
Lecture 10 - Neuroendocrine 
The hypothalamus is the key regulator of the endocrine system. A neuroendocrine is a substance that can be a 
neurotransmitter and a hormone. It has hypothalamic neurons with axons embedded in capillaries so that it can 
directly release hormones into the bloodstream (called a direct effect). The hypothalamus can also have an indirect 
effect by releasing hormones into the portal hypophyseal circulation to act on the anterior pituitary. 
 
It is very good at adjusting release of hormones to maintain homeostasis. It sits on either side of the third ventricle 
and, through the pituitary (the indirect system) the hypothalamus can communicate with the adrenals, thyroid 
gland and gonads. 
 
Anterior and Posterior pituitary 
#1 Posterior pituitary – direct effect - uses the cell bodies in the 
paraventricular or supraoptic nucleus to communicate with the 
posterior pituitary. This system includes oxytocin and vasopressin 
(anti-diuretic hormones released in response to drops in blood volume 
for vasoconstriction and water retention increase) release. 
 
#2 Anterior pituitary –  indirect effect - Neurons from the arcuate 
nucleus communicate via the portal circulation to reach the anterior 
pituitary. Here it binds with the receptors to cause the subsequent 
release of a pituitary hormone which will then be sent to a target organ 
which will release another hormone. These hormones are trophic and 
are regulated by negative feedback loops.  
 
Releasing factors include the corticotrophin releasing factor from the hypothalamus, which will bind with CRF 
receptors on corticotropes in the anterior pituitary. This will cause the anterior pituitary hormones to be released; 
adrenocorticotropic hormone (ACTH), alpha-MSH, beta-endorphin. The ACTH will act on the adrenal cortex via 
melanocortin 2 receptors (Gs-GPCRs to increase cAMP) to stimulate release of glucocorticoids. GCS increases 
arousal, increase glucose release and breakdown, and turns down inflammation through gene regulation. 

 
Focus on corticotrophin-releasing factor (CRF) 
Produced in the PVN of the hypothalamus projecting to the median 
eminence to be released into the portal-hypophyseal circulation. The 
carboxy terminal has to be amidated for full biological activity. CRF and 
vasopressin promote synthesis of POMC which can produce the ACTH 
polypeptide. There are two types of receptors for CRF; 
 
1. CRF1 receptors – GPCR - dominant receptor in brain and pituitary 

but widely expressed. CRF antagonists are proposed as anti-
depressants and anxiolytics.  

2. CRF2 receptors – GPCR - three splice variants, alpha, beta and 
gamma. The endogenous agonist is urocortin 
 

Focus on adrenocorticotropic Hormone (ACTH) 
ACTH stimulates synthesis and release of GC from the adrenal cortex to work on melanocortin-2 receptors for 
cortisol release. Cushing syndrome is the hyper-secretion of ACTH, resulting in prolonged cortisol release. Most 
often caused by a tumour or from prolonged used of exogenous steroids (dependency and euphoria possible from 
these treatments). Symptoms include hypertension, skin thinning, muscle wasting, poor wound healing, central 
adiposity, osteoporosis and increased appetite.  
 
Hypothalamic Control of Feeding 
Hypothalamus receives peripheral signals through the medulla and 
doesn’t involve the pituitary. Satiety signals are short-term signals that 
turn off appetite by sympathetic or vagal input e.g. detecting distension 
of the stomach or peptide release like CCK which binds to vagal 
receptors to signal to the hypothalamus. 
 
There are also longer-term adiposity signals which are released from 
fat stores and the liver. The major signal is leptin secreted from white 
adipose fat cells. From here it is transported into through the blood-
brain barrier to receptors in the hypothalamus by saturable transporter. 
 



Leptin Continued 
If you have lost a lot of weight, your leptin stores are reduced meaning you are hungrier than usual and will reduce 
energy expenditure. This thwarts long term weight loss. Mice which lack leptin will eat rapidly and will have a 
reduced energy expenditure.  

 
Our arcuate nucleus sits at the base of the hypothalamus, closest to the 
median eminence. They contain the first order neurons that either contain 
NPY or POMC. They project their axons either to the PVN or to the lateral 
hypothalamus (LHA). These peptides are released here.  
 
- Leptin turns-off NPY neurons as NPY is a potent appetite stimulant. 
- Leptin turn-on POMC neurons to increase release to turn off appetite 
 
Neuropeptide Y is a part of a family of neuropeptides that include peptide 
YY to inhibit appetite by slowing gastric emptying. Pancreatic polypeptide 
is released by the pancreas in response to a meal to switch off appetite. There 
are six GPCRs that NPY will bind to Y1-6, but the post-synaptic Y1 and 5 
(and pre-synaptic Y2, the auto-inhibitor) are most involved in appetite.  

 
Peptide YY (PYY) 
PYY i.e. peptide YY is released from the endocrine cells from small and large intestine and is released in a full 
or cleaved form. The full form (P1-36) inhibits gastric emptying for satiety. The cleaved from (PYY3-36) acts on 
the Y2 receptors to increase NPY release. PYY3-36 nasal sprays and Y2 agonists have ceased in clinical 
development from lack of efficacy and side effects.  
 
Alpha-melanocyte stimulating hormone (a-MSH) 
Stimulated for release by POMC, released in the PVVN and inhibits food intake via the Gs-GPCR, MC4R. 
Mutations in POMC or MC4R, you will be morbidly obese. MC4R agonists have proven difficult to synthesise 
as a-MSH is involved in many other physiological processes. 
 
#1 – Naltrexone and Bupropion 
FDA approved, undergoing regulatory processes under TGA. 
Naltrexone is the opioid antagonist which works because the miu-
opioid receptor is located on pre-synaptic POMC receptors (i.e. beta-
endorphin is the endogenous agonist, released at the same time as a-
MSH through cleavage). So the antagonist turns off auto-inhibition of 
the neuron which normally inhibits appetite. Bupropion inhibits 
reuptake of DA and NA, initially used as a smoking cessation drug. 
 
*Note, neuroendocrine drugs have limited usefulness because they are hard to make, have poor oral absorption 
and are degraded rapidly by peptidases. New drugs have to be more efficacious than currently available drugs. 
 
Summary of Hormone effects  

Hormone Effect 
Vasopressin Anti-diuretic hormone released in response to low BP to retain water and vasoconstrict 
Oxytocin Aids in milk release and uterine contractions during parturition 
CRF Released from the PVN to the anterior pituitary. Stimulates ACTH secretion in stress. 

Works by the CRF receptors, GPCRs, antagonists proposed for anxiolytics 
ACTH CRF and vasopressin promote synthesis of POMC. ACTH stimulates release of GC 

from the adrenal cortex for cortisol production. 
POMC Large precursor protein produced after ACTH release from anterior pituitary. Then 

cleaved into the a-MSH and NPY 
Beta-endorphin Increases appetite via MOP-R via opioid receptor on POMC neuron 
Alpha-MSH Inhibits appetite via MC4R, Gs-GPCR, released from the PVN 
Neuropeptide Y Increases appetite via Y1 and Y5 (Y2 autoinhibition) released from the PVN 
Peptide YY PYY1-36 full form, PYY3-36 produced from cleavage will inhibit food intake. Enters 

the brain through a non-saturable process. 
Pancreatic peptide Inhibits appetite. 
Leptin Enters the brain through a saturable process 

 
 


