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Abstract

Objectives: To investigate the activities of the main antioxidative enzymes and oxidative stress in women with depressive disorder (DD).

Methods: In 35 drug-naive women with DD and 35 age matched healthy women enzymes superoxide dismutase (CuZnSOD), catalase (CAT),
glutathione peroxidase (GPX1), glutathione reductase (GR) and paraoxonase (PON1), concentrations of conjugated dienes (CD), reduced
glutathione (GSH) and anthropometric and clinical data were investigated.

Results: Women with DD were found to have decreased activities of GPX1 (p<0.05), decreased concentrations of GSH (p<0.05), and
increased activities of GR (p<0.05), CuZnSOD (p<0.001), and concentrations of CD (p<0.05). Activity of GPX1 was positively correlated with
concentration of GSH (p<0.05). Concentrations of CD were positively correlated with TG (»p<0.01).

Conclusion: Our set of depressive women was characterized by changes indicating an increased oxidative stress, as well as by certain features

of metabolic syndrome.

© 2009 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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Introduction

Depressive disorder (DD) belongs to diseases, incidence of
which is now increasing all around the world. In the USA, it was
established, that about 16% of the population fall ill with major
depressive disorder during the lifetime [1]. In Finland, 5%
prevalence of the depression was described [2]. In 2006, 168
new cases of affective disorders per 100,000 inhabitants were
noticed in the Czech Republic, the incidence being 2 times
higher in women than in men [3]. The dysfunction of
serotoninergic, noradrenergic and dopaminergic neurotransmis-
sion [4,5], abnormal regulation in the hypothalamic—pituitary—
adrenal axis (HPA) [6], disturbance of cellular plasticity
including reduced neurogenesis [7], or chronic inflammation,
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connected with higher oxidative stress [8] could play a role in
the pathogenesis of DD.

Large consumption of oxygen (up to 20% of the total
requirement of organism), high amount of polyunsaturated fatty
acids, which are prone to oxidation, high amount of iron and
low activities of antioxidant enzymes contribute to higher
sensitivity of brain to oxidative stress [9]. Oxidative stress is
defined as the imbalance between production of reactive oxygen
and nitrogen species (RONS) and their insufficient decomposi-
tion by the antioxidative system [10]. This defence system
involves enzymatic antioxidants — superoxide dismutase (EC
1.15.1.1.; SOD), glutathione peroxidase (EC 1.11.1.9; GPX),
glutathione reductase (EC 1.6.4.2; GR), catalase (EC 1.11.1.6;
CAT) and paraoxonase (EC 3.1.8.1; PON) as well as none-
nzymatic antioxidants — reduced glutathione (GSH), provita-
min A, vitamin C and E, coenzyme Q10, carotenoids and trace
elements like copper, zinc or selenium. Increased production of
RONS has been observed in patients with neurodegenerative
and psychiatric diseases such as Alzheimer’s and Parkinson’s
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disease or schizophrenia [11—13]. Neurodegenerative changes,
which are augmented by inflammation and oxidative stress,
play an important role also in the pathogenesis of the DD
[14,15]. The raised level of oxidative stress is supposed to be
one of the factors, standing behind higher incidence of type 2
diabetes mellitus (DM2) and cardiovascular diseases (CVD),
which were observed in patients with depression [16,17].
However, only few studies have studied an oxidative stress in
DD and the results have been inconsistent. The aim of this study
was to determine the activities of main antioxidative enzymes,
concentrations of reduced glutathione and conjugated dienes
(CD) as marker of lipoperoxidation, and their relations to
anthropometric and selected metabolic parameters in women
with DD in comparison with healthy controls.

Methods
Subjects

Thirty five women with DD, recruited from the consecutive
outpatients of the Psychiatric Department of 1st Faculty of
Medicine of Charles University in Prague from May 2006 to
May 2008, and 35 age-matched healthy controls were included
in the study. Depressive disorder was diagnosed according to
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, DSM-IV (American Psychiatric Association, 1994)
[18]. All patients were evaluated using Hamilton Depression
Rating Scale (HAM-D).

Exclusion criteria of the study were: history of cardiovas-
cular and cerebrovascular disease, DM, hepatic and/or renal
disecases, hypothyroidism, malignancies, macroalbuminuria
(proteinuria higher than 300 mg/day), excessive alcohol
consumption (>30 g/day), treatment with hypolipidemic
medications, supplementation by vitamins, polyunsaturated
fatty acids and/or antioxidants. Patients have completed the
7 days dietary questionnaire. Food intake was processed by the
software NutriMaster. We have evaluated intake of total energy,
protein, fat, carbohydrate, vitamins and minerals. The study
protocol was approved by the Joint Ethical Committee of the
General Teaching Hospital and the 1st Faculty of Medicine of
Charles University in Prague. Written informed consent was
obtained from all participants.

Blood samples

Blood samples were obtained after overnight fasting.
Activities of CAT, GR, GPX1 and CuZnSOD were measured
in haemolysed erythrocytes. The blood samples were collected
into the tubes with K, EDTA, erythrocytes were washed three
times with a NaCl isotonic solution (9 g/L). Serum was used for
the determination of all other parameters. The samples were
stored at —80 °C until assay. The haemotological parameters
were measured by routine laboratory techniques using an
autoanalyzer (Coulter LH750 — haematological analyzer,
Beckman Coulter).

Measurement of enzyme activities

Glutathione peroxidase 1

The activity was measured by the modified method of Paglia
and Valentine using tert-butyl hydroperoxide as a substrate [19].
Briefly, 580 puL of 172.4 mM tris—HCI buffer containing
0.86 mM EDTA, pH=28.0; 100 pL of 20 mM GSH, 100 pL of
10 U/mL GR, 100 pL of 2 mM NADPH and 100 pL of diluted
sample were pipetted into the cuvettes. The reaction was started
after 10 min of incubation at 37 °C by the addition of 20 pL of
9.99 mM tert-butyl hydroperoxide. The rate of NADPH
degradation was monitored spectrophotometrically at 340 nm.
Blank was run for each sample. Activity of GPXI1 was
calculated using the molar extinction coefficient of NADPH
6220 M~ ' cm ! and expressed as U/g haemoglobin. One unit
of GPX1 (U) is defined as 1 umol of NADPH oxidized to
NADP per minute.

Glutathione reductase

The activity was measured according to the method of
Goldberg et al. [20]. Briefly, 700 pL of 0.127 M potassium
phosphate buffer containing 0.633 mM Na,EDTA-2H,0,
pH=7.2 was added to cuvettes followed by 100 pL of
22 mM oxidized glutathione (GSSG) and 100 pL of diluted
sample. The reaction was started after 10 min of incubation at
37 °C by addition of 100 pL of 1.7 mM 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~ ' cm™ " and expressed as U/g haemoglobin. One unit of
GR (U) is defined as the amount of enzyme catalyzing the
reduction of 1 umol of GSSG per minute.

Catalase

The activity was determined by the modified method of
Aebi [21]. The reaction mixture in cuvettes contained 876 pL
of 50 mM potassium phosphate buffer, pH=7.2 and 25 pL of
diluted sample. The reaction was started after 10 min of
incubation at 30 °C by addition of 99 pL of 10 mM H,0,. The
rate of H,O, degradation was monitored spectrophotometri-
cally at 240 nm. Blank was run for each sample. Catalase
activity was calculated using the molar extinction coefficient of
H,0, 43.6 M™' cm ! and expressed as kU/g haemoglobin.
One unit of CAT (U) is defined as 1 umol of H,O, decompo-
sition per minute.

CuZn-Superoxide dismutase

The activity was determined according to the modified
method of Stipek et al. [22]. The reaction mixture in cuvettes
contained 700 pL of 50 mM potassium phosphate buffer,
pH=7.2; 50 pL of xanthine oxidase; 100pL of NBT and 50 pL
of diluted sample. The reaction was started after 10 min of
incubation at 25 °C by addition of 100 pL of 1 mM xanthine.
The rate of NBT-formazan generation was monitored spectro-
photometrically at 540 nm. Blank was run for each sample.
Superoxide dismutase activity was calculated by means of
calibration curve and expressed as U/g haemoglobin. One unit
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of SOD (U) is defined as the amount of enzyme needed to
exhibit 50% dismutation of the superoxide radical. Superoxide
dismutase standard (Cat. No. S9636-1kU) was purchased from
Sigma Aldrich (St. Louis, MO USA).

Paraoxonase 1

The arylesterase activity of PON1 was measured according
to the method of Eckerson et al. using phenylacetate as a
substrate [23]. Briefly, 900 pL of 20 mM Tris—HCI buffer
containing 1 mM CaCl,, pH=8.0 was added to cuvettes
followed by 50 pL of diluted serum sample. The reaction was
started by addition of 50uL of 100 mM phenylacetate. The rate
of phenol generation was monitored spectrophotometrically at
270 nm. Blank was run for each sample. Arylesterase activity of
PON1 was calculated using the molar extinction coefficient of
the produced phenol, 1310 M~ ' em ™' and expressed as U/mL
serum. One unit of PON1 (U) is defined as 1 pmol of
phenylacetate degradation to phenol per minute.

Measurement of concentration of reduced glutathione

Reduced glutathione was measured by the modified spectro-
photometric method according to Griffith [24]. Suspension of
washed erythrocytes (500 pL) was mixed with 100 pL of
diluted acetic acid in water (6%, v/v), haemolysate was vortexed
and 400 pL of S-sulphosalicylic acid 10% (w/v) was
immediately added. After centrifugation at 10 000 g for
2 min, supernatant solution was collected for analysis. This
method is based on the determination of relatively stable
product of reduction of 5.5 dithiobis-2-nitrobenzoic acid
(DTNB) reduction by sulthydryl compounds to yellow product.
Briefly, 50 pL of 0.125 M potassium phosphate buffer
containing 6.3 mmol/L Na,EDTA-2H,0, pH=7.5 was added
to micro-cuvettes followed by 37.5 pL of the sample and
12.5 pL of 6 mmol/L DTNB. The absorbance of the yellow
product (reduced chromogen) was measured at 412 nm.
Concentration was calculated by means of calibration curve
and was expressed as pg/g haemoglobin.

Measurement of concentration of conjugated dienes

Serum low density lipoproteins were isolated by precipita-
tion method of Ahotupa et al. [25]. Concentrations of CD in
precipitated LDL were measured by the modified method of
Wieland et al. [26]. Serum samples were stabilized with EDTA
(10:1 v/v) and analyzed within 2 weeks. The precipitation
buffer consisted of 0.064 M trisodium citrate adjusted to pH
5.05 with 5 M HCI, and contained 50,000 TU/L heparin.
Sample (110 pL) of serum with EDTA (10:1 v/v) was added to
1 mL of the heparin-citrate buffer. After mixing, the suspension
was incubated for 10 min at room temperature. The
precipitated lipoproteins were then separated by centrifugation
at 2800 rpm for 10 min. Supernatant was removed and the
pellet was resuspended in 100 pL of NaCl isotonic solution
(9g/L); this process, individual for each sample, did not
exceed 3 s to prevent LDL oxidation. Lipids were extracted
by chloroform—methanol (2:1), the mixture was incubated

for 10 min with intermittent mixing, 250 pL redistilled
water was used for phase separation. The mixture was
centrifuged at 3000 rpm for 5 min. The 800 pL of lower
layer (infranatant) was dried under nitrogen, redissolved in
300 pL of cyclohexane, and analyzed spectrophotometri-
cally at 234 nm. The concentration of CD was calculated
using the molar extinction coefficient 2.95x10* M~ ' cm ™'
and expressed as mmol/L serum.

Statistical analysis

All data were expressed as median (25th—75th percentiles).
Normality of distribution of data was tested with Shapiro—Wilks
W test. Differences between compared groups were tested with
one-way ANOVA. Mann—Whitney U test was used for non-
parametric comparison of groups. The Spearman correlation
coefficients were used for correlation analysis. All statistical
analyses were performed using version 8.0 of StatSoft software
Statistica (2007, CZ).

Results

The basic characteristics and essential biochemical para-
meters observed in the studied groups are shown in Table 1,
parameters of oxidative stress are presented in Table 2. Patients
with DD had significantly raised values of waist circumference,
TG, glucose and index of insulin resistance (HOMA-IR) in
comparison with control group. The mean systolic and diastolic
blood pressure (SBP and DBP) did not differ significantly.
There were also no significant differences in concentrations of
HDL-C, LDL-C, CRP, apo A-I and apo B, as well as those of
calcium, zinc and copper. We have found no statistical

Table 1
Subject characteristics.

Depression Controls
N (female) 35 35
Age (years) 64.5 (50.0-75.1) 65.0 (53.2-77.0)
BMI (kg/m?) 26.1 (24.1-29.4)" 24.7 (22.7-25.9)
Waist (cm) 87.0 (77.0-96.0)" 80.5 (77.0-85.5)

Systolic BP (mm Hg)
Diastolic BP (mm Hg)
TC (mmol/L)

TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Apo A-I (g/L)

Apo B (g/L)

Glucose (mmol/L)
HOMA-IR

CRP (mmol/L)

Ca (mmol/L)

Cu (mmol/L)

Zn (mmol/L)

Cu/Zn

120.0 (120.0-135.0)
80.0 (70.0-80.0)
5.42 (4.55-6.57)
1.32 (0.95-1.8)"
1.42 (1.24-1.71)
3.14 (2.54-4.05)
1.41 (1.26-1.56)
1.02 (0.86—1.34)
5.0 (4.6-5.9)""
2.32(1.19-4.35)"
3.3(2.0-7.9)
2.35(2.29-2.47)
21.3 (17.8-23.5)
15.2 (13.8-16.7)
1.33 (1.15-1.64)

127.5 (120.0-130.0)
80.0 (75.0-80.0)
5.92 (4.99-6.48)
1.06 (0.87—1.46)
1.68 (1.49-1.94)
3.56 (2.73-4.27)
1.45 (1.33-1.61)
1.04 (0.90-1.25)
470 (4.6-4.9)
1.65 (1.19-1.95)
2.2 (2.0-5.5)
2.35 (2.28-2.42)
19.5 (18.3-21.8)
14.8 (13.7-16.8)
1.26 (1.11-1.53)

Abbreviations used: BMI: body mass index, BP: blood pressure, TC: total
cholesterol, TG: triglycerides, HDL-C: high density lipoprotein, LDL-C: low
density lipoprotein, CRP: C-reactive protein; Data were expressed as median
(25th—75th percentiles). Statistical analysis: ' »<0.05; " p<0.01.
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Table 2
Parameters of oxidative stress.

Controls

64.0 (52.9-70.7)

Depression

53.7 (42.7-65.7)"

GPX1 (Ulg Hb)

GR (U/g Hb) 7.95 (6.84-8.62)" 7.00 (6.19-8.30)

GSH (ug/g Hb)  568.75 (387.93-3484.01)" 2374.93 (515.16-5668.35)

CuZnSOD 2356.2 (2080.75-2586.5)""  1930.5 (1309.2-2249.7)
(U/g Hb)

CAT (kU/g Hb)  174.0 (155.2-217.9) 189.0 (166.6-215.4)

PON1 (kU/L) 161.3 (140.8-196.2) 175.9 (146.2-207.3)

CD (mmol/L) 55.7 (47.7-80.8)" 53.3 (43.8-62.1)

Abbreviations used: GPXI1: glutathione peroxidasel, GR: glutathione
reductase, GSH: reduced glutathione, CuZnSOD: CuZn-superoxide dismutase,
CAT: catalase, PON1: paraoxonasel, CD: conjugated dienes, Hb: haemoglo-
bin; Data were expressed as median (25th—75th percentiles). Statistical
analysis: © p<0.05; 7" p<0.01; """ p<0.001.

significant differences in nutritional habits between women
with DD and control group (data not shown).

Erythrocyte activities of GR and CuZnSOD and concentra-
tions of CD in precipitated LDL were increased in depressive
women; however, activities of GPX1 were decreased. Reduced
glutathione was significantly lower in depressive women than in
the control group. Activities of CAT and PON1 were not altered
in patients with DD.

In women with DD, activities of PON1 were positively
correlated with concentrations of HDL-C (r=0.457, p<0.01),
apo A-I (r=0.379, p<0.05) and calcium (r=0.371, p<0.05),
but in control group we have found only positive correlation
with apoA-I (r=0,492; p<0.05). Furthermore, activities of
CuZnSOD were positively correlated with concentrations of
zinc in DD (Fig. 1) and also in control group (»=0.393,
p<0.05; r=0.477, p<0.05, respectively). There was no
significant correlation of CuZnSOD with copper in both
groups.

Activities of GPX1 were positively correlated with concen-
trations of GSH (r=0.284, p<0.05) in DD, but not in control
group. There were no correlations observed between activities
of individual antioxidant enzymes.

Concentrations of serum TG were positively correlated
with concentrations of CD in precipitated LDL in the DD
group (Fig. 2) and in the control one (#=0.480, p<0.01;
r=0.391; p<0.05, respectively). We did not find any
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Fig. 2. Correlation of concentrations of conjugated dienes and concentration s of
triglycerides. Abbreviation used: CD: conjugated dienes, TG: triglycerides;
Statistical analysis: Spearman’s rank correlation coefficient.

correlation between HAM-D score and any of observed
parameters.

Discussion

The most important findings of this study were significantly
increased concentrations of CD in precipitated LDL, indicating
increased lipid peroxidation, accompanied by the decrease in
activity of GPX1 and increase in activities of both CuZnSOD
and GR in women with DD. The presence of IR and certain
features of metabolic syndrome (MetS) in our set of women
with DD were further important findings.

Oxidative stress was accepted to participate in the patho-
physiology of neurodegenerative conditions such as Alzhei-
mer’s disease [27,28], HIV-associated dementia [29],
Parkinson’s disease [30]. Neurodegenerative changes of brain
have been demonstrated in patients with DD, in which also
markers of oxidative stress were previously described, such as
altered activities of antioxidative enzymes and increased lipid
peroxidation products [31-34].

Glutathione peroxidase is ubiquitous enzyme responsible for
the degradation of lipid hydroperoxides and of H,0O, to
hydroxyderivates and water. Decreased activities of GPX1 in
erythrocytes were found in our depressive patients, similarly as
in the study of Ozcan et al. [35], who described lower activities
of GPX1 in patients with affective disorders in comparison with
healthy controls. However, Bilici et al. [33] found increased

CORRELATION CuZnSOD vs Zn
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Fig. 1. Activity of CuZnSOD and its correlation with zinc in patients with depression. Abbreviation used: SOD: superoxide dismutase, Hb: haecmoglobin; Statistical
analysis: Spearman’s rank correlation coefficient; ' '»<0.001 (Mann—Whitney U test).
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activities of GPX1 in erythrocytes of patients with major
depression, whereas Andrezza et al. [36] did not find any
significant changes in patients with bipolar disorder. Activity of
GPXI1 could be decreased due to lower concentration of its
substrate — GSH that we have found in women with DD.
Reduced glutathione is one of the most important intracellular
antioxidants in the cell and is enzymatically oxidized to GSSG
in a number of biochemical pathways. In the present study we
have observed significantly decreased concentrations of GSH in
depressive women compared to control. To our knowledge,
there has been no clinical study regarding data on GSH
concentrations in patients with depressive disorders. The
observed decrease of GSH were also described in patients
with autism [37,38], schizophrenia [39] and Down syndrome
[40] have reduced levels of total GSH. Reduced glutathione
reacts also nonenzymatically with RONS leading to the
glutathiol radical that reacts with further GSH to GSSG radical
anion formation. Oxidized glutathione radical anion is involved
in the conversion of oxygen to superoxide. The conversion of
GSSG back to GSH is catalyzed by GR. In our study, we have
found increased activities of GR in erythrocytes. Bilici et al.
[33] described raised activities of GR in plasma, but no
significant differences in erythrocytes in patients with major
depression.

Studies have described a variety of intracellular sources of
superoxide that include nitric oxide synthase, xanthine oxidase,
cyclooxygenase and NADPH oxidase [41-44]. The most
important source of superoxide in vascular cells is NADPH
oxidase [45]. Decomposition of superoxide into H,O, is
catalyzed by SOD. We have found increased CuZnSOD
activities in erythrocytes of depressive patients compared with
healthy persons, similarly to Sarandol et al. [32]. They
suggested that CuZnSOD activity is increased in response to
increased ROS production. Bilici et al. [33] have also observed
increased CuZnSOD activity in erythrocytes of depressive
patients. Inconsistent results were published for serum CuZn-
SOD activities. Herken et al. [34] have found decreased,
whereas Khanzode et al. [46] elevated CuZnSOD activities in
patients with major depression. We have found positive
correlation between CuZnSOD activity and concentration of
zinc, which is responsible for the stability of CuZnSOD
structure as its cofactor [47].

Activities of CAT in erythrocytes were not altered in our set
of women with DD, in accordance with Bilici et al. [33].
However, Szuster-Ciesielska et al. [48] found raised activities
of CAT in serum of patients with major depression and Ozcan
et al. [35] described decreased CAT activities in erythrocytes
of patients with affective disorders. Induction of CAT or SOD
does not necessarily lead to the induction of the other one
[49]. The increased activity of SOD leads to increased
amounts of hydrogen peroxide that is then degraded by
GPX in its low concentrations and by CAT in its high
concentrations [50]. It could be supposed that the concentra-
tion of hydrogen peroxide wasn’t enough high to increase
activity of CAT, and that the task of H,O, degradation remains
on GPX. But GPX activity is dependent on GSH, as its
substrate. This antioxidant is rapidly consumed in oxidative

stress. It is problematic whether GPX could function
appropriately in low GSH concentrations.

The activities of PON1 were not altered in women with DD,
as well as levels of apo A-I, HDL-C and calcium. Apolipopro-
tein A-I plays a key role for PON1 because of the connection of
PONI1 to HDL is through apo A-I. We have found positive
correlation between PONI1 activity and both apo A-I and HDL-
C concentrations. Paraoxonase is calcium dependent enzyme;
calcium is located in the active site of enzyme. It is consistent
with our finding of a positive correlation between the PON1
activity and calcium concentrations in patients with DD.

Increased concentrations of CD in LDL indicate an elevation
of minimally modified (oxidized) LDL in vivo. Raised
concentrations of CD in LDL were found in insulin-resistant
states such as MetS and DM2 [51-53], however, different
results were published by Gavella et al. [54].

Observed hypertriglyceridemia (HTG) and higher glycae-
mia, the accumulation of visceral fat and IR could play a role in
changes of oxidant/antioxidant balance in our set of depressive
women. In nondiabetic human subjects, both BMI and waist
circumference were closely correlated with the markers of
systemic oxidative stress (plasma TBARS, urinary 8-epi-
PGF2a) [55]. Hypertriglyceridemia was associated with an
increased oxidative stress in experimental rats [56] and also in
humans [57]. Inconsistent results were obtained with regard to
the activities of antioxidant enzymes in insulin-resistant states.
In one study, increased activity of CAT, decreased of GPX and
non-changed of SOD was found in type 2 diabetic patients [58]
while in another study [59] the activities of GPX, SOD and CAT
in red blood cells were significantly decreased in diabetic
subjects when compared with healthy controls. Some authors
suggest decreased GPX1 activity as cardiovascular risk factor
that was in the prospective study associated with increased
extent of atherosclerotic lesions [60].

In summary, we have found significant increase in
CuZnSOD and GR activity and simultaneous decrease of
GPXI1 activity as well as elevated concentrations of CD in
precipitated LDL, which positively correlated with TG in our
set of depressive women. These findings are in accordance with
hypothesis that oxidative stress may play an important role in
the pathogenesis of depression. Metabolic changes and markers
of IR in women with DD suggest the relationships between
MetS and DD. Increased oxidative stress could be a possible
connection between depression, IR and increased incidence of
both DM2 and CVD.
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Abstract
Objective: In the pathogenesis of the metabolic syndrome (MetS), an increase of oxidative
stress could play an important role which is closely linked with insulin resistance, endothelial
dysfunction, and chronic inflammation. The aim of our study was to assess several parameters
of the antioxidant status in MetS. Methods: 40 subjects with MetS and 40 age- and sex-
matched volunteers without MetS were examined for activities of superoxide dismutase
(CuZnSOD), catalase (CAT), glutathione peroxidase 1 (GPX1), glutathione reductase (GR), para-
oxonasel (PONL), concentrations of reduced glutathione (GSH), and conjugated dienes in
low-density lipoprotein (CD-LDL). Results: Subjects with MetS had higher activities of CuZn-
SOD (p < 0.05) and GR (p < 0.001), higher concentrations of CD-LDL (p < 0.001), lower ac-
tivities of CAT (p < 0.05) and PONL1 (p < 0.05), and lower concentrations of GSH (p < 0.05), as
compared with controls. Activity of GPX1 was not significantly changed. Conclusions: Our
results implicated an increased oxidative stress in MetS and a decreased antioxidative defense
that correlated with some laboratory (triglycerides, high-density lipoprotein cholesterol (HDL-
C)) and clinical (waist circumference, blood pressure) components of MetS.
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Introduction

Currently, the prevailing notion of the metabolic syndrome (MetS) is that it is charac-
terized by a cluster of risk factors for atherosclerosis and type 2 diabetes mellitus and can
be regarded as a physiological and clinical entity [1]. The main components of MetS are accu-
mulation of intra-abdominal fat, impaired metabolism of glucose, atherogenic dyslipidemia
(low high-density lipoprotein cholesterol (HDL-C), hypertriglyceridemia), and arterial
hypertension. In pathogenesis, several mechanisms were shown to take part, namely insulin
resistance, chronic low-grade inflammation, endothelial dysfunction, and oxidative stress;
their interactions have not been fully elucidated at present. Elevated levels of oxidative
stress in subjects with MetS were demonstrated in many experimental and clinical studies
[2].

Oxidative stress is defined as an imbalance between the production of reactive oxygen
and nitrogen species (RONS) and their insufficient decomposition by the antioxidant system
which results in macromolecular damage and disruption of redox signaling and control [3].
Free radicals and non-radical oxidants belong to RONS. Free radicals could induce DNA
mutations, structural disorders in proteins, and peroxidative damage of cell membrane and
plasma lipids [4]. RONS play an important role in the pathogenesis of many cardiovascular
and neurodegenerative diseases as well as in type 2 diabetes mellitus and its complications
[5].

The defense mechanisms of the human body against oxidative stress are complex and
involve cellular and extracellular antioxidant systems which are regulated at multiple levels
[6]. Various enzymes, e.g. superoxide dismutase (CuZnSOD), glutathione peroxidase 1 (GPX1),
catalase (CAT), paraoxonase 1 (PON1), glutathione reductase (GR), as well as nonenzymatic
antioxidant compounds (e.g. metal chelators, low-molecular-weight antioxidants) take part
in the antioxidant defense.

In the first step of the defense mechanism against superoxide anions (0;7), the enzyme
CuZnSOD catalyzes their dismutation into oxygen and H,0,. In the second step, CAT and GPX1
independently convert H,0; to water. Any increase in the CuZnSOD catalytic activity produces
an excess of H,0, that must be efficiently neutralized by either CAT or GPX1; otherwise, H,0,
reacts with O~ producing in a two-step reaction (the Haber-Weiss reaction) hydroxyl radicals
OH which are even more dangerous [5]. Cytosolic GPX1 detoxifies H,0, in the presence of
reduced glutathione (GSH), which is oxidized to oxidized glutathione (GSSG) and subse-
quently recycled by GR. GPX1 with the aid of GSH protects lipids against peroxidation. The
pool of GSH has to be replenished by de novo synthesis that is catalyzed by the enzyme
glutamate-cystein ligase. The PON1 enzyme as HDL-associated enzyme is implicated in the
anti-inflammatory and antioxidant activities of HDL and impedes oxidative modification of
low-density lipoprotein (LDL) thus protecting cell membranes from the damage caused by
products of lipoperoxidation [7].

This study is focused on the state of the antioxidant defense system in patients with MetS.
We intend to investigate the wide variety of known antioxidants in association with MetS. The
activities of several antioxidant enzymes as well as the concentration of GSH were deter-
mined in the erythrocytes. It has been noted that these cells maintain fairly constant concen-
trations of enzymes throughout the life span which had been synthesized during the matu-
ration of erythroid precursors [8]. Furthermore, levels of albumin, bilirubin, and calculated
total peroxyl radical trapping (cTRAP) were assessed in serum. As a global marker of systemic
oxidative stress, conjugated dienes in precipitated low-density lipoproteins (CD-LDL) were
determined.

KARGER

40



/ECZCZLS Obes Facts 2013;6:39-47

The 6uropean Journal of Obesity DOI: 10.1159/000348569 © 2013 S. Karger GmbH, Freiburg
www.karger.com/ofa

Vévrové et al.: Altered Activities of Antioxidant Enzymes in Patients with Metabolic
Syndrome

Participants and Methods

Participants

40 Caucasian subjects with MetS (20 male / 20 female) were recruited from outpatients who had been
subsequently examined (from January 2008 until August 2010) at the Lipid Clinic of the 4th Department of
Medicine, First Faculty of Medicine, Charles University in Prague. This study group was compared with a
control group constituted from 40 volunteers without MetS matched for sex and age (20 male / 20 female),
all Caucasian.

MetS was diagnosed according to the International Diabetes Federation criteria [9]. To be included,
patients had to have central obesity (waist circumference > 94 cm for men and > 80 cm for women) and fulfill
any two of the following four criteria: i) raised TG level (>1.7 mmol/l), ii) reduced HDL-C (<1.03 mmol/l in
males and <1.29 mmol/l in females) or specific treatment for these abnormalities, iii) raised blood pressure
(BP) with systolic BP > 130 or diastolic BP > 85 mm Hg or treatment of previously diagnosed hypertension,
and iv) raised fasting plasma glucose (>5.6 mmol/l) or previously diagnosed type 2 diabetes mellitus. All
samples were marked with unique anonymized identification numbers, and the data was merged only after
the assays had been completed.

In the MetS group, 21 patients (52.5%) had three, 13 patients (32.5%) four, and 6 patients (15.0%) had
all five of the above mentioned components of MetS. In the control group, only three subjects (7.5%) met two
components of MetS, 15 (37.5%) controls met one, and the 22 (55.0%) volunteers showed no components
of MetS. In the MetS group, 35 patients suffered from hypertension, and of these patients, 21 were under
antihypertensive treatment. Among them, 12 were treated with an angiotensin converting enzyme (ACE)
inhibitor or angiotensin receptor type 1 blockers, and the 9 remaining subjects were on a combination of ACE
inhibitor with calcium channel blockers.

Exclusion criteria for both groups were the following: current antioxidant therapy, excessive alcohol
consumption (>30 g/day), hormonal replacement therapy, supplementation with polyunsaturated fatty
acids, manifestation of cardiovascular and/or cerebrovascular diseases, type 1 diabetes mellitus, liver (with
exception of nonalcoholic fatty liver disease) and kidney diseases (creatinine >130 pmol/1), microalbu-
minuria (urinary albumine 30-300 mg/day), hypothyroidism as well as recent infections and malignancies.

Informed consent was obtained from all participants. The study protocol was approved by the Ethical
Committee of the First Faculty of Medicine, Charles University in Prague.

Blood Samples

Blood samples were collected after a 12-hour overnight fast. Activities of antioxidant enzymes (with
exception of PON1) and concentrations of GSH were measured in hemolysed erythrocytes which had been
separated from the EDTA plasma and washed three times with saline. Serum was used for all other param-
eters. Samples were stored at -80 °C until the assay.

Methods

Activities of antioxidant enzymes were measured spectrophotometrically using kinetic methods previ-
ously described [10]. Briefly, the activity of GPX1 was measured using tert-butyl hydroperoxide as a substrate,
and the rate of NADPH degradation was monitored. The molar extinction coefficient of NADPH (6,220
mol/l/cm) was used for calculation of activity which was then expressed as U/g hemoglobin. The activity of
GR was measured by monitoring the rate of NADPH degradation. Activity was calculated using the molar
extinction coefficient of NADPH and expressed as U/g hemoglobin. The CAT activity was calculated using the
molar extinction coefficient of H,0;, (43.6 mol/l/cm), whose degradation rate was monitored at 240 nm.
Activity is expressed as kU/g hemoglobin. The method of CuZnSOD activity assessment is based on the moni-
toring of the rate of NBT-formazan generation. Superoxide dismutase activity was calculated by means of a
calibrating curve; superoxide dismutase standard (Cat. No. S9636-1kU) was purchased from Sigma Aldrich
(St. Louis, MO, USA). Activity was expressed as U/g hemoglobin. The arylesterase activity of PON1 was
measured using phenylacetate as a substrate. Arylesterase activity of PON1 was calculated using the molar
extinction coefficient of the produced phenol (1,310 mol/l/cm) and expressed as U/ml serum.

GSH was assessed by the modified spectrophotometric method according to Griffith [11]; this method
is based on the determination of the relatively stable product of the reduction of 5,5’ dithiobis-2-nitrobenzoic
acid (DTNB). The concentration of CD-LDL was assessed by the modified method of Wieland and Seidel at
234 nm [12]; both methods have been fully described in the previously mentioned paper [10].
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All routine clinical tests were performed at the Institute for Clinical Biochemistry and Laboratory Diag-
nostics of General University Hospital in Prague: C-reactive protein (CRP) was determined by an immuno-
turbidimetric method using a K-ASSAY CRP kit (Kamiya Biomedical Company, Seattle, WA, USA; cv = max.
7.6%) on a Hitachi Modular analyzer (Tokyo, Japan). Copper and zinc were measured using atomic absorption
spectrometry, uric acid by an enzymatic colorimetric method with the uricase-peroxidase system, and bili-
rubin by the 2,5-dichlorophenyldiazonium method with a Hitachi Modular analyzer. Plasma albumin was
assessed by a colorimetric method using bromocresol green. Plasma concentrations of total cholesterol (TC)
and triglycerides (TG) were measured by enzymatic-colorimetric methods (Boehringer, Mannheim,
Germany). HDL-C was determined in the supernatant after precipitation of lipoproteins B by PTA/Mg?*,
using the kit from the same manufacturer; LDL-C was calculated according to Friedewald’s formula. Concen-
trations of apolipoproteins apo Band apo A1 were measured by the Laurell rocket electroimmunoassay using
standard and specific antibodies (Behringwerke, Marburg, Germany). The concentrations of insulin and
C-peptide were determined with an electrochemiluminescence immunoassay (Roche, Basel, Switzerland).
The homeostasis model assessment of insulin resistance (HOMA-IR) index was calculated as HOMA-IR =
(fasting serum glucose (mmol/1) x fasting serum insulin (pU/ml)) / 22.5 [13]. The TRAP was calculated
according to the formula: (0.63 (albumin) + 1.02 (uric acid) + 1.50 (bilirubin)) [14].

Statistical Analysis

Data was expressed as mean and standard deviation or median (25th-75th percentile) for data different
from normal distribution. Normality of the distribution was tested by the Shapiro-Wilks W test. Comparisons
between the groups were carried out by the independent t-test. Mann-Whitney U test was used for nonpara-
metric comparisons and Spearman correlation coefficients for correlation analyses. All analyses were
performed using version 8.0 of StatSoft Statistica software (2007, Czech version). The p value < 0.05 was
considered statistically significant.

Results

Clinical and biochemical characteristics of the group of subjects with MetS and that of
healthy controls are shown in table 1. The groups did not differ in age. In both groups there
were no subjects with either type 1 or type 2 diabetes mellitus . The subjects included in the
MetS group suffer from insulin resistance when the metabolism of glucose was impaired.

As expected, subjects with MetS had significantly higher values of body mass index and
waist circumference. They also had higher values of systolic BP and diastolic BP, glucose, TC,
TG, apolipoprotein B (apo B), and uric acid as well as a higher level of insulin and insulin resis-
tance, as assessed by the homeostatic model HOMA-IR. Decreased values were observed for
plasma concentrations of HDL-C and apo A1l. The difference in CRP did not reach statistical
significance. As expected, men have decreased levels of HDL-C and Cu and increased values
of waist circumference compared to women.

Activities of antioxidant enzymes and concentrations of GSH and CD-LDL together with
levels of cTRAP are presented in table 2. In the group of subjects with MetS, activities of
CuZnSOD and GR as well as concentrations of CD-LDL and levels of cTRAP were significantly
elevated. On the other hand, activities of CAT and PON1 as well as concentrations of GSH were
found to be decreased.

Spearmen correlations (after Bonferroni adjustment) between selected variables are
shown in table 3. All risk factors of MetS correlated significantly with the number of compo-
nents of MetS, namely abnormal levels of glucose, waist circumference, TG, HDL-C, and
SBP. Concentrations of CD-LDL significantly correlated with concentrations of TG and
HDL-C.

Activities of CuZnSOD correlated positively with those of GR (r = 0.341, p < 0.01) and
GPX1 (r=0.260, p < 0.05), and with concentrations of Zn (r = 0.363, p < 0.01) as well as nega-
tively with the ratio Cu/Zn (r =-0.278, p < 0.05). Activities of PON1 correlated positively with
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Table 1. Clinical and biochemical characteristics of subjects with the metabolic syndrome and of healthy controls?

Metabolic syndrome Controls
all M F all M F
N 40 20 20 40 20 20
Age, years 58.4 57.0 58.7 58.5 57.8 59.5
(53.4-62.2) (50.1-63.1) (55.9-61.6) (52.6-64.5) (50.1-64.0) (54.0-65.0)
Waist, cm 101.4 £ 9.1+ 104.4 £ 6.4**** 98.3 + 10.5%** 82.5+11.0 86.9+13.2* 783+6.6
BMI, kg/m? 29.4 29.0 30.6 239 25.0 23.8
(27.4-31.7)*** (27.7-30.3)** (25.9-32.4)%** (21.9-25.5) (21.8-26.3) (21.9-25.4)
Smoking, N (%) 10 (25.0) 6 (30.0) 4 (20.0) 4 (10.0) 0(0.0) 4(20.0)
Hypertension, N (%) 35 (87.5) 18(90.0) 17 (85.0) 8(20.0) 5 (25.0) 3(15.0)
Systolic BP, mm Hg 140 140 140 130 128 130
(130-143)** (130-140)**  (130-145) (120-130)  (120-130)  (120-140)
Diastolic BP, mm Hg 90 (88-95)*** 90 (90-95)*** 90 (83-95)*** 80 (80-80) 80(80-85) 80 (80-85)
Glucose, mmol/1 5.4 (4.8-6.1)*** 5.0 (4.7-5.8) 5.6 (5.1-6.3)** 4.7 (4.5-5.1) 4.9 (4.5-54) 4.7 (43-5.0)
Insulin, mU/1 11.4 (8.7-14.8)***11.4 (8.6-15.1)* 11.3 (9.4-14.3)* 7.8 (4.6-9.5) 8.5 (4.8-10.1) 7.6 (4.6-9.1)
C-peptid, nmol/I 0.97 0.99 0.93 0.64 0.59 0.68
(0.84-1.19)*** (0.86-1.14)***  (0.81-1.28)*** (0.51-0.75) (0.46-0.75) (0.55-0.73)
HOMA-IR 3.0 (1.9-3.8)** 3.0 (1.8-3.7)* 3.0 (2.1-4.5)** 1.6 (1.0-2.1) 1.8(1.0-2.2) 1.6(1.0-1.9)
TC, mmol/1 6.3 (5.2-7.3)* 6.2 (5.2-7.1)* 6.5 (5.2-7.4) 5.7 (5.0-6.2) 5.7 (4.8-6.1) 5.8(5.0-6.6)
TG, mmol/1 2.6 (1.9-3.7)* 23(1.9-3.6)* 2.7 (1.7-3.9)** 1.1(09-14) 1.1(0.8-1.4) 1.0(0.9-1.3)
HDL-C, mmol/] 1.2 (1.1-1.3)*** 1.1 (1.0-1.2)***+ 1.2 (1.1-1.3)** 1.6(1.3-1.8) 1.5(1.3-1.8) 1.6(1.5-1.9)
LDL-C, mmol/I 3.6 (3.1-4.3) 3.5(3.2-4.2) 3.6 (3.0-4.3) 3.5(2.8-4.3) 3.4(2.9-3.8) 3.6(2.8-4.3)
Apo A1, g/l 1.26 £ 0.25** 1.24 £ 0.25 1.28 £ 0.26** 143 +0.21 1.36 £0.20+ 1.50+0.20
Apo B, g/1 1.34 + 0.32%** 1.39 £ 0.26%** 1.28 £ 0.37 1.09 £ 0.25 1.06 £0.22 1.13 £0.28
NEFA, mmol/1 0.50 0.43 0.51 0.55 0.59 0.55
(0.39-0.72) (0.35-0.68) (0.43-0.75) (0.43-0.71) (0.435-0.83) (0.40-0.61)
CRP, mg/1 2.7 (2.0-6.3) 2.8 (2.0-4.3) 2.7 (2.0-7.4) 2.3(2.0-6.5) 2.0(2.0-4.3) 4.6(2.1-7.3)
Cu, umol/1 17.7 17.0 19.6 18.5 16.3 19.9
(16.0-20.5) (15.5-18.4) (16.3-21.7) (16.3-21.5) (14.3-18.6)** (18.5-23.4)
Zn, pmol/1 16.0 15.8 16.3 15.4 16.0 15.2
(13.4-17.7) (13.4-17.8) (13.8-17.1) (14.6-19.9) (14.5-18.3) (14.7-20.8)
Bilirubin, pmol/1 9.1 10.9 7.2 10.6 13.9 9.0
(6.8-12.9) (7.9-13.8)+ (6.1-9.6) (8.0-15.2) (9.8-18.2)** (7.5-12.3)
Uric acid, pmol/1 346 355 329 293 320 251
(290-390)** (312-420)* (275-352)** (236-346)  (291-370)*** (195-293)

BP = Blood pressure; TC = total cholesterol; TG = triglycerides; HDL-C = high density lipoprotein; LDL-C = low density lipo-
protein; Apo = apolipoprotein; HOMA-IR = homeostasis model assessment of insulin resistance; QUICKI = quantitative insulin

sensitivity check index; NEFA = non-esterified fatty acids; CRP = C-reactive protein; Met = metabolic syndrome.

aData presented as mean + standard deviation (SD) for parametric and median (IQR) for non-parametric variables;
MetS versus controls: *p < 0.05, ** p < 0.01, ***p < 0.001. Female versus male: *p < 0.05, **p < 0.01, ***p < 0.001.

apo Al (r = 0.479, p < 0.001). Concentrations of CD-LDL correlated positively with TC (r =
0.565,p <0.001),apo B (r=0.597,p <0.001), and LDL-C (r = 0.384, p < 0.001), and negatively
with CAT (r=-0.233, p < 0.05).

Discussion

In this study, comparing MetS patients with an age- and sex-matched control group,
increased activities of CuZnSOD (+15%, p < 0.05) and GR (+19%; p < 0.001) and increased
levels of CD-LDL (+14.4%; p < 0.001) and cTRAP (+6.5%; p < 0.01) were found in MetS
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Syndrome

Table 2. Parameters of oxidative stress of studied groups

Metabolic syndrome Controls

all M F all M F
GPX1,U/gHb 59.4 +15.8 57.6 £18.1 61.1+13.4 59.1+17.7 55.4+19.2 62.8+15.7
GR,U/gHb 8.19 + 1.54** 8.74 + 1.21****  7.63+1.67 6.88 £ 1.66 6.92 +1.76 6.83 £ 1.60
GSH, mg/g Hb 0.57 0.56 1.51 1.46 1.22 1.70

(0.38-2.73)* (0.40-0.70) (0.38-5.01) (0.41-5.22) (0.43-5.40) (0.40-5.05)
CAT,kU/g Hb 189.6 +31.8* 192.5%27.8 186.7 + 35.8 204.6 £33.0 206.1+£325  203.1+344
CuZnSOD,kU/gHb 2.3 (1.9-2.5)** 2.3 (2.2-2.5)* 2.0 (1.7-2.5)" 2.0(1.2-25) 22(1.1-2.6) 2.0(1.3-24)
PON1, kU/1 1589 +£41.9* 152.0+47.4 165.7 £35.4 179.9£42.3 170.2 £ 36.1 189.5 £ 46.5
CD, mmol/1 61.9 57.3 63.8 54.1 53.3 57.5

(54.1-84.3)*** (53.4-68.7)* (55.3-94.2)* (41.3-63.6) (33.8-63.6) (42.9-68.1)
cTRAP, pmol/1 823 875 785 773 809 701

(766-877)**  (816-909)*** (732-835)** (691-820) (768-865)""" (655-776)

GPX1 = glutathione peroxidase 1; GR = glutathione reductase; GSH = reduced glutathione; CAT = catalase; CuZnSOD = CuZn-
superoxide dismutase; PON1 = paraoxonasel - arylesterase activity; CD = conjugated dienes in precipitated LDL; cTRAP =
calculated total peroxyl radical trapping - calculation: [0.63 (albumin) + 1.02 (uric acid) + 1.50 (bilirubin)]; Met = metabolic
syndrome; Data presented as mean = standard deviation (S.D.) for parametric and median (IQR) for non-parametric variables.

MetS versus controls: *p < 0.05, ** p < 0.01, *** p < 0.001. Female versus male: *p < 0.05, ** p < 0.01, ***p < 0.001.

Table 3. Spearman correlation coefficients for components of the metabolic syndrome and parameters of oxidative stress in
the combined group (metabolic syndrome plus controls) (N = 80)

SBP TG HDL-C Glucose HOMA-IR MetSC CD PON1 GR GPX1  CAT CuZnSOD

Waist 0.313 0.533*** -0.602*** 0.402** 0.570*** 0.717**" 0.336 -0.103 0.377* -0.160 -0.115 0.049

SBP - 0.270 -0.147 0.141 0.103 0.405** 0.338 -0.039 0.129 0.076 -0.108 -0.097
TG B - -0.631"** 0.396*  0.453** 0.736"** 0.571"** -0.170 0.219 -0.067 -0.182 0.017

HDL-C - - - -0.357* -0.405* -0.681""* -0.374" 0.321 -0.148 0.086 0.133 -0.015
Glucose - - - - 0.555*** 0.540"**  0.019 -0.103 0.127 -0.286 -0.081 -0.118
HOMA-IR - - - - - 0.493***  0.099 -0.088 0.216 0.025 -0.066 -0.073
MetSC B - - - - - 0.442** -0.193 0.261 -0.097 -0.249 -0.115

SBP = Systolic blood pressure; TG = triglycerides; HDL-C = high density lipoprotein; HOMA-IR = homeostasis model assessment of
insulin resistance; Met = metabolic syndrome; MetSC = number of components of the MetS (N = 1-5; waist circumference, glucose,
triglycerides, HDL-C, SBP); GPX1 = glutathione peroxidase 1; GR = glutathione reductase; CAT = catalase; CuZnSOD = CuZn-superoxide
dismutase; PON1 = paraoxonase-1-arylesterase activity; CD = conjugated dienes in precipitated LDL. *p < 0.05; **p < 0.01; “**p < 0.001;
after Bonferroni adjustment.

patients. In contrast, activities of CAT (-7.3%; p < 0.05) and PON1 (-11.7%; p < 0.05) as well
as serum concentration of GSH (-61%; p < 0.05) were significantly decreased. The HOMA-IR
demonstrated evidence of a significantly increased insulin resistance in subjects with MetS.
Under resting physiological conditions, biologic systems generate only small amounts of
the superoxide anion. Its overproduction can result from mitochondrial electron leakage in
hyperglycemia [15]. Other causes of superoxide overproduction are increased activities of
NAD(P)H oxidases [16], xanthine oxidase, lipoxygenase, and cyclooxygenase as well as an
imbalance in the thioredoxin system [17]. Large amounts of superoxide and other RONS arise
inthe accumulated fat, mainly due to increased activities of NAD(P)H oxidases and a decreased
expression of antioxidant enzymes [18]. Adipose tissue is an important generator of oxidative
stress and inflammation, contributing to the production of pro-inflammatory cytokines
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(TNFa, IL-1, IL-6 etc.). Oxidative stress is supposed to worsen the inflammatory state in MetS
via activation of redox-sensitive transcription factors (particularly NFkB) by RONS, inducing
the expression of TNFa and IL-6. These cytokines increased CRP synthesis. However, in our
study, we did not find a statistically significant difference in CRP levels between MetS patients
and controls. This could be caused by the method used for CRP measurement. The method
used in our study lacks the sensitivity to differ between low-grade inflammation in MetS (CRP
between 1.0 and 3 mg/1) and subjects without MetS (CRP < 1.0 mg/1).

The raised CuZnSOD activities in the erythrocytes of patients with MetS found in our
study may be compared with the results of Mitrijevic-Sreckovic et al. [19], who described
slightly increased CuZnSOD activities in children with MetS in comparison with obese children
without MetS. Studies on serum CuZnSOD activities did not show consistent results [20, 21].
Increased CuZnSOD activity results in raised amounts of H,0, which becomes toxic when
activity of CAT is normal or decreased. Induction of one enzyme (CAT or CuZnSOD) does not
necessarily lead to the induction of the other one [22]. Another source of H,0, is its passage
through the erythrocyte membrane [23]. The elevated production of ROS in the endothelium
could thus lead to increased levels of ROS also in erythrocytes.

In our study, we have found asignificantly decreased activity of CAT. Because of the increased
activity of CuZnSOD in our study, elevated levels of H,0, have to be expected. According to study
of Kirkman et al. [24], during lengthy exposure of CAT to H,0,, the CAT-bound NADPH became
oxidized to NADP* and activity of CAT fell to about one third of the initial activity. Consequently,
the cause of the decrease of CAT activity could be the damage of erythrocyte CAT by H,0,.
Contrary to our study, Cardona et al. [20, 21] found increased activities of CAT in patients with
hypertriglyceridemia (concentration of TG > 1.7 mmol/1) apart from the presence of MetS, and
these activities were further increased after fat overload. Decreased activities of CAT were
described in patients bearing only individual components of MetS - obesity [25], hypertension
[26], or insulin resistance [27]. Decreased activity of CAT implies stressed condition of erythro-
cytes when complete removal of H,0, is not possible [28]. Low activities of CAT were associated
with an increased risk of diabetes mellitus and its complications [5, 29].

The GPX1 activity in our study was not altered in MetS patients. This result is in accordance
with the study of Mitrijevic-Sreckovic [19]. On the contrary, Cardona et al. [20, 21] found lower
activities of GPX1 in a group of subjects with hypertriglyceridemia, a part of MetS presence, and
the drop of its activity was almost to 75% of that of the control group. Bougoulia et al. [30]
showed decreased activity of GPX1 in obese subjects as well as an increase after weight reduction.

As expected, concentrations of GSH were significantly decreased and activities of GR
increased in our group of subjects with MetS. Decreased concentrations of GSH with opposite
changes in GSSG levels were also found in MetS subjects in the study of Cardona et al. [20]. On
the other hand, Cardona etal. [21] registered a significant drop in GR activity in MetS subjects.
Increased activity of GR could be attributed to a compensatory protective mechanism of the
cells against ROS. Furthermore, our expected increase in the GSSG/GSH ratio due to lower
levels of GSH may stimulate compensatory increase in GR activity in blood to reduce higher
levels of GSSG into GSH [31].

The finding of decreased arylesterase activities of PON1 in our subjects with MetS is in
accordance with other studies [32, 33]. Because it was shown [34] that there is a strong
positive correlation between arylesterase and paraoxonase activity of PON1, we could
therefore discuss arylesterase and paraoxonase activity of PON1 together. Low activities of
PON1 have been shown to be associated with oxidative stress, hypercholesterolemia, diabetes
mellitus, cardiovascular diseases, and sepsis [34, 35].

In the present study, we found significantly higher concentrations of CD-LDL in subjects
with MetS. This test was shown to be the most sensitive indicator of lipid peroxidation and
can be regarded as a global marker of systemic oxidative stress [36]. In this study, several
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anthropometric and biochemical characteristics of MetS correlated significantly with
increased concentrations of CD-LDL, which reflect oxidation of the lipid component of LDL.
This finding is in agreement with the results of our studies concerning the severity of MetS,
oxidative stress, hypertriglyceridemia, and fatty acid metabolism [37, 38]. The important role
of lipid peroxidation in the pathogenesis of MetS has been proven in many experimental and
clinical studies [39].

Conclusion

In the present study, we estimated a wide variety of antioxidant enzymes, and activities
of several enzymes were changed in subjects with MetS. Enzyme activities were assessed in
the erythrocytes where the concentration of enzymes remain stable throughout the life span
and reflect adaptive changes in their expression in erythroid precursors. According to our
results, alterations of antioxidant enzymes related to MetS are not uniform. While activities
of CuZnSOD and GR were higher in the MetS group than in healthy subjects, a decrease in CAT
and PON1 as well as the absence of the expected increase in GPX1 indicate a disorder in anti-
oxidant defense mechanisms. Our results could be interpreted that the erythrocytes and their
GSH levels and activities of GR and GPX1 protect against oxidative stress in MetS. The severity
of MetS, as assessed by the number of its components, significantly correlated with the
concentrations of CD-LDL.
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ABSTRACT

Objective: To observe markers of oxidative stress and antioxidant status in relation to
inflammatory mediators in septic patients at onset of systemic inflammatory response
syndrome (SIRS), one week later and one week after the clinical recovery from sepsis.
Design: The prospective study.

Setting: Multidisciplinary adult intensive care unit (11 beds).

Patients: 30 adult patients in severe sepsis and septic shock (SP); 19 SP completed 3
samplings (S1: enrolled within 24 hours after the onset of sepsis, S7: 7 days after S1, R7: 7
days after the recovery).

Interventions: None

Measurements: C-reactive protein, procalcitonin, interleukins (IL-1f3, IL-6, IL-10), tumor
necrosis factor a, oxidized-LDL (ox-LDL, conjugated dienes (CD), nitrites, nitrotyrosine,
paraoxonase 1 activity, HDL cholesterol, apoprotein Al, serum amyloid, cofactors of
antioxidant enzymes, non-enzymatic antioxidants and antioxidant enzyme activities (CuZn-
superoxide dismutase, catalase, glutathione peroxidase 1, glutathione reductase).

Main Results: Comparing SP with healthy controls (HC), the enhanced concentrations of C-
reactive protein, procalcitonin and bilirubin in serum as well CuZnSOD activity in
erythrocytes was found in S1 only. The serum levels of ox-LDL, CD, nitrites and
nitrotyrosine were increased in S1, culminated in S7 and reverted nearly to the HC level in
R7. The reduction in CAT activity and increased concentration of SAA observed in S1
endured till S7. The increase in IL-6, IL-10 and TNFa accompanied by the decrease in the
PONI1, GPXI, apo-Al, HDL-C, Se, Zn and albumin appeared in S1 and persisted until R7.
The increased TNFa in R7 was in the close negative correlation with HDL-C and albumin

concentrations.



Conclusions: Increased level of cytokines, lasting after cessation of clinical signs of severe
sepsis, was accompanied by significant depletion of antioxidant capacity and persistence of
inflammatory activity. At this critical period of recovery, the patients should be dealt as high
risk population thus carefully followed up and considered for special antioxidant, nutritional

and physiotherapeutic interventions.

Key words: sepsis, oxidative stress, antioxidant enzymes, cytokines, reactants of acute phase,

paraoxonase 1



INTRODUCTION

Sepsis is defined as a systemic inflammatory response syndrome (SIRS) in the
presence of infection progressing with different degree of severity (1;2). Patients with severe
sepsis and septic shock show deregulation of inflammatory process that corresponds to
extensive exhaustion of individual functional reserves and development of organ dysfunction.
These patients require intensive care in order to improve survival (3). Nevertheless, many of
them who survive beyond intensive care and are clinically recovered still possess subclinical
impairments and thus remain susceptible to secondary complications with negative impact for
their long-term prognosis. With this respect, using appropriate markers for the identification
of these patients at risk would enable the follow up care to concentrate the effort and
resources on sufficient functional recovery.

Sepsis arises through the activation of an innate immune response, with changes in the
expression and activity of many endogenous mediators of pro- and anti-inflammatory
processes (4-6) interplaying in order to eliminate the insult and establish new homeostasis
(7;8). SIRS, typically present in early sepsis and lasting 3-5days, is characterized by
tachycardia, tachypnoe and abnormal body temperature or white blood count. This
predominately pro-inflammatory period is usually followed by the development of so called
Compensatory Anti-inflammatory Response Syndrome (CARS), a complex but incompletely
defined pattern of immunologic responses to attenuate pro-inflammatory reaction of host that
when unbalanced under severe infection can result in energy and immunosuppression with
increased susceptibility to the development of a new infection (9-11). From this point of view,
pro- and anti-inflammatory cytokines facilitating and modulating the response to the
inflammatory stimulus seem to serve as an important prognostic marker of the subsequent
patient outcome (12;13). Moreover recent clinical studies have shown that the increased levels

of IL-6, TNF-a and IL-10 persisting after clinical recovery from sepsis, rather than their initial



peak, are more characteristic of those patients who ultimately have further complications or
die (14;15) .

The activation of leukocytes and release of mediators in sepsis is indispensably
accompanied by an increased production of reactive oxygen and nitrogen species (RONS)
(16). RONS are well recognised for playing a dual role as both deleterious and/or beneficial
species. Beneficial effects occur at low/moderate concentrations of RONS and involve
physiological role in cellular responses as for example in defence against infectious agents
and in the function of a number of cellular signalling pathways. Under physiological
conditions, the balance is established between RONS production and antioxidant defence
capacity. This balance can be disturbed through variable extent of increased RONS
production and/or impaired antioxidant defence. The pro-anti-oxidant imbalance, in favour of
the former, is known as oxidative stress (17). Overproduction of RONS is a deleterious
process that can be an important mediator of damage to cell structures under pathological
conditions (18). The oxidative modification of molecules occurring in adult and paediatric
sepsis is probably an important promoter of sepsis progression toward shock and organ
dysfunction (16;19).

The idea of the study was to describe inflammatory process of severe sepsis/septic
shock in SIRS, CARS and 7 days after the clinical recovery in carefully selected group of ICU
patients. The analysis of inflammatory mediators together with oxidative stress markers and
antioxidant status would help to confirm clinical stages of sepsis emphasizing the persistence
of risk after the recovery (usually after discharge from ICU or hospital) that should be
addressed in standard follow up measures to determine the patient status and prognosis as
well the choice of appropriate interventions. To our knowledge, studies of this completeness

have not been published so far.



PATIENTS AND METHODS

This prospective study was carried out in medical adult intensive care unit (ICU) of

the University Teaching Hospital. The study protocol was approved by the institutional
review board and the Ethics Committee of the General Teaching Hospital in Prague. Written
informed consent was obtained from all participants.
Patients: The population under study consisted of two groups: 30 septic patients (SP) and 30
age and sex matched healthy controls (HC). The sepsis was defined according to the Society
of Critical Care Medicine/American College of Chest Physicians (SCCM/ACCP) definitions
(2). SP had to fulfil the following inclusion criteria: APACHE II score > 10 and C-reactive
protein in serum > 20 mg/l. Exclusion criteria for SP were: antioxidant therapy, chronic
dialysis, history of diabetes, generalized tumours, immunosupressive therapy and
chemotheraphy. Sepsis was treated according to guidelines (5). HC were defined as
individuals without known major disease.

Data collection: Samples from SP were collected three times: during the first 24 hours
after ICU admission (S1), 7 days after S1 (S7) and recovery (R7), e. g. 7 days after the
cessation of septic clinical sings, CRP < 20 mg/l and temperature < 37 °C. Samples from HC
group were obtained once. From the group of 30 SP 8 patients died because of sepsis and 3 SP
were lost from follow up because they never fully recovered from sepsis thus all three
samplings were available from 19 patients. These SP were compared with group of 19 sex and
age matched HC. The main source of sepsis was lung, in 13 cases. In all study participants the
medical history and the intake of any medicaments were documented at the study entry. The
first seven days after ICU admission, the SOFA score (20;21) was calculated from laboratory
and clinical parameters in SP. Blood was taken after overnight fasting from an arterial line

(SP) or by puncturing a peripheral vein (HC).



The concentration of C-reactive protein (CRP), procalcitonin (PCT), interleukin 6 (IL-
6), interleukin 10 (IL-10), tumor necrosis factor o (TNFa), serum amyloid A (SAA), oxidized
LDL (ox-LDL), albumin, bilirubin, uric acid, Cu, Zn, Fe, Se, vitamins A and E and lipid
parameters, as well as PON1 activity were measured in serum. Serum was prepared (after
coagulation in vacutainer tubes) by centrifugation at 3500 rpm at 4 °C for 10 min. Conjugated
dienes (CD) were measured in precipitated LDL. Activities of antioxidant enzymes were
measured in haemolysed erythrocytes. The samples were stored at -80 °C until assay. All
samples were marked with unique identification numbers, merging data only after assays had
been completed.
Laboratory measurements: The routine biochemical tests were measured in Central
Biochemical Laboratory of General Teaching Hospital in Prague.
Concentration of CRP was measured with 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). Cytokines: IL6, IL10 and TNFa were analyzed using Fluorokine MAP kits
(R&D Systems, USA) and Luminex®100 analyzer. Fluorokine MAP kits are composed of a
Base kit and a panel of Analyte kits. Each kit contains antibody-coated microparticles and
biotinylated detection antibodies. SAA concentration was analysed by a solid phase sandwich
ELISA kit (Invitrogen Corporation, USA). The arylesterase activity of PON1 was measured
according to the method as previously described by Eckerson et al. using phenylacetate as a
substrate (22). 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'ecm™) and expressed as U/ml of serum. Oxidized-LDL

measurement was performed by Oxidized LDL ELISA kit (Mercodia, Sweden). Activities of



antioxidant enzymes were determined by spectrofotometric kinetic methods and concentration
of CD/LDL was measured as previously described by Kodydkova et al. (23). Concentration of
nitrotyrosine was measured by a solid phase sandwich ELISA kit (Biovendor, Czech
Republic). The concentration of nitrites and nitrates in serum was assessed by the Griess
reaction according to method of Guevara et al. (24). The total peroxyl radical trapping was
calculated according to the formula: [0.63 (albumin) + 1.02 (uric acid) + 1.50 (bilirubin)](25).
Statistical analysis: Data are expressed as mean + S.D. for parametric and median as median
(25"-75" percentiles) for nonparametric variables. Normality of data distribution was tested
with Shapiro-Wilks W test. Differences between SP and HC were tested with one-way
ANOVA with Dunnettpost test. For nonparametric analysis Kruskal-Wallis ANOVA was
used. Friedman ANOVA was used for dependent analysis. All statistical analyses were
performed using version 8.0 of StatSoft software Statistica (2007, CZ). P < 0.05 was

considered to be statistically significant.

RESULTS

Basic  characteristics: Table 1 summarizes the demographic and clinical
characteristics of 19 SP in all three samplings and 19 sex and age matched HC.

Acute-phase response markers: The serum PCT and CRP concentrations increased in
S1 but no significant difference was observed, in S7compared to HC. The increased
concentrations of interleukins (IL-6, IL-10, TNF-a) persisted from SI till R7 and SOFA
gradually decreased from S1 till S7 (Figure 1).

Serum markers of oxidative stress: The levels of ox-LDL, CD and nitrotyrosine
increased in S1, culminated in S7 and returned to the HC values in R7. Enhanced serum

concentration of nitrites/nitrates was observed only in S7 (Figure 2).



Antioxidant capacity: CuZnSOD activity was increased in S1 and returned to the HC
value already in S7. The decline in CAT activity found in S1 and S7, returned to the HC level
in R7 while the decrease in GPX1 activity persisted in all three samplings. No significant
difference in GR activity between HC and individual SP samplings was found (Figure 3).

Table 2 presents non-enzymatic antioxidants and cofactors of antioxidant enzymes.
The decrease in concentrations of vitamin A, vitamin E and bilirubin was found in S1 only,
however, the decrease in Zn was observed in both S1 and S7. The significant decline of uric
acid and the rise in Cu was observed only in S7 compared to HC. Nevertheless all these
changes returned nearly to the HC values in R7. On the other hand, the substantial decrease in
transferrin, Fe, Se and albumin as well the increase in the ferritin concentrations and
Calculated TRAP observed already in S1, persisted still 7 days after recovery (R7) and never
reached the HC levels. Marked fall in PONI1 activity appeared at the onset (S1) and persisted
until recovery (R7). The decline in the PONI activity was closely followed by decreased
HDL-C and ApoAl concentrations. SAA concentration was significantly increased in S1 and
in S7 reaching nearly HC level in R7 (Figure 4). We also measured TC (mmol/l): S1 = 3.3
(2.5-3.5), S7=13.7 (2.8-4.3), R7 = 4.4 (4.0-5.2), HC = 5.7 (4.8-6.7); LDL-C (mmol/l): S1 =
1.8 (1.2-2.2),S7=2.2(1.1-2.4), R7=2.9 (2.2-3.2), HC = 3.7 (3.0-4.3) and TAG (mmol/l): S1

=1.3(0.8-1.9), S7= 1.8 (1.1-2.4), R7 = 1.5 (1.1-2.1), HC = 1.5 (1.0-1.7).

DISCUSSION

The design of this study emerged from the recent clinical trials monitoring the basic
pro-inflammatory (IL-6, TNF-a) and anti-inflammatory (IL-10) cytokines as innate immunity
markers on greater population of patients with severe sepsis together with their clinical
outcomes (14). These studies have concluded that despite clinical recovery, the patients

leaving hospital with increased level of cytokines are exposed to increased risk of death



during next year (15). Our relatively small but carefully selected group of patients in early
severe sepsis/septic shock diagnostic category, allowed us to analyse broader set of
parameters characteristic for different stages and aspects of inflammatory process in the
similar clinical setting and corresponding (similar) mortality rate (14). Nineteen patients were
available for three samplings. The first sampling was done within 24 hours after onset of
sepsis, the time for second sampling was chosen 7 days later when the signs of SIRS are
usually over and organ function is restored. In accordance, we present that the SOFA score
was improved by day 7 in this study. The third sampling, 7 days after cessation of all clinical
sings of inflammation, reflected the time difference of illness progress in individual subjects.
This timing enabled us to catch patients in the similar stage of recovery regardless of the
sepsis duration and subsequent inflammatory complications occurrence. The hospital
discharge as the time for last sampling, used in the study cited above (26), we considered as
inappropriate due to bias caused by organisational aspects of health care system such as
accessibility of follow up care. Despite of this difference in timing, we confirmed the
persistence of increased levels of cytokines after the cessation of sepsis in R7. Many studies
have evidenced a significant correlation between the level of individual cytokines and other
markers of SIRS/sepsis together with its severity and patient outcome. TNF-o and IL-6 are
known to mediate mainly pro-inflammatory SIRS while IL-10 is the most important in CARS
response.

In our group of patients a significant decrease in IL-10/TNF- a ratio was caused
mainly by the decrease of serum IL-10 level, whereas TNF- a level declined between S1 and
S7 and remained practically unchanged after. As for the main acute-phase response markers
(CRP, PCT), the enhanced concentrations were observed only in S1 that corresponds with

other studies showing particularly PCT as a typical marker of early sepsis (27-29).



We hypothesized that increased levels of cytokines in monitored times would be
reflected by the concomitant rearrangement of red-ox status that inspired us to analyse the
markers of oxidative damage together with the levels of enzymatic and non-enzymatic
antioxidants. As for lipid peroxidation markers, ox-LDL and CD were elevated in S1,
persisted till S7 and both returned nearly to the values of HC range in R7. In line, the study of
Behnes et al. also presented the increased concentration of ox-LDL in patients with severe
sepsis during the first week of illness (30). Similarly, the endotoxin administration caused a
sharp rise in plasma levels of CD in the porcine model of burn and sepsis (31). Another study
showed increased TBARS and protein carbonyls as markers of lipid peroxidation and protein
oxidation, respectively. While TBARS normalized during 7 days of sepsis, increased protein
carbonyls persisted still three months after the onset of sepsis, probably due to the slow
protein turnover (32). In accordance with other studies (33-35), we present decreased serum
concentrations of vitamins E and A in S1. These vitamins are lipid phase antioxidants, crucial
for prevention of lipid peroxidation(36). The increased level of the nitrotyrosine appeared
already in S1, persisted till S7 while the nitrites/nitrates were increased just in S7 however
both parameters were normalized after recovery in R7. The rise in these nitrogen compounds
is in accordance with previous studies on septic shock patients indicating enhanced NO and
RNS formation during the generalized inflammatory response(32). The observed shift
between starting of growth in nitrotyrosine and nitrites/nitrates is in line with results of Strand
et al. who showed that peak of nitrotyrosine need not coincide with the peak of
nitrites/nitrates concentration in septic shock (37).

The important findings of our study reveal that whereas increased concentrations of
peroxidation products are accompanied by diminished antioxidant capacity in the course of
sepsis (SIRS and CARS), lowered antioxidant capacity is still persisting after the recovery

(R7) while peroxidation products are nearly normalized with the close negative correlation of



ox-LDL to GPX1 and albumin (R = -0.528 and -0.519 respectively). Normal levels of lipid

markers of peroxidation in R7 are accompanied with low level of antioxidant capacity

We confirmed reduced antioxidant defence capacity in septic critically ill patients (16)
and we have found that reduction of some its components even lasted in R7. In our study,
increased CuZnSOD and decreased CAT and GPX1 activities in erythrocytes were found in
S1. While CuZnSOD normalization was observed already in S7, the decrease in GPX1 and
the trend to the decline in CAT activities persisted still in R7. In line, Warner et al.(38) also
found the increased activity of CuZnSOD in erythrocytes at the onset of sepsis. Similarly in
pediatric sepsis there was also observed apparent trend towards the increase of CuZnSOD
activity in erythrocytes (39). CuZnSOD is one of the most important antioxidant enzymes
responsible for the decomposition of superoxide radical while producing H,O, that is further
transformed to H,O by the CAT and GPX1 action. It is necessary to note that the increase in
CuZnSOD activity observed in the early stage of sepsis cannot be, by principle, the result of
the rise in protein amount because mature erythrocytes do not possess any transcriptional
apparatus but it is the result of the activity stimulation (40). We propose that the increase of
CuZnSOD in combination with simultaneous decrease in CAT and GPXI1 activities may
intensify the H,O, accumulation with subsequent spontaneous formation of highly reactive
hydroxyl radicals causing escalation of oxidative damage. Therefore, the increased CuZnSOD
activity in S1 may act predominantly as a pro-oxidant (41) . Published results on erythrocyte
CAT in sepsis are rather controversial to our study. Warner et al.(38) and Leff et al.(42)
published increased activity of CAT in both erythrocytes and plasma of SP. The decrease in
CAT activity observed in our group of SP could possibly be explained by the results of the in
vitro study published by Kirkman et al.(43) where human erythrocyte CAT was exposed (for
12-24hr) to H,O,. The catalase-bound NADPH, important for its activity, became oxidized to

NADP" causing subsequent CAT activity fell down to about one-third of the initial value (43).



We have found decreased activity of GPX1 during the sepsis and after recovery. The
main reason could be low level of GSH as well decline in Se concentration observed in sepsis
(35;44:45). Reduced glutathione (GSH) acts as a reducing substrate of GPX. and Se, bound in
the active site of the enzyme in the form of one selenocysteine residue, is essential for its
activity (46). In accordance suppressed activity of GPX1was accompanied by the decrease in
the Se concentration till R7. Supplementation with Se has been shown to improve antioxidant
capacity as demonstrated by increased GPX activity (47). As for the decrease of GPX1
activity in R7, we have also to consider relatively long regeneration of the enzyme due to the
slow turnover of mature erythrocytes. The enzyme was shown to protect red blood cells
against haemoglobin oxidation and haemolysis (48) that is why the diminished antioxidant
capacity of erythrocytes could impact on the patient outcome in the case of secondary insult.

Serum PONI is considered as further antioxidant enzyme playing important role in
defence against oxidative stress (49;50). We confirmed our pilot study presenting the decline
of PONI1 activity in sepsis (51) and on larger set of patients we have shown that this decrease
persisted till R7. Simultaneously another authors published the decrease of PONlactivity in
patients at the onset of sepsis compared to HC (52;53). It was found that antioxidative effect
of HDL on LDL oxidative modifications is mediated by HDL-bound PON1. The inactivation
of PON1 by ox-LDL involves the interaction of oxidized lipids with its free sulthydryl group.
Thus the ability of PON1 to protect LDL against oxidation is together accompanied by
inactivation of the enzyme (54).

In this study, the decrease in PON1, HDL-C and apo-Alconcentrations was closely
followed by a marked increase of SAA persisting until R7. It is known that during
inflammation SAA replaces Apo-Al and displaces PONI from the association with HDL,
accompanied by the decrease in its activity (55). Our finding of decreased PONI activity in

SP is consistent with the aforementioned parallels and therefore this enzyme activity should



be classified among the negative acute phase parameters. Together with the PON1 decrease
and in accordance with others, we observed the fall down of total cholesterol (TC) which just
as PON1 and HDL-C did not normalized in R7. Similar decrease of HDL-C, in the course of
severe sepsis, was also observed in the study of van Leeuwen et al.(56). The fall in HDL-C
negatively correlated with persisting increase in TNF-o.

We have measured decreased values of TC, LDL-C and HDL-C in SP in all three
samplings. Similarly to serum lipids, the decrease in serum albumin, Apo-Al, transferrin and
Fe in all three samplings was also observed. In line with our results Gordon ef al. showed that
in critically ill patients, the mean high-density lipoprotein cholesterol (HDL-C) concentration
was significantly lower in patients with an infection compared to patients without infection
(57).

We have seen a good positive correlation of HDL-C with albumin and to a lesser
extent with CRP (58) and the correlation with HDL-C found in this study points towards
HDL-C as an acute phase reactant. Changes in acute-phase protein synthesis are mediated by
cytokines produced in response to a variety of stimuli in multiple cell types that include
macrophages, monocytes, T lymphocytes, endothelial and parenchymal cells (59). Several
clinical and experimental studies suggest that high circulating levels of different cytokines
may be responsible for the cholesterol decrease in acute illness (60).

We have seen a good correlation of HDL-C with albumin and, to a lesser extent, with
CRP. Albumin and CRP are well known as acute phase proteins (49) and the correlation with
HDL-C found in this study points towards HDL-C as an acute phase reactant. Changes in
acute-phase protein synthesis are mediated by cytokines produced in response to a variety of
stimuli in multiple cell types that include macrophages, monocytes, T lymphocytes,
endothelial and parenchymal cells (49). Several clinical and experimental studies suggest that

high circulating levels of different cytokines may be responsible for the cholesterol decrease



in acute illness (60-62). The correlation of HDL-C and IL-6 found in this study strengthens
the association of HDL-C with the acute phase response. We observed also a correlation
between HDL-C and procalcitonin. Clinical and laboratory parallels with low grade
inflammatory process in atherosclerosis — the higher markers of inflammation the higher
probability of complications (ischemia, infections etc.). Moreover in the well-functioning
elderly subjects, preinfection systemic levels of TNF- a. and IL-6 were associated with higher

risk of subsequent infection (15).
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Table 1. Clinical characteristics of studied groups

SP
HC
S1 S7 R7
N (M/F) 10/9 10/9
AGE (years) 74 (56-79) 71 (56-78)
APACHE 11 16.0 (13.0-23.0) - - -
Diagnosis
11/8 -
(medical/surgical)
Source of sepsis
12/7 -
(lungs/others)
Day of sampling 1 7 22.0 (14.0-34) -
ICU hospitalization
20.0 (9-53) -
(days)
Hospitalization (days) 24.0 (16.0-61) -
Duration of sepsis
14.0 (6.0-26) -
(days)
SOFA 7.0 (2.5-10.0) 3.0 (1.5-9.0) - -
APV
7 (36.8 %) 7 (36.8 %) 1 (5.3 %) -
(number/percent)
CRRT
0 3 (15.8 %) - -
(number/percent)

SP: septic patients; S1: SP enrolled within 24 hours after the onset of sepsis, S7: septic
patients 7 days after S1 and R7: septic patient one week after the recovery from sepsis, HC:
healthy controls; SOFA: Sequential Organ Failure Assessment, APV: Artificial Pulmonary
Respiration, CRRT: Continuous Renal Replacement Therapy; data presented as median and

interquartile range (25"-75" percentile).




Table 2. Non-enzymatic antioxidants, cofactors of antioxidant enzymes and other parameters

of antioxidant capacity

SP
HC
S1 S7 R7
(n=19)
(n=19) (n=19) (n=19)
Vitamin E (mg/l) 12.2 + 4.6*° 14.5 £4.55 16.4£5.0 18.2+8.6
Vitamin A (mg/l) 0.52 & 0.20*>¢ 0.81 +£0.28 0.96 +£0.44 097 +0.27
Fe (umol/l) 2.8 (2.0-3.3)a’b’c 7.1 (4.8-10.0)*° 11.6 (7.5-13.6)" 20.0 (15.6-27.3)

Ferritin (ng/l)

452 (240-1436)

356 (222-1347)"

278 (194-646)"

84 (67-161.3)

Transferin (g/1) 158 (1L.13-1.91)" | 1.86 (1.55-2.18)™ 219 (2.05235° | 2.65 (2.45-3.09)
Ceruloplasmin (g/1) 0.43 +£0.08 0.47 £0.12 0.45+0.10 0.40 +0.07
Cu (umol/l) 20.3 £ 3.7 22.5+5.1° 21.6 +4.7 18.5+3.2
Zn (umol/l) 8.0+ 2.9°° 118 £2.6™ 141+36 15117
Se (ng/l) 33.3+13.3%¢ 46.5 +28.4° 53.7 +24.3° 72.5+13.8
Albumin (pmol /1) 437 £+ 95%¢ 438 + 118" 548 +944° 707 + 63
Bilirubin (umol/l) 14.8 (9.4-25.9)° 12.5 (6.1-21.4) 7.7 (6.7-17.0) 10.3 (7.3-14.5)
Uric acid (umol/l) 270 + 103 224 +106™° 293 +122 331+£90
c¢TRAP (pmol/l) 585 £ 143*¢ 535 £ 157*¢ 669 + 143° 781 £ 132

S1: patients enrolled within 24 hours after the onset of sepsis, S7: patients 7 days after S1 and

R7: one week after the recovery, HC: healthy controls; cTRAP: calculated total peroxyl

radical trapping - calculation: [0.63 (albumin) + 1.02 (uric acid) + 1.50 (bilirubin)]; data

presented as mean = S.D. for parametric and median (25th-75th percentile) for nonparametric

variables;  septic patients (all samplings) vs. healthy controls, ® S1 vs. S7, °S1 or S7 vs. R7; p

<0.05.




Table 3. Correlations of inflammatory markers, albumin, HDL-C and ox-LDL

Albumin HDL-C Ox-LDL/LDL-C
S1 0,556 -0,384 0,398
S7 *kkk H*kk *
CRP 20,743 10,546 0.464
R7 -0.306 -0.018 -0.070
HC 0.512" 20,242 0,117
S1 10,324 -0.472" 0,405
S7 # sk %
T 10,563 20,680 0,548
R7 L0.341 20.140 0.511"
HC 0,173 0,051 0.075
S1 10,448 20,123 0,116
7 - -
y 0,641 L0351 0,465
R7 20.120 L0.169 0.049
HC 0,637 0,247 20,009
S1 0.172 20,052 20,093
7 ;
_— 0,456 0,387 0,349
R7 -0.712°" -0.302 0.144
HC 20,380 0,026 20,043
S1 0,060 20,299 0.116
S7 * * *
INF 20,503 20,523 0,552
R7 0.775"™ -0.456" 0.464"
HC 0,234 0,669 0,526

S1: patients enrolled within 24 hours after the onset of sepsis, S7: patients 7 days after S1 and

R7: one week after the recovery, HC: healthy controls; *** p < 0.001, ** p < 0.01, * p <0.05
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Figure 1. Changes in inflammation markers and SOFA in the course of sepsis.

S1: septic patients enrolled within 24 hours after the onset of sepsis, S7: septic patients 7

days after S1 and R7: septic patients one week after the recovery, HC: healthy controls; PCT:

procalcitonin, TNF-a: tumor necrosis factor a, IL-6: interleukin-6, IL-10: interleukin-10; Data



presented as median (quartile, range), * S1 or S7 or SR7 vs. HC; "S1orS7vs. R7; ®S1 vs.

S7; ##* p < 0.001, ** p < 0.01, * p < 0.05
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Figure 2. Changes in PONI1 activity and associated parameters in the course of sepsis

S1: septic patients enrolled within 24 hours after the onset of sepsis (n = 19), S7: septic

patients 7 days after S1 (n = 19) and R7: septic patients one week after the recovery (n = 19),
HC: healthy controls (n = 19); PON1: enzyme paraoxonasel — arylesterase activity, SAA:
serum amyloid A, Apo-Al: apolipoprotein Al, HDL-C: high density lipoprotein cholesterol,

data presented as mean = S.D., * Slor S7 or R7 vs. HC; "S1orS7vs.R7; ®S1 vs. S7; *** p
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Figure 3. Changes in activities of oxidative stress parameters in the course of sepsis

S1: septic patients enrolled within 24 hours after the onset of sepsis (n = 19), S7: septic
patients 7 days after S1 (n = 19) and R7: septic patients one week after the recovery (n = 19),
HC: healthy controls (n = 19); Ox-LDL: oxidized low density lipoproteins, CD: conjugated
dienes in precipitated LDL, LDL-C: low density lipoprotein cholesterol, NT: 3-nitrotyrosine;
data presented as mean £+ S.D., * Slor S7 or R7 vs. HC; "S1orS7vs.R7; ®S1 vs. S7; *** p

<0.001, ** p < 0.01, * p < 0.05
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Figure 4. Changes in activities of antioxidant enzymes in the course of sepsis

S1: patients enrolled within 24 hours after the onset of sepsis (n = 19), S7: patients 7 days
after S1 (n=19) and R7: one week after the recovery (n = 19), HC: healthy controls (n = 19);
CuZnSOD: superoxide dismutase, CAT: catalase, GPX1: glutathione peroxidasel, GR:
glutathione reductase; data presented as mean + S.D., * Slor S7 or R7 vs. HC; * S1 or S7 vs.

R7;°S1 vs. S7; #** p < 0.001, ** p < 0.01, * p < 0.05
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Oxidacni stres v pribéhu akutni pankreatitidy
Vavrova L.!, Kodydkova J.!, Macasek J., Ulrych J.2, Zak A!

TIV. Interni klinika, 1. LF UK a VFN v Praze, U Nemocnice 2, Praha 2, 128 01
21, Chirurgicka Klinika hrudni, bfisni a drazové chirurgie, 1. LF UK a VFN v Praze, U Nemocnice 2, Praha 2

SOUHRN

Cil studie: stanoveni parametr’ oxidaéniho stresu a statutu antioxida¢niho systému v prdbéhu akutni pankreatitidy

Typ studlie: observacni, strukturélné vyvézena studie pripadd a kontrol

Material a metody: Do studie bylo zarfazeno 13 pacientll s akutni pankreatitidou (AP) a déle na zakladé véku a pohlavi
sparované dvé kontrolni skupiny, a to skupina zdravych osob (KON) a osob, které prodélaly v minulych 2-3 letech akutni
pankreatitidu (PAP). Pacientdm s AP byly odebirany vzorky celkem 4, nejprve béhem prvnich 24 hodin od objeveni ptiznakd,
poté po 72 hodinach, treti odbér byl provadén 5. den a posledni odbér 10. den onemocnéni. U vSech pacientll byly sta-
novovany kromé zakladnich klinickych a biochemickych parametr( aktivity antioxidacnich enzymdéi, koncentrace nékterych
antioxidantl (redukovany glutation (GSH), vitamin A a E) a parametry oxida¢niho stresu (konjugované dieny v precipitova-
nych LDL (CD/LDL) a oxidované LDL (ox-LDL)). Ke statistickému zpracovani vysledkd byl pouZit program STATISTICA (Stat
Soft, C2).

Wsledky: Vysledky nasi studie potvrzuiji zvySeny oxidacni stres u pacientt s AP, a to zvySenymi hladinami CD/LDL u v8ech
odbérd AP ve srovnani s CON (p < 0,05) a vzristajicimi hladinami ox-LDL v priibéhu AP s maximem 5. den AP. Pozorovali
jsme rovnéz zmény v antioxidacnim systému u AP pacientl; u téchto pacientl jsme zjistili snizené aktivity glutationperoxi-
dazy a arylesterazové i laktonazové paraoxondzy béhem viech odbérl a dale pak snizené hladiny sérovych antioxidantd
— albuminu, vitaminu A a vitaminu E pfi porovnani s kontrolni skupinou.

Zavér: Ve studii byl pozorovan zvySeny oxidacni stres a poruseny antioxidacni systém v Casné fazi AP s gradaci mezi tretim
a patym dnem AP.

Kiicova slova: akutni pankreatitida, oxidaéni stres, antioxidacni enzymy

SUMMARY

Vavrova L., Kodydkova J., Macasek J., Ulrych J., Zak A.: Oxidative stress in the course of acute pancreatitis
Objective: to assess oxidative stress and antioxidant status in acute pancreatitis and their natural course over the 10-day
period.

Design: observation, matched case-control study

Material and methods: Into our study 13 patients with acute pancreatitis (AP) were included together with 13 sex- and age-
healthy controls (CON) and 13 sex- and age- matched controls enrolled from persons that suffered from AP 2 — 3 years ago
(PAP). We observed the antioxidant status of AP patients during the disease and the samplings were taken four times — on
the first 24 hours of disease (AP1), after 72 hours from disease onset (AP3), on the 5" (AP5) and on the 101" day (AP10).
In all studied groups markers of oxidative stress (level of conjugated dienes in precipitated LDL, oxidized LDL) and levels
of antioxidants were assessed. We measured activities of superoxide dismutase (CuZnSOD), catalase (CAT), glutathione
peroxidase 1 (GPX1) and glutathione reductase (GR) in erythrocytes and arylesterase (PON1-A) and lactonase (PON1-L)
activities of paraoxonase in serum and concentrations of reduced glutathione (GSH) in erythrocytes and concentrations of
vitamins E and A in serum.

Resuits: In our study we confirmed increased oxidative stress in AP, with higher levels of CD/LDL in all AP samplings com-
pared to CON (p < 0.05) and with increasing levels of ox-LDL during the AP with the maximum on the 5" day. We have
shown altered status of antioxidant system; the activities of both PON1 activities as well as activity of GPX1 were depres-
sed in all AP samplings in comparison to CON. We have also observed decreased levels of serum antioxidants — albumin,
vitamin A and vitamin E in AP

Conclusion: High oxidative stress and impaired antioxidant status was observed during early phase of AP with the gradation
between 3™ and 5" day of AP.

Key words: acute pancreatitis, oxidative stress, antioxidant enzymes

Uvod

V patogenezi v8ech akutnich zanétlivych procest
hraji ddlezitou roli reaktivni formy kysliku (ROS), které
se uplatiuji v Casné fazi zanétu, jako vysoce aktivni
metabolity vedouci k poruSe bunécné homeostazy,
k poskozeni DNA a k peroxidaci membranovych lipiddi
s naslednym zvySenim permeability a k bunééné smrti
[1]. Udrzeni oxidaéni rovnovéhy organism( zajistuje an-
tioxidacni systém, tvoreny antioxidaCnimi enzymy — su-

peroxiddismutaza (SOD), katalaza (CAT), glutationpe-
roxidaza (GPX), glutationreduktaza GR) a paraoxonaza
(PON) — a neenzymovymi antioxidanty, kde nejddlezit&j-
§im je redukovany glutation (GSH) [2].

Cilem nasi prace bylo sledovat zmény antioxidaéni-
ho systému v pribéhu akutni pankreatitidy (AP), ktera
pfedstavuije rychle se rozvijejici zanétlivy proces spojeny
s vyznamnymi metabolickymi zménami a vyznamnou
klinickou odezvou. Kli€ovymi patogenetickymi pocho-
dy, které probihaji b&éhem rozvoje AP, jsou autodiges-
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ce, patologicka stimulace zanétlivych bunék, ischemie,
reperfuze a hemoragie. Vyznamnym faktorem, ktery se
uplatiuje v patogenezi AP je oxidacni stres (OS), [1].
Mezi nejCastgjsi etiologické faktory vedouci k rozvoji AP
se fadi alkohol a cholelitidza [3].

Material a metody

Do pilotni observacni studie bylo celkem zafazeno
13 pacient( s AP a déle pak na zakladé véku a pohlavi
sparované dvé kontrolni skupiny — skupina 13 zdravych
0sob (CON) a skupina 13 osob, jez béhem 2-3 let pred
odbérem prodélaly akutni pankreatitidu a v dobé studie
byly bez obtizi (PAP). U pacientl s AP byly provadeé-
ny celkem 4 nabéry krevnich vzorkd: prvni nabér byl
proveden béhem prvnich 24 hodin od objeveni prvnich
priznakl (AP1), druhy odbér po 72 hodinach (AP3), tfeti
nabér byl uskutecnén 5. den (AP5) a posledni nabér
pak 10. den onemocnéni (AP10). Pacienti s AP byli vy-
birani na JIP V. Interni kliniky a JIP . chirurgické Kliniky
hrudni, bfiSni a Urazové chirurgie 1. LF UK a VFN v Pra-
ze. U téchto pacient( probihala diagnostika a zarfazeni
do studie na zakladé nasleduijicich kritéril: aktivita AMS,
APACHE Il skore, Ransonova kriteria, koncentrace
C-reaktivniho proteinu (CRP), CTSI skére, kontrastniho
CT vyS8etreni. Na zakladé nové klasifikace zavaznosti AP
dle Petrova et al. (2010) [4] se v jednom pfipadé jedna-
lo o kritickou AP (pacient v priibéhu studie zemrel), ve
4 pripadech o stfedné téZkou a v 8 pripadech o leh-
kou formu AP. U 8 pacientl byla AP biliarniho plvodu,
u 2 pacientt se jednalo o etylickou AP a u 2 o idiopatic-
kou AP, v jednom pfipadé byla AP vyvolana endosko-
pickou retrogradni cholangio-pankreatografii (ERCP).

Do kontrolni skupiny CON byli zafazeni zdravi dob-
rovolnici, do druhé kontrolni skupiny PAP byli zafazeni
dobrovolnici vybirani z pacient(, ktefi byli pfed 2-3 roky
hospitalizovani na IV. Intemni Kklinice s diagnézou akut-
ni pankreatitidy a v dobé studie netrpéli Zadnym chro-
nickym onemocnénim pankreatu. Z téchto 13 osob, 6
prodélalo v minulosti t&zkou formu AP a 7 lehkou formu
AP, v 5 pfipadech se jednalo o bilidrni, ve 4 pfipadech
o etylickou a ve 3 pfipadech o idiopatickou pankrea-
titidu, v jednom pripadé byla AP vyvolana vySetfenim
ERCP. Pro vSechny osoby platila stejna vyluCovaci
kritéria: zavedena terapie antioxidanty (farmakologic-
ké davky vitaminu C a E, allopurinol, N-acetylcystein),
chronickd dialyza, imunosuprese, manifestni diabetes
mellitus, generalizace tumoru a chemoterapie. Studie
byla schvdlena Etickou komisi VFN Praha. VSechny
0soby zarfazené do studie podepsaly informovany sou-
hlas.

U vSech osob zarfazenych do studie byly provadény
odbéry krevnich vzorkd po celonodnim laénéni (min. 10
hodin). Odebrané krevni vzorky byly zpracovany do 1
hodiny od nabéru a material pro dalsi analyzy byl ucho-
vavan pfi -80°C. U pacient( byly sledovany zékladni kli-
nické, antropometrické a biochemické parametry, dale
pak byly stanovovéany aktivity antioxida¢nich enzyma
CAT, GPX1, GR, CuZnSOD v erythrocytech a aryles-
terdzové a laktonazové aktivity PON1 v séru, koncen-

trace antioxidant’ jako je redukovany glutation (GSH)
v erythrocytech, ¢i vitaminy E a A, albumin a bilirubin
v séru. Jako parametr oxidacniho stresu byla méfena
koncentrace konjugovanych diend v precipitovanych
LDL (CD/LDL) a hladina oxidovanych LDL (ox-LDL)
v séru. Speciaini vySetteni (hladiny antioxidantd, marke-
ry oxidacniho stresu) byla provadéna v laboratofich V.
Interni’ Kliniky, rutinni biochemické parametry a stano-
veni hladin vitamint bylo provedeno v Ustavu Iékarské
biochemie a laboratorni diagnostiky VFN Praha. Metody
ke stanoventi aktivity antioxidacnich enzym0 a koncent-
raci GSH a CD/LDL byly podrobné popsany v publikaci
Kodydkové et al. (2009) [5], ke stanoveni ox-LDL byl
vyuzit komeréné dodavany ELISA kit od firmy Merco-
dia. Ke stanoveni hladin selenu byla vyuzita atomova
absorpcni spektrometrie s elektrotermickou atomizact
(ETAAS) na Varian Spectra A220 FS. Koncentrace vita-
mind A a E byla stanovena pomoci diagnostickych kit
(Radanal s. r. 0., CR) a metody vysokouginné kapalino-
vé chromatografie (HPLC) s UV detektorem (Ecom).

Vysledky jsou vyjadreny jako préimér + S. D. pro pa-
rametrické veli€iny a jako median (0,25-0,75 percentil)
pro neparametrické veliCiny. Normalita byla testovana
prostfednictvim Shapiro-Wilkova W testu. Rozdily mezi
jednotlivymi skupinami AP vs. kontrolni soubory byly
zkoumany pomoci jedno-faktorové ANOVY s Neuman-
Keulsovym post-testem. Pro neparametrickou analyzu
byla pouzita Kruskal-Wallisova ANOVA. Pfi testovani
rozdilll mezi jednotlivymi odbéry pacientl s AP byla
pouzita ANOVA pro zavislé vzorky. Pro vSechny statis-
tické analyzy byl pouzivan program STATISTICA 10.0
(Stat Soft, CZ). Za statisticky signifikantni byly povazo-
vany vysledky s p < 0,05.

Vysledky

Do studie bylo zarazeno celkem 13 pacientl s dia-
gnostikovanou AP s prlimémym APACHE Il skore
(APACHE Il = 5,7 + 3,8) pfi vstupu do studie. Zakladni
biochemické charakteristiky jednotlivych skupin jsou
shrnuty v Tabulce 1.

Hlavnimi sledovanymi parametry byly antioxidanty
a markery OS. Jako markery OS byly méfeny hladiny
CD/LDL a ox-LDL. V koncentraci CD/LDL nebyly zjisté-
ny zadné signifikantni rozdily mezi jednotlivymi odbéry
AP, ale vy3s8i hladiny CD/LDL byly pozorovany u pa-
cientl s AP béhem vSech odbér’ ve srovnani s CON
(o < 0,05). Hladina ox-LDL se v pribéhu AP zvySovala
a svého maxima dosahla 5. den onemocnéni (obr. 1).

Ze sledovanych antioxidacnich enzym( dochaze-
lo k nejvétsim zménam aktivit v prlbéhu AP u obou
sledovanych aktivit PON1. Obé PON1 aktivity byly ve
v8ech odbérech AP signifikantné snizené pfi srovnani
s CON. Nejnizsi aktivita u PON1-A byla pozorovana 5.
den AP (obr. 2). V aktivitach GPX1, GR a CuZnSOD ne-
byly pozorovany zadné rozdily mezi jednotlivymi odbé-
ry u AP. Aktivita CAT byla signifikantné zvysena v AP1
oproti AP10 (231,7 = 21,2 vs. 219,8 + 26,0; p < 0,05).

Pri srovnani aktivit téchto enzym( u AP s kont-
rolnimi skupinami, byla pozorovana snizena aktivita
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Table 1: Basic biochemical characteristics of the studied groups

AP1 PAP CON
N (M/F) 13 (9/4) 13 (9/4) 13 (9/4)
Age (years) 56.1 +21.5 54.8 + 20.8 55.8 = 19.4
Glucose (mmol/l) 6.6 +2.9" 6.1 + 1.4 5.2+ 0.4
TC (mM) 49+33 49+13 52+12
a-AMS (pkat/l) 10.5 (7.0 — 19.4)*+ 0.4 (0.3 - 0.4) 0.5(0.3-0.6)
ALT (pkat/l) 1.7 (0.7 — 4.6/ 0.4(0.3-0.6) 0.5 (0.4 - 0.6)
AST (ukat/l) 1.8(0.7 - 3.9/ 0.5 (0.4 - 0.6) 0.4 (0.4 -0.5)
GGT (ukat/l) 4.3 (1.9 - 8.5)*" 0.6 (0.4-0.7) 0.4 (0.3-0.5)
WBC (*10°/1) 13,2 + 5,5+ 6.6+1.0 6.6+15
PCT (ug/l) 0.16 (0.13 — 0.84)**" 0.05 (0.05 - 0.05)* 0.03 (0.02 - 0.03)
Albumin (g/1) 36.5 + 7.8 48.4 + 4.1 471 + 3.1

AP1: acute pankreatitis- first sampling, CON: healthy controls, PAP: controls 2-3 years after AP; M: male, F: female, TC: total cholesterol, TG:
triacylglycerols, a-AMS: panceatic a-amylase, ALT: alanin-amino-transferase, AST: Aspartat-amino-transferase, GGT: y-glutamyl-transferase,
PCT: procalcitonin, WBC: white blood cells; * AP or PAP vs. CON, * p < 0.05, ** p < 0.01, ** p < 0.001; + AP vs. PAP, + p < 0.05; ++ p < 0.01,
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Fig. 1. Parameters of oxidative stress and antioxidant status in course of acute pancreatitis

ox-LDL: oxidized LDL, CRP: C-reactive protein, GSH: reduced glutathione; AP: patients with acute pancreatitis (1, 3, 5, 10: days of sampling),
CON: healthy controls; * AP group vs. CON, * p < 0.05, ** p < 0.01; & AP1 or AP3 or AP5 vs. AP10, ¢k p < 0.05; e p < 0.01 © AP1 or AP3
vs. AP5, ep < 0.05, *ep < 0.01; ¢ AP1 vs. AP3, ¢ p < 0.05, ¢ p < 0.01;

GPX1 béhem vdech AP odbért v porovnani s CON,
a dale pak snizena hodnota GPX1 u PAP ku CON
(obr. 3). U CAT byla pozorovana zvysena aktivita
u pacientd s AP béhem 1., 3. a 5. dne pfi srovnani
s PAP (p < 0,05). Aktivita CAT pfi AP10 se jiz sig-
nifikantné neliSila od PAP, ale zato byl pozorovan
trend ke snizenym hodnotam vaéi CON (p = 0,06).
Pri ostatnich odbérech byla CAT u AP srovnatelna
s hodnotami CON. Pro aktivity GR a CuZnSOD ne-
byly zjistény zadné rozdily mezi kontrolnimi skupina-
mi a AP.

Z neenzymatickych antioxidant( byla sledovana
koncentrace GSH, ktera byla signifikantné nejvySsi 3.
den AP (obr. 1) a hladiny sérového albuminu (Tabulka
1) a bilirubinu. Hladiny albuminu byly u vS8ech AP odbé-
ri signifikantné snizené oproti obéma kontrolnim sku-
pinam a mezi sebou se neliSily. Koncentrace bilirubinu
byly nejvyssi pfi zachytu AP a postupné dochazelo k je-
jich poklesu (obr. 1). Déle pak byla stanovovana kon-
centrace vitaminG E a A pfi AP1 a srovnavana s obéma
kontrolnimi skupinami (obr. 3), koncentrace obou vita-
mind byla snizena u AP1 ve srovnani s CON.
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Fig. 2. Paraoxonase and its associate parameters in course of acute pancreatitis

PONT1-A: arylesterase activity of paraoxonase 1, PON1-L: lactonase activity of paraoxonase 1, HDL-C: high density lipoprotein, Apo-At:
apolipoprotein A1; AP: patients with acute pancreatitis (1, 3, 5, 10: days of sampling), CON: healthy controls; * AP group vs. CON, * p < 0.05,
**p < 0.01; % AP1 or AP3 or AP5 vs. AP10, ¢ p < 0.05; seh p < 0.01 ® AP1 or AP3 vs. AP5, ep < 0.05, eep < 0.01; ¢ AP1 vs. AP3, ¢ p <
0.05, #¢ p < 0.01;
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Fig. 3. Antioxidants in acute pancreatitis

GPX1: glutathione peroxidase 1, AP1: patients with acute pancreatitis, CON: healthy controls, PAP controls 2-3 years after AP; * AP or PAP
vs. CON, *p < 0.05, * p <0.01, ™ p < 0.001; - AP or R vs. CON, * p < 0.01
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Diskuse

V nasi studii jsme se zaméfili na sledovani jednot-
livych komponent antioxidacniho systému a méfeni
marker( peroxidace v préibéhu AP. Nase vysledky uka-
zuji na zvySeny oxidacni stres u tohoto onemocneéni,
ktery je doprovazen zménou ve fungovani nékterych
sloZek antioxida¢niho systému. Nejvétsi zmény je moz-
no pozorovat v arylesterazové a laktonazové aktivité
PON1 a v aktivité GPX1, ddle pak v koncentraci vita-
mind A aE.

U nékterych antioxidacnich enzym( jsme vSak ne-
pozorovali zadné zmény spojené s onemocnénim AP.
K témto enzymdm se fadi CuZnSOD, u které byly
hodnoty aktivit témér konstantni v pribéhu AP. Ne-
pozorovali jsme ani rozdil mezi aktivitou CuZnSOD
u AP a u kontrolnich skupin. Dosud publikované vy-
sledky aktivit CuZnSOD v erytrocytech u pacient’ s AP
jsou nejednotné. Byly publikovany jak snizené [6, 7],
tak zvySené [8] aktivity CuZnSOD u pacientl s tézkou
i lehkou formou AP. ZvySena aktivita extracelularni SOD
(EC-SOD) byla pozorovana v priibéhu AP (1., 3., 7.den)
v porovnani s kontrolami [9], kdy 1. den byla signifi-
kantné vyS$Si nez 3. a 7. den. ZvySenou EC-SOD u AP
pfi srovnani s kontrolami pozorovali ve svych studiich
i Goth (1982, 1989) [10, 11] a Szuster-Czielska (20014a)
[12]. CuZnSOD ma v organismu za Ukol odbouravat
superoxidovy radikal, ze kterého pfi této reakci vznika
peroxid vodiku, za jehoZ degradaci jsou zodpoveédné
CAT, GPX1 a peroxiredoxiny. Pfi nizkych — fyziologic-
kych — koncentracich je H,0, odbouravan GPX1 a pe-
roxiredoxiny, naopak pfi zvySeném oxidacnim stresu
a vyssich koncentracich je za odbouravani odpovedna
CAT [13].

V na8i studii byly aktivity CAT 1., 3. a 5. den srov-
natelné s hodnotami zdravych kontrol, ale signifikantné
se lisily od hodnot ziskanych u skupiny osob, které AP
prodélaly pfed 2-3 lety. Pfi odbéru provadéném desaty
den (AP10) byl pozorovan signifikantni pokles v aktivi-
tach CAT ve srovnani s AP1 a i se zdravymi kontrola-
mi, i kdyz zde je mozno miluvit pouze o trendu. Tyto
vysledky ukazuji, ze pfi dlouhodobém vystaveni CAT
plsobeni oxida¢niho stresu, mize dojit k poklesu jejf
aktivity. Kirkman a Gaetani (1987) ve své studii ukaza-
li, Ze dlouhodobé vystaveni CAT pusobeni H,0, mize
vést k oxidaci NADPH na NADP+* a naslednému snize-
ni aktivity CAT az na 1/3 jeji plvodni aktivity [14]. Ve
studii, ktera se zabyvala erythrocytarni aktivitou CAT
nebyly pozorovany zadné vyznamné rozdily mezi pa-
cienty s AP a kontrolami [8]. Doposud ziskané vysledky
aktivity CAT v séru ukazujl zvySené aktivity u pacientt
s AP ve srovnani s kontrolni skupinou [10 — 12, 15].

Degradace H,O, neni jedinou funkci GPX1, déle je
také zodpovédna za odbourdvani lipidovych peroxidd.
Glutationperoxidaza 1 je selenoprotein, jehoz aktivita
je zavisla nejen na dostatku selenu, ale ke své funkci
potrebuje GSH jako druhy substrat. U pacientl s AP
jsme pozorovali snizené koncentrace selenu a snizené
aktivity GPX1 ve srovnani s CON. Aktivita GPX1 byla
snizena u v8ech odbérl AP a také u skupiny PAP. Ve
studii, kde se zabyvali aktivitou GPX1 v erythrocytech

v prébéhu AP, pozorovali snizenou hladinu GPX1 u AP
az pfi odbéru 9. den AP [16]. V séru byly pozorova-
ny snizené hladiny GPX1 u pacient( s AP vzhledem ke
i kdyz existuje i studie, kde nenasli zadny rozdil mezi
pacienty a kontrolami [12]. U koncentraci GPX1 v séru
nebyl nalezen rozdil mezi AP a ambulantnimi kontrola-
mi [20]. Také snizené koncentrace Se v séru u pacientd
s AP byly jiz dfive publikovany [16, 19], i kdyZ opét ne
ve vSech pracech [21].

Koncentrace GSH byla u nasich pacientll s AP
srovnatelna s koncentracemi u CON, pouze pfi odbéru
3. den nemoci (AP3) bylo pozorovano zvyseni koncetra-
ce GSH oproti ostatnim odbérdm AP i oproti CON. Na
rozdil od nasi studie Rahman et al. (2004, 2009) [22, 23]
ve svych studiich pozoroval snizené hladniny GSH v eryt-
rocytech u lehké i tézké formy AP ve srovnani s kontrolni
skupinou, stejné tak pro GSH v séru byly pozorovany
signifikantné snizené koncentrace u AP v porovnani
s CON [17]. Moznym vysvétlenim zvySenych hladin GSH
u AP3 je obranna reakce organismu na aktualné vznikly
oxidacni stres, ale i mozna desynchronizace aktivit GPX1
a GR v obdobi 2. odbéru (AP3).

S GPX1 spolupracuje v organismu GR, ktera udr-
Zuje hladinu GSH zpétnou redukci oxidovaného gluta-
tionu vzniklého plsobenim GPX1. V nasi studii jsme
nepozorovali zadné signifikantni zmény v aktivité GR
v pribéhu akutni pankreatitidy a nezjistili jsme ani
zadny rozdil pfi srovnani pacientd s AP s kontrolnimi
skupinami, tento vysledek je ve shodé s jiz dfive pub-
likovanou studii [17].

Dalsimi sledovanymi antioxidanty byly vitaminy
A a E. Koncentrace obou vitamind byla signifikantné
snizend u pacientll s AP ve srovnani s CON. Snizené
hladiny vitaminu A byly pozorovany téz ve studii Musil
et al. (2005) [12], zatimco u koncentrace vitaminu E ne-
byl nalezen zadny rozdil [12, 21].

Poslednim sledovanym antioxidaCnim enzymem
byla s HDL asociovana paraoxonaza, u niz byly méfeny
dvé jeji rizné aktivity, a to arylesterdzova a laktonazova.
Obé tyto aktivity byly v celém priibéhu AP signifikantné
snizené oproti zdravym kontrolam. U obou aktivit téz
doslo k dalsimu snizeni v ramci odbér( AP3 a AP5, kdy
arylesterazova aktivita dosahla svého minima u odbé-
ru 5. den AP. V tento den byly naméfeny téZ nejvySsi
koncentrace oxidovanych-LDL, jako markeru lipidové
peroxidace. Kinetika zmén aktivit PON v prinéhu AP
odpovida zménam aktivit PON1, které byly pozorova-
ny v pribéhu sepse a béhem jejiho zotavovani, a které
maji zfejmé obecngjsi zakonitosti [24].
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ORIGINAL ARTICLE

Antioxidant Status and Oxidative_Stress Mar!«_ers in
Pancreatic Cancer and Chronic Pancreatitis

lav Mycasel, MD,
Jone Kodudiova, MSe, Lucie Vevrova, MSc, Bathora Stankova, MSc, Jaros
) Tomas Krechier, ML, PRD, and Ales Zak, MD, FrD

Objuetives: Oxidative airess has been implicated i the pu‘.hup;mﬁijs
of chrrnie panzreatiiis{CF) md pase-atic crmeer (FC). The spady aint
wis g assess the oxidative steess markes and antioxidant defense
syaterr in patients witl CF and those with PC,

Methods: Arrivitles of supcraside dismutass § (S0T1), catalase (CATY,
glwmthome g idios 1 (GPXL), glutahione sductnse (R, arylesterage
(PONTA} ane Inctonise (PON1-L) activities of paremonase | (PO}
and ccentradons of reducel ghitathione, tonjugaed diencs in low-
density Yipeprotein (CDMLDL! and oxidisd LDL [ox-LDLLTL) wers
assessa (o 50 20 and 5 OF petisnts aud 50 ogsanc sec-matchzd conteals.
Hesulty! Conpanisnn of YU md CF proups 1o soniols found the
foliowing changes: plitathione peroxidase 1 (GPXL) (—20.2%, -25.5%
P 00011, ghtathiase redueinee (R (8 856, =11.8%; F < LB,
BOTI 20 9o P 01y, CAT {—10.6%; £ < 0.05) FONL-A {=34.1%,
— (&0 P o< Q000 POMLL {=44%: —17.0%,; F < 001, conje
g Tiowes i LOT, (CIVLDL) #+20%, +33.3%; P < .05} and ooc-LILS
LDL [+42.2%, +14.4%; P < L05), The patients with PC tad changed
arliviies oo lewels ol 0T (12 2%), CTAT {—104); F = 001,
BOS1-A (21 7%, PONY-L [~ 32.9%), and ox-LOL/LDL (+34.3%)
il P< D0 b rompad sl the polients with CF.

Conglusions: Beduced anvioxidan: defenie system capacity and -
cregsed markers of meeiktive sress wee fmme in PC md CF FONE -Land
CAT mefivities, along with ex-lOLLLL levels, were te Indepenient
factom diffenaiating e patizms with PC from the patents #ith CB

Fey Words: o ldarime steqs, axlutive stress mankios, antoxdint
enzymes, ehranic pascreatitis, panciatic emeer, dietluinint analyeis

Abbrevintiors: CAT - catalase, D - oonjugated dienes, CF - chrmbc
pancreatiis, CT - coraputed temestuphy, EUS - entoscopic
ubirmmwprmphy, GPXL - gluabioee poosicass 1, TR - gliiahions
reductass, GSH - reduced gletethione, HOHL - high-density ipaprotein,
HOWMAR - homeostasiz inodel azieasment of insulin reilstance,
LTI - Tevaeechonesiy Lipimpraterin, MDA - s tvariare discrimirant ansiysts,
MELCE - magsislic wmaorancs chalin mopaenstormply, WRI - Huritonml
Rigk Inoex, #1 — nitotyrosics, os-L DT, — osidized LOL, PUC - pelboears
carcinemgy, FOWE - parsoxenase |, FPOW1-A - PON] arylesterase,
PONT.L — BON] Inctonmze, RONE — maclive oxyges and nitrogen
fpee.es, ROS - venctive axypen spaclay, SA4 - setum amyloid A,
SO - Cu-Zn swperoxide dismotoae
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verproduetion of resetive axygen and 1itogen speces

{(ROMS) and sxidathve siress have seen implicated m fre
pathogenesis >f prncreatitis, bothin ite acute a_ni chropis furml,
as well as i the pathogeesis of pancreatic canarr {PC).
Chrone pancreatitis {CP} shares rigks wath PO such a5 smoki:w._
and aleohol auge aswell 2 being e dak factor der se for PC.
Amang them, vigarke smoding, asthol abuse, dinkete mfihn_ag,
and other insolin resistance (IR states are corncgted 1-1=:r;th n-
ereaged RONS fornation and oxidative siress.' Chronic pan-
crestits is  progremive irflammatory disease with urcvessitle
damage to the pancreas and the destruchan of exoorine end
endocrine tisue.* The mderlying causes of CF secm to be
altifaceted, inclucing rvironmental as wel a5 genetie fae-
tots, but its pathogeneais to date hes nat beex cumplFtcly -
deratood. Although most cases of CP have bren atibuted to
ateohel abuse andior genetic peedispesition, other etinlogic
rigk fictom swch as enhanced oxidetive steess could play an
important rabe, 5

Keactive oxXygen so¢ nitropen species are generated du-
ing endogennus oxidetive streas that is linked to the jancretic
Tefin-angickngin systern’ of crogenows dxidatve etredy caveed
by exviconmental or lifestyic-mlated xenokiotics, which is
conngoted with the detoxification system.? 1t haes been proposed
that local oxidative stress and readive ooygen species (ROS) pen-
eration, cansed by ovorexpression of merbrane nonmilschendrial
nicotinarnide adendne dirmelectide phosphate (NADPH]-usidse,
iz comnected with pancreatic [pahoimology such ag cell growth
tegmlition oud apoptosis, acinar sell inflawemadion, fireesis, and
distubed islet microcireulation,™ The inflammatory process i
aasodated with increesed mroduction of RONE rasnlting o local or
systemic oxidative stress, > A number of experluental and elinical
smydiss heve demnonsirated impaired antiexidant siatua fvat may be
a coutdlutivg facter for ncreasng owidative sress n O The
invalvement of eaidattve stress in CP hag been deseribed both i
expenmental and clnical shadies. -

Omidatve stress eonld net oady be the camse of CP (and PC)
but elso 6 cansequance o the underlying disease (CF ar PG, re-
spechvily ). boredyer, intreazed ROME podyition and oxidative
stress scem to be ‘ndependent o the etiology of CB!

In paticnts with CT) decreszed Jovels of antioxidant thiola
{vysieing, glutathione, and cysteinylghycine), decressed total
antioxddant copacty, along with itcteased carbotwlated pro-
teing, thinbarbituts acid-resctire substamess, malondiald shyde
and 4-bydmzynonenal levels were found, '+ Similarly, in
patietts wih CF both aleohele and tropical), decreased con-
certimtiont of ghrathione, vitamin C, and zine in enythrocytes
were concected with elevated thisharhiteric peid—resctive
subtanees 1*

Eevels of conjugated dieres (D) are the most sensitive
indizator of lipid peroxidation and cay be regarded as a plobal
marker of systeml axidative stress'® and alio are & marker of
bty oxidatively mendilied low-density Hpoprowein (LT
O the comtrary, oxidized LOL (ox1DL) reflects coneentmiion
of malnndialdebyde and 4-hydraxynenenal, the highty ceactive
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Cxldotive Stres (7 Parcreatic Disecse

end produsts of lipid peroxidation that are haund, ao addssts, to
z-aming group of lysne in moleculs of apalipopeotein B,'7
Ineeased susceptibility of LDL to oxidation (LDL oxidability)
was observed in CP'* Concentratian of ox-LDL has not et
been studied in quman PC.

Ameng enzymes that regulate ROME, glulahivne perox-
idase (GPX) and catalage (CAT) play an impartant role by the
reduction of hydrogen peroxide, which is generated by super
oxide dismutase (SOD in the dismutation of surercxide. The
tovain ROS seavimpger in the paneteas ia supposed to be rzduced
ghutathione (LS, whicl is recyelad back to i reduced farm
by ghutatl ione reductase (GR)."-"¥ The enzyme paracaomase |
{P'OM1} as high-densizy lipoaolsin (HDD=associaled cnzyme
is impliceted in the anti-inflammalory and anticxidant activi-
ties of FOL aad itpedes oxidative madification af 7.7,
preteets cell membranes from v damage caused by products of
lipepetentidation, and eliminates carcimogenlc lipid-soluble
radicals, > %2

The actrvities of some antioxidant enzymes in CF were
already studied SO0OD activiy in the studics by Givieh ot al, '~
Quillot etal,'® and Szuster-Ciesiclska et aF*? and FPX] activity
its the stndies by Ouillot ecal™ and Szuster-Ciesielska efal 182
Thess studies shaw Iowered entioxidant capacity in CF

The aim of the study was to 3sceriain the importanes o
lippperaxidation matkers {013 andg ox-LIML) i relation to the
group of main antioxidant erzymes, such a 300, CAT, GPX1,
OB, oped POM] in patients with CP and PC, Beewuse there are
intercortelations berwzen oxidative stress markers and antiog-
idant enzymes activities, both in CP and PC groups, we used
the multivariate diseriminant analysis to differentinte FC from
CF as well as to evaluate the discriminative power of ditferent
oxidahve stross markers anc anfiozdant snEymes,

MATLRIALS AND MLTHCDS
Thiz prospective atudy wes carried out at he Forrth De-
purbimznt of nternal Madicine of Generad University Hoapital
from Jaraeey 2009 10 September 2311, The study protocol vwas
approved by the institutioaal review board and the Ethics
Committee of the Genoral University Hospital in Prague. Writch
in‘ormed consent wae obtained from all partbizipants,

Patients

The stady popu.ation :ongisied of 3 grouss: 50 petients
with PC, 50 patints with CF, apd 30 healthy contola. Al
groups are ape and sex matched,

Diaznosis of PC was s 1w al of the patients (bazed
of, histoopicel exprcinatiop of panereatic ressction ar ende-
geopic ultrasonography-ghided napiration cytology). The wmer
staging was evaluated by the combinatioa of crteria iasua:} by
thz Unicm Internationale Contre le Cancer gnd the American
Jeint Committes on Cancer {(UICC/ATCC 20023** The clinical
dingnosis of CF was based on ¢limcal foaurea (bdominal pain,
peuasa anddon vomiting, anircxia andfor malweTition, and gte-
atorrher’ confirmed by 2 or more imaging methods (abdominal
nlirazonepraphy [[185], contreat-enbianced computed omogrs-
phy [CTY}, endoscopic wimgrads cholmgiopuncreatigraphy,
magnetic rescaance cholagiopancreatography (MRCP), and
endosconie nlirasencgraply (BUS). Unly patierts with definle
CP were included. Tha gradeof CP (mild, modesats, or severe) was
mwaowed according to the M-ANNHED pantreatic imaging
criteria®® (M-ANNHEIM stands for M, muliple rak fietr class-
fization; A, aleohol sonsumption; N, nicotine consumption; N,
nhitional factars; H, hereditary faciors, E, cfferent pancreatic dust
faetors; T, romunological factors; M, miscsllansous and metzholic
factars), All the patierts were asseased by Oc ubination ol TG

© 2013 Lppincor Wiliams & Wil

awl other maming methods (CT, or USC, pe MECE) beense BUS
drea not differertiate between the moderate ad sevare grades, and
otwer methoda (CT, or USG, or MRCP) cannot differentiate be-
tween mild and moderate changes.*

Exclusion eriterid for all the 3 proups were the fa)lowing;
cltTent antloxldant ey (eg, viamin G, vlemoin E, allopo-
rinal, A-acetyleysteine, supplementation with n-3 polyunsatu.
reted fathy acida), kidney dizecase (creatnive 150 pmalil).
clinically manifest proteinuia (urinary protsin =500 mgfLh.
and liver cirthogis, decompensate dinbetes melling, concomitan:
malipnancies, chronic, immunesuppraesive, snd ami-inflammatory
therapy, as well ns chemotherapy. Further criteria for exclu
sion were the Flpwing: endgerine disease, acale pancreatjtis,
of acute relapas of CP; unstable angina pectoris, stage within
1 year ater acate rryocardisl infarcHon; cotooany sarbc hypass
grafting, or peroutansoug coronary infecvention, and stroke
Persons who were opersted ¢n in the upper gostreintestinal iract
{in the previous yeat’) and subjects after systemic inflarmation
it the previous & months were Alsc excluded. Petients =it CF
cargfled intg the study were stexnmeined after 2 y=am to saelnd
the development of PC and thua to evoid enrollment of patients
with initial stages of PC inta the study.

Amronp oot 50 patients with PC, there were 22 patients
with digbetes, In this group were the following stage distn-
butions; ¥ patianes with stage L {2 patienta witk stags 1LA At
7 patiemts with stage IER) dizease, 24 petients with staga I
discazc, and 17 potictits with stage [V dinenae, Alocholic CP
wos dingnosed in 38 patientz, gbstuctive CF in § sebjects, and
idippathic CP in T patients, Amonp the 50 patients with CF,
there wore 30 patieats with severe grads, 17 paticots wifa
maderate, and 3 paticats willl mild grade changes in pansesatic
marphology. wevers exporme dysfuncton (ccnotnimativn of
pancreaic stool elastass 1 <2060 ng/g) wes fourd in 20 patants
wifh P Complications (ascites, blesding, obarrictionlor atrictus
ductus choledochus, pancreativ fismls, duodenal sienosi,
splenic andfor porial vein thromposis, and segimental portal
Irypertension) were found i 28 patients with CF.

Data Collection

Samples fom all participants were chinined after ovenright
fast (af lenst 17 hanrg). Al study participants' medical hishary
and intake of any medications were docvmentsd at study eniry.
Blood was taken by punciuring @ peripieral yoin Coneentrs-
tions of C-reactive pmitelt (LR, tonjugated diznes {CTVLDL)
in preeipitated LOL, serum amyloid A (SAA), 3-nitrotyrasiie
(M), umor markera (CA 190, CA T2 4, ond CBA), albumin,
Bilirubin, uhc acid, caleivm, copper, zin:, iron, seleciwm, via-
mins A and E, and fipid parameters, as well as aetivity ol routine
biocherical tzsts {pancreatic amylase, alanine fRrmminase,
pspArtale aminotransferase, y-ghuamyliensfersse, cholinestr
gae alkcaline phosphatase [dava not showil), FON 1 arylesterase
(PON1-A), PON1 actonese (PON1-L), and oxidized-LEL
ton-LDL} were messured in seram. Senwn wan prepared after
congulation in vasutainet tobes by centifigation at 3500 rom
At 4°C for 10 minutes. Activities of antioxident enrymes CAT,
GPX1, GR, snd Cu-Za superoxics dismutaze (SCCH), as well
ng the concentration of GSH were measured in hemolyzad
erythrocytes, The sanples wee stored al - 3070 unti] assay.
All samples were macked with tnigae ideniif cation numbera
made anonymous, and the dats wers marged onby after the

agsays had been completed,

Labaratory Measurements

Activides of anticaidant eozymes were determined by
moctrephatometric kinetis inethads, aod the :oneentration of
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ORH were assssed EpD{:tmEI]wlUI whicaily as prrl.'f'imm!y de-
scrited by Eodydkovi et a** Tle lactonase act.vity of PONI
wae mgmsured according fo the mndified method deseribec
earier” wang diftydrecowmarin (fival contentration, | mrnﬂlﬂ:jl
12 o substrite. The inerease in absorbance gt 270 wm was monl:
loged fir 2 mimues, Tag enzyme activity was colelated from T

molar extinct coefficiznt of the reaction produet [3-{2-hydroxy-

phenylepuopienale & — 1295 dit mat ™" am 1)) eatimated
during the lincar phase of reaction ™ The concentration of CD
n precipitated LDL was delermined by the Wieland modifisd
speetrophotometric method at 234 om. ™9

“he levels of BAA, 3-NT, ond ox-LDL were estsblished
aging sandwizh enfyme-linked fmmurosorbent assiy kil
iInsvitrogen, Carnaniblo, Celift Biovendar, Brmo, Czech Republic,
Ozech Republic; and Mereodia, Upsals, Swedem; respecduely).

Al mutine clirival tests wers measured ot the Instiuke
for Clinical Biocheristry and Labosatary Disgnostics of General
Univerity Hospital iv Prague. Conceptration of CRP wes imnen-
qured by the immunstrbidimetrie methed using a ¥K-ASSAY
CRP ¥ (Kamiya Biomedieal Conpany, Svallls, Wasl) oo a
Hitch. Modular amalyzer {Tolksn, Japan). Timor marken
[(CEA, CA 18R and Ca 72—y were measured by chemile
minesqance assay e AJTVIA Centaur apalyzer, Siemem
[Tartytenwn, WYY Sceninm, copper, and zinc were measured
using stomic absorphion spectromatry. Concentoations of tatal
sholesiersl and iriglyceridas ware measured 7y enzymatic
colarimeiric methods, Iligh-density lipopreton chelestercl
was determined 1o the supcrmatant after prociptation of lipe-
proteirs B by phosplotungste acidMg®" (Boehirirger Mannheir,
Gemany), LDL cholesters. was saleulated secording to the
Fricdemald formula. Apolipoprotein B and apolipopretein Al
wems messured by the Lanrell rocket elecmonmronncasssy nsing
standacds and specihic antibodics (Behringwerke Marburg,
Gerntamy), The homesstasic model aezosemnenl of inethn veeie-
tamce (HOMA-TR] index was caleulated ae HOMA TR =[fasting
perum glueose (mmnelL) = fasting scoom ingulip (UML) f
225 Malnutrition was cargorized Inte Bie mild modemte, and
sgvers forms recomdicg to the Nutritional Risk [ndsx (N3 Tte
HED was valculaied avconding 1o the following fommula: WRI =
{L519 x albumin + 41.7 = cument body weightfosun]l body
weight), it tae olassifieatiom weas as follwars: normal mitdton,
NFEL > |{{; mild malnoirition, KRl = 97.5-100; moderate ma-
nutnition, WR1= §3.0-97.4: severe mamutrition, NEL =< §3.0,

Statistical Analysis

Datn are cxprossed az meen = S5 for pemmetric and 3=
median ang imergractile tanpe {25th-75th percentles) for
nonpanmetric data, Wormelity of daka distribution wis teated
with the Shapim-Wilks ¥ test. Differences betwern the con-
pared grovps {PC, CF, and condrols) were tested with the one-
waty amalysis of varlanes with Scheffs and Mewrian-Keuls post-
tests. “or nonparametric aralysis, the K-uskal-Wallis anslysis
of viriancs wag used. For correlption snalyzie the Spentmen
coefficient was used, Al previously deszribed statistizal anal-
ysee were performed using StatSoft Statistza vergion D0
sottware (207, Crach Republich. F < 0.05 was considered
statistcally significant

The mulivariats discriningy. analysis {MDA] wos carthsi
gut '?F using Statistical Analysis Syatem {SAS, Cary, NC), WP
VEISion 9 software. The process of MTLA i carried out in &
stepwise murner nsing the minimumn Wilks & (within-groups
sum ¢f squares—total sum of squeres ratie) 4 o measure of
group discrimination, AL 2ach step in the process, the vatiable,
whicheontsins the most diseriminating power, is ident fied and
it8 cotfficient ix delermined. The relative Impostance ul each

616 | WL LA L RSO AL, CoT

vuriable is indicating by so-called approximate F slaliste, This
s & transformaion of Wilks A, which caa be compared with
E distdbution. The process is stopped when fhe remaining
vatables are cetermined to fack significant disceiminating
power (F > 0,05), We vzed discrirninant medelz for classification
izt e groups »f PC awl CE Only venables with an appropriat:
fined F atatistic (7 < 0.05) were included in ow diseiminant
funetions, The oxidatiee ghoee and inflamematory markees (CDF
LBL, ox-LDL/LIL, and SAA), the sntioxidant enrymes (SOD1,
CAT, GPX1, GR, PON1-A, PON1-L), and their combinations
a: variables were subjected into the discriminant fuoctions.

RESULTS

Thiz shudy wag frenaed oo the antioxidant sttus in patients
with PC and CF Fifty patients with PC and 50 petlents with CP
were enrolled in the sudy The basic clinical and hiochemical
data of the stndicd groupa are summarized in Tasle 1.

As markers of cxidative stress, the levels of CINLDL,
ox-LDLALDL, and MT were determined. The levels of GOV
LDL and ox-LDL/LDL wese sigmficanty increased in both
the patizats with PO and fhosa with CF compared with the
controlz (Figs. 1A, Bi. Furthermore, the aticos with PC had
higher levels of ox-LDL/LDL than the petinte with CP
{P = 0.0601). There was an incresss in he coicentrahon of
3MT oaly in the patients with OF (P = 6.01) in compariacr
with the contrels (Fig. 10}

Erythrocye activity of 8001 was iversased and CAT ac-
trity wia deersased 11 the pationts with FC corepared with the
patients with CF and the controls {Figs, 24, B} o addition, tie
serum concentatlon of 3001 cofactor C was observed as l-
evated; and the eerim concenttation of Fe, the CAT cofactor,
was decreased in the patiens with PC in companiecn with the
controls (Table 3, The canoenkration of Za vwoa hereapad in the
patlents with CF compared with tae contrels, Conversely, de-
ctenged erythracyie achivitiee of GPX1 and GR were Znnd in
patients with PC and thes: with CP a3 compared with the
controls (Figs. 20, I, The decressed OFPX1 sctivities in both
he PO pnd CP groups wese accompanied with lower senam
felenium levels compared with e costrals (Table 2h. The
concenration of 35H in arrthrocytes in the pelients with FC
differad from that of the sabjects with CP and comrols, re-
gpectively (Fig. 1. We have found that serum concestrations
of Zn negatively correlate with activity of 30D in the entire
goap F = —~0312 P < {001, in the palients with PC
o= —0357, B~ 3.05) and 4o in he peients waith CP
= —0458; F < 0.001), There was & signdficant corelation
bebaveon Se and (PN in the entire grovg (¢ = 0310, 2 < 0010
und also in the paticrts with CP {7 = 0.470; P = 0.01).

The PONL-A 2nd PONI-L setivitizs in serum ware de-
ercused in fhe patients with PC snd thoss with CP in compar-
‘on with the controls (Figa. 2E, F), Furthermore, decreased
uctivitizs of these cozynae: in the paticsts with PC cunpired
with the patients with CP (both F < 0.001) were sbserved.
Reth PO ectvities were significantly correlated in the PO
F=0311; P<0.001) and CF (r=0.811; P < 0.001) groups and
in the controls (» = 0.687; P<{.001) a5 well as in all the studied
goups {r = 1.806; P < 0.001). The levels of both PON1
setivitlzs comrelnted negatively with ox-LDL/LDL (p= —0.309;
F = 0.001; and » = —Q.258; I < 000 rospectively) in the
sntire group.

 Seum mmvloid A eomcentrations wearc higher in the
patient; with PC than in the patients with CP and in fhe comirals
{both £ = 0.001; Tatle 1}. The studied proups 4id not differ in
concentrations of PUNU cofactor—caloium. Additioaally, we
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TABLE 1. Basal Clinlcal and Elochemical Characieristics

cP

PC CON
Ba. [:m"lents (MY 30 (40,10 50 (404100 50 (4010
Age ‘range), yrs fi3 {5668 5% (5345} B0 (55-63)
Smokers, n {%4) 34 (58 15 30y 1% (28
DM, 10, patients (M/F) 28 (2444} 3t {2247 -
NRL kgim® 06.4 t 12,3+ 169.1 £ 7.3 z
CKE mg/L 109 (5.8-54 gyawe. +++ 4.5 (2,103 L1 {l.o49)
SAA pg/mL 430 (21.7-1342)¢ws; 14.5 (7.2-49.9i 12.7 (4.6-25.8)
CEA R/l 275 (L65-545) 2+ 137 (1443 47y%s 0.71 (051,45
CA 199 KL 105.2 {24-230], 3)%4, 14.6 (R.5-26.51* 5.7 (6.1-10.7
CA 72— XL 133 {1.31-5.70% 145 {0,37-2.23) 1.44 (1.02-2 %6y
Clucese, mimnall. 6.5 {5.2-8.5) *uw 66 {5.3-T.6)1* L1 (4950
Glyeated hemoglobln, moplimol 461 [H5"e 511 £ 1 4g%ke 31,71 + 134
TC, mmald 4.7 (17-6.6 45 (4460 A (455
T3, mmalL 167 (126212 ++ L4¥ [LI0-2.013+w* L6 {1.79-1.234)
BDLC, mmaol/L D92 (1731 A5k +4 142 (1.21-1.50) L5 {L27-1.79)
LDOL-C, mmeali 176 (212224 273 (234-3.17)* 343 (2.72-2.73)
Apo Al gL LS 2 03prme T 161 £ C,44 1.33 £ 0.3
.IEEFR, fumalT 0.71 4 L 35%x 052 £ G40+ 048 £ 0.24

Diata are expressed as mean + 500 for parnetic vazigbles, ord en median and intercvartile -ange (KR, 2S0-751 porcentilc} for ponpaarnetl
variahles:

PC or CPyermus CON; ***P < 1001, #*P < ()1, and *P < 1.05; PC versus CP: **B < 0,001, *P <0.05 {ono-way enalysis of vasianes {4 WOVA
with Newttas-Keuls posttest), and **F < 0.61.

Apo-Al, spelipagrotein Al: C4, carbchydrate antigen; GEA, carelnoembryonic entigen; CCN, conicol sybyeers; NEEA, nanesterified Fatay azids;
TC, botal chelestorol, TG, riglyoetdes.

bave observed statiatically decszaged enncentrations of viamio
A, albumin, and yric acid and higher levels of bil-rubin :a the
patients with PC compared wth the patiens with CP ard the
contrals (Table 2).

Diseniminant madsls for classification nto the groups o’
PCand CP are shown e Table 3. The concentratims ofox-LIDL
and CDYLDL wers the best disctiminators fmodel AY when anly
oxidative stress and inflammarnry matkets were extered into the

CD/LDL-C ox-LDL/LDL-C
3.030 i Ty
i f B0 i+
doz24! - ) é i .
20018 o | 5 4 T -
T 0.012; E an ] ;
| 20
2006 : 3 10
1.40d L st ] -
CP CON PG GP CON
A B
NT GSH
35 “' 15000 www
28 120007  +
% 29 T 500 !
=]
E 14 B 6000
7 5000 :
D 1 - G ey —;_|
- PC CP CON 5 PG ch CON

» Madian; [L126%-75%; 1 Ranga

FIGUAE 1. Ssrum concentration of oxidative iteegs markers and reduged glutathlone, Data are expressed a: rmean = 50 far
parametric variable: and asmedian and 1GR (25th—7 5th percerrlle) for nonparametric vardatsles. PC or OF versus COM; **p < 0.001, =p< 0,01,
and *£ < 0.05; PCversus CF: ™ F < 0.001 and *F < 0.05 {one-way ANOVA with Newman-Keuls posttest or Kruseal-Wallis ANOVA).
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FIGURE 2, Activities of antioxddant enzymes. Dataare expressed 3 mean £ 50 PC or CFversus CON: 4 < 0.007, =P = 007, *P=(.05; PC

wersus CF: 2P 0307 {one wiy ANCVA, Mewmarskels

MDA, Using only enticnidant enzymes ag discriminating veri-
ablcs mavleed . 73% ol O inut eocmect classiflzation. Yariables
subjected inty the welysis wem PONI-L, S0D1, and CAT
{madel BY. A combination of bath inndels raealtsd in 829 ofthe
timal comest classification. The activity of PONILL, the levels of
oX-LEL/EDL, and the activity of CAT, in that arder, were fond
16 e “he hest set of independent Betors discriminating PC s
CF, with higher valuzs for PC (mode] ©)

Table 2 presetits data of noncnmymatic auntuxidaos and of
cofactars of mbaxicant engymes,

DISCUSSION

Tha present sty deronstrates comtemparary changes in
the Jesuls ol wlected inflammatory and oxdative attess makers

posttest) and T ard e 001 P < 0001,

ag well ss & set of the antioxidant defense system (both, smimy-
matic ind notenzymatic) In the petients with PC and hoze with
CF in comperison with age- and sex-matched controle. The
reducad copacity of dae antoxidant delbmse syslan sml an in-
creased cxidative streds in patients with PC and those with CP
was cenfirmed in oor sindy. The antioxident systemn seerms to
be moee affected in the patients with PC compared with the
patients with CP

The groups of CP and PC differed statistically signifi-
cantly n many oxidative stress and anfexidant variables using
univarite anolysia, Mereover, the e wee inlorcomclations bee
tween axidatve stress markers and adtivities of antioxidant
onzymes, Therefore, multivarat: diseriminant analysis wae
performed to determine the set of indepsndent oxidalive strsss

TABLE 2. Nenenzymatic Antiowidants, Cofactors of Antloxidant Erzymes, and Jther Parameters of Antioxidant Capacliy

BC

r CcON
Vitamin A, mg/l, 0511024 * 0.0 £ 041 [LE3 £035
Vitamin L, mgl, 16.0% F.0 [23% 350 44 +4.1
Fe, pmoliL 11,54 B ymbs I644 72 192179
Ca, mmoliL, 2261008 23444003 227 +0.13
Ca, pmokL, 21.9% g 3%exi v 15845 156¢3.1
£n, poolL 102+ 47 Lyt 319* 178220
niCu 0LB6 + [) Dgwwe 71 113 4 .38 I.I15z040
Se, pgl 313 1o 4211208 58.9+260
Albutrin, giL. 414 (37,745, 5ybews 457 (42.3-46.9) 47.2 {£4.0-28.6)
Bilirakin, pmaliL, 137 (11,064, 1)kess +r 10.2 (7.2-14.2) 110 {5.0-15.1)
Uric avid, jLmslT 257 4 108 kB 0ETs

Druia firo expressed 1s menn + 8D for paranetd o viriehis
P or CP varsig COM; 95%F < 0001 w#pe .0 £
Mewmnin-Keuks psties),

2 and a2 medinn und TR (254h =T pereentls) for wwparatemc vadables
md £ < 0,05 PC yersas CF: ™2 < popy,

TP 0.0, and P 005 fone-way ANOVA with
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TABLE 3. Dicrirnant Models tor Classitication of CP and PC

F-Stutintio (df)

Flnal Correct Clamsificabion Jercent

Wodel A
a-LDLLDL 13.80 (1, 98} P T
ox-LDLLDL + CIYLDL 113212, ¥ PC T
Total T30

Modal 3
ECHMI1-L .77, 98) op aa.0
PONL-L + 3003 19332, 97) BC 40
POML-L + 50121 + CAT 14 83 3, 98) Totel T

Medel ©
FON1-L 31770, 99 CE 0.0
FOML-L + ox-LDL/LDL 22712, PC B4
POMHL-L + ox-LDL/LDL + CAT 213273, 96) Tootal 830

Madel A: Only oxidative sires and irflammetory markers incloded in he aralysis (COVLDL, Ox-LDLATL, and SAA). Mode) B: Qoly sotivides
of inthoddaut eveyanes Dwluded in e unalysis (SOTHL, CAT, FPH1, GR. FON1-A, aod FONI-LY. Model & combinatdon of the model A wnd de

madel B,
AF, degees of freadom;

F staniste {po-called ar approzimaete F statiste), aniformaton of Wilks b,

and antiozidant variahlas giv.ng the most diseriminntion power
to separate CF and PC

bfultivarlate disermingnt enalysis indicated that the acthy-
ities of PONT-L and CAT, siong with ox-LDL/LDL levels {in
the order of PON1-L, ox-LDL/LIY., and CAT), are the inde-
peadent factors discriminatirg the patients with PC and those
with CR.

Aptiaxidest enzimes play an important role in the defenge
ofcells agninat ROWS and thas may protee: the pancreas apgaitsd
developrent of CF which i a risk facar of PC. The first
scavenger of RO8 is 30D, which converts superoidde radica] te
.0, which should be [atzr removed by SPX1 and CaT. Ow
shudy found inereased SO0 actvity I erythrocytes of e
patients with PC in cemparison with the satients with OF and
the confols, Semie experimental etudice have deseried re.
Intionships hetweom thz expreasion of 30D, 1ts activity, and PC
cell growth in viteo, on the one hand, sed tomor growth and
suevival in nude mice, on the other™ The insignificant differ.
ances [0 the eryhrocyte activities of $0T1 in the patieats with
CP and comirols found in our stwly wers consistent with the
study of Quillot ot al!* On fhe other hand, desreasec SO
activity i the prtientswith P was faond in the study of Qirls)
etal'* Inconsistent results conceming semm SCD activities in
hereditary and algohol-related panc:eatitis haye been puslished,
Some reports have dessribed inereased™* serum B0D setivity,
ard in some stodies, no diferencss in seum SOD ativities
ware found, "% 1t coald e supposed that discardence in elg-
veted aedvity of SOD] witiolt an sppropriate change in the
0PN 1 andior CAT actvitied in the patienis with PC resalted In
te increased producton of HyOy, which canng: be detopified
iv the action of GPX1 and CAT. Accumulation of HyOz can
thus paricipate in n Habrr-Weiss reaction end genecle by
droxyl radicals 338 Catalase snd glutafuione jeroxidese ar:
bt able ta dewdly HyOs. Unde plysiologic senditions, H.Q,
is mainly removed by GPXI|. The activity af OAT is ivvalved
it the degradation of Hafy in sevese oxidative geses crineckad
with higher H,0; concentretions.”? It was previously showa
kst long-torm exposre of CAT toHaO; leads to the oxidaton
of the cetalase-bound NADPH to NADP” and 0 & decrmase i

& 2003 Lippincotr Wilttrms < Filkins

the activity of CAT to appronimately 30% of e inita! actie
ity. "™ Because owr patients with [C had the highest level of
pridotive stress markers aseocigted with decreased envthrocyt:
CAT activity, our mesulis implicabsd tiak wder siressed conditions,
erythrocyie CAT is mable to detoxify HpQy In conwase, oo
clianges 10 gerim CAT activity in the puticnis with FC weiz
found ™ The wsignificant ditferences in CAT activities i
erythrocytes of the patients with CIP awerved in our study
were consistent with the results of Fukui et al,*® dealing with
seram CAT actlvities In patiznls witly CP: In the contrast, other
muthors descobed inereased serum CAT or decreased se-
rum and ervthroeyte CAT'? actividies in patiens with CF.
Glutathiors peroxidases use 33H Lo metabalize HyQ; and
linid lydroperexides o watertelated alcohols.! We have fourd
deceensad notlvity of erythracyte GPHT in the patients with PO
and those with CF compored with the confrols. The decreased
erythrocyte GPX1 in CF wag also found in the study of Girigh'*
bt also no ditterences in erpthrocyte GRL actrvity in padens
with CP and the controls were observed.'®? Poblished resuls
in acrone and plosme GFX astivities are incongigent. 5423433440
Tecroassd GPX1 activity mey be explained by the lowered s
it levzls of selenium in both groups wdior decreased con-
centrations of reduced glutathione in erythrocyles found in the
patiznts with PC. Selenium b bound as the selenccystaine at the
aztive sibe of GPA L, End it 3z casential for 1. activity, bdoreover,
selerium deficiency Jeads te decreased GPX1 setivities. >
Glutathione roductase is @ NADTH-dependant enzyme
that catalyzes the rezenemation of GSH from oxidized plut-
thione {GS8CH and thus maintairs 4 constant supply of OSH
for GPX.*! In the present shudy, e decresse in GR erythrocyte
activity was obsetved in the patients with PC and those with CP
and decreased erythrooyte leviels of GSM in PC Lt cot in the
patients with CP ia cornparison with the zentrok. Itis supposed
taat depletion b GSH comcenpation may be cauged by anm-
rulation of G8SG a5 a result of impaired GR (pentose-phes-
phate pathway toey limit NADPH sopply). Formed GS:G
could rzaet with the sulfbydry! group, vin mixed disulphile
teactions, prepuld be seereled outof the cell. Ttis supposed that
e aborementioned processes may lead to G depletion. ¥ In

www.pancreasioumskeem | 019

Fopie 01 Lizenzkunden won sukste 2., gelefert wnd suscedruck: fir Naional Medizal Library SU03X00TIRE



Panerean * Yaume 42, Number 4, May 2073

AL o7 o

cnmizast 3 gur study, decreased toveis of redaced glutmbione
were vhserved in the patients with O

We dd o decrease in serun activities of arylesten:e as
well a5 [aztonase activity of PON] in the patents with PC and
these with CP The Jowest PON L activitics werg observed in the
patients with PL, At present, the decreased PONT activiy in
paliends with PC has been deseched only i oie study.* and
there is oo sindy dealing with 2ON1 activities in CF A& mumber
of miudics have shown decreased s2rwm orylesterase andior
pamoxenise octivitios of PONI in different molignancies,*

Under conulitions of syslemic inflamnaton andfer axi-
daive sticss, several aechandsms are implicated in a deop of
POMI aclivities. Amory them, displacement of FONT from its
linkage toapolipoprotein Al inHOL by SAA down-regulation
of liver FONI lipopolysaceharides snd eyiokines {tumo: te-
crosis factor a and interlevlite-1) viz 1L-6,2 and inhibition of
PUNL activity by oxigized prosphohpids™ are the mos im-
portand. All the abovementioned medianisms cin 3¢ relatrd ko
canger-reinled daorease in PO ativities, Using MTH, the
POME-L aclivity had the mos: dizgciminating powsr to diffeg-
entiate PC from PO,

The finding oF increased SAA levels in the pationts with
PC i or sludy is consister: with the vomelts of othor stud-
s ™% S wen moyloil A s nplicated o carcinogenesis, and
was associated with tamor progressicen and its melestagizing. ™
Soeve awhers ennsidered SAS ns a tumer marker for P
Huwever, 8A4 did not reach appropriate sdpe:ifi:iqr and sexei-
tivity az mmor marker for PC diagnostics, 54

Human serym PONI sheuld eopiribute to the detox: fiea-
tien of organophospherss compounds and carcinogenic ipid-
spluble redicals Fon: lipid peosidaton aud, wweever, should
impede onidative modification of LDLs.2? [n his stedy, we found
& negative cortelztion etween POM 1 setivilies and ox-LTTT.TH.
fovols, The reduced PONT act:vities in the pakients with BC and
these with CP could lezd to the increase in or-LDLLIIL levels,
Oxldatively modified LU mopreserts heayity oxidized LDL
charactenized by oxidative aliered both the lipid and the epoli-
poproteir B, malety of particle, Low-dersity lipoprotin iy
supposed o be aidize not only withia the aztery wall (bry o
thelial cells, smoath muscle cells, snd monscvte/mecrophages)
bt slso ot peripheral tissues altered by inflammat.on (by neu-
trephils and fibeghlasty)

Ly owr suddy, incrsased concenzions of CTVLDL D the
patients with PC and thoze with CP compared with the controls
were fomnd. Concentrations of CTVLDL ar: parthy coneiiorad
as a marker of systemic oxtdativa stress and partly raflect
minimally modilied LDL, it which only the lipid coroponent s
oxidatively modified. ™" Cyrrently, serum concentration of
CD in C2 patients. was descrbed orly in tac study of Santing
etal,** where ths bevels of CO mud 1y id liydroperoxides d:6 not
differ beween Jatients with CP and controls, However, the
patients with CP, in compatson with the comtrals, had jn-
ereased leveds of CD and fifid hydroperonides in pancreatic
Jwiee affer seesctin stimubation. These restlts incicated 1ocal
enhanced oxldlive SIEES it pancress without sysiemic cxida-
Uhe sttess response, Al increase of Tipid peroxidation concected
with PC and CP were obiserved in noany studics ubbg pruilucis
of lipid peroxidation such as thivharhitamie-ceactive sub.
flinces, malondialdehivde, d-bydroxynonenal. lipd hydmper.
onides)."! The impottance of ox-LTL/LDL and CIVLDL was
poimted out in discrimvnating PC from CP using MDA,

n cunclusion, our stady desansirates the persisting oxi-
thetive stress in patienis with CF and those with BC, which is
amsniated with the redured capacity of tho antioxidant defense
system. "he oxidative stress defense systom seens to be more

620 1 www.pancreasournalcom

affceted in patienis with PC compared with those with Ch
Mulrivariate discrminant analysis indicates ihe inpertante of
PONE-L and CATactivitles, aleng with ox-LDE/LDL levels, az
the ‘ndeperdent factors disetininating patients with PC and
thogs with OB Further stwdiet conering mtinxilr.nnt dgfense
syatens and oxidative siress are wurmnted: especitlly with re-
spect to potential fiapnostic and therapeutie immplications.
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Reaktivni kyslikové a dusikové slougeniny
v klinické medicing

Jaroslav Macasek, Miroslav Zeman, Marek Vecka, Lucie Vavrové,
Jana Kodydkové, Eva Tvrzickd, Ales Zak

Univerzita Karlova v Praze, 1. lékaiské fakulta, IV. interni klinika VFN

SOUHRN

V posledni dobé dochézi k rychlému ristu poznatkd o reakfivnich kyslikovych a dusikovych slouceninach (RONS, reactive oxygen and nitrogen
species) v klinické medicing. Jejich vyznamné Gloha byla popséna v patogenezi mnoha chorob véetné téch, které znacné zatézuji zdravotnické
systémy vyspélych statd. Vyzkumu reaktivnich kyslikovych o dusikovych radikélo je proto vénovano velké Gsili. Jednd se o nestabilni édstice
ochomé reaguiici s biomolekulami v organismech. Tyto reakce se fetézové propaguiji a vedou k mnohogemému poskozeni bunénych systémg,
coz se uplatiije v patogenezi mnoha chorob. Chemickou podstatou téchto &éstic je pitomnost nespérovaného elektronu v zevnim orbitalu. Patii
sem také slougeniny snadno oxidujici jiné molekuly. Volné kyslikové radikély vznikaji b&hem fyziologickych procest, jako jsou oxidativni
fosforylace v mitochondriich, fagocytéza ¢i p¥i metabolismu puring. Pfi nadmérmé tvorbé ROS béhem téchto procesd muze doijit k poskozeni
tkang. Dusikaté radikaly vznikaiji predeviim pFi metabolismu oxidu dusnatého, kiery reguluje mnoho procest v organismu, rozpfazenim jeho
syntézy pUsobenim napf. asymetrického dimetylargininu. PFi vzniku radikélo ¢ oxida¢né posobicich latek hraji roli mnohé enzymy jako
peroxizomdlni oxidézy, NAD(P)H oxidéza, xanthinoxidéza, syntéza NO, myeloperoxiddza, lipooxygendza a mnoho dalsich. RONS svij
negativni G&inek zprostredkovévaii chemickou modifikaci DNA, proteind a lipidd, &imz zasahuji do zékladnich biochemickych o molekularng
biologickych d&jo bungk. Proti pusobeni RONS zasahuiji antioxidaéni systémy, které se déli na enzymatické a neenzymatické. RONS se uplatiiuji
v rozvoji mnoha chorobnych stavd, z nichz jmenujme aterosklerézu a jeji kardiovaskularni komplikace, diabetes mellitus, hyperlipidémii,
neurodegenerativni & psychiatrické onemocnéni.

Kli¢ova slova: RONS, radikély, superoxidovy anion, radikél oxidu dusnatého, antioxidanty, ateroskleréza, diabetes mellitus, neurodegenerativni
a psychiatrickéd onemocnéni.

SUMMARY

Macések J, Zeman M, Vecka M, Vavrova L, Kodydkova J, Tvrzicka E, Zak A. Reactive oxygen and nitrogen species in the clinical medicine

Vast knowledge has accumulated recently on the role of reactive oxygen and nitrogen species (RONS) in clinical medicine. Strong evidence was
disclosed on their important role in the pathogenesis of several diseases. Free radicals have unpaired electron and this is the reason for extreme
reactivity causing propagation reactions that lead to the multiple damage to cells. Oxidizing agents belong to the family of reactive species.
Reactive oxygen species are produced during biochemical processes such as oxidative phosphorylation, phagocytosis and metabolism of purins.
Overproduction of reactive oxygen species can cause the tissue damage. Reactive nitrogen species are produced by inhibition of nitric oxide
synthase by the action of asymmetric dimethylarginine. Peroxisomal oxidases, NAD(P) oxidase, xanthinoxidase, nitric oxide synthase,
myeloperoxidase and lipooxygenase catalyze biochemical reactions producing reactive oxygen and nitrogen species. Biochemical and molecular
processes in cells are negatively influenced by chemical modification of DNA, proteins and lipids caused by the action of reactive oxygen and
nitrogen species. Antioxidant metabolites and enzymes work together to stop and to prevent oxidative modification of biomolecules. Reactive
oxygen and nitrogen species play an important role in the pathogenesis of many diseases such as atherosclerosis, diabetes, hyperlipidaemia and
neurodegenerative diseases.

Key words: RONS, radicals, superoxide anion, nitric oxide radical, antioxidants, atherosclerosis, diabetes mellitus, neurodegenerative and

psychiatric diseases.

Cas Lék ces 2011, 150: 423-432

uvoD

V klinické mediciné je dnes vénovana velka pozornost po-
chodlim spojenym s oxidaénim stresem a plsobenim reak-
tivnich slou€enin kysliku a dusiku (RONS — reactive oxygen
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Ma.

and nitrogen species). Mezi tyto latky patfi nejen volné radi-
kaly, ale i slouéeniny, které nejsou v chemickém slova smys-
lu radikaly, ale snadno oxiduji jiné latky, nebo se na radikaly
méni. Vétdina chemickych slou€enin obsahuje v zevnich or-
bitalech sparované elektrony. Tzv. volné radikaly obsahuji
v zevnim orbitalu jeden neparovy elektron, coz je pro né ener-
geticky nevyhodné, a tudiz se snazi sparovat elektron vazbou
s jinym atomem ¢&i molekulou. Ziskanim elektronu od jiného
atomu ¢i molekuly (redukce) nebo jeho odevzdanim na jiny
atom ¢i molekulu (oxidace) pfejde atom ¢i molekula do ener-
geticky stabilnéjSiho stavu s niz&i reaktivitou. Mezi radikaly
v organismu patfi napfiklad superoxidovy anion ‘O,-, oxid dus-
naty ‘NO, nebo hydroxylovy radikal ‘OH. Mezi neradikalové re-
aktivni substance patfi napfiklad peroxid vodiku (H,O,), ky-
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Tab. 1. Pfehled reaktivni slou¢enin kysliku a dusiku

riich, reakce katalyzované pe-

volné radikaly

Reaktivni formy kysliku

tripletovy kyslik 30,2 roxizomalnimi oxiddzami,

superoxidovy anion O, NAD(P)H oxidazami, xantinoxi-

dazou nebo jednoelektronova

hydroxylovy radikal HO redukce kysliku syntazami NO

alkoxyl RO v pfipadé deficitu argininu ne-
hydroperoxyl HO,’ bo tetrahydrobiopterinu (obr.
peroxyl ROO 1). Pfi oxidativni fosforylaci pro-

biha v dychacim fetézci v mi-

latky, které nejsou
volnymi radikaly

peroxid vodiku H,0, tochondriich redukce molekuly

kyselina chlorna HCIO atmosférického kysliku na dvé

ozon Og molekuly vody, spojena s tvor-

singletovy kyslik 10, bou ATP (4). Redukce moleku-

volné radikaly

larniho kysliku na vodu vyza-

oxid dusnaty NO duje celkem &tyfi elektrony,

oxid dusicity NO,’ pokud se uskute¢ni transfer

nitroxylovy anion NO™ - pouze jednoho elektronu, vzni-

Reaktivni formy dusiku

latky, které nejsou
volnymi radikaly

nitrosonium NO* ka superoxidovy anion (4).

dimer oxidu dusicitého N,O,

kyselina dusita HNO, 0,+e— 0, (1]

oxid dusity N,O,

Na superoxidovy anion je

nitronium NO,* Y M .
2 pfevedeno az 3 % molekul mi-

peroxynitrit ONOO tochondrialniho  kysliku (5).

alkylperoxynitrit ROONO

NAD(P)H oxidaza je enzym

@ Kyslik v zakladnim energetickém stavu (3S;) je vlastné biradikal; jeho reaktivita je diky tomu, Ze reak-
ce tripletové molekuly se singletovou (vétSina molekul) je spinové zakazana, relativné nizka. Protoze je

ale molekula kysliku hojné rozsifena, v prehledu ji uvadime.

selina chlorna (HCIO) a peroxynitrit (ONOO-). Pfiklady nej-

Reaktivni formy kysliku i dusiku vznikaji v pribéhu meta-
bolickych pochod(l u v8ech aerobnich organismu. Na jejich
vzniku se podileji i vnéjsi vlivy, jako je ionizaéni zareni, xe-
nobiotika, toxiny ¢i Iéky. Bunky a tkané zivych organismu jsou
pfed poskozenim témito latkami chranény antioxida¢nimi
ochrannymi systémy (enzymatickymi i neenzymatickymi).
V organismu v§ak RONS neplsobi pouze jako patogeny, ale
podileji se také na obrané vuci infekénim agens a v pfimére-
nych koncentracich ovliviuji signalni transdukci a genovou
transkripci, pfiéemz oxid dusnaty (NO') je jednou z nejvy-
znamngj$ich signalnich molekul v lidském organismu (1).

Nadmérna tvorba a/nebo nedostate¢né odstrahovani
RONS, resp. zvyseny pomér prooxidaéni k antioxidacni akti-
vité je ozna¢ovana pojmem oxidaéni stres (OS) (2). V du-
sledku OS muze dojit k: 1. adaptaci buriky nebo organismu se
zvySenim aktivity obrannych systémdu, 2. poSkozeni buriky
s oxidativni modifikaci lipidG, DNA, proteind, sacharidd atd.,
3. bunécné smrti (3). Oxida¢ni stres podle soucasnych nazo-
ra hraje roli zejména u onemocneéni, v jejichz patogenezi se
uplatfiuje zanét, ktery je s OS spojen. Jde o fadu rozsifenych
chorob, jako je aterosklerdza a jeji komplikace (ischemicka
choroba srde¢ni — ICHS), ischemicka kolitida, ischemické cév-
ni mozkové pfihody, arteridlni hypertenze, diabetes mellitus,
neurodegenerativni neurologickd onemocnéni (Alzheimerova
nemoc, roztrouSena skleréza, Parkinsonova nemoc), psy-
chiatrickd onemocnéni (schizofrenie, deprese) i zhoubné na-
dory (4).

ZDROJE A VZNIK RONS
V LIDSKEM ORGANISMU

Reaktivni slouceniny kysliku (ROS)

K nejvyznamnéjsim ROS se poditaji superoxidovy anion
‘O,", hydroxylovy radikal ‘OH a latka neradikalové povahy pe-
roxid vodiku H,O,. K hlavnim zdrojim O, patfi v lidském or-
ganismu reakce provazejici oxidativni fosforylaci v mitochond-
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vézany na buné¢nou membra-
nu, ktery pouziva elektrony po-
chazejici z NADPH k redukci
molekularniho kysliku na ‘O,

NAD(P)H + 2 O,— NAD(P)* + H* + 20, 2]

Enzym se nachazi v neutrofilnich leukocytech, monocytech
¢i makrofazich, kde je zdrojem velkého mnozstvi ‘O,’, ktery
ma baktericidni U€inky. Strukturalné ponékud odlisna je
NAD(P)H oxidaza obsazena v endotelu cév. Jeji produkce ‘O,
je ve srovnani s formou obsaZenou ve fagocytech o nékolik
fadd nizsi. Aktivita cévni NAD(P)H oxidazy a nasledna tvor-
ba ‘O, je zvySovana pusobenim fady faktori U€astnicich se
v patogenezi aterosklerézy, jako jsou angiotenzin Il plsobici
vazokonstrikci, PDGF (platelet derived growth factor) plso-
bici hyperplazii hladkych svalovych bunék nebo trombin (6).
Superoxid vznika také pusobenim enzymu xantinoxidoreduk-
tazy. Tento flavoproteinovy enzym obsahujici molybden exis-
tuje ve dvou formach: xanthin oxidaza (XO) a xantin dehyd-
rogenaza (XD). Enzym katalyzuje postupnou oxidativni
hydroxylaci hypoxanthinu na xanthin a dale na kyselinu mo-
¢ovou (ve formé XD), ale mUze také redukovat kyslik na ‘O,
(forma XO). Je zajimavé, ze je lokalizovan hlavné v endoteli-
alnich a epitelialnich burikach, coz dobfe nekoresponduije s je-
ho funkci v metabolismu purind, ale spiSe naznacuje vyznam
v systému antimikrobialni ochrany (7). Xantinoxidaza hraje vy-
znamnou Ulohu v patofyziologii reperfuzniho syndromu. Pfi hy-
poxii zplsobené nedostateCnym pfivodem kysliku krvi (nizka
perfuze tkani napf. pfi infarktu myokardu) dochazi k vzestu-
pu hladiny ADP, ktery je za fyziologickych okolnosti pfemé-
fovan plusobenim XO na hypoxantin, xantin a moc¢ovou ky-
selinu. Pfi hypoxii je enzym inhibovan; poté, co dojde
k reperfuzi a opétovnému obnoveni dodavky kysliku, zvysi XO
svoji aktivitu s cilem odstranit nahromadéné ADP a jako ved-
lej5i produkt jsou ve zvySeném mnozstvi produkovany enzy-
mem XO i ROS s naslednym paradoxnim prohloubenim po-
8kozeni po obnové dodavky kysliku.

Vznikajici ‘O, je pusobenim enzymu superoxid dismutazy
(SOD) pfeménovan na H,0O,, ze kterého pak ucinkem lyzo-
zomalni katalazy nebo mitochondrialni glutathion peroxidazy
(GPx) vznika voda a kyslik (obr. 2). Glutathion, pouzivany GPx
jako donor vodiku béhem eliminace H,0,, je regenerovan glu-
tathion reduktazou (GR). Soucasti obrannych mechanism lid-
ského organismu proti infekénim agens je také enzym mye-
loperoxidaza (MPO), nachazejici se v azurofilnich granulech

CASOPIS LEKARU CESKYCH 2011; 150 (8)



NAD(P)H oxiddzy

e NADP*
'hﬁnmin xanthin *:Sm \

NADPH + H*
GRed |/
TRRed

T
oo

xanthin_ oxjdoreduktéza'sy " N G2
Cl,
R o 2 "\ 26sH GPXAH & HO A
SeBEL G o
< 3% 2 H.,O HOCI
s 2H,0, ~2s A7
Z CAT myeloperoxidaza
H,O Fe:..
02 -OH FeS.
*OH —» poskozeni DNA
I_LH
LOH _» GSSG \t,
AN (7% Fe* Fe're* fper ‘L
o, v 2GSH Aw k— 0,
| n}'ﬁH / \ LOQ. LO", A AN A A A
vvvvv : 2 N\ NN N N\
PO ok / \ . — — \ — = ¢
Vil E Vit £ GG OH
M </ l‘ M?\go
isoprostany | 4-hydroxynonenal
askorbat ) 268H GSSG Jv GSH
askorbat*"
malondialdehyd GST
‘ OH
dihydro- V\)\/\."O
a-lipoova kys. lipoova kys. DNA adukty SG H
X A

—

- -
NADPH + H* NADP*

Obr. 1. Vznik reaktivnich forem kysliku v lidském organismu a jejich dal$i osud (dle 6, 19)
vit — vitamin, GSH — glutathion, GSSG — glutathion disulfid, GPx — glutahion peroxidaza, GRed — glutathion reduktaza, GST — glutathion S-tran-
sferaza, TRRed — thioredoxin reduktaza, CAT — katalaza, LH — mastna kyselina, SOD — superoxid dismutaza

neutrofild a lyzozomech monocytt. Enzym, ktery hraje roli ve
fagocytoze, vytvafi kyselinu chlornou (HCIO) z peroxidu vo-
diku (H,0,) a chloridl. Reakce HCIO se superoxidem mize
vést ke vzniku mimoradné reaktivniho hydroxylového radika-
lu (8).

HOCI + Oy — OH + ClI + O,
HOCI + Fe?* — ‘OH + CI + Fe®*

(3]
(4]

Chlornanové anionty reaguiji také s nizkomolekularnimi ami-
ny za vzniku chloramind, které stejné jako chlornany maji sil-
ny baktericidni u¢inek (4). Hemo-peroxidazy, jako je MPO i eo-
zinofilni peroxidazy, katalyzuji také v pfitomnosti H,O, a nitritu
NO," nitraci tyrozinu v proteinech, a mohou tak nepfiznivé mo-
difikovat jejich funkci, jako napf. v pfipadé apolipoproteinu A-1
a apolipoproteinu B.

Reaktivni slouceniny dusiku
Mezi nejvyznamnéjsi reaktivni formy dusiku patfi radikal oxi-

du dusnatého ‘NO a peroxynitrit ONOO . Radikal oxidu dus-
natého ‘NO je tvofen oxidaci L-argininu plsobenim syntazy
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oxidu dusnatého (NOS) za vzniku citrulinu a NO. U ¢loveka
Ize rozlisit tfi hlavni izoformy NOS: endotelialni NOS (eNOS),
inducibilni (iNOS) a neuronalni (hnNOS). nNOS a eNOS jsou
konstitutivhé exprimované enzymy, aktivované vzestupem hla-
diny intracelularniho kalcia (Ca2*). Ca®* se vaze na kalmodu-
lin a komplex Ca?*/kalmodulin aktivuje NNOS nebo eNOS.
iNOS obsahuje pevné vazany kalmodulin s kalciem a jeji syn-
téza je indukovana zanétlivymi cytokiny, jako je interleukin-1
(IL-1), tumor nekrotizujici faktor alfa (TNF-c), interferon gam-
ma (IFN-y), ale i antigeny bakterii a nadorovych bunék.

Za fyziologickych okolnosti se ‘NO vyznamné podili na tzv.
endotel-dependentni vazodilataci a regulaci cévniho tonu, ma
protizanétlivé ucinky, inhibuje agregaci krevnich desti¢ek a ad-
hezi leukocytt i desti¢ek na endotel a reguluje proliferaci a di-
ferenciaci bunék cévni stény. V burice hladkého svalu cévy
aktivuje ‘NO enzym guanylat cyklazu. Aktivace guanylat cy-
klazy vede k syntéze cyklického GMP a k vazorelaxaci.

Ke spravné funkci vyzaduji NOS pét kofaktorG: flavinade-
nindinukleotid (FAD), flavinmononukleotid (FMN), hem, tetra-
hydrobiopterin (BH,) a Ca?*-kalmodulin. Jestlize chybi L-ar-
ginin — substrat pro NOS nebo jeden z jeho kofaktorl, mize
NOS produkovat ‘O,  misto ‘NO, coz je oznacovano jako roz-
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pfazeny (uncoupled) stav NOS (9). K rozpfazeni reakce ve-
de téz zvySeni hladiny inhibitoru NOS, asymetrického dime-
tylargininu (ADMA), jehoz zvy$ené koncentrace jsou spojeny
s endotelialni dysfunkci u hypercholesterolémie, inzulinové re-
zistence ¢i hyperhomocysteinémie. Rozpfazeni eNOS v cév-
ni sténé plsobi oxidac¢ni stres jednak poklesem tvorby ‘NO,
jednak zvySenou tvorbou ‘O,". Pokud jsou tvofeny soucasné
‘NO a O, vznika toxicky peroxynitrit ONOO". Peroxynitrit re-
aguje s CO,, ktery je v télesnych tekutinach obsazen ve vy-
sokych koncentracich, a vytvari jednoelektronové oxidanty
'‘NO, a CO;", které oxidaci aminokyseliny tyrozinu vedou ke
vzniku tyrozinového radikélu Tyr a nasledné 3-nitrotyrozinu,
3-NO,-Tyr . Z ONOO" mUize také vzniknout "OH, plsobici pe-
roxidaci lipidd, mutace DNA, jejich fragmentaci nebo modifi-
kace proteint (obr. 2). Peroxynitrit vedle pfimého toxického
pasobeni oxiduje BH,, coz rovnéz pfispiva k rozpfazeni
eNOS.

Lipoxygendaza

Lipoxygenazy jsou dioxygenazy obsahujici zelezo, které
katalyzuji stereospecifickou inzerci molekularniho kysliku do
molekuly vicenenasycené mastné kyseliny. Aktivni forma en-
zymu obsahuje v katalytickém centru trojmocné zelezo, for-
ma lipoxygenazy s dvojmocnym Zelezem neni aktivni. PUso-
beni lipoxygenaz na kyselinu arachidonovou vede k tvorbé
5-, 11- a 15- hydroperoxyeikosatetraenovych mastnych ky-
selin (HPETE), které jsou v tkanich rychle redukovany na od-

povidajici hydroxyeikosatetraenové kyseliny (HETE), jako
jsou 5S&-hydroxy-6t,8c,11¢,14c-, 12S-hydroxy-5¢,8¢,10t,14c-
a 15S-hydroxy-5c¢,8c,11c,13t-eikosatetraenové mastné ky-
seliny (10). Z téchto derivatd jsou 5-hydroxy izomery pfed-
chuidci biologicky aktivnich leukotrient a lipoxind (obr. 3), kte-
ré hraji vyznamnou roli v patofyziologii zanétu. 5-HETE ma
chemotakticky ucinek na neutrofily, leukotrien B, (LTB,) pu-
sobi chemotakticky na fagocyty, LTC,, LTD, a LTA, pUsobi
vazokonstrikci, bronchokonstrikci a zvySuji permeabilitu cév.

Myeloperoxidaza

Myeloperoxidaza (MPO) je enzym, obsahujici hem, ktery
se nachazi v azurofilnich granulech neutrofilli a lyzozomech
monocytd. Enzym vytvafi kyselinu chlornou (HCIO) z peroxi-
du vodiku (H,O,) a chloridd. MPO hraje roli pfi fagocytéze
a produkty jejiho plisobeni se podileji na destrukci bakterii, in-
tracelularnich parazitli i nadorovych bunék. Reakce kyseliny
chlorné se superoxidem muze vést ke vzniku mimoradné re-
aktivniho hydroxylového radikalu (8). Chlornanové anionty re-
aguji také s nizkomolekularnimi aminy za vzniku chloramind,
které stejné jako chlornany maji silny baktericidni ucinek (4).
Hemo-peroxidazy, jako je MPO i eozinofilni peroxidazy, kata-
lyzuji také v pfitomnosti H,O, a nitritu NO,™ nitraci tyrozinu
v proteinech, a mohou tak nepfiznivé modifikovat jejich funk-
ci, jako napf¥. v pfipadé apolipoproteinu A-1 a apolipoprotei-
nu B. Oxidované produkty pisobeni MPO jsou ve vysokych

NOI o [RNH, NO:  RRNH NO; |
2 NO; i j ' j
i P ROH >
nitrosace | N,O, N, N,O, RNNO
ooNo, NG, — *NO
..... 2
NO; . *OH
2°NO, A’ .
- - _“-.,-'- - - H+
o - % CO.
402 \ ~ = ‘.‘ / Z_ "
S . s :
rozpfazena , 3 NO ) ——o—3 ONOO- Co, *NO,

eNOS d -
Y >

-— - I\;OO . .
/BH‘ L-Cltl'ulln é [Fe?-]_SGC

L-arginin

vazodilatace

Obr. 2. Vznik a plsobeni reaktivnich forem dusiku (dle 6, 11, 16, 17)
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membréanové fosfolipidy
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Obr. 3. Metabolizmus eikosanoidu

HETE — hydroxyeikosatetraenova kyselina, HPETE — hydroperoxyeikosatetraenovéa kyselina, LO-x — lipoxygenaza, COX — cyklooxygenaza,

LX — lipoxiny, LT — leukotrieny, cysLT — cysteinylleukotrieny

koncentracich prokazovany v ¢éasticich LDL lokalizovanych
v aterosklerotickych platech. Pfedpoklada se, ze aktivita MPO
souvisi s vulnerabilitou ateromovych plata (11). MPO muze
také modifikovat lipoprotein HDL, coz vede k poruse reverz-
niho transportu cholesterolu. Nejvy3ssi kvartily MPO v krvi a le-
ukocytech vyznamné korelovaly s pfitomnosti koronarni ate-
rosklerézy. Ve studii u hemocnych s AKS predpovidaly hladiny
MPO rozvoj IM nezavisle na jinych rizikovych faktorech, jako
napf. CRP (12). Zda se, Ze MPO je vyznamnym cinitelem, po-
dilejicim se na destabilizaci ateromového platu a stanoveni
MPO by mohlo slouzit jako nezavisly prognosticky ukazatel
u nemocnych pfijatych k observaci pro bolest na hrudi.

MECHANISMY PUSOBENI REAKTIVNICH CASTIC

Nukleové kyseliny, lipidy a proteiny mohou byt poSkozeny
pusobenim RONS, coz mize vést az k bunééné smrti (5). Je-
jich plisobeni neni v&ak jen nepfiznivé, aktivuji také rizné bu-
nécné signalni kaskady, které reguluji proliferaci, detoxifika-
ci, reparaci DNA nebo apoptézu. V pfipadé snizené tvorby
RONS mduze dojit k poru$e imunitni odpovédi na cizorodou
noxu nebo k poruse proliferace. V zavislosti na koncentraci
a typu RONS mohou byt aktivovany bud signalni cesty pro-
tektivni (napf. reparace DNA) anebo bunééné apoptdza.

Poskozeni lipidy

PuUsobenim radikalové latky, nej¢astéji "OH, na lipidy, ze-
jména na vicenenasycené mastné kyseliny (polyunsaturated
fatty acids, PUFA), vede k lipoperoxidaci (viz obr. 2). Oxiduiji-
ci latka vytrhne elektron z metylenové skupiny uhlovodikové-
ho fetézce PUFA (-CH,) za vzniku lipidového radikalu (L). Po
vytrzeni vodiku dojde ke zméné elektronového usporadani
v uhlovodikovém fetézci PUFA tak, ze mezi dvéma dvojnymi
vazbami je jedna vazba jednoducha (konjugovany dien) (4).
Konjugované dieny se snadno spojuji s molekularnim kysli-
kem za vzniku peroxylového radikalu LOO'. Peroxylovy radi-
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kal maze vytrhnout elektron ze sousedni mastné kyseliny, kte-
ra se stava radikalem, zatimco peroxyl se méni na hydroper-
oxid LOOH. Radikélova reakce se pak fetézovité $ifi dal (pro-
pagace), dokud neni ukonéena (terminace) setkanim radikalu
mastné kyseliny s jinym radikalem nebo vitaminem E (4). Li-
poperoxidacnimi pochody vznikaji hydroperoxidy a cyklické
peroxidy mastnych kyselin, které v pfitomnosti pfechodnych
kovu (jako Ca?*, Fe?*) podléhaji tzv. Fentonové reakci za vzni-
ku alkoxylového radikalu LO" a hydroxidového aniontu OH.

(5]

Lipoperoxidace nakonec vede ke vzniku stabilnich latek,
které Ize laboratorné stanovit, jako je napf. MDA (malondial-
dehyd) a nebo 4-hydroxynonenal (4-HNE). Malondialdehyd
velmi ochotné reaguje s nukleofilnimi skupinami (aminosku-
piny), a zpUsobuje tak modifikaci struktury a nasledné funkce
protein(l (zesitovani kolagenu). Dal$i produkt oxidace vice-
nenasycenych mastnych kyselin 4-hydroxynonenal, elektro-
filni o,B-nenasyceny aldehyd, zptsobuje kovalentni modifi-
kaci DNA, coz zplsobuje vznik mutaci, a proteinli signalnich
drah, a ovliviiuje tak genovou expresi zodpovédnou za pro-
dukci slozek antioxidaéniho systému, heat shock proteint
a proteind ucastnicich se reparace poskozené DNA. 4-hyd-
roxynonenal je téz uzivan jako biomarker oxidativniho po-
Skozeni bunék. Jinymi vyznamnymi produkty plsobeni oxi-
daéniho stresu na lipidy jsou F,-izoprostany (13). |zoprostany
jsou latky podobné F,-prostaglandinu vznikajici neenzyma-
tickou peroxidaci kyseliny arachidonové plsobenim radikald.
F,-izoprostany v8ak in vivo prodélavaji dal$i pfeménu v E,-,
D2-, A2-, J2-izoprostany, izotromboxany a vysoce reaktivni
ketoaldehydy zvané izoketaly. Podobné slouceniny vznikaji
téz z kyseliny dokosahexaenove, ktera je hojna v neuronech,
a proto se slouceniny vzniklé jeji radikalovou neenzymatickou
peroxidaci nazyvaji neuroprostany ¢i neuroketaly. F,-izopro-
stany jsou nejenom markery lipoperoxidace, ale jako ligandy
specifickych receptorti zpUsobuji i vazokonstrikci. U riznych
onemocnéni (napf. diabetu) dochazi ke vzniku oxidativné mo-
difikovanych LDL ¢astic tzv. oxLDL, jejichz hlavnimi kompo-

LOOH + Fe?* {Cu*} — LO + Fe3 {Cu?*} + OH-
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nentami jsou 9-hydroxy-10,12-oktadekadienova (9-HODE)
a 13-hydroxy-9,11-oktadekadienové (13-HODE) kyselina. Vz-
nikaji psobenim ROS na linolovou kyselinu. Bylo zjisténo, Ze
9-HODE i 13-HODE jsou endogennimi aktivatory PPAR-y
(peroxisome proliferator-activated receptor gamma) a hraji vy-
znamnou Ulohu napfiklad pfi rozvoji diabetické nefropatie tim,
Ze stimuluji mezangialni proliferaci.

Poskozeni DNA

Podobné jako lipidy jsou nukleové kyseliny poSkozovany
prfedevsim ‘OH. Hydroxylovy radikal reaguje se vdemi sloz-
kami DNA a poSkozuje jak purinové, tak pyrimidinové baze
i strukturu deoxyrib6zy. Dochazi k vyjmuti vodikového ato-
mu z deoxyrib6ézy s naslednou destrukci sacharidu a preru-
Seni Fetézce. Hydroxylovy radikal vytvafi addukty s purino-
vymi i pyrimidinovymi bazemi a modifikované baze pak slouzi
jako marker poSkozeni DNA, napf. 8-hydroxydeoxyguano-
zin (8-OH-dG), 8-hydroxy-guanin a 8-hydroxy-guanozin (4).
Modifikace nukleovych kyselin pak vede k chybnym parova-
nim bazi pfi replikaci DNA a k naslednym zménam genetic-
ké informace.

Poskozeni bilkovin

Oxidativni modifikace poskozuje strukturu bilkovin. Oxi-
dace aminokyselin v proteinech vede k nevratnym zmé-
nam. Dochazi k fragmentaci a agregaci bilkovin. V du-
sledku konformaénich zmén se zvySuje citlivost
k proteolytickému Stépeni. Citlivost proteind vici oxidaci

Tab. 2. Dulezité komponenty antioxida¢niho systému (dle 30, 31, 36)

dehyd je velice reaktivni slou¢enina vytvarejici vazby pre-
dev&im s amino-skupinami aminokyselin, coz zapfi¢inuje
zesitovani proteinu a ztratu jejich funkce. U diabetikl se
zvySuje glykace kolagenu, jenZ se pUsobenim malondia-
Idehydu zesituje a tento déj sekundarné urychluje rozvoj
aterosklerdzy.

ANTIOXIDACNI SYSTEM V LIDSKEM
ORGANISMU

Slozité biochemické déje neustéle probihajici v Zivych or-
ganismech vytvareji RONS, které mohou mit jak nepfiznive,
tak i pfiznivé G€inky. Pro spravné fungovani metabolickych
procesu je tak nutné stale ustavovat rovnovazny stav mezi
vznikem a odbourdvanim RONS. K udrzeni homeostazy v si-
tuaci, kdy jsou neustale vytvafeny RONS, slouzi systém anti-
oxidantd (tab. 2). Dfive se pomyslelo, ze RONS maji pouze
negativni GCinky, ukazalo se vSak, ze maji i pfiznivé ulinky.
V leukocytech slouzi k likvidaci infekénich ¢astic cestou re-
spira¢niho vzplanuti za u¢asti NADPH oxidazy, hraji dllezitou
ulohu v signalnich dréahach (ovliviuji nuklearni faktor kB, mi-
togen- activated proteinkinazu atd.), proliferaci, pfezivani, mi-
graci a adhezi bunék.

Enzymatické antioxidanty

Mezi enzymatické antioxidanty patfi napf. superoxid dis-
mutaza (SOD), katalaza (CAT), glutathion peroxidaza, glu-

Lokalizace

Intracelularni Antioxidanty |

bunécna membrana

extracelularni antioxidanty

enzymové slozky

DT-diaforaza
proteolytické enzymy
hem oxygenaza |

superoxiddismutaza fosfolipazy SOD-3
katalaza EC-CAT
glutathionperoxidaza GPx-3
peroxidaza paraoxondza

selenoprotein P?
peroxiredoxiny

neenzymové slozky

Intracelularni Antioxidanty

bunééna membrana

extracelularni antioxidanty

Gilutathion
kyselina askorbova
kyselina lipoova
vazebné proteiny kovi — feritin (Fe?*gFed+),
metallothioneiny (Cu*)
opravné systémy DNA — excize basi
glykosylazami, homologni rekombinace,
spojovani nehomolognich koncl

vitamin E  B-karoten

glutathion
kyselina askorbova
vitamin E *
proteiny vazajici pfechodné kovy — transferin
(Fe®*), laktoferin (Fe3*), ceruloplasmin (Cu?*),
haptoglobiny (hemoglobin)
a hemopexin (hem)
albumin, bilirubin, kyselina mocova,
thioredoxin

* Vitamin E je nejsilnéjSim antioxidantem v membranach, mimo né vykazuje pouze slabé antioxida¢ni schopnosti.

je ovliviiovana také pfitomnosti iontl kovl schopnych ka-
talyzovat reakci Fentonova typu (14). Modifikovany jsou
zejména aminokyseliny postrannich fetézcli, zejména cys-
tein a methionin, pficemz oxidaci cysteinovych zbytkd
vznikaji smiSené disulfidy mezi thiolovymi skupinami bil-
kovin (-SH) a nizkomolekularnimi thioly, zejména GSH
(15). Oxidace proteind vede také k fragmentaci polypep-
tidovych Fetézcu a k intra- i intermolekularnimu sitovani
(cross-linking). Takto modifikované proteiny snaze pod-
|éhaji degradaci. Je zndmo, Ze glykovany kolagen zvysu-
je tvorbu malondialdehydu a 4-hydroxynonenalu, produktd
oxidace vicenenasycenych mastnych kyselin. Malondial-
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tathion reduktdza. Enzymy glutathion peroxidaza a gluta-
thion reduktéza se nachazeji v cytoplazmé, mitochondriich
i v jadre. Glutathion peroxidaza méni H,O,na vodu za spo-
luucgasti glutathionu (GSH) jako darce vodiku. Vznikajici
glutathion disulfid (GSSG) je pfeménovan zpét na GSH pu-
sobenim GR, jejimz kofaktorem je NADPH. Pusobenim
SOD dochazi k preméné 20, na H,0,, ktery je detoxikovan
bud katalazou, ktera v lyzozomech rozklada H,O, na vodu
a kyslik, nebo u¢inkem GPx v mitochondriich (viz obr. 1).
Glutathion reduktaza regeneruje GSH, ktery je pouzivan ja-
ko donor vodiku glutathion peroxidazou béhem eliminace
H,0,.
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Neenzymatické antioxidanty

Mezi neenzymatické antioxidanty patfi vitaminy A, C a E,
glutathion, kyselina alfa-lipoova, dale karotenoidy, stopoveé prv-
ky jako méd, zinek a selen, koenzym Q,, (Co Q,,) a kofakto-
ry jako kyselina listova, vitaminy B, B,, Bsa B,,, dale téZ mo-
Covina, albumin ¢&i bilirubin.  Hlavnim intracelularnim
antioxidantem je GSH, ktery pUsobi jako pfimy scavenger
a soucasneé jako kosubstrat pro GPx. Vitamin E je oznaceni
pro skupinu osmi pfibuznych tokoferoll a tokotrienold, které
zabranuji peroxidaci lipidd. U lidi je nejaktivnéjsi forma o-to-
koferolu. Hydroxylovy radikal reaguje s tokoferolem za vzni-
ku stabilniho fenolického radikalu, ktery je redukovan zpét na
fenol askorbatem a NAD(P)H dependentnimi reduktazami
(16). Koenzym Q,, plsobi jako elektronovy nosi¢ v komplexu
Il mitochondriélniho elektronového transportniho fetézce. Je
to v tucich rozpustny antioxidant, ktery ve vyssich koncentra-
cich pusobi jako scavenger 20, (17). Vitamin C (kyselina as-
korbova) stabilizuje kofaktor NOS, tetrahydrobiopterin (BH,),
coz podporuje tvorbu NO (18). Kyselina a-lipoova je hydrofil-
ni antioxidant, pusobici jak ve vodném, tak v lipidovém pro-
stfedi. Jeji redukovana forma, dihydrolipodt, je schopna re-
generovat jiné antioxidanty, jako jsou vitamin C nebo vitamin
E (18). Bilirubin je v posledni dobé intenzivné studovan jako
neenzymaticky antioxidant. Kromé toho pusobi antiaterogen-
né tim, ze inhibuje oxidaci LDL ¢astic a lipid(i obecné a pohl-
cuje kyslikové radikaly. Mnohé studie prokazaly inverzni vztah
hladin bilirubinu k vyskytu kardiovaskularnich chorob. Lidé
s Gilbertovym syndromem (nekonjugovana hyperbilirubiné-

UPLATNENI RONS V KLINICKE MEDICINE

VolIné radikaly i ostatni RONS pini v organismu vyznamné
funkce. Jsou souéastmi obranného systému organismu pro-
ti bakterialni infekci, intracelularnim parazitiim, cizorodym lat-
kam i nadorovym bunkam. V pfipadé bakterialni infekce se
v neutrofilnich leukocytech a makrofazich aktivuje enzym
NAD(P)H oxidaza, vznika superoxidovy anion. Takto aktivo-
vané buriky zvysi spotfebu O, (tzv. oxidaéni nebo respiraéni
vzplanuti, respiratory burst). Vznikajici 2O,” se pfeméfiuje na
H,O,. Enzym myeloperoxidaza zase v polymorfonuklearnich
leukocytech katalyzuje tvorbu kyseliny chlorné z H,0, a chlo-
ridového iontu. Vyznamnou soucasti obrany organismu pro-
ti riznym mikroblm, intracelularnim parazitiim i nadorovym
bunkam, je aktivita iNOS. Exprese enzymu je indukovana pu-
sobenim mikrobu a rdznych cytokinu a vede k produkci NO
mnohem vys$si, nez ke které dochazi v dUsledku aktivity
eNOS. Soucgasné vytvafeny 2O, v8ak plsobi zvyeni kon-
centraci peroxynitritu ONOO-, ktery ma baktericidni G€inky
(4). V nizkych koncentracich se RONS podileji na nitrobu-
néénych signdlnich pochodech. V tzv. signalni transdukci
je zprostfedkovan pfenos informace pfichazejici zvenci pro-
stfednictvim hormon(, cytokind, ristovych faktorl ¢i neuro-
transmiter az do buné¢ného jadra. Transkripéni faktory po
vazbé na specifické sekvence DNA reguluji aktivitu RNA po-
lymerazy Il. Nékteré signdlni cesty v burice jsou zprostied-
kovany RONS, které v tomto pfipadé hraji roli ,druhotnych
posli“ (second messengers). Pravdépodobné nejvyraznéji se
RONS uplatrfiuji pfi ovlivnéni systému MAP kindz (mitogen
associated protein kinase), ktery pfedstavuje kaskadu fosfo-
rylaénich reakci, ve kterych se postupné aktivuji enzymy
a dalsi proteiny s vyslednym ovlivnénim jadernych tran-
skripénich faktorq, regulujicich bunéény rist, diferenciaci
i apoptdzu. Patfi sem faktory NF-xB (nuclear factor kappa B),
vyznamny u zanétlivych procestl, AP-1 (activated protein-1),
ovliviujici rist a diferenciaci bunék a p53, coz je protein, kte-
ry pomaha udrzovat stabilitu genomu (zdsahem do reparac-
nich mechanism( DNA a také do regulace proliferace a di-
ferenciace buriky) (20).

CASOPIS LEKARU CESKYCH 2011; 150 (8)

VYBRANA ONEMOCNENI,
V JEJICHZ ETIOPATOGENEZI
JSOU VYZNAMNE VOLNE RADIKALY

Ateroskleréza a jeji komplikace

Aterosklerézu je mozno charakterizovat jako chronické za-
nétlivé fibroproliferativni onemocnéni, ve kterém hraje pod-
statnou roli proliferace hladkych svalovych bunék (SMC)
a makrofag(, tvorba pojivové tkané burikami hladké svalovi-
ny a hromadéni lipidd, zejména volného (FC) a esterifikova-
ného cholesterolu (CE), v burikdch a mezibunééné hmoté.
V aterogenezi hraje oxidaéni stres vyznamnou roli. Uplatiiuje
se zejména ‘O,, H,0,a 'NO. Nadmérna tvorba RONS vede
k aterogennim a trombogennim zménam ve smyslu zvySené
adheze monocytl, agregace krevnich desti¢ek a porusené va-
zodilatace. Pasobenim RONS jsou ve sténé cévy modifiko-
vany LDL ¢astice a vznikaji tzv. minimalné modifikované a oxi-
dované LDL (mmLDL - minimally modified and
oxLDL-oxidized), mmLDL maji zoxidovanou pouze lipidovou
sloZzku a u oxLDL dochazi k oxida¢ni modifikaci i proteinové
sloZky. Tyto ¢astice nasledné inhibuji vazodilataci a plsobi
proaterogenné tim, ze aktivuji zanétlivou odpovéd, prolifera-
ci bunék, ale i jejich apoptozu. Syntéza proaterogennich ad-
heznich molekul je zvySovana cytokiny (interleukiny, tumor
necrosis factor alfa, angiotenzin Il, endotelialni ristovy faktor
VEGF) mechanismy zahrnujicimi RONS. Inaktivace ‘NO pu-
sobenim ‘O, a zvy$ena tvorba H,O, inhibuje vazodilataci. Oxi-
dacni stres plsobi také zvySenou apoptézu endotelialnich bu-
nék cestou aktivace signalini cesty proteinkinazy C (21). H,0,
i 'O, vyznamné ovliviuji migraci hladkych svalovych bunék do
cévni stény indukci MCP-1 (monocyte chemotactic protein-1)
i proliferaci hladkych svalovych bunék. ZvySenim sekrece i ak-
tivity metaloproteinazy 9 se RONS podileji i na zvySeném od-
bouravani extraceluldrni matrix (22), coz ma vyznam pfi vy-
voji nestabilniho ateromového platu a nasledné trombdzy.

Diabetes mellitus

U diabetes mellitus zvySeny oxida¢ni stres pochazi z né-
kolika zdroji: 1. neenzymatické zdroje, tj. zejména hypergly-
kémie, 2. zdroje enzymatické, kde vznikaji RONS v dusledku
aktivity enzyma, hlavné NAD(P)H oxidazy, xanthinoxidazy,
cyklooxygendzy a 3. mitochondridlni elektronovy fetézec
v pribéhu oxidativni fosforylace (23). Hyperglykémie zvySuje
tvorbu volnych radikalt nékolika zplisoby (24). BEhem tzv. au-
tooxidace glukdzy, katalyzované prechodnymi kovy, dochazi
ke vzniku redukovanych kyslikovych derivati, jako jsou O,
X0OH a H,0, ale i reaktivnich ketoaldehydd. Glukdza je dale
schopna vazat se neenzymaticky adici k aminoskupiné pro-
teinu (glykace), timto vznikaji pfes meziprodukt (Schiffovy ba-
ze) tzv. Amadoriho produkty. Disledkem intramolekularnich
pfesmykl v Amadoriho produktech je vznik vysoce reaktivnich
dikarbonylovych latek, glyoxalu, methylglyoxalu a 3-deoxy-
glukosonu. Radové béhem tydnu jsou Amadoriho produkty po
intra- a intermolekularnich prestavbach pfeménovany na no-
vou tfidu molekul, tzv. Maillardovy slou¢eniny, neboli AGE
(advanced glycation end products). U hyperglykémie se me-
tabolismus gluk6zy ubira i polyolovou cestou, ktera také ve-
de ke zvysené tvorbé 0,". Glukdza je nejprve redukovana
aldozoreduktazou za u¢asti NADPH na sorbitol, ten je oxido-
van NAD* s naslednym zvySenim poméru NADH/NAD* v cy-
tosolu (hyperglykemicka pseudohypoxie).

Zdrojem zvySené tvorby superoxidu O, jsou u diabetu
vedle hyperglykémie také enzymatické aktivity NAD(P)H oxi-
dazy, xanthinoxidazy i cyklooxygenazy, jejichz pusobenim
vznika 20, jednoelektronovou redukei kysliku. Se vzestupem
hladiny 2O,", mozna v disledku poklesu BH, jsou spojeny sta-
vy spojené s inzulinovou rezistenci jako obezita, arterialni hy-
pertenze a diabetes mellitus (25). Superoxid, tvofeny v mito-
chondridlnim systému za hyperglykemickych podminek,
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Obr. 4. Oxida¢ni stres a hyperglykémie v patofyziologii diabetu (dle 26)
COX-2 — izoforma 2 cyklooxygenazy, SOD — superoxid dismutaza, PKC — proteinkinaza C, F-3-P — fruktda 3-fosfataza, GFAT — glutamin:

fruktéza 6-fosfat aminotransferaza, Gin — glutamin, Glu — glutamat, PG

aktivuje enzym poly (ADP-rib6za) polymerazu (PARP). To pa-
sobi inhibici glyceraldehydfosfat dehydrogenazy (GAPDH)
s naslednym zvySenim koncentrace glyceraldehyd-3-fosfatu
a aktivaci 4 patologickych mechanismu: 1. polyolové cesty,
2. glukozaminové cesty, 3. zvySené tvorby methylglyoxalu
a AGE, 4. vzniku diacylglycerolu (DAG), ktery aktivuje PKC
(proteinkinazu C) (26). Aktivaci PKC je mozné vysvétlit né-
které cévni abnormality pozorované u diabetu (zmény funkci
bunék endotelidlnich, mezangialnich, bunék hladkého sval-
stva cév s vyslednymi zménami permeability, kontraktility
a syntézy bazalni membrany). PKC mlze také modulovat pu-
sobeni hormond, ristovych faktor( a iontovych kanall. Nas-
tin ptusobeni oxidaéniho stresu v patofyziologii komplikaci dia-
betu je podan na obrazku 4.

Hyperlipidémie

Hypercholesterolémie i hypertriglyceridémie (HTG) jsou
zdrojem zvySeného oxida¢niho stresu. Je u nich zjiStovana
zvysena tvorba 20, zfejmé v dlsledku zvySené aktivity xan-
tin oxidazy (27) a NAD(P)H oxidazy (28). LéCiva uzivana k |é¢-
bé téchto dvou stav(, statiny a fibraty, nesnizuji pouze hladi-
nu lipida, ale maji tzv. pleiotropni U¢inky, mezi které patfi
i pfiznivé UCinky na oxidaéni stres. U nemocnych s HTG Ié-
¢enych fibraty byl popsan pokles hladiny konjugovanych die-
nu, prodlouzeni lag faze lipoproteinovych ¢astic VLDL a LDL
i vzestup aktivity SOD a GPx (29).

Neurodegenerativni onemocnéni

Mozek je vici oxidaénimu stresu vysoce citlivy, protoze vy-
uziva 20 % kysliku spotfebovavaného organismem (30). Mo-
zek také obsahuje velké mnozstvi vicenenasycenych mast-
nych kyselin a Zeleza a nizkou koncentraci antioxida¢nich
enzymd.

Parkinsonova nemoc. U Parkinsonovy nemoci dochazi
k degeneraci neurontl v substantia nigra, secernujicich do-
pamin, které se podili na kontrole a planovani pohybu. Pred-
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poklada se, ze v patofyziologii choroby se uplatiuje tvorba
RONS a oxidace dopaminu (31). U pacientl s Parkinsono-
vou nemoci jsou silné dikazy o plsobeni oxidaéniho stre-
su. V mozku pacientl s Parkinsonovou nemoci byla zjisté-
na zvySena mnozstvi oxidovanych forem proteind, lipidd
a nukleovych kyselin, jako jsou karbonyly proteinu, 4-hyd-
roxy-2-nonenol a 8-hydroxy-2-deoxyguanozin (2, 3, 5,
9-11).

Alzheimerova nemoc. Podobné se oxidacni stres podle
soucasnych nazorld uplatiuje také v patogenezi Alzheimero-
vy nemoci. Alzheimerova nemoc (AD) je heterogenni one-
mocnéni, za jejiz hlavni rys je povazovano ukladani amyloi-
du beta (AB) v mozku. Beta-amyloid je ukladan extracelularné
v tzv. senilnich placich a je tvofen z téla vlastniho amyloido-
vého prekurzorového proteinu (APP). Dal§im patologickym
proteinem u AD je degenerovany protein tau, ulozeny intra-
celularné (32). Tvorba RONS, jako napf. H,O, provazejici re-
dukci kovovych iontl, vedla k oxidaénimu poskozeni neuro-
nt a vzniku AB. AB sam je zdrojem oxidacniho stresu. BEhem
progrese AD byla prokazana lipoperoxidace, oxidaéni posko-
zeni proteint i DNA.

V mozkové tkani jsou u pacientli s AD prokazovany mar-
kery oxidacniho stresu, jako je zvySena aktivita hem-oxyge-
nazy 1 (HO-1) a koncentrace 8-hydroxyguaninu (8-OHG). Se-
nilni plaky nesou zndmky oxidativniho poSkozeni jako
modifikace Maillardovymi slou¢eninami (AGE), karbonylace,
LSitovani“ (cross-linking) proteint. V mozkové tkani nemoc-
nych s AD jsou také prokazovany zvySené koncentrace zele-
za a médi. Pfesné mechanismy spojeni mezi oxidaénim stre-
sem a smrti neurond, vedouci k porucham poznavacich
procesu, vSak zatim nebyly objasnény (33).

Psychiatricka onemocnéni
V posledni dobé je uloha oxidaéniho stresu sledovana
i u nékterych psychiatrickych onemocnéni, zejména schizo-

frenie, ale i depresivnich poruch, obsedantni kompulzivni po-
ruchy (OKP) a autismu.
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Schizofrenie. U pacientd se schizofrenii je vétSinou pro-
kazovana dysfunkce antioxidaéniho systému spojend s vy-
stupriovanou lipoperoxidaci. Mechanismy vzniku a pusobeni
oxida¢niho stresu u schizofrenie nejsou jasné, néktefi autofi
ukazuji na vyznam zvy$eného obratu katecholamind u ne-
mocnych se schizofrenii (34).

Depresivni poruchy. V etiopatogenezi deprese se predpo-
klada tcast oxidacniho stresu, a protoze mozek obsahuije vel-
ké mnozstvi vicenenasycenych mastnych kyselin, zeleza a niz-
kou koncentraci antioxida¢nich enzyma je k jeho pUsobeni
nachylny. Deprese je Casto spojena i se subklinickym zanétem
provazenym zvy$enymi hladinami zanétlivych cytokinl, zvy-
Sujicich tvorbu reaktivnich ¢astic (35). Byla popséna korelace
zavaznosti symptomu deprese s hladinou lipoperoxidd v séru.

ZAVER

RONS i antioxida¢ni systémy hraji v organismu ddlezitou
ulohu. Jejich vyvoj Sel ruku v ruce s vyvojem aerobniho me-
tabolismu a ochrany pfed toxicitou kysliku. Role RONS neni
pouze negativni ucasti v patofyziologickych mechanismech
riznych chorob, ale RONS maji téz fadu pfiznivych uéinkd
a jsou soucasti pfirozenych bunéénych signalnich drah. Je-
jich patologické plsobeni zavisi hlavné na nerovnovaze pro-
oxidaénich a antioxida¢nich systému. V sou¢asné dobé je je-
jich studiu vénovana zvysena pozornost a Ize doufat v brzké
uplatnéni poznatk( pro 1é¢bu chorob, v jejichz rozvoji se
RONS uplatiuiji.

Zkratky

13-HODE — a 13-hydroxy-9,11-oktadekadienova kyselina
4-HNE — 4-hydroxynonenal

8-OH-dG — 8-hydroxydeoxyguanozin

8-OHG — 8-hydroxyguanin

9-HODE - 9-hydroxy-10,12-oktadekadienova kyselina

AD — Alzheimerova nemoc

ADMA — asymetricky dimetylarginin

AGE — advanced glycation end products
AP-1 — activated protein-1

APP — amyloidovy prekurzorovy protein
AB —amyloid beta

BH, — tetrahydrobiopterin

Ca?* — intracelularni kalcium

CAT — katalaza

CE — esterifikovany cholesterol

cGMP — cyklicky guanylmonofosfat

Co Qo —koenzym Q,,

COX — cyklooxygenaza

COX-2 — izoforma 2 cyklooxygenazy
CRP — C-reaktivni protein

cysLT — cysteinylleukotrieny

DAG — diacylglycerol

eNOS — endothelidlni syntdza NO

F-3-P — fruktéza 3-fosfatéza

FAD — flavinadenindinukleotid

FC — volny cholesterol

FMN — flavinmononukleotid

GAPDH  — glyceraldehydfosfat dehydrogenazy

GFAT — glutamin: fruktoza 6-fosfat aminotransferaza
Gin — glutamin

Glu — glutamat

GPx — glutahion peroxidaza

GR — glutathion reduktéza

GSH — glutathion

GSSG — glutathion disulfid

GST — glutathion S-transferaza

H,0, — peroxid vodiku

HclO — kyselina chlorna

HETE — hydroxyeikosatetraenova kyselina

HO-1 — hem-oxygenaza

HPETE — hydroperoxyeikosatetraenovi mastna kyselina
HTG — hypertriglyceridémie

IFN-y — interferon gamma
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ICHS — ischemicka choroba srdeéni

IL — interleukin

iNOS — inducibilni NOS

LDL — lipoproteiny o nizké hustoté

LH — mastna kyselina

LO-x — lipoxygenaza

LT — leukotrieny

LX — lipoxiny

MCP-1 — monocyte chemotactic protein-1

MDA — malondialdehyd

mmLDL  — minimalné modifikované a oxidované LDL (minimally

modified and oxLDL-oxidized)

MPO — myeloperoxidaza
NF-kB — nuclear factor kappa B
nNOS — neuronalni NOS

NO — oxid dusnaty

NOS — syntaza oxidu dusnatého

OKP — obsedantni kompulzivni porucha
ONOO — peroxynitrit

0s — oxidaéni stres

PDGF — platelet derived growth factor

PGs — prostaglandin

PKC — proteinkinaza C

PPAR-y — peroxisome proliferator-activated receptor gamma
PUFA — polyunsaturated fatty acids

RONS — reactive oxygen and nitrogen species
ROS — reaktivni slouceniny kysliku

sGC — solubilni guanylat cyklaza

SMC — proliferace hladkych svalovych bunék
SOD — superoxid dismutaza

TNF-o — tumor nekrotizujici faktor alfa

TRRed — thioredoxin reduktaza

XD — xanthin dehydrogenaza

X0 — xanthaxanthin oxidaza
LITERATURA

1. Ignarro LJ, Cirino G, Casini A, Napoli C. Nitric oxide as
a signalling molecule in the vascular system: an overiew.
J Cardiovasc Pharmacol 1999; 34: 879-886.

2. Sies H. Role of reactive oxygen species in biological processes.
Klin Wochenschr 1991; 69(21-23): 965-968.

3. Halliwell B, Whiteman M. Measuring reactive species and
oxidative damage in vivo and in cell culture: how should you do
it and what do the results mean? Br J Pharmacol 2004; 142:
231-255.

4. Stipek S. (ed.) Antioxidanty a volné radikaly ve zdravi a nemoci.
Praha: Grada Publishing 2000.

5. Valko M, Leibfritz D, Moncola J, Cronin MTD, Mazura M,
Telser J. Free radicals and antioxidants in normal physiological
functions and human disease. Int J Biochem & Cell Biol 2007;
39: 44-84.

6. Madamanchi NR, Vendrov A, Runge MS. Oxidative stress and
vascular disease. Arterioscler Thromb Vasc Biol 2005; 25:
39-38.

7. Harrison R. Physiological Roles of Xanthine Oxidoreductase
Drug Metab Rev 2004; 36(2): 363-375.

8. Racek J, Holecek V. Enzymy a voIné radikaly. Chem Listy 1999;
93: 11A-780.

9. Maritim AC, Sanders RA, Watkins JB, 3rd. Diabetes, oxidative
stress, and antioxidants: a review. J Biochem Mol Toxicol 2003;
17: 24-38.

10. Smith WL. The eicosanoids and their biochemical mechanisms
of action. Biochem. J 1989; 259: 315-324.

11. Hazen SL, Heinecke JW. 3-chlorotyrosine, a specific marker of
myeloperoxidase- catalyzed oxidation, is markedly elevated in
low density lipoprotein isolated from human atherosclerotic
intima. J Clin Invest 1997; 99(9): 2075—2081.

12. Brennan ML, Hazen SL. Emerging role of myeloperoxidase and
oxidant stress markers in cardiovascular risk assessment. Curr
Opin Lipidol 2003; 14: 353—359.

13. Lawson JA, Rokach J, Fitzgerald GA. Isoprostanes:
formation, analysis and use as indices of lipid peroxidation in
vivo. J Biol Chem 1999; 274 (35): 24441-24444.

14. Stadtman ER. Metal ion-catalyzed oxidation of proteins:
biochemical mechanism and biological consequences. Free
Radical Biol Med 1990; 9: 315-325.

431



15. Grune T, Reinheckel T, Davies Kja. Degradation of oxidized 27. Ohara Y, Peterson TE, Harrison DG. Hypercholesterolemia
proteins in mammalian cells. FASEB J 1997; 11: 526-534. increases endothelial superoxide anion production. J Clin Invest

16. Hensley K, Robinson KA, Gabbita SP, et al. Reactive oxygen 1993; 6: 2546-2551.
species, cell signaling, and cell injury. Free Radic Biol Med 28. GuzikTJ, Mussa S, Gastaldi D, et al. Mechanisms of increased
2000; 28(10): 1456-1462. vascular superoxide production in human diabetes mellitus: role

17. Hodgson JM, Wats GF. Can koenzyme Q10 improve vascular of NAD(P)H oxidase and endothelial nitric oxid synthese.
fiction and blood pressure? Potential for effective therapeutic Circulation 2002; 105: 1656-1662.
reduction in vascular oxidative stress. Biofactors 2003; 18 (1-4): 29. Zeman M, Zak A, Vecka M, Tvrzicka E, Romaniv S,
129-136. Konarkova M. Treatment of hypertriglyceridemia with

18. Heller R, Unbehaun A, Schellenberg B, et al. L-ascorbic acid fenofibrate, fatty acid composition of plasma and LDL, and their
potentiates endothelial nitric oxide synthesis via a chemical relations to parameters of lipoperoxidation of LDL. Ann NY Acad
stabilization of tetrahydrobiopterin. J Biol Chem 2001; 276(1): Sci 2002; 967: 336-341.

40-47. 30. Juurlink BH, Patison PG. Review of oxidative stress in brain

19. Vitek L, et al. Gilbert syndrome and ischemic heart disease: and spinal cord Indry: suggestions for pharmacological and
a protective effect of elevated bilirubin levels. Atherosclerosis nutritional management strategies. J Spinal Cord Med 21 1998;
2002; 160(2): 449-456. 309-334.

20. Piette J, Piret B, Bonini G, Schoonbroodt S, Merville MP, 31. Zhang J, Perry G, Smith MA, et al. Parkinsones dinase is
Legrand-Poels S, Bours V. Multiple redox regulativ in NF-kappa associated with oxidative damage to cytoplasmic DNA and RNA
B transcription factor activation. Biol Chem 1997; 378 (11): in substantia nigra neurons. Am J Pathol 1999; 154:
1237-1245. 1423-1429.

21. Brunt KR, Fenrich KK, Kiani G, et al. Protection of human 32. Jirak R, Koukolik F. Demence. Praha: Galén 2004.
vascular smooth cells from H,O,-induced apoptosis through  33. Perry G, Cash AD, Smith MA. Alzheimer disease and oxidative
functional codependence between HO-1 and Akt. Arterioscler. stress. J Biomed Biotechnol 2002; 23: 120-123.

Thromb. Vasc Biol 2006; 26: 2027-2034. 34. Mahadik SP, Mukherjee S. Free radical pathology and

22. Libby P, Ridker PM, Maseri A. Inflammation and Athero- antioxidant defense in schizophrenia: A review. Schizophrenia
sclerosis. Circulation 2002; 105: 1135-1143. Research 1996; 19(1): 1-17.

23. Griendling KK., FitzGerald GA. Oxidative stress and 35. Maziere C, Auclair M, Maziere JC. Tumor necrosis factor
cardiovascular injury: Part |: Basic mechanisms and in vivo enhances low density lipoprotein oxidative modification by
monitoring of ROS. Circulation 2003; 108: 1912-1916. monocytes and endothelial cells. FEBS Lett 1994; 338: 43—46.

24. Giugliano D, Ceriello A, Paolisso G. Oxidative stress and  36. Tka¢ I, Moléanyiova A, Javorsky M, Kozarova M. Fenofibrate
diabetic vascular complications. Diabetes Care 1996; 19: treatment reduces circulating conjugated diene level and
257-267. increases glutathione peroxidase activity. Pharmacol Res 2006;

25. Das UN. Folic acid says NO to vascular diseases. Nutrition 53: 261-264.

2003; 19: 686—-692.

26. Brownlee M. The Pathobiology of diabetic complications. B B
A unifying mechanism. Banteng Lemure 2004. Diabetes 2005; Prace byla podporena vyzkumnym zamérem MSMT CR, MSM
54: 1615—-1625. 0021620820.

SRR ONEMOCNENI VISCERALNICH CEV

VISCERALNICH CEV

Diagnostika, chirurgicka

a endovaskularni 1ééba
MUDr. Tomas Vidim a kol.

Cena: 495 Ké
Format: B5, vazana

ni.

Maxdorf 2011, 168 str., edice Jessenius
ISBN: 978-80-7345-248-3

PostiZzeni visceralnich cév je provazeno vysokou morbiditou a ve svych akutnich pro-
jevech také vysokou mortalitou. Chronicka ischemie splanchnickych tepen je viak dob-
fe léCitelna a pfi v€asné diagnostice Ize snizit fatalni riziko nepoznaného onemocné-

Visceralni ischemie vyzaduje mezioborovou spolupraci. Tyka se to jak diagnostiky,

na niz se podileji gastroenterologové, angiologové i dalsi interni a chirurgické obory,
tak zejména lécby. Endovaskularni Ié¢ba je jiz samostatnym oborem a kapitola byla zpracovana pfednim specialistou
v oboru. Cévné chirurgicka Ié¢ba je v kompetenci cévniho chirurga. Kniha uvadi popis operacnich pfistupd spolu
s obrazovou dokumentaci, ktera by méla byt instruktivni pro v&echny, ktefi v danych oblastech neoperu;ji pfili§ ¢asto.

Objednavky zasilejte e-mailem nebo postou: Nakladatelské a tiskové stiedisko CLS JEP, Sokolska 31,
120 26 Praha 2, fax: 224 266 226, e-mail: nts@cls.cz. Na objednavce laskavé uvedte i nazev ¢asopisu, v némz
jste se o knize dozvédeéli.

432

CASOPIS LEKARU CESKYCH 2011; 150 (8)



Univerzita Karlova v Praze, 1. 1ékai'ska fakulta
Katerinska 32, Praha 2

Prohlaseni zajemce o nahlédnuti
do zavérecné prace absolventa studijniho programu
uskuteciiovaného na 1. lékaiské fakulté Univerzity Karlovy v Praze

Jsem si védom/a, zZe zdverecnd prace je autorskym dilem a Ze informace ziskané
nahlédnutim do zpfistupnéné zaveérecné prace nemohou byt pouzity k vydéleCnym
uceliim, ani nemohou byt vyddvéany za studijni, védeckou nebo jinou tviréi ¢innost jiné
osoby nez autora.

Byl/a jsem sezndmen/a se skutecnosti, Ze si mohu potizovat vypisy, opisy nebo kopie
zavérecné price, jsem vSak povinen/a s nimi naklddat jako s autorskym dilem a
zachovévat pravidla uvedend v pfedchozim odstavci.

Prijmeni, Cislo dokladu | Signatura | Datum Podpis
jméno totoZnosti zavérefné
(hulkovym vypujcitele prace
pismem) (napt. OP,

cestovni pas)




