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Location of the thyroid Gland

The thyroid gland, located immediately below 
the larynx on each side of and anterior to the 
trachea, 

is one of the largest of the endocrine glands, 
normally weighing 15 to 20 grams in adults.



Physiologic Anatomy of the Thyroid Gland

The thyroid gland is composed of large numbers of closed follicles filled 
with a secretory substance called colloid and lined with cuboidal 
epithelial  cells. The major  
constituent of colloid is 
 the large glycoprotein  
thyroglobulin, 
The thyroid gland has  
a blood flow about five 
 times the weight of the 
 gland each minute. 

The thyroid gland also contains C 
cells that secrete calcitonin, a 
hormone that contributes to 
regulation of plasma calcium ion 
concentration 



Chemistry and Formation of Thyroxine and Triiodothyronine

Thyroid cellular mechanisms for MIT iodine transport, thyroxine 
and triiodothyronine DIT formation, and thyroxine and 

triiodothyronine 
release into the blood 



1. Iodide Pump (Iodide Trapping) transport of iodides from the blood 
into the thyroid glandular cells and follicles. 

2. The endoplasmic reticulum and Golgi apparatus synthesize and 
secrete into the follicles a large glycoprotein molecule called 
thyroglobulin 

• Each molecule of thyroglobulin contains about 70 tyrosine amino 
acids, and they are the major substrates that combine with iodine to 
form the thyroid hormones 

3. Oxidation of the Iodide Ion 
• The first essential step in the formation of the thyroid hormones is 

conversion of the iodide ions to an oxidized form of iodine 
• This oxidation of iodine is promoted by the enzyme peroxidase and 

its accompanying hydrogen peroxide 
Iodination of Tyrosine  
• The binding of iodine with the thyroglobulin molecule is called 

organification of the thyroglobulin. The oxidized iodine is associated 
with an iodinase enzyme



Chemistry and Formation of Thyroxine and Triiodothyronine 



Transport of Thyroid hormones to Tissues 
• Thyroxine and Triiodothyronine Are Bound to Plasma Proteins 

thyroxine-binding globulin  
• Thyroxine and Triiodothyronine Are Released Slowly to Tissue 

Cells. Because of high affinity of the plasma-binding proteins for the 
thyroid hormones, these substances— in particular, thyroxine—are 
released to the tissue cells slowly. Half the thyroxine in the blood is 
released to the tissue cells about every 6 days, whereas half the 
triiodothyronine—because of its lower affinity—is released to the 
cells in about 1 day. 

On entering the tissue cells, both thyroxine and triiodothyronine again 
bind with intracellular proteins. 
• Thyroid Hormones Have Slow Onset and Long Duration of Action 
Most of the latency and prolonged period of action of these hormones 
are probably caused by their binding with proteins both in the plasma 
and in the tissue cells, followed by their slow release.



Physiologic Functions of the Thyroid Hormones 

1. Thyroid Hormones Increase the Transcription of Large Numbers of 
Genes The general effect of thyroid hormone is to activate nuclear 
transcription of large numbers of genes. Therefore, in virtually all 
cells of the body, great numbers of protein enzymes, structural 
proteins, transport proteins, and other substances are synthesized. 
The net result is generalized increase in functional activity 
throughout the body. 

2. Thyroid Hormones Increase Cellular Metabolic Activity The thyroid 
hormones increase the metabolic activities of almost all the tissues 
of the body. The basal metabolic rate can increase to 60 to 100 per 
cent above normal when large quantities of the hormones are 
secreted. The rate of utilization of foods for energy is greatly 
accelerated. Although the rate of protein synthesis is increased, at 
the same time the rate of protein catabolism is also increased. The 
growth rate of young people is greatly accelerated. The mental 
processes are excited, and the activities of most of the other 
endocrine glands are increased.





3. Effect of Thyroid Hormone on Growth 
The effect of thyroid hormone on growth is manifest mainly in growing 
children. An important effect of thyroid hormone is to promote growth 
and development of the brain during fetal life and for the first few years 
of postnatal life. If the fetus does not secrete sufficient quantities of 
thyroid hormone, growth and maturation of the brain both before birth 
an afterward are greatly retarded, and the brain remains smaller than 
normal.  
4. Effects of Thyroid Hormone on Specific Bodily Mechanisms 
• Stimulation of Carbohydrate Metabolism Thyroid hormone 

stimulates almost all aspects of carbohydrate metabolism, including 
rapid uptake of glucose by the cells, enhanced glycolysis, enhanced 
gluconeogenesis, increased rate of absorption from the 
gastrointestinal tract.  

• Stimulation of Fat Metabolism. Essentially all aspects of fat 
metabolism are also enhanced under the influence of thyroid 
hormone. 

• Increased Basal Metabolic Rate (BMR)



5. Effect of Thyroid Hormones on the Cardiovascular System 
• Increased Blood Flow and Cardiac Output. 
• Increased Heart Rate. 
• Increased Heart Strength. 
• Normal Arterial Pressure 
• Increased Respiration. 
6. Other effects of Thyroid Hormones 
• Increased Gastrointestinal Motility. In addition to increased 

appetite and food intake, thyroid hormone increases both the rates 
of secretion of the digestive juices and the motility of the 
gastrointestinal tract. Hyperthyroidism often results in diarrhea. 
Lack of thyroid hormone can cause constipation 

• Excitatory Effects on the Central Nervous System  
• Effect on the Function of the Muscles. 
• Effect on Other Endocrine Glands. 
• Effect of Thyroid Hormone on Sexual Function.



Regulation of Thyroid Hormone Secretion 

Feedback Effect 
of Thyroid Hormone 
to Decrease Anterior 
 Pituitary Secretion of  
TSH



Diseases of the Thyroid 
Hyperthyroidism 
• Causes of Hyperthyroidism (Toxic Goiter, Thyrotoxicosis, Graves’ 

Disease). In most patients with hyperthyroidism, the thyroid gland is 
increased to two to three times normal size, with tremendous 
hyperplasia and infolding of the follicular cell lining into the follicles, 
so that the number of cells is increased greatly. Also, each cell 
increases its rate of secretion severalfold; plasma TSH concentrations 
are less than normal rather than enhanced in almost all patients. 
other substances that have actions similar to those of TSH are found 
in the blood of almost all these patients. These substances are 
immunoglobulin antibodies that bind with the same membrane 
receptors that bind TSH They induce continual activation of the cAMP 
system of the cells, with resultant development of hyperthyroidism. 
The high level of thyroid hormone secretion caused by Autoantibodies 
in turn suppresses anterior pituitary formation of TSH.



Symptoms of Hyperthyroidism 
(1) a high state of excitability, (2) intolerance to heat, (3) increased 

sweating, (4) mild to extreme weight loss (sometimes as much as 
100 pounds), (5) varying degrees of diarrhea, (6) muscle 
weakness, (7) nervousness or other psychic disorders, (8) extreme 
fatigue but inability to sleep, and (9) tremor of the hands 

• Exophthalmos. Most people with hyperthyroidism develop some 
degree of protrusion of the eyeballs  

• The cause of the protruding eyes is edematous swelling of the 
retro-orbital tissues and degenerative changes in the extraocular 
muscles. In most patients, immunoglobulins can be found in the 
blood that react with the eye muscles 

• The exophthalmos, like hyperthyroidism itself, is an autoimmune 
process. The exophthalmos usually is greatly ameliorated with 
treatment of the hyperthyroidism.



Patient with exophthalmic hyperthyroidism



Hypothyroidism 
Hypothyroidism, like hyperthyroidism, probably is initiated by autoimmunity 
against the thyroid gland, but immunity that destroys the gland rather than 
stimulates it. The thyroid glands of most of these patients first have 
autoimmune “thyroiditis,” which means thyroid inflammation. This causes 
progressive deterioration and finally fibrosis of the gland, with resultant 
diminished or absent secretion of thyroid hormone. Several other types of 
hypothyroidism also occur, often associated with development of enlarged 
thyroid glands, called thyroid goiter, as follows. 
• Endemic Colloid Goiter Caused by Dietary Iodide Deficiency. The term 

“goiter” means a greatly enlarged thyroid gland. The mechanism for 
development of large endemic goiters is the following: Lack of iodine 
prevents production of both thyroxine and  triiodothyronine. As a result, 
no hormone is available to inhibit production of TSH by the anterior 
pituitary; this causes the pituitary to secrete excessively large quantities 
of TSH. The TSH then stimulates the thyroid cells to secrete tremendous 
amounts of thyroglobulin colloid into the follicles, and the gland grows 
larger and larger. The follicles become tremendous in size, and the 
thyroid gland may increase to 10 to 20 times normal size.



Goiter 
Endemic colloid Goiter caused by iodine deficiency 



• Idiopathic Nontoxic Colloid Goiter. 
The exact cause of the enlarged thyroid gland in patients with 
idiopathic colloid goiter is not known, but most of these patients 
show signs of mild thyroiditis; therefore, it has been suggested that 
the thyroiditis causes slight hypothyroidism, which then leads to 
increased TSH secretion and progressive growth of the noninflamed 
portions of the gland. Among the abnormalities often encountered 
are the following: 

1. Deficient iodide-trapping mechanism 
2. Deficient peroxidase system 
3. Deficient coupling of iodinated tyrosines in the thyroglobulin 

molecule 
4. Deficiency of the deiodinase enzyme



Physiologic Characteristics of Hypothyroidism 
They include (1) fatigue and extreme somnolence with sleeping up to 
12 to 14 hours a day, (2) extreme muscular sluggishness, (3) slowed 
heart rate, decreased cardiac output decreased blood volume, (4) 
sometimes increased body weight, (5) constipation, (6) mental 
sluggishness, (7) failure of many trophic functions in the body 
evidenced by depressed growth of hair and scaliness of the skin, (8) 
development of a froglike husky voice, (9) and, in severe cases, 
development of an edematous appearance throughout the body 
called myxedema. 
• Myxedema develops in the patient with almost total lack of thyroid 

hormone function. The patient, demonstrating bagginess under the 
eyes and swelling of the face. In this condition, for reasons not 
explained, greatly increased quantities of hyaluronic acid and 
chondroitin sulfate bound with protein form excessive tissue gel in 
the interstitial spaces, and this causes the total quantity of 
interstitial fluid to increase. Because of the gel nature of the excess 
fluid, it is mainly immobile, and the edema is the nonpitting type.



Patient with myxedemia 
Bagginess under the eyes and swelling of the face



Atherosclerosis in Hypothyroidism lack of thyroid hormone increases 
the quantity of blood cholesterol because of altered fat and 
cholesterol metabolism and diminished liver excretion of cholesterol in 
the bile. The increase in blood cholesterol is usually associated with 
increased atherosclerosis. Therefore, many hypothyroid patients, 
particularly those with myxedema, develop atherosclerosis, which in 
turn results in peripheral vascular disease, deafness, and coronary 
artery disease with consequent early death. 

Cretinism 
Cretinism is caused by extreme hypothyroidism during fetal life, 
infancy, or childhood. This condition is characterized especially by 
failure of body growth and by mental retardation. It results from 
congenital lack of a thyroid gland (congenital cretinism), from failure 
of the thyroid gland to produce thyroid hormone because of a genetic 
defect of the gland, or from iodine lack in the diet (endemic cretinism)



Cretinism
Is a condition of sever physical and mental retardation 


