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Possible protective role of L-thyroxin on 
the parotid gland of adult male albino rat 
in carbimazole induced hypothyroidism: 

histological, histomorphometry and 
ultrastructural study
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SUMMARY
This study was carried out to throw more 

light on the histological, biochemical and 
immunohistochemical changes in the parotid 
gland of the adult male albino rat, following oral 
administration of Carbimazole and possible 
protective role of Levothyroxine sodium 
(L-Thyroxin). Fifty-five adult male albino rats 
(Sprague Dawley) were used. They were divided 
into four groups and eleven subgroups; five 
rats each; Animals were sacrificed and parotid 
specimens were processed for light and electron 
microscopic examination. Administration of 
Carbimazole resulted in significant damage in 
the parotid, which was more obvious with longer 
duration; most of the serous acini had irregular 
outlines, widely separated with narrow lumen and 
cytoplasmic vacuoles. Some acinar cells contained 
irregular, pyknotic or hyperchromatic nuclei. 
The interlobular and striated ducts appeared 
disrupted and dilated with cellular infiltration. 
Oral administration of L-Thyroxin significantly 
improves histological changes, expression of B 

cell lymphocyte (Bcl-2) and decrease collagen 
in Mallory-stained sections as were confirmed 
statistically. Induction of L-Thyroxin resulted in 
significant mitigating effects on damage of parotid 
gland. The results indicate that thyroid hormones 
administration causes parotid gland adaptation 
by augmenting endogenous antioxidants 
and protects rat parotid gland from oxidative 
stress associated with carbimazole-induced 
hypothyroidism and parotid gland atrophy. 
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INTRODUCTION
Thyroid hormones (THs) are essential for 

physiological functions of almost all body tissues. 
They regulate reproductive functions, heart rate, 
body temperature, gastrointestinal motility and 
emotional stability. In addition, they control the 
metabolism of proteins, lipids and carbohydrates. 
Disruptions of thyroid function may produce 
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various subclinical or clinical manifestations 
(Lamfon, 2014). THs are known to set the cellular 
basal metabolic rate, and are considered major 
regulators of energy metabolism, mitochondrial 
activity and biogenesi, oxygen consumption and 
active oxygen metabolism (Bhanja and Chainy, 
2010). Thus, one of the most important functions 
performed by THs is the tight regulation of cellular 
oxygen consumption and consequent generation 
of reactive oxygen species (ROS) in several tissues 
(Petrulea et al., 2009), which can be attacked by 
the ROS for the initiation of lipid peroxidation 
(Vaidya et al., 2008). Hypothyroidism is one of 
the most common thyroid disorders, and may be 
congenital or acquired (Porth et al., 2004). It may 
result from dysfunction of the thyroid gland itself, 
impairment in mechanisms that control THs 
formation, or complications during treatment of 
hyperthyroidism. In humans, the hypothyroid 
state is a complex hormonal dysfunction rather 
than a single hormonal defect (Oncu et al., 2004), 
manifested largely by a reversible slowing down 
of all body functions (Dong, 2004). 

Apart from general metabolic disturbance, 
impairment of THs production causes serious 
intellectual and behavioral abnormalities that 
may affect patient’s daily functioning and 
result in additional stress and depression. 
Hypothyroid state led to increased levels of 
total cholesterol, low density lipoproteins and 
apolipoprotein B (El- Bassouny, 2012). It had 
been previously shown that THs increased the 
synthesis and mobilization of triglyceraldehydes 
stored in adipose tissue and lipoprotein-lipase 
activity (Pucci et al., 2000). Hypothyroidism is 
characterized by low metabolic rate resulting 
in adverse effect on many organs (Kiernan, 
2015). Most of hypothyroid patients suffer 
from decreased gastrointestinal tract motility, 
malabsorption, loss of appetite and enlarged 
tongue (Rajab et al., 2017). It had been suggested 
that the parotid, the submandibular and in 
particular the sublingual glands were discernibly 
enlarged and served as a useful clue in the 
diagnosis of hypothyroidism (Fulop, 1989). 

Apoptosis is a distinct process of cell death 
that is responsible for deletion of aged, injured 
and altered cells in normal and in certain 

specific pathologies like neoplasia. Indeed, the 
proper regulation of apoptosis is important in 
many aspects of life including development, 
homeostasis and disease biology (Khalawi et al., 
2013). Bcl-2 family proteins are the regulators 
of apoptosis. Bcl-2 proteins have critical 
roles in normal cell physiology related to 
neuronal activity, autophagy, calcium handling, 
mitochondrial dynamics, energetics and other 
processes of normal healthy cells (Basanez and 
Hardwick, 2008). Bcl-2 family proteins consist 
of interacting partners includes inhibitors 
(anti- apoptotic) and inducers (pro apoptotic) of 
cell death. Together they regulate and mediate 
the process by which mitochondria contribute 
to cell death known as the intrinsic apoptosis 
pathway. This pathway is required for normal 
embryonic development and for preventing 
cancer (Basanez and Hardwick, 2008), so in the 
current work, immunohistochemical expression 
of Bcl-2 was performed. Hypothyroidism 
results in lower expression of Bcl-2 along with 
a high level of expression of Bax. These results 
suggest that THs promotes the expression 
of Bcl-2 genes, thus preventing apoptosis of 
early differentiating cells. However, under 
hypothyroid conditions, the downregulation of 
the anti-apoptotic Bcl-2 gene shifts the balance 
towards extensive apoptosis. 

MATERIALS AND METHODS 

Chemicals 

Carbimazole (Neomercazol): is an antithyroid drug; 
obtained from Chemical Industries Development 
Co., Egypt; in a tablet form; each tablet contains 
5mg. The tablet was crushed, dissolved in saline 
(1 ml/kg., bw) and given to the rats using gastric 
tube in a dose of 0.05 mg/Kg, bw. daily (Dakine et 
al., 2000). 

Levothyroxine sodium (L-Thyroxin): is a thyroxin 
hormone analogue, was obtained from Glaxo 
Welcome Co., Egypt, in a tablet form.  Each 
tablet contains 50 μg. Each tablet was crushed 
and dissolved in saline (1 ml/kg, bw) and was 
administered in a dose of 10 μg/100g bw, orally 
using gastric tube daily (Dakine et al., 2000). 
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Animals 

Fifty-five adult male albino rats of Sprague 
Dawley strain, ageing 5-6 months, weighing 200-
250 g. each, were used in the present study. They 
were obtained from the animal house, Faculty 
of Medicine, Cairo University. They were housed 
in cages (5 rats per cage). All animals were kept 
in clean, properly ventilated cages, exposed to 
regular light cycles of 12/12-10/14 hours light 
and dark with room temperature range for rat 
housing between 20 and 26ºC, and were supplied 
with food and water ad libitum. Ethical Committee 
Permission number is: cu III f 1 19. The rats were 
divided randomly into four groups and eleven 
subgroups as follows: 

Group I (normal control): The rats in this group 
were divided into three subgroups of five rats 
each as follows: Group Ia: Normal control group; 
the rats did not receive any medications for three 
successive 3 weeks and were then sacrificed. 
Group Ib: Normal control group; the rats did not 
receive any medications for six successive weeks 
and were then sacrificed. Group Ic: Normal control 
group; the rats did not receive any medications for 
nine successive weeks and were then sacrificed. 

Group II (sham control): The rats in this group 
were divided into three subgroups of five rats each 
as follows: Group IIa: the rats were given normal 
saline orally by gastric tube for three successive 
weeks, and were then sacrificed. Group IIb: the 
rats were given normal saline orally by gastric 
tube for six successive weeks, and were then 
sacrificed. Group IIc: the rats were given normal 
saline orally by gastric tube for nine successive 
weeks, and were then sacrificed. 

Group III (medical hypothyroidism group): The rats 
in this group were divided into three subgroups 
of five rats each as follows: Group IIIa (medical 
Hypothyroidism, short duration): the rats in 
this group were given Carbimazole orally by 
gastric tube in a dose of 0.05 mg/kg daily for 
three successive weeks, and then they were 
sacrificed 24 hours after the last dose (Dakine et 
al., 2000). Group IIIb (medical Hypothyroidism, 
long duration): the rats in this group were given 
Carbimazole daily for six successive weeks, and 
then they were sacrificed 24 hours after the 

last dose. Group IIIc (medical Hypothyroidism, 
recovery group): the rats of this group were given 
Carbimazole orally daily for six successive weeks 
then were left without any medication for another 
3 weeks, and then they were sacrificed. 

Group IV (L-Thyroxine supplemented group): The 
rats in this group were divided into two subgroups 
as follows: Group IVb (L-Thyroxine supplemented 
group, short duration): the rats in this group were 
given Carbimazole orally daily for three successive 
weeks then L-Thyroxine was given orally in a 
dose of (10 μg/100g bw) daily for another three 
successive weeks (El-Bassouny, 2012), then they 
were sacrificed 24 hours after the last dose of L- 
Thyroxine. Group IVc (L-Thyroxine supplemented 
group, long duration): the rats in this group were 
given carbimazole orally daily for six successive 
weeks, thereafter L-Thyroxine was given orally 
daily for three successive weeks (Dakine et al., 
2000). The rats were then sacrificed after the last 
dose of L-Thyroxine. 

At the end of the allowed experimental period 
for each group, the rats were sacrificed (without 
euthanasia, cervical decapitation method was 
used). Blood samples were rapidly collected from 
rat tail and used for biochemical examinations. 
The parotid glands were extracted from all 
animals and then prepared for histological study 
(light and electron microscopic study). 

Biochemical investigations

The mean serum T3, T4 and TSH were measured 
in each group. This was done in the Biochemistry 
Department, Faculty of medicine, Cairo University 
(El-Wakf et al., 2009). 

Tissue preparation for histological study

Light microscopic study: specimens were fixed 
in formol saline and were processed for paraffin 
sections of 5 μm-thick stained with (Bancroft 
and Gamble, 2008): (a) Hematoxylin and Eosin 
(Avwioro. 2010), to observe the parotid gland 
architecture; (b) Mallory’s trichrome stain (Ross 
and Michael, 2011), to evaluate the collagen fibers; 
(c) Immunohistochemical Study (Bcl-2) (Kiernan, 
2015) were carried out using the avidin biotin 
peroxidase system for localization of Bcl-2 protein.
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Morphometric study

This was carried out by using Leica Qwin 
500 Image Analyzer Computer System. The 
percentage of the area of collagen tissue fibers 
in Mallory trichrome stained sections and 
Immunohistochemical optical density were 
examined. 

Statistical analysis

The data obtained (serum total T3, serum total 
T4, serum TSH) and area percent of collagen 
for all groups were expressed as means (Χˉ) 
and standard deviations (SD) and subjected to 
statistical analysis using one-way analysis of 
variance (ANOVA) for comparison between the 
different groups (more than two groups). The 
level P ≤ 0.05 was considered the cut-off value 
for significance. All statistical analysis was done 
using the (SPSS) version 18 packages. 

RESULTS

Histological results

Groups I and II: Light microscopic examination 
showed no observable difference in the histological 
findings between the normal and the sham control 
groups were noticed; sections of the parotid gland 
were composed of several lobes of different sizes. 
Each lobe comprised several lobules; consisted of 
numerous serous acini, lying close to one other 
and were separated by a fine network of an inter-
acinar connective tissue. Each serous acinus was 
composed of cuboidal cells with basal rounded 
nuclei and narrow lumina with homogenous 
acidophilic cytoplasm (Fig. 1A, 1B). The striated 
ducts were lined by columnar cells with central 
rounded nuclei (Fig. 1A). Excretory interlobular 
ducts were present within the interlobular 
connective tissue, with wide irregular lumina and 
lined with pseudo stratified columnar epithelium 
(Fig. 1A, 1B). Blood vessels were seen in the 
connective tissue septa (Fig. 1A, 1B). Mallory’s 
trichrome stained sections demonstrated a thin 
layer of collagen fibers present around the serous 
acini, blood vessels and the ducts (Fig. 2A, 2B). 
Immunohistochemical stained sections showed 
strong immune reaction for Bcl-2 in the cytoplasm 
of parotid cells (Fig. 3A, 3B). Electron microscopic 

examination of parotid gland sections of the 
control group showed serous acini with basal 
euchromatic nuclei and prominent nucleoli. 
Their cytoplasm presented many electron-lucent 
secretory granules (Fig. 4A, 4B). The nuclei of the 
acinar cells were surrounded by extensive rough 
endoplasmic reticulum (Fig. 4A). 

Group IIIa: Hematoxylin and eosin-stained 
sections showed degenerative change in the 
form of some of serous acini which showed 
irregular outlines and were widely separated. 
Some acinar cells had deeply stained nuclei. 
Other acini appeared normal. Extravasated blood 
and cellular infiltration were also found in the 
interstitial space. The interlobular ducts and 
striated ducts appeared disrupted and dilated 
(Fig. 1C). Mallory’s trichrome stained sections 
revealed apparently increased collagen fibers 
deposition in between lobules and around blood 
vessels (Fig. 2C). Immunohistochemical stained 
sections showed moderate expression of Bcl-2 
protein in the cytoplasm of parotid gland cells 
and ducts (Fig. 3C) indicating damage caused 
by the drug. Electron microscopic examination 
showed condensed heterochromatic nucleus 
of the acinar cells, dilated rough endoplasmic 
reticulum and multiple cytoplasmic vacuolations; 
swollen mitochondria were seen and the rough 
endoplasmic reticulum was markedly dilated. 
Also, normal mitochondria with intact cristeal 
appearance could be detected (Fig. 4C). Group IIIb: 
Hematoxylin and eosin-stained sections showed 
marked degenerative changes than group IIIa; 
most of serous acini were atrophic with indistinct 
outline with mononuclear cellular infiltration. 
The cell cytoplasm was not uniformly stained and 
showed clear unstained vacuolar spaces. Dilated 
and congested blood vessels were also seen. 
Dilated irregular intercalated ducts were seen (Fig. 
1D). Mallory’s trichrome stained sections revealed 
extensive collagen fibers deposition more than 
group III a in between lobules and around blood 
vessels (Fig. 2D), indicating more destruction with 
longer duration. Immunohistochemical stained 
sections showed moderate (Fig. 3D) expression 
of Bcl-2 protein in the cytoplasm of parotid gland 
cells and ducts indicating more damage caused 
with longer duration. Electron microscopic 



Shaimaa A.R. Mostafa

61

Fig. 1.- Sections of the parotid gland. A. group I showing normal serous acini (arrows) lined with cuboidal cells, striated duct(s) has rounded narrow 
lumen surrounded by simple columnar cells, excretory interlobular ducts (ex) have wide irregular lumina; lined with pseudo stratified columnar epi-
thelium. Blood vessels (BV) are seen in the connective tissue septa; B. group II showing normal serous acini (thin arrows) composed of cuboidal cells 
with basal rounded nuclei and narrow lumens. Thin connective tissue septa in between the lobules (thick arrow) are seen rich in blood vessels (BV) 
and excretory interlobular ducts (ex) have wide irregular lumina; lined with pseudo stratified columnar epithelium; C. group IIIa showing the acini 
with irregular outlines (thin arrows). The cells of these acini contain darkly stained nuclei and others appear normal (N). Dilated intercalated duct (d), 
inflammatory cellular infiltration (thick arrow) and extravasated blood (bl) are seen; D. group IIIb showing cytoplasmic vacuoles (V) in the serous acini. 
Dilated irregular intercalated ducts (d), inflammatory cellular infiltration (thick arrow), and dilated congested blood vessels (BV) are seen. E. group 
IIIc showing apparently normal acini (arrows), striated ducts (s) and intercalated ducts (d). Interstitial hemorrhagic exudate (E) is present. F. group 
IVb showing serous acini regaining their normal architecture (thin arrows), others are irregular (star). Blood vessels (BV) are normal but inflamma-
tory cells (thick arrow) could be detected. G. group IVc showing the serous acini restoring their normal architecture (arrows) and apparently normal 
striated ducts(S). Hematoxylin & Eosin, x200. 
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Fig. 2.- Sections of the parotid gland. A. showing thin layer of collagen fibers in between the lobules, around blood vessels and the ducts (arrows); B. 
thin layer of collagen fibers around blood vessels and the ducts (arrows); C. increased collagen fibers deposition in between lobules and around blood 
vessels (arrows); D. collagen fibers deposition in wide areas between the lobules and around blood vessels (arrows); E. minimal amount of collagen 
fibers (arrows) in between the acini and around blood vessels. F and G. minimal amount of collagen fibers in between the lobules and around blood 
vessels (arrows). Mallory T, x100. 
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Fig. 3.- Sections of the parotid gland. A. intense expression of Bcl-2 protein in the cytoplasm of parotid gland cells (arrows). B. intense expression 
of Bcl-2 protein in the cytoplasm of parotid gland cells and ducts (arrows).; C. moderate expression. showing moderate expression; D. moderate ex-
pression of Bcl-2 protein in the cytoplasm of parotid gland cells and ducts (arrows). E. showing mild expression; F. moderate expression and G. weak 
expression of Bcl-2 protein in the cytoplasm of parotid gland cells and ducts (arrows). Immunohistochemistry, x100. 
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examination showed that some acinar cells had 
multiple cytoplasmic vacuolations. Other cells 
showed apoptotic pyknotic nuclei (Fig. 4D). Group 
IIIc: Histological sections revealed an apparently 
normal parotid architecture with normal serous 
acini and ducts and the interstitial spaces were 
filled with hemorrhagic exudate indicating 
recovery stage of the parotid gland after 
stoppage of taking the drugs (Fig. 1E). Mallory’s 
trichrome stained sections showed minimal 
collagen fibers deposition around blood vessels 
and striated ducts (Fig. 2E), indicating recovery 
stage. Immunohistochemical stained sections 
showed mild expression of Bcl-2 protein in the 
cytoplasm of parotid gland cells and ducts (Fig. 
3E), indicating that the parotid gland still healing. 
Electron microscopic study showed regaining of 
normal parenchymal architecture of the serous 
acini. Some of the acinar cells were apparently 
normal, with euchromatic nuclei and prominent 
nucleoli, while others still had pyknotic nuclei. 
The cytoplasm contained minimal cytoplasmic 
vacuoles. Others showed apparently normal rough 
endoplasmic reticulum with multiple electron 
lucent secretory granules. Normal mitochondria 
with intact membrane and cristae (Fig. 4E). 

Group IVb: Histological sections revealed an 
improvement in the parenchymal architecture 
of the parotid gland. The structure of the duct 
system did not show any discernable change 
when compared with the control. The striated and 
the excretory ducts appeared with regular walls 
and narrow lumina (Fig. 1F). Mallory’s trichrome 
stained sections showed collagen fibers were 
apparently decreased in comparison to group 
ӀӀIa and IIIb around blood vessels and striated 
ducts (Fig. 2F), indicating starting recovery. 
Immunohistochemical stained sections showed 
moderate expression of Bcl-2 protein in the 
cytoplasm of parotid gland cells and ducts (Fig. 
3F), indicating recovery. Electron microscopic 
examination showed that most of acini were 
apparently normal with euchromatic nuclei 
surrounded with normal rough endoplasmic 
reticulum; the mitochondria appeared normal, 
with intact membrane. The cytoplasm contained 
few cytoplasmic vacuoles; multiple electron 
lucent and electron dense secretory granules 

could be seen (Fig. 4F). Group IVc: histological 
sections revealed an apparently normal parotid 
architecture (Fig. 1G). Mallory’s trichrome 
stained sections showed apparently decreased 
in collagen fibers deposition mainly around 
blood vessels (Fig. 2G), indicating recovery. 
Immunohistochemical stained sections showed 
variable degrees of recovery; weak expression (Fig. 
3G) of Bcl-2 protein in the cytoplasm of parotid 
gland cells and ducts. Electron microscopic study 
showed preserved parenchymal architecture 
of the serous acini; the nuclei of the cells were 
basal euchromatic with prominent nucleoli. 
Regular intact nuclear envelope. The intercellular 
desmosomes were narrow and intact. Normal 
rough endoplasmic reticulum and electron lucent 
secretory granules could be seen (Fig. 4G).

Histomorphometric results 

A - Mean percentage area of collagen fibers deposition 
(Fig. 5A - Table 1): Statistical analysis of data 
showed that there was no statistically significant 
difference in the mean area percent of collagen 
fibers between the control group I and sham 
control group II. Highly statistically significant 
increase in the mean area percent of collagen fibers 
of the parotid gland was detected in group III as 
compared to the control group and group IV. Group 
IIIb was highly significantly different compared 
to the control groups and IIIc, indicating more 
destruction. There was no statistically significant 
difference between group IV and control groups, 
but was significantly different compared to group 
III, indicating recovery. B – Mean optical density 
of Bcl-2 (Fig. 5B - Table 2): Statistical evaluation 
of the mean values of the Bcl-2 optical density 
in the different experimental groups showed 
no statistically significant difference between 
the control group I and sham control group II. 
Statistical evaluation showed highly significant 
decrease in mean optical density in group III 
compared to control groups. The difference in 
group IIIb was statistically lower as compared to 
the control groups, group IIIa and IIIc, while the 
mean values in group IV showed no significant 
difference compared to control groups. C – 
Statistical analysis of the mean T3, T4, TSH (Figs. 5C, 
D, E - Tables 3, 4, 5): Statistical evaluation of the 
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Fig. 4.- Electron micrographs of the parotid gland. A. an acinar cell with euchromatic nucleus (N) and prominent nucleolus (n), abundant rough 
endoplasmic reticulum (r) and many electron-lucent (L) secretory granules. Intact and prominent mitochondria (M) are present; B. acinar cell with 
euchromatic nucleus (N), intact nuclear membranes (arrows) and many electron-lucent (L) secretory granules. The cell cytoplasm is rich in mitochon-
dria (M); C. acinar cells containing irregular heterochromatic nuclei (N) with chromatin clumps (white arrows). Shrunken condensed nuclei (black 
arrow) surrounded by dilated rough endoplasmic reticulum (r). Cytoplasmic vacuoles (V) are also seen; D. acinar cells with irregular heterochromatic 
nucleus (white N), some nuclei (black N) containing clumped chromatin material (black arrow) surrounded by rarified cytoplasm (*), other nuclei are 
condensed and shrunken (white arrows). Multiple cytoplasmic vacuoles (V) are seen; E. acinar cell with shrunken irregular nucleus (white arrow), 
other one heterochromatic nucleus (N), extensive electron-lucent secretory granules (L), apparently normal rough endoplasmic reticulum (r) and few 
vacuoles (V) could be detected. F. normal euchromatic nuclei (N) surrounded by normal rough endoplasmic reticulum (r), normal mitochondria (white 
arrows) and multiple electron-lucent (L) secretory granules. Few vacuoles could be detected (V); G apparently normal basal nuclei (N) with prominent 
nucleolus (n), but vacuolation within the nucleus could be detected (white arrow), surrounded by normal rough endoplasmic reticulum (r) with elec-
tron-lucent granules (L). The cell membrane is well defined (black arrows). Scale bars = 2 µm, x5000.
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mean values of the T3, T4, and TSH in the different 
experimental groups showed no statistically 
significant difference between the control group 
I and sham control group II. Highly statistically 
significant decrease in the mean values of total 
T3 and total T4 and increase in the mean values 
of TSH was detected in the hypothyroid group (G 
III) compared to the control groups. Significant 

increase in the mean values of total T3 and total 
T4 and significant decrease in the mean values 
of TSH in L-Thyroxin supplemented group (G 
VI) were observable when compared to those of 
hypothyroid group (G III). However, there was no 
statistically significant difference in the mean 
values of the T3, T4, and TSH between group IV 
and control groups. 

Fig. 5.- Histograms displaying: A: no statistically significant difference in the mean area percent of collagen fibers between the control group I and 
sham control group II. Highly statistically significant increase in the mean area percent of collagen fibers of the parotid gland was detected in group III 
as compared to the control group and group IV. Group IIIb was highly significant different compared to the control groups IIIa and IIIc; indicating more 
destruction. No statistically significant difference between group IV and control groups but was significant different compared to group III, indicating 
recovery; B: Statistical evaluation of the mean values of the Bcl-2 optical density showed no statistically significant difference between the control 
and sham control group. Statistical evaluation showed high significant decrease in mean optical density in group III compared to control groups. The 
difference in group IIIb was statistically lower as compared to the control groups, group IIIa and IIIc, while the mean values in group IV showed no 
significant difference compared to control groups; C, D and E: Statistical evaluation of the mean values of the T3, T4, and TSH showed no statistically 
significant difference between the control and sham control group. Highly statistically significant decrease in the mean values of total T3 and total T4 
and increase in the mean values of TSH was detected in group III as compared to the control groups. Significant increase in the mean values of total T3 
and total T4 and significant decrease in the mean values of TSH in group VI when compared to those of group III. However, there was no statistically 
significant difference in the mean values of the T3, T4, and TSH between group IV and control groups.
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Table 1. The mean area percent of collagen fibers in all groups using ANOVA test: p-value is significant ≤ 0.05.

Area % Group I Group II Group III Group IV

a 2.13 ± 1.18 2.13 ± 1.19 16.99 ± 4.23

b 2.09 ± 1.17 2.11 ± 1.18 25.08 ± 5.81 4.54 ± 0.84

c 2.19 ± 1.22 2.21 ± 1.31 11.18 ± 1.66 6.2 ± 1.19

P-values

G IIIa vs. G IIIb <0.0001

G IIIb vs. G IIIc <0.0001

G IIIa vs. G IVb <0.0001

G IIIb vs. G IVc <0.0001

G IIIc vs. G IVc 0.075

Table 2. The mean Bcl-2 optical density in all groups using ANOVA test: p-value is significant ≤ 0.05 p-value is highly significant ≤ 0.01

Mean Opt Density Group I Group II Group III Group IV

a 84.27 ± 2.38 84.26 ± 2.37 72.52 ± 3.44

b 84.27 ± 2.41 84.27 ± 2.42 68.21 ± 4.4 81.72 ± 1.57

c 84.27 ± 2.44 84.28 ± 2.44 75.86 ± 2.78 79.35 ± 2.56

P-values

G IIIa vs. G IIIb 0.343

G IIIb vs. G IIIc 0.003

G IIIa vs. G IVb <0.0001

G IIIb vs. G Ivc <0.0001

G IIIc vs. G Ivc 0.64

Table 3. The mean T3 in all groups using ANOVA test: p- Value is significant ≤ 0.05 p-value is highly significant ≤ 0.01

T3 Group I Group II Group III Group IV

a 122.28 ± 0.42 122.34 ±0.48 98.36 ± 3.26

b 122.34 ± 0.27 122.4 ± 0.16 77.36 ± 9.05 113.46 ± 1.1

c 122.32 ± 0.33 122.18 ± 0.65 87.36 ± 2.86 107.6 ± 2.47

P-values

G IIIa vs. G IIIb <0.0001

G IIIa vs. G IVb <0.0001

G IIIb vs. G IVc <0.0001

G IIIc vs. G IVc <0.0001

G IVb vs. G IVc 0.143

G IIIb vs. G IVc <0.0001
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DISCUSSION 
THs have wide range of effects on multi organ 

systems of the human body. They are responsible 
for control of normal functions of nearly all 
tissues with prominent effects on thermogenesis, 
lipogenesis and oxygen consumption (Shi et 
al., 2002). Also, an association between thyroid 
dysfunction and a significant decrease in salivary 
parameters such as flow rate and buffering 
capacity had been confirmed (Muralidharan et al., 
2013). It had also been reported that lack of THs 
provoked physiological and histological changes 
in the submandibular, sublingual and parotid 
glands respectively (Noorafshan, 2001). Previous 
studies proved that thyroid gland rendered 
hypofunctional when treated with hypothyroid 
drugs (Hayat et al., 2010). It was postulated that 
the hypothyroid drug acts as a false substrate for 

thyroid peroxidase, thus blocking the iodination 
of tyrosine residues within thyroglobulin (Čakić-
Milošević et al., 2004). 

In our experimental model, development 
of hypothyroidism was confirmed both by 
histological changes in the parotid gland and 
estimation of serum levels of T3, T4 and TSH. 
Significant decrease in T3, T4 and increase in 
TSH serum levels were indicative that the quantity 
and duration of treatment was sufficient to induce 
hypothyroid status in the experimental group of 
rats. Examination of the medical Hypothyroidism, 
short duration group showed that most of the 
serous acini had irregular outlines and were widely 
separated. Some acinar cells contained darkly 
stained and hyperchromatic nuclei, with narrow 
lumen and cytoplasmic vacuoles. Extravasated 
blood, dilatation of the duct system and cellular 

Table 4. The mean T4 in all groups using ANOVA test: p-value is significant ≤ 0.05 p-value is highly significant ≤ 0.01 

T4 Group I Group II Group III Group IV

a 1.9 ± 0.16 1.91 ± 0.21 0.79 ± 0.04

b 1.9 ± 0.19 1.93 ± 0.16 0.66 ± 0.07 1.4 ± 0.1

c 1.9 ± 0.16 2 ± 0.34 0.88 ± 0.13 1.03 ± 0.04

P-values

G IIIa vs. G IIIb 0.969

G IIIa vs. G IVb <0.0001

G IIIb vs. G IVc 0.035

G IIIc vs. G IVc 0.941

G IVb vs. G IVc 0.039

G IIIb vs. G IVc 0.035

Table 5. The mean TSH in all groups using ANOVA test: p-value is significant ≤ 0.05 p-value is highly significant ≤ 0.01

TSH Group I Group II Group III Group IV

a 0.49 ± 0.02 0.5 ± 0.01 1.12 ± 0.09

b 0.47 ± 0.02 0.48 ± 0.02 1.75 ± 0.15 0.64 ± 0.05

c 0.47 ± 0.02 0.49 ± 0.03 1.07 ± 0.03 0.75 ± 0.06

P-values

G IIIa vs. G IIIb <0.0001

G IIIa vs. G IVb <0.0001

G IIIb vs. G IVc <0.0001

G IIIc vs. G IVc <0.0001

G IIIb vs. G IIIc <0.0001
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infiltration were seen in the interstitial space; 
these were in line with the results of Abd Elazeem 
et al. (2016), who found that parotid parenchyma 
contained many serous acini and most of them 
had irregular outlines. The salivary glands atrophy 
observed in this study could explain the decreased 
salivary flow rate that was previously documented 
in hypothyroid rats in the study of Rodriguez et al., 
(2009), who stated that hypothyroidism was caused 
by propylthiouracil, a thyroperoxidase activity 
inhibitor, consequently inhibiting thyroid hormone 
biosynthesis and reduced the salivary flow in 
injected rats, in comparison with the euthyroid 
control rats. In our present study, the nuclei of 
parotid gland cells were darkly stained in the 
experimental animals of the hypothyroid groups. 
The same results were obtained by Ashour (1998), 
who reported that the amount of euchromatin was 
used as an indicator of the metabolic activity of cells; 
conversely a high proportion of heterochromatin 
indicates a cell with low metabolic activity. 

Increased collagen fibers deposition in the 
parotid gland of the hypothyroid groups were 
observed in the present study around congested 
blood vessels compared to the control group 
in Mallory’s trichrome stained sections. Those 
results were online with Hayat et al. (2010) and 
Abd Elazeem et al. (2016), who clarified the 
presence of extensive collagen fibers in between 
lobules, around blood vessels and interlobular 
ducts in parotid gland of hypothyroid rats for 
short duration. Examination of the medical 
hypothyroidism, long duration showed more 
destruction, atrophic serous acini with irregular 
arrangement. The acini were divided by connective 
tissue septa, which were markedly thick. During 
examination of the medical hypothyroidism, 
group III c and group IV showed apparently 
normal parotid architecture with normal serous 
acini and ducts. The same results were in line with 
Abd Elazeem et al. (2016), who found sections of 
parotid gland of thyroid hormone supplemented 
group for short duration, showing that most of 
acini and ducts were apparently normal, while 
some acini had an irregular outline. Some acinar 
cells still contained vacuolated cytoplasm.

Microscopic findings of the parotid glands of 
hypothyroid rat showed atrophy of acini and partial 

replacement of the parenchyma with a connective 
tissue component. The same results were obtained 
by Oncu et al. (2004) in the sublingual gland of rats 
after thyroidectomy, in addition to cytoplasmic 
vacuolization of the epithelial cells, enlargement 
and dilatation of lumina in most of the gland. 
This is probably due to severe hypothyroidism, 
increased mucous secretion, lipid tissue mass 
surrounding the parenchyma and mononuclear 
cell infiltration. Markitziu et al. (1993) reported 
that thyroidectomy caused hypercholesterolemia 
and fatty degeneration of the parotid parenchyma, 
which was in line with our findings in the parotid 
of hypothyroid groups. 

In the current work, Mallory’s trichrome stained 
sections clarified the presence of extensive 
collagen fibers in parotid glands of group IIIb more 
than in IIIa, indicating more destruction with 
increased duration, while collagen fibers were 
apparently decreased in group IIIc and group VI 
in comparison to group IIIa and IIIb. These finding 
were in agreement with Abd Elazeem et al. (2016), 
who showed amelioration of most degenerative 
changes that occurred in the parotid gland after 
treatment with L-Thyroxin. 

ROS are by-products of normal metabolism in 
all aerobic cells. Most of the oxygen consumed by 
the cells is reduced to water during mitochondrial 
respiration. A sensitive balance exists between 
ROS production and the antioxidant defenses that 
protect the cells in vivo (Halliwell and Gutteridge, 
2015). It has been observed that a change in 
thyroid gland function affects production of ROS 
in rats (Venditti and Di Meo, 2006). It has also 
been reported that hypothyroidism alters the 
antioxidant defense system in various tissues 
(Cattani et al., 2013) and thyroid dysfunction 
appears to be closely related to ROS formation 
as reported by Ahmed et al. (2012). In support 
to our results, some of the studies reported that 
hypothyroidism conditions change the activity of 
the antioxidant status in several tissues including 
the brain (Jena et al., 2012). The same results 
were obtained by Abou-Elghaita et al. (2011), who 
stated that thyroid deprivation causes changes in 
the levels of lipid peroxidation and antioxidant 
enzyme activities which were determined in 
different tissues of hypothyroid rats, causing 
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the functional disorder of these tissues. Pan et 
al. (2017) found that lipid peroxidation level was 
elevated while antioxidant defense enzymes 
levels were decreased in the hippocampus of 
hypothyroid rats. These findings and the results 
of the present study may suggest an imbalance 
between oxidant and antioxidant system as a 
leading factor to the parotid gland’s oxidative 
damage in hypothyroidism. 

Examination of ultrathin sections of the 
hypothyroid group showed acinar cells with 
irregular heterochromatic nuclei, dilated 
rough endoplasmic reticulum, degenerated 
mitochondria and cytoplasmic vacuoles, with 
more destructive changes in group IIIb than in 
IIIa. These structural changes were consistent 
with Yang et al. (2015), who found similar 
changes in the hippocampus of hypothyroid rats 
induced by propylthiouracil for 4 weeks: there 
were margination of nuclear chromatins; a lot 
of mitochondria were swollen, the cristae broke 
and showed significant vacuolar degeneration; 
the rough endoplasmic reticulum and ribosomes 
were obviously sparse. While the T4 injected 
group for 2 weeks exhibited clear nuclear 
membranes, the organelles were relatively sparse 
and a small amount of mitochondria exhibited 
vacuolation; rough endoplasmic reticulum was 
mildly dilated and in line with Abd Elazeem 
et al. (2016), who found that some acinar cells 
had irregular heterochromatic nuclei. Their 
cytoplasm contained markedly dilated rough 
endoplasmic reticulum. Some acinar cells showed 
variably sized vacuoles in their cytoplasm. Other 
cells showed apoptotic nuclei in parotid gland of 
hypothyroid rats after treatment with Carbimazole 
for successive 3 weeks. These changes were 
improved after induction of L-Thyroxin and in 
recovery group, which showed an apparently 
normal parotid architecture with normal serous 
acini and ducts. 

Other areas showed acini with irregular walls and 
few cytoplasmic vacuoles, the interstitial spaces 
were wide, edematous and filled with hemorrhagic 
exudate, indicating healing of the parotid gland 
after stoppage taking the drugs. These results 
were in agreement with Abd Elazeem et al. (2016), 
after treatment with L-Thyroxin for successive 3 

weeks. Cell apoptosis is orderly death of the cell by 
genes controlled, which control the stability of the 
internal environment. Recent studies (Pan et al., 
2017) have found that apoptosis is closely related 
to the occurrence and development of many 
diseases. Bcl-2 family proteins play an important 
role in cell apoptosis (Hardwick and Soane, 
2013). This hypothyroidism-induced acinar cell 
death was assumed to be due to apoptosis, which 
was supported in our study by the presence of 
shrunken dark irregular acinar nuclei in addition 
to chromatin clumping in some acinar nuclei 
(Takahashi et al., 2005). 

In the current work, immunohistochemical 
examination for Bcl-2 was performed. In the 
control groups, immunohistochemical stained 
sections showed strong immune reaction for 
Bcl-2 in the cytoplasm of parotid cells and 
within the ducts. Concerning hypothyroid 
groups, weak immune reaction for Bcl-2 in 
the cytoplasm of parotid cells was detected. 
While immunohistochemical examination for 
Bcl-2 of L-Thyroxin-supplemented groups and 
recovery group revealed moderate reaction in the 
cytoplasm of parotid cells and ducts. These finding 
were in agreement with Abd Elazeem et al. (2016) 
in control, hypothyroid group and L-Thyroxin-
supplemented group for short duration on parotid 
gland. The same results were obtained by Muller 
et al. (1995), who suggested that THs deficiency 
results in delayed proliferation and migration 
of cerebellar granule cells. They evaluated the 
effect of hypothyroidism on Bcl-2 family gene 
expression in the developing rat cerebellum. 
Muller et al. (1995) suggested that normal levels of 
THs prevent cerebellar apoptosis to a large extent, 
whereas hypothyroidism not only increases 
the extent but also the duration of apoptosis by 
downregulating the anti-apoptotic genes Bcl-2 
and maintaining a high level of the pro-apoptotic 
gene Bax (Liu et al., 2017). Several researchers 
have suggested that the THs are important in the 
maintenance of normal salivary gland function 
and histology (Oncu et al., 2004). 

In our study, supplementation of thyroid 
hormone in the form of exogenous T4 significantly 
improved the histological changes that occurred 
in the parotid gland, which was in agreement with 
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Abd Elazeem et al. (2016), who found improvement 
in Carbimazole induced hypothyroidism in rats’ 
parotid glands treated with L-Thyroxin. From 
the collective data of the present study, it can be 
concluded that hypothyroidism exerts adverse 
effects on the rat’s parotid gland, which can be 
ameliorated by administration of thyroid drugs 
(Muralidharan et al., 2013). The beneficial effects 
of thyroid hormones in the parotid gland became 
more obvious with increased duration. 
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