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PHYSIOLOGY

Thyroid Hormone Deficiency Determines Predisposition
to Catalepsy in Rats
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The role of thyroid hormones in predisposition to cataleptic reaction was investigated. GC
rats with genetic predisposition to catalepsy were characterized by decreased serum thyroxin
content in comparison with Wistar rats. Thyroidectomy even more reduced the blood con-
centration of thyroxin in GC rats 30 days postoperation and augmented predisposition to ca-
talepsy in both rat strains.
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The development of mental disorders in patients with
thyroid dysfunction has been repeatedly described [5,
10], but the neurobiological mechanism of this phe-
nomenon remains unclear. Behavioral changes in ani-
mals with thyroid dysfunction were revealed. Rats
with thyroid hormone deficiency demonstrated longer
immobility time in the forced swimming test [7]. Ca-
talepsy or excessive immobilization reaction regarded
as an adaptive passive defense strategy [2] in labora-
tory rats was markedly potentiated during long-term
selection, which resulted in derivation of GC rat strain
predisposed to this reaction [1].

The aim of the present study was to elucidate the
relationship between the concentrations thyroid hor-
mone and predisposition to catalepsy. To this end, we
compared the concentrations of thyroid hormones in
animals with genetically determined differences in the
severity of catalepsy and evaluated the effect of thy-
roidectomy on manifestation of catalepsy in Wistar
and GC rats.

MATERIALS AND METHODS

Experiments were carried out on adult male Wistar
(n=24) and GC (n=22) rats aged 2 months (200±10 g
at the start of the experiment). In 12 Wistar and 10 GC
rats the thyroid glands were removed under Nembutal
(35 mg/kg) narcosis. Thyroidectomized rats were of-
fered deionized water with 0.5% CaCl2 throughout the
experiment. Sham-operated Wistar (n=12) and GC rats
(n=12) served as the control. All rats (4 per cage) were
kept at 22oC and 12-h day/night cycle. Tests were
carried out on day 31 postoperation. Catalepsy was
evaluated by the time during which the animal re-
tained a preset vertical posture at the corner of the
cage and by the percentage of animals retaining this
vertical posture for at least 10 sec [1]. The rats were
decapitated 2 days after the test. Serum concentrations
of total thyroxin (nM) were assayed with a TiroididIFA-
Tiroksin kit for enzyme immunoassay (St. Petersburg).
The data were expressed as M±m and compared using
ANOVA test with multiple comparison after Bonferroni.

RESULTS

The concentration of thyroxin in sham-operated GC
rats was significantly lower than in Wistar rats (p<0.001,
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Fig. 1, a). One month after thyroidectomy the con-
centration of thyroxin in GC rats decreased 7-fold
(p<0.001, Fig. 1, a). In 5 of 7 thyroidectomized GC
rats serum thyroxin concentration was below the sen-
sitivity limit. In Wistar rats thyroidectomy 2-fold de-
creased serum thyroxin concentration (p<0.001, Fig. 1,
a). It can be assumed that homeostasis of thyroid hor-
mones in GC rats is unstable, and surgical removal of
the gland is sufficient for almost complete elimination
of thyroid hormones from the body within 1 month.
We hypothesized that GC rats are characterized by
hereditary hypothyroidism, but further studies inclu-
ding measurements of triiodothyronine and thyroid-
stimulating hormone are needed for final conclusion.
In Wistar rats metabolism of thyroid hormones is more
stable, and thyroid hormones are not completely re-
moved from the body one month after thyroidectomy.
A more pronounced suppression of hormone produc-
tion can be achieved by a combination of thyroid-
ectomy and high doses of 131I [3,4].

Thyroidectomy induced catalepsy in 7 of 12 Wi-
star rats (p<0.05). The time of immobility in thyroid-
ectomized Wistar rats was longer than in sham-ope-
rated animals (p<0.05, Fig. 1, b). There was a trend to
prolongation of immobility time in thyroidectomized
GC rats compared to sham-operated GC rats (p<0.05,
Fig. 1, b). Two-factor ANOVA revealed an apprecia-
ble contribution of the genotype (F1.42=5.16, p<0.028)
and thyroidectomy (F1.42=8.09, p<0.0068) to determi-
nation of catalepsy time. On the other hand, no mutual
effect of genotype and thyroidectomy on the immobi-
lity time was observed (p<0.05). These results are in
line with published reports on increased immobility
time in the forced swimming test in GC rats compared
to Wistar rats [8] and in hypothyroid Wistar rats com-
pared to the control [7]. It can be hypothesized that
thyroid hormone deficiency is an important factor pre-
disposing to catalepsy. However this hypothesis re-

quires further experimental verification, in particular
evaluation of the effects of chronic treatment with
therapeutic doses of thyroid hormones on the severity
of catalepsy in rats.

It was found that hereditary predisposition to cata-
lepsy in rats and mice is associated with a lower den-
sity of type 2A serotonin receptors in the brain [9]. On
the other hand, thyroidectomy markedly decreases the
density of these receptors in rat brain [6]. Thus, thy-
roid hormone deficiency increases predisposition to
catalepsy by reducing the density of type 2A serotonin
receptors. Generally, catalepsy in hypothyroid animals
is a convenient model for studying the relationship
between thyroid dysfunction, neural processes, and
behavioral abnormalities.
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Fig. 1. Effect of genotype and thyroidectomy on serum
concentration of total thyroxin (a) and time of cataleptic
immobility (b) in rats. 1) Wistar rats; 2) GC rats; light bars:
control; dark bars: thyroidectomy. *p<0.001, **p<0.05 vs.
sham-operated control; +p<0.001, ++p<0.05 vs. Wistar rats.
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