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A simple, rapid, precise, accurate, and robust reverse-phase high-performance liquid
chromatographic (RP-HPLC) method was developed and validated for the quantitative
determination of finerenone in bulk drug substance and pharmaceutical tablet formulation.
Chromatographic separation was achieved on a C18 column employing an isocratic mobile
phase composed of acetonitrile and 10 mM ammonium dihydrogen phosphate buffer (pH 4.5) at
a flow rate of 1.0 mL/min, with UV detection at 238 nm. Finerenone exhibited a retention time
of 7.24 min. The method was validated as per ICH Q2(R2) guidelines with respect to system
suitability, specificity, linearity, accuracy, precision, robustness, and solution stability. Linearity
was demonstrated over a concentration range of 50-150% of the working concentration
(100.52-301.56 pg/mL), with a correlation coefficient of 1.00. Recovery studies at three spike
levels (50%, 100%, and 150%) yielded mean percent recovery of 101.1% (%RSD 0.45),
indicating excellent accuracy. Method precision studies showed %RSD of 0.27%, well within
the NMT 2.0% acceptance criterion. Standard and sample solutions were stable for up to 65
hours and 58 hours, respectively, at 10°C. Specificity evaluation confirmed no interference from
placebo excipients or known process-related impurities (acid impurity, aromatization impurity,
dimethyl impurity). The validated method was successfully applied to the assay of marketed
tablets and is suitable for routine quality control analysis of finerenone in pharmaceutical
manufacturing environments.
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development, Mineralocorticoid receptor antagonist

INTRODUCTION

Finerenone (INN: BAY 94-8862; chemical name: (4S)-4-(4-
cyano-2-methoxyphenyl)-5-ethoxy-2,8-dimethyl-1,4-

dihydro-1,6-naphthyridine-3(2H)-one; molecular formula:
C24H23N303; molecular weight: 421.5 g/mol) is a novel,

androgen and progesterone receptors compared to
spironolactone, minimizing hormonal interactions[3,4]. Its
balanced distribution between cardiac and renal tissues
reduces the risk of potassium retention and hyperkalemia
that characterizes older MRAs[5].

selective, third-generation non-steroidal mineralocorticoid
receptor antagonist (MRA). Unlike first- and second-
generation steroidal MRAs such as spironolactone and
eplerenone, finerenone exhibits a higher binding selectivity
for the mineralocorticoid receptor (MR), providing reduced
off-target effects including hyperkalemia and antiandrogenic
side effects[1,2]. Preclinical studies have demonstrated that
finerenone offers 800-fold higher MR selectivity over
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Finerenone exerts its therapeutic benefit through potent anti-
inflammatory  and  antifibrotic = actions,  blocking
overactivation of the MR in both the kidneys and the
cardiovascular system[6,7]. The drug received US Food and
Drug Administration (FDA) approval on 9 July 2021, and
European Medicines Agency (EMA) approval in February
2022, under the brand name Kerendia® (Bayer AG), for the
treatment of chronic kidney disease (CKD) associated with
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type 2 diabetes mellitus (T2DM)[8,9]. The landmark
FIDELIO-DKD and FIGARO-DKD phase III clinical trials
demonstrated that finerenone significantly reduced the risk
of sustained estimated glomerular filtration rate (eGFR)
decline, end-stage renal disease (ESRD), cardiovascular
death, non-fatal myocardial infarction, and hospitalization
for heart failure[10,11]. The pooled FIDELITY analysis
further confirmed consistent cardiorenal benefits across
more than 13,000 patients[12].

Approximately 40% of individuals with T2DM also have
CKD, representing a substantial global disease burden[13].
Finerenone is commercially available as 10 mg and 20 mg
film-coated tablets. Given its emerging clinical importance,
the establishment of reliable, accurate, and reproducible
analytical methods for the quantitative estimation of
finerenone in pharmaceutical dosage forms is essential for
quality control (QC), stability testing, and regulatory
compliance. Currently, no official monograph for finerenone
is published in any major pharmacopoeia such as the United
States Pharmacopeia (USP), British Pharmacopoeia (BP), or
Indian Pharmacopoeia (IP), underscoring the need for
validated in-house analytical methods.

Several analytical methods have been reported in the
literature for the determination of finerenone, including UV
spectrophotometry[14,15], various RP-HPLC methods in
dosage  forms[16-20], stability-indicating ~RP-HPLC
methods[21-23], liquid chromatography-tandem mass
spectrometry (LC-MS/MS) for bioanalytical
applications[24,25],  fluorescence-based  chemo-sensor
approaches (26), and bioanalytical RP-HPLC methods in
plasma[27]. Systematic reviews summarizing analytical
approaches for finerenone have also been published[28].
However, a fully validated QC-grade RP-HPLC method
incorporating  stability-indicating capability, specificity
toward known process-related impurities, comprehensive
solution stability assessment, and filter validation studies—
all critical requirements for regulatory-compliant QC
methods—has not been comprehensively reported.

The present study describes the development and full ICH
Q2(R2)-compliant[29] validation of an RP-HPLC method
for the determination of finerenone in bulk drug substance
and pharmaceutical tablet formulation, providing a reliable
method suitable for routine pharmaceutical analysis and QC
laboratory applications.

MATERIALS AND METHODS

Chemicals and Reagents

Reference standard of finerenone (purity > 99.0%) was
procured from a certified pharmaceutical manufacturer.
Commercially available tablet formulations containing
finerenone 20 mg were obtained from local pharmaceutical
suppliers.  Process-related impurities (acid impurity,
aromatization impurity, dimethyl impurity) were used as
reference substances for specificity evaluation. Acetonitrile
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(HPLC grade), methanol (HPLC grade), and ammonium
dihydrogen phosphate (AR grade) were sourced from Merck
(India). Water for HPLC use was produced in-house using a
Milli-Q water purification system (Millipore). All chemicals
and reagents were of analytical or HPLC grade and used
without further purification.

Instrumentation

Chromatographic analysis was performed on an HPLC
system equipped with a binary gradient pump, an auto-
sampler, a column oven, and a UV-Vis photodiode array
(PDA) detector. Chromatographic data acquisition and
processing were carried out using compatible software. An
analytical balance (readability 0.1 mg) was used for
gravimetric operations. A pH meter was calibrated prior to
mobile phase preparation. A sonicator was used for
degassing all solutions.

Chromatographic Conditions

Separation was performed on a C18 reversed-phase column
(250 x 4.6 mm, 5 um particle size). The mobile phase
consisted of acetonitrile and 10 mM ammonium dihydrogen
phosphate buffer (pH 4.5) in an optimized ratio, delivered
isocratically at a flow rate of 1.0 mL/min. The column oven
temperature was maintained at 25°C (nominal). UV
detection was performed at 238 nm. The injection volume
was 10 pL and the run time was set to 15 minutes to allow
elution of all relevant impurities.

Preparation of Mobile Phase

Ten millimolar ammonium dihydrogen phosphate buffer was
prepared by dissolving an accurately weighed quantity of
ammonium dihydrogen phosphate in water, adjusting pH to
4.5 £ 0.05 using dilute ammonia solution, and filtering
through a 0.45 pm nylon membrane filter. The buffer and
acetonitrile were mixed in the optimized ratio, degassed by
ultrasonication for 15 minutes, and used as the mobile
phase.

Preparation of Standard Stock Solution

An accurately weighed quantity of finerenone reference
standard was dissolved in acetonitrile and diluted with
mobile phase to produce a standard stock solution of
approximately 1005 pg/mL. The working standard solution
was prepared by further dilution with mobile phase to yield
approximately 201.04 pg/mL, corresponding to the 100%
working concentration.

Preparation of Sample Solution

Twenty tablets were weighed and the average tablet weight
was calculated. A tablet mass equivalent to 20 mg of
finerenone was accurately weighed, transferred to a 100 mL
volumetric flask, and approximately 60 mL of acetonitrile
was added. The mixture was sonicated for 30 minutes with
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periodic shaking, diluted to volume with acetonitrile, and
mixed thoroughly. An aliquot was filtered through a 0.45
pm PVDF syringe filter (discarding the first 3 mL of
filtrate), and the clear filtrate was further diluted with mobile
phase to obtain the sample solution at the working
concentration.

System Suitability

System suitability was assessed by injecting the finerenone
working standard solution six consecutive times. The USP
tailing factor (NMT 2.0) and USP theoretical plate count
(NLT 2000) were evaluated. The %RSD of peak areas from
five consecutive standard injections (system precision) was
required to be NMT 2.0%[30].

Method Validation

The method was validated in accordance with ICH Q2(R2)
[29] for the following parameters:

Specificity: Evaluated by analyzing blank, placebo,
standard, spiked sample (with known impurities), and as-
such sample solutions. Peak purity was assessed by PDA
detector. The purity index was compared against the single-
point threshold[31].

Linearity: Standard solutions covering 50-150% of
working concentration (100.52-301.56 pg/mL, five levels)
were prepared. A calibration curve of peak area versus
concentration was constructed. Acceptance criterion:
Pearson r > 0.99.

Accuracy: Assessed at 50%, 100%, and 150% spike levels
using spiked placebo solutions (n = 2 per level). Acceptance
criterion: % recovery 97.0-103.0%[32].

Precision: Method precision was assessed from six
independently prepared sample solutions. Acceptance
criterion: %RSD NMT 2.0%.

Solution Stability: Evaluated at 10°C over 65 h (standard)
and 63 h (sample). Acceptance criteria: %RSD NMT 2.0%
(standard); % assay difference NMT £2.0% (sample).

Filter Validation: 0.45 pm nylon and PVDF syringe filters
tested with 3, 4, and 5 mL discard volumes. Acceptance
criterion: % assay difference NMT £2.0% vs unfiltered
reference.

Robustness: Flow rate (0.2 mL/min) and column oven
temperature (+5°C) were deliberately varied. System
suitability parameters and % assay differences were
evaluated[33].

RESULTS
Method Development
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The chromatographic conditions were optimized based on
the physicochemical properties of finerenone (log P = 2.6;
UV  absorption at 238 nm). Reversed-phase CI18
chromatography was selected for adequate retention of the
moderately lipophilic analyte. Acetonitrile was chosen as the
organic modifier for its low UV absorbance and efficient
solvating properties. Phosphate buffer adjusted to pH 4.5
was used to provide reproducible retention and ionization
control. The optimized mobile phase provided adequate
resolution of finerenone from placebo matrix components
and all known process-related impurities within a 15-minute
run time.

System Suitability: System suitability results are
summarized in Table. 1. The USP tailing factor was 1.1 for
both standard and sample solutions (NMT 2.0). USP
theoretical plate count exceeded 9334 plates (NLT 2000).
System precision %RSD was 0.17% (NMT 2.0%),
confirming adequate system performance.

Table 1: System Suitability Results for Finerenone

Parameter Finerenone—— Finerenone
USP Tailing Factor 11 11

(NMT 2.0) ’ ‘

lzjosol;) )Plate Count (NLT 9378 9334
Retention Time (min) 7.241 7.267
System Precision 0.17 L

(%RSD, n=5)

Method Precision: Percent assay values from six replicate
preparations ranged from 98.0-98.6%, mean 98.3%, SD
0.266, %RSD 0.27% (NMT 2.0%), confirming excellent
repeatability Table. 2.

Table 2: Method Precision Results (Batch 05A, n = 6)

Sample No. Weight (mg) Avg Response %Assay %RSD
1 5 5,730,047 98.1 —

2 5 5,757,919 98.6 —

3 5 5,761,067 98.6 —

4 5 5,731,526 98.1 —

5 5 5,738,489 98.2 —

6 5 5,724,383 98.0 —
Mean / %RSD — — 98.3 0.27

Solution Stability: Standard solution stability %RSD
remained within +2.0% up to 65 hours at 10°C Table. 3.
Sample solution percent assay difference remained within
+2.0% up to 58 hours at 10°C; the solution was deemed
stable for 58 hours under specified storage conditions.

Filter Validation: Both nylon and PVDF 0.45 um syringe
filters yielded percent assay differences within +2.0% Table.
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4. The 0.45 pm PVDF filter with 3 mL pre-filtration discard
was selected for routine use.

Table 3. Solution Stability of Finerenone Standard
Solution at 10°C

(98.8%) samples was 0.4% (NMT +2.0%). Peak purity
indices exceeded single-point thresholds in all solutions
Table. 7.

Table 6: Accuracy Results for Finerenone

Time (h) Peak Area Response %RSD  Limit
Initial 5,883,622 0.17 +2.0
5 5,916,338 0.21 +2.0
13 5,962,397 0.49 +2.0
27 6,053,274 1.10 +2.0
46 6,095,836 1.39 +2.0
65 6,126,483 1.60 +2.0
Table 4: Filter Validation Results

Filter Type %Assay  %Diff Limit
Unfiltered (reference) 98.5 — +2.0
0.45 uym Nylon — 3 mL 98.3 0.2 +2.0
0.45 pm Nylon — 4 mL 98.1 0.4 +2.0
0.45 um Nylon — 5 mL 98.3 0.2 +2.0
0.45 pm PVDF -3 mL 98.1 0.4 +2.0
0.45 um PVDF —4 mL 98.4 0.1 +2.0
0.45 ym PVDF — 5 mL 98.1 0.4 +2.0

Linearity: Finerenone demonstrated linearity over 100.52—
301.56 pg/mL (r = 1.00; slope 29,133.61; intercept
16,760.00; bias at 100% level = 0.3%). Results are
summarized in Table. 5.

Table 5: Linearity Data for Finerenone
Mean Peak

Level Conc.

S. No. (%) (ng/ml) Area Remarks
1 50 100.52 2,962,126  50%

2 75 150.78 4,393,904  75%

3 100 201.04 5,877,385  100%

4 125 251.30 7,310,273 125%

5 150 301.56 8,825,218  150%
chgglcalggtn(rz) 1.00 NLT 0.99
Slope 29,133.61

Intercept 16,760.00

Accuracy: Percent recovery values were 101.5%, 101.2%,
and 100.6% at 50%, 100%, and 150% spike levels
respectively; mean recovery 101.1% (%RSD 0.45%), within
the 97.0—103.0% criterion Table. 6.

Specificity: No interfering peaks from blank, placebo, or
process-related impurities (acid impurity RT 11.60 min;
aromatization impurity RT 11.04 min; dimethyl impurity RT
4.90 min) were detected at the finerenone retention time.
The %assay difference between as-such (99.2%) and spiked
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Level 8:}1;)@ Eglgl;'d ﬁzgponse %Recovery Limit
50% 5074 5142 3,004,594 101.5 1030
100% 10085 101.94 5956199 101.2 1030
150% 15096 151.67 8,861,992 100.6 T03%
%I}e:{a&)/ o _ — 101.1/0.45

Table 7: Specificity Results — As-Such vs. Spiked Sample
Comparison

Sample Type gnTin) % Assay flfgl(xPurity % Diff
‘S*S'S“h 7267 992 1.000000 -

ample
Spiked 0.4 (NMT
Sample 7.265 98.8 1.000000 £2.0)
Blank
Solution ND T o T
Placebo
Solution ND o o o

Robustness: Under all tested conditions (flow rate +0.2
mL/min; column temperature +5°C), system suitability
parameters and %assay remained within acceptance criteria.
The maximum absolute %assay difference was 0.3% Table.
8, confirming method robustness.

Table 8: Robustness Study Results

.. Plate Tailing o 0/ Ty
Condition Count  Factor YoAssay %Diff
Nominal (1.0
mL/min, 25°C) 9378 1.1 98.3 0.0
+ Column Temp
(30°C) 11187 1.1 98.1 0.2
-Flow Rate (0.8 11895 98.6 03
mL/min)

FFlowRate (12 9573 1 98.1 02
mL/min) ’ ’ ’
DISCUSSION

The absence of a pharmacopoeial monograph for finerenone
highlights the need for a validated in-house RP-HPLC
method suitable for routine quality control. In the present
study, chromatographic conditions were optimized to
achieve adequate resolution, symmetrical peak shape, and
satisfactory sensitivity. A C18 column was selected because
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the moderate lipophilic nature of finerenone supports
efficient reversed-phase separation. The mobile phase,
consisting of ammonium dihydrogen phosphate buffer (pH
4.5) and acetonitrile, provided stable retention and effective
separation of finerenone from its process-related impurities.
The use of an isocratic elution further simplifies routine
analysis and method transfer, in agreement with previously

reported RP-HPLC methods!®-18.

Finerenone cluted at 7.24 min, which is comparable with
reported C18-based methods employing phosphate buffer

systemsl& 19, Although published methods differ in column
type, organic solvent, detection wavelength, and calibration
range16'19’ 2L 22" the present method combines simple
chromatographic conditions with reliable separation. All
three known impurities, namely dimethyl, aromatization,
and acid impurities, were resolved within a 15-minute run,

demonstrating good method specificity.

System suitability parameters, including a tailing factor of
1.1, theoretical plates exceeding 9300, and system precision
of 0.17% RSD, confirmed consistent chromatographic
performance in accordance with USP recommendations and

published reportszo’ 21 Method precision was equally
satisfactory, with a %RSD of 0.27% for six replicate
preparations, indicating excellent repeatability and solution
stability during analysis. Similar precision has been reported

in earlier studies!'® 17-21,

The standard and sample solutions remained stable for 65
and 58 hours, respectively, when stored at 10°C, with assay
responses remaining within the £2.0% acceptance limit. This
extended stability is advantageous for laboratories handling
large analytical batches. A slight increase in standard
response was observed over time, most likely because of
minor solvent evaporation, emphasizing the importance of
proper sample storage.

The method demonstrated excellent accuracy, with a mean
recovery of 101.1% and a %RSD of 0.45%, which falls well
within the accepted range of 97.0-103.0%. The low
variability across all recovery levels indicates negligible
interference from tablet excipients, consistent with previous

reportslg’ 20,22 peak purity analysis using a PDA detector
confirmed the absence of co-eluting peaks from blanks,
placebo, or known impurities, with peak purity values of
1.000000. Likewise, the 0.4% difference between unspiked
and impurity-spiked samples satisfied the predefined
acceptance criterion.

Filter validation established that 0.45 pm PVDF syringe
filters with a 3 mL pre-filtration discard can be reliably used
for routine sample preparation. Robustness testing further
showed that small variations in flow rate and column
temperature did not significantly affect assay results or
system suitability. The increase in theoretical plates at lower

%
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flow rates was consistent with the van Deemter relationship
for reversed-phase chromatography34.

Compared with LC-MS/MS methods?* 23, the proposed RP-
HPLC procedure is more economical and practical for
routine pharmaceutical quality control. It also offers greater

specificity than UV  spectrophotometric methods by
allowing simultaneous separation of process-related
impuritiesm’ 5. In addition, its stability-indicating

capability, verified through impurity-spiking and peak purity
evaluation, enhances its regulatory applicability over many

previously published RP-HPLC assay methods?2: 23,

Overall, the method satisfied all ICH Q2(R2) validation
requirements, demonstrating its suitability for the intended
purpose. It compares favorably with recently published
analytical methods for finerenone?!> 22 3337 and uniquely
combines comprehensive filter validation with detailed
solution stability studies, addressing important gaps in the

existing literature.

CONCLUSION

A simple, precise, accurate, specific, and robust RP-HPLC
method has been successfully developed and validated for
the quantitative determination of finerenone in bulk drug
substance and tablet formulation in compliance with ICH
Q2(R2) guidelines. Chromatographic separation on a C18
column with an isocratic mobile phase comprising
acetonitrile and ammonium dihydrogen phosphate buffer
(pH 4.5) provides adequate resolution of finerenone from all
known process-related impurities within 15 minutes. All
validated parameters—linearity (r = 1.00; range 100.52—
301.56 pg/mL), accuracy (mean recovery 101.1%; %RSD
0.45%), precision (%RSD 0.27%), solution stability
(standard 65 h; sample 58 h at 10°C), specificity (no
interference from placebo or three known impurities), filter
validation (0.45 um PVDF, 3 mL discard), and robustness—
met their respective acceptance criteria. The method is
suitable for routine quality control analysis of finerenone in
pharmaceutical manufacturing and can serve as a reference
for regulatory submissions in the absence of a pharma-
copoeial monograph.

DISCLOSURE

Acknowledgement: The authors acknowledge the support
of SMBT college of pharmacy, Dhamangaon, Nasik.

Conflict of Interest: The authors declare that there are no
conflicts of interest regarding the publication of this
manuscript.

Funding: None.

References

1. Barrera-Chimal J, Gerarduzzi C, Rossignol P, Jaisser F. The non-
steroidal mineralocorticoid receptor antagonist finerenone is a novel

Journal of Pharmaceutical Research. Vol. 25, No. 2, July-Sept 2026:188



Borhade & Dighe: Analytical method development and validation of finerenone in bulk and

formulation by HPLC

therapeutic option for patients with Type 2 diabetes and chronic
kidney disease. Clinical Science. 2022; 136 (12) :1005-1017 .
Available from: https://doi.org/10.1042/cs20220212

2. Lerma EV, Wilson DJ. Finerenone: a mineralocorticoid receptor
antagonist for the treatment of chronic kidney disease associated with
type 2 diabetes. Expert Review of Clinical Pharmacology. 2022; 15
) :501-513 Available from:
https://doi.org/10.1080/17512433.2022.2094770

3. Ramadan MM, Alajmi S, Aldouseri J, Alajmi M, Tello EA, Mahdi
AO, et al. Pharmacology and Therapeutic Potential of Finerenone: A
Novel Third-Generation Nonsteroidal Mineralocorticoid Receptor
Antagonist. Cureus. 2025; 17 (7) :e87706 . Available from:
https://doi.org/10.7759/cureus.87706

4. Georgianos PI, Agarwal R. The Nonsteroidal Mineralocorticoid-
Receptor-Antagonist Finerenone in Cardiorenal Medicine: A State-
of-the-Art Review of the Literature. American Journal of
Hypertension. 2023; 36 (3) :135-143 Available  from:
https://doi.org/10.1093/ajh/hpac124

5. Zhai S, Ma B, Chen W, Zhao Q. A comprehensive review of
finerenone-a  third-generation  non-steroidal — mineralocorticoid
receptor antagonist. Frontiers in Cardiovascular Medicine. 2024; 11 .
Available from: https://doi.org/10.3389/fcvm.2024.1476029

6. Kim DL, Song YS, Kim SJ. Renal Protection of Mineralocorticoid
Receptor Antagonist, Finerenone, in Diabetic Kidney Disease.
Endocrinology and Metabolism. 2023; 38 (1) :43-55 . Available
from: https://doi.org/10.3803/enm.2022.1629

7. Marzolla V, Infante M, Armani A, Rizzo M, Caprio M. Efficacy and
safety of finerenone for treatment of diabetic kidney disease: current
knowledge and future perspective. Expert Opinion on Drug Safety.
2022; 21 ) :1161-1170 . Available from:
https://doi.org/10.1080/14740338.2022.2130889

8. Lerma E, White WB, Bakris G. Effectiveness of nonsteroidal
mineralocorticoid receptor antagonists in patients with diabetic
kidney disease. Postgraduate Medicine. 2023; 135 (3) :224-233 .
Available from: https://doi.org/10.1080/00325481.2022.2060598

9. Memon AAQ, Igbal S. Finerenone, a Novel and Safer Approach
toward Management of Diabetic Kidney Disease with Heart Failure.
Global Journal of Medical, Pharmaceutical, and Biomedical Update.
2022; 17 112 Available from:
https://doi.org/10.25259/gjmpbu_25 2022

10. Pitt B, Filippatos G, Agarwal R, Anker SD, Bakris GL, Rossing P, et
al. Cardiovascular Events with Finerenone in Kidney Disease and
Type 2 Diabetes. New England Journal of Medicine. 2021; 385 (24)
:2252-2263 . Available from: https://doi.org/10.1056/nejmoa2110956

11. Bakris GL, Agarwal R, Anker SD, Pitt B, Ruilope LM, Rossing P, et
al. Effect of Finerenone on Chronic Kidney Disease Outcomes in
Type 2 Diabetes. New England Journal of Medicine. 2020; 383 (23)
:2219-2229 . Available from: https://doi.org/10.1056/nejmoa2025845

12. Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing P, Joseph A, et
al. Cardiovascular and kidney outcomes with finerenone in patients
with type 2 diabetes and chronic kidney disease: the FIDELITY
pooled analysis. European Heart Journal. 2022; 43 (6) :474-484 .
Available from: https://doi.org/10.1093/eurheartj/ehab777

13. Rossing P, Anker SD, Filippatos G, Pitt B, Ruilope LM, Birkenfeld
AL, et al. Finerenone in Patients With Chronic Kidney Disease and
Type 2 Diabetes by Sodium—Glucose Cotransporter 2 Inhibitor
Treatment: The FIDELITY Analysis. Diabetes Care. 2022; 45 (12)
:2991-2998 . Available from:
https://doi.org/10.2337/figshare.20289009.v1

14. Fathima H, Pasha M, Khaleel M. Estimation and Validation of
Finerenone in Dosage Form and in Bulk Drug by Spectrophotometric
Method. A4sian Journal of Research in Chemistry. 2023; :211-215 .
Available from: https://doi.org/10.52711/0974-4150.2023.00033

15. Parmar I, Patel YA. Recent method development by analytical
techniques of new FDA approved drugs in 2021. International

%

KRUPANIDHI

COLLEGE OF PHARMACY

20.

21.

22.

23.

24.

25.

26.

27.

Journal of Current Pharmaceutical Research. 2022; 14 (3) :17-21 .
Available from: https://doi.org/10.22159/ijcpr.2022v14i3.1975

JJilla L, Aleti RR, Erusalagandi RS. A new RP-HPLC method

development, validation and stability indicating for the estimation of
finerenone in bulk and pharmaceutical dosage forms. International
Journal of All Research Education and Scientific Methods. 2023;
11(4): 1342-1349.

.Mohammed A, Arsalan M, Jabeen M, Begum H. Liquid

chromatography method development and validation for the
quantitative determination of finerenone in bulk drug and
pharmaceutical formulation. TIJER — International Research
Journal.  2023; 10 (6) :758-762 Available  from:
https://tijer.org/ TIJER/papers/TIJER2306209.pdf

. Chepyala S, Medidi S, Malik JK. Development of a Robust and

Reliable RP-HPLC Method for the Estimation of Finerenone in
Tablet Dosage Form. International Journal of Drug Delivery
Technology. 2024; 14 (02) :703-708 Available  from:
https://doi.org/10.25258/ijddt.14.2.15

.Illendula S, Samiha SK, Naik AB, Suresh CV, Rao KN.

Development and validation of a new analytical RP-HPLC method
for the estimation of finerenone in bulk and marketed formulation.
World Journal of Pharmaceutical and Life Sciences. 2024; 10 (2)
:91-98 . Available from:
https://www.wjpls.org/home/article _abstract/3196

Mirjapuram J, Sammaiah G. Analytical method development and
validation for simultaneous estimation of loratadine and
pseudoephedrine in bulk and tablet dosage form by RP HPLC
method. International Journal of Allied Medical Sciences and
Clinical Research. 2023; 11 (2) :589-596 . Available from:
https://doi.org/10.61096/ijamscr.v11.iss2.2023.210-218

Marie AA, Yassin MG, Elshenawy EA. Stability indicating RP-
HPLC method for estimation of finerenone and its related substances
in new dosage form. Scientific Reports. 2025; 15 (1) . Available
from: https://doi.org/10.1038/s41598-025-07166-4

Imran SJ, Kini SG, Kumar V, Sonawane B, Chaudhari J, Warde S.
Validated stability indicating reversed-phase high-performance liquid
chromatography (RP-HPLC) for the estimation of FINERENONE in
Pharmaceutical tablet dosage form. International Journal of
Innovative Research in Technology. 2024; 11 (2) :751-761 . Available
from: https://doi.org/10.21203/rs.3.15-2984018/v1

Murugesan A, Mukthinuthalapati Mathrusri A. Forced Degradation
Studies for Estimation of Finerenone by RP-HPLC Method. Acta
Scientific Pharmaceutical Sciences. 2021; :25-31 . Available from:
https://doi.org/10.31080/asps.2021.05.0818

Rohde G, Loewen S, Heinig R. a novel, selective, nonsteroidal
mineralocorticoid receptor antagonist - in human plasma by high-
performance liquid chromatography-tandem mass spectrometry and
its application to a pharmacokinetic study in venous and capillary
human plasma. Journal of Chromatography B.2021; 1172 :122643 .
Available from: https://doi.org/10.1016/j.jchromb.2021.122643

Somase K, Rishipathak D. Finerenone API Estimation Using RP-
HPLC Technique and LC-MS Characterization of its Degradation
Products. Oriental Journal Of Chemistry. 2025; 41 (2) :528-540 .
Available from: https://doi.org/10.13005/0jc/410222

Alsharif ST, Alagel SI, Almalki AH, Almalki FA, Albogami AM,
Alharbi MA. A fluorescence chemo sensor approach for
determination of finerenone in pharmaceutical formulation and
human plasma: Method development and validation. Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy. 2024; 309
1123836 . Available from: https://doi.org/10.1016/j.saa.2024.123836

Illendula S, Samiha SK, Naik AB, Suresh CV, Rao KN. Bioanalytical
method development and validation for estimation of finerenone in
spiked human plasma using RP-HPLC technique and application of
statistical tool. Biosciences Biotechnology Research Asia. 2025; 22
(3) :1111-1120 . Available from: https://doi.org/10.13005/bbra/3427

Journal of Pharmaceutical Research. Vol. 25, No. 2, July-Sept 2026:189


https://doi.org/10.1042/cs20220212
https://doi.org/10.1080/17512433.2022.2094770
https://doi.org/10.7759/cureus.87706
https://doi.org/10.1093/ajh/hpac124
https://doi.org/10.3389/fcvm.2024.1476029
https://doi.org/10.3803/enm.2022.1629
https://doi.org/10.1080/14740338.2022.2130889
https://doi.org/10.1080/00325481.2022.2060598
https://doi.org/10.25259/gjmpbu_25_2022
https://doi.org/10.1056/nejmoa2110956
https://doi.org/10.1056/nejmoa2025845
https://doi.org/10.1093/eurheartj/ehab777
https://doi.org/10.2337/figshare.20289009.v1
https://doi.org/10.52711/0974-4150.2023.00033
https://doi.org/10.22159/ijcpr.2022v14i3.1975
https://tijer.org/TIJER/papers/TIJER2306209.pdf
https://doi.org/10.25258/ijddt.14.2.15
https://www.wjpls.org/home/article_abstract/3196
https://doi.org/10.61096/ijamscr.v11.iss2.2023.210-218
https://doi.org/10.1038/s41598-025-07166-4
https://doi.org/10.21203/rs.3.rs-2984018/v1
https://doi.org/10.31080/asps.2021.05.0818
https://doi.org/10.1016/j.jchromb.2021.122643
https://doi.org/10.13005/ojc/410222
https://doi.org/10.1016/j.saa.2024.123836
https://doi.org/10.13005/bbra/3427

Borhade & Dighe: Analytical method development and validation of finerenone in bulk and
formulation by HPLC

2

2

3

3

3

3

3

3

3

3

8. Lakshmi Kalyani B, Yesvanti S, Sahasrika S, Likhitha Reddy M,
Roshini B. Comprehensive insights into finerenone: recent HPLC
advancements and clinical prospects. International Journal of
Research and Analytical Reviews. 2023; 10 (4) :125-134 . Available
from: https://ijrar.org/papers/IJRAR23D1246.pdf

. International Council for Harmonisation (ICH). Validation of
Analytical Procedures Q2(R2). ICH Harmonised Guideline. Geneva:
ICH. . Available from:
https://database.ich.org/sites/default/files/ICH_Q2(R2) Guideline 2
023 1130.pdf, 2023

0. United States Pharmacopeia (USP) 2024. General Chapter <621>
Chromatography. 2nd Supplement to USP 47. United States
Pharmacopeia Convention. Rockville. 2024.

Nl

—

. International Council for Harmonisation (ICH). Impurities in New
Drug Products Q3B(R2). ICH Harmonised Guideline. Geneva: ICH.
. Available from:
https://database.ich.org/sites/default/files/Q3B(R2)%20Guideline.pdf
, 2006

2. International Council for Harmonisation (ICH). Analytical Procedure
Development Q14. ICH Harmonised Guideline. Geneva: ICH. .
Available from:
https://database.ich.org/sites/default/files/ICH_Q14 Guideline 2023
_1130.pdf, 2023

. Vander Heyden Y, Nijhuis A, Smeyers-Verbeke J, Vandeginste BG,

Massart DL. Guidance for robustness/ruggedness tests in method
validation. Journal of Pharmaceutical and Biomedical Analysis.
2001; 24 (5-6) :723-753 Available from:
https://doi.org/10.1016/s0731-7085(00)00529-x

4. Snyder LR, Kirkland JJ, Dolan JW. Introduction to Modern Liquid
Chromatography. 2010; (3rd Edition) Available  from:
https://doi.org/10.1002/9780470508183

.Metkari VB, Gade V. Method development and validation of
finerenone by RP-HPLC method. International Journal of Innovative
Research in Technology. 2024; 11 (2) :751-761 . Available from:
https://ijirt.org/publishedpaper/IJIRT166111 PAPER.pdf

6.Naazneen S. An Isocratic RP-HPLC Method Development and
Validation for the Quantitative Estimation of Finerenone in Solid
Dosage Forms. International Journal For Multidisciplinary
Research. 2024; 6 3) Available from:
https://doi.org/10.36948/ijfmr.2024.v06103.23098

7. Varade MM, Patil PR, Jadhav RG. RP-HPLC method development
and validation of finerenone in bulk drug and its formulations. GSC
Biological and Pharmaceutical Sciences. 2024; 27 (1) :214-222 .
Available from: https://doi.org/10.30574/gscbps.2024.27.1.0128

W

W

%

KRUPANIDHI

COLLEGE OF PHARMACY

38.

39.

40.

41.

42.

43.

44,

45.

Heinig R, Gerisch M, Engelen A, Nagelschmitz J, Loewen S.
Pharmacokinetics of the Novel, Selective, Non-steroidal
Mineralocorticoid Receptor Antagonist Finerenone in Healthy
Volunteers: Results from an Absolute Bioavailability Study and
Drug-Drug Interaction Studies In Vitro and In Vivo. European
Journal of Drug Metabolism and Pharmacokinetics. 2018; 43 (6)
7715-727 . Available from: https://doi.org/10.1007/s13318-018-0483-
9

Heinig R, Eissing T. The Pharmacokinetics of the Nonsteroidal
Mineralocorticoid Receptor Antagonist Finerenone. Clinical
Pharmacokinetics. 2023; 62 (12) :1673-1693 . Available from:
https://doi.org/10.1007/s40262-023-01312-9

Lentini S, Heinig R, Kimmeskamp-Kirschbaum N, Wensing G.
Pharmacokinetics, safety and tolerability of the novel, selective
mineralocorticoid receptor antagonist finerenone — results from first-
in-man and relative bioavailability studies. Fundamental & Clinical
Pharmacology. 2016; 30 (2) :172-184 Available from:
https://doi.org/10.1111/fcp.12170

Eissing T, Ploeger B, Winkler MG, Joseph A, Gerisch M, Scheerer
ME, et al. Pharmacokinetics and pharmacodynamics of finerenone in
patients with chronic kidney disease and type 2 diabetes: insights
based on FIGARO-DKD and FIDELIO-DKD. Diabetes, Obesity and
Metabolism. 2024; 26 (3) :924-936 Available  from:
https://doi.org/10.1111/dom.15387

Nyamagoud SB, Swamy AH, Hiremath J, Athreya BJ, Raj S, Hegde
M, et al. Finerenone as a New Potent Resistant Hypertension Agent:
A Review. International Journal of Pharmaceutical Investigation.

2023; 14 (1) :10-15 Available from:
https://doi.org/10.5530/ijpi.14.1.2
Pradhan A, Tripathi UC. Finerenone: a breakthrough

mineralocorticoid receptor antagonist for heart failure, diabetes and
chronic kidney disease. The Egyptian Heart Journal. 2024; 76 (1) .
Available from: https://doi.org/10.1186/s43044-024-00586-z

Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing P, Joseph A, et
al. Cardiovascular and kidney outcomes with finerenone in patients
with type 2 diabetes and chronic kidney disease: the FIDELITY
pooled analysis. European Heart Journal. 2022; 43 (6) :474-484 .
Available from: https://doi.org/10.1093/eurheartj/chab777

Parrinello CM, Bhatt DL. Finerenone in diabetic kidney disease: A
systematic review and critical appraisal. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews. 2022; 16 (10) :102638 .
Available from: https://doi.org/10.1016/j.dsx.2022.102638

Journal of Pharmaceutical Research. Vol. 25, No. 2, July-Sept 2026:190


https://ijrar.org/papers/IJRAR23D1246.pdf
https://database.ich.org/sites/default/files/ICH_Q2(R2)_Guideline_2023_1130.pdf,%202023
https://database.ich.org/sites/default/files/Q3B(R2)%20Guideline.pdf,%202006
https://database.ich.org/sites/default/files/ICH_Q14_Guideline_2023_1130.pdf,%202023
https://doi.org/10.1016/s0731-7085(00)00529-x
https://doi.org/10.1002/9780470508183
https://ijirt.org/publishedpaper/IJIRT166111_PAPER.pdf
https://doi.org/10.36948/ijfmr.2024.v06i03.23098
https://doi.org/10.30574/gscbps.2024.27.1.0128
https://doi.org/10.1007/s13318-018-0483-9
https://doi.org/10.1007/s40262-023-01312-9
https://doi.org/10.1111/fcp.12170
https://doi.org/10.1111/dom.15387
https://doi.org/10.5530/ijpi.14.1.2
https://doi.org/10.1186/s43044-024-00586-z
https://doi.org/10.1093/eurheartj/ehab777
https://doi.org/10.1016/j.dsx.2022.102638

