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ABSTRACT

A simple, rapid, accurate, and cost-effective UV spectrophotometric method was developed and validated
for the quantitative estimation of Ranolazine in pharmaceutical tablet formulations. Ranolazine, an anti-
anginal drug used in the treatment of chronic stable angina, was analyzed using a hydrotropic solubilizing
agent (0.2 M urea) as the solvent. The absorption maximum (Amax) of Ranolazine was found to be 271 nm.
The method showed good linearity in the concentration range of 40-120 pg/mL with a correlation
coefficient (R?) of 0.9986. The developed method was validated according to ICH guidelines for parameters
such as precision, accuracy, linearity, limit of detection (LOD), limit of quantification (LOQ), robustness, and
ruggedness. The LOD and LOQ values were found to be 3.35 pg/mL and 10.16 pg/mL respectively. The
percentage recovery ranged between 100-102%, confirming the accuracy of the method. The developed
method was successfully applied for the assay of Ranolazine tablets with satisfactory results. The results
demonstrated that the proposed method is reliable and suitable for routine quality control analysis of

Ranolazine in pharmaceutical formulations.
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INTRODUCTION

Analytical method development and validation are
integral components of pharmaceutical drug
development and Chemistry, Manufacturing, and

Controls (CMC). These processes ensure that
analytical procedures used for the evaluation of drug
substances and drug products are reliable,
reproducible, and suitable for their intended
purpose. The primary objective of method
development and validation is to establish
procedures capable of accurately determining the
identity, purity, potency, and stability of
pharmaceutical compounds, thereby ensuring
product quality, safety, and efficacy [1,2].

Analytical chemistry plays a significant role in
pharmaceutical sciences as well as in various
interdisciplinary fields such as medicine, forensic
science, and environmental analysis. Analytical
methods are broadly classified into qualitative and
quantitative techniques. Qualitative methods provide
information regarding the identity of chemical
species or functional groups present in a sample,
whereas quantitative methods determine the
concentration or amount of analytes. Various
physicochemical properties, including absorption
and emission of electromagnetic radiation, are
commonly utilized for analytical estimations. Among
these, spectrophotometric techniques are widely
employed due to their simplicity, sensitivity, and
cost-effectiveness [3].
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In pharmaceutical analysis, analytical methods are
essential for the determination of active
pharmaceutical ingredients (APIs), impurities,
degradation products, and metabolites in biological
and formulation matrices. These methods also play a
critical role in quality control and regulatory
compliance. When the quality of a drug product is
questioned, analytical testing serves as a key tool to
investigate and confirm product integrity [4].

Analytical method development involves the
systematic selection and optimization of analytical
procedures to achieve desired performance
characteristics such as accuracy, precision,
specificity, and robustness. The analytical procedure
includes all steps necessary to perform the analysis,
including sample preparation, use of reagents and
reference standards, instrumentation, calibration,
and data analysis [5].

Analytical methods are categorized into classical
(non-instrumental) and instrumental techniques.
Instrumental methods further include spectral,
separative, and electroanalytical techniques. Spectral
methods, such as UV-Visible spectroscopy, are based
on the interaction of electromagnetic radiation with
matter, while electroanalytical methods measure
electrical parameters such as potential, current, and
conductivity [3,6].

Method validation is defined as the process of
establishing documented evidence that an analytical
method consistently produces reliable results within
specified limits. According to guidelines provided by
the International Council for Harmonisation (ICH)
and pharmacopeial standards, validation parameters
include accuracy, precision, specificity, linearity,
range, limit of detection (LOD), limit of quantitation
(LOQ), and robustness [1,7].

Accuracy refers to the closeness of agreement
between the measured value and the true value,
whereas precision indicates the reproducibility of
results under specified conditions. Robustness
evaluates the method’s ability to remain unaffected
by small variations in experimental parameters.
Linearity and range establish the relationship
between analyte concentration and response, while
LOD and LOQ determine the sensitivity of the method
[7,8].

Among various analytical techniques, UV-Visible
spectrophotometry is widely used in pharmaceutical
analysis due to its rapid analysis, simplicity, and
applicability for a wide range of compounds. The
technique is based on the absorption of ultraviolet or
visible radiation by molecules, resulting in electronic
transitions. The instrumentation typically consists of
a light source, wavelength selector, sample holder
(cuvette), and detector, which collectively enable
accurate measurement of absorbance [6,9].

In conclusion, analytical method development and
validation are essential for ensuring the reliability of

analytical data and compliance with regulatory
requirements. A well-developed and validated
method significantly contributes to the success of
pharmaceutical development and quality assurance
processes.

MATERIALS

Ranolazine active pharmaceutical ingredient (API)
was obtained as a gift sample from Yarrow Chem
Products. Commercially available Ranolazine tablets
(500 mg label claim) were procured from a local
retail pharmacy. All chemicals and reagents used in
the study were of analytical grade. A 0.2 M urea
solution was prepared and used as the solvent
throughout the analysis.

Instruments

The analysis was carried out using a double beam UV-
Visible spectrophotometer (Model: GI-5700, Genius).
Weighing of samples was performed using a
calibrated electronic analytical balance (KAB Series).
All glassware used was of standard quality and
properly calibrated.

METHODOLOGY

Solvent Selection: Solvent selection was performed
based on solubility studies of Ranolazine API. Various
solvents were evaluated, including hydrochloric acid
and hydrotropic agents such as urea, sodium
salicylate, and sodium benzoate. Among these,
Ranolazine exhibited good solubility in 0.2 M urea
solution. Hence, 0.2 M urea was selected as the
optimal solvent for further analysis.

Determination of Maximum Wavelength (Amax):
A standard solution of Ranolazine (100 pg/mL) was
prepared and scanned over the UV range of 200-400
nm using 0.2 M urea as blank. The maximum
absorbance (Amax) was observed at 271 nm, which
was selected for further analysis.

Preparation of Standard Stock Solution: An
accurately weighed quantity of 100 mg of Ranolazine
API was transferred into a 100 mL volumetric flask
and dissolved in 0.2 M urea solution. The volume was
made up to the mark to obtain a stock solution. From
this, 10 mL was further diluted to 100 mL with the
same solvent to obtain a working stock solution of
100 pg/mL.

Preparation of Working Standard Solutions:
Aliquots of the working stock solution were pipetted
into 100 mL volumetric flasks to obtain
concentrations of 40, 60, 80, 100, and 120 pg/mL. The
volume was adjusted with 0.2 M urea solution.

Method  Validation: The  developed UV
spectrophotometric method was validated as per ICH
guidelines with respect to the following parameters:

Linearity and Range: Linearity was evaluated by
analyzing solutions in the concentration range of 40-
120 pg/mLat 271 nm. A calibration curve was plotted
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between concentration and absorbance, and

correlation coefficient (R?) was determined.

Precision: Precision was evaluated in terms of
intraday and interday variations.

e Intraday precision: Standard solutions
were analyzed three times within the same
day.

e Interday precision: The same procedure
was repeated on different days.

The results were expressed as percentage relative
standard deviation (%RSD).

Limit of Detection (LOD)
Quantification (LOQ)

LOD and LOQ were determined based on the
standard deviation of the response and slope of the
calibration curve, indicating the sensitivity of the
method.

and Limit of

Accuracy: Accuracy was assessed using the standard
addition method at three levels (50%, 80%, and
100%). Known amounts of standard Ranolazine were
added to pre-analyzed tablet samples, and
percentage recovery was calculated.

Robustness: Robustness was evaluated by making
small deliberate variations in analytical conditions
such as wavelength (*1 nm). The effect of these
changes on absorbance and %RSD was studied.

Ruggedness: Ruggedness was determined by
performing the analysis under different conditions
such as different analysts and similar laboratory
environments to evaluate reproducibility.

Assay of Marketed Formulation: Twenty tablets of
Ranolazine (500 mg) were weighed and the average
weight was calculated. The tablets were powdered,
and an accurately weighed portion equivalent to 100
mg of Ranolazine was transferred into a 100 mL
volumetric flask. The solution was prepared using 0.2
M urea, filtered, and suitably diluted to obtain
concentrations within the linearity range (80-120
pg/mL). The absorbance was measured at 271 nm,
and the amount of drug present was calculated using
the calibration curve.

RESULTS AND DISCUSSION

Selection of Solvent: Solubility studies were
performed using different solvents, including
hydrochloric acid and hydrotropic agents such as
urea, sodium salicylate, and sodium benzoate. Among
these, Ranolazine exhibited maximum solubility and
stability in 0.2 M urea solution. The solvent showed
negligible interference at the analytical wavelength,
making it suitable for UV spectrophotometric
analysis.
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Figure 1: UV-Spectrum of ranolazine

Determination of Amax: The standard solution of
Ranolazine (100 pg/mL) was scanned in the UV range
of 200-400 nm using 0.2 M urea as blank. The drug
showed maximum absorbance (Amax) at 271 nm,
which was selected for further analysis. The
spectrum confirmed the suitability of the method for
quantitative estimation.

Linearity and Range: Ranolazine obeyed Beer-
Lambert’s law in the concentration range of 40-120
pg/mL. The calibration curve plotted between
concentration and absorbance showed good linearity
with a correlation coefficient (R?) of 0.9986,
indicating a strong linear relationship.

e Slope: 0.00385
e Intercept: ~0.0044

This confirms that the method is suitable for
quantitative analysis within the specified range.
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Figure 2: calibration curve of Ranolazine

Precision: Precision of the method was evaluated in
terms of intraday and interday studies.

e Intraday precision: %RSD values were
found to be 1.5246%, 0.8224%, and
0.4362% for concentrations of 80, 100, and
120 pg/mL respectively.

e Interday precision: %RSD values were
found to be 1.365%, 0.672%, and 1.142%
for the same concentration levels.

All %RSD values were less than 2%, indicating that
the method is precise and reproducible.

Limit of Detection (LOD) and Limit of
Quantification (LOQ): The sensitivity of the method
was determined by calculating LOD and LOQ:
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Table 1: Intraday precision for ranolazine

Concentration Absorbance(nm) Mean sD RSD%
ug/ml 1 2 3
80 0.227 0.23 0.234 0.230 0.0035 1.5246
100 0.353 0.348 0.348 0.174 0.0028 0.8224
120 0.396 0.396 0.399 0.397 0.00173 0.4362
Table 2: Interday Precision of Ranolazine
i A
Concentration bsorbance(nm) Mean sD RSD%
pg/ml 1 2 3
80 0.234 0.239 0.233 0.235 0.0032 1.365
100 0.372 0.374 0.377 0.374 0.0025 0.672
120 0.390 0.395 0.399 0.394 0.004 1.142
Table 3: Assay of Ranolazine 500mg
S.no Concentration (ug/ml) Labelclaim % Purity Amount present
1 80 500mg 102 0.285
2 100 500mg 100 0.348
3 120 500mg 101 0.4277
Table 4: Accuracy of Ranolazine 500mg
S.no Level Concentration Range Working Conc. % Recovery
1 50% 50pg/ml 100ug/ml 102%
2 80% 80pg/ml 100ug/ml 101%
3 100% 100 pg/ml 100pg/ml 100%
Table 5: Robustness data for Ranolazine
. Wavelength (hm) |
Drug concentration (ug/ml) 270 272 %RSD
80 0.345 0.346  0.205
. 0.395
Wavelength of ranolazine (271nm) 100 0.357 0.359
120 0.367 0.371 0.767

e LOD:3.3531 pg/mL
e L0Q:10.1610 pg/mL

These values indicate that the developed method is
sufficiently sensitive for the detection and
quantification of Ranolazine at low concentrations.

Accuracy: Accuracy was evaluated using the
standard addition method at three levels:

e 50% level: 102% recovery
e 80% level: 101% recovery
e 100% level: 100% recovery

The percentage recovery values were within the
acceptable limit of 98-102%, confirming the
accuracy of the method.

Assay of Marketed Formulation: The assay of
Ranolazine tablets (500 mg) showed percentage
purity in the range of 100-102%, indicating that the
marketed formulation complies with the labeled
claim. The results confirm that the developed method
is suitable for routine quality control analysis.

Robustness: Robustness was evaluated by
introducing small deliberate variations in
wavelength (+1 nm). The %RSD values obtained were

Rubatosis Publications | International Journal of Research in Pharmaceutical Sciences and Technology

within acceptable limits (<2%), indicating that the
method is robust and not significantly affected by
minor changes in analytical conditions.

Ruggedness: Ruggedness studies were carried out
by different analysts under similar experimental
conditions. The results showed consistent
absorbance values with low %RSD, demonstrating
that the method is reproducible under varied
conditions.

DISCUSSION

The developed UV spectrophotometric method for
the estimation of Ranolazine using 0.2 M urea as a
hydrotropic solvent was found to be simple, rapid,
and cost-effective. The method showed good linearity
within the selected concentration range and
complied with ICH validation parameters.

The low %RSD values in precision studies indicate
excellent repeatability and reproducibility. Accuracy
results demonstrated that the method is reliable for
quantitative analysis, while robustness and
ruggedness studies confirmed its stability under
slight variations in experimental conditions.

The use of hydrotropic solubilization (0.2 M urea)
eliminates the need for organic solvents, making the
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method environmentally friendly and economical.
Overall, the method is suitable for routine analysis of
Ranolazine in bulk and pharmaceutical dosage forms.

CONCLUSION

A simple, rapid, and cost-effective uv
spectrophotometric method was successfully
developed and validated for the quantitative
estimation of Ranolazine in bulk and pharmaceutical
dosage forms using 0.2 M urea as a hydrotropic
solvent. The developed method exhibited maximum
absorbance at 271 nm and showed good linearity in
the concentration range of 40-120 pg/mL with a high
correlation coefficient.

The method was validated as per ICH guidelines and
demonstrated satisfactory results for all validation
parameters, including accuracy, precision, linearity,
robustness, and sensitivity. The percentage recovery
values were within acceptable limits, confirming the
accuracy of the method, while low %RSD values
indicated excellent precision and reproducibility. The
calculated LOD and LOQ values further established
the sensitivity of the method.

The use of hydrotropic solubilization with urea
eliminates the requirement for organic solvents,
making the method environmentally friendly and
economical. Additionally, the method was
successfully applied to the assay of marketed tablet
formulations, confirming its suitability for routine
quality control analysis.

Overall, the proposed analytical method is reliable,
reproducible, and suitable for regular laboratory use
in pharmaceutical industries and research
laboratories for the estimation of Ranolazine.
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