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Abstract

AIM: To investigate the effects of terminal ileostomy, which can directly interrupt cecoileal reflux, on bacterial translocation (BT) and systemic inflammation after intestinal ischemia/reperfusion (I/R) injury in rats.

METHODS: Thirty-two rats were assigned to the sham-operated group, I/R group, I/R + resection and anastomosis (RA) group, and the I/R + ileostomy group. The superior mesenteric artery was occluded for 60 min. After 4 h, tissue samples were collected for analysis. BT was assessed by bacteriologic cultures, intestinal permeability and serum levels of endotoxin; systemic inflammation was assessed by serum levels of TNF-α, IL-6 and IL-10, the activity of myeloperoxidase (MPO) and intestinal histopathology. 

RESULTS: Intestinal I/R injury not only caused morphological damage to ileal mucosa, but also induced BT, increased MPO activity and promoted the release of TNF-, IL-6, and IL-10 in serum. BT and ileal mucosa injuries were significantly improved and levels of TNF- and IL-6 in serum were decreased in the I/R + ileostomy group compared with the I/R + RA group.

CONCLUSION: Terminal ileostomy can prevent the detrimental effects of intestinal I/R injury on BT, intestinal tissue, and inflammation. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Few studies have evaluated the occurrence of bacterial cecoileal reflux (CIR). We performed ileostomy to cut off the route of bacterial CIR after intestinal ischemia/reperfusion injury. Compared with resection and anastomosis, ileostomy could improve the bacterial translocation, ileal mucosal injuries and systemic inflammation. The results provide theoretic basis for the choice of ileostomy and resection/anastomosis in clinical practice.
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INTRODUCTION

Bacterial translocation (BT) is an important factor affecting clinical prognosis when the body is under stress of any kind, such as trauma, burns or sepsis[1,2]. Previous studies have focused on the destruction of the intestinal mucosal barrier and the dysregulation of intestinal microbiota in disease[3-6], and have seldom focused on the importance of intestinal bacteria on reflux. Fritz et al[7] found that BT derives from the small bowel rather than from the colon. However, bacterial density in the small bowel is much lower than in the colon (the jejunum 104 bacteria/g, the ileum 107 bacteria/g and the colon up to 1012 bacteria/g)[8]. The study by Berber et al[9] demonstrated that ileal bacterial counts increased approximately 7-fold following 24-h intestinal ischemia/reperfusion (I/R) injury. In addition, proliferation of the bacteria and the bacterial reflux from the cecum to the ileum could be important factors in small intestinal bacterial overgrowth, which is closely related to BT[10]. The occurrence of cecoileal reflux (CIR) during barium enema is a relatively common observation[11-13]. Perhaps due to difficulties in approaching the ileocecal junction, the most frequently adopted approach has been that of disregarding the importance of CIR and considering it as an irrelevant and common finding with no specific diagnostic meaning. Thus, there are few available data on the importance of CIR in BT.

  Terminal ileostomy is one of the most common procedures in general surgery, and can disrupt the route of bacterial CIR. In the clinical situation, surgeons are often faced with a choice between ileostomy and primary anastomosis. Most previous studies comparing these two procedures were clinical trials, concerned mainly with morbidity and mortality[14-16]. A few studies have considered the influence of BT on the prognosis of patients. We postulate that ileostomy can interrupt the reflux of bacteria-rich colonic contents into the terminal ileum, thus alleviating bacterial overgrowth in the proximal intestine and improving BT in intestinal injury.

  As a potentially important condition, intestinal I/R injury can be induced by traumatic, hemorrhagic or septic shock; acute mesenteric ischemia; severe burns; and some surgical procedures[17,18]. Previous studies suggested that intestinal I/R could induce injury of the intestinal mucosa, following translocation of intestinal endotoxins and bacteria into blood, which may activate systemic inflammatory response syndrome (SIRS) and initiate multiple organ dysfunction syndrome (MODS)[19]. An animal model of intestinal I/R injury is a mature model for basic research, and intestinal ischemia caused by superior mesenteric artery (SMA) occlusion is stable and easy to repeat.

  In this study, we investigated the protective effects of ileostomy against BT in a model of intestinal I/R injury in rat, and attempted to understand the intestinal and systemic inflammatory response following ileostomy and anastomosis, which could provide a theoretical basis for the choice of ileostomy and resection/anastomosis in clinical practice.

MATERIALS AND METHODS

Animals

Healthy adult male Sprague-Dawley rats (200-250 g) were obtained from Jinling Hospital, Nanjing, China. The rats were maintained in standard conditions with a 12 h light/dark cycle, controlled temperature (18 ± 4℃), and appropriate humidity (approximately 50%). To maintain the integrity of the intestinal mucosa, the animals had free access to standard chow and water for 1 wk. This study was approved by the Animal Care and Use Committee of the Medical School of Nanjing University, and all animals received care in accordance with the guide of the committee. The animals were randomly assigned to four groups: sham-operated group, I/R group, I/R + resection and anastomosis (RA) group, and the I/R + ileostomy group.
Experimental design
Operative procedure: Before the experiment, Rats were fasted overnight, but had free access to water. The rat model of intestinal I/R injury was established according to a method described previously[20]. The rats were anesthetized with the injection of ketamine hydrochloride (100 mg/kg body weight) in abdominal cavity. During the surgery, the rats were allowed to breathe spontaneously. Body temperature was maintained at approximately 37°C using a heating pad. To prevent dehydration, Ringer’s lactate solution (10 mL/kg) was administered subcutaneously at the end of the operation. Prior to surgery, the abdomen was shaved and soaked twice with 10% povidine-iodine solution aseptically using sterile instruments. The abdomen was opened using a 4 cm midline incision, and the SMA was exposed. The rats were randomized into four groups at the next stage of the experiment: (1) sham operated rats (sham-operated group; n = 8); (2) rats exposed to 60-min SMA occlusion followed by 4-h reperfusion (I/R group; n = 8); (3) rats exposed to I/R and then underwent partial intestinal resection and anastomosis (RA) (I/R + RA group; n = 8); and (4) rats exposed to I/R and then underwent terminal ileostomy (I/R + ileostomy group; n = 8) (Figure 1). In the sham-operated group, the SMA was isolated without occlusion. In the I/R, I/R + RA and I/R + ileostomy groups, the SMA was carefully isolated, and occluded at its origin with an atraumatic microvascular clamp for 60 min. The intestinal ischemia was comfirmed by the loss of mesenteric pulsation and the intestines becoming pale. Reperfusion was confirmed by the return of mesenteric pulsation after removing the clamp. In the I/R group, the abdominal wall was immediately closed with a double-deck running suture. A 3 cm length of ileum at a point 2 cm proximal to the ileocecal valve was resected in the I/R + RA and I/R + ileostomy groups immediately after occluding the SMA. An end-to-end anastomosis was performed in the I/R + RA group, while in the I/R + ileostomy group, the end of proximal ileal was brought out onto the abdominal wall as the ileostomy, and the end of distal ileal was ligated. To avoid the bowel drying out, the abdominal cavity was irrigated with saline throughout the operative period. 
Microbiological analysis: All rats were anesthetized and euthanized after 4-h reperfusion. The method used to perform microbiological analysis was previously described[9]. Using an aseptic technique and sterile instruments, tissue samples from the liver, spleen, kidney, mesenteric lymph nodes (MLN), contents from the 10-cm terminal ileal and blood were taken for bacteriologic cultures. After weighed, the ileal contents and tissue were stored in a sterile grinding tube. We homogenized tissues in 1 mL saline. After diluting the homogenates, 0.1 mL dilutions were inoculated onto eosin methylene blue (EMB) agar and blood agar, and incubated in ambient air for 24–48 h (37℃). Blood (0.5 mL) samples were cultured in 5-mL brain heart infusion broth for 7 days (37℃). The cultures were checked daily, and subcultured on EMB agar and blood agar plates. The number of colony-forming units/g of tissue homogenate was used to express the colonization.
Wet-to-dry weight ratio: At 15 cm proximal to the ileocecal valve, 5 cm intestinal tissue samples were removed and rinsed with saline. The wet weight of the intestine was determined and subsequently placed in a drying oven at 80℃ for 4 h. After desiccation, the tissue was weighed again to obtain the tissue dry weight. The ratio of the wet-to-dry (W/D) weight was calculated to provide an assessment of the extent of intestinal edema.
Assay of intestinal permeability: A modified method to assay the intestinal permeability was described previously[21]. At 4 h after reperfusion, we subjected additional rats from each group (6 per group) to general anesthesia. After performing a midline laparotomy, a 5-cm segment of distal ileum at a point 10 cm proximal to the ileocecal valve was isolated between silk ties. We injected a solution containing 25 mg of 4 kDa FITC-Dextran, diluted in 0.1-mL PBS, into the enteric cavity. Then the bowel was put back in the abdominal cavity, and the abdomen was closed with a double deck running suture. The animals were kept under general anesthesia. Thirty minutes after the injection of FITC-Dextran, blood sample was collected by cardiac puncture and centrifuged at 10000 g for 10 min. Using a fluorescence spectrophotometer (F7000; Hitachi, Japan), the serous concentration of FITC-Dextran was detected at excitation wavelengths of 495 nm and emission wavelengths of 520 nm respectively. By diluting serial serous concentrations of FITC-Dextran, a standard curve was obtained.
Endotoxin assays: After clotting for 60 min on ice, vena cava blood samples were centrifuged at 2500 × g and 4℃ for 10 min. Sera were obtained and stored at -70℃. The serum levels of lipopolysaccharide were detected by colorimetric analysis for the limulus test (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) according to the manufacturer’s guidelines.
Assay of TNF-, IL-6 and IL-10 in serum: Sera were collected and stored as stated above. The serum levels of TNF-, IL-6 and IL-10 in serum were measured by enzyme linked immunosorbent assay (ELISA) with the rat TNF-, IL-6 and IL-10 ELISA Kit (RD Systems, Minneapolis, MN, United States) according to the instructions of the manufacturer. Each reaction was performed twice.
Assay of myeloperoxidase activity: Myeloperoxidase (MPO) activity, which reflecting polymorphonuclear neutrophil accumulation, was assessed spectrophotometrically. After weighing, the intestinal tissue samples were homogenized on ice using a homogenizer. MPO activity was measured quantitatively according to the manufacturer’s instructions (Jiancheng Biologic Project Company, Nanjing, China). Which converted 1 mmol H2O2 to H2O per minute at 37℃ was defined as one unit of MPO activity, and was expressed as U/g wet weight.
Histopathology: Segments of terminal ileum were excised, fixed 48 h in 10% formalin and then embeded in paraffin. 5-μm thick sections were cut and placed on microscope slides, and stained by hematoxylin and eosin (HE). Images at × 20 magnification were obtained using a Zeiss Image A1 light microscope with Axiovision V4.5 software. Each slide was analyzed and reported by three pathologists who were all blinded to the source of the slides. A scale from 0 to 5 described by Chiu et al[22] was used to grade the intestinal mucosal lesions (Table 1). 
Statistical analysis

The statistical analysis was performed with SPSS version 19.0 (SPSS Inc., United States). Normally distributed data are shown as mean ± SD. Chi-square (Fisher’s exact test) analysis was used for the statistical evaluation of proportional comparisons for positive cultures of tissues. The remaining data were analyzed using one-way analysis of variance. Significant results were analyzed post hoc using the least significance difference test. Statistical significance was established as P < 0.05.
RESULTS

Bacterial translocation 

During the experimental period, all the animals survived. In the I/R and I/R + RA groups, the incidence of BT to the liver, kidney, MLN and blood was significantly higher than in the sham-operated group (P < 0.05). However, the incidence of BT to the liver and MLN in the I/R + ileostomy group was significantly lower than in the I/R + RA group (P < 0.05). The I/R + ileostomy group and the sham-operated group only differed significantly for the incidence of BT to MLN (P < 0.05). In the I/R + ileostomy group, the counts of microorganisms cultured in the liver, spleen, kidney and MLN were significantly lower than in the I/R + RA group (P < 0.05; Table 2). 

Ileal bacterial counts


Ileal bacterial counts in the I/R and I/R +RA groups were significantly higher than those in the sham-operated group (P < 0.01). Compared with the I/R + RA group, ileostomy significantly reduced the ileal bacterial counts after intestinal I/R injury (P < 0.01; Table 3). 

Wet-to-dry weight ratio

W/D weight ratio was detected to indicate the intestinal tissue damage after I/R. The intestinal W/D weight ratio in the I/R, I/R + RA and I/R + ileostomy groups was significantly higher than in the sham-operated group (P < 0.01). There were no significant differences in the intestinal W/D weight ratio between the I/R group and the I/R + RA group. The intestinal W/D weight ratio in I/R + ileostomy group is significantly lower than in the I/R + RA group (P < 0.01) (Figure 2). 

Assay of intestinal permeability 

Compared with the sham-operated group, the FITC-Dextran levels detected in the serum were significantly higher after intestinal I/R injury (P < 0.01). Furthermore, RA or ileostomy did not significantly increase the amount of circulating FITC-Dextran compared with the I/R group (Figure 3). These results indicate that RA or ileostomy did not increase intestinal permeability in I/R rats.

Endotoxin assays

Intestinal I/R injury significantly increased the endogenous endotoxin levels compared with the sham-operated group. However, the endotoxin levels in the I/R + ileostomy were significantly lower than in the I/R + RA group (P < 0.01; Figure 4).

Assay of TNF-α, IL-6 and IL-10 in serum 

TNF-α is a pro-inflammatory factor. Compared with the sham-operated group, I/R significantly increased serum TNF- levels (P < 0.01). RA after I/R injury increased the level of TNF- in serum compared with that in I/R rats, but was not significantly different. However, ileostomy after I/R injury did not increase serum TNF- levels, which were significantly lower when compared with the I/R + RA group (P < 0.01). Similarly, the increase in serum IL-6 levels in the I/R, I/R + RA and I/R + ileostomy groups was significant as compared with sham-operated animals (P < 0.01). Ileostomy after I/R injury decreased serum IL-6 levels, which were significantly lower when compared with the I/R + RA group (P < 0.01). Serum IL-10 levels, as an indicator of anti-inflammatory response, were significantly higher in the I/R, I/R + RA and I/R + ileostomy groups than in the sham-operated animals (P < 0.01). Serum IL-10 levels in I/R, I/R + RA and I/R + ileostomy groups were not different significantly (Figure 5).
Assay of myeloperoxidase activity

Compared with the sham-operated group, MPO activity in the I/R and I/R + RA groups was significantly higher (P < 0.05). MPO activity in the I/R + ileostomy group was significantly lower than in the I/R group (P<0.05), but higher than in the sham-operated group (P < 0.05) (Figure 6).

Histopathology

As shown in Figure 7, intestinal tissue segments from the sham-operated group, stained with HE and examined under light microscope, showed normal morphology. Multiple erosions and infiltrating of massive inflammatory cell in the lamina propria were observed after intestinal I/R injury. After I/R injury, damage to crypt cells and shortening of villi were typical histological appearance. After intestinal I/R injury, atrophied mucosal tissue and leukocyte infiltration could be observed apparently. 

  Chiu’s score was lowest in the sham-operated group, and was highest in the I/R + RA group (P < 0.01). Although there was no significant difference in Chiu’s score among the I/R, I/R + RA and I/R + ileostomy groups, the score in the I/R + ileostomy group was lower than that in the I/R and I/R + RA group (Figure 8).

DISCUSSION

This is the first study to investigate BT related to ileostomy and intestinal resection/anastomosis, and the potential role of ileostomy in ameliorating BT and systemic inflammation in a rat model of intestinal I/R injury.
  Physiologically, the function of intestinal barrier consists of physical integrity and mucosal immunity[23]. Intestinal I/R injury can lead to the destruction of endothelial and epithelial cells and the breakdown of mucosal integrity, which results in increased intestinal permeability and dysfunction of intestinal barrier[24]. Consequently indigenous intestinal bacteria translocate to other organs such as the blood, spleen, liver and MLN, leading to sepsis and MODS[24]. In the present study, we found that construction of an ileostomy immediately after occlusion of the SMA significantly decreased the incidence of BT to the spleen, liver, kidney and MLN. Ileostomy also significantly reduced ileal bacterial overgrowth. Thus, ileostomy seems to have protective effects on the intestinal tract. Although it is not known that how the ileostomy preventing translocation, we can hypothesize that the prevention of contamination by CIR appears to be relevant to the protective effect of ileostomy. It has been shown by previous studies that intestinal I/R could not only cause injury to mucosa, but also delay the gastrointestinal transit time[25-27]. Simultaneously, accumulating experimental evidence has shown the occurrence of ileal contamination due to reflux in experimental models or after surgical interventions in the ileocecal valve[28-30]. The occurrence of CIR during barium enema is a common observation[11-13]. These are refluxes of varying intensity that oscillate from small to large which can fill long ileal segments. The results of our experiment suggest that the protective effects of ileostomy on intestinal BT may be partly owing to the prevention of contamination by CIR.

  As the initial BT process, attachment of bacteria to the enterocyte can mediate the production of cytokines, resulting in inflammatory response. Following the bacteria passing through the epithelial barrier, pro-inflammatory factors excessively released and resulted in the destruction of intestinal barrier integrity and further BT[31]. The present study suggests that the serum levels of TNF- and IL-6, the pro-inflammatory cytokines, increased after 4-h intestinal I/R injury. These results are consistent with previous researches which demonstrated that intestinal I/R injury have a great effect on the release of cytokine[31]. It has been demonstrated that increased mortality in animal models is relevant to the increase in TNF- and IL-6 levels after intestinal I/R injury[32,33]. The degree of tissue injury and mortality after intestinal I/R injury is determined by the balance between TNF- and IL-10[34]. We found that when compared with RA, ileostomy did not increase the levels of IL-6 and TNF- in serum after intestinal I/R injury. This may be due to the decreased incidence of BT observed in rats treated with ileostomy. 

  In addition to the indigenous bacterial translocation, the endotoxic translocation may also induce the dysfunction of other organs as a result of changes in intestinal function. Endotoxin could potently stimulate the release of cytokines, such as IL-6 and TNF-. These mediators of inflammation play an important role in the pathogenesis of SIRS[35] and MODS[36]. This study demonstrated that ileostomy after intestinal I/R injury significantly decreased the serum level of endotoxin. We deduced that the protective effect of ileostomy appears to be related to its ability to prevent the reflux of endotoxin-rich colonic contents into the ileum.

   As an indicator of neutrophil accumulation, myeloperoxidase activity increased in intestinal I/R injury[9,37]. In this study, the reduction in neutrophil accumulation, which was shown by the significantly decreased MPO activity in the intestine of ileostomy-treated rats, seems to be a consequence of preventing BT. In the course of intestinal I/R injury, neutrophils play an important role[38]. After intestinal I/R injury, mediators such as bacteria and cytokines appears to stimulate the systemic activation of neutrophils[38]. Further inflammation and oxidative damage was then promoted by these activated neutrophils. 

  Our data showed that the construction of a terminal ileostomy after intestinal I/R injury partially reversed tissue damage, and decreased intestinal W/D weight ratio and the histologic injury score. In addition to the prevention of ileal contamination by CIR, possible explanations for these results might be that the terminal ileostomy promotes the ileal clearing function after intestinal I/R injury. However, due to a lack of appropriate studies, terminal ileum clearing delay in individuals with CIR cannot be confirmed, and it is not possible to determine whether such a delay may be bacteria specific or extend to other contents. As noted in gastroesophageal reflux disease genesis[39,40], further studies focusing on the pathogenic implications of inadequate clearing of individuals with CIR are desirable. If this delay is confirmed, it could lead to prolonged exposure of the ileum to bacteria and metabolic products originating in the colon[41,42], resulting in harmful consequences to body balance.

  Demonstrating the effects of interrupting CIR on BT was the main purpose of this research. However, the time when CIR appears after intestinal I/R injury is difficult to determine. Therefore, further studies are needed to define the optimal time to perform a terminal ileostomy. Another limitation of this study is that we did not use exact methodology to confirm the CIR. Isotope- or fluorescent- labeled bacteria could be used to conduct further experiments.

In conclusion, this study suggests that ileostomy ameliorates the detrimental effects of intestinal I/R injury on intestine and systemic inflammation in rats. We speculate that bacterial CIR plays an important role in BT, and the beneficial effects of ileostomy, such as improved BT and systemic inflammation, are attributed mainly to the interruption of CIR.
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Figure 1 Experimental design. 
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Figure 2 W/D weight ratio in all groups. Data are expressed as mean ± SD. aP < 0.01 vs the sham-operated group; bP < 0.01 vs the ischemia/reperfusion (I/R) + RA group.
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Figure 3 FITC-Dextran levels in serum. Data are expressed as mean ± SD. aP < 0.01 vs the sham-operated group.
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Figure 4 Endotoxin levels in serum. Data are expressed as mean ± SD. aP < 0.01 vs the sham-operated group; bP < 0.01 vs the ischemia/reperfusion (I/R) + RA group.
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Figure 5 Serum levels of TNF-, IL-6 and IL-10 following intestinal ischemia/reperfusion injury in rats. Data are expressed as mean ± SD. aP < 0.01 vs the sham-operated group; bP < 0.01 vs the ischemia/reperfusion (I/R) + RA group.
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Figure 6 Myeloperoxidase activity in distal ileal tissue. Data are expressed as mean ± SD. aP < 0.05 vs the sham-operated group; bP < 0.05 vs the ischemia/reperfusion (I/R) + RA group.
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Figure 7 Light microscopic evaluation of the distal ileum embedded in paraffin, sectioned at 4 μm, and stained with HE (( 40). Typical images were obtained from four sections of four rats per group. The sham-operated group (A) exhibited an intact mucosal barrier with normal lamina propria. Intestinal ischemia/reperfusion (I/R) injury resulted in acute mucosal damage (B, I/R 4 h). RA did not ameliorate the mucosal damage caused by I/R injury (C). Rats in the I/R + ileostomy group exhibited an apparently intact mucosal barrier although the epithelial cells appeared shrunken (D).
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Figure 8 Histological injury score of the intestines in all groups. Data are expressed as mean ± SD. aP < 0.01 vs the sham-operated group.
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Table 1 Intestinal mucosal damage grading score 

	Grade 
	Histological characteristic(s)

	0
	Normal mucosal villi

	1
	Development of subepithelial Gruenhagen’s space, usually at the apex of the villus, often with capillary congestion

	2
	Extension of the subepithelial space with moderate lifting of the epithelial layer from the lamina propria

	3
	Massive epithelial lifting with a few denuded villi

	4
	Denuded villi with exposed dilated capillaries

	5
	Digestion and disintegration of lamina propria, hemorrhage, and ulceration


Table 2 Incidence and number of bacterial translocations in tissue and blood samples

	Group (n = 8)
	Liver 
	
	Spleen 
	
	Kidny 
	
	MLN
	
	Blood 

	
	Incidence
	CFU ± SEM
	
	Incidence
	CFU ± SEM
	
	Incidence
	CFU ± SEM
	
	Incidence
	CFU ± SEM
	
	Incidence
	CFU ± SEM

	Sham 
	0/8
	0 ± 0
	
	0/8
	0 ± 0
	
	0/8
	0 ± 0
	
	0/8
	0 ± 0
	
	0/8
	0 ± 0

	I/R
	6/8a
	841 ± 206.19a
	
	4/8
	33 ± 13.39a
	
	5/8a
	261 ± 93.66a
	
	7/8a
	49750 ± 10592.70a
	
	5/8a
	36 ± 12.25a

	I/R + RA
	7/8a
	1316 ± 236.22a
	
	6/8a
	61 ± 15.42a
	
	6/8a
	375 ± 88.74a
	
	8/8a
	64750 ± 8645.29a
	
	5/8a
	38 ± 11.84a

	I/R + ileostomy
	2/8b
	171 ± 112.78b
	
	2/8
	12 ± 7.69b
	
	3/8
	68 ± 33.42b
	
	3/8ab
	4850 ± 2510.19b
	
	2/8
	13 ± 5.40


aP < 0.05 vs the sham-operated group; bP < 0.05 vs the I/R + RA group. I/R: Ischemia/reperfusion; CFU: Colony-forming units; RA: Resection and anastomosis.

Table 3 Ileal bacterial counts 

	Groups
	Ileal bacterial count (g/CFU) (mean ± SEM)

	Sham 
	82375 ± 10390.48

	I/R
	528750 ± 204341.28a

	I/R + RA
	671250 ± 60280.22a

	I/R + ileostomy 
	177750 ± 21987.62b


aP < 0.01 vs the sham-operated group; bP < 0.01 vs the I/R + RA group. I/R: Ischemia/reperfusion; CFU: Colony-forming units; RA: Resection and anastomosis.
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