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Abstract: Sepsis remains a serious clinical problems resulting in high morbidity and mortality. We aimed to investigate the inflammatory re-
sponse in a septic rat model treated with immunomodulator agents. We used the cecal ligature and puncture model to establish septic
peritonitis in rats. Male Wistar-Albino rats were randomized into groups of seven rats each and assigned different regimens: Tacrolimus
1 mg/kg/day, cyclosporin-A 5 mg/kg/day and methylprednisolone 15 mg/kg/day. These immunsuppressive agents were applied at the
6 and 48 hour intraperitoneally. The animals were euthanized after 6 and 48 hours and systemic parameters including, IL-2, IL-6, TNF-a,
CRP, AST and creatinine were examined. Our study demonstrated that the experimental peritonitis model caused a meaningful rise in
the values of systemic parameters. This was especially apparent for early-applied cyclosporin A; in addition, tacrolimus significantly
decreased the levels both at the 6 and 48 hour. The excess immune response in complex sepsis treatment might be restrained using
immunosuppressive agents administered early. Although additional supportive, comprehensive, experimental and clinical studies are
still needed, this therapy model may prove to be an alternative for the future.
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1. Introduction

In the setting of documented infection, the systemic
inflammatory response syndrome (SIRS) is called
sepsis [1]. Sepsis is still a major cause of morbidity
and mortality in intensive care units [2]: despite
advanced pharmacological and surgical treatments, the
procedures, mortality rate is as high as 40%—70% [3,4].

The SIRS results from a complex process
that involves humoral and cellular responses and
molecular episodes interacting in a complex cascade.
The immunopathophysiology involves a variety of
mediators, such as the tumor necrosis factor-alpha
(TNF-a), interleukin-1 (IL-1), interleukin-2 (IL-2),
interleukin-6 (IL-6), and interleukin-10 (IL-10) [5]. These
primary inflammatory mediators induce the release of
secondary inflammatory mediators, such as arachidonic
acid metabolites, nitric oxide, and the platelet activating
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factor. The release of these inflammatory mediators
results in destructive regional and systemic responses,
and culminates in pathophysiological changes in various
organs. This chain of events may terminate in multiple
organ dysfunction syndrome (MODS). Recently, some
studies conducted in patients with SIRS/Sepsis/MODS,
the final immunologic response has proved to be either
a pro-inflammatory response, an anti-inflammatory
response, or both [6-9].

Cyclosporine-A (CsA) and tacrolimus decrease
the production of various cytokines, such as IL-2 and
interferon-y, by acting specifically on lymphocytes. As
they selectively suppress cellular immunity, they are
called immunosuppressive agents. These agents are
also used to prevent a rejection reaction in transplants,
and alsointhe treatment of autoimmune diseases[10,11].
Glucocorticoids are also important immunosuppressive
agents. However, when high-dose steroids are used
for acute inflammation, especially for sepsis and septic
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shock treatment, secondary infections may develop.
This is a clinical issue for which many different and
contradicting opinions have been offered [12,13].

Since the uncontrolled pro-inflammatory mediators
stimulate a SIRS / sepsis / MODS cascade at the
onset of the inflammatory response, suppressing the
release of these mediators may prevent the septic
reaction. The aim of the study was to evaluate the
effects of CsA, tacrolimus, and methylprednisolone on
inflammatory mediators, such as IL-2, IL-6, and TNF-a,
on the C-reactive protein (CRP) level, which is the
non-specific indicator of inflammation, and on indirect
organ insufficiency indicators such as serum aspartate
aminotransferase (AST) and creatinine levels.

2. Material and Methods

2.1. Animals

We used 77 male Wistar-Albino conventional rats
(68 weeks old, 230-300 g), purchased from the
Experimental Animal Center of the Marmara University
Medicine Faculty (Istanbul, Turkey). The rats were
housed under specific pathogen-free conditions and
acclimated to our facility for one week before the
experiments. The experimental protocol was designed
according to the Guiding Principles in the Care and Use
of Animals endorsed by the Council of the American
Physiological Society, and was approved by the local
animal use ethics committee. Rats were kept in cages at
20 £ 2°C constant temperature, in 12-h light/dark cycles,
and were fed with regular food and tap water from a
drinking bottle.

2.2. Sepsis Model

Induction of peritonitis was performed in all rats using
a cecal ligation and puncture (CLP). This method is
based on a cost-effective, easy, and widely used model
described previously [14,15]. Following overnight fasting,
anesthesia for all animals was induced subcutaneously
using 50 mg/kg ketamine HCI (Ketalar® 50 mg flk,
Eczacibasi, Istanbul). This procedure was followed by
a laparotomy with a 2-cm midline incision under aseptic
conditions. The cecum was identified and ligated with
3-0 polypropylene (Prolene®, Ethicon, UK) from the
antimesenteric side. The ligated cecum was punctured
with a 25-gauge needle, squeezed to express a small
amount of fecal material, and returned to and enclosed
within the abdominal cavity in two layers using 4-0 silk
sutures. Sham-operated rats underwent an identical
laparotomy but did not undergo CLP. All rats were then
resuscitated with subcutaneous 8 mL of normal saline

solution. They received the same resuscitation load and
no antibiotics or analgesics were used. No rats died
during the study.

2.3. Experimental protocol

Rats were allocated into 11 groups of 7 rats each. Then
8 mL of intracardiac blood was drawn under anesthesia
at preset times in these groups. At the end of the
experimental protocol, all rats were euthanized with an
overdose of sodium pentobarbital.

The drug doses administered in the present study
were selected in accordance with previously conducted
studies. Ellis RA et al have reported a statistically
significant decrease in T-cell proliferation in 1 mg/kg/
day tacrolimus-administered rats [11]. Fauvel H et al.
[16] have administered 10 mg/kg CsA to septic rats
to investigate its protective effect on myocardial
dysfunction. The oral form of CsA is administered in
two divided doses of 10—15 mg/kg/day to prevent the
rejection reaction in organ transplants. The suggested
concentrated intravenous CsA dose is about one-third
the oral dose. In severe peritonitis and septic shock,
short-duration corticosteroid therapy (1 to 2 days) and
doses higher than 30 mg/kg are not recommended.
In recent years, although long-duration low-dose
continuous cortisone infusion therapy is suggested for
peritonitis [17], we preferred high-dose cortisone for our
study. Our aim was to repress the immunosupressive
effect rather than the anti-inflammatory effect.

Control group (n=7): Intracardiac blood samples
were taken and no further procedure was performed in
this group.

Sham-operated group - 6" hour (n=7): Sampling at
the 6" hour.

Sham-operated group - 48" hour (n=7): Sampling at
the 48" hour.

Peritonitis group - 6! hour (n=7): Sampling at the 6™
hour after CLP.

Peritonitis group - 48" hour (n=7): Sampling at the
48" hour.

Tacrolimus group - 6! hour (n=7): Soon after the CLP
a 1-mg/kg single dose of tacrolimus (FK506, Prograf®
injection 5 mg/mL, Fujisawa Healthcare, Deerfield, IL)
was given intraperitoneally; a sampling was performed
at the 6" hour.

Tacrolimus group - 48" hour (n=7): A 0.25-mg/kg
dose of tacrolimus was given intraperitoneally 4 times
at 12-h intervals for 36 hours (0—12"—24"-36" hours,
total 1 mg/kg/day) and a sampling was performed at the
48" hour.

Cyclosporin A group - 6" hour (n=7): Soon after the
CLP a 5-mg/kg single dose CsA (Sandimmun® injection
50 mg/mL, Novartis Pharma AG, Basel, Switzerland) was
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given intraperitoneally and a sampling was performed at
the 6" hour.

Cyclosporin A group - 48" hour (n=7): A 1.25 mg/kg
CsA was given intraperitoneally 4 times at 12-h intervals
for 36 hours (0—12""—24""—36" hours, total 5 mg/kg/day)
and a sampling was performed at the 48" hour.

Methylprednisolone group - 6" hour (n=7): Soon after
the CLP, a 15-mg/kg single dose of methylprednisolone
(Prednol-L® injection 20 mg/mL, Mustafa Nevzat,
Istanbul, Turkey) was given intraperitoneally; sampling
was performed at the 6 hour.

Methylprednisolone group - 48" hour (n=7): A 3.75
mg/kg of methylprednisolone was given intraperitoneally
4 times at 12-h intervals for 36 hours (0—12"-24"—
36" hours, total 15 mg/kg/day) and a sampling was
performed at the 48 hour.

2.4. Evaluation

The blood samples extracted from the rats were
centrifuged at 3000 revolutions/minute for 5 minutes.
After separating the residual blood cells, the blood plasma
was stored at -70 °C until analysis. The concentration
of serum IL-2, IL-6, and TNF-a levels in the blood was
determined by a standard sandwich enzyme-linked
immunosorbent assay (ELISA) method with a rat TNF-a
traditional ELISA kit (Biosource Int, Ca, USA); with a rat
IL-2 traditional ELISA kit (Biosource Int, Ca, USA), and
with rat IL-6 traditional kit (Biosource Int, Ca, USA) using
the Medispec ESW 300 Elisa plate washer (Palmcity 72,
USA), and with Humanreader, Human GmbH W 6204
(Taunustein, Germany) equipment. For the serum CRP
measurement, the CRP traditional kit (CRPH, Beckman
Coulter, Fullerton, California, USA) was used with the
Beckman Array Protein System (Beckman Coulter,
Fullerton, California, USA) equipment nefelometrically.
The AST and creatinine serum levels were measured
with an autoanalyser (Olympus AU 800, Tokyo, Japan).

2.5. Statistical Analysis

The data acquired from the study groups were evaluated
via the Statistical Package for Social Sciences for
Windows 11.0 (SPSS). The Mann Whitney U and
Wilcoxon tests were used to evaluate the quantitative
data. Data were expressed as mean + S.E.M. The
results were assessed in 95% confidence interval. All
p values less than 0.05 were considered statistically
significant.

3. Results

The evaluation of IL-2 levels showed that these levels
were significantly increased in the sham group (p=0.02),
but decreased in the tacrolimus group at the 6 and 48
hours (p=0.04) (Table 1). When the correlation between
the groups was analyzed, it was determined that the
IL-2 levels had increased significantly in the peritonitis
group compared with the control at the 6" and 48"
hours (p=0.0001) (Table 2). In all drug groups, these
levels were lower than the peritonitis group at the 6"
hour (p=0.0001), but they remained lower only in the
tacrolimus and CsA groups at the 48" hour (p=0.0001)
(Table 2). The IL-2 values were significantly lower
in the CsA and tacrolimus group than those in the
methylprednisolone group at the 6" and 48" hour
(p=0.01, p=0.0001, respectively, for both).

IL-6 levels were significantly lower at the 48" hour in
all groups except the control (p<0.05) (Table 1). However,
the comparison between peritonitis and control groups
showed that these levels were significantly higher in
the peritonitis group (p=00001) (Table 2). When we
compared all treatment groups with each other, we
found that all drugs decreased the IL-6 levels at the 6™
and 48" hour in the presence of peritonitis (p=0.0001
for both). Tacrolimus decreased the IL-6 values more
significantly than methylprednisolone at the 6™ hour; a
similar result was found for the CsA at the 6™ and 48"
hours (p=0.0001 for both) (Table 2).

Wedeterminedadecrease of TNF-alevelsinthe sham
and peritonitis groups at the 48" hour (p=0.02 for both)
(Table 1). The relationship among the groups showed us
that the TNF-a levels had increased significantly in the
peritonitis compared with the control at either time point
(p=0.0001) (Table 2). All drugs decreased the TNF-a
levels significantly compared with the peritonitis group
at the 6™ and 48" hours (p=0.0001 for both). There were
no statistically significant differences between the drugs
in terms of alteration of TNF-a levels (p >0.05).

CRP values were significantly higher in the peritonitis
group at the 48" hour (p=0.02) (Table 1). When the mice
were evaluated within a given group, the CRP was
significantly higher in the peritonitis group than those in
the control group at the 6" and 48" hours (p=0.0001).
Tacrolimus and CsA reduced the CRP levels in the
peritonitis group at the 6" hour (p=0.0001), while these
levels were also reduced significantly at the 48" hour
using all three drugs (p=0.0001 for all three) (Table 2).

The induction of peritonitis resulted in a significant
increase in serum AST levels by the time of progress
(p=0.02), but other groups did not show a similar result
(p>0.05) (Table 1). Serum AST levels were significantly
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higher in all groups than those of the control group at the
6™ hour (p<0.05), and higher levels were more significant
in the sham and methylprednisolone groups (p=0.0001).
We found that none of the drugs had decreased the AST
levels at the 6" hour (p>0.05). However, serum AST
levels were significantly higher in all groups than those
in the control group at the 48" hour (p=0.0001); the
drugs lowered these levels significantly compared to the
peritonitis group at a given time (p=0.0001) (Table 2).

There was no significant alteration in creatinin levels
at the 6" and 48" hours in any group, and in addtion,
these levels were not different between the peritonitis
and control groups (p>0.05) (Table 1). Tacrolimus and
CsA decreased creatinine only at the 6" hour compared
with the peritonitis (p=0.02, p=0.03, respectively)
(Table 2).

4. Discussion

In our study, we determined that the experimental
peritonitis model led to significantly higher levels of
serum IL-2, IL-6, TNF-a, CRP, AST and creatinine. In
addition, when immunosuppressive agents such as CsA,
tacrolimus and methylprednisolone were administered in
the early periods, CsA and tacrolimus most particularly
led to significant decreases in the relevant parameters,
both at the 6™ and 48" hours.

After the invasion of pathogenic microorganisms, a
complex cascade of events is initiated in which primarily
polymorphonuclear leukocytes, which play a crucial role
in host defence, migrate to the infectious site and Kkill
microorganisms by releasing bactericidal agents such
as cytokines. Cytokines are signalling glycoproteins
that regulate numerous cellular functions: they are
important factors in cell differentiation, proliferation,
and activation, and also modulate proinflammatory and
anti-inflammatory responses to allow the host to react
appropriately to pathogens. Cytokines play a critical role
in host defence, wound healing, and other host functions;
there is a considerable level of regulation between them
that is required for an appropriate immune response to
sepsis. If either proinflammatory or anti-inflammatory
cytokines are allowed to predominate withoutappropriate
regulation, there is a high potential for tissue and organ
damage [18-20]. Numerous trials have documented
increases in the plasma concentrations of cytokines in
patients with severe sepsis, including TNF-a, IL-2 and
IL-6 [21].

Cyclosporine A and tacrolimus are
immunosuppressive macrolides as well as powerful
and efficient lymphocyte inhibitors. They also inhibit
IL-2 release from T lymphocytes. Calcineurine is a
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Table 2. The statistical significance of parameters (p values) between the groups.

IL- 2 IL-6 TNF-a CRP AST CREATININ
6" h 48" h 6" h 48" h 6"h 48" h 6"h 48" h 6"h 48" h 6"h 48" h
Control Sham 0.01 0.61 0.0001  0.22 0.0001  0.85 0.0001  0.48 0.0001 0.0001  0.52 0.20
Peritonitis 0.0001  0.0001  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.03 0.0001  0.08 0.95
Tacrolimus 0.0001  0.0001  0.0001 0.16 0.14 0.14 0.14 0.85 0.03 0.0001  0.75 0.48
Cyclosporin - A 0.02 0.0001  0.01 0.0001  0.04 0.65 0.85 0.85 0.01 0.0001  0.37 0.37
Methylprednisolone 0.18 0.04 0.0001  0.05 0.99 0.0001  0.18 0.14 0.0001 0.0001  0.41 0.22
Peritonitis Tacrolimus 0.0001  0.0001  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.22 0.0001  0.02 0.40
Cyclosporin — A 0.0001  0.0001  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.16 0.0001  0.03 0.36
Methylprednisolone 0.0001  0.12 0.0001  0.0001  0.0001  0.0001 0.05 0.0001  0.41 0.0001  0.37 0.12
Tacrolimus Cyclosporin - A 0.70 0.75 0.0001 0.0001  0.44 0.12 0.57 0.75 0.28 0.34 0.52 0.95
Methylprednisolone 0.0001  0.0001  0.0001  0.37 0.65 0.70 0.06 0.99 0.02 0.37 0.37 0.56
Cyclosporin- A Methylprednisolone 0.01 0.0001  0.95 0.0001  0.65 0.90 0.14 0.95 0.22 0.99 0.16 0.56

phosphatase that is the target of CsA and tacrolimus;
it plays a critical role in T cell activation and cytokine
gene expression. Cyclosporine A and tacrolimus
inhibit the catalytic activity of calcineurine, forming a
complex with cyclophilin and FKBP12 (protein binding
tacrolimus), respectively. T cell and cytokine activation
occur by activating the T cell nuclear factor (NFAT),
which belongs to the transcriptional regulator family.
Following de-phosphorylation of NFAT, it is translocated
into the nucleus, at which time various cytokines, such
as IL-2, IL-4, TNF-q, are released [22]. Our strategy
was to use the suppressive effect of CsA and tacrolimus
on the immune system; the results were successful. In
CsA and tacrolimus-administered rats, we detected that
immune cytokines such as TNF-a, IL-2 and IL-6 were
suppressed in a statistically significant way.

Spijkstra et al. [23] have reported that, in patients
with septic shock, cytokines bind to cortisol-binding
receptors. This increases the glucocorticoid resistance
and decreases the arterial blood pressure, resulting in
a relative insufficiency. Total glucocorticoid resistance
causes in vitro IL-2 increase in the monocytes of
patients with peritonitis. In patients with septic shock,
the indirect indicator of the developing glucocorticoid
resistance is an increased plasma cortisone level as a
result of prolonged hydrocortisone usage. Bone et al.
[17] have found that hydrocortisone infusion (10 pg/
hour) provided clinical and hemodynamic stability in
patients with septic shock; these authors also reported
that high physiological doses of cortisol could regulate
the immune response. Meduri et al. [24] determined that,
while methylprednisolone decreases the serum level
of pro-inflammatory cytokines such as IL-6 and IL-8 in
patients with acute respiratory distress, hydrocortisone
decreases their serum level in septic shock.

One of the important mediators appearing in sepsis
is TNF-a. Cannon et al. [25] have reported that TNF-a
levels increase in animals and humans with sepsis.
Viallon et al. [26] have concluded that the TNF-a level
in serum and in the peritoneal liquid of patients with
spontaneous bacterial peritonitis was higher than in
patients with non-bacterial peritonitis (patients with
sterile acid liquid) in a statistically significant manner.
Saito et al. [15] found that the TNF-a level was higher
than the sham group at the 6" hour, but it decreased to
the sham group values at the 24" hour. Garcia-Criado et
al. [27] have reported that tacrolimus inhibited IL-1 and
TNF-a production in the rat liver ischemia/reperfusion
injury model. Fauvel et al. [16] have determined that
calcineurine inhibitors regulated cell death stimulated
by TNF-a and nitric oxide. They emphasized that CsA
and tacrolimus are powerful inhibitors of rat liver cell
cytotoxity induced by TNF-a. We discovered that TNF-a
levels were at their highest at the 6™ hour, and although
these levels decreased at the 48" hour, they remained
very high when compared with the control and drug-
administered groups. Tacrolimus maintained TNF-a
values at the control group value both at the 6" and 48
hours. Although the values of the other drug-administered
groups were meaningfully and dramatically much lower
than the peritonitis group at the 6 and 48" hours, there
were not different from those of the tacrolimus group.
This situation has led us to conclude that both tacrolimus
and CsA, in particular, could inhibit the pro-inflammatory
response by preventing TNF-a levels from increasing.

Koshika et al. [28] have reported that an increase in
serum TNF-a level accompanied with high serum IL-2 is
anindicator of high mortality rates in septic shock patients.
Furthermore, tacrolimus has the potential to inhibit not
only IL-2, but also IL-1 and TNF-a production, and
could suppress septic shock and MODS progression by
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inhibiting the organization of monocytes, macrophages,
and lymphocytes. In our study, we found that IL-2 levels
had dramatically increased in the peritonitis group when
compared with the control both at the 6 and 48" hours,
but there were no statistically significant differences
between the 6" and 48" hour values. In the drug-
administered groups, although methylprednisolone
administration had significantly decreased IL-2 levels
at the 6" hour, this effect did not continue into the 48"
hour. Tacrolimus and CsA had decreased IL-2 levels
dramatically when compared with the control group.
This situation probably resulted because tacrolimus and
CsA had suppressed T-helper cells from releasing IL-2.
These values were compatible with concurrent studies
where IL-2 decreased with TNF-a [27,28].

IL-6 is one of the pro-inflammatory cytokines
that is produced by various cells such as monocyte,
macrophage, lymphocyte, fibroblast and endothelial
cells. Giannoudis et al. [29] have demonstrated that
serum IL-6 concentration has an important role in
tissue injury and in SIRS, and is significantly increased
in patients with severe trauma. In one report, it has
been found that in patients with a high Apache Il and
organ insufficiency score, IL-6 levels were significantly
increased. Concurrently, these IL-6 levels showed a
correlation to hypothermia and mortality [30]. In the
same study, while IL-6 serum levels were higher in the
peritonitis than the sham group at the 6" hour, these
levels were dramatically higher at the 24" hour compared
with the sham group. In the present study, IL-6 levels
were significantly increased in the peritonitis group
when compared with the control, especially at the 6%
hour; and although there was a temporary regression at
the 48" hour, this increase was still meaningful. Though
three drug administrations produced severe regression
in IL-6 levels at the 6™ hour, this effect was more evident
in the CsA and methylprednisolone groups. But at
the 48" hour, especially with the tacrolimus and CsA,
values decreased to the control group levels. The IL-6
level, which is accepted as a good indicator of mortality
and prognosis, could be reduced with tacrolimus, CsA,
and methylprednisolone administration. Furthermore,
this effect could be more pronounced at the 48" hour,
especially with CsA and tacrolimus.

C-reactive protein is an acute phase plasma protein
in which the plasma level rises quickly and dramatically
in acute injuries such as infection and trauma. In some
trials, it has been demonstrated that CRP levels rise in
a statistically significant manner and are an indicator of
inflammation [30,31]. Kuster et al. [32] have reported
that, while the diagnostic sensitivity of CRP before the
clinical appearance of peritonitis is 18%, its sensitivity
is 93% at the time of the clinical diagnosis. Since the

serum CRP level was high in the peritonitis group
in our study, this indicated that we had constructed
an efficient sepsis model. Although it is a nonspecific
indicator, we concluded that CRP is a sensitive systemic
marker of inflammation and tissue damage. In the
drug-administered groups, especially in the tacrolimus
and CsA groups, serum CRP levels were maintained
close to a normal value, and the levels were very low
when compared with the peritonitis group. This led us
to believe that these immunosuppressive agents were
quite successful in depressing not only the immune
system but also the inflammatory response of the body.

Some studies indicate that cytokines, such as
TNF-a, induced rat liver cell cytotoxicity, and the
AST level increased at the 12" hour and reaching its
maximum level at the 36" hour [31,33]. In our study,
AST levels were used as the indicator of liver toxicity
and organ failure. The AST levels in the peritonitis group
had increased in a statistically significant way at the 48"
hour. The levels in the other groups were also higher
than the those of the control, but they were not elevated
compated with the values of the sham group in any of
the drug-administered groups. This situation led us to
suggest that liver injury, which is the result of sepsis,
could be prevented or decreased by tacrolimus, CsA,
and methylprednisolone.

Another organ injury parameter is creatinine.
Edremitlioglu et al. [34] have found that the plasma
creatinine level was higher in the sepsis. Creatinine
levels maintained normal values both in the peritonitis
and the drug-administered groups in our study. This led
us to believe that sepsis needs a long time to disrupt
the renal function. We also assumed that tacrolimus
and CsA, which are considered to be nephrotoxic drugs,
could not disrupt renal function with applied doses at the
early stage.

We conclude that the early application of
immunosuppressive therapy decreased the pro-
inflammatory response and restrained organ failure in
our experimental peritonitis model. Further investigation
with more comprehensive experimental and clinical
studies may be necessary to identify the exact doses,
timing, and duration of treatment to prevent the
devastating effect of sepsis.



A. |. Filiz et al.

References

[1] Bone R.C.,Balk R.A., Cerra F.B., Dellinger R.P., Fein
A.M., Knaus W.A., et al., Definitions for sepsis and
organ failure and guidelines for the use of innovative
therapies in sepsis. The ACCP/SCCM Consensus
Conference Committee. American College of Chest
Physicians/Society of Critical Care Medicine, Chest.,
1992, 101, 1644-1655

[2] Vincent J.L., Abraham E., The last 100 years in
sepsis, Am. J. Resp. Crit. Care. Med., 2006, 173,
256-263

[3] Kirkeboen K.A., Strand O.A., The role of nitric oxide
in sepsis-an overview, Acta. Anaesthesiol. Scand.,
1999, 43, 275-288

[4] Tekin A., Kucukkartallar T., Turkyilmaz S., Dinckan
A., Esen H., Ates B., et al., Effects of caffeic
acid phenethyl ester (CAPE) on sepsis in rats,
Inflammation., 2008, 31, 273-280

[5] Casey L.C., Balk R.A., Bone R.C., Plasma cytokine
and endotoxin levels correlate with survival in patients
with the sepsis syndrome, Ann. Intern. Med., 1993,
119, 771-778

[6] Baue A.E., Durham R., Faist E., Systemic

inflammatory response syndrome (SIRS), multiple

organ dysfunction syndrome (MODS), multiple organ
failure (MOF): are we winning the battle?, Shock.,

1998, 10, 79-89

Davies M.G., Hagen P.O., Systemic inflammatory

response syndrome, Br. J. Surg., 1997, 84, 920-935

Mulligan M.S., Warner R.L., Foreback J.L., Shanley

T.P., Ward P.A., Protective effects of IL-4, IL-10, IL-2

and IL-13 in IgG immune complex-induced lung

injury: role of endogenous IL-12, J. Immunol., 1997,

159, 3483-3489

Pugin J., Widmer M.C., Kossodo S., Liang C.M.,

Preas HL2nd., Suffredini A.F., Human neutrophils

secrete gelatinase B in vitro and in vivo in response

to endotoxin and proinflammatory mediators, Am. J.

Respir. Cell. Mol. Biol., 1999, 20, 458-464

[10] Levy G.A., Long-term immunosuppression and

drug interactions, Liver. Transpl., 2001, 7, S53-59
[11] Ellis R.A., Brenner M.J., Mackinnon S.E., Myckatyn
T.M., Hunter D.A., Use of mixed lymphocyte
reaction to identify subimmunosuppressive FK-506
levels in mice, Microsurgery, 2003, 23, 276-282

[12] Freeman B.D., Natanson C., Anti-inflammatory
therapies in sepsis and septic shock, Expert. Opin.
Investig. Drugs., 2000, 9, 1651-1663

[13] Fernandes D., Duma D., Assreuy J., Steroids and
nitric oxide in sepsis, Front. Biosci., 2008, 13,
1698-1710

[7

—_—

8

—_

[9

—_—

[14] Wichterman K.A., Baue A.E., Chaudry |.H., Sepsis
and septic shock-a review of laboratory models
and a proposal, J. Surg. Res., 1980, 29, 189-201

[15] Saito H., Sherwood E.R., Varma T.K., Evers B.M.,
Effects of aging on mortality, hypothermia, and
cytokine induction in mice with endotoxemia or
sepsis, Mech. Ageing. Dev., 2003, 124, 1047-1058

[16] Fauvel H., Marchetti P., Obert G., Joulain O.,
Chopin C., Formstecher P., et al., Protective effects
of cyclosporin Afrom endotoxin-induced myocardial
dysfunction and apoptosis in rats, Am. J. Respir.
Crit. Care. Med., 2002, 165, 449-455

[17] Bone R.C., Toward a theory regarding the
pathogenesis of the systemic inflammatory
response syndrome: what we do and do not know
about cytokine regulation, Crit. Care. Med., 1998,
24,163-172

[18] Blackwell T.S., Christman J.W., Sepsis and
cytokines: current status, Br. J. Anaesth., 1996, 77,
110-117

[19] Scott M.J., Godshall C.J., Cheadle W.G., Jaks,
STATs, Cytokines, and Sepsis, Clin. Diagn. Lab.
Immunol., 2002, 9, 1153-1159

[20] Moore F.A., Sauaia A., Moore E.E., Haenel J.B.,
Burch J.M., Lezotte D.C., Postinjury multipl organ
failure: a bimodel phenomenon, J. Trauma., 1996,
40, 501-510

[21] Oberholzer A., Oberholzer C., Moldawer L.L.,
Sepsis syndromes: understanding the role of innate
acquired immunity, Shock., 2001, 16, 83-96

[22] GotoT., KinoT., Hatanaka H., Okuhara M., Kohsaka
M., Aoki H., et al., FK 506: historical perspectives,
Transplant. Proc., 1991, 23, 2713-2717

[23] Spijkstra J.J., Girbes A.R., The continuing story
of corticosteroids in the treatment of septic shock,
Intensive. Care. Med., 2000, 26, 496-500

[24] Meduri G.U., Tolley E.A., Chrousos G.P., Stentz
F., Prolonged methylprednisolone treatment
suppresses systemic inflammation in patients with
unresolving acute respiratory distress syndrome:
evidence forinadequate endogenous glucocorticoid
secretion and inflammation-induced immune cell
resistance to glucocoticoids, Am. J. Respir. Crit.
Care. Med., 2002, 165, 983-991

[25] Cannon J.G., Tompkins R.G., Gelfand J.A., Michie
H.R., Stanford G.G., van der Meer J.W., et al.,
Circulating interleukin-1 and tumor necrosis factor
in septic shock and experimental endotoxin fever,
J. Infect. Dis., 1990, 161, 79-84

[26] Viallon A., Zeni F., Pouzet V., Lambert C., Quenet

689




The effects of immunosuppressive agents
on inflammatory response in septic rats

(27]

(28]

(29]

(30]

S., Aubert G., et al., Serum and ascitic procalcitonin
levelsin cirrhotic patients with spontaneous bacterial
peritonitis: diagnostic value and relationship to pro-
inflammatory cytokines, Intensive. Care. Med.,
2000, 26, 1082-1088

Garcia-Criado F.J., Palma-Vargas J.M., Valdunciel-
Garcia J.J., Toledo A.H., Misawa K., Gomez-Alonso
A., et al., Tacrolimus (FK-506) down-regulates
free radical tissue levels, serum cytokines, and
neutrophil infiltration after severe liver ischemia,
Transplantation., 1997, 64, 594-598

Koshika T., Ishizaka A., Nagatomi I., Sudo Y.,
Hasegawa N., Goto T., Pretreatment with FK-506
improves survival rate and gas exchange in canine
model of acute lung injury, Am. J. Respir. Crit. Care.
Med., 2001, 163, 79-84

Giannoudis P.V., Smith R.M., Banks R.E., Windsor
A.C., Dickson R.A., Guillou P.J., Stimulation of
inflammatory markers after blunt trauma, Br. J.
Surg., 1998, 85, 986-990

Wakefield C.H., Barclay G.R., Fearon K.C., Goldie
A.S., Ross J.A., Grant |.S., et al., Proinflammatory
mediator activity, endogenous antagonists and the
systemic inflammatory response in intra-abdominal
sepsis. Scottish Sepsis Intervention Group, Br. J.
Surg., 1998, 85, 818-825

[31]

[32]

[33]

[34]

Giffen P.S., Turton J., Andrews C.M., Barrett
P., Clarke C.J., Fung KW.,, et al., Markers of
experimental acute inflammation in the Wistar
Han rat with particular reference to haptoglobin
and C-reactive protein, Arch. Toxicol., 2003, 77,
392-402

Kuster H., Weiss M., Willeitner A.E., Detlefsen S.,
Jeremias |., Zbojan J.,et al., Interleukin-1 receptor
antagonist and interleukin-6 for early diagnosis of
neonatal sepsis 2 days before clinical manifestation,
Lancet., 1998, 352, 1271-1277
Gorantla V.S., Barker J.H.,
Prabhune K., Maldonado K., Granger D.K.,
Immunosuppressive agents in transplantation:
mechanisms of action and current anti-rejection
strategies, Microsurgery., 2000, 20, 420-429
Edremitlioglu M., Kilic D., Oter S., Kisa U., Korkmaz
A., Coskun O., et al., The effect of hyperbaric
oxygen treatment on the renal functions in septic
rats: relation to oxidative damage, Surg. Today.,
2005, 35, 653-661

Jones J.W. Jr,



	1. Introduction
	2. Material and Methods
	2.1. Animals
	2.2. Sepsis Model  
	2.3. Experimental protocol
	2.4. Evaluation
	2.5. Statistical Analysis

	3. Results
	4. Discussion
	References



