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FUNCTION OF THE ENDOCRINE AND NERVOUS SYSTEM
THE TWO MAIN  COMMUNICATION SYSTEMS 







Classification of Hormones

1. Peptide Hormones
The majority of hormones are peptides and range in size from very small (only two or three
aminoacids like TRH to small proteins of over 200 aminoacids. Some of them have complex tertiary
structure or ring structure like oxytocin linked by disulphide bridges

2. Amino acid derivatives
These hormones are small water-soluble compounds. Thyrosine derivatives include thyroid
hormones

3. Steroid Hormones
Steroid hormones are lipid-soluble molecules derived from cholesterol, which is itself a basic
constituent of the cell membrane. Produced by adrenal cortex, gonad and placenta, steroid
hormones are insoluble in water and largely circulate bound to plasma proteins



The Endocrine Organs and their Hormones
Gland Hormone Molecular Characteristics

Hypothalamus/Median Eminence Thyrotropin-releasing hormone
Somatostatin
Gonadotrophin-releasing hormone (GnRH)
Corticotropin-releasing hormone (CRH)
Growth-hormone-releasing hormone (GHRH)

Dopamine

Peptide
Peptide
Peptide

Peptide
Peptide
Tyrosine derivative

Anterior pituitary Thyrotropin or Thyroid Stimulating Hormone
Luteinizing Hormone (LH)
Follicle-stimulating hormone (FSH)
Growth hormone (GH)
Prolactin (PRL)
Adrenocorticotrophin Hormone (ACTH)

Glycoprotein
Glycoprotein
Glycoprotein
Protein
Protein
Peptide

Posterior pituitary Vasopressin or Antidiuretic Hormone (ADH)
Oxytocin

Peptide
Peptide



The Endocrine Organs and their Hormones
Gland Hormone Molecular Characteristics

Thyroid Thyroxine T4
Tri-iodothyronine T3
Calcitonin

Tyrosine-derivatives
Thyrosine-derivatives
Peptide

Parathyroid Parathyroid Hormone Peptide

Adrenal cortex Aldosterone
Cortisol
Androstenedione
Dehydroepiandrosterone (DHEA)

Steroid
Steroid
Steroid
Steroid

Adrenal medulla Epinephrine (also called adrenaline)
Norepinephrine (also called noradrenaline)

Tyrosine-derivatives
Tyrosine-derivatives

Muscle Irisin Peptide

Fat Leptin Peptide



The Endocrine Organs and their Hormones
Gland Hormone Molecular Characteristics

Stomach Gastrin
Ghrelin

Peptide
Peptide

Pancreas (Langherans islets) Insulin
Glucagon
Somatostatin

Protein
Protein
Protein

Duodenum and jejunum Secretin
Cholecystokinin

Protein
Protein

Adrenal medulla Epinephrine (also called adrenaline)
Norepinephrine (also called noradrenaline)

Tyrosine-derivatives
Tyrosine-derivatives

Muscle Irisin Peptide

Fat Leptin Peptide

Liver Insulin like growth factor (IGF-1) Protein

Ovary Oestrogens Steroid

Testis Testosterone Steroid







• Endocrinology is the study of hormones and forms one of the 
body’s major communication systems 
•• A hormone is a chemical messenger, commonly distributed via 
the circulation, that elicits specific effects by binding to a receptor 
on or inside target cells 
•• The three major types of hormones are peptides, and the 
derivatives of amino acids and cholesterol 
•• Negative and, occasionally, positive feedback, and cyclical 
mechanisms operate to regulate hormone production, commonly as 
part of complex multiorgan systems or axes 
•• Clinical endocrine disorders usually arise through too much, too 
little or disordered hormone production 

Key points



The human genome is made up of
deoxyribonuclic acid (DNA) assembled into 46
chromosomes residing in the nucleus. DNA
contains genes for synthesizing proteins . There
are approximately 30,000 human genes. Each
gene serves as the template for generating
many copies of messenger ribonuclic acid
(mRNA) by a process called gene-expression
that amplifies the information contained in a
single gene into the building blocks for many
replica proteins.



A molecule of deoxyribose (a 5-carbon sugar) is linked
covalently to one of two types of nitrogenous bases: °
Purine – adenine (A) or guanine (G)
° Pyrimidine – thymine (T) or cytosine (C)
° The base plus the sugar is termed a ‘nucleoside’, e.g.
adenosine
• The addition of a phosphate group to a nucleoside
creates a nucleotide, e.g. adenosine mono-, di- or tri-
phosphate (according to how many phosphate groups
have been added)
• Phosphodiester bonds polymerize the nucleotides
into a single strand of DNA
• Two strands, running in opposite directions, 5 prime
(5’; upstream) to 3’ (downstream) assemble as a double
helix: ° Hydrogen bonds form between the strands,
between the base pairs A-T and G-C
• ~3 billion base pairs comprise the human genome



Mitosis and Meiosis







Genetic, genomic and epigenetic abnormalities that can result in 
endocrinopathy

Abnormalities in DNA (genetic)
•• Base substitution – swapping different nucleotides
•• Insertion or deletion – alters frame if exonic and not a multiple of three

Chromosomal abnormalities (genomic)
•• Numerical – three copies as in Down syndrome (trisomy 21) 
•• Structural: ° Inversions – region of a chromosome is turned upside down 
•° Translocations – regions swapped between chromosomes
•° Duplications – region of a chromosome is present twice
•° Deletions – region of a chromosome is excised and lost

Imprinting abnormalities (epigenetic)
•• Methylation – altered methylation changing local gene expression, such as Beckwith-Wiedemann syndrome with 
neonatal hypoglycaemia or transient neonatal diabetes associated with overexpression of the gene called ZAC
•• Structural chromosomal abnormalities (as above) can also cause imprinting errors



Post-translational modifications



Definition

An enzyme is a biological macromolecule – most frequently a protein – that catalyzes a biochemical reaction

Catalysis increases the rate of reaction, e.g. the disappearance of substrate and generation of product

Enzyme action is critical for the synthesis of hormones derived from amino acids and cholesterol

Classification

Enzyme Catalytic function Example (and relevance)

Hydrolases Cleavage of a bond by the addition of water Cytochrome P450 11A1/cholesterol side-
chain cleavage (CYP11A1; early step in 
steroid hormone biosynthesis)

Lyases Removal of a group to form a double bond 
or addition of a group to a double bond

Cytochrome P450 17α-hydroxylase/17–20 
lyase (CYP17A1; step in synthesis of steroid 
hormones other than aldosterone)

Isomerases Intramolecular rearrangments 3β-hydroxysteroid dehydrogenase/delta 4,5 
isomerase isoforms (HSD3B; step in synthesis
of all major steroid hormones)

Oxidoreductase Oxidation and reduction 11 β-hydroxysteroid dehydrogenase isoforms 
(HSD11B; inter-conversion of cortisol and 
cortisone)

Ligases or synthases Joins two molecules together Thyroid peroxidase (TPO; step in synthesis of 
thyroid hormone)

Transferases Transfer of a molecular group from substrate 
to product

Phenol ethanolamine N-methyl transferase
(PNMT; conversion of norepinephrine to 
epinephrine)



Steroidogenic pathways



• Mutations in DNA and chromosomal abnormalities cause congenital and
sporadic endocrine disease

• Meiosis is central to reproductive endocrinology
• Genes are stretches of DNA responsible for encoding protein
• Many protein hormones are synthesized as prohormones requiring post-

translational modification and processing before they become active
• Enzyme cascades synthesize hormones derived from amino acids and

cholesterol
• Unlike peptide hormones, steroid hormones are not stored in cells but

made ‘on demand’
• Many peptide hormones are free in the circulation, unlike steroid or

thyroid hormones, which associate with binding proteins

Key points



Hormone Action
Hormone act by binding to receptor. There are two superfamilies
of hormone receptors, named accordingl to their site of action:

CELL-SURFACE RECEPTORS and NUCLEAR RECEPTORS 







Intracellular Signaling via phosphorylation

Amino acids serine, threonineand tyrosine carry polar
hydroxyl (OH) groups that can be phosphorylated

Protein1 is inactive until its hydroxyl group is
phosphorylated by the action of kinase enzyme

Iniziation of a signalling cascade. Activated
phosphorilated protein 1 itself acts as a kinase and 
catalyzes the phosphorylation of protein 2









Laron Syndrome





Second  messengers that medite G-protein coupled receptor
signalling



Hormone Dominant G-protein α-subunit(s)

Thyrotrophin-releasing hormone 
(TRH)

Gqα

Corticotrophin-releasing hormone 
(CRH)

Gsα

Gonadotrophin-releasing hormone 
(GnRH)

Gqα

Somatostatin (SS) Giα/Gqα

Thyroid-stimulating hormone (TSH) Gsα/Gqα

Luteinizing hormone (LH)/human 
chorionic gonadotrophin (hCG)

Gsα/Gqα

Follicle-stimulating hormone (FSH) Gsα/Gqα

Adrenocorticotrophic hormone 
(ACTH)

Gsα

Oxytocin Gqα

Vasopressin Gsα/Gqα

Catecholamines (β-adrenergic) Gsα

Angiotensin II (AII) Giα/Gqα

Glucagon Gsα

Calcium Gqα/Giα

Calcitonin Gsα/Giα/Gqα

Parathyroid hormone(PTH)/PTH-
related peptide (PTHrP)

Gsα/Gqα

Prostaglandin E2 Gsα



Hormonal activation of G-protein-coupled receptors can link
to different second messenger pathways



McCune-Albright Syndrome



Activation of Protein Kinase A



Hormonal stimulation of intracellular phospholipid turnover 
and calcium metabolism



Eicosanoid signalling



Nuclear Hormone Action


