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Age-dependent patterns of somatostatinergic neurons
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Abstract

Aim. We aimed to determine the content of neurons expressing somatostatin (SST) and their colocalization with
cells expressing tyrosine hydroxylase (TH) and neuropeptide Y (NPY) in the cranial cervical ganglion (CCG) and celiac
plexus in rats.

Materials and methods. We used 30 white male Wistar rats of six age groups (5 rats per group): newborn pups, 10-,
20-, 30-, and 60-day-old pups, and 24-month-old pups. We incubated their ganglia sections with primary antibodies
against SST, NPY, and TH, as well as with secondary antibodies conjugated with fluorochromes. We evaluated the
ratio between immunoreactive (IR) neurons with a visible nucleolus and excessive fluorescence and the total number
of neurons, as well as the average cross-sectional area, by ImageJ software (NIH, USA).

Results. SST-IR neurons were not found in the CCG. However, the immunoreaction (as granules) was revealed in
most perikaryons at the celiac plexus for SST and NPY with a rather homogeneous distribution for TH. The ratio of
ST-IR neurons reached 33% in pups, doubled during the first month of life, and then remained constant (70-73%).
No statistically significant differences were found between the ratios of SST-IR neurons of the cranial mesenteric
ganglion (CMG) and celiac ganglion (CG) for all age groups. From the moment of birth to 60 days of life, the
average cross-sectional area of SST-IR neurons in the CG and CMG increased by 3.4-3.9 times and then did not
change until 24 months. From the 20th day of life, the average cross-sectional area of SST-IR neurons in the CG
was significantly higher than that in the CMG. All SST-IR neurons in all age groups expressed TH, while 90-94% of
neurons expressed NPY.

Conclusions. The content of ST-IR neurons in different sympathetic nodes is not the same: they are absent in the
CCG, and their ratio and area in the celiac plexus increase during early postnatal development. This may be due to
the peculiarities of innervated target organs.
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Bo3pacTHOe pa3BuTUe cCOMaTOCTaTUHEPru4eCKUX HEUPOHOB
CUMMaTU4YeCKUX NnpeBepTebpanbHbIX y3nos

A.U. Emanyitios, B.B. ITopcesa, A.B. ITassos, I1.M. Mac/ioKkoB™
@I'BOY BO «Spocnasckuti zocydapcmeennslli meduyuHckull ynusepcumem» Munszdpaea Poccuu
yn. Pegontouuonnas, 0. 5, 2. Apocnaens, 150000, Poccus

AHHoOTauuA

Lenb. Onpefenntb cofepxaHie HepoHOB, 3KCNPEecCHpytoLmx comaTtocTaTuH (SST), 1 ero Konokanuaaumio ¢ T-
po3uHruapokcunasoii (TH) u HeiiponenTtuaom Y (NPY) B kpaHWanbHOM LeidHoM raHramm (KLUT) 1 conHeyHoM cnne-
TEHUM KPbICbI.

Martepuanbl n meTopbl. Pa6oTa BbinonHeHa Ha 30 6enbix Kpbicax-camuax i Wistar Wwecty BO3pacTHbIX rpynn
(No 5 KpbiC B KaX[0M1): HOBOPOXAEHHbIe, 10-, 20-, 30-, 60-CyTOUHbIE, 24-MecsuHble. Cpesbl raHrmes MHKY6upoBanm
C nepBuYHbIMK aHTuTenamu K SST, NPY, TH 1 BTOPUYHbIMU, KOHBIOTMPOBaHHbIMK C hiyopoxpomami. Onpeaensnu
[10N1t0 UMMYHOPeakTVBHbIX (IR) HEiPOHOB C BUAMMbIM SAPBIWKOM 1 C hayopecleHLei, npeBbilatoLLeit hoHoBoe
CBEYEHME, N0 OTHOLEHMIO K 0BLLIEMY YMCTY HEAPOHOB, @ TaKXe CPeAHIOKD NNOLLIab CEYEHNS C MOMOLLIO NPOrpam-
Mbl Image J (NIH, CLLA).

Pesynbratbl. SST-IR HeiipoHbl oTcyTcTBOBanM B KLUIT IMMyHOpeakTVBHbIA MaTepuan 06HapyuBanca B 06nacty
TeN 60MbLWKMHCTBA HEAPOHOB CONHEYHOTO crneTeHns B BuAe rpaHyn ana SST n NPY v pacnonarancs 0THOCKUTENb-
HO romoreHHo ana TH. Jons SST-IR HeiipoHoB cocTaBnsana 33% y HOBOPOXAEHHDbIX, YBeNMYMBanach B 4Ba pasa
B NEPBbI MECAL| XM3HW U fanee ocTaBanach NOCTOSAHHOM (70-73%). He ycTaHOBNEHO CTATUCTUYECKN 3HAYUMbIX
pa3nnuuii no gonsim SST-IR HePOHOB Mex Ay KpaHUanbHbIM 6pbixeeyHbiM raHrneM (KBI) n upeBHbIM raHravem
(4r) Bo BCex BO3pacTHbIX rpynnax. C MOMeHTa poxaeHus 1 10 60 CyTOK XW3HI cpeaHss nnoljaab ceveHns SST-IR
HeilpoHoB B Yl 1 Kbl yBennunsanachk B 3,4-3,9 pasa v fanee He MeHanach 0 24 mec. C 20-X CyTOK XU3HW CpefHAs
nnowaapb ceveHus SST-IR HelipoHOB B Ul 6bina cTaTUCTUYECKM 3HAUMMO Bbille, Yem B KBIT Bee SST-IR HelipoHbl
BO BCEX BO3paCTHbIX rpynnax cogepxanu TH u 90-94% HelipoHoB Konokanudosanu NPY.

3aknioyenne. Cozepxanue SST-IR HEMPOHOB B Pa3NINYHbIX CUMMATUYECKUX Y3/1aX TETEPOXPOHHO: OHU OTCYTCTBYHOT
B KLUI, a vx gona u nnowasb B CONHEYHOM CMIETEHUM B PAHHEM MOCTHATalbHOM OHTOTeHe3e YBENNYNBAETCA. ITO
MOXET 6bITb CBA3aHO C 0CO6EHHOCTAMU MHHEPBUPYEMbIX OPraHOB-MMLIEHE.

KnioyeBbie cnoBa: CoMaToCTaTUH; KOSIOKANN3aLUmMa CoOMaTocTaTuHa, TMPO3MHIMAPOKCUNA3a; HerlponenTug Y; xeny-
LOYHO-KMLWEYHbIA TPaKT, MOTOPUKA

Py6pukn MeSH:

FAHT I CUMTTATUYECKWE - METABOJI3M

FAHTTIMA CUMTTATUYECKWE - POCT 1 PA3BUTUE

COMATOCTATUH - METABOJTN3M

NUMMYHOTMCTOXUMWA

Ona uyutnposanms: EmaHyiinos A.W., Mopcesa B.B., Masnos A.B., Macntokos .M. BospacTHoe pa3sutine coma-
TOCTaTMHEPrMYECKNX HEAPOHOB CUMMATUYECKMX NpeBepTe6panbHbix y3n0B. CeyeHoBCKMIA BeCcTHMK. 2023; 14(3):
28-36. https://doi.org/10.47093/2218-7332.2023.14.3.28-36
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Abbreviations:

CY3 - indocarbocyanine

FITC - fluorescein isothiocyanate
IR — immunoreactive

NPY - neuropeptide Y

SST - somatostatin

Somatostatin (SST) is a polypeptide that is a
hormone and neuropeptide and may exist in one of two
biologically active forms, SST-14 and SST-28, with
different sizes of amino acid chains [1]. Physiological
functions are mediated by 5 types of somatostatin
receptors: SSTR1-SSTR5 (somatostatin receptor),
which have similar structures and signal transmission
mechanisms but various cellular and subcellular
localizations and modes of regulation [1, 2].

SST is primarily considered a strong inhibitory
factor in the endocrine system and gastrointestinal
tract. The molecule manages cell division, the ability
of visceral smooth muscles to contract, and the
metabolism of many nutrients. As a neuropeptide,
SST directly acts in the central nervous system,
regulating the transmission of nerve impulses [1,
3]. SST is also a trophic factor during the neuronal
development of neurons at the embryonic stage
[4]. Recent studies have revealed the presence of
SST in the mammalian autonomic nervous system,
particularly in some sympathetic node neurons [5].
The largest proportion of these neurons produce
mediators such as norepinephrine, and enzymes
such as tyrosine hydroxylase (TH) are required for

SSTR - somatostatin receptor

TH - tyrosine hydroxylase

CMG - cranial mesenteric ganglion
CCG - cranial cervical ganglion

CG - celiac ganglion

this synthesis. Two-thirds of the neurons contain
neuropeptide Y (NPY) [6, 7].

The neurotransmitter composition of sympathetic
neurons varies during the lifetime, and the neuronal
localization in ganglia differs [8-10]. For instance,
transient expression of SST is observed in most
sympathetic ganglion neurons in rats on the 16th day of
embryonic development [10, 11].

During the embryonic development of guinea pigs,
SST-immunoreactive (IR) neurons in the celiac plexus
may be found later than NPY-IR neurons, and the
majority (75%) of SST-IR neurons continue to express
NPY in later embryonic stages, but it is rarely observed
in the neonatal period (<2%) [8].

After birth, a small number of SST-IR neurons are
present in the prevertebral nodes in mice [13]. However,
in guinea pigs, the number of SST-IR neurons in the
prevertebral nodes of the celiac plexus reaches 25% and
12-15% in pigs, in contrast to their paravertebral nodes
[14, 15]. Thus, in rats, the paravertebral cervicothoracic
ganglion has the largest number of SST neurons in
newborn pups (7% of the total number of neurons).
Later, the number of SST-IR neurons decreases to 4%
and remains constant after 10 days of life [9].
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In the literature, we found no data about postnatal
changes in neurotransmitter production for other
sympathetic nodes, specifically for paravertebral
cranial cervical ganglia (CCG), as well as for the celiac
plexus, including prevertebral celiac ganglia (CG) and
cranial mesenteric ganglia (CMG).

The study aimed to determine the postnatal content
of SST-IR neurons in the CCG and celiac plexus of
rats, as well as the extent of colocalization between
somatostatin and other neurotransmitters, including
enzymes for catecholamine synthesis (TH) and NPY.

MATERIALS AND METHODS

We used 30 white Wistar male rats of six age groups
(5 rats per group): newborn pups, 10-, 20-, 30-, and
60-day-old pups, and 24-month-old pups.

Animals were killed by injecting a lethal dose of
urethane (3 g/kg intraperitoneally). Then, we performed
transcardial perfusion of standard phosphate buffered
saline (PBS) 0.01 M, pH 7.4 (BioloT LLC, Russia) at
20-500 ml depending on age, and then with the same
volume of a fixing mixture of 4% paraformaldehyde
solution (Sigma, USA) in PBS. Then, we removed the
CCG and ganglia of the celiac plexus (right and left CG
and CMG). We held them in the same fixing mixture
at room temperature for 2 hours. Furthermore, we
washed the ganglia three times in PBS for 10 minutes at
5-minute intervals. The tissues were incubated in 30%
sucrose solution with PBS overnight at a temperature
of 4 °C. We then cut a series of 12 pm tissue sections
with a cryostat.

During the next stage, we provided preconditioning
for 30 minutes at room temperature in PBS with 10%
donkey serum (Jackson ImmunoResearch, USA),
1% Triton X-100, 0.1% bovine serum albumin, and
0.05% thiomersal. Then, we incubated the slides with
primary antibodies for 24 hours at room temperature:
goat anti-SST, 1:200 (Santa Cruz, sc-7819), sheep
anti-TH, 1:1000 (Abcam, abl13), and rabbit anti-
NPY, 1:500 (Abcam, ab30914). After a short-term
PBS wash, we proceeded with secondary antibodies
for 2 hours. Secondary antibodies were conjugated
with fluorochromes: fluorescein isothiocyanate (FITC),
green, and indocarbocyanine (CY3), red (1:150,
Jackson ImmunoResearch, USA).

The total neuronal population was stained with
green fluorescent dye NeuroTrace™ Green Fluorescent
Nissl Stains (Molecular Probes, USA), 1:200. Then,
we washed the slides with PBS and covered them with
mounting medium for fluorescence microscopy with
VectaShield (Vector Laboratories, USA). Some sections
were incubated with no primary and/or secondary
antibodies to avoid nonspecific binding.

KJIETOYHASA BUOJIOTUA, LLUTOJI0I U4, TMCTONOT A

We examined the slides with a software-hardware
complex: an Olympus BX43 fluorescence microscope
(Olympus, Japan) with a set of filters (UFBWA mirror
module - blue, BP460-495 excitation filter, BA510-
550 barrier filter - green fluorescence; U-FGWA mirror
module - green excitation, BP530-550 excitation filter,
BAS575-625 barrier filter - red fluorescence), a cooling
SSD camera Tucsen FL-20 (Xintu Photonics, China),
and a computer with an Intel Core i7 processor (Intel,
USA). Images were taken and processed with Mosaic
software, version 2.1 (Xintu Photonics, China).

We combined the slide images obtained by
multichannel fluorescence with different fluorochrome
spectra using Paint Shop Pro 7.02 software (Jasc
Software, Inc., USA). We superimposed images from
the same fields of view. Such a combined image
displayed green, red, and overlapping as a yellow-green
gradient.

We used every third section from the serial slices
to identify labelled neurons. The number of labelled
neurons was determined on images of slides with
an area of 0.14 mm? obtained with ob. 20x/0.50.
We counted the content of SST-IR neurons as their
ratio to the total number of neurons detected using
NeuroTrace Fluorescent NisslStains (given as 100%).
We only examined neurons with cut nuclei and nucleoli
and evaluated the levels of excessive fluorescence.
We obtained the number of labelled neurons and the
average cross-sectional area of SST-IR neurons with
Image] software (NIH, USA). A manual limiting of
membranes for IR cells allowed us to determine the
average cross-sectional area with an increase of 200x.
In total, we analysed 200 neurons in each ganglion of
each age group.

Statistical processing

We assessed the normality of distributions using the
Shapiro-Wilk test. The significance of the difference
between the mean values was determined using a single-
factor analysis of variance (ANOVA). We employed a
t-test for paired comparisons, and Bonferroni correction
was used for multiple comparisons. The differences
were considered significant at p < 0.05. SigmaPlot
software (Systat Software, USA) was used for statistical
data analysis.

RESULTS

The results showed that SST and NPY
immunolabelling were visualized as granules in the
cytoplasm, while the immunoreactivity to TH remained
mostly homogeneous. In most neurons, immunoreactive
material was found in perikaryons. However, some cells
were also labelled at proximal portions of dendrites.
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The distribution of labelled neurons on
slides was mostly homogeneous. We found no
quantitative difference between the left and right
CG. Therefore, the averaged data for both nodes
are given later.

SST-IR neurons were not detected in the CCG but
were numerous in the celiac plexus. Some neurons
remained SST-IR in both the CG and CCG from birth
to 24 months (Fig. 1).

In newborn pups, one-third of the neurons in the CG
and CMG exhibited IR. The content of SST-IR neurons
doubled in ontogenesis in both nodes during the first 30
days of life but remained at 70-73% until 24 months
(Table 1). We observed no significant difference
between the content of SST-IR from the CMG and CG
for all age groups.

The average cross-sectional area of SST-IR neurons
increased in the CG and CMG from the moment of birth

FIG. 1. Content of neurons expressing somatostatin (red) and neuropeptide Y (green) and their colocalization (yellow) in celiac

ganglia of rats at different ages.
Microphotograph: ob. 20, oc. 10. Scale: 30 pm.

Somatostatinergic neurons immunonegative for neuropeptide Y are indicated by arrows. Fluorescence: fluorescein isothiocyanate

and indocarbocyanine.

Age of the rat: A - newborn pup, B - 10-day-old, C - 60-day-old, D - 24-month-old.
PUC. 1. CopepskaHne B YpeBHOM T'aHIJIMM Y KPbIC Pa3sHbIX BO3PACTOB HEIPOHOB, SKCIIPECCUPYIOIIMX COMAaTOCTATHH (KpacHbIE)
u HeviponientuA, Y (3eJieHbIe), U X KOJIOKaIM3alus (KeIThIN 1BET).

Muxkpodoto: 06. 20, ok. 10. Macita6: 30 MKM.

VMiMMyHOHeraTuBHbIe K Helipornentuay Y cOMaToCTaTMHEepruveckye HelipoHbI yKasaHbl cTpesikoit. dmyopectenims: dbyopeciie-

VH-U30THUOLMaHaT U I/IH,[[OKap6OLH/IaHI/IH.

Bospact kpbichl: A - HOBoposkaeHHas, B - 10-cytounas, C - 60-cyrounas, D - 24-mecsuHast.
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up to 60 days of life (Table 2). From the 20th day of
life, the average cross-sectional area of SST-IR neurons
in the CG was significantly higher than that observed in
the CMG in rats.

In all age groups, from birth up to 24 months, all
SST-IR neurons in the CG and CMG expressed the
enzyme of catecholamine synthesis (TH). At the same
time, regardless of age, the largest proportion of SST-
IR neurons (90-94%) contained NPY (Figs. 1, 2). No
significant difference was found between the content
of SST-IR neurons with NPY in different age groups
(Fig. 2).

KJIETOYHASA BUOJIOTUA, LLUTOJI0I U4, TMCTONOT A

DISCUSSION

The results of this study demonstrate that SST-IR
neurons are present in the prevertebral CG and CMG
at the moment of birth, while no SST-IR neurons
are found in the paravertebral CCG at the same time
point. In rats, the content of SST-IR neurons in the
prevertebral nodes exceeds the parameter values for
other mammals, including mice, guinea pigs, pigs, and
humans. In mice and humans, some solitary SST-IR
neurons are found. In pigs and guinea pigs, the number
of SST-IR neurons in prevertebral nodes reaches 12-
15% and 25%, respectively [5, 6, 13, 14].

Table 1. The content of somatostatinergic neurons in postnatal sympathetic ganglia of rats
Ta6nuya 1. [lonsi coMaToCcTaTUHEPruyecKnX HeiipOHOB B CUMNATHYECKMX Y3/aX KPbIC B NOCTHATaNIbHOM OHTOreHe3e

The content of SST-IR neurons, % / flona SST-IR HelipoHoB, %

Age / Bospact Celiac ganglion /

YpeBHbll raHrui

Cranial mesenteric ganglion / p value / 3Hayenue p

KpaHuanbHblii 6pbleeyHblii raHrnmii

Newborn pup / HoBopoxaeHHblii 34+3.1°
10-day-old / 10 cyTok 42+27°
20-day-old / 20 cyTok 55+4.09¢2
30-day-old / 30 cyTok 70£6.2
60-day-old / 60 cyTok 73+5.9
24-month-old / 24 mecaua 71+5.6

331332 n.s.
45+ 4.1° n.s.
53+5.82 n.s.
7279 n.s.
7316.2 n.s.
7171 n.s.

Note: the content of somatostatinergic neurons is given as a percentage of the total number of neurons. Data for celiac ganglia are presented

as average values for right and left nodes.
ap < 0,05 compared to 60-day-old.
SST-IR - somatostatin immunoreactive; n.s. — not significant.

MpuMeYaHue: LoNs CoOMaTOCTaTUHEPTNYECKMX HeI7IpOHOB npeacrtaBneHa B NpoLeHTax o1 obLLero yncna HeI7IpOHOBA [laHHble no 4YpeBHOMY
FaHrnKo NpeacTaBneHbl yCpeAHEHHBIMI 3HAYE€HNUAMM MO NPpaBOMY 1 IEBOMY y3/1aM.

ap < 0,05 no cpaBHeHuto ¢ 60-CYTOYHBIM.

SST-IR - somatostatin immunoreactive, coMaToCTaTH UMMYHOPEAKTMBHBIE; N.S. — Not significant (He 3HauKMMOo).

Table 2. Cross-sectional area of somatostatinergic neurons in the sympathetic ganglions of rats at different ages
Tabnunya 2. Mnowyasb NONEPEYHOro CeYEHUsi COMATOCTaTUHEPrUYECKUX HeliPOHOB B CUMNATUYECKHX y3/1ax KpbIC
pa3HbiX BO3pacToB

Cross-sectional area of SST-IR neurons, pm? /
Mnowapb nonepeyHoro ceyeHust SST-IR HeiipoHOB, MKM?

Age / Bospact - -
Celiac ganglion /

YpeBHblii raHrnuii

: - - p value / 3Hauenue p
Cranial mesenteric ganglion /

KpaHuanbHbiil 6pblKeeyHblii raHrnmi

Newborn pup / HoBopoXaeHHbli 172 47,28
10-day-old / 10 cyTok 272 £10,7°
20-day-old / 20 cyTok 453 £11,2¢
30-day-old / 30 cyTok 574 £ 22,2°
60-day-old / 60 cyTok 673 + 33,3
24-month-old / 24 mecsua 735+ 34,3

167 + 8,12 n.s.
273 £ 12,62 n.s.
3821155 <0,05
4851 19,82 <0,05
576 + 21,4 <0,05
622 £ 38,5 <0,05

Note: represents the average area of 200 neurons. Celiac ganglion data are presented as average values for the right and left nodes.

2p < 0.05 compared to 60-day-old.
SSTIR - somatostatin immunoreactive; n.s. - not significant.

I'Ipmvleanme: npeAcTaBneHa cpeHad nnolanb 200 Hel7lp0HOB. [anHble no 4PEBHOMY raHrINto NpeacTaB/ieHbl yCPeAHEHHBIMI 3HAYEHNAMMN

Mo NpaBoMy 1 1EBOMY y3naM.
ap < 0,05 no cpaBHeHuto € 60-CYTOYHBIM.

SST-IR - somatostatin immunoreactive, coMaToCTaTH UMMYHOPEAKTMBHBIE; N.S. = Not significant (He 3HauKMMo).
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FIG. 2. Percentage of somatostatinergic (SST) neurons of
the celiac ganglion colocalizing neuropeptide Y (NPY) in
postnatal ontogenesis.

PUC. 2. TIpouenTt comarocraruuepruyeckux (SST) HeltpoHOB
B UPEBHOM T'aHIIMY B IOCTHATAIbHOM OHTOT€He3€e, KOJIOKaIH-
syroumx Heviponentus Y (NPY).

Our previous data indicate that rats have more SST-
IR neurons in nodes of the celiac plexus rather than
in other nodes, including the cervicothoracic node
[13]. We were the first to discover that the content of
SST-IR neurons increases in prevertebral sympathetic
nodes (in particular CCG and CMG) in rats during the
first 30 days of life. In contrast, their paravertebral
cervicothoracic ganglia reach the largest SST-neuronal
content immediately after birth (7%) [9].

During postnatal development, the content of SST-
IR neurons in this node already decreases to 4% up to
Day 10 [9]. Thus, in various sympathetic nodes, the
content of SST-IR neurons varies in a heterochronous
manner, which may be explained by the features of the
target organs innervated. CCG provides sympathetic
innervation of the head, the cervicothoracic ganglion
of the thorax and neck, and the prevertebral nodes
of the organs in the abdominal cavity [16, 17]. We
have previously shown that heart-innervating SST-IR
neurons in the cervicothoracic node are detected in
newborn rat pups only [18].

In this work, we found that there was no change
in the content of SST-IR neurons in the prevertebral
sympathetic nodes of rats from the early age of 30 days
until the age of 2 years. According to the data from the
literature sources, the content of SST-IR neurons in
the hypothalamus of aged animals (2-2.5 years) also
remained constant [19].

We found the average cross-sectional area of SST-
IR neurons to be higher in the CG than in the CMG in
20-day-old and older rats. This phenomenon is consistent
with the previously discovered size of NPY-IR neurons,
which is larger in the CG than in the CMG [8]. We
revealed that almost all SST-IR neurons of prevertebral
nodes in rats of different ages also express TH and NPY.
Neurotransmitters (SST and NPY) suppress peristaltic
movements and secretion in the gastrointestinal tract
[7]- It is assumed that NPY-IR and SST-negative
neurons of the celiac plexus are vasomotor neurons, and
NPY/SST-IR neurons are visceromotor neurons [20].
The largest number of visceromotor fibres is directed
to intramural nodes in the intermuscular plexus of the
gastrointestinal tube [21].

The expression of SST can be altered in pathology.
For example, its expression increases in ganglionic
neurons of pigs with gastrointestinal inflammation, such
as ulcerative colitis and chemically induced descending
colon inflammation [22]. There is evidence that SST
suppresses inflammatory reactions in the intestine by
bidirectional communication between neurons and
mast cells and modulates the activity of gut-associated
lymphoid tissue [23]. SST stimulates the proliferation
of B-lymphoblasts while inhibiting the activity of
T cells, granulocyte proliferation, and synthesis of
proinflammatory cytokines [24].

SST is also involved in the somatostatinergic anti-
inflammatory loop [25], which implies the release of
substance P and/or CGRP (calcitonin-gene-related
peptide) in the case of damage to peptidergic neurons.
Substance P and/or CGRP may induce local neurogenic
inflammation, provoking the release of SST from these
neurons. Therefore, SST blocks the vicious cycle,
preventing excessive release of neuropeptides and
thereby initiating inflammation [25].

CONCLUSION

In the early postnatal development of rats, an
increase in the content of SST-containing neurons is
observed in the paravertebral nodes. This phenomenon
provides the formation of sympathetic innervation
for the gastrointestinal tract. SST not only inhibits
gastrointestinal motility and secretion but also exhibits
both analgesic and anti-inflammatory effects. Further
experiments examining SST receptors in target organs
at different age periods would clarify the features of
the sympathetic regulation in the digestive system and
could discover more options for the pharmacological
management of gastrointestinal diseases.
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