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ABSTRACT

Acute symptons  of toxicity and median
| ethal dose (LDso) values by the intraperitoneal
route over 24 hours for commercial fornulations of
di met hoate (Rogor® and Perfekthion®, aldrin and
i ndane were determned in mce. The difference
found in LDso values for Rogor® (272. 1ng/kg) and
Perfekthion® (165ng/kg) formulations of dinmethoate
showed that differences in fornulations could
alter the toxicity of technical grade conpounds.
Aldrin (LDso, 40ng/kg) was found to be nore toxic
than |indane (LDso, 249 Ong/kg).

Interactions between aldrin, and |indane
individually with dinmethoate were investigated in
vivo in mce. Decreased di nethoate survival tine
was observed in nmice pretreated for four days with
a single dose of 16mg/kg aldrin. The data (Table
IX) on the effect of aldrin on mce weight and
feed intake appear to suggest that this decrease
(in survival time) could be due to anorexic
effects on the mce which interferred with their
feeding habits, rather than induction of hepatic
m crosomal enzymes produced by aldrin. Two days
| i ndane pretreatiuenc of nmice with a single dose of

98ny/ kg, increased dinmethoate survival tine. By

Viii



reduci ng t he pent obar bi t one sl eepi ng time,
exposure to l|indane appears to offer potection to
di met hoate toxicity by a mechanism in the animls
that appears to involve an induction of the
hepatic mcrosomal enzymes; since the sane dose of
li ndane shortened the pentobarbitone sl eepi ng
time in mce

Subchronic daily intraperitoneal exposure
to 25, 50 and |0OOm/kg of dimethoate over thirty
days produced histologic Ilesions in the |ungs,
livar, and Kkidneys of some of the animals. These
nost probably were due to secondary effects of the
pesticides on the tissues of the animals.

It was concluded that exposure to noderate
doses of organochlorires especially those wth a
hi gh inductive effect on the Iliver enzyme my
decrease t he manmmal i an toxicity of some

or ganophosphat es.
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CHAFPTER ONE

LITERATURE REYIEV

INTRODUCTION

Pesticida chemicals are of great value in
lucreasing crop yleld and in +the prevention of
crop losses before ond eafter harveast. Cocoa
production rose 1in Ghana by 110% {n 1957 when
pesticides were introduced to protect cocos pods
from the black pod disease. Tapan 1in 1960 also
recorded increaase in rice production when
peeticides were introduced to protect rice from
the stem %worer, PFPricularle oryras {(Faat et al.,
12827,

Pesticidee are also useful in public health
programmes to control vector-borne discases. For
instance, the use of pesticide has Leen described
as the best way to control Anopheles mosquito as
part of malaria control. Thic was proved over
forty vyears by the World Hoalth Organisation
{V.H.0O., 19857, It was also shown that
onchocerclacis control depeunds entirwely on the

destruction of vector simuliids winca no drug ie
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availabe at present that may be directly used in
mss control programmes cf the disease. Regular
insecticide (DDT) spraying cof river rapids where
larvae breed were successful against S. naevi and
S. damnosum in Kenya and Uganda in the 1950's.

In Nigeria today there 1is a growing
awareness and demand for the use of pesticide in
agriculture. Two reasons could be sald to be
responsible. Firstly, thare 1s a considerable
increase in extension eervices Dbeing freely
provided to farmers by the Ministries  of
Agriculture of the various state governments on
modern farming techniques; secondly, many retired
civil and army officers have becrme iarge-scale
modern farmers. In ordar to effectively control
pests and thus decrease crop losses, the use of
pesticides has to be employed.

Toxicity of pesticides 1s however, not
limited to the target organiems. Pesticides are
also teoxic to man and his invaluable animals.
Exposure of man to pesticide occurs 1in several
ways. Occupational exposure occurs during the
manufacture, transpartation and at the site of
application. These exposures could produce acute
or chronic toxlic effects. Accidental poisconing or
consumption of crops sprayed with pesticide

constitute other means of human intoxication.
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Rxpnsure may be via inhalation, dermal or oral
toutes. While it may be posible to detect acute
poisoniprg and thus provide adequate medlcal care,
chronic exposure is not readily detected. Efforts
to find ways of minimizing pesticide harzards to
man has resulted in intensive ccientific
invastigatinns., Toxicological evaluations of the
harzard or handling and use of pesticides bhave for
nany years focused on prevention of injury to man
or hlis animals. Laboratory animals serve as
experimantal models for man's iochemiczal,
physiological and pathological responses to these
chemicals

Conventional procedures for evaluating the
toxicity of pesticides in the past consisted of
acute and chronic tests on laboratory animals
aimed at determining their individual levels of
toxicity and their general pharmacologic actions.
It was then assumed that pesticides with similar
pharmacoclogic actlions would act additively on
simultaneous exposure, as they would have acted
independently.

Howaver, the discovery in 1957 by Frawley
et al that o-p-nitrophenylphenylphosphonothicate
(EPN>, an organophosphate, markedly potentiated
the toxicity of malathion, when these were given

simultaneously to laboratory animals, has called



for an increaced resesarch effort on the cowblned
toxic effects of pesticides before any reliable
predictions could be made regarding their human
toxicity,

In practice pasticides are used in
combination® either for the purpose of controlling
Alfferent pests or to achieve greater effects.
These combinations could lead to interactione sia
various mechanisms to alter the toxlc dose of the
individual components. Mechanisms of pesticide
interactions in wvartebrates have been reviewed by
various avthore (Murphy, 1969; DuBois, 1969 and
Iyaniwura, 1988a). The effects of interactions
could be potentiation, antagonism or additive. The
implicatione of these in relation to harzara i1s
that the most Jimportant single factor influencing
pesticide toxicity, that is daosage, is altered,
Highly toxic compounds are excluded from use in
vector cantrol precisely becauge of the
impracticability o0f reducing human exposure *to
ther (W.H.O, 1872), A pesticlde with previously
goad =afety record could ecause polsoning among
spraymen 1f the toxic dosage has been altered
significently by an impurlity or other paesticide in
the formulation. Several casase 0f such polsoning

wera reported in Pakistan 1in 19576 among malaria



spravmen using formulation which contained

isomalathion as impurity (Aldridge et al, 1979),

1.12 MECHANISMS OF PESTICIDE INTEEACTION

Various mechanisms have been postulated by
various authers to explain the possible mechanisms
0of interactions that occur when pesticides are
combinad ‘DuBols, 1963; Ivaniwura, 1988b:. Host of
these mechanisus implicate inducticn or iaohibition
of liver microsomal enzymas. These enzymes are
responsible for the metaboliem of many exogenous
chemivals, Othor processes afiecling toxiclty =f a
chemi~-al agent include direct chemical or physical
interactions in the gastrointestinal tract,
interactions in protein binding and interaction

via excretory routes.

Maetabnlic 1interactions constitute a major
mechanism by which pesticides alter their
toxicities when used in combination as reviewed by

Murphy (196%9). Organophosphorus pesticides are



principally metabolised by oxidation and
hydralysis Ly esterases (Plapp et al, 1958; Hayes,
1982). Some organophosphates raequire activation in
vivo to their toxic forms. For instance, parathien
has been shown to be activated to paragxon, i{ts
oxygen analoguae, which i1s tha toxic form of
parathion <(Dauterman, 1971 for +this group of
organophosphatee it woguld be expected that
interactions +that increasse the activity of <the
enzymes responsible for the activation process
waruld dnorease thelr toxicity. Haowever, as would
be diécussed subsequently, other overlding factors
exist that determine the overall taxicity of a
pesticide.

The potentiation by EPN of the toxicity of
malathion was explained hy Murphy and DuBols
(1957b) as dum tuo =2n EPFN inhibition of the
anzymatlc hydrolysis af ths carboxyl-ester
l{nkages of malathion. It may ‘therefore be
expected that any compound capable ©of inhibiting
alissterase in the same way as does EPFN would also
inhibit the detoxification of organophusphates
that sre normally detoxified bHhy aliesterasas
tharaby increasing the organophosphate toxicity,

Howaver, 1n practice, *kie 1= not usually
the cuase. For example, SKF B25A which inhibite

microwomal enzymes optimally after forty wminutes



pretreatmant in rats was shown by Murphy (1998
to decreawa fGuthion ‘azlnphasmathyl) toxiclty. XNo
decreaca in toxiclity was gbserved ith parathion
or BN of ZFF 5254 pretreatment. O'Brien (1861
found o aecrezsel dimethoate towxlsity followling
pratreatmant with  SKF Z2B4 but abtainsd
potasntiation with most other phospunorcothicates.

¥o genaral statements can therefore be made
with regards to sxtrapolation of » mechanisz of
{ntaraction for one inhibitor of enzymes on one
organaphosphate on thae bases 2f azxperiment zarried

ocut on another organcophosphate.

i.14 Intaeractlions That Decrease

Organuphospborus Toxiclty

The story 1s diffarent however, with ragards to
the metabolic mechanism that offar protection
agalnet poisoning by organcophospnates, as cartaln
predictions may be made. Protective acltion of pre-
exposure tu varicous chemlicals against polsoving by
organophgspoates cauld be explained by one or more
of the following {(Murphy, 1269; Iyaniwura,
1683a, b2

a) Increase in non-critical binding sites

b} Theraasmae in rate of formation of arvl-eaterasa



¢y Increase 1in rate of direct cleavage of the
parent (P=8) as influenced by preireatment
chemical and Insecticl!de invcolvea,

d) Competition for binding sites by chemicals.

Mechanismes (a) and () have basen implicated in
mrst interactions and may be further discussed:-—
a), Some chemicals induce formation of non-
critical binding sitas to which the
phosphorothloates bind, so that less binding sites
ara +thus avallable to interfesre with the wmore
vital enzyme acetylcholinesterasa. The protective
action of chlorcyclizine against parathlon
poisoning was showvn by Welch and Conn (19640 to be
partly due +to the formation of non-critical
binding sites,.

b Chemicale which induce formation and activity
of anzymes responsible for the metaboliem of the
organophosphate protect the animals szpalingt
poisoning by +the pesticide. For example the
influvence of phennbarbitone pretreatmant on the
acute toxiclity -+ of several orgarcphosphate
pesticides to rate and nice was studied by Dulois
(1969}, It was found that ipnduction of the anzymes
did not increazea the foxicity of any of the
compounds even though most of them dspend upen

microsomal oxidation for conversion to



anticholinasterase agents. It was also noted that
the rate of mnicrosomal detoxification is more
responsive to enzyme induction than thas microsomal
activation to produce the toxic metabeolites.
Organochlorine pasticide= are also known to
induce formation and activity of liver microscmal
enzymas; this will be discussed in further datalls

later.

1.15 ORGAROPHOSPHORUS PESTICIDES

Those are wyatemic and contact pesticldes
usad to contirol soft-bodied insscts. Tre
blochenmical baslis by whirh organophosphorus
compounds produce thelr toxicity s by inhibition
of ecetylcholinesterase activity 1in nerve tissuves
which results In accumulation o©of acetyicholine
postjuncticnally (O'Brien, 1967; EBowman, 1984,
This reeults in signs and symrtome characteristic
of muscartinic, nicotinic and gantral nervous

system acetylcholine receptor stimulation,
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1.16 Clinical Signs And Symptoms of
Qrganophosphorus Poisoning

A number of authors have given detail
descriptions of signs and symptoms arising from
aorganophasphorus toxicity (O'Brien, 1960 Radeleff,
1964). Signs and symptoms arising from muscarinic
recaeptor stimulation include increased salivation,
lacrimation, wheezing expiration due to
bronchoconstriction, increased gastro-intestinal
motility causing diarhoea, nausea, vomiting
involuntary detascation or micturition, and
~onstriction of the puplils of the eye. Those
arisirg from excessive stimulation of nicotinic
recsaptors include nuscular twitching, fatigue and
waakness, difficulty 1in breathing, and cyanocis.
The cantral nervous system signs are characterized
by restles-ness, anxiety and tensior, depression
of respiratory and circulatory cente.,s, with death

usually resulting from respiratory failure.
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1.17 Machanism Qf Toxic Action of Organophosphatas

4s mentioned poeviously, Crganophecsphates produce

their toxlcity vie the nervoes system  iuwciional
disturbances. The neuron is the basic structural unit rf tke
nervous system which compriewes the central nervouc ystem
and peripheral nervous system (HBowwau, 1984; 9einar et ali,
1988; ('Brien, 1967). Contact exisis betwaen one nerve cel)
and ancther via a gap, the synaptic gap, a distance of about
100-500 Angstroms. Neurohumoral lnfurmation is transmittad
from the presynaptic neurcne tc the postsynaptic neurone via
the release cf chemical transmitter subtances from vassicles
in the presynaptic nerve terminals. Pest-synaptic neurones
may closely approach effector cells to release chemical
transmitters (upon stimulation’ at autonomic neurcgeffectar
Junction or at the skeletal neuromugcular junction.
Acetylcholine is the chemical transmitter at the following
sltas: -
1) All autonomic ganglionic synapsas,
2) Shkeletal neuromuscular junctions, and
3y some of the autononmic naurc-effecor  junctions-

spacifically post-ganglionic parasympathetic fibres, and

sympathetic fibres {o sweat glands.

4) Certain nerve endings within the c¢entral nervous system.
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Noradrenaline is the chemical transmltier
at some of the other auvtonomic neuro-effectior
jJunctions <constituting the Sympalhetic Nervous
system. Filgure I shows a schematic representation
af the nervous system.

In the normal restiag s*ate, the axen is
polarised electrically with i{ts outside more
positive than ite inside. This state of
polarization is maintained by metabolic punps
involving the ATPase syztem which keep thae
external sodium ion concentralion higher than tha
internal sodium while the potrsium ion
concentration 1in the axon 1is kept higher than
outside - 3 5 Following stimulation af Lh=
cholinergic nuerone, acetylcholine is released and
diffuses across the synapse to combine with
spacialized receptors on the postjunctional
membrane. This may result in an increase in
permeability to all types of ilons particularly the
sodium ions which move down 1ts concentration
gradient resulting in a localized depolarization
of the membrane, that is Excitatory Post Synaptic
Potentical (EPSP), salective permeability may
occur resulting in  hyperpolarization of +the
menbrane constituting an inhibltory Postsynaptic
Potential (IPSP). For mormal impulses to ©ba

transmitted at high frequencies, efficient means
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of disposing the transmitter {in order to relurn
the neurone to its normal resting state, following
each 1impulsa, is necesenrv, This function is
accomplished by the enzvme acetylcholinesterase
(ACHE) which hydrolysis the acetylcholine to

acetic acid and choline by the followling

mechanism: -
CH
9 +1 3
CH c 0 CH, CH, -N-CH3 + Hydrolysing Enzyme E
3 1
CH
3 Acetylcholinesterace
Acetylcholine (ACH) (ACHE)
. ° R
) N(CH E
——cH, _C__0__CH, __ O, __ W3
ACH Adsorbed on ACHE
0 -
+
CH,-C.E
~— HO CH2 CHZ N(CH5)3 + Chy
Choline Acetylated ACHE
Hao
0
OH E
0350 . v
Fig. I1I

Interaction between acetylchocline and the

hydrolysing enzyme.
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The first step in the reaction involves an
equilibrium between the cholinesterase enzyme, the
substrate, ACH and one adsorption complex of both
enzyme@ and substrate ((Matsumura, 1975). For the
formation of the complex, the acyl Carbon of the
acaetylcholine binds to the esteritic site on the
enzyme whlle the catlonic nitrogen molety binds to

the anionic site on the enzyme;

CH

+
3 C 0 CH, - cH, - r:‘(cuj)3

f—‘*\h_-d,/” \\ __,///’#—E = enryme
" __-ﬁh“\::' EH = Enzyme hydrog
Esteritic site anionic site

0
+
¢ - ROCH,, ___032 - N(cnj)3

ACYLATION, STEP 2.

a s
CHB-C p——): | J
-5_h__’,—-“""“ﬁnila"-_'
,/
EE ¢-——

Reactivation yields original enzyme,
Step 3.
Figure I11
Stages of Acetylcholine Hydrolysis by

Acetylcholinesterase.
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The second step invonlves the release of
choline and the acetylated enzyme. The third step
tnvolves hydrolysis of the acetylated enzyme Iin
the prasence of water to acetic acid and fres
enzyma. Extensive studles have been conducted on
the kinetics of thea enzymic hydrolysis of
acetylcholine {Fast and Schmidt, 1282; Hayes,
18827,

The acetylcholinestarase enzyme has greater
affinity far organophasphates than for

acetylcholine. In the presence uf organophosphorus

caompaound, an enzyme-organophosphate complex |is
perfarentially formed. The process of
arganophosphate inhibitieon of chollnesterase

follows a similar pattern to the early stage of
acatylchaline hydrolysis described above,
Acetylcholine is thus spared from destruction and
accumulates at the synapses 1into which they are
released. This leads to a preponderance of the

actions that are due to acetylcholine at various

Junction sites. o

Ry =0 — P e 0 — X'

R, = O i
/
W
EH Complex, Step I.
R,' O F === HOX Very Slow

)
E O-F ~ CH ut
Fhosphorylation B:,f' ,-\_/—
Step 2. —
EH ®pephosphorylation

OR
Fige IV Inhibition of an Ertersse Fnzyme Reactivation of enzvme
by Organophosphorue Compounds. Step 3.
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The process of organophospbate 1interaction
with the enzyme howaver differs from that of
acatylcholine at the [inal stage of enzyme
recovery. While in the case of acetylcholine
deacylation of the enzyme occurs rapidly, with
organophosphatas the process or desphosphorylation
occurs rather extremely slowly. Although <(lae
reaction eventually ylelds Lhe original enzyze, In
practice it is considered irrevesrsible. This isa
because once phosphorylated, recovery of the
cholinesterase enzyme depends on partial reversal
of inhibition, aging and synthesis of new enzymes
(Hayes 1982). The slow process of
dephosphorylation is consldered as being
responsible for the poverful cholinesterase
inhibition by organophosphorus compounds

(Matsumura, 1979).

1.18 Metabolism Of Organcphosphorus Compounds

Most o©of the organophosphorus pesticides in
current use are dialkyl, aryl esters of
thiophosphoric acid with the structure described
in the figure ©below. The metabolic pathways

described occcur in vivo in mammals (Murphy, 1969).
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Reaction I involving substitution of =0 for
=S is a prerequisitse faor toxicity, while reactions
I1, PIl, IV and V ars detoxication reactlons
yvielding products which do not inhibit
acetylchul inesterasa. Feacticn v i= usually
accountable for major detoxication of tha
pesticide. Orgacophossphates contalning the +thio
(=8 group are uurmally noa-toxic and have +to be
activated irp vivo, to the oxygen analogue (=00 to
be toxic {(0'Brlen, 19675 . Thig activation is
normally accomplished by livar microsomal enzymes.
Parathion, for example, 1is activated by the liver
enzymes +to paraoxon, the toxice form (Dauvterman,
1971, Modiflcation wf the alkyl aond aryl groups
also influence toxicity.

Thare ars however, athar graups of
organcphosphates that contain, instead of the aryl
substituant, a carboxyester linkage (e.g.
Malathion} or a carboxyumide linkage (@.g
Dimethoate), with structures shown in the figure
(Vb). The major path of dlmethuata metakolism 1o
illustrataed In the £figuie (Vh: for man., Cther
metabolic pathways have bean suggested 1a guinea

Plgs and insects.
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1.19¢ Histopatheolaglc Bffects aof Dimethnate

Aontes date alone may not be suffisiant in
gvaluating +the potentisl hamards posed by a
chamnical agzeant. Studies have haep conducted np tha
potential affects of the admialetratiom cf sevaeral
regticideas  Ivanova reported in 1972 that DDT and
polychlorinated pinang administered at the daily
dosas of 0.01, 3.8 and 4.2%5mg’%g to rats ~aused
histologic zhangas In the nyocardiuvn, Yzoukwe et
al, (1972) reported +that dlaeldrin at & dose of
1Bmg/ kg cauvsed histopzthologlic Adamages 1n  the
lungs of guinea pigs. Studies on organophosphates
have revealed olLher ayapteoms which are apparently
unrelated to cholinesteraza inhibition. Dalayad
neurcmyel opathy which could oocur  aven  from
exposure to a single texle sdose  has bheen
assonlated with tricrthosresyl phoasphate (TGOF),
an organophosphates (Murphy, 1278, The toxic
maolfastations which may present after twa wesks
2f exposure 1s characterisaed by flascid paralysis
- particularly of the logs 1in man. Micrcscopic
axawmination of the neurons 1in exposed cryganisms
reveal damages to nmyelin sheaihs which surround
mayst neurons. The distal fibres are more damneged
than the proximal fibres (Cavapsugh, 1969: Siuart

at al., 19827,



21

Not all organophosphates give rise .o .his
condition., Gatnes (1969) screz2ned 1Iin henc the
aeffact of 30 organophosphates out of which some 26
induced peripheral naurwpathy. Some carbamate
pesticides ware alsc associaled with a similar
toxic condition. In the 1930's, in the United
States, 1t was reportea that sseveral thousands of
people who drank ginger liquor contaminated with
TOCP developed the condition then popularly called
“ginger jake paralysis" (Smith et al., 1930). A
similar a2ccidental poisoning occurred in Morocco
in the 1950's when wvegetable o0il, used for
cooking, was contaminated with lubricating oil
that contained TOCP (Smith et al., 1959),.

Studies have shown that organosphate
induced neuromyelopathy occurred only (in some
species o0of animals. Chickens and man have shown
unusual sensitivity in this regard, with 40.000
recorded cases in man alone (Davies, 1963). Monkey
and dog are reportedly insensitive while other
sensitive species include cat, rabbit and lamb
(Davieon, 19%4). Other than the observation of
axonal degeneraticn and demyelination, the
mecharism by which this group of organophosphates
effect this condition bas so far npot been

adequately explained (Stuart et al., 18862).
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Savarzal lovestigetions of acute, subacsute
and curonilc toxiclities of organophosphorus
pesticides Lave bean reported in the literature.
In & comparative study, Ivaniwura (1985)>
investigated seven organophosviates for their
toxicity dn  witro by monitorirg  erythrooyte
cholinesterase irhibliion. Dimethoate which
inhibited cholilinesteraza by less than 1"% ac
micromoiar concentration was shown to have the
least toxicity «af all the pesticldes tested.
Azinphoosethyl which inbiblited <holinesterase by
G0% at Lthe same concentraticn was shown tc he the
most toxic of the seven compounds. Thus it would
appear that dimethoate 1s a relatively safe
pesticlde, acspeclially with raeference ta
cholinesterase 1inhibition. In this presenot study,
histopathologic examinations of organs of mice
following 30 days daily exposure to various
dosages of dimethoate at specifically 25mg/kg,
50mg/kg and 100mg/kg (1.p.> were conducted with a
view to ascertaining other potential damages that
may be encountared on prolonged exposure to

dimethoate.
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1.20 ORGANOCHLORINE PESTICIDES

This is one of the most important group of
pesticides in use today. Organochlorines however,
are known to persist in the environment and in
biological systems. This has discouraged their
extensive use in the developed countries (Murphy,
1975).

Toxic signs and symptoms of poisoning
including paresthesia, irritability, tonic and
clonic convulsions. Chronic 1intoxication could
result from the release of compounds that have
been gradually accumulated in the tissues in small

doses.

1.21 Machanism Of Toxic Action Of

Organochlorines.

The mechanism by which organochlorines
effect their toxicity has not been clearly
established. However several studies have been
conducted in an attempt to elucidate the mechanism
of toxicity +that might be involved at the
molecular level. It is generally accepted that the

primary target of organochlorine toxicity is the
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rervous system There are however, differences of
opinion as to exactly how the interference with
Lthe nervous system ls brought about. A concensus
of opinion indicated that DDT, often considered as
a prototype of the oarganochlarine, acts by
prolonging neurcnal recovery time by increasing
the negativa after-potential. This 1is the time
interval after a spike potential during which the
neuron slowly returns to its resting state
{(Narahashi et al, 1968) DDT acts by keeping the
sodium “gate" on the post-synaptic neurone
partially open while completely blocking membrane
permeability to potassium. This leads to a delay
in the restoration of the axon to 1ts resting
state after a single impulse, as the membrane
remains partially depolarised. The axon becomes
easily excitable with the tendency for a stimulus
which would in a normal animal provide only a
single 1impulse giving rise to a series of
impulses. The hyperexcitability 1is seen in the
whole animal and is often referred to as the "DDT
jitters” (O'Brien, 1975). Other membrane
properties such as conductance, resistance etc are
also altered from those of the normal membrane and
these in addition account for the mechanism of DDT

toxicity.
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1.22 Metabolism of Organcochlorines

Chlorinated hydrocarbons consist of
compounds which 1inelude DDT and its various
analogues, ¢hlorinated csyclodienes and
hexachlorocyclohexanas, Unllke the
organophosphates, the organochlorines goenerally do
nat vield easily to rapid and complete
bliotransformation due to thelr lipophilic
character. This results in their accumulation in
biologlcal tissues and the envirnomsnt.

Several studies conducted to elucidate
metabaolic pethways of DDT related compounds im
mammals (Peterson et al. 1964; 0D'Brian, 1967
ldentified main DDT matabolitaes as DDD, DDE and
DDA, which may be excreted as such or further
degraded 1into other chemicals. For example, DDE
was found to ba further matabolised not only to
axcretable phenols but aleo mmethylsulfone-p,p'-
DDE. Five principal routes of DDT metabolism are
describad in the figure (VD)

As a result of the double bond that exists
in the c¢yclodienes, aepoxidation 1s the maln route
for thair metabolism (Murphy, 19752, Both the
parent compound and the epoxidation product are

toxic in thelr own right.
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The hexachlorocyclohexanes, repressnted by
lindane &are metabolized by a process that could
anvolve dehydrachlerination, giutathione
conjugation and aromatlc hydroxylation (Murphy,
187397,

The posibility of metabolic 1{nteractions
occuring to enhance organochlorine acute toxicity
in mammals ies Jlow due *o their low mammzlian
toxicity. However, their ability to induce hepatic
enzyree ant jiauteraction affecting their storage
could sigrificaatly 1nfluence their toxicity and

those of cther chemicals.
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1.23 EBnzyme Induction By Organuchlarinia

The organochlorina are well documented for
thair abllity to stimulate liver microsomal
enzymes. Induction produces an 1increase in the
lavels and activity of +the 1liver microsomal
enzymes rasulting In an 1increase in the rate of
matabolism of drugs and chemicals that are
catalysed by these enzymes. Induction could
produce an incresase or a decrease in toxicity of
chemlicals dependiag on whether the compound
requires activation in vivo or not; or, whether
tha componant of the microsomal enzyme that is
ind;cad i the activation or the detoxifying
SNz yme

Organochlorines have been shown to reduce
the toxicity of some organophosphates, (Ball et
al, 1954). Conney (1265 and 1971) reviewed several
exanples of these Iinteractions as well as the
tiocochamical machanisms 1inveolved. In most cases,
organcchlorine insecticides were shown to ilncrease
the concentration as well as activity of liver
microscmal enzymes that catalyse the matabolism of
the chemicals studied. Studies conducted on DDT
and toxaphene showad that maximal enzyme induction
occcurad after these pestliclides were administered

for one week, with a tendency to reverse thase
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effects 1in subsequent weeks (Kinoshita, et al,
1966)., The studies emphasize the significance of
pretreatment time. It is apparent therefore, that
the simultanecous administration of the two
compounds may not reveal the capacity of one
compound to potentiate the toxicity of the other.
Hagan et al (1961) also demonstrated the
importance of pretreatment time using Delnav and
malathion. Aldrin has been shown to increase liver
aryl-esterase and to protect mice against
parathion toxicity <(Ball et al, 1954; Triolo and
Coon, 1966b).

In a study conducted on the influence of
phenobarbitone pretreatment on the acute toxicity
of several organophosphate pesticidas to rats and
mice, DuBois (1969) found that the induction of
hepatic microcomal enzymes did not increase the
toxicity of any of the compounds, even though most
of them depend upon microsomal oxidation for
conversion to anticholinesterase agents. [t was
further noted that the rate of microsomal
detoxification 1is more responsive to enzyme
induction than the microsomal activation producing

the toxic metabolites.
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1.24 METHODQLOGY FOR TUXICOLOGICAL STUDIES

Various criteria have been used to mancurae
toxicity of a chemical agent. For chemicals whose
mechanism of toxic acvtion i knowan, the obvious
parameter would be ona that is most sgensitive to
1te mffects, with a sharp end point.

As earlier shown, toxicity af
organnophosphates 1is well correlated ta‘ thelr
inhibtition of acetylcholinesterase SNZymas.
Various studies have been conducted to develop a
quantitative procedure for maasuring
cholinesterase activity in relation 1o various
levels of organophosphates. One of such studies
was conducted by DuBols et al (1968) . In
evaluating the toxicity of organcphosphates,
quantitative measgure of aliesterase inhibition
would be the obvious paraneter to use. In thie
study, avallability of facilities precents
limitaticng to the use of thege methods. Lethality
as in the detarnmination of maximzl tolerated dose,
median lethal dose, minimal dose lethal to a whole
animal population or survival time has been widely
used in the literature, though with undue
emphasis. These methods which could provide a

guide to relative toxlcities have limitations when
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toxic effects ot small Joses of ~hemicals have to
be extrapolated to humans.

Enzyme induction, as previously noted, is
an important cause of interactions beiween various
combinations of pesiicides and chemicals. DuBois
(1960) developed a procedure for predicting the
influence of enzyme-inducing agents on pesticide.
The procedure cconsisted ot determining the =acute
toxizity of several organophosphates on mice
pretreatel with phenobarbitone SOmg/kg for five
dave compared to acute toxicity on mice not
treated. He showed that treatment of rats and mice
witl, phenobarbitone for a pericod long enough to
cause enzyme induction, decreased thelir
susceptibilty to the acute toxicity of several
organophosphates. It would be expected therefore,
that anv chemical agent capable of producing
enzyme induction would influence the toxicity of
organophosphates the same way as phenobarbitone.
For instance, aldrin which is capable of enzyme
induction would be expected to alter the toxicity
of other paesticides that are metabolised by the
induced enzymes. Dimethoate 1is metabolized by the
liver enzyme carboxyamidase and which could be
induced by aldrin, thus affecting its toxicity. In

the current work the potential interaction between



32

aldrin-dimethoate and Lindane-dimethoate would he

investigated In vivo using mice,

1.29 Estimation Of Rate Of metabolism By Liver

Enzyma

Alteration Iln the duration of drug action
haz been used to provide a measure of the rate of
drug metabolism In vivo under a set of conditlons.
Estimation of the rate of metabaliem of drugs by
liver microsomal enzymes based on the duration of
drug action could be achieved by any of the
following methods (Fouts, 1971):-

a) Determination of pentobarbltone sleeping time
as 1ndicated by loss of righting reflex in
mica

b)) Determination of recovery from zoxarolamine
inducaed paralyeis time.

¢? Determination of drug levels 1in blood or whola
blood.

Procadures <(a? and (b> are both based on
g#imilar principles and depend on loss of the
righting reflex which- both pentobarbitons and
zoxazolamine produce. Correlation exiets between
the duration of loss of the righting reflex after

adninietration of pentobarbitone and the rate at
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which 1t i1is metaboliged by liver microsomal
enzymes. Chemlcals that induce liver enzymes that
are responsitle for pentobarblitone metabolien
would be expected to reduce the duration of thae
loss of the righting reflex. This principle would
be used tco determine whether aldrin or lindane
pratreatment braught about enzyme indugtion and,
which could provide a possible explanation of the

machanism of iuteraction (if any’.

1.26 AIM A¥D SCOPE OF STUDY

The aim of this study is to evaluate the
potantial interactions betwen aldriu-dimethoats,
and lindane-dimethoate, in vivo, An attempt would
ba made to define +the posslible mechaniem of
interaction. The toxicological implications of any
such interaction would also be defined. Very
briefly the preject would attempt to determine if
pretraating mice with aldrin, or lindane, both
microsomal enzyme inducers, would protect or
raduce dimethoate toxicity. The foilowing general

experimental protocol would be used.
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Daetermination of
{17 Madian lethal dose LDuo for Rogor® and
Perfkthion® formulations of dimathosata
{11} Clinical Symptums following acute
poimoning. |
Determination of
(1) Median lethal dose, LDs., for
{a> aldrin,
{b) lindane
{11} Clinical syuwptoms of polsoniang from
each pesticide.
Determinatidn of survival time following
lethal challenge dose of dimsthoate in
(1> mice pretresated with aldrin
{31} mice pretreated with lindane
(111) controls
Datermination of pentobarbitone sleeping time
for mice pretreataed with
13 aldrin
(i1) lindana
{1ii> controls,.
Histopathology: of mica exposed to various

dose 0f dimethoate for 30 days.



CHAPTER TWO

HATERIALE AFD NETHODS

2,10 MATERIALS

2.11 Perfekthion® peaticide formulation
contalining 400nmg/mlllilitre of dimzthoata,
manvifactured by BASF Aktiengesellechaft D-6700
Ludwigehafen, Federsl Republic of Germany, was
abtained from & local Ayro-—allied products shop in

Samaru, Kaduna State.

2.12 Rogor®, also a c<ommearcial formulation of
dimathoate, containing 4900mg/ml of the pesticide
and was manufactured by Filesons Agrochswical

Division, Cambridge, England.

2.13 Aldrin dust, containing 5% aldrin wae

obtained from the Inztitute for Agricultural

Rewearch, Zaria.

3%



Figure 3.1 The albino mouse
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2.14 Test Anlvals:

Adult Albine Mice (wistar strain), males
and femules wore bought from the Animal House,
faculty of pharmaceutical sciences, Abmadu Bello
Vuiversity, Zarie. They were housed {ia wall-
vantilated rooms in cages with Iree access tfo
water and ieed. only healithy aninmales were used for

the study.

2.15 Lpparatue

Some o the apparatus used are universal
bottles efml), tést—tubes, plppetes 100ml
measuring cyiinder, 1lm)l, syringes and nesdles.

The balance used for weighing the mice was
the Avery balance manufactured by W and T Avary
limfted, Birmingbam, England. The Metler balance
(P. 162 Gallenkapp U.K.: was used for weighing
aldrin powder and organg of the mice. A Vortex
Mixer 220/250V AC (Stvuart U.K.> was used to

@nhance miking of sclutions.
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2.16 Corn oil, baught from a 1local shop,
Distilled wterile water, and FPfizer antmal
Faed Pellats obtained from the pfizer (Nig.

Ltd.)> shop at Kaduua.

2.17 Solution=s:

Rogor® is an oily formulation of
dimethoste. The solutions were made by diluting
the calculated wvolume of the stock concentrate
with corn i1l to the strength of solution
requirad. The vortex mixer was used to aid
dispersion.

Perfekthion® ig an aquepus formulation. The
strengths of the solutions required were made by
Jiluting the stock ~oncentration with appropriate
volume of distilled water.

Aldrin =uspensions were made by welighing
the required amounts of powder into the universal
bottles and making the suspensions up to the
required volumes wlith watar.
| The vartex ulxer was used in all cases to
aid dispersiocn. Fresh solutions were used for each
axperiment to avold the possibility of

detericration on storage.



39

2.20 EXPERIMENTAL METRCDS

2.21 Detarmination Of Madian Lethal Dose (LDsa?

An initial pilot study wes cConductad to
determine the dose-range of the tast pesticide
likely to produce 10-90% desath 1in +he animal
group. Based on this initial test, a range of
doses were selected for each tast pzsticide
conaisting of the bhighast dose Lhat 414 not cavee
death toc the loweet cdose that caused deatk in all
mice in a group (Aliu et al 1332). This range was
further divided into dose levels at proportionate
intervals. lTo each dosas level selected was asigned
a group of five mice, selected randomly but
ensuring near egqual &ex representation. Another
group of five mice was used as the control group.
Animals in each grouvp were given the czorraspondiling
dose o0f pestlicide £for the group. The control
animals raeceived only the wvehicies of the
solutions.

Route of administration was
intraperitoneal. The number of animals {in sach
group dying within 24 hours af pasticide
administration were noted. Test pesticides used
were Rogor®, Perfekthion® formulations of

dimethcate; aldrin and liandana.
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2.22 Grouss Examination.

Examination of the groes signs and symptoms
were msade visually following administration of

acute doses of each pesticide studied.

2.23 Interaction Studies

An initial pllot estudy was conducted to
determine auitable pesticide doses for pretreating
the animals. Pesticide dJdoses were selacted guch
that minimal symptoms would be produced for each
animal exposed to  them. Twe wstudlies ware
conducted. The first study was conducted using
aldrin pretreatment. In this study two groups of
five mice selected were pretreated with 10mg/kg
and 18mg/kxg respectively. The cuntrol group aleo
0f five mice were treated with equivaleant volunes,
with respect to thelr body welght, of the vabhicle
used for the solutions. The animals were allowed
free accaess tu feed and water for the pericd of
four days. On the fourth day, they were exposed to
288mg/ kg of dimethoate and the survival time was
notad for each animml. The mean survival time for
the treated group was compared to that of the

control.
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Thke second part of the experiment wa-
condvcted using lindane for pretreatment. 98mg/kg
of lindane was used for the pretreatment of the
animals for 48 hours. The control group received
oanly the equivalent volumes of the vehicle used
for making the solution, in this case, distilled
sterile water. The animale were treated tu a dose
of 200mg/kg of diwethoate at the end of the period
and their survivel tlwmes were noted ana compared

with thosa of the control.

2.24 Determiratior Of Psatobarbitcne Sleaping

Tims

Two groups of mice were used for the first
part of this study. Group A mice wera pretreated
with aldrin 18mg/kg single dose. The control,
group B, received distilled sterile water. Four
days later pentobarcitone 40nmg/ kg was
administered. i.p to Loth the trested and control
animals. The onset aad Jduration ol slesp produced
(hers taken as tha loss of righting reilex) on
ea~h mouse were recorded. Sor the second part of
the experiment, mice were pretreated wicth lindane
8mg/kg for two days, while tuas conirol group

received starile distilled wataer only. The onset
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and duration of sleep produced when 40mg/kg of

pentobarbltone was gilven, were noted

2.25 Arithmetic Method af Karber

This methocd for caleulation of LDso for

chemicals utilizes the following formule:-

LBSQ = Minimal dose that Killed _  (Sus [Doso difference x Meap deadl)
all animal population Total number of animals per group

whare LDS50 = the dose of the chemical that kills

50% of the animal population.

Using this mesthod, the LDe« for aldrin was

calculated as follows

Fose Dose Dift, Dead Mean Dead Doge DI€f, x Mean Dead

20mg ity )

10 0.% 5
Img/lkg 2

10 2.5 25
d0ng/iyg K|

10 3,0 k[
§0aq/kg 3

19 4.0 40
60ng/ g 5

Iatai 108

1+ way be noted irom the above table that minimal dose that Killed ail
aramal population = §0mg/ig

Total nunbar of animals par group =5

the sum o! (doga difference z nean daad) = 100

Yaing tne formula; (DA given above,
LDSG = 60 ~ 100/8 = §G - 20 = d0ng/Kg for aldrin,
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2,26 Statistical Hethod

The Students 't' temt {pocled) was used for
comparing differences in survival time,
ventobarbitone sleevping time and curgan/hody welght
ratios. An Admetread DCW 8256 mdicrocomputer ruaning
the Basic program “HET! Test" was wusad to

calculate tha ‘b' valuas.

2.27 Materials and Metheods for Histologic Studles

Young aduit mize <{about four o five waeka
0ld) of the wistar egtrain wera randomly assigned
to four groupes esch consisting of 10 mice. They
ware provided free acceses (o food and drinking
water., Groups [, Il and 1I1I mivce remeiwved 25, S50,
and 100mg/kg ©f dimothoate (t.p., daily for thirty
days. These dowes were seiected va the besis of an
[nitial pillot study. Group 1V mice, the control,
received digtilied water only. During tois peripd,
feed consunption, weight loss or galn, toxic
manifestations, including death were recsccoded. At
the end of the treatmwens periad, surviving animals
ware walghed, gacrificed auid the ratio of

organ/body walghts determined. Boith dzad and
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sacrificed mice were taken to the Veterinary
Teaching Hospital for gross postmortem
examinations and histopathologic studies. Some
organs : brain, liver, heart, kidney, lungs and
spleen were removed from the posted animals and
weight and portions of these organs were fixed in
a 10% formol-saline. These tissues were then
sliced (3-4mm thick) for further prcocessing.

The tissues ware fixad in a 10% buffircd
formaline for two hours and then dehydraived in
varying coucentrations of alcohol in an ascending
order of 70% , 90% and 100% v/v. They were laier
transferred into xylene for 2 houre (for cleaning)
after which they were impregnated with molien
paraffin and allowed to cool. The microtome was
set at 5 microns and used to section tha tissues.
Tissues were trimmed, attached to slides and then
allowed to float on a warm water bath. They were
later dried on a hot plate and stained with
haematoxylin and eosin.

The staining procadure consisted ol
dewaxing the sectioned tissues in xylene and then
rehydrating them in varyinyg concentrations of
alcohol in a descending series of 100% 20% and 70%
alcohol. Haematoxylin was used to stain the slides
for 10 minutes, before transfering them to a 1%

acid alcohol for differentiation and then rinsing
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with scotts tap water. This was followed by
staining in eosin for 3 minutes. slides were
rinsed again and dehydrated in alcohol in an
ascending order of 70%, 90% and 100%. The slides
ware finally cleansed in xylene and then mounted.
The slides were examined micrescopicellvy for
lessions, withk the assistance of a Vaterinary
Patholngist at the Veterinary Teaching Hosoital,

of Ahmadu Rallo 'Iniwvarsity, Zaria.



CHAPTER THREE
RESULTS

3.00 ACUTE TOXICITY STURIES

3.10 MEDIAN LETHAL DOSES, LDsa

3.11 ROGOR® AND PERFEKTHION® FORMULATIORS

Tableas I and Il show acute toxicity for
dimethoate from Rogor® and Parfekthion®
formulations respactively. The results shaw that
from the Rogor® formulation, a dose of 120ng/kg
rroduced no daeath in the group of mice, while the
dose of 491.5mp/kg killed all the animals in the
group. At doses 1in between these twu doses (ia
120.0-491.5mg/kg? enimals that died, died within
24 hours of pesticide <+treatment. Although the
surviving mice ware not entirely devold of the
symptoms of toxicity, these symptoms were
prominent in those that died. The LPs« for Rogore
was calculated from the data to be 272, 1lng/kg

using the Arithmetic Method of Karber.

26
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Tazr Perfakthion® formulation acute taxicifv
results showad (Table Il) that 100mg/kg did not
kill any mouse while bayond 200mg/kg none of the
animals in the group survivaed. All deaths
resulting from pesticide exposure occurred within
a 24-bour yperiod. Towic aymptmms.wara e@vidant in
aurviving aatmiles but  thess snbsided within 24
heurs of pesticide sdmintstretion.

Faguits from acete toslolty af the two
formutiations showwed that the minimal 4oea that
produced nn death was 120mg/kg for Rogor® while a
Lower dose aof 100y kg wes observed for  the
Perfekthion® formulation, &0% of nica that
raseived 192.2mz/ky Ragor® survived whareas all
those that recalwved 2H0ma/w; Perfekibion® dled.
The dnta would thenr appear to Suggest that the
Farfelthiou® fornuletioan produvced tosle sffacts at
much lower doses than the Rogor® formelation, This
i furthber supported by the Llwo™ -ralows for these
twa  furmulatlons: Ferfakthion®, I0%ng/ kg and

Rogor®, IZ72.1lmg/kgz.

“N,d3, Lowar LUse vaiue indicates graater toxicity for a compound,
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3.12 ALDRIN AND LINDAVE (LDuas).

The rewmult for acute toxicity of aldrin
(Table Ill> showed that 2umg/kg produced ac death
in the mice group whcraas Gumg/kg produced 100%
death 1in the mice group. Toxlc symptows wesre
abaervad <(section 3.22) 1in mice thet survivad
expaosure to aldrin within this dose rauge. All
recorded daathé occurred within 24 houre of aldrin
administration, the LDeo for aldrin was calculested
from the data to ba 40ng/kg.

Lindane dose of 1%2.8mg/kg did not kill aay
of the mice and a dcose of 331.7mg/kg killed all
animals in the group (Table 1IV). Deaths recorded
occurred with a 2Z4-hour period of exposure *o
lindane. The LDuo obtained from the data for
lindane was 249, Cmg/kg.

Az compared with +the LDke for aldrino
(40mg/kg) this data suggests that the toxiclity to
mice of aldrin is much greater than that of
lindane . Infact previous siudies in rats showed
that aldrin LDso, 39mg/kg? 1s more toxic than

lindane (LDua, 88mg/kg) Gauines, 196%>.,
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3.20 GROSE SYMPTOMS
3.21 DIMETHEOATE

At doses of dimethoate shown in Tables I
and II, the'fnllowing symptoms were observed, with
the onset of action occuring within <thirty
minutes: Initial restlessness 1in the exposed nice
followead by decraesnsed activity, salivation,
lachrymation, watary steool and micturition; the
eyes ware bulged out and pin-point puplls of the
eyes ware observed. The breathing pattern became
irregular and shallow, and then death followed,
apparently from respliratory failure. All recorded
deaths occurred within 24 hours of pasticlde

administration.

3.22 ALDRIN AND LINDANE

Symptons of toxicity following azute
aexposure of mice to aldrin were similar to thnss
exhibited on exposure to lindane. Symptoms to
aldrin however developed earlisr and were mare
severa. These were: hyperexcitability, Ltremor
thrpughout tha body, frequent praostration, {tonlc

convulsions and death which occurred within 24
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hours for most of the animals. Some died at a much

later day.

3,30 Intaraction Studiles.

The results obtained 1in this étudy (Table
Vv) show that dimethoate mean survival times of
mice prexposed to 10mg/ kg aldrin wWas not
significantly different from the contrel, using
the pocled t statistics (at P < 0.05>. while the
survival time for mice pratreated with 10mg/kg was
significantly shorter (P < 0.05> than 1in the
controls. Although mice axposad to this
formulation showed, considerable decrease in
weight, as they fed less., Aldrin appears to have
causad anorexia in these animals.

The effect of pretreating mice with lindane
on the survival time of dimethoate challenge dose
(Table V1> shows that the mean survival time of
lindane ‘pretreated mice is gignificantly longer (P

£ 0.05) than that of the contral group.
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3.40 Peniobarbitone Sleeping Time

Tablas VII and VIII show effects of
pretreating mice with aldrin and 1lindane on
pentocborbitone sleeping time. In each case, the
meaan sleeping time for the treated group was
significantly (P < 0.05) shorter than for the
cnntrol. The pooled t statistics was used for the

test.

3.41 Histopathologic Findings

Symptoms characteristic of organophosphorus
toxicity were noticed within thirty minutes of
administration of the pesticide and toxic signs
persisted for several hours. These subsided after
about ©& hours. WVhen the subsequent doses ware to
be administered the following day the animals
appeared to have recovered from symptoms of the
previcus day's dose. However, recaovery from these
symptoms for the group receiving 100mg/kg (group
I1I) were much slower and less complete as the
animals appeared less active than those of the
other groups and control. The organ/body weight
ratio treatment 1is shown in Table 5.1. The mean

crgan/body waight ratios for each of the treated
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groups are not significantly different <P <0.05)
from the control mean using the student 't' test.
Histopathologic studiec 1indicate that some
organs had lesions while others were apparently
normal. The lung was the moet affected. in must of
the treated animals tha 1lung was severely
congested and thickened with intersiicial
pneumonia. The degreec of severity of damage in the
lungs did not appear to ba dose related. The liver
was the next organ in order of severity of damage
although this was oObsarved in ouly a small
proportion of the animals. The cbserved lesion was
characteristically a mlid to severe congestion,
and intestitial edema of the hepatic tissues. The
kidney did not appear to have been affected 1in
most of the animals. A few however had mild to
severe congeetion. No lesions were observed in the
heart, brzin and spleen of any of the treated and

control group animals.
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Serial No DQose Sroup Number of dead micé MNumbar of mice survived

ey e i ol gl L e e

i &roup
2 R : 0 ]
3
d 120mg/kg
]
& Group
? (® 2 3
8
8 192, 2eg/kg
H
n &roup
12 () 3 2
13
4 307, 2ag/kg
15 .
16 . grouo
7 (0 5 0
18
L} 491, 5ug/kg
20
Table 1

Acute Toxicity of dimethoate in Raogor?
commarcial formulation.
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Serial No Dose Broup Number of dead mice Number of mice survived

- - -

1 Group
2 (A) 0 5
3 100ag/kg
4
5
6 Group
? (8) ! 4
8 150mg/kg
9
10
" Group
12 ) 5 0
13
14 200mg9/kg
15
6 Group
17 (3} 5 0
18 28833/kg
9
20
2! Sroup 5 ¢
22 (E)
23 345mg/kg
24
23
TABLE 1]

Acute toxicity of purfekthion®



Serial No Dose group Number of Dead mice Number of wice survived

1 Group
2 (A
3 20mg/kg 0 5
1
5
6 30mg/kg 2 3
7 Group
8 (8)
9
10
11
12 40mg/kg 3 2
13 Group
14 ()
15
b3
17 E0mg/kg 3 2
8 aroup
19 o
20
21
2 G08g/kg 5 0
23 Group
| ()
25
TABLE 111

Acute toxicity of aldgin.
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Serial No  Dose Group MNusber of Dead mice Nusber of mice survived

1

2 Groun

3 (R) 0 5

4 192 8ng/ky

5

g Groun

7 (B) 3 2
8

3 230mg/kg
10
n Group
12 () 3 2
13
14 276ng/kg
15
16 Group
17 tn)
18 ] )
19 307 ,389/kg
20
21 aroup
22 (E)
23
21 331.770g/kyg 5 0
25

TABLE 1V

Acute Toxicity of

lindane.
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Dose Group Serial No Survival Time (mins) Mean Survival Time (mins)

I Received 1 57
10mg/kg 2 40 54,8
3 11§
i 40
§ 31
6 23
I1 Recetvea 7 29 296
168g/kg 8 37
E] 29
v 30
11 78
11 Contl Recd 12 50 %3.6
Only i3 47
Vehicle 14 144
15 149
Table V

dffect ot aldrin pretreatment on the
survival time o©of mice challenged with
288mg/kg of dimethoate
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Sarial N2, Survival Time (minutes
Lindane-Pretreated group Control group
| 110 65
2 192 10
3 128 €4
4 130 62
L1 170 67
6 149 69
7 i52 68
8 215 (9]
Hean 155.75 £5.5
Table VI

Eftact ot lindane pretreatment on the
survival time of mice c<oballenged with

30Umg/ kg of dimethoate.
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........................... B L L L T T P ———

Group Serial No, Onset Time (minules) Cleep Duration (mins) Mean

. e B e W S e e s e m S - —

1 2 48
2 4 52
3 ] 47
] 7 39 47,28
Control 5 irregular
(1 13 58
7 H 45
8 5 42
Aldrin 9 3 11
16mg/ g 10 7 1
Treated n M> sleap -
group 12 9 8 12,14
13 5 12
14 4 14
15 5 I8
& ¢ 4
Table VII

Effect of aldrin pretreatment on

pentobarbitone sleeping time in nice
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- - - -

Group Sarial No Sleep onset Time (mins) Sleep Duration (mins) Mean

R e - - -

1 4 7
Lindane d No sleep
95mq/kg 3 4 3
Pratrd group 4 6 § 5,33
5 No slasp
& 8 6
7 § 5
8 7 &
control 9 & 25
group 10 8 15
il 10 R
12 ? 14 16,5
13 5 18
14 5 1%
15 4 18
16 5 16

Table V111
Effect of lindane pretreatment on

pentobarbitone sleeping Time in mice
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Group House tnitial Wt after Grouwp droup Faad 1n.ave
serial Mo,  Geight 4 days initial Taad Wt 287 group
ig) ig) dt, of fead  >lvar & Jaye

1 i i9 i7
Received 2 i7 H 3
long/kg 13 6 18 150g 132 8
aldrin 1 % is

5 17 ¥

H | ! 15 6
(entrol 2 n 20
feceived 3 I 7 150 104 4
digtilled { 2 <
wiler § 17 ig
Table IX

BEffect of Aldrin pretreatment on welgnt

and feed intake of mice.
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VETIEHT OF CREANLSD

—-——r i

Sroup Haart Kidney Lungs Liver

Brain

Splesn

i £.005 20,0007 0.01620,0012  0.0105%,004%  0,050440,0040
) 0, 6004820, 0000 & 019220,0021  ¢,01320,0038 0, 052840, 0%
3 ¢,007 9,015 0.008 0,04

A 4 9040020.0005 0, 015¢0,000 0010620017 0046640, 0048

0017610, 0045
{,021020,0027
.00

¢.013520,0032

0004640, 0013
9,006820,0023
0,002

0,00720,0030

#» cantrol

Tablae X

Kaan organ/body welght ratio of mice delly exposed

to dimathoata at 25, 50 and 100mg/kg in groups I, Il

and [II respectively over thirty days.



CHAPTER FOUR

DISCUSSION

4.11 ACULE TOXICITY OF DIMETHOATE

Since 1941 when Adrian ot al demonstrated
the inhibtition of cholinesterase enzyme by
organophosphates, the observed symptoms (see
saction 3.21) of toxicity following
organophosphate polisoning have been generally
attributed to their ability to inhibit
choliresterasc enzymes. Although doubts were
ralsed as to the wvalidity of this mechanism of
toxicity to the organcophosphates (Chadwick, 1963)
evidence for 1{its acceptance is overwhelming
(0O'Brien, 1960, 10967): the observed symptoms of
poisoning are similar to those expected from
cholinesterase inhibition, the muscarinic symptoms
ware blocked by atropine, an established
cholinergic antagonist; nicotinic symptoms were
relieved by oximes, well known cholinesterase
reactivators, and there is correlation between the
level of cholinesterase inhibitiion, symptoms of

toxicity and dose of the pesticide administered,

64
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in the animals. Most analytical methods for
determining organophosphate poisoning in animals
or humans utili~e cholinesterase inhbition
analvsis (Ancher, 1963; Gage, 1961; Iyaniwura,
1985), although other methods have also been
employed for safety evaluations in humans, with
greater precision. These methods test for
insecticide level 1n the blood and residues or
mztabolites in the urina. For example, Mattson et
al (1960) ronducted controlled feading tests on a
human volunteer 1in which the man was fed with
malzathion 9.16mg/kg and 0.84mg/kg. Tests showed no
blood cholinesterase innibition, but revealed a
total of 19-23% of the original dose in the urine
in each case.

Dimethoate, like other organophosphates,
produce cholinesterase inhibition via an
activation product <(the phosphorus-oxygen, PO
analogue) dimethoxon. This observation was
demonstrated in houseflies, cockroaches and mice
(Krueger et al, 1960). Dimethoate toxicity depends
upcu the net availability of active metabolite
dimethoxon at vital target sites. The activation
and degradation of dimethoate is almost entirely
restricted to the biotransforming enzymes of the

liver (Uchida et al, 1964, 1967).
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The degradation of dimethoate in the liver
is catalysed by carboxyamidase (amidase, for
short) and phosphatase, with amidase deactivation
being the principal route in most mammals and
plants. The degradation route variese with species
(O'Brien, 1967). Degradation may be either through
phosphatase in some species, amidase in others or
both in some species. The relative lack of
carboxyamidase enzymes in insects ha: made them tu
be selectively susceptible to the toxicity of
dinethoate as compared to mammals (Krueger et al
1960, Uchida et al 1964). For example, ‘he LDso
for dimethoate in the locust E. plorans (s 40ug/;
(MacCraig, 1961). The housef.iy is especiaiiy noted
for its sensitivity tu dimethoate - with the LDso
being 0.53ug/g (Uchida et al, 1905). It was found
that the ability to block degradation of
dimethoate was an excellent index of ability to
synergize. This was demonstrated by the abllity cf
EPN to block degradatlion and thus synergize
toxicity of dimethoate in mice, less in guinea
pigs and absent in houseflies, or milk weed cugs
(0O'Brien, 1967). The Mammalian Selectivity Ratio
(MSR), which 1s the ratio of cural LDs.. to the
topical LDsc in female bouseflies 1in ng/kg for
both speciles, for dimthoate 1is 390 (Metcalf,

1972). This indicates that mammals with much
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higher amidase, are much less suscaeptible to
dinthoate than houseflles.

This metabolic selectivity to dimethoate is
ocnfered by the prasence of +the hydrolysablae
carboxyamides group, —C{UDNHCHx 1Iin  dimethoate
describad by O'Brien (1967) as i1ts selectophore: a
chemical grouping which confers gelactive
properties on a toxicant. The ideal pesticide is
cne that has high degree of selective toxicity to
target organism. The wselectopbore concept led to
the development of some highly selactiva
urganopho&ph#tas. such ag acethion. In practice,
howevar, szome other Iactors, 1n addition to the
seletophore have bean demonstrated to influence
=clectivity and toxiclty 1in general. For exanmple
sensitivity of dimathoate carboxyamidase has been
shown to difter in different organisms (0'Brien,
1967),

In thie preliminary study, the median
lathal dose of dimethoate from two commercial
fornulations Raogor®, and Perfelthion® were
investigated (see sectlon 2 1l). The median lethal
dose obtained in +this atudy for Rogor®
(272, 1mg/ kg’ compares faveurably with the
literature wvalue, 250mg/kg in mice (Panshina,
1963>. Rogor® and Perfekthion® are two differzat

foimulatious @i the same <ompound - dimethoate.
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The median lethal dose shows that the Perfekthion®
formulation (LDeo, 165mg/kg) is more toxic than
Rogor® (LDso 272. lmg/kg) . This differaence

signifies that types of formulations can influence

toxicity of a compound. There are saveral
literature reports on efifect of various
formulatione on the toxicity of technical

producte. Aldridge el al (1979) reported an
instance 1in Pakistan where a major poisoning
incident occurred because uf a shift from the use
uf one formuliation of malathion to another, during
a malaria control programme. About 3,000 out of
the 7,500 sprayers were intoxicated and $ of them
died, from *the use of the toxic formulation.
Iuvestigations revealed that isomalathion, present
in the toxic formulation as one of the impurities
wac mainly responsible for the potentiation of
malathion toxicity

The difference in toxicty of the Rogor® and
the Perfekthion® formulations used in the current
study is most probably due to the fact that Rogor®
is an oily preparation and tends to release the
active ingredient, dimethoate, more slowly as
compared to that released from the aqueous
formulation of Perfekthion®. The presence of an
impurity in the formulations 1is also likely

although this was not investigated. Dimethoate
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toxicity has also been demonstrated to increase
with shelf-life (Meleny and Peterson, 1964). These
findings would imply that safety evaluations
should be conducted on finished products of
pesticides before they are allowed to be
distributed for use in pest control programmes.
The LDeso gives an idea of the magnitude of
the acute toxic dose and pattern of toxicity of a
chemical (Frazer and Sharratt, 1969). Perfekthiun®
formulation was used in subsequent studies since
this formulation is easier to inject and appears

to give a more consistent response.

4.12 ACUTE TOXICITY OF ALDRIN

The symptome of poiscning by aldrin are
described 1in section 3.22. Siamilar symptoms have
been described in the literatures (O'Brien, 1967).
In addition to these symptoms Gowdey (1952-55)
noted slowing of the heart and salivaticon, which
are normally peculiar to peripheral
parasympsthetic symptoms and attempted to
implicate cholinesterase inhibition as mechanism
for aldrin toxicity. This was disproved by
Smallman (1955) who demonstrated that aldrin doues

not inhibit <cholinesterase anzymas 1p vitro.
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Lalonde et al (1954) further demonstrated that the
cyclodienes, represented by aldrin, were acting in
a mode similar to DDT (see section 1.20) and
suggested that the target site upon which aldrin
was acting to produce toxicity was the nerves.
This view has not been disproved.

Adrin is metabolised in animals, plants and
soil to Aieldrin, its epoxide, which is
particularly noted for being one of the most
stable chemnlcals ever known to man (Matsumura,
1©75). Both aldrin and dieldrin are toxic. Brooks
et al (1962) described the biotransformation as
toxification process because dieldrin, the
metabolite, is faster-acting and more persistent
than the rarent compound, aldrin. The stability of
dieldrin was Jdamonstrated in housefly by Earle
(1333,, who showed that dieldrin absorbed by
houscfly larvae persisted through metamorphosis
and into Lhe adult housefly. The dieldrin excreted
from the aadault fly remained unchanged.

Studies oun human voluuteers showed that
daily doses of dieldrin up to 210 pug for 18 months
did not cause any haematological changes (Hunter
et al, 1967) nor any other clinical abnormalities.
Cases of occupational intoxication in workers who
handled aldrin were reported by Jager (1970) the

symptoms consisted of headache, lassitude,
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fatigue, loss of appetite, weight loss, insomnia,
frequent nightmares, inability to concentrate,
loss of memory and hyperirritability. In an
attempt to find the critical 1level at which
dieldrin cause poisoning in humans, a number of
studies were conducted in botn humans and animais.
In one ot such studies, Keane and Zavon (16692) fed
dogs with Z2.0mg/kg/day up to 63 aays for acuts
poisoning, and 0.2-2.0mg/kg/day for 150 aays for
the subacute group. They analysad blood samples
for animals showing symptoms of tcxicity and fourd
a direct relationship between concentratilon of
dieldrin and symptoms, Huwaver, like pDT,
establishing correlation betwesen 1ts critical
level and signs of poisoning is made difficult by
its tendency to accumulate in adipose tissue. For
example, in an experiment with rats, le &t al
(1962) fed rats chronically with DDT and achiaeved
a high 1level in thelr adipose tissue without
symptoms of toxicity. However, wheu they subjected
the rats to a severe fast, the animals exhibitad
symptoms typical of acute poisoning. They
explained that during fast depletion of the
adipose tissue by catabolic process led to the
release and distribution of the stored DDT to

critical nerve sites the released compound also
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caused an induction of nmicrosomal enzymas in the

liver (Dale et al, 19627,

4.13 ACUTE TQXICITY OF LINDANE

The symptoms of lindeone poisoning (see
secticn 3.22) are slimilar te these of DDT
poisconing (see section 1.19). This similarity of
syuptoms have led to the feeling that lindana was
acting via the same nechanlsm as DDT to produce
toxicity Q'Brien, 1267)., Various views bhave been
axpressed as to the exact monde of action of
lindane. For example Slade (1954) had suggested
that lindane was having similar configuration with
myoinasitol an essential diatary requiremant cf
mammals and fungli and competitively interiered:
with uptake o©0f mycinositol 1in Lhe animals to
praduce toxicity. 0O'Brien (1967) reviewed smome of
these arguemente and concluded that lindane was
not acting as an antimetabolite, but as &
neurataxicant, acting in a wnde =im'lar +to DDT.
Large dJdifferences sexlist 1in toxicity among the
closely related isomers of Hexachlorocyclohaxane
(HCH> of which lindans is a member. These
differencas were thought (Mulline, 1¥5%5) to arise

from the "varying ablility to 'rit’ inta a
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hyopthetical lattice 1in the axonic membrane" by
the HCH isomers. A rigid spatial arrangement of
the molecule was a prerequisite for insecticidal
activity and molecules that were nct fitting in
exactly would have no effect. This model of HCH
fitting into a membrane lattice 1ls however, still
speculative and has not vet been cemifirmed.
Lindane is daegraded intc won-toxic
derivatives within 2 weeks of application on
crops. (Lichienstein et al, 195083, Lindane
poisoning in Lumans onave been associatad with
serious bloocd dyscrasias, rriamarily esplastic
anaamla, and allergic reactioua ‘WVast, L967).
Lodge (1965) associated lindane with bone marrow

damage.
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4.14 ALDRIY AND LINDANE

In this study the grnss symptoms following
aldrin and lindane poisoning (see Section 3.22)
area miwilar for eitber pesticide. These have also
bewn reported iIin sevaral literaturae, O'Brien
(1967>, for exomple listed symptoms which occur
from potsoning with lindane as follows: (ar
tremor, ataxia, convulsion and prostration; (bh>
gatimulated activity in resplration; (@) excessive
alectrical activity in poiscnad axon (d)
acetycholine levels in nerves of polsoned lnsects
subatantially increased. It waszs suggaested that the
two compounds, belng organochlorines, exert their
activity wvia the =ames machanism mnd in a mode
similar to DPT.

Athough bouth aldrin and lindane appear to
act by the same mechanlism, aldrin {(LDso 40mg/kg)
appaars in the present data to be more toxi~ than
lindmane (LDweo 24%9.0mz/kg?. Infact this culeervation
is supoarted by previous studlies which reparted
LDuwe nf 30mp/kg for aldrin and 88ng/kg for lindane

(Galines, 196%).
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4.20 INTERACTIOR STUDIES

Tatraathyl pyrophosphate, the first potont
organophosphate insecticlds (Murphy, 1975 did not
find wide application because of its sxtremely
toxic effects in lhumans. Parathion, the once very
popular organophosphate woon found Jdisfavour for
the wame i1esson. Humsan safety is the primary
consldaration of the accaeptabllity of a compnund
for pest coatrel programmes. The ldeal pesticlde
should s=satisefy the dual purposes of Dbelng
selectively toxic to target organiems while
retaining low toxiciity to humans.

Following the work of Frawlay et al in
1957 1t bacame apparent that a compound with a
previously good record of human safety when used
alone could be very toxic when used in combination
with safe doses pf other chemicals. Coansequently,
the United States Food and Drug Administration
introduced the raeguirement that chemicals to bae
euployed on food crovpe for the contrpl ocf pests
should ba tesmted 1in comblnatione - in an attempt
to detect potential iInteractions between the
pasticides. Impetus was +thus glven for Iintense

research in combination toxicity of pesticides
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(834 various= pairs of organophosphate
pesticides tested for acute toxicity several
additive, less than additive aand synerglsm have
been reported. For example DuBois (1061) found the
following pairs svnergistic in female rats:
Malathion-trichlorform, Malathion-EPN and
azinphosmethyl-trichlorform. Each of the
pesticides that formed synergistic pairs with
malathions was found to selectively 1inhibit
carboxylesterase enzymas reponsible for
detoxification of malathion, and this was
suggested to be the mechanism reponsible for the
synergistic action. Several other interactions
betweean organophosphates in mice were also
reported by Casida (1961) and Casida et al (1963).
They also attributed observed synergistic actions
tb inhibiticon of detoxifving carboxylesterases. Su
et al] (1071 in &a similar work noted that
organcphosphates with anticholinesterase effects
that compared closely with their aliesterase
inhibition were not likely to potentiate malathion
toxicity at permitted dietary lavals; but
crzancpinsphates which inhibit aliesterase at much
lower dose levals than those required for
cholinesterase inhibition were more 1likely to
potentiate malathion toxicity. Other pairs of

organophosphates found to be synergistic {in
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various species include: Fenchlorphus-FPN,
parathion-Fenchlorphos, DiEF (s, s, =, -
tributylphosphorotrithiolate,-8FPN. DEF-Dimetlcate,
EPN - DPimethoats (Bull ec al, 1965; MNciollister
et al, 16%9),

Carboxylesierase iuhibition was inadoquate
an explanation Io9: some cf the synergism
encountered and cther mechanisms were suggested,
eom2 of which have been elaporated upun in the
introductory section of cthis report.

Various <ombinations of organochlorines

studied (Keplinger et al, 1967) chowed that

endrine-chlordane endrin-aldrin, mathoxychlor-
chlordane were more than additive «~hen given
eimultaneocusly. Interaction with storage and

metabolism were also reported with organochlorine
combinations. The simultaneous administration of
dieldrin and DT resulted in marked reduction of
dieldrin storage in adipose tissues (Street et al,
1962, It was suggested that this effect was
mediated by induction of microsomal enzymes by DDT
which accelerated the rate of conversion of
dieldrin tc  hydrophilic products subsequently
excrated in faeces and urine.

Sinultaneous administration of two
cowmwpounds howevar, may not reveal the capacity of

one agent to potentiate the toxicity of the other
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compound (Hagan et al, 1961). The organochlorines
have been well known for their ability to induce
hepatic microsomal encymes. This ability enables
them to Influence toxicity of other compounds via
enhanced blotransicrmation process for which these
enzymes ara catalysts <cConney, 1971; Sher, 1971;
Remmer, 1972; lIyaniwura, 1988a). The importance of
mixed function uxidases (MFOs) in the
biotransformation oi insecticides is well
documented (Lonuey et al, 1972). The induction of
thesa enzymes would bae expected to increase
toxicity of compounds that are primarily activated
by these enzymes. Thus the toxicity of schradan
was reportedly (Kato, 1961’ increased {following
four days pretreatment of rats with thiopental, a
well kanown enzyms inducer. DDT administration
producad in rats an increased ability 1in their
liver nicrosomss to apoxidize aldrin and
heptachlor (Gillett et &1, 1966). The epoxides
being ncre toxlc than pareant compounds. Wheraas,
for coaopounds that are primarily dscoxified by
these enzymes, an induction would be wexpected to
decrease thel: toxicity. Several examples nave
been reported 1in the literaturs. Black et al
(1975) reported that 24 to 240 hours ovex
pretreatment of rats provided protection agaiast

parathion and paraoxon. Egaas et al, (1988a>
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showed that aldrin and lindane induced MFO system
in the vyellow mealworm, Tenebrioc molitor. They
sleo demunstrated that aldrin pretreatuwent of the
insect larvae with sample mean body weight of
0.23g resulted in a decrease lindane toxiclity and
attributad this to the inductiun cf MFO by aldrin
(Egaas at al, 1988b>.

In the present study tue influence of
pretreating micea with aldrin or lindane on the
toxicity of dimethoate was investigated., Previous
studies (Saume at al, 1960 demonstrated that
simultanenus adminisctration cf EPR or TOTF with
dimethoate potentiated dimethoate toxiclty in
mice, possibly by the ablility of these compounds
to  inhibit carboxylamidase, which metabolised
dimethoate (Seume ot al, 1960). Since dimthoate is
mainly bhinotransformed in the livar (Uchida et al,
1964, 1967), 1t would be expected that the sffect
of pretreating antmale with liver enzyme inducers
should decrease dimathoate toxicity, particularly
as it has besn suggested for organophosphates that
the rate of nmnicroscomal detoxification is more
responsive to enzyme induction than the microsomal
activation 4o produce the taoxic oxygen analogues
{DyuBols, 196%8). It was reported howsver (0O'Brien,
1987hy that mles pretreated with the hepatic

enzyme inducer, phencbarbital, increased theilr
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susceptibility to polsocaing by didetiboate coutrary

to expectations.

4.21 ALDRIN VERSUS DIMETHOATE

Aldrin at 2 dose which was clearly capabple
of inducing liver microsomal enzvmes as indicated
by the effecte on pentobarbitone sleeping time
(Table VIiD, was not giving protection to
dimethoate toxicity <(Table V). Previous reports
suggeasted that the inducers of hepatic microsomal
enzyues produced protection {Murphy, 1969) .
Organochlorines are well known inducers and pre-
exposure to aldrin would be expected to provide
protection to the mice. Aldrin was slso observed
at the samwme dose to suppress oppetite (anorexic
effects) in the exposed mice. These animals were
found to ba weak, less active and had reduced
waight compared with controls. It is possible that
administration of =2 lethal dose of dimethoate
after aldrin-pretreatment constituted more stress
for the animals than in the controls. Apparantly
these anorexic effects outwaighed any protective
beneiits that would have ariser from inducticn of

the liver microsomsl enzymes. Thus rather than
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give pratection, aldrin has poilentiated +the
toxicity of this compound (sectlion 3.30).

Ball et al (1954} however., reported toat
four dayve pretrsabment of feazmile rete witn aldrin
dld provide protection to paraithion & well known
organcphtsphats pesticide ssimilar to dimethoate?,
Failure %o abtein sinilar results ln tols study
with mlcs could =1sc be ctiributed ts the
formulation 2f aldrin ueed and possibly +the
presaace of Impurities <(ildrige, 1979, 7This Is
supported by the suggewtion made by Clarke (1975)
that <he Toxicity of aldrin diliers to some exteat
according tu the method of prepavation, possibly
resultiag from the presance of z variable guantity
ef a more toxic lmpurity, Since the commercial
formelation of &ldrin usad in this study contains
5% aldrin in the total welght of powder, it is=
posesible that the lavge proportion of the diluent
in ths formulation may constitute impurities which
are capabla of biological activities which could
influsnce the <waxicity of the active compound.
Further studles would, howevetr, be needed to

wlucidate +this fact.
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4.22 LINDANE VERSUS DIMETIOATE

At the same dose which lindane reducaed
toxicity of dimethoate (Table VI and section 3.30)
it also reduced pentobarbitone sleeping tims Table
VIIii). Pentobarbitone slieeping time correlates
wall with the period of ftime for which there is an
effective concentration of the drug in the animal
body. Chemicals which induca activity of the
hapatic metabolizing enzymes for this drug would
therefore shorten the sleeplng time as the drug
would ba cleared from circulation faeter. [{ would
appear the reduction in dimethoate toxicity
following lindane pretreatmwent is via the same
mechanism 0f enzyme Induction, as lindane at the
same dose reduced peantobarbitone sleeping time. By
increasing the activity and amount oif microsomal
enzvmes, lindane 1is ocausing an increase Iin the
rate at which dimethoate 1s cleaared from the
animal body thus reducing 1its toxlcity in mice.
Thae overall dynamice of enzyme induction has been
shown to favour detoxification «DuBois, 1646&>. In
a study with a similar compound, an
organophoshate. parathion, Balli et al (10548
showad that pretreatmant with aldrin decreased the
toxicity of parathion to femnie rats. Alary and

Brodeur (1969) suggested that both activation and
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detoxification routas for perathlon wera
stimulated at inpnduction of the encywes but that
the overall process was 1in favour of diseoct
degradatlion of parathion thon 1tse activaticn., TiLey
howevar dld not make direct nmeasuremeats of
paraoxon levels to buttress tholr polnt. Otuer
#tudies showed that paracxzun formed frox parathlon
provides a readier substrate for detoxification
(Black ot al, 1%75) than parathion. Dim:zthoates is
gsimllarly activated in vivo to dimsthoxon the
phosphorus—oxygen (=0} analogue assyumed to be xthe
actual toxicant Krusger et al, 1960, whivh in
turn lie detoxified Ly lisver asicrosowd) enzynes
(Uehidae, 16645, Tuduction of wlorcsomal enzywnes
apprars to favour the 1rate of clearance of
dimethoxon ip wviveo much leaster than the rate of
activation of dimsthoate and thus the net affaect
is a reduction in dimethoate toxicity.

The effect of lindane pretreatment is thus
protection from tbe acute toxic aeffects of
dimethcate. It would appear that lindane provides
this protection by {increaseing overall rate, of
breakdown of dimethoate 1in the liver. Although
furthar studies would ba required 1o completaly
define the mechanism of dinteraction between
lindana and dinethouate, +the preseunt data however

would appear to suggest that idinduction of 1liver
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microsomal enzym?s Ly lindane plays & promlnent

raole in the interaction process.

4.23 Histopatholaogy

Durham (1963) reviewad the 1literature on
toxicity and inhibition of cholinesterase by
various organophosphorus ingecticidas. He noted
that +tha degradstion of +thess pesticides was so
rapid that they 4o not accumulate in mammalian
tissves, Teumuki et al. (1970) also confirmed this
finding but noted that there was cummulative
physiclogic effectivenees 1in whinh toxic eigns
rersisted for long after the chemical bhas been
excreted from the animal., Observations in this
study is counslstent with these findings, as
animals appeared to have recovered from previous
exposures before subsequent re-administration for
tha lower dosagas groups. Animals axposed to the
highest dose group, that 1s 100mg/kg secovered
from the i(oxic symptoms much more slowly, and some
of the symptoms were still! evident after 24 hours
puost exposure. No determination af metabolic
residuag of the toxicant were mnadae, hcwaver, In

the preseant study.
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Organ/body walght ratiocs ware ueither
incireased nor decreased in this study and there
were no linaicatlions of cancervus lesions., Tsumiki
et al. (1970, reperted a slight recucticon 1in
livarsvody weight ratlo of mice traated wita
100ppm distary dimethoata for 45 days.

The Luistopathologic ctamivrtions revealed
the presence of lesions Iln the lungs, liver and
kidney of some these mice. [t would be recalled
sueral introduction) that organcplhosghates
produce thelir toxic signe by inhibiticn cof +the
cholinesterase enzymes, thereby causing
accumuiaticon of the acetylcholine and subsquent
overstimulation of the cholinergic systams. The
chulinergic systems Iinnervate the respiratory
cenler 1in +the madulla-oblongata o©of the caentral
nervous system, The liver and kidneys are
similarly 1innervated by cholinergic system. The
ousarved lasions couid therefore result from the
paysiopatholiogic nanifestations of the nerve
endilngs at the affected organs. The data suggest
that chronic expousure tc high doses of dimethoate
could cause nistopathologic <changes in the lungs,
liver and kidney. However these lesions appear to
be secondary tov the clinical slgns rather than any
direct eifect of the agent as evidenced by the

lack of cellular infiltration. It also does appear
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from the data that histopathologic effects of »
dose as high as 2%5mg/kg dimethoate subchroaically
admwinistered shows no considerable tissue dJdamage
in mice. Such high doses are unlikely to be
encountered 1in human exposure. Allowed Dalily
Intake ‘A.D. 1> for Aimethoate 1s 0.Zmg/kg (W.H.O.,
1973) which is considarably well below doses that
have teen found from the current study to causa
histopatiolegiconl damage.

Thaze observed histopathologlc effects ware
studied umiang dimerhozte alone. The pattern of
lesious may be altered when dimethoate is used in
cemblnatlon with other compounds. The interaction
¢f dimethcaie with other pesticidal =onpounds as
related *to  histopathologic effects were not
examined in the current study and this couvld be an

arsa of future investigations.

4.24 COHCLUSION

Although pasticide combinations sprayed on
plants may accumilate o rasldues pasti_ide
poisoning from focd residues may not constitute a
major problem. This f{s bacause compliance with
sultable formulation, timing and pirocedure of crop

spraying, and permitted Jdietary levsle set by the
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Vorld Health Organisation (WHO> and the Food and
Agricultural Organisation (FAD) of the United
Nations would permit only extremely smal) dosacs of
pesticides as residues whose interactions may not
yield any significant effects in human. However,
individuals with a history of exposure to
pesticides such as may oaccur 1{In oaccupaticonal
exposure, could respond unpredictably to other
drugs or toxicants applied subsequently.
Furthermore, pesticide combinations for
household use <could be selected such that
combinations with abvious potential hazard to man
could be avolded. These interaction findings raise
the hope that pesticide combinations could be
designed with the aim of achieving a.high.r leval
of salective toxicity sparing non-target organiesms

and the environment.
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