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The Influence of Ghrelin and Leptin on Energy Balance and Obesity

The organs and structures of the digestive system can be divided into two groups: those of the gastrointestinal tract (GIT) which is essentially an interrupted tube that extends from the mouth to the anus, and the accessory digestive organs, such as the salivary glands, pancreas and liver (Sturgeon, 2018), neural inputs from internal organs are essential for normal autonomic function. The vagus nerve is a key body-brain connection that monitors the digestive system (Williams et al., 2016).
  The function of the digestive system is to break down dietary constituents into small molecules through the use of mechanical and chemical processes and then absorb these for subsequent distribution throughout the body (Maukonen and Saarela, 2014).
 In the mechanical process the food is chewed before swallowing, where smooth muscles of the stomach and small intestine churn the food, dissolving the food molecules and thoroughly mixing them with digestive enzymes (Tortora and Grabowski, 2001).
During chemical digestion, large carbohydrates, lipids, protein and nucleic acid molecules in food are broken down into smaller molecules (Tortora and Grabowski, 2001).
In the brain, the hypothalamus is responsible for a variety of homeostatic functions including thermoregulation, fluid balance, hunger and satiety. The lateral hypothalamus is responsible for hunger, whilst the ventromedial hypothalamus controls satiety. When the stomach is empty, the gastric mucosa secretes the hormone ghrelin which stimulates receptors in the lateral hypothalamus, which in turn inhibits receptors in the ventromedial hypothalamus in order to produce the sensation of hunger. Ghrelin is also synthesised in lesser amounts by the small intestine, pancreas and hypothalamus itself, and is inhibited when the stomach becomes full and is stretched (Sturgeon, 2018). Circulating levels of Ghrelin increase during fasting and decrease rapidly after a meal, so ghrelin has a role in acute changes in energy balance and satiety (Amini et al., 2012). Ghrelin has a sleep-promoting factor and cardiovascular effects of ghrelin also increases contractility and cardiac output (Popovic and Duntas, 2005).
[bookmark: _Hlk33702813]In contrast to ghrelin, leptin performs the opposite function and is produced by fat cells in response to the amount of adipose tissue stored in the body. Leptin acts upon receptors in the ventromedial hypothalamus which triggers the sensation of satiety. (Francisco et al., 2018). Leptin is a protein mainly produced by adipocytes, but also by skeletal muscle, intestine, brain, joint tissues and bone (Francisco et al., 2018). The leptin is produced by adipose tissue in humans and the rate of production is directly related to adiposity. A combination of greater leptin production per unit of body fat and increased production from expanded total body fat mass (Klein et al., 1996). It regulate energy homeostasis by activating thermoregulatory responses, particularly brown adipose tissue (BAT) thermogenesis. It can induce weight loss independent of food intake in studies of mice, via mechanisms that require functional BAT thermogenesis, suggesting that food-independent body weight control by leptin is mediated via BAT thermogenesis (Rezai-Zadeh et al., 2014).
[bookmark: _Hlk33617602] It also helps to regulate energy balance and expenditure (Sturgeon, 2018) by inhibiting appetite and increasing thermogenesis in humans carrying excess adipose tissue resulting in a decrease in bodyweight (JÉquier, 2006) as a part of negative feedback loop regulating the size of energy stores and energy balance (Popovic and Duntas, 2005). 
Three distinct steps in the feedback loop have been identified: (1) a sensor (leptin production by adipose cells) monitors the level of energy stores (the size of the adipose tissue mass); (2) hypothalamic centres receive and integrate the intensity of the leptin signal through leptin receptors; (3) effector systems, including the sympathetic nervous system, control the two main determinants of energy balance—energy intake and energy expenditure.
This feedback regulatory loop seems ideal to maintain a constant body weight. Leptin production is increased following weight gain, whereas leptin plasma levels decrease following weight loss (JÉquier, 2006).
However, the recent rise in obesity (Phw.nhs.wales, 2020) would suggest a fault in the feedback loop. Dysregulation of leptin and ghrelin responsive pathways is a marker of changes in energy balance. Ghrelin is negatively associated with weight, obese subjects have lower ghrelin levels than lean subjects, consistent with a compensatory rather than causal role for ghrelin in obesity. Conversely, circulating leptin levels correlate in proportion to adiposity, being high in obesity, suggesting that obesity is associated with insensitivity to leptin. The leptin resistance in diet-induced obesity emphasizes that environmental factors can modulate leptin sensitivity. It is speculated that through the hypothalamic/pituitary axis, ghrelin and leptin operate as a metabolic switch. Ghrelin actually transfers information from the stomach to the hypothalamus in cooperation with leptin, not independently of leptin, and provides calories that the growth hormone (GH) needs for growth and repair (Popovic and Duntas, 2005).
Thus, it is of great interest to find ways to reduce body weight by manipulating ghrelin and leptin. If the central effect of leptin could be by-passed and genes which respond to leptin treatment could be regulated directly, new therapeutic targets for the treatment of obesity may be possible (Sharma et al., 2010). One way to reduce body weight may be to exogenously activate central nervous system pathways that normally limit food intake and body weight, hypothalamic control is particularly necessary for adequate long-term energy balance (Jobst et al., 2006).
Since leptins discovery in 1994 (Rezai-Zadeh et al., 2014), and ghrelin in 1999 (Kojima, 2008), tests are being carried out trying to control energy balance by manipulating ghrelin and leptin, one reason which hinders progress is leptin resistance. Leptin treatment in obese humans is largely ineffective for reducing body weight, due to the common development of leptin resistance  (Rezai-Zadeh et al., 2014), as with all pharmaceutical solutions, side effects will occur and there will be no ‘magic bullet’ to solve this problem.
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