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Abstract

Background—Peritoneal adhesion formation is a well-recognized consequence of abdominal 

and pelvic surgery, causing infertility, chronic pelvic pain and intestinal obstruction. We 

hypothesized that ghrelin, a 28 amino acid peptide predominantly found in the stomach, plays an 

important role in preventing post-operative surgical adhesions. The purpose of this study is to 

develop a new surgical peritoneal adhesion model to define the role that ghrelin plays in wound 

healing and adhesion formation.

Materials and Methods—C57BL/6 wild type mice (n=40) and growth hormone secretagogue 

receptor-knockout (GHSR KO) mice (n=20) underwent a midline laparotomy to establish a 

peritoneal adhesion model characterized by the combination of two different techniques: ischemic 

peritoneal buttons and cecal multiple abrasion. All mice received intraperitoneal injections with 

ghrelin (0.16 mg/kg) or saline twice daily for 20 days post-surgery. Peritoneal ischemic buttons 

were harvested to determine protein expression of collagen (Masson’s trichrome, Picrosirius red 

stain and Western blot).

Results—The novel mouse model demonstrated consistent and easily reproducible formation of 

intra-abdominal adhesions. Ghrelin administration significantly reduced post-operative adhesion 

formation (p-value < 0.001) in wild type mice. The anti-fibrotic effect of ghrelin in wild type mice 

was confirmed by measuring collagen I protein levels via Western blot analysis. The anti-adhesion 

effect of ghrelin seen in wild type mice was not detected in GHSR KO mice demonstrating that 

this effect is mediated by the GHSR-1a receptor.
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Conclusions—Ghrelin administration may improve surgical outcome by reducing peritoneal 

adhesion formation and fibrotic response in a mouse model.

Keywords

Ghrelin; Post-Operative Adhesion; Collagen I; Fibrosis; GHSR-1a receptor

Introduction

Intraperitoneal adhesion formation is a well-recognized consequence of abdominal and 

pelvic surgery. Postoperative intra-abdominal and pelvic adhesions are a leading cause of 

infertility, chronic pelvic pain, and intestinal obstruction [1]. The incidence of adhesion-

related re-admissions according to the surgical procedure ranges between 0.1% and 24%, 

with the highest incidences occurring after pelvic surgery [2]. In 2011, adhesiolysis was 

reported to be responsible for 351,777 hospitalizations, 976,332 days of inpatient care, and 

$2.3 billion in hospitalization and surgeon expenditures [3, 4]. Beyond the economic impact, 

these post-surgical adhesions are responsible for hospital readmissions and delays in patient 

recovery. The presence of adhesions may increase the risk of inadvertent visceral injuries 

and lengthen the operation time during subsequent laparotomies [5, 6]. The risk of needing 

repeat abdominal surgery is relatively high and is expected to increase in the Western world 

with the increase in life expectancy and developments in surgical technique [7, 8].

The pathophysiology of adhesions originates from an inflammatory reaction stimulated by 

tissue trauma with increased vessel permeability, extravasation of immune cells and 

deposition of fibrin. In ischemic conditions, such as after surgery, physiological fibrinolysis 

is insufficient leading to the formation of fibrin bridges between the areas of traumatized 

tissue and unaffected tissue. Subsequent organization of fibrin matrix with 

neovascularization and invasion of fibroblasts and myofibroblasts under the influence of 

specific growth factors ultimately causes the formation of fibrous adhesions [9].

Numerous interventions have been developed to reduce or prevent post-surgical adhesion 

formation, including fibrinolytic agents [10], antibiotics, anti-inflammatory agents [11], 

surgical lysis [12], anticoagulants [13], and chemical and physical barriers [14, 15]. 

Unfortunately, none of these approaches has proven to be reliable and effective at 

preventing the formation of postoperative adhesions and subsequent complications. 

Currently, the only adhesion prevention strategy approved by Food and Drug Administration 

is Seprafilm (Genzyme Biosurgery Corp., Cambridge, MA) [16, 17]. Although Seprafilm, a 

bioresorbable physical barrier composed of hyaluronic acid and carboxymethylcellulose 

(HA/CMC), reduces adhesion formation by preventing apposition of injured tissue where 

placed, there are significant limitations to its use including difficulties with application and 

their effectiveness appears to be limited to the site of application [18, 19]. The anti-adhesion 

mechanism of the Seprafilm barrier is thought to act in vivo as a physical barrier to separate 

peritoneal tissue surfaces during the early phases of wound healing [20].

Based on data from preliminary studies, we hypothesized that acylated ghrelin, a 28-amino 

acid gastric peptide, would reduce post-operative adhesion formation. Ghrelin was first 

isolated and characterized from the rat stomach and also identified as an endogenous ligand 

Bianchi et al. Page 2

J Surg Res. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



for the growth hormone secretagogue receptor (GHSR) [21]. The endocrine activities of 

ghrelin are mediated by the GHSR, and while primarily studied as a gastric hormone, it is 

also expressed in many other tissues where it works in a paracrine manner [22]. Ghrelin 

circulates in an acylated (AG) and des-acylated form (dAG) [21]. The presence of the acyl 

side chain attached to the serine 3 residue of the ghrelin peptide is required for binding to the 

receptor GHSR-a1 [21]. The majority of ghrelin (> 90%) circulates in human plasma as 

dAG form, although the exact ratio of circulating AG to dAG varies depending on metabolic 

status. [23]. This effect is due to the shorter half-life of AG compared to the dAG. The AG 

plasma level rapidly disappears from circulation due to binding to the GHSR-1a in the 

systemic tissue [24] or deacylation by circulating butyrylcolinesterase or carboxylesterase 

[25]. Previous studies suggest that the majority of AG circulates bound to lipoproteins while 

dAG flows as a free peptide [26]. Two GHSRs subtypes, GHSR-1a and GHSR-1b, have 

been identified [21]. GHSR-1a mediates ghrelin’s effects on growth hormone secretion; 

while the function of the GHSR-1b is still unclear [27]. GHSR-1a is a G protein-coupled 

receptor expressed in the pituitary gland to mediate growth hormone release and in the 

hypothalamus to stimulate food intake and appetite [21, 28]. The GHSR-1a receptor is also 

expressed in several peripheral organs such as bowel, pancreas, liver, heart, lungs, kidneys 

and testes, facilitating the multiple paracrine, autocrine and endocrine actions of ghrelin 

[28].

Ghrelin exercises a large range of biological functions, including anti-inflammatory effects 

[29] and cardio-protective effects [30]. It also alleviates anorexia, cachexia, chronic diseases 

[31–33] and renal damage [34]. Moreover, Ghrelin improves renal function after ischemia/

reperfusion injury and is shown to be involved in the healing of colonic anastomoses [35]. 

Recently ghrelin was suggested to possess anti-fibrotic properties [34, 36] and based on 

these observations we hypothesized that this endogenous ligand may play an important role 

in reducing post-operative adhesion formation. This study developed a new experimental 

mouse model for the consistent induction of post-operative adhesions, which allows for 

analysis and evaluation of the effectiveness of ghrelin in reducing the formation of 

intraperitoneal adhesions. We demonstrated the capability of ghrelin administration to 

reduce post-surgical adhesion formation in a GHSR-dependent manner.

Materials and Methods

Chemicals—Rat lyophilized acylated ghrelin was obtained from Tocris Bioscience 

(Bristol, UK). Ghrelin was dissolved in sterile saline (0.9 % sodium chloride, Baxter 

Healthcare Corporation, IL) before injection.

Animals—GHSR KO mice, C57BL/6 mice with a deletion of the growth hormone 

secretagogue receptor (Ghsr−/−), were developed at Baylor College of Medicine. Ghsr −/− 

mice were backcrossed at least 10 generations to C57/BL6 mice to create an isogenic line. 

Male C57BL/6 wild type mice were purchased from Charles River Laboratories 

(Wilmington, MA). A total of 40 male wild type mice and 20 male GHSR KO, 50–55 days 

of age and weighing between 19–21 g, were used in the study. All animals were allowed 

free access to Purina Rodent Chow 5001 (Farmer’s Exchange, Framingham, MA) and 
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filtered tap water ad libitum. Mice were housed in the Brown University Animal Care 

Facility and maintained in a temperature (25–28 °C) and humidity (30–70%) controlled 

environment with a 12 hr alternating dark-light cycle. Body weights of the experimental 

animals were recorded immediately before the surgical procedure. All investigations were 

conducted in accordance with Guide for the Care and Use of Laboratory Animals and were 

approved by the Brown University Institutional Animal Care and Use Committee.

Adhesion creation—Anesthesia was induced in a chamber with isoflurane (Baxter 

Healthcare Corp.) gas and maintained with 2–3% isoflurane via a nose cone throughout the 

entire procedure. All experimental animals underwent laparotomy through a 3 cm midline 

incision. Peritoneal adhesions were created using a combination of two different techniques: 

ischemic peritoneal buttons and cecal multiple abrasion.

Ischemic button: Two ischemic peritoneal buttons, spaced 0.5 cm apart, are created on the 

parietal peritoneum by grasping 3 mm of peritoneum with a hemostat and ligating the base 

of the segment with 6–0 silk suture.

Cecal multiple abrasion: The cecum was abraded with 10 strokes of a folded 2×2cm gauze.

The laparotomy incision was closed in two layers with continuous 5–0 Vicryl suture. The 

same surgeon performed all the procedures. Two mice (one from each group of wild type 

mice) were excluded from the study due to the presence of intraperitoneal abscesses.

Ghrelin and Saline Treatment—The mice were divided into two groups. In the control 

group (wild type mice =20, GHSR KO mice =10), mice were injected intraperitoneally with 

saline (0.1 ml), while in the ghrelin group (wild type mice =20, GHSR KO mice =10), mice 

received intraperitoneal injections of ghrelin (0.16 mg/kg) diluted in 0.1 ml of saline twice 

daily for 2 days before surgery and 20 days post-surgery. Ghrelin was given for two days 

before surgery to ensure that there were systemic effects of ghrelin before the “trauma” 

occurred. Mice were euthanized by Isoflurane overdose.

Serum collection—Blood was collected from wild type mice via cardiac puncture at the 

time of euthanasia. Serum samples were used for the measurement of the pro-inflammatory 

marker tumor necrosis factor-alpha (TNF-α) by ELISA (Abcam, Cambridge, MA).

Macroscopic and histological evaluation

The mice were euthanized 20 days post-surgery, and the adhesions were scored by a single 

surgeon, blinded to animal group using a scoring system described by Mazuji MK et al, 

1964 [37]. Image analysis was performed by taking gross photos of the abdominal cavity. 

Half of the peritoneal buttons were collected and fixed in 10% neutral buffered formalin, 

dehydrated through a series of graded ethanols, and embedded in paraffin. The other half 

were frozen in liquid nitrogen and stored at − 80 °C for RNA extraction and protein 

isolation. Paraffin sections were cut at 5 μm, and morphologic changes were assessed in the 

peritoneal button tissue with Hematoxylin & Eosin, Masson’s trichrome and Picrosirius red 

staining. Slides were scanned into an Aperio Scanscope CS microscope (Aperio 

Technologies, Vista, CA) for evaluation.

Bianchi et al. Page 4

J Surg Res. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Picrosirius red stain

Thick sections (5 μm) were deparaffinized in xylene and hydrated through decreasing grades 

of alcohol. Sections were stained with Weigert’s Hematoxylin for 8 minutes and followed 

by rinsing with tap water. The sections were incubated in 0.1% Sirius red F3B in saturated 

Picric acid solution for 1 hour at room temperature (rt), followed by rinsing with acidified 

water, dehydration and mounting. When Picrosirius red slides were viewed under a 

polarized light microscope the collagenous stroma of fibrotic tissue showed the spectrum of 

colors ranging from yellow-orange to green. The color of the collagen fibers was noted by 

two independent observers to eliminate any subjective bias.

Western blot

Protein lysates were prepared by homogenizing the peritoneal button with an electric 

homogenizer in radioimmunoprecipitation assay buffer (RIPA buffer:50 mM Tris-HCl (pH 

8), 150 mM NaCl, 0.1% Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS) with 1% 

phenylmethylsulfonyl fluoride (PMSF) and 1% protease and phosphatase inhibitor cocktail 

(Thermo Scientific, Rockford, IL). After the samples were centrifuged for 20 minutes at 

12,000 rpm, supernatants were aspirated and placed in new tubes. The protein concentration 

was determined for each sample using Protein Assay kit (Bio-Rad, CA). The samples were 

denatured but non-reduced with a loading buffer containing 4% anionic denaturing detergent 

sodium dodecyl sulfate (SDS), 20% glycerol, 0.004% bromophenol blue and 0.125 m Tris-

HCl (pH 6.8) and boiled at 95 °C for 10 minutes. Proteins were separated by SDS-PAGE 

and electrotransferred to ImmunoBlot PVDF membrane (Bio-Rad, Hercules, CA). PVDF 

membranes were blocked with 5% non-fat milk for 1 hour at rt and under agitation were 

incubated with primary antibody (anti-collagen I, ab21286 Abcam, Cambridge, MA and 

anti-tubulin, T6557 Sigma, St. Louis, MO) for 3 hours at rt. After washing the membranes 

with 0.01% TBS buffer, the membranes were incubated with the secondary antibody (HRP-

conjugated anti-rabbit 7076S and HRP-conjugated anti-mouse 7074S antibodies, Cell 

Signaling Technology, Boston, MA) for 1 hour at rt. Immunodetection was determined 

using ECL-plus Kit (21106 Thermo Scientific, Waltham, MA) and autoradiography. 

Relative intensities of the bands were quantified by densitometric analysis using Image-J 

software. The anti-tubulin antibody was used as an internal control.

Statistical analysis

All data are presented as mean ± standard error of the mean (SEM). Statistical analysis was 

performed using GraphPad Prism software. Student’s t-test was used to determine statistical 

difference between control and ghrelin-treated groups. Multiple comparisons between 

ghrelin and saline-treated wild type and GHSR KO mice groups are obtained using a one-

way analysis of variance (ANOVA) and Bonferroni post-hoc test. Values were considered to 

be significant at p < 0.05. A z-score transformation, known also as Fisher transformation, 

was performed to combine sets of data coming from different Western blots.
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Results

Intraperitoneal adhesion mouse model

Cecal multiple abrasion and peritoneal ischemic buttons were created in mice as a consistent 

method to facilitate the formation of intra-abdominal adhesions. Visible adhesions were 

detected in all the mice on day 20 post-surgery. This animal model was reliable and easily 

reproducible in stimulating formation of intra-abdominal adhesions between the cecum and 

the peritoneal ischemic button (Fig. 1A, B). This combination adhesion model technique led 

to an increased number of adhesions, compared to the single model approach, and 

significantly improved the quality of the data. To characterize the nature of the surgically-

induced fibrosis, histological examination of ischemic buttons was performed. The 

peritoneal tissue around the suture was markedly thickened by the proliferation of 

fibroblasts and deposition of collagen fibers. The thickened area around the suture contained 

macrophages, neutrophils and new capillary formation, confirming that the principal 

processes involved in the development of peritoneal fibrosis were inflammation, 

angiogenesis and fibrosis (Fig. 1C, D, E, F).

Effect of ghrelin on adhesion formation post-surgery

Ghrelin treatment significantly (p<0.001) reduced the adhesion score in ghrelin treated wild 

type mice compared to saline treated mice (Fig. 2A, B, 3B). The anti-adhesion effect of 

ghrelin seen in wild type mice was not detected in GHSR KO mice (Fig. 2C, D). The 

adhesion scores (mean ± SEM) for the ghrelin and saline treated wild type mice were 1.45 ± 

0.13 and 2.5 ± 0.21, respectively, a treatment-related reduction of 42.11% (Fig. 3B). We 

detected a reduction of fibrotic thickening and inflammatory cells around the suture in the 

ghrelin treated samples in comparison with the saline treated tissues (Fig. 4). The reduction 

in collagen deposition in the peritoneal ischemic button isolated from ghrelin-treated wild 

type mice was confirmed by Picrosirius red staining. The collagen I expression (yellow and 

orange fibers) after surgery was lower in ghrelin-treated compared to the saline-treated 

ischemic buttons (Fig. 4). However, in both treatments, collagen fibers around the suture in 

the peritoneal button consisted predominately of collagen I, rather than collagen type III 

(green fibers), indicating there was no qualitative difference in the type of collagen fibers 

between the ghrelin and saline-treated samples.

Ghrelin treatment increased mouse body weight after surgery

Ghrelin administered intraperitoneally twice daily, dosing from preoperative day 2 to 

postoperative day 20, significantly (p<0.05) increased body weight gain in wild type mice 

compared to controls (2.75 g ± 0.23 g versus 2.08 g ± 0.23 g). No significant differences 

were detected between saline and ghrelin-treated GHSR KO mice. The body weight change 

was significantly (p<0.001) lower in saline and ghrelin-treated GHSR KO mice compared to 

control wild type mice (Fig. 3A).
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Effect of Ghrelin administration on serum level of TNF-α

Serum levels of TNF-α were not significantly different between ghrelin-treated (99.19 ± 

4.65 pg/ml) and saline-treated (107.91 ± 14.69 pg/ml) wild type mice (Fig. S1), and were 

similar to the basal level of TNF-α (2–80 pg/ml).

Effect of ghrelin on peritoneal collagen I protein levels in wild type mice

To confirm that ghrelin has anti-fibrotic effects on post-surgical adhesion formation, 

collagen I protein levels were determined by immunoblotting. Two different gels were run 

to allow for a wider spectrum of ghrelin and saline – treated wild type mice samples to be 

analyzed. Each experimental set of data showed that the amount of collagen I was reduced 

in the ghrelin-treated samples by 62.56% and 55.91% compared to the control samples. 

Collagen I is usually observed as two bands of different sizes, 115 kDa and 120 kDa, that 

represent collagen I α1 and collagen I α2 respectively (Fig. 5A). As shown in the Fig. 5B, 

we detected a significant (p-value = 0.0054 paired t-test) reduction in collagen I protein 

levels in ghrelin-treated tissue compared to controls (Fig. 5B).

Effect of ghrelin on peritoneal collagen I protein levels in GHSR KO mice

To further test the hypothesis that ghrelin anti-fibrotic effects on post-surgical adhesion 

formation are mediated by GHSR-1a receptor, collagen I protein levels were quantified in 

GHSR KO mice by immunoblotting. Collagen I / γ-tubulin ratio protein levels were not 

significantly different between saline and ghrelin-treated GHSR KO mice (Fig. 6A, B).

Discussion

Ghrelin administered intraperitoneally decreases post-operative intra-abdominal adhesion 

formation. A more profound understanding of the molecular and cellular mechanisms 

involved in post-operative adhesion formation and the role of ghrelin may lead to an 

efficient strategy for adhesion prevention. Multiple pathways are involved in 

adhesiogenesis, and many are also important in normal wound healing [38]. Surgery causes 

tissue injury and ischemia, stimulating an acute inflammatory response. Subsequently, there 

is production of fibrinous exudate, which in association with down-regulation of the 

peritoneal fibrinolytic activity causes adhesion formation [39]. Despite many clinical studies 

and animal experiments dedicated to establishing methods to reduce the frequency and 

severity of post-operative intra-abdominal adhesions, there is still no clear therapy to prevent 

its onset. Previously targeted pathways include inhibition of the inflammatory response and 

release of exudate [11], blockade of the coagulation of the exudate [13], stimulation of 

fibrinolysis [10], barrier techniques via physical separation of fibrin-coated surfaces [14, 

15].

Our limitation was the difficulty to test ghrelin effect in reducing peritoneal adhesion 

formation in surgical animal models that have been developed previously. Although several 

animal models have been developed previously to assess formation of the peritoneal 

adhesions, very few have produced consistent or quantifiable results [40]. These 

experimental animal models show heterogeneous grades of adhesions, which make it 

difficult to reproduce the same methods or to compare the pathophysiological events. A 
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reliable animal model that allows for objective quantification of adhesions is a key 

component in elucidating the authenticity of various anti-adhesion strategies. While both the 

cecal abrasion and peritoneal ischemic button models are individually effective at creating 

abdominal adhesions, we discovered that the adhesions were unpredictable with a wide 

variety of different organs adherent to the cecum and/or the peritoneal button respectively 

preventing any level of consistency. We developed a new technique to facilitate adhesion 

formation by combining the two previous models of cecal multiple abrasion and peritoneal 

ischemic buttons. This new surgical animal model significantly improves the consistency of 

the development of intra-abdominal adhesions between the cecum and the ischemic button 

every time. In the present study, we evaluated peritoneal adhesions at time point of 20 days 

post-surgically to fully characterize the surgical adhesion model. By post-surgical day 20, 

the adhesions were fully formed, and more distinctive allowing for full evaluation of the 

combined animal adhesion model in comparison to earlier time points.

Ghrelin is defined as a ‘hunger hormone’ because it increases food intake, and promotes 

positive energy balance and adiposity [41]. The body weight gain endpoint provided a 

positive control to indicate the central action of ghrelin intraperitoneally administered for 

twenty days after surgery. Our data showed an increase of body weight 20 days after surgery 

of the ghrelin-treated wild type mice compared to the controls and GHSR KO mice 

confirming the involvement of ghrelin in feeding stimulation in a GHSR-dependent manner. 

Intraperitoneal administration of ghrelin from 2 days before surgery to 20 days post-surgery 

was effective in reducing adhesion formation after laparotomy in wild type mice. Pre-

operative serum ghrelin levels prior to surgery were not measured because of the instability 

and the short half-life of acylated ghrelin in the serum [25, 42]. Ghrelin was given pre-

operatively to ensure that there were systemic effects of ghrelin in progress and not 

necessarily circulating levels before surgery. Our findings showed that ghrelin treatment 

reduces post-surgical adhesion formation in wild type mice but not in GHSR KO mice, 

demonstrating that the anti-fibrotic effect of ghrelin is mediated by GHSR-1a receptor. 

Ghrelin treatment in GHSR KO mice denoted that the GHSR-1a signaling pathway is 

required for ghrelin-mediated protection from post-surgical adhesion formation.

The effectiveness of ghrelin in decreasing post-operative adhesions was confirmed by 

macroscopic evaluation, histological staining and Western blot results. Fibrotic thickening, 

inflammatory infiltrates in connective tissue and deposition of collagen I around the sutures 

were reduced in ghrelin-treated peritoneal ischemic tissues compared to controls.

Inflammatory, coagulatory and fibrinolytic pathways seem to play an important role in the 

pathogenesis of peritoneal adhesions, as has been previously reported in humans and animal 

models. Down-regulation of the fibrinolytic activity results in increased adhesions, while up-

regulation results in a reduction of adhesions [10, 43, 44].

To evaluate the potential for ghrelin-induced anti-inflammatory effects, levels of TNF-α in 

blood serum were analyzed. However, TNF-α was not found to be systemically upregulated 

in any group.
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Although it is not yet clear through which precise molecular pathways ghrelin and its 

receptor GHSR-1a mediate the anti-fibrotic response, our data strongly demonstrate the 

effectiveness of ghrelin in preventing post-operative adhesion formation. Therefore, the 

evaluation of the effect of ghrelin at different early time-points may contribute to a better 

understanding of the molecular mechanism by which ghrelin impacts fibrinous adhesion 

formation.

In conclusion, our data provide direct evidence that ghrelin reduces postoperative adhesions 

via blockage of fibrotic activities and that the hormone-receptor signaling pathway is 

essential for the ghrelin’s protective effect. Ghrelin may be a candidate treatment for human 

surgical patients to reduce hospitalization time, and improve overall surgical outcomes by 

avoiding the common consequences of postoperative adhesions, such as chronic pelvic and 

abdominal pain, intestinal obstruction and infertility.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Combination adhesion induction model is effective in producing consistent adhesions
Necropsy pictures from control group animal showing abdominal adhesion (arrow) between 

cecum and the intraperitoneal ischemic buttons (arrow heads) created on one side of the 

parietal peritoneum in male mice (A, B). Photomicrographs of the peritoneal ischemic 

buttons tissue in the saline-treated wild type mouse. H&E (C, D) and Masson’s trichrome 

staining (E, F). Suture (*), fibrotic thickening (**), exudate (***). Bars, 2 mm (C, E), 300 

μm (D) and 400 μm (F).
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Figure 2. Comparison of ghrelin’s effect on post-surgical adhesion formation in wild type and 
GHSR KO mice
Necropsy pictures from saline-treated wild type mice, saline and ghrelin-treated GHSR KO 

mice showing abdominal adhesions between cecum (¢) and the intraperitoneal ischemic 

buttons (arrow heads) (A, C, D). Adhesion very thin in ghrelin-treated wild type animal 

group (arrow) (B).
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Figure 3. Ghrelin administration significantly stimulates weight gain and reduces postoperative 
adhesion formation in wild type mice
The body weight gain in the ghrelin-treated group (n=19) was significantly higher than in 

the saline-treated group (n= 19). No significant difference in body weight gain between 

saline (n=10) and ghrelin -treated GHSR KO mice (n=10) (A). Post-surgical adhesions were 

objectively scored using a scoring system described by Mazuji (Mazuji MK et al, 1964). 

Ghrelin administration (n=19) reduced significantly post-operative adhesion formations 

compared to controls (n=19) in wild type mice. No significant difference were detected 

between saline (n=10) and ghrelin (n=10)-treated GHSR KO mice (B). Data are analyzed by 

Student’s t-test and One way ANOVA followed by Bonferroni post hoc analysis (*** p-

value < 0.001, ** p-value <0.01, * p-value < 0.05).
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Figure 4. Ghrelin reduces inflammatory infiltrate and fibrotic thickening in peritoneal ischemic 
buttons
Photomicrographs of surgical adhesion model of saline (A, B, C, D) and ghrelin-treated wild 

type mice (E, F, G, H). H&E (A, E), Masson’s trichrome (B, F) and Picrosirius red (PSR) 

(C, D, G, H) staining. Saline-treated mice showed peritoneal wall thickness with thickened 

collagen bundles (**) and infiltration of inflammatory cells (arrow) around the suture (A, 

B). In comparison, ghrelin-treated animals showed reduction of fibrotic thickening and 

collagen deposition around the sutures (arrow heads) (F). Photomicrographs of Picrosirius 

red-stained sections with polarized light used to distinguish collagen type I (yellow and 

orange fibers) from Collagen type III (green fibers) (D, H). The amount of collagen I 

deposition after surgery was strongly higher in the saline-treated samples (D) than in the 

ghrelin-treated ones (H). Bars, 600 μm (A, C, D, H), 500 μm (B, G) and 2 mm (E, F).
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Figure 5. Ghrelin reduces expression of collagen I protein in peritoneal ischemic buttons excised 
from wild type mice
Western blot analysis of collagen I protein expression in saline (n= 5) and ghrelin-treated 

samples (n= 5) (A). Densiometric analysis showed that ghrelin decreased collagen I protein 

levels. The collagen I protein levels were significantly reduced in ghrelin-treated samples 

(n=10) compared to the controls (n=10). The statistical analysis was conducted using the 

Fisher transformation (z-score transformation), that combined sets of data obtained by two 

immunoblots (B). Data are analyzed by Student’s t-test (** p-value <0.01).
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Figure 6. Ghrelin reduces expression of collagen I protein in GHSR-1a receptor dependent 
manner
Western blot analysis of collagen I protein expression in saline (n=5) and ghrelin-treated 

GHSR KO mice samples (n= 5). Data are from the same blots after removal of intervening 

lanes (A). The collagen I protein levels were not significantly reduced in ghrelin-treated 

samples demonstrating that the antifibrotic effect of ghrelin is GHSR-1a receptor mediated 

(B). Data are analyzed by Student’s t-test.
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