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Abstract: Objective: This study aimed to investigate the levels of endotoxin and platelet-activating factor (PAF) in 

plasma and tissue homogenates during different phases of acute small-intestine obstruction of rats. Methods: 

Seventy-two specific pathogen-free Wistar rats were completely and randomly divided into the control, sham-

operated, and acute small-intestine obstruction groups. Operation was performed on rats in each group after 

intraperitoneal administration of anesthesia. After the operation, venous blood was phlebotomized at four different 

time points for examination, and part of the ileum was taken for the tissue homogenate. The levels of endotoxin and 

PAF in venous blood and tissue homogenate were examined by ELISA. Results: The levels of plasma endotoxin 

increased evidently after operation, achieved its peak value after 24 h, and then decreased, showing a double-peak 

curve. The levels of PAF in both plasma and tissue homogenates as well as the endotoxin in the tissue homogenate 

increased evidently after operation compared with that of the normal control group (P < 0.01). The level of 

endotoxin had a positive correlation with PAF (r = 0.656, P < 0.01). Conclusions: The levels of plasma endotoxin 

can be used to evaluate the function of the intestinal mucosal barrier, and as a sensitive cytokine, PAF can determine 

disease progression and offer evidence for early intervention. 
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1. Introduction 

An endotoxin is a lipopolysaccharide 

component in the cell wall of gram-negative bacteria 

and is the main trigger factor of inflammatory reaction. 

Under normal physiological status, a large amount of 

endotoxins exist in the intestinal tract. Given that 

mucosal barrier function is complete, bacteria and 

endotoxins in the intestinal tract have difficulty 

invading the human body (Swank and Deitch, 1996). 

Platelet-activating factor (PAF) is a kind of 

endogenous phospholipid medium with wide biological 

activities. PAF can be generated by mastocytes, 

endothelial cells, macrophages, and polymorphonuclear 

leukocytes. In the human body, the combination of 

PAF with a specific PAF receptor can promote blood 

platelet and neutrophil accumulation as well as cell 

degranulation and release of oxygen free radicals 

(OFR), tumor necrosis factor (TNF), interleukin (IL), 

arachidonic acid, and metabolic products, thus 

increasing vasopermeability, promoting thrombosis, 

and inducing smooth muscle contraction. Furthermore, 

PAF serves an important function in the occurrence and 

development process of a series of related diseases 

(Anderson et al., 1991) such as inflammation, 

microcirculatory disturbance, and gastrointestinal 

mucosal injury (Prescott et al., 2000). 

Intestinal barrier is a kind of complex defense 

system composed of the intestinal mucosal epithelium, 

rete malpighii, mucosal immune system, normal 

intestinal microflora, intestinal endocrine function, 

normal intestinal peristalsis, and other links (Magnotti 

and Deitch, 2005). This barrier can effectively prevent 

pathogenic microorganisms from invading the body 

(Deitch, 2002). However, under the conditions of 

operation, trauma, infection, ileus, malnutrition, 

jejunitas, and chemotherapy, intestinal barrier injuries 

can occur (Gosain and Gamelli, 2005), thus enabling 

endotoxins to invade the blood and causing 

enterogenous endotoxemia (Morencos et al., 1995) and 

multiple organ dysfunction syndrome (Han, 2002; 

Steinberg, 2003). After ileus occurs, microcirculatory 

disturbance of intestinal wall tissues, nutritional 

disturbance, infection, excessive release of 

inflammatory mediators, cell apoptosis, and other 

multiple routes can all result in intestinal barrier 

function injury (Sobhani et al., 1992). Both intestinal 

flora disturbance and intestinal mucosal permeability 

increase can cause intestinal bacteria and endotoxin to 

invade the blood. Therefore, endotoxins can sensitively 

reflect intestinal mucosal barrier function and can serve 

as an objective indicator of the extent of intestinal 

mucosal barrier injury and can assess enterogenic 
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infection and disease prognosis for ileus disease (Smith 

et al., 1986). As the central organ of stress reaction and 

the initiation organ of multiple organ failure (Marshall 

et al., 1995; Lan and Tang, 2003; Leaphart and Tepas, 

2007), the intestinal tract increasingly becomes a 

concern. Translocation of bacteria and severity extent 

of endotoxemia are closely related to the extent of 

intestinal barrier injury and directly influence the 

prognosis of patients (Higashi et al., 2003). Therefore, 

the prevention and treatment of intestinal barrier 

function injury is of great significance (Mannon, 2009). 

As a kind of endogenous phospholipid 

medium with wide biological activities, PAF serves an 

important function in the occurrence and development 

process of gastrointestinal mucosal injury (Wang et al., 

1999). In China, relevant research on PAF level in the 

ileus remains lacking. This study used the intestinal 

obstruction rat model to detect concentrations of 

endotoxin and PAF in blood plasma and small-intestine 

tissue homogenates at different time points after the 

occurrence of acute ileus to understand the rules of 

endotoxin and PAF change after such occurrence as 

well as to assess the disease condition of ileus to 

provide a theoretical basis for early clinical 

intervention. 

 

2. Materials and methods 

Animals and Grouping: Seventy-two specific 

pathogen-free Wistar male rats with body weight of 

250 g to 300 g were provided by the Qingdao 

Experimental Animal and Animal Experiment Center. 

Before the experiment, jejunitas was performed for 12 

h, but the rats could freely drink. These rats were 

randomly divided into the following three groups: 

group A (the normal control group, n = 8), group B (the 

sham-operated group, n = 32), and group C (the acute 

ileus group, n = 32). This study was conducted in strict 

accordance with the recommendations in the Guide for 

the Care and Use of Laboratory Animals of the 

National Institutes of Health. The animal use protocol 

has been reviewed and approved by the Institutional 

Animal Care and Use Committee of Qingdao 

University 

Model Preparation: The rats were anesthetized 

with 40 mg/kg of 2% amobarbital sodium by 

intraperitoneal injection. After the administration of 

anesthesia, the rats were fixed. Routine skin 

disinfection was performed for the operation field, and 

operations were conducted under aseptic conditions. 

Median abdominal skin was cut open to the abdominal 

cavity layer by layer to form an incision of 

approximately 3.5 cm, and subsequent operations were 

performed according to the following procedure: For 

the rats in group A, specimens were acquired after 

anesthesia. For the rats in group B, only intestines were 

stirred after opening the abdominal cavity. For group C, 

small intestines were ligatured with one piece of (4 m) 

silk suture 5 cm away from the terminal ileum. For 

groups B and C, the abdominal cavity was closed, and 

nutritional support was administered. 

Specimen Collection: For the rats in group A, 

peripheral venous blood was collected after injecting 

anesthesia, and the rats were killed by cutting the neck. 

For the remaining groups, the rats were again 

anesthetized at 8, 24, 72, and 168 h after model 

preparation (four batches, eight rats/batch), and venous 

blood was collected. After the upper intestinal tissues 

of the upper ileus were taken, various groups of rats 

were killed by cutting the neck. The venous blood was 

centrifuged at a low temperature of 4 C at 3000 rpm 

for 30 min to obtain the supernatant. Subsequently, 

300 μL of supernatant was placed into an aseptic EP 

tube and stored at −70 C for detection. After 

mesenteries were removed from the intestinal wall 

tissue, the tissue was washed with ice-cold normal 

saline, prepared in a high-speed tissue homogenizer 

within the super-clean bench at 15000 g into 20% of 

tissue homogenate, and then centrifuged for 10 min at a 

low temperature of 4 C at 3000 g. The supernatant 

was placed into an aseptic plastic EP tube and stored at 

−70 °C for detection. 

Specimen Detection: PAF and endotoxin kits 

(American R&D Systems Company) were balanced to 

room temperature (18 °C to 25 °C), and then the 

ELISA plate was removed. Detections were performed 

in strict accordance with the operation steps of the kit 

instructions. At a wavelength of 450 nm, optical 

density (OD) values of endotoxin and PAF in various 

walls were read on the enzyme-labeled instrument. 

With the standard concentration as abscissa and the 

corresponding OD value as ordinate, the linear 

regression curve of standard substance was drawn. 

According to the curve equation, concentration values 

of various specimens were calculated. 

Statistical Analysis: All obtained data were 

expressed as mean ± standard deviation ( x  ± s), and the 

SPSS 17.0 statistical software package was used for 

statistical analysis. In addition, t test was used for 

comparison between two groups, ANOVA was used 

for comparisons among intragroup multiple mean 

values, and linear correlation analysis was used for the 

correlation analysis of two variables. P < 0.05 was 

considered as statistically significant. 

 

3. Results 

             Analysis of Changes in Endotoxin and PAF 

Concentrations: All experimental animals survived in 

the experimental period. At 8 h after ileus, endotoxin in 

rat blood plasma significantly increased (P < 0.01), 

reached the peak, then reduced slightly, and increased 

again, presenting a double-peak change. At various 

time points, the acute ileus group has significantly 
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more endotoxin in the blood plasma than the normal 

control group (P < 0.05). In addition, PAF in blood 

plasma and endotoxin and PAF in tissue homogenate at 

8 h after ileus significantly increased (P < 0.01) and 

then reached the peak at 168 h. At various time points, 

endotoxin and PAF concentrations in the blood plasma 

and tissue homogenates of the acute ileus group were 

all higher than those of the sham-operated group (see 

Table 1). 

 

Table 1. Comparison of endotoxin and plasma PAF level in the plasma and normal colon wall after the rat model 

was established among the three groups ( x ±s) 
Sample Parameter Group N 8 h 24 h 72 h 168 h 

Plasma PAF 

(pg/ml) 

A 8 458.38±31.49 458.38±31.49 458.38±31.49 458.38±31.49 

B 32 692.88±53.32** 868.50±40.27** 1297.63±39.89** 944.75±41.63** 

C 32 722.63±36.59** 915.13±38.74** # 1433.88±48.84**## 1444.75±41.63**## 

Endotoxin 

(EU/ml) 

A 8 26.32±1.37 26.32±1.37 26.32±1.37 26.32±1.37 

B 32 32.55±2.19** 42.87±3.34** 40.00±4.45** 32.83±2.05** 

C 32 33.18±2.24** 43.06±3.65** 40.57±3.26** 48.72±1.86** ## 

Tissue PAF  

(pg/ml) 

A 8 3029.38±171.58 3029.38±171.58 3029.38±171.58 3029.38±171.58 

B 32 4048.75±198.13** 5299.38±304.93** 7934.75±367.17** 5853.13±263.79** 

C 32 4620.63±205.47** ##5500.00±261.48** 8144.38±351.85** 8362.50±313.56**## 

Endotoxin 

(EU/ml) 

A 8 87.55±5.89 87.55±5.89 87.55±5.89 87.55±5.89 

B 32 156.73±17.36** 187.89±7.29** 198.09±10.35** 161.96±12.40** 

C 32 156.36±15.49** 188.82±9.53** 208.95±16.32** 219.27±15.71** ## 

Note: Groups B and C versus group A, *P< 0.05, **P < 0.01; Group B versus group C, #P < 0.05, ##P < 0.01. 

 

4. Discussion 
This study investigated the rule of change in 

endotoxin and PAF at different periods by detecting 

endotoxin and PAF concentrations in blood plasma and 

small-intestine tissue homogenates at different time 

points after acute small-bowel obstruction of rats to 

provide a clinical judgment basis for the progress of 

ileus disease condition and to provide a theoretical 

basis for early intervention. After abdominal operation, 

endotoxin in the blood plasma was significantly higher 

in the normal control group (P < 0.01). At 24 h, the 

endotoxin content of the acute ileus group reached the 

peak. After 72 h, the endotoxin content slightly reduced 

and then continuously increased. At 168 h, the 

endotoxin content again reached the peak. Furthermore, 

at any period, the endotoxin content of the acute ileus 

group was greater than that of the sham-operated group. 

This phenomenon was related to surgical stress. Qiao et 

al. (2004) believed that both anesthesia and operation 

trauma stimulus during abdominal surgical operation 

could cause visceral vascular spasm. In addition, 

intraoperative hemorrhage and intestinal ischemia and 

hypoxia status caused intestinal mucosal injury and 

intestinal barrier function damage. Therefore, 

endotoxemia and bacterial translocation occurred. In 

this experiment, at postoperative 8 h, the endotoxin 

content of the sham-operated group was significantly 

higher than that of the normal group (P < 0.01), 

reaching the peak at postoperative 24 h and then 

continuously decreasing, which also confirmed this 

viewpoint. After postoperative fasting, early ileus 

symptoms were not apparent, and operative stress 

reaction interfered. Thus, no significant difference in 

the endotoxin content of blood plasma was found 

between the acute ileus group and the sham-operated 

group. After postoperative 72 h, the influence of acute 

stress on the body gradually reduced, and with the 

increase of ileus time, intestinal barrier function injury 

gradually aggravated. In addition, the influence of 

intestinal barrier injury on endotoxin translocation 

would become the predominant factor. Therefore, 

endotoxin contents in blood plasma and tissue 

homogenate significantly increased and reached the 

peak at 168 h after ileus, which is significantly higher 

in the sham-operated group (P < 0.01). Endotoxin 

content in blood plasma is evidently associated with the 

extent of intestinal mucosal injury and can thus be used 

as a sensitive indicator for evaluating the extent of 

intestinal barrier function injury. 

In the early stage after abdominal operation, 

PAF contents in blood plasma and tissue homogenates 

were significantly higher in the normal control group 

(P < 0.01), but no significant difference was found 

between the sham-operated group and the acute ileus 

group, which was also possibly associated with 

operative stress. At postoperative 8 h, PAF content in 

the tissue homogenates of the acute ileus group was 

significantly higher than that of the sham-operated 

group (P < 0.05), which was possibly associated with 

intraoperative intestinal ligation. At 24 h after ileus, 

PAF content in the blood plasma was significantly 

higher in the sham-operated group (P < 0.05), but no 

difference was found for PAF content in the tissue 

homogenates, suggesting that the biological activity of 

PAF was not only limited to local ileus, but is also 

more importantly involved in systemic inflammatory 

reaction in the cycle. At 72 h after ileus, PAF content 

in blood plasma was significantly higher in the sham-

operated group (P < 0.01), whereas endotoxin content 

slightly reduced and could not illustrate the 
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inflammatory development trend. PAF can therefore be 

used as a sensitive inflammatory factor for evaluating 

the systemic inflammatory development trend. In the 

experimental process, the life quality of the 

experimental animals at postoperative 72 h 

significantly reduced, and spirits were low. In addition, 

response and resistance capabilities to external stimuli 

evidently reduced. The mild endotoxemia after 

operation trauma causes systemic inflammation, thus 

stimulating the release of inflammatory factors such 

PAF. With the increase of ileus time, intestinal barrier 

injury is aggravated, endotoxin further invades the 

blood, and PAF release increases, which cause the 

excessive activation of cytokines such as OFR, 

prostaglandin, IL, and TNF and activate the “cascading 

waterfall effect” of inflammatory factor that will cause 

a “second strike” to the body (Deitch, 2002), thus 

resulting in systemic inflammatory response syndrome. 

Recent studies suggested that PAF receptor antagonist 

or PAF acetylhydrolase could relieve the inflammatory 

reaction of shrimp alkaline phosphatase (SAP), 

improve pancreatic microcirculatory disturbance, and 

evidently improve SAP prognosis (Lane et al., 2001). 

Some studies reported that the application of PAF 

receptor antagonist could apparently improve gastric 

mucosal ischemia caused by endotoxin shock and 

relieve the morphological damage to the stomach and 

duodenum caused by OFR in hemorrhagic shock 

(Debek et al., 1998). Thus, as found in this study, PAF 

is not only involved in the inflammatory reaction 

process of ileus but is also more sensitive to the 

inflammatory reaction development trend than 

endotoxin, which provides an experimental basis for 

monitoring the systemic inflammatory reaction of ileus, 

early application of PAF receptor antagonist or 

acetylhydrolase intervention, interrupting the 

“cascading waterfall effect” of inflammatory factor, 

and improving ileus prognosis. Moreover, the results 

provide a reference indicator for preparing the 

quantified standard of ileus treatment opportunity 

selection. 
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