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Abstract

Background: Hypothyroidism is reported as the most
common thyroid disease in humans which is caused by thyroid
hormones deficiency.

Aimof Sudy: To evaluate the role of curcumin in preven-
tion of the possible histopathological, immunohistochemical,
and biochemical changes on the pancreas of experimentally
induced hypothrodism in adult male rat.

Material and Methods: Forty adult male albino rats
weighing (150-200gm) were allotted in four groups, ten
animals each. Group 1 (control group) received no medication,
Group Il (curcumin group) were given curcumin 100mg/kg/b.w
orally by gastric gavage for 6 weeks Group I11: (Hypothyroid
group) was rendered hypothyroid by administration of pro-
pylthiouracil (PTU) (Thyrocil) 15mg/kg b.w orally by gavage
for 6 weeks. Group 1V (hypothyroid and curcumin treated
group) received the same dose of PTU for 6 weeks with the
addition of curcumin starting 2 weeks after PTU administration
(after confirmation of the hypothyroidism state) to the sixth
week. The pancreas was dissected out and subjected to histo-
logical and immunohistochemical study.

Results: The pancreas of hypothyroid rats showed histo-
logical changesin the form of pale small sizeidets. Inside
the idlets the cells appeared vacuol ated with pyknosis of their
nuclel. Immunohistchemical study showing a decreased number
of insulin-immunoreactivity. Biochemical resultsrevealed a
significant decreased pancreatic tissue Superoxide dismutase,
reduced glutathione, Catalase, Glutathione-S-transferase and
Glutathione peroxidase as well as increased pancreatic tissue
Malondialdehyde compared with those of controls. Hypothy-
roid and curcumin group revealed an improvement in these
histological, immunohistochemical and biochemical changes.

Conclusion: Data so far obtained indicated that Curcumin
has antioxidant effect that could possibly account for its
potential in the current study to ameliorate all the histological,
Immunohistochemical and biochemical parameters altered by
hypothyroidism.
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Introduction

THYROID gland hormones have amajor rolein
metabolism, growth and devel opment throughout
life [1. A hyperactivity of thyroid gland (hyperthy-
roidism) occursif the thyroid gland make more
hormones. A hypoactivity of thyroid gland (hy-

pothyroidism) is where the gland doesn't make
enough hormones [2] . In the liver and skeletal
muscle, glycolysis, gluconeogenesis and glycoge-
nolysis are stimulated by thyroid hormones [3].
Thyroid dysfunction have been accompanied by
disturbance of glucose metabolism, which might
lead to alteration in insulin secretion [4,5]. Also,
thyroid hormones are necessary for the postnatal

maturation of functional (-cells [6,7] . Crunkhorn
& Patti, 2008 [8] reported that insulin secretion is
regulated by thyroid hormones and the imbalance
of these hormone levelsincrease the risk of diabe-

tes. Several researches reported that hyperthy-

roidism increase insulin level in the plasmain
human and animals [9] . Oxidative cellular damage
and oxidative stress with free radicals generation

are hallmarks of thyroid dysfunction [10].

The medical uses of natural herbs are gradually
increasing due to their anti-oxidant, anti-
inflammatory, anti-bacterial and anti-cancer prop-
erties [11] . The yellow pigment curcumin is one of
natural polyphenols which is extracted from tur-
meric [12] . In several studies curcumin was used
as hypolipidemic, anti-infectious, anticancer [13],
anti-inflammatory due to antioxidant properties
[14]. Also, Pandyaet, (2000) [15] reported that the
antioxidant effect of curcumin was several times
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more potent than vitamin E. In addition Somanawat
et al. (2013) [16] revealed that it is pharmacol ogi-
cally safe for humans and animals with extremely
good tolerance.

The aim of the present work was conducted to
study the histopathological, immunohistochemical,
and biochemical changes caused by experimentally
induced hypothyroidism in the pancreas of adult
rats and assess the ameliorating effect of curcumin.

Material and Methods

Drugs:

1- Propylthiouracil (Thyrocil): Whichobtained
from Amoun Pharmaceutical Company, Cairo,
Egypt, in the form of tablets, each containing
50mg. The required daily dose (for the 10 rats
of the group) was weighted, dissolved in 5ml
distilled water. A dose of 15mg/kg b.w was
given orally through gastric gavage [17].

2- Curcumin: Which obtained from Sigma-Aldrich
chemical company (Cairo, Egypt). The bottle
containing 10gm of yellow powder, (Catalogue
number C1386). The required daily dose (for
the 10 rats of the group) was weighted, suspend-
ed in 5ml corn ail. A dose of 100mg/Kg/b.w
was given orally through gastric gavage [19].

Animals;

A tota of forty adult male albino rats weighing
(150-200) gm were conducted in this study. The
rats were obtained from the Animal House Faculty
of Medicine, Cairo University, during 2018. The
animals were maintained in spacious wire mesh
cages, each contained four rats with direct day
light and natural ventilation at room temperature
and allowed water and food ad libitum. All the
animals were treated accordance to the Institutional
guidelines for the care and use of laboratory ani-
mals.

The animals were allotted in four groups ten
animals each. Treatment regimens were assigned
as such:

» Group |: (Control group) received no medications.

* Group I1: (Curcumin group) were given curcumin
orally through gastric gavage at a dose of 100
mg/kg/bw, for 6 weeks.

» Group Il (Hypothyroid group) was rendered
hypothyroid by administration of propylthiouracil
(Thyrocil) 15mg/kg b.w orally by gavage for 6
weeks.

» Group IV: (Hypothyroid and curcumin treated
group) received the same dose of PTU for 6

weeks with the addition of curcumin starting 2
weeks after PTU administration (after confirma-
tion of the hypothyroidism state) to the sixth
week.

At the end of experiment, under an over dose
of anesthesia by intraperitoneal injection of phe-
nobarbital sodium (40mg-kg), retro-orbital blood
samples were withdrawn from rats of each group
for biochemical evaluation. Thereafter, animals
were euthanized by cervical dislocation. The clear
serawere separated after centrifugation and kept
at —30°C until use. The pancreas was dissected out,
washed in saline. Fresh specimens were taken for
histochemical investigations to measure the oxida-
tive tissue marker in tissue homogenate. The other
part was fixed in 10% buffered formol saline,
prepared for paraffin blocks. Using microtome,
serial sections of 5um thick were obtained from
each block and spread on clean slides. Sections
for immunohistochemical study were mounted on
charged slides to avoid falling down during immu-
nostaining. The sections were subjected to:

Histological study:
Hematoxylin and Eosin stain (H & E) [19].

Immunohistochemical study:

Primary antibody: Insulin Ab-6 (INSO4 +
INSO5): It is a mouse monoclonal antibody (Lab
Vision Corporation laboratories, CA 94539, USA,
catalogue number MS-1379-P). It was supplied as
1.0ml of antibody (200ug/ml) purified from ascites
fluid by protein G chromatography, prepared in
10mM PBS, pH 7.4, with 0.2% BSA and 0.09%
sodium azide. It was stored at 2-8°C. No specid
pretreatment was required for immuno—histochem-
ical staining of formalin-fixed tissues.

Detection system for antibody: UltraVision
Detection System Anti-Polyvalent, HRP/AEC kit
(LAB-SA system, Lab Vision Corporation |abora-
tories, CA 94539, USA, catalogue number TP-015-
HA). It isa detection system that reacts with mouse
and rabbit primary antibody. This kit includes
Hydrogen Peroxide Block, UltraV Block, Bioti-
nylated Goat Anti-Polyvalent, a horseradish per-
oxidase streptavidin and AEC Substrate and AEC
Chromogen to demonstrate antigen in cells and
tissues [20].

Histomor phometric study:

Data were obtained using "L eica Qwin 500C"
image analyzer computer system Ltd. (Cambridge,
England). Area percent was measured for immune
reaction to anti-insulin in all pancreatic sections
immunostai ned with anti-insulin using an objective
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lens X 10i.e. atotal magnification X 100in 10
non overlapping fields in each section, inside a
standard measuring frame of area (118476.6 pmz).
The total and mean values were obtained.

Biochemical study:

1- Level of blood glucose: O-toluidine method
was done using the modified reagent [21].

2- Thefollowing tests were used to assess the
thyroid functions: Free triiodothyronine (T3).
Free thyroxine (T4) and Thyroxin stimulating
hormone (TSH).

3- Measurement of pancresatic oxidative tissue

markers:

 Superoxide dismutase (SOD): Prior to dissec-
tion, tissues ware perfused with a PBS (phosphate
buffered saline) solution, pH 7.4. containing
0.16mg/ml heparin to remove any red blood cells
and clots. The tissues were homogenized in 10ml
cold buffer (i, e, 50mM potassium phosphate, pH
7.5, 1mM EDTA) per gram tissue. Then centrifuged
at 10,000 x g for 15 minutes at 4°C. The supernatant
was removed for assay and store onice [22].

* Glutathione peroxidase (GPx): The tissues
were homogenized in buffer containing afreshly
added reducing agent to maintain GPx enzyme
activity. For homogenization buffers 2 — mercap-
toethanol or dithiothreitol were added at afinal
concentration of 1mM. Buffers were freshly made
and used the same day. There is abundant c-GPx
in erythrocytes. Red blood cells were washed from
tissue samples by perfusion with isotonic saline
prior to homogenization [23].

» Malondialdehyde (MDA): The tissue homoge-
nate was perfused with a PBS (phosphate buffered
saline) solution, pH 7.4 containing 0.16mg/mi
heparin to remove any red blood cellsand clots. The
tissues were homogenized in 5-10ml cold buffer
(ie 50mM potassium phosphate, pH 7.5.) per gram
tissue. Samples were centrifuge at 4000r.p.m for
15 minutes. The supernatants were removed for
assay and store onice. In case of not doing the
assay on the same day, freeze the sample at —80°C
[24].

* Reduced glutathione (GSH): 10% (w/v) ho-
mogenate prepared by added 5% trichloroacetic
acid solution. Centrifugation at 3500rpm for 10min
was done, 50p L supernatant was mixed with
0.32mol/L disodium hydrogen phosphate and
0.04% 5, 5-dithiobis 2-nitrobenzoic acid (DTNB)
solution. The yellow-colored substance formed by
the reaction of GSH and DTNB was measured at
412nm. The results were expressed as GSH mg/g
tissue weight [25].
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» Catalase (CAT): Ina3ml quartez cuvette,
100 g-ofwissue homogenate (10%) were added to
2.9ml of 19mmol/L H202 solution prepared in
potassium phosphate buffer (0.1M, pH 7.4). The
reaction was monitored by continuous recording
of the change in the absorbance at 240nm everymin
for 2min using Shimadzu spectrophotometer (UV
1201, Japan). Enzyme activity was expressed as
unit per g tissue [26] .

* Glutathione-Stransferase (GST): It was meas-
ured as reported by Habig et al., 1974 [27].

Satistical analysis:

Quantitative data were summarized as means
and standard error and compared using one-way
analysis-of-variance (ANOVA). Any significant
ANOVA was followed by Tukey-Kramer post
ANOVA to detect which pairs of groups caused
the significant difference. p-values <0.05 were
considered statistically significant. Calculations
were made on SPSS software version 21.

Results

Histological results:
Hematoxylin and eosin (Hx & E) stain:

Control group (group 1) and Curcumin group
(group 11) showed normal appearance of acini and
well-defined idlets containing 0-cells and blood
capillaries. The idet revealed acidophilic large
cells and basophilic small cellsFig. (1A, B). Re-
garding the hypothyroid group (group I11) the
sections stained with (Hx & E) revealed small size
islets and its cells appeared vacuol ated with pyk-
nosis of their nuclei. Some idlet cells have dark
nuclel while others have pale nuclei with acido-
philic cytoplasm Fig. (1C). Section of the pancreas
of group 1V demonstrated large islets with small
vacuolated areas some islet cells appeared with
dark nuclei while others showed pale nuclei with
acidophilic cytoplasm Fig. (1D).

Immunohistochemical staining:

Immunohistochemical staining sections of con-
trol and curcumin groups showed +ve insulin im-
munoexpression among most of theidet cells
which appeared as dense brownish cytoplasmic
immunoreactivity Fig. (2A,B). On the other hand
sections in the pancreas of rats of hyporthyroid
group, demonstrated shrunken islets with minimal
+ve insulin immunoexpression Fig. (2C). Regarding
the group 1V (PTU and Curcumin group) revealed
increased immunoreactivity in the most of theislet
Fig. (2D).
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Fig. (1): Photomicrographs of rat's pancreatic section (H & E X400) showing: A) Control group: A largeidet rich in capillaries
(c) surrounded by well defined acini (a). Acidophilic large cells (arrowhead) and basophilic small cells (arrow) appeared
inside theiglet. B) Curcumin group showing deeply stained islet with capillaries (c) between it cells. Someislet
cells have dark nuclei (arrow) while others have paler nuclei with acidophilic cytoplasm (arrowhead). C) Hypothyroid
group showing shrunken islets with vacuolation and degeneration in the cytoplasm of many cells of an islet of Langerhans

(arrow). D) PTU and curcumin group showing large size islets with vacuolation in the cytoplasm of some cells of an
islet of Langerhans (arrow).

Fig. (2): Photomicrographs of rat's pancreatic section (anti-insulin immunostaining X400) showing: A) Control group showing
dense brownish cytoplasmic immunoreactivity in oneislet of Langerhans. The immunoreactivity is observed in most
of idlet cells. B) Curcumin group showing dense brownish cytoplasmic immunoreactivity in the islet of Langerhans.
C) Hypothyroid group showing marked decreased immunoreactivity in the shrunken islet of Langerhans. D) PTU and
curcumin treated group showing increased cytoplasmic immunoreactivity in oneislet of Langerhans.
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Histomor phometric results. Measuring the mean
area percent of anti insulin immune-histochemical
staining sections showed a significant decrease in
group 111 compared to other groups. Group 1V
revealed a significant increase in the mean area
percent of anti insulin compared to group 111 and
showed a significant decrease as compared to
control group Fig. (3).

Biochemical results:

1- Blood glucose level: The hypothyroid group
showed significantly increased blood glucose
level, as compared with the controls. On the
other hand, group IV (PTU and curcumin group)
revealed significantly decreased blood glucose
level as compared with hypothyroid group Fig.
(4A) & (Table 1).

2- Serumtotal T3, T4, and TSH levels: In hypothy-
roid rats (group 111) T3 and T4 levels were
significantly decreased and there was a signifi-
cant elevation in TSH levels, compared with
control levels. Treatment with curcumin along
with PTU (group V) significantly increased T3
and T4 levels aswell as significantly decreased
TSH levels compared to those of the group
receiving PTU alone Fig. (4B-D) & (Table 1).

3- Oxidative tissue markers: In hypothyroid group
the oxidative tissue markers showed a significant
decreased pancreatic tissue Superoxide dis-
mutase, reduced glutathione, Catalase, Glutath-
ione-S-transferase and Glutathione peroxidase
aswell asincreased pancreatic tissue Maondi-
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aldehyde compared with those of controls. In
the PTU + curumin group (group 1V), there was
asignificant decrease in pancreatic tissue
Malondialdehyde as well as a significant increase
in pancreatic tissue Superoxide dismutase, re-
duced glutathione, Catalase, Glutathione-s-
transferase and Gl utathione peroxidase compared
with the PTU treated group. On the other hand
group 1V showed a significant decrease in pan-
creatic tissue Superoxide dismutase and Catalase
aswell asasignificant increase in Maondial-
dehyde levels compared to the control Fig. (5A-
F) & (Table 2).

Area % of anti-insulin
=
o

Fig. (3): Effect of Curcumin and/or Hypothyrdism on area%
of anti-insulin stained sections of male Sprague

dawley rats.

Vaues are expressed as mean + SE, n=10.

*: Significantly difference from control at p<0.05.

#: Significantly difference from Hypothyroid group at p<0.05.
ANOVA followed by Tukey-Kramer post ANOVA.

Q

Table (1): Serum levels of Glucose, T3, T4 and TSH in different groups.

Treatment

Parameters

Glucose (mg/dL)

T3(ng/ml) T4 (mldk) TSH (1U/m)

Group | (Control) 83.64+5.42 73.85£6.41 4.81+045 153+0.12
Group I (Curcumin) 79.75+£5.13 69.75£5.32 4.29+042  1.38+0.13
Group Il (Hypothyroid) 190.22+10.55*  20.50+1.48* 1.30+0.12* 12.86+0.93*
Group IV (Hypothyroid + Curcumine)  96.55+6.42# 56.50+4.46# 3.91+0.33# 2.66+0.21#

Values represented as mean * SE, n=10.

*: Statistically significant different from control at p<0.05.

#: Statigtically significant different from Hypothyroid group at p<0.05.

ANOVA followed by Tukey-Kramer post ANOVA.

Table (2): Oxidative tissue markersin different groups.

Parameters
Treatment
GSH ( gnai/g) MDA (nmol/g)  SOD (U/qg) CAT (Ulg) GPx (U/g) GST (ng/g)
Group | (Contral) 11.56+1.07 25.80+2.28 1532+1.13 8217+6.64 4.12+0.32 0.74+0.04
Group Il (Curcumin) 12.09+1.13  23.50+2.19 14.85+111  73.2916.22 3.97+0.22 0.73+£0.05
Group Il (Hypothyroid) 6.72£0.45* 75.31+5.78* 6.83x053*  43.70+3.59* 2.18+0.17* 0.32+0.02*

Group IV (Hypothyroid + Curcumine)

10.22+0.88# 36.54+3.45*# 11.71+1.09*# 67.16+4.77*# 3.32+0.21# 0.68+0.06#

Values represented as mean * SE, n=10.
*: Statistically significant different from control at p<0.05.

#: Statigtically significant different from Hypothyroid group at p<0.05.
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Fig. (4): Serum levels of: A) Glucose, B) T3, C) T4 and D) TSH in different groups.
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Fig. (5): Oxidative tissue markersin different groups: A) Reduced glutathione (GSH), B) Malondialdehyde (MDA), C) Superoxide

dismutase (SOD), D) Catalase CAT, E) Glutathione peroxidase (GPx) and Glutathione-S-Transferase (GST).
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Discussion

Hypothyroidism is one of the most common
endocrine diseases mainly caused by abnormalities
in the thyroid gland which lead to decrease in
production and secretion of the thyroid hormones
[28] . Although histological analysis of pancreas
after administration of avariety of drugs and
pathological conditions had been carried out in a
number of studies [29,30] , information on the his-
tology of pancreasin hypothyroidism is sparse and
fragmentary. Therefore, the present work was
designed to explore the role of Curcuminin pre-
vention of the possible biochemical, histopatho-
logical and immunohistochemical, changesin the
pancreas of hypothyroid rat.

As evidenced in our results, histological exam-
ination of pancreatic sections of the hypothyroid
rats showed small and shrinkage inlets with some
degenerated cells with vacuolated cytoplasm.
These results is in accordance with the findings
of Safayee et al., 2016 [31] who found that the size
of the pancreatic islets and the total number of the
beta cells were significantly decreased in the hy-
pothyroid group as compared with the control
group. And Rodriguez-Castelan et a., 2015 [32]
who reported that the number of cellsin large and
medium islets was decreased in hypothyroidism.
Also Farahani et al., 2013 [3] added that neonatal
hypothyroidism retards growth and decreases the
size of the islets which are associated with along-
lasting effect on carbohydrate metabolism and
reduced insulin secretion, effects which may in-
crease the susceptibility for development of Type
2 diabetes | ater in adult life.

In the current study, there was a significant
decrease in area percentage of anti insulin stained
pancrestic section in hypothyroid group (group)
as compared with the control group. Thisin agree-
ment with Safayee et al., (2016) [30] who showed
adeclinein insulin antibody positivity in hypothy-
roid group. In addition Goulart-Silva et a., 2011
[5] explained that the decreased insulin secretion
in hypothyroidism was due to the reduction of
proinsulin gene expression.

In our study, the hypothyroid group revealed a
significant decrease in the serum glucose level as
compared with control group. Potenza et al., (2009)
[33] explained that thyroid hormones stimulate
intestinal glucose absorption, enhancing hepatic
glycogenesis, atering oxidative and non-oxidative
glucose metabolism, and increasing renal insulin
clearance.
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In the current study, group Il revealed asig-
nificant decreasein serum T3 and T4 levelsand a
significant increase in TSH level, so the hypothy-
roid state was established compared with control
rats. This result coincides with study of Sgjadian
et al., (2016) [10]. By contrast, the mean values of
T3 and T4 were significantly increased and the
mean value of TSH was significantly decreased in
group IV compared to groups I11. Thisresultisin
harmony with previous studies that reported similar
finding Feng et al., (2015) [34] and Meghanaet al.,
(2007) [39].

In the present study the hypothyroid group
(group I11) showed that tissue MDA formation (a
product of lipid peroxidation) was significantly
increased. On the other hand there were significant
decrease in SOD, GSH, CAT, GST and GPx activ-
ities. Increased MDA formation suggested enhance-
ment of oxidative stressin hypothyroidism and
thisisin line with the results of Safayee et d.,
(2016) [30] who stated that Hypothyroid induced
asignificant increase in lipid peroxidation, and
decrease in the antioxidant enzyme activity. Also
Nasra, (2016) [36] reported the same resultsin
serum but controversial with Sgjadian et al., [10]
who reported normal level of these parametersin
pancreatic tissue except GSH level which was
significantly decreased in the hypothyroid group
compared with control groups.

These results suggested better improvement in
the thyroid function and blood glucose with Cur-
cumin. Moreover, there was an obvious histological,
biochemical and immuminohistochemical improve-
ment in group 1V compared to group I11. This
results was established by histomorphometric study
that revealed a significant increase in degree of
immune reaction of insulin in anti-insulin stained
sectionsin group 1V as compared with group I11.

Kang et al., (2010) [37], explained that Curcumin
enhance insulin sensitivity in muscle cell and also
Rodriguez-Castelan et al., (2015) [38] added that
it stimulate insulin production. In addition Meghana
et a., 2007 [39] reported that administration of
Curcumin could ameliorate the hyperlipidemiain
type 2 diabetic rats.

The anti-inflammatory effect of Curcumin was
linked to its ability to interact with many molecular
components concerned with inflammation. The
inflammatory response was modulated by these
structures through down-regulation of the activity
of specific enzymes. Also, the production of the
inflammatory cytokines, tumor necrosis factor-
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alpha, interleukins and monocyte chemoattractant
protein were inhibited [40] .

Conclusion:

Data so far obtained indicated that Curcumin

has antioxidant effect that could possibly account
for its potential in the current study to ameliorate

all

the histological, immunohistochemical and

biochemical parameters altered by hypothyroidism.
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