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Studies on the mechanism of the enhanced cold-induced TSH secretion in spontaneously hypertensive rats'
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Summary. Various noradrenergic and tryptaminergic antagonists as well as pinealectomy significantly inhibited cold-

induced TSH secretion in SHR as in control rats.

Dysfunction of the central noradrenergic and tryptaminer-
gic systems has been proposed in spontaneously hyperten-
sive rats (SHR)*®. Several abnormalities in the endocrine
function of these animals have also been suggested’. Thyro-
tropin (TSH) levels in serum have been found to be higher
in SHR than in normotensive control rats®!%, Our recent
studies'" indicated that the cold-induced TSH secretion is
enhanced in SHR accustomed to +30°C. The last finding
suggests that the disturbance in the regulation of TSH
secretion in SHR is located in the hypothalamus, since the
TSH cold-response is known to be mediated through the
activation of hypothalamic TRH neurons'?.

Previous studies indicate that central noradrenergic and
tryptaminergic systems exert a stimulatory action on the
TRH-TSH secretion in rats'*'®. Also an intact pineal gland
is necessary for the normal TSH cold-response!’. In the
present study we have tried to find out whether the
potentiation of the TSH cold-response in SHR could be
caused by an increased activity or sensitivity of noradrener-
gic or tryptaminergic neurons, or of the pineal gland. This
was pursued by comparing the effect of various noradren-
ergic and tryptaminergic antagonists or pinealectomy on
the TSH cold-response in SHR and in Wistar-Kyoto
(WKY) control rats.

Materials and methods. SHR (blood pressure constantly
between 150 and 210 mmHg) and WKY control rats (blood
pressure less than 135 mmHg) were originally obtained
from NIH and then inbred in our department. They were
fed with ordinary laboratory pellets (iodine content 0.5-1
mg/kg) and tap water ad libitum. The animals were kept
individually in plastic cages in a dark silent room with
artificial illumination from 07.00 h to 19.00 h. The rats were
adapted to +30°C for 7 days before experiments were
performed between 13.00 h and 15.00 h. All rats were
exposed to cold (+4 °C for 30 min) to elevate serum TSH
levels through the activation of hypothalamic TRH neu-
rons'2. The rats were decapitated immediately after the
cold-exposure and the trunk blood was collected. Serum
TSH concentration was measured by radioimmunoassay as
described by Ranta'. Pinealectomy was performed 3-4
days before experiments as described earlier!”. The follow-
ing drugs were used: Ca-fusarate (Orion, Helsinki); p-chlo-

rophenylalanine (pCPA, Sigma, St.Louis); metergoline
(Farmitalia Carlo Erba, Milan), a-methyl-p-tyrosine
methylester hydrochiloride (¢«-MPT, Kistner, Goethenburg)
and phenoxybenzamine hydrochloride (SKF, Welwyn Gar-
den City). a-MPT and phenoxybenzamine were dissolved
in 0.9% saline while pCPA and Ca-fusarate were suspended
in 0.5% carboxymethyl-cellulose. Metergoline was dis-
solved in 1 drop of concentrated acetic acid, then diluted
with 0.9% saline. All injections were given i.p. in a vol. of
1 m1/100 g of b.wt 1.5 h before sacrifice. An equal volume
of diluent was given to the controls. The doses of the drugs
given as salts refer to the respective acids or bases. Arith-
metical means, SEMs and SDs were calculated. Student’s
t-test was used for comparison of 2 means. The p-values
< 0.05 were considered statistically significant.

Results. Noradrenergic antagonists. a-MPT, an inhibitor of
tyrosine hydroxylase'®, Ca-fusarate, an inhibitor of dopa-
mine-[f—hydrox%llase and phenoxybenzamine, an a-receptor
blocking drug?' inhibited the TSH cold-response in both
SHR and WKY control rats (fig.1). The inhibition caused
by Ca-fusarate and phenoxybenzamine was similar in both
groups of rats whereas the effective dose of a-MPT was
lower in SHR than WKY rats.

Tryptaminergic antagonists. pCPA, an inhibitor of trypto-
phan hydroxylase”? and metergoline, a 5-HT receptor
blocking drug” caused a significant inhibition of the cold-
stimulated TSH secretion in SHR and WKY controls
(fig.2). Metergoline was as effective in both groups while
the lowest dose of pCPA causing a significant inhibition
was smaller in SHR than WKY control rats.

The effect of pinealectomy, performed 3-4 days before sacrifice,
on the cold-induced TSH secretion in SHR and WKY control rats

Treatment Serum TSH (ng/ml)
SHR WKY control
rats
Intact 9546+833 (6) 3000+492  (6)
Pinealectomy 5748 +972%* (5) 17154+ 285% (6)

Mean + SEM. Number of animals in brackets. Statistics: *p < 0.05;
**n<0.01 vs corresponding intact control.
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Figure 1. Effect of graded doses of a-methyl-p-tyrosine (a-MPT),
phenoxybenzamine and calcium fusarate (Ca-fusarate) on the cold-
stimulated (44 °C, 30 min) TSH secretion (mean + SEM, n=35-7)
in spontaneously hypertensive rats (SHR, upper part) or normoten-
sive Wistar-Kyoto control rats (WKY, lower part). The drugs were
given 1.5 h before sacrifice. Serum TSH levels are given for clarity
as a percentage of the corresponding control cold response
(= 100%) which varied from 4300 to 8600 ng/ml in SHR and from
2900 to 5300 ng/ml in WKY control rats. Statistics: *p < 0.05,
**p < 0.01 and ***p < 0.001 vs corresponding control. -
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Figure 2. Effect of graded doses of metergoline and p-chlorophe-
nylalanine (pCPA) on the cold-stimulated TSH secretion {mean
+8SEM, n=5-7) in spontaneously hypertensive (SHR, upper part)
and normotensive Wistar-Kyoto control rats (WKY, lower part).
For further information consult figure 1.
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Pinealectomy. Pinealectomy significantly prevented the
TSH cold-response both in SHR and WKY control rats
(table).

Discussion. Previous studies have shown that the rat TSH
response to cold is dependent on the central noradrenergic
and tryptaminergic neurotransmission'>'¢ as well as on the
intact pineal gland!’. There are no such studies on SHR
although they have marked abnormahtles in the function of
noradrenaline and 5-HT systems>" Wthh might contribute
to their enhanced TSH cold-response!!. Also the number of
hypothalamic a-adrenoceptors has been found to be higher
in SHR than normotensive control rats’*. However, the
present results clearly indicate that various noradrenergic
and tryptaminergic antagonists decreased the TSH cold-
response in SHR at least as effectively as in WKY control
rats. The inhibition appears to be of the same magnitude as
in previous studies where the same drugs were given to
Sprague-Dawley rats'®!”, It can be concluded that the roles
of noradrenergic and tryptaminergic nervous systems in the
control of the TSH cold-response do not differ between
SHR and normotensive rats. Hence, the hypothalamic
noradrenergic and tryptaminergic systems which may be
malfunctioning in SHR are separate or different from those
affecting TRH-TSH secretion. This study also showed a
decreased TSH cold-response in SHR after pinealectomy.
This indicates that an intact pineal gland is certainly
necessary for the proper TRH-TSH secretion and is possi-
bly involved in the regulation of the hypothalamus-adeno-
hypophysis axis of these rats.

1 This study was supported by Orion Pharmaceutical Company,
Helsinki. The technical help of Mrs Lahja Eurajoki is greatly
acknowledged.
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