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Abstract. – OBJECTIVE: Serotonin, which is 
a vasoactive amine, is an important neurotrans-
mitter and is involved in many behavioral and 
psychological phenomena, such as pain, ap-
petite, mood, and sleep. The primary purpose 
of our study was to investigate the effect of 
high-pressure administration of sterile physi-
ological saline isotonic solution (HpPSIS) into 
nasal cavity and to determine the expression of 
the serotonin.

PATIENTS AND METHODS: The study was 
made in two branches, the previous with 14 vol-
unteers, the subsequent study with 40 patients 
with mild anxiety disorder. The middle third 
of the inferior turbinate epithelial cells on the 
right nostril was scraped using a sterile curette 
and indicated as (pre), then, a spray of steril-
ized isotonic solution at high pressure on the 
left nostril was delivered, and 5 minutes later a 
similar stimulation was delivered on the same 
nostril. The stimulation was made with a spe-
cific spray dispenser. The middle third of the 
inferior turbinate epithelial cells on the left nos-
tril was scraped using a sterile curette and indi-
cated as (post). Then, based on the first part of 
our study, we started the second part and gave 
a treatment on forty new patients with anxiety 
disorder.

RESULTS: The results of these studies high-
light the possibility of endogenous enhance-
ment of serotonin by stimulation of mast cells. In 
the first part of the study, Serotonin significant-
ly increased in protein extracts after treatment 
(64.35±5.33 vs. 10.97±2.17; unpaired two tailed 
t-test, t=9.8, df=24, p≤0.0001; F=6.035; DFn=12; 
DFd=12). In the second part of the study, in 
patients treated with HpPSIS, we observed im-
provement of mood, after one, two and three 
months, with a statistically significant reduction 
of DASS-21, while no reduction was observed in 
control patients, treated with normal pressure 
commercial spray.

CONCLUSIONS: This pilot study showed that 
the topical treatment of HpPHIS increases sero-
tonin levels in nasal cavity. The observation re-
ported in this study opens the way to a new valid 
strategy to enhance the level of endogenous se-

rotonin. We observed a significant improvement 
of ASI on patients during HpPHIS therapy.
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Introduction

In a previous study, we observed that autolo-
gous stimulation, induced by nasal forced stress 
with an isotonic solution, causes an increase in 
mast cells with a release of NGF in the nasal cav-
ity1. The presence of mast cells and their degran-
ulation has a broad implication for understanding 
the role in wound healing and peripheral nerve 
repair in the nasal mucosa and most probably in 
clinical prospective. We, then, demonstrated that 
nasal administration of high-pressure physiologi-
cal hypotonic saline solution (HpPHIS) stimulates 
the production and release of NGF from cells in 
the nasal cavity of laboratory mice and it reaches 
the forebrain2. We have also shown that HpPHIS 
administration, through olfactory pathways, also 
induces the release of NGF and upregulation of 
NGF receptors in patients affected by brain tu-
mors, while reducing the  number of brain tumor 
cells by stimulating the release of the anti-tumor 
protein p733. The primary purpose of our study is 
to determine the expression of the serotonin nasal 
presence. A large number of studies have focused 
on the role of serotonin as a neurotransmitter in 
the central nervous system, although only a small 
percentage of the body’s serotonin (~ 5%) can be 
found in the mature brain of mammals4,5. 

Serotonin, which is a vasoactive amine, is an 
important neurotransmitter and is involved in 
many behavioral and psychological phenomena, 
such as pain, appetite, mood, and sleep6. Addition-
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ally, serotonin has immunomodulatory activities 
that occur via serotonergic receptors activation7. 
Serotonergic receptors have been characterized in 
lymphocytes, monocytes, macrophages, and den-
dritic cells. These receptors are divided into seven 
classes based on their structures and have been 
found to cause biologic effects via different sig-
nal-transduction pathways. Recent studies8 have 
shown the expression of 5-HT7 receptors in the 
nasal cavity on inferior turbinate.

Patients and Methods

First Part
The study was made in two branches, the previ-

ous with 14 volunteers, the subsequent study with 
40 patients with mild anxiety disorder. The Ethi-
cal Committee of the hospital (Campus Bio-Med-
ico University of Rome) approved the study and 
informed consent for tissue analysis was obtained 
from all the patients. Patients with nasal polyposis, 
chronic rhinosinusitis, ongoing pregnancy, smok-
ers, and nosebleeds, patients who already under-
went nasal surgery, patients with marked septal 
deviation and or turbinate hypertrophy, patients 
immunocompromised, and patients with bronchial 
asthma or chronic obstructive pulmonary disease 
(COPD), patients who had used antibiotics in the 
previous 30 days, patients that chronically use im-
munosuppressive corticosteroid, were excluded. 

The middle third of the inferior turbinate epi-
thelial cells on the right nostril was scraped using a 
sterile curette and indicated as (pre), then, a spray 
of sterilized isotonic solution at high pressure on 
the left nostril was delivered, and 5 minutes later a 
similar stimulation was delivered on the same nos-
tril. The stimulation was made with a specific spray 
dispenser. The middle third of the inferior turbinate 
epithelial cells on the left nostril was scraped using 
a sterile curette and indicated as (post).

Serotonin quantification (ELISA)
Serotonin protein was measured in nasal scrap-

ing by using a commercially available ELISA kit 
(Serotonin ELISA kit; ADI-900-175; Enzo Life Sci-
ences; Ann Arbor, MI, USA and ab133053, Abcam, 
Waltham, MA, USA), according to the manufactur-
er’s instructions with minor modifications. Briefly, 
nasal scraping swab were immersed in 100 µl modi-
fied RIPA buffer (50 mM tris-HCl, pH 7.5; 150 mM 
NaCl; 5 mM EDTA; 1% Triton X-100; 0.1% SDS; 
1 mM PMSF and 1x protease inhibitors Pierce) and 
crude extracts were centrifuged at 13000 rpm for 15 

min to remove debris. The supernatant was collect-
ed for Serotonin detection. Appropriate sample ex-
traction and dilutions were carried out in lysis buffer 
and sample diluent (1:2 diluted). Diluted samples 
were loaded on 96-well pre-coated plates in parallel 
with standard curves (range 0.49-500 ng/ml). Ab-
sorbance (OD) values were recorded after reading 
the plates at λ450 nm (corrected to λ570 nm) in a 
96-well plate reader platform (Sunrise; Tecan Group 
Ltd., Männedorf, Switzerland). Normalization was 
carried out before assay. The sensitivity of assay was 
estimated as 0.293 ng/ml and the average intra/in-
ter-assay coefficient of variations (CV) were r  es-
pectively <10% and <12%. 

Second Part
In the first part of the study, we observed an 

increase of the serotonin levels. So based on the 
first part of our study, we started the second part 
and gave a treatment on forty new patients with 
anxiety disorder. The patients were divided in two 
groups of 20 patients; the first one was treated for 
three months with HpPSHS  7 gr/sec for 0.2 sec 
ET (emission time) on both nostrils, 5 minutes lat-
er a similar stimulation was delivered twice a day; 
and the control group received second one with 
low pressure nasal spray, of common use in the 
pharmaceutical market, 1 gr/sec for 0.2 sec.

Depression, Anxiety and Stress Scale-21 
(DASS-21) (Figure 1) was filled out before treat-
ment and after one, two and three months9,10. The 
instructions ask the participant to rate on a 4-point 
scale how often the described experience applies 
to him/her in general (e.g., “How often do……”, 
“you feel rested”, “you have many things to do”, 
“you feel frustrated”). Response options are on a 
4-point scale (0 = did not apply to me at all and 3 
= applied to me most of the time). Higher scores 
indicate more psychological distress11.

After three months of therapy, the first group 
was divided in two groups of ten patients, the first 
one continued the HpPSIS, while the other shifted 
to treatment with low pressure nasal spray. After 
one month, DASS-21was filled out by patients of 
both groups.

Statistical Analysis 
All values were expressed as mean±SEM in 

the graphics. Unpaired Student t test analysis was 
performed using the StatView software (Abacus 
Concepts Inc., Barkley, CA, USA). A p-value ≤ 
0.05 was considered significant. All graphs were 
performed using GraphPad Prism 6 (GraphPad 
Software Inc., San Diego, CA, USA). 
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Results  

First Part
Serotonin was quantified in nasal scraping 

collected before and after treatment. As shown 
in Figure 2A, Serotonin significantly increased 

in protein extracts after treatment (64.35±5.33 
vs. 10.97±2.17; unpaired two tailed t-test, t=9.8, 
df=24, p≤0.0001; F=6.035; DFn=12; DFd=12). 
Scatter plot in Figure 2B indicate the expression 
from each individual subjects.

Figure 1. Depression, Anxiety and Stress Scale-21 (DASS-21). Test and reference values.
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Second Part
In patients treated with HpPSIS we observed 

improvement of mood, after one, two and three 
months, with a statistically significant reduc-
tion of DASS-21, while no reduction was ob-
served in control patients, treated with normal 
pressure commercial spray (Figure 3A). After 
three months we divided the patients treated 
with HPNS in two groups of ten patients: the 
first one continued the HpPSIS therapy for one 
month and the second one continued with a 
normal spray with low pressure output. At the 
end of treatment, the first group showed an ASI 
score similar to those during treatment, with not 
significant variations, while the second group 
had a significant worsening of the mood, with 

a statistically significant increase of the ASI 
score. The single and overall score of the sec-
ond group returned to the score registered at the 
pretreatment enrollment, with not significant 
variations (Figure 3B).

Discussion 

Mast cells (MCs) are derived from hemopoi-
etic precursor cells, undergo their maturation 
in peripheral tissues, and play a significant role 
in both the innate and adaptive immune re-
sponse. Serotonin is not stored in all MC types 
but is implicated in MC adhesion, chemotaxis, 
and tissue regeneration through smooth mus-
cle differentiation of stromal cells. With this 
study we have shown that nasal MCs release se-
rotonin. A recent study detailed 5-HT expres-
sion in inferior turbinate in patients with nasal 
polyps resulting in increased serotonin levels. 
In previous works we demonstrated that an in-
flammatory reaction due to HpPHIS can lead 
to recruit Mast cells, and subsequently trigger 
the release of granules and their contents, i.e., 
NGF. It was feasible that the same process hap-
pened with serotonin, which is also present in 
MC granules, and in this work, we confirmed 
the hypothesis, observing increase of serotonin 
nasal levels after MC induced degranulation. 

This pilot study showed that the topical 
treatment of HpPHIS increases serotonin levels 
in nasal cavity. The observation reported in this 

Figure 2. A-B, Serotonin expression in nasal scraping be-
fore and after treatment with high-pressure hypotonic saline 
solution. A, Comparison of serotonin protein expression 
in nasal scraping from treated nostril vs. untreated nostril. 
Statistical significance between subgroups is shown in the 
graph. B, Scatter plots comparing the serotonin expression in 
nasal scraping from each nostril. 

Figure 3A. Improvement of ASI score of treated patients 
during treatment. T1: 1 month, T2: 2 months, T3: 3 months.
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study opens the way to a new valid strategy to 
enhance the level of endogenous serotonin. 

Conclusions

We observed a significant improvement of 
ASI on patients during HpPHIS therapy. Since 
serotonin is active on mood state and the pres-
ence of brain tissues receptors is known, we can 
forecast the possibility that an increase of sero-
tonin levels in nasal cavities, due to HpPHIS, can 
lead to migration of serotonin along the olfactory 
fibers, to the brain, in the same way of NGF. We 
are studying an increased number of patients in a 
new study, aiming to better understand the path-
way of serotonin from nasal cavities to the brain 
and its role in neurological diseases.
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Figure 3B. Untreated patients return to a high ASI score, 
with a significant worsening of the mood. Treated patients 
maintain a low ASI score and a stable improvement of mood.


