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Abstract 

Background: The harmful effects of lead exposure, especially its effect on the nervous system, 

raise serious concerns worldwide. This study is aimed at evaluating the effect of Quercetin, 

Vitamin C and Pyridoxine on Haematology, biochemical and histology of the cerebral cortex 

on lead induced neurotoxicity using adult Wistar rat models. Materials and Methods: Forty 

male Wistar albino rats were divided into five groups: control, lead only, lead + Quercetin, lead 

+ Pyridoxine, lead and Vitamin C. 100mg/kg/bw of lead was used to induce-toxicity for 7 days 

and treated with the following: Quercetin, Pyridoxine and Vitamin C were administrated orally 

respectively for 14 days. Hematological and biochemical samples were collected in three 

phases. The cerebral cortex was examined under light microscopy after H&E staining. Results: 

lead decreased all hematological parameters (PCV, WBC, RBC, HB and Platelets) examined 

and in the biochemical parameters, decreased slightly SOD, increased MDA and reduced 

significantly (p values) GSH. Quercetin, Vitamin C and Pyridoxine had strong curative effects 

on both hematological and biochemical parameters. On the histology, lead revealed mild glial 

cell infiltration. All treatment groups showed normal neuronal cells. Conclusion: Quercetin, 

Vitamin C and Pyridoxine showed neuroprotective effects against lead-induced neurotoxicity; 

therefore, they can be used as routine supplements against lead toxicity in endemic 

communities. 

Keywords: Quercetin, Pyridoxine, Lead, Ascorbic acid, neurotoxicity, lipid peroxidation 

 

Introduction 

Lead (Pb) is one of the most widely used heavy metals, especially in batteries, 

paint pigments, and plastics. This heavy use has produced local and global 

contamination of the air, soil, and water originating from lead-based pipes. The 

effect of exposure to Pb vary from mild to severe, depending on the degree of 

exposure, and is referred to as lead toxicity (Raymond, 2011). The nervous 

system (central and peripheral components) is the primary target of lead 

poisoning or toxicity (Brent, 2006; Bellinger, 2004). Pb toxicity is also known 

to induce a broad range of hematological, biochemical, and histomorphological 

dysfunctions in lab animals and humans (Hsu & Guo, 2002; Pande & Flora 

2002). This is characterized by persistent vomiting, anemia, encephalopathy, 

lethargy, delirium, convulsions and coma, and death in extreme cases (Flora et 
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al., 2006; Pearce, 2007). One of the possible mechanisms underlying Pb-

induced toxicity or poisoning is its ability to induce oxidative stress in blood 

and other tissues, which contributes to the pathogenesis of poisoning by 

interfering with the delicate prooxidant/antioxidant balance that exists within 

the mammalian cells. Several investigators suggest a possible involvement of 

reactive oxygen species (ROS) in Pb-induced toxicity (Adonaylo & Oteiza, 

1999; Pande & Flora, 2002; Hsu & Guo, 2002) where Pb increased lipid 

peroxidation indicator the malondialdehyde (MDA) and decreased the 

activities of antioxidants enzymes: glutathione peroxidase (GPx), and 

superoxide dismutase (SOD) in the rat brains (Kuhad & Chopra, 2007). 

Antioxidants have been identified to protect the neurons against various 

experimental neurode generative conditions (Kuhad & Chopra, 2007). Vitamin 

C, vitamins E and B6, zinc, and selenium are antioxidants used to reverse Pb-

mediated toxicity by ameliorating oxidative stress status (Hsu & Guo, 2002). 

Flavonoids have now become a topic of interest due to their beneficial effects 

on different diseases. Quercetin is a natural flavonoid, ubiquitously found in 

common fruits and vegetables such as onions, broccoli, and apples (Sriraksa et 

al., 2016). Studies have reported that quercetin exhibits substantial antioxidants 

property, has the ability to scavenge free radicals, and aids many biological 

processes involved in oxidative stress (Formica et al., 1995). This study, 

therefore, evaluates the hematological, biochemical, and histomorphological 

effects of Quercetin, Vitamin C and Pyridoxine on lead-induced neurotoxicity 

in adult Wistar rats. 

Materials and Methods 

Procurement of Compounds, Chemical and Drugs 

5g of Quercetin was procured from Zigma, Aldrich USA. Lead (Pb) weight of 

5.2g was procured from registered chemical store at Ogbete main market 

Enugu Metropolis, Nigeria. 5g of Vitamin C (ascorbic acid) and Pyridoxine 

(Vitamin B6) were procured from Omaryon group of companies Enugu 

Metropolis, Nigeria. 

Animal  Handling 

Forty (40) Wistar rats weighing between 150 - 250g were purchased from the 

animal house of the University of Nigeria, Nsukka, Enugu State, Nigeria. The 

rats were housed at the animal facility of the College of Medicine, Enugu State 

University of Science and Technology Enugu Nigeria. The rats were housed 

for a period of 4 weeks to attain desired weights and to get them acclimatized 

in their new environment. The rats were fed pelleted rat chow (Vital, Nig. Ltd.) 

and allowed water ad libitum. Thereafter, the rats were grouped into five (5) 

groups; each group had eight rats housed in two different cages 2 (n=4) per 



Journal of Medicine, Engineering, Environmental and Physical Sciences (JOMEEPS), Jun-Jul 2023 

 

   

9 
 

group. The rats were kept in ventilated cages at optimum temperature 28oC 

with 12 hours light/dark cycle, and humidity of 60%. The study was reviewed 

and approved by the Faculty Ethics and Research Committee. 

Induction of Lead Toxicity  

The used dose for lead induction was adopted from Highab et al., (2018), 100 

mg /kg/bw of lead was administered orally for 7days across groups. Thereafter, 

Quercetin was administered as modified using methods of Tian et al., 2019, at 

50mg /kg / bw). Vitamin C and Pyridoxine (Vitamin B6) were used as standard 

drug for the experiment, the doses were adopted from Razmkon et al., (2011) 

at dosage 500 mg /kg /bw for Vitamin C and 100 mg/ kg/ bwt for Pyridoxine 

(Vitamin B6).all treatment were administered via oral gavage for 14 days. 

Experimental Design 

 

Hematological and Biochemical Evaluations 

Blood samples were collected from all the rats thrice to form a baseline, after 

induction and after treatment as well as parameter for post induction. Materials 

used for collection of samples are; capillary tubes and plain EDTA bottles. The 

following were evaluated; PCV, WBC, RBC, HB, and Platelets for 

hematological studies using standard protocols. While serum Superoxide 

dismutase (SOD), Malondialdehyde (MDA) & Glutathione (GSH) antioxidant 

marker enzyme were determined using the respective kit in accordance with 

manufacturers recommended protocols (Fortress diagnostic limited UK). 

Measurement of Malondialdehyde (MDA), a prototype of the thiobarbituric 

reactive substances (TBARS) as a biomarker of lipid peroxidation and 

oxidative stress using modified thiobarbituric acid method (Todorova et al., 

2005).The IBM SPSS package (IBM Corp., IBM SPSS Statistics for Windows, 

Version 25.0, Armonk, NY, USA),was used to analyze the data. Descriptive 

statistics was evaluated for hematological and antioxidative markers and 

presented as means and standard deviations.  An analysis of variance test (One-

way ANOVA) was used for comparison of the means for the hematological, 

and antioxidant enzymes. The P values for comparing means were considered 

significant at p ≥ 0.05.  
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Termination of Study and Tissue Collection 

On the 15th day (day one post treatment), the rats in all groups were sacrificed 

under light etherand the brains were harvested. The brains were fixed in 10% 

neutral formal saline for 48hrs. Thereafter the cerebrum were isolated for 

routine paraffin processing and stained with Haematoxylin and Eosin. 

Representative photomicrographs were captured after the interpretation. 

Results 

Hematological Analysis 

 

Figure 1: Shows PCV test results across groups. The PCV values for the 

baseline study, the post induction study (2nd study) and post treatment study 

(3rd study) were distinguished. In group E (Lead only), the PCV values 

regressed with continuous administration. Treatment groups B, C and D was 

observed to have increased PCV values after treatment which is similar when 

compared to observations in control group A. However, PCV values were not 

significant (P > 0.05) in paired sample correlations across groups in 2nd and 

3rd study. 
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Figure 2: Shows WBC test results across groups. The WBC values for the 

baseline study, the post induction study (2nd study) and post treatment study 

(3rd study) were distinguished. In group E (Lead only), the WBC count was 

significantly lower (P < 0.05) compared to the control group A and treatment 

groups B, C and D. WBC values was observed to increase after treatment 

across treatment groups. WBC count was also significant (P < 0.05) in paired 

sample correlations across groups in 2nd and 3rd studies respectively. 

 

Figure 3: RBC test results across groups. The RBC values for the baseline 

study, the post induction study (2nd study) and post treatment study (3rd study) 

were distinguished. RBC values was reduced in the post induction study (2nd 

study) and increased at the treatment study across treatment groups (B, C & D) 

in comparison to lead only (E) group, which registered steady decline in RBC 

values. Paired sample correlates across groups in 2nd study and 3rd study 

groups also showed no significant difference (P > 0.05). 
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Figure 4: The figure above shows HB test results across groups. The HB values 

for the baseline study, the post induction study (2nd study) and post treatment 

study (3rd study) were distinguished. Hemoglobin values was lower with 

continuous administration in group E (lead only group), in comparison to 

control group A and treatment group B, C and D. however, HB values was 

seen to reduce in the post induction study results and increase in the treatment 

study result across treatment groups. hemoglobin was significant (P < 0.05) in 

paired sample correlation across groups in post induction (2nd study) and post 

treatment (3rd study) groups. 

 

Figure 5: Platelets test results across groups. The platelets values for the 

baseline study, the post induction study (2nd study) and post treatment study 

(3rd study) were distinguished. Platelets values were continuously decreased in 

group E (Lead only) but there was no difference between treatment groups C, 

D and B. Platelet values were reduced in post induction study and increased in 

treatment group across treatment groups in comparison to control group A. 

However, paired sample correlations were significant (P < 0.05) across groups. 
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Figure 6; Shows SOD test results across groups. The SOD values for the 

baseline study, the post induction study (2nd study) and post treatment study 

(3rd study) were distinguished. There was no significant difference (P> 0.05) in 

SOD values across all groups. Also consistent with paired sample correlation 

of 2nd and 3rd study. 

 

Figure 7; Shows MDA test results across groups. The MDA values for the 

baseline study, the post induction study (2nd study) and post treatment study 

(3rd study) were distinguished. In group E (lead only), MDA values increased 

at continuous induction of lead in comparison to control group A, treatment 

group B (lead and pyridoxine), C (lead and quercetin) and D (lead and ascorbic 

acid) where values were reduced after treatment. Values were significant at P< 

0.05 across groups. Also consistent with findings from paired sample 

correlation. 

 

Figure 8: Shows GSH test results across groups. The GSH values for the 

baseline study, the post induction study (2nd study) and post treatment study 

(3rd study) were distinguished. GSH values continuously decreased in lead only 

group (group E), while there was notable increase in GSH values of treatment 

groups. There was significant difference (P> 0.05) in GSH post treatment 

values when compared with results of the baseline studies across group. 
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Histomorphological analysis 

 

Figure 9; Sections of temporal cortices: (A) control rat (normal saline 

only)neuronal cells (arrow). cytoarchitecture appears normal. (B). Lead and 

Pyridoxine treated the cytoarchitecture appears normal with neuronal cells 

(arrow) (C) Lead  and Vitamin C the cytoarchitecture appears normal with 

neuronal cells (arrow)  (D) Lead and quercetin treated the cytoarchitecture 

appears normal with neuronal cells (arrow)  (E ) Lead only distortion of  the 

cytoarchitecture (arrow) with  mild glial cell infiltration. H&E. x200. 

Discussion  

Lead poisoning is known to cause iron deficiency which in turn is a strong 

contributing factor in the etiology of anemia (Staudinger & Roth, 1998). 

Anemia is classified as macrocytic, normocytic, or microcytic based on the size 

of red blood cells and the amount of hemoglobin (Sarma, 1990). A low level of 

hemoglobin reflects reduced PCV value, which is defined as the ratio of the 

RBC volume to the total blood volume (Beutler & Waalen, 2003). 

Additionally, anemia can be hypochromic when the MCHC value is low.In this 

study, lead toxicity was evident owing to the slightly decreased PCV and RBC 

values (Fig 1 & 3) across treatment groups. This is consistent with the findings 

of Mahdi et al., (2013) in a clinical study on lead-exposed workers. Also, 

WBC, HB, and Platelets count greatly decreased after induction of lead across 

all treatment groups (Fig 2, 4 & 5).This is consistent with the findings of 

previous studies (Omotayo et al.,2022; Mahdi et al., 2013; Nabil et al., 2012; 

Mugahi et al.,2003).  

Vitamin C was also observed to show curative effects by increasing PCV, 

RBC, WBC, HB and Platelets count after observed reduction by lead 
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administration.This was attributed to its functional ability to donate reducing 

equivalents to prevent the formation of reactive oxygen that damage the RBC. 

This finding is in line with Ozor, (2020). In another study, ascorbic acid 

demonstrated a substantial rise in RBC, and WBC in ascorbic acid therapy 

(Masar et al., 2021). Pyridoxine also exhibited a similar effect as vitamin C on 

the PCV, RBC, WBC, HB, and Platelets counts. This is in line with the 

findings of Boleslaw et al., (2019). Quercetin enhanced all  the blood 

parameters evaluated: PCV, RBC, WBC, HB, and platelets count. This is 

suggestive of haematopoietic enhancing property and affirms reports 

supporting quercetin supplementation enhanced RBC, WBC HB, PCV and 

Platelets count (Yahaya et al., 2020; Kasmi et al., 2018; Keskin et al.,2016; 

Selvakumar et al., 2013; Mahmoud et al., 2013).  

Antioxidants play a vital role in mitigating the effect of oxidative stress on 

tissues and observations in this study showed SOD values after induction of 

lead were reduced but not significant across groups. Other studies have earlier 

reported similar outcomes (Jin et al., 2006; Ahmed et al., 2008). However, 

significant a increases in SOD activity has been reported in lead-exposed 

workers (Kasperczyk et al., 2009; Rendon-Ramirez et al., 2014). Lead toxicity 

level is evident as  an increased level of MDA recorded in this study. Thus is 

consistent with several studies which found MDA levels to be significantly 

higher in lead-exposed groups(Tenchova et al., 1997; Ye et al., 1999, 

Yucebilgiç et al., 2003, Gurer-Orhan et al., 2004, Kasperczyk et al., 2013, 

Oktem et al. 2004, Patil et al., 2006; Garçon et al., 2007; Ergurhan-Ilhan et al., 

2008;  Khan et al., 2008, Mohammad et al., 2008, Grover et al., 2010, 

Permpongpaiboon et al., 2011; Singh et al,, 2013). Further findings from this 

study also showed a significant decrease in GSH values on exposure to lead 

and several studies also identified a reduction in GSH levels in lead-exposed 

group (Mohammad et al., 2008; Feksa et al, 2012; Kasperczyk et al, 2013). 

However, few studies identified increased GSH levels in lead exposed group 

(Gurer-Orhan et al., 2004; Conterato et al., 2013). 

Evident from our findings quercetin considerably reduced MDA levels and 

increased SOD and GSH levels, thereby reaffirming its already described 

antioxidant properties (Yagmurca et al.,2015) and confirming the protective 

properties of Quercetin via the regulation of antioxidant and lip peroxidation 

entities (Polat et al., 2006; Ikizler et al., (2017). Vitamin C reduced lead-

induced oxidative stress by decreasing MDA levels while increasing SOD and 

GSH levels. Vitamin C has the tendency to ameliorate oxidative stress levels 

(Bailey et al., 2011; Ozor, 2021). Vollaard et al, (2005) also posited that 

Vitamin C supplementation decreased serum MDA in exercise-induced 

oxidative stress. Pyridoxine also improved antioxidant markers. Pyridoxine 

supplementation exerted antioxidant and lipid profiles oflead-induced 

neurotoxicity (Tas et al., 2017).  
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Histological observations revealed normal cytoarchitecture of the temporal 

cortices of the treated groups but not lead which revealed mild glial 

infiltrations. This was attributed to the lead effect on the cortex.Lead acetate 

caused mild histomorphological alterations in the brain (Jarrar et al., 2012) and 

dose- dependant cellular degenerative changes (Highab et al., 2018). Thus, lead 

exhibited a neurotoxic effect while the treatment quercetin, vitamin C, and 

pyridoxine exerted neuroprotective potential. This result was consistent with 

previous studies which reported the protective and antioxidant roles of 

quercetin, vitamin C, and pyridoxine (Vollard et al, 2005; Ikizler et al, 2017; 

Amanda et al, 2019; Ozor, 2021). Quercetin, particularly, enhances the 

survival of neuronal cells in the cerebral cortex (Khan et al, 2018). 

Conclusion 

Lead-induced oxidative stress consequently altered hematological parameters 

and temporal cerebral microstructure. The treatments with quercetin, ascorbic 

acid, and pyridoxine mitigated the adverse effect of lead via hematopoietic, 

antioxidant, and neuroprotective mechanisms. 
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