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ABSTRACT

BACKGROUND: In our study, the effects of peritoneal fluid on some Gram-negative and Candida albicans in experimental peritoni-
tis rats were studied. The primary objective of the present study was to understand the effect of peritoneal fluid on microorganisms
causing intra-abdominal infections.

METHODS: Twenty male Sprague—Dawley rats weighing between 250 and 300 g were used in the study. The rats were randomly
divided into two groups consisting of 10 animals. The operative procedures were performed under sterile conditions. In group |, sham
laparotomy was done. In group Il, the distal part of the cecum was ligated, and cecum perforation was performed. Peritoneal fluid
samples at baseline and 2 and 4 h were extracted using a Pasteur pipette during laparotomy under anesthesia.

RESULTS: Peritoneal fluid was ineffective on Citrobacter freundii, Proteus mirabilis, and Enterobacter aerogenes. It inhibited the
growth of Klebsiella pneumoniae for 8 h. However, growth was significantly increased in the passages obtained after 24 h. The growth
of C. albicans decreased in the passages that were extracted after 4 and 8 h and increased in the passages obtained after 24 h (p<0.05).
It was found that the number of Escherichia coli and Pseudomonas aeruginosa colonies that were grown in 2 h decreased, and no
growth was detected in the passages obtained after 2 h (p<0.05).

CONCLUSION: Proliferating colony counts of E. coli and P, aeruginosa decreased after 2 h, and there was no proliferation in sub-
sequent cultures. Peritoneal fluid exhibits a bactericidal effect under appropriate conditions. It also exhibits peritoneal bactericidal
activity against E. coli, the major pathogen in intra-abdominal infections.
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INTRODUCTION

The peritoneum is the largest serous membrane of the hu-
man body. It is a continuous transparent membrane that lines
the abdominal cavity and covers the abdominal organs. It
consists of two layers that are continuous with each other,
the parietal peritoneum and the visceral peritoneum. They
are both composed of a layer of simple squamous epithe-
lial cells called mesothelium. The parietal peritoneum lines
the internal surface of the abdominopelvic wall. The visceral
peritoneum invaginates to cover the majority of the abdom-
inal viscera. It is derived from the somatic mesoderm in the
embryo. The visceral and parietal peritoneum have similar

structural compositions consisting of three distinctive lay-
ers: mesothelium, basal lamina, and submesothelial stroma.
The mesothelial membrane that lines the abdominal cavity
is situated directly beneath the abdominal musculature and
comprises a thin layer of loose connective tissue covered by
a single layer of mesothelial cells.!"

These membranes function to prevent friction between
closely packed organs by secreting serum that acts as a lu-
bricant, to help hold the abdominal organs in their proper
positions, to separate and unite organs, and to act as a barrier
against infection. The peritoneal cavity is a potential space be-
tween the parietal and visceral peritoneum. It contains a small
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amount of lubricating fluid. It also contains only a thin film of
peritoneal fluid, consisting of water, electrolytes, leukocytes,
and antibodies. The fluid plays two main functions: it acts as
a lubricant, enabling free movement of the abdominal viscera,
and its antibodies fight infection. Under healthy conditions, a
small volume of 5-20 mL of peritoneal fluid is physiologically
present in the peritoneal cavity. Peritoneal fluid contains vari-
ous types of immune cells, such as macrophages, natural killer
cells, lymphocytes, eosinophils, mesothelial cells, and mast
cells.?* In pathological conditions, the balance between peri-
toneal fluid secretion and drainage is often disturbed, causing
an accumulation of fluid in the peritoneal cavity known as
ascites.!"]

The peritoneal cavity contains resident and migratory cell
populations, which play crucial roles in the local defensive re-
sponse against bacterial invasion. The presence of bacteria in
the peritoneal cavity triggers a number of local and systemic
responses of the host not only aimed to fight the invading
microorganisms but can also lead to deleterious local and sys-
temic sequelae for the host.

Peritonitis can be divided into primary and secondary forms.
Primary peritonitis occurs either spontaneously or secondary
to infection of an intraperitoneal catheter, i.e., for dialysis. It
is usually caused by a single organism. Secondary peritonitis
is the sequelae of a perforation of the gastrointestinal tract
caused by trauma or disease or secondary to the infection of
an intra-abdominal organ. While primary peritonitis is caused
by a single organism, the bacteriology of secondary peritoni-
tis is more complex. The causative bacteria originate from
the gastrointestinal tract, and therefore, secondary peritoni-
tis is always a polymicrobial infection.*

Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneu-
moniae, Citrobacter freundii, Proteus mirabilis, Enter-
obacter aerogenes, Bacteroides fragilis as Gram-negative
bacteria, Staphylococcus aureus, Enterococcus faecalis, Pro-
pionibacterium species, Clostridium species, Peptococcus
species as Gram-positive bacteria, and yeasts are counted
as common pathogens causing peritoneal infections. B. frag-
ilis and E. coli are common pathogens in intra-abdominal
infection.>4

The aim of the present study was to assess the bactericidal
and bacteriostatic effects of the peritoneal irrigation fluid of
rats on E. coli, P aeruginosa, K. pneumoniae, C. freundii, P
mirabilis, E. aerogenes, B. fragilis as Gram-negative bacteria,
and Candida albicans.

MATERIALS AND METHODS

A total of 20 male Sprague—Dawley rats weighing between
250 and 300 g were used in the present study. The animals
were supplied by the Laboratory of Microbiology of the Cer-
rahpasa Medical Faculty of the Istanbul University. The rats

388

were housed in standard cages under standard laboratory
conditions with unrestricted access to a balanced pellet diet
and water.

The study protocol was approved by the Ethics Committee
for Animal Experimentation of Istanbul University Cerrah-
pasa Medical Faculty (Istanbul, Turkey), and the experiments
were conducted in accordance with animal protection laws.

The animals were randomly assigned into two groups: the
sham laparotomy group (group I) and the cecal ligation + per-
foration group (group Il). After adaption, bacterial peritoni-
tis was induced using the cecal ligation and puncture model.
The animals were anesthetized by subcutaneous injection of
a combination of 25 mg/kg of ketamine hydrochloride (10%
ketamine; Sanofi-Ceva GmbH, Diisseldorf, Germany) and 5
mg/kg of xylazine hydrochloride (2% Rompun; Bayer AG, Lev-
erkusen, Germany). After weighing, shaving, and disinfecting
the skin, a 3 cm midline incision was made. The cecum was
filled with feces and ligated just below the ileocecal valve with
a 3-0 polyglactin suture, permitting bowel continuity. The an-
timesenteric cecal wall was punctured with a 21-gage nee-
dle, and the bowel was replaced into the abdominal cavity.
Peritoneal fluid samples were collected for microbiological
examination. The rats in both groups were then subjected to
relaparotomy in sterile conditions at 2 and 4 h, respectively.
Peritoneal lavage with | ml of isotonic sodium chloride solu-
tion saline was repeated, and peritoneal fluid samples were
extracted.

Peritoneal Fluid

Peritoneal lavage was performed by allowing | ml of sterile
saline into the peritoneal cavity using a Pasteur pipette. The
fluid was collected by centrifuge tubes. The cells obtained
from peritoneal lavage fluid were placed on a | cm3 area of
Thoma and guiding slides. The cells were stained with Giemsa
and then counted. Total peritoneal cells and phagocytes were
counted (cells/ml). The phagocytic cells were classified, and
their percentage was calculated on Giemsa-stained slides.
The fluid samples extracted at 0, 2, and 4 h were centrifuged,
then passed through a Seitz filter (pore diameter 200 nm),
and sterilized. A 0.1 ml of fluid containing 104 microorgan-
isms per milliliter and 0.9 ml of filtered peritoneal fluid were
mixed in a tube. The passages from this solution were inocu-
lated into Mueller—Hinton agar at 0, 2, 4, and 24 h. The inoc-
ulates were spread over the surface of agar plates in a stan-
dard pattern, so that the quantity of bacterial growth could
be determined either semi-quantitatively or relatively. After
each culture was incubated at 37 °C for 48 h, the number
of proliferating colonies was counted. The bacteriostatic and
bactericidal effects of the peritoneal fluid on microorganisms
were assessed. This procedure was repeated for each micro-
organism, and the fluid was extracted from the peritoneal
cavity at 0, 2, and 4 h. Control cultures were performed for
each group.
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Table I. Bactericidal effects of the peritoneal fluid samples
obtained from all rats at different time points

Microorganisms 0 2 4 8 24

hour hour hour hour
Escherichia coli 330 45 - - -
Pseudomonas aeruginosa 420 124 - - -
Klebsiella pneumoniae 330 100 90 95 500
Candida albicans 252 184 50 30 140

Microbiology

After culturing for 18 h in tryptic soy broths, E. coli, K. pneu-
moniae, E. aerogenes, C. freundii, P aeruginosa, P mirabilis,
and C. albicans were isolated from feces. The microorganisms
were inoculated after dilution to 104/ml using several culture
techniques.

Statistical Analysis

For comparison of intragroup and intergroup results, Stu-
dent’s t-test and ANOVA were used, respectively. A p value
<0.05 was considered as statistically significant.

RESULTS

Bactericidal Activity of Peritoneal Cells

In all groups, the peritoneal fluid was not effective against
P mirabilis, E. aerogenes, and C. freundii. In addition, it was
observed that the proliferation of K. pneumoniae stopped
for 8 h. However, it was determined that proliferation in cul-
tures increased after 24 h. A decrease in proliferation was
observed in C. albicans at the end of 4 and 8 h, and an in-
crease in proliferation was seen at the end of 24 h. It was also
observed that the proliferating colony counts of E. coli and P
aeruginosa decreased after 2 h, and there was no prolifera-
tion in subsequent cultures (Table I, Fig. I).
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Figure 1. Number of colonies of microorganisms at different time
points.
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DISCUSSION

Peritoneal infections may be mainly due to: (1) translocation
of microorganisms from exogenous or endogenous flora to
the sterile sides in the body as a result of organic traumas or
injuries that break dermal or mucosal barriers mechanically; (2)
surgical contamination, infections due to biomaterials, antimi-
crobial medication, or chemotherapy leading to hemostatic im-
balance between the host and the commensal microflora of the
host; and (3) bacterial translocation through the intact mucosal
barrier of the intestines. It is known for years that anaerobic
bacteria may lead to peritoneal infections. It was recorded that
37% of peritoneal infections are due to Bacteroides species;
57% are due to facultative anaerobic and aerobic Gram-neg-
ative bacilli of which 36% is E. coli alone.’® In one study by
Uzunkdy et al,”! E. coli was produced in all subjects in lym-
phoid tissue cultures in rats with bacterial peritonitis, and in
addition, P mirabilis and K. pneumoniae were observed.

Lipopolysaccharides in the bacterial walls, yeasts (Candida,
Cryptococcus, etc.), some tumor cells, parasites, and viruses
activate the components of the complement system that in-
stitutes a chemotactic gradient for the polymorphonuclear
leukocytes (PMNLs). The migration to the peritoneal cavity
due to chemotactic factors starts in 30 min and reaches a
maximum rate at 72 h. The number of peritoneal cells was
counted in Thoma slides. The peak number was achieved at 6
h, and this number did not increase at 9 h; however, a decrease
was recorded as time passed. Accordingly, the peritoneal fluid
extracted at 6 h following the stimulation of the peritoneal
membrane was preferred in the present study. Phagocytosis
is a rapid response allowing approximately 3% of the bac-
teria to be unbound after 2 h post-inoculation.”? Although
macrophages are the primary phagocytic cells, PMNLs are the
earliest set of cells drawn into the peritoneal cavity.!'

Phagocytosis is triggered by nonspecific opsonins, such as
complements, fibronectin, or specific antibodies present in
the peritoneal fluid. Complements play an important role of
body defense in the early phase of infections where antibodies
are not formed yet.l''l Lysozymes break the bonds between
N-acetylmuramic acid and N-acetylglucosamine in Gram-pos-
itive bacteria. The peptidoglycan and muramic acid present in
the cell walls of Gram-negative bacteria are protected by an
outermost membrane, thus the effect of lysozyme being min-
imum.' Histamine and other vasoactive substances released
from peritoneal mast cells cause dilation of the capillaries in
the peritoneal cavity. An increased permeability leads to an
accumulation of fluid rich in complements, immunoglobulins,
fibrins, and thrombotic factors. Bergman et al.l'¥! reported
that cell-free amniotic fluid obtained from 28 healthy women
is effective on Gram-negative and Gram-positive bacteria and
yeasts. This bacteriostatic or bactericidal effect might depend
on complements, thermostability, and maybe some other fac-
tors since lysozyme in the amniotic fluid solely cannot be re-
sponsible for the antimicrobial activity. In a study comparing
the antibacterial activity of peritoneal fluid obtained from 28
women who underwent laparoscopy with the acid fluid ob-
tained from || patients with various pathological conditions,
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the bactericidal and bacteriostatic activities in both types of
lavage were predominantly against Gram-negative bacilli—E.
coli, P mirabilis, and B. fragilis.!'"

In our study, we found that peritoneal fluid had no effect on
C. freundii, P mirabilis, and E. aerogenes; however, peritoneal
fluid was found to be bactericidal for E. coli and P aerugi-
nosa and bacteriostatic for K. pneumoniae and C. albicans.
The cells and substances in the peritoneum prevent bacterial
contamination and peritoneal inflammation. The main target
in managing peritonitis is to control sepsis and eliminate con-
tamination sources. The contamination of the peritoneal cav-
ity with bacteria can be via endogenous route or exogenous
route. The mortality of peritonitis is still high despite advances
in medicine. Overall, mortality in secondary peritonitis varies
between 13% and 18% and between 0% and 46% according to
contamination source and age, respectively. Control of sepsis
and removal of contamination sources and peritoneal debris
are the principal goals of peritonitis treatment. Removing
or decreasing the debris is possible using peritoneal lavage
that can be performed in several ways. There is no doubt on
the importance of sepsis and removal of the contamination
source. However, the effectivity of peritoneal lavage in the
management of peritonitis is rather doubtful. It is accepted
that short-term peritoneal lavage is useful in the treatment of
peritonitis as it decreases the microbial load.['”!

In the present study, the bactericidal activity of the peritoneal
fluid decreases due to peritoneal lavage in the early phase
and returns to normal after 4 h. The bactericidal effect of
the peritoneum should be taken into consideration, and it is
necessary to prevent the disruption of the peritoneal defense
mechanism. We can claim that continuous or intermittent
peritoneal lavage will not be beneficial. On the other hand, it
cannot disrupt the protective mechanisms as the bactericidal
activity of the peritoneum is considered to be important in
the early phases of peritonitis.
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Deneysel peritonitte peritoneal sivinin antibakteryel etkisi

Dr. Birol Agca,' Dr. Ahmet Yalin iscan,' Dr. Erdal Polat, Dr. Kemal Memigoglu’

'istanbul Saglik Bilimleri Universitesi Fatih Sultan Mehmet Egitim ve Arastirma Hastanesi, Genel Cerrahi Klinigi, istanbul
2jstanbul Universitesi Cerrahpasa Tip Fakiiltesi, Mikrobiyoloji Anabilim Dali, istanbul

AMAC: Calismamizda deneysel peritonit olusturulan siganlarinda, periton sivisinin bazi gram negatif ve Candida albicans iizerine olan etkisi arastiril-
di. Calismanin temel amaci karin igi enfeksiyonlara neden olan mikroorganizmalar lzerine periton sivisinin etkisini anlamaktir.

GEREG VE YONTEM: Bu calismada 250-300 g agirliginda 20 erkek Spraque-Dawley sicani kullanildi. Siganlar rastgele |0 hayvandan olugan iki gruba
ayrildi. Ameliyat prosediirleri steril kosullar altinda yapildi. Grup I'de kontrol laparotomisi yapildi. Grup II'de ¢cekumun distal kismi baglandi ve ¢gekum
perforasyonu yapildi. Deneklerden 2. ve 4. saatte anestezi altinda laparotomi yapilarak peritoneal sivi 6rnekleri Pasteur pipet kullanilarak alindi.
BULGULAR: Periton sivisi, C. freundii, P. Mirabilis ve E. aerogenes’e etkisizdi. Sekiz saat boyunca K. pneumoniae iremesini engelledi, ayrica 24 saat
sonra alinan pasajlarda biiyiime 6nemli dlgtide arttigi goriildi. C. Albicans Uremesi ise 4 ve 8 saat sonra alinan pasajlarda azaldi ve 24 saat sonra ise
artti. E. coli ve P. aeroginosa kolonilerinin sayisinin 2 saat sonraki alinan pasajlarda artmadigi ve lireme olmadigi saptandi.

TARTISMA: E. coli ve P. aeruginosa’nin gogalan koloni sayilari 2 saat sonra azaldi ve sonraki kiiltirlerde cogalma yoktu. Periton sivisi, uygun kosullar
altinda bakterisidal bir etki gésterir. Karin igi enfeksiyonlarda ana patojen olan E. coli'ye karsi peritoneal bakterisidial etkinlik gostermektedir.

Anahtar sozclikler: Gram-negatif bakteri; peritoneal savunma; periton sivisi.
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