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A simple approach was developed for the rapid, selective and sensitive estimation
of finerenone in spiked human plasma utilizing the high-performance liquid chromatography
(HPLC) method. The protein precipitation technique was adopted for sample preparation,
subsequently followed by separation and detection using the HPLC system. The quantification
of finerenone in spiked human plasma was validated in compliance with regulatory guidelines
(USFDA, EMEA and ICH). A mixture consisting of acetonitrile and water was utilized as
the mobile phase. The separation was accomplished using a Phenomenex C18 column. The
concentration range achieved was from 150 ng/ml to 6000 ng/ml. The accuracy obtained was 95
to 103% for calibration standards and 92 to 102 % for quality control (QC) samples. The precision
was < 4% and recovery study showed 88% recovery. The stability study was conducted and the
proposed method was determined to be stable. The application of one-way ANOVA revealed
no significant variability in intra- and inter-day precision (p > 0.05), thereby confirming the
consistency of the method. The method was effectively developed and validated, demonstrating
simplicity, accuracy, rapidity, sensitivity and cost effectiveness.
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Finerenone ((4S5)-4-(4-Cyano-2-
methoxyphenyl)-5-ethoxy-2,8-dimethyl-1,4-
dihydro-1,6-naphthyridine-3-carboxamide),
C, H,,N,O, having MW 378.432 g-mol™."?
(Chemical structure shown in figure 1) is a non-
steroidal mineralocorticoid receptor antagonist.>*
Finerenone is prescribed to mitigate the risk
of persistent reduction in glomerular filtration
rate, end-stage renal disease, cardiovascular
mortality, and hospitalization due to heart failure
in individuals with chronic renal disease linked to
type II diabetes mellitus. ¢

*Corresponding author E-mail:

Finerenone received FDA approval in July
2021, and subsequently, EMA approval in March
2022.7 Finerenone demonstrates greater potency
compared to current medications within its class,
particularly mineralocorticoid receptor (MR)
antagonists.® Development of bioanalytical method
is a key component of the drug development
process.’

A review of the literature indicates
that various analytical approaches have been
documented for the estimation of finerenone in
bulk drug and dosage forms.!*'2 However, there
are limited bioanalytical methods reported,’
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notably including the use of HPLC/MS which are
time consuming, costly and requires extensive
sample preparation to remove the interfering
components.'* A fluorescent chemo sensor method
has been established for the quantification of
finerenone in human plasma, which entails
several intricate stages, rendering the process
costly.” No technique has been reported yet for
quantification of finerenone in spiked human
plasma using RP-HPLC with UV detection."
There is dire need to develop a selective, rapid, and
sensitive bioanalytical method for the estimation of
finerenone for its pharmacokinetic evaluation."'¢!?

MATERIALS AND METHODS

Reagents used were analytical grade.
Fineronone drug and Dapagliflozin (IS) were
obtained with certificate of analysis. Acetonitrile,
methanol, orthophosphoric acid, ammonium
acetate were obtained from Qualigens (thermofisher
scienctific). Water utilized in the study was HPLC
grade and obtained from Moreshwar enterprises.
Plasma samples were procured from Arpan blood
bank, Nashik, Maharashtra.

Instrumentation: HPLC (Agilent, 1260
Infinity II) with Openlab EZchrome software
was used for the study. UV spectrometer utilized
was from Jasco 550 series with spectra manager
software.

Fig. 1. Structure of Fineronone'
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Optimised chromatographic conditions:
Phenomenex C18 (250 mm X 4.6 mm i.d, 5im)
was selected for the study. The column oven
temperature was kept 40° C. wavelength for
detection obtained was 252 nm. Flow rate was kept
as 1.00 ml/min. The Injection volume was 80 pl.
Mobile phase selected was Acetonitrile (ACN):
Water in 50:50 % v/v concentration.

Selection of Internal standard: Through
multiple trials with various internal standards
(IS), dapaglifiozin was chosen as the IS due to
its favourable chromatographic response along
with finerenone (FIN) under the optimized
chromatographic conditions outlined above.
(R.T for FIN was 4.86 min, R.T for IS was 10.42
min). Figure 2 represents the chromatogram for
finerenone and IS. Theoretical plates were 13284
and 16343 resp.

Calibration standards and Quality control
(QC) samples: A 500 pg/ml stock solution of
finerenone (500 pg/ml) and dapagliflozin (IS)
were made. Different stock solutions were made
for QC samples and calibration standards. From
the above stock solutions, working solutions were
made in the range of 0.15pg/ml, 0.5 ug/ml ,1
pg/ml, 2 pg/ml, 3pug/ml, 4.5 pg/ml, 6 pg/ml (i.e
150ng/ml to 6000ng/ml) for calibration samples.
The QC samples were prepared as Lower limit of
quantitation (LLOQ) 0.15 pg/ml, lower quality
control (LQC) 0.45 pg/ml, middle quality control
(MQC) 3 pg/ml and higher quality control (HQC)
4.8 pg/ml.

Optimized extraction method: Protein
precipitation provides numerous benefits in
bioanalytical techniques, such as simplicity,
rapidity, and cost-efficiency.'® 475 ul plasma
was combined with 25 pl of finerenone working
solutions and vortexed for 1 minute. Subsequently,
50 pl of 75 pg/ml Dapagliflozin (IS) in a methanol
solution was added and vortexed for an additional
1 minute. Added 20 pl of 2% formic acid and
vortexed for 1 minute. Added 1 ml of acetonitrile
and vortexed for 2 minutes. Centrifuged at 4000
RPM for 3 minutes. 0.5 ml of supernatant was
collected and introduced in the HPLC system. Fig
3 represents the chromatogram for extracted sample
of finerenone and IS in plasma.

Assay validation: The bioanalytical
approach was validated in compliance with
regulatory standards such as United States Food
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and Drug Administration (USFDA), International
Council for Harmonisation (ICH) and European
Medicines Agency (EMEA). 2!

The bioanalytical method validation
was performed for the parameters like system
suitability, selectivity, carry over, sensitivity,
linearity, recovery, accuracy and precision,
stability.?>6

System suitability: System suitability
is a prerequisite of the Pharmacopoeia, utilized
to determine if the chromatographic system is
appropriate for the desired study.”” The tests were
carried out by documenting the data collected
from five replicate injections of the standard drug
solution.

Selectivity

The FDA recommends that selectivity
assessments should show no substantial response
from interfering components at the R.T of the
analyte or IS in blank samples.” In accordance with
regulatory guidelines, six plasma samples from
distinct individuals were collected, including one
haemolyzed and one lipemic plasma sample, and
assessed for their response at R.T of finerenone and
IS. The acceptance criteria specify that interfering
components must not surpass 20% of the analyte
response at LLOQ and must remain below 5% of
the IS for each matrix.

Sensitivity

It is the lowest analyte concentration
that can be measured with adequate accuracy and
precision. Six replicates of LLOQ solution (0.15
pg/ml) were evaluated for accuracy and precision.
The acceptance criterion for this study is that the
%CYV should not exceed 20%.

Carry over

This study involves determination of
the presence of a test substance peak in control
group or analytical check samples. In this study,
duplicate blank samples were introduced following
the ULOQ solution (i.e.6 ng/ml) throughout three
runs. The conditions of acceptance for this study
specify that the area at the R.T of Finerenone in
blanks 2 and 3 must not exceed 20% of the area of
the LLOQ.

Linearity

This allows for the evaluation of the
concentration range within which the method
operates reliably. Seven calibration standards were
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established within the range of 0.15 ug/ml to 6 pg/
ml, and the results were recoded.
Accuracy and Precision

Accuracy and precision were ascertained
through replicate analysis of the sample’s known
composition. The criteria for accuracy require a
bias value within 15% (20% for LLOQ), while
precision is defined by a CV value of 15% or less
(20% for LLOQ). For other QC samples (L, M,
and HQC), a deviation of + 15% (accuracy range
of 85% to 115%) is permitted. The CV for LLOQ
samples should not exceed 20% for precision,
whereas for all other QC samples (LQC, MQC,
and HQC) it should not exceed 15%.
Recovery

It measures the efficiency of an analytical
process by comparing the amount of analyte
extracted from a sample to the amount that was
added to the sample. The determination involves
comparing the analyte response in a biological
sample that has been spiked and processed with
the response in a processed biological blank
sample that is subsequently spiked with the analyte.
According to regulatory guidelines, the CV should
not exceed 15.
Stability study

Stability of the optimised method was
ascertained through Benchtop stability study or
short-term stability study which ensures sample
stability during sample processing conditions.
Additionally, three freeze thaw cycles were also
performed to check the sample’s stability. The
processed sample was kept in autosampler for 24
h and checked for stability. The analyte samples
were also subjected to stock solution stability study
in which the stock solution for LQC and HQC
were made and kept for 24 h and after 24 h LQC
and HQC solutions were made in triplicate and
checked for % accuracy. According to regulatory
guidelines, the CV should not surpass 15.

RESULTS

System suitability study

Five replicates of 3 ppm solution (Cmax)
were injected and checked for parameters like
asymmetry, theoretical plates and resolution and
proposed method showed good chromatographic
results. Table 1 elaborates the outcomes.
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Selectivity

Outcomes from six distinct human plasma
lots were assessed, revealing no interference at
the retention time of finerenone and the IS. Fig
4 represents a blank sample chromatogram from
plasma lot 1 and fig 5 represents the chromatogram
for LLOQ sample for plasma lot 1.
Sensitivity

The CV obtained was 4.19% which
falls within the acceptance criteria of regulatory
guidelines. Table 2 summarizes the result of
sensitivity study.
Carryover study

The carryover in the double blank
following the ULOQ estimation over three runs
for finerenone and the internal standard was

Table 1. System suitability study
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determined to be 0% of the mean area of the LLOQ.
The acceptance criteria were met. Outcomes are
given in table 3.
Linearity

The calibration curve for finerenone
was plotted for concentration vs area ration of
finerenone to IS. The curve found linear in the range
from 0.15 pg/ml to 6 pg/ml with linearity equation
as 0.3404 ¢ + 0.00543 and regression coefficient
0.999. The LLOQ of finerenone obtained was 0.15
pg/ml (150 ng/ml). The optimised method showed
good linearity meeting all standard specifications.
Fig 6 shows the calibration curve for finerenone.
Accuracy and Precision

Table 4 and 5 provides the data for
accuracy and precision study. The accuracy for
calibration standards was observed between 95 to
103% and 93 to 103 % for QC samples. While the
% CV obtained for intraday and interday precision

Parameter Finerenone  Internal standard  yas not more than 6%. The accuracy and precision
T (m .86 042 were determined by the acceptability criteria of
T (min) : : accuracy, which is 85 to 115% (20% variation
Asymmetry 1.28 1.12 . . . L.
Theoretical plates 13284 16343 for LLOQ solution), and precision, which is a
Resolution i 2261 maximum of 15% CV. (20% for LLOQ).
_-RT4.86
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Fig. 3. Chromatogram of finerenone and IS in extracted sample
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Recovery study

The efficacy of the finerenone extraction
method was assessed, and the results are presented
in Table 6. The overall recovery of finerenone
and IS was observed to be 88.29 % and 86.69 %
respectively giving % CV value of 2.50 and 1.28
for finerenone and IS respectively. The results are
ascertained with regulatory acceptance criteria for
CV should not more than 15.

Table 2. Sensitivity study
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Stability study

During the storage, experimental
processing, and analysis of the sample, the stability
of the analyte was confirmed through various
stability studies. The stability study was conducted
in triplicates of LQC and HQC samples as per
regulatory guidelines.!” The data for stability study
is presented in table 7. The samples were subjected
for different stability parameters like short term
stability, freeze thaw stability, autosampler
stability, Processed extracted sample stability at
room temperature and stock solution stability as
per regulatory guidelines. The outcomes from these
stability studies are computed in table 7.

LLOQ Area of Finerenone in LLOQ
Table 3. Carry over study
LLOQ 1 252410
LLOQ2 268593 Particulars Area % Interference
LLOQ 3 270531
LLOQ 4 261429 Blank 1 0 0
LLOQ 5 250128 ULOQ 7401278 NA
LLOQ 6 243521 Blank 2 0 0
Mean 257769 Blank 3 0 0
STDV 10803.07813 Mean area of 257769 NA
% CV 4.19 Fineronone at LLOQ
100 100
2 7] 32
| |
|
|
A |
0 ) o -0
o 2 &+ & 8 1 12 14 1 18 20
Minutes
Fig. 4. Chromatogram of blank sample plasma lot 1
204 <= RT1037 20
E 10 =10 !
<= RT483
0 Al VAN Lo
0 é ; é é !‘U 'I'Z ;4 !‘6 |‘B 20
Mnutes

Fig. 5. Chromatogram

for LLOQ for plasma lot 1
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ANOVA test

In bioanalytical method validation,
precision serves as a crucial parameter for
evaluating the method’s performance. Both
intraday and interday precision were evaluated
using %CV at all QC levels (LLOQ, LQC, MQC
and HQC) and the outcomes falls within acceptance
criteria. Additionally, one way ANOVA test was
applied to intraday and interday precision for
statistical confirmation. Table 8 summarizes the
outcomes for ANOVA test indicating the P value
0.0688, 0.8353 and 0.2235 for repeatability,
intraday and interday precision respectively. The
ANOVA test revealed no statistically significant
difference among group means (as p value > 0.05).
Also, the % CV was obtained was not more than
15% which falls within regulatory criteria. These
findings confirm the reproducibility, reliability

Table 4. Summary of Accuracy study for calibration
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and consistency of the method. Outcomes from
ANOVA test are computed in table 8.

DISCUSSION

The finerenone validation procedure in
spiked human plasma samples was successfully
constructed with reference to the provisions of
USFDA, ICH and EMA. Despite the fact that
finerenone is commonly analysed using LC-MS/
MS methods that report retention times around 2
minutes,' while effective for mass spectrometry,
this early elution overlaps with plasma matrix
peaks in HPLC with UV detection, making
such methods unsuitable for UV detection.” In
contrast the proposed method is developed for
quantification of finerenone, with chromatographic
conditions optimized specifically to achieve
appropriate retention and resolution from plasma
matrix. Furthermore, the existing methods

standards utilizing LC-MS/MS and fluorescent techniques
. for finerenone determination involve complex
Actual . Recoverqd %o Accuracy and time-consuming stages, particularly during
concentration concentration 1 . . - 1530
in pg/ml in pg/ml sample preparation and instrument operation.'
However, the proposed HPLC method employs
0.15 0.143 95.33 simple instrumentation, simpler operational steps
0.50 0.492 98.40 from sample preparation to detection, making the
1.00 0.959 95.90 overall process less time-consuming and more
2.00 2.053 102.65 practical for routine analysis. Hence, the proposed
3.00 3.05 101.67 method is simple, inexpensive and suitable even
4.50 4.454 98.98 in the continuous bioanalysis. The ease of use,
6.00 6.075 101.25 and the high levels of validation, promotes its use
Linearity of Finerenone
25 ~ y =0.3436x + 0.0013
%]
= R*=0.9996
Q2 -
=
c
S5 =
[ To
o
o 17
)
m
|
g 05 -
)
<t
0 T T T T T T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Conce

Fig. 6. Calibration curve for finerenone
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Table 5. Summary of Accuracy and Precision study for QC samples
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Level Actual Recovered % Accuracy % CV
concentration concentration
pg/ml pg/ml
Repeatability batch
LLOQ 0.15 0.142 95.11 3.59
LQC 0.45 0.446 99.11 4.00
MQC 3.00 2.906 96.87 3.40
HQC 4.80 4.806 100.15 2.48
Intraday precision
LLOQ 0.15 0.152 101.56 4.27
LQC 0.45 0.445 99.04 5.60
MQC 3.00 2.997 99.92 3.53
HQC 4.80 4.814 100.31 5.46
Interday precision
LLOQ 0.15 0.144 96.22 5.32
LQC 0.45 0.454 101.07 5.22
MQC 3.00 2.96 98.75 4.63
HQC 4.80 4.863 101.31 3.21
Table 6. Recovery study Table 7. Stability study
Level % Recovery Overall Overall Parameter Accuracy % CV
Recovery % CV (%)
(%)
Short term stability 98.21 4.50
Finerenone Freeze thaw stability 96.15 5.76
LQC 90.84 88.29 2.50 Autosampler stability 98.34 6.10
MQC 87.00 Processed extracted sample ~ 96.00 3.11
HQC 87.03 at room temperature
Internal standard Stock solution stability 96.55 3.04
LQC 87.13 86.69 1.28
MQC 85.43
HQC 87.52
Table 8. Outcomes of ANOVA analysis
Source of variation SS df MS F P-value F crit
Repeatability batch
Between groups 91.883 3 30.627 2.761 0.0688 3.098
Within groups 221.816 20 11.090
Total 313.699 23
Intrday precision
Between Groups 19.6764333 3 6.55881111 0.28545718  0.835307 3.098391
Within Groups 459.5303 20 22.976515
Total 479.206733 23
Interday precision
Between Groups 101.83535 3 339451167 1.58822486  0.223575 3.098391
Within Groups 427.459833 20 21.3729917
Total 529.295183 23
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in those laboratories that cannot afford the use
of mass spectrometers. In current study protein
precipitation technique was adopted for sample
preparation that is economical and minimizes
losses of the extracted drug in the sample during
the process and enhances sensitivity, speed and
accuracy of the method.*! The developed method
had an excellent response in the linearity range
of 150 ng/ml to 6000 ng/ml with a correlation
coefficient of 0.999 that is sufficient to reliably
quantify finerenone in the biological matrix, which
in turn makes it suitable to pharmacokinetic studies.
The precision of the methodology was determined
at calibration mediums and quality controls
(LLOQ, LQC, MQC and HQC). The accuracy
was found to be in the range of values 92-103%
falling within the guidelines given by FDA, ICH
and EMA. Additionally, ANOVA test was applied
to asses the statistical confirmation of precision
and method was determined to be reliable and
consistent.

CONCLUSION

The analytical technique newly suggested
is a milestone in the measurement of finerenone in
spiked human plasma with the high-performance
liquid chromatography employing ultraviolet
detection. Sensitivity and linearity of the suggested
protocol are of superior level, which is a decisive
attribute in the stable measurement of finerenone.
The method was systematically validated
thoroughly and fulfilled all the regulatory standards
(USFDA, ICH, EMA). The method showed
excellent system suitability, sensitivity with
LLOQ of 150 ng/ml. It was highly selective with
no interference from six different plasma samples
along with one haemolyzed and one lipemic
plasma. The method showed good linear response
in concentration range of 150 ng/ml to 6000 ng/
ml. Accuracy was observed between 92-103%.
Precision study showed %CV within 6% for both
intraday and interday precision. The mean recovery
was observed to be 88% indicating high extraction
efficiency. The stability study under different
conditions, namely short term, freeze thaw,
autosampler, stock solution and processed sample
stability showed % CV not exceeding 6%. Such
data proves to be very reliable and reproducible
making it suitable for pharmacokinetic analysis,
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testing bio equivalents as well as carrying out
therapeutic drug monitoring. The results of such
investigation not only contribute to quality control
and quality assurance in the area of pharmaceutical
development but also offer feasible solution in the
quantification of finerenone in other biological
fluids.
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