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Dr. Ankita Das



Differences between T3 and T4
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Iodine Metabolism
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Production of thyroglobulin
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Mechanism of degradation and excretion
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The process of THs synthesis, storage and secretion requires a
series of highly regulated steps:

• Uptake of iodide: iodide from plasma is actively transported by a
sodium-iodine symporter on basal membrane of thyrocytes.
• Oxidation of iodide to iodine: this occurs on the luminal side of
the apical membrane and requires thyroid peroxidase (TPO) and

SUMMARY

the apical membrane and requires thyroid peroxidase (TPO) and
hydrogen peroxide, which is generated by a calcium-dependent
flavoprotein enzyme system situated at the apical membrane.
• Organification: incorporation of iodine into tyrosyl residues on
thyroglobulin. MIT and DIT are formed through action of TPO.
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• Coupling of MIT and DIT: If two DIT molecules couple together,
the result is the formation of T4; If a MIT and a DIT are coupled
together, the result is the formation either T3 or rT3. T4, T3 and
rT3 remain linked to thyroglobulin.

• Internalization: when there is demand for THs, Tg is internalized
by pinocytosis and appears as colloid droplets that fuse withby pinocytosis and appears as colloid droplets that fuse with
lysosomes and undergo proteolytic degradation to release: T4, T3,
MIT and DIT; any MIT and DIT is deiodinated and the iodine
conserved.

• Delivery of T4 and T3 into the circulation.

• TSH appears to stimulate each of the above processes.
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• TSH acts on follicular cells of the thyroid.
- increases iodide transport into follicular cells
- increases production and iodination of thyroglobulin
- increases endocytosis of colloid from lumen into follicular cells
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• TSH binds to a plasma membrane-bound, G protein-
coupled receptor on thyroid follicle cells.

• Specifically, it activates a Gs-coupled receptor, resulting in
increased cyclic AMP production and PKA activation.

Mechanism of Action of TSH
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• TSH release is influenced by hypothalamic TRH, and by
thyroid hormones themselves.

• Thyroid hormones exert negative feedback on TSH release
at the level of the anterior pituitary.

- inhibition of TSH synthesis
- decrease in pituitary receptors for TRH

Regulation of TSH Release from the Anterior Pituitary
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• Thyrotropin-releasing hormone (TRH) is a hypothalamic
releasing factor which travels through the pituitary portal
system to act on anterior pituitary thyrotroph cells.

• TRH acts through G protein-coupled receptors, activating the
IP3 (calcium) and DAG (PKC) pathways to cause increased

Regulation of TSH Release from the Anterior Pituitary

IP3 (calcium) and DAG (PKC) pathways to cause increased
production and release of TSH.
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• Thyroid hormones also inhibit TRH synthesis.
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• Required for GH and prolactin production & secretion

• Required for GH action

• Increases intestinal glucose reabsorption (glucose transporter)

• Increases mitochondrial oxidative phosphorylation (ATP

Actions of Thyroid Hormones

• Increases mitochondrial oxidative phosphorylation (ATP
production)

• Increases activity of adrenal medulla (sympathetic; glucose
production)

• Induces enzyme synthesis

• Result: stimulation of growth of tissues and increased
metabolic rate.
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• Thyroid hormones are essential for normal growth of
tissues, including the nervous system.

• Lack of thyroid hormone during development results

Actions of Thyroid Hormones

• Lack of thyroid hormone during development results
in short stature and mental deficits (cretinism).

• Thyroid hormone stimulates basal metabolic rate.

• What are the specific actions of thyroid hormone on
body systems?
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Cardiovascular system: Thyroid hormones increases heart rate,
cardiac contractility and cardiac output. They also promote
vasodilation, which leads to enhanced blood flow to many organs.

Central nervous system: Both decreased and increased
concentrations of thyroid hormones lead to alterations in mental
state. Too little thyroid hormone, and the individual tends to feelstate. Too little thyroid hormone, and the individual tends to feel
mentally sluggish, while too much induces anxiety and nervousness.

Reproductive system: Normal reproductive behavior and
physiology is dependent on having essentially normal levels of
thyroid hormone. Hypothyroidism in particular is commonly
associated with infertility.
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• TH is critical for normal development of the skeletal
system and musculature.

• TH is also essential for normal brain development and
regulates synaptogenesis, neuronal integration,

Specific actions of thyroid hormone:  development

regulates synaptogenesis, neuronal integration,
myelination and cell migration.

• Cretinism is a condition of severely stunted physical
and mental growth due to untreated congenital
deficiency of thyroid hormones (congenital
hypothyroidism) due to maternal nutritional deficiency
of iodine.

Dr. Ankita Das



Effects on protein synthesis and degradation:
-increased protein synthesis at low thyroid hormone levels
(low metabolic rate; growth)
-increased protein degradation at high thyroid hormone levels
(high metabolic rate; energy)

Effects on carbohydrates:
-low doses of thyroid hormone increase glycogen synthesis

Effects of Thyroid Hormone on Nutrient Sources

-low doses of thyroid hormone increase glycogen synthesis
(low metabolic rate; storage of energy)

- high doses increase glycogen breakdown (high metabolic rate;
glucose production)

Effects on Lipids: Increased thyroid hormone levels stimulate fat
mobilization, leading to increased concentrations of fatty acids
in plasma. They also enhance oxidation of fatty acids in many
tissues. Finally, plasma concentrations of cholesterol and
triglycerides are inversely correlated with TH levels.
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Thyroid Function in Pregnancy
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Books to refer:

1.Medical Physiology, Guyton and Hall
2.Medical Physiology, Ganong
3.General Physiology, A.K. Jain
4. Human Physiology, Dr. C. C. Chatterjee4. Human Physiology, Dr. C. C. Chatterjee

Dr. Ankita Das



Practice  Questions:

1. What do you mean by MIT and DIT?
2. Describe the steps involved in synthesis of thyroid hormone.
3. How thyroid hormone is degraded and excreted from the body?
4. Briefly explain the functions of thyroid hormones.
5. How the release of TSH from the anterior pituitary is regulated?
6. Mention the clinical importance of the physiological changes of TH 

in pregnancy.in pregnancy.
7. Mention the effects of hypothyroidism on fetus.
8. Briefly describe the causes of neonatal hypothyroidism and its 

management.
9. What is thyrotoxicosis? Mention its cause during pregnancy.
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