
Introduction to
HORMONES

and
ENDOCRINOLOGY

Well, Mr. Rosenburg, your lab results look 
pretty good – although I might suggest your 

testosterone level is a tad high.”



CASTRATION - our first clue about hormones 

Stallion  --> gelding Bull  --> steer 



You can castrate roosters

Rooster  --> capon 



And people

Man  --> eunuch 

today: Hijras (India) 

Farinelli

Moreschi



What exactly were the testes doing?
Berthold's experiment:
transplanted testes (without nerve connections) into capons

This was the first "removal-replacement" hormone experiment:
Remove the source of a hormone
Then replace the hormone

Conclusion: "Crowing" behavior is controlled by testosterone



Hormones are CHEMICAL MESSENGERS

The message is very simple:
a change in concentration

Certain tissues (target tissues) have 
receptors that can detect this change in concentration

The target tissues then do 
something appropriate



All a hormone does is bind to a receptor.
No receptor = no response



Why not just use nerves?

1. Hormones are a longer-lasting signal

2. Hormones allow ORGANS OTHER THAN 
THE BRAIN to send out a message to many 

other organs



Cells can signal each other
across short or long distances:

Autocrine Paracrine Endocrine



Some important points about hormones:

Distance
Speed
How many cells contacted
Do all cells respond?
Concept of "target"



Distinction between endocrine and exocrine 
secretion

Exocrine cell

(some substance)

DUCT 
TO SURFACE

(can be gut lumen)

Endocrine cell

Hormone

BLOOD
to TARGET CELLS

secretes secretes

goes into goes into



Review:  What is a hormone?

hormone = a messenger molecule released by a cell into the blood that can 
trigger a response in a distant organ elsewhere in the body.
Secreted in very tiny amounts (a few nanograms per ml blood)
(used to be very difficult to measure!)

Hormones compared to nervous communication:

Only cells with the right receptor will "see" the hormone
Often both (nerves & hormones) are used

- hormones have slower, longer-lasting effects
- hormones are decentralized - any organ can send out a hormone
- hormones go to the entire body



Compare to NEUROTRANSMITTER:

Does not go into blood
Doesn't enter general circulation
The 2 cells are very close together



"Neurohormone" =
a hormone secreted by a nerve cell

Example:
Epinephrine (adrenalin) 



Nerves & hormones work together

NERVES:
Coordinate immediate response by muscles
Effects last seconds/minutes

HORMONES:
Coordinate much slower, longer-lasting shift in physiology
Effects last days/weeks/months



Example: low blood oxygen
Nerves & hormones both respond

NERVES:
O2 & CO2 detectors are connected 

with NERVES to brain
Brain sends signal with NERVES 

to respiratory muscles

HORMONES:
Kidney has own O2 detectors
Kidney secretes ERYTHROPOIETIN (Epo)

Epo stimulates production of red blood cells by bone marrow
slow response: takes 2 weeks for RBC production
long-lasting: effects last weeks/months

Mount Everest



Another example:
STRESS

NERVES:
"Sympathetic" nerves
Immediate (<1 sec)

ONE NEUROHORMONE
Epinephrine
Released in 1-2 sec, lasts ~10 min

SEVERAL HORMONES especially CORTISOL
Released in 5 min, peaks 30 min, effects last days



Three major chemical classes of hormones:

Monoamines

Peptides

Steroids



1. Monoamine hormones
Made from single amino acid

2. Peptide/protein
String of amino acids, small or large

3. Steroid
Made from cholesterol 
5 basic classes (each w similar structure)

(PARACRINE signaling molecules are sometimes considered 
a fourth type of hormone  – e.g. prostaglandins)

Three major chemical classes of hormones:



Monoamines
Made from a single amino acid.  

enzymes

Tyrosine
(an amino acid)

Epinephrine
(a hormone)

enzymes

Tryptophan
(an amino acid)

Melatonin
(a hormone)

different 
enzymes Thyroxine

(a hormone)



Can proteins get through a membrane?
Receptor on inside or outside of cell?
Degree of similarity across species

Can a commercial assay detect a peptide from a nondomestic species?
Most hormones are protein hormones. Approx. 50-70

• Pituitary secretes: 
• Pancreas secretes: 
• Stomach secretes: 
• Kidney secretes: 

Growth hormone 
GH deficiency:
sister on left is
1.5 yrs older

Peptide hormones

LH, FSH, ACTH, TSH, growth hormone, prolactin
insulin & glucagon to control blood glucose
ghrelin to control hunger
erythropoietin to make RBC's

NO
OUTSIDE
VARIABLE often 

no



Peptide hormones can't cross cell membranes
Have to interact with a MEMBRANE-BOUND RECEPTOR

Receptor activates a "second messenger" inside the cell



STEROID hormones
All look like this:



Steroids are all made from each other

Don't
panic



Mineralocorticoids
(aldosterone etc.) Water & salt

Glucocorticoids
(cortisol etc.) Stress

Progestins
(progesterone etc.) Pregnancy

Estrogens
(estradiol etc.)

Ovulation... &  lactation

Androgens
(testosterone etc.) Male repro.

5 classes of steroid hormones



Steroids are all related molecules
They are made from cholesterol

CHOLESTEROL

PROGESTAGENS

ANDROGENS

ESTROGENSMINERALOCORTICOIDS

GLUCOCORTICOIDS



It's a little more complicated but don't worry about details

Cholesterol

Pregnenolone

Progesterone

Testosterone

EstradiolAldosterone

intermediate

Corticosterone Cortisol

intermediate



How many:

Pass through membrane?

Where is receptor?

Affects gene transcription?

Longevity in plasma:

Longevity of signal:

Degree of similarity across species:

Compare steroids to peptide hormones:

Peptide: Steroid:

Hundreds

No

Membrane

No

Brief

Minutes

Low

5  (sort of)

Yes

Cytoplasm (+memb.)

Yes

Long

Hours-days

High



Steroid hormones are a gift from God to biologists



Why steroid hormones are a gift from God:

- EVOLUTIONARILY CONSERVED
- ROBUST 
- LIPOPHILIC 



Think in terms of the 5 major classes:

PROGESTAGENS

ANDROGENS

ESTROGENSMINERALOCORTICOIDS

GLUCOCORTICOIDS



Molecular structure of all steroids:

might be 
aromatic

ring

variable 
side chain

Ketone or
hydroxyl

Ketone
or

Hydroxyl

Optional 
Hydroxyl



The carbons are numbered:

variable 
side chain

The basic 4 rings contain 17 C's
18, 19 & 20 are optional



Example:

Formal name: Pregn-4-ene-3,20-dione

3 4

20

Common name: Progesterone
Short name: P4

This is a "C21" steroid
because it has
21 carbon atoms 18

19

21



Formal name: Androst-4-en-17β-ol-3-one

Another example:

3 4

(20 is gone)

Common name: Testosterone
Short name: T

17

This is a "C19" steroid

18

19



Formal name: something very long

Estrogens are C18 steroids & are the "end" of 
the biosynthetic pathway

Common name: 17b-Estradiol
Short name: E2

ALL ESTROGENS
HAVE AN 

AROMATIC
RING

(20 is gone)

(19 is 
gone)

18

17



This is an evolutionarily ancient signalling pathway
Almost all vertebrates still make the same steroid hormones

Cholesterol

Pregnenolone

Progesterone

Testosterone

17b-EstradiolAldosterone

intermediate

Corticosterone Cortisol

intermediate

Evolutionarily conserved!
Gift from God



Some "letter codes"
that you will see on figures and in papers:

Cholesterol

Pregnenolone

Progesterone

Testosterone

17b-EstradiolAldosterone

intermediate

Corticosterone Cortisol

intermediate

T

P4

E2

FB



Steroid hormones are LIPOPHILIC
Freely diffuse across cell membranes

(there are also some membrane-bound receptors)

Have CYTOPLASMIC RECEPTORS
Bind to hormone & take it to nucleus

Affects gene transcription



GR

GR
GR

Example: Cortisol

Glucocorticoid
receptors

DNA

CYTOPLASM

NUCLEUS

BLOOD



CBG

GR

GR
GR

Since steroids are lipophlic, they need carrier proteins
to be transported in blood plasma

DNA

Corticosteroid
Binding 
Globulin



GR

GR
GR

CBG

Cortisol diffuses to tissues

DNA



GR

GR
GR

... diffuses across cell membrane

DNA

CBG



CBG

GR

GR
GR

Cortisol binds to a Glucocorticoid Receptor (GR)

DNA



CBG

GR

GR

GR

Two "activated" GR's group up....

DNA



CBG

GR

GR

GR

... forming a DIMER

DNA



CBG

GR

GR

GR

The dimer moves to the nucleus
& turns genes on or off

DNA



Gnathostomes have
six cytoplasmic steroid receptors

Estrogen receptor 1 (alpha) - ERa
Estrogen receptor 2 (beta) - ERb

Progesterone receptor - PR
Androgen receptor - AR

Glucocorticoid receptor - GR
Mineralocorticoid receptor – MR

Coded for by 6 related genes that arose by gene duplication
All these 6 genes are present in all tetrapods & in teleost fish

Agnathans have just 3



Lampreys have an ER, a PR, 
and a "CR" (similar to both GR & MR)

Which was the first steroid hormone?



Progesterone & testosterone were originally just intermediates 
produced en route to making estradiol

Estrogen signalling of oocyte production is probably the oldest 
steroid signalling mechanisms (also occurs in echinoderms)

ESTRADIOL is the most ancient steroid hormone



Next hormones after that:

Progesterone receptor was 2nd

Then a "corticoid" receptor arose
(perhaps used for signaling stress associated with 

saltwater/freshwater transition)

Next, testosterone receptor evolved via duplication 
of the progesteroner receptor gene

Last of all – divergence of the corticosterone
receptor from the aldosterone receptor; stress can 
now be signalled separately from osmotic balance



TOUR OF THE GLANDS

Gland =	organ	whose	primary or	only
function	is	to	release	a	hormone

Be	aware	every	other	organ	in	the	body	
also	makes	hormones!

(example:	the	heart	makes	hormones)



Textbooks show this "endocrine system"

We now know that this 
is not the complete 
endocrine system



The case for a "bigger" endocrine system

These are not the only 
endocrine organs.

They are just the first 
endocrine organs that we 

could study.



The real endocrine system:

THE ENTIRE BODY IS THE ENDOCRINE SYSTEM
because

EVERY ORGAN MAKES AT LEAST 1 HORMONE



"Captain & master gland" (regulate other glands)
Hypothalamus (part of brain)
Pituitary gland

Anterior
Posterior

"Specialist glands" (hormone secretion is only job)
Pineal Gland
Thyroid Gland
Parathyroid Gland(s)
Adrenal gland

Multi-function glands (hormone secretion just 1 of several jobs)
Thymus
Pancreas
Gonads - Testes & Ovaries
(also Heart, Lungs, Stomach, Fat, Brain, Bone, etc....entire rest of body)

Tour of the Glands

Hypothalamus



"Captain & master gland" (regulate other glands)
Hypothalamus (part of brain)
Pituitary gland

Anterior
Posterior

"Specialist glands" (hormone secretion is only job)
Pineal Gland
Thyroid Gland
Parathyroid Gland(s)
Adrenal gland

Multi-function glands (hormone secretion just 1 of several jobs)
Thymus
Pancreas
Gonads - Testes & Ovaries
(also Heart, Lungs, Stomach, Fat, Brain, Bone, etc....entire rest of body)

This course will focus on the glands 
in blue:

Hypothalamus



Pituitary GlandHypothalamus & Pituitary
The "General" and the "master gland"



3rd gland somewhere else

The "Brain-in-Control" 
method of controlling hormones:

Hypothalamus

Pituitary gland
(anterior)

"AXIS" =
a sequence
of 3 hormones
or "cascade"



Hypothalamus & pituitary close-up:



Zooming in on the hypothalamus:

Part of the brain
Many different clumps of neurons = nuclei
3 options for communication

Functions of hypothalamus
Automatic body functions
Strong drives
Affects behaviors: the "Four F's"



Notice the rich blood supply
between hyp. & pit.:



Hormone cascade example: Stress

Hypothalamus

Anterior pituitary

Adrenal gland
(cortex)

CRH

ACTH

Cortisol

"Emergency" behavior (what organ is being affected here?)
Abandon kids & territory
+ many physical effects

This is the 
"HPA axis"

Corticotropin Releasing Hormone

Adrenocorticotropic Hormone

F

(hypothalamo-pituitary-adrenal axis)



Quick review of the HPA axis:

Brain part?

Hormone 1 ??

Hormone 2 ??

Hormone 3 ??

final result?

Gland?

Gland?



Hypothalamus

Gonad 
(testis/ovary)

Ant. Pituitary

GnRH

Gametes 
(eggs. 
sperm)

Secondary 
sexual 
characteristics

LH

Another example: Reproduction

T (testosterone) or E2 (17b-estradiol)

Reproductive behavior

FSH Two "second hormones"

"HPG Axis"

Gonadotropin Releasing Hormone

Follicle-Stimulating
Hormone

Luteinizing Hormone
(hypothalamo-pituitary-gonad axis)



??

Hormone 3?

Effects on body & 
behavior?

Quick review: Reproduction

Two hormones?

Hormone 1?

??

??


