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According to the Rome IV consensus (2016), functional gastrointestinal disorders (FGIDs) are disorders of the interaction between the gut
and the brain. A crucial role inthe realization of this mechanism is played by the key neurotransmitter serotonin.

Aim —to investigate the influence of serotonin on the formation of clinical symptoms in children with FGIDs.

Materials and methods. Under observation were 72 children aged 10-18 years with FGIDs. The Group | consisted of 30 children
with combined functional dyspepsia (FD) and irritable bowel syndrome (IBS), the Group Il included 42 children with FD. A control group
of 20 healthy children was established. The diagnosis of FD and IBS was established based on the analysis of clinical symptoms according
to the Rome IV criteria (2016). The severity of clinical symptoms was assessed using the Likert scale from 0to 5 points. The study of serotonin
content in whole blood was conducted using a fluorometric method after adsorption on carboxymethylicellulose.

Results. The intensity of abdominal pain and the severity of dyspeptic syndrome in children with combined FD and IBS is higher than in children
with FD (p<0.01; p<0.05, respectively). The serotonin content inwhole blood in children with FGIDs is lower than in healthy children (p<0.001).
In children with combined FD and IBS, the serotonin content is lower than in children with FD (p<0.05). Reverse correlation links were found
between serotonin content and the intensity of pain syndrome (r=-0.7), the severity of dyspeptic syndromes (r=-0.5), constipation (r=-0.7),
and diarrhea (r=0.7).

Conclusions. The obtained research results indicate the influence of serotonin on the formation of clinical symptoms in children with FD
and combined FD and IBS.

The research was carried out in accordance with the principles of the Helsinki Declaration. The study protocol was approved bythe Local Ethics
Committee of the participating institution. The informed consent of the patient was obtained for conducting the studies.

No conflict of interests was declared by the authors.
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BnsinB cepOTOHIHY Ha pOpMyBaHHSA KAIHIYHUX CUMNTOMIB (PYHKLiOHaNIbHUX
LWYHKOBO-KULLKOBUX po3nagiBy Aiten

O.10. benoycoeal, Vaidotas Urbonas2, /1.B. KazapsHl

XapkKiBCbKWii HaujioHaNbHUIA MeuuHKiiyHiBepcuTeT, YkpaiHa

BiNbHIOCbKWIA YHIBEPCUTET, MeANYHWI (hakyNbTeT IHCTUTYTY KNiHIYHOT MeANLMHN KNIHIKN ANTAYNXXBOPOO

BianosigHo fo PumcbKoro koHceHcycy IV (2016), dyyHKLiOHaNbHILWNYHKOBO-KMLWKOBipo3naamn (FGIDs) — Le po3nagmn B3aeMOii MK KULWeYHu-
KOM iMO3KOM. BupiwanbHy ponb y peanizalii Lboro mexaHiamy Bifjirpae kno4HoBuiA HelipomegiaTop CEpOTOHIH.

MeTa — BMBUUTW BMN/IMB CEPOTOHIHY Ha (DOPMYBAHHA KMiHIYHWX cuMNTOMIBYAiTe i3 FGIDs.

MaTepianu Ta metogun. Tig cnocTepexeHHsM nepebysanu 72 AuTuHu BikoM 10—18 pokis i3 FGIDs. MepLyaocnigHULbKy rpyny cTaHOBUAN
30 piTelt i3 noegHaHO (PYHKLiOHANbHOW aucnencieto (®L) Ta cMHAPOMOM nogpasHeHoro kuweyHuka (CrK), apyry — 42 gutuam 3 4. o
KOHTPONbHOIYBINWNOo 20 3g0poBuxaiTei. fiarHo3 ® [ i CMK BCTaHOBAIOBa/M Ha NigcTasiaHanisy KniHiYHMX cuMnToMiB 3a IV PUMCbkuMu Kpu-
Tepismu (2016). BupasHicTb KMiHIYHUX CUMNTOMIB OLLiHIOBaUIM 3@ Lkasoto SlalikepTa Big 0 fo 5 6anis. [JocnigKeHHs BMICTY CEPOTOHIHY B LiNbHIl
KpPOBINPOBOAUNMN (P/IIOOPOMETPUYHUM METOAOM Mic/Is aAcopobLii Ha kKapbOKCMMEeTUNLEN0N03i.

Pe3ynbTaTun. IHTEHCMBHICTb abA0MiHANbHOrO 600 Ta BUPaXKEHICTb ANCNENTUYHOTO CUHAPOMY B AiTel i3 noegHaHo & i ClMK e BuwmmMp,
HiX y giTelt i3 ®[1 (p<0,01; p<0,05, BiANOBIAHO). BMICT CepOoTOHIHY B LiNbHIN KpoBigiTen i3 FGIDs Hwkuuid, HiXy 340poBux aiteli (p<0,001).
Y piteii i3 noegHaHoto ®[1 i CPK BMICT CEPOTOHIHY HWX4WiA, Hix Yy aiTtelt i3 ® [ (p<0,05). BusBneHo 3BOPOTHIKOPEALIAHI3B'A3KM MiX BMICTOM
CEepOTOHIHyTa IHTEHCUBHICTIO 601b0BOr0 CUHAPOMY(r=-0,7), BUPaXeHICTIO gucnencuyHmx cuHgpomie (r=-0,5), 3akpenis (r=-0,7), giapei (r=0,7).
BucHoBKW. OTpuMaHipesynbTaTy CBig4aTb NPO BM/NB CEPOTOHIHY Ha DOPMyBaHHS KIHIYHOI CMMNTOMATWKK B AiTelt i3 @[l Ta NOEfHAHHAM
& i CIK.

[ocnigkeHHs BUKOHaHO 3riAHO 3 nNpuHUMnNamu MenbCiHCbkoi Aeknapauii. MpoTokoNn AOCNigXEHHSA yXBasleHO KOMICIE 3 6i0eTUKM BKasaHoi
B po60Ti ycTaHOBW. Ha npoBefeHHA JOCNigKEHHA OTPMMaHO iH(hOPMOBaHY 3roay navjieHTiB.

ABTOPM 3aABNAIOTb NPO BiACYTHICTb KOHANIKTY iHTEpECIB.

Knto4yoBi cnoBa: pyHKLiOHaNbHILWNYHKOBO-KULLKOBIpO3Nnaam, yHKUioHanbHa gucnencisa, kombiHoBaHa yHKUiOHanbHa Aucnencis Ta CuH-
[POM NOAPA3HEHOTO KULLEYHWKA, AiTU, CEPOTOHIH.

revalence of functional gastrointestinal
disorders (FGIDs) varies in children
aged up to 4 years from 5.8% to 40%,
and in children aged 4-18 years from 19% to 40%
[11]. According to the Rome IV consensus review
of 2016, FGIDs are disorders of the gut-brain
interaction [4]. Serotonin plays a significant role

in the functioning of the gut-brain axis, acting as
akeyneurotransmitter at both ends ofthis axis [12].
Serotonin is a mediator of the metasympathetic
part of the autonomic nervous system, as well as
a neurotransmitter produced in the brain (5%)
and enterochromaffin cells of the intestines (95%).
It is stored in platelets and plays an important
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role in performing certain functions and reactions
of the body [5].

It is known that serotonin acts through
numerous types of receptors and plays a role
in some nervous and psychological disorders,
as well as gastrointestinal dysfunctions. The most
common types of receptors in the gastrointestinal
tract are 5-HT3, 5-HT4, and 5-HT7 [1]. Serotonin
enhances peristalsis and propulsive contractions
of the intestines by acting on the 5HT3 receptor,
while it reduces motility by acting on the 5HT4
receptor [6,10].

Research results do not provide a clear answer
about the nature of serotonin's impact on the
formation of clinical symptoms in functional
dyspepsia. Reports are conflicting, with some
indicating a decrease in blood serotonin levels
in patients with functional dyspepsia, while
others suggest an increase [2,9]. The influence
of the serotonergic system on the clinical course
of «overlap syndrome» of irritable bowel syndrome
(IBS) and functional dyspepsia (FD), especially in
children, remains insufficiently studied.

The aim ofthe research —to study the impact of
serotonin on the formation of clinical symptoms in
children with FGIDs.

Materials and methods of the research

72 children aged 10-18 years with FGIDs
were under observation. The Group | comprised
30 children with combined FD and IBS, and the
Group Il included 42 children with FD. A control
group of 20 healthy children was established.
The diagnosis of FD and IBS was determined
based on clinical symptoms according to the Rome
IV criteria (2016) [3]. The severity of clinical
symptoms was assessed using the Likert scale:
0 —absence of the symptom, 1 —mild expression
(1 point), mild —2 points, moderate — 3 points,
severe —4 points, and very severe —5 points [13].
The study of serotonin content in whole blood
was conducted using a fluorometric method after
adsorption on carboxymethylcellulose [7].

Statistical data processing was performed using
the SPSS 19.0 software package. The statistical
analysis was conducted using both quantitative
and qualitative variables. Qualitative data were
presented as percentages, while quantitative
data were presented as mean and standard error
(M£m). The Student's t-test and the X test were
used for comparing indicators in independent
samples. The Pearson correlation coefficient was
utilized to identify correlation relationships.
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The critical significance level for testing statistical
hypotheses in the study was set at 0.05.

Results of the research and discussion

According to the findings of the conducted
study, more than half of the patients with FGIDs
were female (55.5%). The average age ofthe children
at the time of examination was 13.1+0.39 years.

Clinical variants of the disease course were
identified in children with FGIDs based on the
presence of symptoms (Figure 1). In the group
of children with FD, 25 (34.7%) patients exhi-
bited epigastric  pain  syndrome (EPS),
and 16 (22.2%) patients had postprandial distress
syndrome (PDS). Among children with the
«overlap syndrome», EPS symptoms combined
with IBS symptoms with a predominance of
constipation (IBS-C) were observed in 9 (12.5%)
patients, with IBS symptoms with a predo-
minance of diarrhea (IBS-D) in 6 (8.3%)
children, and with a mixed form of IBS (IBS-M)
in 3 (4.2%) children. In children with PDS,
symptoms of IBS-C were present in 8 (11.3%)
cases, IBS-D in 3 (4.2%) patients, and only
1 (1.4%) patient exhibited IBS-M.

Fig. 1. Variants of the clinical course of FGIDs in children
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The frequency of dyspeptic symptoms in children with functional gastrointestinal disorders (%)

Combined functional dyspepsia
and IBS (the Group I) n=30

Dyspeptic symptom

N
Feeling of fullness after eating 8
Feeling of early satiety 9
Nausea 19
Belching 15
Abdominal bloating 14
Vomiting 4
Hiccup 6

Note: * — statistically significant difference (p<0.05) between the indicators ofthe Group I and the Group II.

Table 1
Functional dyspepsia
(the Group Il) n=42
%+m n %+m
18.2+5.8 16 24.245.3
20.5%6.6 10 15.2+4.4
43.1£7.5 21 31.8%5.7
34.1£7.1* 6 9.1+3.5
31.8+72*% 7 10.6+3.8
9.1+4.3 8 12.1%4.0
13.6%5.2 n 16.6+4.6
Table 2

The serotonin levels in the blood of children depending on the clinical variant of functional dyspepsia
and the «overlap syndrome» of functional dyspepsia and social-psychological correction (pmol/L)

Combined FD and IBS

. N=30
IBS variants
EPS PDS
n=18 n=12
IBS-C 1.22+0.02%**'## 1.15+0.03**"
IBS-D 1.33+0.02* 1.22+0.01%*"
IBS-M 1.26+0.03*#

FD Control Group
N=42 N =20
EPS PDS
n=26 n=16
1.47£0.024)
1.36+0.02* 1.3720.02*3)

Notes: 1) difference in indicators compared to the control group: * — p<0.05; ** — p<0.01; *** — p<0.001; 2) difference in indicators in children with SEB in the
Groups land II: #— p<0.05; ##— p<0.01; 3) difference in indicators in children with PPDS inthe Groups land 1l:A— p<0.05;/— p<0.01; 3) the average serotonin
level in the blood of children with EPS; 4) the average serotonin level in the blood of children with PDS.

One of the main symptoms of FGIDs was
abdominal pain. All children in the Group |
complained of pain of varying localization (100%),
while in the Group IlI, this symptom was noted
in 35 (83.3+£5.8%) children (p<0.05). The intensity
of abdominal pain on the Likert scale in the
Group | reached 2.7+0.13 points, which exceeded
the corresponding indicator in the Group 1l
(1.2+0.15 points) (p<0.01).

Among the dyspeptic symptoms characteristic
of FD, children in both groups complained equally
aboutafeeling ofearly satiety (p>0.05) and afeeling
of fullness in the postprandial period (p>0.05)
(Table 1). Among the additional symptoms
in children, nausea, vomiting, hiccups were noted,
and their frequency did not differ between the
groups (p>0.05). Belching and meteorism were
likely more frequently observed in children in the
Group | (p<0.05).

Despite the fact that most of the dyspeptic
symptoms occurred with equal frequency in
the groups, the severity of the disease course was
higher in the group of children with combined
pathology. The severity of the dyspeptic syndrome
according to the Likert scale in the Group I was
2.13+0.14 points, which exceeded this indicator in
the Group Il (1.26+0.17 points) (p<0.05).

The severity of the clinical course in children
of the Group | was also influenced by the presence
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of bowel disorders: constipation was observed
in 17 (56.6%) patients, and diarrhea in 9 (30%)
patients. Amixed form of bowel disorder was noted
in 5 (13.3%) children.

The average serotonin level in the blood
of children with FGIDs was 1.31+0.01 pmol/L,
which was significantly lower compared to the
control groups 1.47+0.02 pmol/L (p<0.001).
Reverse correlation relationships were found
between the serotonin content in the blood
of children with FGIDs and the intensity
of abdominal pain (r=-0.8), as well as between the
serotonin content in the blood and the severity
of the dyspeptic syndrome (r=-0.5).

In children with FD and IBS, the average
serotonin level in the blood was 1.22+0.1 pmol/L,
which was likely lower than in the control group
(1.47+0.02 pmol/L) (p<0.001) and in children
with FD alone (1.36+0.02 pmol/L) (p<0.05). Inthe
Group I children, areverse correlation relationship
was found between the serotonin content in the
blood and the severity of constipation (r=-0.7), and
a positive correlation was found with the severity
of diarrhea (r=0.7).

Serotonin level was studied in children
with different variants of functional dyspepsia
and «overlap syndrome» of FD and IBS (Table 2).

As seen from Table 2, in all variants of the
«overlap syndrome», the blood serotonin level
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is lower than in children with FD without the
«overlap syndrome». It is noteworthy that
regardless ofthe clinical variant of FD accompanied
by IBS symptoms, the serotonin level was more
decreased in children with constipation compared
to those with diarrhea.

Literature contains conflicting data regarding the
serotonin contentin the whole blood ofchildren with
functional gastrointestinal symptoms. Our obtained
results demonstrate a decrease in blood serotonin
levels in children with FGIDs compared to healthy
children, which is consistent with some literature
findings [2]. We confirmed that in children with the
«overlap syndrome», serotonin levels are decreased
to a greater extent than in children with functional
dyspepsia, correlating with the greater severity
of clinical symptoms. Our findings also align with
literature suggesting varying effects of serotonin on
different types of bowel disorders in children [8,14,].
We found that in children with combined FD and
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Thus, the obtained results support the influence
of serotonin on the formation of clinical symptoms in
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Conclusions

The course of functional gastrointestinal
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in blood serotonin levels, more significantly so in
Group |.

The severity of clinical symptoms correlates with
blood serotonin levels, confirming its pathogenetic role.
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