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Abstract

Glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) receptor agonists represent a
novel class of antidiabetic and anti-obesity agents. Despite their growing clinical relevance, little is known about their safety
and potential effects during pregnancy. Here we describe the development of a pregnancy mouse model to study the impact
of GLP-1/GIP dual agonists, with a focus on maternal metabolic changes, embryonic development, and organ-specific
outcomes.

Introduction. The use of GLP-1 and GIP receptor agonists has expanded significantly due to their efficacy in improving
glycemic control and reducing body weight. Tirzepatide, a dual GLP-1/GIP agonist, has shown remarkable clinical outcomes
in type 2 diabetes and obesity. However, its safety profile during pregnancy remains poorly understood. Pregnancy is a
unique physiological state characterized by altered glucose homeostasis, increased insulin resistance, and complex
hormonal regulation. Drug exposure during this period can impact both maternal health and fetal development. Current
clinical guidelines recommend discontinuing GLP-1 receptor agonists during pregnancy, but preclinical data are limited.

Aim. This work aims to establish a reproducible mouse pregnancy model to evaluate the effects of GLP-1/GIP agonists,
such as Tirzepatide, on maternal physiology and embryonic outcomes.

Materials and Methods. Animals: C57BL/6 female mice, aged 8-10 weeks, were used. Females were mated overnight,
and pregnancy was confirmed by vaginal plug observation (defined as embryonic day 0.5, E0.5). Experimental Groups:
Control group — intraperitoneal injections of PBS, GLP-1/GIP agonist group - intraperitoneal injections of Tirzepatide.
Treatment Protocol: Injections were administered daily starting from E13.5 until E17.5. On embryonic day 17.5, pregnant
mice were sacrificed, and maternal organs, placenta, and embryos were collected for further analysis. Endpoints: Maternal
body weight and food intake; Fetal number, size, and weight; Placental weight and morphology; Maternal organ collection for
histological and molecular studies.

Results. A reproducible mouse pregnancy model to evaluate the effects of GLP-1/GIP agonists (Tirzepatide) on
maternal physiology and embryonic outcomes was created. Pregnant mice were successfully treated with PBS, Tirzepatide
according to the protocol. On E17.5, animals were sacrificed, and maternal/fetal samples were collected. Data analysis,
including weight measurement, morphological assessment, and molecular profiling, is ongoing.

Conclusion. We established a pregnancy mouse model suitable for studying the impact of GLP-1/GIP dual agonists.
This approach will generate critical preclinical data to evaluate maternal-fetal safety and mechanistic insights.

Keywords. Pregnancy model, mice, GLP-1, GIP, dual agonist, tirzepatide, embryonic development, maternal
metabolism
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AroHICTbI peLenTopoB rmtokaroHonogobHoro nentuga-1 (GLP-1) 1 rmoko303aBUCHMOTO MHCYNMHOTPOMHOTO nonvnenTuaa
(GIP) npencTaBnstoT coboi HOBbLIM KnacC NpoTMBOAMAbETWYECKMX npenapaTtoB. HecMoTpst Ha pacTyliee KhMHUYeckoe
3HaueHne, 1x 6e30nacHOCTb M BO3MOXHbIE 3tpdeKThbl BO BpeMst BepeMeHHOCTV M3yyeHbl HefocTaTouHo. B panHoi pabote
onucbIBaeTcs paspaboTka mogen BepeMeHHOCT Ha Mbllax AN M3yYeHWs BO3AENCTBUS ABOVHbIX aroHucTo GLP-1/GIP ¢
aKLEHTOM Ha M3MEHeHs MaTepuHCKoro MeTabonuama, SM6proHanbHOE pa3BuTIe M OpraHocneludmryeckine PQeKTbI.

BsepgeHue. [pumeHeHne aroHuncTos peentopoB GLP-1 1 GIP 3HauuTenbHO paclumpunock narogapst ux ageKTMBHOCTM B
YNYYLWEHUN [IIMKEMUYECKOTO KOHTPONS W CHXKEHWUW Macchl Tena. Tupaenatug, ABOHON aroHucT GLP-1/GIP, npopeMoHCTpupoBan
BblAKLLMECS KIMHUYECKME pesynbTaThbl MpU NEYeHU caxapHoro Auabeta 2 Tuna u oxupenus. OgHako ero npodunb
BesonacHocTM BO Bpemsi GEpPEMEHHOCTM OCTAéTCs ManousyyeHHbIM. bepemeHHOCTb npedcTaBnseT CoBow yHukanbHOe
n3MOMorMyeckoe  COCTOSIHUE, XapakTtepuaytoLeecs N3MEHEHNeM romeocrasa FTIHOKO3b, MOBbILLEHHOM
WHCYNMHOPE3NCTEHTHOCTBIO 1 CHIOXHON FOPMOHAITBLHOM perynsaumenn. BoaaencTame nekapcTBeHHbIX CPELCTB B 3TOT NEPUO MOXET
MOBNUATL KaK Ha 300pOBbe MaTepw, Tak U Ha passuTie nnoga. CornacHo OeNCTBYHOLLMM KITMHUYECKMM PEKOMEHAALMSM, npu
BepeMeHHOCTV pekoMeHAYETCA NpekpaLLaTh Npém aroHncToB GLP-1, 0aHaKo JOKIMHUYECKVX AaHHbIX KpaiiHe Maro.

Llenb paHHoi pabotbl — co3gaTb BOCMPOM3BOAMMYID MOfeNb OepemMeHHOCTW Ha Mblwax Ans OLEHKM BUSHUS
aronuctoB GLP-1/GIP, Takux kak TMp3enartug, Ha hM3vonorvio Matepu n aMBpuoHanbHbIe NokaaTenu.

Matepuanbi n metogbl. XXnsoTHble: Mcnonb3oanu camok Mbiwweid nuHum C57BL/6 B BospacTe 8—10 Hepenb. Camok
MOACaXuWBanM K camuaMm Ha Houb, DEpeMeHHOCTb MOATBEPXAanM MO HaNMMYMI0 BariHanbHOM npobkn (0603HaYeHO Kak
ambpuoHanbHbIn aeHb 0,5 — EO0.5). OkcnepumeHTantHble rpynnbl. KOHTponbHas rpynna — BHYTPUOPIOLUMHHBIE MHBEKLMN
PBS. Tpynna GLP-1/GIP aroHucta — BHYTPUOPIOWMHHBIE WHBEKUMM Tup3enatuaa. [poTokon neyeHus. WHbekumm
NPOBOAUNNCH exeaHeBHO, HaumHas ¢ E13.5 u go E17.5. Ha 17,5-1 peHb bepemeHHocTu (E17.5) BepemeHHble Mbilm
noABepranuchb dBTaHa3nuW, Nocrne Yero cobupanuch opraHbl MaTepy, NnaleHTbl U 3MOPUOHBI ANs AanbHEeNLero aHanusa.
KoHeuHble Toukn. Macca Tena matepu u notpebnexne nuwm. Konuyectso, pasmep v Bec nnopos. Macca n Mopdponorus
nnavexTbl. C60p OpraHoB MaTepy Anst MMCTOMNOTUYECKIX M MOMEKYNSIPHBIX MCCMEA0BaHNA.

PesynbTatbl. bbina cosgaHa Bocnpon3soaumas Mofenb BepeMeHHOCT Ha MbllaXx AJ1s1 OLEHKW BIUSHASL arOHUCTOB
GLP-1/GIP (tvpsenatvga) Ha u3nONomo Matepy U aMBpUOHanbHbIE UCXO0Abl. bepeMeHHbIe MbIwK YCMELHO Nonyyanm
PBS wnu Tupsenatug B COOTBETCTBMM C mpoTokonoMm. Ha E17.5 xuBoTHble Obinn 9BTaHa3npoBaHbl, M 6binn cobpaHbl
obpa3supl OT mMaTepen W MNOAOB. B HacTosiLee Bpems MPOBOAMTCS aHanu3 AaHHbIX, BKIHYAKOLLMIA U3MEpEHNe Macchl,
MOPONOrniecKyto OLIEHKY U MONeKyNsipHOe NpohunnpoBaHue.

3akntoyeHne. Hamu cosgaHa mogenb OepeMeHHOCTU Y MbILLE, NMOAXOAAWAN ANs U3yYeHWNs BO3AEACTBUS LBOMHbIX
aroHncToB GLP-1/GIP. [JaHHbI# nogxon MO3BONUT MOMyYnTb BaXHbIE AOKIMHWYECKME [LaHHbIE ANS OLEHKM MaTepUHCKO-
nnoaHon 6e30MacHOCTM M MEXaHUCTUYECKMX acnEeKTOB UX AENCTBHS.

Knroyeenie cnosa. Modens 6epemeHHocmu, mbiwu, GLP-1, GIP, 0goliHol azoHucm, mupaenamud, 3MOpUOHaIbHoe
passumue, MamepuHcKul Memabonu3m
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I'niokaroHfa ykcac nentua-1 (GLP-1) xaHe rnioko3ara Tayengi uHcynuHotponTsl nonunentua (GIP) peuentopnapbiHbin,
aroHNCTTepi KaHT anabeTiHe XoHe apTblk CanMakka Kapcbl XaHa Aapinep knackblHa xatagbl. OnapablH, KNMHUKamMbIK,
MaHbI3bl apTbiN Kene XaTKaHblHAa KapamacTaH, XyKTiNiK Ke3eHiHgeri kayinciagiri MeH biKTMMan acepnepi XeTKinikTi
septTenmereH. byn xymbicta GLP-1/GIP KOC aroHUCTTepiHiH, XyKTiNiK Ke3iHoeri aCepiH 3epTTey yiliH ThlKAHAAPAbIH,
XYKTINIK MOeniH Kkypy cvnatranafbl. 3epTTey aHaHblH, MeTabonukanblk, earepicTepiHe, 3MOPWOH OaMyblHa XaHe
ar3anapra acepiHe barbiTTanFaH.

Kipicne. GLP-1 xaHe GIP peuentopnapbiHbiH, aroHUCTTEpPIH KOMAaHy COHFbl Xblrgapbl anTapnbikTain keHengi, cebebi onap
MKeMUSNbIK, Bakpinayabl KaxkcapTyda XoHe apTblk AeHe canmarbiH asantyga tviMgi. GLP-1/GIP koc aronucti 6onbin
TabbinaTtblH TMP3ENaTWE 2 TUNTI KaHT AvabeTi MeH apTblK CanMakThbl asaiTyga Xorapbl KIMHUKArbIK, HITUXKENep KepCeTTi.
Anaiga, OHblH, XyKTiNiK KesiHOeri kayinciagiri a3 3eptrenreH. XKyKTinik — rMoko3a roMeocTasblHblH, e3repyiMeH, WHCYNUHre
Te3iMIINIKTIH, apTybIMEH XaHe Kypaeni ropMOHAbLIK, PETTENYMEH cunaTTanatbiH epekle (uauonormanbik xargai. Ocbl keseHae
Lopi-0opMek Kabbinpay aHaHblH, [eHcayrbifbiHA [a, YPbIKTbIH, AaMyblHa Aa blkman eTyi MyMKiH. Kasipri KnuHukarnbik
HyCKaymbIKTap XyKTinik kesinae GLP-1 aroHucTTepiH ToKTaTyabl yCbiHagb!, Bipak, AOKMHUKAIbIK, 4EPEKTEP LLEKTEYTTI.

Byn XyMbICTblH MakcaTbl — aHaHblH (PU3MONOTMsiCbIHA XaHe 3MOpUOHAbIK KepceTkilwTepiHe GLP-1/GIP
aroHWCTTEPIHIH, MblCanbl TMP3enaTUATiH, acepiH baranay yLWiH kanTanaHbanb! ThILLKaH XyKTiniKk MOZENIH xacay.

Martepuanpap meH apictep. XaHyapnap. 8—10 antansik C57BL/6 yprallbl ThilKAHAAP KONAaHbINALI. ¥prallbinapas
TYHOE aTanblKkTapMeH LaFbibICTbIPAbI, XYKTINIK BarMHanbabl ThlFbIH apkbinbl pactangbl (ambpuoHangs! kyH 0,5 — E0.5
pen Genrinexai). AkcnepumenTTik TonTap. bakpinay To6bl — PBS uHbekuumscel. GLP-1/GIP aroHucT 1006l — Tup3enatug
WHbekumsckl. Empgey npoTokonbl. MHbekunsnap E13.5-TeH 6actan E17.5-ke fewiH kyHre gediH xyprisingi. E17.5 kyHi xykTi
ThllKaHOap 3BTaHa3Ws xacanbin, aHamnblkTap, nnaLeHTa xaHe amMbpuoHaap kediHri Tangayra anbiHabl. CoHsbl HyKTENEP.
AHanbIKTbIH, AEHE Canmarbl MeH Tamak, Kabblnaaybl. ¥pbik, CaHbl, efeMi XaHe canmarbl. [naleHTaHblH, canmasbl MeH
Mopdonorusicel. AHanblK ar3anapblH rTMCTOMNOTUSANBIK, )KaHE MOMNEKyNarblK 3epTTEYNEpre XuHay.

Hatnxenep. GLP-1/GIP aroHucTiHiH, (Tup3enatia) aHa (m3nonorscbl MEH ypbIKTbIH, HOTUXenNepiHe acepiH baranay
YWiH TiHTYipAiH, XYKTIAiriHiK, kanTanaHatbiH ynrici Kypbingbl. XXykTi ThilwkaHgapra PBS ksHe Tup3enatuaneH emgey
NPOTOKOMbIHA CalKec Xyprisinyae. E17.5 KyHi xaHyapnapfa aBTaHa3sus xacasbin, aHarblK XoHe ypblK yArnepi XuHangab!.
ManimeTTepai Tangay (canMac, eniiey, Mopdonorusnbik 6aranay xaHe MOnekynanbik, 3epTTey) xanracyaa.

KopbITbiHAbI. bi3 GLP-1/GIP koc aroHucTTepiHiH, acepiH 3epTTeyre MyMKiHAiK 6epeTiH XyKTinik Mogeni kypablk,. byn
TaCiN aHanbIK-NNaLeHTapbIK-YPbIK XYWAECiHiIH, KAYINCi3airiH XaHe acep eTy MexaHu3maepiH Daranayra KaxeTTi MaHbl3abl
BOKIMHVKANbIK fepekTep bepepi.

Heziz2i ce3dep. Kykminik modeni, mbiwkaH, GLP-1, GIP, Koc azoHucm, mupaenamud, sM6pUOH 0amybl, aHambIK
memabonuami
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Introduction

Glucagon-like peptide-1 (GLP-1) receptor agonists, as
well as dual GLP-1/glucose-dependent insulinotropic
polypeptide (GIP) receptor agonists, have emerged as
highly effective therapies for type 2 diabetes and obesity.
Among them, Tirzepatide, a first-in-class dual GLP-1/GIP
agonist, has demonstrated remarkable improvements in
glycemic control, weight reduction, and metabolic regulation
in clinical trials [1,2]. However, despite their therapeutic
promise, the safety and potential consequences of GLP-
1/GIP agonists during pregnancy remain poorly understood.

Pregnancy represents a unique physiological state
characterized by profound metabolic adaptations, including
increased insulin resistance, altered glucose homeostasis,
and complex hormonal changes [3,4]. These adaptations
are essential for ensuring proper fetal growth and
development, but they may also interact with
pharmacological agents in unpredictable ways. Since GLP-
1 receptor agonists cross the maternal circulation and can
influence metabolic and hormonal pathways, there is a
critical need to evaluate their potential impact on both
maternal health and embryonic development [5].

Current clinical recommendations advise
discontinuation of GLP-1 receptor agonists during
pregnancy, largely due to the lack of sufficient preclinical
and clinical data [6]. To address this knowledge gap, the
development of robust animal models is essential. Mouse
models, particularly the C57BL/6 strain, provide a well-
established system for studying pregnancy-related
physiology and drug effects [7].

The present study aims to establish a pregnancy mouse
model to investigate the effects of GLP-1/GIP agonists, with
a focus on maternal metabolic outcomes, fetal
development, and placental function. This model will serve
as a preclinical platform to generate critical insights into the
safety and mechanisms of these agents during gestation.

Materials and Methods

Animals and Housing

C57BL/6 female mice (8-10 weeks old, average body
weight 18-22 g) were obtained from the animal facility of
National Laboratory Astana. Mice were housed in groups of
3-5 per cage under specific pathogen-free (SPF) conditions
with a controlled 12 h light/dark cycle, temperature of 22 + 2
°C, and relative humidity of 50-60%. Standard rodent chow
and water were provided ad libitum. All animal procedures
were approved by the Local Ethical Comittee, National
Laboratory Astana, (protocol N03-2024, 02.10.2024).

Mating Procedure and Establishment of Pregnancy
Model

Females were paired overnight with proven fertile
C57BL/6 males (1:1 ratio). The presence of a vaginal plug
was checked the next morning and recorded as embryonic
day 0.5 (E0.5). Pregnancy progression was monitored by
weight gain and abdominal palpation.
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Experimental Groups and Drug Administration

Pregnant mice were randomly assigned to two groups:

Control group (PBS) - received intraperitoneal (IP)
injections of sterile phosphate-buffered saline once daily.

GLP-1/GIP agonist group — received IP injections of
Tirzepatide (4 mg/kg), prepared freshly each day in PBS,
once daily. Treatment began on embryonic day 13.5
(E13.5), corresponding to late organogenesis, and
continued until E17.5. Injections were performed at the
same time each day to minimize circadian variability. The
number of mice per group was n = 3.

Monitoring of Pregnancy and Body Weight

Maternal body weight was measured at baseline (E0.5)
and then on E7.5, E10.5, E14.5, and E17.5 to assess
pregnancy progression and treatment effects. Any abnormal
behaviors, pregnancy loss, or maternal mortality were
recorded.

Sample Collection and Processing

On E17.5, pregnant females were euthanized by CO,
inhalation followed by cervical dislocation. The uterine
horns were dissected under sterile conditions. The number
of implantation sites, resorptions, and live fetuses was
recorded.

Fetal measurements: body weight and crown-rump
length were measured for each fetus.

Placental analysis: placentas were weighed and
macroscopically examined.

Tissue collection: maternal tissues (liver, heart, brain,
pancreas) and fetal tissues (liver, heart, brain, placenta)
were collected. Samples were divided for:

Fixation in 4% paraformaldehyde, followed by paraffin
embedding for histological analysis (H&E staining,
immunohistochemistry).

Snap-freezing in liquid nitrogen and storage at -80 °C
for subsequent molecular studies (RNA, protein, or
metabolite extraction).

Results

Preliminary observations from our pregnancy mouse
model treated with Tirzepatide demonstrated notable
changes compared to the control group. Pregnant mice
receiving Tirzepatide exhibited a reduction in maternal body
weight during gestation. In addition, the embryos collected
at gestational day 17 were smaller in size compared to
those from the PBS-treated control group.

Although these findings suggest a potential effect of
Tirzepatide on maternal physiology and embryonic
development, the study is still ongoing. Further analyses
are currently in progress, including histological evaluation of
collected tissues and RNA-based molecular studies, which
will provide deeper insights into the mechanisms underlying
these observed phenotypic change.
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Fig.1 Mouse treated with Tirzepatide. A) Start injection (body weight 27.5 g. B) During pregnancy 32.7 g.
C) Before sacrifice (body weight 26.1 g)

Left: tirzepatide treatment; Right: vehicle treatment

A

B

Fig.2 Embryos collected from pregnant mice after dissection A) Tirzepatide 17.5 day B)Control
17.5 day

Although our data remain preliminary, they highlight the
necessity of cautious consideration when translating
incretin-based therapies to pregnant populations. The
smaller embryonic size observed in the Tirzepatide-treated
group may indicate potential risks to fetal development,
warranting further systematic investigation. Our study is
currently progressing toward histological assessment of
maternal and embryonic tissues, as well as RNA-based
analyses, to uncover molecular and cellular pathways that
might underlie these phenotypic changes.

Future directions will include expanding the sample
size, performing detailed histopathological examinations of
placental and embryonic tissues, and integrating molecular
assays such as gPCR or RNA-seq to identify alterations in
gene expression associated with maternal treatment. Such
data will provide more definitive insights into whether GLP-
1/GIP agonists may interfere with fetal growth, and could
help inform clinical decision-making regarding their use in
women of reproductive age.

So, our initial findings support the feasibility of the
established pregnancy mouse model and suggest that
tirzepatide exposure during pregnancy has measurable
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effects on maternal and fetal outcomes. Continued analyses
will be essential to clarify the mechanisms involved and to
evaluate the translational significance of these findings for
human health.

Discussion

The present study describes the establishment of a
pregnancy mouse model to evaluate the effects of the dual
GLP-1/GIP receptor agonist Tirzepatide during gestation.
Preliminary findings revealed that maternal administration of
Tirzepatide in late pregnancy was associated with reduced
maternal weight gain and smaller fetal size compared with
control animals. These results suggest that modulation of
incretin  signaling during pregnancy may influence
maternal-fetal metabolic interactions and potentially alter
fetal growth trajectories.

The observed reduction in maternal body weight is
consistent with the known pharmacological actions of GLP-
1 and GIP receptor agonists, which reduce appetite, delay
gastric emptying, and enhance insulin sensitivity [1,2].
While these effects are therapeutically beneficial in obesity
and type 2 diabetes, during pregnancy they may lead to
relative maternal undernutrition or altered nutrient allocation
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to the fetus. Reduced nutrient availability or placental
transport efficiency could, in turn, contribute to the smaller
fetal size observed in the Tirzepatide-treated group. It is
also possible that direct effects of GLP-1/GIP signaling on
placental tissues modulate trophoblast differentiation,
angiogenesis, or nutrient transporter expression, thereby
influencing fetal growth. Previous studies have shown that
GLP-1 receptors are expressed in placental and decidual
tissues, supporting the hypothesis that incretin agonists
may act locally within the maternal—fetal interface [8,9].

Another potential mechanism underlying the observed
phenotype involves altered maternal insulin and lipid
metabolism. GLP-1 and GIP agonists enhance glucose-
stimulated insulin secretion and promote lipid oxidation,
which may shift the maternal metabolic profile toward a
catabolic state. During late gestation, however, normal
pregnancy requires increased insulin resistance to ensure
adequate glucose supply to the fetus [3,4]. Interference with
this adaptive mechanism might disturb the balance between
maternal and fetal energy demands, leading to growth
restriction or other developmental consequences. Future
biochemical and molecular analyses—including insulin and
leptin  measurements, placental transporter gene
expression, and histological assessment of placental
morphology—will be necessary to delineate these
pathways.

Although few studies have explored the safety of GLP-1
receptor agonists in pregnancy, available preclinical
evidence raises concerns. For example, liraglutide and
semaglutide have been associated with reduced fetal
weight and delayed ossification in animal studies [10,11].
Human data remain limited, as clinical use of GLP-1
analogs is contraindicated during pregnancy. Our findings
with Tirzepatide, a more potent dual agonist, align with
these preclinical observations and emphasize the need for
comprehensive evaluation of incretin-based therapies in
reproductive contexts.

Limitations

This study has several limitations that must be
acknowledged. First, the data presented are preliminary
and based on a limited number of animals. The small
sample size restricts the statistical power of our
observations and prevents definitive conclusions at this
stage. Second, the current analysis is largely descriptive,
focusing on gross morphological changes such as maternal
weight loss and reduced embryonic size. Without
quantitative histological data or molecular analyses, it is not
yet possible to determine the specific biological
mechanisms underlying these changes.

Additionally, the duration of the experiment was limited
to gestational day 17, and long-term effects on embryonic
development, viability, or postnatal outcomes were not
assessed. Earlier or prolonged exposure may yield different
outcomes, particularly regarding implantation or early
embryonic development. In addition, quantitative molecular
and histological analyses are ongoing, which will provide
more definitive evidence of the pathways involved. Since
our model currently excludes postnatal follow-up, potential
implications for offspring survival and metabolic health
remain unexplored. Furthermore, only one dose and
regimen of tirzepatide were tested, which may not fully
reflect dose-dependent or time-dependent effects.
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Finally, while mice provide a valuable model for
investigating mechanisms of drug action, species
differences in metabolism and placental physiology must be
considered when extrapolating these findings to humans.
Thus, caution is required before making translational
inferences regarding the safety of GLP-1/GIP agonists
during pregnancy.

Despite these limitations, the model successfully
demonstrates that Tirzepatide exerts measurable
physiological effects on pregnant mice and their fetuses,
validating its utility for future mechanistic investigations.

Conclusion

This study presents the development of a pregnancy
mouse model to investigate the impact of Tirzepatide during
gestation. Our preliminary data suggest that GLP-1/GIP
receptor activation during pregnancy may alter maternal
metabolism and fetal growth. These findings highlight the
importance of careful risk-benefit assessment when
considering incretin-based therapies in women of
reproductive age and underscore the need for further
mechanistic and developmental studies. The established
mouse model offers a valuable platform for future work
aimed at elucidating the molecular and placental
mechanisms underlying the maternal and fetal effects of
GLP-1/GIP agonists during gestation.
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