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Abstracts: Reports indicate that renal injury or damage results in high mortality. Aim: To evaluate the beneficial aspects 
of hesperetin in treating kidney injury in male mice caused by ischemia-reperfusion (IR). Materials and Method: Twenty-
eight male Swiss Albino mice with weight range of 35–38 g at 12–16 weeks old were gathered into 4 groups; each group 
had seven mice, as follows: group I (sham group) undergone all research surgical techniques, with the exception of the 
use of vascular clamps for occlusion and reperfusion on the pedicles. group II (IR group) was subjected to reperfusion 
and ischemia. group III (DMSO group), Hesperetin's solvent is (DMSO)dimethyl sulfoxide was subjected to 
intraperitoneal injection of 1.5 mg/kg of DMSO 30 min prior to the exposure to renal IR processes under anesthesia. 
group IV (hesperetin treated group) was subjected to intraperitoneal injection of 50 mg/kg of hesperetin 30 min before 
being subjected to IR procedures while sedated. Mice underwent euthanization, and then a blood sample from the heart 
was taken to measure the levels of urea, creainine, MDA, and glutathione peroxidase (GPx) in the serum. Bilateral 
nephroctomy was performed and the kidney sample underwent homogenization so that the tissue markers can be 
measured (IL1 and IL6). A part of the kidney sample was placed in paraffin blocks with a 10% formalin solution. and 
prepared for histological examination. Results: The results demonstrated that the average (mean) tissue levels of (IL1, 
IL6, and MDA), also the mean serum concentration of (urea and creatinine) and the histopathological changes scores 
compared to the sham group, increased significantly (P< 0.05) in the IR group, while the activity of glutathione 
peroxidase (P < 0.05) was reduced compared with other groups. In the hesperetin treated group, the mean levels of IL1, 
IL6, and MDA as well as the mean urea and creatinine levels in the blood underwent significant (P<0.05) reduction. 
Similarly, the histopathological changes scores were decreased, while the glutathione peroxidase (P < 0.05) activity was 
higher compare with other groups Hesperetin reduces kidney injury caused by ischemia and reperfusion through their 
pleiotropic effects by modulating the inflammation pathway and oxidative activity.  
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1. INTRODUCTION  

The primary factor that contributes to acute damage or injury to the kidney is the ischemia reperfusion injury 

(IRI). If it is not treated, it leads to high morbidity as well as high mortality [1]. Ischemia-reperfusion injury (IRI) 

results from a sudden short-term stoppage of blood flow to a specific organ. Ischemia-induced hypoxia causes 

tissue damage, reactive oxygen species (ROS), necrosis of the tubular epithelium, and inflammatory reactions. [2]. 

Despite the fact that the pathophysiology of IRI remains unclear, some vital processes that result in kidney failure 

are reported [3]. In kidney that has undergone ischemia and reoxygenation, Acute kidney failure, inflammation, and 

cell death are all caused by detrimental cellular responses that are sparked by the production of ROS during the 

reperfusion phase. [4]. Ischemia yields mediators, such as cytokines that promote inflammation. Interleukin-1 (IL-1) 

plays a major part in numerous acute inflammation processes. By using anti-inflammatory agent, the attenuation of 

ischemic reperfusion injury is achieved [5]. Interleukin-6 (IL-6) causes a more serious immune and inflammation 

response, in addition to having a number of vital physiological roles. It has been shown that dysregulated IL-6 is 

associated with some inflammation and autoimmune diseases in addition to metabolic abnormalities [6]. Excess 

free radicals attack healthy cells by damaging their membranes [7]. If malondialdehyde (MDA) level is high, it 

means that the oxidative stress level is dangerous. MDA test is used to regularly monitor the free radical activity in 

the body [8]. Glutathione (GSH) refers to an endogenous antioxidant that is present in fungi, animals and plants. It 

offers protection to cells through the neutralization of hydrogen peroxide. IR damage or injury is worse than that 

caused by only ischemia. This is because of the rapid increase in ROS, which results in endothelial and organ 

dysfunction in several clinical conditions [9]. Hesperetin belongs to a group of compounds called bioflavonoids. 
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They are a kind of plant pigment that is usually present in citrus fruits. Hesperetin is present in tangerines, oranges, 

lemons and grapefruits; in addition, it is obtainable in the form of supplement. Hesperetin has antioxidant and anti-

inflammatory effects [10]. It is a popular flavanone glycoside that has exhibited significant antiviral, analgesic, anti-

inflammatory, anticancer, antioxidant, and antifungal behavior. After a kidney transplant, ischemia-reperfusion (IR) 

injury is a severe issue. Moreover, inflammatory responses to IR worsen the kidney injury that has resulted [11]. 

2. MATERIEL AND METHODS 

2.1. Preparation of Hesperetin 

Hesperetin (Sigma-Aldrich, USA) was prepared for intraperitoneal injection, the drug powder was dissolved in 

DMSO (Sigma-Aldrich). USA). 

2.2. Experimental Classes 

Twenty-eight male Swiss Albino mice weighting 35–38 grams at 12–16 weeks were included in this study. The 

mice were subjected to a 12-hour cycle of light and darkness. at room temperature (22 ± 2°C). After 2 weeks of 

adaptation, they were grouped into 4 groups on a random basis; each group contained 7 mice. All of the study's 

surgical procedures were performed on group I (the sham group), with the exception of vascular occlusion and 

reperfusion. group III (DMSO group) was subjected to intraperitoneal injection of 1.5 mg/kg of DMSO 30 min prior to 

the exposure to IR processes under anesthesia [12]. Group IV (hesperetin treated group) was subjected to 

intraperitoneal injection of 50 mg/kg of hesperetin 30 min prior to exposure to IR processes under anesthesia [12]. 

2.3. Anesthesia 

2% xylazine hydrochloride (10 mg/kg) was administrated intraperitoneally with  50 mg/kg ketamine hydrochloride 

(10%) [13].  

2.4. EXPERIMENTAL PROTOCOL 

All mice were laid on their backs, and their limbs and tails were positioned in a way that ensures appropriate 

breathing. They were covered with sterile gauze. A clipper was used to remove the hairs of the mice. Using a 70% 

alcohol swab, the surgical area was cleaned, and along the abdomen, a 1-1.5 cm midline incision was created. The 

renal pedicle was then exposed by pushing the kidneys from the wound using sterile cotton swabs. After 30 

minutes, the kidneys were released from the clamps and placed back inside the abdominal cavity. which was closed 

in two layers to start reperfusion. After two hours, the animals were euthanized. Blood was aspirated for analysis, 

and renal tissue was collected for tissue measurement and histological analysis [14]. 

2.5. Blood sampling 

In a plane tube, the blood was put, and it was left to clot at 37 0C. Subsequently, a 15-minute, 3000 rpm 

centrifugation process was performed for determination of blood urea, serum creatinine, MDA and glutathione 

peroxidase. 

2.6. Tissue Sampling For Elisa 

Protease inhibitor cocktail using a high intensity liquid processor with 1:10 (w/v) phosphate buffered saline was 

used for homogenization of kidney tissue [15]. Centrifugation was done on the homogenized product for 20 minutes 

at 3000 rpm [14]. Supernatant was separated for measuring the IL1 and IL6 levels by ELISA using an ELISA kit 

according to manufactures techniques. 

2.7. Histopathological Analysis 

The paraffin blocks containing 10% formalin were filled with the kidney sample. Hematoxylin and Eosin (H&E) is 

used to stain the samples after that, all this was done as per the standard protocol. Thereafter, the degree of tissue 
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damage was assessed by a pathologist, who was blind to the processes of the experiment. The score (0) 

represents normal, score (1) represents <25% of the damage of the tubules, score (2) represents 25%–50% of 

damage of the tubules, and score (3) represents >51% of damage of the tubules [16].  

3. Statistical analysis 

The data was analyzed by using version 24 of SPSS software, A tukey post hoc test and one way analysis of 

variance (ANOVA) were used to compare the normal distribution with the quantitative variables. The research 

results presented as mean ± standard deviation, and a P value of <0.05 was considered significant.  

4. RESULTS 

4.1. Effect of Renal IR on renal function test (urea and creatinine) 

The mean serum levels of urea and creatinine in IR group’s The IR group's, were significantly higher than those 

of the control group (p< 0.05).  The mean serum levels of urea and creatinine did not significantly differ between the 

DMSO and IR groups. When compared to the DMSO group, hesperetin group had significantly decreased serum 

amounts of urea and creatinine (p< 0.05). Figure 1 & 2. 

 

Figure 1: Blood urea nitrogen expressed as a mean ± standard deviation in all research groups (* significant versus sham; 

**significant versus DMSO; p<0.05.) 
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Figure 2: Serum creatinine levels expressed as mean ± standard deviation in all research groups (* significant versus sham; 

**significant versus DMSO; p<0.05.) 

4.2. Effect of Renal IR on inflammatory markers (IL-1 and IL-6) 

The mean tissue levels of IL-1 and IL-6 in the IR groups were significantly higher (p< 0.05) than that of sham 

group. No significant difference between DMSO and IR groups for IL-1 and IL6 levels. In comparison to the DMSO 

group, the group that received hespertin had significantly reduced tissue IL-1 and IL-6 concentrations. (p<0.05).  

Figure 3&4. 
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Figure 3: IL-1 tissue levels in all research groups expressed as mean± standard deviation (* significant versus sham; 

**significant versus DMSO; p<0.05.                                                        

 

 

Figure 4:  Mean tissue levels of IL-6 in the four experimental groups (* significant versus sham; **significant versus DMSO; 

p<0.05.    

 

4.3. Effect of Renal IR on MDA 



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 410-420 

415 

A significant difference (p < 0.05) in MDA level between IR and sham groups, there was insignificant difference 

between the DMSO and the IR group for the level of MDA. The hespertin treated group showed a significantly lower 

serum MDA level than that of the DMSO group (p<0.05).  Figures 5. 

 

 

Figure 5: MDA serum level in   all experimental groups expressed as mean ± standard deviation (* significant versus sham; 

**significant versus DMSO; p<0.05).    

4.4. Effect of Renal IR on GPx  

Mean blood level of GPx in the IR group was significantly lower (p< 0.05) than that of sham group. Regarding 

the mean serum level of GPx, an insignificant difference exists between the DMSO and the IR group. The hespertin 

treated group showed a significantly higher serum GPx concentration than that of the DMSO group (p<0.05).  

Figures 6. 
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Figure 6:  Mean serum level of GPx in the four experimental groups (* significant versus sham; **significant versus DMSO; 

p<0.05. 

4.5. Effects of Hesperetin treatment on Renal Histology after IRI in mouse kidney 

 
 

Figure 7: Histological analysis of the sham group failed to show any renal morphological changes; mouse kidney stained with 

H&E 

Note: H&E means hematoxylin and eosin 
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Figure 8: Histological examination of the IR group revealed tubular epithelium necrosis, degeneration, and glomerular fibrosis; 

mouse kidney stained with H&E. 

H&E = hematoxylin and eosin. 

 

Figure 9: Histological examination of the DMSO group demonstrated proximal convoluted tubules with feathery degeneration 

and areas of interstitial hemorrhage; mouse kidney stained with H&E 

 H&E =hematoxylin and eosin. 
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Figure 10: Histological examination of the hesperetin Histological treated group demonstrated normal proximal convoluted 

tubules with moderate congestion of glomerular capillary blood vessels; mouse kidney stained with H&E 

 H&E = hematoxylin and eosin. 

5. Discussion 

5.1. Effect of renal ischemia-reperfusion on renal function test; blood urea nitrogen (BUN) and serum 
creatinine 

Due to kidney ischemia and reperfusion injury, renal function tests (BUN and serum creatinine) in the IR group 

significantly increased (p<0.05) when compared to sham group. Liang et al. [17] showed that the increasing serum 

urea and creatinine levels after reperfusion injury is attributed to the damage of the glomerular filtration membrane. 

5.2. Effect Of Renal Ischemia-Reperfusion On Inflammatory Cytokines (IL-1 And IL-6) 

In the IR group, the tissue levels of IL-1 and IL-6 were significantly higher than that of   sham group as a result of 

kidney ischemia and reperfusion injury (p<0.05). In a mouse model of kidney IRI, Hu et al. [18] showed that the 

expression level of IL-1 was considerably higher in the IR group than in the sham group. According to Kreiner et al. 

[19], rats with diabetes, chronic renal illness, and cardiovascular disease had IR injury that activated IL-6 signaling. 

5.3. Effect of renal ischemia-reperfusion on MDA and GPx 

Based on this study’s findings, kidney ischemia-reperfusion 

significantly reduced glutathione GPx and raised MDA in contrast to the sham-control groups (P<0.05). According to 

Yousefi et al. [20],   

the products of lipid peroxidation and protein oxidation exhibited a clear increase, while the levels of GSH showed a 

marked decrease. 

5.4. Effect of Renal IR On Kidney Parenchyma   

 According to histological analysis of the kidney sections for ischemia-reperfusion group, there were a lot of 

apoptotic positive cells and damage with significant nuclear pyknosis, cellular cytoplasmic vacuolation, and vascular 

congestion. According to past studies, isolated pancreas tissue from rats with ischemia showed a considerable rise 

in tissue damage score, necrosis, apoptosis, MDA, and catalase enzyme activity, which is consistent with our 

findings. Deterioration of islets functions was caused by bilateral kidney ischemia for 45 min. This may be due to 
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limited antioxidant activity and lipid peroxidation induction in pancreatic tissues [21]. There was a statistically 

significant difference between the IR group and the control group (P< 0.05).                                                                 

5.5. Effect of Hespertin on Renal Function Test (Urea & Creatinine)  

The outcome revealed that hespertin (50 mg/kg) 30 minute before the induction of ischemia caused significantly 

lower serum level of urea and creatinine in comparison to those in the IR group. According to Chen et al. [22] 

hespertin can cause significant alleviation of cisplatin-related nephrotoxicity, BUN and serum creatinine. The above 

results affirm that hesperetin could be a protective agent against nephrotoxicity induced by cisplatin. Also, according 

to the study, serum creatinine & In comparison to the hespertin group, in cisplatin group, the blood urea level was 

significantly higher (p< 0.05).                                                                          

5.6. Effect of Hespertin on Inflammatory Cytokines (IL-1 & IL-6) 

    The results show that using hespertin (50 mg/kg) 30 minutes before inducing ischemia resulted in significant 

reduction in tissue levels of IL-1 and IL-6 compared with those in the IR group. The study by Fu et al. [23] observed 

that hesperidin inhibited IL-1 and IL-6 stimulated inflammation in human osteoarthritis chondrocytes. Hesperidin 

also caused the inhibition of inflammation responses in IL-1β-stimulated human chondrocytes, probably by 

preventing Nuclear Factor kabba-B (NF-Κb) signaling pathway activation [24]. 

5.7. Effect of Hespertin on MDA and GPx        

   Based on few studies, hesperitin inhibits free radical formation and pathways of inflammation by triggering the 

nuclear factor erythroid 2-related factor/protein kinase B signaling pathway. [25]. depend on our findings, kidney 

ischemia-reperfusion caused a significant reduction in GPx and increment in MDA related to the sham group 

(P<0.05). Salimnejad et al. [26] showed that the products of lipid peroxidation and protein oxidation showed clear 

increase, while the levels of GSH exhibited significant reduction.  

5.8. Effect of Hesperetin on Renal Parenchyma 

   Histopathological evaluation indicated that hesperitin alleviated IR-induced kidney injury in mice. Treatment of 

mice with hesperetin significantly reduced renal injury (P<0.05) in comparison to the IR group [27]. Histopathological 

examination of the mouse kidney tissue showed swelling and cystic renal tubule; dilatation with interstitial 

inflammation were apparent when contrast with the sham group. The improvement in renal histology in the 

hesperetin treated group is related to antioxidant and anti-inflammatory effects.      

CONCLUSIONS 

Hesperetin treatment of mice with kidney damage caused by ischemia and reperfusion alleviated systemic and 

kidney-specific inflammatory and oxidative stress responses, It suggests that hesperetin could be improved to be as 

a novel medication in   acute renal ischemia-reperfusion treatment. 
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