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ABSTRACT
This review summarizes the physiological effects of xenin-25, a regulatory peptide secreted by K cells of the gastrointestinal mucosa. 
These same cells also secrete glucose-dependent insulinotropic polypeptide (GIP). Based on its primary structure, xenin is classified 
as a member of the neurotensin family of peptides, which also includes motilin, neuromedin N, and ghrelin. A specific xenin receptor 
has not yet been identified, but xenin is known to bind to neurotensin receptors type 1. After a meal, xenin plasma levels increase. 
Xenin inhibits gastric emptying and reduces small intestinal motility. Acting through numerous peripheral and central mechanisms, 
xenin enhances the feeling of satiety and reduces food intake. Xenin stimulates insulin secretion and protects beta cells of the islets 
of Langerhans from damaging factors. In adipose tissue, xenin reduces lipogenesis and enhances lipolysis. Xenin is one of the most 
ancient, and possibly the most ancient, regulatory peptides: the xenin motif is present in the primary structure of proteins in all taxa, 
from prokaryotes to humans. The peptide’s absolute conservatism attests to its high biological significance. Long-acting artificial hybrid 
peptides based on xenin hold clinical promise for the development of new drugs for the treatment of obesity and type 2 diabetes.

Keywords: xenin, satiety, obesity, insulin, diabetes mellitus

To cite this article
Maryanovich A.T., Kormilets D.Yu, Andreevskaya M.V. Xenin, a hormone of satiety. Pediatrician (St. Petersburg). 2025;16(4):49–57. 
https://doi.org/10.56871/PED.2025.61.51.005.

Submitted: 03.09.2025  Accepted: 17.10.2025  Published online: 05.12.2025



Vol. 16  N 4  2025 Pediatrician (St. Petersburg)

ISSN 2079-7850 (Print)

50
REVIEWS

ISSN 2079-7850 (Print)

https://doi.org/10.56871/PED.2025.61.51.005  УДК 577.175.4+616-056.52+613.25+616.379-008.64

Ксенин, гормон сытости
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АННОТАЦИЯ
В обзоре обобщены сведения о физиологических эффектах ксенина-25, регуляторного пептида, который секретируется 
K-клетками слизистой оболочки желудочно-кишечного тракта. Те же клетки секретируют и глюкозозависимый инсулинотроп-
ный полипептид (ГИП, GIP). В соответствии с первичной структурой ксенина его относят к пептидному семейству нейротензи-
на, в которое входят также мотилин, нейромедин N и грелин. Специфический ксениновый рецептор до настоящего времени 
не обнаружен, но известно, что ксенин способен связываться с нейротензиновыми рецепторами первого типа. После приема 
пищи уровень ксенина в плазме крови возрастает. Ксенин затормаживает эвакуацию пищи из желудка и снижает моторику 
тонкой кишки. Действуя через многочисленные периферические и центральные механизмы, ксенин усиливает ощущение сы-
тости и снижает потребление пищи. Ксенин стимулирует секрецию инсулина и защищает бета-клетки островков Лангерганса 
от воздействия повреждающих факторов. В жировой ткани ксенин снижает липогенез и усиливает липолиз. Ксенин — один 
из самых древних, а, возможно, и самый древний из регуляторных пептидов: ксениновый мотив присутствует в первичной 
структуре белков у представителей всех таксонов — от прокариот до человека. Абсолютная консервативность пептида свиде-
тельствует о его высокой биологической значимости. Созданные на основе ксенина длительно действующие искусственные 
гибридные пептиды имеют клинические перспективы при создании новых препаратов для лечения ожирения и сахарного 
диабета 2-го типа.
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polypeptide subunits, one of which is designated alpha-
COP and is characterized by extreme conservatism of its 
primary structure [12].

Using the open-access MEDLINE protein database 
(33 million molecules; 11 billion amino acid residues) and 
an original computer program, we searched for the xenin 
motif in the primary structure of proteins and found this 
motif at all stages of evolution. A matif with 40% homology 
to human xenin is already present in prokaryotes as part 
of the reverse transcriptase enzyme and the endospore 
coat-associated protein YheD, which forms the wall 
of intracellular vesicles. Homology reaches 84–96% in 
single-celled algae and plants, becoming complete by 
the time bony fish appeared. Perhaps xenin is the most 
conservative of all regulatory peptides, or it shares this 
place with insulin [13].

Below are examples and the divergence time (in mil-
lions of years) from the evolutionary branch leading to hu-
mans [14, 15].

MLTKFETKSARVKGLSFHPKRPWIL Homo sapiens 
(human, 0) Xenin / Coatomer subunit alpha
MLTKFESKSNRVKGLAFHPTQPLLA Coprinopsis cinerea 
(yeast, 1150) Coatomer subunit alpha-2
MLTKFETKSNRVKGLAFHPRRPWIL Hordeum vulgare 
(barley, 1496) Coatomer alpha subunit
FLTKFETKSNRVKGLSFHPRRPWIV Guillardia theta 
(fl agellate), 1780) Coatomer subunit alpha
TPLDISPGSLLVKGLSFHPKSGQWN Bacillus licheniformis 
(bacteria, 4290) Reverse transcriptase
TWSTPETKSEAVLSLRRHGYRPRPL Achromobacter 
xylosoxidans (bacteria, 4290) Reverse transcriptase

Our statistical analysis of the data showed that the 
probability of a random coincidence for these amino acid 
sequences is extremely low (p <<0.001).

It turns out that the motif, which later became the 
regulatory peptide xenin, had already formed at the 
dawn of life, i.e., more than 4 billion years ago. Ini-
tially, it was part of the most conservative proteins — 
reverse transcriptases (syn.: reversases), then it 
was used in coatomers — also very conservative 
protein complexes of transport vesicle membranes 
associated with cell membranes and cell organelles. 
The moment when the motif turned into a regulatory 
peptide has not yet been determined, and may not 
be determined anytime soon due to the difficulty in 
assessing the evolutionary age of specific receptors 
capable of binding regulatory peptides. The motif 
has been preserved in the structure of transcriptases 
and coatomer proteins, where it is also present in 
humans.

The cleavage of xenin-25 from the N-terminus of 
the cytosolic protein of the alpha-COP membrane [16] 
is carried out by aspartic proteases such as pepsin and 
cathepsin E [17].

Obesity-related diseases are recognized as the 
main medical problem in developed countries in the 
XXI century [1]. In this regard, substances (both en-
dogenous and drugs derived from them) that can nor-
malize this process are attracting increased interest in 
the scientific community. Particular attention is paid to 
substances that are potentially suitable for treating dia-
betes mellitus.

Regulatory peptides as a basis for creating drugs 
have numerous fundamental advantages and few (tech-
nological) disadvantages.

HISTORY OF THE DISCOVERY
In 1992, a physiologically active pentacosapeptide 

was isolated from the mucous membrane of the human 
gastrointestinal tract in Germany [2] and its primary 
structure was established (see below). The C-terminal 
pentamer of this molecule (KRPWIL) turned out to be 
homologous to xenopsin, a protein of the smooth-spined 
frog Xenopus laevis, which was already known at that 
time, and the authors gave the new regulatory peptide a 
similar name — xenin.

The C-terminal fragments of xenin and neuro-tensin 
(NT) have some structural similarities:

MLTKFETKSARVKGLSFHPKRPWIL xenin-25
                             QLYENKPRRPYIL neurotensin-13

On this basis, xenin is classified as belonging to the 
neuro-tensin [3, 4] or ghrelin/neurotensin peptide family, 
which, in addition to xenin, neuro-tensin, and ghrelin, in-
cludes motilin and neuromedin N [5].

Xenin production
Xenin is present not only in the mucous membrane 

of the human stomach, but also in other parts of the 
gastrointestinal tract, as well as outside it, where a 
pepsin-like protease generates xenin-25 from its pre-
cursor [6].

Food intake stimulates the release of xenin from en-
teroendocrine cells located in the proximal small intestine 
[4, 7]. These cells secrete both xenin-25 and GIP (glucose-
dependent insulinotropic polypeptide; formerly known as 
gastric inhibitory polypeptide) [8, 9].

Phylogeny of xenin
Xenin is the N-terminal fragment of the coatomer 

subunit alpha protein. This motif (sequence of amino acid 
residues) was initially traced in the evolutionary tree back 
to the level of yeast [10], i.e., over a period of approxi-
mately 1.1 billion years. The anorexigenic effect of xenin 
(see below) has been traced back to the level of bony fish 
(435 million years ago) [11].

The coatomer complex is involved in intracellular 
protein transport and consists of an assembly of seven 
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MAIN PHYSIOLOGICAL EFFECTS OF XENIN
The physiological effects of xenin (both endogenous 

and systemically administered) have been summarized 
[18]. The main ones are listed below:
• acting on the gastrointestinal tract, xenin inhibits the 

evacuation of food from the stomach and reduces 
small intestine motility;

• the effect of xenin on the pancreas is to activate the 
beta cells of the islets of Langerhans and increase 
insulin release; 

• in adipose tissue, xenin reduces lipogenesis and en-
hances lipolysis.

• the CNS-mediated effect of xenin is a feeling of sa-
tiety and reduced food consumption.
Let’s take a closer look at these and other effects of 

xenin. 

Xenine and the regulation 
of gastrointestinal motility

Xenine delays gastric emptying [19, 20], as demon-
strated in both healthy individuals and patients with type 
2 diabetes [21]. In volunteers, it has been shown that after 
a meal, systemic administration of xenin increased the fre-
quency of duodenal contractions [22].

Xenin affects the smooth muscle of the rat ileum [23]. 
Food-stimulated release of xenin-25 can activate non-
cholinergic [24] VIP-ergic (vasoactive intestinal polypep-
tide) [25] neurons in the intestine.

Xenine modulates the activity of smooth muscles in 
the colon [26], especially in its distal section [7].

Xenine in the regulation of carbohydrate 
metabolism

Beta cells are sensors of multiple stimuli that are inte-
grated to determine the degree of glucose-induced insu-
lin release, and one such stimulus is the level of xenin in 
blood plasma [27].

Xenin enhances the proliferation of beta cells in the 
islets of Langerhans in rodents and humans [28].

Xenine stimulates insulin secretion by enhancing the 
insulinotropic effect of GIP [18, 29, 30], which is consi-
dered to play a key role in glucose homeostasis. Xenine 
retains some of its activity even after GIP receptors are 
knocked out [9]. Xenin reduces the release of GLP-1 itself 
[4, 20]. The direct effect of xenin on beta and alpha cells 
of the pancreas has also been proven [31]. The effect of 
xenin on the islets of Langerhans may also be mediated by 
a cholinergic mechanism [32].

Xenine increases plasma concentrations of glucagon, 
pancreatic polypeptide (PP), and VIP [33].

High plasma xenine levels enhance the action of some 
antidiabetic drugs [34]. Simultaneous activation of signa-
ling cells producing xenin, gastrin, and GLP-1 produces an 
antidiabetic effect [35].

Xenin and lipid metabolism regulation
Adolescents with obesity had significantly higher 

plasma xenin concentrations than their normally develo-
ping peers. Contrary to expectations, xenin levels did 
not differ between healthy individuals and patients with 
no nalcoholic fatty liver disease (NAFLD; more modern 
name: metabolic dysfunction-associated steatotic liver 
disease, MASLD) [36].) 

Central administration of xenin to obese mice re-
duces food intake and weight gain, and also alters the 
expression of genes and proteins associated with lipid 
metabolism in white adipose tissue (WAT) [37]. Centrally 
administered xenin causes metabolic changes that lead to 
increased lipolysis [38]. Repeated injections of the stable 
synthetic analogue xenin-25[Lys13PAL] produce beneficial 
metabolic effects in high-fat mice [9].

Xenine in food intake regulation 
The level of xenine in human blood plasma incre-

ases after eating [39]. Xenine reduces food intake, and 
this effect is at least partly due to delayed gastric emp-
tying [40].

Xenine suppresses the secretion of hydrochloric acid 
in the stomach [19, 39], and the acidity of gastric contents 
affects the concentration of xenine in plasma. Gastrin 
does not affect xenine levels [41].

Obese people have elevated blood xenin levels, but 
they decrease after gastric bypass surgery [42].

Blood plasma xenin levels also increase with modi-
fied sham feeding, meaning that xenin release is (at least 
partially) a CNS-dependent effect. Brain xenin can also 
significantly reduce food intake [43].

The concentration of xenin in cerebrospinal fluid cor-
relates linearly with that in blood plasma, regardless of 
body weight. The authors seek an answer to the question: 
either (a) there is transport through the blood-brain bar-
rier, and this system is not saturated in the concentration 
range found in their study, or (b) there is coordinated re-
lease of xenin in the periphery and in the CNS [42].

The hypothalamus participates in xenin anorexigenic 
effects. However, it does so through signaling pathways 
that are independent of those used by leptin or melanocor-
tins [44]. Intraperitoneal administration of xenin increases 
the level of hypothalamic interleukin-1 beta (IL-1beta) 
mRNA and significantly reduces food intake in wild-type 
mice; however, this effect is absent in mice deficient in 
IL-1 receptors [45].

When administered into the cerebrospinal fluid, xenin 
activates expression in non-spatinergic neurons of the 
brain and thereby suppresses food intake [46].

The central effects of xenin and GLP-1 reinforce each 
other: the combined administration of two peptides (both 
in ineffective doses) into the brain reduces food intake by 
almost half [47].
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XENIN FRAGMENTS — 
NATURAL AND SUBSTITUTED ONES

The C-terminal octapeptide xenin18-25 [56], and the 
mi nimal fragment (in particular, for enhancing Cl–/HCO3

– 
sec retion in the ileum) is the C-terminal pentapeptide 
xenin21-25 [26].

Replacing the C-terminal peptide bond Lys-Arg (KR) 
in xenin-6 with a restored pseudopeptide bond increased 
the affinity of the peptide with receptors of isolated smooth 
muscle cell membranes in the wall of the small and large 
intestine by 7.7 and 21.0 times, respectively [55]. Such 
Psi-xenin-6 significantly enhanced the proliferation of 
clonal beta cells in humans and rodents, as well as com-
pletely protected beta cells from the action of cytokines, 
i.e., it acted more effectively than the natural peptides 
xenin-25 and xenin-6 [57]. The C-terminal hexapeptide of 
neurotensin NT8-13 was combined with a double-substitu-
ted C-terminal octapeptide of xenin:

Acetyl-NT8-13 + Xenin-8-Gln = Ac-NT/XN-8-Gln
RRPYIL + HPQQPWIL = RRPYILHPQQPWIL

This resulted in pronounced antidiabetic efficacy 
when administered together with exendin-4, a clinically 
approved GLP-1 receptor agonist [30].

Palmitate derivatives of xenin-25 are proposed as a 
new class of GIP secretion stimulants for the treatment of 
type 2 diabetes mellitus [58]. Xenin-25[Lys13PAL] reduces 
neuroinflammation [59].

Xenin-25 is rapidly degraded in the bloodstream. It 
has been suggested that replacing all Lys (K) and Arg (R) 
with Gln (Q) would increase protease resistance and, ac-
cordingly, biological efficacy:
MLTKFETKSARVKGLSFHPKRPWIL xenin-25
MLTQFETQSAQVQGLSFHPQQPWIL xenin-25(Gln)

The resulting six-substituted xenin-25(Gln) was resis-
tant to plasma degradation and had a beneficial metabolic 
effect on mice fed a high-fat diet, as well as on ob/ob mice. 
It significantly stimulated insulin secretion [60].

The Hybrid (DAla2)GIP/xenin-8-Gln has the ability to 
stably activate GLP-1 receptors in diabetes mellitus [61].

PROSPECTS FOR 
THE PRACTICAL USE OF XENIN

The effect of K cells on GIP production (in which xenin is 
involved) may become a strategy for reducing obe sity [62].

Long-acting hybrid peptides based on xenin have 
clinical prospects for the creation of new drugs for trea-
ting type 2 diabetes. The reader can find the formulas of 
specific potential drugs in sources [18, 30, 56, 58, 63–66].

CONCLUSION
1. Xenin-25 is a peptide secreted by K cells in the 

gastrointestinal mucosa. The level of xenin in human 
blood plasma increases after eating.

In a previously published work, we summarized data 
on the pathways of peripheral xenin’s effect on brain regu-
latory mechanisms [5]:
1. Xenin is produced by cells of the gastric and duode-

nal mucosa. Its level in blood plasma increases du-
ring all phases of digestion, starting with the cerebral 
phase. Peripheral xenin participates in endocrine 
regulation: it stimulates the exocrine function of the 
pancreas.

2. Acting on the hypothalamic centers (by a mechanism that 
is still unknown), peripheral xenin suppresses appetite.

3. Cerebral xenin reduces food consumption through 
type 1 neurotensin receptors.

4. Since the effects of peripheral and cerebral xenins co-
incide, there must be receptors capable of binding this 
peptide on the vagus afferents and/or the outer side of 
the blood-brain barrier.
It is also possible that xenin has an anorexigenic 

effect mediated by behavioral changes: central admi-
nistration of the peptide stimulates chickens to explore 
new environments, which may distract them from their 
fe eders [48].

Other effects of xenin
Xenin modulates ion transport in the intestinal wall 

[26]. After eating, xenin binds to NTR1 receptors on affe-
rent fibers innervating the duodenum, causing the release 
of substance P and serotonin, which enhance duodenal 
secretion of HCO3

– and Cl– [49].
Xenine causes gallbladder contractions and enhan-

ces external secretion of the pancreas [19, 39].
Experiments with systemic administration of xe-

nine to non-anesthetized dogs have shown that the in-
duction of gallbladder contractions is the result of the 
direct action of xenine on the motility of the gastrointesti-
nal tract. The authors believe that in this case, the nerve 
pathway mediating the action of xenin is cholinergic, not 
vagal [50].

RECEPTORS CAPABLE 
OF BINDING XENIN

It is unknown whether there is a specific xenin recep-
tor. Xenine exerts its action by binding to neurotensin 
receptors [3, 26], but only to the first type, NTR1 [24, 51, 
52], which are found on the membranes of beta cells of 
Langerhans islets in the pancreas [53] and neurons [4]. 
The structure of NTR1 has been described in detail [54]. 
Xeninin acts on the smooth muscle of the rat ileum through 
the muscle NT receptor, which is sensitive to apamin [23]. 
Some effects of xeninin may be mediated by myenteric 
neurons [19].

The KR_W motif at the C-terminus of the peptide 
mole cule is essential for xenin binding to intestinal smooth 
muscle receptors [55].
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2. Xenin enhances the feeling of satiety and reduces 
food intake by acting through numerous peripheral and 
central mechanisms.

3. Xenin stimulates insulin secretion and protects the 
beta cells of Langerhans islets from damaging factors.

4. Xenin is one of the oldest, and possibly the oldest, 
regulatory peptides: the xenin motif is present in proteins 
of all taxa, from prokaryotes to humans. The absolute 
conservatism of the peptide indicates its high biological 
significance.

5. Long-acting artificial hybrid peptides based on 
xenin have clinical potential in the development of new 
drugs for treating type 2 diabetes and obesity.
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