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1 Introduction
Sepsis is an important cause of mortality and morbidity in critically ill patients, especially
when it is associated with shock and/or multiple organ dysfunction syndrom (MODS)(Angus et
al., 2001). Sepsis in combination with signs of organ dysfunction is called severe sepsis. Patients
with severe sepsis generally receive their care in the intensive care unit (ICU). A multinational
study of sepsis in teaching hospitals found that severe sepsis or septic shock is present or
develops in 15% of ICU patients (Alberti et al., 2002). However, diagnosing sepsis is difficult
because there is no “typical” presentation despite published definitions for sepsis (Bone et al.,
1992; Levy et al., 2003). Sepsis is associated with increased hospital resource utilization,
prolonged ICU and hospital stay (Martin et al., 2009). Severe sepsis remains a common and
deadly condition despite recent advances in awareness and treatment. Recently, Canadian group
demonstrated that the number of deaths from severe sepsis is increasing, in part due to the aging
of the population(Martin et al., 2006). The heterogeneity of patients with sepsis makes risk
stratification difficult, both for bedside prognostication and clinical trials. In 1991, a consensus
panel of the American College of Chest Physicians and the Society of Critical Care Medicine
developed operational definitions for sepsis to facilitate standardized enrolment into clinical
trials (Bone et al., 1992). In addition, numerous tools are available to assess prognosis in
critically ill patients: APACHE- II and III (Acute Physiology and Chronic Health Evaluation);
SOFA (Sequential Organ Failure Assessment); multiple organ dysfunction score; SAPS- II
(Simplified Acute Physiology Score). Nevertheless, these scoring systems have limitations in
fact that they primarily focus only on the physiologic abnormalities (Knaus et al., 1989; Knaus et
al., 1985; Le, Jr. et al., 1993; Marshall et al., 1995; Vincent et al., 1998). Ilness severity scoring
is more than just a score representing the degree of physiologic disturbance. Severity scoring
might be used, in conjunction with other risk factors (eg, disease etiology or patient selection
criteria), to anticipate and evaluate outcomes, such as hospital mortality (Knaus et al., 1991).
These probability estimates can be calculated at the time a patient presents for care or for entry
into a clinical trial; thus, they can serve as a pretreatment control. They can also be updated
during the course of therapy, thereby describing the course of illness and providing an alternative
for the evaluation of response. Because of the increasing complexity of patient presentation, the
use of diagnostic terminology, such as systemic inflammatory syndrome (SIRS), with its various
etiologies should be combined with risk stratification or probability risk estimation techniques in
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order to measure the position of an individual patient along the continuum of severity (Bone et
al., 1992). Such risk estimation might also be useful in validation of new clinical or laboratory
markers refining risk or disease severity levels when certain markers appear to be valid.
Sepsis can be difficult to distinguish from other noninfectious conditions in critically ill
patients admitted with clinical signs of acute inflammation. This issue is of paramount
importance given that therapies and outcomes greatly differ between patients with and those
without sepsis. Thus, there is an unmet need for clinical or laboratory tools distinguishing
between the various forms of sepsis and SIRS. To date, no single clinical or biological indicator
of sepsis has gained unanimous acceptance (Rubulotta et al., 2009).
The aim of the study was to compare critically ill patients with systemic inflammatory
response syndrome (SIRS) of septic and non-septic origin characterized by widely accepted
parameters using acute-phase reactants, markers of oxidative stress, paraoxonase-1 activity and
antioxidative status together with lipids and their fatty acid composition. Septic patients were
also followed up in course of sepsis and its clinical outcome. It has been accepted that all these
markers play an important role in modulation of inflammatory response but to our knowledge
they have never been evaluated in this particular combination and in course of sepsis, or
according to clinical outcome.

1.1 Multiorgan dysfunction syndrome: the common inflammatory
pathway in critically ill patients
Intensive care medicine is increasingly important medical specialty dealing with patients
who usually require support for hemodynamic instability, airway and respiratory problems, acute
renal failure or failure of the other vital organs. Frequently the cumulative effects of single organ
dysfunctions lead to multiple organ dysfunction syndrom (MODS). The condition usually results
from infection, injury (accident, surgery), hypoperfusion and hypermetabolism. Ideally, intensive
care is only offered to those whose condition is potentially reversible and who have a good
chance of surviving with intensive care support. Since the critically ill are so close to dying, the
outcome of this intervention is difficult to predict. Regardless of the cause of damaging agent
inflammatory process serves to destroy, dilute, or wall off both the injurious agent and the
injured tissues. In severe cases, inflammation triggers a common pathway leading uniformly to
organ dysfunction and failure (Levy et al., 2003).
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1.2 Diagnosis of SIRS and sepsis
Sepsis is the most common cause of MODS in both surgical (operative) and medical (nonoperative) patients. A nonspecific condition that can be caused by inflammation, infection,
ischemia, trauma or a combination of several non-infectious insults is called SIRS. It is not
always related to infection. Infection is characterized by an inflammatory response to the
microorganisms. Bacteremia is the presence of bacteria within the blood stream, but this
condition does not necessarily lead to SIRS or sepsis. Sepsis is the systemic response to
infection. It is defined as the presence of SIRS in addition to a documented or presumed
infection, see Figure 1-1.

Figure 1-1. The interrelationship between systemic inflammatory response syndrome (SIRS),
sepsis, and infection. Adapted from(Bone et al., 1992).
interrelationship between systemic inflammatory response syndrome (SIRS), sepsis, and
infection (Adapted from(Bone et al., 1992))
Severe sepsis meets the sepsis criteria and is associated with organ hypoperfusion,
dysfunction, or hypotension. Sepsis-induced hypotension is defined as a systolic blood pressure
of less than 90 mm Hg or a reduction of more than 40 mm Hg from baseline in the absence of
other causes of hypotension. Patients meet the criteria for septic shock if they have persistent
hypotension and perfusion abnormalities despite adequate fluid resuscitation. The specific
criteria of SIRS proposed in the 1992 consensus definitions (Bone et al., 1992) are widely
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considered nonspecific to be used in diagnosing a cause of the syndrome or to help identify a
pattern of host response (Marshall, 2000; Vincent, 1997). In fact, the biochemical features may
be more consistent than proposed SIRS criteria. Among them elevated circulating levels of
interleukin (IL) 6 (Taniguchi et al., 1999), and C-reactive protein (CRP) (Takala et al., 1999),
soluble endothelial cell/leukocyte adhesion molecule 1, macrophage inflammatory protein 1α
(Stoiser et al., 1998), adrenomedullin (Ueda et al., 1999), soluble CD14, or extracellular
phospholipase A2 (Hietaranta et al., 1999), were detected in patients meeting the 1992 SIRS
criteria (Bone et al., 1992). In summary, it may be that inflammation is present when the
circulating concentration of IL-6, procalcitonin (PCT) (Duflo et al., 2002; Harbarth et al., 2001;
Sablotzki et al., 2001) and CRP are increased. Nevertheless, no large prospective studies have
not currently supported such conclusion (Rubulotta et al., 2009).
In contrast to SIRS, it is very important to recognize and diagnose sepsis promptly, thus
effective therapies for infection in critically ill patients could be started as soon as possible
(Dellinger et al., 2004; Dellinger et al., 2008). Infection was defined as a pathological process
caused by invasion of normally sterile tissue, fluid or body cavity by pathogenic or potentially
pathogenic microorganisms. This definition is not ideal as infection can also be caused by the
cytopathic effects of an exotoxin secreted by the organism, e.g. Clostridium difficile colitis.
Frequently, infection is strongly suspected even without being microbiologically confirmed.
Accordingly, sepsis i.e., infection with the systemic response to it, may also be suspected without
a successful microbiological confirmation. Severe sepsis refers to sepsis complicated by organ
dysfunction that is the most common cause of death in noncoronary critical care units.
Approximately 150,000 persons die in Europe annually and more than 200,000 in the United
States (Angus et al., 2001). Organ dysfunction can be defined using the definitions developed by
Marshall et al. (Marshall et al., 1995) or by the Sequential Organ Failure Assessment
score(Ferreira et al., 2001). Septic shock in adults is a state of acute circulatory failure
characterized by persistent arterial hypotension unexplained by other causes. Hypotension is
defined by a systolic arterial pressure below 90 mmHg; mean arterial pressure lower than 60, or
a reduction in systolic blood pressure of more than 40 mmHg from baseline, despite adequate
volume resuscitation, in the absence of other cause of hypotension, see Table 1-1
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Table 1-1 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.
Diagnostic category
Infection

Definition
microbial phenomenon characterized by an inflammatory response to the
presence of microorganisms or the invasion of normally sterile host tissue
by those organisms.

Bacteriemia
Systemic inflammatory
response syndrome (SIRS)

the presence of viable bacteria in the blood.
the systemic inflammatory response to a variety of severe clinical insults.
The response is manifested by two or more ofthe following conditions:
(1) temperature >38°C or <36°C; (2) heart rate >90 beats per
minute; (3) respiratory rate >20 breaths per minute or PaCO2,
<32 mm Hg; and (4) white blood cell count >12,000/mm3, or
<4,000/ mm3, or >10% immature (band) forms

Sepsis

the systemic response to infection, manifested by two or
more of the following conditions as a result of infection:
(1) temperature >38°C or <36°C; (2) heart rate >90 beats per
minute; (3) respiratory rate >20 breaths per minute or PaCO2,
<32 mm Hg; and (4) white blood cell count >12,000/mm3, or
<4,000/ mm3, or >10% immature (band) forms

Severe sepsis
Septic shock

sepsis associated with organ dysfunction, hypoperfusion, or hypotension.
Hypoperfusion and perfusion abnormalities may include, but are not
limited to lactic acidosis, oliguria, or an acute alteration in mental status.
sepsis-induced with hypotension despite adequate fluid resuscitation along
with the presence of perfusion abnormalities that may include, but are not
limited to, lactic acidosis, oliguria, or an acute alteration in mental status.
Patients who are receiving inotropic or vasopressor agents may not be
hypotensive at the time that perfusion abnormalities are measured.

Sepsis-induced hypotension

a systolic blood pressure <90 mm Hg or a reduction of 40 mm Hg from
baseline in the absence of other causes for hypotension.

Multiple organ dysfunction
syndrome

presence of altered organ function in an acutely ill patient such that
homeostasis cannot be maintained without intervention.

1.3 Acute-phase response
In the face of acute inflammation, tissue damage, and/or commonly infection, the human
body undergoes a number of biochemical and physiological changes called the acute-phase
response. This response is a key factor in limiting tissue injury and in the innate immune
response. The innate immune system is a rapid, first-line defense against insults. On contrary, the
adaptive immune system uses slower and more specific B- and T-cell responses. The innate
immune system uses a number of pattern recognition receptors that sense conserved structures
and molecules characteristic of harmful agents. Pattern recognition receptors are important for
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the activation of cells of the innate immune system and removing potentially lethal pathogens
(Janeway, Jr. and Medzhitov, 2002). Both innate and adaptive components of inflammatory
response are controlled by mediators that are mostly produced or percepted by immune system
itself. These mediators are responsible for the later accumulation and activation of other immune
cells. Inflammatory reactions are quite different at the site of chronic infection, or in autoimmune
reactions (where the antigen cannot ultimately be eradicated) from those at the sites where the
antigenic stimulus is rapidly cleared. A key component of the acute-phase response is altered
hepatic synthesis of a wide array of proteins (acute-phase reactants) involved in haemostasis,
lipid metabolism, and the immune system (Gabay and Kushner, 1999). Among these belong four
major plasma enzyme systems: the complement, the clotting, the fibrinolytic (plasmin) and the
kinin pathways. Various cytokines regulate changes in the concentrations of these proteins in
blood. Several attempts have been made to correlate acute-phase markers such as cytokine levels
with sepsis and patient prognosis. Among the potentially useful sepsis markers IL-6, IL-8, and
PCT have been proposed to be the most promising candidates (Carlet, 1999). The latter marker
in particular has been postulated to be superior distingushing test to clinical variables or
commonly used laboratory tests, such as C-reactive protein or leukocyte count, and to correlate
even with the severity of microbial invasion in newly admitted, critically ill patiens with
suspected infection (Harbarth et al., 2001).

1.4 Mediators of acute-phase response in sepsis
In bacterial sepsis, the inflammatory response is initiated by the bacterial products and toxins
sacting as exogenous mediators of inflammation. Notable among these is endotoxin, or
lipopolysaccharide (LPS), the cell wall component of Gram-negative bacteria. LPS can trigger
complement activation, resulting in the formation of anaphylatoxins C3a and C5a that cause
vasodilation and increase vascular permeability. LPS also activates the coagulation and
fibrinolytic pathways as well as the kinin system. In addition, LPS elicit T cell proliferation, and
have been described as superantigen for T cells. There are also endogenous mediators of
inflammation produced from within the immune system itself (innate and adaptive), as well as
other systems. For example, they can be derived from molecules that are normally present in the
plasma in an inactive form, such as peptide fragments of some components of complement,
coagulation, and kinin systems. Mediators of inflammatory responses are also released at the site
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of injury by a number of cell types that either contain them within storage granules (e.g.
histamine) or that can rapidly switch on the synthesis of the mediators when they are required
(e.g. metabolites of arachidonic acid). Many patients with sepsis/septic shock have both gramnegative and gram-positive bacteremia, and these polymicrobial or “mixed” infections are often
associated with a higher lethality than infection by a single organism (Wray et al., 2001). Grampositive bacteria, which do not contain LPS, can also cause sepsis/septic shock and multiple
organ failure in the absence of endotoxemia(Natanson et al., 1989; Wang et al., 2003). It has
been shown that the cell wall fragments of both gram-negative (LPS) and gram-positive
(lipoteichoic acid (LTA), peptidoglycan (PepG)) bacteria can release tumor necrosis factor-α
(TNF-α) and interferon-γ (INF-γ), induce nitric oxide synthase (iNOS) in macrophages
(Kengatharan et al., 1998) via the activation of tyrosine kinases and NF-κB(Kengatharan et al.,
1996), and cause sepsis/septic shock and multiple organ failure(Wray et al., 2001). In models of
sepsis, the structure of LTA determines pathogenicity, and PepG amplifies the response to LTA
(Kengatharan et al., 1998). Importantly, serum levels of TNF-α, IL-6, INF-γ, and the toxicity of
superantigens can be potentiated by LPS, thereby inducing lethal shock (Van Leeuwen et al.,
1994). PepG from either pathogenic or nonpathogenic bacteria can synergize with an otherwise
nontoxic dose of LPS release inflammatory mediators causing shock, and multiple organ
injury/dysfunction (Wray et al., 2001).

1.5 Role of oxidative stress in critically ill patients
Survival of critically ill patients, characterized by inflammation, oxidative stress and
alterations of their organ functions, depends on intensive care therapy. Interventions such as
mechanical ventilation, renal replacement therapy, or mechanical cardiac assist devices increase
the inflammatory response due to mechanical injury and contact of biological fluids with
xenobiotic materials. Inflammation is a physiologic response to injury and infection, and is an
integral part of homeostasis. Activation of immune cells results in the production of reactive
oxygen and nitrogen species (RONS) that potentiate the inflammatory response. The outcome of
SIRS depends on its intensity, duration and on the balance between the pro and antiinflammatory signals, and between pro- and antioxidant components. Oxidative stress is defined
as a state in which the level of toxic RONS overcomes the endogenous antioxidant defense of the
body. Oxidative stress results from either the excess in oxidant production, or the depletion of
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antioxidant defense. Using the reactive potential of oxygen, multicellular organisms have
acquired a much higher efficiency in energy metabolism.

Figure 1-2 Antioxidative enzymes in the regulation of the level of ROS.
-⋅
⋅
O2 - superoxide, OH - hydroxyl radical, H2O2 – hydrogen poroxide, NO – nitric oxide,
⋅
ONOO - peroxynitrite, PUFA – polyunsaturated fatty acids

These oxygen-driven reactions, however, bear the potential of forming intermediate
species able to damage cells and tissues. These include leakage of electrons from cellular
electron transfer chains, and as byproducts of membrane lipid metabolism (Grune and Berger,
2007; Roth et al., 2004), see Figure 1-2.
The redox environment of the cell is dependent on the pro-oxidant/antioxidant balance of
the species comprising different redox couples under a certain cellular pH (Schafer and Buettner,
2001). A redox imbalance can enhance inflammation through the activation of stress kinases (cjun N-terminal kinase, mitogen-activated protein kinase, p38) and redox-sensitive transcription
factors such as NF-κB and activating protein-1 (AP-1), thereby modulating the expression of
pro- and anti-inflammatory mediators (Flohe et al., 1997; Rahman, 2003; Schoonbroodt and
12

Piette, 2000). The tripeptide glutathione (L-g-glutamyl-L-cysteinylglycine; GSH) together with
its oxidized form glutathione disulfide (GSSG) comprises quantitatively the most important
intracellular redox couple (Deplancke and Gaskins, 2002). Clinically, sepsis/SIRS and acute
respiratory distress syndrome (ARDS) are characterized by disordered vascular control, which is
possibly initiated through the exhaustive production of reactive species leading to redox
imbalance (Goodyear-Bruch and Pierce, 2002; Gutteridge and Mitchell, 1999). One of the
mechanisms responsible for the occurrence of radical species in critically ill patients is that
endotoxin stimulates the formation of the radical pathway by activating NF-κB and by increasing
the release of nitric oxide (NO) (Cadenas and Cadenas, 2002). Originally, RONS were regarded
mainly as harmful substances, responsible for the damage of all classes of macromolecules such
as lipids (especially membrane lipids), proteins and also DNA. However in critical illness, the
optimal redox situation for a certain cell population may vary considerably depending on the
state of illness. Whereas a low redox potential (high GSH, low GSSG) is advantageous for
proliferation of lymphocytes, a high redox potential (low GSH, high GSSG) is necessary for
monocytes and neutrophils to kill invading microorganisms by ROS (Bulger and Maier, 2001;
Dahlgren and Karlsson, 1999; Roth et al., 2004). When inflammation becomes systemic, as in
sepsis or the systemic inflammatory response syndrome, the loss of control a RONS production
may lead to injury in the host. In addition to causing direct cytotoxicity, ROS also play a role as
second messengers in the intracellular signaling pathways of inflammatory cells. In particular,
the activation of the critical nuclear transcription factor NF-κB, has been induced by hydrogen
peroxide and blocked by several antioxidants, including vitamin E (Schreck et al., 1991; Suzuki
and Packer, 1993). NF-κB is a central transcription factor involved in the regulation of numerous
proinflammatory genes, including many cytokines TNF-α, IL-1, IL-6, IL-8, IL-2, hematopoetic
growth

factors

(granulocyte-macrophage

colonystimulating

factor,

macrophage

colonystimulating factor, granulocyte colonystimulating factor), cell adhesion molecules (CAM)
(intercellular CAM-1, endothelial-leukocyte adhesion molekule 1, vascular CAM-1) and iNOS
(Baeuerle and Henkel, 1994). NF-κB has been demonstrated as an important mediator in the
signal transduction for both endotoxin and inflammatory cytokine-induced activation (Baeuerle
and Henkel, 1994). A second major transcription factor, AP-1, also seems to be regulated by
changed in the redox state of the cell and can be activated by both oxidants and antioxidants
depending on the cell type and on the intracellular conditions (Meyer et al., 1994; Pinkus et al.,
1996; Sen and Packer, 1996). In addition, several inflammatory genes possess promotor sites for
AP-1, although its role in inflammatory signaling remains is less documented than NF-κB
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(Pinkus et al., 1996). In such way altering the redox state of the cell may contribute to the
ongoing inflammatory cytokine production and progression of systemic inflammation, leading to
organ injury (Bulger and Maier, 2001).
A number of critical conditions leading to organ failure and a state of septic schock are
connected with oxidative stress producing proinflammatory genes in the endothelium. This
conditions cause acute endothelial dysfunction in local tissue trauma or infection and breakdown
the regulation of systemic microcirculation followed by disregulation of vascular tone and blood
pressure (Aird, 2003; Biesalski and McGregor, 2007).

1.6 Antioxidants
There is a number of endogenous antioxidant defense systems to maintain redox balance and
to combat the threat of oxidative stress. These antioxidants include vitamins E and C, provitamin
A (β-carotene), glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), glutathione reductase (GR), bilirubin, urate, albumine and other plasma
proteins. Antioxidant substances can be divided into enzymatic and nonenzymatic groups, see
Table 1-2. The enzymatic antioxidants includeSOD, which catalyzes the conversion of O2−⋅ to
H2O2 and H2O; CAT, which then converts H2O2 to H2O and glutathione peroxidase, which
reduces H2O2 to H2O by oxidizing glutathione (GSH). Re-reduction of the oxidized form of
glutathione (glutathione disulfide) is then catalyzed by glutathione reductase, see Fig 1-2. These
enzymes also require trace metal cofactors for maximal efficiency, including selenium for
glutathione peroxidase; copper, zinc, or manganese forSOD; and iron for CAT.
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Table 1-2 Important components of antioxidative system
Cellular localization
Intracellular

Cell membrane

Antioxidants

Extracellular
Antioxidants

Enzymatic components
Superoxide dismutase

Phospholipases

SOD-3

Catalase

EC-CAT

Glutathione peroxidase

GPx-3

Peroxidase

Paraoxonases

DT-diaphorase

Selenoprotein P?

Proteolytic enzymes

Peroxiredoxins

Heme oxygenase I
Non-enzymatic components
Intracellular
Antioxidants

Cell membrane

Extracellular
Antioxidants
Glutathione
Ascorbic acid

Glutathione

Vitamin E

Ascorbic acid

Metal- binding proteins –

Lipoic acid

Vitamin E

Transferrin (Fe3+), Lactoferrin

Metal- binding proteins – ferritin

β-caroten

(Fe3+), Ceruloplasmin (Cu2+),

(Fe2+→Fe3+), Metallothioneins (Cu+)

Haptoglobins ( Hemoglobine) and

DNA-repair systems

Hemopexine (Heme)
Albumine, Bilirubin, Uric acid,
Thioredoxin

SOD: superoxide dismutase, GPX : glutathione reductase

The nonenzymatic antioxidants include the lipid-soluble vitamins (vitamin E, and vitamin
A or β-carotene) and the water-soluble vitamins (vitamin C and glutathione). Vitamin E has been
described as the major chain-breaking antioxidant in humans (Packer, 1992). Vitamin E is a
generic term encompassing a collection of tocopherolsand tocotrienols obtained from plant oils.
The most biologically active form is α-tocopherol. Because of its lipid solubility, vitamin E is
located in cell membranes where it interrupts lipid peroxidation and plays a role in modulating
intracellular signaling pathways that rely on ROS (Kagan et al., 1990). Vitamin E can also
directly quench ROS, including O2−⋅, OH⋅, and 1O2⋅. Vitamin A is a term encompassing a
collection of retinols obtained in the diet primarily from dairy products, eggs, liver, and fortified
15

cereals. The precursor of vitaminA, β-Carotene, is found in a variety of fruits and vegetables,
and it provides approximately 25% of the vitamin A in Western diets. Dietary β-carotene is
converted to retinol at the level of the intestinal mucosa, and it functions as a chain-breaking
antioxidant. Vitamin C (ascorbic acid), obtained primarily from citrus fruits, functions as a
water-soluble antioxidant capable of broadly scavenging ROS, including the major neutrophil
oxidants: OH⋅, H2O2, and hypochlorous acid. Under certain circumstances, vitamin C has been
shown to have pro-oxidant properties as well. For example, when combined with iron, it has
been shown to accelerate lipid peroxidation, which leads to cellular membrane damage (Chojkier
et al., 1989). Finally, GSH, which is synthesized intracellularly from cysteine, glycine, and
glutamate, is capable of either directly scavenging ROS, or doing so via glutathione peroxidase
enzymatically, see Fig 1-2. In addition, GSH is crucial to the maintenance of enzymes and other
cellular components in a reduced state. The majority of GSH is synthesized in the liver, and
approximately 40% is secreted in the bile. The enzymatic and nonenzymatic antioxidant systems
are intimately linked to one another, as illustrated in Figures 1-2 and 1-3.
In all types of critical illness, such as sepsis, trauma, burn injury, acute pancreatitis, liver injury,
severe diabetes, acute respiratory distress syndrome, AIDS and kidney failure, the occurrence of
increased oxidative stress or a reduced antioxidative status is described. Surrogate by-products of
membrane lipid peroxidation are elevated in the serum of several critically ill patient populations
(Goode et al., 1995; Kretzschmar et al., 1998; Leff et al., 1993; Metnitz et al., 1999; Takeda et
al., 1984). In addition, there is evidence of increased oxidant activity in the lungs of patients
with the ARDS as manifest by increased myeloperoxidase activity and products of lipid
peroxidation detected in the bronchoalveolar lavage fluid (Metnitz et al., 1999). Measurement of
antioxidant defenses has consistently demonstrated decreased plasma levels of vitamins E and C
in patients with sepsis and ARDS (Bertrand et al., 1989; Cross et al., 1990; Goode et al., 1995;
Metnitz et al., 1999; Richard et al., 1990; Schorah et al., 1996; Takeda et al., 1984). Low plasma
vitamin C levels have also been shown to be predictive of the development of MOFS in
populations at risk (Borrelli et al., 1996). Similarly, glutathione levels are depressed in the
plasma of patients with hepatic failure, in polytrauma patients, and in the bronchoalveolar lavage
fluid of those with ARDS (Bunnell and Pacht, 1993; Kretzschmar et al., 1998; Loguercio et al.,
1992; Suter et al., 1994). A developed assay measuring total serum antioxidant status has also
been applied to several populations of critically ill patients (Cowley et al., 1996; Tsai et al.,
2000). These studies have demonstrated mixed results; however, on the whole they support the
presence of increased systemic oxidative stress and the depletion of antioxidant defenses during
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critical illness (Bulger and Maier, 2001). As a result, several investigators evaluated the
availability of antioxidant therapy for these patients. Their results were summarized in metaanalysis of antioxidant supplementation in critically ill patients. The meta-analysis showed that
trace elements and vitamins that support antioxidant function, particularly selenium, either alone
or in combination with other antioxidants are safe and may be associated with a reduction in
mortality in critically ill patients (Heyland et al., 2005).

Figure 1-3 Interactions among antioxidants. Reactive oxygen species (ROS) induce membrane
lipid peroxidation, resulting in a chain reaction that can be interrupted by the direct scavenging
of lipid peroxyl radicals by vitamin E (VE) and β-carotene. Both vitamin C (VC) and
glutathione (GSH) can then recycle vitamin E. The reducing ability of GSH is catalyzed by the
enzyme glutathione peroxidase. Glutathione is then recycled by NADPH, which is facilitated by
glutathione reductase. LOO⋅ indicates active species of the lipid peroxyradical; LOOH, reduced
lipid radical; VE-O, active radical form of VE; VE-OH, reduced form VE. The small square
bullet denotes a free radical. (Adapted from(Bulger and Helton, 1998))
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1.7 Redox status assessment
As mentioned above, oxidative stress may result from enhanced RONS formation, or from
the malfunction of the scavenging systems. Due to the fact that oxidants have multiple
generation sites and the detoxifying systems involving several dozen of enzymes and
compounds, oxidative stress is a complex phenomenon, difficult to assess and, therefore, hard to
measure (Roth et al., 2004). Overproduction of ROS takes place during the inflammatory
response. Persisting inflammation and high concentrations of cytokines and other mediators
favour the development of organ dysfunction and failure (Motoyama et al., 2003). In genetically
predisposed patients, dysregulation of the inflammatory response results in accentuation and
perpetuation of SIRS. The modulation of SIRS is therefore the aim of many trials in acute
disease (Berger, 2005). To be able to target therapeutic interventions, it is important to have
markers of the ongoing process and of the body’s defence systems (Grune and Berger, 2007).
The gold standard method for detecting oxygen radicals is electron spin resonance. Due to the
exceptional instability of oxygen radicals, their low concentration and the relatively complicated
measurement process, this method is not applicable in clinical settings. Methods based on the
detection of products formed during macromolecule oxidation, the determination of the
concentration or activity of components of the antioxidative defense system and several
functionally oriented tests are more clinically relevant. The interaction of oxidants with lipids,
proteins and DNA produces measurable products, often used as indicators for oxidative stress.
Lipid peroxidation is investigated by a wide number of available methods. In clinical studies two
methods have been more often used: the determination of malondialdehyde (MDA) (Grune et al.,
1992) and the detection of F2-isoprostanes (Morrow et al., 1990). Measurement of protein
oxidation is not yet widely distributed in clinical studies. Theoretically all amino acids can be
oxidized and all oxidation products determined, mostly by HPLC methods. Unfortunately, such
analyses are often time consuming, expensive and require hydrolysis of the protein (Voss et al.,
2007), which is often not easy to perform due to lipids and other contaminants in human plasma.
Therefore, most studies on protein oxidation are based on the measurement of protein carbonyls,
mostly after derivatization with 2,4-dinitrophenylhydrazine. There are spectroscopic and
antibody-based (enzyme-linked immunosorbent assay) methods available, both creating
problems in standardization, amongst other complications (Gil et al., 2006). DNA oxidation
studies are based either on oxidation-induced DNA fragmentation (comet assay) or on the
determination of oxidatively modified bases (eg 8-hydrodesoxyguanosine)(Fraga et al., 1990;
Shigenaga et al., 1989), see Figure 1-4.
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Alternatively, an attempt can be made at determining the antioxidant defense potential of
plasma or blood cells, mainly red blood cells (RBCs). Standardized methods are available for
analysis of antioxidant compounds like vitamin C, vitamin E, coenzyme Q, lipoic acid.
Furthermore, determination of the glutathione system, including reduced and oxidized
glutathione (Siems et al., 2002) , or of GPX activity is possible (Siems et al., 1999). These
methods are reliable in assessing the efficacy of some parts of the antioxidant defense
mechanisms, but are limited in predicting oxidative stress. The same is true about antioxidant
enzymes, like CAT or SOD (Siems et al., 1999). Determination of GPX activity serves also as a
parameter for the selenium status. Determination of selenium by atomic absorption spectroscopy,
although not commonly used in clinical practice, seems to give results not influenced by
enzymatic regulation and differences of GPX activities. Since ascertaining oxidative stress is
rather complicated, it appears attractive to combine the determination of a number of different
parameters, including oxidation related parameters (Grune and Berger, 2007). Several
investigations show a close association of single or multiple parameters, such as total
antioxidative capacity, lipid peroxidation, vitamins C and E, the activation of NF-κB and
respiratory burst with the patient’s outcome (Alonso de Vega et al., 2002).

Figure 1-4 Mechanisms of oxidant formation and its prevention by antioxidants and enzymatic
defenses and repair mechanisms. 8OHdG, 8-hydroxydesoxyguonosine; GPX, glutathione
peroxidase; SOD, superoxide dismutase. Adapted from (Grune and Berger, 2007)
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1.8 Plasma lipids and lipoproteins in inflammation and sepsis
More than 80 years have passed since the decrease in concentration of cholesterol during
bacterial pneumonia was first described (Kipp, 1920). A consistent pattern of the changes in
concentrations of serum lipids in infection has emerged: a decrease in total cholesterol (TC) and
an increase in triglacylglycerols (TAG). Changes in lipoproteins during sepsis and recovery were
first studied thoroughly by Alvarez. He has found that sepsis caused the decrease in
concentrations of total cholesterol, high-density lipoprotein cholesterol (HDL-C), and
apolipoproteins (apo) A and B in serum, whereas TAG were increased (Alvarez and Ramos,
1986).
Lipids have long been exclusively considered as nutrients providing calories, essential fatty
acids (FA), and fat-soluble vitamins. More recently, their role as major biologic regulators,
specifically in influencing the structure and function of cell membranes, membrane receptor
activities, eicosanoid metabolism, cytokine production and interactions, and gene expression, has
been increasingly recognized (Yaqoob, 2003). Consequently, it has been widely accepted that
lipids play an important role in pharmaconutritional regulation of inflammatory/immune
response, thereby influencing patient outcomes (Hasselmann and Reimund, 2004). Low
lipoprotein concentrations, especially HDL, may impair the innate imunity against endotoxin.
Furthermore, the apo composition of HDL is changed during inflammation. Serum amyloid A
(SAA), one of the major acute phase proteins, becomes associated with HDL and displaces
apolipoprotein A-1 (apoA-1) from particle (Coetzee et al., 1986; Malle and de Beer, 1996; Steel
and Whitehead, 1994). In patients with severe sepsis, HDL concentrations rapidly change and
can be reduced to 50 % of recovery concentrations. The pattern of early rapid decline is found
primarily in the HDL and a slow recovery in both HDL and low desnity lipoprotein (LDL)
fractions. During severe sepsis, HDL is shifted to acute phase HDL, which is enriched in SAA
and depleted of cholesterol and apo A-1(van Leeuwen et al., 2003). The effects of LPS and LTA
on TAG and very low density lipoprotein (VLDL) metabolism seem to be mediated principally
through cytokines. A number of stimuli, including TNF-α, IL-1, IL-6, and IFN-γ, rapidly
stimulate hepatic fatty acid synthesis (via main lipogenic enzymes), resulting in increased VLDL
production and hypertriglyceridemia (Feingold et al., 1999). Characteristically plasma LDL
concentrations are reduced during infection and inflammation, although small dense LDL (sdLDL) that is more susceptible to oxidation is increased. Infection is associated with increased
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oxidation of LDL (Memon et al., 2000). Secretory phospholipase A2 (sPLA2), an acute-phase
protein, is synthesized in many different tissues, including vascular smooth muscle cells,
neutrophils, platelets, and the liver. During the acute-phase response, sPLA2 expression is upregulated, and its plasma levels increase significantly. This enzyme stimulates both the
catabolism of HDL apolipoproteins and HDL cholesteryl esters (CE) and alters chemical
composition of LDL leading to increased proportion of sd-LDL. Activities of sPLA2 led to
decreased HDL-C plasma levels and increased concentrations of sd-LDL (Tietge et al., 2002). In
adition, cytokines supress the synthesis and/or secretion of apo in liver cells as have been shown
in vitro (Ettinger et al., 1994). The decrease in synthesis and/or secretion of HDL may be the
cause of low apoA-1 concentration during inflammation. Furthermore, the decrease in HDL-C
during inflammation may be attributed too to a decreased lecitin cholesterol acyltransferase
(LCAT) activity leading to lowered cholesteryl ester formation and HDL maturation (Barlage et
al., 2001). Another acute-phase protein that may cause the changes in HDLs in acute
inflammatory states is SAA. First, SAA is preferentially associated with HDL, displaces apoA-1,
and becomes the predominant apo of HDL (acute-phase HDL) while normal HDL are reduced
during infection and inflammation, total HDL remain unchanged (van Leeuwen et al., 2003).
Second, enrichment with SAA enhances the catabolism of HDL (Cabana 1999). Finally,
although findings are inconsistent, the ability of SAA to activate sPLA2 in vitro (Pruzanski et al.,
1995) but not in vivo (Tietge et al., 2002) might also play a role in the modification of HDL. The
rapid decline of HDL during the acute-phase response may markedly reduce LPS-neutralizing
capacity (Wu et al., 2004).

1.9 HDL: anti-inflammatory and antioxidant functions
Primary definitions of lipoproteins are based on hydrated density. According to these
definitions, lipoproteins are divided into five major classes: chylomicrons, VLDL, intermediate
density lipoprotein (IDL), LDL, HDL. Since the introduction of these definitions, there have
been major developments in the understanding of lipoprotein synthesis, composition, and
metabolism (Kwiterovich, Jr., 2000). Currently, lipoprotein classes are further defined in terms
of their apoprotein (apo) composition. HDL-1, -2, and -3 are replaced by the compositional
definitions LpA-1 (HDL containing apoA-1 but not apoA-2), LpA-2 (HDL containing apoA-2
but not apoA-1), and LpAI/AII (HDL containing apoA-1 and apoA-2) (Blanco-Vaca et al.,
2001). The major apo of almost all plasma HDL is apoA-1, which, in association with
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phospholipids and cholesterol, encloses a core of cholesteryl esters (Cockerill and Reed, 1999).
Nascent (i.e., newly synthesized) HDL, secreted by the liver and intestine, contain no cholesteryl
esters and are discoidal in shape (Cockerill and Reed, 1999). HDL originate as lipid-free or lipidpoor apolipoproteins that acquire most of their lipid in the extracellular space (Wu et al., 2004).
Both the HDL subspecies and the specific lipases play a crucial regulating role in HDL
metabolism and the maintenance of plasma lipid homeostasis (Rader, 2003). Classically the
removal of excess cholesterol from macrophages in the arterial wall is thought to be a major
process by which HDL protects against atherosclerosis (reverse cholesterol transport) and
improves cardiovascular outcomes (Rader, 2003), More recently the anti-inflammatory
properties of HDL have been found important. The concept that HDL may act as antiinflammatory agents originated from large epidemiologic studies demonstrating a negative
association between ischemic heart disease (viewed as a chronic inflammatory process)
prevalence and circulating levels of HDL (Kitamura et al., 1994; Miller and Miller, 1975).
Subsequently significant anti-inflammatory effects of HDL have been demonstrated both in vitro
and in vivo, probably as a result of (1) LPS binding and neutralization; (2) inhibition of adhesion
molecule expression; (3) stimulation of endothelial nitric oxide synthase (eNOS) production; and
(4) protection of LDL against peroxidative damage (Wu et al., 2004). Fig 1.
Oxidation of LDL is associated with increased monocyte adhesion and transmigration
through endothelial cell layers in the tissue culture (Navab et al., 1988). The HDL-associated
enzymes human serum paraoxonase-1 (PON1) and platelet-activating factor acetylhydrolase
(PAF-AH) contribute to the protective role of HDL against the oxidation of LDL (Boisfer et al.,
2002; De et al., 2000; Rozenberg et al., 2003). Typically, the cytokine-induced response involves
increased hepatic synthesis of triacylglycerol-rich lipoproteins (i.g. chylomicron and VLDL)
(Gallin et al., 1969) and a reduction in plasma cholesterol, especially HDL-C, the magnitude of
which is related to severity of illness, lethality, and susceptibility to infection (Gordon et al.,
2001). In addition, activity of the HDL-associated enzymes PON1 (paraoxonase/arylesterase),
PAF-AH, and LCAT are altered in vascular endothelium during acute-phase response (Navab et
al., 1988). Incorporation of SAA, an acute-phase protein, into the HDL particles during the
inflammatory response may displace these protective enzymes, producing a less protective HDL
particles (127). These changes in the concentration and composition of lipoproteins may
transform the function of these particles and modify their anti-inflammatory properties
(Khovidhunkit et al., 2000; van Leeuwen et al., 2003; Wu et al., 2004).
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1.10

Paraoxonase-1 activity

Paraoxonase (PON) [aryldialkylphosphatase (EC 3.1.8.1)] is a serum arylesterase. Its name
reflects its ability to hydrolyze paraoxon, the active substance of insecticide parathion. There
are three members of the PON gene family: PON1, PON2, and PON3. Enzymes PON1 and
PON3 are mostly expressed in the liver and are carried in plasma bound to HDL (Reddy et al.,
2001). Enzyme PON2 is ubiquitously expressed, but particularly in the cells associated with the
artery wall and in macrophages, and may not be associated with lipoproteins (Cabana et al.,
2003; Ng et al., 2001). PON1 is an HDL-associated lactonase and was shown to possess
antioxidative properties (Aviram and Rosenblat, 2005; Ng et al., 2005). These properties are
probably attributed to the enzyme's capability to protect LDL (Aviram et al., 1998; Navab et al.,
1996) as well as HDL (Aviram et al., 1998) from oxidation and to decrease macrophage
oxidative status (Rozenberg et al., 2005). Indeed, studies using PON1 knockout mice have
shown increased serum and macrophage oxidative stress in these mice (Rozenberg et al., 2003;
Shih et al., 2000), compared to their controls, while human PON1 transgenic mice are
characterized by increased capacity of their HDL to inhibit LDL oxidation (Tward et al., 2002),
HDL provides an amphipathic environment, which may be optimal for PON1 substrates. The
HDL complex is a repository for potentially toxic, hydrophobic components of plasma, notably
oxidized lipids (Bowry et al., 1992). In addition, many lipoprotein lipids cycle through HDL in
the course of routine metabolic processes: reverse cholesterol transport, which also implicates
phospholipids, and lipolysis of triglyceride-rich lipoproteins (Tall, 1990). The latter brings
HDL–PON1 into contact with exogenous, dietary lipids, which can be a rich source of oxidized
lipids (Staprans et al., 2003). Finally, the size of the HDL complex does not limit its capacity to
navigate outside the plasma compartment, thus bringing it into close contact with tissues and cell
membrane lipids. Such HDL attributes would seem to provide an attractive vehicle from which
PON1 could exert a protective, antioxidant function. A primary determinant of serum PON1
levels is the release of the enzyme by the liver, the principal site of PON1 production. The
cholesterol homeostasis of the hepatocyte has an impact on PON1 synthesis. PON1 is also
sensitive to inflammatory conditions. Thus, it is considered a negative acute phase protein whose
serum level and hepatic synthesis are reduced during experimental infection (Cabana et al., 2003;
Feingold et al., 1999; Van Lenten et al., 2001). The principal structural protein component of
HDL is apo A1, without which the HDL complex cannot be elaborated. It has been shown that
immunoabsorption with antibodies to the HDL structural peptide, apo A1, removed virtually all
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PON1 activity and protein from serum (Blatter et al., 1993). Thus, the HDL association of PON1
is clearly established (James and Deakin, 2004).
To date, PON1 has been studied clinically in relation to health issues involving oxidative
stress predominantly of non-infectious causes, including cardiovascular disease (Chait et al.,
2005; McElveen et al., 1986), diabetes mellitus (Mackness et al., 2006), chronic renal failure
(Dirican et al., 2004), inflammatory bowel disease (Boehm et al., 2009), and elective surgery
(Kumon et al., 1998). PON1 activity has also been measured in patients with chronic infection
caused by human immunodeficiency virus (Parra et al., 2007) or Helicobacter pylori (Aslan et
al., 2008). PON1 activity decreased in all of these disease states. As for sepsis, a drop in PON1
activity has been observed in an animal model following LPS application (Feingold et al., 1998).
To our knowledge, there has been no clinical study providing data on PON1 activity in septic
patients.

1.11

Fatty acid composition of plasma and erythrocyte lipids

The fatty acid (FA) composition of lipids is changing all over the life due to different
specific situations e.g. starvation, aging, gravidity, changes in the diet, various diseases, etc. On
the other hand these changes in FA composition and their metabolism affect reactivity of
organism to diverse stimulations. FA profile is composed by saturated and unsaturated FA that
are mostly esterified in simple or complex lipids. As for unsaturated FA, the position of the first
double bond from the methyl-end (ω position) of the hydrocarbon chain of FA is indicated as n7, n-9, n-6 or n-3. Series of n-6 and n-3 denote polyunsaturated fatty acids (PUFA). Mammals
are able to synthesise saturated FA (SFA) and monounsaturated FA (MUFA) of the n-7 and n-9
series only because they lack ∆12 and ∆15 desaturases (present in plants) for insertion of the
double bond at the n-6 or the n-3 position of PUFA. Thus mammalian cells must obtain essential
n-6 (linoleic acid, 18:2n-6) and essential n-3 (α-linolenic acid, 18:3n-3) PUFA from the diet
(Das, 2006). When these essential FA are consumed, they can be converted in the body to longer
chain and more unsaturated PUFA derivatives by the elongases and desaturases action, see
Figure 1-5.
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Figure 1-5 Metabolism of polyunsaurated fatty acids (PUFA). LA: linoleic acid, GLA: γlinolenic acid, DGLA: dihomo-γ-linolenic acid, AA: arachidonic acid, ALA: α-linolenic acid,
EPA: eicosapentaenoic acid, DHA: docosahexaenoic acid
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PUFA in membrane phospholipids contribute to the fluidity of the membrane and thus
play a role in regulating the activity of membrane proteins. Membrane phospholipids are also the
source of lipid signaling molecules such as diacylglycerols, phosphatidic acid, inositol-1,4,5triphosphate, ceramides and arachidonic acid (AA) that are responsible for transfer of cellular
signals across the hydrophobic membrane bilayer into different cellular compartments in order to
promote appropriate responses. Moreover, 20-carbon PUFA and notably AA are substrates for
the synthesis of eicosanoids e.g. prostaglandins, thromboxans, leucotriens, lipoxins and
hydroxyeicosatetraenoic acids, etc. (Smith and Murphy, 2002). Eicosanoids produced from AA
by cyclooxygenase and lipoxygenase resp. are 2-serie prostaglandins and 4-serie leucotrienes
resp. that act as mediators of inflammatory process in their own right (both mediators have proinflammatory effects e.g. induce pain, fever, vasodilatation etc.). Besides the action in their own
right, eicosanoids are able to modify the responses to other mediators (e.g. prostaglandin PGE2
potentiates the pain caused by bradykinin) and can regulate other processes such leucocyte
chemotaxis, blood clothing, platelet aggregation, cytokine production and immune function
(Harris et al., 2002; Lewis et al., 1990; Tilley et al., 2001). PGE2 suppresses synthesis of TNF-α,
IL-1, IL-2, INF-γ and so in these respects PGE2 is immunosuppresive. PGE2 also inhibits 5lipoxygennase (5-LOX), thus preventing the generation of inflammatory 4-series of leucotrienes.
Furthermore PGE2 induces 15-LOX product Lipoxin A4 “stop signal” of inflammation. Although
PGE2 has distinct pro-inflammatory effect, it is also involved in mediating the resolution of
inflammation through effects on the generation of other eicosanoids (Levy et al., 2001). AA is
usually the principal substrate for the synthesis of eicosanoids. This is why the cell membranes
contain large amounts of AA compared with other eicosanoid precursors (e.g. EPA). When diet
is supplemented by fish oil, EPA is incorporated into cell membrane phospholipids partly at the
expense of AA. Moreover, EPA inhibits the oxidation of AA by cyclooxygenase (Obata et al.,
1999) and suppresses synthesis of prostaglandin PGE2, thromboxan TXA2 and leucotriene LTB4.
This way, n-3 PUFA can reduce platelet aggregation, blood clothing and modulate inflammatory
cytokine production and so influence the immune function (Calder, 2003).
Number of studies shows substantial alterations in fatty acid metabolism in critically ill patients.
Fatty acid oxidation rates, free fatty acid turnover, and lipolysis are elevated suggesting that the
enhanced mobilization and oxidation of fat is one of the fundamental responses to stress (Barton,
1994; Wolfe et al., 1983; Wolfe et al., 1987). In addition, plasma levels of PUFA are reduced
while SFA and MUFA are increased in burn injury, in patients with septicemia and established
ARDS, suggesting an essential fatty acid deficiency followed by increased oxidative stress
(Kumar et al., 2000; Prabha et al., 1991; Pratt et al., 2001).
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Erythrocyte FA status is a reflection of dietary fat intake. It also explores PUFA
metabolism and gives information about the integration of these fatty acids into cellular
membranes. Thus erythrocyte FA analysis can detect PUFA insufficiencies and imbalance from
the diet, but also metabolic abnormalities and lipid peroxidation (Zamaria, 2004). PUFA
erythrocyte alterations have been observed in diseases such as coronary heart disease, stroke,
hypertension and inflammatory diseases (Imre et al., 1994; Lemaitre et al., 2009; Rodrigo et al.,
2007; Santos et al., 1996; Ueda et al., 2008). Determination of erythrocytal FA profil thus can be
helpful not only for the proper dietary recommendations in preventive care but also for making
diagnosis of different chronic diseases.
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2 SCOPE OF THE THESIS
The aims of the study were:
1/ To compare septic and non-septic inflammatory process in critically ill patients with respect to
inflammatory mediators, lipid profile and redox status.
2/ To follow up the changes in clinical and laboratory parameters of sepsis and inflammaton in
course of sepsis
3/ To assess the impact of sepsis severity on this particular combination of markers
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3 SUBJECTS AND METHODS

3.1 Subjects
This was a prospective case control study in a medical adult intensive care unit (ICU) of the
th

4 Department of Internal Medicine of the First Faculty of Medicine and General Teaching
Hospital in Prague. Thirty septic patients (SP), 15 age, sex and APACHE II score matched nonseptic critically ill patients with SIRS (NSP) and 30 age and sex matched healthy controls (HC)
were included into the study. Healthy subjects were defined as individuals’ without clinical and
laboratory signs of sepsis, inflammation or known major disease. Septic patients had to fulfil the
criteria of sepsis according to the Society of Critical Care Medicine/American College of Chest
Physicians (SCCM/ACCP) definitions (Bone RC, Balk RA, 1992) together with the following
inclusion criteria: APACHE II score >10 (Knaus WA, Draper EA, 1985) and C-reactive protein
(CRP) in serum >20 mg/l. Exclusion criteria for all patients in the study were: antioxidant
therapy, chronic dialysis, history of diabetes, generalized tumours, immunosupressive therapy
and chemotheraphy. The group of non-septic critically ill patients had as additional exclusion
criterion the presence of infection according to CDC criteria (Horan et al., 2008) and/or the
presence of sepsis according to SCCM/ACCP (Bone et al., 1992). Both SP and NSP patients
were classified as surgical (operative) or medical (non-operative) according to the major
diagnosis. All patients had standardized nutritional care in concordance with ESPEN guidelines
(Kreymann et al., 2006). In the study twenty two SP fully recovered from sepsis and 19 of them
were available for three samplings: SP enrolled within 24 hours after the onset of sepsis (S1), SP
7 days after S1 (S2) and SP one week after the clinical and laboratory cessation of sepsis
symptoms (S3). Approval of the study protocol by the locally appointed ethical committee was
obtained, as was informed consent from all subjects.
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3.2 Methods

3.2.1 Clinical data collection and patient scoring
Routine patient eligibility screening was performed on every consecutive patient
admitted in ICU between January 2006 and June 2008. All physiologic and laboratory
data necessary for APACHE II (Knaus et al., 1985) and SOFA score, see Figure 2-1,
were collected prospectively.

Figure 2-1

The Sequential Organ Failure Assessment (SOFA) Score. Adapted from

(Ferreira et al., 2001; Vincent et al., 1998)

3.2.2 Collection of blood samples
Fasting blood samples from septic patients were taken three times: during the first
twenty-four hours after admission of patient (S1), 7 days after the first sampling (S2) and one
week after the recovery (S3). All three samples were available in 19 cases, 8 patients died
because of sepsis, one patient obtained pharmacological dose of zinc and selenium after first
sampling and was excluded from follow up and last 2 patients were lost because they have never
fully recovered from sepsis prior to transfer to another health-care facility. Blood samples from
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HC were obtained once and from NSP during the first twenty-four hours after admission. The
ethics committee of the General Teaching Hospital in Prague approved the study protocol.
Written informed consent was obtained from all participants. Blood samples were processed
immediately after collection. For plasma, K2EDTA was used as anticoagulant. Serum was
prepared, following coagulation in vacutainer tubes, by centrifugation at 2500 x g at 4 °C for 10
min. The samples were stored at -80 °C until assay. All samples were marked with unique
identification numbers warranting anonymousness, merging data only after assays had been
completed. Erythrocytes, separated from plasma, were washed three times with saline and
separated by centrifugation at 2500 x g for 5 min. The aliquots of serum, plasma and erythrocyte
samples were stored in freezer under -80 °C until analysis. The chemicals were purchased from
Sigma (USA), unless otherwise indicated.

3.2.3 Serum protein markers
Blood samples were obtained after overnight fast. Concentrations of CRP, PCT,
cytokines (IL-6, IL-10 and TNF-α) were measured in serum. Concentration of CRP was
measured by immunoturbidimetric method using K-ASSAY CRP kit (Kamiya Biomedical
Company, USA) on analyzer Hitachi Modular (Japan). Concentration of PCT was measured with
immunoluminometric assay (ILMA) using BRAHMS PCT LIA-Kit (Brahms Diagnostica
GmbH; catalogue number 54.1, Berlin, Deutschland). All cytokines were analyzed using
Flurokine MAP kits (R&D Systems, USA) and Luminex®100 analyzer. Flurokine MAP kits are
composed of a Base kit and a panel of Analyte kits. Each kit contains antibody-coated
microparticles and biotinylated detection antibodies. SSA concentration was analysed by a solid
phase sandwich ELISA kit (Invitrogen Corporation, USA). The concentration of albumin was
assessed by colorimetric method using bromcresol green as chromogen (Doumas et al., 1971).

3.2.4 Serum lipid markers
Total cholesterol was analyzed in serum using a commercially purchased enzymaticcolorimetric test (CHOD-PAP) (Biola-test cholesterol 2500 kit; Pliva-Lachema, Czech
Republic). The enzymatic photometric determination of total cholesterol in serum is based on
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cholesterol esterase and cholesterol oxidase reactions. Product of cholesterol oxidase reaction
H2O2 is estimated in coupled peroxidase reaction as pink/red quinoimine.
The concentration of cholesterol in HDL (HDL-C) was performed in serum samples
using a BIO-LA-TEST HDL-Cholesterol kit (Pliva-Lachema) on a Cobas Mira analyzer (Roche,
Switzerland). Selective immunoreaction of specific antibody with human β-lipoproteins (LDL,
VLDL and chylomicrons) produces immunocomplexes that do not enter cholesterol esterase and
cholesterol oxidase reactions. The only remaining substrate of both enzymatic reactions is HDLC.
Oxidized-LDL measurement was performed by Oxidized LDL ELISA kit (Mercodia,
Sweden). Oxidized LDL Competitive ELISA is based on the specific murine monoclonal
antibody 4E6. Oxidized LDL in the sample competes with a fixed amount of oxidized LDL
bound to the microtiter well for the binding of the biotin-labelled specific antibodies. After a
washing step that removes unreactive sample components, the biotin-labelled antibody bound to
the well is detected by HRP-conjugated streptavidin. After a second incubation and an additional
washing step, the bound conjugate is detected by reaction with 3,3´,5,5´-tetramethylbenzidine.
The reaction is stopped by adding the acid to give a colorimetric endpoint that is read
spectrophotometrically at 450 nm.
Apo A1 and apo B concentrations were measured in serum using rate nefelometric
method kit on Immage analyzer by Beckman Coulter (USA).
Non-esterified fatty acids were determined spectrophotometrically at 550 nm using acylcoenzyme A synthetase and acyl-coenzyme A oxidase metod (Matsubara et al., 1983), kit by
Randox laboratories UK, on Cobas Mira Plus analyzer, Roche (Switzerland).

3.2.5 Fatty acid composition of plasma and erythrocyte lipids
Plasma lipids were extracted according to modified method of Folch. Plasma (1 ml) was
dissolved in 21 ml of a chloroform-methanol mixture (2:1) and shaken in a pear-shaped flask
(Folch et al., 1957). The serum protein precipitate was removed by filtration: 10 ml of
chloroform-methanol-water mixture (3:48:47 v/v/v) was added and after a vigorous shaking, the
lower lipid layer was separated and dried at 40 °C under a stream of nitrogen. Individual plasma
lipids, i.e. total phospholipids (PL), triacylglycerols (TAG) and cholesteryl esters (CE) were
separated by one-dimensional thin-layer chromatography (0.5 mm Silica Gel H, Merck,
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Germany) using the solvent mixture hexane-ether-acetic acid (70:30:1 v/v/v), detected by 2,7dichlorofluorescein (0.005% in methanol), scraped out and stored in a nitrogen atmosphere at
-20 °C. On the next day, FA methyl esters were prepared and separated by gas chromatography
(Tvrzicka et al., 2002). Erythrocyte lipids were extracted according to the method by Rose and
Oklander (Rose and Oklander, 1965). The same procedure for total erythrocyte phospholipids
(EPL) separation and their fatty acid analysis as in plasma PL was performed.

3.2.6 Paraoxonase-1 activity
The arylesterase activity of PON1 was measured according to the method as previously
described by Eckerson et al. using phenylacetate as a substrate in tubes containing 945 µL of
20mM Tris-HCl (pH 8.0) with 1 mM CaCl2 and 50 µL of serum (Eckerson et al., 1983). These
tubes were incubated at 25 °C for 5 min. The reaction was started by 50 µL of 100 mM
phenylacetate. The rate of phenol generation was monitored spectrophotometrically at 270 nm.
Arylesterase activity of PON1 was calculated using the molar extinction coefficient of the
produced phenol 1310 M-1cm-1 and expressed as U/ml serum.

3.2.7 Antioxidative enzyme activities
The activities of catalase (CAT), glutathione reductase (GR), glutathione peroxidase-1
(GPX1) and superoxide dismutase (CuZnSOD) were measured in haemolysed erythrocytes. The
dilution of the haemolysate for each antioxidaive enzyme was prepared individually according to
the basic level activity of measured enzyme in erythrocytes.
Glutathione peroridase1 and glutathione reductase activity: Washed erythrocytes (50 µl) were
lysed by adding deionised distilled water (200 µl). Haemolysate (20 µl) was then diluted with
phosphate buffer (580µl) for GR and with TRIS-HCl for GPX1 activity.
Catalase: Washed erythrocytes (200 µl) were added to deionise distilled water (1000 µl).
Haemolysate (10 µl) was then diluted with phosphate buffer (4990 µl).
CuZn Superoxide dismutase: Washed erythrocytes (350 µl) were lysed by adding deionised
distilled water (1000 µl). Haemolysate (1000 µl) was mixed with ice-cold ethanol-chloroform
mixture (800 µl; 5:3 v/v) and immediately shaken on Vortex for 20s. After 1.5 min the mixture
was shaken 20 s again and after another 1.5 min was shaken last time for 20 s. The mixture was
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centrifuged at 12 000 rpm for 15 min. Supernatant (50 µl) was then diluted with phosphate
buffer (450 µl).
Glutathione peroxidase 1: The activity was measured by the modified method of Paglia
and Valentine using tert-butyl hydroperoxide as a substrate (Paglia and Valentine, 1967).
The reaction mixture in colorimetric cell contained 580 µl of 172.4 mM tris-HCl buffer
containing 0,86 mM EDTA, pH = 8.0; 100 µl of 20 mM GSH, 100 µl of 10 U/ml GR, 100 µl of
2mM NADPH and 100 µl of diluted haemolysate. The reaction was started after 10 minutes of
incubation at 37 ºC by the addition of 20 µl of 9,99mM tert-butyl hydroperoxide. The rate of
NADPH degradation was monitored spectrophotometrically at 340 nm. Blank was run for each
sample. Activity of GPX-1 was calculated using the molar extinction coefficient of NADPH
6220 M-1 cm -1 and expressed as U/g haemoglobin.
Glutathione reductase: The activity was measured according to the method as previously
described by Goldberg et al (Goldberg, 1983). Briefly, 700 µl of 0.127 M potassium phosphate
buffer containing 0.633 mM Na2EDTA·2H2O, pH = 7.2 was added to colorimetric cell followed
by 100µl of 22 mM GSSG and 100 µl of diluted haemolysate. The reaction was started after 10
minutes of incubation at 37 ºC by addition of 100 µl of 1.7mM NADPH. The rate of NADPH
degradation was monitored spectrophotometrically at 340 nm. Blank was run for each sample.
Activity of GR was calculated using the molar extinction coefficient of NADPH 6220 M-1 cm-1
and expressed as U/g haemoglobin.
Catalase: The activity was determined by the modified method of Aebi (Aebi, 1974). The
reaction mixture in cuvettes contained 876 µl of 50 mM potassium phosphate buffer, pH = 7.2
and 25 µl of diluted heamolysate. The reaction was started after 10 minutes of incubation at 30
ºC by addition of 99 µl of 10 mM H2O2. The rate of H2O2 degradation was monitored
spectrophotometrically at 240 nm. Blank was run for each sample. Catalase activity was
calculated using the molar extinction coefficient of H2O2 43.6 M-1 cm -1 and expressed as kU/g
haemoglobin.
Superoxide dismutase (CuZnSOD): The activity was determined according to the
modified method as previously described by Štípek (Štípek et al., 1995). The reaction mixture in
cuvettes contained 700 µl of 50 mM potassium phosphate buffer, pH = 7.2; 50 µl of xanthine
oxidase; 100µl of NBT and 50 µl of diluted supernatant. The reaction was started after 10 min of
incubation at 25 ºC by addition of 100 µl of 1 mM xanthine. The rate of NBT-formazan
generation was monitored spectrophotometrically at 540 nm. Blank was run for each sample.
SOD activity was calculated by means of calibrating curve and expressed as U/g haemoglobin.
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3.2.8 Non-enzymatic antioxidants and cofactors
Vitamin A and E levels were analyzed using high-performance liquid chromatography,
Radanal (Czech republic) .
Folic acid was measured by electrochemiluminescence Immunoassay (ECLIA), kit by
Roche Diagnostics, (Switzerland).
Copper and zinc were measured by atomic absorption spectrometry (AAS) on Varian
SpectrAA 220 FS.
Selenium was assayed by atomic absorption spectrometry with electro thermal
atomisation (ETAAS) on Varian SpectrAA 220 FS.
Iron was measured by photometric method using ferrozine on Modular SWA analyzer, kit
Roche Diagnostics, Switzerland.
For measurement of ferritin levels was used chemiluminescence immunoasssay (CLIA)
on ADVIA Centaur analyzer, kit Siemens, USA.
Transferin was determined using immunoturbidimetric method on Modular SWA
analyzer, kit Roche Diagnostics, Switzerland.
Ceruloplasmin was assayed by nefelometry on Immage analyzer, kit Beckman Coulter,
USA.
Uric acid was determined by an enzymatic colorimetric method using uricase-peroxidase
system on Modular SWA analyzer, kit Roche Diagnostics (Switzerland).
Urea was analyzed by UV enzymatic method on Modular SWA analyzer, kit Roche Diagnostics
(Switzerland).
Bilirubin concentration was measured by the 2,5-dichlorophenyldiazonium (DPD)
method on Modular SWA analyzer, kit Roche Diagnostics (Switzerland).
Concentrations of CD-LDL were determined spectrophotometrically. LDL was isolated
by precipitation with buffered heparin. The assay for LDL oxidation products (LDL-BDC) is
based on determination of baseline levels of conjugated dienes (BDC) in lipids extracted from
LDL. (Ahotupa et al., 1996)
Calculated Total Peroxyl Radical Trapping (cTRAP) was calculated according to formula
(Roth et al., 2004):
cTRAP (µmol/l) = ([albumin] 0.63 + [uric acid] 1.02 + [bilirubin]1.50)
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3.2.9 Statistical analysis
Data are expressed as mean ± standard deviation (SD) for parametric and as median and
interquartile range (25th-75th percentiles) for non-parametric variables. Normality of data
distribution was tested with Shapiro-Wilks W test. Differences among compared groups (SP,
NSP and healthy controls) were tested with one-way ANOVA with Scheffé and Newman-Keuls
post tests comparisons. For nonparametric analysis Kruskal-Wallis ANOVA was used. Friedman
ANOVA was used for dependent analysis. The Spearman´s correlation coefficient was used for
correlation analysis. All statistical analyses were performed using version 8.0 of StatSoft
software Statistica (2007, CZ) and P < 0.05 was considered to be statistically significant.
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4 RESULTS

4.1 Sepsis and systemic inflammation in critically ill patients
This part of the study presents the comparison of two different groups of critically ill patients
characterised by SIRS of septic (SP) and non-septic etiology (NSP). Both patient groups were
also compared with age matched healthy controls (HC). The aim is to search an effect of these
different sources of SIRS on broader set of clinical and biochemical parameters.

4.1.1 Demographic and clinical parameters
A total of 30 consecutive septic patients admitted to the ICU who met the all study
inclusion and exclusion criteria were included in the study. Fifteen age, gender and APACHE II
matched consecutive non-septic ICU patients with SIRS and thirty age and gender matched
healthy controls were also included. The demographic and clinical characteristics of SP, HC and
NSP groups are shown in Table 4-1. The primary source of sepsis in SP was lungs, in 20 cases.
Other sources of sepsis were: central venous catheter in 4 cases, abdominal infection in 4 cases,
and urinary tract infection in 2 cases. There were no significant differences between SP and NSP
groups of patients in any of clinical parameters in the beginning of the study.

4.1.2 Acute-phase response markers
The comparison of acute-phase response markers among SP, HC and NSP groups is
demonstrated in Table 4-2. The considerable increase in concentrations of CRP, PCT, IL-6, IL10 and TNF-α in serum of SP compared to HC was recorded. As for as NSP, the concentrations
of CRP, IL-6 and IL-10 also exceeded values in HC however in significantly smaller extent than
in SP group. PCT and TNF-α in NSP did not differ from HC group. Statistically significant
positive correlation among all acute phase response markers was found in the whole group of
subjects under the study (Table 4-3).
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Table 4-1 Demographic and clinical parameters
Parameters/Groups

Septic patients

Healthy controls

Non-septic patients

Number

30

30

15

Gender (M/F)

12/18

12/18

9/6

AGE (years)

74 (61-79)

74 (58-81)

70 (57-79)

APACHE II

19.5 (14.0-28.0)

-

17.0 (13.0-20.0)

Diagnosis (medical/surgical)

20/10

-

8/7

Source of sepsis (lungs/others)

20/10

-

-

ICU hospitalization (days)

15.5 (9.0-48.0)

-

6.0 (4.0-7.0)

Hospitalization (days)

18.5 (15.0-58.0)

-

11.0 (7.0-18.0)

APV (number/percent)

17 (56.7%)

-

6 (40%)

CRRT (number/percent)

5 (16.7 %)

-

2 (13.3%)

Mortality (Number/percent)

8 (26.7%)

0 (0%)

2 (13.3%)

Abbreviations used: APACHE II: Acute Physiologic and Chronic Health Evaluation, ICU:
Intensive Care Unit, APV: Artificial Pulmonary Ventilation, CRRT: Continuous Renal
Replacement Therapy; data presented as median and interquartile range (25th-75th percentile)

Table 4-2 Acute-phase response markers
Septic patiens

Healthy controls

Non-septic patients

(n = 30)

(n = 30)

(n = 15)

CRP (mg/l)

127.5 (62.0-310.0)a,b

2.15 (2.0-5.8)

84.8 (4.8-130.6)a

PCT (mg/l)

3.15 (1.18-11.56)a,b

0.38 (0.26-0.78)

0.28 (0.14-0.73)

IL-6 (pg/ml)

127.1 (51.0-283.9)a

1.72 (1.2-2.9)

21.45 (10.9-48.0)a

IL-10 (pg/ml)

9.01 (4.68-14.48)a

0.54 (0.00-1.03)

5.16 (1.76-6.98)a

TNF-α (pg/ml)

20.2 (11.85-39.23)a

6.54 (5.35-7.72)

11.89 (6.82-14.47)

Parameters/Groups

Abbreviations used: CRP: C-reactive protein, PCT: procalcitonin, IL: interleukin, TNF-α: tumor
necrosis factor α; data presented as median and interquartile range (25th-75th percentile); a septic
patients and non-septic patients vs. healthy controls; b septic patients vs. non-septic patients;
p < 0.05
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4.1.3 PON1 activity and HDL-associated parameters
Figure 4-1 shows that the activity of PON 1 was lower in SP as well as in NSP groups
regarding HC. The decrease in PON 1, HDL-C and apo-A1 concentrations was closely followed
by the counter increase of SSA in both groups of patients. There was no difference in PON 1
activity between SP and NSP. However, the concentration of SSA was higher and of HDL-C and
Apo-A1 lower in SP as compared to NSP. Table 4-3 presents positive or negative correlations
between PON 1 activity and other parameters of inflammation and sepsis in the whole group of
subjects under study.

A

B

PON1 Activity

160

*

*

120
80

SAA (ug/ml)

PON (U/ml)

200

SAA Concentration
3000

+

2400

*

1200
600

40
0

0
Septic patients

C

Healthy controls

Non-septic patients

Septic patients

D

HDL-C Concentration

1,0

Healthy controls

Non-septic patients

Apo-A1 Concentration
2,0

*

+

*

0,5

apo-A1 (g/l)

HDL-C (mmol/l)

2,0
1,5

*

1800

0,0

1,5
1,0

*

+

*

0,5
0,0

Septic patients

Healthy controls

Non-septic patients

Septic patients

Healthy controls

Non-septic patients

Figure 4-1 PON1 activity and associated parameters. PON1: enzyme paraoxonase1 –
arylesterase activity; SAA: serum amyloid A; HDL-C: high density lipoprotein cholesterol,
*
Apo-A1: apolipoprotein A1; septic patients and non-septic patients vs. healthy controls;
+
septic patients vs. non-septic patients; data presented as mean ± S.D., p < 0.05

4.1.4 Plasma lipids
The concentration of plasma lipids and apolipoproteins is presented in Table 4-4. Both SP
and NSP possessed lower concentration of TC, HDL-C, LDL-C, Apo-A1 and Apo-B compared
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to HC. As for as the comparison of both patient groups, the concentration of HDL-C and ApoA1 was significantly lower in SP than in NSP patients. Both patient groups did not differ in the
concentration of plasma NEFA from HC but the concentration of NEFA in SP was lower than in
NSP.

Table 4-3 Relationships between acute-phase response markers, ox-LDL and PON1 activity
IL-6

HDL-C

IL-6

0.848a

0.526a

TNF-α

0.480a

0.411b

0.576a

SAA

0.838a

0.520a

0.781a

0.453a

ox-LDL

0.538a

0.327c

0.481a

0.496a

0.462a

HDL-C

-0,712a

-0,480a

-0,710a

-0,595a

-0,541a

-0.629a

Apo-A1

-0,800a

-0,541a

-0,779a

-0,568a

-0,645a

-0.576a

0.926a

PON1

-0.653a

-0.471a

-0.655a

-0.597a

-0.486a

-0.523a

0.696a

TNF-α

SAA

ox-LDL

CRP
0.584a

PCT

PCT

Apo-A1

0.718a

Abbreviations used: CRP: C-reactive protein, PCT: procalcitonin, IL-6: interleukin 6, TNF-α:
tumor necrosis factor α; SAA: serum amyloide A; LDL-C: low density lipoprotein cholesterol,
ox-LDL: oxidized LDL, HDL-C: high density lipoprotein cholesterol, Apo-A1: apolipoprotein
A1, PON1: enzyme paraoxonase1 – arylesterase activity; Spearman correlation coefficients,
N = 75 (the whole group of subjects); a p < 0.0001; b p < 0.001; c p < 0.01
Table 4-4 Concentrations of plasma lipids and apolipoproteins
Septic patiens
Healthy controls
Parameters/Groups
(n = 30)
(n = 30)

Non-septic patients
(n = 15)

TC (mmol/l)

2.84 ± 0.77a

5.57 ± 0.97

3.31 ± 1.14a

TAG (mmol/l)

1.33 ± 0.66

1.47 ± 0.63

1.28 ± 0.51

HDL-C (mmol/l)

0.66 ± 0.29a,b

1.41 ± 0.35

0.96 ± 0.45a

LDL-C (mmol/l)

1.59 ± 0.57a

3.49 ± 0.97

1.77 ± 0.93a

Apo-A1 (g/l)

0.68 ± 0.27a,b

1.52 ± 0.29

1.00 ± 0.42a

Apo-B (g/l)

0.67 (0.49-0.79)a

1.07 (0.96-1.25)

0.64 (0.46-0.79)a

NEFA (mmol/l)

0.45 ± 0.33b

0.64 ± 0.32

0.83 ± 0.44

Abbreviations used: TC: total cholesterol, TAG: triacylglycerols, HDL-C: high density
lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol, Apo-A1: apolipoprotein A1,
NEFA: non esterified fatty acids; data presented as mean ± S.D. for parametric or median and
interquartile range (25th-75th percentile) for nonparametric variables; a septic patients and nonseptic patients vs. healthy controls; b septic patients vs. non-septic patients; p < 0.05
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4.1.5 Fatty acid composition of plasma and erythrocyte lipids
Table 4-5 shows the proportion of individual FA in plasma cholesteryl esters (CE) and
triacylglycerols (TAG). The increase in palmitic (16:0) palmitoleic (16:1n-7), cis-7hexadecenoic (16:1n-9), oleic (18:1n-9) and vaccenic (18:1n-7) acids was followed by the
decrease in linoleic (18:2n-6) acid in CE of SP as compared with HC and NSP respectively.
Nevertheless, this effect was much les pronounced in NSP group. In TAG, the increase in
individual MUFA of SP was compensated by the fall in 18:2n-6 and 18:3n-3 compared to HC.
The similar changes in FA composition were observed also in plasma phospholipids (PPL). In
erythrocyte phospholipids (EPL) of SP and NSP patients, the increase in 16:1n-7 and 18:1n-7
roportions was followed by the decline in 18:2n-6 as compared to HC (Table 4-6).
Figure 4-2 demonstrates the comparison of saturated FA (SFA), monounsaturated FA
(MUFA), n-6 and n-3 polyunsaturated FA (PUFA) proportions in plasma CE, TAG, PL and EPL
of SP, NSP and HC groups. The proportion of MUFA in septic patients was increased in plasma
CE, TG and PL as compared to NSP and HC groups. This rise was compensated by the fall in n6 PUFA for CE and PPL. As for plasma TAG and erythrocyte PL (EPL), the shift in the MUFA
and n-6 PUFA proportions in SP was less expressed than in CE and PPL. Regarding NSP versus
HC, some trends were similar to those in SP but much less significant.
In CE, the good negative correlations of total PUFA resp. n-6 PUFA with MUFA, all
acute-phase response markers and conjugated dienes (CD) were found. On the other hand also
the positive correlation with TRAP was observed. The SFA profile was positively correlated
with MUFA but no correlations between n-3 PUFA proportion and other parameters were
observed. In TAG, the significant negative correlation between MUFA and all other FA classes
were found. MUFA and n-3 PUFA positively correlated with acute-phase response markers, CD
and negatively with TRAP. In PPL, there were correlations between PUFA resp. n-6 PUFA and
MUFA, acute-phase response markers, CD or TRAP analogously as in CE. In EPL, the
significant negative correlations of total PUFA resp. n-6 PUFA with MUPA were shown (Table
4-7). MUFA correlated positively with all acute-phase response markers or CD, and n-6 PUFA
negatively correlated with PCT and IL-6 Table 4-8.
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Table 4-5 Fatty acid composition of plasma cholesteryl esters and triacylglycerols
Cholesteryl esters
Triacylglycerols
groups
SP
HC
NSP
SP
HC
NSP
a
a
a
14:0
0.42 ± 0.17
0.61 ± 0.19
0.35 ± 0.11
0.81± 0.33
1.84 ± 0.82
0.78 ± 0.30a
16:0
12.57 ± 1.09a,b
11.16 ± 0.94
11.28 ± 1.39
25.31 ± 3.04
26.97 ± 3.41
24.87 ± 2.86
a,b
a
16:1n-9
0.53 ± 0.21
0.34 ± 0.08
0.34 ± 0.10
0.47 ± 0.18
0.61 ± 0.12
0.46 ± 0.09a
16:1n-7
4.00 ± 1.63a,b
2.80 ± 0.88
2.97 ± 1.00
3.00 ± 1.07a
3.73 ± 0.98
2.65 ± 0.60a
18:0
0.74 ± 0.51
0.59 ± 0.14
0.51 ± 0.12
3.18 ± 0.96
3.06 ± 0.75
3.10 ± 0.75
a,b
a
a
18:1n-9
25.08 ± 3.89
18.96 ± 2.26
21.55 ± 3.49
45.03 ± 4.64
39.40 ± 3.37
41.81 ± 2.96
18:1n-7
1.09 ± 0.17
1.31 ± 0.25a
2.61 ± 0.47
2.64 ± 0.42
2.60 ± 0.39
1.58 ± 0.24a,b
a,b
b
18:2n-6
43.92 ± 6.07
54.61 ± 4.50
51.16 ± 5.53
15.15 ± 3.61
16.67 ± 4.32
18.65 ± 4.33
18:3n-6
1.05 ± 0.84
0.81 ± 0.29
0.68 ± 0.28
0.34 ± 0.37
0.33 ± 0.15
0.31 ± 0.17
a,b
18:3n-3
1.07 ± 0.37
0.86 ± 0.36a
0.40 ± 0.12
0.49 ± 0.14
0.47 ± 0.23
0.60 ± 0.28
20:3n-6
0.69 ± 0.22
0.63 ± 0.11
0.57 ± 0.17
0.24 ± 0.13
0.30 ± 0.10
0.29 ± 0.16
20:4n-6
7.12 ± 1.90
6.49 ± 1.43
7.29 ± 1.85
1.45 ± 0.88
1.24 ± 0.38
1.53 ± 0.57
20:5n-3
0.80 ± 0.48
0.77 ± 0.35
0.67 ± 0.26
0.22 ± 0.20
0.24 ± 0.17
0.22 ± 0.13
22:6n-3
0.63 ± 0.56
0.37 ± 0.15
0.48 ± 0.11
0.53 ± 0.29
0.54 ± 0.29
0.63 ± 0.27
n-6/n-3
30.84 ± 9.42
40.62 ± 12.34
38.58 ± 12.58
11.56 ± 2.94
9.16 ± 2.61
11.45 ±4.25
a,b
b
∑PUFA
54.95 ± 5.84
64.39 ± 3.69
61.61 ± 4.73
19.25 ± 4.46
21.34 ± 4.61
23.36 ± 4.88
Abbreviations used: SP: septic patients, n=30; HC: healthy controls, n=30; NSP: non-septic patients, n=15; PUFA: polyunsaturated fatty acids;
all doble bounds are in cis configuration, a SP or NSP vs. HC, b SP vs. NSP; data are presented in mol% as mean ± S.D., p < 0.05
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Table 4-6 Fatty acid composition of total plasma and erythrocyte phospholipids
Plasma phospholipids
Erythrocyte phospholipids
Groups
SP
HC
NSP
SP
HC
NSP
14:0
0.27 ± 0.07
0.18 ± 0.06a
0.17 ± 0.07
0.24 ± 0.06
0.13 ± 0.06
0.18 ± 0.06a
16:0
30.81 ± 2.17a
29.27 ± 1.85
30.93 ± 1.73c
23.58 ± 2.64
22.83 ± 2.66
21.83 ± 0.58
a
a,b
16:1n-7
0.83 ± 0.34
0.59 ± 0.17
0.66 ± 0.20
0.54 ± 0.28
0.36 ± 0.11
0.37 ± 0.11
c
18:0
12.99 ± 2.09
13.79 ± 1.29
12.44 ± 1.14
16.61 ± 2.02
17.03 ± 1.62
16.61 ± 0.60
a,b
c
18:1n-9
14.85 ± 3.37
10.38 ± 1.44
12.52 ± 2.76
16.43 ± 2.02
15.20 ± 1.67
15.57 ± 0.85
18:1n-7
1.98 ± 0.32a,b
1.53 ± 0.22
1.70 ± 0.29
1.58 ± 0.37a
1.32 ± 0.19
1.45 ± 0.14
a,b
a,b
18:2n-6
18.99 ± 3.32
23.54 ± 2.90
21.82 ± 3.40
10.63 ± 1.94
12.01 ± 1.80
11.91 ± 1.66
18:3n-6
0.12 ± 0.09
0.10 ± 0.04
0.10 ± 0.05
0.09 ± 0.06
0.10 ± 0.07
0.06 ± 0.03
18:3n-3
0.17± 0.04
0.21 ± 0.08
0.20 ± 0.11
0.15 ± 0.04
0.15 ± 0.04
0.16 ± 0.04
a
c
20:3n-6
2.61 ± 1.04
3.20 ± 0.54
2.49 ± 0.75
1.65 ± 0.38
1.64 ± 0.39
1.59 ± 0.24
20:4n-6
10.24 ± 2.40
11.00 ± 2.16
10.80 ± 2.33
16.55 ± 2.82
17.09 ± 2.69
17.63 ± 1.23
20:5n-3
0.67 ± 0.44
0.79 ± 0.42
0.63 ± 0.26
0.67 ± 0.52
0.62 ± 0.32
0.56 ± 0.17
22:4n-6
0.35 ± 0.11
0.33 ± 0.07
0.30 ± 0.06
3.18 ± 0.69
3.26 ± 0.74
3.39 ± 0.62
22:5n-6
0.26 ± 0.11
0.21 ± 0.05
0.25 ± 0.09
0.50 ± 0.11
0.50 ± 0.12
0.50 ± 0.10
22:5n-3
0.92 ± 0.58
0.97 ± 0.30
0.75 ± 0.18
2.46 ± 0.62
2.48 ± 0.50
2.43 ± 0.19
22:6n-3
3.41 ± 0.92
3.11 ± 1.03
3.64 ± 0.68
4.40 ± 1.53
4.46 ± 1.27
5.03 ± 0.68
n-6/n-3
6.86 ± 2.00
8.20 ± 2.32
7.14 ± 1.31
4.73 ± 1.85
4.75 ± 0.97
4.37 ± 0.49
a,b
c
∑ PUFA
38.04 ± 3.58
43.88 ± 1.85
41.30 ± 2.73
40.63 ± 5.34
42.63 ± 5.42
43.60 ± 0.98
Abbreviations used: SP: septic patients, n=30; HC: healthy controls, n=30; NSP: non-septic patients, n=15; PUFA: polyunsaturated fatty acids;
all doble bouns are in cis configuration, a SP or NSP vs. HC, b SP vs. NSP; data presented in mol% as mean ± S.D., p < 0.05
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Table 4-7 Correlations of fatty acid classes in cholesterol esters and triacylglycerols

ESTERS

TRIACYLGLYCEROLS

CHOLESTERYL

MUFA
a

PCT
0.333

c

CRP
0.247

d

IL-6
0.359

CD
c

0.308

cTRAP
c

-0.223

SFA

0.514

MUFA

-

0.594a

0.663a

0.631a

0.606a

-0.571a

n-6

-0.966a

-0.604a

-0.632a

-0.631a

-0.608a

0.531a

n-3

0.162

0.204

0.185

0.071

0.192

-0.098

PUFA

-0.971a

-0.592a

-0.621a

-0.630a

-0.601

0.537a

SFA

-0.344c

-0.003

-0.208

-0.180

0.089

0.101

MUFA

-

0.312c

0.476a

0.405b

0.271d

-0.329c

n-6

-0.527a

-0.248d

-0.123

-0.095

-0.176

0.060

n-3

-0.595a

-0.293d

-0.420b

-0.356c

-0.374c

0.317c

PUFA

-0.586a

-0.253

-0.186

-0.152

-0.022

0.123

Abbreviations used: PCT: procalcitonin, CRP: C-reactive protein, IL-6: interleukin 6, SFA:
saturated fatty acids, MUFA: monosaturated fatty acids, PUFA: polyunsaturated fatty acids, n-6:
n-6 polyunsaturated fatty acids, n-3: n-3 polyunsaturated fatty acids, CD: conjugated dienes,
cTRAP: calculated Total Peroxyl Radical Trapping (µmol/l) = ([albumin] 0.63 + [uric acid] 1.02
+ [bilirubin]1.50); Spearman correlation coefficients, N = 75 (the whole group of subjects);
a
p < 0.0001; b p < 0.001; c p < 0.01 ; d p < 0.05

PHOSPHOLIPID
PHOSPHOLIPID

ERYTHROCYTE

PLASMA

Table 4-8 Correlations of fatty acid classes in phospholipids
MUFA

PCT

CRP

IL-6

CD

cTRAP

SFA

-0.048

0.253d

0.275d

0.302c

0.250d

-0.107

MUFA

-

0.582a

0.645a

0.656a

0.561a

-0.579a

n-6

-0.818a

-0.637a

-0.706a

-0.698a

-0.608a

0.561a

n-3

-0.176

-0.055

-0.014

-0.046

0.009

0.091

PUFA

-0.882a

-0.604a

-0.697a

-0.714a

-0.602a

0.609a

SFA

0.021

0.097

-0.046

-0.001

-0.019

0.203

MUFA

-

0.398b

0.332c

0.457a

0.340c

-0.314c

n-6

-0.626a

-0.374c

-0.209

-0.356c

0.172

0.079

n-3

-0.206

0.048

0.138

0.084

-0.020

-0.056

PUFA

-0.759a

-0.319c

-0.190

-0.338c

-0.250d

0.095

Abbreviations used: PCT: procalcitonin, CRP: C-reactive protein, IL-6: interleukin 6, SFA:
saturated fatty acids, MUFA: monosaturated fatty acids, PUFA: polyunsaturated fatty acids, n-6:
n-6 polyunsaturated fatty acids, n-3: n-3 polyunsaturated fatty acids, CD: conjugated dienes,
cTRAP: calculated Total Peroxyl Radical Trapping (µmol/l) = ([albumin] 0.63 + [uric acid] 1.02
+ [bilirubin]1.50); Spearman correlation coefficients, N = 75 (the whole group of subjects);
a
p < 0.0001; b p < 0.001; c p < 0.01 ; d p < 0.05
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Figure 4-2 Proportion of fatty acid classes in individual lipids. SFA: saturated fatty acids,
MUFA: monounsaturated fatty acids, n-6: n-6 polyunsaturated fatty acids, n-3: n-3
polyunsaturated fatty acids; * septic patients and non-septic patients vs. healthy controls,
+
septic patients vs. non-septic patients, data presented as mean ± S.D., p < 0.05

4.1.6 Markers of oxidative stress
The concentration of LDL associated ox-LDL and CD, as markers of lipid peroxidation,
were raised in both SP and NSP groups as compared with HC. However there was no difference
between both patient groups (Figure 4-3). On the other hand the total antioxidant capacity
(TRAP) was increased in SP regarding both HC and NSP. TRAP in NSP did not significantly
differ from HC (Table 4-9).
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Figure 4-3 Markers of lipid peroxidation. Ox-LDL: oxidized low density lipoproteins, LDL-C:
low density lipoprotein cholesterol, CD: conjugated dienes; * septic patients and non-septic
patients vs. healthy controls; data presented as mean ± S.D., ** p < 0.01, * p < 0.05
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Table 4-9 Total antioxidant capacity
Septic patients
Parameters/Groups
(n = 30)

Healthy controls

Non-septic patients

(n = 30)

(n = 15)

Albumin (g/l)

25.2 (22.7-31.9)a,b

46.2 (44.4-48.0)

33.9 (26.6-42.7)a

Bilirubin (µ
µmol/l)

15.6 (9.6-27.9)a,b

10.8 (8.0-15.3)

10.5 (8.1-13.5)

Uric acid (µ
µmol/l)

237.0 (173.0-331.0)a,b

320.0 (254.0-359.0)

372.0 (249.0-448.0)

cTRAP (µ
µmol/l)

554.2 (453.7-677.6)a,b

764.8 (705.7-840.2)

746.0 (571.9-837.4)

Abbreviations used: cTRAP: calculated Total Peroxyl Radical Trapping (µmol/l) = ([albumin]
0.63 + [uric acid] 1.02 + [bilirubin] 1.50); data presented as median and interquartile range (25th75th percentile); p < 0.05, a septic patients and non-septic patients vs. healthy controls, b septic
patients vs. non-septic patients
Figure 4-4 shows activities of antioxidative enzymes. Whereas activities of CuZnSOD,
CAT and GR in plasma of SP were higher and GPX1 lower regarding to HC, activities in NSP
were similar as those in HC. We found the good positive correlation of CuZnSOD with all
markers of inflamation and the negative one with TRAP. Enzyme Cat negatively correlated with
CRP, Il-6, ox-LDL, CD, and positively with TARP while GR corelated positively with Il-6 and
negatively with TRAP.
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Firure 4-4 Antioxidative enzyme activities. CuZnSOD: superoxide dismutase, CAT: catalase,
GPX1: glutathione peroxidase1, GR: glutathione reductase; * septic patients and non-septic
patients vs. healthy controls, + septic patients vs. non-septic patients; data presented as mean ±
S.D., p < 0.05
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Table 4-10 Correlations of antioxidative enzyme activities.
PCT

CRP

IL-6

ox- LDL

CD

CuZnSOD

0.480a

0.445a

0.500a

0.208

0.234d

-0.475a

CAT

-0.007

-0.263d

-0.311c

-0.250d

-0.273d

0.346c

GPX1

-0.062

-0.017

-0.134

-0.171

-0.026

0.023

GR

0.086

0.183

0.305c

0.115

0.220

-0.386b

cTRAP

Abbreviations used: CuZnSOD: superoxide dismutase, CAT: catalase, GPX1: glutathione
peroxidase1, GR: glutathione reductase; PCT: procalcitonin, CRP: C-reactive protein, IL-6:
interleukin 6, ox-LDL: oxidized LDL, CD: conjugated dienes, cTRAP: calculated Total Peroxyl
Radical Trapping (µmol/l) = ([albumin] 0.63 + [uric acid] 1.02 + [bilirubin]1.50); Spearman
correlation coefficients, N = 75 (the whole group of subjects); a p < 0.0001; b p < 0.001; c p <
0.01
Table 4-11 Non-enzymatic antioxidants and cofactors of antioxidative enzymes
Septic patients

Healthy controls

Non-septic patients

(n = 30)

(n = 30)

(n = 15)

Vitamin E (mg/l)

11.79 ± 4.08a

18.43 ± 8.31

11.96 ± 4.43a

Vitamin A (mg/l)

0.54 ± 0.20a

0.90 ± 0.31

0.66 ± 0.30a

Folic acid (µg/l)

5.0 (3.2-7.1)a

7.1 (5.6-8.9)

5.9 (4.1-8.3)

Fe (µmol/l)

2.9 (2.0-3.7)a,b

20.1 (16.1-24.8)

9.3 (3.8-22.8)a

Ferritin (µg/l)

561.5 (240.2-1297.5)a,b

84.0 (64.3-155.5)

160.9 (80.1-278.4)

2.72 ± 0.40

1.96 ± 0.60a

Parameters/Groups

Transferin (g/l)

1.53 ±0.46

a,b

Ceruloplasmin (g/l)

0.40 ± 0.09

0.41 ± 0.10

0.38 ± 0.07

Cu (µmol/l)

18.83 ± 4.05

18.43 ± 3.94

17.69 ± 3.35

Zn (µmol/l)

7.6 (6.3-10.8)a

14.6 (13.1-15.8)

9.1 (6.6-10.7)a

Se (µg/l)

32.86 ± 15.58a,b

70.79 ± 15.53

48.44 ± 15.30a

Homocystein (µmol/l)

9.2 (6.6-15.2)b

14.2 (12.0-16.7)

20.8 (14.2-28.3)a

Data presented as mean ± S.D. for parametric or as median and interquartile range (25th-75th
percentile) for nonparametric variables; a septic patients and non-septic patients vs. healthy
controls; b septic patients vs. non-septic patients, p < 0.05
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Non-enzymatic antioxidants and cofactors are presented in Table 4-11. As for the level of
vitamin A, E and Zn, their concentrations were similarly lowered in both groups of patients in
comparison with HC. Folic acid was lowered only in SP compared to HC. Transferitin, Fe, and
Se concentrations were decreased in SP and NSP regarding HC but the decline was significantly
higher in SP than in NSP. Ferritin raised in SP compared to both HC and NSP. Homocystein was
increased only in NSP and not in SP regarding HC. The levels of ceruloplasmin and Cu were
similar among all groups.

4.2 Critically ill patients in the course of sepsis
In the study twenty two septic patiens (SP) fully recovered from sepsis and 19 of them were
available for three samplings: SP enrolled within 24 hours after the onset of sepsis (S1), SP 7
days after S1 (S2) and SP one week after the clinical and laboratory cessation of sepsis
symptoms (S3).

4.2.1 Demographic and clinical parameters
The demographic and clinical characteristics of S1, S2 and S3 groups are shown in Table
4-12.
Table 4-12 Patient clinical characteristics during the course of sepsis
S1
S2
S3
Parameters/Groups
19
19
19
N (for statistics)
Gender (M/F)

10/9

10/9

10/9

AGE (years)

74 (56-79)

74 (56-79)

74 (56-79)

Time (days)

0

7

22 (14-30)

SOFA

7.0 (2.5-10.0)

3.0 (1.5-9.0)

-

APV

7

7

1

0
3
CRRT
Septic patiens (SP) enrolled within 24 hours after the onset of sepsis (S1), SP 7 days after S1
(S2) and SP one week after the clinical and laboratory cessation of sepsis symptoms (S3). SOFA:
Sequential Organ Failure Assessment, APV: Artificial Pulmonary Respiration, CRRT:
Continuous Renal Replacement Therapy; data presented as median and interquartile range (25th75th percentile)
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4.2.2 Acute-phase response markers, PON1 activity and plasma lipids
The follow up of acute-phase response markers in course S1, S2 and S3 samplings is
demonstrated in Figure 4-5. The increase in concentrations of CRP (not shown), IL-6, IL-10 and
TNF-α in serum of SP in S1 compared to HC persisted in lesser extent until S3 in CRP, IL-6, IL10 and TNF-α. The only exception was PCT that has already decreased in S2 and S3 to the levels
of HC. The decrease in the PON1 activity, apo-A1 and HDL-C concentrations respectively
persisted in all three samplings regarding HC. However, S3 value was already significantly
higher than S1 or S2 ones (Figure 4-6). The concentration of SAA was the highest in S1 and
gradually approaching HC. SAA in S3 sampling did not already differ from HC. Figure 4-7
presents the concentration of plasma lipids and apo-B during the course of sepsis. The lower TC
and LDL-C concentrations persisted in all three samplings regarding HC. However, S3 value
was significantly higher than S1 or S2 ones. TAG concentration was unchanged in all samplings
compared to HC. Apo-B concentration was lower only in S1 sampling than HC.

Figure 4-5 Parameters of inflammation in course of sepsis. PCT: procalcitonin, TNF-α: tumor
necrosis factor α, IL-6: interleukin-6, IL-10: interleukin-10; data presented as mean ± S.D., *
S1/S2/S3 vs. healthy controls (HC); + S1/S2 vs. S3; b S1 vs. S2; data presented as mean ± S.D.,
*** p < 0.001, ** p < 0.01, * p < 0.05
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Figure4-6 PON 1 activity and associated parameters in course of sepsis. PON1: enzyme
paraoxonase1 – arylesterase activity, SAA: serum amyloid A, Apo-A1: apolipoprotein A1,
HDL-C: high density lipoprotein cholesterol; data presented as mean ± S.D., * S1/S2/S3 vs.
healthy controls (HC); + S1/S2 vs. S3; b S1 vs. S2; *** p < 0.001, ** p < 0.01, * p < 0.05
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Figure 4-7 Concentration of plasma lipids and apo-B in the course of sepsis. LDL-C: low
density lipoprotein cholesterol, Apo-B: apolipoprotein B, TC: total cholesterol, TAG:
triacylglycerols; data presented as mean ± S.D., *…S1/S2/S3 vs. healthy controls (HC); + S1/S2
vs. S3; b S1 vs. S2; *** p < 0.001, ** p < 0.01, * p < 0.05
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4.2.3 Fatty acid composition of plasma lipids
Figure 4-8 demonstrates the proportion of fatty acid classes in CE and PPL during the
course of sepsis. There was the increase in MUFA proportion in all samplings and n-3 PUFA in
S3 that was followed by the decrease of n-6 PUFA regarding to HC in PPL. As for as CE, the
lower n-6 PUFA compensated by higher proportion of SFA and MUFA was found in all
samplings as compared to HC.
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Figure 4-8 Proportion of fatty acid classes in cholesteryl esters and plasma phospholipids during
the course of sepsis. Septic patiens (SP) enrolled within 24 hours after the onset of sepsis (S1),
SP 7 days after S1 (S2) and SP one week after the clinical and laboratory cessation of sepsis
symptoms (S3). SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, n-6: n-6
polyunsaturated fatty acids, n-3: n-3 polyunsaturated fatty acids; data presented as mean ± S.D.,
* S1/S2/S3 vs. healthy controls (HC), + S1/S2 vs. S3; *** p < 0.001, ** p < 0.01, * p < 0.05

4.2.4 Markers of oxidative stress
Figure 4-9 shows the level of lipid peroxidation products during the course of sepsis.
Levels of ox-LDL as well as CD were higher in S1 and S2 samplings in comparison with HC. In
S3, the level of both markers already reached HC values.
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Figure 4-9 Parameters of lipid peroxidation in the course of sepsis. Ox-LDL: oxidized low
density lipoproteins, CD: conjugated dienes, LDL-C: low density lipoprotein cholesterol; data
presented as mean ± S.D., * S1/S2/S3 vs. HC, + S1/S2 vs. S3, ** p < 0.01, * p < 0.05
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Table 4-13 Antioxidant capacity in course of sepsis

S1

SEPTIC PATIENTS
S2

S3

HC

Albumin (µ
µmol /l)

437.2 ± 94.9a,c

437.6 ± 117.6a,c

548.0 ± 93.8a

706.5 ± 62.6

Bilirubin (µ
µmol/l)

14.8 (9.4-25.9)c

12.5 (6.1-21.4)

7.7 (6.7-17.0)

10.3 (7.3-14.5)

Uric acid (µ
µmol/l)

269.8 ± 102.6

224.1 ± 106.4a,c

293.3 ± 122.4

330.5 ± 89.9

cTRAP (µ
µmol/l)

585.1 ± 143.3a,c

535.0 ± 156.8a,c

669.1 ± 143.2a

781.4 ± 131.8

Septic patiens (SP) enrolled within 24 hours after the onset of sepsis (S1), SP 7 days after S1
(S2) and SP one week after the clinical and laboratory cessation of sepsis symptoms (S3). N =
19; cTRAP: calculated Total Peroxyl Radical Trapping (µmol/l) = ([albumin] 0.63 + [uric acid]
1.02 + [bilirubin] 1.50); Data presented as mean ± S.D. for parametric or median (25th-75th
percentile) for nonparametric variables; a septic patients (all samplings) vs. healthy controls
(HC), c S1 or S2 vs. S3, p < 0.05

The concentration of albumin was decreased in all samplings of SP compared to HC.
Bilirubin was increased in S1 only and Uric acid was decreased in S2. Calculated TRAP
followed the changes in the albumin concentration Table 13
Non-enzymatic antioxidants and cofactors of antioxidant enzymes during the course of
sepsis are demonstrated in Table 14. Vitamin A was decreased in S1 and S2 while vitamin E was
decreased in S1 only than both vitamins reached HC values. Transferin, Fe3+ and Se2- were
substantially decreased in S1 than gradually increased but there were still significantly lower
level in S3 compared to HC. The decrease in homocysteine and Zn2+ concentrations persisted in
S2 and than reached HC values in S3.
Figure 10 shows antioxidative enzyme activities during the course of sepsis. CuZnSOD
activity was increased in S1 only and returned to the HC value in the next samplings. CAT
activity was lower in S1 and S2 but in S3 reached the HC level. The decrease in GPX1 activity
persisted in all samplings while in GR activity any difference from HC was not found.
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Figure 4-10 Antioxidative enzymes in course of sepsis. CuZnSOD: superoxide dismutase, CAT:
catalase, GPX1: glutathione peroxidase1, GR: glutathione reductase; data presented as mean ±
S.D., * S1/S2/S3 vs. healthy controls (HC); + S1/S2 vs. S3; b S1 vs. S2; *** p < 0.001,
** p < 0.01, * p < 0.05
Table 4-14 Non-enzymatic antioxidants and cofactors in course of sepsis
SEPTIC PATIENTS

Vitamin E (mg/l)
Vitamin A (mg/l)
Folic acid (µg/l)
Fe (µmol/l)
Ferritin (µg/l)
Transferin (g/l)
Ceruloplasmin (g/l)
Cu (µmol/l)
Zn (µmol/l)
Se (µg/l)

HC

S1

S2

S3

12.2 ± 4.6a,c

14.5 ± 4.55

16.4 ± 5.0

18.2 ± 8.6

0.52 ± 0.20a,c,d

0.81 ± 0.28

0.96 ± 0.44

0.97 ± 0.27

6.0 (3.9-8.2)

7.2 (4.4-8.5)

7.2 (6.2-9.8)

7.0 (5.6-8.9)

2.8 (2.0-3.3)a,c,d

7.1 (4.8-10.0)a,c

11.6 (7.5-13.6)a

20.0 (15.6-27.3)

452.0 (240.2-1436.2)a

356.1 (222.2-1346.8)a

278.4 (193.9-646.4)a

84.4 (66.5-161.3)

1.58 (1.13-1.91)a,c,d

1.86 (1.55-2.18)a,c

2.19 (2.05-2.35)a

2.65 (2.45-3.09)

0.43 ± 0.08

0.47 ± 0.12

0.45 ± 0.10

0.40 ± 0.07

20.3 ± 3.7

22.5 ± 5.1a

21.6 ± 4.7

18.5 ± 3.2

8.9 ± 2.9a,c,d

11.8 ± 2.6a,c

14.1 ± 3.6

15.1 ± 1.7

33.3 ± 13.3a,c

46.5 ± 28.4a

53.7 ± 24.3a

72.5 ± 13.8

9.1 (7.1-14.0)a,c

9.8 (9.3-16.3)c

15.4 (9.6-22.5)

15.2 (12.9-17.4)

Homocysteine
(µmol/l)

N = 19; data presented as mean ± S.D. for parametric or median and interquartile range (25th-75th
percentile) for nonparametric variables; a septic patients (all samplings) vs. healthy controls, c S1
or S2 vs. S3,d S1 vs. S2; p < 0.05
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4.3 Severity of sepsis
This part of study compares septic patients who survived till recovery (survivors 1st
sampling (S1), n=22 and survivors 2nd sampling (S2), n=21) with those who died after S1 or S2
and never recovered of sepsis (non-survivors S1, n=8, and non-survivors S2, n=4). S1 was done
within 24 hours after the onset of sepsis; S2 was done 7 days after S2.

4.3.1 Demographic and clinical parameters
Table 4-15 presents basic characteristics of septic patients, survivors/non-survivors.
APACHE II in non-survivors was significantly higher compared to survivors.
Table 4-15 Basic characteristics of septic patients – survivors/non-survivors in S1
Parameters/Groups

SURVIVORS

NON-SURVIVORS

Number

22

8

Gender (M/F)

10/12

2/6

AGE (years)

74.0 (61.0-79.0)

80.0 (57.0-85.0)

APACHE II

17.0 (13.0-23.0)

28.0 (23.0-31.5)*

Diagnosis (medical/surgical)

14/8

6/2

Source of sepsis (lungs/others)

14/8

6/2

ICU hospitalization (days)

20.5 (8.0-52.0)

15.0 (9.5-31.5)

Hospitalization (days)

22.5 (16.0-59.0)

15.0 (9.5-33.5)

APV (number/percent)

9 (40.9%)

8 (100%)

CRRT(number/percent)

3 (13.6%)

2 (25%)

Abbreviations used: APACHE II: Acute Physiologic and Chronic Health Evaluation, ICU:
Intensive care unit, APV: artificial pulmonary respiration, CRRT: continuous renal replacement
therapy; data presented as median and interquartile range (25th-75th percentile), * p < 0.05,
non-survivors vs. survivors,

4.3.2 Acute-phase response markers, PON1 activity and plasma lipids
Figure 4-11 displays acute phase response markers in survivors/non-survivors. PCT,
TNF-α, IL-6 and IL-10 were increased in non-survivors regarding to survivors both in S1 and
S2. Surprisingly, we did not find any difference between survivors and non-survivors in CRP
concentration (not shown).
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Figure 4-11 Acute-phase response markers survivors/non-survivors. PCT: procalcitonin, TNFα: tumor necrosis factor-α, IL-6: interleukin-6, IL-10: interleukin-10; data presented as median
and interquartile range (25th-75th percentile), ** p < 0.01, * p < 0.05, non-survivors vs. survivors
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Figure 4-12 PON1 activity and associated parameters – survivors/non-survivors. PON1: enzyme
paraoxonase1 – arylesterase activity, SAA: serum amyloid, ApoA1: apolipoprotein A1, HDL-C:
high density lipoprotein; data presented as mean ± S.D., * p < 0.05, non-survivors vs. survivors
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Figure 4-12 depicts the comparison of PON1 activity and associated parameters between
survivors and non-survivors in S1 and S2 samplings. We observed lower PON1 activity and
apoA1, HDL-C concentrations in non-survivors compared to survivors S1 and S2 samplings.
There was no difference between both groups of patients in SAA concentration.
The concentration of serum lipids and apolipoproteins in survivors and non-survivors is
demonstrated in Figure 4-13. LDL-C and TC concentrations were lover in non-survivors
regarding survivors only in S2 sampling. Apo B and TAG concentrations in non-survivors were
not different from survivors.
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Figure 4-13 Concentration of lipids and apoproteins – survivors/non-survivors. LDL-C: low
density lipoprotein, ApoB: apolipoprotein B, TC: total cholesterol, TAG: triacylglycerols; data
presented as mean ± S.D., ** p < 005, * p < 0.05, non-survivors vs. survivors

4.3.3 Fatty acid composition of plasma lipids
Figure 4-14 illustrates the proportion of fatty acid classes in cholesteryl esters and
plasma phospholipids in survivors and non-survivors. The proportion of MUFA was higher and
both n-6 and n-3 PUFA lower in non-survivors then compared to survivors in plasma
phospholipids. In cholesteryl esters, higher MUFA and lower n-6 PUFA proportion in nonsurvivors compared to survivors was found in S1 sampling only.
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Figure 4-14 Proportion of fatty acid classes in cholesteryl esters and plasma phospholipids –
survivors/non-survivors. SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, n-6:
n-6 polyunsaturated fatty acids, n-3: n-3 polyunsaturated fatty acids; data presented as mean ±
S.D., ** p < 0.05, * p < 0.05, non-survivors vs. survivors
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4.3.4 Markers of oxidative stress
Figure 4-15 shows the comparison in parameters of lipid peroxidation between survivors
and non-survivors. Surprisingly, non-survivors had higher level of ox-LDL and CD in S2 only
regarding survivors. Antioxidative enzyme activities did not differ between survivors and nonsurvivors with the exception of GPX1 where the lover activity was found in non-survivors than
survivors in S2 (Figure 4-16).
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Figure 4-15 Parameters of lipid peroxidation – survivors/non-survivors. Ox-LDL: oxidized low
density lipoproteins, CD: conjugated dienes, LDL-C: low density lipoprotein cholesterol; data
presented as mean ± S.D., * p < 0.05, non-survivors vs. survivors
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Figure 4-16 Antioxidative enzyme activities survivors/non-survivors. CuZnSOD: superoxide
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presented as mean ± S.D., ** p < 0.01, non-survivors vs. survivors
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5 DISCUSSION
This study compared critically ill patients with SIRS of septic and non-septic origin.
Patients were selected according to 1992 consensus criteria. Those were criticized especially in
SIRS category as being overly sensitive and unspecific. In 2001, the group of sepsis experts
suggested modification of the definition of sepsis and severe sepsis at the International Sepsis
Definitions Conference (Levy et al., 2003). However this definition has not been completed
yet(Rubulotta et al., 2009). Therefore the current concepts of SIRS, sepsis, severe sepsis, and
septic shock remain useful to clinicians and researchers(Levy et al., 2003). All subjects involved
in the study were well age and gender matched, and both patient groups were also matched
successfully using APACHE II score. However other clinical parameters of NSP group such as
mortality, length of ICU and hospital stay were clearly less severe probably due to the higher
proportion of surgical and coronary care patients. This confirms that these scoring systems have
limitations mainly due the fact that they primarily focus on the physiologic abnormalities(Knaus
et al., 1985). Nevertheless in large observational study, severe sepsis and severe non-septic SIRS
have had similar mortality rate(Dulhunty et al., 2008). Septic patients were also followed up in
course of sepsis. Initial SOFA gave evidence that most of the patients were in severe
sepsis/septic shock diagnostic category. The score improved after one-week period. The severity
of illness and mortality rate in our study were similar with data reported for patients with severe
sepsis(Friedman et al., 1998).
We have shown enhanced concentrations of acute-phase response markers (CRP, PCT,
TNF-α, Il-6 and IL-10) in SP group regarding HC. This increase was also significant in NSP
except of PCT that did not differ from HC. Markers like PCT or CRP respond to both infection
and inflammation and hence reflect both microbiological findings and the host response.
Nevertheless, our study confirms a number of studies that point out the superiority of PCT as a
marker for diagnosis of sepsis and/or infection compared to CRP. According to results of the
metaanalysis of Uzzan et al., PCT has higher specificity for sepsis than CRP in surgical patients,
it means that the risk for a positive PCT test in infected patients was about 16-fold higher than in
non-infected SIRS ones(Uzzan et al., 2006). PCT is highly specific for sepsis(Becker et al.,
2004) that supports our results. From this point of view, stratification of SP and NSP subjects in
our study was quite successful. On the other hand, there are studies showing elevated PCT in
non-septic SIRS patients(Reinhart et al., 2000) and immediately after Surgery (Meisner et al.,
1998) or trauma(Mimoz et al., 1998), without obvious infection. It means that PCT is “indirect”
marker of infection and its sensitivity and specificity for diagnosis of infection may vary in
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different patient groups and indications. We have also checked changes in acute-phase response
markers during the course of the sepsis. PCT was the only marker which was increased just at
the onset of sepsis and later on fell down to HC values while other markers were still increased
above HC levels when sepsis has started to recede (S2). Dandona et al. injected endotoxin to
healthy volunteers and ascertained that serum PCT become detectable at 4 hrs, maintaining a
plateau till 24 hrs and following by an increase of pro-inflammatory cytokines e.g. TNF-α and
IL-6(Dandona et al., 1994). The comparison of surviving and non-surviving septic patients
confirms that PCT might be a good predictor of sepsis prognosis. In our septic patients the level
of PCT was substantially lower in survivors than in non-survivors at the onset of sepsis and
completely diminished one week later while the high PCT level still persisted in non-survivors.
In accordance with our results, decreasing levels of PCT were associated with a higher
probability of survival and PCT levels were correlated with the severity of disease. Moreover,
PCT was found to be an earlier marker of sepsis than CRP(Claeys et al., 2002). Another study on
critically ill children determined the values of PCT and CRP in diagnosing septic patients in correlation with
the severity of disease. They concluded that PCT is a better diagnostic marker of sepsis in critically ill children
than CRP(Rey et al., 2007). Both markers, i.e. the CRP and especially PCT, may become a helpful clinical tool
to stratify patients with SIRS according to disease severity.

The pro-inflammatory cytokines such as tumor necrosis factor TNF-α, IL-6 and IL-8
proved to be of diagnostic and prognostic value in disease states followed by systemic
inflammation/sepsis, and are frequently used for the monitoring of septic patients(Cojocaru et al.,
2003; Oberhoffer et al., 2000; Oda et al., 2005). A variety of activated immune cells can produce
anti-inflammatory IL-10 but activated macrophages are suggested to be the major source of this
cytokine. IL-10 appears to be a potent regulator of immune function because it can inhibit the
production of other cytokines, including TNF-α, IL-1, IL-6 and INF-γ(Moore et al., 1993). Proinflammatory TNF-α, IL-6 and anti-inflammatory IL-10 cytokines were increased in both groups
of patients under study and the elevation of both cytokines still persisted after recovery.
Similarly to our findings, the multicentre cohort study of subjects with community-acquired
pneumonia reported that the circulating cytokine response to pneumonia continues for more than
a week after presentation. Individuals with high circulating levels of both pro-inflammatory
(TNF-α, IL-6) and anti-inflammatory (IL-10) cytokines had a markedly increased risk of severe
sepsis and death(Kellum et al., 2007).
Our study showed that the activity of PON 1 was lower in SP and NSP groups compared
to HC. The decrease in PON1, HDL-C and apo-A1 concentrations was closely followed by the
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counter increase of SSA in both groups of patients. There was no difference in PON1 activity
between SP and NSP. However, the concentration of SSA was higher and of HDL-C and ApoA1 lower in SP as compared to NSP. There were negative correlations between PON1 activity
and other positive acute-phase reactants in the whole group of subjects under study. Decreased
PON1 activity, low level of circulating HDL and modest increase in CRP have drawn
considerable interest, and especially through this combination’s relation to atherosclerosis that
exemplifies a low-grade chronic inflammatory process(Chait et al., 2005). Mackness et al.
supposed there to be a link between atherosclerosis development and combination of higher CRP
level with low PON1 activity(Mackness et al., 2006). A similar pattern characterized by very low
HDL and high CRP concentrations has been found in sepsis representing a high-grade acute
inflammatory state caused by infection(Alvarez and Ramos, 1986). In patients with severe
sepsis, an early rapid decrease in HDL lipoproteins and increase in CRP concentration has been
observed. There was significant correlation between increased CRP and serum amyloid A, both
positive acute phase reactants(van Leeuwen et al., 2003). Therefore, our finding of decreased
PON1 activity in both SP and NSP is consistent with the aforementioned parallels.
Changes in lipid and protein composition of HDL caused by inflammation influence
PON1 activity and function(James and Deakin, 2004). During the acute-phase response, HDL is
loosing apoprotein A1, esterified cholesterol and most of the HDL-associated enzymes
(including PON1). PON1 is replaced mainly by serum amyloid A with the concomitant loss of
HDL antioxidative properties(Van Lenten et al., 1995). A recent study suggests that HDLassociated PON1 promotes an apoprotein-dependent lactonase activity(Gaidukov and Tawfik,
2005) that protects lipoproteins, probably via degradation of proinflammatory oxidized fatty
acids(Watson et al., 1995). The decrease in PON1 activity during sepsis has been demonstrated
in the serum of Syrian hamsters, a model of Gram-negative bacterial infection, within 24 h
following LPS treatment. A marked decrease in the liver PON1 mRNA as early as 4 h after a
single LPS treatment also has been observed. Moreover, independent TNF-α and IL-1 cytokines
administration without LPS treatment moderately decreased serum PON1 activity and PON1
mRNA levels in the liver, indicating a partial direct effect of these cytokines on PON1
expression(Feingold et al., 1998). PON1 that decreases during the inflammatory response
regardless of the ethiology should be classified among the negative acute phase proteins.
The results of this study confirm that oxidant activity and antioxidant capacity are altered
in SIRS patients. Surprisingly, we did not observe any difference in increased level of plasma
lipid peroxidation products (Ox-LDL, CD) between SP and NSP. The elevation of both markers
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has already been found in S1, persisted at least one week and returned to the normal levels after
recovery. Similarly, another study presented that the ox-LDL concentration increased during the
first week in patients with severe sepsis(Behnes et al., 2008), however, the level of CD was not
changed in the human septic shock(Ogilvie et al., 1991). Endotoxin administration caused a rise in

plasma levels of CD in the chronic porcine model of burn and sepsis(Baron et al., 1994). When
we compared ox-LDL and CD in sepsis survivors and non-survivors, they did not differ at the onset of
sepsis (S1) but later on in S2, non-survivors had profound elevation of both peroxidation markers in
comparison to survivors. This may be a result of RONS overproduction that is not effectively balanced in
context of MODS.

Erythrocyte antioxidative enzyme activities, their cofactors and vitamins were more
influenced in SP than in NSP. In erythrocytes of NSP, none of the antioxidative enzymes
activities changed compared to HC. In septic patients, we observed lower erythrocyte activities
of CAT till S2 and GPX 1 till S3 and higher activity of ZnCuSOD in S1. As for sepsis survivors
and non-survivors, we have not found any difference in individual components of antioxidant
capacity (not shown) except GPX1 activity in S2. Accordingly in other study on non-septic
patients, superoxide dismutase activity was not changed in erythrocytes of ischemic stroke
patients with high level of lipid peroxidation products(Imre et al., 1994). In another study of
ARDS patients, no alterations in the activities of CAT, SOD, GPX in erythrocytes were also
detected(Metnitz et al., 1999). On the other hand, septic patients had increased circulating levels
of catalase(Leff et al., 1992) and manganese superoxide dismutase and those were predictive of
the development of ARDS. In addition, their serum had an increased antioxidant capacity, as
reflected in an increased ability to scavenge hydrogen peroxide(Leff et al., 1993). Cowley et al.
showed decreased plasma antioxidant potential at the onset of severe sepsis with normalization
over time in survivors while non-survivors failed to achieve normal level(Cowley et al., 1996).
Our observations of the lower concentration of total cholesterol and of both fractions
HDL-C, LDL-C, Apo-A1 and Apo-B compared to HC in SP and NSP is in line with the
observation of Hardardóttir et al(Hardardottir et al., 1995) and Sammalkorpi et al(Sammalkorpi
et al., 1988). They observed that the mass concentrations of both LDL and HDL were reduced
during acute infections due to the lowering of their cholesterol, phospholipid, and protein
contents. However there is a difference between rodents and primates in metabolism of
cholesterol under conditions of inflammation. Whereas an increase in serum total cholesterol
levels and hepatic cholesterol synthesis in rodents under inflammation occurs, there is either no
change, or decrease in concentration of serum cholesterol in humans and non-human primates.
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The mechanism underlying this species difference is not known yet(Khovidhunkit et al., 2004).
As for as the comparison of concentration of HDL-C and Apo-A1 in patients and HC, the level
was significantly lower in both patient groups and lower in SP than in NSP subjects. Similarly
Cabana et al. observed a marked decrease in serum levels of HDL and apoA-I during infection
and inflammation(Cabana et al., 1989). Besides these quantitative changes during inflammation,
the apoprotein composition of high-density lipoproteins (HDL) was changed in both septic and
non-septic patient groups. SAA as one of the major acute-phase response proteins becomes
associated with HDL and displaces apoA-1(Malle and de Beer, 1996). In our study the
displacement was greater in SP than in NSP group. Thus, during severe sepsis composition of
HDL lipoproteins is shifted to acute phase HDL particles enriched by SAA and depleted of
cholesterol and apoA-1(van Leeuwen et al., 2003).
Both patient groups did not differ in the concentration of plasma TAG and NEFA
compared to HC group. Our finding does not correspond to other studies that have observed
increased serum TAG levels in patients with gram-negative or gram-positive bacterial and viral
infections(Gallin et al., 1969; Grunfeld et al., 1992; Sammalkorpi et al., 1988). This noncompliance may be caused by the fact that the hypertriglyceridemic effect induced by
inflammation is rapid process, occurring within 2 h after administration, sustaining for at least
24h(Feingold et al., 1992; Feingold and Grunfeld, 1987)

and it is possible that

hypertriglyceridemia as a very sensitive and rapid physiological part of the host response to
infection already subsided at the time of S1 collection.
Another interesting observation of our study is the decrease of n-6 PUFA proportion (linoleic
acid 18:2n-6) that was compensated by the proportional increase of MUFA in plasma CE, TAG
and PL first of all in SP and also in lesser extent in NSP. Increased production of free radicals
presented in our study as an increased level of CD is in good negative correlation with PUFA
level and positive correlation with MUFA level in plasma lipids. The similar shifts in FA
composition in comparison with HC were observed also in erythrocyte phospholipids of SP and
NSP patients. In accord, Pratt et al. determined reduced proportions of 20:4n-6, n-6 and n-3
PUFA and higher levels of MUFA and SFA in plasma and in red blood cells in burn patients
early after injury(Pratt et al., 2001). The lower level of 20:4n-6 and n-3 PUFA in plasma lipids of
burn patients suggest increased use of these fatty acids for wound healing and immune function
following burn injury. Also patients with adult respiratory distress syndrome (ARDS) had
decreased plasma concentrations of total linoleic acid compensated by an increase in oleic and
palmitoleic acids. As plasma linoleic acid concentrations decreased, there was usually an
increase in concentrations of plasma 4-hydroxy-2-nonenal, one of its specific peroxidation
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products, suggestive of severe oxidative stress during ARDS leading to molecular damage to
lipids(Quinlan et al., 1996). Das et al. demonstrated the relation between the increase in free
radical generation and the decrease in the levels of n-6 and n-3 PUFA in plasma phospholipids in
patiens with pneumonia, septicemia, and collagen vascular diseases such as rheumatoid arthritis
and systemic lupus erythematosus was observed(Das, 2006). It was also shown that both n-3 and
n-6 PUFA are able suppress human T-cell proliferation, and inhibit the secretion of both TNF-α
and IL-2 by lymphocytes in vitro, suggesting the importance of PUFA in the regulation of
inflammation process(Prabha et al., 1991). But there is still wider array of disorders and diseases
that are able to elicit relevant PUFA deficiency either in plasma or blood cells. All these states
either acute inflammatory states mentioned above or chronic in nature e.g. smoking, coronary
heart disease, diabetes, cancer, Crohn´s disease, atopic eczema-psoriaris, Cystic fibrosis and
multiple sclerosis, etc.(Belluzzi et al., 1996; Bougnoux et al., 1999; Horrobin, 1993; Hubbard
and Dunn, 1980; Nightingale et al., 1990; Oliwiecki et al., 1991; Pawlosky et al., 1999; Siguel
and Lerman, 1994) are connected with the formation of free radicals in response to oxidative
stress. Plasma resp. erythrocyte fatty acid status is a reflection of dietary fat intake. It also
explores PUFA metabolism and gives information about the incorporation of these FA into
cellular membranes. Erythrocyte and plasma FA analysis can detect PUFA insufficiencies and
imbalances or metabolic abnormalities due to either lipid peroxidation during a disease state or
by improper dietary FA intake. The decrease of PUFA in plasma or erythrocytes can be caused
either by loss of their lipoperoxidation or by their increased usage as substrate for eicosanoid
production or at site of anabolic pathways due to suppressed activities of delta desaturases and
elongases. Specific PUFA supplementation can be helpful in the prevention and the control of
both acute and chronic diseases.
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6 SUMMARY AND CONCLUSIONS
This study compared critically ill patients with SIRS of septic and non-septic etiology. Septic
patients were also followed up in the course of sepsis. The laboratory parameters were assessed
according to clinical outcome.
1. Acute-phase response markers (PCT, CRP, TNF-α, Il-6 and IL-10) were enhanced in SP while
concentrations of CRP, Il-6 and IL-10 in NSP were increased only in lesser extent. PCT was the
only specific marker of sepsis with relatively fast normalization.
2. The decrease in PON 1 activity was found in both SIRS SP and NSP to the similar extent. The
decrease in PON 1 activity was positively correlated with HDL-C, apo-A1 concentration and
negatively correlated with PCT, CRP, TNF-α, Il-6 and IL-10 as mediators of SIRS and with oxLDL as marker of oxidative stress..
3. The plasma levels of ox-LDL and CD was enhanced in both groups of patients. Sepsis nonsurvivors had profound elevation of both lipid peroxidation markers compared to survivors
suggesting the presence of more severe oxidative stress.in subjects of fatal outcome.
4. Erythrocyte CuZnSOD and GR activities were enhanced while those of CAT and GPX1
decreased in SP but not in NSP. In the course of sepsis, CuZnSOD was increased in S1 only,
CAT was suppressed in S1 and S2 and the decline in GPX1 activity persisted till the recovery.
5. The proportion of n-6 PUFA (mainly LA) was decreased in plasma CE, TAG, PL and in
erythrocyte PL in SP as compared to NSP and HC groups. This fall was compensated by the rise
in MUFA. The decrease in n-6 PUFA proportion in plasma CE and PL was in negative
correlation with all acute-phase response markers and parameters of oxidative stress. Whereas
sepsis survivors lost n-6 PUFA only, the deprivation of both n-6 and n-3 PUFA was observed in
non-survivors.most probably due to the intensified oxidative stress
6. According to our results, the discriminating markers of SIRS SP vs NSP are mainly PCT,
SAA, HDL-C, apoA-1, all antioxidative enzymes and n-6 PUFA. The discriminating markers
between non-survivors and survivors are mainly PCT, IL6, IL10, PON1, n-3 PUFA in both
S1and S2 while Apo A1, HDL-C, LDL-C, TC, n-3 PUFA, ox-LDL, CD and GPX1 in S2 only.
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In conclusion, our results support the position of PCT as relatively specific sepsis marker
that may also be of good prognostic value. We documented markers of increased oxidative stress
in both septic and non-sepstic SIRS. We propose PON1 activity as universal negative
inflammatory marker with relatively late recovery. As for plasma lipid levels in acute
inflammation, we have shown that the decrease of cholesterol persists long after septic period
and through recovery. Our finding of PUFA deficit, especially severe in sepsis non-suvivors,
necessitates careful management of lipid supplementation with respect to individual fatty acid
classes.
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7 ABBREVIATIONS
AA
ALA
APACHE
AP-1
Apo
ARDS
CAM
CAT
CE
CD
CRP
cTRAP
DGLA
DHA

arachidonic acid
α-linolenic acid
acute physiology and chronic health evaluation
activating protein-1
apolipoprotein
acute respiratory distress syndrome
cell adhesion molecules
catalase
cholesteryl esters
conjugated dienes
C-reactive protein
calculated total peroxyl radical trapping
dihomo-γ-linolenic acid
docosahexaenoic acid

EDTA

ethylendiamintetraacetic acid

eNOS
EPA
EPL
FA
GLAγ
GPx
GR
GSH
GSSG
HC
HDL-C
HDL
HRP
ICU
IDL
IL
ILMA
INF-γ
iNOS
LA
LCAT
LPS
LTA
LDL
5-LOX
MODS
MOFS
MUFA
NADP
NEFA

endothelial nitric oxide synthase
eicosapentaenoic acid
total erythrocyte phospholipids
fatty acids
linolenic acid
glutathione peroxidase
glutathione reductase
glutathione
glutathione disulfide
healthy controls
high-density lipoprotein cholesterol
high-density lipoprotein
horseradish peroxidase
intensive care unit
intermediate-density lipoprotein
interleukin
immunoluminometric assay
interferon-γ
inducible nitric oxide synthase
linoleic acid
lecithin cholesterol acyl transferase
lipopolysaccharide
lipoteichoic acid
low density lipoprotein
5-lipoxygennase
multiple organ dysfunction syndrom
multiple organ failure syndrome
monounsaturated FA
nicotinamide adenindinucleotide phosphate
nonesterified fatty acids
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NF-κB
NSP
ox-LDL
PAF-AH
PCT
PepG
PGE2
sPLA2
PL
PON1
PUFA
RBC
RONS
ROS
SAA
SAPS
sd-LDL
SFA
SIRS
SOD
SOFA
SP
TAG
TC
TNF-α
VLDL

nuclear factor kappa B
non-septic patients
oxidized LDL
platelet-activating factor acetylhydrolase
procalcitonin
peptidoglycan
prostaglandin E2
secretory phospholipase A2
phospholipids
paraoxonase-1
polyunsaturated fatty acids
red blood cells
reactive oxygen and nitrogen species
reactive oxygen species
serum amyloid A
simplified acute physiology score
small dense LDL
saturated FA
systemic inflammatory response syndrome
superoxide dismutase
sequential organ failure assessment
septic patients
triglacylglycerols
total cholesterol
tumor necrosis factor-α
very low density lipoprotein
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