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ABSTRACT

Experiments were performed with the aim of evah@the effects of sub-chronic exposure
to lead and the protective role of ascorbic acidmac changes in Wistar rats. Forty adult
Wistar rats (20 males and 20 females) divided shgyoups of 10 animals each (5 males and
5 females in each group) served as subjects fersthdy. Rats in group | were given distilled
water only. Rats in group Il were exposed to leeetate only at 200 mg/kg, while those in
group Il were pre-treated with ascorbic acid oatya dose of 100 mg/kg. Rats in group IV
were pre-treated with ascorbic acid at a dose 6f rh@/kg before being administered with
lead acetate 30 minutes later. The regimens warenestered orally once daily for a period
of six weeks. The effects of the different treattsean body weight change, open-field
activities, sensorimotor reflexes and cognitionevevaluated in the rats. Packed cell volume
(PCV), haemoglobin concentration (Hb), total ergtiyte count (RBC), total leucocyte
count, differential leucocyte count and erythrocyasmotic fragility (EOF) test were
determined using standard methods. Total protdimnan and globulin concentrations, and
activities of serum alanine aminotransferase (AL&%partate aminotransferase (AST),
alkaline phosphatase (ALP), lactate dehydrogenbBB&l) and creatine kinase (CK) were
measured using standard methods. Lipid peroxidatvas determined by measuring the
thiobarbituric acid reactive substance; malondiaydie (MDA) in the brain of the rats.
Serum thyroid hormone levels were also determingdguradioimmunoassay. The results
demonstrated that sub-chronic exposure to leadtshrad no effect on body weight change.
There was no significant (P > 0.05) change in semstor reflexes of the rats. Rats in the
lead-treated group showed an increased anxiety amdpo the control and those pre-treated
with ascorbic acid. Rats in the lead group alsonstba significant (P < 0.05) decline in
cognitive function compared to those in the conémadl ascorbic acid-pretreated groups. The

haematology showed significant (P < 0.05) redustion PCV, Hb and RBC in the lead-



treated group compared to the control rats. Leab alaused leucocytosis due to a
significantly (P < 0.05) higher neutrophil/lymphaeyatio. There was slight but insignificant
increase in EOF in rats exposed to lead, compartdtie control groupsA significant (P <
0.05) decrease in AST, LDH, CK and a slight inceeas MDA was observed in the lead
treated rats compared to the control groups. Thene tissue changes in the lead-treated
group compared with the control and the ascorbid gre-treated groups. The study
demonstrated that increased lipid peroxidation, tleyvoid indices and decreased CK activity
may be involved in the mechanism of neurobehavicamd cognitive impairments by lead.
In conclusion, the study showed that sub-chronposure to lead induced anxiogenic effects,
cognitive, haematological, biochemical and pathclalgchanges in rats, ameliorated by
pretreatment with ascorbic acid. It is, therefaregommended that individuals, who are

constantly exposed to lead, should be pretreatddwamin C.
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CHAPTER ONE

1.0 INTRODUCTION

Lead is a well-known environmental toxicant thas lbeen used since ancient times
as a component of domestic, agricultural and ingigtroducts. Today, this heavy metal is
one of the ubiquitous environmental pollutants,tipatarly widespread in industrial areas.
This metal is primarily found in leaded gasolin@jnps, house dusts, pesticides, and some
industrial products, such as glazes, colouring ras$e for ceramics, hose and pipes
(Srianujata, 1997; Tonet al.,2000). In many developed countries, lead has bé&ennated
from paint and gasoline, but some developing caeemtike Nigeria, still make use of leaded
fuel. In addition, citizens of big cities have heghrisk of environmental exposure to lead than

do inhabitants of rural areas (Srianujata, 1997).

The use of lead in developing countries such agei is still a major problem
(Igwilo et al., 2006; Nduka and Orisakwe, 2007). Man and animed¢sexposed to lead
through feed from numerous sources, as well as fr@rgeneral environment. Lead is still
being used in our environment as components of fieeld in paints, cosmetics, agricultural
pesticides; and even leaches from battery indgsémel mechanic workshops find their way
into the water beds, thereby contaminating the miaddies. These leaches enter into the food
chain; accumulate in body tissues of animals anddms, resulting in toxicity. In a study
conducted in the city of Jos, Nigeria, risk facteigch as the use of lead-containing eye
cosmetics, chipping paint in the home and proxirtotyattery smelters and gasoline sellers
have been identified as the major sources of highdblead levels amongst the inhabitants
(Wright et al.,2005). Lead poisoning is an insidious poisonimag tauses the impairment of

learning and memory (Aldridget al., 2005; Haideret al., 2005). In fact, low intelligent
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guotient amongst individuals has been associatddahronic lead exposure (Aykin-Bures

al., 2003).

Ingested lead has resulted in poisoning, pooropadnce and death in animals and
man (McDowell, 1992; Gurer and Ercal, 2000). Acclated lead in tissues is toxic in most
of its chemical forms, whether it is inhaled orested in water or feed. In fact, due to its
slow rate of elimination, harmful levels of leadcamulate in tissues after prolonged
exposure to low quantities (Demichele, 1984; Estadl., 2001). Lead has also been shown
to produce a wide range of acute and chronic effestd induces a wide range of
physiological, biochemical and behavioural dysfiorg. It affects membranes and
biochemical processes and has been shown to irakidative stress by acting as a catalyst
in the oxidative reaction of biological moleculégdal et al., 2001; Galaris and Evangelou,

2001; Gurer and Ercal, 2000; Aykin-Buressal.,2003).

The toxicities associated with lead have beenbated to oxidative tissue damage
(Aykin-Burns et al., 2003; Patrick, 2006). Under normal conditions,réhare protective
mechanismsin vivo to prevent peroxidative tissue damage. They inclir@de-radical
scavengers (antioxidants) and enzymatic defensemgs(antioxidant enzymes). Ascorbic
acid is a well-known non-enzymatic antioxidant ilweal in several biochemical processes in
biological systems. This vitamin breaks the chdihpad peroxidation in cell membranes and
scavenges free-radicals such as superoxide iomrptpgd peroxide, nitric oxide, hydroxyl,
alkoxyl and alkyl-peroxyl, collectively called reae oxygen species (ROS) (Carr and Frei,

1999; Kacuket al.,2003).

1.1 Statement of the Problem

There are few regulations (WHO, USEPA, etc) ondjebence sources of lead

exposure still abound without control. Also, leadsiowly eliminated from the body and bio-
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accumulates in vital tissues of the body. In a raly study by Lanphaeet al. (2005), a
biphasic intelligence quotient (IQ) dose-respons&e& showed steeper changes in 1Q at very
low blood lead level. This situation puts animatsl anan at risk of decreasing IQ, and they
may need extra-assistance, especially animals wtmgative function is being put to task.
Also, most of the neuro-behavioural dysfunctionsuleng from lead poisoning have been
reported to be irreversible (Needleman, 1990; Fiahd Vessey, 1998). This may pose social
and economic problems to the individuals and gawemts concerned. In addition,
alternative biomarkers for lead neuro-toxicity/egpe, apart from delta-aminolevulinic acid

(ALA) in serum/urine have not been fully elucidated

1.2  Justification

Despite extensive research on heavy metals tgxrelatively little attention has been
paid to the modulating effects of vitamins and gadssimplications of nutritional status on
heavy metals exposure in humans and animals. Apiharéne deleterious effects of lead on
neurobehavioural, haematological and biochemicedrpaters in man and animals might be
modified by ascorbic acid supplementation. Theichh and experimental data, in the

literature, in support of this theory are still ited.

1.3  General Aims of the Study

The aim of this study was to investigate the cleangccurring in rats exposed to low-

level lead poisoning, and the protective effecisforbic acid on the poisoning.

1.4  Specific Objectives of the Study

1. To investigate the effect of repeated low-dose leadosure on behavioural and

cognitive changes in Wistar rats.

32



1.5

To investigate the effect of repeated low-dose epm to lead on some
haematological and biochemical parameters, andetisathological changes.

To determine if the behavioural, cognitive, haermafical, serum biochemical and
tissue pathological changes induced by low-doseirastration of lead can be

ameliorated by ascorbic acid.

Statement of Hypotheses

Null hypothesis: Ascorbic acid does not have any ameliorative effect low-level
lead poisoning.
Alternate hypothesis: Ascorbic acid has ameliorative effects on low-leVehd

poisoning.

33



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Lead
2.1.1 Historical perspectives and use

Lead is a well-known metal from time immemorialhéis an atomic weight of 207.2,
atomic number of 82, melting point of 327.8G2boiling point of 1748C, specific gravity of
11.5 and valence of +2 or +4 (Weastal, 1986). The alchemists believed that lead is the
oldest metal and associated it with the planetr8afative lead occurs in nature, but it is
rare. Lead is obtained chiefly from Galena (PbSkahyasting process. Anglesite (PO
Cerussite (PbC¢), and Minim (PBO,) are other common lead minerals (Wesistl, 1986).

Warnings of lead’s poisonous properties extendaasbéck as the second century
B.C., when Nikander, a Greek physician, descrilbedcblic and paralysis that followed lead
ingestion. The early victims of lead toxicity werainly lead workers and wine drinkers. The
sweet flavour of lead made it to be of value in @vinaking, to counteract the astringent
flavour of tannic acid in grapes (Needleman, 2004 fact, lead-sweetened wine contains as
much as 20 mg of lead per litre. Wide-spread oa#tseof lead colic continued in Europe
until as late as the sixteenth century, when ther@e physician, Eberhard Gockel, traced a
colic epidemic to lead-adulterated wine. Duke Lughef Wurtemberg, upon learning of an
epidemic of lead colic in his duchy, banned its usevine-making and imposed death
penalty for violators (Needleman, 2004).

Lead pipes bearing the insignia of Roman empersesl as drains from the baths are
still being used today in old buildings. Lead igdisn containers for corrosive liquids (such
as in sulphuric acid chamber), and may be toughbgete addition of a small percentage of
antimony of other metals. Natural lead is a mixtafehree stable isotopes: £H(1.48%),
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PE% (23.6%) and P1§® (52.3%) (Weaset al, 1986). Great quantities of lead, both as the
metal and as the dioxide, are used in storagerlesttduch of the metal also goes into cable
covering, plumbing, ammunition and in the manufectof lead tetraethyl, used as an

antiknock compound in gasoline. The metal is véfgative as a sound absorber; therefore, it
is used as a radiation shield around X-ray equigraed nuclear reactors to absorb vibration

(Fischbein, 1992).

Lead has a number of uses, many of which are milyrbeing phased out because of
growing awareness of its toxicity and the damags tts uncontrolled dispersion in the
environment has caused (ATSDR, 1993). White leld,asic carbonate, sublimed white
lead (PbS@), chrome yellow (PbCrg), and other lead compounds are used extensively in
paints, although, in recent years, the use of lagoaints has been drastically curtailed to
eliminate or reduce health hazards (Wedstl, 1986). Lead oxide is used in producing fine
“crystal glass” and “flint glass” of a high index fraction for achromatic lenses. It is also
used in X-ray protective jackets. The nitrite ahd acetate (Figure 1) are soluble salts. Lead
salts such as lead arsenate have been used ascidss¢ but their use in recent years has
been practically eliminated in favour of less harhdrganic compounds (ATSDR, 1993).
Environmental concern with lead poisoning has ledthe development of a national
programme in the U.S.A. to reduce the concentratibfead in gasoline (USEPA, 1996).
Such a programme is not being fully implementedneny developing countries, including

Nigeria.
2.1.2 Histopathological changes of tissues follovgriead poisoning

Post-mortem changes characteristics of lead pwigdn a case of cattle exposed to
ash residues contaminated with lead, revealed ceebtical oedema, cortical neuronal

necrosis and endothelial proliferation, especialiyhe tips of the cerebral gyri (Krametter-
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Froetscheret al, 2007). Michaelson and Sauerhoff (1974) also dooedema and gross
vascular changes in the cerebellum following leggosure in neonatal rats. Demyelinated
neuropathy has been reported in chronic lead pmwigoiGelmanet al., 1987). Intranuclear
inclusions in epithelial cells lining the renal gnmal tubules of rats have been detected
following lead exposure (Murakanet al., 1983). McMurry et al. (1995) demonstrated
altered renal proximal tubular epithelium, rendatanuclear inclusions and decrease numbers
of sperm and developing follicles in rats. Thesenges were reported to be more
pronounced with increased lead concentration andtidn of exposure. Alterations in the
synovium and bone of individuals with lead shot wids showed formation of nuclear lead
inclusions, dilation and degranulation of the rowgidoplasmic reticulum and deposition of
crystalline precipitates in the matrix of the miioadria in macrophages, osteoclasts and
synoviocytes as well as the development of cytopiasead inclusions in osteoclasts (Slavin

et al.,1988).

2.1.3 Haematological changes occurring following &l poisoning

Decrease in total erythrocyte counts following @qore to lead has been reported in
fish (Shah, 2006; Atest al.,2008), mice (lavicolet al.,2003) and rats (Ahameat al.,2007;
Jadhavet al., 2007). Other haematologic parameters such as hdebmgoncentration,
packed cell volume and mean corpuscular haemoglabimcentration were shown to
decrease in lead exposed individuals (Shaik and, J2D®9) and animal models (Shah, 2006;
Ahamedet al.,2007; Jadhaet al.,2007; Ateset al.,2008). The immune function has also
been demonstrated to be sensitive to lead exp¢Basaran and Undeger, 2000; Misleta
al., 2003). McMurryet al. (1995) reported alterations in total leucocyte eaeutymphocytes,
neutrophils, eosinophils and total splenocyte yadtdr subchronic exposure to lead in cotton

rats Sigmodon hipidys
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Figure 2.1. Chemical structure of lead acetat
2.1.4 Mechanisms ofdxicity

Lead (PB"), a heavy metal, has been used by humans for mectynologica
purposes, which is the main reason for its presaéspread distribution. Although vario
actions have been taken to decrease the use,bdigin and pollution of lead in tf
environment its environmental pollution remains a significi@alth hazard throughout t
world. Several mechanisms of lead poisoning hawn bdentified. The most common ¢
pica, industrial exposure, drinking moonshine liquahalation, gu-shot wounds, retaed

lead pellets or particles, and a variety of folinesglies and cosmetics (Pfitzret al, 2000).

The toxic mechanism of lead is caused by its gtititsubstitute for other polyvale
cations (particularly divalent cations, such asicah [C&'] and zinc [ZA"] in the molecular
machinery of living organisms. These interactiobhgvalead to affect different biologicall
significant processes, including metal transpomgergy metabolism, apoptosis, iol

conduction, cell adhesion, in- and intracelllar signalling, diverse enzymatic proces:
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protein maturation, and genetic regulation. Meméraonic channels and signalling
molecules seem to be one of the most relevant mialetargets contributing to neurotoxicity
induced by lead (Garzat al, 2006). Once it has penetrated the cytoplasmd, deatinues its
destructive mimicking action by occupying the cahotdependent proteins. It binds to
calmodulin, a protein which in the synaptic ternhiaets as a sensor of free calcium and as a
mediator of neurotransmitter release. Furthermiralters the functioning of the enzyme
protein kinase C, a virtually ubiquitous proteinighhis of crucial importance in numerous
physiological functions. Protein kinase C is nofgattivated by modulators outside the cell
(hormones, neurotransmitters) through an enzymi @ral in a calcium-dependent manner.
Besides many other functions, the activated kindisectly affects the expression of the

immediate early response genes (Bressiat, 1999).

Lead has high affinity for the sites which are tgicalcium-binding sites in this
protein; picomolar doses can take the place of amalar calcium doses. In model cell
systems, it has been demonstrated that lead camulate gene expression through a
mechanism mediated by protein kinase C, and itastybated that this effect may be
correlated with alterations in synaptic functioni(@ressleret al, 1999). The mechanism
involved in rat brain neurotoxicity by lead has be&emonstrated to be via the induction of
oxidative stress as a result of the accumulatiodedta-aminoalevulinic acid (ALA) during
lead exposure (Wangt al 2006). ALA selectively inhibits gamma-aminobutyracid
(GABA) release from synaptosomes and blocks GABZeptors (Wanget al, 2006). Mateo
et al (2003) also reported an increase in acetylchsiérase activities following lead
exposure. Lead also causes prolong rise time otrdres-membrane potential at nodes of
Ranvier, thereby altering nerve conduction timeidiret al., 2008). Furthermore, the

disturbances caused by lead can be attributed doedse in reactive oxygen species,
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especially in the brain. The brain has a high odtexidative metabolism and high content of

unsaturated lipids (Bennet al.,2007)

2.1.5 Pathophysiology of lead poisoning

Lead ranks second in the list of prioritised hamaslsubstances issued by the U.S.
agency for toxic substances and disease regisif$DR, 2005). The noxious effects of this
metal have long been well-known, especially asndgjacute forms of poisoning. Chronic
lead poisoning was initially defined by blood lelagels above 80 upg/dl, but today a lead
level of 30 pg/dl in blood is considered excessind levels at or above 10ug/dl (0.1ppm) are

considered potentially harmful, particularly to @nrles (Lidsky and Schneider, 2003).

Once absorbed by the body, mainly through breattand feeding, lead is not

metabolised, but mostly expelled. The remainingipor(about 20%) settles into the tissues

and notably:

1. In the blood, where it is carried almost exalali by the erythrocytes;
2. In mineral tissues (bones and teeth), wherepbdits; and

3. In soft tissues (kidneys, bone marrow, liver brain) (Leggett, 1993).

Animal studies have shown that certain substanded kead and increase its
solubility, thereby enhancing its absorption. Sadlicitrate, amino acids, vitamin D, protein
and fat, and lactose increase lead solubility duethce, its absorption. Bile is an important
route of excretion in the gut. The primary siteledd absorption is the duodenum, where it
enters the epithelial mucosal cells (Mereitlal, 2008). The total amount of lead in the body
does not affect absorption or have a negative bea#t- mechanism that limits absorption of

lead.
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The presence of lead in the blood stream (insida¢d blood cells and mostly linked
to haemoglobin) provokes anaemia (Bhambhani andéwo 1990; Muwakkitet al.,2008).
This cannot be considered a symptom, but rathezlayed sign of lead poisoning (Figure
2.2). Through the blood, lead reaches all otheués. In view of its capacity to “mimic”
calcium, lead is stored in the bones and becons¢ghdée bone component, particularly in the
case of insufficient calcium intake (Hipkies al, 1998). This lead deposit may be mobilised
and returned into the blood stream under partiatktes of physiological (pregnancy, breast-
feeding) and pathological stresses (diseases)albatas a consequence of greater calcium
intake in the diet (Het al, 1990). This stable presence of lead in bones snaavery from
lead poisoning extremely slow, even when the t@gent has been completely eliminated

(Gruberet al.,1999; Guet al, 2005).

Succinyl CoA + Glycine 4 .6, 0,0H

4 4,5 — dioxovaleric acid

4 delta-Aminolevulinic acid (ALA)
Leagd—>
ALA dehydratase (ALAD)
v Porphobilinogen

l

+ Heme

Key: 4 orv indicate changes in enzymes or sulestrasg a result of lead exposure.

Figure 2.2: Inhibition of delta-Aminolevulinic acid dehydratase results in

elevated delta-aminolevulinic acid(Patrick, 2006).
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Chronic lead nephropathy or chronic tubule-intéedtnephritis occurs in long-term
lead exposure, and is often associated with hyp&da and gout (Hipkinst al, 1998). Lead
nephropathy is recognized in three forms. Firsagsite lead poisoning due to an acute,
massive exposure to lead. This causes the clagsiptems of colic, encephalopathy,
anaemia and neuropathy (Hertz-Picciotto and Cr@fi93). Second is chronic lead
nephropathy, a slowly progressive interstitial néh due to an excessive cumulative,
exposure to lead. This is often associated withehitgmsion and gout and as at today more
difficult to diagnose because there are no detkrt@boratory changes of acute lead
intoxication. The typical clinical picture and thgclusion of other causes of renal disease aid
in its diagnosis. The third form is lead hypertensiwhich results from hepatic and kidney

damage; thus causing and imbalance in ion homes$tarian, 1988).

2.1.6 Treatment for lead poisoning

Treatment for lead poisoning relies on drugs Haate a chelating effect on the metal,
these are molecules that can bind to lead and &ostable complex, which is then expelled.
The most common drugs used are calcium-disodiunyleztb diamine tetraacetic acid
(CaNgEDTA), Meso-2, 3-dimercaptosuccinic acid (DMSA oritBh antilewisite [BAL])
and penicillamine, a penicillin derivative whichsha chelating, rather than anti-bacterial
effect (Fisher and Vessey, 1998; Torres-Alastisl.,2002). CaNgEDTA is a water-soluble
chelator, and is readily excreted, and administgracenterally for 3-5 days in children
exposed to lead. Adverse reactions are commonearal toxicity is most common (Rogah
al.,, 2001). DMSA is administered orally, more effectiaad less toxic. It is used in
combination with EDTA for severe lead poisoning.midistration is parenteral, with adverse
reactions. However, the most important factor iadlananagement is to reduce exposure

(Roganet al, 2001).
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2.1.7 Lead and neurotoxicity

The most deceptive and dangerous form of lead pwmigois that affecting the
nervous system. In adults, lead damage mainly sapseipheral neuropathy, which is
characterised predominantly by demyelination ofribeve fibres (Needleman, 1990; Fisher
and Vessey, 1998). Intense exposure to high leaglslecauses encephalopathy, with the
following symptoms: vertigo, insomnia, migraine;jtability and even convulsions, seizures
and coma (Carpenter, 2001). Lower levels of expotuthe metal induce neuropathy, which
mainly affects the developing brain and provokebabeural and cognitive impairments
(Aykin-Burnset al, 2003). Epidemiological studies have shown a st relation between
lead levels in blood and bones and poor performam@gtitude tests such as intelligence

guotient or psychometric tests (Lanphetal, 2005).

A similar correlation has also been found in bebaral studies carried out on
animals that had been exposed to lead immediafedy lirth (Aldridgeet al, 2005). The
learning process is based on the creation and relimgdof synapses and the toxic effect of
lead on this process suggests that this metal faqalyi damages the synaptic function. The
high vulnerability of children to lead is aggravdtey the fact that they are fed on formula
milk prepared with water rich in lead or if theygast flakes of lead-based paint (Needleman,
1990). Lead uptake through the blood-brain baraed into the brain proceeds at an
appreciable rate, consistent with its action asoterg central neurotoxin. The transport
mechanism is not totally understood, but it mdsgl}i involves passive uptake of PbOlns
(Wanget al, 2006). On the other hand, astrocytes may be ralte to the toxic effects of
PK*. Both in astroglia cells and in neurones, leadakitis mediated by calcium channels

(Xiao et al, 2006).
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The effects of lead on the brain, including mengghrdation and cognitive deficit, are
mediated by its interference with three major ngarsmission systems: the dopaminergic,
cholinergic and glutamatergic systems (Baranowsich@hlubek, 2006). The effects of lead
on the first two systems are well established, thair mechanisms have not yet been
described exhaustively. Glutamate binds to membraoeptors of different types. Micro
molar concentration of lead can block the ionicxflthrough the membrane channel
associated to a specific class of glutamate recgptalled N-methyl-D-aspartate (NMDA)
type. Through the functioning of the associatedci@mannel, the NMDA receptors play an
important role in excitatory synaptic transmissimd, because of some of their peculiar
characteristics, these receptors appear to beviedoin the processes of neural network
creation and, consequently, in memory and learfungtions (Toscano and Gullarte, 2005;

Gardoni and Di Luca, 2006).

Lead disrupts the normal physiologic processefiéncentral nervous system due to
the similarity of the ionized lead to calcium, astlb are divalent cations (Bressler and
Goldstein, 1991). Lead suppresses activity-asstialC&"-dependent release of
acetylcholine, dopamine and amino acid neurotrattersi(Lasleyet al.,1999; Devotcet al.,
2001), but also increases basal release (BresslleGaldstein, 1991). It has also been shown
that lead affects pre-synaptic Tahannels involved in neurotransmitter release @i,
1993). However, lead can disrupt the physiologfea$ of calcium at concentrations lower
than those of calcium. Lead also has a high affifut calmodulin, a calcium sensor that is
capable of binding and being activated by metak i@Rursula and Majava, 2007). Lead
intoxication affects the developing brain more selye(Aldridge et al, 2005). Lead causes
an inappropriate release of neurotransmitter dataed competes with calcium to interfere

with evoked neurotransmitter release. This increadsasal release and decrease in evoked
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release may interfere with selective pruning ofagtit connections in the brain during the

first years of brain development and disrupt braasticity (Bressler and Goldstein, 1991).

Glutamate is the most common neurotransmitter enbitain. It is always excitatory,
usually due to simple receptors that increase tbe Df positive ions by opening ion
channels (Gardoni and Di Luca, 2006). Glutamatadations are terminated by a chloride-
independent membrane transport system that is asgdfor reabsorbing glutamate and
aspartate across the pre-synaptic membrane. Leadtical for learning in the developing
brain and it interferes with the glutamate, whishthought to be associated with neuronal

development (Penugoneaal, 2006).

The receptor NMDA is responsible for the developmehbrain plasticity and is
blocked selectively by lead (Garea al, 2006). This disrupts long-term potentiation, vihic
comprises the permanent retention of newly leainémmation. Calcium is a physiologic
activator of protein kinase C (PKC) more avidlyrthaad, which causes further problems
with neurotransmitter release (Bresskdr al, 1999). Impaired PKC function may also
compromise the second-messenger systems withincehlg leading to changes in gene
expression and protein synthesis. High blood lexels impair endothelial cell function in
the blood-brain barrier leading to haemorrhagicephalopathy, characterised by seizures

and coma (Bressler and Goldstein, 1991).

2.2 Oxidative Stress

Although oxygen metabolism is essential for lifdhas been established that it results
in the formation of partially reduced oxygen spediEoppenolet al, 1992; Koksoyet al.,
2000; Trouyz, 2004, Valkeet al., 2007). One electron deduction of oxygen produces
superoxide, whereas two electron reductions protiydeogen peroxide. Therefore, electron

flow through oxygen-utilising processes such asmti@chondrial electron transport chain,
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flavoproteins, cytochrome P450 and oxidases, Hlfigcoupled to avoid partial reduction of

oxygen (Suzuket al, 1997).

Normal cellular homeostasis is a delicate balaretevdsen the rate and magnitude of
oxidant formation and the rate of oxidant elimioati Trace amounts of these powerful
oxidants are involved in defence of cells againsading bacteria and other microorganisms
(Troy et al, 1996). However, their uncontrolled overproductiojures cells by attacking
vital cellular constituents such as proteins, mietiny groups of polyunsaturated fatty acids
(PUFA) of cell membranes or molecules that makethg genetic material of the cell
(Yamagishiet al, 2001). Certain body cells (hepatocytes, neurogle, cells, erythrocytes
etg are vulnerable to reactive oxygen species (RO&)abise their plasma membranes

contain large amounts PUFA (Alverez and Storey5)99

Under normal physiological states, excess ROS ardinuously inactivated by
endogenous antioxidants. When the rate of produaidhese ROS is greater than their rate

of removal, oxidative stress occurs (Chulbek, 2@Ggrwal and Prabakaran, 2005).

2.2.1 Generation and effects of free radicals

The term free radicals have been equated with iveactpecies or oxidants.
Biological reduction of molecular oxygen {Qgenerates products collectively termed ROS
(Chlubek, 2003). By definition, a radical is a nmlke possessing an unpaired electron such
as superoxide, nitric oxide, hydroxyl, alkoxyl aal#yl-peroxyl (lipid) (Agarwalet al, 2003).
Many of the oxidants generated by toxins and thestabolites fall within this category of
ROS, and these modify cell functions, endanger sellvival or both (Agarwal and

Prabakaran, 2005).
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A critical function of ROS is immunological hostsgonse. Experimental evidence
has implicated ROS in the pathogenic mechanismewéral diseases (Wared al, 2002).
Severe oxidative stress results in necrotic ceditlleGeneration of reactive species during
hyperoxia (breathing of >95% oxygen) or reperfustdran ischaemic tissue leads to tissue
ischaemia-reperfusion injury (Bilenket al, 1989; Ayoet al, 1999; Olatunji-Akioye and
Akinrinmade, 2006; Akinrinmade and Olatunji-Akioy2007) resulting in necrosis (Kuzai
al., 1998; 2000). A moderate exposure to ROS cantresaéll death that usually occurs 20-
24 hours after the initial insult (Traat al, 1996). In most cases, delayed cell death resamble
apoptosis since DNA fragmentation and other featufeapoptosis bear evident. It is not
clear how ROS can induce delayed cell death or tapsp Potential pathways, that once
altered by ROS that will lead to delayed cell deiattiude energy sources (mitochondria,
activation of poly-ADP ribosyl synthase), ionic heaostasis, signal transduction and

membrane structural integrity (Dawson and Daws8851 Szabet al, 1996).

Oxidative stress can, however, be evaluated dyrectindirectly. Direct evaluation is
via the detection of circulating free radicals situ through electromagnetic resonance
spectroscopy (ERS) and chemiluminiscent spectrgs(@pS) (Rimbachet al, 1999). The
former is based on the measurement of energy \@argaivhen an odd (unpaired) electron
aligns in response to an external magnetic fieldlliidell et al, 1992), while the latter
measures the electromagnetic radiation of excitelbenles (Lunec, 1996). Indirect methods
for evaluating oxidative stress are determinatibrcicculating antioxidant agents such as

proteins, vitamins, minerals and enzymes (Koracewal, 2001).

2.2.2 Antioxidant net

Due to the constant production of ROS and othee fadicals during metabolic

processes, the cell has developed a powerful, aogafence system that limits its exposure
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to these agents. These are called antioxidantdodants, therefore, are molecules that
prevent an unlimited generation of free radicalsirdnbit their reaction with biological
structures (Chaudiere and Ferrari-lliou, 1999; @hilaf et al, 2002). To maximize
protection, plasmic and intracellular antioxidaate tuned to achieve the utmost suppression
of those reactions that generate free radicals (894). They are distributed mostly in the
cell's organelles where, due to intense activityd ametabolic functions, free radical
generation will be higher, both in membranes antdsoy (Larkins, 1999). Some proteins are
also part of the antioxidant net, such as thoseharge of storage and transport of metallic
ions; they trap and limit exposure toFeand CG*. An excess of these metal ions can
promote free-radical generation. Proteins with adiant activity are ferrin, transferrin,
ceruloplasmin, hepatoglobin, metallothioneine, hagaxine and carnosine (Halliwedt al,

1992; Morrisey and O’Bien, 1998).
2.2.3 Classification of antioxidants

Several antioxidants are enzymes or essential emigrior include these in their
molecular structure (Machlin and Bendich, 1987).e§é include reduced glutathione,
glutathione peroxidase, superoxide dismutase,asgand nutrients such as ascorbic acid,
tocopherol, uric acid, zinc etc. An essential muttis a compound that must be eaten because
the organism is unable to synthesize it, Basedha dharacteristic, some authors classify
antioxidants as non-enzymatic and enzymatic (Clemedand Ferrari-lliou, 1999; Larkins,
1999). However, another frequently used classiboais based on the protective mechanism
used by the antioxidants, grouping them in those¢ prevent free-radical generation and
those that trap free-radicals (Millet al, 1993). They are also classified according torthei

intracellular or extracellular location (Larkin®49).
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2.2.3a Non-enzymatic antioxidants

Non-enzymatic antioxidants constitute a heterogesegroup of hydrophobic and
hydrophilic molecules that trap free radicals areghte chemical species that are less noxious
to cell integrity (Halliwell and Chirico, 1993). Eantially, they give an electron to a free
radical to stabilize it (Larkins, 1999). Hydropbihon-enzymatic antioxidants are located
mainly in the cytosol, mitochondrial and nucleartnxas and in extracellular fluids. They
are vitamin C, glutathione, uric acid, ergothioeand polyphenolic flavonoids (Chihuailaf
et al, 2002). Another example of hydrophobic non-enzyenantioxidant is alpha-

tocopherol (vitamin E).

2.2.3b Enzymatic antioxidants

Some scientists state that the antioxidant functm@mformed by enzymes has
advantages compared to antioxidant compounds bec¢hes activity is regulated according
to cellular requirements (Chihuailadt al, 2002). This can be induced, inhibited or
inactivated by endogenous effectors (Harris, 19%Yidence of the importance of
antioxidant enzymes in protection against oxidgenaés has been provided (ldbal, 1998).
When using transgenic mice designed to over-exptiessactivity of some antioxidant
enzymes, it was noticed that there is a tolerafiaeain tissues when they are exposed to

toxics and pathologic conditions that promote RO®a (Chihuailafet al, 2002).

Enzymatic antioxidants catalyse electron transfemf a substrate towards free-
radicals. Later, the substrates or reducing agesed in these reactions are regenerated to be
used again. They achieve this by using the NADR¥dlpeced in different metabolic pathways
(Chaudiere and Ferrari-lliou, 1999). A prolongeg@sure to ROS may result in diminished

NADPH concentration which is needed, though sonzyraatic antioxidants do not consume
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co-factors. Enzymatic antioxidants include supetexidismutases, catalase, glutathione

peroxidase and glutathione reductase (Giteal, 2000; Powell, 2000; Guet al, 2003).

2.3  Vitamin C (Ascorbic acid)

2.3.1 Historical development

Scurvy, the dread of sailors past, conjures up esagf perilous sea voyages and
rough tattooed men laid low by ignorance of a \ataline, later designated vitamin C (which,
as it happens, is not an amine). While scurvy deted sea fearers, it was endemic in the
land-bound, occurring widely wherever fruit and e&dples were in short supply (Padayatty
and Levine, 2001). Military campaigns from the sades to the Napoleonic Wars, the
American Civil War, and even World War | were stgghiby widespread and often fatal
scurvy among the troops. The anti-scorbutic prilegipdentified and named ascorbic acid
(vitamin C), in 1932, is a simple water-soluble @ulike molecule (Padayatty and Levine,

2001).

Jane Lind’s treatise on scurvy, first published1®73, reported the onset of the
disease in sailors after a month and a half atasehdescribed lassitude as its early and
invariable symptom (Padayatty and Levine, 2001)rlyE@xperiments, though perhaps
flawed, showed that the consumption of as littldd@sng of vitamin C a day would prevent
signs of clinical scurvy. Although minute amountsll worestall death, the optimum

requirements for good health are not known (Padiagaid Levine, 2001).

2.3.2 Mechanism of antioxidant effects

Vitamin C (chemical names: ascorbic acid and astejbis a six-carbon lactone
which is synthesized from glucose by many animialg synthesized in the liver in some

mammals and in the kidneys, in birds and reptilad#, not in humans and non-human
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primates and guinea pigs (Padayadtyal, 2003). Humans and primates lack the terminal
enzyme in the biosynthetic pathway of ascorbic ,acidulonolactone oxidase, because the
gene encoding for the enzyme has undergone sulastamitation so that no protein is

produced (Nishikimet al, 1994).

Vitamin C is an electron donor and, therefore, duotng agent. All known
physiological and biochemical actions of vitamira@ due to its action as an electron donor.
It donates two electrons from a double bond betwkersecond and the third carbons of the
6-carbon molecule (Padayatgt al, 2003). By donating its electrons, it preventseoth
compounds from being oxidized; hence vitamin Called an antioxidant. When vitamin C
donates electrons, it is itself oxidized and thecbns are lost sequentially. The species
formed after the loss of one electron is a freeceddsemi-dehydroascorbic acid or ascorbyl
radical (Padayattyet al, 2003). As compared to other free-radicals, asdoradical is
relatively stable with a half-life of T0seconds and is fairly reactive. Thus ascorbat is

good free-radical scavenger due to its chemicggmtees (Buettner and Moseley, 1993).
2.3.3 Physiological role of vitamin C

Vitamin C is a water-soluble micronutrient regairfor multiple biological functions.
It serves as a co-factor for several enzymes maatiog in the post-translational hydro-
translational hydroxylation of collagen, in the $yathesis of carnitine, in the conversion of
the neurotransmitter dopamine to norepinephrinepéptide amidation and in tyrosine

metabolism (Duarte and Lunec, 2005).

In addition, vitamin C is an important regulatdiron uptake. It reduces ferric (E¢
to ferrous (F&) ions, thus promoting dietary non-heme iron abSonpfrom the gastro-
intestinal tract, and stabilizes iron-binding pmos$e (Arrigoni and De Tullio, 2002). Most

animals are unable to synthesize vitamin C froncage, but humans, other primates, guinea
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pigs and fruit bats lack the last enzyme involvedhie synthesis of vitamin C (gulonolactone
oxidase) and so require the presence of the vitamtheir diet (Duarte and Lunec, 2005).

Therefore, deficiency or lack of vitamin C in dgtthese animals induces prolonged post-
translational modification of collagen that causearvy and eventually cell death/apoptosis

(Halliwel, 2001; Arrigoni and De Tullio, 2002).

In addition, vitamin C is a potent reducing agent scavenger of free-radicals in
biological systems (May, 1999; Duarte and Luned)3}0 Briefly, the mono-anion form
(ascorbate) is the predominant chemical speciephgsiological pH. Ascorbate readily
undergoes two consecutive, yet reversible onerelect oxidation to generate
dehydroascorbate (DHA) and an intermediate ascerbrae radical (Figure 2.3). These
properties make ascorbate an efficient electronod@am many biological redox reactions,
capable of replacing potentially and highly damggiradicals by the poorly reactive
ascorbate radical, where Asckepresents ascorbate, Asepresents the ascorbate free

radical and Xrepresents the oxidizing species (Figure 2.3):

AscH + X' —— »AsC + XH
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Figure 2.3 Redox metabolism of ascorbate (Harrison and May2009)

The oneelectron oxidation of ascorbate generates the batmifree radical with or
electron delocalized between three oxygen atomschwbn futher oxidation originat
dehydroascorbate (DHA). DHA is an unstable moleeuld can be decomposed or redu
back to ascorbate (Harrison and May, 2). Furthermore, vitamin C has the ability
recycle other important antioxidant molecules sastalph-tocopherol and glutathione fro
their respective radical species (Duarte and LuB@@5). Low levels of vitamin C have be
demonstrated in several conditions of increasedaxie stress such as cancer, diab
mellitus, smoking habits and some envmental toxicosis (Pilidoret a., 2001; Jaruga&t

al., 2002).

It is well known that reactive oxygen species cahas su-cellular messengers
several gene regulatory and signal transductiohwsats, so antioxidants are capable
activating certaingenes and signalling pathways by modulating the@xestate of the ce

(Allen and Tresini, 2000). In addition, the bindiagtivity of certain transcription factors

52



determined by the redox state of the cell. NFkB &fil are well-known mediators of
redox-responsive gene expression (Zkbal, 2001). Studies with some cultured cells have
shown that vitamin C can affect gene expressionthisdseems to be mediated by its redox
effects (Duarte and Lunec, 2005). Due to its prmlamt or antioxidant properties, it can
modulate nuclear binding of redox sensitive traipsion factors such as apoptotic factor 1

(AP-1) and NFkB (Duarte and Lunec, 2005).

Figure 2.4 below describes the proposed mechar$mstion of vitamin C. Briefly;
vitamin C enters cells as ascorbate directly thhougpdium-dependent transporter.
Alternatively, DHA generated in the extracellulgase upon oxidation of ascorbate by ROS
or by free metal ions is taken up through the ghectwansporters; and once inside the cells, it
is reduced back to vitamin C. The intracellulaamin C enrichment and the oxidation events
putatively generated during the vitamin C recyclirgm DHA have the potential to change
the cellular redox status. The hydrogen peroxidggHformed extracellular during the auto-
oxidation of vitamin C can modulate the bindingiatt of redox-sensitive transcription
factors, resulting in the activation of gene expi@s. The end-point effects are cell type-
specific and include the activation of stress respogenes, cell killing by apoptosis,
promotion of cell differentiation, cell proliferain and possibly DNA repair (Duarte and

Lunec, 2005).
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Figure 2.4: Proposed mechanisms of action of VitamiC in Mammalian cells (Duarte
and Lunec, 2005).
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2.4 Lead and Oxidative Stress

Lead is a ubiquitous element in the environmentsitay oxidative burst in the
exposed individuals and leading to tissue damadgmgfet al, 2004). It is supposed that
oxidative stress is one of the possible mechanisingead toxicities, and it is more
pronounced in the young than older subjects (Tamd@h, 2002; Aykin-Burnset al, 2003).
This phenomenon of lead-induced oxidative stress een reported recently by several

authors (Erdogast al, 2005; Penugondzt al, 2006).

Lead is known to produce oxidative stress in atsmand it is manifested as an
increase in lipid peroxidation in different tissuggh as liver, erythrocyte, brain, musdt
(Erdogaret al., 2005; Faixet al, 2005), and subacute exposure to lead in ratsdsasted in
increased oxidative stress markers such as thidbacbreactive substances (TBARS),
glutathione, reduced forms of glutathione and rédaocin specific activities of membrane
bound enzymes, acetylcholinesterase and monoamimase (Saxena and Flora, 2004;

Yedjou and Tchounwou, 2007).

It has been suggested that lead-induced oxidasitress might result from
accumulation of delta-aminolevulinic acid (ALA), @otential endogenous source of free
radicals (Nihei and Guilarte, 2001; Stoleski al, 2008), induced by inhibition of ALA
dehydratase by lead (Patrick, 2006). It can diyectteract with biological membranes to
induce lipid peroxidation, and can also induce eases in the activities of free radical
scavenging enzymes (Moreiet al, 2001; Aykin-Burnset al, 2003; Kasperczylet al,

2004).

Glutathione and glutathione-related enzymes suehglatathione reductase and
glutathione peroxidise are endogenous antioxidéwiisplay a role in the scavenging of free-

radicals. They contain sulfhydryl groups (-SH) loiot groups. Lead has been shown to have
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a high affinity for thiol groups and therefore, degses the levels of these compounds (Gurer

and Ercal, 2000) (Figure 2.5).

ALA + oxyhaegiobin

b

Kﬂ 5’\ ? 26b, Oy
Jv Glutathione reductase /‘tﬂhone peroxidase (Se)

Key: ALA = Delta aminolevulinic acid[]} = Reduatior elevation due to upregulation or
decreased availabilit&, = Reduction due to dikating to Pb, GSH = Reduced glutathione,
GSSG = Oxidized glutathione.

Figure 2.5: Effect of lead on glutathione metabolim (Patrick, 2006).

Lead-induced oxidative stress plays a significasie rin the regression phase of
hepatic hyperplasia with the generation of lipopate and other oxidants, and the induced
expression of cytokine mediators including tisseeratic factor (TNFe). These mediators
are associated with the significant decline inaoéllular adenosine triphosphate (ATP)
concentration observed in mouse hepatocyte cultaed in oxidative DNA damage and

apoptosis of hepatocytes (Milosevic and Maier, 20@0dipalli, 2007).
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A schematic diagram of lead-induced oxidative stress been described below.

Lead induced oxidative stress

Cell Membrane Genome Antioxidant System

-Interaction with polyunsaturated- Accumulated aminolevulinic - Inhibition of functional
fatty acid acid acts as alkylating agent sulfhydryl groups on enzymes:
and forms DNA adducts Superoxide dismutase,

- Fatty acid chain elongation

_ ~ glutathione, glutathione
-Interferance with Zn- binding

-Altered membrane enzymes peroxidise, peroxidase,

proteins in transcription

) glutathione reductase.
Altered solute transport complex

- Altered signal transduction - Depletion of glutathione

Figure 2.6: Modes of lead-mediated oxidative stregMudipalli, 2007)

Further evidence for lead-induced oxidative stkgas found in recent investigations
that buttress the fact that antioxidants were @bleverse lead-induced oxidative stress. The
involvement of ROS in lead toxicity and the useanfioxidant, N-acetylcysteine in treating
plumbism have been reported (Floea al, 2004). It has been demonstrated that this
antioxidant reversed lead-induced oxidative streasshuman carcinoma cells [HepG2]

(Yedjou and Tchounwou, 2007).

2.5 Nervous System and Oxidative Stress

Reactive oxygen species (ROS) are known to damlagelllar biomacramolecules

(lipids, sugars, proteins and polynucleotide), #md damage can lead to the generation of
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secondary products that can be deleterious to josliss the initial ROS. The central nervous
system is particularly vulnerable to oxidative ilhison account of the high rate of,O

utilization, the relatively poor concentrations aéssical antioxidants and related enzymes,
and the high content of polyunsaturated lipids [bh@macromolecules most susceptible to

oxidation] (Sayreet al, 2008).

The mitochondria are the main cellular organele®ived in cellular respiration. The
very high oxygen demand of the brain makes it richmitochondria. Mitochondrial
production of ROS initially arises as superoxideoanradical from the side reaction of
oxygen intercepting single electrons from the etecttransport chain (Sayet al, 2008).
Oxidative phosphorylation in mitochondria is thejonaource of ROS. In addition, there are
regionally high concentrations of redox-active siinon metals (copper and iron) capable of
the catalytic generation of ROS (Salazarak, 2006; Donnellyet al, 2007; Sayreet al,
2008). Therefore, oxidative stress is a commonhasm for neuro-related disorders,
where damage to neurones can reflect both an selieaoxidative processes and a decrease

in antioxidant defences.

To protect itself under normal physiological coratis, the inner membrane of
mitochondria incorporates a number of free-radsca@vengers and enzymatic ROS removal
systems. In certain pathological states, it is egatathat mitochondrial defences can become
compromised, due to either genetic mutations oinarease in radical production (Sawge
al., 2008). Evidence has indeed shown that mitochahderived oxidative stress is a
primary event associated with neuro-disorders (Maoest al, 2006). It is pertinent to
consider the major chemical consequences of unedeBOS production with respect to

damage inflicted to biomacromolecules.
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Oxidation of protein side-chains by ROS and re&ctiitrogen species (RNS) such as
peroxynitrite usually results either in introduetiof hydroxyl groups or in the generation of
protein-based carbonyls (Dalle-Doee al, 2005; Davies, 2005). A substantial fraction of
protein damage that occurs under conditions ofaikid stress may represent adduction of
secondary products of the oxidation of sugars, éerglycoxidation, or of the oxidation of

polyunsaturated lipids, termed lipoxidation (Sagtal, 2001).

Oxidative stress conditions and the occurrencerari br copper-mediated Fento-
chemistry also result in oxidative damage to nucéaids, in particular, ribose nucleic acid
(RNA). 8-Hydroxyguanosine (8-OHG) is a marker ofcleic acid oxidation commonly
observed in the cytoplasm of neurones (Homdlaal, 2005). Polyunsaturated lipids in
lipoproteins and membranes are also highly suddept oxidative damage. The availability
of a particularly weak bis-allylic C-H bond in polysaturated lipids allows for propagation
of a free-radical chain auto-oxidation process km@s lipid peroxidation, with alkylperoxy
radicals as chain carriers (Sayet al, 2008). If there is extensive membrane oxidation,
neurotoxicity could theoretically arise in part fitocompromises in membrane function,
affecting maintenance of membrane potential, syoagnalling,etc. Such compromise has

only been documented so far for mitochondria (Zétaal., 2005; Seret al, 2006).
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Experimental Animals

Fifty-three (53) adult Wistar rats of both seX@é males, 27 females) weighing
between 80-100 g were obtained from the Small Ahiex@perimental Unit of the Faculty of
Pharmaceutical Sciences, Ahmadu Bello UniversitgtiaZ The animals were kept in the
laboratory of the Department of Veterinary Physigiand Pharmacology, Ahmadu Bello
University, Zaria. They were allowed to acclimatipe at least two weeks in the laboratory
before the commencement of the experiment. The wat® fed on pellets made from
growers’ mash (Vital Feeds, Jos), maize bran andrginut cake at a ratio of 4:2:1. (Feed
proximate composition: Moisture = 7.83, crude pirote 16.03, crude fibre = 14.07, lipid =
2.05, ash = 10.52, NFE = 49.50, calcium = 2.15,sphorus = 0.47). Feed and water were

providedad libitum.

3.2 Chemical Acquisition and Preparations

Lead acetate (May & Baker Ltd., Dagenham, Engl&atiNo. 62984) was purchased
from a reputable scientific store in Zaria. It wagpared by reconstitution in distilled water
to make 10 % stock solution. Ascorbic acid (Aldrichemical Co. Ltd., Gillingham Dorset,
England. Cat. No. 25,556-4) was also obtained ftoensame scientific store in Zaria. Prior
to its daily use, the ascorbic acid granules weeggled and a 10 % solution was prepared
with distilled water. All other chemicals and reatgeused for laboratory analysis were of

analytical grade and obtained from reliable chehstzes.
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3.3 Determination of Median Lethal Dose (L)

Thirteen (13) adult Wistar rats of both sexesemased for this phase of the study.
The median lethal dose (lsB) of lead acetate was evaluated using the methododée
(1983). Briefly, the evaluation was carried outwo stages. In the first stage, nine rats were
divided into three groups of three animals eachs Ragroup | were administered with lead
acetate at 1000 mg/kg orally, while those in grolignd Il were given 2,000 mg/kg and
3,000 mg/kg orally of the same lead acetate, résjede The animals were observed for
death over a period of 48 hours. Based on thetrebtdined, the second stage of the test was
conducted as follows: Three rats individually cageid numbered I, Il and Il were
administered the reconstituted lead acetate asa db4,000 mg/kg, 4,500 mg/kg and 5,000
mg/kg, respectively. LE) was then determined based on the dose-responsg¢h)das

described by Lorke (1983).

3.4  Sub-chronic Toxicological Study

Forty adult (40 ) Wistar rats of both sexes (28les, 20 females), weighing between
90-110 g were used for this study. The rats wenglveel and then divided into four groups
of 10 rats each, comprising 5 males and 5 fem&ass in group | administered with equal
volumes of distilled water (0.4 ml) served as tlemtml group. Rats in group Il were
administered with lead acetate only (250 mg/kg)doae equivalent to 1/20of the LDx.
Those in group Il were treated with 100 mg/kg starbic acid, while the group IV animals
were pre-treated with ascorbic acid at a dose 0frh§/kg and lead acetate (250 mg/kg). The
administration was done for each rat once dailyafperiod of six weeks, orally. During this
period, signs of toxicity and death were recordadaddition, the effect of the treatment on
body weight changes in the rats was evaluated bhghivey each animal weekly, using a
digital weighing balance (Acculab EC-2100, Accufsdrtorius Group, Weender Landstrasse

94-108, 37075, Goettingen, Germany). Furthermorepesiodic evaluation of some
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neurobehavioural parameters was conducted on thdraan each group. Also at the end of
the experiment, the cognitive ability of the ratasnassessed. The rats were examined based
on their performances.
3.5  Evaluation of the effect of sub-chronic admirstration of lead acetate, ascorbic
acid and lead acetate + ascorbic acid on:
3.5.1 Neurobehavioural changes
a. Open-field assessment
The open-field apparatus (Appendix XIV) as ddsaxuliby Zhuwet al (2001) was used
to evaluate open-field activities of rats exposepgeatedly to all the treatments. The open-
field activities were examined on each animal Irtked groups prior to the commencement of
the study (day 0) and subsequently on day 2, ambdfter on a weekly basis for the rest of
the test period. The open-field apparatus was oaeted using cardboard box (50 x 50 x 46
cm high) with a clear plexiglass on the inner stefalhe floor of the box was divided into 25
equal squares. The parameters analysed in thefmgbeérapparatus included motor activity
(locomotor activity) and anxiety, evaluated basedlee frequency of rearing, stretch-attend
posture, urination and defaecation. All the opetdfiparameters were assessed at 07:00-

10:00 h (GMT +1) on each examination day.

In general, motor activity was assessed by ptp@in animal in the box and then
allowing it to walk freely for 3 minutes for famaliity with the environment. Then, the
number of squares crossed with all the paws duhiegiext two minutes was recorded. The
same pattern of examination was done for the etialuaf rearing (Zhwet al 2001). Soapy
water followed by 90 % alcohol solution was usedckean the inner surface of the box

between trials to remove the interfering odoursbgfthe previous animal.
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b. Neuromuscular coordination

The effects of lead acetate and ascorbic acichemomuscular coordination were
evaluated based on the performance of the ratsxdmed plane as described by Petrich
(2006), with slight modifications. Briefly, eachtmas evaluated by placing on an inclined
plane apparatus made with an inclined rough woqdimk with thick foam pad at its bottom
end (Appendix XV). The plank was first raised to iclination of 35, and thereafter
increased step-wise by Gntil the subject could no longer stay horizowtalh the plank for 3
s without sliding down. Angles were measured andkethon the apparatus before hand, and
the angle was obtained by propping the plank oaranith several notches that caught on a
vertical bar. The test was performed with the hefthe rat facing left and then right hand
side of the experimenter. The highest angle at kvbech rat stayed and stood horizontally
and facing each direction was recorded. Two tnagse performed for each testing period
(Petrich, 2006). This procedure was carried outach animal in all the groups on day O,

weeks 2, 4 and 6 of the study.

c. Level of excitability
This neurobehavioural parameter was evaluatedsbgssing the sensorimotor reflex
using the excitability score as described by Matiaal (2004) and Aycet al, (2006) as
modified by Ambali (2009). Briefly, each rat wasldéy the tail upside down and held in
that position for 60 seconds (Appendix XVI). Respoiof each rat was then scored using an

ordinal scale of 1-5 as follows:

Grade 1- The wriggling of rat was low and also sedveeble fore-paw movement.

Grade 2- Rat responded through a stronger wriggihhfore-paw movement.

Grade 3- Rat vigorously wriggled and exhibitedrarsg fore- and hind-limb movement.
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Grade 4- In addition to the observations in gradé@8ve, rat made unsuccessful attempt to

climb on its tail.

Grade 5- In addition to the observations in gradd@ve, rat successfully climbed the tip of

its tail.

d. Learning

The effect of lead on learning task in rats ane possible ameliorative effect of
antioxidant vitamin (ascorbic acid) were assess&da@urs to the termination of the study
using the step-down inhibitory avoidance learnegktas described by Zletial (2001). The
apparatus (Appendix XVII) used for the learning teas a 40 x 25 x 25 cm acrylic chamber,
consisting of a floor made of parallel 2-mm calilstainless steel bars spaced 1cm apart. An
electric shock was administered through the floamsbA 2.5-cm-high, 8 x 25 cm wooden
platform was placed on the left extreme of the dmxmEach animal was gently placed on
the platform. Upon stepping down, the rat immedyateceived a single 80-volt foot-shock.
If the animal did not return to the platform, tlmotf-shock was repeated every 5 seconds. A
rat was considered to have learned the avoidaskeifat remained on the platform for more
than 2 minutes. The number of foot-shocks appliefdie the animal learned the avoidance

task was recorded as an index of learning acqusiti

e. Short-term memory
Short-term memory was assessed in individual @nhfeach group using the step-
down avoidance inhibitory task as described by hal (2001). The apparatus (Appendix
XVII) used for the memory test consisted of 40 x X225 cm acrylic chamber with floor
made of parallel 2-mme-calibre stainless steel Bpexced 1 cm apart. A 2.5-cm-high, 8 x 25
cm wooden platform was placed on the left extremth® chamber. In this case, the rat was

again placed gently on the platform 24 hours gieggforming the learning task. The time an
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animal remained on the platform was recorded aisi@ax of memory retention. Staying on

the platform for 2 minutes was counted as maximwmuory retention (ceiling response).

3.5.2 Haematology

At the end of the test period, rats from each gragpe sacrificed by decapitation
after light ether anaesthesia. Blood (2.5 ml) viestcollected into sample bottles containing
ethylenediaminetetraacetic acid (EDTA) at the raticc:1. Another blood sample (2.5 ml)
was collected from the rats into test-tubes armladt to stand for 60 minutes. The test-tubes
were then centrifuged at 1000 x g for 10 minutdseréafter, the serum was collected from
each test-tube into a clean sample tubes, whichswhsequently used for the evaluation of
serum biochemical parameters. The haematologicanpeters analysed were packed cell
volume (PCV), erythrocyte count, haemoglobin cotrcgion and absolute and differential
leucocyte counts. The PCV, erythrocyte count, dreddbsolute and differential leucocyte
counts were taken using the method described bje@ad Lewis (1991). The haemoglobin
concentration was determined using the cyanmethgleinio method as described by Baker

and Silverton (1985).

a. Packed cell volume

Heparinised capillary tubes (John Poulten Limitedgland) were inserted into the
blood-containing sample bottles, leaving about 1B af the tubes unfilled. The open end of
each of the tubes was then carefully sealed ineaffame. The tubes were then loaded onto a
micro-haematocrit centrifuge (Hawksley, England)d arentrifuged at 1000 x g for 10
minutes. The PCV value for each of the tube wagl resing the haematocrit reader

(Hawksley, England).
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b. Haemoglobin concentration
20 puL of blood obtained from each rat was drassimg a pipette into a tube and then
diluted with 5 ml of modified Drabkin’s fluid andlawed to stand for at least 3 minutes. The
absorbance of the mixture was read using a spduitometer (Beckman Coulter, Model
BU520, Austria) at a wavelength of 540 nm agairesagent blank. The haemoglobin

concentration was determined using the followingnfala:

Hb =T x C x D/A x 1000 (g/dL) (1)

Where T is the test absorbance, A is the standbsdrhance, C is the concentration of
cyanmethaemoglobin standard (mg/dL), while D isdhetion factor (1:250); 1000 converts

the Hb concentration from mg/dl to g/dL.

c. Total erythrocyte count
0.5 ml of blood was sucked into erythrocyte pipeind then diluted with 100 ml of
RBC diluting fluid (1:200). The counting was domea Neubaeur counting chamber under a

light microscope at x 40 magnification.

d. Absolute and differential leucocyte count
A drop of blood was placed on one end of a gilisle (UNISCOPE, England) and,
using a spreader, a blood film was made and allowweair-dry. Leishman stain was then
poured to cover the film for 2 minutes. The filmsmMhen rinsed in buffered distilled water
and allowed to stand for 10 minutes. The film water viewed under a microscope in an oil

immersion at x 1,000 magnification.

e. Invitro erythrocyte osmotic fragility
Osmotic fragility of the erythrocytas vitro was determined by measuring the release

of haemoglobin from blood added to test-tubes dnimg serially diluted phosphate-buffered
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saline using the modified method of Oyewateal (1991). In summary, a 1 % solution was
made from a 10 % buffered sodium chloride (NaGbcktsolution. A set of six test-tubes
was used and each tube contained 5 ml of buffess@l Nolution with concentrations of 0.9,
0.7, 0.5, 0.3, 0.1 and 0.0, respectively. 20 plLblmod obtained from each animal was
carefully added to each labelled tube. One seh®fsix test tubes was used to analyze each

blood sample.

The tubes were gently mixed by inversion five tmé&hey were allowed to stand for
30 minutes at room temperature and then centrifage2D00 x g for 10 minutes. 3.5 ml of
the supernatant was aspirated into a glass cusetiethe optical density was read at the
wavelength of 540 nm using a spectrophotometer ofpac-20, Phillip Harris Limited,
Shenstone, England) with distilled water as a hlahke percent (%) haemolysis was

calculated according to the equation of Faulknerkimg (1970), as follows:

OD of test/OD of standard x 100 = percent (%) hdgsms (2)

Where OD = optical density. OD of distilled waterged as the standard.

A cumulative osmaotic fragility curve; that is getfragiligram was obtained by plotting

percent (%) haemolysis against the saline condemisa(Oyewaleet al.,1991).

3.5.3 Serum biochemical tests

a. AST, ALT, LDH, CK, total protein, albumin and globu lin

The serum levels of aspartate aminotransferaserl)A&8lanine aminotransferase
(ALT), lactate dehydrogenase (LDH) and creatineken(CK), and total protein and albumin
concentration were determined in the serum using#oanalyzer (Bayer Express Plus,
Bayer, Germany, S/No: 15950). The serum globulrellevas obtained by subtracting the
albumin from the total protein value.
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b. Alkaline phosphatase

The levels of serum alkaline phosphatase was me@dsiging the method described
by King and Armstrong (1934). The principle of tteaction is based on the fact that phenol
released by enzymatic hydrolysis from phenol phasplat pH 10.0 reacts with alkaline
oxidizing agent, 4-aminophenozone to give a redouwml the intensity of which is

proportionate to enzymatic activity.

c. Urea

Urea was analyzed using the method of Natett@h (1951), modified by Marsht
al. (1965). The principle is based on the fact thhemvurea is heated in strongly acidic
conditions with substances such as diacetyd@PCOCH; containing two adjacent carbonyl
groups or its monoxime, yellow condensation compiguare formed. The reaction is
intensified by the presence of polyvalent ions sasHerric ions, and then red compound is
formed. The intensity of the red complex is propordl to the concentration of urea in the

sample.

d. Creatinine

Serum creatinine was analysed by the Jaffe'sisra@Miller and Miller, 1951). The
principle is based on the fact that creatinine gi@aed colour with alkaline solution of picric
acid. The red colour is measured in the presene@ehofih background (yellow colour). The

intensity of the colour formed is proportional keetconcentration of the creatinine.
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e. Uric acid

Uric acid was determined by the method of Cara{@®pb5). The principle is that
phosphotungstic acid is reduced by uric acid inghesence of sodium carbonate to give a

blue complex, which is measured colorimetricallygiee a blue complex.

f. Malondialdehyde concentration

The level of thiobarbituric acid reactive subsnmalondialdehyde (MDA) as an
index of lipid peroxidation was evaluated in theibrsample using the double-heating
method of Draper and Hadley (1990) as modified byuzet al. (2004). The principle of the
method is based on spectrophotometric measurerhéim colour developed during reaction
of thiobarbituric acid (TBA) with MDA. Briefly, thesample tissues from each animal was
weighed and homogenized in a known volume of idd-pbosphate buffer to obtain a 10 %
homogenate, which was centrifuged at 6,000 x glfbminutes to obtain the supernatant.
The supernatant was used to assess the level tdirprand MDA in the sample. The
assessment of MDA concentration in the supernatastevaluated, thus: 2.5 ml of 100 g/L
trichloroacetic solution was added to 0.5 ml suptant of the sample homogenates and
placed in a boiling water-bath for 15 minutes. Thigture was then centrifuged at 1000 x g
for 10 minutes. 2 ml of the resultant supernataas wdded to 1 ml of 6.7 g/L TBA in a test-
tube and placed in a boiling water (100°C) bath X6rminutes. The solutions were then
cooled under tap water and the absorbance meassmgl a UV/visible spectrophotometer
(Ultrospec 4000, Pharmacia Biotech) at 532 nm. @tvecentration of MDA in the tissue
sample was calculated by the absorbance coeffiadtnMDA-TBA complex- 1.56 x
10°/cm/M and expressed as nmol/mg of protein. Theefimatontent of the supernatant was

determined using the Biuret method.
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3.5.4 Hormonal assay

Thyroid function was assessed in the test groupmésgsuring the concentration of
total serum trilodothyronine gJ, thyroxine (T;) and thyrotrophin (TSH) using diagnostic kits
(Fortress Diagnostics Limited, Unit 2C, Antrim Tectogy Park, Antrim BT41 1QS, UK;
Revised October, 2007). The principle of the and T, tests is based on a competitive
enzyme immunoassay. The essential reagents requmeda solid-phase enzyme
immunoassay include immobilised antibody, enzymggan conjugate and native antigen.
Upon mixing immobilised antibody, enzyme-antigemjogate and a serum containing the
native antigen, a competition reaction results ketwthe native antigen and the enzyme
antigen conjugate for a limited number of insolideitl binding sites. After equilibrium is
attained, the antibody-bound fraction is separ&tech unbound antigen by aspiration. The
enzyme activity in the antibody-bound fractionnsersely proportional to the native antigen
concentration. The sltest system procedure has a sensitivity of 0.04nlhgvhile the T,
procedure has a sensitivity of 1Q@, which is equivalent to a sample containing a

concentration of 0.4 pg/dl.

The essential reagents used for the TSH assaydadt high affinity and specificity
antibodies (enzyme conjugated and immobilised),hwaifferent and distinct epitope
recognition, in excess and native antigen. In giscedure, the immobilization took place
during the assay at the surface of a microplaté thedbugh the interaction of streptavidin
coated on the well and exogenously added biotieglatonoclonal anti-TSH antibody. Upon
mixing the monoclonal biotinylated antibody, thezeme-labelled antibody and a serum
containing the native antigen, a reaction resulbetween the native antigen and the
antibodies without competition or steric hindrartceform a soluble sandwich complex.
Simultaneously, the complex was deposited to thié ttmeugh the high affinity reaction of

streptavidin and biotinylated antibody. After edailum was attained, the antibody-bound
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fraction was separated from unbound antigen by rdatian. The enzyme activity in the
antibody-bound fraction was directly proportionalthe native antigen concentration. The
Fortress TSH microplate Elisa test system had aiteaty of 0.078 plU/ml for one-hour

incubation and 0.027 plU/ml for two-hour incubation

a. Total serum triiodothyronine concentration

Before the assay was carried out, all reagentsyynseaeferences and controls
(provided in the kit) were brought to room temperat(20-27°C). Briefly, 50 pl of the
appropriate serum reference, control or specimes dvawn into a pipette in the assigned
well. Thereafter, 100 ul of a working reagent A;éhzyme conjugate solution were added to
all the wells. The micro plate was then swirledtyefor about 20-30 seconds to aid mixing
and incubated for 60 minutes at room temperatutee Gontent of the microplate was
decanted by aspiration. 300 ul of wash buffer waded, decanted by aspiration and another
300 pl added. This process of washing was repéhatiee. A working signal reagent solution
of about 100 ul was added to all the wells andlated at room temperature for 15 minutes.
50 pl of a stop solution was added to each well gertly mixed for 15-20 seconds. The
absorbance (Beckman Coulter Spectrophotometer, ZBUB//visible) in each well was read
at the wavelength of 450 nm (using a reference {eagth of 620-630 nm to minimize well

imperfections) in a microplate reader.

b. Total serum thyroxine concentration
Before proceeding with this assay, the microplatdisvfor each serum reference
control and specimen to be assayed were formatteduplicate. Briefly, 25 pl of the
appropriate serum reference, control or specimes pigette into the assigned well.
Thereafter, 100 pl of working reagent A,-@hzyme conjugate solution was added to all the

wells. The micro-plate was then incubated for 6@utes at room temperature. The contents
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of the micro-plate were discarded by aspirationpgi® vacuum aspirator. 300 pl of wash
buffer was added to the wells, aspirated and thehwauffer added again. This washing
process was repeated two more times. 100 ul of mgrubstrate solution was added to all
the wells and incubated at room temperature famirutes. After this, 50 ul of stop solution

was added to each well and gently mixed for 15-@6osds. The absorbance (Beckman
Coulter Spectrophotometer, DU 520 UV/visible) ircleavell was read at the wavelength of
450 nm (using a reference wavelength of 620-630taminimize well imperfections) in a

microplate reader. The results were read withimit@utes of adding the stop solution.

c. Serum thyrotropin (thyroid stimulating hormone) concentration

Before proceeding with this assay, all reagentsjnseaeferences and controls were
brought to room temperature (20-27°C). The testgulare for TSH involved pipetting 50 pl
of the appropriate serum reference, control orisp&e into the assigned well. 100 pl of the
TSH enzyme reagent was added to each well. Theoptate was swirled gently for 20-30
seconds to mix, and then incubated for 2 hoursoamrtemperature. The contents of the
microplate were then discarded by decantationappitg and blotting of the plate dry with
an adsorbent paper. About 300 pl of wash buffer adaied to the wells, then decanted (tap
and blot). This washing was repeated two more timdd®r washing, 100 pl of working
substrate solution was added to all the wells, medbated at room temperature for 15
minutes. The reaction was stopped by adding 5G plstop solution to each well and mixed
gently for 15-20 seconds. The absorbance (Beckmauit€® Spectrophotometer, DU 520
UV/visible) in each well was read at the wavelengftd50 nm (using a reference wavelength
of 620-630 nm to minimize well imperfections) inracroplate reader. The absorbance was

read within 30 minutes of adding the stop solution.
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3.5.5 Gross and histopathologic examination

Each of the experimental animals was examined fgible lesions in the various
organs (brain, liver, kidney and thyroid gland) aady lesion observed was recorded.
Thereafter, about 2 g of the individual tissue wWesected out and placed in sample bottles
containing 10 % formalin. The tissues were proag$sstologically using haematoxylin and
eosin (H & E) staining (Luna, 1960). Tissue thickmavas set at 8 um. The slides were
prepared and examined under a light microscopéfateht magnificationsx 40,x 100 and
x 400) for any tissue changes. Pictures of the slidere taken after optical focus using a

digital camera (Casio®, EX-Z80, 8.1 MP, S/N 443148,1China).

3.6 Statistical analysis

The cumulative means were obtained by summatfovalues obtained during the
individual study period and computing the averagalues were obtained as mean + SEM.
One-way analysis of variance (ANOVA) with Duncamslltiple range comparison post-hoc
tests using the SAT system software (San Diego, California, USA) wasdito compare the
differences between the test groups and thoseeirdhtrol treated with only distilled water.

Values of P < 0.05 were considered significant.
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CHAPTER FOUR

4.0 RESULTS

4.1  Mean Lethal Dose (L)

All the three Wistar rats from each of the thgeeups dosed at the phase | with lead
acetate at 1000 mg/kg, 2000 mg/kg and 3000 mg/kgved. The result obtained in phase I
from the three groups of one animal each is presemt Table 4.1. Clinical signs observed
include: weakness, inappetance, gasping, weiglt (effer 24 hours), depression, rapid

breathing and death.

Based on the method of Lorke (1983), the resulthef LD;p = 4500 + 5500/2 =

10000/2 = 5000 mg/kg (Table 4.1)

4.2 Sub-chronic Toxicological Studies

4.2.1 Clinical signs

There were no apparent clinical signs observedhé control animals and those

treated with lead acetate, ascorbic acid, and4eastorbic acid.
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Table 4.1: Summary of results from phase |l median lethakd@®so) evaluation

Group Dose (mg/kg) No. dead/No. dosed
1 4 000 0/1
2 4 500 0/1
3 5500 1/1
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4.2.2 Effect of sub-chronic administration of lead ascorbic acid and lead + ascorbic

acid on body weight

The effect of the various treatments on body wegghn of the animals is presented
in Figure 4.1. There was no significant (P > 0.@&erence in the cumulative weight gain of

Wistar rats across the treatment groups.

4.2.3 Effect of sub-chronic administration of lead ascorbic acid and lead + ascorbic

acid on neuro-behavioural changes
a. Locomotor activity

The general pattern of the locomotor activitytloé animals exposed to the different
treatment groups is shown in Figure 4.2. There avpsogressive decrease in the number of
squares crossed by the Wistar rats in all the grodpthe end of the examination (week 6),
the ascorbic acid-treated group (4.38 + 2.55) Head Highest number of squares crossed
compared to values obtained in the lead-treategD(2.1.42), lead + ascorbic acid (1.29 +
1.13) and the control (1.10 + 0.90) groups. Thedees were, however, not significantly (P >
0.05) different from one another. The mean valuesumulative locomotor activity across
the groups were also not different (P > 0.05). [Hagl-treated group (7.27 £ 1.08) had higher
number of squares crossed than the control groud (6 2.11). The lead + ascorbic acid-
treated group (3.62 + 1.39) crossed lesser numbgguares than the control (6.65 + 2.11),
lead (7.27 £ 1.08) and ascorbic acid-treated (&33.03) groups. Thus, rats treated with

ascorbic acid (8.31 + 3.03) crossed the highestaunrof squares (Figure 4.3).

b. Frequency of rearing

As presented in Figure 4.4, the general patterthef mean frequency of rearing
across the treatment groups was that of a progeesisicrease throughout the study period.
On day 2 of the period, the mean frequency of ngaobtained in the lead-treated rats (10.90

+ 3.14) was significantly (P < 0.05) higher thaatthecorded in lead + ascorbic acid-treated
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rats (3.20 £ 1.36). At week 1, there was no sigaiit (P > 0.05) difference in the mean
frequency of rearing across the groups. Howevevesk 2, the ascorbic acid-treated group
(7.56 + 2.33) had a significantly (P < 0.05) higlneean frequency of rearing than those of
the control (2.60 = 1.06), lead (2.30 £ 0.83) aedd + ascorbic acid-treated (2.70 + 1.51)
groups. At week 3, there was no significant (P 65D difference in the frequency of rearing
between the groups. However at week 6, a signifigai? < 0.05) higher increase was
observed in the mean frequency of rearing of tlverasc acid-treated rats (2.50 + 0.87) than
that of the lead-treated rats (0.70 = 0.21). Altflothe lead-treated group (0.70 £ 0.21) had a
lower mean frequency of rearing than the contral@x 0.52) and the lead + ascorbic acid-
treated groups (1.14 = 0.40), this decrease wasignificant (P > 0.05). Although there was
no significant (P > 0.05) difference in the cummatfrequency of rearing between the
groups, a lower decrease was observed in the teatketl group (5.00 + 0.74) than those of
the control (5.52 + 1.44) and ascorbic acid-treg@83 + 1.74) groups. The cumulative
frequency of rearing in the lead + ascorbic acmlgr(4.72 + 0.91) was lower than the value
obtained in the lead-treated group (5.00 + 0.749uie 4.5), but the difference in the values

was insignificant (P > 0.05).

c. Stretch-attend postures

A decrease in the number of stretch-attend postwessobserved in all the groups
throughout the experimental period (Figure 4.6)e Tamulative frequency (0.33 £ 0.08) of
stretch-attend postures in the lead + ascorbic-taeated group decreased (P < 0.05)
significantly compared with the lead-treated grq@@B2 + 0.18). The lead-treated group
(0.82 £ 0.18), however, had a higher (P < 0.05) wative frequency of stretch-attend
postures than the control (0.71 + 0.14) and thdsthe ascorbic acid-treated (0.67 + 0.13)

groups (Figure 4.7).
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Figure 4.1: Effect of sub-chronic administration oflow-dose lead acetate on body weight of control £40) and experimental (n=10)
Wistar rats. AA = Ascorbic acid. ® = Values with the same superscript alphabets areon significantly (P > 0.05) different.
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Figure 4.2: Changes in locomotor activity followingexposure to repeated low-dose lead in Wistar rats. = 10, AA = Ascorbic acid.
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Figure 4.3: Changes in the mean cumulative locomatactivity of Wistar rats exposed to repeated low-dse lead and treated with
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Figure 4.4: Mean changes in the frequency of reargnin Wistar rats repeatedly exposed to low-dose Idaand treated with ascorbic acid.
n = 10, AA = Ascorbic acid.
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Figure 4.5: Changes in the mean cumulative frequegaof rearing in Wistar rats following exposure to bw-dose lead and treatment with
ascorbic acid.? = Values with the same superscript alphabet are nsignificantly (P > 0.05) different. n = 10, AA =Ascorbic acid.
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Figure 4.6: Changes in the number of stretch-attengostures in Wistar rats repeatedly exposed to lowlose lead and treated with
ascorbic acid. n = 10, AA = Ascorbic acid.

83



1.2+

0.8 -
= 0.6 -
n
0.4 -
N l
0 .

Control Lead Lead + AA

Cumulative frequency of stretch-attend postures

Treatment groups

Figure 4.7: Changes in the mean cumulative numberftretch-attend postures of control (n = 10) and>gperimental (n = 10)
Wistar rats following exposure to repeated low-das lead and treatment with ascorbic acid. n = 10, AA Ascorbic acid.® ° =
Values with different superscript alphabets are gjnificantly (P < 0.05) different.
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d. Defaecation

The Wistar rats in all the experimental group®vedd an increased pattern of
defaecation from day 2 of the examination to we€kidure 4.8). At week 1, the increases in
the mean frequency of defaecation in the leadddtegtroup (4.50 = 0.52) and the lead +
ascorbic acid group (5.10 £ 0.85) were higher (®.0%) than that recorded in ascorbic acid-
treated group (2.20 + 0.51). The increases wergelier, not significantly (P > 0.05)
different from that of the control group (4.10 +78). Although a similar pattern was
observed at week 2, all the values were lower thase obtained in week 1. The values
recorded at weeks 3 and 6 were not significantly 05) different from one another. The
cumulative frequency of defaecation in the leadtd group (4.02 + 0.24) was higher than
that of the control group (3.22 + 0.37). Rats iae #scorbic acid group (2.60 + 0.41) showed a
significantly (P < 0.05) lower cumulative frequenaf/ defaecation than those in the lead
(4.02 £ 0.24) and lead + ascorbic acid-treated3(4£4.54) groups. A slight increase in the
cumulative frequency was observed in the lead #rascacid group (4.43 + 0.54), compared

with the lead-treated group (4.02 £ 0.24) (Figu® 4

e. Urination

The general pattern of changes in the frequencyriofation in the experimental
animals is presented in Figure 4.10. There wasigmficant (P > 0.05) difference in the
mean frequency of urination in all the treatmermugs on days 0 and 2 of the experimental
period. At week 1, the frequency of urination ie tead + ascorbic acid-treated group (1.30 £
0.34) was significantly (P < 0.05) higher than #ao$ the control (0.40 £ 0.22), lead (0.50 £
0.17) and ascorbic acid (0.50 £ 0.17) groups. Téguency of urination was not significantly
(P > 0.05) different at weeks 2, 3 and 6 in alltileatment groups. The lead-treated rats (0.47
+ 0.12) had a higher cumulative frequency of urorathan rats in the control (0.37 + 0.12)
and the ascorbic acid-treated (0.35 + 0.09) grodpsvever, rats treated with lead + ascorbic
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acid (0.55 £ 0.07) had a higher cumulative freqyethan the lead-treated rats (0.47 + 0.12)

(Figure 4.11).
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Figure 4.8: Effect of repeated exposure to low-dodead on the frequency of defaecation in Wistar rat treated with ascorbic
acid. n = 10, AA = Ascorbic acid.
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Figure 4.9: Changes in the mean cumulative frequegoof defaecation in Wistar rats following exposurdo low-dose lead and
treatment with ascorbic acid.® ® °= Values with different superscript alphabets aresignificantly (P < 0.05) different. n = 10,
AA = Ascorbic acid.
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Figure 4.10: Effect of repeated exposure to low-deslead on the frequency of urination in Wistar ratstreated with ascorbic
acid. n = 10, AA = Ascorbic acid.

89



0.7

0.6

0.5 -
0.4
0.3
0.2
0.1
0 -

Control Lead Lead + AA

Cumulative frequency of urination/5 minutes &
SEM)

Treatment groups

Figure 4.11: Changes in the mean cumulative frequey of urination in Wistar rats following exposure © low-dose lead and
treatment with ascorbic acid.? = Values with the same superscript alphabet are naignificantly (P > 0.05) different. n = 10,
AA = Ascorbic acid.
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f. Neuromuscular co-ordination

There was a steady increase in the inclined plam®mnance of Wistar rats in the
treatment groups throughout the duration of thememation (Figure 4.12). At week 1,
animals in the ascorbic acid (52.00 = 0.82°) arel ld#ad + ascorbic acid-treated (52.50 +
0.83°) groups had a significantly (P < 0.05) lowaagle of inclination than the lead-treated
(55.00 = 1.29°) and control (55.00 + 1.67°) groups.week 2, a significant (P < 0.05)
decrease was obtained in the inclined angle ofctmrol group (54.00 = 1.25°) compared
with those of the lead (57.50 = 2.01°), ascorbiic 466.00 + 1.25°) and the lead + ascorbic
acid-treated groups (56.50 + 1.07°). No significdRt > 0.05) difference between the
treatment groups was observed at week 3. Howevareek 4, rats in the lead-treated group
(54.00 £ 2.21°) had a significantly (P < 0.05) levirclined plane performance than those in
the lead + ascorbic acid-treated group (55.50 0.9 here was a lower cumulative inclined
plane performance in the lead-treated group (56.51.0°) compared with that of the control
animals (57.00 £ 0.73°), but the difference wassignificant (P > 0.05). Also at week 4, the
lead + ascorbic acid-treated group (55.13 + 0.548) a lower inclined performance
compared with the lead-treated group (56.50 = 1.XDA the overall, there was no significant
(P > 0.05) difference in the inclined plane perfance of Wistar rats across the groups

(Figure 4.13).

g. Level of excitability

The excitability of the experimental animals pragigely increased with the duration
of the experiment (Figure 4.14). There was no figgnt (P > 0.05) difference in the
excitability scores of Wistar rats in all the tmeant groups from day 2 of the study period to
week 6. The difference in the cumulative excitépiticores between the groups was also not

significant (P > 0.05) (Figure 4.15).
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Figure 4.12: Mean changes in the neuromuscular codination of rats repeatedly exposed to low-dose ldaand treatment with
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Figure 4.13: Mean cumulative changes in the inclirceplane performance of Wistar rats following repea¢d exposure to low-dose
lead and treatment with ascorbic acid. n = 10, AA Ascorbic acid.® = Values with the same superscript alphabets areon
significantly (P > 0.05) different.
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h. Learning

A significant difference (P < 0.05) was observedeiarning between the groups. The
number of foot-shocks applied to the rats in treelireated group (2.80 + 0.33) was higher
compared to that applied to those in the controligr(1.20 + 0.13) and the lead + ascorbic
acid-treated group (1.71 £ 0.29) (Figure 4.16)haiigh the number of foot-shocks applied to
the females (2.00 = 0.0; group Ill) was higher thiaat in the males (1.50 + 0.5; group IlI),
the difference in the values was not significant(@.05) (Figure 4.17).

i. Short-term memory
There was no significant difference (P > 0.05)ha short-term memory between the

groups and sexes. However, a slight decrease vss\vaal in the time spent on the platform
in the lead - treated rats, and the value obtafA&d’0 + 14.33 s) was lower than those in the
control (104.00 + 8.58 s), ascorbic acid-treatéd¥ (26 + 8.27 s) and the lead + ascorbic acid-
treated (94.71 + 15.32 s) groups (Figure 4.18). Miages (120.00 £ 0.00 s) spent more (P <
0.05) time on the platform than the females indbetrol group (88.00 + 14.25 s) (Figure 4.

19).

4.2.4 Effect of sub-chronic administration of lead ascorbic acid and lead + ascorbic

acid on haematological parameters

a. Packed cell volume

There was a significant (P < 0.05) decrease irpte&ed cell volume of rats in the
lead-treated group (44.03 + 1.08 %) compared wighvialues obtained in rats in the control
(47.54 = 1.02 %), ascorbic acid (49.10 = 1.09 %) ad + ascorbic acid (47.70 + 1.35 %)

groups (Figure 4.20).
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b. Haemoglobin concentration

There was a significant difference (P < 0.05) leetw the haemoglobin values
obtained in lead-treated (13.13 £ 0.35 g/dL), cnintt4.35 + 0.21 g/dL) and ascorbic acid-
treated (14.55 £ 0.26 g/dL) groups. However, thenmaglobin values obtained in the lead-
treated (13.13 £ 0.35 g/dL) and lead + ascorbid-&reiated (13.66 £ 0.25 g/dL) groups were

not significantly (P > 0.05) different (Figure 4)25

c. Total erythrocyte count

A significant (P < 0.05) decrease was observddertotal erythrocyte value of the
lead-treated rats (7.37 + 0.17 x*40) compared with values obtained in control (8#3.18
x 10"/L) and the lead + ascorbic acid-treated rats (83D.30 x 16%L). The total
erythrocyte values obtained in ascorbic acid-tebg@41 + 0.23 x 1/L) and lead +

ascorbic acid - treated (8.32 + 0.30 X0 rats did not differ (P > 0.05) (Figure 4.21).

d. Absolute and differential leucocyte counts

The total leucocyte value obtained in lead-treated (6.44 + 0.50 x f0g/dL)
when compared with the control group (5.21 + 0.360kg/dL) was higher (P < 0.05) than
the corresponding values recorded in control (22135 x 16 g/dL), ascorbic acid-treated
(4.98 + 0.34 x 19g/dL) and lead + ascorbic acid-treated (5.23 8210 g/dL) groups

(Figure 4.22).

The number of neutrophils in lead-treated group4@ + 1.65 %) was higher (P <
0.05) than the value obtained in rats administangd lead + ascorbic acid (16.89 + 2.04 %).
However, a significant (P < 0.05) decrease was rgbdein the number of neutrophils
recorded in the control (17.20 £ 1.71 %) and ascaabid-treated (19.50 + 1.51 %) groups
when compared to the value recorded in the leadedegroup (22.40 = 1.65 %). Similarly,

the number of lymphocytes in the lead-treated gr@g350 £ 1.47 %) was significantly (P <
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0.05) lower than that of the control (79.40 £ 2%} and the lead + ascorbic acid-treated
(79.89 + 2.00 %) groups. A slight increase was okeskin the ascorbic acid-treated group
(75.80 £ 1.96 %) as compared with that of the l@adted group (73.50 £ 1.47 %). The
number of monocytes obtained in the ascorbic aeiat¢éd group (1.70 + 0.47 %) was
significantly (P < 0.05) higher in the lead-treagdup (0.60 + 0.27 %) than those in the
control (0.30 £ 0.21 %) and the lead + ascorbid-a@ated (0.22 £ 0.22 %) groups. There
was no significant (P > 0.05) difference in the tem of circulating eosinophils and

basophils in all the treatment groups (Figure 4.23)

The value of the N/L ratio in the control (0.2283) and the lead + ascorbic acid
(0.22 £ 0.03) groups was significantly (P < 0.0B)her than those in the lead-treated (0.31 +
0.03) group. The N/L ratio in the rats treated watbcorbic acid only (0.26 + 0.02) was
slightly (P > 0.05) higher than those in the con{bh22 + 0.03) and lead + ascorbic acid

(0.22 + 0.03) groups (Figure 4.24).
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Figure 4.16: Effects of ascorbic acid on learningaguisition in Wistar rats exposed to low-dose levaif lead.® ® = Values with different
superscript letters are significantly (P < 0.05) dferent. n=10, AA = Ascorbic acid.
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Figure 4.17: Sex variation in responses of Wistarats exposed to low-dose level of lead and administd with ascorbic acid. AA =

Ascorbic acid.® = Means with the same letter are not significantl{P > 0.05) different.
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Figure 4.18: Effect of ascorbic acid on short-termmemory of rats subjected to sub-chronic low-dose Vel of lead. n = 10, AA = ascorbic

acid. ® = Means with the same letter are not significantlyP > 0.05) different.
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Figure 4.19: Sex variation in short-term memory reponse of Wistar rats exposed to low-level lead artceated with ascorbic acid.® ° =
Values with different superscript letters are signiicantly (P < 0.05) different. AA = ascorbic acid.
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Figure 4.20: Mean changes in packed cell volume &Vistar rats exposed repeatedly to low-dose of leadnd treated with
ascorbic acid. n = 10, AA = Ascorbic acid® ® = values with different superscript letters are ginificantly (P < 0.05) different.
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Figure 4.21: Changes in haemoglobin concentrationfdwWistar rats exposed repeatedly to low-dose leadnd treated with
ascorbic acid. n = 10, AA = Ascorbic acid® * ©= Values with different superscript letters are gjnificantly (P < 0.05) different.
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Figure 4.22: Changes in the total erythrocyte counof Wistar rats following repeated exposure to londose lead and treatment with
ascorbic acid.* ® = values with different superscript letters are ginificantly (P < 0.05) different. n = 10, AA = Asctbic.
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Figure 4.23: Changes in the total leucocyte valud WVistar rats following repeated exposure to low-dee lead and treatment  with
ascorbic acid. n = 10, AA = Ascorbic acidf ® = Values with different superscript letters are gjnificantly (P < 0.05) different.
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Figure 4.24: Changes in differential leucocyte cous of Wistar rats following repeated exposure to lv-dose lead and

treatment with ascorbic acid. n = 10, AA = Ascorhi acid.® ® = Values with different superscript alphabets aresignificantly (P
< 0.05) different.
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Figure 4.25: Neutrophil/lymphocyte ratio of Wistar rats exposed repeatedly to low-dose lead and treat with ascorbic acid. n =
10, AA = Ascorbic acid.* ® = Values with different superscript letters are sjnificantly (P < 0.05) different.

108



e. Invitro erythrocyte osmotic fragility

There was no significant difference (P > 0.05) engent haemolysis of fragility of
erythrocytes in all the groups and at the varicuscentrations of sodium chloride. However
at 0.5 % NaCl concentration, there was a slighigmBcant increase in the percent
haemolysis of erythrocytes in the lead-treated gr@u65 + 2.14 %) and the lead + ascorbic
acid-treated group (11.16 £ 1.21 %), compared withcontrol group (8.43 + 1.18 %) and

the ascorbic acid-treated group (7.11 + 0.83 YQufa 4.26).

425 Effect of sub-chronic administration of leadascorbic acid, and lead + ascorbic

acid on serum biochemical tests
a. AST, ALT, ALP and LDH

A significant difference (P < 0.05) was observadhe serum activity of aspartate
aminotransferase between the groups, but no signifi(P > 0.05) variation was recorded in
the activity of alanine aminotransferase between gloups. There was a decrease in the
activity of aspartate aminotransferase in the keedted group (161.50 = 9.65 IU/L) as
compared with the control group (225.70 + 16.59L)UHANnd the lead + ascorbic acid group
(196.56 + 7.31) (Figure 4.27). However, a slightcrdase in the activity of alanine
aminotransferase was observed in rats treatedomithlead (91.10 £ 6.68 IU/L), compared
with those in the control group (96.00 = 6.59 IU/B)further slight decrease was observed in
the lead + ascorbic acid-treated group (85.00 B 88L). However, the values were not
significant (P > 0.05) (Figure 4.26). There wassmnificant (P > 0.05) difference in the
activity of serum alkaline phosphatase between gimups. Rats treated with lead only
(193.90 £ 6.73 IU/L) had a slight increase in alkalphosphatase compared with the control

group (189.70 £ 17.62 1U/L) (Figure 4.27).
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A significant difference (P < 0.05) was observed the activity of lactate
dehydrogenase between the groups, but not betvreerekes. There was a decrease (P <
0.05) in the activity of lactate dehydrogenaseha tead-treated group (1077.70 = 57.66
IU/L) compared with the control group (1835.70 &8 [U/L). Similarly, a slight increase
in the activity of this enzyme was observed inlda& + ascorbic acid-treated group (1485.56

+ 56.41 IU/L), compared with the lead-treated gréL@/7.70 £ 57.66 IU/L) (Figure 4.28).
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Figure 4.26: Changes in the osmotic fragility of eithrocytes in Wistar rats repeatedly exposed to lovdose lead and treated with
ascorbic acid.? = Values with the same superscript letters are natignificantly (P > 0.05) different. n = 10, AA = Acorbic acid.
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Figure 4.27: Changes in serum enzyme levels of rassiministered low-dose level of lead acetate andeted with ascorbic acid® ? =
values with different superscript alphabets are sigificantly (P < 0.05) different. n = 10, AA = ascdric acid.
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Figure 4.28: Mean serum levels of Lactate dehydrogase in rats repeatedly exposed to lead acetate apretreated with ascorbic acid.®
® = values with different superscript alphabets aresignificantly (P < 0.05) different. n = 10, AA = asorbic acid.
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b. Creatine kinase

A significant difference (P < 0.05) was observetilaen the groups and sexes. There
was a decrease in rats treated with lead only (Z408 274.18 IU/L) as compared with that
of the control group (2263.40 + 430.73 IU/L). Siamly, a significant increase (P < 0.05) was
observed in the ascorbic acid-treated rats (2635%5.304.95 IU/L) and in rats administered
with lead + ascorbic acid (3333.20 + 408.71 IU/E)ampared with those treated with lead

(1408.70 + 274.18 1U/L) (Figure 4.29).

c. Serum proteins

There was a significant (P < 0.05) difference ie sierum total protein concentration
between the groups. A significant (P < 0.05) dessra@mas observed in the lead-treated group
(80.50 £ 1.14 g/L), compared with the lead + asioodgid-treated group (84.20 £ 1.79 g/L)
(Figure 4.30). There was no significant differeng® > 0.05) in the serum albumin

concentrations between the groups (Figure 4.30).

The serum globulin level in the lead-treated grétfh11 + 0.90 g/L) showed a slight
increase, compared to those in the control (40.61.43 g/L). However, there was a
significant (P < 0.05) increase in the serum globabncentration of the animals treated with
only ascorbic acid (45.89 = 1.49 g/L), comparedhwvilte rats in the control (40.67 £ 1.73
g/L) and those in the lead-treated group (42.1190 @/L). The rats also administered with
lead + ascorbic acid (44.33 £ 1.39 g/L) had a slyghigher serum globulin levels than those

treated with only lead (42.11 + 0.90 g/L) (Figur8@®).
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Figure 4.29 Effects of ascorbic acid on serum creatine kinaslevelsof Wistar rats exposed to lov-level of lead for six weeks.
= 10,> " °= values with different superscriptletters are significantly (P < 0.05) differentAA = Ascorbic acid
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Figure 4.30: Effect of ascorbic acid on serum totgbrotein, albumin and globulin concentration of Widar rats exposed to sub- chronic

repeated low-dose level of lead acetate ©= Values with different superscript letters are sjnificantly (P < 0.05) different. n = 10, AA =
Ascorbic acid.
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d. Urea concentration

There was no significant difference (P > 0.05) neauconcentration between the
groups. There was however, an increase in thetteated group (7.10 = 0.41 mmol/L)
compared to those of the control group (7.00 = GrBB0ol/L) and the lead + ascorbic acid -

treated group (6.44 £ 0.56mmol/L) (Table 4.2).

e. Creatinine and uric acid concentration

There was no significant difference (P > 0.05hia toncentration of serum creatinine
between the groups. Similarly, it was observed thate was no significant difference (P >
0.05) in the concentration of uric acid betweenghmups. A slight decrease observed in the
lead-treated group (88.40 + 6.58 umol/L) compardt e control (95.40 + 5.78 pumol/L),
the ascorbic acid-treated (98.20 = 6.72) and thd ke ascorbic acid-treated groups (95.11 *

7.26 pumol/L) were not significant (P > 0.05) (Ta4dla).
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Table 4.2: Effects of treatments on creatinine, ud acid and urea concentrations in
Wistar rats.

Parameters Treatment groups
Control Lead Ascorbic Lead + ascorbic
acid acid
Creatinine 81.50 + 82.8+6.09 84.20+5.434 82.44+6.15
(ummol/L) 4.94
Uric acid (ummol/L) 95.40 88.40 + 98.20+6.72 95.11 +7.28
5.78 6.58
Urea (mmol/L) 7.00+053 7.10+0.41 6.60+0.52 6.44 + 0.58

n = 10,2 = Values with the same superscript alphabets atrsignificantly (P > 0.05)
different.
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f. Brain malondialdehyde concentration

A significant (P < 0.05) decrease was observethénbrain malondialdehyde (MDA)
concentration of the ascorbic acid-treated group@7(& 0.76 mmol/mg protein) compared
with the control group (9.53 £ 0.73 mmol/mg projeilm addition, the lead + ascorbic acid
group (7.66 = 0.73 mmol/mg protein) also showed ecrelase in the brain MDA
concentration compared with the lead-treated g{@ugB + 0.44 mmol/mg protein). A slight
but insignificant increase in the brain MDA concaatibn of the lead-treated rats (9.63 + 0.44
mmol/mg protein) was recorded compared with the natthe control group (9.53 £ 0.73

mmol/mg protein) (Figure 4.31)

4.2.6 Effect of sub-chronic administration of leadacetate, ascorbic acid, and lead
acetate + ascorbic acid on thyroid function
a. Total serum triiodothyronine concentration
There was no significant (P > 0.05) differenceadtak triiodothyronine concentration
between the groups and sexes. However, an insignifiP > 0.05) decrease was obtained in
the lead-treated rats (0.91 + 0.09 ng/ml), compé&rdtose in the control (1.04 + 0.15 ng/ml)

and the lead + ascorbic acid-treated groups (1.202 ng/ml) (Figure 4.32).

b. Total serum thyroxine concentration

There was no significant (P > 0.05) differencenmein the groups and the sexes. As
with total triiodothyronine, a slight decrease vadiserved in the lead-treated group (3.60 *
0.22 pg/ml), compared with the control group (3#888.32 pg/ml) and the lead + ascorbic

acid-treated group (3.68 + 0.29 pg/ml) (Figure %.32

c. Total serum thyrotropin concentration
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No significant (P > 0.05) difference was obseruethe concentration of thyrotropin
between the groups and sexes. An insignificanesse was, however, observed in the lead-
treated group (0.49 £ 0.03 plU/ml), compared wité tontrol group (0.45 £ 0.02 plU/ml). A
corresponding increase was observed in the coratemtrof thyrotropin in the ascorbic acid-
treated (0.56 £ 0.04 plU/ml) and the lead + ascoimid-treated groups (0.50 + 0.04

pnU/ml), compared with the control group (0.45 8D u1U/ml) (Figure 4.32).
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Figure 4.31: Effect of sub-chronic administration & repeated low-dose lead acetate on the brain maldialdehyde concentration in
Wistar rats treated with ascorbic acid. n = 5, AA =Ascorbic acid.®  °= Values in the same tissue with different superspt letters are
significantly (P < 0.05) different.
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Figure 4.32: Mean changes in the concentration ofitodothyronine, thyroxine and thyrotropin in Wista r rats following sub-chronic

exposure to repeated low-dose lead and treatmentthiascorbic acid.> ® = Values with different superscript letters are gynificantly (P <
0.05) different. n = 10, AA = Ascorbic acid.
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4.2.7 Effect of sub-chronic administration of leadacetate, ascorbic acid, and lead

acetate + ascorbic acid on tissue pathology

a. Gross lesions associated with treatments

There were no observable gross pathologic lesiomats in the control group. Rats
exposed to lead only showed congestion of brairselses congestion and enlargement of
liver, kidneys and thyroid gland. The gross patgmdesions shown by rats in the lead +
ascorbic acid group were slight enlargement andjestion of the liver, kidneys and thyroid

gland with congestion of the brain vessels.

b. Histopathological changes

i Brain

Rats in the control group had no observable miapisdesions. Histologic lesions in
the brain of rats exposed to lead only were micsoukar prominence, with congestion and
loss of neurones due to karyohexes and pyknosisreTkvas complete loss of nuclear
material characteristic of necrosis, leading tougdation. Rats pretreated with ascorbic acid
and exposed to lead showed prominence of microlgessthout congestion and hypertrophy

of endothelial lining of the meninges.

ii. Liver

No observable microscopic lesion occurred in matthe control group. Rats in the
lead-treated group showed diffuse haemorrhagicvidtin hepatic sinosoids, and oedema in
sinosoids. There was no observable microscopionesi the liver of rats in the lead +

ascorbic acid group.
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iii.  Kidneys

There was a loss of normal architecture of thenglali leading to almost complete
disappearance of the glomeruli in the groups tceatiéh lead acetate only. Rats in the lead +

ascorbic acid group showed diffuse haemorrhagekenortical area and glomeruli.

iv.  Thyroid gland

There was no observable microscopic lesion in matthe control group. Diffuse
haemorrhagic foci were observed in the rats exptsdéelad acetate only. Rats in the lead +

ascorbic acid group showed hyperplasia of the sagrducts (follicles).
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Plate I: Section of brain of rats administered distled water (arrows show neurones a
different stages of differentiation). H & E x100
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Plate II: Section of brain of rats dosed with leadacetate only showing microvascula
prominence associated with congestiorblock arrow), loss of neurones due to necros
leading to vacuolation (linearrow). H & E x 400
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Plate IlI: Section of brain of rats exposed to leadicetateshowing several neurones see
at various stages of cell degeneration, with karyaxes (block arrows), pyknosis (lin
arrows) and in some cases complete loss of nuclear mater@laracteristic of necrosis
(lightning bolts). H & E x 400
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Plate IV: Section of rat brain exposed to pretreatd with ascorbic acid and exposed t
lead showing prominence of microvessels. H & E x 8
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Plate V: Section of rat brain pre-treated with ascorbic acid and exposed to lead aade
showinghypertrophy of endothelial lining of the meningesH & E x 400
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Plate VI: Section of liver of rats administered distilled water showing normal
microscopic architecture.H & E x 400
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Plate VII: Section of the liver of rats exposed to lead showing diffuse foci ¢
haemorrhages within hepatic sinosoids line arrows) and total loss of microscopic
architecture. H & E x 400
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Plate VIII: Section of liver of rats pretreated with ascorbic acid and exposed lead
acetate only,showing oedema in sinosoids (bold arrows). H & E 40C
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Plate IX: Section of kidney of rat dosed with lead descriing the distal corvoluted
tubule (block arrows) and proximal convulated tubule line arrows) and the glomeruli
(lighting bolts), but there is loss of normal architecture of theglomeruli leading to near

total disappearance of the glomeruli. H & E x 40
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Plate X: Section of kidney of rat pretreated with ascorbic acid prior to administration
of lead acetate showing diffuse haemorrhages on tteortical area (line arrows) and
glomeruli (block arrow). H & E x 400
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Plate XI: Section of thyroid gland of rat administeed distilled water showing normal
gland architecture with no apparent lesior. H & E x 100
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Plate Xll: Section of thyroid of rats exposed to lad only, showing diffusd
haemorrhagic foci (linearrow). H & E x 100
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Plate XIII: Section of thyroid gland of rats pretreated with ascorbic acid prior to
exposure to lead showing hyperplasia of secretoryudts (block arrows). H & E x 40(
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CHAPTER FIVE

5.0 DISCUSSION

The results of the present study showed that sutmahexposure of Wistar rats to
lead acetate had no significant effect on body Wteipanges and did not cause overt signs of
toxicity. This agrees with the findings of similaork done by Azzaougt al (2009) on lead
in rats. The results obtained in the present stlisiggreed with that of Erdoga al (2005),
who obtained a significant reduction in growth aglenced by a decrease in body weight in
broiler chickens following sub-chronic exposurddad at the dose of 200 mg/kg. However,
no significant weight changes were obtained in ghesent study even at the dose of 250
mg/kg. The difference in the results may be duspiecies variation and thus requires further

investigation.

The fact that sub-chronic exposure of Wistar tatead had no significant (P > 0.05)
effect on locomotor activity in the present studyeees with the findings of de Souza Lisboa
et al. (2005); but disagrees with the finding of Nehru &idhu (2001), who demonstrated
alterations in the locomotor activity of Wistar gdbllowing oral exposure for 12 weeks to
graded doses of lead, ranging from 10-200 mg/kgs @ifference may be attributed to the
longer duration of exposure (12 weeks) to leadtudys conducted by Nehru and Sidhu

(2001).

It has been shown that an increased frequencgaring is indicative of a normal
animal, which is very familiar with its environmeahd has good habituation learning and
locomotor activity (Zhuet al., 2001). Thus, the results of the study showed tae pre-
treated with lead had the least frequency of rgamvhen compared with the control animals.
In the absence of locomotor alterations, increasgoloration as indicated by increased
rearing is interpreted as anxiolytic effects, wiasrelecreased exploration as anxiogenic
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effect. Thus, exposure of rats to lead resultecanmiogenic effects. This finding is in
agreement with the results of previous studies éistablished the anxiogenic effect of lead
(Moreiraet al, 2001; Leretet al, 2003; Jaako-Movitst al, 2005; Nieto-Fernandez al.,
2006; Soeircet al, 2007). Although the mechanism of action of l@ats not elucidated in
the present study, several mechanisms have begesad for the anxiogenic effect of lead.
They include the involvement of increased actiatyhe hypothalamo-pituitary-adrenal axis,
and alterations in dopaminergic and serotonergigrateansmission in the hypothalamus
(Moreiraet al, 2001; Lerett al, 2003). The fact that the pre-treatment of rath ascorbic
acid only resulted in the highest frequency of iregrwhen compared with the control
animals, showed that a prior administration of dsicoacid ameliorated the anxiogenic effect

induced by lead.

It has been shown that an increase in the frexyuenh stretch-attend posture is
indicative of increased anxiety (Brovet al.,2007). Thus, in the present study, the exposure
of Wistar rats to repeated low-dose lead resultedn increase in stretch-attend postures,
demonstrating an anxiogenic effect. The resulhefdtretch-attend posture further buttressed
the fact that lead produces an anxiogenic effebis Effect was, however, found to be

ameliorated by pre-treatment with ascorbic acid.

An increased frequency of defaecation and urinasdndicative of increased anxiety
(Brown et al.,2007). The frequency of defaecation and urinatiothe open-field apparatus
was higher in the lead-treated rats, when compuaéd that obtained in the control and
ascorbic acid-treated groups. This again showsa$atrbic acid ameliorated the anxiogenic

effect caused by lead in the rats.

The fact that the results on inclined plane apparahowed no significant (P > 0.05)

effect demonstrated that lead toxicity does notamphe coordination of neuromuscular
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activity of rats; and, therefore, the pre-treatmeinthe exposed animals with ascorbic acid
gave no beneficial effect. Similarly, the resulfdtee present study showed that lead did not
impair the elicitation of sensorimotor reflex in $%ar rats, as evidenced by the insignificant

increase in excitability scores and non-benefiefdct of pre-treatment with ascorbic acid.

The current results on learning and short-term nigrdemonstrated a decrease in the
cognitive function of rats exposed to repeated timse lead, indicating a reduction in the
index of learning acquisition and short-term memi@tention of the experimental animals.
Several studies have demonstrated the effect df d@alearning and short-term memory in
animals (Aldridgeet al, 2005; Haideet al, 2005; Azzaouet al, 2009) Although the poor
memory retention of lead-exposed rats was not feegmit (P > 0.05), the exposed rats spent
less time on the platform in the step-down avoidaindibitory apparatus, compared to rats
in other treatment groups. This fact, apparentipwed that lead impairs cognitive function

in rats.

Several mechanisms of altered cognitive funct@lowing lead exposure have been
proposed. One is the alterations in glutamate seléeom the hippocampus (Wisdenal.,
2000). The hippocampus is a brain area which is imcglutamate receptors. Appropriate
glutamate activity is critical for the developmertthe central nervous system, including the
ontogeny of learning and memory (Adaetsal, 2009). The effects of glutamate are often
mediated through the N-methyl-D-aspartate (NMDApha-amino-3-hydroxy-5-methyl-4-
isoxazole-4-propionic acid (AMPA) and kainate reioep (Frerkinget al, 2001; Bortolotto
et al, 2005; Adamet al, 2009). Infact, NMDA receptors are importanteit role in long-
term potentiation (Rison and Stanton, 1995; Macibmea al., 2006), which is a form of
synaptic plasticity often used as a model systemtli@ study of cognitive functions
(Porterfield and Hendrich, 1993; Larocke al., 2000; O’Maraet al., 2000). The learning

process is based on the creation and remodelliryrdpses and the toxic effect of lead on
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this process suggests that lead specifically damageaptic functions (Bradbury and Deane,
1993; Lasley and Gilbert, 2000; Boutenhal, 2001). Damage to the hippocampus has been
reported to cause severe impairments in learnirtg raamory (Eichenbauret al, 1990;
McDonald and White, 1995; Grigorenla al, 1997), but this damage was found not to

affect spatial information (Gilbedt al.,2005).

Another mechanism is via decrements in the awwibf acetylcholinesterase. Sub-
chronic exposure to lead has resulted in a declieazetivity of acetylcholinesterase in rats
(Nehru and Sidhu, 2002; Reddy al.,2003; Saxena and Flora, 2004). Similarly, the @tntr
cholinergic system has been linked to synaptictiiag learning and memory processes in
several studies (Sachdev al, 1998; Reddt al.,2007). A decrease in brain serotonin (5-
hydroxytryptamine) levels has also been implicatec cause of impaired cognitive function
in lead-treated rats (Haidest al, 2005). In addition, rat brain neurotoxicity hhsen
demonstrated to occur via the induction of oxidasiress as a result of the accumulation of
delta-aminolevulinic acid during lead exposure @@met al, 2002; Patrick, 2006; Warej
al., 2006). The increased lipoperoxidative changethénbrain and degenerative changes in
the neurones observed in the lead-treated groupsstitat lead may have impaired learning

and memory, partly due to oxidative damage.

The result of the present study demonstrated efiogad effect of pre-treatment with
ascorbic acid, as learning and short-term memonga-exposed rats were improved. Parle
and Dhingra (2003) and Shaheatial. (2008) demonstrated increases in memory and legarnin
following ascorbic acid administration in mice amats, respectively. The result is in
agreement with that of Haet al. (2007), who reported that ascorbic acid may hatenial
benefits in treating lead-induced brain injury Ine tdeveloping rat brain. Ascorbic acid, as a
water-soluble antioxidant, has been used underraleeknical conditions. It has a high

toxicity threshold and its wide therapeutic windemhances its utility. It is able to penetrate
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efficiently the blood-brain barrier (Frei and Engiia 1989; Schreiber and Trojan, 1991; Rose
and Bote, 1993; Pilidoret al, 2001). The blood-brain barrier is crucial in f@aiing the
central nervous system against toxic insults (Fazek al, 2005), and lead is known to
damage the blood-brain barrier (Goldsteinal, 1974). In addition, agents that inhibit
generation of reactive oxygen species in the bnaay block tissue damage resulting from
excitotoxicity from glutamate and loss of cellutaicium (Boseet al.,1992; Siesjo, 1993).
This mechanism involved in the pathogenesis of omalr damage resulting in impaired
cognition, further confirms the beneficial role a$corbic acid in improving learning and
memory in rats. The remediation of lead-inducedirbrgpoperoxidative changes and
neuronal degeneration by ascorbic acid in thisyssugpports the role of oxidative stress in

lead-induced impairment of cognition.

The present findings on sex variation in cogeitiunction showed that lead-exposed
female Wistar rats tend to have a better short-tmemory than the males, but no difference
(P > 0.05) in learning between the sexes. The betignitive function of females obtained in
the present study is in agreement with previouskwdone by Uysaét al. (2005, 2008), and
may be attributed to the additional antioxidaneefffof oestrogen, which is more in females
than in males. This finding agrees with the presioesults that the female gonadal hormone
protects against several neurodegenerative diseams@scerebral ischaemia via various
mechanisms (Oget al., 2003). The possible protective effects of oestrogen mediated
mainly by three ways; the activation of steroid emors and/or modulation of a
neurotransmitter and/or direct anti-oxidative act{@artori-Valinottiet al, 2007). Oestrogen
actions as antioxidants are derived probably froengresence of the phenolic A-ring in the
structure of these molecules (Gilgun-Sherkal., 2002; Prokaet al, 2005). Estrogens also
have strong and positive influence by increasing #nergy production efficiency of

mitochondria. Thus, the hormone inhibits mitochaadproduction of free-radical oxygen
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molecules (Dantagt al, 2002). Since oxidative stress has been implicatethe lead-
induced cognitive dysfunction, the administratidnrascorbic acid in female rats may act to
provide a pool of antioxidants needed to scavehgeréactive oxygen species generated
following exposure to lead. Thus, there was anease in the memory response of the female

experimental animals pre-treated with ascorbic acitie present study.

Several reports on the effect of lead on haemaidbgarameters in humans and
animals have been well documented. In the curtexyshaematological parameters of lead-
exposed Wistar rats were significantly (P < 0.08¢aed. The PCV, Hb concentration and
total erythrocyte counts were decreased. The fgslinom this study are in agreement with
the results obtained by other authors (Flora ant,2000; Wanget al, 2007; Katavologt
al., 2008). The decrease observed in the PCV, Hb amdl éogthrocyte counts in the lead-
exposed rats may be due to increased lipid perbaian erythrocyte cell membranes and
subsequent haemoglobin oxidation (Ribarov and Beh®81; Saxena and Flora, 2004). Lead
has been shown to bind to enzymes that have furadtgulfhydryl groups, thereby rendering
them non-functional. Delta-aminolevulinic acid ddhgtase (ALAD) is a specific sulfhydryl-
containing enzyme that is inhibited by lead (GuPehanet al.,2004; Ahamedckt al, 2005).
ALAD is a critical enzyme in lead toxicity becaubee inhibition of ALAD lowers haeme
production and increases levels of substrate @eftimolevulnic acid. An elevated level of
delta-aminolevulnic acid is known to stimulate t@aeoxygen species production (Bechara,
1996). Pretreatment with ascorbic acid was ablarwliorate (P < 0.05) the decrease.
Ascorbic acid is a water-soluble antioxidant thatfound throughout the body as the
ascorbate anion. It inhibits peroxidation of menmier@hospholipids and acts as a scavenger
of free radicals (Rice and Barone, 2000). Perhapsther mechanism of action of ascorbic
acid in ameliorating the decrease is via an ineeasblood ALAD activity following its

inhibition by lead in rats, as demonstrated by &#iral. (2003).
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The present study also revealed that repeatedsarpof Wistar rats to low-level of
lead may affect the immune cells. The total whiteot cell counts increased significantly in
lead-exposed Wistar rats, predominantly due tonanease in neutrophils. In addition, the
amount of circulating lymphocytes decreased in Jegobsed animals. This further shows
that lead plays a role in the homeostasis of thenume system. Leucocytosis due to
neutrophilia with a corresponding lymphocytosis imlicative of immunosuppression.
Evidence that lead induces immunosuppression hes keported (Gaet al., 2006), and
oxidative stress has been implicated in lead-inducenunosuppression (Ercal al.,2000).
The findings agree with that of Nakhostin-Roetial. (2008), who obtained an increase in
lymphocyte counts following ascorbic acid suppletagan. In fact, Strohle and Hahn (2009)
reported that several cells of the immune systecnraalate vitamin C and this is needed to
perform their tasks and enhance their activitidsusl the pretreatment of rats in the group
exposed to lead with ascorbic acid amelioratedatteerse effects. Ascorbic acid has also
been shown to stimulate peripheral lymphocyte faa@iion and immunoglobulin
productions (Tanakat al.,1994; Wintergersét al.,2006; Magginiet al.,2007). This finding
also further confirms that oxidative stress plaggraportant role in the immunosuppression

due to lead exposure.

Glutathione is a cysteine-based molecule thatadyced in the interior compartment
of the lymphocytes (Meister and Anderson, 1983)adidition to acting as an important
antioxidant for quenching free-radicals, the sullityy complex of glutathione also directly
binds to toxic metals, such as lead, that havegh hffinity for sulfhydryl groups (Patrick,
2006). Lead may deplete the antioxidant reservim@fbody either by directly acting on the
lipid membranes of the lymphocytes or binding te tiiol group of glutathione, thus
depleting its body reserve, and thereby resultm@ icompensatory effect by lymphocytes.

Therefore, it can be inferred that the depletiorciofulating lymphocytes obtained in the
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present study may be a direct result of the eftédiead on circulating lymphocytes and
glutathione. It has been established that the |yuopies tend to produce more glutathione to
compensate for the loss and in the process themn“but”, and this leads to their depletion

(Garconet al, 2004; Ahameet al, 2005; Patrick, 2006).

The fact that there was no effect on circulatingirophils and basophils in the rats
exposed to lead, apparently, implies that inflanomatesponse is not possible sequelae of
lead-induced toxicity at low doses. Similarly, ngrsficant effect was observed in the values
of monocytes of the rats, except those treated agtiorbic acid only that had an increase (P
< 0.05) in circulating monocytes. This suggests #szorbic acid may boost the activity of

monocytes. The mechanism for this activity is, hesvenot well understood.

The increase in neutrophil/lymphocyte ratio obedrun the present study is in
agreement with the findings of Minka and Ayo (20@Rg Minkaet al. (2009) that the ratio
increased in stress situations, especially in thiwdeced via free-radical mechanism. Thus,
the administration of ascorbic acid decreased #t® iin the present study. This finding
confirms the previous result obtained by Agbal., (2006) and Minkeaet al., (2009), that
ascorbic acid ameliorates the risk of adverse tffdae to free-radical induced cell damages

and destruction.

The present study demonstrated an increase ihrecytte osmotic fragility following
sub-chronic lead exposure in rats, apparently duadreased oxidative damage resulting in
the impairment of erythrocyte membrane integritg &imemolysis (Stern, 1986; Wagredr
al., 1998). The finding of the present study agree Wit of Quintana-Escorz al. (2007),
who reported an increase in osmotic fragility oftlerocytes in lead-exposed workers. The
erythrocyte has been demonstrated to be a good In@déhe investigation of oxidative

stress (Chihuailaét al, 2002). Decreased osmotic resistance of the rxgyte membranes
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between 0.5 % and 0.7 % NaCl concentrations mayllee to the peroxidation of the
unsaturated double bonds of the membrane lipidsze@nska-Slebodzinska, 2003).
Erythrocytes have also been shown to be the rdulead distribution to organs and tissues
due to its high affinity for the metal, thereby demsing the cell membrane fluidity and
increasing the rate of erythrocyte haemolysis tegpufrom ROS-induced lipid peroxidation
in the RBC membranes (Lawton and Donaldson, 19Qdint&na-Escorzaet al., 2007).
Similarly, it has been shown that the erythrocybpédead-exposed individuals are more
fragile than those obtained from normal subjectstly due to the inhibition of ALAD, an
enzyme required for haeme synthesis, and the effeftee-radicals generated as a result of
the accumulation of delta-aminolevulinic acid (88Hiet al.,2008). Again, the fact that pre-
treatment of rats with ascorbic acid in this studgreased the osmotic resistance of the
erythrocyte membrane between 0.5 % and 0.7 % Neafdentration, further confirms the
role of oxidative stress in the pathophysiologylas-dose lead poisoning. The findings of
this study which agree with previous results oladimy other authors (Magt al, 1998;
Mendirattaet al., 1998; Rosst al, 1999) demonstrated, for the first time, the @ctve

effect of ascorbic acid on the erythrocytes of rafgeatedly exposed to lead.

The results of the present study demonstratedebdtat 250 mg/kg/day did not exert
any effect on the activities of ALT and ALP, altlgbuit decreased the activities of AST and
LDH. Erdoganet al (2005) and Kharet al (1994) have shown also that lead had no
significant effects on LDH, ALT and AST activitigaa broiler chickens, exposed to 200
mg/kg daily for 8 weeks. The findings disagree witiat of Khanet al (1993), who
demonstrated an increase in AST activity. The chkfiees in the results are not well
understood. However, it may be due to differenceduration of exposure. Changes in AST
and LDH activity is less specific for liver diseaghey may also signal damages to the

cardiac and skeletal muscles, RBC, kidney and bteéeue (Rochling, 2001). The
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insignificant (P > 0.05) effect of lead on ALT aAdlP observed in this study may be due to
the relatively short duration and low intensity efposure. Pre-treatment of the rats with
ascorbic acid elevated the concentrations of tipetied enzymes. Microscopic examination
of the liver of the group pretreated with ascordiad revealed milder lesions, demonstrating
some protection by ascorbic acid. Therefore, it tpayinferred that oxidative stress plays a
significant role in lead-induced liver damage aittpretreatment with ascorbic acid

ameliorated the damage. Ascorbic acid has beenrskmameliorate damage to hepatocytes

from oxidative stress induced by lead (Wan@l.,2007).

Repeated exposure to lead has been shown in thenpretudy to inhibit the activities
of creatine kinase (CK). This finding is in agreeinwith the result obtained by Zhau al.
(2002). The alteration in CK may partly underlie theurotoxicity of lead observed in the
present study. Creatine kinase exists as two isegyr@K-M which is a muscle leakage
enzyme and CK-B which is expressed mainly by trenband spinal cord (Manast al.,
1991; Wanget al., 2002). Similarly, decreased activity of CK in tlstidy may also be an
indication of liver damage, since individuals suffg from alcoholic liver disease were
found to have a low CK activity (Wargg al, 2002). It is known that lead binds to enzymes
that have functional sulfhydryl (SH-) groups, thmemdering them non-functional (Patrick,
2006). CK has a SH-base functional site and thewebr of its enzymatic activity might
represent other functional proteins with SH-badeo(zand Tsou, 1987). Neurotoxic agents
such as acrylamide, ethylene oxide and 1-bromoppgere shown to suppress CK activity
in the brain and blood of rats (Korhriyaratal., 1994; Matsuoka, 1996; Wargj al.,2002).
Pretreatment with ascorbic acid increased the iactof CK. Evans (2000) and Nakhostin-
Roohi et al. (2008) have shown that CK activity increased folloyv ascorbic acid
administration. The amelioration of lead-induceteration in CK activity by ascorbic acid

may be due to restoration of liver and brain cytbdecture.
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The present study showed that serum total protatuev in lead decreased
significantly when compared to the control. Thisding confirms the previous results that
lead impairs the activity of protein enzymes, theducing the circulating protein level
(Changet al., 2006; Ashryet al., 2009). Metal ions such as $bbind to protein or
polypeptides. In addition, oxidation of proteinesichains by ROS may also result in protein
depletion (Stadtman, 1992; Dalle-Donekal., 2005; Sayreet al., 2008). The decrease in
total protein concentration may be due to the slight insignificant (P > 0.05) decrease in
albumin concentration in the lead exposed animiaseived in this study. Again, this agrees
with the findings of Ashryet al. (2009). Erdogaret al. (2005) however demonstrated that
lead had no effect on albumin and total proteitof@ing lead toxicity in broilers chickens,
which contravenes the results of the present stlidg.difference in the result may be due to
species difference and the duration of exposureerétions in the concentrations of total
protein and albumin in the rats exposed to leag ordy be due to the hepatic and glomeruli

changes observed under microscopic examinatiomedtivter and kidney.

The result of the present study also showed thatrpatment of lead-exposed rats
with ascorbic acid increased the concentrationotdl tprotein, apparently as a result of the
increase in globulin value. Campbel al. (1999) and Naidu (2003) showed that ascorbic
acid stimulates the immune system by enhancing lTareliferation which ultimately
induces the B-cells to synthesize immunoglobulspeeially during infection. This finding
agrees with the results of the present study oneffext of ascorbic acid on circulating
lymphocytes and those reported by other authorsi@hgerstet al, 2006; Magginiet al,
2007). Lipid peroxidation products of PUFA have mabown to cause protein degradation
and denaturation, thereby contributing to low semnotein (Chiba and lwata, 2002). The

fact that pre-treatment with ascorbic acid improubé total protein concentration and
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restored the liver and kidney cytoarchitecturetfertconfirms the role of lipid peroxidation

in the mechanism of lead-induced hypoproteinaerse/ed in this study.

The slight but insignificant (P > 0.05) increase areatinine, urea and uric acid
concentrations in rats exposed to lead in thisystudy be due to the low-dose and shorter
duration of exposure, 6 weeks. Prolonged expoduiredoviduals to lead has been associated
with chronic renal failure (Ekongt al.,2006). The marginal increase in serum concentration
of urea in rats exposed to lead indicates somd t@ddney damage, and elevation of uric
acid has been associated with obstruction of kidsiage uric acid is a product of purine
metabolism, which must be excreted by the kidnemligali, 2009). An elevated creatinine
has been shown to be associated with renal ingarffty and renal obstruction (Ambati al.,
2007). The histopathological lesions in the kidrgggmeruli may be responsible for the
marginal increase in the serum levels of uric asréa and creatinine observed in this study.
This is in agreement with the findings of McMurey al. (1995). The present study also
showed a less severe degree of degenerative changes kidneys of rats pretreated with
ascorbic acid, which may have contributed to thgaagnt restoration of uric acid, urea and

creatinine concentrations.

The results of the present study also showed @ease in MDA concentration in the
brain of lead-exposed rats. MDA is a reliable indéXpid peroxidation and has been shown
to correlate directly with oxidative stress (¥tal.,2008; Gupteaet al.,2009; Lodoviciet al.,
2009). The brain is particularly vulnerable to aatigde insult because of its high rate of
oxygen utilisation, the relatively poor concenwas of classical antioxidants and related
enzymes, and the high content of polyunsaturafedsli(Adonaylo and Oteiza, 1999; Sayre
et al.,2008). Lead alters the functional integrity of tleod-brain barrier, thus facilitating its
entry into the brain (Goldsteiet al, 1974). The lipid peroxidation process resultsntya

from the weak bis-allylic C-H bond present in poigaturated lipids and oxidative
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phosphorylation of mitochondria in the brain (Sagteal.,2008). The findings of the present
study agree with those of Wargg al (2006), and Candan and Tuzmen (2008) that lead
increase the brain concentration of MDA. The inseghlipid peroxidation may have been
responsible for the necrotic lesions, possibly digitothe induction of apoptosis, as evidenced
by the loss of neurones due to karyohexes and py&ndhese findings agree with those of

Krametter-Froetscheat al.(2007).

The fact that the pre-treatment of lead-exposédvithh ascorbic acid decreased the
MDA concentration further confirms the role of oaitve stress in the development of
neurotoxicity following low-level lead exposure. &ig, the findings of this study agree with
the findings of Hanet al. (2007) and Antonio-Garcia and Masso-Gonzalez (2008)o
demonstrated the beneficial role of ascorbic anidhie brain of lead-exposed rats during
brain development. The decrease in brain MDA cotmagon and the histopathologic
cytoarchitecture observed in rats pretreated wsitoebic acid further confirms the role of
oxidative stress as a mechanism of lead-inducedotwdcity. Ascorbic acid has the ability
to scavenge ROS by donating free electrons, thepalyenting oxidative damage to
important biological macromolecules such as DNAtgns and lipids (Carr and Frei, 1999).
Several authors have reported that antioxidantgaé oxidative stress induced by lead (Hsu

et al.,1998; Patrat al.,2001; Attriet al.,2003).

The effect of repeated low-level lead exposurelgmaid function was investigated
since the disruption of some endocrine systemsaasiy thyroid hormones may result in a
decrease in neurobehavioural activities. Severalobi®tics have been reported to alter
thyroid function (Porterfield and Hendrich, 199%kad blocks the process of long-term
potentiation, a form of synaptic plasticity thashaften been used as a model system for the
study of cognitive potential (Porterfield and Heobr 1993; Niemiet al., 1996; Hussairet

al., 2000; Nguyenet al., 2000). Experimental hypothyroidism has been shosvmetiuce
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long-term potentiation (Niemet al., 1996) and alters synaptic plasticity in developraknt
hypothyroidism (Gilbert, 2004). A slight decrease ¥ 0.05) in serum sTand T, and a

corresponding increase in TSH concentrations wbsemved following lead exposure. The
decrease in thyroid hormones in group exposed &d lenly may be due to a central
depression of the thyroid axis, an alteration iyralkine metabolism or binding to proteins

(Robinset al.,1983).

Mendes-Aquiatet al. (2008) showed thatsTregulates extracellular glutamate levels
by modulating the astrocytic glutamate transportarsd that it improves the astrocytic
environment, thereby promoting neural developmemtl @europrotection. In addition,
astrocytic glutamate transporters have been intgelicen lead toxicity (Struzynska, 2009).
The cognitive deficits observed in lead-exposedignmay have been partly due to alteration
in the levels of T and T,. The findings in this study also supports previoegorts that
hypothesized that decreaseg rilay be a relevant predictor of long lasting develeptal
neurotoxicity (Axelstackt al.,2008). Hypothyroidism has also been associated axithative
stress in the brain of rats (Ali and Davydov, 208}l increased erythrocyte osmotic fragility
(Dariyerli et al.,2004), a feature observed in the present studgtsrexposed to lead only.
Haemorrhagic lesions observed in rats exposedaid dmly, may be sequelae of oxidative

damage to the capillaries of the thyroid follicles.

The results obtained in the present study agréetive findings of Piaet al. (2007).
Several authors, however, are of the opinion thgiothyroidism may not be sequelae of
occupational lead exposure in humans (Refowitz4l%8egalet al., 1989; Schumachest
al., 1998). However, some authors (Rob&tsal.,1983; Bieleckaet al.,1987; Tuppuraineet
al., 1988; Lasiszt al.,1992) reported that thyroid function might be depesl as a result of
intense long-term lead exposure. Heavy occupatierpbsure to lead, sufficient to cause

clinical poisoning, has been associated with digtoces in thyroid function in men (Cullun
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et al.,1984). The result of the present study also shawatpretreatment with ascorbic acid
improved the thyroid function. Experimental tramsi@nd persistent hypothyroidism has
been shown to alter antioxidant defense systemgatsf thereby, modulating vital body
functions in this specie (Sahoo and Chainy, 20GhoBet al., 2008). It appears that the
ameliorative effect of ascorbic acid on thyroid ¢tian was mediated via its anti-oxidative
action. Gupta and Kar (1998) and Deshpagidal. (2002) have reported the amelioration of
thyroid dysfunction following exposure to cadmiumdamethimazole, respectively. The
hyperplasia of the acinar observed following micapsc examination of the thyroid gland
may be a stimulatory response to secratepiobably due to protection offered by ascorbic

acid from damage to the thyroid gland.

This research has further confirmed the role afl@txve stress in the pathophysiology
of low-level lead poisoning. The ameliorative effeof ascorbic acid on neurobehavioural,
cognitive, haematological, biochemical and tissathplogical changes in rats further lends
credence to the oxidative stress mechanism of peégbning. For the first time, this study
has shown that ascorbic acid is able to ameliatateease in learning ability and short-time
memory loss due to repeated exposure to lead. Atsothe first time, we have also
demonstrated that ascorbic acid has beneficiat®sffen the haemotoxicity, and biochemical
and tissue pathological changes following repeatgabsure to lead in rats, as evidenced by

the amelioration of these changes.
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SUMMARY, CONCLUSION AND RECOMMENDATION

Summary

The present study has shown that sub-chronic expadwadult Wistar rats to lead caused:

1.

An increase in anxiety and impairment in cognit{tearning and memory), with the
females having better short-term memory than thiesna

A reduction in haematological parameters such akquhcell volume, haemoglobin
concentration and total erythrocyte counts. It alaosed leucocytosis due to marked
neutrophilia and lymphopaenia.

A slight increase in erythrocyte osmotic fragiltyhich made the red blood cells
susceptible to lysis.

Decreased activity of some serum enzymes suchpastate aminotransferase, lactate
dehydrogenase and creatine kinase, which indicates® level of hepatic and kidney
damage.

A decrease in the level of total protein apparedthe to slight decrease in albumin
concentration.

Increased lipid peroxidation in the brain evidendeg increased thiobarbituric
reactive substances, malondialdehyde in this orgais. shows that lipid peroxidation
and oxidative stress plays an important role inrteerobehavioural and biochemical
changes observed in rats exposed to lead only.

An alteration in thyroid function characterised riegluction in the level of 3T T, and
slight increase in TSH; thus suggestive of damagethe thyroid and/or the

hypothalamus or pituitary glands.

The study has also shown for the first time thatfpeatment with antioxidant ascorbic acid

improved deficits in neurobehavioural and cognitigbanges induced by sub-chronic
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exposure to lead. In addition, antioxidant ascodui ameliorated lead-induced deficits in
PCV, Hb, RBC and WBC. Furthermore, the study hasHe first time revealed the ability of
ascorbic acid to protect the integrity of RBC meam& as observed in amelioration of the
lead-induced increase in erythrocyte osmotic figgiSimilarly, pre-treatment with ascorbic
acid protect against lead-induced hypoproteinaeiee study has also for the first time
shown the ability of ascorbic acid to amelioraterdases in the activity of serum AST, LDH
and creatine kinase resulting from low-level leagasure. The study has further reaffirmed
the ability of ascorbic acid to protect the bodyaiagt lead-induced lipid peroxidation as

demonstrated by reduced concentration of MDA invikemin pre-treated groups.

Conclusions

The conclusion, the study has shown that;

1. Sub-chronic low-dose lead exposure to Wistar raissed significant alteration in
neurobehavioural, cognitive, haematological, biocical and tissue pathological
changes.

2. Lipid peroxidation is an important molecular medsan involved in
neurobehavioural and cognitive changes in sub-ehrlmw-dose lead exposure in
rats.

3. Pre-treatment with ascorbic acid ameliorated Ieatlited neurotoxic,

haematological, biochemical and tissue pathologibahges in rats.

Recommendations

Specific recommendations

1. Further work should be done to determine the mtahip between neurotransmitters,

acetylcholinesterase and delta-aminolevulinic acid their response to ascorbic acid.

125



Other markers of oxidative stress such as glutaghioglutathione peroxidise,
superoxide dismutase, catalase, 8-hydroxydeoxygirm@and caspase-3 should be
measured in the serum and tissues, in other tdles$tatheir relationship with
cognitive, haematological, biochemical and tissa¢hglogical changes following
lead exposure and response to ascorbic acid prretaa

Region specific studies of the brain should be cotetl to establish areas most
susceptible to low-level lead exposure and respdosgretreatment with ascorbic

acid.

General recommendations

1.

Reduction of exposure to sources of lead, rathar treatment should be emphasized
in individuals at risk.

The use of leaded paints, plastics, pipes and igassthould be discouraged.

High risk populations should be encouraged to srmpht their diets with
antioxidants such as ascorbic acid.

Due to preponderance of lead in the environmentthant adverse effects, animals
such as sniffer dogs, African giant rat, geese @sidches, whose cognitive function
is been put to task should be pretreated regulaitly antioxidants such, ascorbic

acid.
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APPENDIX |

Effects of sub-chronic lead exposure and pretreatnme with ascorbic acid on body weight, memory and larning in Wistar rats

Parameters

Treatment groups (Mean = SEM)

Control Lead Ascorbic acid Lead + ascorbic acid
(250 mg/kg) (100 mg/kg) (250 mg/kg + 100 mg/kg)

% Weight gain 103.88 + 6.94 109.81 + 2.68 112.12 + 8.09 109.27 +7.73

Memory (s) 104.00 + 8.88 71.70 + 14.33 107.36 + 8.27 94.71 + 15.32

Memory (males) 120.00 + 0.0 61.00 + 17.63 107.00 + 12.75 114.00 + 5.67

Memory (females) 88.00 + 0.20 82.40 + 0.2 107.00 + 0.50 80.00 + 0.58

Learning (No. of foot-shocks) 1.20 + 0"13 2.80+0.33 1.75+0.28 1.71+0.28

Learning (males) 1.20 +0.20 2.80 +0.20 1.50 +0.50 2.00 +0.58

Learning (females) 1.20 +0.20 2.80 + 0.66 2.00 +0.00 1.50 +0.29

b= values with different superscript letters agngficantly (P < 0.05) different, while those withe same superscript letters are not

significant (P > 0.05).
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APPENDIX II

Effect of sub-chronic lead exposure and pretreatmerwith ascorbic acid on open-field parameters in Watar rats

Parameters Treatment groups (Mean = SEM)
Control Lead Ascorbic acid Lead + ascorbic acid
(250 mg/kg) (100 mg/kg) (250 mg/kg + 100 mg/kg)

Rearing 33.10 +8.61 30.00 + 4.41 38.30 +8.49 22.40 + 4.28
Stretch-attend posture 4.50 + 0*70 4.90 +1.08 4.20 +0.86 2.50 +0.52

Urination 2.20+0.74 2.80+0.78 1.80 £ 0.55 2.80 +0.683

Defaecation 19.30 £ 2.1 24.10 + 1.48 14.30 + 2.2% 24.20 + 2.60

Locomotor activity 39.90 + 12.67 43.60 + 6.47 42.10 + 15.97 21.70 +5.52

b= values with different superscript letters agngficantly (P < 0.05) different, while those withe same superscript letters are not

significant (P > 0.05).
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APPENDIX IlI

Effects of repeated exposure to lead and pretreatméwith ascorbic acid on frequency of rearing in Wstar rats

Time Treatment groups (Mean = SEM)
Control Lead Ascorbic acid Lead + ascorbic acid
(250 mg/kg) (100 mg/kg) (250 mg/kg + 100 mg/kg)

Day O 17.50 + 4.48 11.40 + 3.06 17.50 + 3.08 12@070
Day 2 6.90 +1.97 1090+ 3.14 6.40 £+ 2.77 3.20361
Week 1 250+ 1.17 3.50 £ 0.87 3.70 £ 1.63 2.0060
Week 2 2.60 +1.06 2.30+0.83 7.56 +2.33 2.70541
Week 3 2.20+0.96 1.20+0.55 2.38 +0.68 1.38420
Week 6 1.40 £ 0.52 0.70+0.21 2.50 +0.87 1.14460




APPENDIX IV

Effects of repeated exposure to lead and pretreatméwith ascorbic acid on frequency of stretch-atted posture in Wistar rats

Time Treatment groups (Mean = SEM)

Control Lead
(250 mg/kg)

Ascorbic acid
(2100 mg/kg)

Lead + ascorbic acid
(250 mg/kg + 100 mg/kg)

Day O

2.00 +0.80 0.90 +£0.28 1.00290.
Day 2 1.30 £ 0.47 1.20+£0.42 1.40+£0.43 0.50270.
Week 1 0.40 +£0.22 0.90+0.41 1.00+0.24 0.20200
Week 2 0.50+0.31 0.40 £0.16 1.00 + 0.37 0.60270
Week 3 0.40+0.16 0.10+0.10 0.00 £ 0.00 0.13180
Week 6 0.30+0.15 0.30+0.15 0.13+0.13 0.14140

1.60 +0.40
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APPENDIX V

Effects of repeated exposure to lead and pretreatméwith ascorbic acid on frequency of urination inWistar rats

Time Treatment groups (Mean = SEM)

Control Lead
(250 mg/kg)

Ascorbic acid
(2100 mg/kg)

Lead + ascorbic acid
(250 mg/kg + 100 mg/kg)

Day O

0.30+£0.15 0.50 +£0.22 0.20H30.
Day 2 0.40+0.16 0.40+0.22 0.30+0.21 0.30150.
Week 1 0.40 +£0.22 0.50 +£0.17 0.50 +£0.17 1.30340
Week 2 0.40 £0.16 0.50 £0.22 0.11+0.11 0.50220
Week 3 0.30+£0.15 0.50 +£0.17 0.38+0.18 0.38180
Week 6 0.30+0.15 0.60 £0.16 0.13+0.13 0.43200

0.40+£0.16
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APPENDIX VI

Effects of repeated exposure to lead and pretreatméwith ascorbic acid on frequency of defaecatiomi Wistar rats

Time Treatment groups (Mean = SEM)

Control Lead
(250 mg/kg)

Ascorbic acid
(2100 mg/kg)

Lead + ascorbic acid
(250 mg/kg + 100 mg/kg)

Day O

3.50 £0.85 2.00 +0.52 3.40930.
Day 2 3.20+0.80 2.40+0.75 2.90 +£0.67 3.90550.
Week 1 4.10+£0.75 4.50 £ 0.52 220+0.51 5.10860
Week 2 1.50 + 0.86 3.50+0.87 1.00 + 0.53 3.40620
Week 3 4.10+0.74 5.30 £ 0.58 3.25+0.88 5.25480
Week 6 4.80+0.73 4.90 £ 0.53 4.63 +£0.80 6.00620

1.60 +0.56
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APPENDIX VII

Effects of repeated exposure to lead and pretreatméwith ascorbic acid on frequency of locomotor agvity in Wistar rats

Time Treatment groups (Mean = SEM)
Control Lead Ascorbic acid Lead + ascorbic acid
(250 mg/kg) (100 mg/kg) (250 mg/kg + 100 mg/kg)

Day 0 16.60 + 7.02 14.30 + 5.00 19.70 + 8.98 169043

Day 2 11.30 +5.13 14.30 + 3.40 10.67 +7.58 4.8068

Week 1 3.10 + 2.47 3.60 £ 2.00 2.33+1.60 3.20A7 1

Week 2 2.40 +1.07 4.30 £ 3.16 5.00 +3.53 1.90x41

Week 3 5.40 £ 3.04 4.50 +2.20 3.00 +3.00 0.00090

Week 6 1.10+0.90 2.60+1.42 4.38 +£2.55 1.29181
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APPENDIX VI

Effect of sub-chronic lead exposure and pretreatmdrwith ascorbic acid on the performance of rats orthe inclined plane apparatus

Time Treatment groups (Mean = SEM)
Control Lead Ascorbic acid Lead + ascorbic acid
(250 mg/kg) (100 mg/kg) (250 mg/kg + 100 mg/kg)
Week 1 55.50 + 1.67 55.00 +£1.29 52.00 +£0.82 52.8(83
Week 2 54.00 £ 1.25 57.50+2.01 56.00 +£1.25 56.307
Week 3 60.00 £ 1.30 59.50 + 1.38 59.00 £ 0.67 56.2000
Week 4 58.50 £ 1.30 54.00+£2.21 54.50 + 1.67 55500
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APPENDIX IX

Effect of sub-chronic lead exposure and pretreatmerwith ascorbic acid on the excitability scores o¥Vistar rats

Time Treatment groups (Mean = SEM)

Control Lead
(250 mg/kg)

Ascorbic acid
(100 mg/kg)

Lead + ascorbic acid
(250 mg/kg + 100 mg/kg)

Day O

4.30 £0.26 4.50 +£0.27 4.40270.
Day 2 4.60 +0.22 4.60 +0.22 4.80 +0.20 4.60270.
Week 1 5.00 £ 0.00 4.80 +£0.20 4.80 +£0.20 4.90190
Week 2 5.00 £ 0.00 5.00 £ 0.00 4.90 +0.10 4.90190
Week 3 4.90+0.10 5.00 +0.00 5.00 +0.00 4.90190
Week 6 4.80+£0.13 5.00 +0.00 5.00 +0.00 5.00000

4.40 +0.27
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APPENDIX X

Effects of treatments on cumulative inclined planend excitability score of Wistar rats (Mean £ SEM)

Treatment groups Cumulative inclined angle (°) Cumulative excitability score
(Mean = SEM) (Mean = SEM)

Control 57.00 £ 0.73 4.78 £ 0.08

Lead (250 mg/kg) 56.50 + 1.10 4.78 £0.16

Ascorbic acid (100 mg/kg) 55.38 + 062 4.83+0.12

Lead + Ascorbic acid (250 mg/kg + 100 mg/kd5.13 + 0.53 4.78 £ 0.09

&= Values with the same superscript letters aresigmificant (P > 0.05).
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APPENDIX XI

Effects of sub-chronic lead exposure and pretreatnme with ascorbic acid on haematological indices diVistar rats

Parameters Treatment groups (Mean = SEM)

Control

Lead

(250 mg/kg)

Ascorbic acid

(100 mg/kg)

Lead + ascorbic acid

(250 mg/kg + 100 mg/kg)

Haemoglobin concentration (g/dL) 14.35+021 13.13+0.35 14.55 + 0.26 13.66 + 0.25
Packed cell volume (%) 4754 +1%02  44.03+1.08 49.10 + 1.09 47.70 +1.38
Total erythrocyte counts (x L) 8.03+0.18 7.37+0.17 8.41+0.23 8.32+0.30
Total leucocyte count (x £@/dL) 5.21+0.35% 6.44 +0.50 4.98 +0.34 5.23+0.28
Neutrophils (%) 17.20 + 1.74 22.40 + 1.65 19.50 + 1.5%" 16.89 + 2.04
Lymphocytes (%) 79.40 +2.91 73.50 + 1.4 75.80 + 1.98 79.89 + 2.0
Eosinophils (%) 3.10 +0.89 3.40x0.78 2.50+0.85 3.33x0.37
Monocytes (%) 0.30+0.51 0.60 + 0.27 1.70 + 0.47 0.22+0.22
Basophils (%) 0.00 + 0.60 0.10 £0.10 0.50 +0.22 0.22 +0.22
Neutrophil/Lymphocyte ratio 0.22+0.53 0.31+0.03 0.26 + 0.0% 0.22 +0.08

2P = values with different superscript letters amgngficantly (P < 0.05) different, while those withe same superscript letters are not

significant (P > 0.05).

158



APPENDIX XlI

Effects of sub-chronic lead exposure and pretreatnme with ascorbic acid onin vitro erythrocyte osmotic fragility of Wistar rats.

Percent haemolysis (Mean + SEM)

% NaCl Concentration Control Lead AA Lead + AA
(250 mg/kg) (100 mg/kg) (250 mg/kg + 100 mg/kg)

0 5.89 +0.52 5.75+0.63 5.88 + 0.47 6.86 + 0.64

0.1 6.35 +0.59 7.78 +1.49 5.63 +0.57 8.07 +1.16

0.3 8.43+1.18 9.65+2.14 7.11+0.88 11.16 + 1.2

0.5 95.33 +1.02 91.93 +1.28 95.64 + 3.27 89.38 + 4.74

0.7 99.37 +0.45 96.98 + 1.32 95.90 + 3.29 95.21 +4.20

0.9 100.00 + 0.00 100.00 + 0.00 100.00 + 0.00 100.00 + 0.00

b= values with the same superscript letters aresigpiificant (P > 0.05).
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APPENDIX Xl

Effects of sub-chronic lead exposure and pretreatnme with ascorbic acid on thyroid function and serumbiochemistry.

Parameters Treatment groups (Mean = SEM)
Control Lead (250 Ascorbic acid (100 Lead + ascorbic acid (250 mg/kg +
mg/kg) mg/kg) 100 mg/kg)
Triiodothyronine (ng/ml) 1.04+0.f5 0.91+0.08 1.23 + 0.08 1.27 +0.09
Thyronine (ug/ml) 3.84+0.32 3.60+0.22 3.39+0.24a 3.68 £0.29
Thyrotropin (uI1U/ml) 0.45+0.02 0.49+0.0% 0.56 +0.04 0.50 + 0.0&"
Creatine Kinase (IU/L) 2263.40 + 1408.70 + 2635.10 + 314.9% 3333.20 +408.74
430.73 274.18

Total protein (g/L)
Albumin (g/L)
Globulins (g/L)

Aspartate amino transferase (IU/L)

Alanine amino transferase (IU/L)

Alkaline phosphatase (IU/L)

81.00 +2.14b 80.50 +1.14

40.80+1.31 39.10+0.99
4067 +1.73 42.11 +0.98

225,70+ 161.50 +9.65
16.56"

96.00 + 6159 91.10 + 6.68

189.70 = 193.90 + 6.73

17.62

84.80 +1.59
39.20+1.2%
45.80 + 1.49

187.90 + 19.0%

93.00 + 6.00

196.00 + 13.02

84.20+ 1.7%
39.89 + 0.8%
44.33 + 1.3%

196.56 + 7.3%

85.00 + 8.39

208.00 + 6.28
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Lactate dehydrogenase (IU/L) 1835.70+ 1077.70 £ 1490.00 + 244.39 1485.56 + 56.4%
204.68 57.66

Malondialdehyde concentration 9.53+0.73 9.63+0.4% 6.77+0.76 7.66 +0.8%
(umol/mg protein)

b= values with different superscript letters agngficantly (P < 0.05) different, while those withe same superscript letters are not
significant (P > 0.05).
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APPENDIX XIV

The open-field apparatus
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APPENDIX XV

Inclined plane apparatus
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APPENDIX XVI

Elicitation of nsorimotor refle used in determining excitability scores

164



APPENDIX XVII

Stepdown inhibitory avoidance learning task appar
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