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New Perspectives on Obesity Related Novel Peptides 

Obeziteyle İlişkili Güncel Peptitlere Yeni Yaklaşımlar 
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ÖZ 

 

Özellikle çocukluk ve adölesan zamanlarında gelişen obezite, her yaşta önemli bir sağlık sorunu olarak karşımıza çıkmaktadır. Hipotal-

amusu vücudun enerji depoları hakkında uyaran hormonlar, yemek yemeyi engelleyip vücut ağırlığının belli fizyolojik sınırlar içeris-

inde kalmasını sağlamaktadırlar. Obezite ve obeziteyle ilişkili olan hormonların araştırılması bu kapsamda çok önemlidir. Obezite ile 

ilişkili hormonların günümüze kadar tespit edilmiş olan fonksiyonlarının, daha ileri çalışmalara rehberlik edebileceğini düşünmekteyiz. 

Bu derlemede obeziteyle ilişkili hormonlar ve onların etki mekanizmalarına değinilmiştir. 

 

Anahtar Kelimeler: ghrelin; irisin; leptin; nesfatin-1; nöropeptid-y; oreksin 

 

ABSTRACT 

 

Obesity, which develops especially in childhood and adolescence, is an important health problem at all ages. Hormones that st imulate 

the hypothalamus about the body's energy stores prevent eating and keep body weight within certain physiological limits. Investigating 

obesity and the hormones associated with obesity is very important in this context. We believe that the functions of obesity-associated 

hormones that have been identified to date can guide further studies. In this review, obesity-related hormones and their mechanisms 

of action are discussed. 
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OBESITY 

Obesity is a chronic condition which may lead to physical, 

psychological, social, and economic problems caused by 

the excess of energy received with nutrients over the en-

ergy expended.1 Obesity has recently started to be a com-

mon health problem in all societies and has shown a rapid 

increase in all age periods, starting from childhood and ad-

olescence in many countries.2 On the other hand, body fat 

mass, which is the increase of body weight above the de-

sired level regarding height as a result of an excessive in-

crease in the ratio of desired mass, is closely related to ad-

ipose tissue. It is well known that another factor that at-

tracts attention in the progress of the obesity is dependent 

on the way of nutrition in the first years of the life of peo-

ple. In a study conducted on breastfed and non-breastfed 

children, the rate of obesity was found to be lower in bre-

astfed children. In addition, this study  emphasized that the 

duration of breastfeeding, the type and number of comple-

mentary foods, and the time of onset affect the occurrence 

of obesity.3 Obesity, which is an epidemic problem, di-

rectly affects the development of many chronic diseases. 

Also obesity is directly related with the diseases e.g., type 

2 DM hypertension, coronary heart, metabolic diseases, 

respiratory system diseases and cancer.4  

When we analyze the biochemistry of nutrition, the first 

definitions that come to mind are peptides that regulate 

food intake. According to their origin, these peptides are 

classified as peptides produced in the CNS and peripheral 

peptides produced in the digestive tract. According to their 

effects on nutritional behavior, they are grouped as orexi-

genic and anorexigenic peptides. Orexigenic peptides 

stimulate food intake by initiating the feeling of hunger, 

while anorexigenics are peptides that stop food intake by 

creating a feeling of satiety (table 1).5 

Table 1. Some known orexigenic and anorexigenic peptides.5 

OREXIGENIC PEPTIDES ANOREXIGENIC PEPTIDES 

Ghrelin 

Noropeptit y (NPY) 

Arcuate-associated peptide (AGRP) 

Melanin concentrating hormone (MCH) 

Orexin 

Galanin 

Opioids 

Nitric oxide * 

Kannabioits * 

Leptin 

Insulin 

Glucagon-like peptide-1 (GLP-1) 

Cholecystokinin (CCK) 

Cocaine amphetamine regulatory transcript (CART) 

α-Melanocyte stimulating hormone (α - MSH) 

Serotonin 

Corticotropin-releasing factor (CRF) 

Nesfatin- 1 

Bombesin 
* A peptide is an element that is not in the structure. 

HORMONES INVOLVED IN OBESITY 

LEPTIN 

Leptin discovered in 1994 is an important appetite-regu-

lating hormone with a molecular weight 16 kDa and a sin-

gle-chain polypeptide structure encoded by the LEP (OB) 

gene located on the long part of the chromosome 

(7q31)which is  a protein product with 167 amino acids. 

Leptin is formed by white/brown adipose tissue, the pla-

centa, stomach, mammary gland, ovarian follicles, heart, 

bone/cartilage tissue, some fetal organs, and the brain. 

Leptin reduces the intake of nutrients and increases the 

metabolic rate. It is believed that leptin shows this effect 

via inhibiting the synthesis of NPY, AgRP (Agouti-related 

peptide) and MSH which are released from the arcuate nu-

cleus (Bound leptin reflects the energy state at rest, and 

free leptin reflects the body fat mass (figure1-2).5  
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Figure 1. The physiological mechanism of leptin action. 
 
 

                        
 Figure 2. Leptin signaling pathway overview. 

The expression of proopiomelanocortin (POMC) is in-

duced in hypothalamic leptin, and AgRP and NPY are in-

hibited. Thus, these changes increase releasing of gonado-

tropin-releasing hormones (GnRH), thyrotropin (TRH). 

Leptin reduces the release of ACTH, and CRH, and inhib-

its insulin secretion from pancreatic β-cells.6 

Leptin crosses the blood-brain barrier with a special active 

transport system. In an obese person, leptin levels in the 

cerebrospinal fluid are less high than their circulating 

amount.7 In addition, in the absence of leptin or mild leptin 

fluctuations, the arcuate nucleus, paraventricular nucleus, 

lateral and dorsomedial hypothalamic neuronal connec-

tions of the hypothalamus are inhibited. Therefore, it 

causes metabolic complications and leads to obesity. There 

are findings that obesity caused by leptin deficiency in hu-

mans, decreased the number of circulating CD4(+) T cells, 
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impaired T cell receptor immunity, and the release of cy-

tokine can be adjusted by recombinant leptin applications.8 

GHRELIN 

Ghrelin was extracted from the stomach by Kojima and 

colleagues in 1999. It is a hormone containing 28 amino 

acids in structure and has been identified as an endogenous 

ligand of the type 1a receptor. It forms the active form of 

ghrelin, that also provides the release of growth hormone 

by binding an n-octenyl group fatty acid to serine which is 

the 3rd amino acid of ghrelin. This form is called active or 

acyl ghrelin.9 

Ghrelin shows its effect by binding to GHS-R type 1a. By 

binding to the receptor, it induces the secretion of growth 

hormone-releasing hormone (GHRH) in the hypothala-

mus.10 

Anorexigenic activation of ghrelin is regulated by neurons 

that engage specific receptors in the hypothalamus. 

Ghrelin is a regulator that has very different effects on me-

tabolism. Ghrelin is found in hypothalamic neurons that 

regulate satiety and food intake. At the same time, ghrelin 

receptors are also present in other neurons that contribute 

to eating behavior in brain regions. While this increases 

ghrelin levels, it causes a decrease in leptin levels. This 

state can result in obesity. NPY gene expressions stimu-

lated and increased by ghrelin eliminate the decreases in 

food intake induced by leptin. On the contrary, inhibition 

of NPY gene expressions causes suppression of food in-

take mediated by leptin and is the main mechanism. Am-

phetamine (AMPH), is used for the treatment of obesity, 

was determined to be used in obese individuals for appetite 

suppression.11  

NEUROPEPTIDE Y, PEPTIDE YY AND PANCREA-

TIC POLYPEPTIDE (PP) 

Neuropeptide Y (NPY), peptide YY (PYY), pancreatic 

polypeptide (PP) and peptide Y (PY) polypeptides are 

members of the Neuropeptide Y peptide family. Among 

them, NPY is a peptide with 36 amino acids, which is 

widely found in the central and peripheral nervous system 

along with AgRP. NPY is found mostly in the sympathetic 

nerves, and fewer in parasympathetic nerves. NPY blood 

flow rate as well as metabolic rate decreases in brown ad-

ipose tissue. The Y5 receptor, one of the five G-protein re-

ceptors of neuropeptide Y, appears to be definitively re-

sponsible for regulating food intake.5 

NPY influences adipose tissue apart from the effect of hy-

pothalamic NPY on food intake,.Central NPY injection 

causes an increase in adipose tissue by increasing the level 

of plasma corticosterone and insulin.12 The level of both 

insulin and leptin increases with an increase in adipose tis-

sue. The synthesis and activity of NPY are inhibited. Thus, 

nutrient intake is reduced. Conversely, with food re-

striction (for example, when insulin or leptin levels are too 

low in the fasting state), the level of NPY increases. As a 

result, an increase in food intake occurs. The physiological 

role of NPY in nutrition, which is the most important ef-

fect, has not been fully determined due to the complexity 

of the common effects of NPY on the hypothalamus. When 

this receptor is precisely determined, it will be quite im-

portant in the cure of obesity. The synthesis of PYY and 

PP is carried out only by endocrine cells in the digestive 

tract. NPY in the intestinal–brain and brain–intestinal axis 

also existed. NPY and PYY alter digestive system motility 

and entry to the brain through inhibition of electrolyte se-

cretion. PYY is also affected by the gut microbiota. NPY 

have a pro-inflammatory effect by stimulating Y1 recep-

tors. PP and PYY send signals to the brain. They reduce 

appetite, anxiety and depression in this way. The infor-

mation given above shows that NPY, PYY and PP have a 

significant role of the NPY-Y receptor system at various 

grade of the intestinal–brain axis as both neural and endo-

crine messengers.13 

PYY in the intestine is produced by endocrine L cells. 

These cells are abundant in the lower gastrointestinal 

tract.14 PYY L cells contain glicentin, glucagon-like pep-

tide-1 and glucagon-like peptide-2, a proglucagon-derived 

peptide.15 It is thought that L cells containing PYY are im-

portant chemo sensors in the intestine.16 

The function of NPY, PYY and PP is associated with the 

expression of different Y receptor subtypes. After eating, 

PP is released from the pancreas and exerts its tue via the 

Y4 and Y5 receptors. This mechanism of action affecting 

the vagus nerve prevents gastric emptying. The decrease 
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in appetite through vagal signaling is caused by this ef-

fect.17 PP also has an inhibitory role on intestinal motor 

activity and peristalsis. This newly discovered role in glu-

cose homeostasis makes PYY an important one for the 

treatment of diabetes and obesity.13 

NESFATIN-1 

Nesfatin-1, first discovered by Shimizu et al.18 in 2006, is 

a neurohormone or satiety molecule derived from the nu-

cleobindin 2 [nucleobindin 2 (NUCB2)] protein that is ex-

pressed in humans and rats, especially in the hypothala-

mus, adipose tissue, pancreas, gastric mucosa, and brain. 

Nesfatin-1, which is newly discovered and identified as 

one of the anorexigenic peptides, affects the centers of the 

brain by targeting the arcuate nucleus where the hunger 

and satiety regions are located in the hypothalamus or by 

reaching the tractus solitarius nucleus in the brainstem and 

crossing the blood-brain barrier with a neural network in-

teraction.19 Nesfatin-1 is a receptor-sensitive amino-termi-

nal fragment activated by a peroxisome proliferator con-

sisting of 82 amino acids (MW 9.7 kDa). As a result of the 

translation of NUCB2, a protein consisting of 396 amino 

acids is released. NUCB2, which can be divided post-

translationally by the pro-hormone converting enzyme, ul-

timately forms three different peptide products (segments). 

These segments are N-terminal nesfatin-1 (amino acid 1-

82), nesfatin-2 (amino acid 85-163) and C-terminal 

nesfatin-3 (amino acid 166-396).19 It is synthesized from 

nucleobindin 2 (NUCB2), known as the satiety peptide. 

Besides the effects of nesfatin-1 in the nervous system, it 

also has roles on the appetite mechanism and nutritional 

status.18 Nesfatin-1 is closely related to diabetes, obesity. 

It is also associated with anorexia nervosa, psychiatric dis-

orders and neurogenic diseases (figure3).20 

 Figure 3. Common clinical state of Nesfatin-1. 

In a study, it was reported that nesfatin-1 and NUCB2 lev-

els increased 2 hours after feeding in 48 hours of fasting of 

rats.21 This shows that nesfatin-1 plays a role in the regu-

lation of energy balance, especially after eating. Nesfatin-

1 is effective in the physiological control of nutrition. By 

suppressing the peristalsis of the digestive system, it re-

duces food intake. It plays a role in controlling body 

weight.18 Chronic infusion of Nesfatin-1 is reported to 

steadily inhibit body weight gain and reduce white adipose 

tissue.19 In another rat study, nesfatin-1 decrease food in-

take, feeding frequency on a dose-dependent basis (0.3 

nmol).20 All the data obtained show that Nesfatin-1 is an 

anorexigenic signaling agent. It has been found that serum 

nesfatin-1 is less in obese individuals. In a study which is 

performed on polycystic ovary syndrome (PCOS) women 

(n=55) showed that serum nesfatin -1 levels are negatively 

related with body mass index (BMI) Besides, congenital 

nesfatin-1 enzyme deficiency is associated with obesity.22  
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OREXIN 

Orexin A contains 33 amino acids, while orexin B contains 

28 amino acids. The similarity of amino acid sequence of 

orexin B is to 46% of orexin A.23 Although the pharmaco-

dynamics effects of orexin A and orexin B are relatively 

similar, their pharmacokinetic properties differ. Orexin A, 

due to its high lipophilic property, quickly enters the brain 

by passive diffusion. Orexin B, on the other hand, cannot 

enter the brain due to its low lipophilic property and is rap-

idly metabolized in the blood.24 Nakabayashi et al.25 

showed that mRNA expression for pre-pro-orexin has 

been identified in kidney, adrenal gland, pancreas, pla-

centa, stomach, ileum, colon and colorectal epithelial cells. 

This result shows that the production of orexin A also oc-

curs in human peripheral tissues. Orexins are in the endo-

crine cells of the pancreas, but its functional significance 

has not been clearly defined.It has been suggested that 

orexin-A stimulates glucose uptake in adipocytes, in-

creases lipogenesis by inhibiting hormone-sensitive lipase, 

and in addition to these effects, it inhibits the activation of 

peroxisome proliferator activated receptor gamma 

(PPARγ), which controls immune and inflammatory re-

sponses.26 In addition to their triggering effects on food in-

take, orexins have been found to be involved in various 

hypothalamic control mechanisms with their effects on the 

continuation of wakefulness, neuroendocrine, cardiovas-

cular and cognitive functions. Orexins synthesized by neu-

rons located in the hypothalamus have been reported to ex-

ert neuroendocrine effects both in the hypothalamus and 

on the pituitary gland.27 

It is stated that the role of orexin in energy balance is real-

ized by inhibiting anorexinergic arcuate neurons and acti-

vating orexinergic arcuate neurons in contrast.28 In a con-

ducted study, there is no clear knowledge about whether 

orexin causes hyperphagia by directly affecting the sys-

tems in the appetite regulation or by affecting other neuro-

peptides. Some experts note that orexins do not cause obe-

sity, despite the effect of increasing food intake. The rea-

son for this state, orexins also increase metabolic rate. In a 

study, it postulated that orexin neurons inhibit leptin recep-

tors, while leptin given to rats reduces the level of hypo-

thalamic orexin A and reduces the activity of orexin neu-

rons.28 The results of studies show that orexin-A can act as 

a hormone-like substance. It does this by regulating the ef-

fects of insulin on food and glucose. Besides, there is evi-

dence that orexin-A and leptin play a regulatory role in ro-

dent’s feeding behavior. Chronic intraperitoneal leptin ad-

ministration has a weight loss effect.At the same time, a 

significant decrease in the orexin-A mRNA levels of the 

hypothalamus also occurs with this application.29 

IRISIN  

Irisin, was identified by Pontus et al.30 in 2012, is a peptide 

protein consisting of 112 amino acids. Irisin is a myokine 

which is the proteolytic product of fibronectin type III do-

main 5 (FNDC5), a membrane protein in muscles.31 It ca-

uses an increase in brown adipose tissue. Thus, it causes 

an increase in energy consumption. It also mediates the po-

sitive effects of exercise on metabolism.20 It is produced in 

skeletal muscle and adipose tissue, heart tissue, intracra-

nial arteries, kidney, myelin sheath, neural cells, ovaries, 

Purkinje cells, rectum, salivary glands, sweat glands, 

stomach, testes, and tongue tissues.32  

Peroxisome proliferators are stimulated because of exer-

cise, which leads to energy expenditure. This causes the 

activation of the receptor gamma (PPARy) and PGC1-A. 

This activation causes an increase in the expression of the 

FNDC5 gene. PGC1-α controls the mitochondrial biogen-

esis and oxidative energy metabolism of many cells as an 

intermediary. FNDC5 is synthesized and secreted from the 

muscle tissue via PGC1-α, and it regulates the gene ex-

pression of brown adipose tissue mitochondrial protein 1 

(UCP1), cytochrome c oxidase 7a (COX7a) and otopetrin 

1 (OTOP1). 20 nm FNDC5 added to the adipose tissue cul-

ture medium increased UCP1 expression by about 7 ratios. 

Increased expression of UCP1 inhibits ATP synthesis. It 

leads to the formation of heat. It causes energy expendi-

ture. FNDC5 regulates thermogenesis in brown adipose 

tissue (figure 4).20 
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Figure 4. Exercise-induced browning of adipose tissue with irisin and PGC-1α. 

Irisin which is firstly investigated in skeletal muscle, is 

synthesized, and secreted in many tissues. Even though 

there are contrary results in the studies, it is stated that 

irisin has many physiological properties in such as weight 

loss, decreasing in insulin resistance, is related with obe-

sity, glucose regulation, and effects on lipid metabolism.31 

Although irisin is prominent with its myokine identity se-

creted from muscle, it is an adipokine due to its secretion 

from adipose tissue. When the effect of circulating irisin 

levels was examined, the secretion from white adipose tis-

sue was at a lower level than that secreted from muscle.33 

Despite studies showing that irisin levels decrease when 

adipose tissue increases, the level of circulating irisin in-

creases when waist circumference and waist/hip ratio and 

leptin levels increase. Individuals with the normal range of 

BMI is and without any metabolic disorders, the majority 

of circulating irisin levels are secreted from muscle cells, 

while in obese individuals the amount of irisin is secreted 

because of an increase in body fat mass is excessive in ad-

ipose tissue.33 It is believed that significantly reducing 

irisin levels in the blood and FNDC5 gene expression in 

obese people who have lost body weight by bariatric sur-

gery method supports that mechanisms for reducing high 

irisin levels in obese people may be a therapeutic ap-

proach. But in a study that clarified the insulin level after 

bariatric surgery in obese individuals, it was also deter-

mined that the level of irisin increased in response to de-

creased body mass (figure 4).31Again, a lower irisin level 

in the elderly obese group is associated with age-related 

decreased muscle function. In obesity, the synthesis of cir-

culating irisin levels increases as a regulatory response to 

the metabolic disorders such as low insulin levels and in-

sulin resistance. The high level of irisin in obesity may 

benefit as a predictive factor in use for early diagnosis and 

treatment. Physical activity, which is very important in 

controlling metabolic problems such as obesity, Type 2 

DM, cardiovascular diseases, is also associated with the 

hormone irisin that increases because of muscle contrac-

tion. In relation to the exercise performed, the levels of iris 

in the tissues vary.34 In studies with long-term exercise 

plans, an increase in blood irisin levels is increases imme-

diately after daily training, while a slowly decreases is ob-

served after 30 minutes. There is no difference in circulat-

ing irisin levels after the end of the planned exercise study. 

Therefore, it can be concluded the acute effective elevation 

of the blood irisin level during exercises is due to the fact 

of homeostatic regulation of ATP and followed by a de-

crease in basal concentrations.35 

It is believed that irisin has an important role in decrease 

the amount of fat in the body, since it is a thermogenic 

agent.36 In previous research, irisin levels were found to be 

353.1±18.6 ng/mL in obese individuals and 198.4±7.8 

ng/mL in controls. Irisin were measured as 353.1±18.6 
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ng/mL in men and 267.6±12 ng/mL in women. This study 

shows that irisin levels are higher in men in relation to gen-

der.36 Circulating irisin increases in obesity as a compen-

satory response to hyperglycemia. at the same time, it has 

been suggested that the sensitivity of the iris to insulin and 

leptin decreases.37  

An association between plasma iris concentrations of the 

obese and diabetic group and body mass index, age and 

different biochemical parameters could not be determined. 

Also, when all Type 2 diabetes patients were grouped sep-

arately, it was found that there was an association between 

circulating irisin levels and both HbA1c and urea.38 

AMYLIN 

Amylin is a polypeptide consisting of 37 Amino acids. In 

case of satiety, insulin is secreted from the β cells of the 

pancreas as a signal of satiety. It exerts its effect by acting 

on cortical homeostatic and hedonic brain regions. It pro-

longs the emptying process of the stomach and suppresses 

the secretion of glucagon. It plays a primary role in regu-

lating glucose levels after childbirth by creating an anorec-

tic signal. Therefore, synthetic amylin analogues can take 

part in the treatment process of obese individuals as anti-

obesity drugs.39 

Amylin plays an important role in regulating post-meal sa-

tiety. It activates proopiomelanocortin neurons through 

amylin kinase signaling. This pathway is regulated by 

extracellular signaling. This arrangement is made indepen-

dently of leptin.40 It seems that amylin will be very useful 

for losing weight and regulating glucose levels. Due to the 

short duration of action of amylin and its tendency to self-

cluster, it makes it difficult to show the above-mentioned 

effects for a long time.41 

The use of analogues of amylin in the treatment of obesity 

seems to be a reliable option that increases the likelihood 

of obtaining results. It is stated that administration of am-

ylin analogues in combination with GLP-1 (glucagon such 

as peptide-1) agonists for more weight loss is more bene-

ficial compared to monotherapy. For these therapeutic 

agents to be used effectively in the treatment of obesity, 

conducting studies in which more examples are included 

is important in terms of effectiveness and reliability.42 

OBESTATIN 

Injection of a newly discovered hormone, obestatin, pro-

longs the residence time of food in the stomach. It is re-

vealed in new studies that the feeding and contraction 

stimuli of the ghrelin hormone on the jejunal muscles are 

reduced by obestatin.43 It is stated that obestatin prevents 

thirst, strengthens memory and affects sleep. In addition, it 

is stated that it positively affects cell proliferation, release 

of pancreatic enzymes, survival, and inhibits the stimula-

tion of insulin release by glucose.44 

In a study conducted on rats that underwent gastrectomy, 

it was found that obestatin and ghrelin levels decreased by 

50-80%.45 Anorexigenic effects have been found to occur 

in rats after the first peripheral or intracerebroventricular 

injection of obestatin.43,46 In some recent studies, it is 

stated that Obestatin has no inhibitory effect on food intake 

and weight gain.47 Lagaud et al.46 demonstrated the effects 

of obestatin on the diet of rats at different dose ranges. 

Treatment with obestatin for a period of 7 days was found 

to suppress food intake and weight gain in rodents.46 

PREPTIN 

Isolated from the beta cells of the rat Pancreas in 2001, the 

amount of preptin in circulation is halved in less than five 

minutes. An increase or decrease in its level is closely re-

lated to insulin levels in humans. Preptin-stimulated Insu-

lin secretion has been found to be at a similar level to 

glibenclamide in mice.49 

It is revealed in the above study that preptin and amylin are 

produced at the same time by the beta cells of the pancreas. 

Infusion of preptin into isolated and perfused rat pancreas 

increases glucose-mediated insulin secretion by 30% in the 

second phase. It is reported that antipreptin immunoglobu-

lin infusion reduces first phase secretion by 29% and sec-

ond phase secretion by 26%.50 Preptin levels were found to 

be higher in patients with diabetes mellitus than in healthy 

individuals. In addition, a positive correlation was ob-

served between diastolic blood pressure, triglyceride, total 

cholesterol, HbA1c and HOMA-IR index and plasma 

preptin concentrations.48 
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In a study, preptin levels in serum and fetal cord blood of 

31 pregnant women of the same age with and without ges-

tational diabetes were investigated. Preptin levels were 

found to be higher in the maternal serum and fetal cord 

blood of the diabetic group. A positive correlation was 

found between preptin levels and maternal age, fasting in-

sulin level, blood glucose level in the first hour after sugar 

loading, and fetal cord preptin.50 

Conclusion  

As a result of a study conducted on obese individuals who 

received nutrition and exercise training, it was found that 

irisin levels did not change, but there was a moderate cor-

relation between plasma irisin levels and HOMA-IR lev-

els. In this way, it was determined that adiponectin showed 

anti-obesity property. 

Hormones that inform the hypothalamus about the body's 

energy stores prevent eating and ensure that body weight 

remains within certain physiological limits. It is very cru-

cial to clarify obesity, which has emerged as an increasing 

health problem in recent years, and hormones related to 

obesity. In this context, we conclude that the functions of 

obesity-related hormones mentioned above will guide fur-

ther studies. 
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