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Abstract 

Background: Though the neuroprotective roles of ascorbic acid are well established, the therapeutic role of 

nicotine in various neurological disorders is attracting increasing attention. This study evaluated the putative ame-

liorative role of the synergetic treatment of nicotine and ascorbic acid against neurodegenerative consequences 

associated with free radical species and amyloid plaques generation in adult male Wistar rats  

Methods: A total of 35 Wistar  rats were distr ibuted into five groups labeled A-E. Group A served as the con-

trol group; animals in group B were treated with 100mg/kg body weight of aluminium chloride (AlCl3) for 21 days. 

Group C animals were treated with 100mg/kg body weight of aluminium chloride for 21 days and post-treated with 

14mg/kg body weight of nicotine for 21 days. Group D was treated with 100mg/kg body weight of aluminium 

chloride for 21 days and post-treated with 100mg/kg bodyweight of ascorbic acid for 21 days. Group E animals 

were treated with 100mg/kg body weight of aluminium chloride for 21 days and post-treated with 100mg/kg body-

weight of ascorbic acid and 14mg/kg body weight of nicotine. On completion of treatments, the prefrontal cortex 

was excised and processed for biochemical and histochemical examinations. 

Results: Oxidative stress was evident from the diminished level of catalase and glutathione peroxidase and 

elevated lipid peroxidation levels in animals administered with aluminium in addition to the presence of amyloid 

plaques in these animals. However, synergetic administration of ascorbic acid and nicotine attenuated these oxida-

tive and histochemical perturbations induced by aluminium. 

Conclusion: Synergetic treatment with ascorbic acid and nicotine provided better  ameliorative potential 

against aluminium-induced neurotoxicity compared to either ascorbic acid or nicotine treatments alone  
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1.0 INTRODUCTION 

Oxidative stress refers to a disturbance in the prooxidant-

antioxidant balance in favor of the former, leading to 

potential damage [1]. This imbalance results from either 

a decrease in antioxidant levels or an increase in reactive 

oxygen species (ROS), or reactive nitrogen species 

(RNS). Oxidative stress plays a crucial role in inducing 

damage to neuronal proteins, lipids, and organelles in the 

brains of subjects with neurodegenerative diseases [2]. 

Also, oxidative stress has been linked to abnormal 

aggregation and/or mutation of proteins such as beta-

amyloid, parkin, and α-synuclein [3-4]. In addition to 

protein mutations, environmental factors such as pesti-

cides, ethanol consumption, metals, and the accumulation 

of somatic mitochondrial DNA mutations have negative-

ly affected brain homeostasis, leading to neurodegenera-

tion [5-6]. Protein aggregation may disrupt the mitochon-

drial membrane potential, impair respiratory enzyme ac-

tivities and result in reduced ATP generation, energy def-

icits, and increased levels of reactive oxygen species 

(O2− and H2O2). In turn, oxidative stress can also affect 

protein degradation by deteriorating the ubiquitin-

proteasome system [7-8]. Furthermore, the release of cy-

tochrome C from damaged mitochondria can trigger the 

activation of apoptotic cascades and neuronal cell death 

[9].  

Aluminum (Al) has been reported to induce excessive 

ROS production in the brain. The main routes of alumini-

um consumption by humans are inhalation, ingestion, 

and dermal contact, while major sources of exposure are 

drinking water, food, beverages, and aluminium contain-

ing drugs [10]. Aluminium (AlCl3) is a widely recog-

nized neurotoxin that inhibits several biologically essen-

tial functions, inducing severe behavioral abnormalities, 

impaired cognitive functions, and metabolic dysfunction 

[11].   

Nicotine, a major alkaloid present in tobacco products 

and in smaller amounts in potatoes, tomatoes, and egg-

plants, acts as an agonist on neurons and other cells 

throughout the body that express nicotinic acetylcholine 

receptors (nAChRs) [12]. Nicotine readily crosses the 

blood-brain barrier, mimics the endogenous neurotrans-

mitter acetylcholine, and may interact with more than 

one receptor subtype. Any given nicotinic receptor is 

comprised of five subunits forming an ionophoric chan-

nel [13]. Nicotine may also affect more than one of the 

receptor subtypes and act on more than one binding site 

in the brain. Nicotinic receptors are involved in the de-

veloping and ongoing maintenance of the mammalian 

nervous system and are widely distributed in the human 

brain. Though nicotine has been reported to be therapeu-

tic in certain neurodegenerative diseases providing neu-

roprotection in the central nervous system [14], however, 

some studies have shown that nicotine administration is 

associated with oxidative damage in the periphery and 

central nervous system by inducing the generation of re-

active oxygen species [13]. Evidence suggests that nico-

tine may have antioxidant properties in the central nerv-

ous system [15]. The possibility that nicotine might be 

used to treat some symptoms of certain neurodegenera-

tive diseases underlies the necessity to keep its pro-

oxidant property in check. 

Ascorbic acid also known as Vitamin C, is a chain-

breaking antioxidant that halts the propagation of peroxi-

dative processes [16]. It plays a role in many enzyme 

reactions, including those leading to the synthesis of ami-

no acids and peptide hormones. Ascorbic acid behaves as 

a ROS scavenger and may effectively combat oxidative 

damage under conditions of increasing oxygen concen-

trations and apoptosis [17]. Being a six-carbon lactone 

and an antioxidant, it is an excellent donor of electrons, 

preventing other compounds from being oxidized. This 

study, therefore, evaluated the synergistic neurotherapeu-

tic effects of ascorbic acid and nicotine complex against 

AlCl3 induced neurotoxicity with particular emphasis on 

the prefrontal cortex.  

 

2.0 METHODOLOGY 

2.1 Animal Procurement and Handling 

A total of thirty-five (35) adult Wistar rats weighing 

between 150 to160 g were procured and housed in the 

Animal Holding Facility of Osun State University, 

Osogbo. The animals were maintained in a controlled 

environment (22 ± 2C; 14 h of light from 06:00 h to 

20:00 h) with free access to pelletized rat chow, and 

water was given ad libitum. They were acclimatized for 

two weeks before the experiment. Animals were treated 

humanely and with regard to the alleviation of suffering 

for the care and use of laboratory animals. Animal 

handling procedure for the care and use of laboratory 

animals was adhered to according to the National 

Institutes of Health Handbook (NIH Guidelines 
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No.2.4.3.8023, updated 1978). Ethical approval was 

granted by the University of Ilorin Ethics Review 

Committee, Nigeria (UERC/ASN/2019/1463). 

2.2 Chemicals  

Ascorbic Acid (Cat. No.: 1043003) and aluminium 

chloride (AlCl3) salt (Cat. No.: 563919) were obtained 

from Sigma - Aldrich (USA). 95% Nicotine (Cat. No.: 

412634) was purchased from British Drug House (BDH) 

Chemical Ltd, London. Distilled water obtained from the 

Department of Biochemistry, Osun State University was 

used to dissolve these chemicals. 

2.3 Animal Treatment Groups 

The rats were randomly distributed into five groups (n = 

7 per group).  

Group A (control) - received distilled water for 21 days  

Group B (AlCl3) - received 100mg/kg body weight of 

AlCl3 for 21 days 

Group C (AlCl3 + nicotine) - received 100mg/kg body 

weight of AlCl3 for the first 21 days after which 14mg/kg 

body weight of nicotine was administered for the next 

21days.  

Group D (AlCl3 + Ascorbic acid) - received 100mg/kg 

bodyweight of AlCl3 for the first 21days after which 

100mg/kg body weight of ascorbic acid was administered 

for the next 21 days 

Group E (AlCl3 + Ascorbic acid + nicotine) - received 

100mg/kg body weight of AlCl3 for the first 21 days, 

followed by the co-administration of 100mg/kg body 

weight of ascorbic acid and 14mg/kg body weight of 

nicotine for next 21 days. 

Nicotine was intraperitoneally administered with an 

insulin syringe, while AlCl3 and Ascorbic acid were 

administered orally via oral cannula 

2.4 Animal Sacrifice, Tissue Collection, and 

Processing 

Animals for histochemical analyses were euthanized by 

20mg/kg of ketamine intraperitoneal administration, 

followed by transcardial perfusion in the left ventricle 

with normal saline to remove blot clots and 4% 

paraformaldehyde (PFA). The skull was opened, brain 

dissected, and rinsed in 0.25 M sucrose three times each 

and then post-fixed in 4% PFA for 24 hours. PFA brain 

tissues were dehydrated with ascending grades of 

alcohol, cleared in xylene, infiltrated, and embedded in 

molten paraffin wax to form tissue blocks [18]. The 

paraffin tissue blocks were cut into serial coronal 

sections of 5µ using a Thermo Scientific HM 325 

rotatory microtome.  

2.5 Histochemical Study 

Serial coronal sections of the prefrontal cortex were 

transferred to albuminised slides and placed on a hot 

plate to dry.  The slides were dewaxed in two changes of 

xylene, rehydrated through descending grades of alcohol 

(100%, 95%, 90%, 70%, and 50%) and water.  

Deparaffinized slides for Congo red staining were stained 

according to the method of Puchtler et al., [19] in congo 

red working solution for 10 minutes, rinsed in distilled 

water, differentiated in alkaline alcohol solution, rinsed, 

counterstained in Gill's haematoxylin, rinsed, blued in 

ammonia water, rinsed, dehydrated, cleared in xylene and 

mounted in synthetic resin. Histochemical analysis of the 

prefrontal cortex was captured using Olympus binocular 

research microscope (Olympus, New Jersey, USA) which 

was connected to a 5.0 MP Amscope Camera (Amscope 

Inc, USA). 

2.6 Biochemical Analysis 

Brain tissues for biochemical studies were excised from 

the animals' skull following cervical dislocation of the 

animals to prevent biochemical redox interference with 

an anaesthetic agent. The excised brain tissues were 

rinsed in 0.25 M sucrose, and the prefrontal cortex tissue 

was isolated and homogenized immediately using an 

automatic homogenizer. The prefrontal cortex tissue 

homogenate was centrifuged at 2000rpm for 10mins at 

4oC and the supernatant aspirated into 5 ml plain serum 

bottles for quantification of the oxidative enzyme 

activities. Catalase (CAT), Lipid peroxidation (MDA), 

and Glutathione Peroxidase (GPx), were measured 

spectrophotometric to quantify the activities of these 

enzymes using specific assay kits in accordance to the 

manufacturer’s instructions indicated in the assay kits.  

2.7 Data Analysis 

Results obtained from quantitative studies were analysed 

using GraphPad Prism Version 8.0.1 for Windows 

(Graph Pad Software Inc., San Diego, CA, United States) 

and tested for variance analysis (ANOVA) with Tukey’s 

multiple comparisons test. Significance was set at 

p<0.05. 
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3.0 RESULTS 

3.1 Ascorbic Acid and Nicotine Complex Up-regulates 

Catalase Level  

The enzymatic activity of catalase in the prefrontal cortex 

was measured in this study.  Aluminium treatment 

decreased the level of catalase as observed in the AlCl3 

treated group (group B). The decreased level of catalase 

in this group of animals was significant when compared 

with the control (group A) animals (P<0.05). The 

enzymatic concentration of catalase in animals post-

treated with nicotine (Group C) showed a statistically 

significant (P<0.05) increase in catalase concentration in 

comparison to animals administered with AlCl3 only. 

Also, animals post-treated with ascorbic acid and nicotine 

complex (group E) showed a significant (P<0.05) 

increase in catalase levels when compared with animals 

post-treated with only nicotine (group C). (Figure 1) 

3.2 Ascorbic Acid and Nicotine Complex Reduces 

Lipid Peroxidation  

Malondialdehyde expression is a marker of lipid 

peroxidation. In this study, animals administered with 

AlCl3 only (group B) were observed to express 

significantly (P<0.05) increased levels of 

malondialdehyde when compared with the control 

animals (group A) and animals post-treated with nicotine 

and ascorbic acid complex (group E). The level of 

malondialdehyde expressed in animals post-treated with 

nicotine only (group C) also increased significantly 

compared to those post-treated with ascorbic acid only 

(group D). Also, a significant decrease in 

malondialdehyde levels was observed in animals post-

treated with ascorbic acid only (group D) when compared 

to those treated with AlCl3 only (group B) and post-

treated with nicotine only (group C) (Figure 2). 

3.3 The Synergetic Treatment of Nicotine and 

Ascorbic Acid Boosted the Prefrontal Cortex 

Glutathione Peroxidase Profile 

Rats administered with AlCl3 only (group B) had 

significantly (P<0.05) reduced levels of GPx when 

compared to the control group and animals post-treated 

with nicotine (group C), ascorbic acid (group D), as well 

as those post-treated with nicotine and ascorbic acid 

complex (group E). The enzymatic concentration of 

glutathione peroxidase in animals post-treated with 

nicotine and ascorbic acid (Group E) showed no 

significant difference in comparison to the control group 

(group A). (Figure 3) 

3.4 Histochemical Demonstration of Amyloid Plaques  

Amyloid plaque demonstration was carried out in this 

study using Congo red histochemical staining technique. 

Accumulated amyloid plaques in the prefrontal cortex 
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Figure 1: Activities of Catalase in the Prefrontal Cortex of Experi-
mental Animals.  

A= control, B= Ascorbic A= control, B= AlCl3, C= AlCl3+Nicotine, D= 
AlCl3+Ascorbic acid, E= AlCl3+Nicotine+Ascorbic acid. *The significant 
level of difference in comparison to the control group (Group A). #The sig-
nificant level of difference in comparison to group C. δThe significant level 
of difference in comparison to group D. φThe significant level of difference 
in comparison to group E. 

Figure 2: Activities of Malondialdehyde in the Prefrontal Cortex 
of Experimental Animals.  

A= control, B= Ascorbic A= control, B= AlCl3, C= AlCl3+Nicotine, D= 
AlCl3+Ascorbic acid, E= AlCl3+Nicotine+Ascorbic acid. *The significant 
level of difference in comparison to the control group (Group A); #The sig-
nificant level of difference in comparison to group C; δThe significant level 
of difference in comparison to group D; φThe significant level of difference 
in comparison to group E.  



 

286 

 Abayomi et al Pan African Journal of Life Sciences (2021): 5(2): 282-288 

(red dotted circle) were observed in rats administered 

with AlCl3 only (group B). There were traces of amyloid 

plaques in animals post-treated with ascorbic acid (group 

D) though this accumulation was mild compared to group 

B animals. The absence of amyloid plaques was observed 

in control (group A), AlCl3+nicotine (C), and 

AlCl3
+Nicotine+Ascorbic acid (E) animals.  (Figure 4) 

3.0 DISCUSSION 

The widespread use of products made from or containing 

aluminium ensures its presence in our bodies [20]. There 

is prolonged retention of a fraction of aluminium that 

enters the brain, suggesting its potential for accumulation 

with repeated exposures [21]. The present study was de-

signed to evaluate possible synergetic therapeutic effects 

of nicotine and ascorbic acid complex against AlCl3-

induced neurotoxicity and oxidative-driven damage in 

adult male rats. 

Data from this present study show that AlCl3 treatment 

induced increased production of reactive oxygen species 

in the prefrontal cortex, evident by an increase in lipid 

peroxidation and a depletion in the levels of catalase and 

glutathione peroxidase. This current finding is consistent 

with the report of Kumar et al., [22]. Fulgenzi et al., [23] 

implicated mitochondria dysfunction as the possible 

mechanism fingered in aluminium neurotoxicity.  Mito-

chondria, a major site of reactive oxygen species produc-

tion, is considered to be a target of oxidative stress. It 

seems that the oxidative damage to mitochondrial pro-

teins and impairment of mitochondrial bioenergetics may 

underlie the pathogenesis of aluminium induced neuro-

degeneration [24].   

We reported that the complex of nicotine and ascorbic 

acid efficiently modulated lipid peroxidation and boosted 

the antioxidant profile of the prefrontal cortex. The syn-

ergetic treatment of ascorbic acid and nicotine also pro-

duced better outcomes than nicotine or ascorbic acid on-

ly. The neuroprotective effects of nicotine and ascorbic 

acid have been associated with their antioxidant proper-

ties. Ascorbic acid has been demonstrated to be an effec-

tive antioxidant. It can act directly by reaction with aque-

ous peroxyl radicals and indirectly by restoring the anti-

oxidant properties of fat-soluble vitamin E [25]. As evi-

dent in this study, the overall consequence of these anti-

oxidant activities is the beneficial control of lipid peroxi-

dation of cellular membranes, including those surround-

ing and within intracellular organelles. Intracellular free 

radical attack on non-lipid nuclear material may also be 

diminished [26]. The antioxidant properties of nicotine 

may be intracellular through the activation of the nicotin-

ic receptors or extracellular by acting as a radical scaven-

ger in that it binds to iron [15]. 

Aluminium-induced prefrontal cortex histopathology ob-

served in this study can be attributed to the roles alumini-

um plays in exacerbating neural levels of reactive oxygen 

species which culminate in oxidative stress and neuroin-

Figure 4: Representative Photomicrographs of the Congo Red 

Stain Showing Amyloid Plaques in the Prefrontal Cortex of the 

Experimental Animals (magnification x400).  
Plaques were present in all the photomicrographs of animals in groups B and 

D, while plaques were absent in all the photomicrographs of animals in 

groups C and E (A= control, B= AlCl3, C= AlCl3+Nicotine, D= 

AlCl3+Ascorbic acid, E= AlCl3+Nicotine+Ascorbic acid).  

Figure 3: Activities of Glutathione Peroxidase in the Prefrontal 
Cortex of Experimental Animals.  

A= control, B= Ascorbic A= control, B= AlCl3, C= AlCl3+Nicotine, D= 
AlCl3+Ascorbic acid, E= AlCl3+Nicotine+Ascorbic acid. *The significant 
level of difference in comparison to the control group (Group A); # The 
significant level of difference in comparison to group C; δ The significant 
level of difference in comparison to group D; φ The significant level of 
difference in comparison to group E. 
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flammation [21, 27]. Aluminium has been reported to 

induce excess iron uptake in neurons [28], resulting in 

distortion of the intracellular labile iron pool [29]. It then 

drives a cascade of chemical events that accelerate ROS 

production beyond what endogenous antioxidant en-

zymes can cope with [30]. This may lead to the accumu-

lation of intracellular neurofibrillary tangles and extra-

cellular formation of senile plaques composed of the am-

yloid-beta peptide (Aβ) in aggregated form along with 

metal ions such as copper, iron or zinc.   

The congophilic plaque-like deposition in the prefrontal 

cortex was still present in the group post-treated with 

ascorbic acid but diminished in animals post-treated with 

nicotine and ascorbic acid complex, suggesting the role 

of nicotine in decomposing amyloid plaque. Nicotine has 

been shown to resolve amyloidosis in experimental mod-

els of AD [31-32]. On the other hand, evidence suggests 

that nicotine binds and inhibits the fibrillation of both α-

synuclein, thus preventing its toxic effects. The presyn-

aptic protein α-synuclein is broadly expressed in the 

brain, and its aggregation is a pathological hallmark of 

several neurodegenerative diseases [33]. Ascorbic acid 

potentiates its neuroprotection, primarily by acting as an 

antioxidant in its capacity enabling it to scavenge for 

reactive oxygen species, reducing lipid peroxidation, and 

ultimately sustaining the cellular integrity of the PFC 

[34]. 

This study has investigated the therapeutic benefits of the 

combined treatment of nicotine and ascorbic acid as a 

treatment regimen in aluminium-induced toxicity by ana-

lyzing redox changes and histopathological changes in 

the prefrontal cortex of Wistar rats. Based on the find-

ings from this study, combining ascorbic acid and nico-

tine as a treatment regimen has more advantage in the 

sense that, while nicotine reduced aluminium-induced 

congophilicity, ascorbic acid significantly boosted the 

antioxidant profile of the prefrontal cortex.. 
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