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Article Information Abstract AC%ZES!a
Empagliflozin is a selective sodium-glucose cotransporter-2 (SGLT2) inhibitor widely used in the

Article history: management of type 2 diabetes (T2DM). In addition to its glucose-lowering activity, empagliflozin
possess anti-inflammatory and metabolic regulatory properties. Diabetes is a chronic metabolic

Received: 31, 10, 2025 disorder characterized by persistent hyperglycemia and is frequently associated with structural and
Revised: 22, 02,2026 functional alterations in multiple organs, including the liver. This study evaluated the
Accepte d: 05.04. 2026 histopathological effects of empagliflozin on hepatic tissue in an alloxan-induced diabetic rat
Rk : 7 model. Fifteen adult male rats were randomly assigned into three groups (n = 5 per group): a
Published: 30, 06, 2026 healthy control group, an untreated diabetic group, and a diabetic group treated with empagliflozin

(5 mg/kg/day) for 30 days. Diabetes was induced using alloxan monohydrate, and liver tissue was
subsequently collected for histopathological examination using hematoxylin and eosin staining.
Microscopic examination revealed severe hepatic alterations in untreated diabetic rats, including
hepatocellular necrosis, central vein congestion, sinusoidal dilatation, hemorrhage, nuclear
degeneration, and disruption of normal hepatic architecture. In the empagliflozin-treated group,
Keywords: partial preservation of liver structure was observed; however, several pathological features
persisted, including inflammatory cell infiltration, sinusoidal hemorrhage, hepatocellular

Empaghﬂ_ozln dmg, hypertrophy, nuclear pyknosis, and early hepatic steatosis. Although empagliflozin treatment
Hepatic histological changes, appeared to attenuate some histopathological abnormalities, complete restoration of normal liver
Alloxan, structure was not achieved within the experimental period. The findings suggest that the observed
Liver histopathology, hepatic injury was primarily associated with alloxan-induced toxicity and diabetes-related
Type 2 diabetes. pathologic processes. Under the conditions of this study, empagliflozin exhibited limited

hepatoprotective activity despite modest preservation of hepatic architecture. Further studies
involving larger sample sizes, extended treatment durations, and molecular investigations are
required to clarify the potential role of empagliflozin in preventing or ameliorating diabetes-
associated liver injury.
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1. INTRODUCTION

Diabetes is one of the most important public health problems and can be considered a silent killer because
of the delay in its detection during the initial stages [1]. This disease highlights metabolic disorders characterized
by increased glucose levels. The World Health Organization (WHO) diagnosed individuals with diabetes with
urination, dry mouth, weakness, blurred vision, decreased wound healing rate, tingling in the hand and foot, pain,
or numbness and stated that diabetes is a widespread phenomenon with a global impact [2]. Diabetic
nephropathy (DN), a prominent consequence of diabetes, can cause end-stage renal disease or cardiorenal death
[3]-[4]. Diabetes has been classified into four types, with type 2 diabetes (T2DM) being the most common,
accounting for approximately 95 percent of all types of diabetes [5]-[6]. Potential mechanisms of metabolic
stress-induced cell death in type 2 diabetes include endoplasmic reticulum (ER) stress, oxidative stress [7], and
ceramide production (Sokolowska et al., 2019), culminating in ER pathway activation. Endogenous apoptotic
cells or mitochondria [8]-[9]. Empagliflozin, a selective sodium-glucose cotransporter 2 (SGLT2) inhibitor, is a
relatively new class of antidiabetic medications with anti-inflammatory and metabolic regulation properties, in
addition to lowering blood glucose levels [10].

It prevents transporters in the kidneys from reabsorbing glucose and has been shown to significantly
reduce the risk of heart disorders and death from cardiovascular disease in people with and without diabetes,
making these medications a good choice for people with CHF. It has beneficial properties, especially in the
prevention of HF, which are independent of its hypoglycemic effects [11]. Sodium-glucose cotransporter-2
inhibitors were a new class of diabetes drugs. SGLT inhibition leads to sodium and glucose reabsorption in the
proximal convoluted tubule of the kidney [12]. Empagliflozin inhibits sGLT $4, increases urinary glucose
excretion, and reduces renal glucose reabsorption. The diuretic and natriuretic properties of empagliflozin cause
intravascular spasms by reducing salt and iodine volume. In addition, empagliflozin is associated with weight
loss and lower blood pressure without an increase in heart rate [ 13]. This study aimed to examine the histological
effects of empagliflozin on the liver in an alloxan-induced diabetic rat model to determine its safety beyond
glycemic control and to clarify its possible involvement in modifying diabetes-associated hepatic changes.

https.//ijas.uodiyala.edu.iq/index.php/IJAS/index ISSN: 3006- 5828 %
© Iraqi Journal for Applied Science (IJAS), University of Diyala, College of Education for Pure Science O


https://ijas.uodiyala.edu.iq/index.php/IJAS/index
https://en.wikipedia.org/wiki/Diyala_Governorate

2 Iraqi Journal for Applied Science (1JAS)

2. METHOD
2.1. Induction of diabetes

Five male rats were isolated for the control group (without any treatment), and the remaining 10 rats
were injected subcutaneously with alloxan, which is of Indian origin, at a full dose of 150 mg/kg of rat weight,
where 1 gm was dissolved. Alloxan in 10 mL of the physiologically undefined solution. The animals were
starved for 24 h before 10 mL of physiologically defined saline. After injection, they were provided with food
and allowed to drink a glucose solution containing percentage 5 to prevent hypoglycemia. After 72 h, the blood
glucose level was checked using a German-made diabetes device to confirm the presence of diabetes.

2.2. Distribution division and of the animals

In this study, 15 white male rats were housed inside cages at the Department of Life Sciences, College
of Education for Pure Sciences, University of Diyala. They were 3 - 4 months old, and their body weight ranged
between 167 and 200g. Subsequently, was divided into three groups. Throughout the experiment, a
physiologically undefined solution was administered to the control group. The second group was divided into
two groups that were injected with alloxan to induce diabetes. The first secondary group had induced diabetes,
whereas the second secondary group had diabetes and was treated with the drug empagliflozin at a concentration
of 5 mg/kg of animal weight, which was continued for 30 days, and the amount of the drug that was dosed to the
rat used was calculated. In this study, according to the following equation:

X/D = WRat/1000 [1]
AS X: the amount of drug that must be injected into experimental animals, measured in mg / kg of body weight.
D: The specified drug dose is [5] mg / kg of body weight
W: Rat weight used in the experiment.
At the end of the experiment, all animals were dissected, the organ under study was removed, and tissue sections
were prepared. A 10% formalin solution was used to preserve the samples for 24 h, after which the water tap was
opened to wash them, and then it was transferred to a concentration of 70% alcohol to preserve the samples. All
the steps required to prepare the slides were performed. The slides were stained with hematoxylin—eosin and
examined and photographed using an optical microscope equipped with a digital camera.

3. RESULTS

The results of the current study showed that inducing diabetes in male rats for 30 days led to a group of
changes in the liver compared with the liver of males in the control group. These changes include the appearance
of severe necrosis of hepatic cells, congestion of the central vein, bleeding within the sinusoids and their
expansion, and death of most liver nuclei. Hepatocytes burst and necrotize the central vein wall, and active
transport vesicles appear, as shown in Fig 1.

Figure 1: Cross-section of the liver tissue of male rats treated for 30 days with alloxan-induced diabetes. It shows the occurrence of
congestion of the central vein CO, severe necrosis and degeneration of hepatocytes (NC), necrosis of the wall of the central vein (NV), death
of the nuclei of most hepatocytes (ND), dilatation of the sinusoids (SB), and hemorrhage. H, ATV active transport vesicles (H&E 40).

The current results also showed that the histological changes in the liver in the experimental group with
induced diabetes were disorganized hepatic cells and sinusoids in the form of ropes, but they were irregular,
death of some nuclei in the hepatic cells, with the appearance of fine granules scattered in the hepatic cells; and a
decrease in the number of Kupffer cells, as shown in Figure 2.
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Figure 2: Irregularity of the blood sinusoids in the liver tissue of male rats with induced diabetes, appearance of fine granules in the hepatic
cells (GR), death of most (ND) cell nuclei, and enlargement of Kupffer cells (KH). (H&E 40X).

The results of the current study also showed that in the liver of male white rats with diabetes induced by
alloxan during the experiment period of 30 days, there were histopathological changes in the liver that included
congestion of the central vein, necrosis of its wall, the occurrence of necrosis, rupture, intrasinusoidal
hemorrhage, and death of nuclei in some hepatic cells, as shown in Figure 3.

Figure 3: A cross-section of liver tissue in male diabetic rats treated with 5 mg / kg empagliflozin. It shows severe central vein congestion
(CVCO), hemorrhage (H), Kupffer cells (KC), vascular changes (V), necrosis (N), nuclear death (ND), and vessel necrosis (VN). Color
(H&E, 40)

We also observed that liver tissue in the diabetic group treated with empagliflozin exhibited histopathological
damage, characterized by infiltration and accumulation of inflammatory cells around the central vein,
hemorrhage, dilation of the hepatic sinusoids, nuclear pyknosis and necrosis, hepatocellular enlargement, and the
presence of tissue ruptures, as shown in Figure 4.
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Figure 4: Liver sections from diabetic rats treated with empagliflozin for 30 days. Histopathological examination revealed infiltration and
aggregation of inflammatory cells (A), hemorrhage within the hepatic sinusoids (H), tissue rupture (V), necrosis (N), nuclear
degeneration/death (ND), irregularity of the hepatic sinusoidal cords (SB), nuclear pyknosis (P), a reduced number and enlargement of Karl
Wilhelm von Kupffer cells (KC), and Kupffer cell necrosis (KN). Hematoxylin and eosin (H&E) staining, 40 X magnification.

The results of the study also showed that liver tissue from diabetic male rats treated with empagliflozin
exhibited lipid accumulation, which indicates of hepatic steatosis (fatty liver). Histopathological examination
revealed dilated hepatic sinusoids containing lipid deposits, infiltration and enlargement of Kupffer cells, more
Kupfter cells, hypertrophy of some hepatocytes, and nuclear pyknosis in some cells. These findings are
illustrated in Fig. 5.

Figure 5: Liver section from diabetic male rats treated with empagliflozin for 30 days. Histopathological examination revealed the onset of
hepatic steatosis with lipid accumulation within the hepatic sinusoids (SL), dilation of the sinusoids (SB), Kupffer cell infiltration (A),
Kupffer cell hyperplasia and enlargement (KCB), nuclear necrosis (NK), nuclear pyknosis (P), nuclear degeneration/death in some cells
(ND), and hypertrophy of some hepatocytes (HCB). Hematoxylin and eosin (H&E) staining, 40 x magnification.

4. DISCUSSION

In agreement with previous studies [14], [15], the present study demonstrated that alloxan-induced
diabetes caused significant histopathological alterations in liver tissue, including hepatocellular necrosis,
sinusoidal dilatation, hemorrhage, congestion of the central vein, and disruption of the normal hepatic cord
architecture. These pathological changes are primarily attributed to chronic hyperglycemia, which enhances
oxidative stress through excessive production of reactive oxygen species (ROS), leading to cellular injury, lipid
peroxidation, and ultimately hepatocyte death [7], [16]. In addition, diabetes-associated metabolic stress
promotes endoplasmic reticulum stress and mitochondrial dysfunction, thereby aggravating hepatocellular
degeneration and loss of nuclear integrity [8], [9]. Although empagliflozin has well-documented antioxidant and
anti-inflammatory properties, particularly in renal and cardiovascular tissues [11], [17], the findings of the
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current study revealed only limited histological improvement in liver tissue following treatment. Residual
pathological features, including inflammatory cell infiltration, sinusoidal hemorrhage, nuclear pyknosis, and
hepatocellular hypertrophy, were still observed, indicating that empagliflozin was unable to completely reverse
the hepatic damage induced by diabetes under the conditions of the present experiment.

The limited hepatic response observed in this study may be attributed to several factors. First, alloxan
exerts direct cytotoxic effects and induce oxidative damage in tissues beyond pancreatic B-cells, thereby
contributing to persistent hepatic injury even after antidiabetic treatment [ 18]. Second, the treatment duration of
30 days may not have been sufficient to achieve complete hepatic recovery. Furthermore, the administered dose
of empagliflozin (5 mg/kg) may not have provided the optimal therapeutic effect required for effective
hepatoprotection [19]. The liver’s central role in drug metabolism, particularly through cytochrome p450
enzymes, may also generate reactive metabolites that contribute to cellular stress and potentially reduce the
overall efficacy of the treatment. The development of fatty changes in the liver (hepatic steatosis) observed in the
empagliflozin-treated group is more likely related to diabetes-associated disturbances in lipid metabolism rather
than a direct effect of the drug itself. Insulin resistance, a hallmark of DM, promotes increased mobilization of
free fatty acids from adipose tissue, enhanced hepatic fatty acid uptake, and triglyceride accumulation within
hepatocytes, ultimately leading to hepatic steatosis [20]. These metabolic alterations may persist despite partial
glycemic control, contributing to the histopathological abnormalities observed in the liver tissue of treated
animals.

Furthermore, the infiltration of inflammatory cells observed in the liver tissue suggests the activation of
immune-mediated pathways, which may be triggered by drug metabolites capable of forming antigenic
complexes that provoke immune responses against hepatocytes [21], [22]. Persistent inflammation can also
worsen tissue injury by promoting the release of proinflammatory cytokines and enhancing oxidative stress
within the hepatic microenvironment. Collectively, these findings highlight the multifactorial pathogenesis of
diabetes-induced liver injury, involving oxidative stress, metabolic dysregulation, and inflammatory processes.
Although empagliflozin provides well-established systemic benefits in the management of diabetes mellitus,
including glycemic control and protection against cardiovascular and renal complications, its hepatoprotective
effects appeared limited under the conditions of this study. The persistence of histopathological abnormalities
following treatment shows that empagliflozin alone may not be sufficient to fully reverse diabetes-associated
hepatic damage. Therefore, longer treatment durations, optimization of dosage regimens, and the use of
combination therapeutic approaches may be necessary to achieve more effective protection and recovery of liver
tissue in diabetic conditions.

5. CONCLUSION

The findings of the present study demonstrate that alloxan-induced diabetes mellitus causes significant
histopathological damage to liver tissue in male rats, characterized by hepatocellular degeneration, necrosis,
sinusoidal alterations, inflammatory cell infiltration, and disruption of normal hepatic architecture. Although
treatment with empagliflozin resulted in modest structural improvements, it did not completely reverse the
diabetes-induced hepatic lesions within the 30-day treatment period. The occurrence of fatty changes in the liver
tissue of empagliflozin-treated rats is more likely associated with diabetes-related metabolic disturbances,
particularly alterations in lipid metabolism, rather than a direct effect of the drug itself. These findings shows
that the hepatoprotective effects of empagliflozin may be limited under the experimental conditions employed in
this study. Further investigations are warranted to determine the optimal dosage and treatment duration of
empagliflozin and to clarify its precise role in protecting against diabetes-associated liver injury. Future studies
should also explore combination therapeutic approaches and evaluate the underlying molecular mechanisms
involved in hepatic recovery and metabolic regulation.
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