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ABSTRACT 

The aim of this work is to evaluate the effect of methanol extract of A. bonnei on some neuroprotective 

parameters/markers (vitamin E, adenine deaminase and acetylcholinesterase) in Wistar Rats. The leaves of 

the plant A. bonnei were collected at Diogbe, Igbo-Etiti local government area of Abia state. They were air 

dried, milled and stored in an air tight container for further use. A total of 16 adult Wistar rats of male sex 

(100–130 g) used for this study were acclimatized for one week and the rats were randomly divided into four 

equal groups. Group 1 (normal control) received only water and feed. Group 2 served as the positive control 

(and received mercury chloride). Group 3 was intoxicated with mercury chloride and treated with Diazepam 

(5 mg/kg). Animals in group 4 were neurointoxicated and treated with the plant extract (400 mg/k). From the 

results of vitamin E, in the cerebellum, it was observed group 3 when compared to the group 1, showed a 

significant (p<0.05) increase; while group 2 on comparism to group 1, showed a significant (p<0.05) decrease. 

Also, group 4 showed an insignificant (p >0.05) on comparism with group 1. Furthermore, the group 2 on 

comparism to the group 3, indicated a significant decrease (p<0.05); while group 4, showed an insignificant 

decrease when compared with group 3. In the cerebrum, From the chart above, the untreated group when 

compared to the normal control, showed a significant (p<0.05) decrease; while the intoxicant + A. bonnie 

group when compared to the normal control, had an insignificant (p>0.05) decrease. Furthermore, when the 

untreated group was compared to the intoxicant + standard drug group, a significant (p<0.05) decrease was 

recorded; while the intoxicant + A. bonnie group in comparism with the intoxicant + standard drug group, 

showed an insignificant (p<0.05) decrease. From fig. 4.2 showing result of acetylcholinesterase, in the 

cerebellum, the untreated group in comparism to the normal control, had a significant (p<0.05) increase, while 

the intoxicant + extract group when compared with the normal control had an insignificant (p<0.05) decrease. 

Also, the untreated group on comparism to the intoxicant + standard drug group, recorded a significant 

(p<0.05) increase; while the intoxicant + extract group when compared to the intoxicant + standard drug group 

had an insignificant (p>0.05) increase. Considering the cerebrum, the untreated group when compared to the 

normal control, showed a significant (p<0.05) increase, while there was a significant decrease when intoxicant 

+ extract group was compared to the normal control. Furthermore, the untreated group when compared to the 

intoxicant + standard drug group showed a significant (p<0.05) increase; while there was a significant 

decrease when the intoxicant + extract group was compared to the intoxicant + standard drug group. Finally, 

the result of adenine deaminase showed that in the cerebellum, there was an insignificant (p>0.05) decrease 

existed when the untreated group was compared with the normal control; also the intoxicant + extract group 

showed an insignificant (p>0.05) decrease on comparism to the normal control. Furthermore, an insignificant 

(p>0.05) decrease was shown when the untreated group was compared to the intoxicant + standard drug group; 

while an insignificant (p<0.05) increase was recorded when the intoxicant + extract group was compared to 

the intoxicant + standard drug. In the cerebrum, a significant (p>0.05) decrease was shown when the untreated 

group was compared with the normal control; while a significant (p<0.05) increase was recorded when the 
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intoxicant + extract group was compared to the normal control. Also, an insignificant (p>0.05) decrease was 

recorded when the untreated was compared to the intoxicant + standard drug group; while a significant 

increase (p<0.05) was shown for intoxicant + extract group against the intoxicant + standard drug group. In 

this work, it has been seen that mercury intoxication affects the cerebrum and cerebellum of animals. From 

these results, it has been observed that the methanol leaves extract of A. bonnei, possesses some 

neuroprotective properties. 

INTRODUCTION 

The brain can be described as the most complex structure in the human body. It is made up of neurons and 

neuroglia, the neurons being responsible for sending and receiving nerve impulses or signals. The microglia 

and astrocytes are essential for ensuring proper functioning of neurons. They are quick to intervene when 

neurons become injured or stressed. As they are sentinels of neuron well-being, pathological impairment of 

microglia or astrocytes could have devastating consequences for brain function. It is assumed that neuroglial 

activation is largely determined by neuronal signals (Halliwell, 1992). Acute injury causes neurons to generate 

signals that inform neuroglia about the neuronal status. Depending on how severe a degree of neuronal injury, 

neuroglia will either nurse the injured neurons into regeneration or kill them if they are not viable. These types 

of neuroglial responses are considered to represent normal physiological and neuroprotective responses. In 

contrast, some processes that are chronic in nature persistently activate neuroglia eventually causing a failure 

in their physiological ability to maintain homeostasis. This could have detrimental consequences and may 

lead to bystander damage due to neuroglial dysfunction. 

Neurodegeneration is a process involved in both neuropathological conditions and brain ageing. It is known 

that brain pathology in the form of cerebrovascular and neurodegenerative disease is a leading cause of death 

all over the world, with an incidence of about 2/1000 and an 8% total death rate (Kolominsky et al, 1998). 

Cognitive dysfunction, is a major health problem in the 21st century, and many neuropsychiatric disorders 

and neurodegenerative disorders, such as schizophrenia, depression, Alzheimer's Disease (AD) dementia, 

cerebrovascular impairment, seizure disorders, head injury, Parkinsonism etc can be severely functionally 

debilitating in nature (Commenges et al., 2000). Neuroprotection refers to the strategies and relative 

mechanisms able to defend the central nervous system (CNS) against neuronal injury due to both acute (e.g. 

stroke or trauma) and chronic neurodegenerative disorders (e.g. Alzheimer's disease and Parkinson's disease) 

(Kumar, 2006). Moreover, stroke and dementia are a source of high individual and family suffering mainly 

because of the lack of efficient therapeutic alternatives. The latter motivates research efforts to identify the 

mechanisms of neuronal death and to discover new compounds to control them. 

Herbal medicine has long been used to treat neural symptoms. Although the precise mechanisms of action of 

herbal drugs have yet to be determined, some of them have been shown to exert anti-infl ammatory and/or 

antioxidant effects in a variety of peripheral systems. Now, as increasing evidence indicates that neuroglia-

derived chronic inflammatory responses play a pathological role in the central nervous system, anti-

inflammatory herbal medicine and its constituents are being proved to be a potent neuroprotector against 

various brain pathologies. Structural diversity of medicinal herbs makes them a valuable source of novel lead 

compounds against therapeutic targets that are newly discovered by genomics, proteomics, and high-

throughput screening. 

Medicinal plant is defined as any plant with one or more of its organs containing substance that can be used 

for therapeutic purpose or which can be used as precursors for the synthesis of antimicrobial drugs (Bouayed 

et al., 2007). Plants are presently the sources of medicines for many people of different age in many country 

of the world, where diseases are treated primarily with traditional medicines obtained from plants. The modern 

pharmaceutical industry itself still relies largely on the diversity of secondary metabolites in plants and 

secondary metabolites of which at least 12,000 have been isolated; a number estimated to be less than 10% of 

the total (Mallikharjuna et al., 2007). In plants, the synthesized aromatic substances (metabolites) are used as  
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defensive weapons against predation by microorganisms, insects and herbivores. 

Alstonia boonei, a large evergreen tree belonging to the family Apocynaceae is one of the widely used 

medicinal plants in Africa and beyond. The important plants of genus Alstonia includes Alstonia scholaris, 

Alstonia boonei, Alstonia congensis and Alstonia macrophylla which have proved to be useful in various 

diseases. Almost all plant parts viz. leaves, stem bark; root and inflorescences have been used and are further 

under investigative study. It is distributed throughout the tropics and the rain forest of west and Central Africa 

(Olever-Bever, 1986; Olajide et al., 2000). It is known by different names in different cultures and tribal 

settings. It is not edible as food but possess roots, stems, barks, leaves fruits, seeds, flowers, and latex which 

are claimed to have medicinal properties in some cultures. 

Statement of the Problem 

Phytopharmaceuticals are gaining importance as modern medicine as well as traditional system of medicine 

owing to their therapeutic potential. Novel antioxidants may offer an effective and safe means of bolstering 

body's defense against free radicals (Rajadurai and Prince, 2006) and thereby provide protection against AD 

like problems. Various natural antioxidants like curcumin, rosmarinic acid, huperzine A have been reported 

to have a neuroprotective effect against AD (Frank and Gupta, 2005; Kumar et al., 2007; Alkam et al., 2007). 

Alstonia boonei stem bark has been reported to have an antipsychotic effect in murine model. Other parts of 

the plant has been shown to have other beneficial properties such as antioxidant, sedative, anti-snake venom, 

etc. Therefore, this present study was designed to investigate the possible neuroprotective effect of Alstonia 

boonei against mercury chloride-induced cognitive impairment and associated oxidative damage in rats. 

Aim of the Study 

The aim of this study is to investigate the neuroprotective properties of ethanol leaf extract of Alstonia boonei 

in wistar rats. 

Objectives of the Study 

The objectives of this study is to evaluate the effect of the plant extract on the following parameters: vitamin 

E, acetylcholinesterase and adenine deaminase in Wistar rats. 

LITERATURE REVIEW 

Traditional Plants 

Many cultures throughout the world still rely on indigenous medicinal plants for their primary health care 

needs (Halliwell, 1992). To date, 25% of modern medicines are derived from plants that have been used by 

traditional medical practitioners (Kolominsky et al., 1998). It is a fact that traditional systems of medicine 

have become a topic of global importance. Although modern medicine may be available in many developed 

countries, people are still turning to alternative or complementary therapies including medicinal herbs. Yet, 

few plant species that provide medicinal herbs have been scientifically evaluated for their possible medical 

applications. The safety and efficacy data are available for even fewer herbs, their extracts and active 

ingredients and the preparation containing them. Tropical and subtropical Africa contains between 40–45,000 

species of plant with a potential for development and out of which 5,000 species are used medicinally 

(Commenges et al., 2000). Still there is a paradox, in spite of this huge potential and diversity, the African 

continent has only contributed 83 of the 1100 classic drugs globally (Commenges et al., 2000). African 

countries are at a stage where traditional medicine is considered more for its capacity to generate other 

medicine than for its own sake. In many cases research undertakings and the commercial use stemming from 

that research have always relied on information provided by the local communities and, in many instances, 
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have hardly benefited from the research results (Kumar et al., 2006). In Africa, traditional healers and 

remedies made from plants play an impokrtant role in the health of millions of people. The relative ratios of 

traditional practitioners and university-trained doctors in relation to the whole population in African countries 

are revealing. In Ghana, for example, in the Kwahu district, there are 224 people for every traditional 

practitioner, compared to nearly 21,000 people for one university-trained doctor (Kumar et al., 2006). 

Alstonia boonei 

 

Figure 1: Plate showing clockwise order from top right, the leaves, stem, branches, and whole plant of Alstonia 

boonei John et al., 2012 

Typically, studies on the medicinal plants such as Alstonia boonei, Abbiw, (1990) have focused on the 

bioactivity of its chemical constituents, ethnobotany, pharmacology, and taxonomy. However, a 

comprehensive or systematic review on the plant is lacking. Furthermore, in much of the older literature 

concerning West Africa, the name Alstonia congensis has been erroneously used for Alstonia boonei. 

Consequently, this paper synthesizes studies on Alstonia boonei. This is necessary to recapitulate the findings 

on the plant and thereby provide a comprehensive and current repository for references on the plant. 

Alstonia comprises about 40 species and has a pantropical distribution. There are about twelve species of the 

genus Alstonia. Alstonia boonei De Wild belongs to the family Apocynaceae. The species are scattered all 

over the world of which two are indigenous to Africa. The plant is known locally in Ghana as Onyame dua, 

Osen-nuru, or Sinduro in Twi, Onyame dua in Fante, Sinu or Adawura in Ga-Adangbe, Bakunin, 

Nyamenlebaka, Emenle, or Emie in Nzema, and Siaketekre, Nyemi dua, or Asi atoe in Ewe (Ayiku, 1992). 

Elsewhere, Alstonia is known as Australian fever bush, Australian quinine, Devil tree, Dita bark, fever bark, 

or palimara (Gosse et al., 1996). It grows into a giant tree in most of the evergreen rain forests of tropical 

West Africa. The plant thrives very well in damp riverbanks. It is well known to all the traditional healers 

practicing along the west coast of Africa. It occurs in deciduous and fringing forest of Ghana (Gosse et al., 

1996). Alstonia boonei De Wild is a deciduous tree up to 35 meters high. It buttresses deep-fluted high and 

narrow. Its white latexes are copious. The leaves are in whorls at nodes, oblanceolate, apex rounded to 

acuminate, lateral vein prominent almost at right angle to midrib. The flowers are white with lax terminal 

cymes. The fruits are paired with slender follicle up to 16 cm long with brown floss at each end. 

Ethnobotanical Uses 

The bark of Alstonia tree is one of the effective analgesic (Abbiw et al., 1990) herbs available in nature. All 

the parts of the plant are very useful but the thick bark cut from the matured tree is the part that is most 
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commonly used for therapeutic purposes.The bark of the tree is highly effective when it is used in its fresh 

form; however, the dried one could equally be used. Therapeutically, the bark has been found to possess 

antirheumatic (Abbiw et al., 1990), anti-inflammatory (Abbiw et al., 1990), analgesic/pain-killing, 

antimalaria/antipyretic, antidiabetic (mild hypoglycaemic), antihelminthic, antimicrobial and antibiotic 

properties (Hadi and Bremner, 2001). A decoction could be sweetened with pure honey and be taken up to 4 

times daily as an effective painkiller for the following conditions. 

Painful menstruation (dysmenorrhoea), when associated with uterine fibroid or ovarian cysts in women; lower 

abdominal and pelvic congestion associated with gynaecological problems such as pelvic inflammatory 

diseases; to relieve the painful urethritis common with gonococcus or other microbial infections in men. 

Alstonia decoction also exerts a mild antibacterial effect in this case, relieving the aches and pains associated 

with malaria fever. Alstonia is taken in the form of preparations that exhibits antipyrexia and anti-malaria 

effects, to combat rheumatic and arthritic pains. The decoction of Alstonia bark could be taken alone as an 

effective pain-killing agent. A cold infusion made from the fresh or dried bark of Alstonia taken orally two to 

three times daily exerts a mild hypoglycaemic effect on diabetic patients. The cold infusion is also 

administered orally for the purpose of expelling round worms, threadworms (Abbiw et al., 1990), and other 

intestinal parasites in children. 

The fresh bark of Alstonia could be used in preparing herbal tinctures; it is particularly useful as an effective 

antidote against snake, rat, or scorpion poison. It is also useful in expelling retained products of conception 

and afterbirth when given to women. Asthma can be treated with a drink prepared from parts of Trema 

orientalis and decoction of the bark of Alstonia boonei mixed with the roots and bark of cola and fruits of 

Xylopia parviflora with hard potash (Abbiw et al., 1990). The bark decoction of Alstonia boonei is used with 

other preparations in the treatment of fractures or dislocation (Abbiw et al., 1990), jaundice, and for inducing 

breast milk. Its latex is taken as a purgative. The hardened latex is used for the treatment of yaws. Alstonia 

boonei  De Wild is regarded as one of few herbs with potential anti-HIV indicators. In some African countries 

Alstonia boonei is considered a sacred tree and worshiped in the forest and hence human beings in those 

countries do not eat its parts. 

The flowers of Alstonia scholaris contain n-hexacosane, lupeol, β-amyrin, palmitic acid, and ursolic acid. The 

components were extracted with petroleum ether at 60–80°C and separated by chromatographic methods. 

Mass spectra and spectrographic methods were used for identification. The root and root bark of Alstonia 

scholaris contain α-amyrin, α-amyrin acetate, lupeol acetate, stigmasterol, β-sitosterol, and campesterol and 

its isomer Desoky et al., 2000). The stem bark of Alstonia scholaris contains α-amyrin acetate, lupeol acetate, 

and β-sitosterol (Khaleque et al., 1991; Kweifio-Okai, 1993). The isolation of α-amyrin acetate and lupeol 

acetate was done with 96% ethanol on the air-dried bark. The concentrated extract was stored for 2 weeks and 

gave a solid, which (on several crystallizations from EtOH) gave colorless needles of melting point of 160°C. 

This product was chromatographed through a column of alumina (4 × 32 cm) and eluted with petroleum ether 

(boiling point 40–60°C). Rechromatography of the fractions gave 2 products. The first one forms colourless 

plates in (EtOH-Et2O) with mpt of 224–5°C, [α]29D 80° (all rotations detected in CHCl3), with one acetyl 

group and no active H. The second product colourless needles in (EtOH-Et2O) with mpt of 215–16°C, [α]28D 

40°, containing an acetyl group and no active H. On hydrolysis of the first product with methanolic KOH, a 

substance with mpt of 184°C, [α]28D 84°, identical with α-amyrin was obtained. This on benzoylation gave 

α-amyrin benzoate which forms prisms in (C6H6-EtOH) with mpt of 198°C, [α]28D 92°. Similarly, on 

hydrolysis the second product gave a substance with mpt 212–13°C, [α]27D 22.6°, identical with lupeol. 

Benzoylation gave lupeol benzoate which forms colourless plates in (C6H6-EtOH) with mpt of 259–60°C, 

[α]27D 60.4°. 

Pharmacological Properties 

Triterpene compounds (R1 = H, C ≥ 10 fatty acid acyl) are useful as anti-inflammatory and antiarthritic agents 

(Kweifio-Okai and Carroll, 1992). α-Amyrin acetate isolated from petroleum ether extract of Alstonia boonei  
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root bark was hydrolyzed with NaOH to α-amyrin followed by esterification with palmitoyl chloride to obtain 

α-amyrin palmitate. Rats were injected with 150 μL of complete Freund's adjuvant containing 10mg/mL 

Mycobacterium tuberculosis in the right hind footpad. From days 11–19 rats were fed orally with 56 mg I/kg 

in 1 mL of water. Regression analysis of the rate of the ankle diameter change from days 11–19, postadjuvant 

injection showed that the diameter of the ankle decreased by 31% in treated animals. 

In a similar research work, the triterpenes-α-amyrin acetate, β-amyrin acetate, β-amyrin, and lupeol acetate 

isolated from the petroleum ether extract of Alstonia  boonei De Wild, root barks were tested for their anti-

inflammatory effects in CFA-induced arthritic rats (Kweifio-Okai and Carroll, 1993). When administered 

orally daily from days 11 to 19 after adjuvant, lupeol acetate and β-amyrin acetate were most effective in 

preventing further increases in ankle adjuvant swelling. All triterpenes abrogated the increases in WBC count, 

increased liver and/or kidney weights but only α-amyrin acetate significantly increased serum GOT levels. In 

the presence of β-amyrin, there was significant neutrophil degeneration. Triterpenes of Astonia  boonei root 

barks were shown to be antiarthritic but the effects on liver and kidney weights raised the possibility of toxicity 

in antiarthritic therapy. 

In another development, lupeol acetate isolated from the petroleum ether fraction of Alstonia boonei root 

barks was tested for its anti-arthritic effect in CFA-induced arthritic rats (Rajic et al., 2000). It was 

administered orally every 48 hrs (66 mg/kg body wt.) from days 32 to 40 after adjuvant and assessed on day 

60. Lupeol acetate was able to return the increase in spleen weight and the reduction in serum alkyl 

phosphatase to nonarthritic control values. 

The anti-inflammatory triterpenoids are also inhibitors of serine proteases (Olajide et al., 2000). The lupane 

triterpenoid lupeol, the ursane triterpenoid alpha-amyrin, and esters of these compounds present in the bark 

of roots of Alstonia boonei (Apocynaceae) have anti-inflammatory properties. Alpha-Amyrin is a competitive 

inhibitor of bovine trypsin and chymotrypsin (Ki values 29 microM and 18 microM, resp.). Lupeol linoleate, 

lupeol palmitate, and alpha-amyrin linoleate are noncompetitive inhibitors of trypsin (Ki values 7 microM, 

10 microM, and 16 microM, resp.). Alpha-amyrin linoleate is also a non-competitive inhibitor of 

chymotrypsin (Ki value 28 microM). Lupeol is a competitive inhibitor of both trypsin and chymotrypsin (Ki 

values 22 and 8 microM, resp.). Alpha-amyrin palmitate is a potent non-competitive inhibitor of chymotrypsin 

(Ki 6 microM). Lupeol, alpha-amyrin, and the palmitic and linoleic acid esters of these compounds are 

ineffective or very weak as inhibitors of porcine pancreatic elastase and of Lucilia cuprina and Helicoverpa 

punctigera leucine aminopeptidases. These hydrophobic triterpenoids represent further examples of anti-

inflammatory triterpenoids that are PKA inhibitors as well as being selective protease inhibitors. 

When the methanol extract of the stem bark of Alstonia boonei was investigated for anti-inflammatory, 

analgesic, and antipyretic properties (Kweifio-Okai, 1991), it was found out that the extract caused a 

significant (P < 0.05) inhibition of the carrageenan-induced paw oedema, cotton pellet granuloma, and 

exhibited an anti-arthritic activity in rats. Vascular permeability induced by acetic acid in the peritoneum of 

mice was also inhibited. The extract also produced marked analgesic activity by reduction of writhing induced 

by acetic acid, as well as the early and late phases of paw licking in mice. A significant (P < 0.05) reduction 

in hyperpyrexia in mice was also produced by the extract. This study has established anti-inflammatory, 

analgesic, and antipyretic activities of the stem bark of Alstonia boonei.  

Mercury 

More than 2500 A.C., the prehistoric man used the cinabrio (mercury sulfide), due to its red-gold color, to 

draw on cave walls and perform face painting. Subsequently, mercury has been used in the amalgamation 

(direct burning of metallic mercury on the gravel, promoting the separation of gold), in photography and as 

an antiseptic in the treatment of syphilis (Ayiku 1992; Gosse et al., 1999). Exposure to mercury brought 

harmful effects to health of humans, but changes resulting from human exposure to mercury only called the 
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attention of the scientific society after the accidents in Japan and Iraq (Abbiw, 1990). In Japan, a serious 

accident occurred resulting from the deposition of industrial waste with large quantities of mercury in the 

Minamata Bay. Mercury was then ingested by human through fish intake, thus triggering signs and symptoms 

such as ataxia, speech impairment, visual field constriction, sensory disturbance, deafness, blindness, tremors, 

involuntary movements, mental retardation, coma, and death. Infants whose mothers were infected developed 

mental retardation, peripheral neuropathy, cerebral palsy, and blindness. 

Forms of Mercury Exposure 

Mercury is now considered an environmental pollutant of high risk to public health because of its high toxicity 

and mobility in ecosystems (  Kucera et al., 1972). Exposure to mercury can occur from both natural and 

artificial sources. Human activities that can result in mercury exposure include the burning of fossil fuels, 

chlor-alkali industries, mining, the burning of waste, and the use of coal and petroleum (Rahman et al., 1985; 

Kam et al., 1997). 

More natural sources of mercury include volcanic activity, earthquakes, erosion, and the volatilization of 

mercury present in the marine environment and vegetation (Kam et al., 1997; Alexandre, 2006; and Lindsberg 

et al., 2007). Mercury emitted both naturally or as a result of human activity is primarily found as inorganic 

metal vapor (Hg0) (Boening, 2000). Among the natural sources of mercury, the largest emissions are from 

the degassing of the earth’s crust. More than five tons of mercury is estimated to be released into the sea every 

year as a result of erosion and geochemical cycles (Swain et al., 2007). 

Mercury contaminates the environment through a cycle involving the initial emission, the subsequent 

atmospheric circulation of the vapor form, and the eventual return of mercury to the land and water via 

precipitation (Alexandre, 2006). The emission of mercury is an important part of this cycle of contamination 

and can occur through natural processes or as a result of human activities, as mentioned above (Lindsberg et 

al., 2007). 

Mercury present in seas and rivers after methylation can contaminate fish (EPA, 1997; Hansen et al., 1997). 

The consumption of fish contaminated with mercury is a major source of mercury exposure in the Amazon 

basin. Studies show that the concentration of mercury in the muscles of fish that are widely consumed in the 

Amazon region are greater than the limit set by WHO (World Health Organization) as safe for human 

consumption (0.5 g/kg) (Kam et al., 1997). 

Effect of Mercury on the Central Nervous System(CNS) 

Among the compounds of mercury, the methylmercury is primarily responsible for the neurological 

alterations present in humans and experimental animals. It is believed that the mechanisms are related to the 

toxic increase in reactive oxygen species (ROS). Oxidative stress is associated with the etiology of 

neurodegenerative diseases such as amyotrophic lateral sclerosis, Parkinson’s disease, and Alzheimer’s 

disease (Roulet et al., 1998; and Bridges et al., 2010), but these mechanisms have yet to be fully recognized. 

Reinforcing the hypothesis that the majority of injuries caused by methylmercury (MeHg) in the central 

nervous system are related to its ability to increase reactive oxygen species, Zhang et al. (2009) reported that 

after pretreatment of bovine cells with pyrroloquinoline quinone (PQQ), an antioxidant, the cytotoxicity 

induced by MeHg is significantly attenuated. PQQ reduces the percentage of apoptotic cells, decreased 

significantly ROS production, suppressed lipid peroxidation, and increased antioxidant enzyme activity in 

cells exposed to MeHg. Furthermore, the protective effects elicited by an antioxidant (ebselen) strengthen the 

idea that seleno-organic compounds represent promising approaches to neutralize MeHg-induced 

neurotoxicity (Yin et al., 2011). 

Studies also demonstrate that mercury has the ability to reduce the number of neuron and cytoarchitecture in 

individuals with prenatal exposure to mercury (Grandjean et al., 1997; Graeme et al., 1998). In animal models, 
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some of these symptoms are reproduced. Low-dose prenatal exposure to methylmercury during 10 gestational 

days impairs motor and mnemonic function in adult mice (Kweapradub et al., 1997). This hypothesis is 

supported by studies that describe methylmercury inhibition of cell division and migration both “in vivo” and 

“in vitro” (Grandjean et al., 1997; Grandjean et al., 1999). In addition, because of its high affinity for 

sulfhydryl groups in tubulin, methylmercury inhibits the organization of microtubules that are important in 

CNS development (Ponce et al., 1994; Kishimoto et al., 1995). The binding to SH groups also interferes with 

the intracellular signaling ofmultiple receptors (e.g.,muscarinic, nicotinic, and dopaminergic) and promotes 

the blockade of Ca++ channels in neurons (Castoldi et al. 2000). In addition, inorganic mercury has the ability 

to increase the permeability of chloride channels of GABA A receptors in the dorsal root ganglion, which is 

associated with neuronal hyperpolarization (Mottet et al., 1997). 

Corroborating these findings, the study conducted by Maia et al., (2010) demonstrates that the poisoning by 

methylmercury changes the nitrergic activities of adult mice, and the predominance of alterations may be 

related to different locations. Besides increasing the nitrergic activity methylmercury and mercuric chloride 

also have the ability to increase the release of neurotransmitters such as acetylcholine, dopamine, 

norepinephrine, and serotonin. 

Similar findings have also been reported to be a mechanism implicated in the effects of methylmercury and 

HgCl2 on the central nervous system function (Weinsberg et al., 1995; Haung et al.  1996). Halbach et al. 

studied a correlation in Iraqi children between the level of maternal exposure to methylmercury during 

pregnancy and psychomotor retardation. Sandborgh-Englund et al.  corroborated this finding in children from 

the Faroe Islands; they found that children exposed to mercury in the prenatal period had defects in attention, 

memory, language, and motor function. In addition, exposure to methylmercury in pregnant women or early 

childhood leads to changes in the CNS development of the fetus or child, respectively (Geier et al., 2003). 

Thereupon, changes caused by mercury poisoning result in significant clinical deficit in motor skills, 

coordination, and general activity rate of cognitive and psychological disorders (Kaewpradub et al., 1997). 

Effect of Mercury on the Cardiovascular System 

For decades, the toxic effects of mercury were associated mainly with the central nervous system; however, 

inorganic mercury also produces profound cardiotoxicity (Hussain et al., 1997; Brawer et al., 1998). Halbach 

and collaborators showed that mercury concentrations in hair reached up to 150 μg/g in populations living in 

the Amazon basin. Furthermore, nearly all of the inhabitants of 40 cities studied have blood concentrations 

above the reference values. In this population, it has been demonstrated that exposure to mercury by frequent 

consumption of fish has a strong positive correlation with increased arterial blood pressure (Halbach, 1990). 

Other studies also correlate mercury exposure with increased risk of hypertension, myocardial infarction, 

coronary dysfunction, and atherosclerosis (Bastos et al., 2006; Fillions et al., 2006). Data presented by 

Yoshizawa et al.  showed that mercury exposure was associated with the progression of atherosclerosis and 

an increased risk of developing cardiovascular disease. Houston followed patients for approximately 13.9 

years and found an association between the concentration of mercury in the hair and the risk of developing 

cardiovascular events or dying from cardiovascular disease and other causes. 

The mechanism by which mercury produces toxic effects on the cardiovascular system is not fully elucidated, 

but this mechanism is believed to involve an increase in oxidative stress. Exposure to mercury increases the 

production of free radicals, potentially because of the role of mercury in the Fenton reaction (Ehara et al., 

2001; Mackness et al., 2004) and a reduction in the activity of antioxidant enzymes, such as glutathione 

peroxidase. The MeHg reaction with the glutathione peroxidase occurs via thiol (–SH) and/or selenol (–SeH) 

groups from endogenous molecules (Farina et al., 2011). Even though there are 4 of glutathione molecules 

containing selene in their active sites, only the cytoplasmic glutathione peroxidase 1 (GPx 1) changes 

hydrogen peroxide to water (Arthur, 2000). The reduction in glutathione peroxidase with selenium-dependent 

activity is the result of the decreased bioavailability of selenium, a molecule that is required for enzymatic  
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activity (Magos et al., 2006). The high affinity of mercury to the thiol group can lead to decreased glutathione 

peroxidase selenium-dependent activity. Other antioxidant enzymes which participate against reactive oxygen 

species due to mercury intoxication are catalase and superoxide dismutase. 

The increment of ROS and reduction of the antioxidant activity increase the risk of developing cardiovascular 

disease (Ganther, 1980; Valko et al., 2006). Sherwani et al. (2011) showed that MeHg has the capacity to 

induce phospholipase D (PLD) activation through oxidative stress and thiol-redox alterations. They 

investigated the mechanism of the MeHg-induced PLD activation through the upstream regulation by 

phospholipase A2 (PLA2) and lipid oxygenases such as cyclooxygenase (COX) and lipoxygenase (LOX) in 

the bovine pulmonary artery endothelial cells. Their results showed that MeHg significantly activates both 

PLA2 and PLD. MeHg also induces the formation of COX- and LOX-catalyzed eicosanoids in endothelial 

cells. 

Cardiovascular changes resulting from mercury poisoning are also described in animal models. However, the 

mechanism involved in the effects of mercury on the cardiovascular system is not fully understood but seems 

to be dependent on both the dose and time of exposure. Raymond and Ralston studied the hemodynamic 

effects of an intravenous injection of HgCl2 (5 mg/kg) in rats and observed that mercury produced cardiac 

diastolic failure and pulmonary hypertension. Moreover, Naganuma et al. [ reported that acute exposure to 

HgCl2 (680 ng/kg) increased blood pressure, heart rate, and vascular reactivity to phenylephrine in rats; this 

increased reactivity seems to depend on an increased generation of free radicals. Perfused hearts from animals 

exposed acutely to HgCl2 showed a reduction in left ventricular systolic pressure, heart rate, and 

atrioventricular conduction delay (Rossoni et al., 199). 

Acute Brain Injury 

Acute brain injury, whatever its cause, is associated with considerable short-term and long-term morbidity 

and mortality. In the USA it is estimated that 52,000 fatalities arise as a result of traumatic brain injury (TBI) 

every year, and approximately 5.3 million people live with TBI-related disabilities (Selassie et al., 2008). 

These figures are similar in the European Union, where an estimated 7.7 million people have TBI-related 

disabilities (Tagliaferri et al., 2006). Accurate data from emerging economies, where TBI is increasing due to 

greater motorization, are lacking, but are likely to be similar or worse (Roozenbeek et al., 2013). Stroke is the 

second leading cause of death and the third leading cause of disability-adjusted life-years worldwide, and its 

global burden is increasing (Hankey, 2013). Other ischemic and hemorrhagic lesions to the brain, such as 

subarachnoid hemorrhage or ischemia–reperfusion after cardiac arrest, are also associated with high mortality 

and devastating sequelae (Zacharia et al., 2010; Koenig, 2014). 

Following the primary cerebral insult, a cascade of events amplifies the initial damage regardless of the 

etiology of the precipitating event. Secondary biochemical changes contribute to subsequent tissue damage 

with associated neuronal cell death. The time course over which these effects occur may be longer than 

assumed previously, potentially providing a wider time window for interventions. Neuroprotective agents that 

can limit secondary tissue loss and/or improve behavioral outcomes have been identified in multiple animal 

models of acute brain injury. However, translation to the clinical setting has been largely disappointing. 

Therapeutic modalities for neuroprotection 

1.       Reperfusion strategies in ischemic stroke 

Early reperfusion therapy to restore blood flow to salvageable ischemic brain can prevent cell death and 

facilitate neurological recovery. Reperfusion may be accomplished through administration of intravenous 

thrombolytic agents, intra-arterial thrombolysis, mechanical thromboembolectomy, ultrasound-enhanced 

thrombolysis and various combinations of these approaches. Alternative or adjunct approaches include 

enhanced oxygen delivery, hemodilution and systemic central hemodynamic augmentation therapy (Barreto 
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and Alexandrov, 2012). Risks associated with reperfusion therapies, apart from failure to reperfuse, include 

intracerebral hemorrhage (ICH), ischemia–reperfusion injury and catheterization complications. A large-scale 

randomized trial indicated that intravenous recombinant tissue plasminogen activator (alteplase) administered 

within 3 hours of ischemic stroke onset was associated with significantly improved functional outcomes when 

compared with placebo, but with an increased risk of ICH (NINDS, 1995). More recent data indicated that 

intravenous alteplase was beneficial when given within 4.5 hours of onset in nondiabetic patients <80 years 

old without massive strokes (Hacke et al., 2008). 

Despite increased risks of ICH and early death, a Cochrane review of 27 controlled trials of thrombolytic 

agents given within 6 hours of acute ischemic stroke onset indicated improved survival and neurological 

outcome at 3 to 6 months; benefits were greater in patients treated within 3 hours (Wardlaw et al., 2014). The 

evidence offered by these papers has been incorporated into guidelines, which recommend early intravenous 

thrombolysis (Jauch et al., 2013). 

2.       Autoregulation and neuroprotection 

Cerebrovascular autoregulation is the ability of the brain to maintain a constant cerebral blood flow (CBF) 

through a range of cerebral perfusion pressures (CPP) (Rangel-Castilla et al., 2008). Several dynamic pressure 

reactivity indices have been proposed for monitoring cerebrovascular autoregulation in real time at the 

bedside, by calculating the correlation between the arterial blood pressure and continuous measures of CBF 

or cerebral blood volume (Rangel-Castilla et al., 2008). When this correlation is negative or close to zero, 

autoregulation is assumed to be present (pressure active); when it is positive, autoregulation is considered to 

be absent (pressure passive). ICP, transcranial Doppler, brain tissue oxygenation and near-infrared 

spectroscopy have all been used as estimates of global CBF/cerebral blood volume. Accordingly, the CPP 

range at which autoregulation is best preserved (optimal CPP) can be estimated. However, whether a strategy 

based on these measurements might be used to improve outcomes has yet to be demonstrated (Steiner et al., 

2002). 

3.       Hemoglobin management for neuroprotection 

Anemia is common among patients with severe brain injury and is associated with poor outcomes in TBI, 

aneurysmal subarachnoid hemorrhage (SAH), ICH and acute ischemic stroke (Kramer and Zygun, 2009; 

LeRouxm 2013). In the absence of serious cardiac disease, a restrictive red blood cell transfusion strategy (for 

example, trigger hemoglobin (Hb) 7 g/dl) is usually recommended in critically ill patients (Retter et al., 2013). 

In severe brain injury, however, compromised brain tissue oxygenation may occur at higher Hb levels than in 

other ICU patients (Hebert et al., 1999; Le Roux, 2011). 

In a recent randomized clinical trial in 200 patients with closed head injury, erythropoietin was compared with 

placebo in patients with transfusion thresholds of 7 g/dl versus 10 g/dl (Robertson et al., 2014). There were 

no statistically significant differences in 6-month neurological outcomes between the two transfusion groups, 

but the higher transfusion threshold was associated with more adverse events. Based on these limited numbers 

of patients, it seems premature to conclude that a low transfusion threshold may be beneficial in all TBI 

patients; more data are needed. 

Novel therapeutic modalities 

Neurorepair strategies 

In addition to neurological damage, acute brain injury induces a series of neurorestorative events (Lo, 2008). 

In some cases, the central nervous system is able to remodel itself following insults that impair tissue 

homeostasis. Neurorestorative events include neurogenesis, gliogenesis, angiogenesis, synaptic plasticity and 

axonal sprouting. These processes are stimulated by endogenous growth-related factors and may continue for 

weeks to months, facilitating functional and structural recovery. Unfortunately, these restorative processes 
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are largely ineffective for the severity of damage usually encountered in TBI or stroke. Accordingly, providing 

such injured tissue with a milieu that enhances neuroregenerative processes has become an important 

therapeutic target. 

Mesenchymal stromal cells 

Infusion of mesenchymal stromal cells (MSCs) can improve structural and functional outcomes in different 

brain injury models (Laroni et al., 2013). MSCs secrete growth and neurotrophic factors or induce their 

production by resident brain cells, including microglia. The interaction between MSCs and inflammatory 

microenvironments is crucial. MSCs can reprogram the local microenvironment from a detrimental function 

to a beneficial role, reducing toxic events and promoting endogenous restorative processes (Phinney and 

Sensebe, 2013; Zanier et al., 2014). 

Remote ischemic conditioning 

Brief repeated cycles of peripheral vascular occlusion and de-occlusion in dogs prior to induction of coronary 

ischemia reduce myocardial infarct size (Murry, 1986). This remote ischemic preconditioning is presumed to 

induce humoral factors that prevent reperfusion injury in several organs, including the brain. Protection occurs 

through modification of intracellular kinase activity, mitochondrial permeability and the inflammatory 

response to reperfusion (Kharbanda et al., 2009). One potential means by which ischemic conditioning can 

be achieved is by application of a standard blood pressure cuff to the arm and alternating 5-minute cycles of 

inflation and release (Kharbanda et al., 2002) 

Ischemic conditioning may be applied before (preconditioning), during (perconditioning) or after 

(postconditioning) a cerebral ischemic event. In patients, perconditioning as an adjunct to treatment with 

intravenous alteplase was associated with a reduction in tissue risk of infarction after acute thrombotic stroke 

(Hougaard et al., 2014). Preconditioning has also been associated with prevention of recurrent stroke in 

patients with intracranial arterial stenosis (Meng et al., 2012). Nevertheless, several questions remain 

unanswered: would remote ischemic conditioning reduce infarct size if administered before thrombolytic 

reperfusion of acute thrombotic stroke; can repeated (daily for weeks to months) ischemic conditioning 

improve long-term outcomes after cerebral ischemia; and in what other settings could ischemic conditioning 

reduce reperfusion injury and produce better clinical outcomes? 

Volatile anesthetic agents for neuroprotection 

Volatile anesthetic agents may have neuroprotective properties. Pretreatment with isoflurane improved long-

term neurological outcomes after experimental hypoxic/ischemic bran injury or focal brain ischemia 

(McAuliffe et al., 2007) and post-treatment provided neuroprotection in rats (Segal et al., 2012). The inducible 

form of nitric oxide synthase may mediate the tolerance to ischemia. Other factors that could be involved are 

the inhibition of excitatory neurotransmission and regulation of intracellular calcium responses during 

ischemia. Although attractive for their potential benefit on ischemic damage, these experiments have not been 

translated into clinical studies because use of a volatile agent may also induce vasodilatation, increasing CBF 

and, consequently, elevations in ICP. 

In SAH patients, however, in whom an increase in CBF may be beneficial, the availability of a pragmatic 

bedside dispensing device and continuous ICP and regional CBF monitoring has made the inhalation of 

isoflurane for neuroprotection in the ICU practical, and this approach has been assessed in a small pilot study 

(Villa et al., 2012). Nevertheless, at this stage, the use of volatile agents remains unproven and not ready for 

clinical implementation (Bosel et al., 2012). 

Hyperoxia in neuroprotection 

Oxygen is an essential substrate for the brain; however, the safety margin between effective and toxic oxygen  
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doses is relatively narrow. Oxygen may be toxic to the lungs (for example, tracheobronchitis, absorption 

atelectasis, hypoxic pulmonary vasoconstriction and hyperoxia-induced lung injury), the circulation and the 

brain tissue itself (seizures or lipid peroxidation) (Lambertsen et al., 1953), and hyperoxia has been associated 

with increased mortality in patients with various acute neurological disease processes (Kilgannon et al., 2010; 

Brenner et al., 2012; Rincon et al., 2014). However, hyperoxia can increase PbtO2, restore mitochondrial 

redox potential, decrease ICP, restore aerobic metabolism and improve pressure autoregulation (Tolias et al., 

2004; Nortje et al., 2008; Rockswold et al., 2010). Administering 100% oxygen at normal atmospheric 

pressure (normobaric hyperoxia) is inexpensive, widely available and can be started promptly after TBI or 

stroke (for example, by paramedics). Results in humans, however, have been mixed (Tolias et al., 2004; 

Diringer et al., 2007; Quintard et al., 2014). There is probably a narrow effective dose, and benefit may be 

limited to at-risk tissue. Moreover, treatment may only be effective in specific subgroups of patients or may 

depend on the metabolic state (Vilalta et ql., 2011). Furthermore, whether improvements in brain metabolism 

translate into better outcome is unclear (Quintard et al., 2014). 

Hyperbaric oxygen has been shown to reduce infarct volume, blood–brain barrier disruption, edema and 

neurologic deficits in animal models of ischemic brain injury (Miljkovic-Lolic et al., 2003). In experimental 

TBI, hyperbaric oxygen decreased neuron injury and edema (Vlodavsky et al., 2006). In a small group of 

severe TBI patients, hyperbaric oxygen improved brain metabolism and decreased ICP (Rockswold et al., 

2001). However, administering hyperbaric oxygen can be clinically challenging, requiring that patients are 

moved out of the ICU to the hyperbaric oxygen chamber, an expensive facility available in only a few centers. 

In a small study of 42 TBI patients, the combination of hyperbaric and normobaric hyperoxia was associated 

with significant outcome benefits compared with standard therapy (Rockswold et al., 2013). 

MATERIALS AND METHOD 

Materials 

A. Equipment and Apparatus 

a. Blender 

b. Filter paper 

c. funnel 

d. Water bath 

e. Beakers 

f. Stirrer blender (manual) 

g. Measuring cylinder (pyrex, england) 

h. spatula 

i. Centrifuge 

j. Sample bottles (plain) 

k. Pipette (Pyrex, England) 

l. Electronic weighing balance (sartorius sensitive weighing balance (1200g) 

m. Digital weighing balance 

n. Gavage 

o. Syringes 
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p. Test tubes 

B. Chemicals 

a. Mercury chloride 

b. Methanol (99%) volume 

c. Diazepam (5mg) 

d. Bioun solution 

C. Plant Materials 

The leaves of the plant Anthocleista vogelii were collected from the matured plant at Umudike, Ikwuano local 

government area of Abia state in the month of June 2018. The plant sample was authenticated at the herbarium, 

Department of Plant Science and Biotechnology (PSB), Michael Okpara University of Agriculture Umudike 

(MOUAU), Abia state, Nigeria. And a herbarum sample was deposited. 

Extraction of Plant Materials 

The plant extract as gotten following a stepwise procedure, first about 500g of A. Vogelii was collected, 

weighed and air dried. This was followed by oven drying and then grinding the leaves. After grinding, 100g 

of it was weighed out on a beaker and soaked in 700mls of methanol for 72 hours, after which it was extracted 

and filtered into the beaker using a filter paper. The filtrate was then concentrated using a water bath at 

temperature of 40-50oC until the methanol was fully evaporated leaving only the gel like green substance 

which is the plant extract. It was properly labeled and stored in the refrigerator at 4°C until used. 

Experimental Animals 

 Sixteen (16) adult Wistar albino rats of male sex (100–130 g) used in the study were acquired from the animal 

unit of the College of Veterinary Medicine, Michael Okpara University of Agriculture, Umudike, Abia State, 

Nigeria. The animals were fed with standard feed (Vital feeds finisher), provided with free access to water 

under a well-ventilated condition of 12hrs light cycle. They were kept in aluminum cages and were allowed 

to acclimatize for two weeks before the commencement of the experiments. The study was carried out in 

accordance with the Organization for Economic and Development (OECD) principles on Good Laboratory 

Practice (GLP) (OECD 2001). Prior ethical approval (Code number, UMSE/06/012) was obtained from the 

ethical committee on the use of animals of the College of Veterinary Medicine, Michael Opkara University 

of Agriculture, Umudike, Nigeria. 

Experimental Design 

The rats were randomly divided into four groups consisting of four rats each. Group 1 (normal control) 

consisted of normal rats that neither received mercury chloride nor any drug (water and feed only). Group 2 

served as the positive control (neurotoxicant control). Rats in group 3 were induced with neurotoxicant 

(mercury (ii) chloride) and treated with Diazepam at normal dose (5mg/kg). Animals in group 4 were 

neurointoxicated and treated with the plant extract at high dosage (400 mg/kg). 

Standard drugs and sample used 

The standard drugs and aqueous extract of Anthocleista vogelii were prepared by directly weighing and 

dissolving the known weight of the drugs and solid extract (after evaporation of methanol) in the required 

volume of di-ionized water and tween 80. The standard drug (Diazepam) was obtained from a pharmaceutical 

shop in Umuahia, Abia State. 
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Induction of neurotoxicant 

A cohort of male Wistar rats was fed for at least 8 hours. Neurotoxicant was induced in each rat by 

administering Mercury chloride (4mg/ Kg body weight; orally) in distilled water. The control cohort was 

administered normal water orally. At 7days post-induction of neurotoxicant, neurotoxicity was assayed by 

observation method on hair loss signs and swollenness of animal body parts particularly the lower jaw. 

Treatment of neurodegenerative rats with oral neurotoxicant drug 

Oral neurotoxicant drug (Diazepam) was used in the present study. The drug was administered orally to a 

cohort of neurointoxicated rats (n=4) at 7:00 – 9:00 each day for 28 days. Diazepam was administered at 

5mg/kg body weight/day. Untreated neurointoxicated group received only the vehicle (distilled water). 

Assay of Biochemical Parameters 

Assay of Serum Acetylcholinesterase 

The activity of AChE in the brain was determined by the method described by Ellman et al., (1961) as 

modified by Srikumar et al., (2004). The mixture was prepared by mixing 0.4 ml aliquot of the homogenate 

and added to 2.6 ml phosphate buffer (0.1 M, pH 8.0) and 100 μL of DTNB (270 μM). This was pre-incubated 

for 2 minute at 30oC and the reaction was started with the addition of 20 μL ATC (30 mM). The product of 

thiocholine reaction with DTNB was determined at 412nm for a period of 10 minute at 2 minute intervals. 

The absorbance per minute was determined. The specific activity is expressed as μmol ACTC min-1 mg 

protein-1. 

Assay of Serum Vitamin E 

Preparation of standard curve 

Working standard of tocopherol (27g/mL): 1 mL of stock standard solution was taken and made the volume 

up to 100 mL with ethanol (aldehyde free) to obtain a concentration of 27g/mL. This solution is stable at room 

temperature. Six centrifuge tubes were taken and labeled as B (blank) and S 1 , S 2 , S 3 , S 4 , and S 5 for 

standard solution. In these tubes, 0 (zero), 150,300, 450, 600, and 750L of working standard solution (27 

g/mL) were added, respectively, and made the volume up to 750L by adding ethanol (aldehyde free). These 

solutions (S 1 – S 5 ) are equivalent to 4, 8, 12, 14, 16, and 20g/mL of tocopherol concentration, respectively. 

The absorbance was measured by using 200L of each of the above-mentioned solutions (including blank) put 

on a plain ELISA microplate (non-antibody coated) and read in an ELISA reader (ERBA-Lisa Scan II) at 

492nm. 

Adenine deaminase 

Pipet 0.5 ml. of buffered substrate, pH 7.03, into each of 2 test tubes (15 X 125-mm.). Mark one tube “sample” 

and the other “blank.” Place both tubes in a 370 water bath for 2-3 min. Add to the sample tube 0.05 ml. of 

unhenmolyzed serum or plasma. Stopper, mix gently, and replace in water bath. Exactly 60 min. after adding 

the serum, add 2.5 ml. of phemiol color reagent to each tube. This stops the reaction. To the blank tube, add 

0.05 ml. of serum and to both tubes add 2.3 ml. of alkali-hypochlorite reagent. Stopper amid promptly mix by 

inverting at least 3 times. Place both tubes in a heating block or water bath for 15 mm. for color development. 

Readings are made in 10mm. round cuvets in a spectrophotometer, at 640 mn., against the reagent blank 

adjusted to 100% transmittance. The color is stable for about 20 mins. The units of adenosine deaminase 

activity are read from the calibration curve. One unit of adenosine deaminase activity is the amount that will 

liberate 1 /Lg. of ammonia nitrogen per milliliter of serum/plasma per hour at 37o. To convert these units to 

international units, multiply by 0.476 (Giusti et al., 1984). 
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RESULTS AND INTERPRETATION 

Effect of plant extract of A. bonnei on vitamin E in the cerebellum and cerebrum of Wistar albino rats 

 

Fig. 4.1 Effect of plant extract of A. bonnei on vitamin E in the cerebellum and cerebrum of Wistar albino 

rats. 

Cerebellum 

Using the chart above, the intoxicant+ standard drug group when compared to the normal control, showed a 

significant (p<0.05) increase; while the untreated group on comparism to the normal control, was shown to 

have a significant (p<0.05) decrease. Also, the intoxicant + A. bonnie treated group showed an insignificant 

(p >0.05) on comparism to the normal control. Furthermore, the untreated group on comparism to the 

intoxicant + standard drug group, indicated a significant decrease (p<0.05); while the intoxicant + A. bonnie 

group, showed an insignificant decrease when compared with the intoxicant + standard drug group. 

Cerebrum 

From the chart above, the untreated group when compared to the normal control, showed a significant 

(p<0.05) decrease; while the intoxicant + A. bonnie group when compared to the normal control, had an 

insignificant (p>0.05) decrease. Furthermore, when the untreated group was compared to the intoxicant + 

standard drug group, a significant (p<0.05) decrease was recorded; while the intoxicant + A. bonnie group in 

comparism with the intoxicant + standard drug group, showed an insignificant (p<0.05) decrease. 

Effect of plant extract of A. bonnei on Acetylcholine esterase in the cerebellum and cerebrum of Wistar 

albino rats 

 

Fig. 4.2: Effect of plant extract of A. bonnei on Acetylcholine esterase in the cerebellum and cerebrum of 

Wistar albino rats 
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Cerebellum 

Using the chart above, the untreated group in comparism to the normal control, had a significant (p<0.05) 

increase, while the intoxicant + extract group when compared with the normal control had an insignificant 

(p<0.05) decrease. Also, the untreated group on comparism to the intoxicant + standard drug group, recorded 

a significant (p<0.05) increase; while the intoxicant + extract group when compared to the intoxicant + 

standard drug group had an insignificant () increase. 

Cerebrum 

From the chart above, the untreated group when compared to the normal control, showed a significant 

(p<0.05) increase, while there was a significant decrease when intoxicant + extract group was compared to 

the normal control. Furthermore, the untreated group when compared to the intoxicant + standard drug group 

showed a significant (p<0.05) increase; while there was a significant decrease when the intoxicant + extract 

group was compared to the intoxicant + standard drug group. 

Effect of plant extract of A. bonnei on Adenine deaminase in the cerebellum and cerebrum of Wistar 

albino rats 

 

Fig. 4.3: Effect of plant extract of A. bonnei on Adenine deminsase in the cerebellum and cerebrum of Wistar 

albino rats. 

Cerebellum: The chart above shows that an insignificant (p>0.05) decrease existed when the untreated group 

was compared with the normal control; also the intoxicant + extract group showed an insignificant (p>0.05) 

decrease on comparism to the normal control. Furthermore, an insignificant (p>0.05) decrease was shown 

when the untreated group was compared to the intoxicant + standard drug group; while an insignificant 

(p<0.05) increase was recorded when the intoxicant + extract group was compared to the intoxicant + standard 

drug. 

Cerebrum: Using the chart above, a significant (p>0.05) decrease was shown when the untreated group was 

compared with the normal control; while a significant (p<0.05) increase was recorded when the intoxicant + 

extract group was compared to the normal control. Also, an insignificant (p>0.05) decrease was recorded 

when the untreated was compared to the intoxicant + standard drug group; while a significant increase 

(p<0.05) was shown for intoxicant + extract group against the intoxicant + standard drug group. 

DISCUSSION, CONCLUSION AND RECOMMENDATION 

Discussion 

Among the compounds of mercury, the methylmercury is primarily responsible for the neurological 

alterations present in humans and experimental animals. It is believed that the mechanisms are related to the 
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toxic increase in reactive oxygen species (ROS). Oxidative stress is associated with the etiology of 

neurodegenerative diseases such as amyotrophic lateral sclerosis, Parkinson’s disease, and Alzheimer’s 

disease (Roulet et al., 1998; Bridges et al., 2010), but these mechanisms have yet to be fully recognized. 

From this research, it was seen that the concentration of vitamin E in the cerebrum and cerebellum of the 

animals were depleted in the untreated group while the group treated with the extract of A. bonnie showed a 

significant increase when compared with the untreated group. It has been recognized for more than fifty years 

that adequate levels of vitamin E are critical for maintaining neurological health. The most striking evidence 

for this requirement is the pathological manifestations of the familial syndrome ataxia with vitamin E 

deficiency (AVED) in affected humans (Ouahchi et al., 1995, Cavalier et al., 1998). These individuals present 

with low or non-detectable levels of plasma α-tocopherol and progressive spinocerebellar ataxia, sometimes 

accompanied by retinitis pigmentosis, proprioception and areflexia (Harding, 1987, Goss-Sampson et al., 

1988, Sokol, 1990, Cavalier et al., 1998). 

Importantly, pathologic progression can be halted in affected individuals by high-dose supplementation with 

α-tocopherol (Harding et al., 1985, Matsuya et al., 1994, Amiel et al., 1995, Yokota et al., 1996, Cavalier et 

al., 1998). Similar findings were established in genetic and dietary models of vitamin E deficiency in mice 

(Yokota et al., 2001), rats (Einarson, 1953, Goss-Sampson et al., 1988), monkeys (Dinning and Day, 1957) 

and horses (Mayhew et al., 1987, Aleman, 2011). Vitamin E deficiency-induced neurodegeneration is 

characterized by axonopathy, demyelination, spheroid formation and defective retrograde transport, 

prominently affecting the sensory neurons and more specifically the dorsal root ganglion cells (Goss-Sampson 

et al., 1988, Southam et al., 1991). 

Also in this research work, acetylcholinesterase (AChE) was seen to be markedly increased in the intoxicated 

and untreated group when compared with other groups. This increase was significantly reduced by the plant’s 

extract as indicated in fig. 4.2. AChE represents one of the first validated biomarkers in environmental and 

occupational medicine and its use is increased in the last two decades. However, recent findings indicate new 

potentialities of AChE in human biomonitoring. The sensitivity of AChE activity to other classes of chemicals, 

including emerging pollutants such as nanomaterials, suggests the usefulness of this biomarker for providing 

an integrative measurement of the overall neurotoxic risk arising from the whole burden of bioavailable 

contaminants in areas contaminated by several classes of pollutants. 

Environmental pollutants, heavy metals such as mercury, organophosphorus and carbamate pesticides are 

known to be specific inhibitors of aceylcholinesterase catalytic activity (Ojewole, 1984). They have become 

the most widely used pesticides today since the removal of organochlorine pesticides from use. AChE belongs 

to the family of cholinesterases (ChEs), which are specialized carboxylic ester hydrolases that break down 

esters of choline. Cholinesterase class includes AChE which hydrolyzes the neurotransmitter acetylcholine 

and pseudocholinesterase or butyrylcholinesterase (BChE)which utilizes butyrylcholine as substrate. AChE 

is mainly found at neuromuscular junctions and cholinergic synapses in the central nervous system.Here, 

AChE hydrolyzes acetylcholine into choline and acetate after activation of acetylcholine receptors at the 

postsynapticmembrane.AChE activity serves to terminate synaptic transmission, preventing continuous nerve 

firings at nerve endings. Therefore, it is essential for the normal functioning of the central and peripheral 

nervous system. AChE is also found on the red blood cell membranes, where it constitutes the Yt blood group 

antigen (Zacharia et al., 2010) also known as Cartwright. It helps to determine a person’s blood type, but the 

physiological function on erythrocyte membrane is to date unknown (Zacharia et al., 2010). 

Furthermore, the results in fig. 4.3 shows that the activity of adenine deaminase in the intoxicated group in 

both cerebrum and cerebellum of the animals had no significant alteration when compared with the normal 

control while the extract-treated group showed an increase in its activity when compared with other groups. 

Adenosine deaminase plays an important role in controlling adenosine levels. Adenosine modulates the 

proliferation, survival and apoptosis of many different cell types (Hebert et al., 1999; Retter et al., 2013). 
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Changes in the structure and functionality in the developing brain exposed to methylmercury display a range 

of effects varying from severe cerebral palsy to subtle developmental delays (Le Roux, 2011; Robertson et 

al., 2014). In fact, studies have shown that there was a difference in enzyme activity both in distinct areas of 

the brain and at different stages of development. Adenosine deaminase activity was higher in hippocampus 

than in cerebral cortex in all groups studied. 

Conclusion 

In this work, it has been seen that mercury intoxication affects the cerebrum and cerebellum of animals. From 

these results, it has been observed that the methanol leaves extract of A. bonnei, possesses some 

neuroprotective properties. 

Recommendation 

Owing to the ability of the extract to cause significant effects on the parameters assayed herein, it is 

recommended that 

1. Further investigations are needed in other higher primate so as to validate the traditional use of the 

plant in the neurodegenerative disorders. 

2. Further phytochemical characterization of the plant extract should be done in order to identify the 

specific compound(s) involved in the observed neuroprotective activities. 
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