation of cinitapride

and pantoprazole was carried on a C18 column. The
mobile phase was composed of acetonitrile and
phosphate buffer (pH 6.8) in the ratio of 50:50 v/v. It
was filtered through a 0.45 µ membrane filter and
degassed for 15 minutes. The flow rate of the mobile
phase was maintained at 1 ml/min. Detection was
carried out at 281 nm at ambient temperature.

Method development
Preparation of Standard Stock Solutions

Standard stock solutions were prepared
by dissolving 25 mg of cinitapride and pantoprazole
working standard in two separate 25mL volumetric
flasks using 10mL of mobile phase  and made up to

the mark with mobile phase  to obtain a final
concentration of 1000 µg/mL of each cinitapride and
pantoprazole. From the above stock solutions, 1.5
and 20 ml aliquots each were pipetted in to a 50mL
volumetric flask and dissolved in 25mL of the mobile
phase  and made up to the mark with the solvent to
obtain a final concentration of 30µg/ml and 400 µg/
mL for cinitapride and pantoprazole respectively.
Aliquots of each standard solutions were transferred
to a series of 10ml volumetric flasks and the volume
was made up to mark with mobile phase to give
binary mixtures of various concentrations ie 1.5, 3,
4.5, 6, 7.5, 9, 10.5 µg/mL for cinitapride and
20,40,60,80100, 120,140 µg/mL for pantoprazole

Preparation of Sample solutions
Twenty capsules each containing 40 mg

pantoprazole and 3mg cinitapride were taken.  A
quantity of powder equivalent to 40 mg pantoprazole
and 3mg cinitapride was weighed and transferred
to a 100ml volumetric flask. 50mL of the mobile
phase was added and sonicated for 30 minutes.
The solution was made up to the mark with the
mobile phase and filtered through a 0.45µ
membrane filter. 10 ml aliquot of the above solution
was transferred to a 10 ml volumetric flask to obtain
a concentration of 30 and 400µg/mL of cinitapride
and pantoprazole respectively.

Method validation
The developed HPLC method for the

simultaneous determination of cinitapride and
pantoprazole was validated as per the ICH
guidelines13,14.

System suitability
System suitability for chromatographic

separation was checked on each day of validation
to evaluate the components of the analytical system
in order to show that the performance of the system
meet the standards required by the method. System
suitability parameters established for the developed
method include number of theoretical plates
(efficiency), Resolution, Tailing factor. The HPLC
system was equilibrated using the initial mobile
phase composition, followed by 5 injections of the
standard solution of 100% concentration containing
10.5 µg/mL cinitapride and 140 µg/ml pantoprazole.
These 5 consecutive injections were used to
evaluate the system suitability on each day of
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method validation. The result was given in the
Table 1.

Specificity
For determining the specificity of the

method, 100% test concentration was injected to
the chromatographic system in triplicate.
Interferences due to the presence of excipients were
not traced in the chromatogram and the
chromatographic parameters were not affected.
Thus the selected method was specific for the
determination of the marketed formulation.

Linearity and range
The linearity was evaluated using external

calibration curve with seven calibration levels
prepared in triplicate (n=3). Appropriate aliquots
were pipetted out from the standard stock solution
into a series of 10mL volumetric flasks obtain a
concentration range, ranging from 1.5-10.5µg/mL
of cinitapride and 20-140µg/mL of pantoprazole.
The responses were measured as peak area. The
calibration curves were obtained by plotting peak
area against concentration .The result of regression
analysis was given in the Table 2.

Accuracy
The accuracy of an analytical method is

the closeness of results obtained by that method to
the true value for the sample. It is expressed as
recovery (%), which is determined by the standard
addition method. In the current study recovery at
three spike levels 80%, 100% and 120% were
carried out. The % recovery at each spike level was
calculated and was given in Table 3.

Precision
The precision of an analytical method is

the closeness of replicate results obtained from
analysis of the same homogeneous sample. Precision
was considered at different levels, i.e. method, system,
interday and intraday. Precision of the developed
method was assessed by measuring the response
on the same day (intraday precision) and next two
consecutive days (inter day precision). The precision
of the method was assessed by six replicate injections
of 100% test concentration. Intra and inter-day
precision of the method was assessed by
determination of standard deviation and % RSD for
the analyte response. The result was given in Table 4.

LOD and LOQ
LOD and LOQ values were determined

by the formulae LOD = 3.3 σ/S and LOQ = 10 σ/S
(Where, σ is the standard deviation of the
responses and S is the slope of the calibration
curves). In the present method σ is the mean of
standard deviation of y intercepts of the three
calibration curves and S is the mean of slopes of
the calibration curves. The result was given in Table
5.

Robustness
The robustness of the method was

determined by assessing the ability of the
developed method to remain unaffected by the
small changes in the parameters such as percent
organic content, pH of the mobile phase, buffer
concentration, temperature, injection volume and
flow rate. A deviation of ± 2nm in the detection
wavelength, ± 0.1 mL/min in the flow rate, ± 5%
change in the organic phase were tried individually.
The result was given in the Table 6.

RESULTS AND DISCUSSION

Column chemistry, solvent selectivity,
solvent strength (volume fraction of organic
solvent(s) in the mobile phase), detection
wavelength and flow rate were varied to determine
the chromatographic conditions for giving the best
separation. Several mobile phase compositions
were tried to resolve the peaks of cinitapride and
pantoprazole. The optimum  optimum results were
attained with acetonitrile: phosphate buffer (pH 6.8)
in the ratio 50:50(v/v) because it could resolve the
peaks of cinitapride with retention time at 4.5 min
and pantoprazole retention time at  5.4 min. The
two peaks were symmetric and sufficiently resolved.

System suitability was carried out by
injecting 5 replicate injections of 100%
concentration of cinitapride and pantoprazole. With
increment of injection volumes, the tailing factor
was less than 1.5 for both cinitapride and
pantoprazole. The theoretical plate number was less
than 1% and is satisfactory. The resolution was found
to be greater than 2 and the other parameters are
presented in Table 1.

Specificity of the chromatographic method
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Table 1: System suitability Parameters

Parameter Cinitapride Pantoprazole

No. of theoretical plates 12883 13928
Tailing factor 1.2 0.97
Retention time 4.5min 5.4min
Resolution 2.36

Table 2: Linearity and Range

Parameter Cinitapride Pantoprazole

Linearity range (µg/mL) 1.5-10.5 20-140
Correlation coefficient 0.9992 0.9994
Slope 821585.4 704725.3
y-intercept -501796 -5829605
Regression equation y= 821585.4 y=704725.3

x +501796 x +5829605

Table 3: Results ofAccuracy

Recovery Cinitapride Pantoprazole
Amount Amount % Amount Amount %

level Added Found Recovery Added  Found Recovery
(µg/mL) (µg/mL) w/w (µg/mL) (µg/mL) w/w

Std. test Std. test

80% 6 1.5 7.38 98.5 80 20 101.2
101.2
100% 7.5 1.5 9.3 103.4 100 20 123.78
103.1
120% 9 1.5 10.28 97.9 120 20 138.49
98.92
Mean Recovery                                         97.9-103.44%                                 98.92-103.1%

Table 4: Results of Precision

Parameters Cinitapride  (10.5µg/mL) Pantoprazole  (140µg/mL)

Intra day Inter day Intra day Inter day

Avg. Peak Area 6844985 8062795 79304560 79464919
SD 86544.09 93969.02 722731.5 847871.5
% RSD 1.2643 1.36 0.9113 1.06

was tested by injecting sample concentration
prepared from marketed formulation. The response
was compared with that obtained from the standard

drug. The chromatogram confirms the presence of
Cinitapride and Pantoprazole at 4.5min and 5.4min
respectively without any interference. Thus the
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Table 5: Results of LOD and LOQ

Parameter Cinitapride Pantoprazole

LOD µg/mL 0.347 3.384
LOQµg/mL 1.042 10.152

Table 6: Results of Robustness (n=3)

Parameter % RSD
Cinitapride Pantoprazole

Wavelength ±2nm 280nm 0.41 0.33
282nm 0.42 0.37

Flow rate mL/min 0.9mL 0.62 0.42
1.1mL 0.77 0.44

Mobile phase composition ±5% v/v 55:45 0.81 0.59
45:55 0.98 0.64

Table 7: Results of assay of marketed formulation (n=3)

Drug Amount claimed Amount recovered  Assay content
(mg per tablet) (mg per tablet) (%w/w)

Cinitapride 3 2.98 99.33
Pantoprazole 40 40.26 100.65

(A) (B)

Fig 1: Molecular structures of (A) Cinitapride and (B) Pantoprazole

developed method was specific for analyzing the
commercial formulations for cinitapride and
pantoprazole. An optimised chromatogram with the
retention times of cinitapride and pantoprazole was
shown in the Figure 2.

The peak areas corresponding to the

concentration range of cinitapride 1.5 -10.5 µg/mL
and pantoprazole 20-140 µg/ml prepared in
triplicate were plotted against the respective
concentrations. The calibration curves were linear
in the range studied for Cinitapride and
Pantoprazole, respectively, with mean correlation
coefficients (n=3) of 0.999 and higher, the
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representative calibration curve is shown in Figure
3. The regression analysis was given in Table 2.

Accuracy of the proposed method was
assessed by standard addition method at 80%,
100% and 120% levels of recovery to the pre
analyzed sample in triplicate. The recovery of the
added standard to the sample was calculated and
it was found to be 97.9-103.44 %w/w for cinitapride
and 98.9-103.1%w/w for pantoprazole respectively
and the % RSD was less than 2 for both the drugs
which indicates good accuracy of the method. The
result of recovery was given in table 3.

LOD and LOQ were calculated from the
average slope and standard deviation of y-
intercepts of the calibration curve. Limit of detection
for cinitapride and pantoprazole were 0.34 µg/mL
and 3.38µg/mL respectively where as limit of
quantitation of cinitapride and pantoprazole were

1.04 µg/mL and 10.15 µg/mL respectively indicating
high sensitivity of the method. LOD and LOQ value
was given in table 5. The method is precise with a
%RSD of less than 2 for both Cinitapride and
Pantoprazole respectively. The results of intraday
and inter day precision was given in table 4.

Robustness was carried out by change in
the flow rate (±1mL/min), mobile phase variation
(±5%) and variation in wavelength (± 2 nm).
Solution of 100% concentration is prepared and
injected in triplicate for each varied operational
condition and % R.S.D was found to be less than 2.
The result was given in table 6.

The proposed method was applied for the
assay of commercial formulation containing
cinitapride and pantoprazole. Each sample was
analyzed in triplicate. The mean recovery values
were 99.47 and 100.45 for cinitapride and

Fig. 2: An optimised chromatogram of test solution containing
10.5 µg/mL of Cinitapride and 140¼g/mL of Pantoprazole

Fig. 3: Calibration curve of Cinitapride and Pantoprazole
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pantoprazole. The result of estimation was given in
table 7.

CONCLUSION

The proposed RP-HPLC method for
simultaneous assay cinitapride and pantoprazole
in combined dosage forms was validated, and found
to be applicable for routine quantitative analysis of
cinitapride and pantoprazole. The results of linearity,
precision, accuracy and specificity, were proved to
be within the limits. The method provides selective
quantification of cinitapride and pantoprazole with

no interference from other formulation excipients.
Therefore, this method can be employed for the
routine analysis for simultaneous estimation
cinitapride and pantoprazole in quality control of
formulations and also in the dissolution studies.
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