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Chapter 9: Thyroid Hormones 
INTRODUCTION 
It is I- that is the form absorbed from the small intestine (I ion)

Interior- pain staining proteinocious materials

Thyroglobulin- attach thyroid hormone, 

Follicular lumen- extracellular compartment, and surrounded by follicle cells (synthesize and secrete thyroid hormone)
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SYNTHESIS AND SECRETION OF THYROID HORMONES 
Synthesis of thyroid hormones

 2 substrates to synthesize thyroid hormone:

1. I- - pump from circulation against concentration and electrical gradient (active pumping), by inhibition of this pump it will slow down the synthesis of thyroid hormone

2. Thyroglobulin- synthesized by the follicle cells

a. Oxidation: I minus to I zero by peroxidase (probably facilitate 2 remained steps as well)

b. Iodination: I zero stick to the surface of thyroglobulin (tyrosine residues can take up a maximum  two iodines (iodine is readily available) - diiodtyrosine ; if 1 iodine- monoiodtyrosine (deficiency of I)- normally very little, MIT increases in iodine deficiency.

c. Coupling: on the outer surface of the membrane: normally is formed DIT forms, 

DIT + DIT= T4 (normal end-product)- main end-product

DIT + MIT= T3 (normally very little, because MIT is less available)- increases in I deficiency (more MIT synthesized)

Not all tyrosine residues will coupled, so you still have DIT and MIT attached to the thyroglobulin
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Structure of thyroid hormones 

T3- more active form, I is missing from outer ring

Reverse T3- no activity, I is missing from inner ring
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Secretion of thyroid hormone 

3 step process:

1. endocytosis of small drop of thyroglobulin

2. fusion with lyzosomes

3. digestion of thyroglobulin- release iodine containing compounds- only T3 and T4 release into the circulation (mainly T4)

You release T4 20 times more than T3 (T4: T3=20:1)

T4 and T3 both are lipid-soluble (strong attached to protein). Small amount is free forms- active form that can diffuse into the tissues and create negative feedback.

In the circulation there is 50 times more T4 than T3 form. T4 has a higher affinity for binding protein and has a longer half-life than T3. So, it stays longer in the circulation and causes ratio of T4 toT3 raises 50:1. 

[image: image3.png]MT T Toof coLLon

THYROGLOBULIN

Recyclod I~ ® G
Fusion /

@oscamion @)

MT

ys

Proteolysis of
g Thyroglobulin

© seoreion

TaTa

Figure IX-9-5

Plasma







153025 >>> 0:15:32 

SLIDE 5 of 14 
TRANSPORT OF THYROID HORMONES IN BLOOD 
Normally there is 50x more T4 than T3 
T4 has the higher affinity for binding proteins and a greater half-life than T3 

T4 half-life = 6 days (the longest among all hormones)
T3 half-life = 1 day 
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ACTIVATION AND DEGRADATION OF THYROID HORMONES 
T3 and T4 bind to the same nuclear receptor but T3 binds more strongly than T4 
Because it has greater affinity for the receptor, T3 is the more active form of thyroid hormone 
T4 – some consider it a prohormone of T3 – not appropriate for step 1.

Many tissues can regulate the conversion of T4 to either T3 or rT3 – so they locally regulate activity the thyroid hormone

You deliver mainly T4, and can change it to T3 or rT3
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PHYSIOLOGIC ACTIONS OF THYROID HORMONES 
Metabolic rate 
· Increase metabolic rate 
· Do not directly affect the metabolic rate of nervous tissue 
· Are absolutely necessary for normal brain maturation and essential for normal menstrual cycles 
Growth and maturation 
· Fetal growth rates appear normal in the absence of thyroid hormone production 
· Without thyroid hormones in the perinatal period, abnormalities develop in nervous system maturation 
Irreversible neural changes will occur unless replacement therapy is started soon after birth (require thyroid screening for newborns)
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PHYSIOLOGIC ACTIONS OF THYROID HORMONE 
Prepubertal growth, including bone ossification, is retarded in the absence of thyroid hormones 

Thyroid hormone is required for normal synthesis and secretion of growth hormone 
Thyroid- is a major anabolic hormone
Lipid metabolism 
Thyroid hormones required for conversion of carotene to Vitamin A 

Autonomic system 
Thyroid hormone increases the number and affinity of -adrenergic receptors in the heart 
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CONTROL OF THYROID HORMONE SECRETION 



Negative feedback- at the level of anterior pituitary and hypothalamus:

main circulating form is T4, so the T4- creates most of negative feedback
1 T3= 1 T4 in negative feedback, but you have 50 T4 for 1 T3.

T4 taken up by thyrotrophs converted into T3 before it creates negative feedback.

T3 creates negative feedback, but that T3 is derived from T4

Low-T3- syndrome – circulating T3 goes down- decreases metabolic rate

But T4 is unchanged; you have the same level of negative feedback.

So you don’t have significant change in the circulating TSH

Injection of large dose T3- increase negative feedback, and decrease TSH

Qs- Obese pt’s, give thyroid hormone to cause weight loss. Would it be better to give T4 or T3. It is better to give T3 (smaller dose of T3 will increase more metabolic rate)- so it’s less increase in negative feedback and less decrease TSH

If T4- the larger dose, greater negative feedback and greater TSH.
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Overall effects of thyrotropin (TSH) on the thyroid. 

TSH tends to increase rapidly all steps in the synthesis and degradation of thyroid hormones 
Increased hypertrophy of the thyroid cells which initially leads to increased size of the gland 
A goiter is simply an enlarged thyroid and does not designate functional status 

There is no correlation between thyroid size and function 
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Pathological Changes in Thyroid Hormone Secretion 

Table IX 9-1 shows the changes in feedback relationships in several disorders 
T4
TSH

TRH

1. *Primary hypothyroidism

(
(
( (small)

2. Pituitary hypothyroidism     (secondary) – no TSH

(
(
(
3. Hypothalamic hypothyroidism (tertiary) – no TRH

(
(
(
3. Pituitary hyperthyroidism     (secondary)- increase TSH

(
(
(
4. Grave’s disease     (autoimmune)

(
(
(
Primary hypothyroid -Thyroid not secrete T4

Qs- pt’s primary hypothyroid- more sensitive indicator- increase in TSH

Because TSH is a water-soluble (free in plasma), if you measure total T4 in plasma- you measure bound-fraction (not a good index of circulating activity)

Qs- if you measure free T4 in plasma- it’s sensitive index of thyroid hormone

Qs- you treat for primary hypothyroid, how to check a right dose for thyroid hormone: you should measure TSH:

Normal TSH - enough T4 hormone; 

TSH below normal - too much T4

TSH above normal- not enough T4

GRAVE’s disease- autoimmune - directly stimulate thyroid tissue - increases T4- hyperthyroid (early stage)- suppress TSH (down) and suppress TRH
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Thyroidal response to low intake of iodine. 
In most cases if iodine is deficient in the diet but not absent, the individual will remain euthyroid but will develop a goiter 

More T3 produced, T4 go down (down the negative feedback).

So TSH increases- cause of goiter
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Characteristics of hypothyroid adults 
· Decreased basal metabolic rate and oxygen consumption 
· An elevated TSH is more diagnostic than the decrease in T4 in primary hypothyroidism 
· Decreased mental capacity. Thought and speed are slow and memory is poor 
· Plasma cholesterol and other blood lipids tend to be elevated (individuals are slightly overweight) 
· Complex of protein, hyaluronic acid, and chondroitin sulfate (mucopolysaccharide) accumulate 
· Prolonged relaxation phase of deep tendon reflexes (stretch reflex) 
· Physiological jaundice (carotene accumulation), hoarse voice, constipation, anemia 


153070 >>> 0:47:27 

SLIDE 14 of 14 
Characteristics of hyperthyroid adults 
· Increased metabolic rate and oxygen consumption 
· In spite of increased appetite there is generally weight loss, protein wasting and muscle weakness (thyrotoxic myopathy) 
· Excitability, irritability, restlessness 
· Tachycardia and increased cardiac output (increased -adrenergic stimulation) 
· Exophthalmos (Grave’s disease) 







