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Background: Altered status of thyroid hormones, which have a key role in regulating 
metabolism, was reported to affect glucose homeostasis and insulin secretion.
Objective: This study was designed to assess the impact of propylthiouracil (PTU)-induced 
hypothyroidism on the pancreatic islet cells and the efficacy of thymoquinone (TQ) in 
alleviating this impact and explore the mechanism behind it alleviating oxidative stress 
and affecting β-catenin expression.
Materials and Methods: PTU (6 mg/kg/body weight) was used to induce hypothyroidism 
in Wistar rats. Four groups of rats (n=6 each) were utilized in this study. Untreated 
hypothyroid and TQ-treated hypothyroid groups (50 mg/kg/body weight for 4 weeks) were 
included. Thyroid functions, antioxidant profile and pancreatic β-catenin and IL-10 mRNA 
were measured. Histopathological and immunohistochemical assessment of the pancreas was 
performed.
Results: PTU administration induced a hypothyroid status that was associated with a marked 
disturbed oxidant/antioxidant status and a significant hyperglycemia (p<0:001), hypoinsuli
nemia (p=0.01) and decreased HOMA-β-cell (p<0.001). Islet cells of hypothyroid pancreas 
showed many degenerative changes with increased apoptosis, reduced insulin β-catenin 
immunoexpression. Administration of TQ alleviated these effects on the thyroid function, 
antioxidants, structure of pancreatic islet cells. Up-regulation of β-catenin, IL-10 and CAT 
gene expression in pancreatic islets after treatment with TQ supported its antioxidant and 
preserving β-cell function and viability mechanistic action.
Conclusion: TQ alleviated PTU-induced hypothyroidism changes in insulin homeostasis 
and pancreatic β cells mostly through its antioxidant effect as well as up-regulation of 
pancreatic β-catenin expression.
Keywords: Nigella sativa, pancreas, hypothyroidism, insulin, glucose, caspase-3

Introduction
Thyroid hormone is considered a key regulator of metabolism in all tissues. It 
adjusts the endocrine function of the pancreas acting through the pancreatic recep
tors of thyroid hormone.1 It was reported that “thyroid hormone is a physiological 
stimulus for the postnatal maturation of the functional beta cells.”2 Altered status of 
thyroid hormones was reported to affect glucose homeostasis and insulin secretion.3

High prevalence of hypothyroidism and other thyroid disorders was reported 
previously in diabetic patients. Therefore, it was recommended to perform a routine 
screening for hypothyroidism in diabetic patient for early diagnosis and effective 
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management.4 Type 2 diabetes mellitus (T2DM) and 
hypertension have an intersecting underlying pathology 
with hypothyroidism.5

The link between thyroid hormones and the antioxidant 
status was previously described and attributed to the 
unknown impacts on oxidative metabolism and mitochon
drial respiration.6 It was reported that oxidative stress 
associated with hypothyroidism might lead to a progress 
in pancreatic β-cell dysfunction and reduce β-cell mass 
with subsequent impairment in glucose tolerance and insu
lin secretion.7

β-catenin plays an important role in controlling glucose 
homeostasis. It has been reported to have a role in enhan
cing insulin secretion by β-cell and modulating islet 
inflammation, thus helping in controlling hyperglycemia 
in response to diet-induced obesity.8 Alterations in β- 
catenin/Wnt signaling might increase diabetes susceptibil
ity not only by altering the rate of β-cell proliferation and 
total mass but also by regulating other tissues involved in 
control of appetite, energy expenditure, and growth.9 

Activation of β-catenin generates an immunosuppressive 
environment in the islet through IL-10 production and 
increased infiltration of T regulators (Tregs).8 IL-10 has 
well-characterized anti-inflammatory properties, and emer
ging evidence suggests the cytokine can exert direct 
effects on β-cell function and viability.10 In addition, 
Tregs are known to promote systemic insulin 
sensitivity.11 Because of that β-catenin expression was 
assessed in this study in the pancreatic tissue in order to 
explore its role in pancreatic islets cells of hypothyroid 
rats.

6-Propyl-2-thiouracil (PTU) is one of the antithyroid 
drugs in treating hyperthyroidism.12 It is used if methima
zole or radioactive iodine treatment is contraindicated or 
as an alternative treatment option in a patient with Graves’ 
disease or toxic multinodular goiter or in the first trimester 
of pregnancy.13 PTU inhibits the production of new thyr
oid hormone in the thyroid gland. Peripherally, it acts by 
inhibiting the conversion of T4 to T3. It has effects on the 
existing thyroid hormones stored in the thyroid gland or 
circulating in the blood.14 It was repeatedly utilized to 
induce an animal model of hypothyroidism to be used in 
testing the efficacy of new treatments or drugs.15

Nigella sativa (NS) was described to significantly 
improve thyroid function either in experimental models 
of hypothyroidism16 or in patients with Hashimoto’s thyr
oiditis, the most common cause of hypothyroidism.17 

A significant evidence also exists on the impact of NS 

and its active constituent thymoquinone (TQ) on reducing 
hyperglycemia and enhancing insulin secretion.18 

However, these studies did not provide an in depth inves
tigation of the mechanism behind these effects.

In this study, we hypothesized that PTU-induced 
hypothyroidism is associated with pancreatic injury 
which might be attributed to pancreatic oxidative stress 
so that TQ, due to its strong antioxidant activity, can 
alleviate this effect. Therefore, the current study aimed to 
evaluate the impact of PTU-induced hypothyroidism on 
pancreatic islet cells and the efficacy of TQ in alleviating 
this impact. Additionally, the mechanism behind TQ 
induced-effects was explored regarding alleviating oxida
tive stress and affecting β-Catenin expression.

Materials and Methods
Drugs
Propylthiouracil (Sigma-Aldrich Inc. Hainesport, USA) 
was used for induction of hypothyroidism. It was daily 
administrated using intragastric tube at a dose 6 mg/kg/ 
body weight for 6 weeks.19

Thymoquinone (Sigma-Aldrich Inc. Hainesport, USA) 
was diluted with dimethyl sulfoxide (DMSO) (1:100), then 
daily administrated (50 mg/kg/body weight) using intra
gastric tube for 4 weeks.20

Animals
Twenty-four adult male Wister rats weighing from 180 to 
200 g were obtained from the animal house at King Fahad 
Medical Research Center (KFMRC) and left to acclimatize 
for 14 days under the standard laboratory conditions. Rats 
were housed in plastic cages in an air-conditioned room at 
22 ± 1°C. They were offered the standard animal chow and 
water ad libitum. They were divided, at random, into four 
equal groups (n=6); the control, TQ-treated, hypothyroid 
and hypothyroid+TQ. Rats of the control group were 
administrated the vehicle; DMSO using intragastric tube 
for 6 weeks, while those of the TQ-treated group received 
TQ for 6 weeks. The other two groups were administrated 
PTU for 6 weeks, in order to induce hypothyroidism. After 
two weeks, thyroid function included T3, T4 and TSH 
levels were assessed in order to confirm the occurrence 
of hypothyroidism. Hypothyroid rats were assigned into 
two groups; untreated hypothyroid group (Hypothyroid) 
that continued on PTU for a total 6 weeks and hypothyroid 
group treated with TQ (hypothyroid+TQ) that received 
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PTU plus TQ daily for 4 weeks.20 Rats were fed the 
standard diet and water during the whole experiment.

Biochemical Assessment
In order to perform biochemical assessment during the 
experiment, blood samples were withdrawn from 
the intraorbital sinus and from the heart at the end of the 
experiment.21 The rats were fasted for 12 hours before 
obtaining the blood samples. The latters were centrifuged at 
“3000 rpm for 15 min at 4°C” and the obtained sera were 
kept at −18°C till the time of biochemical assessment.

Serum levels of T3, T4, and TSH were assessed using 
automated competitive chemiluminescence immunoassay 
(Kanawha River, Western West Virginia, USA). 
Malondialdehyde level (MDA, reduced glutathione (GSH), 
and nitric oxide (NO) were assessed in the plasma using kits 
purchased from Biodiagnostic (Giza-Egypt). Glutathione 
peroxidase (GPX), catalase (CAT) and superoxide dismu
tase (SOD) activities were assessed in the plasma using kits 
provided by Biodiagnostic (Giza-Egypt).

The enzymatic glucose kits are used to assess blood 
glucose level (BGL) (Human Gesellschaft für and 
Diagnostica mbH, Germany). Insulin ELISA kits were 
used to measure serum insulin levels (Cat. no. ezrmi- 
13kelisa, Billerica, MA, USA) according to the previously 
described method.22

Homeostatic Model Assessment for Insulin Resistance 
(HOMA-IR) and Homeostatic Model Assessment for 
Insulin Resistance β-cells (HOMA- β-cells) were calcu
lated in order to assess insulin resistance and β-cells func
tion, respectively. They were calculated as was previously 
described23 based on these formulas; HOMA-IR = fasting 
serum glucose (mg/ld.) × fasting serum insulin (μU/mL)/ 
405. HOMA-β cell function = 20 x fasting serum insulin 
(μU/mL)/fasting serum glucose (mg/dL)-3.5.

Gene Expression Using Quantitative Real 
Time Polymerase Chain Reaction (qRT-PCR)
RT-PCR system (Applied Biosystems, 7500, USA) and 2X 
SYBR Green PCR Master Mix (Applied Biosystems, USA) 
were used to perform qRT-PCR assay.24 The sequences of 
the primers used in this study were: β-catenin, forward 5′- 
TGCTGAAGGTGCTGTCTGTC-3′ and reverse: 5′-TCG 
GTA ATG TCC TCC CTG TC-3′, catalase, forward - 
GAATGGCTATGGCTCACACA, backward CAAGTTTTT 
GATGCCCTGGT, IL-10, forward 5′-ATG-CAG-GAC-TTT 
-AAG-GGTTAC-TTG-3′ and reverse: 5′-CTA-GAC-ACC- 

TTG-GTC-TTGGAG-CTT-A-3′and GAPDH, forward AT 
GGAGAAGGCTGGGGCTCACCT and backward AGCCC 
TTCCACGATGCCAAAGTTGT. The latter house-keeping 
gene was utilized as a control in order to normalize with the 
primer sequence. The result analysis was done using the 
LightCycler 480 software (version 1.5, Roche Applied 
Science, Mannheim, Germany). The CT values were fig
ured out after that ΔCT for every example is computed and 
also linearized making use of 2-ΔCT. To help with the 
contrast in between the experimental as well as control 
group; ΔΔCT were computed and also linearized making 
use of 2-ΔΔCT, therefore making it possible for the normal
ization of the catalase gene to GAPDH (endogenous refer
ence gene) and also to the control group.

Histological Techniques
At the end of the experiment, rats were anesthetized using 
halothane then decapitated. The abdomen was opened, and 
the pancreas was cautiously dissected out. Small speci
mens of the pancreas were fixed in 10% neutral buffered 
formalin and processed into paraffin blocks. The latters 
were sectioned at 4-μm thickness to be stained either with 
haematoxylin and Eosin or immunohistochemical stains.26 

Anti-caspase-3 (Dako Company, Cairo, Egypt; at 
a dilution 1/200), anti-insulin (Dako Company, Cairo, 
Egypt; at a dilution 1/200), and β-catenin (Santa Cruz, 
USA; at a dilution 1/200) were utilized in this study. 
During immunohistochemical staining, the primary anti
body was omitted, in few slides, and only the secondary 
antibody IgG was added to be used as a negative control. 
Counterstaining with haematoxylin was done and brown 
cytoplasmic staining was considered positive reaction in 
anti-caspase-3, insulin and β-catinin.

Olympus Microscope BX-51 (Olympus) connected to 
a digital camera and a computer was used for photograph
ing. Pro Plus image analysis software (version 6.0) (Media 
Cybernetics, Inc. Rockville, MD 20850 USA) was used 
for semiquantitative analysis of antibody immunoreactiv
ity. Area percentage, an indicator of the extension of the 
reaction was assessed in 30 fields using × 40 objective lens 
and ×10 ocular lens.27 The mean area of islets of 
Langerhans was also measured.

Ethical Considerations
This study was approved by “the Biomedical Research 
Ethics Committee” at the Faculty of Medicine, King 
Abdulaziz University, Jeddah, Saudi Arabia (Reference 
number 46–20). The Guidelines of the Care and Use of 
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Laboratory Animals set at KFMRC were followed during 
the experiment conduction.

Statistical Assessment
Statistical package for the social sciences (SPSS, version 
16; SPSS Inc., Chicago, Illinois, USA) was used to ana
lyze the raw data. The results were presented in the form 
of mean ± standard deviation (SD). The studied groups 
were compared using analysis of variance ANOVA (f-test), 
followed by Bonferroni post-hoc test to avoid a multiple 
comparison effect. For nonparametric data, Kruskal– 
Wallis ANOVA followed by a post-hoc test (based on 
Dunn procedure) was done. P value <0.05 was considered 
significant.

Results
Thyroid Function
It was found that T3 and T4 levels showed a significant 
decrease (p=0.02, p=0.001) after administration of PTU, 
while TSH level was significantly increased (p<0.001) 
when compared to the control group. Treatment with TQ, 
after administration of PTU, significantly increased 
(p=0.004) T3 and T4 levels and decreased (p<0.001) 
TSH level compared to the hypothyroid group 
(Figure 1A–C).

Fasting Blood Glucose, Insulin, HOMA-IR 
and HOMA-β
The effect of PTU-induced hypothyroid on glucose home
ostasis was assessed. It was found that BGL showed no 
significant change (p=0.9) in TQ group, while it showed 
a significant increase (p<0.001) in hypothyroid group com
pared to the control. Administration of TQ resulted in 
a significant decrease (p=0.009) in the BGL compared to 
hypothyroid group (Figure 1D).

Although TQ, when administrated to the control rats, 
induced non-significant increase in insulin level, 
a significant reduction (p=0.01) in serum insulin was 
observed in untreated hypothyroid rats compared to the 
control. Treatment of hypothyroid rats with TQ resulted in 
a significant increase (p=0.02) in insulin levels compared 
to untreated hypothyroid rats (Figure 1E).

HOMA-IR level showed an insignificant increase 
(p=0.25) in hypothyroid group compared to the control 
as well as an insignificant decrease (p=0.9) in TQ-treated 
group compared to the hypothyroid group. On the other 
hand, HOMA-β-cell showed a significant decrease 

(p<0.001) in hypothyroid group compared to the control, 
while it showed a significant increase (p=0.02) in TQ- 
treated group compared to the hypothyroid group 
(Figure 1F).

Levels of MDA and NO in the Serum
Administration of TQ to the control rats induced 
a significant decrease (p=0.006) in MDA level in the 
serum, while its level significantly increased (p=0.01) in 
hypothyroid group compared to the control. Serum NO 
level significantly (p=0.01, p<0.001) increased in TQ- 
and PTU-treated rats compared to the control and further 
increased significantly in the rats treated with TQ after 
receiving PTU (Figure 2A and B).

Levels of SOD, GPX, GSH and CAT in 
the Serum
The hypothyroid state resulted after PTU administration 
was associated with a significant decrease in SOD activity 
(p<0.001) and an insignificant decrease in GSH (p=0.09) 
compared to the control group. TQ-treated rats showed 
significantly increased SOD (p<0.001) and GSH (p=0.02) 
levels, compared to the hypothyroid rats. Serum level of 
CAT showed a significant increase (p<0.001) while that 
of GPX showed insignificant increase (p=0.12) as a result 
of PTU administration, while both parameters did not 
show a significant change in the TQ-treated rats compared 
to the untreated ones (Figure 2C–F).

Effect of TQ on Gene Expression of 
Catalase, β-Catenin and IL-10
The level of pancreatic CAT and β-catenin gene expression 
showed no significant change in TQ-treated rats compared 
to the control, while it showed a significant down- 
regulation (p<0.001) in hypothyroid group compared to 
the control rats. However, both levels showed 
a significant up-regulation (p<0.001, p=0.001) in TQ- 
treated hypothyroid rats compared to the untreated rats 
(Figure 3A and B).

Regarding IL-10 mRNA, its level showed no signifi
cant change in TQ-treated group, while its level showed 
significant down-regulation (p=0.03) in Hypothyroid 
group compared to the control. On the other hand, IL-10 
mRNA level significantly up-regulated in TQ-treated 
hypothyroid rats compared to the untreated rats, respec
tively (Figure 3C)
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Histological Results
On histopathological examination of pancreas of the control 
and TQ-treated group, it was observed that many islets of 
Langerhans appeared between the exocrine pancreatic par
enchyma with intact cells separated by blood capillaries. 

Pancreases of the hypothyroid group showed some islets 
with many degenerated cells that had vacuolated cytoplasm 
and dark nuclei as well as dilated congested blood capil
laries. The pancreases of TQ-treated hypothyroid group 
showed more or less intact islets similar to those of the 

Figure 1 Effect of Thymoquinone on serum level of T3 (A), T4 (B), TSH (C), fasting insulin (D) and glucose (E), HOMA-IR and HOMA-β (F). *Significantly different 
compared to the control group (p<0.05). #Significantly different compared to the Hypothyroid group (p<0.05). 
Abbreviations: TQ, Thymoquinone; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; HOMA- β-cells, Homeostatic Model Assessment for Insulin 
Resistance β-cells.
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control apart from some congested blood capillaries and 
few degenerated cells (Figure 4A–D and Q).

Expression of pancreatic insulin was assessed immu
nohistochemistry. It was found the control, TQ-treated and 

TQ-treated hypothyroid groups showed strong to moderate 
positive insulin expression while hypothyroid group 
showed a weak reaction. Semi-quantitative assessment of 
insulin immunoexpression revealed that it was significant 

Figure 2 Effect of Thymoquinone on serum level of MDA (A), NO (B) and antioxidant activities of catalase (CAT) (C), Glutathione peroxidase (GPX) (D), reduced 
glutathione (GSH) (E) and superoxide dismutase (SOD) (F). *Significantly different compared to the control group (p<0.05). #Significantly different compared to the 
Hypothyroid group (p<0.05). 
Abbreviation: TQ, Thymoquinone.
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reduction (p<0.001) in hypothyroid group compared with 
the control, while it significantly increased (p=0.002) in 
TQ-treated hypothyroid group compared with hypothyroid 
group (Figure 4E–H and R).

Regarding Caspase-3 immunoexpression in pancreatic 
islet cells, it was significantly increased (p<0.001) in 
hypothyroid rats, while it showed a significant reduction 
(p<0.001) in TQ-treated hypothyroid group compared to 
hypothyroid group (Figure 4I–L and S).

Assessment of β-catenin immunoexpression in pan
creatic islet cells showed that it was significantly decrease 
(p<0.001) in hypothyroid rats, while it showed 
a significant increase (p=0.001) in TQ-treated hypothyroid 
group compared to hypothyroid group (Figure 4M–P 
and T).

Discussion
Although impairment of glucose metabolism and insulin 
secretion was reported in hypothyroid rats, the exact 
mechanism behind this impairment still not fully 
explained.7 Several reports have also indicated a higher 
prevalence of thyroid diseases in T2DM patients, with 
hypothyroidism being the most common disorder. The 

coexistence of hypothyroidism and type 1 diabetes melli
tus (T1DM) may be due to similar autoimmune 
pathogenesis28 or attributed to genetic, biochemical, or of 
hormonal origin.29

Nigella sativa thymoquinone was reported to possess 
significant beneficial effects on the health including anti
oxidant, hypoglycemic, anti-inflammatory and immune- 
modulatory properties with no reported side effects and 
with low cost.30,31 In a previous experimental study, 
Nigella Sativa induced a potent protective effect on the 
thyroid cell with subsequent relieve of the hypothyroid
ism-induced oxidative stress following PTU administra
tion (Khalawi et al, 2013). Therefore, TQ was selected in 
this study to counteract the hyperglycemic effect and 
counteract the impact of PTU-induced hypothyroidism.

The present study demonstrates that PTU-induced 
hypothyroidism in rats was associated by hyperglycemia, 
hypoinsulinemia, increased oxidative markers and 
reduced enzymatic and non-enzymatic antioxidants in 
the serum. In addition, this study revealed that hypothyr
oidism induced a significant reduction in pancreatic β- 
catenin and IL-10 that was associated with degenerative 
changes in islet cells. TQ, due to its antioxidant effect as 

Figure 3 Effect of Thymoquinone on gene expression of catalase (A), β-catenin (B) and IL-10 (C) in pancreatic islets of Langerhans. *Significantly different compared to the 
control group (p<0.05). #Significantly different compared to the hypothyroid group (p<0.05). 
Abbreviation: TQ, Thymoquinone.
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well as up-regulation of β-catenin, could modulate 
hypothyroidism associated negative impact on islets β- 
cell and enhanced insulin production.

In this study, PTU administration resulted in induction 
of hypothyroid condition evident by the significant 
increase in T3 and T4 and a reduction in TSH levels. It 
was noticed that TQ significantly alleviated these changes. 
In accordance with that, it was previously reported that TQ 
significantly increased the T4 level in PTU-induced juve
nile hypothyroid rats.32

In a recent study conducted by Li et al33 on the general 
population and non-treated type 2 diabetes mellitus 

patients, it was concluded that thyroid hormone even in 
reference range could play an important role in the func
tion of pancreatic islets. In this study, PTU-induced 
hypothyroidism was associated with significant hypergly
cemia and hypoinsulinemia. This is in agreement with the 
study of Taguchi et al34 who reported that hypothyroidism 
resulted in impairment if glucose metabolism and attenu
ated capacity of insulin secretion. Godini et al35 also 
reported that reduced insulin in hypothyroidism was attrib
uted to the abnormalities in some parts of the glucose 
sensor apparatus of the islets including glucokinase activ
ity and glucose transporter 2 protein expressions.

Figure 4 Effect of Thymoquinone on histological structure of the pancreatic islets of Langerhans (A–D) as well as immunoexpression of insulin (E–H), caspase-3 (I–L) and 
β-catenin (M–P) expression in the pancreas of the studied groups. Haematoxylin and eosin-stained section showed islets (IS) between the pancreatic acini (AC). Islet cells 
(arrow) appear intact in control, TQ and hypothyroid+TQ groups while they appear degenerated in Hypothyroid group. Note the presence of blood capillaries (thick 
arrow). Qualitative assessment of the morphometric measurements and immunoexpression (Q–T) was done using image Pro Plus image analysis software version 6.0. 
*Significantly different compared to the control group (p<0.05). #Significantly different compared to the Hypothyroid group (p<0.05). 
Abbreviation: TQ, Thymoquinone.
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Assessment of HOMA-IR, in this study, revealed insig
nificant change in Hypothyroid or TQ-treated groups indi
cating absence of insulin resistance in this model of 
hypothyroidism. This is supported by the recent study 
conducted by Kozacz et al.36 On the other hand, assess
ment of HOMA-β-cell revealed a reduction in β-cell mass 
in hypothyroid group. Affection of β-cell, confirmed his
topathologically and immunohistochemistry in this study, 
might be induced by oxidative stress condition, observed 
also in this study. Kajimoto and Kaneto37 reported that 
excessive accumulation of the reactive oxygen species 
causes chronic oxidative stress, which is principally hazar
dous for the islet cells because they have the lowest levels 
of intrinsic antioxidant defenses.

Administration of TQ markedly reduced the FBG and 
increased insulin level. This is in agreement with Abdelraxek 
et al18 during their study of the effect of TQ in STZ-induced 
animal model of diabetes. Fararh et al38 reported that TQ 
reduces the blood glucose level due to its insulinotropic 
action. In addition, Mansi39 found that administration of 
TQ increased insulin production due to its ability to induce 
partial regeneration of pancreatic β cells. This was evident in 
this study as TQ administration was associated with 
increased immunohistochemical expression of insulin in 
the pancreas. It was also reported that TQ enhances insulin 
peripheral utilization,40 reduces hepatic glucose 
synthesis and absorption from the intestine, down-regulates 
expression of gluconeogenic enzymes,41 and inhibits 
gluconeogenesis.42 Although all these studies investigated 
the glucose lowering effect of TQ in diabetic animal models, 
they represented plausible explanations of FBG-lowering 
effect of TQ in hypothyroid animal model.
In this study, PTU-hypothyroidism was associated with 
a significant increase in MDA and NO, produced as 
a result of augmented lipid peroxidation. This observation 
was in accordance with some previous studies.7,43 

Increased MDA and NO as well as reduced antioxidants 
enzymes, evident in this study, might be attributed to the 
associated hyperglycemia, recorded also in this study. This 
was supported by the previous research which revealed 
that persistent hyperglycemia promoted oxidative stress 
through the formation or release of reactive oxygen spe
cies (ROS) and depletion of antioxidant reserve.44 

Treatment with TQ, used in this study, effectively restored 
GSH, CAT, GPX and SOD in the serum. This finding was 
supported by some previous studies.18,45

Serum CAT level was significantly increased, in this 
study, in PTU-induced hypothyroidism. This was 

unexpected finding so the level of the mRNA was assessed 
in the pancreas using qRT-PCR. A significant down- 
regulation in CAT gene expression was found in PTU- 
induced hypothyroid rats. Actually, these two findings 
are not considered conflicting as increased CAT activity 
in the serum of hypothyroid rat is considered a direct 
compensatory mechanism against hypothyroidism- 
induced oxidative stress and came from the already present 
CAT while hypothyroidism suppress CAT gene expression. 
So CAT level in the serum is expected to be down- 
regulated after some time in hypothyroid rats. These find
ings are in line with those of Bunker et al and 
Chattopadhyay et al.24,46 TQ significantly up-regulated 
CAT gene expression in pancreatic tissue, in this study 
and this was in concordance with the previous studies 
conducted on the liver and kidney.25,47,48

In this study, PTU-induced hypothyroidism was asso
ciated with a significant down-regulation of β-catenin and 
IL-10 gene expression as well as β-catenin immunoexpres
sion in the pancreatic tissue, while they were significantly up- 
regulated in TQ-treated hypothyroid rats. The link between 
β-catenin and IL-10 in the pancreatic tissue was previously 
described. It was described that activation of β-catenin in 
conventional dendritic cells (cDCs) improves glucose home
ostasis by increased insulin production, increased prolifera
tion of islet cells and generating an immunosuppressive 
environment for increased insulin release.8 β-catenin activa
tion enhances IL-10 production and increases infiltration of 
Regulatory T Cells (Tregs). IL-10 has proved anti- 
inflammatory effect and was suggested to exert direct effects 
on β-cell function and viability.49 Tregs are also known to 
promote systemic insulin sensitivity.11 Treatment with TQ 
either in low or high dose was reported to increase total β- 
catenin protein as well as cytoplasmic β-catenin expression.50 

Therefore, up-regulating β-catenin expression could be 
a proposed mechanism through which TQ improve insulin 
hemostasis and alleviated hypothyroidism-induced hypergly
cemia. This proposed mechanism is shown in Figure 5.

In this study, PTU induced degeneration and apoptotic 
changes of the islet cells that were confirmed immunohisto
chemistry by increased Caspase-3 immunoexpression in the 
islets. A significant reduction in insulin-positive β-cell was 
also observed. This indicated a reduction in β-cell mass in 
hypothyroid rats. Safayee et al previously reported that 
hypothyroidism resulted in oxidative stress in pancreatic 
islets with subsequent β-cells dysfunction and reduced β- 
cell mass in hypothyroid pancreas.7 Administration of TQ to 
hypothyroid rats, in the current study, reduced PTU-induced 
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degenerative changes and up-regulated insulin expression in 
the pancreatic islet cells. In agreement with that Abdelrazek 
et al reported that TQ improved STZ-induced diabetic 
degenerative changes in islet cells of male Wistar rat and 
significantly increased insulin immunoexpression.18 Nigella 
sativa oil (NSO) exerts its effect through thymoquinone 
antioxidant potential, which improves pancreatic and hepatic 
integrity, increases pancreatic islet immunoreactivity and 
therefore, increases serum insulin level and increases hepatic 
glycogen content and reduces the elevated blood glucose 
level.18

Limitations and Future Perspectives
The primary research objective in this study was to evaluate 
of the efficacy of thymoquinone in preserving the structural 
integrity of pancreatic islets in PTU-induced hypothyroidism 
and restoring glucose homeostasis, while the secondary 
research objective was to explore the mechanism behind 
thymoquinone-induced changes. Although the involvement 
of β-catenin signaling and apoptosis was investigated in this 
study, a more comprehensive assessment of the multiple 
signaling molecules involved in that pathway is necessary 
and recommended in a coming study.

Conclusion
Thymoquinone administrated to PTU-induced hypothyroid
ism effectively alleviated the hyperglycemia, hypoinsuline
mia, increased oxidative markers and reduced enzymatic and 
non-enzymatic antioxidants in the serum. This subsequently 
improved degenerative changes in β islet cells. These effects 
might be mediated through its antioxidant effect as well as 
up-regulation of pancreatic β-catenin expression.
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upon request.
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