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ABSTRACT

The purpose of the present study is to evaluate the modulatory role of either vitamin D or coconut oil
or both together on the thyroid hormones and intermediate filaments, cytokeratin and vimentin filaments, by
using immunohistochemistry (IHC) of diabetic adult male mice (Mus musculus) induced by streptozotocin
(STZ).The mice were divided into 7 equal groups (10 mice/each). The duration of the experiment was 4 weeks.
Gp.l: normal control mice group without any treatments. Gp.lI&Gp.lll: non-diabetic mice groups received
vitamin D orally in a daily dose of 6.25 ml/kg b.w/d or coconut oil at dose of 7.5 ml /kg b.w/d. for 4 weeks
separately. Gp.IV: diabetic mice group injected i.p. with a single dose of STZ dissolved in saline solution in a
dose of 200 mg/kg b.w to induce diabetes. Gps.V, VI & VII: diabetic mice groups administered orally with
vitamin D or coconut oil or both together at the same previous doses. The results recorded non- significant
changes in the blood glucose, insulin, TSH, T3 & T4 levels of non-diabetic mice groups as compared to normal
control group. A high significant increase in blood glucose and significant increase in T3 & T4levelsand a
significant decrease in insulin &TSH levels of diabetic mice group as compared to the normal control ones were
recorded. Diabetic mice group received vitamin D only recorded significant increase in blood glucose, T3 & T4
levels, and non-significant decrease in insulin level and significant decrease in TSH level; while the diabetic
mice received coconut oil alone or co-administered with vitamin D recorded non-significant increase in blood
glucose, T3 & T4 levels and non-significant decrease in insulin, while diabetic mice administered with vitamin D
and coconut oil together recorded a slight increase in TSH as compared to normal control group.lHC
observations in the thyroid glands of normal control or non-diabetic mice group that received either vitamin D
or coconut oil expressed normal moderate immunoreactivity to vimentin and cytokeratin. Vimentin filaments
are expressed at the basal part of thyrocytes and in blood vessel walls, while cytokeratin immunoreactivity is
seen at the apical surface of follicular cells and in the endothelia of the blood vessels.STZ diabetic mice group
revealed markedly intense vimentin and cytokeratin filaments immunoreactivity, while after administration of
vitamin D or/and coconut oil daily for 4 weeks to diabetic mice expressed a marked improvement of vimentin
and cytokeratin immunoreactivity but more obviously recovery to approximately normal expression with
coconut oil alone or co-given with vitamin D together more than that seen with vitamin D only. In conclusion,
the present results indicated that coconut oil alone or co-administered with vitamin D play an important role
in the modulation and recovery of the thyroid hormones and intermediate filaments of diabetic mice to
normal status more than that taken vitamin D alone.
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INTRODUCTION

Diabetes mellitus (DM) is the most common serious metabolic disease in human with a hall mark of
an elevated blood glucose concentration caused by many physiological alterations. Symptoms of high blood
sugar include frequent urination, increased thirst, and increased hunger. If left untreated, DM can cause many
complications. Acute complications can include diabetic ketoacidosis, non-ketotic hyperosmolar coma, or
death. Serious long term complications include heart disease, stroke, chronic kidney failure, foot ulcers,
and damage to the eyes (1). DM develops when the body doesn’t make enough insulin or is not able to use
insulin effectively, or both (2).

There are links between elevated glucose turnover, increased intestinal glucose absorption, elevated
hepatic glucose output, increased free fatty acid concentrations, increased fasting and/or postprandial insulin
and pro-insulin levels, and increased peripheral glucose transport accompanied by glucose utilization. Further,
other symptoms such as increased insulin degradation, increased glucagon secretion, increased hepatic
glucose production (3), enhanced catecholamines and insulin resistance are also included (4).

In 2015, the prevalence of type 2 diabetes in Egypt was found in around 15.6% of all adults aged 20 to
79. The World Bank reported an even higher percentage (16.7%) (5). In Egypt, there were more than eight
million cases of diabetes in 2017 and this number is expected to double by 2035 (6).

Thyroid dysfunction is a common endocrine disorder with variable prevalence. There is a deep
underlying relation between DM and thyroid dysfunction, thyroid hormones directly control insulin secretion
from beta pancreatic cells; as it can produce significant metabolic disturbances (7,8).

The thyroid gland controls rate of use of energy sources, protein synthesis, and controls the body's
sensitivity to other hormones. It participates in these processes by producing thyroid hormones, the principal
ones being thyroxine (Ta) and triiodothyronine (Ts) which is more active. These hormones are synthesized
from iodine and tyrosine, and regulate the growth and rate of function of many other systems in the body.
Hormonal output from the thyroid is regulated by thyroid stimulating hormone (TSH) produced by the anterior
pituitary which itself is regulated by thyrotropin — releasing hormone (TRH) produced by the hypothalamus
(9).

Cytoskeleton consists of three kinds of protein filaments (microfilaments, intermediate filaments
(IFs) and microtubules). IFs contain cytokeratin, vimentin, desmin, glial fibrillary acidic proteins, neurofilament
proteins, nuclear lamins and nestin. Cytoskeletal filaments play a major role in maintenance of cell shape, cell
motility and division, organelles transport and participate in cell-cell & cell-matrix junctions, protection from
environmental stresses, intracellular organelles anchorage and muscle contraction (10).

Vimentin is widely distributed in the cells of mesenchymal nature and in stroma of the mesenchymal
cells. It is proposed to conistitute a regulatory structure at the receptor enabling efficient signal transmission
(11). It is found in almost sarcomas and melanomas but is variable in lymphomas and even some carcinomas
(12). It may be co-expressed with cytokeratins in a wide range of carcinomas and other tumors.Increased
vimentin expression has been reported in various epithelial cancers including prostate cancer, gastrointestinal
tumors, CNS tumors, breast cancer, malignant melanoma, lung cancer and other types of cancers(10,13).

Vimentin plays a significant role in supporting and anchoring the position of the organelles in
the cytosol. It is attached to the endoplasmic reticulum and mitochondria, either laterally or terminally (14).
Vimentin has been shown to eliminate toxic proteins in juxta nuclear quality control compartment and
insoluble protein deposit inclusion bodies in asymmetric division of mammalian cell lines (15).

Cytokeratins (CK) are protein filaments found in intra-cytoplasmic cytoskeleton of epithelial tissue and
participate in epithelial cell protection from mechanical and non-mechanical stressors. Keratins are used as
diagnostic tumor markers as in epithelial malignancies (16). CK intermediate filaments help cells resist
mechanical stress. Expression of CK within epithelial cells is used as diagnostic markers in tumor pathology and
clinically to identify the origin of various human tumors (17,18).
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The expression of intermediate filament proteins in thyroid tumor by immunohistochemical method
was studied by Miettinen et al. (19), and they found the intermediate filament proteins of cytokeratin and
vimentin were evaluated in non-neoplastic thyroid glands and in different types of thyroid neoplasms. Also,
follicular epithelia of both normal and goitrous thyroids showed a strong reaction with anti-cytokeratin
antibodies that widely cross react with various simple epithelia, and only the stromal and interstitial cells
reacted with antibodies to vimentin.

Vitamin D refers to a group of fat-soluble steroids responsible for increasing intestinal absorption of
calcium, magnesium, phosphate, and zinc (20).There are several forms of vitamin D (vitamers). The two major
forms are vitamin D2 (ergo-calciferol) and vitamin D3 (cholecalciferol). Vitamin D without a subscript refers to
either D2 or D3 or both. These are known collectively as calciferol (21). Vitamin D from the diet or dermal
synthesis from sunlight is biologically inactive; activation requires enzymatic conversion (hydroxylation) in the
liver and kidney. It is estimated that 80% - 90% of vitamin D in the body are produced through skin synthesis
and the remaining by the ingestion of foods and supplements of this vitamin (22).

Vitamin D is necessary for normal insulin secretion, and may play a functional role on glucose
tolerance through its effects on insulin secretion and insulin sensitivity. The identification of 1,25 (OH)2D
receptors and the 1 a hydroxylase expression in pancreatic beta cells support the possibility of vitamin D role
in the pathogenesis of DMT2 (23). In animals, it has been demonstrated that the secretion of pancreatic insulin
is inhibited by vitamin D deficiency, and that in humans, vitamin D deficiency is related to glucose intolerance
and DMT2(24).

Coconut oil contains specific fats that support the body’s natural hormone production, and it includes
lauric acid, capric acid and caprylic acid which have antibacterial, antifungal and antiviral properties, thus
coconut oil is beneficial for immune support (25).The fatty acids of coconut oil metabolizes fast and raises
metabolic rate that may assist in preventing obesity and stimulate weight loss in diabetic obese patients and
increased production of needed insulin and increases absorption of glucose into cells, thus helping diabetes
ones(26).Also, it is very important during pregnancyas it can provide baby with necessary fats for
development. When it used in food, it may support healthy thyroid function and governs brain development
including myelination (27, 28).

Coconut oil antioxidant may also enhance the sensitivity to insulin or otherwise may also reduce
insulin resistance and injury to pancreatic beta cells by scavenging reactive oxygen species in diabetic patients
(29) and may help to improve insulin levels when consumed regularly and increase absorption of calcium
and magnesium (30).

The aim of the present study is to evaluate the beneficial role of vitamin D or / and coconut oil on the
blood glucose, insulin, TSH, T3 & T4 levels as well as immunohistochemical changes of intermediate filaments
(vimentin and cytokeratin) of the thyroid glands of STZ diabetic adult male albino mice.

MATERIALS AND METHODS

Animals' selection and care:

Seventy adult male albino mice (Mus musculus), weighing 25+2g and aged 6-8 weeks were obtained
from Vacsera, Cairo. Animals were housed in plastic cage (10 per cage) for one week acclimatization under the
same natural dark- light cycle and temperature. Tap water and food were freely available to the animals
throughout the experiment. All care and procedures adopted for the present investigation were in accordance
with the approval of the Institutional Animal Ethics Committee of Tanta University and in accordance with
recommendation of the proper care and use of laboratory animals.

Induction of Diabetes mellitus (DM):

DM was induced in adult mice by intraperitoneal (i.p.) injection with a single dose of STZ dissolved in
saline solution in a dose of 200 mg/kg of b.w according to Deeds et al. (31). STZ was obtained from "Sigma
Chemicals Co., St. Louis, Mo., USA".

Treatment:
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Vitamin D was obtained from "Egyptian Group for Pharmaceutical Industries Co., Egypt, and coconut
oil was received from local Pharmacy (Al-badawia Company for Herbal and Oil Extraction, Mansoura, Egypt).
Both were administered orally by a gastric tube.

Experimental design:

The mice were divided into 7 equal groups (10 mice for each), and the duration of the present
experiment was four weeks; Gp.l: normal control mice group with no treatment. Gp. Il: non-diabetic mice
group received vitamin D orally in a dose of 500 international units (6.25 ml)/kg of bw/d; Gp.lll: non-diabetic
mice group received coconut oil daily in a dose of 7.5 ml /kg of bw/d. Gp.IV: diabetic mice group injected i.p.
with a single dose of STZ to induce diabetes as discussed above. Gps.V, VI & VII: diabetic mice administered
orally with either vitamin D or coconut oil or both together at the same previous doses daily for 4 weeks,
respectively.

Samples collection and sera separation:

At the end of the experiment, the animals were fasted for 14 hour and were anaesthetized by using
diethyl ether, and then sacrificed. Blood samples were collected from all studied groups. The blood samples
were allowed to clot at room temperature for 30 minutes before centrifugation at 1000 revolutions per minute
(rpm) for 20minute; Sera were collected into 1.5 ml epindorph tubes and stored at -20°C till used to measure
glucose, insulin TSH, T3 and T4(32). The thyroid gland specimens were removed and processed for light
microscopic studies (33).

Immunohistochemical studies (IHC):

The specimens of the thyroid glands were fixed in 10 % neutral buffered formalin for 24h. IHC avidin-
biotin technique (34) and monoclonal antibodies against vimentin and cytokeratin were used. Vimentin (V9)
was received from Dako Carpinteria, CA 93013 U.S.A. Cytokeratin (CK7) was received from Dako [OV-TL 12/30]
U.S.A.

Calculation of the results:

The mean absorbance for each set of duplicate standards, control samples, subtract and the average
zero standard optical density were calculated. The standard curve was plotted on log-log graph paper, with
standard concentration on the X-axis and absorbance on the Y-axis. The best-fit straight line through the
standard points was drawn.

Image analysis:

Digital images were analyzed by a semi-quantitative system (Figi-Image J software, Java based
application for analyzing images). The brown colour of intermediate filaments (vimentin and cytokeratin) was
immunohistochemically expressed in the thyroid gland sections; the percentage colored stained area(area
fraction) per field area was determined by measuring six randomly photographed high-power fields (X400
magnifications) (35).

Statistical analysis:

Data were fed to the computer and analyzed using IBM SPSS® software package version 16.0, USA.
Data were analyzed using numbers and percentages + S.E. For normally distributed data, comparisons
between the seven studied groups were analyzed using F-test (ANOVA) and Post Hoc test (LSD). Significance
was obtained at p< 0.05.

RESULTS

Effect of vitamin D or/and coconut oil on blood glucose levels:

STZ diabetic mice recorded highly significant increase in blood glucose level (Gp.lV) as compared to
normal control mice (Gp.l) (**p<0.001); a significant increase in blood glucose level of diabetic mice
administered with vitamin D alone (Gp. V) (*p <0.05); and non-significant increase in mice blood glucose levels
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of diabetic mice given coconut oil only (Gp.Vl) or co-administered both together for 4 weeks (Gp.Vll) as
compared to normal control mice (Gp.l) (p >0.05), (Table 1& Graph 1).

Effect of vitamin D or/and coconut oil on insulin levels:

Diabetic mice recorded a significant decrease in blood sera insulin levels (Gp.IV) as compared to
normal control mice (Gp.l) (*p<0.05); and non-significant decrease in mice blood sera insulin levels of diabetic
groups given vitamin D or/and coconut oil (Gps.V, VI and Vll)for 4 weeks as compared to normal control mice
(Gp.l) (p >0.05), (Table 2& Graph 2).

Effect of vitamin D or/and coconut oil on thyroid stimulating hormone (TSH) levels:

Diabetic mice recorded a significant decrease in blood sera TSH levels as well as diabetic group given
vitamin D only (Gps.IV&V)as compared to normal control mice (Gp.l) (*p<0.05), non-significant decrease in
diabetic mice given coconut oil only (Gp.VI)(p >0.05)as compared to normal control mice (Gp.l), and non-
significant increase in diabetic mice given vitamin D and coconut oil together (Gp.VIl) as compared to normal
control mice (Gp.l) (p >0.05), (Table 3 & Graph 3).

Effect of vitamin D or/and coconut oil on T3 and T4 hormone levels:

Diabetic mice recorded highly significant increase in blood sera T3 & T4 levels (Gp.IV) as compared to
normal control mice (Gp.l) (**p <0.001); a significant increase in blood sera T3 & T4levels of diabetic mice
administered with vitamin D alone (Gp.V) (*p £0.05), and non-significant increase in mice blood sera T3 & T4
levels of diabetic mice given coconut oil only (Gp.VI) or co-administered of vitamin D and coconut oil together
(Gp.VII) (p >0.05), as compared to normal control mice (Gp.l), (Tables 4,5& Graphs 4,5).

Table 1& Graph 1: Effect of vitamin D or/and coconut oil on blood glucose levels:-

Groups Mean + SE (mg/dl) =350 - * %
T
300 -
Group | (Normal control) 83.9+6.14 E 750 - é *
@ 200 - e
Group Il (Non-diabetic + Vit. D) 79.4 +6.25 150 - é 2
vl
RN B B
Group Il (Non-diabetic + CO) 72.9+7.03 50 - ﬁ = % 7 =
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\c° K v x 0@ _VQ
Group V (DM + Vit. D) 202.2 +13.74* U S &
S o I x
N & 0@
Group VI (DM + CO) 112.6 +9.68 & N
Group VII (DM + Vit. D + CO) 87.1+4.88 Graph "1":- Mean of blood glucose levels

Statistical significance was measured at p > 0.05; *p < 0.05;**p < 0.001
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Table 2&Graph 2: Effect of vitamin D or/and coconut oil on insulin levels:

Groups Mean t SE (ng/ml)

Group | (Normal control)
Group Il (Non-diabetic + Vit. D)
Group Il (Non-diabetic + CO)
Group IV (DM)

Group V (DM + Vit. D)

Group VI (DM + CO)

Group VII (DM + Vit. D + CO)
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T 16 -
B 14 - I
— 1.2 - = 1
T 1 4 = =
> = % —-
=038 - = é L =
= 0.6 = o o=
£04 - = oo : -
€02 - = 7B T
S 0 = A . e . .
(]
n > Q o) Q 0 0
0&«0 &9 N & 08
[& X ;&\0 X 0@ . Q
ST & N
& x
¥« QQ
& ®
Graph "2":- Mean of insulin levels

Statistical significance was measured at p > 0.05; *p < 0.05

Table 3 & Graph 3: Effect of vitamin D or/and coconut oil on TSH levels:

Groups Mean + SE (ng/dl)

Group | (Normal control)
Group Il (Non-diabetic + Vit. D)
Group Il (Non-diabetic + CO)
Group IV (DM)

Group V (DM + Vit. D)

Group VI (DM + CO)

Group VII (DM + Vit. D + CO)

0.143 +0.013

0.143 £0.012

0.125+0.014

0.027 +0.001*

0.048 +0.026*

0.086 +0.031

0.145+0.039

Serum TSH levels (ng/ml)
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Graph "3":- Mean of TSH levels.

Statistical significance was measured at p > 0.05; *p <0.05

Table 4 & Graph 4: Effect of vitamin D or/and coconut oil on T3 levels:

Groups Mean + SE (ng/dl)

Group | (Normal control)
Group Il (Non-diabetic + Vit. D)

Group Il (Non-diabetic + CO)

Group IV (DM)

Group V (DM + Vit. D)
Group VI (DM + CO)

Group VII (DM + Vit. D + CO)

0.64 £0.13

0.66 +0.04

0.79 £0.08

1.36+0.22**

1.16+0.27*

0.75+0.12

0.76+ 0.05

Serum T3 levels (ng/dl)
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Graph "4":- Mean of T3 levels.

Statistical significance was measured at p > 0.05; *p < 0.05;**p < 0.001
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Table 5 & Graph 5: Effect of vitamin D or/and coconut oil on T4 levels:

Groups Mean t SE (ng/dl) -
3120 - **
S~
Group | (Normal control) 49.08+ 4.59 E:_nIOO 7 & *
(7]
E 80 - % J-
Group Il (Non-diabetic + Vit. D) 51.26 +4.52 2 60 - é B T
< I R -
- = i =
40 - = e -
Group Il (Non-diabetic + CO) 60.98 £2.76 g 20 — § é % -
fes — = = -
% = /7B
Group v (DM) 99.30 + 5.69** @ 0 —— T A T =2 T —
R B R A
Group V (DM + Vit. D) 77.16 + 5.80* N S 9
& & & ¥
\ Y 6\’0 x
Group VI (DM + CO) 55.28 +7.43 £ N
&8 <~
Group VIl (DM + Vit. D + CO 54.80 +3.79
pVI ) Graph "5":- Mean of T4 levels

Statistical significance was measured at p > 0.05; *p < 0.05;**p < 0.001

Immunohistochemical results:
Vimentin:

The normal control group and non-diabetic mice groups received either vitamin Din a dose of6.25
ml/kg bw/d or coconut oil in a dose of 7.5 ml/kg bw/d for 4 weeks expressed normal moderate
immunoreactivity to vimentin filaments at the basal part of thyrocytes and in blood vessel walls as a brown
filamentous colour by using avidin-biotin immune-peroxidase technique (Figs. 1 - 3).

STZ diabetic mice group expressed an obvious intense immunoreactivity to vimentin filaments in the
connective tissue at the basal part of all follicles of the thyroid and in the dilated blood vessel walls (Fig.
4a&b).The administration of either vitamin D or coconut oil or both together daily for 4 weeks to diabetic mice
expressed a marked improvement of vimentin immunoreactivity in situ. However, a marked recovery in
vimentin immunostain was expressed in the thyrocytes of diabetic mice received either coconut oil alone or
coconut oil with vitamin D together more than those given vitamin D alone(Figs.5 - 7).

) ' ".'3'
‘r ’;

574 y \, .J'
HA \ ‘41
13& h"' “_ "~/4 mv‘ﬁif

Figs. (1-3): Sections of the thyroid glands stained with vimentin immunostain expressing normal moderate
immunoreactivity to vimentin filaments in the connective tissue at the basal part of thyrocytes (arrows) and
in blood vessel walls (double arrows) in normal control mice (Fig. 1), in non-diabetic mice received vitamin
D daily for 4 weeks (Fig. 2), and in non-diabetic mice received coconut oil daily for 4 weeks (Fig.3).
Vimentin immunostain, all; Bars = 6.25 um.
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Figs. (4a&b): Sections of the thyroid glands of STZ diabetic mice expressing intense immunoreactivity to
vimentin filaments in the connective tissue at the basal part of thyrocytes (arrows) and blood vessel walls
(double arrows). Vimentin immunostain, Bar = 6.25 um.

Figs. (5-7): Sections of the thyroid glands of diabetic mice given vitamin D or coconut oil or both together
daily for 4 weeks and stained with vimentin immunostain expressing improvement of immunoreactivity to
vimentin filaments in the connective tissue at the basal part of thyrocytes (arrows) and blood vessel walls

(double arrows) received; Fig. 5: vitamin D expressing a reduction and improvement of vimentin
immunoreactivity; Fig.(6): coconut oil expressing an obvious improvement of vimentin immunoreactivity,
and Fig.(7): vitamin D and coconut oil together expressing a marked recovery of immunoreactivity to
vimentin filaments. Vimentin immunostain, all; Bars = 6.25 um.

Image analysis of thyroids cytoskeletal vimentin:

The induction of diabetes in adult mice by STZ caused highly significant increase in the area of
vimentin (Gp.IV) of the thyroid glands as well as in diabetic mice administered with vitamin D alone (Gp.V) as
compared to the thyroids of normal control mice (Gp.l) (**p<0.001); a significant increase in the area of
thyroid vimentin (*p <0.05) of diabetic mice given coconut oil only (Gp.VI) or co-administered with vitamin D
(Gp.VIl) as compared to thyroid vimentin of normal control mice (Gp.l) (p >0.05), (Table 6& Graph 6).
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Table 6 & Graph 6: % of area (Mean * SD) of vimentin expression in thyroid glands of all groups

Groups Mean + SE (mg/dl)

Group | (Normal control)

Group Il (Non-diabetic + Vit. D)

Group Il (Non-diabetic + CO)

Group IV (DM)
Group V (DM + Vit. D)
Group VI (DM + CO)

Group VII (DM + Vit. D + CO)

3.89£0.57

5.59+0.35

5.27+0.43

14.83 £ 1.00**

9.90 £ 0.10**

8.15+0.28*

7.46 £ 0.34*
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Graph "6":- Mean of area fraction of vimentin

Statistical significance was measured at p > 0.05; *p < 0.05;**p <0.001

Cytokeratin:

The thyroid glands of normal control and non-diabetic mice received vitamin D or coconut oil
expressed normal moderate cytokeratin filaments immunoreactivity as brown colour at the apical surface of
epithelial thyrocytes and at the endothelia of blood vessels (Figs. 8 —10). STZ diabetic mice group revealed
markedly more intense cytokeratin filaments immunoreactivity at the apical part of follicular cells (Fig.
11a&b). After administration of diabetic mice with vitamin D or coconut oil or both together daily for 4 weeks;
a marked improvement and recovery of cytokeratin filaments immunoreactivity to approximately normal
expression at the apical surface of epithelial follicular cells of either coconut oil or co-taken with vitamin D
more than those given vitamin D alone(Figs. 12 — 14).

Figs. (8-10):Sections of the thyroid glands with cytokeratin immunostain expressing normal moderate
immunoreactivity to cytokeratin at the apical of thyrocytes (arrows) and at the endothelia (double arrows)
in normal control mice(Fig. 8), in non-diabetic mice received vitamin D (Fig. 9) or received coconut oil (Fig.

10) daily for 4 weeks. Cytokeratin immunostain, all; Bars = 6.25 um.
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Figs. (11a&b): Sections of the thyroid glands of STZ diabetic mice expressing an obvious intense
immunoreactivity to cytokeratin at the apical part of follicular cells (arrows) and at the endothelia (double
arrows). Cytokeratin immunostain, Bar = 6.25 pum.

e

Tl

Figs. (12-14): Sections of the thyroid glands of the treatment of STZ diabetic mice stained with cytokeratin
immunostain expressing improvement of immunoreactivity to cytokeratin at the apical part of follicular
cells (arrows)and at the endothelia (double arrows) of mice received; Fig. 12: vitamin D daily for 4 weeks

expressing improvement and a decrease of immunoreactivity to cytokeratin, Figs. (13&14):coconut oil only

or both vitamin D and coconut oil together daily for 4 weeks, respectively expressing an obvious
improvement and recovery of immunoreactivity to cytokeratin to approximately normal expression.
Cytokeratin immunostain, all; Bars = 6.25 um.

Image analysis of thyroids cytoskeletal cytokeratin:

Diabetic mice recorded a significant increase in the area of thyroid CK (Gp. IV) as compared to normal
control mice (Gp.l)(*p <0.05); non-significant increase in the area of thyroid CK of diabetic mice administered
with vitamin D alone (Gp.V)(p >0.05),and non-significant decrease in area of CK of diabetic mice given coconut
oil only (Gp.VI) or co-administered of vitamin D and coconut oil (Gp.VII) as compared to normal control mice (p
>0.05), (Tables 7& Graph 7).
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Statistical significance was measured at p > 0.05; *p < 0.05;**p < 0.001
DISCUSSION

Diabetes mellitus (DM) and its complications constitute a severe public health issue facing modern
societies. It is characterized by disarrangements in carbohydrates, proteins and fat metabolism caused by
complete or partial insufficiency of insulin secretion and/or insulin action.DM later leads to micro and macro-
vascular complications and becomes a major cause of death (36,37).

The present results of non-diabetic adult mice groups received vitamin D or coconut oil recorded non-
significant changes in the blood glucose and insulin levels as compared to normal control group. A highly
significant increase in blood glucose levels and a significant decrease in insulin were recorded in STZ- diabetic
mice group as compared to the normal control ones. Diabetic mice received vitamin D only recorded a slight
decrease in blood glucose levels and a slight increase in insulin; while the diabetic mice given coconut oil alone
or co-administered with vitamin D recorded a significant decrease in blood glucose levels and a significant
increase in insulin as compared to diabetic group.

Streptozotocin (STZ is glucosamine-nitrosourea compound which is toxic to the insulin-producing
beta cells of the pancreasin mammals. It is used in medicine for treating certain cancers of the islets of
Langerhans and used in medical research to produce an animal model for hyperglycemia by causing damage to
the DNA ( 4,38).

Defective insulin secretion leads to various metabolic aberrations in type 2 DM, spanning from
hyperglycemia due to defective insulin-stimulated glucose uptake and up regulated hepatic glucose
production, along with dyslipidemia, which includes impaired homeostasis of fatty acids, triglycerides and
lipoproteins (5,37).

There are possibilities that vitamin D could have a role on the prevention of the beginning of insulin
resistance. Vitamin D may act directly to induce B-cell insulin secretion by increasing the intracellular calcium
concentration via non-selective voltage-dependent calcium channels; or it may mediate activation of beta-cell
calcium-dependent endo-peptidases to produce the cleavage that facilitates the conversion of pro-insulin to
insulin (39). Hypovitaminosis D is associated with insulin resistance leading to DM. Vitamin D seems to affect

the glucose homeostasis and diminishes stress in B cells which in turn avoids pancreatic cellular apoptosis
(40,41).

Additionally, Siddalingaswamy et al. (29) observed gradual decrease in blood glucose in STZ diabetic
mice after treated with coconut oil daily for 3 weeks. Iranloye et al. (42) also recorded that virgin coconut oil
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alleviates hyperglycemia and improves glucose tolerance probably by its antioxidant effect which consequently
leads to improvement of insulin secretion.

Coconut oil is rich with natural antioxidants that may play a vital role in improving insulin response to
the loaded glucose and may reduce insulin resistance like cotrienols, capric acid, caproic acid, and lauric acid,
which damage oxygen free radicals that have been suggested to play an important role in Diabetes mellitus
(43). Lauric acid in coconut oil has insulin-tropic properties. The superior effect of coconut oil over calcium was
probably because it contains high amount of saturated fats in the form of medium chain triglycerides that are
important for calcium absorption from the intestines (30).

In the present results, the diabetic mice expressed significant decrease in thyroid stimulating
hormone (TSH) levels and highly significant increase in triiodothyronine (T3) and thyroxine (T4) levels. The
diabetic mice given vitamin D only daily for 4 weeks was not approximately effective, while the diabetic mice
administered with coconut oil alone or co-administered with vitamin D daily for 4 weeks recorded a significant
improvement of TSH, T3 and T4 levels approximately similar to normal control mice.

Similar results were recorded by Ray and Ghosh (44) and Ahmed et al. (45) who registered the
relationship between thyroid disorders and DM; TSH was significantly lower while T3 and T4 were significantly
higher in diabetic patients. They reported that serum T4 entirely originates from the thyroid gland, while more
than 80% of T3 is produced by de-iodination of T4 in other tissues. Increment of serum T4 concentration
suppresses TSH secretion through the pituitary thyroid feedback mechanism (46).

Insulin and thyroid hormones influence on the metabolism of carbohydrates, proteins, and lipids;
hence their interrelation between DM and thyroid disorders (47,48).The hyperthyroidism is usually reserved
for thyrotoxicosis caused by excessive production of thyroid hormone. Other forms of thyrotoxicosis include
thyrotoxicosis factitia and those associated with different forms of thyroiditis. Overt thyrotoxicosis is defined
as the syndrome of hyperthyroidism associated with suppressed TSH and elevated serum levels of Tsor Ts.
Subclinical thyrotoxicosis is devoid of symptoms, but TSH is suppressed although there are normal circulating
levels of thyroid hormone (49,50).

Concerning to the cytoskeleton; the present study demonstrated that the thyroid glands of normal
control or non-diabetic mice given either vitamin D or coconut oil expressed normal moderate
immunoreactivity to vimentin filaments at the basal part of thyrocytes and in blood vessel walls, while CK
immunoreactivity expressed at the apical part of follicular cells and at the endothelia of blood vessels. Diabetic
mice expressed an obvious intense immunoreactivity to vimentin and CK filaments. However, after the
administration of vitamin D or coconut oil or both together daily for 4 weeks to diabetic mice group, a marked
improvement and recovery of thyroid vimentin and CK to approximately normal moderate immunostain
expression in either coconut oil group or co-administered with vitamin D more than vitamin D group alone.

In accordance, El-Desouki et al. (51) reported that the intermediate filament proteins vimentin and CK
were evaluated in the mesenchymal and epithelial cells, respectively of normal and pathologically changes in
the thyroid tissues. Similar results were seen in the breast tumors using a pre-diabetic, hyperinsulinemic
mouse model, that insulin promotes an increased expression of vimentin (52).

There is association between diabetes and stress as well as between stress and autoimmune thyroid
disease (AITD) (especially Graves’ hyperthyroidism)(53).Chronic stress increased serum corticosterone level
(54); this increment leads to releasing corticosterone which induces insulin resistance, thus elevating the
serum glucose(55). Also, El-Desouki et al. (56&57) reported the acute and chronic stress increased the levels
of cortisol in male albino rats and subsequently the increment of the vimentin and CK intensity; intense CK
filaments immunoreactivity was expressed at the apical part and lateral borders of the three types of gastric
mucosal cells and the vimentin filaments manifested an obvious intense immunoreactivity in the lamina
propria of gastric mucosa and in the blood vessels during stress as compared to the control ones(56).
Moreover, the immobilized-stressed rats expressed obvious alterations in cytokeratin and vimentin immune
reaction in the rat liver tissues. Also, Stress cause neurological disorders whose pathway included
intermediate filaments accumulation (58).
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Flitney et al. (59) also reported that the moderate stress applied to cells for a short period of time
caused phosphorylation which was associated with the building of keratins into thick tonofibrils to enhance
the ability of cells to resist mechanical stress. Vimentin is crucial for the attachment of lymphocytes to the
vascular endothelium and transcellular migration of lymphocytes through endothelial cells (60).Moreover, the
increment of prolactin hormone (hyperprolactemia) caused the accumulation of the immunostainto vimentin
in mice thyrocytes (51).

Vitamin D3 supplementation to rat model has been found to reduce oxidative stress, improve cell
viability and protect cells from death. The mechanisms involved include the prevention of free oxygen radical
release and the modulation of the interplay between apoptosis and autophagy (61,62). The neuro-protective
action of vitamin D3 is revealed through neuronal calcium regulation, antioxidative pathway, immune-
modulation, and detoxification (62).

Virgin coconut oil (VCO) has a lot of benefits including antiulcerogenic, antinociceptive, anti-
inflammatory, anti-hypercholesterolemic, antimicrobial and hepato-protective effects (63). Nutrition and
antioxidant supplements have been considered to be beneficial for the recovery from oxidative
stress (64). This effect may be attributed to the high medium-chain fatty acids that found in VCO which may
help prevent the development of stress-induced depression in mice using a similar forced swim test model
(65). Coconut oil can help normalize the function of thyroid glands. Coconut oil with its unique medium chain
fatty acids raises both energy level and metabolism, improves the function of the mitochondria and producing
energy inside each cell of the body and prevents both low blood sugar and high blood sugar preventing
hypoglycemia and other blood sugar problems (42 ,66,67).

In conclusion, the changes in blood glucose, insulin, TSH, T3 and T4 levels of diabetic mice as well as
the immunohistochemical changes in cytoskeletal vimentin and cytokeratin of thyroid glands were restored to
normal after administration of coconut oil alone or co- administered with vitamin D, and demonstrated
stronger anti-hyperglycemic effects than those taken vitamin D only.
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