ORIGINAL RESEARCH | IMMUNOLOGY

CORRELATIONS BETWEEN SERUM LEVELS OF HISTAMINE, DIAMINE OXIDASE,
SUBSTANCE P IN PATIENTS WITH CHRONIC URTICARIA
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The onset and progression of various disorders, including chronic urticaria, are associated with stress. The gut-brain-skin axis is used to describe correlations among
the nervous system, gastrointestinal tract states and systemic and skin inflammation. We have summarized inflammatory and immune mechanisms underlying
chronic urticaria and stress in the context of the gut-brain-skin axis. The study was aimed to show the relationships between substance P, the neurotransmitter, and
diamine oxidase, the enzyme disrupting histamine in the gut of patients suffering from chronic urticaria. A total of 165 adults aged 18-68 were enrolled; 97 patients
had chronic urticaria, the comparison group was formed of 68 nominally healthy individuals. ELISA (Cloud-Clone Corp; China) was used to simultaneously estimate
serum levels of substance P, diamine oxidase, and histamine. We revealed a significant positive correlation (p = 0.5; p < 0.05) between substance P and diamine
oxidase in patients with chronic urticaria and in the comparison group, which confirmed the existence of the gut-brain-skin axis. The paper provides theoretical
background and new targets for treatment of chronic urticaria. The possibility of prevention and treatment of these disorders by modulation of gut microbiota is
discussed, the place of diet and the lifestyle modification contributing to improvement of general health are determined.
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B3AMMOCBA3b YPOBHEW MMCTAMUHA, JUAMUHOKCUOA3bI 1 CYBCTAHLUN P
B CbIBOPOTKE KPOBW Y NALMEHTOB C XPOHUYECKOW KPAMMBHULIEN

H. B. Mukptokosa'™, H. M. KasmHmHa'2
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BO3HMKHOBEHWE 1 MPOrpeccrpoBaHie pPasnnyHbix 3a60NeBaHin, B TOM Y1CSIE XPOHNHECKOW KpanvBHULbI, CBS3aHbl CO CTPeccoM. OCh KULLEYHMK-MO3r-KoXKa
MCMONB3YIOT 419 0O BACHEHNS KOPPENALMIA MEXOY COCTOSIHUEM HEPBHOW CUCTEMBI, >KEMYAOHHO-KULLIEHHOIO TPaKTa, a TakXKe CUCTEMHBIM 1 MECTHBIM BOCMASIEHNEM
B KOXE. B KOHTEKCTE OCH KMLLEYHNK-MO3M-KOXA Mbl 0BO0OLLMIIN BOCTIASIMTENBHBIE U UMMYHHbIE MEXaHN3Mbl XPOHUYECKOW KpanmBHIULbI 1 cTpecca. Llenbto Halero
1cenenoBaHns Bbi1o NMokasaTb B3aMMOCBSA3b MEXy HepoTpaHCMUTTEPOM cybcTaHumer P 1 anaMmHokeraason, hepMeHToM, pa3pyLuaiowmmM rmcTaMnH B
KULLEYHVKE Y NaLMeHTOB, CTpafaroLLIMX XPOHNHYECKONM KpanvBHULEn. B nccneposaHve 6bin1o Bko4eHo 165 B3pocnbix nodert ot 18 o 68 net, 97 naumeHToB
CTpaganm XPOHUYECKON KpanvBHULIEN, rpynny CpaBHEHW COCTaBum 68 ycnoBHO 300poBbix nny. Metogom NPA (Cloud-Clone Corp; Kutarn) ogHOBpeMeHHO
OLeHVIBaN YpoBHM cybCcTaHLmn P, AnaMyHokemaasbl v rmcTammHa B CbIBOPOTKE KPOBW. Bbina BbisiBneHa npsiMasi 3ameTHast KoppensiLmonHas cesdb (p = 0,5;
p < 0,05) mexay cybcTaHumelt P v anaMrMHOKCKaa30n y naumeHToB, CTPafatoLLMX XPOHUHECKOWN KpanBHULIEN, U B FPyMNe CPaBHEHNS, YTO NOATBEPANIIO Haln4me
OCU KMLLEYHVK-MO3M-KOXa. B cTaTbe NpefcTaBneHbl TEOpeTUHecKast OCHOBA U HOBbIe Lien AN1s NIEYEHNs XPOHUHECKON KpanmnBHULb!. O6Cy»kaeHa BO3MOXXHOCTb
npenoTBPaTUTb 1 NEYUTb 3TN NATONOMMHYECKNE COCTOSIHUS NyTEM MOAYASILIM MUKPOBUOTbI KULLIEYHMKA, ONpefeneHbl MECTO AVETbI N USMEHEHNS 00pasa »KN3HU,
CMOCOOCTBYIOLLME YNYYLLEHIO COCTOSHNS 3A0POBbA B LIEIOM.
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The fast-paced life of today’s society and recent events starting  nervous systems, thereby significantly disturbing the human
from the pandemic of novel coronavirus infection cause body’s allostasis. The essence of allostasis is that physiological
severe anxiety and stress. This results in numerous adaptive  systems continuously fluctuate to adjust to the environment
physiological alterations of the cardiovascular, endocrine, [1]. Physical and psychological stress can be acute or chronic,
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depending on the duration and intensity. Acute stress in
associated with a sudden, short-term, isolated, unique incident,
such as a traffic accident, surgical intervention [2]. Chronic stress
results from the long-term and frequently repeated exposure to
psychogenic or physiological stressors. This causes endocrine
and behavioral responses regulated by various neurochemical
systems. Strong association between stressful life events and
disorders of the cardiovascular, endocrine, nervous, respiratory
systems, cancer, gastrointestinal tract and skin disorders is well
known [3].

The term “axis” was accepted as the one describing a
two-way relationship between the nervous system and other
systems, such as gastrointestinal tract, skin. The gut-brain
axis is the best-studied one. The concept of the gut-brain
axis includes not only classical autonomic nervous system
pathways, sympathetic and parasympathetic, but also
endocrine interactions (hypothalamic-pituitary-adrenal axis),
connections between cognitive and emotional functions in
the brain [4]. Communication involves the enteric nervous
system, metabolic pathways [5]. Mast cells are important
effector cells of the gut-brain axis. When exposed to stress,
these cells release a broad range of neurotransmitters and pro-
inflammatory cytokines capable of affecting the gastrointestinal
tract physiology [6]. Activation of the vagus nerve by cytokines
stimulates anti-inflammatory responses of neurons, since
acetylcholine, the main neurotransmitter of the vagus nerve,
impairs the release of such cytokines, as tumor necrosis
factor alpha (TNFa), interleukin 18 (IL1B), IL6, and IL18.
The immune cells produce various neurotransmitters, thereby
affecting serotonergic systems, regulate mood and behavior.
For example, leukocytes synthesize and release corticotropin
and endorphins in response to bacterial lipopolysaccharides [4].
Stress and sadness modulate hunger and dietary habits. High
calorie foods can improve the well-being. Food also represents
an important factor affecting the gut microbiome [7].

Microbiome plays an important role in human health,
homeostasis, immune system, and disease pathogenesis [7].
The disrupted link between microbiome and the host body has
been actively studied in individuals with gastrointestinal tract
disorders. The researchers have shown that chronic stress
activates caspase-1, thereby affecting the gut microbiome
composition, which results in the reduced abundance
of Akkermansia spp. and Blautia spp. and the increase in
the ratio of Firmicutes/Bacteroidetes (8], Escherichia coli,
and Bacteroides fragilis [9]. The type | IL1 receptor and its
ligands are expressed in the brain regions responsible for brain
response to stress and transmission of IL18 signals, which is
fundamental for mediating neurobehavioral and neuroendocrine
responses to stress and adaptation. Various stressors activate
inflammation via NLRP3 (NOD-, LRR-, and pyrin domain-
containing protein 3) or P2X7 (purinergic ligand-gated ion
channel 7 receptor) receptors, which results in maturation of
caspase-1 causing the IL18 and IL18 release. The levels of
caspase-1 and NLRP3 mRNA are elevated in blood cells of
patients with depression [8]. Depression and anxiety are the
best understood mental disorders associated with the gut-
brain axis. It has been confirmed that the tryptophan precursor
suppression is associated with the gut microbiome. Considering
the antimicrobial and anti-inflammatory effects associated with
the gut microbiota restoration using antidepressants, it was
proposed to treat depression and anxiety disorders through
manipulation of microbiome and the gut-brain axis [4]. In the
recent study, the relationship between the gut microbiome
disruption severity and the severity of cognitive impairment was
assessed in children with autism spectrum disorder [10]. The

other study showed that gut microbiota composition alteration
could contribute to the development of neurodegenerative
process [11].

Diet plays an important role in determining the gut microbiota
composition. Metabolites produced by gut microbiota not
only modulate the mucosal immune response, but also affect
lungs and the brain. Microaspiration of bacteria or travel of the
sensitized immune cells through lymph and blood can also
affect the immune response of other organs. Gut dysbiosis is
associated with a number of lung diseases, including asthma
and cystic fibrosis. The two-way relationships between the
gut and lungs (gut-lung axis) are exemplified by the intestinal
issues observed in individuals with lung diseases. The study
has shown that mucosal immune cells can migrate through the
lymphatic system, which determines the immune response of
various organs (gastrointestinal tract, lungs, etc.). The T and B
cells of Peyer's patches can travel through bloodstream and
migrate to both intestine and extraintestinal sites (including
bronchial epithelium and lymphoid tissues) [12]. It has been
shown that immune cells (T and B cells that secrete slgA and
ensure mucosal immunity) found in the lamina propria of the
gut and mesenteric lymph nodes neutralize the majority of
translocating bacteria, however, fragments of dead bacteria
travel from the mesenteric lymphatic system to systemic
circulation. These bacterial fragments and metabolites can
modulate immune response in the lung [13]. Perhaps, there is
a similar pathophysiological pattern involving other systems of
human body.

There is emerging research on the skin microbiome and
its association with the gut [14]. There are papers describing
the gut-brain-skin axis [15]. Thus, the correlations among
gut mictobiota, emotional states and systemic and skin
inflammation have been reported. Gut dysbiosis contributed
to the Th17-mediated skin inflammation via the IL23, IL17
signaling pathway by increasing production of IL22 and
interferon gamma (IFNy), which resulted in hyperproliferation
of keratinocytes [16]. The skin responses caused by stress
primarily involve cytokine (for example, IL6, IL1, IFNy) secretion
and activation of peripheral corticotrophin-releasing hormone
of the skin produced by sebocytes, keratinocytes, and mast
cells [17]. The nervous, endocrine, and immune systems have
many common mediators (for example, neurotransmitters,
neuropeptides, hormones, cytokines) capable of modulating
the nervous system activity during stress [18, 19]. Peripheral
nerves in the skin mediate neurogenic inflammation by releasing
neuropeptides (substance P (SP), brain-derived neurotrophic
factor, and nerve growth factor). Thus, SP is a pro-inflammatory
neuropeptide that is related to stress. The SP biological activity
is mediated primarily by the neurokinin receptors (NK)-1. The
SP/NK-1 receptor pathway can be activated in response to
the stress stimulation of both autonomic and central nervous
systems. The study has shown that NK-1 is expressed mostly
in mast cells, which suggests the important role of the NK-1
receptor activation in the mast cell degranulation caused by
stress [20]. Other researchers have shown that SP can be
involved in the corticotrophin-releasing hormone-mediated
mast cell degranulation during stress [21]. It has been also
shown that SP can increase virulence of the skin microbiome
due to alterations in bacterial cytoskeleton, which can represent
one more mechanism contributing to its role in neurogenic
inflammation [22]. High SP levels were observed in depression
suggesting that the depression pathogenesis was associated
with SP/NK-1 [20].

Great interest in the issue is indicative of its relevance,
therefore, the study was aimed to show the relationship
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Table. Correlations between the indicators Histamine — Diamine oxidase, Substance P — Diamine oxidase in patients included in the study on chronic urticaria

(n=165)

Indicator Histamine — Diamine oxidase Substance P — Diamine oxidase
Correlations in the comparison group 04 0.5
(n=168)
Correlations in the group of patients with chronic urticaria
-0.4 0.5
(n=97)
Correlations for all people included in the study 04 0.5

Note: p— degree of correlation.

between the SP neurotransmitter, and diamine oxidase, the
enzyme disrupting histamine in the gut of patients suffering from
chronic urticaria.

METHODS

The study involved assessment of substance P, diamine oxidase,
and histamine in patients suffering from chronic urticaria.
Enzyme-linked immunoassay (Cloud-Clone Corp; China) was
used to simultaneously estimate three serum inducators in
patients with chronic urticaria and in the comparison group.
A total of 165 adults aged 18-68 were enrolled. Among them
97 patients with chronic urticaria had been receiving outpatient
treatment at the Nikiforov's All-Russian Center for Emergency
and Radiation Medicine, EMERCOM of Russia, in 2018-2023.
Recurrent urticaria and/or angioedema occurring throughout 6
weeks or more were considered to be the inclusion criteria. The
diagnosis of chronic urticaria was established in accordance
with the Federal Clinical Guidelines on the Diagnosis and
Treatment of Urticaria [23]. The comparison group consisted
of 68 nominally healthy individuals matching those of the index
group in gender and age with no signs of urticaria or allergic
disorders.

Medical and social history of each subject was taken;
great attention was paid to the triggers of chronic urticaria,
the existing comorbidity. Food intolerance was a trigger in
46 patients suffering from chronic urticaria out of 97; 27 patients
reported stress as a trigger of the disease.

The R program for Windows was used for statistical data
processing, the correlations among the studied substance P,
diamine oxidase and histamine were assessed using the
Spearman's rank correlation coefficient. The Chaddock
scale was used for more accurate assessment of correlation
strength. The differences between the indicators compared
were significant at p-value < 0.05.

RESULTS

We assessed correlations among the studied substance P,
diamine oxidase and histamine using the Spearman's rank
correlation coefficient. The correlations of diamine oxidase with
histamine and diamine oxidase with substance P turned out to
be significant (o < 0.05) (Table).

The correlation analysis yielded a moderate negative
correlation between histamine and diamine oxidase, the
enzyme ensuring histamine degradation. A significant positive
correlation between substance P and diamine oxidase attracts
attention (Figure).

DISCUSSION
The substance P neuropeptide can form an almost direct link

between the skin and the brain. The diamine oxidase enzyme
synthesized by apical cells of the intestine can be affected by
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various mechanisms, from genetic suppression of activity to the
impact of microbiome [24]. Recently, diamine oxidase has been
proposed as a marker of mucosal integrity [25].

When reviewing the literature, we have found only one
paper reporting simultaneous assessment of substance P and
diamine oxidase [26]. In 2023, the results of the experimental
study, during which the authors studied irritable bowel syndrome
(IBS) caused by stress in the rat model, were published. High
expression of SP and diamine oxidase associated with IBS was
reported. In recent years, it is believed that IBS is induced by a
combination of factors, such as changes in visceral sensitivity,
disturbances of the gastrointestinal function and the gut-brain
axis, including microbiome alterations [27]. Diamine oxidase, as
an enzyme produced in the villi of the intestinal mucosa, reflects
disruption and repair of the epithelium, is released into blood or
the intestinal lumen after the intestinal mucosa disruption and
necrosis. Normal serum levels of diamine oxidase are very low,
however, these increase with increasing inflammation due to the
release of large amounts of the enzyme into blood. In our study
we noted an upward trend in serum levels of diamine oxidase
and substance P associated with exacerbation of chronic
urticaria relative to the comparison group. However, we have
revealed a significant increase in the levels of diamine oxidase
and substance P in patients suffering from urticaria without
exacerbation, which confirms persistence of inflammation
during remission and requires further investigation.

CONCLUSIONS

The study has confirmed the correlations between the
substance P neurotransmitter and diamine oxidase, the enzyme
degrading histamine in the gut, in both patients suffering from
chronic urticaria and comparison group. This confirms the
existing hypothesis of the gut-brain-skin axis.
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Figure. Scatter plot reflecting the correlation of substance P and diamine oxidase



OPUTMHAJIbHOE UCCJIEQOBAHNE | UMMYHOJIOI A

However, the chronic urticaria pathogenesis represents
a multifactorial complex of changes in the immune system
and the gut-brain-skin axis signal transmission. The currently
available approaches to treatment of urticaria are clearly defined, but
not always successful. The today’s guidelines on diamine oxidase
deficiency are focused mainly on the diet and the use of dietary
supplements. However, diet is not always effective; perhaps, in
the future dietary treatment will be based on the features of human
microbiome as well. The other targets of interest are represented
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