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ABSTRACT
Aluminum chloride (AlCl3), a widely used industrial and pharmaceutical compound, is known to exert nephrotoxic effects through mechanisms involving oxidative stress and electrolyte imbalance. However, a medicinal plant rich in bioactive antioxidants, which has demonstrated protective properties against various forms of organ toxicity, was probed for nephroprotective potentials. The compelling antioxidant for this study on Wistar rats was Moringa oleifera. In this study, we evaluated the nephroprotective effects of Moringa oleifera seed extract against AlCl3-induced renal toxicity in Wistar rats.  Thirty Wistar rats were randomized into six groups (n=5). Group 1 served as the control, while Group 2 received AlCl3 only (20 mg/kg). Groups 3–5 received low (5 mg/ml), standard (10 mg/ml), and high (15 mg/ml) doses of Moringa seed extract, respectively, along with AlCl3. Group 6 received AlCl3 plus resveratrol (standard drug). Serum electrolytes, urea, and creatinine (SEUCr), and antioxidant enzyme levels (SOD, GPx, catalase, MDA) were measured. Histopathological analysis of renal tissues was also performed. AlCl3 exposure significantly increased serum creatinine, urea, and MDA levels, while reducing Na+, K+, Cl⁻, HCO₃⁻, SOD, GPx, and catalase levels (p<0.05), indicating marked renal damage and oxidative stress. Moringa oleifera extract, especially at standard and high doses, effectively restored biochemical parameters and renal histology to near-normal levels. The low-dose extract provided partial protection. Resveratrol showed less consistent protective effects compared to the moringa extract. We concluded that Moringa oleifera seed extract exhibits dose-dependent nephroprotective effects against AlCl₃-induced renal toxicity, likely through its antioxidant properties. It may serve as a potential therapeutic agent in preventing heavy metal-induced kidney injury.
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INTRODUCTION
Aluminium chloride, also referred to as aluminium trichloride (AlCl3), is an inorganic compound widely utilized in various applications. It serves as a key component in antiperspirants, plays an important role in water purification, contributes to battery production, and has multiple medical uses.1,2,3,4
Humans and animals are routinely exposed to a range of environmental chemicals and heavy metals, including aluminium chloride, many of which are considered highly toxic due to their tendency to accumulate in body tissues.5
Research by Jianyu Liu et al examined the nephrotoxic impact of aluminium chloride on rat kidneys. Their study concluded that AlCl3 exposure leads to oxidative stress and significantly impairs renal function by lowering the glomerular filtration rate and reducing the kidneys’ reabsorption capacity.6,7
Resveratrol, a compound naturally present in red grapes, has been investigated as a potential therapeutic agent for aluminium chloride-induced kidney damage. However, it has notable limitations, such as poor bioavailability,8 gastrointestinal discomfort at higher doses,9 and the potential for adverse drug interactions.10
Moringa oleifera, a fast-growing and drought-tolerant plant native to India and now widely cultivated across tropical and subtropical regions, has gained attention for its medicinal properties. The seeds of Moringa yield methanol, acetone, and water extracts, with the water-based extract showing the strongest antioxidant activity.11,12 These extracts are rich in bioactive compounds such as flavonoids, phenolic acids, and pro-anthocyanidins, among which flavonoids are the most abundant and are known for their capacity to scavenge reactive oxygen species and bind heavy metals.12
Previous studies have explored the protective effects of Moringa oleifera seeds against oxidative damage induced by heavy metals. For instance, in cases of lead toxicity, Moringa was shown to restore altered biochemical and histological kidney, brain, liver, and blood parameters to near-normal levels.13 Similarly, Aldhalemi et al.,14 reported that Moringa seed extract mitigated cadmium-induced damage in both the liver and kidneys. Further reports have also confirmed its effectiveness in reducing the toxicity associated with cadmium and nickel exposure.15
Considering the widespread human exposure to aluminium chloride through drinking water and personal care products, along with the known renal toxicity of this compound, it is both necessary and timely to investigate whether Moringa oleifera can offer protective effects against AlCl3-induced kidney damage.

METHODOLOGY
EXPERIMENTAL ANIMALS
30 Wistar rats were divided into 6 groups of 5 rats each. The rats were procured from Enugu State University College of Medicine (ESUCOM). The rats were accommodated at the ESUCOM animal farm. They were reared in cages under room temperature and a room climate of 12-hour light and 12-hour dark. The animals were adapted for a week before the experiment began, and all efforts were made to reduce pain and suffering in the rats in the course of the experiment.16

ETHICAL CLEARANCE
Ethical clearance for this experiment was obtained from the Ethics and Research Committee of the Faculty of Basic Medical Sciences, Enugu State University of Science and Technology, with the ethical right permission number: ESUCOM/FBMS/ETR/2025/113
DRUGS
Reagent grade AlCl3 was acquired from Sigma Aldrich with the EC number: 2312081. Moringa Oleifera seeds were acquired from 
EXPERIMENTAL DESIGN
After adaptation, the rats were divided into 6 groups of 5 rats each.
Group 1: Control group
Group 2: Received AlCl3 only (Dissolved in 0.9% saline at a final concentration of 20 mg/kg/bwt (1/20 LD50)7
Group 3: Low dose (5mg/ml) MO with AlCl3  
Group 4: Medium dose (10mg/ml) of Moringa Oleifera (MO) seed extract with AlCl3 
Group 5: High dose MO (15mg/ml) with AlCl3 
Group 6: Standard drug with AlCl3 (Resveratrol)
The values for MO above were derived from the work of Oluduro et al.17 
SERUM KIDNEY FUNCTION/ DAMAGE ASSAY
On day 29, before the experimental animals were euthanised, blood samples were collected via the retro-orbital venous plexus with a capillary tube. The obtained materials were immediately centrifuged at 4,000 rpm at 4˚C for 10 min. The serum samples were stored at -80˚C. Electrolytes (sodium, potassium, bicarbonate, and chloride), blood urea nitrogen (BUN), and serum creatinine were tested for kidney damage using commercially available Roche and Cobas test kits.18
OXIDATIVE STRESS ASSAY
The animals were euthanised with chloroform, and their kidneys were swiftly removed and washed with ice-cold saline. The right kidneys were frozen in liquid nitrogen and stored at -80˚C for analysis. The left kidneys were preserved in a 10% neutral buffered formalin solution for 48 hours and histologically examined. The kidney homogenate was homogenised under normal procedures and extracted in EDTA buffer for superoxide dismutase (SOD) analysis.19 glutathione peroxidase (GPx)20, and catalase (CAT)21 activities. Lipid peroxidation was quantified using malondialdehyde (MDA) according to Satyam.22

HISTOPATHOLOGICAL ANALYSIS
The kidney tissues were treated, and the resulting paraffin blocks were cut into 5-mm-thick slices. Light microscopy (LM) was performed using slices stained with haematoxylin and eosin (HE).23 The slices were examined with a light microscope for vacuolar and degenerative changes to the renal glomerulus, interstitium, and tubules.

STATISTICAL ANALYSIS
Quantitative data (serum electrolytes, creatinine, and BUN, SOD, GPx, CAT, MDA, and inflammatory markers) were presented as means and standard deviations for different groups. All groups were compared using one-way ANOVA, followed by Tukey's comparison test. The data were analysed with the SPSS Version 26 program (IBM Corp., Armonk, NY, USA).


RESULTS AND DISCUSSION

EFFECT OF MORINGA SEED EXTRACT ON SERUM ELECTROLYTES IN AlCl3-INDUCED NEPHROTOXICITY
The results of the serum electrolytes (Na, K, Cl-, and HCO3-), urea, and creatinine are represented in Table 1. The results show in comparison to group 1 (control group), group 2 (AlCl3 only) parameters were all significantly deranged (p<0.05), showing an increase in creatinine and urea levels and a decrease in sodium, potassium, chloride, and bicarbonate levels. Suggesting that AlCl3  is toxic to the kidneys. Group 6 (AlCl3 + standard drug) also showed a significant derangement in urea levels. 
Na is a soft metal present in rats and together with associated anions accounts for 88% of the extracellular fluid osmolality. It plays a critical role via the kidney in maintaining homeostasis through regulation of fluid balance, maintenance of blood pressure, and regulation of acid-base balance.24  Its derangement in the Group 2 experimental models will lead to a hampering of its ability to perform these functions
Potassium is an important electrolyte in the animal’s homeostasis. In the kidney, it is necessary to regulate Na reabsorption and water balance via the Na+ /K+ ATPase pump. Its derangement suggests a degeneration of this function.25 Chloride and HCO3- are also important in maintaining acid-base balance as they are exchanged with HCO3-. These derangements in seen in both Group 2 would lead to a metabolic alkalosis.26 
Creatinine is a waste product of muscle metabolism and an important diagnostic marker as a measure of Glomerular Filtration Rate (GFR). An increase in its levels, as shown in Group 2, signifies a derangement of kidney function.27 Urea is a waste product of nitrogen metabolism and a marker of kidney dysfunction. Its increase in Group 2 shows that AlCl3 is toxic to the kidneys, while in Group 6, it suggests that the standard drug was not able to counteract the effects of the AlCl3.   
Table 1: Results of serum electrolytes, urea, and creatinine
	 
	SODIUM
	
	POTASSIUM
	CREATININE
	CHLORIDE

	
	mmol/l
	
	mmol/l
	
	μmol/l
	
	mmol/l

	1
	157.48 ± 11.40
	
	5.68 ± 1.41
	44.29 ± 4.99
	74.82 ± 5.21

	
	
	
	
	
	

	2
	127.87 ± 8.23
	*
	4.66 ± 0.56
	*
	99.56 ± 2.08
	*
	74.11 ± 3.76

	
	
	
	
	
	
	
	

	3
	140.71 ± 9.47
	
	5.18 ± 0.75
	
	33.18 ± 3.75
	
	73.85 ± 4.29

	
	
	
	
	
	
	
	

	4
	160.28 ± 10.71
	
	6.19 ± 0.86
	
	55.31 ± 4.25
	
	81.52 ± 6.94

	
	
	
	
	
	

	5
	154.04 ± 12.23
	
	5.52 ± 1.31
	44.25 ± 1.94
	76.05 ± 4.88

	
	
	
	
	
	

	6
	172.20 ± 8.19
	
	5.81 ± 1.12
	33.18 ± 2.87
	73.32 ± 5.35



	 
	BICARBONATE
	UREA
	

	 
	mmol/l
	
	mg/dl
	

	1
	22.59 ± 2.08
	40.34 ± 9.11

	
	
	

	2
	19.41 ± 2.40
	*
	83.33 ± 14.33
	*

	
	
	
	
	

	3
	25.59 ± 3.12
	
	36.66 ± 9.67
	

	
	
	
	
	

	4
	26.12 ± 3.07
	
	33.33 ± 8.33
	

	
	
	

	5
	26.82 ± 2.66
	46.66 ± 9.86

	
	
	

	6
	23.12 ± 3.03
	66.63 ± 11.56
	*


Where * is P ≤ 0.05, significantly different from the normal control
EFFECT OF MORINGA SEED EXTRACT ON OXIDATIVE STRESS ENZYMES ON AlCl3 INDUCED NEPHROTOXICITY.
The results of the oxidative stress enzymes shown in Table 2, when compared to Group 1 (control), showed that the Superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx), and malondialdehyde (MDA) parameters were significantly deranged (p<0.05) in Groups 2 (AlCl3 only) and 3 (AlCl3 + low dose moringa extract). The antioxidants (SOD, catalase, and GPx) were decreased, while SOD, catalase, and GPx prevent nephrotoxicity as antioxidants by preventing oxidative stress, preserving renal blood flow, and tubular integrity. Therefore, the decrease in Group 2 suggests an increased likelihood of kidney damage in the presence of AlCl3, and Group 3, which received low-dose moringa extract, showed a decrease in anti-oxidant levels but no statistically significant increase in the oxidant stress marker MDA, suggesting that it mounted some nephroprotective effect on the kidney but was overwhelmed by the toxic effects of the AlCl3. 28, 29
MDA is a byproduct of lipid peroxidation and a biomarker for oxidative stress and renal injury. It was increased only in group 2. The derangement in the AlCl3-only group would suggest that AlCl3 causes oxidative stress to the body while decreasing the level of antioxidants. 
Table 2: Results of the Oxidative Stress test
		
	SOD
	
	CATALASE
	GPx
	
	MDA
	

	 
	U/ml
	
	U/ml
	
	mM
	
	μM
	

	1
	1.24 ± 0.21
	
	23.01 ±  3.27
	1.87 ± 0.41
	1.69 ± 0.67
	

	
	
	
	
	
	
	

	2
	0.65 ± 0.06
	*
	6.37 ± 4.15
	*
	0.15 ± 0.08
	*
	2.19 ± 1.35
	*

	
	
	
	
	
	
	
	
	

	3
	0.77 ± 0.17
	*
	17.87 ± 4.55
	*
	0.31 ± 0.57
	*
	1.95 ± 0.80
	

	
	
	
	
	
	
	
	
	

	4
	1.13 ± 0.11
	
	22.75 ± 3.85
	
	1.17 ± 0.20
	
	1.13 ± 0.54
	

	
	
	
	
	
	
	

	5
	1.74 ± 0.20
	
	32.5 ± 4.21
	1.45 ± 1.35
	0.89 ± 1.16
	

	
	
	
	
	
	
	

	6
	1.33 ± 0.14
	
	24.87 ± 3.49
	1.23 ± 1.08
	1.23 ± 0.87
	


Where * is P ≤ 0.05, significantly different from the normal control

HISTOPATHOLOGY

[image: ]
Figure 1: Photomicrograph of kidney hematoxylin-eosin (H&E) dye sections from Groups 1 to 6. Group 1 showed normal tissue. Group 2 displayed focal glomerular hypercellularity and crescentic glomerulonephritis. Group 3 displayed focal areas of intraglomerular hypercellularity; Group 4 displayed normal tissue. Group 5 displayed normal tissue, and Group 6 showed focal areas of tubulointerstitial nephritis. 
Group 2, which received only AlCl3, showed focal glomerular hypercellularity and crescentic glomerulonephritis when compared to the control Group 1, which showed normal tissue. Groups 4 and 5 both had normal histological appearances, which signifies that the administration of the moringa oleifera (MO) seed extract was nephroprotective. Group 3, which received low-dose MO seed extract, showed mild histologic changes, which signify that the low dose tried to mount a protection of the kidneys but was overwhelmed by the AlCl3. Group 6, which received the standard drug (resveratrol), showed tubulointerstitial nephritis. 
Conclusion
In this study, we have established that first, the Aluminum chloride (AlCl3) exposure induces significant renal toxicity, evident through derangements in serum electrolytes (Na⁺, K⁺, Cl⁻, HCO₃⁻), elevated urea and creatinine, and reduced levels of antioxidant enzymes (SOD, catalase, GPx), along with increased MDA, a marker of oxidative stress. 
Second, that moringa oleifera seed extract, especially at standard and high doses, showed strong nephroprotective effects, reversing most of the toxic changes caused by AlCl3. It significantly restored biochemical and oxidative stress parameters and preserved renal histological integrity, while the low dose of Moringa showed partial protection, but was insufficient to fully counteract the nephrotoxic effects of AlCl3.
Third, the standard comparator drug (resveratrol) did not perform as effectively as Moringa extract in some parameters, particularly in reversing elevated urea levels and preventing tubulointerstitial damage.
Thus, this study concludes that Moringa oleifera seed extract has potential therapeutic value as a nephroprotective agent, capable of mitigating AlCl₃-induced kidney injury, especially when administered in adequate doses.
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