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Abstract

Background: Primary hypothyroidism is a chronic condition with significant morbidity. Providing physiological
thyroid hormone replacement through pharmacological treatment remains controversial.

Aim of work: To evaluate the efficacy of human umbilical cord blood-derived mesenchymal stem cells (UM-MSCs)
transplantation versus their conditioned media (CM) on thyroid function tests (TFTs) and thyroid structure in
hypothyroid rats, also to compare intravenous versus its intranasal route.

Methods: This study was conducted on forty male Wistar rats divided equally into 4 groups. Group | served as a
negative control group, group Il received amiodarone (AMD, 100 mg/kg /day for one month) to induce
hypothyroidism, group 11 (AMD+UM-MSCs) through intranasal and intravenous routes, and group 1V (AMD+CM)
through intranasal and intravenous routes. TFTs were measured at the beginning of the experiment, after 30 days of
AMD administration, and then after ten days from the injection of stem cells and conditioned media (at day 40).
Bodyweight and rectal temperature were measured weekly during the study. Rats were authentically sacrificed, the
thyroid gland was extracted from each rat for histological studies (Hematoxylin and Eosin (H&E), electron
microscopy (E/M), and Immunohistochemistry).

Results: Normalization of TFTs after ten days from transplantation in treated groups (p<0.05) showing no difference
between intravenous and intranasal groups. Electron microscopy together with H&E showed restoration of thyroid
follicles morphology. Furthermore, immune reactions for BCL2 (B Cell Lymphoma 2), iNOS (Inducible Nitric Oxide
Synthase), and BAX (Bcl-2-associated X protein) in both stem cells and conditioned media groups were comparable
to the control group.

Conclusion: Stem cells-derived conditioned media was as effective as umbilical cord-derived stem cells in reversing
hypothyroid status in rats either by intravenous or intranasal routes.
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Introduction

Hypothyroidism is a worldwide problem that affects 5.3% of the
population(Taylor, Albrecht et al. 2018). Under- and overtreatment are
associated with increased somatic and psychiatric morbidity leading to
earlier retirement and excess mortality. (Lillevang-Johansen, Abrahamsen et
al. 2019). The current standard of care for the treatment of overt
hypothyroidism is a replacement of thyroid hormone with levothyroxine
(LT4), at doses that achieve a normal serum TSH level. (Nagy, Perros et al.
2020) However, several unresolved issues exist concerning patients who are
biochemically well-controlled but unsatisfied with their treatment outcome.
(Chaker, Bianco et al. 2017) Future studies should address whether
alternative regimens could provide a solution for at least a proportion of
patients with residual symptoms, e.g. combined formulas (Ettleson and
Bianco 2020). So Regenerative medicine may give us a clue for better
management.

Stem cells (SC) are unique, undifferentiated cells characterized by unlimited
proliferation, multi-differentiation potency, and perpetual self-renewal. SCs
also have unique proangiogenic, antifibrotic, and antiapoptotic features (Sun,
Abelson et al. 2019) and are subdivided into four main categories: adult SC
(ASC), embryonic SC (ESC), induced pluripotent SC, and amniotic fluid SC
(Wu and Izpisua Belmonte 2016).

Compared with the counterparts of other origins like bone marrow and
adipose tissue, UC-MSCs enjoy appealing benefits such as (a) collected in a
noninvasive way; (b) a lower risk of infection; (c) a rare teratoma risk; (d)
low immunogenicity with a good immunosuppressive ability; and (e)
multipotency. (Nagamura-Inoue and He 2014).

Cell-free approaches present several advantages over cell therapy. Initially,
the potential risks associated with the administration step are lower, as the
injection of soluble factors and/or submicron particles decreases the
occurrence of thrombosis and other cardiovascular events such as
arrhythmia. Then, the potential risk of malignant transformation and
tumorigenesis is almost excluded. Furthermore, cell-free products do not
require the mandatory steps of isolation/thawing and in vitro expansion just
before administration. (Bari, Perteghella et al. 2019).

Conditioned medium (CM) or secretome is media containing biologically
active components obtained from previously cultured cells or tissues that
have been released into the media substances affecting certain cell functions,
composed of soluble proteins, extracellular vesicles (EV), lipids,
microvesicles (MVs), or nucleic acids. (Wang, Zhang et al. 2020).

In the presented article we studied the efficacy of both umbilical cord blood-
derived stem cells and their conditioned medium in the treatment of
hypothyroidism in a rat model of amiodarone-induced hypothyroidism. Also,
we aimed to compare the efficacy of the novel intranasal route of
administration versus the conventional intravenous route.

Materials and Methods

Our study was conducted at the Stem Cell Unit at the Faculty of Medicine
Ain Shams University, the period from 2018 to 2020, all animal handling,
procedures, and sacrification were approved by Ain Shams University
Ethical Committee.

Drugs

Amiodarone tablets were purchased from Sanofi-Aventis Egypt under the
license from Sanofi-Aventis France (Patch No. D13130, certification code
19589/2010). The doses of amiodarone were prepared by soaking the 200
mg amiodarone tablet in 10 ml distilled water and calculated according to
the weight of the rat (100mg/kg body weight/day) (Stoykov, van Beeren et
al. 2007). After confirmation of hypothyroidism by measuring TFTs at the
beginning of the study and after 30 days.
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Experimental Design

Forty adult Wistar rats weighing 120 -180 grams were divided equally into
four main groups (10 rats for each group): Group I: Negative Control Group,
Group II: Positive Control group (rats receiving only Amiodarone for 30
days, AMD group), Group I11: Stem Cell treated group (Single injection of 1
ml of 1x 108 cells/ml of UC-MSCs into tail vein, AMD+UC-MSCs group),
which was further subdivided into Intravenous group (n=5) and Intranasal
group (n=5). Group IV: CM treated group (Single injection of 0.5 ml of CM,
AMD+CM group), which was further subdivided into Intravenous group
(n=5) and Intranasal group (n=5).

TFTs were withdrawn at the beginning of the experiment, after 30 days of
amiodarone administration and then after ten days from the injection of stem
cells and conditioned media (at day 40) rats were sacrificed according to
ethical rules. During the experiment periodic measurement of body weight
and temperature (every two weeks).

At the end of the experiments, the thyroid gland of all experimental groups
was extracted and processed for histological examination and morphological
analysis  (Hematoxylin &  Eosin, electron  microscope, and
immunohistochemistry).

Patients and samples

Fetal umbilical cords were obtained after consenting the parents from three
full-term infants delivered at 3641 weeks of gestation. We have excluded
all cases suffering from any genetic, structural anomalies or involving
maternal diabetes, pre-eclampsia, eclampsia, IUGR, infectious diseases. This
study was conducted following the approved guidelines of Ain Shams
University Ethical Committee.

Informed Consent was signed by the mother late in pregnancy before
delivery, explaining the study procedures, risks, and benefits from it. Also,
these cells were not be used in another study and were not be used in genetic
testing by any means, and any remaining cells were discarded properly. All
data of the research including the donor and procedures remained
confidential during and after the study.

Umbilical cord blood derived-Stem cells Culture

SCs were cultured from human fetal umbilical cord blood collected under
aseptic conditions by cord blood bag collection set (manufactured by JMS,
Singapore), under supervision of Gynecology and Obstetrics Hospital-Ain
Shams University.

During the study, we planned to have umbilical cord samples from multiple
donors (around 3 donors), an average of 20 ml of umbilical cord blood from
each sample. We considered not mixing the samples from different donors
together, but each study group received stem cells from different donors.

The umbilical cord blood sample was diluted by adding PBS at a ratio of 1:1.
The blood mix was added slowly over the Lymphocyte Separation Medium,
100 ml (Manufactured by Lonza Verviers SPRL Belgium) in falcon tubes.
For each 2 ml Lymphocyte Separation Medium, a 4 ml blood mix was added
with care not to disturb the interface. The tubes were centrifuged at 2000 rpm
(400 G) for 30 min. The mononuclear layer was aspirated slowly with a
sterile Pasteur, washed with 3ml PBS, centrifuged at 1000 rpm (100 G) for
10 min. The supernatant was aspirated then resuspended in complete culture
media containing Dulbecco’s modified Eagle’s medium-high glucose low
glutamine (DMEM 4.5g/L Glucose w/ L-Glutamine 500ml, manufactured by
Lonza Verviers SPRL Belgium) supplemented with 10% FBS (fetal bovine
serum Sterile Filtered, manufactured by Life Science) and 1 %
penicillin/streptomycin). The cells were cultured at 37°C in a humidified 5%
CO2 atmosphere, with a change of medium twice weekly.

Three days from initial seeding, nonadherent cells were removed by
changing the medium. The adherent cells were fed twice a week and screened
for confluency appearance after 14 days. MSCs at 90% confluence were
harvested using 10 x Trypsin/EDTA and sub-cultured at 4000 cells/cm?
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density. The medium was replaced two times per week. (Amati, Sella et al.
2017) The third passaged cells were used in this study.

Conditioned medium preparation

The third passaged cells, their complete medium was substituted with
DMEM without antibiotics and FBS. Next, for 48 hours, the cells were
cultured in a hypoxic condition in the incubator (1% 02, 5% CO2, and 94 %
N2). To remove cell debris or detached cells, the medium was aspirated from
hypoxic SCs and centrifuged at 1200 rpm for 10 min. Then the CM was
filtered through a 0.22 um filter to get rid of any contaminants and stored till
the time of need at -80 °C before experiments. (Xing, Cui et al. 2014).

Fluorescence labeling of stem cells

Following the manufacturer’s instructions, the third passaged cells were
labeled by PKH26 Red Fluorescent Cell Linker Kit for General Cell
Membrane Labeling (Molecular probes, Sigma-Aldrich, St. Louis, Mo,
USA). Briefly, for 2-5 min, the cells were incubated with PKH26 reagent at
25°C with gentle frequent shaking. Then an equal volume of serum was
added and incubated for 1min to block the staining action. (Xue, Li J Fau -
Liu et al.) After that, the cells were centrifuged at 1800 rpm for 10 min at
25°C. The supernatant was aspirated, the cell pellets were washed three times
with PBS. Finally, the cell pellets were resuspended in PBS at a density of
1x108 cells/ml. Labeled cells were injected in rats of Group III either
intranasal or intravenous. (Shao-Fang, Hong-Tian et al. 2011)

Thyroid function tests

TSH, Free T4, and Free T3 were done using ELISA test Kits were sold from
(IBL International, Hamburg, Germany).

Histological study

Specimens of thyroid tissue were prepared for histopathological assessment.
Fixation was done using 10% phosphate-buffered formalin, dried out in
climbing grades of ethyl alcohol, cleared in xylol, and prepared to acquire
paraffin blocks. Sections of 5um thick were cut and stained with H&E stain.
(Spencer and Bancroft 2013).

Electron microscope study

Small pieces of thyroid specimens were fixed in 2.5% glutaraldehyde for 2
h at room temperature (25° C) and then the specimens were post-fixed in
osmium tetroxide. The specimens were dehydrated in ascending graded
concentrations of ethanol and embedded in epoxy resin. Ultrathin sections
(60-80 nm) cut with diamond knives were placed on copper grids, stained
with uranyl acetate and lead citrate, and scoped. Copper grids were examined
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and photographed with Jeol, JEM- 1200 EX Il Electron Microscope, Tokyo
(Graham and Orenstein 2007).

Immunohistochemical study

Sections of thyroid tissue were deparaffinized in xylene for one hour,
hydrated in descending grades of alcohol, and then rinsed in distilled water.
Endogenous peroxidase was inactivated with a methanol solution containing
H202 (1:50) for 10 min and washed with PBS. The tissue sections were
blocked with 1.5% serum for 30 min, treated with anti iNOS polyclonal
antibody (PA3-030A, Thermo Fisher Scientific, UK, 1:200), anti-BAX
monoclonal antibody (ab32503, Abcam, UK,1:50), or anti-Bcl- 2
monoclonal antibody (14-6992-82, Thermo Fisher Scientific, UK, 1:100)
overnight. (Pacher, Beckman et al. 2007) Then, samples were incubated with
AB enzymes for 30 min and rinsed in PBS. Positive signals were detected
using peroxidase chromogenic substrates, diamino benzodiazepine (DAB)
solution was applied to all sections for ten min. Sections were washed in
distilled water and then counterstained with Mayer’s hematoxylin for 2 min.
Negative controls included staining tissue sections with PBS without the
primary antibody. (Jiang, Chen et al. 2016) (Koga, Hiromatsu et al. 1999)

The mean area percentage of iNOS, BAX, and BCL-2 expression was
quantified by the image analyzer Leica Q win V.3 program installed on a
computer connected to a Leica DM2500 microscope (Wetzlar, Germany).
Measurements were done from five non-overlapping fields examined at
objective lens X 40 from five slides from each group and the data were
subjected to statistical analysis.

Statistical Analysis

Statistical presentation and analysis of the present study were conducted,
using the mean, SD, and Student t-test and ANOVA by SPSS version 18.
Student’s t-test or one-way ANOVA was utilized for statistical comparisons.
The results of the bioinformatics analysis were imagined utilizing SPSS
software. The statistical significances were calculated as P values, and (P <
0.05) was considered statistically significant, (P < 0.01) was considered
highly significant, and (P > 0.05) was not statistically significant.

Results

TSH

At the beginning of the study, TSH measurement was normal among four
groups. On Day 30 after administration of AMD in Groups II, III, and IV
there was a statistical difference (P-value < 0.01) between Groups II, III, and
IV and Group I (Negative Control Group) and no statistical difference (P-
value >0.05) among Groups II, III, and IV. (Tables 1 and 2) (Figures 1 and
2).

TSHEIU/mMI) Control group l/Amiodarone group Stem Cell group CM group
No. =10 No. =10 No. =10 No. =10

Day 0 Mean + SD 2.11+0.39 222+041 2.18+0.32 2.24+0.43
I Range 1.36 —2.38 1.77-2.95 1.43-2.39 152 -2.74
|Day 30 Mean + SD 2.25+0.30 6.87 +1.242 6.56 + 0.532 6.13 +0.85%

Range 1.86 —2.83 5-89 58-74 53-75
|Day 40 Mean + SD 2.13+0.42 9.96 +1.36 2P 3.14+0.77 2 2.94 +0.84 ab

Range 1.26—-2.48 8-12 1.92-4.1 1.74-4.2
IRepeated Measure ANOVA test 1.743 106.211 145.875 88.856
|P-va|ue 0.219 (NS) <0.001 (HS) <0.001 (HS) <0.001 (HS)

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS) *: Repeated measure ANOVA test

Table 1: Comparison between TSH at day 0, day 30, and day 40 in each group.
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Control group |Amiodarone group(Stem Cell group/CM group
[ TSH(?IU/ml) 'Test valuesP-valuegSig.
No.=10 No.=10 No.=10 No.=10
Mean=SD  |2.11=039 222041 218032 224043
Day 0 0.220 0.882 [NS
Range 1.36—-238 1.77-295 1.43-239 1.52-2.74
Mean=SD  |2.25=030 6.87+ 1242 6.56 £0.532 6.13 085>
Day 30 70.827 0.000 [HS
Range 1.86—2.83 5-8.9 5.8-74 53-75
Mean+ SD  [2.13+0.42 996+ 1360 3.14+077%F |2.94+0.84"
Day 40 158431 |0.000 [HS
Range 1.26 -2.48 §-12 1.92-41 1.74-42

P-value >0.05: Nonsignificant (NS); P-value< 0.05: Significant (S); P-value< 0.01: highly significant (HS) ¢: One Way ANOVA test

Table 2: Comparison between the four studied groups regarding TSH at day 0, day 30, and day 40Comparison between the four studied groups
regarding TSH at day 0, day 30, and day 40.

| —— Megattve Control  ——a— Amiodrore oy —e—Sem Cell oy —a— CM gop

Day 0 Dy 530 Diay 40

Figure 1: Comparison between TSH at day 0, day 30, and day 40 in each group.
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2 4 |7
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Figure 2: Comparison between the four studied groups regarding TSH at day 0, day 30, and day 40.

On Day 40, there was a highly statistical difference (P-value< 0.01) between Groups III and IV versus Group II. Remarkably, no statistical
difference between groups III and I'V. Notably, no statistical difference between Intravenous and Intranasal groups. (Table 11&12).

Free T4

At the beginning of the study, Free T4 measurement was normal among four groups. On Day 30 after administration of AMD in Groups II,
M1, and IV there was a statistical difference (P-value< 0.01) between Groups II, III, and IV and Group I (Negative Control Group) and no statistical
difference (P-value >0.05) among Groups II, III, and I'V. (Tables 3 and 4) (Figures 3 and 4).
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Control group Amiodarone group (Stem Cell group CM group
[FT4(ng/ml)
No.=10 No.=10 No.=10 No.=10

v 0 Mean = SD 134+0.01 1.40+0.09 1.32£0.03 1.34+0.03

) [Range 132-136 132-16 127-1.37 1.3-1.39
Dav 30 Mean = SD 134+0.02 0.22 = 0.06 026=0.192 0210067

- Range 131-137 0.17-032 0.14-0.7 0.14-0.31
Dav 40 Mean = SD 132+£0.06 0.19 = 0.062 138 +0.32" 140+036"

- [Range 1.24-1.45 0.12-0.28 0.95-1.89 0.99-1.98
[Repeated Measure ANOVA test 0.826 817.726 75.076 97.150
[P-value 0.408 (INS) =0.001 (HS) <0.001 (HS) <0.001 (HS)

P-value >0.05: Nonsignificant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS) : Repeated measure ANOVA test

Table 3: Comparison between FT4 at day 0, day 30 and day 40 in each group.

T 4(ne/mI Control group [Amiodarone group|Stem Cell group/CM group Test valuedP-valudSi
(ng/m) No. =10 No. = 10 No. = 10 No.=10 | oV Uuenrvaluesis.
Mean = SD 134 <001 1.40 + 0.09* 132£003" | 134=0035
Day 0 5008 | 0.005 |HS
o Range 132-136 132-16 127137 13-139
. Mean=sD 134 =002 0.22 £ 0.06° 026=0.19* | 021=006* | _
Day 30 I ange 131-137 0.17-032 014-07 0.14-031 | 21963 | 0.000 /HS
o [Mean=SD 132+006 0.19 + 0.06° 138=032 | 1a0=03er | o T
W Range 124145 0.12-028 095-189 | 099-198 “ '

P-value >0.05: Nonsignificant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS) «: One Way ANOVA test

Table 4: Comparison between FT4 at day 0, day 30 and day 40 in each group.

‘ DONegative Control @Amiodarone group B@Stem Cell group OACM group{

3.0 4

2.5 A

| 2.80

~
<
~ ~ 3 o
o o H —
<383 S N
2.0 4
15 4 =)
@
® © X o
10 1 S ° S
05
0.0
Day 0 Day 30 ‘ Day 40
FT4(ng/ml)

Figure 3: Comparison between FT4 at day 0, day 30, and day 40 in each group.
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Figure 4: Comparison between the four studied groups regarding FT4 at day 0, day 30, and day 40.
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On Day 40, there was a highly statistical difference (P-value < 0.01) between Groups III and IV versus Group II. Remarkably, no statistical
difference between groups III and IV. Notably, no statistical difference between Intravenous and Intranasal groups. (Table 11&12).

Free T3

At the beginning of the study, Free T4 measurement was normal among four groups. On Day 30 after administration of AMD in Groups II,
I, and IV there was a statistical difference (P-value < 0.01) between Groups II, III, and IV and Group I (Negative Control Group) and no statistical
difference (P-value >0.05) among Groups II, III, and I'V. (Tables 5 and 6) (Figures 5 and 6).

. Control group Amiodarone group | Stem Cell group CM group
FT3(pg/mb No. =10 No.=10 No.=10 No. =10
Dav 0 Mean + SD 2.07+0.02 2.00+0.08 1.96 +0.13 2.02+0.05
- Range 201-209 1.81-209 1.77-2.08 1.89-2.06
Dav 30 Mean £ SD 2.07+0.02 0.73+0.15® 0.99 £ 0.162 085=017°
- Range 203-209 0.49-092 0.7-1.25 0.5-1.09
Dav 40 Mean = SD 2.19+0.16 0.70+0.182 2.80+ 043k 2.47 +0.53%0
- Range 203 —2.56 0.29-0.92 222-36 207-37
|Repeated Measure ANOVA test 4.897 449.188 91.420 66.220
tP—value 0.053 (NS) <0.001 (HS) <0.001 (HS) <0.001 (HS)

P-value >0.05: Nonsignificant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS) «: Repeated measure ANOVA test
Table 5: Comparison between FT3 at day 0, day 30, and day 40 in each group.

FT3(pg/ml) Control group Amiot]_arone groupStem Cell group CI’f‘I group Test valuesP valuelSig.
No. =10 No. =10 No. =10 No. =10
Mean=SD | 2.07=0.02 2.00 0.08 196+0.13* | 2.02%0.05
Day 0 3.164 | 0036 S
a Range 2.01 —2.09 1.81 —2.09 1.77-2.08 | 1.89-2.06
Mean+SD | 2.07+0.02 0.73 +0.15 0.99+0.16% | 0.85 = 0.173¢
R _
Day 30 |p nee 2.03 —2.09 0.49 — 0.92 0.7-125 05109 | 200729 | 0.000 HS
Mean+SD | 2.19+0.16 0.70 = 0.182 2.80 £ 0.4320 | 247+ 0.532b
Day 40 =t 65.635 | 0.000 [HS
Range 2.03 -2.56 0.29—0.92 222-36 2.07-3.7

P-value >0.05: Nonsignificant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS) *: One Way ANOVA test
Table 6: Comparison between the four studied groups regarding FT3 at day 0, day 30, and day 40.

‘ s NEgative CONtro| el Amiodarone group e Stem Cell group el CM group

16

14 4

12 4
1.0 1
0.8 4
0.6
0.4 A

0.2 4 —

0.0

Day 0 Day 30 Day 40

Figure 5: Comparison between FT3 at day 0, day 30, and day 40 in each group.
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DONegative Control  OAmiodarone group  @Stem Cell group  OCM group
16 . o 0 o
3 3 g 3 3 o g 4
14 1 T - B R
12 4
1.0 4
0.8 -
0.6
©

q N I
0.4 - N 5 1

s s § 2
0.2 4 —‘_’—‘ I
0.0

Day 0 Day 30 Day 40

Figure 6: Comparison between the four studied groups regarding FT3 at day 0, day 30, and day 40.

On Day 40, there was a highly statistical difference (P-value < 0.01) between Groups III and IV versus Group II. Remarkably, no statistical

difference between groups Il and IV. Notably, no statistical difference between Intravenous and Intranasal groups. (Table 11 and 12).

Body Weight

At the beginning of the study, weight measurement was normal among four groups. On Day 30 after administration of AMD in Groups II,
11, and IV there was a statistical difference (P-value < 0.05) between Groups 11, III, and IV and Group I (Negative Control Group) and no statistical

difference (P-value >0.05) among Groups II, III, and IV. (Tables 7 and 8) (Figures 7 and 8).

. Control group Amiodarone group | Stem Cell group CM group
Weight No.=10 No. =10 No.=10 No.=10

Mean + SD 203.00 £ 10.70 202.40 £ 5.89 207.70+£17.42 206.50 £ 6.80
Day 0 Range 187 — 218 192 —212 189 — 245 195 - 215

Mean + SD 278.85 £ 11.452 234,40 = 4.482 251.80=14.142 259.50 + 32.042
Day 30 Range 2582975 224240 233279 229319

Mean + SD 290.00 + 10.96%b 238.90 + 4.27ab 272,75 £ 15.19ab 276.30 £+ 29.692b
Day 40 Range 268.5 - 307 229243 253 -1203 250 -340
Repeated Measure ANOVA test 1025.540 219.820 153.511 37.552
P-value <0.001 (HS) <0.001 (HS) <0.001 (HS) <0.001 (HS)

P-value >0.05: Nonsignificant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)
«: Repeated measure ANOVA test with post hoc analysis using Bonferroni test

Table 7: Comparison between the four studied groups regarding FT3 at day 0, day 30, and day 40.

Control group | Amiodarone group | Stem Cell group CM group
Weight . Test values |P-value|Sig.
No. =10 Neo.=10 Neo. =10 No.=10

Mean + SD | 203.00 + 10.70 202.40+5.89 207.70 1742 206.50 = 6.80

Day 0 0.542 0.657 |NS
Range 187 - 218 192 -212 189 — 245 195 - 215
Mean = SD | 278.85 = 11.45 234,40 £ 4.482 251.80 £ 14.14%b | 259.50 + 32.04b

Day 30 9.859 0.000 |HS
Range 258 -2975 224 -240 233-279 229-319
Mean + SD | 290.00 + 10.96 238.90+4.272 27275 £15.19%b | 276.30 + 29.69%

Day 40 15.069 0.000 |HS
Range 268.5-307 229243 253 -293 250-340

P-value >0.05: Nonsignificant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)

»: One Way ANOVA test & Significant from WT group °: Significant from amiodarone group ©: Significant from Stem cell group

Table 8: Comparison between the four studied groups regarding weight at day 0, day 30, and day 40.
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Figure 7: Comparison between the four studied groups regarding weight at day 0, day 30, and day 40.
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Figure 8: Comparison between weight at day 0, day 30, and day 40 in each group.

On Day 40, there was a statistical difference (P-value < 0.05) between Groups III and IV versus Group II. Remarkably, no statistical difference
between groups III and IV. Notably, no statistical difference between Intravenous and Intranasal groups. (Table 11&12).

Temperature

At the beginning of the study, Temperature measurement was normal among four groups. On Day 30 after administration of AMD in Groups
I1, I, and IV there was a statistical difference (P-value < 0.05) between Groups II, III, and IV and Group I (Negative Control Group) and no statistical
difference (P-value >0.05) among Groups I, III, and I'V. (Tables 9 and 10) (Figures 9 and 10).

Control group | Amiodarone group | Stem Cell group CM group
Temperature - . - .
No.=10 No.=10 No.=10 No.=10
Day 0 Mean = SD 36.73£0.70 36.65+0.51 35.86 £ 0.49 35.34+0.62
[Range 35.2-374 35.7-37.3 35-36.6 34-36
Day 30 Mean = SD 36.54+0.56 34.89 +£0.432 36.41+0.232 36.68£0.372
[Range 35.5-37.1 343 -35.7 36-36.6 36.2-375
Day 40 Mean = SD 36.33+0.61 34.61 + 0.402b 35.91+0.33b 36.19 £ 0.55%b
[Range 354-37 34-351 35.2-363 35.3-37
Repeated Measure ANOVA test 0.815 218.381 6.947 16.142
P-value 0.451 (NS) <0.001 (HS) 0.011 (S) 0.002 (HS)

P-value >0.05: Nonsignificant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)
*: Repeated measure ANOVA test

Table 9: Comparison between the temperature at day 0, day 30, and day 40 in each group.
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Control group (Amiodarone group|Stem Cell groupy CM group
Temperature . Test valueqP-value Sig.
No.=10 No.=10 No.=10 No.=10
Mean + SD| 36.73+0.70 36.65+0.51 35.86 £ 0.49%b | 3534 £ 0.622b _
Day 0 12,927 | 0.000 |HS
Range 352-374 35.7-37.3 35-36.6 34-36
Mean = SD | 36.54 £0.56 34.89 £ 0.432 36.41+0.23% | 36.68£0.37" _
Day 30 40.794 | 0.000 HS
Range 355-37.1 34.3-357 36 -36.6 36.2-37.5
Mean = SD| 36.33 +£0.61 34.61+0.402 35.91+0.33% | 36.19+0.55P
Day 40 26.222 | 0.000 HS
Range 354-37 34-351 352-36.3 35.3-37

P-value >0.05: Nonsignificant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)
*: One Way ANOVA test

Table 10: Comparison between the four studied groups regarding the temperature at day 0, day 30, and day 40.
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Figure 9: Comparison between the four studied groups regarding the temperature at day 0, day 30, and day 40.
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Figure 10: Comparison between the temperature at day 0, day 30, and day 40 in each group.

On Day 40, there was a statistical difference (P-value< 0.05) between Groups Il and IV versus Group II. Remarkably, no statistical difference
between groups III and I'V. Notably, no statistical difference between Intravenous and Intranasal groups. (Table 11 and 12).

Stem cell group
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i?lf SI G;qrzuzsﬂ Test value* P-value Sig.
Weight
Day 30 :I:L;a;:S’D zﬁéfgﬂf;_im 24223"310_*2?132 2778 0.024 3
Day 40 ;;?:SD LT e 1.083 0311 NS
Temperature
Day 0 ;;?:SD 3353;?58;%29 q;:i 2'35 : 0.759 0.470 NS
Day 30 g;:a;‘:S’D 12; g_j;gg‘ 7 336;4 _2%_26] -0.396 0.703 NS
Day 40 EL;?:SD s 363 Sh 361 1.792 0.111 NS
TSH
e R e TR
Day 30 ;L;Z‘:SD 5;??30 Ggifgjﬁ 0.114 0912 NS
Day 40 ;;?:SD o o 0.863 0.413 NS
FT3
o [0 | I | T | aw | ow |
Day 30 :Ptia;‘:m Us;li_{l 23 ld??l_if ;‘3 0476 0.647 NS
Day 40 ;L;Z‘:SD 2;;;_{; _Jf; igg - g;‘;‘ 0.809 0.442 NS
FT4
Day 0 }I‘{’Lif;:SD llzf;f 332 12‘3 5 ?_‘2?’ -0.105 0.919 NS
o e | e | o | e [ ow [
Day 40 ;“LZ?:SD Pt e 0.265 0.797 NS

P>0.05: Nonsignificant; P< 0.05: Significant; P< 0.01: Highly significant
*: Independent t-test

Table 11: Comparison between SCs injection by intranasal vs intravenous routes regarding all parameters at day 0, day 30, and day 40.

CM group
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i_?lip; G;:uz I Test value® P-value Sig,

Weight

M 2 25
Day 30 i{;a::sr) ‘6;20_*3311;3 ‘32',‘?;':139'49 0.824 0.434 NS

N 185 4 2672 260
Day 40 i{;a::sr) _83;5(}:342;0 ‘ﬁ;'i‘uu_*ﬂﬁs 6 0.066 0.363 NS
Temperature
Day 0 ;;?:SD 3;}3;_2;0 33;3:%” 1272 0239 NS
Day 30 ;ijgﬂ: ” Elj:sﬁffi_’f-i 3[?3_235 3366-_?24-i 3223 0494 0.635 NS
TSH

N 242032 22520,
Day 0 i{ﬁgﬂ:SD Twi - 3.?4 173 —f_;sg 0.042 0.968 NS
o [N | S0 e | o |
[ | S| IS | am |
FT3
o [EE | | | | ow |
o [ | oo o [ o |

N + 226=02
Day 40 i{::::sn 22'?03?—0;579 2_02—2_52 1320 0223 NS
FT4

N 22002 352003 _
Day 0 i{::::sn 11_33 - 10_304 ii: - ?.3{‘]9 2157 0.063 NS
[ | e T | |
i [N [ BR[|

P>0.05: Nonsignificant; P< 0.05: Significant; P< 0.01: Highly significant

*: Independent t-test

Table 12: Comparison between CM injection by intranasal vs intravenous routes regarding all parameters at day 0, day 30, and day 40.

Light microscopic examination

H.&E. of the negative control group (group 1) showed the thyroid
gland was divided into lobules by connective tissue septa dipping from the
capsule and consisted of thyroid follicles. Every single follicle was spherical
and lined by a row of cuboidal follicular cells with central nuclei and few
populations of small C cells (Parafollicular cells). Their lumina were filled
with homogenous acidophilic colloid. (Figure 11 A).

On the other hand, the AMD group (group 1) showed marked
follicular disruption by epithelial atrophy, some follicular cells nuclei were
apoptotic. Others were exfoliated and present as intraluminal aggregates of
vacuolated cells. The lumen of some follicles appeared empty while others
showed few colloids. The interfollicular tissue exhibited congested blood
capillaries and foci of nonspecific lymphocyte infiltration. (Figure 11 B).
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However, the transplantation of UC-MSCs (SC Group I11) showed
restored thyroid gland general architecture. The follicles were lined by
simple cuboidal epithelium and contained colloid. Some cells with
vacuolated cytoplasm were still noticed. No differences were noticed
between intravenous or Intranasal groups. (Figures 11 C&D).

In addition, injection of CM (CM group 1V) showed also nearly
normal thyroid architecture represented by thyroid follicles lined with simple
cuboidal epithelial cells. The follicles were filled with colloid which was
homogenous and acidophilic. Blood capillaries were noticed in the
interstitial tissue between follicles. Also, no significant differences were
noticed between intravenous or Intranasal groups. (Figures 11 E&F).
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Figure 11: A. Group | control group showing thyroid follicles lined with cuboidal epithelium with round central nuclei (arrows) and few parafollicular
cells with large nuclei (arrowheads). The lumen is filled with a homogenous eosinophilic colloid (C). B. Group Il amiodarone group showing
disorganized and distorted thyroid follicles. Some follicles appear empty (*); others have scanty colloid material mixed with exfoliated apoptotic cells
(arrowheads). The thyroid follicular cells are ballooned with apoptotic nuclei (1). The epithelium of some follicles exhibits focal disruption [D].
Mononuclear cell infiltration can be seen in the interfollicular tissue (M). C. Group IlI (SC intravenous), D. Group Il (SC intranasal), E. Group VI
CM intravenous, and F. Group VI (CM intranasal) showing thyroid follicles with variable sizes. Large follicles are lined with simple cuboidal follicular
cells with vesicular nuclei (1) and their lumen is filled with homogenous acidophilic colloid (C). Small thyroid follicles appeared with scanty colloid
(*) and their lined epithelium still show vacuolations (V). Congested blood capillaries can be noticed in the interfollicular tissue (arrowheads). (H&E

X 400).

Electron microscopic study

Assessment of ultrathin segments of the thyroid organ of Group |
showed thyroid follicles fixed with cubical follicular cells lied on the slim
basal lamina. Their cores were euchromatic with fringe chromatin. The
cytoplasm showed very much created Golgi apparatus, rER, numerous
lysosomes, and numerous secretory vesicles. The apical line of the follicular
cells showed microvilli jutting in the lumen and the horizontal lines were
conjoined with junctional complexes. (Figure 12 A).
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Amiodarone treated group (group II) showed a remarkable cellular
change in the form of dilated rER, increased number of lysosomes and
colloid vesicles, dilated Golgi bodies, mitochondrial distension. There was
nuclear degeneration ranging from the irregular flattened nucleus with
irregular nucleoli and dispersed chromatin to markedly shrunken ones. The
free surface of the follicular cells showed partially lost microvilli. The lumen
showed clusters of desquamated follicular cells. (Figure 12 B).
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Figure 12: Electron microscopic picture of A. group I control rat showing follicular cells have euchromatic nuclei with peripheral and islet chromatin
(N). The cytoplasm displays prominent rough endoplasmic reticulum (R), supranuclear Golgi apparatus (G), many lysosomes (L), mitochondria (M),
and secretory vesicles (S). The apical surface shows many microvilli protruding into the lumen which is filled with colloid (7). Junctional complexes
could be observed between adjacent follicular cells (J). (x 3000). B. Group Il showing the cytoplasm of follicular cells exhibit vacuolization (V) with
marked dilatation of rough endoplasmic reticulum (R), numerous lysosomes (L), and large colloid droplets (C). Mitochondria appear dilated with
disrupted cristae (M). The apical surface shows lost microvilli (1). A junctional complex could be seen between follicular cells (J). (x 3000).

Group III showed restoration of normal ultrastructure of the thyroid follicles comparable to the control group. Each follicle was lined by a
single layer of cuboidal follicular cells with regular euchromatic nuclei. On the other hand, their cytoplasm revealed a well-organized rER, prominent
Golgi complex, lysosomes, preserved mitochondria, and some secretory vesicles. The apical surface of the follicular epithelium revealed a moderate
number of short microvilli projected into the lumen which was filled with moderately dense colloid. Typical junctional complexes were seen between
the adjacent follicular cells (Figures 13 A&B).

-
V“;" w7

Figure 13: Electron microscopic picture of A. Group Il (SC intravenous) shows follicular epithelium with a euchromatic nucleus and peripheral
chromatin (N). Cytoplasm shows mildly dilated rough endoplasmic reticulum (R), many lysosomes (L), and small secretory vesicles (S). Long
microvilli can be seen protruding into the lumen (7). Adjacent follicular cells are joined by a junctional complex (J). (x3000). B. Group Il (SC
intranasal) shows thyroid follicular cells with a euchromatic nucleus and peripheral chromatin (N). Cytoplasm still shows mildly dilated rough
endoplasmic reticulum (R), few lysosomes (L). Few microvilli can be seen protruding into the lumen (7). (x3000).

Similarly, group IV showed pictures like group III, follicular epithelium appeared with irregular nuclei and prominent nucleoli. The cytoplasm
showed mildly dilated basal rER, many lysosomes, colloid, and secretory vesicles. Intact microvilli were protruded in the follicular lumen (Figures 14
A&B).
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Figure 14: Electron microscopic picture of A. Group VI (CM intravenous) and B. (CM intranasal) show follicular epithelium with a euchromatic
nucleus and peripheral chromatin (N). Cytoplasm shows mildly dilated rough endoplasmic reticulum (R), few lysosomes (L), preserved mitochondria
(M). Many microvilli can be seen protruding into the lumen (7). (x3000).

Immunohistochemistry study

Group I (Negative Control) showed a negative immune reaction for the inflammatory marker iNOS (Figure 15 A), while group II (AMD
group) showed strong positive immune for iNOS (Figure 15 B). However, both group I11 (SC treated) and group IV (CM treated) showed mild iNOS

Figure 15: Representative immunohistochemical images for iNOS expression in the thyroid gland. A. Group | show a negative reaction for iNOS. B.
Group Il shows a positive cytoplasmic immune reaction for iNOS. C. Group Il (intravenous), D. Group Il (intranasal), E. Group IV (intravenous),
and F. Group IV (intranasal) show mild immune reaction for iNOS. (iNOS immune staining x400).
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Group I showed a strong positive reaction for the antiapoptotic marker Bcl-2 (Figure 16 A), while the group Il amiodarone group exhibit
weak expression of Bcl-2 (Figure 16 B). Contrarily, group III showed Bcl-2 immune reaction was moderate (Figures 16 C&D). Group IV showed also

moderate Bcl-2 immune reaction similar to group 111 (Figures 16 E&F).

-

\ ‘M\. —
Figure 16: Representative immunohistochemical images for Bcl-2 expression in the thyroid gland. A. Group | show a strong positive reaction for Bcl-
2. B. Group Il shows mild cytoplasmic immune reaction for Bcl-2. C. Group |1 (intravenous), D. Group |1 (intranasal), E. Group IV (intravenous),

and F. Group IV (intranasal) show positive cytoplasmic immune reaction for Bcl-2. (Bcl-2 immune staining x400)

Group I showed no BAX expression; the apoptotic marker (Figure 17 A), while group II (amiodarone treated group) showed a strong positive
reaction for BAX expression (Figure 17 B). Conversely, both group 111 and group 1V showed mild BAX immune reaction (Figures 17 C-F).
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Figure 17: Representative immunohistochemical images for BAX expression in the thyroid gland. A. Group | show a negative reaction to BAX. B.
Group |1 shows a positive cytoplasmic immune reaction for BAX. C. Group 1l (intravenous), D. Group 11 (intranasal), E. Group IV (intravenous),
and F. Group 1V (intranasal) show mild immune reaction for BAX. (BAX immune staining x400).

There was a significant increase (P<0.05) in the area percentage of iINOS positive cells in rats of amiodarone group Il as compared to the rats
of control group 1. UC-MSCs treated group 11 as well as CM treated group 1V showed a significant decrease (P<0.05) in the mean area percentage of
iNOS immune positive cells compared to group Il (Figure 19).
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Figure 19: Histogram showing the mean area percentage of iNOS immune positive cells for the different study groups.
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On the other hand, there was a significant decrease (P< 0.05) in the area percentage of Bcl-2 positive cells in rats of group Il as compared to
the rats of control group I. Group 11 as well as group 1V showed a significant increase (P< 0.05) in the mean area percentage of Bcl-2 immune positive
cells compared to group Il (Figure 20).
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Figure 20: Histogram showing the mean area percentage of Bcl-2 immune positive cells for the different study groups.

There was a significant increase (P< 0.05) in the area percentage of BAX positive cells in group Il as compared to group I. UC-MSCs treated
group Il as well as CM treated group 1V showed a significant decrease (P< 0.05) in the mean area percentage of BAX immune positive cells compared
to group Il (Figure 21).
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Figure 21: Histogram showing the mean area percentage of BAX immune positive cells for the different study groups.

Yet, there was no significant difference found among subgroups of intravenous and intranasal injected SC or CM.
Fluorescence Staining

To detect if the transplanted UC-MSCs traveled to thyroid tissue, we labeled the stem cells with PKH26 fluorescence material. Then we
examined the unstained slides by fluorescent microscope for homing. SC group displayed many red fluorescence cells distributed all over the thyroid
gland indicating homing of stem cells to thyroid tissue whether they were injected intravenously or intranasally (Figure 18).
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Figure 18: A. Group I1I (SC intravenous). B. Group |1l (SC intranasal) shows the distribution of PKH26-labeled UC-MSCs in the thyroid gland, 40

days after transplantation (7).

(Fluorescence microscopy x400).

Discussion

Regenerative medicine (RM) aims to repair and regenerate poorly
functioning organs. RM is committed to supplanting and additionally fixing
tissues and organs for practical reclamation and it holds guarantees in a wide
cluster of fields (Mao and Mooney 2015), for example, advancing the
recovery of local cell lines, development of new tissue or organs,
demonstrating of illness states, and expanding the feasibility of existing ex
vivo relocated organs. (Edgar, Pu et al. 2020).

Stem cell technologies address an advancement improvement in
biomedical science. In the previous years, the interest for MSCs and their
adapted CM exosomes has been expanding in regenerative medication.
MSCs with the properties of differentiability, immunoregulatory capacity,
and paracrine capacities make them good for the recovery of tissues and
organs. There are some radiant advantages of MSCs-exosomes that assume
a significant part in neurotic and physiological cycles, because of the
impediments of MSCs in RM. MSCs-exosomes start quicker intracellular
correspondence and copy the properties of the extracellular layer when
contrasted with MSCs. (Magsood, Kang et al. 2020).

In our study, we aimed to investigate the effectiveness of umbilical
cord blood SCs and their CM in the regeneration of thyroid function, also to
compare the conventional intravenous route of administration versus the
novel intranasal route.

Amiodarone is a highly effective class Il antiarrhythmic drug. It
can be used to treat a wide range of arrhythmias. However, it is markedly
concentrated in tissues leading to multiple adverse effects mainly on the
thyroid gland. It usually leads to hypothyroidism and less commonly
hyperthyroidism and relates to high iodine content within the molecule plus
several unique intrinsic properties of amiodarone (Narayana et al., 2011).

In the present study, there was no mortality noticed all over the
studied groups but showed lower body weight among group II which
received only AMD. This result agreed with another study that showed rats
that administrated amiodarone had lower body weight than control rats
(Stoykov, van Beeren et al. 2007). On the other hand, (Jiang, Chen et al.
2016) found that amiodarone-treated rats showed signs of hair and weight
loss, and diarrhea compared with normal rats. Meanwhile, (Pantos,
Mourouzis et al. 2002) also concluded that amiodarone administration had
no effects on survival.

In the current study, administration of amiodarone for one month
revealed many structural changes in the form of general disturbance of the
gland architecture with ruptured, degenerated, and disturbed follicles
accompanied by cellular exfoliation. These results match with the results of
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(Zickri and Embaby 2013) and (Jiang, Chen et al. 2016) who suggested that
amiodarone exhibits direct toxicity on thyroid follicular cells, and thus
induces thyroid changes in the form of cellular apoptosis and necrosis.

The present study showed that the follicular cellular lining in group
Il (AMD Group) exhibited vacuolation in the cytoplasm and the nuclei
showed pyknosis and sometimes Kkaryorrhexis. These findings were in
agreement with the study of (Jiang, Chen et al. 2016) who postulated that
these cellular changes were referred to as a sign of cellular apoptosis.

Also, this study showed that the amiodarone-treated group
displayed histopathological findings in the form of congestion and
hemorrhage in between the follicles. Some macrophages were spotted in the
area surrounding the congested blood vessels. At the same time, some
lymphocytic infiltrations were detected. (Jiang, Chen et al. 2016) explained
that these findings may indicate an inflammatory response in the thyroid
gland. Inflammation and oxidative stress are closely related processes, as
well exemplified in obesity and cardiovascular diseases (Mancini, Di Segni
et al. 2016).

Electron microscopic examination of the thyroid gland upon
amiodarone administration revealed structural changes in cellular organelles
of the thyroid follicle cells in the form of marked distension of rER and an
increased number of lysosomes. (Pitsiavas, Smerdely et al. 1997) explained
these findings by the accumulation of iodinated thyroglobulin which resists
degradation by proteolytic enzymes. Also, disruption of sorting mechanisms
leads to the accumulation of proteins inside rER resulting in its distension.
In addition, amiodarone-induced mitochondrial swelling. (Rasheed and
Arsanyos 2018) declared that mitochondrial distension occurred due to the
accumulation of lipid droplets with subsequent inhibition of mitochondrial
beta-oxidation by amiodarone therapy.

Inducible nitric oxide synthase (iNOS) in the present study
revealed a marked expression in the amiodarone treated group compared to
the control. To confirm oxidative stress and to detect the level of thyroid
oxidant and antioxidant enzymes, further oxidative tissue markers were
measured in thyroid tissue of different groups.

In our study Bcl-2 (anti-apoptotic factor) was significantly
decreased in Group II (AMD treated) rats compared to the control group
(Group I) which indicates an increased rate of apoptosis in affected tissue.
Pernick (2018) referred that Bcl-2 prevents cells from undergoing apoptosis.
Bcl-2 is an anti-apoptotic factor; the Bcl-2 protooncogene encodes an inner
mitochondrial membrane protein that blocks programmed cell death.
(Pernick 2018).

Page 18 of 22



J. Endocrinology and Disorders

On the other hand, the amiodarone-treated group (Group II)
showed a significant increase in BAX expression; an apoptotic factor as
compared to group 1. In (Markovic, Todorovi¢ et al. 2010) study results show
that BAX expression is significantly higher in the Wistar rat experimental
model of thyroiditis than in the control group. These data propose that the
role of apoptosis in the pathogenesis of experimental thyroiditis is due to the
increased expression of BAX.

In the current study injection of either UC-MSCs or their CM in
the rat model of hypothyroidism improved greatly the histopathological
changes of the thyroid follicles. The thyroid follicles appeared well formed
nearly like the normal appearance of normal thyroid, filled with a good
amount of colloid formation. EM showed organized follicles with apical
microvilli, well-developed Golgi apparatus, normal appearance of
endoplasmic reticulum, mitochondria, and lysosomes. Furthermore, both
groups showed Bcl-2 as an anti-apoptotic factor immuno-histochemical
reaction was moderate, iNOS as oxidative stress marker showed a mild
immune reaction. Also, both groups showed minimal immune reaction
against apoptotic marker BAX.

These results go hand in hand with (da Silva, de Freitas et al. 2018)
who found that the treatment of diabetic rats with mesenchymal stem cells
was capable of a reduction of thyroid H202 generation reducing the
oxidative stress produced by diabetes. Also, (Antonica, Kasprzyk etal. 2012)
found that stem cells transplanted into mice generated functional thyroid
tissue that was able to produce thyroid hormone in thyroid deficient animals
as they showed a substantial increase in plasma T4 levels. This is in
agreement with the study of (Gaide Chevronnay, Janssens et al. 2016) who
transplanted stem cells into cystinosis mice. They unveiled that stem cells
normalized thyroid function and protect follicular structures as half of them
showed normal plasma T4 and TSH levels. Also, they detected overall
improvement over non-grafted controls, proved by predominantly normal
thyrocyte height and homogeneous colloid filling. This contradicts with (da
Silva, de Freitas et al. 2018) who found that MSC treatment did not
normalize thyroid function and TSH remained elevated.

The fluorescence microscopic examination to detect homing of
stem cells to the thyroid gland revealed that the stem cells migrated from the
bloodstream to the thyroid gland in the UC-MSCs group either stem cells
administered intravenously or intranasally.

The exact mechanisms used by MSCs to migrate and home to
tissues have not been fully clarified. It is generally assumed that these stem
cells follow the same steps that were described for leukocyte homing. (Ullah,
Liu et al. 2019) First of all, the cells encounter the endothelium by tethering
and rolling, resulting in a deceleration of the cells in the blood flow.
Secondly, the cells are activated by G-protein-coupled receptors, followed
by an integrin-mediated, activation-dependent arrest in the third step.
Finally, the cells transmigrate through the endothelium and the underlying
basement membrane. (De Becker and Riet 2016).

In the current study, UC-MSCs and CM groups showed a
significant increase in T3 and T4 levels when compared to the amiodarone
group (Group II) (highly significant difference P<0.01). However, values of
TSH showed a significant decrease in stem cells and CM groups when
compared to the amiodarone group. On other hand, there is no statistical
difference between the intravenous conventional route versus the intranasal
group (P > 0.05).

The foundation system of SCs is accepted to be interceded by the
paracrine component, which is known as undeveloped cells adapted medium
(CM) or secretome. (Shen, Lie et al. 2015) CM utilization could resolve
security contemplations related to SCs transplantation, like tumorigenicity,
the transmission of contaminations, immune incompatibility so will give
some clinical advantage. CM (secretome) could be produced in large
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amounts and stored for a long time without loss of product potency and toxic
cryo-preservative agents. It could decrease the expense and time for the
creation and support of cell-based treatment and be changed for wanted
impacts. (Vizoso, Eiro et al. 2017).

To claim therapeutic advantages in using MSC-CM and EVs over
live whole cells, and to develop safe and effective cell-free therapies, there
is a significant knowledge gap that needs to be addressed, including
optimization of bioactive components, dosing regimens, and production
methods. (Chen, Tsai et al. 2019) An enormous number of studies have
discovered some of the key mediators in MSC-CM and EVs; however, there
is variability in the content of the secretome due to several factors. (Vizoso,
Eiro et al. 2017) These include donor’s health status (e.g. age, sex), MSCs
origin (e.g. bone marrow, adipose, or UC), culture type (flask or bioreactor),
the media and supplements types (e.g., fetal bovine serum, xeno-free, or
chemically-defined media), and the microenvironment (e.g. oxygen tension
and presence or absence of stress signals). (Willis, Kourembanas et al. 2017).

Exosome-based therapeutics address a generally encouraging
cutting edge approach for treating a different number of diseases, especially
sicknesses the pathogenesis of which includes an essential or major
inflammatory provocative part. (Mohammadipoor, Antebi et al. 2018)The
adequacy of MSC exosome medicines has been vigorously settled in various
preclinical models, yet the improvement of huge scope exosome-based drugs
and ensuing clinical preliminaries request the goal of a few mechanical and
unthinking issues, mirroring the mindful route in obscure era for this
generally modern field. (Kim, Nishida et al. 2016) Among the major issues
to be resolved are the standardization of MSC culture conditions, and
protocols for exosome harvest and storage. (Willis, Kourembanas et al.
2017).

The use of secretome-containing CM enjoys a few benefits
contrasted with the use of stem cells, as CM can be manufactured, freeze-
dried, packaged, and transported more easily. (Bari, Perteghella et al. 2019)
Furthermore, as it is devoid of cells; there is no need to match the donor and
the recipient to avoid rejection problems. Therefore, SC-derived CMs have
a promising possibility to be produced as pharmaceuticals for RM. (Pawitan
2014).

Although MSC EVs lack the potential to directly form tumors, this
does not imply that MSC-EV administration to human subjects is without
any risk of promoting neoplasia. (Rani, Ryan et al. 2015).

Intravenous (1V) injection is the most widely recognized, least
obtrusive, and most reproducible strategy, and accounting for almost half of
all trials. Despite being the easiest way of transplantation, most of the cells
become trapped in the lungs. (Lee, Kim et al. 2017).

According to the researches database, the least effective dose of
the IV route that gives the highest response ranging from 70 to 190 million
MSCs/patient/dose, and the median dose is 100 million MSCs/patient/dose.
Only four trials showed that dose-dependent response gave improved
outcomes. Otherwise, there is no difference or efficacy when using higher
doses. (Kabat, Bobkov et al. 2020).

Our study results showed that after intranasal administration of SC
in group Il and CM in group IV, showed effective restoration of TFTs. There
was a significant statistical difference (P-value < 0.05) on Day 40 in both
Groups III and IV compared to Group II that received only AMD. Also, there
was no statistical difference between Group III that received SC versus
Group IV which received CM (P-value >0.05).
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There is an examination that goes against our outcomes showed,
intranasal administration of thyroid hormones doesn't expand the substance
of thyroid contents in the cerebrum and further raises the peripheral thyroid
hormone levels. The data propose intranasal administration of thyroid
hormone is certainly not a reasonable restorative methodology for MCT8
inadequacy, albeit elective details could be considered in the future to work
on the nose-to-brain transport. (Grijota-Martinez, Barez-Lopez et al. 2020).

Detailed understanding of molecular mechanisms controlling stem
cell self-renewal will assist us with creating novel strategies for in vitro
development to conquer the restricted cell numbers and naivety of the cells.
To beat these difficulties, further researches on the fundamental and
molecular biology of UCSCs are required, novel clinical preliminaries ought
to be created, and further developing UC public and private banking is of
incredible interest. (Alatyyat, Alasmari et al. 2020).

Conclusion

In conclusion, we provide evidence the practicability and safety of
UC stem cells and conditioned media therapy have been tested in clinical
trials, but the optimal SC and their CM dose and delivery route for the
treatment of Hypothyroidism should be studied. Although some problems
remain for the use of stem cells to treat thyroid disorder, UCSC and their CM
are still a promising form of cell therapy.

Regarding the route of cell administration, the IV route seems to be the
best choice. Its advantages include bedside application, greater cell survival,
and possible paracrine effect exertion. On the other hand, the Intranasal route
appeared to be a promising route to administer SC.

Copy rights@ Maged Hossameldin.

Current research has generally centered around single treatment
methodologies which have created a lot of information. Notwithstanding,
further examinations are needed in both current and novel medicines. Further
developed longitudinal examinations using blends of medicines joined with
drug delivery approaches will probably deliver the most strong and advanced
impacts while limiting incidental effects however will require broad
endeavors from the field to exhaustively assess the impacts in unique cell

types.
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