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		ENDOCRINOLOGY








		Endocrine System



The endocrine system serves as a messenger system in organisms, comprising feedback loops of hormones released by internal glands into the circulatory system, regulating distant organs. The system includes various glands and organs, including the hypothalamus, pituitary, thyroid, parathyroid, adrenal glands, pancreas, thymus, ovaries (in females), and testes (in males).

The endocrine system functions by secreting chemical substances known as hormones. These hormones are released directly into the bloodstream and act on specific target organs or tissues to regulate growth, metabolism, reproduction, and homeostasis.

Major Endocrine Glands:


		
Hypothalamus: Regulates autonomic nervous system and controls hormone expression via magnocellular, parvocellular, and autonomic pathways.

		
Pituitary Gland (Anterior): Produces tropic hormones like TSH, ACTH, GH, LH, and FSH.

		
Pituitary Gland (Posterior): Stores and secretes hormones such as ADH and oxytocin synthesized by hypothalamic nuclei.

		
Thyroid Gland: Produces T3 and T4 in response to TRH and TSH, regulating metabolic activity and cell growth.

		
Parathyroid Gland: Secretes PTH to regulate calcium and phosphate levels in the body.

		
Thymus Gland: Plays a role in immune system development.

		
Adrenal Glands: Consist of adrenal cortex and medulla, involved in producing hormones like cortisol and adrenaline.

		
Pancreas: Produces insulin and glucagon, regulating blood sugar levels.

		
Ovaries: Produce estrogen and progesterone in females.

		
Testes: Produce testosterone in males.




		Regulation of Physiological Activities



All physiological activities of the body are regulated by two major control systems:


		Nervous system

		Endocrine system



These two systems interact closely and coordinate body functions. The nervous system provides rapid, short-lasting control, while the endocrine system regulates slower but long-lasting processes through chemical messengers called hormones.

Cell-to-Cell Signaling

Cell-to-cell signaling refers to the transfer of information from one cell to another. It is also known as intercellular communication or cell signaling. Cells communicate through chemical substances called chemical messengers, which transmit signals from one cell to another.

Chemical Messengers

Chemical messengers are substances involved in cell signaling. They are mainly secreted by endocrine glands, but some are also released by nerve endings and by cells of other tissues.

These messengers carry signals from signaling (controlling) cells to target cells. Chemical messengers include hormones and hormone-like substances.


		Classification of Chemical Messengers



Traditional classification


		Classical hormones secreted by endocrine glands

		Local hormones secreted by other tissues



Modern classification

Chemical messengers are now classified into four types:


		Endocrine messengers

		Paracrine messengers

		Autocrine messengers

		Neurocrine messengers



Endocrine Messengers

Endocrine messengers are classical hormones.

A hormone is defined as a chemical messenger synthesized by endocrine glands and transported by blood to distant target organs or tissues.

Examples


		Growth hormone

		Insulin



Paracrine Messengers

Paracrine messengers are chemical substances that diffuse from control cells to nearby target cells through interstitial fluid. Some may directly pass to adjacent cells through gap junctions.

They are also called local hormones or juxtacrine messengers.

Examples


		Prostaglandins

		Histamine



Autocrine Messengers

Autocrine messengers act on the same cells that secrete them. They regulate the activity of their source cells and are also called intracellular chemical mediators.

Example


		Leukotrienes



Neurocrine or Neural Messengers

Neurocrine messengers are substances released by nerve cells. They include neurotransmitters and neurohormones.

Neurotransmitters

Neurotransmitters are endogenous signaling molecules that transmit impulses from one nerve cell to another nerve cell, muscle, or gland.

Examples


		Acetylcholine

		Dopamine



Neurohormones

Neurohormones are chemical substances released by nerve cells directly into the bloodstream and transported to distant target organs.

Examples


		Oxytocin

		Antidiuretic hormone

		Hypothalamic releasing hormones



Some chemical messengers function in more than one category. For example, noradrenaline and dopamine act as both hormones and neurotransmitters, while histamine functions as a neurotransmitter and a paracrine messenger.


		Chemical Classification of Hormones



Based on chemical structure, human hormones are classified into four major groups:


		Amino Acid–Derived Hormones

		Eicosanoids

		Peptide / Protein Hormones

		Steroid Hormones






		

				
Amino Acid–Derived Hormones

Derived mainly from tyrosine or tryptophan. Most act via cell surface receptors, except thyroid hormones.


		

		
				Hormone

				Source (Tissue)

				Cell Type / Precursor

				Receptor

				Major Target

				Principal Effects

		

		
				Adrenaline (Epinephrine)

				Adrenal gland

				Adrenal medulla / Tyrosine

				Adrenergic (α, β)

				Most tissues

				↑ Cardiac output, ↑ systolic BP, glycogenolysis, lipolysis

		

		
				Noradrenaline (Norepinephrine)

				Adrenal gland

				Adrenal medulla / Tyrosine

				Adrenergic (α > β)

				Most tissues

				↑ Systolic & diastolic BP

		

		
				Dopamine

				CNS (substantia nigra)

				Tyrosine

				D1–D5

				CNS, pituitary

				CNS modulation, ↓ prolactin

		

		
				Thyroxine

				Thyroid gland

				Follicular cells / Tyrosine

				Nuclear (TR)

				All cells

				Growth, metabolism

		

		
				Triiodothyronine

				Peripheral tissues

				T4 conversion

				Nuclear (TR)

				All cells

				↑ Basal metabolic rate

		

		
				Melatonin

				Pineal gland

				Pinealocytes / Tryptophan

				MT receptors

				CNS

				Circadian rhythm

		

	







		

				
 Eicosanoids

Derived from arachidonic acid. Act locally (paracrine/autocrine).


		

		
				Hormone

				Abbrev.

				Source

				Receptor

				Major Effects

		

		
				Prostaglandins

				PG

				Most nucleated cells

				PG receptors

				Vasodilation, inflammation

		

		
				Leukotrienes

				LT

				Leukocytes

				GPCRs

				↑ Vascular permeability

		

		
				Prostacyclin

				PGI₂

				Endothelium

				PGI₂ receptor

				Vasodilation, ↓ platelet aggregation

		

		
				Thromboxane A₂

				TXA₂

				Platelets

				TXA₂ receptor

				Vasoconstriction, platelet aggregation

		

	




Peptide / Protein Hormones

Most hormones fall into this group. They act via cell surface receptors and second messengers.






		

				Hypothalamic & Pituitary Hormones

		

		
				Hormone

				Source

				Target

				Major Effect

		

		
				CRH

				Hypothalamus

				Anterior pituitary

				↑ ACTH

		

		
				TRH

				Hypothalamus

				Anterior pituitary

				↑ TSH, prolactin

		

		
				GnRH

				Hypothalamus

				Anterior pituitary

				↑ FSH, LH

		

		
				GHRH

				Hypothalamus

				Anterior pituitary

				↑ GH

		

		
				Somatostatin

				Hypothalamus, GI

				Pituitary, pancreas

				↓ GH, TSH, insulin

		

		
				ACTH

				Anterior pituitary

				Adrenal cortex

				↑ Cortisol

		

		
				TSH

				Anterior pituitary

				Thyroid gland

				↑ T3, T4

		

		
				FSH

				Anterior pituitary

				Gonads

				Folliculogenesis, spermatogenesis

		

		
				LH

				Anterior pituitary

				Gonads

				Ovulation, testosterone

		

		
				GH

				Anterior pituitary

				Liver, tissues

				Growth, IGF-1

		

		
				Prolactin

				Anterior pituitary

				Mammary gland

				Lactation

		

		
				ADH (Vasopressin)

				Posterior pituitary

				Kidney

				↑ Water reabsorption

		

		
				Oxytocin

				Posterior pituitary

				Uterus, breast

				Uterine contraction, milk ejection

		

	







		

				Pancreatic Hormones

		

		
				Hormone

				Cell Type

				Action

		

		
				Insulin

				β-cells

				↓ Blood glucose, anabolic

		

		
				Glucagon

				α-cells

				↑ Blood glucose

		

		
				Somatostatin

				δ-cells

				Inhibits insulin & glucagon

		

		
				Pancreatic polypeptide

				PP cells

				Regulates pancreatic secretion

		

	









		

				Renal, Cardiac & Other Peptide Hormones

		

		
				Hormone

				Source

				Major Effect

		

		
				Renin

				JG cells (kidney)

				Activates RAAS

		

		
				Erythropoietin

				Kidney

				RBC production

		

		
				ANP

				Atria

				Natriuresis, ↓ BP

		

		
				BNP

				Ventricles

				↓ Blood volume

		

		
				Hepcidin

				Liver

				↓ Iron release

		

		
				Leptin

				Adipose tissue

				↓ Appetite

		

		
				Ghrelin

				Stomach

				↑ Appetite

		

		
				Gastrin

				Stomach

				↑ Gastric acid

		

		
				Secretin

				Duodenum

				↑ Bicarbonate

		

		
				CCK

				Duodenum

				Pancreatic enzymes, bile

		

	





		

				Gastrointestinal Hormones

		

		
				Hormone

				Source

				Action

		

		
				Gastrin

				Stomach

				↑ Gastric acid

		

		
				Secretin

				Duodenum

				↑ Bicarbonate

		

		
				CCK

				Duodenum

				Enzymes & bile release

		

		
				GIP

				Intestine

				↑ Insulin

		

		
				Motilin

				Small intestine

				↑ GI motility

		

	









		

				
Steroid Hormones

Derived from cholesterol. They are lipophilic and act via intracellular receptors


		

		
				Hormone

				Class

				Source

				Receptor

				Major Effects

		

		
				Testosterone

				Androgen

				Testes

				AR

				Male sexual development

		

		
				DHT

				Androgen

				Peripheral tissues

				AR

				External genitalia

		

		
				Estradiol

				Estrogen

				Ovary

				ER

				Female sexual characteristics

		

		
				Progesterone

				Progestogen

				Ovary, placenta

				PR

				Pregnancy maintenance

		

		
				Cortisol

				Glucocorticoid

				Adrenal cortex

				GR

				Stress response

		

		
				Aldosterone

				Mineralocorticoid

				Adrenal cortex

				MR

				Na⁺ retention, K⁺ excretion

		

		
				Calcitriol

				Secosteroid

				Kidney

				VDR

				↑ Ca²⁺ absorption

		

		
				Calcidiol

				Secosteroid

				Liver

				—

				Vitamin D storage form

		

	





		

				Summary

		

		
				Class

				Solubility

				Receptor Location

				Onset

				Duration

		

		
				Amino acid–derived

				Mostly water-soluble

				Cell surface

				Fast

				Short

		

		
				Eicosanoids

				Lipid-derived

				Cell surface

				Very fast

				Very short

		

		
				Peptide/protein

				Water-soluble

				Cell surface

				Fast

				Short

		

		
				Steroid

				Lipid-soluble

				Intracellular

				Slow

				Long

		

	







		Endocrine Glands



Endocrine glands are ductless glands that synthesize and release hormones directly into the bloodstream. They differ from exocrine glands, which release their secretions through ducts.

Endocrine glands play a vital role in maintaining homeostasis and regulating various body functions. Hormones travel through the blood to specific target organs, where they exert their effects.

Methods of Study of Endocrine System

Study of endocrine glands

An endocrine gland is studied under the following headings:


		Functional anatomy




		Situation

		Divisions or parts

		Histology

		Blood supply

		Nerve supply




		Functions




		Hormones secreted

		Actions of each hormone




		Evidence supporting gland function




		Effects of removal of the gland

		Effects of hormone or gland extract administration

		Clinical observations




		Regulation of gland activity




		Control by other endocrine glands

		Influence of other factors

		Feedback mechanisms




		Applied physiology




		Disorders due to hyperactivity

		Disorders due to hypoactivity



Study of Hormones

A hormone is studied under the following aspects:


		Source of secretion

		Chemical nature

		Half-life

		Synthesis and metabolism

		Actions

		Mode of action

		Regulation of secretion

		Applied physiology




		Disorders due to hypersecretion

		Disorders due to hyposecretion



Half-Life of Hormones

Half-life is the time required for half the quantity of a hormone, drug, or substance to be metabolized or eliminated from circulation by biological processes.

It is also defined as the time during which the biological activity or potency of a substance is reduced to half of its original value. Hormonal half-life reflects the rate at which the hormone is removed from circulation.

Study of Endocrine Disorders

Endocrine disorders are analyzed based on:


		Causes

		Signs and symptoms

		Syndrome



Causes

Endocrine disorders may result from hyperactivity or hypoactivity of an endocrine gland. Hyperactivity leads to excess hormone secretion, while hypoactivity results in hormone deficiency.

Signs and Symptoms

A sign is an objective feature detected by a physician during physical examination.

Examples


		Yellow discoloration of skin in jaundice

		Pallor in anemia

		Hepatomegaly



A symptom is a subjective feature experienced by the patient.

Examples


		Fever

		Itching

		Swelling

		Tremor



Syndrome

A syndrome is a collection of signs and symptoms that occur together and indicate the presence of a specific disease or the possibility of its development.

Examples


		Stokes–Adams syndrome

		Syndrome of inappropriate antidiuretic hormone secretion (SIADH)






		Hypothalamus



The hypothalamus, despite its small size, plays a critical role in regulating various physiological processes and behaviors through its integration with the autonomic nervous system and the endocrine system.

Anatomy and Location:


		The hypothalamus constitutes only about 0.3% of the total brain volume, measuring approximately 4 cm^3 of neural tissue.

		It extends from the lamina terminalis to a vertical plane posterior to the mammillary bodies and from the hypothalamic sulcus to the base of the brain beneath the third ventricle.

		The hypothalamus lies beneath the thalamus, anterior to the tegmental part of the subthalamus and the mesencephalic tegmentum.

		It is bordered laterally by the anterior part of the subthalamus, internal capsule, and optic tract.

		The floor of the third ventricle contains structures such as the optic chiasma, tuber cinereum, median eminence, infundibular stalk, mammillary bodies, and posterior perforated substance.



[image: Image]

Function:
The hypothalamus responds to a wide array of internal and external stimuli, playing a central role in regulating various physiological and behavioral processes. Here's a summary of the stimuli that influence hypothalamic activity:


		
Light: The hypothalamus receives input regarding daylength and photoperiod, which helps regulate circadian and seasonal rhythms.

		
Olfactory stimuli: Olfactory cues, including pheromones, play a role in sexual reproduction and neuroendocrine function. They can influence behaviors such as mating and synchronization of reproductive cycles.

		
Steroids: Gonadal steroids and corticosteroids impact hypothalamic function. For example, the hypothalamus reacts to changes in levels of sex hormones and stress hormones.

		
Neurally transmitted information: Signals from various sources, including the heart, enteric nervous system (of the gastrointestinal tract), and reproductive tract, affect hypothalamic activity.

		
Autonomic inputs: The autonomic nervous system provides input to the hypothalamus, influencing functions such as thermoregulation and cardiovascular activity.

		
Blood-borne stimuli: Peptide hormones and other substances in the bloodstream affect hypothalamic function. Examples include leptin, ghrelin, insulin, and cytokines.

		
Stress: The hypothalamus responds to stressors by initiating the release of stress hormones and activating the body's stress response systems.

		
Invading microorganisms: In response to infection, the hypothalamus can increase body temperature, resetting the body's thermostat upward to induce fever.



Regarding specific pathways and mechanisms:


		
Peptide hormones: Peptides influencing hypothalamic activity must pass through the blood-brain barrier. Specialized brain regions lacking an effective blood-brain barrier allow peptides to access the hypothalamus. Certain sites, such as the subfornical organ (SFO) and the organum vasculosum of the lamina terminalis (OVLT), are crucial for sensing blood-borne signals.

		
Steroids: The hypothalamus contains neurons sensitive to steroids and glucocorticoids, which play a role in regulating appetite and thermoregulation.

		
Neural pathways: Various neural pathways mediate hypothalamic responses to stimuli. For example, oxytocin secretion in response to suckling involves specific neural pathways.

		
Control of food intake: The hypothalamus regulates feeding behavior through the integration of signals from peptides, neuropeptides, and other factors. Different hypotheses, such as the lipostatic, gut peptide, glucostatic, and thermostatic hypotheses, attempt to explain the regulation of food intake.

		
Fear processing: The hypothalamus is involved in controlling motivated behaviors, including defensive behaviors in response to predators (antipredatory defensive behavior) and social defeat. These behaviors involve specific hypothalamic nuclei and neural circuits.



Hypothalamic Nuclei:


		The hypothalamus contains various neuronal groups organized into nuclei, classified based on phylogenetic, developmental, cytoarchitectonic, synaptic, and histochemical criteria.

		It can be divided into anteroposterior and mediolateral regions, with subdivisions including chiasmatic (supraoptic), tuberal (infundibulotuberal), and posterior (mammillary) regions.

		The periventricular zone of the hypothalamus, bordering the third ventricle, contains nuclei such as the vascular organ of the lamina terminalis, preoptic nucleus, suprachiasmatic nucleus, and arcuate nucleus.



List of nuclei, their functions, and the neurotransmitters, neuropeptides, or hormones that they utilize


		

				Region

				Area

				Nucleus

				Function

		

		
				Anterior (supraoptic)

				Preoptic

				Preoptic nucleus

				
		Thermoregulation



		

		
				Medial

				Medial preoptic nucleus

				
		Regulates the release of gonadotropic hormones from the adenohypophysis

		Contains the sexually dimorphic nucleus, which releases GnRH, differential development between sexes is based upon in utero testosterone levels

		Thermoregulation



		

		
				Supraoptic nucleus

				
		Vasopressin release

		Oxytocin release



		

		
				Paraventricular nucleus

				
		thyrotropin-releasing hormone release

		corticotropin-releasing hormone release

		oxytocin release

		vasopressin release

		somatostatin round



		

		
				Anterior hypothalamic nucleus

				
		thermoregulation

		panting

		sweating

		thyrotropin inhibition



		

		
				Suprachiasmatic nucleus

				
		Circadian rhythms



		

		
				Lateral

				

		

		
				Lateral nucleus

				Function – primary source of orexin neurons that project throughout the brain and spinal cord

		

		
				Middle (tuberal)

				Medial

				Dorsomedial hypothalamic nucleus

				
		blood pressure

		heart rate

		GI stimulation



		

		
				Ventromedial nucleus

				
		satiety

		neuroendocrine control



		

		
				Arcuate nucleus

				
		Growth hormone-releasing hormone (GHRH)

		feeding

		Dopamine-mediated prolactin inhibition



		

		
				Lateral

				Lateral nucleus

				Function – primary source of orexin neurons that project throughout the brain and spinal cord

		

		
				Lateral tuberal nuclei

				

		

		
				Posterior (mammillary)

				Medial

				Mammillary nuclei (part of mammillary bodies)

				
		memory



		

		
				Posterior nucleus

				
		Increase blood pressure

		pupillary dilation

		shivering

		vasopressin release



		

		
				Lateral

				Lateral nucleus

				Function – primary source of orexin neurons that project throughout the brain and spinal cord

		

		
				Tuberomammillary nucleus

				
		arousal (wakefulness and attention)

		feeding and energy balance

		learning

		memory

		sleep



		

	




















































The hypothalamus plays a crucial role in regulating hormone release through its control over both the anterior and posterior pituitary glands. Here's a breakdown of the hormone release process and the hormones involved:

Hormone Release Process:


		
Hypothalamic Control: The hypothalamus produces and releases various releasing hormones (also known as releasing factors) from specific nuclei. These releasing hormones are transported to either the median eminence or the posterior pituitary for storage and release.

		
Anterior Pituitary: Releasing hormones are released into the hypophyseal portal system, which carries them to the anterior pituitary. There, they exert their regulatory functions on the secretion of adenohypophyseal hormones.

		
Posterior Pituitary: Neurohypophysial hormones are released directly from the posterior pituitary into circulation.



Hormones and their Effects:

Anterior Pituitary:


		
Thyrotropin-Releasing Hormone (TRH, TRF, or PRH):




		Produced by: Parvocellular neurosecretory cells of the paraventricular nucleus.

		Effect: Stimulates thyroid-stimulating hormone (TSH) release from the anterior pituitary. Also stimulates prolactin release.




		
Corticotropin-Releasing Hormone (CRH or CRF):




		Produced by: Parvocellular neurosecretory cells of the paraventricular nucleus.

		Effect: Stimulates adrenocorticotropic hormone (ACTH) release from the anterior pituitary.




		
Dopamine (DA or PIH):




		Produced by: Dopamine neurons of the arcuate nucleus.

		Effect: Inhibits prolactin release from the anterior pituitary.




		
Growth-Hormone-Releasing Hormone (GHRH):




		Produced by: Neuroendocrine neurons of the Arcuate nucleus.

		Effect: Stimulates growth hormone (GH) release from the anterior pituitary.




		
Gonadotropin-Releasing Hormone (GnRH or LHRH):




		Produced by: Neuroendocrine cells of the Preoptic area.

		Effect: Stimulates follicle-stimulating hormone (FSH) and luteinizing hormone (LH) release from the anterior pituitary.




		
Somatostatin (SS, GHIH, or SRIF):




		Produced by: Neuroendocrine cells of the Periventricular nucleus.

		Effect: Inhibits GH release from the anterior pituitary. Also inhibits TSH release moderately.



Posterior Pituitary:


		
Oxytocin (OXY or OXT):




		Produced by: Magnocellular neurosecretory cells of the paraventricular nucleus and supraoptic nucleus.

		Effect: Stimulates uterine contraction and lactation (letdown reflex).




		
Vasopressin (ADH or AVP):




		Produced by: Magnocellular and parvocellular neurosecretory cells of the paraventricular nucleus, magnocellular cells in the supraoptic nucleus.

		Effect: Increases permeability to water in the kidney, allowing water reabsorption and concentrated urine excretion.






		Thyrotropin-Releasing Hormone (TRH)



Thyrotropin-releasing hormone (TRH) is a hypophysiotropic peptide hormone synthesized by neurons in the hypothalamus. Its primary role is to stimulate the secretion of thyroid-stimulating hormone (TSH) and prolactin from the anterior pituitary gland.

Pharmacologically, synthetic TRH is known as protirelin and has been used for diagnostic and limited therapeutic purposes.

Physiology of TRH

Synthesis

TRH is synthesized in the parvocellular neurons of the paraventricular nucleus of the hypothalamus. It is initially produced as a large precursor polypeptide containing multiple copies of the TRH sequence.

Through a series of enzymatic processing steps:


		Proteolytic cleavage occurs

		Terminal amino acids are modified

		The mature hormone is formed



Each precursor molecule generates multiple active TRH molecules.

The mature TRH molecule is a tripeptide.

Chemical Structure

TRH is composed of three amino acids:


		Pyroglutamic acid

		Histidine

		Proline amide



Thus, TRH is a small peptide hormone, making it rapidly metabolized in circulation.

Transport and Release

After synthesis:


		TRH is released into the median eminence


		It enters the hypophyseal portal circulation


		It reaches the anterior pituitary gland




In the anterior pituitary:


		TRH stimulates thyrotrophs to release TSH

		TRH stimulates lactotrophs to release prolactin



The plasma half-life of TRH is approximately 6 minutes, indicating rapid clearance.

Extra-Hypothalamic Production

Although TRH is classically a hypothalamic hormone, it is also synthesized in:

Central Nervous System


		Brainstem

		Spinal cord

		Thalamus

		Amygdala

		Hippocampus



Peripheral Tissues


		Anterior pituitary

		Thyroid parafollicular cells

		Adrenal medulla

		Pancreatic islet cells

		Testis (Leydig cells)

		Gastrointestinal tract

		Spleen

		Lung

		Ovary
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