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The release of hormones begins at the process of digestion in the duodenum in the small intestine and leads to the hypothalamus, a portion of the brain where receptors lead to the activation of Ghrelin and Leptin (Lean and Combat, 2017) thus generating the feeling of hunger or satiety (Klok et al, 2006).  This essay will discuss the cell signalling mechanism of two hormones, ghrelin and leptin, in the body’s digestive processes which controls hunger and satiety.

Ghrelin is a hormone in the form of a peptide (short chain amino acid) with a chemical bonding of twenty-eight amino acids (Nakazato et al, 2001; Campos et al, 2006; Broglio et al 2003). The main role of Ghrelin is to increase appetite and then suppress satiety. Additionally, ghrelin has an orexigenic effect meaning that it stimulates the appetite which impacts the control of energy expenditure (Broglio et al, 2003). 
            
[bookmark: _Hlk34486088]It is thought that the glandular organ the pancreas, which is part of the endocrine system, is responsible for the release or control of Ghrelin (Broglio et al 2003). The secretion of Ghrelin is increased by fasting and decreased by glucose load (Broglio et al 2003). Ghrelin is mainly synthesised in the stomach, but small quantities are also synthesised by the small intestine, pancreas and hypothalamus (Sturgeon, 2018; Korbontis et al, 2001). 

The secretion of Ghrelin begins before a meal when the stomach is empty with the levels of Ghrelin being dependent on recent food consumption. Bender (2014) stated that Ghrelin is secreted from the gastric mucosa when the stomach is empty which then stimulates receptors in the lateral hypothalamus. The Growth Hormone secretagogue (GHSR-1a) is a G protein receptor that induces the secretion of the growth hormone Ghrelin by binding to the Ghrelin receptor (Yin, Li and Zhang, 2014). Ghrelin co-works with Leptin by transporting information through the central nervous system regarding the status of energy balance. Ghrelin works on the neural pathway that activates GHSR-1a). The GHSR-1a receptor is located in the mucosa and Myenteric Plexus (muscle layer of intestine) within the digestive tract. 


The communication undertaken is vagal transmission between the gut and the dorsal vagal complex of the brain. Ghrelin can access the brain from the periphery by circumventing the ‘Blood Brain Barrier’ to homeostatic appetite centres. This process is through the Central Nervous System via the Vagus Nerve. The arcuate nucleusis is a key part of the hypothalamus for Ghrelin’s Orexigenic effect. The GHSR-1a brings about the activation of the accurate nucleus Neuropeptide Y. The Agouti Peptide (Neuropeptide produced in the brain) has a role in stimulating Orexigenic activity though Y1 receptors and therefore preventing satiating Pro-Opiomelanocortin neurons. This is done through several Gastrointestinal hormones such as Cholecystokinin (CCK) Peptide YY and similar glucagon peptide 1 (GLP-1). These work to send Orexigenic, and therefore satiety signals to the brain. This can indirectly influence reward centres through neural connections (Howick et al, 2017).

Leptin has a role in inhibiting food intake thus responding in opposition to Ghrelin (Lean and Combet, 2017). Leptin is produced within the fat cells known as adipocytes, this is due to a response of the storage of triglycerides (type of fat found in the blood); in relation to this process the primary function of Leptin is the regulation of energy expenditure (Sturgeon, 2018; Louis and Myers, 2007; Bender, 2014). The release of Leptin from the Adipose Tissue (where the adipoctype fat cells are stored) is transported through the blood into the brain and is transported un-directionally to the Parenchyma (the functional tissue within the brain). Any excess Leptin is cleared through the cerebral spinal fluid (Signore, Zhang and Chen, 2008). 

Leptin mainly acts in a autocrine (hormone secretion) / paracrine (cell to cell communication) manner to regulate the adipocyte metabolism. Leptin also sends endocrine signals to distant sites therefore regulating energy homeostasis (Suyeon, Moustaid-Moussa 2000). Lean and Combat (2017) discuss how the release of Leptin is stimulated by the Glucocorticoid Hormones, Cytokines and Oestrogen. Evidence demonstrates that Glucocorticoids have a role in Obesity. This is due to promotion of food consumption both directly and through stimulation of Neuropeptide Y (a form of protein in the brain) and inhibitors of Corticotropin releasing hormone, which acts within the brain to suppress appetite (Cavagnini, 2000). 

[bookmark: _Hlk35691855]The primary inhibitor of the release of Leptin are Adrenaline and Noradrenaline which are both mediated by the Sympathetic Nervous System (Lean and Combat, 2017). Leptin controls its signalling through the form of Leptin Receptors (LRb) which are distributed through the Central Nervous System neurons (Louis and Myers 2007). The Leptin Receptors LRb controls intracellular signalling (i.e. within a cell) and are essential for Leptin action (Leshan, 2006). The LRb begins signalling by triggering a non-covalently bond associated with the Jak family tyrosine kinase (JAK2). The Phosphoinositide 3 kinases (P13KS) which are a family of enzymes involved in cellular functions stops the reduction of feeding by Leptin therefore contributing to the regulation of energy balance.

In order for Leptin to regulate food intake, it stimulates hypothalamic Anorexigenic (lack of appetite) pathways and inhibits Orexigenic (appetite stimulation) ones. Leptin has a role in the control of several neuroendocrine functions including Hypo-Thalamo-Pituitary- Adrenal (HPA) axis. Leptin signals nutritional status and energy storage levels to the feeding centres. This is done through its action on the expression and release of Orexigenic and Anorexigenic Neuropeptides including Neuropeptide Y and Proopiomelanocortin (POMC) (Proulx, Ricard and -Dominique Walker, 2002).

Numerous actions of Leptin are due to the effects within the Central Nervous System in particular the Basomedial Hypothalamus. Leptin has a function to act in the Hypothalamus where it leads to the release of several neuropeptides including Neuropeptide Y (Leshan et al, 2006). As Leptin reaches the Hypothalamic area this is where it binds to its long receptor Isoform (ObRb). 

The main two Orexin, which are neuropeptides, impacting appetite A and B are referred to as Hypocretins. Orexin A has greater influence than Orexin B. The central effect is mediated by an activation of the parasympathetic Nervous System (for example the secretion of Gastric Acid). During this process the Orexigenic Peptides are lowered, and the Anorexigenic Peptides rise. When the presence of Leptin is higher than normal in the blood stream this leads to increased Orexigenic Peptides and decreased Anorexigenic levels. This leads to a nutrition partitioning resulting in excessive storage of fat. The outcome being a person becomes Obese (Jeanrenaud and Rohner-Jeanrenaud, 2001).

In conclusion, Leptin and Ghrelin both have important roles within the body and thus cell signalling is essential for energy balance.
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