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ABSTRACT

The study involved assessment of the effects produced by exposure of mice to generator
exhaust fumes on the learning, memory and motor coordination. Carbon monoxide
(CO) which is produced from combustion of any carbonaceous substance is among the
toxic contents and was studied in detail. Twenty four animals were grouped into two
major groups; the first group was tested for motor coordination using beam walk; and
the other group for learning and memory, using elevated plus maze (EPM). Mean
transfer latencies (TL) were measured in seconds. Gasoline powered generator (TIGER,
TG950, 220v/24 0v) manufactured by Suzhou Tiger Power Machine Co., Ltd., China
served as the source of CO. Carbon monoxide monitor (Amprobe, CM100) was used to
record the dose of CO in parts per million (ppm). The dose of 100-150 ppm of CO
exposure was maintained throughout the study. Values of P<0.05 were considered to be
statistically significant. Each of the two major groups was subdivided into control
group, which was exposed to room air, and experimental group that was placed into a
partially enclosed gas chamber and exposed directly to the exhaust fumes of the
generator for 30 minutes, 1 hour and 2 hour periods before the neurobehavioural tests.
During the learning task (Day 1), experimental animals showed significant decrease in
the mean TL of 13.4 £ 1.5 seconds and an increase of 73 + 8.4 seconds at 30 minutes
and one hour, respectively, when compared to their controls (28.6 + 5.2 seconds) and
(21.8 £ 4.4 seconds). However, there was no significant change in the mean TL during
the 2-hour exposure. The memory task (Day 2), recorded significant increase in the
mean TLs during the 30 minutes (48.4 = 12.8 seconds) and two hour exposures (66.8 +
15.3 seconds), when compared to the corresponding controls (13.6 = 1.9 seconds) and
(22.6 + 6.6 seconds), respectively. This result suggests decreased ability of the exposed
mice to learn (Day 1) and also to recall (Day 2) the learned behaviour. Results of the
motor coordination did not show any significant difference in the mean TLs and foot
slips in all the three periods of exposure, when compared to the controls. Therefore, CO
at this range and periods of exposure could have minimal or no effect on motor
coordination in the exposed animals. The blood carboxyhaemoglobin (COHb) measured
at the end of the study showed significant increase in the mean percentage COHb levels
of the experimental groups (2.06 £ 0.012 %) as compared to those of the control groups

(0.76 £ 0.089 %). The results also suggest that impairment in the motor coordination
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may occur at higher exposure periods to CO. The results corroborate other acute CO
exposure studies where neuronal cell death and functional impairment of learning and
memory were recorded. In conclusion, exposure to generator exhaust fumes that
produced 100 — 150 ppm of CO resulted in enhanced learning behaviour during the 30
minutes exposure, impaired learning at 1 hour; memory at 30 minutes and 2 hours,
respectively. Motor coordination deficits may be affected at higher CO concentration

and blood COHb suggested exogenous intake in the experimental mice.
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CHAPTER ONE

1.0 INTRODUCTION

Human beings, animals and other living things exist and interact among themselves in a
common environment. These environmental constituents are interdependent on each
other, thus maintaining the natural balance of the ecosystem. As a result of over-
population, rapid industrializations, and other human activities, earth became loaded
with diverse pollutants that were released into the environment, giving rise to pollution.
Environmental pollution can be defined as the undesirable change in physical, chemical
and biological characteristics of air, land and water (Partha, 2009). Significant sources
of air pollution in urban areas, towns and cities of the developing countries like Nigeria
may include but are not limited to emissions from motor vehicles (Mayer, 1999) and
generator exhaust (Stanley ef al., 2010). Environmental characteristics such as
topography, altitude, and anthropogenic activity such as traffic, industrial effluents and
proximity to sources of pollution, have considerable influence on the abundance,
residence time and retention of tropical trace gases over an area (Stanley et al., 2010).
Criteria air contaminants (CAC), or criteria pollutants, are set of air pollutants that cause
smog, acid rain and other health hazards. History of CO as a criterion pollutant dated
back to 1971 when the United States Environmental Protection Agency (USEPA) set
the first national ambient air quality standards (NAAQS) for CO. In Nigeria, CO was
identified as CAC after the formation of Federal Environmental Protection Agency
(FEPA) in 1992 and Nigerian Ambient Air Quality standards was set (Table 1 and 2).

Carbon monoxide became a major air pollutant

XiX



Table 1.1: Nigerian ambient air quality standards

1 hour

Pollutants Time Of Average Limits
Particulates Daily average of daily values 250 pg/m’
1 hour
600pg/m’
Sulphur dioxide (SO,) Daily average of hourly values 0.01ppm(26ug/m’)

0.1ppm(260ug/m’)

Non-Methane Hydro carbons

Daily average of 3hourly values.

160pg/m’

Carbon Monoxide

Daily average of hourly values
8 hourly values

10ppm(11.4pg/m’)

20ppm (22.8pg/m’)

Nitrogen Oxide

Daily average of hourly values
(Range)

0.04 ppm — 0.06 ppm

(75.0 pg/m’ — 113 ug/m*)

Photo chemical Oxidants

Hourly values

0.06 ppm
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Table 1.2: Nigerian ambient air tolerance limits, guidelines for convectional

pollutants

Pollutants Long — Term Limits Short- Term Limits
lng/m3 +(Hours) mg/m3 +(mins)

Carbon Monoxide 1.0 24 5.0 30
Chlorine 0.03 24 0.1 30
Chloroform 10.0 24 50.0 30
Fluorides 0.012 24 0.055 3
Hydrocarbons (Total) 0.01 24 - -
Hydrogen Sulphide 0.008 24 0.008 30
Lead 0.005 24 0.02 30
Lead Sulphide 0.001 24 -
Nitric Acid 0.008 24 0.008 3
Nitrogen Dioxide 0.085 24 0.085 30
Nitrogen Monoxide 0.4 24 0.8 3
Nitrogen Oxide 0.004 24 0.1 30
Oxidants 0.08 24 0.1 3
Ozone 0.1 24 0.2 3
Soot 0.05 24 0.1 30
Sulphur Dioxide 0.05 24 0.5 30
Sulphuric Acid 0.1 24 0.5 30
Suspended Particulate 0.15 24 0.5 30
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both indoors (Ayodele, 2007) and outdoors (Ajayi et al., 2002) because of increased use
of bio fuel as a major source of energy for cooking, electricity generation and
transportation. In addition 80% of carbon monoxide and 40% of the nitrogen oxides are
produced when gasoline and diesel fuels were burnt (Ajayi et al., 2002) and Petrol
creates 28 times more CO than diesel (Campbell, 2009). The air we breathe should
normally contain 21% oxygen, 78% nitrogen and 1% trace amounts of rare gases
(Augustine, 2012). Air pollution introduces abnormal gases like nitrogen oxides (NO2),
sulphur oxides (SO2), carbon monoxide (CO), particulate matter (PM), and Lead (Pb)
into the atmosphere at a much higher concentration than normal. Most of these
pollutants are emitted from incomplete combustion of hydrocarbons in internal

combustion engines like electric generators.

1.1 COMPONENTS OF AN EXHAUST

Gasoline and diesel fuels are mixtures of hydrocarbon compounds which contain
hydrogen and carbon atoms. In a "perfect" engine, oxygen in the air would convert all
the hydrogen in the fuel to water and all the carbon in the fuel to carbon dioxide.
Nitrogen in the air would remain unaffected. Although in reality, the combustion
process cannot be "perfect," and automotive engines emit several types of pollutants.
Typically, engine combustion results in the following:

FUEL + AIR — UNBURNED HYDROCARBONS + NITROGEN OXIDES + CO +
CO, + WATER (United States Air and Radiation, 2011).

The production of CO is also subject to the engine maintenance and nature of the fuel
used (United States Air and Radiation, 2011). It was observed that properly maintained

engines and modern vehicle engines have reduced CO production as newer gasoline
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formulations and better, more efficient exhaust emission controls are always found

(Mott et al., 2002).

Carbon monoxide (CO) is one of the most common and widely distributed air pollutants
in the world. It is a colourless, odourless, and tasteless gas with poor solubility in water
and a slightly lower density than air (United States AQC, 2000). Carbon monoxide was
known since ancient times, when Greeks and Romans used it to execute criminals. The
death of two Byzantine emperors was related to CO produced by the burning of coal in
braziers, the usual method of indoor heating during the epoch (Lascaratus et al., 1998).
The gas was first prepared by the French chemist de Lassone in 1776, who mistakenly
considered it to be hydrogen because of its blue flame. In 1880, William Cruikshank
identified it as a compound containing carbon and oxygen. In the middle of 19" century,
Claude Bernard recognized that CO causes hypoxia due to its interaction with
Haemoglobin (Hb). He poisoned dogs with the gas, noticing the scarlet appearance of
their blood. Later, Haldane demonstrated that a high partial pressure of O, can
counteract the interaction between Hb and CO, despite the high affinity. There were a
lot of cases of CO poisoning during World War II, many of which were due to the

rampant use of wood as fuel (Tvedt et al., 1997).

Carbon monoxide is the diatomic oxide of carbon that exists as colourless and odourless
gas at temperatures above - 190°C. It has a density of 1.25 g/ at standard temperature
and pressure and specific gravity of 0.967 relative to air. The molecule is chemically
stable. That is why chemical reduction usually requires temperatures higher than 100°C.
At standard temperature and pressure, CO is poorly soluble in water (354 ml/dl; 44.3

ppm by mass), requiring a lot of activation energy (Allen, 1977). Redox reaction is rare
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(Allen, 1977) and is greatly enhanced by transition metals (Shriver, 1981). Once

formed, metal carbonyls are relatively stable until CO is displaced by molecular O».

Generally, the two main sources of CO are the natural sources and the man-made
(anthropogenic) sources. The natural sources include volcanic eruption, releasing
poisonous gases, forest fire, natural organic and inorganic decays or vegetation decay.
Anthropogenic sources are CO that originates from incomplete combustion of any
organic matter. These sources include exhaust of internal combustion engines,
especially motor vehicles and gasoline-powered generators, various industrial
processes, power plants using coal, and waste incinerators (Lindell et al., 2007). Indoor
sources include partial combustion of oils, coal, wood or kerosene (Leon, 2007). In
Nigeria, the most important sources are exhaust from motor vehicles and gasoline-
powered generators; kerosene stoves, wood burning and cigarette smoke (Ayodele et
al., 2007). At rest and without exogenous exposure, minute quantity (0.4 - 0.7%) of CO
in form of Carboxyhaemoglobin (COHb) is produced endogenously in the body from
catabolism of Hb and acts as physiologic smooth muscle relaxant, neurotransmitter and

cytoprotector against oxidative stress (Ryter ef al., 2004; USEPA, 2011).

Although CO is not among the normal respiratory gases, its physico-chemical
similarities with O, permit an extension of the kinetics of transport to that of O,. The
mass transport of CO between the airway opening (mouth and nose) and the red blood
cell (RBC) Hb is predominantly controlled by physical processes. Therefore, absorption
of CO to form COHD requires the transfer of CO in a gas phase between the airway
opening and the alveoli; and the transfer in liquid phase, across the air-blood interface,

including the RBC. In the gas phase, CO is transported by convective flow and ultimate

XXiv



diffusion in the acinar zone of the lung; (Lingyun et al., 2005). Subsequent molecular
diffusion of CO across alveolo-capillary membrane, along the pressure gradient,

plasma, and RBC involves the liquid phase, and it is a very rapid process (Figure 1.1).

Acute, mild exposure to CO results in headache, myalgia, dizziness, or
neuropsychological impairment (Amitai et al., 1998). Severe exposures result in
confusion, loss of consciousness, or death. Long-term, sub-acute exposure, lasting more
than 24 hours generally occur intermittently and may span weeks or even years. The
incidence of long-term exposure is unknown (WHO, 2000). Symptoms of chronic
poisoning may differ from those of acute poisoning and can include chronic fatigue,
affective conditions and emotional distress, memory deficits, difficulty in working. It
may also include sleep disturbances, vertigo, neuropathy, paresthesias, recurrent

infections, polycythemia, abdominal pain and diarrhoea (Penney, 2008).

Carbon monoxide poisoning was defined as any case of accidental or deliberate

exposure, with a history suggestive of CO exposure and exhibiting symptoms and signs

of CO intoxication as well as an elevated blood COHb level.
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Carbon Monoxide in the Ambient Air
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Figure 1.1: Diagrammatic presentation of carbon monoxide uptake and

elimination pathways and carbon monoxide in body stores (Coburn, 1965).

An elevated COHD level was defined as greater than 2% for non-smokers and greater

than 9% for smokers (Radford et al., 1982). Responses to CO poisoning are variable.
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Exposed children often become symptomatic earlier, and recover faster than similarly
exposed adults. This is because of their lesser blood volume and increased minute

ventilation per unit of body mass as compared with adults (Sunny, 2008).

Toxicity occurs mostly in cases of exposure to acutely high CO as in fire accidents, but
chronic exposures usually result in subtle and delayed onset of neuropsychiatric
symptoms, which may not necessarily be attributed to only CO intoxication (Mimura et
al., 1999). Toxicity also depends on the concentration of the gas, but typically poisoning
can occur from any form of CO exposure (Weaver et al., 2007). Neurotoxicity is the
most prominent symptoms in any CO poisoning, other symptoms are those due to heart

affectation (Samuel et al., 2007).

1.2 STATEMENT OF RESEARCH PROBLEM

The annual global emissions of CO into the atmosphere has been estimated to be as high
as 2600 million tonnes, out of which about 60 % are from human activities and 40%
from natural processes (USEPA, 1991). The largest proportion of human emissions is
produced by exhausts of internal combustion engines, especially motor vehicles with
petrol engines (United States NAAQS, 2011). The trend now is global decrease in CO,
production from various human sources, as the major world producers (USA and China)
cut down their production (Lindsay, 2001). As a result of increased human activity, the
ambient concentrations measured especially in urban areas are high, and depend greatly
on the density of vehicles, topography and weather conditions. In the streets, CO
concentration varies greatly according to the vehicle density on the road and distance

from the traffic (Rudolf, 1994).
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As the world is going green, and transition to cleaner sources of energy and less
polluting vehicle engine is showing promise, decrease in the ambient levels is expected,
but the reverse is the case in Nigeria (Sunny et al., 2008). Here, increase in the
importation of used vehicles and use of gasoline-powered generators as the main source
of power are among the highest contributing factors to the increasing trend in ambient
CO level (Akinbami et al., 2001). There is general over reliance on biomass as source
of energy in the developing countries (Bruce et al., 2000). In Nigeria, people rely on
coal and biomass in the form of wood, dung and crop residues for domestic energy
supply. These materials are burnt indoors in an open fires or poorly functioning stoves
(WHO, 2004). Exposure to indoor pollution may be responsible for nearly 2 million
deaths in developing countries and 4 % of the global burden of disease (Bruce et al.,

2000).

Carbon monoxide poisoning accounts for 50,000 emergency department visits per year
in the United States and is the most common cause of death due to poisoning in the
country (Hampson et al., 1996). Even with paucity of data (Ajayi et al., 2002), high
amounts of CO were recorded in some cities in Nigeria. Ambient levels in Ibadan city
alone were between 3 and 55 ppm with a mean value and standard deviation of 20.12 +
1.40 ppm (Sunny et al., 2008). The highest value (55 ppm) was observed on the
highways. Carboxyhaemoglobin (COHb) concentrations were between 0.7 and 6.5 %
with a mean value and standard deviation of 2.0 = 0.68 % (Sunny et al., 2008). The
above values are by far beyond the United States National Ambient Air Quality
Standards (United States NAAQS) for outdoor air; which is 9 ppm for 8 hours, and 35
ppm for 1 hour. The average indoor CO values measured in Kano State of Nigeria were

between 4.93 pg/m’ in the municipality and 5.49 pg/m’ in Sabon Gari area of the State
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(Ayodele et al., 2007). There is yet no standard for CO that has been agreed upon for

indoor air (United States NAAQS, 2011) to make comparison.

There was paucity of reported data on the incidence of acute or that of chronic toxicity
in Nigeria. The few suspected cases of acute CO poisoning brought to hospitals were
grossly underestimated (Augustine, 2002). This is because the symptoms for CO
poisoning are general symptoms (Samauel ef al., 2007) and mimic that of other
common illnesses like flu (United States NAAQS, 2011). Chronic CO exposure may be
associated with diseases like dementia, depression, and psychosis (Leon et al., 2007;
Samuel et al., 2007). The combined effect of increased atmospheric temperature, as
experienced in the tropics, and CO poisoning can impair exercise performance and
make daily chores like driving, climbing of stairs and long walks, a great task (Walker
et al.,2001). This means people could be manifesting some of the symptoms of chronic

CO toxicity while simply ignoring them as the usual daily chores.

The United States Consumer Product Safety Commission (CPSC) of 2001 stated that
every home should have a CO alarm and every major road junction must have at least
one CO monitoring station situated within 30 meters from the road (United States EPA,
1991); this is not the case in Nigeria where CO monitoring stations are not available,
not to talk of personal CO monitors and CO alarms. Some hospitals in Nigeria are
poorly equipped with CO-oximeter to make diagnosis easier, and poisonings are often
grossly under-reported or misdiagnosed by medical practitioners. Environmental criteria
for CO and other gaseous pollutants are poorly implemented, if at all they exist in

Nigeria (Ayodele et al., 2007).
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1.3 JUSTIFICATION

Carbon monoxide was described by the U.S. Environmental Protection Agency as a
“silent or invisible killer”. Its colourless and odourless nature makes it difficult to detect
without the use of special equipment. The use of portable generators in the United
States of America is only circumstantial, during power outages (e.g. from winter storms,
camp grounds or new building construction) (Neil ez al., 2005) but in Nigeria it is the
usual source of power. The possible reasons speculated by Neil et al., (2005) in the use
of generator indoors, often without adequate ventilation were: (1) lack of awareness of
the risk of CO poisoning; (2) concern for electric shock by use in wet conditions; (3)
fear of theft if the device is left outdoors; and (4) lack of a long enough extension cord
to operate the generator outdoors. Aside the above reasons, Ayodele et al., (2008) in
Kano suggested tiny, poorly constructed housing and overcrowding. Acute high CO
exposures are sometimes encountered in different microenvironments (USEPA, 1991),
under various circumstances, in most of these cases toxicity is certain and usually fatal.

Aside sequelae from acute poisoning, chronic sequelae are yet to be determined.

1.4 AIM AND OBJECTIVES
1.4.1 Aim: The aim of this study was to assess the effects of acute exposure to
generator exhaust fumes, producing 100 — 150 ppm of CO on learning, memory and

motor coordination in albino mice.

1.4.2 Specific Objectives included the following
i. To assess the learning retention task of the CO-exposed and non-exposed

animals using the elevated plus maze (EPM).
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ii.  To assess the motor coordination of the CO-exposed and non-exposed animals
using the beam walk test.
iii.  To compare the blood Carboxy-Hemoglobin (COHb) level with the exposure

Dose in the animals using the spectrophotometric method.

1.5 RESEARCH HYPOTHESIS

Acute exposure to generator exhaust fumes does not affect learning, memory and motor

coordination in Albino mice.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 NEUROTOXICITY OF CARBON MONOXIDE

Toxins are among the many causes of neurological diseases from antiquity to
contemporary times (Hunter, 1978). Although CO has long been known to cause acute
central nervous system (CNS) damage, it is only recently that delayed CNS injury in
people poisoned by this molecule was noticed (Kwon ef al, 2004). Toxins and
environmental conditions are important and under-recognized causes of neurological
diseases; in addition to extremes of cold, heat, and altitude. In 1980s, the acknowledged
estimate was about 8 million people who worked full-time with substances known to be
neurotoxic (Anger, 1986). At that time, about 750 chemicals were suspected to be
neurotoxic to humans based on available scientific evidence (Anger, 1984, 1986).
Today when most countries are boasting on industrial revolution to show their power,
an unadventurous estimate might therefore suggest more than 1000. The level of
evidence for whether a substance is truly toxic to the human nervous system varies from
substance to substance. Some evidences are purely experimental, where as others are

based on strong clinical association (Myrtill et al., 2010).

Although the CNS is partially protected by the blood—brain barrier and the peripheral
nervous system by the blood—nerve barrier, the nervous system remains susceptible to
toxic injury (Carl-johan et al., 2012). This is because non-polar highly lipid—soluble
substances generally have easier access to cross most membranes in the body (Friis et

al., 1980). The effects of neurotoxic agents on the CNS present with wide-ranging
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disturbances which may include mental status disturbances (mood disorders, psychosis,
encephalopathy, and coma), myelopathy, focal cerebral lesions, seizures, movement
disorders, and many peripheral nerve deficits. Yet, some neurotoxic disorders are not
casily definable as being caused by a single, specific toxin, such as toxic axonopathies
and encephalopathies seen with exposure to mixed organic solvents. Most neurotoxins
manifest their effects on a single, specific part of the nervous system; including the
cortex, spinal cord, extrapyramidal neurones peripheral nerves, and the syndromes can
be somewhat defined by these presentations. However, the effect of some toxins may be

generalized on the nervous system (Kwon et al., 2004).

2.1.1 Factors rendering the Nervous system susceptible to toxic injuries

There are various factors rendering brain most susceptible to injury, despite the
presence of blood-brain barrier. The neurones and their processes have high surface area
which increases their exposure risk. High lipid content of their neuronal structures result
in accumulation and retention of liphophilic substances and lipid soluble molecules
easily cross. Neurones generally have high metabolic demands and are strongly affected
by energy or nutrient depletion. High blood flow in the central nervous system increases
effective exposure to circulating toxins. Some chemical toxins can interfere with normal
neurotransmission by mimicking structures of endogenous molecules. Following toxic
injury, recovery of normal, complex interneuronal and intraneuronal connection is
typically imperfect. Neurones are typically post-mitotic and do not divide (Anger,

1986).
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2.2 MECHANISMS OF CARBON MONOXIDE TOXICITY

2.2.1. Alterations in Blood Flow

Exposure to high concentration (500 - 2,000 ppm) of CO causes vasodilation, which is
due to impairment of O, delivery (MacMillan, 1975; Kanten et al., 1983). However,
some of the observed increases in cerebral blood flow were independent of
perturbations in O, supply (Koehler et al., 1982). The rate of synthesis of CO varies
widely for nerve cells. Cerebellar granule cells generate approximately 3 Pmol/mg
protein/min, olfactory nerve cells produce 4.7 pmol/mg protein/min., and rat cerebellar
homogenates can generate as much as 56.6 pmol/mg protein/min (Maines, 1993; Ingi
and Ronnett, 1995; Nathanson et al., 1995). In a situation where cellular oxidative
metabolism was not impaired by CO, elevations in cerebral blood flow appeared to be
mediated by nitric oxide free radical (\NO) (Meilin ef al., 1996). Although cerebral
vasodilation mediated by *NO was reported with exposure to 1,000 ppm of CO, that
level of exposure did not alter pulmonary vasoconstriction in an isolated-perfused rat
lung model (Cantrell, 1996). In animals exposed to high CO concentrations (e.g., 3,000
to 10,000 ppm), diminished organ blood flow was observed (Ginsberg, 1974; Okeda et

al., 1981; Song et al., 1983; Brown and Piantadosi, 1992; Thom, 1999).

2.2.2 Mitochondrial dysfunction and altered production of high-energy
intermediates.

Exposure to 2, 500 ppm and above of CO shows impaired high-energy phosphate
synthesis and production of hydroxyl free radicals due to mitochondrial dysfunction
(Piantadosi, 1996; Piantadosi et al., 1997). Evidence of mitochondrial dysfunction was

not observed at lower CO concentrations, although under conditions of high metabolic
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demand, exposure to even 1,000 ppm of CO in the absence of an overt hypoxic stress
will result in impaired energy production in the brain (Meilin et al., 1996). Studies in
mice indicate that high CO concentrations inhibit synthesis of high-energy phosphates
during exposure to 5,000 ppm CO for 15 minutes and these changes do not persist

following removal to fresh air (Matsuoka et al., 1993).

2.2.3 Vascular Insults Associated with Exposure to Carbon Monoxide

The concentration and duration of CO exposure are the two primary variables
determining COHDb level and ultimately the severity of the pathology. Substantial body
of literature suggests that, at least with regard to vascular effects, the duration of
exposure has a greater impact on the magnitude of CO pathophysiology than what is
predicted based on the concentration of CO that is inspired (Fein et al., 1980; Penney et

al., 2008).

In light of the physiological role of CO in vasomotor control, protracted exposures may
be prone to disturb vascular homeostasis, giving rise to pathophysiological responses
(Thomsen, 1974). Carbon monoxide may cause vascular insults through leakage of
albumin. Leucocyte sequestration has been shown following exposures of rats to 50
ppm or more for 1 h, and the process is mediated by *NO-derived oxidants (Thom,
1990; Ischiropoulos ef al., 1996; Thom et al., 1999). Brain oxidative stress associated
with this mechanism has been shown in rats exposed to 1,000 to 3,000 ppm CO for 1

hour (Thom, 1990; Ischiropoulos ef al., 1996).
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2.3 CARBON MONOXIDE AND OXIDATIVE DAMAGE

Studies on laboratory animals show endogenous production of nitrogen and oxygen-
based free radicals after CO exposures at concentrations of greater than or equals to 20
ppm for varying periods of time. Exposure to 20 ppm for 1 hour leads to production of
nitric oxide free radical (*NO) in the systemic circulation of rats, with platelets as the
main source (Thom et al., 1999). In another study by the same author; exposure of
cultured bovine pulmonary endothelial cells to as low as 20 ppm cause cells to release
*NO, which may lead to death in 18 to 24 hours (Thom, 1990). The mechanism
involved steady-state elevation of *NO concentration and production of peroxynitrite
(Thom et al., 1999). Peroxynitrite is a strong oxidant with relatively longer half-life

produced by the reaction between *NO and superoxide radical (Huie et al., 1993).

Carbon monoxide concentration of > 11 nmol is enough to cause the steady-state
increase in *NO level through alteration in the intracellular “routing” of *NO in
endothelial cells and platelets. Gibson et al. (1986) documented that the rate constant
for association and dissociation of *NO with haemoproteins exceeds the rate constants
for O, or CO. Moore and Gibson (1976) had earlier found that CO slowly displaced the
*NO from nitrosyl-myoglobin (*NO-Mb) or nitrosyl-haemoglobin (*NO-Hb), and that
the displacement occur even in the presence of excess *NO-haeme proteins. The
presence of CO in high concentration or substances that will combine with the *NO, like
thiol speed up the rate of displacement. It is worthy to note that these conditions exist in
cells exposed to environmentally relevant concentrations of CO. Though concentrations
up to 1.070 nmol of CO did not seem to alter the rate of production of *NO by platelets
and endothelial cells, yet liberation of *NO was enhanced (Thom et al., 1999). Exposure

to 50 - 100 ppm CO increases hydrogen peroxide (H,0,) production in the Iungs of rat,
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a phenomenon which depended on *NO production (Thom et al., 1999). The possible
explanation to the enhanced H,O, production is by disturbance of mitochondrial
function; where peroxynitrite inhibits electron transport at complexes I through III, and
a *NO targeted cytochrome oxidase (Cassina et al., 1996; Lizasoain et al., 1996; and
Poderoso et al., 1996). Another possible alternative mechanism for mitochondrial
dysfunction is through inhibition of antioxidant defences, where elevations in *NO
could be responsible for inhibiting one or more enzymes in the electron transport
cascade. Both manganese superoxide dismutase and glyceraldehyde-3-phosphate
dehydrogenate can be inhibited by nitric-oxide-derived oxidants and also cause the

depletion of reduced glutathione (Luperchio et al., 1996).

Exposure to higher CO concentrations in the range of 2,500 to 10,000 ppm causes
mitochondria in brain cells to generate hydroxyl-like radicals (Piantadosis et al., 1997).
An additional source of partially reduced O, species found in animals exposed to high
CO (approximately 3,000 ppm) is xanthine oxidase. Conversion of xanthine
dehydrogenase, the enzyme normally involved with uric acid metabolism, to xanthine
oxidase, the radical-producing form of the enzyme, occurred in rats’ brains (Thom,
1990). Since enzyme conversion was not a primary effect of CO; and that higher CO
exposure is required, xanthine radical was not considered to be the ambient source of
free radicals (Thom, 1990). Prenatal exposure to CO at concentrations expected in
poorly ventilated environment resulted in oxidative stress and impaired development of
rat cochlea (Lopez et al., 2008). Ischiropoulous et al., (1996) were able to prove that
perivascular reactions mediated by peroxynitrite were important in the cascade of events

which lead to brain oxidative stress in CO poisoning,
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2.4 EFFECTS OF CARBON MONOXIDE ON LEARNING AND MEMORY

Recent studies have implicated the vital role played by nitric oxide in
neurophysiological processes of learning and memory (Thomas et al., 2000). Inhibition
of NO synthesis impaired memory in rats (Kopt et al., 2001; Reddy et al., 2002);
whereas, stimulation of NO production improved cognitive functions in Alzheimer's

patients (Thomas ef al., 2000).

Even though CO is toxic to cytochrome, this mechanism plays a minor role in clinical
CO poisoning, since the amount of CO required to poison cytochrome is 1000 times
higher than the lethal dose. Carbon monoxide-induced tissue hypoxia may be followed
by re-oxygenation injury to the CNS. Hyperoxygenation facilitates the production of
partially reduced O, species, which in turn can oxidize essential proteins and nucleic
acids, resulting in typical reperfusion injury. In addition, CO exposure has been shown
to cause lipid peroxygenation, i.e. degradation of unsaturated fatty acids leading to

reversible demyelination of the CNS lipids.

Disturbances in brain function predominate in acute CO intoxication. Delayed
neurological effects may also occur (Choi, 2000). Brain regions showed varying
sensitivity to hypoxic damage, in particular the second and third layers of cerebral
cortex; the white matter, the basal nuclei, and Purkinje cells of the cerebellum. Attempts
have been made to relate this “selective vulnerability” to the cause of hypoxia, but the
nature and distribution of the lesions appear to depend on the severity, suddenness, and
duration of the oxygen deprivation, as well as on its mechanism (hypoxia or ischaemia)

rather than on the its cause.
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In acute cases, petechial haemorrhages of the white matter involving in particular the
corpus callosum occur; in cases surviving more than 48 hours, there is multifocal
necrosis involving globus pallidus, hippocampus, pars reticularis of the substantia
nigra, laminar necrosis of the cortex and loss of Purkinje cells in the cerebellum, along
with white matter lesions. Carbon monoxide intoxication usually spears the
hypothalamus, walls of the third ventricle, thalamus, striatum, and brain stem. Myelin
damage was constant and involved discrete, perivascular foci in the Corpus Callosum,
internal-external capsule and the optic tracts, usually seen in comatose patients who
died within one week. Extensive periventricular demyelination sometimes with plaques
of demyelination and axonal destruction was also observed in comatose subjects with
longer survival. Responses to cellular hypoxia vary depending on the premorbid
condition of victims; those with underlying heart and lung diseases will have little
tolerance to even mild hypoxia. In the brain, hypoxia leads to increased intracranial
pressure and cerebral oedema, which is partially responsible for decreased level of
consciousness, seizure, coma and varying degrees of cognitive impairment (Prockop,
2007). The classic cherry-red discoloration of the skin and cyanosis are rarely seen
(Lapresle et al., 1967). Significant apoptotic cell death in the cortex and hippocampus

occurred after rats inhaled 200 or 500 ppm of CO (Clayton ef al., 2001).

Headache is one of the most common presenting features of CO poisoning (Handa et
al., 2005). 1t is generally described as frontal, dull, sharp, continuous, throbbing, and
intermittent in patients with mean COHb level of 21.3%. However there is no clear
correlation between pain intensity and COHb levels (Hampson, et al., 1996). Headache
is a frequent complaint not only with acute, but with chronic CO poisoning. Headaches,

generalized weakness, fatigue and sleepiness, are part of the vague symptomatology
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observed in subjects with COHb levels below 20%. Dizziness is a frequent companion
of headache and can be seen in about 92% of victims of CO poisoning. In one report,
76% of the 38 victims reported weakness with COHD levels greater than 30 - 40%

(Abelsohn et al., 2002).

A delayed neuropsychiatric syndrome may occur in patients from 3 - 240 days after
acute CO exposure. Even those victims without neurological and psychiatric symptoms
immediately after an exposure accident may demonstrate features of delayed
impairment ranging from subtle abnormalities such as personality changes or mild
cognitive deficit to severe dementia, psychosis, Parkinsonism, incontinence or others

(Mimura, et al., 1999; Choi, 2000).

Carbon monoxide encephalopathy may cause a number of behavioural functional
impairments, including alterations in attention, executive function, verbal fluency,
motor abilities, visuospacial skills, learning, short-term memory, and mood and social
adjustment. Formal neuropsychological testing usually confirms these impairments
(White, et al., 1992). The expert Panel on Air Quality Standards of World Health
Organization (WHO) in 1994 reported that COHb levels between 2 - 20% can cause

effects on visual perception levels, audition, motor, and sensory-motor functions.

According to WHO guidelines, exposures to levels of ambient air CO should conform
to the following durations of exposure: 87.1 ppm (100 mg/m’) for 15 minutes; 52.3 ppm
(60 mg/m®) for 30 min; 26.1 ppm (30 mg/m’) for 60 min; 8.7 ppm (10 mg/m®) for 80
min (United States AQS, 1994). Any exposure to ambient air CO levels greater than

100 ppm is dangerous to human health (White, et al., 1992; Townsend, et al., 2002).
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Very high levels of S/00B protein, a structural astroglial protein, have been found in
patients who died from CO poisoning; elevated levels occur in unconscious patients,
and normal levels in those without loss of consciousness. It was proposed that the
S100B protein levels could be used as a biochemical marker of brain injury in CO

poisoning (Townsend, 2002).

Patients may also present with neuropsychological sequelac long time after CO
poisoning (Weaver et al., 2007). In one randomized trial, 46% of poisoned patients
treated with normobaric oxygen had cognitive sequelac 6 weeks after poisoning
(Weaver et al., 2002) and 45% had affective sequelac (Jasper et al., 2005). Other
sequelae include gait and motor disturbances; peripheral neuropathy; hearing loss and
vestibular abnormalities; and dementia and psychosis (Choi, 2000), which can be

permanent.

Diffusion Weighted Images (DWI) in brain Magnetic resonance imaging (MRI) shows
white matter high signal intensities consistent with restricted diffusion in acute CO
poisoning. Most unconscious patients present with abnormalities of Globus Pallidus or
the entire lentiform nucleus (Globus Pallidus and Putamen), putamen alone, caudate
nucleus, thalamus, periventricular and subcortical white matter, cerebral cortex
hippocampus and cerebellum. Brain MRI may appear to be normal in some victims who
have suffered CO brain damage (O’Donnell et al., 2000). Extensive bilateral cerebellar
white matter signal change, with sparing of the overlying cortex, consistent with

demyelination was reported 6 years after CO poisoning (Maschalchi ez al., 1996).
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2.5 CARBON MONOXIDE TOXICITY

The Centre for Disease Control and Prevention (CDC) estimated that during the period
of 19992004, CO was listed as a contributing cause of death on 16,447 death
certificates in the United States, of which 2,631 deaths were categorized as
unintentional and unrelated to fire (CDC, 2007). Typically, fatal exposures to CO
produce coma, convulsions, and cardio-respiratory arrest (Wolf ef al., 2008). Symptoms
preceeding death can include headache, dizziness, weakness, nausea, vomiting, mental
confusion, visual disturbances and loss of consciousness (Choi, 2000). Clinical signs of
life-threatening toxicity can include cardiac arrhythmia, myocardial ischaemia,

hypotension, pulmonary oedema, and seizures (Kao and Nafiagas, 2006).

Over 400 cases of CO poisoning were evaluated at hospitals across United States. Of
the 100 poisoned patients who presented to four hospitals, electric generators were
involved in 74% of cases (Neil et al., 2005). Electric generators were the CO source in
15 of the 55 exposure incidents, in which a source could be identified. Of the 40 deaths
resulting from Hurricane Isabel in September 2003, eight were due to CO poisoning, at
least two of which resulted from improperly ventilated electric generators (CNN, 2003).
The significance of this problem is apparent. People find generators useful when
conventional power is lost or in remote areas not otherwise supplied by electricity. In
Nigeria the use of generators is the routine, due to incessant power failures. Certain
occupations like commercial motor-drivers, traffic police, cooks in restaurants and fire
fighters are at increased risk of poisoning (Sunny et al., 2008). It was documented that
exhaust from burning wood alone can raise the average levels at home (0.5 - 5 ppm) by
about 1000 times (USEPA, 1991). Exhaust from automobiles was estimated in the

Mexico City central area to be 100 - 200 ppm. Cigarette smoking has been shown to

xlii



have a dominant influence on increased CO exposure (Whincup et al., 2006, Fidan et
al., 2007). During pregnancy, increased maternal COHb levels of 0.7 — 2.5 % have been
reported, and the foetuses of non-smoking mothers have also shown elevated levels of
0.4 — 2.6 %. Hyper-metabolism, certain drugs and haemolytic anaemia can increase

endogenous COHD levels by up to 4 — 6 % (Leon et al., 2007).

2.5.1 Neurological effects

Acute, high level exposure produces symptoms of CNS toxicity such as headache,
dizziness, drowsiness, weakness, nausea, vomiting, confusion, disorientation,
irritability, visual disturbances, convulsions, and coma (USEPA 1991; Ernst and Zibrak,
2004). Symptoms vary depending on the degree of exposure and concentration;
headache and dizziness are the most commonly reported symptoms (Ernst and Zibrak,
2004). Poisoned patients show Basal ganglia (primarily of the globus pallidus) and
white matter lesions after neuroimaging (Hopkins ef al., 2006; Kao and Nafiagas, 2006;
Lo et al., 2007).

Delayed development of neuropsychiatric impairment may occur within one month of
exposure, and symptoms such as inappropriate euphoria, impaired judgment, poor
concentration, memory loss, cognitive and personality changes, and psychosis were
estimated to have occurred in up to 68% of patients with acute poisoning (Ernst and
Zibrak, 2004; Kao and Nafagas, 2006; Wolf, et al., 2008). The relationship between
initial symptom severity and the likelihood of developing of delayed neuropsychiatric
impairment has not been established. However, Kao and Nafagas (2006) concluded that
patients with more severe initial symptoms are more likely to develop delayed

neuropsychiatric impairment.
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Mechanisms of acute and delayed adverse nervous system effects have not been
conclusively established. Tissue hypoxia, in association with high levels of blood COHb
(> 60%); direct cellular effects of CO (e.g., ATP depletion, excitotoxicty, oxidative
stress, and immunological responses) and post-ischaemic reperfusion injury were all
contributing factors to neurotoxicity (Gorman et al., 1992; Ernst and Zibrak, 2004; Kao
and Nafagas, 2006). Compensatory mechanisms such as cerebrovascular vasodilation
and increased cardiac output occur in order to maintain O, delivery to the brain,
especially under hypoxia induced by COHb formation (Gorman et al., 1992; Helfaer
and Traystman, 1996; WHO 2000; Raub and Benignus, 2002). In healthy individuals,
cardiovascular compensation effectively maintains whole brain O, delivery up to COHb
levels of approximately 60% (USEPA, 1991). However, there was heterogeneous blood
flow among different brain regions based on studies in animals. Despite these
cardiovascular compensatory actions, Raub and Benignus (2002) reported that cerebral
O, consumption declines as blood COHbD levels increase, with statistically significant
decreases at COHb levels of 30 — 50%. Results of an analysis conducted by USEPA
(1991) of data obtained from goats (Doblar et al, 1977) and sheep (Langston, et al.
1996) show that the cerebral metabolic rate for O, (CMRO,) decreased 10% at a blood
COHb of approximately 23%. These results are consistent with data obtained from
humans, showing no statistically significant decline in CMRO; at COHbD levels up to

20% (Paulson et al., 1973).

It is generally accepted, though not conclusive, that CNS symptoms are associated with
acute exposures that produce blood COHb levels greater than or equals to 20% as
opposed to results of clinical studies associating CO exposure and CO-induced CNS

effects at blood COHb levels of 5 - 20% which are more difficult to interpret (Raub et
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al., 2000; WHO, 2000; Raub and Benignus, 2002). Numerous clinical studies were able
to show CNS effects at COHb levels of < 20%, including visual and auditory sensory
effects (decreased visual tracking, visual and auditory vigilance, visual perception), fine
and sensorimotor performance, cognitive effects (altered time discrimination, learning,
attention level, driving performance), and brain electrical activity (Benignus, ef al.,
1990; USEPA, 1991; Raub, ef al., 2000; Raub and Benignus, 2002). Although there are
evidences of human CNS effects in association with CO exposures that result in COHb
levels less than 20%, dose-response relationships for the effects have not been firmly
established (USEPA, 2010). Most of the clinical studies on low CO (blood COHb levels
< 20%) exposure have focused on its potential to induce behavioural effects, but few
studies that were able to evaluate the effects on alterations in sensory perception (i.e.,
visual and auditory) were equivocal (USEPA, 1991).

Studies conducted in mature rats provide evidence that acute exposure (< 10 hours) to
higher levels of CO (500—1,500 ppm) potentiates noise-induced hearing loss, including
noise-induced elevation of compound action potential threshold and auditory threshold
shifts (Fechter, et al., 2000). Results were found to be consistent with impaired
mechanisms to repair noise-induced damage to outer hair cells. In marked contrast to
above results, developmental studies in animals show that gestational and early
postnatal exposure to low levels of CO (i.e., 12 — 25 ppm) may lead to altered
development of the auditory system (Stockard-Sullivan et al., 2003; Webber et al.,
2003; Lopez et al., 2009). In another study where adult rats received parenteral doses of
CO on depressed auditory thresholds and increased cochlear blood flow, Fechter et al.,
(2000) assessed the auditory thresholds by measuring the compound action potential
recorded at the round window, which remained stable up to COHb levels of at least

30%. Transient impairments of the compound action potential threshold were observed
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only among subjects that attained COHb levels of approximately 50%. Cochlear blood
flow measured using laser Doppler flowmetry also increased following CO exposure,
reaching a maximum of 140% of control values at approximately 50% COHb. In those
instances of high COHb production that produced impairment of auditory threshold,

recovery of function was observed as COHb levels declined.

2.5.2 Developmental Effects

Epidemiological studies have examined possible associations between exposure to
ambient air CO concentrations and various developmental outcomes, including pre-term
birth, birth weight, congenital anomalies, and neonatal and infant death. Results of these
studies have been mixed and, collectively, do not provide strong evidence for
developmental effects in association with exposures to ambient levels of CO. Studies
carried out on animals provide evidence of adverse developmental effects of gestational
and early postnatal CO exposure, including decreased fetal weight, adverse CNS
development, altered peripheral nervous system development, cardiac effects, altered
sexual behaviour, immunological, and haematological effects. In addition, some studies
showed that developmental effects persisted beyond the postnatal period (Anger, 1984;

Ischiropoulos et al., 1996; Andrea et al., 2001; Huynh et al., 2006).

Several studies have examined possible associations between ambient air CO
concentrations and risk of pre-term birth (Huynh et al., 2006; Jalaludin et al., 2006;
Leem et al., 2006; Ritz et al., 2007; Liu et al., 2009; Wilhelm and Ritz, 2011). Results
of these studies have been mixed and have included estimates of significantly elevated

risk or lower risks of pre-term birth (Jalaludin ef al., 2006). Mean air CO concentrations
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evaluated in these studies ranged from 0.8 to 2.7 ppm, with the highest values less than

10 ppm (Ritz et al., 2007).

2.5.3 Hypoxia and Related Compensatory Responses

Inhalational exposure to CO results in the formation of a stable complex between CO
and Hb (COHb). Relatively low partial pressure of CO (P,CO), having much higher
affinity for Hb than O, can displace it from Hb (Fig. 2.1). The complex formed
contributes to impaired O, delivery to tissues in two ways: (1) in the presence of CO,
the amount of O, that can be stored in Hb for delivery to tissues decreases; and (2)
binding of CO to Hb impairs release of O, from Hb for its diffusion into tissues. At
sufficient levels of COHb, the combined effects of impaired O, storage and transport
results in tissue hypoxia, the principal mechanism of many adverse effects of CO
poisoning. In order to maintain normal O, delivery to tissues under conditions of
hypoxia, compensatory haematological responses such as increased erythrocyte count,
haematocrit, and Hb levels occur. The dose-response relationship for CO-induced
compensatory haematological responses in humans has not been established as opposed
to animal models. The notable effects, including increased blood volume, Hb,
haematocrit, and erythrocyte count and volume, have been observed following acute

and intermediate duration of CO exposure (WHO, 2000).
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Figure 2.1: Oxyhemoglobin dissociation curve of normal human blood, of blood
containing 50% COHDb, and of blood with only 50% Hb because of anaemia

(USEPA, 1991).

The figure above shows decreased capacity of the blood containing 50% COHb and

50% Hb to carry enough oxygen as compared to the normal. It also shows impaired
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release of oxygen by the blood containing 50% COHb and 50% Hb due to the high

affinity to oxygen when compared to the normal blood.
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CHAPTER THREE

3.0 MATERIALS

3.1.1 Source of carbon monoxide
The source of CO will be from the exhaust fumes of a gasoline-powered generator

(TIGER, TG950, 220v/240v).

3.1.2 Portable carbon monoxide gas analyser

The carbon monoxide meter CM100 from Amprobe, China, with serial number
10060391 was used. The meter has the following technical specifications; carbon
monoxide range is 0 — 999 ppm (parts per million); error resolution of 1 ppm and
accuracy of +/- 15% at 100 — 500 ppm. The meter has a screen and a backlight for

operation in the dark.

The dose in parts per million (ppm) of CO exposure was recorded by the digital CO gas
analyser placed inside the gas chamber together with the experimental animals. The

exposure dose was in the range of 100 - 150 ppm for 30, 60, and 120 minutes.

3.1.3 Gas chamber

It was an improvised chamber that was not air tight, but constructed in such a way that
it provided partial ventilation to fresh air. Transparent polythene bag was used to cover
a plastic frame measuring 150 cm x 100 cm x 100 cm to make it air tight with an

opened window for ventilation.



Fig. 3.1 Gas chamber.



Fig. 3.2 Portable gasoline-powered generator, TIGER, TG950.



Fig. 3.3 Digital CO monitor, Amprobe CM100.



3.2 METHODS

3.2.1 Animals

Twenty five adult Swiss albino mice of both sexes were used in the study. They
weighted between 18-32 g and were obtained from the animal house of Department of
Pharmacology and Therapeutics of Ahmadu Bello University, Zaria. The animals were
randomly divided into two major groups; each containing twelve mice for beam walk
and elevated plus maze (EPM) respectively. Group I underwent Beam walk test, and
group II-the EPM test. Each of the two groups (Group I & II) was further divided into
two sub-groups, the experimental and control groups. Female mice were tested without
monitoring the oestrous cycle. Animals were maintained at room temperature, fed on
standard feed and allowed access to tap water ad libitum. They were allowed to
acclimatize with the environment for at least two weeks before commencement of the

study.

3.2.2 Exposure of animals to carbon monoxide from the generator exhaust fumes

The cage was placed inside the gas chamber and the mice were exposed to the exhaust
fumes of the gasoline-powered generator (TIGER, TG950, 220v/240v). The exposure
allowed partial ventilation to fresh air; similar to that adopted by Samuel et al. (2007),
in which human subjects were accidentally exposed to a gasoline-powered generator (5
kW, 3000 U/min) directly adjacent to a long stable where they were sleeping. The
experimental groups were exposed to the generator exhaust fumes containing 100 - 150
ppm of CO for 30, 60 and 120 minutes before the tests, while the control groups were
maintained on fresh air. The CO monitor had an inbuilt alarm system that made

different noise depending on the CO concentration in air.
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3.2.3 NEUROBEHAVIORAL ASSESSMENTS

3.2.3.1 Assessment of motor coordination using beam walk test

In the beam-walk test (also known as the raised-beam or raised-bridge test), mice were
trained to traverse an elevated, narrow ruler beam to reach an enclosed escape goal box.
The protocol described here measures foot-slips and latency to traverse the beam,
although a number of other parameters of motor coordination and balance can also be

measured. The protocol described here is for testing on mice (Stanley, 2005).

The materials used were methylated spirit, cotton wool, and the beam walk apparatus
which was made up of 75 cm strips of two smooth woods. One beam was flat like a
ruler of 25 mm width by 10 mm thickness. The other strip is round with a diameter of
20 mm. Narrow support stands to hold up the start part of the raised beam (15 mm
cross-section, 40 cm high) was also used, together with the Goal box (30 cm x 20 cm x

25 ¢cm with a 5 x 6 cm entrance hole), secured on top of a support.

The latency and foot-slip measurements were taken as the mouse traverse the beam. The
starting point of the beam was mounted on the narrow support stand on a stable
laboratory bench in the neurobehaviour room and a goal box was attached to the other
end. A 30W lamp was also hanged by the ceiling to provide lightening and also created
an aversive stimulus (bright light) to encourage mice to traverse the beam to the dark

enclosed goal box.



The animals in their home cages were transferred, from the animal house to the
neurobehaviour laboratory. They were allowed to habituate to the laboratory for about
15 minutes. A trial session was conducted where one of the investigators noted and
recorded the latency to traverse the beam to the goal box, while the other investigator
placed the mice on the beam at the start of each trial, removed them and also recorded
the foot-slips afterwards. A mouse was placed at the starting point and the latency to
traverse the beam (up to a maximum of 60 seconds) was timed. Each mouse was given
few consecutive trials in order to avoid the possible influence of learning and returned
to its home cage. The flat beam was used for training mice, while the round-beam for
the actual test. During the first few trials, some animals had to be given encouragement
(in form of an occasional nudge with a finger) in order to traverse the full length of the
beam. However, they soon learnt to cross rapidly to the enclosed goal box without any
additional encouragement. Methylated spirit was used to clean the apparatus and
allowed to evaporate fully after each trial before re-using the apparatus. This was done
to avoid bias and also wash off the stained urine, which may serve as a guide to most
mice and, therefore, alter the accuracy of data. At the end of the trials, animals were
allowed to rest before the testing while the experimental groups are exposed to the
fumes of generator exhaust containing CO. At the end of the day’s session, animals
were returned to their home cages and the apparatus was thoroughly cleaned with

methylated spirit.

Experimental animals in Group I were exposed to the CO for thirty minutes. Thereafter
each of the animals in the group underwent beam walk test sequentially. After the study
group had completed the test, the control group then underwent the same Beam walk

test. Beam walk was conducted in order to detect any neurological deficits in sensory,
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balance, or motor performance. The actual test involved measurement of the latency to
traverse each beam, and the number of times the left and right hind feet slip-off the
beam for each test. Each mouse was allowed up to a maximum of 60 seconds to traverse
the beam. Occasionally mice may fall from the beam, and that was recorded as a failure.
The number of failures was analyzed separately. At the end of testing session, animals
were returned to their home cages in the animal house. The apparatuses were

thoroughly cleansed with methylated spirit.
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Fig. 3.4 Beam walk

3.2.3.2 Assessment of Learning Retention Behaviour using the Elevated Plus Maze
The EPM apparatus was made of plywood and consisted of two open arms (25 x 5 cm)

and two closed arms (25 x 5 x 15 ¢cm) which extended from a central 5 x 5 cm platform.
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The plus maze was elevated 50 cm above the floor and the whole apparatus was painted

black (Itoh et al., 1990).

The experimental animals in Group II were exposed to CO. Immediately after exposure,
each animal in the group underwent EPM test sequentially. After the experimental

group had completed the test, the control group also underwent the same EPM test.

The procedure for the test as described by Itoh et al. (1990) was used. On the first day
(learning test) a mouse was placed at the end of one of the open arms, facing away from
the central platform. Latency for the mouse to enter one of the closed arms was
recorded in seconds. Following entry into the arm, the animal was allowed to explore
the apparatus for 30 seconds. All the paws were required to be in the arm before being
counted as an entry. Twenty four hours later, the second trial (retention test) was
performed. Mice appear unwilling to venture onto the open arms of the maze because of
a general aversion to open spaces and to the elevation of the maze; this induced learning
responses in the animal (Lister, 1990). The experimental group was exposed to CO just
before (30 min., 1 hour and 2 hours) the trials, while the control group was exposed to
room air. After each trial, the plus maze was thoroughly cleansed with methylated spirit
and allowed to dry before the next trial. The time taken for a mouse to move from the

starting point of the open arm to
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Fig. 3.5 Elevated plus maze

any of the closed arms was measured (in seconds) to indicate learning (first day) and

memory (second day) (Itoh et al., 1990). The hippocampus links the nervous system to



the endocrine system through neurohormones and is highly susceptible to hypoxic
injury. Passive-avoidance task used in the EPM test is a hippocampal and amygdala-
dependent test which evaluates long-term (24 hour) emotional memory (Holland ef al.,
1999). Elevated plus maze test also has a spatial component since the animals should
remember the configuration of the open and closed arms and should escape from the

unsafe open arm on the second trial.

On the first day of the study, mouse placed on the open arm of the EPM was expected to
quickly move towards and enter one of the closed arms because of its natural aversion
to open space and height. Such behaviour served as the learning or acquisition test, in
which the mouse should on re-exposure (after 24 hours) be able to remember that a
closed arm of the EPM exists. The time taken by the animal to move from the open to a
closed arm of the EPM was recorded as transfer latency and exemplifies learning
(Reddy, 1997). The cognitive processing of spatial information took place when the
animal navigated the maze during the first exposure. Re-exposure to the maze enabled

the animal to recall places and things reflecting explicit memory.

3.2.3.3 Determination of blood Carboxyhaemoglobin level in animals

At the end of the neurobehavioural tests, mice were sacrificed and blood sample
obtained by cardiac puncture was used for COHb analysis by means of
spectrophotometric method (Ernest and Carol, 1984). This method for estimating
carboxyhaemoglobin was based on the production of two-pigment mixture by reducing
oxyhaemoglobin and methaemoglobin with sodium hydrosulfite. Absorbances of the

pigment were measured at 420 and 432 nm. Protecting the solutions against exposure to
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air was unnecessary. Values are stable and reproducible when the solutions are buffered

at pH of 6.85.

Materials required for this analysis included (1) Buffer: KH,PO4/K,HPO4, 0.1 mol/L,
pH 6.85. The buffer was stable indefinitely when kept refrigerated (2) Hemolyzing
solution: Buffer diluted 10-fold with water, (3) CO-Hb diluting solution: prepared by

adding about 25 mg of sodium hydrosulfide to 20 mL of buffer just before used.

Blood samples from the sacrificed animals were collected in test tubes containing
ethylene diaminetetraacetic acid (EDTA, potassium salt) of 1.5 mg/mL of blood. About
25 uL of blood was added to 3 mL of the hemolyzing solution in a small test tube and
mixed by inverting two or three times. After 5 minutes, about 0.1 mL of this mixture
was pipetted into a cuvette having a critical volume of less than 1.2 mL, which already
contained 1.15 mL of the CO-Hb diluting solution. Alternatively, 0.2 mL of the
haemolysate was added to 2.3 mL of the CO-Hb diluting solution in a larger cuvette
having a critical volume of less than 2.5 mL. Cuvette was covered with Parafilm, mixed
by inverting gently several times, and allowed to stand at room temperature for 10
minutes. The absorbance was read at 420 and 432 nm against a matched cuvette
containing only CO-Hb diluting solution. The following equation was used to compute

the fraction of CO-Hb (S,,) in blood.

Seo = 1-—(ArxF))

AR(FZ—Fl)—F3+1
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Ar is the ratio 44/4; of the sample in CO-Hb diluting solution. The three constants, Fi,
F,, and F3 may be computed from the published molar absorption of reduced
haemoglobin and CO-Hb at 420 and 432 nm: F; = 1.3330, F, = 0.4787 and F3 = 1.9939

(Rodkey et al., 1979).

3.2.3.4 DATA ANALYSIS

Data obtained from the study were expressed as means + standard error of mean (SEM).
Student’s t-test was used to compare the means between experimental and control
groups, as well as between Day-1 and Day-2 of the study using independent and paired
sample student’s t-test, respectively. For all evaluations, values of P < 0.05 were
considered to imply statistical significance. Microsoft Office Excel version 2007 and
Statistical Package for Social Sciences (SPSS) version 15.0 soft ware were employed in

analyzing the data.
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CHAPTER FOUR

4.0. RESULTS
The parameters measured in this study were transfer latencies (TL) and number of foot-

slips in the neurobehavioral tests, and percentage blood COHb level.

4.1 Effects of 30 minutes of Carbon monoxide exposure on learning/acquisition
and retention/memory test

Table 4.1 compares the TLs of the control and experimental groups during learning
(Day-1) and memory (Day-2) tests after 30 minutes of exposure of the experimental
group to CO. There was decreased latency (13.4 £ 1.5 sec.) of the experimental group,
when compared to the control (28.6 £ 5.2 sec.) in Day-1. The decrease was statistically
significant with P value of 0.023 and suggested enhanced ability of mice to learn new
behaviour. In day-2 however, there was significant (P < 0.05) increase in the TL of 48.4
+ 12.8 sec. in the experimental group when compared to 13.6 £ 1.9 sec. of the control
group. This shows impaired retention ability of the mice to recall the learned behaviour.
Day-2 test recorded impaired recall despite the enhanced learning recorded previously

(Day-1).
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Table 4.1: Transfer latencies of control and experimental groups after 30 minutes

of exposure

Groups Treatment Transfer Latency (Mean = SEM) (Seconds)
Day- 1 Day- 2

Control Room air 28.6+£52° 13.6£1.9°

Experimental Carbon monoxide 13.4 +1.5° 48.4 £12.8°

a

*® = values with different superscript letters indicate significance at P < 0.05
n=>5
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4.1.2 Effect of 1 hour of Carbon monoxide exposure on learning and
retention/memory test

During the 1 hour exposure to CO, increases in the TLs of the experimental group in
Day-1 (73 + 8.4 sec.) and Day-2 (51.6 £ 16.5 sec.) were recorded when compared to
their controls (21.8 + 4.4 sec.) and (14.4 = 2.0 sec.), respectively. However, highly
significant (P = 0.001) difference was recorded only during the Day-1 test (Table 4.2).
The above result may suggest impaired ability of the exposed mice to learn new

behaviour, but not the recall (Table 4.2).
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Table 4.2: Transfer latencies of the control and experimental groups after 1 hour

of exposure.

Groups Treatment Transfer Latency (Mean = SEM) (Seconds)
Day- 1 Day- 2

Control Room air 21.8+4.4° 144+£2.0

Experimental Carbon monoxide 73.0 + 8.4" 51.6£16.5

a

*® = values with different superscript letters indicate significance at P < 0.05
n=>5
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4.1.3 Effect of 2 hours of CO exposure on learning and retention/memory test

Although there were increases in the TLs of the exposed mice during the learning (54.0
+ 15.1 sec.) and memory (66.8 = 15.3 sec.) tests when compared to their controls (26.0
+ 10.5 sec.) and (22.6 + 6.6 sec.), only day-2 recorded significant difference (P =
0.029). Two hours of CO exposure could therefore only impair the ability of the

exposed mice to recall, while sparing the learning ability (Table 4.3).
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Table 4.3: Transfer latencies of the control and experimental groups after 2 hours

of exposure

Groups Treatment Transfer Latency (Mean = SEM) (Seconds)
Day- 1 Day- 2

Control Room air 26.0 £10.5 22.6£6.6°

Experimental Carbon monoxide 54.0 £ 15.1 66.8 £ 15.3°

a

*® = values with different superscript letters indicate significance at P < 0.05
n=>5
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4.1.4 Influence of Carbon monoxide exposure on learning/acquisition test (Day-1)

When TLs of the control and experimental groups were compared in the three exposure
periods, only the 30 minutes and 1 hour exposure periods showed significant change
with P values of 0.023 and 0.001, respectively since P < 0.05. Although latency of the
experimental group drop to 13.4 + 1.5 seconds during the 30 minutes of CO exposure,
that of 1 hour exposure period increases to 73 + 8.3 seconds when compared to their
controls (28.6 = 5.2 sec.) and (21.8 = 4.4 sec.) respectively. It may thus suggest
improvement of learning at shorter period of CO exposure (30 minute) as opposed to
impairment of learning ability at longer period of CO exposure (1 and 2 hours) (Fig.

4.1).
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Figure 4.1: Transfer latencies of control and experimental groups during the
acquisition/learning test
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4.1.5 Influence of CO exposure on memory/recall test (Day-2)

There were significant increases in the TLs of the experimental group during the 30
minutes (48.2 + 12.8 sec.) and 2 hours (66.8 = 15.3 sec.) of exposure when compared to
the controls (13.6 £ 1.9 sec.) and (22.6 + 6.6 sec.), respectively. Results suggest
impaired recall of the learned behaviour in virtually all the three exposure periods (Fig.

42).
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4.1.6 Control group
The outcome here, reveal how mice in the control group were able to easily recall (Day-
2) the learned (Day-1) behaviour under normal circumstances, thus having reduced

latencies on the second day (Fig. 4.3).
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Figure 4.3: Transfer latencies of Day-1 and Day-2 tests of the Control group.

4.1.7 Effects of 30 minutes, 1 hour and 2 hours of Carbon monoxide exposure on
mice

Figure 4.4 showed TLs in Day-1 (acquisition/learning) and Day-2 (recall/memory) of the
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experimental group. Thirty minutes and 2 hours of exposure recorded an increase in the
TLs on the second day (48.4 + 12.8 sec. and 66.8 = 15.3 sec. respectively) when
compared to the first (13.4 £ 1.5 sec. and 54 + 15.1 sec.). There was however a reduction
in the TL during the 1 hour exposure in Day-2 (51.6 £ 16.5 sec.) when compared to Day-

1 (73 £8.4 sec.) (Fig. 4.4).
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Figure 4.4: Transfer latencies of Day-1 and Day-2 tests in the experimental group.

= = values with different superscript letters indicate significance at P < 0.05 and its
absence imply insignificance. n=5
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4.2. ASSESSMENT OF MOTOR COORDINATION

4.2.1 Effects of CO exposure on beam walk performance test

Although there were increases in the latency of the experimental group during the 30
minutes (9.4 + 0.9 sec.), 1 hour (20.8 £ 2.1 sec), and 2 hours (11.4 £ 1.5 sec.) of
exposure to CO when compared to their controls (8 £ 0.9 sec., 15.4 £ 2.7 sec. and 10 +

0.8 sec.) respectively; none was significant (Fig. 4.5).
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4.2.2 Foot-slips in the control and experimental groups
There was no any significant change (P > 0.05) in the mean frequency of foot-slips of
the experimental animals (Table 4.9) when compared to their controls in all the three

periods of exposure (Fig. 4.6).
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4.3 ANALYSIS OF BLOOD CARBOXYHAEMOGLOBIN
Percentage COHb was found to be significantly higher in the exposed (2.06 = 0.12%)

than in the control group (0.78 +0.089%) with P < 0.05 (Table 4.10).

Ixxxii



B control
b
B experimental
2 -
1.5
—
T
<
&)
o\o a
1 a
0.5 -
0 -

control experimental
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4.4 SUMMARY OF RESULTS

Learning

When TLs of the control and experimental groups were compared in the three exposure
periods, only the 30 minutes and 1 hour exposure periods showed significant change
with P values of 0.023 and 0.001, respectively at P < 0.05. Although latency of the
experimental group drop to 13.4 + 1.5 seconds during the 30 minutes of CO exposure,
that of 1 hour exposure period increases to 73 + 8.3 seconds when compared to their
controls (28.6 = 5.2 sec.) and (21.8 = 4.4 sec.) respectively. It may thus suggest
improvement of learning at shorter period of CO exposure (30 minute) as opposed to
impairment of learning ability at longer periods of CO exposure (1 and 2 hours) (Fig.

4.1).

Memory

There were significant increases in the TLs of the experimental group during the 30
minutes (48.2 + 12.8 sec.) and 2 hours (66.8 &+ 15.3 sec.) of exposure when compared to
the controls (13.6 £ 1.9 sec.) and (22.6 + 6.6 sec.), respectively. Results suggest
impaired recall of the learned behaviour in virtually all the three exposure periods (Fig.

42).

Motor coordination
There were no statistically significant differences between the control and experimental
groups to suggest any motor coordination deficits in all the three periods of CO

exposure.
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Blood Carboxyhaemoglobin
There was significant (P = 0.0001) increase in the percentage COHD of the experimental
group (2.06 + 0.12) when compared to the control (0.78 £ 0.089), thus suggesting

additional exogenous exposure.
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CHAPTER FIVE

5.0 DISCUSSION

Several studies in humans confirm neurotoxicity to be the most prominent symptoms in
any CO poisoning (Samuel et al., 2007; USEPA, 2010). Animal studies also suggest
foetal susceptibility, and that the developing brain has the highest sensitivity of all
organs (Longo et al., 1977). It was estimated that as high as 50% of individuals with CO
poisoning will develop neurologic, neurobehavioural, or cognitive sequelae. Carbon
monoxide-related cognitive deficits included impaired memory, attention, executive

function, motor, visual spatial, and slow mental processing speed (Hopkins et al., 2006).

Depicting real CO toxicity in human subjects through experiments may not be possible,
but laboratory animal models have been instrumental in shaping our understanding of
some of these toxic gases. Simple but explicable models such as the EPM, Morris water
maze and the open field are of value in the evaluation of learning and memory

modulation.

5.1 LEARNING/ACQUISITION AND MEMORY/RECALL

The hippocampus is a part of the limbic system that plays a part in memory and spatial
navigation. Although scientists believe that no single brain centre stores memory,
hippocampus plays an essential role in the formation of new memories and form part of

a larger medial temporal lobe memory system responsible for long-term memory.
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Comparison between control and experimental groups, and also between the first day
task (learning/acquisition) and the second day task (memory/recall) will be assessed. A
significant increase in the TLs of the experimental group when compared to the control
group suggests CO exposure was able to distort either the acquisition of or recall of the
learned behaviour or both. While having significant decrease in the TLs of the
experimental group when compared to the control may suggest enhancement/ positive
effect of CO on learning and memory. Lack of any significant difference between the
two groups however does not rule out affectation. Another assessment was to compare
the TLs between Day-1 (acquisition) and Day-2 (recall) in the control and experimental
groups separately. The control groups were expected to be normal animals, and
therefore had decreased TLs on the second day task when compared to the first day.
This is because the animal should normally be able to easily recall the acquired
behaviour. So when Day-1 was compared with Day-2 of the control group, the mean
TLs were found to be lower in the second days. Meaning there was no affectation of
either the ability to learn or to recall the learned behaviour. The finding proved the
expected normality that should be recorded in the control group as opposed to impaired

behaviour of the experimental groups.

5.1.1 Learning/acquisition

In this study, there was significant reduction rather than increase in the mean TL of the
experimental group during the 30 minutes CO exposure in Day-1. It was proper to say
that 30 minutes partial exposure to CO at concentration ranging from 100 - 150 ppm
may enhance the ability of mice to learn new behaviour. This finding is in agreement
with recent findings which suggest CO, together with NO acting as gaso-transmitters in

the CNS at physiological concentrations in the body (Boeihning et al., 2003); as the
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exposure increased, poisoning results (Mannoin et al., 2006). Even though the WHO
recommended level of exposure is < 100 ppm, exposure to 50 - 100 ppm of CO was
found to increase Hydrogen peroxide (H»O;) production in the lungs of rat, a
phenomenon which depended on *NO production (Thom et al., 1999). The possible
explanation to the enhanced H,0, production is by disturbance of mitochondrial
function; where Peroxynitrite inhibits electron transport at complexes I through III, and
a *NO targeted cytochrome oxidase (Cassina et al., 1996; Lizasoain et al., 1996; and

Poderoso et al., 1996).

Previously, Karim et a/. (2001) have established the role played by CO produced in the
body as a retrograde synaptic messenger with a prominent position in the long-term
potentiation (LTP) of certain areas of the brain. In a similar study also CO produce
long-term enhancement when paired with low-frequency stimulation and results were
found to be consistent with the hypothesis that NO and CO, either alone or in
combination, serve as retrograde messengers that produce activity-dependent
presynaptic enhancement during LTP (Zhuo ef al., 1993; Hawkins et al., 1994). The
possible mechanism proposed by Pineda ez al. (1996) was that NO and CO activate
noradrenergic neurones of Locus Coereleus (LC) via a cGMP-dependent protein kinase
and a non-selective cationic channel. It was also proposed that these effects occur at the
postsynaptic level and that there may be a tonic regulation of LC neuronal firing by the

cGMP pathway.

Ixxxviii



5.1.2 Memory/recall

Increased deterioration of the recall capacity was found to be directly proportional to the
duration of CO exposure. Previous data suggested a specific toxicity of CO on memory
functions in animals and also delayed neuronal death in areas involved in memory
process (Piantadosi et al., 1997; Nabeshima ef al., 1991). In another research, hypoxic
ischaemia was found to cause damage and cell loss to the pyramidal cells in the CA1
region of the hippocampus. Equally Katoh et al. (1990) reported a 17% decrease in
pyramidal cells in the CA1 region of mice, who received pure CO compared to normal
controls. The findings here were in line with the above suggesting significant
deterioration in learning/acquisition after 1 hour of partial CO exposure. In a recent
study conducted by Mereu et al., (2000), functional changes observed at CA3-CAl
synapses in the hippocampus could underlie learning and memory deficits produced in
rat offspring by a prenatal exposure model (150 ppm) simulating the CO exposure

observed in human cigarette smokers.

Though 30 minutes of partial CO exposure enhanced the learning/acquisition task, the
same 30 minutes exposure produced significant deterioration in the memory/recall task
after 24 hours. It can therefore be deduced that any CO exposure may impair recall in
mice. Similarly, CO poisoned subjects were found to have impaired ability to remember
new temporal, linquistic, and spatial information while previous knowledge for
temporal, linquistic, and spatial information was intact (Hopkins et al., 1993). Short-
term memory loss, lack of spontanecous movements and infarctions in bilateral
hippocampi, temporal poles, occipital cortex, globus pallidus, cerebellum, and
brainstem were apparent in an elderly man after deliberate CO poisoning. Although he

was ambulatory Six months later with normal communication; he suffered residual
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anterograde amnesia (Gottfried er al., 2001). A case of delayed encephalopathy and
cognitive sequelae were observed 4 weeks after acute CO poisoning, following which
the patient regained some improved memory and other cognitive function after 4 weeks
of treatment, including hyperbaric oxygen therapy (HBOT) (Tapeantong et al., 2009). It
was observed that chronic cerebrolysin (CL)-treatment enhances recovery of
hippocampal tissue after hypoxic damage of intermediate severity induced by CO

(Koroleva et al., 1999).

Exposure to CO was found to produce deterioration of memory due to neuronal cell
death. In another research, hypoxic ischaemia was found to cause damage and cell loss
to the pyramidal cells in the CA1 region of the hippocampus (Volpe and Petitio, 1985).
Similarly, Katoh et al. (1990) reported a 17% decrease in pyramidal cells in the CAl
region of mice who received pure CO compared to normal controls. The finding here is
in line with the above, suggesting significant deterioration in learning/acquisition after 1
hour of partial CO exposure. A study conducted by Mereu et al. (2000), suggested
functional changes at CA3-CA1 synapses in the hippocampus as the possible cause of
learning and memory deficits produced in rat offspring by a prenatal exposure model
(150 ppm), simulating the CO exposure observed in human cigarette smokers. Brain
regions showed varying sensitivity to hypoxic damage. Attempts have been made to
relate this “selective vulnerability” to the cause of hypoxia, but the nature and
distribution of the lesions appear to depend on the severity, suddenness, and duration of
the oxygen deprivation, as well as on its mechanism (hypoxia or ischaemia), rather than
on its cause. In the brain, hypoxia leads to increased intracranial pressure and cerebral
oedema which is partially responsible for decreased level of consciousness, seizures and
coma (Lapresle et al., 1967).

XC



Though 30 minutes of partial CO exposure enhanced the learning/acquisition task, the
same 30 minutes exposure produced significant deterioration in the memory/recall task
after 24 hours. It can therefore be deduced that any CO exposure may impair recall in
mice. Similarly CO poisoned subjects were found to have impaired ability to remember
new temporal, linquistic, and spatial information while previous knowledge for
temporal, linquistic, and spatial information was intact (Hopkins et al., 1993). Results of
the study conducted by Andrea et al. (2001) also suggested that altered developmental
profile of hippocampal neuronal NO synthase (#NOS) and haem-oxygenase (HO-2)
activities could be involved in cognitive deficits and long-term potentiation dysfunction
exhibited by rats prenatally exposed to CO (150 ppm from days 0 to 20 of pregnancy)
levels resulting in COHb levels equivalent to those observed in human cigarette

smokers.

It can also be inferred from the result that maximum effect of CO on mice was reached
during the 1-hour exposure, which could possibly be that time when the maximum
saturation point of COHb in the body was reached. As Coburn et al. (1965) has pointed
out that the most important determinants of COHb level are CO concentration in inhaled
air, duration of exposure and alveolar ventilation. The maximum CO effect reached
triggered homeostatic responses such as increased respiratory rate and heart rate to
return the body to normal; a possible reason why the mean TL during the 2 hours
exposure was less than that of the 1 hour exposure in the experimental group, even
though the duration of exposure was higher. Substantial body of literature also

suggested that at least with regard to vascular effects, the duration of exposure has a
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greater impact on the magnitude of CO patho-physiology than what is predicted based

on the concentration of CO that is inspired (Fein et al., 1980; Penney et al., 2008).

5.2 BEAM WALK

There were marginal increases in the TLs of the experimental groups in all the three
periods of exposure, which mean CO exposure does not affect the TLs in beam walk
task. This finding corroborates other studies since the level of COHb in humans that
will grossly affect movement is above this exposure concentration of 100 - 150 ppm
(2.06 %). World Health Organization’s Expert Panel on Air Quality Standards in 1994
reported that levels between 2 — 20 % can cause effects on visual perception levels,
audition, motor, and sensory-motor functions, and behaviour. However, headaches,
generalized weakness, fatigue and sleepiness were part of the vague symptomatology
observed in human subjects with COHb levels below 20 % (Hampson et al., 2002).
Dizziness is a frequent companion of headache and can be seen in about 92 % of
victims of CO poisoning (Abelsohn et al., 2002). In a recent literature re-evaluation,
however, the best estimate was that COHb would have to rise to 15 — 20 % before a 10

% reduction in any behavioural or visual measurement could be observed.

There were no statistically significant differences between the control and experimental
groups throughout the periods of exposure to CO. Absence of any difference between the
control and the experimental groups could mean CO affect the performance in beam
walk task only at higher/longer durations of exposure. Walker et al. (2001) suggest that
the combined effect of increased atmospheric temperature, as experienced in the tropics,
and CO poisoning can impair exercise performance and make daily chores like driving,
climbing of stairs and long walks, a great task. Recently, a battery of ocular motor tasks

was evaluated using the basic metrics of movements, and the higher-order cognitive
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control processes governing movement and the findings suggest subclinical deficits
potentially reflecting damage to the Globus Pallidus not only attributed to necrosis but
also to subsequent demyelination of the cerebral white matter as the principal driver of
these deficits (Lang et al., 2010). It was further shown by the same authors that ocular
motor measures sensitively characterize cognitive deficits that may otherwise be
overlooked after CO poisoning, and that may benefit from intervention. In another study
which examined the influence of exposure to ambient CO, resulting in final COHb levels
of approximately 5.0 % on the ability to process information during motor performance,
where five levels of tapping difficulty and digit manipulation were evaluated; motor
performance was not influenced by exposure to CO and task difficulty was a significant
factor mediating behavioural effects of CO exposure (International Archives of

Occupational and Environmental Health (IAOEH), 1983).

5.3 BLOOD CARBOXYHAEMOGLOBIN LEVEL

The blood COHb was estimated in both groups at the end of the study. Mean COHb
level estimated was found to be higher in the exposed group than the control. Only a
small amount of CO in the body was from endogenous production, larger percentage of
CO was from exogenous sources. The estimated blood COHb level found in the
experimental group was comparable to CO exposure of 15 ppm deduced from the CFK
table (Appendix IX). Even though dose of CO exposure in this study was in the range of
100 - 150 ppm, lower blood COHb levels were recorded. This might not be far from the
fact that the method of exposure used in the study was partial, providing some fresh air
ventilation to the experimental animals. Prolonged time between exposure to CO and
blood collection could have contributed also to the low % COHD in the blood sample

when compared to the exposure dose. It will be stressed here that, if at this level of
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COHD (2.06 %) such effects were recorded, higher doses may likely produce more

effects.

Non-smokers living away from urban areas have COHb levels of 0.4 — 1.0%, reflecting
endogenous CO production, whereas levels up to 5% may be considered normal in a
busy urban or industrial setting (Craig et al., 2010). A value in compliant with the
endogenous production was found in the control group of this study. However, in the
experimental group, a value up to 2.06% was found, which reflects values equivalent to
that of smokers (2 - 15%) or urban dwellers (2 - 5%). Prenatal low-level exposure of
rats to 150 ppm resulted in COHb levels equivalent to those observed in human
cigarette smokers (Andrea et al., 2001). The use of % COHb as a measure of severity of
CO poisoning, or to predict treatment options, was limited because COHb levels are
affected by a lot of factors like ventilation, partial pressure of O, in the air and other co-
morbidities like heart disease (Craig et al., 2010). Attempts made in the past to equate
symptoms and signs to different COHbD levels failed, but it was generally accepted that
COHD levels in an acutely poisoned person only roughly correlate with clinical signs
and symptoms, especially those relating to neurological function (USEPA, 2007).
Earlier studies also attempted to differentiate between smokers and non-smokers based
on their % COHb levels in blood (AQG, 2000). No clear clinical consensus was reached
when, attempts were made to categorize CO poisoning into mild, moderate, and severe
based on the % COHb levels and clinical symptoms (Hampson ef al., 2008). Degrees of
poisoning were rather described as mild when there is greater than 10% COHb without
clinical signs or symptoms of poisoning; moderate when the level is between 10 — 25%,

with minor clinical signs and symptoms of poisoning, such as headache, lethargy, or
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fatigue; and severe when the level is above 20 — 25%, with loss of consciousness, and

confusion or signs of cardiac ischaemia or both (Hampson ef al., 2008).
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CHAPTER SIX

6.1 SUMMARY

The study was conducted with the aim of assessing the effects of acute exposure of
generator exhaust fumes on learning, memory, and motor coordination in mice. Carbon
monoxide was among the contents of the exhaust fumes and was studied in detail
because of its toxicity. It is a colourless and odourless gas that is produced when ever
carbon containing substance is burnt. In Nigeria, the main sources include but are not
limited to gasoline powered generator, vehicles exhaust, fire wood, and kerosene stoves.
Generally, people are at risk of CO poisoning, but certain occupations like the traffic
police, cooks in restaurants and fire fighters are affected the most. Gasoline-powered
generator (TIGER, TG950, 220v/240v), was the source of CO and digital CO monitor
(Amprobe, CM100) was used to record the dose of CO in parts per million (ppm). The
gas chamber employed was an improvised one that measured 150 cm x 100 cm x 100
cm (Ixbxh) that was not air-tight, but rather provided partial ventilation to fresh air

through the opened window.

Two groups of mice (control and experimental) were used to assess each
neurobehavioural test. They were subjected to the same conditions and treatments
except for the exposure. The experimental group was exposed to between 100 - 150
ppm dose of CO from the generator exhaust fumes for 30 minutes, 1 hour, and 2 hours
periods at intervals of one week each. Mice were subjected to neurobehavioural tests of
learning and memory using the EPM and motor coordination using the Beam walk. At
the end of the study, mice were sacrificed and their blood were analysed for COHb

concentration. Results obtained showed significant differences between control and
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experimental groups in performing the EPM test. Carbon monoxide exposure from the
generator exhaust fumes was found to reduce the ability of the exposed mice to learn
new behaviour and also recall the learned behaviour. Carbon monoxide exposure had
either minimal or no effect on the motor coordination of the exposed mice when
compared to the control. The level of percentage COHb in blood was higher in the
experimental than the control group, thus signifies additional intake from external
sources. Our findings were in line with previous studies, where acute CO exposure
resulted in neuronal cell death and functional deficits in learning and memory.

However, CO exposure at physiological level was beneficial to learning process.

6.2 CONCLUSION

In conclusion, CO at this range and period of exposure was found to adversely affect
acquisition and recall but not motor coordination in mice. The result was in agreement
with previous studies which had suggested CO, together with NO acted as gaso-
transmitters in the CNS at physiological concentrations. Carbon monoxide might have
significant effect on the motor coordination at much higher dose than the one used here.
It is important to note that, various effects presented here might not be attributed to only

CO, since several other contents of the generator exhaust fumes might perhaps be toxic.

6.3 RECOMMENDATION
Based on the study conducted and the results obtained, the following recommendations
will be made.

1. Studies should be conducted using pure CO gas to specifically ascertain its

effects.
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Sample size should be increased in subsequent studies, in order to enhance
sensitivity and allow justifiable generalisation of the results.

Similar studies using lower doses of CO could specifically be conducted on
humans to ascertain its neurobehavioural effects.

Similar studies should be encouraged utilising standard, modern equipments to
enhance sensitivity and reliability of the results.

People should be aware of CO toxicity and avoid frequent exposure in order to
safe guard their health.

Government should be more concerned about environmental pollution and ways

of managing it.
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APPENDICES

APPENDIX I: The table below compares the TLs as it relates to the duration of

exposures between control and experimental groups.

Table 4.4: Mean Transfer latencies during the Acquisition/ learning Task (Day-1).

Groups Treatment Transfer Latency (Mean = SEM) (Seconds)
30 minutes 1 Hour 2 Hours
Control Room air 28.6+5.2 21.8+44 26 £10.5

Experimental ~ Carbon monoxide 134+ 1.5 73+£8.4 54+15.1
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APPENDIX II:

Table 4.5: Mean transfer latencies during the recall/memory task (Day-2)

Groups Treatment Transfer Latency (Mean = SEM) (Seconds)
30 minutes 1 Hour 2 Hours
Control Room air 13.6+1.9 144+2.0 22.6+6.6

Experimental ~ Carbon monoxide 484+ 128 51.6+£165 66.8+153
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APPENDIX III:

Table 4.6: Transfer latencies during acquisition and recall tasks in the control

group.
Duration of Transfer latency (Mean £ SEM) (Seconds)
exposure Day- 1 Day- 2

30 minutes 28.6+5.2 13.6+1.9

1 hour 21.8+4.4 144+2.0

2 hours 26.0+10.5 226+ 6.6
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APPENDIX IV:

Table 4.7: Transfer latencies during acquisition and recall tasks in the

experimental group.

Duration of Transfer Latency (Mean = SEM) (Seconds)
exposure Day- 1 Day- 2

30 minutes 134+1.5 484 +12.8

1 hour 73 £8.4 51.6£16.5

2 hours 54+15.1 66.8+15.3
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APPENDIX V:

Table 4.8: Mean transfer latencies to cross the beam walk.

Groups Treatment Transfer Latency (Mean = SEM) (Seconds)
30 minutes 1 Hour 2 Hours
Control Room air 8+09 154+2.7 10+ 0.8

Experimental ~ Carbon monoxide 9.4+0.9 20.8 2.1 114+1.5

CXVi



APPENDIX VI:

Table 4.9: Foot-slips of the control and experimental groups after the 30 minutes, 1

hour, and two hours of exposure.

Groups Treatment Foot-slips (Mean + SEM)
30 minutes 1 Hour 2 Hours
Control Room air 04+04 04+04 1.4+0.9

Experimental ~ Carbon monoxide 0.4 +0.4 1.2+04 24+£04
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APPENDIX VII

Table 4.10: Percentage COHb in the control and experimental groups.

Groups Percentage COHb in blood (Mean + SEM)

Control 0.76 £ 0.089

Experimental 2.06 +0.012
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APPENDIX VIII
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Figure 3.6: Calculated values of Ag at various proportions of carboxyhaemoglobin.
Ar calculated with values for F1, F2, and F3 computed from the published absorptivities
for Hb and CO-Hb at 420 and 432 nm. Ag calculated from values for F1, F2, and F3
derived experimentally. The curve shown in Figure 1 represents the calculated value of
AR at various proportions of CO-Hb. The curve formed when AR was calculated from
values for F1, F2, and F3 derived experimentally closely approximated that formed
when AR was calculated from values of F1, F2, and F3 computed from the published

molar absorptivities.
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APPENDIX IX

Table 1.1: Blood carboxyhaemoglobin levels as predicted from the Coburn-

Forster-Kane (CFK) model (Coburn, 1965).

Carbon monoxide exposure concentration Steady-state blood Carboxy-hemoglobin

(ppm) (%)
0.1 0.25
0.5 0.32
1 0.39
2 0.5
5 1
10 1.8
15 2.5
20 3.2
40 6.1
60 8.7
80 11
100 14
200 24
400 38
600 48
800 56

1,000 61
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