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ABSTRACT

Lead is known to be a potent neurotoxin that can cause seizure activity in
humans and animals. Also, epileptic type convulsion is a known complication
of hypothyroidism. This study was performed to determine the effect of
propylthiouracil (PTU)-induced hypothyroidism and chronic lead exposure on
pentylenetetrazol (PTZ)-induced kindling parameters. The test was carried out
by using male albino rats weighing 180-230 g which were divided into four
groups as follows:

Group 1: rats which received distilled water for 25 days (control group);

Group 2: rats pretreated with an orally administered lead acetate solution
(0.05%) for 25 days;

Group 3: rats rendered hypothyroid with PTU solution (0.1%W/V) for 25
days; and

Group 4: rats co-treated with lead acetate solution (0.05%W/V) and PTU
solution (0.1%W/V) for 25 days.

On the 26th day of theexperimentPTZ (ip, 30 mg/kg) was injected once a day
in order to induce seizure behaviors.

Kindling parameters such as seizure latency, index, stage and frequency were
evaluated. In animals, both lead acetate (0.05% W/V) and PTU (0.1%W/V)
pretreatment caused significant alterations in kindling parameters separately.
Butinanimalspretreated witha combination of lead acetate and PTU, potentiation
of kindling parameters was not observed compared to groups one and two. In
conclusion, lead acetate and PTU may affect kindling parameters by different
mechanisms.
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INTRODUCTION

Lead is known to be a potent neurotoxin inducing
neurological damage and behavioral disruptions in humans
and experimental animals, withdevelopingindividuals being
particularly susceptible.! One neurological consequence of
lead intoxication is the development of seizure activity.?*
This toxic effect, which has been reported to occurin a high
percentage of children with lead poisoning, is apparently
related toacentral toxic action.! On the other hand, relations
between hypothyroidism and neurological function are well
recognized.® For example, in elderly hypothyroids, mental
change, confusion, paranoia, depression and dementia are
often attributed,” and autistic disorders have been observed
in hypothyroid children.?

There is also evidence that epileptic-type convulsion is
a complication of severe hypothyroidism.**!° As long ago
as 1922 itwas shown that there is anincreased susceptibility
of rabbits and cats to induced convulsion following
thyroidectomy.'"!? Later, administration of synthetic
thyroxine was shown to reduce the incidence of photically
induced epileptic responses in the baboon Papio papio."”

In genetically epilepsy prone rat (GEPR-9) model, the
criticalimpact of neonatal hypothyroidism on brain function
coupled with the development of audiogenic seizure
susceptibility during the third week after birth, suggested
that neonatal hypothyroidism could be an etiological factor
in the development of the seizure-state of GEPR-9 rats."

There are many conditions in which hypothyroidism
may accompany lead exposure throughout life. Therefore it
is important to examine the combination effects of
hypothyroidism and lead exposure on cases suffering from
epilepsy. With respect to these reports, we were interested
in determining the effects of PTU-induced hypothyroidism
on PTZ-induced kindling parameters in chronic lead

pretreated rats.

MATERIALS AND METHODS
Animals
24 male albino rats weighing 180-230 g were obtained
from Razi Institute (Karaj-Iran) and housed in separate
cages with free access to food and water, and maintained on
a12-hlight/12-h dark schedule ata temperature of 22+2°C.

Chemicals

Lead acetate [(CH,COO),Pb, 3H,0 (Merck, Germany)]
was dissolved in distilled water. In order to prevent the
precipitation of lead salts, 0.5mL of HCI (1N) was added to
1 liter of distilled water. PTU (Sigma Chemical Co., UK)
was dissolved in distilled water, PTZ (Sigma Chemical Co.,
UK) was dissolved in 0.9% isotonic saline solution to
provide a volume of 2 mL/kg for intraperitoneal (i.p.)
injection, as described previously.'
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Fig. 1. Seizurelatency in full kindled treated and control rats (n=6.

p<0.05).
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Fig.2-A, B, C.Seizureindex in treated (+) and control ( @ ) groups

after daily injection of PTZ (30 mg/kg, i.p.) (n=6, p<0.05).
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Fig. 3-A, B, C, D. Seizure frequency of kindling stages in treated rats in comparison with controls (n=6,p<0.05).

Values are means = S.E.

Treatment schedules
Animals were divided into four groups as follows:
Group 1: Animals receiving only distilled water
(acidified) for 25 days (control group, n=6).
Group2: Animalsreceivingleadacetate solution (0.05%)
for 25 days (n=6).
Group 3: Animals receiving PTU solution (0.1%W/V)
for 25 days, as drinking water (n=6).
Group4: Animalsreceiving water containing lead acetate
(0.05%) and PTU (0.1%) for 25 days (n=6).
—  After 25 days, treatment was ceased and on the 26th day
3 of the experiment PTZ-kindling was performed on animals
g in all groups.

202

g PTZ-kindling

= PTZ was injected i.p. in a dose of 30 mg/kg every day.
8 All injections were made between 8 a.m. and 2 p.m. After
€ PTZ injection the behavior of animals was observed for 30

= min. The intensity of seizures was evaluated by use of a five
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point scoring system similar to that previously described;'®
stage 1: mouthand facialmovements (rhythmic jaw opening);
stage 2: head nodding; stage 3: forearm clonus; stage 4:
rearing; stage 5: rearing and falling (loss of righting reflex).
The animals were injected with PTZ until they reached the
kindling criterion (five times stage 5 during five consecutive
injections). By using the values obtained from each animal,
the mean value of seizure index (SI) was calculated for each
group. In this model SI shows seizure severity and is
calculated from this formula:
SI=A + 2B + 3C + 4D + SE/A+B+C+D+E

A, B, C, D & E indicate the means of movements in
kindling stages 1,2, 3, 4 & 5 respectively.

Statistical analysis

Statistical analysis was carried out by computer using
the SPSS statistical program. The Kolmogrov-Smimov test
was conducted for normal distribution of individual data.
All data were normally distributed, and subsequently the
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Fig. 4-A, B, C. Seizure stages in treated rats (...) in comparison
with controls (-) after acourse of PTZ-kindling (n=6,p<0.05).

paired t-test was performed for seizure indices and seizure
stages and the t-test was also performed for the seizure
latency of each group. Differences witha P value of less than
0.05 were considered significant.

RESULTS

Seizure latency
Results showed that seizure latency had no significant

difference in all groups (p<0.05) (Fig. 1).

Seizure index (SI)
Mazximum and minimum values of ST were (2.66, 0) for
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group 1,(2.96,1.55) for group2, (3.06, 1.42)for group 3 and
(3.3, 1.67) for group 4 (Fig. 2-A, B, C). Lead prewreatment
together with PTU-induced hypothyroidism increased the
SI of the 4th group when compared with controls (p<0.05)
(Fig. 2-C). There was no significant difference concerning
the seizure index between the lead pretreated and PTU
induced hypothyroid rats.

Seizure frequency

Seizure frequency in the 1stand 2nd phases of kindling
was low in the rats of all treated groups, after reaching the
full kindling state, compared to the control group (p<0.05)
(Fig.3-A, B), but seizure frequency in the 3rdand 4th phases
of kindling was high compared to controls (p<0.05)(Figs. 3-
C,D).

Seizure stages

Significant differences in seizure stages between the
control and treated groups were seen (p<0.05)(Fig.4-A,B,C),
but among the 2nd, 3rd and 4th groups, no significant
differences in seizure stages were observed.

DISCUSSION

The present data demonstrate that chronic lead
pretreatment or PTU-induced hypothyroidism increases the
severity of kindling seizuresin PTZ-kindled rats (according
to seizure stages and seizure indices), but lead pretreatment
together with hypothyroidism has no synergistic effect on
PTZ-kindling parameters. These effects might actually be
related to the influence of lead and hypothyroidism on the
kindling state.

The nervous system is amajor site of lead toxicity.>> The
mechanisms of lead neurotoxicity are not fully understood.

Several studies have shownthatlead exertsits neurotoxic
effects by two distinct mechanisms:

1) As a neurodevelopmental toxicant interfering with
the differentiation of the central nervous system (CNS); and
2) as a neuropharmacological toxicant interfering with the
ionic mechanisms of neurotransmission.!’

There are contradictory reports regarding the possible
roles of the central neurotransmitter system in the
development of low level lead neurotoxicity, because an
increase, decrease or no change in the functional capacity of
the GABAergic, cholinergic, adrenergic and glutamatergic
system in the CNS have all been reported.'** Epilepsy-type
seizuresoccurin severehypothyroidism and the pathogenesis
of seizure remains unclear. It was suggested that impaired
liver glycogenolysis and reduced adrenocortical function
caused by an absence of thyroxine produce mild
hypoglycemia. Alternatively, it could be that increased
interstitial and intracellular fluidsand the reduction in plasina
volume seen in patients with myxedema, along with
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alterations in the blood brain barrier, result in increased
cerebrospinal fluid and cerebral edema which may cause the
fits. Animal studies suggest thatseizure potential varies with
thyroid function independent of metabolic rate.’

In our study, chronic lead exposure caused an increment
of seizure severity compared to controls. This effect is
probably related to GAB Aergic neuron abnormalities. Lead
potentlyafiects GABAergic neurotransmission and decreases
the presynaptic function of GABAergic neurons in exposed
rats,” and PTZ also acts at the GABA receptor complex in
away thatdecreasestheinhibitory capacity of GABA.!* Our
results in lead treated rats were generally similar to those
described previously by other investigators.?>?

In contrast, seizure latency in lead treated rats does not

- differ from the control group significantly. Therefore it
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appears that lead may have different effects on kindled
seizures, enhancing those events which are involved in the
intensity and spread of a given seizure episode while having
little or no effect on factors which are responsible for
initiation of seizureactivity. Fromthis point of view, animals
intoxicated with lead at birth appear to have no difference
from those intoxicated as adults.?

PTU-induced hypothyroidism increased the seizure
severity in treated rats. This is probably due to a direct effect
of thyroid hormones or rather its lack of membrane
excitability; nevertheless, the major mechanism of this
event is unclear.'® Our results also revealed no synergism
between PTU-induced hypothyroidism and chronic lead
pretreatment on PTZ-induced kindling parameters. Some
studies on the pathogenesis of kindled seizures have indicated
that a number of neurochemical alterations accompany this
model of epileptogenesis.? One group of neurotransmitters
which has been repeatedly implicated in the regulation of
kindled seizures as well as in other seizure models? is the
catecholamines, particularly norepinephrine. /n vivo, lead
increases norepinephrine concentration in the whole forebrain
in mice and rats.?? In contrast, in rats which were made
hypothyroid, lower brain monoaminelevels werereported.*
As the result, synergism or antagonism was not found
between chronic lead pretreatment and PTU-induced
hypothyroidism on PTZ-induced kindling parameters.
Further studies to find the exact mechanism of the effect of

lead acetate or hypothyroidism on kindling parameters are
necessary.
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