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Cell-cell communication

• Neurocrine (neurotransmitters)

• Endocrine (hormones)

• Paracrine (cytokines)

• Autocrine (various)



Hormones

• Proteins / peptides
– Preprohormone (ER, GA, secretion granules)

• Steroids
– Cholesterol

• Amines
– Tyrosine



Endocrine regulation

• Negative feedback

• Positive feedback

• Production (endocrine gland)

• Transport (binding proteins in plasma)

• Target tissue (receptors on cells)



Endocrine glands





Endocrine disorders

• Physiology & 

• Overproduction

• Insufficiency

• Resistance 



Hypothalamus

• Neural regulation of the autonomic nervous
system - adrenal medulla

• Production of ADH and oxytocin

• Regulation of the pituitary



Hypothalamus

• Liberins

– CRH (ACTH), TRH (TSH), GHRH (GH), GnRH (LH, 
FSH), Salsolinol (PRL)

• Statins

– Somatostatin (GH), Dopamine (PRL)



Hypothalamus

• Hypothalamic - pituitary axis

• Control of the production and release of 
pituitary hormones

• Pulse secretion

• Specific membrane receptors

• Second messenger

• Autoregulation



Pituitary

• Anterior pituitary

– Adenohypophysis

– ACTH, TSH, FSH, LH, PRL, GH, MSH

– Endocrine regulation

• Posterior pituitary

– Neurohypophysis

– ADH, Oxytocin

– Neural regulation of hormone release





Hypopituitarism

• General

• Selective

• Infections, infarctions, cysts, tumors, injuries, 
iatrogenic, Sheehan syndrome

• Fertility, Growth ...

• Therapy - supplementation



GH disorders

• GH overproduction

– Gigantism

• Before puberty

– Acromegaly

• After puberty





Poruchy GH

• Nedostatok GH

– Nanizmus

• Pred pubertou

– Syndróm nedostatku GH

• Po puberte

• Somatopauza



ADH disorders

• ADH insufficiency

– Diabetes insipidus

• Polydipsia, polyuria

• Overproduction ADH

– Syndrome of IADH

• Hypoosmolarity of plasma, hyponatriemia, oliguria



Adrenal glands

• Cortex

– Zona glomerulosa (mineralocorticoids)

– Zona fasciculata (glucocorticoids)

– Zona reticularis (androgens)

• Medulla

– catecholamines







Disorders of the adrenal glands

• Insufficiency

– Primary – Addison's disease

• Autoimmune, tuberculosis, hemorrhage (Waterhouse-
Friderichsen syndrome in meningococcal infections)

– Secondary – pituitary disorders, discontinuation of 
glucocorticoid therapy



Addison's disease

• Aldosterone insufficiency

– Hypotension, hyponatremia, hyperkalemia

• Skin pigmentation

– Pro-Opio-Melanoma-Cortico-Tropin

• ACTH increased (dif-dg secondary adrenal
insufficiency)



Conn's disease

• Primary hyperaldosteronism

– Mostly unilateral endocrine active tumor

– Hypertension

– Hypernatremia

– Hypokalemia



Cushing's syndrome

• Hypercortisolism

– Primary

• Adrenal adenoma

– Secondary

• Cushing's disease - overproduction of ACTH

• Ectopic production - lung ca

• Iatrogenic



Cushing's syndrome

• Central obesity

• Hypertension

• Osteoporosis

• Reduced growth

• Mental changes

• Hirsutism, acne, oligomenorrhea



Thyroid gland – physiology

• Actions of the thyroid

– Controls body temperature

– How body burns calories

– Controls how fast food moves through digestive tract

– Muscle strength

• Thyroid hormones

– T4-thyroxine

– T3-triiodothyronine

– Calcitonin



Specifics 

• Iodine is rare

• Ubiquitary receptors

• Highly potent action

• Very common disorders

– 5% women

– 0,5% men



Structure



Thyroid gland



Anatomy

• 20g

• CAVE!

– Pyramidal lobe

– Anomalies

– Right lobe is bigger

– PTH glands

– Hypoglossal nerve

– Nervus vagus





Development





Thyroid gland



Thyroid gland











Iodine intake

• 150 ug – daily intake of iodine 

• 125 ug – taken up by the thyroid gland

• Iodine in the soil – region dependent

• Iodide supplementation of salt



• T4:T3 15:1

• TBG

• Peripheral conversion

• T4 receptor... T3:T4 15:1

• 5mg T4 per gland

• Inflammation and trauma lead to 
thyreotoxicosis



Receptors

• Membrane bound receptors



Action

• Increase of number and size of mitochondria

• Synthesis of respiratory chain enzymes

• Na+ K+ ATPase

• Uncloupling proteins

• Increase in resting metabolic activity



Hyperthyroidism

Symptoms

Common

Anxiety and irritability (~ >90%) Tachycardia (~ 100%)

Palpitations (~ 90%) Tremor (~ 95%)

Increased perspiration and heat 
intolerance (~ 90%)

Goiter (~ 100%)

Fatigability (~ 80%) Warm moist skin (~ 95%)

Weakness (~ 70%)

Increased appetite and weight loss (~ 85%)

Less common

Dyspnoea (~ 65%) Atrial fibrillation (~ 10%)

Increased bowel frequency (~ 
30%)

Onycholysis (~ <5%)

Anorexia (~ 10%) ‘Liver palms’ (~ 5%)

Weight gain (~ <5%) Heart failure (~ 5%)

Oligomenorrhea (~ 25%)

Rare

Pruritus (~ <1%)

Periodic paralysis (~ <1%)



Hyperthyroidism

• Emotional symptoms

– Nervousness

– Restlessness

– Anxiety

– Irritability

– Sleeplessness or insomnia

– Exhaustion





Causes of hyperthyroidism

• Grave’s disease

• A benign nodule on the thyroid

• Thyroiditis

• Taking too much of the synthetic thyroid 
hormone





Hyperthyroidism DiffDg

• Graves’ Disease

• Toxic Multinodular Goiter

• Toxic Adenoma

• Thyroiditis
– silent (Hashimoto’s) – painless, often post partum

– subacute (de Quervain’s) – painful, post viral

– drug-induced – amiodarone, lithium, interferon

• Thyrotoxicosis factitia
– ingestion



Thyroid storm (crisis)

• Sudden onset

• Fever

• Profuse diaphoresis

• Flushed warm skin

• Tachycardia

• Weakness, lethargy and confusion

• Coma

• Nausea, vomiting, diarrhea



Treatment of hyperthyroidism

• Causative

• Radioactive iodine
– Supplementation

• High-dose iodine – Wolff-Chaikoff effect

• Beta-blockers

• Antithyroid treatment
– Propylthiouracil (PTU) 

• Thyroidectomy



Grave’s disease

• Grave’s Basedow trias

– Goiter

– Exophtalmus

– Hyperthyroidism

• Autoimmune disease

– Anti-TSH receptor



Graves

• SHBG – amenorrhea

• Osteoporosis









Goiter



Hypothyroidism



Hypothyroidism

Symptoms Signs

Common

Fatigue (~ 90%) Dry, scaly skin (~ 90%)

Cold intolerance (~ 80%)
Coarse, brittle thinning hair (~ 
60%)

Depression (~ 70%) Bradycardia (~ 40%)

Poor concentration (~ 65%) Hair loss or dryness (~ 70%)

Musculoskeletal aches and 
pains (~ 25%)

Anemia

Carpal tunnel syndrome (~ 
15%)

Puffy eyes (~ 90%)

Less common

Constipation (~ 50%) Edema (~ 30%)

Hoarse voice (~ 40%) Cerebellar signs*

Menorrhagia (~ 30%) Deafness*

Psychiatric*









Hypothyroidism 

• Primary

– Thyroid gland

– Hashimoto’s  disease

• Autoimmune thyroid destruction

– Creteinism

• Neonatal screening

• Secondary

– Pituitary gland



Hypothyroidism 

• Treatment of hypothyroidism

– Causative

– Thyroid hormone replacement

– Iodine

• Jod-Basedow effect









Hashimoto´s disease



Pathogenesis

• An autoimmune phenomenon – presentation 
determined by ratio of antibodies

TSH
Receptor

Thyroid Stimulating 
Ab (TSAb)

Thyroid Stimulation 
Blocking Ab (TSBAb)

Thyroid

+

-

Graves’ Disease

Autoimmune
Hypothyroidism
(Hashimoto’s)Thyroglobulin Ab

Thyroid peroxidase 
Ab (anti TPO)







• Nodules

– Hot

– Warm

– Cold



Diagnostic Imaging

• Radioactive Iodine Uptake
– quantitative uptake

– distribution of uptake

• Technetium-99 Pertechnetate Uptake
– Distinguishes high-uptake from low-uptake

– Faster scan – only 30 minutes

• Thyroid ultrasonography
– Identifies nodules

– Doppler can distinguish high from low-uptake











Papillary TC



Follicular TC



Medullary TC



Anaplastic TC



MTS to the thyroid



Calcium







Calcium



Parathyroid glands



Phosphate









Vitamin D









Parathyroid hormone



Parathyroid hormone





Parathyroid glands

• Parathyroid hormone

– An antagonist of calcitonin

– Increase in plasma Ca2+



Parathyroid glands



Calcitonin

• Parafollicular C cells in the thyroid gland

• Unknown physiological functions

– Inhibits absorption from the gut

– Inhibits osteoclasts

– Inhibits food intake (satiety hormone?)

– Inhibits phosphate reabsorption

• Procalcitonin

– Marker of sepsis



Pathology



Hypercalcemia

• Symptoms

– Renal (stones, polydipsia, polyuria)

– Bones (pain)

– Gut (constipation)

– Brain (depression, fatique, anorexia)

• Signs

– Hypertension, cognitive impairment, joint
swelling, bone deformities



Hypercalcemia

• Causes

– Primary (tertiary) hyperparathyroidism

– Malignancies (parathyroid hormone-related protein)

– Hypervitaminosis D

– Renal failure

• Therapy

– Diuretics

– Bisphosphonates

– Calcitonin



Hyperparathyroidism

• Primary (4/100000; women; age>45)
– Parathyroid glands

• Secondary
– Kidneys

• Tertiary
– From secondary – autonomy of the parathyroid

glands

• Bone resorption











Secondary hyperPTH





Hypocalcemia

• Symptoms & Signs

– Tetany, paresthesia, ECG changes

• Causes

– Hypoparathyroidism (inborn, post surgery), low
calcium intake, hypovitaminosis D, renal failure

• Therapy

– Calcium, vitamin D



Hypocalcemia



HypoPTH



PseudohypoPTH



Hypovitaminosis D

• Rickets

– Long bone malformation in children

• Osteomalacia

– In adults

– „soft bone“ disease

• Osteoporosis

• Hypervitaminosis?



Osteoporosis

• Increased fracture risk

• Decreased bone mineralization

• Postmenopausal, glucocorticoids, 
immobilization

• Therapy

– Bisphosphonates

– Estrogen replacement

– Calcitonin



Osteoporosis
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