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Corresponding author:  Abstract. Introduction. The glucagon-like peptide-1 (GLP-1) system plays an important role not
Samg S. Pyurveev only in the regulation of energy metabolism but also in the control of motivational and reward-
E-mail: related behavior. Recent studies have demonstrated that GLP-1 receptor agonists can modulate

dr.purveev@gmail.com the activity of mesolimbic brain structures involved in the development of impulsivity and addictive
behavior. However, the effect of GLP-1 system activation on stress-induced disturbances of self-
control remains insufficiently studied. Aim. To determine the role of the glucagon-like peptide-1
(GLP-1) system in regulating impulsive and compulsive behavior that develops in rats following
early-life stress (temporary maternal separation), and to evaluate the effects of pharmacological
activation of GLP-1 receptors on behavioral manifestations associated with impaired self-control
and emotional regulation. Materials and methods. Experiments were carried out on Wistar rats
exposed to maternal separation during the postnatal period. Impulsivity was assessed using a
modified decision-making test with different reinforcement probabilities (analogous to the lowa
Gambling Task), and compulsivity was evaluated using the marble burying test. The GLP-1 receptor
agonist exenatide (Byetta®, AstraZeneca, UK) was administered subcutaneously at a dose of 10 pg/kg
daily for 7 days. Statistical analysis was performed using Student’s t-test; data are presented as
mean+SEM, and differences were considered significant at p <0.05. Results. Administration of the
GLP-1 agonist resulted in a significant reduction in impulsive behavior, expressed as a decreased
frequency of risky arm choices in the probabilistic reinforcement task compared to saline-treated
rats (p <0.05). At the same time, no significant effect was observed on compulsive behavior in the
marble burying test. Conclusions. Activation of GLP-1 receptors by exenatide exerts a selective
anti-impulsive effect while maintaining the level of compulsive responses, indicating a modulatory
role of the GLP-1 system primarily in the regulation of the impulsive component of behavior.
The obtained results support the potential of GLP-1 receptor agonists as pharmacological agents
for correcting stress-induced impairments of self-control and addiction-related behavioral disorders.
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ABTop ans Pe3tome. BeedeHue. Cuctema rntokaroHonofobHoro nentuga-1 (GLP-1) urpaet BaxHyt ponb He
KoppecnoHAaeHuum TOMbKO B PEryNALNM 3HepreT4eckoro 06MeHa, Ho 1 B KOHTPONE MOTUBALMOHHO-NOAKPENNAOLLErO
CapHr Caxanosuy noeeaeHus. B nocnegHne rofbl yCTaHOBIEHO, YTO aroHUCTbI peLienTopoB GLP-1 cnocobHbl Moay-
Miopsees. NMpOBaTb aKTUBHOCTb ME30NIMMOMYECKNX CTPYKTYP, YHaCTBYIOWMX B PA3BUTAN UMMYNbCUBHOCTY
E-mail: 1 apauKTUBHBIX hopM noBeaeHns. OgHako BNUsSHUE akTuBaUuy cucteMbl GLP-1 Ha cTpecc-uHay-

dr.purveev@gmail.com | 1h0BanHble HapyLLEHNS CAMOKOHTPONS HEAOCTATONHO M3y4eHo. Lenb uccaedosanust — onpe-

AENUTb Pofib CUCTEMBI FtokaroHonogo6Horo nentuga-1 (GLP-1) B perynsyuy MMnynbCUBHOTO 1
KOMMYNbCUBHOIO NOBeAeHMs, (hOPMUPYIOLLEroCs Y KPbIC NOCNe paHHEro CTPeCCOBOr0 BO3AENCTBUS
(BPEMEHHOM N30MALMM OT MaTepK), @ Takxe OLEHUTb BAMSHUE (hapMaKonoruieckol akTueaLum
peuentopos GLP-1 Ha noBeAeHYeckne NPOSIBNEHMUS, CBA3aHHbIE C HApYLUEHEM CaMOKOHTPO-
NS ¥ aMounoHanbHo perynauun. Mamepuanbi u Memodbl. SKCNEPUMEHTbI BbINOMHEHbI Ha
kpblcax BucTtap, noBepriinxcs BpeMeHHOW M30NLMK 0T MaTepu B NOCTHaTanbHOM nepuoge.
[Ins oLeHKN MMNYNbCUBHOCTM UCMOMb30BaNM MOANMULIMPOBAHHBIN TeCT Bbibopa ¢ pasnnyHom
BEPOSITHOCTLHK NoakpenneHus (aHanor lowa Gambling Task), a 4ns OLEHKM KOMNYNbCUBHOCTN —
TECT 3aKanblBaHus Wwapukos. Mpenapart akceHatus (Byetta®, AstraZeneca, BenukobputaHnus)
BBOAMNYN NOAKOXHO B 103€ 10 MKI/KI eXXeAHEBHO B TeueHue 7 aHen. Ctatuctuyeckyo obpaboTky
AaHHbIX NTPOBOAMNKM C NoMoLLbio t-kputepust CTblOAeHTa; pesynsTaTthl NPeAcTaBreHs! B BUae
M£SEM, pasnuuns cuntanu 3Ha4yumeimu npu p <0,05. Pesynbmamesi. BBeaeHwe aroHucra
GLP-1 np1BoaMno K 4OCTOBEPHOMY CHUXEHWIO UMMYNBCUBHOCTY, BblpaXaBLUEMYCS B YMEHbLUEHUM
4acToTbl BbIGOPA PUCKOBAHHbIX PYKABOB B TECTE BEPOSATHOCTHOIO NOLKPENNEHUS MO CPABHEHMIO
C rPYNMoiA, NonyyYaBLUER N30TOHMYECKMIA pacTBOp HaTpus xnopuaa pacteop (p <0,05). Mpu aTom
[OCTOBEPHOrO BIUSHWUS HA NPOSBMNEHWS KOMMYNbCMBHOMO NOBEEHNS B TECTE 3aKanbIBaHWS Wapu-
KOB He BbIsSiBNEHO. Bbigodbl. AkTuBaLws pelentopos GLP-1 ¢ nomoLLblo akceHaTuaa okasbiBaeT
CeneKkTUBHOE aHTUUMMNYNbCUBHOE AEUCTBIE NPU COXPAHEHUN YPOBHS KOMMYIbCUBHBIX peakLui,
4TO yKa3blBaeT Ha MOAYNUPYIOLLYI0 ponb cucteMbl GLP-1 npenmyllectBeHHO B perynayuu um-
NynbCMBHOTO KOMMNOHEHTA NOBeAeHNS. [TonyyYeHHbIe AaHHbIe NOATBEPXAAT NEePCNEKTUBHOCTL
aroHnctoB GLP-1 kak hapmakonoruyeckux cpesicTs ANs KOPPeKLMM CTPECC-MHAYLNPOBAHHbIX
HapyLLUeHU CaMOKOHTPONS M aA4UKTUBHbBIX PACCTPONCTB NOBEAEHNS.

KnroueBble cnoBa: rntokaroHonogobHbin nentua-1 (GLP-1), skceHaTua, MNynbCUMBHOCTD,
KOMMNYNbCUBHOCTb, CTPECC, MaTepuHCKas AenpuBaLms, kpoica, Me3onumbuyeckas cuctema
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INTRODUCTION hances satiety [8]. Based on these effects, GLP-1
Characteristic features of many psychiatric di- analogs were developed and are used to improve
sorders, including substance use disorders, gam- glycemic control in patients with type 2 diabetes mel-
bling disorder, obsessive—compulsive disorder, and litus. In addition to its peripheral effects mediated
binge-eating disorder, include impaired behavioral through vagal afferents, GLP-1 is also synthesized
control [1]. Impulsivity is defined as “a predisposi- in the brain—primarily by neurons of the nucleus of
tion toward rapid, unplanned reactions to internal the solitary tract (NTS)—where it functions as a neu-
or external stimuli, with diminished regard for the romodulator [10, 11]. GLP-1 receptors (GLP-1R) are
negative consequences of these actions for oneself expressed in several key brain regions, including the
or others” [2, 3]. nucleus of the solitary tract, hypothalamus, ventral
Compulsivity, in contrast, is characterized by “the tegmental area (VTA), and nucleus accumbens (NAc),
performance of repetitive and functionally maladap- all of which are involved in the regulation of energy
tive behaviors — overt or covert — carried out in homeostasis, appetite, food reward, and drug-related
a stereotyped manner, according to rigid rules or reward [12].
to prevent subjectively perceived negative conse- A number of recent preclinical studies indicate an
quences” [3]. important role of the GLP-1 system in the regulation
Contemporary research indicates that both be- of addictive behavior. Publications from the last de-
havioral phenotypes represent multidimensional cade have demonstrated that exendin-4 suppresses
and multicomponent constructs involving distinct conditioned place preference (CPP), cocaine self-
neurobiological and motivational mechanisms. Their administration, and the reinstatement of drug-seeking
relative contribution to the clinical presentation may behavior induced either by the drug itself or by drug-
vary depending on the type of psychopathology, in- associated cues during abstinence [13-15].
dividual personality traits, and the stage of the dis- Given current understanding of the neurometabolic
order [4]. mechanisms regulating motivation and reward, inves-
In recent years, considerable efforts have been tigation of the role of GLP-1 and its receptors in the
made to investigate the neurobiological basis of pathogenesis of behavioral disorders appears highly
impaired self-control, including the development relevant. While the influence of the GLP-1 system on
of behavioral tests for assessing impulsivity and energy balance, appetite, and glucose metabolism has
compulsivity. Experimental evidence demonstrates been extensively studied, its involvement in the deve-
pronounced impulsive and compulsive traits in ob- lopment of impulsive and compulsive behavioral pat-
sessive—compulsive disorder [1], substance use dis- terns, addictive tendencies, and stress-induced distur-
orders [5], and other addictive behaviors, such as bances of emotional regulation remains insufficiently
gambling disorder [5]. explored.
Considerably less is known about how these pro-
cesses relate to the pathogenesis of binge-eating AIM
disorder (BED). BED is characterized by the con- To determine the role of the glucagon-like pep-
sumption of large amounts of food within a limited tide-1 (GLP-1) system in the regulation of impulsive
period of time, accompanied by a subjective loss and compulsive behaviors developing in rats follo-
of control over eating behavior [6]. The disorder is wing early-life stress exposure (maternal separation),
considered to share features with addictive disor- as well as to evaluate the effects of pharmacological
ders, including a positive correlation with impulsivity —activation of GLP-1 receptors on behavioral manifes-
[7, 8]. tations associated with impaired self-control and emo-
According to current concepts of the neurobiology tional dysregulation.
of addictive disorders, peripheral metabolic factors with
central nervous system activity, such as glucagon-like MATERIALS AND METHODS

peptide-1 (GLP-1), play an important role in regulating Experimental Animals. The study was conduc-
reward circuitry and reinforcement processes associ- ted on 72 Wistar rats weighing 250-300 g (62 males
ated with psychoactive substances [15]. and 10 females). The animals were obtained from

GLP-1 is an incretin hormone secreted by intesti- the Rappolovo breeding facility (Tosnensky District,
nal L-cells in response to food intake. It lowers blood Leningrad Region, Russia) and housed in the ani-
glucose levels by stimulating insulin secretion from mal facility of St. Petersburg State Pediatric Medi-
pancreatic B-cells, delays gastric emptying, and en- cal University. Animals were maintained in standard
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plastic cages (40x50x20 cm) under controlled con- During the first 5 days, a training reinforcement
ditions: temperature 22+2 °C, relative humidity 50— schedule was used: entry into arm 1 delivered one
60%, and a reversed light-dark cycle (light: 20:00- standard food pellet (0.1 g), arm 2 delivered two pel-
08:00; dark: 08:00-20:00). Standard pelleted chow lets, and arm 3 delivered three pellets.
and water were provided ad libitum. Upon arrival, the Subsequently, animals proceeded to the main trai-
animals underwent a two-week acclimatization pe- ning phase. The reinforcement schedule was modified
riod. All experimental procedures complied with Di- as follows: Arm 1: FR1 (one pellet on every entry);
rective 2010/63/EU of the European Parliament and Arm 2: FR2 (two pellets on every second entry); Arm
of the Council on the protection of animals used for 3: FR3 (three pellets on every third entry).
scientific purposes and were approved by the Local Thus, no reward was delivered on 50% of entries
Ethics Committee of St. Petersburg State Pediatric into arm 2 and on 66.7% of entries into arm 3. Stable
Medical University (Protocol No. 58/03, September learning was defined as a consistent preference pat-
25, 2025). tern maintained for at least three consecutive days.
Breeding and Offspring Production. Female rats  Animals that failed to enter the maze arms (<15%)
were housed in groups of five per cage with free ac- were excluded from the experiment [7].
cess to food and water. One male was introduced into Assessment of Compulsive Behavior: Marble
each cage. Vaginal smears were collected daily and Burying Test. Compulsive and anxiety-related be-
examined under a light microscope. The presence of haviors were evaluated using the Marble Burying
spermatozoa in a smear during proestrus was consi- Test. Rats were placed individually in standard
dered day 0 of pregnancy. After pregnancy was con- plastic cages (40x50x20 cm) containing a 5-cm
firmed, females were housed individually. Gestation layer of bedding. Twenty glass marbles (1.5 cm in

lasted 20+2 days. diameter) were evenly distributed across the bed-
Early-Life Stress Model. Maternal separation ding surface.
was used to model early postnatal stress. From post- Each animal remained in the cage for 30 min, after

natal day 2 to day 12, pups were separated from which the number of partially or completely buried mar-
their mothers daily for 180 min and placed individu- bles (buried to a depth exceeding two-thirds of their
ally in plastic containers. Visual, tactile, and auditory diameter) was recorded [7].

contact with the mother was completely prevented.

Following the deprivation period and subsequent nur-

sing, offspring were housed in standard cages with = =
five animals per cage. For behavioral testing, 20 male FR1—100% ‘. g
rats aged 90-100 days and weighing 200-250 g were 3“3 S
selected [5]]. 3 _ _ -8
Randomization. Block randomization was per- 1 " FR2 — 50% ". §§
formed at the litter level (1-2 pups from each litter as- ' § 3
signed to each group). The experimental groups were: g3
MS+NaCl (n=14); MS+Exenatide (10 pg/kg, s.c., once L A = = ®
daily for 7 consecutive days; n=14). FR3 —33% ¢ GQ
Assessment of Impulsive Behavior: Probabi- W
lity-Reward Task (Modified lowa Gambling Task). e A @ Muuwessle nannetsi
[Behavioral impulsivity was assessed using the Pro- Automatic motion sensors Food pellets
bability-Reward Task, a rodent adaptation of the lowa @ AsToMaTUYECKUE KOPMYLIKY
Gambling Task. The apparatus consisted of a start Automatic feeders
platform (33x50x35 cm) connected to three maze Fig.1. Experimental setup for the probability—reward task (mo-
arms, each 50 cm long and 15 cm wide. An automatic dified lowa Gambling Task). FR1 — one pallet per pass;
food dispenser was located at the end of each arm FR2 — two pallets per every second pass; FR3 — three
(Fig. 1). Each return to the start platform initiated a pallets per every third pass. (compiled by the authors)
ek rnforcement cycle P o e i mva——
.Ammals Were tra.lr.]ed daily for 21 days under re- lowa Gambling Task). FR1 — ogHa narnneta npu kaxmgom
stricted feeding conditions (4 h of food access per day) saxone; FR2 — [1B6 NanneTbl npy KaXgoM BTOPOM 3aX0me:
Witg‘ free a%%eﬁs }3 Wgtzr- Prior to each session, rats FR3 — Tpu nanneTbl npy kaxaoM TpeTbeM 3axoae (PUCYHOK
underwent of food deprivation. COCTaBMEH aBTOpami)
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The number of buried marbles was used as an indi-
cator of compulsive behavior. Following each test ses-
sion, both the bedding and marbles were replaced to
eliminate olfactory influences.

Pharmacological Agents. The GLP-1 recep-
tor agonist exenatide (Exendin-4; Byetta®, Astra-
Zeneca, United Kingdom), a synthetic analogue of
endogenous incretin with high affinity for GLP-1
receptors and resistance to degradation by dipepti-
dyl peptidase-1V, was used as the pharmacological
agent.

According to published preclinical studies, exena-
tide is commonly administered to rodents at doses
ranging from 2.4 to 10 ug/kg, producing pronounced
behavioral and neurochemical effects without signifi-
cant somatic adverse effects.

In the present study, exenatide was administered
subcutaneously (s.c.) at a dose of 10 pg/kg in a vo-
lume of 1 mL/kg once daily for 7 days. Treatment
began after the adaptation period. The selected
dose and administration regimen were based on
previously published data demonstrating the ef-
ficacy of GLP-1 receptor agonists in correcting
stress-induced and addiction-related behavioral
disturbances.

Statistical Analysis. Statistical analyses were per-
formed using GraphPad Prism 10.1 (USA). Data distri-
bution was assessed using the Kolmogorov—Smirnov
test. Differences between groups were evaluated
using Student’s t-test.

Data are presented as mean + standard error of
the mean (M+SEM). Differences were considered sta-
tistically significant at p <0.05.

RESULTS

A comparison of the proportion of visits to the first
arm in groups subjected to maternal separation and
treated either with isotonic sodium chloride solution
(MS+NaCl) or a GLP-1 receptor agonist (exenatide,
MS+GLP-1 agonist) revealed statistically significant
differences.

Figure 2 presents the results of the Probability-
Reward Task in rats after maternal separation (MS).
Two groups of animals were compared: MS+NaCl
rats receiving isotonic sodium chloride solution; and
MS+GLP-1 agonist rats treated with a GLP-1 receptor
agonist.

In the MS+Ex4 group, the proportion of visits to the
first arm was 36.01£2.90%, which was significantly
higher than in rats receiving isotonic sodium chloride
solution (21.61+1.76%, t(26)=4.238, p=0.0003). The
mean difference was 14.40% with a 95% confidence
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interval of 7.42-21.38. The coefficient of determina-
tion (n?=0.4085) indicates that approximately 41% of
the variance in this parameter is explained by GLP-1
receptor agonist administration.

When comparing the proportion of visits to the
third arm between the same groups, a significant
decrease was observed in animals treated with
the GLP-1 receptor agonist. The mean proportion
of visits to the third arm in the MS+NaCl group
was 44.431£2.90%, whereas in the exenatide-trea-
ted group this value decreased to 24.40+2.90%
(1(26)=4.803, p <0.0001). The mean difference
was -20.03% with a 95% confidence interval of
-28.60 to -11.46. The coefficient of determination
(n?=0.4702) indicates that approximately 47% of
behavioral variability is explained by the effect of
GLP-1 receptor activation.

Thus, activation of GLP-1 receptors led to a redis-
tribution of behavioral activity toward arms associated
with guaranteed reinforcement, reflecting a shift in mo-
tivational decision-making patterns following early-life
stress exposure.

® Bpews nsonsauum ot matepu + NaCl
Maternal separation + NaCl
80+ ¢ Bpewms usonauum ot matepu + aroHuct GLP-1
Maternal separation + agonist GLP-1
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Fig.2.  Changes in the proportion of arm visits with different
reinforcement probabilities in rats after maternal sepa-
ration following administration of saline or a GLP-1
agonist. Data are presented as mean * SEM; statistical
analysis was performed using Student’s t-test; *p <0.01,

**p <0.001 (compiled by the authors)

V13mMeHeHe ynenbHOro Beca NOCELLEHNS PYKaBOB C pa3nuy-
HOW BEPOSITHOCTBIO MOAKPENNEHMS Y KpbIC MOCNe BpeMeH-
HOW M30MALMM OT MaTepy Mpu BBEAEHWN WM30TOHWYECKOrO
pacTBopa HaTpus xnopuga u aroHucta GLP-1. [laHHble
npefcTaBneHbl B B4 CPeAHWX 3HaveHuin + SEM; cratu-
cTnyeckast obpaboTka — t-kputepuin CtblogeHTa; * p <0,01,
**p <0,001 (pucyHoKk COCTaBMEH aBTOpamM)
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® Bpewms nzonsyum ot matepu + NaCl
20 - Maternal separation + NaCl

¢ Bpewms n3onsuum ot matepu + aronuct GLP-1
Maternal separation + agonist GLP-1
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Fig. 3.  Number of marbles buried in the marble burying test in
rats after maternal separation following administration
of saline or a GLP-1 agonist. Data are presented as mean
* SEM (compiled by the authors)

Puc.3. Komn4yectBo 3akonaHHbIX LIApUKOB B TeCTe 3akamblBaHUS

LIApUKOB Y KpbIC NOCMe BPEMEHHOW U30M[UMM OT MaTepu
Mpy BBEAEHUM W30TOHMYECKOTO pacTBopa HaTpus xnopuaa
n aroHncta GLP-1. [laHHble npeacTaBneHbl kak cpefHue +
SEM (pucyHok cocTaBneH aBTopamm)

Figure 3 presents the results of the Marble Bu-
rying Test in rats subjected to maternal separation and
treated with either isotonic sodium chloride solution
(MS+NaCl) or a GLP-1 receptor agonist (MS+GLP-1
agonist). Both groups demonstrated a similar behavio-
ral trend: animals actively interacted with the environ-
ment and buried marbles; however, administration of
the GLP-1 receptor agonist did not produce statistically
significant changes in the number of buried marbles
compared with the control group (p >0.05, Student’s
t-test).

The mean number of buried marbles was 8.2+0.7
in the MS+NaCl group and 7.1£0.6 in the MS+GLP-1
agonist group. Despite a slight trend toward reduction
in the treated group, the differences were not statisti-
cally significant.

DISCUSSION

The maternal separation model used in this study
represents one of the most valid and reproducible ex-
perimental approaches for modelling stress-induced
disturbances of emotional and behavioral regulation
[16, 17]. Prolonged separation of pups from the mother
during the early postnatal period is accompanied by
activation of the hypothalamic—pituitary—adrenal axis
and the development of persistent alterations in do-
paminergic and serotonergic brain systems, leading to
increased impulsivity, anxiety, and the emergence of
rigid behavioral patterns in adulthood [18].

The present data demonstrate that pharmacologi-
cal activation of GLP-1 receptors with exenatide in
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animals exposed to early postnatal stress selectively
corrects the impulsive component of decision-ma-
king, shifting behaviour from risky strategies toward
predictable reinforcement. This is directly reflected
in the redistribution of arm choices in the modified
Probability-Reward Task: in rats treated with exena-
tide, the proportion of visits to the arm with guaran-
teed reinforcement (FR1) was significantly higher
than in animals receiving isotonic sodium chloride
solution (36.01£2.90% vs. 21.61+1.76%,; t(26)=4.238,;
p=0.0003), whereas the number of visits to the “risky”
arm (FR3) was significantly reduced (24.40£2.90% vs.
44.43+2.90%; 1(26)=4.803; p <0.0001). The absence
of significant changes in the marble burying test high-
lights the selectivity of exenatide’s effect: the interven-
tion modulates impulsivity but does not affect compul-
sive or stereotyped behavioral patterns, where rigidity
and perseveration play a dominant role. It should be
noted that the marble burying test integrates an anxi-
ety-related component as well, which limits its sensiti-
vity to changes in cognitive rigidity; thus, the observed
dissociation between impulsivity and compulsivity is
not only methodologically plausible but also conceptu-
ally expected, supporting the relative independence of
these constructs within a broader impulsive—compul-
sive spectrum.

These findings are consistent with evidence on the
central role of the GLP-1 system in regulating motiva-
tional and reward-related behaviour. GLP-1 receptors
are expressed in key reward-processing structures
(NAc, VTA, amygdala, hypothalamus), and GLP-1 ago-
nists are capable of modulating mesolimbic pathway
activity [20, 21]. Inhibition of the GLP-1 system during
early ontogenesis also produces significant behavio-
ral changes: neonatal administration of the dipeptidyl
peptidase |V inhibitor diprotin A, which blocks degra-
dation of endogenous incretins, leads to a hyperactive
phenotype and persistent increases in aggression in
adult rats [22].

Against this background, the observed shift from
risky to predictable behavioral strategies following
exenatide administration extends the known effects
of GLP-1 agonists (suppression of conditioned place
preference, cocaine self-administration, and reinstate-
ment of drug seeking) from the domain of “drug-related
motivation” to stress-induced decision-making impul-
sivity [23-27].

Thus, the combined experimental and literature
data support the view of the GLP-1 system as an im-
portant neuropeptidergic component integrating meta-
bolic and motivational mechanisms of behavioral regu-
lation.
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CONCLUSION

1. The GLP-1 receptor agonist exenatide demon-
strates a pronounced anti-impulsive effect, manifes-
ted by a reduction in risky choices and an increased
preference for stable reinforcement in rats subjected
to early-life stress, thereby supporting the regulatory
role of the GLP-1 system in mechanisms of impulse
control.

2. Administration of a GLP-1 receptor agonist does
not significantly affect measures of compulsive behav-
iour in the marble burying test, which may indicate a
selective action of the GLP-1 system predominantly on
impulsivity-related behavioral components.

Experiments with animals were carried out in ac-
cordance with international rules (Directive 2010/63/
EU of the European Parliament and of the Council of
the European Union of September 22, 2010 on the
protection of animals used for scientific purposes).

AONOJIHNTE/IbBHAA UH®OPMALINA
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