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Annotation: Endocrine cells of the colon play a key role in regulating metabolism
through the production of hormones that affect appetite, glucose and lpid metabolism.
Disruption of their morpho-functional organization can lead to the development of obesity,
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use in the treatment of metabolic disorders.
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Main text

Endocrine cells of the colon are part of the diffuse neuroendocrine system and
participate 1n the regulation of metabolism by secreting biologically active substances such as
glucagon-like peptide-1 (GLP-1), peptide YY (PYY), serotonin and others. These hormones
affect the central nervous system, digestive organs and endocrine glands, modulating appetite,
msulin secretion and the rate of absorption of nutrients.

Dystunction of these cells can lead to hormonal imbalance, which contributes to the
development of metabolic syndrome. For example, decreased secretion of GLP-1 and PYY
leads to mcreased food mtake and nsulin resistance , which ultimately contributes to the
development of obesity and type 2 diabetes. In addition, disturbances in serotonin production
can affect inflammatory processes in the mntestine, exacerbating metabolic disorders.

Current research points to the potential of GLLP-1 receptor agonists in the treatment of
metabolic disorders. Such drugs help reduce body weight, improve glycemic control, and
reduce mflammation in the intestines.

Intestinal microbiota (IM) 1s a set of bacteria that colonize the gastrointestinal tract
(GIT). The main representatives of the mtestinal microbiota are the types ( phyla ) Firmicutes
, Bacteroidetes , Actinobacteria and Proteobacteria . There 1s evidence that IM 1s a "new
organ" due to the fact that it directly participates i the functioning of the body. IM 1s involved
i the processes of food digestion, in the metabolism of proteins, fats, carbohydrates and bile
acids, has protective properties against pathogenic microorganisms, activating local immunity
and stimulating the secretion of mucus by intestinal cells. IM affects peristalsis processes, acts
as a trigger for differentiation and cellular apoptosis enterocytes and colonocytes . In addition,
CM and 1its active metabolites take an active part in the synthesis of hormones by
enteroendocrine cells (EEC) of the intestine. Disruption of the secretion of these hormones 1s

one of the key links in the pathogenesis of the development of such endocrine diseases as
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diabetes mellitus and obesity. Thus, CM 1s not just an "organ", but an "endocrine organ", the
disruption of the composition and functions of which leads to metabolic disorders.

INFLUENCE OF INTESTINAL MICROBIOTA ON INTESTINAL CELLS

One of the maimn pomts of application of CM 1s the mtestinal epithelium. Intestinal
epithelial cells can be divided into three groups: stem cells, absorptive border enterocytes
and secretory cells. Secretory cells in turn are divided into EECs, goblet cells, and Paneth cells
. EECs make up approximately 1% of all intestinal epithelial cells, but at the same time form
the largest network of endocrine cells in the human body. EECs are classified depending on
the hormone they synthesize: G cells synthesize gastrin , A cells synthesize ghrelin , D cells
synthesize somatostatin , I cells synthesize cholecystokinin , enterochromathin cells synthesize
serotonin, K cells synthesize glucose-dependent msulinotropic peptide (GIP), L-cells -
glucagon-like peptides 1 and 2 (GLP-1, GLP-2) and peptide YY (peptide tyrosine-tyrosine -
PYY).

CM 1s responsible for adequate functioning of the mtestine by activating several
mechanisms. On the one hand, CM takes an active part in regulating angiogenesis by
influencing the synthesis of active peptides in Paneth cells involved in vascular proliferation
processes. This ensures adequate blood supply to the mtestine, which allows for the transport
of large quantities of hormones, vitamins, nutrients and CM waste products to neighboring
mtestinal cells, other parts of the gastrointestinal tract and the liver. On the other hand, CM 1s
mvolved in local (intestinal) and systemic inflammation processes. Thus, CM prevents the
development of a cascade of mflammatory reactions by reducing the permeability of the
mtestinal epithellum, mcreasing mucus production by goblet cells and regulating the
expression of genes responsible for the assembly of tight junctions - proteins that act as
adhesion between intestinal epithelial cells. When the composition of CM 1s disrupted and
the number of gram-negative bacteria in the gastromtestinal tract increases, the permeability of
the mtestinal epithelium increases. This results in gram-negative bacterial lipopolysaccharides
entering the intestinal interstital space and systemic bloodstream, where they bind to Toll -
like receptors type 2 (T'LR2) on the surface of CD4+ T lymphocytes. This interaction
activates gene expression and subsequent synthesis of nuclear factor- kB and activator protein-
1, which enhance the synthesis of promflammatory cytokines - I1-1, IL-6, TNF-a and trigger
a cascade of inflammatory reactions.

During its vital activity, the CM 1s able to metabolize indigestible carbohydrates to
short-chain fatty acids (SCFA), the main ones of which are butyrate, acetate, propionate and
succinate . In the cells of the mtestinal epithelium, succinate , butyrate and propionate
participate 1n intestinal gluconeogenesis . Intestinal gluconeogenesis 1s the process of glucose
synthesis by mtestinal epithelial cells. Glucose formed 1n the epithelial cells enters the portal
vein. The endings of the periportal nerve plexuses located in the wall of the portal vein
perceive an increased concentration of glucose and send an impulse to the brain to activate
the saturation center. Also, information about the concentration of glucose m the portal vein
reaches the hiver and peripheral tissues through the fibers of the nerve plexuses. This leads to
a decrease n the formation of glucose by the liver and increases the glucose tolerance of

peripheral tissues.
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Thus, CM 1s directly mnvolved in mamntaining the vital activity of intestinal epithelial
cells, affecting angiogenesis , mucus production, cellular permeability, inflammation and
energy supply. In addition, CM, through SCFA, affects glucose homeostasis i the body and 1s
mvolved 1n the processes of central appetite regulation. However, these are not the only
points of application of CM. Currently, the effect of CM on the processes of activation of the
synthesis of hormones of the gastrointestinal tract, pancreas (PG), and adipose tissue is being
actively studied.

INFLUENCE OF INTESTINAL MICROBIOTA ON THE SYNTHESIS OF
GASTROINTESTINAL HORMONLES

CM and 1ts active metabolites affect the synthesis of most gastrointestinal hormones,
namely, GLP-1, GLP-2, GIP, PYY, ghrelin , cholecystokinin , serotonin. In addition, there 1s
evidence that CM 1s mvolved i the synthesis of hormones such as leptin and nsulin. The

receptor and enzymatic pathways by which CM affects hormone synthesis are shown n Fig. 1.
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Figure 1. Receptor and enzymatic pathways through which gut microbiota influence
hormone synthesis.
Note. The intestinal microbiota , via its active metabolites, binds to the receptors

GPR41; GPR43; TLR 4,5,9. This leads to the activation of mtracellular processes leading to
the synthesis of hormones. Also, short-chain fatty acids affect the synthesis of serotonin by
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reducing the activity of the enzyme tryptophan hydrolase 1. In addition, there 1s evidence of a
direct effect of intestinal bacteria on the synthesis of hormones.

GIP - glucose dependent insulinotropic peptide, GLP-1, GLP-2 - glucagon-like
peptides 1 and 2; PYY - peptide YY.

The drawing was created using graphic elements from Servier Medical Art
(https://smart.servier.com), distributed under the Creative Commons license Common
Attribution 3.0 Generic . Original photo adapted from
https://smart.servier.com/smart image/complete-digestive-apparatus

Glucagon-like peptide 1

GLP-1 1s a hormone produced by L-cells in the distal ileum and n small quantities 1n
the colon. GLP-1 1s secreted 1n response to an oral glucose load. This hormone stimulates
msulin secretion by beta cells and reduces glucagon synthesis by alpha cells of the pancreas.
In addition to its insulinotropic effect, GLP-1 has a protective effect on beta cells of the
pancreas, heart and kidneys, helps slow intestinal peristalsis, relax the muscular apparatus of
the proximal stomach, reduces appetite, and has an anti-inflammatory eftect [15].

There are a number of studies proving the effect of CM on the secretion of GLP-1
through the production of active metabolites: SCFA, hydrogen sulfide (H2S), indole. There 1s
also data on the effect of some types of bacteria on the secretion of GLP-1.

SCFAs are synthesized by bacteria mainly from indigestible carbohydrates, 1.e.
carbohydrates that are not broken down by gastrointestinal enzymes (cellulose, pectin, etc.).
SCFAs activate two types of receptors: GPR41 and GPR43, which are also called free fatty
acid receptors (FFAR3 and FFAR2). These receptors are present in the gastrointestinal tract,
liver, white adipose tissue, muscles, beta cells and alpha cells of the pancreas. It has now been
established that activaton of GPR41 receptors by butyrate and propionate m the
gastrointestinal tract does not affect GLP-1 secretion, since mice lacking GPR41 do not have
mmpaired glucose homeostasis and GLP- 1 secretion. Unlike GPR41, activation of the SCFA
GPR43 leads to a cascade of intracellular reactions aimed at increasing calcium 1ons in L-cells
and mitiating the synthesis of GLP-1 by these cells. Due to the fact that the GPR41 and
GPR43 receptors are more than 75% 1dentical in amino acid sequence, activation of these
receptors can lead to cross-effects. In other words, 1t 1s highly likely that the GPR41 receptor
1s involved 1n the secretion of GLP-1, which requires further evidence.

Conclusion

Endocrine cells of the colon play an important role in maintaining metabolic
homeostasis. Their dysfunction contributes to the development of diseases such as obesity
and type 2 diabetes. Studymng the mechanisms of their work and developing targeted
therapeutic approaches may become an effective way to prevent and treat metabolic
disorders.
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