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ABSTRACT

Introduction: Intermittent fasting is popularity and a promising approach for weight loss by daily restricted eating. Thyroid
hormones controls body metabolism and accelerate the basal metabolic rate.

Aim of this Work: was designed to investigate the effect of intermittent fasting alone and when concomitant with levothyroxine
on the histological characterization of the thyroid gland of the adult male albino rats.

Material and Methods: Twenty-four adult male albino rats were used and randomly divided into four equal groups. Group
I (Control): Rats had free access to food and water. Group II (Fasting): Rats were deprived of food for 16 hrs daily with free
access to water all over the day. Group III (levothyroxine): Each rat received levothyroxine (0.5ug/100g body weight /day)
for three successive weeks via gastric tube and rats had free access to food and water all over the day. Group IV (Fasting
+levothyroxine): Each rat received daily levothyroxine as in group III combined with food deprivation as in group II. At
the end of the experiment, rats were sacrificed, and the thyroid glands were immediately obtained. The tissue samples were
processed for paraffin and epon blocks. Thyroid sections were subjected to H&E, toluidine blue and Masson’s Trichrome.
Also, immunohistochemical study was carried out for the detection of apoptosis and parafollicular cells.

Results: The experimental intermittent fasting mildly affected the thyroid gland structure in comparison to the control group.
In Levothyroxine treated group, most of follicles showed signs of degeneration in the form of their lining appeared vacuolated
with dark nuclei and small or micro-follicles. While, fasting with levothyroxine showed marked obvious changes, flattened
follicular cells with dark nuclei and vacuolated cytoplasm, desquamated foamy cells and scanty luminal colloid.

Conclusion: The obtained results revealed marked degenerative changes of thyroid gland when intermittent fasting combined

with levothyroxine.
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INTRODUCTION

Balanced nutrition is mandatory to maintain health and
vitality. Also, there is not a particular mechanism controlling
the amount of food needed for everyone. Increasing obesity
rates in these years declares the importance of caloric
restriction to prevent weight gain!'2. Intermittent fasting is
a popularity and a promising approach for weight loss by
daily restricted eating; this approach aims to decrease the
daily calorie intake by 16 hrs. fasting and 8 hrs. eating®“..

Changes in the hypothalamus—pituitary—thyroid axis
have been reported during starvation. Food restriction
has received little attention as a potential cause of the
changes in thyroid hormones homeostasis®. Thyroid
hormones control body metabolism and accelerate the
basal metabolic rate. Thyroid dysfunction is known to be
accompanied by oxidative stress through increasing free
radicals’ production and lipid peroxidation!®-#],

It has been reported that in obese subjects, caloric
deprivation to decrease the weight has been attributed to
reduced thyroid hormones (T3 and T4) concentrations in
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blood, indicating a lower metabolic rate. Consequently,
another approach for weight reduction in euthyroid obese
subjects is developed by receiving thyroid hormones to
enhance weight loss. Many fatal side effects could result,
such as muscle wasting and cardiac problems due to
subclinical or overt hyperthyroidism!*!,

Levothyroxine is a manufactured form of the thyroid
hormone (T4) thatis used as areplacement or a supplemental
therapy in hypothyroidism!'). Therefore, the present work
was designed to investigate the effect of intermittent
fasting alone and when concomitant with levothyroxine
administration on the histological characterization of the
thyroid gland of the adult male albino rats.

MATERIALS AND METHODS

Chemicals

Levothyroxine (Eltroxin)R was purchased in the form
of tablets, each tablet contained 50 pg Levothyroxine
(GlaxoSmithKline GmbH, Germany). Each tablet was
dissolved in 50ml of distilled water.
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Animals

Twenty-four adult male albino rats were used, from 6-8
months age, weighting 180-200 gm, they were obtained
and housed at the Medical research center of Faculty
of Medicine-Ain-Shams University. Rats were kept in
medium sized metal cages in a room temperature with
regular dark/light cycles and good ventilation. All rats
were kept under the same circumstances throughout the
experiment. The experiment followed the guidelines of Ain
Shams University Ethical Committee.

Experimental Protocol

The twenty-four rats were randomly divided into four
equal groups (6 rats/each):

Group I (Control group): This group served as a
control and had free access to food and water all over the
day for three successive weeks.

Group II (Fasting group): The rats were deprived of
food for 16 hrs. (from 6 pm -10 am) daily with free access
to water. During the non-fasting 8 hrs., rats had free access
to food and water without caloric restriction” for three
successive weeks.

Group III (Levothyroxine group): Each rat received
0.51g/100g body weight/day of levothyroxine via gastric
tubel'? with free access to food and water all over the day
for three successive weeks.

Group 1V (Fasting +Levothyroxine group): Each rat
received 0.51g/100g body weight/day of levothyroxine via
gastric tube combined with food deprivation for 16 hrs.
(from 6 pm -10 am) daily with free access to water for three
successive weeks. During the non-fasting 8 hrs., rats had
free access to food and water without caloric restriction.

At the end of the experiment, rats were anesthetized
with ether inhalation. The thyroid glands were dissected
out in two stages to avoid tissue damage. First, the neck
was opened by a longitudinal incision, the fascia was
removed, and the trachea was cut by a horizontal plane
superior and inferior to the thyroid"®. Then, subsequent
dissection of the thyroid was carried out and used for the
following studies. Disposal of animal remains was done
according to the regulations of the animal house.

Histological studies

For light microscopy study, specimens were fixed in
10% neutral-buffered formalin, dehydrated, embedded
in paraffin, and then the sections were cut at Sum and
stained with Hematoxylin and eosin (H&E) for a routine
histological examination'¥. Masson’s trichrome stain was
used on to clarify collagen fiberst's..

Immunohistochemical stain for caspase-3 (indicator of
apoptosis): sections were washed in phosphate-buffered
saline for Smin and then incubated with antibody to cleaved
caspase with a dilution of 1:200 (Invitrogen, Sweden AB
Stockholm Sweden) overnight at 4°C, sections then were

washed and were incubated with secondary goat-anti-
rabbit antibody (1:500) Invitrogen, Molecular Probes,
Eugene, Oregon, USA) for 1h in room temperature. Slides
were incubated in 3,3-diaminobenzidene for 10 min and
then counterstained by Mayer’s hematoxylin, dehydrated
and mounted by dibutyl phthalate in xylene!'®.

Immunohistochemical stain for calcitonin was used
as a detector of parafollicular cells. Calcitonin antibody
(Rabbit polyclonal antibody) (DAKO A-576; Dako,
Glostrup, Denmark) was used. The secondary antibody
was rabbit/mouse immunoglobulins (Life Trade, Egypt)
and 3,3-diaminobenzidine tetrahydrochloride was used
as a chromogen. Tissue sections were counterstained with
Mayer’s hematoxylin['7.

In addition, preparation of epon blocks for semithin
sections: specimens were fixed in glutaraldehyde 2.5 %
in phosphate buffer for 3hrs., tissue samples washed with
phosphate buffer and post fixed in 1 % osmium tetra oxide,
then dehydrated in alcohol and embedded in epon, semithin
sections were cut to one um by L.K.B. ultra-microtome,
picked up on a gelatinized glass slides and stained with
toluidine bluel'®.

Paraffin and semithin stained sections were
photographed after examination by light microscope
(Olympus 268M microscope) equipped with an automatic
photomicrographic camera system.

Morphometrical study

Morphometric analysis was carried out using Image-J
software on a computer connected to Olympus microscope
equipped with a digital camera at the department of
Anatomy (Faculty of Medicine-Ain Shams University).
Six randomly chosen non overlapping fields in six sections
obtained from six different rats from the same group were
used for measuring the height of follicular cells in um (on
toluidine blue stained sections and only the cells with non-
vacuolated cytoplasm were measured), area % of collagen
fibers (on Masson trichrome stained sections) and the
diameter of the central follicles in pm (on H&E., stained
sections). Pixels were calibrated for actual measurements
using a stage micrometer. The magnification used was
x1000 for the cellular height, x400 for area % of collagen
and x100 for the diameter of the follicles.

Statistical analysis

Data analysis was performed (by MedCalc Version
11.1.1.0 Software, Belgium) and Microsoft Office Excel
2010 (Microsoft, USA) where analyses of variance
(ANOVA test), mean, standard deviation (SD) and T-test
were done. T-test result was considered nonsignificant
when P-value > 0.05, significant when P-value < 0.05 and
highly significant when P-value < 0.001.
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RESULTS

Histological Results

Control group (Group I): H&E and toluidine-
stained sections showed normal histological structure
of the thyroid glands. They were consisted of follicles
of variable sizes arranged in lobules with connective
tissue in-between these lobules. Normal thyroid follicles
filled with homogenous acidophilic colloid and were
lined with a single layer of cubical follicular cells that
had rounded nuclei. The interfollicular spaces showed
connective tissue (cells and fibers) with blood capillaries
(Figures 1,2). Semithin sections clarified the follicles
were lined with a single layer of follicular cells that had
spherical to oval vesicular nuclei. In some follicles, the
para-follicular cells or C-cells with pale cytoplasm and
rounded vesicular nuclei were noticed adjacent to the
follicles (Figure 3).

Masson’s Trichrome stained sections showed minimal
amount of collagen fibers in the interfollicular areas and
circling the blood capillaries (Figure 4).

Immunohistochemistry-stained sections of caspase-3
showed negative immune expression in the nuclei and
cytoplasm of all follicular lining epithelium (Figure 5).
While a few calcitonin immunoreactive C cells forming
a part of the lining cells of the follicles and in between
the follicles nearly in all examined section were detected
(Figure 6).

Fasting Group (Group II): H&E-stained sections
showed small sized follicles with preserved lobular
architecture of follicles. Most follicles exhibited scanty
colloid in their lumen. These follicles with single layer
of cubical follicular cells exhibiting spherical nuclei and
minimal vacuolated cytoplasm were observed in several
sections (Figures 7,8). Semithin clarified the thyroid
follicles with a single layer of follicular cells were seen.
These lining follicular cells appeared with oval or irregular
shaped vesicular nuclei with apparent mild decrease in
the height of the cells. Also, Parafollicular cells with pale
cytoplasm and dark nuclei were observed. Connective
tissue and blood capillaries in between these follicles were
easily demonstrated (Figure 9).

Masson’s Trichrome stain showed apparent few
collagen fibers within the interfollicular areas (Figure 10).

Immunohistochemistry-stained sections of caspase-3
showed negative immune expression in the nuclei
and cytoplasm of all follicular lining epithelium
(Figure 11). While a few scattered C-cells with weak
brownish calcitonin immunoreaction nearly in all examined
section were detected (Figure 12).

Levothyroxine treated Group (Group III): H&E-
stained sections showed disruption of the normal glandular
architecture, hardly detected lobular arrangement of the
thyroid follicles and abundant adipose connective tissues
in several examined sections. Most of these follicles

appeared small size (Figure 13). Some disrupted and
fused follicles and some desquamated epithelial cells were
casily demonstrated. Most of follicular cells exhibited dark
rounded nuclei in addition to, some flattened follicular
cells with flat dark nuclei in other follicles. In some section,
few follicles with multiple layers of vacuolated follicular
cell were observed. Congested capillaries between the
follicles were detected. Colloidal lumen appeared partially
vacuolated and with variable densities (Figure 14).
Semithin sections showed follicular cells with irregular
shaped nuclei and with apparent decrease in their height,
and numerous parafollicular cells with pale cytoplasm and
large pale nuclei (Figure 15).

Masson’s Trichrome stain showed apparent scanty
to absent collagen fibers within the interfollicular areas
(Figure 16).

Immunohistochemistry-stained sections of caspase-3
showed positive caspase-3 expression in the nuclei and
cytoplasm of most follicular lining epithelium (Figure 17).
While numerous C- cells forming a part of the lining cells
of the follicles and in between the follicles with intense
positive brownish calcitonin immunoreaction (Figure 18).

Fasting +Levothyroxine treated group (Group
IV): H&E-stained sections showed disruption of the
normal glandular architecture and hardly detected lobular
arrangement of follicles. Most of their follicles appeared
small size with their follicular lumina were empty. While
other follicles were filled with homogenous colloid of
variable densities (Figure 19). Nearly all examined section
showed follicles with remnants of colloid, other follicles
with nearly depleted colloid and others with desquamated
foamy cells in their lumina. Most of the follicular cells
exhibited dark nuclei and vacuolated cytoplasm. Some
flattened cells with flat dark nuclei were also seen. Few
follicles with multiple layers of vacuolated follicular
cells could be observed. Small blood capillaries were
seen in between the follicular cells in several follicles
(Figure 20). Semithin sections showed large thyroid follicle
with irregular shaped nuclei and vacuolated cytoplasm
and apparent decrease in the height of the cells. Other
follicles were partially lined with more than one layer of
follicular cells. Small parafollicular cells with pale nuclei
and cytoplasm also were seen. small blood capillaries
were noticed invading or penetrating the follicular lining
epithelium (Figure 21).

Masson’s Trichrome stain showed apparent scanty
to absent collagen fibers within the interfollicular areas
(Figure 22).

Immunohistochemistry-stained sections of caspase-3
showed strong positive caspase-3 expression in the
nuclei and cytoplasm of most follicular lining epithelium
(Figure 23). While, few parafollicular or C-cells forming
a part of the lining cells of the follicles with positive
brownish calcitonin immunoreaction (Figure 24).
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Morphometric and statistical results

Morphometric results were obtained by measuring
the height of follicular cells in microns of all groups
(Column Chart 1) and the statistical analysis revealed non-
significant difference of the mean height of follicular cells
of group Il as compared to the control group (group I) with a
P-value>0.05. On the other, a highly significant difference
between group I and group III and between group I
and group IV were found with a P-value = 0.001 and a
P-value < 0.001, respectively (Table 1).

Moreover, the results obtained by the measures and
the statistical analysis of area % of collagen fibers and the
diameter of the follicles of all groups (Column Charts 2,3)
revealed highly significant difference of the mean area %
of collagen and the mean diameter of the follicles between
group I and all the other groups with a P-value < 0.001
(Tables 2,3).

Fig. 1: A photomicrograph of a section in the thyroid gland of the control
rat (group I) showing the lobules of the gland separated by connective
tissue trabeculae (*). The thyroid follicles (F) appear with variable sizes;
large follicles are present especially at the periphery and filled with
acidophilic colloid (arrow). (H & E, x100)
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Fig. 2: A photomicrograph of a section in the thyroid gland of the control
rat (group I) illustrating apparently normal thyroid follicles lined with a
single layer of cubical follicular cells exhibiting spherical nuclei (curved
arrow). The follicular lumens filled with homogenous acidophilic colloid
(arrow). Notice the inter-follicular spaces with few cells (*) and small
blood capillaries (C). (H & E., 400)

Fig. 3: A photomicrograph of a semithin section in the thyroid gland of the
control rat (group I) showing thyroid follicles were lined by a single layer
of follicular epithelium. The lining follicular cells appear with rounded to
oval vesicular nuclei (arrow). Notice the height of the follicular cell (line),
the polygonal parafollicular cells with pale cytoplasm (notched arrow)
and the small blood capillaries (arrowhead) in between the follicles.
(Toluidine blue, x1000)

Fig. 4: A photomicrograph of a section in the thyroid gland of the control
rat (group I) showing minimal amount of collagen fibers in interfollicular
areas (*) and around the blood capillaries (C). (Masson’s Trichrome,
x400)
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Fig. 5: A photomicrograph of a section in the thyroid gland of the
control rat (group I) showing negative caspase-3 expression in the nuclei
and cytoplasm of all follicular lining epithelium (arrow). (Caspase-3
immunostaning, 400)
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Fig. 6: A photomicrograph of a section in the thyroid gland of the control
rat (group I) showing a few calcitonin immunoreactive C- cells (arrow)
forming a part of the lining cells of the follicles and in between the
follicles (notched arrow). (Anticalcitonin immunostaning, x400)

Fig. 7: A photomicrograph of a section in the thyroid gland of the fasting
rat (group II) showing mostly small sized follicles (curved arrow) with
scanty colloid (arrow). Notice the preserved lobular architecture of
follicles that appeared separated by connective tissue (*). (H & E., x100)

Fig. 8: A photomicrograph of a section in the thyroid gland of the fasting
rat (group 1I) showing small sized follicles (arrows) and scanty luminal
colloid (**). These follicles were lined by a single layer of cubical
follicular cells exhibiting spherical nuclei and minimal vacuolated
cytoplasm (curved arrow) (H & E., x400)

Fig. 9: A photomicrograph of a section in the thyroid gland of the
fasting rat (group II) showing thyroid follicles were lined by a single
layer of follicular epithelium with apparent mild decrease in the height
of the cells (line). The lining follicular cells appear with oval (arrow) or
irregular shaped vesicular nuclei (double headed arrow). Parafollicular
cells with pale cytoplasm and dark nuclei (notched arrows) are observed.
Notice, connective tissue (CT) and blood capillaries (C) in between these
follicles. (Toluidine blue, x1000)

Fig. 10: A photomicrograph of a section in the thyroid gland of the fasting
rat (group II) showing apparent few collagen fibers in interfollicular areas

(*). (Masson trichrome, x400)
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Fig. 11: A photomicrograph of a section in the thyroid gland of the
fasting rat (group 1I) showing negative caspase-3 expression in the nuclei
and cytoplasm of all follicular lining epithelium (arrow). (Caspase-3
immunostaining x400)
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Fig. 12: A photomicrograph of a section in the thyroid gland of the
fasting rat (group II) showing few scattered C- cells forming a part of
the lining cells of the follicles and in between the follicles with weak
brownish positive calcitonin immunoreaction (arrows) (Anticalcitonin
immunostaning x400)

Fig. 15: A photomicrograph of a section in the thyroid gland of the
levothyroxine treated rat (group III) showing follicular cells with irregular
shaped nuclei (arrow) and with apparent decrease in the height of the cells
(lines). Notice numerous parafollicular cells with pale cytoplasm and
large pale nuclei (notched arrows). (Toluidine blue, 1000)

Fig. 13: A photomicrograph of a section in the thyroid gland of the
levothyroxine treated rat (group III) showing disruption of the normal
glandular architecture, hardly detected lobular arrangement of follicles
and abundant adipose connective tissues (A). Most of these follicles
appear small size (F). (H& E., x100)

Fig. 16: A photomicrograph of a section in the thyroid gland of the
levothyroxine treated rat (group III) showing apparent scanty to absent
collagen in the interfollicular spaces (*). (Masson’s Trichrome, x400)

Fig. 14: A higher magnification of the previous section showing disrupted
and fused thyroid follicles (F) and some desquamated follicular cells
(notched arrow) in the lumen. Dark rounded nuclei (arrowhead) and
vacuolated cytoplasm (arrow) were seen in most of follicular cells in
addition to, some flattened follicular cells with flat dark nuclei (curved
arrow). Few follicles with multiple layers of vacuolated follicular cells
(wavy arrow) were seen. Congested capillaries (C) were seen between the
follicles. Notice, the colloidal lumen was partially vacuolated and with
variable densities (right angled arow). (H & E., x400)

Fig. 17: A photomicrograph of a section in the thyroid gland of the
levothyroxine treated rat (group I1I) showing positive caspase-3 expression
in the nuclei and cytoplasm of most follicular lining epithelium (arrow).
(Caspase-3 immunostaining, x400)
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Fig. 18: A photomicrograph of a section in the thyroid gland of the
levothyroxine treated rat (group I1I) showing numerous C- cells forming
a part of the lining cells of the follicles and in between the follicles
with intense positive brownish calcitonin immunoreaction (arrows).
(Anticalcitonin immunostaining, x400)

Fig. 21: A photomicrograph of a section in the thyroid gland of the fasting
rats with levothyroxine (group IV) showing follicular cells with irregular
shaped nuclei and vacuolated cytoplasm (arrows), apparent decrease
in the height of the (lines), a follicle partially lined with more than one
layer of follicular cells (curved arrow) and small parafollicular cell
(notched arrow). Notice, the desquamated cells in the lumen (arrowhead).
(Toluidine blue, x1000)
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Fig. 19: A photomicrograph of a section in the thyroid gland of the
fasting rats with levothyroxine (group IV) showing disruption of the
normal glandular architecture and hardly detected lobular arrangement

of follicles. Most of the follicles appeared small size with their empty i . L . .
follicular lumina (F). While other follicles were filled with homogenous Fig. 22: A photomicrograph of'a section in the thyroid gland of the fasting

colloid of variable densitics (arrows). (H& E., x100) rats with levothyroxine (group IV) showing apparent scanty to absent
’ collagen fibers in interfollicular areas (*). (Masson’s Trichrome, x400)

Fig. 20: A higher magnification of the previous section showing follicles
with remnants of colloid (right angled arrow), other follicles with nearly
depleted colloid (**) and a follicle with desquamated foamy cells in
its lumen (arrowhead). Flattened cells with flat dark nuclei (notched
arrow) were seen in some follicles, other follicles with multiple layers of
vacuolated follicular cells and dark rounded nuclei (curved arrow) were
also seen. Notice, small blood capillaries (C) were seen in-between the
follicular cells. (H & E., x400)

Fig. 23: A photomicrograph of a section in the thyroid gland of the fasting
rats with levothyroxine (group IV) showing strong positive caspase-3
expression in the nuclei and cytoplasm of most follicular lining epithelium
(arrows). (Caspase-3 immunostaning, x400)
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Fig. 24: A photomicrograph of a section in the thyroid gland of the fasting rats with levothyroxine (group IV) few parafollicular or C- cells forming a part of
the lining cells of the follicles with positive brownish calcitonin immunoreaction (arrows). (Anticalcitonin immunostaning, x400)

Table 1: Comparing the height of follicular cells in um of the groups II-I1I and IV to the control group

((j(zzlt?z)]l) Group II (fasting) ~ Group III (levothyroxine) ~ Group IV (levothyroxine+ fasting)
The(ﬂleeif:l%i:ﬁ;‘;ﬁgfﬁf;;‘)”m 8.48+0.7 8.07+0.4 6.1940.9 4.8+0.7
Between Group I&II P=0.09"
§ Group I&I1T P=0.001"
Between Group [&IV P=0.0001""

(*) non-significant P-value, (**) significant P-value and (***) highly significant P-value.

Table 2: Comparing area % of collagen fibers of the groups II-III and IV to the control group

((c};?l?rllll) Group II (fasting) ~ Group III (levothyroxine) ~ Group IV (levothyroxine+ fasting)
( rﬁ;‘; Of ;:rf(;’alzgg:v?;zz) 6.6=1.0 43+05 2806 1605
Between Group I&I1 P=0.0002""
? Group I&III P =0.0008""
Between Group [&IV P=0.0001""

(***) highly significant P-value.

Table 3: Comparing the diameter of the follicles in um of the groups II-III and IV to the control group

((c};;)l;}z)ll) Group II (fasting) ~ Group III (levothyroxine) ~ Group IV (levothyroxine+ fasting)
The(ii:;‘ff;;fléz‘: df‘;givciz?(j:)”m 756437 458433 208457 28.1+4.4
Between Group [&I1 P=0.0001""
E Group [&IIT P =0.0004""
Between Group [&IV P=0.0001""

(***) highly significant P-value.
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Column chart 1: morphometric comparison between the four groups as
regard; the height of follicular cells in pm.
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Column chart 2: morphometric comparison between the four groups as
regard; the area % of collagen fibers.
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Column chart 3: morphometric comparison between the four groups as

regard; the diameter of the follicles in pm.

DISCUSSION

The thyroid gland is a unique endocrine gland; it
is superficially located in the neck. It is specialized in
production, storage, and release of thyroid hormones (T4
&T3). The thyroid hormone is responsible for growth and
development, regulation of basal metabolic rate and cellular
metabolism!'>?%. Obesity and thyroid abnormalities are
common conditions closely linked together from clinical
and molecular viewpoints. This relation has become
clinically relevant in the context of an unprecedented
increase in the prevalence of obesity worldwide!l.

Intermittent fasting is a dietary regimen where intervals
of regular food intake are interrupted by intervals of
fasting to reduce the energy value?. The popularity of
intermittent fasting has grown tremendously over the past
few years. Benefits of intermittent fasting may include
weight loss, reduced inflammation and improved blood
sugar balance?!!. Controversy continues as to whether
thyroid hormone administration has beneficial or harmful
effects in euthyroid obese subjects undergoing caloric
deprivation?,

Levothyroxine (LT4) is the treatment of choice when
the diagnosis of persistent thyroid hormone deficiency is
confirmed??¥, Bearing in mind that the structure of any
organ closely reflects the state of its function. So, this
work was designed to investigate the effect of intermittent
fasting alone and when concomitant with levothyroxine
on the histological characteristics of thyroid gland, as both
could be used for weight reduction.

The results of the present study clarified mild
histological changes of the thyroid gland of the fasting
group in comparison to the control group. The gland
showed small sized follicles with preserved lobular
architecture. Most follicles exhibited scanty colloid in
their lumen with minimal vacuolated cytoplasm in some
follicular cells. Semithin clarified the lining follicular cells
which appeared with oval or irregular shaped vesicular
nuclei. Also, the parafollicular cells appeared with pale
cytoplasm and dark nuclei. Morphometrical and statistical
analysis revealed non-significant decrease of the mean
height of follicular cells of the fasting group and highly
significant decrease of the mean diameter of the thyroid
follicles in comparison to the control group.

Few studies have been carried out to demonstrate the
histopathological changes of thyroid gland that occurred
with intermittent fasting. A reduction in the colloid amount
and the diameter of rats’ follicles during starvation was
reported, and the explanation was that starvation resulted
in decrease in the thyroid gland function with subsequent
decrease in serum thyroid hormones level. Since the thyroid
hormones are unique, unlike other hormones, they are
iodine incorporated as an active component and the amount
of iodine is dependent on the ingested food?*+>¢l. Also,
food restriction was reported to increase a corticosterone
level which in turn decreases 5-monodeidinase that is a
peroxidase enzyme involved in the activation of thyroid
hormones”.

Moreover, this study revealed few collagen fibers in the
interfollicular areas in the fasting group which confirmed
by the statistical analysis that revealed highly significant
decrease of the mean area % of collagen fibers of the fasting
group in comparison to the control group. The collagen
fibers within the extracellular matrix represent the most
abundant extracellular protein which is produced by the
fibroblasts. This finding coincided with other researchers
who stated that fasting is known to be accompanied by a
decrease in collagen biosynthesis. This mechanism assumes
inhibition of prolidase enzyme which plays a crucial role
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in up-regulation of collagen metabolism. The mechanism
of fasting induced inhibition of prolidase enzyme activity
is not known?®!,

Regarding the immunohistochemical analyses of the
current study, thyroid sections from fasting rats revealed
no evidence of apoptosis when examined by Caspase-3.
Other results were in harmony with the previous finding,
intermittent fasting attenuated apoptosis of myocardial
cells in Doxorubicin induced cardiotoxicity™. In addition,
anticalcitonin antibody is a best detector for parafollicular
cells. Different section showed weak positive brownish
cytoplasmic reaction in parafollicular cells. Parafollicular
or C- cells, apart from its role is calcium homoeostasis,
they are probably also involved in the intra-thyroidal
regulation of follicular cells. This hypothesis was
supported by different features, such as their characteristic
‘parafollicular’ position, their predominance in the central
region of the thyroid lobe and their implication in the
secretion of different regulatory peptides!'”. C- cells secrete
calcitonin which opposes the action of parathormone by
reducing the blood calcium level. Calcitonin is a hormone
independent in its secretion on pituitary gland and depends
mainly on the level of serum calciumP”. Previous studies
showed that the serum calcium concentration have been
decreased with intermittent fasting®'l.

In this experiment, the rats treated with levothyroxine
showed mild to moderate histological changes of the
thyroid glands when compared to the control group. The
thyroid gland showed disruption of the normal glandular
architecture, hardly detected lobular arrangement of the
thyroid follicles and abundant adipose connective tissues
in several examined sections. Most of follicles appeared
small size. Some disrupted and fused follicles and some
desquamated epithelial cells were detected. Most of
follicular cells exhibited dark rounded nuclei in addition
to, some flattened follicular cells with flat dark nuclei
in other follicles. In some section, few follicles with
multiple layers of vacuolated follicular cell were observed.
Congested capillaries between the follicles were also
detected. Colloidal lumen appeared partially vacuolated
and with variable densities. Semithin sections clarified
follicular cells with irregular shaped nuclei and numerous
parafollicular cells with pale cytoplasm and large pale
nuclei. Morphometrical and statistical analysis revealed
highly significant decrease of the mean height of follicular
cells and of the mean diameter of the thyroid follicles in
comparison to the control group. The previous findings
were in agreement with Rajab et al.** who referred similar
findings to the absence of cytoprotective effects of thyroid
stimulating hormone signals because of the high circulating
levels of external thyroid hormones. Expectedly in the
present study, administration of levothyroxine elevated the
circulating T4, resulting in feedback inhibition of thyroid
releasing and thyroid stimulating hormones release, at
levels of hypothalamus and pituitary, respectively. Thus,
according to the obtained results the thyroid gland in the
hormone-treated groups were under-stimulated and in the

arrest state. Cytologically, the disorganization, follicular
cells with vacuolated cytoplasm and dark nuclei as well
as reduced epithelial height, provide further evidence
for the functional quiescence of the thyroid after thyroid
hormone treatment. All findings were in accordance with
other studiest>¥]. Moreover, this study showed few or
absent collagen fibers in the interfollicular spaces which
confirmed by the statistical analysis that revealed highly
significant decrease of the mean area % of collagen fibers
of levothyroxine treated group in comparison to the control
group. The previous findings were in agreement with
Rajab et al.*? who reported, desquamated cells inside the
follicular lumen, decreased height of follicular cells, fusion
of some thyroid follicles and decrease in interfollicular
connective tissue with external thyroid hormones
administration in rats.

On the other hand, the immunohistochemical analyses
of the current study, thyroid sections from levothyroxine
rats revealed strong evidence of apoptosis when examined
by Caspase-3. Positive immune reactions of most follicular
cells were clearly observed. A previous study reported an
increase in follicular cells apoptosis with external thyroid
hormones administration in rats and concluded that external
T3 and T4 cause marked damage of thyroid follicles in
euthyroid glands even after short-term therapy™?. While
other sections showed intense positive anticalcitonin
immunoreaction in numerous parafollicular cells. These
parafollicular cells thought to have arole in the regulation of
follicular cells function through the secretion of regulatory
peptides, suggesting a possible interrelationship between
the two endocrine cell types. Therefore, induced changes
in the follicular cell’s activity may affect the parafollicular
cellst!”,

Furthermore, in this experiment, the fasting rats
treated with levothyroxine revealed marked histological
alterations compared to control and other groups. Multiple
follicles appeared degenerated with desquamated epithelial
cells in their lumen. Multiple follicles showed either
diminished or depleted colloid. Some follicles appeared
coalesced, follicles showed flattened cells with dark nuclei
and other follicles were lined with multiple few cellular
layers. Cytoplasmic vacuolations and dark apoptotic
nuclei were seen. Also, small, few parafollicular cells were
observed. To our knowledge, by reviewing the literature,
no studies were concerned about this combination (fasting
+ levothyroxine) effects on the thyroid structures.

However, thyroid gland histological alterations in
group IV might be attributed to the reduced level of
antioxidant with increased reactive oxygen species that
has been reported with starvation®*!. However, all these
previous findings might be elucidated and attributed to the
oxidative stress which caused severe DNA damage, caspase
activation, mitochondrial dysfunction, and formation of
reactive oxygen species (ROS) that has been reported with
starvation[3433,
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Also, in this study, evidence suggesting hypoactive
gland was the depleted colloid of most follicles and the
marked reduction of collagen fibers in the interfollicular
areas. In addition to the morphometrical and the statistical
results that revealed highly significant decrease in the mean
height of the follicular cells, the mean area % of collagen
fibers, and the mean diameter of the follicles in comparison
to the control group. Lee et al.B% reported similar finding
that were representing a distinctive sign of inactive thyroid
gland. Some focal follicular cell hyperplasia was detected
in the present study that could be a direct result of increased
apoptosis as indicated by caspase-3 immunoreactivity
when compared with the control. These apoptotic cells
were shed into the follicular lumen. In contrast to the
control, the rare occurrence of desquamated cells was
noted. This finding in the absence of hormonal treatment
is related to normal basal thyroid cells turnover, thyroid
gland maintains its mass homeostasis by sustained basal
proliferation and apoptosis®7.

In the same concern, cytoplasmic vacuolations seen
in the follicular cells in the two groups (IlI& IV) could
be attributed to ROS induced cellular membranes insults,
which ultimately generate self-sustaining lipid peroxidation
and enhanced transport of water and electrolytes into
the cellsP¥. Also, these vacuolations can be attributed
to the presence of swollen mitochondria or endoplasmic
reticulum?’),

Moreover, other sections of group IV showed faint,
weak positive anticalcitonin immunoreaction of few
scattered parafollicular cells. Three possible explanations
were considered regarding the changes in parafollicular
cells with alterations in the follicular cells, firstly, TSH
indirectly regulates parafollicular cells, secondly the
follicular cells directly affect parafollicular cells function
and thirdly, the parafollicular cells affect follicular cells
activity®*+%, In addition, Ahmed et al®! stated that
levothyroxine induced lipid peroxidation leading to
cellular damage. Also, the same histological changes were
observed with decreased TSH level which has the main
stimulative effect on the structure and the function of the
thyroid gland. Its simulative effect on the follicular cells is
thought to be modulated a variety of molecules, some of
them released from the parafollicular cells*#4,

CONCLUSION

The obtained results in this study revealed mild
structural alterations of the thyroid gland with intermittent
fasting, moderate alterations with levothyroxine
administration and marked degenerative changes when
combined levothyroxine with fasting. All of these
changed were observed and evaluated by both light and
imuunohistochemical studies. Further research on the
effect of intermittent fasting on hyperactive and hypoactive
thyroid gland is strongly recommended. The obtained
results should contribute to better understanding of the
possible side-effects and safety of therapy with other
manufactures of the thyroid hormones.
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