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bCURE: Digestive Diseases Research Center, Center for Neurobiology of Stress and Women’s 
Health, Department of Medicine, Digestive Diseases Division at the University of California Los 
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Abstract

Postoperative ileus (POI) develops after abdominal surgery irrespective of the site of surgery. 

When prolonged, POI can lead to longer hospitalization times and higher healthcare costs. 

Moreover, it is associated with complaints for the patient. In order to develop new strategies to 

treat this condition, a deeper understanding of the pathophysiology of the POI is necessary. This 

review will focus on brain peptides (ghrelin, nesfatin-1, somatostatin, corticotropin-releasing 

factor, thyrotropin-releasing hormone and calcitonin gene-related peptide) involved in the 

mediation of POI and the possible modulation of these pathways to shorten the time of POI. 

Lastly, the role of vagal signaling and the possibility of reducing ambient temperature or chewing 

gum as potential treatment strategies of alleviating symptoms of POI is discussed.

List of compounds discussed in the article

α-CGRP; astressin; calcitonin gene-related peptide; corticotropin-releasing factor; ghrelin; 
NUCB2/nesfatin-1; RX-77368; S-406-028; somatostatin; thyrotropin-releasing hormone; 
ulimorelin

INTRODUCTION

Postoperative ileus regularly develops after abdominal surgery and is characterized by a 

delay in gastric emptying and a prolongation of intestinal transit [1]. Two decades ago 
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postoperative ileus was defined as uncomplicated delayed transit that occurred after surgery 

and resolved spontaneously within two to three days [2]. It is clinically characterized by 

symptoms such as absence of bowel movements, flatus and defecation, abdominal bloating 

and pain. When this conditions persists over a longer period of time (> three days after 

surgery), it is often referred to as paralytic postoperative ileus (or prolonged or pathological 

ileus) [2]. Another – more recently suggested – definition of postoperative ileus describes 

the ileus as time from the surgery until passage of flatus or stool together with the time to 

adequate oral nutrient intake [3]. This type of postoperative ileus has to be clearly 

distinguished from the secondary postoperative ileus aggravated by complications such as 

leakage, peritonitis or abscess [3, 4]. In the recovery period, the functions of stomach and 

small intestine are restored more quickly (within 24 to 48 h) than those of the large bowel 

function (up to 72 h) [5]. Besides suffering for the patient, prolonged postoperative ileus 

also leads to higher healthcare costs mainly due to longer hospitalization times [6, 7].

In light of these data a deeper understanding of the pathophysiological mechanisms leading 

to postoperative ileus is necessary in order to develop effective pharmacological treatment 

strategies to shorten the time of postoperative ileus. At the cellular level, the 

pathophysiology of postoperative ileus can be separated in an early neural and humoral [8] 

as well as a delayed immunological phase [9]. The present review will focus on the early 

phase with brain peptides involved in the mediation of postoperative ileus and also on the 

role of vagal signaling in the modulation of postoperative ileus and associated treatment 

strategies such as chewing gum or reducing ambient temperature, whereas the inflammatory 

mediators involved and the possible mediation of this phase to alleviate symptoms of 

postoperative ileus are reviewed elsewhere [10].

MODULATION OF POSTOPERATIVE ILEUS BY BRAIN PEPTIDES AND 

NEURONAL ACTIVATION

Ghrelin – expression and regulation

Ghrelin was discovered in 1999 as the endogenous ligand of the growth hormone 

secretagogue receptor 1a (GHS-R1a) [11] which was later renamed ghrelin (GRLN) receptor 

due to its main ligand [12]. Ghrelin is a 28 amino acid peptide that bears a unique fatty acid 

residue on the third amino acid essential for the binding to its receptor [11]. The enzyme 

catalyzing this acylation was long unknown and identified few years ago as a member of the 

superfamily of membrane-bound O-acyltransferases (MBOATs) and termed ghrelin-O-

acyltransferase (GOAT) [13, 14]. The by far major source of ghrelin is the stomach [15] 

with smaller quantities produced in the intestinal tract [16], pancreas [17] and other 

peripheral organs including liver, kidney, adipose tissue, heart and skin [18]. Lastly, ghrelin 

is also produced – although in smaller quantities – directly in the brain in neurons adjacent 

to the third ventricle [19] and in the arcuate nucleus of the hypothalamus (Arc) [20].

Early on, ghrelin plasma levels were shown to vary in relation to feeding status with an 

increase in the fasting state and before a meal and a decline thereafter [21] giving rise to a 

physiological role of ghrelin in the modulation of feeding. Indeed, the food-intake 

stimulating action of ghrelin has been well documented in humans [22]. In addition, ghrelin 
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is also regulated by long term changes in body weight with a decrease of ghrelin levels 

under conditions of obesity [23]. Interestingly, the variation of circulating ghrelin levels also 

shows a close association with the appearance of gastric migrating motor complexes [24]. 

Subsequent studies established a physiological role of endogenous ghrelin in the stimulation 

of gastric motility in rodents. This assumption is supported by the finding that peripheral 

administration of ghrelin stimulates antral motility in rodents [25] and humans [26] 

contributing to the acceleration of gastric emptying [27]. However, it is important to note 

that only pharmacological/supraphysiological doses exert gastroprokinetic effects under 

conditions of gastroparesis [28].

Ghrelin – involvement in postoperative ileus

Animal studies showed that ghrelin levels are reduced following abdominal surgery with a 

rapid decline of acyl ghrelin occurring within the first 30 min post surgery followed by a 

sustained inhibition of these levels over a period of 5 h with a restoration within 24 h [29]. 

The decline in plasma ghrelin levels was associated with a reduction of gastric and plasma 

GOAT protein concentrations [29] likely contributing to the decrease in plasma ghrelin due 

to reduced acylation. Moreover, a stimulated de-acylation of ghrelin may contribute to the 

lower levels observed as recently reported following the injection of lipopolysaccharide 

[30]. In line with the assumption of a causal role of ghrelin for the observed changes after 

surgery, the intravenous injection of ghrelin or GRLN agonists reversed the surgery-induced 

delay of gastric emptying in rodents [31, 32] and humans [33] and accelerated the time to 

the first bowel movement in humans [33] resulting in a shorter hospitalization period [34] 

(Table 1). However, a recent randomized, placebo-controlled phase 3 trial investigating the 

effect of intravenously injected ulimorelin, a GRLN agonist, did not detect differences in the 

time to the first bowel movement after surgery compared to placebo [35]. Whether this is 

related to the dose or pharmacokinetic of the compound will have to be further established. 

Taken together, the stimulation of ghrelin signaling by GRLN mimetics or activation of 

GOAT may be a useful strategy to promote gastrointestinal motility after abdominal surgery.

Nesfatin-1 – expression and regulation

Nesfatin-1 was discovered in 2006 in the rat hypothalamus and introduced as a potential 

cleavage product of nucleobindin2 (NUCB2) [36]. Following the description of nesfatin-1 in 

food intake-regulatory nuclei in the hypothalamus and brainstem [36], several studies 

showed the expression of NUCB2/nesfatin-1 in other distinct nuclei throughout the rodent 

brain [37, 38] pointing towards a pleiotropic action of this peptide. The expression of 

NUCB2/nesfatin-1 has also been detected in the human Edinger-Westphal nucleus [39] 

likely contributing to the mature nesfatin-1 detected in the cerebrospinal fluid [40]. As 

observed before for several other peptides once thought to be restricted to the brain, 

NUCB2/nesfatin-1 was also detected in peripheral organs such as stomach [41], adipose 

tissue [42], and pancreas [43] of humans likely contributing to the circulating peptide levels 

of nesfatin-1 [44]. Interestingly, ghrelin and NUCB2/nesfatin-1 were detected in the same 

gastric cell, the X/Alike endocrine cell, in stomachs of obese human subjects [41] 

highlighting this cell type as a possible dual regulator of food intake with a stimulation or 

inhibition of feeding depending on the peptide product released.
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The brain expression of NUCB2/nesfatin-1 was shown to be decreased under conditions of 

fasting [36] which was in line with a reduction of plasma NUCB2/nesfatin-1 levels that were 

restored after re-feeding in rats [45] indicative of a role in the regulation of food intake. 

Nesfatin-1 is likely also involved in the regulation of long term body weight as body weight 

modulation affects circulating NUCB2/nesfatin-1 levels with higher levels under conditions 

of obesity reflected in a positive correlation with body mass index [46].

Nesfatin-1 – involvement in postoperative ileus

Recent studies indicate that intracerebroventricular injection of nesfatin-1 delays gastric 

emptying in rats [45] and reduces gastroduodenal motility in mice [47]. In addition, there is 

evidence that abdominal surgery activates several NUCB2/nesfatin-1 positive brain nuclei in 

rats [48] suggesting that activated NUCB2/nesfatin-1 signaling under conditions of 

abdominal surgery contributes to the observed decrease of food intake and gastrointestinal 

transit (Table 1). This hypothesis warrants further investigation and the modulation of 

NUCB2/nesfatin-1 signaling by nesfatin-1 antagonists should be tested after abdominal 

surgery in humans. However, these studies are hampered so far by the lack of identification 

of the NUCB2/nesfatin-1 receptor which will be a great leap forward and allow for the 

generation of specific NUCB2/nesfatin-1 antagonists.

Somatostatin – expression and regulation

Somatostatin was discovered in 1973 as a growth hormone-inhibitory factor isolated from 

ovine hypothalami [49] and by now known to exert its effects via the interaction with five 

somatostatin (sst) receptor subtypes (sst1–5) [50]. Subsequent studies showed the widespread 

distribution of somatostatin in the whole rodent brain except the cerebellum [51] and the 

human brain [52] in line with the multiple central actions described including the stimulation 

of food intake, involvement in thermoregulation and a modulation of behavior and 

autonomic nervous system activity in addition of the well-established endocrine growth 

hormone suppression [53]. Support for a physiological role of brain somatostatin in the 

regulation of food intake comes from the observation that hypothalamic somatostatin 

expression shows a circadian variation with a peak at the beginning of the dark phase when 

rats as nocturnal eaters show their maximal food consumption and lowest levels in the early 

light phase [54]. Besides its expression in the brain, somatostatin is also widely expressed in 

the gastrointestinal tract [55] where it is known to act as an inhibitory modulator of several 

gastrointestinal peptides and functions [56].

Somatostatin – involvement in postoperative ileus

Since the stomach is a major expression site of somatostatin [57] as well as the somatostatin 

receptor 2 (sst2) [58], several studies also investigated the role of somatostatin-sst2 signaling 

under conditions of abdominal surgery. The intravenous injection of the selective peptide 

sst2 antagonist, S-406-028 prevented the surgery-induced reduction of circulating ghrelin 

[29]. This somatostatin-sst2-ghrelin signaling pathway may represent a paracrine mode of 

action as somatostatin-producing D cells are located in close proximity to the sst2-bearing 

ghrelin-producing X/A-like cells of the stomach [29]. However, the blockade of sst2 

signaling under conditions of abdominal surgery did not modulate the surgery-induced 
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gastric ileus [29]. This observation is in line with a study showing that brain activation of 

sst2 signaling does not alter the surgery-induced delay of gastric emptying, whereas the 

inhibition of food intake was restored [59]. This was associated with a restoration of 

circulating ghrelin levels to physiological concentrations observed under conditions of 

fasting [59] giving rise to a dissociation of ghrelin’s orexigenic and prokinetic actions under 

conditions of abdominal surgery when modulated by sst2 signaling (Table 1). In summary, 

the blockade of sst2 signaling may be a useful strategy to promote appetite following 

abdominal surgery.

Corticotropin-releasing factor – expression and regulation

The stimulatory action of corticotropin-releasing factor (CRF) to release pituitary 

adrenocorticotropic hormone (ACTH) in response to various stressors was described in 1950 

[60]. This factor was purified five years later [61], however, it took until 1981 until CRF 

was identified and characterized as a 41 amino acid peptide [62]. Besides the key 

involvement in the endocrine response to stress, CRF showed to have pleiotropic actions in 

the modulation of stress-related alterations of autonomic, visceral, immune and behavioral 

functions [63]. The peptide is expressed in specific brain nuclei with major localization sites 

in the paraventricular nucleus (PVN) of the hypothalamus, cerebral cortex, amygdala-

hippocampal complex and the pontine Barrington’s nucleus. CRF is also peripherally 

expressed in the gastrointestinal tract, enteric nervous system, adipose tissue, heart, lung and 

testis [64]. It is well established that acute stressors and brain or peripheral injection of CRF 

reduces upper gastrointestinal motility, while colonic motility and secretion are enhanced 

[65].

Corticotropin-releasing factor – involvement in postoperative gastric ileus

Key nuclei that mediate autonomic outflow to the stomach such as the PVN and the dorsal 

vagal complex in the brainstem are activated under conditions of abdominal surgery [66] 

responsible for the mediation of the CRF-induced inhibition of gastric motility [65]. This 

action can be blocked by peripheral (intravenous) as well as brain injection of a non-

selective CRF antagonist, astressin [67]. It is important to note that the central gastroparetic 

action of CRF is independent of a stimulation of the hypothalamic-pituitary-adrenal axis 

based on the observation that the gastric-inhibitory response to CRF is still visible in 

hypophysectomized or adrenalectomized rats [68]. Since CRF is known to reduce vagal 

efferent activity [69] and acetylcholine stimulates ghrelin release from the stomach [70], the 

postoperative CRF-induced delay of gastric emptying may be mediated by a reduction of 

vagal efferent activity. These actions are likely to be CRF1 mediated as in mice lacking the 

CRF1 no postoperative gastric ileus following midline celiotomy, cecal exteriorization and 

palpation was observed [71] (Table 1).

Calcitonin gene-related peptide - expression and regulation

Alpha-calcitonin gene-related peptide (α-CGRP) is a 37 amino acid peptide and part of the 

calcitonin family of peptides that acts in the brain to exert its biological actions [72]. CGRP 

is – besides its expression in the periphery including the gastrointestinal tract – expressed in 

the nucleus of the solitary tract of the brainstem and immunoreactive fibers make close 

contact to gastric efferent motor neurons [73]. This finding is in line with the identification 
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of the CGRP receptor on neurons of the dorsal motor nucleus of the vagus nerve [74], 

providing the neuroanatomical basis for the decrease of vagal efferent activity observed after 

intracisternal injection of α-CGRP [75].

Calcitonin gene-related peptide - involvement in postoperative ileus

The α-CGRP-induced decrease of efferent vagal activity is likely to be involved in the 

mediation of postoperative gastric ileus as shown by experimental evidence that peripheral 

injection of the CGRP receptor antagonist, CGRP8–37 reversed the abdominal surgery-

induced delay of gastric emptying in dogs [76]. Similarly, immunoneutralization of CGRP 

using an anti-CGRP antibody reversed the inhibition of gastric emptying [77] and also of 

colonic transit, the reduction of fecal pellet output and also the anorexigenic response 

following abdominal surgery in rats [78] indicating a major involvement of CGRP signaling 

in the mediation of alterations of gastrointestinal functions under conditions of abdominal 

surgery (Table 1).

Vagal signaling - involvement in postoperative ileus

Since the vagus nerve is a major driving source of gastrointestinal motility [79], the 

modulation of vagal activity is an interesting target in order to influence symptoms of 

abdominal surgery-induced postoperative ileus. It is well known that a reduction in ambient 

temperature activates the thyrotropin-releasing hormone (TRH) signaling system [80] 

expressed in the raphe pallidus, raphe obscurus and parapyramidal regions projecting to the 

dorsal vagal complex of the brainstem [81] resulting in a vagal dependent cholinergic 

stimulation of gastric motility and secretion through activation of gastric myenteric 

cholinergic neurons [80]. In line with these findings, brainstem (intracisternal) injection of 

the stable TRH agonist, RX-77368 or endogenous TRH induced by cold ambient 

temperature (4–6 °C) prevents the abdominal surgery-induced delay of gastric emptying [82] 

(Table 1). Interestingly, this was associated with a complete restoration of circulating 

ghrelin levels reduced by abdominal surgery [82] indicating the advantage of stimulating 

vagal activity following abdominal surgery.

Recent studies point towards the benefit of chewing sugarless gum as an applicable mean to 

stimulate vagal activity which has proven effective to shorten the time to the first flatus and 

bowel movement and to reduce the period of hospitalization as indicated in a meta-analysis 

reviewing the data of nine studies with a combined population of more than 400 patients that 

underwent abdominal surgery [83]. The treatment appears to be safe as no difference in 

complication rates was observed for chewing gum versus placebo [84] (Table 1). These data 

are corroborated by a recent randomized clinical trial investigating women after cesarean 

section that showed a shortened time to the first bowel movement, first passage of flatus, 

first defecation and first hunger sensation in the gum versus control group [85].

SUMMARY

Postoperative ileus is a frequent condition occurring after abdominal surgery that may lead 

to suffering for the individual patient and increased health care costs for the society. 

Although our understanding of the pathophysiology underlying postoperative ileus increased 
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during the past years, this did not lead to widely accepted and generally recommended 

treatment strategies for this medical condition. Promising pharmacological targets 

encompass the promotion of prokinetic pathways inhibited by surgery namely vagal 

activation, ghrelin, and to block receptors activated by abdominal surgery namely CRF, 

CGRP and sst2 and inhibit gastric motor function. Clinical studies providing evidence that 

chewing gum reduces the duration of postoperative ileus corroborate the role of activating 

central vagal mechanisms as an important approach consistent with experimental studies.

Acknowledgments

This work was supported by NIH R01 DK-33061, NIH Center Grant DK-41301 (Animal Core), VA Research 
Career Scientist (Y.T.), VA Merit Award (Y.T.) German Research Foundation STE 1765/3-1 (A.S.) and Charité 
University Funding UFF 89-441-176 (A.S.).

REFERENCES AND RECOMMENDED READING

Papers of particular interest have been highlighted as:

* of special interest

** of outstanding interest

1. Luckey A, Livingston E, Taché Y. Mechanisms and treatment of postoperative ileus. Arch Surg. 
2003; 138:206–14. [PubMed: 12578422] 

2. Livingston EH, Passaro EP Jr. Postoperative ileus. Dig Dis Sci. 1990; 35:121–32. [PubMed: 
2403907] 

3. Kehlet H. Postoperative ileus--an update on preventive techniques. Nat Clin Pract Gastroenterol 
Hepatol. 2008; 5:552–8. [PubMed: 18695704] 

4. Delaney CP, Senagore AJ, Viscusi ER, Wolff BG, Fort J, Du W, et al. Postoperative upper and 
lower gastrointestinal recovery and gastrointestinal morbidity in patients undergoing bowel 
resection: pooled analysis of placebo data from 3 randomized controlled trials. Am J Surg. 2006; 
191:315–9. [PubMed: 16490538] 

5. Benson, MJ.; Wingate, DL. Ileus and mechanical obstruction. In: Kumar, D.; Wingate, DL., editors. 
An illustrated guide to gastrointestinal motility. London: Churchill Livingston; 1993. p. 547-66.

6*. Asgeirsson T, El-Badawi KI, Mahmood A, Barletta J, Luchtefeld M, Senagore AJ. Postoperative 
ileus: it costs more than you expect. J Am Coll Surg. 2010; 210:228–31. This paper describes 
postoperative ileus as a frequent condition and gives an overview over the costs of longer 
hospitalization periods and the treatment of associated complications. [PubMed: 20113944] 

7. Zeinali F, Stulberg JJ, Delaney CP. Pharmacological management of postoperative ileus. Can J 
Surg. 2009; 52:153–7. [PubMed: 19399212] 

8. Bueno L, Fioramonti J, Ruckebusch Y. Postoperative intestinal motility in dogs and sheep. Am J 
Dig Dis. 1978; 23:682–9. [PubMed: 685935] 

9. Kalff JC, Carlos TM, Schraut WH, Billiar TR, Simmons RL, Bauer AJ. Surgically induced 
leukocytic infiltrates within the rat intestinal muscularis mediate postoperative ileus. 
Gastroenterology. 1999; 117:378–87. [PubMed: 10419919] 

10*. van Bree SH, Nemethova A, Cailotto C, Gomez-Pinilla PJ, Matteoli G, Boeckxstaens GE. New 
therapeutic strategies for postoperative ileus. Nat Rev Gastroenterol Hepatol. 2012; 9:675–83. 
This review focuses on the inflammatory pathways activated under conditions of abdominal 
surgery that contribute to the delayed phase of postoperative ileus. Possible novel approaches to 
tackle these inflammatory pathways as treatment options of postoperative ileus are also 
discussed. [PubMed: 22801725] 

11. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K. Ghrelin is a growth-hormone-
releasing acylated peptide from stomach. Nature. 1999; 402:656–60. [PubMed: 10604470] 

Stengel and Taché Page 7

Curr Opin Pharmacol. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



12. Davenport AP, Bonner TI, Foord SM, Harmar AJ, Neubig RR, Pin JP, et al. International Union of 
Pharmacology. LVI. Ghrelin receptor nomenclature, distribution, and function. Pharmacol Rev. 
2005; 57:541–6. [PubMed: 16382107] 

13. Yang J, Brown MS, Liang G, Grishin NV, Goldstein JL. Identification of the acyltransferase that 
octanoylates ghrelin, an appetite-stimulating peptide hormone. Cell. 2008; 132:387–96. [PubMed: 
18267071] 

14. Gutierrez JA, Solenberg PJ, Perkins DR, Willency JA, Knierman MD, Jin Z, et al. Ghrelin 
octanoylation mediated by an orphan lipid transferase. PNAS U S A. 2008; 105:6320–5.

15. Jeon TY, Lee S, Kim HH, Kim YJ, Son HC, Kim DH, et al. Changes in plasma ghrelin 
concentration immediately after gastrectomy in patients with early gastric cancer. J Clin 
Endocrinol Metab. 2004; 89:5392–6. [PubMed: 15531487] 

16. Date Y, Kojima M, Hosoda H, Sawaguchi A, Mondal MS, Suganuma T, et al. Ghrelin, a novel 
growth hormone-releasing acylated peptide, is synthesized in a distinct endocrine cell type in the 
gastrointestinal tracts of rats and humans. Endocrinology. 2000; 141:4255–61. [PubMed: 
11089560] 

17. Date Y, Nakazato M, Hashiguchi S, Dezaki K, Mondal MS, Hosoda H, et al. Ghrelin is present in 
pancreatic alpha-cells of humans and rats and stimulates insulin secretion. Diabetes. 2002; 51:124–
9. [PubMed: 11756331] 

18. Gnanapavan S, Kola B, Bustin SA, Morris DG, McGee P, Fairclough P, et al. The tissue 
distribution of the mRNA of ghrelin and subtypes of its receptor, GHS-R, in humans. J Clin 
Endocrinol Metab. 2002; 87:2988. [PubMed: 12050285] 

19. Cowley MA, Smith RG, Diano S, Tschop M, Pronchuk N, Grove KL, et al. The distribution and 
mechanism of action of ghrelin in the CNS demonstrates a novel hypothalamic circuit regulating 
energy homeostasis. Neuron. 2003; 37:649–61. [PubMed: 12597862] 

20. Lu S, Guan JL, Wang QP, Uehara K, Yamada S, Goto N, et al. Immunocytochemical observation 
of ghrelin-containing neurons in the rat arcuate nucleus. Neurosci Lett. 2002; 321:157–60. 
[PubMed: 11880196] 

21. Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse BE, Weigle DS. A preprandial rise in 
plasma ghrelin levels suggests a role in meal initiation in humans. Diabetes. 2001; 50:1714–9. 
[PubMed: 11473029] 

22. Druce MR, Wren AM, Park AJ, Milton JE, Patterson M, Frost G, et al. Ghrelin increases food 
intake in obese as well as lean subjects. Int J Obes. 2005; 29:1130–6.

23. Cummings DE, Weigle DS, Frayo RS, Breen PA, Ma MK, Dellinger EP, et al. Plasma ghrelin 
levels after diet-induced weight loss or gastric bypass surgery. N Eng J Med. 2002; 346:1623–30.

24. Ariga H, Tsukamoto K, Chen C, Mantyh C, Pappas TN, Takahashi T. Endogenous acyl ghrelin is 
involved in mediating spontaneous phase III-like contractions of the rat stomach. 
Neurogastroenterol Motil. 2007; 19:675–80. [PubMed: 17640183] 

25. Fujino K, Inui A, Asakawa A, Kihara N, Fujimura M, Fujimiya M. Ghrelin induces fasted motor 
activity of the gastrointestinal tract in conscious fed rats. J Physiol. 2003; 550:227–40. [PubMed: 
12837928] 

26. Tack J, Depoortere I, Bisschops R, Delporte C, Coulie B, Meulemans A, et al. Influence of ghrelin 
on interdigestive gastrointestinal motility in humans. Gut. 2006; 55:327–33. [PubMed: 16216827] 

27. Levin F, Edholm T, Schmidt PT, Gryback P, Jacobsson H, Degerblad M, et al. Ghrelin stimulates 
gastric emptying and hunger in normal-weight humans. J Clin Endocrinol Metab. 2006; 91:3296–
302. [PubMed: 16772353] 

28. Murray CD, Martin NM, Patterson M, Taylor SA, Ghatei MA, Kamm MA, et al. Ghrelin enhances 
gastric emptying in diabetic gastroparesis: a double blind, placebo controlled, crossover study. 
Gut. 2005; 54:1693–8. [PubMed: 16085693] 

29*. Stengel A, Goebel-Stengel M, Wang L, Shaikh A, Lambrecht NW, Rivier JE, et al. Abdominal 
surgery inhibits circulating acyl ghrelin and ghrelin-O-acyltransferase levels in rats: role of the 
somatostatin receptor subtype 2. Am J Physiol Gastrointest Liver Physiol. 2011; 301:G239–48. 
This paper demonstrates that abdominal surgery decreases circulating ghrelin levels via a gastric 
somatostatin-somatostatin receptor 2 signaling pathway. [PubMed: 21636529] 

Stengel and Taché Page 8

Curr Opin Pharmacol. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



30. Satou M, Nishi Y, Yoh J, Hattori Y, Sugimoto H. Identification and characterization of acyl-
protein thioesterase 1/lysophospholipase I as a ghrelin deacylation/lysophospholipid hydrolyzing 
enzyme in fetal bovine serum and conditioned medium. Endocrinology. 2010; 151:4765–75. 
[PubMed: 20685872] 

31. Trudel L, Tomasetto C, Rio MC, Bouin M, Plourde V, Eberling P, et al. Ghrelin/motilin-related 
peptide is a potent prokinetic to reverse gastric postoperative ileus in rat. Am J Physiol Gastroint 
Liver Physiol. 2002; 282:G948–52.

32. Poitras P, Polvino WJ, Rocheleau B. Gastrokinetic effect of ghrelin analog RC-1139 in the rat. 
Effect on post-operative and on morphine induced ileus. Peptides. 2005; 26:1598–601. [PubMed: 
16112398] 

33**. Falken Y, Webb DL, Abraham-Nordling M, Kressner U, Hellstrom PM, Naslund E. Intravenous 
ghrelin accelerates postoperative gastric emptying and time to first bowel movement in humans. 
Neurogastroenterol Motil. 2013; 25:474–80. In this randomized trial the authors show that 
ghrelin infusion accelerates gastric emptying and shortens the time to the first bowel movement 
under inhibited conditions following abdominal surgery giving rise to the use of ghrelin/ghrelin 
mimetics under these conditions. [PubMed: 23527561] 

34. Popescu I, Fleshner PR, Pezzullo JC, Charlton PA, Kosutic G, Senagore AJ. The Ghrelin agonist 
TZP-101 for management of postoperative ileus after partial colectomy: a randomized, dose-
ranging, placebo-controlled clinical trial. Dis Colon Rectum. 2010; 53:126–34. [PubMed: 
20087086] 

35. Shaw M, Pediconi C, McVey D, Mondou E, Quinn J, Chamblin B, et al. Safety and efficacy of 
ulimorelin administered postoperatively to accelerate recovery of gastrointestinal motility 
following partial bowel resection: results of two randomized, placebo-controlled phase 3 trials. Dis 
Colon Rectum. 2013; 56:888–97. [PubMed: 23739196] 

36. Oh-I S, Shimizu H, Satoh T, Okada S, Adachi S, Inoue K, et al. Identification of nesfatin-1 as a 
satiety molecule in the hypothalamus. Nature. 2006; 443:709–12. [PubMed: 17036007] 

37. Goebel M, Stengel A, Wang L, Lambrecht NW, Taché Y. Nesfatin-1 immunoreactivity in rat brain 
and spinal cord autonomic nuclei. Neurosci Lett. 2009; 452:241–6. [PubMed: 19348732] 

38. Goebel-Stengel M, Wang L, Stengel A, Taché Y. Localization of nesfatin-1 neurons in the mouse 
brain and functional implication. Brain Res. 2011; 1396:20–34. [PubMed: 21555116] 

39. Bloem B, Xu L, Morava E, Faludi G, Palkovits M, Roubos EW, et al. Sex-specific differences in 
the dynamics of cocaine- and amphetamine-regulated transcript and nesfatin-1 expressions in the 
midbrain of depressed suicide victims vs. controls. Neuropharmacology. 2012; 62:297–303. 
[PubMed: 21803054] 

40. Tan BK, Hallschmid M, Kern W, Lehnert H, Randeva HS. Decreased cerebrospinal fluid/plasma 
ratio of the novel satiety molecule, nesfatin-1/NUCB-2, in obese humans: evidence of nesfatin-1/
NUCB-2 resistance and implications for obesity treatment. J Clin Endocrinol Metab. 2011; 
96:E669–73. [PubMed: 21252251] 

41. Stengel A, Hofmann T, Goebel-Stengel M, Lembke V, Ahnis A, Elbelt U, et al. Ghrelin and 
NUCB2/nesfatin-1 are expressed in the same gastric cell and differentially correlated with body 
mass index in obese subjects. Histochem Cell Biol. 2013; 139:909–18. [PubMed: 23515787] 

42. Ramanjaneya M, Addison M, Randeva HS. Possible role of NUCB2/nesfatin-1 in adipogenesis. 
Curr Pharm Des. 2013; 19:6976–80. [PubMed: 23537078] 

43. Riva M, Nitert MD, Voss U, Sathanoori R, Lindqvist A, Ling C, et al. Nesfatin-1 stimulates 
glucagon and insulin secretion and beta cell NUCB2 is reduced in human type 2 diabetic subjects. 
Cell Tissue Res. 2011; 346:393–405. [PubMed: 22108805] 

44. Tsuchiya T, Shimizu H, Yamada M, Osaki A, Oh IS, Ariyama Y, et al. Fasting Concentrations of 
Nesfatin-1 Are Negatively Correlated with Body Mass Index in Non-Obese Males. Clin 
Endocrinol (Oxf). 2010; 73:484–90. [PubMed: 20550530] 

45. Stengel A, Goebel M, Wang L, Rivier J, Kobelt P, Mönnikes H, et al. Central nesfatin-1 reduces 
dark-phase food intake and gastric emptying in rats: differential role of corticotropin-releasing 
factor2 receptor. Endocrinology. 2009; 150:4911–9. [PubMed: 19797401] 

Stengel and Taché Page 9

Curr Opin Pharmacol. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



46. Ramanjaneya M, Chen J, Brown JE, Tripathi G, Hallschmid M, Patel S, et al. Identification of 
nesfatin-1 in human and murine adipose tissue: a novel depot-specific adipokine with increased 
levels in obesity. Endocrinology. 2010; 151:3169–80. [PubMed: 20427481] 

47. Atsuchi K, Asakawa A, Ushikai M, Ataka K, Tsai M, Koyama K, et al. Centrally administered 
nesfatin-1 inhibits feeding behaviour and gastroduodenal motility in mice. Neuroreport. 2010; 
21:1008–11. [PubMed: 20827224] 

48. Stengel A, Goebel M, Wang L, Taché Y. Abdominal surgery activates nesfatin-1 immunoreactive 
brain nuclei in rats. Peptides. 2010; 31:263–70. [PubMed: 19944727] 

49. Brazeau P, Vale W, Burgus R, Ling N, Butcher M, Rivier J, et al. Hypothalamic polypeptide that 
inhibits the secretion of immunoreactive pituitary growth hormone. Science. 1973; 179:77–9. 
[PubMed: 4682131] 

50. Olias G, Viollet C, Kusserow H, Epelbaum J, Meyerhof W. Regulation and function of 
somatostatin receptors. J Neurochem. 2004; 89:1057–91. [PubMed: 15147500] 

51. Viollet C, Lepousez G, Loudes C, Videau C, Simon A, Epelbaum J. Somatostatinergic systems in 
brain: networks and functions. Mol Cell Endocrinol. 2008; 286:75–87. [PubMed: 17997029] 

52. Mengod G, Rigo M, Savasta M, Probst A, Palacios JM. Regional distribution of neuropeptide 
somatostatin gene expression in the human brain. Synapse. 1992; 12:62–74. [PubMed: 1357764] 

53. Stengel A, Goebel M, Wang L, Rivier J, Kobelt P, Mönnikes H, Taché Y. Selective central 
activation of somatostatin2 receptor increases food intake, grooming behavior and rectal 
temperature in rats. J Physiol Pharmacol. 2010; 61:399–407. [PubMed: 20814067] 

54. Gardi J, Obal F Jr, Fang J, Zhang J, Krueger JM. Diurnal variations and sleep deprivation-induced 
changes in rat hypothalamic GHRH and somatostatin contents. Am J Physiol. 1999; 277:R1339–
44. [PubMed: 10564205] 

55. Shulkes A. Somatostatin: physiology and clinical applications. Baillieres Clin Endocrinol Metab. 
1994; 8:215–36. [PubMed: 7907862] 

56. Low MJ. Clinical endocrinology and metabolism. The somatostatin neuroendocrine system: 
physiology and clinical relevance in gastrointestinal and pancreatic disorders. Best Pract Res Clin 
Endocrinol Metab. 2004; 18:607–22. [PubMed: 15533778] 

57. Sachs G, Zeng N, Prinz C. Physiology of isolated gastric endocrine cells. Annu Rev Physiol. 1997; 
59:243–56. [PubMed: 9074763] 

58. Schindler M, Humphrey PP. Differential distribution of somatostatin sst2 receptor splice variants 
in rat gastric mucosa. Cell Tissue Res. 1999; 297:163–8. [PubMed: 10398894] 

59. Stengel A, Goebel-Stengel M, Wang L, Luckey A, Hu E, Rivier J, et al. Central administration of 
pan-somatostatin agonist ODT8-SST prevents abdominal surgery-induced inhibition of circulating 
ghrelin, food intake and gastric emptying in rats. Neurogastroenterol Motil. 2011; 23:e294–308. 
[PubMed: 21569179] 

60. De Groot J, Harris GW. Hypothalmic control of the anterior pituitary gland and blood 
lymphocytes. J Physiol. 1950; 111:335–46. [PubMed: 14795443] 

61. Guillemin R, Rosenberg B. Humoral hypothalamic control of anterior pituitary: a study with 
combined tissue cultures. Endocrinology. 1955; 57:599–607. [PubMed: 13270723] 

62. Vale W, Spiess J, Rivier C, Rivier J. Characterization of a 41-residue ovine hypothalamic peptide 
that stimulates secretion of corticotropin and beta-endorphin. Science. 1981; 213:1394–7. 
[PubMed: 6267699] 

63. Stengel A, Taché Y. Corticotropin-releasing factor signaling and visceral response to stress. Exp 
Biol Med (Maywood). 2010; 235:1168–78. [PubMed: 20881321] 

64. Taché Y, Bonaz B. Corticotropin-releasing factor receptors and stress-related alterations of gut 
motor function. J Clin Invest. 2007; 117:33–40. [PubMed: 17200704] 

65. Stengel A, Taché Y. Neuroendocrine Control of the Gut During Stress: Corticotropin-Releasing 
Factor Signaling Pathways in the Spotlight. Annu Rev Physiol. 2009; 71:219–39. [PubMed: 
18928406] 

66. Wang L, Goebel-Stengel M, Stengel A, Wu SV, Ohning G, Taché Y. Comparison of CRF-
immunoreactive neurons distribution in mouse and rat brains and selective induction of Fos in rat 
hypothalamic CRF neurons by abdominal surgery. Brain Res. 2011; 1415:34–46. [PubMed: 
21872218] 

Stengel and Taché Page 10

Curr Opin Pharmacol. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



67. Martinez V, Rivier J, Taché Y. Peripheral injection of a new corticotropin-releasing factor (CRF) 
antagonist, astressin, blocks peripheral CRF- and abdominal surgery-induced delayed gastric 
emptying in rats. J Pharmacol Exp Ther. 1999; 290:629–34. [PubMed: 10411571] 

68. Taché Y, Maeda-Hagiwara M, Turkelson CM. Central nervous system action of corticotropin-
releasing factor to inhibit gastric emptying in rats. Am J Physiol. 1987; 253:G241–5. [PubMed: 
3497585] 

69. Adelson DW, Kosoyan HP, Wang Y, Steinberg JZ, Taché Y. Gastric vagal efferent inhibition 
evoked by intravenous CRF is unrelated to simultaneously recorded vagal afferent activity in 
urethane-anesthetized rats. J Neurophysiol. 2007; 97:3004–14. [PubMed: 17314242] 

70. Shrestha YB, Wickwire K, Giraudo SQ. Direct effects of nutrients, acetylcholine, CCK, and 
insulin on ghrelin release from the isolated stomachs of rats. Peptides. 2009; 30:1187–91. 
[PubMed: 19463754] 

71. Luckey A, Wang L, Jamieson PM, Basa NR, Million M, Czimmer J, et al. Corticotropin-releasing 
factor receptor 1-deficient mice do not develop postoperative gastric ileus. Gastroenterology. 
2003; 125:654–9. [PubMed: 12949710] 

72. Amara SG, Arriza JL, Leff SE, Swanson LW, Evans RM, Rosenfeld MG. Expression in brain of a 
messenger RNA encoding a novel neuropeptide homologous to calcitonin gene-related peptide. 
Science. 1985; 229:1094–7. [PubMed: 2994212] 

73. Ladic LA, Buchan AM. Three-dimensional spatial relationship of neuropeptides and receptors in 
the rat dorsal vagal complex. Brain Res. 1998; 795:312–24. [PubMed: 9622662] 

74. Ma W, Chabot JG, Powell KJ, Jhamandas K, Dickerson IM, Quirion R. Localization and 
modulation of calcitonin gene-related peptide-receptor component protein-immunoreactive cells in 
the rat central and peripheral nervous systems. Neuroscience. 2003; 120:677–94. [PubMed: 
12895509] 

75. Taché, Y. Intracisternal injection of calcitonin-gene related peptide inhibits experimental gastric 
ulcers. In: Garner, A.; O’Brien, PE., editors. Mechanisms of injury, protection and repair of the 
upper gastrointestinal tract. Chichester: John Wiley & Sons; 1991. p. 383-93.

76. Trudel L, Bouin M, Tomasetto C, Eberling P, St-Pierre S, Bannon P, et al. Two new peptides to 
improve post-operative gastric ileus in dog. Peptides. 2003; 24:531–4. [PubMed: 12860196] 

77. Plourde V, Wong HC, Walsh JH, Raybould HE, Taché Y. CGRP antagonists and capsaicin on 
celiac ganglia partly prevent postoperative gastric ileus. Peptides. 1993; 14:1225–9. [PubMed: 
7510881] 

78. Zittel TT, Lloyd KC, Rothenhofer I, Wong H, Walsh JH, Raybould HE. Calcitonin gene-related 
peptide and spinal afferents partly mediate postoperative colonic ileus in the rat. Surgery. 1998; 
123:518–27. [PubMed: 9591004] 

79. Stengel, A.; Taché, Y. The physiological relationships between the brainstem, vagal stimulation 
and feeding. In: Preedy, VR., editor. The International Handbook of Behavior, Diet and Nutrition. 
London: Springer; 2011. 

80. Taché Y, Yang H, Miampamba M, Martinez V, Yuan PQ. Role of brainstem TRH/TRH-R1 
receptors in the vagal gastric cholinergic response to various stimuli including sham-feeding. 
Auton Neurosci. 2006; 125:42–52. [PubMed: 16520096] 

81. Lynn RB, Kreider MS, Miselis RR. Thyrotropin-releasing hormone-immunoreactive projections to 
the dorsal motor nucleus and the nucleus of the solitary tract of the rat. J Comp Neurol. 1991; 
311:271–88. [PubMed: 1753019] 

82. Stengel A, Goebel M, Luckey A, Yuan PQ, Wang L, Taché Y. Cold ambient temperature reverses 
abdominal surgery-induced delayed gastric emptying and decreased plasma ghrelin levels in rats. 
Peptides. 2010; 31:2229–35. [PubMed: 20817059] 

83**. Noble EJ, Harris R, Hosie KB, Thomas S, Lewis SJ. Gum chewing reduces postoperative ileus? 
A systematic review and meta-analysis. Int J Surg. 2009; 7:100–5. This meta-analysis shows that 
chewing gum post surgically reduces the time to flatus, time to first bowel movement and the 
duration of hospitalization. Despite the fact that rigorous randomized controlled trials are lacking 
so far the authors conclude that chewing gum might be a useful and applicable approach to 
reduce symptoms of postoperative ileus. [PubMed: 19261555] 

Stengel and Taché Page 11

Curr Opin Pharmacol. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



84. Fitzgerald JE, Ahmed I. Systematic review and meta-analysis of chewing-gum therapy in the 
reduction of postoperative paralytic ileus following gastrointestinal surgery. World J Surg. 2009; 
33:2557–66. [PubMed: 19763686] 

85. Mohsenzadeh Ledari F, Barat S, Delavar MA, Banihosini SZ, Khafri S. Chewing sugar-free gum 
reduces ileus after cesarean section in nulliparous women: a randomized clinical trial. Iran Red 
Crescent Med J. 2013; 15:330–4. [PubMed: 24083008] 

Stengel and Taché Page 12

Curr Opin Pharmacol. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



KEY POINTS

• Postoperative ileus is a frequent condition after abdominal surgery causing 

suffering for the patient and significant costs for the healthcare system.

• Several brain peptides are involved in the development of postoperative ileus.

• Chewing gum as a mean to stimulate vagal signaling may be an applicable 

method to alleviate symptoms of postoperative ileus.
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Highlights

• Postoperative ileus (POI) is a frequent condition after abdominal surgery

• POI causes suffering for patients and significant costs for the healthcare system

• Several brain peptides are involved in the development of POI

• Chewing gum may be an applicable method to alleviate symptoms of POI
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Table 1

Modulation of postoperative ileus by centrally acting peptides.

Peptide Proposed physiological function Modulation of postoperative ileus Reference

Ghrelin stimulation of food intake and gastrointestinal 
motility

reversal of surgery-induced delay of gastric emptying; 
acceleration of time to first bowel movement; earlier 
hospital discharge

[33, 34]

Nesfatin-1 inhibition of food intake and gastrointestinal 
motility

no data available so far under conditions of postoperative 
ileus; NUCB2/nesfatin-1 brain nuclei are activated by 
abdominal surgery

[48]

Somatostatin peripheral: inhibition of food intake and 
gastrointestinal motility; central: stimulation of 
food intake

peripheral: sst2 blockade restores ghrelin levels but does not 
alter the surgery-induced gastric ileus; central: sst2 

activation does not alter the surgery-induced delay of gastric 
emptying but restores circulating ghrelin levels and 
stimulates food intake

[29, 59]

CRF key hormone in the response to stress, reduction 
of upper gastrointestinal and stimulation of 
colonic motility and secretion

CRF1 mediates delay of gastric emptying in mice [71]

CGRP decrease of vagal efferent activity immunoneutralization of CGRP reverses postoperative 
inhibition of gastric empting, delay of colonic transit, 
reduction of fecal pellet output and the anorexigenic 
response

[77, 78]

TRH stimulation of gastrointestinal motility and 
secretion

cold-induced TRH-mediated vagal activation restores gastric 
emptying and ghrelin levels post surgery; chewing gum 
shortens time to first flatus and bowel movement after 
surgery and reduces time of hospitalization

[82, 83]

Abbreviations: CGRP, calcitonin gene-related peptide; CRF, corticotropin-releasing factor; CRF1, corticotropin-releasing factor receptor subtype 

1; sst2, somatostatin receptor subtype 2; TRH, thyrotropin-releasing hormone
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