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Abstract: Idiopathic rhinitis represents more than 50% of non-allergic rhinitis, a heterogeneous
group that involves the symptomatic inflammation of the nasal mucosa. The TRPV1 receptor of
unmyelinated C-type neurons appears to be involved in its pathophysiology. Histamine, whose
main catabolic enzyme is DAO, is one of the mediators that can activate this receptor. The failure
of DAO causes an increase in the level of histamine in the body and, consequently, the activation
of TRPV1. The objective was to investigate the existence of a DAO enzyme activity deficit in
idiopathic rhinitis and its correlation with symptoms. A cross-sectional study was conducted in 116
idiopathic rhinitis patients, and DAO activity, nasal peak inspiratory flow, and rhinitis severity were
recorded. The prevalence of a DAO activity deficit was 41.38% (95%CI 0.33–0.50; p = 0.05). The DAO
activity in patients with mild rhinitis was 52.93 ± 8.72 HDU/mL, in those with moderate rhinitis
it was 120.33 ± 71.63 HDU/mL, and in those with severe rhinitis it was 92.58 ± 27.75 HDU/mL
(p = 0.006). The NPIF in patients with a DAO activity deficit was 107.92 ± 34.05 L/min, compared
to 72.35 ± 27.16 L/min in patients with normal enzymatic activity (p < 0.001), demonstrating a
linear correlation between activity levels and nasal obstruction (−0.45; p < 0.001). Therefore, patients
with a DAO deficiency and idiopathic rhinitis could present a milder disease course, because the
repeated and continuous activation of TRPV1 led to a partial or total decrease in their response
(desensitization). This new theory represents a different perspective for the study of idiopathic
rhinitis and its relationship with TRPV1, with the regulation or modulation of the desensitization of
TRPV1 being an important therapeutic target for patients with idiopathic rhinitis in the future.

Keywords: idiopathic rhinitis; diamine oxidase; histamine; TRPV1; peak nasal inspiratory flow;
rhinology; maxillofacial surgery; otorhinolaryngology
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1. Introduction

Rhinitis is defined as a symptomatic inflammation of the inner lining of the nose, clas-
sically divided into allergic rhinitis (AR) and non-allergic rhinitis (NAR). NAR comprises
a large heterogeneous group of patients without systemic signs of allergic inflammation
(allergen-specific IgE in the blood and/or positive SPT results) or clinical signs of infection.
Of these cases, up to 50% do not have a clear etiology underlying the symptoms and are
defined as idiopathic rhinitis (IR) [1–3].

Several mechanisms have been postulated to explain IR pathophysiology. One of the
most widely accepted suggestions is the nociceptive transient receptor potential vanilloid 1
(TRPV1) signaling pathway, which is found upregulated in IR patients [4,5]. Within the
sensory nerve fibers present in organs, TRPV1 is implicated in the detection and integration
of thermal and chemical nociceptive stimuli [6]. Moreover, TRPV1 is particularly widely
distributed in the sensory fibers of the upper and lower respiratory tracts [7–11].

This receptor can be activated, directly or indirectly, by a large number of mediators:
ethanol, tissue damage, mechanical stimuli, acid pH, temperature above 43 ◦C, osmotic
pressure alterations, cations, leukotrienes, nitric oxide, lipoxygenases, capsaicin, substance
P, nerve growth factors, and prostaglandins (Figure 1) [6,7,12–17]. Curiously, another
mediator capable of activating TRPV1 is histamine, which is the most studied mediator of
AR [16].
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Histamine intolerance (HIT), an imbalance between the supply of histamine and the
body’s ability to degrade it, belongs to the group of pharmacological non-IgE-mediated
food intolerances. Its prevalence in the general population is approximately 1%, but
this figure is probably underestimated due to the condition’s wide spectrum of symp-
toms [18–21]. Ingested exogenous histamine is distributed in the blood stream and may
trigger a wide range of symptoms in the susceptible population. Its main cause is a deficit
in histamine degradation due to a genetic, pathological, or pharmacological malfunction of
the diamine oxidase (DAO) enzyme, which can cause an increase in the plasma concentra-
tion of histamine. The DAO enzyme represents the main enzyme involved in histamine
metabolism [18–21], and its activity can be influenced by numerous factors. DAO gene
transcription or enzyme function may be reduced in certain gene polymorphisms [20,22,23].
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Recent clinical studies have established a relationship between DAO malfunction and
specific pathologies, mainly dermatological, respiratory (including AR), gastrointestinal,
and neurological [20,22–30]. However, no studies have addressed the relationship between
a DAO enzymatic activity deficit and IR and its correlation with symptoms.

The physiology of the TRPV1 receptor and its response to histamine could allow for a
subgroup of patients with IR and a DAO activity deficit in which the symptomatology and
clinical course vary; therefore, these patients could benefit from personalized treatment.
The objective of this preliminary study was to investigate the existence of a DAO enzyme
activity deficit in patients diagnosed with IR and its correlation with symptoms.

2. Materials and Methods

A cross-sectional study involving patients diagnosed with IR according to the Eu-
ropean Academy of Allergy and Clinical Immunology criteria [1] was performed in an
otorhinolaryngology head and neck surgery department of a tertiary university hospital.

Candidate patients were required to present at least two of the following symptoms
for at least 1 h daily for 12 weeks per year: nasal obstruction, rhinorrhea (anterior or
posterior), sneezing, and nasal/ocular itch. Patients with rhinosinusitis and occasional
or nasal symptoms were excluded. Selection was based on a structured interview and
physical examination (anterior rhinoscopy and flexible fibronasoendoscopy) revealing
no evidence of important nasoseptal deformities or polyps, performed independently
by at least one otorhinolaryngologist and one allergist. For each participant, a detailed
history of allergies was collected, including a skin-prick test for common aeroallergens. The
relevant subgroups of NAR in clinical practice (rhinitis of the elderly, drug-induced rhinitis,
hormonal rhinitis including nonallergic occupational rhinitis, pregnancy-induced rhinitis,
and gustatory rhinitis) were excluded based on this clinical history, with support from the
necessary complementary tests as appropriate. The key feature of IR is the presence of
nasal hyperresponsiveness [1]. Since there are no validated methods for the evaluation of
nasal hyperresponsiveness that can distinguish its etiology [31], the diagnosis of IR was
carried out per exclusionem, on the basis of the symptoms reported by the patients and the
absence of a clinical history that could lead us to suspect another possible etiology.

Several diagnostic strategies involving various tests have been proposed, because
direct HIT-specific diagnostic criteria are lacking. Following the recommendations of the
clinical guidelines, only cases matching the analytical criteria and presenting a compatible
clinical history (history of flushing, itching, diarrhea, nausea/vomiting, abdominal pain,
dyspnea, rhinitis, dysphonia, dizziness, low blood pressure, or tachycardia) were classified
as DAO deficiency [20,21,32–34]. It was necessary to analyze the symptoms with reference
to their temporal onset for the differential diagnosis, because adverse food reactions are
only suspected in the case of a temporal relationship (min <4 h) to food intake.

Only adults over 18 years old were included. The exclusion criteria were: pregnancy;
treatment with the DAO enzyme for the past 2 weeks; treatment with any medication
that may have caused a secondary decrease (antihistamines, aminophylline, systemic
corticosteroids, cefuroxime, verapamil, metoclopramide clavulanic acid, etc.) or increase
(heparin) in DAO activity and could not be suspended [18,19,21]; a history of histamine-rich
aliment intake in the past 2 weeks (fermented foods, beverages, processed meat or seafood);
and medical disorders (severe hepatic, renal, or gastrointestinal disease; zinc, copper, and
vitamin B6 or C deficiency, etc.) that could alter the analytical results.

2.1. Data Collection

Sociodemographic variables; DAO enzyme activity; nasal peak inspiratory flow; and
IR severity score (mild 0–3, moderate 4–7, and severe 8–10) based on a visual analogue
scale (VAS, 0–10 cm calibrated) were recorded [34,35].

Nasal peak inspiratory flow (NPIF) is a rapid and simple technique performed using a
plastic cylinder calibrated between 30 and 370 L/min with a facial mask attached. In this
study, we used the In-Check portable inspiratory flow meter (Clement Clarke International
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Ltd., Harlow, UK). From an expiratory maneuver to residual volume, a forced inspiration
was made while the lips were sealed. The best of three measurements that varied by no more
than a 10% was chosen. Normal reference values for Caucasian adults are 143 ± 48.6 L/min
for males and 121.9 ± 36 L/min for females [35,36].

DAO enzyme activity was determined by ELISA in accordance with the manufac-
turer’s instructions (D-HIT, Sciotec, Donau, Austria) and previous literature reports, with
a venipuncture after an 8 h fasting period in an EDTA tube [37]. The threshold for serum
DAO enzyme activity has been proposed to be 80 HDU/mL, with a value below this figure
indicative of a DAO activity deficiency; in such a case, the presence of HIT should be
considered. One HDU corresponds to the DAO activity needed to degrade 1 pmol/mL
(0.11 ng/mL) of histamine. The usefulness of DAO measurement in HIT as a marker of
disease and disease severity and as a predictor of treatment response has been validated in
several studies [38,39].

In order to exclude patients with allergies, a skin-prick test with a calibrated lancet
(1 mm) held vertically while introducing a drop of diluted purified allergen was used.
According to the protocol of the Hospital’s Allergology Service, and based on the aller-
gens typical of the area in which the study was carried out, the extracts included were
Dermatophagoides pteronyssinus, Lepidoglyphus destructor, Tyrophagus putrescentiae,
Gliciphagus, Blomia tropicalis, Chortogliphus, Alternaria alternata, Phleum pratense, Cyn-
odon dactilon, Plantago lanceolata, Parietaria judaica, Betula verrucosa, Populus nigra,
Cupressus arizonica, Platanus acerifolia, latex, profilina, and dog and cat epithelium. A
drop of histamine (10 mg/mL) and saline solution were used as a positive and negative
control, respectively. The maximum or mean diameters of the wheals for various allergens
were read at 15 min. A wheal ≥2 mm in diameter was considered positive, indicating
sensitization to the allergen.

2.2. Statistical Analysis

Statistical analysis was performed with R program 3.6.1 (The R Foundation for Statisti-
cal Computing®, Vienna, Austria). Normality was evaluated by the Kolmogorov–Smirnov
test and variances using the Levene test. All tests were two-tailed with a 95% confidence
interval (CI). Quantitative variables were expressed as mean ± standard deviation (SD)
and/or median, as appropriate. For the qualitative variables, frequency and percentage
were used. The comparison of means was performed using Student’s t test, while quali-
tative or categorical differences between groups were evaluated by the χ2 test or Fisher’s
exact test, as appropriate. In cases where non-normality was significant, non-parametric
methods were applied. Correlation between variables was assessed using Pearson’s test or
Spearman’s test, as appropriate.

3. Results

A total of 116 Caucasian patients with IR were recruited: 20 men (17.24%) and 96
(82.76%) women. The mean age was 45.36 ± 11.41 years (men: 35.61 ± 15.96 years;
women: 47.39 ± 9.08 years). The prevalence of DAO activity deficits in patients with IR
was 41.38% (95%CI, 0.33–0.50). The mean DAO enzyme activity of the 116 patients was
108.98 ± 63.9 HDU/mL: 85.60 ± 43.15 HDU/mL in men and 113.85 ± 66.57 HDU/mL
in women (p = 0.161). The mean DAO activity in the normal-function group (i.e., pa-
tients with DAO activity ≥80 HDU/mL) was 143.05 ± 63.96 HDU/mL, compared to
60.72 ± 10.16 HDU/mL in the group with an activity deficit (p < 0.000).

According to the severity of the symptoms measured using the VAS, 8 (6.90%) patients
had “mild” rhinitis, 80 (68.97%) “moderate” rhinitis, and 28 (24.14%) “severe” rhinitis. The
global mean was 6.35 ± 1.78 points, being 5.6 ± 2.3 for men and 6.51 ± 1.63 for women
(p = 0.393). After stratification according to severity groups, the mean score was 2 in the
mild IR group, 6.05 ± 0.89 in the moderate IR group, and 8.50 ± 0.73 in the severe IR group
(p < 0.001). The DAO activity in patients with mild rhinitis was 52.93 ± 8.72 HDU/mL, in
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moderate rhinitis it was 120.33 ± 71.63 HDU/mL, and in severe IR it was 92.58 ± 27.75
HDU/mL (p = 0.006).

The mean NPIF of all patients was 87.06 ± 34.82 L/min, being 89 ± 26.23 L/min for
men and 86.67 ± 36.46 L/min for women (p = 0.514). In the mild group, the NPIF was
85 ± 10.69 L/min, in the moderate group it was 88.25 ± 37.29 L/min, and in the severe
group it was 84.28 ± 32.48 L/min (p = 0.904). The NPIF in patients with a DAO activity
deficit was 107.92 ± 34.05 L/min, compared to 72.35 ± 27.16 L/min in patients with normal
enzymatic activity (p < 0.001) (Figure 2), demonstrating a linear correlation between activity
levels and nasal obstruction (r = −0.45; p < 0.001).
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and DAO activity deficit.

4. Discussion

HIT, also known as sensitivity to dietary histamine or enteral histaminosis, can be
defined as a dysfunction caused by a reduction in DAO activity that affects the degradation
of histamine in the intestine. Under physiological conditions, DAO creates an intestinal
enzymatic barrier that protects the body from the absorption of histamine ingested with
food [19,20]. HIT provokes a wide range of symptoms (extraintestinal and gastrointestinal)
due to the fact that histamine receptors are widespread in all tissues of the body. This
amount of histamine is usually well-tolerated in healthy individuals [18,19].

IR represents a diagnostic and therapeutic challenge [1]. The mechanisms involved in
its pathophysiology are still unknown, but the TRPV1 receptors have become more relevant,
since the activation of this ion channel causes the release of the calcitonin G-related and
substance P neuropeptides from nerve terminals, causing a local inflammatory reaction.
Several publications have established a connection between TRPV1 activation in the air-
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ways and asthma or NAR [6,7]. The activation of the unmyelinated C-fibers where these
receptors are present provokes bronchoconstriction; mucus secretion; bradycardia; itching;
pain; the irritation of the airways; vasodilation; edema; and, due to the chemotactism, the
recruitment, differentiation, and activation of many immune cells (eosinophils, lympho-
cytes, macrophages, and mast cells). This inflammatory reaction is called “neurogenic
inflammation” [40].

The activity and efficiency of TRPV1 under physiological conditions are low. An
inflammatory process activates peripheral sensory nociceptors that are capable of lo-
cally releasing numerous pro-algesic chemical mediators, such as histamines, serotonins,
bradykinins, prostaglandins, cytokines, and growth factors. All of these contribute to
enhancing the local inflammation process, and consequently, the function of TRPV1 is
synergistically enhanced by the simultaneous action of these released pro-inflammatory
substances. These substances cause an increase in the sensitivity and response of peripheral
nociceptors, which leads to a decrease in the activation threshold of these terminals and
an increase in the magnitude of their response. This phenomenon is known as peripheral
sensitization [41,42].

One particularity of TRPV1 is that the repeated and continuous activation of nocicep-
tors leads to a partial or total decrease in their response. The TRPV1 becomes refractory,
being unable to respond to new stimuli (Figure 3) [10,43]. This state is known as desensi-
tization [44,45]. Likewise, prolonged exposure to agonists, such as histamine in this case,
promotes the endocytosis of the receptor and subsequent lysosomal degradation, perpetu-
ating the state of desensitization and decreased response to stimuli [46]. One possibility is
that the increase in circulating histamine due to HIT causes an increase in vasodilation and
chemotactism locally in the nasal mucosa, facilitating the release of histamine from mast
cells. This in turn would activate or sensitize primary afferent C-fibers via TRPV1 [13,47].
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as a competitive agonist.

Histamine could act as a competitive agonist against other molecules, displacing a
possible stronger response to the activation of TRPV1. In fact, previous studies suggest
that the increase in calcium concentrations stimulated by histamine is slower, with a lower
amplitude and shorter duration compared to capsaicin activation, even in the continuing
presence of the agonist [48]. Furthermore, a prolonged state of desensitization could induce
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the endocytosis of the TRPV1 receptors, causing a decrease in the response to stimuli [10].
The repeated stimulation of TRPV1 by a non-physiological increase in histamine due to a
deficit in its degradation could cause this phenomenon. Future studies are needed to clearly
elucidate the potential implications of this hypothesis. In fact, contrary to what happens in
acute desensitization, the pathways involved in the medium-to-long-term desensitization
of the receptor have been barely studied [10].

In this study, DAO activity was investigated in patients diagnosed with IR. Other
authors have studied serum or intracellular DAO concentrations [27]. Nevertheless, the
present study was the first to use DAO activity and not only its concentration, thus suc-
ceeding in exploring the relationships between IR symptoms and alterations in histamine
metabolism related to a DAO activity deficiency. The prevalence of DAO deficiencies
found in our study was consistent with the results of other studies addressing different
pathological conditions such as chronic urticaria, atopic eczema, chronic abdominal pain,
and lactose malabsorption, which reported values ranging between 8% and 57% [20,22–25].
Another important aspect for future studies is the concurrent investigation of rhinitis and
laryngopharyngeal reflux [49]. Indeed, some recent data suggested a potential relationship
between HIT and laryngopharyngeal reflux [50], the latter possibly being involved in
rhinitis.

Several authors have detected a correlation between DAO concentrations and female
sex hormone changes [18], but this was not observed in our case series for DAO activity. Ap-
proximately 40% of the IR patients with a clinical history and analytical results compatible
with a DAO activity deficit presented better NPIF results compared to the normal-DAO-
activity group. This finding suggests the existence of a subgroup of patients diagnosed
with IR whose clinical presentation differs from the rest. Past studies have assessed DAO
activity, and three non-synonymous single-nucleotide polymorphisms (SNPs) have been
mapped to the DAO gene (chromosome 7q34–36). Functional impairment was related to
serum DAO activity only for the SNP with the refSNP ID rs1049793 (NCBI SNP database),
which codes for an altered protein with the amino acid substitution His645Asp [23]. Similar
studies analyzing the prevalence of DAO deficiency in AR have demonstrated the existence
of this mutation in 38% of AR patients, a figure very similar to the prevalence of enzy-
matic impairment found in our study [3,22]. Contrary to the findings in AR patients, in
whom serum DAO was positively correlated with severity [24,27,28,30], our work showed
a moderate inverse correlation. This was in line with the hypothesis previously stated. This
difference in AR and IR symptomatology according to DAO activity seems to be linked
to the mechanism of histamine activation in each case. While the inflammatory pathway
in IR would be via TRPV1, in the case of AR, it is an IgE-mediated response with Th2
activation [5].

An important limitation of this study is the impossibility of extrapolating the preva-
lence of DAO activity deficiencies in the general population, as the patients were recruited
only from the outpatient department, and there was no control group. For this reason,
it is not possible to conclude whether the IR subgroups established on the basis of DAO
activity represent the variability of the general population or non-IR patients. Patients’
motivation to seek care can be influenced by symptom severity, introducing an inclusion
bias. In other words, patients with very mild or very severe symptoms may not recognize
them as pathological [3,51]. This may have influenced the severity distribution of IR found
in the sample. Other limitations include the lack of other parameters (serum histamine,
IgE) and the absence of a prospective evaluation with repeated measures of DAO activity
over time [52,53]. Finally, only 17% of the patients included in the study were men, and it
is possible that this introduced selection bias, affecting the results. The strengths of this
study include the physiological basis previously demonstrated in the literature, on which
the hypothesis was based; the evaluation of the NPIF; and the first ever investigation of the
relationship between histamine intolerance and DAO activity in IR patients [31,33,36,54,55].

Although our results were not sufficient to definitively clarify the link between IR
severity and DAO activity, this study opens up a new range of possibilities. No study has
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addressed the role of DAO SNPs in patients with IR. It can be hypothesized that, as in the
case of AR, the presence of these polymorphisms may modify the pathogenesis of IR due
to the involvement of DAO in the metabolism of circulating histamine.

5. Conclusions

The hypothesis of this manuscript was that the repeated stimulation of TRPV1 could
be caused by supra-physiological histamine levels generated due to a deficit in their
degradation, producing a less severe symptomatology in a subgroup of patients with IR.
The results of the pilot study supported this claim: patients with mild rhinitis had lower
DAO activity than patients with moderate and severe rhinitis, and the decrease in DAO
activity was inversely proportional to nasal obstruction assessed according to NPIF. This
represents a new perspective for the study of IR and its relationship with TRPV1, with the
regulation or modulation of the desensitization of TRPV1 being an important therapeutic
target for patients with IR in the future.
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