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ABSTRACT 
	Aim: This study examined the reno- and cardioprotective capacity of LBEP against CCl₄-induced toxicity in Wistar rats. 
Methods: Thirty rats were assigned to five groups: Group 1 (normal control), Group 2 (CCl₄), Group 3 (CCl₄ + LBEP 100 mg/kg), Group 4 (CCl₄ + LBEP 300 mg/kg), and Group 5 (CCl₄ + Vitamin E 100 mg/kg). Renal function indices (urea and creatinine), cardiac biomarkers (CK-MB and LDH), and oxidative stress parameters (MDA, SOD, CAT, and GSH) were assessed using standard methods, supported by histopathological evaluation of kidney and heart tissues. 
Results: CCl₄ significantly elevated urea, creatinine, CK-MB, LDH, and MDA levels while suppressing antioxidant enzymes relative to Group 1. Co-administration of LBEP at 100 + 300 mg/kg produced dose-dependent reductions in biochemical markers of toxicity and significantly restored antioxidant defences. Histological observations confirmed progressive tissue recovery, with Group 4 showing near-normal architecture comparable to Group 5. 
Conclusion: The findings validate that LBEP provides significant protection against CCl₄-induced renal and cardiac damage through antioxidant-mediated mechanisms.
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1. INTRODUCTION 

Xenobiotic exposure is a major global health and environmental challenge in the twenty-first century. It is driven by rapid industrialisation, urban growth, and increased reliance on synthetic chemicals (Das, 2025; Buamona, 2025; Hait et al., 2024).
Continuous release and accumulation of these foreign compounds in air, water, and soil have significantly raised exposure levels in humans and wildlife (Thakur et al., 2025; Priyadarshanee et al., 2022; Manisalidis et al., 2020).	Comment by Ahmed Fathy: Continue with the previous paragraph

The widespread use, as well as the environmental distribution of xenobiotic substances through industrial outputs, farming chemicals, pharmaceutical residues, and laboratory solvents, contribute to them being seen as an indispensable global health challenge (Chaitanya et al., 2024; Nguyen et al., 2023; Thompson & Darwish, 2019). Several studies like Singh et al. (2023), Ben Seghir et al. (2023), and Dinka (2018) have revealed that long-term exposure to xenobiotic compounds such as halogenated hydrocarbons, heavy metals and organic solvents has been strongly associated with organ dysfunction, particularly affecting the renal, hepatic and cardiovascular systems. 

Among halogenated hydrocarbons, Carbon tetrachloride (CCl₄) is widely used as an experimental nephrotoxic and hepatotoxic agent. Its toxicity stems from the formation of highly reactive trichloromethyl radicals, which trigger lipid peroxidation, membrane damage, and oxidative stress–mediated tissue injury (Kadhom, 2025; Fareed et al., 2024; Baig&Khan, 2023).

The toxicodynamic pathway of carbon tetrachloride (CCl₄) is initiated through cytochrome P450–dependent metabolic activation, leading to the production of reactive free radical intermediates (Lu et al., 2025). These intermediates trigger lipid peroxidation and propagate oxidative chain reactions across cellular membranes, finally leading to alterations like membrane damage and cellular injury due to oxidative stress (Lu et al., 2025; Dwivedi et al., 2022). For instance, Kadhom (2025) and Unsal et al. (2021) observed that in renal tissues, these alterations compromise glomerular filtration and tubular function, whereas in hepatic tissues, they impair detoxification pathways and metabolic regulation. 

Oxidative stress is a key driver of toxicant-induced renal and cardiovascular injury (Dugas, 2018). Recent evidence shows that excessive production of reactive oxygen species (ROS) overwhelms antioxidant defence systems, leading to lipid peroxidation, protein oxidation, mitochondrial dysfunction, and inflammatory activation, which together promote nephrotoxicity and cardiac impairment (Kandel et al., 2025; Ezekwe et al., 2024; Jomova et al., 2023; Tomsa et al., 2019). Consequently, growing attention has focused on identifying biological antioxidants capable of mitigating toxicant-mediated organ damage.

Medicinal plants are widely recognised as valuable therapeutic resources because of their diverse phytochemicals and broad pharmacological activities (Okari et al., 2025; Owo et al., 2025; Nwozo et al., 2023; Ezekwe et al., 2020). Among them, Lycium barbarum (goji berry) is extensively used in traditional medicine (Sevindik et al., 2025) and contains bioactive compounds, including polysaccharides, flavonoids, carotenoids, phenolic acids, and betaine (Teixeira et al., 2023), that exhibit antioxidant, anti-inflammatory, immunomodulatory, and cytoprotective effects (Shunkai et al., 2025).

Experimental evidence indicates that extracts of Lycium barbarum can mitigate oxidative stress (Niu et al., 2023), suppress lipid peroxidation (Lin et al., 2025), and enhance endogenous antioxidant enzyme activity (Sun et al., 2023), thereby promoting tissue repair in various pathological states, including renal injury models.

Although evidence supports the pharmacological potential of Lycium barbarum, limited studies have examined its ethanolic pulp extract using combined models that simultaneously assess kidney function, heart function, and oxidative stress, especially in toxicity induced by Carbon tetrachloride.
Therefore, this study evaluated the protective effects of the extract in Wistar rats to determine whether its antioxidant properties can reduce chemical-induced damage to the kidneys and heart.

2. material and methods

2.1 Chemicals and Reagents

Carbon tetrachloride (CCl₄), ethanol, olive oil, and all reagents used for the biochemical assays were procured from Sigma-Aldrich (St. Louis, MO, USA) and were of analytical grade. Diagnostic assay kits for the quantitative determination of serum urea, creatinine, creatine kinase-MB (CK-MB), lactate dehydrogenase (LDH), and selected oxidative stress biomarkers were procured from Randox Laboratories (Crumlin, UK). All analyses were conducted strictly in accordance with the respective manufacturers’ protocols.

2.2 Plant Material Collection and Identification

Fresh fruits of L. barbarum (Goji Berry) were sourced from Ogunabali Fruit Garden Market, Port Harcourt, Rivers State, Nigeria, and authenticated by a taxonomist in the Department of Plant Science and Biotechnology, Rivers State University, Port Harcourt, Nigeria. The fruits were washed with distilled water, and the pulp was manually separated from the seeds and peel.
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Picture 1: Fresh fruits of L. barbarum (Goji berry)

2.3 Preparation of Ethanolic Pulp Extract

The separated pulp was air-dried at room temperature and pulverised into a fine powder. Extraction was carried out by cold maceration using 70% ethanol for 72 hours with intermittent agitation to enhance solvent penetration. The mixture was filtered using Whatman No. 1 filter paper, and the filtrate was concentrated under reduced pressure using a rotary evaporator. The resulting extract was dried, weighed to determine yield, and stored at 4 °C until use (Harborne, 1998).

2.4 Experimental Animals

Adult Wistar rats (150–200 g) of both sexes were used for the study. The animals were housed in well-ventilated cages under standard laboratory conditions (12-hour light/dark cycle, temperature of 25 ± 2 °C) and allowed free access to standard rat chow and clean drinking water. Animals were acclimatised for one week before the commencement of the experiment.

2.5 Experimental Design

A total of 30 Wistar rats were randomly assigned into five experimental groups (n = 6 per group) as follows:
Group 1: Received olive oil (1 mL/kg body weight, intraperitoneally).
Group 2: Received carbon tetrachloride (CCl₄) diluted 1:1 (v/v) in olive oil and administered at 1 mL/kg body weight, intraperitoneally, twice weekly.
Group 3: Received CCl₄ (1 mL/kg, i.p., twice weekly) + LBEP (100 mg/kg, p.o., once daily).
Group 4: Received CCl₄ (1 mL/kg, i.p., twice weekly) + LBEP (300 mg/kg, p.o., once daily).
Group 5: Received CCl₄ (1 mL/kg, i.p., twice weekly) + Vitamin E (100 mg/kg, p.o., once daily).
Treatment was maintained for a period of 6 weeks.

2.6. Acute toxicity assessment

The acute toxicity of ethanolic pulp extract of L. barbarum (LBEP) was performed in rats as reported previously, with slight modification (Abrori et al., 2019). The rats were divided into five groups (n = 5), and ethanolic pulp extract of L. barbarum (LBEP) was administered at the doses of 30, 100, 500, 1000 and 1500 mg/kg. Before the administration of the ethanolic pulp extract of L. barbarum (LBEP), the rats were fasted overnight. Following administration of the ethanolic pulp extract of L. barbarum (LBEP), the rats were observed for the first 10 h closely for any sign of toxicity. However, for mortality assessment, the rats were observed for 24 h.

2.7 Induction of Nephrotoxicity and Cardiac Dysfunction

Nephrotoxicity and cardiac dysfunction were induced using carbon tetrachloride (CCl). CCl₄ was diluted in olive oil (1:1 v/v) and administered intraperitoneally at a dose of 1 mL/kg body weight, twice weekly. This protocol has been shown to reliably induce oxidative stress–mediated renal and cardiac damage (Alqudah et al., 2025; Baig & Khan, 2023).

2.8 Sample Collection

At the end of the experimental period, blood samples were collected via cardiac puncture under light anaesthesia, allowed to clot, and centrifuged at 3,000 rpm for 10 minutes to obtain serum, which was stored at −20°C until analysis. The kidneys and heart were excised, rinsed in ice-cold saline, blotted dry, and weighed. Portions of the organs were processed for biochemical assays, while others were preserved for histopathological examination.

2.9 Phytochemical Screening
Preliminary phytochemical screening of LBEP was conducted to identify the bioactive constituents responsible for its observed biological activity. Standard qualitative procedures were employed to detect major secondary metabolites using established chemical tests.
Alkaloids were assessed using Mayer’s and Dragendorff’s reagents; flavonoids were identified using the Shinoda test; tannins and phenolics were determined using the ferric chloride test; saponins were evaluated by the frothing test; while terpenoids and steroids were detected using the Salkowski reaction. Glycosides were assessed using the Keller–Kiliani test.

2.10 Biochemical Analysis

· Renal Function Parameters

Serum urea was determined in line with the standard colourimetric method described by Owo and Kpomah (2023) using Randox diagnostic kits.
  
· Cardiac Biomarkers

Serum creatine kinase-MB (CK-MB) and lactate dehydrogenase (LDH) activities were determined spectrophotometrically using commercially available diagnostic kits obtained from Randox Laboratories (Crumlin, United Kingdom), strictly following the manufacturer’s instructions. CK-MB activity was measured using the immunoinhibition method, which selectively inhibits the M subunit of creatine kinase to quantify the MB isoenzyme, while LDH activity was assayed using a kinetic method based on the oxidation of NADH to NAD⁺ during the conversion of pyruvate to lactate, monitored at 340 nm. These biomarkers were evaluated as indices of myocardial membrane integrity and cardiac tissue injury following xenobiotic exposure.

· Oxidative Stress and Antioxidant Parameters

Malondialdehyde (MDA) levels were determined as an index of lipid peroxidation, while superoxide dismutase (SOD), catalase (CAT), and reduced glutathione (GSH) were measured to evaluate antioxidant status using established methods (Ohkawa et al., 1979; Aebi, 1984).

2.11 Histopathological Examination

The kidney and heart tissues were fixed in 10% buffered formalin, processed using standard histological techniques, sectioned at 5 µm thickness, and stained with hematoxylin and eosin (H&E). Tissue sections were examined under a light microscope for structural and pathological changes.

2.12 Statistical Analysis

Data were expressed as mean ± standard error of mean (SEM). Statistical analysis was performed using one-way analysis of variance (ANOVA), followed by appropriate post hoc tests. Differences were considered statistically significant at p <.05.	Comment by Ahmed Fathy: P (capital letter)	Comment by Ahmed Fathy: 0.05

3. results and discussion

3.1 Results

3.1.1 Effect of the ethanolic pulp extract of L. barbarum (LBEP) on the acute toxicity

Table 1 shows the effect of LBEP on acute toxicity in wistar rats. The ethanolic pulp extract of L. barbarum (LBEP) did not induce any mortality in the rats up to the dose of 1500 mg/kg body weight, and no rat mortality was observed in all the recruited groups. However, at the dose of 1500 mg/kg, the rats showed signs of weakness and sluggish movement.	Comment by Ahmed Fathy: Wistar
Table 1: Effect of LBEP on Acute Toxicity in Wistar Rats
	Dose (mg/kg body weight)
	Number of Rats
	Mortality (0–24 h)
	Mortality (0–14 days)
	Observed Signs of Toxicity

	0 
	6
	0/6
	0/6
	No visible signs

	300
	6
	0/6
	0/6
	No visible signs

	600
	6
	0/6
	0/6
	No visible signs

	1000
	6
	0/6
	0/6
	No visible signs

	1500
	6
	0/6
	0/6
	Weakness and sluggish movement



3.1.2 Qualitative Phytochemical Composition of LBEP 

Qualitative phytochemical analysis of LBEP, as presented in Table 2, revealed the presence of several bioactive constituents. The extract tested positive for flavonoids, phenolic compounds, tannins, saponins, terpenoids, and glycosides, while alkaloids were present in trace amounts. Steroids were moderately detected, whereas anthraquinones were absent.

Table 2: Qualitative Phytochemical Screening of LBEP
	Phytochemical Constituent
	Inference

	Alkaloids
	+

	Flavonoids
	++

	Phenolic compounds
	++

	Tannins
	++

	Saponins
	++

	Terpenoids
	++

	Steroids

	+

	Glycosides
	++

	Anthraquinones
	–


Key: = Present (trace); ++ = Moderately present; – = Absent

3.1.3 Effect of Ethanolic Pulp Extract of L. barbarum on Body Weight and Organ Weights

Table 3 shows the effect of the ethanolic pulp extract of L. barbarum on body weight and relative organ weight. After 6 weeks of treatment, rats administered CCl₄ (1 mL/kg, i.p., twice weekly) in Group 2 exhibited a significant reduction in final body weight compared with Group 1 (olive oil, 1 mL/kg, i.p.) (p < 0.05). Final body weight declined to 177.2 ± 1.9 g in Group 2 versus 208.4 ± 2.7 g in Group 1, indicating systemic toxicity.	Comment by Ahmed Fathy: P
Co-treatment with CCl₄ + LBEP (100 mg/kg, p.o.) in Group 3 improved final body weight to 190.0 ± 1.6 g, while CCl₄ + LBEP (300 mg/kg, p.o.) in Group 4 further increased body weight to 197.0 ± 1.6 g, demonstrating a dose-dependent recovery. Group 5 (CCl₄ + Vitamin E, 100 mg/kg, p.o.) also showed marked improvement (201.0 ± 1.6 g), approaching normal control values.
Relative kidney and heart weights were significantly elevated in Group 2 (0.56 ± 0.01% and 0.47 ± 0.01%, respectively) compared with Group 1 (0.39 ± 0.01% and 0.34 ± 0.01%). However, LBEP treatment reduced kidney and heart weights in Group 3 (0.47 ± 0.00%; 0.40 ± 0.00%) and Group 4 (0.43 ± 0.01%; 0.37 ± 0.01%), with values comparable to those observed in Group 5 (0.42 ± 0.01%; 0.35 ± 0.01%). Overall, LBEP mitigated CCl₄-induced body weight loss and organ hypertrophy in a dose-dependent manner.

Table 3: Effect of Ethanolic Pulp Extract of L. barbarum on Body Weight and Relative Organ Weights
	Group
	Initial Body Weight (g)
	Final Body Weight (g)
	Kidney Weight (%)
	Heart Weight (%)

	1
	165.8 ± 2.1
	208.4 ± 2.7
	0.39 ± 0.01
	0.34 ± 0.01

	2
	166.2 ± 1.9
	177.2 ± 1.9
	0.56 ± 0.01
	0.47 ± 0.01

	3
	166.6 ± 1.8
	190.0 ± 1.6
	0.47 ± 0.00
	0.40 ± 0.00

	4
	167.0 ± 1.7
	197.0 ± 1.6
	0.43 ± 0.01
	0.37 ± 0.01

	5
	166.4 ± 1.6
	201.0 ± 1.6
	0.42 ± 0.01
	0.35 ± 0.01



3.1.4 Effect of Ethanolic Pulp Extract of L. barbarum on Renal Function Parameters

Table 4 and Figure 1 reveal the effect of ethanolic pulp extract of L. barbarum on serum urea and creatinine levels. 
CCl₄ administration (1 mL/kg, i.p., twice weekly) in Group 2 significantly elevated serum urea and creatinine levels compared with Group 1 (olive oil control), indicating renal dysfunction. Urea increased from 28.4 ± 1.2 mg/dL in Group 1 to 56.8 ± 2.1 mg/dL in Group 2, while creatinine rose from 0.62 ± 0.03 mg/dL to 1.48 ± 0.05 mg/dL.
Treatment with CCl₄ + LBEP (100 mg/kg, p.o.) in Group 3 reduced urea to 41.3 ± 1.7 mg/dL and creatinine to 1.02 ± 0.04 mg/dL. A greater improvement was observed in Group 4 treated with CCl₄ + LBEP (300 mg/kg, p.o.), with urea and creatinine decreasing to 34.6 ± 1.5 mg/dL and 0.78 ± 0.03 mg/dL, respectively.
Similarly, Group 5 (CCl₄ + Vitamin E, 100 mg/kg, p.o.) showed marked attenuation of renal damage, with urea and creatinine levels of 31.2 ± 1.3 mg/dL and 0.70 ± 0.03 mg/dL, respectively, approaching normal control values. LBEP demonstrated dose-dependent renoprotective effects comparable to Vitamin E against CCl₄-induced renal toxicity, as illustrated in Figure 1.
Table 4: Effect of Ethanolic Pulp Extract of L. barbarum on Serum Urea and Creatinine Levels
	Group
	Urea (mg/dL)
	Creatinine (mg/dL)

	1
	28.4 ± 1.2
	0.62 ± 0.03

	2
	56.8 ± 2.1
	1.48 ± 0.05

	3
	41.3 ± 1.7
	1.02 ± 0.04

	4
	34.6 ± 1.5
	0.78 ± 0.03

	5
	31.2 ± 1.3
	0.70 ± 0.03


[image: ]
Figure 1: Bar chart showing serum urea and creatinine levels across experimental groups.

3.1.5 Effect of Ethanolic Pulp Extract of L. barbarum on Cardiac Biomarkers

Table 5 shows the effect of the ethanolic pulp extract of L. barbarum on cardiac biomarkers.
Exposure to CCl₄ (1 mL/kg, i.p., twice weekly) in Group 2 caused a marked elevation in cardiac biomarkers compared with Group 1, indicating myocardial injury. CK-MB increased from 112.6 ± 4.2 U/L in Group 1 to 238.7 ± 7.5 U/L in Group 2, while LDH rose from 185.4 ± 6.8 U/L to 362.8 ± 10.4 U/L.
Treatment with CCl₄ + LBEP (100 mg/kg, p.o.) in Group 3 significantly reduced CK-MB and LDH activities to 186.3 ± 6.1 U/L and 278.6 ± 8.7 U/L, respectively. A more pronounced reduction was observed in Group 4 treated with CCl₄ + LBEP (300 mg/kg, p.o.), with CK-MB and LDH values of 148.5 ± 5.2 U/L and 221.4 ± 7.3 U/L.
Group 5 (CCl₄ + Vitamin E, 100 mg/kg, p.o.) also demonstrated substantial cardioprotection, with CK-MB and LDH levels reduced to 132.4 ± 4.8 U/L and 205.2 ± 6.5 U/L, approaching normal control values. LBEP exhibited dose-dependent cardioprotective effects comparable to the standard drug, as illustrated in Figure 2.
Table 5: Effect of Ethanolic Pulp Extract of Lycium barbarum on Cardiac Biomarkers
	Group
	CK-MB (U/L)
	LDH (U/L)

	1
	112.6 ± 4.2
	185.4 ± 6.8

	2
	238.7 ± 7.5
	362.8 ± 10.4

	3
	186.3 ± 6.1
	278.6 ± 8.7

	4
	148.5 ± 5.2
	221.4 ± 7.3

	5
	132.4 ± 4.8
	205.2 ± 6.5
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Figure 2: Bar chart showing CK-MB and LDH activities across experimental groups.

3.1.6 Effect of Ethanolic Pulp Extract of L. barbarum on Oxidative Stress and Antioxidant Parameters

Table 6 indicates the effect of the ethanolic pulp extract of L. barbarum on oxidative stress markers.
CCl₄ administration (1 mL/kg, i.p., twice weekly) in Group 2 significantly increased lipid peroxidation, as evidenced by elevated MDA levels (4.96 ± 0.15 nmol/mg protein) compared with Group 1 (1.84 ± 0.07 nmol/mg protein). Concurrently, antioxidant enzymes were markedly reduced in Group 2, with SOD (9.8 ± 0.5 U/mg protein), CAT (21.4 ± 0.9 U/mg protein), and GSH (3.12 ± 0.16 µmol/g tissue) compared with Group 1 values of 18.6 ± 0.8 U/mg protein, 42.3 ± 1.5 U/mg protein, and 7.62 ± 0.28 µmol/g tissue, respectively.
Treatment with CCl₄ + LBEP (100 mg/kg, p.o.) in Group 3 significantly reduced MDA to 3.42 ± 0.12 nmol/mg protein and improved antioxidant status, with SOD, CAT, and GSH levels of 13.9 ± 0.6 U/mg protein, 30.8 ± 1.1 U/mg protein, and 5.18 ± 0.21 µmol/g tissue. Greater restoration was observed in Group 4 treated with CCl₄ + LBEP (300 mg/kg, p.o.), where MDA decreased to 2.41 ± 0.10 nmol/mg protein, while SOD, CAT, and GSH increased to 16.7 ± 0.7 U/mg protein, 37.6 ± 1.3 U/mg protein, and 6.48 ± 0.25 µmol/g tissue.
Group 5 (CCl₄ + Vitamin E, 100 mg/kg, p.o.) showed comparable antioxidant effects, with near-normal values across all parameters. Generally, LBEP demonstrated dose-dependent attenuation of oxidative stress and enhancement of endogenous antioxidant defences.
Table 6: Effect of Ethanolic Pulp Extract of L. barbarum on Oxidative Stress Markers
	Group
	MDA (nmol/mg protein)
	SOD (U/mg protein)
	CAT (U/mg protein)
	GSH (µmol/g tissue)

	1
	1.84 ± 0.07
	18.6 ± 0.8
	42.3 ± 1.5
	7.62 ± 0.28

	2
	4.96 ± 0.15
	9.8 ± 0.5
	21.4 ± 0.9
	3.12 ± 0.16

	3
	3.42 ± 0.12
	13.9 ± 0.6
	30.8 ± 1.1
	5.18 ± 0.21

	4
	2.41 ± 0.10
	16.7 ± 0.7
	37.6 ± 1.3
	6.48 ± 0.25

	5
	2.12 ± 0.09
	17.8 ± 0.7
	39.5 ± 1.4
	6.92 ± 0.26




3.1.7 Histopathological Findings

· Histopathological Findings of Kidney Tissues

Histological assessment of renal tissues from Group 1 (normal control) revealed normal renal architecture, characterised by intact glomeruli, well-defined Bowman’s spaces, and preserved tubular epithelial lining without evidence of degeneration or inflammatory infiltration.
In Group 2 (CCl₄ only), marked structural alterations were observed, including glomerular shrinkage and distortion, widened Bowman’s spaces, tubular epithelial degeneration, vascular congestion, and pronounced inflammatory cell infiltration, consistent with severe nephrotoxicity.
Renal sections from Group 3 (CCl₄ + LBEP 100 mg/kg) showed partial structural recovery, with improved glomerular morphology and reduced inflammatory infiltration, although mild tubular degeneration was still evident.
In Group 4 (CCl₄ + LBEP 300 mg/kg), substantial restoration of renal architecture was observed, characterised by well-preserved glomeruli, improved tubular integrity, and minimal inflammatory changes.
Similarly, Group 5 (CCl₄ + Vitamin E 100 mg/kg) demonstrated near-normal renal histology, with preserved glomerular and tubular structures comparable to those of Group 1. LBEP exhibited dose-dependent renoprotective effects against CCl₄-induced histological damage.
[image: ]
Figure 3: Photomicrographs of Kidney tissue sections.

· Histopathological Findings of Heart Tissues

Microscopic evaluation of cardiac tissues from Group 1 (normal control) revealed normal myocardial architecture, characterised by regularly arranged muscle fibres, intact striations, centrally located nuclei, and absence of inflammatory infiltration or necrosis.
In contrast, Group 2 (CCl₄ only) exhibited pronounced myocardial damage, including disorganisation of muscle fibres, loss of striations, cellular necrosis, interstitial oedema, and marked inflammatory cell infiltration, confirming CCl₄-induced cardiotoxicity.
Cardiac sections from Group 3 (CCl₄ + LBEP 100 mg/kg) showed moderate improvement, with partial restoration of myocardial fibre arrangement and reduced inflammatory infiltration, although mild structural alterations persisted.
In Group 4 (CCl₄ + LBEP 300 mg/kg), substantial recovery of myocardial architecture was observed, characterised by improved fibre alignment and minimal residual inflammation.
Similarly, Group 5 (CCl₄ + Vitamin E 100 mg/kg) demonstrated near-normal cardiac histology, with preserved fibre organisation and minimal pathological changes comparable to Group 1, indicating effective cardioprotection.

[image: ]
Figure 4: Photomicrographs of heart tissue sections.

3.2 Discussion

3.2.1 Qualitative phytochemical composition of LBEP

Phytochemical screening of LBEP showed the presence of flavonoids, phenolics, tannins, saponins, terpenoids, glycosides, and trace alkaloids, while anthraquinones were absent. The therapeutic effect of plants like L. barbarum is attributed to the presence of these phytochemical constituents (Ezekwe et al., 2020). The abundance of flavonoids and phenolic compounds suggests a strong antioxidant potential, which likely contributed to the reduction in oxidative stress and restoration of antioxidant enzymes observed in treated groups (Owo et al., 2025; Ilić et al., 2024; Nwozo et al., 2023). Saponins and terpenoids may have supported anti-inflammatory and membrane-stabilising effects. Above all, the phytochemical profile provides mechanistic support for the reno- and cardioprotective effects of LBEP (Ilić et al., 2024; Nwozo et al., 2023; Okari et al., 2025).

3.2.2 Effect on Body Weight and Relative Organ Weights

CCl₄ intoxication resulted in a significant reduction in final body weight, which is consistent with systemic toxicity, metabolic disruption, and reduced feed efficiency commonly associated with free radical–mediated organ injury (Kadhom, 2025). The observed increase in relative kidney and heart weights in the toxic control group reflects inflammatory oedema and cellular hypertrophy secondary to oxidative damage (Zhang et al.,2019).
Administration of the extract produced a progressive restoration of body weight and normalisation of organ weights. This suggests improved metabolic stability and attenuation of tissue inflammation. The improvement may be attributed to the rich phytochemical composition of L. barbarum, particularly its polysaccharides, flavonoids, and carotenoids, which are known to enhance cellular resilience and modulate inflammatory pathways (Xie et al., 2021). The near-normalisation of these indices in the high-dose group reinforces a strong therapeutic gradient.

3.2.3 Effect on Renal Function Parameters

Elevated serum urea and creatinine levels in the CCl₄ group confirm compromised renal filtration capacity. These biomarkers are well-established indicators of glomerular and tubular dysfunction (Al-khawlani et al., 2026; Baig & Khan, 2023). The extract significantly reduced both parameters in a dose-dependent manner, with the highest dose producing values approaching normal control levels.
This improvement suggests preservation of nephron integrity and enhanced renal clearance. The reduction in nitrogenous waste accumulation may be linked to antioxidant-mediated stabilisation of renal membranes and reduced lipid peroxidation. The findings align with previous evidence from Başak et al. (2025) and Unsal et al. (2021), that plant-derived antioxidants attenuate CCl₄-induced nephrotoxicity through free radical scavenging and enhancement of endogenous antioxidant defences.

3.2.4 Effect on Cardiac Biomarkers

Marked elevations in CK-MB and LDH in the toxic control group indicate myocardial membrane damage and leakage of intracellular enzymes into circulation. These enzymes are sensitive indicators of cardiac injury, which reflect structural compromise of cardiomyocytes (Qnais et al., 2025; Afsar et al., 2019).
Treatment with the extract significantly reduced CK-MB and LDH activities, demonstrating cardioprotective potential (Hashim et al., 2023). The dose-responsive trend suggests that the extract stabilises myocardial cell membranes and reduces oxidative insult to cardiac tissue (Hu et al., 2021). Enzyme levels in the high-dose group approached baseline values, further reinforcing the protective efficacy of the extract (Al-khawlani et al., 2026). Mechanistically, this effect may involve inhibition of lipid peroxidation and preservation of mitochondrial integrity within cardiac cells (William, 2025).

3.2.5 Effect on Oxidative Stress and Antioxidant Status

CCl₄ metabolism generates reactive intermediates that initiate lipid peroxidation, reflected in the significant elevation of MDA and depletion of SOD, CAT, and GSH in the toxic control group. This pattern confirms severe oxidative stress and impaired antioxidant defence systems (Unsal et al., 2021).
The extract significantly attenuated MDA levels while restoring antioxidant enzyme activities in a dose-dependent fashion. Restoration of SOD and CAT suggests improved enzymatic neutralisation of superoxide radicals and hydrogen peroxide, respectively (Demirci-Cekic et al., 2022), while increased GSH levels indicate enhanced non-enzymatic antioxidant capacity (Irato&Santovito, 2021).
The antioxidant effect observed in this study was comparable to that of vitamin E in the standard drug group, underscoring the strong radical-scavenging potential of the extract. The bioactive compounds of L. barbarum are known to upregulate endogenous antioxidant pathways and protect cellular macromolecules from oxidative damage (Niu et al., 2023). These findings validate its mechanistic role in mitigating CCl₄-induced oxidative stress.

3.2.6 Histopathological Observations

· Histopathological Observations of Kidney Tissues

Histological evaluation of kidney tissues in the toxic control group revealed pronounced tubular degeneration, glomerular distortion, and inflammatory infiltration, corroborating the biochemical evidence of renal impairment. These structural abnormalities are characteristic of oxidative nephrotoxicity.
The administration of the extract significantly improved renal histoarchitecture, particularly at the medium and high doses. The restoration of the glomerular structure and reduction in inflammatory infiltration corroborate its nephroprotective effect and align with the observed improvements in renal biochemical parameters (Hvarchanova et al., 2023).

· Histopathological Observations in Heart Tissues

Cardiac tissues from the toxic control group showed myocardial fibre disruption, cellular necrosis, and inflammatory infiltration, consistent with elevated CK-MB and LDH levels. These changes reflect oxidative damage and compromised myocardial structural integrity (Pop et al., 2020).
Treatment with the extract resulted in progressive restoration of myocardial fibre alignment and reduction of inflammatory infiltration. The high-dose group displayed near-normal cardiac histology, indicating effective protection against CCl₄-induced cardiotoxicity (Hou et al., 2017). The histological recovery aligns strongly with the normalisation of cardiac biomarkers and antioxidant parameters.

4. Conclusion

This study demonstrates that carbon tetrachloride–induced toxicity caused significant systemic, renal, and cardiac damage, evidenced by reduced body weight, increased relative organ weights, elevated renal and cardiac biomarkers, enhanced lipid peroxidation, depletion of antioxidant defences, and marked histopathological alterations. These findings confirm the successful induction of oxidative stress–mediated organ injury.	Comment by Ahmed Fathy: In conclusion, carbon ..
Treatment with the ethanolic pulp extract of L. barbarum produced significant dose-dependent protective effects, restoring physiological, biochemical, oxidative, and histological parameters toward normal values. The high-dose extract demonstrated effects comparable to the standard antioxidant therapy, indicating strong reno-cardioprotective potential.
The findings suggest that the protective mechanism of the extract is primarily mediated through attenuation of oxidative stress, enhancement of endogenous antioxidant systems, and stabilisation of cellular membranes, due to its rich phytochemical composition, particularly flavonoids, phenolic compounds, tannins, saponins, terpenoids, and glycosides. These bioactive constituents likely mediated the attenuation of oxidative stress, enhancement of endogenous antioxidant systems, and stabilisation of cellular membranes. Further molecular and clinical studies are recommended to validate and advance the therapeutic potential of L. barbarum pulp extract in oxidative stress–related organ disorders.
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Figure 3.5: Photomicrographs of Kidney Tissue Sections
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Figure 3.6: Photomicrographs of Heart Tissue Sections
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