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HYDROCARBON INSECTICIDES IN MAMMALS AND BIRDS
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INTRODUCTION
TBE CHLORINATED HYDROCARBON (organo-
chlorine) insecticides have been used exten-
sively in the control of insect pests for over
twenty years. Widespread acceptance of these
compounds was due to the fact that they are
chemically stable, potent, and extremely per-
sistent when applied to plants, food crops, or
other surfaces. Man initially overlooked the
fact that the chlorinated hydrocarbon com-
pounds are not specific poisons for insects and
may kill other organisms.
The objective of this review is to describe

the present state of knowledge concerning the
toxicity of these compounds as they relate to
mammals and birds which are of interest to
the veterinarian.
Compounds mentioned in this review are

listed and identified in Table I.

ToxICITY AND SYMPTOMS
DDT: DDT is acutely toxic orally to both

mammals and birds if large doses are adminis-
tered (Table II). Chicks appear to be more
resistant to acute oral poisoning than most
laboratory animals. Cats and dogs are unpre-
dictable in their response to oral administration
of DDT, some animals surviving single doses
as high as 500 mg/kg (71). Large domestic
animals as a group are more resistant to mas-
sive, single doses of DDT than laboratory
animals (56). Death may be delayed for
several days following acute poisoning in ani-
mals. The clinical signs include hyperexcit-
ability and generalized fine and coarse tremors.
Spasticity, progressing to flaccid-type paresis
of the extremities, does not appear for several
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hours (75). However, signs persist for a day
or two in rabbits and rats and for several days
in cats (83). Cats develop a persistent extensor
rigidity with opisthotonos and muscular twitch-
ing (83).
The effects of DDT are cumulative, and

when small single doses are given repeatedly,
chronic poisoning develops. In such cases,
however, the central nervous system (CNS)
manifestations are milder than in acute intoxi-
cation. Chronic DDT toxicity in cockerels, in
addition to causing neurological disturbances,
suppresses secondary sex characteristics (12,
25). The chronic and acute signs of DDT
poisoning in the domestic bird are described
in detail elsewhere (25, 87). As little as 0.075
per cent DDT in the ration is toxic when fed
to 4Y month old turkeys over a period of eight
weeks (59). Rations containing 0.10 and 0.05
per cent DDT are lethal to chicks (59) and
rats (82), respectively, death occurring much
earlier in the former (22, 83). Daily oral ad-
ministrations of 50 mg/kg DDT in oil are fatal
to rabbits and cats, the former after a total
accumulative dose of 0.75 to 1.25 mg/kg and
the latter after a total dose of 300 to 500
mg/kg (83). Only inappetance and loss of
weight occur in monkeys fed diets containing
5000 ppm of DDT (24).
The oral toxicity of DDT is approximately

1/10 the intravenous toxicity (71, 85). Dermal
DDT application can be fatal, but skin hyper-
sensitivity is not one of the signs of chronic
dermal application (23). A study of the
chronic effects of DDT and its analogues in
dogs indicates decreasing toxicity in the fol-
lowing order: o,p'-DDT or 1,1,1-trichloro-2-
(o-chlorophenyl) -2- (p-chlorophenyl) ethane;
p,p'-DDT or 1,1,1-trichloro-2,2-bis (p-chloro-
phenyl) ethane; technical DDT mixture; DDD
and DMDT (104). It should be noted that
DDT toxicity varies according to the species,
the route of administration, and formulation
(15, 22).
BHC: BHC consists of a mixture of five
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TABLE I
IDENTITY OF COMPOUNDS MENTIONED IN THIS REVIEW

Common Name

DDT
DDA
*DDD
DDE
DDMS
DDMU
DDNU
DDOH
*DMDT (methoxychlor)

aldrin

*dieldrin

chlordane

*endrin

telodrin

heptachlor

*heptachlor epoxide

toxaphenet

BHC
lindane

Chemical Name

DDT GROUP
1,1,1-trichloro-2,2-bis (p-chlorophenyl) ethane
bis (p-chlorophenyl) acetic acid
1,1-dichloro-2,2-bis (p-chlorophenyl) ethane
1,1,-dichloro-2,2-bis (p-chlorophenyl) ethylene
1-chloro-2,2,bis (p-chlorophenyl) ethane
1-chloro-2,2-bis (p-chlorophenyl) ethylene
Unsym-bis (p-chlorophenyl) ethylene
2,2-bis (p-chlorophenyl) ethanol
1,1,1-trichloro-2,2-bis (p-methoxyphenyl) ethane

CYCLODIENE GROUP
1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-
endo-exo-5,8-dimethanonaphthalene

1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-
octahydro-1,4-endo-exo-5,8-dimethanonaphthalene

1,2,4,5,6,7,8,8-octachloro-3a-4,7,7a-tetrahydro-4,7-
methanoindane

1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-
octahydro-exo-1,4-exo-5,8-dimethanonaphthalene

1,3,4,5,6,7,8,8,octachloro-1,3,3a,4,7,7a-hexahydro-4,7-
methanoisobenzofuran

1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4,7-
methanoindene

1,4,5,6,7,8,8-heptachloro-2,3-epoxy-3a,4,7,7a-
tetrahydro-4,7-methanoindene

chlorinated camphene
MISCELLANEOUS COMPOUNDS

1,2,3,4,5,6-hexachlorocyclohexane
Gamma isomer of BHC

Metabolites are shown idented under the parent compound.
*Note that certain metabolites are also insecticides that are produced commercially.
tNot truly a cyclodiene.

I TABLE II
ACUTE LETHAL TOXICITY OF CHLORINATED HYDROCARBON INSECTICIDES

Oral LD50 Oral MLD
Compound Species (mg/kg) (mg/kg) References

Rats

Mice
Rabbits

Cats

Guinea pigs
Chickens
Mature cattle
Calves 1-2 wks old
Goats
Sheep
Rats

Mice
Guinea pigs
Rabbits

Dogs

9 118 (as sodium salt)
113 (as sodium salt)
200 (in oil)
150 (in oil)
400
400 (in oil)
300 (in oil)
300
300 > 400 (in oil)
250 > 300
400 (in oil)
>300

125
177
88 (in oil)

9 91 (in oil)
86
127
200
60
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DDT

Lindane

33
33
22
83
66
22
56,83
66
71
83
22
56,22
76
76
15
75
66

105
33
33
66,105
66,105
66
105
15

500-200
250
> 1000
500

20-40
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TABLE I1-continued

Oral LD6o Oral MLD
Compound Species (mg/kg) (mg/kg)

Ti4-+ ..... - -++1- C)iviature cattle
Calves 2 wks old
Sheep
Horses
Rats

Mice
Rabbits
Cats
Guinea pigs
Chickens 3-6 wks old
Dogs

Mature cattle
Sheep
Monkeys
Rats

Mice

Guinea pigs

Rabbits
Cats
Mature cattle
Sheep
Dogs

Monkeys
Chickens 3-6 wks old

Endrin Rats

Mice

Cats
Chickens

Chlordane Rats

Rabbits

Goats
Dogs

Mature cattle
Heptachlor Rats

Toxaphene Rats

Rabbits
Cats
Sheep
Goats
Dogs

40 (in oil)
e 39 (in oil)
9 60 (in oil)
0' 49
9 38

44
50-80
10-15
33
10-15
65-95

50.8-63.5
o' 46 (oil); 48 wettable

powder
9 46 (oil)
o' 47
9 43

75 (in oil)
38
25
59
45-50
300-500
60
50-75
65-80

20-30
e 17.8 (in oil)
9 7.5 (in oil)
cP 2.98 (in oil)
9 2.93 (in oil)

3-6
2 >4

200-250 (in oil)
c' 335 (in oil)
9 430 (in oil)

300 (in oil)
100 (in Tween 20)
180
200-700

ci 162 (in oil)
9 100 (in oil)

60 (in oil)
c' 90 (in oil)
9 80 (in oil)

60
200
200
60

LD5o = dose lethal to 50% of treated animals.
MLD = minimal lethal dose.
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5L)
5

25
50

40-50
40-50
40-50
40-50

35-50
35-50

200-300
130

100-200

20-40 (in oil

References

75
75
75
75
15
33
33
7
7
7
7,34

78
7
1
7,34
34
34
34
34
15
33

33
8
8
15
8
15
8
8

78
49
15
8

34
34
27
33
33
101
101
78
61
86
33
33
86
86
10
10
15
75
33
33
10
33
33
15
10
10
10
10

) 15

Aldrin

Dieldrin
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isomers. In mice and rabbits the order of
decreasing acute toxicity both orally and intra-
venously is gamma, alpha, delta, and beta
(105). The acute oral lethal values of the
gamma isomer of BHC (lindane) for different
animals are presented in Table II. Deaths may
occur from lindane poisoning in dogs and
horses following single oral doses of as little as
20-40 mg (15) and 50 mg/kg, respectively
(75). The gamma isomer of BHC is generally
more toxic for young animals than adults and
is much more toxic for emaciated animals,
particularly during lactation (15). The other
isomers are generally 1/6 to 1/60 as toxic
(105). The gamma isomer is a CNS stimulant,
whereas the other isomers are CNS depressants
(105). In both the rat and cockerel, gamma-
BHC is more acutely neurotoxic than dieldrin
and heptachlor (in an oil-lecithin-saline emul-
sion) by intracarotid injections (87).

In chronic poisoning in the rat, all isomers
not only disturb nutrition and retard growth,
but when fed at 800 ppm or more, also increase
the mortality rate (29). The beta isomer, the
most lethal isomer due to its prolonged storage
in fat, is two to three times as toxic as the
alpha isomer and technical BHC, and just as
toxic as DDT (29). Repeated applications of
BHC sprays or dips containing 0.15-0.25 per
cent of gamma-isomer have no effect on adult
cattle, sheep, goats, horses and pigs (15).

CYcLoDrENEs: Aldrin is one of the most
toxic of the cyclodiene group of insecticides
and the acute oral lethal doses for various
species are shown in Table II. The cat (78)
and chicken (1) are among the most sensitive
species. Although the acute lethal dose for
lambs is not known, an outbreak of fatal
poisoning in suckling lambs, treated for con-
tagious pustular dermatitis by a farmer is re-
ported elsewhere (68). The muzzles of 107
lambs were immersed for a few seconds in
aldrin concentrate and 45 per cent mortality
occurred within 36 hours. On the seventh day
following poisoning, only five lambs were still
alive. The signs of acute poisoning are prim-
arily related to the CNS and the autonomic
nervous system; hyperactivity ultimately leads
to convulsions, depression, and death (38, 68).
The cutaneous (78) and chronic oral toxicities
are also high (15).

Dieldrin, the epoxide metabolite of aldrin,
is slightly less toxic than aldrin when given
orally (49). The acute lethal oral doses for
dieldrin in various species are given in Table
II. The cat is extremely resistant. When rats
are exposed to dieldrin fogs four times daily
for 0.5-1.5 hours at air concentrations of 75,
150, 300 ug/h, fifty per cent may die after

total exposure times of 40, 20, and 12 hours,
respectively (32). The cutaneous toxicity of
dieldrin (750 mg/kg) in cats is lower than
that of aldrin which is 75 mg/kg (78).

Telodrin produces effects in poisoned ani-
mals which are similar to dieldrin (75). Water-
based spray containing 0.025% telodrin pro-
duces death in calves under 2 weeks of age,
while sprays containing 0.025 or 0.05% are not
harmful to mature cattle (75).

Endrin, the epoxide of isodrin is more
acutely toxic than its isomer dieldrin (Table
II). The cutaneous toxicity of endrin (150
mg/kg) in cats is lower than that of aldrin
and higher than that of dieldrin (78).
The acute toxicity of chlordane (Table II)

is about three-fourths that of DDT when the
compounds are fed to rats; while in rabbits
the oral LD50 values of both compounds are
the same (86). The chronic toxicity of chlor-
dane is greater than that of DDT in rats,
rabbits (86), and chickens (80) due to its
greater cumulative and absorptive actions. The
signs seen in chicks poisoned by chlordane
differ from those of DDT toxicity. In the
former, inappetance, nervous chirping, and
terminal agonal excitability are manifestations
of toxicity; whereas only neurological signs are
seen in the latter (80).

Tolerance to chlordane in the chicken in-
creases from 3 to 6 weeks of age (81), and
laying pullets are highly refractory to the
pesticide (82). However, levels of 0.15 to
0.50 per cent in the ration result in molting,
reduced egg production, inappetance, and
weight loss (82). Chlordane is more chronically
toxic to female than male rats when given
intragastrically (51). In dogs, 700 mg of
chlordane (as a wettable powder) per kg of
body weight produces neurological signs with-
out fatal terminations (97). Neurological signs
with fatal terminations may occur in sheep,
goats, and cattle sprayed with 1.5 and 2.0 per
cent wettable powder (75).

Heptachlorepoxide is ten times as toxic to
young calves as is technical heptachlor. The
maximum nontoxic oral dose of the former
appears to be between 1 and 2.5 mg/kg com-
pared with 15 to 25 mg/kg for the latter (11).
Repeated daily doses of as little as 1 mg/kg
of heptachlor epoxide (504 mg total intake)
may be fatal to calves within 15 days (11).
In contrast, 2.5 mg/kg of heptachlor (1447
mg total intake) is needed to produce death
in the same time period (11). The female rat
is more susceptible to acute heptachlor poison-
ing than the male (Table II). The effects of
these pesticides in hyperactive mammals, such
as the mink, are unknown.
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Toxaphene is of moderate toxicity (Table
II) and animals poisoned by it may show very
severe signs of poisoning, then recover, all
within a few minutes (75).

ABSORPTION

The organochlorine insecticides are similar
in their insolubility in water and their solu-
bility in fat and fat solvents. They are thus
best absorbed from oily solutions. Since these
compounds can all penetrate intact skin when
applied in organic solvents (33) or in the
form of oily solutions or emulsions (15), the
veterinarian should only recommend wettable
powders for the treatment of ectoparasites in
domestic animals.

TIssuE DISTRIBUTION AND STORAGE

Very little data is available on the levels of
insecticides present in the brains of animals
fatally poisoned by the organochlorine insec-
ticides (18). Available data indicate that the
brain levels of insecticides associated with
fatal intoxication are highly unpredictable (5,
18, 25, 83).

Following absorption, the chlorinated hydro-
carbons are widely distributed in the tissues,
particularly in the fat depots. After administra-
tion of a single oral dose of DDT to dogs the
highest concentration of DDT is found in the
bile (83). The CNS and blood have moderate
levels while the concentrations in the kidney
and liver are small and variable. After feed-
ing DDT and DDD to dogs at 25 mg/kg daily
for two weeks, the main sites of storage in
descending order of concentration are: (a)
fat and skin; (b) muscle; and (c) kidney
(28). Until the fourth week of treatment other
organs may have none or very little. Only DDD
and DDT are present in the liver and mam-
mary glands, respectively (28). The storage
and distribution of DDD and DDT appear to
increase with the time and level of administra-
tion (28, 92). The severity of signs in rats
after a single dose of DDT is directly pro-
portional to the concentration of the compound
in the brain (18), and a similar relationship
is found in birds (5, 43). Thus in suspected
cases of fatal insecticide poisoning it is im-
portant that the brains of the dead animals be
analyzed for the toxicant. However, continual
ingestion of amounts which do not cause signs
of toxicity can result in body storage of greater
amounts than would be fatal if given as a
single intravenous lethal dose. As much as 940
mg of DDT per kg can be stored in the fat of
dogs over a period of 747 days without evi-

dence of toxicity (106). In contrast, the lethal
intravenous dose of DDT in dogs is 0.40 mg/kg
(105). DDT accumulates in the gonads (2,
90) and also crosses the placental barrier (2,
28) into fetal liver and fat depots (2).
Of the BHC isomers, the beta compound is

stored more readily in rats (19, 29) and dogs
(19). In decreasing order, the tendency for
storage of the isomers (beta, alpha, and gam-
ma) by tissues is fat, kidney, brain, muscle,
and liver (19, 29). Species differences exist.
Unlike the rat, the dog stores more alpha,
beta, and gamma isomers in its adrenal glands
and the delta isomer is not found in the liver,
kidney, and adrenal glands (19).

Tissue distribution studies indicate that
when rats and dogs are fed heptachlor in
daily doses as low as 30-35 ppm and 1 mg,
respectively, the compound accumulates as
heptachlor epoxide primarily in the fat and
to a much lesser extent in the liver, kidney,
and muscle; none is found in the brain (77).
In dogs, unlike rats, the administration of high
levels of heptachlor results in incomplete epoxi-
dation by the liver with traces of heptachlor
appearing in the body fat (77).

Chlorinated hydrocarbons may be mobilized
from fat depots during catabolism. During
starvation in rats (18) and chickens (26),
previously fed chronic sublethal levels of DDT,
the mobilization of body fat results in an
increase of DDT-derived material in fat, brain,
and other tissues. These animals show signs
of poisoning. However, one report indicates
that when rats are fed a DDT ration for 15
days and then starved (until a 60 per cent
reduction in body weight occurs) the DDT
in the adipose tissue is mobilized but is not
shifted to the lipoid brain matter and no signs
of poisoning are observed (50). More investi-
gation is required to determine the effect of
starvation and other forms of stress on
mobilization of insecticides from fat storage to
lipoid brain matter.
The distribution of dieldrin is shown by

autoradiographic methods to be like that of
DDT (2). It is not known whether aldrin
crosses the placental barrier after first under-
going epoxidation. Although dieldrin accu-
mulates in yolks of eggs, without affecting egg
hatchability (55), poisoning may occur in the
hatched chick following the absorption of the
residual yolks and the concomitant mobiliza-
tion of the insecticide (55).

METABOLITES AND EXCRETION

The absorption of chlorinated hydrocarbon
insecticides from the digestive tract is poor

219



CANADIAN VETERINARY JOURNAL

and the major part of an oral dose is excreted
unchanged in the feces. Contrary to Smith and
Stohlman (84), DDA is the urinary excretion
product of DDT (24, 28, 102). DDA is rela-
tively hydrophilic and because the toxicity of
DDT is related to its lipophilic properties, it
is assumed that DDA is the end product of
DDT metabolism. DDA may be excreted in
rats as urinary conjugates of aspartic acid and
serine in equimolar proportions (73). The
nature of DDT metabolism, however, is not
certain. Tissue degradation of DDT in the
rabbit probably involves (a) dehydrohalogena-
tion of DDT and DDE, (b) hydroxylation of
DDE with replacement of ethylenic chlorine
atoms to give the enol form of DDA, and (c)
ketonization of the enol to yield DDA (102).
The overall sequence of reaction is: DDT--
DDE->DDA. The biological conversion of
DDT to DDA probably occurs via the inter-
mediate compound DDE (46). The oral ad-
ministration of DDT in man results in an
absolute increase in DDE storage and the
excretion of DDA is proportional to DDT
dosage (46). Both DDE and DDA are major
metabolites in birds (25), but in monkeys fed
DDT, very little or no DDE is stored (24)
implying species variation in intermediary
metabolism. DDD is a major metabolite of
DDT in rats, in which species the conversion
of DDT to DDE takes place very slowly (70).
That portion of the metabolism of DDT in
the rat which leads to DDA is elucidated to
have the following sequence: DDT-*DDD--
DDMU -> DDMS -> DDNU -> DDOH -> hypo-
thetical aldehyde->DDA (70). When rats are
fed o,p'-DDT, the compound undergoes iso-
meric transformation to p,p'-DDT in the fat
depots, and also appears in the transformed
state in the liver (54). No DDD is found in
the fat (54). However, when DDD is fed to
rats and dogs, it is deposited in fat and tissues
in a manner similar to DDT (28). In chronic
poisoning, the concentration of DDT excreted
in the urine increases to a maximum then
forms a plateau (84). In acute toxicity urinary
DDT concentration reaches a peak in rabbits
within two to three days (84), and in man
within 24 hours (85), following which it
declines slowly over a variable period. DDT is
excreted unchanged (28, 91, 106) in milk
which is toxic if ingested (91) so that milk
from animals recently treated with any of the
chlorinated hydrocarbon insecticides should
not be consumed by man. The bile is another
major route of DDT excretion (83). Since the
liver is the site of detoxification, bile secreted
into the intestine will contain products of DDT
metabolism. The major fecal products in rats,

are DDA and DDA conjugates of aspartic
acid and serine (73).
The excretion of BHC occurs in milk, urine,

and feces (15). The liver probably destroys
the gamma isomer (94). The alpha, gamma,
and delta isomers are excreted more rapidly
than the beta isomer (19). Chlordane prob-
ably undergoes detoxification in the liver since
organically bound chlorine is excreted in the
urine of rabbits fed the compound (86). The
more toxic heptachlor epoxide is a metabolite
of heptachlor in the dog and rat (77). In
these animals, fat is the main storage site of
the epoxide, the brain having none. The rate
of elimination of heptachlor epoxide from the
fat of rats appears to be the same as that of
the beta isomer of BHC, faster than DDT, and
slower than the other isomers of BHC (19).
Heptachlor epoxide is excreted in milk un-
changed (35). Aldrin, like heptachlor, under-
goes epoxidation to dieldrin before excretion
(75). Dieldrin is stored in the body unchanged
and eliminated in the urine in the form of
dieldrin and at least three unidentified meta-
bolites (47). Endrin is accumulated in the
body fat of cows and is excreted in small
amounts in their milk (15).

PATHOLOGY
In spite of the pronounced neurological

signs seen in chlorinated hydrocarbon poison-
ing, histologic alterations in the CNS are rela-
tively slight or nonexistent (49, 87, 103).
After DDT poisoning, vacuolation around large
nerve cells (in both the cord and cerebral
motor nuclei) and fragmentation of Nissl
bodies (tigrolysis) may occur (57). Degener-
ative changes restricted to the cerebellum
(chiefly in the dentate and roof nuclei) may
also occur in dogs chronically poisoned by
DDT (48). The most striking lesions are seen
in the liver, and include hyaline degeneration,
fatty degeneration, and central areas of coagu-
lation necrosis (57, 62). Necrosis of skeletal
muscle may occur in the guinea pig (62).
Moderate colloidal depletion of thyroid glands
is observed in rabbits, dogs, rats, and guinea
pigs (62). Focal necrosis of the gall bladder
may be observed in the rabbit (62). Minor
to moderate kidney lesions are seen in large
domestic animals, rabbits, and rats (57, 62).
Marked adrenal cortical atrophy occurs in
dogs fed DDD (63, 104). The o,p' isomer is
the adrenocorticolytic agent (63). Mild anemia
may occur in DDT intoxicated rabbits (83).
Testicular atrophy is a common sign of DDT
poisoning in cockerels (12, 25). DDD may
cause disturbances in chondrogenesis and
osteogenesis in dogs and rats (41).
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Lesions of BHC poisoning in rats include
testicular atrophy and liver enlargement with
focal necrosis of the hepatic cells (29). Hepatic
focal coagulation necrosis is observed in chlor-
dane poisoned rabbits (86). Other lesions seen
in rabbits include hyaline degeneration of the
proximal kidney tubules, cellular infiltration of
the intestinal submucosa (86) and centrilobular
necrosis of the liver (29). In large domestic
animals, there is much pathological similarity
between DDT and chlordane poisoning (75).
The pathological changes in goats are more
severe in toxaphene than chlordane poisoning
(14). Chronic aldrin or clieldrin poisoning in
rats and dogs produces degenerative changes
in liver and kidney and reduced cellularity in
bone marrow (30). However, the macro-
scopic and microscopic changes seen in organs
of animals poisoned by aldrin, dieldrin and
endrin are not pathognomonic (77). Chronic
feeding of heptachlor (6 mg/kg daily) to
adult rats produces cataracts, both in the
suckling offspring and in the parent rats (60).

DISTURBANCES OF BIOLOGIcAL FUNCTIONS

It appears that DDT does not affect the
vasomotor or respiratory centers, because blood
pressure and respiration responses in DDT-
intoxicated, pentobarbital-anesthetized cats are
normal (84). The only significant unusual
effect is insensitivity to peripheral vagal nerve
stimulation, with retention of the depressor
effect. It is possible to restore irritability by
intravenous injection of choline. The site of
action of DDT is not clear and appears to
involve widespread facilitation within the
cerebrospinal axis (36). According to Lauger
et al (1946) as cited by Bleiberg et al (6)
cholinesterase levels are not depressed in DDT-
poisoned animals. When acetylcholine (ACh)
is synthesized in vitro by a choline acetylase
system, added DDA depresses the acetylcholine
synthesis by inhibiting the acetate-activating
enzyme system (Acetate + Coenzyme A +
Adenosine-5'triphosphate -4 Adenosine-5'phos-
phate + Pyrophosphate + Acetyl Coenzyme
A) (6). However, pyruvate is the immediate
precursor and principal source of acetyl
coenzyme A in the intact animal (74). Recent
data indicate that total brain acetylcholine is
increased following acute DDT, dieldrin, and
heptachlor poisoning in rats and cockerels
(87). In contrast, acute lindane toxicity has
little effect on normal levels of brain ACh (87).
One report indicates (65) that DDT, and

perhaps other chlorinated hydrocarbon pesti-
cides, owe their activity in the cockroach to
the formation of a charge transfer complex

with a component of the nerve axon. It is
believed that the induced localized semi-
conductivity disturbs the normal function of
the nervous system (65). It would be interest-
ing to evaluate this hypothesis in mammals and
birds.

Recent data indicate that increases in brain
levels of ammonia occur during acute chlor-
inated hydrocarbon insecticide poisoning (44,
45, 88). Increased brain ammonia is regarded
by many workers as a probable cause of CNS
excitation (79, 95, 98, 99, 100). Fatal ven-
tricular fibrillation, as a concomitant of DDT
intoxication, occurs in rabbits, dogs, and mon-
keys (72). The rabbit, however, is the least
sensitive in this respect. This phenomenon has
not been investigated in large domestic animals
or birds. The mechanism whereby DDT causes
sudden death by ventricular fibrillation is not
known but it is suggested that DDT both
sensitizes the myocardium and causes sym-
pathetic discharges (72). This phenomenon
may not be characteristic of all the chlorinated
hydrocarbon insecticides, since both aldrin
(38) and dieldrin (37) cause bradyeardia and
other signs of parasympathomimetic action.

Apart from neurological disturbances, the
chlorinated hydrocarbons also disturb hormonal
activity. Cholesterol is a precursor of pro-
gesterone, and a reduction in ovarian choles-
terol content occurs in DDT-intoxicated rats
(90). However, unlike its methoxy analogue
(DMDT), DDT does not have any estrogenic
activity on ovariectomized rats.
During prolonged DDT-intoxication the

number of living rats in the second generation
may be smaller than the first (90). Heptachlor
(6 mg/kg body weight daily) chronically
administered for 18 months to adult rats, pro-
duces no clinical toxicological signs, but results
in a marked reduction of litter size in the first
generation as well as in successive generations
(60). As little as 10 ppm aldrin in the diet
interrupts estrus in rats (4). Further studies
are needed with regard to litter characteristics,
fetal mortality, and teratogenicity.

Existing data indicate that administration
of o,p'-DDD to dogs (a) produces atrophy of
adrenal cortex (zona fasciculata and zona
reticularis), (b) suppresses secretion of 17
hydroxycorticoids, (c) inhibits glucose-6-phos-
phodehydrogenase activity, and (d) does not
affect 6-phosphogluconate dehydrogenase (13,
16, 39, 64, 96). Since reduced nicotinamide
adenine dinucleotide phosphate (NADPH) is
required by the adrenal cortex for the conver-
sion of cholesterol to corticosterone (40), de-
creased steroid secretion may be caused by
glucose -6 -phosphodehydrogenase inhibition.
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The transformation of a 3P-hydroxy-A5-steroid
(3,B, - 17 - dihydroxy-A5-pregnene-20-one-7a-H33)
to its 3a-hydroxypregnane analogue is inhibited
in vivo in o,p'-DDD treated dogs (9). The
inhibitory action of DDD on steroid production
does not occur in hamsters or rats (39). A
marked decrease in a cells and an increase in
P cells in the anterior pituitary gland occurs
when DDD is administered to dogs and rats;
disturbances in chondrogenesis and osteo-
genesis are observed also (41). More work is
required in the area of hormonal disturbances.
It is possible that DDT and related compounds
have adverse effects on thyroid activity (62).

Intraperitoneal administration of chlordane
to rats increases hepatic enzyme activity for
certain drugs and it is postulated that chlor-
dane or its metabolites enhance enzyme ac-
tivity by increasing protein synthesis (42).
Repeated administration of phenobarbital (50
mg/kg daily) to rats receiving dieldrin (0.5
mg/kg daily) also stimulates microsomal drug
metabolism to the extent that the rate of
elimination of the pesticide is increased (17).
In rats, dietary DDT at levels as low as 5 ppm
significantly reduces the activity of hepatic
glucose-6-phosphodehydrogenase although it
has no effect on 6-phosphogluconate dehydro-
genase (93). To explain the inhibition of
glucose-6-phosphodehydrogenase, the hypo-
thesis postulated by Tinsley (93) that (a) an
alternate but less effective enzyme is involved,
and (b) the synthesis of glucose-6-phosphate
dehydrogenase is reduced is in keeping with
the consensus of opinion (42, 93).

TUMORIGENIC POTENTIAL

Existing data indicate that (a) DDT does
not promote leukemia in the Sherman strain
rat (53) and (b) aldrin and dieldrin are not
carcinogenic or tumorigenic in rats (31). How-
ever, a significant increase in the incidence of
hepatomas is observed in C3HeB/F mice fol-
lowing prolonged feeding of 10 ppm of aldrin
and dieldrin (20). Falk (1963), as cited by
Kay (52), reports that high dietary levels of
methoxychlor fed over 18 months is hepatocar-
cinogenic.

INDUCED RESISTANCE

Insecticide resistant insect strains present a
problem to the entomologist and parasitologist.
Conversion of DDT to DDE is implied as the
mechanism of resistance by the house fly (69)
and Assassin bug or Triatoma infestans (21).
Reduced glutathione is required by DDT-
dehydrochlorinase for this detoxification to

occur (58). The only case to date of resistance
in mammals followed selective breeding of a
colony of survivors of DDT-intoxicated mice,
(Mus musculus domesticus L), in which a
tolerant strain was developed by the ninth
generation (67). The level of tolerance was
assessed by comparing intraperitoneal LD50
values with those of a control colony started
from the same parent colony and reared under
similar conditions. In contrast, another report
(33) indicates that when generations of the
Sherman strain rat are tested for signs of DDT
tolerance over four years, no change in sus-
ceptibility to the pesticide (oral LD50 values)
is detected. Until further work is done, the
question of true resistance in mammals remains
unsettled.

POTENINTIATION, SYNERGISM AND ANTAGONISM

Greater than additive toxicity is observed
when DDT and pyrethrin are administered in
combination (69). Mixtures of equal parts of
alpha and gamma isomers of BHC are more
toxic than would be expected from the indivi-
dual LD50 values (105). The toxicity of
parathion in rats pretreated with aldrin is
markedly reduced (3). A marked decrease
occurs in storage of dieldrin in adipose tissue
of female rats when DDT and dieldrin are fed
simultaneously (89), but the significance of
this antagonism to dieldrin storage is not clear.
Whether this indicates a greater mobilization
of dieldrin and thus increased toxicity, or in-
creased conversion into an excretory hydro-
philic compound remains to be answered.

SUMMARY

The chlorinated hydrocarbon insecticides
(DDT, the cyclodienes, BHC and its isomers)
are toxic to both mammals and birds. In spite
of the pronounced neurological signs seen in
poisoning, histologic alterations in the CNS
are relatively slight or nonexistent. The macro-
scopic and microscopic changes seen in organs
of poisoned animals are not pathognomonic.
Thus in suspected cases of fatal poisoning, the
brains of the dead animals should be analyzed
for the toxicant.

All the chlorinated hydrocarbon insecticides
tend to be stored more extensively in adipose
tissue than in other tissues. The insecticides
may be released from fat depots during starva-
tion. The elimination of unabsorbed insecticide
is a protection from poisoning and this elimina-
tion must be measured in any balance study.
True excretion (elimination of previously ab-
sorbed material) of the insecticides may occur
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by way of urine, feces, milk, eggs, and even
the fetus. Knowledge of the metabolism of
DDT is incomplete and knowledge of the
metabolism of cyclodienes, BHC and its
isomers is fragmentary in comparison.

Apart from causing neurological disturb-
ances, the insecticides may disturb hormonal
function and reproduction, but further studies
are needed with regard to litter characteristics,
fetal mortality and teratogenicity. The data on
the ability of the chlorinated hydrocarbon
insecticides to induce tumors or resistance to
toxicity in mammals and birds are confusing
and limited. Until further work is done, the
question of tumorigenic potential and true
resistance in animals remains unsettled.

RESUME

Les insecticides a base d'hydrocarbone
chlorine (le DDT, les cyclodienes, le BHC et
ses isomeres) sont toxiques a la fois pour les
mammiferes et les oiseaux. En depit des symp-
tomes neurologiques prononces que l'intoxi-
cation par ces insecticides entraine, on n'ob-
serve, a l'examen histologique du systeme ner-
veux central, que peu ou pas de lesions. Les
changements macroscopiques ou microsco-
piques notes dans les organes des animaux in-
toxiques ne sont pas pathognomoniques. II faut
donc effectuer la recherche de l'agent toxique
dans le cerveau des animaux morts, soup-
connes d'avoir ete empoisonnes par ces agents.
Tous les insecticides a base d'hydrocarbone
chlorine ont tendance a s'accumuler davantage
dans le tissu adipeux. Ils peuvent etre remis
en circulation a partir des depots de graisse
lors des periodes de jeune. L'elimination de
l'insecticide non-absorbe previent l'empoison-
nement et cette elimination doit etre mesuree
dans toute etude de leur metabolisme. L'ex-
cr6tion veritable (definie comme etant l'elimi-
nation de substances preablement ingerees) des
insecticides peut se faire par voie urinaire, par
voi intestinale, par le lait, par les oeufs et meme
par le foetus. Notre connaissance du meta-
bolisme du DDT est incomplete, et celle du
metabolisme des cyclodienes ainsi que du BHC
et de ses isomeres est plutot fragmentaire.
En plus de causer des desordres nerveux,

ces insecticides peuvent perturber les systemes
hormonal et reproducteur. De plus amples
etudes sont cependant necessaires sur les por-
tees qui y ont ete exposees, sur la mortalite
foetale et sur les effets teratogenes qu'ils pour
raient- avoir. Les donnees disponibles sur les
effets carcinogenes de ces insecticides, ou sur la
resistance que leur opposent les mammiferes et
les oiseaux, ne sont ni claires ni nombreuses.

Tant que d'autres travaux ne seront pas com-
pletes, ces derniers points doivent demeurer
en suspens.
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