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T

oday we are going to talk about Thyriod and AntiThyroid.
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The histology of the gland :

it is composed od epithelial cells, which are cuboidal epithelial cells ,and these are specialized cells called follecular cells. They secrete part of the hormons from the gland and these surround a matter called the colliod matter.
There are 2 functions for the colloid matter:

1) Store the precursor or the substrate

for the enzymes to synthesis the thyroid hormones. And this is called  thyroglobulin.

2)The place where the synthesized hormones are stored. eg: Thyroid hormone 
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3 major hormones are secreted from the thyroid gland:

Thyroxine  or (T4)

Triiodothyronine (T3)

Calcitonin

Today we are going to talk about T3 and T4

while Calcitonin we are going to talk about it next lecture. Which is

the parathyroid hormone, and the calcium metabolism in the body.

Every tissue in the body is affected by thyroid hormones, so that means 

there's no specific target for T3 or T4

every cell and every tissue in  the body can respond to these 2 Hormones( T3 ,T4)

Slide 4:

For these Hormones (T3 ,T4) to function in the body they need to be in a Constant circulating concentrations  for their proper effect.

So it's not like what we talk about last time some hormones are secreted in a palsatile manner ,some are secreted at a certain times of the day, others are influenced by certain stimuli.

These hormones to function need to be in a constant concentration, so there are a tight mechanisms that control their concentration in the body.
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Does anyone know what transcription factor is?

For the cell to synthesize the protein they need to activate the genes.
So a certain stimuli will bind to a receptor on the cell surface activating the signaling component of the cell.

These signaling component will activate certain proteins that traslocate to the nucleus and bind to the DNA  in the promoter region of the DNA, thus cause initiation of the trascription of the DNA which can do translation, then the synthesis of the protein.

What  interested about thyroid hormons that they are nuclear trascripiton factor ,so they go directly to the nucleus binding to DNA ,and they initiate the trascription of certain proteins, so they work in multiple proteins that have an array of actions.

For instance, they can increase the size and number of mitochondria in the cell, by increasing the synthesis of protein necessary for the synthesis of mitochondria.

They also increase the synthesis of cytochromes, which feed into the electron transport chain of cellular respiration, thus stimulating metabolism through increasing ATP production.

So that's an important role of thyroid hormones in regulation of metabolism on the constant energy level in the cell and the body.

 They also control the body temprature .

Increase ATPase concentration, the enzyme which cleaves a phosphate group from ATP forming ADP and inorganic phosphate.

Increased K+ and Na+ concentrations in the cell. So these hormones are important in regulating the balance of the electrolytes in the cells.
Increase the body’s basal metabolic rate (BMR) to maintain electrochemical gradient in cell. As we mentioned before they Increased K+ and Na+ concentrations

so they are important for electrochemical gradient in the cell.
Stimulate carbohydrate metabolism and lipolysis, or the breakdown of fats.

Affects protein synthesis.

Increase the body’s sensitivity to cathecholamines, i.e. adrenaline,acetylecholine which is also a derivative of TH.

Slide 6 and 7 :
In the Picture

H: Hypothalamus

AP: anterior pitutary gland

AP release TSH so causing the production of T3 or T4 thyroid hormones
What is the factor that regulate TSH release from AP?

It is TRH which is secreted from hypothalamus.

What is the factor that inhibit TSH release from AP?

Somatostatin.

High levels of thyroid hormones in the blood with continuous secretion of them from the Thyroid gland ,will inhibit the AP and H from 

releasing the factors TSH and TRH ,so it can stop the input on the thyroid to stop the synthesis of more T3 and T4.This is known as Negative feedback mechanism.

There are more factors that regulates the release of thyroid hormone, because as we said the thyroid hormone is very important in maintaining the body temperature, so if body become cold or exposed to low temperature, this will induce H to release TRH which can induce AP to release TSH which cause T3 T4 to be released and control the body T.

Other stimulus that increase the release of thyroid hormone are acute psychosis circadian and pulsatile rhythms.
 While sever stress and decrease the release of thyroid hormone
Adrenalin and Corticoid can inhibit the release of TSH from AP.
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Iodine concentration [I-] is very imp. in the body, and this has an important effect on the thyroid, because T3 T4 are iodine containing hormones.
Very little iodine          inhibition of the thyroid hormon release.

high [I-]            intially cause increase in the hormon release which can be then inhibited.  (Will be dicussed later)

Small amounts of iodine are necessary for hormone production, but large amounts inhibit T3 and T4 production and release. This is a kind of auto regulatory mechanism 

in the body. When the body does not want too much T3 T4 .

 Too much Iodine in the body that will stop the synthesis and keep the constant amount of T3 T4 .
And this is what called The Wolff–Chaikoff effect.
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Please, fellow the steps which are appeared in the figure.

I- goes inside the cell through Na/I symporter.

Symporter: It is a protein or ion channel that conducts the ions in the same direction. if they go in anti direction they are called Antiporter.
I- is used as a substrate to modify the protein Thyroglobuline which is synthesized inside the follicular cell, then it is secreted in the core.

In the inner surface of the cell there is an enzyme that cause oxidation for the iodine (I0) called Thyroid peroxidase.

Iodine (I0) is very reactive and can iodinate  thyroglobuline at tyrosyl residues. This can go back by endocytosis.

Two iodinated thyrosine rings condense to form thyroxine (T4), with four iodine substituents.

Triiodothyronine (T3), with three iodine substituents, accounts for about 10% of thyroid hormone.

They undergo proteolysis before they are secreted back to the blood stream. 
Note: this sentence is on slide 10 but the doctor mentioned it while explaining the figure.
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Follicular cells transport Iodide across the cell by Na/I symporter.

These cells secrete precursor protein thyroglobulin into the follicular lumen or colloid.

Tyrosin amino acid is important in formation of T3 T4.
T3 can swich back to T4, and T4 can swich back to T3.
T3 is the most imp. form of these hormons but both of them are active.
T3:T4 in the body is only 10%.
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You do not need to worry about the conventional names. (Levoxyl, Levo-T), (Cytomel), (Thyrolar).

Thyroid desiccated ( Armour Thyroid):
 this is actually very interesting, still exist in the market. They dry the thyroid gland from the pig, and they use it as a drug.
Some companies now are using other sources instead of using pig. But this is not a pure form of thyroid hormone, because it contains calcitonin and other structures in

 the thyroid gland.
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Thyrotropin, recombinant form of TSH (Thyrogen):  if we have large TSH in the body, this will cause AP to stop releasing TSH, and block its effect on the thyroid

so we will have T3 T4 .
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What are the source of Iodine in the diet ?

Salt, they supply salt with Iodine so we can have enough amount of Iodine, but the actual source of iodine is sea food.

And since a lot of countries are not recieved enough sea food ,so 45% of salt is composed of iodine, because it is very important for thyroid hormones in the body.

A high concentration (100 µg) is needed to eliminate thyroid follicular cell hyperplasia and thyroid enlargement (iodine deficiency goiter).

They usually use the radio-labeled iodine for that treatment.
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A syndrome resulting from deficiency of thyroid hormones ,and is manifested largely by a reversible slowing down of all body functions.
Because we said the thyroid hormones are very important for maintaining the energy level, metabolism, body weight.
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Symptoms are :lethargy (general tirdness) and weight gain, among other symptoms.

Typically caused by:

1) Hashimoto’s Disease, an auto-immune disorder in which the thyroid is destroyed by antibodies. And this decrease the release of the thyroid hormone.

2)Impaired hypothalamus and pituitary function, typically due to a tumor, can inhibit the secretion of TSH, causing secondary hypothyroidism.

3)A diet insufficient in iodine causes hypothyroidism as well. So less hormone are released.
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This table summarizes some of the causes of Hypothyrodism ,and the condition associated with it .
The degree of hypothyrodism in this table you don't need to worry about it.

Goiter: Swelling of the thyroid gland.

Drug induced: some drugs we are going to talk about can induce hypothyrodism, it is associated with goiter and that's the cause of swelling in the thyroid gland.

dyshormonogenesis: dysfunction in the synthesis of the hormone. And actually the exact mechanism of which enzyme is deficient is not yet known,

 but any deficiency or mutation in the enzymes that are involved in thyroglobulin production (remember slide 9) that can conjugate iodine, or can transport it back to the cell ,can lead to this condition 

Patients that are exposed to radiation therapy and the thyroid area is not covered well, this can cause destruction or removal of the gland , because it is very sensitive to radiation or radio-labeled iodine 131I.
Congenital (cretinism): a condition associated with ectopic thyroid (a small thyroid).Also can be associated with iodine deficiency and TSH receptor antibodies, so antibodies block TSH receptor on thyroid gland, which decrease the synthesis of the hormones.
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Worldwide, over 90% cases of goiter are caused by iodine deficiency, so supplementation of iodine in diet is very important.

Usually people with this condition live in areas that don’t have proper food and not supplemented with iodine salt, like Asia and parts of Africa and can present in more obvious forms.

Can be associated with a functional gland, (we still have circulating levels of T3 T4, but the gland would be big) as well as dysfunctional gland.
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In Hashimoto's disease ,the antibodies that destruct the glands, we still have TSH release from AP continually stimulating the gland, which causes enlargement of the gland causing a characterizing goiter.

Insufficient amount of iodine , the body will say:"ok! I'll have a bigger gland so that I can utilize all the amount of iodine available in the blood to compensate the low amount of iodine" and this also can cause goiter.
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In secondary hypothyrodism they have low TSH level so we don’t depend on TSH concentration, in this case we depend in T3 T4 concentration and we give the dose according to it.
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The doctor read it without any extra information.
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The doctor read it without any extra information.
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The doctor read it without any extra information.
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One of the most important manifistation of Grave's disease is Grave's Ophthalmopathy.

Slide 24:

Following thyroidectomy, the individual is dependent on exogenous thyroid hormones to regulate metabolism, so we give the patient T3 T4 .

But also we give thyrotropin alpha is also used to suppress the release of endogenous TSH from AP. So we will stop the growth of the tumor.
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You don't need to worry about these,the dr. put it just for our future reference.
Hope the sheet was useful for your study

Wish the best for you all 

Heba Al Anani
