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analysis of variance
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monoclonal anti body

M-199

medium 199
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plasminogen activator inhibitor
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SliM

standard error of tbe meao
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Preface

Most surgeons have acceptcd the philosophy that in case of contaminatlon,
the abdominal cavity should be 'drowned' in irrlgatlon fluids. Currently, the
lise of peritoneallavagc is a custom in modern surgical practiee, particularly
in cases of peritonitis, colonic resection with faecal spilling, peritoneal ad hesion formation and prevention of tumour recurrence.l The basic idea behind
thc

llSC

of peritoneal lavage is dilution and mechanical elimination of sub-

stances that have accumulated in thc peritoneal cavity during the course of
disease

Of

operative procedures and after trauma. It is asswned that these sub-

stances exert im.portant pathophysiological effects and that their removal
from the peritoneal cavity may favourably influence the outcome for the
patient. Irrigating the abdominal cavity is, however, more based upon habit
than upon scientific evidence. Although the concept of mechanical peritonea! deansing with solutions seems logical and cosmetically appealing, the supporting experimental and clinical data remain unconvincing.2
One aspect of the controversial role of peroperative lavage is the possibie interference of exposure to solutions with the naturallocal defence
mechanisms of the peritoneal cavity. Intra-abdominal surgical intervention
disturbs the integrity of the peritoneal cavity, with alterations in host metabolic and immune homeostasis. For instance, exposure to foreign materials,J,4
trauma to the serosa,5,6 suturing technique7, and exposure to gloves B during
surgery has been implicated in the development of septic complications,
adhesion formation and tumour metastasis. In recent literature it is highlighted that certain operative factors may contribute to postoperative immunomodulation and subsequently influencc mobidity and mortality after surgical
intervention. 9.10
Over the past few years it has become increasingly clear that the peritoneal membrane, in particular the mesothelial lining, contributes significantly to important inflammatory processes occurring in the peritoneal cavity,ll.ll Therefore, with the routine use of peroperative peritoneal lavage we
have focused our attention on both assessing the influence of the exposure to
various solutions on modulation of peritoneal cell functions as weil as development of a solution that wiII complement natural defence mechanisms.
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This has resulted in the following objectives:
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1.

to elucidate the effects of peritoneal lavage solutions on peritoneal defcnce mechanisms JIJ vitl'o (Chapters 1-3);

2.

to assess the contribution of peroperative lavage on postoperative peritoneal responses in vivo (Chapters 4-5); and

3.

to evaluate the modulation of biochemical parameters of mesothelial cclls
bl' oxygcn radieal scavengers (Chapter 6).
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General introduction

Peroperative lavage
Thc act of perfonning peroperative lavage is as aid as that of abdominal operative procedures. Successful peritoneallavage in the treatmcnt of peritonitis
was reported hy Prieel in 1905 and Torek2 in 1906. In 1911, Morse reported
thc first succcssful closure of a perforated gastric ulcer in Great-Brltain. The

abdomen was irrigated with no less than 17 pints of hot water at a tempera~
turc of 60°C,3 Howcver, for more than 40 years the tcchnique remained more
or Icss dormant because of the belief expressed hy Deaver in 1910, that irri-

gation would spread infection to uninvolved areas. 4 lts revival in the fifties is
attributed ta Burnett ,vho produced experimental and clinical data that irrlgat ion offers the patient with a contaminated peritoneal cavlty a better prognosis. 5

Experlmental & clinical studies
The current surgicalliterature certainly recolnmends some t}'pe of peritoneal irrigation as the most effective and efficient way of removing all gross contamination and bacteria. During the last 25 years, a number of authors have
presented both experimental and clinical data to demonstrate a decrease in
mortality and morbidity after irrigation of the peritoncal cavity. The majority of these studies have been undertaken in animals and patients with established peritonitis6 , and some have considered the possible prophylactic role
of lavage in routine surgery.7- l0

,.

The primary benefit of peroperative lavage is thought to be the physical rcmoval of organisms and debris from thc peritoncal cavity. A secondary
benefit could result from the removal of toxins. Some authors consider saline
alone for 'mechanica!' lavage to be adequate. Hartmann, Ringer and physiological saline solutions have all been used with varying success. Hau induced
peritonitis with a 100% mortality rate in rats)1 Treatment with systemic
antibiotics reduced th is mortality to 70%. \:Vhen peritoneallavage with normal saline was added to the treatment the mortality dropped further to 25%.
Tolhurst et nl. also reported a reduction in mortality after peroperative lavage with Hartmann solution in rats with faecal peritonitis (66%).12 However,
they wcre also thc first who obscrved effects of lavage on wound healing and
adhcsion formation. Their results showed that peritoneal lavage in the rat
was associated with a delay in the healing of peritoneal ,vounds. One

explanation for this phenomenon was that lavage caused removal of the ceUs
of the peritonea 1 fluid from the peritoneal cavlty. These ceUs have been
shown to have a role in the early stages of peritoneal wound healing. These
observations were confirmed by histological studies. Growth factors or other
substances important in nonnal wound rep air were not studied in this setting.
'Rvo clinical studies published in the early eighties have shown that
additional peritoneallavage with normal saline did not re duce the complication rates in patients with ongoing peritonitis,?,13 Although the counts of
bacteria in the peritoneal cavity may be reduced hy saline lava ge, the risk of
postoperative sepsis is not'? Rosato and co-workers emphasized that lavage
solutions do not reach all areas of the peritonea I cavity. They found large
quantities of locular fluid at autopsy of rat peritoneal cavities.l 4 Other explanations for persistent bacteremia after peritoneallavage arc, for instance, dispersal of organisms and microbial adherence to the serosal mesothelial surface. 15 Therefore, other authors recommend a wide range of different antiseptics to reduce thc incidencc of sepsis. 16 As early as 1923, addition of antiseptics was introduced. The abdomen of patients with sepsis were irrigated
whh an alcohol solution. 17 The advantage of using antiseptic lavage solutions
for eliminating contaminatioll and surgical spillage lies in their rapid hactericidal action and broad spectrum of activity.18,19 The usc of antiseptics was
reappraised becausc of the increasing problem of antibiotic-resistant bacteria.
The antiseptics most often used for the prevention or treatment of bacterial
peritonitis arc povidonc-iodine (PVP-I) and the formaldehyde-releasing
compounds, noxytiolin and Taurolin. Chlorhexidine and hydrogen peroxide
19

have afso been suggested as alternative treatments.
Polyvinylp-YTrolidon-iodine (PVP-J): Scveral reports on thc instillation
of PVP-I into the peritoncal cavity have suggested that this may be of some
benefit,20-25 whilc others indicate that PVP-I damages the peritoneal cavity
and interferes with peritoneal defences and in this way causes increased mortality.13,n-24 The studies that do show a beneficial effect with intraperitoneal PVP-I demonstrate its efficacy onl)' when it is used ver)' early in thc course of peritonitis,25 One explanation for this phenomenon could he an early
neutrophil influx in the peritoneal cavity. Abbuglosu obscrved th at PVP-I
induced a polymorphonuclear ceUs (PNlN) in flux, probably as aresult from
irritation of the peritoneum. 26 In addition, Hau and Dunll concluded that
non-specific immuno-enhancing and PNIN stimulating compounds are onIy
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effective in experimental modeIs, before exposure of thc host
nisms. 27 ,28

ta

micro-orga-

A rise in peritoneal P.MN before initial infection may be protecti-

ve. Unfortunately, most patients with peritonitis do not arrive in thc operating foom within an hour after onsct of disease.

Taurolidine (Taurolin): Taurolidine is an antimlcrobial chemotherapeutic agent with bactericidal,29 anti-endotoxic,10 and anti-adherent propertics. 31 It consists of two molecules of taurine amide comblned with threc

molecules of formaldehyde. lts advantage over noxytioHn, also a formaldehyde carrier, is that taurolidine is stabie in solution,J2 'Vlhen it exists in solution
the formaldehyde groups denature lipopolysaccharide (LPS) components of
bacterlal cell walk However, taurolidinc is also prcsumed to function
through the taurine component. 3J Taurine has been considercd an amino acid
with antioxidant properties. Taurolidine may have direct effeets on immune
funetions and it has been hypothesized that intra peritonea I irrigation may
affect regulation of loeal host defence mechanisms. Although Billing and coauthors found the neutrophil influx not diminished, they observed enhanced
consumption of opsonins after intra-abdominal treatment with Taurolin. 34
Their explanation was that this was due to more severe bacterial contamination in the Taurolin treated group. However, rcduced opsonic capacity could
also result in Ie ss sufficient phagocytosis. Little et al. described prevention of
the systemic postoperative cellular immunosuppression after laparotomy whh
intraperitoneal injection of taurolidine in the rat.J 5 In addition, taurine was
also shown to be protective against eytotoxicity to hepatocytes eaused by different chemical compounds and may therefore also reduce eell death.3 6
20

These propertîes may explain the favourable effect of intraperitoneally instilled 'làurolin on adhesion formation described by Leaper J7 and the reduced
morbidity in patients with established peritoneal sepsis found by Browne et

aP8 Both cellular in;ury and mctab<?lism ma}' be advanced in the presencc of
peritoneally instilled Taurolin, and may therefore prevent intra-abdominal
complications.
Chlorhexidjne: Limited clinical data are available on the use of peritoneal lava ge with diluted chlorhexidine solutions to control peritoneal sepsis.3 9 Platt and co-authors suggested that regular irrigation with chlorhexidinc 0.02% could be beneficial in patients at risk from septic peritonitis. 40 Of
the five antiseptics they tested, only chlorhexidine had a protective effect
in mÎCe. Diluted chlorhexidine 0.02% has also been succcssfully used

prophylacticaHy at very low concentrations ln peritoneal dialysis (CAPD)

fluid. 41
Dakin's solution: Sodium hypochlorite (NaOCI) has a long history of
use as it was introduced as an antimicrobial agent for topical use in open

wounds during World War I by Nobel Prize winner Alexis Carre!.42 In the
1980's, reports began to aceumulate suggesting significant toxicity of Dakin's
to host cell populatlons. 43 ,44 However) the effeets of perltoneallavage with
Dakin's solution has never been evaluated in any kind of clinical trial. Dakln's
solution was experimental tested as an antl-twnour irrigant in both superficial wounds and the peritoneal cavity (see page 10/11).45,46
T-Iydrogen peroxide: I-Iydrogen peroxide in diluted solution was found
to be liseful in cleansing the abdomen of particulate matter. 47 Others also
found it helpful) but these were subjective impresslons and na experimental
or controlled clinical data are available.
Another adjuvant treatment th at has been used to deercase the effects of
peritonitis is intraperltoneallavagc with antibiotics. Topical antibiotie lavage
secms to be logical in order to achieve higher antibiotic levels in thc tissue
fluid for optimal baeterÎal killing. The first report on the addition of anti biotics to the lavage solution is by Dees. 48 Since then, the pharmacokinetic
activity in the peritoneal cavity has been extensively researched. 49,50 Apart
from the faet that intraperitoneal instillation of antibiotics results in therapeutie serum levels, there is na evidence th at the addition of an antibiotic
solution improves the outcorne in patients compared with those who already
receive perioperatively systemic antibiotics. Lally et al. found no difference in
survival or residual abscess formation when antibiotics were added to the
lavage sohnions. 51 In other studies the addition of antibiotics to the lavage
was shown to improve the results. 52 ,53 However, antimicrobial peritoneal
lavage in clinical practice appears to have little effect on serosally adherent
bacteria. 15 A number of previous reports also describe effects of antibioties on
phagocytic ccll functions. 54 Some antibiotics augmented the respiratory burst
of neutrophils and ma)' therefore interfere ,vith thc ability of the host to control microbial growth. l\1any authors warned for the adverse effects that can
oecur after peritoneallavage with antibiotics, such as: irritation, fonnation of
adhesions, allergy, antibiotic-induced endotoxin release, and increased catabolisl11.19,55~58
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Prevention of adhesion formation
Peritoneal adhesion formation is thc primary cause of small bowel obstruc-

tion and female infertility. According ta Menzies and Ellis, adhesions dcvelop
with an incidence of more than 90% after laparotomy.59 In addition to thc
anatomy of thc peritoneum, knowledge of pathophysiology and peritonea 1
wound healing is necessary ta intcreede in thc dcvelopment of adhesions (sec

page 12). Theoretically there are severat methods ta prevent adhesions after
surgery. In 1993, a survey in the United Kingdom demonstrated that 68% of
thc general surgeons questioned pcrformed some kind of peritoneallavage in
an attempt to prevent adhesion fomlation. 60 Thc large number of drugs givcn
topically has been revicwed by Holz,61 who concluded that na fully successful
means of preventing peritonea I adhesions has yet been discovered.
Mechanical as well as enzymatic removal of the fibrin that had already formed was not effective in reducing the incidence of adhesions. 62 ,63 i\1ore viscous solutions have a greater ability to separate the injured surfaces and appear to prevent adhesion formation in this way.64 Ringcr's lactate instillation in
rats was smdied by several groups,65,66 but to date th is has not led to an
unambiguous conclusion. Polyvinylpyrrolidone (PVP) has also been widely
used to prevent adhesions. 67 . 69 Gilmore tested a new PVP-I/PVP solution in
an experimental rat model, in which adhesions were induced by a standard
peritoneal defect and suturing. He found highly significant anti-adhesive
effects in rats treated with PVP-I/PVP peroperatively and attributed this
effect to PVP by acting as a viscerallubricant.18
Investigators subsequently showed that the serosa itself possesses pro22

nounced fibrinolytic activity/o while \Vhitaker et al)1 demonstrated that
pure cultures of mesothelial cells were capable of fibrinolysis ifigure 1, page
24). Nloreover, many studies have proven that various forms of experimental
injury to the mcsotheHwn greatly rcduce its fibrinolytic potential. 72 - 74 lt also
appeared that keeping the serosa moist does not prevent a significant impairment of fibrinolytic function,75 Antibody inhibition studies and antigenic
imrnunoassays have shown clcarly that tissue plasminogen activator (tPA) is
the major plasminogen activator in human peritonea1 biopsies,76,77 Attempts
were made to stirnulate the lysis of fibrin and prevent serosal adhesions by
instHlation of plasminogen activators 78 · 80 or plasmin. 81 However, the 1055 of
plasminogen-activating activity was particularly associated with a drama tic
increase in peritoneal plasminogen activator inhibitor (PAl-I) levels during

the early perlod after surgery.82 The identification of the cells that produce

PAl has been perfonned by in situ mRNA hybridisation. 8J These studies confirmed that the mesothcfium plays a critical role in thc inhibition of peritoneal fibrlnolysis following injury.
Fibrous adhesions especially result from denudation of peritoneal surfa ces, 84 from the presence of intra-abdominal ischaemie tissue,85 or as a reaction to a variety of foreign materlals introduced into the peritoneum by the
surgeon. 75 •86 ,87 During these conditions, human peritoneum shows a marked
loss of peritoneal plasminogen-activating activity.76,84,88 Inflamed or injured
peritoneum produces inflammatory cytokines, which stimulate mesothelial
cel1s to produce PAI_1,89 In this way it is clear that the inflammatory and
fibrinolytic pathways are closely linked. Excessive inflammatory reaction
during the postoperative phase may affect adhesion formation via two mee hanisms. Firstly, enhanced procoagulant activity and increased production of
the inhibitor of fibrinolysis (pAl-I) by mesothelial cells. Secondly, increased
tissue injury to undamaged mesothelium as a consequence of increased neutrophil influx and activity. If normal fibrinolytic activity is preserved or recovers quickly, fibrous depositions are lysed and permanent adhesions are avoided. Prevention may be attempted at an}' stage in the pathological sequence,
from minimising injury and inflammation via anticoagulation to fibrinolytic
enhancement. Thus, although the use of various solutions to clean the abdomin al cavity is a widespread procedure, its effects on the most active fibrinolytic layer, the mesotheliallining, has not been studied.
23

Oncological surgery

After elective colorectal operations, infectÏons of the incisional wound :md
peritoneal cavity may originate from bacteria of the resected bowel.
Peroperative lavage during colonic resectÏon for a malignancy is not only a
procedure to clear faecal contamination, 7 but is also considered as a procedure to eliminate tumaur spilling. Peritoneal washings during colorectal surgefor cancer showed positive cytology in variaus studies. 90 -93 Ey handling the

rr

tumour during operation, cancer cells may be disseminated and cause Iocal
peritoneal tumour recurrence. The hope far success of peroperative lavage
lies in the supposition that malignant cells might be vulnerable to an instilled
cytotoxic agent and that this may prevent loose cells to ad here to the peritoneum.

Genera! IntroductIon

In search of tumouricidal agents that could he applied locally within the
operative area Nash described thc effeetiveness of proflavine hemisulfatc. 94
Distilled water,95 hydrogen peroxide,96 Dakin's (sodium hypochlorite) 501ution,45.46 chlorhexidine,97,98 and noxytiolin99 are a150 suggested solutions in
oncologieal ahdominal surgery. The follow-up report hy Arons .nd Smith of
patients with or without operative wound washings, however, revealed a poor
correlation between thc finding of tumaur ceUs in wound washings and subscquent local recurrence. lOO Also lVIurthy observcd th at increascd eeil delivery Îtself is not sufficient for tumour eeU attachment,lOl Refore free malignant cells ean invade and grow ioto clinical recurrence, they must first attach
ta underlying tissue. Cell attachment is a complex proccss that involves special conditions for successful implantation and growth,102.lOJ Clinical and
cxperimental obscrvations suggest that trauma induced by chemical,104,105
mechanical 106 ,107 or surgical lOS - 110 means may promote tumour metastasis.
This leads to the speculation that micro-environmental conditions and not
loc.l tumour cell contamination at the time of surgery and during the postoperativc period are prognostically significant. Thc effects of exposure of the
peritoneum to lavage solutions on microenvironmental conditions and local
tumour adhesion and implantation is not known.

Local pathophysiologic responses
24

The peritoneum is a smooth layer of flat mesothelial cells resting on a basement membrane with a deeper layer of vascularized connective tissue. This
layer covers the intcstinal organs as the visceral peritoneum and the abdominal cavity as the parietal peritoneum. In adults, its surface measures about 1.7
m 2. Most of this surface behaves as a passive semipcrmeabie membrane for
the exchange of water and solutes of small molecular weight. Thc human
peritoneal cavity exists as a potential space with no more than 50 mi of dear,
steriIe fluid with a low specific gravity «1.016) and low protein content (usually <3 g/dl). Fibrinogen is not present and, therefore, serous fluid will not
dot. lll eells contained in the peritoneal cavity, together with the rnesotheliurn, play a crucial role in thc maintenance of sterility of the peritoneal cavity
and thc host defence against intra-abdominal infections.

Figure 1. Extrinsk cascade of coagulation activated by mesothelial cells

Fibrin formation

x --+----i...

~"'--t.---FibrinOgen

:;;r"

Prothrombin

x =factor X, Xa =actlvated factor X, Vila =actlvated factor VII, Va =acitvated factor V.

Figure 2. Components of the fibrinolytic system and their effects upon fibrin

Fibrin degrdation
PI asminogen -----=:;---l..... PlasmÎn
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inhibitor (PAI-1)

25

PAl-I =plasminogen activator, tPA =tissue type plasmlnogen actIvator.

The local inflanuuatory response of the peritoneum is similar to other
tissues, but the peritoneal lining prcsents a large exudative and absorptive
surface. At sites of irritation, there is an outpouring of fluid into thc peritoneal cavity that, in contrast to normal serous fluid, has a high protein content
(>3 g/dl) and contain many cells, primarily granulocytes, which phagocytize

and kill micro-organisms. Thc cxudate contains fibrinogen that polymerizes
to solid fibrin by local tissue factor (figure 2). Plaques of fibrinous exudate
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farm on thc inflamed peritoneal surfaces. This exudate glues adjacent bowel,
mcscntery, and omentwn ta each other. Thc omentum is particularly involved in this process of localizing thc infection, which is further aided hy inhibidon of motility in involved intestinalloops. Thc inflammatory process a150
results in a marked depression of thc fibrinolytic system of thc peritoneal
mesothelium. Fibrin formation is one of thc peritoneal defences that has ta
contral thc Iacal inflammatory process (tabIe 1).112.113
Table 1.

Peritonea! defence mechanlsms agalnst foreign mater Ia!.

1. absorptlon into diaphragmatic Iymphatics

2. cellular and humoral mechanisms
3. localization by fjbrinous adhesions and fibrin formation

Normal peritoneal tissue has measurahle levels of plasminogen, which
can be converted to plasmin and is then able to rapidly lyse fibrin deposits in
the peritoneal cavity (figure 1). Numerous factors, including infection, trauma, and sterilc irritants reduce these tissue plasminogen levels to below
detectahle levels. It has been shown that this reduction in functional fibrinolytic aetivity is mainly mediated by induction ofPAI-l synthesis. 77 As aresuit
of a dis ba la nee in fibrinolytic enzymes, fibrin deposits may remain in situ.
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FiTSt line cellular defence
In the early phase after tissue injury or eontamination non-specific defenee
mechanisms plays a primary role. 114 Major intraperitoneal tissue injury is
commonly followed hy widespread activation of the white cell population.
""'hithin 24 hours a rapid influx ofPlYIN oeeurs in response to a variety of stimuli, including products of bactcrial growth and several inflammatory
mediators. 115 Thc peritoneum usually contains fewer than 300 cells per mm 3,
mostly macrophages plus some desquamated mesothelial ceUs and
lymphocytes. Abdominal surgery, even in the absence of gross contamination
or infection, elicits a rapid and transÏcnt influx of PMN, which may raise
their numb ers 1l6 to more than 3000 per mm 3• Following the PM:N response,
the peritonea! cavity is invaded by mononuclear eeUs, whieh seavenge the
cavity by removing any remaining eeUular debris. Degranulation of peritoneal mast cells releases vasoactive substances and leads to in flux of complement
and opsonins, which coat bacteria and promote phagocytosis.

and killing of micro-organisms hy neutrophils is essential for host survival
after any serious contamination of the peritoneal cavity. However, the neutrophil has aeting aJsó paradoxical effect on the clinical outcome in inflammation. Neutrophil enzymes are capahle of digesting all living tissue.
Autodigestion hy these enzymes has been shown by Ohlsson, who found large
amounts of neutrophil collagenase and elastase in the peritoneal fluid of
patients with diffuse peritonitis. II ? This process is responsible for the release of massively incrcased quantities of sevcral inflammatory mediators that
may spill over into the general circulation to exert systemic effects. Large
quantities of neutrophils undergo stimulation by complement split products,
cytokines and bacteria with a consecutive release of both lysosomal proteinases and oxygen metabolites. Under these circumstances normal inflammatory
defenccs hecome detrimental to the host. Increased accumulation of neutrophils via ehemotactic factors and a consequent release of proteases might propagate the inflammation and injury of tissue. This model has also heen suggested in other foeal infectious sueh as pulmonary inflammation l18 and
nleningitis l19 .
Coincidentally with the appearance of large numbers of P.MN, changes
in mcsothelial cells are observed.l 10 The presence of P.L\ll~ within the exudate over an extended period in the peritoneal cavity, and prolonged release of
cytotoxic produets may cause continuing injury to mesotheliwll. 121 Products
of neutrophils, snch as oxygen free radicals and proteases, have been shown
to induce endothelial ceU lysis and detachment in vitl'o.l22 It is known that
PlvlN exert similar effeets on cultured mesothelial cells,123,124 Activated
PiVlN firmly adherc to mesothelial eeUs and this adhesion is associated with
observed mcsothelial injury.115
Illteraction between peritoneal eells

A large number of studies on chemically induced peritonitis have shown that
mesothelial cells beeome rounded and separated from each other, allowing
neutrophils and maerophages to penetrate the mesothelial intercellular spaee
between lining eells. 12 6 In addition, peritoneal eells appear as aggregated cells
and a large numbers of neutrophils and macrophages adhcre to the mesothelium. The molecules that facilitate interaetions between eeUs and between
ce lis and tissue matrix are known as ecU adhesion molecules. If eells are to
interaet with one another, two complementary molecules are required the
j
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adhesion molecule and its ligand. Under unstimulated conditions, ncutrophils do not attach to other cclls. In response to chemotactic factors and cytoklnes released in the local environment, leucocyte adhesion molecules are
activated for subsequent interactions with mesothelialligands,127,128
In the field of surgery a variety of pathologieal conditions exist th at are
associated with specific function or dysfunction of adhesion molecules. These
are inflammatory processes, ischaemia-reperfusion, transplant rejection, arteriosclerosis and thrombosis, and tumour progression and metastasis,129
Leucocyte-endothclial eeU adhesion molecules have been studied extensively
during the last years,130 However, the molecules that mediate subsequent leucocyte entry into non-vaseular spaces, such as the abdominal eavity during
states of peritoncal inflammation, have not been identified. Because the peritoneal mesothelial lining represcnts the final barrier to leucocyte migration
into the abdomen, it is likely that adhesion molecules expressed hy mesothclial cells are involved in th is process (fobIe 2).1 27 ,129,131,132
Tabla 2.

2.

Adhesion molecules associated wlth the peritoneum 127-131

Adhesion molecule

eells expressing
adhesion molecule

ligand

cells expressing
ligand

ICAM-l (C054)

Me, leucocytes

Mae-l (CDllb/C018)

leucocytes

VCAM-l (C0106)

Me, leucocytes

VLA-4 (C029/C049d)

leucocytes

C044

MC, PMN

hyaluronate, collagen

extracell.
matrix

VLA-4 (CD29/C049d)

monocytes

VeAM-1, fibronectin

Me,extracell.
matrix

MC= mesothellal eell; PMN= polymorphonuclear neutrophil; CD= cell determinant; ICAM=

intereellular adhesion molecule; VCAM= vascular cell adhesion molecule; VLA= very late anti·
gen.

'Rvo main groups of surface molecules that are involved in this leucocyte interaction have been identified. The first group is thc intcgrin superfamiIy, of which the most important leucocyte adhesion molecule involved is the
CDll/CD18 adhesion molecule complex on leucocytes. 133 ,IH One ligand for

CDIllCD18 mediated adhesion is the intercellular adhesion molecule-l
(ICAM-l), a150 located on mcsothelial cells,135,1J6 However, studies have
shown that there is CDIl1CD18, ICAl\1-1 independent interaction between
PMN and mesothelial cclls. ll7 Another ligand of this superfamily that is
known to medi~te leucocyte attachment and transmlgration through activated

mesothelium is vascular ecU adhesion molecule-l (VCAM-I). It is still unclear whether VCAN1-1 expression on mesothelial cells is constitutive Of only
can be induced after stimulation.l 26 ,127,135,1J8 A second group of cell surface
molecules arc called selectins in which thc cndothelial ceIl adhesion molecule-I (E-selectin) is thought to be involved in leucocyte attachment to endothelium durlng acute inflammation. 139 Other authors previously demonstrated
that selectins are not present on mesothelial cells, and could not be induced
by stimulation whh twnour necrosis factor (TNF).lJ5.140
Humoral defences: the role of cytokines
Surgical injury and infection stimulate the production of a variety of endogenous mediators.141-141 These mediators initia te immune, haematologic and
metabolic alterations that are integral to the response of the host to injury.
Complement, cytokines and interferons (INF) mediate, via both paracrine
and autocrine mechanisms, the non-specific host defence. 144,145 Cytokines
arc only onc component of the complex inflammatory cascade, but an important and proximal one. They comprise a diverse group of protcins, which
share a number of characteristic properties (toble 3). The biologie activities
and synergistic actions of these proteins in peritoneal repair has only partly
been elucidated. In moderate quantities, these proteins confer beneficial
effects important in combatting the results of injury. Exaggerated or prolonged production of cytokines, however, may pro duce detrimental effects
and lead to a poor clinical outcome. A certain cytokine can even be cither
inhibitory or stimulatory, depending on concentration, the presence of other
factors, and the receptor distribution on thc ceU membrane of the effector
ccll.
Badia 146 and Tsukada 147 detected the pro-inflanunatory cytokines TNF,
interleukin-l~ (IL-l~)

and interleukin-6 (lL-6) within the peritoneal exu-

date in response to laparotomy, whereas INli'-y was not detected. Local production of cytokines far exceeds the concentration measurcd in plasma, indicating alocal inflanunatory process and suggesting that cytokines do not

General introductfon

29

Table 3.

•

•
•
•

•
•
•
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Characterlstlc features of cytoklnes 144

Protein hormones active at very low concentrations (pg/ml).
Produced during the effector stages of natura I and specific immunity.
Like ather polypeptide hormones, they initiate action by binding to specific rece*
tors on the surface of target cells, where cell divisien Is sometimes regulated (i.e.
function as growth factors)
Produced by a diverse range of cells, at multiple sites and often have overlapping
actions.
Act on a wide range of different cells and often influence the synthesÎs of othercytokines.
Serve to mediate and regulate immune and inflammatory responses and have
important autocrine, paracrinE~ and endocrine actions.
Invake sometimes slow cellular responses (4-6 hours) involving new protein
synthesis.

indieating alocal inflammatory proeess and suggcsting that cytokines do not
equilihrate hetween the peritoneal cavity and plasma,l4' The discrepancl'
between the cytokine eoncentratÎons in plasma and peritoneal fluid suggests
that this response originates within the peritoneal eavity. These mediators
(TNF, IL-l and IL-6) are produced hl' peritonea I cells and induce the production of IL_8. 149,150 It has also been shown rceently that when mesothelial
ceUs are stimulated, their release of IL-8 is polarized and more to the apical
side of the eeIl (intra-abdominal) than to the basal side. 150 This cytokine eontributes to the influx of neutrophils by increasing their adhesion to endotheHal and mesothelial eeUs and by aeting as a potent ehemotaetic factor. i51
Local intraperitoneal cytokine production thus modulates the intraperitoneal inflammatory response, including neutrophil chemotaxis, activation of
macrophages, initiation of processes for tissue rep air and regeneration and
may have important effects on the control of peritoneal coagulation and
fibrinolysis. 152
Ry far the most COlnnlOn eauses of intra peritonea I adhesion formatioll
are surgieal intervention 153 and peritonitis of infeetious origin l54,155. The
meehanisms hy whieh these conditions induce adhesions have not been fuHy
clarified. It is hypothesized that IL-l and TNF are increased and exert local
effects on the mesotheliallining. For instanee, the production of the fibrinoIytic activator (tPA) may decrease and the production of the fibrinolytic inhibitor (PAI-l) may inerease, whieh will re sult in decrease of the fibrinolytic

activity in the peritoneal cavity. In th is way, cytokines may influence adhesion
formation. 156 Kaidi et nl. observed that intravenous combined anti-TNF and
IL-l treatment decreased adhesion formation in a rat model. 157
The duration and intensity of the inflammatory response are critical to
carefully control tissue damage and facilitate the repair mechanisms involved
in wound healing. For instance, transforming growth factor (TGF)-f}, which
displays many immunosuppressive activities, plays an important role in limiting the inflammatory response,158 However, some authors found that TGFPstimulated cultured mesothelial cells and a1so promoted adhesion fonuation
;11 vivo.159.160 Several factors play a regulatory role in the production of inflammatory cytokines, and more generally in immune response and cytotoxicity. Imbalance in synthesis and degradation of these proteins may result in a

more complicated postoperative clinical course.
Factors detrimental to peritoneaI defences

The host defence mechanisms are particularly important because of their role
in the con trol of infections and tumours, both of which are apt to cause early
or Ja te complications following intra-abdominal surgery. The efficiency of
the host defence mechanisms of the peritoneal cavity will be influenced by
many factors, same of whieh will be generalized and will have effect on the
whole organism, such as thc response to shock or trauma. Others wiH be due
to local factors within the peritoneum. For instance trauma, foreign body
produets (e.g. tale), haemoglobin, or bile are all known to have profound
effects on peritoneal host defences. The adjuvant effect of haemoglobin on
peritoneal infection was first considered by Davies and Yull. 8 OnIy free haemoglobin but not intact red blood eel1s produced th is effect. 162
Intraperitoneal haemoglobin markedly redueed the migration of PMN in the
peritonea I eavity.163 It is also weIl known to surgeons that some patients ean
tolerate an intra-abdominal bile colleetion with minimal disturbanee, whereas other patients will become rapidly and seriously Hl. lt is felt that subtie differences in the eonstitution of the bile have an important effect on the peritoneal response and ean cause mild chemica I peritonitis. 164 Bilirubin itself is
not toxie and neither is cholesterol or Jecithin. Bile acids, however, are taxie
and have haemolytic activity.
Loeal factors that initiate and suppress peritoneal ceU activation may
prove to be important determinants of neutrophil function and local
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irnmunity. Several studies have documented thc effects of varlous antiseptic
and antimicrobial agents on thc cellular influx and cytotoxic rcaction. 56 ,165167

Abbuglosu reported that bath PVP-I and saline induced a peritoneal

PMN influx. Thc authors suggested that this increase in neutrophils proba-

hIy resulted from irrltation of thc peritoneum hy thc lavage,26 Hoda observed that in response ta intraperitoneal injections of saline in rats thc serosal
ceUs over thc spleen were focally denuded,168 Occasional multilaycring of
scrosal cells was observed, especially in the scctions of omenturn, spleen and
intestine. Irrltants caused a widespread denudation of surface cclls with fibrlflOUS

and fibrous adhesions and foreign body granuloma formation. The cel-

lular response was mainly PMN in the early stages, but after cight hours an
alteration in ratio of PMN to mononuclear cells was observed. Sayek and coau-thors described that saline did not alter the peritoneal bactericidal activity, phagocytic activity, chemotaxis and total cell counts at the end of four

hours. 169 Topley and co-workers extensively studied the effect of continuous

amhulatory peritoneal dialysis (CAPD) fluids on the function of peritonea I
cells, neutrophils as weil as mesothelial cells. They rcported impaired cellular host defences in dialysis cycles as a re sult of the depressivc effect of sodium lactate on resident neutrophils. 170 l\.1esotheHal ce lis exposed to unused
CAPD fluids bccame activated and induced IL-6 secrction. These effects
were attributed to unphysiological composition. Thcir current data demonstrate improved mesothelial cell and Pi\1N function (most functions were restored to control values) following exposure to bicarbonate fluids when compared to lactate buffered fluids. 171 Some authors reported that irrigants left
32

in the peritoneal cavity inhibitcd phagocytosis. 28, 113 Billing et nl. observed
that in peritonea I exudate bacterial opsonisation is poor and complement and
inununoglobulins have been destroyed by proteinases. They studied the
effect of local serum application in patients and found the peritoneal bacterial opsonization and elimination improved by restoration of the physiologic
intra-abdominal milieu. 172,173 Thus, the vicious cycle of events during peritoneal inflammation may be interrupted by lavage of the peritoneum to
rernove harmful substances, inflammatory media tors, neutrophils and their
proteolytic enzymes. At the same time th is procedure may interfere with
some of the natural defence mechanisIlls, in particular regulatory functions of
peritoneal cells.

Ways of controlling host responses: immuno-modulation
Based on the pathophysiology there are multiple potential sites at which
intervention ean modulate the local system in favour of the host. In addition,
diminishing overproduction of cytokines in response to a stimulus and inhibition of the recruitment of white blood cells into the peritoneal cavity may
reduce the morbidity and mortality of surgical intra-abdominal interventions. l74 In this respect, the mcsothelial cell appears to have the potential to
amplify the inflammatory response by inducing IL-8 secretion to an even
hannful extent. 175 The in vitro effects of IL-8 on neutrophils include transendothelial migration, adhesion molecule expression, chemotaxis, degranulation, and induction of arespiratory burst,176-180 Neutralization of IL-8 with
antibodies against IL-8 largely illhibited the neutrophil influx induced by
endotoxin iJl vivo. 181 Because IL-8 is produced de 1l0VO in the prcsence of an
inflammatory stimulus and not released from pre-existing stores, modulation
of IL-8 production may provide a more promising pharmaeologic target than
manipulation of other chemoattractants. DeForge and co-workers observed

IL-8 synthesis regulated by oxygen radicals and found oxidant radical scavengers to inhibit IL-8 expression at the level of transcription.182.183 111 vitro studies also demonstrated pentoxifylline to be a scleetive modulator of cytokine
production. Production of TNF, IL-2 and IL-8 arc inhibited by pentoxyfylline, while the production of IL-6 appears to be stimulated.
A correlation between generation of oxygen radicals in tissues following
injury or inflammation and the subsequent infiltration of neutrophils that
release more damaging products has already been observed. 184 Adjuvant therapeutic therapies should be directed at preventing non-specific tissue injury
as a consequence of excessive inflauuuation. On the anc hand, PNlN-induced
mesothelial injury is associated with PMN adhesion and th is injury can be
prevented by blocking the CD111CD18 adhesion molecule complex located
on activated pi\1N.I 85 Definition of the molecules involved in the adhcsive
interactions between neutrophils and mesothelial cells provides insight into
therapeutic approaches to regulatc the neutrophil influx. On the other hand,
the response to a hostile environment, although multifaetorial, seems to evolve through a çom11lon pathway.186 Mesothelial ceU activation may initiate intracellular signaling cvents that converge upon a common pathway. One
model recently described is the presumed involvement of rcactive oxygen
intermcdiates in the activation of an intracellular nuclear factor, the nuclear
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factor-kappa B (NF-kB). This transcriptional factor activate thc expression of
genes involved in inflammatory, inullune and acute phase responses. 187 A
characteristic of NF-kB is that many different agents ean induce its activity.
Among these are viruses, bacterial LPS, protein synthesis inhibitors, oxygen
radieals, and seleeted eytokines (TNF, IL_l).188 The peritoneal mcsothelium
displays a considerable reactivlty ta infcctious and twnour processes,189 Thc
expression and secretion of leukocyte-directed cytokines hy mesotheHal ecUs
may represent a non-specific response ta tissue injury. Augmentation of this
response via, for insta nee, oxidative stress and thc subsequent activation of
NF-kB may intensify thc inflammatory reaction. Because inflammatory reactÏons require de 1l0VO synthesis of many proteins, an agent that inhibits transcription or protein synthesis may have an anti-inflammatory effect.

The ideallavage solution
In the postopcrative course the overall result of the physiological defence systems and thcrapcutic manoeuvres detennines thc patient's situation. It
recently has become dear th at cytokines and other mediators produced by
the host, are responsible for inflammation, sepsis and other complications
following intra-abdominal infection. 143 Peroperative restoration of the physiologic intra-abdominal environment may be of more importance than bacterial elimination and ean improve a favourable clinical course after abdomi34

nal surgery,171,190,191 Also the finding described by Lores that nafmal saline
solution compared with other lavage regimens (antiseptic as weIl as antimicrobial) was quite cffcctive in decreasing bacterial colony counts snggcsts that
the mechanical and dilutional factors of the lavage might be as important as
the antihacterial action,192
Given the multi-faccted nature of peritoneal inflammation and in
particular adhesion fonnation, it is obvious that a sequential approach is
required to optimize the result of peritoneal repair and subsequently reduce
advcrsc pathophysiological consequences that occur after in tra-ah domina I
surgical intervention. Modulation of principal steps of the local inflammato-

ry, coagulant and fibrinolytic cascade may he accomplished by administration of an ideal solution. Much effort has been put into research on

biocompatibility of peritoneal dialysis (CAPD) solutions. Nonphysiological
compositioll, in particular the combined effects of low pH, lactate, hyperosmolality and high glucose concentration were found to adversely affect peritonea! eell viabHity and function. 19J Four main aspects have to be taken ioto
account in thc search for a solution for intra-abdominal instillation during

surgical intetYention.I94 It is hypothesizcd that this ideal solution should;

aJ

not be cytotoxic

b) limit thc initiallnflammatory response,
c) inhibit Iacal coagulation, and
d) promote local fibrinolysis.
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Influence of peroperative
lavage solutions on
peritoneal defence
mechanisms in vitro

1

Abstract
Irrigation of the abdominal cavity with peroperatlve lavage solutions may
interfere with peritoneal host defence mechanisrns. We examined the ill vitro
reacdon of mesothelial regulatory function and PMN oxidative defence
mechanism ta incubation with seven commonly uscd lavage solutÏons. After
exposure to diluted solutions, the followlng reactions were determined for

mesothelial cell (MC) monol.yers: 1. toxicity (microscopy and LDR release)
2. integrity (inulin passage) and 3. activation (IL-B production). PMN were
studied for toxicity and superoxide anion release.
Incubation of 1\1C monolaycrs with non-taxie concentrations of standard

solutions increased thc permeability of the monolayers to inulin and induced
lvlC ta release IL-8 (range 1.9 - 24.6 ng). Furthennore, changes in superoxide anion release by stimulated Plv1N after exposure to PVP-I, Taurolin and
Dakin's solmion in diluted concentrations indicated that the oxygen metabolism of these cells was modulated. 'Ve conclude that lavage solutions both
poison and stimulate

Me and neutrophils, and some solutions are more

potent than others .
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Introduction
"Peritoneal toilet" is considered mandatory in the treatment of peritoneal
contamination, while it diminishes debris, bacteria and toxins. The possibili-

ty that irrigation of the abdominal cavity interferes with peritoneal host defence mechanisms has been considered.1- 5 Peritoneal response to intra-abdominal contamination or injury involves the priming and activation of neutrophils and mononuclear phagocytes with the subsequent release of proinflammatory mediators. Recent studies have shown that the !vIC, lining the
peritoneal cavity, contributc themselves significantly to pro-inflanunatory
events 6 and actively participate in the recruitment of neutrophils (pl\1N) into
the peritoneal eavity.7 bl vitro experlments have shown that peritoneal MC
synthcsizc intcrlcukin-8 (IL-8).6,8,9 Thc primary biological activiry of IL-8
appears to be thc induction of neutrophil chemotaxis lO , which is evident at
very Iow coneentrations. In addition, higher concentrations of IL-8 cause the
neutrophil respiratory burst and degranulation.lI,ll
Peritonea I defenee mechanisms may be indueed by activation of the
peritoneal membranc through chemical agents. Release of mediators such as
IL-8 in response to irrigation of the peritoneal cavity with lavage solutions
may contribute to neutrophil influx. In addition, an overshoot of the neutrophil influx, with high amounts of toxie lleutrophil products, is associated
with pathological changes seen in inflammation 13 and may in part detcrminc
the severity of peritonitis. 14
An ideallavage solution, therefore, should be non-cytotoxic, should not
interfere with monolayer integrity and should not stimulate MC to synthezise the pro-inflammatory cytokine IL-8. Other functional properties of J\1C,
sueh as contributioll to loeal coagulation and fibrinolysis also should not be
affected by lavage solutions. In this study we examined the effects of various
lavage solutions on the viability and activation of human J\1C monolayers and
PJ\1N in vitro.
Materials and methods
Culture and ideutificatiOll of 01l1e1lta/11IesotlJelia/ (e/ls. J\1C werc obtained from
the omen tal tissue of patients undcrgoing elective abdominal surgery who

had given informcd consent. The MC were isolated according to techniques
modified from Nicholson et a/. l5 and Wu et a/. 16 • The omcntum was transferred to fluid containing 0.05% trypsin-O.02% EDTA (Gibco, Paisley,
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Scotland). Mter 15 min the detached MC werc pelleted hy centrifugation at
800 xg for 5 min and were resuspended in M-199 medium (Gibco) supplemented with 10% heat-lnactivated fetal calf serwn (Gibco), gentamicin (10
!tg/mi; Merek, Darmstadt, FRG), vancomycin (25 !tg/mi; Lederie, EttenLeur, The Netherlands), amphotericin B (4 !tg/mi; Bristol-Myers,
Woerden,The Netherlands) and L-glutamine (2 mM; Gibco). MC were
grown until confluenee in a 37°C, fully humidified, 5% CO 2 cabinet in paIy.:.
styrene culture flasks (80 cm 2; Nunc, Roskildc, Denmark) precoated with
fihronectin (gift of the Central Laboratory of the Netherlands Red Cross
(CLB), Amsterdam, The Netherlands). The identity of MC was demonstrated hy thc absence of van 'Villebrand factor sta,ining 17 and the presence of
intracellular cytokcratins via immunofluorescence with monoclonal antibodies (Dakopatt, Glosstrup, Denmark).18

PlvlN iso/otioll. Blood was obtained from hcalthy volunteers. Granulocytes
were purified from a buffy coat by centrifugation over a Ficoll-Histopaque
(Sigma Chemical Co, St Louis, MO) layer, th en washed with RPMI-1640
medium with 0.5 % human serum albumin (HSA) at 4°C. This was followed
hy hypotonie lysis with sterile aqua bid est to remove erythrocytes. PMN were
rcsuspended in RPMI-1640 medium with 0.5 % HSA to a final concentration
of 10 6 cells per mI.
E.\"jJoslire of cells to lavage SOllltiOlls. Sevcn lavage solutions were studied, viz.

NaCI 0.9%, HartIllann solution (Ca 2 + 1.8 mmoVI, K+ 3.2 mmol/I, Na+ 146.5
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mmolIl, lactate 3.2 mmol/I), Betadine 1% (povidonc-iodine 100 g/ml dilutcd
in NaCI 0.9%; Asta Medica BV; Diemen, The Netherlands), Dakin's solution
0.5% (NaOCI 5 mg/ml; OPG Farma, Utrecht, The Netherlands), Taurolin
0.5% (5 mg/ml taurolidine, 12.5 mg/ml povidone diluted in Ringcr-solution,
Geistlich-pharma, "Volhusen, SwitzerJand), chlorhexidinc 0.02% (Vifor
Medica} SA, Huizen, The NetherJands) and hydrogen peroxide solution 1%
(diluted in aqua dest; Merck, Darmstadt, Germany). Serial dilutions of the
lavage solutions were prcpared in M-199 for optima I pH (7.2-7.4) and osmolarity (280-300 m.osmoVkg). Diluted antiscptic solutions were chccked far
minimal bactericidal concentration for S. atll'eUS and E. coli. 19

.Me were secded into 24-well culture plates (Costar, Cambridge, UK),
precoated with fibranectin, and allowed to grow to confluency befare use.

Mediwn was removed from the wells and replaced by 500 1'1 of lavage soludons. Mtcr 15 min of incubation at 37°C and 5% COlJ fresh supplemented
medium (500 ).tI) was added ta replace thc lavagc solutions. Supernatants were
collected at Hh, centrifuged (800 xg for 5 min) and stored at -70°C for quantitation of synthezised IL-S hy an enzyme-linked immunosorbent assay (CLB,
Amsterdam, Thc Netherlands). All experlments were performed in triplicate.
Interleukin-lP (2 ng/ml; R&D systems, Abingdon, UK) is known to stimulate thc production of IL-8 hy Me, and served in all experiments as a positivc
contra!. Lavage solutions and reagents used were free of detectable arnounts
of endotoxin, as was determincd with an endotoxin assay (Sigma).

Assessment ofmesotbelin/ cell il1jury. Me toxicity was assessed hy examinillg thc
monolayers under ph ase-contrast microscopy and hy measurement of laetate
dehydrogenase (LDH) rclease,20 MC were seeded into 24-well culture platcs
and grown to confluent monolayers. Thereafter, thc medium was removcd,
and thc cells were incubated for 15 min with tlte various lavage solutions.
Mter incubation, fresh medium without fetal calf serum (FCS) but whh 1%
bovine serum albumin (BSA) was added to the cells. The mesothelial monolayers were ineubated with the medium for onc hour, whereafter the medium
was collected and centrifuged (800 xg) to remove dead celis. LDH activity in
this medium (50 1'1 aliquots) and in cell lysate (5 1'1 aliquots) was assayed
spectrophotometrically (Perkin-Elmer Lambda 2). The assay was performed
according to Bergmeyer et 0/,21 The LDH release was expressed as percentage of total (100%) ceUular enzyme activity liberated from the ceUs b)' 1%
(v/v) Triton-XIOO. The accurac)' of LDH leakoge as an indicator of let hal ecU
injury was confirmed by comparison with viability determinations based on
trypan blue exclusian. 22 AH experiments were performed in triplieate.
AssesslIIwt of 1IIesotbelial illtegl'ity. Pcrmeability of 3H-labeled inulin

(Amersham, Amersham, USA) aeross lYIC monolayers was studied on inverted mesothelial monolayers, in the physiologically relevant direction (subrnesothelial tissue ta abdominal cavity). MC were subcultured to confluent
monolayers hanging on polycarbonate membranes (O.4-Jlffi pore size, 24.5
mm diameter) in TransweIl ceU culture chambers (Castar, Cambridge, UK)
according to Parkos et 01,23 with modifications,24 l\1C were added to the
inverted inserts and allowed to attach overnight. Thereafter, the inserts were
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placed upright into 6-well culture dis hes. The cultures were maintained for 5
days to reach confluency, as determined by phase-contrast microscopy and
microscopy of May-Grünwald/Giemsa stained filters. Inverted monolayers
were preincubated for 15 min with various lavage solutions (diluted concentrations) added to the lower compartment. Media in both compartments were
removed and replaced with M-199 containing 0.5% BSA. Mter 60 min, ceU
culture media (1.5 mi M-199 with 0.5% BSA) containing radiolabeled inulin
(0.2 I'l/ml) was added to the upper compartment of the TransweIl s)'stem and
incubated for 30 min at 37°C in a 5% CO 2 atmosphere (figllre 1). Aliquots of
upper (1.5 mI) and lower (2.5 mI) compartments were sampled. The amount
of radioactivity present in the fluids as weil as that of the filter, cut out of its
cylindric container, were detennined in a gamma counter. Recovery was
always> 92%. Transwell filters coated with fibronectin without i\1C monolayers served as controt. Data are exprcssed in terms of percentage inulin (of
totall 00%) at the apical side of thc monolayer.
Figure 1. Inverted mesothellal monolayers In a TransweIl system
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mf exposure to solutIon

Inulin

~

.

--0-- --0-- --0-• •

concentration after 30 mln

Mesothellal manlayers were incubated far 15 mln with varlaus soiutIons. Thereafter, solu·
ti ons were removed and the radlolabeled 'nuHn was added to the upper compartment and
incubated far 30 mln. Aliquats were sampled of upper and lower compartments to determi·
ne the amount of radioactivlty present.

AssessUlwt ofPMN vinbi/ity oud octivity. Experiments we re pcrformed to investigate thc effect of lavage solutions on the survival of Pi\'lN leukocytes and
their potency to produce oxygen radicals. Ta dctermine Pi\1N viability we
used propidium iodide (PI).25 PMN suspcnsions (100 1'1; 10 6 cells/ml) werc

incubatcd for 15 min at 37'C in 0.5 mi oflavage solution. PI (10 fll; final concentration 6 mg/I) was then added. The percentage of via bie cells after exposure to lavage solutions was determined hy flow cytometry (Becton
Dickinson). Nonviabie cells will take up PI and exbibit fluorescence. The
percentage of nonviabie cells was calculated electronically.
Thc chemilwninesccnce assay described by Mills et 01. 26 was modified
and was used to measure thc oxidative metabolic responses of human Pl\1N.
Isolatcd PMN, phorbol myristrate acetate (PMA;50 ng/ml) and luminol (0.03
nunollml) were all diluted in Hanks' balanced salt solution containing 1%
gelatin (G/HBSS). PMN suspensions (100 fll; 10 6 cells/ml) were added to 900
111 of diluted lavage solutions and were incubated for 15 min at 37 C.
Hundred fli of this cell suspension were diluted in 700 fll of G/HBSS contaiQ

Ding 100 ).tI of luminol. After stimulation with 100 J.ll of PI\'lA, counts were
obtained every two min for 30 min at 37"C. P.MN suspensions not stimulated
with P.MA served as controls for each experiment. PNIN luminol-enhanced
chemilwninescence (LeL) was expressed as the percentage of mean luminescence relative to P.MA-stimulated P.MN not incubated with lavage solutions
(::: 100%). All assays were perfonned in triplicate at th ree different occasions.
Statistica! allalysÎs. Results were expressed as mean and standard deviation

(SD). The data were submitted to statistical analysis with the Student-t test

where groups were compared with the control, p< 0.05 was considered significant.
Results
I. Viability and activation of mesotheliaI monolayers after exposure to
various lavage solutions.
Mesotbelia/ vinbility. A/IC monolayers rapidl}' respond to a vadety of stimuli by

contraction, rounding up and separation from neighbouring cells and from
the underlaying extracellular matrix (figllre 2). All antiseptic solutions in standard concentration (reeommended by the manufacturers) were 100% lethal
for MC monolayers in vitro. Serial dilutions were studied for all solutions. A
diluted lavagc solution was defined as "non-toxie" when it left a 1\1C monolayer intact as judged hy ph ase-contrast microseopy and a percentage LDH
activity comparable with monolayers exposed to medium without serum
(fIlble 2). Mter exposure to lavage solutions in non-toxie eoncentrations, a
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characteristic morphologic change in ceU shape was seen in light micrascapy.

Me appeared as loosely aggregated cells with a filamentous meshwork
between the cells (jigure 3). Usually, non-taxie dilutians still showed bactericidal activity (tabIe 1).

Table 1. Standard solutlons and dllutions

name

pH

osmolarity

highest dilution
tested

MBC

of the standard solution
7.3
NaCI0.9%
Hartmann solution
6.7
povidone·jodine 1%
5.4
Oakin's solution 0.5%
9.2
Taurolin 0.5%
8.0
chlorhexidine 0.02%
5.6
hydrogen peroxide 1% 4.2

302
304
352
458
252
252
1002

1:100
1:200
1:10
1:10
1:100,000

1:250
1:50
1:50
1:250
1:15,000

Serial dilution of the standard lavage solutions was performed with medium (M·199).
After dilution, all solutions had optimal pH (7.2·7.4) and osmolarity (280-300 mosmol/kg). An intact MC monolayer in phase-contrast mîcroscopy Was the criterion for the
highest dilution tested. Minimal bactericidal concentration (MBe) for diluted solutions
was determined with S. aureus and with E. eoli.
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i\1C monolayers exposed to culture medium supplemented with 10%
serum suffered less injury (tabel 2j 5.3% release). Exposure to culture medi-

um without serWll inereased the percentage of LDH release signifieantly
(13.6%). MC monolayers were injured even by exposure to diluted lavage
solutions as indicatcd by release of the cytosolic enzyme LDH from the cells.
Thc physiological salt solutions caused about 20% ceU death. Ta create more
buffer capacityJ Na-bicarbonate or HEPES was added. HoweverJ no benificial
effects on LDH release were noted. Addition of 1% BSA to NaCI 0.9% or
Hartmann solution reduced LDH release slightly (data not shown). PVP-I in
diluted concentrations was less irritating and did not affect LDH significantIy compared with supplemented culture medium (10% FeS).

Table 2. Mesothellal vlability (%LDH) and monolayer Integrlty (% Inulln passage)
% LDH (5D)

culture medium
without serum

5.3
13.6*

(0.9)
(1.0)

bare filter

% inulin (SO)
17.6
21.4

(2.2)
(2.9)

35.1

(2.3)

NaeIO.9%
Hartmann

22.2*
17.0*

(4.1)
(5.1)

21.4
20.6

(7.3)
(5.9)

PVP-ll:l00

13.1 *

(1.0)

22.7*

(4.4)

Oakin's 1:200

14.9*

(2.1)

22.1

(6.5)

Taurolin 1:10

20.0*

(2.8)

24.6*

(2.5)

chlorhex 1:10

12.7*

(0.9)

23.7*

(3.7)

H2021:100.000

16.6*

(1.8)

22.6*

(3.9)

Release of LOH from Me and inulin permeability of Me monolayers exposed to culture
medium or to different kinds of (diluted) lavage solutions for 15 min. Dilutions were
made with medium M-199. The data are presented as the percentage LDH released divÎded by total LOH (100%) and as percentage inulin after 30 min at the apical side of the
monolayer. Every result of %LDH is the mean and (SO) of three different measurements
in triplicate. Results of %inulin are the mean and (SO) of four separate experiments.
*Indicates statistically significant difference (p< 0.05) compared to supplemented medi-

um.
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jHollo/tlyel' integrity. Tabie 2 also illustrates the permcability of inuHn across
the microporc filter in thc absence or in thc presence of prctreated 1\1C
monolayers. A bare filter (precoated with fibronectin but without cells) allows
unrestricted passage of inulin, which after 30 min arnounts to 35% (of total
37.5%). Intact Me monolayers cxposed to mediwn supplemcnted with scrum
restriet the passagc of inulin to 17.6%. Although non-toxic dilutions werc
used, permeability of thc macromolecule inulin as all index of tight jUllction
integrity was increased by alliavage solutiolls. Noteworthy, thc salt solutions
(NaCI 0.9% and Hartmann) which caused rclativcly high amounts of LDH
releasc, did not induce significant increase in thc permeability of inulin.
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Figure 2.
a.

b.

5.

(a) Phasecontrast microscopy of adherent Me in control medium (x 200) and (b) af ter

exposure to hydrogen peroxide 1% (1:1000). Me react with contraction, rounding up,
and separation trom neighbouring ce lis and trom the underlaying matrix. (x 200).

Figure 3.

Phasecontrast microscopy of an Me monolayer after 1h exposed to Hartmann solution
for 15 min (x 400). Note the cell shape change and filamentous network formation
between ce lis.

1L-8 t'e/eose. Unstimulated cultured mesothelial monolaycrs released small
amounts of IL-8 (0.8 ±0.4 ng) during 24h incubatioll with supplemented
medium (10% fetal calf serum). IL-8 release of J\'lC after exposure to medium without serum was signiflcantly enhanced (7.3 ±4.4 ng). Stimulation of

Me monolaycrs wi,h

IL-l~

(2 ng/ml) induced ,he release of38.3 ±9.7 ng of

IL-8. The release of IL-8 in response to diluted lavage solutions rose signiflcantly (p< 0.05) above background levels (figuJ'e 4). However, these solutions
failed to increase IL-8 release significantly compared to medium without
scrum.
It was notabie that after PVP-I (1:100) incubation, the IL-8 concentration was lcss enhanced compared with the other solutions. Hydrogen peroxide in micromolar concentrations still induced 1L-8 release. To exclude neutralizatioll or interference of the test solution with IL-8 measurem.cnt, an IL8 standard concentration was incubated for one hour with the test solutions.
This treatment had no effect on the amount of IL-8 measured.
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Figure 4. Setretlon of IL·B by confluent monolayers of Me
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oose·effect of varlous lavage Salutions on the 24h release of Il-S.ln each weil, about 100,000
Me eelJs were present in a volume of 0.5 mlo Stimulatlon with Il-lfl (2 nglm!) 5trongly Indu-

eed IL-S release (38.3 n9). The data presented are the mean and (SD) trom three separate
experlments in triplo with Me prepared trom separate omental specimens. *'ndlcates statlstlcal significant difference (p< 0.05) versus the medIum wlth serum (10%) value.
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11. Influcncc of lavagc solutions on viability of PMN and on activation
of thc respiratory burst.

PlYIN \Vere resistent to higher concentrations of all lavage solutions than
were Me monolaycrs. Thc use of PI and flow eytometry showed that PVP-I
(standard 1% and 1:10) eaused over 95% PMN death. Analysis after exposure
to modified Dakin's solution 0.5% (1:10) showed that more than 40% of the
P.MN were non viabie. lvlost PMN ineubated in undiluted Taurolin (0.5%)
and ehlorhexidinc (0.02%) cxhibited loss of normal forward and side seatter
by flow eytometry, indieating changes in eeU shape alld surface. Only conccntrations in which PL\1N were via bIe (> 95%) and had a normal scatter pattern, were tested for their effect on for superoxide anion responses.
Hydrogen peroxide was not tested.

Figure 5. Effect of lavage solutlons on PMN resplratory burst
non stimulated
control . . . . . . . . .-1

~::::r"

NaCI 0.9%
Hartmann ~

PVp·ll:loo ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.I---

"

Dakin's 1:100 • •""-1"
Dakin's 1:200
Taurolin 1:10 • • •,
chlorex 1:10 • • • • •1111~
300
200
400
100
mean fluorscence % (of control 100%)

Human PMN were Incubated with various 50lutlons and were stlmulated with PMA. The resp!·
ratory burst was assayed by luminol-dependent chemlluminescence. PMN stimulated with
PMA exposed to Hanks' bafanced salt solution served as a negative controlln each experiment. Results are expressed as percentage mean fluorescence (MF) relative to PMA-stlmulated PMN not incubated with lavage 50lutlon5 (control = 100%). Data are derived from four
separate experiments (50). *Statistical significant dlfference (p< 0.05) compared to the control value.

The rcsults of the PlvlN assay for oxidativc burst activity are given in
Figure 5. Mean fluorescence (MF) of PMN stimulated with PMA in the
presence of varlous concentrations of each agent was compared with the MF
of contr01, i.e. P.MA-stimu1ated Plv1N. Pre-exposure to NaCI 0.9% or
Hartmann solution did not significantly affect PMA-induced CL.
Preincubation with diJuted PVP-I resu1ted in increased PA1A-induced, Iuminol·dependent CL (p< 0.05). To invcstigate the effect of PVP-I on luminol
itself, we studicd the effect in the absence of cdk PVP-I did not affect LCL.
To test whether PVP-I itself has direct effect on the PA1N oxidative burst, we
studied the effect on PMN CL in the absence of PMA. PVP-I did not stimnlate PA/IN. Thus, PVP-I se ems to augment PA1A-induccd stimulation of thc
PlvlN oxidative burst, but has na PA1N-stimulating properties by itself. Any
significant effect of PVP-I on the CL of a non-cellular superoxide generating
system (xanthine/xanthine-oxidase) was not found. Diluted chlorhexidine also
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enhanced LeL, but this increase was not significant. In contrast, Taurolin

caused a dose-dcpendent decrease in PMA-induced, luminol-depcndent
PMN CL (p= 0.069, NS). Dakln's solution .lso illhibitcd luminol-dcpendent
PMN CL. Unexpectedly, at lower concentrations of Dakin's solution (1:100)
thc luminal CL of via bIe ceUs was more depressed than at higher concentrations of Dakin's (l:50). Addition of Dakin's solution (0.5%) to xanthine/xanthine-oxidase enhanccd luminal CL. This effect was significant at Dakin's
1:10, whilc no effect on the CL was found at Dakin's 1:100.

Discussion
Despite lts widespread liSC, neither efficacy nor safety of peroperative lavage
with electrolyte Of antiscptic solutions has been established. 27 - 29 Although
lavage is us cd under the aid adagium "dilution is thc solution ta the pollution" and may reduce the number of bacteria in the abdominal cavity,30 this
procedure does not relUove hacteria adherent to the mesothclial surface. 31 In
addition, it has been suggested that the outcome of intra-abdominal infection
depends more on thc host response than on the pathogens involved,32,H
Postoperative restoration of physiologicallocal defence systems seems to he
a major determinant for the clinical outcome. Toxicity of some solutions for
tissue ce lIs and interferenee of solutions whh the defenee mcchanisms of the
peritonea 1 eavity may delay restol'ation of nonna I physiology in the abdominal eavity and thus contribute to infcction-likc reactions. Recent studies have
shown that some components of the immune system are activated after opcration, which correlates with the risk for sepsis. 34 Intra-abdominal injury and
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infection initiate a cascade of events that results in major alterations in the
inununological and hematologie al host response. Cytokines have beneficia I
properties in injury at 10w concentrations. However, an exaggerated or prolonged seeretion of these mediators may be detrimental to the host. Release
of pro-inflanunatory cytokines in response to peritoneallavage solutions may
thus lead to deereased resistance to infection.
During thc initia I stage of peritonitis the peritoneum, in particular the
mesotheliallayer, acts as a barrier to infection. Evidence is accum.ulating that
the mesothelium itself plays an active role in pathologie eonditions of the
peritoneum, such as inflammatioll, fibrous adhesioll and tumour implantation. MC participate in local immunologie responscs,6.9 coagulation 16
and fibrinolytie homeostasis 35 ,36. In response to peritoneal trauma the

mesotheliwn is actively involved in the proeess of transmesothelial migration
of neutrophils. J7 Enhaneed Pi\1N activation ean be detrimental to MC and
ean aetivate MC to synthesize IL-S.J 8 Chemotactically stimulated P.MN may
also amplify thc recruitment process of Pi\1N to the inflanuuatory site by
releasing IL-S themselves. Wakefield et 01)9 demonstrated that in patients
destined to devclop postsurgieal sepsis there is both phenotypic and funct10nal evidence of ncutrophil activation within 24h of surgery. So, factors that
contributc to limiting peroperative immunoactivation seem to be crucial for
an uneventful postoperative course.
The experiments in thc present study demonstrate that human omen tal
A1C undergo important changes in function and physiology after interaction
w1th various peritoneallavage solutions ill vih'O. Firstly, thc solutions uscd for
intraperitoneal lavagcs are d1reetly toxic to MC monolaycrs as observed hy
ph ase-contrast microscopy and quantified hy LDH release. Commonly used
NaCI 0.9% and Hartmann solution afso induccd a relatively high percentage
of ccllular injury. Addition of serum or albumin should reduce LDH release
signifieantly. Secondly, MC monolayer intcgrlty was also affccted. Increased
inulin penneability induced after exposure to lavage solutions was not due to
eell 10ss, because non-toxie concentrations of these solutions (i.e. leaving the
MC monolayer microscopically intact) also induccd inereased inulin permeability. Inulin passes a MC monolayer onlf intercellularly, and permcability is
enhanced if there is an}' alteration in tight jUllctional permeability.40 Tight
junctions are structures involved in eellular apical-basal polarity, and thereby
maintain an optimal cytokine gradient. 41 111 vitl'o studies also indicate that
neutrophil diapedesis and transport of macromoleculcs occur through tight
junctions. 42 ,43 Changes in the shape and cytoskcleton of injured cells may
destroy the functional integrity of monolayers of eeUs and may cause inereased influx of intraperitoneal fluid and Pi\1N. 44
Thirdly, our data show that lavage solntions ean dircctly stimulatc
human i\tlC to release IL-S iIJ vitro. A network of mediators is opcrational in
inflammatory reactions and their production is interregulated. IL-S synthesis
by peritoneal lvlC ma}' be induced in response to specific stimulation, while
other agents may have anti-inflammatory effects by inhibition of cytokine
synthesis. 45 ,46 Billing et al. 47 demonstrated th at intra-abdominal serum application restores the host defence in patients. Low concentrations of hydrogen
peroxide are toxic for Me and stimulate thc release of IL-S. Serum is known
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to inactivate hydrogen peroxide. bI vitra exposure of Me to contral medium
supplcmented with serum (10%) was less stimulating for Me than medium
without serum.
Changes in superoxide anion release hy stimulated PMN indicate that
thc various lavage solutions modulatc thc oxygen mctabolism of PMN. This
effect varles with thc specific solutions. Diluted PVP-I highly stimulates
superoxide release of activated PMN, whereas Taurolin and Dakin's solution
inhibit th is release. Sitnilar observations were found when superoxide anion
release was mcasured hy ferricytochrome c (data not shown). Hansbrough and
colleagues25 found similar effects for modified Dakin's solution on thc P.MN
respiratory burst. AIthough there is a direct effect on thc dye, and the superoxide anion release of PMN after exposure to Dakin's solution is the sum of
two different effects, we hypothese that all of the dilute concentrations of
Dakin's are, in fact, inhibitory to PMN oxidative burst activity. The mechanisms governing these effects have not yet been defined and such effects
could he either advantageous or deleterious to tlte host response. However,
additional factors e.g. exposure to an intraperitoneally instilled solution that
initiatcs or suppresses priming of neutrophils could also be important determinants of neutrophil function and loc al immunity.
These results are in accordance with earlier il1 vivo observations which
demonstrated that after peritoncal lavage with Hartmann's solution serosal healing was delayed. 48 Tolhurst and coworkers obscrved morphologic
changes of the .Me laycr in histological studies. Lavage with an elcctrolyte
solution was also thought to be responsible for increasc in the formation of
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adhesions. 49 Similar responses as we demonstrated ;11 vitro may occur il1 vivo
and account for modulation of postoperative Iocal immunoactivity. If the
early inflammatory response is excessive, inappropriate persistenee of antiinflammatory compensation will result in later immunosuppression.
Therefore, dilution of the pollution may be not the solution, but a confllsion
to the abdominal defence system.
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Expression of cell adhesion
molecules by
cultured mesothelial cells
after exposure
to various peroperative
lavage solutions

2

Abstract
Peroperative intraperitoneal lavage could eause injury to and activation of
mesotheliwu, with disturbanee of its normal regulatory functions. MC, lining
the peritoneal cavity, contribute to local inflammation and ceU adhcsion processes. /11 vivo studies have shown enhanced expression of cell-associated
molecules to play a major role in the pathophysiology of abdominal inflammatory processes. In this study, the expression of intercellular adhcsion molecule (ICAM)-l .nd v.scul.r celi .dhesion molecule (VCAM)-l on cultured
MC was studied by flow cytometry 6h and 20h after short exposure to various
lavage solutions. We observed significantly increased ICAM-l expression on
the Me membrane 6h after incubation with Taurolin and Dakin's solution in
non-toxie dilutions. No changes in VCAM-l expression were found after
exposure to all tested lavage solutions. Irrigation of the peritoneal cavity thus
disturbs mesothelial regulatory funetions and may contribute to neutrophilmediated damaging conditions and tumour ecU adhesion.
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Introduction
Peroperative lavage has become a standard surgical procedure to clean the
contaminated or potentially contaminated abdominal cavity. Peroperative
lavage is applied to reduce the quantity of bacteria and to remove concurrent
substances. In this way Iavage is supposed to assist host defence mechanisms.
However, toxicity of some solutions for tissue cells and interference of soIutions with Iocal defence mechanisms l - 4 may delay restoration of normal physiology in the abdominal cavity and thus cootribute to infection-like reactions.
Because of the position peritonea I MC occupy in the body, they play an
important role in peritonea! inflammation and the corresponding cell-cell
interactions. MC contribute directly to pro-inflammatOlY events and are ac tively involved in the recruitment of neutrophils into the peritoneal cavity.5,6
Recruitment of neutrophils to sites of inflanunation occurs in several steps.
Leucocyte migration towards inflammatory tissue is initially guided by local-

Iy produced chemoattractants. In previous studies we have shown that human
MC undergo important changes in function and physiology after exposure to
various Iavage solutions. 4 ,7 Lavage solutions can stimulate human MC to synthesize IL-8. This pro-inflammatory cytokine is suggested to be a promotor
of inflammation by functioning as a potent neutrophil chemoattractant and
activator. 8 The second step, transmigration of Ieucocytes ioto the adjacent
tissue is regulated through several specific adhesion molecules. This process
involves a fanlily of ceU surface glycoproteins, the integrins, which are regulated by different cytokines9 - 11 and induce changes of ceU shape and cytoskeletal organization. Adhesion molecules such as intercellular adhesion molecule-I (ICAM-I) and vascularcell adhesion molecule-I (\TCAM-I) arc known
to mediate leukocyte attachment and transmigration through activated
mesothelium. 12 ,13 In addition, the aim of the present study is to elucidate the
profiles of adhesion molecule expression on l\1C after exposure to lavage
solutions, in order to investigate the functional changes and the assumed contribution to neutrophil migration in more detail.
Materials and methods
Culture oud idwtificatiol1 of 011Jwto/1IIesotbelia/ cel/s. l\1C were obtained from

the omental tissue of patients undergoing elective abdominal surgery who
had given informed consent. The J\rlC were isolated according to techniques
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modified from Nicholson et 01. 14 and Wu et 01. 15 and cultured as described
previously. MC were grown until confluence in a 37°C, fuUy humidified 5%
j

CO, cabinet in polystyrene culture flasks (80 cm' Nunc, Roskilde, Denmark)
precoated with fibronectin (gift of the Central Laboratory of the Netherlands
Red Cross (CLB), Amsterdam, Thc Netherlands). The idcntity of MC was
demonstrated by the absence of von Wtllebrand factor staining 16 and the presence of intracellular cytokeratins via immunofluorescence with monoclonal
antibodies (Dakopatt, Denmark).17
ExpoSlll'e of ceIJs to lovage sollltions. Seven (diluted) lavage solutions were studied: viz. NaCI 0.9%, Hartmann solution, Betadine 1% diluted 1:100
(Povidone-iodine 100 g/ml, Asta Medica BV; Diemen, The Netherlands),
Dakin's solution 0.5% diluted 1:200 (NaCIO 5 mg/ml, OPG Farma, Utrecht,
The Netherlands), Taurolin 0.5% diluted 1:10 (5 mg/ml taurolidine,
Geistlich-pharma, Wolhusen, Switzerland) chlorhexidine 0.02% diluted 1:10
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(Vifor Medical SA, Huizen, The Netherlands) and hydrogen peroxide solution 1% diluted 1:100,000 (Merek, Dannstadt, Germany). Dilutions of lavagc solutions were prepared in M-199 for optimal pH (7.2-7.4) and osmolarity (280-300 mosmollkg).
MC were seeded into 24-well culture plates (Costar, Cambridge, UK),
precoated with fibronectin, and aHowed to grow to confluence before use.
Medium was removed from the wells and replaced by 500 Jll of lavage solutions. Mter 15 min of incubation at 37°C and 5% CO b fresh supplemented
medium (500 Jll) was added to replace the lavage solutions. Supernatants were
collccted at 24h, centrifuged (800 xg/S min) and stored at -70·C.
Detel'llIillotioll of smfoce antigen e.\'pressioll.The expression of the adhesion
molecules ICAM-I (CD54) and VCAM-I (CDI06) by MC upon activation
was measured by indirect immunofluorescent stainung employing prirnairy
monoclonal antibodies (mAb) to ICAM-I and VCAM-I, both purchased
from Sanbios (Uden, The Netherlands). lvlC Were subcultured to confluent
monolayers in 6-we1l culture dishes (Costar). The MC were activated by
incubation with human recombinant interleukin-1p (10 ng/ml), or expased ta
various lavage salutions for 15 min as described abave. After 6 and 20h, the
MC wcre non-enzymatically detachcd by incubation with PBS/EDTA (2
mM) far 20 min at 37°C. lvlC in suspension were washed twice in ice-cald

PBS and were subsequently incubated with the primary mAbs for 30 min at
4°C. Thereafter, thc eells were washed twice in ice-cold PBS J containing
0.5% (v/v) bovine serum albumin (BSA), and the procedure was repeated with
R-phyeoerytherine (RPE) labeled goat-anti-mouse-Ig (ITK diagnostics BV;
Uithoorn, Thc Netherlands) for another 30 min at 4°C. After two washes,
mAb binding was quantified for 10,000 cells with a FACScan (575 nm; Beeton
DickinSOll, Mountain View, CA) and expressed as mean fluorescence intensity (MFI). Non-speeifie mAb binding was measured by the same assay proce-

dure, with an anti body not expresscd hy Me. This value was substracted from
all other results.
Statistica/ fluolysis. Results are exprcsscd as mean and standard deviation

(SEM). Data were evaluated using the paired Student-t test. A p-value ,; 0.05
was considered significant.

Results
ICM1-1 and VCAM-l are present on thc surface of non-stimulated Me in

significant quantities. After stimulation of the MC with rL-lp (10 ng/ml), the
expression of bath adhesion proteins increased with a maximum for bath pro-

teins 6h after stimulation. Figurc 1 shows an 1.9-fold increase of ICAM-l
expression 6 hours after ineubation with IL-Ip (p< 0.05). All diluted solutions
incrcased the expression of ICAM-l on the MC membrane, onIy significantly for Dakin's (1,200) and Taurolin (1,10). Compared to control medium (M199 without additions) NaCI 0.9% and Hartmann induced no change in
ICAM-1 expression.
VCAM-l expression was about 10% of total constitutive ICAM:-1
expression. Figure 2 shows no significant changes ofVCM1-1 expression on
the MC membrane after stimulation with IL-lp or (diluted) lavage solutions.
After 20h, the expression of both proteins, ICAM-l as weIl as VCM1-1, on
the MC mem bra ne had almost returned to baseline levels (data not shown).
E-selectin was not present on either resting or stimulated mcsothclial membranes (data not shown).

Discussion
The evidence to date supports an effector role of MC in the acute inflammatory response and in repair of peritoneal injury. Me control the migration of
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leukocytes, a feature which they have in common with the vascular endotheliwn. 1O ,19 Disturbance of mesothelial function has been associated with
intra-abdominal complications preswnably due to induced inflammatory
responses,20,21 Peritoneal irrigation of the abdominal cavity as performed
prophylacticaUy by many surgeons may damage and activate the mesothelial
layer. In addition, migration of neutrophils towards the peritonea I cavity as a
result of an increased peritoneal IL-8 level wiII be assisted by adherence of
neutrophils on the MC membrane by expression of adhesion molecules.
Our results ab out ICAM-l and VCAM-1 expression on unstimulated
cultured Me correspond to those of Jonjic et al. 5 and Klein et 01. 11 . Basal
VCAM-1 expression on cultured Me from freshly obtained human omental
species was about 10% of constitutive ICAM-l expression (data not shown).
IL-l incre"es the expression of ICAM-l significantly, and ofVCAM-l only
slightly. The present study shows th at various solutions stimulate the expression of leukocyte adhesion molecule ICAM-l hy MC, whereas the VCAM-l
induction was not affect ed. Recently, Zeillemaker et ol. reported that activadon of a Me monolayer modulates to a large extent the PMN adherence to
and migration across these celllayers, but has little influence on the monocyte adherence and migration. 22 This may be explained by the relative ins ensitiveness of mesotheHal VCAM-l upon stimulation, because ICAM-1 mediates PMN attachment, spreading, and migration, whereas VCAM-1 preferentiaHy contributcs to monocyte adhesion,23,24
Neutrophils adhering closely to the mesothelium may create a microenvironment, in which the accumulation of oxidants and enzymes exceeds
that of cellular defence antioxidant mechanisms, allowing mcsothelial damage to occur. Peritoneal inflanunation and adhesions are serions complications
after infection, ischemia, mechanical trauma and surgery. Adhesion molecules, in particular ICMI-I, mayalso promote tumour progression and metastasis. 25 ,26
In conclusion, irrigation of the peritoneal cavity, with the purpose to
clean the abdomen, disturbs mesothelial regulatory funetions, and in this way
may contribute to neutrophil-mediated damaging conditions and increased
tumour eeU adhesion.
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Abstract.

111 vivo studies have shown enhanced expression of cell-associated procoagulants and inhibitors of fibrlnolysis to play a major role in thc pathophysiology of adhesion and abscess formation after abdominal surgery. Peroperative

lavage with thc purpase ta clean thc abdominal cavity may cause injury ta and
activation of thc mesothelium with disturbance of its normal regulatory functions.

Me monolayers cultured from human omental tissue were exposcd for 15
min to various dilutions of clinically us cd standard lavage solutions. eell injury (LDH activity), plasminogen activator inhibitor (PAI)-l and tissue-type
plasminogen activator (tPA) release were studied in thc 24h supernatant.
Procoagulant activity of human Me is due ta tissue factor (TF) expression
and was determined 6h after exposure to the solutions.
Changes in the balance of tPA and PAI-l release, along with induction of
PAI-l activity (50% to 180%, p< 0.05) by Me monolayers exposed to most
lavage solutions were found. Incluction of pro-coagulant activity of i\lIC
monolayers irrigated with lavage solutions (70% to 130%, P< 0.05) was observed. In conclusion, exposure of cultured i\1C to lavage solutions modifies
release and activity of an important inhibitor of the fibrinolytic cascade (PAI1) and affects procoagulant activation on the mesothelial surface.
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Introduction
Peroperative lavage has become a standard surgical procedure to clean the
contaminated or potentially contaminated abdominal cavity. Peroperative
lavage is applied to dilute and mechanically eHminate substances that have
accumulated in the peritoneal cavity during the course of disease or operative procedure. Although peritoneal cleansing with solutions seems logical and
cosmetically appealing during colorectal surgery, the efficacy of such lavage
in clinical studies has not been weIl documented. I ,2 In fact, it has previously
been observed both in mice and rats that irrigation with solutions generally
regarded as physiologically acceptable, combined with intra-abdominal manipulation, caused more adhesiolls thall no irrigation at a11.3.4 Putman et al. also
suggested that thc technique rather than the disease process may be responsible for complications. Lavage was used only in a group of patients with perforated appendicitis with generalized or extensive peritonitis and compared
with the same group of patients who had no lavage.5
Bec.use of the position Me occuPY in thc peritoneal cavity they form
an active permeability barrier regulating the passage of fluid and solutes
across the peritoneal membrane. 6 They also contribute directly to pro-inflammatof}' events 7 and play an important role in peritoneal fibrinolytic and
coagulant activity.8,9 Peritoneal injury dUrÎng operation leads to the formation of a transient fibrous exudate. 1O TF wiII be exprcssed by injured cells ll ,
and this initiates the extrinsic pathway of the coagulation cascade (directly
activating factor VII, which in turn activates factor X), leading to thrombin
gcneration and fibrin formation,l2 Under normal circumstances, there is a
ba la nee between coagulation and fibrinolysis in the ab domina 1 cavity. If
coagulation is activated, the fibrin dot fonlled is susceptible to lysis by tPA.
The process of fibrinolysis is dampened whcn tPA is blockcd hy PAl-I. Thc
factors by which the synthesis of these various protcins is regulated in the
peritoneal cavity are only poorly understood. However, the reduction in peritoneal fibrinolytic activity, as occurs after injury or inflammation, is associated with adhesions. 13 Intra-abdominal operation alters inflammatory responses and disturbs fibrinolytic homeostasis.14. 15 It is therefore not surprising
that by far the most common cause of intraperitoneal adhcsions is previous
surgical treatment. 16 - 18 In addition, peroperative irrigation of the abdominal
cavity may delay postoperative restoration of the physiological balance
between coagulation and fibrinolysis, with even more induction of adhesion
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of peritoneal surfaces. This study was perfonned to determine the effects of
vadous clinically used lavage solutions on the fibrinolytic (tPA and PAl-I)
and coagnlant (TF) activity of the mcsotheliutn.
Materials and methods
Culwre aud identificatiol1 of omen tol 11IesotIJeliai ce/ls. Me were obtained from
the omen tal tissue of padents undergoing clective abdominal surgery whó
had given informed consent. The ArIC were isolated according to techniques
modified from Nicholson et 01,19 and 'Vu et al.2 0 and cultured as described
previously. MC were grown untU confluence in a 37°C, fuUy humidified, 5%
CO 2 cabinet in polystyrene culture flasks (80 cm 2 Nunc, Roskilde, Denmark)
precoated with fibronectin (gift of the Central Laboratory of the Netherlands
Red Cross (CLB), Amsterdam, The Netherlands). The identity of MC was
demonstrated by the absence of von Willebrand factor staining9 and the preSence of intracellular cytokeratins via immunofluorescence whh monoclonal
antibodies (Dakop.tt, Dcnmark).21
Expomre of ce/ls to lovage solmÎolls. Six lavage solutions were studied: viz. NaCI
0.9%, Hartmann solution (Ca2+ 1.8 nunol/l, K+ 3.2 mmol!l, Na+ 146.5

.2

mmoVI, la eta te 3.2 mmolIl), Betadine 1% (povidone-iodinc 100 g/ml diluted
in NaCl 0.99f" Asta Medica B'~ Diemen, Thc Netherlands), Dakin's solution
0.5% (NaOCI 5 mg/ml OPG Farma, Utrecht, The Netherlands), Taurolin
0.5% (5 mg/ml taurolidine, Geistlich-pharma, \Volhusen, Switzerland) and
chlorhexidine 0.02% (\Tifor .Medical SA, Huizen, The Netherlands). Serial
dilutions oflavage solutions were prepared in M-199 for optimal pH (7.2-7.4)
and osmolarity (280-300 mosmollkg).
Second passage MC were seeded into 24-well culture plates (Costar,
Cambridge, UK), precoated with fibronectin, and allowed to grow to conflueuce before use . .i\1edium was removed from the wells and replaced by 500 1-11
of lavage solutions. After 15 min of illcubation "at 3rC and 5% CO 2 , fresh
supplcmented medium (500 f.ll) was added to replace the lavage solutions.
Supernatants were collected at 24 hour, centrifuged (800 xgl 5 min) and stored at -70·C.
Quantitation of tPA and PAI-l antigen was determined by
means of an cnz}'me-linked immunosorbent assay (Biopool, Umea, Sweden).

bl/IJ1lI1100SSa)'s.

According to the manufacturer, the PAI-l assay deteets both free (aetivc or
latent) PAl -I and that bound to tPA. The tPA assay mcasures both free tPA

and that bound to PAl. tPA-activity (Chromolize®) and PAl-I activity
(Speetrolyse 0 , Biopool, Umea, Sweden) were determined in the same supernatants. Determinations were performed in duplicate, while all experiments

werc perfonned in triplicate.

Interleukin-I~

(2 ng/ml; R&D systems,

Abingdon, UK) is known to stimulate PAI-l production and inhibit tPA produetion by l\1C, and served in all experiments as a posltive contro!. Lavage.
solutions and reagents used were free of deteetable amounts of endotoxin, as
was detennined with an endotoxin assay (Sigma Chemieal Co, St Louis, MO).
AssesS1Jtent of11lesotbeliol cell illjtlty. MC toxicity was assessed by examining the

monolayers under phase-contrast microscopy and by measurement of laetate

dehydrogcnase (LDH) activity,22 MC were secded into 24-well culture platcs
and grown to confluent monolayers. Thereafter, the medium was removed,
and the cells were incuhated for 15 min with tlte various lavage solutions.

After incubation, fresh medium was added. The MC monolayers were incubated with the medium for 24 hours, whereafter the mediwn was collected,
and centrifuged (800 xg) to remove dead cells. LDH activity in th is mediwn
(50 ftl aliquots) was assayed spectrophotometrically (Perkin-Elmer Lambda
2). The assay was performed according to Bergmeyer et 01. 23 The LDH release was expressed as percentage of total (100%) cellular enzyme activity liberated from the eells by 1% (v/v) Triton-XI00. All experiments were performed in triplicate.
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Tisme foctO,. octivity. Studies were perfonned in 48-well tissue culture plates at

37°C, as described by Verhagen et 01,24 Six hours after stÎnmlation the total
amount of activated factor X (Xa) formed, which is directly related to TF
expression on the i\1C membrane, has been measured. Confluent MC monolayers were washed once with a Hepes buffer (25mM Hepes, 135 mM NaCl,

5 mM KCI, 4.5 mM glucose, pH 7.4, 0.3% BSA), and then twiec with thc
same buffer eontaining 5 m.M. CaCI 2. Factor VII and factor X were purified
from plasma and diluted in thc Hepes-CaC1 2 buffer to concentrations of 2.0
nM and 168 nM, respeetive1y. The MC in each weU were preincubated with

100 ftl offactar VII for 5 min, after which 50 ftl offactor X was addcd. The
ceIls were briefly shaken and after 15 min the reaction was stopped byadding
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25 111 of the sample to 50 111 of EDTA (25 mM in Hepes buffer) in a 96-well
plastic assay plate. Chromogenic substrate S2765 (100 111 of 0.2 mM;
Chromogenix, Nodia, Thc Netherlands) was added and thc absorhence at
405 run was measurcd for 1 min in a V-max ELISA reader (Molecular
Devices, Menlo Park, CA, USA). TF expression was expressed as pM factor

Xa formed per minute by 105 MC comparcd with the control (100%).
Statistica/allo/ysl!. Results are expressed as mean ± standard deviation (± SD).
Because standard lavage solutions were diluted in medium without serum,
significant analysis was performcd comparing thc results wlth control mediUm without serum. Thc Student-t test was used to determine significant differences between groups.
Rcsults

Mesotbeliaf viability. Because exposure of 15 min to most solutions in standard
concentrations (recommended hy thc manufaeturers) were lethal for Me monolayers

il1 ViN'O,

the solutions were diluted. Serial dilutions were studied for

all solutions. MC monolayers exposed to medium supplemented with 10%

scrum suffercd less injury during 24h (7.3

± 0.7%). A diluted lavage solution

was defined as "non-toxie" and used in ot her experiments, when LDH aetivity in the supernatant 24h after the 15 min incubation was not significantly

inereased eompared with the culture medium (M-199 without additions). The
influenee of several solutions on viability of MC monolayers was investigated.
Table I shows the tested coneentrations of diluted lavage solutions,
84

11lflllwce of val'iolls lavage solmiol1S 011 tPA aud PAI-l release by }mman 11lesotbe/ial cel/s. tPNPAI-l antigens and aetivity were measured only in the supernatants of MC monolayers with minor eeU injury, comparable with % LDH
activity after exposure to culture mediwn (M-199). During a 24h incubation
in supplemented medium, tPA and PAI-l concentrations were 6.25 (± 0.9)

ng/ml and 343.9 (± 63) ng/ml, respectivily. Exposure of MC to interleukinI ~ (IL-I~) rcduced the tPA release and increased PAl -I release. No free tPA
aetivity was deteetable in eonditioned mediwn from either stimulated or non-

stimulatcd MC cultures ('; 0.1 lU/mi).
Exposure of the 1\1C monolayers to culture medium (M-199) for 15 min

induced tPA and PAl-I antigen release slightly (tabIe 1) and PAl-I activity did

Table 1. Influence of diluted solutIons on vlability, tPA and PAI·1 antigen release
cell damage

fibrinolytic parameters

solution

% lDH

IPA (nglml

PAI-l (nglml)

supplemented medium
+ interleukin-1

7.3 (0.7)
6.0 (1.5)

6.25 (0.9)
3.55 (0.4)**

343.9 (63)
940.5 (199)'

control medium
NaeI0.9%
Hartmann

9.3 (0.8)
13.0 (1.6)
9.7 (1.0)

7.85 (1.0)
7.75 (1.4)
7.45 (1.8)

672.5 (132)
699.5 (248)
700.0 (213)

PVp·ll:100

6.1 (0.6)

1.95 (1.7)'

196.3 (102)'

Dakin's 1:200

9.8 (0.8)

10.0 (1.1)'

631.0 (81)

Taurolin 1:20

10.3 (0.4)

8.35 (2.5)

445.2 (128)'

chlorhex. 1:10

12.2 (1.7)

4.80 (1.5)'

696.0 (156)

Release of cytosolic lDH, tPA antigen and PAI-1 antigen in the 24h supernatant trom
Me monolayers exposed to medium supplemented with 10% FeS or control medium
and different kinds of diluted lavage solution tor 15 min. Every re5ult is the mean (SD)
of three different measurements in triplicate. lDH data are presented as the percentage lDH released dUring 24h divided by totallDH (100%). * Statistica I significant difference (p<0.05) compared with Me monolayers exposed to control medium. **p< 0.001.

not increase significantly (jigut'e 1). The physiologic salt solutions, NaCI
0.9% as weil as Hartmann, also stimulated both tPA and PAl-1 antigen rele-

ase of MC slightl)'. On!)' for NaC! 0.9% PAl activity increased significantl)'
(p< 0.01). Dilutcd Dakin's was the most potent stimulator of tPA antigen.
However, this was not reflected in fibrinolytic activÎty (PAk:;; 0.1 lU/mi), and
PAl-l activity was strong!)' induced (28.8 ± 0.8 lUim!, P< 0.05). In contrast,
PVP-l (1:100) significantl)' reduced both tPA and PAl-l antigen concenlra-

tion (p< 0.05). Taurolin stimu!ated MC to release tPA slightl)', while PAI-l
release was significantly decrcased (p< 0.05) comparcd with medium without
serum. Although thc fibrinolytic balance was in advantage of tPA, thc reduction in PAl-l activity after exposure to Taurolin was not significant.
Ch!orhexidine (1:10) redueed tPA antigen production and induced PAI-l
antigen, which resulted in enhanced PAI-l activity (p< 0.05).
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Table 2. Influence of lavage solutlons on tPA and PAI-1 antigen production

solution

tPA

PAI-l

(-fald increase)

(-fald increase)

ratio
PAI-l/tPA

supplemented medium
+ interleukin-l

1
0.51 (0.06)

1
2.90 (0.66)

5.69

control medium
NaCI0.9%
Hartmann

1.25 (0.15)
1.35 (0.21)
1.31 (0.11)

2.08 (0.49)
2.00 (0.86)
2.14 (0.65)

1.66
1.48
1.63

PVP-Il:loo

0.36 (0.20)

0.58 (0.22)

1.61

Dakln's 1:200

1.39(0.15)

1.84 (0.51)

1.32

Taurolin 1:20

1.40 (0.32)

1.15 (0.37)

0.82

chlorhex. 1:10

0.61 (0.17)

2.00 (0.73)

3.27

Data expressed as means of -fcld increase (50) over medium supplemented with 10%

serum.

Table 2 shows the relative incrcases of tPA and PAl antigen concentra-

tions for the tested solutions (supplemented medium= 1). For most solutions,
PAI-l antigen concentration in the 24h supernatant was more enhanced

COffi-

parcd with tPA antigen concentration. To cxpress thc final effect of each solu86

tion on fibrinolytic balance, thc PAI-lItPA ratio is givcn in thc third column.
A PAI-l/tPA ratio < 1 indicates a favourable balance between concentration

of the activator (tPA) and inhibitor of fibrinolysis (PAl-I). Me exposcd to
Taurolin resulted in the most favourable fibrinolytic ratio (0.82), while exposure to chlorhcxidine (1: 10) caused thc most unfavourable fibrinolytic balan-

ce of all solutions tested (ratio 3.69).
A standard concentration of eithcr tPA or PAl was incubated for 24h
with the tested solutiolls. None of the lavage solutions interfered whh the
ELISAs or neutralized one of thc fibrlnolytic parameters. To test the siliconizing effect of PVP-I on tPA and PAl measurement we pretreated

Me

monolayers (lL-lpj 2 ng/ml) for 1 hour to ensure increased PAI-l production. Exposure of the pretreated monolayers to PVP-I (1:100) for 15 min

increased the amount of PAl-l in the 24h supernatant. This illcrease was less
compared with no subsequent PVP-I treatment. To verify whether polyvinylpyrrolidone itself was involved in tPA and PAl -1 reduction) observed after
exposure of Me to PVP-I, PVP (Sigma; MW 40,000 and intrinsic viscosity
28-32) was added to the medium for 15 min in non-toxic concentrations (0.50.1 %). PVP did not show significant reduction in tPA nor PAl-I release (data
not shown).
Figure 1. Influence of lavage solutlons on PAl·' actlvlty
40
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•

•

30

20

10

o
control

Il·!

NaCI Hartmann

PVp·l Dakin's Taurolincnlornex

.7

PAI·t acttvlty in the supernatant from MC monolayers exposed to control medium or to
varlaus lavage solutions for 15 min. Plasminogen actIvator actlvity (tPA-A) was not detectabie in any tested Me culture passage Cs: 0.1 lUIm I). *Statlstlcally significant difference (p<
0.05) compared with MC monolayers exposed to culture medium. **p< 0.001.

Tbe injluellce of va1'Ïour lavage solmiollS 011 tissue fnctol' e.\'pl'essÎoll by IJfI11/fll11//esotbelinl cel/s il1 eultltre. Addition of IL-1 P(2 ng/ml) resulted in activation of the
coagulant cascade by expression of TF (data not shown). However) phorbol
myristrate acetate (10 ng/ml; PlvlA) proved to be a lUuch more stronger inducer of TF expression on MC and was thereforc used in all experiments as a
positive contro!. In Figure 2 the effects of non-toxie concentrations of various

solutions on MC factor Xa generation is given. 'Vithout cclls or with one of
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the clotting factors (VII or X) lacking, no Xa was forrned ..Most solutions
induced factor Xa generation (12.5-28%). This induction was significant for
chlorhexidine and Taurolin Ip= 0.005 and p= 0.01, respectively). Only PVP-I
reduced TF activity (15%, p= 0.001).
Figure 2. Influence of Javage solutlons on procoagulant actlvlty of Me monolayers
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TF activity on cultured Me monolayers 6h after exposure to control medium and various lavage solutions. Cells exposed to medium without serum served as a control. Results are given as
meao FXa generation pmoVmin per 105 cells (50) and based on four seperate experJments in
trlplicate. Student t-test was used to determlne slgnificance between groups. ·Statistlcally
significant difference (p<O.OS) compared with MC monolayers exposed to culture medium.

Discussion
The use of lavage solutions is weU entrenched in the present day surgical
practice, which offers rnany situations in which peritoneal lavage could be
protective. Peritonitis, colonic resection with faecal spilling, fibrous adhesion
forrnation and prevention of turnour recurrence are all suggested indications
for peritoneallavage. 25 The evidence to date supports an effector role of Me
in the acute inflammatory response and in repair of peritoneal injury. As a
biologie souree of TF and both plasrninogen activator (tPA) and plasminogen

inhibitor (pAl-I), the peritoneallining presumably plays a key role in the
regulation of local caogulatioll and tîbrinolysis in vivo. Disturbance of mesothelial function has been associated with decreased fibrinolytic activity and
increased intraperitoneal adhesions.2 6 •27 Vipond et 0/,28 rcported that reduetion of thc fibrinolytic activity in vivo was not caused by a reduetian in Iacal
tPA, which could still be assaycd at normalievels, but hy thc release of plasminogen activators inhibitors, which competitively antagonize thc action of
tPA. Loss of fibrinolytic activity observed after abdominal sllrgery Of during
inflammation probably arises from a drama tic increase in PAl concentration. 14•29
Thc present study shows that in an activated i11 vitro model (basal tPA
and PAI-l are both enhanced), lavage solutions can change the halance
hetween plasminogen activator and inhibitor antigen. This resulted in enhaneed aetivity of the fibrinolytie inhibitor (pAl-I aetivity) 24h after 15 min
exposure to most solutions. However, not all solutions modulated tPA and
PAl antigen release of Me in a similar way; e.g. exposure to chlorhexidine
caused a decrease in tPA and an increase in PAl, while DakinJs solution induced both tPA and PAl release. This finding resemhles previous ohservations
that secretion of tPA and PAl are not necessarily coupled, 30 and is of interest
when pharmacological manipulation of the production of either component,
but especially PAl-IJ is studied in search for a solution to minimize intraab domina I complications.
Macromolecular solutions have been popular substances in the efforts
towards adhesion prevention. Polyvinylpyrrolidone, a synthetic polymer, has
heen c1aimed to be effective in preventing postoperative adhesions.3 1,32
Macromolecular solutions are believed to have anti-adhesion effect by separating the viscera, and siliconizing the intestinal surface. In this study PVP-I
in diluted COIlcentrations reduced tPA and PAI-I antigen as weIl as PAI-activity. Inhihition did not appear to he caused hy cytotoxicity or a nonspecific
effect related to interferellce with the assay systems. Although morphologic
studies confirmed intact monolayers after exposure to diluted PVP-I, exclusion of partialloss of LDH was not possible. It is hypothesized that the observed reduction of fibrinolytic parameters is due to a partial coating effect
of the Me monolayer. Recently, Meyer and co-workers suggested that
macromolecular solutions increase local fibrinolytic activity by preventing removal of the loc al activators from the traumatized areas. 33 This is in
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accordance wlth our observationsj more over, viscous solutions may minimize
adhcsion formation hy reduetion of overall PAI-l activity. Anti-adhesive
capacity of Taurolin has al50 been described,34 In our model, Taurolin
depressed the PAl -lItPA ratio and was the only solution that did not affect
PAl -1 activity significantly. This may explain less adhesion formation after
Taurolin lavage compared with NaCI 0.9% Of Hartmann lavage in experlmental ;11 vivo studies,34,J5
Ccll-mediated initiation of thc coagulation cascade is another important mechanism underlying fibrln depositions,36 TF is a membrane protcin
that serves as thc essential cofactor for factor VII in thc initiation of coagulation via factors IX and X,37 Minor changes in TF expression have major
effects on fibrin formation through amplification of the coagulation cascade.

Chemicalor physical damage to ecU membranes can cause a rapid inerease in
the expression of TF procoagulant activity.12 Therefore, the observation that
lavage solutions in non-diluted concentrations caused cell membrane injury
with LDH release, may be of clinical importance. We assessed TF expression
on Me monolayers with minor cellular damage to determine procoagulant
activity via modulation of TF synthesis 6 hours after stimulation w1th various

90

lavage solutions. Only PVP-I inhibited factor Xa generation significantly (p<
0.05). Anticoagulant properties of PVP have been described, and this highmolecular-weight polymer prolonged the coagulation time of blood. J2
Although formaldehyde-releasing agents were also shown to have anticoagulant properties, Taurolin induced the procoagulant activity of i\1C monolayers (p< 0.05) in our model.
Peritoneal irrigation with Dakin's solution is used to prevent local
recurrence from contamination by cancer cells. However, McKlbbin et al.3 8
and Oates et al. 1 both found that administration of Dakin's in the abdominal
cavity increased twnour take above controllevels in a rat model. It appearcd
that the lrritating effect of the solution on the peritonewn enhanced the
growth of exfoliated tumour cells. The mechanism of this phenomenon
remained unexplained. Wc suggest that exposure of the peritoneum to a cytotoXÎc agent like DakinJs may exert local effects on the mesothelial lining,
which in turn changes lts regulatory function. Mter exposure to Dakin's soIution we observed enhanced PAl -i activity comparable with levels after stimulatioll with IL-i. VVlten similar responses occur in vivo, local procoagulant
activitl' and concentration of PAl -1 mar remain elevated and mal' even

facilitate tumour recurrence. 39 •40
In conclusion, exposure of MC to Iavage solutions modulates the availability of plasminogen activator and inhibitor. Moreover, the profibrinolytic entity, tPA, and the anti-fibrinolytic one, PAl-I, are not similarly regulated by the different stimuli. The activity of the fibrinolytic inhibitor (pAI1) is also susceptible to modulation by various solutions. Furthermore, the

expression of functional TF on the surface of MC ean be induced after incubation with lavage solutions. These flndings support the idea that lavage soludons that are used nowadays may induce Iocal peritoneal responses and may
thus affect peritoneal complications after intra-ab domina I surgical intervention.
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Peroperative lavage promotes
intraperitoneal
adhesion in the rat

4

Abstract
This study was designed ta study thc effect of peritoneallavagc solutions on
postsurgical adhesion formation in rats undergoing laparotomy and standardized ischemie injury ta thc lateral peritoneum with sutures. This reproducibIe model allowed semi-quantitive seoring of adhesion formation. Adhesions
were induced in 33 adult female Wtstar rats. The solutions RPMI medium,
NaCI'0.9%, and both PVP-I 1% and chlorhexidine 0.02% in dilution were
evaluated. In the contral group that was operated upan (without peritoneal
lavage) a mean adhesion percentage of 22.5% was scorcd. All solutions used
for abdominallavage i.n this rat model induced significantly (p= 0.0001) more
adhesions (40.6-70.8%). Thc results found in the present in vivo studycorrelate with observations in previous ;11 vitra experiments i.e. exposure of peritoneal areas to lavage solutions enhances peritoneal activation and thus promotes intra-abdominal adhesion formation.
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Introduction
Peroperative lavage following contaminated or potentiaUy contaminated
abdominal surgery has become common practiee. Although peritoneallavage
may diminish the bacterial count in the abdominal cavity,l it may enhance
peritoneal reaction and provoke an inflammatory response on the surface.
Human Me in culture have been shown to have modulated inflammatory,
fibrinolytic as weU as procoagulant activity after exposure to lavage solutions
in non-toxic dilutions. 2 -4 When similar responses occur hl vivo, peroperative
irrigation of the abdominal cavity may delay postoperative restoration of physiologicallocal defence systems, and furthermore induce adhesion of peritoneal surfaces. It has been observed both in mice and in rat that irrigation with
solutions generally regarded as physiological acceptable, combined wlth
intra-abdominal manipulations, caused more adhesions than no irrigation at

all. 5,6
Lysis of fibrous adhesions depends on the presence of an adequate
amount of plasminogen activator activity. 7,8 Ischemia or Înflanunation of the
mesotheliwn results in a greater reduction of fibrinolytic activity, which leads
to more fibrous adhesions, than does simple trauma alone. 9 Therefore, a
standardized experimental rat model with induced peritoneal ischemia was
chosen to determine the effect of various solutions, commonly used in surgical practice, on peritoneal adhesion formation.
Materials alld methods

Anima/s. A total of 33 female Wtstar rats of reproductive age weighing 150-

230 g (Hadan-CPB, Zeist, The Netherlands) were used. Rats were bred
under specific pathogen-free conditions and kept onder standard laboratory
conditions. The protocol was approved by the Committee on Animal
Research of the Erasmus University, Rotterdam, Thc Netherlands.
Surgica/ tecJmiques. The model employed in th is study was derived from a

model recently described by van den Tol et al. 10 Briefly, under ether anaesthesla thc abdomen was shaved and cleaned with alcohol 70%. Laparotomy
was perfomled using a lower midlinc incision of 5 cm. Three 5-0 surgilene
sutures were applied to the lateral peritoneum 0.7 cm from each other. Both
uterine horns were exposed and sutured to the lateral peritonewn with surgilene 6-0 sutures (B Braun, Melsungen AG, Germany) proximally and distally
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from the three 5-0 surgilene sutures. All knots were tightly fastened to cnsure ischemia. Subsequently the abdominal cavity was exposed to 10 mI of
lavage solutions (25 C) for 10 min, whereafter the Huid was suctioned out
Q

carefully. At least 5 mi of solution remained within the peritoneal cavity. In
the control rats no lavage was performed after surgery. The abdomen was closed in 2 layers with dexon 5-0 and silk 2-0 sutures.

Sollltiol1s.The evaluated lavage solutions were: RPMI 16~0 medium (Gibco,
Paisly, Scotland), NaCl 0.9% (Fresenius BV, 's Hertogenbosch, The
Netherlands), PVP-I 1% (povidone-iodine 100 g/ml diluted in NaCl 0.9%,
Asta Medica BV; Diemen, The Netherlands), chlorhexidine 0.02% (Vifor
Medical SA, Huizen, The Netherlands) and Viaspan® (an ex vivo storage
solution, DuPont Pharma, Clarkson, Canada). Dilutions of the lavage solutions were prepared in medium (RPMI) for optimal pH (7.2-7.4) and osmolarity (280-300 mosmol/kg). All solutions were prepared under pathogen-free
conditions.
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E>.:perilllwtal design.
A. peritonea I layage with non-aggressive solutions.
Fifteen rats divided in 3 groups underwent the described operation. Control
rats (group I, n=5) did not undergo a peritoneallavage, the other 10 underwent a lavage with non-aggressive solutions. Non-aggressive solutions in prevlous experiments causcd ouIy moderate activation of mesothclial functional
properties in vitro. 2-4 Group II (n=5) unden\'ent lavage with 10 mI NaCI
0.9% and group III (n=5) with Povidone-iodine (PVP-I diluted 1:100 in
RPMI).
B. peritoneallavage with an aggressive solntion compared with non-aggressive solutions.
Eightecn rats were opcrated, of whieh six undef\vent a lavage with thc nonaggressivc solution RP.i\lI (group IV), and another six with Viaspan® (group
V). Six had lavagc wlth the aggressive solution chlorhexidine 0.02% (diluted
1:10 in culture medium; group VI). This solution has been shown to he a
major aetivator of mesotheJial cytokine production, while serum-free culture
medium, NaCI 0.9%, and PVP-I (diluted 1:100) caused less functional activation of cultured human MC.2-4

EvnluntÎ<m of ndbesioll fl1"mntioll. Fourteen days postoperatively, the rats were
sacrificcd for assessment of postsurgical adhcsion formation. ,Macroscopically
the adhcsions were scored according to thcir cxtent, at random, hy threc individuals. Quantification was assessed hy dividing thc suturcd area to he scored
into eight areas hy meallS of the 3 sutures in thc lateral peritoneum (figul'e 1).
Each area was scorcd for the presence of adhesions. Whcn adhcsions were
found in one area, this accounted for 12.5% adhesions (118). Thus, a maximwn of 100% (8/8) adhesions could be scored. In one rat, two sites (uterushorns) were asscssed and the mean of these two obsetvations was used as one
experimental result.
Figure 1. Scorlng areas of adheslons (tot al of 100%) between the three sutu.
12.5%

12.5%

I

Î

12.5%

12.5%

I

1

12.5%

12.5%

I

r

12.5%

12.5%

The extent of adhesion formation was quantified by dividing the "defect" area to be
scored into eigth areas of 12.5% (118) by means of three sutures (X = suture) used to
in duce ischemie injury.
Figure 2.
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Adhesions in a control (not irrigated) anima I 14 days postoperatively. The uterushorn
was sutered proximal and distal to the lateral peritoneum. Three sutures ( -+ ) induced
ischemie injury and divided the -defect- into eight areas.
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Statistical analysis. Mean total percentages of adhesion formation in the

treated groups were statistically compared to control animals using the oneway ANOVA test followed by Bonferroni post-boc tests where 3 groups were
compared. Statistical significance was defined as p< 0.05. Data are expressed
as mean adhesion percentage (SD).
Results
The percentages of mean adhesion formation after lavage with non-aggressive solutions and agressive solution are presented in Table 1 and 2. Control
rats showed a mean of 22.5% adhesion formation after standard ischemie
injury. There was a significant increase in thc mean total number of adhesions
in all five irrigatcd groups.

Table 1. Mean adhesion percentage (SO) in abdomlnal cavitles lavaged wlth nonaggressivé solutions

11
111

group

n

mean %
adhesions (SO)

control (no-Iavage)
NaCI0.9%
PVP·11% 1:100

5
5
5

22.5 (8)
60.0 (11)
63.8 (11)

Statistics: one-way ANOVA test, with a Bonferroni post-hoc test (I vs 11, P = 0.0001, I vs lil,
p = 0.0001, 11 vs 111 p = 0.613, not significant).
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Table 2. Mean adhesion percentage (SO) In abdominal cavitles lavaged with nonaggressive solutions and an aggressive solutlon

IV
V
VI

group

n

mean %
adhesions (50)

RPMI
Viaspan@
chlorhexidine 0.02% 1:10

6
6
6

47.7 (12)
40.6 (13)
70.8 (14)

Statistics: one-way ANOVA test, with a Bonferroni post-hoc test (IV vs V, p = 0.341; IV vs
=0.012; V vs VI, P =0.003).

VI, P

In the ftrst experiment NaCI 0.9% and PVP-I (1:100) eaused over 150%
more adhesions. Thc differences were significant behvccn thc contral group
(no lavage) and thc gcoups receiving pcritoneallavage. No significant differenees were found between thc two irrigated gcoups in this experiment. In thc
second experiment RPMI and Viaspan® bath induced about 100% more
adhcsions compared with contral adhesion induction without lavagc (22.5%).
Chlorhexidine 0.02% (1:10), an aggressive solution for Me in culture, indueed signifieantly more adhesions than did RPMI or Viaspan'" (toble 2, p=
0.003 and p= 0.012, respeetivcly).
Discussion
Intraperitoneal postoperative adhesion formation creates a major challenge in
abdominal surgery, as It is thc ma in cause of mechanical small bowel obstrucdon, ((unexplained" abdominal paio, and female infertility. FurthemlOre, the

presence of dense adhesions makes reoperation technically difficult. By far
the most common cause of intraperitoneal adhesions is previous surgical
intervention. ll lntra-abdominal operation wiJl alter inflammatory responses
and disturb fibrinolytic homeostasis.12,13
We have assessed the effect of peritoneal lavage with non-aggressive
and aggressive solutions in an established animal model in whieh the type of
trauma mimics the injury induced in patients during ab domina! operations.
Adhesions were caused by ischemie injury as a result of suturing the latera!
peritonea I wal1. An adhesion formation of 22% occurred in control rats. This
percentage was also observed in earHer experiments using the same rat
model. 10 Our results show that peritoneallavage in areas with ischemie injury is associated with increased adhesion formation in the rat. All solutions
induced more adhesions in the sutured area compared with con trol rats
without peritonea I lava ge.
Possible explanations for induction of adhesions by lavage solutions
include cellular injury, increased peritonea I permeability and peritoneal activation. We have studied cellular injury by release of an intracellular enzyme
(LDH) in vitl'o and in the peritoneal fluid of patients undergoing elective
colon ic surgery (unpublished observations) and observed increased levels of

LDH after exposure to lavage solutions. Furthermore, permeability studies
with a macromolecule (inulin) after treatment of i\1C monolayers with lavage
solutions showed disturbance of mesothelial integrity with increased
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penneability. This facilitated passage for macromolecules may calise 10creasing fibrous exudation ta thc abdominal cavity and thereby induce adhesion fonnation. Also increased pro-inflammatory peritoneal cytokine response after exposure ta varlous solutions may lead ta enhanccd inflammatory
responses).) Moreover, procoagulant and fibrinolytic proper ties of lnunan

Me monolayers were afsa affected hy va1'Îous solutions in carlier in vitro

expcriments. 4
Notwithstanding an overall increase in responses of human Me in culture ta various kinds of clinically uscd solutions, not all solutions induccd an
equal effect. In this in vivo model na significant difference in thc extcnt of
postsurgical adhesion formation was observed between exposure of the peritoneal eavity to NaCl 0.9% or PVP-I 1% (1:100). Thi, di,erepaney might be
explained as follows. Firstly, by observations th at the cytokine profile and
peritoneal fibrinolytic activity differs in different species. 14-16 Intraperitoneal
responses to stimuli in man may differ and be more complicated compared
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wlth responses in the rat. Secondly, PVP-I as a highly viscous solution reduced MC activation ;11 vitro probably by coating the celIs. /11 VÎiIO the coating
effect over the entirc peritoneal surfacc may be not as effective as ;11 v;tro.
Studies in our laboratories have emphasized thc use of scavcngers to
minimizc humanMC damage and activation during oxidative stress. Thc trauma induced in this rat model was mainly ischemic injury. Thcrcfore, we also
tested the organ preservation fluid Vlaspan®, regarded as more biocompatibie bccausc it contains lactate and oxygen radical scavengers (gluthatione and
allopurinol). Nevertheless, peroperative Viaspan® lavage also induced significantly more adhesions (40.6%) compared with no-lavage. Howevcr, the
effect of antioxidants on mechanisms underlaying the initiation of fibrin
appeared also to be species specific in another experimental study. t 7
In conclusion, this study is in accordance with our previous experiments
with human MC ;11 v;tro. It has been shown that exposure to peritoncallavage solutions may lead to more adhesion formation in the abdominal cavity.
Thcrefore, irrigation with any solutioll should be viewed with caution after
'clean' surgery. Further studies appear important to establish thc composition
of the ideal irrigation solution.
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Changes in intraperitoneal
responses of human peritoneal
fluid after elective abdominal
surgery with peritoneal lavage

5

Abstract
Modulation of viability and functional proper ties of human MC after exposure to various lavage solutions has been observed previously ;11 Vih'O, This
study was designed to evaluate the effect of peroperative lavage on postoperative peritoneal responses in vivo,
Drain fluid from 30 patients undergoing elective abdominal surgery, followed
by lavage with NaCI 0.9% or with distilled water, or without peritoneallavage, was coUected at 6 and 24h post surgery. We detennined the composition
of the intraperitoneal cell population, tissue injury (LDH activity), peritoneal activation (IL-l~, -6 and -8), and peritoneal pro-coagulant (TF), and fibrinolytic status (tPA and PAl-I).
Lavage caused elevated LDH activity due to ceIl injury. IL-lp concentration
was not significantly changed in lavaged cavities. However, IL-6 and -8 cytokine concentrations Were significantly depressed in the 6h drain fluid of lavaged cavities, whereas these pro-inflammatory cytokine concentrations were
increased after 24h. NaCI 0.9% induced a significant increase in TF antigen
after 24h. Exposure of thc peritoneal cavity to lavage solutions caused a larger increase in release of the inhibitor of fibrinolysis than in the situation without lavage.
Thus, peritoneal irrigation depressed pro-inflanunatory cytokine (lL-6, -8)
concentrations in thc early period (O-6h) after operation, and induces a rise
in IL-6 concentration after 24h. Increased procoagulant and accelerated antifibrinolytic responses in the peritoneal environment after peroperative lavage may be of clinical relevance.
lOG

M. van Westreenen, A Pronk, AA.M. G. Hoynck van Papendrecht) P. Leguit.
Department of Surgery. Diakonessen Hospita}. Utrecht, The Netherlands.

Introduction
Intra-abdominal operation modifies both lnflammatory responses and fibrinolytic homeostasis.1,2 The evidence to date supports an effector role of Me
in the acute inflammatory response and in repair of peritoneal injury.3 These
ceUs contribute to pro-inflammatory events and actively participate in the
recruitment of neutrophils into the peritoneal cavity.4,5 As a biologie souree
of both tPA and PAl -I, the peritoneallining has also been presumed to play
a key role in the regulation of Iocal fibrinolysis iu vivo. Dlsturbance of rnesotllelial function has been associated with a decreased fibrinolytic activity and
increased intraperitoneal adhesions. 6 ,7 Another mechanism underlaying fibrin formation is the cell-mediated initiation of the coagulation cascade. 8 TF,
a membrane protein exprcsscd by Me, is the main physiological activa tor of
the extrinsic coagulation pathway.9
Thc use of lavage solutions is weU entrenched in the present day surgical praetiee, which offers many situations in which peritoneallavage could be
protective. Peritonitis, colonic resection with feacal spilling, fibrous adhesion
formation and prevention of tumour recurrence are all appropriate indicatÎons for peritoneallavage. lO However, cytokine production, flbrinolytic activity and procoagulant activity of human Me in culture were all found to be
modulated after exposure to lavage solutions in non-toxic dilutions. ll ,12
Peroperative irrigation of the abdominal cavity may delay, therefore, postoperative restoration of physiologicallocal defence systems, and thus induce
postoperative intra-abdominal complications. The present study was
designed to test the hypothesis that peritoneallavagc can affect the surgicalIy induced inflammatory alterations in the peritonea 1cavity via cellular injury and activation. ,"Ve determined the dynamics of pro-inflammatory cytokines (JL-Ip, -6 and -8) and procoagulant (TF) and librinolytic (plasminogen
activator and its inhibitor) responses in the irrigated as weIl as the non-irrigated peritoneal cavity 24h after eleetive abdominal surgery.
MCtllOds and patients
Patie11tS & sample collectioll. Peritonea I fluid was sampled via an indwelling sili-

cone drain during 0-6h and 6-24h after operation from patients who had
undergone clective colonic rcsection far non-disseminated malignancy.
Lavage was pcrformed at the end of the aperatianj anc liter of lukewarm
solution was poured into the cavity and was suctioned out as much as
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possible after 2-3 min. The intraperitoneal drain was placed in an area where
lavage had been performed, but outside the operation field. In a few patients
a second drain was left behind in the operated area to compare peritoneal
responses at two places. No patients showed evidence of resident macroscopic tumour. Patients received, ad random, no pcritoneallavage or peritoneal

lavage with either NaCI 0.9% or distilled water. An aliquot of each drain
sample was used for bacteriological studies. In the drain fluid) the total white
blood ceIl) erythrocyte and platelet counts were measured with an automated
cell counter (Sysmex F-800). Peritoncal fluid was centrifoged at 800g for 10
min and the supernatant was then removed) LDH (Boehringer Mannheim,
according to SFBC), free hemoglobin (spectrophotometerically) and total
protein (Boehringer Mannheim, Biuret method) were measured in duplicate;
an aliquot was stored at -70°C until analysis.

BacterioJogical study. Pellets from drain fluid samples were cultured on sheep
blood agar plates under aerobic conditions and on Schaedler agar plates (Biomerieux) under anaerobic conditions) and were incubated for 4 days at 37°C.
Bacterial growth on one of the plates excluded the patient from the study.

'0'

11IJ1/Jtlnoasmys. IL-lp, IL-6 and IL-8 were measured with enzyme-linked
immunosorbent assays (PeliKine-compact™, CLB, Amsterdam) The
Netherlands). The limits of detection for IL-lp, IL-6 and IL-8 were 2 pg/ml,
2 pg/~l and 1 pg/ml, respectively. An enzyme-linked immunosorbent assay
was used for the detection of human TF antigen (Imubind®, American
Diagnostica Inc. Greenwich, USA). Antigenic concentrations of tPA and PAII were measured by enzyme-linked immunoassay (Biopool, Umea, Sweden).
The PAl-l assay detects both free (active or latent) and tPA-bound PAl-I.
The tPA assay measures both free tPA and that bound to PAl. tPAA
(Chromolize®) and PAl-l activity (Spectrolyse®, Biopool Umea, Sweden)
were determined in the same samples. Determinations were performed in
duplicates.
StatisticaJ 1/Jetbodr. Results are expressed as median values and ranges or 95%
confidence intervals. Specific camparisan of varia bles between two groups
was made with the Mann-\Vhitney test. Ap5. 0.05 was considered ta show significant differences.

Results
Evidence of intraperitoneal inflammation at the time of surgcry was found in
none of thc patients. Bacteriological studies confirmed that thc postoperative
intraperitoneal responses were not due to bacterial contamination. All
patients underwent an uncomplicated postoperativc recovery. Therc were no
significant differences in median age, length of the operation, and volume of

fluid collected among the groups (tobIe 1).
Table 1. Mean (range) age, length of operatlon, volume of drain fluld colleded
among group I (no-Iavage), group 11 (NaCI 0.9%), and group 111 (distilled water)

age (years)

length of operation (min)

volume drain fluid (mi)
6h
24 h

11

111

74
(55·88)

72
(59·87)

69
(60·75)

98
(56·145)

102
(74-140)

117
(70·160)

113 (15-400)
73(5-150)

79 (10-125)
62(5-110)

94 (20-200)
77 (5-200)

Leucocyte countS and erythrocyte counts were significantly decreased
in the 24h postoperative drain fluid ofpatients lavaged with NaCI 0.9% (toble
2; * p~ 0.05 I vs lIl. Thc differcntial count showcd the leucocytc counts to be
prcdominantly ncutrophils (90-95%). Platelet counts were not significantly
different among thc three groups. To exclude the possibility that lysis of
blood cells was responsible for changes in LDH activity, thc LDH measurernents were correctcd for free hcmoglobin content. Hcmolysis was significantly enhanced in both lavaged groups (median (range) group U 1.41 (0.472.11)* and group UI 1.74 (0.61-2.6)* mg/ml free hemoglobin) vers/IS no lavage (1.22 (0.35-1.55) mg/ml free hemoglobin; *P'" 0.05) in the 0-6h drain fluid
samples.
IL-I ~ conccntrations were not significantly changcd in the lavagcd
groups (median (range) 172 (111-307) pg/ml 0-6h and 198 (74.6-368) pg/ml
6-24h in group U; 153 (93.7-300) pg/ml 0-6h and 175 (93.7-418) pg/mI6-24h
in group Ul) compared with the no-lavage (group I; 137 (80.6-319) pg/ml
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0-6h and 198 (74.6-368) pg/ml 6-24h). We observed a significant (ps, 0.05)
early decline in cytokine concentration, both for IL-6 and IL-S, in thc lava-

gcd groups (II and lIl) compared with the non-l.vaged group ljigure 1 and 2).
IL-6 concentrations in both lav.ged groups (I1 and III) were significantly
increased in thc 6-24h drain fluid comp.red with 0-6h drain fluid. 1L-8 concentration was significantly decreased for group land 11 in thc 6-24h drain
fluid compared with 0-6h drain fluid.
Table 2. Media" (range) leucocyte-, erythrocyte-, and plateletcount. tatal protein, lactate dehydrogenase (lDH), and free hemoglobin (HB) In abdominal drain fluld eolleeted among group I (no Javage), group 11 (NaCt 0.9%), and group 111 (distilled water) 6h

and 24h postoperatively

time

11

111

leucocytes (x 10 9/1)

6
24

14.5 (0.6·37)
21.6 (8.6·59.6)

3.8 (0.3·24.4)
4.0 (0.4-17.6)'

6.8(1.8-38.2)
11.0 (4.6·45.7)

erythrocytes (xl 0 11 /1)

6
24

0.75 (0.1-1.9)
0.45 (0.23-1.4)

0.35 (0.1·0.81)
0.12 (0·0.88)'

0.50 (0.1-2.8)
0.55 (0.14·2.7)

platelets (xl0 9/1)

6
24

71 (25-145)
30 (16·89)

55 (14-105)
29 (6·50)

48 (36-101)
27 (16·68)

total protein(g/dl)

6
24

36.9 (25·42)
33.0 (24-40)

36.0 (26·46)
37.0 (20·44)

38.0 (30·60)
37.5 (28·52)

lDH (mg/dl)

6
24

1594 (633·2150)
1117 (583·1784)

1587 (588·3950)
1150 (570·2285)

1930 (915-2000)
1446 (935-1765)

free HB (mg/ml)

6
24

1.22 (0.35-1.55)
0.38 (0.04·0.94)

1.41 (0.47-2.11)'
0.29 (0.06·1.61)

1.74(0.61-2.60)'
0.52 (0.07-1.33)
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Statistks: Mann· Witney test, *p:::;; 0.05 versus no·lavage (group I)

TF antigen in the 0-6h drain fluid was present in all groups in Iow concentration (jigure 3). Intraperitoneal increase in TF antigen was significant in
patients lavaged with NaCI 0.9%, whereas TF antigen was not increased in
patients Iavaged with distilled water after 24h compared with no lavage.

..

Figures 1 and 2.
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Figure 3.
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TF antigen concentratlon (pglm I) In drain fluids (0·6h and 6·24h) of patients undergoing elec·
tive colectomy ( . ) without perltoneallavage (n=10), or subsequent «(:ID) lavage with NaCI
0.9% (n=10) or (0) distIlled water (n:::ol0). Medlan va lues (95% confldence intervals) are
glven. *ps. 0.05 tested wlth Mann'Whitney versus no·lavage (group 1).

There was a reduction in tPA antigen concentration (ng/ml) between
the early postoperative samples (0-6h) and late samples (6-24h) in all groups,
but th is reduction was not significant (toble 3). Plasminogen activating activi112

ty (PAA) was present in the drain fluid 0-6h after surgery, but was reduced
and undetectable in the 6-24h samples of all th ree groups. PAI-l antigen concentration (ng/ml) showed an excessive rise 6-24h postoperatively. This rÎse
started al ready in the early period after operation (O-6h) and was more pronounced in both lavaged groups. PAI-l antigen as weIl as activity was slightly enhanced in the NaCI 0.9% lavaged group 0-6h after surgery, and significantly enhanced in the distilled water lavagcd group in this period (p ';;0.05 I
vs UI).
Discussion
Pro-inflammatory mediators are believed to regulate the host response to
surgical trauma. U To date, this response has been principally rclated to

Table 3. Fibrinolytic parameters in the perltoneal fluid (0-6h and 6-24h) of patients
undergoing elective colectomy without lavage (n=10), or subsequent peritoneal lavage wlth NaCI 0.9% (n=10) or distilled water (n=10). Median values (range) are glven

no-Java ge

NaCI0.9%

distilled water

31.5 (15.5-60.9)
3.2 (0.04-9.7)

32.8 (17.9-53.7)
5.8 (0.04-18.5)

28.9 (18.4-50.9)
0.2(0.03-9.5)

PAl activity (IU/ml)

9.9 (0.03-46.7)
0.1 (0.1-1.1)

7.9 (3.6-80.2)
0.1 (0.1-3.3)

21.6 (7.0-131)5.0 (0.1-24.2)-

24h

no-Iavage

NaCI0.9%

distilled water

tPA antigen (nglml)
tPA activity (lU/mi)

24.8 (17.2-39.9)
0.15 (0.14-0.3)

24.6 (2.5)
0.16 (0.12-0.3)

22.2 (10.6-42.5)
0.14 (0.13-0.16)

PAl antigen (ng/ml)
PAl activity (lU/mi)

428 (139-1017)
38.9 (20.9-55.3)

473 (138-1330)
31.5 (12.2-58.1)

313 (134-863)
26.0 (9.0-57.9)

6h

tPA antigen (nglml)
tPA activity (lU/mi)

PAl antigen (ng/ml)

StatIstIcs: Mann·Whitney test, • p~ 0.05 tested versus no· ravage (group I).

factors involved in physiological tissue repair.l 4•15 Other factors) rather than
those eminating from the wound) mayalso be responsible for surgically indueed inullunological alterations.l Watson and co-workers suggested endotoxin-mediated air contamination of the peritoneal cavity as a trigger for
postoperative immunomodulation, However) bacterial produets are not
essential for the release of cytokines) and peritoneal cells can be prinled to
release cytokincs by other) non-endotoxin mechanisms.l 6 A Iocal cytokine
response after operative trauma induces several inflammatory changes) including stimulation of Me,!7 This in its turn can induce chemotaxis of neutrophils, further production of cytokines and alterations in procoagulant and
fibrinolytic activity.
This study shows the early postoperative intraperitoneal responses after
surgery. Alterations in the levels of parameters) synthesized de 1l0VO) OCCUT 06h afteT stimulation (operation/lavage). The 6-24h peritoneal drain fluid was
collected to monitor the protracted changes in these early responses. In a fe,\'
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patients drain fluid from two different sites of thc abdominal cavity was collected, one drain was placed in thc operated area and another on thc contralatcral side. In this way wc excluded wound factors responsible for changes in
thc peritoneal responses. Different levels of mediators were found in bath
afeas (data not shown), implying that there is not an overall reaction of thc
peritoneum.

Drain fluid represcnts thc local response to stimuli. Sampling over timê
and storagc for 6 to 18h at room temperature in plastic drain bags may

enee degradation

Of

~nflu

production of e.g. cytokines and fibrinolytic enzymes hy

ecUular components in thc fluid. Therefore, thc concentrations of all para-

meters measurcd may be an over-

Of

undercstimation of thc peritoneal situ-

ation, and have to be considercd with caution. Previous1y, it has also been
shown that the clevated concentrations of cytokines observed in drain fluid of
patients undergoing abdominal surgery correlated with peritoneal bacterial
count and the length of the operation. 18 In this study, operation time, age,
and indication were comparanle between the three groups (meanlrange).
Although, bacteriologic studies confirmed the absence of gross hacterial contaminatioll, postoperative peritoneal concentratÏons of IL-lp as weil as IL-6
and IL-8 were elevated. IL-lp coneentratÏons were not significantly ehanged
in lavaged groups versus the contro1 group (no lavage). Corroborating with
other reports, levels of IL-l P did not differ in various patient groups operated after clective surgery.19,20 IL-6 and IL-8 are cytokincs more corrclating
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with injury severity and appear to be regulated independcntly of commonly
invoked mediators sueh as IL-lp. Interestingly, the lavaged groups, NaCI
0.9% as weIl as distilled water, showed a markcd depression of IL-6 and IL8 eoneentration in the 0-6h drain fluid (p~ 0.05) comparcd vt'Îth no lavage.
Beyond its role to removc contamination, peritoncal toilet seerns also effective in decreasing the intraperitoneallevcls of IL-6 and IL-8 in the early pcriod
after operation. An explanation for th is finding may be dilution. After abdominal lavage procedures some part of the lavage solution is inevitably left
behind. Such fluid dilutcs the Iocal defence componcnts. 21 ,22
One roIe of IL-6 is to control thc inflammatory response by inhibiting
the transcription of other cytokinc genes. H In this way IL-6 counteracts
proinflammatory effects in the early postinjury period and thus prevents
hyperinflammation. 19 Early depresscd levels of IL-6 may therefore result in
prolonged counter-regulation and late immunosuppression.

The directed secretion of IL-8 is important in the reeruitment of neutrophils into the peritoncal cavity.3 Interestingly, we observed significantly
less leucocytes in the 6-24h drain Huid of NaCI 0.9% lavaged abdomen compared with no lavage. On one hand this can be due to depressed early IL-8
concentration in thc NaCI 0.9% lavaged cavities. On the other hand leucocytes in the drain fluid may pro duce eytokines during sample time, and a
lower leueocyte eount may give rise to depressed eytokine eoneentrations
eompared with drain fluid of patients with no subsequent lava ge. This phenomenon was not observed for lavage with distilled water and may be explained by the hypothesis that distilled water activates the peritonewn by other
ways and facilitates lcucocytc recruitmcnt, for instanec, via cxpression of
adhesion molecules. In the 6-24h drain fluid we also observed signiftcantly
increased IL-6 coneentrations in both lavaged groups compared with the 06h drain fluid, and an increased IL-8 cOllcentration in the distilled water
group. This may be due to peritoneal aetivation. Direct removal of cytokines
by irrigation of the peritoneal eavity may illduce a stronger response 24h
postoperativcly.
The question arises whether direct removal or prolonged activity of
cytokines in the peritoneal cavity mar be harmfuJ. Cytokines sueh as IL-6 and
IL-8 have beneficial properties in in;ury in low concelltratÎons. However,
enhanced local pro-inflammatory responses may lead to e.g. prolonged high
amounts of toxic neutrophil products, detrimental to host tissue. This concept has been suggcsted in other focal infections, such as puhnonary inflammation 24 and meningitis 25 . Also both tumour stimulating, and inhibiting activities of IL-6 and IL-8 have been described. 26,27
Serum levels of thc various cytokines were not assesed, because scvcral
studies have shown absence of corrclation betwecn IL-6 and IL-8 in peritoneal fluid and serum. 28 •29 Peritoneum and the vascular compartments are
separately involved in the cytokine production)O Local peritoncal cytokine
concentrations are more Iikely to be of primary biologie and clinical importance in rcgarding postoperative intra-abdominal complications.
Fibrin fonnation, another defence mechanis11l of the peritonea 1 cavity,
is mediated via Iocal coagulation and fibrinolytic pathways. TF is known to
initiate coagulation after cellular activation. Increased levels of TF are associated with several pathologie conditions, such as inflammation, sepsis and
cancer. J1 •J2 Cellular injury also results in an increase in TF as thc cells in the
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trawnatizcd area lyse and release endogenous eell surface bound TF. Farced
reported comparatativc peritoneal fluid levels for TF antigen after operation)3 NaCl 0.9% caused a significant increase in TF antigen in thc 6-24h
drain fluid compared with no lavage Of lavage with distilled water (p~ 0.05).
Thc reason for this may be the direct cellular damage inflictcd hy distilled
water, with direct release of cellular bound TF.
Fibrlnolytic activity in thc carly period after operation is important for
lysis of newly fonned fibrin hy the coagulant cascade. In thc abdominal cavity, tPA is responsiblc for 95% of the plasminogen conversion.34 Thereforc,
intraperitoneal fibrinolytic activity is due ta tPA activlty. AIthough tPAA is
reduced in thc 6-24h drain fluid of all patlents, we observed no significant
reduction in tPA antigen compared ,'{ith the 0-6h drain fluid. It is known that
ablatlon of tPAA is secondary to a rise in PAl_1. H ,36 Only in the group la-

vaged with distilled water, the early (O-6h) tPAA deereased, due to an early
rise in PAI-l antigen and PAI-l activity. However, the decrease in tPAA was
not significant compared with the no-lavage group. Intraperitoneal fibrinolysis is hampered postoperatively, and peroperative lavage may accelerate this
process. Because early th rombus formatlon is more sensitive for fibrinolytic
factors than an esthablished thrombus, fibrinolytic activity in the early period
after operation is probably decisive for the evelltual format ion of adhesions.
Recently, lvlurthy et a/. 37 reported fibrinogen, fibrin, and related protcins
snch as plasillinogen activators and inhibitors mayalso be involved in facilitating tumor attaclunent at the injured site. This is mentloned because all
116

patlents undenvent colectomy for malignancy. Peropcrative lavage may thus
also influence tumour recurrence rate by disturbing the peritoneal microenvironment.
The fact that IL-6 and IL-S, but not fibrinolytic parameters or IL-l, are
sensitive to mechanical dilution may be explailled by the source and biological behaviour of these products. Cellular components, in particular mesotheHal cells, and their produets are probably washed away during lava ge.
Fibrinolytic factors are not only produced by Me but the extracellular matrix
is also a pool of fibrinolytic factors. This may account for the observation of
depressed intraperitoneal IL-6 and IL-8 levels in the early period after lavage and the faet that tPA and PAl -[ levels are not affected by this procedure.
We have recendy reported ;11 vitro observations of cultured human Me
exposed to various lavage solutions for 15 min. These studies have shown

important morphological and functional changes of Me. The results in the
present il1 vivo study confirm these previous findings. Irrigation of the peritoneal cavity during operation affects postoperative peritoneal responses.
Modulation of these responses may have the potential to reduce the morbidity and mortality of intra-abdominal surgical intervention.
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Oxidative stress
in cultured peritoneal
mesothelial cells
Inhibition of interleukin-8 induction by anti-oxidants

6

Abstract
Hydrogen peroxide (H202) and oxygen radieals are agents commonly produeed during inflammatory processes. Exposure of human MC to H 202 (100
IIM) results in a cytotoxicity of 40% determined by leakage of LDH.
Exposure ta air (30-60 min) did not in duce significant celllysis; however, it
enhanced the release of L-8 by MC monolayers time-dependently. Addition
of N-acetylcyteine (NAC) and catalase to the medium partially proteeted the
cells against H10rinduccd cytotoxicity. Pretreatrnent with combinations of
intra- and extraceHular scavengers al50 reduccd thc secretion of IL-8 hy Me
during recovery after exposure ta air for 60 min. Stimulation of Me monolayers with IL-lJl was significantly înhibited hy pretreatment of monolayers
wlth thc oxygen radical scavenger NAC. We suggest that scavengcrs of reactive oxygen compounds may prateet thc peritoneum against oxygen-derlvcd
damage and subsequent cytokine stimulation. Addition of these agents ta peroperative peritoneal lavage solutions may therefore rcduce postoperative

intra-abdominal complications.
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Introduction
Mesothelium is thought to be an important target site of oxidative stress
under conditions such as intra-abdominal surgical intervention. Exposure to
air and manipulation of this tissue may lead to ischemia, which induces peritoneal inflammatory reactions. Peritoneal injury and inflammation is associated with rccruitment of neutrophils and macrophages,l which can produce
highly potent substances. These substances include cytokincs and oxidant
molecules, such as H 2 0 b free radicals, and hypochlorous acid. The purpose
of these reactive eeU products is to destroy invading organisms and damaged
tissue and thus to bring about recovery. However, oxidants and cytokines ean
also damage healthy tissue. Excessive or inappropriate production of these
substances is associated with morbidity and mortality after peritoneal trawna
and inflammatory diseases. 2,3
Mammalian cel1s posses elaborate defence meehanisms to detoxify radicals. Sophisticated antioxidant defences directly and indirectly protect the
host against damaging influence of cytokines and oxidants. 4 Different eell
types may exhibit different mechanisrns against exogenous free radicals.
Antioxidant defence mechanisms in cultured Me have been studied previousI)' b)' Kinnula et aU and Brcborowicz et 01,6,7 The)' observed that Me are
protected mainly hy the gluthatione redox system during mild oxidant exposure, and in addition hy catalase during severe oxidant exposure. Effects of
antioxidants in other experimental work, mainly concerning endothelial cells,
suggest protection from activated neutrophils and isehemia-reperfusioninduced injury by pretreatment with various scavengers. 8- 10
This study presents th ree il1 vit/'o modeIs of Me activation, which are
supposed to mimic conditions during intra-abdominal surgery..More than an)'
other chemotaxin IL-8 has a remarkably long duration of action and is produced by a wide variety of tissue ceUs.ll V\'e proposed that stress upon Me
can act as a stimulus for the production of IL-8, with resultant ill vivo neutrophil influx. H 2 0 2 is one of the more important reactive oxygen species
(ROS) produced b)' phagoc)'tic cells. For this reason, H,O,was selected in the
fiest model, as an agent for inducing exogenous oxidative stress in .Me.
Rcsults ohtained from il1 vivo experiments suggest that oxygen-derived free
radicals are abundantly produced in ischemie tissue after reoxygenation. 12
This produetion far exceeds the amollnt of free radieals produced during
normal aerobic metabolism. In the second model the influence of air-drying
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conditions in cultured Me was detennincd hy leaving the monolayers during
15-60 min without culture mediwn. Me responses were cvaluated after the
subsequent recovery period. In the third model, IL-ljl was addcd to MC
monolayers. IL-l jl may eause endogenously elevated levels of H 202' whieh
appears to act as intracellular 'messenger' capable of promoting the release of
chemokines sueh as IL-8. 1J ,14The chemotactic activity ofIL-8 participates in
the reeruitment of leucoeytes. In these modeis, the effects on Me viability,
morphology and pro-inflammatory response (IL-8) was determined and proteetion of Me properties in the presence of scavengers was examined.
Methods and tnaterlals

MateriaIs. IL-l jl was obtained from R&D system (Abillgton, UK). NAC and
catalase were from Sigma (St. Louis, MO, USA). HzO z 30% was from Merck
(Darmstadt, Germany), and NADH from Boehringer (Mannheim, Germany).
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Culture /Iud identificatioll of O11lwta/lIIesotheliol cells. MC were obtained from
the omen tal tissue of patients undergoing cleetive ahdominal surgery who
had given informed consent. The Me were isolated aecording to techniques·
modified from Nicholson et 01. 15 and Wu et al. 16 and cultured as descrihed
previously. Me were grown until confluence in a 37°C, fully humidified, 5%
CO 2 cahinet in polystyrene culture flasks (80 cm z; Nunc, Roskilde, Denmark)
precoated with fihronectin (gift of the Central Laboratory of the Netherlands
Red Cross (CLB), Amsterdam, Thc Netherlands). The identity of MC was
demonstrated hy the absence of von WIllebrand factor staining 17 and the preSence of intracellular cytokeratins via immunofluoresccnce with monoclonal
antibodics (Dakopatt, Derunark).18
Measul'elllwt of i1ltracel/lI/al" hydrogen peroxide prodllction by 1/Jesothe/ia/ cells.
H 202 production in MC was determined with the dichlorofluorcseeÎne diacetate assay. DichlorofluoresceÎne diacetate (DCFH-DAj Kodak) is a stabie
non-polar, non-fluorescent compound that readily diffuses into cells. Onee
inside ceUs it becOInes trapped hy its hydrolysis by cytosolic esterases to the
polar, non-fluorescent dichlorofluoresceÎne. In the presence of HzO z and
peroxidase the latter is rapidly oxidized to a highly fluorescent compound. 19
Thus, the intensity of cellular fluorescence is proportional to levels of intraceHular R 20 2 and ean bc monitored by flow cytometry. Cell suspensions

(2-5 x 106 ceHs/ml) were incubated with 51lM DCFH-DA at 37'C for 30 min
in M-199 containing 1% BSA (Sigma). Preliminary experiments had shown
this load~ng procedure ta be optimal. After loading and subsequent centrifugation at 800 g, additions were made (time zero) and fluorescence was measured with a FACscan (Becton-Dickinson). For each analysis 5000 evcnts were

accumulated. Fluorescence was measured at 450 nrn. Experiments were performed in duplicate.

Mesothelial stress 11Iodels. Second pasage Me were seeded into 48-weU culture
plates (Costar, Cambrldge, UK) precoated with fibronectin and were allo wed
ta grow ta confluence before lise. For inhibition studies with oxygen radical

scavengers, NAC (2 mM) and catalase (25 Ilg/ml) were added to the serumcontaining medium for Ih before adding the stimulus (IL-Ip; 0.1 ng/ml) or
H,O, (0-100 IlM» in the continued presence of the inhibitor(s). After incubation

fOf

up ta 24h, thc conditioned medium was harvested and ccntrifuged

for 5 mÎn at 800 g. The samples were inunediatly assayed or frozen at -70 C
Q

until use.
To induce an air-drying period, MC lUonolayers were also seeded into
48-well culture plates (Costar) and \Vere placed with different time intervals
in the 3rC, 5% CO 2 cahinet without medium. Firstly, MC monolayers were

pretreated with NAC and catalase Ih before air-drying. And secondly, MC
monolayers were treated after 15, 30 or 60 min, with fresh supplemented
medium (NAC and catalase alone, or NAC and catalase in combination).

After 24h, supernatants were collected, centrifuged at 800 g and assayed or
frozen at -700C until use. All experi1l1ents were perfonned in triplicate.

Assessmtnt of mesotIJelial cell injury. Cclllysis can be measured in MC monolayers by the release of the endogenous intracellular marker LDH, as descrÎbed previously.2o The LDH release was expressed as percentage of tatal

(100%) cellular enzyme activiry liberated from the cells by 1% (v/v) TritonXI00. All experiments were performed in triplicate.

Illterleukil1-8 release. Supernatants were assayed far quantification of synthesized lL-8 by an enzyme-linked immunosarhent assay (pelikine™, CLB,

Amsterdam, The Netherlands). The limit of detection was I pg/ml. All determinations were perfanned in quadruplicate.
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Statistical analysis. Values are exprcssed as mean ± SD. Statistical significance
was determined with the Student-t test, with significance defined as p< 0.05.
Figure 1. "202 generation measured by the DCFH-DA assay
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Me sus pensions were incubated for 30 min with DCFH-DA foilowed by Incubation with ( - )
control medium (M-199 with 1% BSA), ( • ) PMA (10 nglml), ( • ) Il-l!} {2 nglml}, or (+ )
H202 (10 ~M). Data are presented as the increase In fluorescence, as a percentage of control
fluorescence ± SEM obtalned from three experiments In duplkate . • p< 0.05 tested wlth the
paired Student's·t test versus the positlve control (M·199 0.5% BSA).

Results
11ltracel/ular bydl'ogen peroxide productiol1 of l/1eIotbelial cel/s. 1\1C suspensions in
control medium (M-199 supplemented with 0.5% BSA) were found to have a
detectable DCF fluorcseence. Comparcd with human umbilical cord vein
endothclial cells, the basal DCF fluorcseence of MC was about 50% lower.
Control experiments showed both ecU types to have a similar pattern of changes in DCF fluorescence after stimulation with various compounds (data not
shown). Incubation with PMA (10 ng/ml) induced a 2 to 3-fold increase of
DCF fluorcsccnce in MC compared with basallevels, whilc incubation with
IL-I (2 ng/ml) had no significant effect on the DCF fluorescenee of MC

!figure 1). Exogenously added H 202 (10 ~M) increased the DCF f1uorescence level of Me even 4 to 5 times.
Effect of o,\'idallt scavengers Oll mesotbe/inl cell ilIjury mul /L-8 release. Firstly, the
ability of H 202 to Iyse MC monolayers was studied. The cells were incubated with conccntrations of 0 to 1000 flM H 20 2 diluted in supplemented
medium. H 202 dose-dependently induced MC lysis (data not showll). H 202
at a concentration of 100 flM resulted in 40 ± 9.8% cytotoxicity of Me monolayers, as measured hy LDH release (jigure 2). Pretreatment of Me monolayers with oxygcn radieal scavengers prevented .Me lysis by 100 flM added
H 2 0 2 • NAC as weil as catalase reduced LDH release of MC to 20 ± 6.0% (p=
0.045) and 22 ± 8.8% Ip= 0.016), respectively. A combination of intra- and
extracellular scavengers (NAC and catalase) reduced H 2 02 induced celllysis
even more (14 ± 3.6%, p= 0.006).
Figure 2. Human omental Me lysis by "202
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Confluent monolayers of Me were incubated with 100 JlM "202 in (ontrol medIum (M-199
10% FCS). Cytotox/clty was measured after 24h of incubation at 37'C, 5% C02' Data are
expressed as mean ± SD In percent LDH release obtafned trom five experiments In triplicate.
*p< 0.05. "p< 0.001 tested with the Student's·t test versus the posltlve control (H202)' NAC
= N·acetylcystene, cat = catalase.

Secondly, the effect of air-drying on MC monolayers was examined . .MC lysis
was not significantly affected during the 15-60 mÎn exposure to air (data not
shown). However, the amount of IL-8. in the supernatant was found to
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Figure 3. Human omental Me lL·8 generatio" after alr-dry perlods (15-60 mln)
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Control medium trom confluent monolayers of Me was removed, and Me were exposed to
air (37·C, 5% C02) during various time perlods. Then 500 ~I of medium was replaced, and
after 24h of incubation, lDH and IL·S release were measured In the supernatants. Data are
expressed as mean ± SD amount of Il·Sln n9 per 10 5 eells. and obtained trom four separate
experiments In trlpllcate. *p< 0.05, u p < 0,001 tested with the Student's-t test versus the
negative control (M-199100/0 FeS).

increase in a time-dependent fashion, as shown in Figurc 3. IL-8 release was

"8

significantly increased in thc conditioned medium 24h after 30 and 60 min
(4.9 ± 0.7 and 8.0 ± 1.1 ng, respectivily) of air-drying compared with cells
exposed ta contral medium (0.8 ± 0.5 ng). Pretreatment of the Me monolayers with NAC and catalase together before exposure to air significantly redu-

ccd the amount of IL-8 in the 24h supernatant lfigll/'e 4, p< 0.05). Treatment
with the above-mentioned oxygen radical scavengers, even in combination,

aftet' exposure ta air, during the recovery period of thc Me, did not significandy reduce IL-S release (data not shown).
Thirdly, stimulation of MG lllonolayers with

IL-l~

(0.1 ng/ml) did not

causc significant celllysis. Mter 24h the amount of IL-8 in the conditioned
medium was 29.3

± 6.5

ng. Pretrcated MG monolayers (NAG and catalase)

showed lower amounts ofIL-8 in thc 24h supernatant of IL-l-stimulatcd 1\1C
monolayers (jlgure 5).

Figure 4. IL-B secretlon of Me after air drylng and prelncubatlon wlth scavangers
9
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Il-S secretIon in the 24h supernatants of Me monolayers after 60 mln of air drylng, preincu-

bated with NAe (2 mM), catalase (25 Jlglml) or a combinatIen of both scavengers for lh. Data
are expressed as mean ± 5D amount of Il-S in ng per 10 5 ce lis, and ebtained frem four separate experiments in tripl!cate. *p< 0.05 tested with the Student's-t test versus the positlve
control (60 mln air-drying with prelncubation with M-199 10% FeS). NAe = N-acetylcystene,
cat = catalase_

Figure S. IL-B secretion of pretreated Me following Incubatlon wlth IL·1
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Il-S secretion in the 24h supernatants ot Me monolayers pretreated with scavengers and subsequently stimulated with fl-lp (0.1 nglml). The data presented are the mean and ± SD trom
six separate experlments in trip/kate wlth Me prepared from separate omental specimens .
• p< 0.01, "p< 0.001 versus the posltive control (non·pretreated Me stimulated with fl-1P).
NAe = N-acetylcystene, cat = catalase.
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Discussion
Peritoneal Me are uniquely located ta regulate cellular events in thc peritoneal cavity and are a potentially important souree of varlous cytokines. Thc

side effects of abdolllinal surgery may depend for a large part on viability and
secretion of inflanunatory and regulatory mediators Ly l\1C. Several studies
have indicated th at ROS playa centra! role in inflammatiofl, adhesion formation, and/or c3lTiIlOgenic responses,21-23 Ccllular injury caused hy oxygen'
radicals is manifested Ly degradatioll of hyaluronic acid and collagen,
destruction of een membranes through thc peroxidation of fatty acids within
the phospholipid membrane, disruption of organdie membranes sueh as

those surrounding lysosomes and mitochondria, and interferenee with important enzyme systems. 24 The possible

1055

of lipids from eeU membranes

changes receptor funetion and secrctory eapabilitics of the cells. 25 The effeets
of ROS on eytokine stimulation, seerction and funetion have not been well
defined. Severallines of evidenee indicate that ROS may regulate production
of eytokines,26,27 ROS induee productiort of IL-S, whieh in turn induces further gerteration of superoxide as weil as neutrophil infiltration, thereby establishing the injury. In previous studies we described increased IL-8 release
after 15 min incubation of MC monolayers with micro-molar eoncentrations
of H 2 0 2 .20 vVe now found that air-dry eonditions and treatment of .MC
monolayers with IL-lp also increase the release of this pro-inflammatory
mediator. The three in '/./itro models described in this study are meant to mimie the type of postoperative injury induced during intra-ahdominal surgery.
This raises the question whether IL-8 release, induced by different
130

forms of oxidative stress, is sensitive to exogenously added antioxidants.
IntraeeHular axidants in .MC ma)' be all indication for sensitivity of these cells
for the proteetive propertjes of scavengers. A Iow basal level of intracellular
axidants renders it a suitable signal far intraeellular responses wh en the extraeellular H 202 concentration is increased during an inflammatory process,28
Thcrefore, we measured basal H 202 concentration in .MC and changes in the
cellular H10 1 generation in intact cells exposed to various stimuli.
The results show a Iow basal intraeelluiar concentration of H 20 1l and inereased levels upon activation with various stimuli such as H 202 and P.MA.
This is in eoncordance with ohscrvations in rat l\1C and emphasizes the
participation of 1\1C in the peritoneal defenee,29 Shostak and co-workers
a150 observed a decrease in H10 1 generation of rat MC after 60 min of

incubation with catalase.
In a.ddition, when scavengers affect various oxidant-mediated mechanisms, thcy may have thc potential to reduce postoperativc inflammationmediatcd complications. NAC as an intracellular pro-glutathione drug, in
eombination with eatalase, an cxtraeellular seavcngcr of H 202' may proteet
MC in an optima I way. NAC ean only reaet vcry sIowly with H 20 2,30 eatalase is therefore essential for directly reaeting with exogenous H 20 2. Other
seavengcrs have also been shown to be proteetive in many modeIs of oxidantmediated tissue damage. 31 However, recent data lndicate that ,MC scavengc
low exogcnous H 202 concentrations mainly hy thc gluthationc redox pathway.5,32 Therefore, we investigated whether NAC could proteet IvIC against
the deleterious effects of oxidant-mediated conditions. Pretreatment with
NAC, alone and in combination with catalase, protected i\1C against ceU
lysis. Our data also show a time-dependent relationship between duration of
air-dry preconditioning and subsequent IL-8 release. The maximal duration
of pre-exposure nccessary to augment IL-8 generation without altcrations in
cellular viability was 60 mln. Pretreated MC monolayers produced significandy less IL-8 in the recovery period after 60 min exposure to air. A combination of NAC and catalase protected the ceHs even more than pretreatment
with NAC alone. Addition of scavengers in the recovery period after air-dry
periods did not diminish IL-8 release. Only pretreatment prevented mesothelial cells from induction of cytokine production. Therefore, scavengers
should already he introduced when the peritoneal cavity is entered, before
oxidative stress occurs.
vVe observed significantly decreased levels ofIL-8 after IL-l p stimulation of .MC monolayers in the presence ofNAC. The presence of catalase did
not affect the IL-lp induced IL-8 synthesis. lt appears that thc ability of
cytokines such as IL-l p to in duce IL-8 expression is partlr a consequcncc of
thdr ahility to inducc specific cellular responses through activation of the
transcription factor nuclear factor kappa beta (NF-kappa B),33 Oxygen radicals may be involved in thc activation of the NF-kappa B,34,JS and intracelIular glnthatione levels are assumed to play a major role in the regulation of this
process. 36 -38 The ability of ceU membrane-permeable scavengers and the inability of nonpenneable agents to augment thc reduction in IL-8 amount suggest that cytokine-mediated induction of IL-8 is mainlr due to intracellular
ROS.
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The studies presented in this paper show that different fomls of oxidative stress induecd aetivation of IL-8 release by MC. Exposure to mieromolar eoneentrations of H Z02 caused severe eeil damage, and air-dry periods
of more than 15 min induced significant ceil aetivation. Pretreatment of MC
monolayers with NAC and eatalase prevented the increased eell damage and
production of IL-8 in response to this oxidative stress. Cytokine-mediated
IL-8 induction was also inhibited by treatment of MC monolayers by NAC:
In eonclusiofl, there may be a potential role for antioxidants in modifying the
risk for oxidative stress during surgieal interventions. We suggest that treatment of the peritoneum during surgery by supplementation of a peroperative
lavage solution with these scavcngers may reduce post-opcrative intra-abdominal complications.
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Chlamydia trachomatis infection
of human mesothelial cells alters
pro-inflammatory, procoagulant,
and fibrinolytic responses

7

Abstract
Chlamydia h'achomatis is a significant cause of complications of upper urogenital tract and intra-abdominal cavity infections, which may depend on local
inununologically mediated inflammatÎon and fibrosis, In this study we
demonstrate the capability of C. t1'flchonllltis to infect cultured hwnan Me
monolayers. This intracellular pathogen caused significant Me monolayer
damage after 72h. In decreased concentrations C, h'acbo1Jlatis induced the
production of both pro-inflammatory cytokines IL-Ip and IL-8. Heat-killcd
chlamydiac, which were ingested by Me, only induced IL-Ip and not IL-8
release. Seventy-two hours after initial infection procoagulant activity of .Me
was inducedj Me showcd a 1.5-fold increase in tissue factor (TF) expression.
The activity of thc fibrinolytic inhibitor (pAl-i) was also enhanced in the
supernatants obtained 48-72h after initial infection of Me monolayers,
These findings support thc hypothesis that provoked pro-inflammatory
responses, induced procoagulant activity, and inhibition of fibrinolysis contribute to the development of complications after chlamydial infection,

138

M, van "VVestreenen, A, Pronk, R.J.A. DiepersJoot*, Ph. G. de Groart, P. Leguit.

Departments of Surgery :md *Microbiology, Diakonessen Hospita!, Utrecht;
tDeparuncnt of Haematology, Thc University Hospital of Utrecht, The Ncthcrlands.
Accepted for publication, 1998, Infect Immun.

Introduction
Chlamydial infections of the urogenital tract are frequently asymptomatic but
can result in severe complications, particularly in women. Although C. trnchomatis preferentiaHy infects columnar or transitional epithelium and thus
most often produces mucosal infection, this micro-organism can also induce
more invasive infections involving the Fallopiall tube or hepatic capsule causing the Fitz-Hugh-Curtis syndrome. 1 The disease process and clinical manifestation of chlamydial infections probably represent the combined effects of
tissue damage rcsulting from chlamydial replication as weIl as the inflammatory responses caused by the presence of chlamydiae and necrotic material
from destroycd host cells. 2
Progression and complications induced by ascending C. tl'achomatis
infections may dep end on local immunologically mediatcd inflammation and
fibrosis.3,4,5 However, littlc is known about the pathogenesis of th is infection.
In order to investigatc the effect of chlamydial infection on peritoneal defence mechanisms, we initiated infection of human Me wîth C. trachomatis, and
studied pro-inflammatory, fibrinolytie and procoagulant responses during
one life cyele (24-72h period).
Materials and methods
Culture aud identificatioll of omentaJ lIIesothelial cel/J. i\1C were obtained from

the omental tissue of patients undergoing elective abdominal surgery who
had given informed consent. Thc MC were isolated according to techniqucs
modified from Nicholson et al. 6 and Wu et al. 7 and cultured as described previously. The identity of MC was demonstrated by the absence of von
Willebrand factor staining 8 and thc presencc of intracellular cytokeratins
using immunofluorcsccncc with monoclonal antibodics (Dakopatt,
Denmark).9
Chlamydia stock prepat'atioll. A C. trachomatis clinical iso la tc was used for all

experimcnts. Strains were propagated on a Buffalo Green iVlonkey (BGM)
ecU line with i\1inimal Esscntial Medium with Earle's salts (Ei\1EM, Life
'Ièchnologies Ltd., Paisley, Scotland) supplemented with 10% FeS.
Confirmation of strain indentity was performed with a monoclonal antibody
(De lleer Medicais, Diessen, The Netherlands). After more than 80% of all
cells showed changes in morphology duc to infection e.g. cytopathologic
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effect, as determined by light microscopy evaluation, the chlamydia suspension was frozen at -70°C after addition of SPG medium (sucrose 68.5 gil,

K2HP0 4 2.1 gil, KH 2P0 4 l.l gil, L-glutamine 7.2 gil diluted in destillcd
water supplemented with 10% FCS, gentamycin 18 mg/l, vancomycin 23
mgll, and amphotericin B 2.5 mg/l). No cyclohcxamidc was added to the
medium, because this could interfere with MC protein synthesis.
Cblamydia/ blOCIIlatioll of 11Iesotbelial 11I0llo/ayers. Mesothclial cell monolayers
(sccond passage) grown to confluence in 48-well tissue culture plates were
used for infection experiments. For all cxperiments MC monolayers were
incubated with 500 Jtl of supplemented M-199 and 1001'1 of (diluted) chlamydia suspension for 24h. Stock solutions were diluted in supplemented 1\'1-

199. Me monolayers incubated with 500 Jtl of supplemented M-199 and 100
j.ll of SPG served in all experiment as control medium. Mter 24h thc conditioned medium was collected, and centrifuged (800 xg). The supcrnatants
were stored at -70°C for immunoassays. Fresh supplemented M-199 was
added to the Me monolayers. Thc same procedure was foHowed 4Bh and nh
after initial infection.
For quantification of infection, cells were fixed for 30 min in absolute
methanol/acetone, air dried, stained with fluorescein-conjugated murine
monoclonal antibodics and examined microscopically for inclusions. The
number of inclusion-forming units was counted in 10 random fields at 200x
magnification. Heat-inacdvated (30 min at 56°C) and ultracentrifuged (2 h at
100,000 xg) C. traebo11latis suspensions were also invesdgatcd for their capa140

bility to infect Me monolayers.
Assessmellf of 11Iesotbelial cell illjury. l\1C toxicity was assessed by examining thc
monolaycrs under phase-contrast microscopy and by measurement of LDH
activity.lO l\1esothelial ceUs were seeded into 48-well culture plates and grown
to confluent monolayers. Conditioned medium of MC rnonolayers 24, 48,
and 72h after incubation with various dilutions of virus suspensions, were
assayed spectrophotomctricaHy (Perkin-Elmer Lambda 2) for LDH activity
according to Bergmeyer et al. l1 The LDH release was exprcssed as percentage of total (100%) ceHul.r enzyme .ctivit)' liberated from the ceHs by 1%
(v/v) Triton-Xl00. All experiments were performed in triplicate.

b1l1lJtwoassays. IL-lp and IL-B were detected with an enzyme-linked Îmmunosorbent assay (Pelikine-compact™, CLB, Amsterdam, The Netherlands).
Quantification of PAI-l activity was determined in the same supernatants by
means o(an enzyme-linked immunosorbent assay (Spectrolyse®, Biopool,
Umea, Sweden). Detenninations were performed in duplicate, while all experiments were performed in triplicate. IL-l p (2 ng/mlj R&D systems,
Abingdon, UK) is known to stimulate PAl-1 praduction and to inhibit tPA
production by .MC, and served in all experiments as a positive control.

Tissue factor nctivity assay. Studies \Vere perfonned in 48-weU tissue culture
plates at 37°C. Infected MC monolaycrs were washed once with a Hepcs
buffer (25mM Hepes, 135 mM NaCI, 5 mM KCI, 4.5 mM glucose, pH 7.4,
0.3% BSA) and twice with the same buffer containing 5 mM_ CaC1 2 • Factor
VII and factor X were purified from plasma from hcalthy donors and dilutcd
in the Hepes-CaC1 2 buffer to concentrations of 2.0 nM and 168 n1\1, respectively. The MC in each weil were preineubated with 100 111 of factor VII for
5 min, after which 50 1'1 of factor X was added. The eells were briefly shaken
and after 15 min the reaction was stopped by adding 25 111 of the sample to
501'1 of EDTA (25 mM in Hepes buffer) in a 96-well plastic assay plate. To

measure the total amount of activated factor X (factor Xa) formed, 100 ).tI of
0.2 mA1 chromogenic substrate S2765 (Chromogenix, Nodia, The
Netherlands) was added and the absorbance at 405 nrn was measured for 1
min in a V-flUX ELISA reader (i\1oIecular Devices, À/lenlo Park, CA, USA).
TF expression was. expressed as p1\1 factor Xa formed per minute by 105 MC
141

compared with contral (100%).

Statistica/ rmalysis. Results are expressed as mean and standard deviation (SD).
The data were submitted to statistical analysis with the paired two-tailed
Student-t test where groups were compared with a contral.
Results

Susceptibility and (el/ damage of lIIesotbe/in/11Iono/nyers. Me monolayers \Vere
highly susceptible to infection with C. trn(bolllatis. Mter infection all monolayers were intact as determined by ph ase-contrast microscopy and LDH
activity (tabI, 1). Significant cell injury occurred 72h after initia I infection for
non-diluted (I :1) and 1:5 diluted chlamydiae suspensions. Therefore, a 1:10
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dilution of the chlamydia stock solution was used in all subscquent experlmcnts. Actual infection percentage of Me monolayers after 48h incubation
with 1:10 diluted stock solution of C. tracho11latis was comparable with that of

the standard BGM ceU line and showed approximately 17% (30 inclusion
bodies per 500 Me at 200x magnification).
Tabla 1. Cell damage (% lDH release) af ter infection with Chlamydia trachomatls

control

IL-l

0-24h

24-48h

48-72h

8.4 (2.2)
6.9 (1.5)

7.3 (1.1)
8.1 (1.6)

7.0 (0.2)
10.1 (1.1)

10.2 (2.2)
7.5 (0.5)
7.2 (1.1)
6.5 (1.0)

8.4 (1.4)
6.4 (1.1)
7.4 (1.5)
8.8 (1.6)

25.2 (5.7).
13.1 (3.6)'
9.7 (2.0)
8.5 (2.4)

6.2 (1.6)
5.2 (0.4)

6.8 (0.6)
6.3 (0.5)

6.4 (0.1)
6.5 (0.8)

C. trachomatis stock

1:1
1:5
1:10
1:20
heat-inactivated
ultracentrifuged

Statbtics:
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*p

< 0.05,

*P < 0.001, compared to control medium (M-199 0.2% SPG).

11lterlellkill-1~ oud imerleukitl-8nlease hy IJllJ/lfl111JJesotbe/inJ cells. Unstimulated
culturcd Me monolayers released small amounts of IL-l~ (28.2 ±7.4 pg) and
IL-8 (1.38 ±0.2 ng) during incubation with controlmedium (M-199 with
0.2% SPG). vVllcn Me were culturcd with viabic chlamydiae) increased IL-

1 ~ and IL-8 responses were observed ifiguI'C 1). Incubation with al; 10 dilu-

ted stock solution resulted in an induction of IL-l ~ concentration in the
supernatants reaching maximallevels by 72h after initiation of cultures (78.9

±1l.5 pg). Stimulation with IL-l~ (2 ng/ml) induced the release of 37.6 ±1l
ng of IL-8 (data not shown). Thc release of IL-8 in response to infection with
1: 10 diluted stock of C. tracbo11llltÎs fose significantly above background levels
after 24-48h (2.0 ±O.4 ng), alld rapidl)' illcreased after 48-72h incubation
(11.9 ±3.9 ng). Heat-kiUed chlam)'diae were illgested by Me but no intracellular growth was observed lfiglll< 2). Figure 1 also indicates that heat-killed

C. trneboJllotis significantly enhanced the amount of IL-l P 0-24h after initial
infection. IL-8 generation was not induced by heat-killed chlamydiae during
the 72h period.

Figure 1. IL-1(} and·8 release In the supernatant of Me Infected wlth C, trachomatls
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oUIIlilCL
(ontrol
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<hl"m,dl.

levels are expressed as mean Il-lp amount in pg (± SO) and Il·S amount In ng (± SD) per 10 5
Me, based on four separate experlments in duplicate. (a) O·24h, (mI) 24·48h, and (0) 48·
72h. *p<O.OS, tp<O.Ol, statistica I significant dlfferences compared with Me monolayers exposed to control medium (supplemented M-199 containlng 0.2% (vlv) SPG medium). heat-Înact=
heat-Inactivated chlamydia suspension, ultracentr= ultracentrlfuged chlamydia suspension.

Procotlgulollt activity by IJlI1J/tlll 1/JesotbeJial cells. Procoagulant activity was studied on l\1C monolayers with a chromogenie substrate technique th at meaures factor Xa activity. Factor Xa generation is directly related to TF
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Figure 2.
a.

b.
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Phase·contrast microscopy of chlamydia uptake in Me during 48h incubation with a)
viabie C. trachomatis (1:10 diluted stock suspension) and b) heat·killed chlamydiae
suspension (400x magnification).

expression on the MC memhrane. WIthout ce lis or wlth one of the clotting
factors (VII or X) lacking, no Xa was formed. The results are shown in Figure
3. As a positive control we used PMA (10 ng/ml), hecause this agent proved
to he a stronger inducer ofTF expression on MC than IL-1p. Fourty-eight
hours after initial chlamydial infection TF expression was significantly indueed. Compared to the negative control a 1.5-fold increase in TF expression
was observed. Incubation with heat-inactivated or ultracentrifuged chlamydia
did not result in significantly enhanced TF expression.
Figure 3. TF actlvlty of Me 72h after Inltlallnfectlon wlth

c.

trachomatls

2000

*
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Results are glven as mean factor Xa generatIon In pmoUmln per 10 5 cells (± SEM) and are
based on four separate experlments in tripllcate. *p<O.OS, statlstlcally significant differences
compared with Me monolayers exposed to control medium (supplemented M·199 containing
0.2% (vlv) SPG medium). PMA:c: phorbol myrlstrate acetate, heat·lnact:c: heat·lnactivated chlamydia suspension, ultracentr= ultracentrifuged chlamydia suspension.

Alltifibri1l0lytic (PAl-i) octivity of Immoll 11IesotbelioJ (ells. The supernatants

from unstimulated, non-infected and infected MC monolayers were assessed
for fibrinolytic activity by ELISA. In response to IL-1~, PAl-1 activity of Me
monolayers is altered directly after stimulation. This response continued 48
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and 72h after initial stimulation. Kinetics of chlamydia-induced PAI-l activity were different comparcd to thosc of thc IL-IP-induced response: PAI-l
activity was only significantly enhanced in supernatants obtained 72h after
initial chlamydia infection ifigllre 4).
Flgure 4. PAI-1 actlvlty of Me 72h atter Inltlallnfedlon wlth C. frachomatls

1000

••

,
~

o

control

IL-l

chlamydia heat-inact. ultracentr.

Results are given as mean PAJ-1 actlvity (lU per lOS cells and SO) and based on four separate
experiments in trJplicate. "p<O.OS, up<O.Ol statistical significant dlfferences compared with
Me monolayers exposed to control medium (supplemented M-199 containing 0.2% (vJv) SPG
medium). heat-inact= heat-inactivated chlamydia suspension, ultracentr= ultracentrifuged
chlamydia sus pension.
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Local immune system activation hy C. tnubomatis, and not the infect ion per
se, may he responsihle for the tissue damage and fihrosis seen in chlamydial
associated infections. Immune mediated mechanisms may alter the pathogenesis or the course of the discase. Complications such as peritonitis, and the
typical violin string adhcsions seen may occur after chlamydial infection of
the peritonea I serosal lining. C. trocbo11latis has a very limited host range iIJ

vivo and appears to he exclusively a parasite of squamocolumnar cpithelial
cells. In this study MC, obtained from human omental species, were shown
to be very sensitive host cells in vitro. The inflammatory changes of these
host cells induccd by C. h'llCbo11lotis was the subject of this study. During inflammatory evcnts l\1C are activated either directly hy hacterial products or
hy cytokines sccreted hy peritoneal ceUs, such as IL-1. 12 Intraperitoneal

administration of IL-I, whieh is not ehemotaetie il1 vitro, provokes a rapid
influx of P.MN. lJ The mesothelium is involved in the process of transmesothelial migration of neutrophils, via synthesis of IL-8. 14 ,15 The inflammatory
response after primary inoculation with chlamydia spp. in vivo is eharaeterized by infiltration with neutrophils and cytokine secretion in the aeute
phase. 16 - 18 The results of this stody show induction of IL-8 release by Me at
the onset of infection with C. trocho11l0ûs. We eonsider that the chemoattraeta nt iL-8, produeed at the serosal surfaee, is responsible for the neutrophil
influx that oecurs during invasive chlamydia infection. Epithelial cells may he
an important source of IL-8 during the initia I urogenital infection.I 9
Recently, Rasmussen and co-workers showed increased production of proinflammatorr cytokines by epithelial cells in response to chlamydial infection.2 0 It can he hypothesized that chlamydial inclusion results in endogenous
production of IL-l p by mesothelial cells, which might activate neighbouring
ceUs, and thus spread the inflammatory response.

In contrast, RothermeI et 01. 21 and .Nlagee et al. 22 reported th at C. trncho1Jl0tis induced IL-l production il1 vitro and il1 vivo. However, there arc contradictory results as well,23 Therefore, we also measured the concentration of
IL-l p in the supernatants of MC monolayers in response to infection with C.
trncho1Jl0tis. We ohserved significant induction of IL-l Pin thc supernatants of
infected MC. This parameter is thereforc likely to influencc thc immunemediated responses. Heat-killed chlamydiae induced IL-lp release after 024h oniy slightly, and this may he eXplained by activation in response to the
outer membrane of C. tt'flcbomnûs or to ingcstion of the heat-killed chiamydiae as we observed after staining whh monoclonal antibodies. In contrast,
RothermeI et al. 21 did not ohserve uptake of heat-killed ehlamydiae by monocytes and found inactivated chlamydiae to induce IL-l product ion by monocytes as effective as did viahle chlamydiae. In our experiments heat-ki lied
chlamydiae faited to initia te prolonged production of IL-i, a prerequisite to
start the inflammatory cascade. However, Kinnaert et 01. 24 observed both
heat-killed E. (oH and Staphylococci spp. to activate i\lIC to induce IL-6 as
,veil as IL-8 production, although with different efficacy. This difference in
induction of IL-8 may be explained by the different pathogens used in these
studies. Although chlamydiae possess cell-wall antigens analogous in structure to the cell walls of gram-negative bacteria, the fact that they are ingested hy MC and not effective in continuing IL-l induction may explain the
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different IL-8 response after incubation with heat-kllled chlamydiae compared ta E. (oli. Ultraccntrifuged suspensions fail ta alter inflanunatory as well
as procoagulant or fibrinolytic responses. In this way we excluded Me activation hy thc mediwn in which thc chlamydiae had been suspended.
Local cytokine production duriog infection may play an important role
in modulating host defences ta C. h'ocIJOlllfltis. Thc fonnation of fibrin is
mediatcd via local coagulation and fibrinolytic processes. Under normal cir':
cumstances, there is a halance betwecll coagulation and fibrinolysis in thc
abdominal cavity. If coagulation is activated, TF expression on thc eell membrane initiatcs the extrinsic pathway (directly activating factor VII, which
subsequently actlvates factor X), leading to thrombin generation and fibrin
formation from fibrinogen.2 5 The fibrin clot formed is susceptible to lysis hy
tPA. The fibrinolytic process is dampened when tPA is blocked by PAl-I.
This rcduction in peritoneal fibrinolytic activity, as occurs after injury or inflammation, is associated with adhesions,26 and may facilitate e.g. post-infectious tubal infertility. We demonstrated induction of TF expression by Me
monolayers in the early stage of infection with C. trncbo11lfltis. High levels of
TF were detectable after 48-72h incubation. Damage to cell membranes can
cause a rapid increase in the expression ofTF procoagulant activity27; howevcr, this does not explain the increased TF expression observed after incubation with 1:10 diluted chlamydia suspension. Upregulation ofTF expression

148

can be due to both activated inflammatory responses, or to interaction of thc
intracellular parasite with MC cytoplasmic systems. Infection of .MC monolayers with C. tracbo1llfltis resulted also in enhanced activity of the inhibitor of
fibrinolysis, PAl-I.
In conclusion, the present study demonstrates that, after initial chlamydial infection, local pro-inflanunatory responses and procoagulant activity are
enhanced, whercas fibrinolytic activity is inhibited. Heat-killed chlamydiae
failed to induce a prolonged IL-l response. These data further implicate the
pivotal role of local immune systetn activation in thc pathogenesis of intraabdominal complications after chlamydial infection.
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General discussion

The immunological consequences of intra-abdominal operations have attracted attent ion as they may influellce the outcome of surgical intervention.
Manipulation of factors that contribute to the postoperative inflammatory
response may have the potential to miniInize intra-abdominal complications.
In this light this thesis focuses on the question whether peritoneal lava ge, a
peroperative procedure generally regarded as protective and unharmful, may
have adjuvant effects on peritonea 1 responses. This section will discuss the
results obtained from the experimental and clinical studies perfonned with
regards to the three ohjectives fonnulated in the preface.

Tbe ;nj1uellce of pe1'operative lavage solutÎons
11Iec!JfI1l;S11JS ;11 vitro.

OIJ

peritoneal defence

The peritoneal cavity may he se en as an organ Hned with metabolically very
actÎve cells, i.e. mesothelial cells. One mcthod to ohserve the reactivity of this
particular important celllayer to stimuli is by jl1 7,/;11'0 experiments. Dur1ng jll
v;tro exposure of mesothelial cel1s to lavage solutions th at are nowadays used
we have shown most lavage solutions to affect cell morphology ill v;tI'O.
Clinically used lavage solutions were shown to he cytotoxic (Chapter 1), and
to increase the permeahility of the mesotheHal monolayer (Chapter 1). This
is in concordance with jll vivo observations of Tolhurst and co-workers who
demonstrated that after peritoneal lavage with Hartmann's solution serosal
healing was delayed. They also observed severe morphologic changes of the
152

mesotheliallayer in histological studies. In addition, we found that the functional properties of mesothelial cells, pivotal in the peritoneal defenee, can
also be disregulated by exposure to various solutions. Lavage solutions appear to affect mesothelial eeH function in the following way:
bl' enhaneing thc pro-inflammatory el'tokine (IL-8) release (Chapter 1)
bl' altering the expression of thc adhesion molecule ICAM-l (Chapter 2)
by changing the balance between plasminogen activa tor and inhibitor release .nd bl' inducing the aetivity of the inhibitor of fibrinolysis (Chapter 3)
bl' affeeting the procoagulant activity (Chapter 3)
Although the mesothelial reaction to lava ge solutions can be considered as an
ovcrshoot of a normal physiological response to stimuli, the observation that
the effects on mesothelial functÎonal properties different per solution (ta bie 1)

may be of great interest in the seareh for an ideal solution. This ideal solution should at least be non-toxie and should be supplemented with a potential agent th at favourably influenees the peritonea I inflalmnatory response.
However, in any consideratioo of the composition of sueh a solutioo, the
potential damaging effeets of an exeessive inflammatory response must be
outwelghed against the beneficial effects.
Table 1. Overall reaction of varlous solutIons on mesothellal cellular functions
salt solutions
IL-8
!CAM-1
PAI-1

+

PVP-I

Dakin's

Taurolin

chlorhex

~

++

++
+

++

+

++
+

++

~
~

+

TF

+
++

++

!

+ = stimulatlng, - = no effect,
= inhibiting.
ICAM-l= intercellular adhesion molecule-l.ll-8= Interleukln·8. Tf= tissue factor. PAI-l;:; pla·
mlnogen activator inhibitor-1. PVP-I= povldone iodine, chlorhex= chlorhexidine.

A eharacteristic intra-abdominal complication induced by ascending
chlamydial infection is the typical violin string adhesion formation whieh may
result from local immunologically mediated inflanunation and fibrosis. \Vhen
we compared the changes in functional properties of mesothelial cells after
incubation with various lavage solutions with thc responses of mesothelial
cells to infection with C. tracb01J111tis (Chapter 7), we observed much resemblanee in reaetivity. Pro-inflammatory, proeoagulant and fibrinolytic responses were altered to a proportional extent. Because aetivation of the inflammatory cascade may contribute to complications seen after abdominal surgery,
we consider that this overshoot induced by exposure to nowadays used lavage solutions should be avoided.
Studies on another eell type, the neutrophil, which is important in the
non-specific dcfenee mechanism of the peritoneal cavity, resultcd in similar
findings. The neutrophil plays a central roie in thc pathogenesis of tissue
in;ury and has nvo prerequisites to become injurious; adhesion to tissue cells
and the sccretion of histotoxic agents. -VVe have shown that there is evidenee
of an alteration of the neutrophil activation response after exposure to lavage
solutions in terms of rate of hydrogen peroxide production (Chapter 1). At
the same time, the expression of the ICAM -Ion the mesothelial membrane,
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important in neutrophil-mesothelial adherancc, was 3150 enhanced after
exposure ta some solutÎons (Chapter 2). lt has been shown that activated and
therefore adhesive neutrophils induce more damage ta thc tissue they ad here
ta than non-adhesive neutrophils. Therefore, Dur observations support the
theory that aftee peroperative exposure ta lavage solutions, postoperative
modulation of neutrophil functÎon and increased adhesivencss may accue,

which may predispose for intra-abdominal complications. However, It is
generally considered that thc injurious neutrophil effects in acute inflammation arc normally outwcighed hy their positive role in tissue defence mechanisms. It may be hypothesized that an alteration in ncutrophil activation and
expression of adhesion molecules induced by peritonea I lava ge may therefore
not aggravate the response of the host to surgical injury. However, irrigation
will not be restricted to the operation field, but will cover much more of the
peritoneal surface and reach even those parts which were not initially activated by surgery or infection.

Tbe effect ofpel'opel'ative lavage
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postoperative respoJ/ses ill vivo.

lt is questionable whether the effects of peroperative lavage determine the
flnal postoperative response of thc peritoneum during conditions in which
lavage will be performed. To verify our JIJ vitro observations, studies in vivo
were conducted to investigate the postoperative effects of various lavage solutions when exposed to the peritoneum during laparotomy. In both il1 vivo studies the contribution of lavage to an already changed environment was tested.
Moreover, in contrast with the il1 vitl'o situation, not only the effect of exposure to various solutions but also the effect of the operating procedure has to
be taken into account.
Firstl}', we studied the incidence of adhesions after laparotomy and lavage in a rat adhesion model (Chapter 4). The main conclusion drawn from
this study is that exposure to lavage solutions during intra-abdominal surgical interventi,on increases postoperative adhesion formation. Considering the
pathogenesis of adhesion formation, we may deduct that lavage solutions
interfere with beneficial postoperative peritoneal responses, By lack of suitabie assays to study the dynamics of media tors in a rat model, we only
indirectly proved th at as a result of peroperative irrigation, the postoperative

peritoneal environment changed and in this way induced adhesion formation.
Another conclusion derived from this study is that there seerns to be a correlation between the Îtz vitro results of mesotheHal reaetivity to solutions and
the percentage adhesions found after peritoneal ischemie injury and lavage Îtz
vivo. From our ill vitro experiments we could distinguish between very aggressive, aggressive and less aggressive solutions. This classification eould also be
made on the basis of the bi vivo data. However, lavage with PVP-I failed to
reduce adhesion formation iu vivo in spite of the favourable results observed
iIJ vitro. The assumption that ill vitro PVP-I, as a highly viscous solution,
reduced the mesothelial activity by its coating effect may be clinically not significant and may account for the discrepancy with the i11 vivo result. Another
reason may be the differences in species, in particular the difference in peritoneal fibrinolytic activity benveen human and rat peritoneal tissue.
Secondly, the dynamics of cytokine production, procoagulant and flbrinolytic responses in e1ective surgery with peroperative lavage were studied
(Chapter 5). During the past few years plasma levels of inflammatory medi.tors in intra-abdominal infection have been extensively studied, but may only
indicate the spill over from the peritoneal cavity. Local peritoneal concentrations are more Hkcly to be of primary biologic and clinical importance. It
appears that these Ioc al concentrations act in a paracrine fashion, and that the
intensity of the peritoneal response (hwuoral as weil as cellular) correlates
with adverse postinjury events. Local measurement of important media tors
involved in wound healing, adhesion formation and twnour recurrence may
reveal the severity of an initially local process.
Operation itself obviously induces a distinct effect on the media tors we
assessed. A detailed evaluation of changes in cytokine, coagulant and fibrinolytic responses postoperatively has been described. Interestingly, peritoneal
lavage is effective in dccreasing the peritonea 1 levels of cytokines in the early
period (O-6h) after operation, although exposure of the peritonewn to the
solution may initially activate the mesothelial monolayer. The use of these
solutions as prophylactics during routinely performed intra-abdominal surgery descrves ftuther attention: whether initially impaired peritoneal cytokine
levels after surgery are beneficialor not remains to be investigated. On the
one hand, enhanced cytokine levels in the 6-24h drain fluid postoperatively

may indicatc that feedback occurs of the early decreased levels. On the other
hand, enhanccd levels could also result from activation of the peritoneum in
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response ta peroperative lavagcJ which may exceed thc initial dilution 6-24h
after operation. Thc relationship between changes in reactivity of the peritoneum aod exposure to lavage solutions may be demonstratcd when thc fibrinalytie mediators are taken inta account. lndentical changes in levels of thc
fibrinolytic activator (tPA) and the llbrinolytic inhibitor (PAl-I) were observed, as in bz Vit/'0 experiments.
Measurements via drains in thc abdominal cavity at thc non-operated
aod operated site showed different levels of mediators in bath arc as. In thc
operatcd area thc effeets of lavage may not be as dramatic as in parts of thc
peritoneal cavity that are not related ta thc wound. Other factors may overCorne thc effects induced hy lavage. Thereforc, it is concludcd that the influence of lavage may especially affect those parts of the abdominal cavity with
minimal daulage and activation of the peritoneum. In accordance, our rat
experiments showed that in the area with induced ischemie injury to the peritoneum, subscquent lavage increased adhesion fonuation.

lvlodlliatioll ofbioebemieal parameters of11lesotbelial eells by
oxygen radjeal scavengers.
The inflammatory response to injury, infection or even the presence of caneer cells in the peritoneal cavlty is at least partially mediated through thc
effects of reactive oxygen compounds. Among these is hydrogen peroxide,
whieh acts on peritoneal eells either directly, or indireetly through augmen156

tadon of for instanee eytokine synthesis. Proteetion against aetivation by
reactive oxygen compounds may have the potentlal to decrease the inflammatory response of the peritoneum and thus the eomplication rate after intraabdominal surgery. To simulate oxygen stress as may occur during surgery,
mesothelîal cells were exposed to extracellularly added hydrogen peroxide,
air-drying conditions as weIl as cytokine stimulation (lL-l P). In these in v;tro
models we found that mesothelial eells are very sensitive to oxygen-mediated
activatian and damage. Recent data descibe mesothelial cclls ta prateet themselves against oxygen stress mainly by the gluthatione pathway. We observed
that addition of reactive oxygen scavengers to the culture medium, in particular N-acetylcysteine and catalase, prevented mesothelial ceU activatlon
and damage induced by axidative stress (Chapter 4). The comblnation of

intra- (N-acetylcysteine) and extracellular (catalase) acting scavengers may
complement the natural defence against reactive oxygen compounds and we
therefore suggest that addition of scavengers to an irrigation solution may be
beneficia I to prevent an overshoot of the inflammatory response after Întraabdominalintervention.
In our studies, pre-ineubation with scavengers showed to be more effective than exposure to seavengers after stimulation. Therefore, in case of proposed irrigation with scavengers the time of aetion may be important in preventing non-specifie tissue activation and injury. This implicates that lavage
with seavengers at the onset and during operation may he more effective than
at the very end of the procedure in redueing the side effects of oxidative activation and injury in the postoperative period.

Fillnl cOllclllsioIJ
Peroperative lavage is more than mechanical clcansing of the abdomen.
These studies have shown that lavage may eontrihute to the postoperative
peritoneal inflammatory response and affect intra-abdominal eoagulant and
fibrinolytic aetivity. The biological significa nee of these observatÎons rcquires further study, in partieular in a peritonitis and tumour model. The clinical implieation is, however, that to prevent non-specifie inflammatory
responses we should either not irrigate the peritoneal cavity or at least use a
non-toxie solutioI\J beeause th is preserves in particular the mesothelial eeU
layer aod its regulatory function. Addition of specific eompounds to this soludon soeh as serum, proteins or scavengers mar prevent peritoneal eeU activation and restore natural peritonea I defences. It seems prudent to take every
precaution to minimize injury and activation of the peritoneum by restrieted
use of any solution, until ;11 vivo studies provide support for irrigation with a
newly eomposed solution. Nowadays available lavage solutions induee Ioeal
peritoneal responses and may thus lead to intraperitoneal complications after
ab domina I surgery.
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Summary

The General Introduction outlines the history of peroperative peritoneal
lava ge. It overviews the pathophysiology of Ioeal peritoneal defence meehanisms and the responses of cellular and humoral components. Factors detrimental to the host response and options for controlling or modification of
these processes are discussed. A definition of the ideal lavage solution is
given.
Chapter 1 examines the effeets of seven peroperative lavage solutions on
mesothelial and neutrophil vlability and function. Ineubation with most solutions caused severe ceU damage, disturbance of the integrlty and activation of
eytokine (interleukin-8) release of mesothelial monolayers. Neutrophil function was also affected, as shown by changes in superoxide anion release after
exposure to some solutions.
Chapter 2 describes the influenee of lava ge solutions on the expression of
mesothelial ceH-associated molecules that play a major role in the pathophysiology of abdominal inflammatory proccsses. After short exposure to various
solutions, the expression of intercellular adheslon molecule (ICAM)-l but
not that ofvascular adhesion molecule (VCAM)-l was significantly inereased.
In th is wa)', peroperative Iavage may contribute to neutrophil-mediated
damaging conditions and tumour ccll adhesion.
In Chapter 3 we studied the proeoagulant and fibrinolytic rcsponses of
mesothelial cells after exposure to various lavage solutions. Besides modula160

don of thc release and activity of the inhibitor of the fibrinolytie cascade
(PAl-l), we observed also inereased expression of functional tissue factor on
the surface of mesothelial ceUs after exposure to some solutions. Therefore,
peroperativc lavage may delay postoperative restoration of the physiological
ba la nee between peritoneal coagulation and fibrlnolysis.
Chapter 4 gives the results of an experimental study in rats. In au adhesion
model with induced peritoneal ischemie in;ury and subsequent lavage the
postoperative response of the peritoneal cavity was determÎned by scoring thc
extent of adhesion formation. Laparotomy followed by peritoneal lavage
indueed significantly more adhesions than without lavage. These results correlate with the hypothesis that peritoneal lavage induces postoperative
peritoneal activation and thus adhesion formation.

Chapter S con ta ins a study in patients in which the peritoneal reactivity after
elcctive abdominal surgery with or without subsequent peritoneallavage was
evaluated. In collected peritonea 1 drain fluid various mediators were determined. Irrigation depresscd pro-inflanunatory cytokine concentrations in the
early period after operation, and induces a rise in interlcukin-6 and 8 after
24h. Increased procoagulant and accelerated anti-fibrinolytic responses in the
peri~oneal fluid after peroperative lavage were observed. These data indicate
that as a result of peroperative lavage peritoneal responses are alter ed. The
clinical relevance in terms of these alterations being directly responsible for
intra-abdominal complications remains to be elucidated.
In Chapter 6 the effects of reactive oxygen compound scavengers on mesothelial cells were investigated. Oxidative stress is commonly generated during
intra-abdominal surgical intervention and may play a key role in the pathogenesis of postopcrative complications. This chapter presents three different

ill vitro models of mesothelial cell activation as they may occur during operation. Addition of reactive oxygen scavengers such as N-acetylcystcine and
catalase to the culture medium protected mesothelial monolayers against
damage and activation.
Chapter 7 focuses on the responses of mesothclial cells infccted with
Cbltlmytlia tJ'flchomflfÏs. Intra-abdominal complications induced byascending

chlamydiae may dep end on Iocal immunologically mediatcd inflammation
and fibrosis. We studied the pro-inflammatory, procoagulant, and fibrinolytic responses of mesothelial cells after initial infection and found much sim ilarity with the responses of mesothelial cells to lavage solutions in vitro.
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Samenvatting

De Algemene Introductie bevat een overzicht van de literatuur op het
gebied van peritoneaal spoelen. De pathofysiologie van de locale verdediging
en de cellulaire en humorale afweerreacties worden besproken. Factoren die
de lokale afweerreactie zouden kunnen verstoren dan wel opties om de
afweerreacties te versterken worden bediscussieerd. Eigenschappen van de
ideale spoelvloeistof worden beschreven.
In Hoofdstuk 1 worden de effecten van zeven spoelvloeistoffen op de vitaliteit en functionaliteit van mesotheelcellen en neutrofielen beschreven.
Blootstelling aan de meeste vloeistoffen veroorzaakte ernstige schade, verstoring van de integriteit en activa tie van mesotheelcellagen. Ook de neutrofielenactiviteit in de vorm van zuurstofradicaalproduktie gaf duidelijke veranderingen te zien na incubatie van deze cellen in sommige spoelvloeistoffen.
Hoofdstuk 2 geeft een beschrijving van de invloed van spoelvloeistoffen op
de expressie van cel-geassocieerde moleculen. Deze adhesiemoleculen spelen
een rol in de pathofysiologie van abdominale inflammatoire processen. Na
korte incubatie van mesothecl met verschillende spoel vloeistoffen blijkt met
name de expressie van ICA1vI-l, maar niet de expressie van VCAM-l, te veranderen. Op deze manier zouden spoelvloeistoffen kunnen bijdrage aan neutrofiel-gemedieerde beschadigen de processen en aan tumorceladhesie.
In Hoofdstuk 3 bestudeerden we de stollings- en fibrinolytische eigenschappen van mesotheel na blootstelling aan verschillende spoelvloeistoffen ..Met
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name de release en activiteit van de remmer van de fibrinolyse (PAl-I) veranderdt na incubatie met sommige vloeistoffen. Daarnaast blijkt ook de stollingsactiviteit in de vorm van tissue factor expressie op de mesotheelcdmembraan aangedaan. Hieruit mag worden geconcludeerd dat het peroperatief
blootstellen Van mesotheel aan spoelvloeistoffen het postoperatieve herstel
van het peritoneale evenwicht tussen stolling en fibrinolyse zou kunnen verstoren.
Hoofdstuk 4 bevat de resultaten van een experimentele studie in ratten. In
een rattenadhesiemodel, waarin ischemische schade wordt aangebracht aan
de laterale peritoneum wand door middel van hechtingen, werd de buikholte
aan het einde van de operatie niet gespoeld of gespoeld met een bepaalde

vloeistof. Na twee weken werd het percentage adhesies in het ischemische
gebied gescoord. Laparotomie gevolgd door peritoneale lavage veroorzaakt
significant meer adhesievorming dan in het geval dat de spoeling achterwege
blijft. Dit gegeven komt overeen met de gedachte dat peroperatief spoelen
postoperatieve peritoneale activatie kan veroorzaken en hiermee adhesievorming kan bevorderen.
In Hoofdstuk S wordt een studie gepresenteerd waarin de peritoneale reactiviteit na een electieve darmoperatie met en zonder spoelen wordt geëvalueerd. In het verzamelde drain-vocht van 30 patienten werden diverse onstekings-, stollings- en fibrinolytische media toren bepaald. In gespoelde buiken
blijkt de inflamrnatoire cytokine-concentratie in de vroege periode na operatie significant verlaagd te zijn) maar na 24 uur zagen we juist weer een stijging van zowel interleukine-6 als -8. Tevens wordt een toename van de stollingsmediator (tissue factor) en verandering in de anti-fibrinolytische reactie
(PAl-l) in het drainvocht van gespoelde huiken ten opzichte van niet gespoelde buiken gevonden. Deze studie toont aan dat als gevolg van peroperatief
spoelen de peritoneale reactiviteit wordt beinvloed. Of deze veranderingen in
reactiviteit direct bijdragen aan intra-abdominale complicatievorming moet
nog worden onderzocht.
In Hoofdstuk 6 worden de effecten van zuurstofradicalen op mesotheel
onderzocht. Gedurende een intra-abdominale ingreep speelt oxidatieve stress
een belangrijke rol in het ons taan van complicaties. In drie verschillende ;11

vitro modellen werd mesotheelactivatie bestudeerd zoals tijdens een operatie
zou kunnen plaatsvinden. Toevoeging van N -acetylcystcine en kata la se aan
het kweekmedium blijkt bescherming te bieden tegen mesotheelbeschadiging
en activatie.
Hoofdstuk 7 beschrijft de in vitro reactie van mesotheel na infectie met
Cblfl1J/ydi(l tracb01J/fltiS. Intra-abdominale complicaties na een opstijgende

chlamydia-infectie zijn mogelijk het gevolg van immunologisch gereguleerde
inflanunatoirc cn fibrotische reacties. Wij bestudeerden inflamrnatoire, stollings en fibrinolytische reacties na infectie en vonden veel gelijkenis met de
reactie van mesotheeJ na blootstelling aan sommige spoclvloeistoffen.
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De gastvrijheid van meerdere laboratoria gaf mij de mogelijkheid te zien dat
wetenschap op vele manieren kan worden bedreven. Naast praktische zaken
heb ik ook wijsheden op mogen doen. Allereerst wil ik mijn bewondering
uiten voor mijn co-promotor Piet Leguit. U creëerde een omgeving optimaal
voor mij om productief in te kunnen werken. Het genereren van resultaten is
één, het overbrengen is een ander verhaal. Geduld bleek hier de oplossing, en
geduldig was u. Dank voor het deelgenoot maken van uw bron van wetenschappelijke als ook spirituele ideeën. Hous Jeekei, u heeft de voorwaarden
geschapen om het onderzoek in deze vorm te kunnen verdedigen.
Werkbesprekingen in Rotterdam waren transculturele bijeenkomsten waar
meerdere wegen samenkwamen. In de brij van experimentele resultaten bleef
u steeds bij de klinische les. Dit'k Roos, je andere kijk op de te onderzoeken
materie was onmisbaar. Met name de start was met jouw adviezen er een in de
goede richting. Als praktica terechtgekomen in een theoretische wereld voelde ik me begrepen. Jouw inlevingsvermogen maakt een optimale gedachtenwisseling mogelijk, en de brug tussen kliniek en laboratorium werd geslagen.
Rob Diepers/oot, antibiotica studies onder jouw supervisie worden spannend,
microbiologisch ben ik aardig bijgeschoold. Ik werd opgenomen in het routinelab en heb drie jaar geprofiteerd van de goede organisatie daar. Zonder
deze secundaire omstandigheden was het allemaal niet zo voorspoedig gelopen. Alles bleek altijd mogelijk "in dienst van de wetenschap" en mijn dank
hiervoor is oneindig groot. Apollo Pronk, in den beginne zaaide jij mesotheel,
ik heb de meeropbrengst mogen oogsten. Met de vraag na een jaar of ik het
allemaal nog wel leuk vond wist ik me al die tijd geestelijk ondersteund.
Groot was je betrokkenheid met waar ik mee bezig was en de vorderingen
hierin. Jij hield me op het doelgerichte pad met subtiele adviezen, die zoals je
weet bij mij beter aankomen. Amteke ZeillemnkCl; enthousiast als je was over
de basale wetenschap ben jij zeker de aanzet geweest tot mijn duik in het
diepe. Jouw opvolgen was een genot, mijn bedje gespreid met de sleutels tot
de meerdere laboratoria onder het hoofdkussen. Alle onderzoeksfasen heb je
dubbel moeten beleven. Paranimf was je gedurende drie jaar, vanaf nu zal ik
het zelf aan moeten kunnen. De Stichting Wete11Schnppe/ijk Onderzoek
Dinkonesseubllis Ut,."ht (SWODU) is en blijft het fundament van dit geheel.
Heren chirurgen, Al·tblll~ Geen-Jou en Keesj kilo's omentum kon ik verwerken,
een onuitputtelijke aanvoer van patienten voor meerdere onderzoeken.
Bedankt, de bereidheid was ongelofelijk groot. AssistentC1J cbirllrgie; met groot
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enthousiasme werden patienten door jullie in mijn studies geloodst, zeer
belangrijk voor de voortgang van dit onderzoek. OK nssistelltetl etl secretaresses;
mijn eeuwige vraag werd jullie nooit teveel. Jullie nummer 6395 staat zo in
mijn geheugen gegrift dat ik er mijn pincode van hch gemaakt. Microbiologiscb
lab; dames en enkele heer, overal scharrelde ik wat tussendoor met buisjes en
cellen en toch bleven jullie geduldig met me. Dit alsmede de gezelligheid
waren belangrijke dagelijkse geneugten die mij deden volharden. ]olJ/l; de
eerste maanden heb je gemiddeld 50 vragen per dag van lUij beantwoordt,
misschien wordt het tijd voor het schrijven van een weefsclkweekhoek.
7jïeuie; het geven van computeradvies blijft een ongebalanceerde vorm van
menselijke interactie. De vrager profiteert, tenvijl de adviseur alleen maar
wordt gestoord in zijn activiteiten. CLB afdeling eelcbemie is voor mij het voorbeeld van een rustige onderzoeksomgeving, waar je tot diepere inzichten
komt. Eric; zo blij kan je worden als je onderzoek blijft doen. Voor elk p~o
bleem een protocol. Helaas praat je iets vlugger dan dat ik schrijf. Met dank
voor je eerste gouden tips voor een goede proefopzet, de basis van elk bruikbaar resultaat. Op de afdelingen Besmettillgsleer (Jos Vllll Strijp) et~
HllelJJatoiogie (Flip de Groot) vall bet AZU werd ik gastvrij ontvangen en mocht
mijn hypothesen ongeremd toetsen door te stoeien met het apparatuur. Het
experimentele lab van het Dijkzigt te Rotterdam, met name Riebard Marqllet

170

en Fred Bont/mis, be~ ik ook zeer erkentelijk voor het kunnen toetsen van mijn
laboratoriumresultaten op levende wezens. Frank VisserelI, jouw internistische
geneuzel en mijn chirurgische ongenuanceerdheid, ach ja, dat was een goed
jaar voor de wetenschap. Fl'its HollelJJan, het SWODU hart zal niet meer zo
kloppen nu jij de kliniek ingegaan bent. Fantastisch hoe je altijd bereid was
nieuwe studiepatienten op te vangen als ik me weer schuilhield in wetenschappelijke centra elders. Helue, Koop, Vincent, Petroftsjka en assistenten
microbiologie; Sllskia, Edwi1J, EI/eu eu KIlt'iu-Ellen, Steveu al dan niet verstand
van onderzoeken of van het leven, het van gedachte wisselen over allerlei
zaken heeft me verder gebracht. Ieder zijn kwaliteiten Biet, een mooier afstudeerkado kon ik me niet wensen. Cm'ol; mijn steun en toeverlaat op communicatief gebied. Als 'leek' ben je niet meer bruikbaar voor het aanhoren van
mijn onderzoeksverhalen, je weet er inmiddels teveel vanaf. Dots; inhoudelijk
zal het hier en daar te ver gaan, maar er staat in het dankwoord geen persoon
waar jullie de achtergrond niet van kennen, eindelijk zullen jullie ze ook in
het echt gaan zien. En dan natuurlijk mijn familie; altijd zal ik het blijven:

jullie jongste dochter/kleine zusje. Eindelijk had ik iets gevonden waar jullie
me niet in voor waren gegaan: promoveren. Niet dat ef nu opeens naar me
geluisterd gaat worden, maar ik heb wel genoten van de aandacht hiervoor,
dank!
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