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ABSTRACT

BACKGROUND: Intra-abdominal adhesions are still a major problem which is expected to be reduced by the provision of bacterial
decontamination. Various antibiotics have been used to prevent the formation of adhesion in the septic abdomen. This study aims to
investigate the efficacy of ertapenem in sepsis of rats induced by cecal ligation and puncture.

METHODS: Twenty-eight Wistar rats were divided into four groups randomly. In all groups, bacterial peritonitis was created by cecal
ligation and puncture method. Group | was considered as sham group. Groups 2, 3 and 4 were given, respectively, saline, a single dose
of ertapenem and a dose of ertapenem intraperitoneally every day. Intra-abdominal adhesions were assessed seven days after surgery
by histopathological examination. Microbiological examination was performed through the ascites obtained. TNF-o. was measured
from blood taken from rats.

RESULTS: Adhesion score decreased significantly by the application of ertapenem (p<0.001) and fibrosis scores were found to be
significantly lower (p=0.005). Among all groups, the relationship between the decrease in the number of colonies and antibiotics appli-
cation was not statistically significant (p=0.109). No statistically significant difference was found between the group given a single dose
of ertapenem and the group given multiple ertapenem (p=1).

CONCLUSION: Peritoneal lavage with ertapenem appears to be effective in preventing the adhesion in the septic abdomen. As no
difference was detected at the end of a single dose and multiple-dose administration of antibiotics in the adhesion scores, a single dose
after surgery seems to be enough. The findings suggest that the results should be evaluated in a clinical trial.
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INTRODUCTION

Sepsis is an important cause of mortality and morbidity. Stud-
ies have shown that inflammatory mediators and cytokines
are released during sepsis.I'l Increased cytokine levels have
been shown to correlate with the severity and mortality of
the sepsis.

Intra-abdominal sepsis and peritoneal adhesions occur as a
part of the anatomical and functional regeneration process
after the damage created by micro-organisms and toxins. Th-
ese adhesions are made up of fibrin deposits and occur during
the initial stage of inflammation. Cytokines also play a role in
the formation of these adhesions. Fibrin deposits and intra-
abdominal adhesions are thought to be less common with
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a decrease in bacterial contamination and inflammation.?! A
previous study evaluated the potential effects of several an-
tibiotics used intra-abdominally, and it was reported that the
degree of adhesiveness was lower in the antibiotic-treated
groups than in the saline-treated control group.! However,
to our knowledge, to date, there has been no comparison
made of the dosages and durations of antibiotics, which re-
mained under-researched.

The present study aimed to investigate the effects on the for-
mation of adhesions and cytokine levels of ertapenem lavage
administered at different doses and durations in an experi-
mental abdominal sepsis model.

MATERIALS AND METHODS

The present study was conducted with the approval of Dokuz
Eyliil University Animal Experiment Ethics Committee (izmir,
Turkey). This study was performed on 28 Wistar strain male
rats, each aged six months and weighing 200-250 g. All the
rats were housed in standard animal chambers and cages at
a room temperature of 20-22° C in the Animal Laboratory
of Dokuz Eylil University, with a relative humidity of 50-60%
and at 12/12 hours dark/light cycle until the end of the experi-
ment. The rats were fed with standard feed and water (ad libi-
tum). During the experiment, the rats were weighed daily, and
the feed per cage and water consumption were monitored.

Surgical Procedure

The rats were anesthetized using 45 mg/kg ketamine and 5
mg/kg xylazine intraperitoneally. Uncontrolled sepsis was es-
tablished in rats with a procedure of cecal ligation and punc-
ture. The rats were fasted for 12 hours before the first op-
eration. The anterior abdominal wall was cleaned with 10%
povidone-iodine and shaved. With a 3 cm incision to the ab-
dominal wall, the abdominal cavity was opened under sterile
conditions. The cecum was identified and dissected without
any damage to the vascularization. The cecum was then lig-
ated with 4/0 silk suture from the proximal of the ileocecal
valve. The cecum was punctured twice with 22 gauge needles
in the antimesenteric (avascular) region. After completion of
these procedures, the anterior abdominal wall was sutured
with 3/0 silk suture. All rats underwent fluid replacement
with subcutaneous administration of 5 ml sodium chloride,
and postoperative analgesia of 5 mg/kg xylose was adminis-
tered subcutaneously.

The rats were randomly separated into four groups one day
after the surgical procedure. The first group was accepted
as the sham group. Abdominal lavage of 2 ml saline was ad-
ministered to group 2 as the saline group. A single dose of
ertapenem (15 mg/kg, Invanz, MSD, Turkey) was adminis-
tered intraperitoneally to group 3 and the same dosage of
ertapenem (15 mg/kg, Invanz, MSD, Turkey) was administered
intraperitoneally once daily for seven days to group 4.
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All rats were reopened under anesthesia seven days after the
first operation, and the abdomens were reopened and ex-
amined.

Evaluation Methods

) Ascites evaluation: The quantity of ascites in all groups
was determined and measured in cc. Bacterial culture analy-
sis was performed from the ascites collected from the rats
before each application and at the end of the experiment.
Specimens taken for aerobic culture were incubated at 35°—
37°C for 2448 hours, on a medium of 5% sheep blood agar,
chocolate agar, and eosin methylene blue (EMB) agar. Sam-
ples taken for anaerobic culture were cultivated in 5% sheep
blood agar added to chocolate agar, EMB agar, kanamycin and
vancomycin and incubated in a GasPak jar at 35°-37°C for
48-72 hours.

2) Adhesion scoring: After seven days, the rats were sacri-
ficed with high-dose ether. The abdomens were opened, and
the terminal ileum and cecum walls were excised along with
the adhesions on their surfaces. Adhesion scoring was ap-
plied to the materials examined according to the Bothin et al.
method® (Table 1). Each adhesion was scored with | point,
and the total score was obtained. The ascites accumulated
within the abdomen was then collected.

Table 1. Adhesion scoring

Scoring Description
No adhesion

+1 One adhesion band from the omentum to the target
organ

+1 One adhesion band from the omentum to the
abdominal scar

+1 One adhesion band from the omentum to another
place

+1 One adhesion band from adnexa/epididymis to the
target organ

+1 One adhesion band from adnexa/epididymis to the
abdominal scar

+1 One adhesion band from adnexa/epididymis to
another place

+1 Any other adhesion band except for those described
above

+1 Adhesion of the target organ to the abdominal wall

+1 Adhesion of the target organ to the abdominal scar

+1 Adhesion of the target organ to the intestine

+1 Adhesion of the target organ to the liver and spleen

+1 Adhesion to any organ

*The target organ was the cecum.
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3) Histopathological evaluation: The tissues were fixed
in formol, then, embedded in paraffin blocks after the follow-
up period. Sections 4-5 micrometers in thickness were cut
and routine hematoxylin eosin and tricorn staining was ap-
plied. Evaluation of the extent of inflammatory cell infiltration
(early neutrophil, late plasma, and monocytic cell), matura-
tion of granulation tissue, collagen deposition, fibrosis, re-ep-
ithelization and neovascularization of the sections was made
under a light microscope by a pathologist. The Abramov his-
tological scoring system was used for the evaluation.[’! Each
parameter was evaluated independently. The Abramov sys-
tem scoring is shown in Table 2.

5) Biochemical and molecular evaluation: Blood sam-
ples were taken from the vena cava at the end of the ex-
periment. The serum was separated from the samples and
stored at -80°C. TNF-alpha molecule was studied using en-
zyme-linked immunosorbent assay (ELISA). Rat ELISA kits
(Biosource International Inc. Camarillo, CA) were used.

6) Statistical analysis: Data analyses were performed us-
ing SPSS 22.0 (IBM Corporation, Armonk, New York, USA)
software. Conformity of the data to normal distribution was
evaluated using the Shapiro-Wilk test. The Kruskal-Wallis H

Table 2. Histological scoring system
Amount of granulation 0) Absent
tissue, collagen deposit I) Low
2) Medium
3) High
Re-epithelization 0) Absent
I) Partial

2) Completed, but immature and
weak

3) Completed, mature

0) Absent

I) Presence of 1-5 veins in the

Neovascularization

large and enlargement area (LEA)

2) Presence of 6—10 veins in the LEA

3) Presence of more than 10 veins
in the LEA

0) Fibroblast absent

I) Minimal fibroblast

2) Moderate fibroblast

3) Heavy fibroblast

I) Neutrophil between 0-25,
macrophage

2) Neutrophil between 2650,

Fibrosis

Inflammatory cell count

macrophage

3) >51 neutrophil, macrophage
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test was used together with Monte Carlo simulation results
in the comparison of independent groups with respect to
variables, while the Miller (1966) test was used for the Post
Hoc analyses. Spearman’s rho test was used to examine the
correlations of variables with each other. The data were an-
alyzed at a 95% confidence level and a value of p<0.05 was
accepted as statistically significant.

Exclusion Criteria

I) Rats that lost 20% of body weight would be sacrificed by
high dose ether and excluded from the experiment.

2) In the case of any rat which died before the completion of
the experiment, the adhesion scoring would be applied.

RESULTS

No rat died or lost more than 20% of its body weight during
the experiment.

The adhesion scores of the groups were determined as me-
dian 2.5 (range: 1-3) in group |, 1.4 (range: 6—15) in group
2, 4.67 (range: |-6) in group 3, and 2.5 (range: 1-3) in group
4. The adhesion scores of the groups are shown in Figure |.
At the end of the antibiotic treatment, the decrease in the
adhesion score was statistically significant (p<0.001).

The numbers of micro-organisms and colonies isolated ac-
cording to the culture results of ascites from the rats are
shown in Table 3. The decrease in the number of colonies
following antibiotic administration was not found to be statis-
tically significant (p=0.109) (Table 4). All the isolated micro-
organisms were identified as sensitive to ertapenem.

The histological scores of the groups are shown in Table 5.
The relationships between the antibiotic treatment and col-
lagen deposit, neovascularization, fibrosis, and inflammatory
cell accumulation were statistically significant in all groups
(p<0.05 for all). There was no significant difference between
the adhesion and histological scores when group 3 and group
4 were compared with each other (p>0.05).

When all the groups were evaluated, the TNF-a values were
determined to be highest in group 2 and lowest in group |.

12.0

10.0

8.0

6.0 I
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204 1

0.0
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T

T
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Figure 1. The adhesion score distribution of the groups.
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Table 3. Distribution of breeding micro-organisms
Groups Isolated micro-organism Number of colonies Number of rats with reproduction
Group | No Reproduction - -
Group 2 Coagulase negative staphylococci 102 |
a-hemolytic streptococcus 10° |
Haemophilusparainfluenzae 10%/10* 2
Enterococcus spp. 10 |
Corynebacterium spp. 10* I
Escherichia coli 103 I
Group 3 a-hemolytic streptococcus 10' |
Enterococcus spp. 10'/10° 2
Escherichia coli 10' I
Haemophilusparainfluenzae 10* |
Group 4 Coagulase negative staphylococci 10* |
Haemophilusparainfluenzae 10* |
B h (e Gl e T s [ A between coagulation and the fibrinolytic system is disrupted in
favor of coagulation. As a result, fibrin deposits form a matrix
Group Number of colonies for the growth of fibrinocollagenous tissue. Thus, fibroblasts
W are st.ored in the extracellular matrix. If the matrix metall.o-
proteinase proenzymes (MMP) break the extracellular matrix,
Crowp | (GF7) 0 (0-0) tf.\is. results ir.1 normal healing. If MMP is inhibiFed by tiss.ue in-
Group 2 (n=7) 100 (105-0) hlb!t?rs, peritoneal adhesions occurj.m Plasml.nogerlm-actlvatf)r
inhibitor (PAl) has been detected at high levels in peritoneal tis-
Group 3 (n=7) 2,857.1 (103-0) sue and fluid during intra-abdominal infections, thereby inhibit-
Group 4 (n=7) 1,428.6 (104-0) ing fibrinolysis.®! Inflammatory exudate accumulating in bacte-
Total (n=28) 31.8 (105-0)
P-value 0.109 Tumor necrosis factor

The TNF-a levels of the groups are shown in Figure 2. The
findings showed that there was a significant correlation be-
tween the TNF-a values and the adhesion score (p<0.05).

DISCUSSION

Adhesions occur as a result of the contact of two damaged
peritoneum surfaces. Following a peritoneal injury, the balance

350.00+
300.004

250.00- 244.00 21357 233.29 247.64
200.004
150.004
100.00 4
50.00+
0.00-

Multiple dose Saline Sham  Single dose  Total

299.71

Figure 2. TNF-a values of the groups.

Table 5. Comparison of the histopathological scores between the groups
Group Collagen deposit Neovascularization Fibrosis Inflammatory cell accumulation
Median (min-max) Median (min-max) Median (min-max) Median (min-max)
Group | (n=7) 1.00 (I-1) 1.29 (2-1) 1.00 (I-1) 1.29 (2-1)
Group 2 (n=7) 1.86 (2-1) 243 (3-2) 2.00 (3-1) 2.57 (3-2)
Group 3 (n=7) 1.57 (2-1) 243 (3-2) 1.43 (2-1) 2.71 (3-2)
Group 4 (n=7) .71 (2-1) 2.29 (3-2) 1.71 (2-1) 2.14 (3-2)
Total (n=28) 1.54 (2-1) 2.13 (3-1) 1.52 (3-1) 2.22 (3-1)
P-value 0.010 0.001 0.005 <0.001
430 Ulus Travma Acil Cerrahi Derg, September 2019, Vol. 25, No. 5
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rial peritoneal injury gives rise to fibrin deposits and adhesions.
Pl In addition, fibroblasts invading the infection site contribute
to the formation of collagen deposits and fibrous adhesions.['”

Adhesion is the first step in colonization and is an important
virulence factor. Antibiotics exhibit anti-adhesive effects by
inhibiting the expression of adhesions on the bacterial cell
surface or by causing modifications in protein expression in
bacteria. As a result, antibiotics prevent micro-organisms
from binding to the cell surface.!'"! Ertapenem is a carbapenem
with a broad spectrum of effects. It has a limited effect against
Pseudomonas Aeruginosa and Acinetobacter species,l'” and
is therefore not expected to affect the resistance profiles of
bacteria such as Pseudomonas spp. and Acinetobacter spp.
as other carbapenems do. Ertapenem was preferred in this
study because it is thought that future use will be more wide-
spread due to the rational use of antibiotics and increased
antibiotic resistance over time. No systemic antibiotic was
administered, but the local antibiotic effect was evaluated in
this study. The potential side effects of systemic antibiotics
are thought to be reduced by the use of local antibiotics.

Peritoneal lavage, although previously attempted in the treat-
ment of intra-abdominal infections and adhesions, does not have
precise results. Various studies*'>!l have reported the use of
saline, antibiotic and fibrinolytic agents given during peritoneal
lavage. Today, there is no universally accepted peritoneal lavage
method and solution. As a result of giving antibiotics with
peritoneal lavage, both positive and negative results have been
obtained on adhesions. In the peritonitis model performed by
researchers,['®! the findings showed that administration of ri-
fampicin with peritoneal lavage both reduced adhesions and
improved survival. Similarly, in another study,® researchers
applied peritoneal lavage with metronidazole, imipenem, cef-
triaxone and cefazolin, and showed that cephalosporins and
imipenem decreased adhesions in the septic abdomen. In con-
trast, some studies!'® determined that peritoneal lavage with
cefazolin and tetracyclin increased abdominal adhesions in the
thenon-septic abdomen. In another research!'] compared
chloramphenicol, clindamycin, piperacillin, tobramycin, cef-
triaxone, and imipenem with saline, and reported that more
adhesions occurred in the antibiotic groups compared to the
saline group. In the present study, a statistically significant re-
duction was detected in the adhesion score at the end of an-
tibiotic administration (p<0.001). There was also a significant
correlation between antibiotic administration and reduction of
the histological score (collagen deposit, fibrosis, inflammatory
cell accumulation, neovascularization) (p<0.005).

Recent studies!'® showed that enteric bacteria and antigens
increased adhesion formation after laparotomy. Epithelial re-
pair and secondary wound healing, such as mesothelial regen-
eration, were seen to be affected by bacterial contamination.
It has been thought that a reduction in bacterial contamina-
tion and decreased local and systemic inflammation will result
in fewer fibrin deposits and intra-abdominal adhesions.®! In
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the present study, there was a high correlation between ad-
hesion score and number of colonies (r=0.539, p=0.003). No
statistically significant decrease was found in the number of
colonies in any of the antibiotic-treated groups in the current
study (p=0.109). These may be attributed to various reasons,
such as the late delivery of the acid materials in the labora-
tory and the inability to produce bacteria due to the difficulty
in producing anaerobic bacteria.

Theoretically, agents that inhibit contact between the serosal
surfaces for more than three days have the potential to in-
hibit the formation of adhesions.l'”] In this study, a single dose
of ertapenem was administered to one group, and multiple
doses to the other group in the form of a single dose every
day for seven days. As a result, a difference was observed
between the two groups (single dose and multiple dose) in
terms of the duration of antibiotic treatment and adhesion
formation but not in respect of the histopathological eval-
uation (p>0.05). The findings obtained in this study suggest
that in cases of surgically-treated peritonitis, irrigation with
ertapenem may reduce the formation of adhesions.

TNF-a is an important mediator that has a role in early in-
flammation and also involved in the formation of adhesions
by being released from the mesothelial cells. In a previous
rat model experiment, a high level of TNF-a. was detected in
the peritoneal fluid and serum, correlated with the severity
of adhesions.? In the present study, a significant correlation
was also found between TNF-a level and the adhesion score.

For the findings of the current study to come into clinical use,
some modifications need to be made in practice. No intra-
venous antibiotics were administered during this study, and
only local antibiotics were used. Intraperitoneal antibiother-
apy alone has been shown to inhibit the entire peritoneal
bacterial reproduction, and although the effect was brief, it
has been seen to continue if repeated at frequent intervals.
21 Another study showed that administration of antibiotic
peritoneal lavage concomitantly with systemic antibiotics to
patients in generalized peritonitis reduced mortality, morbid-
ity, and length of hospital stay.?” Therefore, in clinical practice,
it can be considered that intraperitoneal antibiotic adminis-
tration alone may not suffice, and it should be administered
together with intravenous antibiotherapy. If the present study
comes into clinical use, drainage may be required to perform
intraperitoneal lavage. However, drainage may bring about seri-
ous complications that may require surgical intervention, such
as wound infection, bleeding from the abdominal vessels, and,
more rarely, intestinal obstruction and/or incarceration.’!

It is thought that rational antibiotic use and the use of sin-
gle-dose intraperitoneal ertapenem during the surgical proce-
dure may be beneficial and sufficient to reduce current surgi-
cal complications. Since intra-abdominal adhesions may cause
chronic abdominal pain, infertility, and ileus at later stages,
the current experiment may be considered to contribute to
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the literature. There is a need for further studies and clinical 11. Lorian V, Ernst J. Effects of antibiotics on bacterial structure and their
practice on this subject. pathogenicity. Pathol Biol (Paris) 1987;35(10 Pt 2):1370-6.
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DENEYSEL CALISMA - OZET

Cekal ligasyon ve puncture yontemi uygulanan siganlarda ertapenem etkinliginin gosterilmesi
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AMAC: Karin igi yapisikliklar halen 6nemli bir sorundur. Bakteriyel dekontaminasyon saglanmasiyla karin ici yapisikliklarin azalacagi diisinlilmektedir.
Gegmiste cesitli antibiyotikler septik karinda adezyon formasyonunun dnlenmesi igin kullanilmistir. Bu galismanin amaci gekal ligasyon ve puncture
yontemi ile sepsis modeli olusturulan siganlarda ertapenem etkinliginin gésterilmesidir.

GEREC VE YONTEM: Galismada agirliklari 200-250 gr arasinda degisen, erkek cinsi, 28 adet Wistar cinsi sican kullanildi. Siganlar rastgele dort
gruba ayrildi. Tim gruplarda gekal ligasyon ve puncture yontemiyle bakteriyel peritonit olusturuldu. Grup | sham grubu olarak kabul edildi; grup
2’ye serum fizyolojik (SF), grup 3’e ertapenem tek doz, grup 4’e ertapenem her giin giinde bir doz intraperitoneal yolla verildi. Cerrahiden yedi glin
sonra karin igi yapisikliklar degerlendirildi, histopatolojik inceleme yapildi, elde edilen asitesten mikrobiyolojik inceleme yapildi. Siganlardan alinan
kan orneklerinden TNF-a. bakildi.

BULGULAR: Ertapenem uygulamasi ile adezyon skoru anlamli derecede azaldi (p<0.001) ve fibrozis skorlari anlamli derecede diisiik olarak bulundu
(p=0.005). Tiim gruplar arasinda, antibiyotik uygulamasi ile koloni sayisindaki azalma arasindaki iliski anlamli bulunmadi (p=0.109). Tek doz ertape-
nem verilen grup ile multipl (cok doz) ertapenem verilen grup arasinda istatistiksel olarak fark saptanmadi (p=1).

TARTISMA: Bu veriler 1siginda septik karinda, ertapenemle peritoneal lavajin adezyonu &nlemede etkin oldugu goriilmektedir. Tek doz ile gok doz
antibiyotik uygulamasi sonunda adezyon skorlarinda fark saptanmadigindan operasyon sonrasi tek doz uygulamanin yeterli olabilecegi diistiniilmek-
tedir. Sonuglarin bir klinik galismada degerlendirilmesi gerektigi distinilmektedir.

Anahtar sézcikler: Ertapenem; sepsis; sigan.
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