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. ABSTRACT

The toxicity of lindane and dimethoale has been studied individually and in combination in
laboratory animals both in vivo and in vitro. Effects of lindane pretreatmenl on the toxicity

of dimethoate was examined in acute and sub-chronic toxicity studies. The median lethal
dose (LDsp) for lindane and dimethoate were determined in wister strain rats by
intraperitoneal route as 29.5 mg/kg and 185 mg/kg respectively. Symptoms of poisoning for
lindane (hyper-excitation, tremor, conclusions) and dimethoate (swaying gait, respiratory
distress, convulsion) were dose-dependent in severity.

Lindane (1mg/kg, i.p) daily administration for seven days increaesd dimethoate LD50 in
rats by 29.5%. The survival time in mice exposed to lethal dose of dimethoate (400 mg/kg)
was also increased by 27.5% compared to control. Antidotal therapy trial against acute
lindane poison was also carried out in mice using diazepam, phenobarbitone and phenytoin.
All three agents produced dose-dependent alleviation of symptoms and as well increased
survival rates. The highest trial dose of phenytoin (40 mg/kg). phenobaritone (20 mg/kQg)
and diazepam (10 mg/kg) resulted in 50%, 62.5% and 75% survival rales respectively. The
control group produced 12.5% survival rate.

EEG studies in rats showed desynchronization of the reticular formation (RF) wave pattern
due to lindane which effect was potentialed by dimethoale. Lindane-induced
desynchronization was reversed by diazepam and phenytoin.

Twelve weeks sub-chronic toxicity studies in rats investigated the effect of combined
exposure to weekly lindane (10 mg/kg, i.p) and daily dimethoate (10, 25, 50. 75 mg/kg
feed) oral administration. Control group receive normal Iced and no lindane treatment. At
intervals of four weeks, rats were killed blood samples collected for enzyme assay, serum
albumin and total bilirubin were determined. Liver, kidney and intestines were removed for
histopathologic examinations.

Serum transaminase (AST and ALT) activities showed general elevation in the dimethoate-
fed compared to control animals. Furthermore, AST and ALT activities were slightly higher
in lindane-frce compared to lindane-treated dimethoate sub-groups throughout the twelve
weeks exposure period. Serum AST activities were significantly (P < 0.05 - P - 0.01)
higher in the dimethoate-fed animals in the presence and absence of lindane at four and
eight weeks exposure, while activities were insignificantly laised at twelve weeks. Serum
ALT activities on the other hand were significantly elevated (P < 0.02 - P < 0.001) at eight
and twelve weeks while activities showed insignificant elevaion at four weeks exposure
compared to control values. Activities of serum ALT were significantly raised (P < 0.05 - P
< 0.001) at four weeks but dropped significantly (P < 0.05 - P - 0.01) below control activity
at eight weeks. Activity returned to control levels at twelve weeks exposure.

Serum albumin levels showed an insignificant decrease over control value at four weeks.
However, significantly lower levels (P < 0.05 - P < 0.001) were observed at eight and
twelve weeks exposure. No clear pattern was however, observed between lindane-free and
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lindane-treated groups in the serum.albumin levels. Levels for total bilirubin showed a
gradual increase with duration of exposure, being insignificantly different from control at
four weeks and significantly (P < 0.02 - P < 0.001) elevated at twelve weeks. Values for
total bilirubin were higher in the presence of lindane treatment.

Histopathologic examination after twelve weeks exposure period revealed no lesions in the
kidneys and the intestines at all dose levels. However, the liver revealed various degree of
fatty degeneration, the ocurrence of which showed correlation in extent of damage to period
of exposure, rather than dimethoate dose or lindane treatment.

Experiments using isolated rabbits ileum and rat phrenic nerve-diaphragm preparations
showed a biphasie response by lindane, with stimulation at low doses and inhibition at high
dose. Dimethoate dose-dependently potentiated cholinergic responses at both nicotinic and
muscarinic receptors. Dimethoate (8 ng/ml) response was augmented by physosligmine (2.6
ng/ml) and antagonized by atropine (2 ng/ml), while d-tubocurarine (1.3 ng/ml) attenuated
both dimethoate (60 ng/ml) and lindane (4.3 ng/ml) response at the neuromuscular junction.
Lindane (6.4 ng/ml) attenuated dimethoate (8 ng/ml-) response and attenuated both
spontaneous rabbit ileum and nerve twitch responses. The effect of lindane was augmented
by d-tubocurarine (1.3 ng/ml) and attenuated by lignocaine (16.8 ng/ml). Lignocaine
similarly attenuated dimethoate (60 ng/ml) response on the nerve.

The findings of these studies suggest some degree of protection provided by lindane against
dimethoate toxicity. The protective effect of lindane was pronounced in acute dimethoate
administration and less so in sub-chronic concurrent exposure. The in vitro results indicate
antagonism of dimethoate response by lindane. Combined pesticides exposure, therefore,
need not necessarily imply exaggerated toxicity.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 PESTICIDE USE AND TOXICITY
Since time immemorial mankind had to compete with more than a million other species
for the carth’s goods essential to survival. Doubtlessly, the stinggle has been harsh. The

losses inflicted upon man due to these other species ravages are sometimes disastions.

The use of chemicals to control insects possibly dates back to classical Greece and Rome
when sulphur was used (o combat many inscets and the vapours of the boiling coal tar to
control pests of vines and sugar cane. From 1669 and it the second world war. wsenic
compounds were used as pesticides against aphids. Towards the end of the 19" Century
in 1881, carbon disulphide was in use 1o control stored prains mseets and hydrocyanic
gas for fumigating citrus plants against insects. These developments were followed by
use of oils and salts for weed control, ind copper and mercury compounds Tor contiol of
certain plant diseases.  Another important Tandmark before the first world war was the
introduction in 1913 in Germany of the first organomercury seed diessings (Matsumuna,

1975).

I the years between the two workd wars, both the number and the complexity ol crop
protection chemicals increased. Dinitro-orthocresol wis patented in France in 1932 for
the control of weeds in cercals. and thiram the Dust ol the several  important

dithiocarbomate fungicides as patented in the USA (Matsumina, 1975).



One of the most remarkable contributions to chemical pest control was the discovery ol
the insecticidal potential of DDT (dichloo-diphenyl-tichiorocthane) cthanol in 1930 hy
Paul Muller for which he was awarded the 1948 Nobel Prize (Hassal, 1990). This was
followed by the discovery of many other chlormated hydrocarbons, organophosphates
and carbamates. A few years later saw the emergence of the so called second generation
organophosphorus insecticides which were more selective and less toxic to higher (non-
target) animals than the earlier ones.  Synthetic pyrethrods were later introduced by
Britain and Japan. By 1900 Parish Green, used for the control of Colotado beetles was
used so extensively as an insecticide that it led to the introduction of the first state
legislation governing the use of insecticides in the USA. Ever since. thonsands of other
chemicals have been tested for their potency against insect pests.  One of the most
recently discovered is cocaine which was found to fanction in plants as 2 nahnad
insecticide with selectivity towards invertebrates (Nathanson, e af., 1993),

The spectacular and successlul results so obtained tln'uu;;h the use of pesticides inman’s
control of pest as compared to other methods and means of pest management have
cncouraged man’s reliance upon their extensive and continued use. This sesolted from
man's demand and pressing needs for high guality Tood, better crops and libre, and also
better health and protection from insect vectors ol discases. DT was emploved i the
control of anopheles mosquito as part of malaria control (W.1LOL T985). Onchocerciasis
control depended entirely upon DDT for the destruction of the veetor simulids tor fack of
drugs that may be used i mass control programme of the discase (W.1LOL, 1986) which
practice is still in usc in some countries, especially the develop g ones. The vse of all

three major classes ol insceticides, namely, organochlotines, organophosphates and



carbamates are still employed in vector contol all over the world especially in the

developing nations (W.11LO., 1997).

The large-scale pesticides industry dates from the end ol World War 11 with the
commercial introduction of the phenoxyacetic acid, selective herbicides and the synthetic
organochlorine and organophosphous insecticides.  The total value of all pesticides
applied to world crops in 1949 was approximately 3200 million and in 1971, this
increased to a market value ol about $500 million of u'hich about 40% was in Noith
America and only slightly less in Ewrope. Approximately 1000 pesticides formulations
are in use throughout the world today for vistually all forms af agricultural conmodities,
The annual worldwide agricuttural use of pesticides by 1992 has been estimated to be ol
the order of 5 x lUb tons with a value of about $16.3 billion (Tardift, 1992) and has now
risen to $30 billion (Chemical and Engineering News, 1998). The developing countries
account for no moic than 10% of the total whereas it is precisely in these countiies that
there is the greatest need for crop protection chemicals. These countries are inhabiied by
49% of the world population and make up 46%, of the total workd’s cultivated Tand area
and the greatest losses of crops due 1o pests { British Aprochemicals Report, 1989y, On »
world scale, pests destroy about half ol the annual crop during erowth, harvesting  md
storage, but in the underdeveloped countrics. e India, Afvica and Latin America, losses
can be as much as 70% of total production (FAO/UN. 1972). In the comntries, thewe is
the need to double food production over the nest 100 yems to feod the incieasing

yopulation., Estimated losses in storaee are 25% amd 8% in Alvico and India respeciively.
pPoj . | A

It was estimated by the Food and Agricultie Oraanization (1 AO) of the Hnited Nations

that cessation ol all use of crop protection chemicals in the USA would reduce total



output of crops and livestock by 30% and would increase the price ol Linm products o

the consumer by between 50% and 70% (Green, 1976).  In Ghana, the application of
msecticides almost tripled the yields of cocon by effectively controlling the damage 1o the
crops by cuspid bug, and in Pakistan, extensive use of insecticides Ted to increased vield
of sugar crop by 30%. Introduction of pesticides also increased rice production several
folds in Japan in 1960 (Fest and Schmidt, 1982).  The United Nations lood and
Agriculture Organization had estimated that without the use of pesticides some 50% of
the total cotton production in developing countries would be destroyea by pests prior to

harvest (FAO/UN, 1972).

Annual pesticide use is measured in hundreds of millions of pounds of active ingredients,
about 20% of that in Production Agriculture.  No other group of chemicals known for
their toxicity is so extensively used as part of man’s attempt to maintain an advantage

over his competitors for food and fibre (Krueger, ef af,, 1992),

Overall, pesticides use in agriculture in terms of amount applied per hectare has been
very much greater in Japan, Burope and the USA, than in the rest of the world, Atrica,
though witnessed an increase in sales of 18.2% between 1980 and 1983 (Edwards, 1986),
In Nigeria, although there is a dearth ol statistics on pesticides production aud nsaoe,
there is evidence of a rise in usace from 1975 10 date judging by the incrensed
agricultural activity in the country. Such activities were occasioned by such government
programmes as the “Operation Feed the Nation™ and “Green Revolution™ as well as the
advent of large scale farming embarked upon by retired civil and military olficers,
Recently, the Nigerian Government has cimbarked upon huge importation of pesticides

intended to be supplied to Fanmers as well as for mass spraying in the event ol insects



outbreak.  Informed opinion on the subject would agree that it would be difficolt o

conceive of the world without pesticides which would probably means starvation fo

millions.,

Despite their value to agriculture, pestivides have also in some instances posed direct and
indirect threats to the health of humans and to the environment mound the world, Thei
continued massive and indiscriminate use has always been accompanied by adverse
effects and ereate multitudes of problenis of grave concern. These problems range from
non-target toxicity, residues problems as well as environmental pollution.  In recent
years, there has been increasing public concern about the salety of chemicals of all types.
Pesticides are an important class of chemicals to which everybody is exposed to some
extent. However, while it may be possible to detect acute poisoning and thus provide
adequate medical remedy, chronic exposure is not readily detected.  Some estimates
indicates that pesticides account for more than 20,000 Lualities vearly, and most of these

would have occurred in the developing countries (Forget, 1991).

it has been estimated that fess than 0.1% of pesticides applicd 10 crops reach the tgel
pests, leaving more than 99% having potentials to impact non-tuget organisms (N10s)
and to become widely dispersed in the environment (Fardiff, 1992). Liforts in finding
ways of minimizing pesticides hazands to man has resulted in mtensive scientilic
mvestigations. At present, the gencial public is bcvnmir;u increasingly concerned about
the use of pesticides to the extent that some consumers, especially in developed
countries, buy “organically”™-grown food, fice of pesticides.  Calenlations show that
despite that, our dict contains 10500 times more nattral pesticides than synthetic

pesticides (Berry, 1990).



i

Exposure of man to pesticides results from miltiple sources. Inan avriculimal seiting,
for example, workers may reccive dermal and inhalation doses fiom pesticides sprays
application.  In the home, exposure can occur through ingestion of unwashed parden
produce that contain pesticide residues and from inhalation of indoor pest control sprays,

Dictary exposures to pesticides occur for almost all members of the population.

Small children may receive the more signilicant levels ol exposute as a conseqrience of
repeated contact with room perimeters, corpets, and soil. In addition, hand to mouth
~manipulation are conunon at this age as in the tendency to taste, chew, and ingest objects

(Davis and Ahmed, 1998).

In addition to residues on fresh and pmécwcd produce, pesticide residue may oceur in
meat, milk and eggs as a result of feeds to domestic cattle and poultry being treated with
pesticides.  One of the most important soarces of dictary pesticide exposure i many
nations is the drinking water. In agricultural areas of high pesticide use, sampling of
ground and surface water su;:pifcs has generally revealed the presence ol pesticides
residues.  The problem may become especially serious with sandy soil, such as the
northern parts of Nigeria as well as the sub-Saharan Africa in general, which is easily

penetrated by pesticides and / or arcas with relatively high water tables.

Pesticides, like most other chemicals. have the potential to produce both acute and
chronic injury to health, Acute toxic eifects are those coused shortly alter single dose or

a few doses while chronie toxic effects e delaved.



In ]!!'iWiiL’L’ I?_‘:;fil‘il_l_q:f; are i"‘l':a'!_‘,‘ :!;II\HHI ocombingGans, cither o the P pose of
controlling dilfereat pests or 1o ﬁp:lu resistance. These combinations could lead (o
interactions via vartous mechanisims to alter the toxie dose of the individuad compormds.
Frawley, et af, {1957), discovered that (2 p nittophenyvl ohosphrothionate (1:PN), an
organophoespheie; marked!y poteniinted the toxicity of mmbathion v hen the two were
given simulizncously to labortiory caiinals, Sinee then, mechanism of pesticide toxicity
hias been revicwed by several authors (Muiphy, 1969 DuBlois, 1999 aod Iyanisar,

1989).

Patlic concern abont the potential hazards that pesticides conld evert o the covicorment
L pesulted in the pesticide industry being one of the wcst steinaenily gesalated in the
weild, The standards demanded for approval and sepistiasion of products iive becone
miuch wore rigorous.  In 1250, the wsts requived by the American PPA involved the
assessment of aeute toxicity based on the result of 79 diy pai o dog Teeding fests md
similar oncs extending over 2 yeors; ral ieproduction shudics over iee penciztions il
examination for fecyogenicity and metsbolic stadics. Analvsis st shoswe that the
resicddues in food crops are ol mor  than 001 ppmy i est 01 proo and ino milk 0008
ppin. I addition cavivenmental stindies me aleo conied ot o ddentity any Die

accummukation probleins, as occwms with organochleoriioe lscoiicides { Fardifi, 1992).

The use of pesiicides is on the facicase in both agicaitoe sid vector control in sy
develening countries including Nigerin, Althoneh, nesticides appess 1o bave come o
stay, they are generally toxic by desisn,. Qrgsmophosphaie sod carbamite nsecticides me
responsible for many poisoning cases,  The orpanochionines are persistent in soils and (he

environmert generally.  Herbicides such as paragoet ns well as pesw pesticides Titherto,



kinown o be relatively sales 1o humans (non-farset specien) ore now being implicated

soe serious cases of intoxication (Narahashi, e af, 1997).

It is obvious therefore, that the problem at hand is noi that of the exisience of nge of
pesticides, but thae of safety in their use. The potevtial hazard of pesticides can be

aaacased seiontilically on the basis of to<icologient and human exporore data available,

The lack of information at various levels an the cafis and rations! vse of pesticides is

ofienn the most important causative factor on chemical intoxication in developing,
countrics. This wetk is therelore, aimed al providing itormation on the toxicity resuliing

from pessible interactions of insecticides in porticelor lindune (Gaounalin 20%) and
Dimethoate (Rogor™ ) following simultancons expostre.  The infonnation vo obizined iz
expected (0 be uselu! in understanding the non-trraet toxicity due to combined exposue
to the commneunds, I intends also provide wavs !

inecrns of alleviabimefimie ai=ione

incidences of intoxication due io these inseoticid s,

1.2 OBJECTIVES QOF 57U

The objective of this study, is to camry out the follev fop fnvestipations:

-
-

iz possible inferaefion (i1 any) aind e mechanismg of soch bteoaction

voetween tindane and dimethonte,
i) proler possible antidetal therapy agiinst Dadinie potsoning

i) the ¢fect of cumbined exposwie of Brdaae and dispeilionte on some onpains in

the |}r'v.’\'.



To carryout the above mientioned investigations, the following protocol were undertaken,

a)

b)

In vivo studies.
i) acute toxicity studies.
ity subchronic studies
i) antidotal therapy studies
iv) LLEG studies.
liz vitro studies
i) Muscarnic receptor investigations using, rabbit tleum preparation,
i) Nicotinic receptor investigations using 1al plienic neive diaphingm

preparation,



CHAPTER TWO

LITERATURE REVIEW

2.1 CLASSIFICATION AND USES OF PESTICIDES

The 1990 edition of Chambers Dictionary defines “pesticide™ as a substance for Killing
pests, which is defined as any deadly epidemic disease, plague, anything destiuctive; any
insect, fungus, etc. destructive of cultivated plants, troublesome person or thine.  The
WHO defined a pesticide as any substance or mixtuge of substances intended for
preventing or controlling any unwanted species of plants and antmals and also for use as
a plant growth regulator, defoliant or desiccant (WHO, 1976). The term “pesticide”™
includes any substance used for the contral of pests during production, storage, tansport,
marketing or processing of food for man and or aninials or which may be administered to
animals Tor the control of insects or arachids in or on their bodies. It does not, however.,
apply 10 antibiotics or fertilizers (Brown, 1980).  Pesticides are ahnost a mixture of
difTerent ingredients containing the substances which actually does the controlling
(referred to as the active ingredients) and a number of additives.  The additives improve
the effect of the active ingredients or give the pesticide specitic propertics. The whole is

called the Tormulation, each formulation having a specilic trade name.

Several classifications of pesticide are tound depending on their mode of action or simply
their nature. Pesticides can be grouped nto two major types based on their mode of
action, namely, systemic and non-svstemic or contact pesticides.  However, Arena and

Drew (19806), classificd pesticides into tour major groups based on their nature, namely:



i Swathetic organic pesticides c.g. chilorobenzene  derivatives (DD lindane
derivatives  (aldrin, dieldrin):  hexachlorocyclohexane  (lindanc);  carbamiates
(aldicarb, carbaryl) and organophosphate derivatives (dichlorvos, dimethoate,
parathion).

it.  Inorganie chemical pesticides, such as arsenic, thallivm and cyanide compounds,

iii. Biological pesticides, such as pheromones, insect specific bacteria and viruses.

iv. Pesticides from botanical sources. such as nicotine and pyrethrin,

The syathetic organic compounds are probably the most conunercially vselul of the
chemical pesticides classes, such as chlorobenzenes and indane devivatioves (Hayes
1982; Hassal, 1990). This rvesulted in their being banpned from a !.:!I\M'
countries such as USA and the UK (Minton and Muray, 1088).

, , ; ¢ o ’ y . i . P Pl | 4 B
I'he major organic chemical pesticides include insccticides, hmeicides and herhicides - s’
Others include miticides, nematocides and rodenticides.  Herbicides are the major ¢lass

of pesticides used in the developed countries (temperate weather conditions), The
estimated world consumption reported  recently  shows  4L2% heibicides, 28.8"%
insecticides, 20.9% fungicides and 06.1%% for growth regnlators and  miscellimeons

agrochemicals (Cremyln, 1991).

Insecticides generally may be classified further into thiee major groups.  These ae, the
organochlorines, the organophosphates and  carbamates. Based on their chemical
structures, the organochlorines and organophosphates may be subdivided as followss,

a)  Oreanochlorines

i)y  Oxygenated compounds, e.g. dieldiin.



i) Benzenoid, non-oxy penated conmpounds, eop DD Tindine cte.

i) Non-oxygenated, non-benzenoid compounds e g aldrin, chlordune ete.
by Organophosphates
i) Aliphatic derivatives e g. dichlorvos, malathion, dimethoate cte.

i1y Aromatic derivatives, e.g. parathion, dicarpthon, vonnel, ete. (IHassal,

1990},

Organochlorine insecticides are the most persistent in the envitonment. In addition, they
are known to encourage the development of insect resistance and thus become less
effective. Their use is therefore discowaged. The hexachlorocyvelohexane (lindane) are
uselul for their fumigant action, systemic poisoning and high speed action, They are
effective against cotton weevils, house mosquitoes, some mites on man and livestock,
tsetsefly larvae, army worms, cockroaches, crickets, grain weevils, grasshoppers, leather

jackets wireworms cte. They are also especially used for seed dressings (Hassal, 1990).

The organophosphorus insecticides have a wide range of uses covering many crops and
effective against a large number of pests. A prototype organophosphoros insccticide,
diemthoate, for instance, is especially active against aphids that attack crops like apple,
pears, tobacco, tomatoes and beans, among others. 10 is also effective against mangold
fly which attack vegetables.  Other pests valnerable to organophosphours insecticides
include weevils, stem borer and carrolly (Hassal, 1990). The majority ol insecticides
generally clicit their toxicity mostly by attacking the nervous system ol their farget
organism and as absolute insect/manmumal selectivity is rarely achicved. the inseeticides

generally exhibits bio-activity towards mammals ot appropriate doses (Futson, 1981),



An ideal pesticide, is one that posses the following propertics,
i should be rapid in action

i)y highly selective for the target organism

iy less persistent in the environment (Casarett and Doull, 1975 Hassal, 1982),

2.2 THE NERVOUS SYSTEM: TARGET FOR INSECTICIDES TOXICITY

The nervous system constitute the major, and in many instances, the sole tinget site for
the majority of insecticides which have been developed. I then follows that the ability to
measure their effects on this system is critical to establishing the precise mechanisms by
which they act. The nervous system is characteristic of manunals and insects and cmries
signals from the various receptor sites 1o the brain (Corbett, ef /., 1984). Inscets have a
well-developed central nervous system that is almost comparable to that of manmmals.
Poisoning the nervous system is the quickest and surest way ol chemically upsetting the

regular body mechanisms.

Within the context of the mode of action ol pesticides, two aspects of the mode of
function of nervous system are of great importance. These me:
1. The mechanisim whereby a nerve impulse is conducted down an axon so that
it eventually leads to a response. such as muscle conttaction. This concerns
the mode of action of organochlorines and pyrethroids,

The way in which the coded message carried by one nerve is conveyed across

!'-J

the synapse or between the last newon of o chain and the system it innervates
e.o. neuromuscular junction in case of muscle cells. This concemns the mode

of action of organophosphoros and carbamate insecticides (Hassal, 1990)



Most toxins allecting the nervous system do so by interfering with biochemical systems,
some through relatively specific mechanisims, The toxin may be attached 1o sites of
metabolic action, blocking the active sites from aceess to reqguired conpounds or it may
for metabolic or physiological activity. A generabized toxie effect may be coused by
processes such as protein denaturation or by alterations in acid-base balance or ionic

cquilibrivm.  Under some circumstances, there may be interference with biochemical

systems, but several added [actors may be necessary to produce toxicity.

2.3 MECHANISM OF NERVE IMPULSE TRANSANISSION

Nerve impulse is conducted along the axon and then subsequently over the synaptic gap
to the next neuron and finally down to the recipient target organ. Transmission over the
gap requires a chemical mediator or transmitter.  hopulse transmission is an clectrical
processes in which the current is carried by jons taking place by means of a series of
changes in the membrane’s electric potential along the axon.  Nerve impulses wie
transmitted at the synapse by the release of a chemical ttansmitter, generally acetvlehlone
and norcadvenaline, although other transmitters such as dopamine. octopamine, |-
ghitamate and gamma-aminobutyric acid (GABA)Y e also involved i some synapses,
More than twenty other transmitters have been identified in varions species of animals
{(Cremlyn, 1991). Common neuwrotransmitters in both mammalian and insect nervous
system include acetylchlorine, noradrenaline, dopamine, GABA and octopamine.

When a nerve impulse arrives at the presynaptic membrane. acetvicholine (Ach) is
simultancously released from the presynaptic cells and the chemical transmitter ditluses
across the synaptic clelt 1o the postsynaptic membrane, where it binds o the
acetylcholine receptors sites. The liberated acetylcholine must not persist in the synapse

too long, otherwise there would be a continuous chain of nerve impulse generation.
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Figure 2.1: Schematic dingram of ndrve synapse.
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The transmitter is generally eliminated by the enzyme acetylcholinesterase  which

hydrolyses acetylcholine to choline, a non-transmitter of nerve impulse.

This allows for release of new transmitter to the synapse. ‘The passage of an impulse
along an axon is a rapid wave of depolarization occurring at a faster rate in myelinated
than in non myelinated (1 - 20 ms) axons.  When the stimulus wave arrives al any
particular portion of the membrane, depolarization in terms of influx of Na' and outflow
of K" take place. This action changes internal charge of the membiane from beinge

negative instead. Thereafter, the potentinl inside the membrane rapidly retums to normal,

All cells of the body, whether nerve cells or not, have shipht excess of negatively charged
molecules on the inside relative to the outside. As a result, a potential difference exists
across the plasima membrane in the range of 20 mV - 100 mV, depending on the cell
type. This is referred to as resting membrane potential and in the case of newons, nsuslly

about - 70 mV (Ganong, 1987). I for some reason the relative impermeability of the



I

plasma membrane to Na' were 1o be negated, Na© tons would tush into the cell. This is
exactly what happens when a nerve or muscle cell is stimulated.  Stimulation or
depolarization, occurs as a result of specific binding of neurotransmitter 1o the receptor
cell surface. The sudden entry of a small number of Na' ions, to which the membrane is
now more permeable than to K or C1, causes the eell to become electropositive on the
inside relative to the outside at this point of the membrane.  That is, changing the
potential difference from negative to positive.  The result is an electric impulse
propagation along the axon by a {low of 1ons ftom one point of depolarization o the
next. Within less than a millisecond of the membrane increasing permeability to Na', its
permeability 1o K is also increased while that to CF remains the same. Vhis is necessary
to maintain ionic equivalence and to restore electrical neutrality on both sides, At this
point, however, the permeability “gates™ through which Na'" and K diffuse are “closed™

and the cell is repolarized and ready to receive another impulse,
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Figure 2.2: Depolarization ol nerve cells



These whole processes require enerpy tin the forme of ATP) as they occur apainst jon
concentration gradient. The role of phosphate transfer is closely related 1o that of Ca ™

which plays a critical role in membrane excitation via surface recaleification which is a

prerequisite for the restoration of a stable resting potential (Yamagucht, et af., 1979).

When a stimulus in the form of an electric conduction wave reaches the end ol an axon,
it triggers an influx of Ca’’ into the presynaptic area, which in tum causes the vesicles
containing chemical transmitters to migiate to the post-synaptic  membrane. The
transmitter then combines with rcceptors at the post synaptic membrane therehy
generating an action potential. The generated action potential now tavels as a wave
across the neuron and down its axon. Upon amival at the ultimate destination,
neuroeffector junction bridged by a transmitter, it crosses to a receptor on the elfector

cell where it elicits an appropriate response.

2.4 ORGANOCHLORINE INSECTICIDES

The organochlorine insecticides are among the most widely used pesticides owing to
their broad spectrum pesticidal action. Their introduction into agricultie and public
health is as widely acclaimed as it is controversial, The chilorinated hydrocarbons have a
high lipid-water partition coetlicient and thus penetrate biological membranes quite
casily thereby accumulating in the atty tissues of organisms (Kenaga, 1972). The lipid
solubility of the organochlotine pesticides together with their high resistance 1o
enzymatic attack make them the Jeast biodegradable of all pesticides (Ivaniwura, 1991a),
They persist in soils, organic matter including food crops, domestic and wild animals,

and man (Hayes, 1982).



Organochlotine insecticides gene .1!!\' exhibit less acute toxicity but possess sreates
potential Tor chronic toxicity than the organophosphate and  carbamate inscoiicides
(Murphy, 1975). The organochlorine pesticides are the most ellective inducers ol the
mixed-function oxidase, in mammals (Wilkimson, 1976). Several of them have been
implicated in cytochrome Pys induction incluoding DD, lindane and chlordane (Fouts,
1971 and lyaniwura, 1991a). Lindane has been shown to induce both eytochrome 1?44,
(Dwivedi and Kumar, 1989) as well as GS'T in rats (Kraus, ef o, 1981),

Structurally, one of the lew featmes which members of the thice  Timilies ol
organochlorine insccticides have in conmon is that the molecules contain one or more

chlorinated carbocyclic rings.
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Figure 2.3: The three fannlies of organochlorme msecticides.

Organochlorine  pesticides  including DT analogues, the HCH isomers and the
cyclodienes are known to be newotoxic (Navahashi, 1989, Hassal, 1987} and me
therefore capable of causing CNS damage by some mechanism associated with Na™ and
K' transport across the nerve axon membrane (Narahashi, 1989: Matsunnna, 1975,

Koch, 1970).



The toxic eltects of the members of the thrcee Bnntlies of organocholorine compounds
differ in details but all are neurotoxic substances, Despite some differences, the peneral
ellect of destabilization of neural activity manitests in hyper-excitability of nerves and
muscles leading subsequently to convulsions. Symptoms of orgimochlorine poisoning
follow a similar pattern and they include. paresthesia, nritability, dizziness, tremor and
convulsions (Matsuma, 1975). They me also capable ol cansing ongan damagpe, notably

of the liver and Kidneys (Waldbott, 1978: Ivaniwura, 1991a and 1996},

Evidence exist that organochlorines and pyietlroid insecticides interfere with the
opening and closing of ion channels in nerve membrane aided by varions AT Pases, an
action which goes o long way in explaining the newrotoxic patire of these compounds
(Ecobichon and Joy 1982; Narahashi, 1989 Narahashi ¢r oo/, 1992). 1t has been observed
that the mere presence ol an organochlorme compound near lipoprotein membrane can
distort such activities as photosynthesis, oxidative phosphorylation, active transpost and
nuclear division as well as interference with axonic transmission (Chelwrka, ef af . 1987),
[However, for a compound to be neurotoxic as in the case of organochlorine pesticides, i
must have a structure capable of destabilizing the membrane which can then trigoer the
neurotoxic ellects (Hassal, 1987). ‘There are two major ways in which channels Tunction
may be modilied by such chemicals, namely blocking of the channels and modilication
of gating behaviour resulting in decrease or increase ol electrical excitability. For
instance, blocking Na' channels reduce excitability while agents that affect Na' channel
blockers such as anesthetics (e.g. lignocaine), anticonvulsants (c.g. phenvtoin) and

tetradotoxin and saxitoxin.
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2.4.1 Lindane
HCH, formerly known as benzenchexachloride (BHC) was first prepared by Michael
Faraday in 1982. lHowever, its insecticidal property was discovered by Dupire and
Raucourt in France, and Slade in England in 1942, There is only one member of the
group, namely the gamma isomer which was named lindane in honour of Vander Linden

who discovered four isomers of the compound (Matsimura, 1975),

Technical grade HCH consists of 65-70% alpha-HCH, 7-10" of other isomers and
compounds. Lindane contains more than 99.8% gamma-HCT (WHO, 1991). Lindane is
an almost odourless while solid slightly soluble in water (10 ppm), moderately soluble in
kerosine (2 percent) and very soluble in acetone (43 percent). 1t has a vapour pressine of
about 107 mim Hy st 20 7C and stable o heat and light (Hassal, 1990y indane bas the
chemical formula C H,Clg and a molecular weight of 290.8. Its melting point is 122.8

°C, boils at 288 “C and has a density of 1.85 (Fishman and Gianutsos 1988),

Figure 2.4: Chemical structure of Lindane (Lo, 2[5, 3[3, da, Sa, 6))-

hexachlorocyclohexane)

Lindane by contact, stomach or funigant action is about S0-10.000 times more elfective

than the other isomers (Matstmmura, 1975). Lindane has been vsed as a broad spectrnm
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insccticide since the early 19505 for the purpose that include treatment ol seeds and soil,
application on trees, timber and  stored materials, treatment of animals apainst

ectoparasites and in public health (WHO, 1991).  The allowed daily intake (A1) for

humans is estimated at 0.01 mg/kg body weight or 1 x 10°% ppm (WO, 1991).

2.4.2 Mammalian Metabolism ol Lindane

In rats, lindane is absorbed rapidly and distributed to all organs and tissues within a few
hours. Uplake varies with sex, being higher i females. SKin absorption is, however, low
explaining the low dermal toxicity of lindane (WHO, 1991).  Lindane was found to
accumulate in the adipose tissue of experimental animals.  The distribution in the brain
was found to be similar in both orally and intravenously administered routes. However,
the concentration in the white matter was higher than that of the thalamus, mid-brain,

pons and medulla, relative to the mean value for the whole brain (Sanfelin, er ., 1988).

The metabolism of HCH is a complex process, incompletely understood, and apparently
occurs by somewhat different routes in different species (Hassal, 1990), The extensive
nature of the subject has been reviewed by Alzawa (1982) and Macholz and Kujnwa
(1985).  Lindanc metabolism  involves  both  monexygenases  and  glutathione-S-
transferase. The monooxygenase enzyme systems are located in almost every tissue, with
the far highest concentration found in the liver. These enzyvmes catalyse the hio-
transformation ol lipophilic drugs to more polar compowuds which are readily excreted
by the Kidney in the wine. Compared to the parent drogs, these metabolites are normally
less active/toxic or even inactive/non-toxic, However, some bio-transtformation products
exhibit enhanced pharmacological/toxicological activity (Spatzemegger and  Jacger,

1995). All together more than 70 metabolites resulting from lindane metabolisim have



been identified in birds and mammals and yet others have been detected i inseets and
plants (Hassal, 1990). Lindane metabolism is initinted by one ol the following four
possible reactions.

iy Dehydrogenation leadimg to the formation of - Y-HCH:

iy Dehydrochlorination leading to the formation of Y- PCCIL

iy Dechlorination leading to the tormation of HCT

ivi Hydroxylation leading to the formation of HCCH.

These mitial reactions are followed by a series of further dehydrogenating, dechlorinating
dehydrochlorinating, and dehydroxylating steps.  The enzymatic processes take place

mainly in the liver (WO, 1991).

At feast two independent pathways were involved in the metabolism of lindune. The first
is the possible formation of unstable intermediates, such as hexachlorocyclohexanol,
alter an initial hydroxylation leading to the main metabolite, 2,:4,6-trichlorophenol (2,4.6-
TCP) and involving eytochrome Pyso. The second pathway include dehydrogenation off
lindane to 1,2,3,4,5,6-HCCH, subscquent hydioxylation and hydrochiorination 1o 2,3 ,1.6,
tetrachlorophenol (Stein, ef «l, 1977 In another study, Iindane was found to be

converted mainly to y-HCCHG by rat Tiver microsomes and significant amount of 2.1,6-

TPC and 2,3.4.6-tretrachlorophenol were detected,

Human liver microsomes converted lindane into four major metabolities, y-1.2.3.1.5.6

hexachlorocyclohex-1-cne; y-1.3.4.50-PCCH. B-134.5.0-PCCHEL and 2.4.6-1CT while



smaller amounts ot 2.3 4.0-tetrachlorophenols and  pentachlorobenzene were Tound

-

(Fitzlotf er wl., 1992).
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Figure 2.5: Metabolic pathwayvs of lindane in mammals (W1HO, 1991).

Metabolites of lindane have been identified in o Lge number of studies 21 vivo in body
Muids, urine, facces, organs, and tissues and i vigeo. Most ol the i vivo studies were
carried out in rats, but similar results were obtamed in other animal species. In mammals,
including humans, lindane is excreted very rapidly in wine and feces alter metabolic

degradation; however, small gquantities are eliminated unchanged (Scidler, ef al., 1975),

2.4.3 lnsecticidal and Mammalian Mode of Lindane Toxicity
The insccticidal action of indane is somewhat stimilar to that of DT however, lindane

is a more acute nerve poison than DT (Matsumura, 1975 Hassal, 1987). The primary



site of action of lindane in both insects and manunals is the Central Nervous System
(CNS) (Echobichon and Joy, 1982; r;a':u;nh:lshi ctal., 1992). Sloley er al, (1985) repoited
an increase in the dopamine levels and of N-acetyldopamine in the central ganglion of the
cockroach following lindane administiation.  Meanwhile, Abalis er o/, (1985) had
reported that the GABA receptors in the mammalian brain were the primary target for
lindane. GABA is an inhibitory nearotransmmtter, present in invertebrates both in the
nervous system and in skeletal muscle. It is also the major inhibitory neurottansmitter in
the ONS of vertebrates. 1t is postulated that GABA receptor is a single protein with three
sites of activity. One of those binds to GABA, a second controls an jon channel and the
third is the site of attachment of certain toxicants e.g. picrotoxin. GABA receptors are of
two types: A and B, GABA receptors are a supramolecular complex that gates a
chloride ionophore. Drugs which interfere with nenrotransmission mediated by GADBA
have well documented convulsant effects in experimental animals as well as in human
e, glycine.  GABA activation increases ehlonide condictance and inhibits newonal
activity by hyperpolarization or depolarization  block (Ganong, 1980).  Lindane and
cyclodienes have been shown to antagonize the action of GABA in stimulating C1 uptake
by wvarious perve and muscle prepmations (Ghiansuddin and Matsunuua, 1982 and
Abalis, er al., 1986). The first patch clamp experiments have clearly demonstrated that
the GABA-induced chloride current 1s suppressed by lindane (Ogata, ef al., 1988).
Similarly, noise analysis experiments conducted recently by Bermudez, er al., (1991)
with cockroach neurons have shown channel openings without changing the mean open
time. Lindane was shown to decrease the single channel conductance, 1t was concluded
that lindane and cyclodiene insecticides inhibits GABA induced chloride ion uptake, with
the effect that the inhibitory action of GABA is blocketd, Teading to ONS excitation and

convulsion.



Because of its structural similarity to prerotoxing lindane has a good geometric it to the
picrotoxin binding site at the outer end of the chloride channel, Once bound, lindane is
believed to block the action of GABA in the mediation of entiy ol chloride ions

necessary for inhibitory neuronal function (Matsumwura, 1975, Hassal, 1990).

Pandy et al. (1985) have demonstrated that weekly adiministiation of lindane inhibits Na'
- K" -ATPase activity in skeletal muscle as well as other ATPases notably Ca'-Mg'
Ca® and Mg”" AlPases. Since all the AlPases are involved in the maintenance of
intracellular Ca™ concentration and have been identified in neural membrane
preparations (Yamaguchi, et al, 1979), it is possible that the disraption of homeosiatic
salcium regulation by lindane contiibutes (o its excitatory action on the CNS as

suggested by Cruiswell, er al., (19454).

2.5 ORGANOPHOSPHORUS INSECTICIDES

Work began on organophosphorus compounds during the second world war by Genman
scientists under the direction of Gerhard Schrader.  Their work eventually led to the
development of the organophosporus inseeticides and ll;c highly toxic nerve gases, tabun
and sarin. The organophosphorus insecticides are neutral esters ol phosphoric acid or its
thio analogues. The phosphonates possess a carbon-phosphorus hond which appears to be
biologically very stable (Mein and McBain, 1974). The first organophosphate insecticide
was tetraecthyl pyrophosphate (TEPP). TEPP, although an effective insecticide, was
highly toxic to mammals and was rvapidly hydrolysed in the presence ol moistuse.
Further, efforts to lind more stable conpounds for use in agriculture led to the synthesis
by Schrader in 1944, of parathion (OQ.O-dicthyl-02 p-nittopheny | phosphorethionate) and

its analogue paraoxon (L,O-diethyl-O-p-nitrophenyl phosphate) (Matsunnna, 1975).
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It is estimated that some 100,000 organophosphorus compounds have been screened for
their possible insccticidal action, and over 100 have been marketed for this purpose

(Hassal, 1990). Among the most widely used are dimethoate and malathion.

An important feature of the group is that different members posses very diflerent
physicochemical properties. In particular, they have different vapour pressures at room
temperature and different solubilities in water. They vary considerably in their chemical

stability and their toxicity to mammals.

The pharmacology and toxicology of organophesphorus compounds begin with a

reference to their basic chemical structure, which 1s illustrated below.
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Figure 2.6: Basic chemical composition of organophosporus insccticides (X = leaving
group often joined via an ester or thioester linkage, namely P-O-X or P-S-X).

The characteristic feature is the cential phosphorus atom, surrounded by four orpanic
chemical groups. The composition of the surrounding groups vary from one pesticide to
another, and with it, the biological activity, the pesticidal value and the toxicological
effects. Six major chemical groups of crganophosphorus insecticide exist as follows:

i) Orthophosphate e.g. dichlonvos, phosphamidon ete.

i) Thiophosphates (Phosphorothiolates e.g. parathion, diazinon ete.

iiiy Thiolphosphates (Phosphorothiolates) e.g. vernidothion ele.

iv) Dithiophosphates (Phosphorothiolthionates) e g. dimethoate, malathion ete.

v) Phosphonates e.g. trichlorophene cte.



vi) Pyrophosphoramides e.g. schradan ete. (Roberts, 1979).

Organophosphorus compounds have tended to replace the organochlorine pesticides in
terms of usage both on tonnage and whole scale value.  They appear to have a wide

application to many plant crops against an equally wide range of pests.

Organophosphorus insecticides may be classilied according 1o their practical uses into
the following sub-groups.

Sub group I This consists of compounds of low chemical stability soluble in water but
more or less rapidly hydrolysed by it. They are used as contact insecticides, e.g.
mevinphos, tetrachlorovinphos.

Sub group 1I;  Compounds of moderate to high chemical stability, vsually of Tow
solubility 1 water but soluble i ol These pearsistent contact or locosystemic
compounds soak into leaves but do not teavel around the plant. The sprayed substance is
activated before it reaches its site of action in insects e.g. malathion. diazinon.

Sub group NI Compounds of moderate to high chemical stability. Their oil/water
partition coeflicients are such as to enable them both 1o enter and translocate within
plants. They are systemic compounds activated belore reaching their sites ol action in
insects, c.g. dimethoate, ete.

Sub-group 1. Compounds with sufficiently high vapour pressure and low chemical
stability to enable them to be used as fumigants e.g. dichlorvos.

Sub-group V: Organophosphate insccricides used against soil organisms e.g. diazinon,

bromophos.
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2.5.1 Metabolism of Organophosphorus Insecticides in Mammals
The metabolic pathway of organophosphates in mammals were deseribed by Muphy

(1969), Casarrett and Doull (1975) and described by Rang and Dale (1988).
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Figure 2.7: General scheme of metabolic pathways of organophosphorus insecticides in
mammals (Casarratt & Doull, 1975).

The scheme above (Fie. 2.7) indicates o favoured detoxification in mammals through the
rapid formation ol inactive metabolites. In inscets, toxic/active metabolites are favoured
through the rapid formation of the active metabolites and slow formation of the inactive
metabolites. Reaction I in the above scheme mvolves the substitution ol <O 1or -8
(desulphuration) and is a prerequisite for toxicity.  Reactions H, L IV and V are
detoxification reactions vielding products which do ;m\ inhibit acetylcholinesterase
(Wilkinson, 1976). However, phopharothionate insccticides such as paathion, malathion

and dimethionates are normally non-toxic as parent compounds but are converted into
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toxic/active oxons by hepatic microsomal monoxypenase enzymes (O Brien, 1967 and
Lto, 1974). Products of hydrolysis u.l‘llii: carboxyester (e.o. malathion) or amide group
(e.g. dimethoate) do not inhibit cholinesterase, and enzymatic formation of  these
products have been demonstrated in i vivo and in virro studies (Uchida, et af, 1964;
Dauterman, 1971).  The activation into toxic forms is normally accomplish by liver
microsomal enzymes (Dauterman, 1971). Maodification of the alkyl and aryl-groups also
influence toxicity. The role of hepatic microsomal monooxygenases in determining the
toxicity of insccticides is sometimes complex as, for instance, in the case of certain
organophosphates (e g. dimethoate), where it may have both an activating and a

deactivating fTunction (Walker, 1981).
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e S it
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. — e ———— )
- Metabolites ~ Metabolites
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Figure 2.8: Biotransformation pathways ol organophosphate insecticides in insects and
mannals (Loons, 1978).

The activities and  properties of  hepatic microsomal  Pyse-mediated  activation

(desulphuration) and detoxification tdearviation) of the phosphorothiomates as well as of

A-esterase-mediated hydrolysis of oxons contribute substantially 1o understanding the
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acute toxicity levels in rats as does the sensitivity of the protective aliesterases to
phosphorylation {Chambers and Carr, 1995). Metabolism ol insecticides appears to be lar

more influential in some species than others in determining the toxicity elicited

(Chambers and Carr, 1995),

2.5.2 Mechanism of Organophosphorus Insecticides Toxicity
In general, the molecular mechanism of insecticidal action are poorly understood. Well
defined biochemical actions have been assigned only to organophosphate and carbomate

compounds as powerful inhibitors of acetycholinesterse (Eto, 1974 and Dohernty, 1979),

The primary targets for organophophorus insecticides in both man and trget insects
population are the cholinesterase enzyme systems which hydrolyze acetylcholine and
various other esters (Roberts, 1979).  Acetylcholine is presemt at the  ganglia,
parasympathatic neuroeffector and neuromuscular junctions. Cholinesterase enzymes
hydrolyze acetylcholine forming choline and acetic acid. Two  distinet types of
cholinesterase enzymes exist; the true cholinesterase (known as acetylcholinesterase

(AchE) and the pseudocholineterase) (Rang and Dale, 1988).

AchE is a macromolecule that appems 1o consist of several sub-umits;  cach molecule
having a number of active centres whete the hydrolysis of Ach takes place. These active
centres have two areas that interact with Ach: the antonie site and the esteratic site. The
anionic site comtains a negatively charged wnino goup of Ach while estertic site
contains a serine molecule made more reactive by hydrogen binding to a nearby histidine
molecule.  The nucleophilic oxyeen ol serine react with the carbonyl carbon of Ach,

thereby breaking the ester linkave leading to the liberation of choline and formation of
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acetylated Achle which is vapidly hivdiolyzed to segenerate fiee enzyme and produce
acetic acid (Donald, 1990). The entire process takes about 100 microseconds and so the

turn over is extremely high about 10.000 molecules of Ach hyvdrolyzed per second by a

single active site (Rang and Dale, 198R),

During  organophosphate  poisoning,  acetylcholinesterase  is inhibited by
dealkylphosphorylation of serine hydroxyl croup at its active site. The resulting
phosphorylated enzyme may be stable, it may undergo regeneration by spontancous
hydrolysis or may age (by dealkylation) to a very stable permanently inhibited specie.
Other esterases, e.g. chymotipsin, lipases, carhoxylesterases and the cholinesterases in
plasma and red cells are also inhibited but without acute effects. The inhibitory power of
an organophosphorus ester derives from the affinity between its electrophilic phosphorus
atom and the nucleophilic serine hydroxyl group of the enzyme {Hutson, 1981). The
organophosphate inhibitory compounds  having  structural similarly 10 the natmal
substrate, Ach, also react at the esteratic site of Achl.  Generally, however, they are
much less selective than the carbamates, inhibiting many enzyvmes that contain a serine

molecule at the active centre.

While the regencration of most  carbamoylated enzyvmes occurs with a hall=time ol
minuwtes or howrs, the rwecovery ol o phosphorvlated  enzyme (as obtains  with
organophosphates) is generally measured in days. These agents are referred to theretore,
as irreversible inhibitors (Donald, 1990). The potency ol arganophosphate insecticides to
inhibit cholinesterase has been reported to conelate with seonsitivity ot the animal to
acute toxicity (Pope & Chakarabouti, 1992) and shows interspecie ditferences in their

neurological hazards (Gordon & Macphail, 1993)



Assessment ol the risk ol IlL‘lIll!l(l‘iilitl'l?!_{_\’ ol orpanophosphate pesticides generally calls
for a thorough understanding of the relaionship between tissue cholinesterase activity
and changes in the behaviowral and avtonomic response to organophosphate exposmie. In
an experiment conducted by Gordon and Fopelson (1293) using Long-Evans strain vats,
DEP, was reported to produce a wide vange in individaal motor activity and colonic
temperature responses at doses producing Achls activity inhibition above threshold
levels. The same pattern has been reported in other vodents, and observation that may

represent a fundamental aspect of chb toxicity.

The organophosphorus insecticides due to their instability are considerably less of a
residue problem than the clilorinated hydrocarbon insecticides. No accumulation of
organophosphates insecticides has been reported. Obvionsly, therefore the chronic effeets
of organophosphates  depend upon accumulated  physiological ellects of fiequent

exposure to non-acute doses.

2.5.3 Mammalian Toxicity due to Organophosphate Insecticides

The organophosphate insecticides me known to produce a hizher incidence of acute
toxicity relative to the chlorinated insccticides (Hayes, 1982). The symptoms of
organophosphate insccticides intoxication are muscarinic, nicotinic and CNS in nature
and are those of excessive cholinorgic stimulation.  The muscarinic symptoms inclhide
hypersalivation, lacrymation, blurred vision, sweating, "nasal discharge, dilliculty in
breathing, headache, nausea and vomiting, diarthoea and dimessis.  The nicotinic
symptoms include muscular fasciculation. weakness and paralysis.  CNS symptoms
include nervousness, ataxia, convulsions (clonic/tonic) and coma. Death is usually doe to

respiratory [ailure (Matsumura, 1975, Iyaniwura, 1991h),
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Muscarinic eflects are symptoms wl.ﬁch arise due 1o actions on posteanglionic nerve
terminals and to excessive stimulation of awtonomic elfector cells,  Those symptoins
include anorexia, abdominal pain, eramps. gastrointestinal hypermotility, respiratory
distress, dyspnea, cyanosis  and  incontinence  of faeces  and  wine, Those

symptoms/conditions can be amtagonized with atropine,

Nicotinic effects are symptoms which arise due to actions on somatic nerve elements
which result in stimulation followed by paralysis of skeletal muscle. Twitching or spasm
occur in the muscles of the tongue, eyelids, face and vltimately geperal musculature
followed by weakness, diminished or absent reflexes, flaceidity, rise in blood pressure

and paralysis. d-tubocurarine eflectively combats these symptoms.

Central nervous system ellects are due to direct actions n.i' organophosphate pesticides in
the CNS which results from excess acetylcholine at central cholineirgie synopse.  Death
due to organophosphates result maiudy from asphyxiation (Ivaniwura, 1991b). Aniticial
respiration is known o enable aninmials 1o survive otherwise fatal doses,  Symptoms
leading to death include bronchoconstriction and  depression ol vespivatory  centie

(O'Brien, 1960).

The sequence of cvents resulting from organophosphate intoxication oceur in the
following order:

i) Inhibition of cholinesterase activity

i) Acetylcholine accumulation

iii) Disruption of nerve function centrally and peripherally
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iv) Respiratory failure and death due 1o asphiyxin (Matsunwa, 1975; Minton &

Murray, 1989).

Incidence of human organophosphate poisoning has been reported globally.  Among the
carly reports was the case of EPN toxicity (Frawley, er o/, 1957). Most of the cases of
pesticides intoxication involves individvals directly working in agriculiural fields,
Kaloyanova (1982) reported the death of five wmkcrs. m Pakistan due to malathion
toxicity. Recently, Lopez and Lopez (19913) reported intoxication due to dimethoate and
its derivatives in agricultural workers in Mexico, while in Israel, evidence of exposure
illness associated with organophosphate pesticides was shown by Richter, er af., (1992).
Low AchE levels in the RBC and plasma has been observed as indication of intoxication
due to organophosphates in farming commumities in South Africa (Rama and Jaga,
1992). Inhibition of serum Buchk and brain Ach!l have been shown to be biochemical

markers ol organophosphate intoxication (Johnston, 1995),

The organophosphate insecticides dimethoate and methylparatiion have been obseryved to
affect levels of mmunological variables in wistar rats following chironic administyation
of equitoxic doses of the two compounds at 1/75 LDs, dose level (Institoris, er af., 1996).
There is therefore the need for public health measures aimed at safer use of pesticides

outside the work place.

2.5.4 Delayed Neurological Effects of Organoplhiesphorus Poisoning
Some compounds have been knowi to cause delayed manifestations of injury afler a

single large dose. ustrations of delayed toxicity include newropathy  cansed by
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organophosphate esters, lung damage by pasaquat and sensitization by pyrethioids

(Rosenstock, 1989).

The prototype of these processes eceins with over ciponiwe Lo triothociesyl phosphale
(VOCP) which results tn periphoral nemrological soodinse povd may oceor 223 weeks
following exposure (Murphy, 1996). Chronie cfiesis aue to aev'e copanephogplats
pesticides poisoning bave been reported (Rosensioek o of. 19291 Savape of of, 1922}
A retrospective study by Rosenstock and co-workess an aoricolbuid sworkers o
Nicaragua who were admitted  for occupation ceinted orpanophosphate peisoning
revealed a significantly less performance i test meaat 1o assess o wide priny

ol

neuwropsychological functions than a matched contiol wovp (Roseasiock, el 1991,

EEG abionmnalities, due to organophosphate intoieaiion hrave besn reponted by Retea
andd Holmes (1909). LEG distwbaonce doomanitest spostly aean dncreine i sopdioade
both human (Dufiy, ef al., 1979) and animal studies (Berch el er ol 1976).

Several hypotheses and theories have been pui forward (o explain the wechanisms of
organophesphate-induced delayed newropathy (Cassida, or il 1901 Johnson, 1969
1974).  AbouDonia and Lapadula (1989) investipated the hvpothesic that delyed
neuroloxic organophosphortis  compomuls may interfere with endopenous Linase-
mediated protein phosphorylation or pemal enzyine ar extosheletal poteing iherehy
adversely alfecting  the segudation of normal pewensd processes resaliing in avens!
degeneration.  In their investicetion vsing tiorthocresyl phosphiote (1OCT) the authors
reported that Ca/calmodulin-dependent protein finsse Type We0aM e 1) e Lo
the enzymie involved i ihe tereased protein phesphorvhten with TOCP CabEKinase

Il normally mediates ATE phapshorvktion of nevial cystosteletat proteing inclieding o -
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and [} - tubulin microtubule associated protein (MAP -2), newrofilament triplet proteins,
and synapsin 1. Others are tyrosine hydroxylase, trytophan hydiroxylase as well as myelin

basic proteins (Lin er «l., 1987).

2.5.5 Dimethoate

Dimethoate (Rogor®) (O-O-dimethyl S-methylcarbamocylmethyl-phosphodithioate) was
first described by Hoegberg and Cassaday (1951). It belongs to the family of
organophosphates which are essentially amides. Dimethoate is used as contact and
systemic insecticide and is effective against a broad range of inscets and mites on a wide
range of crops. It was first introduced in 1959 as Cygon (American Cyanamid Co.) and
later as Rogor® (Montedison), Roxion® (Celay and Perfekthion® (BASE) (Matsunura,

1975). The chemical structure of dimethoate is shown below.
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Figure 2.9: Structure of Dimethyl-S (methylanbamovimethyly phosphorothionate,

Dimethoate has a carboxyamide group through which it achieves selectivity. It is a
colourless crystal with camphor-like odowr and melts at S1S2 "C. I has a vapow
pressure of 8.5 x 10 mmlig at 25 “C and moderately water soluble, 2.5% (Gunther, ef ol
1968), stable in alkali (Matsumurs, 1975) and soluble in most organic solvents except

paraffin (Charles, 1991).



L)

Dimethoate has been used to contro! aphids on numy crops, incloding legumes, brassicas,
beet, fruits, cane fruits and bush fruiis. tobacco and omamentals ete. It has also found
use in farm animal hygiene. The hall-lile ol dimethoate which is relatively short depends
on ambicnt temperature and pH and has been shown 1o vary between 39 minutes 10 206
days at 25 "C (Noble, 1985). The insccticide has a low enough mammalian toxicity as to

be used for systemic control of cattle grubs. The highest tolerable doses for nnnans has

been shown to be 0.2 mg/kg body weight (Charles, 1991).

2.5.60 Dimethoate Metabolism in Inscets and l\-l:nmn:nl;;

Dimethoate a classical organophosphate insecticide, produces its action via inhibition of
cholinesterase enzyme (Gage, 1961). This is accomplished through an activation product
(P=0) analogue dimethoxon (Kruceer, ¢f al, 1960). Metabolism is important in
bioactivation of the phosphorothionate insecticides. Various enzymatic mechanisms of
detexification have been discovered lor the organophosphates. These includes: hydiolytic
dearylation, glutothione-dependent dearylation, glutathione-dependent demethylation and

oxidative de-cthylation.

The activation and degradation of dimcethoate in mammals is almost entively resticted 1o
the biotransforming e¢nzymes of the liver, notably the carboxyinmidase (Uchida, of of .
1964). The refative lack of carboxyamidase enzymes in inseets makes them selectively
susceptible to the toxicity of dimethoate as compared to mammals (Kroeger, or of . 1960:
Uchida, ef al., 1964), The carboxyamiduses are more active in mammals than in insects
because of the fact that the C-N bord is more vigorous in mamimals than in the insects
(Hassal, 1990). As a result of oxidation and hydrolysis, vimions metabolites are formed of

which the oxygenated analogue is the most viportant from purely toxicolopical
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viewpoint. It is more toxic to mammals and also considerably more water soluble than
the parent compound (Robert, 1966). In manmmalian systems, these metabolites are
relatively minor with the primary product reported to be the carboxy-derivatives
(Dauterman, ef al.,, 1960, Uchida er al, 1964). Dauterman ef af., (1960) reported the
presence of dimethoate acid in steer together with other metabolites  such  as
desmethyldimethoate, dimethyl phosphoric  acid,  dimethylphosphorothoic  acid  and
dimethylphosphorodithioic acid. The mammalian detoxifying pathway of dimethoate is

shown below.

i S

. ) Carboxyanudose il
(CH,0),— P—S—CH,~CNCH, o > (OO P— Sl OO

Phosphoric acid derivatives.

Figure 2.10: Metabolic pathway of dimethoate in manunals {Hassal, 1U87).

Probably all organophosporous insccticides with the P28 sunctue ave desulphiated hy
microsomal oxidases of mammals and insccts 1o iheir conresponding 1P >0 anziosues
(Dauterman, 1971). Since the PO apalogues are the actual toxic apents and the P8
acid derivatives are ollen the major degradation products in vivo, the balance between
these two reactions is of critical importance in determining  the  action  of

phosphorothionate insecticides (Wilkin on, 1976).

2.6 PESTICIDE INTERACTIONS AND THEIR TOXICOLOGICAL
IMPLICATIONS

There is currently a growing concern over the potential hazard to man of toxic inferaction

resulting [rom chronic exposure to low levels of the multitude of drugs, pesticides and
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other chemical agents present in our envitonment.  An inferaction is said to occur when
the effect of one drug or chemical is alfected by the presence of another drug/chemical,
food, drink or by some environmental chemical agent. The outcome imay be harmful il
the interaction causes an increase in the efficacy or toxicity ol the drag (Stockley, 1994),
The increasing use of multidrug therapy (polyphamacy) in human has in recent years
provided many examples of both beneficial  and  deletertons interactions.  The
recognition of the potential toxicological significance ¢f such interactions has done much
to stimulate research on the mechanisms by which they occur, The extent to which one
chemical or drug can modity the biological activity of another depends on the site

which the interaction occurs, In oiher words, it depends on the relative importance of

that site in limiting the activity ol the first chemical/diug applicd wlone (WHO. 1981).

Combined exposure to pesticides is of particular inferest in view ol the common use of
pesticide mixture in formulations for agricultural work, e practice, pesticides me ofien
used in combinations in plant protection and public health progrimnies so as 1o
overcome resistance and/or incrcase clliciency of the compounds.  Agriculturists field
workers are often exposed to the combined ellects of pesticides as an occupational

hazard (Arienes, er al., 19706).

The phenomenon ol interaction of several insectivides gains impottanee, therefore,
particularly as it could influence the toxicelogical profile of the individual insecticides
(Dikshith, er al., 1987). Interaction between various kinds of chemicals including drugs
and pesticides can be eategorized into thiee types. namely:

i) Pharmaccutical interactions

iy Pharmacokinetic hiternctions



i) Pharmacodynamic interactions (Berecky, 1987).

Pharmaceutical interaction arises when the compounds or a mixture ol compounds or
chesmical entities are physically or chemically incompatible (e.g. oxidizing and reducing
agents etc.). Pharmacokinetic interaction occws at the absorption, distribution,
biotransformation and climination routes.  Biotianstormation route has been reparted to
play a significant role in pesticide mteraction and toxicity (Frawley, of afl, 1957;
Iyaniwura, 1990). Pharmacodynamic interactions occur between two or more chemical
compounds at the site of action. Both compounds could be agonists and / or antagonists

at the site thereby competing for the same receptor site,

An understanding thercfore, of the mechaisins responsible  for potentintion  or
antagonism of combination of pesticides has become essential as a practical approach to
the development of procedures for testing the capacity of one agent (o alter the toxicity

of another.

The stimulatory action of the organochlorine insecticides on hepatic ding metabolism can
markedly influence the acute phanmacological action and toxicity of various drugs and
chemicals. Pretreatment of rats with chlsrdane or DT afforded protection from gastiic
lesions caused by phenylbutazone (Weleh and Tlurison, 1960) and  substantially
decreased barbiturate sleeping time (Conney., e «f., 1967). Futhenmore, Salvini and
Tomiz (1961) reported malathion toxicity in manvmals increased several times by prior
administration of  O-cthyl-O-4-nitrophenylphosphorothionate (EPN)Y. Phenobarbitone
pretreatment has been demonstrated to olfer protection against acute toxicity of paraoxon

in mice (Vitartus, ef ., 1995 In a similar study however, the hepatotoxicity of carbon



tetrachloride and chloroforim were shown to be potestinted by prefreatiment wigh
phenobarbitone (WHO 1981).  Studies have also reported potentintion of dimethoate

toxicity by phenobarbitone (O'Brien, 1967) and the organochlorine insecticides (Menzer,

1970 and 1971) in mice.

2.7 ENVIRONMENTAL HAZARDS OF PESTICIDES

The increase in world population and in demand for food and economic crops has put a
pesticides burden on man and the environment, Pesticide residues from vector control
and agricultural vses contaminate the terrestial and aguatic surommdings amd contribute

to the pollution problem of other environmental contaminants.

In general, insecticides are the wost hazardous  to the environment followed by
herbicides and fungicides respectively (WHO, 1988). ‘The insecticides most frequently
involved in environmental pollution are the organochlorines DT, DD, cndrin,
heptachlor, aldrin, dieldrin, toxaphen, and BUHC or its gamma isomer, lindane
(Nicholson, 1969). In a study conducted (o investigate the slobal distribmion of 22
potentially harmful organochlorine compounds. Simonich and 1lites (1995) reported high
concentrations ol organochlorines found in both developing and industrialized coumnics,
Some organophosphate pesticides including dimethoate and methyl parathion have also

been found to be present in the environment {Rehana, ef af, 1990).

The major source of environment contamination by pesticides is from deposits resulting
from applications. Other sources arise from feakave doring transportation. distribntion or
storage. The movement of pesticides Trom waste disposal sites also presents potential

hazard both to the envivorment and to luonan bealthe 1is estimated that less than 0.1%
1a2Z:arc



of pesticides applied to crops reach the  tarpet pests (Pimente! & Levitan, 1980). thus,
leaving more than 99% having potential to impact non-target oiganism (N1TOs) and to

become widely dispensed in the environment.

‘Two aspects of this problem appear to have particularly important effects on man and
domestic animals, which may take up pesticides ostly through contaminated foods and
feeds and eflects on wildlife. Here, species can be severely affected by absorption or
accumulation of pesticides through tood chain so that the balmce of the ccosystem is
directly or otherwise disturbed. The levels ol contimination of weat, milk and egps with
organochlorine compounds is ol importance to man. 1t was reported that the level of
DDT in milk in DDT-fed dairy cows cqualled the level in the diet within two weeks
(Zweig et al., 1961). A similar observation was made in Indian buifaloes (Kalra ef «l.,
1986). Spindler (1983) provided a comprehensive data based on studies that evaluated
residues of organochlome insecticides i human milk v many comtries. Values in 1978
ranged from 0.18 ppm in Germany to 15.6 ppm in Africa. Gunther (1993) has reviewed

pesticides residues problems in the environment.

Research in biotechnology has promused new biological controls to replace pesticides.
Although these new biological pest controls have some advantages over the use of
chemical pesticides, they are not without risks themselves (Pimentel, ¢f ol 1981 and
1989). For example, five vertebrate species mtentionally introdoced for biolopical
control in the United States have all become pests themselves (Pimental, ¢f of . 1989,
These biocontral species include the Indian mongoose. English Sparrow and the erass
carp. Genetically engineered mictobes as bacteria and viruses [or biological control may

reduce pesticide use, but may also cause environmental problems (Pimental ¢ ol 1989).



Furthermore, it is true to say that a socicty which expects to reap the benefits ol its

technological tools must learn to control the adverse effects of these tools whatever they

may be.

2.8 BIOCHEMICAL LIVER FUNCTION TESTS

In the course of chronic toxicity tests, it is pertinent that studics are carried out 1o
evaluate the functional integrity of various organ systems especially organs such as the
brain, liver, the gastrointestinal tract {(GIT) and the Kiduey {WHO, 1978). The liver holds
a central position in intermediary metabolism, 1035 the major site Tor metabolism of most
compounds or substances that are absorbed through the GIT. The liver carries out the all
important function of synthesis, storage and release of vartous endogenous compounds
and nutrients. In addition, it also undertakes detoxification processes of chemicals before
their subsequently removal from the body through the Kidney (Mathenheimer, 1971).
Hepatocellular damge with or without necrosis has been shown to cause acute release of
intracellular constituents into the blood stream Joan and Pannal, 1984). Chyonie
exposure to chemicals may result in liver injury in a variety of ways, such as
degeneration, cell proliferation, necrosis and induction or inhibition of various enzyme

activities.

Agents that are selectively toxic to the liver are regarded as hepatotoxins. The hiver is the
major organ in the body defences against toxic agents as a resull of its detoxifving
capabilities and excretory role throuch bile formation. Agents may cither be tre
hepatotoxins or idosyncratic hapatotoxins. True hepatotoxins cause damage in the hver
of most subjects exposed to e agent. The extent ol damage is usually dose-dependent.

In contrast. idosyneratic reactions are totadly unpredictable, may be triggered by a very
L y , l : Lt b )



small dose of the chemical, and the reaction necds to be temporarily related (o the time of

exposure (lyaniwura, 1996).

Two main classes of methods are available to deteet chronie toxicity from these
substances in the liver: structural and functionai.  ‘The stiuctural methods involve
histological examination of tissues by microscopic techniques specilically developed 1o
measure the structural or compositional changes associated with exposure to these
substances (Tardiff, 1992). Functional methods invelve biochemical tests most of these
involve an examination of the serum levels of hepatic enzyimes that may be released

following liver injury (Zimmerman, 1974; TardifT, 1992).

A transient increase in the activity of serum enzymes or other orean derived constituents
may result from a transient change in organ homcostasis that produce no lasting toxic
effect (WHO, 1978). Generally however, these methods are not sulticiently standardized
or reproducible to detect minor alterations in organ function but they do scrve as a uselul

guide to general clinical status.

In the rat, diagnostic scrum enzymology has been mainly directed towards eardy and
reliable identification of liver injury duc to toxicants as well as the severity of exposure
(Ringhler and Dabich, 1979). The author therefore, concluded that a correlation exists
between rises in serum enzymes activity and severity of toxie damage to a pmticular
tissue. Meanwhile, the activity ol hepatic enzymes in the sevum may be affected by their
increased or decreased synthesis, relepse from cells, release from damage cells, release
from extrahepatic tissues and their disappearance te from plasme (Wilkinson, 1976).

Gowenlock (1988} observed that sermm enzyvime measuretients serve in idemtifying liver



disease, deline the nature of the discase process and locate the cellalar and inttacelular
sites of hepatic pathology. The determination ol enzyme concenirations therelore, serve
as an indispensable diagnostic too! and only those enzymes contained within an organ are

released in the event of injury or cell necrosis (Ikiediobi and Ukoha, 1985).

The enzymes related to liver function me (he alanine and aspartate transminases (ALT
and AST), alkaline phosphatase (ALP), isocitrate dehydrogenase (ICD),  alpha-
hydroxybutyrate dehydrogenase (1HBD) and lactate dehydrogenase (LDI. However, in
the majority of clinical laboratories. clinical request for “Liver Function ‘Tests™ are
limited to the results of both transaminases and ALP measurements (Wilkinson 1976

Ikediobi and Ukoha, 1985).

2.9 ELECTROENCE PHALOGRAPHY (EEG)Y AS APPLIED TO PESTICIDE
TOXICOLOGY

The EEG is an objective measure of activity ol the brain which provides not only a local,
but also global description of the functional state of the biain. The pioncering work of
measuring the clectrical activity of the brain and its application to clinical experimental
purposes was carricd oul by Hans and Berger between 1924 and 1939 (Berger, 1929 and
Guyton, 1976). Electrical phenomena accompanyiing biain processes can now be detected
reliably with sensitive recording devices. Electrical vecording from the surlace ol the
brain or from the outer surlace ol the head demonstrate continuous electrical activity in
the brain. Both the intensity and patteins ol this electrical activity are determined 1o a
great extent by the overall level of excitation of the brain resulting fiom functions in the
reticular activating system  (Guyton, 1976). Naturally a great deal ol attention has heen

focused on the analysis of EEG wave patten.
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The clectroencephalogram is composed of a number of clectrical thythms and transient
discharges that may be distinguished from one another on the basis of location,
frequency, amplitude, form and functional properties (Kenneth, er al. 1978). The
complete description  of a pattern in terms ol all its features is necessary both for its
classification and its placement within or outside the range of normal variability
(Kenneth e al., 1978). EEG therefore. refers to the study of electrical potential changes
that occur in the biain by nse of clectrodes.  The fiequency  and amplitude give an
indication of the state of the brain. arge amplitudes are indicative of deep sleep or
anesthesia, while smaller amplitudes indicates wakefulness or stimulation (Bowman and
Rand, 1980). Several workers have studied the relationship between the individual
neurons and the ELG and have shown correlation between the occurence of the exitatory
postsynaptic potential (EPSP) and the occwrrence of surface negative plicnomena. It is
now possible to know the precise electrical and biochemical processes taking place
within some components of the birain, It is also possible to register signals that retlect the
global activity with surprising accuracy and owe can actually asses, by psyvchometric
methods (Dvorak, 1991), the overall performance of the brain. The teaditional description
of the EEG within the amplitude and frequency pmadigm has sinee been enriched by

;artous brain-mapping methods (Dvorak, 1991).

EEG has been used in the diagnosis of dilferent types of epilepsies and to localize brain
tumour or other lesions of the brain. It has also been employed in the diagnoses of
certain types of psychopathic disturbances (Guyton, 1976). LEG recordings nsing
implanted electrodes in specific areas ol the brain of experimental animals can be used in
the assessment of the effects of toxicants.  EEG changes were reported 1o be the st

observed symptomis in some subjects exposed occupationally to pesticides (Jager e al..
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1970). Desi et «l., (1974) has reported remarkable EEG changes in rats following

exposure to several organophosphate compounds. It was concluded that ELEG was the

most sensitive test for the detection of early and mild changes due to pesticides poisoning

(Desi, 1983).

2.10 ANTICONVULSANT AGENTS

Drugs which interfere with neurotras smission mediated by GABA have well documented
convulsant effects in experimental animals as well as humans.  In the vast majority of
inhibitory synapses in the mammalian brain, GADBA is the ncwotransmitier responsible
for mediating inhibition.  As a newotransmitter in the CNS, GABA is ubiquitous and
most type of neurones can be shown to respond to exogenously applicd GABA or GABA
agonist agents (Curtis and Watkins, 1965). Drugs that interlere with GABA transmission
lead to severe hyperexcitation ol newral circuits and ultimately, 1o convulsive seizue

discharges.

At the same time that GABA antagonists act at certain siles (o trigger seizues, they ¢an
exert anticonyulsant actions at other sites i the brain.  Consequently, the convulsant
action of systemically administered GABA antagnoists probably reflects the net effect of
a combination of opposing (convulsant and anticonvulsant) inlluences  exerted at
different sites in the brain (Gale, 1992). In addition to direet blockade of GABA
transmission, other cercbral mechanism through chemical agents can provoke convulsive
seizure activity. Lxcessive stimulation of central muscarinic cholinergic receptors, as
obtains with some organophosphate insceticides. or of various glutamate receptors, also
give rise to convulsive secizures. Accordingly, convulsions  precipitated by one

mechanism is  olten  susceptible 10 suppression by another.  Conseqguently,  an



understanding of mechanisms involved in the pencration of seizure activity, as well as
the ability to select effective strategies for preveniing chemically-induced scizures,
depends upon a knowledge of the functional and neurochemical anatomy of pathways
responsible for the initiation and propagation of different types of seizure manifestations

{Gale, 1992).

GABA receptors are of two types: A and B GABAL receplors are pmt ol a
supramolecular complex that gates a chloride ionophore, while GABAp is predominantly
associated with calcium and potassium ions vin a GTP-bonding proteins (Enna and
Karbon, 1987). GABA, receptors are activated by agonists like GABA and muscimol,
inhibited by bicuculline and picrotoxin, and facilitated by benzodiazepines and
barbiturates (Olsen and Venter, 1986; Dailey. 1990). Activation of GABA lcads to the
opening of specilic CI channels which mediates the fast inhibiting postsynaptic potential
(IPSP) response. i contrast, GABAy receptors are activated by (-) baclofen and GABA
whose actions are blocked by phaclofen (Ticku, 1991). These receptors are coupled
presynaptically to voltage-gated Ca™' channels, amd postsynaptically they activate K'
channels, which results in the slow PSP response (Bowery ¢f ol 1984; Dutar and
Nicoll, 1988). Both pre-synaptic and post-synaptic GABAy receptors appear 1o be

coupled to G-proteins.

The GABA, receptor is now recognizad as the molecular tmget for many prescribed
drugs e.g. sedative barbiturates and the anxiety-relicving benzodiazepines (Nutt, 1991) as
well as drugs of abuse e.g. alcohol (Suzdak and Panl, 1987). 1t has also been shown that
GABA, receptors are also targets for different insecticides including organochlorines

e.o. lindane and cyvelodienes) (Gant of af.. 19870 as well as a few oremophosplintes
g \ vamophos
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(c.g. EPN and ceptophos) (Gant ¢f af.. 198 71y in addition (o pysethronds type 1 & 1 (e g
cypermethrin) (Eldefrawi and Eldefrewi. 1989). Volage-dependent CF channels may
prove to be primary molecular targets for insccticides such as lindane and secondary
target for certain organophosphates and chlordecone. Tt should be (easible to utilize the
differences in the molecular structures of the GABA receptors of inseets and vertebrates

to determine insect-selective toxicants,

2.11 GABA AGONISTS AS ANTICONVULSANTS

The oligonmetric GABA receptor complex has been demonstrated 1o posses modulating
binding sites. These include benzodiazepine/fi-carboline sites (Mohler and Okada,
1977), picrotoxin sites (Ticku, 1986) and barbitwates sites (Maksay and Tickn, 1985),
These sites on the oligomeric receptor complex are coupled and bear an allosteric
relationship to each other (Ticku, 1991)  All the modulatory sites except the picrotoxin
site are involved in agonistic influcice. Among the GABA 4 agonists which have been

tested as anticonvulsants, include muscimol and progatide (Loscher, 1982).

GABA

‘.“"' . " . 1 .
- Benzadiazepine

-
-
- - . ’I'
Chloride ion channel I: ]
Barbiturate
Fig. 2.11: Schematic representation of GABAL benzodiazepine and  barbitorate

receptor-ionophore complex, depicting potential sites ol drag modulkation
(Ticku, 1991).



2.11.1 Barbiturates

Barbiturates, the phenobarbitone and mephobarbitone have been used ellectively as
anticonvulsants for decades, The barbiturates are primarily effective against pavtind and
generalized tonic-clonic seizures (Schieifer. 1985). Barbiturates generally produce their
CNS depressant effects in a concentiation-dependent manner: lower doses producing
muscle relaxant/anticonvulsant effects. while higher doses produce anacsthetic effects.
They bind to GABA chloride ionophore and appear to prolong the GABAergic eflect
(Dailey, 1990).
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Fig. 2.12: Chemical structure of Phenobarbitone (Mol wit, 254.22; wp 273 °C)
Electrophysiological data support the notion that barbiturate enhance both the presynaptic
and postsynaptic inhibition mediated by GARA. Both  phenobarbitone  amd
pentobarbitone enhance GABA-mediated responses at lower concentration and activate
GABA-gated Cl channels divectly at higher concentiations with pentobarbitone being
more potent them phenobarbitone (Simionds. 1981). This has been shown to reduce the
potency of picrotoxin as a muscimol antagonist (Stmmonds, 1981). A siudy by
Macdonald, ef «l, (1989) has demonstrated that barbitmates like phenobarbitone
potentiate the GABA receptor current by increasing mean channel time and prolong

bursts, without altering burst frequency.



2.11.2 Benzodiazepines _

The benzodiazepines are yet another class of anticonvulsant drags that appear 1o produce
their effect via the GABA, receptor coplex. They include diazepam and clonazepam
which are effective against several forms of epilepsy. including status-epilepticus and
primary generalized and partial seizues.  Diazepam was shown to enhance GABA-
mediated pre-and  postsynaptic inhibition in cuncate (Pole and  aelely, 1976).
Electrophysiological studies have demonstinted that benzodiazepine receptoy agonists
increase the frequency of opening of GABA y-gated CI channels (Chan and Farh, 1985

Dailey, 1990).

Fig. 2.13: Chemical structure of Diazepam (Mel, Wt 281765 mp 125-126 "C).
One major problem with the benzodiazepines is the development of pharmacodynamic
tolerance to their anticonvulsant elfect (Rosenberg e af., 1989) furthermore. there also
exist cross lolerance between benzodiazepines and other drugs that facilitate GABA
ergic transmission, c.g. cthanol and barbitirates (Little, 1988). However, diazepam has
recently been demonstrated to be as ctiective as phenobarbitone in preventing drng-

induced convulsive scizures and lethality in mice (Alldvedpe, 1997).



2.11.3 Phenytoin
Phenytoin is one of the most widely nsed auticonvindsant drugs. It has no sedative
activity and has demonstrated lack of generalized CNS depression seizures by reducing

the spread of the process from an active, abnormally ficing epileptic focus into adjacent

normal brain tissue. 1t has no apparent eflect on the seizure threshold (Craig, 1990),

ONa'

Fig. 2.14: Structure of Phenytoin sodium (Mol Wi, 274.25: mp > 300 °C)

The major mechanism of anticonvulsant action of phenytoin in excitable tissues involves
a decrease in sodinm influx into newons, which in turm, results in o decrease in the
intracellular concentrations of both sodium and caleimm, the net effect of which is a
blockade of neurotransmitter release (Craig, 1990).  Phenytoin appears to have a

stabilizing ellect on all neuronal membianes and probably on all excitable and non-

excilable membrancs as well.
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CHAPTER THREE
MATEIIALS AND METHOD

3.1 MATERIALS

3.1.1 Animals

For the entire aspects of experiments reported in this work, three animal species were
used, namely, rats, mice and rabbits. Adult albino s (wistar strain) weighing between
0.15 kg and 0.25 kg and mice weighing between 0.016 Ly and 0,028 kg were obtained
from the National Veterinary Rescarch Institute, Vomy via Jos, while rabbits weighing
between 1.1 Kg and 1.4 kg were obtained locally from breeders in Samaru, Zaria, All the
animals were kept for a period of two weeks pre conditioning time prior to the
commencement of study.  Animals found exhibiting ill-health were excluded from the

study.

3.1.2 Animal Feeds
Commercial feed pellets Plizer (Livestock Feed, Lagos, Nigeria) or other standard diet

was used to feed the rats and mice through out the period of the studies.

3.1.3 Test Chemicals and Drugs

Lindane (Gammalin-20") - Imperial chemical Industries (1C1), England.

Dimethoate (Rngur* ) - Fisons Agrochemicals Division, Cambridge, Fngland.

Lignocaine 2% - FFantex Pharm. GMBIL Germany. BN-M-104, MD - 01/94; ED - 12/96.
Phenobarbitone injection ampoules  Astrapin, Geimany. BN-61993; MD-01/94; 1D-
01/97

Halothane (Hoechst *) - Hoechst AG Germany. BN - W483,
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Diazepam injection ampoules - Starfab - PV Ltd,, Lahore, Pakiston. BN - LB 1131; MD
- 12/94; ED-12/97

Diphenylhydantoin (Phenytion sodium) Capsules-Biomedicine.

All other reagents and chemical used in the experiments reported were of analytical grade

obtained {rom British Drug House (BDH), UK.

3.1.4 Drug Administration.

All the animals used as normal control were administered with the vehicles used in
preparing the drug solutions or test chemicals. Administration of drugs were by
intraparitoneal route (i.p.) for the acute toxicity studies and by incorporation in the diet
(p.0) for chronic toxicity studies. Maintenance doses of halothane anaesthetic (following

1.p. pentobarbitone) was administered by inhalational route,

32 ACUTE TOXICITY STUDIES

3.2.1 Median lethal Dose (LDsy)

Among the studies carried out *n this section are the median lethal doses (1.D5) of the
test chemicals lindane and dimcethoate as well as short werm (24 howrs) investigation
involving the two drugs singly and in combination.The L5 is the dose of any (toxic)
substance or drug that would produce 50 percent death in a randomly selected number of
animals within a short period, usually 24 howrs. Determination of T was camned om
by i.p. route of administration and using the standard procedures of the arithmetic method

of Karber as adapted by Aliu and Nwude (1982).

Initially, pilot studies were undertaken to determine the minimum doses of lindane and

dimethoate separately, that produced 100 percent death and the omsimum doses tha






