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Abstract 

Introduction: The thyroid gland plays an important role in human health. Fluoride 

disturbs the synthesis and secretion of thyroid hormones. Selenium at nano size (Nano-

Se) has an equal efficacy like selenium as an antioxidant but with reduced risk of its 

toxicity. Aim of the work: This study was done to evaluate the effect of sodium fluoride 

on the structure and function of the thyroid gland and to throw more light on the role of 

selenium nanoparticles (Se-NPs) as a new line of therapy.  Information about recovery of 

thyroid gland after stoppage of sodium fluoride was also investigated. Material and 

Methods: Forty eight adult male albino rats were divided into four equal groups; control 

group, fluoride-treated group, fluoride and SeNPs treated group and fluoride recovery 

group. At the end of the experimental period, blood samples were collected for 

serological study (T3, T4 and TSH) and thyroid specimens were processed for light and 

electron microscope examination. Results: Histological examination of thyroid gland 

showed marked structural changes with decreased level of thyroid hormones in fluoride 

treated group. These changes were slightly decreased in fluoride recovery group while 

improved in fluoride and SeNPs treated group. Conclusion: Se nanoparticles can 

improve the adverse effects of sodium fluoride on the thyroid gland. The antioxidant 

activity of Nano-Se may be a major reason for its positive impact on the thyroid 

fluorosis. On the other hand, fluoride induced thyroid damage could be partially reversed 

by stoppage of sodium fluoride treatment. Recommendation: Selenium nanoparticles 

could be considered to be experimentally effective in case of thyroid fluorosis. The 

therapeutic benefits of Se-NPs will make them the first drug of choice in the future.  

Key words: thyroid, sodium fluoride, selenium nanoparticles, histology, fluorosis. 

Introduction 

The thyroid gland is the body's master metabolic control center. It regulates 

body's metabolic rate and plays an important role in human health. Because all 

metabolically active cells require thyroid hormones for proper functioning, thyroid 



British Journal of Science      39  

July 2018, Vol. 16 (2) 

 

© 2018 British Journals ISSN 2047-3745 

 

 

disruption can have a wide range of effects on virtually every system of the body. The 

thyroid gland also regulates the nerve function and development, the functions of the 

skin, hair, eyes and intestine
 (1).

 

Fluorosis is a geochemical disease caused by the long term ingestion of fluoride. 

It results in various pathological changes in organs and tissues especially in bones, teeth 

and musculo-skeletal system. It was reported that fluoride increase the incidence of 

cancer and tumor growth, disrupt immune system, cause genetic damage and interrupt 

DNA repair enzyme activity
 (2).

Environmental Protection Agency (EPA) stated that 

sources of fluoride include drinking water, foods, beverages, dental products, industrial 

emissions, pharmaceuticals and pesticides. Although fluoride-containing products and 

sources are available, community water fluoridation has been identified as the main 

method for delivering fluoride to all members of the community regardless of age or 

income level 
(3).

 

Oxidative stress is a recognized mode of action of fluoride exposure that has been 

observed invitro in several cell types and in vivo in soft tissues. The increase of reactive 

oxygen species (ROS) has been considered to play an important role in the pathogenesis 

of chronic fluoride toxicity. ROS in cells is known to damage, proteins, DNA and lipids, 

resulting in several effects ranging from alterations in signal transduction, gene 

expression and apoptosis 
(4,5,6)

 

        Selenium is present in shellfish, kidney, liver and nuts
 (7).

 Maintenance of a 

physiological selenium concentration “selenostasis” via a balanced diet or via 

supplementation is a prerequisite not only to prevent thyroid disease but also to preserve 

general health.  But, it is unknown whether dietary or supplemental intake is more 

beneficial. Selenium has a U-shaped relationship with disease; either its deficiency or 

excess may be associated with adverse outcomes
 (8).

 

        Nanotechnology, the design and manipulation of materials at the atomic scale, has 

the potential to deliver considerable benefits to society. In nanotechnology, the 

nanoparticles (NPs) are generally defined as particles within the size range of 1-100 nm 
(9and 10).

 The obtained Se NPs are reported as novel compounds with high bioavailability, 

excellent antioxidant properties and lower toxicity because they exhibit novel 

characteristics, as great specific surface area, high surface activity, a lot of surface active 

centers, high catalytic efficiency and strong adsorbing ability when compared with other 

selenospecies. All the reports and data about the effects of the antioxidant functionalities 

of this nanosystem are still incomplete, especially on the relationships between the 

microstructure features and bio-activities of the whole system in vitro and in vivo 
(11).

 

These nanoparticles loaded with an anticancer molecule offer a new strategy for cancer 

treatment. Se-NPs have also been recorded to reduce anticancer drug-mediated toxicity 

while also enhancing its antitumor effect in vitro and in vivo 
(12 and 13).  

           
 The application of anisomycin loaded selenium nanoparticles (Se NPs-Am) for 

improving anticancer efficacy of anisomycin against human hepatocellular carcinoma. 

The present work was conducted to study the changes induced by sodium fluoride in the 

thyroid gland of adult male albino rats and find new strategy in treatment of thyroid 
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fluorosis by selenium nanoparticles. Also it was done to provide information on the 

recovery of the thyroid gland after stoppage of sodium fluoride
 (14)

. 

Materials and Methods     

Forty eight healthy adult male albino rats weighing about 120-150 gm were 

housed at a room of controlled temperature with normal light-dark cycle. These rats were 

maintained on a standard commercial balanced diet and also water ad-libitum. All 

experimental procedures were performed in accordance with the guidelines of the 

Institutional Animal Care and Use Committee accepted by Faculty of Medicine; Zagazig 

University.  

Experimental groups: The rats were divided into four equal groups (12 rats 

each): 

 Group I (Control group): the rats were divided into three equal subgroups: 

 Subgroup I-A (Negative control group): The rats received no treatment.  

 Subgroup 1-B: The rats received distilled water orally by gavage as a 

vehicle of sodium fluoride once daily for 5 weeks. 

 Subgroup 1-C: The rats received 0.5mL phosphate buffered saline 

intraperitoneally as a vehicle of SeNPs once daily for 5 weeks.  

 Group II (Fluoride-treated group): The rats received Sodium Fluoride (Na-

F) in a dose of 10 mg/kg orally by gavages once daily for 5 weeks 
(15)

. 

 Group III (Fluoride group treated with SeNPs): The rats received Na-F as in 

group II concomitant with Se NPs in a dose of 0.5 mg/kg dispersed in 0.5 ml 

PBS once daily for 5 consecutive days/week for 5 weeks 
(16).

 

 Group IV (Recovery group): Na-F was administered in a dose of 10 mg/kg 

orally by gavages once daily for 5 weeks then was stopped for another 5 weeks. 

 Chemicals:    
1. Sodium Fluoride: Sodium Fluoride (Na–F) was purchased from El-Gomhoria 

Company (Zagazig, Egypt). It was provided in a white powder form. It was 

dissolved in distilled water at an experimental dose. 

2. Selenium nanoparticles: Selenium nanoparticles (3–20 nm particle size) were 

brought from Nanocs Company in America and shipped to Egypt. It was 

brought in an aqueous solution which appeared red to orange. They were 

dispersed in phosphate-buffered saline (PBS) and ready for use 
(16).

   

               

          The initial weights of all studied rats were recorded and also all rats were 

weighed at the end of the experiment using sensitive electroanalytic balance. Then the 

gain in body weight was calculated. At the end of the experiment, rats were 

anesthetized by phenobarbitone. Blood samples were rapidly collected from the 

medial canthus of the eyes for measurement of serum thyroid hormones [total T3, 

total T4 and thyroid stimulating hormone (TSH)] levels. Thyroid glands were 

weighed then dissected and the specimens were immediately immersed in 10% formol 

saline for 24 hours to be processed for light microscopy. Paraffin sections of 5 um 

thickness were prepared and stained with hematoxylin and eosin (H&E) stain to study 
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histologic structure, Mallory trichrome (MT) stain to demonstrate the collagen fibers 
(17)

 and immunohistochemical stain for detection of vimentin 
(18 and 19).

 

Immunohistochemical procedure was carried out to the thyroid using a 

streptavidin immunoperoxidase system for detection of vimentin, intermediate filament 

protein.The primary antibody for vimentin was a mouse monoclonal antibody of IgM 

type. Catalog Number: M7020. Supplier: Dako. The antigens were finally localized by 

the addition of DAB Chromogen. Slides were counterstained with Mayer’s hematoxylin 
(20)

. Specimens (1mm
3
) for electron microscope were fixed in 2.5% glutraldehyde in 0.1 

M cocodylate buffered at 4C for 24 hours, post-fixed in 1% osmium tetroxide for 2 hours. 

Specimens were embedded in epoxy resin capsules and polymerized at 60C for 24 hours 
(21)

. Semithin sections were cut, mounted on glass slides and stained with toluidine blue. 

They were examined under light microscope and photographed. Ultrathin sections were 

cut, mounted on copper grids and stained with uranyl acetate and lead citrate. Then 

examined and photographed by JOEL EM 1010 transmission electron microscope 
(22 and 

23).
 

Quantitative Morphometric study: Thyroid gland morphometry was performed 

to detect the activity of the gland in control versus other treated rats. The morphometrical 

data were obtained using Leica Qwin 500 Image Analyzer Computer System (England), 

Histology Department, Faculty of Medicine, Cairo University. Surface area% of each of 

the following were measured; colloid, collagen fibers and vimentin positive 

immunoreactions.   

All the data obtained for all groups were expressed as means (Χˉ) and standard 

deviations (SD) and subjected to statistical analysis using one-way analysis of variance 

(ANOVA) for comparison between the different groups. ANOVA was statistically 

significant when P value <0.05, was considered statistically highly significant when P 

value > 0.001 and non- significant when P value < 0.05 
(24).

 

Results: 

Light Microscopic Results: Examination of H&E stained sections of all subgroups of 

control rats showed the same histological picture. The thyroid gland was composed of 

thyroid follicles of different sizes.  Large follicles were noticed especially at the 

periphery while the small follicles at the center. A part of the parathyroid gland could 

also be seen (Fig. 1). Fluoride-treated group showed that majority of the follicles were 

irregular, enlarged, others were distended with vacuolated colloids and some of them 

were small with no colloid. Congested blood vessels and interfollicular cells were also 

noticed (Fig.2). Fluoride and SeNPs treated group showed thyroid follicles of variable 

sizes, the larger especially at periphery while the remaining was small.  Most of the 

follicles with homogenous colloid, congested blood vessels and a parathyroid gland were 

noticed (Fig.3). Fluoride recovery group showed thyroid follicles of variable sizes, the 

larger were peripheral while the remaining was small.  Most of these follicles appeared 

with homogenous colloid.  Congested blood vessels with numerous small blood 

capillaries surrounding the follicles were noticed (Fig.4).  
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        Examination of H&E stained sections of all subgroups of control rats showed that 

some follicles were lined by follicular cells with flat nuclei and others lined by cuboidal 

cells with rounded nuclei. Homogenous acidophilic colloid with peripheral small 

vacuoles was found in most of the follicular lumina. Interfollicular cells and blood 

capillaries were also observed in between follicles (Fig. 5). Fluoride-treated group 

showed that there were some follicles with no colloid and lined by cuboidal cells with 

rounded nuclei and vacuolated cytoplasm. Other follicles were lined with highly 

vacuolated follicular cells with loss of their nuclei. Exfoliated cells in the lumen were 

observed. Other follicle was lined with multiple follicular cell layers at on one side, these 

layers with rounded nuclei, vacuolated cytoplasm and invasive blood capillaries were 

seen (Fig. 6). Fluoride and SeNPs treated group showed that the thyroid follicles had 

nearly the normal appearance. Most of the follicular cells were cuboidal with rounded 

nuclei while some of them were flattened with flat nuclei. Homogenous acidophilic 

colloids with peripheral small vacuoles were found in most of the follicular lumens. 

Some blood capillaries invading the follicles with some congested dilated blood vessels 

and interfollicular cells were noticed.  Some follicles with few follicular cell layers with 

darkly stained nuclei at one side were observed (Fig. 7). Fluoride recovery group showed 

that most thyroid follicles had cuboidal cells with rounded nuclei and vacuolated 

cytoplasm. Acidophilic colloids with numerous peripheral vacuoles found in most of 

these follicular lumina. Other follicles had flattened epithelium with flat nuclei.  Some 

follicles appeared with few epithelial cell layers with darkly stained nuclei at one side. 

Numerous small blood capillaries surrounding the follicles and interfollicular cells were 

observed (Fig.8). 

        Mallory's trichrome-stained sections of the control group showed minimal amount of 

collagen fibers around blood vessel and also extending in between the follicles (Fig. 9). 

In Fluoride treated group, marked amount of collagen fibers surrounding blood vessels 

and also extending in between the follicles were seen (Fig.10). In Fluoride-SeNPs treated 

group, few collagen fibers surrounding the blood vessels and thyroid follicles were seen. 

(Fig.11). In Fluoride recovery group, moderate amount of collagen fibers surrounding the 

blood vessels and thyroid follicles were seen (Fig.12).  

      Immunohistochemical stained sections for vimentin in the control group showed 

localized positive vimentin immunoexpression in fibroblast of interfollicular tissue and a 

positive reaction in the basal aspect of some follicular cells. (Fig.13). Fluoride treated 

group showed an extensive positive vimentin immunoexpression in fibroblast of 

interfollicular tissue and a positive immunoreaction in the basal aspect of follicular cells 

(Fig.14). Fluoride-SeNPs treated group showed focal positive vimentin 

immunoexpression in fibroblast of interfollicular tissue and a positive immunoreaction in 

the basal aspect of follicular cells (Fig.15). Fluoride recovery group showed diffuse 

positive vimentin immunoreaction in fibroblasts of interfollicular tissue and in the basal 

aspect of some follicular cells (Fig.16).  

        Toluidine blue stained sections of the control group showed follicles lined by a 

single layer of follicular cells with oval dark nuclei while other follicles were lined by 

cuboidal cells with rounded nuclei. Large pale parafollicular cells were also found close 
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to the follicular cells. Fibroblasts with darkly stained elongated nuclei and small blood 

capillaries could be seen inbetween the follicles. (Fig.17). Fluoride treated group showed 

hyperactive follicle with multiple layers of follicular cells.  Their follicular lining cells 

with vacuolated cytoplasm and different shaped and sized nuclei, rounded vesicular and 

darkly stained flat nuclei were observed. Numerous blood capillaries and fibroblast 

nuclei could be also observed (Fig.18). Fluoride-SeNPs treated group showed a large 

inactive follicle which was lined by flat follicular cells with flat nuclei. Other follicles 

showed cuboidal follicular cells with rounded nuclei and vacuolated cytoplasm.  Some 

blood capillaries close to the follicular lining and others indenting the follicular lining 

were observed. A part of follicle was lined with few layers of follicular cells on one side 

could be seen. Mast cell was found in between the follicles (Fig.19). Fluoride recovery 

group showed several thyroid follicles with an apparent increase in the height of their 

lining epithelium. Their follicular cells were high cuboidal with rounded nuclei, 

vacuolated cytoplasm and invaded by blood capillaries. Numerous fibroblasts with dark 

elongated nuclei could be seen between the follicles. (Fig. 20).            

       Electron Microscope Examination: Ultrathin sections of the control group showed a 

part of the thyroid follicle composed of cuboidal follicular cells surrounding a lumen 

containing homogenous colloid. These cells had euchromatic nuclei, parallel cisternae of 

rough endoplasmic reticulum, pleomorphic electron-dense lysosomes and few vacuoles. 

Their apical borders showed abundant microvilli projecting into the lumen. A basement 

membrane delineated this follicle with blood capillary close to it could be seen (Fig. 21). 

Fluoride treated group showed a follicle with multiple layers of follicular cells which had 

irregular heterochromatic nuclei. Their cytoplasm revealed some parallel and other 

extensively dilated cisternae of rough endoplasmic reticulum filled with flocculent 

material, membrane bound vacuoles, large colloidal droplets and also polymorphic 

lysosomes.   Short few blunt microvilli at the luminal membranes projecting into the 

colloid were observed. A blood capillary in between the follicular cells was noticed (Fig. 

22). Fluoride-SeNPs treated group showed a thyroid follicle with cuboidal follicular cells 

which exhibited a clear basement membrane, some dilated cisternae of rough endoplasmic 

reticulum and dense lysosomal bodies. Their nuclei were euchromatic with different shapes 

and sizes (Fig.23). Fluoride recovery group showed a part of follicle lined by flat follicular 

cells.  They revealed few microvilli projecting into the colloidal lumen and irregular 

heterochromatic nuclei.  Also, their cytoplasm was filled with normal parallel and dilated 

cisternae of rough endoplasmic reticulum and polymorphic lysosomes especially at apical 

zone. Blood capillary indented the follicular basement membrane. Fibroblasts with their 

processes close to thick bundles of collagen fibers were seen (Fig.24).  

        In the control group, there was a parafollicular cell separated from the luminal colloid 

by a part of the cytoplasm of follicular cells. The parafollicular cell with a rounded 

indented euchromatic nucleus lying on the basal lamina was observed. Its cytoplasm 

showed variable sized electron-dense secretory granules and mitochondria. The follicular 

cell showed euchromatic nucleus, rough endoplasmic reticulum and dense lysosomal 

granules (Fig. 25). In the fluoride- treated group, a parafollicular cell appeared with 

multiple rounded irregular euchromatic nuclei and condensed one. Its cytoplasm contained 

numerous, very small, low-density secretory granules and some cisternae of rough 
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endoplasmic reticulum. A part of follicular cell facing the colloidal lumen with flat 

irregular euchromatic nuclei and polymorphic lysosomes was observed (Fig.26). In the 

fluoride- SeNPs treated group, a parafollicular cell was seen with large indented 

euchromatic nuclei. A large portion of its cytoplasm was occupied by small, numerous, 

low-density secretory granules and mitochondria.  A part of the follicular cell cytoplasm 

separated this cell from the luminal colloid. The apical portion of this follicular cell 

contained an irregular nucleus and some dilated cisternae of rough endoplasmic reticulum 

(Fig.27). In the fluoride recovery group, a parafollicular cell was separated from the 

luminal colloid by the cytoplasm of follicular cells. It had a rounded indented euchromatic 

nucleus. Numerous, very small, low-density secretory granules and mitochondria occupied 

a large portion of its cytoplasm. While, the follicular cells showed irregular nuclei with 

condensation of peripheral heterochromatin, rough endoplasmic reticulum and 

polymorphic electron dense lysosomes (Fig.28) 
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Figures 1 to 4 are H&E stained sections (x100): Fig. 1: showing thyroid follicles of 

different sizes.  Large follicles (F) are noticed especially at the periphery while the small 

follicles (f) at the center. A part of the parathyroid gland (Pa) can also be seen. (Control 

group). Fig. 2: showing that majority of the follicles are irregular, enlarged (F), others 

are distended with vacuolated colloids (v) and some of them are small with no colloid (f). 

Congested blood vessels (Bv) and interfollicular cells (If) are also noticed. (Fluoride 

treated group). Fig.3: showing thyroid follicles of variable sizes, the larger especially at 

periphery (F) while the remaining are small (f).  Most of the follicles with homogenous 

colloid (co), congested blood vessels (Bv) and a parathyroid gland (Pa) are noticed. 

(Fluoride and SeNPs treated group). Fig.4: showing thyroid follicles of variable sizes, 

the larger are peripheral (F) while the remaining are small (f).  Most of these follicles 

appear with homogenous colloid (co).  Congested blood vessels (Bv) with numerous 

small blood capillaries (arrow) surrounding the follicles are noticed. (Fluoride recovery 

group).  
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Figures 5 to 8 are H&E stained sections (x400): Fig. 5: showing follicles lined by 

follicular cells with flat nuclei (arrow) and others lined by cuboidal cells with rounded 

nuclei (thick arrow). Homogenous acidophilic colloid (co) with peripheral small 

vacuoles (v) is found in most of the follicular lumina. Interfollicular cells (If) and blood 

capillaries (arrow head) are also observed in between follicles. (Control group). Fig.6: 

showing some follicles (f) with no colloid and lined by cuboidal cells with rounded 

nuclei (n) and vacuolated cytoplasm (arrow head). Other follicles are lined with highly 

vacuolated follicular cells with loss of their nuclei (arrow). Exfoliated cells in the lumen 

(star) are observed. Other follicle is lined with multiple follicular cell layers at on one 

side (Fc), these layers with rounded nuclei, vacuolated cytoplasm and invasive blood 

capillaries (tailed arrow) are seen (Fluoride treated group). Fig.7: showing that the 

thyroid follicles (F) have nearly the normal appearance. Most of the follicular cells are 

cuboidal with rounded nuclei (thick arrow) while some of them are flattened with flat 

nuclei (arrow). Homogenous acidophilic colloids (co) with peripheral small vacuoles (v) 

are found in most of the follicular lumens. Some blood capillaries (arrow head) invading 

the follicles with some congested dilated blood vessels (BV) and interfollicular cells (If) 

are noticed.  Some follicles with few follicular cell layers (Fc) with darkly stained nuclei 

at one side are observed. (Fluoride and SeNPs treated group). Fig.8: showing most 

thyroid follicles have cuboidal cells with rounded nuclei and vacuolated cytoplasm (thick 

arrow). Acidophilic colloids with numerous peripheral vacuoles (v) found in most of 
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these follicular lumens. Other follicles (F) have flattened epithelium with flat nuclei 

(arrow).  Some follicles (f) appear with few epithelial cell layers with darkly stained 

nuclei at one side. Numerous small blood capillaries (arrow head) surrounding the 

follicles and interfollicular cells (If) are observed. (Fluoride recovery group).   

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figures 9 to 12 are MT-stained sections (x 400): Fig. 9: showing minimal amount of 

collagen fibers (arrow) around blood vessel (Bv) and also extending in between the 

follicles (F). (Control group). Fig.10: showing marked amount collagen fibers (arrow) 

surrounding blood vessels (BV) and also extending in between the follicles (F). 

(Fluoride treated group). Fig. 11: showing few collagen fibers (arrows) surrounding 

the blood vessels (BV) and thyroid follicles (F). (Fluoride-SeNPs treated group). 

Fig.12: showing moderate amount of collagen fibers (arrows) surrounding the blood 

vessels (BV) and thyroid follicles (F). (Fluoride recovery group).                                                                           
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Figures 13 to 16 are sections revealing vimentin immunoreactivity (x 400): Fig.13: 

showing localized positive vimentin immunoexpression (arrow) in fibroblast of 

interfollicular tissue. Also, a positive reaction (arrow head) is observed in the basal 

aspect of some follicular cells. (Control group). Fig. 14: showing an extensive positive 

vimentin immunoexpression (arrow) in fibroblast of interfollicular tissue. Also, a 

positive immunoreaction (arrow head) in the basal aspect of follicular cells is seen. 

(Fluoride treated group). Fig.15: showing focal positive vimentin immunoexpression 

(arrow) in fibroblast of interfollicular tissue.  Also, a positive immunoreaction (arrow 

head) in the basal aspect of follicular cells is seen. (Fluoride-SeNPs treated group). 

Fig.16: showing diffuse positive vimentin immunoreaction in fibroblasts of 

interfollicular tissue (arrows). Also, a positive reaction (arrow head) in the basal aspect 

of some follicular cells is seen. (Fluoride recovery group). 
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Figures 17 to 20 are semithin Toluidine blue-stained sections (x 1000): Fig.17: 

showing follicles lined by a single layer of follicular cells with oval dark nuclei (n). 

Other follicles are lined by cuboidal cells with rounded nuclei (N). Large pale 

parafollicular cells (arrow) are also found close to the follicular cells. Fibroblasts with 

darkly stained elongated nuclei (arrow head) and small blood capillaries (Bc) can be 

seen inbetween the follicles. (Control group). Fig.18: showing hyperactive follicle (F) 

with multiple layers of follicular cells (double arrow).  Their follicular lining cells with 

vacuolated cytoplasm (v) and different shaped and sized nuclei, rounded vesicular (N) 

and darkly stained flat nuclei (n) are observed. Numerous blood capillaries (arrow head) 

and fibroblast nuclei (arrow) can be also observed. (Fluoride treated group). Fig.19: 

showing a large inactive follicle (F).  This follicle is lined by flat follicular cells with flat 

nuclei (n). Other follicles show cuboidal follicular cells with rounded nuclei (N) and 

vacuolated cytoplasm.  Some blood capillaries close to the follicular lining (thin arrow) 

and others indenting the follicular lining (thick arrow) are observed. A part of follicle is 

lined with few layers of follicular cells on one side (double arrow) can be seen. Notice, 

mast cell (Mc) is found in between the follicles. (Fluoride-SeNPs treated group). 

Fig.20: showing several thyroid follicles (F) with an apparent increase in the height of 

their lining epithelium. Their follicular cells are high cuboidal with rounded nuclei (N), 

vacuolated cytoplasm (v) and invaded by blood capillaries (arrow). Numerous 
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fibroblasts with dark elongated nuclei (arrow head) can be seen between the follicles. 

There are some follicles with multiple layers of follicular cells (double arrow).  

(Fluoride recovery group).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 21 to 24 are ultrathin sections: Fig. 21: showing a part of the thyroid follicle 

composed of cuboidal follicular cells surrounding a lumen containing homogenous 

colloid (Co). These cells have euchromatic nuclei (N), parallel cisternae of rough 

endoplasmic reticulum (R), pleomorphic electron-dense lysosomes (arrow) and few 

vacuoles (v). Their apical borders show abundant microvilli (Mv) projecting into the 

lumen. A basement membrane (thick arrow) delineates this follicle with blood capillary 

(Bc) close to it can be seen. (Control group x Mic. Mag. 6000). Fig.22: showing a 

follicle with multiple layers of follicular cells.  These cells have irregular heterochromatic 

nuclei (N) and condensed nuclei (n). Their cytoplasm reveals some parallel (R) and other 

extensively dilated cisternae of rough endoplasmic reticulum that filled with flocculent 

material (star), membrane bound vacuoles (v), large colloidal droplets (Cd) and also 

polymorphic lysosomes (arrow).   Short few blunt microvilli (Mv) at the luminal 

membranes projecting into the colloid (Co) are observed. A blood capillary (Bc) in 

between the follicular cells are noticed. (Fluoride treated group x Mic. Mag. 7000). 

Fig.23: showing a thyroid follicle with cuboidal follicular cells.  These follicular cells 
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exhibited a clear basement membrane (thick arrow), some dilated cisternae of rough 

endoplasmic reticulum (R) and dense lysosomal bodies (thin arrow). Their nuclei are 

euchromatic with different shapes (N) and sizes (n). (Fluoride-SeNPs treated group x 

Mic. Mag. 10.000). Fig.24: showing a part of follicle lined by flat follicular cells.  They 

reveal few microvilli (Mv) projecting into the colloidal lumen (co) and irregular 

heterochromatic nuclei (N).  Also, their cytoplasm are filled with normal parallel (R) and 

dilated cisternae (R1) of rough endoplasmic reticulum and polymorphic lysosomes 

(arrow) especially at apical zone. Blood capillary (Bc) indented the follicular basement 

membrane. Fibroblasts (Fc) with their processes (thick arrow) close to thick bundles of 

collagen fibers (Cf) are seen. (Fluoride recovery group x Mic. Mag. 6000). 

 

Figures 25 to 28 are ultrathin sections: Fig. 25: showing a parafollicular cell (Pf) 

separated from the luminal colloid (Co) by a part of the cytoplasm of follicular cells. A 

parafollicular cell with a rounded indented euchromatic nucleus (n) lying on the basal 

lamina (thick arrow) is observed. Its cytoplasm shows variable sized electron-dense 

secretory granules (G) and mitochondria (m). The follicular cell shows euchromatic 

nucleus (N), rough endoplasmic reticulum (R) and dense lysosomal granules (arrow). 

(Control group x Mic. Mag. 9000). Fig.26: showing a parafollicular cell (Pf) with 

multiple rounded irregular euchromatic nuclei (N). Its cytoplasm contains numerous, 

very small, low-density secretory granules (G) and some cisternae of rough endoplasmic 

reticulum (r). A part of follicular cell facing the colloidal lumen (Co) with flat irregular 

euchromatic nuclei (N1) and polymorphic lysosomes (arrow) is observed. (Fluoride 

treated group x Mic. Mag. 7000). Fig.27: showing a parafollicular (Pf) cell with large 
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indented euchromatic nucleus (N). A large portion of its cytoplasm is occupied by small, 

numerous, low-density secretory granules (G) and mitochondria (m).  A part of the 

follicular cell cytoplasm (F) separates this cell from the luminal colloid (Co). The apical 

portion of this follicular cell can be seen with an irregular nucleus (n) and some dilated 

cisternae of rough endoplasmic reticulum (R). (Fluoride-SeNPs treated group x Mic. 

Mag. 11.000). Fig.28: showing a parafollicular cell (Pf) separated from the luminal 

colloid (Co) by the cytoplasm of follicular cells (F). The parafollicular cell has a rounded 

indented euchromatic nucleus (N1). Numerous, very small, low-density secretory 

granules (G) and mitochondria (m) occupy a large portion of its cytoplasm. While, the 

follicular cells show irregular nuclei with condensation of peripheral heterochromatin 

(N), rough endoplasmic reticulum (R) and polymorphic electron dense lysosomes 

(arrow). (Fluoride recovery group x Mic. Mag. 8000). 

 

Morphometry and Statistical Results: 

 Statistical analysis showed a highly statistical significant difference between the different 

studied groups as p value <0.001 (Table 1). By using Least Significance Difference 

(LSD) for comparison in-between groups, there is a highly significant decrease (p. 

value<0. 001) in area % of colloid in fluoride treated group and recovery group compared 

to the control group and non-significant decrease in fluoride-selenium nanoparticles 

treated group compared to the control group [Bar chart 1 ]. .A highly significant 

increase (p. value<0. 001) in area % of collagen  and vimentin in fluoride treated group 

and statistical significant increase in the recovery group and non-significant increase in 

the fluoride-selenium nanoparticles treated group [Bar chart 2]. 
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Table 1: changes in surface area% of colloid, collagen fibers and vimentin by one-

way ANOVA test in different studied groups: 

Parameter 

Group 

I 

Group 

II 

Group 

III 

Group 

IV F P 

Mean ±SD Mean±SD Mean±SD Mean±SD 

surface area of 

colloid ( µm
2
 ) 

2015.3 ± 380.5 884.4 ± 182.04 1714.1 ± 322.3 1325.1 ± 289.6 18.4 <0.001** 

surface area of 

collagen fibers 
1.97 ± 0.5 14.8 ± 3.2 4.5 ± 1.3 11.7 ± 2.4 57.4 <0.001** 

surface area of  

immune 

reaction to 

vimentin 

0.9 ± 0.2 18.6 ± 5.8 2.8 ± 0.8 5.9 ± 1.7 47.9 <0.001** 

 

  
Bar chart (1): Comparison between mean values of 

surface area of colloid (µm
2
) among the studied groups. 

Bar chart (2): Comparison between mean values of 

surface area of collagen fibers and vimentin immune 

reaction among the studied groups. 

Biochemical and Statistical Results :  

Statistical analysis showed a highly statistical significant difference between the different 

studied groups as p value <0.001 (Table 2). By using LSD for comparison in-between 

groups, serum T3 and T4 showed a highly statistical significant decrease in the fluoride 

treated group, a statistical significant decrease in the recovery group and non -significant 

decrease in the fluoride-selenium nanoparticles treated group. TSH showed a highly 

statistical significant increase in the fluoride treated group, a statistical significant 
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increase in the recovery group and non-significant increase in the fluoride-selenium 

nanoparticles treated group [Bar chart 3&4]. 

Table 2: LEVEL OF T3, T4 and TSH by one-way ANOVA test: 

Parameter 

Group 

I 

Group 

II 

Group 

III 

Group 

IV F P 

Mean ±SD Mean±SD Mean±SD Mean±SD 

level of T3 

 ng/dl 
113.7 ± 24 50.6 ± 3.9 75 ± 11.4 

59.3 ± 9.1 
26.6 <0.001** 

level of T4 

ug/dl  
7.9 ± 2.2 2.1 ± 0.7 4.1 ± 0.9 

2.9 ± 1.1 
25.3 <0.001** 

level of TSH 

(uIU/ml) 
3.05 ± 0.98 8.5 ± 0.9 6.1 ± 1.6 7.01 ± 0.5 33.4 <0.001** 

 

 

  

Bar chart (4): Comparison between mean values of 

level of T4 and TSH among the studied groups.  

Bar chart (3): Comparison between mean values of 

LEVEL OF T3 (/) among the studied groups. 

 

  

Discussion: Most endocrinologists considered the thyroid gland as the master of 

metabolism as it affects heart and kidney function as well as body temperature, growth 

and muscle strength. It also regulates the brain and nerve function and development plus 

the function of the skin, hair, eyes and intestine. Its hormones, T3 (triiodothyronine), T4 
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(thyroxine) and calcitonin influence the key metabolic pathways that control energy 

balance by regulating energy storage and expenditure 
(25). 

Endemic fluorosis is prevalent 

in many parts of the world and causes damage not only to hard tissues of teeth and 

skeleton, but also to soft tissues such as brain, liver, kidney and spinal cord. High 

concentrations of fluoride could decrease learning ability and memory resulting in 

dysfunctions of the central nervous system 
(26 and 27). 

The aim of this work was to study the 

changes induced by sodium fluoride in the thyroid gland of adult male albino rats and 

find new strategy in treatment of thyroid fluorosis by selenium nanoparticles. Also it was 

done to provide information on the recovery of the thyroid gland after stoppage of 

sodium fluoride. 

         The rat's weight of the fluoride -treated group decreased significantly when 

compared to the control ones. This was in accordance with 
(28)

 who reported that the 

decrease in net gain in body weight by fluoride was due to fewer intakes of food and 

increase in breakdown of muscle and tissue proteins. On the other hand, suppressed 

activity of growth hormone on overall body growth due to less free thyroxine level. 

While, the thyroid gland weight of the same group was increased significantly as 

compared to control rats. 
(29 and 30)

 concluded that gain in thyroid weight might be due to 

hypertrophy or hyperplasia of thyroid cells as thyroid gland had a strong capacity for 

absorbing and accumulating fluoride which significantly increased the organo-somatic 

index. In fluoride treated rats, the biochemical hormonal assay showed a significant 

decrease in serum T3 and T4. However, there was a highly significant increase in serum 

TSH in comparison to the control animals. These results were similar to those reported by 
(30)

 who found that fluoride is more electronegative than iodine. It easily displaces iodine 

within the body, thereby affects thyroid function. In addition, fluoride interferes with the 

activity of the deionases necessary for formation of thyroid hormone T3. Low T3 and T4 

exert a negative feedback on the pituitary. It releases more TSH to stimulate the thyroid 

gland, which in turn accelerates the production of the thyroid hormone 
(31)

.  

        Examination of H&E sections of fluoride-treated group showed that a great majority 

of the follicles were small while few of them were disorganized. This was described by 
(32 and 33)

 who reported that reactive oxygen species (ROS) have serious effects leading to 

protein and cellular damage as well as cell death. Reactive oxygen species could attack 

numerous components like membrane lipids resulting in enhanced lipid peroxidation and 

cellular toxicity 
(34).

 They played an important role in the pathogenesis of fluorosis 
(35).

The present work showed that some follicular cells appeared vacuolated and others 

lost their nuclei. The degenerative changes of follicular epithelial cells were explained by 
(36)

 who suggested that fluoride interacts with a wide range of cellular processes such as 

gene expression, cell cycle, proliferation, migration, respiration, metabolism, ion 

transport, secretion, apoptosis and oxidative stress. In the current study, most of the 

thyroid follicles contained vacuolated colloid. This was supported by 
(37)

 who found that 

the early response of TSH stimulate thyroid follicular cells to engulf colloid material 

from the follicular lumen into the apical cytoplasm of the thyrocyte. Interfollicular cells 

and stratification of the epithelial lining of thyroid follicles were observed in H&E and 

Toluidine blue stained sections. This was in agreement with 
(36)

 who stated that increased 

TSH level leads to hypertrophy and hyperplasia of follicular epithelium and 
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microfolliculsar rearrangement of the epithelium. This group also showed congestion of 

the vasculature of thyroid gland. That was in agreement with 
(38)

 who reported that 

reactive oxygen species played a major role in the development of endothelial 

dysfunction of the renal vasculature. 
(39)

 Added that congested blood vessels could be 

referred to oxidative stress and lipid peroxidation which might affect vascular walls 

leading to their dilatation and congestion. 

Mallory's trichrome stained sections of the thyroid gland of this group showed 

marked amount of collagen fibers surrounding the blood vessels and extending in 

between the thyroid follicles. 
(40)

 reported that a low fluoride level could stimulate 

expression of type I collagen fibers. These findings were not in agreement with 
(41)

 who 

claimed that there were alterations in the arrangement of collagen fibers in kidney of 

fluoride treated rats due to increased degradation of collagen by NaF or inhibition of 

collagen synthesis. Also, collagen fibers produced during fluoride toxicity would be 

defective due to inadequate cross – links 
(42).

  

.Immunohistochemical stained sections for vimentin in the same group showed 

positive overexpression in-between the thyroid follicles and in the basal aspect of some 

follicular cells. These results were confirmed by morphometric and statistical analysis 

which revealed a highly significant increase in the area percent of vimentin in fluoride-

treated group in comparison to control group. Vimentin is preferentially cleaved by 

multiple caspases to yield multiple proteolytic fragments during apoptosis induced by 

many stimuli 
(43&44).

 The specific cleavage of vimentin could be used as an apoptotic 

marker of apical mitochondria-dependent caspase activation. Apoptotic cleavage of 

vimentin resulted in disruption of its filamentous structure which may facilitate nuclear 

condensation and subsequent fragmentation through disruption of the cytoskeletal 

network 
(45).

 

Electron microscope examination of fluoride treated rats showed follicular cells 

with dilated irregular cisternae of endoplasmic reticulum. This was in accordance with 
(46)

 

who stated different mechanisms to explain dilation of endoplasmic reticulum. It may be 

due to synthesis of secretory products greater than their removal by transport 

mechanisms. A defect in the transport system, such as some mechanical or enzymatic 

abnormality in the endoplasmic reticulum, which prevents the removal of the normal 

quantities of synthesized secretory material and synthesis of an abnormal secretory 

product which cannot be removed by the normal transport mechanism.In the present 

work, the cytoplasm showed overall disorganization. This agrees with 
(47)

 who found that 

fluoride can induce structural changes and dysfunction. The cytoplasm of the follicular 

cell showed colloid droplets of variable sizes from large at the apical part to small at the 

base with the appearance of pseudopods projecting to the colloidal lumen. These changes 

explained the vacuolated colloid observed by light microscopy. 
(35)

 suggested that 

follicular cells stimulation by TSH leads to engulfment of colloid material from the 

follicular lumen into the apical cytoplasm of the follicular cell in the form of membrane 

bound colloid droplets. They added that administration of TSH to rat pretreated with 

thyroxin results in formation of pseudopods in the apical surface and decrease in the 

plasma free T4, T3 in fluoride treated mice. The nucleus of the follicular cell which 
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appeared irregular in shape and heterochromatic. This was in accordance with 
(48) 

who 

found irregular shaped and heterochromatic nuclei in the pancreatic cells of NaF 

administered rats. Excessive fluoride ingestion has been identified as a risk factor for 

fluorosis and oxidative stress and can produce DNA fragmentation resulting in apoptosis 
(49).

 Our finding showed microvilli in some follicles while other follicles showed lack of 

microvilli. 
(50)

 reported that lack of microvilli might disturb the transport of colloid 

substance between the follicular lumen and follicular cells. In this study, mast cell is 

observed in the interstitium. It is observed in the toluidine blue and ultrathin sections. 
(51)

 

stated that mast cells were considered to release growth factors that modulate 

angiogenesis. They added that mediators including vascular endothelial growth and 

fibroblast growth factor induce chemotactic migration of mast cells to sites of 

neovascularization. Mast cell products such as tryptase degrade connective tissue matrix 

to provide spaces for neovascular sprouts.  

Moreover, numerous parafollicular C cells with euchromatic nuclei were seen. 

Their cytoplasm showed fine granules with variable electron density. 
(52) 

reported that C 

cell changes with thyroid status were in line with changes in follicular cells. They added 

that there was a functional interplay between follicular and parafollicular C cells. 
(53)

 

demonstrated that thyroid C cells functionally express TSH receptor and are accordingly 

subjected to the control of hypothalamic-pituitary axis. They provided additional 

evidence for a paracrine role of C cells in thyroid function.  

Statistical analysis of the body weight, thyroid weight and biochemical assay of 

hormones in the fluoride-selenium nanoparticles treated group revealed that the body 

weight and thyroid weight of the rats were preserved. There was a nonsignificant 

decrease in serum T3 and T4 compared to the control and a nonsignificant increase in 

serum TSH in comparison to the control group. 

The thyroid glands of fluoride- SeNPs treated rats showed that most of the thyroid 

follicles appeared normal with normal follicular cells and colloid content. In addition, 

few collagen fibers were scattered amongst the thyroid follicles and surrounding a 

congested blood vessel. The relationship between Se and thyroid function had been 

investigated by 
(54)

 who reported that Se is essential for normal thyroid function and acts 

as an antioxidant in the thyroid gland and a regulator for triiodothyronine (T3) 

production. They added that Se has a central role as supplementary therapy in Grave's 

disease because of its action through selenoenzymes on function of the thyroid hormones 

and on the antioxidant defense of the organism.  

Immunohistochemical stained sections of the thyroid gland of fluoride-SeNPs 

treated rats for vimentin showed focal positive immunoreaction inbetween some thyroid 

follicles. Cisplatin – induced nephrotoxicity induce renal tubular damage with increased 

expression of vimentin representing lipid peroxidation. Immunohistochemical stained 

sections of the thyroid gland of fluoride-SeNPs treated rats for vimentin showed focal 

positive immunoreaction inbetween some thyroid follicles. Cisplatin – induced 

nephrotoxicity induce renal tubular damage with increased expression of vimentin 

representing lipid peroxidation. But Se treatment partially protected against 
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nephrotoxicity in rats 
(55). (56)

 reported that Se supplementation in case of di (2- 

ethylhexyl) phthalate (DEHP) exposure on sertoli cell vimentin filaments provided 

protection due to the modulation of the redox status of testicular cells. 

Electron microscopic study of ultrathin sections of the thyroid gland showed that 

selenium nanoparticles administration ameliorated the effect of NaF. The cytoplasm of 

the follicular cells contained rough endoplasmic reticulum. The nucleus appeared regular 

in shape, euchromatic with well -formed nuclear membrane. This was in agreement with 
(57)

 who reported that selenium inhibited oxidative stress, apoptosis and cell cycle 

changes induced by excess fluoride in the kidney of rats. They revealed that selenium 

alters the activity of GPx in cytosol and mitochondria facilitating fluoride excretion. 

Decreased GPx activity reflects the higher concentration of malonaldehyde (MDA) and 

selenium may antagonize lipid peroxidation induced by NaF. They added that selenium 

forms an active center of GPX and protects the cells against effects of fluoride by 

interrupting its activity.  

In the fluoride recovery group, the body weight decreased and thyroid weight of 

the rats increased. Statistical analysis of the biochemical assay of hormones in fluoride 

withdrawal rats exhibited significant changes compared to the control. There was a 

significant decrease in serum T3 and T4 compared to the control and a significant 

increase in serum TSH when compared to the control group. 

 In the same group, examination of H&E stained sections of the thyroid gland of 

rats showed thyroid follicles of variable sizes containing colloid with peripheral vacuoles. 
(58)

 claimed that histological analysis revealed that, in intact thyroid tissue, micro follicles 

were found in the central area. They added that two models for thyroid regeneration can 

be proposed. The first model was that new synthesized non-follicular mesenchymal cells 

followed by appearance of intra follicular cells. The second model was that resident adult 

follicular cells become immature cells and start thyroid regeneration. In the present work, 

numerous congested blood vessels with small blood capillaries surrounding the follicles 

are noticed. 
(59)

 revealed that thyroid angiogenesis occurs into two successive phases. The 

first phase is TSH-independent and is directly triggered by expression of vascular 

endothelial growth factor (VEGF) by thyrocytes as soon as the intracellular iodine 

content decreases. This early reaction is followed by an increase in thyroid blood flow 

and endothelial cell proliferation. The second angiogenic phase is TSH-dependent and is 

activated by increased TSH level.  

Mallory trichrome stained sections of the thyroid gland of the rats of fluoride 

recovery group showed moderate amount of collagen fibers in the interfollicular spaces 

and around congested blood vessels. Similarly, 
(60)

 discussed the role of connective tissue 

in the process of postoperative recovery. They concluded that there was thickening of the 

interfollicular septa due to an increase in fibroblast activity leading to enhanced collagen 

production. 

     Immunohistochemical stained sections for vimentin in the thyroid gland of rats of the 

same group showed diffuse positive immunoreaction in the interfollicular tissue. This 

was supported by the morphometric and statistical analysis which revealed significant 
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difference compared to control group. Vimentin Ifs are involved in organization and 

function of cell adhesion proteins, migration and signal transduction. They also 

participate in the intracellular organelle movements and lipid transport. In addition, 

Vimentin played a role in mitochondria localization and function 
(61). 

Electron microscope 

examination of ultrathin sections of the thyroid gland of this group revealed that the 

follicular cells possessed numerous abundant microvilli. The endoplasmic reticulum 

consisted of dilated cisternae. The nuclei appeared irregular and heterochromatic. 
(62)

 

Studied the reversal of fluoride – induced thyroid proliferative changes on mice. They 

reported that when fluoride ion was removed from drinking water, reversibility of NaF 

effects was observed with a return of thyroid hormone production and thyroid iodine 

content. Conclusion: Se nanoparticles were effective in ameliorating the adverse effects 

of sodium fluoride on the thyroid gland. The antioxidant activity of nano-selenium may 

be a major reason for its positive impact on the thyroid fluorosis. On the other hand, 

fluoride induced thyroid damage could be partially reversed by stoppage of sodium 

fluoride treatment. Recommendation: Thyroid fluorosis is a large scale problem. 

Selenium nanoparticles could be considered experimentally effective. However, their 

administration to human patients needs large scale with different sizes, doses and 

duration before this line become a regular therapy. This can guarantee that therapeutic 

benefits of Selenium nanoparticles will make them the first drug of choice in the future.  

Conflict of interest: None. 

Funding: This work was personal supported. 

Authors' contributions 

Authors' contributions 
Ghada 

AE 

Zeinab  

MA 

Assmaa  

OS 

Eman  

AA 

Research concept and design -- √ √ √ 

Collection and/or assembly 

of data 
√ √ √ -- 

Data analysis and 

interpretation 
√ -- √ -- 

Writing the article -- √ √ √ 

Statistical analysis -- -- -- -- 

Design of figures √ √ -- -- 

Critical revision of the 

article 
-- √ √ √ 

Final approval of article --√ √ √ √ 



British Journal of Science      60  

July 2018, Vol. 16 (2) 

 

© 2018 British Journals ISSN 2047-3745 

 

 

Acknowledgements 

The authors would like to thank Dr. Mohamed Shahin for his aid in 

morphometrical and statistical analysis.  



British Journal of Science      61  

July 2018, Vol. 16 (2) 

 

© 2018 British Journals ISSN 2047-3745 

 

 

References 

1.  Mullur R,  Liu YY and  Brent GA (2014) Thyroid Hormone Regulation of 

Metabolism. Physiol Rev. 94 (2), 355–382. 

2. Ailani V, Gupta RC, Gupta SK, and Gupta K (2009) Oxidative stress in cases of 

chronic fluoride intoxication. Indian Journal of Clinical Biochemistry 24, 426. 

3. El-lethey HS and Kamel MM (2011) Effects of black tea in mitigation of sodium 

fluoride potency to suppress motor activity and coordination in laboratory rats. J 

Am Sci. 7, 243–254. 

4. Gul M, Kutay FZ, Temocin S and Hanninen O (2000) Cellular and clinical 

implications of glutathione. Indian J Exp Biol. 38,625–634. 

5. Gao Q, Liu YJ and Guan ZZ (2008) Oxidative stress might be a mechanism 

connected with the decreased α7 nicotinic receptor influenced by high-

concentration of fluoride in SH-SY5Y neuroblastoma cells. Toxicology in Vitro 

22(4), 837–843. 

6. Barbier O, Arreola- Mendoza L and Del – Rao LM (2010) Molecular mechanisms 

of fluoride toxicity. Chemico – biological interaction 188, 318-333. 

7. Finley JW (2006) Bioavailability of selenium from foods. Nutr Rev. 64,146–151. 

8.  Ventura M, Melo M and Carrilho F (2017) Selenium and Thyroid Disease: from 

pathophysiology to treatment. International Journal of Endocrinology vol. 2017, 

Article ID 1297658, 9 pages. 

9. Nel Andre (2006) Toxic potential of materials at the nanolevel. Science 311, 622-

7. 

10. Wang Y, Yan X and Fu L (2013) Effect of selenium nanoparticles with different 

sizes in primary cultured intestinal epithelial cells of crucian carp, Carassius 

auratus gibelio. Int J Nanomedicine 8, 4007-4013. 

11. Zhai X, Zhang CH, Zhao G, Stoll S, Ren F and Leng X (2017) Antioxidant 

capacities of the selenium nanoparticles stabilized by chitosan. J. Nanobiotechnol. 

15, 4. 

12. Gao F, Yuan Q, Gao L, Cai P, Zhu H, Liu R, Wang Y, Wei Y, Huang G, Liang J 

and Gao X (2014) Cytotoxicity and therapeutic effect of irinotecan combined with 

selenium nanoparticles. Biomaterials 35, 8854. 

13. Liu T, Zeng L, Jiang W, Fu Y, Zheng W and Chen T (2015) Rational design of 

cancer-targeted Selenium nanoparticles to antagonize multidrug resistance in 

cancer cells. Nanomedicine 11, 947. 

14. Xia Y, You P, Xu F, Liu J and Xing F (2015) Novel functionalized selenium 

nanoparticles for enhanced anti-hepatocarcinoma activity invitro. Nanoscale Res. 

Lett. 10, 349. 

15. Chawla SL, Rao MV and Ahmedabad (2012) Protective effect of melatonin 

against fluoride-induced oxidative stress in the mouse ovary. Fluoride 45(2), 125-

132. 

16. Hassanin KMA, Abd El-Kawi SH and Hashem KS (2013) The prospective 

protective role of selenium nanoparticles against chromium-induced oxidative and 

cellular damage in rat thyroid. Int J Nanomedicine 8, 1713-1720. 

17. Bancroft J and Gamble M (2008) Theory and Practice of Histological Techniques. 

6, 165-175, Churchill Livingston, New York, Edinburgh, London. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mullur%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24692351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=24692351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brent%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24692351
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4044302/


British Journal of Science      62  

July 2018, Vol. 16 (2) 

 

© 2018 British Journals ISSN 2047-3745 

 

 

18. Kiernan JA (2008) Histological and Histochemical Methods. Theory and Practice. 

4
th

 ed., Butterworth Heinemann, Oxford, Boston. 

19. Bancroft J and Layton C (2013) The Hematoxylin and eosin. Theory and Practice 

of histological techniques. 7thed., Churchill Livingstone of El Sevier Philadelphia, 

Pp: 172-214. 

20. Ramos-Vara JA, Kiupel M, Baszier T, Bliven L, Brodersen B and Chelack B 

(2008) Suggested guidelines for immuno-histochemical techniques in veterinary 

diagnostic laboratories. J Vet Diagn Invest. 20: 393-413. 

21. Woods A and Stirling J (2002) Electron Microscopy: The preparative techniques. 

In Bancroft, J. and Gamble, M. (Eds): Theory and Practice of Histological 

Techniques. 5
th

 ed., Churchill Livingston, New York, Edinburgh, London. Pp:682-

700. 

22. Glauert AM and Lewis PR (1998) Biological specimen preparation for 

transmission electron microscopy. 17. London Portland Press. 

23. Singh D (2003) Principle and Technique. In Histology, Microscopy and 

Photography. CBS Publishers and Distributers. New Delhy, Bangalore (India). 1
st
 

ed., Pp: 679-699. 

24. Kostogrys R, Pisulewski1 P and Pecio A (2006) Nitrates affect thyroid status and    

serum triacylglycerols in Wistar rats. Polish Journal of Food and Nutrition 

Sciences 15(56), 71–76. 

25. Schweizer V, Johannes J, Bayer D and Braun D (2014) Structure and function of 

thyroid hormone plasma membrane transporters. Eur Thyroid J. 3(3), 143-153. 

26. Bhatnager M, Roa P, Jain S and Bhatnger R (2002) Neurotoxicity of fluoride: 

neurodegeneration in hippocampus of female mice. Indian Journal of 

Experimental Biology 40(5), 546-554. 

27. Ozsvath DL (2009) Fluoride and environmental health: a review, Reviews in 

Environmental Science and Biotechnology 8 (1), 59-79. 

28. Sakar CH and Pal S (2014) Ameliorative effect of resveratrol against fluoride-

induced alteration of thyroid function in male wistar rats. Biol Trace Em Res. 162, 

278-287. 

29. Ge YM, Ning HM, Wing SL and Wang JD (2005) DNA damage in thyroid gland 

cells of rats exposed to long-term intake of high fluoride and low iodine. Fluoride 

38, 318-323. 

30. Shashi A and Singla S (2013) Syndrome of low triiodothyronine in chronic 

fluorosis. Int. J. Basic App. Med. Sci. 3 (1), 152-160. 

31. Perez-Moutiel MD and Suster S (2008) The spectrum of histologic changes in 

thyroid hyperplasia: a clinicopathologic study of 300 cases. Human pathology 39 

(7) 1080-1087.   

32. Li Q And Engelhardt JF (2006) Interleukin-IB induction of NFKB is partially 

regulated by H202 – mediated activation of NFkB – inducing Kinase. Journal of 

Biological Chemistry 281 (3), 1495-1505. 

33. Le Belle JE, Orozco NM and Paucer AA (2011) Proliferative neural stem cells 

have high endogenous ROS levels that regulate self-renewal and neurogenesis in a 

PI3K/AKT- dependent manner. Cell Stem Cell 8 (1), 59-71.  



British Journal of Science      63  

July 2018, Vol. 16 (2) 

 

© 2018 British Journals ISSN 2047-3745 

 

 

34. Shivarajashankara YM, Shivashankara AR, Bhat PG and Roa SH (2001) Effect of 

fluoride intoxication on lipid peroxidation and antioxidant systems in rats. 

Fluoride 34 (2), 108-113. 

35. Rajkovic V, Matavulj and Johanssono (2006) Light and electron microscopic 

study of the thyroid gland in rats exposed to power-frequency electromagnetic 

fields. J Experim Biol. 209, 3322-3328. 

36. Al Shahrani AS, El-Metwally A, Al-Surimi K, Bin Salih S, Saleh Y, Al-Shehri A 

and Ali A (2016) The epidemiology of thyroid diseases in the Arab world. Journal 

of Public Health and Epidemiology 8 (2), 17-26.  

37. Zhau XA, Li JX, Xu ZR and Wang M (2006) Effects of excessive feed fluorine on 

structure and function of thyroid gland in piglets. J Chinese Cereals and oils 

association (1). 

38. Vinita A, Gupta RC, Gupta SK and Gupta K (2009) Oxidative stress in cases of 

chronic fluoride intoxication. Indian Journal of Clinical Biochemistry 24 (4), 426-

429. 

39. Shady AM and Noor El-Deen FI (2010) Effect of Chlorpyrifos on thyroid gland of 

adult male albino rats. Egyptian Journal of Histology 33 (3), 441 – 450. 

40. Yan XY, Zhou BH, Wang JM and Wang JD (2007) Effect of supplement protein 

and Ca nutrition on fluoride-induced disturbance of rib COLI Aigene expression 

in rabbits. Fluoride 40 (2), 140-148. 

41. Al Omireeni EA, Siddiqi NJ and Alhomida AS (2010) Biochemical and 

histological studies on the effect of sodium fluoride on rat kidney collagen. 

Journal of Saudi Chemical Society 14, 413-416. 

42. Vidino K, Vidinov N, Kalniev M and Krastev D (2013) Changes in the connective 

tissue element of the thyroid gland in normal and recurrent euthyroid goiter. Bio 

Discovery 10, 7750. 

43. Kidd ME, Shumakey DK and Ridge KM (2014) The role of vimentin intermediate 

filaments in the progression of lung cancer. Am. J. Respir. Cell Mel. Biol. 50 (1), 

1-6. 

44. Byun Y, Chem F, Chang R, Trivedi M, Green KJ, Cryns VL (2001) Caspase 

cleavage of vimentin disrupts intermediate filaments and promotes apoptosis. Cell 

Death Differ 5, 443-50. 

45. Morishima N (1999) Changes in nuclear morphology during apoptosis correlate 

with vimentin cleavage by different caspases located either upstream or 

downstream of Bcl-2 action. Genes Cells 4 (7), 401-41. 

46. Ghadially FN (1997) Ultrastructural Pathology of the Cell and Matrix. Pp 433-

602. Butter-worth-Heinemann, Boston. 

47. Liu GY, Chai CWY and Kang SHL (2002) Effects of fluoride on the ultrastructure 

of thyroid in chicks. Chin J Vet Sci. 22, 512-14. 

48. Agha F, EL – Badry MO, Hassan DA and Abdelraof AA (2012) Role of vitamin E 

in combination with methionine and I – carnosine against sodium fluoride-induced 

haematological, biochemical, DNA damage, histological and immunohisto 

chemical changes in pancreas of albino rats. Life Sci. J. 9 (2), 1260 – 1275. 

49. Jacinto – Aleman LF, Hernandez – Guerrero JC, Terjo – Sohs C, Jimenez Farfan 

MD and Fernandez – Presas AM (2010) In vitro effect of sodium Fluoride on 



British Journal of Science      64  

July 2018, Vol. 16 (2) 

 

© 2018 British Journals ISSN 2047-3745 

 

 

antioxidant enzymes and apoptosis during murine odontogenesis. J Oral Pathol 

M. 39, 709-714. 

50. Nakazawa TS, Murata T, Kondo N, Nakamura T, Yamane S and Katoh R (2008 

Histopathology of the thyroid in amiodarone induced hypothyroidism. Pathology 

International Journal 58, 55-58. 

51. Hiromatsu Y and Toda S (2003) Mast cells and angiogenesis. Microscopy 

Research and Technique 60, 64–69. 

52. Martín-Lacave IM, Borrero M and Utrilla
 
J (2009) C cells evolve at the same 

rhythm as follicular cells when thyroidal status changes in rats. Journal of 

Anatomy 214 (3), 301–309. 

53. Morillo-Bernal J, Fernández-Santos J and Utrilla J (2009) Functional expression 

of the thyrotropin receptor in C cells: new insights into their involvement in the 

hypothalamic-pituitary-thyroid axis. Journal of Anatomy 215(2), 150–158. 

54. Wang L, Wang B and Chen SR (2016) Effect of selenium supplementation on 

recurrent hyperthyroidism caused by Graves disease; a prospective pilot study. 

Hormone and Metabolic Research 48(9), 559-564 

55. . Fujieda M, Naruse K, Hamauzu T, Miyazaki E, Hayashi Y, Enomoto R, Lee E, 

Ohta K, Wakiguchi H and Enzyam H (2006) Effect of selenium on Cisplatin – 

induced nephrotoxicity in rats. Nephron Exp. Nephrol. 104(3), 112-22. 

56. Erkekoglu P, Zeybek ND, Giray B, Asan E and Hincal F (2012) The effects of di 

(2-ethylhexyl) phthalate exposure and selenium nutrition on sertoli cell vimentin 

structure and germ-cell apoptosis in rat testis. Arch Envirom Contam Toxicol. 

62(3), 539-74. 

57. Feng P, Wei J and Zhang Z (2011) Intervention of selenium on chronic fluorosis-

induced injury of blood antioxidant capacity in rats. Biological Trace Element 

Research 144, 1024-1031. 

58. Ozaki T, Matsubara T and Seo D (2012) Thyroid regeneration: characterization of 

clear cells after partial thyroidectomy. Endocrinology 153, 2514–2525. 

59. Gérard AC, Poncin S and Caetano B (2008) Iodine deficiency induces a thyroid 

stimulating hormone-independent early phase of microvascular reshaping in the 

thyroid. American Journal of Pathology 172(3), 748–760. 

60. Vidino K, Vidinov N, Kalniev M and Krastev D (2013) Changes in the connective 

tissue element of the thyroid gland in normal and recurrent euthyroid goiter. Bio 

Discovery 9, 1, DOJ, 10, 7750. 

61. Tiovola DM, Tao GZ, Habtezion A, Liao J and Omary B (2005): Cellular integrity 

plus: organelle-related and protein-targeting functions of intermediate filaments. 

Trends in cell biology 15(11), 608-617. 

62. Bouaziz H, Soussia L, Guermazi F and Zeghal N (2005) Fluoride-induced thyroid 

proliferative changes and their reversal in female mice and their pups. Fluoride 

38, 185–192. 

Authors 

Ghada A. Elsammak, Assistant lecturer of Histology and Cell Biology. Faculty of 

Medicine, Zagazig University, Zagazig 44519, Egypt. E.mail: 

ghadaelsammak@hotmail.com. 

mailto:ghadaelsammak@hotmail.com


British Journal of Science      65  

July 2018, Vol. 16 (2) 

 

© 2018 British Journals ISSN 2047-3745 

 

 

Dr. Zeinab M. AlAzouny, Assistant Professor of Histology and Cell Biology. Faculty of 

Medicine- Zagazig University. Zagazig 44519, Egypt. E.mail: 

dr.zeinab_alazouny@yahoo.com. 

  Prof. Dr. Assmaa O. Selim, Professor of Histology and Cell Biology. 

Faculty of Medicine- Zagazig University. Zagazig 44519, Egypt. E.mail: 

Assmaatarek@yahoo.com. 

Prof. Dr. Eman A. Abdelfattah, Professor of Histology and Cell Biology.  Faculty of 

Medicine- Zagazig University. Zagazig 44519, Egypt.dremanabdelrazeq@gmail.com 

 

mailto:dr.zeinab_alazouny@yahoo.com
mailto:Assmaatarek@yahoo.com


British Journal of Science      66  

July 2018, Vol. 16 (2) 

 

© 2018 British Journals ISSN 2047-3745 

 

 

ى االذّر الْلبئٔ لجسيئبت السيليٌيْم الذليمة في اضطراببت الغذٍ الذرلية الوحذث ببلصْديْم فلْرايذ في الجرر

 .دراسة ُستْلْجية ّ ُستْكيويبئيَ هٌبعية: الببلغة 

 غبدٍ عبذ العسيس     السوبن -زيٌب هٌصْر العسًّي -سلينعصوبء عثوبى  -ايوبى عبذ الرازق عبذ الفتبح

 جبهعة السلبزيك -كليَ الطب البشرٓ-لسن الِستْلْجيب ّ بيْلْجيب الخلية 

 هلخص البحج                                                      

اضدداباف  دٙ خب ٛددا ٔ  ددبا  انفهٕيٚد  ٚدد ه٘  ندٗ . انغدد ت ان يةٛدث خهدددا هٔيا ْصيدص ننددنث ا َ ددصٌ: الومذههَ

الِهذ  ههي . نهُصَٕسدٛهُٕٛٛو  فدص ت ي دصٔٚث نه دهُٕٛٛو  ًلدصه ن   د ت يدط ةهدث تادٕيت اند دًى. ْبيَٕصج انغ ت ان يةٛث

أجبٚح ْذِ ان ياسث ندقٛٛى خأثٛب  هٕيٚ  اننٕهٕٚو عهٗ خب ٛا ٔٔظٛفث انغ ت ان يةٛث ٔندهقٙ يزٚ اً يٍ انلدٕ   :البحج

صَٕسٛهُٛٛى عهٗ انغ ت ان يةٛث انًدصنجث بصنفهٕياٚ  ٔنق  أجبٚح أٚلص  عاص  يدهٕيدصج عدٍ خددص ٙ عهٗ ان ٔي انًكًم نهُ

 .انغ ت ان يةٛث بد   ٚقصف  هٕيٚ  اننٕهٕٚو

ذ دٕي انجدبذاٌ انةٛلدص  انةصنغدث ٔخدى خق دًٛٓى  ندٗ  اسدخ و ْذِ ان ياسث ثًصَٛث ٔايبدٌٕ يدٍ : الوْاد ّ الطرق

انًجًٕعددث انًدصنجددث ) الوجوْعههة الثبًيههَ -(انًجًٕعددث انلددصباث)وْعههة الّلههٔ الوج: أيبدددث يجًٕعددصج يد ددصٔٚث

 جى عٍ طبٚد  انفدى بدصندزةٛى يدبت ٔايد ت ٕٚيٛدص نًد ت / يجى 10خى  عاص    هٕيٚ  اننٕهٕٚو بجبعث ة يْص (: بصنفهٕيٚ 

خددى  عاددص   هٕيٚدد  : (يجًٕعددث انفهٕيٚدد  انًدصنجددث بجزٚسددصج ان ددٛهُٕٛٛو ان ةٛقددّ) الوجوْعههة الثبلثههَ-تً ددث أسددصبٛط 

يهدٙ نٛددب يدٍ  0.0 جدى يذابدث  دٙ /يهٛجدباو 0.0اننٕهٕٚو  ًص  ٙ انًجًٕعث انثصَٛدّ يدط َصَٕسدٛهُٛٛى يجًٕعدث ةد يْص 

الوجوْعهة . ينهٕل انًهح يددصهل انفٕسدفصج ٕٚيٛدص يدبت ٕٚيٛدص نًد ت تً دث أٚدصو يددصنٛدث  دم أسدةٕة نًد ت تً دث أسدصبٛط

 جدى بدصندزةٛى يدبت ٔايد ت ٕٚيٛدص نًد ت /يجدى 10ٕيٚد  انندٕهٕٚو بجبعدث ةد يْص أعادٗ  ه(: يجًٕعدث اندددص ٙ) الرابعهَ

 .تً ث أسصبٛط ثى خى  ٚقص ّ نً ت تً ث أسصبٛط أتبٖ

ٔخدى خنبٚدب عُٛدصج انغد ِ  TSH , T4, T3ٔ ٙ َٓصٚث  دبت اندجببدث خدى خجًٛدط عُٛدصج اند و ن ياسدث ْبيَٕدصج 

 . ان يةٛث يٍ  م يجًٕعث نهفنص بصنًجٓبٍٚ انلٕئٙ ٔاالنكدبَٔٙ

انفنددص انٓ دددٕنٕجٙ نهغدد ِ ان يةٛددث أظٓددب أٌ ُْددص  عدد ِ خغٛددباج يدد ثح نهفسددباٌ انًدصنجددث بفهٕياٚدد   :الٌتههبئ 

َ دةٛص  دٙ يجًٕعدّ ٔ ةد  ةهدح ْدذِ اندغٛدباج . انغد ِ ان يةٛدث  انندٕهٕٚو يدط اَخفدصل يهندٕظ  دٙ ي ددٕ٘ ْبيَٕدصج

 . انددص ٙ بًُٛص خن ُح  ثٛبا  ٙ انًجًٕعّ انًدصنجث بجزٚسصج ان ٛهُٕٛٛو ان ةٛقث

َشددصط . جزٚسددصج ان ددٛهُٕٛٛو ان ةٛقددث خن ددٍ اٜثددصي انلددصيت نفهٕيٚدد  اننددٕهٕٚو عهددٗ انغدد ت ان يةٛددث :الخالصههَ

 ًدص أٌ ضدبي . الٚجدصبٙ عهدٙ انغد ِ ان يةٛدثانُصَٕسٛهُٕٛٛو انًلصه ن    ِ يٍ انًًكدٍ أٌ ٚكدٌٕ سدةةص يئٛ دٛص نددأثٛبِ ا

 . انغ ت ان يةٛث انًن ذ بصنفهٕيٚ  يٍ انًًكٍ أٌ ٚدن ٍ جزئٛص عٍ طبٚ   ٚقصف انًدصنجث بفهٕيٚ  اننٕهٕٚو

 

 


