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Article Information  ABSTRACT 
Received: 17th April 2025  Background: Naftifine hydrochloride is an allylamine antifungal agent commonly used to treat 

dermatophyte infections. It inhibits squalene epoxidase, a key enzyme in ergosterol biosynthesis, thereby 

disrupting the integrity of the fungal cell membrane. It exhibits broad-spectrum activity against 

dermatophytes, yeasts, and molds, and is typically formulated as a 1% topical cream or gel. Methodology: 

A rapid and robust reverse-phase high-performance liquid chromatography (RP-HPLC) method was 

developed and validated for the estimation of naftifine hydrochloride in a topical cream formulation (2% 

Naftifast, Zydus),  in accordance with ICH and FDA guidelines. Chromatographic separation was achieved 

on an Inertsil ODS column using an isocratic mobile phase consisting of 35% acetonitrile, 40% methanol, 

25% water, and 0.8% triethylamine (pH adjusted to 5.5 with acetic acid) at a flow rate of 1.4 mL/min. 

Detection was performed at 265 nm. Results and Discussion: Naftifine hydrochloride showed a retention 

time of approximately 4.0 minutes with a total run time of 6.0 minutes. The method displayed excellent 

linearity over a concentration range of 20–120 µg/mL (R² > 0.999). Recovery studies indicated a mean 

recovery of 100.4%. Precision was confirmed by relative standard deviation (RSD) values of less than 2%, 

demonstrating the method’s reproducibility. Conclusion: The proposed RP-HPLC method is simple, 

precise, and time-efficient. It is suitable for routine quality control of naftifine hydrochloride in 

pharmaceutical dosage forms due to its short analysis time and strong validation performance. 
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INTRODUCTION 
Fungal infections affect millions of individuals globally each 
year and pose a significant threat to public health, particularly in 
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immunocompromised populations. These infections may range 
from superficial skin conditions to severe systemic diseases. 
Among the available antifungal agents, naftifine hydrochloride, 
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a synthetic allylamine derivative, has demonstrated high efficacy 
against a broad range of fungi, including dermatophytes, yeasts, 
and molds. Its antifungal activity results from the inhibition of 
squalene epoxidase, a key enzyme in the ergosterol biosynthesis 
pathway, leading to disruption of the fungal cell membrane's 
integrity and ultimately, cell death. Clinically, naftifine is 
commonly used in topical formulations to treat dermatological 
infections such as tinea corporis (ringworm), tinea cruris (jock 
itch), and tinea pedis (athlete’s foot) [1–5]. Critical information 
on linearity, accuracy, precision, detection limits, and 
quantitation constraints is provided, making it a critical step in 
developing new dosage forms. The goal of validating an 
analytical technique, according to the ICH criteria, is to prove 
that it is suitable for its intended usage. Regulatory agencies 
increasingly need validation data to be submitted during the 
creation of medications. Validation guidelines are provided by 
both the USP and the ICH [6 - 9]. Recent literature has reported 
the use of HPLC methods employing small-volume phenyl 
columns and gradient elution for simultaneous quantification of 
naftifine and its degradation products, achieving very short 
retention times and reduced solvent usage. While effective for 
impurity profiling, such methods often require specialized 
columns and instrumentation. In contrast, the present study 
offers a simpler, cost-effective approach using isocratic elution 
with a standard ODS column, enabling rapid (~4 min) and 
accurate quantification, suitable for routine quality control of 
cream formulations [10].  
 
MATERIALS AND METHODS 
Instrumentation: To create and verify the liquid 
chromatography method, an isocratic reverse-phase (RP) HPLC 
approach was used. A column made of Inertsil ODS, with 
dimensions of 150 mm × 4.6 mm, was used by Scientific. 
Chemstation software (HPLC AGILENT MODEL 1100) was 
utilized to process and analyze the data [10].  
 
Chemicals and Reagents: Naftifine hydrochloride ( figure 1) 
procured from Baoji Guokang Bio-Technology Co., Ltd. China 
Dodal Enterprise Pvt. Ltd. supplied all of the chemicals, which 
were of HPLC quality. It was SD Fine Chem Limited from 
whom the triethylamine was bought. 
 
Chromatographic condition 
A 150 mm × 4.6 mm, 5 µm Inertsil ODS column was used at a 
temperature that is actively maintained at 30 ± 0.5°C using a 

column oven to ensure consistent chromatographic performance. 
The mobile phase used in the chromatography system consisted 
of 35% acetonitrile, 40% methanol, 25% water, and 0.8% 
triethylamine, with the pH adjusted to the target value using 
acetic acid. This mixture was used to achieve the separation. 
Quantification was carried out at a 265 nm wavelength, with the 
mobile phase being pushed in column flow rate (1.4 mL/min). 
The mobile phase was first filtered using 0.45 μm nylon 
millipore membranes under vacuum. It was then degassed by 
ultrasonication for 20 minutes before use. The volume injected 
was 20 μL, and the injection rate was 1.4 mL/min. The mobile 
phase composition—acetonitrile, methanol, water, and 
triethylamine was optimized through several trial runs to achieve 
sharp peak symmetry, minimal tailing, and short retention time. 
The use of 0.8% triethylamine at pH 5.5 helped in peak 
sharpening by minimizing peak tailing due to interaction with 
residual silanol groups on the stationary phase. A detection 
wavelength of 265 nm was selected based on the UV absorbance 
maxima (λmax) of naftifine hydrochloride, ensuring optimal 
sensitivity and signal-to-noise ratio. Under the optimized 
chromatographic conditions, naftifine hydrochloride exhibited a 
retention time of approximately 4.0 minutes, ensuring efficient 
& rapid elution [11-12].  

Figure 1: Chemical structure of naftifine 
 
Preparation of Standard Solution 
Accurately weigh 100 mg of Naftifine hydrochloride and 
transfer it to a 100 mL volumetric flask. Add approximately 50 
mL of mobile phase to dissolve the drug completely, and then 
bring the volume up to 100 mL with mobile phase to obtain a 
stock solution of 1 mg/mL. 
 
Preparation of Sample Solution 
Accurately weigh 5 g of the commercial topical cream (2% 
Naftifast, Zydus) and transfer it to a 100 mL volumetric flask. 
Add 70 mL of mobile phase and warm the mixture in a water 
bath at 70°C for 10 minutes with intermittent shaking. Once 
cooled, it was reconstituted with the mobile phase. Following 
filtration through a PTFE filter, 5 mL of the filtrate was added to 
a 50 mL volumetric flask by pipetting it with mobile phase. 
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Validation Method: This method adhered to ICH and FDA 
regulations [13–14].  
 
Specificity: A defining feature of HPLC is its ability to 
differentiate between the analyte and the constituents of the 
complex mixture. The specificity of the method was assessed by 
injecting 20 μL volumes of placebo, sample, standard & blank 
[15 - 16]. 
 
Linearity: The linearity and range of the method were evaluated 
by preparing a series of naftifine hydrochloride solutions (20, 40, 
60, 80, 100, and 120 µg/mL), with triplicate injections (n =3) at 
each concentration level to ensure precision through dilution of 
the standard stock solution with the mobile phase. Each 
concentration level was injected in triplicate under identical 
chromatographic conditions to ensure accuracy and 
reproducibility. [17].  
 
Sensitivity: The LOD and LOQ were found by analyzing 
several Naftifine hydrochloride solutions. LOQ is a 
concentration that produces a signal-to-noise ratio of about 10:1 
by RSD (n=3) of > 10%. In contrast, the alternative definition of 
LOD is a concentration that produces a signal-to-noise ratio of 
around 3:1 [18].  
 
Accuracy: The accuracy of the assay technique was evaluated 
by injecting triplicate samples of each concentration and 
conducting recovery studies at 50%, 100%, and 150% recovery 
rates. The percent recovery and relative standard deviation 
(RSD) were calculated for the added amounts of naftifine to 
evaluate method accuracy [18 – 19].  
 
Robustness: It was established by making minor, intended 
adjustments to experimental limits, like: Flow rate: ±0.2 
mL/min, Column temperature: ±5°C, Composition of mobile 
phase, organic content: ±5%, Wavelength: ±3 nm 
Deliberate variations in method parameters were introduced to 
assess the procedure's robustness. To evaluate the data for every 
case, the % recovery and % RSD were measured [18, 20].  
 
Precision: To determine the system's accuracy, ten observations 
were made on the same day using a standard solution at 100% 
concentration. Six separate assays using the sample solution at 
100% concentration levels demonstrated the accuracy of the 
procedure on the same day. The RSD values were used as a 
measure of method repeatability [18 – 19].  

RESULTS 
Numerous physicochemical assets of naftifine have been culled 
from published sources. An analytical method was developed to 
systematically optimize key RP-HPLC chromatographic 
parameters, including the sample preparation protocol, mobile 
phase composition, stationary phase selection, and detection 
wavelength. Several optimization trials were conducted, 
including modifications in chromatographic conditions and the 
ratio of acetonitrile to methanol. Isocratic RP HPLC column 
using a size of 150 cm × 4.6 mm & a particle size of 5 µm.  
 
Method Validation 
Specificity 
To determine specificity, the chromatograms of the sample 
solution, the standard solution, and the blank mobile phase were 
compared. To achieve this, 20 μL of every solution was 
introduced separately into the system. The results of the 
chromatogram are presented in Figures 2-4. Specificity was 
confirmed by the deficiency of coeluting peaks at the retention 
time of Naftifine hydrochloride interference, indicating the 
purity of an analyte peak [21]. Although diode array detection 
(DAD) was used for chromatographic analysis, peak purity data 
were not captured or archived during the method development 
process. Therefore, spectral confirmation of peak homogeneity 
could not be included. Nevertheless, the absence of interfering 
peaks in blank and placebo chromatograms supports the 
specificity of the method. The sample preparation procedure was 
validated for reproducibility, as demonstrated by consistent 
results across replicate extractions & assays. Additionally, 
matrix interference was evaluated through a specificity study 
using blank & placebo cream formulations, which showed no 
interfering peaks at the retention time of naftifine hydrochloride. 
 
Linearity and Range 
An analytical technique is considered linear if, within a specific 
range, it consistently yields linear test results. By graphing the 
average HPLC peak area against the correct concentration, the 
calibration graph was generated. A range of 20-120 µg/mL was 
used to demonstrate linearity for Naftifine hydrochloride, as 
shown in Figure 5. The analyte conc. & the area under the peak 
exhibited a linear relationship, which was confirmed through 
regression analysis. The regression equation for naftifine HCl 
was found to be y = 45.58x – 5.507, with a correlation coefficient 
(r²) of 0.999, indicating excellent linearity. To enhance the 
robustness of the linearity assessment, the standard error of the 
slope & intercept were calculated & found to be 0.462 and 36.00, 
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respectively. These values support the statistical reliability of the 
linear regression model. Although residual plots were not 
included in this study, the minimal variation in replicate 
responses & high correlation coefficient affirm the linear 
relationship between concentration and response. 
 
LOD & LOQ 
Both LOQ and LOD of an analyte were defined by the lowest 
concentrations at which the analyte can be consistently detected 
and quantified, respectively. The limits of detection (LOD) and 
quantification (LOQ) of naftifine hydrochloride were found to 
be 5.02 µg/mL and 16.72 µg/mL, respectively [23]. 

Accuracy 
Accuracy was evaluated using triplicate injections (n = 3) at 
three concentration levels: 50%, 100%, and 150% of the target 
concentration. The percentage recovery at each level ranged 
from 97.9% to 102.9%, with %RSD values below 2.0%, 
indicating good agreement between observed and actual values. 
As per ICH Q2 (R1) guidelines, the acceptance criterion for 
recovery in assay methods typically ranges from 98% to 102% 
for active pharmaceutical ingredients in finished products. The 
results obtained were within or very close to this acceptable 
range, confirming the accuracy of the proposed method [24]. 

 
Figure 2: Blank solution chromatogram. 

 
Figure 3:  Naftifine hydrochloride standard solution chromatogram 

DAD1 A, Sig=265,4 Ref=360,100 (NFT_PRC1\27122401.D) mA
 

25
 

20
 

15
 

10
 

50 

0 

0 2 4 6 8 10 12 mi
 

DAD1 A, Sig=265,4 Ref=360,100 (NFT_AS\28122401.D) mA
 

20
 

15
 

10
 

50 

0 

0 2 4 6 8 10 12 mi
 



Journal of Applied Pharmaceutical Research, 13(4); 2025: 177 – 186  Shinde et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR) | July – August 2025 | Volume 13 Issue 4|  181 

 
Figure 4: Naftifine hydrochloride sample solution chromatogram 

 
Figure 5: Naftifine hydrochloride standard calibration curve  

 
Precision 
The relative standard deviation was used to evaluate the 
precision of the analytical technique, which is the degree to 
which a set of measurements from different samplings of the 
same homogeneous sample, taken under specified conditions, 
agree with one another. Precision was assessed by evaluating 
both system and method precision using six replicate injections. 
The results demonstrated %RSD values below 2.0%, confirming 
repeatability. The acceptance criteria were defined in accordance 
with ICH Q2 (R1) guidelines and commonly accepted analytical 
standards. Specifically, acceptable performance was established 
as: 

• %RSD ≤ 2.0% 
• Theoretical plate count > 1000, indicating adequate column 

efficiency 
• Trailing factor ≤ 2.0, ensuring peak symmetry  
All values obtained met these criteria, validating the precision of 
the developed method [25]. 
 
Robustness 
To support the robustness evaluation, representative 
chromatograms were included to demonstrate the method’s 
stability under small but deliberate changes in method 
parameters Figure 6. In all cases, the naftifine HCl peak 
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remained well-resolved, with no significant shift in retention 
time, peak shape, or resolution. These findings confirm that the 
developed method is robust and suitable for routine analysis, 
even when minor operational variations occur. 
 
Solution Stability 
Solution stability was assessed over 24 hours at room 
temperature and under refrigerated conditions. The standard and 
sample solutions maintained recovery values within 98.0% to 

102.0%, and the %RSD remained below 2.0%, confirming their 
stability within this timeframe. Although the current study did 
not extend beyond 24 hours, this duration is considered 
sufficient for routine analytical use in quality control 
laboratories where standard and sample solutions are typically 
used within a single working day. Future studies are planned to 
evaluate extended stability (e.g., 48–72 hours) to further support 
long-term use in high-throughput settings.

 
Table 1: HPLC method recovery data 

% of spiked level Replicate number Peak area % of recovery Mean % RSD 

 
50 

1 2863.203 102.9 101.1 
 

1.6 
2 2717.328 100.5 
3 2725.190 99.8 

 
100 

1 5304.486 100.1 100.3 
 

1.2 
2 5297.414 99.9 
3 5294.146 97.9 

 
150 

1 8152.877 101.5 98.7 
 

0.6 
2 8147.336 101.4 
3 8145.226 100.4 

% recovery Mean 98.0–102.0  100.4  
% RSD Max 2.00  1.13  

n = 3; Acceptance criteria: % Recovery within 98–102% as per ICH Q2 (R1). 
 
Table 2: System precision statistics designed for the standard solution in the projected HPLC technique 

Number of 
Replicates 

Theoretical plates 
Number RT Peak area Tailing factor 

1 1.914 11.306 4614.17725 1.02 
2 1.925 11.308 4609.46240 1.03 
3 1.914 11.308 4614.17725 1.02 
4 1.964 11.305 4614.53271 1.02 
5 2.003 11.303 4624.70117 1.01 
6 2.003 11.308 4611.48584 1.01 

Average 
%RSD 

1.954 
2.16% 11.306 - 1.01 

0.74% 
n = 6; Acceptance criteria: %RSD ≤ 2.0%, Tailing factor ≤ 2.0, and Theoretical plates >1000. 
 
Table 3: Method precision analysis of the sample solution using the projected HPLC method 

Number of Replicates RT Peak area Theoretical plates 
Number Tailing factor 

1 11.275 2751.41162 1.914 1.03 
2 11.276 3611.52002 1.914 1.03 
3 11.285 4608.84375 1.918 1.03 
4 11.288 5432.45947 1.957 1.02 
5 11.257 910.26648 1.907 1.03 
6 11.271 1796.79260 1.876 1.04 

Average 
%RSD 11.275 - 1.9143 

1.36% 
1.03 

0.61% 
n = 6; Acceptance criteria: %RSD ≤ 2.0%, Tailing factor ≤ 2.0, and Theoretical plates >1000.
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Table 4: Projected HPLC technique robustness data. 
Parameter  %RSD of assay %RSD of std peak area 
Wavelength 265 nm 0.18 0.02 

Column temperature 30 °C 0.15 0.03 
Mobile phase composition Acetonitrile 35%: Methanol 40% 0.16 0.05 

Flow rate 1.4 mL/min 0.11 0.06 
n = 3; Acceptance criteria: %RSD ≤ 2.0% across all tested parameters. 
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 C 

Figure 6: Robustness chromatographs. A shows the standard chromatogram under optimized conditions, B depicts the 
chromatogram obtained with an increased flow rate (1.5 mL/min), and C presents results with elevated column temperature 
(35 °C). 
DISCUSSION  
The developed RP-HPLC method demonstrates high precision, 
accuracy, and reliability for the quantitative estimation of 
naftifine hydrochloride in pharmaceutical formulations. The 
chromatographic conditions were optimized to achieve a 
retention time of approximately 4 minutes, resulting in a total 
run time of 6 minutes, which significantly enhances the method's 
suitability for routine quality control operations. Linearity was 
observed across a broad concentration range (20–120 µg/mL), 
with a correlation coefficient (r²) greater than 0.999, indicating 
strong analytical performance. Accuracy was confirmed through 
recovery studies, with percentage recoveries consistently close 
to 100%. Precision studies yielded relative standard deviation 
(RSD) values below 2.0%, supporting the method's 
reproducibility. The method exhibited satisfactory sensitivity, 
with LOD and LOQ values of 5.02 µg/mL and 16.72 µg/mL, 
respectively, enabling the detection and quantification of even 
low levels of naftifine hydrochloride. Robustness studies 
showed that deliberate variations in analytical parameters—such 
as flow rate, column temperature, and mobile phase 
composition—had minimal effect on peak characteristics, 
confirming the method’s reliability under varied conditions. 
Solution stability studies demonstrated that both standard and 
sample solutions remained stable for at least 24 hours under 
ambient and refrigerated conditions, supporting the method’s 
practical application in day-to-day pharmaceutical analysis. 

When compared to previously published RP-HPLC methods, the 
present approach offers several distinct advantages. Many 
existing methods involve gradient elution or specialized 
stationary phases, which can increase both analysis time and 
solvent consumption. In contrast, the current method utilizes a 
simple isocratic elution system with a conventional C18 column 
and employs economical and widely available solvents such as 
methanol and acetonitrile. These features contribute to a more 
cost-effective and time-efficient workflow, without 
compromising sensitivity or analytical quality. 
 
Despite its strengths, a key limitation of this study is the absence 
of forced degradation experiments, which are essential to 
establish the method as truly stability-indicating. Additionally, 
the technique has yet to be evaluated for its performance in 
complex matrices beyond the tested topical cream formulation. 
Future studies will focus on these aspects, including degradation 
profiling under stress conditions and the applicability of this 
approach across a broader range of pharmaceutical dosage 
forms. 
 
CONCLUSION 
A robust, rapid, and reliable RP-HPLC method for quantifying 
naftifine hydrochloride was successfully developed and 
validated in accordance with ICH guidelines. The method 
exhibited excellent resolution and a notably short retention time 
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of approximately 4 minutes, making it highly efficient for 
routine quality control purposes. Validation parameters 
confirmed the method’s precision, accuracy, and reproducibility 
under varied chromatographic conditions, underscoring its 
applicability in pharmaceutical analysis. Although the method 
demonstrates strong analytical performance, it does not currently 
qualify as stability-indicating due to the absence of forced 
degradation studies. Future research will focus on incorporating 
such studies to evaluate the method’s ability to distinguish 
between the active drug and its degradation products. In the 
current context of increasing prevalence of fungal infections and 
the growing demand for high-throughput analytical techniques, 
this method offers a timely and valuable contribution to the 
quality assurance of antifungal therapeutics. 
 
ACKNOWLEDGEMENTS 
D. Y. Patil Education Society, deemed to be a University, 
Kolhapur, provided support for the completion of this research. 
 
FINANCIAL ASSISTANCE  
NIL  
 
CONFLICT OF INTEREST  
The authors declare no conflict of interest. 
 
AUTHOR CONTRIBUTION 
Kajal Sunil Shinde was responsible for the study design, 
execution of laboratory experiments, data interpretation, and 
drafting the initial manuscript. Chandrapraphu Motichand 
Jangme provided guidance on research methodology, supervised 
the overall project, and offered substantial input during 
manuscript revisions. Abhinandan Raosaheb Patil contributed to 
formulation development and method validation, and reviewed 
the technical aspects for consistency and accuracy. All authors 
reviewed and approved the final manuscript and consented to its 
submission. 
 
ABBREVIATIONS  
LOQ – Limit of quantification; RSD – Relative standard 
deviation; LOD - Limit of Detection; HPLC – High pressure 
liquid chromatography  
 
REFERENCES  
[1] Rayens E, Norris KA. Prevalence and healthcare burden of 

fungal infections in the United States, 2018. Open Forum Infect. 
Dis.,  9 (1), ofab593 (2022) https://doi.org/10.1093/ofid/ofab593.  

[2] Reddy GKK, Padmavathi AR, Nancharaiah YV. Fungal 
infections: pathogenesis, antifungals and alternate treatment 
approaches. Curr. Res. Microb. Sci., 3, 100137 (2022)  
https://doi.org/10.1016/j.crmicr.2022.100137.  

[3] Rodrigues ML, Nosanchuk JD. Fungal diseases as neglected 
pathogens: a wake-up call to public health officials. In: Advances 
in Clinical Immunology, Medical Microbiology, COVID-19, and 
Big Data. Jenny Stanford Publishing, Singapore, pp. 399–411 
(2021).  

[4] U.S. Food and Drug Administration. Naftin (naftifine 
hydrochloride) gel. Prescribing Information (2020). Available   
at: https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/2
04286s004lbl.pdf  (Accessed 25 Aug 2025). 

[5]  U.S. Food and Drug Administration. Naftin (naftifine 
hydrochloride) topical. Prescribing Information (2018). 
Available 
at: https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/0
19356s008,019599s014,204286s003lbl.pdf  (Accessed 25 Aug 
2025).  

[6] International Council for Harmonisation (ICH). Validation of 
Analytical Procedures: Text and Methodology Q2(R1). ICH, 
Geneva (2005). 

[7] Ahmed N, Prajapati V, Mishra P, Mishra NT. Dosage form 
design: from concept to compliance—navigating regulatory 
standards and patient needs. Int. J. Drug Regul. Aff., 12 (1), 24–
35 (2024) https://doi.org/10.22270/ijdra.v12i1.647.  

[8] Sharma S, Singh N, Ankalgi AD, Rana A, Ashawat MS. Modern 
trends in analytical techniques for method development and 
validation of pharmaceuticals: a review. J. Drug Deliv. 
Ther., 11(1-s), 121–130 
(2021) https://doi.org/10.22270/jddt.v11i1-s.4515.  

[9] Anlay DZ, Paque K, Van Leeuwen E, Cohen J, Dilles T. Tools 
and guidelines to assess the appropriateness of medication and 
aid deprescribing: an umbrella review. Br. J. Clin. Pharmacol., 
90 (1), 12–26   (2024)  
https://doi.org/10.1111/bcp.15708. 

[10] Lotfy HM, Genc AA, Bay M, Tiris G, Obaydo RH, Erk N. 
Development of eco-friendly sensitive HPLC method for 
determination of letrozole and assessment of validation. TrAC 
Trends Anal. Chem., 158, 116926 (2025)  
http://dx.doi.org/10.1016/j.talo.2025.100425.  

[11] Jandera P, Churáček J. Liquid chromatography with programmed 
composition of the mobile phase. In: Advances in 
Chromatography. CRC Press; 2021: 125–260. 

[12] Esentürk İ, Balkan T, Güngör S, Saraç S, Erdal MS. Preparation 
and characterization of naftifine-loaded poly(vinyl 
alcohol)/sodium alginate electrospun nanofibers. Braz J Pharm 
Sci., 56, e18440 (2020) https://doi.org/10.1590/s2175-
97902019000318440.  

https://doi.org/10.1093/ofid/ofab593
https://doi.org/10.1016/j.crmicr.2022.100137
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/204286s004lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/204286s004lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/019356s008,019599s014,204286s003lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/019356s008,019599s014,204286s003lbl.pdf
https://doi.org/10.22270/ijdra.v12i1.647
https://doi.org/10.22270/jddt.v11i1-s.4515
https://doi.org/10.1111/bcp.15708
http://dx.doi.org/10.1016/j.talo.2025.100425
https://doi.org/10.1590/s2175-97902019000318440
https://doi.org/10.1590/s2175-97902019000318440


Journal of Applied Pharmaceutical Research, 13(4); 2025: 177 – 186  Shinde et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR) | July – August 2025 | Volume 13 Issue 4|  186 

[13] Riley CM, Nguyen KL, editors. Specification of Drug Substances 
and Products: Development and Validation of Analytical 
Methods. Elsevier; 2024. 

[14] Elumalai S, Dantinapalli VL, Palanisamy M. Comparative 
analysis of analytical method validation requirements across ICH, 
USP, ChP and ANVISA: a review. J Pharm Res Int., 36 (12),  
54–71 (2024)  
https://doi.org/10.9734/jpri/2024/v36i127628.  

[15] Ooha P, Latha PM, Devi PU. Method development and validation 
for the simultaneous estimation of pancreatin and activated 
dimethicone in bulk and pharmaceutical dosage forms by RP-
HPLC. J Transl Res Life Sci., 1(5), 11–23 (2025) 
http://dx.doi.org/10.71223/q1cd2993.  

[16] Kulkarni M, More P. Development and validation of an HPLC–
PDA method for quantitation of metronidazole in finished drug 
formulation. Discov Chem., 2 (1), 1–21 (2025) 
https://doi.org/10.1007/s44371-025-00109-y.  

[17] Bhujbal S, Rupenthal ID, Agarwal P. Development and 
validation of a stability-indicating HPLC method for assay of 
tonabersat in pharmaceutical formulations. Methods.,  231, 178–
185 (2024) https://doi.org/10.1016/j.ymeth.2024.10.001.  

[18] Blessy M, Patel RD, Prajapati PN, Agrawal YK. Development of 
forced degradation and stability indicating studies of drugs: a 
review. J Pharm Anal., 4 (3), 159–165 (2014) 
https://doi.org/10.1016/j.jpha.2013.09.003.  

[19] Kang NW, Lee JY, Song K, Kim MH, Yoon S, Nguyen DT, et al. 
Development and validation of liquid chromatography–tandem 
mass spectrometry method for pharmacokinetic evaluation of 7β-
(3-ethyl-cis-crotonoyloxy)-1α-(2-methylbutyryloxy)-3,14-
dehydro-Z-notonipetranon in rats. Molecules., 25 (8), 1774 
(2020) https://doi.org/10.3390/molecules25081774.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[20] Ranganath MK, Sudha PC, Ramesh G, Abishek T, Baskaran V, 
Kumar RH, Dang R. Method development and validation of 
antihypertensive drugs using HPLC technique. Indian J Pharm 
Educ Res., 58 (3s),  s1053–s1061 (2024) 
https://doi.org/10.5530/ijper.58.3s.105.  

[21] Khairy MA, Hamad A, Hamed M, Locatelli M, Mansour FR. A 
stability-indicating RP-HPLC–UV assay method for 
simultaneous determination of hydroquinone, tretinoin, 
hydrocortisone, butylated hydroxytoluene and parabens in 
pharmaceutical creams. J Pharm Biomed Anal., 242, 116021 
(2024) https://doi.org/10.1016/j.jpba.2024.116021.  

[22] Talluri MVNK, Khatoon L, Kalariya PD, Chavan BB, 
Ragampeta S. LC–MS/MS characterization of forced degradation 
products of fidarestat: development and validation of a stability-
indicating RP-HPLC method. J Chromatogr Sci., 53 (9), 1588–
1596 (2015) https://doi.org/10.1093/chromsci/bmv061. 

[23] Mugisho OO, Aryal J, Shome A, Lyon H, Acosta ML, Green CR, 
Rupenthal ID. Orally delivered connexin43 hemichannel blocker, 
tonabersat, inhibits vascular breakdown and inflammasome 
activation in a mouse model of diabetic retinopathy. Int J Mol 
Sci., 24 (4),  3876 (2023) https://doi.org/10.3390/ijms24043876.  

[24] Dong MW, Huynh-Ba K, Wong A. Validation of stability-
indicating HPLC methods for pharmaceuticals: overview, 
methodologies, and case studies. LCGC North America., 38 (11), 
606–618 (2020). 

[25] Iqbal DN, Ashraf A, Iqbal M, Nazir A. Analytical method 
development and validation of hydrocortisone and clotrimazole 
in topical dosage form using RP-HPLC. Future J Pharm Sci., 6, 
65 (2020) https://doi.org/10.1186/s43094-020-00065-7.  

 
 
 
 
 
 
 
 
 
 
 
 
11 July - August 

https://doi.org/10.9734/jpri/2024/v36i127628
http://dx.doi.org/10.71223/q1cd2993
https://doi.org/10.1007/s44371-025-00109-y
https://doi.org/10.1016/j.ymeth.2024.10.001
https://doi.org/10.1016/j.jpha.2013.09.003
https://doi.org/10.3390/molecules25081774
https://doi.org/10.5530/ijper.58.3s.105
https://doi.org/10.1016/j.jpba.2024.116021
https://doi.org/10.1093/chromsci/bmv061
https://doi.org/10.3390/ijms24043876
https://doi.org/10.1186/s43094-020-00065-7

	Journal of Applied Pharmaceutical Research
	Volume 13 Issue 4, Year of Publication 2025, Page 177 – 186
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	FINANCIAL ASSISTANCE
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTION
	ABBREVIATIONS

