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ABSTRACT

Background. The incretin system (GLP-1 and GIP) plays a key role in the regulation of energy metabolism and feeding behavior.
Recent research has demonstrated that incretin receptor agonists can modulate not only metabolic processes but also neuronal
mechanisms of reward, highlighting their potential use in managing impulsive and addictive disorders.

Aim — to assess the effect of the dual incretin receptor agonist tirzepatide on operant and feeding behavior in rats in the intracranial
self-stimulation (ICSS) test.

Material and methods. The experiment involved 24 male Wistar rats. Tirzepatide was administered subcutaneously (s.c.) at doses
of 0.05, 0.10, and 0.30 mg/kg once daily for 7 days. Behavioral testing was performed 1 hour after injection, including the ICSS test
(number of lever presses per minute) and the feeding test (number of seeds eaten per minute). Statistical analysis was performed using
the Kruskal-Wallis test followed by Dunn'’s post hoc test (p <0.05).

Results. A single administration of tirzepatide produced no significant differences compared with control (H=3.5; p=0.38). On day 3,
a significant reduction in lever-pressing was observed at 0.30 mg/kg (approximately 15-20% below control; H=13.69; p <0.001; Dunn
p <0.01) along with a decrease in food intake (H=9.64; p <0.05; Dunn p <0.05). By day 7, a stable dose-dependent suppression of both
operant and feeding behavior was recorded (ICSS: H=13.13; p <0.01; feeding: H=14.16; p <0.01) with significant differences at 0.10
and 0.30 mg/kg.

Conclusion. Repeated administration of tirzepatide, a dual incretin receptor agonist, produces a pronounced dose- and time-dependent
reduction in motivational and feeding activity in rats.
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AHTUMAAAWKTUBHBLIW NOTEeHLMan ABOMHOIO aroHMCTa
UHKPETUHOBLIX PeLienTopoB TMp3enaTuaa B Tecte
Ha 3MOLMOHaNbHOEe nepeeaaHune, Bbi3BaHHOE
BHYTPUMO3roBOW CaMOCTUMYNSILMEN

H.C. fepanuwaunu’, C.C. Mopeees’ 2, A.A. Jlebener?,
A.l. Bacunwes', M.1. LLa6aHos', [1.A. le6enes’

1 CaHkT-MeTepOyprekuii rocyAapCcTBEHHbIN NeauaTpuieckinit MeanUmMHCKuiA yHuBepcuTeT, CaHkT-MeTepbypr, Poccust
2 HCTUTYT aKenepuMeHTanbHol MeauLnHbl, CaHkT-MeTepbypr, Poccus

PE3IOME

AkTyanbHocTb. /HkpeTnHOBas cuctema (GLP-1 1 GIP) urpaet KntodeByto ponb B perynsiLum 3HepreTuieckoro 0OMeHa v nnLLeBoro
noseaeHus. COBpeMeHHbIe UCCrefoBaHMs NOKa3blBaOT, YTO arOHWUCTbI MHKPETUHOBBIX PELENTOPOB CMOCOOHLI ONOCPefoBaHHO 13-
MEHSITb He TONMbKO MeTabonMYeckie NPOLECCHI, HO U HEMPOHANbHbLIE MEXaHU3Mbl BO3HArpaXaeHusl, YTo OTKpbIBAET NEPCNEeKTUBLI NX
NPUMEHEHNS MPY HAPYLLIEHWUSIX UMMYNBCUBHOTO U aAAMKTUBHOTO NMOBEAEHNS.

Llenb nccnepoBaHnst — OLEHUTb BAWSIHIE ABOMHOTO aroH1CTa MHKPETUHOBLIX PELIENTOPOB TUP3enaTuaa Ha NoKkasaTeny OnepaHTHO
W MWLLIEBOIN aKTUBHOCTY Y KPbIC B TECTE CAMOCTUMYNIALMMA MO3ra.

Matepuanki 1 MmeToAbl. B akcnepumeHTe ncnonb3oBaHbl 24 camua KpbIc iHUM BucTtap. Mpenapat BBOAWUW NOAKOXKHO (S.C.) B 403aX
0,05; 0,10 1 0,30 mr/kr oguH pa3 B CyTKuW B Te4eHue 7 gHelr. Yepes 1 yac nocne BBeEeHUS NPOBOAUNM TECT BHYTPUMO3roBOI CaMOCTH-
mynsigum (ICSS) n TeCT NULLEBOrO NOBEAEHNS (KONMYECTBO ChbeAEHHBIX CeMsH 3a 1 MUH). [Ins CTaTUCTUYECKOrO aHanmaa NpUMEHSN
HenapameTpuyeckuin kputepuin Kpackena—Yonnuca ¢ nocnegyoLmm nocT-xok Tectom [lanHa (p <0,05).

PesynbTathbl. [Mocrne ogHOKpATHOTO BBEAEHMS Tp3enatuaa pasnuuuii ¢ KOHTponieM He BbisieneHo (H=3,5; p=0,38). Ha 3-u cyTku
Habnoganock JOCTOBEPHOE CHUKEHME KOMMYECTBA HaxaTuii Ha neganb npu gose 0,30 mr/kr (Ha ~15-20% Hke koHTpons; H=13,69;
p <0,001; Dunn p <0,01) n ymeHbLweHne notpebnerus nuwm (H=9,64; p <0,05; Dunn p <0,05). Ha 7-e cyTku BbISIBNEHO CTOKOE
[0303aBMCYMOE CHWKEHWE KaK ONepaHTHOW, Tak 1 nueBoi aktueHocTu: ICSS (H=13,13; p <0,01) n nuwesoe nosegexme (H=14,16;
p <0,01), gocToBepHble pasnuuns npu gosax 0,10 1 0,30 mr/kr.

BbiBogA,. [10BTOpPHOE BBEAEHWE ABONHOMO AroH1CTa MHKPETUHOBBIX PELLENTOPOB TUP3enaTiaa Bbi3biBaET BblpaXXEHHOE 1030- U BpEMeE-
3aBMCUMOE CHIKEHWE MOTUBALMOHHOM 11 MALYEBONA aKTUBHOCTU Y KpbIC.

KntoueBble cnoBa: uHkpeTuHbl, TMp3enatua, GLP-1, GIP, camocTumynsiuMst moara, cucTemMa BO3HArpaxaeHusi, MMMysbCUBHOE
rnoBefeHve, afauKTMBHOE NOBefeHe
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BACKGROUND

Incretins are a group of hormonal peptides of the
gastrointestinal tract that are secreted in response to
food intake and enhance glucose-dependent insulin
secretion by pancreatic B-cells [1]. The main repre-
sentatives of the incretin system are glucagon-like
peptide-1 (GLP-1) and glucose-dependent insuli-
notropic polypeptide (GIP), which are synthesized by
enteroendocrine L- and K-cells of the small intestine,
respectively [2]. After being secreted into the blood-
stream, incretins provide fine regulation of energy and
carbohydrate metabolism by coordinating the interac-
tion between the gastrointestinal tract, pancreas, cen-
tral nervous system, and peripheral target organs [3].

Incretins increase insulin release in response to
oral glucose administration compared with intrave-
nous administration at the same blood glucose con-
centration. This effectis observed due to the combined
action of GLP-1 and GIP (Fig. 1), which enhances in-
sulin secretion and decreases glucagon production.
These effects contribute to the homeostatic control of
blood glucose levels [2].

Glucagon-like peptide-1 (GLP-1) is synthesized
by proteolytic cleavage of the precursor progluca-
gon (PPG), which is expressed in enteroendocrine
cells of the distal small intestine and the pancreas.
Glucose-dependent insulinotropic polypeptide (GIP)
is encoded by a separate gene and is synthesized in
the proximal intestine [2]. Both peptides belong to the
glucagon-like peptide family and act through specific
G protein-coupled receptors (GPCRs): GLP-1R and
GIPR (Fig. 2) [4].

[niokaroHono4o6HbIM nentna-1\
Glucogon-like peptide (GLP-1)

Activation of GLP-1R and GIPR triggers an in-
tracellular cascade that includes increased cAMP
levels and activation of protein kinase A (PKA) and
phosphoinositide 3-kinase (PI3K). In B-cells, these
processes lead to potentiation of insulin secretion [5].
At the same time, glucagon secretion by a-cells is in-
hibited, and hepatic glucose production is reduced.
As a result, postprandial glucose homeostasis is
maintained [5]. Additionally, GLP-1 has anorexigenic
and gastrointestinal effects: it slows gastric emptying,
reduces intestinal motility, and induces a feeling of
satiety. These effects underlie the therapeutic use of
GLP-1R agonists for weight reduction and the treat-
ment of obesity [6].

Receptors such as GLP-1R and GIPR are ex-
pressed in various tissues, reflecting the systemic
nature of incretin axis regulation (Fig. 2). Peripheral
expression of GLP-1R has been found in the pancrea-
tic islets (on B- and &-cells), in the heart, kidneys,
lungs, liver, adipose tissue, and gastrointestinal tract.
GIPRs are predominantly expressed in the pancreas,
adipose tissue, bones, and adrenal glands [3].

In addition to peripheral organs, GLP-1R s
widely represented in the central nervous system,
where it mediates the interaction between metabo-
lic and neurobiological processes. A high density of
receptors is observed in the nucleus of the solitary
tract (NTS) and the dorsal motor nucleus of the va-
gus nerve, which are key centers for visceral signal
integrations, as well as in structures that cross the
blood-brain barrier, such as the lateral septum, ven-
tral tegmental area (VTA), nucleus accumbens (NAc),

[nokaroHonogo6HbIN nentug-1\
Glucogo-dependent insulinotropic polypeptide (GIP)

Fig. 1. Structure of incretin peptides: glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP). Amino acid se-
quences of GLP-1 (left) and GIP (right) are shown, both representing key components of the incretin system that regulates insulin secretion and
energy homeostasis

Puc. 1. CTpykTypa MHKPETUHOBLIX NEeNTUAOB: rniokaroHonogobHoro nentuaa-1 (GLP-1) v rnoko303aBMCMMOro MHCYRMHOTPOMHOTO nonunenT1aa
(GIP). MokasaHbl amuHoKMUCNOTHbIE nocregoBaTensHoctM GLP-1 (cnesa) u GIP (cnpaBa), SIBRSKOLLMXCS OCHOBHbIMW MpeACTaBUTENSMU
NHKPETUHOBO CUCTEMbI, PErYNMNPYIOLLEN CEKPELIMI0 UHCYNINHA 1 SHEPreTUYECKUI ToMeocTas




Fig. 2. Three-dimensional structure of the glucagon-like peptide-1 re-
ceptor (GLP-1R). Spatial organization of GLP-1R, a G protein-cou-
pled receptor (GPCR) composed of seven transmembrane a-helices
that mediate ligand (GLP-1) binding and intracellular signal trans-
duction

Puc. 2. TpexmepHas CTpykTypa pelentopa rniokaroHonogo6Horo
nentuga-1 (GLP-1R). V/3obpaxeHa NpocTpaHCTBEHHas OpraHv3auus
GLP-1R — wmem6paHHoro peuenTtopa, OTHOCALLErocs K CemeicTBy
peLenTopoB, conpsikeHHbIX ¢ G-b6enkamu (GPCR). PewenTop cocTouT u3
cemn TpaHcMeMOpaHHbIX a-Criupaneil, 0becneymBaroLLmx CBA3bIBaHNe
nuranga (GLP-1) n nepepady curHana BHYTPb KneTku

hippocampus, amygdala, and bed nucleus of the stria
terminalis [4, 7].

Such a distribution of receptors indicates that
GLP-1 is involved not only in glycemic control but also
in the regulation of appetite, food motivation, reward,
cognitive function, and stress responses. Collectively,
the effects of incretins provide integration of metabo-
lic, behavioral, and cognitive processes, making the
incretin system a unique link between energy metabo-
lism and the central regulation of behavior [8].

The rapid enzymatic degradation of endogenous
GLP-1 by dipeptidyl peptidase-IV (DPP-IV) and neu-
tral endopeptidase 24.11 limits its bioavailability, so
that only a small fraction of the circulating peptide
reaches brain structures [8]. This fact has stimula-
ted the development of degradation-resistant GLP-1
analogues with prolonged action, such as exendin-4,
liraglutide, dulaglutide, and semaglutide, which are
administered subcutaneously at varying intervals. In
clinical practice, DPP-IV inhibitors (sitagliptin, lina-
gliptin) are also used, whereas the GLP-1 receptor
antagonist exendin-9-39 is mainly used in experimen-
tal studies [9, 10].

In recent years, considerable attention has been
paid to the role of the GLP-1 signalling pathway in
regulating neurobiological processes beyond metabo-
lism, including the development of addictive behavior.
The results of preclinical and clinical studies indicate
the involvement of the GLP-1 system in regulating

responses associated with alcohol consumption, allo-
wing it to be considered a potential therapeutic target
for disorders related to addictive behavior.

AIM

The aim of the study was to evaluate the effect of
the dual incretin receptor agonist tirzepatide on mea-
sures of operant and feeding activity in rats using the
brain self-stimulation test.

MATERIALS AND METHODS

Animal selection. A total of 24 male Wistar rats
(Rappolovo Laboratory Animal Nursery, Leningrad re-
gion) were used in the study. Animals were housed
in standard plastic cages with 8-10 animals per cage
with free access to water and food under inverted light
from 8:00 to 20:00 at a temperature of 22+2 °C. All
experiments were conducted during the autumn-winter
period.

Surgical procedure. When the rats reached a
body weight of 250 g, stereotaxic surgery was per-
formed. The rats were anesthetized with Zoletil 100
(tiletamine, zolazepam, Virbac, France) at a dose of
50 mg/kg. Bipolar stainless steel electrodes (0.2 mmin
diameter) were implanted under aseptic and antisep-
tic conditions using a stereotaxic apparatus (Harvard
Apparatus, USA). The electrodes were implanted into
the right VTA at the following coordinates relative to
bregma: AP=-5.3 mm, L=0.8 mm, V=8.2 mm.

Study of self-stimulation response. In a Skinner
box (29.2x30.5x24.1 c¢m), a lever (4.5x2.0 cm) was
positioned 3.0 cm above the floor. The chamber was
connected to a computer via an interface and con-
trolled by proprietary software (Institute of Experimen-
tal Medicine, Russia). Each lever press triggered a
train of rectangular pulses lasting 500 ms, with a pulse
frequency of 100 Hz and a pulse duration of 1 ms. The
animals were trained for 10 min daily over 5 days. Du-
ring these sessions, the current intensity was adjusted
to ensure the maximum rate of lever pressing for each
animal without impairing motor function or inducing
seizures. Animals that failed to press the lever more
than 50 times during the 10-minute sessions were ex-
cluded from the experiment. The remaining animals
were tested during 30-minute sessions for an addi-
tional 5 days to establish a stable baseline response
rate [11].

Competition between Self-Stimulation and
Eating Behaviour Test. After stabilization of the self-
stimulation parameters, a food deprivation regime
was introduced. Rats were trained to reach a feeder
containing a large number of shelled sunflower seeds
for 30 min daily for 5 days in a self-stimulation testing
chamber. The self-stimulation lever was deactivated.
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Subsequent experiments were conducted under choice
conditions between self-stimulation and food consump-
tion: a feeder was placed in the Skinner chamber, and
the pedal with a fixed current was activated. All animals
were maintained at a stable body weight.
Hypothalamic Stimulation-Induced Behavior
Test. After competition of the self-stimulation and eat-
ing behaviour tests, the animals were returned to ad
libitum access to standard pelleted chow and water.
Animals were placed in a special chamber for 5 min.
This chamber contained a feeder with sunflower seeds
and a small amount of wood shavings. At the end of
the habituation period, forced hypothalamic stimulation
was applied at the same intensity (10 periods of 30 s)
used during the competition test between self-stimula-
tion and feeding behavior. Stimulation-induced feeding
responses or chewing were recorded [11, 12].
Self-Stimulation-Induced Emotional Eating
Test. In the emotional overeating test conducted in
satiated rats, the threshold current intensity required
to maintain lever pressing during self-stimulation was
used. To determine the threshold, the current intensity
was adjusted in 5 pA increments. After determination
of the stimulation threshold, a feeder was placed in the
Skinner chamber and the self-stimulation pedal was
activated. The number of approaches to the feeder, the
number of seeds eaten, the number of pedal presses
at a fixed threshold current, and feeding behavior pa-
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rameters were recorded over a 10-minute period. On
subsequent days, the drugs were administered 20 min
before testing, after which the rats were placed in the
chamber to assess self-stimulation induced overeating
[13, 14].

Tirzepatide (PROMOMED PJSC, Russian Federa-
tion) was used in the study. Tirzepatide was adminis-
tered subcutaneously in the scruff at doses of 0.05, 0.1,
and 0.3 mg/kg body weight, in a volume of 1 ml/kg, cal-
culated individually according to body weight, for 7-day
course. A sterile 0.9% sodium chloride solution served
as a control solution, administered subcutaneously.

Rats were tested 20 minutes after the final admi-
nistration.

Statistical processing. Statistical significance
was assessed using GraphPad Prism 10. Data were
tested for normality using the Shapiro-Wilk test. As the
data were not normally distributed, the nonparametric
Kruskal-Wallis test was used, followed by Dunn’s post
hoc test and Holm’s correction. To analyze the dyna-
mics of the parameters over time, the Friedman test
was used, followed by pairwise comparisons using the
Wilcoxon—Holm test. Results are presented as the me-
dian [25th; 75th percentiles], and statistical significance
was set at p <0.05. Additionally, the effect size (¢2) and
Spearman’s correlation coefficient ( rs) were calculated
to assess the relationship between the number of lever
presses and the amount of food consumed.
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Fig. 3. Effect of tirzepatide on behavioral parameters in rats: a — number of pedal presses per 1 min during intracranial self-stimulation test;
b — number of seeds eaten per 1 min. Data presented as median with 25th and 75th percentiles. Kruskal-Wallis nonparametric test followed by

Dunn’s post hoc test (p >0.05)

Puc. 3. Bnuanne Tupsenatnaa Ha noBeeHYECKNE NOKa3aTENM Y KPbIC: @ — KOMMYECTBO HAaXaTuii Ha nepanb 3a 1 MUH Npu TeCTe CaMoCTUMYNSALK;
6 — KONN4ecTBO CbeAeHHbIX ceMsH 3a 1 MuH. [laHHble npefcTaBneHbl B Buae Meauansl, 25-ro u 75-ro npoueHTunen. Kputepuit Kpackena—

Yonnuca ¢ noct-xok Tectom [lanHa (p >0,05)




RESULTS

The effects of tirzepatide on self-stimulation and
feeding activity parameters were assessed 1 hour after
a single subcutaneous administration of tirzepatide at
doses of 0.05, 0.1, and 0.3 mg/kg.

Administration of tirzepatide within the studied
dose range did not have a statistically significant ef-
fect on the number of pedal presses compared to the
control group (Fig. 3, a). The activity ranged from 120
to 140 presses per minute, with no significant dose de-
pendence.

Statistical analysis using the nonparametric Krus-
kal-Wallis test revealed no significant differences be-
tween groups (H=3.5, p=0.38). To clarify intergroup
differences, Dunn’s test was used as a post-hoc
comparison, which also revealed no statistically sig-
nificant differences (p>0.05 for all pairwise compari-
sons).

The effect of tirzepatide on the number of seeds
consumed per minute is presented. The median va-
luesranged from 4-7 seeds/min (Fig. 3b). A slight
increase in consumption was observed at a dose of
0.1 mg/kg. However, the differences compared with the
control group did not reach statistical significance. The
Kruskal-Wallis test also revealed no statistically sig-
nificant differences between groups (H=2.09, p=0.55).
Dunn’s post hoc test revealed no significant differences
between individual dose groups (p>0.05).
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Effects of tirzepatide on self-stimulation and
feeding behavior on day 3 of the experiment. Be-
havioral testing was conducted 1 h after drug adminis-
tration on day 3 of the experiment.

On day 3, a dose-dependent reduction in the num-
ber of pedal presses was observed. The most pro-
nounced effect was observed at a dose of 0.3 mg/kg,
where the median number of presses decreased by ap-
proximately 15-20% compared with the control group
(Fig. 4, a).

Statistical analysis using the nonparametric Krus-
kal-Wallis test revealed significant differences between
the groups (H=13.69; p <0.001). Dunn’s post hoc test
revealed that the 0.3 mg/kg tirzepatide group differed
significantly from the control group (p <0.01). Doses
of 0.05 and 0.1 mg/kg did not have a significant effect
(p>0.05).

On day 3, a decrease in feeding activity was also
observed following the administration of tirzepatide at
a dose of 0.3 mg/kg (Fig. 4, b). The median number
of seeds consumed per 1 min decreased compared
with the control group. According to the Kruskal-Wal-
lis test, the differences between groups were statisti-
cally significant (H=9.64; p <0.05). Dunn’s post hoc test
showed a significant decrease in feeding activity in the
0.3 mg/kg group compared with the control group
(p <0.05), whereas no significant differences were ob-
served at doses of 0.05 and 0.1 mg/kg (p >0.05).
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Fig. 4. Effect of tirzepatide on behavioral measures in rats on day 3 of the experiment: @ — number of lever presses per 1 min in the intracranial
self-stimulation (ICSS) test; b — number of seeds consumed per 1 min. Data are presented as the median and interquartile range (25"-75" per-
centiles). Kruskal-Wallis test with Dunn’s post hoc test for pairwise comparisons. ** — p <0.01

Puc. 4. Bnnuanne Tup3enaTtuga Ha noBefeHYecKMe NokasaTenu y KpbIC Ha 3-M CyTKW 9KCMEPUMEHTA: @ — KOMWYECTBO HaxaTuii Ha nefanb 3a
1 MWH nNpu TecTe camOCTUMYNALMK; 6 — KONWUYECTBO CbeAEeHHbIX CeMsH 3a 1 MuH. [laHHble npefcTaBneHbl B BUAE MeauaHbl, 25-ro n 75-ro
npoueHTuneit. Kputepuin Kpackena—Yonnuca, ¢ nocT-xok TeCToM [JaHHa Ans napHbIX cpaBHeHuit. ** — p <0.01
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Fig. 5. Effect of tirzepatide on behavioral measures in rats on day 7 of the experiment: a — number of lever presses per 1 min in the intracranial
self-stimulation (ICSS) test; b — number of seeds consumed per 1 min. Data are presented as the median and interquartile range (25"-75™ per-
centiles). Kruskal-Wallis test with Dunn’s post hoc test for pairwise comparisons. * — p <0.05; ** — p <0.01

Puc. 5. Bnuanne tupsenaTtuga Ha noBefeHYecKUe Noka3aTenu y KPbIC Ha 7-M CyTKW 3KCMEPUMEHTA: @ — KOMMYECTBO HaxaTuii Ha neparnb 3a
1 MWH Npu TecTe camoCTUMYNALMK; 6 — KOMMYECTBO CbefeHHbIX CeMsH 3a 1 MuH. [laHHble npefcTaBneHbl B BUAE MeamnaHsbl, 25-ro n 75-ro
npoueHTunen. Kputepuit Kpackena—yonnuca ¢ nocT-xok TecTom [JaHHa Ans napHbIx cpaBHeHui. * — p <0,05; ** — p <0,01

Effect of tirzepatide on self-stimulation and feed-
ing behavior on day 7 of the experiment. Behavioral
testing was conducted 1 h after subcutaneous administra-
tion of tirzepatide at doses of 0.05, 0.1, and 0.30 mg/kg
on day 7 of the experiment. A significant dose-dependent
decrease in behavioral activity was observed.

Tirzepatide administration caused a gradual de-
crease in lever presses, reflecting a reduction in the
motivational component of behavior (Fig. 5, a). A mode-
rate decrease in activity was observed at a dose of
0.05 mg/kg, while the effect was more pronounced at
doses of 0.1 and 0.3 mg/kg. According to the nonpara-
metric Kruskal-Wallis test, the differences between
groups were statistically significant (H = 13.13; p <0.01).

Additional analysis using Dunn'’s post hoc test showed
a significant difference between the 0.1 mg/kg group
and the control (p <0.01) with the most pronounced
decrease in the number of presses at a dose of
0.3 mg/kg (p <0.01).

In parallel, the feeding behavior test also revealed
a significant dose-dependent reduction in the num-
ber of seeds consumed (Fig. 5b). At doses of 0.1 and
0.3 mg/kg, food intake was almost halved compared
to the control group. Statistical analysis using the
Kruskal-Wallis test confirmed significant differences
between groups (H=14.16; p <0.01), and subsequent
Dunn’s test showed a significant reduction in food in-
take at doses of 0.10 mg/kg (p <0.05) and 0.3 mg/kg
(p <0.05).

DISCUSSION

The study revealed that administration of tir-
zepatide induces pronounced dose-dependent and
time-dependent changes in behavioral activity of rats.
On day 1 after a single administration of the drug,
no statistically significant changes were observed in
the lever-pressing frequency or feeding activity, in-
dicating the absence of an immediate effect on the
reward system and food motivation. However, by day
3 of the experiment, a significant decrease in the
number of lever presses in the self-stimulation test,
along with the reduction in seed consumption, was
observed at the dose of 0.3 mg/kg. On day 7, a per-
sistent and pronounced dose-dependent decrease in
both motivational activity and feeding behavior was
observed, with significant differences found for the 0.1
and 0.3 mg/kg doses compared to the control group.
These results confirm the cumulative effect of tirzepa-
tide and its ability to gradually modulate behavioral
patterns associated with the reward system.

The obtained data reflect both the peripheral and
central action of the drug [15]. Tirzepatide is a dual
agonist of GLP-1R and GIPR, allowing it to simulta-
neously activate two incretin pathways. Peripherally,
tirzepatide slows gastric emptying, reduces intestinal
motility, and enhances satiety signals, leading to de-
creased food intake [16]. However, much more inte-
resting are the central effects mediated by GLP-1R
activation in brain structures involved in reward and




motivation regulation. GLP-1-producing neurons in the
nucleus tractus solitarius (NTS) are known to project
to the ventral tegmental area (VTA), nucleus accum-
bens (NAc), amygdala, and hippocampus — areas
involved in the regulation of dopaminergic reinforce-
ment [17, 18]. Activation of GLP-1R in these regions
suppresses dopaminergic activity, reducing the attrac-
tiveness of rewarding stimuli and diminishing motiva-
tionally driven behavior [19, 20]. These mechanisms
may explain the observed decrease in self-stimulation
frequency, which is a model for assessing dopaminer-
gic activity and positive reinforcement.

The observed anorexigenic effect of tirzepatide
is consistent with known data on the role of GLP-1
in the regulation of appetite and energy metabolism
[21]. Stimulation of GLP-1R in the hypothalamus and
brainstem has been shown to enhance satiety and re-
duce food cravings, as supported by data from both
experimental models and clinical observations [4].
Concurrent activation of GIPR can enhance or pro-
long these actions through synergistic effects on pan-
creatic B-cells and modulation of peripheral metabo-
lism. Thus, the combined activation of GLP-1R and
GIPR generates a more stable and potent regulatory
response at both the level of glucose homeostasis
and within the reward system [10].

The temporal profile of the drug’s action deserves
special attention. The absence of an effect after a
single administration and its gradual increase by days
3 and 7 indicate the cumulative nature of tirzepatide’s
action. This may be due to the pharmacokinetic pro-
perties of the drug, including a long half-life and a
gradual increase in concentration with repeated injec-
tions, as well as to the gradual restructuring of neuro-
nal circuits [22]. Repeated activation of GLP-1R can
induce plastic changes in dopaminergic synapses,
reducing the sensitivity of the mesolimbic system to
external reward stimuli [23]. From a functional point of
view, this is manifested as a decrease in motivational
activity, reflected by a reduced number of lever pres-
ses in the ICSS, as well as a decrease in spontane-
ous food intake, indicating suppression of behavioral
responses associated with positive reinforcement.

These data are consistent with the current under-
standing of the incretin system as a neurometabolic
regulator integrating energy balance and motivational
behavior [24]. A number of studies have shown that
GLP-1R agonists (liraglutide, semaglutide) reduce
both body weight and appetite and the desire to con-
sume psychoactive substances and alcohol, which
is explained by a common effect on the mesolimbic
dopaminergic system. In this context, tirzepatide,
which combines GLP-1R and GIPR activation, may
have similar but more pronounced effects, making it a

promising agent for treatment of obesity, diabetes, as
well as for the modulation of impulsive and addictive
behavior [15, 25, 26].

Thus, the results of this study demonstrate that
repeated administration of tirzepatide leads to a con-
sistent and statistically significant reduction in operant
behavior and food intake in rats. The effect is dose-
dependent and increases over time, reflecting both
the peripheral (metabolic) and central (neuromodula-
tory) mechanisms of the drug’s action.

The reduction in lever pressing and food intake
can be viewed as a behavioral equivalent of de-
creased reward motivation and appetite, consistent
with the known properties of incretin receptor ago-
nists. These data confirm the involvement of GLP-1/
GIP-dependent mechanisms in the regulation of the
reward system and open up the prospect of further
study of tirzepatide as a therapeutic agent for the
treatment of motivational and impulsive behavior dis-
orders.

CONCLUSION

Repeated administration of the dual incretin recep-
tor agonist tirzepatide induces a pronounced dose- and
time-dependent reduction in motivational and food-
directed activity in rats, indicating the involvement of
GLP-1/GIP-dependent neuromodulatory mechanisms
in the regulation of motivational-reinforcement pro-
cesses (reward system) and the control of feeding
behavior. This supports the potential of tirzepatide as
a therapeutic agent for the correction of disorders as-
sociated with impulsive and addictive behavior.
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