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Background

The adequate functioning of the maternal thyroid gland plays an important role in ensuring
that the offspring develop normally. Therefore, maternal hypothyroidism and hyperthyroidism
are associated with offspring abnormalities.

Aim of the work

This study was carried out to examine the effect of maternal hypothyroidism on the postnatal
development of the pituitary—thyroid axis in the albino rat.

Materials and methods

Thirty pregnant female albino rats were divided into two groups. Group | was the control group
and group |l was the hypothyroid group whose rats were given carbimazole in a dose of 5 mg/
rat/day through the intragastric intubation from the gestational day 10 until the postnatal day
20. The offspring of both groups were killed at the ages of newborn, 10, 30, and 60 days.
The pituitary and thyroid glands were extracted from the pups of control and treated animals
and processed for light and electron microscopy and morphometric analysis. In addition, an
immunohistochemical study was carried out on the pituitary specimens for the detection of
thyrotrophs.

Results

The present study revealed that the maternal hypothyroidism caused morphological changes
in the pituitary—thyroid axis of the offspring. The changes started to appear in the newborn
age and persisted throughout the postnatal life. The light microscopic examination revealed
shrunken thyroid follicles. The follicular epithelial height increased and was composed of tall
columnar cells with a vacuolated cytoplasm. The colloid decreased or was completely absent.
Regarding the pituitary gland, there were many large pale vacuolated cells with dark nuclei and
sometimes the vacuolation affected most of the cells. The electron microscopic examination of
the thyroid follicular cells and thyrotrophs showed ultrastructural signs of an increased activity,
which included dilated endoplasmic reticula, well-developed Golgi, enlarged mitochondria,
and a decreased number of the secretory granules. Large cytoplasmic vacuoles were also
observed. The immunohistochemical study of the pituitary gland revealed an increased
number of thyroid-stimulating hormone immunopositive cells. The morphometric analysis of the
pituitary and thyroid sections showed a significant decrease in the thyroid follicular diameter
and a significant increase in the thyroid follicular epithelial height and in the number of the
thyrotrophs per reference area.

Conclusion

From this study, it could be concluded that the experimentally induced maternal hypothyroidism
disturbed the pituitary—thyroid axis of the offspring.
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Introduction

hypothyroidism and hyperthyroidism were associated

Thyroid hormone (TH) is essential for the
development and homeostasis of almost all the
tissues and organs [1] and plays a crucial role in
the physiological functioning of the different body
organs, especially the brain [2].

Ahmed ez al. [3] stated that the adequate functioning
of the maternal thyroid gland played an important role
in the normal offspring development. Thus, maternal

with oftspring abnormalities.

Disorders of thyroid gland development and/or

function are relatively common, affecting approximately
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one newborn infant in 2000-4000. The most prevalent
torm of thyroid disorders is congenital hypothyroidism,
which is frequently caused by genetic defects of the
transcription factors involved in the development of
the thyroid or pituitary gland [4].

Thyroid diseases are more common in females than
in males. These diseases are either due to thyroid
gland overactivity resulting in hyperthyroidism or
underactivity resulting in hypothyroidism [5,6].
Hypothyroidism is clinically linked with a decreased
metabolic rate, which results in adverse effects on many
organs and system activities [7].

Thyroid dysfunction is common during gestation.
'The prevalence of hypothyroidism during pregnancy
is estimated to be 0.3-0.5% for overt hypothyroidism
and 2-3% for subclinical hypothyroidism. Thyroid
antibodies are found in 8-14% of the women in the
childbearing age, and chronic autoimmune thyroiditis
is the main cause of hypothyroidism during pregnancy,
apart from iodine deficiency [8].

Materials and methods
Animals

Ethical approval for this study was provided by medical
ethics comittee, faculty of medicine, Assiut university
on 27/8/2011. A total number of 30 pregnant female
rats were used in this study. They were obtained from
the Animal House, Faculty of Medicine, Assiut
University.

Experimental design

'The rats were divided into two groups.

(1) Group I was the control group that consisted of 15
rats. Rats in this group were given distilled water
daily from gestational day 10 until the postnatal
day 20

(2) Group II was the experimental group that consisted
of 15 rats. They were given carbimazole in a dose of
5 mg/day/pregnant rat [9]. The drug was administered
through an intragastric intubation daily from the
gestational day 10 until the postnatal day 20.

Six offsprings were obtained from each of the
control and the treated groups and killed at the
following ages: newborn, 10, 30, and 60 days. The
pituitary and thyroid glands were extracted from
the control and the treated animals and subjected
to the following:

Light microscopic study
The specimens were fixed in Bouin’s solution and 10%
formalin for histological and immunohistochemical

stains. After fixation the specimens were dehydrated

and embedded in paraffin and the blocks were cut at

8 um. The sections were processed for the following:

(1) Hematoxylin and eosin staining for the general
histological structure of thyroid and pituitary
glands

(2) Immunohistochemical staining for the pituitary
gland to detect the thyroid-stimulating
hormone (T'SH) secreting cells using an anti-T'SH
antibody.

Electron microscopic study

Immediately after sacrificing the animals, small samples
were taken from the thyroid and pituitary glands and
fixed in 5% cold glutaraldehyde for 24 h. Then the
specimens were washed in three to four changes of
cacodylate bufter (pH 7.2), 20 min for each change,
and then fixed in cold osmium tetraoxide for 2 h. After
that, the specimens were washed in four changes of
cacodylate bufter for 20 min each. Dehydration was
done by using ascending grades of ethyl alcohol (30, 50,
and 70%) each for 2 h, and 90%, and 100% two changes
30 min each. Embedding was done in Epon (TAAB-
812, Embedding Resin Kit, England) 812 using gelatin
capsules for the polymerization. The embedded samples
were kept in an incubator at 35°C for 1 day, at 45°C for
another day, and for 3 days at 60°C [10].

Semithin sections (0.5-1 wm) were prepared by using
the LKB ultramicrotome (8800, Bromma, Sweeden).
'The sections were stained with toluidine blue, examined

under the light microscope, and photographed.

Ultrathin sections (50—80 nm) from selected areas
of the trimmed blocks were made and collected on
a copper grid. The ultrathin sections were contrasted
with uranyl acetate for 10 min and lead citrate for
5 min. Transmission Electron Microscpy (J. E. M. 100
CX1I, Tokyo, Japan) and photographed at 80 kV at
Assiut University Electron Microscopy Unit.

Morphometric and statistical analysis

Three morphometric parameters were measured in the

present study.

(1) The diameter of the thyroid follicles

(2) 'The thyroid follicular epithelial height

(3) The number of positive-stained thyrotrophs per
reference area.

'The diameter of the thyroid follicles and the height of
the thyroid follicular cells were measured by means of
a millimeter eye-piece, under magnification of x340. In

each thyroid gland, 10 follicles were analyzed.

Regarding the number of the thyrotrophs per reference
area, it was counted by a using a computer-assisted



image analysis system at x400 magnification using the
Digimizer PC Image Analysis Software (version 4.0,
2011; MedCalc Software, Mariakerke, Belgium).

Data were tabulated and statistically analyzed using
SPSS software, version 9 (SPSS Inc., Chicago, Illinois,
USA). Comparison of significance between the
different groups was carried out using an independent
t-test. The significance of the data was determined by
the P-value. A P-value greater than 0.05 was considered
nonsignificant and P-value less than 0.05 as significant.

Results
The histological results
The age of newborn

(1) 'The control group:

(a) The light microscopic examination:
The thyroid sections reveal multiple small
thyroid follicles. The follicles are lined with a
low cuboidal epithelium and filled with colloid
(Figs. 1 and 2)
The pituitary sections reveal anastomosing
cords or groups of cells. The cells are of two
types, chromophobes and chromophils. The
chromophobes are generally smaller and more
numerous than the chromophils. They have
rounded vesicular, relatively large nuclei, and a
pale cytoplasm. Two types of chromophils are
observed, acidophils and basophils (Fig. 3)
The semithin sections reveal the thyrotrophs
that are distinguished by being branched cells
located in close relation to the blood capillaries.
The cells have very fine secretory granules
uniformly distributed in their cytoplasm (Fig. 4)
On using the immunohistochemical technique
for the demonstration of TSH secreting cells,
the cells appear large and their cytoplasm
shows a positive reaction in the form of brown
granules (Fig. 5)

(b) The electron microscopic examination:
'The thyroid follicular cell possesses a round
euchromatic nucleus. Rough endoplasmic
reticula (rER) are abundant in the follicular
cell cytoplasm. The rER is extensive and
located toward the basal lamina of the follicular
epithelium. Many electron-dense secretory
granules are located in the apical part or center
of the cell. Microvilli from the apical region
of the cell project into the follicular lumen
that contains an electron-dense colloidal
substance (Fig. 6)
The thyrotrophs are elongated with oval
nuclei. Few amounts of mitochondria, ER,
and small secretory granules are mostly located
peripherally (Fig. 7)
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Figure 1

A photomicrograph of a control newborn rat’s thyroid gland
showing multiple thyroid follicles that are lined by a low cuboidal
epithelium (—) and filled with colloid (c) (hematoxylin and
eosin, x400).

Figure 2

A photomicrograph of a semithin section in a control newborn rat’s
thyroid gland showing multiple thyroid follicles of variable sizes lined
by a low cuboidal epithelium (—) and filled with colloid (c) (toluidine
blue, x400).

Figure 3

A photomicrograph of a control newborn rat’s pituitary
gland showing groups of cells that can be differentiated into
chromophobes () with rounded, relatively large vesicular nucleus
and pale cytoplasm, acidophils(—) and basophils (i) (hematoxylin
and eosin, x400).

(2) 'The treated group:

(a) The light microscopic examination:
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(b)

Figure 4

The treated thyroid gland reveals multiple
thyroid follicles that are more or less reduced
in size. The follicular epithelium shows an
increase in height and has a vacuolated
cytoplasm. The lumina of some follicles
are obliterated and others have a decreased
amount of colloid (Figs. 8 and 9)

The treated pituitary gland reveals large cells
with eccentric nuclei and a severely vacuolated
cytoplasm. The vacuolation affects most of the
pituitary gland cells (Figs. 10 and 11)

On using the immunohistochemical technique
for the detection of TSH secreting cells, an
increase in the number of the immunopositive
cells is observed (Fig. 12)

The electron microscopic examination:

The thyroid follicular cell reveals a large
indented nucleus, swollen ER, several large

vacuoles distributed throughout the cytoplasm,
and a small number of microvilli (Fig. 13)

The thyrotrophs reveal large oval cells
possessing an abundant cytoplasm that
contains dilated ER, several mitochondria,
prominent Golgi complexes, and few randomly

distributed secretory granules (Fig. 14).

The age of 10 days
(1) The control group:

(a)

Figure 5

The light microscopic examination:

The thyroid and pituitary sections reveal the
same findings as those of the previous age
(Figs. 15-18)

By immunohistochemistry, the thyrotrophs
show a positive reaction in the form of brown

granules (Fig. 19)

A photomicrograph of a semithin section in a control newborn rat’s
pituitary gland showing the thyrotrophs (t) that are characterized by their
angular shape, rounded eccentric nucleus with a prominent nucleolus,
and their finely granulated cytoplasm (toluidine blue, x1000).

A photomicrograph of a section in a control newborn rat's pituitary

gland immunostained with thyroid-stimulating hormone antibody
showing a positive reaction in the thyroid-stimulating hormone
producing cells in the form of brown granules (—). Immunostained

with thyroid-stimulating hormone antibody (x1000).

Figure 6

Figure 7

An electron micrograph of a control newborn rat’s thyrotroph showing
that the cell is elongated with an oval nucleus (N), few amounts of
mitochondria (m), endoplasmic reticulum (r), and small secretory
granules (arrow) (x5800).

An electron micrograph of a control newborn rat’s thyroid follicular
cell showing an elongated basal nucleus (N), rough endoplasmic
reticulum (r), apical secretory vesicles (v), and microvilli (mv) projecting
from the apical surface of the cell (x5800).




Figure 8
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Figure 9

A photomicrograph of a treated newborn rat’s thyroid gland showing
an increase in the height of the follicular epithelium (—) in comparison
with the control group. Some follicles show a decrease in the amount
of the contained colloid (c) with an appearance of pericolloidal
space (°) (hematoxylin and eosin, x400).

Figure 10

A photomicrograph of a treated newborn rat’s pituitary gland
showing a severe vacuolative degeneration that affects most of
the cells (—). Most of the cells have piknotic nuclei (hematoxylin
and eosin, x400).

(b) The electron microscopic examination:
Ultrastrucuturally, the thyroid follicular cells
and thyrotrophs have the same features as
those of the previous age (Figs. 20 and 21)

(2) The treated group:

(a) The light microscopic examination:

The examination of the thyroid and pituitary
sections show the same changes as those in the
previous age (Figs. 22-25)

The  immuohistochemical  examination
reveals an apparent increase in the number of
TSH-immunopositive cells (Fig. 26)

(b) The electron microscopic examination:
Ultrastrucuturally, the thyroid follicular cells
and thyrotrophs reveal similar observations as

those of the previous age (Figs. 27 and 28).

The age of 1 month
(1) The control group:

A photomicrograph of a semithin section in a treated newborn rat’s
thyroid gland showing numerous thyroid follicles that are reduced
in size. The follicular epithelium is increased in height and has a
severely vacuolated cytoplasm (—). The follicles are mostly devoid
of colloid (°) (toluidine blue, x400).

Figure 11

A photomicrograph of a semithin section in a treated newborn rat’s
pituitary gland showing the appearance of many cells (=) with
rounded nuclei and a severely vacuolated cytoplasm (toluidine
blue, x1000).

(a) The light microscopic examination:

The thyroid sections reveal thyroid follicles
of different sizes; their cavities contain an
acidophilic colloid. The thyroid follicles are
lined with cubical follicular cells with rounded
vesicular nuclei (Figs. 29 and 30)

The pars distalis of the control rat’s pituitary
gland is formed of cords of epithelial cells.
The cells are of two types: chromophobes
and chromophils. The chromophobes have
unstained cytoplasm and rounded nuclei.
The chromophils are larger and have a
homogenously  stained  cytoplasm  and
vesicular nuclei with prominent nucleoli.
'The chromophils are further subdivided into
acidophils, which have rounded vesicular
nuclei and an acidophilic cytoplasm, and
basophils, which have rounded eccentric nuclei
and a relatively basophilic cytoplasm (Fig. 31)
'The semithin sections stained with toluidine
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Figure 12

Figure 13

A photomicrograph of a section in a treated newborn rat’s pituitary
gland showing an increase in the number of the immunopositive
cells (—). Immunostained with thyroid-stimulating hormone
antibody (x1000).

Figure 14

An electron micrograph of a treated newborn rat’s thyrotroph showing
a large rounded nucleus (N), well-developed Golgi (G), dilated
endoplasmic reticulum (r), few secretory granules (—), and many
large vacuoles (v) (x5800).

blue are used to differentiate the chromophils
depending on their size, shape, density, and
distribution of their secretory granules.
The thyrotrophs are characterized by thick
processes that project toward the blood vessels.
They are oval with acute angles or polyhedral.
They have eccentric vesicular nuclei with
prominent nucleoli. The cytoplasm contains
moderately stained fine granules (Fig. 32)

By using the immunohistochemical technique,
the thyrotrophs show a positive reaction in the
form of brown granules (Fig. 33)

(b) The electron microscopic examination:

The thyroid follicular cells are cuboidal and
their apices are characterized by numerous
irregularly arranged microvilli. The ER of
the follicular cell are distributed throughout
the  cytoplasm.  Numerous elongated
mitochondria and lysosomes are observed. The

An electron micrograph of a treated newborn rat’s thyroid follicular
cell showing a large indented nucleus (N), swollen endoplasmic
reticulum (r), several large vacuoles (v), and a little number of
microvilli (mv) (x5800).

Figure 15

s . .
A photomicrograph of a control 10-day-old rat’s thyroid gland
showing multiple thyroid follicles that are lined by a low cuboidal
epithelium (—) and mostly filled with colloid (c) (hematoxylin and
eosin, x400).

cells contain apical vesicles and some colloid
droplets (Fig. 34)

The thyrotrophs are distinguished from the
other anterior pituitary cells by their small size,
angular shape, and cytoplasmic organelles that
include moderately developed ER and short
mitochondria (Fig. 35)

(2) 'The treated group:
(a) The light microscopic examination:

The thyroid sections reveal an apparent
decrease in the follicle size. Groups
of follicles are lined with vacuolated
proliferating follicular cells. In some follicles,
multiple layers of follicular cells are obviously
seen (Fig. 36). Some thyroid follicles show
an increase in the follicular epithelial height
that consisted of cells with pale nuclei and
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Figure 17

A

A photomicrograph of a control 10-day-old rat’s pituitary gland
showing clusters of cells including the acidophils(—), basophils (),
and the lightly stained chromophobes(~) (hematoxylin and
eosin, x400).

Figure 18

A photomicrograph of a semithin section in a control 10-day-old rat’s
pituitary gland showing different cell types of the anterior pituitary
from which the thyrotrophs (T) are distinguished by their angular
shape, rounded nucleus with a prominent nucleolus, and pale finely
granulated cytoplasm (toluidine blue, x1000).

a vacuolated cytoplasm that nearly obliterate
their lumina. Some follicles are completely
devoid of colloid (Fig. 37)
The pituitary gland reveals that the cells
appear larger in size compared with the cells
of the control group, and their cytoplasm is
somewhat vacuolated (Figs. 38 and 39)
The immuohistochemical examination
reveals an apparent increase in the number of
TSH-immunopositive cells (Fig. 40)

(b) The electron microscopic examination:
The thyroid follicular cell reveals that the
ER consists of more dilated cisternae. The
mitochondria are dilated and the nuclei are
more oval. Moreover, there are many vacuoles

throughout the cytoplasm (Fig. 41)

A photomicrograph of a semithin section in a control 10-day-old
rat’s thyroid gland showing numerous thyroid follicles lined by a low
cuboidal epithelium (—) and filled with colloid (c). Notice the colloid
peripheral vacuolations (*) adjacent to the follicular cells (toluidine
blue, x400).

Figure 19
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A photomicrograph of an immunostained control 10-day-old rat’s
pituitary gland showing a positive reaction in the thyrotrophs in the
form of brown granules(—). Immunostained with thyroid-stimulating
hormone antibody (x1000).

The thyrotrophs reveal a large rounded
nucleus. The cytoplasm of these cells contains
very few secretory granules and the rER are
comparatively well developed with dilated
cisternae. Enlarged mitochondria are also
seen (Fig. 42).

The age of 2 months
(1) The control group:
(a) The light microscopic examination:

The thyroid gland consists of numerous
follicles and an interfollicular stroma.
The follicles are lined with a single layer
of a cuboidal epithelium and filled with
uniformly distributed colloid. In some
follicles, the colloid has peripheral vacuoles
(Figs. 43 and 44)
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Figure 20

Figure 21

An electron micrograph of a control 10-day-old rat’s thyroid follicular
cell showing a nucleus (N) near the basal membrane (BM), dilated
rough endoplasmic reticulum (r), mitochondria (m), few secretory
granules, and dense bodies (d). There are few microvilli (mv)
projecting from the luminal surface of the cell into the follicular
lumen (x5800).

Figure 22

A photomicrograph of a treated 10-day-old rat’s thyroid gland showing
an increased height of the follicular epithelium (—) and follicular
epithelial hyperplasia in some areas (arrow head). There is a decrease
in the amount of colloid (c) and some follicles are completely devoid
of colloid (¢) (hematoxylin and eosin, x400).

The pituitary gland is formed of anastomosing
cordsorgroupsofcellsseparated byblood sinusoids.
The chromophobes have rounded vesicular,
relatively large nuclei, and a pale cytoplasm. Two
types of chromophils are observed: acidophils
and basophils. The thyrotrophs are identified
as branched cells present in close relation with
the adjacent blood capillaries and have very fine
secretory granules uniformly distributed in their
cytoplasm (Figs. 45 and 46)

By using the immunohistochemical technique,
TSH-immunopositive cells are mostly present
in the central part of the pars distalis as small
groups or single cells in close proximity to the
blood capillaries. TSH  immunopositivity is
observed as a diffuse granular brown cytoplasmic

An electron micrograph of a control 10-day-old rat’s thyrotroph
showing that the cell is slightly elongated with an oval nucleus (N).
Few mitochondria (m) and endoplasmic reticulum (r) are present.
Notice the small secretory granules that tend to be peripherally
situated (—) (x5800).

Figure 23

hd B

A photomicrograph of a treated 10-day-old rat’s pituitary gland
showing a severe vacuolative degeneration affecting most of the
cells (—) (hematoxylin and eosin, x400).

stain. The cells vary in size and appearance
(polygonal, elongated, or ovoid) (Fig. 47)

(b) The electron microscopic examination:
The thyroid follicular cell has numerous
microvilli that project from the apical border of
the cell into the follicular lumen. At the other
pole of the cell,a basal lamina separates the basal
surface of the cell from the extracellular spaces.
A large nucleus is usually found in the basal half
of the cell. Well-developed rER are observed.
Many secretory granules that have a moderate
density can be detected, especially in the apical
cytoplasm. Some dense bodies (colloid droplets
and lysosomes) can be also seen in the apical
part of the cytoplasm (Fig. 48)
The thyrotrophs are distinguished from the
other anterior pituitary cells by their small size,
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Figure 25

A photomicrograph of a semithin section in a treated 10-day-old
rat’s thyroid gland showing multiple thyroid follicles, which
appear to be reduced in size and almost empty of colloid (¢). The
follicular epithelium (—) shows an increase in height and several
vacuolations (toluidine blue, x400).

Figure 26

A photomicrograph of an immunostained treated 10-day-old
rat’s pituitary gland showing an increase in the number of the
immunopositive cells (—). Immunostained with thyroid-stimulating
hormone antibody (x1000).

angular shape, and small cytoplasmic granules.
They contain euchromatic oval nuclei, rER,
mitochondria, long slender processes, and
small secretory granules (Fig. 49)
(2) The treated group:
(a) 'The light microscopic examination:

The thyroid gland is composed of small-sized
aggregations of follicles. Most of the follicles are
markedly small with a tall columnar epithelial
lining. The follicles are mostly rounded
and filled with a scanty colloid material or
completely devoid of colloid. Some follicles
exhibit a papillary in-growth projecting into
their lumina. The stroma between the follicles
appears to be more dense (Figs. 50 and 51)
Regarding the pituitary gland, very large
pale cells are observed throughout the
adenohypophysis, often with a vacuolar
degeneration of the cytoplasm and a
large round nucleus (Figs. 52 and 53). By

A photomicrograph of a semithin section in a treated 10-day-old rat’s
pituitary gland showing a severe vacuolation (—) affecting most of
the cells (toluidine blue, x400).

Figure 27

An electron micrograph of a treated 10-day-old rat’s thyroid
follicular cell showing a large rounded nucleus (N), dilated damaged
mitochondria (m), swollen rough endoplasmic reticulum (r), and many
vacuoles (v) (x5800).

immunohistochemistry, TSH-immunopositive
cells are strongly increased in number as
compared with the control group. Some of these
cells have a vacuolated cytoplasm (Fig. 54)

(b) The electron microscopic examination:
'The thyroid follicular cellis increased in height with
a large nucleus shifted to the luminal side of the
cell and separated from the basement membrane
by many vacuoles. The rest of the cytoplasm is
studded with many large vacuoles (Fig. 55)
Regarding thyrotrophs, they present obvious
ultrastructural changes including a large
rounded nucleus, well-developed Golgi, many
dilated ER, enlarged mitochondria, and a few
amount of secretory granules (Fig. 56).

The morphometric results
The age of newborn

The statistical analyses of the pituitary and thyroid
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Figure 28

Figure 29

An electron micrograph of a treated 10-day-old rat’s thyrotroph
showing a rounded nucleus (N) with a prominent nucleolus (n), dilated
endoplasmic reticulum (r), enlarged mitochondria (m), few secretory
granules (—), and many large vacuoles (v) (x5800).

Figure 30

A photomicrograph of a semithin section in a control 1-month-old
rat’s thyroid gland showing oval, circular, or irregular thyroid follicles.
Most of the follicles are lined with low cuboidal follicular cells (—) with
a scanty cytoplasm and rounded basal nuclei. The follicles are filled
with colloid (c) (toluidine blue, x400).

sections at the age of newborn reveal that there is a
significant decrease in the mean diameter of the thyroid
follicles, and a significant increase in the thyroid follicular
epithelial height and in the mean number of the positive
immunoreactive thyrotrophs in the treated group in
comparison with the control group (Table 1 and Chart 1).

The age of 10 days

The statistical analysis reveals a significant decrease in the
mean diameter of the thyroid follicles, and a significant
increase in the thyroid follicular epithelial height and
in the mean number of the positive immunoreactive
thyrotrophs in the treated group in comparison with
the control group (Table 2 and Chart 2).

The age of 1 month
The statistical analysis reveals a significant decrease
in the mean diameter of the thyroid follicles,

. s i

A photomicrograph of a control 1-month-old rat’s thyroid gland showing
thyroid follicles of different sizes lined by low cuboidal follicular
cells (—) with rounded nuclei. Their lumina are filled with acidophilic
colloid (c) (hematoxylin and eosin, x400).

Figure 31
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A photomicrograph of a control 1-month-old rat’s pituitary gland
showing lightly stained chromophobes (<), large basophils (i) with a
basophilic granular cytoplasm, and eccentric nuclei and acidophils (X)
with an acidophilic cytoplasm as well as eccentric nuclei (hematoxylin
and eosin, x400).

and a significant increase in the thyroid follicular
epithelial height and in the mean number of the
positive immunoreactive thyrotrophs in the treated
group in comparison with the control group

(Table 3 and Chart 3).

The age of 2 months

The statistical analysis reveals a significant decrease
in the mean diameter of the thyroid follicles, and
a significant increase in the thyroid follicular
epithelial height and in the mean number of the
positive immunoreactive thyrotrophs in the treated
group in comparison with the control group

(Table 4 and Chart 4).
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Figure 33

A photomicrograph of a semithin section in a control 1-month-old rat's
pituitary gland showing branched thyrotrophs (T) having vesicular
nuclei with prominent nucleoli and the smallest secretory granules in
their cytoplasm (toluidine blue, x1000).

Figure 34

An electron micrograph of a control 1-month-old rat’s thyroid follicular
cell showing a basal nucleus (N), many dilated rough endoplasmic
reticulum (r), and mitochondria (m). In the apical region of the
cytoplasm there are secretory granules (—) and dense bodies (d).
Notice the presence of microvilli (mv) projecting from the luminal
surface of the cell (x5800).

Discussion

Carbimazole was the drug chosen for the induction
of hypothyroidism in this study. Carbimazole crosses
the placental barrier [11], and is also excreted in the
milk [12]. Thus, hypothyroidism could be induced
before and after birth in the offspring during the
period of lactation. The drug was given to the animals
through a stomach tube. This method was preferable to
mixing the drug with the diet [13] or with the drinking
water [14] as the dose could be accurately adjusted.

'The drug was given to the pregnant mothers on the
10* day of gestation. This day was chosen because
during it the eve of thyroid primordia formation
occurs by means of the evagination from the

foregut [15,16].
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A photomicrograph of an immunostained control 1-month-aged rat’s
pituitary gland showing a positive reaction in the thyroid-stimulating
hormone producing cells appearing as dark brown granules (—).
Immunostained with thyroid-stimulating hormone antibody (x1000).

Figure 35

An electron micrograph of a control 1-month-old rat’s thyrotroph
showing that the cell is polygonal with a large rounded nucleus (N),
many mitochondria (m), endoplasmic reticulum (r), and small secretory
granules (—) (x5800).

This study reveals that giving carbimazole to
the pregnant and lactating mothers results in
morphological changes in the pituitary—thyroid
axis of their offspring. These changes start in the
newborn and persist throughout the postnatal
development.

Regarding the thyroid gland, this study reveals that
the thyroid gland of the treated animals has small
shrunken thyroid follicles, an increase in the height of
the follicular epithelium with a vacuolated cytoplasm,
and a decrease in the amount of colloid up to a complete
absence in some follicles.

Similar findings were observed in previous studies
that used measures other than carbimazole for
induction of hypothyroidism. These measures included

methimazole [17,18], propylthiouracil [19-21],
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Figure 36

Figure 37

A photomicrograph of a treated 1-month-old rat’s thyroid gland
showing thyroid follicles of different sizes lined by proliferating
vacuolated follicular cells (—). In some follicles, multiple layers of
follicular cells are seen with an increase in the epithelial height (*).
Notice the decrease in the amount of colloid (c) and the presence of
dilated blood capillaries (ca) (hematoxylin and eosin, x400).

Figure 38
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A photomicrograph of a treated 1-month-old rat’s pituitary gland
showing the presence of many large cells (—) with a vacuolar
degeneration of the cytoplasm and rounded nuclei (hematoxylin and
eosin, x400).

2-mercaptobenzimidazole, which is a member of the
thioureylene compound family known for their potent
antithyroid activity [22], iodine-deficient diet [23], and
sodium chlorate [24].

In addition, the results of the present study are in
accordance with those of the previous researches that
studied the effect of hypothyroidism on the thyroid
gland in other animals such as dogs [25], Buforegularis
tadpoles [26], mice [27], and sheep [28,29].

By the electron microscopic examination, this study
reveals that hypothyroidism results in obvious changes
in the thyroid follicular cell. They include a large
sometimes indented nucleus, dilated mitochondria,
swollen rER, some colloid droplets, and many
large vacuoles. These ultrastructural findings are in

A photomicrograph of a semithin section in a treated 1-month-old
rat’s thyroid gland showing multiple thyroid follicles that appear to be
smaller compared with the control group. They are lined by columnar
follicular cells with a highly vacuolated cytoplasm (—). Most of the
follicles are devoid of colloid (¢) (toluidine blue, x400).

Figure 39

A photomicrograph of a semithin section in a treated 1-month-old
rat’s pituitary gland showing the appearance of large cells (—) with
eccentric nuclei and a vacuolated cytoplasm (toluidine blue, x1000).

agreement with those of Gosselin ez a/. [25],and Young
and Baker [30], who reported that the hypothyroidism
produced ultrastructural changes in the thyroid
follicular cell in the dogs and the rats, respectively.

In agreement with our findings, Sakai ez a/ [31]
studied the wultrastructural characterization of the
thyroid follicular epithelial cells in the rdw rat, which
is a model of rat dwarfism. They found that a large
vacuole occupied almost all of the cytoplasm on the
basal side of the cell. The nucleus was shifted to the
luminal side. The Golgi apparatus had flattened or
dilated cisternae. The ER was markedly swollen and
the secretory granules could not be detected in the

cytoplasm.

As per the morphometric analysis of the thyroid
gland, this study reveals that hypothyroidism results
in a significant decrease in the follicular diameter
and a significant increase in the thyroid follicular
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Figure 41

A photomicrograph of an immunostained treated 1-month-old
rat’s pituitary gland showing an increase in the number of the
immunopositive cells (—). Notice that some of the positively stained
cells contain vacuoles in their cytoplasm. Immunostained with
thyroid-stimulating hormone antibody (x1000).

Figure 42

An electron micrograph of a treated 1-month-old rat’s thyrotroph
showing a large rounded nucleus (N), enlarged mitochondria (m),
swollen endoplasmic reticulum (r), and a few amounts of secretory
granules (—) (x5800).

Figure 44

A photomicrograph of a semithin section in a control 2-month-old rat’s
thyroid gland showing large thyroid follicles lined with low cuboidal
epithelial cells (—) and filled with colloid material (c). Notice the
presence of absorptive vesicles (v) in the colloid near the luminal
aspect of the follicular cells (toluidine blue,x400).

epithelial height. These results are in agreement with
those of Elkalawy ez al. [19], and Ferreira ef al. [27],

cell showing a large oval nucleus (N), many dilated mitochondria (m),
large colloid droplets (c), and many large vacuoles (v) occupying most
of the cytoplasm (x5800).

Figure 43

A photomicrograph of a control 2-month-old rat’s thyroid gland
showing large thyroid follicles. Each follicle is lined with a single layer
of flat to low cuboidal epithelial cells (—) with a regular orientation
and prominent nuclei. Colloid materials (c) are seen in the follicular
lumen (hematoxylin and eosin, x400).

Figure 45

i

A photomicrograph of a control 2-month-old rat’s pituitary gland
showing that the cells are arranged in clusters with intervening
capillaries (ca). The cells can be differentiated into basophils(+-),
acidophils (), and chromophobes(+') (hematoxylin and eosin, x400).

who found that the mean follicular cell height in
propylthiouracil-treated mice and rats was significantly
increased.
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Figure 46

Figure 47

A photomicrograph of a semithin section in a control 2-month-old rat’s
pituitary gland showing different pituitary cell types from which the
thyrotrophs (T) are distinguished by their angular shape, an eccentric
nucleus with a prominent nucleolus, and a pale finely granulated
cytoplasm (toluidine blue, x1000).

Figure 48
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An electron micrograph of a control 2-month-old rat’s thyroid
follicular cell showing a nucleus (N) near the basal membrane (BM),
well-developed rough endoplasmic reticulum (r), and some
mitochondria (m). Dense bodies (d) are seen near the luminal aspect
of the cell. Notice the presence of microvilli (mv) projecting from the
apical region of the cell (x5800).

The thyroid gland activity is regulated by the
hypothalamic—pituitary— thyroid axis, including the
negative feedback loop. TSH is a major growth factor
tor thyroid. The thyroid gland under TSH undergoes
enlargement, hyperplasia, neovascularization, and
morphological alterations of the thyrocytes related to
their involvement in the production, processing, and

release of the THs [17,32].

In this study, there was a significant increase in the
height of the follicular epithelium in the hypothyroid
rats,and some follicles appeared to be lined by multiple
layers of follicular cells. This could be attributed to a
low level of T4 that leads to increased TSH levels,
which are responsible for the proliferative activity
of the follicular cells. Serakides ez al [33], Ferreira
et al. [27], and Mostaghni ez al. [28] confirmed the
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A photomicrograph of an immunostained control 2-month-old rat’s
pituitary gland showing a positive reaction in the thyroid-stimulating

hormone producing cells appearing as dark brown granules (—).
Immunostained with thyroid-stimulating hormone antibody (x1000).

Figure 49
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An electron micrograph of a control 2-month-old rat’s thyrotroph
showing a large rounded nucleus (N), mitochondria (m), endoplasmic
reticulum (r), and small secretory granules (—) present mainly at the
periphery of the cytoplasm (x5800).

previous suggestion and added that the intrafollicular
adenomatosis that consisted of an increase in the
number of the epithelial cells in the follicles, forming
in some instances papillary projections into the
lumen. The projections occasionally divided the
follicle in the middle or even completely obliterated
the lumen, giving an appearance of an adenomatous
solidification.

In this study, some thyroid follicles exhibited
peripheral colloidal vacuolations that are more obvious
when compared with the control group. It could be
suggested that the follicular cells increase their activity
in taking up and releasing the THs into the circulation
to compensate for the increased demand. Gartner and
Hiatt [34] confirmed this and reported that during the
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Figure 51
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A photomicrograph of a treated 2-month-old rat’s thyroid gland
showing that the thyroid follicles are smaller than that of the control
group. The follicular epithelium (—) is increased in height and some
of its nuclei are shifted to the luminal side. The follicles are filled with
a scanty colloidal material (c) or completely devoid of colloid (arrow
head). The stroma (s) between the follicles appears to be more dense
(hematoxylin and eosin, x400).

Figure 52

A photomicrograph of a treated 2-month-old rat’s pituitary gland showing
the appearance of many large vacuolated cells (—) (hematoxylin and
eosin, x400).

Figure 54

5

ot
e B
= Sy
TG

;
G2
'3

A photomicrograph of an immunostained treated 2-month-old rat’s
pituitary gland showing an increase in the number of immunopositive
cells (—) in comparison with the control group. Notice the presence of
cytoplasmic vacuolation in some of these cells. Immunostained with
thyroid-stimulating hormone antibody (x1000).

great demand for the TH, the follicular cells extended
pseudopods into the follicular lumen to envelop and

absorb the colloid.
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A photomicrograph of a semithin section in a treated 2-month-old rat’s
thyroid gland showing shrunken thyroid follicles lined with tall columnar
epithelial cells (—) that have many vacuoles in the supranuclear
region. The follicles are nearly devoid of colloid (¢). The interfollicular
stroma (s) appears to be more dense (toluidine blue, x400).

Figure 53

A photomicrograph of a semithin section in a treated 2-month-old
rat’s pituitary gland showing the appearance of giant cells (arrows)
with large vesicular nuclei and a pale vacuolated cytoplasm (toluidine
blue, x1000).

Figure 55
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An electron micrograph of a treated 2-month-old rat’s thyroid follicular
cell showing a large rounded nucleus (N) that is separated from the
basement membrane (BM) by many vacuoles (v). The rest of the
cytoplasm is studded with many large vacuoles (x5800).
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Figure 56
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An electron micrograph of a treated 2-month-old rat’s thyrotroph
showing a large rounded nucleus (N), well-developed Golgi (—),
many dilated endoplasmic reticulum (r), enlarged mitochondria (m),
and few amounts of secretory granules (—) (x5800).
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The mean diameter of the thyroid follicles, the mean thyroid follicular
epithelial height, and the mean number of the positive immunostained
thyrotrophs per reference area of the control and treated groups at
the age of 1 month.

In the present study, the morphological changes
observed in the semithin sections of the thyroid gland
of the hypothyroid rats include tall columnar follicular
cells. Some of the cells are filled with cytoplasmic
vacuolations and have pale nuclei. Some follicles
exhibit multiple follicular cells.

The increase in the cell size (hypertrophy) observed in
this study might be due to a fluid accumulation and
glandular overstimulation. The previous studies specified
that hypertrophy occurred as a result of an increase in
the cell size and functional capacity when the trophic
signals or functional demand increased. The adaptive
changes to satisfy these needs led to an increased
cellular size (hypertrophy) and, in some cases, increased

cellular number (hyperplasia) [35,36].

Another factor, suggested by Underwood [36], that
could be responsible for cellular hyperplasia is that
the increased functional demand or chronic injury
stimulates the resting (GO) cells to enter the cell
cycle (G1) to start multiplication.

Kum e al. [37] and Rubin and Strayer [35]
explained that the hydropic swelling resulted from
the impairment of the cellular volume regulation, a
process that controlled ionic concentrations in the
cytoplasm. They added that the injurious agents might
interfere with the membrane-regulated process by
increasing the permeability of the plasma membrane
to sodium, as a result of which the capacity of the
pump to extrude sodium was exceeded, damaging
the pump directly, or interfering with the synthesis
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The mean diameter of the thyroid follicles, the mean thyroid follicular
epithelial height, and the mean number of the positive immunostained
thyrotrophs per reference area of the control and treated groups at
the age of 2 months.

of ATP, thereby depriving the pump of its fuel. The
authors concluded that the accumulation of sodium
in the cell led to an increase in the water content to
maintain the osmotic conditions and consequently
caused the cell swelling.

Available evidence indicated that there was a very
little transplacental migration of the thyroid and
pituitary hormones [38]. Although the thyroid would
develop in the absence of the fetal pituitary, there
was a fetal pituitary—thyroid feedback system [39].
The administration of the antithyroid drugs by the
mother produced goiter in the fetus. This did not occur
in the fetuses that had been hypophysectomized by
decapitation in utero [40], indicating that the fetal, not
maternal TSH, was responsible.

Regarding the pituitary gland, this research reveals
that giving carbimazole to the pregnant rats produces
morphological changes in the pituitary glands of their
oftspring. On the light microscopic examination,
this study reveals the appearance of large pale cells
with rounded nuclei and a vacuolated cytoplasm.
These findings are in agreement with those of Diaz
et al. [41], who studied the morphological changes in
the adenohypophysis of the dogs with induced primary
hypothyroidism and found many very large pale cells
throughout the adenohypophysis, often with a vacuolar
degeneration of the cytoplasm, a large round nucleus
with a prominent nucleolus, and sometimes double
nuclei.

As per the electron microscopic examination, this study
revealed ultrastuctural changes in the thyrotrophs of
the offspring.

The effect of maternal hypothyroidism Shehata et al. 95

Table 1 Comparison of the mean diameter of the thyroid
follicles, the mean thyroid follicular epithelial height, and the
mean number of the positive immunostained thyrotrophs per
reference area between the control and treated groups at the
age of newborn

Control Treated P
44.7125+3.13227 32.3350+1.91959 0.001

The diameter of the
thyroid follicle (um)
The thyroid follicular
epithelial height (um)
The number of the
thyrotrophs per
reference area

6.5475+1.04541 12.8450+0.84870 0.000

10+0.95743 20+0.95743 0.000

Table 2 Comparison of the mean diameter of the thyroid
follicles, the mean thyroid follicular epithelial height, and the
mean number of the positive immunostained thyrotrophs per
reference area between the control and treated groups at the
age of 10 days

Control Treated P

The diameter of the 94.2875+15.77591 42.1475+4.16015 0.001
thyroid follicle (um)

The thyroid follicular  9.8250+2.23972 15.6125+2.63102 0.015
epithelial height (um)
The number of the 14+0.95743 23+1.50000 0.000

thyrotrophs per
reference area

Table 3 Comparison of the mean diameter of the thyroid
follicles, the mean thyroid follicular epithelial height, and the
mean number of the positive immunostained thyrotrophs per
reference area between the control and treated groups at the
age of 1 month

Control Treated P
101.13+6.87297 58.8567+3.73513 0.001

The diameter of the
thyroid follicle (um)
The thyroid follicular
epithelial height (um)
The number of the
thyrotrophs per
reference area

7.5933+1.12491 20.0900+2.24546 0.001

40+3.59398 70+2.21736 0.000

Table 4 Comparison of the mean diameter of the thyroid
follicles, the mean thyroid follicular epithelial height, and the
mean number of the positive immunostained thyrotrophs per
reference area between the control and treated groups at the
age of 2 months

Control Treated P
125.49+10.99156 55.3533+4.25667 0.000

The diameter of the
thyroid follicle (um)
The thyroid follicular
epithelial height (um)
The number of the
thyrotrophs per
reference area

6.6133+0.65741 14.3667+1.37031 0.000

41+2.64575 69+1.70783 0.000

These ultrastructural changes are in agreement with
those observed by Alkhani ez al [42], who studied
the cytology of pituitary thyrotroph hyperplasia in
the primary hypothyroidism and found that the
thyrotrophs were enlarged with an ovoid eccentric
nucleus, possessing a finely dispersed chromatin and
a dense nucleolus, a vacuolation of the cytoplasm,
cystically dilated ER cisternae, a prominent Golgi
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apparatus, randomly distributed few small secretory
granules, and few large lysosomes.

Moreover, Franceschi ez al. [43] reported that due
to the loss of thyroxine feedback inhibition and the
subsequent overproduction of thyrotropin-releasing
hormone, the longstanding hypothyroidism resulted
in a hyperplasia of thyrotrophs and a subsequent
enlargement of the pituitary gland.

Regarding the immunohistochemical study of
the pituitary gland, this study reveals that giving
carbimazole to pregnant rats results in an increase
in the number of TSH-immunopositive cells in the
pituitaries of their offspring. This finding was ensured
by the morphometric analysis where there was a
significant increase in the number of thyrotrophs in
the treated group.

These results are in agreement with those of
Diaz et al. [41], who found that TSH-immunopositive
cells were strongly increased in number in the
hypothyroid dogs, and they added that many of the
large vacuolated cells stained positive for TSH.

Inaddition, the results of this research are in line with the
observations of Radian ez a/. [44],who found an increase
in the number and size of TSH-immunoreactive cells
in the methimazole-treated rats.

The mechanisms regulating the pituitary cytogenesis
and cell proliferation are complex and poorly
understood. Difterent hypotheses have been
introduced to explain the nature and origin of the
cells contributing to pituitary hyperplasia in such
varied settings as primary hypothyroidism [45,46],
pregnancy and lactation [47], and estrogen
treatment [48,49].

Stratmann ez al. [50] suggested that the presence of
mitoses in the hyperplastic pituitary cells led to the
assumption that hyperplasia of a pituitary cell type
could only be attributed to the proliferation of such
cells.

In contrast, others suggested that the cells of one line
might transform to those of another, thus acquiring
their morphologic features and secretory capacity — a
process termed ‘transdifferentiation’ [51]. Such an
interconversion was viewed not as a direct process but
as occurring through bihormonal transitional cells
exhibiting functional components common to both

cells [52,53].

Although the division of the pre-existing thyrotrophs
and the differentiation of the stem cells most likely
contribute to the development of new thyrotrophs, the

previous studies indicated that the transdifferentiation
also played a role in thyrotroph hyperplasia as seen in
primary hypothyroidism [54].
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