











Omiganan and colonic anastomosis healing in peritonitis

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. Il: inflammatory infiltrate. Magnification: 20 x.

Hydroxyproline concentration in each tissue
specimen was inferred from a standard calibra-
tion curve, obtained under the same condi-
tions, using L-ydroxyproline. 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-
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proline concentration (ug/
ml) to the protein concen-
tration (mg/ml) in each sa-
mple. Results were expre-
ssed as ug 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
arate 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-
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
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Figure 2. Full-thickness anastomotic tissue (Heidenhain’s AZAN trichrome). A:
Group 3, imipenem; B: Group 4, omiganan; C: Group 5, omiganan + imipenem.

Magpnification: 20 x.

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).
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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-
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)
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p=0.293

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.

ug hydroxyproline / mg total protein

Hydroxyproline concentra-
tion

The hydroxyproline concen-
trations measured in the
tissue segments compris-

:
Control Imipenem

; .
Omiganan Omiganan+Imipenem

ing the anastomosis were

p=0.657

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

Hg hydroxyproline / mg total protein
0

: ‘ between groups. Neither
— comparison yielded signifi-
cant differences (Figure 4).

Anastomotic bursting pres-
sure

Control Imipenem

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.

(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
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Omiganan Omiganan+Imipenem

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 <
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-
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activity and impairs the
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synthesis of reparative col-
lagen, resulting in a weaker
anastomosis [42, 46]. The

=0.998

mmHg
100

]

p=0.003
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<0.001

p=0.005

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

p=0.076

the antibiotic imipenem, in
delaying the effect of intra-

Control Imipenem

Figure 5. Anastomotic bursting pressure. The anastomotic bursting pressure
in rats treated with omiganan + imipenem was similar to that of controls and

Omigénan

T
Omiganan+Imipenem

higher than that measured in rats receiving a single drug.

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-qa, 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
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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-
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 7
postoperative day, because the 5" and 7" 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].
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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-
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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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