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1. Introduction

Sepsis refers to the systemic inflammatory response syndrome (SIRS) caused by
infections [1], which is the common pathophysiological process of multiple dis-
eases as a consequence of autoimmune injury mediated by large amount cyto-
kines and inflammatory mediators [2]. Further development of sepsis results in
severe conditions including septic shock, severe sepsis, multiple organ dysfunc-
tion syndromes (MODS), and even death. In recent years, the mortality rate of

sepsis in the young population decreased [3] because of the implementation of
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“Surviving Sepsis Campaign International Guidelines for the management of
severe sepsis and septic shock” [4] [5] [6]. However, the statistical analysis from
ICU shows that the mortality rates of sepsis and septic shock were still as high as
30% and 60%, respectively [7] [8] [9].

The pathogenesis mechanism of sepsis is very complicated; the major patho-
physiological processes include cytokine storm, inflammatory waterfall-like
reaction, enteral bacterial translocation, intestinal-derived endotoxin, the inter-
play between coagulation and inflammation systems, oxidative stress (OS), im-
mune cell apoptosis, microcirculation and mitochondrial dysfunction [10] [11]
[12] [13]. The ideal sepsis animal model has been widely utilized, such as endo-
toxemia model, cecal ligation and puncture (CLP) model, and colon ascendens
stent peritonitis (CASP) model [14]. CLP and CASP were the favorite models
because they could simulate the pathophysiological process of human sepsis.
Meanwhile, the severity of sepsis could be well controlled by manipulating the
punctures in CLP model or drainages in CASP model [15]. Furthermore, Maier
et al. [15] have suggested that CASP closely mimics the clinical course of diffuse
peritonitis, whereas CLP more closely resembles intra-abdominal abscess forma-
tion.

However, most of the comparative studies on these models mainly focused on
the differences in natural death rate or inflammation severity. Though the CLP
and CASP models have been intensively used for studying the oxidative stress of

sepsis [16] [17], the differences between them have not yet been compared.

2. Methods

2.1. Experimental Animal

One hundred and fifty eight-months-old male SD rats (grade SPF), weighing
between 250 and 280 g, were obtained from animal facility of Traditional Chi-
nese Medicine University of Guangzhou (Certificate No. 44005800000296). The
rats were raised in the clean grade feeding room of the laboratory animal center
on the north campus of Sun Yet-sen University (License No. SYXK2012-0081).
The room temperature of the feeding room ranged between 18°C and 25°C, and
the relative humidity was between 45% and 55%. The rats took food and water
freely, and the rat food was from the animal facility of Sun Yet-sen University.
The pads for the feeding case were changed every two days, and the rats were
used for experiment one week later. All the experiments were approved by the

Experimental Animal Ethics Committee of Sun Yet-sen University.

2.2. Establishment of Rat Model

Sham operation group: The rats fasted from food for 12 hours but drank water
freely before the operation. They were given anesthesia by intraperitoneal injec-
tion of 10% chlorine aldehyde at a dose of 0.3 mL/100g body weight, and the
abdominal cavity was opened along the middle line after disinfection and depila-

tion; the cecum and ascending colon were freed from mesenterium after full ex-
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posure and injury to blood vessels was carefully avoided. Then cecum and as-
cending colon were placed back to the original position, and the incision was
closed layer by layer.

CLP group: The operation was similar to that of the sham operation group,
except the cecum was ligated in the middle of the root with 5/0 surgical suture.
The perforated puncture at the cecum 1.0 cm distal to ligation was made with 18
G needle, and the blood vessel was avoided. The small amount of intestinal con-
tent overflow was forced out by cotton swab pressure to ensure the success of
puncture. Then, the cecum was placed back to the original position, and the in-
cision was closed layer by layer [18].

CASP group: The beginning of the operation was similar to that of the sham
operation group. After exposure of the ascending colon, a 18 GA venous indwel-
ling needle (BD, US) was stitched through the antimesenteric wall into the lu-
men of the ascending colon and then fixed with 7/0 surgical suture placed ap-
proximately 10 mm from the ileocecal valve. Consecutively, the inner needle of
the stent was removed, and the stent was cut at the prepared site. To ensure
proper intraluminal positioning of the stent, the stool was milked from the ce-
cum into the ascending colon and the stent until a small drop of stool appeared.
The ascending colon and indwelling needle were placed back to the original po-
sition, and the incision was closed layer by layer [19] [20].

Normal saline solution was injected subcutaneously into each rat at the
concentration of 5 mL/100g body weight after the operation, and the rats
were placed back in the cages; the body temperature was maintained by elec-
trically heated blanket until they woke from anesthesia. The physical activity
of the rats was observed after anesthetic recovery, and the food and water
were provided for a free feed. The conditions of the rats were recorded every
12 hours.

2.3. Research Strategy

One hundred and fifty SD rats were randomly classified into three groups: CLP
(n = 50), CASP (n = 50), and sham operation groups (n = 50). Ten rats from
each group were randomly selected after the operation as normal feeding and
observed for one week to record the time of death. The rest of the rats were ana-
lyzed by re-opening the abdomen for direct observation, four rats from each
group were randomly selected at the postoperative time of 12 hours, 24 hours, 48
hours, and 72 hours, respectively, under anesthesia by intraperitoneal injection
of 10% chlorine aldehyde at a dose of 0.3 mL/100g body weight. Venous blood of
7 to 9 mL was collected under the sterile condition from thoroughly exposed in-
ferior vena cava. Then, the rats were sacrificed by decapitating. The blood sam-
ples were used for bacterial culture assessments for inflammatory mediators and
oxidative indicators. The ileum tissue of 2 to 3 cm was cut off and placed in
Bouin solution (Spectrum Chemicals & Laboratory Products, Shanghai, China)

and used for specimen section preparation.
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2.4. Laboratory Assessment and Methods

Blood samples: 2 mL blood sample was spread onto Columbia blood agar (Bec-
ton Dickinson, Heidelberg, Germany) and incubated at 350°C to 37°C over-
night; the strains and colonies of the bacterium were assessed by typical bacterial
growth method. Another 2 mL blood sample was transferred to Heparin anti-
coagulant tube and analyzed by NAVO CCX blood gas analyzer (NAVO Bio-
medical, Waltham, US). The rest of the blood samples were stored at room tem-
perature for two hours before centrifugation at a speed of 3400 rpm for 15 mi-
nutes, and then the serums were used for IL-6, TNF-q, MDA, NO, and T-SOD
quantitation. The serum levels of IL-6 and TNF-a were measured by ELISA,
MDA was measured by thiobarbituric acid (TBA) colorimetry, and NO and
T-SOD were measured by the method of nitrate reductase activity determination
and xanthine oxidase activity determination, respectively. Kits for IL-6 and
TNEF-a quantitation were from Ray Biotech (US); and kits for MDA, NO, and
T-SOD quantitation were from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China). All the measurements were carried out according to the man-
ufacturer’s instruction.

Ileum tissue samples: The ileum tissue was separated and repeatedly washed
with an isotonic saline solution, followed by fixation in Bouin solution for 48
hours. The ileum tissues were cut into pieces of 1 cm and embedded in paraffin
for consecutive sections, the specimen was 5 pum thick and was used for HE
staining; the pathological morphology was observed under a microscope (Nikon,
Tokyo, Japan).

2.5. Statistical Analysis

The data are presented as mean + SD and processed by SPSS 13.0 software.
The comparisons among multiple groups were analyzed by ANOVA, and the
inter-group comparison was conducted by LSD analysis. Survival analysis was
conducted by Kaplan-Meier, and inter-group comparison regarding survival was
performed by log-rank analysis. P < 0.05 was considered as statistical signific-

ance.

3. Results
3.1. Survival Analysis

The survival rate of sham operation group within one week was 100%, whereas,
it was 40% and 60% for CLP and CASP groups, respectively. There was a signif-
icant difference in survival rate between the sham operation and CLP or CASP
group (P < 0.05), there was no significant difference between the CLP and CASP
groups (P > 0.05) (Figure 1).

3.2. Severity of Sepsis

o Abdominal cavity infection

Chills, reduced activity, reduced food consumption, the closing of eyes, curl-
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Figure 1. Survival analysis in the sepsis models. CLP was performed by ligation of the
cecum and punctures according to the protocol of Wichtermann et al [17]. CASP was
performed by insertion of a 16-gauge stent in the ascending colon of the experimental
rats according to the protocol of Zantl ef al [18]. Sham operations were performed by la-
parotomy without puncturing and ligation. Groups are depicted as indicated. Survival
was 100% in the sham group, 40% in the CLP group, and 60% in the CASP group. No
significant differences were found between CLP and CASP.

ing up of the body, piloerection, increased eye secretions, oliguria, and yellow
urine were commonly observed in the rats from the CLP and CASP groups after
operation; rats from the CLP group had even longer lasting symptoms. However,
the rats from the sham operation group had none of the above symptoms.

It was observed from abdominal open operation that the swelling, congestion,
adhesion, hemorrhage, reduced intestinal peristalsis were found in the rats from
the CLP and CASP groups 12 hours after the operation; the aggravated signs
were observed 24 and 48 hours after the operation. Moreover, these signs were
more persistent in the rats from the CLP group. The rats that survived for 72
hours after operation had alleviated symptoms. Also, the congestion and gan-
grene at the distal parts of cecum in the CLP group could be found at different
time points whereas the rats from the sham operation group had no such ma-
nifestation (Figure 2).

o Venous blood bacterial culture

There was no bacterial colony formed in the venous blood sample from rats in
the sham operation group compared to the rats in the CLP and CASP groups,
which had bacterial colonies mostly at 24 and 48 hours after the operation. The
positive rate of bacterial culture was 100% for CLP group at 24 and 48 hours and
CASP at 24 hours. The major strains of the bacterium were Escherichia coli,
Streptococcus spp., and bacteroidetes (Table 1).

o Tissue oxygen metabolism

The blood lactic acid concentration was significantly increased in the CLP at
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Figure 2. Abdominal cavity infection in each group. Four rats from each group under-
went the open abdominal surgery under anesthesia by intraperitoneal injection of 10%
chlorine aldehyde at a dose of 0.3 mL/100g body weight, at 12 hours, 24 hours, 48 hours
and 72 hours after sepsis model establishment. The abdominal cavity was thoroughly ex-
posed, and the typical photos of each group were presented. The abdominal adhesion, in-
testinal congestion, and edema could be observed in CLP at postoperative 24 and 48
hours; whereas, similar manifestations were presented at postoperative 24 hours in CASP.
In addition, the obvious gangrene could be observed at the ligation part of ileum, indi-
cated with an arrow.

each time point compared with the sham operation group (P < 0.05). Also, the
lactic acid increased considerably in CASP group from 12 hours to 48 hours but
was restored at 72 hours post-operation. Compared with CLP group, the blood
lactic acid level in CASP group was of no significant difference at 24 hours (P >
0.05) but significantly decreased after postoperative 48 hours (P < 0.05).

In comparison with sham operation group, the central venous oxygen satura-
tion in the CLP and CASP groups was significantly decreased (P < 0.05) though
there was no obvious difference between the two groups (P > 0.05) (Table 2).

o Inflammation mediators

The serum concentration of IL-6 and TNF-a was significantly increased at
each time point in the rats from CLP and CASP groups compared with those
from the sham operation group (P < 0.05) (Table 2). However, there was no no-
ticeable difference between the two groups (P > 0.05), except that the serum IL-6
was decreased in the CASP group at 72 hours (P < 0.05).

The peak concentrations of IL-6 and TNF-a were observed at 24 hours, and
lasted till 48 hours after operation; a significant decline was only observed after
72 hours in the CLP group. The dynamic alteration of IL-6 and TNF-a in the
CASP group was similar to that in CLP group (P > 0.05), except that the decline
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Table 1. The blood bacterial culture results.

Animal number with . . Colony number
Group . . Strains of bactrium .
positive bacterial culture of bacterium
Sham 12h 0/4 —
24h 0/4 —
48 h 0/4 —
72h 0/4 —
CLP 12h 1/4 Enterobacteria 1
Enterobacteria 4
24h 4/4 Enterococcus faecalis 4
Bacteroidetes 4
Enterobacteria 4
48 h 4/4 Enterococcus faecalis 3
Bacteroidetes 2
Enterobacteria 2
72h 2/4 Enterococcus faecalis
Bacteroidetes 1
CASP 12h 1/4 Enterobacteria 1
Enterobacteria 4
24h 4/4 Enterococcus faecalis 2
Bacteroidetes 4
Enterobacteria 2
48 h 2/4 X
Bacteroidetes
72h 0/4 —

Table 2. Oxygen metabolism and inflammatory mediator comparison among groups.

Group Lac (mmol/L) Scvo2 (%) IL-6 (pg/ml) TNF-a (pg/ml)
Sham 12h 3.550 +0.480 78.90 + 4.84 127.6 £19.2 259 +35
24h 4.000 + 0.424 72.75 +£5.25 151.8 £49.3 26.0 +2.8
48 h 4.100 = 0.469 75.50 £ 5.20 148.3 £27.3 269+29
72h 4.000 = 0.726 78.90 + 4.84 152.1 £38.1 250+2.4
CLP 12h 5.375 £ 1.601* 66.05 + 5.16* 273.0 £27.5* 455+ 7.1*

24h 12.300 + 1.160*A 58.38 + 7.96* 1005.5 + 131.4*A 55.9 + 5.5%A
48h 11.975 £ 0.954*A 59.13 +7.86* 993.6 + 91.3*A 49.7 + 4.3*

72h 10.625 + 1.735*A 57.13 £+ 8.06* 812.1+105.6*AA& 37.1+42°AA&

CASP 12h 5.575 + 0.998* 66.60 + 8.25* 365.0 +41.3* 45.7 +6.7*
24h 11.250 + 2.095*A 62.18 +9.25* 989.8 + 88.2*A 56.7 + 6.8%A
48h 9.600 * 1.564*#A 60.48 + 9.46* 913.7 £70.9*A 49.2 + 4.6*

72h 5.700 + 1.564# A & 64.13 +7.58* 4448 £46.3# A& 392 +50"A&

*Comparison of CLP or CASP with the sham operation group at the same time point, Ze., *P < 0.05 vs.
sham; # Comparison between CASP and CLP at the same time point. Ze., #P < 0.05 vs. CLP; A intra-group
comparison between the time point of 24 h/48 h/72 h and 12 h, ie, AP < 0.05 vs. 12 h; A intra-group
comparison between the time point of 48 h/72 h and 24 h, 7.e., AP < 0.05 vs. 24 h; & intra-group compari-
son between 72 h and 48 h. i.e., &P < 0.05 vs. 48 h.
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at postoperative 72 hours was even more significant (P < 0.05).

3.3. lleum Pathological Observation

The morphology of ileum presented no significant difference between CLP and
CASP groups at postoperative 12 hours, manifested as the integrated layers of
ileum, with small amount of neutrophils or monocytes infiltration; the neutro-
phils infiltration was also found in mesangial adipose tissue. The increased neu-
trophils and monocytes infiltration was observed in each layer of the intestine in
the rats from CLP and CASP groups at postoperative 24 hours; the mucosal
edema, erosion, submucosal telangiectasia, and congestion were more significant
in both groups, but more severe in the CLP group. The mucosal edema and ero-
sion became severe in CLP group at postoperative 48 hours, while the inflam-
matory cells infiltration and mucosal edema were severe in CASP group; the
erosion was not that significant. The mucosal atrophy in CLP and CASP was
found 72 hours after the operation, and the inflammatory cells infiltration was
still severe in CASP group (Figure 3).

3.4. Oxidative Stress

As shown in Figure 4, the serum levels of MDA and NO in CLP and CASP
groups were increased at each time point compared with the sham operation
group while the T-SOD level was significantly decreased (P < 0.05). Compared
with CLP, the serum level of MDA was significantly decreased at 72 hours after
operation (P < 0.05), while the serum level of T-SOD was increased at 12 and 72
hours after operation in the CASP group (P < 0.05). Also, the serum level of NO
was significantly decreased at all time points (P < 0.05) except at postoperative
12 hours (P > 0.05).

4. Discussion

The pathogenesis mechanism of sepsis is very complicated; it is a consequence of
interplays among multiple pathological processes. The oxidative stress is one of
important pathological mechanism, which had been verified with many sepsis
animal models including CLP and CASP [21].

In the current study, the oxidative stress condition was compared in the two
models, and it was found that the oxidative stress parameters such as MDA and
NO were significantly increased in both CLP and CASP models 12 hours after
operation compared with the sham operation group (P < 0.05). However, the
anti-oxidative T-SOD was decreased (P < 0.05), which was consistent with the
previously published literature [22] [23]. Meanwhile, the oxidative stress condi-
tion in the CLP and CASP groups was similar within 72 hours, and there was no
significant difference between the two groups regarding MDA and T-SOD levels
(P > 0.05), but 72 hours later, it became greatly improved as shown by the de-
creased MDA (P < 0.05) and increased T-SOD in the CASP group (P < 0.05).

Furthermore, it was found that the serum NO level was significantly higher in
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CASP group than in CLP group (P < 0.05), and this was the most significant dif-
ference between the two groups regarding oxidative stress. Serum NO level not
only could reflect oxidative stress level but also the inflammatory reaction in an
animal model. The high level of serum NO indicated that inflammatory media-
tors were higher in CASP group than in CLP group, agreeing with the findings
of Maier et al [15] that IL-12 and IFN-y levels were higher in CASP than in CLP
model. The gangrene was observed in the cecum of CLP model in the current
study, while the broad adherence was found in CASP model, indicating that

Figure 3. Histochemistry of ileum. HE staining of ileum cryosections was performed at
12 h, 24 h, 48 h and 72 h after surgery. Four mice per group were analyzed. Representa-
tive findings of each experimental group are shown. The neutrophils and monocytes in-
filtration into every layer of the intestine, obvious mucosal edema and erosion, submu-
cosal blood vessel dilation and congestion was observed in CLP as well as in CASP rats.
The manifestation was more significant at postoperative 24 hours in CLP compared with
CASP.
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Figure 4. Comparison of oxidative stress in groups. Rats were sacrificed at the given time points. Blood was collected, and thiba-
bituric acid (TBA)-colorimeter, nitrate reductase method and xanthine oxidase for MDA, NO and T-SOD was performed respec-
tively according to the manufacturer’s guidelines. Values are given as nanomole per milliliter. Four single experiments were per-
formed in every group. Mean values = SEM are depicted as indicated. Figure A shows that compared sham operation group,
high MDA values and the continuous increase was found in CLP and CASP animals. MDA levels after CASP were significantly
lower (P < 0.05) than those after CLP only at 72 hours. Figure B shows that compared with sham operation group, high NO values
and continuous increase were found in CLP and CASP animals. NO was significantly altered except at postoperative 12 hours (P >
0.05); a significant decrease was observed at the other time points (P < 0.05). Figure C shows that compared with sham operation
group, low T-SOD values and the continuous increase was found in CLP and CASP animals. T-SOD levels after CASP were sig-
nificantly higher (P < 0.05) than those after CLP at 12 and 72 hours.
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CASP model simulated the pathological and physiological processes of diffuse
peritonitis, whereas, CLP model simulated the process of intestine gangrene.

Based on the preliminary study and literature review [15], the CLP of single
puncture at cecum and CASP of 18 GA venous dwelling needle were adopted in
the current study. The two models were compared based on the natural death
rate, blood bacterial culture, ileum pathological morphology, tissue oxygen me-
tabolism and inflammation mediators level. There was no significant difference
between the two groups in terms of sepsis severity, especially within 72 hours.
On the other hand, the difference in the oxidative stress was typical and signifi-
cant in the two groups.

The ideal model of sepsis animal is usually characterized by high natural death
rate, positive blood bacterial culture, severe inflammation reaction, and obvious
organ functional damage [21], and the oxidative stress as one important me-
chanism of sepsis should be manifested in the animal model. Therefore, the
oxidative stress was especially investigated in the two models which could pro-
vide the experimental basis for oxidative stress study. Also, this study could po-
tentially help with the selection of cheap and ideal sepsis model in the future.

Both CLP and CASP models could simulate the clinical process of severe sep-
sis under inflammation or oxidative stress condition. However, CASP rats re-
covered faster from the condition though they had higher serum NO level than
CLP rats.
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