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A study of the cardiac effects of DDT in laboratory
animals *
J. JEYARATNAM 1 & P. J. FORSHAW 2

The claim that the hearts ofanimals chronically exposed to DDT are unduly sensitive to
the cardiotoxic effects of vasopressin was reexamined. Rats and rabbits were fed a diet
containing DDTfor 8 months and were given weekly doses of vasopressin, which causes a
temporary myocardial ischaemia. Electrocardiograms, recorded at 2-week intervals, showed
no significant increase in the incidence of cardiac arrhythmias in the DDT-fed animals.
Intravenous noradrenaline given at the end of the 8-month period did not produce a greater
incidence ofarrhythmias in the DDT-fed animals than in the controls. Isolated heart muscle
preparations from the DDT-fed and control rats did not differ in their peak developed
tensions and maximum rates of tension development. DDT, TDE, and DDE levels in heart
muscle andfat were below detectable levels in the control rats, whereas in the DDT-fed rats
they were at least 100 times those normally found in human tissues.

Lokaneva (1) reported that rabbits fed DDT over
a long period did not show any overt toxic effects,
but developed cardiac irregularities when coronary
vasoconstriction was produced by injections of vaso-
pressin. This was a potentially important observation
in view of the extensive human exposure to DDT
over the last 25 years, particularly since DDT is
known to persist in the environment and in human
tissues (2-4).

Furthermore, DDT is a halogenated hydrocarbon
and a large number of chemicals in the group are
known to cause cardiac arrhythmias in the presence
of noradrenaline (5), a phenomenon described as
cardiac sensitization (6). DDT has been shown to
possess this property when administered intra-
venously in lethal doses (7).

It was considered important to investigate the
claims of Lokaneva, and also to study the electro-
cardiographic effects of noradrenaline in the presence
of DDT stored in cardiac tissue. The contractile
properties of isolated heart muscle preparations from
DDT-fed rats were also studied. Some chlorinated
hydrocarbons, such as the anaesthetic halothane and
the fluorinated hydrocarbons used as carrier gases in
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aerosol sprays, which are cardiac sensitizers, impair
the contractility of isolated heart muscle (8, 9).

METHODS

Administration ofDDT and vasopressin
Adult female Dutch rabbits and 8- to 10-week-old

white rats of the Porton strain were used. Vasopres-
sin BP (Parke, Davis & Co.) diluted with sterile saline
(9 g/litre) to give 2 000 units/litre was injected during
the first 6 months of the experiment at 0.5 unit per
kg of body weight and during the last 2 months at 2.0
units/kg.
The rat diet consisted of 41B diet powder (10) with

or without the addition of a 2% solution of the 4,4'
isomer of DDT in arachis oil to give 200 mg/kg of
DDT. The rats were divided into 4 groups of
6 animals and treated as follows:
Group 1. 41B diet powder plus DDT and weekly intra-

peritoneal injections of vasopressin.
Group 2. 41B diet powder plus DDT.
Group 3. 41B diet powder and weekly intraperitoneal

injections of vasopressin.
Group 4. 41B diet powder.

Two groups of 4 rabbits were treated as follows:
Group A. 1 ml of a 10-g/litre solution ofDDT in arachis

oil given orally to each animal for 5 days/
week, together with a weekly intravenous
injection of vasopressin.
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Group B. A normal diet and a weekly intravenous
injection of vasopressin.

Electrocardiograms
The bipolar and augmented limb leads of the

electrocardiogram (ECG) were recorded at 2-week
intervals for the 8-month period. The rabbits were
anaesthetized with pentobarbital at 40 mg per kg of
body weight intraperitoneally before the recordings
were taken to prevent muscular activity interfering
with the ECG recordings. Unanaesthetized rats were
placed in poly(methyl methacrylate) cages small
enough to prevent them from pulling off the elec-
trodes but not small enough to restrict their breath-
ing movements. The electrodes for both the rats and
the rabbits consisted of brass safety pins 1.5 cm long,
which were fixed through the shaved skin at the
junction of the limbs and trunk on the ventral side.
All recordings were taken with the animals dorsal
side uppermost.

In the rats the ECGs were recorded for a period of
1 min before injection of vasopressin and for 1 min
beginning 8-10 min after vasopressin administration,
when its effect was at a peak. In the rabbits the ECGs
were recorded for 1 min before injection and for
1 min beginning immediately after vasopressin injec-
tion, when its effect was greatest. The presence of one
or more extrasystoles recorded after vasopressin
administration in lead 2 of the ECG counted as a
positive response. After DDT had been given for
8 months the rats and rabbits were each given 3 ,ug
per kg of body weight of noradrenaline injected
intravenously over a period of 10 s; the ECGs were
then immediately recorded for 1 min and the pre-
sence of 1 or more extrasystoles taken as a positive
response.

Finally, the rats were killed and the contractile
properties of isolated ventricular muscle prepara-
tions (11) were examined and a comparison made
between the rats fed DDT and those on a normal
diet.
DDT and its metabolites, TDE and DDE, in

cardiac muscle and in pericardial and omental fat
were estimated by gas-liquid chromatography using
a modification of the method of de Faubert Maunder
et al. (12).

RESULTS

During the 8 months of the experiment the food
intake and weight gain of the rats were similar in the
groups fed DDT and in the controls. The levels of
DDT, TDE, and DDE in the tissues of the rats fed

Table 1. Mean contents (± SD) in mg/kg of DDT and
metabolites in tissues of rats (n = 10) fed 200 mg/kg
DDT for 8 months

Tissue DDT TDE DDE

heart 37.2 2.4 1.3
±2.4 ±0.2 ±0.1

pericardial fat 403.0 37.0 16.0
± 20.2 ± 14.8 ± 12.4

omental fat 980.0 107.0 44.0
± 30.6 ± 20.5 ± 5.2

Table 2. Measurements on rats (mean ± SE) obtained
from lead 2 of the ECG

Experimental group PR interval QRS interval
n = 6 (msec) (msec)

rats with 45 17
DDT in diet ± 1.1 ± 1.0

rats on 47.2 16.5
normal diet ± 1.0 - ± 0.9

Table 3. Mean response (± SE) to vasopressin in rats

Experimental group Heart rate/min Heart rate/min
n = 6 before vasopressin after vasopressin

rats with 469 354
DDT in diet ± 33.0 ± 20.0

rats on 478 350
normal diet ± 32.0 ± 18.0

DDT were considerable, whereas no detectable levels
were observed in the control group (Table 1).
The ECGs of rats fed DDT and those on a normal

diet were similar. Lead 2 of the ECG was used to
measure heart rate and the PR and QRS intervals,
values indicative of impulse conduction through the
atria and ventricles (Table 2). The changes in rhythm
and heart rate (Table 3) seen in ECGs after vasopres-
sin injection were similar in the rats fed DDT and in
the control animals. Bradycardia was a consistent
response to vasopressin, whereas the arrhythmias
seen after the administration of vasopressin occurred
at different times and were not always evident. These
cardiac irregularities in response to vasopressin could
be classified as second degree periodic atrioventricu-
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Fig. 1 a. ECG (lead 2) of rat on a normal diet 9 min after intraperitoneal injection of vasopressin at 2.0 units/kg,
showing atrioventricular block and bradycardia.

Fig. 1 b. ECG (lead 2) of rat on a diet containing DDT 9 min after intraperitoneal injection of vasopressin at 2.0 units/
kg, showing atrioventricular block and bradycardia.

Table 4. ECG measurements (mean ± SE) on rabbits

Experimental group PT interval QRS interval
n = 4 (msec) (msec)

rabbits with 79.0 (64) a 39.0 (64)
DDT in diet ± 1.9 ± 1.2

rabbits on 75.0 (64) 36.0 (64)
normal diet ± 2.0 ± 1.0

a The number of observations is shown in parentheses.

Table 5. Mean response (± SE) to vasopressin in
rabbits

Experimental group Heart rate/min Heart rate/min
n = 4 before vasopressin after vasopressin

rabbits with 295 (64) a 210 (64)
DDT in diet ± 11.0 ± 1.0

rabbits on 280 (64) 200 (64)
normal diet ± 13.0 ± 6.0

a The number of observations is shown in parentheses.

Table 6. Response to noradrenaline in rats

Number of rats with
Experimental group n = 12 extrasystoles after

noradrenaline

rats with DDT in diet 2

rats on normal diet 3

lar block. A 2-units/kg dose of vasopressin resulted
in an even greater arrhythmic response which was
also unaffected by the presence ofDDT (Fig. la, lb).

In the rabbits DDT did not influence the ECG
pattern either before or after vasopressin administra-
tion (Tables 4, 5). The changes in cardiac rhythm
observed after vasopressin injection were similar to
those observed in the rats, but were very much more
marked and the rhythm disturbances more evident at
the higher dose of vasopressin (Fig. 2a, 2b).
No differences in ECG response to noradrenaline

were observed between the rats fed DDT and the
controls (Table 6). The 4 rabbits in each group were

Fig. 2a. ECG (lead 2) of rabbit on a normal diet 45 sec after intravenous injection of vasopressin at 2.0 units/kg,
showing atrioventricular block and bradycardia.
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Fig. 2b. ECG (lead 2) of rabbit on a diet containing DDT 45 sec after intravenous injection of vasopressin at 2.0
units/kg, showing atroventricular block and bradycardia.
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Table 7. Comparison of isometric contraction studies on
(mean ± SE)

heart muscle preparations

Experimental Tpd a dp/dt max b TPT C TT d RT e
group (g/mm2) (g/mm2/sec) (msec) (msec) (msec)

muscles from rats 1.09 (10) f 5.78 (10) 172.0 (10) 414.0 (10) 242.0 (11)
with DDT in diet i 0.2 ± 0.15 ± 5.33 ± 4.26 ± 4.66

muscles from rats 1.31 (11) 5.9 (22) 175.0 (11) 409.0 (11) 232.0 (11)
on normal diet ± 0.07 ± 0.12 ± 4.74 + 4.74 I 3.04

a Peak developed tension.
b Maximum rate of tension development.
c Time to peak tension.
d Total twitch duration.
e Relaxation time.
f The number of preparations is shown in parentheses.

injected with noradrenaline but none of the animals
developed extrasystoles.

Analysis of the isometric myogram of the isolated
heart muscle preparations revealed no significant
differences between the DDT-fed rats and the con-
trols (Table 7).

DISCUSSION

In the present experiments a technique was devel-
oped to record the ECG of the unanaesthetized rat,
the most frequently used animal in toxicological
studies. In the absence of any cardiac abnormalities
resulting from the feeding of DDT it was decided to
repeat the experiments on rabbits described by
Lokaneva (1).
The ECGs of the rats and rabbits were unaffected

by the presence ofDDT in their diet. The administra-
tion of vasopressin resulted in bradycardia and
rhythm changes, but all of these changes have
previously been ascribed to the cardiac effects of
vasopressin (13-16), and were not influenced by the
presence of DDT. Lokaneva (1) described cardiac
arrhythmias in response to intravenous vasopressin.
These changes described by Lokaneva as " paroxys-
mal atrial fibrillation" were seen in the present
experiments after vasopressin administration, and
have been designated period second degree atrioven-

tricular block, a phenomenon unaffected by DDT.
The changes observed by Lokaneva occur as a
consequence of the administration of vasopressin.
Since the arrhythmic response that occurred after
vasopressin administration was variable in both
onset and duration it is likely that this response was
incorrectly attributed to an effect of DDT because
there was inadequate control data.
A large number of halogenated hydrocarbons can

increase the reactivity of the mammalian heart,
resulting in cardiac arrhythmias, but the mechanism
by which they do so is not understood. A feature of
all these compounds is that, unlike DDT, they are
rapidly eliminated from the body on termination of
exposure. It is possible, therefore, that cardiac sensi-
tization is a transient phenomenon dependent on
some temporary interaction between the effects of
the chemical and noradrenaline and not on structural
damage to the heart cells (17, 18).

Finally, the contractility of isolated heart muscle
was not in any way altered by the presence of DDT.
The results of these experiments suggest that DDT

present in human tissues would have no cardiotoxic
effects. The levels of DDT in the animal experiments
were greater by a factor of approximately 100 than
those found in humans (19, 20). It may be wise,
however, to examine cardiac function in a human
population occupationally exposed to DDT in order
to validate these laboratory findings.
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RtiSUMt
ETUDE DES REACTIONS CARDIAQUES AU DDT CHEZ LES ANIMAUX DE LABORATOIRE

Une etude de laboratoire a ete faite sur des rats et
des lapins pour determiner si le DDT occasionne des
arythmies cardiaques en presence de vasopressine ou
de noradrenaline; par ailleurs, les proprietes contractiles
de muscles cardiaques preleves sur des rats dont la
nourriture comportait du DDT ont ete comparees a
celles de temoins normaux.

Les rats d'experience, ages de 8 A 10 semaines, ont
requ un regime alimentaire 41B contenant 200 mg/kg
de DDT et ont ete divises en deux groupes, les rats
de l'un d'eux recevant des injections intraveineuses
hebdomadaires de vasopressine B.P., a raison de 0,5
unit6/kg pendant six mois puis de 2,0 unites/kg pendant
les deux derniers mois. Deux autres groupes de rats
ont ete soumis au meme traitement, mais sans adjonction
de DDT au regime alimentaire.
Des electrocardiogrammes ont ete enregistres tous

les quinze jours chez les rats non anesthesies. Ils etaient
faits avant et apres les injections de vasopressine, la
presence d'extrasystoles apres l'injection comptant
pour une reponse positive. A la fin des huit mois de
1'etude, des electrocardiogrammes 6taient egalement
enregistres apres administration intraveineuse de 3 ug/kg
de noradrenaline.
Des lapins ont et soumis a des experiences semblables

a la difference pres que les doses de DDT incorporees
dans de I'huile etaient administrees par voie orale.

Le rythme cardiaque, les intervalles P-R et Q-R-S des
animaux ayant requ du DDT ne differaient pas sensible-
ment de ceux des temoins, revelant que la conduction
cardiaque n'etait pas affectee. La bradycardie et les
arythmies cardiaques constatees apres administration
de vasopressine, surtout A la dose la plus elevee, n'etaient
pas influencees par l'administration de DDT. Ces
r6sultats concernaient aussi bien les rats que les lapins.
On ne relevait pas non plus de difference marquee dans
l'incidence des extrasystoles apres administration de
noradrenaline entre animaux ayant recu du DDT et
animaux temoins, pas plus que dans les r6ponses des
muscles cardiaques isoles de ces deux categories d'animaux.

Les constations 6lectrocardiographiques s'opposent
a celles de certains travaux anterieurs publies a la suite
d'experiences sur des lapins alimentes avec un regime
comportant du DDT et ayant requ des injections de
vasopressine. On suppose que la vasopressine peut a elle
seule avoir entraine les modifications de l'electrocardio-
gramme attribu6es au DDT. S'il est possible qu'une
sensibilisation cardiaque passagere resulte d'une inter-
action temporaire entre noradrenaline et DDT, sans
que les cellules cardiaques n'en subissent aucun dommage
structurel, il semble improbable que le DDT present
dans les tissus humains (a des doses environ 100 fois
inferieures a celles des experiences relatees) puisse avoir
aucun effet cardiotoxique.
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