
Abstract. Background: The kinetics of systemic responses
triggered by bacterial peritonitis were analysed in the blood,
bronchoalveolar lavage (BAL) and several organs. Materials and
Methods: The murine model of cecal ligation and puncture was
employed. The parameters were analysed at different periods of
time (4 to 72 h). Results: Fecal peritonitis triggered a progressive,
but not significant, decline of blood leukocytes between 4 and 6 h,
becoming significant at 24 to 48 h (p<0.05). This profile was
closely associated with the enhancement of leukocytes both in the
abdomen (p<0.05) and in the BAL (p<0.05). A significant
abdominal exudation was detected between 4 and 72 h (p<0.01),
whereas maximal growth of aerobic bacteria in the blood and lungs
was observed 24 and 72 h after. Maximal exudation in the studied
tissues occurred at different time points (heart=24 h, spleen and
kidney=48 h, liver and lung=72 h). Conclusion: Using this model,
evidence of sepsis can be easily measured in different body systems.

Severe sepsis with organ dysfunction remains a common

surgical problem with a high mortality rate, despite numerous

advances in critical care therapy (1). In this scenario, acute lung

injury is a primary component, the most important cause of

adult respiratory distress syndrome, with a mortality rate of

50% (2-4). In recent decades, research on the pathogenesis of

sepsis has been dominated by the assumption that this

syndrome is the result of an imbalance between systemic pro-

inflammatory reactions and anti-inflammatory responses (5,6).

Furthermore, complex interactions between these different

mediators produce profound pathophysiological alterations,

which ultimately lead to diffuse tissue injury and the progressive

deterioration of the function of several organs (7).

The main reason to further explore the temporal relationship

of the sequence of events that are triggered by sepsis remains

the fact that, although significant progress has been made in

recent years in the field of inflammation, an effective

therapeutic approach has not yet been developed (8). To

analyse the different aspects of both local and systemic body

responses in sepsis, the murine model of cecal ligation and

puncture (CLP) is a clinically relevant model (9). In the present

work, we further analyse some of the systemic inflammatory

reactions that are trigged by sepsis caused by fecal peritonitis in

close association with abdominal cavity events. Thus, the

following parameters were addressed: 1) the kinetics of

leukocyte and fluid changes induced by fecal peritonitis in both

abdominal cavity and in bronchoalveolar lavage; 2) the degree

of exudation in different organs (spleen, heart, liver, kidney and

lung); and 3) aerobic bacterial growth in the abdominal

exudate, blood, kidneys and lungs.

Materials and Methods

Animals. Non-fasted adult Swiss mice of both sexes (25-30 g), aged 2

months, were used in all experiments. The animals were maintained in

an environment of controlled temperature (21±2ÆC), and light-dark

cycles of 12 h each, with free access to food and water. Throughout the

experiments, the animals were managed using the principles and

guidelines for the care of laboratory animals according to

Zimmermann (10). The Ethics Committee of the Universidade Federal

de Santa Catarina, Brazil, approved our study protocol.

Induction of experimental sepsis. Experimental bacterial peritonitis was

induced by cecal ligation and puncture as described by Fröde and

Medeiros (11). In a first set of experiments, control and septic animals

were maintained in an appropriate environment in order to evaluate

survival. The median survival rate in septic groups was 4 days (results

not shown), whereas no death was observed in the control group. Based

on the median survival rate (4 days), different periods of time (4, 6, 24,

48 and 72 h) were chosen to analyze the parameters described below.

Determination of blood leukocytes and of cell migration into the
abdominal cavity and in the bronchoalveolar lavage. Mice were killed

with an overdose of ether at the established periods of time (4, 6, 24

and 72 h) and samples from both peritoneal and bronchoalveolar

lavages were collected.
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Following death, the abdominal cavity was opened and washed with

1 ml of phosphate-buffered saline (PBS) plus heparin (20 IU/ml), and

aliquots (500 ml) of the lavage fluid were obtained. In this set of

experiments, samples of blood were also obtained by cardiac puncture.

Total and differential leukocyte counts in both whole blood, peritoneal

and bronchoalveolar lavage fluids were determined as previously

described (11,12). Results of both total and differential leukocyte

numbers were expressed as number of cells x 106.

To analyse the leukocyte number in the bronchoalveolar lavage, two

other groups of animals (control and septic animals) were used, as

previously described. After killing the animals at different time points,

the trachea was isolated, cannulated with a polystyrene catheter and

repeated volumes (around three times up to 1 ml) of PBS plus heparin

(20 IU/ml) were injected through the tracheal cannula. Afterwards,

careful aspiration of the injected solution was done in order to obtain

aliquots. It was possible to recover around 50-70% of the injected fluid.

Determination of fluid leakage into the abdominal cavity, in the
bronchoalveolar lavage and in the studied organs. The amount of exudate

in the abdomen, in the bronchoalveolar lavage and in the studied

organs (liver, spleen, heart, lung and kidney) was determined at the

chosen periods of time (4, 6, 24, 48 and 72 h) in both groups (control

and septic), as previously described (11,12). The results were expressed

as mg/g of wet tissue.

Analysis of bacterial growth in the abdominal cavity, blood,
bronchoalveolar lavage and in the studied organs. To evaluate the degree

of bacterial invasion, the number of colony forming units (CFU) of

aerobic bacteria were determined in samples from both peritoneal and

bronchoalveolar lavages, blood and lungs.

Aliquots of a pool of both peritoneal and bronchoalveolar lavages at

different time points were serially diluted and plated in nutrient-rich

(blood and brolactin agar: bromothymol blue lactose cysteine agar)

medium. Blood aliquots were incubated in nutrient-rich broth (brain

heart infusion-BHI, Bact Alert Oganon, Tecknica, USA) and nutrient-

rich (sheep blood) agar plate. The lungs were trimmed and incubated

with thioglycolate broth and nutrient-rich media (sheep blood agar

plate). The results were expressed as CFU per ml.

Drugs and media. Thioglycolate broth, brolactin agar, bromothymol blue

lactose cysteine agar and Müller Hinton agar (Merck, Brazil), samples

of sheep blood, formamide (Nuclear, Brazil), May-Grunwald-Giemsa,

Evans blue dyes and ethylenediaminetetraacetic acid (EDTA) (Merck,

Brazil), sterile saline solution (0.9%), phosphate-buffered saline (PBS:

pH 7.6: composition mmol: NaCl 137, KCl 2.7 and phosphate buffer

salts 10) from different commercial sources were used. 

Statistical analysis. Data are reported as mean±SEM, unless otherwise

indicated. Both Excel-8® (Microsoft) and GraphPad Prism® (Scientific

Graphing, Curve Fitting and Statistics softwares) were employed to

analyze data and to plot the graphs. When indicated, either parametric

(ANOVA and Dunnett), or non-parametric (Kruskal-Wallis and

Dunn’s) tests and non-linear regression curve (exponential growth)

were used. p<0.05 was considered as indicative of significance. 

Results

As shown in Figure 1A, maximal influx of leukocytes (x 106)

into the peritoneal cavity was observed between 24 and 72 h

after peritonitis induction (C: 1.5±0.27, 24 h: 8.7±1.5, 48 h:

15.5±1.37 and 72 h: 15.9±5.7) (p<0.01). The changes in the

leukocyte content of the peritoneal cavity were primarily due to

enhancement in the neutrophil (x 106) levels  (C: 0.30±0.6, 6 h:

2.44±0.4, 24 h: 5.8±0.2, 48 h: 9.3±0.1 and 72 h: 1.1±0.2)

(p<0.05) (results not shown). Vascular permeability (mg/ml)

significantly increased between 4 and 72 h after peritonitis

induction and peaked at 24 h (C: 7.5±0.7, 4 h: 21.1±1.4, 6 h:

25.4±2.8, 24 h: 29.9±3.8, 48 h: 26.4±2.8 and 72 h: 26.3±3.4)

(p<0.01) (Figure 1C). 

Under the same experimental conditions, large changes in

the leukocyte numbers (x 106) were detected in the

bronchoalveolar lavage between 4 and 72 h after peritonitis

induction (C: 0.16±0.0017, 4 h: 0.49±0.04, 6 h: 0.48±0.03, 24 h:

0.45±0.01, 48 h: 0.48±0.01 and 72 h: 0.84±0.03) (p<0.05)

(Figure 1 inset). This cellular influx was markedly due to

mononuclears (C: 0.08±0.0015, 4 h: 0.36±0.04, 6 h: 0.33±0.03,

24 h: 0.27±0.01, 48 h: 0.28±0.01 and 72 h: 0.24±0.03) (p<0.01)

(results not shown). However, at this site, no significant changes

in the vascular permeability were observed (results not shown).

In parallel to these events, analysis of blood leukocytes (x 106)

revealed a significant decrease of leukocytes between 24 and 

48 h (C: 4.20±0.46, 24 h: 2.02±0.58 and 48 h: 1.75±0.38)

(p<0.05) (Figure 1B), being followed by a significant increase at

72 h after peritonitis induction (72 h: 5.60±1.50) (p<0.05). 

Figure 2 shows the results of Evans dye levels in the studied

organs along the different periods of time. As shown, significant

fluid leakage in the heart was detected 24 h after peritonitis

induction (p<0.01), whereas in the spleen and kidney it was

detected after 48 h (p<0.01) and after 72 h in both lung and

liver (p<0.05).

Analysis of aerobic bacterial growth in blood specimens

showed a pattern similar to a positive exponential curve, with

the highest values occurring at 72 h (p<0.01) (Figure 3 inset). In
the abdominal cavity, however, the number of CFU per ml

reached its highest levels at 24 h and remained unchanged up to

72 h (p<0.01) (Figure 3). In relation to the results for aerobic

bacterial growth in both lungs, maximal growth was detected at

24 h (p<0.01) (Figure 3).

Discussion

In the present work, we analyzed, in the model of fecal

peritonitis, the temporal relationship between the studied

inflammatory parameters in the abdomen and those measured

in other systems. Thus, in close association with the findings in

the abdomen, an early enhancement of mononuclear cells was

found in the BAL, whereas a progressive decline in blood

leukocytes was observed. In addition, blood bacterial invasion

and dissemination to distant sites, as well as fluid leakage

detected in several organs, were a late event. Considering that

the approach employed in our experiments was a model of

non-reversible sepsis with 100% mortality rates, our data are

representative of a uniform sequence of events before death.
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There has been little work simultaneously assessing the

leukocyte influx, organ exudation and bacterial growth within

different compartments in this model of sepsis. In our data,

leukocyte migration into the lungs, indirectly evaluated in the

bronchoalveolar lavage, was detected early (4 h) after

peritonitis induction and it remained elevated up to the 72 h

time point. In line with the present findings, several studies have

shown that, in this model, regardless of the differences in

protocols, an early enhancement of the expression of COX-2,

nitric oxide synthase or cytokines is also observed (6,13,14). In

addition, the finding that mononuclears are the main cell type

in the BAL contrasts with the evidence provided by others that

has shown a rise in myeloperoxidase levels, a marker of

activated neutrophils, in the lungs from septic mice (14,15) at

the same time points analyzed in our study. Among the

hypotheses raised to explain these findings is the possibility that

a significant neutrophyl sequestration may be occurring in the

lung vasculature (16), since the number of these cells was

significantly enhanced between 48 and 72 h in the BAL.

Furthermore, the participation of other cells, including

macrophages, monocytes and lymphocytes, in the mechanisms

of lung injury caused by sepsis has also been reported (17).

Early cell migration into the lungs, as suggested by the BAL

findings, however, was not associated with measurable lung

edema, since the volume of fluid leakage at this site did not

change in parallel to the cellular findings. Additional data from

the present study, confirmed by others (18), that validate these

results are the findings that protein concentration in the fluid
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Figure 1. Kinetics of leukocyte changes in the
abdomen (A), in the blood (B) and in the
bronchoalveolar lavage (inset) induced by
polymicrobial peritonitis. Levels of exudate in the
abdomen (C). C: Control (sham-operated animals).
Each column represents the mean of a pool of 4 to 6
animals and the bars the S.E.M. * p<0.05, ** p<
0.01 when compared to control (Anova and
Dunnett’s tests).
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Figure 2. Maximal levels of Evans blue dye extravasation observed in several organs (spleen, heart, liver, lung and kidney) after peritonitis induction. Each column
represents the mean of a pool of 4 to 6 animals and the bars the S.E.M. * p<0.05, ** p< 0.01 when compared to control (Kruskal-Wallis and Dunn’s tests).

Figure 3. Kinetics of colony forming units (CFU/ml) in the abdomen, in the lung and blood (inset) induced by polymicrobial peritonitis. C: Control
(sham-operated animals). Each symbol represents the mean of a pool of 4 to 6 animals and the bars the S.E.M. ** p<0.01 when compared to control
(Anova and Dunnett’s tests).



leakage of bronchoalveolar lavage from septic animals was

similar to controls. Previous studies from our laboratory have

demonstrated that, in this model, the recruitment of leukocytes

to the lung constitutes a non-dependent event in relation to fluid

leakage at this site (19). Thus, it was found that a significant

influx to the lungs of leukocytes that express CD11a/CD18

adhesion molecules occurred 24 h after peritonitis induction is

not associated with a change in fluid leakage (11).

Although it is well known that in this model of bacterial

peritonitis a significant polymicrobial bacteremia occurs, and

that the pathogenic anaerobic microorganisms (19) outnumber

the aerobic and facultative pathogenic microorganisms, the

average number of bacteria (CFU/ml) reported in the present

work refers only to aerobic microorganisms. In the light of the

difficulty in identifying anaerobic and facultative anaerobic

pathogens, it is clear that our findings partially reflect the degree

of bacterial invasion. However, even when an apparent

exponential rise in the number of bacteria was observed in the

blood, a similar rise was not observed in the studied tissues. This

apparent lack of correlation between blood and tissues could be

attributed, in part, to differences in tissue perfusion (20).

In spite of the limitations in evaluating the degree of bacterial

invasion, analysis of bacterial growth indices in the abdominal

cavity, lung and kidneys indicates that these peaked at the same

time (24 h) following peritonitis induction, indicating a huge

influx of bacteria from the abdomen to the blood and then to

the tissues. The fact that, in the blood compartment, maximal

growth of aerobic bacteria was detected later (72 h), although a

significant value was observed at 24 h, may be indirect evidence

of organ failure, since at 48 and 72 h a graded reduction in these

indices was observed in the kidneys and lung, respectively,

associated with maximal exudation values in these tissues. Taken

together, these findings suggest that bacterial invasion of these

studied organs also causes the local inflammatory reaction,

which represents another component that contributes to the

organ-system dysfunction described in sepsis. 

In summary, our results indicated that time-dependent

events occur following bacterial peritonitis and provide

additional findings that early evidence of sepsis can be easily

measured in different compartments in this model. 
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