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SUMMARY
Thyroid hormones play a crucial role in the
body’s metabolism, and in patients with diabetes
thyroid dysfunction diseases are common. Type
1 diabetes mellitus can be treated with daily
insulin injections, but this treatment is often
accompanied by multiple complications.
Studies have shown, however, that mesenchy
mal stem cells (MSCs), having produced remar
kable improvement in diabetic rat models, can
differentiate into insulin-producing cells that
could be used for treatment of diabetes mellitus.
To evaluate effects of bone-marrow-derived stem
cell transplantation on rats with induced diabe
tes mellitus by assessing their thyroid hormones,
thyroid autoantibodies, and structural changes
in thyroid gland sections before and after MSC
transplantation, this study used 40 adult male
albino rats: 10 for MSC isolation; 30 randomly
divided into control, diabetic, and MSC-treated
groups. In 20, diabetes mellitus was induced by
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streptozotocin injection. Of the diabetic group,
10 were treated with bone-marrow-derived stem
cells. Histological studies (light, electron micros
copy) of thyroid sections were observed; thyroid
hormones, thyroid peroxidase, and thyroglobulin
antibodies were measured in the serum.
Diabetic rats’ thyroid glands showed distorted
histological structure, a drop in thyroid stimulating
hormone (TSH), and elevation of thyroid hormone
level. Microscopically, the thyroid gland of bonemarrow-derived stem cell-treated rats yielded
significantly ameliorated histological appearance
and significantly increased TSH levels, along
with thyroid hormones decreased toward normal
levels. Diabetes induces thyroid dysfunction
and thyroid tissue injury. Bone-marrow-derived
stem-cell therapy protects against thyroid gland
diabetes-induced tissue injury.
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INTRODUCTION
In clinical practice, diabetes mellitus (DM) and
thyroid dysfunction are the most prevalently en
countered endocrine diseases. In fact, incidence
of thyroid disorders in diabetic patients is greater

DM by destruction of pancreatic beta cells, in turn
leading to reduction of insulin and, consequently,
significant hyperglycemia. Long-lasting hypergly
cemia results in irreversible tissue damage and dys
function of various organs (El Barky et al., 2017).

than in the normal population and is affected by

The main treatment for T1 DM is insulin

autoimmune diseases, age, and gender (Kadiyala

injection, but, unfortunately, many complications

et al., 2010). Thyroid hormones participate in con

occur in DM, even with long-term insulin therapy

trolling functions of pancreases and carbohydrate

(Chen et al., 2004). Therefore, a new approach

metabolism. Moreover, diabetes influences thyroid

for treating DM and its complications has

function laboratory results (Leong et al., 1999).

become a priority. Extracted from bone marrow

Patients with hypothyroid and type 1 diabetes

and used in body-tissue repair and rebuilding,

mellitus (T1 DM) experience more hypoglycemic

mesenchymal stem cells (MSCs) offer advanced

attacks than diabetic patients with normal thyroid

DM therapy (Boháčová et al., 2018) because

function, and studies have reported hypothyroid

MSCs can differentiate into cells of all three germ

ism common in diabetic patients with insulin

layers; they also have high proliferative potential

resistance (Maratou et al., 2009). Disturbance of

ex vivo, so they are considered for use in tissue

thyroid hormones’ levels has been reported in dia

engineering and cell transplantation (Das et al.,

betic patients, particularly in those with non-con

2013). In addition, the two endocrine disorders

trolled diabetes, who reveal depressed nocturnal

of DM and thyroid dysfunction are greatly

thyroid stimulating hormone (TSH) peak and re

associated in animals and humans (Duntas et al.,

duction of response to thyrotropin-releasing hor

2011). Indeed, in animal models of diabetes, MSC

mone (TRH) (Nilgün Gürsoy, 1999).

transplantation has shown increased metabolism

In addition, untreated thyroid dysfunction di
sease may augment existing cardiovascular di

and is considered a new therapeutic choice for
insulin-dependent DM (Dave et al., 2015).

sease and deteriorate diabetic patients’ metabolic

Many studies have been conducted on MSC

control (Mohn et al., 2002). Furthermore, auto

treatment’s effect on various organs affected by

immune thyroid disease (ATD) includes Hashimo

diabetes, but few have examined its efficacy in

to’s thyroiditis, Graves’ disease, and postpartum

the thyroid gland. Therefore, this study evaluated

thyroiditis. ATD and T1 DM have common predis

MSC’s transplantation effects on diabetic rats’

position genes in that both diseases can be asso

thyroid glands by assessing alterations of their

ciated with other autoimmune syndromes such as

thyroid hormone level, thyroid autoantibodies,

Addison’s and coeliac diseases (Barker, 2006; Pilia

and structural and ultrastructural changes.

et al., 2011). Besides that, ATD and T1 DM share in
polyglandular autoimmune syndromes (Dittmar
and Kahaly, 2003). ATD shows elevation of serum
level thyroid peroxidase (TPO Ab) and thyroglobu
lin (TG Ab) antibodies (Weetman and McGregor,
1994), which are also detected in T1 DM patients
(Hanukoglu et al., 2003); the existence of these
antibodies predicts incidence of thyroid diseases
(González et al., 2007).
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MATERIALS AND METHODS
Animals
After the Medical Research Ethical Committee,
Faculty of Medicine at Suez Canal University
approved

this

study’s

protocol,

forty

180-

200 g adult male albino rats were allowed a
laboratory-rat chow diet and water ad libitum.

Autoimmune demolition of pancreatic beta cells

Care and hygiene were undertaken to maintain

results in T1 DM with expression of insulin autoan

a constantly healthy location and atmosphere

tibodies. TI insulin-dependent DM is a metabolic di

for the rats, housed under standard conditions of

sease that causes beta cell autoimmune destruction

temperature and lighting (12-h light/dark cycles).

requiring insulin replacement (Dave et al., 2015). In

All rats received care in accordance with the rules

rat-model DM, streptozotocin is used to induce T1

and regulations of the Medical Research Ethical
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Committee, Faculty of Medicine, Suez Canal

considered diabetic (Santos et al., 2013). Blood

University.

glucose was tested using a glucose monitor (AccuChek Active, Roche, Mannheim, Germany), and

Mesenchymal stem cells isolation

blood samples were taken from the rats’ tail veins.

Ten rats were sacrificed to obtain MSCs from their

Four weeks after diabetes induction, diabe

bone marrow, which was harvested by flushing the
tibiae and femurs of 2-4 week-old white rats with

tic rats were randomly divided. Half received
mesenchymal cells (1×105 cells/rat), injected via

DMEM supplemented with 10% FBS. Nucleated

tail veins (Antunes et al., 2014), while the other

cells were isolated with a density gradient (Ficoll)

groups received the same amount of the vehicle.

and resuspended in medium supplemented with
1% penicillin-streptomycin (Anani et al., 2014).

Thyroid stimulating hormone (TSH), triiodothy
ronine (T3), thyroxine (T4) levels, free T4, T3,

Cells were plated and incubated at 37° C in 5%

and thyroid autoantibodies (TPO Ab, TG Ab) were

humidified CO2 within a medium changed every

measured for all groups; venous blood samples

3-4 days. Typically, cells were maintained for 1214 days as primary culture or upon formation of
big colonies. Cultures were washed twice with
phosphate buffer saline (PBS). Cells were then
trypsinized (0.25%) in 1-mM EDTA for 5 min at 37°
C. After centrifugation, cells were suspended with
a serum-supplemented medium and incubated in

were collected from retro-orbital plexuses. Serum
TSH, T3, T4, and free T4 and T3 concentrations
were measured by Enzyme Linked Fluorescent
Assay (ELFA) (Biomerieux Mini VIDAS Automated
Immunoassay System, France). TPO Ab and TG
Ab were measured by immunoradiometric assays
(Abbott Laboratories, Abbott Park, IL, USA).

a 50 cm2 culture flask (Falcon). First-passage MSC

After 6 weeks of mesenchymal cell injection,

cultures were characterized by their stickiness

all rats were sacrificed. Neck skin was incised,

and fusiform shape (Rochefort et al., 2005), and

and the trachea was exposed and dissected. The

6 x 10 of cells were injected and adjusted for

thyroid gland was removed, one lobe then used

dosing in a 1-ml PBS solution (Alhadlaq and Mao,

for light microscope examination and the other

2004). Streptavidin-biotin immunoperoxidase

for electron microscope examination.

6

was used to detect CD29 (integrin beta-1) and
CD44 (receptor for hyaluronate and osteopontin)
(purchased from Labvision, New York, USA) as a
marker of MSCs (Abdel Aziz et al., 2007).

gland were fixed in 10% buffered formaldehyde
Sections 5 μm thick were cut and stained with

Thirty rats were divided into three experimental
groups of 10: Group I (Control); Group II, diabetic
group (DM); and Group III, diabetic group treated
with mesenchymal stem cells (DM+MSC).
Group I (Control): Healthy rats received no
medications during the experiments. Their fasting
blood glucose was approximately 105 mg/dl.
Group II (DM) and Group III (DM+MSC): Diabetes
mellitus was induced in these rats by a single
injection

After thyroid removal, portions of the thyroid
for 2 days and processed for paraffin sections.

Experimental groups

intraperitoneal

Light microscopic (LM) study

of

streptozotocin

hematoxylin and eosin (H & E) (Kiernan, 2015).
Electron microscopy (EM) study
Gluatraldehyde 3% buffer at pH 7.4 was used
to fix thyroid gland specimens. Tissues were
removed and fixed again in 1.3% osmium
tetroxide in phosphate buffer (pH 7.4) for 1h, then
inserted in an epoxy resin mixture and processed
and embedded in Epon capsules. Semi-thin
sections, i.e., one μm of Epon capsule, were cut
using LKB ultra-microtome and then stained with

(STZ) (Sigma-Aldrich, St. Louis, MO), 45 mg/

toluidine blue. Ultrathin sections (70-90 nm) were

kg body weight, freshly dissolved in 50 mM of

prepared and stained with uranyl acetate and lead

sodium citrate buffer (pH 4.5). Two days after

citrate (Bozzola and Russell, 1999). Stained grids

STZ administration, rats with 12-hour fasting

were then examined by a (JEOL) EM 1010 at the

blood glucose values exceeding 250 mg/dl were

Egyptian National Cancer Institute of Cairo.
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Morphometric study
Hematoxylin and eosin slides were examined
under a standard microscope. With an X40 lens,
five fields of each slide were photographed using
a Nikon E400 digital microphotography system
(N150, Nikon Co., Tokyo, Japan). Follicular
epithelial height was measured using Digimizer
software program version 4.6.1.
Quantitative assessment and statistics
All data were analyzed statistically using Graph
Pad prism version 4. Data were expressed as
mean ± SD and analyzed using one-way analysis
of variance (ANOVA) and the Kruskall-Wallis test,
followed by Dunn’s multiple comparison post-hoc
test for comparison among all groups. Differences
were significant at p-values of <0.05.

RESULTS
Light Microscopic results
Haematoxylin and eosin (H & E) staining:
Group I (control): Thyroid sections’ histological
examination revealed many thyroid follicles
of variable size surrounded by a connective
tissue capsule, and their cavities contained an
acidophilic colloid. Each follicle was lined by a
single layer of cuboidal follicular cells with round
vesicular nuclei and parafollicular cells with
flattened nuclei. Interfollicular cells and minute
blood capillaries were found between follicles
(Figs. 1a, 2a).
Group II (DM): In the diabetic group, the thyroid
gland H & E-stained sections showed variable
morphological changes: Thin capsule (Fig. 1b)
and the parenchyma showed congested blood
vessels (Figs. 1c, d, e, 2d). The tyroid follicles’ size
varied, some large and dilated (Figs. 1c, d), others
shrunken and atrophied (Figs. 1d, 2d, e), and
some follicles were fused (Fig. 1e).
Follicles were lined by flattened epithelium
(Figs. 2b, e), with some lined by multilayers of
follicular cells (Figs. 1b, 2b, c), while others had
lost their epithelial lining (Fig. 2b), showing
hyperemia between follicular cells (Figs. 1b, 2b, c).
Several lining epithelial cells showed dark stained
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pyknotic nuclei (Fig. 2e). The follicles’ lumen
contained a vacuolated colloid or were completely
devoid of colloid (Figs. 1b, c, d, 2d).
Group III (DM + MSC): For diabetic rats,
thyroid gland H & E-stained sections treated
with mesenchymal stem cells revealed marked
improvement and restored normal thyroid
histological architecture. Follicles were lined
with one layer of cuboidal cells with rounded
euchromatic nuclei. Interfollicular cells were
present between follicles. Most follicles’ lumen
was filled with colloid, but some showed
vacuolated colloid (Figs. 1f, 2f).
Electron microscopic results
Group I (Control): Electron microscopic
examination of the control group’s thyroid
glands revealed that follicular cells contained
euchromatic nuclei with prominent nucleoli
and well- defined nuclear membranes. Their
cytoplasm had rough endoplasmic reticulum,
normal mitochondria, and, occasionally, small
dense granules (lysosomes). Their apical surfaces
showed apical abundant microvilli protruding
into follicular lumen filled with colloid (Figs. 3a,
4a).
Group II (DM): In the diabetic group, electron
microscopic sections of the thyroid glands showed
follicular cells with irregular electron-dense nuclei
with clumped peripheral heterochromatin. Their
cytoplasm showed dilated rough endoplasmic
reticulum (Figs. 3b, 4c, d), swollen degenerated
mitochondria, few electron-dense granules
(lysosomes), and many collagen fibers (Figs. 3b, e,
4b); other cells had marked shrunken nuclei and
complete loss of cytoplasmic organelles (Fig. 3d).
Moreover, some cells had flattened nuclei (Fig. 3e)
or fragmented nuclei (Fig. 4b). Some follicles were
lined by more than one layer of follicular cells with
irregular shrunken dark nuclei with vacuolated
cytoplasm (Figs. 5a, b, c). Follicular cells showed
dome-shaped apical borders, and microvilli
protruded into their follicular lumen (Figs. 5b,
c). Dilated blood vessels were observed between
follicular cells (Fig. 4e). Follicular cell division in
the form of prophase, metaphase, and anaphase
was also observed (Figs. 5d, e, f).
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Fig. 1.- Photomicrographs of thyroid gland sections. (a) Control group (I) showing a thyroid gland surrounded by a connective tissue capsule (C). The
parenchyma is composed of multiple relatively moderate-size rounded follicles (white arrows), and some larger follicles appear at the periphery. (be) Diabetic group (II) showing thin capsule (C). Some thyroid follicles are lined with multiple layers of follicular cells (stars), others show hyperemia
between follicular epithelium (black arrows), and yet others have large dilated thyroid follicles (X) with decreased colloid (Co) and vacuolated colloid
(V). Note: There are fused thyroid follicles (F), empty follicles (*), involuted follicles (I), and dilated congested blood vessels (BV). (f) The MSC-treated
group (III) showing nearly normal thyroid follicles with colloid in their lumina (Co) but still with colloidal vacuoles (V). (H&E, x100).

Fig. 2.- Photomicrographs of thyroid gland sections. (a) Control group (I) showing normal thyroid architecture with variable follicles lined with cu
boidal follicular cells with rounded nuclei (white stars) and parafollicular cells with flattened nuclei (arrow heads). Follicular lumen is filled with
homogenous acidophilic colloid (Co). Interfollicular cells (IF) and blood capillaries (BV) appear in connective tissue between follicles. (b-e) Diabetic
group (II) showing part of thyroid follicles lined with multiple layers of follicular cells (black stars) and hyperemia between follicular epithelium lining
(arrow). Additionally, microfollicles or involuted follicles (I) lined with flattened epithelium (FT) with areas of lost epithelium (B) and others with dark
pyknotic nuclei (P) containing scanty vacuolated colloid (V). (f) MSC-treated group (III) showing improvement of thyroid gland’s normal architecture,
cuboidal follicular cells (stars) and parafollicular cells (arrow head); homogenous acidophilic colloid (CO) filling lumen and interfollicular cells (IF)
are noted (H&E, x400).
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Fig. 3.- Electron micrograph of thyroid follicles of group: (a) Control group (I) showing cuboidal follicular cells with rounded euchromatic nuclei
(N), prominent nucleoli (n), and well-defined nuclear membranes (white arrow). Their cytoplasm shows cisternae of rough endoplasmic reticulum
(ER). Apical surfaces show apical abundant microvilli (MV) protruding into follicular lumen that contains colloid (CO) (x12000). (b) Diabetic group
(II) showing follicular cell with irregular nucleus (N) with clumped peripheral heterochromatin (CR); many collagen fibers (CF) occupy its cytoplasm
(x3000). (c) Others with irregular indented nuclei (N), cytoplasm containing lysosomes (L), surrounded by parafollicular C cell (C) (x8000). (d) Others
with marked shrunken nuclei (N) and complete loss of cytoplasmic organelles (x8000). (e) Other cells with flattened nuclei (N) surrounded by many
collagen fibers (CF) (x12000). (f) Stem cell treated group (III) showing marked amelioration of ultrastructure compared to Group II. Most follicular cells
have nearly normal euchromatic nuclei (N) and prominent nucleoli (n). Their cytoplasm has nearly normal organelles, but some cells still show small
irregular electron-dense nuclei (arrow heads) (x8000).

Fig. 4.- Electron micrograph of thyroid follicles: (a) Control group (I) showing cuboidal cells with euchromatic nuclei (N) and well-defined nuclear mem
branes (arrow). Their cytoplasm contains cisternae of rough endoplasmic reticulum (ER), mitochondria (M), and many lysosomes (L) (x2000). (b-e)
Diabetic group (II) (b) showing follicular cells with fragmented nuclei (N), their cytoplasm containing degenerated mitochondria (M) and lysosomes (L).
Vacuolated colloid are also noted (V) (x8000). (c) Others with dark nuclei (N) and large cytoplasmic areas occupied by dilated profiles of rough endo
plasmic reticulum (ER) (x10000). (d) Irregular shrunken dark nuclei (arrow heads) surrounded by empty zones devoid of organelles (star) (x8000). (e)
Dilated congested blood vessel are also observed (BV). (f) MSC-treated group (III) showing follicular cell with oval-to-rounded euchromatic nuclei (N)
and well-defined nuclear membranes (arrow). Their cytoplasm shows cisternae of rough endoplasmic reticulum (R) and multiple lysosomes (L) (x2000).
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Fig. 5.- Electron micrograph of thyroid follicles of diabetic group (II): (a-c) Showing severely affected follicle lined by more than one layer of cells with
irregular shrunken dark nuclei (N). The cells exhibit many empty zones devoid of organelles and multiple vacuoles (V). (b & c) Showing columnar
follicular cells with dome-shaped apical border, with dark nuclei (N) and lost apical microvilli; the follicular lumen contains colloid (CO). (d-f) Showing
follicular cell division in forms of prophase, metaphase, and anaphase. (a) (x8000); (b) (x1000); (c) (x8000); (d) (x10000); (e) (x12000); (f) (x15000).

Group III (DM + MSC): Electron microscopic
sections of thyroid glands belonging to diabetic
rats treated with mesenchymal stem cells
revealed marked amelioration of ultrastructure
compared to the diabetic group. Most follicular
cells had nearly normal euchromatic nuclei with
prominent nucleoli with well-defined nuclear
membranes. Their cytoplasm had nearly
normal organelles, that is, rough endoplasmic
reticulum and lysosomes. However, some cells
still showed small irregular electron-dense
nuclei (Figs. 3f, 4f ).
Biochemical results
Diabetic rats showed increased serum TSH
concentration, along with reduced serum total
T3, total T4, free T3, and free T4 concentrations
(Table 1). In the MSC group, these thyroid
hormones’ serum concentrations were nearly
the same as those of the control group (Table
1). However, compared with control rats,
diabetic animals showed elevated sera TPO
and TG antibodies that returned to normal in
mesenchymal-treated rats (Table 1).

Morphometric results
Compared to the control group, the diabetic group
had significantly higher follicular cell height. In the
MSC-treated group, on the other hand, follicular
height decreased markedly (Table 1).

DISCUSSION
Globally, DM is a remarkably common
endocrine disease affecting various organs, but it
is especially associated with thyroid dysfunction
(Chen et al., 2004). In this study, however,
serum TSH was elevated, whereas in diabetic
rats, T3 and T4 levels decreased so that these
biochemical markers improved toward normal
in mesenchymal cell-treated rats. These results
correspond to those of Da Silva et al. (2018),
who reported reduction of T3 and T4 levels with
an elevated TSH level in diabetic rats’ thyroid
function. Indeed, in many experimental studies of
diabetic rats, researchers have reported that longlasting diabetes affects thyroid function because
significant hyperglycemia leads to depression of
the hypothalamus pituitary-thyroid hormonal
axis, in turn leading to reduction of thyrotropin-
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releasing hormone (TRH) (Rondeel et al., 1992)
and to decline of TSH secretion. Moreover, the
thyroid response to TSH is diminished in diabetic
rats (Bagchi et al., 1981). Furthermore, T3 and T4
synthesis and thyroperoxidase activity decrease
(Moura et al., 1986), and deiodination of T4 to T3
in tissues diminishes (Schröder et al., 1992).
Decline in TSH could be due to augmentation of
thyroid DUOX activity, crucial for thyroperoxidase
and thyroid hormone synthesis (Fortunato et
al., 2010), and otherwise to increased NOX4
activity in diabetic rats’ thyroid glands, which
participates in raising reactive oxygen species
(ROS) synthesis. Accumulated ROS causes thyroid
oxidative damage, thus exposing diabetic patients
to thyroid hormones’ disruption (Santos et al.,
2013).
Increased serum TPO and TG antibodies in
diabetic animals in our study has also been
reported by López Medina et al., (2004), Ridha
and Zubaidi (2019) and Sharifi et al. (2008). Type
1 diabetes is greatly associated with thyroid
antibodies: thyroid peroxidase and thyroglobulin
antibodies are predominant in type 1 DM

patients and in their first-degree kin (Hanukoglu
et al., 2003). These antibodies are common in
uncontrolled diabetic patients and may cause
elevated TSH and thus hypothyroidism by
segregate thyroid hormone (Ridha and Al Zubaidi,
2019).
In this study, diabetic rats showed distorted
thyroid histology with hyperemia and cellular
infiltration. This finding accorded with that of
Yetim et al. (2015), who reported that diabetic
rats’ thyroids showed large thyroid follicles with
flat squamous or cuboidal lining epithelium
and wide lumen. Follicles were distorted,
diminishing colloid contents (Yetim et al., 2015).
In another study of diabetes’ effect on the thyroid,
researchers found inflammation of thyroid tissue
and its follicles with lymphocyte infiltration
(Wright et al., 1983). This could be explained as
hyperglycemia resulting from insulin deficiency
causing Advanced Glycation End-Products (AGE).
As reported by Hasegawa et al. (2011), these
products connect receptors with cytokine release,
causing inflammation, increased endothelial
permeability, fibroblast proliferation, and
increased extracellular matrix.

Table 1. Serum thyroid stimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4) levels, free T4, T3, thyroid peroxidase
antibodies (TPO Ab), thyroglobulin antibodies (TG Ab) and height of follicular cells (µm) in the studied groups. Data presented as
Mean ± SD.

Normal reference ranges

Group I (control)
Mean ± SD
(n=10 )

Group II (DM)
Mean ± SD
(n=10 )

Group III
(DM + MSC)
Mean ± SD
(n=10 )

TSH

0.4-4.5 uUl/ml

1.63 ± 0.74

5.8 ±0.85 ***

1.62 ± 0.98 ###

T3

65.0-205 ng/ dl

114.1 ± 41.66

48.6 ± 7.73 ***

114.5 ± 40.09 ###

T4

3.9-14 ug/dl

9.2 ± 3.259

2.63 ± 0.61 ***

9.20 ± 3.55 ###

Free T3

2-4.4 pmol/l

2.7 ±0.48

1.65 ± 0.29 ***

2.84 ± 0.64 ###

Free T4

0.9-1.7 ng/dL

1.3 ± 0.22

0.95 ± 0.26 *

1.3 ± 0.22 #

TPO Ab

0.0-0.6 IU/ml

1.28 ± 0.22

11.5 ± 3.89 ***

1.37 ± 0.23 ##

TG Ab

0.0-60 IU/ml

3.7 ± 1.7

59.6 ± 21.94 ***

26.5 ± 12.48 *

10.4 ± 2.98

20.24 ± 7.57 *

7.9 ± 3.47 ###

Height of follicular cells (µm)

*, ** or *** Denotes significant difference between DM or DM +MSC vs control, p<0.05, p<0.01 or p<0.001, respectively. #, ## or
### Denotes significant difference between DM and DM + MSC groups, p<0.05, p<0.01 or p<0.001, respectively.
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Our study revealed diabetic rats’ increased
follicular cell height: TSH synthesized and secreted
from pituitary thyrotrophs positively regulates
thyroid gland activity, which is controlled by the
hypothalamic TSH-releasing hormone. TSH acts
on specific membrane receptors of follicular
cells and stimulates activity of the sodium-iodine
symporter of intracellular enzymes involved in
thyroid hormones’ synthesis. Therefore, when
the level of serum thyroid hormones decreases,
TSH feedback inhibition is attenuated, and more
TSH is secreted; this supports hyperplasia and
hypertrophy of thyroid cells and disturbs the
thyroid gland’s function (Boelaert et al., 2009;
Chiamolera and Wondisford, 2009).
The present study’s electron microscopic
examination of diabetic rats’ thyroid follicular cells
showed marked dilatation of rough endoplasmic
reticulum; swollen degenerated mitochondria;
some, or complete, loss of cytoplasmic organelles;
and irregular, shrunken, or fragmented nuclei—as
also reported by (Bestetti et al., 1987). Denham et
al. (1997) confirmed that mitochondrial damage
was due to increased proinflammatory cytokines
such as TNF-α.
Dilatation of rough endoplasmic reticulum
was attributed to formation of oxygen-derived
free radicals that induce lipid peroxidation and
cause damage to mitochondria and cytoplasmic
organelle membrane structures. Accordingly,
membranes’ stability and integrity are disrupted,
leading to osmolality changes and hydropic cell
degeneration (Guo et al., 2013). Lipid peroxidation
triggers endonuclease enzymes, thus leading to
nuclear degeneration (Zhang et al., 2012).
In our work, mesenchymal stem cells (MSC)
improved thyroid hormone levels and ameliorated
thyroid structure and ultrastructure. This result
accords with an examination of MSCs’ influence
on thyroid function and ROS generation in type
I diabetes; previous research found that MSC
therapy controlled thyroid ROS generation,
thyroid hormones levels remained low, and serum
TSH concentrations increased. TPO activity
decreased in diabetes, and MSC treatment did
not normalize TPO. In our study, MSC treatment
decreased serum TSH levels compared to the
diabetic group, but TPO levels were normalized in

the MSC-treated group, contrary to this study (da
Silva et al., 2018).
Many experiments have tested MSC’s efficacy
for treatment of type 1 DM. Transplantation of
1 × 106 bone marrow MSCs with pancreatic islet
cells to type 1 diabetic rats effectively reduced
blood glucose levels to under 200 mg/dl after 15
days (Figliuzzi et al., 2009). In many additional
experiments, MSC treatment has reduced blood
glucose levels in the rat model of diabetes (Lin
et al., 2009; Si et al., 2012). In clinical trials,
MSC plays an effective role in controlling type 1
diabetes (Carlsson et al., 2015; Jiang et al., 2011).
In in vivo studies, MSC is trans-differentiated into
insulin-producing cells. Moreover, streptozotocininduced diabetic rats have shown noticeable
elevation of blood insulin levels (Lin et al., 2009).
MSCs’ role in controlling blood glucose level
can be explained by its secretion of a variety of
cytokines and growth factors that help protect
damaged cells from apoptosis and enable
proliferation of intrinsic pancreatic progenitor
cells. This paracrine effect correlates with
angiogenesis, anti-inflammatory activities, cell
protection, apoptosis resistance, and promotion of
mitosis (El Barky et al., 2018). Moreover, MSCs can
trans-differentiate into insulin-producing cells
and prolong islet cells’ viability and function with
subsequent formation of pancreatic tissue having
the capability of maintaining beta cell function.
This leads to decreased blood glucose levels and
increased serum insulin in both humans and
animals (Dave et al., 2015; Timper et al., 2006).
Thus, stem cells can replace the need for islet
cell transplantation with semi- analogous effects.
However, MSC transplantation is restricted due
to the need for much equipment and cell viability
(Luo, 2012). More studies are necessary for better
understanding of MSCs’ mode of action derived
from bone marrow and its special effects on
damaged tissues.
Further research is also required to understand
more about the amount of transported MSCs
and transplantation’s proper timing so as to
employ cells efficiently in regenerative medical
applications.
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CONCLUSION
Diabetes induces thyroid dysfunction and
thyroid tissue injury, but MSCs can help protect
against diabetes-induced tissue injury of the
thyroid gland. Future studies are required to
fully appraise the leverage of stem cell therapy in
treatment of DM and its complications.
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