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Abstract: A simple, rapid, and reliable UV—visible spectrophotometric method was developed and
validated for the quantitative estimation of Zonisamide in tablet dosage form. The analysis was carried
out using a solvent system consisting of acetonitrile and 0.1 N hydrochloric acid. The drug exhibited
maximum absorbance (Jmax) at 234 nm, which was selected for further analytical studies. The method
obeyed Beer—Lambert’s law in the concentration range of 2-20 ug/ml, demonstrating excellent linearity
with a correlation coefficient (R? = 0.9986). The developed method was validated in accordance with the
guidelines of the International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use with respect to linearity, accuracy, precision, repeatability, limit of
detection (LOD), limit of quantification (LOQ), and robustness. The percentage assay of the tablet
Sformulation was found to be 98.7%, indicating good agreement with the labeled claim. Recovery studies
were performed at three concentration levels (50%, 100%, and 150%), and the percentage recovery
ranged from 98.0% to 99.2%, confirming the accuracy of the method. Precision studies showed low
%RSD values, demonstrating good reproducibility and reliability of the method. The limit of detection
and limit of quantification were found to be 0.91 ug/ml and 2.76 ug/ml, respectively, indicating the
sensitivity of the developed method. The proposed UV spectrophotometric method was found to be
simple, accurate, precise, and cost-effective, making it suitable for routine quality control analysis of
Zonisamide in bulk and pharmaceutical dosage forms.
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I. INTRODUCTION

Zonisamide is a broad-spectrum antiepileptic drug widely used in the management of partial seizures and other seizure
disorders. Chemically, it is a benzisoxazole derivative containing a sulfonamide group and is known as 1,2-
benzisoxazole-3-methanesulfonamide. Zonisamide exerts its antiepileptic activity through multiple mechanisms,
including the inhibition of voltage-gated sodium channels and T-type calcium channels, which reduces neuronal
hyperexcitability and stabilizes neuronal membranes. Additionally, the drug has been reported to enhance gamma-
aminobutyric acid (GABA) mediated inhibitory neurotransmission and exhibit neuroprotective and antioxidant
properties. Due to these pharmacological actions, Zonisamide is commonly prescribed for the treatment of epilepsy and
is sometimes used as adjunct therapy in neurological disorders.

Reliable analytical methods are essential for the quality control, formulation development, and routine analysis of
pharmaceutical dosage forms containing Zonisamide. Several analytical techniques such as high-performance liquid
chromatography (HPLC), liquid chromatography—mass spectrometry (LC-MS), and capillary electrophoresis have
been reported for its determination in biological fluids and pharmaceutical formulations. Although these techniques
provide high sensitivity and selectivity, they often require expensive instrumentation, complex sample preparation, and
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longer analysis time. In contrast, UV—visible spectrophotometry offers a simple, rapid, and cost-effective analytical
approach, making it highly suitable for routine laboratory analysis and quality control applications.

Spectrophotometric methods are widely employed in pharmaceutical analysis due to their simplicity, reproducibility,
and minimal operational requirements. However, the development and validation of a reliable UV spectrophotometric
method for Zonisamide estimation in tablet dosage forms are necessary to ensure accurate quantification and
compliance with regulatory standards. Method validation is an important step in analytical method development and is
performed to demonstrate that the method is suitable for its intended purpose. According to the guidelines of the
International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use,
parameters such as linearity, accuracy, precision, repeatability, limit of detection, and limit of quantification must be
evaluated to establish the reliability of the analytical method.

Therefore, the present study aims to develop a simple and validated UV-visible spectrophotometric method for the
quantitative estimation of Zonisamide in tablet dosage form using a suitable solvent system. The developed method
was validated according to ICH guidelines and applied for the routine analysis of Zonisamide in pharmaceutical
formulations to ensure accuracy, precision, and reproducibility.

II. MATERIALS AND METHOD

The analytical method for the estimation of Zonisamide in tablet dosage form was developed using UV—Visible
spectrophotometry. A pure sample of Zonisamide was obtained as a reference standard, while commercially available
Zonisamide tablets were purchased from a local pharmacy and used for analysis. Analytical grade acetonitrile (ACN)
and 0.1 N hydrochloric acid (HCI) were used as solvents for the preparation of stock and working solutions, and
double-distilled water was used throughout the study. The spectrophotometric measurements were performed using a
UV-Visible double beam spectrophotometer equipped with matched quartz cells of 1 cm path length. For preparation
of the standard stock solution, accurately weighed 10 mg of Zonisamide was transferred into a 100 ml volumetric flask,
dissolved in a small quantity of solvent mixture consisting of acetonitrile and 0.1 N HCl, sonicated to ensure complete
dissolution, and the volume was made up to the mark with the same solvent mixture to obtain a stock solution of 100
pg/ml. Appropriate dilutions of this stock solution were prepared to obtain working concentrations within the range of
2-20 pg/ml. The absorption maximum (Amax) of the drug was determined by scanning a suitable diluted solution in the
wavelength range of 200400 nm against the solvent blank, and the maximum absorbance was observed at 234 nm,
which was selected for further analysis. A calibration curve was constructed by measuring the absorbance of different
concentrations (2-20 pg/ml) at 234 nm and plotting concentration versus absorbance to evaluate the linearity of the
method. For tablet analysis, twenty tablets were weighed, finely powdered, and a quantity equivalent to 10 mg of
Zonisamide was transferred into a 100 ml volumetric flask. The powder was dissolved in the solvent mixture with
sonication for about 10-15 minutes, filtered through Whatman filter paper No. 41 to remove insoluble excipients, and
diluted appropriately to obtain the required concentration for analysis. The developed method was validated according
to the guidelines of the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use (ICH) by evaluating parameters such as linearity, accuracy, precision, repeatability, limit of detection
(LOD), limit of quantification (LOQ), robustness, and recovery studies using the standard addition method at 50%,
100%, and 150% levels to confirm the reliability and suitability of the method for routine quantitative estimation of
Zonisamide in pharmaceutical formulations.

I11. RESULTS AND DISCUSSION
Linearity
The linearity of the developed UV spectrophotometric method for Zonisamide was evaluated over the concentration
range of 2-20 pg/ml using a solvent mixture of acetonitrile and 0.1 N HCI. The absorbance values showed a direct
proportional relationship with concentration within this range. The calibration curve demonstrated excellent linearity
with a correlation coefficient (R?) of 0.9986, indicating strong agreement between concentration and absorbance. The
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regression equation obtained was y = 0.0804x + 0.0982, confirming that the method follows Beer—Lambert’s law over
the studied concentration range. This indicates the suitability of the developed method for quantitative estimation of the
drug in pharmaceutical formulations.

Accuracy (Assay of Tablets)

The accuracy of the developed method was assessed by determining the assay of the marketed tablet formulation. The
absorbance values obtained for the sample solution were 0.873 and 0.875, with an average absorbance of 0.874. The
standard solution exhibited an absorbance of 0.885. Based on the comparison of sample and standard absorbance
values, the percentage assay of the tablet formulation was found to be 98.7%, which falls within the acceptable limits
for pharmaceutical analysis. These results indicate that the developed method is accurate and suitable for routine
quality control analysis of Zonisamide tablets.

Recovery Studies

The accuracy of the analytical method was further confirmed through recovery studies using the standard addition
method. Known quantities of standard drug were added to the pre-analyzed sample at three concentration levels: 50%,
100%, and 150%. The resulting solutions were analyzed and the percentage recovery was calculated.

The recovery values were found to be within the range of 98.0% to 99.2%, indicating excellent accuracy and minimal
interference from tablet excipients. These results confirm that the proposed analytical method is reliable and capable of
accurately determining Zonisamide in pharmaceutical dosage forms.

Precision (Inter-Day Precision)

Precision of the method was evaluated by analyzing three different concentrations (4, 14, and 18 pg/ml) on three
consecutive days. The absorbance values obtained on Day 1, Day 2, and Day 3 were found to be very close to each
other, indicating minimal variation in results.

The small differences observed between measurements demonstrate the high reproducibility and precision of the
developed method. This confirms that the analytical procedure provides consistent results when performed on different
days under similar experimental conditions.

Repeatability (System Precision)

Repeatability of the system was assessed by measuring the absorbance of a 10 pg/ml solution of Zonisamide at 234
nm six times under identical conditions. The mean absorbance obtained was 0.891, with a standard deviation of
0.0005 and %RSD of 0.06%.

The very low %RSD value indicates excellent repeatability of the method and confirms that the instrument response
and analytical procedure are highly consistent and reliable.

Method Validation

The developed UV spectrophotometric method was validated according to **International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use (ICH) guidelines. The absorption maximum (Amax) of
Zonisamide was found at 234 nm. The method exhibited good linearity within the range of 2—-20 pg/ml.

The calculated molar absorptivity (0.0881 L/mol/cm) indicates adequate sensitivity of the method. The limit of
detection (LOD) and limit of quantification (LOQ) were determined to be 0.91 pg/ml and 2.76 pg/ml, respectively,
demonstrating the sensitivity of the analytical procedure.

Furthermore, the method was found to be robust, as small variations in experimental conditions did not significantly
affect the analytical results. Overall, the validation parameters confirm that the developed method is accurate, precise,
sensitive, and reliable for the routine analysis of Zonisamide in bulk and tablet dosage forms.
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12 pg/ml
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Linearity Spectra for Zonisamide (2 to 20 pg/ml solutions)

Table 1: Assayof Zonisamide Tablets

6 pg/ml

16 pg/ml

10 pg/ml

Overlay Spectra
(2 to 20 pg/ml)

D

Mode

A

|Assay(%)

nm

Sample

|IAbsorbance

0.873

0.875

Avg.

0.874

98.7%

Standard

|Absorbance

0.885

Assay -1 10 pg/ml

Recovery Studies

Assay

Assay -2 10 pg/ml

Assay -3 10 pg/ml

In this parameter, Accuracy was conducted by analyzing sample solution spiked with known amounts of the bulk drug
or standard at three kinds of concentration levels of 50, 100 and 150% of each at a specified limit.For all three levels,
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percentage recoveries were measured and found to be within the limit. The accuracy and reliability of the developed
method were established. Solutions prepared by using stock solution-

Table 2: Recovery Studies

ILevel Standard Stock | Tablet Stock Solution | Diluted with Solvent |Zonisamide (inpg/ml)
solution taken taken mixture

1(50%) 0.05 ml 0.1 ml 10 ml 15

11(100%) 0.10 ml 0.1 ml 10 ml 20

M1(150%) 0.15 ml 0.1 ml 10 ml 25

Recovery Studies
In this parameter, Accuracy was conducted by analyzing sample solution spiked with known amounts of the bulk drug
or standard at three kinds of concentration levels of 50, 100 and 150% of each at a specified limit.For all three levels,
percentage recoveries were measured and found to be within the limit. The accuracy and reliability of the developed
method were established. Solutions prepared by using stock solution-

Table 3: Recovery Studies
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Level Standard Stock Tablet Stock Solution Diluted with Solvent Zonisamide (inpg/ml)
solution taken taken mixture
1(50%)  |0.05 ml 0.1 ml 10 ml 15
11(100%) (0.10 ml 0.1 ml 10 ml 20
111(150%) (0.15 ml 0.1 ml 10 ml 25
Table 4: Inter—Day Precision
No. Concentration in pg/ml |Absorbance
Day 1 4 0.420
14 1.229
18 1.569
Day 2 4 0.422
14 1.231
18 1.563
Day 3 4 0.421
14 1.230
18 1.565
Repeatability
Table 5: System precision— Zonisamide (10 pg/ml solution)-
Sr. No. 'Wavelength \Absorbance
1 0.891
2 0.891
3 234 nm 0.892
4 0.892
5 0.891
Mean |- 0.891
SD |- 0.0005
%RSD |- 0.06%
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Method validation:
Table 6: Method validation
Sr. No. [Parameters InACN:0.1NHCI
1. IAbsorbance maximum(A max) in nm [234 nm
2. Beer’s law limit(pug/ml) 2-20pg/ml
3. Molar Absorptivity(L/mol/cm) 0.0881
4. Slope 0.0804 x
5. Intercept 0.0982
6. Correlation coefficient 0.9986
7. LOD(pg/ml) 0.91
8. LOQ(png/ml) 2.76
9. Robustness Robust
10. Recovery 98.0 to 99.2%
IV. CONCLUSION

A simple and sensitive UV-visible spectrophotometric method was successfully developed for the quantitative
estimation of Zonisamide in tablet dosage form. The developed method showed good linearity within the concentration
range of 2-20 pg/ml with a high correlation coefficient, confirming adherence to Beer—Lambert’s law. Validation
studies demonstrated that the method is accurate, precise, reproducible, and robust, with percentage recovery values
close to 100% and very low %RSD values. The limits of detection and quantification indicated adequate sensitivity of
the method for pharmaceutical analysis. The assay results of the tablet formulation were within acceptable limits,
indicating the suitability of the method for routine quality control. Therefore, the proposed analytical procedure can be
effectively applied for the quantitative determination of Zonisamide in bulk drug and pharmaceutical formulations in
research laboratories and pharmaceutical industries.
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