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Comparative Study of P. ostreatus and Empagliflozin on Liver in Diabetic Rats
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 ABSTRACT:

Aims: This study aimed to evaluate the antidiabetic and hepatoprotective potential of Pleurotus ostreatus ethanolic extract in comparison to the standard drug empagliflozin in high-fat diet and streptozotocin (HFD-STZ)-induced diabetic rats. The focus was on assessing changes in body weight, fasting blood glucose (FBG), liver function markers, lipid profile, and hepatic histopathology.
Study design:  A Controlled experimental animal study.
Place and Duration of Study:  College of Medicine, Department of Physiology, University of Lagos, between December 2024 and April 2025. 
Methodology: Male Wistar rats were divided into six groups: normal control (NC), diabetic control (DC), low- and high-dose Pleurotus ostreatus (POL: 200 mg/kg; POM: 400 mg/kg), and low- and high-dose empagliflozin (EGL: 20 mg/kg; EGM: 40 mg/kg). Diabetes was induced using a high-fat diet followed by streptozotocin (40mg/kg). Body weight and FBG were monitored weekly. At the end of the study, blood samples were analyzed for liver function markers (ALT, AST, ALP, bilirubin, albumin) and lipid profile. Histopathological examination of liver tissues was also performed.
Results: Over four weeks, all treated groups (POL, POM, EGL, EGM) demonstrated progressive weight gain, whereas the diabetic control group experienced significant weight loss and high mortality. FBG levels significantly decreased in all treatment groups except EGM, which showed an initial drop followed by rebound hyperglycemia, suggesting a possible dose-dependent variation. Liver enzymes ALT and AST were significantly reduced (p=0.001) in all treated groups. ALP levels were elevated (p=0.001), possibly indicating increased biliary activity. Bilirubin increased significantly (p=0.05) only in the POL group. Albumin levels increased significantly in POM (p=0.01) and EGM (p=0.05), suggesting improved hepatic synthetic function. Lipid profiles remained unchanged across groups (p ≥ 0.05), indicating maintained lipid homeostasis. Histological analysis revealed preserved liver architecture in treated groups, especially in POL, which exhibited minimal hepatocellular damage.
Conclusion: Pleurotus ostreatus extract demonstrated significant antidiabetic and hepatoprotective effects, comparable to empagliflozin in HFD-STZ-induced diabetic rats. These findings support its potential as a natural, cost-effective alternative for managing type 2 diabetes mellitus, especially in settings with limited access to synthetic drugs.
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1. INTRODUCTION
The incidence of Type 2 diabetes mellitus (T2DM), a metabolic disease characterized by persistent hyperglycemia resulting from abnormalities in insulin secretion or sensitivity, has prompted the International Diabetes Federation to issue an alert (IDF, 2021; WHO, 2023). Complex disruptions and problems in organ functions are linked to poor treatment of diabetic disorders, particularly in adults. Being the site of glucose and lipid metabolism, the liver is particularly vulnerable under diabetic conditions (Bhat & Mani, 2023). Oxidative stress, raised liver enzymes, fatty liver, and histopathological alterations are frequently observed (Hamed et al, 2019; Ferdous & Ferrell, 2024). Therefore, the treatment of diabetes relies heavily on hepatoprotective therapeutic drugs. Empagliflozin, a sodium-glucose cotransporter 2 (SGLT2) inhibitor, has been approved for clinical use due to its glucose-lowering efficacy (Chawla & Chaudhary, 2019). Numerous studies have demonstrated its hepatoprotective properties, including the reduction of liver fat accumulation, improvement in hepatic insulin sensitivity, and normalization of liver enzyme levels in both clinical and experimental models of diabetes (Kuchay et al, 2018; Kahl et al, 2020).
On the other hand, Pleurotus ostreatus (oyster mushroom), an edible and medicinal mushroom, has attracted attention due to its rich bioactive composition, including polysaccharides, phenolic compounds, and ergothioneine (Gąsecka et al, 2015; Lavelli et al, 2018). These constituents have been reported to exert antidiabetic, antioxidant, anti-inflammatory, and hepatoprotective effects (Ma et al, 2018). Experimental studies have shown that extracts of Pleurotus ostreatus can improve glycemic control, modulate lipid metabolism, and protect hepatic tissue from oxidative damage in diabetic models (Xiong et al., 2018; Yin et al., 2024).
Abdel-Monem et al. (2020) and Abdelgani et al. (2024) reported the individual hepatoprotective effects of empagliflozin and Pleurotus ostreatus. However, there is a paucity of data comparing their efficacy in preserving liver function under diabetic conditions. Such comparative evaluation could provide valuable insights into alternative or adjunct therapeutic strategies, particularly in resource-limited settings where access to synthetic drugs may be constrained (Służały et al., 2024; Pradhan et al., 2025). Therefore, this study aims to comparatively assess the effects of the ethanolic extract of Pleurotus ostreatus and empagliflozin on liver function in high-fat diet and streptozotocin-induced diabetic male Wistar rats, focusing on liver biochemical markers and histopathological changes associated with diabetes-induced hepatic damage.
2. material and methods 
P. osteratus was cultivated in the mushroom section of the waste-to-wealth division of the Federal Institute of Industrial Research, Oshodi, Lagos. Empagliflozin was purchased from Vatican-bells pharmacy, Surulere, Lagos. The harvested mushrooms were dehydrated to a constant weight at 45°C using a stainless-steel dehydrator (Model ST-02, 220–240V, 50 Hz, 1500W). The dried samples were then ground into fine powder using an electric blender (Kenwood 3.0 L, 8500 W, Model KC-241B, UK-SPEC) and stored in zip-lock bags for subsequent analysis.
2.1 Induction of Diabetes 
Healthy male Wistar albino rats (6–8 weeks old), weighing between 100 and 150 g, were used in this experimental study. The animals were acclimatized for 72 hours under standard laboratory conditions and provided with standard chow and water ad libitum. They were then divided into two main groups: a normal control group and a high-fat diet (HFD) group. The HFD group received a high-fat diet for two weeks, followed by a 12-hour fasting period before induction via a single intraperitoneal injection of streptozotocin (STZ) at a dose of 40 mg/kg body weight. After 48 hours, fasting blood glucose levels were measured using an On Call® Plus II glucometer with compatible test strips (Acon Laboratories, San Diego, USA), as described by Akbarzadeh et al. (2007). Rats with fasting blood glucose levels exceeding 200 mg/dL were considered diabetic and subsequently assigned to different treatment groups.
2.2 Experimental Design
[bookmark: OLE_LINK2]The diabetic experimental rats were randomly divided into six groups, each comprising eight rats. Group 1 served as the normoglycemic control (NC); Group 2 as the diabetic control (DC); Group 3 consisted of diabetic rats treated with 200 mg/kg of Pleurotus ostreatus extract (POL); Group 4 received 400 mg/kg of Pleurotus ostreatus extract (POM); Group 5 was treated with 20 mg/kg of empagliflozin (EGL); and Group 6 received 40 mg/kg of empagliflozin (EGM). While full blood count (FBC) and body weight were monitored at week 4, the entire experiment spanned 9 weeks. At each designated termination point, the animals were fasted for 12 hours before blood collection via retro-orbital puncture, and liver tissues were subsequently harvested for histopathological analysis.
2.3 Fasting Blood Glucose Determination
Fasting blood glucose (FBG) levels were determined after a 12-hour overnight fast. A small puncture was made at the tip of each rat’s tail, and blood samples were collected using On Call® Plus II blood glucose test strips (Acon Laboratories, San Diego, USA), following the method described by Jarald et al. (2013). 
2.4 Determination of Pancreatic Amylase Activity
Pancreatic amylase in blood samples was evaluated in the experimental animals. Blood samples were collected into EDTA-treated tubes and centrifuged to separate plasma from cellular components. Pancreatic amylase was subsequently isolated from the plasma using established techniques such as ultracentrifugation, gel filtration, or affinity chromatography, following the method described by Stiefel and Keller (1973).
2.5 Statistical Analysis
Statistical analysis was conducted using GraphPad Prism version 5.0d (GraphPad Software, San Diego, CA, USA). Comparisons among group means were performed using one-way analysis of variance (ANOVA), followed by Tukey’s post hoc test for multiple comparisons. Results are expressed as mean ± standard deviation of the mean (SD), and differences were considered statistically significant at p=0.05.
The results presented in Figures 1-12 show the effects of the treatments of high-fat-diet-streptozotocin-induced rats with ethanolic extract of Pleurotus ostreatus and Empagliflozin on body weight, fasting blood glucose, liver function parameters, lipid profile, and pancreatic amylase activity. 
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Figure 1: Effects of treatments on the body weight. Results showed progressive weight gain in normal control (NC), low-dose P. ostreatus (POL, 200 mg/kg), high-dose P. ostreatus (POM, 400 mg/kg), low-dose empagliflozin (EGL, 20 mg/kg), and high-dose empagliflozin (EGM, 40 mg/kg) groups. The untreated diabetic control (DC) group experienced sustained weight loss and high mortality, highlighting the therapeutic potential of both agents in preventing diabetic cachexia. 
Figure 2: Effects of treatments on fasting blood glucose (FBG). The results reveal the progression of the fasting blood glucose before induction, after induction and during treatment. FBG increased significantly 48 hours post-STZ induction. Early treatment with POL, POM, and EGL significantly reduced FBG during the first two weeks. Notably, the EGM group exhibited an initial sharp decrease in FBG followed by a rebound, suggesting a dose-dependent or temporal variation in efficacy.
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Figures 3-7, show the comparative effect of P. ostreatus extracts and empagliflozin in ALT, AST, ALP, Total bilirubin, and Albumin.




           


            



The effects on lipid profile is illustrated in Figures 8-11, as seen below.



         


       

The effects of treatments on pancreatic amylase levels are seen in Figure 12.

     
Histopathology of liver tissues was also investigated to corroborate the biochemical findings. Figures 13 and 14 present the progressions of the effects of the treatment of the P.ostreatus ethanolic extracts and empaglifozin. photomicrographs of the hepatic tissues of the normoglycemic group NC, and treatment groups POL, POM, EGL, and EGM with hepatic dysfunction and recovery, respectively (Chowdhury & Mehta, 2023). After the experimental animals had been confirmed, their liver was harvested, and the tissues were immersed in formalin solution for histopathology assay. NC (normoglycemic) revealed parallel radial plates of hepatocytes, POL(200mg/kg P. ostreatus extract) showed parallel radial plates of hepatocytes with a central vein (CV), portal vein (PV), and the basophilic portion with nucleus and the acidophilic cytoplasm of the acinar cells, POM (400mg/kg P. ostreatus extract), EGL (20mg/kg empagliflozin) and EGM (40mg/kg empagliflozin) shows hepatocytes radically arranged, with the portal space and periportal zone filled with a smooth to slightly floccular pink fluid material common with edema and congested aggregates of red blood cells.
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Fig 13 & 14: Histological sections showing the progressions of the effects of the treatment of the P. ostreatus ethanolic extracts and empagliflozin

DISCUSSION
Persistent hyperglycemia is a major risk factor for the onset and progression of type 2 diabetes mellitus (T2DM), significantly contributing to the global public health burden (WHO, 2021; Lu et al., 2024). Chronic elevation of blood glucose disrupts key metabolic pathways that lead to multi-organ dysfunction. Although conventional pharmacotherapies are effective, their use is often limited by adverse effects, high costs, and poor long-term adherence. These limitations have driven interest in natural, cost-effective alternatives with fewer side effects (Giri et al., 2018; Lima et al., 2022).
Postprandial hyperglycemia plays a critical role in the pathogenesis of diabetes and its complications, including hypertension, cardiovascular disease, and neurodegenerative disorders, highlighting the importance of effective glycemic control (Ceriello, 2009). The assessment of carbohydrate-metabolizing enzymes is essential for evaluating the efficacy of antidiabetic agents (Mnafgui et al., 2014; Rath et al., 2025).
[bookmark: _Hlk199565496]This study investigated the antidiabetic potential of the ethanolic extract of Pleurotus ostreatus in comparison with empagliflozin, using a high-fat diet and streptozotocin (HFD-STZ)-induced diabetic rat model over four weeks. Body weight and fasting blood glucose (FBG) levels were monitored throughout the study. Results showed progressive weight gain in the normal control (NC), low-dose P. ostreatus (POL, 200 mg/kg), high-dose P. ostreatus (POM, 400 mg/kg), low-dose empagliflozin (EGL, 20 mg/kg), and high-dose empagliflozin (EGM, 40 mg/kg) groups. In contrast, the untreated diabetic control (DC) group experienced sustained weight loss and high mortality (Glastras et al., 2016; Carvalho et al., 2018), underscoring the therapeutic potential of both agents in preventing diabetic cachexia (Ghoneim et al., 2016; Nnemolisa et al., 2024; Zhang et al, 2024) 
FBG levels increased significantly 48 hours post-STZ induction. Early treatment with POL, POM, and EGL significantly reduced FBG during the first two weeks. Notably, the EGM group exhibited an initial sharp decrease in FBG followed by a rebound, suggesting possible dose-dependent or time-related variations in efficacy (Wu et al., 2022; Zhang et al., 2024). The central role the liver plays in metabolism, hepatic function markers—ALT, AST, ALP, bilirubin, and albumin—were assessed (Rui et al., 2014; Alamri et al., 2018). All treatment groups showed significant reductions in ALT and AST (p = 0.001), indicating hepatocellular protection. However, ALP levels were significantly elevated (p = 0.001), potentially reflecting increased biliary activity or an adaptive metabolic response (Kaneko et al., 2015). Bilirubin levels increased significantly (p = 0.05) only in the POL group, albumin levels were significantly elevated in the POM (p = 0.01) and EGM (p = 0.05) groups, suggesting enhanced hepatic synthetic function (Sun et al., 2019). 
Lipid profile parameters—including total cholesterol, triglycerides, HDL, and LDL—did not differ significantly among the treated and control groups (p = 0.05), indicating preserved lipid homeostasis (Duan et al., 2022). Histomorphological examination of liver tissues supported the biochemical findings. As illustrated in Figures 13 and 14, the POL group maintained normal liver architecture with well-preserved hepatocyte organization, comparable to the NC group, indicating hepatoprotective effects of P. ostreatus, particularly at lower doses. In contrast, Figure 13 shows various degrees of hepatic tissue damage in the POM, EGL, and EGM groups, consistent with diabetic hepatopathy. However, extended treatment over nine weeks, as depicted in Figure 14, demonstrated ameliorative effects in these groups (Onuoha et al., 2022). 
Pancreatic amylase serves as a biomarker for pancreatic function or damage and plays a role in initiating starch digestion through glycoprotein N-glycan binding. STZ induction significantly elevated blood glucose levels by impairing insulin secretion and promoting insulin resistance, contributing to T2DM pathophysiology (Giovenzana et al., 2022; Abdulkareem et al., 2024). In this study, FBG levels were inversely proportional to pancreatic amylase activity in all treatment groups (POL, EGL, and EGM) compared to the NC group. This observation corroborates earlier reports (Aughsteen et al., 2005; Giovenzana et al., 2022) that pancreatic dysfunction leads to reduced amylase production, resulting in impaired carbohydrate digestion. 

Conclusion
The findings of this study demonstrate the promising antidiabetic potential of ethanolic Pleurotus ostreatus extract in high-fat diet-streptozotocin (HFD-STZ)-induced diabetic rats, with effects comparable to those of empagliflozin. Treatment with P. ostreatus, particularly at the lower dose (200 mg/kg), significantly improved fasting blood glucose levels, mitigated weight loss, and preserved hepatic architecture, indicating both glycemic and hepatoprotective benefits. The observed inverse relationship between fasting blood glucose and pancreatic amylase activity suggests a potential role of P. ostreatus in supporting pancreatic function and enhancing carbohydrate metabolism. Despite non-significant changes in lipid profiles, the extract preserved lipid homeostasis and improved hepatic synthetic function, as reflected by elevated albumin levels. Histological analysis further corroborated these biochemical findings, with notable tissue repair observed following. These results support the therapeutic relevance of P. ostreatus as a natural, cost-effective adjunct in the management of type 2 diabetes mellitus and its complications, warranting further investigation in long-term and clinical studies. 
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Figure 3 Effect of ethanolic extract and empagliflozin treatment on alanine

aminotransferase in diadetic rats. Results are expressed as
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Figure 4 Effect of ethanolic extract and empagliflozin treatment on aspartate
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SD,n=5.***Values are significantly (p<0.001) different when compared to

normoglycemic rats.

GROUPS

Aspartate aminotransferase(u/l)



image5.emf
NC POL POM EGL EGM

0

200

400

600

800

***

   ***

***

***

Figure 5 Effect of ethanolic extract and empagliflozin treatment on aspartate

aminotransferase in diabetic rats. Results are expressed as

mean



SD,n=5.***Values are significantly (p=0.001) different when compared

to normoglycemic rats.
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Figure 6 Effect of ethanolic extract and empagliflozin treatment on total bilirubin in
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Figure 7 Effect of ethanolic extract and empagliflozin treatment on Albumin in

diabetic rats. Results are expressed as mean



SD,n=5.*Values are significantly

(p=0.05) different  and **values are significantly (p=0.01) different when
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Figure 8 Effect of ethanolic extract and empagliflozin treatment on total
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SD,n=5. Values
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Figure 9 Effect of ethanolic extract and empagliflozin treatment on triglyceride in

diabetic rats. Results are expressed as mean



SD,n=5. Values are significantly

(p=0.05) different when compared to normoglycemic rats.
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Figure 10 Effect of ethanolic extract and empagliflozin treatment on high density

lipoprotein in diabetic rats. Results are expressed as mean



SD,n=5. Values are

significantly (p=0.05) different when compared to normoglycemic rats.
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Figure 11 Effect of ethanolic extract and empagliflozin treatment on low density lipoprotein

in diabetic rats. Results are expressed as mean



SD,n=5. Values are significantly (p=0.05)

different when compared to normoglycemic rats.
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Figure 12 Effect of ethanolic extract and empagliflozin treatment on low density

lipoprotein in diabetic rats. Results are expressed as mean



SD,n=5. ***Values

are significantly (p=0.001) different, *Values are significantly (p=0.05) different

when compared to normoglycemic rats.
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