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ABSTRACT 

Background: hypothyroidism is one of the most common thyroid disorders in humans. 
Propylthiouracil (PTU) is an oral medication used to treat hyperthyroidism and in our work it is used 
to induce hypothyroidism. StemEnhance (SE2) is a natural stem cell enhancer that promote the natural 
release of one’s adult stem cells from the bone marrow. Sesame oil (SSO) is one of the most 
important oil seed crops that is highly valuable. It contains ligans, several antioxidant compounds and 
unsaturated fatty acids that protect thyroid gland. Objective: to evaluate the effect of in vivo 
mobilization of bone marrow stem cells and or sesame oil on PTU- induced hypothyroidism. Material 
and methods: forty eight adult female albino rats were equally divided into eight groups (6 rats each): 
G1 (the control group); G2 & G3 groups: rats were given SR3 (270mg/Kg bw/day orally) and SSO 
(2mg/Kg b.w./day) orally respectively for 2 weeks after 4 weeks from the beginning of the 
experiment;G4: rats were given PTU (50 mg/Kg bw/day) orally for 4 weeks to induce 
hypothyroidism; G5, G6 & G7(treated groups): rats were given SR3, SSO and a combination of SR3 
&SSO respectively with the same previous doses for 2 weeks after induction of hypothyroidism with 
PTU for 4 weeks; G8 (recovery group), which was left for 2 weeks for autorecovery after induction of 
hypothyroidism for 4 weeks. At the end of experiment, blood was collected and thyroid samples were 
taken for biochemical, histological, immunohistochemical and morphometrical studies. Results: PTU 
induced a highly significant decrease in T3 and T4 levels and a highly significant increase in TSH 
level. It also led to loss of the normal histological structure of the thyroid gland, as enlargement of the 
follicular size, elongation of the follicular cells with papillary projections inside their lumenea and the 
blood vessels between the follicles were dilated and congested. While the electron microscopic 
studies showed also loss of the normal arcticture of the thyroid gland, dilated rough endoplasmic 
reticulum and swollen or small mitochondria. SR3 and SSO succeeded to improve most of all these 
results. G8 revealed minimal improvement. All the previous results were confirmed by the 
morphometrical and the statistical studies. Conclusion: SR3 and SSO and their combination 
succeeded to improve the picture of PTU induced hypothyroidism. The improvement was more 
detected with SR3 but it was excellent with combination of SR3 and SSO. 
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Hypothyroidism is the most common endocrine system problems affecting hundreds of 

millions around the world. People with hypothyroidism typically suffers from lack of energy, 
including cold intolerance, dry skin, weight gain, constipation, slow movement, low sex drive, and 
dry coarse hair (Rowe et al., 2016). If hypothyroid condition does not adequately diagnosed and 
treated, more severe problems will occur, such  as  high  serum cholesterol, cardiac issues, obesity, 
joint and muscle pain, gradual hearing loss, reproductive system disorders, depression, periodontal 
problems, carpal tunnel syndrome, sleep apnea and diabetes. In extreme cases it may even result in 
coma or death (Garber et al., 2012). 

Many clinical trials, involving stem cell based therapy, has increased dramatically over the 
last decade. It could be done by using embryonic and adult stem cell types. However, this requires a 
combination of advanced clinical skills and highly equipped laboratory supports (Antebi et al., 2014). 

Scientists have been working on the potential use of mobilizing in situ adult stem cells 
(ASCs) as a noninvasive form of stem cell treatment. Many researchers have led to the idea that 
endogenous or in situ ASCs can be mobilized from their niches (inhabitant areas) in the body. The 
result is migration of ASCs to various organs where they share in tissue repair or regeneration. This 
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noninvasive method has an obvious advantage over the processes of harvesting and reintroduction of 
ASCs. It also represents a new horizon in stem cell treatments that could make stem cell therapies 
more portable and cost limited (Ismail et al., 2013). 

Autologous human MSCs was succeeded in treatment of many diseases but it has severe side 
effects as it enhance the growth of an unsuspected tumor  and it needs  few weeks for generation from 
patients (Sekiya et al., 2002; Studeny et al., 2002; Cottler-Fox et al., 2003& Rubio et al., 2005). In 
addition, culture of human MSCs is usually performed in media containing fetal calf serum (FCS) 
where the cells can produce immune reactions with repeated administrations of the cells (Horwitz et 
al., 2002) and (Spees et al., 2004). Moreover, Werner et al. (2005) mentioned that the level of 
circulating CD34+ progenitor cells predicted the occurrence of cardiovascular events and death from 
cardiovascular causes. Also, there is a risk of pulmonary emboli if the cells were allowed to aggregate 
in suspension before intra venous infusion (Lee et al., 2006). 

To avoid the previous side effects of treatment with MSCs, other methods were tried. Several 
pharmaceuticals and natural substances can mobilize ASCs from human bone-marrow deposits. 
Mobilized ASCs can home into damaged tissue and produce the desired tissue repair or regeneration. 
One of the natural products that can mobilize ASCs from human bone marrow deposits is 
Stemrelease3. It is extracted from Aphanizomenon flos-aquae (AFA) plant. Stem Enhance capsules 
contain a blend of the cytoplasmic and cell wall fractions of AFA plant, which is enriched by L-
selectin ligand (LSL). LSL supports the release of stem cells which are (CD34 +ve cells) from the 
bone marrow (Jensen et al., 2007). 

Sesame oil is one of the most important oil seeds because of its high protein and antioxidant 
contents (Taha et al., 2014). Sesame oil contains sesamin, sesamolin and sesaminol lignan fractions, 
which are known to play an important role in its oxidative stability and antioxidative activity (Elleuch 
et al., 2007). In addition, Sesame oil is a source of tyrosine, an amino acid that uses to manufacture 
thyroid hormone. The key enzymes involved in the activation and inactivation of thyroid hormones 
(Iodothyronine deiodinases) are also selenoproteins. Selenium is an integral part of selenoproteins and 
critical enzymes in thyroid hormone synthesis making this an essential micronutrient. As sesame oil is 
considered selenium rich oil, so it may lead to improve circulating thyroid hormones. Also it contains 
healthy fatty acids that protect thyroid gland and keep it functioning normally (Sharma et al., 2014). 
            This study was designed to evaluate the effect of mobilized (endogenous) bone marrow stem 
cells and or sesame oil on induced hypothyroidism in adult female albino rats. 

 
Material and Methods 
 
Material 
 
-Propylthiouracil (PTU): (Thyrocil, 50mg/tablet) 

 Propylthiouracil (PTU) is manufactured by Amoun Company, Egypt. The tablets were 
crushed into powder then dissolved in saline solution for weekly preparation of stock solution. It  was 
given to rats at a dose of 50 mg./kg/day orally for 4 weeks to induce hypothyroidism (Celik et al., 
2000).  

 
- StemEnhance: (Stemrelease3, 500 mg /caps) 
  Stemrelease3 is manufactured by Stem Tech Health Sciences (San Clemente, CA, USA).  It 
was obtained in the form of a bottle containing 50 capsules each containing 500 mg of L-selectin 
ligand enriched fractions of Aphanizomenon flos-aquae (AFA).  It was opened and  dissolved in 
distilled water and given daily by gastric gavage at a dose of  270 mg./kg/day for 2 weeks (Drapeau et 
al., 2010 and Ismail et al., 2013). 
 
-Sesame oil: (2ml/kg/day) 
 Sesame oil was purchased from Kato Aromatic Company, Giza, Egypt. It was given orally at a dose 
of 2ml/kg/day 
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- Animals and experimental design: 
Forty-eight adult female albino rats, weighing 150- 180 g. were used in this research. They 

were obtained from the Nile Pharmaceuticals Company, Cairo, Egypt and housed in laboratory 
standard cages. All animals had free access chow diet and plenty of fresh tap water with continuous 
cleaning.  They were acclimated for one week prior to initiation of the experiment in the laboratory of 
Histology, Faculty of Medicine for girls, Al Azhar University. The Animal Care Committee approved 
all procedures. The rats were divided into eight equal groups (6 rats each). G1 (the control group); G2 
(SR3 group):rats were given SR3 orally at a dose of (270mg/Kg bw/day) for 2 weeks after 4 weeks 
from the beginning of the experiment; G3 (SSO group): rats were given SSO orally at a dose of 
(2mg/Kg b.w./day) for 2 weeks after 4 weeks from the beginning of the experiment;G4 (PTU group): 
rats were given PTU daily by gastric gavage at a dose of  (50 mg/Kg bw/day) for 4 weeks to induce 
hypothyroidism and then were sacrificed; G5 (PTU/ SR3 treated group): rats were given PTU by the 
same dose and duration as G4 followed by SR3 by the same previous dose for 2 weeks;  G6 
(PTU/SSO treated group): rats were given PTU by the same dose and duration as G4 followed by 
SSO by the same previous dose for 2 weeks; G7(PTU/combined SR3 and SSO treated group): rats 
were given PTU by the same dose and duration as G4 followed by SR3&SSO with the same previous 
doses for 2 weeks; G8 (recovery group): rats were given PTU by the same dose and duration as G4 
then left  for autorecovery for further 2 weeks. 

 
Methods: 

At the end of the experiment, all groups were sacrificed after 6 weeks except G4 was 
sacrificed after 4 weeks. Blood samples were collected for biochemical study and tissue samples from 
the thyroid gland were taken and prepared for, histological, immunohistochemical, morphometrical 
and statistical studies. 

    
  - Biochemical study: 

Before scarification retro-orbital blood samples were collected in capillary tubes. Serum T3, 
T4 and TSH levels were analyzed by radioimmunoassay in the Department of Biochemistry, Faculty 
of Medicine, Cairo University. 

 
- Histological studies: 
 
1- Light microscopic examination: Right-sided thyroid lobes were fixed in 10% neutral buffered 

formalin, dehydrated in ascending grades of ethanol, cleared in xylen and embedded in paraffin. 
Serial sections of 5 µm thickness were cut and stained with Hematoxylin and Eosin (Hx&E) for 
detecting the general structure (Bancroft and Stevens, 2007), Masson's trichrome for detection of 
collagen fibers and Periodic Acid- Schiff’s reaction (PAS) for detection of polysaccharides 
(Bancroft and Gamble, 2002).  

2- Electron microscopic examination: Left sided thyroid lobes were rapidly removed and cut into 
small pieces of about 1 mm3 thickness, fixed in 2.5% glutaraldhyde, buffered in 0.1 mol sodium 
cacodylate at 4°C, and post fixed in 1% osmium tetraoxide. They were then dehydrated in 
ascending grades of alcohol, embedded in resin, and sectioned using an ultramicrotome to prepare 
semithin and ultrathin sections (William and Carter, 1996). The sections were examined under a 
transmission electron microscope (JEOL JEM-100 CXII; Jeol, Tokyo, Japan) at Al Azhar 
University, Mycology center.  

 
3- Immunohistochemical studies: 
 

a) Immunohistochemical staining for parafollicular C -cells: 
Thyroid sections were stained using calcitonin antibody-2 (Rabbit Polyclonal Antibody) 

(Martín-Lacave et al., 2009) (DAKO A-576; Dako, Glostrup, Denmark). The secondary antibody was 
a biotinylated antiserum to rabbit/mouse immunoglobulins (Life Trade, Egypt), and 3,3-
diaminobenzidine tetrahydrochloride was used as a chromogen (Sigma). Tissue sections were 
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counterstained with Mayer’s haematoxylin. Negative controls were obtained by skipping the 
application of the primary antibody. 
 

b) Immunohistochemical staining of stem cells using anti CD34:  
Anti CD34 immunohistochemical staining was done according to Bancroft and Cook, 1994. 

Paraffin sections were deparaffinized in xylen for 1-2 minutes and then rehydrated in descending 
grades of ethanol then brought to distilled water for 5 minutes. Sections were incubated in hydrogen 
peroxide for 30 minutes then rinsed in PBS (3 times, 2 minutes each). Each section was incubated for 
60 minutes with 2 drops (=100 μl) of the primary antibody CD34 Ab-1, Clone QBEnd/10 (Lab Vision 
Corporation Laboratories, CA 94539, USA, catalogue number MS-363- R7). Slides were rinsed well 
in PBS (3 times, 2 min. each), incubated for 20 minutes with 2 drops of biotinylated secondary 
antibody for each section then rinsed well with PBS. Each section was incubated with 2 drops (100 
μl) enzyme conjugate "streptavidin-horseradish peroxidase" for 10 minutes at room temperature then 
washed in PBS. Substrate-chromogen (DAB) mixture 2 drops was applied to each section and 
incubated at room temperature for 5-10 min. then rinsed well with distilled water. Slides were 
counterstained with hematoxylin, dehydrated and mounted. CD34+ve cells showed brown deposits. 
 
4- Morphometrical studies: 

 It was carried out using image analyzer computer system (Primo star, Zeis, China) at Histology 
Department, faculty of Medicine for girls, Al Azhar University. Slides were examined under a light 
microscope. The following measurements were taken in 10 nonoverlapping randomly selected fields 
for each group, using magnification 200: 
1-Height of follicular cells in H&E stained sections. 
2-Area percentage of collagen in Masson’s trichrome stained sections.   
3-Area percentage of colloid in PAS reaction sections. 
4- Mean number of calcitonin immunoreactive C-cell. 
5-Mean number of the CD34 immunopositive stem cells. 
 
Statistical analysis  

Data were tabulated and statistically analyzed to evaluate the difference between the different 
studied groups for the all parameters. The statistical analysis included; the mean, standard deviation 
(SD) and analysis of T- test. The probability (P) value, obtained from the statistical tables, was 
directly supplied by the computer using Statistical Package for the Social Sciences (SPSS) software 
program. Results were considered statistically significant when p was <0.05 (Armitage and Berry, 
1994 and El Marakby et al., 3013). 

 
Results 

 
Biochemical results 

The changes in the thyroid function tests were shown in table (1) and histogram (1). 
 

A) Serum T3 and T4 levels:  
Propylthiouracil induced a highly significant decrease in the mean values of T3 and T4 in G4 

compared to G1. Non significant changes were observed in G2 & G3 when compared to G1. On the 
other hand, their values were significantly increased in G5 & G6, and highly significantly increased in 
G7 in comparison with G4. While their mean values showed a non-significant increase in G8 
compared to G4. 

 
B) Serum TSH level: 

As regarding to the mean value of TSH level, a highly significant increase was noticed in G4 
compared to G1. Non significant changes were observed in G2&G3 when compared to G1.  On the 
other heand, its mean value was significantly decreased in G5 & G6, and highly significantly 
decreased in G7 in comparison with G4.While its mean value showed a non-significant decrease in 
G8 compared to G4. 
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Table 1: The thyroid function tests in the different experimental groups (μg/dl). 
                           Parameter       

 Studied  groups 
T3 

Mean ± SD 
T4 

Mean ± SD 
TSH 

Mean ± SD 
 G1 2.25±1.13 3.33±0.94 0.96±0.57 
 G2 2.19±1.20ª 3.07±1.47ª 1.06±0.47 ª 
 G3 2.31±1.01ª 3.80±1.19ª 0.961±0.73 ª 
 G4 0.93±0.59*ª 1.28±0.90*ª 4.31±1.29*ª 
 G5 1.75±0.99*ᵇ 2.62±0.52*ᵇ 2.94±1.06*ᵇ 
G6 1.62±1.09*ᵇ 2.14±1.03*ᵇ 3.31±0.98*ᵇ 
 G7 2.20±1.04*ᵇ 3.32±1.53*ᵇ 1.11±0.70*ᵇ 
 G8 1.33±0.77ᵇ 1.88±0.96ᵇ 3.71±1.30ᵇ 

*P ≤ 0.05 = statistically significant                                                     SD = Standard deviation 
a: compared  to the control group (G1)  
b: compared to the PTU group (G4)  
G1: the control group          G2: Stemrelease3 group                  G3: sesame oil group          
G4: PTU group                   G5:PTU/Stemrelease3 group           G6:PTU/sesame oil group              
G7: PTU/combined Stemrelease3 and sesame oil group             G8: PTU autorecovery group 

  

  
Histogram 1: Mean values of T3, T4 and TSH in the different experimental groups (μg/dl). 

T3: Tri iodothyronin, T4: Thyroxin, TSH: Thyroid stimulating hormone and G: Group 

Results of light microscopic examination: 
Hematoxylin and eosin stained sections of the thyroid glands of G1  revealed that the thyroid 

gland is  formed of thyroid follicles of different sizes. Their cavities contained acidophilic colloid 
with peripheral vacuolations. Thyroid follicles were lined by cubical follicular cells that exhibited 
rounded vesicular nuclei and pale basophilic cytoplasm. Interfollicular cells and blood capillaries 
were extended between the thyroid follicles. G2 & G3 showed more or less picture similar to the 
control group. {(Figs. 1(A-F)}.  

Propylthiouracil induced loss of the normal architecture of the thyroid gland. Enlargement of 
the follicular size was noticed, some follicles fused with each other and most of them exhibited 
peripheral colloidal vacuolations. Follicular cells became tall and columnar that may obliterate the 
follicular lumen. Many follicles were noticed to form papillary projections inside their lumenae. 
Extensive network of dilated congested blood vessels extended between the follicles {Figs.1 (G&H)}. 

Stemrelease3 improved the thyroid structure when administrated after induction of 
hypothyroidism. In G5, Many of the follicles restored its normal shape with different sizes and were 
lined by a single layer of cuboidal epithelial cells with central rounded nuclei surrounding a central 
lumen filled with acidophilic colloid.  Inter follicular cells could be seen in between the follicle. No 
congested blood vessels could be seen {Figs.2. (A&B)}. In G6, good improvement  was noticed. 
Some thyroid follicles restored its normal shape with different sizes and lined by a single layer of 
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cuboidal epithelial cells with central rounded nuclei, others were still irregular and lined by tall 
columnar epithelial cells. Many congested blood vessels were still present {Figs. 2. (C&D)}. 

Marked improvement was obtained in G7. Most of the follicles restored its normal shape and 
appeared more or less as that of the control group {Figs.2. (E&F)}. 

In G8 mild improvement in some thyroid follicles, while in other follicles no apparent 
improvement was seen. {Fig. 2.(G&H)}. 

 

  
Figs. 1: Photomicrographs of thyroid sections in rats of the first four groups: G1 (A&B); A: showing thyroid 
follicles of different sizes (black arrows); their cavities contained acidophilic colloid with peripheral 
vacuolations (C). B: follicles were lined by cubical follicular cells that exhibited rounded vesicular nuclei and 
pale basophilic cytoplasm (black arrows). Interfollicular cells (yellow arrows) were extended between the 
thyroid follicles. G2 (C&D) & G3 (E&F): showing the normal histological structure as that of the control 
group. G4 (G&H); G: shows many irregular thyroid follicles (arrows) with markedly congested and dilated 
blood vessels (bv). H: some follicles are lined by tall columnar follicular cells, obliterating the lumen (black 
arrows). Proliferating follicular cells are clearly noted (green arrows). Most of the follicles exhibit colloidal 
vacuolations (V). Congested blood vessels can be also noticed (bv).                                                                   

                                                                        (Hx &E.; A, C, E &G×200;  B, D, F& H×400) 
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Figs. 2: Photomicrographs of thyroid sections of rats of the last four groups. G5 (A&B); A: follicles restored its 
normal shape with different sizes (black arrows) their cavities contained acidophilic colloid (C).B: follicles are lined 
by a single layer of cuboidal epithelial cells with central rounded nuclei (black arrows) surrounding a central lumen 
filled with acidophilic colloid.  Inter follicular cells could be seen in between the follicle (yellow arrows). No 
congested blood vessels could be seen. G6 (C&D); C: some thyroid follicles restored its normal shape with different 
sizes (black arrows), others are still irregular (yellow arrows). Some congested blood vessels are still present (bv).D: 
some thyroid follicles are lined by a single layer of cuboidal epithelial cells (black arrows) with central rounded 
nuclei, others follicles are lined by tall columnar epithelial cells (yellow arrows). Congested blood vessels are still 
present (bv). G7(E&F); E: most of the follicles restored its normal shape with different sizes (black arrows) filled 
with acidophilic colloid (C).F: thyroid follicles are lined by a single layer of cuboidal epithelial cells (black arrows) 
and inter follicular cells (yellow arrow) can be seen. G8 (G&H); G: variable sized thyroid follicles (black arrows). 
H: some follicles restored its normal shape and lined by cuboidal cells (black arrow). Other follicles are still irregular 
and lined by tall columnar cells with little amount of colloid (yellow arrows). Some congested blood vessels are still 
present (white arrows).   

                                                                                 (Hx. & E.; A, C, E & G×200; B, D, F& H×400) 

Masson's Trichrome stained sections of the thyroid gland of G1 showed little amount of  
collagen fibers around the blood vessels and in between the thyroid follicles. G2 & G3 showed the 
same picture as G1. {Figs. 3 (A, B&C)}.  In G4, an apparent increase in the intensity of   the collagen 
fibers was noticed {Fig.3 (D)}.  This finding  decreased in G5&G7 to appear more or less as that of 
the control group {Figs. 3(E&G)}. G6 revealed moderate density of the collagen fibers {Fig.3 (F)}. 
On the other hand, in G8, the intensity of   the collagen fibers around the congested blood vessels 
were still increased. {Fig. 3(H)}. 
          Periodic Acid Schiff (PAS)  reaction of the thyroid gland of G1 revealed +ve reaction of the 
follicular basement membrane and the colloid. Colloidal vacuolations were clearly demonstrated in 
some follicles. G2 & G3 showed the same picture as G1{Figs. 4(A,B &C)}. In G4; irregular shaped 
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follicles that exhibited less positive reaction of the basement membrane with little amount of 
vacuolated colloid were observed {Fig. 4(D)}.  On the other hand; G5 revealed regular follicles that 
showed +ve reaction of the basement membrane and the colloid. {Fig. 4.(E)}. G6 revealed some 
follicles that restored its normal shape with normal +ve  reaction of the basement membrane and the  
colloid, while other follicles were still irregular with little amount of colloid {Fig. 4(F)}. G7 appeared 
with regular follicles that showed +ve reaction of the basement membrane and the colloid {Fig.4 
(G)}.  In G8 some irregular shaped follicles that exhibited less positive reaction of the basement 
membrane with little amount of colloid in most follicles were observed {Fig. 4(H)}. 
 

  
Figs. 3: Photomicrographs of thyroid sections in rats of all groups, A, B&C (G1, G2 & G3) respectively: showing the 
normal distribution of the collagen fibers around the blood vessels and in between some thyroid follicles (arrows). D: 
(G4): shows apparent increase in the intensity of the collagen fibers (black arrows) around the congested blood vessels 
(yellow arrows). E; (G5): collagen fibers decreased more or less nearly as that of the control group (black arrows). F; 
(G6): moderate density of collagen fibers (black arrows) around the congested blood vessels (yellow arrows). G: (G7): 
collagen fibers decrease more or less as that of the control group (black arrows. H; (G8): showing that the collagen fibers 
(black arrows) around the congested blood vessels (yellow arrows) are still increased.        (Masson's Trichrome × 400). 
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Figs. 4: Photomicrographs of thyroid sections in rats of all groups, A, B&C (G1,G2 & G3) respectively: +ve 
reaction of the follicular basement membrane (black arrows) and colloid (C). Colloidal vacuolations are clearly 
demonstrated in some follicles (yellow arrows). D; (G4): shows less positive reaction in the basement 
membrane of the irregular follicles (black arrows) with little amount of vacuolated colloid (yellow arrows). E; 
(G5): exhibit +ve reaction of the basement membrane (black arrows) and vacuolated colloid (yellow arrows). F; 
(G6): +ve reaction of the basement membrane (black arrows) and the colloid, other follicles still irregular with 
little amount of colloid (yellow arrows). G; (G7): showing regular follicles that exhibit +ve reaction of the 
basement membrane and the colloid (black arrows).H; (G8): showing some irregular follicles that exhibit +ve 
reaction of the basement membrane (black arrows) with little amount of colloid in most follicles.                                                                                         

(PAS reaction × 400) 

Results of electron microscopic examination: 
Electron microscopic examination of thyroid sections of the rats of G1 revealed the normal 

ultrastructure features of the thyroid gland. The thyroid follicles were formed of a single layer of 
cuboidal follicular cells surrounding a lumen filled with colloid. The cells show large euchromatic 
nuclei with extended chromatin and numerous short microvilli projecting into the lumen.  Some blood 
vessels were noticed between the follicles. The cytoplasm contained well-developed rough 
endoplasmic reticulum, multiple mitochondria and lysosomes.  Junctional complex between the 
adjacent cells could be also noticed. G2&G3 showed more or less pictures similar to the control 
group.  (Figs. 6 &7). 
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Figs.5:  electron micrographs of sections of a female rat thyroid gland of G1 (A&B) and G2 (C&D). A; 

showing two thyroid follicles. Each one is formed of a single layer of cuboidal follicular cells surrounding a 

lumen filled with colloid (Co).The cells show large euchromatic nuclei (N) and numerous short microvilli 

(arrows) projecting into the lumen. A blood vessel (bv) can be noticed. B: showing two follicular cells, large 

euchromatic nuclei (N), well developed rough endoplasmic reticulum (rER), multiple mitochondria (blue 

arrows) and lysosomes (yellow arrows). Short microvilli (black arrow) and junctional complex between the 

adjacent follicular cells (red arrow) can be also noticed. C: showing a thyroid follicle formed of a single layer of 

cuboidal follicular cells surrounding a lumen filled with colloid (Co). The cells show large euchromatic nuclei 

(N) and numerous short microvilli (black arrow) projecting into the lumen. Blood vessels (bv) and 

longitudinally arranged collagen fibrils (LS) can be noticed around the follicle. D: showing a follicular cell with 

a near blood vessel (bv). A large euchromatic nucleus (N), well-developed rough endoplasmic reticulum (rER), 

mitochondria (blue arrows), lysosomes (yellow arrows) and a desmosome between the two adjacent follicular 

cells (red arrow) can be also noticed. 

                                                                                                                                   (A&C×5000&B&D× 15000) 
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Figs. 6:  electron micrographs of sections of a female rat thyroid gland of G3 (A&B), G4(C, D &E):  A: a 
thyroid follicle with adjacent blood vessel (bv). It is formed of a single layer of cuboidal cells surrounding a 
lumen filled with colloid (Co). Notice the large euchromatic nuclei (N) and numerous microvilli (arrows). B: a 
follicular cell with a large euchromatic nucleus (N) its cytoplasm reveals a well-developed rough endoplasmic 
reticulum (rER), multiple mitochondria (red arrows), lysosomes (yellow arrows) and a Golgi apparatus (black 
arrow). Transversely cut collagen fibrils (TS) and a red blood corpuscle (RBC) inside a blood vessel can be 
noticed near the follicle. C: showing follicular cells surrounding a lumen that contains colloid (Co). Cells are tall 
columnar with dome-shaped apical borders (yellow arrows), nuclei are basal, irregular and oval (N). Notice, the 
adjacent blood vessel (bv) and multiple longitudinally arranged collagen fibrils around the follicle (red arrows). 
D: showing a follicular cell with less euochromatic nucleus (N), irregularly dilated rough endoplasmic reticulum 
(rER) and swollen mitochondria with variable density (red arrows). Some lysosomes can be seen in the section 
(blue arrows). E: showing a follicular cell with irregular less euochromatic nucleus (N) than the control group, 
marked dilated rough endoplasmic reticulum (rER) and apparently less irregular mitochondria (yellow arrows).                                      

                                                                                                             (A&C×5000, D× 12000 & B&E×15000) 
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Figs. 7: electron micrographs of sections of female rat thyroid gland of G5 (A&B) and G6 (C&D). 
A: showing a thyroid follicle formed of a single layer of cuboidal follicular cells surrounding a lumen 
filled with colloid (Co). Most cells show euchromatic nuclei (N), numerous short microvilli (arrows) 
and a blood vessel (bv) can be noticed.  B: notice the follicular cell with large euchromatic regular 
nucleus (N), well-developed rough endoplasmic reticulum (rER) and lysosomes (yellow arrows). 
Note the desmosome between the two adjacent follicular cells (black arrow). C: showing two 
adjacent thyroid follicles. Each one is formed of   a single layer of cuboidal follicular cells 
surrounding a lumen filled with colloid (Co). The upper follicle shows large euchromatic nuclei (N) 
with moderately dilated rough endoplasmic reticulum (yellow rER), while the lower follicular cells 
contain smaller, more flattened  irregular nuclei (arrows) and  markedly dilated rough endoplasmic 
reticulum (red rER). D: showing  a follicular cell with irregular nucleus (N) and moderately  dilated 
cisternae of rough endoplasmic reticulum  (rER) with loss of their lamellar arrangement and well 
developed Golgi apparatus (yellow arrow). Transversally (TS) and longitudinally arranged (LS) 
collagen fibrils can be noticed around the follicle.  

                                                                                     (A&C×5000 & B&D× 15000) 

G4 showed  apparent changes and  loss of the normal architecture of the thyroid gland. Follicular 
cells became tall columnar with dome-shaped apical borders. Their nuclei were basal, irregularly oval 
and less euochromatic than the control group. The cytoplasm showed irregularly dilated rough 
endoplasmic reticulum, swollen or small irregular mitochondria. Congested blood vessels and 
collagen fibrils near the follicles were also noticed. {Figs.7(C&D)}. 
Thyroid sections of G5 showed marked  improvement in the shape and structure of the thyroid 
follicles. Thyroid follicles appeared formed of a single layer of cuboidal follicular cells surrounding a 
lumen filled with colloid with euchromatic nuclei and numerous short microvilli projecting into the 
lumen. The cytoplasm revealed a well-developed rough endoplasmic reticulum (rER) and lysosomes, 
more or less as that of the control group. {Figs.7(A&B)}. G6 revealed good  improvement. The 
thyroid follicles appeared formed of   a single layer of cuboidal follicular cells surrounding a lumen 
filled with colloid. Some follicles showed large euchromatic nuclei, while other follicles contained 
smaller, more flattened irregular nuclei. The cytoplasm revealed moderately dilated cisternae of rough 
endoplasmic reticulum with loss of their lamellar arrangement and well developed Golgi apparatus. 
Some collagen fibrils can be noticed between the follicles. {Figs.7(C&D)}. G7 showed  more marked 
improvement in the thyroid gland.  The thyroid follicles appeared with normal structure more or less 
as that of the control group. The follicular cells appeared  cuboidal with large euchromatic nuclei and 
numerous short microvilli projecting into the lumen. The cytoplasm revealed a well-developed rough 
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endoplasmic reticulum, multiple mitochondria, lysosomes and Golgi apparatus. Junctional complexes 
between adjacent follicular cells and collagen fibrils could be also noticed beside the follicles. {Figs.8 
(A&B)}, while G8 showed minimal improvement. Follicular cells were still tall, and their nuclei were 
basal, oval, small and irregular.  Some cells had large euchromatic nuclei, others had pyknotic one. 
The cytoplasm revealed moderately dilated rough endoplasmic reticulum, small and irregular 
mitochondria. {(Figs.8(C&D)}. 

 

  
   

Figs. 8:  electron micrographs of sections of female rat thyroid gland of G7 (A&B) and G8 (C&D). A: showing 
two adjacent thyroid follicles each is formed of   a single layer of cuboidal follicular cells surrounding a lumen 
filled with colloid (Co). Follicular cells appear with large euchromatic nuclei (N) and numerous short microvilli 
(blue arrows) projecting into the lumen.  Collagen fibrils are arranged longitudinally (LS) and transversally (TS) 
between the follicles. B: showing 2 follicular cells, each one contains a large euchromatic nucleus (N). The 
cytoplasm reveals a well-developed rough endoplasmic reticulum (rER), multiple mitochondria (blue arrows), 
lysosomes (yellow arrows) and Golgi apparatus (G),picture  more or less as that of the control group. Note the 
junctional complexes between adjacent follicular cells (red arrows).C: showing two adjacent thyroid follicles, 
each one is lined by a single layer of follicular cells. Some follicular cells contain large nuclei (N), others 
contain small and irregular nuclei (black arrow). Transversally (TS) and longitudinally (LS) cut collagen fibrils 
and a blood vessel (bv) can be noticed between the two follicles. D: showing: a follicular cell with 
heterochromatic nucleus, its cytoplasm revealed moderately dilated rough endoplasmic reticulum (rER), small 
irregular mitochondria (green arrows) and lysosomes (red arrows). 

                                                                                                                                  (A&C×5000 &B&D×15000) 

Immunohistochemical Results: 
 
A) Immunohistochemical staining for parafollicular C cells (Anti calcitonin): 

 Immunohistochemical staining of G1 recorded a positive, brownish, cytoplasmic reaction in C 
cells that were adjacent to the basal membrane of the thyroid follicles and in the interfollicular tissue. 
G2 & G3 showed the same results as G1. In G4, numerous and large C cells with deep positive 
reaction bordering the follicles or present in interfollicular tissue were observed. G5&G7 revealed 
positively immunoreactive C-cells more or less as that of the control group. G6 showed less numerous 
anticalcitonin immunoreactive C cells. On the other hand, in G8 more strong immunoreactive C-cells 
were observed (Fig.9). 
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 Figs. 9:  Photomicrographs of thyroid sections in rats of all groups, A,B &C: (G1), (G2) & (G3) showing:  
brownish cytoplasmic immunoreactive C cells adjacent to the basal membrane of thyroid follicles (black arrows) 
and in the interfollicular tissue (yellow arrows). Note the immunonegative follicular cell (red arrows). D: (G4) 
showing an apparent increase in number and intensity of immunoreactive C cells. F: (G6): less numerous  
anticalcitonin +ve immunoreactive C-cells bordering the thyroid follicle (black arrows) or in the interfollicular 
tissue (yellow arrows)  E&G: (G5) & (G7) showing: positive immunoreactive C-cells more or less as that of the 
control group. H: (G8) showing numerous strong immunoreactive C-cells. 

(Anti-calcitonin immunohistochemical staining ×400) 

  

B) Immunohistochemical staining of anti CD34 for detection of stem cells: 
           No positive immune reactive CD34 stem cells were observed in all groups except in G5&G7. 
(Fig. 10). 
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Figs. 10: Photomicrographs of thyroid sections in rats of all groups A: (G1), B: (G2), C: (G3), D: (G4), F: 
(G6) and H: (G8) all showing: –ve reaction for CD34. E: (G5) and G: (G7) showing: brownish cytoplasmic 
immunoreactive cells adjacent to the basal membrane of the thyroid follicles (yellow arrows) and in the 
interfollicular tissue (black and red arrows).  

(Anti-CD34 immunohistochemical staining ×400) 
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Morphometrical and statistical results: 
 
1- Mean follicular cell height: 

The highest mean value of the follicular cell height was observed in G4 compared to G1. 
G2&G3 showed nearly the same results as G1. On the other hand, a significant decrease was observed 
in G5&G6, while a highly significant decrease was detected in G7 compared to G4.  In G8, non 
significant decrease was observed when compared to G4 (Table 2 and Histogram 2). 

 
 2- Mean area percentage of collagen:  

A significant increase in the mean area percentage of the collagen was noticed in G4 compared 
to G1. G2&G3 showed more or less similar results as the control group.  While a significant decrease 
was recorded in G5& G6 and a  highly significant decrease was noticed  in G7 in comparison with 
G4. G8 showed non significant decrease in the amount of collagen fibers compared to G4 (Table 2 
and Histogram 3 
 
3-Mean area percentage of the colloid: 

The lowest mean value of area percentage of the colloid was recorded in G4 compared to G1. 
G5 &G6 showed  significant increase and G7 showed a highly significant increase compared to G4. 
G2 & G3 showed the normal value of G1.  (Table  2 and Histogram 4). 
  
4-Mean number of calcitonin immuno-reactive C-cells: 

A highly significant increase in the mean number of the calcitonin immuno-reactive C cells 
was noticed in G4 in comparison with the control group. G2 & G3  showed the same results as G1.  
while G5&G6 revealed a significant decrease compared to G4.  In G7, highly significant  decrease  
was recorded compared to G4. On the hand, non significant decrease was observed in G8 compared to 
G4 (Table 3 and  Histogram 5). 

 
5-Mean number of CD34 immuno-reactive cells: 

No CD34 immuno-reactive cells could be detected in any group except in G5 &G7. (Table 3 
and Histogram 6). 
 

Table 2: Mean values of follicular cell height (μm), mean area percentage of the collagen, and mean area 

percentage of the colloid in the different experimental groups. 

                        Parameter         
 
 Studied  groups 

Values of the 
follicular cell height 

Mean ± SD 

Area percentage of 
the collagen 
Mean ± SD 

Area percentage of the 
colloid 

Mean ± SD 
G1 12.08±1.34 2.04±0.63 14.53±1.42 
G2 12.21±1.51 ª 2.38±0.83 ª 14.03±1.25 ª 
G3 12.16±1.17 ª 2.39±0.87 ª 14.23±1.69 ª 
G4 24.27±1.31*ª 21.76±1.77*ª 4.18±1.54*ª 
G5 19.26±1.68*ᵇ 3.72±0.93*ᵇ 12.93±1.72*ᵇ 
G6 20.96±1.96*ᵇ 7.98±1.07*ᵇ 9.85±1.97*ᵇ 
G7 12.17±1.82*ᵇ 3.02±1.25*ᵇ 13.54±1.78*ᵇ 
G8 22.50±1.89ᵇ 20.16±1.69ᵇ 5.27±1.59ᵇ 

*P ≤ 0.05 = statistically  significant                                                   SD = Standard deviation 
a: compared  to the control group (G1)   
b: compared to the PTU group (G4)  
G1: the control group          G2: Stemrelease3 group                   G3: sesame oil group          
G4: PTU group                   G5:PTU/Stemrelease3 group            G6:PTU/sesame oil group              
G7: PTU/combined Stemrelease3 and sesame oil group              G8: PTU autorecovery group  
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Table 3: Mean number of calcitonin immuno-reactive C-cells and CD34 immuno reactive stem cells in the 
different experimental groups.  

                                Parameter                             
Studied  Groups 

Number of calcitonin immuno-
reactive C-cells 

Mean ± SD 

Number of CD34 immuno-
reactive cells 
Mean ± SD 

G1 21.66±1.14 0 
G2 22.16±1.58 0 
G3 22.66±1.21 0 
G4 51.00±1.78*ª 0 
G5 24.5±1.96*ᵇ 18.6±1.14*ªᵇ 
G6 31.23±1.04*ᵇ 0 
G7 21.38±1.47*ᵇ 18.8±0.83*ªᵇ 
G8 48.38±1.78ᵇ 0 

*P ≤ 0.05 = statistically significant                                                    SD = Standard deviation 
a: compared  to the control group (G1)   
b: compared to the PTU group (G4)  
G1: the control group          G2: Stemrelease3 group                   G3: sesame oil group          
G4: PTU group                   G5:PTU/Stemrelease3 group            G6:PTU/sesame oil group              
G7: PTU/combined Stemrelease3 and sesame oil group              G8: PTU autorecovery group 

  

 
G: Group 

Histogram 2: Mean follicular cell height in the different experimental groups. 

 
G: Group 

Histogram 3: Mean area percentage of the collagen in the different experimental groups. 
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G: Group 

Histogram 4: Mean area percentage of the colloid in the different experimental groups. 

 
G: Group 

Histogram 5: Mean number of immunoreactive C cells in the different experimental groups. 

G: Group 
Histogram 6: Mean number of CD34 immunopositive cells in the different experimental groups. 

Discussion  

In the present study the mean levels of T3 and T4 were highly significantly decreased in G4 
compared to G1. This was in accordance with Sokkar et al. (2000) and Mostaghni et al. (2008) who 
pointed to the significant fall in serum T3 and T4 after administration of the PTU which interfered 
with iodination of tyrosine. The highly significant increase in TSH which was observed in G4 was in 
agreement with Mahmoud and Solaiman (2014). They recorded that homeostasis of thyroid hormones 
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(T3 and T4) synthesis and secretion is controlled by a sensitive feedback mechanism that involves the 
hypothalamus, pituitary, and thyroid glands. TSH secreted by the pituitary is particularly important in 
this feedback mechanism. It induces the thyroid to synthesize thyroid hormone T4, which is then 
converted to the more biologically active T3. The increased length of follicular epithelium in G4 that 
was confirmed statistically versus the control group was in concomitant with Ferreira et al. (2007) 
who stated that a significant increase in the height of the follicular epithelium occurs in the 
hypothyroid adult female mice. Also, in the current study there were many enlarged and irregular 
follicles which appeared to be lined by multiple layers of follicular cells, forming papillary projection 
in the lumen. This could be attributed to the low level of T4 and T3 that led to increased TSH level 
which was responsible for the proliferative activity of follicular cells. Cakic--Milosevic et al. (2004) 
and Townsend et al. (2007) clarified that TSH is a major growth factor for the thyroid. While Rubin 
and Strayer (2008) specified that hypertrophy occurs as a result of an increase in cell size and 
functional capacity when trophic signals or functional demand increases; Furthermore, the authors 
explained cellular hyperplasia by stimulating resting (G0) cells to enter the cell cycle (G1) to start 
multiplication. This may be a response to the altered endocrine milieu, increased functional demand 
or chronic injury.   

The extensive network of dilated congested blood capillaries which was observed  between  the 
thyroid follicles of this group could be also attributed to the high level of TSH. This finding was 
coinciding with that of Ramsden (2000) who attributed the vascularisation to growth factors and 
vasoactive factors produced in the thyroid, which include the potent angiogenic proteins: fibroblast 
growth factor and vascular-endothelial growth factor. These growth factors, incooperation with high 
concentrations of TSH in response to low concentrations of T3, might regulate the growth and 
function of follicular cells and endothelial cells. Also, Cakic-Milosevic et al. (2004) reported that 
better vascularisation of the thyroid gland after methimazole treatment, which is similar in action to 
PTU, was manifested by widened elongated capillaries. Standring et al. (2008) reported that it could 
be speculated that prolonged high levels of circulating TSH induced follicular cell hypertrophy, 
progressive resorption of colloid and increased stromal vascularity.  

The increase in the area percentage of the collagen fibers which was noticed in Masson's 
trichrome stained sections of G4 was in accordance with those of Alonso-Merino et al. (2016). They 
proved that decreased blood level of T3 enhances the activity of fibroblasts, so collagen production 
will increase. It has been shown that low levels of thyroid hormones can increase the risk of non-
alcoholic fatty liver disease, which in the long term may progress to hepatic fibrosis. 

The significant decrease in the mean area percentage of the colloid, which was observed in the 
PAS stained sections of G4, could be due to the stimulatory effect of TSH on the follicular cells in 
releasing thyroid hormones to the blood to compensate the increased demand. This explanation was in 
agreement with Gartner and Hiatt (2007) who stated that during great demand for thyroid  
hormone, follicular cells extend pseudopods into the follicular lumen to envelop and absorb the 
colloid. 
In the current study, electron microscopic examination of G4 revealed that most of the nuclei of 
follicular and interfollicular cells became irregular and electron dense. These results were in 
accordance with those of other researchers who emphasized that the nuclear changes are indicative of 
cell apoptosis and necrosis (Zhang et al., 2003).  In addition, markedly dilated rough endoplasmic 
reticulum cisternae and swollen mitochondria were detected in this group. This may be due to fluid 
accumulation and glandular overstimulation as mentioned by Underwood (2007); Kumar et al. (2007) 
and Rubin and Strayer (2008). They attributed that to hydropic degeneration. 
Presence of  lysosomes  in  the follicular cells of  this group could simply be a reflection of enhanced 
cellular secretory activity caused by high levels of circulating TSH. It could further be explained by 
enhanced phagocytosis secondary to the degenerative changes encountered in many cells (Mahmoud 
and Solaiman, 2014). 
With regard to sections stained with anti-calcitonin antibody in G4, the present study revealed a 
significant increase in the number of calcitonin immunoreactive C cells compared with the control 
group. Martín-Lacave et al. (2009) suggested that the possible mechanisms involved in C-cell changes 
with thyroid status were in line with changes in follicular cells. Considering that TSH serum levels 
were increased in hypothyroid rats, three possible explanations were partially related to thyrotrophic 
functions: the first is that TSH directly regulates C cells; the second is that follicular cells somehow 
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regulate the C-cell activity; and lastly C cells regulate follicular cells. The first hypothesis was 
supported EL- Kalawy et al. (2013) who described the appearance of a reactive C-cell hyperplasia 
when TSH level was increased in rats. Eggo et al. (2003) previously clarified the second hypothesis 
and reported that the regulation of C cells by follicular cells could be carried out by either a local 
elevation of T3 and T4, or through the release of regulatory substances. For example, growth factors 
such as insulin-like growth factors or fibroblast growth factor, and other products such as 
thyroglobulin. These factors play a decisive role in the autocrine regulation of follicular cell growth, 
differentiation and synthesis of thyroid hormones. According to this hypothesis, these substances 
could also exert a possible paracrine influence on C cells. On the other hand, Sawicki (1995) 
previously explained the third hypothesis in which C cells were probably involved in the intra 
thyroidal regulation of secretion and growth processes by secreting numerous regulatory peptides 
usually defined as ‘paracrine factors’ that were found in C cells exclusively.. 
In the present study, marked improvement was observed in blood parameters, histological picture and 
statistical measurements in G5. While more marked or even excellent improvement was detected  in  
G7.  This may be due to mobilization of endogenous stem cells after administration of Stemrelease3. 
Our findings are in agreement with Ochube et al. (2017). They revealed that StemEnhance stimulated 
the release of adult mesenchymal stem cells, which can facilitate quick healing of the fractured bones.  

In our study the migration of bone marrow stem cells to the diseased thyroid gland was 
demonstrated by immunohistochemical staining of CD34 cells of stem cells in G5 & G7 only and 
didn't appear in G4 which was not in agreement  with those of Korbling et al. (2002) who mentioned 
that diseased or degenerating cells produce a variety of chemical messengers (e.g., cytokines) or have 
alterations of cell surface receptors that may attract reparative ASCs. 

No CD34 +ve cells were detected in the thyroid tissue of any group even in non diseased 
Stemrelease3 group (G2).  

In our study, no deaths or abnormal behavior were observed in all rats treated with 
Stemrelease3. This was in accordance with Drapeau et al. (2010) who reported that neither death nor 
toxicity was recorded and animal growth was normal while receiving 300 mg/kg of StemEnhance 
(SE), which is about 10 times the dose given to humans. 

Regarding G6 a significant increase in the mean values of T3 and T4 and a significant decrease 
in the mean values of TSH was observed. These finding are in agreement with Refetoff (2015) who 
reported that, the majority of the thyroid hormone circulates bound to Thyroxine Binding Globulin 
(TBG), with the remainder bound to trans thyretin and serum albumin. TBG has the highest affinity 
for thyroid hormone, and is induced by estrogen. So, the elevation in serum T3 and T4 may be due to 
estrogenic effect of Sesame oil (SSO). Also SSO is a source of tyrosine, an amino acid which uses to 
manufacture thyroid hormone. The key enzymes involved in the activation and inactivation of thyroid 
hormones (iodothyronine deiodinases) are also selenoproteins which are present in SSO in 
considerable amount (Taha et al., 2014).  

Also, selenium is an integral part of selenoproteins and critical enzymes in thyroid hormone 
synthesis making this an essential micronutrient. As SSO is considered as selenium rich oil, so it may 
lead to improve circulating thyroid hormones. Also it contains healthy fatty acids that protect thyroid 
gland and keep it functioning normally (Sharma et al., 2014).  

In this group (G6), Hx and E stained thyroid sections revealed good improvements. Some 
thyroid follicles restored its normal shape with different sizes and lined by a single layer of cuboidal 
epithelial cells with central rounded nuclei, others still irregular and lined by tall columnar epithelial 
cells. These finding are in accordance with Mohamed and Wakwak (2014) who said that sesame oil 
contains several important antioxidants, sesamolin and sesamol, that are believed to promote the 
integrity of body tissues. The beneficial effects of sesame oil appeared to be due to its fiber, sterol, 
polyphenol and flavonoid content, which enhance the fecal cholesterol excretion and bile acid 
production as well as increasing the antioxidant enzyme activities (Nishant et al., 2008).  

Masson's trichrome stained sections of this group (G6) revealed moderate density of the 
collagen fibers around the blood vessels and in between the thyroid follicles. Also PAS reaction of the 
thyroid gland of this group revealed that some follicles restored its normal shape that exhibited the 
normal positive reaction  of the basement membrane and the colloid, while other follicles were still 
irregular with little amount of colloid. These findings were confirmed statistically as the area 
percentage of collagen fibers and colloid showed statistically significant decrease and increase 
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respectively in this group. These findings may be also due to high content of selenium (Se) in the 
sesame oil as reported by Beckett and Arthu (2005). They reported that Se is essential for normal 
thyroid function and acts as an antioxidant in the thyroid and a regulator of triiodothyronine (T3) 
production.  

The previous improvements in the light microscopic results in G6 were confirmed by the 
electron microscopic picture. The thyroid follicles appeared formed of  a single layer of cuboidal 
follicular cells with large euchromatic nuclei, while other follicles contained smaller, more flattened  
with irregular nuclei. The cytoplasm revealed moderately dilated cisternae of rough endoplasmic 
reticulum with loss of their lamellar arrangement and well developed Golgi apparatus.  
Santos and Takahashi (2008) reported that the mechanism of chemoprotection of selenium may be 
related to its antioxidant properties as well as its ability to play an important role in DNA repair 
pathways. Flora et al. (2002) stated that the most important metabolic roles of selenium in mammalian 
cell are due to its function in the active site of many antioxidant enzymes; like thioredoxin reductase, 
glutathione peroxidase and glutathione reductase. Yu et al. (2006) reported that selenium inhibited 
oxidative stress, apoptosis and cell cycle changes induced by excess fluoride in kidney of rats.  

Sakr et al. (2012) reported that Se ameliorated carbimazole induced hepatotoxicity in rats and 
decreased lipid peroxidation and increase the level of antioxidant enzymes. 

Mohamed et al. (2016) reported that selenium supplementation shows promising potential for 
enhancing the activity of glutathione peroxidase and other selenoproteins in various pathological 
thyroid conditions. The efficacy of selenium supply frequently depends on the bioavailability of the 
used compounds. Selenium possesses excellent bioavailability and low toxicity, and therefore it is 
more applicable for long-term administration. 

On the other hand, best results were noted in G7. A highly significant increase in T3 and T4 
hormones and highly significant decrease in TSH were noticed compared to G4. Light microscopic 
examination of this group revealed marked improvement. This improvement was manifested by better 
appearance of the thyroid follicles and follicular cells when compared with G4. Most of the follicles 
restored their normal shape, appeared lined by single layer of cuboidal cells.  

The previous findings were confirmed by TEM examination. The thyroid follicles appeared 
with normal structure more or less as that of the control group. These improvements may be due to the 
synergistic effect of both Stemrelease3 and sesame oil. 

As regarding G8, the current study recorded a non significant increase in the mean values of 
T3&T4 levels  and a non significant decrease in the mean value of TSH level  in comparison with G4. 
All other studied parameters of this group showed a non significant changes when compared to G4. 
The histological and  ultrastructural changes of this group, revealed also minimal improvement. This 
could be explained by the ability of some cells to regain their normal appearance upon drug 
discontinuation. This agreed with Kumar et al. (2007); Rubin and Strayer (2007) & Elkalawy et al. 
(2013). They described that hypertrophy and hyperplasia were reversible on discontinuation of stress. 
So, we think that the thyroid gland has the ability to autorecover and return to its normal condition but 
it may require a longer time more than two weeks. 

We can conclude that Stem cells carry a promising future for patients with hypothyroidism 
especially when used combined with sesame oil. So, we advise its use in cases of hypothyroidism but 
after estimation of its benefits versus its complications. 

Otherwise, we advise the use of sesame oil alone as adjuvant treatment for cases of 
hypothyroidism for its safety, especially for cases when treatment with stem cells is hazardous.  
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	a) Immunohistochemical staining for parafollicular C -cells:
	Thyroid sections were stained using calcitonin antibody-2 (Rabbit Polyclonal Antibody) (Martín-Lacave et al., 2009) (DAKO A-576; Dako, Glostrup, Denmark). The secondary antibody was a biotinylated antiserum to rabbit/mouse immunoglobulins (Life Trade, Egypt), and 3,3-diaminobenzidine tetrahydrochloride was used as a chromogen (Sigma). Tissue sections were counterstained with Mayer’s haematoxylin. Negative controls were obtained by skipping the application of the primary antibody.
	b) Immunohistochemical staining of stem cells using anti CD34: 
	Anti CD34 immunohistochemical staining was done according to Bancroft and Cook, 1994. Paraffin sections were deparaffinized in xylen for 1-2 minutes and then rehydrated in descending grades of ethanol then brought to distilled water for 5 minutes. Sections were incubated in hydrogen peroxide for 30 minutes then rinsed in PBS (3 times, 2 minutes each). Each section was incubated for 60 minutes with 2 drops (=100 μl) of the primary antibody CD34 Ab-1, Clone QBEnd/10 (Lab Vision Corporation Laboratories, CA 94539, USA, catalogue number MS-363- R7). Slides were rinsed well in PBS (3 times, 2 min. each), incubated for 20 minutes with 2 drops of biotinylated secondary antibody for each section then rinsed well with PBS. Each section was incubated with 2 drops (100 μl) enzyme conjugate "streptavidin-horseradish peroxidase" for 10 minutes at room temperature then washed in PBS. Substrate-chromogen (DAB) mixture 2 drops was applied to each section and incubated at room temperature for 5-10 min. then rinsed well with distilled water. Slides were counterstained with hematoxylin, dehydrated and mounted. CD34+ve cells showed brown deposits.



