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Abstract:  

Aspartame (ASP) is a widely used artificial sweetener that may induce renal structural alterations following 

chronic exposure, potentially through oxidative stress–mediated mechanisms. Sidr honey is a natural antioxidant-

rich product that may provide protective effects against chemically induced organ damage. In this study, thirty 

adult female albino rats were randomly allocated into five groups (n = 5): control, Libyan Sidr honey (LSH, 100 

mg/kg/body weight/day), ASP (75 mg/kg/body weight/day), protective (LSH for two weeks followed by ASP for 

four weeks), and combination (LSH and ASP concurrently for four weeks). All treatments were administered 

orally. At the end of the experiment, serum urea, creatinine, calcium, and uric acid were analyzed, and kidney 

tissues were examined histologically using a semi-quantitative scoring system. ASP induced marked renal 

histopathological alterations, including glomerular shrinkage, tubular epithelial degeneration, inflammatory cell 

infiltration, and vascular congestion. However, no significant changes were observed in serum urea, creatinine, 

or uric acid levels (p > 0.05). A modest but significant reduction in serum calcium was detected in the 

combination group (p < 0.05).  
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Both pretreatment and concurrent LSH administration significantly ameliorated ASP-induced renal damage and 

preserved normal renal architecture. These findings suggest that LSH may exert protective and therapeutic 

effects against ASP-induced nephrotoxicity. 

Keywords: Aspartame; Libyan Sidr Honey; Nephrotoxicity; Histopathology; Albino Rats. 

 

Introduction 

Aspartame (L-alpha-aspartyl-L-phenylalanine methyl ester; ASP) is one of the most widely used artificial 

sweeteners worldwide, commonly incorporated into a variety of food and beverage products as a low-calorie 

sugar substitute (Magnuson et al., 2007; Alsaeh et al., 2025). Although generally considered safe at 

recommended dietary levels, emerging experimental evidence indicates that chronic or high-dose consumption 

may induce adverse effects, including oxidative stress, inflammation, and organ toxicity, with the kidney being 

particularly vulnerable (Alsaeh et al., 2025; Omozee & Timothy, 2025). The kidney’s susceptibility to 

chemical-induced injury is largely due to its central roles in filtration, excretion, and metabolic processing 

(Elduob et al., 2023; Omozee & Timothy, 2025). Experimental studies have shown that ASP-induced 

nephrotoxicity is associated with structural and functional alterations, including tubular degeneration, 

glomerular shrinkage, interstitial inflammatory infiltration, and vascular congestion. Biochemically, these 

changes are reflected in elevated serum urea and creatinine levels (Azez et al., 2023; Omozee & Timothy, 

2025). Oxidative stress, resulting from the generation of reactive oxygen species (ROS) and lipid peroxidation 

(LPO), is considered a primary mechanism underlying these renal alterations (Azez et al., 2023). Natural 

antioxidants have attracted considerable attention as potential protective agents against chemically induced 

organ damage (Alshailabi, 2016; Elshama et al., 2018). Honey, particularly Sidr honey (Ziziphus spina-christi), 

is rich in flavonoids, phenolic acids, vitamins, enzymes, and other bioactive components that collectively confer 

antioxidant, anti-inflammatory, and tissue-regenerative properties (Gajger et al., 2025). These bioactive 

compounds can scavenge free radicals, reduce LPO, and enhance cellular repair, as documented in studies 

evaluating honey’s protective effects against chemical-induced hepatic and cardiac injuries (Alshailabi et al., 

2023; Alshailabi et al., 2024). Despite accumulating evidence on the beneficial effects of honey, limited studies 

have specifically investigated the protective and therapeutic potential of LSH against ASP-induced 

nephrotoxicity. Therefore, the present study was designed to assess the effects of LSH on renal structure and 

function in adult female albino rats exposed to ASP. The study employed a dual approach, including evaluation 

of biochemical markers of kidney function and detailed histopathological assessment, to provide comprehensive 

insight into the potential prophylactic and therapeutic roles of LSH in mitigating ASP-induced renal damage. 

 
Material and methods 

Chemicals 

LSH was obtained from the Natural Food and Honey Production Company, Benghazi, Libya. Before 

administration, LSH was freshly diluted in distilled water to obtain the required concentration. The honey was 

stored in dark, airtight containers at room temperature to preserve its bioactive compounds until use. 

ASP was procured from Sigma-Aldrich Corporation (St. Louis, MO, USA). For each administration, ASP was 

freshly dissolved in distilled water to ensure stability and precise dosing.  

Experimental Animals 

Thirty healthy adult female albino rats, weighing between 100 and 200 g, were used in this study. The animals 

were obtained from the Department of Zoology's animal house at the University of Derna, Libya. They were 

housed in well-ventilated cages under controlled laboratory conditions and maintained on a 12-hour light/dark 

cycle, with ambient environmental parameters kept constant throughout the experimental period. The rats were 

allowed a ten-day acclimatization period before the start of the experiment to ensure physiological adaptation 

and minimize stress-related effects. Throughout the study, the animals had ad libitum access to water and were 

fed a standard laboratory diet composed of 21.27% protein, 2.83% fat, and 2.46% fiber. 
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Experimental Design 

After acclimatization, rats were randomly assigned to five experimental groups (n = 5 per group): 

• Group 1 (Control): Received distilled water orally once daily for four weeks. 

• Group 2 (LSH): Received LSH at 100 mg/kg body weight/day orally for four weeks (Alshailabi et al., 

2024). 

• Group 3 (ASP): Received ASP at 75 mg/kg body weight/day orally for four weeks (Iyyaswamy & 

Rathinasamy, 2012). 

• Group 4 (Protective, LSH → ASP): Rats were pretreated with LSH (100 mg/kg/body weight/day) 

orally for two weeks, followed by ASP (75 mg/kg/body weight/day) orally for four weeks. This group 

was designed to assess the prophylactic effect of LSH. 

• Group 5 (Combination, LSH+ASP): Rats received LSH (100 mg/kg/body weight/day) concurrently 

with ASP (75 mg/kg/body weight/day) orally for four weeks to evaluate the therapeutic effect during 

ongoing exposure. 

All treatments were administered once daily using a stainless-steel gastric gavage needle. Dosing volumes were 

adjusted according to each animal’s body weight to ensure accuracy. 

Sample Collection and Tissue Processing 

At the end of the experimental period, the rats were euthanized, and both kidneys were carefully excised. The 

tissues were rinsed with ice-cold saline to remove any residual blood and subsequently fixed in 10% neutral 

buffered formalin for 48 hours. Standard histological processing procedures were followed, including 

dehydration through ascending grades of ethanol, clearing in xylene, and embedding in paraffin wax. Paraffin-

embedded kidney tissue sections were cut at 5 µm using a rotary microtome, mounted on clean glass slides, and 

stained with Hematoxylin and Eosin (H&E) for histopathological evaluation of renal architecture (Bancroft & 

Gamble, 2008). 

For each animal, three non-consecutive tissue sections were examined, and at least ten randomly selected 

microscopic fields per section were analyzed to ensure representative evaluation (Haghighat et al., 2022). Renal 

histopathological alterations, including glomerular and tubular degeneration, interstitial hemorrhage, vascular 

congestion, and inflammatory cell infiltration, were assessed using a semi-quantitative scoring system. Lesions 

were graded descriptively as absent (–), mild (+), moderate (++), or severe (+++) to facilitate standardized 

comparison among experimental groups (Moshaie-Nezhad et al., 2021; Abdalally et al., 2026). Since the 

scoring system was based on ordinal qualitative grading, histopathological findings were presented descriptively 

without numerical statistical analysis. 

Biochemical Assessment  

Serum creatinine was determined using a kinetic test without deproteinization according to the method of 

Newman and Price (1999) with DiaSys reagent kits. Serum urea was measured using the urease-GLDH 

enzymatic UV method following Thomas (1998) and with DiaSys reagent kits. The determination of uric acid 

was performed using a modified method of Fossati et al. (1980). Serum calcium levels were measured using the 

method of Anderegg et al. (1954). 

Statistical Analysis 

Data from serum biochemical measurements (urea, creatinine, calcium, and uric acid) were expressed as mean ± 

standard error (Mean ± SE). Since the data were not normally distributed, differences among the experimental 

groups were analyzed using the Kruskal–Wallis non-parametric test. When the Kruskal–Walli’s test indicated a 

statistically significant difference (p < 0.05), pairwise comparisons between groups were performed using the 

Mann–Whitney U test to identify which groups differed. Statistical significance was set at p < 0.05. All analyses 

were conducted using SPSS software version 20.0 (IBM Corp., Armonk, NY, USA).

Results  

Biochemical Findings 

The renal biochemical parameters and electrolyte levels among the experimental groups are summarized in 

Table 1. 

Serum urea levels showed no statistically significant differences among all groups (p > 0.05), with all groups 

assigned the same statistical letter (A). The control group recorded 24.94 ± 6.77 mg/dL, and the ASP group 

recorded 24.50 ± 5.80 mg/dL. Similarly, the LSH, protective, and combination groups showed comparable 
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values (24.80 ± 5.54, 30.68 ± 5.09, and 27.80 ± 3.83 mg/dL, respectively), indicating that neither ASP nor LSH 

significantly affected serum urea levels. 

Serum creatinine levels also did not differ significantly among the groups (p > 0.05). The mean values for the 

control, ASP, LSH, protective, and combination groups were 0.574 ± 0.061, 0.614 ± 0.083, 0.578 ± 0.097, 0.548 

± 0.044, and 0.574 ± 0.060 mg/dL, respectively. All groups were classified under the same statistical letter (A), 

indicating no significant differences. 

Serum calcium levels showed slight but statistically significant differences (p < 0.05). The ASP, LSH, and 

protective groups recorded similar values (10.72 ± 0.44, 10.94 ± 0.49, and 10.99 ± 0.99 mg/dL, respectively) 

and were classified as group A. The control group (10.09 ± 0.52 mg/dL) was categorized as AB, indicating 

intermediate significance. The combination group showed a significantly lower calcium level (9.36 ± 0.83 

mg/dL; group B), suggesting a modest reduction compared with some other groups. 

Serum uric acid levels did not show statistically significant differences among the experimental groups (p > 

0.05). The control group recorded 3.18 ± 0.90 mg/dL, while the ASP, LSH, protective, and combination groups 

recorded 2.68 ± 0.36, 2.69 ± 0.58, 3.02 ± 0.84, and 1.81 ± 0.99 mg/dL, respectively. All groups shared the same 

statistical letter (A). 

Finally, Under the conditions of the present study, ASP administration, either alone or in combination with 

LSH, did not induce significant alterations in most renal biochemical parameters. The only notable change was a 

modest but statistically significant reduction in serum calcium levels in the combination group. These findings 

suggest that renal function remained largely preserved throughout the experimental period. 

Table (1): Effect of ASP and/or LSH on renal biochemical parameters in experimental groups (Mean ± SEM). 

Parameter 

(mg/dL) 

Control LSH ASP Protective Combination 

Urea 24.94 ±  

6.77 A 

24.80 ± 

 5.54 A 

24.50 ± 

 5.80 A 

30.68 ± 

5.09 A 

27.80 ± 

3.83 A 

Creatinine 0.574 ± 0.061 A 0.578 ±  

.097 A 

0.614 ± 

 0.083 A 

0.548 ±  

0.044 A 

0.574 ± 

0.060 A 

Ca²⁺ 10.09 ±  

0.52 AB 

10.94 ±  

0.49 A 

10.72 ± 

 0.44 A 

10.99 ± 

0.99 A 

9.36 ± 

0.83 B 

Uric acid 3.18 ± 

0.90 A 

2.69 ± 

 0.58 A 

2.68 ±  

0.36 A 

3.02 ± 

0.84 A 

1.81 ± 

0.99 A 

Histopathological Findings of the Kidney 

Microscopic examination of kidney sections from the control group revealed normal renal architecture, 

characterized by intact renal cortex and medulla. The renal cortex showed normal renal corpuscles, well-defined 

Bowman’s space, and normal renal tubules without any pathological alterations (Figure 1A). The renal medulla 

also exhibited normal collecting tubules and preserved structural organization (Figure 1B). Similarly, kidney 

sections from the LSH-treated group demonstrated normal renal histological features comparable to those of the 

control group. The renal cortex displayed normal glomeruli, intact Bowman’s space, and well-preserved renal 

tubules (Figure 1C), while the renal medulla showed normal collecting tubules without any observable 

histopathological abnormalities (Figure 1D). 

In contrast, the ASP-treated group exhibited severe histopathological alterations in both the renal cortex and 

medulla. The renal cortex revealed marked glomerular atrophy and degeneration, accompanied by shrinkage and 

widening of Bowman’s space, vascular congestion, hemorrhage, and structural disruption of renal tissue (Figure 

1E). Additional cortical changes included tubular degeneration, tubular dilation, interstitial inflammatory cell 

infiltration, necrotic areas, and congestion and dilation of blood vessels (Figure 1F). In some sections, extensive 

tissue damage was evident, including large cavitary areas, distorted renal tubules, glomerular degeneration, 

vascular dilation, arterial wall thickening, and widespread interstitial inflammatory infiltration (Figure 1G).  
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The renal medulla also demonstrated degenerative changes, including tubular epithelial cell degeneration and 

necrosis, medullary hemorrhage, vascular dilation, and inflammatory cell infiltration (Figure 1H). Furthermore, 

syncytial-like tubular structures with poorly defined morphology and associated hemorrhage were observed 

(Figure 1I). 

Kidney sections from the protective-treated group showed noticeable histological improvement compared with 

the ASP-treated group. The renal cortex exhibited relatively preserved renal corpuscles and Bowman’s space, 

with mild vascular congestion and limited interstitial inflammatory infiltration (Figure 1J). Improved tubular 

architecture was also observed, although mild degeneration of tubular epithelial cells remained present in some 

areas (Figure 1K). The renal medulla showed partial restoration of collecting tubule structure, with only mild 

epithelial degeneration and minimal hemorrhagic areas (Figure 1L). Similarly, the combination-treated group 

demonstrated marked improvement in renal histological structure. The renal tubules and corpuscles appeared 

largely normal, with only mild vascular congestion, minimal interstitial hemorrhage, and limited tubular 

epithelial degeneration (Figure 1M). The renal medulla also showed improved tubular organization, with only 

slight degeneration of some tubular epithelial cells (Figure 1N). 

Overall, ASP administration induced severe renal histopathological damage, whereas treatment with LSH alone 

showed no adverse effects. Furthermore, protective and combination treatments markedly attenuated ASP-

induced renal damage and preserved renal structural integrity to a considerable extent. 
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Figure 1. Histopathological lesions in the rat kidney (x400; H&E). 

A: Kidney section of control rats displayed a normal renal cortex with renal tubules (arrows), normal renal 

corpuscles, and a normal Bowman's space (stars). 

B: Panel a kidney of control rats displayed a normal renal medulla with normal collecting tubules. 

C: Kidney section of LSH rats displayed a normal renal cortex with renal tubules (arrows), normal renal 

corpuscles, and a normal Bowman's space (star).   

D: Kidney section of LSH rats displayed a normal renal medulla with normal collecting tubules. 

E: Kidney sections of ASP-treated rats' renal cortex display glomerular atrophy and degeneration (arrowheads), 

with shrunken and distension of the renal glomerulus capsular space (white star), hemorrhage/congestion (white 

arrows), and damaged renal cortex (arrows).  

F: Kidney sections of ASP-treated rats' renal cortex display glomerular/tubule renal degeneration (stars), 

dilation of renal tubules (arrows), interstitial cell infiltration (blue arrowheads), renal necrosis (blue star), 

interstitial hemorrhage (black heads), and congestion, and dilatation of blood vessels (white arrows) . 

G: Kidney sections of ASP-treated rats' renal cortex display a huge cavity with fragmented areas (star), distorted 

renal tubules, as well as degenerating cells exhibiting hyalinized cytoplasm and scattered cells (arrow), a highly 

dilated vessel (blue arrow), glomerular degeneration (white arrow), interlobular arterial thickness (black 

arrowhead), and interstitial cell infiltration (blue arrowhead). 

H: Kidney section of ASP-treated rats' renal medulla displayed scattered degeneration and necrosis of renal 

tubular epithelial cells with medullary hemorrhage (white arrows), dilatation of blood vessels (black arrow), and 

interstitial cell infiltration (arrowheads).  

I: Kidney section of ASP-treated rats' renal medulla displayed areas of syncytium of ill-defined tubule with 

medullary hemorrhage (arrows). 
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J: Kidney sections of protective-treated rats' renal cortex display mild improvement in the structure of renal 

tubules with normal renal corpuscles, and a normal Bowman's space (arrowheads), congestion, and dilatation of 

blood vessels (arrow), and interstitial cell infiltration (white star). 

K: Kidney sections of protective-treated rats' renal cortex display improvement in the structure of renal tubules 

(arrows), with normal renal corpuscles, and a normal Bowman's space (star), and mild degeneration of renal 

tubular epithelium (arrowheads).  

L: Kidney section of protective-treated rats' renal medulla displayed mild improvement in the structure of the 

collecting tubules, with scattered degeneration of some renal tubular epithelial cells (arrows), and a few 

medullary hemorrhages (arrowheads). 

M: Kidney section of combination-treated rats' renal medulla displayed improvement in the structure of renal 

tubules with normal renal corpuscles, and a normal Bowman's space (arrows), as well as congestion of blood 

vessels in a few renal corpuscles (white star), little interstitial hemorrhage (arrowheads), and degeneration of a 

few renal tubular epithelial cells (blue arrows). 

N: Kidney section of combination-treated rats' renal medulla displayed improvement in the structure of the 

collecting tubules, with little degeneration of some renal tubular epithelial cells (arrows). 

Histopathological Evaluation and Scoring Results 

Semi-quantitative histopathological scoring of renal tissue revealed marked differences among the experimental 

groups (Table 2; Figure 2). The control and LSH-treated groups exhibited normal renal architecture, with lesion 

scores graded as absent (–) for all evaluated parameters, indicating preserved renal structural integrity without 

detectable histopathological alterations. In contrast, the ASP-treated group showed severe renal 

histopathological damage, with lesion scores graded as severe (+++) for glomerular degeneration, tubular 

degeneration, interstitial hemorrhage, vascular congestion, and inflammatory cell infiltration. These findings 

indicate extensive disruption of renal structural integrity following ASP administration. 

The protective-treated group demonstrated marked histological improvement compared with the ASP-treated 

group. Most lesions were graded as mild (+), with limited tubular degeneration, mild vascular congestion, and 

minimal inflammatory cell infiltration, indicating partial restoration of renal tissue structure. Similarly, the 

combination-treated group showed significant attenuation of ASP-induced renal damage. Lesion scores ranged 

from absent (–) to mild (+), with nearly normal glomerular and tubular architecture and only minimal residual 

histopathological alterations. 

Overall, these findings confirm that ASP administration induced severe renal histopathological damage, whereas 

protective and combination treatments effectively mitigated renal injury and preserved renal tissue integrity. 

Table 2. Semi-quantitative scoring of renal histopathological alterations in different experimental groups. 

Histopathological alteration Control LSH ASP Protective Combination 

Glomerular atrophy and degeneration – – +++ + + 

Bowman’s space dilatation – – +++ + + 

Tubular degeneration – – +++ + + 

Tubular dilatation – – +++ + + 

Interstitial inflammatory cell infiltration – – +++ + + 

Interstitial hemorrhage – – +++ + + 

Vascular congestion and dilatation – – +++ + + 

Renal necrosis – – +++ + – 

Medullary tubular epithelial degeneration – – +++ + + 

Medullary hemorrhage – – ++ + – 

Structural distortion/cavitation – – +++ – – 

• Severity of renal histopathological lesions was graded as absent (–), mild (+), moderate (++), and 

severe (+++). ASP induced severe renal damage, whereas LSH and protective treatments markedly 

reduced lesion severity. 
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Figure 2. Semi-quantitative histopathological scoring of renal lesions in different experimental groups. 

Discussion 
The present study investigated the nephrotoxic effects of ASP and the potential protective and therapeutic role 

of LSH through biochemical and histopathological assessments. The findings demonstrated that ASP 

administration induced marked renal histopathological damage, whereas LSH exerted significant protective and 

restorative effects on renal tissue architecture. 

Effects of ASP on Renal Biochemical Parameters 

Despite the pronounced histopathological alterations observed in the ASP-treated group, serum urea, creatinine, 

and uric acid levels did not show statistically significant changes compared with the control group. Similar 

findings have been reported in experimental studies demonstrating that aspartame administration induces 

marked renal histopathological damage, including inflammatory cell infiltration, tubular epithelial degeneration, 

and vascular congestion, even when biochemical parameters remain within normal or nonsignificant ranges 

(Allam et al., 2019; Azez et al., 2023). These observations suggest that structural renal injury may precede 

detectable functional impairment, highlighting the sensitivity of histopathological assessment in detecting early-

stage nephrotoxicity (Stevens & Levey, 2005; Allam et al., 2019; Hall & Hall, 2020). According to established 

renal physiology, serum creatinine levels typically do not increase until approximately 50% or more of nephron 

function is lost, due to compensatory hyperfiltration and functional reserve of the remaining nephrons (Hall & 

Hall, 2020). Therefore, histopathological evaluation remains a more sensitive approach for detecting early 

nephrotoxic effects. 

Serum creatinine and urea are widely used indicators of glomerular filtration rate and overall renal function 

(Abdalally et al., 2021). However, significant elevations in these biomarkers typically occur only after 

substantial nephron loss or advanced renal functional impairment, due to the compensatory hyperfiltration 

capacity of the remaining functional nephrons (Stevens & Levey, 2005; Hall & Hall, 2020). Therefore, the 

absence of significant biochemical alterations in the present study does not exclude renal injury but rather 

suggests an early or subclinical stage of nephrotoxicity, which is consistent with the pronounced 

histopathological alterations observed in renal tissue (Allam et al., 2019; Azez et al., 2023). 

Interestingly, serum calcium levels showed a modest but statistically significant reduction in the combination-

treated group. This finding may be related to alterations in renal tubular calcium handling or interactions 

between ASP metabolism and mineral homeostasis. The kidneys play a central role in maintaining calcium 

homeostasis through glomerular filtration and tubular reabsorption, primarily in the proximal and distal nephron 

segments, and disturbances in these processes can lead to mild hypocalcemia (Blaine et al., 2014; Bonny et al., 

2008). However, further studies are needed to elucidate the precise mechanisms by which ASP and combined 

treatments influence calcium handling in the kidney. 
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Histopathological Evidence of ASP-Induced Nephrotoxicity 

Histopathological examination revealed severe renal damage in ASP-treated rats, including glomerular atrophy, 

tubular degeneration, interstitial inflammatory infiltration, vascular congestion, hemorrhage, and necrosis. These 

findings are consistent with previous experimental studies demonstrating that ASP and its metabolites can 

induce oxidative stress, inflammation, and cellular injury in renal tissues (Mourad, 2011; Allam et al., 2019; 

Omozee & Tijesunimi, 2025). 

ASP is metabolized into phenylalanine, aspartic acid, and methanol. Methanol is further converted into 

formaldehyde and formic acid, which are highly reactive and capable of inducing oxidative stress, LPO, and 

mitochondrial dysfunction (Humphries et al., 2008; Mourad, 2011). Excessive production of ROS can damage 

cellular membranes, proteins, and DNA, ultimately resulting in tubular epithelial degeneration and glomerular 

injury, as observed in the present study (Allam et al., 2019; Omozee & Tijesunimi, 2025). Moreover, recent 

reviews have highlighted the harmful effects of ASP as a food additive on multiple organs, including the kidney, 

emphasizing oxidative stress and inflammatory mechanisms as key mediators of tissue injury (Alsaeh et al., 

2025). 

Furthermore, vascular congestion and interstitial inflammatory infiltration observed in ASP-treated rats may 

reflect endothelial dysfunction and inflammatory activation. Oxidative stress can activate inflammatory 

pathways, including nuclear factor kappa B (NF-κB), leading to cytokine release and recruitment of 

inflammatory cells, thereby exacerbating tissue injury (Abdalally et al., 2021; Elduob et al., 2023; Alsaeh et al., 

2025). 

Protective and Therapeutic Effects of LSH 

A key finding of the present study is the significant protective and therapeutic effect of LSH against ASP-

induced renal damage. Both protective and combination treatment groups demonstrated marked improvement in 

renal histological architecture, with reduced tubular degeneration, decreased inflammatory infiltration, and 

preservation of glomerular structure. The renoprotective effect of LSH can be attributed to its rich content of 

bioactive compounds, including flavonoids, phenolic acids, enzymes, and antioxidant molecules (Alvarez-

Suarez et al., 2009; Alshailabi et al., 2024). These compounds play a critical role in neutralizing ROS, reducing 

oxidative stress, and preventing cellular damage. 

Honey has been shown to enhance antioxidant defense systems by increasing the activity of endogenous 

antioxidant enzymes such as superoxide dismutase, catalase, and glutathione peroxidase (Alshailabi et al., 2023; 

Wilczyńska & Żak, 2024; Gajger et al., 2025). This antioxidant action can protect renal tubular epithelial cells 

from oxidative damage and maintain cellular integrity. Additionally, honey possesses anti‑inflammatory 

properties that can inhibit inflammatory pathways and reduce leukocyte infiltration into renal tissues. For 

example, experimental studies showed that honey feeding suppressed inflammation by reducing 

pro‑inflammatory cytokine expression and leukocyte infiltration in kidney injury models, likely through 

modulation of NF‑κB and related pathways. This anti‑inflammatory effect likely contributed to the reduced 

interstitial inflammation observed in SH‑treated groups (Hamad et al., 2015; Navaei‑Alipour et al., 2021). 

The observed improvement in renal histological structure following LSH treatment suggests both preventive and 

therapeutic potential. Pretreatment with LSH may enhance antioxidant defense before ASP exposure, while 

concurrent treatment may mitigate ongoing oxidative damage and promote tissue recovery. The discrepancy 

between severe histopathological alterations and relatively stable biochemical parameters observed in this study 

is consistent with the concept that structural damage may precede functional impairment. Early nephrotoxicity 

often manifests as cellular and tissue alterations before measurable changes occur in serum biomarkers such as 

creatinine and urea; thus, histopathological assessment remains a highly sensitive method for detecting early 

renal injury (Al-Naimi et al., 2019).  

Collectively, the findings of this study demonstrate that ASP induces significant renal histopathological damage, 

likely mediated through oxidative stress and inflammatory mechanisms. In contrast, LSH exhibited significant 

protective and therapeutic effects by preserving renal tissue structure and reducing pathological alterations. 

These results highlight the potential of LSH as a natural nephroprotective agent against chemically induced 

renal injury. 
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Conclusion 

ASP administration induced significant histopathological alterations in renal tissue, including glomerular 

shrinkage, tubular degeneration, vascular congestion, and inflammatory infiltration, indicating its nephrotoxic 

potential. However, serum biochemical markers of renal function, including urea, creatinine, and uric acid, 

remained largely unchanged, suggesting that structural damage may precede detectable functional impairment. 

A modest reduction in serum calcium observed in the combination group may reflect early tubular functional 

alterations. Importantly, LSH demonstrated significant protective and therapeutic effects by preserving renal 

architecture and reducing tissue injury. These findings suggest that LSH may serve as a promising natural 

nephroprotective agent against chemically induced renal damage, likely due to its antioxidant and anti-

inflammatory properties. 
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