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THYROID HORMONES

THYROID HORMONES

Primary Disciplinary Field(s): Endocrinology, Physiology, Neuroscience, Biochemistry

1. Core Definition

Thyroid hormones (THs) refer to a pair of essential iodinated amino acid derivatives produced and
released by the follicular cells of the thyroid gland. These hormones--specifically thyroxine (T4)
and triiodothyronine (T3)--play a fundamental and pleiotropic role in regulating almost every
physiological process in the body, ranging from basal metabolic rate (BMR) and oxygen
consumption to growth, differentiation, and the developmental maturation of the central nervous
system (CNS). The efficacy of thyroid hormone action is critical for maintaining metabolic
homeostasis throughout life.

Of the hormones secreted directly by the thyroid gland, approximately 90% is T4, which is
considered the prohormone due to its relatively lower biological activity. T4 circulates in the plasma
at much higher concentrations than T3. Conversely, T3 is the significantly more potent and
metabolically active form. Most T3 is generated peripherally in target tissues--such as the liver,
kidney, and brain--through the enzymatic removal of an iodine atom from T4. This conversion is
mediated by a family of enzymes known as deiodinases (D1, D2, D3), which allow tissues to
regulate local T3 concentrations independently of systemic plasma levels.

The primary function of thyroid hormones is to enhance overall cellular metabolism. They achieve
this by increasing the number and activity of mitochondria, stimulating protein synthesis, increasing
cardiac output, and facilitating the breakdown of fats (lipolysis) and carbohydrates (glycogenolysis).
This overarching influence ensures that the body can appropriately respond to energy demands,
especially during periods of growth, exposure to cold, or elevated stress. Deficiencies or excesses
of these hormones precipitate widespread systemic dysfunction that significantly impacts both
physical and mental operation.

2. Molecular Structure and Synthesis

Thyroid hormones are uniqgue among hormones in that they are derivatives of the amino acid
tyrosine and contain iodine, an essential trace element acquired through diet. T4 contains four
iodine atoms, while T3 contains three. The presence of iodine is crucial for their structure and
activity; insufficient dietary iodine leads directly to impaired hormone synthesis and subsequent
disorders like hypothyroidism and goiter. The synthesis and storage process within the thyroid
gland is highly specialized, taking place within the colloid-filled follicles.

The synthesis process involves several complex steps. First, iodide ions are actively transported
into the follicular cells (iodide trapping). This iodide is then oxidized by the enzyme Thyroid
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Peroxidase (TPO) and subsequently bound (organified) to tyrosine residues present on the large

precursor protein, thyroglobulin (Tg), which is stored in the colloid. This process creates
monoiodotyrosine (MIT) and diiodotyrosine (DIT).

The final and critical step involves the coupling of two iodinated tyrosine molecules (e.g., DIT + DIT
=T4; MIT + DIT = T3) while still attached to the Tg molecule. Upon stimulation by TSH, Tg is taken
back into the follicular cell via endocytosis, cleaved by lysosomes, and the free T4 and T3
hormones are released into the bloodstream. The efficient recycling of unused MIT and DIT
ensures that iodine stores are conserved.

3. Regulation via the Hypothalamic-Pituitary-Thyroid Axis

The concentration of thyroid hormones in circulation is meticulously controlled by a classic
endocrine feedback system known as the Hypothalamic-Pituitary-Thyroid (HPT) axis. This

regulatory loop is essential for maintaining hormonal homeostasis and ensuring that energy
expenditure is matched to physiological need. Dysregulation at any point within this axis can lead
to clinical thyroid disorders.

The axis begins in the hypothalamus, which releases Thyrotropin-Releasing Hormone (TRH).
TRH travels through the portal system to the anterior pituitary gland, stimulating the release of
Thyroid-Stimulating Hormone (TSH), also known as thyrotropin. TSH acts directly on the thyroid
gland, binding to specific TSH receptors on the follicular cells, which initiates the entire synthesis
and release cascade of T4 and T3 described above.

The key regulatory component of the HPT axis is the negative feedback loop. Elevated circulating
levels of free T4 and, more importantly, free T3 act upon both the pituitary and the hypothalamus to
inhibit the release of TSH and TRH, respectively. This inhibitory signal slows hormone production
and release from the thyroid gland, allowing plasma levels to stabilize. Conversely, if T4/T3 levels
drop too low, the inhibition is removed, leading to increased TSH secretion and renewed
stimulation of the thyroid gland, thus demonstrating a highly sensitive and adaptive control
mechanism.

4. Mechanism of Action and Receptors

Unlike peptide hormones that bind to cell surface receptors, thyroid hormones are lipophilic and
readily diffuse across the cell membrane to exert their effects primarily within the nucleus. The vast
majority of T4 entering the cell is converted to T3, which is the ligand that binds to the nuclear
receptor.

The cellular mechanism involves binding to specific Thyroid Hormone Receptors (TRs). These

receptors are ligand-activated transcription factors that belong to the steroid hormone receptor
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superfamily. TRs exist in various isoforms (TR-alpha and TR-beta) that are distributed differently
throughout the body, accounting for the tissue-specific effects of THs.

In the absence of T3, the TRs often reside on the DNA, specifically bound to Thyroid Hormone
Response Elements (TREs), where they generally function as transcriptional repressors,
recruiting corepressor proteins. When T3 enters the nucleus and binds to the TR, the receptor
undergoes a conformational change, leading to the dissociation of corepressors and the
recruitment of coactivators. This switch allows the receptor complex to either activate or repress
the transcription of target genes, resulting in profound changes in the expression of metabolic,
growth, and developmental proteins.

5. Developmental and Neurological Significance

Thyroid hormones are absolutely critical for normal growth and development, particularly during the
prenatal and early postnatal periods. Their influence on the developing brain is perhaps the most
crucial of all their functions, affecting processes that are essential for cognitive function and
behavioral stability.

During development, THs regulate neuronal proliferation, migration, differentiation, myelination,
and the synaptogenesis necessary for establishing functional neural circuits. A severe deficiency of
thyroid hormones during infancy, historically resulting from iodine scarcity, leads to a devastating
condition known as cretinism (congenital iodine deficiency syndrome), characterized by
irreversible intellectual disability and stunted physical growth. Neonatal screening for
hypothyroidism is a mandatory public health initiative globally due to the catastrophic
consequences of missed diagnosis.

In the adult brain, THs modulate neurotransmitter systems, including catecholamines (dopamine,
norepinephrine) and serotonin, affecting mood regulation, processing speed, and executive
function. The clinical observation that imbalances often produce symptoms confused with primary
neurological or psychiatric disorders underscores the hormone's continuous role in maintaining
mental operation and cognitive health.

6. Clinical Manifestations: Imbalance and Disease

Disorders related to thyroid hormones are among the most common endocrine pathologies
worldwide. The symptoms resulting from thyroid hormone imbalance are highly varied and
systemic, often leading to misdiagnosis in early stages, particularly when the primary symptoms
are psychological or generalized fatigue.

Hypothyroidism (Deficiency)
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Core Definition: A condition resulting from insufficient production of THs, leading to a systemic
slowing of metabolism.

Symptoms: Fatigue, significant weight gain, intolerance to cold, dry skin, hair loss, bradycardia,
constipation, and cognitive slowing (often described as "brain fog").

Common Causes: Most frequently Hashimoto's thyroiditis, an autoimmune condition where the
body attacks the thyroid gland, or iodine deficiency.

Treatment: Typically involves lifelong replacement therapy using synthetic T4 (Levothyroxine).

Hyperthyroidism (Excess)

Core Definition: A condition resulting from the overproduction of THs, leading to a state of
heightened, accelerated metabolism (thyrotoxicosis).

Symptoms: Nervousness, anxiety, tremor, palpitations, weight loss despite increased appetite,
heat intolerance, diarrhea, and tachycardia.

Common Causes: Most frequently Graves' disease, an autoimmune disorder where antibodies

stimulate the TSH receptor.
Treatment: May involve anti-thyroid medications (e.g., methimazole), radioactive iodine ablation,
or surgical removal of the thyroid gland.

7. Psychological and Psychiatric Overlap

The relationship between thyroid dysfunction and mental health is profound, serving as a critical
area of overlap between endocrinology and psychology. The source content accurately points out
that the symptoms of hormonal imbalance often mimic or exacerbate primary neurological or
psychiatric conditions, necessitating careful differential diagnosis.

In cases of hypothyroidism, the metabolic slowdown directly affects neural activity, often
presenting as symptoms identical to major depressive disorder: apathy, lethargy, psychomotor
retardation, and impaired concentration. Individuals may experience severe anhedonia and lack of
motivation, leading to years of unsuccessful treatment if the underlying hormonal cause is not
identified and corrected.

Conversely, hyperthyroidism leads to CNS hyperstimulation. Patients frequently report intense
anxiety, panic attacks, extreme irritability, insomnia, and rapid mood shifts, often being
misdiagnosed with generalized anxiety disorder or bipolar disorder. The hormonal excess amplifies
the body's sympathetic nervous system response, creating a sustained state of internal agitation
and physiological stress that mimics severe mental illness.

Due to this significant overlap, routine screening for thyroid hormone levels (TSH, free T4, and free
T3) is standard practice in the diagnostic evaluation of new-onset mood, anxiety, or cognitive
disorders. Establishing hormonal balance is frequently a prerequisite for successful treatment of
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coexisting psychological symptoms, reinforcing the concept that thyroid hormones are crucial
modulators of emotional stability and cognitive integrity.

Further Reading

Thyroid Gland (Wikipedia)
Hypothalamic-Pituitary-Thyroid Axis (Wikipedia)
Thyroid Hormone Receptor (Wikipedia)

Graves' Disease (Wikipedia)

Thyroid Peroxidase (Wikipedia)
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