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Abstract 

A number of factors are considered responsible for type 2 diabetes, 

which has become epidemic. Apart from regular modulators (insulin and 

glucagon) of glucose metabolism, brain has also been observed to be 

involved in regulating pancreatic hormone release. Hypothalamic 

neuronal interactions are involved in insulin and leptin regulation as 

these neurons are very sensitive to insulin levels. Many neuropeptides 

have also been studied in the recent years to play a role in the 

maintenance of pancreatic hormone secretions. In this review, roles of 

some neuropeptides in the regulation of pancreatic hormones are 

reviewed. Substantial data signifies the involvement of neuropeptides in 

regulating food intake, glucose metabolism and energy expenditure. 

Studies indicate that acetylcholine and other neuropeptides are diffused 

to the endocrine islet cells and stimulate insulin and glucagon release 

upon activation of their specific receptors. Studies in dogs, mice and 

pigs showed that gastrin releasing peptides (GRP) stimulate insulin 

secretion via ganglionic GRP receptor activation. A positive correlation 

was found between plasma insulin and plasma 26RFa in healthy, obese 

and type 2 diabetic patients. An in vitro direct action of neuropeptide Y 

(NPY) on insulin release from pancreatic islets is inhibitory, but in vivo 
effect of NPY increases plasma insulin. A thorough knowledge of these 

neuropeptides in glucose signaling points out towards the major 

therapeutic role of neuropeptides in diabetes. 
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Introduction 

Secretion of hormones (insulin and glucagon) by 

pancreatic islet is regulated by nutrients (free 

fatty acids, glucose, amino acids and gut 

hormones like glucagon-like peptide 1 (GLP-1)) 

and autonomic nerves innervating the islets [1]. 

Islet cells are in close apposition to autonomic 

nerve terminals whose vesicles contain several 

neuropeptides and classical neurotransmitters 

(noradrenaline and acetylcholine), which are 

released from nerves upon activation. 

Neurotransmitters diffuse along the islet α and β-

cells, causing inhibition or stimulation of 

secretion of islet hormone [1]. The autonomic 

nerves also affect islet function through changes 

in blood flow by innervating the islet blood 

vessels [1]. Neuropeptides can play a role in the 

control of the mechanism of hormone release and 

appetite. Neuropeptides such as leptin, 

neuropeptide Y (NPY), beta-endorphin and 

galanin may affect hormone release. NPY levels 

were observed high in obese hypertensive and 

diabetic patients in comparison with normal 

individuals [2]. The loss of NPY's inhibitory action 

was observed to elevate basal and glucose-

stimulated insulin secretion [3]. Type 2 diabetes is 

characterized by insulin resistance. Glucose 

metabolism in healthy individuals is maintained 

by balanced insulin secretion. An unbalanced 

glucose-insulin metabolism leads to type 2 

diabetes. An increase in insulin release is 

mediated by many signals, including lipids and 

glucose [1]. Neurotrophic factors from efferent 

nerves may modulate glucagon secretion [4, 5]. The 

objective of this review was to study a link between 

specific neuropeptides, pancreatic hormones and 

diabetes disease. 

Brain regulation of glucose metabolism 

The brain regulates food intake through the 

hypothalamus. The arcuate nucleus (ARC) within 

the hypothalamus senses peripheral metabolic 

signals [6]. Peripheral metabolic hormones, 

insulin, leptin and ghrelin act on first-order 

neurons, orexigenic (neuropeptide Y (NPY) and 

agouti-related peptide (AgRP)) and anorexigenic 

(proopiomelanocortin (POMC)) in the arcuate 

nucleus [7]. First order neurons like POMC 

communicate with second-order neurons, such as 

the lateral hypothalamus (LH) and paraventricular 
nucleus (PVN) [8]. α-MSH, which is transcribed 

form of POMC causes reduced food intake and 

mutation of its receptor causes obesity in humans 

[9, 10]. This signifies its role in the maintenance 

of normal body weight. 

NPY infusion stimulates food intake through 

Y1 and Y5 receptors [11] and is required for the 

rapid stimulation of feeding [12]. The 

ventromedial hypothalamus (VMH) neurons 

sense leptin and glucose. The VMH 

communicates with the dorsomedial nucleus 

(DMN) and arcuate nucleus [13, 14]. Removal of 

the VMH and DMN causes hyperglycemia and 

obesity [15, 16] indicating their role in glucose 

homeostasis maintenance. Insulin is secreted from 

β-cells in response to energy flux. Plasma insulin 

concentrations increase in proportion to the 

amount of stored fat [17]. When insulin is 

administered directly into the central nervous 

system, it induces a dose-dependent reduction in 

food intake. Studies about hypothalamic glucose 

sensing neurons have strengthened our idea of 

glucose metabolism by central regulation [18, 

19]. Change in glucose concentration in 

extracellular fluid alters the excitability of 

neurons, which are involved in glucose 

metabolism [20]. 

Acetylcholine regulation of endocrine 
islets 

Acetylcholine (ACH) is released by nerve cells to 

send signals to other cells. Acetylcholine and other 

neuropeptides from autonomic nerves affect islet 

hormone secretion but little is known about the 

physiologic conditions that activate these nerves 

[21]. Meals activate islet parasympathetic nerves 

and also initiate and increase the early insulin 

response to meals. Studies of mice with either β-

cell overexpression or β-cell deletion of 

acetylcholine receptors highlight the 

acetylcholine mediation of islet hormone 

secretion for glucose homeostasis. They have 

high glucose tolerance and increased insulin 

secretion, whereas β-cell acetylcholine receptor 

knockout mice have low glucose tolerance and 

reduced insulin secretion. The β-cell 

acetylcholine receptor overexpressing mice are 

also resistant to hyperglycemia and food-induced 

low glucose tolerance [22]. Studies indicate 

potential effects of the autonomic 

neurotransmitters on insulin secretion. Activation 

of neurotransmitter receptors has been shown to 
increase insulin secretion. For example, activation 

of the cholinergic receptors induces insulin 

secretion [23]. Acetylcholine and neuropeptides 
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are diffused to the endocrine islet cells and 

stimulate insulin and glucagon release upon 

activation of their specific receptors. This 

regulation is important in cephalic phase of meal-

induced insulin secretion as well as for the first 

few minutes of food ingestion, but before 

nutrients stimulation of islet insulin secretion 

[24]. These parasympathetic islet nerves may also 

stimulate glucagon secretion during 

hypoglycemia [25]. 

Gastrin-releasing polypeptide (GRP) 

Gastrin-releasing peptide is a human peptide that 

increases gastrin release and regulates gastric acid 

secretion [26]. Activation of different signaling 

mechanisms may contribute to insulin secretion 

by GRP such as increased cytoplasmic calcium 

has been found to stimulate GRP [27]. Also, 

phospholipase D and protein kinase C (PKC) 

contribute to the GRP-induced insulin secretion 

[28, 29]. GRP is localized to nerve terminals in 

the pancreatic ganglia, and is released from the 

isolated pig pancreas during vagal nerve 

activation [30]. Experimental studies in dogs, 

mice and pigs showed that GRP stimulates insulin 

secretion via ganglionic GRP receptor activation 

[31-33].  

A possible effect of GRP on glucagon 

secretion is not determined. Studies in dogs 

showed no effect of GRP on glucagon secretion 

while only one study demonstrated GRP role in 

stimulating glucagon secretion in mice [1]. A fair 

number of genetic animal model studies have 

suggested that the brain, specifically the 

hypothalamus, plays an important role in the 

regulation of glucose and energy metabolism. It is 

well documented that the brain controls food 

intake, energy expenditure and insulin secretion. 

Glucose metabolism is maintained by interactions 

between the peripheral metabolic organs and 

brain. Any abnormality in these interactions 

causes the development of type 2 diabetes and 

obesity [34]. 

26RF amide regulation of glucose 
metabolism 

The 26RF amide is a 26-aa neuropeptide belongs to 

the RFamide peptide family and is a potent 

orexigenic peptide in mice [35]. Studies suggest a 

role of hypothalamic neuropeptides in the control 
of glucose metabolism [36]. In this regard, 26RFa 

has been studied to play a potential role in 

regulating the glucose metabolism. 26RFa/43RFa 

has been found to regulate the glucose 

metabolism [37]. Studies show that pancreatic 

islets and rodent insulin-secreting cell lines INS-

1E and MIN6 express 6RFa/43RFa and GPR103 

[38, 39]. 43RFa promotes glucose uptake by β 

cells, whereas 26RFa does not [38]. Variable 

effects of 26RFa were studied on insulin and 

glucagon secretion by rat perfused pancreas [40]. 

In mice, 26RFa attenuates glucose-induced 

hyperglycemia but enhances insulin sensitivity 

and increases insulin production by the MIN6, 

suggesting its direct action on pancreatic β cells. 

Prévost et al. [39] reported a positive correlation 

between plasma insulin and plasma 26RFa in 

healthy, obese and type 2 diabetic patients. 

Glucose metabolism dysregulation in 
diabetes 

Normal body weight involves a balance of energy 

expenditure and energy intake. Pathological 

weight gain impairs ability and of the brain to 

maintain energy homeostasis. A number of 

defects have been demonstrated in the negative- 

feedback pathway in energy. 

Diabetes mellitus results from abnormal 

pancreatic insulin secretion and is characterized 

by hyperglycemia [41, 42]. Studies suggest that 

defective metabolic sensing in hypothalamic 

neurons may lead to dysregulation of glucose 

homeostasis and diabetes [43]. Hypothalamic 

insulin–PI3K signaling is affected in rats with 

streptozotocin-induced diabetes. Insulin signaling 

in the hypothalamus has been found to be 

disrupted by fat-rich diet and may contribute to 

the development of diabetes [44]. Altered 

secretion of insulin and leptin may cause weight 

gain. Plasma leptin concentrations increase in 

relation to body mass index. However, plasma 

leptin concentrations are much increased than that 

of cerebrospinal fluid in obese individuals [45]. 

Leptin acts on hypothalamus neurons to regulate 

the energy balance, so leptin transfer to the brain 

can be important for its action [8]. Hypothalamic 

expressions of leptin receptors are reduced in rats 

with diet-induced obesity [46].  

Role of neuropeptide Y in control of 
insulin secretion 

The intracerebroventricular (ICV) microinjection 

of NPY in wild-type mice markedly increased 

insulin level after 30 min of treatment [47, 48]. 
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Polymorphisms of the NPY gene affected glucose 

tolerance and diabetes [49]. Studies showed that 

when isolated islets of the mouse were treated 

with NPY, it significantly stimulated beta-cell 

replication by activating extracellular kinases and 

inhibited glucose-stimulated insulin secretion [50, 

51]. NPY gene deletion in islet cells increased 

insulin secretion [52]. NPY decreases energy and 

stimulates food uptake [53]. NPY also regulates 

insulin and glucose metabolism via leptin [54]. 

An in vitro direct action of NPY on insulin 

release from pancreatic islets is inhibitory, but in 

vivo, NPY increases plasma insulin [55]. 

Concluding remarks 

Accumulated evidence is demonstrating that 

central nervous system is playing an important 

role in the control of glucose metabolism via 

neuronal interactions and release of its 

neuropeptides and neurotransmitters. 

Acetylcholine, NPY and RF amide regulate the 

glucose metabolism both in vivo and in vitro islet 

cells. Some of them have both inhibitory and 

stimulatory roles in insulin release depending on 

their activities which may be in vivo and in vitro. 

Acetylcholine has been found to have a 

stimulatory role in insulin secretion and thus a 

positive role in glucose metabolism. Together, 

they act as strong regulators of food intake and 

glucose metabolism and hence can be potential 

targets in diabetes therapeutics. Clinical and 

preclinical studies will be needed to prove the 

efficacy and safety of new drugs aimed at these 

new targets. Although good amount of data can be 

found on the neuropeptide regulation of pancreatic 

hormones, more research is needed for better 

understanding of the role of neuropeptides in the 

pancreatic hormonal regulation for a therapeutic 

development of diabetes. 

Conflict of Interest 

The authors declare that they have no conflict of 

interest.  

References 
[1] Ahrén, B. Neuropeptides and islet hormone secretion. In: 

De Fronzo RA, Ferrannini E, Zimmet P, Alberti KGMM, 

International Textbook of Diabetes Mellitus, 4th ed, John 
Wiley & Sons, Ltd, Chichester, UK; 2015.  

[2] Baranowska B, Wolinska-Witort E, Wasilewska-Dziubinska 

E, Roguski K, Martynska L, Chmielowska M. The role of 
neuropeptides in the disturbed control of appetite and 

hormone secretion in eating disorders. Neuro Endocrinol 

Lett 2003; 24(6):431-4. 

[3] Imai Y, Patel HR, Hawkins EJ, Doliba NM, Matschinsky FM, 

Ahima RS. Insulin secretion is increased in pancreatic islets of 

neuropeptide Y-deficient mice. Endocrinology 2007; 148: 
5716–5723. 

[4] Hanyu O, Yamatani K, Ikarashi T, Soda S, Maruyama S, 

Kamimura T, et al. Brain-derived neurotrophic factor 
modulates glucagon secretion from pancreatic alpha cells: its 

contribution to glucose metabolism. Diabetes Obes 

Metab 2003; 5:27–37. 
[5] Gotoh K, Masaki T, Chiba S, Ando H, Fujiwara K, Shimasaki 

T, et al. Hypothalamic brain-derived neurotrophic factor 

regulates glucagon secretion mediated by pancreatic efferent 
nerves. J Neuroendocrinol 2013; 25:302–311. 

[6] Broadwell RD, Brightman MW. Entry of peroxidase into 

neurons of the central and peripheral nervous systems from 
extracerebral and cerebral blood. J Comp Neurol 1976; 

166(3):257-83. 

[7] Schwartz MW, Woods SC, Porte D Jr, Seeley RJ, Baskin 
DG. Central nervous system control of food intake. Nature 

2000; 404:661–671. 

[8] Bouret SG, Draper SJ, Simerly RB. Formation of projection 
pathways from the arcuate nucleus of the hypothalamus to 

hypothalamic regions implicated in the neural control of 

feeding behavior in mice. J Neurosci 2004; 24:2797– 2805. 
[9] Huszar D, Lynch CA, Fairchild-Huntress V, Dunmore JH, 

Fang Q, Berkemeier LR. et al. Targeted disruption of the 

melanocortin-4 receptor results in obesity in mice. Cell 
1997; 88:131–141. 

[10] Tao YX. Molecular mechanisms of the neural melanocortin 

receptor dysfunction in severe early onset obesity. Mol Cell 
Endocrinol 2005; 239:1–14. 

[11] Yulyaningsih E, Zhang L, Herzog H, Sainsbury A. NPY 

receptors as  potential  targets  for  anti-obesity  drug 
development. Br J Pharmacol 2011; 163:1170–1202 

[12] Bingham NC, Anderson KK, Reuter AL, Stallings NR, 

Parker KL. Selective loss of leptin receptors in the 
ventromedial     hypothalamic     nucleus     results     in     

increased     adiposity      and      a      metabolic syndrome. 

Endocrinology 2008; 149:2138–2148. 
[13] Gonzalez JA, Reimann F, Burdakov D. Dissociation 

between sensing and metabolism of glucose in sugar 

sensing neurones. J Physiol 2009; 587:41–48. 
[14] Fei H, Okano HJ, Li C, Lee GH, Zhao C, Darnell R, et al. 

Anatomic localization of alternatively spliced leptin 

receptors (Ob-R) in mouse brain and other tissues. Proc 
Natl Acad Sci USA 1997; 94:7001–7005 

[15] Bernardis LL, Bellinger LL. The dorsomedial hypothalamic 

nucleus revisited: 1986 update. Brain Res 1987; 434:321–
381. 

[16] Shimizu N, Oomura Y, Plata-Salaman CR, Morimoto M. 

Hyperphagia and obesity in rats with bilateral ibotenic acid-
induced lesions of the ventromedial hypothalamic nucleus. 

Brain Res 1987; 416:153–156. 
[17] Bagdade JD, Bierman EL, Porte D Jr. The significance of 

basal insulin levels in the evaluation of the insulin response 

to glucose in diabetic and nondiabetic subjects. J Clin 
Invest 1967; 46:1549–1557. 

[18] Anand B, Chhina G, Sharma K, Dua S, Singh B. Activity of 

single neurons in the hypothalamic feeding centers: effect 
of glucose. Am J Physiol 1964; 207:1146–1154. 

[19] Oomura Y, Ono T, Ooyama H, Wayner M. Glucose and 

osmosensitive neurones of the rat hypothalamus. Nature 
1969; 222:282–284.  

[20] Borg MA, Sherwin RS, Borg WP, Tamborlane WV, 

Shulman GI.  Local ventromedial hypothalamus glucose 
perfusion blocks counterregulation during systemic 

hypoglycemia in awake rats. J Clin Invest 1997; 99:361–

365. 
[21] Routh VH. Glucose-sensing neurons: are they 

physiologically relevant? Physiol Behav 2002; 76:403–413. 



 
Science Letters 2018; 6(1):23-27 

27  

[22] Ruiz de Azua I, Gautam D, Jain S, et al. Critical metabolic 

roles of β-cell M3 muscarinic acetylcholine receptors. Life 

Sciences 2012; 91(21–22):986 – 991. 
[23] Gromada J, Hughes TE: Ringing the dinner bell for insulin: 

muscarinic M3 receptor activity in the control of pancreatic 

beta cell function. Cell Metabol 2006; 3:390-392. 
[24] Ahrén B, Holst JJ. The cephalic insulin response to meal 

ingestion in humans is dependent both on cholinergic and 

non-cholinergic mechanisms and is important for 
postprandial glycemia. Diabetes 2001; 50:1030–1038. 

[25] Taborsky GJ, Mundinger TO.  Minireview: The role of the 

autonomic nervous system in mediating the glucagon 
response to hypoglycemia. Endocrinol 2012; 153:1055-

1062. 

[26] Merali Z, McIntosh J, Anisman H. Role of bombesin-related 
peptides in the control of food intake. Neuropeptides 1999; 

33(5):376–86.   

[27] Karlsson S, Ahrén B. Cytosolic Ca2+ oscillations by gastrin-
releasing peptide in single HIT-T15 cells. Peptides1999; 

230:579 – 587. 

[28] Ahrén B. Autonomic regulation of islet hormone secretion: 
implications for health and disease. Diabetologia 2000; 

43:393– 410. 

[29] Karlsson S, Ahrén B: Gastrin-releasing peptide mobilizes 
calcium from intracellular stores in HIT-T15 cells. Peptides 

1996; 17:909 – 916. 

[30] Knuthsen S, Holst JJ, Baldissera FG, et al. Gastrin-releasing 
peptide in the porcine pancreas. Gastroenterol 1987; 

92:1153 – 1158. 

[31] Pettersson M, Ahrén B. Gastrin-releasing peptide (GRP): 
effects on basal and stimulated insulin and glucagon 

secretion in the mouse. Peptides 1987; 8:55 – 60. 

[32] Hermansen K, Ahrén B: Gastrin-releasing peptide 
stimulates the secretion of insulin, but not that of glucagon 

or somatostatin, from the isolated perfused dog pancreas. 

Acta Physiol Scandinav 1990; 138:175 – 179. 
[33] Karlsson S, Sundler F, Ahrén B: Insulin secretion by 

gastrin-releasing peptide in mice: ganglionic versus direct 

islet effect. Am J Physiol 1998; 274:124 – 129. 
[34] Roh E, Song DK and Kim MS. Emerging role of the brain 

in the homeostatic regulation of energy and glucose 

metabolism. Exp Mol Med 2016; 48:e216. 
[35]  Chartrel I,  Dujardin C,  Anouar Y ,  Leprince J,  Decker 

A,  Clerens S, et al. Identification of 26RFa, a hypothalamic 

neuropeptide of the RFamide peptide family with orexigenic 
activity. Proc Nat Acad Sci 2003; 100(25):15247-15252. 

[36] Greenwood HC, Bloom SR, Murphy KG. Peptides and  

their  potential  role  in  the  treatment  of  diabetes  and 
obesity. Rev Diabet Stud 2011; 8:355–368. 

[37] Chartrel N, Picot Mel. Medhi M, Arabo A, Berrahmoune H, 

Alexandre D, Maucotel J, Anouar Y and Prevost G. The 
Neuropeptide 26RFa (QRFP) and Its Role in the Regulation 

of Energy Homeostasis: A Mini-Review. Front Neurosci 
2016; 10:549. 

[38] Granata R, Settanni F, Trovato L, Gallo D, Gesmundo I, 

Nano R, et al. RFamide Peptides 43RFa and 26RFa both 
promote survival of pancreatic β-Cells and human 

pancreatic islets but exert opposite effects  on  insulin 

secretion. Diabetes 2014; 63:2380–2393. 
[39] Prevost G, Jeandel L, Arabo A, Coëffier M, El Ouahli M, 

Picot M, et al. The hypothalamic neuropeptide 26RFa acts 

as an incretin to regulate glucose homeostasis. Diabetes 
2015; 64:2805–2816.  

 

 
 

 

 
 

[40] Egido EM, Hernandez R, Leprince J, Chartrel N, Vaudry H, 

Marco J, et al. 26RFa, a novel orexigenic neuropeptide, 

inhibits insulin secretion in the rat pancreas. Peptides 2007; 
28:725–730.  

[41] Alwan A. Global Status Report on Noncommunicable 

Diseases. World Health Organization: Geneva, Switzerland, 
2011. 

[42] Kahn SE, Cooper ME, Del Prato S. Pathophysiology and 

treatment of type 2 diabetes: perspectives on the past, 
present, and future. Lancet 2014; 383:1068–1083. 

[43] Ono H, Pocai A, Wang Y, Sakoda H, Asano T, Backer JM 

et al. Activation of hypothalamic S6 kinase mediates diet-
induced hepatic insulin resistance in rats. J Clin Invest 

2008; 118:2959–2968. 

[44] Gelling RW, Morton GJ, Morrison CD, Niswender KD, 
Myers MG, Rhodes CJ, et al. Insulin action in the brain 

contributes to glucose lowering during insulin treatment of 

diabetes. Cell Metab 2006; 3:67–73. 
[45] Caro JF, Kolaczynski JW, Nyce MR, Ohannesian JP, 

Opentanova I, Goldman WH, et al. Decreased 

cerebrospinal- fluid/serum leptin ratio in obesity: a possible 
mechanism for leptin resistance. Lancet 1996; 348:159–

161. 

[46] Maes HH, Neale MC, Eaves LJ. Genetic and environmental 
factors in relative body weight and human adiposity. Behav 

Genet 1997; 27:325–351. 

[47] Naveilhan P, Neveu I, Arenas E. Complementary and 
overlapping expression of Y1, Y2 and Y5 receptors in the 

developing and adult mouse nervous system. Neuroscience 

1998; 87:289–302. 
[48] Lin EJ, Lin S, Aljanova A. Adult-onset hippocampal-

specific neuropeptide Y overexpression confers mild 

anxiolytic effect in mice. Eur Neuropsychopharmacol 2010; 
20:164–175. 

[49] Nordman S, Ding B, Ostenson CG, Karvestedt L, Brismar 

K, Efendic S, Gu HF. Leu7 Pro polymorphism in the 
neuropeptide Y (NPY) gene is associated with impaired 

glucose tolerance and type 2 diabetes in Swedish men. Exp 

Clin Endocrinol Diabetes 2005; 113:282–287. 
[50] Moltz JH, McDonald JK. Neuropeptide Y: direct and 

indirect action on insulin secretion in the rat. Peptides 1985; 

6:1155–115951.  
[51] Cho YR, Kim CW. Neuropeptide Y promotes beta-cell 

replication via extracellular signal-regulated kinase 

activation. Biochem Biophys Res Commun 2004; 314:773–
780. 

[52] Imai Y, Patel HR, Hawkins EJ. Insulin secretion is 

increased in pancreatic islets of neuropeptide Y-deficient 
mice. Endocrinology 2007; 148:5716–5723. 

[53] Heijboer AC1, Pijl H, Van den Hoek AM, Havekes LM, 

Romijn JA, Corssmit EP. Gut-brain axis: regulation of 
glucose metabolism. J Neuroendocrinol 2006; 18(12):883-

94. 
[54] Somogyi V, Gyorffy A, Scalise TJ. Endocrine factors in the 

hypothalamic regulation of food intake in females: a review 

of the physiological roles and interactions of ghrelin, leptin, 
thyroid hormones, oestrogen and insulin. Nutr Res Rev 

2011; 24:132–154. 

[55] Sun WW, Zhu P, Shi YC, Zhang CL, Huang XF, Liang SY, 
et al. Current views on neuropeptide Y and diabetes-related 

atherosclerosis. Diab Vasc Dis Res 2017; 14(4):277-284. 


