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ABSTRACT

Hypertension is one of the most important risk factors
for the development of ischemic heart diseases, stroke, dis-
ability, vascular demenƟa, heart failure, renal dysfuncƟon,
reƟnopathy, and premature death. Despite the use of two
or more blood pressure lowering medicaƟons, a consider-
able proporƟon of paƟents show poor control. Current anƟ-
hypertensive medicaƟons show the limitaƟon of use and
effect in obese populaƟon, certain races like black popula-
Ɵon and also in renal impairment. Thus, there is an impend-
ing need to develop novel classes of anƟhypertensive agents
acƟng on new targets with diversified mechanisms of acƟon
to more effecƟvely manage raised blood pressure. With the
introducƟon of the recent concept of overacƟve brain renin
angiotensin system in cardiovascular disorders, aƩempts
have been made to idenƟfy a molecule with the potenƟal
of inhibiƟng aminopepƟdases involved in the formaƟon of
Angiotensin III. A novel aminopepƟdase A inhibitor, also a
prodrug Firibastat is currently undergoing development in
Phase III clinical trials for hypertension as well as chronic
heart failure. We hereby, provide an updated summary of
evidence generated so far with Firibastat and also a glimpse
into the therapeuƟc potenƟal of this novel candidate extend-
ing beyond the spectrum of essenƟal hypertension

KEYWORDS: obese, Fibribastat, Hypertension, Heart failure,
Obese, Central AminopepƟdase A Inhibitor, Resistant Hyper-
tension

INTRODUCTION

Hypertension (HTN) is the leading cause of cardiovascular
disease and premature death worldwide. With rapid
urbanizaƟon, increasing elderly populaƟon, increase in body
mass index, the prevalence of hypertension is increasing. It
is one of the most important risk factors of ischemic heart
diseases, stroke, disability, vascular demenƟa, heart failure,
renal dysfuncƟon, reƟnopathy, and premature death. [1, 2]

EffecƟve blood pressure (BP) management has been
shown to decrease cardiovascular risk and the incidence of
stroke, heart aƩack and heart failure. [3] Several pharmaco-
logical treatments including systemic renin-angiotensin sys-
tem (RAS) blockers, calcium-channel blockers, and diureƟcs
are available for treaƟng hypertension both as monother-
apy as well as in combinaƟon. [4]Despite use of these
drugs, a substanƟal proporƟon of the hypertensive pop-
ulaƟon(>50%) as well as certain ethnic origins like black
populaƟon has uncontrolled or subopƟmally controlled
hypertension [3] . Also, there are reports indicaƟng a con-
siderable increase in resistant hypertension [1] .

Thus, there is an impending need to develop novel
classes of anƟhypertensive agents acƟng on new targets
with diversified mechanisms of acƟon to more effecƟvely
manage raised BP. [4] Some of the important targets that are
being explored are various enzyme-catalyzed degradaƟon
of vasoacƟve pepƟdes, hormones and related receptors
that play a key role in BP regulaƟon and cardiovascular
funcƟon. [2]

Recently, various studies have introduced the concept of
overacƟve brain RAS in hypertension and other cardiovascu-
lar diseases. [1, 3] In the brain RAS, twomembrane-bound zinc
metalloproteases, aminopepƟdase A(APA) and aminopepƟ-
dase N (APN), are involved in the metabolism of angiotensin
II(AngII) and angiotensin III (AngIII) respecƟvely. AngIII is the
major pepƟde in brain responsible for sƟmulatory BP con-
trol. Brain APA converts Ang II to Ang III, the laƩer acts
on Angiotensin type 1 receptor (AT1R) to increase BP and
arginine-vasopressin (AVP) release. [4]

Hence, curbing the effect of brain Ang III via central
APA inhibitor, consƟtutes a novel approach to develop an
anƟ-hypertensive strategy. Firibastat, a first-in-class, brain
APA inhibitor has been developed as a centrally acƟng
anƟhypertensive agent.

Chemistry of Firibastat
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Firibastat(RB150), is the first known representaƟve of a
new class of completely non-pepƟde, orally acƟve, brain
APA inhibitor. The chemical name of the compound
is [(3S,3’S)-4,4’-Disulfanediylbis (3-aminobutane-1-sulfonic
acid]. The molecular formula of Firibastat is C8H20N2O6S4
and molecular weight is 368.5g/mol. [5, 6] It is a pro drug
which is composed of two molecules of EC33 [(S)- 3amino-
4mercapto-butyl sulfonic acid] linked by a disulfide bond
.Figure 1 Firibastat is currently undergoing Phase 3 studies
and is being developed by Quantum Genomics, for the
treatment of hypertension and chronic heart failure.

Mechanism of AcƟon

Firibastat is a novel inhibitor of APA (a 160-kDa homod-
imeric type II membrane-boundmonozinc aminopepƟdase),
which is an important component of the brain RAS contribut-
ing to the formaƟon of Ang III. The APA enzyme hydrolyzes
the N-terminal glutamate or aspartate residue from pepƟdic
substrates such as Ang II or cholecystokinin-8 to form Ang III.

Firibastat, when given orally crosses the intesƟnal, hep-
aƟc, or the blood– brain barrier through the large neutral
amino acid transporter 1 [5]. The disulphide bond present
in the structure of firibastat prevents the interacƟon of its
thiol group with the zinc atom which is essenƟal for the cat-
alyƟc acƟvity of APA. The brain reductases however rapidly
cleave the disulphide bond in firibastat molecule, releas-
ing two molecules of its acƟve moiety, EC33, which inhibits
APA, thereby inhibiƟng the formaƟon of AngIII. Firibastat
thus reduces BP and improves cardiovascular dysfuncƟon
through inhibiƟon of Ang III mediated Figure 2

1. SympatheƟc sƟmulaƟon,

2. Increased AVP release into the circulaƟon from the
posterior pituitary potenƟaƟng sodium and water retenƟon,

3. LeŌ ventricular dilataƟon

4. InhibiƟon of baroreceptor reflex at the nucleus tractus
solitarius. [2]

PharmacokineƟc Parameters

Firibastat, aŌer oral administraƟon is rapidly absorbed
from the gastrointesƟnal tract in humans, with a median
tmax of 1.5 h (range 0.75–3 h). It is parƟally converted
to its acƟve metabolite EC33 by reductases present in the
gastrointesƟnal tract. AUClast and Cmax have been shown
to follow a dose proporƟonal increasing trend. The median
AUClast and Cmax of firibastat achieved aŌer a single dose
of 1000 mg has been reported to be 206.2 ng/mL and 55
ng/ml, respecƟvely, suggesƟng a low oral bioavailability.
However, the acƟve site of firibastat is brain, and hence
its plasma concentraƟon is a mere reflecƟon of fracƟon of
administered drug. The median t1/2of firibastat ranges from
1-2 hr. The drug doesn’t have a primary renal excreƟon nor
is metabolized by liver enzymes. The renal clearance is <2%
(65.6 L/hr) aŌer single administraƟon of 1000mg dose. [5]

Adverse Effects

Firibastat has shown good tolerability profile in sev-
eral clinical studies. The most frequent adverseevents
reportedwere headaches (4%) and skin reacƟons (3%). No
angioedemawas reported. No change in potassium, sodium,
and creaƟnine blood level were observed. [3]

Drug InteracƟons

In-vitro assays of firibastat at 10 micromol/L with fluoro-
metric substrates have shown that it does not significantly
inhibit the human recombinant cytochrome P450s (CYPs)
(CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A4). [5]

Preclinical Studies in hypertension and heart failure

The effect of firibastat has been studied in two experimen-
tal models of hypertension: the Spontaneously Hyperten-
sive Rat (SHR), and the DeoxycorƟsterone acetate (DOCA)–
salt hypertensive rat. [1] In contrast to intravenous injecƟons
only, intracerebroventricular injecƟons of EC33 was seen to
reduce the BP in these two hypertensive models indicaƟng
its central anƟhypertensive acƟon. Mean arterial BP has
been shown to be reduced aŌer 2 hours of administraƟon
of firibastat with maximal reducƟon seen between 5 and 9
hours (up to 49±10 mm Hg). The effect gradually declined
unƟl 15 hours and disappeared aŌer 24 hours. This has been
explained to be due to an approximately 34% reducƟon in
the APA acƟvity along with a suppression in AVP release by
32% which resulted in about 146% increase in diuresis and
61% increase in natriuresis. These effects were observed 5
hours aŌer administraƟon of 15 mg/kg of Firibastat. On the
contrary, studies conducted in normotensive Wistar Kyoto
(WKY) rats and normotensive Beagle dogs showed no effect
on BP, indicaƟng that firibastat might not be a hypotensive
agent. [7]

Further, oral treatment with firibastat for four weeks post
Myocardial InfarcƟon (MI) in mice has been observed to
improve cardiac funcƟon and also aƩenuate both cardiac
hypertrophy and fibrosis. A decrease in expression of cardiac
biomarkers for heart failure was found to be more effecƟve
than enalapril treatment. [8]

Four-week preclinical toxicity studies including safety
pharmacology and pharmacokineƟc studies conducted in
rats and dogs reported that firibastat up to 1g/kg is well
tolerated. The bioavailability of firibastat is lower in rats (<1
%) compared to that in dogs (30 %). [5]

No effect on systemic RAS has been seen in these
studies. However, concomitant administraƟon of oral
firibastat (100mg/kg) with enalapril (1 mg/kg) in SHR
reported a significant BP decrease (−16.4±3.1 mmHg)
suggesƟng a synergisƟc effect of inhibiƟon of both brain as
well as systemic RAAS. [7]

Clinical Efficacy & Safety Studies

In Phase 2a randomized, double-blind, placebo controlled,
mulƟcentric, two period crossover study to explore efficacy
and safety of firibastat, 34 adult paƟents were enrolled with
raised systolic BP (140-180 mmHg) and diastolic BP (90-
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Figure 1: Chemical structure of Firibastat and its prodrug EC-33

Figure 2: Mechanism of blood pressure lowering by Firibastat in brain

110 mm Hg) on 0-2 anƟhypertensive agents with mean BMI
of 26.8±3.3 kg/m2. Firibastat was given at a twice daily
dose of 250 mg for 1 week, Ɵtrated to 500 mg twice daily
for next 3 weeks. The results revealed a decrease in the
SystolicBP, by around 3-5 mm Hg. This decrease was further
pronounced in the parƟcipants who had a higher baseline
BP, indicaƟng that firibastat acts as an anƟ-hypertensive
agent and not a hypotensive agent. Overall firibastat
was well tolerated with mild adverse events. However,
few treatment emergent serious side effects that led to
the withdrawal of firibastat were rash and facial swelling,
vesƟbular disorder, and arthralgia. This short duraƟon
of exposure with firibastat was not associated with any
significant changes in the plasma and urine hormonal levels
of renin, aldosterone, corƟsol etc. [9]

The Phase 2b trial of firibastat, (The NEW-HOPE trial)
was conducted in high risk (n=256), diverse populaƟon
of overweight and obese [mean BMI of 33.0±5.2kg/m2]
hypertensive individuals of mixed racial background, for
a treatment period of 8 weeks. Approximately half of
the populaƟon was black and close to 30% had type 2
diabetes mellitus. The black populaƟon was included as the
prevalence of obesity, cardiac and renal complicaƟons, early
onset of HTN, and resistant HTN is more in this populaƟon.
This was an open-label, randomized, mulƟcentric study in
confirmed stage II primary HTN with a mean automated
office BP (AOBP) of systolic 153.9±7.3 mm Hg and diastolic
91.5±8.5mmHg. Results of the trial revealed a significant
fall (p<0.0001) in mean AOBP for both systolic (decrease by
9.5 mmHg) and diastolic (decrease by 4.2 mmHg) at the end
of 8 weeks. This decrease in blood pressure was consistent

5 PerspecƟves in Medical Research |January-April 2022 | Vol 10 | Issue 1

www.pimr.org.in


www.pimr.org.in Maheshwari and Tayal

and significant across all age-groups, gender, races, obese-
overweight. Around 70% paƟents were controlled on 500
mg twice daily dosing of firibastat. Firibastat was generally
well tolerated in this diverse populaƟon with headache and
skin rash being the most reported adverse events. The
skin reacƟons disconƟnued with stopping the drug and were
suspected to be due to the sulĬydryl group of the acƟve
metabolite of firibastat. Serious adverse events were also
reported in this study with causality established with one
episode of erythema mulƟforme. There were no changes in
serumelectrolytes or renal profile of the paƟents as reported
with many first line anƟhypertensive agents.

[Table 1 about here.]

[Table 2 about here.]

Advantages of Firibastat

a. Firibastat is effecƟve as a monotherapy and also has
synergisƟc effect in decreasing BP in combinaƟon with other
anƟhypertensives like thiazides, Angiotensin ConverƟng
Enzyme (ACE) inhibitors in high risk hypertensive racial
minoriƟes. [3, 9]

b. In early phase clinical trials, firibastat has been shown
to be an effecƟve anƟ-hypertensive in black populaƟon
where monotherapy with ACE inhibitors or AT1R blockers
may be less effecƟve. [3]

c. Firibastat has also shown effecƟve BP control in
obese populaƟon which is more at risk for resistant
hypertension. [3]

d. Firibastat does not influence renal parameters
unlike other anƟhypertensive agents like thiazide diureƟcs,
spironolactone, systemic RAS inhibitors with which cauƟon
is advised with eGFR<30ml/min. With further trials, it might
emerge as an anƟhypertensive safe in renal failure. [10]

e. Preclinical studies suggest that firibastat treatment is
as effecƟve as enalapril treatment in prevenƟng fibrosis and
improving cardiac dysfuncƟon in paƟents of chronic heart
failure and aŌer acute MI.

What’s Upcoming with Firibastat?

1. The Phase III program of firibastat (FRESH Study) is
under design comprising of two studies- one to confirm
its efficacy and the other to prove its safety. The efficacy
study is planned to be conducted in 502 resistant HTN adult
paƟents. Oral firibastat at a dose of 500 mg twice daily
will be compared with matching placebo in addiƟon to their
current chronic anƟhypertensive treatments for a period of
12 weeks. The primary end point of the study is systolic
AOBP in mm Hg from Day 1 to Day 84. [11]The safety study
is planned to enroll 750 paƟents, with 100 out of these
conƟnuing firibastat for 1 year while the rest for a period of
6 months. [12]

2. An ongoing Phase 2b clinical trial in 295 subjects
assesses the role of firibastat aŌer acuteMI for prevenƟon of
leŌ ventricular dysfuncƟon (QUORUM Study). In this dose-
ƟtraƟng study, oral firibastat is being comparedwith ramipril
for over 12 weeks. Two doses of firibastat are being tested,
a low dose of 50 mg twice daily Ɵtrated to 100mg twice
daily and a regular dose of 250 mg twice daily Ɵtrated to
500 mg twice daily. The primary end point in this study
is the change from baseline in the LeŌ ventricular ejecƟon
fracƟon (LVEF) aŌer 12 weeks of treatment [13]. Recently the
interim results of this study were presented at the European
Society of CardiologyMeeƟng in August 2021 demonstraƟng
beƩer efficacy of Firibastat compared to Ramipril in severe
paƟents with low ejecƟon fracƟon. [14] This study has been
planned based on the findings from an experimental study
conducted in MI models of Male Wistar Rats. Firibastat at
a dose of 50 mg/kg/day subcutaneous or 150 mg/kg/day
oral was shown to be as effecƟve as Losartan 50 mg/kg
oral twice daily to inhibit cardiac dysfuncƟon further to
MI. Firibastat treatment (150 mg/kg/day) was as effecƟve
as enalapril treatment (1 mg/kg/day) for improving cardiac
funcƟon without affecƟng systolic blood pressure.

3. Based on the findings of Phase 2b trial of Firibastat,
that it did not impact renal funcƟon, an ongoing study
invesƟgates a single dose of 500 mg in 14 healthy volunteers
and 14 severe renal failure paƟents.

The summary of all clinical trials has been menƟoned in
Tables 1 and 2

CONCLUSION

AminopepƟdase A play a major role in the brain RAS. Its
overacƟvity results in an increase in sympatheƟc tone, leŌ
ventricular dilaƟon and cardiac dysfuncƟon. Firibastat, a
pro drug, emerges as a novel class of centrally acƟng RAAS
inhibitor that exerts its mechanism by inhibiƟng the enzyme
APA, thereby curbing the effect of Angiotensin III. It seems
to be a promising drug for control of difficult-to-treat or
potenƟally resistant hypertension and, should be iniƟated as
soon as possible aŌer ischemic injury, to ensure the rapid
normalizaƟon of the brain RAS.
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