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Introduction 
 
Intra-abdominal adhesions, as a result of damage to the peritoneum, continue to be a 
central and current problem in abdominal surgery. By far the majority of adhesion 
remains symptom-free or even promotes intra-abdominal healing processes. However, 
12% of adhesions cause recurring, chronic abdominal complaints and over 3% lead to 
serious symptoms requiring repeat laparatomies. The most severe complication, 
adhesion-related ileus, accounts for a considerable proportion of emergency operations 
(1). 
 
Different to the process-like wound healing of external body surfaces, the visceral and 
parietal peritoneum healing process follows its own rules. Large serous defects are not 
covered in a stepwise manner starting at the wound edge, but quickly and synchronously 
over the entire surface by mesothelial cells. These cells come from the underlying 
connective tissue.  The peritoneum is thus capable of reserosing even larger defects in a 
short period of time.  The underlying tissue, however, lags behind this surface restitution, 
and scars remain after healing (2,3). 
 
Progress and development in bio-molecular sciences enabled us to explore and explain 
the genesis and process of diseases, like wound healing, in more detailed, to cellular as 
well as to molecular level. Discoveries of molecules involve in the pathophysiology of 
some diseases lead researchers to focus on the interaction between cells and in the cells 
mediated by these signal-molecules. Wound healing represents a complex cascade of 
biochemical and cellular events designed to achieve regeneration or restoration of tissue 
integrity following injury. This paper will discuss the molecular and cellular mechanism 
in the generation of peritoneal adhesion.  
 
General consideration in peritoneal adhesive formation 
 
Adhesions were thought to be due to peritoneal injury healing by scar formation, which 
developed adhesions between adjacent viscera. Specific stimuli were identified which 
were known to cause adhesion production. These included trauma, infection and 
ischaemia. These stimuli created an acute inflammatory intraperitoneal response, which 
resulted in a fibrin-rich inflammatory exudate. Fibrin was laid down and produced 
fibrinous adhesions (4). 
In the course of normal healing, where intact peritoneum is present, fibrin is broken down 
into fibrin degradation products by triggering the fibrinolytic system. Plasminogen is 
activated by endogenous activators as well as by the cytokinase of the mesothelial cells 
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themselves. This step is prerequisite for rapid reserosing and thus for adhesion-free 
healing. In the absence of a healthy peritoneum, the fibrinous adhesions persisted and 
became organized to develop fibrous adhesions. Thus, central importance in the 
pathophysiology of adhesions is the shift dynamic balance between fibrinolysis and fibrin 
formation (1). 
 
This theory has been labeled the classical pathway for adhesion formation (Fig. 1). 
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Fig.1. Pathway of adhesion formation 

 
 
The fibrinolytic activity of peritoneum resides in plasminogen activator activity (PAA), 
which is present in both mesothelial and submesothelial blood vessels and which 
activates plasmin to process fibrin with release of split products and reabsorption of 
fibrinous adhesions. Fibrinolytic activity of the peritoneum can be reduced by trauma and 
above all by ischemia, which is showed by decrease in plasminogen activator activity 
(PAA).  As a result, fibrinous adhesions are not lysed, and a tighter fibrin network forms, 
which is the natural pathway for the proliferation of fibroblasts. Permanent adhesions of 
very different morphology develop via fibroblast invasion of the fibrin network and 
fibrous organization. Ergastoplasm-rich fibroblasts not only yield the raw material, 
mucopolysaccaride, but they also form collagen and tropocollagen (5).  
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Cellular involvement pathway in peritoneal adhesive formation 
 
Though the serial cellular events that transpire following a peritoneal injury have been 
defined, the exact mechanism in peritoneal repair and adhesion formation has only been 
partially elucidated. The cellular events in tissue repair are regulated by growth signals, 
including migration, proliferation, and phenotype modulation of connective tissue cells, 
epithelial, and endothelial cells. Circulating platelets and inflammatory cells are the 
source of such endogenous signals controlling the normal process of wound healing. In 
later stages of tissue repair, signals are released by tissue repair cells themselves and act 
in an autocrine or paracrine fashion. Distinct surface receptors for several ligands have 
been identified. Binding of growth factors to specific cell membrane receptors activates 
tyrosine kinase activity and initiates intracellular signal transduction. 
 
 
 

 
Fig. 2. Intercellular signaling of cytokines 

 
 
Preliminary finding demonstrating that numerous cytokines such as interleukin (IL)-1 (6), 
IL-2, transforming growth factor (TGF)-, and platelet-derived growth factor (PDGF)-  
(7) are signaling molecules, which acts in the formation of postoperative adhesion, while 
IL-10 (cytokine synthesis-inhibiting factor, CSIF) significantly inhibits such adhesion 
formation (8). The cellular events appear to be orchestrated at least in part by signals that 
function as chemoattractants and immunostimulants. Interleukin (IL)-6 (9), transforming 
growth factor (TGF)-, epidermal growth factor (10), TGF-, and IL-1 have been found 
to be adhesiogenic whereas antibodies to IL-6, tumor necrosis factor (TNF)-, and IL-1 
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reduce postoperative adhesion formation. IL-10, also known as cytokine synthesis 
inhibiting factor, may be one of these centrally active mediators that inhibits the 
expression of cytokines such as LI-1, TNF-, or IL-6. Another cytokine that may have 
anti-adhesive effects is IL-4, with its inhibiting effects on monocytes and macrophages 
(11). In vitro findings demonstrate that IL-10 and IL-4 inhibit production of cytokines 
(e.g. adhesiogenic IL-6) in monocytes and macrophages by different mechanism (12). A 
thorough elucidation of the role and characteristics of centrally active cytokines might 
make possible the development of adhesion-preventing agent by targeted 
immunomodulation. 
 
 
 

 
Fig. 3. Cytokines actions in adhesions material formation 

 
 
There are multiple mechanisms by which IL-10 can reduce adhesion formation. 
Interleukin-10, produced by type-2 helper T cells, inhibits profibrotic cytokine production 
by type-1 helper T cells, peripheral blood mononuclear cells, and macrophages. One of 
these adhesiogenic cytokines suppressed by IL-10 is IL-2, which is known to stimulate 
the synthesis of two highly fibrinogenic cytokines, TGF- and platelet-derived growth 
factor B. Similarly, IL-10 acts on monocytes and macrophages to suppress the synthesis 
of the potent adhesion-forming mediators IL-1 and IL-6. Further reduction in IL-1 
activity may be effected by the IL-10 induced up regulation of the anti inflammatory IL-1 
receptor antagonist (13,14). 
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Numerous studies in both humans and animals have demonstrated that IL-4 inhibits the 
productions of adhesiogenic cytokines such as TNF-, or IL-1 by monocytes and 
macrophages. Interleukin-4 further up-regulates the expression of the anti-inflammatory 
IL-1 receptor antagonist. Differential and synergistic effects between IL-10 and IL-4 have 
been described in particular for the reduction of IL-6 expression (15,16).  
 
Molecular activity in peritoneal adhesion formation 
 
Peritoneal healing exhibits characteristics of “too much repair”, although the healing 
mechanism following peritoneal injury differs substantially from that in the skin, as the 
entire peritoneal surface becomes reepithelialized, not only from the borders but also at 
the center of the defect. Regardless of the differences in reepithealization, the formation 
of peritoneal adhesion displays many phenomena, which can also be observed in other 
tissues (17). 
 
It is now concerned as verified that, in addition to mechanical damage of the serosa, 
antibodies, necroses, residual blood, bacteria, and toxins as well as physical and chemical 
noxae lead to tissue damage.  Following damage to very sensitive mesothelial cells, there 
is a flow of mediators, such as serotonin, bradykinin, histamine and prostaglandin, which 
leads to an increase in vessel permeability and results in the extravasation of 
serosanguine liquid in the abdominal cavity.  Through the concomitantly extravasated 
fibrinogen, fibrin develops via the influence of released tissue thrombokinase, which goes 
on to form a loose three-dimensional network.  This finally causes the adhesion of the 
adjacent serosal surfaces (5,18). 
 
The studies by Buckman in 1976 identified the inhibition of fibrinolysis on a fibrin plate 
by the presence of ischaemic tissue (18). This suggested that, rather than there being a 
simple absence of PAA in the presence of ischaemia, there was active inhibition of 
activity . This was not followed up until 1990, when Vipond et al. identified the presence 
of plasminogen activator inhibitor-1 (PAI-1) in inflamed and ischaemic peritoneum (19). 
In 1993, Whawell et al. found that PAI-2 was present in similar tissue samples, but that 
tissue plasminogen activator (t-PA) was also present in normal quantities (20). Evaluation 
of the presence of PAI-1 or PAI-2 after simple trauma has not been carried out, but 
measurements by Buckman failed to indicate PAA inhibition after simple trauma. It 
would appear that after simple trauma PAA is reduced secondary to the reduction in the 
presence of t-PA. In the presence of inflammation or ischaemia there are normal levels of 
t-PA, but there is inhibition of PAA by PAI-1 and PAI-2. This suggests that there are two 
variations on the pathogenesis of adhesions; indeed, there may be two types of adhesions. 
 
In terms of pathogenesis, there appear to be two types of adhesions: those that are formed 
after simple trauma and those that develop after inflammation or ischaemia. This may be 
of clinical significance with respect to adhesion prevention. The majority of adhesions 
that form after surgery are not related to the site of surgery, but involve the wound or 
loops of the small bowel. These adhesions between loops of bowel are the main cause of 
postoperative adhesive intestinal obstruction and are probably produced due to local 
simple trauma reducing the level of t-PA at the time of surgery. Adhesions at the site of 
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surgery may be beneficial, as they can support a precarious anastomosis, introduce a new 
blood supply to ischaemic tissue and wall off areas of sepsis to prevent spread. These 
adhesions are probably facilities by suppression of PAA by PAI-1 and PAI-2. It may be 
possible to selectively inhibit the formation of adhesions that may produce intestinal 
obstruction and to permit the formation of adhesions that are beneficial (21). 
 
 
 

 
Fig. 4. Intracellular signalling pathway in adhesions formation 

 
For many years it has been known that peritoneal tissue has fibrinolytic activity (22). 
Experimental studies have shown that injury to the peritoneum reduces its fibrinolytic 
capacity, and that the same injuries also produce intra-abdominal adhesions (18). The 
fibrinolytic system is an enzymatic cascade with a number of activators and inhibitors 
(fig. 2).  In the presence of bacterial peritonitis or tissue ischaemia, there was a marked 
reduction in human peritoneal plasminogen-activating activity (23). 
The plasminogen activator in human tissue has been identified as tissue plasminogen 
activator (tPA) using antibody inhibition studies and antigenic immunoassay techniques 
(19). Inflamed human peritoneal tissue contained levels of tPA comparable with normal 
peritoneum. The loss of fibrinolytic activity in inflamed peritoneal tissue was found to be 
the result of plasminogen-activator inhibitor (PAI) production. High levels of both PAI-1 
and PAI-2 were found in inflamed human peritoneal tissue (20). 
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Fig. 5. The fibrinolytic system 
 
 

 
Peritoneal injury either by operation or bacterial peritonitis results in a high concentration 
peritoneal pro inflammatory cytokine response particularly TNF, IL-1 and IL-6 (24). 
The concentration of these cytokins in the peritoneum is several hundred fold that seen in 
the plasma of these patients. Studies of human mesothelial cells, either derived from the 
omentum or from a cell line have shown that these pro-inflammatory cytokines 
individually and synergistically stimulate the production of PAI-1 in vitro. The time 
course of this cytokine response seen in the peritoneal exudate is also compatible with a 
cytokine-induced stimulation of PAI production. 
 
In summary fibrous adhesions are formed within the peritoneal cavity when the normal 
fibrinolytic activity of the peritoneum is lost. This fibrinolytic activity is tPA dependent 
and its loss is the  result of the production of PAI-1 and 2 by the mesothelium and sub-
medothelial tissues. This production of PAI-s appears to be the result of pro-
inflammatory cytokine stimulation of mesothelial and other cells. 
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