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ABSTRACT 
 

Peptides are relatively safe, well tolerated, highly selective and efficacious. Consequently, in recent years, peptides have 

acquired an increased interest as therapeutics in pharmaceutical research and development. In clinical trials, about 140 

peptide therapeutics are currently being tested. In medicine and biotechnology, peptides have acquired a broad range of 

applications. More than 7000 peptides in nature have been recognized, and these peptides also have critical roles 

including actions as hormones, growth factors, neurotransmitters, ion channel ligands, or anti-infectives. Peptides are 

often excellent biomarkers and can be used for diagnostic purposes. Metabolic diseases and oncology are the major 

disease areas nowadays driving the clinical use of peptide drugs. We think that the future peptide drugs development 

will be a new tool for the several pathologies amelioration. 
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INTRODUCTION 

 

Peptides are selective signaling molecules which 

attach to specific receptors, such as G protein-coupled 

receptors or ion channels, producing intracellular effects. 

The attractive pharmacological profile and intrinsic 

properties of peptides tender them a great starting point for 

the novel therapeutics design. In contrast with protein-

based biopharmaceuticals, peptide therapeutics are joined 

with lower production complexity leading to lower 

production costs, approaching of small molecules. 

Therefore, peptides are in the sweet site between small 

molecules and biopharmaceuticals. Naturally occurring 

peptides are often not useful therapeutics as they have 

intrinsic weaknesses, including short plasma half-life, poor 

physical and chemical stability but some of these defects 

have been solved via traditional peptide design, 

multifunctional and cell penetrating peptides and peptide 

drug conjugates as well as and technologies centering on 

different routes of administration. So, these emerging 

peptide technologies show the chances and future potential 

directions in the peptide field. Metabolic diseases and 

oncology are the major disease areas nowadays driving the 

clinical use of peptide drugs. Glucagon-like peptide-

1(GLP-1) agonists are the most recent peptide drugs used 

for management of type 2 diabetes mellitus (Fosgerau and 

Hoffmann 2015). 

So, in this review we provide some insights about 

some ingestive peptides such as Adiponectin, 

Apolipoprotein A-IV (apoA-IV), Cocaine-and 

amphetamine-regulated transcript (CART), Galanin, 

Cholecystokinin (CCK), Ghrelin (GHRL), Glucagon-like 

peptide 1 (GLP-1), Orexin to assess the effect of them on 

vital body function for clarifying the therapeutic potential 

of using them in the treatment of some diseases. 

 

Adiponectin 

Adiponectin is one of the most essential 

adipocytokines that secreted by white adipose tissue 

adipocytes. Adiponectin is called a “guardian angel 

adipocytokine” due to its special biological functions. 

Adiponectin act via 3 receptors, AdipoR1, AdipoR2, and 

T-cadherin, which are dispersed across the body (Parida et 

al. 2019). In 1995, the first adiponectin study was published 

in which it was expressed as Acrp30 (an adipocyte 

complements related protein of 30 kDa) in the adipose 

tissues and differentiated adipocytes (Scherer et al. 1995). 

Adiponectin (AdipoQ, Acrp30, apM1 and GBP-28) is 

a secretory protein which consists of a carboxyl terminal 

globular domain and a nitrogen terminal collagen domain. 

Adiponectin has three various molecular weights: high-

molecular weight (HMW) (multimer), middle-molecular 

weight (MMW) (hexamer), and low-molecular weight 

(LMW)  (trimer)  (Choi et al. 2020). In cattle, the low MW 
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isoform and the globular fragment were not detected in 

blood serum or plasma (Heinz et al. 2015). Greater physical 

activity is associated with a higher adiponectin level, while 

decreased adiponectin level in patients suffering from 

obesity, pre-diabetic and diabetic patients (Fiaschi et al. 

2019). Adiponectin is reduced responding to endotoxins in 

dogs (Tvarijonaviciute et al. 2011). However, these results 

are in contrast with a previous human study in which 

endotoxaemia-associated inflammation did not alter 

adiponectin plasma concentrations (Keller et al. 2003). 

Adiponectin mediates various metabolic processes. 

Adiponectin activates fatty acid synthesis, uptake of 

glucose in skeletal muscle and inactivates gluconeogenesis 

in the liver. Adiponectin can improve insulin resistance via 

elevation of oxidation of fatty acid through PPAR-γ 

activation and stimulation of IRS (insulin receptor 

substrate) signaling in the skeletal muscles and the liver 

(Choi et al. 2020). Adiponectin plays a decisive role in 

insulin resistance in lactating cows especially in the 

adipose tissue and in the mammary gland (Komatsu et al. 

2007). Adiponectin could increase insulin sensitivity in 

periparturient dairy cows (Mecitoglu et al. 2016). 

Also, Adiponectin has antioxidant, anti-inflammatory, 

and anti-atherosclerotic and anti-diabetic effect (Choi et al. 

2020) in different animal species (Hotta et al. 2001; 

Yamauchi et al. 2003; Klöting et al. 2006) and in rabbits 

(Li et al. 2007a). Enhancement of adiponectin decrease the 

development of metabolic syndrome risk (Ghadge et al. 

2018). Adiponectin inhibits tumor necrosis factor alpha via 

bovine monocytes (Kabara et al. 2014). Adiponectin at 

various doses (Table 1) enhances the oxidation of lipid in 

bovine hepatocytes (Chen et al. 2013). Elevation of plasma 

adiponectin in animals alleviates endothelial dysfunction 

and hypertension (Hui et al. 2012) and its Protective effects 

against endothelial dysfunction and hypertension is also 

reported by Zhu (Zhu et al. 2008). It induces endothelial 

repair and angiogenesis via increasing the number and the 

function of the endothelial progenitor cells (Xu et al. 2010). 

It also prevents atherosclerosis, cardiomyopathy and 

myocardial infarction (Hui et al. 2012). 

Energy homeostasis is the central role of adiponectin 

and its newly role is a starvation gene. Both pro-

inflammatory and anti-inflammatory signaling pathways 

are activated by HMW adiponectin, but globular 

adiponectin induces pro-inflammatory signaling pathways. 

Adiponectin induces the cellular differentiation of the 

monocytes to M2 macrophages and inhibits the cellular 

differentiation of the monocytes to M1 macrophages, 

exhibiting proinflammatory and anti-inflammatory effects, 

respectively (Choi et al. 2020). In porcine monocyte 

derived macrophages, adiponectin can activate IL-10 

production (Wulster-Radcliffe et al. 2004). In Obesity, 

Type 2 Diabetes and atherosclerosis, adiponectin has anti-

inflammatory effects, but has pro-inflammatory effects in 

the Inflammatory Bowel Disease, Chronic Kidney 

Diseases and Rheumatoid Arthritis so adiponectin’s role in 

inflammation remains uncertain. 

On endothelial cells, adiponectin induces cAMP-PKA 

(cyclic adenosine monophosphate-protein kinase A) and 5' 

AMPK (adenosine monophosphate-activated protein 

kinase) to regulate vascular homeostasis (Choi et al. 2020). 

Adiponectin protects against myocardial ischemia-

reperfusion injury in pigs through inhibition of 

inflammation, oxidative stress and apoptosis. Intracoronary 

adiponectin administration in pigs could be a useful therapy 

for acute myocardial infarction (Kondo et al. 2010). 

Physiological roles of adiponectin in the main tissues are 

summarized in Fig. 1. 
 

 
 

Fig. 1: physiological role of adiponectin in the main tissues (Choi 

et al. 2020).  
 

Adiponectin has a protective function in many brain 

diseases including depression, stroke and Alzheimer’s 

disease. The role of adiponectin in brain activity is not well-

known though adiponectin receptors, AdipoR1 and 

AdipoR2, are generally allocated in different regions of the 

brain. Adiponectin exhibit both beneficial and harmful 

effects in the nervous system. Some studies showed a 

neuroprotective function of adiponectin, while other 

studies report a relationship between cognitive decline and 

amyloid accumulation severity and adiponectin in elder 

population. Adiponectin action is greatly damaged in 

cardiovascular diseases. So, it is of great importance to 

develop strategies to prevent hypoadiponectinemia in such 

diseases (Surmacz and Fiaschi 2020). Cancer progression 

is closely related to obesity and adiposity in various forms 

of tumors (pancreatic, liver, prostate and colorectal 

cancers). Obesity acts by dysregulation of adipokine 

production, causing elevation of leptin (oncogenic 

adipokines), and adiponectin reduction, which preforms a 

protective function in cancers related to obesity (Parida et 

al. 2019). In some female cancers, adiponectin has anti-

proliferative actions (Gelsomino et al. 2019). 

Adiponectin has role in the alleviation of renal injury 

due to diabetes. So, development of strategies for 

adiponectin and adiponectin receptors upregulation and 

using of the receptor agonist AdipoRon in the improvement 

of diabetic kidney disease are of a great interest (Kim and 

Park 2019). Also, Adiponectin has role in the hair growth 

stimulation in humans (Park and Cho 2019). 
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Table 1: The drugs, their dose and use for therapeutics 

Drug Dose Used as therapeutics of Disease/Condition References 

Adiponectin 0.03mg/kg Acute myocardial infarction in pig Kondo et al. (2010) 

10μg/mL/porcine macrophage Regulation of cytokines Wulster-Radcliffe et al. (2004) 

64ng/mL 

16ng/mL 

128ng/mL 

Regulation of lipid metabolism Chen et al. (2013) 

Apo A-IV 100μg/kg 

200μg/kg 

Inhibition of food intake in wild mice Lo et al. (2012) 

CART 6.25 to 50μg/kg Stimulates the exocrine secretion Cowles et al. (2001) 

0.1 or 1μM Inhibit the production of estradiol in the bovine Selvaraju et al. (2013) 

CCK 6μg/kg 

10μg/kg 

Prohibits dietary intake in rats Lembke et al. (2011) 

5.2nmol/kg 

8.7nmol/kg 

Prohibits dietary intake in rats Engster et al. (2014) 

GLP-1 35pmol min‐1.kg‐1 Control glucose homeostasis in calf Edwards et al. (1997) 

1μg/kg Control glucose homeostasis in calf Fukumori et al. (2012) 

10μg/kg Control glucose homeostasis in sheep Faulkner and Pollock (1991) 

2μg/kg Insulinotropic effects in cattle ThanThan et al. (2012) 

Galanin rat galanin (10‐9 to 10‐6 mol.l‐1) 

pig galanin (10‐6 mol.l‐1) 

Inhibits insulin secretion in rat and pig Lindskog et al. (1990) 

4μg/kg Regulation of glucose and insulin secretion in dog Manabe et al. (2003) 

10μg/kg 

20μg/kg 

Regulation of gastric acid secretion in mice Piqueras et al. (2004) 

Ghrelin 2.4µmol kg-1 Induces food intake and weight gain in rats Tschop et al. (2000) 

2μg/kg Increases body weight gain in pig Salfen et al. (2004) 

5μg/kg Inhibits insulin secretion and increase food intake in 

lambs 

Krueger and Melendez (2012) 

Orexin 0.3μg/kg Regulate the reproductive system in ewes Kirsz et al. (2019) 

100ng/mL Regulate the reproductive system in ewes Kirsz et al. (2014) 

 

Apolipoprotein A-IV (apoA-IV) 

Apolipoprotein A-IV is a lipid-binding protein. It is 

synthesized in the small intestine, packed into 

chylomicrons, and secreted during fat absorption into 

intestinal lymph. ApoA-IV in the circulation is present on 

chylomicron remnants, HDL, and in free lipid. ApoA-IV 

is implicated in some processes such as glucose 

homeostasis (Li et al. 2015; Li et al. 2017b), anti-

atherosclerosis (Ostos et al. 2001), lipid absorption and 

metabolism (Weinberg et al. 2012), platelet aggregation 

and thrombosis (Xu et al. 2018) and food intake (Shen et 

al. 2017). Apo A-IV plays a protective role against 

atherosclerosis and reverses cholesterol transport in mice 

(Duverger et al. 1996; Cohen et al.1997). Apo A-IV 

stimulates enterocyte lipid secretion in a newborn swine 

enterocyte cell line by increasing chylomicron size (Lu et 

al. 2002; Lu et al. 2006). 

Apo A-IV plays a decisive role in early life, 

modulating the efficiency of enterocyte lipid transport in 

fatty foods, namely colostrum. Also, Apo A-IV acts as 

antioxidant and inhibits gastric acid secretion (Stan et al. 

2003). 

Elevation of Apo A-IV concentration in colostrum 

may protect the immunoglobulin molecule structure, 

decreasing the secretion of gastric acid in the newborn lamb 

stomach and increasing the intact Igs amount which is 

absorbed in the intestine (Hernández-Castellano et al. 

2014). Apo A-IV has an immunomodulatory effect against 

external agents in mice (Vowinkel et al. 2004). 

In men, low concentration of plasma apoA-IV is 

related to coronary artery disease (Kronenberg et al. 2000). 

The deficiency of ApoA-IV is related to diabetes and 

atherosclerosis, which serves it as a promising therapeutic 

goal for management of certain diseases (Rao et al. 2017; 

Ostos et al. 2001). High concentration of plasma apoA-IV 

levels are related to kidney failure (mild to moderate), 

which renders it as an indicator of progression of kidney 

disease (Boes et al. 2006). ApoA-IV can work for ovarian 

cancer, prediabetes and liver fibrosis as biomarkers for 

early diagnosis (Dieplinger et al. 2009; Von Toerne et al. 

2016; Wang et al. 2017). 

ApoA-IV can serve as anti-atherosclerotic probably 

through three various routes; First, by influencing reverse 

cholesterol transport mediated by HDL; Second, by 

lowering of LDL oxidation; Third, by inhibition of the 

reactions of inflammation possibly via P-selectin pathway 

and platelet aggregation through signaling mediated by 

αIIbβ3 integrin. ApoA-IV affects the regulation of levels of 

blood glucose in 3 organs. It enhances the secretion of 

insulin in the pancreas through a pathway that includes 

cAMP and downstream of exocytosis of insulin-containing 

granules which mediated by Ca2+. It induces uptake of 

glucose in adipose tissue via stimulation of PI3K/Akt 

pathway (Phosphatidylinositol 3-kinase /protein kinase B) 

and subsequent Glut4 translocation into the plasma 

membrane. It represses gluconeogenesis in the liver via 

interacting with NR1D1 and/or NR4A1 (nuclear receptor 

subfamily 1 group D member 1 and/or nuclear receptor 

subfamily 4 group A member 1) and inhibition of genes of 

gluconeogenesis. Central apoA-IV regulates dietary intake 

via PI3K/Akt pathway in the hypothalamus. Peripheral 

apoA-IV possibly synchronizes with central apoA-IV 

through the vagus nerve in the dietary intake regulation (Qu 

et al. 2019). Apo AIV in rats can reduce food intake (Lo et 

al. 2012). Apo A-IV might act as potential biomarkers of 

Alzheimer's disease (Yang et al. 2012). 
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Cocaine and Amphetamine-Regulated Transcript (CART) 

In 1981, CART peptide was first identified in the ovine 

hypothalamus (Spiess et al. 1981) and the name is derived 

from rising the amount of CART mRNA following cocaine 

and amphetamine administration in the rat striatum 

(Douglass et al. 1995) but later was highly expressed in the 

hypothalamus. CART peptides are found mainly in the 

central and the peripheral nervous system. In the central 

nervous system, they are found in various brain regions, 

involving the dopaminergic system; Nucleus Accumbens 

(NAc) and Ventral Tagmental Area (VTA), pituitary, 

hypothalamus, hindbrain. Throughout the peripheral 

nervous system, they are distributed in pancreas, adrenal 

glands, liver, sympathetic neurons, ovarian, esophageal 

enteric nervous system, the gastrointestinal tract and its 

enteric nervous system (Koylu et al. 1997; Vicentic et al. 

2007). But, in recent years, many studies have identified 

CART in the digestive system, which has been found in 

both neuronal cells and endocrine cells in stomach, 

pancreas, small intestine, large intestine and gallbladder. 

Despite several studies on the distribution of CART in the 

digestive organs, the exact roles of it in the stomach, 

pancreas and intestine remain unclear (Makowska and 

Gonkowski 2017). CART strongly affects the motor 

activity regulation which is involved in emptying of the 

cattle stomach and in secretory functions of the cattle 

stomach (Janiuk et al. 2013). 

CART stimulates at 6.25-50µg/kg (Table 1) the 

exocrine secretion in the mammalian pancreas (Cowles et 

al. 2001). CART can control the pancreatic enzymes and 

hormones secretion in cattle (Janiuk and Młynek 2015). 

CART decreases the glucotoxicity of the beta cell and 

stimulates maintenance of functional beta cell mass. CART 

activates kinases which are important for survival and 

proliferation of the cell. CART improves glycemia and 

viability of beta cell in rats (Sathanoori et al. 2013). CART 

plays a potential role in the sheep for follicular 

development regulation. It can inhibit ovine follicular 

growth and development (Huang et al. 2016). CART can 

inhibit the proliferation of granulosa cells and the 

production of E2, which stimulated by FSH in vitro in the 

porcine ovarian granulosa cells, but the inhibition is not 

significant. So, CART maybe not a main negative 

regulatory factor during porcine follicular development, 

which is different from the single fetal animals (Li et al. 

2018). CART plays a role in the developmental regulation 

of chicken follicles (Li et al. 2017a). CART can inhibit the 

production of estradiol in the bovine granulosa cell 

(Selvaraju et al. 2013). 

Some studies suggest CART as a neurotransmitter, 

neurohormone and neuroprotective agent that is mainly 

included in regulation of addiction, stress, feeding, anxiety, 

neurological disease, innate fear, neuropathic pain, 

depression, insulin secretion, osteoporosis, learning, 

reproduction, memory, sleep, vision, thirst, body 

temperature, energy expenditure and blood pressure. 

CART peptides may participate in the regulation of 

osmolality, extracellular volume and thirst mechanism 

(Ahmadian-Moghadam et al. 2018). CART peptides have 

a role in cold adaptation (Kong et al. 2003) but also 

produced hypothermia in the hindbrain (Fekete et al. 2005). 

It is also may be involved in type 2 diabetes, hyperphagia, 

obesity, Parkinson’s disease and Alzheimer’s disease 

(Douglass et al. 1995; Thim et al. 1999). 

 

Cholecystokinin (CCK) 

In 1928, CCK was identified as a gallbladder 

contraction factor in jejunal extracts (Ivy and Oldberg 

1928). Cholecystokinin peptides are synthetized in small 

intestinal endocrine cells and also in cerebral neurons and 

is also expressed in various endocrine glands (thyroid C-

cells, pituitary cells, pancreatic islets, the testis and the 

adrenals); in peripheral nerves; in medullary and cortical 

kidney cells; in cells of the immune system and in cardial 

myocytes (Rehfeld 2017). CCK's cellular effects are 

mediated through 2 receptors. The CCK-A or CCK1 

“alimentary” receptor (Wank et al. 1992) mediates 

pancreatic growth and enzyme secretion, gallbladder 

contraction and gastric acid secretion inhibition by fundic 

somatostatin (Chen et al. 2004). The CCK-B or CCK2 

“brain” receptor is the prevalent CCK receptor in the brain 

(Kopin et al. 1992). 

CCK activate secretion of pancreatic enzyme and 

contraction of gallbladder (Ueda et al. 1985). It is also a 

neurotransmitter in the peripheral neurons and in the brain 

and a growth factor (Rehfeld et al. 2007). Cholecystokinin 

control intestinal motility (Schultzberg et al. 1980). Gibbs 

et al. (1973) detected that exogenous CCK prohibits dietary 

intake and also in rodents (Lembke et al. 2011; Bewick 

2012; Engster et al. 2014). CCK can regulate the 

contraction of the gallbladder, the secretion and the growth 

of the pancreas, the gastric emptying, the duodenal 

secretion, satiety, glucose homoeostasis and insulin 

secretion (Wattez et al. 2013). It may be a cardiac marker 

for failure of the heart (Goetze et al. 2015), a spermatozoan 

fertility factor (Persson et al. 1989), an anti-inflammatory 

factor in the immune system (Li et al. 2007b) and a 

natriuretic kidney peptide (Miyamoto et al. 2012). The 

expression of Cholecystokinin has been increased in 

different neuroendocrine tumors especially medullary 

thyroid carcinomas, corticotropic pituitary tumors and 

pancreatic islet cell tumors (Rehfeld et al. 2016). Recently, 

circulating cholecystokinin may be a helpful tumor 

biomarker as a metastatic islet cell tumor lead to a 

particular CCKoma syndrome (Rehfeld 2016). The CCK 

system is involved in the anxiety-like behaviors. CCK-4 

stimulated the anxiety level during cat exposure in SD rats 

and in PVG hooded rats during the Elevated plus maze test. 

CCK2 antagonists showed significant anxiolytic effects in 

these two animal models (Wang et al. 2005). 

 

Glucagon-like peptide 1 (GLP-1) 

GLP-1 is a multifaceted hormone which is released 

from gut enteroendocrine cells with broad pharmacological 

potential (Müller et al. 2019). GLP1 act through the 

GLP1R, which is expressed in pancreas, lung, kidney, 

heart, adipose tissue, smooth muscle and in particular 

nuclei in the central nervous system. Owing to the GLP-1 

short plasma half-life of due to fast degradation by DPP4 

(dipeptidyl peptidase 4), Many GLP1 receptor agonists 

(GLP1RAs) with long half-lives were improved with 

various chemical structures as well as pharmacokinetic 

profiles for treatment of T2DM. 

Both GLP1RAs, short-acting and long-acting, 

decrease body weight while short-acting GLP1RAs have a 
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higher impact on levels of postprandial plasma glucose and 

long-acting GLP1RAs reduce the concentrations of fasting 

plasma glucose (Andersen et al. 2018). Several GLP-1-

based pharmacotherapies for the obesity treatment are in 

clinical evaluation (Müller et al. 2019) but the GLP1RAs 

role for T1DM treatment stays partially undiscovered 

(Andersen et al. 2018). GLP-1 can regulate the contraction 

of the gallbladder, the secretion and the growth of the 

pancreas, the gastric emptying, the duodenal secretion, 

satiety, glucose homoeostasis and insulin secretion 

(MacDonald et al. 2002; Bewick 2012; Wattez et al. 2013). 

It also plays a role in energy balance regulation and in the 

function of cardiovascular system (Pezeshki et al. 2012). 

The GLP-1 is an important candidate for the development 

of pharmacotherapies to treat neurodegenerative disorders, 

diabetes and obesity due to its beneficial effects (Müller et 

al. 2019). GLP-1 act as a pleiotropic hormone and an 

incretin hormone. GLP-1 can increase natriuresis and 

diuresis. GLP-1 has cardioprotective and neuroprotective 

effects. GLP-1 can decrease inflammation and apoptosis. 

GLP-1 has many implications for learning and memory, 

reward behavior, and palatability (Müller et al. 2019). 

GLP-1 has the ability to induce secretion of glucose-

dependent insulin. GLP-1 is approximately 100-fold more 

potent in induction of insulin secretion than glucagon (Weir 

et al. 1989) GLP-1 can control glucose homeostasis 

(Drucker 2007) by activating secretion of insulin in 

ruminants (Edwards et al. 1997; Fukumori et al. 2012) and 

in sheep (Faulkner and Pollock 1991) and via its direct 

glucose-lowering action independent of insulin (Sancho et 

al. 2005). Also, under normoglycemic conditions in cattle, 

GLP-1 has insulinotropic effects and it can inhibit the 

insulinotropic effects of glucagon and oxyntomodulin 

(ThanThan et al. 2012). GLP-1 induces insulin synthesis 

and secretion through various pathways depending on 

cAMP (Müller et al. 2019). A decreased incretin effect on 

the secretion of insulin is related to genetic and metabolic 

alterations. The incidence of both genetically determined 

GLP-1 resistance and hyperglycemia can potentiate the 

insulin secretion impairment which caused by GLP-1 (Heni 

et al. 2010). GLP1RAs ameliorate glycemic regulation 

through both acute insulinotropic action and chronic action 

to preserve mass of β-cell through apoptosis inhibition and 

stimulation of proliferation of β-cell (Park et al. 2006; 

Arakawa et al. 2009; Kawamori et al. 2017).While 

conflicting results showed that the capacity of GLP-1R 

agonism to ameliorate replication of β-cell may be affected 

by animal age, diet-composition, species that are under 

investigation and the treatment duration (Arakawa et al. 

2009). GLP-1 effectively prevents glucagon secretion 

leading to decrease of blood glucose level (Drucker 2018) 

by a paracrine stimulation of the islets for secretion of 

somatostatin, and may be insulin, amylin, Zn2 and Gamma 

aminobutyric acid (GABA) at high glucose levels. GLP-1 

inhibits secretion of glucagon through endocrine rather 

than direct pathways (Müller et al. 2019). GLP-1 analogs 

can decrease body weight through food intake suppression 

(Clemmensen et al. 2015; Henderson et al. 2016). GLP-1 

can inhibit food intake in rats (Tang-Christensen et al. 

2001). GLP-1 can inhibit water intake (McKay et al. 2014). 

GLP-1 can enhance postprandial glucose handling via 

gastric emptying inhibition (Linnebjerg et al. 2008). GLP-

1 can inhibit secretion of postprandial chylomicron and 

decreases levels of circulating triglyceride in rodents and 

human beings (Hsieh et al. 2010; Xiao et al. 2012). GLP-

1R agonists decrease the rates of main adverse 

cardiovascular events such as myocardial infarction, stroke 

as well as cardiovascular death (Marso et al. 2016a, 2016b) 

but their mechanisms require further elucidation (Drucker 

2018). GLP-1R agonists can reduce biochemical 

biomarkers of nonalcoholic fatty liver disease (NAFLD) 

and substantially decrease signs of inflammation, steatosis 

and fibrosis in biopsy samples and imaging (Carbone et al. 

2016) but further research is needed to identify whether 

GLP-1 receptor agonists play a role in the handling of 

NAFLD and/or nonalcoholic steatohepatitis (NASH) 

(Andersen et al. 2018). Metabolic effects of GLP-1 are 

summarized in Fig. 2. 

 

 
 

Fig. 2: Metabolic effects of GLP-1 in many tissues (Müller et al. 

2019). 

 

Galanin 

Galanin, a 29/30 amino-acid peptide was detected in 

1983 as a gut-derived peptide hormone (Tatemoto et al. 

1983). This peptide is found at the central and peripheral 

nervous system, macrophages, adipose tissue, skeletal 

muscle, heart muscle, and pancreatic islet (Koller et al. 

2019; Ramspacher et al. 2019). Galanin act through 3 G-

protein coupled receptors (GAL1-3-R), showing highest 

affinity for GAL1-R and GAL2-R (Lang et al. 2015). 

Galanin peptide family (galanin, galanin-like peptide, 

alarin and spexin) may control metabolism of glucose and 

improve resistance of insulin, which may be a therapeutic 

value for type 2 diabetes mellitus treatment (Fang et al. 

2018; Abot et al. 2018; Idelevich et al. 2018; Fang et al. 

2020). To date, however, few papers have summarized the 

effect of the galanin peptide family on metabolism of glucose 

and resistance of insulin as yet. Galanin strongly inhibits the 

secretion of insulin in dogs, pigs and rats (McDonald et al. 

1985; Lindskog et al. 1990; Manabe et al. 2003; Ruczynski et 

al. 2010; Tang et al. 2012; Fang et al. 2014). 

Galanin is able to modulate different physiological 

functions such as learning, memory, feeding, sleep, pain 

threshold, inflammation, parental behavior, sexual 

behavior and release of insulin and pituitary hormone (Wu 

et al. 2014; Lang et al. 2015; Fang et al. 2017; Kroeger et 

al. 2018; Kohl et al. 2018; Ramspacher et al. 2019; Ma et 

al. 2019; Reichert et al. 2019). 
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GAL stimulates the muscles contraction in rat ileum 

(Botella et al. 1992). It plays a relaxatory activity in the 

canine pylorus and ileum (Fox-Threlkeld et al. 1991). 

Galanin can control the gastric acid and the pancreatic 

enzymes secretion. It also can modulate ion channels for 

regulation of the other neuro-transmitters secretion 

(Piqueras et al. 2004; Sarnelli et al. 2004; Hegyi et al. 

2011). Galanin serves as a neuronal survival-promoting 

factor in mice in some parts of the peripheral and central 

nervous systems (Holmes et al. 2005). Galanin can control 

memory and learning, neuroprotection, and 

neuroendocrine activity. It represents a potential therapy 

for some diseases such as Alzheimer’s disease, epilepsy, 

and diabetes (Crawley 2008; Lang et al. 2015). 

 

Ghrelin 

Ghrelin is a multifaceted hormone (a unique 28-

amino-acid peptide) that has been found to exert a broad 

physiological effect on all body systems due to the wide 

distribution of ghrelin receptors {growth hormone 

secretagogue type 1a receptor and 1b receptor (GHSR 1a 

and 1b)}in many parts of the body (Akalu et al. 2020). 

Ghrelin is the first detected hunger hormone. It is a 

neurotransmitter in the nervous system and a hormone in 

the endocrine system and. It is called motilin-related 

peptide or growth hormone secretagogue (Kojima et al. 

2001). It was detected in 1999 by Kojima in Japan (Kojima 

et al. 1999). Its name is relied on its function as a growth 

hormone-releasing peptide (Growth Hormone Releasing 

Inducing=ghrelin) (Inui et al. 2004). Ghrelin has 2 forms: 

acyl ghrelin (active form, octanoylated form) and des-acyl 

ghrelin (inactive form, nonoctanoylated form) (Du et al. 

2018). Ghrelin is primarily found in the oxyntic gland in 

the monogastric stomach and the ruminant abomasum 

(Date et al. 2000). 

Ghrelin induces appetite and food intake 

(Faulconbridge et al. 2003) and decrease energy 

expenditure (Lv et al. 2018). Ghrelin administration 

induces food intake and increase the fat mass, resulting in 

weight gain (Tschop 2000). In pigs, ghrelin increases body 

weight gain during weaning (Salfen et al. 2004). But in 

another study, ghrelin did not significantly affect daily 

weight gain and daily feed intake in weanling piglets (Wu 

et al. 2008). 

It has a role in enhancement of glucose tolerance and 

insulin sensitivity (Sun et al. 2006). It activates the use of 

carbohydrates as a fuel source while sparing fat (Gao et al. 

2016). Ghrelin inhibits insulin secretion in lambs (Krueger 

and Melendez 2012). 

It suppresses lipid oxidation and induces lipogenesis 

(Nogueiras et al. 2010). It induces the secretion of gastric 

acid and also its motility (Masuda et al. 2000). Ghrelin 

induces the secretion of gastric acid and gastric motility in 

rats (Kamegai et al. 2001) but in rabbits, ghrelin did not 

induce contraction (Peeters 2005). 

Various studies revealed that the ghrelin has a 

cardiovascular protective effect (Wu et al. 2005; Lilleness 

and Frishman 2016). It also ameliorates cardiac 

performance through modulating the concentration of 

intracellular calcium (Colldén et al. 2017). Ghrelin has a 

neuroproliferative and neuroprotective effect which make 

it a target for preparing the neurodegenerative diseases 

drugs (Johansson et al. 2008). Ghrelin has a protective role 

in the kidneys (Çimen et al. 2019; Nikitopoulou et al. 

2020). Ghrelin has a role in learning and memory (Zhao et 

al. 2008) but other studies revealed that ghrelin does not 

affect the memory (Kunath et al. 2016). Ghrelin is essential 

for taste sensation, olfaction, and sniffing (Muller et al. 

2015). Ghrelin decreased blood pressure and heart rate so 

it gives insight into the antihypertensive drugs preparation 

from ghrelin (Soeki et al. 2014). Ghrelin preforms as a 

natural antimicrobial and anti-inflammatory peptide, 

playing a protective role for innate immunity and response 

against infections (Yang et al. 2016). Ghrelin increases the 

density of the bone mineral by inducing osteoblast cells 

(Napoli et al. 2011; Dieci et al. 2014). Ghrelin has been 

involved in reproductive system modulation (Fernández-

Fernández et al. 2005) and activation the release of growth 

hormone (Šaranac and Gucev 2016), prolactin, 

adrenocorticotropic hormone, oxytocin, cortisol and 

vasopressin (Szabó et al. 2019). Ghrelin induces 

corticosteroid release in humans, pigs, cows, mice and rats 

(Rucinski et al. 2009). 

Ghrelin protects the body through several pathways 

such as suppression of unwanted inflammation and 

stimulation of autophagy (Ezquerro et al. 2017). Future 

research is needed to illustrate the mechanisms of action of 

ghrelin and its use as a GHSR agonist for treatment of most 

frequent diseases in each system without any adverse 

outcomes on the other systems. 

 

Orexin 

The orexin-A (hypocretin-1) & orexin-B (hypocretin-

2) are excitatory hypothalamic neuropeptides synthesized 

in the lateral hypothalamus and perifornical area (Peyron et 

al. 1998). In 1998, Hypocretins (1 and 2) was firstly 

described as feeding and appetite behavior regulators 

(Sakurai et al. 1998). The orexins act by specific receptors 

(OX1R, OX2R) (Xu et al. 2013). 

The function of orexin is not only limited to the brain 

regions, since it also participates in metabolic regulation 

(Chieffi et al. 2017). Orexin neurons are “multi-tasking” 

neurons modulating some critical body functions, involved 

sleep/wake states (Messina et al. 2014; Esposito and 

Carotenuto 2014), energy homeostasis, feeding behavior 

(Viggiano et al. 2009; Kuperman et al. 2016), 

cardiovascular responses, reward systems, spontaneous 

physical activity, cognition and mood. Orexin directly 

affects the synthesis of melatonin in rats (Mikkelsen et al. 

2001) and in ewes (Zieba et al. 2011). Orexin controls the 

lipid metabolism in porcine adipose tissue (Pruszynska-

Oszmalek et al. 2018). 

Orexin signaling induces resistance of obesity through 

increased physical activity and control of energy 

expenditure. The dysfunction in orexins system cause 

obesity in animal models in spite of lower calories 

consumption than wild types linked to reduced physical 

activity (Chieffi et al. 2017). Orexin serves as a regulator 

of the activity of pancreas (Dall’Aglio et al. 2010). 

Orexin-A in estradiol-pretreated ovariectomized ewes 

did not affect the luteinizing hormone secretion (Kirsz et 

al. 2017). In contrast, Orexin-A stimulated luteinizing 

hormone release in estradiol-treated ovariectomized ewes 

in vitro experiments (Kirsz et al. 2014). Orexin-A can 

regulate the reproductive system in ewes. It reduces the 

plasma level of LH, FSH and progesterone under natural 
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physiological conditions (intact, non-steroid-primed ewes) 

(Kirsz et al. 2019). The orexinic system can engage in 

placental growth and development and in the regulation of 

its steroidogenic capacity through endocrine, paracrine 

and/or autocrine mechanisms (Dall’Aglio et al. 2012). In 

canine testis, Orexin-A can modulate the spermatogenesis 

and the steroidogenesis in healthy and pathological states 

(Liguori et al. 2018). 

 

Conclusions and Future Prospective 

These findings provide basic insight into some 

ingestive peptides and there is a broad body of evidence 

supporting the critical function of the peptides in various 

tissues in which it influences various physiological aspects 

in healthy and in diseased cases. Clinical application of 

peptides provides massive growth potential as therapeutics 

of the future. Peptides are often perfect biomarkers thus can 

be used for purposes of diagnosis. We think that the future 

evolution of peptide drugs will be a unique tool for 

improvement of many pathologies. More preclinical and 

clinical studies will be needed to understand the molecular 

function of peptides as well as their therapeutic 

applications. 
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