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INTRODUCTION

The use of pesticides in recent years has come under close scrutiny
by the pubfié. This concern has stemmed from an increase in the under-
standing of the deleterious effects of these chemicals on both tHe-en-
vironment and nontarget species. DDT was the classical exahple of an
economic poison whose biocidal characteristics ultimately resulted in the
banning of the compound. However, many other chemicals have been the sub-
ject of intense investigation in recent years, mirex being among them..
Although having been aerially sprayed over millions of acres in the south,
relatively Tittle is known concerning mirex's effects on nontarget
specigs, In addition, the méchanism of action of mirex on mamma1s3and
birds is completely unknown. This research project was designed to add
to the exist%ng knowledge of mirex as well as to clarify several cﬁpf]icts

which appear in the Titerature concerning mirex's toxicity to mammals.
Literature Review

General background

Mirex is a polycyclic chlorocarbon pesticide which has been used in
the southeastern United States as the principal ingredient in bait used to

control the imported fire ant, Solenopsis saevissima Fore1; Mirex, chem-

ieal]y known as 1,1a,2,2,3,3a,4,5,5,5a,5b,6-dodecachlorooctahydro-1,3,4-
metheno-]H-é&c]obuta(cd)penta]ene, was first prepared in 1946 by Prins.
Mirex 15 a Qﬁite, odorless, noninflammable, crystalline solid at room tem-
perature. The chemical molecular formula is C10C112, consisting of 22%

carbon and 78% chlorine. It has a molecular weight of 546. Mirex is



jnsoluble in water but soluble in organic solvents such as hexane, ace-
tone, methyl ethyl ketone, carbon tetrachloride, benzene, dioxane and
xylene. The closest chemical related to mirex is Kepone which is also an
insecticide and is identical except for the substitution of an oxygen for
two chlorine atoms (Markin et al., 1972; Waters et al., 1977). See Figure
1 for the structure of mirex and related pesticides.

The compound was patented in 1955 and was introduced in pesticidal
baits in 1959 by Allied Chemical Corporation as GC-1283 (Waters et al.,
1977). The actual manufacturing of the pesticide was done by Hooker
Chemical Corporation in Niagara, NY. Mirex was developed primarily as a
replacement for the highly toxic and less specific insecticides bDT,
hgptach]or and dieldrin. In addition to mirex's use as a pestiéide it was
used as a f%re retardant under the tradename Dechlorane (Mgrkfn et al:,
1972). Dech15rane was incorporated into manufactured products which cover -
an extensive variety of materials, mainly, paints, paper, butylrubber, |
pyrotechnic mixtures and plastics (Markin et al., 1972). It is possible
that mirex ébu]d be released into the environment by burning or the
weathering of the products into which it was incorporated...The amount of
mirex prepared and sold for its fire retardant properties is believed to
be several tiﬁes the amount used for pest control (Markin et al., 1972).
Due to bossib]e environmental problems, Dechlorane was discontinﬁed in
1971.

The pesticide mirex, as stated above, was developed primarily to re-
place endrin and dieldrin in combatting the imported fire ant, So1gnogsis

Saevissima. The ant itself first invaded the southern United States in

4
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chlorinated hydrocarbon pesticides.




1918. Since the ant did not have any natural enemies, the population
spread to most states in the southeastern United States by 1950, infesting
126 million acres. Though there is little evidence that the fire ant
actually harms plants or wildlife, endrin and dieldrin were used in the
early and mid-1950's to combat the growing fire ant population with

‘ disastrous effects on nontarget wildlife species such as quail and turkeys .
(Shapley, 1977). Mirex was used in field trials on the fire ant in 1967
by the USDA. Following the application of mirex to 960 acres near Gulf-
port, Mississippi 95-99% of the fire ants were eradicated with little or
no apparent effect(s) on wildlife. Mirex was then accepted by the USDA as
the grincipél'pesticide for fire ant control (Lofgren et al., 196&), Over
269,535 1bs. of technical grade mirex have since been appiied to an esti-
mated 70 m11]1on acres in the south (Markin et al. 1972)-

M1rex was employed for insecticide use in a bait fairly spec1f1c for
the fire ant: The compound was dissolved in soybean 011 and absorbed onto
corn cob grits giving a final composition of .15% mirex, 85% grits and
approximately 15% soybean oil (Markin et al., 1972; Lofgren et‘aT., 1962).
The ants aﬁe attracted by the oil and the grits act as the éarrier (Lof-
gren et al., 1963; Lofgren et al., 1964). The bait is.appjied at 1.25
1bs/acre resulting in 1.7 grams of technical grade mirex ﬁer acre. When
applied aerially in the recommended manner, mirex will eradicate“98-100%
of all fire ants in a treated area in 4~12 weeks (Banks et‘al., T§71;

Lofgren et al., 1963, 1964).



Effects on insects

Mirex has been employed primarily for fire ant control; however, it
has also been used to combat other social insects. The harvester ant in
the west and the leaf cutting ant in Louisiana and Texas have had the most
attention in this regard (Markin et al., 1972). Some mirex has also been
exported to South America for control of umbrella and leaf cutting ants
{Amante, 1968; Markin et al., 1972). In 1971, California used mirex to
control the yellow jacket (Keh et al., 1968; Wagner and Reirson, 1971).

In addition, mirex has been used against a wide variety of other pest
insects with desirable effects, such as scale, mealybug, wasps, termites,
and earwigs (Gross and Spink, 1969; Rai, 1977; Markin et al. 1972)

Mirex has even been used as a systemic contro] on fleas in rats, kangaroo
rats and cottontail rabbits (Clark and Cole, 1968; Clark et a1., 197]).

Tests in the laboratory with desirable social insects such as the
honeybee indicate that mirex will just as effectively kill them (Anderson
and Atk1ns, 1966) However, under actual field conditions, honeybees are
not affected by mirex application (G]ancey etal., 1970).

" Mirex has been tried against a wide variety of other insects 1n addi-
tion to those ment1oned above with ineffective results in most cases
(Markin et al., 1972).

Mirex's effectiveness against social insects depends to a large ex-
tent upon its mode of action. The foraging insects ingest mirex from the
0il grit formulation and then are able to distribute the poieen throughout

the colony since mirex is a slow acting poison (Echols, 1966). The exact
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mechanism of toxicity of mirex in insects is unknown, however, Desiah and
Koch (1975) indicated that ATPase activity was not affected.

Environmental impact

There are three important parameters to consider in deciding the
suitability of a chemical being-applied to the natural‘environment._ These
are: its persistence in the envirohmént, its degradation properties, énd
its residue accumulation in the énvironment and nontarget organisms.

These characteristics of mirex will be considered here.

In 1962 mirex was officially released by the USDA for use as a com-
mercially available pesticide to control the imported fire ant jMarkin
et al., 15?2; Shapley, 1971). Subsequently, mirex was spfqyed in vast
gpantiﬁfgs over 69 million acres in the southeastern United States (Markin
et al., 5972). However, it was not until 1968 that the first fie1d.stud—_
ies were madé to measure its persistence in the environment} Van Vélin :
et a]..(]QéBf reported in experiments on ponds that m}rex;uwhgpnapplied at
the recommended rate for control of the fire ant, remained at é‘pe]ative1y
constant cdncentration in plants, soil and water far in excess of 300
days.l Béetgée et al. (1972) conducted a study comparing residue levels of
DDT and mire;-in selected fauna over one year after aerial épp]igation of
tﬁe.recommended 1.25 1b/acre of bait. Relatively high levels wgfefouna
iq numerous species. Mirex was measured in 4 out of 5 speéies of fish and
4j out of 42 species of birds. In addition, mirex residues often exceede&
DDT residues. It was concluded that mirex is a highly persfstenf'pesti-

cide.



Studies involving the exposure of mirex to the environment fdf even
Tonger periods of time also indicate a high persistence. In one cage
where soil samples were recovered 12 years after treatment with 1 ppm
mirex, half of the material was still undegraded. In another, 5 years
after an airplane crashed with mirex bait, 640 ppm mirex was present.

Both cases represent at least 50% recoveries of mirex. Furthermore,
Kepone, a more toxic dechiorinated compound, was found at concentrations
of up to 10% of the recovered mirex. This study illustrated mirex's pér—
sistence and the fact that it will eventually undergo slow successive de-
chlorinapion degradation to a more toxic product, Kepone (Carlson gt al.,
1976). . .

This extreme stability of mirex is understandable in view of tésts
ponducted on,its degradation characteristics. Exposure to sunlight and UV
1jght showed a slow degradation to chlordecone hydrate, nonochloropenta-
cyclodecan-5-one hydrate and undecachloropentacyclodecane (Ivie et al.,
1974a); Holloman et al.(1975) exposed mirex to high temperatures and
found hexacﬂ]orobenzene as the major product and some hexach]oroqyé]of .
pentadiene was also found. Baker and Applegate (1974) found that mirex
was more pers1stent than DDT, endrin, chlordane or methy]parath1on when
exposed to 350 um UV Tight. Mirex is not degraded apparentTy by 5011 bac-
ter1a, however, aerobic sludge organisms appear to degrade mirex (Jones
and Hodges, 1974; Andrade et al., 1975).

Since mirex is extremely persistent under environmentaI conditions,
widespread digtribution of residues has been recorded in both the physical

environment and in nontarget organisms as a direct result of fire ant



application. In an extensive study undertaken in Mississippi in 1971
following a single aerial application of mirex to control the fire ant,
the residue distribution in the physical environment, terrestrial and
aquatic invertebrates and selected vertebrates was monitored by Spence and
Markin (1974) in order to determine the characteristics of mirex dispersed
in the ecosystem. Mirex appeared to be leached from land sprayed with
mirex and this was measured in pond water and sediment as a result of
runoff. Residue levels peaked at about one month after spraying and were
observed to decline 3-4 months after treatment. Mirex was measured in
Bahia grass blades and roots which indicates that mirex can be trans-
located from the roots upward in the plant. '

Invertebrate species showed characteristic residue levels wh%ch de-
pended upon feeding habits. Scavenger species such as antg shoﬁeq:the
'highest levels immediately after treatment indicating that the_bait was -
picked up by these insects directly. Predatory insects shoﬁed residue
Jevels that peaked 10 weeks after treatment indicating that mirexipassed :
through the féod chain. Herbivorous insects showed the smallest ;jgnjfi-
cant levels 6f mirex. Mirex was detected in 24 out of 25 spec1e556easured
directly after treatment illustrating the wide dispersal in the environ-
ment. ‘After one year, 8 of the 25 species still had deteétab1e levels of
mirex (Markin et al., 1974).

The priqcip1es illustrated by the invertebrate specigs were.éﬂso ob-
Se;ved in vertebrates from the same study area (Collins ef'al., 1974}.
Carnivérous vertebrates such as loggerhead shrikes and mockingbirds, and

predatory fish such -as builheads and sunfish showed residﬁé levels higher



(1-8'ppm) than herbivorous vertebrates such as the bobwhite quail (.01-
1.5). These cérnivores are high on the food chain and indicate biomagni-
fication as seén with DDT and other related chlorinated hydrocarbon pesti-
cides. Most samples including items in the human food chain such as milk,
beef f;t; chicken, fish and game animals had detectable lévels after one
year. Overall, 77% of the samples from the human food chain contained
mirex and 88% of all samples taken from 61 species of vertebrates con-
tained mirex. The results of this study indicating the wide dispersal and
persistence”in nontarget organisms were substantiated by Wolfe and Norment
11973)-1_They found that mirex seemed to be stratified by trophic levels.
Howgvér; at 5:1ower application rate, .85 g/acre technical mirex, mirex
residue-léve]é remained relatively constant in fish for 7 months. and did
not peak at three months as indicated by the previous 1nvest1gat1on
Hg}11ster et al. (1975) and Tagatz et al. (1975) conducted exper1ments
i11ustr§tiﬁg.£he extraordinary capacity of various organisms to.cqncen—
trate mirex 71They found that four unicellular marine algae gpecies were
ab1e to.concentrate mirex 3200-7300-fold from the surround1ng growth
med1um In an experiment involving mirex leached from ba1t, minnows had a
concentrat1on factor of 40,800, pink and grass shrimp 10, 000 and blue
ﬁcrabs 23, 000 (Tagatz et al., 1975).

Tissue leyels and metabolism of mirex in mammalian and avian ‘systems

Extreme stabi1ity and a lipophilic nature are the most notable char-
acter1st1cs of mirex in 1iving systems. Early investigations w1th m1rex
1nd1cated that most of the ingested mirex appeared in the feces of .rats

.:ang_monkeys (Mehendale et al., 1972; Weiner et al., 1976). Mehendale

P
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et al. (1972)‘condUCted one of the first investigations on mirex's fate in
1living systems. Male rats given 6 mg/kg of mirex-14C excreted 55%'of the
administeredfdose in the feces within the first 48 hours after administra-
tion, reflecting a high amount of unabsorbed mirex. Little was excreted
in the urine, 1% of the total dose in 7 days due to the Tow water solu-
bility of mirex. Most of the mirex uptake was found in adipose tissue: -
27% appeared in fat, 3.2% in muscle, 1.75% in the liver, .76% in the
small intestine, .23% in the large intestine, .09% in the kidney and .07%
in the brain. A large percentage, 34%, of the administered dose remained
in the animal. No metabolites were discovered.

| The basic findings of this study have been borne out by other in-
Vestigators; Mirex appears not to undergo any kind of transformation.
Only one case appears in the literature of a living system producing a
metabolite of mirex. A small amount of metabolite was found in the Tower
colon of a rhesus monkey by Wiener et al. (1976). This was bé]iéved to be
due to spontaneous decomposition rather than by way of metabolism“or-by
bacterial decomposition in the gut of the monkey. Al1 other investigators
have reported that mirex passed through experimental animals without any
kind of biotransformation (Gibson et al., 1972; Ivie et al., 1974a; Khera
et al., i976; Smrek et al., 1977).

In male rats and quail the feces provided the'major route of .elimina-
tion Qﬁi1e very little mirex was eliminated in the urine (Gibson éf al.,
19723 Ivie et al., 1972, 1974). Female rats readily passéd mireﬁ through
milk to their young and through the placental barrier to fetuses (Gaines and

Kimbrough, 19703 Khera et al., 1976). Female quail eliminated 70-85% of
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ingested mirex through the eggs (Ivie et al., 1974a,b). Since mirex
appeared to concentrate in fat and be eliminated primarily through the
feces after oral dosing, the excretion kinetics appear to be biphasic, the
first phase lasting 38-48 hours and the long phase lasting in excess of
100 days (Mehendale et al., 1972).

Mirex is highly lipophilic and appears to concentrate in the fat of
rats, quail and monkeys (Ivie et al., 1974a,b; Mehendale et al., 1972;
Gibson et al., 1972; Weiner et al., 1976). Apparently this tendency for
accumulation in fat does not plateau as is the case with DDT and dieldrin
(Ivie et al., 1974a). Furthermore, residue accumulations foT1owing cessa-
tion of'treétment dissipate at a much slower rate than eifher of these
pesticides (Iv%e et al., 1974a).

Tissues which accumulate mirex at relatively high concentrations
usually haye a high blood flow and conversely each eliminates miréx resi-
dues quickly éfter the cessation of dosing (Ivie et al., 1974a, 1974b;.
Gibson et a]g, 1972). The liver, the kidneys, muscle and the brai; are
prominent in this respéct. |

Toxicology of invertebrates and lower vertebrates

Mirex has been found to be quite effective against various insects;
hqwever, it has also proven to be highly toxic to arthropods and]moderate—
]y toxic to h{gher organisms such as fish, birds and mamﬁals, ‘As report-
ed earlier, mirex acts on ants primarily as a slow acting poison. After
ingestion of the mirex bait there is typically a 72 hour or Tonder latent
period before toxic symptoms are observed in ants, during which fime the

mirex is distributed throughout the ant colony. Toxic effects are mani:



12
. -fasted by excitement and loss of'sooia1'order in the affected ant .colonies
after 1-4 days (Echols, 1966). | . N
..Housef11es.have been observed to undergo a simt1ar.type of'reactTOn
to mtrex 1ntoxication Fol1ow1ng exposure f11es vere k111ed in 2-4 days
.From 3-5 days were requ1red for a 90% knockdown F1y stra1ns with.a h1gh
. rres1stance to cyc]od1ene pest1c1des were a]so tolerant to m1rex, suggest-
inng a similar mode of action (Plapp, 1973). | |
h In exper1ments with. the f1e1d~eriéket,‘a 72 hour latent period,wasi{
ga]solobserred. In addition, 1ncreased'spontaneous-aotion of the centra1.’
nerueachord was observed, for mirex as well as dieldrin and DDT.HlsymptOms |
" of mirex“poisoned'brdckets.after the 72 hour latent period were excitai
b111ty, atax1a, convu151ons and finally para1ys1s which were a1so charac—

ter1st1c of bDT po1son1ng D1e1dr1n and m1rex treated cr1ckets reacted 1n

a s1m11ar manner which in one way was d1fferent from DDT po1sonedcr1ckets.

=D 1e1dr1n and m1rex po1soned cr1ckets d1d not show DDT type tra1ns of e]ecQ

‘";-tr1ca1 act1V1ty from the centra] nerve chord,-but a pro]onged synaptic

"after-d1scharge was ev1dent in the early stages of po1son1ng that was more
‘ pronounced for ‘mirex treated an1ma1s (MacFar1and et al., 1975) ' |

J S1nce m1rex is very tox1c to insects it is not surpr1s1ng that 1t

. shou]d prove tox1c to other arthropods M1rex res1dues have been measured;

hto be the second most prevaTent pest1c1de in samp1es from b]ue crabs 1n

4 ‘"North Caro11na, South Caro11na George and F1or1da (Mark1n et a1., 1972)

- Juven11e brown shr1mp, grass shr1mp, b1ue crabs’ and f1dd1er crabs were

wobserved to be po1soned by m1rex bait (Lowe et a1 ‘s 1971) In b1ue crabs

=:';and crawf1sh m1rex is be11eved to be much more hazardous than DDT
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(Leffler, 1975; Ludke et al., 1971). Other arthropods are also sensitive
to mirex. Crawfish show sensitivity at .1 ppb - 5.0 ppb fechnica] mirex
or .3% bait and grass shrimp are sensitive between .01 ppm - J.O-bpm
technical mirex or .15% mirex bait. A characteristic of arthropods is a
- much higher texicity in younger animals. Adult crawfish and prabs seem to
be unaffected by mirex {McKenzie, 1970). However, larval crawfish, juvef
nile crabs, iarva] blue crabs and juvenile shrimp have been shoﬁn to he
sensitive in the .1 - 10 ppb range (Ludke et al., 1971; Markin et al.,
1972).

Fish in general show a much lower toxicity to mirex than in§éptsloh
arthropods. Fish have been shown to be able to accumulate mjrex as a ..
function of concéntration of the treatment Tevel directiy from fhg‘water,
or from indiréct exposure through the food chain (Markin ét al., %éiz;
Collins et a]i, 1973). The low toxicity of mirex to fish has been’shOwn
by several iﬁvestigators. Blue gills showed no effect when 30 pimeS'the
field dose of 1.7 g/acre was applied to aquaria (Van Valin et aj,,_1968).
-Egr]ier it was shown that a 90 hour exposure to 50 mg/1 mirexrresuited in
7 n0»morta1it§ to blue gills, but 20% and 30% of the fish died on exposure
to 25-50 mg technicdl mirex/Titer using a 50% wettable powder constitut-
ing 20,000 - 40,000 times the field dose (Van Valin et al., 1968),‘ Chan-
nel c;tfish,~however, showed a 33% decrease in survival ffoﬁ mirek bait
treatment of 1.25 1b/acre (Hyde et al., 1974). In experiments with blue-
gil1§, goldfish and cutthroat trout, mirex was observed tolcause morté]ity
and various pathological alterations in affected fish. Blue gills were

qbserved to show no mortaiity or pathological changes from either bait
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application to ponds or through feeding experiments. Growth rates, how- ’
ever, in the fish exposed to 5 mg/kg/day were obsefved to be adversely
affected.

Goldfish and cutthroat trout seemed to be more susceptible to mirex
in that exposure of 1.0 ppm in water resulted in mortality and pathologi-
cal changes. Death in goldfish was characterized not by typical excited
behavior customarily associated with chlorinated hydrocarbon poisoning,
but by the fish remaining motionless at the surface, gradually losing
equilibrium until death. Gi1l lesions typified by edematous lamellae were
observed in 157100% of the goldfish by the 24th day after exposure. The
kidneys were also altered in that the tubules were marked]y‘dilated.; In
addition, distended gall bladders were observed to be a symptom of poison-
ing in these goldfish. Previous experiments with cutthroat trout at 25
ppm resu]ted-in adverse effects on the gills, characterized in a different
way: The 1éﬁe11ae in fhe fish appeared to be fused.

Toxicity of mirex to avian systems

The toxiﬁ effects of mirex on birds has been investigated 5& many
experimenters. Most of these studies have been concerned with reproduc-
Fion effects since reproductive failure of birds exposed to orgaﬁoch1or1ne
sqbstances is perhaps the most deleterious aspect of chronic‘toxicity of
insecticides (Hyde et al., 1973). Adverse effects on avian population are
usua]]j mediated through reduced egg production, egg she11‘thiﬁn1ng? egg
breakage, decreased embryonation, decréésed hatchability, and reduced .
fledgling survival (Hyde et al., 1973). Therefore, most fesearchers have

concerned themselves with these parameters.
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Early investigations showed that mirex seemed to have no dfrect
effect on adult avian populations. In field pen experiments mire£=caused
no mortality in quail while a decrease in fertility and hatéhabilit&'wds
directly related to rate of exposure (Baker et al., 1972). Pimentel
{1971) confirmed this early obsérvation by réporting extremely high’LD50 |
and LC., values for avians. The LD,

50 50
at 2400 mg/kg while L050 values for coturnix quail and pheasant were

value for the mallard was measured

10,000 and 1400 to 1600 ppm in feed respectively.

Mirex in low concentrations has been shown to cause few adverse
effects on reproduction parameters for birds. Driver et 91.1(1376) re-
ported that ﬁhite Teghorn 1aying hens fed .014 ppm mirex for 15‘Week;
\feproduced eégs which had normal fertility and hatchabi]jty aifhoygh_the
carcass fat from chicks hatched from these eggs had .47 pbm‘mirex at 1 day
of age. Ivie et al. (1974a) examined several reproductive parametérs.in-
.c]ud1ng egg hatchab111ty, chick growth, and survival after feed1ng mirex
at ]eve]s up to 30 ppm, he found mirex in egg yolk up to 200 ppm produced
no adverse effects on the above measurements. Hyde et al. (1973) found
that feed1ng mirex at 100 ppm to ducks for 25 weeks did resu]t in de-
creased duck11ng survival without affecting egg production, she]1 thick-
ngss, shell weight, embryonation or hatchability. Appareﬁtly,jthefe is a
Fhrgsho]d residue level required for adverse reproductive.éffectsl This
was shown by Davidson et al. (1975) and Davidson and Cox (1974) since white
]gghoﬁn chigkens fed for 12 weeks on 160 ppm mirex and quai] at 80 ppm
shqwed.notmaI reproduction. Naber and Ware (1965), in céﬁt?ast, observed

decreased hatchability from feeding 600 ppm mirex for 16 weeks éo'the hen.
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Though mirex seems to be deleterious primarily from a reproductive
standpoint in birds when administered at high dose levels and for rela-
tively long periods of time, recent studies have shown pathological ef-
fects on tissues at lower dose levels. In an investigation into reproduc-
tive effects of mirex on chickens and quail, Davidson and Cox (1974) and
Davidson et al. {1975) reported, as stated above, the mirex fgd at 160 ppm
in chickens for 12 weeks resulted in no effects on various reproduction
parameters. However, they observed that chickens had lesions in the liver
that seemed to be related to mirex residues. In a followup investigation,
various characteristics of the liver in quail and chickens were megsured
in order to detect any change as a result of mirex toxicity; Chiékéns
were fed mirex in the diet for 12 and 16 weeks from 0-160 ppm and Japanese
quai]lwére fed 0-80 ppm for 12 weeks. Mirex apparently did_not affect the
concentrat{on of protein or cytochrome P-450 in hepatic microsomeslof
chickens or Japanese quail nor did it affect hydroxylation of aniline or
demethylation of aminopyrine. Nevertheless, structural changes were
apparent in the livers of chickens fed 10-160 ppm mirex. Though ghickens-
appeared healthy, lesions were observed in 114 to 16% of the 1ivgrs from
these groups. The Tivers were outwardly characterized by congestion, evi-
dent reddish streaks on the surfaces and greenish granu]&r lesions. Light
microscopic examination revealed miid focal to moderately severe diffuse
vacuq]aé hepatocellular degeneration, mild focal to modera£e1y severe
diffuse fatty metamorphosis, irregular focal hepatocellular necrosis,
focal coagulation necrosis with fibrosis, multiple foci of telangiectasis,

and vacuolar degeneration and focal necrosis of bile duct epithelium. The
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most severely affected cells were often those closest to the sinusoids.
Necrosis of parenchymal cells was accompanied by changes in some bile
canaliculi. Proliferation of smooth endoplasmic reticulum was not ob-
served.

Toxicity in mammalian systems

The toxic effects of mirex on mammalian systems has been inveétigated
numerous times. Generally, mirex has been considered along with DDT,
dieldrin and related compounds to be within the group of chlorinated
hydrocarbon pesticides although its polycyclic structure contains solely
carbon . and ;h]orine (Gaines, 1968).

Early investigations into the acute toxicity of‘mirex toﬁm;mmals was
conducted by Al1ied Chemical Corporationinorder to obtain registratiqn for
mirex as a fire ant poison (Markin et al., 1972). The aéute-oral LCyp n
rats was measured by Allied Chemical Corporation to be 312 ﬁg/kg in a corn
oil spJution; When fed in an aqueous solution, 6000 mg/kg was,ngeded for
50% mortality (Markin et al., 1972). This would place mi%ex-in,the class
of moderatély‘toxic pesticides., Llater, in a comprehensiveJiﬁvestfgation
of the acute toxicity of pesticides, Gaines (1968) ca]cu]ated‘thé LDSO %or'
mirex at 740fmg/kg for male rats and 600 mg/kg for females when cbrn oil
was used as the vehicle. Other chlorinated hydrocarbons in the same study
yielded the following results for LD50 values in mg/kg: DPT 113,-aTdrjn
39, chlordane 335, dieldrin 48, DDA 740, Kepone 125 and DDE_880,* As can
be seen, mirex compares most closely with the breakdown préaucts of DDT
tﬁDE and DDA) in toxicity to rats. Mirex, like all ch1orin§ted hydro-

cgrbons tested, was observed to be more toxic in female rats than inmales.
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Kepone, the most closely related compound from a structural perspec-
tive, is roughly 3 to 6 times more toxic than mirex (Gaines, 1968; Naber.
and'ware} 1965). However, when fed continuously, mirex was found to cause
greater mortality in Balb C mice at 7 ppm than kepone at 50 ppm (Ware and
Good,'1967}. This observation can be partially explained in regard to
mirex"s proven persistence in the mammalian body (Mehendale et al., 1972).
The 96 dose L050 studies have shown that mirex has a very high chronicity
factor, 60.8 {one dose LD50/90 dose LD50) when compared with 5.4 for DDT
and 12.8 for die]drin.’ Thus, these findings indicate that mirex is highly
cumulative in effect and is explained by the faet that it is excreted very
slowly (Gaines and Kimbrough, 1970; Mehendale et al., 197?).

The tox{c effects of mirex on mammalian systems grossly resemble_the‘
symptoms wh1ch often characterize chlorinated hydrocarbon pest1c1des lThe
outward symptoms typically associated with DDT, dieldrin and other re]ated
eh]qr1nated hydrocarbons frequently include weight Toss, weakness, hair
1955; djarrhea, increased liver size, tremor, hyperexcitability, irrita-
bility and convulsion (Kendalj, 1974a; Gaines, 1960, 1968; Ga{nes and-
Kimbrough, 1970). Weight loss as a result of anorexia hes been aseociated
particularly with the dieldrin group of compounds (Gaines, 1960j. Toxic
effects ofbmirex are generally characterized by weight 10§s and increased
liver size (Abraham et al., 1974; Byard et al., 1975; Davidson et al.,
1976; Geinee and Kimbrough, 1970; Baker et al., 1972; Abston anquar-
prough% 19765 Kendall, 1974a). However, other outward observationsfseemf
to typify mirex poisoning. Gaines and Kimbrough (1970) noted that rats

fed 250 ppm mirex in feed for 16-60 days showed diarrhea, weakness and
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hyperexcitability. Davidson et al. {1976) observed that mirex dosing for
4 weeks at 100 ppm in feed caused weight loss, hair loss and yellowing of
the coat. Kendall (1974b) noted diarrhea, hair loss and lethargy. The
symptoms of mirex poisoning génera]ly can be seen to be similar to
chlorinated hydrocarbon symptoms. However, Gaines and Kimbrough's find-
ings {1970) differ from the other investigatofs in regard té the excifa;
biiity of the poisoned animals, which is one of the most characteristic
symptoms of chlorinated hydrocarbonltoxicity and indicative of CNS activi-
ty.

Effects on reproduction

Mirex has been shown to have deleterious effects on réprodyctién in
mice and rats. In an investigation into the effects of mirex, telodrin
and DDT on thé laboratory mouse, it was concluded that mi%ex céused the
greatest redﬁction in litter size and fertility (Ware and-Géod,,}967).
Gaiﬁes and Kimbrough (1970) measured the effects of mirex oﬁ reproduction
in Sherman strain rats. They found that when females were fednmifex in
the diet it passed the placenta which resulted in fewer 1{ve offspr{ng.
In'addftion,‘fewer young reached weaning. A unique symptom of the ydung
from mirex treated mothers is that 33% developed cataracts., Thus, mirex
seems ;0 have a potentially cataractogenic effect. More recent]y an in-
vestigation {nto the possible teratogenic potential was uﬁdertakeﬁ
(Khera et a17, 1976). Low single daily doses of mirex giVen.to female
rats on days 6-16 of gestation caused no adverse effects ‘in eitheé~parents
or offspriﬁg.- However, at higher dose Tlevels applied under these‘same )

conditions maternal toxicity was observed as well as fetal visceral
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anomalies. Décreased fetal survival and reduced fetal weighf were also
observed at the high dose level. Males exposed to mirex showed no effects
in a dominant lethal assay (Khera et al., 1976).

Effects on the mammalian liver

One of mirex's most pronounced toxic effects is causing an increase
in liver size with a concurrent decrease in body weight (Abraham et al.,
1974; Gaines and Kimbrough, 1970; Baker et al., 1972; Byard et al., 1975;
Abston and Yarbrough, 19763 Davidson et al., 1976; Fulfs et al., 1977);
Robinson and Yarbrough, 1978). It is because of this notable effecf on
the liver and because the liver manifests the toxicity of other chlorinat-
ed hydrocarbon pesticides that extensive research has been conducted on
mirex's effect on the liver (Gaines and Kimbrough, 1970}. Furthermore, it
has been shown that alterations in relative liver weights is a reliable
preliminary {ﬁdication of chemically induced hepatic toxicity (Fulfs
et al., 19%7).

As.stated above many investigations have noted an increase in liver

weight to body weight ratio in rats and mice. This increase appears to

follow a typical dose response curve with mirex. Robinson and Yarbrough
(1978) found maximum liver response in rats from a sing]erTOO ppm dose 4
days after treatment, representing a 100% gain over contrde. Even
greater increases have been recorded. Byard et al. (1974) recorded a
230% increaée in relative liver weight in rats following treatment, at 30
ppm for 9 months. This dramatic response on relative liver weight has

been demonstrated for many other compounds including chlorinated hydro-
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carbon pesticides; however, none has demonstrated as great an effect as
mirex (Robinson and Yarbrough, 1978; Gaines and Kimbrough, ]970).

Increases in relative Tiver weight have been shown to be related to
hepatocel]u]ar hypertrophy which includes both the increase in size of
individual hepatocytes and an increase in the actual number of‘cells as
indicated by the amount of DNA present in the liver (Fulfs et a].,_]977;
Robinson anhd Yarbrough, 1978; Kendall, 1974b; Davidson et al ., 19763 Byard
et al., 1975). Dose dependent protein increases have also been directly
related to hypertrophy of the liver and account for most of the increase
in dry weight of the liver (Byard et al., 1974; Davidson et ai., 1976;
Robinson and Yarbrough, 1978).

In addition to increased 1iver size, various types of ]esjons haveﬂ
been reported to characterize mirex toxicosisin the liver. KendaT]
(1974b) reported fibrous white pithy lesions and cellular necrosis.
Davidson et al. (1976) observed that 10-100 ppm mirex for 4 weeks dis-
rupted chord cells, caused indistinct hepatocyte borders and necrosis in
individual and clusters of hepatocytes in central midzonal areas’of the -
Iobu1e. Fulfs et al. (1977), in addition to observing lesidns and cellu-
lar necrosis in mice, fed 5, 15, and 30 ppm for 2-18 months, noticed that
Kupffer cells phagocytized dead cells.

Numerous ﬁtructura1 changes other than an increase in size. and
appearance have been observed in the liver following mirex treatment in
rats, mice and monkeys. Many investigators have observed a pro]ifération:
of sméoth endopiasmic reticulum as a result of mirex pretreatment (Gaines

and Kimbrough, 1970; Baker et al., 1972; Davidson et al., 19763 Fulfs
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et al., 1977). This has also been observed for the chlorinated hydro-
carbon pesticides (Gaines and Kimbrough, 1970). |

An increase in the number of 1ipid vesicles or vacuoles has been
noted as a result of mirex treatment, which frequently has been observed
with chlorinated hydrocarbon poisoning (Gaines and Kimbrough, 1970;
Kendall, 1974b; Davidson et al., 1976; Abraham et al., 1974). Bile
canaliculi degenerations and bile stasis are also results of mirex treat- .
ment (Gaines and Kimbrough, 1970; Davidson et al., 1976). Hepatomas, neo-
plastic nodules, and hepatocellular carcinomas were measured in rats
treated with 1.00 ppm mirex in the diet over a Tdng period of time (Ulland
et{§1,, 1977; Innes et al., 1969). .

A1ong with structural changes induced in the liver, many biophemical
alterations have been found to result from mirex treatment. In addition
to the pro]ifération of smooth endoplasmic reticulum, a concurrent in-
crease in cyfochrome P-450 and in mixed function oxidase activity has been
reported (Baker et al., 1972; Byard et al., 1974, 1975; Davidson et ai.,
1976; Mehendale et al., 1973). In addition, increased respiratiﬁn has
5een shown in the Tight microsomal fraction {Byard et al., 1974). Byard
ét al. (1975) showed that p-chioromethylaniline N—demethy]ase_activity was
.stimu1ated by mirex when fed to mice at 1 ppm for 70 weeks, 15 ppm for 16
Qeeks and 40 ppm for one week. Parallel increases in 4-biphenyl hydroxyl-
ase activity and cytochrome P-450 were detected. Baker et al. (1972) also
reported that—TO'mg/kg of mirex or higher in mice and 25 mg/kg of mirex in
rats increased cytochrome P-450 and 0-demethylase activity on the sub-

strate p-nitroanisole. Likewise, increase in p-nitroanisole demethyla-
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tion, ethylmorphine demethylation and the activity of UDP-glucuronyl
transferase were shown by Mehendale et al. {1973) to occur .as a result of
treating rats for 5 days at 5-50 mg/kg. Glucose-6-phosphatase activity
has been shown to decrease as a response to mirex toxicity (Byard et al.,
1975; Fulfs et al., 1977; Abraham et al., 1974). Fulfs et al. (1977}
showed that this decrease was dose dependent in mice. Mice fed 5 ppm for

2 mqnths showed no significant decrease while mice fed 30 ppmfor two months

or 5 ppm for 10 months did show a decrease. In the same investigation
Fulfs et al. (1977) showed that acid phosphatase also decreased when the
mice received 30 ppm for 2 months. Each of these responses is often used
as an indicator of hepatocellular toxicity (Fulfs et al., 1977). Liver
toxicity as indjicated by loss of potential energy in the form of glycogen
has also been shown to be a characteristic of mirex exposure. Gaines and
Kimbrough (1970), Kendall (1974b), Davidson et al. (1976) and Abraham et
al. (1974) have each reported loss of glycogen in livers frﬁm rats and
mice fed mirex.

Hepatocellular damage as a result of a toxic 1nsuItAfr6m mirex expo-
sure has beén réported, as stated earlier (Davidson et al., 1976; Kendall,
1974a, Fulfs et al., 1977; Gaines and Kimbrough, 1970). Certain soluble
ﬁepatic enzymes have often been used as a monitoring technique to deter-
mine the extent of the damage from toxic chemicals. These enzymes -have
been measured directly in the liver and also as a function of their con-
centration in the blood since ruptured liver cells or Tiver-ce]is with the

type. of degeneration of cellular membranes described for mirex often leak

measurable hepatic enzymes into the blood.
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Thus, several investigators have undertaken this approach for meas-
uring the toxicity of mirex to the liver. Hepatic lactic dehydrogenase
and glutamic oxaloacetic transaminase activity of the rat have been $hown
to be reduced due to mirex exposure (Abston and Yarbrough, 1976). This
study showed that the diminished activity was due to reduced enzyme levels
and not to enzyme inhibition. Lactic dehydrogenase (LDH), glutamic
oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), malic
dehydrogenase (MDH) and sorbitol dehydrogenase (SDH) activities were meas-
ured after mirex exposure of 10-50 ppm in the diets of rats for 4 weeks.
Each of these enzymes is a soluble enzyme present in the cytosol of liver
¢g11s. The study found that mirex caused a reduction of LDH, MDHE SDH,
GOT and GPT“in_the Tivers compared to control values. Serum SDH values
were shown to be elevated for the first week of exposure and fo be con-
gurrentvwith decreased Tiver levels of SDH. The authors;conCTUded from
this stﬁdy that the observed vreductions in enzyme levels in the Tiver was
due to Iossvof the enzymes from the soluble portions of hepatocytes and
not from'mitochondria1 portions of the cell since MDH and GOT‘are involved
inhthe transfer of hydrogen across the mitochondrial membrane. The
appearance of.SDH in the serum along with the reduction in hepatic-éDH is
an indication of Tiver cell damage. The reductions in GPI‘énd‘gTutamjc
s&nthetase tissue levels and increases in serum levels of GOT, GPT, and
LDH have been reported after single doses of DDT, aldrin, endrin aﬁd,
dieldrin. in addition, similar enzymes losses have been -observed with
sheep following oral adiministration of CC14 and those changes were relat-

ed to significant hepatocellular damage (Abston and Yarbrough.,. 1976)..
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Robinson'and Yarbrough (1978), after single oral doses .of 50, 100,

or 150 mg/kg mirex, reported hypertrophy of livers which is ners

mally associated with the toxic insult of a chemical. However;itheir'r
findings in regard to the levels of LDH, GPT and GOT along with SLDH, SGPT
and SGOT, fndicate that mirex did not cause damage to hepatdcel]u]ar mem-
branes; The authors suggest that chronic and acute'exposures of mirex may
produce” different réesponses in the liver.

The adverse effect of mirex on both 1iver function and membrane“func-
tipnphas been studied by‘Mehenda1e (1976, 1977). He noticed that mirex
_pretreatment of rats resulted in the suppression of b111ary excret1on of
po]ych10r1nated biphenyl compounds (1-CB;6-CB) in 1so]ated perfused rat
11vers In a fo11owup study, Mehendale (1977) proved that m1rex also
suppressed the biliary excretion of imipramine and su]fobromophtha1e1n e

These effects were further shown to be related to ne1ther b1]e f]ow nor

rate of metab011sm since bile flow increased directly w1th the reduct1on jb

of excretjens. He concluded that mirex somehow affects the transport of
metabo]ites from the Tiver through the biliary membrane. Thus, the mirex
apparent]y d1d not alter the actual metabolism of these compounds but did
.change membrane function. L

Behav1ora1 tox1coTogy

Numerous _compounds have been shown to affect the centra1 nervous

system 1n an1ma1s (Reiter, 1977). Chlorinated hydrocarbon pest1c1des such '

as DDT d1e1dr1n and aldrin have been shown to have CNS effects on mamma]s

wh1ch resu]t in hyperexcitability and convulsions (Gaines, 1960) Kha1ry :

(1960) noted that dieldrin caused deleterious effects on 10comotor act1V1-
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ty in adult rats. Mirex has been shown to have CNS effects in insects‘

: wnichfare'sinilar-to'both DDT, dieldrin and cycjodienes; depending upon
_thef;pecies affecféd (MébFarlﬁnd'et‘al., 1975; P1app; 1973; Gaines énd
Kimbrough (1970) observéd that mirex caused dianrhed, weakness énd hyperf
excitability in rafs, Kendall (1974a) and Davidson et al. (1976) dif-
fgtgd somewhat:in more recentJStudiéé. They reported listlessness, yel-
:1owing of the coat,,diarnhea and weakness but not-hyperexcitabiljty'frqm
m{rex pretreated rats. Van Valin et a1; (1968) also reported that nirex
.may act differenf]y since fish died 1n.a manngr which was not similar niﬁh_.
* poisoning symptoms characteristic of.ch1orinated‘hydrocarbons. Appanent1y
--onTy one paper has been pub]ished to date regarding tne possible effects
qf nireﬁ on the:éentra] nervohs;éystem in rats. Reiter (19/7) investi-
gated the gffects of mirex on;thq geve1opment ofnlocomotpr activity in the
rat. Nursing mother rats were intubated daijy with mirex on four consecu-
-tive days starting at parturition. The Spr;gue-paw]ey rats were dosed |
ﬁiﬁhgo, 2.5 and 10 mg/kg of mirex in corn oil. Acute éxp1oration activity
was measured‘in residential mazes at 28 and 44 days of age. Mirex treat-
ngnt-éaused hyperactivity at 44 days of age. The authof conc1nded that: 
mirex altered locomotor activify in the developing rat at 44‘days_of age.

AduTts, however, did not show any change in locomotor activity.
Statemeht of the Problem and Objectives

The review of the 11terature on mirex and ‘in part1cu1ar the tox1c1ty

‘of m1rex in mamma]s revea]s that there are 1mportant unknowns and con-
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flicts present in existing data. Initially, LD50 values for mirex vary by
more than twofold between investigators. Furthermore, these 1aboratories
”used'technical grade (98%) rather than a pure form of the compound.

Secondly, the mechanism or mode of action of mirex in causing toxicity-in

_mammals is completely unknown. In insects the mechanism of action appears.

to resemble closely thé chlorinated hydrocarbon pesticides in that. the CNS

is adversely affected which ultimately results in the death of the organ-

ism while in mammals this possibility is far from clear. Gaines and Kim- .

brough (1970) reported hyperexcitability in rats poisoned w1th m1rex
L1kew1se, Re1ter (1977) reported that young rats from mirex treated .
mothers‘were.hyperactlve at 44 days of age. In contrast to these.reports,
Kendalj (1974a)-and Davidson et al. (1976) did not report e;cjtapjiity but
apparent list]éssness in rats. |
Research on the adverse effects of mirex on the Tiver has a1so intro-

duced an, apparent conflict. Abston and Yarbrough (1976) reported that

'rats treated for & weeks at 10-50 ppm mirex showed hepatic damage in that L

so]ub1e hepat1c enzymes were lost from the liver. In add1t1on, concurrent‘

e]evat1on of sorb1t01 dehydrogenase in the blood was observed These re~l
su]ts are 1nd1cat1ve of membrane disruption of the hepatocytes Rob1nson
and Yarbrough (1978) report, however, that the same enzyme 1eve1s did not
change asa result of a s1ngle oral dose of mirex. They suggested that sub-
acute and chron1c exposure may produce different responses in the 11ver
- In view of these findings in the literature, this 1nvest1gat10n was
undeqtaken to,study the effects of mirex on Sprague-Dawley rats. The. ob-

jectives of this research were as follows:



(1)

(2)

(3)

(4)
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To ascertain the acute toxicity of both technical grade and puré
mirex.

To quantify the tissue levels of mirex in rats which died from
mirex. These levels do not appear in the Titerature and may be
reflective of the amount necessary to cause death.

To determine the toxic insult of mirex in the liver when mirex
was given in a large single dose or in subacute doses.

To ascertain if mirex causes CNSﬂéffects as measured by: (a) an
effect on locomotor ability; and (b) a change in strychnine and

pentylenetetrazol convulsion thresholds.
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METHODS AND MATERIALS

Acute Toxicity of Mirex to Rats

Treatment conditions

- The housing, care and feeding of the rats were kept constant for a]}
experiments unless stated otherwise. Sprague-Dawley male rats between
© 12-16 weeks old and weighing approximately 190-220 grams were obtained
from Bio Lab Inc. The animals were caged individually in 9.5" x 7" x 7"
galvanized metal wire cages. The cages were suspended over cedar chip
bedding material with which the animal did not come in contact. The rats
were fed ad-1ibitum with Teklad 4% Mouse and Rat Diet containing 24% crude
protein, 4% crude fat and 6% crude fiber. Water access was ad-libitum
with inverted rodent water bottles. The temperature of the animal room
was maintained at a constant 25°C with constant circulation of air. The
1ighting was supplied by ceiling Tights which were turned én at, 7:30 A.M.
and turned off at 4:00 P.M. each day.

Dosing for technical and pure grade mirex

This experiment measured the acute toxicity of technical grade (98%)

and pure grade (99.95%) mirex. This was accomplished by dgtermining the

L050 for technical grade mirex and then comparing thg toxicity of the pure
grade mirex to the technical gradé~materia1. |

Food was removed 24 hours prior to dosing. The 50 animals used for
the determination of the LD50 of technical grade mirex were randomly d%u
vided into 5 groups of 10 rats and assigned to one of the:dosages qf
mirex. The dosages emp]oyed were 312.5, 500, 800, 1280 and 2048 mg/kg.

The toxicity of pure grade mirex 99.95% was compared to the technical
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grade mirex with three dose groups. Two dose groups of ten anima]é re-
ceived the L050 dose calculated from the technical grade mirex and one
group received the LD90 dose. These doses were derived from probit vs.
log dose plots. The mirex (50 mg/ml) was dissolved in corn oil (Mazola)
by heating to 63°C with constant stirring for an hour. The compound was
given orally through a stomach tube. A curved 18 gauge needle with a
round ball on the tip was passed into the esophagus. The tube did not
actua11§ reach the stomach but was extended far enough into the e;ophagus
of the rats to prevent regurgitation or entry into the bronchial passage-
way.

| Ra;s were not dosed for eight days after arrival in brder to allow
for equ%1ibrafﬁon to their new environment. After dosing, the rgfs were
observed closely for the first two days for signs of toxicoéis and pbv_
served at least 2 times a day thereafter for symptoms. The‘survﬁvors were
kept for at least 10 days or until they appeared healthy.

The LD50 was calculated by means of the probit procedgre afforded by
the Statistiéa1 Analysis System. This method for the determination of the
LD50 value, ;he probit vs. Tog dose plot, and the probability vs. log dose
p]ot with 95% fiducial limits, is based on the method of E{nney (1971).
The method generates the calculated L050 values and the p]ots mentioned
above by comput1ng the maximum 1ikelihood of estimates for the parameters
A and B > 0 in the probit equation: y = A + Bx. This type of analysis
est1mates the same parameters of dose response data aS-used“by Litchfield

and Wilcoxon (1949).
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Comparison of the composition of technical grade and pure grade mirex

Since the introduction of mirex as a pesticide, most investigations
on animals have used 98% or technical grade mirex. This is uﬁderstandable
since this is the form most commonly used as an insecticide. This in-
vestigation was concerned with determining if there were significant dif-
ferences between chemical compositions of technical grade (98%) and pure
grade (99.95%) mirex and was performed in conjunction with the bioassay of
the toxicity of these two grades of mirex as described above.

This analysis was done by analyzing one sample of each grade of mirex

1 The sequential printout representing

in a Finnigan Mass Spectrograph.
particles of progressive molecular weights illustrated the differences in

the compounds' compositions.
Tissue Distribution in Rats which Died from Mirex Treatment

The tissue concentration of mirex in rats which died ffom‘a single
oral dose was measured in this experiment. The extraction of mjrexvfrom
tissues- and quantitation by gas liquid chromatography was tﬁe meanskby
which- this was accomplished. |

Twelve ﬁa]a rats were orally given 573 mg/kg of pure grade mifgx in a
5% corn 011 solution. Six of the twelve rats died within f%ve days and
the rest were kept for at least 10 days or until they appeafed healthy.

The tissues from those rats which died were removed within several hours

] ‘ . s

_The mass spectrograph analysis was conducted by Walter Hyde at the
Veter1nary Diagnostic Laboratory at Iowa State University, College-of
Veterinary Medicine, Ames, Iowa 50011.
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after death. The brains, livers, kidneys, fat samples and quadricept
muscle samples were removed, wrapped in aluminum foil and frozen until
extraction procedures were carried out.

Extraction procedure for all tissues except fat

The following procedure was used to extract mirex from all tissues
except fat. Two grams of tissue were weighed from the original sample and
added to 2 grams of NaZSO4 in a tissue grinder. The tissue was ground to
a homogeneous paste with a glass rod. Approximately 7 ml of methylene
chloride certified A.C.S. grade was then added to the tissue grinder and
mixed well. This solvent was then filtered off through a small funnel
containihg glass fiber filter paper topped with 10 grams of Na2504 into a
test tube. Tﬁis extraction with methylene chloride was repeatéd fwo more
times. The tissue grinder and funnel were then rinsed well with methylene
chloride and combined with the extract and evaporated to dryness with an
air jet. A chromatographic macrocolumn, 25 mm outside diameter x 30 cm
long fitted with Teflon stopcocks and coarse-fitted glass plates, was then
prepared by adding 20 grams of activated FTBrisi] topped with 20 gfams of
anhydrous, granular sodium sulfate. This column was then positioned over
a'Kuderna;Danish apparatus fitted with a 10 m] concentration tubé. The
column was prewet with nanograde petroleum ether (40-50 ml or,a sufficient
volume to completely cover the sodium sulfate layer). Frdm this po{nt on
through the elution procedure the solvent was maintained qbove the sodium
‘§quate Florisil interface. The residue from the extract‘was then re-
dissolved with at Teast 1 ml of petroleum ether and carefully added to the

top of the macrocolumn and permitted to percolate through. The tube con-
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taining the regidue was rinsed at least two more times with petroleum
ether and this wash was added to the column. The mirex was eluted from
the column with 100 m1 of 20% methylene chloride/80% petroleum ether.
After the eluting solvent had passed through the column into the Kuderna-
Danish assembly, a few grains of sand (washed with petroleum ether) were
added to prevent bumping. The solvent was then concentrated to dryness on
a steam bath with the use of a Snyder 3-bubble column. The final sample
was prepared for gas chromatography by dissolving the residue in 5-10 ml
of petroleum ether.

Extract1on procedure for fat

S1nce the fat samples obtained from rats which d1ed from mirex toxi-
cosis were very small, less than 2 grams, the total sample was used for
ana]ysig. The sample was weighed and placed in a 250 ml stainless steel
beaker. Ten grams of sand, prewashed with petroleum ether, was pﬁén added
with 10ﬁgpamé of Na2504 The tissue was ground to a dry granu]ar mass.
Fift} milliTiters of petroleum ether were added to the beaker. . This was
placed on a sfeam bath and stirred. The supernatant was filtered théough
a-2" glass funne] with glass fiber filter paper into a pre-tared 250 ml
flask. This extraction was repeated two more times. The petroleum ether
- was evaporated with the steam bath from the 250 ml beaker. The amount:of
1ipid residue was weighed and then dissolved with 2 m1 of methylene
chloride. Finally, the samples were carried through the F]orist1;proce=

dure with the macrocolumn and analyzed as described for the other tissues.
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Gas chromatographic analysis of mirex

The samples were analyzed for mirex by means of gas chromatography on

63Ni electron

a Hewlett-Packard 402 gas 1liquid chromatograph fitted with a
capture detector. The oven was equipped with a glass column 6' Tong, 1/4"
outside diameter and 1/8" inside diameter, filled with a 3% OV-1 chroma-
sorb-P packing. The oven temperature was maintained at 265°C. The injec-
tion vaporizer was set at 300°C and the detector block was kept at 300°C.
Helium was used for the carrier gas and the flow rate adjusted to 20 ml/
min. An argon methane 95%-5% mixture was used as a purge gas at a 60
ml/min flow rate. Using these parameters the instrument was capable of
detecting very small (<1 ng) amounts of mirex. _ |

Eluting solvents were nanograde purity and/or checked-on the gas
chromatograph for contaminants.

The samples were extracted concurrently with a blank sample and a
sample spiked with a kﬁown amount of mirex (1-10 ppm) in order to deter-
mine the efficiency of a given day's extraction procedure.

The amount of mirex in each sample was calculated by determining a
standard curve based on the height of the peaks generated Ey known amounts
of mirex. Unknown samples were compared to the standard curve. The fol-
lowing formula depicts the means by which the amount of gach sample was

determined using the standard curve:

ng of mirex present in sample unknown {determined using standard curve
#41 of sample unknown injected into gas chromatograph

Loy

ml of sampié unknown volume after extraction _ ng
g sampie unknown g
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ppb

ﬂgﬂe 1000

ppm

The standard curve was constructed over a wide range of mirex
amounts. Typically, 1 ng, 2 ng, 4 ng, 8 ng, and 10 ng were injected into
the gas chromatograph to construct the standard curve. If the injected
samples were too concentrated to fall within the limits of the stardard
curve, they were diluted 10-fold. This permitted a direct comparison of
known and unknown amounts of mirex without any extrapolation. All samples’
were injected two times and their values were averaged and subsequently
subjected to statistical analysis by the SAS system. The percent recovery

was generally around 90%. Thus, sample values were not multiplied by a

correction factor.

Effects of Mirex on the Liver

In order to test the hepatic response of rats to mirex, the following
~tests were used: (1) hexobarbital sleeping time, {(2) histo]ogical éxami-
nation, (3) the measurement of serum Tevels of soluble hepatic enzymes,
and (4) an evaluation of the ability of mirex to induce the microsomal
drug metabo1izing enzymes.

Rats treated at the acute dose level received one dose of 573 mg/kg
of pure grade 99.95% mirex in a 5% corn oil solution through oral frituba-
t1on as previously described. Hexobarbital sleeping times, serum enzyme

levels and histological sections of the Tiver were taken 48 hours after

dosing.
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The sub-acute dose protocol involved oral intubation of the rats at a
25 mg]kg/day level for two weeks. The sleeping times, liver sections and
serum enzyme_somp1es were taken 24 hours after the last dose of mirex.
Control groups for both dose levels received equivalent vo]umee of corn
oil.

Hexobarbital sleeping time

Rats were weighed and given an intraperitoneal - injection™ of a 5%
solution of hexobarbital to give 150 mg/kg. The sleeping time was meas-
ured from the loss of the righting reflex to the regaining of this reflex.

H1stolog1ca1 examination of the liver

. Fo11ow1ng exsanguination, the livers were quickly removed from the .
rats, we1ghed, cut into pieces, and placed in a 4 % buffered neutral
formalnn so]ut1on. The solution contained 10 m1 of 37-40% forma}dehyde in
90,mi of‘distilled water with 42 grams sodium phosphate monobasic‘and 6.52
grams sodium phosphate dibasic (anhydrous). After at least one week of
fixaﬁioo,.a cross section of the central Tobe of each of the 1ivers was .
removed and subaected to a 12 hour dehydration embedding process in an
Auto Techn1con 1 The steps of dehydration invoived a sequent1a1 one hour
exposure to each of the following 12 baths: 70% alcohol, 70% a]coho] 95%
e1coho], 95% a1cohoﬁ, absolute alcohol, absolute alcohol, xylene, xylene,

' pepaffin, paraffin, paraffin, and para-plast. The embedded section was

then cut into cross sections with a microtome and subjected to a standard

. ]The slide preparation was carried out in the histology laboratory
in the Department of Veterinary Anatomy, Pharmacology and.Physiology, Col-

iege of Veter1nary Medicine, Iowa State University, Ames, Iowa 50011.
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staining technique with hematoxylin and eosin dyes. The staining procedure
also involved consecutive stages. The Tiver cross sections were placedona
s1ide and then immersed in baths for specific time periods. The following
baths were used for the hydrating, staining and dehydration Steps:

xylene - 5 min., xylene - 5 min., absolute alcohol - 2 min., absolute
alcohol - 2 min., 95% alcohol - 2 min., 70% alcohol - 2 min., distilled
water - 2 min., Harris hematoxylin - 8 min., tap water - 2 min., 99 ml

70% alcohol with 1 ml HC1 - 1 sec., tap water - 5 min., lithium carbonate -
1 min., tap water - 5 min., distilled water - 2 min., eosin - 2 min., 95%
alcohol - 1 min., 95% alcohol - 1 min., absolute alcohol - 2 min.,dqbso- .
lute a]coho1 - 2 min., xylene - 2 min., xylene - 2 min., x&Tehé = 2 min,
Following these stages, the coverslip was applied and the s]ides evé]uatéq
with a light microscope.

serum enzyme levels

_Following the determination of the hexobarbital sleeping times, rats
were decapitated for exsanguination. Whole blood samples were coj]ected
in 10 ml centrifuge tubes and allowed to clot. at roﬂm temperature, 25°C.-
The tubes were then centrifuged at approximately 5000 rpm for 15 min. and
the serum pipetted into disposable plastic 5 ml test tubes. A1l hemolyzed
samp]es were discarded. The samples were then quickly analyzed with a
Rotochem IIA Centrifigal Ana]yzer.1 A1l samples were obtained from single

animals. Serum glutamic-oxaloacetic transaminase, serum glutamic-pyruvic

1Thjs analysis was conducted by the Pathology Laboratory at Iowa
State University, College of Veterinary Medicine, Ames, Iowa 50017.
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transaminase and alkaline phosphatase values were measured in Internation-
al Units/Liter. Serum albumin levels are expressed in grams/deciliter.

Serum glutamic-oxaloacetic transaminase and serum glutamic-pyruvic
transaminase values were measured using Smith Kline French (SKF) reagents
and the oxidation .of NADH2 to NAD. This method for the quantification of
serum glutamic-oxaloacetic transaminase (SGOT) values was modeled after
the original method developed by Karmen (1955). However, the refinements
introduced by Henry et al. (1960) and Amador et al. (1967) have been in-
corpordated to improve accuracy. Figure 2 depicts the reactions for meas-
urement of SGOT. Since the activity of SGOT is proportional to thevap—
pearance ofvoxa1oacetate, the oxidation of NADH2 is proportional t6 SGOT
aétivity. Thus SGOT can be quantified by measuring the decrease in ab-
sorbance at 340 nm caused by the formation of NAD from NADH,.

The quantification of serum glutamic-pyruvic transaminase (SGPT) in-
volved the same basic principle as for SGOT. This series 0% reactions is
shown in Figure 3. Henry et al. (1960) developed this system foriSGPT
activity measurement. The SGPT activity can be seen to bg proportional to
the oxidation of NADHZ, Thus SGPT activity is once again quantified |
through the decrease in absorbance induced by the appearance of NAD at
340 nm. |

The alkaline phosphatase determination was carried out by the method
of Wilkinson et al. (1969) which used SKF reagents and is based on tﬁe
conversion of p-nitrophenylphosphate to p-nitrophenol (see Figure 4).

This product has a characteristic yellow color which thus allows thé

activity of alkaline phosphatase to be measured as a function of the
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COOH
fOOH %Hz ?OOH ?OOH
i R G ) B . ‘|3”2
H—?—NH2 ? =0 ——* f =0 CH2
COOH COOH COOH HCNH2
éOOH
aspartate a- ketoglutarate oxaloacetate glutamate
COOH COCH
t :
{2+ nADH, _MDH_ [ 2+ NAD
C=0 H-C-0H
éOOH éOOH
oxaioécetate malic acid

SGOT = serum glutaric-oxaloacetic transaminase

MDH

malic dehydrogenase

1}

NAD = nicotinamide adenine dinucleotide

NADH2 = yreduced NAD

Figure 2. The chemical reactions used to quantify the activity of
glutaric oxaloacetic transaminase present in the serum samples.
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?OOH COOH

sz fH3 ?Hz EHB

CH + H-C~NH SGPT CH + C=20

| | 2 — | |

C=20 COOH H—'C—NH2 COOH

!

COOH COOH
a-ketoglutarate alanine glutamate pyruvate

& &

?‘= 0 + NADH2 LDH H-f—OH + NAD

COOH COOH

pyruvate Tactate

SGPT = serum glutamic-pyruvic transaminase
LDH = lactate dehydrogenase
NAD = nicotinamide adenine dinucleotide

NADH2 = reduced NAD

Figure 3. The chemical reactions used to quantify the amount of glutamic
pyruvic transaminase activity present in the serum samples.
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- —opo2- - - "+ HpOZ”
0N @ OPO3 + H20 + OH —=0,N @‘0 + HP04

p-nitrophenylphosphate p-nitropheno]

Figure 4. The chemical reaction used to monitor the activity of alkaline
phosphatase in serum.

increase in absorbance caused by the product. The absorption in this case

was measured with a spectrophotometer at 405 nm wavelength.
Serum albumin levels were measured with Pierce bromcresol green
albumin reagent.

Measurement of microsomal activity

The liver microsomal activity of rats pretreated with mirex was in-
vestigated in this experiment by monitoring the conversion of p-nitro-
anisole to p-nitrophenol (see Figure 5). In order to achieve this, four

groups of 10 rats were used. The experimental mirex group was treated

four times with 50 mg/kg/day of pure grade mirex (P.0.) in a 5% corn oil

solution. The control group received an equivalent volume of corn oil.
The third gfoup received 60 mg/kg/day of phenobarbital infraperitonea]]&
for four days. Since phenobarbital is a known microsoma1‘enzyme inducer,
this group wod]d serve as a reference to which mirex could be compared.
The fourth group, which was the control for the phenobarbital group, re-

ceived an equivalent volume of saline intraperitoneally for four days.
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CH..0— —nD,, NADPH, Lo —NO
3 2 2
2
microsomes

p-nitroanisoie p-nitrophenol
| F{gure 5. The chemical reaction used to quantify the activity of the
microsomes.
Four days after the last dose, 96 hours from the end of administration,
the rats were weighed and killed by a blow to the head. The Tlivers were
removed, weighed, and quickly wrapped in aluminum foil and placed on ice.
The Tivers were cut into small pieces and placed in 50 ml centrifuge tubes
containing 0.1 M phosphate buffer {(pH 7.4). A 25% homogenate was prepared
with the aid of a Sonifier Cell Disruptér. The nuclei and mitochondria
were removed by centrifugation at 9000 x g fbr 15 minutes. The super-
natant portion containing the microsomes, and the soluble enzymes were
kept cool witﬁ ice and refrigeration during homogenation and cenfrifuga-
tion respectively.

Next, 1 ml of supernatant was combined with .1 ml of‘JOO mmoles/L
-p—nitroanisélg and 2 ml of incubation reagent in a clean centrifuge tube.
The incubati&n reagent contained: phosphate buffer pH 7.4 (100 mM/L) ,
nicotinamide (20 mM), gTlucose-6-phosphate (4 mM), NAD (0.4 mM), and MgCTz
(10 mM}. The tubes were mixed well and then placed in a 37°C bath.for'GO
‘miputes._ After incubation, .5 ml of 20% trichloroacetic aéid was added
and the coqtents mixed. The tubes were then centrifuged 5 minutes.at

3000 x g. The trichloroacetic acid extract was transferred to another
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tube to which 1.0 m1 of 1.0 N sodium hydroxide was added. These tubes
were agitated and aliowed to stand for 10 minutes at which time they were
centrifuged for 5 minutes at 3000 x g. Samples were then read on a Bauch
and Lomb Spectrophotometer at 410 millimicrons and compared with a stand-
ard curve constructed from known concentrations of p-nitrophenol.

The protein content of the homogenate was determined by the method of

Lowry et al. (1951).
Effect of Mirex on the Nervous System

Locamotor ability

The locomotor ability of rats pretreated with mirex was measyred\jn
this experiment. To accomplish this a simple rotorod device such as that
described By Watzman et al. (1964) and Watzman and Barry (1968) was usgd.
A 4' wooden 1 3/4" diameter rod was covered with 1/2" foaﬁ insulation.

The outside aiameter measured 2 1/4". Compartments for thé rats were con-
structed using cardboard disks surrounding the bar at 9" intervals. This
permitted 5 rats to run at one time. A D.C. motor with a gear reduction
unit was attached to one end of this bar thus allowing the bar's speed to
be regulated to 5, 10, 15, 20, 25, 28, 30, 35, and 40 rpm. The bar was
situated at 24" from the floor (see Figure 6). Uncooperative rats

were trained initially by permitting them to fall into a bucket o%

water. The locomotor performance was measured by a]TowinQ Fhe rats to run
for 30 seconds at each consecutive speed until they fell from the bar.

The speed at- wh1ch they fell or clung to the bar to keep from falling was

taken as the endp01nt in each trial. The forty rats used in this experi-
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Figure 6. The rotobar device used to test the locomotor ability of the
rats.
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ment were given 5 running trials, one per day, to establish a level of
performance for each rat before administration of mirex. After the rats
were trained, one group of twenty rats was given 50 mg/kg/day of pure
grade mirex in a 5% solution through oral intubation for four consecutive
days. The control group received thg equivalent amount of corn 0il during
this dosing period. None of the rats were subjected to running trials
during the dosing days. At 24, 48 and 72 hours after the last dose,
running trials were carried out for all rats.

The data wére evaluated by means of the analysis of variance proce-
dures by SAS.

Strychnine and pentylenetetrazol convulsion thresholds

The principle involved in this experiment is to determine if -mirex
pretreatment influences the convulsion thresholds of rats treated with
either pentylenetetrazol or strychnine. This method has been used to o,
study the effects of chlorinated hydrocarbon pesticides, such as dieldrin,
on the central.nervous system (Natoff and Reiff (1967).

The rats in the locomotor experiment were used in this experiment.
Twenty-four hours after the last running trial, which was 96 hours after
the Tast mirex treatment, rats were divided into 4 groups of 10 animals.
Ten rats which had been pretreated with mirex at 50 mg/kg/day for four
consecutive days, and ten control rats which had received an equivalent
amount of cofn 0il were injected intraperitoneally with a sufficient
volume of a 2% pentylenetetrazol solution to give 64 mg/kg. The same

procedure was also carried out with two more groups, a mirex pretreated

and a control group, using a .05% solution of strychnine to give a dose of
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3.2 mg/kg. The time from the moment of injection until the pnset of con-
vulsions was measured by a stopwatch for each rat.
The results from this experiment were analyzed with the Statistical

Analysis System.

List of Chemicals, Reagents, Materials and their Manufacturers

Chemicals
1. Mirex Courtesy of Joseph Ford
National Monitoring Residue Analysis Lab
APHIS PIQ
Box 3209
Gulfport, Miss. 39503
2. Mazola corn oil Best Foods
Englewood Cliffs, N.J. 07632
3. Trichloroacetic acid Fisher Scientific Company
NapSO4 Chemical Manufacturing Division
-Methylene chloride Fair Lawn, N.J. 07410
Florisil
NaOH
PetroTeum ether
4, He gas Chemistry Stores
- 02 gas Iowa State University
Alcohol Ames, Iowa 50011
Petroleum ether
Xylene
Formalin
5. Hexobarbital Sigma Chemical Company
Phenobarbital P.0. Box 14505
Nicotinamide St. Louis, Mo. 63178
Glucose-6-phosphate
NADPH
MgClo
6. p-nitrophenol Mallinckrodt Chemical Works

St. Louis, Mo. 63178

7. p-nitroanisole Eastman Kodak Company
Rochester 3, N.Y.




8. Argon-methane (95-5%) gas

9. Para-plast

Reagents
1. SKF reagents

2. Pierce reagents
(Bromcresol green albumin
reagent)

3. Harris hematoxylin solution

Materials

1. Sprague-Dawley rats
2. Teklad 4% Mouse/Rat Diet

3. Statistical Analysis System

4. Hewlett-Packard 402 Gas
Chromatograph

5. Autotechpician IIA

6. Kuderna-Danish Assembly
Snyder bubble columns
Concentrator tubes
500 m1 flasks

7. Rotochem IIA Analyzer
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Matheson Gas Company
East Rutherford, N.J. 07073
Sherwood Medical Supply

St. Louis, Mo. 63103

Smith Kline French Company
15005 Gordon Street
Philadelphia, Pa. 19101

Pierce Chemical Company
Box 117
Rockford, I11. 61105

Chemistry Stores
Towa State University
Ames, Iowa 50011

Bio Lab, Inc.
5228 Centerville Road
St. Paul, Minn. 55110

Teklad Standard Lab D1et
P.0. Box 75
Winfield, Iowa 52699

Barr, Goodnight, Sall and Helwig
SAS Institute.Inc.

P.0. Box 10066
Raleigh, N.C. 27605
Hewiett-Packard Company
Avondale Division .
Route 41
Avondale, Pa. 19311
The Technicon Company
Chauncey, N.Y.

Kontes Glass Company
Vineland, N.J.

American Instruments
Silver Springs, Md.
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8. Finnigan Spectometer Finnigan Instruments
845 West Maude Ave.
Sunnyvale, California 94086

9. Sonifier-Cell Disrupter Heat Systems Company
Melville, L.I., N.Y.
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PRESENTATION OF RESULTS
Acute Toxicity of Mirex to Rats
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