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Abstract. Background/Aim: Presepsin is a useful biomarker
for diagnosing sepsis. This study aimed to investigate the
relationship between oxidative stress and presepsin levels in
animal models. Materials and Methods: Sprague-Dawley
rats were used for cecal ligation and puncture (CLP) and to
generate massive bowel resection (MBR) models. Trunk
blood was collected for analysis of presepsin. Liver and
intestinal tissue samples were taken to determine oxidative
stress parameters. Results: Presepsin levels in MBR and
CLP sepsis models were higher than those in control groups.
Reactive oxygen and nitrogen species (RONS) and
malondialdehyde levels were increased in the liver and small
intestine of rats in both models, whereas glutathione levels
were decreased. Conclusion: Presepsin levels and RONS
may be released by the same mechanism which is closely
associated with the progression of sepsis and inflammation
in both CLP and MBR models.

Sepsis is a systemic inflammatory response to infections that,
despite modern treatments, remains a life-threatening
challenge in medicine. Although bacterial culture is a gold
standard test for the diagnosis of sepsis, it is time-consuming
and false-negative results have been reported because of
previous and concomitant antibiotic therapy. Early diagnosis
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is important to prevent delay in accurate treatment and
decrease mortality incidence, which can reach up to 5% to
10% (1-3). It has been shown that free radicals [reactive
oxygen species (ROS) and reactive nitrogen species (RNS)]
affect the onset, progression, and outcome of sepsis. ROS and
RNS are antimicrobial agents produced by neutrophils and
monocyte/macrophages to destruct microorganisms during
phagocytosis. Also, NF-kappaB, which tightly regulates the
expression of proinflammatory cytokines, is modulated by
ROS. It is well known that excessive production of
proinflammatory cytokines, ROS and RNS, has detrimental
cytotoxic effects, which lead to multiorgan system failure and
mortality (4-6). Superoxide anion, nitric oxide, hydroxyl
radical, and hydrogen peroxide are important members of
ROS/RNS (4). There is an antioxidant system, which acts by
buffering ROS/RNS production so that healthy individuals
keep the balance between oxidants and antioxidants level.
Whenever there is an impairment in oxidant and antioxidant
level, signal transduction pathways change leading to
disturbed cellular homeostasis, and possibly to organ
dysfunction and multiorgan failure (1, 6, 7). It has been
reported that patients who died from severe sepsis showed
deficiency of antioxidants, whereas sepsis survivors had
increased levels of antioxidants (8, 9). There are many
reported biomarkers for sepsis, such as C-reactive protein,
procalcitonin, and interleukins, which aid in early diagnosis.
In 2004, Yaegashi et al. found a new biomarker which is the
soluble subtype of sCD14 (sCD14-ST) named presepsin (10).
The innate immunity is the first barrier against bacteria, and
partially relies on the membrane receptor CD14 (11). CD14 is
found on different cells including in neutrophils, monocytes,
macrophages, and B cells, that possess high-affinity receptors
for lipopolysaccharide-lipopolysaccharide binding protein
(LPS-LBP). CD14 induces signal transduction through this
receptor via CD14-mediated activation of toll-like receptors,
which leads to inflammatory gene expression and activation
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Table 1. Experimental design of groups.

Groups n Protocol
Sham MBR 7 Sham-operated for massive bowel resection (the bowel was cut at 10 cm proximal to ileocecal
valve and re-anastomosed without resection)
MBR 7 Massive small bowel resection (80% resection of measured small bowel length)
Sham CLP 7 Sham-operated for cecal ligation and puncture (laparatomy and cecal exposure without any more manipulation)
CLP 7 Operation for cell ligation and puncture

of inflammatory pathways. The glycoprotein CD14 has two
forms: membrane-bound (mCD14) or circulating soluble form
(sCD14). Presepsin can originate either from the detachment
of membrane-bound CD14 (mCD14) expressed by phagocytes
or cell secretion (4, 12, 13). It has been proposed that
presepsin is a possible acute-phase protein produced by
hepatocytes, besides the protease-mediated shedding from
leucocytes. Presepsin is cleaved by plasma proteases (12, 13).
Presepsin has been suggested as a novel sepsis biomarker
which can be detected easier than mCD14 in the blood and is
a suitable prognostic factor in the diagnosis of sepsis (11-13).

The link between free radical generation and presepsin in
sepsis is not known yet. We hypothesized that active
neutrophils/monocytes/macrophages secrete RONS while
they produce presepsin. We aimed to investigate the possible
relation between oxidative stress (malondialdehyde, reactive
oxygen, and nitrogen species), antioxidant molecules
(glutathione), and presepsin levels in the well-known
experimental sepsis rat model generated by cecal ligation and
perforation (CLP) and in another possible sepsis model
which is the massive bowel resection (MBR) model.

Materials and Methods

Experimental groups. All experiments were conducted in
accordance with the national guidelines for laboratory animal care
and use, and the study protocol was approved by the Ethical
Committee of Marmara University. Female Sprague-Dawley rats
(weighing 250-300 g), were kept in a room at a temperature of
22+2°C, with 12 h/12 h light and dark cycle, and fed with standard
pellet chow and water ad libitum.

Rats were assigned randomly into four groups. Group 1 received
a massive small bowel resection (MBR); group 2 received sham
MBR and served as the control group without a resection. Group 3
received a cecal ligation and perforation (CLP) after laparotomy,
and group 4 received sham CLP and served as the control without
a cecal ligation after laparotomy (Table I).

Surgical procedures. After overnight fasting, surgical procedures
were performed. Animals were anesthesized with intramuscular
administration of ketamine hydrochloride at 50 mg/kg (Ketalar 50
mg/ml, Pfizer, Luleburgaz, Turkey) and Xylazine-hydrochloride at
10 mg/kg (Alfazyne, Alfasan Int. BV Woerden, The Netherlands).
The abdomen of rats in the massive bowel resection group (group
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1) was cut with a midline incision (3-4 cm) under sterile
conditions, and approximately 80% of the small intestine was
transected leaving about 5 to 6 cm from the ligament of Treitz and
the ileocecal valve. The bowel ends were sutured together with 6-
0 Prolene. Sterile 10 ml saline which was kept warm was
administered into the peritoneal cavity for postoperative fluid
balance, and 4-0 silk was used to suture the abdomen. Rats in the
sham MBR received a laparotomy operation with enterotomy and
anastomosis was performed (14).

Rats in the cecal ligation and perforation (CLP) group (group 2)
were treated as described by Fujimura N and Dejager L et al. (15,
16). The rats received a small midline incision under ether
anesthesia, and cecum was joined just proximal to the ileocecal
valve with 3-0 silk to maintain intactness of intestines. The
antimesenteric cecal surface was punctured by an 18-gauge needle
at two sites which were 1 cm distant to each other, and the cecum
was kindly squeezed until the feces were forced out. The
laparotomy was closed with 3-0 silk. All rats received injections
with saline (3 ml/100 g body weight) through the subcutaneous
route to resuscitate postoperatively. The rats in the sham operated
for CLP group underwent only laparotomy and cecal exposure
without any other manipulation.

Forty-eight h after operation, the rats underwent decapitation. After
decapitation, trunk blood was collected, centrifuged, and serum was
kept at —20°C for analysis of presepsin levels. Liver and intestinal
tissue samples were immediately collected for biochemical evaluation
of glutathione (GSH), malondialdehyde (MDA) and RONS.

Determination of malondialdehyde and glutathione. Tissue samples
were homogenized with ice-cold 0.067% (w/v) TCA for analysis of
MDA and GSH levels. After centrifugation, the supernatant was mixed
with thiobarbituric acid and boiled at 95°C for 30 min. For the analysis
of MDA, the levels of thiobarbituric acid reactive substances (TBARS)
which are the byproducts of lipid peroxidation were monitored as
described by Beuge et al. (17). The extinction coefficient of 1.56x105
M-! cm~! was used to determine MDA equivalents and results were
expressed as nmol MDA/g tissue. GSH was determined by using the
Ellman’s procedure with modifications. In summary, supernatants of
small intestinal and liver samples were added to Na,HPO,2H,0O
solution and dithio-bis nitrobenzoic acid was added. Absorbance was
monitored instantly after mixing at 412 nm. GSH levels were
determined by the use of the extinction coefficient of 13,600 M-!
cm~!. Results were expressed as pmol GSH/g tissue (18).

Determination of RONS. The chemiluminescence (CL) method
was used to assess RONS levels in tissue samples. Liver or small
intestine tissue pieces (approximately 25-30 mg) were put into



Unay-Demirel ef al: Presepsin Levels in Experimental Animal Models

Table II. Presepsin levels in the groups analysed.

Group Mean Standard error p-Value
(pg/ml) of mean

Sham CLP 240 80.106 p<0.01

CLP 528 121.7

Sham MBR 286.3 96.03 p<0.05

MBR 850.6 328.1

CLP: Cecal ligation and perforation; MBR: massive small bowel
resection.

three test tubes containing phosphate buffered saline and HEPES
(pH: 7.8). Counts of CL were analyzed afterwards by the addition
of 0.2 mmol/I lucigenin that is selective for superoxide radical; 0.2
mmol/l luminol which measures hydroxyl radical, hydrogen
peroxide and hypochloride and 0.4 mmol potassium carbonate, 9
mmol desferrioxamine, 0.2 mmol hydrogen peroxide and 50 mmol
luminol sodium salt for the determination of nitric oxide release.
Analyses were performed via a luminometer (Mini Lumat LB
9509, EG&G Berthold, Bad Wildbad, Germany) and results were
recorded at 1 min intervals for 5 min and normalized to mg tissue
weight. Data was given as area under the curve of relative light
units (rlu) (19).

Determination of presepsin levels. Rat presepsin levels were
determined by Aviva Systems Biology CD14 ELISA Kit (San
Diego, CA, USA), which is based on a standard sandwich enzyme
linked immuno-sorbent assay (ELISA). The results were expressed
as pg/ml.

Statistics. Instat program was used for statistical analysis.
Descriptive statistics of categorical variables are given with
frequency and percent where continuous variables are represented
by the mean and standard error of mean values. One-way analysis
of variance (ANOVA) test was used for test of normality. Tukey-
Kramer multiple comparison test was used to test significant
difference for dependent variables at different times. Spearman’s
correlations analyses between presepsin and RONS, MDA and GSH
were used. For all statistical analyses, a p-value below 0.05 was
considered to indicate statistically significant differences.

Results

Presepsin levels in the MBR (850.6+328.1 pg/ml) and CLP
sepsis models at 48th h (528+121.7 pg/ml) were significantly
higher than those in the sham-operated control rats
(286.3+£96.03 pg/ml; p<0.05 vs. 240+80.106 pg/ml; p<0.01,
respectively) (Table II).

We also observed that ROS production, nitric oxide (NO)
release and MDA levels were increased significantly in the
liver and small intestine of rats in both CLP and MBR
models whereas GSH levels were decreased, indicating
oxidative stress (p<0.05). Comparisons of MDA and GSH
levels in the small intestine and liver among groups are
shown in Figure 1. The levels of luminol and lucigenin
levels that indicate the levels of superoxide radical and
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Figure 1. Glutathione and malondialdehyde levels in the liver and small
intestine of MBR and CLP rat models. Both groups were compared with
their sham-operated control groups; *p>0.05, **p<0.05, ***p<0.001.
CLP: Cecal ligation and perforation; MBR: massive small bowel resection.

hydroxyl radical, hydrogen peroxide and hypochloride as
well as the levels of nitric oxide release are shown in Figure
2. We did not find a correlation between presepsin and
oxidative stress parameters such as RONS, MDA and GSH
levels in both experimental rat models (p>0.05).
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Figure 2. Luminol, lucigenin and nitric oxide levels in the liver and small intestine of MBR and CLP rat models. Both groups were compared with
their sham-operated control groups; *p>0.05, **p<0.05, ***p<0.001. CLP: Cecal ligation and perforation; MBR: massive small bowel resection.

Discussion

We examined the possible relation between oxidative stress,
glutathione and presepsin levels in a proinflammatory MBR
model and a well-known sepsis model CLP to shed light on
the pathophysiology of sepsis which may be helpful to
develop an early diagnostic marker such as presepsin. It is
obvious that neutrophils play a major role in cellular
signaling events related with inflammatory and immune
responses. Neutrophils produce large amounts of ROS and
RNS by the oxidant generating systems like NADPH oxidase
and nitric oxide synthase. These oxidants are highly potent
and have the ability to kill pathogens directly. Oxidants can
modulate gene expression by effecting transcription factors
such as NF-kB that is closely associated with expression of
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genes which play a role in the acute inflammatory response.
It is known that several cytokines, adhesion molecules and
acute-phase proteins are involved in this acute response.
Moreover NF-kB has a role in the transcriptional regulation
of some cytokines, such as IL-1, IL-6, IL-8, which are
produced by neutrophils during the inflammatory process. It
is known that cytokines like TNF and IL-1 can lead directly
to NF-kB activation and TNF-mediated NF-kB activation is
influenced by production of ROS (6, 20-22). Oxidative stress
which regulates the activation of NF-kB is observed in sepsis
patients and therefore, NF-kB-mediated increases in the
expression of cytokines is also detected in these patients (23).

Although the mechanism of secretion of presepsin is
currently unclear, it is has been suggested that it depends on
phagocytosis (11, 13). Moreover, RONS are antimicrobial



Unay-Demirel ef al: Presepsin Levels in Experimental Animal Models

agents produced by neutrophils and monocyte/macrophages
to destruct microorganisms during phagocytosis (5, 6).
Therefore, both presepsin and RONS production may be
triggered by the same mechanism in sepsis.

As far as we know, there is no publication on this subject.
The presepsin levels in MBR and CLP rat models were
significantly higher than their sham-operated controls. We
also observed that RONS release was increased significantly
in the liver and small intestine of rats in both CLP and MBR
model, whereas GSH levels were decreased indicating
oxidative stress. Consistent with the literature, MDA levels,
an index of lipid peroxidation, were increased significantly
substantiating further the presence of oxidative stress.

In our study, we used two animal models: An
experimental MBR model and the commonly used CLP
model for sepsis. CLP is the most frequently used and is
considered as a gold standard model for sepsis research (16).
Short bowel syndrome is defined as malabsorption after
resection of small intestine. The most common complications
which cause death during the MBR are sepsis and liver
failure (24). There are several publications which indicate
the role of parenteral nutrition (PN) in MBR associated
inflammation (25, 26). Clinical or experimental studies that
have investigated the mechanism of sepsis in MBR patients
without PN suggested that MBR without PN is a
proinflammatory state and the increased production of
proinflammatory cytokines may result in liver damage in
sepsis (27, 28). It has been shown that massive bowel
resection alone can cause liver pathologies but the
underlying molecular mechanism has not been elucidated
(14). However, O’Brien et al. have proposed that massive
small-bowel resection may cause bacterial translocation in
animals which may lead to repeating episodes of sepsis but
the precise mechanism for bacterial translocation after
massive small bowel resection is currently unknown (29). In
our study, we obtained similar findings in terms of presepsin,
oxidant and antioxidant parameters in both MBR group and
the CLP sepsis group. There is a small number of studies on
presepsin in experimental animal models. A study of sepsis
in rabbit models has shown that presepsin levels are
increased in the CLP sepsis model, but no increase was
observed in LPS-induced sepsis model. In that study it was
suggested that sCD14-ST production is dependent on
phagocytosis and cathepsin D is one of the enzymes
responsible for fragmentation of CD14 (30).

In another rabbit CLP sepsis model, Nakamura et al. have
shown that plasma sCD14 levels increased earlier than
biomarkers, such as IL-6, D-dimer, and bacteria in the blood,
and suggested that sCD14-ST is an early diagnostic tool for
initiating anti-sepsis therapy (31). In our study, we observed
increased presepsin levels both in CLP and MBR models,
which were significantly higher than those in sham-operated
control rats. It is known that CLP-induced sepsis is

associated with a remarkable inflammatory response and the
production of ROS (32). We also observed significantly
higher ROS and RNS levels in the liver and intestinal tissues
of CLP and MBR experimental groups than those in sham-
operated control tissues. However, there was no correlation
between presepsin and RONS levels.

The pathogenesis of sepsis, which is a serious and life-
threatening systemic illness, depends on the interaction
between various microbial and host factors. Early diagnosis of
sepsis has utmost importance due to the huge economic burden
needed for long-term hospital stay and use of broad-spectrum
antibiotics. Moreover, there can be resistance to antibiotics. It
has also been shown that early diagnosis of sepsis can be life-
saving with the use of appropriate treatment strategy. Several
biomarkers have been developed for the diagnosis of sepsis
such as procalcitonin and C-reactive protein, but they have
limitations in their use like sensitivity and specificity problems
(2). Furthermore, sCD14-subtypes (presepsin) were discovered
as a new biomarker for sepsis in 2004 and several studies have
been conducted to delineate the importance of presepsin for
early diagnosis and follow up of sepsis (13, 33, 34). It is well
known that presepsin is produced in response to phagocytosis
of bacteria in infections, however, it is not yet clear which
humoral and cellular factors are responsible for the production
of presepsin (13, 35).

Several limitations of this study should be acknowledged.
Although we found that both presepsin and RONS levels
increase during sepsis, we could not show significant
correlation among presepsin and RONS. Also, evaluating the
concentration of specific proinflammatory mediators, such
as IL-6, IL-1 beta, and TNF-alpha in addition to presepsin
may be helpful to elucidate whether presepsin and RONS use
the same or related pathways leading to sepsis.

This is the first study, to our knowledge, examining
presepsin levels in experimental rat models. Our results
suggested that presepsin levels and RONS may be released by
the same mechanism, which is closely associated with the
progression of sepsis and inflammation in both experimental
CLP and MBR rat models. Future studies should be performed
to determine the levels of several cytokines in experimental
animal models and delineate their role in sepsis.
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