
Am J Transl Res 2017;9(7):3374-3386
www.ajtr.org /ISSN:1943-8141/AJTR0049536

Original Article 
Effect of omiganan on colonic anastomosis  
healing in a rat model of peritonitis

Teresa Lorenzi1, Maria Michela Cappelletti Trombettoni2, Roberto Ghiselli2, Francesca Paolinelli1, Rosaria 
Gesuita3, Oscar Cirioni4, Mauro Provinciali5, Wojciech Kamysz6, Elzbieta Kamysz7, Cristiano Piangatelli8, 
Mario Castellucci MD1, Mario Guerrieri2, Manrico Morroni1,9

1Department of Experimental and Clinical Medicine, Section of Neuroscience and Cell Biology, School of 
Medicine, Università Politecnica delle Marche, Italy; 2General Surgery and Surgery Methodology Clinic, Università 
Politecnica delle Marche, Ospedali Riuniti, Ancona, Italy; 3Center of Epidemiology, Biostatistics and Medical 
Information Technology, Università Politecnica delle Marche, Italy; 4Clinic of Infectious Diseases, Department 
of Biomedical Sciences and Public Health, Università Politecnica delle Marche, Ospedali Riuniti, Ancona, Italy; 
5Experimental Animal Models for Aging Units, Scientific Technological Area, I.N.R.C.A. I.R.R.C.S., Ancona, Italy; 
6Department of Inorganic Chemistry, Faculty of Pharmacy, Medical University of Gdansk, Gdansk, Poland; 
7Department of Organic Chemistry, Faculty of Chemistry, Medical University of Gdansk, Gdansk, Poland; 8Division 
of Anesthesia and Resuscitation, Emergency Department, Ospedali Riuniti, Ancona, Italy; 9Electron Microscopy 
Unit, Ospedali Riuniti, Ancona, Italy

Received January 23, 2017; Accepted May 21, 2017; Epub July 15, 2017; Published July 30, 2017

Abstract: Background: This study investigates the effects of the antimicrobial cationic peptide omiganan-alone 
and combined with the antibiotic imipenem-on colonic anastomosis healing in presence of intraperitoneal sepsis 
induced in a rodent model of cecal ligation and puncture (CLP). Methods: Forty male Wistar rats were divided into 
5 groups of 8 animals. Group 1 (control group) underwent laparotomy and cecal mobilization and the next day 
received left colon anastomosis. In group 2 (CLP without treatment), group 3 (CLP + imipenem), group 4 (CLP + 
omiganan), and group 5 (CLP + omiganan + imipenem), the left colon anastomosis was performed the day after 
CLP. Imipenem and omiganan were administered by intraperitoneal injection immediately before anastomosis con-
struction and subsequently at 24 h intervals until the 7th postoperative day, when rats were sacrificed. Anastomotic 
bursting pressure was measured in situ. Tissue samples were collected for determination of hydroxyproline content 
and histological characteristics. Results: Only rats receiving omiganan + imipenem displayed re-epithelialization, 
reduced neovascularization of granulation tissue, and a bursting pressure that was similar to that of controls. 
Omiganan-alone and combined with imipenem-was associated with a better control of inflammatory parameters 
than imipenem alone. In addition omiganan, like imipenem, counteracted the collagen depletion typical of sepsis. 
Conclusions: This experimental study demonstrates the efficacy of the new antimicrobial agent omiganan, alone 
and in combination with imipenem, in delaying the effects of intraperitoneal sepsis on colonic anastomosis healing 
and provides evidence of the value of omiganan as a therapeutic agent.

Keywords: Rat model of peritonitis, colonic anastomosis, omiganan, wound healing process, bursting pressure, 
hydroxyproline concentration

Introduction

Gastrointestinal anastomoses are common 
surgical procedures where leakage constitutes 
a severe complication. Anastomosis healing is 
affected by several systemic and local factors; 
among them, peritoneal infection has a major 
impact in conditions such as colonic perfora-
tion caused by diverticular disease or colorec-
tal cancer [1, 2]. Performance of a gastrointes-

tinal anastomosis in presence of peritonitis is a 
debated issue [3-5], as several surgeons con-
sider a primary anastomosis performed in a 
patient with intra-abdominal infection as poten-
tially hazardous [6, 7]. Healing of colonic anas-
tomoses in presence of peritonitis is therefore 
an outstanding issue [8], and a variety of anti-
microbial, anti-inflammatory, and antioxidant 
agents are being tested to prevent the systemic 
effects of infection-induced organ injury [9-13]. 

http://www.ajtr.org


Omiganan and colonic anastomosis healing in peritonitis

3375 Am J Transl Res 2017;9(7):3374-3386

However, the efficacy of many of these agents 
on the failure rates of colonic anastomoses is 
still unclear.

Antimicrobial peptides have recently emerged 
as a class of antibiotics with therapeutic poten-
tial. These positively charged molecules, which 
act as natural defense mechanisms, have been 
isolated from a broad range of plants and ani-
mals. In addition to their constitutive expres-
sion, they are produced in response to mole-
cules that are associated with pathogens, like 
lipopolysaccharides (LPSs) [14, 15]. Antimicro- 
bial peptides have been demonstrated to have 
wide-spectrum activity against bacteria, fungi, 
and protozoa [16, 17]; for instance, several cat-
ionic peptides are able to inhibit macrophage-
derived cytokine production in response to 
endotoxic LPSs and confer a degree of protec-
tion against lethal endotoxemia [18]. They act 
by binding to negatively charged LPS residues 
on the bacterial external membrane through 
electrostatic interactions with negatively char- 
ged phosphoryl groups and through hydropho-
bic interactions with lipid A acyl chains [19]. 
Moreover, they can induce transcription of sev-
eral genes in eukaryotic cells, and appear to 
have multiple effects on the inflammatory 
response [14, 15, 18, 20, 21]. Recent investi-
gations have documented that antimicrobial 
peptides, combined with traditional antibiotics, 
can accelerate the maturation of granulation to 
fibrous tissue through a strong biological action 
exerted on the epidermal and connective tis-
sue components of the wound healing response 
[22, 23]. Among these molecules, omiganan 
(formerly MBI 226, an analog of indolicidin) is a 
topical cationic peptide that was originally puri-
fied from the cytoplasmic granules of bovine 
neutrophils [24]. Omiganan pentahydrochloride 
acts in vitro against a variety of micro-organ-
isms, including gram-positive and gram-nega-
tive bacteria and fungi [24]. It exerts a fast 
microbicidal effect by interacting with the cyto-
plasmic membrane of gram-positive and -nega-
tive bacteria [24]. The unique structure of omi-
ganan (i.e. the presence of both positively 
charged and hydrophobic amino acids) repre-
sents the key prerequisite for its ability to inter-
act with bacterial cytoplasmic membrane 
through a non-receptor-mediated mechanism 
[25], which is the same used by other cationic 
peptides to kill microorganisms [26]. Once 
bound, omiganan likely undergoes a conforma-
tional change, stabilizing its interaction with the 

polar lipid heads and possibly initiating its 
insertion into the bilayer. This event results in 
membrane depolarization and cell death. In 
addition to membrane effects, omiganan exerts 
its antibacterial activity through inhibition of 
macromolecular synthesis of DNA, RNA and 
proteins [27]. A demonstration of the non enzy-
matic mechanism of action of omiganan comes 
from its exceptionally rapid bactericidal prop-
erty [24] and the lack of resistance developed 
by the pathogens [25, 27].

Antimicrobial peptides exercise a synergistic 
action with antibiotics, suggesting that cationic 
peptides may have an adjuvant effect in 
patients receiving antimicrobial chemotherapy 
against antibiotic-resistant bacterial strains 
[14, 20].

The aim of this study was to assess the effects 
of the antimicrobial omiganan, alone and com-
bined with the antibiotic imipenem, on the heal-
ing of colonic anastomoses in presence of peri-
tonitis induced by cecal ligation and puncture 
(CLP) in a rat model.

The present findings document that omiganan 
exerts a beneficial effect on anastomosis heal-
ing in presence of sepsis.

Materials and methods

Drugs

Imipenem (Merck, Sharp & Dohme, Milano, 
Italy) powder, dissolved in sterile distilled water 
according to the manufacturer’s recommenda-
tions, was prepared fresh every day.

Omiganan was kindly provided by Prof. Wojciech 
Kamysz (Faculty of Pharmacy, Medical Univer- 
sity of Gdansk, Gdansk, Poland). Its concentra-
tion was determined by measuring absorbance 
at 280 nm (extinction coefficient at 280 nm = 
1.72 × 104 M-1 cm-1).

Animals and surgical procedures

Male Wistar rats (Harlan, Horst, The Nether- 
lands) weighing 550-600 g were provided by 
I.N.R.C.A.-I.R.C.C.S., Ancona, Italy. They were 
housed in wire-bottom cages at room tempera-
ture with a 12 h light/dark cycle and free access 
to food and water. The surgical procedure, use 
of anesthesia, and animal care were in line with 
National Institutes of Health Guide for the Care 



Omiganan and colonic anastomosis healing in peritonitis

3376 Am J Transl Res 2017;9(7):3374-3386

and Use of Laboratory Animals recommenda-
tions (publication no. 86-23, revised 1985, 
Bethesda, MD) and were approved by the 
Animal Research Ethics Committee of I.N.R.C.A-
I.R.C.C.S., Ancona. All efforts were made to 
minimize animal suffering.

Rats were placed in an anesthesia box that was 
filled with isoflurane (5%) mixed with 30% oxy-
gen (O2) and 70% nitrous oxide (N2O). During 
the procedure, a similar mixture, where isoflu-
rane was reduced to 2-3%, was inhaled through 
a mask. A heating pad with feedback control 
through a rectal probe was employed to keep 
body temperature at 37°C. 

Surgery was performed under aseptic condi-
tions. The abdomen was shaved and painted 
with iodine before performing a midline lapa-
rotomy incision. The feces were gently moved 
back by milking them up from the descending 
colon, the cecum was then ligated with 3-0 silk 
right below the ileocecal valve. The anterior 
mesenteric cecal portion was punctured twice 
below the ligature using a 22 gauge needle. 
Finally, the bowel was replaced into the abdom-
inal cavity and the skin closed in two layers 
[28-30]. 

Rats were placed in individual cages within cab-
inets kept at constant temperature and ventila-
tion, and maintained in standard laboratory 
conditions with free access to water and chow.

Animals were frequently checked by I.N.R.C.A.’s 
veterinarian for overall wellbeing, including apa-
thetic behavior, anorexia, piloerection, and pas-
sage of stool; any suffering or symptoms of ill-
ness were recorded. Animals in excessive pain, 
indicating septic shock, were sacrificed in a  
CO2 chamber as recommended by the Guide for 
the Care and Use of Laboratory Animals, and 
autopsy was performed to establish the cause 
of illness.

Then, 24 h from CLP, animals were anesthe-
tized by an intra-muscular injection of ket-
amine/xylazine (40 mg/kg and 13 mg/kg, 
respectively), the abdomen was reopened, and 
intra-abdominal fluid samples were collected 
with swabs to check that peritonitis had devel-
oped. For quantitative bacterial evaluation in 
intra-abdominal fluid, each rat received an 
intraperitoneal injection of 10 ml sterile saline 
solution. Samples of peritoneal lavage fluid 
were serially diluted. For enumeration of devel-

oped colonies (CFU/ml), duplicate samples 
were plated and incubated in air and under 
anaerobic conditions at 35°C for 48 h. The limit 
of detection was < 1 log10 CFU/ml. Peritoneal 
lavage was further continued with 40 ml of 
warm sterile saline solution. The left colon was 
then transected 3-4 cm above the peritoneal 
reflection, an end-to-end anastomosis was per-
formed using one layer of interrupted 6-0 
sutures, and the abdomen was closed [31]. 
Imipenem and omiganan were administered by 
intraperitoneal injection immediately before 
surgery and subsequently at 24 h intervals at 
the same dose. Buprenorphine 0.01 mg/kg 
was administered upon induction of anesthesia 
and then at 12 h intervals for 3 days. Animals 
were fed with standard rat chow and water. On 
the 7th postoperative day rats were killed in a 
CO2 room. A 4 cm colon segment including the 
anastomosis and a proximal segment of normal 
adjacent colon was collected from each rat.

Study groups

Animals were divided into 5 groups of 8 rats. 
Group 1 (control group) received laparotomy 
and cecal mobilization, and on the following day 
left colon anastomosis. In group 2 (CLP without 
treatment), group 3 (CLP + imipenem), group 4 
(CLP + omiganan), and group 5 (CLP + omigan-
an + imipenem), the colon was anastomosed 
the day after CLP.

Rats in groups 3, 4, and 5 received respectively 
20 mg/kg imipenem, 1 mg/kg omiganan, and 
20 mg/kg imipenem + 1 mg/kg omiganan by 
intraperitoneal injection. The control group 
received tap water.

Tissue sample collection

The colon segments including the anastomosis 
and proximal segments of normal adjacent 
colon were cut longitudinally and rinsed with 
saline solution to remove intestinal contents. 
One half of each sample was fixed for 24 h in 
4% neutral buffered formalin at 4°C for histo-
pathological analysis; the other half was imme-
diately frozen in liquid nitrogen and stored at 
-80°C for hydroxyproline determination. 

Histopathological analysis

Fixed samples were dehydrated and embedded 
in paraffin; then, 3 μm serial sections were cut 
from each block. Sections were deparaffinized, 
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Table 1. Histological parameters of anastomotic wound healing, granulation tissue development, and 
local inflammatory response [32-34]
1. Mucosal anastomotic re-epithelialization
Grade 0 Absence of epithelialization on the anastomotic line
Grade 1 Incomplete coating of the anastomotic wound with a single layer of cells
Grade 2 Complete coating of the anastomotic wound with a single layer of cells
Grade 3 Complete re-epithelialization with granular epithelium
2. Inflammatory granuloma and granulation tissue formation
Grade Inflammatory cells Neovascularization Fibroblasts Fibrosis formation
Grade 1 Absence Absence Absence Absence
Grade 2 Slight Slight Slight Slight
Grade 3 Mild Mild Mild Mild
Grade 4 Intense Intense Intense Intense
3. Muscle layer destruction
Grade Ischemic necrosis Muscle layer continuity Inflammatory infiltration
Grade 1 Absence Complete interruption Absence
Grade 2 Slight Muscle synechia Slight
Grade 3 Mild Complete restitution Mild
Grade 4 — — Intense
4. Anastomotic wound inflammatory infiltration
Grade Neutrophils Lymphocytes Histiocytes Giant cells
Grade 1 Absence Absence Absence Absence
Grade 2 Slight Slight Slight Slight
Grade 3 Mild Mild Mild Mild
Grade 4 Intense Intense Intense Intense

rehydrated in xylene and a graded series of 
ethyl alcohols, and stained with hematoxylin-
eosin for morphological examination. The fibro- 
us tissue reaction was assessed with Heiden- 
hain’s AZAN trichrome.

Histological examination of the anastomoses 
was conducted by two investigators (M.M. and 
T.L.), who were blinded to group identity, using 
digitized micrographs generated by a video 
camera that was mounted on a light micro-
scope and connected to a computer for image 
digitalization (Nikon, Firenze, Italy). Ten speci-
mens per group were analyzed and 5 high-pow-
er fields per sample evaluated. 

Anastomotic healing, granulation tissue forma-
tion, local inflammatory response, and neovas-
cularity were assessed according to the histo-
logical parameters described by Houdart et al. 
[32] and Hutschenreiter et al. [33] as modified 
by García et al. [34] (Table 1). 

Determination of hydroxyproline concentration

Total collagen was determined by measuring 
hydroxyproline concentration in each specimen 

according to Reddy and Enwemeka [35], with 
some modifications. 

Tissue samples were weighed and thoroughly 
homogenized in distilled water with a homoge-
nizer (Ultra-Turrax T8, IKA®-WERKE, Lille, Fran- 
ce). Extracts were cleared by centrifugation 
(20,000 x g). For alkaline hydrolysis, 40 µl was 
hydrolyzed in 4 M NaOH by autoclaving at 
120°C for 90 min in thick-walled glass tubes. 
Samples were mixed gently with 450 µl of 
freshly prepared buffered chloramine-T reagent 
(0.056 M) (1.27 g chloramine T dissolved in 20 
ml 50% n-propanol, brought to 100 ml with ace-
tate citrate buffer, pH 6.0) and incubated for 1 
h at room temperature. Subsequently, 500 µl of 
Ehrlich’s reagent (1 M) (15 g of p-dimethylami-
nobenzaldehyde dissolved in n-propanol/per-
chloric acid 2:1 v/v, brought to 100 ml; made 
fresh daily) was added to each sample and 
mixed gently; the chromophore was developed 
by incubating the samples for 1 h at 65°C. The 
mixture was cooled and the color change evalu-
ated by reading the absorbance at 550 nm with 
an Eppendorf BioSpectrometer UV/Vis spectro-
photometer (Thermo Fisher Scientific, Milano, 
Italy). 
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Hydroxyproline concentration in each tissue 
specimen was inferred from a standard calibra-
tion curve, obtained under the same condi-
tions, using L-hydroxyproline. To normalize the 
data, protein concentration was assessed with 
the Bradford assay (Bio-Rad Laboratories, 
Milano, Italy) [36]. The relative hydroxyproline 
content was expressed as the ratio of hydroxy-

ly). The peak pressure documented before rup-
ture was recorded as the anastomotic bursting 
pressure [38]. 

Statistical analysis

A non-parametric approach was used to com-
pare treatment groups, because variables were 

Figure 1. Full thickness anastomotic tissue (hematoxylin-eosin). (A) group 3, 
imipenem; (B) group 4, omiganan; (C) group 5, omiganan + imipenem. Epithe-
lialization at the anastomotic line is absent in (A) and (B); in (C) complete re-
epithelialization with glandular epithelium is evident (long arrows). Asterisks 
indicate suture stitches. II: inflammatory infiltrate. Magnification: 20 ×.

proline concentration (μg/
ml) to the protein concen-
tration (mg/ml) in each sa- 
mple. Results were expre- 
ssed as μg of hydroxypro-
line per mg of total protein. 

Total collagen content was 
calculated based on the 
assumption that hydroxy-
proline accounts for 14% of 
the total amino acid con-
tent of collagen. 

Anastomotic bursting pres-
sure

Anastomotic bursting pres-
sure was measured in situ 
after sacrifice, carefully av- 
oiding disturbing any adhe-
sions formed around the 
anastomosis. The 4 cm co- 
lon segment straddling the 
anastomosis was flushed 
with saline to remove lumi-
nal contents. An 8 gauge 
silastic catheter was insert-
ed through the proximal 
end of the segment and 
secured with 2/0 silk, tak-
ing care to not disturb the 
anastomosis [37], whereas 
the distal end was secured 
to a disposable pressure 
transducer (Edwards Lifes- 
ciences, Milano, Italy). Sal- 
ine containing methyl blue 
was infused using a syringe 
pump Perfusor® Compact 
S (B-Braun, Milano, Italy) at 
a rate of 2 ml/min. Pressure 
was monitored with the pre- 
ssure transducer and reco- 
rded with a Datex-Ohmeda 
S Multifunction apparatus 
(GE Healthcare, Milano, Ita- 
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not normally distributed (Shapiro test). Results 
were expressed as quartiles and graphically 
represented by box-plots. The Kruskal-Wallis te- 
st, a non-parametric analysis of variance, was 
performed to compare study groups. A level of 
probability of 0.05 was set for statistical signifi-
cance. All the statistical analyses were per-
formed using R statistical package (Foundation 
for Statistical Computing, Vienna, Austria).

ure 3). In the rats treated with omiganan, alone 
or combined with imipenem, they were more 
numerous than in the control group but less 
numerous than in group 3, and the differences 
were not significant (Figure 3). 

Lymphocytes and histiocytes were significantly 
less abundant in group 3 than in the control 
group (p = 0.019 and p = 0.007, respectively) 

Figure 2. Full-thickness anastomotic tissue (Heidenhain’s AZAN trichrome). A: 
Group 3, imipenem; B: Group 4, omiganan; C: Group 5, omiganan + imipenem. 
Magnification: 20 ×.

Results

Macroscopic examination

The day after CLP, the bac-
terial cultures of peritoneal 
fluid demonstrated mixed 
aerobic and anaerobic bac-
teria, with Escherichia coli 
as the predominant organ- 
ism. 

All rats developed symp-
toms of sepsis such as leth-
argy, piloerection, exuda-
tion, and pus formation wi- 
th filmy adhesions around 
the cecum. As regards post-
operative mortality, all rats 
of group 2 (CLP without 
treatment) died of sepsis, 
as demonstrated by auto- 
psy.

Histopathological analysis

Mucosal re-epithelializa-
tion at the site of the anas-
tomosis was detected only 
in group 5 rats (omiganan + 
imipenem), whereas it was 
not documented in the 
groups treated with either 
compound alone (Figures 
1, 2). In group 5 re-epitheli-
alization was similar to that 
seen in control animals 
(rats without peritonitis).

Inflammatory cells and neu-
trophils were significantly 
more abundant in group 3 
(imipenem) than in the con-
trol group (p = 0.040 and P 
= 0.043, respectively) (Fig- 
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Figure 3. Histopathological analysis of the anas-
tomosis according to the scores of Houdart et al 
[32] and Hutschenreiter et al [33] as modified by 
Garcìa et al [34]. 
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(Figure 3), and roughly equal in the other groups 
(Figure 3). 

Neovascularity at the site of the anastomosis 
was least evident in group 5 (omiganan + imipe-
nem) (Figures 1-3) and was significantly differ-
ent only between group 5 and group 4 (omiga-
nan) (p = 0.017) (Figure 3). 

A similar number of giant cells were counted in 
rats treated with imipenem and omiganan, 
combined and alone, and in the control group 
(Figure 3). 

Histopathological examination of the anasto-
mosis disclosed no differences among groups 

0.001), values being lower in the treated groups 
(Figure 5). Interestingly, in group 5 (omiganan + 
imipenem) bursting pressure was similar to 
that of controls and higher than the one mea-
sured in rats receiving a single drug (imipenem, 
p = 0.076; omiganan, p = 0.005) (Figure 5).

Discussion

Intraperitoneal sepsis is a major surgical prob-
lem [39] that may be secondary to colon inflam-
mation, as in diverticulitis and colitis [2]; less 
common causes include colon perforation due 
to cancer, trauma, incarcerated hernia, and 
intussusception [1, 8]. Such patients may re- 
quire an intestinal anastomosis. However, con-

Figure 4. Hydroxyproline concentrations in anastomotic and perianastomotic 
tissue in rats treated with imipenem, omiganan, and omiganan + imipenem. A: 
Hydroxyproline concentration in anastomotic tissue. Comparison between the 
groups. B: Differences in hydroxyproline concentrations between anastomotic 
and perianastomotic tissue. Comparison between the groups. Neither compari-
son yielded significant differences.

in terms of perianastomotic 
fibrosis, fibroblasts, or mus-
cle layer destruction para- 
meters (Figures 1, 2). Given 
the lack of intra- and inter-
group variability, these da- 
ta were not subjected to 
statistical analysis.

Hydroxyproline concentra-
tion

The hydroxyproline concen-
trations measured in the 
tissue segments compris-
ing the anastomosis were 
compared in the 5 groups 
of rats. To reduce the effect 
of interindividual variability, 
concentrations were first 
compared between anas- 
tomosis tissue and the ad- 
jacent tissue segment of 
each rat and subsequently 
between groups. Neither 
comparison yielded signifi-
cant differences (Figure 4).

Anastomotic bursting pres-
sure

Breaks in the suture line 
were induced by saline infu-
sion in all groups. Signifi- 
cantly different bursting 
pressures were measured 
between controls and rats 
treated with imipenem (p = 
0.003) or omiganan (P < 
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structing an intestinal anastomosis during an 
inflammatory process involves a high risk [3-7]. 
In the early healing phase of a colonic anasto-
mosis, inflammation developing as a response 
to the injury and the foreign material (e.g. the 
suture) [40] induces production of cytokines 
(e.g. TNF-α, IL-1, IL-6) and reactive oxygen spe-
cies [41, 42]. The inflammatory and chemo-
attractant properties of the anastomosis result 
in accumulation, around the anastomosis, of 
sepsis-induced activated circulating and intra-
peritoneal granulocytes, which compound the 
inflammatory reaction. Inflammation is a pre-
condition for successful wound healing, becau- 
se pathogen clearance without adverse conse-
quences requires release of an appropriate 
amount of cytokines and inflammatory cells 
[43], whose imbalance may induce endothelial 
damage, hemodynamic and metabolic disrup-
tion, and death [39, 44]. In addition, granulo-
cytes are a potential source of collagenase, a 
matrix metalloproteinase (MMP) responsible 
for the breakdown of collagen fibers [43]. Co- 
llagen is a protein with a key function through-
out the healing process, due to its essential 
role in tissue integrity. Its turnover is integral to 
tissue repair [45, 46], which relies on formation 
of collagen fibrils to bridge the wound cleft. 
Even a modest disturbance in the balance of 
collagen synthesis, deposition, cross-linking, 
and MMP-mediated degradation may result in 
defective healing [39, 47-49]. An excessive 
inflammatory response increases collagenase 

ate the healing process. Critically, such pep-
tides induce a significant reduction in the fibrin-
ous exudate and enhance epidermal recon-
struction with thick granulation tissue and reg-
ular collagen deposition [14, 16, 21, 24]. Rat 
CLP is the most widely used animal model of 
intra-abdominal sepsis [51], because the rat 
cytokine profile is similar to the one described 
in human sepsis [52].

A limitation of the present study is that rats 
with peritonitis did not survive unless they were 
treated with omiganan and/or imipenem. For 
this reason, the control group was made up of 
rats without peritonitis, which showed a milder 
inflammatory condition; this is important when 
assessing the efficacy of omiganan, alone and 
combined with imipenem, in counteracting the 
effects of sepsis on anastomotic healing. 

Over the first few days after its construction, 
the strength of the anastomosis depends on 
the hold of sutures on submucosal tissue; the 
risk of dehiscence is high even in procedures 
performed in optimal conditions [38, 40]. The 
design of this study involved sacrifice on the 7th 
postoperative day, because the 5th and 7th post-
operative days are characterized by production 
of new matrix and peak collagen synthesis. In 
this proliferative phase, the strength of the 
anastomosis depends mainly on newly-formed 
organized collagen fibers [38, 40].

Figure 5. Anastomotic bursting pressure. The anastomotic bursting pressure 
in rats treated with omiganan + imipenem was similar to that of controls and 
higher than that measured in rats receiving a single drug.

activity and impairs the 
synthesis of reparative col-
lagen, resulting in a weaker 
anastomosis [42, 46]. The 
inflammation developing 
during peritonitis thus le- 
ads to defective wound 
healing and anastomotic 
dehiscence [39, 43, 50]. 

This study assesses the 
role of the peptide omigan-
an, alone or combined with 
the antibiotic imipenem, in 
delaying the effect of intra-
peritoneal sepsis on colon-
ic anastomosis healing us- 
ing the CLP rat model. Omi- 
ganan shares the docu-
mented ability of anti-mic- 
robial peptides to acceler-
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The present findings document that omiganan, 
both alone and combined with imipenem, coun-
teracted peritoneal sepsis by inducing an 
inflammatory response whose cellular pattern 
was similar to the one seen in control rats with-
out peritonitis. In particular the peptide, either 
alone and combined with imipenem, limited the 
recruitment of neutrophils, lymphocytes, and 
histiocytes, whose local levels were similar to 
those measured in the absence of peritonitis. 
Both acute and chronic inflammation thus 
appeared to be under control. The giant cell 
content in the area was also similar in rats 
treated with omiganan (with or without imipen-
em) and in the control group without peritonitis, 
highlighting its effectiveness in reducing granu-
loma formation. Notably, imipenem alone effi-
ciently controlled only chronic inflammation 
and giant cell content.

There were no differences in fibroblast number 
or perianastomotic fibrosis among the groups, 
a finding that reflects the beneficial effect of 
treatment with omiganan and/or imipenem on 
anastomotic wound healing. However, only their 
combination induced re-epithelialization and 
reduced granulation tissue neovascularization, 
highlighting that only combined administration 
provides the stimulation required to restore tis-
sue integrity in the wound area.

Since collagen content is considered the key 
element in tissue repair, hydroxyproline, an 
index of collagen deposition, was measured at 
the anastomosis site [38]. Its concentrations 
demonstrate that the two drugs, alone or com-
bined, counteracted the collagen depletion 
typical of the inflammatory conditions induced 
by bacterial peritonitis. The restoration of burst-
ing pressure, reflecting the healthy condition of 
the anastomotic wound, in rats receiving omi-
ganan + imipenem showed that only combined 
administration was able to stop the harmful 
effects of sepsis-induced damage on collagen 
synthesis during wound healing. 

Overall, the present findings indicate that imi-
penem alone is less effective in achieving colon 
anastomosis repair in presence of intraperito-
neal sepsis than omiganan. The peptide, either 
alone and combined with imipenem, exerted a 
profound effect on the various components 
involved in the tissue healing process. Such 
strong impact on the histological parameters 
may be due to its ability to modulate the inflam-

matory response. Indeed, several recent stud-
ies have described the interaction of LPSs with 
different classes of cationic and amphipathic 
compounds such as omiganan [15, 18, 24]. 
These compounds can not only fight the infec-
tion, but also neutralize the biological effects of 
the inflammatory mediators by blocking LpSs. 
The reduced leukocyte activation and the 
improvement of all tissue healing parameters 
are secondary to the anti-inflammatory effects 
of omiganan. 

Conclusions

The present study demonstrates the value of 
omiganan in enhancing the safety of gastroin-
testinal anastomoses in rats with intraperito-
neal sepsis. Further studies are needed to elu-
cidate the actual mechanisms by which its pro-
tective effects are exerted.

Omiganan is the most advanced antimicrobial 
peptide tested to date [27]. Our findings high-
light its clinical application potential, since suc-
cessful healing of human colonic anastomoses 
would provide for safer gastrointestinal surge- 
ry. 
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