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The present study was conducted to determine the effect of some anti-obesity drugs on the
histological structure of the liver and kidney in Swiss mice (Mus musculus) for 30 days. Twenty
mice were used and each group was placed in a separate cage and divided into two groups, each
group containing 10 mice. The first group was the control group where its animals were injected
by distilled water, while the second group was the first experiment group where its mice were
injected by the Rybelsus drug at a concentration of 0.6 mg/day. On the last day, the treated
animals were sacrificed, their kidneys and livers were extracted very carefully, and tissue
sections were prepared by embedding in paraffin wax. The sections were then stained using
two types of dyes which were hematoxylin and eosin (H&E). Finally, the histological sections
were tested using a light microscope equipped with a digital camera, and the required
information was recorded. Several histopathological changes were recorded in the liver tissue
of animals treated with Rybelsus drug, where cellular changes appeared represented by hepatic
cell enlargement, and hilar degeneration was seen in some hepatic cells. Nuclei enlargement,
edema, thickening and decomposition of some hepatic cell nuclei were also seen. Hepatic cell
scattering was also observed, as well as clear congestion in the central vein and portal vein, in
addition to an increase in the size and number of Kupffer cells as well as dilatation of the
sinusoids. Granulation and focal necrosis were also observed in the liver tissue and infiltration
of inflammatory cells in the liver parenchyma as well as in the portal yard, and
hyperproliferation of bile ducts was observed. The results of this study also showed that the
weights of animals treated by the previously mentioned concentrations of Rybelsus drug were
affected, as the weight rates of all experimental groups decreased and the average weights of
animals dosed for 30 days were (25.5 - 28) g.

Introduction: Human health is exposed to dangerous conditions and sometimes death in the
long or short term (Abbas and Abbas, 2013a), as a result of pollutants and toxic substances
that move from environmental elements such as water (Ali et. al., 2020a), air and soil (Abbas
et. al.,, 2021) to reach humans through the food chain (Maddodi et. al., 2020). Exposure,
handling or accumulation of various chemicals such as heavy metals (Abbas and Abbas,
2013b), dyes (Alalwan et. al., 2021), inorganic toxins (Alalwan et. al., 2020), organic acids
(Abbas and Abbas, 2014), carcinogenic substances from different resources (Alhamd et. al.,
2024a), radioactive elements (Alalwan et. al., 2018), hardness (Ibrahim et. al., 2021), oil waste
(Ali et. al., 2021), medicines (Ibrahim et. al., 2020a), drugs (Ibrahim et. al., 2020b), chemicals
(Abbas et. al., 2019a), tree leaves (Hameed and Abbas, 2024), pesticides (Abd ali et. al., 2018),
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phenols (Abbas et. al., 2019b), industrial (Ghulam et. al., 2020) and agricultural waste (Abbas
and Abbas, 2013c¢) and others (Ali et. al., 2024), and even the necessary substances that the
human body needs such as elements (Al-Hermizy et. al., 2022) or vitamins (Ali et. al., 2020b)
can have a toxic effect on the body after a period of time that varies according to the type, age,
gender and weight of the organism. One of these substances that have not been highlighted
and their effects studied sufficiently are medications (Khaleel et. al., 2022). The use of
medications that are not recommended may lead to dangerous conditions and sometimes death
as a result of their various effects on the activities and activities of the body's organs (Hashem
et. al., 2021). Humans use medications to treat the effects of disease, but some of these
medications may cause side effects and unwanted effects that affect public health or have toxic
effects (Hasan et. al., 2021). Although there are many methods that provide solutions and
treatments for these pollutants, either by removing them (Abbas et. al., 2020) or trying to
benefit from them in different ways in eco-friendly approach (Alhamd et. al., 2024b), by
converting them into useful materials, such as additives (Abdulkareem et. al., 2023), alcohol
(Hamdi et. al., 2024), chemicals (Abbas et. al., 2022a), pesticides (Abd Al-Latif et. al., 2023),
fertilizers (Abbas, 2015), catalyst materials (Abbas and Alalwan, 2019), nanao-particles
(Alminshid et. al., 2021), fillers (Abbas et. al., 2022b), or other methods to dispose of them
(Rajaa et. al., 2023), the levels of pollution that humans are exposed to from these various
materials, which affect their health in one way or another (Abdullah et. al., 2023), are still high
and without an accurate and updated definition of their effects (Alwan et. al., 2021). People
are increasingly interested in fitness and physical health, which has led them to look for any
food products, drugs or medicines that contribute to weight loss and maintain general health
at the same time (Rippe, 2018). Among these products, special emphasis is placed on slimming
products, which lead to losing excess weight and in the same time containing many chemicals
(Ali and Abbas, 2020). Slimming products are defined as a group of products or nutritional
elements that are intended to help people lose weight, maintain a moderate weight, or achieve
a healthy or ideal weight (Ryan, 2021). Slimming products are commonly used as part of
healthy weight loss strategies and vary in their composition and methods of use, and usually
include low-calorie foods, nutritional supplements, medications, and natural products that are
claimed to have slimming effects (Al-Ali et. al., 2023). The increasing use and popularity of
slimming products is growing due to their availability and improved awareness of the
importance of weight management and maintaining overall health (Lean et. al., 2018). Many
slimming products are used to help control weight and reduce obesity, a condition that can
lead to various health risks such as high blood pressure and diabetes (Abbas and Nussrat,
2020). The use of curves is a suitable alternative for people who prefer to avoid surgical
procedures, which contributes to reducing the need for unwanted surgical interventions (Cohen
& Gadde, 2019). In addition, some curves offer oral medications, providing another option for
people who prefer to receive oral medication treatments instead of surgical procedures
(Curthoys & Moe, 2014). But using slimming pills (like any chemicals) is not an absolute
benefit, but rather a double-edged sword (Abbas and Ibrahim, 2020). Despite the health
benefits of slimming pills, they must be used with caution, in specific doses and times, and
under the supervision of a doctor or nutritionist to avoid potential health risks (Williams et.
al., 2019). Using diets without the supervision of a doctor or nutritionist may cause several
health problems, including side effects such as high blood pressure, headache, irritability,
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insomnia, and others. Or some diets may be poor in essential nutrients such as proteins,
vitamins, and minerals, which can lead to malnutrition. In addition to the above, the
unbalanced use of diets may be associated with negative effects on mental health such as
anxiety, depression, and nervous tension. While some diets may cause digestive disorders such
as constipation, diarrhea, or intestinal irritation. Last but not least, their effects on
cardiovascular functions, which increases the risk of heart disease and stroke (Brewis &
Trainer, 2024). One of the most widely used types of slimming pills is the drug Rybelsus. This
type of slimming pill is an interesting option for people seeking to lose weight, due to its low
calories and its effectiveness in stimulating the fat burning process without affecting a healthy
weight (Iijima et. al., 2023). Rybelsus is an oral medication used to treat type 2 diabetes.
Rybelsus contains the active ingredient semaglutide, which stimulates the release of insulin
from the beta cells (B-cells) in the pancreas. Semaglutide is thought to work by binding to
glucagon receptors in the pancreas, which increases insulin secretion and decreases glucagon
secretion. Insulin lowers blood sugar levels by promoting the uptake of glucose from the blood
into cells for use as energy, while glucagon increases the release of glucose from the liver into
the blood (Stafeev et. al., 2024). Rybelsus is usually available as tablets that are specially
designed to dissolve under the tongue rather than swallowed, to allow the medication to be
absorbed quickly and effectively through the blood vessels under the tongue (Tan et. al., 2024).
Rybelsus is given by placing a sublingual tablet and dissolving it under the tongue about 30
minutes before breakfast, as it dissolves and is quickly absorbed into the blood, allowing it to
start working faster through the bloodstream (Karasek, 2022). Rybelsus can be used
independently as a single treatment for type 2 diabetes. It can be used with other medications
used to treat diabetes such as metformin or insulin, according to the recommendations of the
treating physician, and also according to the patient's condition and individual health needs
(Andersen et. al., 2021). This type of slimming product, especially Rybelsus, has recently
become increasingly popular, as it is a nutritious and (to a certain extent) safe option for users.
This drug is seen as an ideal alternative for people seeking to maintain a healthy weight and
improve their overall quality of life. However, the use of this drug is not 100% safe, as side
effects have been reported as a result of using this drug (Rubino et. al., 2022). The most
common side effects of Rybelsus in adults included nausea, diarrhea, constipation, vomiting,
injection site reaction, low blood sugar (hypoglycemia), headache, fatigue, dizziness, stomach
pain, and change in lipase enzyme levels in the blood. Additional common side effects in
children were fever and gastroenteritis (Shaman et. al., 2022). The liver plays an important
role in the body's efficient metabolic processes. It is responsible for the intermediate
metabolism of proteins, carbohydrates and lipid compounds. The liver is a very effective organ
in detoxifying and removing toxic compounds and other harmful substances (Abd Ali et. al.,
2024). Given the great importance of the liver in the continuity and quality of life due to the
multiple locations and functions it performs, and the lack of most previous research on the
histological effects caused by depressants on it, this study aimed to clarify the negative effects
of the drug Rybelsus on the histological structure of the liver.

Materials and Methods

Drug Doses & Method of Administration: Rybelsus is used in the form of tablets containing
14 mg of the active substance Semaglutide, which is obtained from the pharmacy and
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manufactured by the Danish company Novo Nordisk. The specific dose of Rybelsus drug was
0.6 mg, which is the oral dose and the intraperitoneal dose in mice. The amount of drug injected
into the mice used in this study was calculated based on the equation 1 (Abd ali et. al., 2018):

X Wmouse

—-—=— -1

D 1000 S
Where: x: is the weight to be injected into the mice in the experiment, measured in mg, D: is
the specified dose of Rybelsus, which is 0.6 mg, W, ouse: 1s the weight of the mice used in the
experiments, which ranged between 28-43 g.

Preparation of animals: 30 Swiss white mice of both sexes, male and female, aged 3-4
months, weighing 19-43 grams, were prepared and raised in the animal house, by placing them
in plastic cages covered with metal mesh covers, measuring 30 x 50 x 20 cm. The cage floors
were covered with sawdust, and they were cared for and provided with water and feed. The
animal cages were cleaned every day and sterilized with disinfectants. The animals were then
placed in suitable laboratory conditions in terms of ventilation and lighting at a temperature of
23-26 C.

Dissection of Animals and Preparation of Histological sections: The mice were dosed for
thirty days with Rybelsus, after which their Livers were removed for tissue section analysis
and the animals were dissected. The tissue sections were prepared using the method described
by (Suvarna et. al., 2019) after the tissues were fixed for 24 hours in a 10% formalin solution.
The slides were colored using hematoxylin-eosin dye in order to evaluate how Rybelsus
impacted the histological makeup of the liver.

Results

Histological Description of Liver in Control Group: The results of microscopic examination
of the liver tissue sections of animals in the control group showed that the liver tissue consists
of several lobules, each containing a central vein in the middle of the lobule, and the
hepatocytes extend around it in a regular radial manner in the form of hepatic cords. The
hepatocytes are polygonal in shape, containing one circular nucleus and sometimes two
binucleated nuclei. Light-colored areas were observed between the hepatocytes, which
represent the sinusoids and are lined with endothelial cells, as shown in Figure 1.
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Figure 1 Section of the liver of the control group showing the histological structure of the
liver. Note: (CV) central vein, (HC) hepatocyte, (BN) binucleated hepatocyte, (S) sinusoids.
Stained (H&E), x40

Histological changes in Mouse Liver injected by 0.6 mg Rybelsus drug: The results of
microscopic examination of liver sections in the experimental groups dosed with 0.6 mg of
Rybelsus drug showed that there were negative effects resulting from the drug where some
tissue changes, the most important of which was the appearance of congestion in the central
vein and the expansion of some hepatic sinusoids, while the cells maintained their arrangement
in the form of hepatic cords around the central vein, as shown in Figure 2.

Figure 2 Section of the liver of experimental group mice treated with Rybelsus at a
concentration of 0.6 mg/day for 30 days, showing the occurrence of dilatation of sinusoids (S),
increased numbers of Kupffer cells (K), and hypertrophy (HT) of hepatocytes, stained (H &
E), x40

Also, there were some histological changes shows vascular congestion in the portal vein and
its expansion, and an increase in the number of ducts in the bile duct cells as shown in Figure
3.
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Figure 3 Section of the liver of experimental group mice treated with Rybelsus at a
concentration of 0.6 mg/day for 30 days, note: scattered hepatocytes (H), Kupffer cells (K),
sinusoids (S), cell hyperplasia (HT), stained (H&E), 40x%.

The presence of some histological changes, blood congestion in the portal vein, thickening of
the nuclei, fibrosis, necrosis of liver cells as shown in Figure 4 and 5 and the scattering of
hepatocytes, Kupffer cells, and sinusoids as shown in Figure 6.

Figure 4 Section of the liver of experimental group mice treated with Rybelsus at a
concentration of 0.6 mg/day for 30 days. Note: hepatocyte hypertrophy (HT), nuclei
hypertrophy (KAR), Kupffer cells (K), sinusoids (S, stained (H & E) 40x
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Figure 5 Section of the liver of experimental group mice treated with Rybelsus at a
concentration of 0.6 mg/day for 30 days, note: thickening of the nuclei (PK), hepatocytes (H),
sinusoids (S), stained (H & E), 40x%.

Figure 6 Section of the liver of experimental group mice treated with Rybelsus at a
concentration of 0.6 mg/day for 30 days, note: nuclei degeneration (KA), nuclei enlargement
(KAR), sinusoids (S), stained (H & E), 40x.
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Cytological alterations were also observed in the liver tissue represented by the enlargement
of some hepatocytes (hypertrophy), and the enlargement of their nuclei (karyomegaly) as
shown in Figure 7.

Figure 7 Section of the liver of experimental group mice treated with Rybelsus at a
concentration of 0.6 mg/day for 30 days, note: edematous degeneration (B), stained (H & E),
40x.

Pyknosis of the nuclei of some hepatocytes was also observed, as they appeared in a dark color
and small size in the center of the cells, and the expansion of the sinusoids. Karyolysis of the
nuclei of some hepatocytes was also observed, as the nuclei completely disappeared, and the
cell was seen in a uniform color 8.
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Figure 8 Section of the liver of experimental group mice treated with Rybelsus at a
concentration of 0.6 mg/day for 30 days, note: hilar degeneration (HD), nucleolar degeneration
(KA), sinusoids (S), stained (H & E), 40%

Treatment with Rybelsus also caused damage to the central vein, as its normal circular shape
changed to an irregular, elongated oval shape, and congestion was observed in it 9(Figure 28-
4). Infiltration of inflammatory cells (mononuclear cells) was also seen in the liver parenchyma
10(Figure 29-4).

Figure 9 Liver section of experimental group mice treated with Rybelsus at a concentration
of 0.6 mg/day for 30 days, note: damage and elongation of the central vein (CV), congestion
(CO), nucleolar lysis (KA), Kupffer cells (K), stained (H & E), 40%
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Figure 10 Section of the liver of experimental group mice treated with Rybelsus at a
concentration of 0.6 mg/day for 30 days, note: occurrence of granulation (G), sinusoids (S),
stained (H & E), 40%

Effect of Rybelsus on the histological structure of the Liver: Pyknosis was observed in
some hepatocyte nuclei, as the nuclei appeared dark in color and smaller compared to the
control group. This result is not consistent with what was indicated by (Inia et al., 2023) that
nuclei thickening usually occurs when the cell undergoes necrosis after a cellular injury
resulting from a toxic substance, and is represented by swelling degeneration, after which the
cell condenses the chromatin and then thickens it. The cause of degeneration and enlargement
of hepatocytes, thickening and decomposition of the nuclei may be Rybelsus treatment and its
occurrence of clear tissue damage in hepatocytes that affected the normal shape of the liver.
In addition to the damage in the hepatocytes that appeared in the current result, Rybelsus
affected the sinusoids in terms of the appearance of dilation in them compared to the control
group. The deficiency in venous blood flow and central vein occlusion work to cause an
increase or congestion in venous pressure, which leads to dilation of the sinusoids. Congestion
was also observed in the central and portal veins in this result in the Rybelsus treatment group
compared to the control group, as there was clear blood pooling in these vessels, and this does
not agree with what they indicated (Zhang et al., 2020), as they showed that the deficiency in
blood flow causes congestion in the blood vessels and liver parenchyma.

Bile duct proliferation in the liver of male white mice in the present results, a hepatic cellular
reaction that led to hyperplasia of bile duct cells caused hyperplasia of bile duct cells or what
is called Noecholangioles. As a result of the toxicity of foreign external substances, an increase
in the number of bile duct cells occurs. The reason for the occurrence of the phenomenon of
hyperplasia of bile ducts in this study may be the toxicity of the drug as a foreign substance to
the body, which leads to a hepatic reaction leading to hyperplasia.

Conclusions

Injecting mice with Rybelsus for 30 days caused several noticeable changes in the liver. This
drug had a toxic effect that led to tissue changes in the liver of mice after injection. In addition,
there was a change in the diameters of both the central vein and the portal vein in the liver
when compared with the control group.
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