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IMAGE ANALYSIS OF THE STRESS-RELATED CHANGES IN THE
FOLLICLES OF THE THYROID GLAND
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Morphometric indices of thyroid follicles of the experimental animals (rats) chronically exposed to a mild
stressor were assessed using digital analysis. Age-related modulation of adaptational changes was revealed in
the follicular compartment of the thyroid gland under mild chronic stress conditions.
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Introduction
Recently evidence was provided that a

thyroid gland as a link of the hypothalamo-
pituitary-thyroid axis contributes to the neu-
roendocrine adaptational changes initiated by
the hypothalamo-pituitary-adrenocortical
axis under stress conditions. It was demon-
strated that stress provoked fluctuation of the
thyroid hormones level and structural
changes in the follicular compartment of the
thyroid  gland  [1,5].  It  was  also  shown  that
stress might produce prominent and irre-
versible changes in the thyroid gland includ-
ing development of the autoimmune thyroid
pathology [6] but age-related aspects of the
problem remained underestimated. In rats
development of a thyroid gland continues
during the first three weeks of postnatal de-
velopment, and after that it enters its matura-
tion phase during weaning period [3]. Devel-
opment of the thyroid gland in rats of pre-
weaning age is influenced by a surge of sex
steroids in blood which effects its maturation
either directly or by implication through the
thyroid stimulating hormone [2], which pro-
vides complicated interaction between hypo-
thalamo-pituitary-adrenal and thyroid axes in
stress reactions of the growing body.

Objective
The objective of the present investiga-

tion was to evaluate age-related modulation
of the microscopic changes in the follicular
compartment of the thyroid gland under mild
chronic stress conditions.

Total of 48 Sprague Dawley rats aged
14, 21 and 30 days after birth were involved

in this research, with 16 animals per age
group, out of which 8 animals were exposed
to the mild chronic (restraint) stress [8] in a
plastic box for 5 hours a day continuously for
7 days, while the other 8 rats served as an
age-matched control. Animals were kept in
the standard animal house conditions with
access to water and food ad libitum.

Thyroid gland of the control and ex-
perimental animals was sampled, fixed in
formalin, embedded in paraffin. According to
the recommendations [5] serial histological
sections were stained with hematoxylin-
eosin, and those with the largest section area
were selected for image analysis. Five ran-
dom microscopic fields were taken for
evaluation under 10x objective. Captured im-
ages of the thyroid gland were saved under
.tiff extension, recorded for blind evaluation
by the two investigators and quantified by
image analysis. The contours of the follicles
were outlined, images were calibrated and
measurements  of  the  area,  perimeter  and  di-
ameters (maximal and minimal) of the folli-
cles and the height of the follicular epithelial
cells were performed using Leica QWin
software (Leica imaging systems, Cam-
bridge, UK). The measurements were trans-
ported to the Excel software with subsequent
estimation of the circularity index of the fol-
licles, area of the follicular epithelium and
thyroid activation index [1]. The significance
of the differences in these parameters in con-
trol and experimental animals were assessed
by  the  Student’s  test.  The  level  of  signifi-
cance was set at p < 0.05.
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Figure 1. Thyroid gland of a 30-day old control rat. Middle-sized follicles dominate.
Epithelial lining is cuboidal or low columnar with nuclei in the basal part of the cells (arrow).
Apical pole of some thyrocytes is protruding in the follicular lumen (arrowhead).
Parafollicular cells are visible in the epithelial lining of the follicles (double arrow).
Microphotograph, hematoxylin-eosin stainig.

Figure 2. Thyroid gland of the 30-day old rat after mild chronic stress. Small follicles are
dominating with low columnar and cuboidal lining. Colloid is light oxyphilic and foamy,
resorption vacuoles are numerous (arrow). Interfollicular tissue volume is increased.
Microphotograph, hematoxylin-eosin staining.
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Results
In preweaning and weaning control

animals follicular compartment of the thyroid
gland is filled with small and middle-sized
follicles lined mostly with cuboidal epithe-
lium. In some of the follicles epithelial lining
was low columnar or squamous. Smaller folli-
cles with higher epithelium were concentrated
in the center of the section while larger folli-
cles with lower thyrocytes were located
mainly at the periphery. Large follicles were
not typical for this age group. Follicles are
filled with homogenous light oxyphilic col-
loid. Resorption vacuoles were common in
both small and middle-sized follicles. Apical
protrusions of the epithelium were not seen. In
infant rats the follicles looked larger while the

large follicles were observed mainly at the pe-
riphery of the gland. Resorption vacuoles
were present in the follicles of different size.
In this age group the follicles were more het-
erogenous in size and contained more colloid.

Exposure to chronic stress resulted in
lower body weight, thymic involution and
adrenal hyperplasia in the experimental ani-
mals  of  all  the  age  groups.  In  the  thyroid
gland stromal proliferation and microcircula-
tory lesions could be seen. The follicles of
the thyroid gland demonstrated heterogeneity
in size and shape. The follicular epithelium
remained mainly cuboidal or low columnar
with persisting resorption vacuoles in all the
age groups.

Diagram 1. Area of colloid in the thyroid follicles in chronic stress (mcm2), +/-m.

Morphometric investigation demon-
strated that under chronic stress conditions
the area of follicles of the weaning and infant
rats showed 14,2% and 11,4% decrease in
experimental rats accordingly compared to
the age-matched control. In preweaning rats
the follicular area increase under stress expo-

sure comprised 6,7%, though this difference
did not reach level of significance. Under
stress conditions height of the follicular epi-
thelium was decreased insignificantly in
preweaning and weaning animals (21,2% and
7,2% accordingly) and was increased (9,4%)
in  the  infant  animals.  Area  of  colloid  was
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significantly higher in the preweaning
stressed rats and significantly lower in the in-
fant animals (p<0.05) (diagram 1) while in
the weaning animals the decrease in colloid
area was not meaningful. Activation index of
the thyroid gland was decreased in the wean-
ing (p>0.05), and preweaning (p<0.05)

stressed rats. It was significantly increased in
the infant experimental animals (p<0.05).
Thus among the selected morphometric pa-
rameters of the thyroid gland mean area of
the colloid and the thyroid activation index
proved to be the most informative.

Diagram 2. Activation index of thyroid gland in chronic stress, +/-m

Discussion and conclusion
Contradictory data regarding inhibitory

or  stimulator  effect  of  stress  on  the  thyroid
gland and its follicular compartment were re-
ported in some of the recent papers [4,7].
Quantitative evaluation of the follicular com-
partment of the thyroid gland in the present
investigation demonstrated a distinct age-
related pattern of the microstructural changes
in the thyroid follicles under mild chronic
stress conditions. These changes revealed in-
hibition of the functional activity of the thy-
roid gland in preweaning rats, its stimulation
in the infant rats and a trend towards in-
creased functional activity in the weaning
rats. The data obtained provide evidence that

responsiveness of the hypothalamo-
hypophyseo-thyroid axis reveals distinct on-
togenetic dynamics in the growing body of
the experimental animals.
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