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Abstract

Histamine, classified as a biogenic amine, plays a crucial role in both pro-inflammatory and
immune regulatory processes, thereby establishing itself as a key mediator in allergic dis-
eases and immune responses. This review provides an exhaustive analysis of the structure,
function, and regulation of histamine, with particular emphasis on its interaction with four
receptor subtypes: histamine H1 receptor (H1R), histamine H2 receptor (H2R), histamine H3
receptor (H3R), and histamine H4 receptor (H4R), all of which are instrumental in mediating a
variety of physiological processes, including neurotransmitter release, modulation of immune
responses, and gastric acid secretion. The review explores intracellular signaling pathways
mediated by the activation of these receptors, highlighting the complex cascades involved
in immediate- and delayed-type hypersensitivity reactions. It also examines the broad
spectrum of histamine-induced complications, focusing on their effects on the gastrointes-
tinal, cardiovascular, respiratory, and central nervous systems, and emphasizes histamine’s
potential to cause vascular dysfunction and other pathological changes. Furthermore, the
role of histamine in inflammation and immune responses is explored, particularly in the con-
text of allergic diseases such as asthma, allergic rhinitis, and atopic dermatitis. The review
also covers pharmacological interventions targeting histamine receptors, including the use
of antihistamines and mast cell stabilizers, which are critical for the treatment of symp-
toms and the inhibition of the progression of histamine-related conditions. Finally, the review
addresses emerging research and future directions, identifying potential areas for innovation
and improved therapeutic strategies. This comprehensive overview not only deepens under-
standing of histamine’s multifaceted roles in health and disease, but also underscores the
importance of developing advanced diagnostic tools and targeted treatments for histamine-
associated disorders.
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Introduction

Histamine, an important biogenic amine, plays an essential
role in the immune system’s defense mechanisms against
external antigens by initiating a range of physiological
responses, including vasodilation, increased vascular per-
meability, and the modulation of immune cell functions."?
Histamine is secreted primarily by basophils and mast
cells when stimulated by immunoglobulin E (IgE) through
high-affinity Fc receptors.>* The release of histamine stim-
ulates four distinct receptors, namely H1R, H2R, H3R, and
H4R, each fulfilling a unique function in receptor localiza-
tion, signal transduction, and deactivation processes. Upon
binding to a ligand, these receptors engage heterotrimeric
guanine nucleotide-binding proteins (G-proteins), which
subsequently initiate a cascade of intracellular signaling
events, including the activation of protein kinases and
second messenger-generating enzymes.>¢ Phosphorylation
and dephosphorylation of multiple sites on the plasma
membrane effectively modulate the strength, duration,
and spatial extent of receptor signaling.”® The activity of
phosphodiesterase, enzymes that metabolize cyclic AMP
(cAMP) and cyclic GMP (cGMP), further shapes the cellu-
lar response to histamine.® Complications arising from his-
tamine release, regardless of whether it is endogenous or
exogenous in origin, can fluctuate in severity, ranging from
mild cases to conditions that may pose a significant threat
to life. Severe manifestations include systemic anaphylaxis
and anaphylactic shock, characterized by symptoms such as
edema, hypotension, and hypoxemia.'®'" On the milder end
of the spectrum, histamine can cause pseudoallergic reac-
tions, commonly referred to as histamine intolerance, often
triggered by certain foods. Pharmacological treatment of

histamine-induced conditions generally involves inhibition
of histamine synthesis or blocking its receptors, with a
particular emphasis on the H1R target.”?"® The hypothesis
underlying this approach suggests that a singular trigger
initiates a signaling cascade. However, recent evidence
implies that histamine’s actions on immune cells, espe-
cially those involved in mast cell and basophil-mediated
responses, are more varied and intricate than previously
perceived. This variability in response highlights the com-
plexity of histamine function within the immune system
and its ability to elicit a wide spectrum of pro-inflamma-
tory reactions.'"

Histamine: Structure, Function, and
Regulation

Histamine is a bioactive molecule with an approximate
molecular weight of 111 kDa. It is characterized by the
presence of an imidazole ring linked to an ethylamine
moiety. Histamine biosynthesis involves the decarboxyl-
ation of the amino acid histidine, which is facilitated by
the enzyme histidine decarboxylase, a mechanistic detail
that was elucidated in the 1950s."® Histamine is stored pri-
marily in granules within mast cells, a discovery made in
the 1960s. These cells are predominantly located in con-
nective tissues and mucosal surfaces, where they play a
crucial role in immune responses. In addition to mast cells,
histamine is also present in nerve cells, lymphocytes, and
epithelial cells, where it is sequestered in secretory gran-
ules.'” Histamine exerts effects on multiple physiological
systems and processes (Figure 1). It influences the ner-
vous system by contributing to the perception of pain and
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Histamine plays both inflammatory and regulatory roles across various biological systems.
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modulating neurotransmitter activity. In the cardiovascu-
lar system, histamine facilitates vasodilation and improves
vascular permeability, thus playing a critical role in allergic
reactions.’”® Furthermore, within the gastrointestinal sys-
tem, histamine stimulates the secretion of gastric acid,
induces bronchoconstriction in the respiratory system, and
also affects the genitourinary system."

Furthermore, histamine is crucial in immune responses,
being involved in acute allergic reactions and chronic
inflammation."?® Elevated histamine levels can lead to
adverse reactions, such as trauma or necrosis caused by
histamine poisoning. Histamine intolerance or hypersensi-
tivity, which affects a small percentage of the population,
can lead to severe reactions. Histamine is also known to
promote endothelial-mesenchymal transitions, reduce
fibrotic scar tissue, and enhance aesthetic skin recovery.
Mast cells can secrete sufficient amounts of histamine in
the case of fibrotic dermal lesions, where it can combine
with other angiogenic molecules to promote adequate neo-
vascularization in the skin, similar to mast cells in the non-
fibrotic dermis.?"2

The magnitude of symptoms and adverse outcomes
depends on the concentration of histamine, the duration
of exposure, and the pathway of entry into the organism.
Pathological conditions, such as breast carcinoma and
atrophic gastritis, are correlated with modified histamine
levels, thereby affecting clinical outcomes.?® In summary,
histamine is a vital mediator with a wide range of effects,
from regulating immune responses to influencing various
organ systems. Its regulation is complex, and when it is
dysregulated, it can cause significant health problems.?
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Histamine receptor subtypes and their roles

Histamine exerts its effects through four different types of
histamine receptors, all of which belong to the G protein-
coupled receptor (GPCR) family and are characterized by
unique pharmacological properties and specific amino
acid sequences.?” These receptors, H1R, H2R, H3R, and
H4R, mediate various physiological and pathophysiologi-
cal processes, including neurotransmitter release, regula-
tion of cell functions, organ perfusion, and modulation of
inflammatory responses (Figure 2).5 In addition, histamine
influences processes such as pain perception, hormone
secretion, cytokine synthesis, and tissue repair.?

H1 Receptors

H1R plays a crucial role in mediating allergic reactions
and inflammatory responses. Upon activation, H1R is
associated with G proteins, specifically Gg/11, which sub-
sequently initiate the activation of phospholipase C beta
(PLCB). This enzyme catalyzes the hydrolysis of the mem-
brane phospholipid phosphatidylinositol 4,5-bisphosphate
(PIP2), resulting in the production of two important second
messengers: inositol trisphosphate (IP3) and diacylglycerol
(DAG). Inositol trisphosphate (IP3) then binds to its recep-
tors located in the endoplasmic reticulum, prompting the
release of calcium ions into the cytoplasm. The subsequent
elevation of intracellular calcium concentration triggers
a series of cellular events mediated by calcium-binding
proteins such as calmodulin, calcineurin, and calcium/
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Figure 2 Histamine receptors and their roles in various physiological and pathological conditions.
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calmodulin-dependent kinases. This pathway highlights the
essential role of H1R in orchestrating the immune system’s
response to allergens and inflammation.?28

H2 Receptors

H2R is primarily responsible for regulating gastric acid
secretion and plays a significant role in modulating cardiac
function. H2R transmits signals primarily through Gs pro-
teins, which stimulate adenylyl cyclase, thereby increas-
ing cAMP levels and leading to the activation of protein
kinase A (PKA). Furthermore, H2R is capable of signaling
through G protein-independent pathways, such as phos-
phorylation of its C-terminal tail, thereby enhancing its
functional versatility in physiological processes.?3

H3 Receptors

H3R is predominantly expressed within the central nervous
system, where it serves as both an autoreceptor and a het-
eroreceptor, modulating histamine release along with other
neurotransmitters. Upon activation, H3R is associated
with Gi/o proteins, resulting in the inhibition of adenylyl
cyclase, a decrease in cAMP levels, and subsequent regu-
lation of neurotransmitter release. This inhibitory signaling
mechanism underscores the critical role of H3R in main-
taining neurotransmitter equilibrium within the central
nervous system.®3!

H4 Receptors

H4R is predominantly expressed in hematopoietic cells,
where it plays a crucial role in modulating immune
responses. Similar to H3R, H4R is associated with Gi/o pro-
teins, which function to inhibit the production of cAMP
while simultaneously regulating calcium mobilization and
cell migration.3* Beyond these widely researched func-
tions, H4R is an essential component in various physiologi-
cal processes. Histamine is crucial for the protection of the
gastrointestinal tract by facilitating mucosal lining renewal,
promoting tissue repair, modulating gastric acid secretion,
and improving nutrient absorption. Furthermore, hista-
mine plays an active role in the regulation of the wake-
sleep cycle, fluid homeostasis, and lipid metabolism.343
The various biological effects of histamine are mediated
through distinct receptor-driven signaling pathways that
can propagate or inhibit cellular responses, depending on
the subtype of the receptor and the cellular context.? A
deeper understanding of these pathways is essential for
the development of targeted therapies for histamine-
related disorders.

Intracellular Signaling Cascades

Complex intracellular signaling pathways initiated by hista-
mine receptors exhibit considerable variability depending
on the specific activated subtype (Figure 3), with H1R and
H2R being particularly important. H1R is intricately linked
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Figure 3 Histamine receptors and their intracellular signaling pathways.
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to multiple Gq, G11, and G12 proteins, thereby activating
the phospholipase C (PLC)/Ca+ mobilization pathway and
promoting phosphoinositide hydrolysis upon histamine bind-
ing. This robust and multifaceted activation leads to the
production of DAG and IP3, which subsequently results in
the efficient release of a large amount of calcium ions from
the cell and facilitates the activation of protein kinase C
(PKC).2*¥ In contrast, H2R is coupled synergistically with
various proteins to stimulate adenylyl cyclase (AC), leading
to a significant increase in cAMP levels. This elevation in
CAMP ultimately serves as a powerful activator of protein
kinase A (PKA), further accentuating its profound impact.3?
Despite their distinct characteristics, the intricate signal-
ing pathways of histamine receptors collectively reveal
the multifaceted tissue-specific effects of histamine acti-
vation. This complexity underscores the broad influence
of histamine on both physiological and pathological pro-
cesses, highlighting the importance of individual receptor
subtypes and their diverse associated signaling pathways in
shaping the overall response.#

Mechanisms of Action

Histamine exerts effects on target tissues mainly through
the modulation of intracellular signaling pathways via
receptors that belong to the G-protein-coupled receptor
family. To date, four types of histamine receptors have been
described: H1R, H2R, H3R, and H4R. All receptors exert
pro-inflammatory effects when activated in target cells.
However, the net biological action of histamine depends
on the activated histamine receptor subtype, the compo-
sition of target cells, and the local environment of cyto-
kines and chemokines.**2 H1R is responsible for mediating
an increase in vascular permeability, contraction of smooth
muscle tissues, and stimulation of mucous secretions. Upon
binding to histamine, activated H1R interacts with Gq/11
proteins, resulting in the activation of phospholipase CB,
which subsequently generates inositol trisphosphate and
diacylglycerol. This sequence leads to the release of intra-
cellular calcium and the activation of calcium-dependent
protein kinases, triggering a range of functions, from the
contraction of vascular endothelium and smooth muscle
cells of the bronchial to the activation of phospholipase
A2, culminating in the production of inflammatory media-
tors such as prostaglandins and leukotrienes.*“** Upon acti-
vation, H1R triggers the activation of small RhoA GTPase,
protein kinase C, and mitogen-activated protein kinases,
which in turn facilitate the expression of genes that
encode endothelial adhesion molecules and cytokines. The
increase in these molecules enhances the adherence and
transendothelial migration of neutrophils and monocytes to
inflammatory sites. The pro-inflammatory characteristic of
histamine is demonstrated through its ability to induce the
expression of genes for pro-inflammatory cytokines, includ-
ing IL-6, IL-8, and TNF-a, in human endothelial cells and
various other cell types.*# The activation of H3R, in addi-
tion to an autoinhibitory action in histaminergic cells, leads
to anti-inflammatory effects, including down-regulation
of the release of cytokines and chemokines by peripheral
glial cells and neurons in the central nervous system. H3R
inhibits the activation of the Gq/11 protein involved in the

transduction of the response by H1R, leading to a decrease
in intracellular calcium levels secondary to a reduction in
phospholipase C activation, resulting in decreased vascu-
lar permeability. Activated H3R also inhibits the expres-
sion of adhesion molecules in endothelial cells, limiting
the adhesion and transendothelial migration of monocytes
and neutrophils to tissues. In other cell types, such as T
lymphocytes and macrophages, H3R activation leads to the
downregulation of Th2-type cytokine release and/or upreg-
ulation of Th1-type cytokines, contributing to the accen-
tuation of immune Th1-type responses. This H3R-mediated
Th1 skew effect provides a mechanism through which his-
tamine can negatively control allergic responses.*#

Histamine-Induced Reactions in the Body

Histamine is a vital mediator in the body and contributes
significantly to a variety of histamine-induced reactions,
including immediate and delayed-type hypersensitiv-
ity reactions. These reactions do not arise from a single
trigger factor; instead, they can be triggered by various
stimuli that cause the immune system to produce antibod-
ies against histamine or its receptors.* This can result in
cross-reactions between different, structurally unrelated
molecules and tissues, complicating the clinical picture and
making accurate diagnosis difficult. Clinically, histamine-
induced reactions can present as a variety of conditions,
such as anaphylactic episodes, vasculitis syndromes, famil-
ial Mediterranean fever, inflammatory bowel disease, inter-
stitial cystitis, and various autoinflammatory syndromes.?°
The diversity in clinical and biological presentations is due
to the complex regulatory role of histamine in the immune
system.? Understanding these mechanisms is essential to
improve medical treatments and therapies, as well as to
increase awareness of the potential dangers associated
with histamine, especially as a food ingredient, and its
effects on individuals with allergies, autoimmune diseases,
autoinflammatory conditions, and histamine intolerance.
This knowledge is crucial for better managing and prevent-
ing the wide range of symptoms and complications that can
arise from histamine exposure.

Immediate-Hypersensitivity Reactions

Immediate hypersensitivity reactions are rapid and
often exaggerated immune responses mediated by the
release of significant amounts of histamine and other
pro-inflammatory mediators from mast cells. They can
lead to a wide variety of localized or systemic symp-
toms and, when severe, can result in recurrent episodes
of anaphylaxis and even death. A solid understanding of
the molecular and cellular events that underlie immedi-
ate hypersensitivity reactions is essential for our ability
to recognize, manage, and prevent severe allergic reac-
tions and anaphylaxis.’®>" Although the immune response
is crucial for defending the host against pathogens and
promoting tissue repair, it can sometimes result in severe,
life-threatening, or even fatal outcomes. Despite its pro-
tective role, the release of excessive amounts of histamine
and other pro-inflammatory mediators from immune cells
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can lead to a variety of adverse effects.”>>> When these
side effects become severe, they are referred to as severe
allergic reactions or chronic allergic diseases. When they
are acute and systemic, they are commonly called anaphy-
laxis. Histamine triggers many of these effects and, as a
result, was identified as the most important bactericidal
factor in the immune response during the early years of
the twentieth century.>

Histamine is most commonly known for its effects on
three physiological systems: blood vessels (vascular per-
meability changes), especially in the post-capillary venule,
which allows fluids, macromolecules, and leukocytes
to leave the blood and enter the tissues; smooth muscle
(smooth muscle contraction); and the heart (increased
heart rate, if circulating concentrations are high).*>
Histamine can also trigger changes in mucus secretions and
ion movement, which are responsible for some or all symp-
toms of rhinorrhea (runny nose), congestion, sneezing, and
nasal itching. In the intestine, it can trigger peristalsis or
cause diarrhea through secretory changes.>® Additionally,
histamine can stimulate and attract eosinophils, neutro-
phils, and T lymphocytes.*® Histamine and other mediators
and cytokines of local inflammation can control the mag-
nitude and duration of an acute allergic reaction or a local
response. For example, people who can tolerate foods
containing tyramine but take a type of drug that inhibits
monoamine oxidase, an enzyme that breaks down hista-
mine, may experience an acute hypersensitivity reaction
if they consume foods that the body normally breaks down
quickly or while the drugs are in their bloodstream.> When
histamine binds to H1R receptors in the brain, it can trig-
ger sleepiness and other sensations. In rodents, histamine
has been identified as a neurotransmitter in the brain,
where small amounts of it can be stored, but the effect of
histamine as a neurotransmitter in humans is uncertain.>
Histamine can also affect the processing of neurological
signals related to the skin and intestine. It can contrib-
ute to itching, causing the patient to scratch excessively,
which may prolong the inflammatory response and other
symptoms.>58

Delayed-Type Hypersensitivity Reactions

Some hypersensitivity reactions described above, such
as the classic Pimms reaction and type | hypersensitivity
reactions, may not be due to histamine release in human
airways,” but rather to the release of nonhistaminergic
mediators, very high concentrations of mediators, or non-
specific stimuli of bronchial smooth muscle. These reac-
tions and clinical symptoms may contribute to the difficulty
in understanding bronchial nonspecific hyperreactivity.
Furthermore, salmon proteins, ovalbumin, or toluene diiso-
cyanate may lack the special (non-contractile) stimulus
or non-concentration-dependent reactivity necessary to
trigger histamine release from human cells.®®" The onset
of antigen-induced activation, proliferation, differentia-
tion, and accumulation of the peptide-hapten conjugate
characterizes the ensuing immune response. This involves
the activation of helper T cells, the production of cyto-
kines, and tight regulation over cytokine production and
cell apoptosis.’” Helper T cells direct the development of

peptide-hapten-specific cytotoxic T cells, foreign body
macrophages, eosinophils, and neutrophils. Inflammation
exhibits the hallmarks of a classic delayed-type hypersensi-
tivity reaction, with limited erythema but severe recruited
inflammation, endothelial degranulation, and the expres-
sion of adhesion molecules.®>% Understanding the mech-
anisms of lymphocyte type IV collagen-mediated injury
is crucial, as previously noted, in the general approach
to delayed-type hypersensitivity and in the development
of antilymphocyte therapies for autoimmune and chronic
inflammatory diseases.

Histamine-Induced Complications

Histamine can also cause or be involved in various compli-
cations. It induces gastric acid secretion in humans and can
lead to a decrease in heart rate in cases of acute histamine
poisoning. Additionally, individuals sensitive to histamine
may experience adverse reactions. When histamine con-
centration reaches 20 pg/kg or higher, adverse reactions
are more common.® Acute administration of histamine to
humans, either intradermally or intravenously, does not typ-
ically cause significant clinical effects. However, a profound
hypotensive and anticonvulsant response has been docu-
mented in a large clinical series, suggesting the presence
of histamine. This phenomenon has mainly been observed
in dermatology. Therefore, it is reasonable to predict that
most of the clinical activity of histamine stems from the
release of endogenous stores, which can provoke poten-
tially serious adverse reactions.'>% Regulating the release
of histamine is essential, and the liberal use of antago-
nists, particularly H2R antagonists, plays a significant role
in managing its effects. Histamine can produce a range of
responses across nearly all human organ systems, present-
ing potential therapeutic challenges. H1R is widely distrib-
uted and plays a role in brain edema formation, respiratory
bronchoconstriction, and vascular spasm. Both H1R and
H2R receptors are found in mucosal mast cells, which can
release a variety of active mediators.®®” A detailed under-
standing of the different pathological effects of histamine
is necessary for those managing histamine-associated dis-
orders, in order to provide accurate laboratory diagnoses
and appropriate treatment for histamine-induced adverse
effects in various human organ systems.

Allergic Rhinitis Complications

Histamine, a potent biological amine mediator of inflam-
mation, is found in certain cells. It is considered the main
pathogenic mediator in the development of the classic
symptoms of allergic rhinitis, including nasal conges-
tion, rhinorrhea, and itching, particularly during allergic
reactions. Studies have reported increases in nasal sodium,
mast cells, basophils, polymorphonuclear leukocytes,
platelets, and plasma histamine concentrations in patients
with allergic rhinitis. Histamine permeability also increases,
and allergic rhinitis patients are likely to encounter sig-
nificantly higher histamine concentrations during episodic
flare-ups.52¢%% Triggers of the human sneeze reflex include
histamine and cold air. Several mechanisms contribute
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to nasal paralysis and rhinorrhea. Histamine can induce
the release of neurotrophic proteins, such as chemok-
ines, cytokines, neurotransmitters, neuropeptides, and
growth factors from the nasal mucosa and immune cells.
Compound damage or symptomatic drugs can inhibit the
release of these chemicals, preventing them from binding
to receptors, thereby suppressing the sensitization or stim-
ulation of afferent sensory neurons and the discharge of
neurotransmitters. For instance, tachykinins like substance
P, bradykinin, or calcitonin gene-related peptide can cause
sneezing and rhinorrhea. In allergic rhinitis, sensory neu-
rons in the nasal mucosa are hyperresponsive, further con-
tributing to symptoms.”7% In vitro studies of human nasal
mucosa reveal that V1 receptors in sensory neurons release
histamine when stimulated. Additionally, these neurons
synthesize intracellular proteins like c-fos kinase and gene
product 9.5, which play roles in the neuro-inflammatory
process. These findings have significant implications for
otolaryngologists, allergists, and patients with allergic rhi-
nitis symptoms.>>73

Complications of Asthma Exacerbation

The role of histamine in the pathophysiology of asthma is
prominent. Histamine has been shown to cause the contrac-
tion of human airways in vivo, and intravenous injection of
histamine can lead to significant increases in airway resis-
tance (Raw) and a reciprocal decrease in forced expiratory
volume (FEV1) in normal subjects. Therefore, histamine-
induced bronchoconstriction may be associated with the
development of asthma symptoms. In addition, markedly
increased levels of histamine have been observed during
asthma reactions in humans.”*”> Histamine release can
enhance the response induced by other bronchoconstrict-
ing mediators through both synergistic and non-synergistic
mechanisms. However, the exact relationship between
histamine and asthma remains incompletely understood.
Histamine acts at multiple levels, often triggering similar
outcomes due to its release of various other inflammatory
mediators. This suggests that, for optimal bronchodilation
therapy, histamine must be fully blocked, as its bronchocon-
strictor effects cannot be managed or modulated.” "¢ Serum
histamine levels have been found to significantly increase
in patients with mild and moderate asthma compared to
healthy controls, with levels being notably higher in moder-
ate asthma patients than in mild asthma patients. However,
histamine levels are not particularly elevated in patients
with severe asthma. Additionally, histamine increases air-
way hyperresponsiveness in asthma patients.””’®

Histamine concentration is also elevated in the airways
of individuals with asthma. Intranasal administration of
histamine in various studies has been shown to mimic the
symptoms and characteristic changes of asthma, including
bronchial obstruction, bronchoconstriction, and inflamma-
tory responses. Antihistamines are useful in managing con-
ditions like rhinitis and allergic conjunctivitis, and they can
help improve asthma outcomes. Asthma pulmonologists,
allergists, and clinicians should deepen their understand-
ing of the mechanisms contributing to histamine-related
complications and reactions, as well as the adjustments
needed when using antihistamines.”>”?

Complications of Atopic Dermatitis

The precise relationship between atopic dermatitis (AD)
and histamine release remains unclear. Mast cells are
found close to nerves in both lesional and perilesional
atopic skin, with their degranulation products often adja-
cent to myelinated A and unmyelinated C nerve fibers.
There is a higher prevalence of mast cells in the papillary
dermis, and their number correlates with the severity
of clinical parameters of AD, such as CD4+ T lympho-
cyte infiltration into the dermal papillary layer and the
intensity of pruritus. Additionally, the number of mast
cells is associated with sensory nerves in the context
of acute AD exacerbations. The presence of mast cells
and neurogenin 1-expressing nerve fibers may be linked
to the onset of pruritus in AD. These findings suggest a
clear relationship between increased mast cell numbers
in lesional skin and pruritus in AD.® In vitro studies indi-
cate that AD tissue extracts induce more significant hista-
mine release compared to normal skin tissue, suggesting
that in AD, sensitized mast cells release more histamine.
This mechanism likely involves a mast cell pathway dis-
order, including actin rearrangement, costimulatory sig-
nals passing through the FceRl scaffolding protein, and
increased T cell infiltration and inflammatory cytokines
in the lesional skin, ultimately reducing the signal trans-
duced by histamine.?

On the other hand, some studies in which AD patients
were sensitized to histamines or challenged with the dis-
ease did not demonstrate a clear relationship between
the number of mast cells and the condition. Other studies
have suggested that the response of AD skin, rather than
the mast cells themselves, is hemodynamically linked to
a decrease in skin pH following bacterial colonization and
exacerbation. This finding suggests that a reduction in skin
pH may serve as a universal trigger. In general, neither AD
nor histamine-induced pruritus (HIPr) is directly associated
with mast cells. Instead, they are linked to a complex his-
tamine-pruritus pathway involving various individual signal-
ing pathways.8 While histamine is a potent and long-lasting
mediator of pruritus in skin conditions related to itching,
its effects are typically short-term and do not contribute
to chronic itching.®* Additionally, the number of mast cells
that release histamine during the early stages of repair
significantly decreases within three days after mechanical
injury. Limited data on the increase in cytokines produced
by mast cells has been found in a small number of patient
studies, especially those involving anaphylactic skin reac-
tions induced by acupuncture or skin irritation. Histamine-
induced itching mediated by the chemokine ligand 27
(CCL27) has been observed, but these findings are not yet
widely generalizable.?

Gastrointestinal Complications

Histamine released from gut-derived mast cells, as well as
exogenously administered histamine, can induce several
luminal effects and complications within the gastrointesti-
nal (Gl) tract.®>2¢ This section explores the release of hista-
mine in the intestinal lumen and its related gastrointestinal
complications.
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Gastric acid secretion

Mast cell degranulation results in the release of pre-
formed histamine, which rapidly stimulates parietal
cells to secrete more gastric acid through H2R-mediated
pathways.®” Recent advancements in the understanding of
human gastrointestinal afferent nerves have highlighted
the role of vagal sensory input in regulating H2R, indicat-
ing a central role for histaminergic pathways in both affer-
ent and efferent signaling in the stomach. Additionally,
gastrin, through its receptors for cholecystokinin-2 (CCK-
2), is present in mast cells in the oxyntic mucosa, con-
tributing to the prostaglandin E2-mediated hyperreactive
release of histamine from the oxyntic mucosa in condi-
tions like peptic ulcer disease.® Histamine also promotes
the entry of vagal afferents acting on H3R, which reduces
peristalsis through vagal efferents, leading to stasis and
a reduction in pH. This process may contribute to lumi-
nal damage due to prolonged exposure of the mucosa to
acid.®

Abnormal gastrointestinal motility

Intestinal inflammation, bacterial toxins, and gastroin-
testinal afferents activate gut mast cells, increasing their
histamine production. Crosstalk between immune toler-
ance mechanisms, enteric nerves, and mucosal immune
activation enables these effects, particularly under con-
ditions of low mast cell threshold responses in a stressed
intestine.’2%° Histamine further activates afferent nerves,
which can reduce motility and cause tissue injury if the
response is prolonged.”” This progression—from under-
standing the basic histamine pathways to describing
how initial stress leads to immune activation and, even-
tually, both histaminergic and non-histaminergic effects
on the intestine—is crucial for understanding the mech-
anisms underlying abdominal pain and motility changes
driven by gut mast cells.®? This highlights the ongoing
relevance of histamine-related research in gastrointes-
tinal studies, offering valuable insights for practicing
gastroenterologists.

Cardiovascular Complications
Hemodynamic and immuno-inflammatory aspects

Histamine plays a critical role in cardiovascular function
by influencing hemodynamic parameters and immune-
inflammatory responses. It induces vasodilation and
increases vascular permeability, leading to decreased
blood pressure and potential hypotensive episodes.
These effects are primarily mediated through H1R and
H2R in vascular endothelial cells. In addition, histamine
activates immune cells, such as mast cells and basophils,
triggering the release of pro-inflammatory mediators
that can exacerbate inflammatory responses within the
cardiovascular system. This dual role in regulating both
hemodynamics and immune responses contributes to the
complex cardiovascular manifestations associated with
histamine.30%

Vascular dysfunction and possible pathological
effects on the cardiovascular system

Histamine-induced vascular dysfunction can lead to vari-
ous pathological effects on the cardiovascular system. The
resulting vasodilation and increased vascular permeability
can cause edema and contribute to the development of
atherosclerosis by promoting endothelial cell dysfunction
and inflammatory cell infiltration. Additionally, histamine’s
effects on smooth muscle cells can trigger vasospasms,
potentially leading to conditions such as angina or, in severe
cases, myocardial infarction. Furthermore, histamine-
induced alterations in vascular tone and permeability can
worsen hypertension and contribute to the progression of
cardiovascular diseases.30%4%

Histamine-mediated vascular permeability

Histamine is a key mediator that influences vascular per-
meability by acting on cell surface receptors. It increases
permeability in postcapillary venules by enhancing endo-
thelial contractility and promoting the formation of
endothelium-cell gaps. These gaps, ranging from 200 to
1000 nm, contribute to increased vascular permeability.®
Various proteins localized in the endothelial cell junctions,
such as actin, are integral to regulating this permeability.
The involvement of ERK1/2 and p38 MAPK, both inside and
outside these junctions, plays a critical role in the forma-
tion of postcapillary venous gaps and the disruption of the
vascular barrier. Activation of ERK1/2 has been linked to an
increase in the postcapillary venous barrier but a decrease
in gap formation under certain conditions. ERK1/2 stimula-
tion in the endothelium correlates with prolonged expres-
sion of E-selectin and ICAM-1, as well as the decoration of
the endothelial cell by chemotactic proteins, CCL-16 and
CCL-23.%7 Additionally, histamine-releasing factor (HRF),
along with leukosteroids and chemoattractant leukocytes,
contributes to the release of corticostron. On the other
hand, activation of p38 MAPK promotes gap formation,
facilitating the mobilization of HMGB1 into the nucleus and
triggering the expression of PBE, which is associated with
a decrease in permeability. Furthermore, substance P acti-
vates p38 MAPK in HRP, helping to prevent barrier loss in
the endothelium.®®

Clinical implications

The clinical implications of histamine-induced cardiovas-
cular complications are both broad and significant. For
patients with preexisting cardiovascular conditions, his-
tamine release can exacerbate symptoms and trigger
acute events such as anaphylaxis or myocardial infarction.
Histamine’s role in promoting inflammatory responses also
contributes to the progression of chronic cardiovascular
diseases, worsening patient outcomes over time. Clinicians
must remain vigilant to these potential complications,
especially in patients with known histamine sensitivities or
those undergoing treatments that could elevate histamine
levels. A thorough understanding of how histamine impacts
the cardiovascular system is essential for developing
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effective management strategies and therapeutic interven-
tions aimed at reducing these risks. One of the most nota-
ble cardiovascular complications induced by histamine is
vasodilation, which can lead to hypotension and, in severe
cases, shock.?1%0

Respiratory complications

Histamine is widely recognized as both a causative agent
and a risk factor for respiratory diseases. The underly-
ing mechanisms of many respiratory complications can be
attributed to exaggerated parasympathetic activity, bron-
chial smooth muscle contraction, exocrine gland secretion,
and increased microvascular permeability.”" Histamine
enhances microvascular permeability and promotes lym-
phocyte flow, contributing to inflammation and increasing
mucus secretion from goblet cells in the airways, which trig-
gers the pathophysiology of asthma. Bronchoconstriction is
commonly evaluated by assessing phasic airway resistance
using a forced oscillatory technique. Nonspecific hyperre-
activity of the airways is observed in conditions such as
asthma, chronic obstructive pulmonary disease, respiratory
tract infections, and chronic cough.'®2'% While clinicians
are generally aware of histamine-induced bronchoconstric-
tion, they may overlook the increased airway responsive-
ness that often accompanies it. Pulmonologists can add
symptoms like chronic cough, rhinitis, chest tightness, and
sputum production to their recommendations, advising
patients to avoid histamine intake to help manage asthma.
Additionally, allergists who treat asthma tend to focus on
reducing eosinophilic inflammation but may not address
chronic bronchitis. Respiratory therapists are encouraged
to use exercise rehabilitation to manage environmental
triggers, such as dust and cat allergens, which may affect
athletes. However, they often place greater emphasis on
managing nasal congestion from vasodilation rather than
sneezing due to a reduction in airway resistance.'o4'%

Central Nervous System Complications

Histamine is present in the mammalian brain and has
long been implicated in arousal processes in vitro. It can
enhance the release of norepinephrine from brain tissue
slices and has been shown to stimulate the release of ace-
tylcholine in the brainstem in vitro. However, not all studies
have consistently reported increases in central cholinergic
neurotransmission.''” The administration of histidine to
mice has been found to amplify the toxicity of cholinester-
ase inhibitors. Some have suggested that the ingestion of
large amounts of tyramine can trigger histamine release in
humans. Increased histamine levels or cholinergic transmis-
sion have significant implications for conditions like stroke
or any situation involving exogenous or endogenous cholin-
esterase blockers."®'% These histaminergic effects in the
central nervous system align with the behavioral effects
previously discussed. For example, intraventricular (icv)
injection of histamine during the day has been shown to
increase sleep, similar to the effects of melatonin or nic-
otinic acid. Histamine has also been demonstrated to sup-
press melatonin, and vice versa."®"'" As with its effects

on the nose, exogenous histamine lowers body tempera-
ture and likely reduces metabolic rate. Both histamine and
acetylcholine are considered endothermic neurotransmit-
ters, meaning that increasing either can potentially lower
metabolic rates. Mavents, a monoamine oxidase inhibitor,
can elevate levels of catecholamines, histamine, or both.
Provigil, a weak nonspecific stimulant, works by increasing
histamine concentrations in the brain. Histamine is closely
linked to serotonin syndromes and plays a significant role
in the effects of nicotine and other drug-like substances in
the brain. It is also a key factor in withdrawal from alcohol
and nicotine, as well as in the obsessive-compulsive behav-
iors found in individuals with schizophrenia, depression,
anxiety, and obsessive-compulsive disorder.'?!

Role of Histamine in Inflammation and
Immune Responses

Histamine in inflammation

Histamine is a biogenic amine that plays a critical and mul-
tifaceted role in inflammation. Mast cells and basophils are
typically the primary sources of histamine during inflam-
matory processes. In the classical view, mast cells store
immune mediators, including histamine, tryptase, and a
variety of cytokines, which can be rapidly released when
the high-affinity IgE receptoris cross-linked."* Beyond IgE-
mediated allergic responses, mast cells can be activated by
a range of other stimuli, such as antigen exposure, patho-
gens, certain drugs and venoms, cytokines, neuropeptides,
complement anaphylatoxins, and physical stimuli like
temperature and osmotic pressure. These non-IgE stimuli
activate mast cells through pattern recognition receptors,
including Toll-like receptors and specific G-protein-coupled
receptors (GPCRs). This activation leads to the hydro-
lysis of phospholipids and the production of various pro-
inflammatory mediators, including histamine.">'"® Upon
activation, the plasma membrane phospholipase A2 is
recruited to release arachidonic acid, which is subsequently
metabolized by 5-lipoxygenase (5-LOX) to generate cyto-
kines like IL-6 and leukotriene B4 (LTB4), promoting the
recruitment of eosinophils and neutrophils. Additionally,
phospholipase C generates diacylglycerol (DAG) and inosi-
tol trisphosphate (IP3), leading to Ca2+ influx and the exo-
cytosis of preformed mediators, such as histamine, from
granules."” Histamine plays a central role in modulating
various aspects of the inflammatory response. First, it is
well established that the pre-existing mediator, histamine,
is rapidly released from tissue mast cells to enhance the
pro-inflammatory response during acute tissue injury. The
pathophysiological roles of mast cell-derived histamine in
angioedema and scratch-induced inflammation have been
investigated. When histamine signaling was specifically
blocked in mast cell-deficient mice, increased vascular
permeability, increased neutrophil recruitment, and ele-
vated IL-6 levels appeared in the acute phase of inflam-
mation. During acute inflammation, mast cells release a
variety of pre-formed and late-formed mediators, includ-
ing TNF, IL-6, IL-13, prostaglandins, leukotrienes, and
vasoactive amines."®'"® Pro-inflammatory mediators and
cytokines induce chemokines to recruit inflammatory
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leukocytes into tissues. In contrast, late-phase anti-in-
flammatory mediators, such as IL-10, reprogram the mast
cell response and inhibit chemokine production to restore
homeostasis. Finally, the intriguing role of histamine in the
pathogen-clearing response is explored. Prior to mast cell
degranulation, histamine released from myeloid progeni-
tors in tissues acts on neutrophil H1R to up-regulate CXCR2
and enhance neutrophil trafficking to the site of inflamma-
tion. Additionally, mast cell-associated granule-associated
tryptase promotes the production of IL-6 by epithelial cells,
which could further recruit eosinophils and neutrophils.
This suggests a paradoxical role for mast cells during the
early phase of inflammation.'?™' On the one hand, mast
cells serve as the first responders and pathogen-sensing
sentinels in tissues that promote inflammation and release
multiple mediators to dampen inflammation.'”

Histamine in immune responses

The mediatory role of histamine in immune cell regulation
has steadily gained attention in recent decades. Although it
has long been viewed as a principal pro-inflammatory mol-
ecule, and is indeed involved in that capacity, recent lit-
erature reveals additional paradoxical functions, including
the down-regulation of T cell immunity. In this overarch-
ing role of both downregulating and perpetuating immune
responses, histamine may also act as a feedback signal to
exert a protective role against excessive inflammation.>'??
As a versatile molecule with multiple receptors, histamine
is capable of orchestrating the function of a wide vari-
ety of immune cells, including adjusting their capacity
to respond to antigens. This review explores the various
roles of histamine in mediating immune cell function. The
activation of H1R, H2R, and H3R histamines mediates the
pro-inflammatory functions of histamine. These receptors
regulate a variety of pathways within immune cells, lead-
ing to altered cytokine production, eosinophil migration,
bronchial smooth muscle contraction, and increased endo-
thelial cell permeability. However, beyond its regulatory
capacity in eliciting pro-inflammatory responses, numerous
studies have also characterized H4R-mediated functions
of histamine, including mucus production and chemotaxis
of immune cells, as well as potential immune-modulatory
roles of histamine.’'? This more obscure function of his-
tamine is of great interest, as, under certain pathogenic
conditions, it may be capable of curtailing excessive and
potentially dangerous immune responses. The histamine
immunological pathway is activated by allergens when they
come into contact with the epithelial surface, resulting in
an IgE-mediated hypersensitivity reaction. This sequence
of events begins when allergens compromise the epithe-
lial barrier and interact with antigen-presenting dendritic
cells (APCs). These APCs process the allergen and subse-
quently present the allergen-derived peptide to naive T
cells, initiating their differentiation into T-helper 2 (TH2)
cells. TH2 cells, through interactions such as CD28-CD80/86
and CD40-CD40L with B cells, facilitate the switching of B
cell classes and the generation of allergen-specific IgE anti-
bodies. Additionally, IgE antibodies adhere to Fc receptors
located on the surface of mast cells, thereby sensitizing
them for future interactions with the specific allergen.

Upon reexposure to the allergen, the allergen-specific IgE
present on mast cells undergoes crosslinking with the aller-
gen, which triggers the degranulation of mast cells and the
subsequent release of histamine as well as other inflam-
matory mediators. This process culminates in a range of
allergic manifestations, which can include allergic conjunc-
tivitis, allergic rhinitis, dyspnea, coughing, abdominal dis-
comfort, and atopic dermatitis (Figure 4).'2612% Histamine’s
regulatory roles in the immune system were first suggested
more than 60 years ago when it was reported that some
bacterial infections, and particularly anaphylactic shock,
were associated with a sudden drop in circulating antibod-
ies. This was paralleled by the observation that passive
serum transfer from histamine-free rats was insufficient
to confer protection. In other words, these early studies
suggested a central role for histamine in the regulation of
humoral immune responses.'?130

The effects of histamine on the humoral immune
responses of rabbits, guinea pigs, and mice were also stud-
ied, and it was observed that histamine inhibited the pro-
duction of antibodies. However, there were no significant
differences in antibody titers when preimmunization serum
was transferred from rabbits treated with histamine.’3"!3
More recent studies have similarly demonstrated the role
of histamine in down-regulating antibody production in
mice, based in part on the activation of histamine H2R.
This effect involves inhibiting the IgM secretory responses
of naive B cells in treatment. Furthermore, it suppresses
the switch of the IgE class in memory B cells through H2R-
dependent modulation of the cellular response to IL-4.
Alongside its ability to down-regulate humoral immunity,
new evidence has emerged of a similar function of his-
tamine in Th immune responses. Specifically, the accu-
mulation of naive CD4+ T cells migrating to CCL3 into
Th2-promoting tissues during helminth infection skews the
response of T cells toward the Th2 pathway. Since inflam-
masome activation in macrophages by helminth excretory
secretory products greatly enhances CCL3 expression, it
is believed that local histamine production in tissue mac-
rophages provides a necessary feedback mechanism that
dampens T cell activation.'0133,134

Regulation of immune cell function

Histamine, a biogenic amine, exerts its effects through four
G protein-coupled receptors: HIR, H2R, H3R, and H4R. H3R
is primarily involved in the regulation of histamine release,
while H4R is predominantly expressed by cells of the
immune system. H4R activation has been shown to mediate
the effects of histamine on various types of immune cells,
including eosinophils, basophils, mast cells, helper 2 T lym-
phocytes, dendritic cells, macrophages, and natural killer
cells.>3 Histamine plays a significant role in pro-inflam-
matory Th2-type immune responses while exerting immu-
nosuppressive effects in Type 1 immune responses. Mast
cells and basophils, which are the effector cells of allergy,
are involved in Th2-type immune responses. Upon exposure
to allergens, these cells are activated by cross-linking of
IgE-bound high-affinity IgE receptors, leading to the syn-
thesis and release of various mediators, including hista-
mine. Mast cell- and basophil-derived histamine is believed
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Figure 4 Allergen-induced immune response and histamine release.

to enhance Th2-type immune responses via H1R, as well
as increase the activity of these cells through H4R. H2R
may attenuate the effects of histamine on amplifying Th2-
type immune responses.”™”'* In contrast, in Type 1 immune
responses, histamine acts directly on T cells to inhibit
their proliferation and Th1 cytokine production via H2R.
The pivotal roles of mast cell- and basophil-derived hista-
mine in promoting Th2-type immune responses have been
demonstrated in the models of contact sensitivity and
allergic inflammation of the airways. Dendritic cells play
an important role in the induction of immune responses.
Although normal dendritic cells are poorly responsive
to histamine, they become responsive to histamine after
maturation. Histamine enhances Langerhans cell migration
from the epidermis to the draining lymph nodes via H1R
and H4R, promoting Th2 differentiation of naive T cells in
the draining lymph nodes. Histamine-activated dendritic
cells stimulate Th2-differentiated T cells to produce IL-4,
IL-5, and IL-13, thereby enhancing mast cell proliferation
through H4R."34™0 Moreover, there is cross-talk between
histamine and other mediators, such as prostaglandin
D2 and cytokines, produced during Th2-type immune
responses. Prostaglandin D2 amplifies Th2-type immune

responses by inducing Th2 cell proliferation via CRT H2R
and by promoting dendritic cell maturation and migration
to lymph nodes. A good example of the involvement of a
cascade of mediators is mast cell-derived prostaglandin D2,
which upregulates antigen presentation and IL-10 and IL-12
expression by dendritic cells. This upregulation of IL-10 has
been shown to promote Th2 differentiation, while further
investigation revealed that upregulation of IL-12 production
results in Th1 differentiation.!!4

Pharmacological interventions targeting
histamine

Treatment of HIT largely depends on the severity of
symptoms. In patients with mild to moderate symptoms,
the offending agent should be discontinued, and patients
treated with antihistamines. Improvement is typically
observed within one to two hours. In patients with more
severe and life-threatening symptoms, immunosuppressive
drugs are necessary. Systemic corticosteroids are often pre-
scribed for these patients, as these drugs reduce inflamma-
tion caused by histamine. Monoclonal antibodies, which can
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specifically block histamine activities, are also available
for use. Additionally, desensitization can be considered a
treatment option for patients with IgE-mediated or type |
hypersensitivity reactions to their therapy. Desensitization
is typically performed under the guidance of an allergist.
The patient is initially given very low doses of the drug to
block histamine-releasing activities. Subsequent doses are
administered every 20 to 30 minutes, aiming to increase
the amount of drug administered while inducing mast cell
desensitization. If an allergic reaction occurs, the protocol
is halted, and symptoms are treated before restarting at
the last tolerated dose.!33143144

Antihistamines

Antihistamines are a class of drugs designed to counteract
the effects of histamine by blocking its receptors, thereby
preventing or mitigating histamine-induced symptoms.
They are commonly classified based on the specific hista-
mine receptor they target. H1R antihistamines are widely
used to treat allergic reactions, including hay fever, urti-
caria, and anaphylaxis. These drugs work by inhibiting
histamine’s action on H1R, which reduces symptoms such
as itching, swelling, and redness.'*>'" First-generation H1R
antihistamines, such as diphenhydramine, can cross the
blood-brain barrier, often causing sedation. In contrast,
second-generation H1R antihistamines, such as loratadine
and cetirizine, are less likely to cause drowsiness due to
their reduced ability to penetrate the central nervous sys-
tem. H2R antihistamines, such as ranitidine and famotidine,
are primarily used to reduce gastric acid secretion in condi-
tions like peptic ulcers and gastroesophageal reflux disease
(GERD). These drugs block histamine’s action on H2R in the
stomach lining, thereby decreasing acid production.'4814
The development of these antihistamines has been cru-
cial in managing a wide range of histamine-related condi-
tions, offering relief from both allergic and gastrointestinal
symptoms.

Mast cell stabilizers

Mast cell stabilizers are another category of pharmaco-
logical agents that target histamine-related pathways by
preventing the release of histamine and other mediators
from mast cells. These drugs work by inhibiting mast cell
degranulation, a key step in the immune response that
leads to histamine release. Cromolyn sodium and nedocro-
mil are examples of mast cell stabilizers used in clinical
practice.®"" They are commonly employed in the manage-
ment of allergic conditions such as asthma, allergic rhinitis,
and conjunctivitis. By stabilizing the mast cell membrane,
these drugs help reduce the frequency and severity of
allergic reactions, making them particularly useful for
chronic conditions in which histamine release plays a sig-
nificant role.”>"™* Mast cell stabilizers are often used as
preventive measures rather than acute treatments, as they
are more effective at preventing histamine release than
at counteracting its effects after release."*' Their use
represents a crucial strategy for managing diseases char-
acterized by excessive mast cell activation and histamine

release, offering a targeted approach to controlling symp-
toms and improving patient quality of life.

Emerging Research and Future Directions

The ability of histamine to induce various reactions within
the body and its involvement in multiple diseases leaves
many gaps in the literature, serving as a launching point for
future research. Although histamine is a well-established
mediator of underlying reactions such as oropharyngeal
itch in allergic rhinitis, numerous areas of study focus on
characterizing its effects. The fundamental mechanisms
by which we sense histamine are still being investigated,
and the intricate pathways leading to its activation are
also under study. Improved technology has allowed for a
greater depth and breadth of data to be collected, advanc-
ing the field into the realm of complex cellular signaling,
moving away from the strict pharmacokinetics that were
historically the focus.">"¢ The complex intricacies of study
designs and the data available to tailor pharmaceutical
therapies to disease and genetic profiles still need to be
refined. Knowing when to stimulate and when to inhibit
histamine pathways in the treatment of two major chronic
dysautonomias (POTS and MCAS) broadens the possibili-
ties for future drug targets. This parallels the field of mast
cell research, where we are continuously learning that
histamine modulation—rather than merely blocking its
receptor—can influence disease processes throughout the
body across multiple disciplines. We also have a growing
understanding of POTS, which links it to vagal disorders and
reduced sympathetic excitation. A separate area gaining
traction is the study of histamine and pain in human par-
ticipants. Although H1R antihistamines are not a standard
of care for headaches or fibromyalgia, it is not uncommon
for individuals to self-medicate with these agents. Ongoing
investigations in this domain focus on determining whether
incorporating H1R antihistamines into standard therapeutic
protocols is warranted for certain individuals with Central
Sensitization Disorders, such as migraines and fibromyal-
gia, and, if so, identifying which patient populations would
benefit the most.*0:52157

Conclusions

Histamine is an essential biogenic amine that plays a
multifaceted role in regulating the immune system and
inflammatory processes. By interacting with four G protein-
coupled receptors (H1R, H2R, H3R, and H4R), histamine
influences a wide range of physiological and pathologi-
cal reactions. Its involvement in Th2-type and Thi-type
immune responses highlights its complexity in immune
modulation, as it contributes to allergic conditions such
as allergic rhinitis, asthma, and atopic dermatitis, while
also acting as an immunosuppressant. Histamine’s effects
on various immune cells, including mast cells, basophils,
eosinophils, dendritic cells, and T cells, play a role in a
broad spectrum of allergic, autoimmune, and inflammatory
conditions. Pharmacological interventions, such as anti-
histamines and mast cell stabilizers, are effective in man-
aging symptoms caused by histamine. Both H1R and H2R
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antihistamines are important for treating allergic reactions
and gastric acid-related conditions, while mast cell stabiliz-
ers are crucial for preventing histamine release in chronic
allergic conditions. Ongoing research into the role of hista-
mine in other medical conditions, such as POTS, MCAS, and
pain disorders like migraines, continues to expand the ther-
apeutic applications of histamine-targeted treatments. As
current studies further explore the intricate signaling path-
ways and broader implications of histamine, it is clear that
histamine modulation holds great promise for personalized
therapies in various immune and inflammatory conditions.
Understanding the complex role of histamine in immune
regulation and its potential treatment goals is essential for
developing more accurate and effective therapies for hista-
mine-related diseases in the future.
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