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ABSTRACT

Background. Despite the increasing prevalence of emotional overeating and obesity,
the specific neurohormonal mechanisms involved in the pathogenesis of these patho-
logical processes remain poorly understood. The incretin system may serve as an im-
portant therapeutic target for the correction of these eating disorders.

Aim. To study the effects of the dual GIP/GLP-1 receptor agonist tirzepatide on feeding
behavior parameters in a rat model of emotional overeating induced by intracranial
self-stimulation (ICSS).

Methods. Experiments were performed on male Wistar rats with electrodes implanted
in the ventral tegmental area. Tirzepatide was administered subcutaneously at doses
of 0.05, 0.10, and 0.30 mg/kg for 7 days. Food intake (number of seeds consumed) was
assessed at 1 minute, 30 minutes, and on days 3 and 7 after administration.

Results. No statistically significant changes in feeding activity were observed 30 min-
utes after tirzepatide administration. On the third day, a decrease in food intake was
observed only at the maximum dose (0.30 mg/kg). On the seventh day, a significant
anorexigenic effect was observed at doses of 0.10 and 0.30 mg/kg, indicating a dose-
and time-dependent effect.

Conclusion. Tirzepatide does not exert a significant acute effect on feeding activity
in the emotional overeating model at 30 minutes after administration. Repeated ad-
ministration of the drug revealed a dose- and time-dependent anorexigenic effect,
manifested by a decrease in food intake on days 3 and 7 of the experiment. The most
pronounced decrease in feeding activity was observed at doses of 0.10 and 0.30 mg/kg
onday?7.
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PE3IOME

O6ocHosaHue. Hecmomps Ha pacmyuwyto pacnpocmpaHeHHOCMb IMOUUOHAIbHO-
20 nepeedaHusA U OXXUpPeHUs, ocmaiomca HedOCMAamoYHO U3y4eHHbIMU KOHKpemHele
Helipo2OpMOHAsIbHbIe MeXAHU3Mbl 8 namozeHe3e OaHHbIX NAMoJI02u4ecKux npoyec-
cos. MIHkpemuHo8aA cucmema Moxem CyXUumb 8aXHOU mepanesmuyeckol Mulue-
Hbl0 0718 KOppeKyuu 3mux paccmpoulicme nuuego2o hogedeHus.

Leno uccnedoeaHus. Vizyqume enusHue 080LIHO20 azoHUcma peyenmoposg GIP
u GLP-1 mup3enamuda Ha nokasamesiu NUWEe8o20 NOsedeHUs NpuU 3KCnepuMeH-
MasnabHOM MOOesIuUpOBAHUU SMOUUOHAIbHO20 nepeeddHUs, 8bI38GHHO20 ekmpuye-
cKoU camocmumynayuel Mo32d y Kpbic.

MemoOdesl. SKcnepumeHMel 8bINOJIHEHbI HA KPbICAX-CaMUax AUHUU Bucmap c umnnas-
MUPOBAHHBIMU 3/IEKMPOOAMU 8 8eHMPAsIbHYIO 06/1aCmb NOKPbIWKU. Tup3enamud
8800u/1U NOOKOXHO 8 003ax 0,05; 0,10 u 0,30 me/ke Kypcom 8 meyerue 7 cymok. Oye-
HUBAJIU KOIUYECMB0 ceMAH, NOMpebIEHHbIX XUBOMHbIMU 3a 1 MuHymy, 30 MuHym,
a makxe Ha 3-u u 7-e Cymku nocsie 8gedeHus npenapama.

Pesynemamel. [lokaszaHo, Ymo Ha 30-U MuHyme nocsie 8eedeHuUs mup3enamuod
cmamucmuydecKu 3HA4YUMbIX U3MeHeHUU nuwesoli akmueHOCMU He 8blABIAI0Ch.
Ha mpembu cymku cHuxeHUe hompebsieHUA NUWU OMMmMeyanoce MmoJsibKo NpU MAakcu-
mansHot 0o3e (0,30 me/ke). Ha cedbmble cymku 0ocmosepHoe aHopekcuzeHHoe oeli-
cmesue Habidanoce npu 0o3ax 0,10 u 0,30 me/ke, ymo caudemesibcmayem o 0030-
U 8pemMA3asucuUMOoM xapakmepe 3¢hgekma.

3akmoyenue. Tup3enamuo He OKA3bi8AeM 8bIPAXXEHHO20 0CMPO20 8/IUAHUA HA NU-
wesyro akmugHoOCMob 8 MOOEIU SMOYUOHAIbHO20 nepeedaHus Ha 30-U MuHyme no-
cne 8gedeHus. [pu NOBMOPHOM 88e0eHUU Npenapama 8blfgagemcs 0030- U 8pems-
3asucumblli aHopeKcuzeHHbIU 3¢hhekm, npoAsAAIOUULCA CHUXeHUEM nompebrieHus
nuwu Ha 3-u u 7-e Cymku 3kcnepumeHma. Haubosee 8bipaxkeHHoOe CHUXeHUe nulye-
sol akmusHocmu Habsirodaemcsa npu 0o3ax 0,10 u 0,30 me/k2 Ha 7-e CYmKU 88e0eHUA.

Kniouesoie cnosa: mupsenamuod, uHkpemuH, GLP-1, GIP, smoyuoHansHoe nepeeda-
Hue, camocmumynayus mo3sed, VTA, nuwesoe nosedeHue

Ona untuposBanunsa: depannwsunun H.C, Mopsees C.C., bpyc T.B., Bacunbes A.l. Jo3o-
N BPEMA3aBUCMMOE BAHME ABOWHOro aroHucta peuentopos GIP/GLP-1 tup3enatu-
Aa Ha SMOLMOHasNbHOe nepeefaHne B MOAENM SNeKTPUYECKON CaMOCTUMYNALMM MO3ra
y Kpbic. Acta biomedica scientifica. 2026; 11(3): 162-170. doi: 10.29413/ABS.2026-11.3.20
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BACKGROUND

Pharmacological intervention strategies involving
simultaneous targeting of multiple regulatory signal-
ing pathways are being extensively explored in modern
medicine for the treatment of polyetiological chron-
ic diseases, including metabolic disorders, obesity,
and type 2 diabetes mellitus. The concept of polyphar-
macology involves the development of agents that act
on multiple biological targets to enhance therapeutic
efficacy and broaden the spectrum of action compared
to monotargeted drugs [1, 2].

The underlying rationale of such approaches
is to improve treatment outcomes through synergy aris-
ing from the concurrent activation of complementary
mechanisms. Traditionally, this has been achieved via
polypharmacotherapy, where patients receive a combi-
nation of several drugs [2]. However, advances in pep-
tide engineering have enabled the transition to the cre-
ation of “multifunctional” molecules capable of acting
on multiple pharmacological targets simultaneously
within a single compound [2].

Most such hybrid peptides target G protein-coupled
receptors (GPCRs). In recent years, a number of multi-re-
ceptor agonists have entered clinical trials as potential
therapies for type 2 diabetes, obesity, and non-alcohol-
ic steatohepatitis. The most advanced representative
of this class to date is the dual GIP and GLP-1 receptor
agonist - tirzepatide [3].

Initial clinical trials of tirzepatide have demonstrat-
ed unprecedented efficacy in lowering blood glucose
levels and body weight in patients with type 2 diabe-
tes [4]. Approximately one-third of patients receiving
the maximum dose (15 mg) achieved normoglycemia,
and about 25 % of participants lost at least 15 % of their
baseline body weight within 26 weeks of therapy [5, 6].
Additionally, a marked reduction in fasting triglycer-
ide levels was observed, and analysis of the insulin re-
sistance index (HOMAZ2-IR) indicated improved tissue
insulin sensitivity, which was only partially explained
by weight loss [7, 8].

Such comprehensive metabolic improvement
is consistent with the hypothesis that adding GIP ac-
tivity to classical GLP-1 agonist therapy enhances gly-
cemic control through several mechanisms: stimulation
of insulin secretion by pancreatic 3-cells, normalization
of white adipose tissue function, and a pronounced
anorexigenic effect mediated through integration
of signals from both receptors at the level of the central
nervous system [6, 8]. It is hypothesized that the high
clinical efficacy of tirzepatide is largely determined by its
specific pharmacological properties at each receptor.

The incretin system plays a key role in the regu-
lation of energy homeostasis and feeding behavior.
The major incretin hormones are glucagon-like pep-
tide-1 (GLP-1) and glucose-dependent insulinotropic
polypeptide (GIP), secreted by enteroendocrine cells
of the intestine in response to food intake. GLP-1 recep-
tors have been shown to be expressed in brain centers

164

regulating behavior and reward, including the ventral
tegmental area and the nucleus accumbens, which may
influence motivation for food and other rewards [4]. Ac-
tivation of GLP-1R in these structures leads to reduced
food intake and modulation of dopaminergic transmis-
sion, indicating the involvement of the incretin system
in the regulation of the hedonic component of feeding
[5]. GIP receptors are also expressed in the CNS, and their
co-activation with GLP-1R is considered a promising
mechanism for enhancing metabolic and behavioral
effects [8]. GLP-1 receptor agonists have been shown
to reduce engagement of reward systems, decreasing
addictive-like behavior in models of nicotine use disor-
ders [5].

However, experimental data on the effects of dual
GIP/GLP-1 agonists, such as tirzepatide, on behavior un-
der conditions of hyperactivation of the reward system
remain extremely limited. Tirzepatide has been shown
to attenuate dopaminergic signals associated with al-
cohol and reduce reward-related behavioral manifes-
tations, indicating an impact on central reward mech-
anisms [5].

Therefore, the relevance of this study lies
in the experimental evaluation of the effects of tirze-
patide on emotional overeating in a model induced
by brain self-stimulation. Since this disorder is charac-
terized by combined dysregulation of reward systems,
food motivation, and energy homeostasis, it is funda-
mentally sensitive to drugs with a multimodal mecha-
nism of action.

AIM

To investigate the effects of the dual GIP/GLP-1 re-
ceptor agonist tirzepatide on feeding behavior parame-
ters in an experimental model of emotional overeating
induced by electrical self-stimulation of the brain in rats.

METHODS

The study was conducted in accordance with the re-
quirements of the European Convention for the care,
maintenance, and euthanasia of laboratory animals
and was approved by the local ethics committee of Saint
Petersburg State Pediatric Medical University (Protocol
No. 58/03, dated September 25, 2025).

Animals. A total of 24 male Wistar rats obtained
from the Rappolovo laboratory animal breeding facility
(Leningrad Region) were used in the study. Animals were
housed in standard plastic cages, 5 per cage, with free
access to water and food, under an inverted light cycle
(8:00 AM - 8:00 PM) at a temperature of 22 + 2°C. All
experiments were conducted during the autumn-winter
period.

Surgery. Upon reaching a body weight of 250 g,
rats underwent stereotaxic surgery. Rats were anes-
thetized with Zoletil® 100 at a dose of 50 mg/kg



(tiletamine, zolazepam; Virbac, France). Bipolar stainless
steel electrodes (0.2 mm diameter) were implanted us-
ing a stereotaxic apparatus (Harvard Apparatus, USA)
under aseptic conditions. Electrodes were implanted
into the right ventral tegmental area (VTA) at the fol-
lowing coordinates relative to Bregma: AP = -5.3 mm,
L=0.8mm,H=82mm.

Self-stimulation response study. In a Skinner box
(29.2 x 30.5 x 24.1 cm), a lever (4.5 x 2.0 cm) was posi-
tioned 3.0 cm above the floor. The chamber was con-
nected to a computer via an interface and controlled
by software (Institute of Experimental Medicine). Each
lever press delivered a train of rectangular pulses
(500 ms duration, 100 Hz pulse frequency, 1 ms pulse
duration). Animals were trained for 10 minutes daily
over 5 days. During these sessions, current intensity
was adjusted to achieve maximum lever-pressing rates
without impairing motor function or inducing seizures.
Animals that failed to press the lever more than 50 times
during 10-minute sessions were excluded from the ex-
periment. The remaining animals were tested during
30-minute sessions over 5 additional days to establish
a stable baseline response rate [9].

Self-stimulation and feeding behavior competi-
tion test. After stable self-stimulation parameters were
established, animals were placed on a food deprivation
schedule. Rats were trained for 30 minutes daily to ac-
cess a feeder containing abundant shelled sunflower
seeds over 5 days in the self-stimulation testing cham-
ber. The self-stimulation lever was disabled during this
phase. Subsequent experiments were conducted under
choice conditions between self-stimulation and food
consumption: a feeder was placed in the Skinner box,
and the lever was activated with a fixed current inten-
sity. All animals were required to maintain stable body
weight [9].

Hypothalamic stimulation-induced behavior
test. Following the competition test, animals were re-
turned to ad libitum access to standard pelleted chow
and water. Each animal was placed in a specialized cham-
ber for 5 minutes containing a feeder with sunflower
seeds and several wooden chips. At the end of this ha-
bituation period, forced hypothalamic stimulation (10
periods of 30 seconds each) was applied at the current
intensity used during the competition test. Food-direct-
ed responses or chewing induced by stimulation were
recorded [10].

Self-stimulation-induced emotional overeating
test. In the emotional overeating test in satiated rats,
the threshold current intensity required for lever press-
es during self-stimulation was used. Threshold deter-
mination was performed by varying current intensity
in 5 yA increments. Following threshold determination,
afeeder was placed in the Skinner box and the self-stim-
ulation lever was activated. The number of approach-
es to the feeder, number of seeds consumed, number
of lever presses at fixed threshold current intensity,
and feeding behavior parameters were recorded over 10
minutes. On subsequent days, drugs were administered
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20 minutes prior to testing, and then the rat was placed
in the chamber to assess self-stimulation-induced over-
eating [10].

Initially, 28 animals were included in the study. Fol-
lowing postoperative recovery and the self-stimulation
training phase, 4 animals failed to develop a stable be-
havioral response (did not press the lever) and were
consequently excluded from further experimentation.
Thus, 24 rats were included in the final analysis.

Randomization was performed using simple ran-
dom sampling with a random number generator. Prior
to group allocation, animals were stratified by body
weight (250 g) to ensure group comparability at base-
line. Each animal was then assigned an individual num-
ber, and group allocation was performed by an indepen-
dentinvestigator not involved in subsequent behavioral
testing.

Drugs. Tirzepatide, a synthetic peptide, an unbal-
anced dual agonist of the glucose-dependent insulino-
tropic polypeptide (GIPR) and glucagon-like peptide-1
(GLP-1R) receptors, was used in the study. Tirzepatide
(PROMOMED JSC, Russian Federation) was administered
subcutaneously in the scruff region at doses of 0.05,
0.1, and 0.3 mg/kg body weight in a volume of 1 mL/kg,
calculated individually based on animal weight, over
a 7-day course. A 0.9 % sterile sodium chloride solu-
tion was used as a control solution administered sub-
cutaneously. Rats were tested 20 minutes after the last
administration.

A schematic representation of the experimental de-
sign is provided in Figure 1.

Statistical analysis. Statistical significance was
assessed using GraphPad Prism 10. Data were tested
for normality (Shapiro — Wilk test). As distributions de-
viated from normality, the non-parametric Kruskal -
Wallis test was used with subsequent Dunn'’s post-hoc
test. For analysis of parameter dynamics over time,
the Friedman test with Wilcoxon - Holm pairwise com-
parisons was applied. The significance level was set
at p < 0.05.

RESULTS

According to the Kruskal - Wallis test, differences
between the four groups were non-significant at 30
minutes post-administration (H = 2.097, p = 0.5525), in-
dicating no overall dose effect on the number of seeds
consumed. Dunn’s post-hoc analysis also revealed
no significant differences between the control group
and the groups receiving the compound at 0.05, 0.10,
and 0.30 mg/kg (p > 0.05) (Fig. 2).

The Kruskal - Wallis test revealed an overall dose ef-
fect on day 3 of administration (H = 9.641, p = 0.0219),
indicating significant variability in median values
between groups. Dunn's post-hoc analysis showed
a significant difference only between the control group
and the group receiving the compound at 0.30 mg/
kg (p = 0.0265). No significant differences were found



FIG. 1.
Study design scheme

between the control and the 0.05 mg/kg and 0.10 mg/kg
groups (Fig. 3).

The Kruskal — Wallis test revealed an overall dose ef-
fect on day 7 of administration (H = 14.16, p = 0.0027),
indicating significant variability in median values
between groups. Dunn's post-hoc analysis showed
significant differences between the control group
and the groups receiving the compound at 0.10 mg/kg
and 0.30 mg/kg (p = 0.0442). No differences were found
between the control and the 0.05 mg/kg group (Fig. 4).

Analysis of body weight dynamics revealed dif-
ferential changes depending on the tirzepatide dose.
In the control group, physiological weight gain was ob-
served throughout the observation period. In the group
receiving tirzepatide at 0.05 mg/kg, weight gain was
slower compared to controls. In the 0.10 mg/kg group,
a trend toward gradual weight loss was observed, while
at 0.30 mg/kg, pronounced weight loss was registered
from day 2-3 of the experiment (Fig. 5A).

By day 7, intergroup differences in body weight were
statistically significant. The Kruskal - Wallis test revealed
an overall dose effect (H=13.19,p < 0.01). Post-hoc com-
parison showed significant weight loss in the tirzepati-
de 0.30 mg/kg group compared to controls (p < 0.01).
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FIG. 2.

Feeding activity, defined as the number of seeds consumed per
minute, in the control group and in groups receiving the test com-
pound at various doses, assessed at 30 minutes post-administra-
tion. Each dot represents an individual animal



FIG. 3.

Feeding activity, defined as the number of seeds consumed per
minute, in the control group and in groups treated with the
test compound at various doses on day 3 post-administration
(Mean + SD). Each dot represents an individual animal. *p < 0.05
(Kruskal-Wallis test followed by Dunn’s post-hoc test)

The 0.10 mg/kg group also showed a statistically sig-
nificant difference relative to controls (p < 0.05), while
the 0.05 mg/kg dose did not differ from controls (Fig. 5b).

Thus, tirzepatide administration was associated
with dose-dependent weight loss, most pronounced
at 0.30 mg/kg, confirming the pharmacological ac-
tivity of the drug under repeated administration
conditions.

DISCUSSION

The present study demonstrated that tirzepatide
exerts dose- and time-dependent effects on feeding
behavior in a model of emotional overeating induced
by electrical self-stimulation of the brain. The observed
gradual development of the anorexigenic effect con-
firms that the influence of dual GIP/GLP-1 receptor
activation on behavioral parameters requires repeat-
ed administration and is not immediate. This profile
is consistent with clinical data on the gradual reduc-
tion of appetite and body weight during tirzepatide
therapy [11, 12].

The absence of a statistically significant effect 30
minutes after a single drug administration may indicate
that short-term incretin receptor activation does not
lead to immediate behavioral changes under conditions
of an activated reward system. This aligns with data
showing that central GLP-1 receptor effects develop
gradually and are associated with changes in hypo-
thalamic and mesolimbic neuronal activity [13]. It has
been shown that blockade of endogenous GLP-1R sig-
naling in the ventral tegmental area (VTA) and nucleus
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FIG. 4.

Feeding activity, defined as the number of seeds consumed per
minute, in the control group and in groups treated with the
test compound at various doses on day 7 post-administration
(Mean + SD). Each dot represents an individual animal. *p < 0.05
(Kruskal — Wallis test followed by Dunn’s post-hoc test)

accumbens (NAc) led to a significant increase in food in-
take, establishing the physiological significance of GLP-
1 signaling in the mesolimbic reward system [14]. Our
hypothesis is supported by functional magnetic reso-
nance imaging studies in patients receiving GLP-1 ag-
onists, demonstrating reduced reward center reactivity
to food stimuli after several weeks of therapy, but not
in the first days of treatment [15-17].

The reduction in food intake observed on day 3 only
atthe maximum dose indicates the existence of a thresh-
old level of receptor activation required to achieve
the behavioral effect. Similar data on dose-dependency
of incretin effects have been demonstrated in preclin-
ical models for GLP-1R agonists. Activation of central
GLP-1Rs has been shown to suppress reward and moti-
vation for food intake, interacting with the mesolimbic
system [17]. Concurrent activation of GIPR and GLP-1R
has been shown to enhance metabolic and behavioral
effects compared to isolated stimulation of a single re-
ceptor, supporting the concept of synergy of dual ago-
nists [18].

The most pronounced reduction in feeding activity
by day 7 of drug administration indicates the establish-
ment of a stable pharmacological effect. Clinical studies
demonstrate a similar dynamic of gradual intensifica-
tion of tirzepatide’s anorexigenic action during the first
weeks of therapy [11, 12]. In patients with type 2 dia-
betes mellitus, tirzepatide was non-inferior to semaglu-
tide and superior in terms of mean change in glycated
hemoglobin and body weight from baseline at 40 weeks
[19]. Furthermore, changes in eating behavior patterns
in patients during long-term drug administration have
been demonstrated [20].



FIG. 5.

Dynamics of body weight changes in rats during 7 days of tirzepatide administration

A - Body weight changes (Mean + SD) in the control group and in groups treated with tirzepatide at doses of 0.05, 0.10, and 0.30 mg/kg.
B - Individual body weight values on day 7 of the experiment, with the group mean indicated by a horizontal line. Each dot represents
an individual animal. **p < 0.01 (Kruskal — Wallis test followed by Dunn’s post-hoc test).

From a neurobiological perspective, it is well estab-
lished that GLP-1 receptors are expressed in structures
involved in the regulation of both homeostatic and he-
donic feeding, including the hypothalamic arcuate nu-
cleus, ventral tegmental area, and nucleus accumbens
[13, 14]. GLP-1R activation in the VTA reduces dopami-
nergic activity and diminishes the motivational salience
of food stimuli. Central delivery of the GLP-1R agonist
exendin-4 has been shown to suppress phasic dopa-
mine release induced by intravenous cocaine adminis-
tration. This effect was selective for dopamine signaling
in the NAc [21].

The influence of GIP receptors on central mech-
anisms has been studied less extensively. However,
it has been shown that their co-activation may enhance
GLP-1 effects through alterations in intracellular signal-
ing and potentiation of metabolic responses [18, 22].
The hypothesis that dual GIP/GLP-1 activation leads
to more pronounced modulation of mesolimbic circuits
compared to selective GLP-1R stimulation appears bi-
ologically plausible but requires direct neurochemical
confirmation.

The present study demonstrates the effect
of tirzepatide on feeding behavior in a model of ar-
tificial hyperactivation of the reward system. In con-
trast to most preclinical studies evaluating hyperpha-
gia in diet-induced obesity models, this model allows
investigation of the hedonic component of feeding
associated with activation of the mesolimbic do-
paminergic system. Therefore, this work expands
the mechanistic understanding of the clinical effects
of tirzepatide.

The data obtained suggest that tirzepatide may
be considered a potential tool for correcting not only
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metabolic disorders but also conditions characterized
by pathologically enhanced food motivation. Clinical
data indicate the presence of a pronounced hedon-
ic component of feeding and elements of compulsive
behavior in a subset of patients with obesity [23-25].
If the hypothesis of central modulation of the reward
system is confirmed, this may expand the therapeutic
potential of dual incretin agonists in patients with emo-
tional overeating and comorbid impulse control disor-
ders [26].

Therefore, the present study confirms the dose-
and time-dependent nature of tirzepatide's anorexigen-
ic effect in an experimental model of emotional overeat-
ing, demonstrates the potential involvement of central
mechanisms of motivational regulation, and establishes
a foundation for further translational research.

CONCLUSION

The obtained data confirm that tirzepatide, upon
repeated administration, reduces feeding activity
in a model of emotional overeating and exhibits a dose-
and time-dependent effect. However, to demonstrate
a primarily central (motivational) mechanism of action,
additional studies with control of locomotion/somatic
status and an extended panel of behavioral and neuro-
biological markers of the reward system are required.
The potential role of dual incretin activation in the cor-
rection of feeding behavior relevant to clinical forms
of obesity with a pronounced hedonic component
is substantiated, while simultaneously indicating
the limitations of interpretation necessary for clinical
translation.
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