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LPS Lipopolysaccaride (endotoxin) 
mAb Monoclonal antibody 
MALT Mucosa associated lymphoid tissue 
MHC Major histocompatibility complex 
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Introduction

Peritonitis 
Peritonitis or intra-abdominal sepsis is an inflammation of the peritoneum 
from any cause. Reports on surgical treatment of peritonitis were available 
early in the surgical literature (Mikulicz J, 1881), at that time with a mortal-
ity rate between 80 – 90 % (116). In 1926 Kirschner reported a decrease in 
mortality to an average of 50 %, with the development of new operative 
techniques, the introduction of antibacterial chemotherapy and intensive care 
(81). After the discovery of penicillin by Fleming, there was no great      
improvement in treatment results. Only since the mid 1970s have we been 
able to register further improvement down to about 30 % mortality, due to 
broadspectrum antibiotics, improvement of ICU monitoring and a more  
aggressive and optimised surgical approach. Still no definitive therapy exists 
that can successfully treat sepsis and its complications. The diagnosis is  
supported by clinical signs, e.g., abdominal pain and tenderness, nausea, 
vomiting, diminished intestine sounds, fever, shock, radiographic and     
microbiologic evidence (43). Clinically peritonitis is often classified either as 
local or as diffuse. Local peritonitis refers to loculi of infection, usually 
walled-off or contained by adjacent organs (peritoneal defence system = 
omentum majus and fibrin formation), whereas diffuse peritonitis is        
synonymous with generalized disease, i.e spread to the entire cavity. The 
bacteria then reach the general circulation via subperitoneal lymphatic    
lacunaes, through diaphragmatic lymphatic valves into ductus thoracicus (2).
    Since intra-abdominal infection takes many forms, there are a number of 
classifications (Table 1). To compare treatment results from different clinics 
using different therapy modalities, various scoring systems have developed. 
APACHE II scoring is one of the most commonly used systems and is pro-
posed for grading the severity of the infection and for stratification of patient 
risk of mortality (123). The normal human intestinal flora contains most 1012 

colony forming units per gram of faeces and at least 400 species of bacteria 
are present in the gut (184, 57). Especially the anaerobic microflora, acts to 
resist colonization. The pathogens normally detected in peritonitis are the 
same that commonly are known to translocate: the Gram-negative bacteria as 
Escherishia coli (E.coli), Klebsiella, and Pseudomonas (13). When peritoni-
tis persists, Pseudomonas aeruginosa, Enterobacter, Enterococci and Can-
dida albicans may be isolated (168).
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When the inflammatory response gets out of control, multi organ failure will 
ensue and surgery can no longer limit the immune response, emphasizing the 
need for timely operation in suspected peritonitis (Table 2). Intraabdominal 
infections are found to occur in 25 % of patients with multiple organ failure 
in surgical ICU. 

Table 2. Therapeutic strategy in intra-abdominal sepsis.  

1) Primary, refers to spontaneous bacterial invasion of the peritoneal 
cavity. This mainly occurs in infancy and early childhood, in cirrhotic 
patients and immunocompromised hosts. 

2a) Secondary dependent, describes: 
I) The acute perforation of a hollow viscous 
II) Postoperative due to leakage
III) Posttraumatic 

2b) Secondary independent, when intra-abdominal organ sustain an insult 
from splanchnic hypoperfusion e.g. bowel wall necrosis and transloca-
tion of enteric bacteria from the gut.  

3) Tertiary, is characterized by persistent or recurrent infections with 
organisms of low intrinsic virulence or with predisposition for the 
immunocompromised patient. It usually follows operative attempts to 
treat secondary peritonitis and is almost always associated with a sys-
temic inflammatory response.  

         (17, 76, 101, 106, 107) 

Table 1. Peritonitis classified according to etiology. 

1) Elimination the source of infection. 
2) Removal of infective materials, necroses,  
    and toxins.

Surgery, 
Percutaneous drainage

3) Optimization of defence mechanisms against 
infection.

Antibiotics,
Immunotherapies 

4) Treatment of the consequences of infection. Intensive-care  
treatment 

 (33,107,108) 
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Obstructive jaundice
Increased levels of specific liver variables in serum as bilirubin, alkaline 
phosphatase (ALP) and alanine aminotransferase (ALAT) are indicators for 
liver damage in obstructive jaundice (118). Surgery in patients with obstruc-
tive jaundice is frequently associated with postoperative, mainly septic, 
complications (88, 165). These complications have recently been associated 
with a proinflammatory state resulting from portal and systemic endotoxemia, 
bacterial translocation, and subsequent activation of the inflammatory cascade
leading to the sepsis syndrome (30, 39, 77, 129, 155). Increased levels of 
TNF-  and interleukin IL-6 and depressed cell mediated immunity have been 
demonstrated experimentally (12, 174), as well as clinically (4). 
    A reduction in liver reticuloendothelial system function leading to a    
diminished clearance of endotoxin by Kupffer cells (35, 176) have been  
correlated to acute renal failure and sepsis (38). Furthermore, it is very likely 
that the normal clearance of endotoxin to the bile will be decreased in biliary 
obstruction. Systemic endotoxemia, and the additional inflammatory       
response caused by the operative trauma itself, have been associated with
postoperative morbidity. Studies of the intestinal mucosa in a jaundice rat 
model with bile duct ligation, have demonstrated an atrophic mucosa with 
decreased villous density and thickness, and an increased apoptosis rate most 
marked in the distal ileum (133). 

The absence of bile within the gastrointestinal tract allows intestinal 
overgrowth and the combination of bacterial overgrowth and mucosal injury 
appears to promote bacterial translocation (31). It remains uncertain whether 
preoperative drainage by endoscopic insertion of an endoprosthesis influ-
ences the inflammatory response. Recent data from the literature show
conflicting results (65, 135, 151, 158). Even with internal drainage, restora-
tion of normal immune parameters takes weeks or months (155). 

Innate and adaptive immunity 
The immune system is seen as a guardian of tissue integrity evolved to   
protect us from invasion by various pathogens. The invasion of host tissues 
by microorganisms evokes a complex and highly conserved response that 
serves to recruit inflammatory cells to the site of challenge and to optimise 
local defences to kill the invading bacteria, minimize microbial dissemina-
tion beyond the site of infection, and initiate the processes of tissue repair. 
Immunity to pathogens links two effector arms of the immune response: the 
'frontline' defences of innate (natural or native) immunity with that of    
adaptive (acquired) immunity.  

The innate immunity is particularly important in warding off bacterial and 
viral infections presenting at the mucosal cell surface (68, 195).                
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The components of innate immunity are: physical and chemical barriers  
(epithelia, antimicrobial chemicals), natural killer cells and phagocytes 
(macrophages, neutrophils), blood proteins (complement) and cytokines. The 
effective development of the overall immune response depends on careful 
interplay and regulation between innate and adaptive immunity (130). 
Epithelial- and immune cells of the innate immune defence system can   
recognize pathogen-associated molecular patterns, such as those that occur 
in the bacterial cell wall, through their Toll-like receptors (TLRs) (92, 127), 
and then elicit pathogen-specific cellular immune responses. 

Adaptive immune responses develop later and consist of activation of 
lymphocytes and their products; antibodies (Abs) and cytokines (190). The 
adaptive immune system is necessary for protection from polymicrobial 
sepsis and plays a significant role in regulating the inflammatory response to 
injury (160). The adaptive immune system can be divided into humoral and 
cell-mediated responses. In humoral immunity, B lymphocytes secrete Abs 
that eliminate extracellular microbes, this process requires the help of     
activated T cells. 
    In cell-mediated immunity, T lymphocytes are subdivided due to their 
membrane-associated glycoproteins into helper (h) T cells (CD4+) and    
cytotoxic T cells (CD8+). T lymphocytes either activate macrophages to kill 
phagocytosed microbes (CD4+ T cells) or destroy infected cells (CD8+ T 
cells). CD4+ T helper lymphocytes may differentiate further into Th1 and     
T h2 subsets of effector cells, producing distinct sets of cytokines (149). Th1
cells favour the phagocyte-cell mediated functions, producing interleukin 
(IL)-2 and interferon gamma (IFN ), thus activating CD8+ cells. Conversely, 
T h2 cells secrete IL-4, IL-5, IL-6 and IL-10, activate B cells, stimulate   
immunoglobulin E (IgE) reactions and downregulate Th1 responses. Unlike 
B cells, which recognize Ag in its native form, T cells recognize the Ag after 
it has been processed and attached to specific protein complexes, major  
histocompatibility complex (MHC) class I or II molecules, on the surfaces of 
Ag presenting cells (APCs) (19). MHC is the gene region coding for    
“transplantation Ags”, in humans called the “human leukocyte Ag” (HLA).  
The contact with the Ag by the specific T cell receptor (TCR) triggers the      
immune response, through release of cytokines from the activated T cells.    
T lymphocytes expressing the surface marker CD8 recognize foreign Ag in 
association with MHC class I, and CD4+ cells recognize Ag in association 
with MHC class II. MHC class I Ags are expressed on most nucleated cells 
(58) and MHC class II Ags are expressed on B lymphocytes, APCs, macro-
phages, activated T lymphocytes, but also on endothelial and epithelial cells 
(28).
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Lymphocytes and the lymphatic system
Lymphocytes arise from stem cells in bone marrow, and differentiate in the 
central lymphoid organs, B cells in bone marrow and T cells in the thymus. 
They migrate from these tissues and are carried in the bloodstream to the 
peripheral or secondary lymphoid organs, the lymph nodes, the spleen, and 
lymphoid tissues associated with the gut mucosa. The peripheral lymphoid 
organs are the sites of lymphocyte activation by Ag, and naive T lympho-
cytes recirculate between the blood and these organs until they encounter 
Ag. Effector T- and memory cells are often recruited to peripheral sites of 
inflammation, where microbial Ags are located. Adhesion molecules govern 
the recirculation process of lymphocytes. The process, by which particular 
subsets of lymphocytes selectively enter some tissues, but not others, is 
called “lymphocyte homing”(21, 188). The lymph nodes consist of an outer 
cortex where the follicles, B cell rich areas, are situated. Germinal centres 
are follicles, which develop in response to Ag stimulation. The inner para-
cortex is the T cell rich zone; approximately 70 % of these T cells are CD4+

cells. Beneath the paracortex is the medulla, consisting of medullary cords 
and sinus. These cords are populated by macrophages and plasma cells. In 
rats the mesenteric lymph nodes (MLNs) are located close to the cecal wall 
and drain the small intestine together with the first part of colon (60). 

Mononuclear phagocytes
Mononuclear phagocytes develop from hematopoietic stem cells in the bone 
marrow, circulate in the blood as monocytes, and are resident as          
macrophages in all tissues of the body. They have important function in both    
innate and adaptive immunity (89). Their effector functions in innate      
immunity are to phagocytose microbes and to produce cytokines that recruit 
and activate other inflammatory cells. In the adaptive phase Ag stimulated T 
cells activate macrophages to destroy phagocytosed microbes. They also 
have an assessory function as APC, which are to display Ag on their surface 
that can be recognized by CD4+ T lymphocytes.  

Apoptosis
Apoptosis is a highly regulated DNA-dependent cell suicide mechanism, 
which occurs under physiological and pathological conditions (194). It is the 
main method of the body to in a controlled manner get rid of cells, which are 
in excess, damaged, or no longer needed. Most tissues, and especially the 
skin, gut, and immune system, depend on well-ordered apoptosis and cell 
replacement. In contrast to active cellular necrosis that occurs after         
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destruction of the cell membrane, apoptosis refers to the morphological  
findings characterized by cellular shrink, nuclear and cytoplasmic condensa-
tion, membrane blebbing, and fragmentation of this into apoptotic bodies. 
The apoptotic cell is quickly recognized and phagocytosed by macrophages 
and/or dendritic cells. Recent evidence indicates that uptake of apoptotic 
cells impair the immune function of surviving cells and contributes to     
immunosuppression (172). During the septic syndrome, lymphocyte      
apoptosis can be triggered by the absence of interleukin-2 (IL-2) or by the 
release of glucocorticoids, granzymes (granules of cytolytic lymphocytes, 
natural killer and cytotoxic T cells), or the so-called “death”activators:    
tumour necrosis factor alpha (TNF- ) or Fas ligand. Apoptosis proceeds via 
auto-activation of cytosolic and/or mitochondrial caspases (intracellur     
cysteine proteases), which can be influenced by the pro- and anti-apoptotic 
proteins of the Bcl-2 family (62). It is now clear that caspase activation is a 
hallmark of almost all apoptotic systems. Activated caspase-3, is a main 
effector caspase of the apoptotic cascade within cells (52). Excessive     
apoptosis is associated with ischaemic heart disease, stroke, neurodegenera-
tive disease, sepsis and multiple organ dysfunction syndrome.  

Death by apoptosis is essential for function, growth and differentiation of 
T lymphocytes. In addition, apoptosis is also involved in cytotoxic killing of 
target cells and the regulation of lymphocyte homeostasis during immune 
responses. Thus, apoptosis has advantages and disadvantages for the host 
depending on the specificity of the lymphocyte population affected (11). 
    Sepsis demonstrates a marked dysregulation of the immune system in its 
ability to fight infection. Studies in experimental animals and critically ill 
patients have demonstrated that increased apoptosis in lymphoid organs and 
some parenchymal tissues contributes to immune suppression, anergy,    
unresponsiveness to treatment, thus leading to organ system dysfunction. In 
experimental animals, treatment with inhibitors of lymphoid cell apoptosis 
improves outcome. This new understanding of sepsis may lead to novel 
therapeutic approaches including pharmacological agents that block      
apoptosis (72, 100, 125).

Gut defence and mucosal immunology
The non-immunologic mechanical defence mechanisms consist of the gut 
barrier and intestinal motility. The intrinsic barriers contains the epithelium 
itself, composed mostly of enterocytes with their microvilli and covered by a 
layer of mucus and the stabilizing influence of a normal intestinal microflora 
(114, 153). The extrinsic barriers exert their effect within the lumen as    
gastric acid, bile salts and proteolytic enzymes (31, 99). The immunologic 
mechanisms include secretory IgA and cell mediated immunity. The       
mucosa-associated lymphoid tissues (MALT) lining the gut are known as a 
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part of the gut-associated lymphoid tissue (GALT) (1, 196). The mucosal 
surface is colonized by lymphocytes and accessory cells in three main     
regions: within the epithelial layer (EpL), the lamina propria (LP) and in 
organized collections in LP such as Peyers’patches (PPs) in order to respond 
optimally to ingested Ag. GALT also include mesenteric lymph nodes. The 
majority of intraepithelial lymphocytes are CD8+ cells. The LP, a loose layer 
of connective tissue in the intestinal mucosa that comprises the villous  
structure with nerves, blood and lymphatic vessels, contains a large number 
of activated T cells, mostly CD4+ cells. It also contains populations of 
macrophages, activated B- lymphocytes, plasma cells, dendritic cells,     
polymorphonuclear leucocytes, eosinophils and mast cells. PPs are B cell 
rich areas that also contain small number of CD4+ T cells. The intestinal 
epithelium that line mucosal surfaces, serves as one of human's primary  
interfaces with the outside world, and plays a very active role in innate   
immunity particularly by secreting chemokines and other immune mediators 
in response to pathogenic microbes. The GALT must constantly distinguish 
harmless Ags that are present in food or on commensal bacteria from patho-
genic assaults by microbes. It is perhaps not surprising, then, that the GALT 
contains more lymphocytes and macrophages than all of the secondary   
lymphoid organs combined.  

Mediators of the inflammatory response
The inflammatory response includes complex cascade processes character-
ized by disturbances in the microcirculation and up-regulation of inflamma-
tory mediators, which activate and recruit inflammatory cells to the site of 
inflammation. The mediators have a dual role in the inflammatory response; 
small amounts can have beneficial effects on homeostasis, on the other hand, 
large amounts can be detrimental to the host by an overwhelming activation.  

Endotoxins
Endotoxin- the lipopolysaccaride (LPS) component of the outer membrane 
of the bacterial cell wall- is the major activator in Gram-negative sepsis. LPS 
will be released as a consequence of bacteria death and lysis but also as a 
consequence of growth by cell division (74). Many studies have also shown 
increased endotoxin release after exposure to different antibiotics (51).   
Endotoxemia occurs following major abdominal surgery, severe burns, 
trauma, sepsis and shock, but also secondary to intestinal hypoperfusion and 
gut ischemia (22, 40). Several studies have showed that the gut is the source 
of endotoxins released in shock (66). LPS forms a complex with a serum    
protein (LPS-binding protein; LBP), which binds to the macrophage receptor 
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and stimulates the microbicidal activities of these cells and the secretion of   
cytokines, above all TNF-  (112, 193). LBP may be suitable as a marker for 
infection and also for monitoring the course of the infectious process in  
critically ill patients. Endotoxin induces local and systemic inflammation, 
and many of the features of tissue injury observed in infection by Gram-
negative bacteria can be mimicked by the administration of LPS parenteral 
(115). In addition, endotoxin has been described as superantigen for T cells.   

Cytokines
Cytokines are small molecular weight proteins produced by the cells of both 
innate and adaptive immunity. They act in networks leading to a change in 
cell proliferation, differentiation and function (46). Basal production of   
cytokines is usually low or absent (97), detection in the circulation reflects 
excessive production at the tissue level. However, concentrations may vary 
significantly depending on, for example, the origin of the insult (179). Most 
cytokines are redundant, meaning that several types of cytokines are capable 
of fulfilling each other tasks (37). Thus, loss or pharmacological blockade of 
only one type of cytokine is rarely enough to eliminate the unwanted effect 
of cytokine action. Cytokines are part of the normal systemic response to 
trauma, burn and sepsis, it is only when the cascade of cytokine release   
becomes disproportionate, that the systemic inflammatory response         
syndrome (SIRS) evolves into a pathological reality (3, 18). Cytokines have 
been implicated as both direct mediators of tissue injury (181) as well as 
predictors of clinical outcome (144). Some cytokines induce and promote 
inflammation, and have been named pro-inflammatory cytokines, whereas 
anti-inflammatory cytokines act to limit and down-regulate the inflammatory 
response. The balance of these two groups of cytokines defines the overall 
immune response (179). 

TNF-  is one of the main proinflammatory cytokines and an early cental      
mediator of sepsis. It is produced primarily by macrophages, but also by 
lymphocytes, natural killer cells and endothelial cells. Endotoxins are the 
most powerful stimulus for release (85). TNF-  is pleiotropic and induces 
cellular effects ranging from proliferation to apoptosis. The principal func-
tion is to stimulate the recruitment of neutrophils and monocytes to sites of 
infection and to activate these cells to eradicate microbes. TNF-  increases 
the neutrophil aggregation and adherence, procoagulant activity, the release 
of IL-1, IL-6 and IL-8 and leukotrienes, enhance the activity of leucocytes, 
adhesion molecules on endothelial cells, the phagocytosis and reduces pro-
tein C activation (97, 171). 

IL-6 has been demonstrated to have most pro- but also anti-inflammatory 
effects (147). Mononuclear phagocytes from both innate and adaptive     
immunity mainly produce IL-6. It is a prime mediator of SIRS, mediates B 
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and T-cell differentiation and induction of hepatic acute phase proteins (C-
reactive protein: CRP, and fibrinogen), stimulate macrophage activation and 
inhibition of albumin synthesis (61). Unlike most cytokines, IL-6 is more 
readily detected systemically, and thus serves more of a classical endocrine 
function. IL-6 may be used as a marker of tissue injury and to identify      
patients with systemic inflammation. 

IL-10 is an important anti-inflammatory cytokine produced mainly by 
activated macrophages, and because it inhibits macrophage functions, it is an 
example of a negative feedback regulator. This cytokine down regulates the 
expression of TNF- and other inflammatory cytokines and is, thus,      
involved in the homeostatic control of innate immune reactions and the cell-
mediated immunity (102, 103).  

Prostaglandins
Prostaglandins (PGs) are potent immunomodulators in states of inflamma-
tion and sepsis and are produced largely in the LP of the intestine by macro-
phages and leukocytes (198). It is one of three members of the eicosanoid 
family; the other two are thromboxanes and leucotrienes. PGs are arachdoni-
cacid metabolites generated through the enzyme COX-1 or –2. These      
enzymes differ in their inducibility and degree of inhibition by nonsteroidal 
anti-inflammatory drugs (NSAIDs). COX-1 is constitutively expressed in 
almost all tissues and is important for the maintenance of a homeostatic  
function. COX-2 is upregulated in macrophages and endothelial cells during 
inflammatory conditions such as SIRS and sepsis by proinflammatory     
cytokines as TNF-  (27, 64).

SIRS, sepsis and septic shock 
The term “systemic inflammatory response syndrome” (SIRS) describes the 
general systemic inflammatory process in the body independent of cause. 
Sepsis is defined as a condition with fever, tachycardia, tachypnoe and 
change in leukocyte count caused by an infection (Table 3). Sepsis is      
frequently associated with hypoperfusion followed by tissue injury and   
organ failure. There are three recognized stages in the hierarchy of the    
inflammatory response, with progressively increased risk of end-organ    
failure and death: sepsis, severe sepsis, and septic shock. Patients with    
infection plus two or more elements of the systemic inflammatory response    
syndrome (SIRS) meet the criteria for sepsis; those who have end-organ
failure are considered to have severe sepsis; and those who also have       
refractory hypotension are considered to be in septic shock (16). Septic 
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shock can be characterized hemodynamically by either an early               
hyperdynamic or a late hypodynamic phase.

Multiple organ dysfunction syndrome (MODS) represents progressive  
deterioration of function in several organ systems, in sequence or simultane-
ously. The gastrointestinal tract has been suggested as the “motor” of MODS 
(23). The activation of monocytes/macrophages and neutrophils, with the 
consecutive release of pro-inflammatory mediators and activation of the 
coagulation cascade, seems to play a key role in the pathogenesis of sepsis.
(182). The early hyperinflammatory phase caused by production of TNF- ,
IL-1, IL-6, and interferon gamma especially, is invariably followed by a 
prolonged period of an anti-inflammatory response(e.g. IL-10, IL-4), which 
may lead to a hypoinflammatory state. In addition, a patient may oscillate 
between a pro- and anti-inflammatory state repeatedly (the mixed antagonis-
tic response syndrome). 

The successful treatment of patients with sepsis syndrome will probably 
require multi-modal therapies aimed at several of the immunological and 
physiological disturbances, which are occurring simultaneously – an inten-
sive care unit (ICU) package (84, 189). The new staging system of sepsis 
(PIRO) facilitates a more accurate characterization of the disease and the associated 
risks and prognosis. PIRO is based on predisposition (especially to genetic factors), 
the insult infection (the type of infection, source) the response of the host system 
(SIRS, septic shock, the inflammatory markers) and organ dysfunction.

Table 3. Definition of SIRS and sepsis.  

The gut in sepsis and shock 
There is an increased demand for oxygen in the gut during sepsis (29). The 
splanchnic oxygenation is affected by reduced oxygen delivery secondary to 

1. Temperature      > 38 C or < 36 C
2. Heart rate           > 90 beats/minute 
3. Respiratory rate > 20 breaths/minute or PaCO2 of < 4.3 kPa 
4. WBC count       > 12.0 or < 4.0 cells x 109 /l, or 
                              > 10 % immature neutrophils 

For the diagnosis of SIRS and sepsis, at least two of these criteria have to 
be fulfilled. Definition of sepsis requires also a detectable infection. 

                                                            (Adapted from Bone RC et al. 1992) 
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reduced intestinal blood flow and cardiac output (8, 140). This, together with 
tissue oedema and microthrombosis leads to lowered oxygen uptake,      
anaerobic metabolism and metabolic acidosis. The septic condition also 
causes a reduced oxygen extraction and diminishes the capacity to utilize 
oxygen in the mucosa, because of a shunting mechanism in the villi. An 
early indicator of injury to the gut mucosa without histological evidence is 
an increase in permeability (55, 45) and a low gastrointestinal intramucosal 
pH (119). Before microscopic evidence of a superficial mucosal injury (54), 
the increase in mucosal permeability may lead to translocation of toxic   
factors, for example, bacteria and endotoxin from the intestinal lumen to the 
MLNs, and from there to distant sites (5, 13).  

Bacterial translocation is frequently demonstrated in experimental studies 
of rodents but is much less frequent, if it occurs at all, in man (120, 156). 
Certain bacterial species/strains disseminate from the intestinal tract more 
easily than others and, therefore, the composition of the intestinal flora can 
affect intestinal permeability (95, 122). The first morphological sign of   
mucosal injury can be detected using electron microscopy, but commonly 
the mucosal injury is evaluated by light microscopy. The most frequently 
used system for grading mucosal injury is the one originally proposed by 
Chiu and co-workers (24), and later adapted to rats (53) (Table 4).           
Additional grades (6-8) including: crypt layer-, transmucosal- and transmural 
infarction have been demonstrated after complete vascular occlusion (131). 
The injury degree is dependent on the severity of the applied ischaemia 
/shock and its duration, and the reperfusion component (55, 56).  

Table 4. Microscopic criteria in the grading of mucosal injury. 

Grade Description 

0
1

Normal mucosa 
Subepithelial space at villous tip 

2
3

More extended subepithelial space 
Epithelial lifting along villous sides 

4
5

Denuded villi 
Loss of villous tissue 

normal 

moderatete

severe
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Aims of the present investigation 

This study was undertaken with the following aims: 

Experimental studies I-III: 
to investigate changes of the various components of the cell mediated 
immunity within the intestinal mucosa during experimental sepsis. 

to evaluate if the previously described changes of immune cell            
distribution in the small intestinal mucosa were paralleled by changes in 
TNF-  concentrations in plasma and/or ascites and, furthermore, if      
pre-treatment with the immunomodulator Linomide influenced the      
mucosal immune cell distribution and the grade of mucosal damage     
during  sepsis, and /or the TNF-  levels. 

to determine if pre-treatment with cyclooxygenase (COX) inhibitors in a 
septic model influences the grade of mucosal injury, the immune response 
and the rate of apoptosis, as well as if there was any difference in this    
respect between a selective COX-2 inhibitor as compared to a             
nonselective COX-1 and -2 inhibitor.  

Clinical studies IV-V: 
to investigate whether translocation of enteric bacteria occurs and whether 
it is a frequent or rare event in localized or general peritonitis in man. In 
addition, we sought to study the association between translocation on the 
one hand and the immune cell response to peritonitis in MLNs as well as 
the plasma concentrations of TNF- , IL-6, IL-10 on the other. 

to investigate the inflammatory response, measured as the concentrations 
of cytokines (TNF- , IL-6, IL-10) as well as changes in the population of 
T lymphocytes and macrophages in MLNs, in patients with malignant  
obstructive jaundice undergoing surgery. Furthermore, we wanted to 
study the possible association between changes in the amount of immune 
cells and the number of apoptotic cells.
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Material and methods 

Experimental studies (I, II and III) 
Animals and anaesthesia 
The experiments were performed using laboratory rats, because their repro-
ducibility in sepsis models are well established and sampling methods for 
immunological and microbiological analyses exists. Rats with the same sex 
and age 12-16 weeks (correspond to young adults) were used because     
rodents appear to have age and gender-based differences in responses to 
infection and sepsis (6, 63, 150, 178). Male Wistar rats, weighing 220-300 g 
obtained from Möllegaard (Skensved, Denmark) were acclimated for at least 
one week in a standard animal care facility before start of the experiments. 
The rats were maintained according to the recommendations of the National 
Institutes of Health guidelines (121) for care and use of laboratory animals and 
the regional research animal ethical committee approved the experiments.   
    The animals were kept in controlled temperature (22 ), humidity and 12-
hour light/dark cycles and allowed food and water ad libitum. Anaesthesia 
was induced by intraperitoneal injection of Eqviticin, 0.432 ml/100 g b.w. (a 
mixture of chloralhydrate 18.2 mg/100 g b.w. and pentobarbital 4.2 mg/100 
g b.w.) (Apoteket AB Production and Laboratories, Umeå, Sweden). Each 
rat were resuscitated with 37°C saline (2 ml/100 g b.w.) subcutaneously 
immediately after surgery. At harvesting cardiac arrest arose in anaesthetised 
animals after blood samples were taken from the portal vein and the aorta.  

Experimental model 
The cecal ligation and puncture (CLP) model of sepsis was developed by 
Wichterman, Baue, and Chaundry and has been used as a standard model for 
sepsis in more than 3 decades (187). CLP leads to polymicrobial peritonitis, 
bacteraemia and cytokine responses caused by leakage of faecal material, 
and mimics the human scenario of a perforated bowel. Unlike peritoneal 
inoculation models, there is no need to quantify the amount of bacteria. 
Standardizing the size of the needle used for puncture, the number of     
punctures and the length of cecum ligated leads to predictable mortality 
(164). Aged mice have worse survival than younger mice after CLP and 
antibiotic treatment in younger mice leads to improved survival but is not 
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beneficial in older mice (178). The CLP model has many advantages      
compared to Lipopolysaccharide (LPS) injections or bacterial infusion   
models, which react more severely and have an increased serum cytokine      
responses (143), much higher than in human sepsis. Immunotherapy for 
sepsis based on cytokine production after LPS challenge is misdirected   
because the LPS model does not accurately reproduce the cytokine profile of 
sepsis. It is conceivable that rapid endotoxin administration may result in 
death due to the effects of the intense inflammatory response on cardiovas-
cular and pulmonary physiology.  

In contrast, death at later time points following CLP may be due to multi 
organ failure, as in most septic humans. The validity of CLP has been     
reported i.e. in publications showing that the blockade of TNF-  failed to 
prevent death, results similar to that observed in human clinical trials (142). 
The accelerated expression pattern of inflammatory cytokines in severe  
sepsis supports the notion that early and aggressive therapy is important in 
treating multi organ injury syndromes (180). Furthermore, the CLP model 
can be manipulated to give either lethal or nonlethal sepsis.

Pilot series 
A. Evaluation of the mortality 48h following CLP (n=5) in the experimental 

model. 

B. Mucosal grading in lamina propria (LP) at different time points (6, 12, 24 
and 48 h) following CLP or sham operation (10 cm from caecum, n=5). 

C. Evaluation of TNF-  levels (pg/mL) in rat plasma at different time 
points (1, 2, 3, 6 and 24 h) following CLP (n=4). 

Experimental groups 
All animals in the separate studies were handled in an identical way and 
divided into different groups (Table 5).  

CLP (I-III) group. The abdomen was opened with a 2.5 cm midline incision 
through the linea alba. The cecum was isolated and ligated just below the 
ileocecal valve with 4-0 silk. Thereafter both cecal walls were punctured 
twice with a 23-gauge needle. The bowel was repositioned into the abdomen 
and the incision was closed. 

Sham (I-III) group (controls). Sham-treated rats underwent midline laparo-
tomy as CLP- animals with cecal manipulations but without ligation and 
puncture.

Non operated (I) group. They were only subjected to anaesthesia before 
harvest.
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Linomide (II) groups. Linomide in a dose of 160 mg/kg b.w. was adminis-
tered via a gastric feeding catheter (p.o.) or intra peritoneally (i.p.) 24 hours 
before sham operation or CLP. 

SC-236 (III) groups. 1 mg/kg of SC-236 was given p.o. 21 h and 1 h before 
operation to respectively sham and CLP group.  

Indometacin (III) groups. 3 mg/kg of indometacin was administered orally 
21 h and 1 h before operation to respectively sham and CLP group. 

Table 5. Experimental design and analysis (I-III).  

Study Groups n n Sample / Method / Analysis  

I Sham 

CLP

Non.op

 8 

11

 4 

 Mucosal / HE-staining / Morphology 

Mucosal / Immunohistochemistry / 
Immune cell distribution  
(mAbs: OX8, W3/25, OX6, R73, ED1)

II

Sham 

Sham + Linomide p.o. 

Sham + Linomide i.p. 

CLP

CLP + Linomide p.o. 

CLP + Linomide i.p. 

A (24 h) 

  8 

10

  9 

  8 

  8 

  8 

B (3 h) 

  8 

  8 

  8 

12

  7 

  7 

Mucosal / HE-staining / Morphology (A) 

Mucosal / Immunohistochemistry (A) /  
Immune cell distribution (mAbs : OX8,  
W3/25, OX6, R73, ED1) 

Plasma / ELISA / Cytokine; TNF-  (B) 

Ascitic fluid / ELISA / Cytokine;  
TNF-  (A) 

III

Sham 

CLP

Sham + SC-236 

CLP + SC-236 

Sham + ind. 

CLP + ind. 

A (6 h) 

  8 

11

10

10

  9 

  9 

B (24 h) 

  8 

11

  9 

15

11

10

Mucosal / HE-staining / Morphology 
(A, B) 

Mucosa, MLN / Immunohistochemistry 
(B) / Immune cell distribution  
(mAbs: OX8, W3/25, OX6, R73, ED1) 
Apoptosis (caspase-3)  

Plasma / ELISA / Cytokines; TNF- ,
IL-6 (A, B) 

Ascitic fluid / Cytokines; TNF- , IL-6 
(A, B) 

 n = number of animals in the different study groups. A and B present time at harvest.       
CLP = cecal ligation and puncture, ind. = indometacin, HE= hematoxylin-eosin,  
MLNs = mesenterial lymph nodes, mAbs = monoclonal antibodies, TNF-  = tumour necrosis 
factor- , IL-6 = interleukin-6, ELISA = enzyme-linked immunosorbent assay.  
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Drug treatments 
Linomide; LS2616, a synthetic quinoline derivative (Pharmacia-Upjohn, 
Inc., Stockholm, Sweden), is an immunomodulatory drug that has displayed 
beneficial effects in several models of inflammation. Linomide has been 
demonstrated to have a life-preserving effect in sepsis (49). Gonzalo et al 
have shown an anti-apoptotic effect on peripheral T cells and partial inhibi-
tion of the secretion of TNF-  after injection of bacterial to mice (49, 50). In 
vivo, Linomide has been documented to suppress the up-regulation of    
TNF-  and concomitantly increase the expression of anti-inflammatory  
cytokines as IL-10 (34), and also decrease leukocyte- recruitment and     
extravasation (82, 197). Li et al. have demonstrated that the protective effect 
of Linomide in endotoxemic mice induced liver injury was mediated via 
upregulation of IL-10 (91).  

SC-236 and indometacin are both nonsteroidal anti-inflammatory drugs 
(NSAIDs). SC-236 is a specific COX-2 inhibitor (Searle; Skokie, Illinois, 
USA) and indometacin is a nonselective COX inhibitor (Confortid       
Alpharma AB, Stockholm, Sweden). COX-1 is constitutively expressed in 
most tissues, whereas COX-2 is induced by cytokines, mitogens and       
endotoxins in inflammatory cells, is responsible for the elevated production 
of PGs during inflammation (94, 111). Inhibition of COX-2 accounts for the 
anti-inflammatory and analgesic action of NSAIDs; however, concurrent 
inhibition of COX-1 inhibits PG-dependent mechanisms such as gastroduo-
denal mucosal defence, and platelet aggregation (15, 59). NSAIDs blocks an 
important negative feedback mechanism sustained by PG and consequently 
increases TNF production.   

Clinical studies in humans with peritonitis (IV) and 
malign obstructive jaundice (V) 
The Research Ethics Committee at Uppsala University approved the studies 
IV and V and all patients gave informed consent before entering the study. 

The immune response was studied in patients accepted for surgery due to 
peritonitis or malign obstructive jaundice (Table 6).  
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IV

During the period February 1997 to December 1999, 20 patients with local 
peritonitis (LP) and 15 patients with general peritonitis (GP) submitted for 
an acute operation were investigated.  The main inclusion criteria were  
clinical signs of peritonitis complemented by a typical history and inflamma-
tory blood parameters. Eighty percent of the patients with general and 35% 
with local peritonitis met the criteria for SIRS/sepsis. 

V

Forty-five patients were recruited during the period February 1997 to May 
2000. Entry criteria included patients with clinical and radiological findings 
consistent with a tumour in the hepatic-pancreatic-biliary (HPB) region and 
accepted for surgery. Patients with obstructive jaundice (HPB+ group) were 
compared to those without jaundice (HPB- group). Nine out of 18 patients in 
the HPB+ group had persistent jaundice despite previous endoscopic or   
percutaneous biliary drainage efforts. 

Study groups 
Controls (C group) (IV and V). Twelve patients, 3 men and 9 women with a 
mean age of 49 (range, 23-70) years, had elective open surgery for gastric 
disorders or repair of incisional hernias.

Local peritonitis (LP group). Twenty patient (mean age 35 years, range 20–
74; 17 men) presented with local peritonitis and clinical suspicion of acute 
appendicitis. Eighteen of the patients were found to have acute appendicitis.  

General peritonitis (GP group). Fifteen patients, 8 men and 7 women with a 
mean age of 62 (range, 21-84) years were operated on for different gastroin-
testinal disorders leading to general peritonitis. 

HPB- group. Fifteen patients (mean age, 69 years, range 47-89; 9 men) were 
investigated; the majority of the patients had primary or secondary           
(metastasis) liver tumours. 

HPB+ group. Thirteen men and five women with a mean age of 58 (range, 
24-78) years were included, the diagnosis pancreatic cancer were most 
common in the group.   
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Table 6. Experimental design and Analysis (IV–V).  

Study Groups  n Sample / Method / Analysis 

IV LP   Local peritonitis 

GP   General peritonitis 

C * Control

20

15

12

 MLNs, Faecal / Culturing; Aerobic, anaerobic   
                          bacteria, PFGE typing 

 MLNs / Immunohistochemistry / Immune cell       
            distribution (mAbs: CD4, CD8, CD68) 

 Blood / WBC, CRP 

 Blood, Ascitic fluid / Culturing; Aerobic, anaerobic   
                                    bacteria 

 Plasma / LAL / Endotoxin 

 Plasma / ELISA / Cytokines; TNF- , IL-6, IL-10 

V HPB –

HPB +

15

18

 MLNs / Culturing; Aerobic, anaerobic bacteria 

 MLNs / Immunohistochemistry / Immune cells  
               distribution (mAbs: CD4, CD8, CD68)  
                                          Apoptosis (caspase-3) 

 Blood, Ascitic fluid / Culturing; Aerobic, anaerobic  
                                                     bacteria 

 Blood / WBC, CRP, Bilirubin, ALP, ALAT, ASAT 

 Plasma / LAL / Endotoxin 

 Plasma / ELISA / Cytokines; TNF- , IL-6, IL-10 

n = number of patients in the different study groups. HPB- = hepato-pancreatic-
biliary (HPB) tumour disease without obstructive jaundice; HPB+ = HPB tumour 
with jaundice. 
 MLNs = mesenterial lymph nodes, mabs = monoclonal antibodies, 
TNF-  = tumour necrosis factor- , IL-6/-10 = interleukin-6/-10, WBC = white 
blood cell count, CRP = C-reactive protein, ALP = alkaline phosphatase, ALAT = 
alanine aminotransferase, ASAT = aspartate aminotransferase, LAL = limulus 
amoebocyte lysate, ELISA = enzyme-linked immunosorbent assay, PFGE = pulsed-
field gel electrophoresis. 
* These patients were also used as controls in study V 
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Sampling and analyses (I-V) 
Sampling of ascitic fluid, blood, small- bowel  
biopsies and MLNs 
Immediately after opening the abdomen ascitic fluid was obtained (II-V). 
Blood samples were taken from the portal vein and the aorta, respectively   
(II-III) and in the clinical studies from the brachial vein. The samples were   
separated by centrifugation at 2500 g for 10 minutes at 4°C, and the plasma 
stored at -70°C until assayed (Table 5-6). 

Two specimens, each 8-15 mm long, from the distal third of the small 
bowel (I-III) and two lymph nodes from the ileocolic mesentery (MLNs)  
(II-V) were excised. One of the specimens was immediately frozen in liquid 
nitrogen and stored at -700C for future immunohistochemical staining, while 
the other was fixed in buffered 4% formalin and routinely processed and 
stained with haematoxylin- eosin. In studies IV-V one of the MLNs was 
cleaned in 70% ethanol and then stored at - 700 C for later bacterial cultures. 

Bacterial cultures
Samples of venous blood were injected into aerobic and anaerobic blood 
culture media, respectively, three times at 5-min intervals and incubated at 
35 C. If there was any bacterial growth, the sample was spread onto      
appropriate agar medium and the bacteria were identified using standard 
bacteriological techniques. Peritoneal exudate was analysed for bacterial 
growth using standard methods (IV-V). The MLN was thawed, homogenized 
and then spread onto 5% blood agar and J-agar (for anaerobic bacteria),   
respectively, and incubated at 35 C for 2 days (IV-V). Faecal samples from 
the rectum were obtained before surgery and frozen for subsequent culture 
(IV).

Pulsed-field gel electrophoresis (PFGE)
Gel electrophoresis is a technique used for the separation of nucleic acids 
and proteins, for identification of particular DNA molecules by the band 
patterns they yield in the gel after being cut with various restriction enzymes. 
Separation of large (macro) molecules depends upon charge and mass, as 
well as the frictional force of the gel, which acts as a "molecular sieve".                        
PFGE is a technique in which the direction of current flow in the electropho-
resis chamber is periodically altered. This allows fractionation of pieces of 
DNA ranging from 50,000 to 5 million base pairs, which is much larger than 
can be resolved on standard gels (26). When adequate migration has       
occurred, DNA fragments are visualized in an ultraviolet transilluminator 
after staining with a fluorescent dye, ethidium bromide.  
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In patients with growth of Gram-negative bacteria in the MLN, PFGE 
typing was performed on representative subsets of E. coli isolates from the 
MLN and the faecal sample (IV). Bacterial isolates showing indistinguish-
able or closely related DNA patterns (< 6 band differences) were regarded as 
clonally related indicating translocation (173). 

Cytokine measurement  
A sandwich-type enzyme-linked immunosorbent assay (ELISA) is a method 
that determines cytokines on the basis of their reactivity with specific     
antibodies. TNF- V  IL-6 (III-V) and IL-10 (IV-V) levels in plasma and 
ascites fluid were determined by ELISA technique according to protocol pro-
vided by the manufactures. 

Endotoxin measurement 
The analysis was performed using a chromogenic limulus amoebocyte lysate 
(LAL) assay for 0.06–0.6 endotoxin units (EU)/mL (IV-V). For calculation 
purposes, non-measurable levels were assigned a value of 0.001 and the 
standard curve was used to extrapolate values up to 0.7.  

Monoclonal antibodies 
For the immunohistochemical staining in the experimental studies (I-III), the 
following monoclonal antibodies (mAbs) were used: OX8 reactive with CD8 
antigen on cytotoxic T lymphocytes and natural killer cells; W3/25 reactive 
with the CD4 antigen on T helper cells and peritoneal macrophages (136, 
186); OX6 reactive with MHC class II antigens (113); R73 reactive with the 

/  antigen receptor on T lymphocytes (73, 105) and ED1 reactive with 
monocytes, macrophages and dendritic cells (36, 166). The mAbs used in the 
clinical studies (IV-V) are specific for CD4, CD8 and CD68, mainly staining 
CD4+ helper T lymphocytes, CD8+ cytotoxic T lymphocytes and          
macrophages, respectively (137, 152). 

Immunohistochemistry and microscopic evaluation 
Cryostat sections, 6 m, from the small bowel (I-III) and from MLNs (III-V) 
were placed on slides before fixation in 100% acetone for 10 minutes. The 
sections were stained using a peroxidase-antiperoxidase (PAP) technique 
(170). In brief, they were incubated in 0.3% H2O2 in phosphate buffered 
saline to inhibit endogenous peroxidase, with normal goat serum to prevent 
non-specific background staining and finally with the primary mabs. In the 
next step a secondary antibody, goat anti-mouse IgG1 was applied.
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The last incubation was performed with horseradish peroxidase-mouse 
antiperoxidase. The slides were processed with H2O2 and 3-amino-9-ethyl-
carbazole (AEC). Finally, the sections were counterstained with Mayer's 
haematoxylin. The slides were coded and the microscopic evaluation      
performed in a blinded manner by one examiner. The numbers of positive 
cells within the intestinal mucosa (I-III) and MLN (III-V) were graded arbi-
trarily for every single antibody on a scale from 0 to +++. In addition, all 
slides were ranked manually according to the number of positive cells. The 
statistical analysis was based on this ranking.  

Staining for apoptosis
Briefly, paraffin specimens from mucosa (III) and MLNs (III, V) were    
deparaffinized in Xylen. The antigen retrieval was done in 10 mM EDTA 
(pH 8.0). The tissues were incubated in 3 % H2O2 in phosphate buffered 
saline and normal goat serum, before adding the primary antibody rabbit 
anti-active caspase-3 (Cell Signaling Technology, Inc., Beverly, MA, USA). 
After incubation with a secondary goat anti-rabbit antibody and washing, an 
immunoperoxidase system, ABC-Elite (Vector Laboratories, Inc.,           
Burlingame, CA, USA), was applied. Slides were rinsed and developed with 
3.3-diaminobenzidine, DAB (Sigma-Aldrich Inc., St Louis, USA). Finally, 
the sections were counterstained with Harris’s haematoxylin.

Failure to detect caspases could be due to low levels of enzyme expression, 
test applied within a very brief time period only, or to a caspase-independent 
mechanism of apoptotic cell death. We only evaluated one specimen from 
each tissue, which possibly can influence the outcome of the apoptosis rate. 
The numbers of positive cells were graded from 0 to +++ and ranked (III, V).

Colour based image analysis
An automatic computerised method for quantification of images of immuno-
histochemically stained cells was used in study II (138, 139). This method 
was developed in the Centre for Image Analysis at Uppsala University, 
Sweden. For every group stained with the same monoclonal antibody a   
classifier was created. Stained cells in lamina propria are classified as     
positive pixels. The positivity in percentage was expressed for all stained 
cells within eight villi of each specimen.  

Statistics
A probability (P) of < 0.05 was considered statistically significant. We    
assumed the distribution of data to be non-parametric. Continuous variables 
were expressed as median (range) (I-V). The Wilcoxon rank-sum test was 
used to test differences in morphology and immunohistochemical grading and 
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ranking between the groups (I-V). A two-way analysis of variance (ANOVA) 
with repeated measures was used to test differences in cytokine concentrations 
(II-V) and other inflammatory blood parameters (IV-V) between groups.        
The Wilcoxon matched-pairs signed-rank test was used to evaluate pre- and 
postoperative differences in cytokine concentrations within the groups (IV).
The Mann-Whitney U test was used to compare physiological and chemical 
parameters between subgroups of patients or animals (III-V). The Pearson 
correlation coefficient was used to evaluate the relationship between the 
concentrations of cytokines and endotoxins (IV). Fisher’s exact test was used 
to compare the apoptosis rate between the groups (III, V). 
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Results and comments 

Below is given a summary of the results considered most important followed 
by comments. The individual papers (I-V) are to be consulted for details. 

Clinical appearance (I-III) and mortality after CLP 
(Pilot series A)  

Twenty-four hours following CLP all animals demonstrated signs associ-
ated with late sepsis; tachypnoe, hypothermia, impaired skin circulation, 
piloerection, weakness, conjunctivitis, anorexia and lethargy.  

Macroscopic acute diffuse fibrinopurulent peritonitis existed in all CLP 
animals at harvest 24 h following induction. 

The fibrin deposits in septic rats were unchanged after pre-treatment with 
Linomide or COX-inhibitors. 

In the pilot series A, was the mortality 60% (3/5) 48 h after CLP.  

Comments
In this CLP model cecum was punctured twice with a 23-gauge needle    
(intermediate diameter), which gives peritonitis and a slowly (1-2 days) de-
veloping sepsis with a low initial mortality (126). This type of model is use-
ful for studying more long-term effects of the septic states, including immu-
nological changes.  
    Twenty-four hours after CLP, we noted fibrin formations around the cecum. 
This is the result of an important step in the host defence, stimulated by TNF-
(42). During the early phase of peritonitis endogenous TNF stimulate nonlym-
phoid cells such as granulocytes and macrophages to ingest bacteria, and 
platelets and fibroblasts to localize the inflammation. We were not able to see 
any macroscopic differences in the fibrin spreading in animals pre-treated with 
Linomide or COX inhibitors. The initial production of TNF-  must have been 
enough for the induction of the fibrin production, despite decreased TNF- 
level after Linomide treatment. In contrast COX inhibitors increased the TNF- 

 levels in ascites 24 h following CLP, but this was not apparent when inspect-
ing the fibrin clots. 
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Pilot series B 
Alterations in mucosal immune cell distribution was recognized already 
12 h following CLP for macrophages and CD8 + T lymphocytes, after 24 
h all subgroups of cells demonstrated changes in the CLP group when 
compared to the sham group (Table 7). 

Table 7. Grading of immune cells in lamina propria at different time point 
following CLP or sham operation (10 cm from cecum).  

Grading (median) 
            
              mAb 
              
Group 
Time        
Number of (n) 

 W3/25 

 CLP : Sham 

 OX8 

 CLP : Sham

 R73 

 CLP : Sham

 OX6 

 CLP : Sham

 ED1 

 CLP : Sham 

 6 h 

 n = 5 : 5 
 +++ : +++  ++ : ++  ++ : ++  + : +  ++ : ++ 

12 h 

 n = 5 : 5 
 +++ : +++  + : ++  ++ : ++  ++ : +  +++ : ++ 

 24 h 

 n = 4 : 5 
 +/++ : +++  + : ++  +/++ : ++  ++ : +  +++ : ++ 

 48 h 

 n = 4 : 4 
+/++ :++/+++  + : ++  +/++ : ++  +/++ : ++  ++ : ++ 

Arbitrary grading from + to +++. 

Comments
Based on this pilot series and the literature, we chose to study the mucosal 
immune response 24 h following CLP (I-III). A number of studies have  
established that in sepsis there is a progressive and profound loss of T cells 
(9, 70). Chung et al. demonstrated that CD8+ T cells decreased at an earlier 
time point after CLP than CD4+ T cells, but 24 h following the sepsis debut 
both groups of T cells decreased because of enhanced apoptosis in the    
mucosa. 48 h after CLP the amount of macrophages begin to decrease; this 
can be associated with an increase of the apoptosis rate that occurs later in 
these cells than in the T cells (25, 71). Macrophages are perhaps not so   
vulnerable than the T lymphocytes are in sepsis (70). Previous studies have 
found that the macrophage response to polymicrobial sepsis appears to be 
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tissue-specific, i.e. the rise in the apoptotic macrophage count peaked earlier 
in the liver (6 h) than in the lungs (48 h) (163).   

Pilot series C 

Fig 1. TNF- changes in plasma following CLP. Mean values ± SEM.

Comments
The plasma level of TNF-  was demonstrated to peak at 3 h following CLP 
(* P < 0.05 vs. 1h and 24h, Anova). This result determined the experimental 
model in study II and III. 

Mucosal morphology (I-III) 
Microscopic examination of haematoxylin-eosin stained tissue specimens 
revealed normal appearance of the mucosa (range 0-1) in the sham        
operated animals (I-III) as well as in the non-operated animals (I). In all 
the studies there were a significant difference between untreated          
peritonitis (CLP) and control (sham) animals.  

When Linomide was given intraperitoneally (II) before CLP, a lesser 
degree of mucosal damage was seen as compared to untreated peritonitis. 
This was not found after peroral distribution. 
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The median grade of mucosal damage was higher 24 h following CLP 
(III, series B) compared to the animals harvested 6 h after CLP (III, series 
A). CLP-animals pre-treated with SC-236 had a lesser degree of mucosal 
damage as compared to rats with untreated peritonitis or indometacin 
treated septic rats (III, in both series A and B). 

Fig 2. Grade of mucosal injury (Wilcoxon rank-sum test). 
* p<0.05 vs. Sham, ** p<0.01 vs. Sham, # p<0.05 vs. CLP, ¤ p<0.05 vs. SC+CLP. 

Comments
Studies I-III verifies that sepsis causes superficial injury to the villous part of 
the intestinal mucosa (192). Overall, only a few animals showed a deeper 
injury in the villi (  grade 4), which made it possible to grade the cell      
mediated immune response immunohistochemically. Deep mucosal injury 
has not been seen in the present or in similar experimental models (44). The 
septic animals in study I had a median grade 1 injury and in the other studies 
(II and III, series B) they had a median grade 3 injury. The difference could 
be due to the technique of evaluation, in study I the highest grade of injury 
given the mucosa was depending on the predominant findings. In the two 
latter studies the highest grade of mucosal injury was used. This grade did 
not have to be present in a majority of the observed villi.  

The pathogenesis of this injury involves hypoxia due to decreased oxygen 
delivery, uptake and utilization (95). Increased release of proinflammatory 
cytokines such TNF-  may contribute to this effect. Animals injected with 
TNF-  intravenously have showed a superficial injury to the villi in other 
series (141). 

When Linomide was given intraperitoneally before CLP, a less degree of 
mucosal damage was seen as compared to untreated peritonitis. This could 

Morphology

0

1

2

3

4

5

I II III A III B

Study

G
ra

de
 o

f m
uc

os
al

 in
ju

ry
 

(m
ed

ia
n)

Sham

CLP

Lpo+CLP

Lip+CLP

SC+CLP

Ind+CLP

*

**

** ¤

** ¤

** ¤

** ¤

#

*
  **



37

possibly be an effect of inhibited TNF-  secretion by macrophages in the 
lamina propria and in the peritoneal cavity or an anti-apoptotic effect on 
small bowel epithelium by Linomide (49, 50). It was demonstrated that the 
grade of mucosal injury increased with longer duration of the septic period 
for all the CLP groups (III; series A vs. series B) (192). An increased muco-
sal damage impairs the mucosal barrier and leads to enhance risk for toxins 
and bacterial translocation (14, 31). We could demonstrate that pre-treatment 
with a selective COX-2 inhibitor (SC-236) attenuated the mucosal damage 
as compared to untreated peritonitis as well as in the CLP-group pre-treated 
with the nonselective COX inhibitor (indometacin) (177).  

Distribution of immune cells in the mucosa (I-III)
and in the MLNs (III) 

In the lamina propria of the untreated septic rats there was a significant 
reduction in the number of CD4+ and CD8+ T lymphocytes as compared 
to sham. In contrast, 24 hours after induction of peritonitis the number of 
MHC class II positive cells and macrophages increased compared to sham 
(I-III).

Linomide pre-treatment, regardless route of administration, significant 
attenuated the number of macrophages and enhanced the amount of T 
lymphocytes observed following CLP (II). 

Regardless pre-treatment with COX inhibitors there was a significant 
reduction of CD8+ cells in the EpL for all the CLP groups compared to 
their sham. Also both pre-treated sham groups had a reduced amount of 
CD8+ cells compared to untreated sham. COX inhibitors significantly    
attenuated the increase of macrophages in the LP and MLN seen in the 
untreated CLP group. Indometacin given before induction of CLP         
decreased the amount of CD4+ cells further in LP compared to untreated 
CLP animals, and it also decreased both subgroups of T lymphocytes in 
MLN compared to the other CLP groups (III). 

Comments
Non-operated animals (I) showed an immunohistochemical pattern closely 
similar to that of the sham group. The increased number of macrophages in 
the septic group could be explained by recruitment of monocytes from the 
circulation, by activation of resident macrophages, or by a combination of 
both. Several different explanations are possible for the observed reduction 
of T lymphocytes in both EpL and LP. Evidence for increased T cells    
apoptosis in the mucosa following sepsis and shock has been put forward by 
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many authors (25, 69). Another reason could be that activated T cells have 
already left the LP for the intra-abdominal cavity or been homed to other 
parts of the GALT, but no increase of T lymphocytes was seen in the MLN 
following CLP. The increase in mucosa macrophages means also increased 
release of their cytokines, which could mediate the cellular immune system 
of the gut and influence other organ systems in the body leading to MODS 
(32).

After Linomide treatment the effects of peritonitis on immune cell distri-
bution were attenuated. This could be a benefit for the cell-mediated immune 
response in sepsis. Other studies had demonstrated that Linomide inhibited 
programmed cell death in peripheral T and B-lymphocytes (50), which could 
explain our results regarding the T cells but not for the macrophages. 

Both COX inhibitors attenuated the increase of macrophages observed in 
the mucosa and MLN after CLP. These effects could be associated with an 
increased rise in the apoptotic cell rate after COX inhibitors. Enhanced loss 
of macrophages can at a later stage of sepsis limit macrophage activity and 
impair a proper inflammatory response. On the other hand, it can be benefi-
cial to reduce harmful cells excreting cytotoxic enzymes or cytokines. All 
CLP groups demonstrated a reduced amount of cytotoxic T lymphocytes in 
the EpL regardless the pre-treatment. This reduction can lead to a deterio-
rated defence mechanism against MHC class I Ag. CLP + indometacin   
demonstrated a further decrease of CD4+ cells in LP and MLN compared to 
the other CLP groups. This might be an effect of the enhanced level of  
TNF-  after indometacin treatment inducing and trigging lymphocyte   
apoptosis.
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Immune cell distribution in the MLNs (IV-V) 
In the LP group, more CD8+ and CD68+ cells were found than in the  
control group. The GP group had a decreased number of CD4+ and CD8+

T lymphocytes compared with the LP group.  

The two patients with proven translocations had lower scores for CD4+

and CD8+ cells than the average of their groups, while the number of 
CD68+ cells did not differ.  

In the HPB+ group, more CD68+ cells were found than in groups HPB-

and C, while the number of CD4+ cells was decreased in the HPB+ group 
compared to the HPB- group and to controls. 

Table 8. Distribution of immune cells in the MLNs. Scoring of positive 
cells for the antibodies CD4, CD8, and CD68 in the entire lymph node.  

                                Median score 
Group n mAb: CD4 mAb: CD8 mAb: CD68 
C 9/12 ++ IV      +++ V ++ + 
LP 13/20 +++ +++ * ++ * 
GP 11/15 ++ # ++ # ++ 
HPB- 11/15 +++ ++ ++ 
HPB+ 12/18 ++ * † ++ ++/+++ * † 

The figures represent the median score of positive cells for each single antibody on 
an ascending scale from + to +++ in the different groups.  

C = controls; LP = local peritonitis; GP = general peritonitis; HPB- = hepato-
pancreatic-biliary (HPB) tumour without obstructive jaundice; HPB+ = HPB tumour 
with jaundice. CD4 = T helper lymphocytes, CD8 = T cytotoxic lymphocytes, CD68 
= macrophages. n = number of patients with investigated lymph nodes in the group / 
total number of patients in that group. 
* P <0.05 vs. group C, # P <0.05 GP group vs. LP group † P <0.05 group HPB+ vs. 
group HPB- (Wilcoxon rank-sum test). 
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Within the LP group, the reaction of the different immune cells in relation 
to the grade of appendicitis was evaluated. The number of CD4+ cells was 
significantly decreased in gangrenous appendicitis compared to phleg-
monous type, while there were no significant differences in the number of 
CD8+ and CD68+ cells (Table 9). 

Table 9. Differences in staining of the antibody CD4 in MLNs in relation to 
the grade of appendicitis. 

MLNs = mesenteric lymph nodes, LP = local peritonitis. The distribution of CD4+

cells was studied in 11 of the patients in the LP group. 
 *P < 0.01 (Wilcoxon rank-sum test). 

Comments
In the human studies we were limited to performing immunohistochemical 
investigations on MLNs excised from the ileocolic region. The localization 
of cellular components of the immune system within the MLN is more diffi-
cult to grade and rank compared to the intestinal mucosa because of the  
larger number of lymphocytes. The reason why the GP group had a reduced 

Grading score CD4 Grade of appendicitis 

+++ Phlegmonous 
 Phlegmonous 
 Phlegmonous 
 Phlegmonous 
 Phlegmonous 
 Phlegmonous  
                                                             * 
++ Gangrenous 
 Gangrenous 

+ Perforated 
 Perforated 
 Gangrenous 
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amount of T lymphocytes compared to LP group is not fully understood. 
One explanation could be that in patients with general peritonitis the T cells 
leave the MLNs to enter inflamed peripheral tissues (20). Hotchkiss et al. 
reported that clinical abdominal sepsis induced lymphocyte apoptosis and 
caused depletion of CD4+ T lymphocytes but not depletion of macrophages 
in the spleen (71). The pattern we found when the distribution of subsets of 
immune cells was related to the grade of appendicitis indicates a similar 
chain of events.

Peritonitis patients with proven bacterial translocation had lower scores 
for T cells in MLNs than the average of their groups. It has previously been 
demonstrated that translocation of E. coli occurs to a greater extent in mice 
with T cell depletion in MLNs, lamina propria and intestinal epithelium than 
in normal mice (47). In patients with obstructive jaundice we demonstrated 
an attenuation of T helper cells compared to patients without jaundice and 
controls. An elevated bilirubin concentration could stimulate cytotoxic   
responses, and, thus, lead to an increased apoptosis (157, 159).  

Apoptosis in the mucosa (III) and MLNs (III and V) 
The apoptosis rate in the small intestinal mucosa was significantly higher 
in the CLP group compared to the sham group, and the grading of     
apoptosis was enhanced in EpL and MLNs compared to the LP. However, 
no significant difference was demonstrated between the CLP groups. 
Sloughed cells positive for apoptosis were observed in the intestinal      
lumen, and in a higher number in the CLP groups compared to sham. 

The apoptosis rate enhanced in MLN and in epithelial cells, but not in the 
LP of the sham animals when COX inhibitors were given. Indometacin 
pre-treated sham animals had a significantly increased degree of apoptosis 
compared to untreated sham group in MLNs. 

In study V apoptosis occurred in all groups but a significantly higher  
frequency of apoptosis was found in group HPB+ compared to the other 
groups. The majority of positive stained cells were located in the paracor-
tex area of the MLNs (Table 10). 
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Table 10. Immunohistochemical staining for apoptosis (active caspase-3) in 
mesenteric lymph nodes.

The figures represent the score for stained cells positive for apoptosis on an ascend-
ing scale from - to ++ in the different groups. C = controls; HPB- = hepato-
pancreatic-biliary (HPB) tumour disease without obstructive jaundice; HPB+ = HPB 
with obstructive jaundice. 
P < 0.05 vs. C group; † P < 0.05 HPB+ group versus HPB- group 
(Wilcoxon rank-sum test, Fisher’s exact test). 

Comments
In the normal villous, active caspase-3 expression was found infrequently, 
but following CLP a significant increase was observed in both EpL and LP.

An up-regulated apoptosis of mononuclear cells has been observed in 
animal models of sepsis as well as in patients suffering from severe sepsis 
(69). NSAIDs promote apoptosis through mechanisms that are both COX-
dependent and -independent. In sham animals the nonselective COX inhibi-
tor seem to enhance the apoptosis rate more than the selective one.  

An increased apoptosis in HPB+ group could contribute to a reduced     
cellular defence and, thus, be a further explanation why jaundice is associ-
ated with an elevated risk for septic complications. 

Cytokine analysis: TNF-  (II-III) and IL-6 (III) 
The levels of TNF-  and IL-6 were significant higher in ascitic fluid than 
in circulating blood for all the groups. CLP groups had significant higher 
IL-6 concentrations in ascitic fluid in series A compared with series B 
(III).

Linomide p.o. or i.p. before CLP led to significant decreased TNF-  levels 
in ascitic fluid and Linomide i.p. gave also a reduction in portal samples 
compared to untreated septic animals (II). 

Sham animals, pre-treated with COX inhibitors, had a slight increase of the 
TNF-  in ascitic fluid, and the level was higher after treatment with          
indometacin than with SC-236 in both series in study III. Indometacin 

Group - + ++ median score % pos. staining 
C 6 2 0 -  25 (2/8) 
      
HPB- 8 1 2 -  27 (3/11) 
      
HPB+ 4 3 6 + * †  69 (9/13) * † 
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given before CLP caused significantly increased TNF- levels in ascitic 
fluid compared to the other CLP groups (III, series A). 
CLP animals pre-treated with indometacin had significantly enhanced   
IL-6 levels in aortic and portal vein samples compared to sham and to the 
SC-236 treated septic animals. On the other hand only SC-236 pretreat-
ment significantly attenuated the IL-6 concentration in plasma and in    
ascitic fluid compared to untreated septic animals (III, series A). 

Comments
The exaggerated cytokine responses in ascitic fluid compared to blood may 
indicate more activity at the local site of inflammation and infection (perito-
neum) than systemically. These findings are in agreement with previous 
reports, experimental as well as clinical (41, 67, 110). After Linomide treat-
ment we noted a decrease in TNF-  level in ascites, which is likely to be the 
effect of inhibited TNF-  secretion by the peritoneal macrophages (49). An 
altered cytokine release after COX inhibitors could be explained by the fact 
that administration of NSAID interrupts a negative feedback loop exerted by 
PGs, allowing mononuclear cells to increase their production of proinflam-
matory cytokines (86, 104). Treatment with a nonselective COX-2 inhibitor 
enhanced the proinflammatory cytokine release after CLP compared to a 
selective inhibitor, indicating an effect on the balance between the pro- and 
anti-inflammatory states.  

Cytokine analysis: TNF- , IL-6 and IL-10 (IV-V) 
Preoperatively, the concentrations of TNF- , IL-6 and IL-10 were      
increased in the GP group compared with the other groups. In the LP 
group, only the IL-6 level differed significantly from controls. After 24 h, 
the cytokine plasma concentrations in the two peritonitis groups            
decreased, although the GP group still had significantly higher IL-6 and 
IL-10 levels than the other groups (IV).  

IL-6, IL-10 but not TNF- , were higher in septic patients compared with 
nonseptic patients (IV).

Within the HPB+ group, there were no differences in cytokine concentra-
tions between patients with or without previous biliary drainage           
procedures.

Twenty-four hours after start of operation, the cytokine levels, except 
those of TNF- , increased in all groups. The IL-6 concentration in the 
HPB+ group demonstrated the highest value and differed significantly to 
the other groups at this point of time (V). 
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Table 11. Inflammatory blood parameters obtained preoperatively and 24 h 
after start of the operation. 
Cytokine Group Preoperative 24 h postoperative 

 C 3.5 (0.8-17.9) 4.6 (0.5-17.0) 
TNF-  HPB- 2.8 (1.4-13.5) 4.8 (0.7-14.7) 
(pg/mL) HPB+ 6.2 (0.9-13.7) 4.5 (2.3-15.0) 
 LP 5.5 (1.1-21.7) 4.4 (1.1-17.0) 
 GP 9.2 (2.4-118.7) * † 11.3 (4.9-19.3) 
 C 3.4 (0.6-14.4) 83.5 (29.2-256.5) ‡ 
IL-6 HPB- 3.9 (0.4-98.2) 103.5 (7.9-563.5) ‡ 
(pg/mL) HPB+ 11.9 (2.8-69.2) 266.9 (24.1-551.9) * † ‡ 
 LP 46.4 (5.7-422.1) * 31.7 (6.4-398.7) 
 GP 390.6 (176.7-522.3) * † 268.6 (36.7-467.6) * † ‡ 
 C 3.5 (1.4-23.8) 15.1 (9.5-44.1) ‡ 
IL-10 HPB- 5.6 (1.6-21.8) 16.6 (7.0-88.1) ‡ 
(pg/mL) HPB+ 9.0 (2.5-18.3) 24.8 (9.4-344.6) ‡ 
 LP 25.7 (2.9-174.7) 12.7 (4.9-90.0) 
 GP 42.6 (25.6-852.8) * † 34.9 (9.6-415.0) * † 

C = controls; HPB- = hepato-pancreatic-biliary (HPB) tumour without obstructive jaundice; 
HPB+ = HPB tumour with jaundice; LP = local peritonitis; GP = general peritonitis; TNF- =
tumour necrosis factor alpha; IL = interleukin. Data are presented as median value (range).   
* P < 0.05 vs. C group; † P < 0.05 HPB+ vs. HPB- or LP vs. GP (Anova); ‡ P < 0.05 for 24h 
post- versus preoperative values (Mann-Whitney U-test). 

Comments
The operative interventions led to a pronounced inflammatory response, 
demonstrated by significantly increased concentrations of IL-6 and IL-10 24 
hours after the start of surgery. Eighty percent of patients with GP and 35% 
with LP met the criteria for SIRS/sepsis. Clinical sepsis was diagnosed at 
time of surgery using previously defined criteria for sepsis (16). Septic   
patients had higher CRP and IL-6 values compared to non-septic patients. 
The two patients with proven translocation demonstrated cytokine concen-
trations above the median. IL-6 is rapidly released and has a short plasma 
half-life but is readily measured, in contrast to TNF- . For this reason, and 
because IL-6 levels change more quickly than the CRP levels, this cytokine 
is clinically best defined. It may have a prognostic value in patients with 
peritonitis, detecting early complications after surgery, and may also be  
useful for the control of therapy. However, no significant difference in IL-6 
levels was seen in the subgroups of appendicitis. Other studies have demon-
strated that elevated concentrations of TNF- and IL-6 are correlated with 
mortality (109, 134, 144), and high concentrations of IL-10 have been asso-
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ciated with an increased risk of developing infectious complications (191). 
There was no 30- days mortality in any of the groups in IV-V, but these 
studies are to small for making any statistical analysis of correlations      
between cytokines levels and morbidity or mortality. Increased concentra-
tions of IL-10 were found in the GP and HPB+ group postoperative. IL-10 is 
an anti-inflammatory cytokine that is activated later in the inflammatory 
process (10, 78). Increased levels of IL-6 have been demonstrated in patients 
with obstructive jaundice (80) while increased TNF- levels are more     
infrequently reported (78). 

The IL-10/TNF- ratio (IV-V) 
The IL-10/TNF- ratio was increased preoperatively in both peritonitis 
groups compared with controls. The ratio was higher in septic patients 
compared with nonseptic patients. 

The two patients with proven translocation of bacteria to MLNs had pre-
operatively IL-10/TNF- ratio values above the median in their group. 

IL-10/TNF-  ratio was higher in the HPB+ group preoperatively com-
pared to the others (V), but the difference did not read statistical signifi-
cance. Both HPB groups had higher ratio postoperatively, than preopera-

tively and higher ratio than the peritonitis groups. 

Fig 3. The IL-10/TNF- ratio (IV-V). 
C = controls; HPB- = hepato-pancreatic-biliary (HPB) tumour without obstructive 
jaundice; HPB+ = HPB tumour with jaundice; LP = local peritonitis; GP = general 
peritonitis. 
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Comments

The IL-10/TNF- ratio may be of value for evaluating the inflammatory 
response and the balance between pro- and anti-inflammatory cytokine   
activation after injury, burn and sepsis. IL-10 inhibits many of the           
proinflammatory effects of TNF-  and a high ratio of IL-10 /TNF-  may be 
linked to coinfections. An elevated IL-10 level can indicate a state of      
immune paralysis. 

Bacterial cultures (IV-V) 
Positive MLN cultures were obtained in both peritonitis groups but not in 
controls. In the GP group, 2 out of 12 MLN cultures were positive. The 
corresponding figure in the LP group was 2/19. Ten of 15 GP patients had 
a positive bacterial culture in peritoneal fluid. Blood cultures were     
positive in 3/15 patients in the GP group but in none of the other groups.  

Two patients (one from the LP and one from the GP group) had culture-
positive MLNs and sterile peritoneal fluid. PFGE typing was performed 
on subsets of E. coli isolates from MLNs and the faecal samples in these 
two patients. Identical DNA restriction patterns and a clonal relationship 
were found from faecal colonies and the MLN in both patients, proving 
translocation of E. coli from the intestinal bacterial flora to MLNs. 

In study V no patient demonstrated enteric bacteria in MLN cultures. In 
blood cultures, two patients in the HPB+ group demonstrated Gram-
negative bacteria (E. coli and pyogenes), while all other blood cultures 
were sterile. Peritoneal fluid was also sterile in all but one patient. 

Comments
In the present study translocation of bacteria was unequivocally proven to 
occur in 2 out of 35 (6%) patients with local or general peritonitis. However, 
this proportion is much less than reported from animal experiments,        
especially from experiments on rodents in which translocation is often    
reported to occur in 100% of cases (31, 183). It is believed that the impair-
ment of the intestinal mucosal barrier occurring in the critically ill facilitates 
translocation of bacteria. However, it has been demonstrated experimentally 
that the quality of the intestinal bacterial flora is more important than gut 
mucosal injury in determining whether or not translocation will take place, 
e.g. during sepsis (184, 96). Moreover, bacterial translocation has been dem-
onstrated to be associated with a higher incidence of postoperative septic 
morbidity in patients undergoing laparotomy (124, 156). 
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In the present study, translocation of E. coli to MLNs was found in 4  
peritonitis patients (2 in groups LP and GP, respectively) but not in controls. 
However, two of the patients with positive MLN cultures (one from each 
group) also had E. coli in samples from peritoneal fluid. We cannot prove 
that the bacteria found in the MLNs and in the peritoneal fluid were identical 
in these two patients and therefore we cannot rule out that the growth in the 
MLNs could have been caused by other mechanism than translocation. Thus, 
translocation of E. coli from the intestinal bacterial flora to MLNs was 
clearly shown in two patients by PFGE analyses.  

Experimentally bacterial translocation has been demonstrated fairly            
frequently in obstructive jaundice (162, 185), but more rarely in the clinical 
situation (77, 87). In the present study, translocation of enteric bacteria to MLNs 
was not demonstrated in any patient. There might be several explanations to 
this: 

1. Bacterial translocation does not occur to any measurable extent in      
patients with malignant obstructive jaundice and is of minor importance 
in the development of septic complications in such patients.  

2. Identification of translocating bacteria to MLNs was only made on one 
occasion. One can only speculate if repeated sampling would give other 
results.

3. In the present study, conventional culture methods and not PCR       
techniques were used. The latter may find higher rates of bacterial   
translocation compared with culture methods, but the timing of the  
translocating event cannot be decided with PCR (154). Therefore, the 
obvious risk of contamination and false positive results must be taken 
into consideration when using sensitive DNA-based techniques such as 
PCR in this context. 

4. The use of preoperative antibiotics may have influenced the number of 
negative culture results in the present studies. All included patients had 
antibiotics given 1-3 hours prior to harvesting of MLNs, in accordance 
with the guidelines for surgical treatment of these diseases in our         
department.  

Endotoxin concentrations (IV-V) 
The GP group demonstrated the highest concentrations of endotoxin in 
plasma with a median value of 0.068 EU/mL (0.005–0.680).               
The corresponding figures in the LP and C groups were 0.041       
(0.004–0.150) and 0.030 (0.005–0.100), respectively. 
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The GP patient with proven bacterial translocation had an endotoxin 
concentration of 0.400 EU/mL and the translocating LP patient 0.040 
EU/mL. Moreover, endotoxin concentrations were higher in septic    
peritonitis patients than in non-septic patients. The differences were not 
statistically significant. 

HPB+-patients demonstrated a median endotoxin plasma concentration 
of 0.120 EU/mL (0.015-0.310), which differed significantly to the HPB-

0.030 (0.005-0.165) and C groups 0.030 (0.005-0.100).  

Fig. 4. Preoperative median concentrations of plasma endotoxins in the different 
groups.  

C = controls; HPB- = hepato-pancreatic-biliary (HPB) tumour without obstructive 
jaundice; HPB+ = HPB tumour with jaundice; LP = local peritonitis; GP = general 
peritonitis. * P< 0.05 HPB+  versus HPB- and C groups (Anova).  

Comments
GP caused higher concentrations of endotoxins than LP, while the concentra-
tion in LP did not differ compared to controls. Moreover, peritonitis patients 
who met the criteria for sepsis had higher levels of endotoxins than         
non-septic patients. Although there is no threshold to define when           
endotoxaemia is harmless or becomes harmful, we find it reasonable to    
support the assumption that the higher the concentration, the higher the    
biological effects (22, 48). Patients with obstructive jaundice had higher 
concentration of endotoxins than those of the GP group. Consequence of 
impaired gut barrier function in patients with biliary obstruction may be 
increased exposure to endotoxins (10, 132). Endotoxemia, and the additional 

*
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inflammation caused by the operative trauma, has been associated with  
postoperative morbidity in jaundiced patients undergoing surgery (185, 79).  
    Endotoxin has a short half-life in blood, which makes the timing for blood 
sampling very crucial. We could, however, demonstrate increased preopera-
tive concentrations of endotoxins in patients with malignant obstructive 
jaundice compared to HPB-patients without jaundice. Although there was a 
large variability also within the HPB+-group, the difference to group HPB-

was statistically significant. This finding supports the concept that endotox-
ins may be an etiologic factor for septic complications in patients with    
malignant obstructive jaundice (35, 78). 

Fig. 5. Overview of small intestinal mucosa in sepsis.  

EpL = Epithelial layer, LP = Lamina propria, MLN = Mesenteric lymph node,  

P = in plasma, A = in ascitic fluid,    +  = increase,   –  = decrease.  
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General discussion and clinical
considerations

Sepsis and septic shock are still major causes of mortality worldwide, claim-
ing millions of lives each year. They are also the leading causes of death in 
surgical intensive care units in developed countries despite advances in   
critical care medicine (7, 199). Unfortunately, no definitive therapy yet   
exists that can successfully treat sepsis and its complications.  Recent pro-
spective trials have found anti-cytokine and anti-inflammatory therapies to 
be ineffective. The reasons for such a failure may be: 1) the physiological 
response in the stressed patient is complex. A single intervention cannot 
prevent an entire clinical response; 2) the critically-ill patient population is 
heterogenous and difficult to score, researchers may used various scoring 
systems for classification; 3) the presence of genetic polymorphisms within 
the general population has identified subsets of individuals who may have 
different physiological responses to similar stresses; 4) the lack of precise 
immunological monitoring. This means that the timing of the therapeutic 
intervention can be difficult to standardize among patients, which may    
explain how the same action can cause so different results. A single magic 
bullet therapy is thus unlikely to work  (90, 117, 145).

One should be careful when transferring results obtained in experimental 
septic shock studies to clinical conditions. One major reason is the fact that 
the experimental design certainly cannot in all respects mimic the clinical 
situation. In all our experimental studies, we have used the CLP technique to 
induce peritonitis and sepsis. We find CLP clinically more relevant        
compared to e.g. bacterial or LPS injections as it mimics a condition similar 
to that caused by a perforated gut in man (143).  

An intact gastrointestinal mucosal barrier and a normal distribution of T 
lymfocytes in the mucosa are important factors for the gut immune defence 
function. Our present data demonstrated that sepsis causes a superficial   
injury in the epithelial layer and a decrease in the number of cytotoxic T 
lymfocytes, the latter probably secondary to an increased rate of apoptosis. 
As a clinical effect this may lead to a deteriorated defence mechanism 
against MHC class I antigens. We also observed an enhanced apoptosis and 
a depletion of T lymphocytes, mostly T helper cells, in the lamina propria of 
the villi. This may impair phagocyte-cell mediated functions, due to a     
decrease in the activation of macrophages and cytotoxic T cells. 
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T helper cells are also essential for induction of the antibody production.
Reduced capacity of innate and cell mediated immune responses, thus     
promotes translocation of bacteria and endotoxins.  This suggests that strate-
gies to prevent mucosal damage and lymphocyte apoptosis could represent a 
potentially important line of therapy. 

In the second study we evaluated the effect of pre-treatment with the    
immunomodulator Linomide on immune cell distribution in the gut follow-
ing sepsis. Linomide attenuated the changes in the number of T lymphocytes 
observed following CLP. This is likely to reflect the anti-apoptotic effect of 
Linomide (50). Other experimental studies have shown that Linomide     
suppresses pro-inflammatory cytokines and inhibit leukocyte recruitment in 
endotoxemia (34, 82). We noted a reduced TNF-  level in plasma and    
ascites and a lesser degree of mucosal damage when Linomide was given  
intraperitoneally. Peroral administration was not equally effective.  In studies 
II-III a higher cytokine concentration was measured at the local site of    
inflammation and infection (in peritoneal fluid) than systemically, suggest-
ing that in peritonitis-induced sepsis, immunotherapy should target the peri-
toneal compartment and suppress the over-activated peritoneal macrophages. 
Another source for cytokine release is the increased number of macrophages 
seen in the mucosa (I-III) and in the MLNs (III-V).

Levels of cytokines in the exudate of peritonitis may be used to better 
stratify the severity of peritonitis and, in future, to guide local therapy (75). 
Intraperitoneal microdialysis are alredy developed for detection and monitor-
ing of peritoneal cytokine production and intestinal ischemia (148, 167).

Early monitoring of the immune responses in critically ill patients may 
help us to understand pathophysiological aspects of inflammation and infec-
tion, as well as provide the basis for interventions directed towards the    
immune defence system. In addition, monitoring the immune response is a 
prerequisite for assessment of objective measures of therapeutic success. 
Cytokine gene polymorphisms may provide a method for determining which 
patients are at high risk of complications (93).  

Our data showed that the plasma concentrations of IL-6 and IL-10, but 
not TNF-  were higher in septic patients compared with nonseptic. TNF-
concentrations were low in all patients pre- and postoperatively, and cannot 
easily be used as prognostic parameters because of the short half-life time. In 
contrast, IL-6 appears to be a helpful tool for early assessment of SIRS or 
sepsis in patients with peritonitis, and to grade the severity of peritonitis 
preoperatively. It may also be a more useful marker of postoperative infec-
tive complications than CRP. A normal postoperative course is characterized 
by decreasing levels of IL-6 (146); CRP is raised a longer period following 
surgery than IL-6 (as seen in the local peritonitis group, IV). Surgical inter-
ventions performed to clear septic foci in the two peritonitis groups,        
decreased cytokine plasma concentrations postoperatively, although the  
general peritonitis group still had significantly higher IL-6 and IL-10 levels 
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than the local peritonitis group. Patients, who undergo major surgery for 
cancer, and patients with obstructive jaundice are at high risk of postopera-
tive infection. The HPB+ group demonstrated higher IL-6 levels postopera-
tively than the HPB- group (V). A rapid and reliable interleukin-6 test kit is 
today available for clinical use and can be a helpful tool to get stratified pa-
tients with elevated interleukin-6 levels into clinical trials (128). Micro ar-
rays for quantitfying different cytokines at the same time, provides a more 
complete picture of the cytokine pattern and can help to indicate if a pro- or 
anti-inflammatory state outweighs or to follow the course of events (83, 
109). Immune monitoring using a combination of IL-6 and LPS- binding 
protein (LBP) or procalcitonin (PCT) can discriminate sepsis from SIRS. 

So far, most efforts to intervene in the immunopathogenesis of sepsis 
have been directed at the pro-inflammatory response. None of these inter-
ventions has been shown to improve the prognosis of sepsis, possibly     
because many patients were already in a state in which anti-inflammatory 
responses dominated. The IL-10/TNF- ratio may be of value for evaluating 
the inflammatory response and the balance between pro- and anti-
inflammatory cytokine activation after sepsis, injury, and burns. Preopera-
tively, IL-10/TNF-  was increased in both peritonitis groups compared with 
controls, and higher in septic patients compared with nonseptic. The two 
patients with proven translocation of bacteria to MLNs had IL-10/TNF-
ratio values above the median in their group (IV). 

Extensive work on bacterial translocation has been performed in animal 
models and occurs notably in sepsis, obstructive jaundice, haemorrhagic 
shock, thermal injury, protein malnutrition, trauma, and intestinal obstruc-
tion. In the clinical situation bacterial translocation has been more rarely 
described, and the clinical significance is not clear and still under debate 
(169). In study IV, we were able to prove occurrence of bacterial transloca-
tion in 2 patients (6%) with peritonitis by the use of pulsed-field gel electro-
phoresis (PFGE). Although proven, one can find the rate of translocation 
low. The use of modern antibiotics regimes preoperatively in major surgery 
could possibly decrease the rate of bacterial translocation to blood and 
MLNs. In our septic patients, only a few demonstrated positive blood     
cultures. No patients in the malignant obstructive jaundice group (V) were 
found to have enteric bacteria in blood or MLN cultures. In contrast the 
plasma endotoxin concentrations were elevated in the above mention groups. 

It is hypothesized that sepsis and MODS is more probably triggered by 
the combination of tissue damage and systemic endotoxaemia, than bacterial 
translocation, which is perhaps a later phenomenon. Future therapeutic 
strategies could therefore focus more on binding endotoxin in the gut before 
the triggering event, for example before major surgery. Such a strategy could 
be combined with the start of early enteral feeding, which has been shown in 
both clinical and in animal studies to have a beneficial effect on intestinal 
mucosal barrier function (98, 153, 161, 175).  
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Conclusions

Twenty-four hours after the induction of peritonitis, there is an 
altered pattern of immunocompetent cells within the intestinal  
mucosa. Depletion of T lymphocytes in the mucosa may impair 
the gut immune defence.  

Increased concentrations of TNF-  were demonstrated in portal 
blood and in ascitic fluid following CLP induction. Linomide       
decreased the TNF-  level and gave a reduced grade of mucosal    
injury, it attenuated the decrease of T lymphocytes and the increase 
of macrophages observed following CLP.  

A selective COX-2 inhibitor results in a lesser degree of mucosal 
injury and a reduced proinflammatory cytokine release in sepsis 
compared to treatment with a non-selective COX inhibitor. COX 
inhibitors did not significantly change the already increased   
apoptosis rate in the mucosa and MLNs, but we observed T lym-
phocyte depletion in the mucosa and MLNs more often in the CLP 
group pre-treated with a nonselective COX inhibitor.

Bacterial translocation occurs during acute peritonitis but seems to 
be a fairly infrequent phenomenom. Peritonitis causes significant 
inflammatory cellular reactions as increased cytokine plasma    
levels and an altered immune cell distribution in MLNs.

Concentrations of endotoxins and cytokines were increased in the 
HPB+ group as compared to HPB- and controls. A higher rate of 
apoptosis in MLNs, an increase in the number of macrophages and 
a decrease of CD4+ T lymphocytes was observed in the HPB+

group. Compared to HPB- group and controls, no evidence of bac-
terial translocation was demonstrated. Lymphocyte depletion may 
be a result of the increased apoptosis rate, which could reduce the 
ability of the jaundice patient to eradicate infection. 
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Summary in Swedish
(sammanfattning på svenska) 

Tarmen och dess lymfatiska vävnad (gut associated lymphatic tissue, GALT) 
är det största och kanske viktigaste immunologiska organet i kroppen. Det  
initiala inflammatoriska svaret i tarmen vid ”systemic inflammatory        
response syndrome”(SIRS) eller sepsis inkluderar makrofager och andra 
fagocyter, påverkan på diverse kaskadsystem samt aktivering av tarmens 
epithel och endotelceller. Det cellulära immunsvaret uppstår något senare 
och medieras av CD4+ och CD8+ T lymfocyter. En nedsatt funktion eller 
ökad programmerad celldöd (apoptos) av dessa celler i tarmens slemhinna 
(mucosa) och de mesenteriella lymfkörtlarna (MLNs) leder till nedsatt    
försvar mot mikrober. Sepsis är det systeminflammatoriska svaret på en  
infektion. Om detta tillstånd leder till endera nedsatt blodtryck (hypoten-
sion), nedsatt cirkulation (hypoperfusion) eller organdysfunktion har man en 
svår sepsis. Septisk chock föreligger om hypotensionen ej svarar adekvat på 
vätsketillförsel och patienten samtidigt har organdysfunktion eller hypoper-
fusion. Peritonit (intra-abdominal sepsis) kan utlösas av svår infektionssjuk-
dom, efter intra-abdominala skador eller vara en komplikation till bukkirur-
gi. Peritonit leder till septisk chock och multipel organsvikt i relativt hög 
frekvens.
    En ytlig mucosaskada i tunntarmen uppstår tidigt vid chock på grund av 
försämrad tillförsel av syrgas, samtidigt som behovet av syrgas är ökat,   
vilket innebär att barriären mot tarmlumen försämras. Därmed ökar tarmbar-
riärens genomsläpplighet (permeabilitet), vilket underlättar passage för   
bakterier (vanligen gramnegativa) eller delar av dess vägg (lipopolysaccha-
rid, LPS, sk endotoxiner) genom slemhinnan till blodcirkulationen och lymf-
systemet, s k translokation. Bakterier och LPS stimulerar det lokala immun-
systemet bl.a. makrofager att frisätta signalsubstanser som cytokiner, vilka i 
sin tur påverkar det inflammatoriska svaret. Obalans mellan det                
pro- och det anti-inflammatoriska svaret vid sepsis är svårbehandlat och 
leder till hög mortalitet trots optimerad intensiv vård. Gallvägsstas (ikterus) 
anses ge ett nedsatt immunförsvar i tarmen, vilket ökar risken för transloka-
tion av endotoxiner och tarmbakterier.  

Målsättningen har varit att i både djurexperimentella studier samt i klinis-
ka studier skapa en ökad kunskap kring tarmens cellulära immunförsvar i 
samband med peritonit, sepsis och malign gallvägsstas. I de tre experimen-
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tella arbetena har en standardiserad fekal peritonit framkallats på råtta (cecal 
ligation and puncture; CLP). Det inflammatoriska svaret (koncentration av 
cytokinerna; TNF- , IL-6 och IL-10, förändringar i populationer av             
T-lymfocyter och makrofager i tarmslemhinnan och i MLNs, förekomst och 
frekvens av apoptos i dessa områden) har studerats. Mekanismerna bakom 
de aktuella reaktionerna har vidare studerats med hjälp av tillförsel av en 
syntetisk anti-inflammatorisk substans (Linomid) och genom tillförsel av en 
ospecifik cyklo-oxygenas (COX) hämmare (indometacin)  respektive en 
specifik COX-2-hämmare (SC-236). Här följer en del av resultaten.  

Delarbete I: T-lymfocyterna uttrycktes i betydligt mindre omfattning i  
peritonitdjurens mucosa jämfört med kontroller medan däremot makrofager-
na ökade 24 tim efter CLP. Laparotomi utan CLP hade ingen effekt på    
immuncellsdistributionen.  

Delarbete II: Ökad koncentration av TNF-  påvisades i blod och buk-
vätska (ascites) efter CLP. Nivåerna av TNF-  var alltid högre i ascites än i 
blod. Linomid administrerat i bukhålan (intraperitonealt; i.p.) före CLP, 
sänkte TNF-  nivåerna signifikant i portablod och i ascites, samt ledde till 
en lägre grad av mucosa skada jämfört med den icke behandlade CLP grup-
pen. Linomid givet peroralt (p.o.) var inte lika effektivt. Linomide givet i.p. 
eller p.o. före CLP mildrade de förändringar man tidigare (I) sett vad beträf-
far immuncellsdistributionen i de septiska djurens mucosa.  

Delarbete III: SC-236 administrerat p.o. innan CLP gav en lägre grad av 
mucosaskada jämfört med den obehandlade CLP gruppen och den grupp 
som erhållit indometacin före CLP. Nivåerna av TNF-  och IL-6 var alltid 
högre i ascites än i blodet och högre i ascites efter 6 tim än efter 24 tim.  
Indometacin givet före CLP medförde signifikant högre TNF-  koncentra-
tion i ascites efter 6 tim jämfört med övriga CLP grupperna. När SC-236 
gavs noterades lägre nivåer av IL-6 i ascites och i blodet. I alla CLP       
grupperna minskade antalet T lymfocyter i mucosan, en ytterligare minsk-
ning sågs om djuren hade fått förbehandling med indometacin. Samtidigt 
sågs både i mucosan och i MLNs en högre frekvens av apoptos 24 tim. efter 
CLP jämfört med den obehandlade kontrollgruppen. Ökningen av antalet 
makrofager som även tidigare noterats efter CLP, i mucosa och i MLN 
minskades till kontrollgruppens nivå efter behandling med COX-hämmare, 
oavsett selektivitet.  

I de två kliniska arbetena (IV-V) har vi undersökt förekomst av endotoxi-
nemi och bakteriell translokation. Vi har också studerat om de inflammato-
riska parametrarna som analyserades i de experimentella studierna (I-III), 
påverkades hos patienter med generell peritonit eller lokal peritonit         
(appendicit) (delarbete IV) respektive hos patienter med tumör i gallvägar 
eller pankreas med eller utan ikterus (delarbeteV) innan och efter operation. 
Bakteriell translokation förekom i få fall vid akut peritonit. Förhöjda endo-
toxinkoncentrationer förelåg endast hos patienterna med generell peritonit. 
Både lokal och generell peritonit orsakade stegrade cytokinnivåer jämfört 
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med kontrollgruppen. De högsta koncentrationerna sågs hos patienter med 
generell peritonit preoperativt. Endast lokal peritonit orsakade signifikanta 
förändringar av immuncellsdistributionen i MLNs jämfört med kontrollerna.
De ikteriska patienterna hade högre endotoxin- och cytokinnivåer i blodet, 
en högre grad av apoptos i MLN, en ökad mängd makrofager och en mins-
kad mängd CD4+ T lymfocyter i sina MLNs jämfört med kontroll gruppen 
och de patienterna med tumör i gallvägar eller pankreas utan ikterus. Ingen 
av grupperna uppvisade bakteriell translokation. Minskningen av CD4+ T 
celler kan vara associerad med den ökade graden av apoptos som sågs hos de   
ikteriska patienterna. Reducerat antal T lymphocyter i tarmens slemhinna 
och dess lymfkörtlar kan vara en förklaring till att patienter med peritonit 
och ikterus har svårare att erradikera bakterier och då lättare får infektiösa 
komplikationer som leder till sepsis efter kirurgi.  

Immunoterapi med substanser som minskar apoptos och stärker det cellu-
lära immunförsvaret kan möjligen i framtiden vara ett komplement till de 
övriga medicinska behandlingar och den avancerade intensivvård som dessa 
patienter kräver. Immun-monitorering med analys av cytokiner som TNF- ,
IL-10 men framförallt IL-6 i kombination med andra biokemiska markörer  
(t ex. prokalcitonin, lipopolysaccharide binding protein) kommer att spela en 
allt större roll för diagnos, utvärdering av terapier samt prognos och        
riskstratifiering av septiska patienter.  
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