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Figure 1. The locations of the main endocrine 

glands of the body. 

The academic material to be covered in neuroendocrine physiology is enormous.  
This is a topic that is a discipline and clinical specialization in and of itself.  
Nevertheless, understanding the essential features of this topic is crucial to your ability 
to understand the tremendous hormonal regulation of human physiology and cellular 
metabolism.  In this first Topic, I want to provide an overview so that you understand 
how I present the endocrine regulation of human physiology and cellular metabolism 
during and in response to exercise stress.  This is especially important for you at this 
stage of this text, as you have just completed the sections on cellular metabolism in 
muscle, the liver and adipose tissue.  This Section will complete such study, will detailed 
explanations of the endocrine regulation of metabolism appearing at the end of the 
Section.  Here we go. 

 
Why “Neuroendocrine” and Not Just 
“Endocrine” Physiology? 
When studying endocrine physiology, an 
important feature of endocrine function is 
that a large component of the body’s 
endocrine system is controlled by the 
autonomic nervous system.  As such, 
there are links between endocrine 
regulation of physiology and metabolism 
that connect to our subconsciousness, 
where feelings, emotions, and 
psychological states trigger endocrine 
responses even before we start to 
exercise.  During exercise, the neural 
regulation of many of our glands that 
secrete hormones is necessary for our 
abilities to adapt to the exercise stress.  
Such connections will become clear when 
I present the  
Endocrine Glands 
Historically, this topic was labeled 
endocrine physiology, because the focus 
was on endocrine glands and the substances that they secreted, which were termed 
hormones.  Thus, an endocrine gland is a discrete tissue that secretes chemicals 
(hormones) directly (without ducts) into the blood stream.  Such early definitions also 
implied that the hormones act on target tissues distant from the origin tissue.  Figure 1 
presents a drawing of the locations of the main endocrine glands of the body.  Table 1 
presents the classic endocrine glands of the body, their hormones, and the classification 
of each hormone as peptide, steroid or amine. 
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Table 1. The main endocrine glands and their hormones. 

Gland Hormones Chemical 
Classification* 

Anterior pituitary   
 Growth hormone PPP 
 Thyroid stimulating 

hormone (TSH) 
PPP 

 Adreno-corticotropic 
hormone (ACTH) 

PPP 

 Follicle stimulating 
hormone (FSH) 

PPP 

 Leutinizing hormone (LH) PPP 
 Prolactin PPP 
 Endorphins PPP 
Adrenal cortex   
 Cortisol St 
 Corticosterone St 
 Aldosterone St 
 Testosterone St 
 Estrogen St 
 Progesterone St 
Adrenal medulla   
 Epinephrine Am 
 Norepinephrine Am 
Thyroid   
 Thyroxine (T4) Am 
 Triiodothyronine (T3) Am 
Pancreas   
 Insulin PPP 
 Glucagon PPP 
Parathyroid   
 Parathyroid hormone PPP 
Ovaries   
 Estrogen St 
 Progesterone St 
Testes   
 Testosterone St 
Pineal Melatonin PPP 

*PPP=Peptide, polypeptide or protein; St=Steroid; Am=Amine 

 
The problem with this classical approach to defining endocrinology was that more and 
more research was being completed that showed a neural connection to endocrine 
function, and that molecules that behaved like hormones were secreted from tissues 
other than histologically defined glandular tissue.  Furthermore, some of the hormone-
like substances also acted locally.  For example, several hormones are released from 
the stomach and small intestine to exert local regulation such as enzyme release or 
changes in smooth muscle tone.  Nitrous oxide and endothelin are released from 
capillary endothelium to dilate and constrict vascular smooth muscle, respectively.  
The kidney releases erythropoietin to increase red blood cell production 
(erythropoiesis), and the heart releases peptides (atrial natriuretic peptides) in 
response to increased atrial wall stretch caused by over-hydration.  Both the hormones 
secreted from the posterior pituitary are also non-traditional hormones as the posterior 
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pituitary consists of neural not glandular tissue.  Table 2 provides a list of non-traditional 
glands and the hormone-like substances they secrete. 
 
Table 2. Non-traditional glands and the hormone-like substances they secrete. 

Tissue Hormone-like Substances Chemical 
Classification 

Hypothalamus   
 ACTH releasing hormone PPP 
 Thyrotropin releasing hormone PPP 
 LH releasing hormone PPP 
 FSH releasing hormone PPP 
 Growth homrone releasing hormone PPP 
Posterior pituitary   
 Arginine vasopressin (anti-diuretic hormone, 

ADH) 
PPP 

 Oxytocin PPP 
Most cells   
 Prostaglandins Other (lipid) 
Blood vessel 
endothelium 

  

 Nitric oxide (NO) 
(also known as endothelium derived relaxing factor-
EDRF) 

Other (gas) 

 Endothelin PPP 
Stomach   
 Gastrin PPP 
   
Small Intestine   
 Enterogastrin PPP 
 Secretin PPP 
 Cholecystokinin PPP 
Kidneys   
 Erythropoietin PPP 
Liver   
 Insulin-like growth factors (Somatomedins) PPP 
Heart myocardium   
 Atrial natriuretic peptide PPP 
Lymphocytes   
 Interleukins PPP 

 
Chemical Classification of Hormones 
It is useful to understand and learn the chemical classifications of hormones, as this 
directly leads to knowing and understanding the cellular mechanisms that operate to 
exert the biological effects on their target tissues.  Hormones can be classified as one of 
four types, 1) amines, 2) peptides, polypeptides and proteins, 3) steroids, and 4) 
other.  Tables 1 and 2 also include the chemical classification of the hormones. 
 
Figure 2 presents the structure of epinephrine and norepinephrine, both examples of 
amine hormones.  Figure 3 presents the structure of insulin, and Figure 4 the structure 
of erythrpoietin, both peptide hormones.  Figure 5 presents the structures of cortisol, 
estrogen and testosterone, all steroid hormones.  Figure 6 presents the structure of a 
prostaglandin, a unique non-traditional lipid hormone.  As will be discussed in the next 
Topic, amine and peptide hormones cannot pass through the double layer lipid 
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Figure 2. The chemical 
structures of epinephrine and 
norepinephrine 
(catecholamine hormones), 
both examples of amine 
hormones that are derived 
from tyrosine. 

 
Figure 3. The structure of the peptide 

hormone insulin. 

 
Figure 4. The structure of the 
peptide hormone 
erythrpopoietin. 

 
 
Figure 5. The structures of cortisol, estrogen and 
testosterone, all examples of steroid hormones. 

membrane of cells, and 
therefore require a protein 
receptor on the outside of the 
cell membranes of the target 
tissues to exert a biological 
response within the cell.  The 
steroid hormones on the other 
hand can pass through the cell membrane of target tissue cells, but then require 
intracellular transport proteins to direct movement to the cell nucleus where they exert 
their regulation of biological responses. 
 
Hormone Release Profiles 
When studying hormone regulation and biological responses, it is tempting to associate 
changes in human physiology to acute changes in hormone concentrations in blood.  
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Figure 6. The structure of a 
prostaglandin (Alprostadil), a unique 

non-traditional lipid hormone. 

The catecholamine hormones are a classic 
example of this, where their release is rapidly 
followed by a biological response.  Removal of 
the hormones from blood is also rapidly 
followed by reverse changes in the biological 
response.  This works well for the 
catecholamine hormones as they extend the 
neural regulation of the sympatheic axis of the 
autonomic nervous system to a diffuse systemic 
response so that all tissues that have the 
appropriate receptors to catecholamine 
hormones will exert a biological response. 
 
Other peptide or protein hormones do not respond in such simple and rapid onset and 
withdrawal of responses.  A good example is growth hormone.  Growth hormone is 
secreted by the anterior pituitary gland and certainly has acute functions in the 
regulation of blood glucose during exercise, especially prolonged exercise.  However, 
growth hormone is also released in burst and roughs throughout the daily cycle, with 
greatest secretion occurring during sleep.  Such nocturnal secretion is important for 
establishing basal levels of protein synthesis, growth and repair, and for women is also 
important for the stability of the menstrual cycle.  Cortisol also has a complex diurnal 
release profile.  Thus, for some hormones, researchers need top know the typical 
release profile of a hormone, as that dictates when they should sample blood for the 
hormone, and also when to time certain interventions such as exercise, emotional 
stress, food withdrawal, etc. 
 

Glossary Words 
 
neuroendocrine physiology pertains to the study of the physiological responses to 
neuro-endocrine regulation of all tissues of the body. 
 
autonomic nervous system is the branch of the nervous system that is involuntary, 
and consists of the sympathetic and parasympathetic sub-divisions. 
 
endocrine gland is a gland that secretes one or more hormones through a duct into a 
blood vessel. 
 
hormones were traditionally defined as a molecule secreted from a glandular tissue via 
a duct that circulated through the vascular system to exert a function on a distant tissue.  
However, we now know that many non-endocrine tissues secrete hormone-like 
substances that either circulate to distant tissues, or exert their function locally without 
circulatory involvement. 
 
ducts are specialized structures that direct a secreted substance to another tissue. 
 
glandular tissue consists of specialized cells that produce hormones. 
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hormone-like substances are those that are released from a tissue and exert a 
biological response to a local or distant tissue. 
 
nitrous oxide is a potent vasodilator released from vascular endothelial cells which 
exerts function locally.  
 
endothelin is a potent vasoconstrictor released from vascular endothelial cells which 
exerts function locally.  
 
endothelium is the cell lining along the inner walls (lumen) of blood vessels. 
 
erythropoietin is the peptide hormone released from specialized cells within the kidney 
in response to lowered blood hematocrit and/or lowered arterial PO2 (PaO2). 
 
erythropoiesis is the process of red blood cell production. 
 
atrial natriuretic peptides are peptides released from the right atrial myocardium in 
response to over-stretch, and cause inhibition of ADH release from the posterior 
pituitary and a profound renal diuresis (increased urine volume) and reduction in 
vascular volume and therefore right atrial stretch. 
 
amines are molecules that contain an amine group – NH3. 
 
peptides is another name for proteins, but is usually used to describe proteins that are 
short chain (few amino acids). 
 
polypeptides refers to large proteins with multiple sub-domains. 
 
proteins are molecules containing mainly amino acid residues. 
 
steroids are a type of molecule that contains one or more steroid rings, and as such 
are lipophilic and hydrophobic. 
 
epinephrine is also known as adrenaline, and is synthesized and released from the 
adrenal gland is response to psychological/emotional and physical stress. 
 
norepinephrine is also known as nor-adrenaline, and is synthesized and released from 
the adrenal gland is response to psychological/emotional and physical stress. 
 
Insulin is a peptide hormone released from the pancreas in response to a lowering of 
blood glucose (hypoglycemia). 
 
cortisol is a mineral corticoid hormone released from the adrenal cortex (inner layers) 
in response to stress and hypoglycemia. 
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estrogen is the main female secondary sex hormone, produced and released from the 
developing follicle during the menstrual cycle and to maintain female sexual and 
developmental characteristics. 
 
testosterone is the main male secondary sex hormone, produced and released from 
the testicals to maintain a male-specific circulating concentration to support male sexual 
and developmental characteristics.  
 
prostaglandin is a non-traditional lipid hormone involved in the local circulatory 
response to inflammation. 
 
catecholamine hormones are increased in response to physical and perceived stress, 
and consist of epinephrine and norepinephrine. 
 
sympathetic axis consists of the complete neuroendocrine regulation of the 
sympathetic axis of the autonomic nervous system. 
 
growth hormone is a peptide hormone released from the anterior pituitary gland. 
 
anterior pituitary gland is the anterior, traditional endocrine tissue of the pituitary 
gland. 
 
cortisol is a steroid hormone released from the adrenal cortex. 
 

 
 


