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ABSTRACT

Mercury is a widespread environmental and industrial pollutant which is used in food
preservation, cosmetics, pharmaceutical companies and laboratories. The aim of the
present study was to investigate the possible effects of mercury (Hg) exposure on the
histomorphology of the hippocampus, cerebellar and cerebral cortices, and also to
evaluate the effects of mercury on spatial learning and memory, and motor activity
with the aid of Morris water maze and Montoya staircase tests respectively. Twenty
four adult Wistar rats of both sexes, with average weight of 210gms were randomly
divided into four groups I, II, III, and IV with six animals per group. The animals in
groups II, III, and IV were administered mercury chloride orally at the concentration
of 12.45, 24.9 and 49.8 mg/kg body weight respectively while group I served as
control and was administered with normal saline. The administration lasted for a
period of 21 days (3 weeks). Animals were trained for both spartial learning and
memory, and motor function using Morris water maze and Montoya stair case tests
respectively. The brain tissues was fixed in Bouin’s fluid and processed for
histopathological studies using H and E and Bielschowsky stains. Brain tissues were
analyzed for trace element analysis using Neutron Activation Analysis (NAA-1). The
results from spartial learning and memory test was statistically significant after the
first week of administration of mercury chloride in group IV animals, by the second
week, there was an increase in time to find the platform, also by third week of
exposure to low dose of mercury, there was a statistical significant increased in latency

time taken to find the platform as an escape route by the rats. The result from Montoya
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staircase test showed reduced exploratory motor activity in rats exposed to high
concentration of HgCl, that was statistically significant in the third week. There was
significant motor exploratory activity impairment due to mercury intoxication even at
low doses. The trace element analysis with NAA-1 revealed a significant decrease in
concentration of copper and zinc in the brain tissues of rats exposed to mercury The
results also showed neurodegenerative changes in the hippocampus, cerebral and
cerebellar cortices which range from cellular death and sparse distribution of cells and
decreased in cell number which also contributed to the decreased in concentration of
the copper and zinc concentrations in the hippocampus, cerebellar and cerebral
cortices as well as loss in motor activity, and memory and learning deficit. The
findings from this study showed that ingestion of mercury chloride has potential
deleterious effects on brain as shown in the histopathology, decreased cell number,
impairment of learning and memory, exploratory motor activity and reduction in

essential trace element concentrations in the brain of Wistar rats.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 BACKGROUND

Man in his environment is exposed to much potential hazards by heavy metals
via bioaccumulation and biodegradation which is transferred in man via food chain
due to anthropogenic activities (Wang et al., 2007). Mercury, a heavy metal is a highly
deleterious environmental pollutant that can lead to many health problems in the world
(WHO, 1991). Mercury is known to the ancient Egyptians, Chinese and Indians as
silver water (ATDRS, 1995). It was found in Egyptian tomb dating as far back as
1500BC. The name mercury was derived from the word Hydragyrus meaning water
and silver or silver water. Mercury is a liquid and was named after the Roman god of

mercury, known for its mobility and speed (Wang et al., 2007; Berlin et al., 2007).

Mercury exists in three forms (WHO, 1991 and 2003; ATDRS, 1995; Burger et
al., 2011). These forms include: Elemental mercury also called metallic mercury, is
element in its pure, un-combined form. Inorganic mercury compounds or mercury
salts are more commonly found in nature, include Mercuric sulphide (HgS), Mercuric
oxide (HgO) and Mercuric chloride (HgClL). Organic mercury is formed when
mercury combines with carbon and other elements. Examples are dimethylmercury

and phenyl mercuric chloride.
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The following are some sources of mercury and its compounds. Industrial
sources: mercury emitted from fossil fuels power and into the air by Mining co-
operations, water bodies and land (Akagi, 1995; Bjomberg et al., 2011). Mercury can
be found in natural forms such as Mercury chloride that is found in higher densities in
rocks and volcanic activities which can give half of the HgCl, present in nature
(Bodek et al., 1988; FAO, 1994; Park, 2000). Burning of fossil fuels such as petrol and
gas, fumes, battery disposals, broken mercury thermometer and coal combustion are
other high sources of emitting mercury and its compounds (ATDRS, 1995; Booth,
2005). Consumer products such as Photographic plates and toners contain high amount
of mercury chloride (Goyer, 1986). Cosmetics examples include creams, perfumes,

soaps and mascara.

There are many routes of exposure to mercuric compounds but the evidence of
exposure is dependent on the levels of toxicity (WHO, 2005; Vimercati, 2001). These
exposure routes include: Oral exposure can be via consumption of food products and
grains preserved with mercuric compounds (WHO, 2005; EHD, 2002; Vupputuri et
al.,2005). Inhalational exposure route can be from fumes, industrial actions of fossil
fuel, odor and sewages in the form of mercury oxide (WHO, 1989; 1991 and 2005;
Mohan et al., 2011). Dermal exposure can be through the use of mercuric ointments,
creams and some soaps which can result in disease conditions (ATDRS, 1989; Berlin,

2006; Nardofy et al., 2000).
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Mercurialism is known as mercury poisoning or toxicity in which the metallic
mercury is absorbed via the skin and ingested or the vapor is taken via the lungs (Lim
et al., 2009). Children and women within the reproductive age are more susceptible to
mercury poisoning (Sorensen ef al., 1999). In children mercury poisoning is known as
acrodynia or pink disease. Mercury and its compounds have been shown to have
effects on the respiratory, cardiovascular and reproductive systems, blood, hair, skin,
and enzymes and many other organs and tissues (Murphy, 1976; ATDRS, 1992;

Kosan et al., 2001; WHO, 2003; Olieveri, 2000; Valera, 2008; Rao et al., 2009).

Mercury and its compounds’ toxicity were evident in Nigata, Minamata, Iraq,
Pakistan, Guatemala and Yatsishiro (Berlin, 2003; Mahafeey, 2004; Wang et al., 2007,
Sorensen et al., 1999; EHD, 2002). Mercury toxicity in Nigeria was reported in some
fishes from Lagos lagoon, Oboni land and Oyewo water of Niger Delta (Wegwu,
1999). In Northern Nigeria, there was toxicity via the use of traditional cosmetic called
kohl in some states like Kastina, Sokoto, and some other Northern states (Onyeike et

al., 2002).

Mercury and its compounds have been shown to also have effects on the
growth, weight, renal system, liver and psychological disturbances to mention but a
few (Murphy, 1976; ATDRS, 1992; Kosan et al., 2001; WHO, 2003; Oliveri, 2000;
Valera et al., 2008; Rao, 2001). Signs and symptoms of mercury poisoning include;
Irritability, excitability, restlessness of the skin and eyes, headache, dizziness,

difficulty in walking, frequent urination (Amin- zaki et al., 1974; WHO, 2005;
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ATDRS, 2007 and 2011). Mercury has no known nutritional or biomedical importance
but has various applications and uses (W.H.O, 2003 and 2005). Mercuric compounds
are used in embalmment and in preservation of anthropological species and specimens.
It was used for the treatment of syphilis before the advent of antibiotics. In Chinese
and Tibetan medicine, it was used in healing injuries and fractures. Mercuric chloride
are used as fungicides to control root maggot of cabbage and onions while
Pharmaceutical companies use mercury (thimerosal) in vaccines and in syrups, pills
and blue masses. In cosmetics, mercuric compounds are widely used in the production
of creams, ointments, perfumes, mascara and others. Miscellaneous uses include
mercury switches, liquid mirrors, batteries, thermometers and many others. Mercury
has no any nutritional value and still has various uses/application which exposes both

human and animals to its toxic effects which could be either short or long term.

1.2 AIM AND OBJECTIVES OF THE OF THE STUDY

1.2.1 Aim of the Study

The aim of the study is to investigate the effects of Mercury chloride exposure on the
brain tissues mainly the hippocampus, cerebellar and cerebral cortices using adult

Wistar rats.
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1.2.2  Objectives of the Studies

The objectives of the study are to

1. Investigate the histopathological changes in the hippocampus, cerebellar and
cerebral cortices induced by mercury chloride exposure on the adults Wistar rats.

2. Evaluate the effects of mercury chloride exposure on spatial learning and memory
using Morris Water maze method.
. Assess the motor activity of adult Wistar rats using Montoya Staircase test.
4. Determine the effects of mercury chloride exposure on the concentration of trace
elements present in the brain tissues of adult Wistar rats.
1.3 SCOPE OF THE STUDY

(98]

The study will be limited to general histomorphological and degenerative changes of
hippocampus, cerebellum and cerebrum, studies on spartial learning and memory,
motor function and neurochemical changes that may occur in the brain tissues as a

result of exposure to mercury chloride.

1.4 SIGNIFICANCE OF THE STUDY

People are exposed to the potential risk of heavy metals via different routes which can
lead to many health problems, as such this study is to create awareness on the effects
of exposure to mercury and its compounds (mercuric chloride) directly or indirectly,

particularly on the central nervous system.
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CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 EXPOSURE TO MERCURIC COMPOUNDS

There are many routes of exposure to mercuric compounds but the evidence of
exposure depends on the level of toxicity (Berlin, 2006; WHO, 2005). These routes

include:

i. Oral exposure: This can be via consumption of food stuff preserved with mercuric
compounds (FAO, 1994; FAD, 1998). Fishes and shells for example contain mercury
in their muscle, example of these fishes are Tilapia, King mackerel, Shark and file
fishes (Gunderson, 1988; Clarkson et al., 1989 and 2003; Vupputuri et al., 2000;
Dewaily et al., 2008).

ii. Inhalational exposure: Can be from fumes, industrial actions of fossil fuel power,
odor and sewages in the form of mercury oxide and some cosmetics in the form
perfumes (Berlin, 1986; Clarkson, 2003; WHO 1991 and 2003).

iii. Dermal exposure: Via the used of mercuric ointments, creams and some soaps which
can result to disease condition. However, dermal or ocular exposure can occur when
coming in contact with mercury and its compound (ATDRS, 1995; Altmann et al.,

2008; Yannai, 2002; WHO, 2003).
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Figure 2.1.Sources of mercury exposure (Dewaily ez al., 2008).

2.2 TOXICOKINETICS OF MERCURIC CHLORIDE

a) Absorption; organic mercury are absorbed much more rapidly than inorganic forms,
while approximately 80% of mercury vapor is absorbed following inhalational
exposure (Hursh et al, 1989). Metallic mercury and mercurous salts (Hg,Cl,) are
poorly absorbed following oral exposure (Piotroski et al., 1992). Absorption of
mercury chloride was reported at 48 % in rats of the orally administered substance
(Piotroski et al., 1992; FAD, 1998). Gastrointestinal absorption of inorganic salt has
shown to be readily absorbed by human and animals following oral exposure

(ATDRS, 1989; Goyer, 1991; Yannai, 2002).
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b) Distribution: Mercury vapor readily enters the red blood cells and central nervous
system following inhalational exposure (Warfringe, 1995; Barregard et al., 1992).
The kidney and central nervous system exhibits greatest concentration of mercury
following exposure to inorganic mercury salts (Neilsen, 1991). Both organic and
inorganic mercury are readily distributed throughout the body, but tend to
concentrate more in the brain and kidney (Barr et al., 1973). Mercury is known to
bind to microsomal and mitochondrial enzymes resulting in cell injury and death.
Mercury in renal cells is localized in lysosomes (Neilsen et al., 1991). However, the
concentrations of organic and as well as inorganic mercury were shown to be
increased in plasma and erythrocytes respectively (Goyer, 1991). Animal data
indicates that all forms of mercury cross placenta barrier and are two folds greater
than in maternal levels with fetal red blood cell containing mercury at 30% higher
than maternal red blood cell (Goyer, 1991). The placenta provide no barrier for
organic and inorganic mercury, thereby allowing easy access to the developing brain
and development of subsequent neurological disorders characteristic of fetal
exposure to mercuric compounds (Rice et al.,1990).

c) Metabolism: mercury is not destroyed by metabolism rather converted to different
forms and oxidation states. The metabolism of mercury and mercury compounds
appear to be similar in animals and humans (ATDRS, 1989). Inhaled mercury vapor
is rapidly oxidized to divalent forms in red blood cells (Halbach and Clarkson,

2008). Oxidation of elemental mercury occurs in lungs of humans and animals
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(Hursh et al., 1989). And some evidence suggested hepatic-mediated oxidation of
mercury in the body

d) Excretion: urine and feces is the primary route of excretion of inorganic mercury by
humans (ATDRS, 1989). Following brief exposure of humans to inorganic mercury,
urinary excretion accounts for 13% of the total burden, whereas this value increased
to 58% for long term exposure (Betti, 1992; Berlin, 2003). There are three forms of
mercury identified in the urine of the occupationally exposed individuals. These
include elemental mercury, a reducible mercuric —cysteine complex and a large
complex in which the mercury can only be released following organic destruction.
Additional excretory routes include saliva, sweat, bile and mammary gland

(ATDRS, 1989; Booth and Zeller,2005).

Mercury poisoning or toxicity is known as mercurialism in which the mercuric
compound(s) is or are absorb via the skin and elementary canal, and the vapor is taken
via the lungs (WHO, 1991; ATDRS, 1995; Thurtson et al., 2007; EHD, 2000; Berlin,

2007).

2.3 MERCURIALISM AND ITS EFFECTS

Fetuses, children and females within the reproductive age are more susceptible
than adults to mercury poisoning (Thomas, 2007; Winneke et al., 2011). In children,
mercury poisoning is known as acrodynia or pink disease which is characterized by
neuropsychiatric disturbances, peripheral vascular effect and disturbances in sensation

of the renal function within few minutes of poisoning and circulatory system collapse
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(Choic et al., 2011). The signs and symptoms of mercury poisoning can be seen based
on the categories of the observed manifestations These signs and symptoms of
mercury poisoning include, chronic or frequent headaches, numbness and tingling
anywhere, dizziness, ringing or noises in the ear, tremors in hands, feet, lips, eyelids,
tongue and lowering of pain threshold (ATDRS, 2003; Warkany, 1953; Murphy, 1979;
Winship, 1985; Pamber, 1989; TARC, 1993; Clarkson, 2003; Onyeike et al., 2002;

W.H.O, 1999 and 2003; ATDRS, 2005; Musa and Sadeeq, 2009).

Irritability, nervousness, shyness or timidity, loss of memory, inability to concentrate,
mental confusion, mood changes, lack of interest in life and hobbies. Attention Deficit
Syndrome or similar problems, decline of intellect, loss of self-confidence, anger and loss of
self control, depression, crying spells, anxiety, drowsiness and Insomnia are some of the
neurological effects and disorders of mercury poisoning (ATDRS, 2005). Mercurialism can
also cause bleeding gums, bone loss and loosening of teeth, foul breath, excessive
salivation, metallic taste, white patches on the gums and cheeks, chronic inflammation
of gums and mouth, ulcerative burning in the mouth or throat and tissue black

pigmentation (Clarkson, 2003).

Gastrointestinal effects include, bloating and excessive gas, abdominal cramps,
constipation or diarrhea, irritable bowel syndrome, colitis, nausea, loss of appetite,
voracious appetite and obesity and excessive thirst (W.H.O, 1999 and 2003). Irregular
heartbeats, feeble and irregular pulse, alterations in blood pressure, arterial plaque are
some of the cardiovascular problems associated with mercury poisoning. Also

mercurialism can result to chronic fatigue syndrome, fibromyalgia, rheumatoid,
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arthritis, allergies, sinusitis, asthma, muscle weakness and joint pain (Thurtson et al.,
2007). Other problems associated with mercury poisoning include, excessive
perspiration without fever, low body temperature, sometimes with clamminess, skin
rashes, especially around face, head and neck, dim or double vision and Hypoxia

(Booth, 2005).

24 MERCURY EXPOSURE AND TOXICITY

No information available regarding the effects of mercury and its compounds
on cancer. This may be due to poor experimental design, lack of adequate and
methodological description provided or no definitive evidence of carcinogenicity
(ATDRS, 1989). Janicki et al., (1987) and Choic et al., (2011), has reported an
association between mercuric compounds exposure and leukemia, but the work was
not accepted by World Health Organization due to inadequate evidence and data for
carcinogenicity of mercury and mercuric compounds on humans and animals. Hence,
IARC classified elemental mercury and inorganic mercury compounds as category 3

carcinogens i.e. non-carcinogenicity to humans (IARC, 1993).

Evidence suggests that, exposure to mercury compounds in women may
increase the frequency of menstrual disturbance by prolonging uterine cycle and
spontaneous abortion and also pregnancy complication. (ATDRS, 1989; Rao and
Sharma, 2001; Baltimore, 2006). Amin-Zaki et al., (1974), has reported that; no
evidence of teratogenicity, but found other developmental effects on impaired motor

and mental function, hearing loss and blindness. Abnormal cytoarchitecture of the
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brain in infants prenatally exposed to mercury was evident (Fuyuta ef al, 1978). A
100% incidence of neonatal death and failure to deliver was reported in mice ( Bell,

2008).

Dermal contact is seen when mercury applied locally on skin and mucous
membrane. Typically, there is manifestation of erythemas and contact dermatitis in
hypersensitive individuals (Pambor, 2007; Goh, 2008). A special form of hyper
sensitivity is found in children and this syndrome is called acrodynia or pink disease.
Local application can result to rashes over the body, chills limitation and swelling of
hand, cheek, feet and nose. Desquamation, lost of hair, photophobia, perspiration
which can result in dehydration due to dilated and enlarged sweat glands, hyperplasia,
hyperkeratosis and frequent urination (Charles, 2006; Goh, 2008). When mercury
makes contact with eyes, they exhibit discoloration of cornea and lens, tremor of eyes
lid, disturbance of vision, extra ocular muscle and conjunctivitis (Charles, 2006). Eyes
contact can causes ulceration of conjunctiva and cornea (Altmann et al., 1998). It was
reported that 0.5g tablet of mercuric chloride is the toxic value for human to affect

eyes (Altmann et al., 1998; Crespo-lopez, et al., 2009).

Inhalation of mercury vapor may result in corrosive bronchitis, intestinal
pneumonitis, and death (Milne, 1970; Goyer, 1991; Meyer-Baron, 2002). Lungs are
the primary organ to exhibit toxicity due to the reaction of the Hg and O, to give
mercury oxide, (Hallee, 1969; Goyer,1991). Cough and chest pain may start few hours

of exposure and last for days (Hu ef al., 2012).
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The concentration of inorganic mercury of 0.4 to 2.2 ug/ml present in blood
serum or plasma has been reported to cause death in humans (Winneke, 2011).
Influence of mercuric chloride on the erythrocyte and leukocyte counts especially
lymphocytes, easinophils and monocytes has been shown to increase due to mercury
toxicity (Barregard, 1991). Slight change in hematocrits index accompanied the
change in numbers of formed blood elements (Makikallio et al., 2001). Auto-immune
response manifested as a general stimulation of immune system with hyper
immunoglobulaneamia, antinuclear fibrillarin, antibodies and glumerular disease,
accompanied by vascular immune complex deposit (Warfvinge 1995; Vappurituni,
2005). A significant decrease in weight of the thymus and spleen in antibody response
were also exhibited. Increase in B-lymphocyte mediated lymphocyte proliferation was

also observed (Andres, 1984; Brockmeiser, 2010; Albalaghi et al., 1996).

Saha et al., (1986) has reported that, mercurialism induced chromosomal
abnormalities, which induces stretching and elongation disperilization of chromatids,
sticky bridge and elongation of X-chromosome, pulverization. It has been shown that
there was prepundence of chromosome breaks over chromatics backs. (Betti, 1992).
Data from 14 studies of cytogenetic effects, such as sister chromatid exchange,
micronucleus formation, chromosomal aberrations, aneuploidy and polyploidy in
peripheral blood lymphocytes of individuals exposed to elemental and inorganic
mercury or mercury compounds were inconclusive (Cantoni, 1983; Betti, 1992). This
is because the studies have provided little convincing evidence that exposure to

mercury causes chromosomal damage (Clarkson, 2003).
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Renal function may be disturbed within few minutes after mercury poison
reaches the circulation. If circulation is adequate, the first response of the kidney may
be diuresis caused by inhibition of tubular reabsorption and renal damage may be
extensive that oligonuria results (Grandjean et al., 2004; Kosan et al., 2001; Halbach,
2008). Kidney is the critical organ of injury although site of diuretic action of mercuric
compounds has not been demonstrated, but it is suspected to be in the proximal tubule

(Cartoni, 1983; Bell, 2008; Coulibally et al., 2012).

The effect of mercury chloride intoxication on the activity of acid and alkaline
phosphatase and glucose-6- phosphatase was evident in the work of Haltbach (2008).
The result show an elevation of acid phosphates and inhibition of alkaline phosphates
activities, and Glucose -6-phosphatase activity was elevated and there was inhibition
of the enzymes, alkaline phosphatase (Andres, 1984; Haltbach, 2008). Fuyuta., (2000)
had reported that the activity acetyl cholinesterase was determined in RBC and bone
marrow after exposure to high mercuric chloride which showed a marked declined in

the activity of the enzymes

Tachycardia and hypertension have been reported following ingestion of
mercuric chloride (Altman, 2008). In addition, tachycardia has been reported
secondary to severe pneumonitis after acute exposure to mercury vapor. It has been
shown that there was increase in blood pressure and heart rate (ATDRS, 1999;
Altman, 2008). Cardiovascular toxicity in humans has also been observed following

ingestion of mercuric chloride in a report of a suicide attempt through ingestion of

-28-



approximately 20 mg mercury/kg body weight (Makikallio, 2001; Oka ef al., 2002).
Electrocardiogram of a 22-year-old male revealed no P-wave, prolongation of the QRS
segment, and a high T-wave. Murata et al., (2006) and Lim, (2009)., described multiple
cases in which tachycardia and elevated blood pressure were observed in children
treated with mercurous chloride tablets for worms or mercurous chloride-containing
powders for teething discomfort. A number of children whose diapers had been rinsed
in a mercuric chloride solution also experienced tachycardia and elevated blood

pressure (Grandjen et al., 2004).

The Gastro intestinal tract exhibits stomatitis, excessive salivation, difficulty
in swallowing, abdominal pains, nausea, vomiting diarrhea, drilling and sore gums and
ulceration of oral mucosa incase of exposure to mercury and their compounds.
(ATDRS, 1999). Report also indicates that; there is oropharyngeal pains, hemorrhage
throughout the length of the GIT (Murphy et al., 1976). Hepatotoxicity at low
concentration shows mercury ions accumulation in the liver and at high concentration
the ions rupture the lysosomes and release destructive acid hydrolysis (Rao et al.,
2010). Mercury toxicity in the liver can causes jaundice, hepatomegaly, and central

tubular vacuolation at autopsy (ATDRS, 1999).

2.5 MEMORY

Memory is an organism's ability to store, retain and recall information and

experience (Hackijng, 1996; Mark, 2007; Micheal, 2009). During the late Nineteenth
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and early Twentieth century, scientists have put memory within the paradigm of

cognitive psychology. In recent decades, it has become one of the principal pillars of a

branch of science called cognitive neuroscience, an interdisciplinary link between

cognitive psychology and neuroscience.

2.5.1 Types of Memory

2.5.2 Sensory Memory

Sensory memory corresponds approximately to the initial 200-500
milliseconds after an item is perceived (Mandler, 1967; Bruce ef al., 2006). The ability
to look at an item, and remember what it looks like with just a second of observation,
or memorization, is known as sensory memory. With very short presentations,
participants often report that they seem to see more than they can actually report

(Hacking,1996). Sensory memory cannot be prolonged via rehearsal (Alberimi, 2001).

2.5.3 Short-Term Memory

Short-term memory involves the hippocampus and allows recall for a period of
several seconds to a minute without rehearsal. Its capacity is also very limited
(Mandler, 1967). Memory capacity can be increased through a process called

chunking. For example, in recalling a ten-digit telephone number, a person could

chunk the digits into three groups: first, the area code such as 215, then a three-digit
chunk 123 and lastly a four-digit chunk 4567 (Brockmeier, 2010). This method of

remembering telephone numbers is far more effective than attempting to remember a
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string of 10 digits. This is because of the ability to chunk the information into
meaningful groups of numbers. Short-term memory is believed to rely mostly on an
acoustic code for storing information, and to a lesser extent a visual code (Alberimi,

2001).

2.5.4 Long-Term Memory

Long-term memory involves the posterior cinglate gyrus and can store much
larger quantities of information for potentially unlimited duration, sometimes a whole
life span (Alberimi, 2005). Its capacity is immeasurably large. For example, given a
random seven-digit number we may remember it for only a few seconds before
forgetting, suggesting it was stored in our short-term memory. On the other hand, a
person can remember telephone numbers for many years through repetition, this
information is said to be stored in long-term memory (Tyler et al., 1979). This type of
memories, are maintained by more stable and permanent changes in neural
connections widely spread throughout the brain. The hippocampus is essential for
learning new information and the consolidation of information from short-term to
long-term memory, although it does not seem to store information itself (Gross, 1993).
Without the hippocampus, new memories are unable to be stored into long-term

memory, and there will be a very short attention span (Gross, 1993; Mark, 2007)

2.6 THE CENTRAL NERVOUS SYSTEM

The Central Nervous System (CNS) is composed of the brain and spinal cord

and is surrounded by bone mainly the skull and vertebrae. Fluid and tissue also
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insulate the brain and spinal cord. The brain is composed of three parts: the cerebrum,

the cerebellum, and the medulla oblongata.

2.6.1 Hippocampus

2.6.2 Morphology and Formation of the Hippocampus

Anatomically, the hippocampus is an elaboration of the edge of the cerebral
cortex (Gray, 2000, Chris, 2008). In rodent, the hippocampus, a horseshoe shape
paired structure, with one hippocampus located in the left brain hemisphere and the
other in the right hemisphere (Gross, 1993). The hippocampus, the dentate gyrus and
the sibiculum collectively make up the hippocampal formation, which is said to be part
of the limbic system as shown in Figure 2.1. The hippocampus and the dentate gyrus
belong to the allocortex and has simplified laminar pattern compared with the

neocortex.
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Figure 2.2: Hippocampus and associated structures of the limbic system (Chris,

2008).

2.6.3 The Cells and Layers of Hippocampus

The hippocampus is composed of multiple subfields. Though terminology varies
among authors, the terms most frequently used are dentate gyrus and the cornu
ammonis literally "Amun's horns", abbreviated CA. The dentate gyrus contains the
fascia dentata and the hilus, while CA is differentiated into ficlds CA1l, CA2, and CA3
(Chris, 2008). The horse shoe appearance of the hippocampus is caused by cell density

differentials and the existence of varying degrees of neuronal fibers as shown in Figure
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2.4. The CA regions are also structured depth-wise in clearly defined strata (Philippe,
2007; Hiroaki, 2007; Annabelle 2009).
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thih A

o

_,._ ‘-I":l Y

Figure 2.3 Cells and layers of the hippocampus (Annabelle, 2009).

The alveus is the deepest layer and contains the axons from pyramidal neurons,
passing on towards the fimbria/fornix, one of the major outputs of the hippocampus.
Stratum oriens is the next layer superficial to the alveus. The cell bodies of inhibitory
basket cells and horizontal trilaminar cells, named for their axons innervating the three
layers-the oriens, pyramidal, and radiatum are located in this stratum (Annabelle, 2009).
The basal dendrites of pyramidal neurons are also found here, where they receive input

from other pyramidal cells, septal fibers and commissural fibers from the contra lateral
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hippocampus usually recurrent connections, especially in CA3 and CA2 regions

(Annabelle, 2009).

Stratum pyramidale contains the cell bodies of the pyramidal neurons, which are the
principal excitatory neurons of the hippocampus. This stratum tends to be one of the
more visible strata to the naked eye. In region CA3, this stratum contains synapses
from the mossy fibers that course through stratum lucidum. This stratum also contains

the cell bodies of many interneurons, including axo-axonic cells, bistratified cells, and

radial trilaminar cells (Chris, 2008). Stratum lucidum is one of the thinnest strata in the
hippocampus and only found in the CA3 region. Mossy fibers from the dentate gyrus
granule cells course through this stratum in CA3, though synapses from these fibers

can be found in stratum pyramidale.

Stratum radiatum like stratum oriens, contains septal and commissural fibers. It also

contains Schaffer collateral fibers, which are the projection forward from CA3 to CAL.

Some interneurons that can be found in more superficial layers can also be found here,
including basket cells, bistratified cells, and radial trilaminar cells. Stratum lacunosum
1s a thin stratum that too contains Schaffer collateral fibers, but it also contains
perforant path fibers from the superficial layers of entorhinal cortex. Due to its small
size, it is often grouped together with stratum moleculare into a single stratum called
stratum lacunosum-moleculare (Chris, 2008). Stratum moleculare is the most
superficial stratum in the hippocampus. Here the perforant path fibers form synapses

onto the distal, apical dendrites of pyramidal cells.
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The hippocampal sulcus or fissure is a cell-free region that separates the CAl field

from the dentate gyrus. Because the phase of recorded theta rhythm varies
systematically through the strata, the fissure is often used as a fixed reference point for

recording EEG as it is easily identifiable.

2.6.4 The Dentate Gyrus

The dentate gyrus is composed of a similar series of strata namely; Polymorphic layer
is the most deepest layer of the dentate gyrus and is often considered a separate
subfield. This layer contains many interneurons, and the axons of the dentate granule
cells pass through this stratum on their way to CA3 (Annabelle, 2009). Stratum

granulosum contains the cell bodies of the dentate granule cells.

Stratum moleculare, outer third is where both commissural fibers from the
contralateral dentate gyrus run and form synapses as well as where inputs from the

medial septum terminate on the proximal dendrites of the granule cells. Stratum

moleculare, external two thirds is the deepest of the strata, sitting just superficial to the
hippocampal fissure across from stratum moleculare in the CA fields. The perforant
path fibers run through this stratum, making excitatory synapses with the distal apical

dendrites of granule cells (Gross, 1993; Chris, 2008).

2.6.5  Functions of Hippocampus

The hippocampus is believed to play important role in several functions of the body. The

hippocampus is the part of the brain that is involved in memory formation, organization
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and storage. Hippocampus is a limbic system structure that is particularly important in
forming new memories and connecting emotions and senses, such as smell and sound, to
memories. The hippocampus acts as a memory indexer by sending memories out to the
appropriate part of the cerebral hemisphere for long-term storage and retrieving them

when necessary.

2.7 CEREBELLUM

2,71 Morphology of the Cerebellum

The cerebellum is the largest part of the hindbrain. It is dorsal to the pons and
medulla, and its median region is separated from them by the fourth ventricle (Gray,
2000). It is joined to the brain stem by three pairs of cerebellar peduncles, which
contain afferent and efferent fibres. The cerebellum occupies the posterior cranial
fossa, where it is covered by the tantrum cerebelli. It is roughly spherical, but
somewhat constricted in its median region, and flattened - its greatest diameter is
transverse (Clerke, 1996). In other words, the cerebellum is located at the bottom of

the brain, with the large mass of the cerebral cortex above and the portion of the

brainstem called the pons in front of it (Clerke, 1996). It is separated from the
overlying cerebrum by a layer of leathery dura mater. All of its connections with the

other parts of the brain travel through the pons.
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2.7.2 Cellular Layers of the Cerebellum

The cerebellar cortex is divided into three layers. The layers from the lower to the

upper include the followings as shown in Figure 2.5.

i. The thick granular layer which is densely packed with granule cells, along with

interneurons, mainly Golgi cells and unipolar brush cells (Ghez, 1985; Bell, 2008).

Their cell bodies are packed into a thick layer at the lower part of the cerebellar cortex.
A granule cell emits only four to five dendrites, each of which ends in an enlargement
called a dendritic claw (Linas et al.,, 2004). These enlargements are sites of excitatory
input from mossy fibers and inhibitory input from Golgi cells (Linas ef al., 2004).

ii. The Purkinje layer lies in the middle, forming a narrow zone that contains only the
cell bodies of Purkinje cells (Linas et al.,2004). They are distinguished by the shape of
the dendritic tree. The dendrites branch very profusely, but are severely flattened in a
plane perpendicular to the cerebellar folds. Thus, the dendrites of a Purkinje cell form a

dense planar net, through which parallel fibers pass at right angles (Linas et al.,2004;

Bell, 2008). The dendrites are covered with dendritic spines, each of which receives
synaptic input from a parallel fiber. Purkinje cells receive more synaptic inputs than any
other type of cell in the brain. The large, spherical cell bodies of Purkinje cells are
packed into a narrow layer, one cell thick of the cerebellar cortex, called the Purkinje
layer (Linas, et al., 2004).

iii. The molecular layer is thick. It contains a sparse population of neurones, dendritic

arborizations, non-myelinated axons and radial fibres of the neuroglial cells. (Clerke,
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1996; Gray, 2000). Purkinje cell dendritic trees extend towards the surface and spread
out in a plane perpendicular to the long axis of the cerebellar folia. Purkinje cell
dendrites are flattened. This outermost layer of the cerebellar cortex also contains two

types of inhibitory interneurons, stellate cells, and basket cells (Linas et al., 2004).

2.7.3  Functions of the Cerebellum
The cerebellum performs the following function:

i. Coordination of Movement; the cerebellum controls the timing and pattern of muscle

activation during movement.
ii. Maintenance of Equilibrium in conjunction with the vestibular system.

iii. Regulation of Muscle Tone and modulation of spinal cord and brain stem

mechanisms involved in postural control.
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Figure 2.4: Cellular layers of the cerebellum showing the outer molecular layer
(brown), the purikinje cell layer (yellow) and the granule cell layer (green) (Linas et
al.,2004).

2.8 THE CEREBRUM

2.8.1 The Morphology of the Cerebrum

The cerebrum comprises a large portion of the brain. It lies in front or on top of
the brainstem and in humans is the largest and best-developed of the five major
divisions of the brain. The cerebral cortex is the largest part of the brain; it is formed

by grey matter and cerebral hemisphere on the surface as shown in Figure 2.6. The
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cortex is convoluted with projections called sulci and gyri. The cerebral cortex is about
1.5 - 4mm thick, and contains nerve cells, fibers, neuroglia and blood vessels. The
cerebral hemisphere is supplied by cerebral branches of polygon of Willis i.e. the

anterior, middle and posterior cerebral arteries (Kandel ez al.,2000).
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Figure 2.5. The structure of the brain showing the cerebrum (Kandel ez al., 2000)

2.8.2 Cellular Layers of the Cerebral Cortex

The neurons of the cerebral cortex vary in size, shapes, lengths, branching
patterns and orientation of their processes. These neuronal cells are named based on
their specific characteristics features which demarcates them from each other. The

neurons include the following:
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The pyramidal cells: They are most abundant cervical neurons in the cortex. All
others are referred to as non-pyramidal neurons. About 2/3 (two third) of the cerebral
cortex cells are pyramidal cells. Their cell bodies are triangular in shape; apex is
directed towards the cortex. Large dendrites arise from the apex while others arise
from basal angles. The axis arises from the base of the pyramidal cells. (Kandel et al.,
2000). The process of pyramidal cells extends vertically through the entire thickness of
the cortex and established numerous synapses. The axons of pyramidal cells may
terminate in different ways. They may travel to the other region like the basal ganglia,
the brain stem or the spinal cord. Also they may give collateral fibers that terminate
within the cortex and may be short and terminate within the same area in the cortex.

(Kandel et al., 2000).

The stellate cells: They are small and multipolar and form 1/3 (one third) of the total
population of neurons of the cortex under low magnification. They look like granular
cells. They are therefore been termed granular neurons (cells) by earlier workers.
Stellates cell are of various types depending on their bodies and on the pattern of their
ramification processes. Their axons are short and end within the cortex and their
processes extend chiefly in radical direction within the cortex in some case
horizontally. Some Stellates cells may be uniform rather than Stellates, with one
process arising at either end. Stellates neurons are classified as spiny and non-spiny
neuron. The spiny Stellates cells use glutamate as neurotransmitter, while in most non-
spiny Stellates cells it is Gamma amino Butyric Acid (GABA). The neurons of the

cerebral cortex are grouped into six main layers, from outside to inside namely as
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shown in Figure 2.7, according to Kandel et al. (2000); Shipp (2007) and Saladin

(2010).

Layer I: the Molecular layer, which contains few scattered neurons and consists
mainly of extensions of apical dendritic tufts of pyramidal neurons and horizontally-
oriented axons, as well as glial cells. Some Cajal-Retzius and spiny stellate cells can
be found in the molecular layer. Inputs to the apical tufts are thought to be crucial for
the ‘‘feedback’’ interactions in the cerebral cortex involved in associative learning and
attention (Saladin, 2010). While it was once thought that the input to layer I came from
the cortex itself, it is now realized that layer I across the cerebral cortex mantle
receives substantial input from ‘‘matrix’’ or M-type thalamus cells in contrast to

“‘core’” or C-type that go to layer IV.

Layer 11, the External granular layer, contains small pyramidal neurons and numerous

stellate neurons.

Layer III, the External Pyramidal layer, contains predominantly small and medium-

size pyramidal neurons, as well as non-pyramidal neurons with vertically-oriented

intracortical axons. Layers I through III are the main target of interhemispheric
corticocortical afferents, and layer III is the principal source of corticocortical

efferents Shipp, 2007).
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Layer IV, the Internal Granular layer, contains different types of stellate and

pyramidal neurons, and is the main target of thalamocortical afferents from thalamus

type C neurons as well as intra-hemispheric corticocortical afferents.

Layer V, the Internal Pyramidal layer, contains large pyramidal neurons such as the

Betz cells in the primary motor cortex. It is the principal source of subcortical
efferents, as such there are large pyramidal cells which give rise to axons leaving the

cortex and running down through the basal ganglia, the brain stem and the spinal cord.

Layer VI, the Polymorphic or Multiform layer contains few large pyramidal neurons

and many small spindle-like pyramidal and multiform neurons. Layer VI sends
efferent fibers to the thalamus, establishing a very precise reciprocal interconnection
between the cortex and the thalamus. These connections are both excitatory and
inhibitory. Neurons send excitatory fibers to neurons in the thalamus and also from

collateral to other ones via the thalamic reticular nucleus that inhibit these thalamus

neurons or ones adjacent to them. Since the inhibitory output is reduced by cholinergic
input to the cerebral cortex, this provides the brainstem with adjustable "gain control

for the relay of lemnsical inputs
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Figure 2.6 The cellular layers of cerebral cortex (kandel et al., 2000).

Variations of cortical structure

The structure of the cerebral cortex shows considerable variations in the region, both

in terms of thickness and in prominence of the various laminae. These variations are as

follow

. In the agranular cortex, the external and internal granular Laminae are inconspicuous.
This type of cortex is refered to as precentral gyrus (area 4) and is therefore to be of

typical area.
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II. In the granular cortex, the granular cortex is highly developed while the pyramidal and
ganglion layer are poorly developed or absent. This type of cortex is mostly present in

sensory area including the post-central gyrus.

2.8.3 Functions Associated With Cerebrum

The cerebrum is the most highly developed part of the human brain and is responsible
for determining intelligence, motor function, planning and organization, touch
sensation, thinking, perceiving, producing and understanding language. Most
information processing occurs in the cerebral cortex. The cerebral cortex is divided

into lobes of which each has a specific function.

Motor Function: The cerebrum directs the conscious or volitional motor functions of

the body. These functions originate within the primary motor cortex and other frontal

lobe motor areas where actions are planned. Upper motor neurons in the primary
motor cortex send their axons to the brainstem and spinal cord to synapse on the lower
motor neurons, which innervate the muscles. Damage to motor areas of cortex can lead

to certain types of motor neuron disease (Shipp, 2007). This kind of damage results in

loss of muscular power and precision rather than total paralysis. The motor area of
classical description is located in the precentral gyrus on the superior lateral surface of
the hemisphere and in the anterior part of the precentral lobule; the medial surface.
This corresponds to area 4 of Broman and possibly part of area 6, which lies in the
pre-central gyrus, the specific region in the area responsible for movement of specific

part of the body.
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Sensory processing: The primary sensory areas of the cerebral cortex receive and

process visual, auditory, somato-sensory, gustatory, and olfactory information.

Together with association cortical areas, these brain regions synthesize sensory

information into our perceptions of the world around us.

Olfaction: The olfactory bulb in most vertebrates is the most anterior portion of the
cerebrum, and makes up a relatively large proportion of the telencephalon. However,
in humans, this part of the brain is much smaller, and lies underneath the frontal lobe.
The olfactory sensory system is unique in the sense that neurons in the olfactory bulb

send their axons directly to the olfactory cortex, rather than to the thalamus first.

Damage to the olfactory bulb results in the loss of the sense of smell (Kandel et al.,

2000).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 MATERIALS
Wistar rats, Mercury chloride, Bouin’s fluid, Beakers, Specimen bottles, Weighing

balance, Nikon digital camera with 12.0 megapixels, 1ml and 5ml syringes and

injection needle, Dissecting tray. Animal feed, Chloroform and dissecting kit.

3.2 EXPERIMENTAL DESIGNED

Twenty four (24) adult Wistar rats of both sexes were obtained from the Faculty of
Pharmaceutical Sciences, Ahmadu Bello University, Zaria. The weights of the animals
were between 190 — 230g and were housed in polyester cages with wire gauze
covering. The animals were allowed to acclimatize for two (2) weeks in the animal
house of the Department of Human Anatomy, Ahmadu Bello University, Zaria.
Animals were fed with Grower’s mesh brand of the Animal feed purchased from Mae-

Syl Agrochemical Company at 22 Sokoto road, Samara, Zaria, Kaduna State, Nigeria.

The animal feed was prepared in pellet form to reduce spillages and the animals were
fed 3 times daily while clean water was provided in plastic drinking bottle and animals

were allowed to feed and drink ad-bilitum.

Animals were weighed and randomly divided into four (4) groups with six animals per
group. And the administration of the mercury chloride lasted for twenty one (21)
consecutive days, which was done orally using 1ml syringe with butterfly rubber that

was put on the cap of the syringe to serve as mean of administration. Mercuric
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chloride (May and Bakers limited, Dagenham England) with batch number XN202.
was obtained from Steve Moore chemicals limited Samaru, Zaria. Kaduna State,

Nigeria.

The LDsy of Mercury chloride was adopted from (Berlin et al., 2007) and ATDRS,
(2011) as 166mg/kg body weight. The Concentration of Mercury chloride used was
determined using 30%, 15% and 7.5% of the standard LDsy per kg body weight

according to the methods of (Berlin et al., 2007).

33 EXPERIMENTAL PROCEDURE

Animals were divided into four (4) groups of six (6) per group (GI, GII, GIII and
GIV). GI was used as the control group and as such received normal saline, while
groups GII, GIII and GIV were administered with mercury chloride at 7.5%, 15% and

30% respectively of the LDs per kg body weight as shown in Table 3.1.

Table 3.1 Animal Grouping, concentration and frequency of administration of mercury
chloride

S/no Groups Concentration Frequency of administration
1 I Normal saline Once daily
2 II 12.45 mg/kg (7.5%) Once daily
3 I 24.9 mg/kg (15%) Once daily
4 v 49.8 mg/kg (30%) Once daily
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3.4 NEUROBEHAVIORAL STUDIES

3.4.1 Spatial Learning and Memory Test Using Morris Water Maze.

Morris water maze was used to test spatial learning and memory in the test animals
according to the methods of Morris (1981), which was further modified by Charles et
al., (2006), Mark et al., (2007) and Liu et al, (2011). According to this method, a
platform was submerged beneath the surface of the maze pool; the animal task is to
find the hidden platform. The animal starting point was changed from time to time so
as to build a cohesive spatial representation of the pool in order to find the platform
during training trials and the latency to find the platform location was recorded both
during the training and the experimental periods as shown in Figure 3.1. Animals were
placed in a circular pool of clear water which was partitioned into four quadrants. Each
animal’s starting point was in a random position and each animal swam from one
quadrant to the other searching for an escape route. The time taken by each animal to
locate the platform which served as the escape route was recorded as the latency

period.
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Figure 3.1 Morris water maze pool showing: (A) the platform and the rat looking for
the platform (B) rat on the platform

3.4.2 Montoya Staircase Test Method

The Montoya staircase test method was used to study the locomotor function
and skills in motor co-ordination. This method helps in determining the effects of a
test substance on motor function abilities (Montoya et al., 1990 and 1991). The tasks
involved forepaw reaching for food pellets located at various steps along the staircase
and the time taking to explore the activity cage (Abrous ef al., 1994; Whishaw et al.,,
1986 and 2000, Whishaw, and woodward,1997). The test was carried out as a measure
of Motor coordination shown by muscle action in climbing and exploring the staircase
and motor and locomotor function shown by the independent forelimb ability to

reaching out and grasping food pellet in the staircase.
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3.4.3 Training Time

At the outset of the test, animals were first trained to recognize that there are food
pellets along the wells in Montoya staircase for three consecutive days. The animals
were able to familiarize themselves with the Montoya staircase and then the animals
were deprived of food for 18 hours in order to facilitate their search for food. During
the test, each animal was placed on the foot of the staircase which will enable them to
climb the stairs in order to reach out, grasp, or retrieve the food pellets and each test
session lasted for 5 min, at the end of which the time taken to climb up and down from

the basement was recorded and grasping abilities of each animal was also observed as

shown in Figure 3.2.

Figure 3.2. Montoya staircase test: Showing wells with food pellets inside and the
animal trying to move-up the next step.
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3.5 ANIMAL SACRIFICES

At the end of the 21 days of mercury chloride administration, the animals were
anasthesize using chloroform and the brain tissues were removed by opening through
the sutures of the skull using a brain opener obtained from the Department of Human
Anatomy, Ahmadu Bello University, Zaria. The brain tissue were then transferred into
specimen bottle, containing Bouin’s fluid for fast fixation.

3.6 TISSUE PROCESSING

The tissues were fixed in Bouin’s fluid for 48 hrs for proper fixation. The tissues were
processed routinely and stained using Heamatoxyline and Eosin technique and special

modified silver stain, Bielschowsky’s methods.

3.6.1 H and E Staining Method

The methods of H and E staining technique was carried out by de-waxing the tissue in
two changes of xylene for three (3) minutes each, hydrated by passing them through
descending grades of alcohol (100%, 95%, 90%, and 70%) for three minutes each, and
then stained in Harris haematoxyline for ten minutes, washed in tap water to remove
excess stain. The slides were then flooded with acid alcohol for few seconds for
differentiation and then washed in tap water again. The slides were then blued in
Scott’s tap water for five minutes and counter stained with Eosin for three minutes.
The sections were rinsed in tap water, and then dehydrated in ascending grades of

alcohol, cleared in xylene. Tissues were then mounted with cover slips using a
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mounting media. Sections of the tissues were viewed under light microscope and

photomicrographs were taken using digital Am scope (MD 900) photomicroscope.

3.6.2 Special Stain Using Bielschowsky Method.

The frozen tissue sections were immersed in distilled water and changed for 3 times
over one hour and was treated with silver nitrate (AgNo3) solution for 4hrs in the dark
at room temperature. The tissue sections were rinsed briefly in distilled water and
treated with ammonia silver nitrate solution for 5 minutes until brown color appeared.
The tissues were washed briefly in distilled water and treated with 4% formalin in tap
water for 10minutes. The tissues were washed in water and toned with 0.2% gold
chloride, washed and then treated with 5% hypo for 2 minutes each. The tissues were
washed and mounted on a glass slide and blotted dry. Digital photomicrographs at the
magnification of X250 were made from all the experimental groups with the aid of

MD900 Am scope microscope digital camera.

3.7 NEUTRON ACTIVATION ANALYSIS NAA-1 METHOD

Neutron activation analysis (NAA-1) was used for the quantitative multi-element
analysis which stands at the forefront of techniques for the quantitative multi-element
analysis of major, minor, trace and rare elements. NAA-1 begins with neutron
bombardment of a sample to convert stable isotopes to radioactive isotopes (IAEA,
2004). With sequential instrumental neutron activation analysis it is possible to

measure quantitatively about 60 elements in small samples (5 to 100 mg). Element
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sensitivities vary from 10~ to 10™'° grams per gram of sample (IAEA, 2004; Jonah and
y g per g p

sadiq (2006) Jonah and Sadiq (2008).
3.7.1 Preparation of Tissues for Organic Trace Element Analysis Method

Trace element analysis of the brain tissue was carried out with the aid of
nuclear research reactor (NNIR-1) at the center for energy research and training

Ahmadu Bello University, Zaria, Kaduna, Nigeria.

The brain tissue samples were dried at 100°C using Memmert DINI ovum-280
model-KA. After successfully drying the tissues, they were crushed in Agate mortar
and piston at zero contaminant level in order to have the tissues in powdered form
which were then put in sealed polyethene bag and weighed using Metter AE 240

electronic digital balance to prepare tissue for irradiation.

The NNIR-1 has two methods of irradiation; the short-lived and long lived
irradiation methods. The brain tissue samples were labeled with letter ‘B’ which is
used to denote biological matrix or sample. The samples labelled B with even
numbers e.g B2, B4, B6 and B8 stand for long-lived irradiation while those with odd
numbers for example B1, B3, B5 and B7 stand for short lived irradiation. Each
sample was irradiated for 5 minutes for short lived irradiation and exposed to a semi-
conductor detector for characteristic gamma-rays detection for 10 minutes followed
by another 10 minutes for 3 hours after the first count, while long lived irradiation
lasted for 6 hours with a cooling time of 3 days, this is to allow for safe handling of

the radio nuclei formed. (Akaho and Nyako, 2002).
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The samples were both counted for all long —lived irradiation using Maestro
software attached to an Analog to Digital Converter (ADC) card and Multi-channel
Analyzer card (MCA). First count for the long —lived elements were done 3 days after
irradiation for 30 minutes, while the count was repeated for 1 hours after 7 days, this
is because some elements with shorter half life can decay away so that those with
longer half-life will become prominent. The Trace elements present in the tissue were

analyzed using Win span software.
3.8 STATISTICAL ANALYSIS

Data obtained was expressed as Mean = SEM (Standard error of mean). One
Way Analysis of Variance (ANOVA) was used to compare the Means difference
between and within the groups and a P-Value less than 0.05 was considered to be
statistically significant. Statistical analysis was performed using EZanalyze v3.0 and a
post hoc test of Bonferroni was applied. Chart were produced using Microsoft® Excel

2007 for windows.
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CHAPTER FOUR

4.0 RESULTS

4.1 PHYSICAL OBSERVATION

No visible physical change was noticed few hours after administration normal saline
water to the control group, the animals were very active. Scratching of the nose was
observed in animals of group II that received 12.45mg/kg of mercury chloride, after
administration, the animals were more active. In group III that received 24.90 mg/kg
orally, serious scratching of the nose was observed among animals of the group after
administration. About five hours after administration, there was reduction in physical
activities, mucus secretion from nostril, rising of body hair with frequent urination and
watery feces. While in the high dose, group IV (that received 48.9mg/kg of mercury
chloride) watery stool, deep yellow urination, gnawing, exopthalmu, restlessness,
decreased physical activity, rising of body hair, less food consumption and mucus

secretion were observed.

4.2 BODY WEIGHT OF THE ANIMALS

The results show non-significant increase in weight of animals in control group
(Group 1), while there was non —significant decrease in weight of the experimental

groups (I, I1I, IV) as shown in table 4.1
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Table 4.1 Effect of oral administration of mercury chloride on body Weight of

animals
Weight (g) Weight (g) Weight (g) Weight (g)
Group n 1 Day 7 Days 14 Days 21 Days
% weight change

I 6 200.00+4.50 211.68+4.77  215.68+4.55 220.20+4.90 +23.73

II 6 201.67+44.01 200.33+£3.10 197.33 £3.10 193.00 £2.45 -7.14
I 6 220.00£6.86 215.00+5.63  200.33+4.22 191.00+£3.16  -19.90
v 6 200.00+4.58 196.68+3.33  190.50+2.50 180.00+1.16  -17.40

Data presented as Mean £+SEM

n=Number of rats in a group=6
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4.3: PHYSICAL OBSERVATIONS OF ANIMALS IN MONTOYA STAIRCASE

The results of physical observation of animals in control group (Group I) showed that
the animals were able to use their forepaw in displacing the food pellets along the
staircase, grasped some of the food pellets. The animals were able to reach the topmost
of the staircase of 6 steps within five minutes. The animals were also observed to have
fine movements in Group I while Group II animals that were given with 12.45mg/kg
of mercury chloride were able to displace few food pellets and no tremor was observed
and the animals were able to move maximum distance and was able to reach the top of
the stair at step number 6. There was no loss of balance in animals of group II. In
group III animals, there was serious tremor, poor movement and stability and the
maximum distance reached was step 4 out of 6 with no attempts to move further.
Group IV animals that received the high concentration of mercury chloride of
49.8mg/kg, it was observed that animals falls back when trying to move-up to the next
step, with maximum distance reached was at step 3 of 6, serious tremor was observed
with poor movement and stability and no further attempt to move up for about five

minutes, no food pellet was displaced.

4.4: TRACE ELEMENT ANALYSIS WITH NEUTRON ACTIVATION

ANALYSIS-1 (NAA-1)

The results of trace element analysis using Neutron Activation Analysis (NAA-
1) method showed the presence of copper and zinc in the brain samples. Figure 4.1

showed that there was decrease in the concentration of copper in group IV animals
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while groups II and III animals did not show any decrease in this trace element. The
concentration of Zinc in the experimental groups II, III and IV showed a decrease in

the concentration of zinc particularly in group IV animals.
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Figure 4.1: Show the concentration of trace elements in the Brain tissues of adult
Wistar rats

* Symbol indicates significant difference at P< 0.05 compared to the Group I
(control)
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4.5 MOTOR ACTIVITY TEST USING MONTOYA STAIRCASE TEST

The results of motor activity test using Montoya staircase method are shown in
Table 4.2. The results showed that there was a non-significant decrease in the mean
time taken for the animals to reach the top of the six stairs throughout the 3 weeks of
administration. While the animals in group II that received the minimum concentration
(12.45mg/kg b.w) of mercury chloride had the mean time taken to reach the stairs
increased (P >0.05) between the 1% and 2™ week of administration. The increase in the
mean time taken was statistically significant (P< 0.05) between the 1% and 3™ week,
and between the 2™ and 3" week, respectively as shown in Table 4.2. The results
showed that the time taken for the animals to reach the top of the stairs was
significantly increased in both groups IIl and IV animals. There was significant
increase in time taken by the animals between week 1 and 2, between week 1 and 3

and between week 2 and 3, respectively in group III and IV animals.
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Table 4.2: The mean time taken to explore Montoya staircase used for testing
motor activity

Group I (n) Group II (n) Group I (n) Group IV (n)

Days n Mean £SEM(s) Mean £SEM(s) Mean £+SEM(s) Mean £SEM(s)

7days 6 18.67+2.03 23.67+4.70 52.67+2.60 57.53+4.26*
14 days 6 20.33+4.50 24.67+7.51 55.33+5.84 * 83.67+9.03**
21 days 6 13.00+1.73 36.00£3.06* 76.33 £6.60** 132.00 +4.93%**

* P <0.05; ¥*P<0.01; ***P <0.001; indicates significant difference compared to the
Group I (control)

n=number of animals per group=6

s= mean time in seconds
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4.6: THE EFFECT OF MERCURY CHLORIDE EXPOSURE ON MORRIS
WATER MAZE TEST

The results of the effect of mercury chloride exposure on spatial learning and
memory using Morris water maze test, showed that there was a decrease in the mean
time taken for the animals to complete Morris water maze task in the control group
though the decrease was not significant as shown in Table 4.3. The results show that
animals in group II had an increased time in Morris water maze activity though the
increase between week 1 and week 2 was not significant but significant increase was
observed between week 1 and week 3. The result showed a significant increase in time
in Morris water activity between week 1 and 2, between week 1 and 3 and between
week 2 and 3 respectively in both groups III and IV as shown in Table 4.3.

Table 4.3: Effect of mercury chloride ingestion on spatial learning and memory
using Morris water maze test

Group I Group II Group III Group IV

Days n Mean +SEM(s) Mean £SEM(s) Mean £SEM(s) Mean £SEM(s)

7 days 6 12.43+2.71 17.53+1.77 20.70+£2.20 37.30£1.75%*
14 days 6 11.81%1.75 21.7442.41 24.404+6.20* 41.714£3.60**
21 days 6 10.53+2.34 26.44+3.41%* 36.00+5.32* 52.00+4.24**

*P<0.05; **P<0.01; indicates significant difference compared to the Group I (control)
n=number of animals per group=6;
s= mean time in seconds.
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4.7: HISTOLOGICAL CHANGES

The results from histological observations showed histological changes in the
tissues studied. The results of the histological changes showed that animals in control
group have normal histology of the cerebral cortex as shown in Plate 1, while animals
in group II show some degenerated cortical areas with some normal pyramidal and
Stellate cells in their cerebral cortex (Plate 2). The animals in group III, showed area
of neuronal degeneration, with some normal Pyramidal cells and stellate cells as in
Plate 3, while animals in group IV, showed area of cellular degeneration, with
neuronal aggregation in some areas and cells appeared smaller and decreased in

number than normal with nuclear distortion as shown in Plate 4.

The cerebellum of the animals control group (group I) showed cytoarchitecture of the
Molecular, Granular and Purkinje cell layer appearing normal as shown in plate 5.While group
II animals showed similar cellular architecture with cells and layers looking normal in plate 6.
The histological observations for the group III animals as shown in plate 7 depicts normal
molecular and granular layer but there was degeneration of the purkinje cells within the
Purkinje cell layer. The same pattern of histological changes was observed in group IV for the
purkinje cells with cells showing mark degeneration and reduction in number as shown in

plate 8 and table 4.4 respectively.

The histological studies showed that animals in the control group I have
normal appearance of the hippocampus with normal pyramidal cell layer with pyramidal

cells as shown in Plate 9 while group II animals showed disorientation of the pyramidal cell

layer with loss of pyramidal cells (Plate 10). While Plate 11, showed the hippocampus of
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group III animals, with degeneration of the pyramidal cell layer, loss of some of the pyramidal
cells and clumping of pyramidal cell nuclei. And group IV animals show disorientation of the
pyramidal cell layer and degeneration of some pyramidal cells with the pyramidal cells

appearing to be smaller than normal as in Plate 12.

Table 4.4: Cell Count for the Hippocampus, Cerebellar and Cerebral cortices of adults
Wistar Rats
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Groups n

Group I 6
Group Il 6
Group Il 6

Group IV 6

Hippocampus

(pyramidal cell)

21.00£3.07
16.00+2.34
9.00+1.74*

5.00+£2.20%*

Cerebellum

(purkinje cell)

12.00+2.71
8.00%1.75
3.00+£2.01**

1.00£1.19%*

Cerebral Cortex

(pyramidal cell)
14.00+1.77
10.00+1.35
4.00+2.08*

2.00+1.01**

Cerebral Cortex

(Glial cell)
10.00+1.34
10.00+2.30
6.00+2.75*

1.00+£1.89%**

*P<0.05; **P<0.01; ***P<0.001 indicates significant difference compared to the
Group I (control)

Data presented as Mean #SEM n=sample size
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Plate 1: A section of the cerebral cortex of the control group (1) showing normal

architecture with Pyramidal cells (PC), Stellates cells (SC), Axon (A) of pyramidal
cell (H and E X250).
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Plate 2: A section of the cerebral cortex of animals in group Il showed some degenerating
cortical cell (DCC) with some normal pyramidal cell (PC) and Stellates cells (SC) (H and E
stain x250).
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Plate 3: A section of the cerebral cortex of animals in group III, showing some clumping of
cell (CC), degenerating neurons (DN), and some normal Pyramidal cells (PC) and
stellates cells (SC) (H and E stainx250).
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Plate 4: A section of the cerebral cortex of animals in group IV, showing areas of cellular
degeneration (CD), with neuronal aggregation in some areas (NA) while cells appear smaller
than normal with nuclear distortion (H and E Stain, x250)



Plate 5: A section of the cerebellum of the control group (G1) showing normal orientation of
the Molecular layer (ML), Granular layer (GL), and Purkinje layer (PL) with normal Purkinje
cells (PC) (H&E Stain, x250)



Plate 6; A section of the cerebellum of the group II showing normal orientation of the
Molecular layer (ML), Granular layer (GL), and the Purkinje cell layer (PCL) with normal
Purkinje cells (PC) (H&E Stain, x250)



Plate 7 A section of the cerebellum of the Animals in group III showing the Molecular layer
(ML), Purkinje cell layer (PCL) with degeneration of the Purkinje cells (DPC) and some
densely populated areas in granular layer (DPA) in the Granular layer (GL) (H&E Stain,x250).



Plate 8: A section of the cerebellum of the animals in group IV showing the normal Molecular
layer (ML), with degeneration of the Purkinje cell layer (DPL) and degeneration of the Purkinje
cells (DPC) while the Granular layer (GL) showed massive infiltration of cells (MIC) (H&E
Stain, x250)



Plate 9: A section of the hippocampus of the control group (GI), showing normal pyramidal cell
layer (PCL) with normal pyramidal cells (PC) (H&E Stain, x250).



Plate 10: A section of the hippocampus of group Il animals, showing disorientation of the
pyramidal cell layer (PCL) with degenerating pyramidal cells (DPC) (H&E Stain, x250)



Plate 11: A section of the hippocampus of animals in group III, showing, some degeneration of
pyramidal cell layer (DPCL) with loss of some pyramidal cells (PC), clumping of pyramidal
cells nuclei (CN) (H&E Stain,x250).



Plate 12: A section of the hippocampus of the animals in group IV, showing degenerated area
of the pyramidal cell layer (DAPC), degenerating pyramidal cells (DPC).The pyramidal cells
appear to be smaller than normal (SPC) (H&E Stain, x250)



Plate 13: A section of the cerebellum of the control group showing normal molecular layer
(ML), granular layer (GL) and Purkinje cell layer (PCL) with the purkinje cell body (PC)

dendrite (D) axon (A) (Bielschowsky stain x250).
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Plate 14: A section of the cerebellum of the animals in group II showing molecular layer (ML),
granular layer (GL) and the purkinje layer (PL) with the Purkinje cell (PC), Dendrite (D), axon
(A) and some areas of degeneration (AD) (Bielschowsky stain x250)

Plate 15: A section of the cerebellum of group III showing the molecular layer (ML), granular
layer (GL) and the purkinje layer (PL) with some dead Purkinje cell (DPC) and nuclei
displacement of Purkinje cell (ND) (Bielschowsky stain x250).
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Platel6: A section of the cerebellum of the group IV showing molecular layer (ML), granular

layer (GL) and Purkinje cell layer (PCL) with degenerated Purkinje cells (Bielschowsky stain
x250)
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Platel7: A section of the cerebrum of the control group, showing normal appearance of
pyramidal cells (PC) and stellates cell (SC) with dark cell bodies (Bielschowsky stain x250).
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Platel8: A section of the cerebrum of animals in group II showing some normal stellate and
some degenerated Stellate cells (DSC) (Bielschowsky stain x250)
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Plate 19: A section of the cerebrum of the animals in group III showing degenerated Stellate
cells with vacuolated degenerated cell bodies (DCB) (Bielschowsky stain %250).
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Plate 20: A section of the cerebrum of the animals in group IV showing Stellate cells (SC),

some degenerated areas (DA) and vacuolated degenerated cell bodies (DCB) (Bielschowsky
stain x250)
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Plate 21: A section of the hippocampus of the control group (Group 1), showing pyramidal cell
layer (PCL), with pyramidal cells and small pyramidal cells (SPC) (Bielschowsky stain x250)

-17-



Plate 22: A section of the hippocampus of the animals in group II showing some degenerating
pyramidal cells (DP), small pyramidal cell (SPC), Axon (A) and dendrite (D) (Bielschowsky
stain x250)
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Plate 23; A section of the hippocampus of the animals in group III, showing degeneration of
pyramidal cell layer (DPC), reduction of pyramidal cell bodies, and Dendrite (D) (Bielschowsky
stain x250)
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Plate 24: A section of the hippocampus of the animals in group IV, showing degenerated

pyramidal cell layer (DPCL) with some vacuolated cells (VPC) and loss of neuronal fibers
among the cell of pyramidal layer (Bielschowsky stain x250).
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CHAPTER FIVE

5.0 DISCUSSION

5.1 EFFECTS OF MERCURY ON BODY WEIGHT

The administration of Mercury chloride did not show any significant difference on the
body weight throughout the period of administration even among the highest dose
(48.9mg/kg) of mercury chloride but there was increase in mean body weight before
the commencement of the administration at 0 (zero) week. During the onset of
administration there was a decrease in the mean body weight across the weeks
especially among the highest dose group though this decrease was not significant. This
none significant change in the mean body weight could be attributed to the duration of
the oral administration of mercury chloride which may be short to manifest any
significant decrease in the body weight of the animals. This is closely related to findings
of Hans, (2006) that showed that there was a decrease in relative body weight in rats fed
diets containing mercuric chloride equivalent to 20 mg mercury/kg body weight per day
for 4 weeks. In addition to the duration of administration, the form of mercury
administered also play a role in causing changes in body weight (ATDRS, 2005).
Exposure of rats, rabbits and dogs to metallic mercury vapor at concentrations of 0.1
mg/m3 for 7 h/day, 5 days/week for 72-83 weeks, resulted significantly in weight

decrease (Thomas et al., 2007).
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5.2 TRACE ELEMENT ANALYSIS WITH NEUTRON ACTIVATION ANALYSIS-1

(NAA-1)

The investigation of trace elements present in the cerebellar and cerebral cortices
of rats was done using Neutron activation analysis (NAA-1). The results show that there
was a decrease in the concentration of Copper and Zinc in the brain of the experimental
rats. The decrease in the level of copper and zinc could be attributed to the damage to

the cerebellar and cerebral cortices caused by the mercury exposure to the animals.

The present studies have shown that mercury intoxication can reduce the
concentration of copper with the lowest concentration of copper found in the group of
animals that received the highest dose of mercury. The decrease in the level of copper
concentration has been shown to interfere with the modulatory role of dopamine
receptors in the brain which could in turn affect the functions of the dopamine
neurotransmitter and can consequently lead to motor function deficits (Zacconi et al.,
2007). The decrease in the concentration of copper was observed in the cerebellum of
animals treated with methyl mercury chloride for 72 week (Rasia e al, 2005). Madsen
and Giltmin (2007) had reported decreased levels of copper in patients with Parkinson’s
disease, in which there was alteration in dopamine levels. (Gagelli et al., 2011) had also
reported a low dopamine concentration associated with Parkinson’s disease which was
characterized by mild tremors and motor disorders. In the present study tremors and
motor function disorder was observed in the experimental animals which can be related
to the decrease in copper levels in the brain of the experimentally exposed rats with

mercury chloride which supported the findings of Gagelli ez al., (2011).

The decrease in the concentration of zinc following oral administration of

mercury chloride was observed particularly in group of animals administered with the
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highest dose of mercury chloride. It has been shown that Zinc deficiency can alter the
modulatory role of neurotransmitter glutamate from excitatory to inhibitory which is
shown to be very crucial in learning and memory functions (Bhavnagar, e al., 2010).
Glutamate is the most abundant of the group of endogenous amino acids in the
mammalian central nervous system which presumably functions as the excitatory
neurotransmitters and under abnormal conditions may behave as neurotoxins. As
neurotransmitters, these compounds are thought to play important roles in learning and
memory. As neurotoxins, they are believed to be involved in the pathogenesis of a
variety of neurodegenerative disorders in which cognition is impaired (Bhavnagar, 2010).
The decrease in the levels of zinc has been shown to hinder the activity of hippocampal
cells which are involved in memory formation, organization, storage and retrieval (Halas
et al., 2007). Zinc deficiency has been associated with numerous CNS diseases such as
depression, cognitive impairment and Alzheimer’s diseases and dementia (Halas et al.,
2007). The decreased levels of zinc have been shown to inhibit the levels of glutamate
production in the brain and as such, there is a positive association between the levels of
zinc and glutamate. This means that as level of zinc decreases, glutamate also decreases.
This relationship between zinc and glutamate has been reported among Alzheimer
disease patients and among workers exposed to mercury vapor for 20 years (Mutter et

al., 2010).

53 HISTOLOGICAL ANALYSIS

The general degenerative changes in the hippocampus, cerebellar and cerebral
cortices was observed as degenerated cortical areas, necrotic cells and distortion of
cellular layers of the hippocampus, cerebellar and cerebral cortices. The pyramidal cells
in the hippocampus manifested some changes ranging from degeneration and reduction
in number of pyramidal cells to the loss of neuronal cell fiber due to the reduced
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number of cells when compared to the control group which could be as a result of the
exposure of mercury chloride. This implies that the activity of the hippocampus in
memory formation and learning will be impaired and the role of the hippocampus that
involved storage and retrieval of information will also be lost. The findings in this study
agree with the studies of Wolf et al., (2009), who reported that rats exposed to high
concentration of mercury vapor, showed neurodegenerative changes in the hippocampus
which was responsible for memory deficit in such animals. While (Gagelli et al., 2007)
had shown that cell sizes and cell numbers were observed to be decreased in mice
treated orally with inorganic mercury at high doses for a week. In the present study, the
results show that cell sizes and cell numbers were observed to be decreased which
agrees with the findings of (Gagelli, et al., 2007). Onwureme and Oladimeji (2010)
found out that mercury exposure causes histopathological changes in the hippocampus
of Oreochromis niloticus exposed to waste products from Nigeria National Petroleum
Company (NNPC) Kaduna refinery.

The cerebellum showed evidence of mercury chloride exposure by manifesting
some histopathological changes and these changes include the destruction of the
Purkinje cell layer, infiltration of cells in the granular cell layer and the loss of the
architecture of the Purkinje cell layers. There was sparse distribution of the Purkinje
cells of the Purkinje cell layer. These could result in interference with the motor activity
and other motor functions such as loss of fine movement, lost of grasping, maintenance
of equilibrium and loss of regulation of muscle tone which are modulated by the spinal
cord and brain stem mechanisms involved in postural control. Moreover, it has been
shown that neuronal degeneration in the cerebellum can affect the level of copper
concentration in the cerebellum and this can affect the action of the neurotransmitter,
Dopamine which is very crucial in motor activity. This is because copper serve as a
modulator for the neurotransmitter, dopamine activity and if there is a decreased in
copper level, dopamine activity will be reduced. (Mutter et al, 2010) had reported
decrease in dopamine concentration in the cerebellum of mice ingested with cadmium
chloride for a week which resulted in motor function disorder. It has been shown that

mercury intoxication does not show any significant changes in the granular layer of

chicken treated with mercury chloride in their food (Wolf et al., 2009; Quirino et al.,
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2012). This is not in agreement with the findings of the present study which showed

infiltration of granular cells of the granular layer into the molecular layer.

The cerebral cortex showed neuronal changes by clumping of the cortical cells
and the loss of pyramidal and stellate cells. Neurodegenerative and histomorphological
changes in the cerebral cortex can affect the functional areas of the cerebral cortex
which deals with skilled movement, ability to speak, ability to appreciate pains and
temperature. Musa and Sadeeq (2009) had reported that administration of mercury for
eight days caused cell death in the cerebrum. Saladin, (2010) and Shipp (2007) revealed
that exposure to mercury dust among workers in cement industry for a decade
manifested with inability to speak which was associated with damage to the motor area
of the cerebral cortex. The present study shows that there was loss of fine movement,

loss of grasping and tremor as a result of mercury chloride administration.

5.4 NEUROBEHAVIORAL STUDY

The result from the present study show that, there was a significant increase in
the time taken by the experimental rats to find the hidden platform in Morris water maze
test, for memory and learning. This may be due to decrease in concentration of zinc that
tends to control the population of the cells of the hippocampus. It could also be due to
the decrease in the modulatory role of zinc on the neurotransmitter, Glutamate that
plays a vital role in memory and learning. Zinc deficiency was associated to memory
loss among Alzheimer’s disease patients and also among workers exposed to mercury
vapor for 20 years (Mutter e al, 2010). Conversely, the pyramidal cell layer of the

hippocampus appears to be damaged with dead cells, and vacuolated spaces and
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distortion in the general morphology of the pyramidal cells that appear smaller than
normal. These alterations can consequently result to memory impairments which could
be as a result of neuronal degeneration, decrease in zinc concentration which could lead
to decrease in glutamate neurotransmitter as observed from the present study. Also the
role of hippocampus to detect or extract significant information for further memory
consolidation and from repetitive activity that is already learned or remembered may be
lost. The destruction of the pyramidal cells implies that activity from the brain region
that projects into the pyramidal layer of the hippocampus will also be lost such as
memory and learning ability (Wolf, 2009; Quirino, 2012). Mutter (2010) had reported
that short term occupational exposure to high levels of mercury induced slight cognitive
deficits. A memory deficit among animals exposed to methyl mercury was not
significant in latency time or swim length between the different groups of animals
according to Olson (2005). Mutter (2010) had conducted a research on cognitive test
using Y-maze for memory and showed that mercury has no effect on memory which

disagrees with the results of the present work.

The results in the present study showed a significant decrease in motor activity
which was shown by the increase in the time taken to reach the maximum attainable
distance in the Montoya staircase method. This could be attributed to low concentration
of copper that modulates the activity of the neurotransmitter, dopamine which is
important in motor function activity. The deficiency of copper can also be related to the
degeneration of the cerebellar cortical neuronal cells. (Gagelli et al., 2011) had reported
an association between copper and dopamine concentration that was positive in patients
with Parkinson’s disease which was characterized by motor function disorders. The

decrease in the level of dopamine was observed in patients with Parkinson’s disease, in
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which there was loss of smooth and controlled movements (Rasia, 2005; Madsen,
2007). Histomorphological changes in the cerebellum were observed which can in turn
interfere with the motor ability of animals in the experimental group. It has been shown
that ingestion of mercury of 220ml affected muscle coordination and physical
movement which caused fatigue and tremor. (Dolbec, 2000). It has been shown that
neurobehavioral manifestation, affected motor functions which was associated with
high and medium dose of mercury exposure especially in movements, grip and balance
(Mutter, 2010). It has been shown that exposure to high concentration of mercury vapor
causes tremor initially affecting the hand and then spread to the other part of the body
(Dolbec et al., 2000; Yoshida et al.,2011). These findings agree with the findings of
the present study which showed a decrease in the level of copper and zinc concentration
in the brain which initially leads to decrease in memory and learning and motor function

activity in the experimental animals.
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

It can be concluded from the present study that mercury intoxication has no
significant decrease in weight as a result of oral administration of mercury chloride for
the period of 21 days. The main finding of the present study was on spatial learning and
memory using Morris water maze test which was induced as a result of administration
of mercury chloride orally. The results showed an increase in time taken to find the
hidden platform which was an indication of memory loss. Spatial learning and memory
impairments could be attributed to be dose and time dependant and the level of damage
on the hippocampal cells. Complex motor behavior including motor balance, grasping
and retrieval of food pellets as observed using Montoya stair case was significantly
increased but there was decrease in the time in the control group. The motor activity
deficit was as a result of damage to the cerebral motor area and the cerebellar motor
coordination and balance area. The histopathological changes range from mild to severe
degeneration of hippocampal, cerebellar and cerebral cells, other include clumping and
congestion of cells, loss of branching patterns and eventually cell death. These
histopathological changes were more severe in high dose groups among the
experimental animals. These changes in the histological analysis as a result of mercury
chloride intoxication in rats affect the neuronal cells in the cerebrum, cerebellum and

hippocampus which were related to neurobehavioral deficiencies.

Mercury exposure affects the level of trace elements (Zinc and copper)) in the

brain of rats which causes which are essential trace elements that play significant roles
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in the modulation of dopamine and glutamate neurotransmitters respectively, which in

turn results to motor, spatial learning and memory impairments.

The various observations do, however, justify some conclusions about the
possible consequences of exposure to mercury chloride as dose and time dependent,
which may lead to memory impairments, motor function deficits, histopathological
changes and alteration in concentration of essential trace elements, most especially

copper and zinc.

6.2.1 RECOMMENDATIONS FOR FURTHER RESEARCH

1. It is recommended that further work should be carried out in order to quantify the
amount of mercury that could possibly be deposited in the respective tissues of the

brain.

2. Investigations using histochemical methods should be carried out to show the

deposits of mercury in the brain tissues.

3. Further studies are recommended on neurochemistry in order to quantify or
ascertain the level of neurotransmitter Dopamine and Glutamate depletion and activity

as a result of exposure to mercuric compounds.
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APPENDIX I

Chemical Substance = Mercury Chloride HgCl,

LDsy of mercury chloride = 166mg/kg body weight

30%, 15%, and 7.5% of the LDso was used as high, medium, and low dose respectively.
Dose of mercury chloride used

30x 166 =49.8 mg/kg was used as the highest Dose of mercury chloride

100

15 x 166 mg/kg= 24.9mg/kg was use as the medium Dose of mercury chloride

t60
7.5 x 166mg/kg = 12.45 mg/kg was the low Dose mercury chloride used.
100
1000g 49.8mg
1 x  =0.0499mg
200g animal will receive 49.8mg/1000 x2
4,98x2 mg = 9. 96mg
Group I animals was used as control and was administered normal saline orally
Mercury chloride administration base on body weight of animals used
4.98/200rat/0.2ml
Stock preparation/ working solution

Therefore working solution will be 4.98mg / 0.2 ml= 24.9mg/ml

APPENDIX II

Table 1;The Mean and Standard error of Mean of Copper and Zinc in the brain tissue
of adults Wistar rats after Neuron Activation Analysis.

S/no Group Copper Zinc
Mean £ SEM Mean + SEM
(Ppm) (Ppm)
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1 Group | 346 +£0.2 2.39+0.11
2 Group 11 2.21+0.1 1.55+0.13
3 Group III 2.17+0.031 1.07+0.05
4 Group IV 1.04+0.12 0.77+0.03
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