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Abstract

Apoptosis plays a critical role in the development and
homeostasis of multicellular organisms, especially those
with high cell turnover such as the lymphoid system. The
current study aimed to examined the effects of changes in
thyroid hormones on apoptosis of spleen in male rats. 30
rats were equally divided into three groups (10 animals
each). G1, control group in which animals did not received
any treatment; G2, Hypothyroid group in which rats
received 0.05% 6-n-propyl-2-thiouracil (PTU) in drinking
water for 6 weeks; G3, Hyperthyroid group in which rats
received 100 µg/Kg L-Thyroxin sodium administration in
drinking water for 6 weeks. In the present study; serum T3

and T4 concentrations were depressed and serum TSH
concentration was significantly elevated in rats receiving
PTU-induced hypothyroidism. On the other hand; serum T3

and T4 concentrations were significantly elevated and
serum TSH concentration was depressed in rats receiving
L-Thyroxin sodium-induced hyperthyroidism. In the
current study; spleen in both hypothyroid and hyperthyroid
rats revealed many of abnormalities as marked disruption
of spleen structure, loss in distinction between the white
and red pulps, degeneration and vacuolation with an
increased in the lymphocyte population. Also, a significant
increase in p53 and Caspase3 apoptotic cells and a
significant decrease in Bcl-2 antiapoptotic cells in the
spleen tissues revealed the possibility of the apoptosis
occurrence after PTU or Thyroxin administration in the
case of hypothyroidism and hyperthyroidism.
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1 Introduction

Thyroid hormones regulate all metabolic activities such as
growth rate, digestion strength, cholesterol secretion in the
bile, respiration, oxygen consumption, heart rate,
sodium/potassium pump, blood pressure lipid, carbohydrate
and protein, metabolism and the actions of other lymphoid
organs (Toshihiro, 2010; Ali et al., 2013; Ibrahim et al.,
2011, 2012; Salama et al., 2013; Hafez and Tousson, 2014;
Mohamed et al., 2014; Tousson et al., 2011a, 2012a-c,
2013, 2014a).

It is well known that thyroid hormones contribute to the
development and maintenance of homeostasis in
multicellular organisms to control cell growth and
differentiation (Gandrillon et al., 1994; Oppenheimer et al.,
1996; Mihara et al., 2003). Apoptosis plays a very
important role in regulating a variety of diseases that have
enormous social impacts. For example, schizophrenia is
a neurodegenerative disease that may result from an
abnormal ratio of pro- and anti-apoptotic factors (Glantz et
al., 2006; Tousson et al., 2014b).

There is some evidence that this defective apoptosis may
result from abnormal expression of Bcl-2 and increased
expression of caspase-3 (Glantz et al., 2006). It has been
reported that thyroid hormone induces apoptotic cell death
of differentiating erythrocytic progenitor cells (Mihara et
al., 2003). On the contrary, thyroid hormone inhibits
apoptosis of early differentiating cerebellar granule neurons
by inducing enhanced expression of antiapoptotic Bcl-2
protein (Mihara et al., 2003).

The Spleen is one of the major target organ for thyroid
hormone action and marked changes occur in spleen
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function in the case of hypo- or hyperthyroidism. Cell death
during amphibian metamorphosis (involving apoptosis) is
under the control of thyroid hormones (Tata, 1994;
Ishizuya, 1996;  Mihara et al., 2003).

When the cells expose to the external damage stimuli they
activate the regulation of expression of these genes. P53
tumor suppressor protein is a transcription factor that
regulates the transcription rate of several genes involved in
the regulation of cells cycle, DNA repair and apoptosis
(Wang et al., 2005; Tousson et al., 2011b, 2012d, 2014b,
2014d). Expressed p53 negatively delays cell cycle
progression that leads to the apoptosis if the damage cannot
be repaired (Yonish-Rouach et al., 1993). P53 acts as a
protector of genomic activity by inducing either cell cycle
arrest (at G1 and/or G2 phase) or apoptosis (Collavin et al.,
2010; Tousson et al., 2012d).

Bc1-2 gene is an anti-apoptotic protein that have an
important roles in regulating cell survival and apoptosis
(Cory and Adams, 2002; Tousson et al., 2014a, 2014d). A
high level of Bcl-2 expression prevents cells from apoptosis
caused by cytotoxic factors or cellular stress (Cory et al.,
2003). Caspase-3 belongs to a family of evolutionally
conserved cysteine proteases that play a key role in
regulating programmed cell death, or apoptosis (Degterev,
2003; Huang et al., 2011). Two main apoptosis activation
pathways are the extrinsic and the intrinsic pathways. The
extrinsic pathway is activated by the binding of ligands
(including TNFα, FasL, and TRAIL) to cell-surface
receptors , while the intrinsic pathway is typically activated
in response to DNA or cellular damage. The convergence
of the extrinsic and intrinsic pathways occurs at the
proteolytic activation of caspase-3 (Fulda et al., 2006;
Porter, 2006). Once caspase-3 is activated, a series of
irreversible events are set in motion that lead to the death of
the cell, including activation of the CAD endonuclease that
degrades DNA within the nucleus and initiates chromatin
condensation (Elmore, 2007).

There is little information about the relation between
hyperthyroidism, hypothyroidism and apoptotic markers
expression. So, the present study represents a contribution
to declare the apoptotic marker alternations in the spleen of
experimentally hyperthyroid and hypothyroid rat.

2. Materials and Methods

Experimental animals & study design

The experiment was performed on 30 male albino rats
(Rattus norvigicus) weighing 140 g (±10) and of 8-9
weeks’ age. They were obtained from laboratory farms,
Zoology Department, Faculty of Science, Tanta University,
Egypt. The rats were kept in the laboratory for one week
before the experimental work and maintained on a standard
rodent diet composed of 20% casein, 15% corn oil, 55%
corn starch, 5% salt mixture and 5% vitaminzed starch
(Egyptian Company of Oils and Soap, Kafr-Elzayat,
Egypt), and water available ad libitum. The temperature in
the animal room was maintained at 23±2°C with a relative

humidity of 55±5%. Light was on a 12:12 hr light-dark
cycle. All the experiments were done in compliance with
the guiding principles in the care and use of laboratory
animals. The rats were equally divided into three groups
(10 rats each).

Group 1: Control group in which rats never received
any treatment (euthyroid).

Group 2: Hypothyroid group in which a chemical
experimental rat model of hypothyroidism that mimics
hypothyroidism in humans has been developed. Rats
received 0.05% 6-n-propyl-2-thiouracil (PTU; Amoun
Pharmaceutical Chemicals Co., Egypt) in drinking water
for 6 weeks (Tousson et al., 2011a).

Group 3: Hyperthyroid group in which a chemical
experimental rat model of hyperthyroidism that mimics
hyperthyroidism in humans has been developed. Rats
received L-Thyroxin sodium administration (100 µg/Kg,
GSK Pharmaceutical Chemicals Co., USA) in drinking
water for 6 weeks (Tousson et al., 2013).

At the end of the experimental period, rats from each group
were euthanized with anesthetic ether and subjected to a
complete necropsy after 10–12 hr of fasting. Spleen were
removed, carefully cleaned from adhering connective tissue
in cold saline and weighed. Blood samples were
individually collected in plain tubes from each rat from the
orbital sinus vein. Blood allowed to clot at 37°C for 15
minutes and then centrifuged at 4000 rpm for 10 minutes.
The serum obtained was then separated and divided to
several aliquots to be thawed only once on demand and
stored at -20°C for determination serum total
triiodothyronine hormone (T3) concentration, serum
thyroxine hormone (T4) concentration and serum thyroid
stimulating hormone (TSH) concentrations according to the
methods of Maes et al. (1997); Thakur et al. (1997) and
Mandel et al. (1993) respectively. The kits for T4, T3 and
TSH were obtained from Calbiotech INC (CBI), USA.

Histological investigation:

Five rats from each group were used for the
histopathological and immunohistochemical studies. Spleen
were immediately removed from the dissected rats and
divided transversely into two parts and immediately one
part fixed by immersion in 10% buffered formalin solution
and left for 24–48 h. The specimens were then dehydrated,
cleared and embedded in paraffin. Serial sections of 5 mm
thick were cut using mean of rotary microtome and stained
with Haematoxylin and eosin (H&E) according to the
method of Bancroft and Cook (1994).

Immunohistochemical detection of p53, Bc1-2 and
activated caspase-3:

Expression of p53, Bc1-2 and caspase-3
immunoreactivities (p53-ir, Bc1--ir2 and Casp3-ir) was
detected using avidin Biotin Complex (ABC) method
(Sternberger, 1979; Tousson et al., 2012d, 2014d). Paraffin
sections (5μm thick) of fixed rat hearts that mounted on
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gelatin chromalum–coated glass slides were dewaxed and
rehydrated sections were washed in distilled water for 5
min, rinsed in PBST for 10 min and incubated with 10%
normal goat serum for 15 min to reduce non-specific
background staining. Then, the sections were incubated
with anti-rabbit p53 or anti-rabbit Bc1-2 or anti-rabbit
casp3 (monoclonal antibody (Dako, 1:80, 1:2000 and
1:100, respectively) for 2 hours at room temperature
(Tousson et al., 2014b, 2014c).

The sections after 5 baths in PBST were incubated with
biotinylated goat antirabbit immuoglobulin (Nichirei,
Tokyo, Japan). The sections after 5 baths in PBST were
further incubated with Avidin Biotin Complex (ABC:
Nichirei, Tokyo, Japan) for 1 hour at room temperature.
The reaction was developed by using 20 mg 3-3´-
diaminobenzidine tetrahydrochloride  (DAB, Wako pure
chemical industries, Ltd) in 40 ml PBST, pH 7.2
containing 10 ml of hydrogen peroxide (H2O2) for 8 min at
a dark room followed by distilled water then dehydrated
and mounted. The criterion for a positive reaction
confirming the presence of p53, Bcl-2 and Casp3 is a dark,
brownish, intra cytoplasmic precipitate. For the negative
control, the primary antibody was omitted to guard against
any false positive results which might develop from a non-
specific reaction. Brightness, contrast were adjusted using
Adobe Photoshop software. Image analysis was adjusted
using PAX-it image analysis software. The data was
statistically analyzed using SPSS statistical version 16
software package (SPSS® Inc., USA).

Data were expressed as mean values±SD and statistical
analysis was performed using one-way analysis of variance
(ANOVA) followed by the Least Significant Difference
(LSD) tests to assess significant differences among
treatment groups. The criterion for statistical significance
was set at p<0.01. All statistical analyses were performed
using SPSS statistical version 16 software package (SPSS®

Inc., USA).

3. Results

In order to ensure that PTU induced hypothyroidism and L-
Thyroxin sodium induced hyperthyroidism we determined
the serum T3, T4 and TSH through the dose period. Figures
(1-3) showed that the serum T3, T4 and TSH levels in
hypothyroid and hyperthyroid rats. T3 was significantly
decrease in Hypothyroid rats (26.25±1.59) when compared
with control rat group (46.6±2.53) while was significantly
increase in hyperthyroid rats (94.55±4.77) when compared
with control rat group (46.6±2.53). T4 was significantly
decrease in Hypothyroid rats (1.31±0.27) when compared
with control rat group (2.87±0.046) while was significantly
increase in hyperthyroid rats (5.88±0.17) when compared
with control rat group (2.87±0.046).

TSH was significantly increase in Hypothyroid rats
(3.94±0.86) when compared with control rat group
(1.32±0.14) while was significantly decrease in

hyperthyroid rats (0.03±0.005) when compared with
control rat group (1.32±0.14).
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Figure 1: Changes in Serum total triiodothyronine
hormone (T3) concentration in different group under study.
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Figure 2: Changes in serum thyroxine hormone (T4)
concentration in different group under study.

Figure 3: Changes in serum thyroid stimulating hormone
(TSH) concentration in different group under study.
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Sections of spleen in the control rat group appear to consist
of two main compartments, the white and the red pulps.
The red pulp occupies the distance between the white pulps
(Figure 4A). The white pulp is so named because of its
content of deeply basophilic lymphocyte aggregation, and it
is composed of two main parts, the splenic follicles and the
marginal zone.

The splenic follicles are big, and contain eccentric
arterioles (Figure 4A), and they are subdivided into an
inner periarterial lymphatic sheath, where T-lymphocytes
predominate, and an outer periarterial lymphatic sheath,
where B lymphocytes predominate. The red pulp is
composed of a meshwork of splenic cords and the splenic
sinusoids (vascular channels).

The splenic cords consist of the reticular cells and
associated macrophages. In addition, large-sized and rough
spherical bodies of megakaryocytes (MK) are observed.
These bodies contain large irregular multilobulated nuclei,
having clumps of dispersed chromatin and they have an
extensive homogenous cytoplasm (Figure 4A).

Figure 4. A-C: Photomicrographs of the rat spleen sections
stained with H&E. A: Spleen section in control showed
normal histological structures. Spleen consist of two main
compartments, the white (WP) and the red pulps (BP). B:

Spleen section in hypothyroid rat (G2) showed mild
degeneration and vacuolation with mild loss in distinction
between the white and red pulps. C: Spleen section in
hyperthyroid rat showed a mild loss in distinction between
the white and red pulps, cellular degeneration,
vasodilatation and congestion of splenic sinusoids and
marked decrease in the lymphocyte population.

Spleen sections in hypothyroid rat revealed marked
disruption of spleen structure, and many signs of
pathological alterations were observed as tissue
degeneration and vacuolation with marked loss in
distinction between the white and red pulps (Figure 4B).
An increased in the lymphocyte population with marked
loss in the chromatin of their nuclei. An increase in the
number of inflammatory cell components which were
polymorphous in structure (Figure 4B).

Spleen sections in hyperthyroid rat, a marked disruption of
spleen structure, and many signs of pathological alterations
were observed. These alterations include the mild loss in
distinction between the white and red pulps (Figure 4C);
the decrease in the lymphocyte population with marked loss
in the chromatin of their nuclei. Vasodilatation and
congestion of splenic sinusoids were seen in the red pulp,
and there was an increase number of inflammatory cell
components which were polymorphous in structure, and
they can be seen in layers. Most of the lymphocytes
contained pyknotic nuclei (Figure 4C).

P53 immunoreactivity in rat spleen tissue:

Figures (5A-5C) and Table (1) showed the detection and
distribution of p53 immunoreactivity (P53-ir) in the spleen
in the different groups under study. P53 is a nuclear
phosphoprotein which acts as a tumor suppressor.

Spleen in control group showed finite reaction for p53-ir
(grade 1) in white pulps, while no reaction for p53-ir red
pulps (Figures 5A). In contrast, mild to moderate p53-ir
positive reaction (grade 3) were observed in white pulps in
the hypothyroid rat spleen section (Figures 5B). On the
other hand; moderate positive reactions for p53-ir (grade 4)
were observed in spleen section in hyperthyroid rat
(Figures 5C).

Bcl2 immunoreactivity in rat spleen tissue:

Figures (6A-6C) and Table (1) show the detection and
distribution of Bcl2-ir immunoreactivity (Bcl2-ir) in the
spleen tissues in the different groups under study. Spleen
section in control group showed marked positive reaction
for Bcl2-ir (grade 4) in white pulps and a faint reaction for
Bcl2-ir (grade 1) in the red pulps (Figures 6A). section.
Mild positive reactions for BCl2-ir (grade 2) were observed
in the spleen section in hypothyroid rat while the intensity
of BCl2-ir were increased to moderate reactions in
hyperthyroid rat spleen section (Figures 6B&6C).

Caspase3 immunoreactivity in rat spleen tissue:

Figures (7A-7C) and Table (1) show the detection and
distribution of Bcl2-ir immunoreactivity (Casp3-ir) in the
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Figures 5(A-C): A-C High power micrographs of the
spleen sections of rat stained by P53-ir. A: Faint p53-ir
positive reaction (grade 1) in control rat spleen section. B:
Mild to moderate p53-ir positive reaction (grade 3) in
hypothyroid rat spleen section. C: Moderate positive
reactions for p53-ir (grade 4) in hyperthyroid rat spleen
section.

spleen tissues in the different groups under study. Spleen
section in control group showed faint to mild positive
reaction for Casp3-ir (grade 1) in both white and red pulps
(Figure 7A). Mild positive reactions for Casp3-ir (grade 2)
were observed in the spleen section in hypothyroid rat in
both white and red pulps (Figure 7B). On the other hand;
marked positive reactions for Casp3-ir (grade 4) in
hyperthyroid rat spleen section were observed in both white
and red pulps (Figure 7C).

4. Discussion

The present study was designed to investigate the effect of
thyroid dysfunctions (hypothyroidism and
hyperthyroidism) and apoptotic markers (P53, Bcl2 and
Caspase 3 immunoreactivities) on rat spleen. In order to

achieve this target we made a hypothyroid state by using a
reversible PTU (Tousson et al., 2012a, 2012c) and we made
a hyperthyroid state by using L-Thyroxin sodium
administration (Tousson et al., 2013). PTU has been used
as an anti-thyroid agent, because of its specific and well-
characterized mode of action (Gilbert and Paczkowski,
2003; Ahmed et al., 2010). PTU is an anti-thyroid drug
which inhibits both the synthesis of thyroid hormones in
the thyroid gland, and the conversion of thyroxine (T4) to
its active form, triiodothyronine (T3), in peripheral tissues.
In order to ensure the hypothyroid state we regularly
determined the serum T3, T4 and TSH through the dose
period where serum T3 and T4 concentrations is depressed
and serum TSH concentration is significantly elevated in
rats receiving PTU-induced hypothyroidism. On the other
hand; in order to ensure the hyperthyroid state we regularly
determined the serum T3, T4 and TSH where serum T3 and
T4 concentrations is significantly elevated and serum TSH
concentration is depressed in rats receiving L-Thyroxin
sodium-induced hyperthyroidism.  In the present study;
TSH were significantly increase in hypothyroid and
significantly decrease in hyperthyroid rats; this result
coincides with studies of Shibutani et al. (2009); Ibrahim et
al. (2011, 2012); Tousson et al. (2011a, 2013, 2014a);
Hafez and Tousson (2014).

The previous studies indicate that hypo and
hyperthyroidism causes oxidative tissue damage by
increasing lipid peroxidation in tissues and decreasing the
level of antioxidant enzymes (Ibrahim et al., 2012; Ali et
al., 2013; Salama et al., 2013;  Tousson et al., 2012b,
2012c, 2013). In the current study; spleen in both
hypothyroid and hyperthyroid rats revealed many of
abnormalities as marked disruption of spleen structure, loss
in distinction between the white and red pulps,
degeneration and vacuolation with an increased in the
lymphocyte population and in the number of inflammatory
cell components. So, spleen structure were changes in the
hypothyroidism and hyperthyroidism. This result coincides
with studies of Cano-Europa et al. (2008, 2011) who
reported that; Methimazole-induced hypothyroidism causes
cellular damage in the spleen, heart, liver, lung and kidney.
Previous studies have demonstrated that antithyroid-
induced hypothyroidism can cause cellular damage
(Tousson et al., 2012a, 2012b).

Apoptosis, or programmed cell death, is a crucial cellular
activity in the behavior of  mammalian cells in a wide
range of pathophysiological conditions. It is responsible for
the deletion of unwanted cells. Apoptosis of individual
cells may present a protective mechanism against
neoplastic development in the organism by eliminating
genetically damaged cells (Wang et al., 2005; Tousson et
al., 2011b; 2014d). When the cells expose to the external
damage stimuli they activate the regulation of expression of
these genes. P53 tumor suppressor protein is a transcription
factor that regulates the transcription rate of several genes
involved in the regulation of cells cycle, DNA repair and
apoptosis (Wang et al., 2005; Tousson et al., 2011b). P53
acts as a protector of genomic activity by inducing either
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cell cycle arrest (at G1 and/or G2 phase) or apoptosis. So, it
comes to the forefront of apoptosis researches (Wang et al.,
2003; Collavin et al., 2010).

In the current study, the expression of the cytoplasmic p53,
caspase3 and the incidence of the apoptotic cells were very
low in the control spleen sections, in contrast to Bcl2 were
very high in in the control spleen sections. A high level of
Bcl-2 expression prevents cells from apoptosis caused by
cytotoxic factors or cellular stress (Cory et al., 2003). Our
immunohistochemical observations of the spleen tissues
showed a significant increase of the apoptotic protein p53
and Caspase 3 and a significant decrease in the
antiapoptotic Bc1-2 proteins in both hypo- and
hyperthyroidism. When there is an excess of anti-apoptotic
proteins, the cells are more resistant to apoptosis (Scorrano
and Korsmeyer, 2003). Bc1-2 gene is an anti-apoptotic
protein and it has important roles in regulating cell survival
(Tousson et al., 2014a). A high level of Bcl-2 expression
prevents cells from apoptosis caused by cytotoxic factors or
cellular stress (Cory and Adams, 2002; Cory et al., 2003).

This protein has a role in governing the release of
cytochrome c from the mitochondria (Cory et al., 2003). So,
it is important in protecting the cell against the apoptosis
without affecting cell proliferation. When there is an excess
of anti-apoptotic proteins, the cells are more resistant to
apoptosis (Scorrano and Korsmeyer, 2003). Although
Diebold et al (1996) failed to reveal any correlation between
the expressions of these two proteins. In contrast; Tousson
et al. (2014d) success to find the relation between P53 and
Bcl2. Also an inverse correlation was found between the
expression of Bcl-2 and in both p53 and caspase3 proteins
in our results. So, the increasing of p53 and Caspase3
apoptotic cells and the decreasing Bcl-2 antiapoptotic cells
in the present study reveal the possibility of the apoptosis
occurrence after PTU or Thyroxin administration in the case
of hypothyroidism and hyperthyroidism. These findings are
compatible with the results of other studies (Lo´pez-Torres
et al., 2000; Mahfoud et al., 2010 and Tousson et al., 2011a,
2011b). In the present study, Our results are in agreement
with a number of recent studies which provided evidence
that hypothyroidism causes an adverse effect on the human
health (Woeber, 2002; Cano-Europe, 2008; Tousson et al.,
2011b, 2014d).
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