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Summary I

Summary

Diabetes mellitus (DM) is one of the most common metabolic
diseases, especially in people aged 20-70 years, and it may be one of the
main causes of death around the world. It is a chronic disease that occurs as
a result of an imbalance in the metabolic process and is mainly
characterized by With high blood glucose concentrations, insulin resistance
and beta cell dysfunction, many treatments have emerged that lower blood
sugar levels. A drug approved by the World Health Organization, the
World Food and the Pharmaceutical Association, which is Metformin, has
recently become widespread. A new and modern class of treatments has
also appeared, namely SGLT2 inhibitors. Which works to reabsorb glucose
from the renal tubules and excrete it with urine.. The current study aimed
to determine the behavioral and macroscopic effects of animals with
alloxan-induced diabetes treated with Metformin, Empagliflozin, and
Dapagliflozin on the tissues of the liver, kidneys, and pancreas in male
albino rats. All of these animals were injected with alloxan at a
concentration of 150 mg/kg body weight to induce diabetes in them, and
the experiment was conducted for thirty days. Forty male albino rats were
used and randomly divided into five groups. Each group included eight
rats. The control group was injected with 1 ml of distilled water. As for the
remaining four groups, they were injected with Alloxan to induce diabetes
in them and confirm their diabetes after 72 hours with a glucose meter. The
second group had diabetes without treatment or medication. The third
group was injected with Metformin at a concentration of 0.4 mg/kg/day,
and the fourth group was injected with Empagliflozin at a concentration of
5 mg/kg/day. As for the fifth group, it was injected with Dapagliflozin at a
concentration of 2 mg/kg/day. . After the injection period, the animals
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were anesthetized and sacrificed to remove the required organs (liver,

kidney, and pancreas).

Histological sections were prepared by embedding in paraffin wax,
and the sections were stained using hematoxylin and eosin (H&E) stain.
The sections were examined using a light microscope equipped with a

camera, Then the required information was recorded.

Injecting male rats with Alloxan led to them developing diabetes and
the appearance of a number of behavioral changes, including withdrawal,
lack of activity, and an increase in their appetite for food. Extreme fatigue
and lethargy were also observed, especially in the last week of injection. It
was also noted that the average weight of the animals increased slightly
after the injection, as their average weight before the injection reached 195-

200 grams, while it became 250-270 grams after the injection.

After euthanasia of the animals, kidney enlargement was seen in the
experimental groups. This shows that the organs have changed in some

way.

The results of examination of histological sections of the livers of
animals in the experimental groups injected with Alloxan showed the
occurrence of many pathological histopathological changes, including
degeneration and necrosis of some hepatic cells, bleeding and congestion of
blood vessels, and hemorrhage within the sinusoids. Bursting in the
cytoplasm of some cells was also observed, as well as the appearance of
enlarged nuclei in some of them, while in others, thickening of the cells
appeared. Its nuclei, and in some of them, the nuclei are lost and die. In
addition, there is infiltration of inflammatory cells, Kupffer cell
hyperplasia, dilatation of the sinusoids, congestion of the central vein of the

liver, and the appearance of edema within the interstitial tissue of the liver.
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As for histological sections of the kidneys in the experimental
group with induced diabetes, histological changes appeared, such as an
increase in Bowman'’s area, glomerular shrinkage, degeneration and
necrosis of the cells forming the urinary tubules, and swelling of the tubular
cells. Degeneration of glomerular cells and cells of the parietal layer of the
capsule was observed. It also showed the presence of congestion in the
blood vessels and the formation of a blood clot with an increase in the
thickness of the blood vessel wall, and some cellular changes such as
enlarged nuclei, swelling of the cells, the occurrence of gall degeneration
and rupture of the cytoplasm with infiltration of inflammatory cells. In

addition to the occurrence of fibrosis centered around the blood vessels.

The histological study of the pancreas of the animals of the
experimental group with alloxan-induced diabetes showed the occurrence
of many pathological histological changes, represented by edema and
bleeding within the septa between the lobules, necrosis of the acini in the
exocrine part, and rupture in the cytoplasm of the pancreatic cells. As for
the endocrine part, there was atrophy of the islets of Langerhans and a
decrease in the number of beta cells. It necrotized and bled inside the

island.

Liver sections in the diabetic group treated with Metformin at a
concentration of 0.4 mg/kg/day showed slight improvements in the tissues
of the organs (liver, kidney, and pancreas), but they also suffered from
pathological histological changes, perhaps due to the low concentration of
the drug used. These changes were represented by congestion of the central
and hepatic portal veins. Expansion of the hepatic sinusoids, congestion
and bleeding in them. These changes have been associated with the
occurrence of gall degeneration; Swelling of some liver cells and loss of

the radial organization of the cells in the form of liver cords; edema;
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Inflammatory cell infiltration around the central vein and portal vein.
Cellular changes were also observed, represented by an increase in the
number of binucleated cells, in addition to the proliferation of bile ducts

and an increase in their diameters.

As for the kidneys in the animals of this group, histological
changes were also observed, represented by necrosis of some glomeruli,
while others showed their enlargement and increased wall thickness, the
appearance of ruptures and hemorrhages in the kidney cortex, as well as the
occurrence of bleeding in some of the convoluted tubules. Necrosis was
also found in the epithelium lining these tubes, and infiltration of
inflammatory cells inside was also revealed. Interstitial tissue of the cortex
with the appearance of fibrosis in some histological sections. In some
sections, enlargement of some tubule cells appeared, and in some of them a
decrease in cell size. As for the nuclei of the tubule cells, it was observed

that some of them had thickened and others had enlarged.

As for the pancreas of male rats with induced diabetes and
treated with the drug Metformin at a concentration of 0.4 mg/kg/day, it also
showed histological changes, according to what was revealed in the
microscopic examination, as congestion was observed inside the blood
vessels and bleeding inside the septum separating the lobes, as well as
bleeding inside the acini of the exocrine part. Congestion of the pancreatic
artery and vein, fibrosis around the blood vessels, congestion, and the
appearance of edema. As for the internal secretory part, it was noted that
the small size of cells inside the islet, bleeding inside the islet, congestion
of the capillaries with the occurrence of cell rarefaction, in addition to a
reduction in the size of the islet of Lankarhans and its features are unclear,

a decrease in the number of cells Noticeably.
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Histological sections of the liver of male rats with induced
diabetes and treated with modern types of medications belonging to the
Gliflozin class, which are both Empagliflozin at a concentration of 5 mg/kg
and Dapagliflozin at a concentration of 2 mg/kg, over a period of 30 days
of the experiment, showed the appearance of many histological changes,
some of which were severe. These changes included the formation of a
blood clot. Blood inside the central vein, consolidation of blood vessels,
rupture and necrosis of hepatic cells, intrasinusoidal hemorrhage, severe
infiltration of inflammatory cells, radial irregularity of the cells around the
central vein, but rather irregularly. It was also noted that some cell nuclei
had suffered from enlargement and others had become wrinkled. Some
hepatic cells and their nuclei decomposed, and the cells appeared in a dull
color, Collection of Kupffer cells and spread of fatty tissue in the sinusoids,
enlargement of some hepatic cells, thrombosis in the portal vein and its
expansion and thickening of its wall, rupture and necrosis of part of the
membrane of the central vein, and the appearance of fibrosis. In some
sections, narrowing of the sinusoids and venous degeneration were

observed.

As for the kidneys of diabetic male rats treated with one of the
SGLT2i drugs (Empagliflozin or Dapagliflozin), they also showed
histological changes that were severe in some of them, including an
increase in the thickness and density of the basement membrane of the
glomeruli and some urinary tubules, an expansion of the Bowman space,
and atrophy of the glomeruli in some sections as well. It was observed that
severe blood bleeding occurred inside the glomerulus and between the
tubules, necrosis of the glomerulus, as well as rupture of cells in the
parietal region of the glomerulus, swelling and separation of some of the

epithelial cells lining the renal tubules from the basement membranes and
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their accumulation in the lumen Cavitation and severe degeneration of the
renal tubules, represented by the death of nuclei in the epithelial cells lining
the renal tubules, the sloughing of part of the basement membrane
surrounding the glomerulus, the death of some cells in the glomerulus,
dense infiltration of inflammatory cells, a small size of the cells lining the
tubules, thickening of the wall of the blood vessels in them, and congestion
of the collecting tubules. The expansion of the tubule was observed as a
result of the loss of epithelial cells and their nuclei. In some sections, a
narrowing of Bowman's space appeared as a result of enlargement of the
glomerulus, as we notice the contact of the glomerulus with its capsular

wall.

As for the pancreas of male rats with induced diabetes and
treated with one of the SGLT2i drugs (Empagliflozin or Dapagliflozin), it
also suffered from severe histopathological changes, including severe
congestion within the branch of the pancreatic vein and blood vessels, the
appearance of rupture and necrosis in the wall of the intralobular duct, as
well as the appearance of edema and bleeding within the gland tissue.
Between the acini, we notice atrophy of some secretory acini in the
exocrine part. It was also noted that congestion appeared within the
interlobular pancreatic duct, thickening of its wall, fibrosis of one of its
poles, severe congestion of the large blood vessels, and expansion of the
lumen of the interlobular duct. As for the internal secretory part,
represented by the islets of Langerhans, it suffered a group of histological
changes. These changes included bleeding within the islet, congestion of
capillaries, loss of beta cells, small size of the remaining cells, and the
appearance of ruptures within the islet. The histological sections also
showed the presence of large fat droplets and adipose tissue, and the filling

of the pancreatic vein also appeared. With adipose tissue. In addition, the
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appearance of nerve bundles in the gland tissue and the infiltration of
inflammatory cells. There was a loss of beta cells, even if they were present
in very small numbers, as well as a clear decrease in the number of cells
remaining in the islet, which led to the small size of the islet compared to

the cells in the control group.

The study concluded that injection of alloxan led to the induction of
diabetes in rats and the occurrence of behavioral changes as well as
histological changes in the liver, kidneys and pancreas. This study showed
that in order to determine how diabetes treatment medications, namely
Metformin and modern medications (Empagliflozin and Dapagliflozin)
affect these organs, immunohistochemical tests and histological studies

must be performed at concentrations other than those used.



