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) Abstract

Balcinrenone,

chronic kidney disease,

inflammation, Balcinrenone represents a groundbreaking modulator of mineralocorticoid receptors that, as
mineralocorticoid receptor, indicated by early studies, maintains cardiovascular and renal benefits without raising the
renal fibrosis, likelihood of hyperkalemia. Its development is paired with dapagliflozin for the management of
toll-like receptors, heart failure in individuals with impaired kidney function and chronic kidney disease. The aim of
pharmacokinetics this research was to employ a population pharmacokinetic approach to define the pharmacokinetics

of Balcinrenone and evaluate how both internal and external factors influence its pharmacokinetic
behavior. An investigation into absorption, distribution, metabolism, and excretion was carried out
to establish essential pharmacokinetic parameters, mass balance, and metabolite profiles of
Balcinrenone in human subjects. This study was designed as an open-label, single-center,

Received on: nonrandomized trial with two distinct periods. In the first period, eight healthy male participants

18-02-2026 were administered a microtracer intravenous infusion of Balcinrenone immediately after taking an
oral dose of unlabeled Balcinrenone in a capsule form. Following a washout period of seven days,
Accepted on: the same participants later received an oral suspension of Balcinrenone in the second period. The
clearance and absolute bioavailability of Balcinrenone were established at 14. 2 1/h and 52%,
04-03-2026 respectively. The renal clearance rate was calculated at 5. 4 I/h, which indicates elimination
Published on: through active tubular secretion potentially facilitated by P-glycoprotein 1 and/or organic anion
transporter 3 based on in vitro transporter studies. A total of 94. 1% of the administered oral dose
14-04-2026 was recovered, with 45. 2% found in urine and 48. 9% in feces. The primary metabolic pathway

of Balcinrenone involved oxidation, with in vitro evidence indicating that cytochrome P450 3A4
mainly drives this process. Unchanged Balcinrenone constituted 55% of the drug-related substance
in plasma, with four metabolites observed, none exceeding 6% of the overall plasma radioactivity.
In summary, this two-period investigation has established the fundamental pharmacokinetic
characteristics of Balcinrenone in humans, including absolute bioavailability and its disposition
profile. The identified metabolites did not require further investigation due to their minimal
presence, and their potential role in influencing pharmacodynamic responses or drug-drug
interactions was considered insignificant. Overactive mineralocorticoid receptor function is
associated with cardiovascular and renal disorders. Reducing MR activation through
mineralocorticoid receptor antagonists has proven effective in slowing the progression of chronic
kidney disease and its related cardiovascular complications in both animal research and patient
studies. This current investigation looks into the effects of the mineralocorticoid receptor
modulator Balcinrenone alongside the mineralocorticoid receptor antagonist eplerenone on kidney
injury within a metabolic chronic kidney disease mouse model that combines nephron reduction
with a high-fat diet consisting of 60%. Both Balcinrenone and Eplerenone showed similar
effectiveness in preventing the advancement of kidney injury, extracellular matrix changes, and
inflammation. A novel mechanism was identified that connects MR activation to the deposition of
renal proteoglycans and inflammation through the stimulation of the TLR4 pathway. Balcinrenone
and eplerenone were both effective in attenuating this pathway activation.
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2. Introduction -7

According to preclinical research, the novel,
selective mineralocorticoid receptor (MR)
modulator balcinrenone (AZD9977) retains
cardiorenal benefits while not increasing the
chance of hyperkalemia. Presently, it is being
created in conjunction with the sodium-
glucose cotransporter-2 inhibitor (SGLT21)
dapagliflozin for the treatment of heart
failure (HF) in individuals with impaired
renal function and chronic kidney disease
(CKD). Mineralocorticoids like aldosterone
and glucocorticoids activate MR, which is
present in both epithelial and nonepithelial
tissues, such as the heart and kidneys. The
kidneys' MR activation controls electrolyte
balance and blood pressure, but excessive
activation of MR over time can lead to the
progression of cardiorenal disorders such HF
and CKD. By lowering mortality rates and
minimizing hospital risks, mineralocorticoid
receptor antagonists (MRAs),
spironolactone, eplerenone, and finerenone,
have been shown to be effective in the
treatment of hypertension and heart failure.

such as

The increased risk of hyperkalemia caused by
the suppression of aldosterone's effects,
which blocks potassium loss, limits their use,
however. Balcinrenone works through a
different mechanism than current MRASs;
studies show that its binding to MR causes a
different conformation than that induced by
MR antagonists. The distinct interaction with
MR is predicted to distinguish organ-
protective effects from negative effects on
urinary electrolytes, such as the possibility of
hyperkalemia. Balcinrenone improved renal
function 1in preclinical research without
causing any immediate change in the urinary
sodium/potassium ratio. As a result,

21(2): S.1(2), 145-157, 2026

146

www.thebioscan.com

Balcinrenone is anticipated to provide similar
cardiorenal benefits as MRAs, but with a
lower chance of hyperkalemia. Dapagliflozin
is a very potent SGLT2i that improves
glycemic control in people with diabetes
mellitus and offers cardiorenal benefits for
patients with type 2 diabetes mellitus, HF,
and CKD. It is used to prevent cardiorenal
complications in CKD and heart failure (HF),
especially when standard steroidal MR
antagonists are not well tolerated. It belongs
to the same mechanistic family as finerenone
and esaxerenone, which aim to maintain the
positive effects of MR blockade while
reducing hyperkalemia in people with
compromised kidney function. The steroid-
related endocrine side effects seen with
spironolactone and, to a lesser extent,
Balcinrenone are still being studied and have
not yet been authorized by any big regulatory
bodies.

Concomitant renal impairment is frequent in
individuals with heart failure (HF), and it
complicates HF therapy and has a detrimental
impact on prognosis.] Despite being a
cornerstone therapy for heart failure with
reduced ejection fraction, mineralocorticoid
receptor (MR) antagonists are significantly
underutilized in individuals with chronic
kidney disease (CKD)2 and are not advised
in those with an estimated glomerular
filtration rate (eGFR) of less than 30
ml/min/1.73 m2. Balcinrenone (previously
AZD9977) is a selective MR modulator that
has partial antagonist action due to its unique
interaction with the receptor and ability to
distinguish between urinary electrolyte
excretion and organ-protective effects.5
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Balcinrenone may have advantages

in patients with HF and CKD who are already
receiving standard-of-care treatment with
sodium-glucose cotransporter 2 (SGLT2)
inhibitors (e.g. dapagliflozin). The findings
of MIRACLE (MIneRAlocorticoid reCeptor
modulator and sodium—glucosE
cotransporter 2 inhibitor in HF and CKD), an
international, randomized, double-blind,
phase 2b trial of the efficacy and safety of
Balcinrenone and dapagliflozin in patients
with HF and CKD, are presented here.

3. Methods ¢V

Balcinrenone  was  manufactured  for
AstraZeneca by Eurofins Selcia in Essex,
UK. Quotient Sciences (Nottingham,
UK) created the oral of
Balcinrenone as well as the intravenous
solution of the microtracer Balcinrenone,
while AstraZeneca (Gothenburg,
Sweden) manufactured capsules with pellets
of Balcinrenone. AstraZeneca (Gothenburg,

suspension

Sweden) supplied synthetic standards for six
metabolites of Balcinrenone (M2 and M5 9).
The final PerkinElmer (Waltham, MA, USA)
Ultima Gold LSC-cocktail
was purchased. Paracetamol and acetanilide,
both purchased from Sigma-Aldrich (Saint
Louis, MO, USA), and ANU sucrose-8542,
which had a certified 14C/12C ratio and
was bought from the National Institute of
Standards and Technology (Gaithersburg,
MD, USA), were among the specific
chemicals used by TNO (Metabolic Health
Research, Leiden, Netherlands) for
accelerator mass spectrometry (AMS)
analysis. All other chemicals and reagents
were of analytical or higher grade and were
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obtained from commercial suppliers.
3.1 Research methodology (12-17)
Between December 21, 2020, and February
4, 2021, Quotient Sciences conducted this
non-randomized, open-label, single-center,
2-period study of
healthy people (NCT04686591) (Figure
1). The London-Surrey Borders Research
Ethics Committee gave the study its blessing
after it the Helsinki
Declaration. Prior to beginning any of the
study procedures, each participant gave
written informed consent, which was
downloaded from dmd.aspetjournals.org at
ASPET Journals on August 2, 2023.
The absolute bioavailability of a single
oral dosage of  Balcinrenone and the
PK characteristics of

followed

Balcinrenone following intravenous injectio

n were evaluated during Period 1. After at
least a 10-hour overnight fast, participants
were givena single oral dosage of 100
mg of Balcinrenone in a capsule; two hours
and fifteen minutes later, they received a
continuous 15-minute intravenous infusion

of 100 ug of Balcinrenone, which
included 30.7 kBq (0.8
uCi) of Balcinrenone. Balcinrenone's

predicted oral  Tmax occurred at  the

conclusion of the infusion. The participants
stayed in the clinical unit for a maximum
of 72 hours following the oral dose (up to day
4). The oral Balcinrenone's ADME
characteristics were evaluated during Period
2. Subjects were given a single 100 mg oral
dose of Balcinrenone, containing 8 MBq
[14C] (216 uCi), as an oral suspension after
an overnight fast (at least 10 hours).
Subjects were housed in the clinical unit until
168 hours after the dose (up to day 8),
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all discharge
requirements were met, they were released as
a group. The same individuals
involved in both study periods. The dosing in
Periods 1 and 2 were separated by a
minimum washout period of seven days.

3.2 Rationale for dose (%22

The current study looked at a single oral dose

and when

weEre

of 100 mg, which falls within
the dosage range that has been
assessed in prior clinical trials and is still
being evaluated

in ongoing research (Erlandsson et al., 2018;
Whittaker et al., 2020). In the early clinical
trials of Balcinrenone, dosage levels up to
1200 mg were examined, and no tolerability
or safety issues were discovered, and dose-
linear pharmacokinetics were seen up to 200
mg (Erlandsson et al., 2018; Whittaker et al.,
2020). The
primary The study's goals,
downloaded from dmd.aspetjournals.org at
ASPET Journals on August 2, 2023, called

aim was to obtain the

which were

for the oral radioactive dosage of
Balcinrenone to be keptas low as
possible while still being high enough

to permit a fair examination of its metabolite
profile using radioactivity detection
(RAD). The intravenous dosage of 100 ng
Balcinrenone is consistent with the
International Council for Harmonisation
(ICH) M3 definition of a microdose (a dose
that is <1/100th of the pharmacologically
active dose, up to a maximum dose of
100 ng) (European Medicines Agency,
2013). Estimates of the expected total
radiation exposure following intravenous and
oral doses of Balcinrenone resulted in a
committed effective dose equivalent of 1.55
mSv, which fell

within International

21(2): S.1(2), 145-157, 2026

148

www.thebioscan.com

Commission on Radiological Protection
(ICRP) risk category IIb (1-10 mSv) for a
radioactive dose (ICRP, 1991).

3.3 Patients 3320
Patients eligible
inclusion were those aged

for
21 years or
older with  New York Heart Association
(NYHA) class II-III HF, a left ventricular
ejection fraction (LVEF) below 60%, serum
N-terminal pro-B-type natriuretic peptide

(NT-proBNP) levels of 300 pg/mL or
higher (600 pg/mL or higher in people with
atrial fibrillation/flutter), CKD
(eGFR between 30 and 60 ml/min/1.73
m2),6 serum potassium levels between 3.5
and 5.0
mmol/L, and a centrally measured UACR be
tween 30 and 3000 mg/g
(online supplemental Table S2). Every

patient
informed permission. Participants must be at

gave written

least 18 years old, have a CKD diagnosis as
determined by an estimated glomerular
filtration rate (eGFR) of between 25 and 60
mL/min/1.73  m2, aurinary  albumin-to-
creatinine ratio (UACR) of between 100 and
5000 mg albumin/g creatinine, and serum
potassium levels between 3.5 and 5.0
mmol/L. Patients with or without
prior therapy with an SGLT?2i are eligible for
the study. For patients receiving renin—
angiotensin—aldosterone system (RAAS)
inhibitors—angiotensin-converting enzyme
inhibitors (ACEi) or angiotensin receptor
blockers (ARB)—dose must have been stable
for at least four weeks prior to screening.
However, participants with documented
ACEi or ARB intolerance or those who
are not currently being treated with a RAAS
inhibitor are allowed to participate. Key
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exclusion criteria include autosomal
dominant polycystic kidney disease, type 1
diabetes mellitus, and uncontrolled arterial
hypertension [systolic blood pressure (SBP)
>160 mmHg or diastolic blood pressure
(DBP) >100 mmHg)]. Patients with adrenal
insufficiency are excluded to avoid potential
confounding factors and taking into account
contraindications for MRAs.

3.4 Statistical Methods ¢73?

Assuming a 5% dropout rate, the
intended sample size of approximately 500
(125/arm) had 80% power to identify a

relative reduction of at least 30% in UACR
compared to dapagliflozin plus placebo (a =
0.05). All randomized participants were to be
included in the efficacy analyses, according
to the planned treatment. All participants
who received study medication were to be
included in the safety and pharmacodynamic
analyses, according to the treatment they
got. A mixed model for repeated measures
was used inthe pre-specified primary
efficacy analysis to the change from baseline
in log-transformed UACR, with treatment
and visit as fixed effects, baseline log-
transformed UACR, cohort variable, and
stratification variables as covariates, and
treatment-by-visit as an interaction term
(online supplementary Methods).
Exploratory endpoints and post hoc analyses

were deemed to be hypothesis-generating.

4. Sample analysis by LC-HRMS-RAD G-
34)

Plasma, urine, and fecal sample extracts
were subjected to metabolite profiling of
Balcinrenone using a Waters Acquity UPLC
system (Waters, UK) coupled with a Synapt
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G2-Si Q-TOF mass spectrometer and off-line
radioactivity assays. MassLynx was the
program used to acquire data and manage
instruments.

HRMS analysis: An electrospray interface
(ESI) was used to introduce the eluent from
the UPLC column into a Synapt G2-Si Q-
TOF mass spectrometer. Using TOF
MSE, data were collected intwo parallel
functions: the first, low-energy
function produced precursor spectra,
while the second, high-energy
function produced product ion spectra. Mass

ion

spectra were acquired separately in positive
and  negative @ ESI  modes. Selected
metabolites were subjected to product ion
MS/MS to generate fragment 1ions, which
were used to determine the structure. The
Supplemental Methods section contains a
thorough  description  of  the HRMS
instrument  settings used to  identify
metabolites. For  data  collecting and
instrument control,
the MassLynx program (version 4.1)
was utilized. For metabolite identification,
data processing, and analysis, MassLynx and
Metabolynx were used.

4.1 Analysis of Balcinrenone and total *C
by AMS @549

Using AMS, TNO (Leiden,
Netherlands) examined total 14C
radioactivity in plasma after intravenous
microtracer injection of Balcinrenone. After
sample fractionation using high-performance
liquid chromatography, the quantities of
Balcinrenone in plasma and urine were
also measured using AMS. In summary,

plasma samples were placed into tin foil

cups, dried, and burned using an elemental
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analyzer (vario MICRO; Elementar,

Langenselbold, Germany), and total 14C was
analyzed using 1 MV multielement AMS
(model 4110 Bo, High Voltage Engineering,
Amersfoort, Netherlands). Plasma samples
were extracted using protein precipitation to
identify Balcinrenone, and the
supernatant was separated and concentrated
under a mild nitrogen stream. The
plasma extracts and urine samples were then
injected into an ultraperformance liquid
chromatography (UPLC) column, and the
liquid chromatography (LC) elute of
Balcinrenone was fractionally collected in
foil cups for AMS analysis. An Acquity
UPLC HSS C18 SB column (1.8 pm, 2.1 mm
x 150 mm; Waters Corp., Milford,
Massachusetts) was used to achieve the LC
separation of Balcinrenone from the
matrices at 45°C. Acetonitrile and water
were the components of mobile phases A and
B, respectively, with a formic acid
concentration of 0.1%. The flow rate was
0.4 mL/min, with a linear gradient from 15%
B to 40% B in 17.5 minutes, then a ramp to

90% B in 1.4 minutes, and a 4 minute
hold before returningto 15% B at 23
minutes. The Balcinrenone peak was

monitored using a photodiode-array
detector. At the retention time between 10.1
and 10.5 minutes, the Balcinrenone eluate
fraction was collected. The total 14C in
plasma and the Balcinrenone fraction in
plasma and urine were quantified using
the AMS-specific setup,
calibration, and data processing for 14C
determination that were previously described
(Bauman et al., 2022).

instrument

4.2 Metabolite Characterization “!-42
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The retention times of precursor ions
([M+H]+ or [M-H]-) of Balcinrenone and
metabolites 1 LC-HRMS
chromatograms coincided with RAD peaks
in the matching radio-
chromatograms. Molecular compositions
were predicted using observed HRMS full-
scan precursor ions, and tentative metabolite
structures were predicted using product ion
spectra (MS/MS). Some of the metabolites
analyzed for unambiguous
identification since they were available as
synthesized standards.

m

WEre

5. Determination of Blood-Plasma

Partitioning *®

By measuring the ratio of total radioactivity
in whole blood to plasma at 0.25, 0.5, 0.75, 1,

1.5, 2, 25, 3, 4, 5, 8§ 12,and 24
hours following a dosage of 100
mg of Balcinrenone, = the  extent  of

distribution of total 14C radioactivity into
blood cells was determined.

5.1 Pharmacokinetics “4+47

Phoenix WinNonlin (Certara Inc., Princeton,
NJ, USA), a non-compartmental program,
was used to determine the pharmacokinetic
characteristics of balcinrenone in plasma and
urine. The parameters were the apparent
volume of distribution (Vz/F), the half-
life of elimination related to the terminal
slope of a semi-logarithmic concentration—
time curve (t/2Az),the time to maximum
concentration  (tmax), the
concentration (Cmax), the area under the
concentration-time curve from time zero to
infinity (AUCx) and to the last measurable
(AUClast). The difference
between total apparent clearance (CL/F) and

maximum

concentration
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CLR was  non-renal  clearance

(CLNR). With the natural logarithm of
AUCow, AUClast, and Cmax as response
variables and the renal function cohort as an
independent variable, the pharmacokinetic

parameters were analyzed using a simple
linear  regression  model. By  back-
transforming the model estimates of least
square mean difference and its CI into the
original scale, the ratios of geometric means
their two-sided  90%
confidence intervals (ClIs) were estimated
for each of these parameters in the severe
renal impairment cohort versus the control
cohort. The

and associated

connection between baseline
eGFR values (independent variable) and
CL/F (dependent variable) was also
examined using a linear regression model.

5.2 Bioanalysis of Unlabeled Balcinrenone

and Total Radioactivity ‘3D

High-performance liquid chromatography
with tandem mass spectrometry (HPLC-
MS/MS) was used to analyze unlabeled
Balcinrenone. Covance Laboratories Limited
(Harrogate, UK) used HPLC-MS/MS to
determine the concentrations of unlabeled
Balcinrenone in plasma and urine, as
previously  described  (Whittaker et
al., downloaded from dmd.aspetjournals.org
at ASPET Journals on August 2, 2023 &
2020).

Liquid scintillation counting (LSC) was used
to measure the total radioactivity. Following
oral administration of [14C [Balcinrenone in
Period 2, Pharmaron (Northamptonshire,
UK) utilized LSC to analyze the total 14C
radioactivity in plasma, whole blood, urine,
and feces. Before adding scintillation fluid,
whole blood samples were first
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dissolved and decolored, while plasma and
samples treated
with scintillation cocktail directly. Prior to

urine were
analysis by LSC, the fecal samples were
homogenized, and subsamples of each
homogenate dried  and burned.
Then, scintillation cocktail was added. In the
Supplemental Methods, there is a thorough
description of the method used to

WEre

identify radioactivity.

5.3 In Vitro Drug Transporter Studies ©*
54)

In polarized Caco-2 cell monolayers and in
polarized Madin-Darby canine kidney
(MDCK) cells transfected with the multidrug
resistance 1 gene (MDRI1), the potential of
Balcinrenone to be a substrate of the human
efflux transporters P glycoprotein 1 (P-gp)
and breast cancer resistance protein (BCRP)
respectively. Details
of the experimental methods are included in

the Supplementary Methods. The efflux
ratio for Balcinrenone was calculated in the

was evaluated,

presence and  absence of known inhibitors
for P-gp and BCRP (Supplemental Methods).

6. Safety and Tolerability >

The healthy participants in this trial tolerated
well single doses of 100
mg oral Balcinrenone and 100 pg IV
Balcinrenone in Period 1, as well as 100 mg
oral Balcinrenone in Period 2. Balcinrenone
was not thought to be responsible for any of
the minor negative occurrences. The physical
examination, electrocardiogram, vital signs,
and clinical laboratory assessments
yielded no results.
Since

balcinrenone is nonsteroidal and extremely

clinically significant
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specific  to MR Gynecomastia,
menstrual abnormalities,
dysfunction, these side effects have not been
significant in the early clinical trials. To date,
there have been no reports of noteworthy
safety signals off target.
After treatment, three participants (16.7%)—
from the severely renal
impaired group and  one from  the
control group—reported a total of four minor
adverse events (AEs): infusion site erythema,

and sexual

endocrine

two

infusion site edema, coronavirus illness 2019
(COVID-19), and a
fall. With the exception of the COVID-19
AE, which was not resolvedat the
conclusion of the study, all the recorded AEs
were described as being of mild to moderate
severity and as having been resolved prior to
the conclusion of the study wisit. One
participant from the group with severe renal
impairment had an adverse event involving a
fall, which resulted inthe participant's
withdrawal from the trial. The investigator
did not believe that anyof the AEs
were linked to were
no fatalities or major
events. According to laboratory results, vital
indicators, and electrocardiographic data,

Balcinrenone. There
adverse

there were no clinically significant trends
or changes from baseline.

7. Mass Balance and Excretion %69

94.1% of the radioactivity administered in a
single oral dose
recovered by the conclusion of the 168-

of Balcinrenone was

hour sampling period; 45.2% was recovered
from the urine and 48.9% was recovered from
the feces. Inthe first 24 hours after the
dosage, 42.7% of the total radioactivity
was found in the urine, while 4.65% was
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found in the feces.
As expected, the highest concentration of
Balcinrenone was observed at

the conclusion of the intravenous microtracer

infusion during Period 1. Following the
conclusion of
the infusion, the concentrations showed

a quick distribution phase followed by an
elimination phase with a geometric mean
half-life of 4.2 hours. The geometric mean
clearance  (CL), steady-state volume  of
distribution (Vss), and apparent volume of
distribution (Vz) of  Balcinrenone
were found to be 14.2 1/h, 37.8 1, and 86.2 1,
respectively. Balcinrenone's geometric mean
renal clearance (CLR) was foundto be
5.6 liters per hour, which accounts for
about 40% of the total clearance. The
geometric mean absolute bioavailability of
the Balcinrenone capsule was found to be
52%. The geometric AUC(0-1inf)
values for total 14C radioactivity exposure
were as high as for
Balcinrenone exposure, with values of 36 and

mean
roughly twice

17.7 nmol.h/l, respectively.

8. Conclusion

Balcinrenone  is  apotential,  highly
selective nonsteroidal MR antagonist
with: demonstrated antihypertensive and
antiproteinuric effects in CKD;
a mechanistic basis for cardiorenal
protection in HF-CKD; and a

predictable but evident dose-dependent risk

of hyperkalemia, especially at
higher dosages and in advanced CKD.
The data currently available comes

from early phase trials and the underpowered
MIRACLE trial,
which confirmed the expected pharmacodyn
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amic and safety profile in HF-
CKD but did not significant
albuminuria advantage over dapagliflozin

show a

alone. Balcinrenone should
be considered an experimental treatment
alternative with possible benefits for
certain high-risk individuals, but with

an unclear net clinical benefit when
compared to proven MR antagonists, until

solid phase 3 outcome data are available.

9. References

1. Mentz RJ, Kelly JP, von Lueder TG, Voors
AA, Lam CS, Cowie MR, et al. Noncardiac
comorbidities in heart failure with reduced
versus preserved ejection fraction. J Am Coll
Cardiol 2014;64:2281-2293.

2. Greene SJ, Butler J, Albert NM, DeVore
AD, Sharma PP, Duffy CI, et al. Medical
therapy for heart failure with reduced
ejection fraction: The CHAMP-HF registry. J
Am Coll Cardiol 2018;72:351-366.

3. McDonagh TA, Metra M, Adamo M,
Gardner RS, Baumbach A, Bohm M, et al.
2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure:
Developed by the Task Force for the
diagnosis and treatment of acute and chronic
heart failure of the European Society of
Cardiology (ESC). With the special
contribution of the Heart Failure Association
(HFA) of the ESC. Eur J Heart Fail
2022;24:4-131.

4. Heidenreich PA, Bozkurt B, Aguilar D,
Allen LA, Byun JJ, Colvin MM, et al. 2022
AHA/ACC/HFSA  Guideline  for the
management of heart failure: A report of the
American College of Cardiology/American
Heart Association Joint Committee on

21(2): S.1(2), 145-157, 2026

153

www.thebioscan.com

Clinical Practice Guidelines. Circulation
2022;145:¢895—1032.

5. Bamberg K, Johansson U, Edman K,
William-Olsson L, Myhre S, Gunnarsson A,
et al. Preclinical pharmacology of AZD9977:
A novel mineralocorticoid  receptor
modulator separating organ protection from
effects on electrolyte excretion. PLoS One
2018;13:e0193380.

6. Levey AS, Stevens LA, Schmid CH, Zhang
YL, Castro AF 3rd, Feldman HI, et al. A new
equation to estimate glomerular filtration
rate. Ann Intern Med 2009;150:604—612.

7. Agarwal R, Tu W, Farjat AE, Farag YMK,
Toto R, Kaul S, et al. Impact of f inerenone-
induced albuminuria reduction on chronic
kidney disease outcomes ©2024 AstraZeneca
and The Author(s). in type 2 diabetes: A
mediation analysis. Ann Intern Med
2023;176:1606—-1616.

8. Chung EY, Ruospo M, Natale P, Bolignano
D, Navaneethan SD, Palmer SC, et al.
Aldosterone antagonists in addition to renin
angiotensin  system  antagonists  for
preventing the progression of chronic kidney
disease. Cochrane Database Syst Rev
2020;CD007004;10.

9. Van Deursen VM,Urso R,Laroche C,
Damman K,Dahlstrom U ,Tavazzi L, et al.
Co-morbidities in patients with heart failure:
An analysis of the European Heart Failure
Pilot Survey. Eur J Heart Fail, 2014;16:103—
111.

10. Virani SS et al. Heart disease and stroke
statistics—2020 update: a report from the
American Heart
Association. Circulation. 2020; 141(9): 139
-€596.

11. Haagsma JA, Graetz N, Bolliger I, et

al. The global burden of injury: incidence,


http://www.thebioscan.com/
http://www.thebioscan.com/

monta,
isgy
2
: g,é/ g3
3 3 .
- 95 Ladcafv
AN INTERNATIONAL QUARTERLY JOURNAL OF LIFE SCIENCES

mortality, disability-adjusted life

years and time trends from the Global Burden
of Disease study 2013. Inj
Prev. 2016; 22(1): 3-18.

12. Sarraf M, Masoumi A, Schrier
RW. Cardiorenal  syndrome in acute

decompensated heart failure. Clin J Am Soc
Nephrol. 2009; 4(12): 2013-2026.

13. Ather S, Chan W, Bozkurt B, et al. Impact
of noncardiac comorbidities on morbidity
and mortality in a predominantly male
population with heart failure and preserved
versus reduced ejection fraction. J Am Coll
Cardiol. 2012; 59(11): 998-1005.

14. Kanwar M, Walter C, Clarke
M, Patarroyo-Aponte M. Targeting heart
failure with preserved ejection fraction:
current status and future prospects. Vasc
Health Risk Manag. 2016; 12: 129-141.

15. Solomon SD, McMurray JJV, Anand IS,
et al. Angiotensin-neprilysin inhibition in
heart failure with preserved ejection
fraction. N Engl J
Med. 2019; 381(17): 1609-1620.

16. Anker SD, Butler J, Filippatos G, et
al. Effect of empagliflozin on cardiovascular
and renal outcomes in patients with heart
failure by baseline diabetes status: results
from the EMPEROR-reduced
trial. Circulation. 2021; 143(4): 337-349.
17. Trevisan M, de Deco P, Xu H,
al. Incidence, predictors and clinical
management of hyperkalaemia in new users
of mineralocorticoid receptor
antagonists. Eur J Heart
Fail. 2018; 20(8): 1217-1226.

18. Vardeny O, Claggett B, Anand I, et
al. Incidence, predictors, and outcomes
related to hypo- and hyperkalemia in patients
with severe heart failure treated with a

et

21(2): S.1(2), 145-157, 2026

154

www.thebioscan.com

mineralocorticoid receptor antagonist. Circ
Heart Fail. 2014; 7(4): 573-579.

19. Lam CSP, Kgber L, Kuwahara K, et
al. Balcinrenone plus dapagliflozin
patients with heart failure and chronic kidney
disease: results from the phase 2b MIRACLE
trial. Eur J Heart Fail. 2024; 26(8): 1727-
1735.

20. Whittaker A, Kragh AM, Hartleib-
Geschwindner J, et al. Safety, tolerability,
and pharmacokinetics of the
mineralocorticoid  receptor ~ modulator
AZD9977 in healthy men: a phase I multiple
ascending  dose  study. Clin
Sci. 2020; 13(2): 275-283.

21. Erlandsson F, Albayaty M, Chialda L, et
al. Clinical safety, tolerability,
pharmacokinetics and effects on urinary

in

Trans!

electrolyte excretion of AZD9977, a novel,
selective receptor
Clin

mineralocorticoid
modulator. Br J
Pharmacol. 2018; 84(7): 1486-1493.
22. Lindmark B, Li XQ, Bhattacharya C, et
al. Mass balance and absorption, distribution,
metabolism, and excretion properties of
Balcinrenone following oral administration
in combination with intravenous microtracer

in healthy subjects. Drug Metab
Dispos. 2023; 51(8): 995-1004.

23. Inker LA, Shaffi K, Levey
AS. Estimating glomerular filtration rate
using the chronic kidney disease-
epidemiology  collaboration  creatinine

equation: better risk predictions. Circ Heart
Fail. 2012; 5(3): 303-306.

24. Dreisbach AW. The influence of chronic
renal failure on drug metabolism and
transport. Clin

Ther. 2009; 86(5): 553-556.

Pharmacol


http://www.thebioscan.com/
http://www.thebioscan.com/

monta,
isgy
2
: g,é/ g3
3 3 .
- 95 Ladcafv
AN INTERNATIONAL QUARTERLY JOURNAL OF LIFE SCIENCES

25. Lalande L, Charpiat

B, Leboucher G, Tod M. Consequences of
renal failure on non-renal clearance of
drugs. Clin

Pharmacokinet. 2014; 53(6): 521-532.

26. Alexander SPH, Cidlowski JA, Kelly E,
et al. The Concise Guide to
PHARMACOLOGY  2019/20:  Nuclear
hormone receptors. Br J
Pharmacol. 2019; 176(S1): S229-S246.

27. Sutherland LW. Extracellular
polysaccharides. In: Rhem H.J., Reed G.,
editors. Biotechnology Vol. 6. VCH,
Weinheim; 1996: 615-57.

28. Roller S., Dea I.C.M. Biotechnology in
the production and modification of
biopolymers for foods. Crit Rev
Biotechnol. 1992; 12(3): 261-77.

29. Wang Y., McNeil B. Scleroglucan. Crit
Rev Biotechnol. 1996; 16(3): 185-215.

30. Manzi P., Pizzoferrato L. Beta-glucans in
edible mushrooms. Food Chem. 2000; 68(3):
315-8.

31. Seviour R.J., Stasinopoulos S.J., Auer
D.P.F., Gibbs P.A. Production of pullulan and
other exopolysaccharides by filamentous
fungi. Crit Rev Biotechnol. 1992; 12(3):
279-98.

32. Sutherland I[W. Structure-function
relationships in microbial
exopolysaccharides. Biotech Adv. 1994;

12(2): 393-448.

33. Banik R.M., Kanari B., Upadhyay S.N.
Exopolysaccharide of the gellan family:
prospects and potential. World J Microb
Biot. 2000; 16(5): 407—14.

34. Muzzarelli R.R.A., Boudrant J., Meyer
D., Manno N., DeMarchis M., Paoletti M.G.
Current views on fungal chitin/chitosan,
human chitinases, food preservation, glucans,

21(2): S.1(2), 145-157, 2026

155

www.thebioscan.com

pectins and inulin: A tribute to Henri
Braconnot, precursor of the carbohydrate
polymers  science, on the  chitin
bicentennial. Carbohyd Polym. 2012; 87(2):
995-1012.

35. Mahapatra S., Banerjee D. Structural
elucidation and bioactivity of a novel
exopolysaccharide from
endophytic Fusarium solani SD5. Carbohyd
Polym. 2012; 90(1): 683-9.

36. Robyt J.F. Essentials of carbohydrate
chemistry. Spinger-Verlag. New York; 1998.
ISBN 0-387-94951-8.

37. Clementi F. Alginate
by Azotobacter vinelandii. Crit
Biotechnol. 1997; 17(4): 327-61.
38. Yang H., He G. Influence of nutritional
conditions on exopolysaccharide production

production
Rev

by submerged cultivation of the medicinal
fungus Shiraia bambusicola. World J Microb
Biot. 2008; 24(12): 2903-7.

39. De Philippis, R., Sili, C., Paperi, R. et
al. Exopolysaccharide-producing
cyanobacteria and their possible exploitation:
A review. Journal of Applied Phycology 13,
293-299 (2001)

40. Donot F., Fontana A., Baccou J.C.,

Schorr-Galindo S. Microbial
exopolysaccharides: Main examples of
synthesis, excretion, genetics and

extraction. Carbohyd Polym. 2012; 87(2):
951-62.

41. Tang Y.J., Zhong J.J. Exopolysaccharide
biosynthesis and related enzyme activities of
the medicinal fungus, Ganoderma lucidum,
grown on lactose in a bioreactor. Biotechnol
Lett. 2002; 24(12): 1023-6.

42. Feng Y.L., Li W.Q., Wu X.Q., Cheng
JW., Ma S.Y. Statistical optimization of
media for mycelial growth and exo-


http://www.thebioscan.com/
http://www.thebioscan.com/

monta,
isgy
2
: g,é/ g3
3 3 .
- 95 Ladcafv
AN INTERNATIONAL QUARTERLY JOURNAL OF LIFE SCIENCES

polysaccharide production

by Lentinus edodes and a kinetic model study
of two growth morphologies. Biochem Eng
J.2010; 49(1): 104-12.

43. Xiao J.H., Xiao D.M., Xiong Q., Liang
7.Q., Zhong J.J. Nutritional requirements for

the hyperproduction of  bioactive
exopolysaccharides by submerged
fermentation of the edible medicinal

fungus Cordyceps taii. Biochem Eng J. 2010;

49: 241-9.

44. Jiao Y., Chen Q., Zhou J., Zhang H., Chen

H. Improvement of exo-polysaccharides

production  and  modeling  kinetics
In

Sci

by Armillaria luteo-virens Sacc.
submerged  cultivation. LWT-Food
Technol. 2008; 41(9): 1694-700.

45. Kim H.O., Lim JM., Joo J.H.et al.
Optimization of submerged culture condition
for the production of mycelial biomass and
exopolysaccharides by Agrocybe
cylindracea. Bioresource Technol. 2005;
96(10): 1175-82.

46. Sandford P.A. Exocellular, microbial
polysaccharides. Advances in Carbohydrate
Chemistry and Biochemistry, Volume 36.
Academic press, Inc;. 1979: 265-313. ISBN
0-12-007236-X.

47. Ruperez P., Leal J.A. Extracellular
galactosaminogalactan
parasiticus. Trans Br Mycol Soc. 1981;
77(3): 621-5.

48. Roukas T., Liakopoulou-Kyriakides M.
Production of pullulan from beet molasses by

from Aspergillus

Aureobasidium pullulans in a stirred tank
fermenter. J Food Eng. 1999; 40(1-2): 89—
94.

49. Kim S.W., Hwang H.J., Xu C.P., Choi
JW., Yun J.W. Effect of aeration and
agitation on the production of mycelial

21(2): S.1(2), 145-157, 2026

156

www.thebioscan.com

biomass and exopolysaccharides in an
enthomopathogenic  fungus Paecilomyces
sinclairii. Lett Appl Microbiol. 2003; 36(5):
321-6.

50. Xu C.P,, Yun J.W. Influence of aeration
on the production and the quality of the
exopolysaccharides from Paecilomyces
tenuipes C240 in a stirred-tank
fermenter. Enzyme Microb Tech. 2004; 35(1):
33-9.

51. Gibbs P.A., Seviour R.J. Does the
agitation rate and/or oxygen saturation
influence  exopolysaccharide production
by Aureobasidium  pullulans in batch
culture? Appl Microbiol Biotechnol. 1996;
46(5-6): 503-10.

52. Seviour R.J., Hensgen K. Exocellular

glucan production by Acremonium
diospyri. FEMS Microbiol Lett. 1983; 16(2-
3): 343-7.

53. Maribel C.M., Humberto H.S., Gustavo
F.G.L.et al. Production and partial
characterization of an exopolysaccharide
from Ustilago maydis in submerged
culture. African J Biotechnol. 2012; 11:
7079-87.

54. Zhu H., Cao C., Zhang S., Zhang Y., Zou
W. pH-control modes in a 5-L stirred-tank
bioreactor  for cell biomass and
exopolysaccharide production by Tremella
fuciformis spore. Bioresource Technol. 2011;
102(19): 9175-8.

55. Papaspyridi L.M., Katapodis P., Gonou-
Zagou Z., Kapsanaki-Gotsi E.,
Christakopoulos P. Optimization of biomass
production with enhanced glucan and dietary
fibres content by Pleurotus
ostreatus ATHUM 4438 under submerged
culture. Biochem Eng J. 2010; 50(3): 131-8.


http://www.thebioscan.com/
http://www.thebioscan.com/

mentay
sy
7,
: g,é/ %LOAWD
2 3 .
g
AN INTERNATIONAL QUARTERLY JOURNAL OF LIFE SCIENCES

56. Kogan G., Matulovd M.,
Michalkova E. Extracellular polysaccharides

of Penicillium vermiculatum. Z
Naturforsch. 2002; 57: 452-8.

57. Hussain, A., Zia, K. M., Tabasum, S.,
Noreen, A., Ali, M., Igbal, R., & Zuber, M.
(2017). Blends and composites of
exopolysaccharides; properties and
applications: A review. International journal
of biological macromolecules, 94, 10-27.

58. Abu, G. 0., & Jonathan, O. A. (1995). The
occurrence  of producing
microorganisms in the Port Harcourt Marine
environment in Nigeria. Marine Technology
Society journal, 29(4), 23-27.

59. Arfarita, N. , Hidayati, N. , Rosyidah, A.
, Machfudz, M., & Higuchi, T. (2016).
Exploration of indigenous soil bacteria
producing-exopolysaccharides for stabilizing

exopolymer

of aggregates land potential as biofertilizer.
60. Characklis,W.G.;Wilderer, P.A. Structure
and Function of Biofilms; Wiley-Blackwell:
Chichester, UK, 1989.13.11 (2012): 14002-
14015.2.1000115 (2016).58-71

61. Donot, F. , Fontana, A., Baccou, J. C., &

Schorr-Galindo, S. (2012). Microbial
exopolysaccharides : main examples of
synthesis, excretion, genetics

and extraction. Carbohydrate

Polymers, 87(2), 951-962.

62. Evans, T. J. (2015). Small colony variants
of Pseudomonas aeruginosa in chronic
bacterial infection of the lung in cystic
fibrosis. Future microbiology, 10(2), 231-
239. Fang, L., & Catchmark, J. M. (2015).
Characterization of cellulose and other
exopolysaccharides produced from
Gluconacetobacter strains. Carbohydrate

polymers, 115, 663-669.

21(2): S.1(2), 145-157, 2026

157

www.thebioscan.com

63. Freitas, F., Alves, V. D., & Reis, M. A.

(2011). Advances in bacterial
exopolysaccharides: from production to
biotechnological applications. Trends in

biotechnology, 29(8), 388-398.

64. Malaka, R. (1997). Effect of curdlan, a
bacteria polysaccharide on the physical
properties and microstructure of acid milk
curd by lactic acid fermentation. Miyazaki
University, Japan.


http://www.thebioscan.com/
http://www.thebioscan.com/

