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INTRODUCTION 

     The thyroid gland lies in the lower neck opposite C5 to T1 vertebrae and is 

composed of two lobes connected by an isthmus in the midline (Branca, et al., 2022). 

Its primary function is to produce thyroid hormones; tri-iodothyronine (T3), 

thyroxin (T4) and the peptide hormone calcitonin (Singh, 2020). The thyroid hormones 

greatly affect the human body concerning metabolism.  
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Background: Amiodarone (AMD) is a benzofuran derivative, used in 

the management of angina and refractory ventricular arrhythmia. AMD 

may lead to either hypothyroidism or hyperthyroidism, depending on the 

daily dietary allowance of iodine. Aim of the Work: The aim of the 

current study is to investigate the structural and biochemical changes of 

the thyroid gland of adult male albino rats after exposure to different 

doses of AMD. Material and Methods: Thirty adult male albino rats 

were used in the experiment, they were divided into three groups; the 

Control group (Group I, N=10); AMD therapeutic dose-treated group 

(Group II, N=10), received AMD at a dose of 30 mg/Kg daily for 12 

weeks by oral gavage; AMD toxic dose-treated group (Group III, N=10),  

received AMD at a dose of 60 mg/Kg daily for  six weeks by oral gavage. 

At the end of the experiment, blood samples were taken from rats to 

estimate the serum concentration of tri-iodothyronine (T3), thyroxine 

(T4), and thyrotrophin (TSH). The thyroid glands of all rats were 

removed, and specimens from the glands were prepared and processed 

for histological examination under a light microscope. An 

immunohistochemical study was conducted using Caspase III. Results: 

Biochemical examination revealed a highly significant increase of serum 

T3 and T4, with Concomitant suppression of TSH. Histopathological 

examination of thyroid tissues from AMD therapeutic dose group (Group 

II) showed marked evidence of thyrotoxicosis in the form of microcystic 

follicular changes and peripheral scalloping, cellular degeneration with 

scanty cytoplasm and vesicular nuclei appeared. These changes became 

more severe in AMD toxic dose group (Group III) in the form of 

epithelial hyperplasia with atypical nuclear features, together with 

thyroid tissue damage with hemorrhage and necrosis. Conclusion: 

Amiodarone had detrimental effects on the rat’s thyroid tissue when 

administered either in therapeutic or toxic doses. 

 

http://eajbsd.journals.ekb.eg/
mailto:dr_ahmedsamir@med.asu.edu.eg


Nourhan Mahmoud El-Sayed et al. 182 

 

They increase the basal 

metabolic rate and affect almost all body 

tissues, appetite, absorption of 

substances, and gut motility (Talat, et 

al., 2019). 
AMD is the drug of choice in 

most cases of arrhythmia. Although it is 

considered a class III antiarrhythmic 

drug, it has also class I, class II, and class 

IV pathways (Jabrocka-Hybel, et al., 

2015). AMD is used to manage variable 

cases of arrhythmia like supraventricular 

and ventricular tachyarrhythmias 

(Benvenga, et al., 2018). AMD is a 

benzofuran compound composed of 

37% iodine by molecular weight, so it 

releases a 20 to 40 folds higher iodine 

level compared to its daily body 

requirements (Fischer, et al., 2022). 

However, the lipophilic property and 

long half-life of AMD led to an increase 

in its concentration in many tissues 

causing several hazardous effects such 

as; photosensitivity, corneal micro-

deposits, pulmonary and hepatic 

toxicity, peripheral neuropathy, thyroid 

dysfunction (Epstein, et al., 2016). AMD 

might lead to either hypothyroidism or 

hyperthyroidism, depending on the daily 

dietary allowance of iodine (Nafrialdi, et 

al., 2016). Also, due to the nearly similar 

structure of AMD and thyroid hormones, 

AMD can act on many cell types and 

organs including the liver and pituitary 

gland as a thyroid hormone reducing 

thyroid hormones uptake by these tissues 

(January, et al., 2014). 

The aim of the current study is to 

investigate the structural and 

biochemical changes in the thyroid gland 

of adult male albino rats after exposure 

to different doses of AMD. 

MATERIALS AND METHODS 

Experimental Animals:  

 Thirty adult male albino rats of 

the Sprague Dawley strain aged 5–6 

months old, with an average body weight 

of 200-250 gm were used in this study. 

The study was conducted at the Animal 

House of the Faculty of Medicine, Ain 

Shams University, according to the 

guidelines for the care and use of 

laboratory animals. Rats were housed in 

polycarbonate cages (4 rats/cage) in a 

constant temperature (22-24◦C) and 

light-controlled room on an alternating 

12:12 h light-dark cycle and had free 

access to food and water. Rats were kept 

for one week before beginning the 

experiment for acclimatization. The 

Health Research Ethics Committee, 

Faculty of Medicine, Ain Shams 

University, Egypt (Code: FMASU/ 

MS/31/2022) approved the study 

protocol.  

Drugs:  

1- Amiodarone, is available as tablets 

200mg Amiodarone HCL 

“Cordarone®” Sanofi Aventis, Cairo, 

Egypt. 

2- Saline 0.9% is available as a pack 

500ML, Otsuka, Cairo, Egypt 

 Experimental Design: 

  Animals were randomly 

divided into three groups (Each group 

consisted of 10 rats). 

•Group I: (Control Group) was divided 

into two sub-groups; 1-Group Ia: Five 

rats received no treatment and received 

only distilled water by oral gavage, and 

Group Ib: Five rats received 3ml of 0.6% 

methylcellulose orally by oral gavage. 

•Group II: (AMD therapeutic dose-

treated group) 10 rats received AMD in 

a daily dose of 30 mg/kg body weight 

dissolved in 3 ml of 0.6% 

methylcellulose for 12 weeks by oral 

gavage (Zidan, 2011). 

•Group III: (AMD toxic dose-treated 

group):10 rats received amiodarone in a 

daily dose of 60 mg/kg body weight 

dissolved in 3 ml of 0.6% 

methylcellulose for six weeks by oral 

gavage (El Sayed, et al., 2007). 

At the end of the experiment, all 

rats were sacrificed on the planned days 

by a lethal dose of anesthesia according 

to the protocol of the Animal Care at Ain 

Shams University. Blood samples were 

taken from rats just prior to sacrifice to 

estimate the serum concentration of tri-

iodothyronine (T3), thyroxine (T4), 

thyrotrophin (TSH). The thyroid gland 

was placed in a 10% neutral-buffered 



Effect of Amiodarone on Thyroid Gland in Adult Male Albino Rats 183 

formalin solution for one week, and then 

processed to paraffin blocks. 5 µm 

paraffin sections were used for 

histopathological examination under a 

light microscope using Hematoxylin and 

Eosin (Hx & E) and Masson ‘s trichrome 

(Bancroft and Gamble, 2002). An 

immunohistochemical study was 

conducted for the detection of apoptotic 

thyroid cells using caspase III antibodies 

(Di Matola, 2000). 

Biochemical Measurements: 

 Rats were anesthetized, and 

blood samples were taken just prior to 

the sacrifice of the rats from the 

retrobulbar venous plexus in a sterile 

centrifuge tube. The sample was kept at 

−20°C until the samples will be 

centrifuged for separation of the sera. 

The serum T3, T4, and TSH levels were 

measured (Aslan, et al., 2009). 

Morphometric Study & Image 

Analysis: 

     NIH “Image J” computer image 

analysis software version 1.40g was 

used to measure the following 

parameters: 

 The area percentage of collagen 

fibers deposition per microscopic field 

in Masson’s trichrome stained sections  . 

 The area percentage of caspase III 

immunoreactivities in immune-stained 

sections . 

     Calibration of the software was 

done for each microscopic magnification 

in order to translate pixels into 

micrometers. This was done with the aid 

of a stage micrometer. The area to be 

measured is masked by the primary 

mask by adjusting the color threshold. 

The number of pixels in the mask is 

divided by the number of pixels of the 

microscopic field to get the area 

percentage.  

Statistical Analysis: 

      The collected data were analyzed 

using a statistical analysis system. Data 

were presented by mean and standard 

deviation. One-way ANOVA followed 

by posthoc Bonferroni test was used to 

compare the studied three groups of rats 

according to collagen fiber deposition 

and the intensity of Caspase III immune 

reactions. The significance of the data 

was determined by P-value (P < 0.05 or 

equal to 0.05 was considered significant 

and P < 0.001 or equal to 0.001 was 

considered highly significant) 

(Sawilowsky, 2005). 

RESULTS 

Biochemical Results: 

Statistical analysis of thyroid 

hormone levels showed that there was a 

statistically significant increase in the 

levels of T3 and T4 and a statistically 

significant decrease in the level of TSH 

in the therapeutic dose-treated group 

(Group II). Whereas in the toxic dose-

treated group (Group III), there was a 

highly statistically significant increase in 

the levels of T4 and free T3 and a highly 

statistically significant decrease in the 

level of TSH (Table 1 & Chart 1). 

 

Table 1: The mean levels of thyroid gland hormones.  

 
(P) 1 = A significant increase compared to the control group. 

(P) 2 = A significant increase compared to the control group. 

(P) 3 = A significant decrease compared to the control group. 

(P) 4 = A highly significant increase compared to the control group. 

(P) 5 = A highly significant increase compared to the control group. 

(P) 6 = A highly significant decrease compared to the control group. 

SD: Standard deviation. 
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Chart 1: The mean levels of thyroid gland hormones of all groups. 

 

Histological Results: 

   Light microscopic examination 

of the thyroid glands of rats of group I 

(control group) showed that the gland is 

formed of multiple lobules separated by 

thin connective tissue septa. The thyroid 

lobule consisted of variable-sized 

rounded or oval follicles with connective 

tissue in between. The peripheral 

follicles were relatively larger than the 

central ones. Moreover, there was a fine 

fibrous capsule surrounding the gland 

(Fig. 1). The follicular lumen was filled 

with homogenous acidophilic colloids 

that had peripheral small vacuoles. 

Parafollicular cells were observed in 

between the follicles (Fig. 2). Each 

follicle was lined with a single layer of 

cuboidal thyrocytes that contain central 

rounded nuclei. Parafollicular cells were 

present between the follicles, and blood 

vessels were seen in between the lobules. 

Each follicle was surrounded by a thin 

basement membrane having spindle-

shaped fibroblasts with flattened nuclei 

(Fig. 3). 

Masson’s trichrome-stained sections 

revealed a normal distribution of 

collagen fibers deposition in the septa 

between the follicles (Fig. 4). 

              Immunohistochemical stained 

sections for caspase III showed weak 

positive immunoreactivity which 

appeared as fine brownish granules in 

the nuclei and the cytoplasm of a few 

follicular cells (Fig. 5). 

  Light microscopic examination 

of the thyroid glands of rats of group II 

(therapeutic dose treated group) showed 

moderate loss of normal architecture of 

the thyroid gland. The acini showed 

irregularly shaped and sized follicles 

with micro-cystic follicles (Fig. 6). 

Thyroid follicles were filled with 

vacuolated colloids. There was an 

apparent increase in the number of 

parafollicular cells in between the 

follicles. (Fig. 7). Follicles became lined 

with columnar thyrocytes with 

vacuolated cytoplasm. The colloid of 

some follicles showed vacuolations and 

others showed peripheral scalloping 

(Fig. 8). 

             Masson’s trichrome stained 

sections revealed a statistically highly 

significant increase in collagen fibers 

deposition in between the follicles 

compared to the control group (Fig. 9) & 

(Table 2 & chart 2). 

             Immunohistochemically 

stained sections for caspase III showed 

a statistically significant increase in the 

nuclear and cytoplasmic 

immunoreactivity for caspase-3 in many 

follicular cells as compared to the 

control group (Fig. 10) & (Table 3 & 

chart 3). 
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Fig. 1: A photomicrograph of a section of the thyroid gland of rats of GI showing the 

normal architecture of the thyroid gland, composed of lobules consisting of variable-

sized follicles (F), with normal septa (arrow) in between the lobules. Notice the fine 

fibrous capsule (FC) surrounding the gland.                                       (H&E X 100) 
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Fig. 2: A photomicrograph of a section of the thyroid gland of rats of GI showing the 

homogenous acidophilic colloid (C) inside the follicular lumina with some normal 

peripheral small vacuoles (arrow). Notice the parafollicular cells in between the 

follicles (star).                                              (H&E X 400) 

 

 

Fig. 3: A photomicrograph of a section of the thyroid gland of rats of GI showing 

variable-sized follicles filled with eosinophilic colloid with peripheral vacuolations 

(C). Each follicle is lined with a single layer of cuboidal thyrocytes (black arrow) that 

contain central rounded nuclei. Parafollicular cells are seen in between the follicles 

(star). Notice blood vessels in between the lobules (BV). Also, note the basement 

membrane surrounding the follicle (yellow arrow).             (H&E X 400 
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Fig. 4: A photomicrograph of a section of the thyroid gland of rats of GI showing the 

normal collagen fibers deposition (arrow) in the septa between the follicles. 

 (Masson ‘s trichrome X400)   

 

 

Fig. 5: A photomicrograph of a section of the thyroid gland of rats of GI showing 

weak positive immunoreactivity for caspase III in the nuclei and the cytoplasm of a 

few follicular cells (yellow arrow).      (Caspase III X400) 
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Fig. 6: A photomicrograph of a section of the thyroid gland of rats of GII showing loss 

of normal architecture of the thyroid gland. Notice the irregularly shaped and sized 

follicles with microcystic follicles (arrow).                   (H&E X 100) 
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Fig. 7: A photomicrograph of a section of the thyroid gland of rats of GII showing the 

thyroid follicles filled with vacuolated colloid (black arrow). Notice the apparent 

increase in the number of parafollicular cells in between the thyroid follicles (star). 

    (H&E X 100) 

Fig. 8: A photomicrograph of a section of the thyroid gland of rats of GII showing the 

follicles are lined with columnar thyrocytes (black arrow) with vacuolated cytoplasm 

(blue arrow). The colloid of some follicles shows large-sized vacuolations (V), while 

others showed peripheral scalloping (PS).           (H&E X 400) 

 



Nourhan Mahmoud El-Sayed et al. 190 

 

Fig. 9: A photomicrograph of a section of the thyroid gland of rats of GII showing a 

statistically highly significant increase in collagen fibers deposition in between the 

follicles compared to the control group (arrows). Notice the interstitial congested 

blood vessels (star).      (Masson ‘s trichrome X400)    

 

Fig. 10: A photomicrograph of a section of the thyroid gland of rats of GII showing a 

statistically significant increase in the nuclear and cytoplasmic immunoreactivity for 

caspase III in many follicular cells (arrow).        (Caspase III X400) 

 

Light microscopic examination 

of the thyroid glands of rats of group III 

(toxic dose treated group) showed severe 

disruption of the normal thyroid 

follicular architecture with loss of 

demarcation between the follicles. Some 

follicles showed papillary projection, 

while others had desquamated 

thyrocytes inside their lumina. Also, 

most of the follicles showed vacuolated 

or depleted colloids (Figs. 11 & 12). 

Some follicular thyrocytes showed 

hyperplasia, while others appeared with 

small deeply stained pyknotic nuclei 

with irregular outlines (Fig. 13). There 

was the widening of the interstitial 
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spaces in-between the follicles with the 

presence of thick-walled, congested and 

dilated blood vessels (Fig. 14). Also, 

there were areas of inflammatory 

cellular infiltration appeared in the 

interstitial spaces between some follicles 

(Fig. 15). 

              Masson’s trichrome stained 

sections revealed a statistically highly 

significant increase in the distribution of 

collagen fibers deposition in between the 

follicles compared to the control group 

(Fig. 16) & (Table 2 & chart 2). 

Immunohistochemically stained 

sections for caspase III showed a 

statistically highly significant nuclear 

and cytoplasmic immunoreactivity for 

caspase III in many follicular cells as 

compared to the control group (Fig. 17) 

& (Table 3 & chart 3).

 

Fig. 11: A photomicrograph of a section of the thyroid gland of rats of GIII showing 

severe disruption of the normal thyroid follicular architecture, with loss of demarcation 

between the follicles. Some follicles show papillary projection inside the lumina (Blue 

arrow). Other follicles have desquamated thyrocytes inside their lumina (Black 

arrow). Notice the vacuolated colloid in most of the follicles (V).          (H&E X 400) 

Fig. 12: A photomicrograph of a section of the thyroid gland of rats of GIII showing 

desquamated thyrocytes (circle) inside the lumina of some follicles having deeply 

stained pyknotic nuclei (arrow).                  (H&E X400) 
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Fig. 13: A photomicrograph of a section of the thyroid gland of rats of GIII showing 

increased vacuolated colloid (V). Some follicular thyrocytes showed hyperplasia 

(thick arrow), while others appeared with small deeply stained pyknotic nuclei with 

irregular outlines (thin arrow).                  (H&E X 400) 

 

Fig. 14: A photomicrograph of a section of the thyroid gland of rats of GIII showing 

vacuolated colloid (black arrow). The thyrocytes showed pyknotic nuclei (Blue 

arrow). Notice: the widening of the interstitial spaces in between the follicles and the 

presence of congested dilated and thick wall blood vessels (BV).          (H&E X 400) 
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Fig. 15: A photomicrograph of a section of the thyroid gland of rats of GIII showing 

inflammatory cells infiltration within the interstitium (star).           (H&E X 400) 

 

Fig. 16: A photomicrograph of a section of the thyroid gland of rats of GIII showing a 

statistically highly significant increase in collagen fibers deposition in between the 

follicles compared to the control group (arrows). Notice the interstitial congested 

blood vessels (star).            (Masson ‘s trichrome X400)   
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Fig. 17: A photomicrograph of a section of the thyroid gland of rats of GIII showing a 

statistically highly significant increase in the nuclear and cytoplasmic 

immunoreactivity for caspase III in many follicular cells (arrow).  (Caspase III X400) 

 

Morphometric Results and Statistical 

Analysis: 

Statistical analysis of the area 

percentage of collagen deposition in 

between the thyroid follicles in 

Masson‘s trichrome stained sections 

revealed a highly significant increase in 

the collagen fibers deposition in between 

the thyroid follicles in both groups (II) 

and (III) in comparison to the control 

group (I). 

 

Table 2: The mean area percentage of collagen deposition in between the thyroid 

follicles in all groups. 

 
*Probability (P) value was considered statistically significant if ≤ 0.05, and highly statistically 

significant if ≤ 0.001. 

SD: Standard deviation 

 
Chart 2: The mean area percentage of collagen fibers deposition in between the 

thyroid follicles in all groups 
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Mean Percentage of Caspase III 

Immunoreactivity: 

Statistical analysis of the area 

percentage of caspase III 

immunoreactivity revealed a significant 

increase in the immunoreactivity for 

caspase III in group (II) in comparison to 

the control. Whereas there was a highly 

significant increase in the 

immunoreactivity for caspase III in 

group (III) as compared to the control. 

 

Table 3: The Mean area percentage of caspase III immunoreactivity in all groups.  

 
*Probability (P) value was considered statistically significant if ≤ 0.05, and highly 

statistically significant if ≤ 0.001. 

SD: Standard deviation 

 

 
Chart 3: The Mean area percentage of caspase III immunoreactivity in all groups. 

 

DISCUSSION 

             AMD is a potent 

antiarrhythmic drug that is widely used 

in tachyarrhythmias and to a lesser 

extent, in ischemic heart disease. It is an 

iodine-rich compound (37.3% of its 

molecular weight) (Maqdasy, et al., 

2019). So, it releases a 20 to 40 folds 

higher iodine level compared to the 

human body's daily requirements 

(Fonseca, et al., 2022). The thyroid 

hormones; T3 and T4 have a significant 

impact on body metabolism, growth, and 

development and activity of the nervous 

system. Thus, any disturbance in their 

levels could adversely affect the 

metabolism of the whole body (Rajab, et 

al., 2017). Therefore, AMD effects on 

thyroid functions had attracted 

considerable attention (Esmekaya, et al., 

2010).  

Rodents and humans shared 

similarities in the histopathology of 

thyroid lesions. So, the rat model was 

relevant for the assessment of possible 

thyroid lesions in humans (Mahmoud 

and Solaiman, 2014). The oral intake of 

AMD was chosen in this study because 

it is similar to the conventional clinical 

situation in human cases (Mehta, et al., 

2008). In mammals, thyroid activity was 

commonly determined by the thyroid 

hormone secretion rate. Despite this, the 

histological examination of the gland 

was found to be the most sensitive 

parameter for the detection of any 
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factors that adversely affect thyroid 

function (Maynard and Downes, 2019).  

The aim of the current study is to 

investigate the structural and 

biochemical changes of the thyroid 

gland of adult male albino rats after 

exposure to different doses of AMD. 

As regards the biochemical 

results in the present study, there was a 

statistically significant increase in the 

level of T4 and a statistically significant 

decrease in the levels of free T3 and TSH 

in group II (AMD therapeutic dose-

treated group), but in group III (AMD 

toxic dose-treated group), there was a 

statistically highly significant increase in 

in the level of T4 and a statistically 

highly significant decrease in the levels 

of free T3 and TSH. These results were 

in accordance with Ursella et al., 2006, 

who found that AMD-induced 

thyrotoxicosis (AIT) could be diagnosed 

by increased serum T4 and decreased 

serum TSH concentration. Moreover, 

they added that AIT was usually 

associated with preferential secretion of 

T4 which was suggested by a high T4/T3 

ratio. 

The histological findings in the 

present study afforded evidence of the 

development of thyrotoxicosis which 

was marked in the AMD therapeutic 

dose-treated group (group II) and 

became severe in the AMD toxic dose-

treated group (group III). There was a 

loss of the normal architecture of the 

thyroid gland in group (II), where most 

of the follicles appeared irregular in 

shape and size together with microcystic 

follicular changes. These findings 

agreed with Abdel Moaty, 2022, who 

found that the therapeutic dose of 

amiodarone could lead to irregularity in 

the shape and size of the thyroid acini 

with the presence of small cystic 

follicles filled with vacuolated colloid. 

Moreover, in our study, microscopic 

examination of thyroid tissue of group 

III (AMD toxic dose treated group) 

showed severe disruption of the 

histological architecture with loss of 

demarcation between the follicles. Some 

follicles showed papillary projection and 

desquamated thyrocytes inside their 

lumina together with vacuolated 

colloids. These findings were in 

agreement with Rasheed and Arsanyos, 

2018.  

In the present study, there was an 

apparent increase in the number of 

parafollicular cells in between the 

follicles and these findings were in 

agreement with Nakazawa et al., who 

reported an increase in parafollicular 

cells number following AMD 

administration (Nakazawa, et al., 2008). 

Also, Martín-Lacave, et al., 2009 

reported that thyroid hyperactivity 

revealed the presence of enlarged 

parafollicular cells disseminated in small 

groups. These observations might point 

to the possibility of a relationship 

between the activity of parafollicular 

cells and the functional state of the 

thyroid gland. 

In the present study, there was a 

widening of the interstitial spaces in 

between the follicles together with areas 

of inflammatory cell infiltration. Also, 

there was marked congestion and 

dilatation of blood vessels following 

AMD administration either in 

therapeutic or toxic doses. These 

findings were coincidental with Piga, et 

al., 2008, who found that AMD could 

lead to degenerative and destructive 

follicular lesions with diffuse fibrous 

tissue lymphocytic infiltration in rats’ 

thyroid glands. 

Concerning nuclear changes 

following amiodarone administration in 

our study, many follicular cells revealed 

pyknotic nuclei indicating cell 

degeneration. It was noticed in group III 

more than in group II. This finding 

coincided with Mehta et al., 2008, who 

noted pyknotic nuclei in the epithelium 

of many thyroid follicles in amiodarone-

induced thyrotoxicosis patients. The 

iodine component of amiodarone was 

blamed to be the leading cause of this 

nuclear change through a p53- 

mechanism with subsequent oxidative 

stress (Vitale, et al., 2000). 

In the present work, there was a 

statistically highly significant increase in 
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collagen deposition in the thyroid gland 

in both AMD therapeutic and toxic doses 

treated groups (groups II & III). Also, El 

Sayed et al., 2007 reported that 

amiodarone could induce degenerative 

and destructive follicular lesions and 

hemorrhage with focal fibrosis. 

Moreover, oxidative stress caused by 

AMD could activate transforming 

growth factor beta (TGF-β), which was 

considered the most effective cytokine in 

promoting fibrosis. TGF-β could cause 

fibrosis by stimulating fibroblasts to 

secrete matrix proteins (Koli, et al., 

2008). 

In the present study, there was a 

statistically significant increase in 

caspase III immune expression in the 

follicular epithelial cells in groups II&III 

which denoted apoptotic cell death. It 

could be attributed to the direct toxic 

effect of AMD or its metabolites on the 

thyroid gland either directly or indirectly 

due to its high iodine content (Bogun, 

2016). Diethyl AMD (DEA), which is 

considered the main AMD metabolite, 

was more cytotoxic on thyroid cells than 

AMD itself (Cappellani, et al., 2020).  

AMD might affect the thyroid 

gland and thyroid hormones metabolism 

in two ways; First by deactivating type-

I-5′-deiodinase (5′-D), which is found in 

the liver to convert T4 to T3, leading to 

an increase in serum T4 and a decrease 

in serum T3 (Bogun, 2016). The second 

way might be attributed to the high 

iodine content of AMD, whereas iodine 

substrate from AMD could lead to 

excessive thyroid hormone synthesis and 

thyrotoxicosis, this phenomenon was 

known as the Jod-Basedow phenomenon 

(Eskes, et al., 2012).  
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