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Abstract

Contents of the Manuscript
Histamine and the biological role in the human body

Histamine or “2-(4-imidazolyl)ethylamine” (formula: CSHON3)
is an organic nitrogenous molecule belonging to the biogenic
amine class, one of the chemical mediators of inflammation,
and is derived from the decarboxylation of histidine by histidine
decarboxylase [1]. The synthesis of histamine therefore starts
with the decarboxylation of the amino acid “histidine” by a
specific decarboxylase: the pyridoxal phosphate-dependent
L-histidine decarboxylase. Catabolism, on the other hand, takes
place through two metabolic pathways: oxidation is carried out
by diamine oxidase which generates imidazole-acetic acid (IAA),
while methylation carried out by histamine N-methyltransferase
gives tele-N-methylhistamine (t-MH) as a product. This in turn can
be further metabolized by monoamine oxidase (MAO)-B, which
generates tele-methyl methymidazol-acetic acid (t-MIAA). IAA,
which is recognized as a GABA receptor agonist, also exists as a
ribose and ribose-5-phosphate conjugate. Although 1AA is formed
in the brain by transamination of histidine, in some circumstances
it can still be synthesized by histamine oxidation; however,
histamine is a substrate of AED (but not of MAO) and in the central

nervous system of vertebrates it is almost exclusively methylated.

The present work analyzes the clinical and psychopathological implications of hyperhistaminosis, starting from the general
consideration that, despite the recent scarcity of research on the subject under examination, the correlation of hyperhistaminosis
with different physical and psychic pathologies emerges and the direct relationship between body and mind and how these are
interconnected. Hyperhistaminosis besides being involved in immune, neurodegenerative, systemic vascular, cardiac, pulmonary,
hepatic, kidney and skin diseases, is directly connected to a large part of mood disorders, depression, obsessive disorder, phobias,
and various personality disorders, even if it is not yet clear whether the role of histamine is the main factor or cause that exacerbates
the symptoms, also taking into account the neurobiological and genetic correlates related to forms of hyperhistaminosis.

Methylhistamine is then a substrate of MAO-B; therefore, MAO
inhibitors increase the brain concentration of t-MH while lowering
that of t-MIAA. In the brain, the concentrations of the latter are
not affected by probenecid, an inhibitor of the transport of other

metabolites derived from neurotransmitters [2].

In addition to the phenomenon of the resonance of the aromatic
ring, histamine also gives the phenomenon of tautomeric. The
molecule, therefore, exists in two very distinct forms in equilibrium
between them, namely the tautomer t (tau) and the tautomer
m (pi). In solution at physiological pH, tautomer t is more stable
than tautomer m because it is stabilized by the positive charge
of the primary amine bound to the imidazole ring through the
ethylene bridge. The receptor interaction is essentially based on the
tautomeric phenomenon: while the Nt-H form has a high affinity
for the receptor site, the Nm-H form has high efficacy, i.e. it is the
tautomeric form able to activate the response. Histamine, therefore,
binds to the receptor when it is in the Nt-H form with the primary
protonated amine (positively charged), the interaction of the amine
with the anionic pocket of the active receptor site neutralizes
the positive charge of histamine thus stabilizing the Nm-H form,
a tautomeric form with low affinity but capable of activating the
intracellular response [3,4] (Figure 1).
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Figure 1: The two distinct forms of the histamine molecule.

Histamine is stored in specialized cells such as eosinophilic
granulocytes, platelets, mast cells, the first two circulating in
the blood, the last one interspersed in the connective tissue
around blood vessels, in the skin and mucous membranes of the
digestive and respiratory tract. Histamine is contained in the
delta granules of platelets, mast cells, and basophils. Mast cells

are cells resident in connective tissue that have IgE receptors on
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the surface, immunoglobulins released into the body following an
allergic reaction. The receptors on the surface of mast cells bind to
the circulating IgE and this complex binds to the allergen (which
triggered the reaction). This attack causes a series of reactions
within the mast cells, with the final release of many substances,
including histamine [5] (Figure 2).

Figure 2: Most of the histamine we consume is neutralized by AED released in the gastrointestinal tract or by HNMT found
in the cells lining the intestine. These enzymes prevent excess histamine from entering the bloodstream. [Illustration by Suzi
Smith; Adapted from Kovacova-Hanuskova 2015 Allergol Immunopathol (Madr) 43 (5): 498-506].

Histamine [6], in the human body, mainly causes:

a) Vasoconstriction of the great arteries, by action on the
smooth muscles (hypertension);

b) Vasodilation of the arterioles, an effect that is normally
carried out locally. If, however, vasodilation occurs at the systemic

level, there is hypotension.

c¢) Increased permeability of the capillaries and post-
capillary venules, through various modifications of the endothelial
cells. Acting in this way allows a greater influx of leukocytes into the

traumatized and possibly infected area;

d) Bronchoconstriction due to the contraction of bronchial
muscle cells. Histamine is chronologically one of the first mediators

involved in the development of the symptoms of an allergic asthma
attack.

The effect of histamine, which accompanies vasodilation, is
to alter the balance between the liquid component of the blood
and the water contained in the connective tissue: the result is an
accumulation of liquids in the connective tissue that causes edema.
Edema can be a serious risk if it occurs in the throat or bronchi.
A second exposure to the allergen can have very violent effects
because in that case, IgE antibodies (immunoglobulins) are already

present on the mast cell [7].

The effects of histamine [1,8-10] are mediated in different
tissues by four specific receptors, which are a class of seven-
segment transmembrane receptors bound to G proteins, which
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have histamine as an “endogenous ligand” (a molecule capable of
binding a biomolecule and forming a complex capable of performing
biological functions):

a)

an increase in intracellular calcium by activation of phospholipase

H1: H1 receptors are coupled to Gq proteins and act with

C. Their activation by histamine or histamine-mimetic substances
causes vasodilation, although there is an increase in intracellular
calcium, because they are not located at the level of smooth
myocells but the level of endothelial cells. Histamine causes an
increase in calcium which activates the nitrous oxide-synthase
with the formation of nitroxide (NO) which acts as a mediator
because it spreads in the muscle layer where it activates guanylate-
cyclase with the formation of cGMP and consequent vasodilation.
Guanylate-cyclase has a heme group in its structure that receives
NO and is also soluble at the cytoplasmic level. In addition to the
endothelial cells lining the small-caliber vessels, especially the
postcapillary venules, these receptors are found in intestine,
bronchi, cardiovascular system, central nervous system (post-
synaptic localization). The effects are contraction of the smooth
bronchial muscles, vasodilation, increased capillary permeability,
and maintenance of wakefulness. They are coupled to a Gq and
G11 protein which acts through the hydrolysis of membrane
phosphoinositide (intervention of a phospholipase C), generating
diacylglycerol (DAG) and inositol triphosphate (IP3), which set in

motion calcium-dependent transductive pathways.

b)
activation of adenylate-cyclase, cAMP formation, activation of

H2: they are coupled with Gs proteins with consequent

protein kinase A and increase in intracytoplasmic calcium. They
are mainly found in the gastric wall, the immune system, and the
cardiovascular system. The effects are increased acid secretion of

the stomach and vasodilation. They activate adenylatocyclase via
a Gs protein and therefore their molecular actions are mediated by
cyclic MPA and protein kinase A (PKA). The vasodilatative effect
occurs thanks to the consequent inactivation (by phosphorylation)
of the light chain myosin kinase (MLCK): myosin can no longer bind
to actin and contraction is avoided.

c)

system and are coupled to Gs proteins with consequent activation

H3: are presynaptic auto receptors in the central nervous

of adenylate-cyclase, cAMP formation, activation of protein kinase
A, and increase of intracytoplasmic calcium. They are mainly
found in the central nervous system and are presynaptic auto
receptors designed to control biosynthesis and the release of
histamine and other neurotransmitters. In particular, histamine
acting on these receptors has an inhibiting action on the release
of neurotransmitters associated with that synapse. Their effect is
expressed through an inhibitory G protein (Gi); therefore, there is
areduction in the activity of adenylatocyclase; beta-gamma dimers
can lead to the activation or inhibition of certain ion channels.
Through this mechanism, H3 receptors control the secretion of
certain neurotransmitters.

d)
is not yet clear. They are mainly found in bone marrow, spleen,

H4: Recently discovered, the molecular mechanism

eosinophils, mast cells, neutrophils, and T-helper lymphocytes.
The effects are to modulate the activation of the immune response.
These receptors also inhibit adenylatocyclase via a Gi. They can also
mate with a G-zero (GO0), which regulates potassium channels and
the activation of MAP-kinases via PKC. It has been reported that
they can also activate G proteins present exclusively in marrow
cells, G15 and G16, through which they can act on the mobilization

of calcium from intracellular deposits (Figure 3).
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Figure 3: The four histaminic receptors.
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Most histamine release is non-synaptic but neuronal histamine
may also be capable of fast neurotransmission; for example,
histamine increases chlorine ion conductance in the thalamus
through its H2 receptors or an ion channel and this implies that, like
serotonin, histamine can activate both second messenger receptors
and ligand-controlled ion channels [1].

Histaminergic neurons can also regulate and be regulated by
other neurochemical pathways; for example, the activation of H3
auto receptors reduces the release of acetylcholine, noradrenaline,
serotonin, and certain peptides. In turn, activation of the NMDA
receptor, mu-opioid receptors, D2 dopaminergic, and serotonin
receptor subtypes may increase neuronal histamine release. Of
particular interest is the role of the cholinergic system in histamine-
induced waking. The appearance of sleep has been traced in
the cells of the ventral preoptic area of the hypothalamus which,
when activated, inhibits tube-mammillary neurons through GABA
discharges. So, histamine is an important regulator of sleep-wake
cycles. It is on this basis that the side effects of certain anti-allergic
drugs (drowsiness) are explained, thanks to the antagonism they
have towards the H1 receptors in the brain. Another effect also

mediated by H1 receptors is the suppression of convulsive activity
[9]-

At the hypothalamic level histamine is a regulator of other
functions, such as the release of vasopressin, oxytocin, prolactin,
ACTH, and beta-endorphin. It also regulates hunger and thirst: an
increase in histamine suppresses these two sensations, while H1
receptor antagonists act on the ventromedial hypothalamus to
stimulate appetite. At the pituitary level, it seems that both H1 and
H2 receptors are implicated in the regulation of local hormones.
In the experimental animal, histamine, after microinjection in
certain areas of the brain, is also an effective suppressor of painful
responses, an effect that seems to be mainly mediated by H2
receptors. Outside the brain, the presence of H1 and H3 receptors on
certain types of sensory nerves promote prophlogistic/nociceptive
and antiphlogistic/nociceptive responses, respectively. Neuronal
histamine is also a mediator of the condition known as kinetosis;
histaminergic neurons are activated by vestibular disorders and
thus secrete histamine to the centers of brainstem vomiting (in

fact, H1 receptor antagonists are generally good antiemetics) [1,5]
(Figure 4).

Figure 4: Summary diagram of histamine functions (Maintz 2007, Am J Clin Nutr 85: 1185-1196).

Monoamine Oxidase Inhibitors and the Role in
Neurological and Psychopathological Conditions

Monoamine oxidase inhibitors (MAO-I) are a class of drugs
that can reduce or block the activity of monoamine oxidases, the
enzymes that oxidatively metabolize monoamines. Monoamines

include numerous endogenous substances such as some

neurotransmitters (such as serotonin and catecholamines such
as adrenaline, noradrenaline, melatonin, and dopamine) and
exogenous compounds (such as tyramine and some drugs) [11].

MAO-I block the activity of monoaminoxidase enzymes, the
mitochondrial enzymes that catalyze the oxidative deamination
reaction of endogenous and exogenous amines. There are two
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isoforms of monoaminoxidase: MAO-A which preferentially degrade
serotonin, melatonin, noradrenaline, adrenaline, dopamine,
and tryptamine; MAO-B which degrade dopamine, tryptamine,
and phenylethylamine. Both isoforms are present in the central
nervous system where they are among the main responsible
for the degradation of monoamine neurotransmitters, however,
MAO-A is also extensively expressed in the liver (where they
degrade monoamines taken with the diet such as tyramine), in the
gastrointestinal tract, in the placenta, and the pulmonary vascular
endothelium, while MAO-B are found mainly in platelets [12].

The inhibition of MAOs at the central nervous system level
[13] leads to an increase in both intracellular and synaptic levels of
catecholamine neurotransmitters and serotonin, which play a role
in psychiatric disorders. The blockage can be of two types:

a)  ‘“irreversible”, such as that caused by traditional MAO-I,
which causes the enzyme to be irreversibly inactivated and
then re-synthesized by the cell. It takes the cell approximately 2
weeks to regenerate the monoamine oxidase stockpile after the
discontinuation of the drug and for this reason, it should wait at
least 2 weeks after the discontinuation before taking drugs that
can interact with MAO-1.

b)  “reversible”, which does not inactivate the enzyme
irreversibly but retains partial activity and can be removed by
exogenous amines such as tyramine. The drugs belonging to
this class are called reversible inhibitors of monoaminoxidase
(or RIMA) and thanks to this reversibility they do not interact
with tyramine or other sympathomimetic amines. They include
toloxatone and moclobemide and some compounds contained
in natural extracts such as harmaline.

The different drugs may be more or less selective towards one of
the two isoforms (e.g. MAOA are mainly inhibited by clorgyline while
MAOB is selectively inhibited by selegiline) or lack selectivity (as in
the case of phenelzine or tranylcypromine). The compounds that
irreversibly inhibit MAO-A, the form that preferentially degrades
serotonin and tyramine, are those with the greatest potential for
interaction with foods containing tyramine (cured foods such as
sausages and some cheeses), which can result in hypertensive
crises, and serotonergic agents (such as some antidepressants),
which can result in serotonergic syndrome, which in some cases are
fatal. These restrictions do not apply to selective MAO-B inhibitors,
reversible and transdermal formulations that skip liver metabolism
and do not require dietary restrictions [12].

The inhibition of the degradation of neurotransmitters [12,13],
which are important in the regulation of mood tone, leads to
their increase in the central nervous system: this mechanism is
responsible for the antidepressant and anxiolytic effect of MAO-I.
In particular:

a) The non-selective inhibitors of the A and B isoforms or
the selective ones for form A of MAO-I only are used today
as antidepressants (they were the first antidepressants to be
marketed) especially for forms resistant to treatment with first-
line drugs and in the case of atypical depression, where they
show high efficacy.

b) Isoform B inhibitors alone are used in the early stages of
Parkinson’s disease.

c¢) In the treatment of depression and other psychiatric
disorders, although highly effective and tolerable, often superior
to other classes of drugs (including SSRIs), irreversible MAO-I
is considered a second choice because of potentially severe
drug and dietary interactions requiring a diet of tyramine-free
foods.

d) Monoamine oxidase inhibitors have been found effective
in the treatment of panic disorder, including when associated
with agoraphobia or social phobia, in the treatment of
dysthymia, atypical depression, major depression, and bipolar
depression, in the treatment of generalized anxiety, bulimia,
obsessive-compulsive disorder, post-traumatic stress disorder,
personality avoidance disorder, and borderline personality
disorder.

The class MAO-I [14] is divided as follows:

1) Hydrazinic derivatives:

a) hydrazinic substitutes: iproniazid, phenelzine

b) hydrazinic derivatives as such: isoniazid

2) Non-hydrazine derivatives:

c) certain B-carbolins

d) Harmala alkaloids: armin, armaline, tetrahydroarmine
e) indolalkylamines: methyltryptamine

f)  propargylamines: chlorgiline, pargyline, selegiline
g) cyclopropropylamines: tranylcypromine
Pharmacologically [15], however:

1) Non-selective inhibitors MAO-a, MAO-b:

a) Hydrazine

b) Hydralazine

c¢) Iproclozide

d) Iproniazid

e) Isocarboxazide
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f)  Isoniazide

g) Mebanazine

h)  Nialamide

i)  Phenelzine

j) Pheniprazine

k)  Procarbazine

1)  Non-hydrazines

m) Caroxazone

n) Furazolidone

o) Linezolid

p) Tranylcypromine
2)  Selective MAO-a Inhibitors:
a) Chlorgiline

b)  Minaprine

c¢) Moclobemide

d) Toloxatone

3) Selective MAO-b Inhibitors:
a) Lazabemide

b)  Pargyline

c) Rasagiline

d) Selegiline

4)  Natural derivatives:

a) Non-selective inhibitors MAO-a, MAO-b: Curcumin and
Harmala alkaloids (armalin, armaline, tetrahydroarmine)

b)  MAO-inhibitor Selective: Berberine, Coptisin, Resveratrol

c) Selective MAO-b Inhibitors: Catechin, Hydroxytyrosol,

Piperin
d) Unknown selectivity: Licorice and Siberian Ginseng.

When administered orally, MAO-I is rapidly absorbed by the
digestive tract. Appropriate MAO inhibition is achieved in 5-10 days,
depending on the drug used. The cessation of all pharmacological
effects occurs within 15-20 days after discontinuation of treatment,
when all inactive MAOIs are metabolized and replaced by new ones.
Taking MAO-I inhibits the catabolism of catecholamines, serotonin,
and other exogenous sympathomimetic amines (including some
drugs and tyramine), greatly increasing their amounts; these
neurotransmitters in the bloodstream play various roles in
regulating circulatory function. The combined intake of MAO-I with

certain drugs or foods containing tyramine can cause hypertensive

crises, even severe ones, which initially manifest themselves with a
pulsating occipital headache with frontal irradiation, palpitations,
hypertension, nausea, stiffness and neck pain and which can very
rarely evolve into intracranial hemorrhage and hemiplegia which
in very rare cases have had fatal results. Therefore, the intake of
MAO-I should not be accompanied by sympathomimetic drugs
(adrenaline, ephedrine) and a particular dietary restriction
should also be applied: the intake of MAO-I combined with foods
containing a high amount of tyramine (mature foods such as some
cheeses, sausages, some spirits) can trigger an excessive release of
norepinephrine which can lead to a hypertensive crisis. MAO-I may
be associated with other psychoactive substances only under the
strict supervision of alicensed therapist. Finally, dietary restrictions
do not apply to newer formulations of these drugs such as
moclobemide (a reversible MAO-I inhibitor that allows degradation
of exogenous catecholamines) and transdermal selegiline patches
(which skip liver metabolism and allow degradation of tyramine
and other amines taken with the diet) [14].

Clinical Conditions Resulting from Hyperhistaminosis

Significant changes in the histaminergic system have been
found in some neurological disorders such as multiple sclerosis,
Wernicke’s alcoholic encephalopathy, Alzheimer’s disease,
Parkinson’s disease, and Down syndrome [16]. Whether derived
from mast cells or neurons, histamine can participate in these
processes by controlling vascular permeability and the blood-brain
barrier to peripheral immune cells [5]. The ability of histamine to
enhance NMDA-dependent responses could explain some of its
neurotoxic effects found in toxic encephalopathies, especially those
from alcohol and chronic hepatopathies (ammoniopathies), but
also some genetic conditions such as histidinemia, where histamine

synthesis receives severe imbalances [17].

But without a doubt, the most common condition [18] is
determined by the increasing histamine disorder which leads to
an exponential increase in allergic symptoms. Healthy individuals
should be able to manage foods containing 50 to 100 mg/kg of
histamine, but people with histamine intolerance generally react
at much lower levels. The types of reactions that can occur mainly
depend on how much histamine we are exposed to and what area
of the body is affected. Reactions can be divided into five general
categories:

a) anaphylaxis-massage, which releases histamine into the
bloodstream as a result of an allergic reaction.

b) mackerel poisoning, caused by eating cheese, meat and
damaged fish (especially bluefish, tuna, mackerel, salmon, sole,
plaice, swordfish, herring, sardines, anchovies, and non-glass
canned fish), which contains more than 500 mg/kg histamine;

c) localized allergic reactions;
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d) histamine overload, when exaggerating with histamine-
rich foods;

e) histamine intolerance, which occurs only in sensitive
persons already at dosages below 50 mg/kg.

The term has been introduced as a common denominator
for symptoms such as abdominal pain, flatulence, diarrhea,
headache (itching), blepharedema (swollen eyes), urticaria
(hives), rhinorrhoea (runny nose), dysmenorrhoea (problems
related to the menstrual cycle), respiratory obstruction (difficulty
breathing), tachycardia (heartbeat), extrasystoles (palpitations),
and hypotension (low blood pressure) that occur after eating
histamine-rich foods. Most cases of intolerance are thought to
be caused by abnormally low levels of AED quantity or activity,
due to: genetic defects (as in the case of the AOC1 gene, with the
variants “c.47C>T”, “c.995C>T” and “c.1990 C>G”), structural and
functional damage to the small intestine, ascending colon, kidneys,
liver, placenta (during pregnancy, symptoms of AED deficiency
regress) and still those who undergo chemotherapy, suffer from
inflamed bowel and have systemic-inflammatory syndromes
such as SIBO and Leaky GUT. However, an inflamed intestine
will have much less synthesis capacity than an intact intestine.
AED also requires vitamin B6, B9, and B12, vitamin C, copper,
and zinc to function properly. Some drugs can also reduce the
production of the enzyme AED, such as acetylcysteine, ambroxol,
aminophylline, amitriptyline, chloroquine, isoniazid, methimazole,

metoclopramide, propafenone, and verapamil.

Female histamine intolerants are frequently seen in the clinic;
this is because estrogen and histamine reinforce each other, which
means that estrogen increases histamine levels and vice versa. Since
women have higher levels of estrogen than men, they consequently
have higher levels of histamine than men. It is therefore obvious
that smaller amounts of histamine-high histamine foods are enough
to overwhelm histamine-destroying enzymes. Histamine is known
to increase estrogen production. This is a very important factor to
thinkabout, because ingesting large amounts of histamine overnight
can put women on a hormonal roller coaster due to fluctuating
estrogen levels. Women may be more sensitive to histamine in food
at various points in the cycle when estrogen levels are higher, i.e. up
to ovulation, or if they are taking estrogen supplements. Histamine
causes the release of nitric oxide into the arteries surrounding the
brain, which leads to headaches and lays the foundation for the
famous “menstrual migraines”. Women have more H1 receptors
in their brains than men, which means that women’s brains are
naturally more sensitive to histamine (see mental health section
below). One of the many natural roles of histamine in the body is to
stimulate the contraction of the uterus. This explains why histamine
intolerance can cause or worsen pre-menstrual cramps. Above all,
it is fascinating that pregnant women generally feel less affected
by allergies and intolerances, because the placenta produces up
to 500 times the normal amount of AED, the enzyme that destroys
histamine, to protect the fetus from histamine toxicity. It would be
very interesting to investigate the estrogen-histamine link in the
light of pathologies such as polycystic ovary [19] (Figure 5).

Headache

MNausea, Vomitus

=
D

H,R

Diarrhea

Congestion of the nose,
rhinorrhea, sneezing

Mast cell secretion

Bronchoconstriction, dyspnea

Figure 5: Summary diagram of symptoms following histamine intolerance.
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If, on the contrary, the release of histamine is greater than
the amount of enzyme capable of catabolizing it, as a result of
excessive production of IgE (immunoglobulin E), in that case,
you will have to search for the origin of the morbid condition in
another disorder: Hyper-IGE Syndrome” (or Job’s Syndrome), a
primitive immunodeficiency characterized by high serum IgE levels
(> 2000 IU/ml), recurrent staphylococcal abscesses and recurrent
pneumonia associated with pneumatocele formation. However,
if IgE production is lower, it is possible to speak of a hyper-IgE
induced by the high amount of histamine circulating in the serum
[20].

Immunoglobulin E (IgE) are antibodies produced by the
immune system in response to a stimulus perceived as a threat.
They correspond to one of five classes of immunoglobulins (G, A,
M, D, and E) and are normally present in the bloodstream in very
low concentrations. This test measures the concentration of IgE in
the blood. Immunoglobulins are essential proteins for the proper
functioning of the body’s immune system. They are produced by
specific immune cells called plasma cells and attack bacteria,
viruses, other microorganisms, and substances recognized as
“foreign” and potentially harmful to the immune system. The
production of IgE can lead to the manifestation of allergic reactions
such as asthma but is also implicated in the immune response
against parasites. In allergy sufferers, the body reacts excessively to
one or more substances in the environment, called allergens, which
in other individuals may not cause any reaction. Allergy can develop
as a result of exposure to a substance such as pollen, peanuts, eggs,
strawberries, bee venom, and hundreds of others. During the first
exposure, called sensitization, the allergy sufferer produces specific
IgE directed against the allergen. The IgE produced bind specialized
white blood cells causing the release of certain substances,
including histamine, during subsequent exposures. In allergic/
asthmatic people these substances can cause lung bronchial
constriction or other reactions including runny nose, eye, and skin
itching. Whenever the allergy sufferer is exposed to allergens to
which he or she has become sensitized during the first exposure,
IgE is produced rapidly, increasing until the allergic reaction is
triggered. The severity of the reaction and the symptoms associated
with it can range from localized redness and itching of the skin to
respiratory failure, vomiting, diarrhea, and, in some cases, life-
threatening anaphylactic shock. The severity of the reaction varies
from person to person, episode to episode and may worsen over
time [7].

Hyper-IgE Syndromes (HIES) [21-30] include a group of
primary immunodeficiency disorders characterized by high serum
IgE levels, recurrent skin abscesses caused by Staphylococcus
aureus, eczema, hypereosinophilia, and lung infections. Both an
autosomal dominant (AD-HIES) and recessive (AR-HIES) form of
this disorder is described:

a)  AD-HIES. There is a heterozygous mutation of the STAT3
gene (signal transducer and activator of transcription 3) that
promotes the transcription of target genes and modifies the
epigenetic status of chromatin, being fundamental for cytokine
development, differentiation, and survival. STAT-3 appears
to have a predominant role in the differentiation of Th17
lymphocytes by cytokines such as IL-6 and IL-23. Therefore,
the reduction of Th17 lymphocytes is a common hallmark of
AD-HIES and a reduced differentiation of these lymphocytes
will lead to a lack of production of IL-22 and IL-17. The latter
are fundamental cytokines for the synthesis of antimicrobial
peptides and chemokines involved in the immune response
against fungi, which easily infect the respiratory tract and
mucous membranes. Patients with AD-HIES are also deficient
in the antibody response due to the functional reduction of
antigen-specific memory B lymphocytes. This appears to
be related to the signal of IL-21 and IL-10 which induce the
differentiation of B cells into secretive plasma cells. Follicular
T helper lymphocytes, in turn, reduced due to a deficit in
differentiation, induce B lymphocytes to differentiate into
memory cells. Although all affected subjects present a high
number of circulating IgE and a marked blood eosinophilia,
there is no imbalance towards a Th2 phenotype and therefore

show a reduced rate of allergic or anaphylaxis related diseases.

b) AR-HIES. The gene mutation responsible for AR-HIES,
identified in the DOCK8 gene, induces the rearrangement
of actin filaments, and regulates cell growth, adhesion, and
migration in the formation of the immunological synapse. The
lymphocytic proliferation stimulated by mitogens is reduced,
although several cell lines are numerically in the norm for
a possible qualitative defect of the T line. Only a few years
ago, other recessive mutations have been identified that may
be responsible for pathological patterns similar to Hyper
IgE syndromes. Worth mentioning is the mutation of Tyk2
(Tyrosine Kinase 2), associated with IFNy and IL-12 signaling.
More recently, in 2015, a new mutation has been identified as
the cause of a recessive form of HIES. This mutation involves
the phosphoglucomutase 3 (PGM3) gene.

The therapeutic approach of Hyper IgE syndromes is based
on a correct management of respiratory and skin infections,
through aggressive antibiotic and antifungal treatments. Skin
infections should be managed to take into account the marked
skin colonization by S. aureus; while in the respiratory tract the
eradication of pathogens such as Aspergillus or Candida which
tends to colonize even the gold-pharyngeal mucous membranes. A
critical point is represented by post-infectious complications of the
pulmonary parenchyma, mainly after infections by mycobacteria,
Pseudomonas, and Aspergillus. The surgical approach may be
associated with additional risks of post-operative outcomes due to
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the defective scarring system of these patients. Also, to be considered
in the management of hypertension, in some cases high-dose Ig ev
replacement therapy may be considered, although the data on this
subject are discordant. Hematopoietic stem cell transplantation
could represent a promising therapeutic option according to
initial data, also considering the high mortality and morbidity rate
associated with this pathology. However, the first case of marrow
transplantation in the HIES reported in the literature was not able to
prevent infectious episodes or to reduce IgE levels (unchanged); the
patient subsequently died due to lymphoma. However, in a second
report, the two hematopoietic stem cell transplant patients showed
normalized IL-17 levels and reduced IgE levels in the follow-up, as
well as a decreased frequency of respiratory and skin infections
(particularly caused by Staphylococcus and Candida). However,
long-term lung complications (pneumatocele, bronchiectasis) and
bone fragility persisted [31-35].

The Psychopathological Implications in Hyper histamine
Hypotheses

Although histamine molecules are found in both the body
and the brain, they do not cross the blood-brain barrier; however,
histamine intolerance can still affect mental health [36]. Histamine
also acts as an important neurotransmitter in the brain, where it
helps regulate stress response, alertness, sexual function, sleep-
wake cycles, attention, learning, and memory. Although there are
no direct correlations and studies with representative samples
that specifically demonstrate the formal link between histamine
intolerance and mood disorders, people with histamine intolerance
commonly report symptoms of easy fatigue, hypersensitivity to
heat, anxiety, panic, phobia, and insomnia. We know that histamine
is not able to cross the blood-brain barrier, however, it can interfere
with other hormones that affect the nervous system, such as
catecholamines; even adrenaline does not cross the blood-brain
barrier, but in the body, it can trigger symptoms of panic, heart in
the throat, anxiety, nausea, sweating, insomnia, shortness of breath,

tremors, and other typical symptoms.

Another interesting hypothesis is the correlation with estrogen,
which can interfere with testosterone, affecting plasma levels: once
inside the brain, estrogen stimulates the release of histamine, thus
creating another vicious circle, more histamine, more estrogen,
and more histamine. In the brain, histamine is not degraded by
the enzyme DAO (as it is not expressed in the brain) but by the
enzyme HNMT, which belongs to the class of transferases. HNMT
catalyzes the movement of a methyl group from SAM, which is
one of the major donors of methyl groups in our metabolism, to
histamine, transforming it into N-amethystine; however, if you are
a carrier of MHTFR polymorphisms, the production of SAM-E will
be significantly reduced, and with it the availability of substrate
necessary for the degradation of histamine itself. In the brainstem,
we have two structures that are particularly related to the waking

state, the reticular formation, and the pretectal nuclei. Our eyes
have a connection with both these systems for a very simple
reason, the light that reaches our eyes is the main regulator of the
sleep-wake rhythm, the light, especially the frequency attributable
to the blue of the sky during the day through the stimulation of
these nuclei promotes a general activation of the whole central
nervous system. In the end, it is quite intuitive, and it is an ancestral
memory of what has always been our life on this planet, with the
sun we wake up, with the night we sleep. Unfortunately, now the
artificial light, televisions, smartphones, PC monitors, we find
ourselves bombarded by artificial radiation that promotes a
hyperactivation of the central nervous system when unwanted
and unnecessary. The mamillar bodies that are specific gray nuclei
connected to the hypothalamus synthesize histamine, which works
as a neurotransmitter. Let us remember that the hypothalamus is a
component of the central nervous system that regulates pituitary
release, controls the whole autonomic nervous system, and is also
strongly involved in the limbic system. The hypothalamic impact on
the metabolism is mastodon tic. The histamine that is released has
a systemic effect on the brain, it reaches practically all the various
components of the central nervous system, from the spinal cord,
the cerebellum, the base nuclei, the cerebral cortex to the nuclei
of the cranial nerves, especially the vestibular ones that control
the balance. Together with cortisol, histamine is part of the body’s
natural response to stress. The problem arises when we have a
dysregulation of histamine metabolism. This is a very important
point, an accumulation of histamine in the brain is seen as a sign
of imminent danger, leading to the activation of all stress-related
pathways, even if there are no real causes for being under stress.
Histamine, therefore, becomes an important factor in the release
of chronic and out-of-rhythm circadian cortisol that leads to all
those situations of chronic cortisol excess. The H3R and H1R
receptors regulate the sympathetic autonomic nervous system
and promote the release of cortisol by the adrenals. Phenomena
of adrenal fatigue are quite common in people intolerant to
histamine. Histamine promotes the release of estrogen, which in
turn stimulates the release of histamine by mast cells. It is a vicious
circle, often histamine-intolerant women suffer from estrogen
dominance. Histamine is also linked to the release of TSH, the H2R
receptor decreases the release of TRH, which stimulates TSH and
therefore the release of T3 and T4. Often histamine intolerants are
hypothyroid non-autoimmune. H3R receptor antagonists decrease
appetite, make people lose weight, while H1R antagonists stimulate
appetite and fattening. It is quite normal to see histamine intolerant
people who have problems with weight, whether it is difficult to
put it on or lose it. Histamine intolerance is also implicated in
addictions and compulsive behavior. Especially the H2R receptor
is implicated in the mechanisms of rewarding pleasure, memory,
learning. It seems that various addictive substances such as sugar,
psychotropic drugs, drugs, alcohol interfere with the metabolism
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of histamine in the brain. Binge eating, anorexia, bulimia are linked
to the reward mechanisms of the H2R receptor, they are coming
on the market of drugs against appetite disorders acting on the
H3R receptor. The metabolic syndrome is another consequence
of bad histamine metabolism. The release of histamine from the
brain regulates leptin, which in turn regulates satiety and obesity.
Histamine also seems to be strongly related to insulin resistance.
The H1R receptor promotes a brain excitement that often results
in anxiety and underlying nervousness. Histamine regulates pain
perception, HIR receptor activation increases pain perception,
while H2R receptor activation decreases it. Since itching follows
the same pathways as pain, the sensation of itching is also
modulated by the activation of histamine receptors in the brain. It
is quite common for people intolerant to histamine to suffer from
fibromyalgia or diffuse pain that is difficult to explain. Histamine
influences the release of serotonin and dopamine, so it is related
to depression. Histamine influences blood pressure and heart rate,
becoming a risk factor for heart disease as well. Add another factor,
some people present polymorphisms to an enzyme fundamental
in the synthesis of GABA, the main NeuroT with inhibitory effect
on the central nervous system, this leads to a decrease in GABA
production, with the alteration of the GABA/Glutamate ratio and
consequently influences the basal activation state of the central
nervous system. If we add the effects of the alteration of this
mechanism to the hyperactivation by excess histamine, we find
the exacerbation of the physical and psychic symptomatology
connected to these phenomena [37].

In food [38], histamine is never alone, it is always accompanied
by a considerable amount of other biogenic amines. This makes
the symptoms and diagnosis of histamine intolerance complicated
and sometimes rather unpredictable. Putrescine and Cadaverine in
food can cause problems by interfering with AED activity, making
it more difficult for us to degrade histamine in our intestines.
This can increase the level of histamine to which we are exposed.
The higher the level of putrescine and cadaverine in a food, the
higher the actual level of histamine. Tyramine is degraded not
by the AED, but by a different enzyme called monoamine oxidase
(MAO). Tyramine is therefore known to cause problems in people
taking antiquated antidepressants called “MAO-inhibitors”, which
block the destruction of tyramine. If tyramine accumulates, severe
headaches and dangerous high blood pressure can occur. Here
there is another important link, subjects with polymorphisms on
MAO A and MAO B, are exposed to an altered effect of histamine,
both for the symbiotic effect with other amines that are not
degraded effectively and for the effect on the humoral tone due to
the incorrect degradation of neurotransmitters; in fact, we have
already seen how monoamine oxidase inhibitors have been found
effective in psychiatric treatment [39] of panic disorder, even when
associated with agoraphobia or social phobia, in the treatment of

dysthymia, atypical depression, major depression, and bipolar
depression, in suicidal risk, treatment of generalized anxiety,
aggressive behavioral disorders, bulimia, obsessive-compulsive
disorder, post-traumatic stress disorder, personality avoidance
disorder, and borderline personality disorder [40-54].

Conclusion

Evenifrecentresearch confirms only the dataalreadyacquiredin
the literature, without any particular relevant news, the correlation
of hyperhistaminosis with various physical and mental pathologies
emerges, to the point of deserving more attention in the future.
More and more emerges the direct relationship between body
and mind and how these are interconnected. Hyperhistaminosis,
besides being involved in immune, neurodegenerative, systemic
vascular, cardiac, pulmonary, hepatic, kidney and skin diseases, is
directly connected to a large part of mood disorders, depression,
obsessive disorder, phobias, and various personality disorders,
even if it is not yet clear whether the role of histamine is the main
factor or cause that exacerbates the symptoms, also taking into
account the neurobiological and genetic correlates related to the

forms of hyperhistaminosis.
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