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ABSTRACT

This review article provides an overview of the structure, location, and functional uses of H3 and H4 histamine receptors. It
examines the current research on the topic, including the structure of the receptors, their location in the body, and their role in the
body's response to histamine. It also looks at potential, therapeutic applications of these receptors and their potential to be used as
drug targets. The article concludes with a discussion of potential future directions for research on these receptors. The
identification of Histamine (H3) & (H4) receptors .Some years ago relined interest in histamine research and exposed attracting
perspectives for the potential therapeutic exploitation & these new drug targets. While the H3 receptors is mainly localized in the
CNS, the of the brain and the morphologic characterization histamine producing neurons proved the existence of histaminergic
system in the mammalian brain, It is primarily expressed in hematopoietic cell, indicating their function in neurotransmission and
immunomodulation, respectively. Although structural similarities between H3 and H4 & Species difference in their
pharmacological profiles are causes of limitation in their evaluation & their biological profile the development of selective ligands
for there receptors. The H3 and H4 is recognised drug target for neuronal diseases, such as Cognitive Disorder, Neuropathic pain
and Sleep Wake Disorder considering the topicality & this area of research. This review focuses on the pharmacology of selected
promising indication and the rationalefor the application of H3and H4 ligands.
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INTRODUCTION defined as any artificial, natural, or endogenous (from
within the body) molecule which exerts a biochemical or
physiological effect on the cell, tissue, organ, or organism
(sometimes the word pharmaconand exogenousbioactive
species)?™. In 1910, Sir Henry Dale and colleagues (Dale
and Laidlaw, 1910) isolated histamine from ergot and later
found that it had a stimulant effect on smooth muscle from
the gut and the respiratory tract, caused vasodepression,
stimulated cardiac contractility, and induced a shock-like
syndrome when injected into animals. In 1920, Popielski
demonstrated ~ that  histamine  stimulated  gastric
acidsecretion, and in 1927, the amine was isolated from the
liver and the lung, evidencing that it was a natural
constituent of the body."®!

he histamine Hj receptor (HsR) was discovered in

1983 and was one of the last receptors that were

discovered using conventional pharmacological
methods. Its structure was discovered later as a part of an
effort to identify a commonly expressed G-protein-coupled
receptor (GPCR) in the central nervous system.Gprotein-
coupled receptors (GPCRs), also known as seven-(pass)
transmembrane  domain receptors, 7TM  receptors,
heptahelical receptors, serpentine receptors, and G protein-
linked receptors (GPLR)™. Pharmacologyis a branch of
medicine, biology and pharmaceutical sciences concerned
with drug or medication action, where a drug may be
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Figure 1: Histaminergic system in the mammalian brain

Although histamine was detected in the brain in 1919 by
John J. Abel, its role as a neuromodulator became evident
only several decades later; using antibodies against the
amine and its synthesizing enzyme, histidine decarboxylase
(HDC), the morphologic characterization of histamine-
producing neurons proved the existence of a histaminergic
system in the mammalian brain in (fig .1)!"®

INTRODUCTION OF H4 RECEPTOR

There are now four known G-coupled protein receptors
(GPCRs) that use histamine as a ligand. Thesereceptors
were discovered over a span of almost 100 years and each
discovery provides excellent examples of the use of state-of-
the-art receptor pharmacology to discovery new
receptorst®The first actions of histamine were noted around
1910, but this before the idea of receptors was widely
accepted. After the development of compounds that blocked
the effect of histamine in the 1930-1940s, it was noted that
their effects were consistent with a competition for binding
at a receptor now known as the histamine H1 receptor

These first antihistamines became the basis for very
successful drugs, some of which are still in use today.

However, they also revealed new questions since there were
actions of histamine that were not blocked by these ligands.
This led to the proposal that a second histamine receptor
existed, and the discovery of selective ligands for this
receptor led to its pharmacological characterization and the
designation as the H2R.*A similar story exist for the
discovery of the H3R, where it was noted that various
histamine receptor ligands modulated histamine actions in
the brain, but that the pharmacology did not match the
known H1R and H2R ™Histamine [2-(4-imidazolyl)-
ethylamine] is an endogenous short-acting biogenic amine
synthesized from the basic amino acid histidine through the
catalytic activity of the ratelimiting enzyme histidine.™*'The
pharmacological study of histamine started concurrently
with its discovery by Sir Henry H Dale at the beginning of
the 20th century One of the first described functions was its
ability to mimic anaphylaxis and has since been
demonstrated to play a major role in inflammatory
processes.Following the recognition of its ‘somewhat
complicated action” byhistamine has been one of the most
studied substances in medicine for nearly a century,
possessing a wide spectrum of activities (Fig 2) including its
potent mediator role in immediate hypersensitivity
reactions.*”
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Figure 2: The role of histamine in immune and inflammatory

ISSN: 2320-4850

[53] CODEN (USA): AJPRHS


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2697784/#b23
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2697784/#b16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2697784/#b16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2697784/#b16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2697784/#b16

Chaurasiya et al

STRUCTURE AND LOCATION OF H3 RECTOR

The histamine H3 receptor was initially identified as a
presynaptic autoreceptor controlling histamine release and
synthesis in the brain. histamine H3 receptors are mainly
located presynaptically on the postganglionic sympathetic
nerve fibers innervating the blood vessels and the heart.
Their activation leads to the inhibition of noradrenaline
release and consequently to the reduction of the neurogenic
vasopressor and cardio stimulatory responses. The presence
of such receptors has been shown both in vitro (human, pig,
guinea-pig, rabbit, rat isolated tissues) and in vivo (rat,
guinea-pig)?!.Histamine H3 receptors are expressed in the
central nervous system and to a lesser extent the peripheral
nervous system, where they act as autoreceptors in
presynaptic histaminergic neurons and control histamine
turnover by feedback inhibition of histamine synthesis and
release. The H3 receptor has also been shown to pre
synaptically inhibit the release of a number of other

NH,
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/ \
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Figure 3: (R)-alpha-methylhistamine

Histamine H3 receptors act as presynaptic auto-receptors
that inhibit the synthesis 12 and release of histamine in
the histaminergic neurons in the central nervous system
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neurotransmitters  (i.e. it acts as an inhibitory
heteroreceptor)Histamine H3 receptors are involved in the
pathogenesis of norepinephrine (NE) overflow in
myocardial ischemia. H3 receptor agonists (such as imetit)
have been shown to attenuate carrier-mediated NE release in
models of protracted myocardial ischemia; this is
accomplished through a diminished activity of the Na+/H+
exchanger®?4Schwartz (1975) and his colleagues also
studied histamine release from cerebral neurons in rat
cortex. They discovered that histamine could inhibit its own
release, and they used H1 and H2 antagonists to characterize
the receptor involved. This effect was competitively
inhibited by burimamide at nano - molar concentrations. in
1983, the possibility of a H3  receptor. Their suggestion
was confirmed and the receptor definitively characterized in
1987 by their discovery that (R)-a-methylhistamine was a
potent agonist (chirally selective since the S - isomer is
much less potent) and that thioperamide (Figure 2) was a
very specific competitive antagonist?!
nonhistaminergic neurons, modulating the release of other
neurotransmitters  such  as  5-hydroxytryptamine,
dopamine, acetylcholine, nor- adrenaline and GABA in
the CNS and periphery. Ligands for the H3 receptor have
been reviewed.'”#!Histamine H3 receptor can act either
as an autoreceptor or as a heteroreceptor.Ahistamine H3
autoreceptors are located presynaptically in histaminergic
neurons where they control both the synthesis and release
of histamine from L-histidine. B: histamine H3
heteroreceptors are located presynaptically in non-
histaminergic neurons where they control the release of
the respective neurotransmitter. L-his: L-histidine; HA:
histamine; NT: neurotransmitter; NA: noradrenaline;
Acetylcholine; NANC: non-adrenergic-non cholinergic;
5HT: serotonin; DA: dopamine; R: receptor. Activation of
H3 receptors inhibits the release of noradrenaline in rat

(CNS). They also occur as hetero-receptors on hypothalamus and cortex was reported in the early 90s.
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Figure 4: Strucure of human H3R receptor
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STRUCTURE AND LOCATION OF H4 RECEPTOR:

The role of H4 receptors in the nervous system is poorly
understood. H4 receptors are known to be coupled to
Giproteins, and their downstream pathways are postulated to
be similar to those described for H3 receptors (Figure 3).
Compared to the other three types of histamine receptors,
the H4 receptor is not expressed abundantly in the CNS and

2+

PNS %% By quantitative single-cell Ca™ imaging, it was
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demonstrated that histamine induces a Ca2* increase in a
subset of sensory neurons (3—10%) via activation of the H1
and H4 receptors as well as inhibition of the H3 receptor. It
is assumed that the decreased threshold in response to H3
receptor antagonism, which accounts for the analgesic effect
of H3 receptor antagonists, activates H1 and H4 receptors
on sensory neurons, which in turn results in the excitation of
histamine-sensitive afferents and, therefore, may result in a
modulation of pain sensitivity."

Figure 5: Structure of human histamine H4R

The H4 receptor, which has low homology with other
histamine recep- tors, can be primarily found in bone
marrow, intestinal tissue, spleen, thymus, and also in various
immune cells, such as T cells, mast cells, neutrophils, and
eosinophils, showing modulatory effects on these cells,
including activation, migration, and production of cytokines
and chemokines, suggesting its principal role in the
regulation of immune/inflammatory mechanisms.[*8%
Interestingly, recent reports also indi- cate the presence of
H4 receptors on peripheral sensory nerves, in the DRG, with
more intense staining of small- and medium-diameter cells,
and in the spinal cord, especially laminae | and Il. This
neuronal localization supports H4 receptors involvement in
the regulation of neuronal function related to the modulation
of nociceptive transmission %!

USES AND FUNCTIONS OF H3 AND H4
RECEPTORS

Presynaptic Effects

The H3 receptor is known for the Presynaptic regulation of
neurotransmitter release in peripheral and CNS
nervous system Histamine, Noradrenaline,
Dopamine,Acetylcholine(Ach), Glutamate, Serotonin(5HT)
And GABA Neuropeptides this Drug regulates the
Presynaptic EffectsH3R for direct action is consistent for
these neurotransmitter it is exception for Ach and
dopaminel®®

ISSN: 2320-4850

Postsynaptic Effects

It effects in the some areas of the brain,namely as
striatum,cerebral
Histamine H3 receptor®3%

Histamine function are useful in CNS. CNS have been
highly effects on medicated via H3 receptor
signaling.Histamine H3 antagonist receptor antagonist is
effective for excessive daytime sleepiness in patients with
narcolepsya chronic sleep disorder affects overwhelming
daytime drowsiness.Histamine H4 receptor are in using in
implications in neuronal functions and functional expression
of H4 receptors on human and rodent neurons.

Effects of Histamine derivatives on forskolin induced
camp accumulation in H3R and H4R

Histamine is effective at a maximum concentration that
strongly inhabited camp formation in H3R cells and that all
induced in the same maximal inhibition of forskolin induced
camp accumulation shows that they all act as full agonists at
the H3R.

Histamine receptors as new CNS Drug Targets
Sleep Wake Disorder

Nonimidiazole inverse agonist is known as H3 receptor and
that mostly reduced EDS in narcoleptic patients and
currently its shows the effective treatment against
Parkinson's disease also use in treatment of narcolepsy.

[55] CODEN (USA): AJPRHS



Chaurasiya et al

Cognitive Disorder

A current condition phase Il clinical trial aims to evaluate
the cognitive enhancing effects of the H3 receptor
antagonist GSK-239512 in patients along with mild
symptoms to moderate Alzheimers disease.

Neuropathic pain

H3 receptor is novel selective as antagonists/ inverse agonist
such as GSK-189254 and GSK-334429 are significantly use
in surgically induced and virally induced rat models of
neuropathic pain.

H3-ANTAGONIST DRUG AVAILABLE IN MARKET

An H3 receptor antagonist is a classification of drugs used
to block the action of histamine at H3 receptor. Examples of
H3-antagonist drugs include

1) Ciproxifan
2) Betahistine
3) Pitolisant

4) Conessine

5) Clobenpropit
6) Bavisant

7) Viloxazine
8) Proxyfan

9) lodophenpropit
10) Cipralisant
11) lodoproxyfan
12) Thioperamide

CIPROXIFAN

Ciproxifan [cyclopropyl 4-(3-(1H-imidazol-4-
ylpropyloxy)phenylketone]is an extremely potent histamine
H3 antagonist. It is a well investigated histamine H3
receptor inverse agonist / antagonist showinghigh specific
affinity at rodent as compared to human H3R [31].
Ciproxifan blocksH3 receptor and consequently allow more
histamine to be released and have alertness promoting
effect. It has been proposed as a potential treatment for sleep
disorders such as narcolepsy, to improve vigilance in old
age, particularly in the treatment of conditions such as
Alzheimer's disease [32]. It also potentiated the effects of
anti-psychotic drugs and has been suggested as an adjuvant
treatment of Schizophrenia It is also tested in animals model
for schizophrenia, sleeping disorders or most recently
autism %%,

O
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] °

Figure 6: Ciproxifan structure
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BETAHISTINE

Betahistine  [2-[2-(methylamino)ethyl]pyridine] is a
structural analogue of histamine that acts as a weak partial
post synaptic histamine H1 agonist and presynaptic His
receptor antagonist with no effect on post synaptic H:
receptor 4. Betahistine is formulated as the dihydrochloride
salt. It chemically resembles phenethylamine and histamine.
Betahistine is a histamine like anti-vertigo drug used for
treating symptoms associated with meniere's disease. H3
antagonism elevates level of neurotransmitters including
serotonin in the brainstem, inhibiting the activity of
vestibular nuclei, restoring proper balance and decreasing
vertigo symptoms. It is metabolized primarily into the
inactive metabolite 2- pyridylacetic acid . Betahistine
drug available in market as Betavest, Vertin, Vertistar, B-
vest, Betahist forte.

T

\

N N
Figure 7: Betahistine structure
PITOLISANT
Pitolisant (wakix) [1- {3- [3- (4-

Chlorophenyl)propoxy]propyl}piperidine] is a first in class
H3R antagonist / inverse agonist which received initial
approval in the United States in 2019 for the treatment of
EDS in patients with narcolepsy F¢. (EDS: Excessive
Daytime Sleepiness). It represents the first commercially
available medicine in its class. It enhance the activity of
histaminergic neurons in the brain that function to improve a
person's wakefullness. Pitolisant is primarily metabolized by
CYP2D6 and to a less extent by CYP3A4 in the liver 71,

N0

Cl

Figure 8: Pitolisant Structure
CLOBENPROPIT

Clobenpropit [1- {3- [3- (4-Chlorophenyl) propoxy]
propyl}piperidine hydrochloride] is a histamine H3 receptor
antagonist, neuroprotective effects via stimulation of GABA
release in brain cells in vitro [38]. The anticonvulsant
activity of clobenpropit an isothiourea derivative of
histamine and potent H3 antagonist was investigated in
representative seizure models in mice. It enhances GABA
release to protect against NMDA-induced excitotoxicity
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through the CAMP / protien kinase A pathway in cultured
cortical neurons 1*%,

NH

NPNPNPN
)
JTTNCL

Figure 9: Clobenpropit Structure

BAVISANT

Bavisant has been used in trials studying the basic science
and treatment of Alcoholism, Pharmacokinetics, Drug
Interactions, Attention Deficit Hyperactivity Disorder, and
Attention Deficit Disorders with Hyperactivity Bavisant is
an orally active, potentbrain-penetrating and highly
selective antagonist of the histamine H3 receptor [,
Bavisant can be used for attention-deficit hyperactivity
disorder (ADHD) research.

Figure 10: Bavisant Structure
VILOXAZINE

Viloxazine, sold under the brand name Qelbree and formerly
as Vivalan among others, is a noradrenergic medication
which is used in the treatment of attention deficit
hyperactivity disorder (ADHD) in children and adults ™Y,
Viloxazine was first described by 1972 and was marketed as
an antidepressant in Europe in 1974. It was not marketed in
the United States at this time. Side effects of viloxazine
include insomnia, headache, somnolence, fatigue, nausea,
vomiting, decreased appetite, dry mouth, constipation,
irritability, increased heart rate, and increased blood
pressure 1“4, Viloxazine is available for ADHD in the form
of 100, 150, and 200 mg extended-release capsules. These
capsules can be opened and sprinkled into food for easier
administration.

L

o

Figure 11: Viloxazine structure
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PROXYFAN

Proxyfan [4-[3-(Benzyloxy)propyl]-1H-imidazole] is a
histamine H3 receptor ligand which is a "protean agonist",
producing different effects ranging from full agonist, to
antagonist, to inverse agonist in different tissues, depending
on the level of constitutive activity of the histamine H3
receptor (!, It is a histamine H3 receptor protean agonist
that can produce a spectrum of pharmacological effects
including agonist, inverse agonist, and antagonist. We have
discovered that proxyfan (10 mg/kg orally) significantly
improved glucose excursion after an IP glucose tolerance
test of either lean or high-fat/cholesterol diet-induced obese
mice. It also reduced plasma glucose levels comparable to
that of metformin (300 mg/kg orally) in a nongenetic type 2
diabetes mouse model.

1008

Figure 12: Pyroxyfan Structure
IODOPHENPROPIT

lodophenpropit ~ [3-(1H-imidazol-5-yl)propyl ~ N'-[2-(4-
iodophenyl)ethyl]Imidothiocarbamate] is a histamine
antagonist which binds selectively to the H3 subtype. Its
1251 radiolabelled form has been used for mapping the
distribution of H3 receptors in animal studies ““.The H(3)
receptor inverse agonist, thioperamide, potently reduced
appetite without adverse behavioural effects. This action
was blocked by proxyfan, acting as a neutral antagonist in
this model and, therefore, this compound is useful in
determining the selectivity of H(3) receptor-directed drugs.

Figure 13: lodophenpropit Structure
CIPRALISANT

Cipralisant  [5-[(1S, 2S)-2-(5, 5-dimethylhex-1-ynyl)
cyclopropyl]-1H-imidazole] also known as Perceptin, is a
highly selective histamine H3 receptor antagonist that was
being developed by Gliatech in the US *! It is tentative
trade name (Perceptin) is an extremely potent histamine H3
receptor ligand originally developed by Gliatech. Cipralisant
was initially classified as a selective H3 antagonist, but
newer research (2005) suggests also agonist properties, i. €.
functional selectivity.Cipralisant seemed to be well tolerated
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during early testing, entering Phase Il trials for ADHD in
2000.

//
N
H

Figure 14: Cipralisant Structure
IODOPROXYFAN

lodoproxyfan[3-(1H-imidazol-4-yl)propyl-(4-iodophenyl)-
methyl ether] is a novel potent and selective histamine H3
receptor antagonist %! lodoproxyfan binding to membranes
of the rat striatum was reversible and saturable. The
specificity of lodoproxyfan binding to H3 receptors was
demonstrated by its pharmacological profile. A series of H3
receptor agonists inhibited iodoproxyfan binding with a
similar maximal effect and with the expected order of
potency and stereoselectivity ratio.

Figure 15: lodoprxyfan Structure
THIOPERAMIDE

Thioperamide  [N-Cyclohexyl-4-  (1H-imidazol-4-yl)-1-
pipéridine carbothioamide] is a potent Histamine H4
antagonist and selective Histamine H3 antagonist capable of
crossing the blood-brain barrier. It was found to be an
antagonist of histamine autoreceptors, which negatively
regulate the release of histamines and enhances the activity
of histaminergic neurons by blocking autoreceptors and
leading to greater release of histamine [47]. It was used by
Jean-Charles Schwartz in his early experiments regarding
the H3 receptor. Its action on Hsis thought to promote
wakefulness and improve memory consolidation.

H
|/\;l/N\g/N

Figure 16: Thioperamide Structure
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