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ABSTRACT

The aim of this investigation, using systematical stereological analysis, was to test
the hypothesis that pinealectomy increases thyroid gland activity and that this effect
may vary with the season.

Two identical experiments were carried out, the first in summer and the second in
winter. Each experiment was performed on 9 adult male rats of the Wistar strain, 3 of
them being pinealectomized (P), 3 sham pinealectomized (SP) and 3 left intact as
controls (C). After surgery all 3 groups were exposed to the natural light-dark rhythm
for one month.

The summer experiment revealed significant differences between group P and C
in the numerical volume density of follicular cells (P<0.01) and in the average nuclear
diameter of parafollicular cells (P<0.02), in addition to the already published results.

In the winter experiment a significant increase in the numerical volume density of
parafollicular cells (P<0.05) was seen in group P as compared to group C, indicating a
stimulating effect of pinealectomy on these cells, whereas significant increases in the
epithelium volume density (P<0.05), the thyroid gland activation index (P=0.02) and
the average volume of parafollicular cells (P<0.05) observed in group SP as compared
to group C could indicate a stimulating effect of trauma on the thyroid gland.

Regarding the seasonal variation in the effect of pinealectomy on the thyroid
gland it is assumed that in winter the influence of trauma predominates whereas in
summer pinealectomy has a stimulating effect.
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INTRODUCTION

Some literature data indicate an increased activity of the thyroid gland when the
inhibitory effect of the pineal gland has been eliminated by pinealectomy (De Fronzo
and Roth 1972, Ishibashi et al. 1966, Séepovié 1963, 1965, and Miline et al. 1968).

However, observations concerning the influence of pinealectomy on the thyroid
parafollicular cells, are inconsistent. McMillan et al.(1985), on the basis of pinealectomy
experiments carried out in summer and winter, concluded that the pineal had little
influence on the number and size of rat parafollicular cells. In an experiment terminat-
ed in summer, these authors observed a statistically insignificant decrease in parafollicu-
lar cells six weeks post surgery, no effect being seen at 12 weeks. On the other hand, a
slight increase in the number of parafollicular cells was seen in January, 12 weeks post
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surgery. No statistically significant differences were found between the groups, although
the author used a combination of highly specific immunohistological technique and a
morphometric method specifically designed for measuring the number and size of these
cells.

Seasonal differences in basal hormone levels in the serum of adult male rats
were studied by Wong et al. (1983). Their results indicate that male laboratory rats
exhibit a circannual and semiannual fluctuation in serum levels of TSH, prolactin,
androgens, triiodothyronine and LH.

On the basis of literature data and our previous investigations (Stiblar-Martingi&
et al. 1992) we assumed that the influence of pinealectomy on the thyroid gland varies
with the season, and we attempted to verify this effect.

MATERIAL AND METHODS

Two identical experiments were performed, the first in summer and the second in
winter. In each experiment nine adult male rats of the Wistar strain, six months old,
were divided into three groups with three animals in each. The animals of the first
group were pinealectomized (P) (Séepovié, 1965), those of the second group were sham
pinealectomized (SP) and those of the third group remained intact as controls (C).
After surgery all three groups were exposed to the natural light-dark rhythm for one
month. Food and living conditions for all three groups were the same.

For light-microscopical analysis the thyroid gland together with the trachea were
removed from the sacrificed animals and fixed in Bouin’s solution. The thyroid glands
were cut into 6 um thick step serial sections, each step being 180 um, stained with
hematoxylin-eosin and PAS-light green, and impregnated with AgNO; after Fernandez-
Pasquale (1976), in order to demonstrate the parafollicular cells.

Stereological analysis (Kali§nik, 1985) was performed with a Wild sampling micro-
scope, using Weibel’s M-42 and M-100 test systems. The epithelium (V) and colloid
(V1) volume densities and the thyroid gland activation index (I4), expressed as the
quotient of the epithelium and colloid volume densities, were estimated at an objective
magnification of x40, using the M-42 test system. In the parallel serial sections the
volume density (V) of follicular and parafollicular cells , their cytoplasm (Vey)s DUClel
(Vi,), and numerical volume density (Ny) were estimated at an objective mag?lification
of x40, using the M-100 test system. From the relative stereological variables the aver-
age and total values were calculated.

The results were statistically evaluated with the analysis of variance. Significant
differences were determined with the Student "t" test.

RESULTS

There were no qualitative differences between the experimental groups. The
following quantitative differences were revealed by the stereological analysis:

Summer

The summer experiment has been reported in a previous paper (Stiblar-Martingié
et al., 1992), where the results concerning the epithelium volume density, thyroid gland
activation index, nuclear-cytoplasmic ratio and numerical volume density of follicular
cells, as well as the volume density, nuclear-cytoplasmic ratio, average volume density
and average nuclear volume density of parafollicular cells are discussed. In addition, a
60 % increase in the numerical volume density (Fig.1) of follicular cells and a 5 %



ACTA STEREOL 1994; 13/1

23

increase in the average nuclear diameter (Fig.1) of parafollicular cells were observed in
group P as compared to group C. All these findings support the hypothesis that pinea-

lectomy has a stimulating effect on the thyroid gland.
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Fig.1. Numerical volume density of follicular cells (Ny/¢) and average nuclear diameter of

parafollicular cells (Enp) for control (C), sham pinealectomized (SP) and pinealecto~

mized (P) rats in summer (X + 1SE).

Winter

P, as compared to grou

The numerical volume density of parafollicular cells increased by 41 % in group

pinealectomy on the thyroid gland.

p C (Fig.2). This has been interpreted as the stimulating effect of

Compared to group C, group SP showed a 37 % increase in the epithelium
volume density (Fig.2), a 42 % increase in the thyroid gland activation index (Fig.3), and
a 21 % increase in the average volume of parafollicular cells (Fig.3); these results indi-
cate a stimulating effect of trauma on the thyroid gland.
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Fig.2. Numerical volume density of parafollicular cells (NVnp) and epithelium volume

density (Vyy,) for control (C), sham pinealectomized (SP) and pinealectomized (P)

rats in winter (% = 1SE).
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Fig.3. Activation index, expressed as the quotient of epithelium and colloid volume density

Vp) for control (C),

Vye/Vy) and average volume of parafollicular cells (

(IA =

sham pinealectomized (SP) and pinealectomized (P) rats in winter (X + 1SE).
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DISCUSSION

The results presented indicate an increased activity of thyroid follicular and para-
follicular cells following pinealectomy in the summer experiment (Stiblar-Martin¢i¢ et
al., 1992).

The results of the experiment carried out in winter reveal a different response of
the thyroid gland to pinealectomy. The numerical volume density of parafollicular cells
was the only variable supporting our hypothesis of pinealectomy having a stimulating
effect on the thyroid gland. The other stereological variables, including the thyroid
gland activation index, epithelium volume density and average volume of parafollicular
cells, showed a greater activity of the thyroid gland in the group of sham pinealecto-
mized animals. We assume that the trauma or posttraumatic stress enhanced the activi-
ty of the gland.

Activation of the thyroid gland after disturbance stress was investigated by Dohler
et al. (1977). Adult rats were decapitated without anaesthesia after disturbance stress,
and serum concentrations of TSH, T3 and T4 were measured by radioimmunoassay.
TSH and T3 levels were significantly elevated, whereas T4 showed only minor fluctua-
tion during the experimental period. Johnston (1965), studying men who required
inguinal herniorrhaphy, observed increased thyroid gland activity, evidenced by elevat-
ed T4 and T3 levels after the operation.

According to Petké (1978) the number of parafollicular cells in the rat thyroid
increases in autumn and decreases in spring. Unfortunately, these data are not quite
reliable because the author did not describe the morphometric method used.

The results of the present stereological analysis confirm the hypothesis that pinea-
lectomy has a stimulating effect on the thyroid gland. This effect seems to be modified
by season, the influence of trauma being predominant in winter and that of pinealecto-
my in summer.
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