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Abstract
Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by beta-amyloid plaques accumulation and cognitive
impairment. Both environmental factors and heritable predisposition have a role in AD. Histamine is a biogenic monoamine that
plays a role in several physiological functions, including induction of inflammatory reactions, wound healing, and regeneration. The
Histamine mediates its functions via its 4 G-protein-coupled Histamine H1 receptor (H1R) to histamine H1 receptor (H4R). The
histaminergic system has a role in the treatment of brain disorders by the development of histamine receptor agonists, antago-
nists. The H1R and H4R are responsible for allergic inflammation. But recent studies show that histamine antagonists against H3R
and regulation of H2R can be more efficient in AD therapy. In this review, we focus on the role of histamine and its receptors in
the treatment of AD, and we hope that histamine could be an effective therapeutic factor in the treatment of AD.
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Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative

disorder of the brain that is characterized by the presence of

beta-amyloid (bA) plaques in the brain.1 An increased blood-

to-brain influx and decreased brain-to-blood efflux across the

blood–brain barrier (BBB) can cause the accumulation of bA

plaques.2 The first case of AD was identified by Alois Alzhei-

mer in 1906 in Germany.3 Four pathological mechanisms for AD

are postulated (1) extracellular deposition of bA plaques, (2)

formation of tau-positive intracellular neurofibrillary tangles,

(3) neuronal loss in hippocampus and cerebral cortex, (4) lesions

of cholinergic neurons.4 It has been proven the synaptic changes

such as the accumulation of Ab together with a loss of synoptic

functional and neuritic dystrophy can affect learning and mem-

ory.5 Three mechanisms have been described to increase the

brain levels of bA plaques: (1) increased influx, (2) decreased

efflux, and (3) increased neuronal production.2 The peroxisome

proliferator-activated receptor-g (PPAR-g), a member of nuclear

receptors family, can regulate the transcription of proinflamma-

tory molecules, such as inducible nitric oxide synthase. It has

been demonstrated that the activation of PPAR-g can reduce

Ab levels in both cell culture and animal models of AD.6 Immu-

nological factors such as cytotoxic molecules and proinflamma-

tory cytokines that are produced by microglia and astrocytes

have an important role in neuroinflammation observed in AD.7

Activated microglia causes Ab phagocytosis, degradation, and

clearance. Moreover, microglia produces a number of soluble

factors such as the glia-derived neurotrophic factor that play

an important role in the survival of neurons.6 A significant

increase in a number of cytokines and chemokines such as

interleukin 1b (IL-1b), IL-6, tumor necrosis factor a (TNF-a),

IL-8, transforming growth factor b, and macrophage inflamma-

tory protein 1a has been shown in AD.6 Furthermore, a reduced

number of B cells and T cells in AD have been reported.8 Hista-

mine is a biogenic monoamine that affects NK cells, epithelial

cells, T, and B lymphocytes. Moreover, it plays a role in several

physiological functions, such as cell proliferation, wound heal-

ing, and regeneration and modulates the Th1-Th2 balance and

hematopoiesis.9,10 It has been demonstrated that histamine has

a major regulatory role in experimental allergic encephalomye-

litis, the autoimmune model of multiple sclerosis.11 Histamine

performs all its functions through 4 histamine, that is, H1, H2,

H3 and H4, cell surface receptors (H1R-H4R). All 4 histamine

receptors belong to G-protein-coupled receptors (GPCRs). The

human histamine H3 receptor (H3R) has more than 40% homol-

ogy to the human H4R.12 Histamine is produced by mast cells,

circulating basophils and neurons in response to immunoglobu-

lin E.10,13 Histamine and the histaminergic system play a major

role in several physiological processes in rat brain.14 Histamine

induces the progression of allergic-inflammatory responses by

increasing the production of proinflammatory cytokines such

as IL-1a, IL-1b, and IL-6 and chemokines such as RANTES

1 Department of Immunology, School of Public Health, Tehran University of

Medical Sciences, Tehran, Iran

Corresponding Author:

Abbas Mirshafiey, Department of Immunology, School of Public Health, Tehran

University of Medical Sciences, Box 6446, Tehran 14155, Iran.

Email: mirshafiey@tums.ac.ir

American Journal of Alzheimer’s
Disease & Other Dementias®

28(4) 327-336
ª The Author(s) 2013
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1533317513488925
aja.sagepub.com

http://www.sagepub.com/journalsPermissions.nav
http://aja.sagepub.com


or IL-8, in different cell types and tissues.15 It has been recently

demonstrated that H4R can recruit eosinophil. Thus, it can be as

an eosinophil chemoattractant.15 In addition, H4R can determine

the frequency of T regulatory (T(R)) cells in secondary lym-

phoid tissues, and control T(R) cell chemotaxis and suppressor

activity.11 Furthermore, the lack of H4R causes an impairment

in anti-inflammatory response, including a decrease in the

number of T(R) cells in the central nervous system (CNS) and

an increase in the proportion of Th17 cells.11 Both H1R and

H2R antagonists are thought to treat allergy and excess gastric

acid secretion. The H3R ligands are useful for the treatment of

obesity and neurological diseases. The H4R that has been

recently found can play a role in immune functions and in the

pathogenesis of inflammatory diseases.16 Histamine is a key

allergic mediator, so that both H1R and H4R may play a major

role in allergic inflammation.17 Brain histamine dysfunction has

not been reported to play a role in CNS disease, until now. The

histaminergic system has been thought to play a role in the treat-

ment of brain disorders by the development of histamine receptor

agonists, antagonists. Moreover, the H3R is identified as a thera-

peutic target for neuropathic pain, sleep–wake disorders, such as

narcolepsy, and cognitive impairment in Alzheimer’s, and

Parkinson’s disease.18 The H4R can perform many histamine-

induced cellular functions of leukocytes, such as cell migration

and cytokine production. It has been recently identified that

histamine signaling through the H4R is both antipruritic and anti-

nociceptive. Thus, targeting the H4R could be a new therapeutic

approach for several chronic inflammatory diseases.19 The stria-

tum expresses a high density of histamine receptors. Thus, it has

been thought that the released histamine can affect striatal

function. The thalamostriatal synapses dynamic is controlled by

histamine that causes the thalamic input facilitation.20 Recent

studies indicate that the memory deficit caused by early postnatal

maternal deprivation in rats can be the result of an impairment of

histamine-mediated mechanisms in the cornu ammonis 1 region

of the rat hippocampus.21

Alzheimer

It has been reported that TNF-a, interferon g (IFN-g)-inducible

protein 10, monocyte chemotactic protein 1, and IL-8, are

increased in AD and in mild cognitive impairment. Furthermore,

some modifications such as extracellular bA plaques and intra-

cellular neurofibrillary tangles occur in the initial stages of the

disease. Thus, a failure of trials with anti-inflammatory agents

in patients with Alzheimer has been observed.22 Recent studies

show that the cyclooxygenase 2 (COX-2) G/G genotype is

related to AD, and it can support the involvement of COX-2

in AD etiology.23 It has been proven that the deficiency in

CD45 activity may lead to brain accumulation of neurotoxic

Ab oligomers and neuronal loss in AD.24 Neuroinflammation

can exacerbate the fundamental pathology by producing inflam-

matory cytokines, neurotoxic compounds, and toxic free

radicals. Microglia attacks the pathological entities, but this can

severely damage host neurons.25 Recent data indicate that IL-21-

and IL-9-producing Ab-induced CD4(þ) T cells, monocytes

producing IL-23 and IL-6, and CD4(þ) T cells synthesizing both

related orphan receptor g and nuclear factor of activated T-cell

c1 transcriptional factors are increased, but monocytes that

produce IL-10 are decreased in AD.26 The level of IL-11 has been

increased in AD and the highest peaks are reported in patients

with a less severe degree of cognitive impairment. Thus, IL-11

has been expected to play a role in the initial phases of neurode-

generation.27 Interleukin 15 synthetized by activated monocytes,

macrophages, and glial cells can play a role in the pathophysiol-

ogy of AD and frontotemporal dementia.28 Interleukin 32 can

induce the production of matrix metalloprotein 9 (MMP-9) in rat

primary astrocytes and activate 2 major regulators of proinflam-

matory signaling in rat astrocytes by phosphorylation. Further-

more, it can regulate neuroinflammatory responses in AD

(Figure 1).29 Interleukin 33 can only express in vascular

capillaries of the brain. Furthermore, IL-33 overexpression in cel-

lular models can cause a decrease in the secretion of the Ab(40)

peptides, the main cerebral amyloid angiopathy component.

Thus, it can be expected that genetic variants in IL-33 gene can

lead to a decrease in AD risk.30 The IL-18, a major mediator of

inflammation and immune response, plays a role in physiopatho-

logical processes of the brain and affect the integrity of neurons.

Thus, it can be important in the pathogenesis of AD.31

Histamine

Histamine is produced from L-histidine and plays a role as a neu-

rotransmitter in the mammalian brain. Two important catabolism

pathways are described for histamine: (1) diamine oxidase in the

Figure 1. Interleukin 32 is a proinflammatory cytokine that activates
both the p38 mitogen-activated protein kinase (p38MAPK) and
nuclear factor kB (NF-kB) pathways. Interleukin 32 could provoke the
production of histamine and matrix metalloprotein 9 (MMP-9). Thus,
it regulates neuroinflammatory responses in Alzheimer’s disease.
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peripheral tissue and (2) histamine methyl transferase in the brain.

Histaminergic fibers can control the production of nonhistaminer-

gic neurotransmitters through histamine heteroreceptors that are

found on the nonhistaminergic nerve endings.32 Histamine is a

major allergic mediator and has 2 roles: one, as a neurotransmitter

in the nervous system and another, as a signaling molecule in the

skin, the gut, and the immune system.17,33 Histamine-secreting

neurons are at the posterior hypothalamus in the tuberomammil-

lary nucleus of the brain.34 The monoamine histamine is involved

in many biological processes such as neurotransmission in the

CNS and peripheral nervous system (PNS). Furthermore, it has

a role in inflammatory reactions, including gastric acid secretion

and smooth muscle contraction.35 Brain histamine is involved in

many physiological processes including temperature regulation,

emesis, water intake, and avoidance behavior. Moreover, it can

regulate antidiuretic hormone and release both luteinizing and

prolactin hormones.36 Histamine is produced by several cells such

as basophils, mast cells, neurons, lymphocytes, and gastric

enterochromaffin-like cells. The pleiotropic effects of histamine

are mediated by 4 GPCR subtypes H1R to H4R.15,37 The H1R,

H2R, and H3R can bind to glutamate N-methyl-D-aspartate recep-

tors and have many functions in the brain, such as excitability and

plasticity.33 The release of histamine is regulated by glutamater-

gic neurons and nitric oxide of neuronal origin. Cholinergic trans-

mission is controlled by neighboring histaminergic neurons

through H1R, H2R, and H3R.38 The histaminergic and hypocre-

tin/orexin (hcrt) neurotransmitter systems have a major role in

alertness and wakefulness in rodents.39 Furthermore, the histami-

nergic system has a crucial role in memory and learning.

Recently, the deficient histaminergic transmission in the brain

in vascular dementia has been reported.40 Both H1R and H4R

play a role in allergic airway inflammation. It has been indicated

that histamine has crucial role in IL-4-driven eosinophilic inflam-

mation.17 In addition, there has been a decline in eosinophilic

inflammation and an eosinophil recruitment factor (CCL24)

expression in the H2R knockout mice.17 Two histamine-gated

chloride (HisCla1 anda2) channels have been identified in inver-

tebrates. The HisCl channels belong to the Cys-loop receptor

superfamily of ligand-gated ion channels that correlate with the

mammaliang-aminobutyric acid A (GABA A) and glycine recep-

tor. Moreover, they have high homology within the ligand binding

and ion channel domains.41 Histamine has been found in the

nervous tissue of animals, such as the snail Helix aspersa, the crab

Carcinus maenas, the goldfish Carassius auratus, the frog Rana

pipiens, and the mouse Mus musculus.42 Histamine is a major reg-

ulator of energy intake and expenditure. It has been shown that

H1R and H2R signaling can control both glucose and lipid meta-

bolism and development of hyperlipidemia-induced nonalcoholic

steatohepatitis.43 On the other hand, histamine participates in host

defense against infections. Furthermore, it may play a role in

bacteria-host symbiosis, dysbiosis, and pathogenicity.44

Histamine H1 Receptors

An intronless gene that is located on chromosome 3p25

encodes 56-kd H1R with 487 amino acids. The H1Rs have been

shown to bind to the Ga
_
q/11 family of G proteins that induce

Ca2þ mobilization in a pertussis-toxin-insensitive fashion.45

The H1Rs regulate several physiological functions including

wakefulness, emotion, learning and memory, and stress.46 The

H1R is expressed by various kinds of cell types, such as neu-

rons, vascular smooth muscle cells, neutrophils, dendritic cells

(DCs), and Tand B cells.9 It is also proved that the histaminer-

gic system can modulate wakefulness and orexin/hypocretin

neuron development through H1R in zebra fish.39 Antihista-

mines are described as first- or second-generation drugs, due

to its chemical structure and adverse effects. The adverse

effects of antihistamines on the CNS rely on their ability to

cross the BBB and link to the central H1Rs.47 Dimebolin (latre-

pirdine), a compound with several drug targets, is considered in

clinical trials for the treatment of AD, and it has been reported

that dimebon could both slow the disease process and increase

aspects of cognition. It has been also indicated that dimebon

increases components of working memory in monkeys.48

Histamine can generate several symptoms of allergic disease

in the nose, skin, and lower airways by the Gq/11-coupled

H1R.49 Histamine has both activating and inhibitory effects: its

activating effect is induced by stimulating of H1Rrs that are

located on the membrane of myocytes, but its inhibitory effect

is caused by stimulation of H2Rs located on the membrane of

myocytes and produces nitric oxide by the endothelial cells of

lymph node sinus.50 It has been shown that 2 inverse agonists,

carebastine and mepyramine, decline inositol phosphate accu-

mulation and H1R gene expression. Thus, inverse agonists can

relieve allergy symptoms by both preventing upregulation of

H1R gene expression and inhibiting basal histamine signaling

through their inverse agonistic activity.51 Histamine controls

cell proliferation via the activation of the H1R, and H1R binds

to phospholipase C (PLC) through Gq (Table 1). The H1R

antagonists such as mepyramine, regulator of G-protein-

signaling 2, and the PLC inhibitor U73122 suppress histamine

response. Thus, Rac and RhoA activation is controlled by H1R

via Gq binding to PLC stimulation (Figure 2). The

H1R-induced extracellular signal-regulated kinase (ERK1/2)

activation was suppressed by U73122. Therefore, ERK1/2 acti-

vation relies on PLC but not on RhoA or Rac. Recent studies

show that the functional binding of the H1R to Gq-PLC causes

the activation of RhoA and Rac small guanine triphosphatases

(GTPases; Figure 2). Thus, some roles for Rho GTPases in the

control of cell proliferation by histamine have been expected.52

Moreover, it has been indicated that H1R stimulation may lead

to the production of arachidonic acid by phospholipase A2

(PLA2) enzymatic action (Table 1).53

Histamine H2 Receptor

The gene that encodes the H2R is located on chromosome 5.

The H2Rs may bind to adenylate cyclase (AC) and phosphoi-

nositide second messenger systems by guanine triphosphate

(GTP)-dependent pathways. Moreover, the human receptor

modulates c-Fos and c-Jun expression by distinct signaling

pathways such as protein kinase C (PKC) and p70 S6 kinases,
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Figure 2. Signaling pathways in histamine receptors. Histamine can mediate its functions via its 4 G-protein-coupled H1R to H4R. Rac and RhoA
activation is mediated by H1R via Gq binding to PLC stimulation. Moreover, H2R controls both c-Fos and c-Jun expression by distinct signaling
pathways such as protein kinase C (PKC) and p70 S6 kinases, respectively. The H3R could activate AKT, PLA2, PLA, and MAPK pathways, and
H4R stimulates MAPK and PLC pathways. H1R indicates histamine H1 receptor; MAPK, mitogen-activated protein kinase; PLA indicates phos-
pholipase A; PLC, phospholipase C.

Table 1. Properties of HRs.

CNS Expression
Peripheral
Expression General Function

Binding Affinity to
Histamine (pKi)

Signaling
Pathway

H1R Thalamus, hippocampus,
cortex, amygdala, basal
forebrain

Ileum, smooth
muscle, heart

Wakefulness, inflammatory responses,
decreasing blood pressure

4.2 PLC

H2R Basal ganglia, hippocampus,
amygdala, pyramidal
cells, raphe nuclei,
substantia nigra

Lung, heart, intestine,
smooth muscle

Regulation of gastric acid secretion,
decreasing blood pressure, relaxation
of airway and vascular smooth
muscle, excitation, fluid balance,
regulation of hormonal secretion

4.3 Activation of
PKC

H3R CNS, cerebral cortex,
basal ganglia and
hypothalamus

Lung, cardiovascular
system, Intestine

Regulation of histamine release and
generation

8.0 Inhibitionof PKA,
activation of
PLA2, MAPK

H4R Cerebellum, hippocampus Hematopoietic cells Modulation of immune system 7.8 Inhibitionof PKA,
activation of
PLC, MAPK

Abbreviations: HRs, histamine receptors, H1R, histamine H1 receptor, H2R, histamine H2 receptor, H3R, histamine H3 receptor, H4R, histamine H4 receptor,
PLC, phospholipase C, PKA, protein kinase A, PLA2, phospholipase A2, MAPK, mitogen-activated protein kinase; CNS, central nervous system; PKC, protein
kinase C.
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respectively (Figure 2).45 The H2R is observed in many tissues

and cells, such as the brain, smooth muscle cells, gastric

parietal cells, and T and B cells. Furthermore, the histamine

absence can downregulate H2R in a tissue-specific manner.54

There are no muscular H2Rrs in the tracheal muscle of dogs

and guinea pigs.55 Gastric acid production is induced by 3

GPCR ligands: (1) histamine, (2) acetylcholine, and (3) gas-

trin.56 Recent data show that suppressive effects of histamine

on methamphetamine-induced behavioral sensitization could

be regulated via H1R and H2R in the CNS such as neostria-

tum.57 Histamine regulates the expression of P-selectin via

both the H2R and calcium, but this expression is decreased

by cyclic adenosine monophosphate (cAMP). The histamine-

induced expression promotes polymorphonuclear leukocytes

(PMN) coupling to the human brain microvessel endothelial

cells. Thus, it is expected that P-selectin has a role in the

recruitment of acute inflammatory cells to the CNS.58 On the

other sides, H2R binds to Gs G-protein and this binding can

activate adenylyl cyclase and increase cAMP. In turn, cAMP

activates protein kinase A (PKA) and phosphorylates several

proteins (Table 1). As a consequence, both cAMP response ele-

ment binding (CREB)-activation and the Ca2þ-dependent

potassium conductance inhibition can occur (Figure 2).59-61 It

has been proved that agonist stimulation of H2R can activate

both AC and PLC, inhibit the receptor and stimulate ERK1/2.62

Histamine H3 Receptor

At first, H3R was identified in 1983 by Arrang et al as a presy-

naptic autoreceptor.63 The H3R, a member of GPCRs family,

modulates neurotransmitter release negatively in CNS and

PNS.64 The H3R is encoded by a gene which is located on chro-

mosome 20. It binds to the Gi class of G-proteins and negatively

controls the intracellular messenger cAMP.65 The H3R is

expressed in some brain regions including the CNS, cerebral

cortex, basal ganglia, and hypothalamus. These brain regions

play a major role in cognition, sleep, and homeostatic modula-

tion.66 Several intracellular proteins have been described to

couple to carboxy (C)-termini of GPCRs and mediate their intra-

cellular trafficking and signal transduction pathways.64 In type I

cells of rats, it has been shown that histamine can attenuate

calcium-signaling events that are induced by the muscarinic

acetylcholine receptor agonist acetyl-b-methylcholine through

an H3R-controlled mechanism. Thus, the excitatory presynaptic

functions of acetylcholine are downregulated by histamine.67

Thioperamide, which can cause a strong activation of histamine

release and convert histamine to N-tele-methylhistamine, com-

petitively suppresses the conversion of N-tele-methylhistamine

to N-tele-methylimidazoleacetic acid in the brains of human and

monkey due to monoamine oxidase B existence.68 It has been

proved that some neurotransmitter systems, such as acetylcho-

line, dopamine, serotonin, and glutamate are involved in specific

aspects of cognition. The H3R antagonists can stimulate the

release of histamine, norepinephrine, dopamine, and acetylcho-

line. Thus, H3R antagonists can be thought as an efficient drug

target for cognitive disorders.66 The H3Rs’ constitutive activity

in rat brain cortex suppresses the AC/PKA pathway (Figure 2). It

has been shown that the agonist-activated H3 autoreceptors can

also suppress histamine production that is regulated by calcium/

calmodulin- and cAMP-dependent protein kinases.69 The

postsynaptic H3Rs are observed in striatum at GABAergic cell

bodies of the medium spiny neurons that are located on the

striatonigral neurons of both direct and indirect movement

pathway.70 Activation of H3Rs suppresses the production of

neuropeptides and neurogenic–vasogenic inflammation that

cause headache. The V-allele genotypes in the H3R gene play

several roles such as increasing the number of inactive receptors,

inhibiting the negative feedback mechanism on the H3R, and sti-

mulating histamine release, which relates to migraine attacks in

susceptible cases.71 Chloride intracellular channel 4 (CLIC4), a

member of CLIC protein family that is expressed in multicellular

organisms, has anion channel activities in planar lipid bilayer

systems. It has been indicated that CLIC4 has an influence on

H3R cell surface expression via coupling to the C-terminal cyto-

plasmic domain of the receptor.64 The H3R antagonists are iden-

tified as a therapeutic target for treatment of AD and several

serious disorders such as obesity, myocardial ischemia,

migraine, and inflammatory diseases.72,73 Yohimbine suppresses

the effect of brimonidine on histamine release. Moreover, the

H3R agonist R-(alpha)-methylhistamine can decline histamine

production, as well as thioperamide inhibits the effect of

R-(alpha)-methylhistamine, but when they were used singly,

yohimbine and thioperamide could stimulate histamine release.

It has been proved that both prejunctional alpha (2) receptors and

histamine H3R may mediate and cooperate to control the sym-

pathetic histamine production.74 Thioperamide is a H4R/H3R

antagonist that can prevent mast cell and eosinophil migration.75

H3receptor density in cortical tissue of spontaneously hyperten-

sive rats promotes with age where the number of the expressed

amplicons of the detected H3R declines. Although the number of

expressed amplicons of the H3R declines, the expression of the

larger amplicon (*500 bp) increases.76 The H3R affects various

signaling pathways such as activation of phospholipase A(2),

AkT, and the mitogen-activated kinase, G(i/o)-dependent inhibi-

tion of adenylyl cyclase as well as the inhibition of both Naþ/Hþ

exchanger and Kþ-induced Ca2þ mobilization (Figure 2).73

Recent studies show that H3Rs mediate noradrenaline release

in rat olfactory bulb through a presynaptic action.77

The H4R

Human H4R is encoded by a gene that is located on chromo-

some 18. The H4R is a 390-amino-acid receptor that has

37% to 43% homology to H3R. Both H3R and H4R are bound

to Gi/o and activate several signaling pathways.45 The H4Rs

are found in various cell types of the gut, such as immune cells,

neurons, paracrine, and endocrine cells.78 In the gastrointest-

inal tract, H4R controls gastric acid production, gastric muco-

sal defense, inflammation, immunity, and carcinogenesis.78

Furthermore, it may be expressed in adult colorectal cancer.78

Recent data demonstrate that H4Rs can be expressed on mature

basophils and other effector cells of allergic reactions, like
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eosinophils.79 Moreover, the H4R is expressed on both CD4(þ)

T cells and human CD4(þ) Th2-polarized T cells. Both

CD4(þ) T-cell and histamine can be found in psoriatic plaques

and in acute skin lesions of atopic dermatitis. Histamine is

produced in psoriasis and atopic dermatitis diseases and can

promote the immunomodulatory potency of skin-infiltrating

Th17 cells.80 The H4R is also expressed on plasmacytoid

dendritic cells (pDCs) in psoriasis and affects cytokine synth-

esis and migration of pDCs. Thus, the H4R alone or together

with the H2R can be identified as a therapeutic approach for

psoriasis.81 Although the histamine and phorbol 12 myristate

13 acetate have no effects on H4R expression, lipopolysacchar-

ides and indomethacin increase H4R messenger RNA expres-

sion, and 20 mmol/L dexamethasone can promote H4R

protein levels.82 On the other hand, the dog H4R shows a

61% to 71% homology to the receptors of other species and has

a 71% homology with the human receptor. The dog H4R

affinity for histamine is 18 nmol/L. So that, the dog affinity for

histamine is 3-fold lower than that of human. The agonists of the

human H4R can be identified as the agonists of the dog receptor

but with different effects.83 The H4Rs are expressed on neurons

in the rat lumbar dorsal root ganglia and in the lumbar spinal

cord. Thus, the presence of H4R in human and rodent CNS indi-

cates that H4R can play a role in itch and pain.84 It has been

shown that histamine can activate signal transduction pathways,

such as G(i)-protein-dependent actin reorganization, increase

intracellular calcium, and stimulate migratory responses in gd
T lymphocytes through the H4R. But it can decrease gd T-cell

modulated cytotoxicity via H2Rs and G(s)-protein-coupled

signaling. It has been thought that histamine-activated gd T cells

can regulate immunological surveillance of tumor tissue.85

Histamine induces the hyperphosphorylation of STAT6. The

H1R antagonist, pyrilamine, may inhibit the phosphorylation

of STAT6 by histamine, whereas H2R antagonist, ranitidine, and

H3R/H4R antagonist, thioperamide, have no effect on the

histamine-regulated hyperphosphorylation of STAT6.86

Alzheimer and Histamine

Histamine functions are regulated by H1R, H2R, and H3R. The

decline in histamine receptor binding may have a role in the

cognitive deficits of patients with AD.87 The H3R can suppress

histamine release in brain. Thus, H3R inverse agonists increase

histaminergic neuron activity. The histaminergic system has a

major role in cognition and H3R inverse agonists are identified

as therapeutics target for cognitive deficits of AD. A significant

loss of histaminergic neurons has been reported in patients with

Alzheimer.88 Moreover, the histamine metabolite levels in the

CSF of patients with AD indicate a decline in their global

activity.88 The H3 antagonists that enhance the release of brain

histamine, acetylcholine, and neurotransmitters are responsible

for mediating cognitive processes. Thus, this ability can affect

attention and vigilance. Furthermore, histamine regulates both

short-term and long-term memory.89 Recent studies have

indicated a strong neurofibrillary degeneration of the tubero-

mamillary nucleus that is the origin of histamine neurons in

AD. Histaminergic neurons activity increases cognition and

memory. Thus, their degeneration may have a role in the cog-

nitive decline of AD. The brain histaminergic system involves

mast cells and microglia that synthesize histamine. However,

the histaminergic system level of activity in patients with

Alzheimer is not clear.90 The histaminergic system is a crucial

modulatory system that controls both basic homeostatic and

higher functions such as arousal, cognition, and circadian. It

has been proved that histamine can regulate learning in differ-

ent types of behavioral tasks, but the exact part of regulation

and its mechanisms remains unknown.91 It has been reported

that the cognitive-increasing effects of H3R antagonists

through multiple cognitive domains in a several preclinical

cognition models can be a new therapeutic approach for AD

treatment.92 The H3R integrity has been reported in different

stages of AD. Thus, this can be a good reason to use H3 antago-

nists as a therapeutic strategy in AD treatment.93 Histamine can

decrease neurotoxicity which is caused by bA(1-42), and this

can be regulated by H2R and H3R.94 Among siblings at high

risk of AD, the use of nonsteroidal anti-inflammatory drugs

(NSAIDs) could delay onset and decline the risk of AD95 and

among NSAIDs, aspirin has been proved to decrease the occur-

rence of AD. Moreover, an inverse association of AD and use

of H2-receptor agonist have been observed.96 The homozygous

H1R knockout (H1R-KO) mice show severe memory deficits

in episodic-like memory and procedural memory. It should

be noted that some changes in acetylcholine esterase activity

in the hippocampus and also dopamine (DA) turnover in the

cerebellum in AD have been reported.97 New experiments in

mice with a null mutation of gene coding histamine H1R or

H2R indicate that both H1R and H2R play a major role in

learning and memory and the frontal cortex, amygdala and hip-

pocampus are involved in these processes.98 It has been proved

that both H1R and H2R are excitatory, but H3 is only an inhibi-

tory auto- and heteroreceptor. The interactions of histaminergic

and other aminergic and peptidergic systems can regulate major

homeostatic functions, such as sleep–wake regulation, synaptic

plasticity, learning, and memory.99 Furthermore, recent data

show that both IL-17 and TNF-a can intensify the effect of his-

tamine via the H1-receptor.100 It has been reported that ebastine,

a second-generation H1 antihistamine, has no effect on cognitive

impairment or subjective sleepiness. Moreover, the CNS impair-

ment can be correlated with plasma (þ)-chlorpheniramine,

H1R antagonist that also works as a serotonin–norepinephrine

reuptake inhibitor concentration.101 6-[(3-Cyclobutyl-2,3,4,5-

tetrahydro-1H-3-benzazepin-7-yl)oxy]-N-methyl-3 pyridinecar-

boxamide hydrochloride (GSK189254), a H3R antagonist with

high affinity for both human and rat H3R, has been shown to

have a therapeutic effect on dementia in AD and other cognitive

diseases.102 The interactions between histamine and H3Rs can

decline the cholinergic tone in both the frontal cortex and the

hippocampus, and this could be important in learning and mem-

ory. Both H3 and 5-HT3 receptors are targets for exogenous

compounds that are functioning as antagonists. Thus, both

thioperamide (H3R antagonist) and ondansetron (5-HT3 antago-

nist) can cure the deficits that are caused by cholinergic
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hypofunction.103 It has been reported that H3-antagonist-

mediated signaling does not depend on ACh-stimulated a7

nAChR activation. Furthermore, H3-antagonist (ABT-239)

activates biochemical signaling that increases both cognitive

performance and attenuation of tau hyperphosphorylation. Thus,

the concept that H3 antagonists can improve AD symptoms and

have a therapeutic role in AD has been confirmed.104 Histamine

receptors regulate the functional activities of DC subsets.

Histamine-induced reduction of CD1a (þ) DCs as well as

enhanced production of both IL-6 and IL-10, upregulation of

chemokines, expression of C5aR1 via the CD1a (�) DC subset,

and increased migration of activated DC subsets that is stimu-

lated by the secretion of MMP-9 and MMP-12 enzymes have

been detected in a H2R-specific manner, which is identified

by the antagonist of H2R.105 Store-operated calcium entry

(SOCE) has been thought as the major Ca2þ influx pathway of

DCs. DCs primed with histamine can induce Th2 immune

response through various types of histamine receptors.

Histamine stimulates DCs to produce Ca2þ from internal store.

Histamine increases the level of IL-10 but reduces the level of

IL-12p70 produced by DCs. Pretreatment of SOC blockers and

H1R, and H4R antagonists with DCs can suppress the Th2 polar-

ization of T helper cells caused by histamine in mixed lympho-

cyte responses. Recent studies indicate that SOCE has a major

role in histamine-induced maturation and Th(2) response of DCs

via both H1R and H4R.106 It has been demonstrated that A beta

(1-42)-specific Th1-type T-cell memory is present in young

people who are secreting large amounts of IFN-g and IL-2. With

increasing age, a decline in the synthesis of both IFN-g and IL-2

has been reported and also a significant rise in CD4(þ) T-cell-

derived regulatory IL-10 secretion has been detected. However,

the patients with AD can synthesize IL-10 in the absence of any

effector cytokine.107 The IL-32 is a proinflammatory cytokine

that can activate both the p38 mitogen-activated protein kinase

(p38MAPK) and nuclear factor kB pathways. The IL-32 can

provoke histamine production in human-derived cord blood

mast cells (HDCBMCs; Figure 1). Thus, it has been proved that

IL-32 can be species specific, and it can function in mature

human mast cells (HDCBMCs) more than in transformed mast

cells (LAD 2 cells).108 It has been shown that IL-32 can have

a role in the regulation of neuroinflammatory responses in many

neurological disease include AD.109

Conclusion

The AD is a neurodegenerative disease that is characterized by

2 factors: (1) cognition impairment and (2) accumulation of bA

plaques. Histamine is identified as a neurotransmitter in the

nervous system, and it has been proved that the histaminergic

system has a major role in cognition. Furthermore, its main role

in memory and learning has been reported. Recent studies

indicate that receptor function in AD may be compromised due

to disrupted postreceptor signal transduction that is controlled

by the G-protein that modulates phosphoinositide hydrolysis

and AC pathways. Moreover, H3Rs constitutive activity in rat

brain cortex could suppress the AC/PKA pathway. The H3R

antagonists are suggested to be a therapeutic approach for

cognitive deficits of AD. Moreover, histamine can decrease

neurotoxicity that is caused by bA(1-42) and this can be

controlled by H2R and H3R. It has been shown that histamine

activates PKC-d, ERK1/2, p38 kinase, and c-Jun N-terminal

kinase prior to early growth response factor 1 (Egr-1) induc-

tion. The H2Rs bind to both AC and phosphoinositide second

messenger systems by GTP-dependent pathways. Furthermore,

the human receptor mediates c-Fos and c-Jun expression by

distinct signaling pathways including PKC and p70 S6 kinases,

respectively. The PKC is responsible for synaptic remodeling,

induction of protein synthesis, and several other processes that

are crucial in learning and memory. Thus, activation of neuronal

PKC might be important for all phases of learning, such as acqui-

sition, consolidation, and reconsolidation. Thus, we expect that

histamine antagonists against H3R and regulation of H2R could

be effective for AD therapy. Collectively, there is no information

about the effect of H4R on AD. Thus, study about the role of

H4R in cognition and bA plaques might be a new target for

future experiments. Several studies have been carried out about

histamine and H1R to H4R and these data indicate that histamine

could be a promising compound for AD therapy.
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