


Co-administration of Vitamin E and Quercetin 
Ameliorates Sodium fluoride-induced Toxicities in Wistar rats



ABSTRACT
High dosages of fluoride have damaging effects on humans and animals. This study examined the beneficial role of co-administration of quercetin and vitamin E on sodium fluoride (NaF)-induced toxicities in Wistar rats because there are few documented reports on the synergistic effect of these two compounds' ameliorative properties against NaF-induced toxicity in Wistar rats. For this investigation, thirty adult Wistar rats were randomized into five groups with six rats in each group, and they were allowed to acclimate for fourteen days. While groups three, four, and five received 18 mg/kg b.w. of sodium flouride and after 14 days were given quercetin, vitamin E, and quercetin-vitamin combination for 21 days respectively, Group 1 received sodium flouride for 14 days at dosage of 18 mg/kg b.w. and group 2 received feed and water only for the duration of the study. Liver function, creatinine, urea, lipid profile, and oxidative stress indicators were assessed. According to the findings, giving soduim flouride (18 mg/kg b.w.) for two weeks caused reactive oxygen species to be produced and the oxidant and antioxidant balance system to be upset, which in turn caused hepatic and renal damage. The findings also showed that vitamin E, quercetin, and quercetin-vitamin E combination amplified serum levels of albumin, conjugated bilirubin, triglycerides, low-density lipoprotein, hepatic tissue levels of reduced glutathione, catalase and superoxide dismutase activities while decreasing serum activities of aspartate aminotransferase, alkaline phosphatase, hepatic tissue levels of malondialdehyde, and serum levels of total bilirubin, high-density lipoproteins, total cholesterol, urea, and creatinine.  Overall, the results showed that quercetin and vitamin E can reduce toxicity caused by sodium flouride, but that the combined effects of their co-administration are more potent.
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Introduction: 
Due to human and geogenic activity, fluorine, a pollutant, is extremely prevalent in the water, air, and soil. Consuming fluorine causes fluorosis, a debilitating illness that affects people all over the world.  Fluorosis is primarily occasioned by the ingestion of too much fluoride through processed foods that contain fluoride, toothpaste, tainted drinking water and mouthwash (Bharti et al., 2017). According to recent research, the majority of fluorine comes from agrochemicals (30–40%) and prescription medications (20%) (Bharti et al., 2017). 
Numerous health hazards, including skeletal and dental fluorosis and bone deformation, arise from excessive exposure to NaF (Dehghani et al., 2019). The liver, kidney, heart, and brain are among the non-skeletal organs that are impacted by fluoride (Nabavi et al., 2012). Long-term fluoride exposure may cause the brain, spinal cord, and skeletal muscles to lose their structure and function (Olusegum et al., 2013). Fluorine in drinking water is quickly absorbed via the intestinal epithelium and builds up in the various organs of biological systems, interfering with metabolic activities (Basha et al., 2011). Low birth weights can result from fluoride's ability to cross the blood-brain and placental barriers, neurodegeneration can cause memory problems and learning disabilities, and fluoride buildup during the fetal stage can change growth patterns (Adimalla, 2018),
Because of its negative charge, fluoride can generate fluoride ions, which can flow via ion channels in cell membranes where it damages tissues by causing oxidative stress (Sharma et al., 2023).  The primary ways that fluoride causes harm are via chelating enzyme cofactors and weakening the antioxidant defence system (Khan et al., 2018; Bharti et al., 2017). Research has shown that fluoride-induced ROS generation lowers glutathione (GSH) levels and inhibits antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) (Khan et al., 2018). According to Waugh et al. (2019), hypocalcemia, which results from the binding of fluorine with calcium ions, disrupts a number of physiological processes, that can result in chronic renal illnesses, developmental and neurobehavioral abnormalities, and cardiovascular impairment. Prior research has demonstrated a correlation between modest levels of F-exposure and notable changes in both human and animal hepatorenal health indicators (Malin et al., 2019).
Melatonin, curcumin, ginkgo biloba, dehydrozingerone, ascorbic acid, lipoic acid, and the combined ingestion of vitamin E and homtamin ginseng are some of the preventive and control methods that have been reported to lessen the toxicity of fluoride (Ahuja et al., 2025; Tesi et al., 2023; Rajuet al., 2020; Nabavi et al., 2012; Giri et al., 2016). As a powerful antioxidant, vitamin E (Vit E) aids in shielding the body from oxidative stress. It is particularly advantageous since it can reach unsaturated fatty acids existing in the phospholipid of cells, adding an extra line of protection against oxidative damage. Because it donates a hydrogen atom (H), vitamin E can decrease the presence of free radicals (Lablack et al., 2020). The catechol group attached to B ring and the hydroxyl group present in the third position of the molecule, are free radical scavengers and are the two pharmacophores that make quercetin. Quercetin occurs naturally in some plants (Mesram et al., 2019). Due to its strong antioxidant properties, quercetin has garnered significant attention for its potential to prevent heart, liver, and kidney disorders. According to earlier research, quercetin inhibits free radicals directly and indirectly increasing the production of non-enzymatic antioxidants like GSH and enzymatic antioxidants like SOD, CAT and GPx (Nabavi et al., 2015).
According to certain research, quercetin and vitamin E can be administered independently to treat toxicities caused by fluoride (Nabavi et al., 2012; Mesram et al., 2016). Although Ebokaiwe & Farombi (2015) and Oyeyemi et al. (2022) demonstrated that the co-administration of vitamin E and quercetin is powerful against oxidative strain, there are currently no published reports on the synergistic prowess of quercetin's and vitamin E's ameliorative property against NaF-induced toxicity in Wistar rats. Therefore, the current study was carried out to exploit the beneficial role of the co-administration of quercetin and vitamin E on sodium fluoride-induced injuries in Wistar rats.

MATERIALS AND METHOD
Experimental Design
For this study, healthy male Wistar albino rats weighing 160–180g were purchased from the Animal House at Delta State University in Abraka. Two weeks were given to the Wistar albino rats to acclimate. Throughout the trial, they were housed in standard cage in a well-ventilated room. Water and regular animal feed were given to the rats without limit. The animal handling was done in line with international animal care conventions and procedures and as specified by the Ethics Committee of the University. Ethical approval for this research was obtained from the School of Biomedical Sciences, Novena University, Ogume, Delta State, Nigeria (NU/SBS/4/24).  Thirty rats in all were employed, randomly split up into five groups of six rats each, and treated as presented in Figure 1.
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Figure 1: Experimental Design

Sodium Fluoride Treatments and Quercetin Pretreatment. 
For just 14 days, the first group, which acted as a negative control, was given oral sodium fluorine (18 mg/kg bw). Only water and food were given to the second group, known as the positive control, during the course of the study. After receiving NaF for 14 days, group three (3) received 10 mg/kg b.w. of quercetin orally for 21 days. After receiving NaF (18 mg/kg b.w) for 14 days, groups four (4) received vitamin E for 21 days at a dosage of 14.3 mg/kg b.w.  Following a 14-day pretreatment with 18 mg/body weight of sodium fluoride, groups five (5) received a 21-day synergistic dose of vitamin E (14.3 mg/kg b.w.) and quercetin (10 mg/kg b.w.).

Quercetin Preparation and Administration
For 21 days, quercetin was administered orally once daily after being dissolved in 0.9% physiological saline due to its weak water solubility (Mesram et al., 2019).




Collection and preparation of samples
Chloroform was used to anesthetize the animals, and their jugular veins were sliced to sacrifice them. Each rat's blood pool was gathered and placed in plain, labeled flasks for biochemical examination. The serum was separated into sterile, simple vials after centrifugation of the blood samples for five minutes (1200 rpm).  The internal organ was opened by laparotomy, and tissue samples were taken and processed for biochemical investigation and Histology (Orororo et al., 2023).

Biochemical Analysis
Determination of Oxidative Stress Parameters
Oxidative stress parameters (MDA GSH, CAT, and SOD) were measured using the protocols and procedures described by Busari et al. (2023).

Determination of Liver Function Parameters
As previously reported by Orororo et al. (2024), liver function parameters, including serum levels of albumin, total protein (TP), direct bilirubin and total bilirubin, and as well as alkaline phosphatase (ALP); alanine aminotransferase (ALT) and serum aspartate aminotransferase (AST) activities were measured in compliance with the instructions in the various Randox assay kits. 

Determination of Kidney Function Parameters
According to the directions in the Randox assay kits, serum creatinine and urea concentrations were determined using the methods outlined by Orororo et al. (2024).  

Assessment of Lipid Profile
The concentrations of serum triglycerides (TAGs), HDL, LDL, and total cholesterol were measured in accordance with the guidelines provided by Orororo and Asagba (2024) on the Randox test kits.



Histological Examination 
Following the application of Bouin's fixative, the extracted tissues (liver and kidney) were dehydrated using 50–100% ethanol. The tissues were rinsed with xylene to remove dehydrant. Thereafter, they were embedded in paraffin. The tissues were then cut into slices that were 6 μm thick, and the hematoxylin-eosin (H-E) stain was applied to the sections. Following staining, the slices were examined at 400x magnification using an Olympus light microscope (Tesi et al., 2023).

Statistical Analysis: 
The results were subjected to analysis of variance and LSD multiple comparison test at the P < 0.05 level of significance.  The data were displayed as means ± standard deviation. Data analysis was conducted using Graph Pad Prism.


RESULTS
Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on Oxidative Stress Parameters in NaF-induced Wistar Rats
Table 1 shows how co-administration of quercetin and vitamin E affected oxidative stress markers in Wistar rats given sodium fluoride. When equated to the toxic control group, the quercetin and quercetin-vitamin E treatment groups displayed a significant (p<0.05) surge in hepatic CAT activity. Compared to the toxic control group, the vitamin E-treated group's hepatic CAT activity decreased in a non-significant (p<0.05) way. 
SOD activities were higher in the vitamin E (29.79 ± 2.38) and quercetin-vitamin E (27.56 ± 04.60) treated groups than in the toxic control group (27.22 ± 01.09), whereas SOD activity was lower in the quercetin-treated group (21.74 ± 05.86). Superoxide dismutase activity variations were not statistically noteworthy (p<0.05). The concentration of reduced glutathione (µg/min/mg protein) was considerably (p<0.05) higher in the quercetin, vitamin E, and quercetin-vitamin E treated animals than in the toxic control.
Hepatic malondialdehyde (MDA) levels were considerably (p<0.05) lower in the quercetin and quercetin-vitamin E treated groups than in the toxic control group, but not significantly (p<0.05) reduced in the vitamin E treated group.

Table 1: Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on Oxidative Stress Parameters in Sodium Fluoride-induced Wistar Rats
		Groups
	CAT
(units/mg protein)
	SOD 
(units/mg protein)
	GSH
(µg/min/mg protein) 
	MDA
(µmol/mg protein)

	Toxic control
	06.02 ± 01.19a
	27.22 ± 01.09a
	14.33 ± 2.47a
	4.34±1.18a

	Normal control
	12.49 ± 02.06bc
	50.92 ± 07.97b
	18.16 ± 1.62ab
	1.24 ± 0.86ab

	NaF + Quercetin 
	08.29 ± 01.13bc
	21.74 ± 05.86a
	24.21 ± 1.59b
	2.30 ± 1.46c

	NaF + Vitamin E
	03.76 ± 00.28a
	29.79 ± 02.38a
	23.13 ± 3.05b
	3.48 ± 1.58ac

	NaF + Quercetin -Vit. E
	14.13 ± 02.61c
	27.56 ± 04.60a
	32.36 ± 3.95c
	1.24 ± 0.65bc


n = 6. Values within the same column with dissimilar superscript letters are pointedly different.

Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on Selected Hepatic Function Parameters in Sodium Fluoride-induced Wistar Rats
The effects of combined ingestion of vitamin E and quercetin on hepatic function measures in Wistar rats induced by sodium fluoride are displayed in Tables 2 and 3. AST activity was significantly (p<0.05) reduced in the quercetin, vitamin E, and quercetin-vitamin E treatment groups than in the toxic control group. When paralleled with the toxic control group, the vitamin E and quercetin-vitamin E treated groups had lower serum ALT levels; however, this difference was not statistically important (p<0.05).  Serum ALT levels increased in the quercetin-treated group, although the rise was not statistically significant (p<0.05). Serum levels of ALP were significantly (p<0.05) lower in the quercetin, vitamin E, and quercetin-vitamin E treatment groups than in the toxic control group.

Table 2: Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on ALP AST, and ALT activities in Sodium Fluoride-induced Wistar Rats

	GROUPS
	AST
(U/L)
	ALT
(U/L)
	ALP
(U/L)

	Toxic control
	77.98 ±11.47a
	31.37 ± 04.12a
	107.57 ± 11.36a

	Normal control 
	46.11 ± 06.06b
	31.25 ± 04.12b
	63.17 ± 10.79b

	NA + Quercetin
	41.10 ± 03.83b
	31.96 ± 10.65a
	84.33 ± 05.43b

	NAF + Vitamin E
	43.76 ± 03.53b
	24.45 ± 03.93a
	90.36 ± 08.31b

	NAF + Quercetin-Vitamin E
	34.95 ± 07.39b
	23.24 ± 03.80a
	80.08 ± 04.90b


Data are shown in the form of mean ± SD of six determinations with dissimilar superscript letters indicating statistical difference (p<0.05).

Comparing the quercetin-vitamin E treated group to the toxic control group, Table 3 demonstrates a significant (p<0.05) rise in serum levels of TP. Comparing the vitamin E-treated groups to the toxic control group revealed a significant (p<0.05) drop in serum levels of total protein (TP), whereas the quercetin-treated groups showed a non-significant (p<0.05) drop in serum levels of TP. Serum albumin levels were significantly (p<0.05) higher in the quercetin-vitamin E treated group than in the toxic control group, but not meaningfully (p<0.05) greater in the vitamin E and quercetin treated groups than in the toxic control group.
Serum globulin levels were significantly (p<0.05) lower in the quercetin and vitamin E-treated groups than in the toxic control group. Serum globulin levels in the quercetin-vitamin E treatment group did not differ substantially (p<0.05) from those in the toxic control group.
Serum total bilirubin (TB) levels were significantly (p<0.05) lower in quercetin-vitamin E-treated groups than in the toxic control group. When compared to the toxic control group, the vitamin E and quercetin-treated groups' serum total bilirubin levels decreased and increased, respectively; however, these changes were not statistically different (p<0.05).
When compared to the toxic control group, the quercetin-vitamin E treated group exhibited a significant (p<0.05) increase in serum conjugated bilirubin (D.BIL) levels, while the quercetin and vitamin E treated groups exhibited a non-significant (p<0.05) increase in serum direct bilirubin (D.BIL) levels.  

Table 3: Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on serum levels of some Liver function indices Sodium Fluoride-induced Wistar Rats

	Treatment groups
	Total protein (g/dL)
	Albumin
(g/dL)
	Globulin 
(g/dL)
	Total bilirubin
(mg/dL)
	Conjugated bilirubin
(mg/dL)

	Toxic control
	7.58±0.75a
	3.14±0.19a
	4.43±0.64a
	3.15±0.29a
	1.58±0.38a

	Normal  control
	10.35±0.42ab
	3.70±0.09ab
	6.65±0.44ab
	1.71±0.22b
	1.27±0.14ab

	NaF + Quercetin
	6.59±1.21ab
	3.43±0.14ab
	3.16±1.17a
	3.27±0.40a
	1.62±0.40ac

	NaF + Vit. E
	5.03±0.86c
	3.69±0.16ab
	1.84±0.52a
	2.70±0.41ab
	1.59±0.48ac

	NaF + Q-Vit. E 
	8.45±1.04c
	4.02±0.28b
	4.43±1.15a
	2.04±0.22bc
	1.72±0.27c


Data are shown in the form of  mean ± SD of six determinations with dissimilar superscript letters indicating statistical difference (p<0.05).


Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on Renal Function Parameters in Sodium Fluoride-induced Wistar Rats
Figures 2 and 3 display the effects of co-administration of vitamin E and quercetin on renal function measures in Wistar rats that were given sodium fluoride. 
When compared to the toxic control group, the quercetin-vitamin E combination treated group exhibited a significant (p<0.05) decrease in plasma creatinine concentration, whereas the quercetin and vitamin E treated groups displayed a significant (p<0.05) rise in plasma creatinine concentration.
When matched with group 1, the quercetin-vitamin E combination treated group's plasma concentration of urea (mmol/L) was considerably (p<0.05) lower. When compared to group 1, the quercetin and vitamin E-treated groups' plasma levels of urea decreased; nevertheless, these changes were not statistically different (p<0.05).
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Figure 2: Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on Serum Creatinine levels in Sodium Fluoride-induced Wistar Rats. The mean ± SD (n = 6) was used to represent the data. Significant variances (p<0.05) are indicated by values with dissimilar superscript letters.
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Figure 3: Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on Serum Urea levels in Sodium Fluoride-induced Wistar Rats. The mean ± SD was used to represent the data (n = 6). Significant changes (p<0.05) are indicated by values with dissimilar superscript letters.

Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on Lipid Profile of Sodium Fluoride-induced Wistar Rats
Table 4 displays the ameliorative effects of co-administration of quercetin and vitamin E on the lipid profile of Wistar rats that have been exposed to NaF.
When compared to the normal control group, the hazardous group's plasma lipid profile revealed a significant rise in plasma total cholesterol levels. The plasma total cholesterol levels of the quercetin, vitamin E, and quercetin-vitamin E combination treatment groups were non-significantly lower than those of the toxic control group.
When compared to the toxic control group, the plasma triglyceride levels in the quercetin and vitamin E treatment groups were significantly higher, however the plasma triglyceride levels in the quercetin-vitamin E combination treated group were not significantly higher. When matched with the toxic control group, vitamin E and the quercetin-vitamin E combination significantly raised HDL plasma levels. Compared to the toxic control group, the quercetin-treated group's plasma HDL level increased non-significantly. in comparison with the toxic control group, plasma LDL levels were significantly lower in the quercetin, quercetin-vitamin E combination, and vitamin E treatment groups.



Table 4: Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on Lipid Profile of Sodium Fluoride-induced Wistar Rats
	Treatment
Groups
	Total 
Cholesterol
(mg/dL)
	Triglycerides
(mg/dL)
	HDL
Cholesterol
(mg/dL)
	LDL
Cholesterol
(mg/dL)

	Toxic control
	97.22±06.00b
	45.60±04.88a
	29.92±03.92b
	58.17±05.89b

	Normal control
	80.78±01.17a
	42.08±04.00a
	52.99±02.75a
	19.38±03.01a

	NaF + Quercetin 
	81.75±02.13a
	91.91±03.75b
	29.49±02.14b
	34.12±02.80c

	NaF + vitamin E
	84.18±02.96a
	85.78±12.04b
	42.52±05.92a
	27.50±05.82 a c

	NaF + Quercetin + vitamin E
	82.24±03.65a
	52.84±03.34a
	50.66±01.96a
	21.01±04.05 a c


Data are shown in the form of mean ± SD of six determinations with dissimilar superscript letters indicating statistical difference.

Ameliorative Effects of Co-Administration of Quercetin and Vitamin E on histology of the liver and kidney of Sodium Fluoride-induced Wistar Rats
The ameliorative effects of co-administration of Quercetin and Vitamin E on histology of the kidney and liver of Sodium Fluoride-induced Wistar Rats is displayed in Figures 4 and 5 respectively.
[image: ]
[image: ]
Figure 4: Combined ingestion of quercetin and vitamin E improves the kidney histology in Wistar rats that have been exposed to NaF. (a) Toxic control displaying interstitial hemorrhage and severe necrosis (blue arrow). (b) Normal Control: Bowmen's capsule (yellow arrow) bordered with cuboidal epithelium, regular glomerulus.  (c) NaF + quercetin caused modest congestion of glomerular and deterioration (yellow arrow) and tubular epithelial degenerative alterations (blue arrows). (d) NaF + Vit. Mild vacuolar deterioration (blue arrow) and tubular casts (yellow arrow) are visible. (e) NaF + Q-Vit E. kidney architecture with functional tubules and glomerulus (yellow arrow).

[image: ]
[image: ]
Figure 5: Ameliorative effects of co-administration of Quercetin and Vitamin E on histology of the liver of Sodium Fluoride-induced Wistar Rats. (a) Toxic Control showing Vacuolization (VA), Dilated central vein (DCV), Congested Sinusoids (CS) and Hepatocyte necrosis (HN). (b) Normal Control showing Central vein (CV) and Hepatocyte (H). (c) NaF + Quercetin showing Central vein (CV), Normal hepatocyte (NH) and Normal sinusoids (NS). (d)  NaF + Vit. E showing Central vein (CV). (e) NaF + Q-Vit. E showing Central vein (CV), Normal hepatocyte (NH) and Normal sinusoids (NS).

DISCUSSION
Through the generation of reactive oxygen species and disruption of the oxidant and antioxidant balance system, sodium fluoride (18 mg/kg bw) administered for fourteen days in this study caused damage to the liver and kidneys. Activities/levels of CAT, SOD and GSH significantly decreased due to the oxidative stress caused by NaF, and lipid peroxidation levels subsequently increased. These findings align with earlier research that found oxidative stress caused by NaF (Tesi et al., 2023; Sharma et al., 2023; Mesram et al., 2016). Numerous studies have shown that increased ROS production, a decline in antioxidant defences such as decreased catalase and SOD activity, and a decreased amount of reduced GSH are all linked to the toxicity of fluoride poisoning. Additionally, fluoride poisoning has been shown to produce excessive amounts of reactive nitrogenous species, including nitric oxide (NO). Lipid peroxidation and damage to macromolecular components including proteins, DNA, and cell membranes will unavoidably result from all of these changes in the oxidant-antioxidant equilibrium (Ahuja et al. 2025). In response to pesticide and metal toxicity, several other investigations have documented a reduction in CAT, SOD, and GSH (Orororo et al., 2024; Efekemo and Orororo 2022; Ekakitie et al; 2021).
This result is indicative of oxidative stress and a weakened endogenous antioxidant arrangement. The antioxidant activity of the cellular molecules is significantly reduced by the oxidation process of the produced ROS (Esiekpe et al., 2020; Orororo et al. 2018; Onobrudu et al., 2016a). Catalase and glutathione are powerful free radical scavengers. CAT breaks down hydrogen peroxide (lipid peroxidation’s primary cause) and keeps the cellular oxidation-reduction rate in check. This antioxidant molecule's diminished activity allows free radicals to cause more severe lipid peroxidation (Busari et al. 2024; Busari et al. 2023; Calabrese & Kozumbo 2021).
Vitamin E-quercetin treatment markedly amplified the GSH levels, catalase, and SOD activities of the treated animals in comparison to the toxic control. This outcome is consistent with research by Oyeyemi et al. (2022), which found that administering vitamin E and quercetin together reduced oxidative stress by raising GSH concentrations and CAT/SOD activity. Vitamin E and quercetin's anti-oxidative properties may have contributed to the regeneration of the hepatic tissue, as seen by the rise in catalase, superoxide dismutase, and reduced glutathione concentrations. The rise in reduced glutathione levels seen in this study suggests that vitamin E and quercetin treatment has caused the redox potential in the epithelial cells to reverse from an oxidizing state to a strong reducing state (Al-zharani et al. 2024; Lablack et al. 2020; Mesram et al. 2019). GSH serves a number of purposes in living things. It functions as a co-factor for GST and GPx in addition to carrying the active thiols group because of the cysteine residues it contains (Onobrudu and Nwiloh, 2020). Glutathione keeps protein thio groups in their reduced state and can prevent the production of reactions brought on by free radicals, which blocks the autocatalytic processes of lipid peroxidation. This outcome also supports previous research showing quercetin to be a strong antioxidant against oxidative stress caused by a variety of toxins in rats (Costa et al., 2016). Research has demonstrated quercetin's effectiveness as an anti-inflammatory and antioxidant molecule (Sharma et al., 2023). However, because it inhibits the harmful effects of lipid peroxidation, vitamin E, is necessary to maintain several metabolic functions. Vitamin E (α-tocopherol) prevents cell membrane lipoproteins (polyunsaturated lipids) from being peroxidized by free radicals. In order to create non-toxic lipids, vitamin E directly counters free radicals that target cell lipids (Coline et al. 2020). By scavenging radicals of lipid peroxyls and converting them into α-tocopherol radicals, vitamin E significantly reduces the lipid peroxidation of cell membranes. Vitamin E prevents the production of peroxyl radicals at the earliest stage of ROS synthesis by breaking the alkyl radical's reaction chain with molecular oxygen (Calabrese & Kozumbo 2021). Additionally, vitamin E increases the activity of GPx, which is directly involved in breaking down lipid peroxides.
The administration of quercetin/vitamin E and the quercetin-vitamin E combination dramatically decreased the activity of ALP, ALT and AST in the induced animals in comparison to the negative control. Increases in aminotransferase enzyme activity are frequently indicative of hepatocellular damage involving the cytoplasmic or mitochondrial membranes (Ekakitie et al., 2019; Onobrudu et al., 2016). Damage to hepatocyte cell membranes results in increased plasma enzyme activity of aminotransferases (Ekakitie et al. 2019; Orororo et al., 2022). Consequently, lower levels of plasma transaminase found in this investigation are suggestive of quercetin and vitamin E's potential for improvement. Any kind of hepatobiliary blockage causes the liver to produce more ALP, which enters the bloodstream and raises the serum level of the protein (Emejulu et al. 2016; Burtis and Ashwood, 2001). Consequently, the decrease in ALP plasma activity seen in all treated groups is suggestive of the beneficial effects of both vitamin E and quercetin (Orororo and Udi, 2023).
The vitamin E-quercetin treatment meaningfully (p<0.05) raised serum levels of albumin, TP, and conjugated bilirubin while lowering serum levels of total bilirubin in the treated animals when compared to animals maintained on the toxicant alone. This indicates that the combined administration of vitamin E and quercetin improved the hepatobiliary system's decline, which in turn improved the liver's capacity to synthesize albumin and other proteins and restored the liver's capacity to absorb, conjugate, and secrete bilirubin into the bile. These outcomes are consistent with the earlier study by Olisah et al. (2017), which found that vitamin C reduces the activities of AST, ALT, and ALP to mitigate calcium carbide-induced hepatotoxicity in a rat prototypical. The findings also showed that, in comparison to the vitamin E and quercetin treatment groups, the quercetin-vitamin E combination treatment significantly decreased ALP, AST and ALT in rats intoxicated with sodium fluoride. 
Elevated creatinine and urea levels typically indicate impaired kidney function or kidney disease (Orororo et al., 2024) and are trustworthy markers of kidney function (Orororo and Asagba 2023). Both are eliminated by the kidneys, and elevated levels of both suggest impaired renal functioning. Urea comes from protein metabolism in the liver, while CR comes from creatine when muscle proteins breakdown (Orororo et al., 2024b). Consistent with previous findings (Sharma et al. 2023; Kasim and Alkalby, 2019), the toxicant-administered rats in the current investigation had higher levels of the plasma renal indicators analyzed as paralleled with the control and treatment groups. Previous investigations have documented changes in biochemical markers with exposure to heavy metals and F (Verma et al., 2021).
In contrast to the untreated sodium fluoride group, this study demonstrated that vitamin E, quercetin, and the vitamin-quercetin combination dramatically reduced serum levels of creatinine and urea. According to the findings, vitamin E, quercetin, and the vitamin E-quercetin combination heal renal membrane damage, redox potential, and renal functioning. This conclusion agrees with the findings of Prabu et al. (2010), who showed that the synergistic antioxidant effects of vitamin E, vitamin C, and quercetin help restore kidney functioning from cadmium-induced renal damage by lowering urea and creatinine levels. 
The development of several cardiac conditions, including atherosclerosis and heart failure, is significantly influenced by fluoride-induced oxidative stress. When matched with the normal control group, the toxicant's administration alone occasioned a significant rise in the toxic group's plasma lipid profile, indicating toxic effects (Orororo and Asagba 2024). When paralleled with the hazardous group, the administration of quercetin, vitamin E, and the quercetin-vitamin E combination dramatically reduced total cholesterol levels. This is related to the ability of vitamin E and quercetin to reduce artherosclerosis in albino Wistar rats. Because it inhibits the formation of prostaglandins, the expression of cyclooxygenase-2 (COX-2), and the activation of nuclear factors, quercetin is a good antioxidant and anti-inflammatory drug (Pany et al., 2014). The findings of this study are consistent with Vandi et al. (2013)'s published publications, which state that vitamin E prevents LDL from oxidizing in arterial walls and that there is a link between vitamin E intake or serum levels and coronary artery disease. 
Because the co-administration of quercetin and vitamin E resulted in the lowest decrease in LDL concentration when compared to the separate treatments of quercetin/ vitamin E, the ameliorative effects of these antioxidants on the serum lipid profiles were found to be more effective.
Degeneration, necrosis, and bleeding were among the several histological changes observed in the renal parenchyma and hepatocytes following the injection of toxicants. These alterations are caused by oxidative damage brought on by toxicants. According to Sharma et al. (2023), Wistar rats' oxidative stress indices and the histomorphology of their liver, kidney, and heart tissues changed as a result of long-term exposure to F. The toxicant group showed the most severe histopathological alterations, which is consistent with other findings (Sharma et al. 2023; Meltem et al. 2023).
Quercetin and vitamin E, both separately and in combination, decreased the histological alterations in the liver and kidney caused by NaF, which is consistent with the biochemical indicators that were assessed.  However, the combined treatment (Q+Vit E) showed amelioration close to normal as depicted by functional glomerular epithelial cells and the renal (Kasim et al., 2019).
CONCLUSION
Together, quercetin and vitamin E can reduce sodium fluoride-induced hepatic and renal toxicity by boosting the levels and activities of antioxidant molecules and enzymes, which in turn reduces lipid peroxidation, according to the overall experimental data. The lipid profile's degradation caused by NaF was likewise restored by the combined treatment. Co-administration of quercetin with vitamin E has a more potent synergistic impact than either substance alone. Further studies are necessary to outline the precise mechanisms of action of Vit. E and quercetin acting singly or together in ameliorating NaF-induced toxicities.

LIST OF ABBREVIATIONS
Vit E		Vitamin E on 
NaF		Sodium fluoride 
RNS		Reactive nitrogen species 
ROS 		Reactive oxygen species 
GSH 		Reduced Glutathione
SOD	 	Superoxide dismutase
CAT		Catalase
MDA 		Malondialdehyde 
TP 		Total Protein 
DBIL		Direct Bilirubin 
TBIL		Total Bilirubin 
ALP 		Alkaline Phosphatase 
AST 		Aspartate Aminotransferase 
ALT 		Alanine Aminotransferase  
TAG		Triglycerides
HDL 		High Density Lipoprotein
LDL		Low Density Lipoprotein
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