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Abstract

EMAGLUTIDE (S) is a GLP-1 receptor agonist; Tirzepatide (T) has dual GLP-1/GIP receptor
agonism. This research compared their therapeutic effects and adverse reactions in a type 2

diabetes mellitus (T2DM) mouse model. Body weight, blood glucose, lipid profile, insulin, and IGF1
were estimated, as well as histopathological examination and gene expression. S and T independently
led to prominent body weight reduction in diabetic mice, as well as enhancements of glucose and
lipid profiles. However, histological examination showed that pancreas hemorrhage and intestine
ulceration appeared after treatment. Immunohistochemistry and RT-PCR analysis revealed that
insulin and glucagon expression were partially restored, CYP2E1 was over-expressed at a lower level
after therapy. In conclusion, Semaglutide and Tirzepatide showed similar metabolic advantages;
however, they caused significant changes in intestine and pancreatic structure, emphasizing the
necessity for careful assessment over the long term.

Keywords: Semaglutide; Tirzepatide, Type 2 Diabetes, Swiss Albino Mice, Adverse Effects, GLP-1,

GIP.

Introduction

Type 2 diabetes (T2D) is a major global public health
concern, with its prevalence and complications
continuing to rise worldwide. In 2019, the North
African and Middle Eastern regions reported the
highest global prevalence of diabetes at
approximately 12.2%, accompanied by substantial
morbidity and mortality rates [1]. Saudi Arabia ranks
second in diabetes prevalence within the region and
seventh globally [2]. Evidence and studies indicate
that the genetic predisposition of the population,
obesity, lack of physical activity, urbanization, and

poor dietary modifiable lifestyle behaviors have been
associated with the increasing prevalence of diabetes

[1].

T2D is a chronic metabolic disorder characterized
by impaired glucose regulation [3]. The condition
results from both insufficient insulin secretion by
pancreatic B-cells and peripheral insulin resistance in
skeletal muscle, adipose tissue, and the liver [4].
Individuals with T2D are at a higher risk of
developing  severe  complications such as
cardiovascular disease, nephropathy, neuropathy, and
retinopathy [5].
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Semaglutide (S) is a modified analog of human
glucagon-like peptide-1 (GLP-1) with the molecular
formula Cis7H291N4sOso [6,7] It mimics the action of
endogenous incretin hormones, stimulating insulin
secretion in a glucose-dependent manner [7].
Semaglutide binds to GLP-1 receptors on pancreatic
B-cells, enhancing insulin  secretion  while
suppressing glucagon release, thereby improving
glycemic control [8,7]. Additionally, it acts as an
anti-obesity and appetite-suppressant agent by
delaying gastric emptying [8,7]. Beyond metabolic
regulation, Semaglutide exhibits neuroprotective
effects by improving insulin sensitivity and signaling
within the brain, potentially reducing the risk of
neurodegenerative diseases such as Parkinson and
Alzheimer’s [9]. Moreover, it significantly lowers
hemoglobin Alc (HbAlc) levels and systolic blood
pressure [10].

Tirzepatide (T), also referred to as “twincretin,”
is the first dual agonist of both GLP-1 and glucose-
dependent  insulinotropic  polypeptide  (GIP)
receptors, with the molecular formula Ca2sHz34sN4sOss
[3,11]. Tirzepatide has demonstrated potent efficacy
in improving glycemic control in T2D without
increasing the risk of hypoglycemia [11,12]. It also
promotes weight reduction and significantly lowers
HbAlc levels [3].

Given the growing clinical use of both agents, the
present study aimed to compare the antidiabetic
efficacy and potential adverse effects of Semaglutide
and Tirzepatide in a diabetic mouse model.

Material and Methods

Animals

A total of forty-two healthy male Swiss albino
mice, aged 14 weeks and weighing approximately 30
+ 5 ¢, were used in this study. The animals were
housed under standard laboratory conditions at a
controlled temperature of 23 £ 5 °C and relative
humidity, with a 12-hour light/dark cycle. All mice
had ad libitum access to clean drinking water and a
standard commercial rodent diet. They were
maintained in polypropylene cages within a well-
ventilated animal facility. Prior to the initiation of the
experimental procedures, the animals were allowed
an acclimatization period of one week to adapt to the
laboratory environment. Body weight of the mice
was recorded at the beginning of the experiment to
determine the initial body weight and again at the
end of the experimental period to determine the final
body weight.

Experimental design and Experimental Groups

Type 2 diabetes was induced following a 20-hour
fasting period, after which mice received
intraperitoneal injections of streptozotocin (STZ) at a
dose of 50 mg/kg body weight for three consecutive
days [13]. The induction of diabetes was confirmed
by measuring fasting blood glucose levels 72 hours
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after the final injection. Mice with fasting glucose
levels above the established diabetic threshold were
considered diabetic and included in the subsequent
experiments.

The animals were randomly divided into six
groups, each comprising seven mice, as follows:

Group 1 (Control): Non-diabetic mice that received
a cold citrate buffer solution (pH 4.5) and served as
the untreated control group.

Group 2 (Semaglutide-treated control): Non-
diabetic mice administered Semaglutide (0.25
mg/mouse) once weekly for four consecutive
weeks[14].

Group 3 (Tirzepatide-treated control): Non-diabetic
mice administered Tirzepatide (5 mg/mouse) once
weekly for four consecutive weeks[15].

Group 4 (Diabetic control): Diabetic mice induced
with STZ and left untreated for four weeks.

Group 5 (Semaglutide-treated diabetic): Diabetic
mice treated with Semaglutide (0.25 mg/mouse)
once weekly for four consecutive weeks[14].

Group 6 (Tirzepatide-treated diabetic): Diabetic
mice treated with Tirzepatide (5 mg/mouse) once
weekly for four consecutive weeks[15].

Sample Collection

At the end of the experimental period, the
animals were anesthetized using controlled CO:
inhalation and subsequently dissected. Liver tissues
were carefully excised, homogenized, and stored at
—80 °C for subsequent biochemical analyses.
Pancreatic and intestinal tissues were also collected,
sectioned into small fragments for histopathological
examination.

Biochemical Analysis

Blood samples were collected from the tail vein
and analyzed for glucose concentration using a
digital glucometer [16]. Liver tissues were
homogenized in cold phosphate-buffered saline
(PBS) at a ratio of 1:5 (w/v). The homogenates were
centrifuged.The resulting supernatants were collected
and stored at —80 °C until further analysis.

The liver supernatants were used to determine the
activities and concentrations of total cholesterol
(TC), triglycerides (TG), high-density lipoprotein
(HDL), and low-density lipoprotein (LDL) using
commercial diagnostic kits (Elabscience, USA). In
addition, insulin (INS) and insulin-like growth
factor-1 (IGF-1) levels were quantified using
enzyme-linked immunosorbent assay (ELISA) Kkits
provided by Elabscience (USA).

Histopathological Analysis

Following fixation, pancreatic and large
intestinal tissues were processed using standard
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histological procedures. Hematoxylin and eosin
(H&E) staining was performed according to the
method described by [17], while Periodic Acid—
Schiff (PAS) staining was conducted following the
protocol of [18].

Immunohistochemistry

The Avidin-Biotin complex (ABC) detection kits
operate on the principle of avidin (or streptavidin)
binding to biotin. The acronym ABC signifies
Avidin/Biotin Complex. The specific kit utilized for
rabbit detection is the HRP/DAB (ABC) IHC Kit,
Cat. No. ah6426, along with a universal antibody
diluent, Cat. No. ab79995, from Abcam-UK. The
primary antibodies used include anti-insulin (INS)
Rabbit pAb (Cat. No. E-AB-70202), sourced from
Elab Science Company in the USA, and anti-
glucagon (GC) Rabbit pAb (Cat. No. AP03503),
obtained from Bioassay Technology Laboratory
Company in China.

Immunostained sections were analyzed using
ImageJ and Fiji software to quantify the percentage
of immunopositive area, cell count, and optical
density (OD). The percentage and OD of
immunoreactivity were calculated according to the
formula:

OD = log(Max/Mean) x 1 [19].

RNA extraction and Quantitative Real-Time PCR

Liver tissue samples were homogenized and
subjected to total RNA extraction using the PureLink
RNA Mini Kit (Thermo Fisher Scientific, MA, USA)
according to the manufacturer’s protocol. The
quantity and purity of the extracted RNA were
assessed  spectrophotometrically. Complementary
DNA (cDNA) was synthesized from the isolated
RNA using the High-Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, USA),
following the manufacturer’s instructions.

Quantitative real-time polymerase chain reaction
(gRT-PCR) was performed using iTaq™ Universal
SYBR® Green Supermix (Bio-Rad, USA; Cat. No.
1725120) according to the manufacturer’s protocol.
The specific primer sequences for the target gene
CYP2EL1 are listed in Table 2.1, with GAPDH used
as the endogenous reference gene. Each reaction was
conducted in triplicate to ensure reproducibility.
Relative gene expression levels were calculated
using the 2 **“* method.

Statistical analysis

Data were analyzed using the Statistical Package
for the Social Sciences (SPSS), version 16.0 (IBM
Corp., Armonk, NY, USA). Results are presented as
the mean + standard error of the mean (SEM).
Statistical comparisons among groups were
performed using one-way analysis of variance
(ANOVA), followed by appropriate post hoc tests

when necessary. Differences were considered
statistically significant at p < 0.05.

Results
Difference in Body Weight

Throughout the experimental period, the control
mice exhibited an average body weight gain of
approximately +5 g. In contrast, non-diabetic groups
treated with Semaglutide (S) and Tirzepatide (T)
showed a mean body weight reduction of about -7 g.
The untreated diabetic group demonstrated an
average body weight loss of approximately -5 g
during the same period. Similarly, diabetic groups
treated with Semaglutide (S) and Tirzepatide (T)
exhibited body weight losses of approximately —4 g
and -5 g, respectively (Fig. 1).

Biochemical analysis

The non-diabetic groups treated with Semaglutide
(S) and Tirzepatide (T) exhibited no significant
changes in blood glucose levels compared to the
control group. In contrast, the diabetic group showed
a significant elevation in blood glucose levels
relative to the control. Treatment of diabetic mice
resulted in a significant reduction in blood glucose
levels compared to the untreated diabetic group (Fig.
2).

Similarly, the non-diabetic groups treated with S
or T displayed no significant alterations in lipid
profile  parameters (triglycerides [TG], total
cholesterol [TC], high-density lipoprotein [HDL],
and low-density lipoprotein [LDL]) compared with
the control group. Conversely, the diabetic group
exhibited a significant increase in TG, TC, and LDL
levels, accompanied by a notable decrease in HDL
concentration relative to the control group. Treatment
of diabetic mice with S or T led to a significant
improvement in the lipid profile, characterized by
decreased TG, TC, and LDL levels and a
concomitant increase in  HDL concentration
compared with the untreated diabetic group (Fig. 3).

Regarding hormonal parameters, non-diabetic
groups treated with S or T showed no significant
differences in insulin (INS) and insulin-like growth
factor-1 (IGF-1) levels compared with the control
group. In contrast, the diabetic group demonstrated a
significant reduction in both INS and IGF-1
concentrations. Treatment of diabetic mice with S or
T produced no significant change in INS levels but
resulted in a notable increase in IGF-1 concentrations
compared with the untreated diabetic group (Fig. 4).

Histopathological Analysis

The pancreatic tissue of the control group
exhibited a normal histological structure with well-
defined and intact islets of Langerhans (Fig. 5A).
The non-diabetic group treated with Semaglutide (S)
showed a noticeable reduction in islet size,
accompanied by  hypocellularity and  mild
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intercellular hemorrhage between pancreatic acini
(Fig. 5B). In contrast, the non-diabetic group treated
with Tirzepatide (T) demonstrated an apparent
increase in islet size, associated with cellular
infiltration, mild vascular dilatation, and focal
hemorrhage between the acinar cells (Fig. 5C). The
diabetic group displayed a marked reduction in the
size of islets and a decrease in cellular density (Fig.
5D).

Diabetic animals treated with S or T exhibited
clusters of inflammatory cell infiltration extending
into the islets, along with evident hemorrhage
between pancreatic acini (Fig. 5E,F).

The large intestine of the control group revealed
normal histological features, with no detectable
pathological alterations (Fig. 6A, H&E) and a normal
mucin content within the goblet cells (Figure 7A,
PAS).In contrast, the non-diabetic group treated with
S exhibited mucosal degeneration with focal
ulceration (Figure 6B, H&E) and a marked reduction
in mucin content within goblet cells (Figure 7B,
PAS). Quantitative analysis showed a significant
decrease (p < 0.05) in both area percentage (Area%)
and optical density (OD%) compared with the
control group (Fig. 8).

Similarly, the non-diabetic group treated with T
demonstrated goblet cell degeneration, cellular
infiltration, and mucosal hemorrhage associated with
ulcer formation (Fig. 6C, H&E), along with reduced
mucin content in goblet cells (Figure 7C, PAS) and a
significant decline in Area% and OD% relative to the
control (Fig. 8).

The diabetic group exhibited mucosal
degeneration, inflammatory cell infiltration, and
goblet cell hypertrophy (Fig. 6D, H&E), coupled
with a weak mucin content within goblet cells (Fig.
7D, PAS) and a significant reduction (p < 0.05) in
Area% and OD% compared to the control group
(Fig. 8).In contrast, diabetic groups treated with S or
T showed mucosal degeneration and hemorrhage
associated with ulceration (Fig. 6E,F, H&E). The
mucin content in goblet cells appeared relatively
comparable to that of the untreated diabetic group
(Fig. 7E,F, PAS), with no significant differences in
Area% or OD% between the treated and untreated
diabetic groups (Fig. 8).

Immunohistochemical Analysis

The control group pancreas exhibited an intense
immunoreactive response for insulin (INS) localized
within the islets of Langerhans (Fig. 9A). In contrast,
the non-diabetic group treated with Semaglutide (S)
showed a noticeably weaker immunoreactivity (Fig.
9B), with a significant reduction (p < 0.05) in both
the immunopositive area percentage (Area%) and
optical density (OD%) compared with the control
group (Figure 10).Similarly, the non-diabetic group
treated with Tirzepatide (T) demonstrated diminished
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immunoreactivity for INS (Fig. 9C), accompanied by
a significant decrease (p < 0.05) in Area% and OD%
relative to the control (Fig. 10).

The diabetic group exhibited markedly reduced
insulin immunoreactivity within the islets (Fig. 9D),
with a significant decrease (p < 0.05) in both Area%
and OD% compared to the control group (Fig. 10).
However, the diabetic groups treated with S or T
displayed a mild enhancement in INS
immunoreactivity (Fig. 9E,F), which was associated
with a slight but significant increase (p < 0.05) in
Area% and OD% when compared with the untreated
diabetic group (Fig. 10).

The control group pancreas exhibited intense
immunoreactivity for glucagon (GC), with a-cells
distinctly distributed around the periphery of the
islets of Langerhans (Fig. 11A). In the non-diabetic
group treated with Semaglutide (S), glucagon
immunoreactivity appeared slightly increased,
characterized by the accumulation of a-cells
predominantly on one side of the islet (Figure 11B),
showing no significant change (p > 0.05) in the
immunopositive area percentage (Area%) or optical
density (OD%) compared with the control group
(Fig. 12).Conversely, the non-diabetic group treated
with Tirzepatide (T) exhibited reduced glucagon
immunoreactivity (Fig. 11C), accompanied by early
migration of a-cells toward the central region of the
islets and a significant decrease (p < 0.05) in both
Area% and OD% relative to the control group (Fig.
12).

The diabetic group demonstrated weak glucagon
immunoreactivity with marked a-cell migration from
the periphery toward the islet core (Fig. 11D), along
with a significant reduction (p < 0.05) in Area% and
OD% compared to the control (Figure 12).
However, the diabetic groups treated with S or T
showed enhanced glucagon immunoreactivity (Fig.
11E,F) and evident a-cell migration into the islet
core, with a significant increase (p < 0.05) in Area%
and OD% compared with the untreated diabetic
group (Fig. 12).\

The non-diabetic groups treated with Semaglutide
(S) and Tirzepatide (T) demonstrated a significant
decrease (p < 0.05) in the total number of islets of
Langerhans and the percentage of B-cells, while no
significant changes (p > 0.05) were observed in o-
cell percentage, islet area (um?> x 10°), or islet
volume (pm® X 10%) compared with the control
group. In contrast, the diabetic group exhibited a
significant reduction (p < 0.05) in both the total islet
count and B-cell percentage, accompanied by a
significant increase (p < 0.05) in a-cell percentage,
with no significant differences (p > 0.05) in islet area
or volume relative to the control group. However, the
diabetic groups treated with S or T showed a
significant increase (p < 0.05) in the total islet count
compared with the untreated diabetic group, while f3-
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cell percentage, a-cell percentage, islet area, and
volume remained statistically unchanged (p > 0.05)
(Fig.13).

Effect Of Semaglutide (S) and Tirzepatide (T) on The
Expression Level Of The CYP2E1 Gene in Liver

The non-diabetic groups treated with Semaglutide
(S) and Tirzepatide (T) exhibited no significant
change (p > 0.05) in hepatic CYP2El gene
expression compared with the control group. In
contrast, the diabetic group showed a significant
upregulation (p < 0.05) of CYP2E1 expression in the
liver relative to the control group. However,
treatment of diabetic animals with S or T resulted in
a significant downregulation (p < 0.05) of hepatic
CYP2E1 expression compared with the untreated
diabetic group (Fig. 14).

Discussion

Streptozotocin (STZ) is a compound selectively
toxic to insulin-secreting B-cells, leading to their
degeneration. STZ enters pancreatic cells through
glucose transporter 2 (GLUT2), inducing DNA
alkylation and subsequent cell death. Therefore, STZ
is widely used to experimentally induce diabetes in
animal models [20,21,22]. In the present study,
diabetes was induced using a single intraperitoneal
dose of STZ (50 mg/kg body weight), which
successfully produced a type 2 diabetes mellitus
(T2DM) model in mice.

Previous studies have demonstrated that diabetic
mice exhibit a reduction in total body weight, which
aligns with the findings of the current work. This
weight loss may result from B-cell destruction and
impaired insulin secretion, leading to metabolic
dysregulation and increased tissue protein catabolism
[23]. In the present study, treatment with
Semaglutide (S) and Tirzepatide (T) resulted in
significant weight reduction in both non-diabetic and
diabetic animals, consistent with recent reports
[24,25]. This weight loss is attributed to the actions
of dual incretin agonists, which act centrally to
modulate appetite regulation by stimulating receptors
on hypothalamic neurons that promote satiety, reduce
food intake, and increase energy expenditure [24].
Notably, previous research has shown that
Tirzepatide possesses a greater weight-reducing
capacity than Semaglutide [26], which corroborates
the present findings.

The current study revealed STZ-induced diabetic
mice exhibited a significant elevation in blood
glucose levels compared with the control group,
consistent with previous studies demonstrating
partial pancreatic B-cell destruction following STZ
administration [23]. Treatment with S significantly
decreased blood glucose levels in diabetic animals, in
agreement with earlier reports highlighting the anti-
diabetic effects of GLP-1 receptor agonists [27,28].
Semaglutide acts as a GLP-1 analog that binds to

specific receptors on pancreatic B-cells, enhancing
glucose-dependent insulin secretion and suppressing
glucagon release, thereby maintaining glucose
homeostasis. Similarly, T exerted a glucose-lowering
effect through its dual agonism of GIP and GLP-1
receptors (GIPR and GLP-1R) on B-cells, promoting
insulin secretion and improving glycemic control
[27,29]. Previous reports have also demonstrated the
superior glucose-lowering efficacy of T compared to
S [30], which aligns with the results of the current
study.

Regarding lipid metabolism, diabetic animals
exhibited marked dyslipidemia, manifested by
elevated TC, TG, and LDL levels and reduced HDL
levels, which can be attributed to insulin deficiency
and diminished lipoprotein lipase activity [23]. These
results were confirmed in the current study.
Treatment with S or T in diabetic animals resulted in
a significant reduction in TC, TG, and LDL levels
and a concomitant increase in HDL levels. This
improvement may be attributed to the ability of S to
modulate hepatic lipid metabolism and enhance the
production of omega-3 polyunsaturated fatty acids,
exerting hepatoprotective and anti-inflammatory
effects [25]. Similarly, T improved lipid metabolism
and protected hepatic tissue, consistent with its role
in regulating fat oxidation [24].

The current research indicated diabetic subjects
exhibited a marked reduction in both INS and IGF-1
levels, likely attributable to dysfunction of B-cells
and liver impairment related to diabetes [23,31].
Prior investigations have indicated that S promotes
insulin secretion and increases IGF-1 levels in
diabetic models by functioning as a GLP-1 receptor
agonist, facilitating glucose-dependent insulin release
while inhibiting glucagon secretion [8,7]. However,
the findings from this study revealed that S and T did
not significantly affect INS but did increase IGF-1
levels in diabetic mice. This implies that these
treatments may primarily reduce glucose levels
through mechanisms such as appetite suppression,
weight loss, and modifications in metabolic energy
use rather than directly stimulating -cell activity.

Histopathological examination of the pancreas
revealed significant structural changes induced by
both semaglutide (S) and tirzepatide (T), even in
non-diabetic mice. The administration of S was
linked to a decrease in islet size, cellular
degeneration, and mild hemorrhage. In contrast, T
treatment resulted in enlarged islets accompanied by
infiltration of inflammatory cells and wvascular
dilation, suggesting potential pancreatic stress[7].
These observations imply that incretin-based
therapies could lead to dose-dependent or adaptive
responses in tissue that extend beyond their effects
on glycemia. In diabetic subjects, the typical
characteristics of B-cell depletion and inflammatory
infiltration were observed, aligning with earlier
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studies [32]. Nevertheless, neither S or T treatment
restored normal islet morphology.

Histopathological analysis of the large intestine
indicated that treatment with semaglutide (S) in non-
diabetic mice resulted in mucosal degeneration and a
reduction in goblet cell mucin. Similarly,
administration of tirzepatide (T) caused mucosal
damage characterized by epithelial deterioration,
decreased mucin production, inflammatory cell
infiltration, and localized hemorrhage. These
observations align with earlier research indicating
vacuolar degeneration and glandular disruption
within diabetic intestinal tissues [33]. In this study,
diabetic mice displayed significant mucosal
degeneration, hypertrophy of goblet cells, and
diminished mucin levels. Importantly, treatment with
S or T intensified these changes, resulting in further
mucosal damage and additional loss of mucin. These
findings imply that although these medications
enhance metabolic outcomes[34], they may impair
the integrity of the intestinal barrier, possibly through
receptor-mediated impacts on mucosal turnover or
local inflammation.

Immunohistochemical analysis revealed that S-
treated non-diabetic mice exhibited reduced insulin
(INS) immunoreactivity and increased glucagon
(GC) expression compared with controls. Similarly,
T-treated mice showed reduced INS and GC
reactivity. Previous reports have indicated that
reduced INS and GC immunoreactivity in diabetic
pancreas is associated with inflammatory activation
involving NF-«B, IL-1B, and IL-6 pathways, leading
to B-cell destruction and impaired insulin synthesis
[34]. The present study corroborates these findings,
demonstrating diminished INS and GC responses in
diabetic animals. Treatment of diabetic mice with S
and T led to mild restoration of GC expression,
accompanied by migration of a-cells toward the islet
core, while INS immunoreactivity showed only slight
improvement.

Finally, the expression of hepatic CYP2EL
remained unchanged in non-diabetic mice treated
with S or T. However, diabetic mice exhibited
significant upregulation of CYP2E1l expression,
consistent with previous findings attributing this
elevation to reduced insulin-mediated suppression of
CYP2E1 transcription, increased stabilization by
ketone bodies, and enhanced gluconeogenic activity
[35]. Elevated CYP2E1 levels promote oxidative
stress, hepatocyte apoptosis, and liver injury. In
contrast, treatment of diabetic mice with S and T
significantly downregulated CYP2E1 expression,
indicating that both agents may mitigate hepatic
oxidative stress and contribute to the protection
against diabetes-associated hepatic dysfunction.

From a global health standpoint, this research
aligns with the United Nations Sustainable
Development Goal 3 (Good Health and Well-being)
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by focusing on diabetes mellitus, a significant non-
communicable disease that is becoming more
prevalent globally. By investigating the effectiveness
and safety of these treatments, the study bolsters
international initiatives aimed at decreasing diabetes-
related illness and death while fostering sustainable
metabolic health results. These results highlight the
importance of focusing on metabolic pathways for
effective and sustainable disease management in both
clinical and public health contexts.

Conclusion

The present study concludes that both
Semaglutide (S) and Tirzepatide (T) effectively
induce weight reduction, improve glycemic control,
and modulate the dysregulated lipid profile
associated with diabetes. However, both agents
demonstrated notable adverse effects on pancreatic
and intestinal tissues, indicating potential organ-
specific toxicity. Therefore, further investigations are
warranted to elucidate the underlying mechanisms of
these histopathological alterations and to assess the
long-term safety of S and T, particularly regarding
their impact on the pancreas and intestine. Moreover,
the current findings emphasize a critical warning
against the non-therapeutic use of these agents for
weight reduction in non-diabetic individuals.
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TABLE 1. Real-time PCR primers made of oligonucle otides that are forward and reverse genes under

study
Investigated Primer Product Annealing
marker size (bp) Temperature (°C)
F5'- TCCCTAAGTATCCTCCGTGA -3’
CYP2EL R5'- GTAATCGAAGCGTTTGTTGA- 3’ 529 60
F5'- CCTCGTCCCGTAGACAAAATG-3'
GAPDH RS- TGAAGGGGTCGTTGATGGC - 3 152 60
Difference in body weight Glucose levels
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Fig.1. Bar chart showing body weight difference during
the period of experiment Data = Mean +SEM, P<
0.05 considered sig a sig. against control b sig.
against Diabetic
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Fig.2. Bar chart showing blood glucose levels.Data =
Mean +SEM, P< 0.05 considered sig a sig. against
control b sig. against Diabetic

Fig. 3. Bar chart showing the effect of Semaglutide (S) and Tirzepatide (T) ameliorated lipid profile,A.
Triglycerides, B. Cholestrol, C. HDL, and D. LDL .Data = Mean +SEM, P< 0.05 considered sig a sig.

against control b sig. against Diabetic
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Fig. 4. Bar chart showing the effect of Semaglutide (S) and Tirzepatide (T) on, A. Insulin hormone (INS)

levels, B. Insulin -like growth factor 1 hormone (IGF-1) levels.Data = Mean +SEM, P< 0.05
considered sig a sig. against control b sig. against Diabetic
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Langerhans(L), (B) non-diabetic animal group treated with single dose/week of S(0.25mg/kg) displaying
reduction in size Islets of Langerhans(L)and hemorrhage between pancreatic cells(H),(C) non-diabetic
animal's groups treated with single dose/week of T(5mg/kg) displaying increase in size Islet of
Langerhans(L), hemorrhage between pancreatic acini (H)and inflammatory cells (black arrow),(D) diabetic
group reduction in size Islet of Langerhans(L)and hemorrhage between pancreatic acini (H),(E) diabetic
animal group treated with single dose/week of S(0.25mg/kg) showing islets of Langerhans appeared
disorganized(L)and inflammatory cells (black arrow),(F) diabetic animal group treated with single
dose/week of T(5mg/kg) showing islets of Langerhans appeared disorganized(L)and inflammatory cells
(black arrow) (H & E — 400 X).

Fig. 6. Photorhicrograpﬁ of the

mice large intestinal (A) control group showing normal appearance, glands and goblet cells
(green arrow), (B) non-diabetic animal group treated with single dose/week of S(0.25mg/kg) displaying degeneration
(red arrow) and ulcers (orange arrow), (C) non-diabetic animal group treated with single dose/week of T(5mg/kg)
displaying degeneration (red arrow) , inflammatory cells (black arrow) and hemorrhage (H),(D) diabetic group
revealing enlargement cells (brown arrow) and hemorrhage (H),(E) diabetic animal group treated with single
dose/week of S(0.25mg/kg) showing degeneration of gland (red arrow) and hemorrhage (H),(F) diabetic animal
group treated with single dose /week of T(5mg/kg) showing large intestinal degeneration of gland (red arrow) and
hemorrhage (H) (H & E — 400 X).
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Fig 7. Photomicrograph of the mice large intestinal stained by Periodic Acid Schiff (PAS) (A) control group showing
intense stain of mucous in goblet cells (yellow arrow), (B) non-diabetic animal group treated with single dose/week
of S (0.25mg/kg) displaying more less content of mucous in goblet cells (yellow arrow), (C) non-diabetic animal’
group treated with single dose/week of T (5mg/kg) displaying more less content of mucous in goblet cells (yellow
arrow),(D) diabetic group showing weak content of mucous in goblet cells (yellow arrow),(E) diabetic animal group
treated with single dose /week of S (0.25mg/kg) weak content of mucous in goblet cells (yellow arrow),(F) diabetic
animal group treated with single dose/week of T (5mg/kg) showing weak content of mucous in goblet cells (yellow
arrow) (PAS — 400 X).

The percentage area of PAS stain B The optical density of PAS stain

a W Area
a

Fig. 8. Bar chart showing the Area % and Optical density of PAS stain in large intestine.
Data = Mean £SEM, P< 0.05 considered sig a sig. against control b sig. against Diabetic
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Fig. 9. Photomicrograph of the Pancreas Langerhans Islands staining immunohistochemically against INS(p cells):
(A)control group showing intense immunoreactivity (black arrow), (B) non-diabetic animal group treated with single
dose /week of S (0.25mg/kg) displaying more less immunoreactivity (black arrow), (C) non-diabetic animal group
treated with single dose/week of T(5mg/kg) displaying more less immunoreactivity (black arrow), (D) diabetic group
displaying weak immunoreactivity (black arrow),(E) diabetic animal group treated with single dose/week of
S(0.25mg/kg) showing weak immunoreactivity (black arrow),(F) diabetic animal group treated with single dose/week
of T showing slight increase immunoreactivity (black arrow) (ABC-400X).
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Fig. 10. Bar chart showing the effect of Semaglutide (S) and Tirzepatide (T) on immune response in the
pancreas against (INS), represented by A. area% of the pancreas, B. optical density% of the pancreas. Data
= Mean +SEM, P< 0.05 considered sig a sig. against control b sig. against Diabetic

Fig. 11. Photomicrograph of the Pancreas Langerhans Islands staining immunchistochemically against GC:

(A)control group showing intense immunoreactivity (black arrow), (B) non-diabetic animal group treated with single
dose/week of S (0.25mg/kg) displaying increase immunoreactivity with the accumulation of a cells on one side of the
islet (black arrow), (C) non-diabetic animal group treated with single dose/week of T(5mg/kg) showing less
immunoreactivity with started to migration a cells (black arrow),(D) diabetic group displaying less immunoreactivity
with migrated a cells (black arrow),(E) diabetic animal group treated with single dose /week of S (0.25mg/kg) showing
more immunoreactivity with migrated a cells into the core of islets (black arrow),(F) diabetic animal group treated with
single dose /week of T showing more immunoreactivity with migrated a cells into the core of islets (black arrow) (ABC-
400X).
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Fig. 12. Bar chart showing the effect of Semaglutide (S) and Tirzepatide (T) on immune response in the pancreas
against (GC), represented by A. area% of the pancreas, B. optical density%o of the pancreas. Data = Mean +SEM, P<
0.05 considered sig a sig. against control b sig. against Diabetic
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Fig. 13. Bar chart showing the effect of Semaglutide (S) and Tirzepatide (T) on Langerhans cells., A. count
of cells., B. p cells%., C. a cells%., D. Area pmx10°., E. Volume pmx10%Data = Mean +SEM, P<
0.05 considered sig a sig. against control b sig. against Diabetic
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Fig. 14. Bar chart showing the expression level of the CYP2EL gene in Liver induced by Semaglutide (S) and
Tirzepatide (T). Data = Mean £SEM, P< 0.05 considered sig a sig. against control b sig. against Diabetic
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