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Abstract: Dorzolamide hydrochloride and Natarsudil is a well-established fixed-dose combination for the treatment
of glaucoma worldwide. The study focuses on validating and dewveloping a precise, simple, and accurate stability-
indicating RP-HPLC method for simultaneously estimating Dorzolamide and Natarsudil in pharmaceutical
formulations. The chromatographic separation was achieved by using a Chomosil Cis column (250 x 4.5 mm, 5 um)
with acetonitrile: methanol: 0.01N Ammonium acetate buffer in a ratio of 45:35:20 v/v as a mobile phase at a
constant flow rate of about 1.0 mL/min. The development and validation were carried out at a detection wavelength
of 242 nm. We developed a robust RP-HPLC method, validated for linearity, precision, accuracy, specificity, and
system suitability. The method demonstrated excellent linearity with correlation coefficient values t* was nearly
0.9989 and 0.9985 respectively with a linearity range 2.5-30 pug/mL for Dorzolamide and 2.5-30 ug/mL for
Natarasudil. LOD and LOQ were found to be lower; hence, the method is sensitive. Percentage recovery was obtained
at 99.97% and 99.99% for Dorzolamide and Natarasudil, respectively. In the case of precision, robustness and
repeatability, RSD was found to be less than 2. The validated and developed RP-HPLC method offers an efficient
and practical approach for simultaneously quantifying Dorzolamide and Natarsudil in pharmaceutical formulations,
making it a valuable tool for quality control and pharmaceutical research.
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INTRODUCTION:

Glaucoma is still the most common cause of permanent blindness, affecting more than 60 million people
globally (1). By 2040, the global glaucoma population is expected to reach over 110 million people,
necessitating the development of innovative glaucoma treatments (2). It is estimated that the number of
people with glaucoma will rise to 111.8 million in 2040, disproportionally affecting people living in Asia
and Africa (3). Most patients require more than one topical intraocular pressure (IOP) lowering agent to
achieve and maintain target IOP, especially after one year of glaucoma treatment. Given the asymptomatic
nature of this chronic progressive disease, concomitant instillation with monotherapy has increased
treatment complexity resulting in poor patient compliance and adherence (4).. Dorzolamide (DZL)
hydrochloride,  chemically  (4S,6S)-4-(ethylamino)-6-methyl-5,6-dihydro-4H-thieno(2,3-b]thiopyran-2-
sulfonamide 7,7-dioxide hydrochloride (Figurel), is a carbonic anhydrase inhibitor, which is used for the
treatment of glaucoma and ocular hypertension(3).

Netarsudil (NT) is chemically described as (4-((1S)-1{Aminomethyl)- 2<(isoquinolin-6-ylamino)-2-oxoethyl)
phenyl)methyl 2,4-dimethylbenzoate NT [Figure 2]. Its empirical formula is C28H27N3 O3 and its
molecular weight is 453.54. Netarsudil is a Rhokinase inhibitor with norepinephrine transport inhibitory
activity that reduces the production of aqueous where it reduces elevated intraocular pressure in patients
with open-angle glaucoma or ocular hypertension. Latanoprost is the first topical prostaglandin F2 alpha
analogue used for glaucoma treatment(1).

Literature survey reveals there are several methods to estimate these drugs in single or in combination of
two or three drugs. However, only very few HPLC methods are available for the simultaneous estimation
of Dorzolamide and Natarsudil, so the scope of developing and validating an analytical method is to
ensure a suitable method for a particular analyte to be more specific, accurate and precise. The main
objective is to improve the conditions and parameters, which should be followed in the development and
validation processes(3).
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Experimental

Reagent and Chemicals Micro Labs Limited, located in Bengaluru, India, provided gift samples of
Dorzolamide and Natarasudil for analytical purposes. The solvent used to include HPLC-grade
acetonitrile was sourced from Merck Pvt. Ltd. The HPLC-grade water was collected from Milli-Q water
obtained from the Micro Labs and HPLC-grade Methanol was procured from Merck Pvt. Ltd(4).
Methodology: Pharmaceutical analysis commonly uses simultaneous estimation using HPLC. It enables
HPLC to determine the presence of many chemicals in a sample. Several techniques have been devised
and proven effective for the simultaneous estimate of various components, including medications and
their contaminants, in pharmaceutical formulations. Utilizing an appropriate column, mobile phase, and
detection equipment, the simultaneous estimation technique by HPLC allows for the separation and
quantification of the target substances (5).In pharmaceutical analysis, high-performance liquid
chromatography (HPLC) is a great instrument for simultaneous estimation that offers confidence and
specificity for the identification of chemical entities in pharmaceutical formulations (6).

Instruments:

The chromatographic separation was performed on an HPLC system (Young Lin) Series 3rd generation
Acme HPLC Software Autochro-3000, integrated with Gradient Pump
High Precision (< £ 0.1 %) Wide flow rate range (0.001 ~ 16.0 ml/min), With Vacuum Degasser & Mixer
low-pressure gradient module and UV/VIS Detector. The mobile phase was prepared freshly, filtered,
sonicated be for use, and delivered at a flow rate of 01.0 mL/min and the detector wavelength was set at
242 nm. The injection volume was 10 pL. The diluent used was acetonitrile: methanol: 0.01N
Ammonium acetate buffer in a ratio of 45:35:20 v/v (7).

Preparation of standard and sample solutions. Standard solution:

Accurately weighed 50 mg of Dorzolamide and 50 mg of Netarsudil were transferred to a 50ml volumetric
flask and 20ml of diluent was added to these flasks and sonicated for 10 minutes. The flask was made up
with diluents and labeled as a Standard stock solution. (1000pg/ml Dorzolamide and 1000pg/ml of
Netarsudil). 5 ml from each stock solution was pipetted out and taken into a 50ml volumetric flask and
made up with diluent (100pg/ml Dorzolamide and 100pg/ml of Netarsudil) (8).

Sample Solution: 1ml of the formulation was taken and was transferred into a 100 ml volumetric
flask,50ml of diluents was added and sonicated for10min, further the volume was made up with diluent
and filtered by HPLC filters (222.6pg/ml Dorzolamide, and 228 pg/ml of Netarsudil). 1ml of filtered
sample stock solution was transferred to 10ml volumetric flask and made up with diluent. (22.8ug/ml
Dorzolamide, and 22.6pg/ml of Netarsudil). As the concentration of Natarsudil is very low so 2 gm is
added to the formulation. (External standard addition method. The known amount of standard was
added. (6).

Validation Procedure

The analytical method was validated as per ICH Q2 (R1) (8) guidelines for parameters like system
suitability, specificity, accuracy, precision, linearity, robustness, limit of detection (LOD), limit of
quantification (LOQ), forced degradation and stability.

System Suitability: System suitability parameters were measured to verify the system performance. The
parameters, including USP plate count, USP tailing, and %RSD are calculated and found to be within
the limits.

Specificity: Specificity is the ability to assess unequivocally the analyte in the presence of other
components (impurities, degradates or excipients), which may be expected to be present in the sample
and standard solution. It was checked by examining the chromatograms of blank samples and samples
spiked with Dorzolamide and Natarsudil (9).

Accuracy: Accuracy is the closeness of the test results obtained by the method to the true value. Recovery
studies at three different concentration levels assessed accuracy. In each level, a minimum of three
injections were given, and the amount of the drug present, percentage recovery, and related standard
deviation were calculated(6).

Precision: The precision of an analytical method is the degree of agreement among individual test results.
It was studied by analyzing multiple samples of a homogeneous sample. The precision of the present
method was assessed in terms of repeatability and intra-day and inter-day variations. It was checked by
analyzing the samples at different time intervals on the same day as well as on different days(7).
Linearity: The linearity of an analytical procedure is its ability (within a given range) to obtain test results
which are directly proportional to the concentration (amount) of analyte in the sample. The calibration
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curve was constructed by plotting area under curve against respective concentration of Dorzolamide and
Natarsudil(9).

Sensitivity: The limit of detection (LOD) was determined as lowest concentration giving response and
limit of quantification (LOQ) was determined as the lowest concentration analyzed with accuracy of the
proposed RP-HPLC method (6).

Robustness: Small deliberate changes in method like Flow rate, mobile phase ratio, and temperature are
made but there was no recognized change in the result and are within range as per ICH Guidelines.
Robustness conditions like Flow minus (0.8ml/min), Flow plus (1.2ml/min), mobile phase minus
(60B:40A), mobile phase plus (50B:50A), temperature minus (25°C) and temperature plus(35°C) were
maintained and samples were injected in duplicate manner. System suitability parameters were not much
affected and all the parameters were passed, %RSD was within the limit(10).

Assay: Formulation bearing the label claim Dorzolamide 22.26mg/ml, Natarsudil 0.28mg/ml. An assay
was performed with the above formulation. Average % Assay for Netarsudil and Latanoprost obtained
was 100.57% and 100.43% respectively. Obtained results are presented in table

RESULT AND DISCUSSION

Linearity: The plots of peak area Vs respective concentration of Dorzolamide and Natarsudil were found
to be linear in the range of 2.5-30pg/mL and 2.5-30pg/mL with a coefficient of correlation (1) of 0.9989
and 0.9985 for Dorzolamide and Natarsudil, respectively. The linearity of this method was evaluated by
linear regression analysis. The slope and intercept calculated for Dorzolamide and Natarsudil are given
in Fig 1

Table 1: Linearity of Dorzolamide and Natarasudil

S. No Dorzolamide Natarasudil
Concentration | AUC Concentration | AUC

1 2.5 6554.4 2.5 2613.4

2 5 15712.4 5 6932.2

3 10 25651.1 10 11244.3

4 15 36832.7 15 15664.6

5 20 48300.3 20 20514.7

6 25 59114.6 25 25446.4

7 30 70212.5 30 30725.6
Mean 37482.57 Mean 16163.03
SD 23191.64 SD 10086.54
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Figure:1 linearity curve of Dorzolamide and Natarasudil concentration vs area
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Accuracy: The accuracy of an analytical procedure expresses the closeness of agreement between the value
which is accepted either as a conventional true value or an accepted reference value and the value found.
This is sometimes termed trueness.

Table 2: RESULTS OF ACCURACY EXPERIMENT USING SPIKED PLACEBO METHOD FOR
DORZOLAMIDE

Level % Amount of drug spiked (mg) Found (mg) Recovery % (n=3)
10 2.89 2.85 98.61
20 5.0 4.99 99.8
30 7.05 6.98 99.0
SD 0.606658
%RSD 0.611941
TABLE 3: RESULTS OF ACCURACY EXPERIMENT USING SPIKED PLACEBO METHOD FOR
NATARASUDIL
Level % Amount of drug spiked (mg) Found (mg) Recovery % (n=3)
2.5 1.09 1.1 100.9
5.0 1.67 1.68 100.5
10 2.94 2.92 99.3
SD 0.832666
%RSD 0.830728
Precision

The precision of this method was assessed in terms of intraday (repeatability) and interday (intermediate
precision) variations. The intraday studies were determined by performing six repeated analysis of the
sample solution of Dorzolamide and Natarsudil on the same day under the same laboratory by studying
the analysis with different analyst and different instrument. The method is highly precise as % RSD values
were found to be <2% Good recoveries (98-100%) of the drug were obtained at each added concentration,
indicating that the method was accurate. The results and chromatograms were furnished below.

TABLE 4 Method precision data

Conc. Of | AUC % RSD Conc. Of | AUC % RSD
Dorzolamide Natarsudil in
in pg/ml pg/ml
10 25651.1 0.3265 10 11244.3 0.4170
25504.2 11203.5
25702.5 11198.9
25698.2 11298.5
25674.3 11305.7
25745.6 11220.5
TABLE 5 Intermediate precision data
Conc. Of | AUC % RSD Conc. of | AUC % RSD
Dorzolamide Natarsudil in
in pg/ml ng/ml
10 25751.6 0.1693 10 11354.5 0.4699
25694.3 11303.8
25712.4 11275.3
25675.7 11398.6
25794.3 11408.9
25702.4 11320.1

Sensitivity: LOD and LOQ

LOD and LOQ were separately determined by calibration curve method. LOD and LOQ of the
compounds were determined by injecting progressively lower concentrations of standard solutions using

the developed RP-HPLC method. The LOD values for Dorzolamide and Natarsudil were found to be
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7.33 pg/ml and 7.13 pg/ml respectively. The LOQ values were found to be 22.2 pg/ml and 21.63 pg/ml
respectively.

Robustness

As per ICH norms, small but deliberate variations were made in the method parameters such as a change
in the flow rate (+0.2), organic content in the mobile phase (+10%), the wavelength of detection (+5) and
pH (£0.2) to check the method capacity to remain unaffected. The robustness of the method was
evaluated by observing the effect of the modified parameters on retention time, tailing factor, area, and
percentage content. The degree of reproducibility of the results which were obtained by small deliberate
variations has proven that the method is robust.

Table 6: result of Robustness Study

S. No Parameters Variations Assay %  of |Assay %  of
Dorzolamide Natarasudil
1 Flow rate (+20% | At 0.8 ml/min 99.12 99.27
of the set ratio) | At 01.2 ml/min 99.32 99.43
2 Mobile  phase | At buffer 68% 98.97 99.64
ratio ((£2% - of 1o Hrer 72% 99.63 99.08
the set ratio)

Table 7 Stability of standard and formulation of Dorzolamide and Natarasudil

Time Standard Formulation Standard Formulation

Interva | Dorzolamide Natarasudil

1 Standar | % Standar | % Standar | % Standar | %
d Peak | Differenc | d Peak | Differenc | d Peak | Differenc | d Peak | Differenc
Area e Area e Area e Area e

O 59114.6 | ..... 59034.5 | ..... 26134 | 25843 | —

30 days | 59096.2 | 0.03 59001.4 | 0.05 2598.2 | 0.58 2534.7 1.91

60 days | 59091.3 | 0.04 58971.8 | 0.10 25843 | 1.11 2501.2 | 3.21

90 days | 59079.1 | 0.06 58931.1 | 0.17 25724 | 1.56 24845 | 3.86

Table 8 Assay result of the formulation

Drug Lebel Strength in mg/ml % Assay
Dorzolamide 22.26 99.84
Natarsudil 0.28 100.4

Analysis of Dorzolamide and Natarsudil in ophthalmic dosage form

The response of sample solutions was measured at 242 nm for quantitation of Dorzolamide and
Natarsudil by the method described above. The amount of Dorzolamide and Natarsudil present in the
sample solution was determined by applying peak area values to the calibration graph's regression
equation. The results of the assay were given in Table 3
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Figure 2 Calibration graph's regression equation of Dorzolamide and Natarsudil in ophthalmic dosage
form

5209



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 22s, 2025
https://theaspd.com/index.php

CONCLUSION:

The proposed method has the advantage of simplicity and convenience for the separation and
quantification of Dorzolamide and Natarsudil in the combination. It can be used for the assay of their
dosage form. Also, the low solvent consumption and short analytical run time lead to an environmentally
friendly chromatographic procedure. The method is accurate, precise, rapid, and selective for the
simultaneous estimation of Dorzolamide and Natarsudil in the Ophthalmic dosage form. Hence, it can
be conveniently adopted for routine analysis.
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