
Neuroendocrinology & the 
Gastrointestinal System

(1) Hormones, chemical messages, 
receptors, food intake & exercise



Aims
 To review the basic principles by which 

cells communicate with each other via the 
endocrine and nervous systems.

Learning objective:
After this lecture you should recognise that:
 Hormones and hormone-like substances relay chemical 

signals around the body.
 Glands often exist along an axis
 Hormones and hormone-like substances communicate 

with cells in several different ways e.g. hemocrine, 
paracrine or autocrine manner.

 Food intake is affected by many different factors, 
including biological signals



Neuroendocrinology
 All physiological systems are controlled by 

the combined effects of the nervous and 
endocrine systems.
 Endocrinology – concerned with glands and 

hormones.
 Neurophysiology – concerned with the nervous 

system and the effects of the nervous system
 Neuroendocrinology – the combined effects of 

these systems – the neuroenddocrine system



Hormones
 From the Greek hormaein – to arose or excite.
 Basically and classically! – hormones are substances 

secreted into the extracellular fluid, blood and lymph 
from glands or specialised cells that interact with specific 
receptors to produce a particular biological effect 
(endocrine).

 Glands can also be exocrine – they secrete their 
hormone through their cell surface e.g. sweat, 
sebaceous and salivary glands

 ‘Recent’ discoveries are changing the way people think 
about this definition of hormones.
 What are the functions of adipose tissue, 

skeletal muscle, the heart for example? 



Hormone function
 Hormones participate in all physiologic functions:

 Muscular activity
 Cellular Respiration
 Digestion, metabolism and food intake
 Sense organ function, thought, mood, and behaviour
 Thermoregulation
 etc

 The overall purpose of the coordinating, regulating, 
integrating, stimulating, suppressing, and modulating 
effects of the many components of the endocrine system 
is homeostasis. “The tendency towards a relatively 
stable equilibrium between interdependent elements, 
especially as maintained by physiological processes”.



Chemical classification of hormones

 Peptides and proteins
 Amines
 Steroids
 Fatty-acid derivatives



Chemical classification of hormones

 Peptides and proteins (e.g. insulin)
 Major form of hormone
 Amino acid sequences of varying lengths
 Hypothalamic, pituitary, pineal, pancreatic, 

parathyroid, gastrointestinal, kidney, liver, 
thyroid C cells, heart and thymus gland 
secretions 

 Preprohormones     prohormones     active 
hormone (e.g. preproinsulin proinsulin 
insulin)



 Amines
 Derived from the amino acid tyrosine
 Hormones secreted by thyroid and adrenal medulla
 e.g. catecholamines (adrenaline and noradrenaline 

and thyroid hormones (T3 and T4)
 Steroids

 Derived from cholesterol
 Secreted by adrenal cortex and gonads
 e.g. sex hormones, corticosteroids, mineralocorticoids  

 Fatty-acid derivatives
 Derived from fatty acids
 e.g. prostaglandins, thromboxanes, leukotrienes



Anatomical 
location of major 
glands – these 
often exist along 
an axis

Other major 
‘hormone’ 
secreting
organs include 
adipose tissue, 
liver, kidney, skin,
heart and skeletal 
muscle, stomach

Feedback loops 
+ve and -ve

Hypothalamic

Pituitary

Adrenal

CRH

ACTH

Glucocorticoids

e.g. the HPA axis
What is the HPG axis?



Hormonal
stimulation 
of 
hormone
secretion

e.g. Cortisol



Humoral
stimulation
of hormone 
secretion



Neural
stimulation 
of
hormone 
secretion



Cell-to-cell communication
 Not all hormones and 

hormone-like 
substances are 
transported in the blood.

 Autocrine – cell 
produces hormone that 
has effect on itself

 Paracrine – cell 
produces hormone that 
has effect on 
neighbouring cells

 Solinocrine – into a 
‘hollow tube’ i.e. gut 
hormones

 Hemocrine (endocrine)
hormone enters blood



Receptor mechanisms.
Some receptors are on the cell 
surface, others are in the 
cytoplasm or in the
nucleus of the cell – nuclear 
receptors 



Hormonal communication
 Hormones influence the biological activity of 

their target cells through three mechanisms:
1. Changing the cell’s permeability by opening or 
closing channels in the membrane (e.g. insulin and 
glucose transport across the cell membrane)
2. Activation of a second-messenger system that alters 
the activity of pre-existing proteins (enzymes) that 
produce the effect (peptide hormones and 
catecholamines) [e.g. the breakdown of muscle 
glycogen or glycogenolysis, the breakdown of fat in fat 
cells or lipolysis]
 Direct effect on specific genes to make new proteins 

that produce the effect (thyroid hormones and 
steroids)



3. Direct effect on specific genes to make new proteins that 
produce the effect (thyroid hormones and steroids) [e.g. 
muscle protein synthesis)



Some major ‘hormones’ involved in 
metabolism – where do they come from?

 Growth hormone 
 Thyroid hormones – TSH, T3 and T4 
 Insulin, glucagon and somatostatin
 Cortisol
 Adrenaline and noradrenaline
 Gastrin, secretin, GIP, cholecystokinin, ghrelin, 

PYY3-36
 Leptin, adiponectin, resistin, interleukin-6 (IL-6)







Short term control of food intake

Biological signals that 
arise in the 
gastrointestinal tract
– Inhibitors (anorexigenic or 

satiety signals) such as:
– cholecystokinin, Glucagon 

Like Peptide-1 (GLP-1), 
pancreatic polypeptide 
(PP) and protein YY (PYY)

– Stimulators (orexigenic
signals) such as:

– ghrelin



Protein YY
• Synthesised and released from enteroendocrine cells 

(L cells).
• Two forms: PYY1-36 and PYY3-36.
• PYY3-36 is the main circulating and active form.
• Circulating PYY rises in response to nutrient ingestion, 

caloric load, food consistency and nutrient 
composition.

• Rise in concentration is seen about 15 min after 
nutrient ingestion.

• PYY peaks between 1-2 hours after ingestion and then 
plateaus.



Anorectic Effect of 
PYY3-36 on Food Intake 
in Rats





Anorectic Effect of PYY3-36 
in Humans



PYY3-36 in Lean and Obese Humans



PYY3-36 in Lean and Obese Humans



PYY3-36 and Bariatric Surgery

• PYY3-36 is increased 
following Roux—en Y 
gastric bypass.

• This suggests that 
changes in PYY3-36 may 
partly explain the weight 
loss with this type of 
surgery.

• Possibly also the 
improvement in 
metabolic health.

• PYY3-36 also appears to 
reduce motivation to 
seek high fat foods.



How does PYY3-36 work?



How does PYY3-36 work?

• The Y2R receptor is critical.
• Blocking the Y2R receptor 

or giving PYY3-36 to Y2R KO 
mice = no anorectic effect.

• PYY3-36 may exert its effect 
on feeding via the 
homeostatic (need) and 
hedonic (enjoyment and 
reward) brain pathways 
(Batterham et al., 2007).



Summary
 Food intake is influenced by a wide array of factors 

including a number of biological signals that arise in the 
gut and adipose tissue.

 These signals transmit their signal via a number of 
intricate pathways that involves the neuroendocrine
system.

 Individual sensitivity to these pathways may partly 
explain the variation we see in energy balance and 
weight control. 

 How these pathways are affected by exercise has not 
been studied extensively and are incompletely 
understood...more later.
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