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Summary
The effect of three therapeutically used drugs and five
polyphenolic compounds on the mechanism of oxidative burst
was compared in whole blood and isolated neutrophils at cellular
and molecular level. In 10 uM concentration, the compounds
investigated decreased the oxidative burst of whole blood in the
rank order of potency: N-feruloylserotonin (N-f-5HT) > curcumin
(CUR) > quercetin (QUER) > arbutin (ARB) > resveratrol (RES) >
dithiaden (DIT) > carvedilol (CARV) > brompheniramine (BPA).
The ratio between the percentage inhibition of extracellular
versus intracellular chemiluminescence (CL) followed the rank
order QUER > N-f-5HT > RES > CUR > DIT and is indicative of
the positive effect of the compounds tested against oxidative
burst of neutrophils, demonstrating suppression of reactive
oxygen species extracellularly with minimal alteration of
intracellular reactive oxygen species (ROS). Activation of protein
kinase C was significantly decreased by DIT, CUR, QUER and
N-f-5HT. CARV, DIT, QUER and ARB reduced activated neutrophil
myeloperoxidase release more significantly compared with the
effect on superoxide anion generation. All compounds tested
increased the activity of caspase-3 in cell-free system. It is
suggested that other regulatory mechanisms than protein
kinase C might participate in the inhibition of neutrophil
activation with the compounds tested. Different mechanisms are
concerned in controlling the assembly of NADPH oxidase and the
regulatory role of calcium ions is suggested. Compounds
decreasing the amount of extracellular ROS generation, yet
intracellular

affecting but minimally ROS generation, are

promising for further investigation /in vivo.

Key words
Human neutrophils e Oxidative burst e Chemiluminescence e
Protein kinase C e Apoptosis

Corresponding author

R. Nosal', Institute of Experimental Pharmacology and Toxicology,
Slovak Academy of Sciences, Dubravska 9, 841 04 Bratislava,
Slovakia. E-mail: radomir.nosal@savba.sk

Introduction

Professional phagocytic cells play a central role
in defending the host against microorganisms by
producing reactive oxygen species (ROS) via the
NADPH oxidase enzyme complex (Raad et al. 2009).
When appropriately stimulated by a variety of agents,
they undergo dramatic physiological and biochemical
changes. These are resulting in phagocytosis,
chemotaxis and degranulation with the activation of
ROS production in a metabolic pathway known as the
respiratory burst (O’Dowd et al. 2004). These radicals
are involved in the elimination of pathogens, however
in ROS

production has been implicated in the pathogenesis of

an excessive and/or sustained increase
cancer, diabetes mellitus, atherosclerosis, neurodege-

nerative diseases, rheumatoid arthritis, ischemia/
reperfusion injury, obstructive sleep apnea, and other
diseases (Droge 2002) and result in damage of
surrounding tissues (Halliwell and Whiteman 2004,
Lonkar and Dedon 2011). The intracellular oxidants

fulfill a regulatory role and participate in the initiation
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of neutrophil apoptosis. Protein kinase C (PKC) is
required for full assembly of NADPH oxidase and
activation of the respiratory burst in neutrophils
(Bertram and Ley 2011). Phorbol esters stimulate the
neutrophil respiratory burst through activation of
cytosolic protein kinase C, which in turn activates either
a regulatory constituent or the NADPH-oxidase directly
in the plasma membrane creating an active
1985). Under

physiologic conditions, the balance between generation

O" generating system (Cox et al.
and elimination of ROS maintains the proper function of
redox-sensitive signaling proteins. Normally, the redox
homeostasis ensures that the cells respond properly to
endogenous and exogenous stimuli. However, when the
redox homeostasis is disturbed, oxidative stress may
lead to aberrant cell death and contribute to disease
development (Trachootham et al. 2008). Development
and pharmacological use of polymorphonuclear-
-targeting agents may be a good therapeutic strategy for
regulation of polymorphonuclear functions in control of
inflammation and tissue injury (Kori et al. 2009). The
development of pharmacological procedures to
ameliorate undesirable ROS production may become
one of the central issues in research on aging and
oxidative stress-related diseases in the near future.
A number of therapeutically used medicaments and
natural acted not extracellular

products only as

scavengers but they also suppressed intracellular
formation of ROS in human neutrophils (Drabikova et
al. 2006, 2013, Jan¢inova et al. 2012a,b, 2015, Nosal et
al. 2006, 2014, 2015, Pecivova et al. 2007, Perecko et
al. 2012). Since the optimum therapy is expected to
minimize tissue damage without reduction of neutrophil
physiological function, separate analysis of extra- and
intracellular effects of antioxidants is of particular
importance (El-Benna et al. 2010).

The effect of three therapeutically used drugs
and five polyphenolic compounds on the mechanism of
oxidative burst was compared in whole human blood and
isolated neutrophils at cellular and molecular level with
respect to the ratio between extra- and intracellular

suppression of ROS generation.

Material and Methods

Chemicals

Arbutin (hydroquinone B-D-glucopyranoside),
(2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-
4H-1-benzopyran-4-one,3,3',4",5,6-pentahydroxyflavone,

quercetin

PMA (phorbol-4f3-12B-myristate-13a acetate), luminol,
isoluminol, superoxide dismutase, dextran (average MW
464,000), luciferase (from firefly Photinus pyralis), gallic
acid, cytochalasin B, o-dianosidine and D-luciferin
sodium salt were from Sigma Aldrich Chemie GmbH
(Steinheim, Germany), horseradish peroxidase (HRP),
catalase, cytochrome C and Folin Ciocalteu’s phenol
reagent were purchased from Merck (Darmstadt,
1.077 g/ml) from
NycomedPharma AS (Oslo, Norway), brompheniramine
(BPA): 3-(4-bromophenyl)-N,N-dimethyl-3-pyridin-2-yl-
propan-1-amine from Weyth (Austria), carvedilol (£)-[3-

German), Lymphoprep (density

(9H-carbazol-4-yloxy)-2-hydroxypropyl][2-(2-methoxy-
Roche
Germany), N-feruloylserotonin (N-f-5SHT) was isolated
from the seeds of Leuzea carthamoides (Wild DC) by
solvent extraction (Harmatha et al. 2007). Resveratrol

phenoxy)ethyllam  from La (Mannheim,

(RES) was prepared by targeted regioselective synthesis
purely as transisomer (Smidrkal et al. 2010). Picolinic
acid was purchased from Fluka (Deisenhofen, Germany),
and human purified caspase-3 was obtained from Enzo
Life Sciences (Lausen, Switzerland). All other chemicals
used were of analytical grade and obtained from
commercial sources.

Blood collection and neutrophil separation

Fresh human blood was obtained at the blood
bank by venepuncture from healthy male volunteers
(aged 20-50 years) who had not received any medication
for at least 7 days. It was anticoagulated with 3.8 %
trisodium citrate (blood:citrate ratio = 9:1). The Ethical
Committee license for blood sampling was registered at
the National Transfusion Service NTS-KRA/2012/SVI.
Human neutrophils were isolated from whole blood, as
described previously (Jancinova et al. 2009, Nosal et al.
2011). The blood was gently mixed and erythrocytes
were allowed to sediment in 3 % dextran solution by
centrifugation (10xg, 25 min, 22 °C). The neutrophil
suspension was layered on Lymphoprep (3 ml) and
centrifuged (500xg, 30 min, 22 °C). After hypotonic lysis
(500xg, 22 °C), the
neutrophils were resuspended in Ca*'-Mg*'-free PBS.
After
concentration of 10° cells/ul (Coulter Counter, Coulter
The final
suspension of neutrophils contained more than 96 % of

and centrifugation 10 min,

counting, they were adjusted to a final

Electronics, England) and kept on ice.
viable cells, as evaluated by trypan blue exclusion and

was used within 2 h, as long as the control chemilumi-
nescence remained constant.
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Chemiluminescence (CL) assay of whole blood and
isolated neutrophils

in whole blood was
(PMA
0.05 uM). CL was measured in 250 pl samples consisting
of 50 pl aliquots that contained blood (50x diluted),
luminol (250 pM), compounds tested (10 pM) and
phosphate buffer (Janc¢inova et al. 2009). Horseradish
peroxidase (HRP 8 U/ml) was added to the system
and maintained a sufficient extracellular peroxidase

The oxidative burst

stimulated with  phorbolmyristate acetate

concentration. The effect of tested compounds on extra-
(ROS)
production was measured in unstimulated and PMA
(0.05 pM)-stimulated neutrophils (5 x 10° per sample) by
isoluminol/luminol-enhanced CL. Extracellular CL was

and intracellular reactive oxygen species

determined in the system containing isoluminol (5 uM)
and HRP (8 U/ml). Intracellular CL was measured with
luminol in the presence of extracellular scavengers —
superoxide  dismutase (100 U/ml) and catalase
(2000 U/ml) (Drabikova et al. 2009). The CL of both
whole blood and isolated neutrophils was evaluated in
a microplate luminometer Immunotech LM-01T (Czech
Republic) at 37 °C. The data were based on integral
values of CL over 3600s (whole blood) or 1800s
(isolated neutrophils) (RLU x s; RLU, relative light
units).

Protein kinase C activation

Phosphorylation of protein kinase C (PKC)
isoenzymes o and PBII was detected (for details see
JanCinova et al. 2009). Isolated human neutrophils
(5 x 10°) were incubated at 37 °C with tested compounds
for 1 min, stimulated with PMA (0.15 pM, 1 min) and
lysed by the addition of solubilization buffer. After
sonication on ice, the samples were centrifuged to remove
unbroken cells, the supernatant was boiled for 5 min with
sample buffer and the samples were loaded on 9.8 % SDS
polyacrylamide gels. Proteins were separated by
electrophoresis, transferred to Immobilon-P Transfer
Membrane (Millipore Corp., USA). From the two strips
taken, one was detected for PKC and the second for
which

Membrane strips were blocked for 60 min with 1%

B-actin, represented the internal control.
bovine serum albumin in Tris buffered saline. The
membranes were subsequently washed six times with
TBS and incubated for 60 min with the secondary
antibody conjugated to horse-radish peroxidase. The
activity of horseradish peroxidase was visualized using
Enhanced Blotting

Chemiluminiscence ~ Western

Detection Reagents (Amersham, UK), followed by
autoradiography. The optical density of each PKC band
was corrected by the optical density of the corresponding
B-actin band.

Superoxide determination

Superoxide formation (Pecivova et al. 2007) was
measured in isolated human neutrophils as superoxide
dismutase inhibitable reduction of cytochrome C. The
suspension (1 x 10° neutrophils in PBS with 0.9 mmol/l
CaCl,, 0.5 mmol/l MgCl,) was preincubated for 5 min at
37 °C with tested compounds (10 pM) and subsequently
stimulated by PMA (1 uM) for 15 min at 37 °C. Controls
were included for the effect of the stimulus of the drugs
tested on cytochrome C reduction. After centrifugation
(4200%g for 4 min at 4 °C), absorbance was measured at
550 nm in a microplate spectrophotometer (Labsystem
Multiscan RC, MTX Labsystems,
Wyoming, USA).

Inc., Vienna,

Myeloperoxidase (MPO) release

For determination of MPO release (Pecivova
et al. 2007),
cytochalasin B (5 pg/ml) for 5 min at room temperature.

neutrophils were preincubated  with
Then the neutrophils (2 x 10°/sample) were preincubated
with tested compounds (10 pM) in a shaker bath at 37 °C
for 5 min, followed by 15 min exposure to PMA (1 uM).
The activity of MPO was assayed in the supernatant after
centrifugation (983xg for 10 min at 4 °C) by determining
the oxidation of o-dianisidine in the presence of hydrogen
peroxide in a microplate spectrophotometer (Labsystem
Multiscan RC, MTX Labsystems,

Wyoming, USA) at 450 nm.

Inc., Vienna,

Recombinant caspase-3 activity

To determine the caspase-3 activity, a modified
method was applied (Pere¢ko ef al. 2010). Briefly, the
cleavage of the Z-DEVD-amino-luciferin substrate by
caspase releases amino-luciferin. The subsequent reaction
with luciferase was detected by CL. The light production
was measured in the Luminometer Immunotech LM-01T.
According to the manufacturer’s instructions, 10 pl of
0.1 IU caspase was added to 20 pl aliquots of tested
compounds (10 uM) and buffered solution. Finally, 50 ul
of Caspase-Glo 3/7 Reagent was added and the mixture
was measured for 60 min to determine caspase-3 activity.

Statistical analysis
Data represent the mean + SEM, unless stated
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otherwise. Statistical analysis was performed using the S0 A
ANOVA paired test to examine differences between the 1100
treatments and control. Differences were considered to be % % =
statistically significant when p<0.05 (*) or p<0.01 (**). _?_’ o . ol
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Fig. 1. Effect of the compounds tested on luminol-enhanced 0 w T T w w

chemiluminescence expressed as relative luminescence units
(RLU) in whole human blood pretreated with brompheniramine
(BPA), carvedilol (CARV), dithiaden (DIT), resveratrol (RES),
arbutin  (ARB), quercetin (QUER), curcumin (CUR), and
N-feruloylserotonin  (N-F-5HT) in 10 pM concentration and
stimulated with phorbolmyristate acetate (0.05 uM). n=6,
x£SEM, ** p<0.01.

Results

The effect of the compounds investigated on
chemiluminescence (CL) of stimulated whole human
blood is shown in Figure 1. In the concentration of
10 uM, the compounds tested inhibited PMA (0.05 uM)
stimulated oxidative burst of whole blood in the rank
order of potency: N-feruloylserotonin > curcumin >
quercetin > arbutin > resveratrol > dithiaden > carvedilol
> brompheniramine by 93.5, 89.9, 88.1, 75.2, 71.0, 57.5,
42.5 and 38 %, respectively. The most effective was
N-feruloylserotonin, the less potent was brompheni-
ramine.

Figure 2A presents the effect of the compounds
investigated on extra- and intracellular CL of isolated
human neutrophils exposed to brompheniramine,
dithiaden,

N-feruloylserotonin  in

resveratrol, arbutin, quercetin,
10 uM

concentration and subsequently stimulated with PMA

carvedilol,
curcumin  and

(0.05 uM). The ratio percentage inhibition between extra-
and intracellular CL is demonstrated in Figure 2B. It is
evident that the most effective for inhibition of
extracellular CL in comparison with intracellular CL
inhibition was quercetin (ratio 3.085) followed by
N-feruloylserotonin (ratio 2.36) and resveratrol (ratio
1.231). The lowest ratios were found for arbutin (0.183),

brompheniramine (0.805) and carvedilol (0.917).

BPA CARV DIT RES ARB QUER CUR N+
Compounds (10 ;1 M) SHT

Fig. 2. A. The effect of brompheniramine, carvedilol, dithiaden,
resveratrol, arbutin, quercetin, curcumin and N-feruloylserotonin
in 10 UM concentration on luminol-enhanced extracellular- and
isoluminol-enhanced intracellular chemiluminescence (expressed
as relative luminescence units — RLU) in isolated human
neutrophils stimulated chemiluminescence with phorbolmyristate
acetate (PMA 0.05 pM). n=6, x£SEM, * p<0.05, ** p<0.01.
B. The ratio between percentage inhibition of extracellular versus
intracellular chemiluminescence for brompheniramine (BPA),
carvedilol (CARV), dithiaden (DIT), resveratrol (RES), arbutin
(ARB), quercetin (QUER), curcumin (CUR) and N-feruloyl-
serotonin  (N-f-5HT) in 10 uM concentration. Values are
calculated from the data in Figure 2A.
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Fig. 3. Protein kinase C activation in isolated human neutrophils
exposed to dithiaden (DIT), curcumin (CUR), quercetin (QUER),
N-feruloylserotonin (N-f-5HT) and resveratrol (RES) in 10 uM
concentration and  stimulated with  PMA  (0.15 pM).
(a) measurements from four experiments, x£SEM, * p<0.05,
** p<0.01; (b) Representative Western blotting analysis of
protein kinase C activation in isolated human neutrophils
pretreated with resveratrol (10 and 100 pM) and stimulated with
PMA (0.15 pM) (Nosal et al. 2014).
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The effect of the selected compounds dithiaden,
curcumin, quercetin, N-feruloylserotonin and resveratrol
in 10 uM concentration on PMA-activated protein kinase
C in isolated human neutrophils is presented in Figure 3.
For resveratrol, the inhibition of PKC activation was
dose-dependent. Of the selected compounds, the most
effective was dithiaden, followed by curcumin, quercetin,
N-feruloylserotonin and resveratrol.
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Fig. 4. Generation of superoxide (SO) and liberation of

myeloperoxidase (MPO) in isolated human neutrophils treated
with carvedilol (CARV), dithiaden (DIT), arbutin (ARB) and
quercetin (QUER) in the concentration of 10 uM and stimulated
with PMA (1 pM). n=6, x£SEM, * p<0.05, ** p<0.01.

Figure 4 demonstrates the effect of carvedilol,
dithiaden, arbutin and quercetin in 10 uM concentration
on superoxide generation and myeloperoxidase liberation
from isolated human neutrophils stimulated with PMA.
The most effective for SO inhibition was carvedilol
followed by arbutin. Dithiaden and quercetin were
The most effective for MPO
inhibition was dithiaden followed by quercetin, carvedilol

ineffective. release

and arbutin.
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Fig. 5. The effect of dithiaden (DIT), arbutin (ARB), curcumin
(CUR), quercetin (QUER) and N-feruloylserotonin (N-f-5HT)
in 10 yM  concentration on caspase-3 activity shown as
percentage of control sample (100 %). n=4-5, x+SEM, * p<0.05,
** p<0.01.

The effect of dithiaden, arbutin,
quercetin  and

curcumin,
10 uM
concentration on human recombinant caspase-3 activity

N-feruloylserotonin  in

in cell free system is demonstrated in Figure 5. DIT,
CUR, QUER, N-f-SHT and ARB increased significantly
recombinant caspase-3 by 28.7, 25.7, 17.0, 7.6 and 5.8 %,
respectively.

Discussion

The results showed that the compounds tested
inhibited oxidative burst in stimulated whole human
blood as
luminescence

measured by luminol-enhanced chemi-
(CL). The
chemiluminescence was found to be dose dependent for
H1 antihistamines (Nosal’ et al. 2015), carvedilol (Nosal

2005) and many polyphenolic compounds

inhibition of stimulated

et al
(Jancinova et al. 2012a). Since the generation of reactive
oxygen species was induced with PMA bypassing
membrane receptors and stimulated protein kinase C, the
inhibitory effect with three therapeutically used drugs
(bromphenyramine, carvedilol and dithiaden) and five
polyphenols (arbutin, curcumin, N-feruloylserotonin,
quercetin and resveratrol) appeared intracellularly. This
was confirmed in isolated neutrophils by measuring the
intracellular chemiluminescence (Drabikova et al. 2009)
decreasing it in the rank order of potency curcumin >
resveratrol > N-feruloylserotonin > quercetin. The
intracellular inhibition of luminol-enhanced CL with
antioxidants is dose-dependent and differs for the
substances investigated (Nosal' et al. 2015, JanCinova
et al. 2012a). On the other hand, all the compounds tested
decreased  extracellular  isoluminol-enhanced  CL
corresponding to their scavenging activities for oxidants,
most probably as a result of the physico-chemical
structure of their molecules, as demonstrated for HI1
antihistamines (Kralova et al. 2009). Since intracellular
ROS play an important role as regulatory mediators in
ROS-mediated

responses actually protect the cells against oxidative

signaling processes, many of the
stress and reestablish redox homeostasis (Droge 2002).
PMN functions must be therefore appropriately regulated
defense and avoid

in order to achieve host

tissue-damaging  inflammation. Development and
pharmacological use of PMN-targeting agents may in fact
be a good therapeutic strategy for regulation of PMN
functions in control of inflammation and tissue injury

(Trachootham et al. 2008, Kori et al. 2009).
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The calculated ratio between the percentage of
extra- versus intracellular inhibition of CL indicates that
the higher the ratio the lower the risk of the antioxidant
tested to suppress intracellular regulatory ROS on the one
side while decreasing the risk of extracellular ROS
participating substantially
(Valko et al. 2007).

Dithiaden,
serotonin and resveratrol decreased the activation of PKC

in pathological processes

curcumin, quercetin, N-feruloyl-
o,p indicating interference with PMA activation of the
NADPH oxidase system responsible for oxidative burst
in neutrophils (Fialkow et al. 2007). The inhibition of
PKC o, with several antioxidants in isolated neutrophils
was dose-dependent, as found for dithiaden, N-f-5HT,
curcumin, pinosylvin and resveratrol (Drabikova et al.
2012, Jancinova et al. 2012a, Nosal’ et al. 2011, 2014,
2015).

Protein kinase C (PKC) involved in the
activation of NADPH oxidase in primary neutrophils is
activated by exogenous phorbol esters (PMA — Tauber
1987, Dekker et al. 2000, Steinberg 2015). PKC isoforms
are important intracellular signaling molecules in cell
differentiation, migration, proliferation and activation
(Bertram and Ley 2011).

Carvedilol and arbutin slightly decreased
superoxide generation in PMA-stimulated neutrophils,
dithiaden and quercetin were ineffective. On the other
hand, all the compounds tested decreased significantly
myeloperoxidase liberation in the same neutrophils with
dithiaden being the most active. The kinetic profile of
superoxide production varies significantly depending
upon the agonists or combination of agonists-antagonists
employed. The respiratory burst and production of
superoxide in phagocytes is mediated by the NADPH-
oxidase complex (Robinson 2009).

Neutrophils are the major source of
myeloperoxidase in the circulation which is released
during the respiratory burst and degranulation process
when neutrophils infiltrate tissues. Both SO and MPO are
constituents of ROS (Shukla and Walsh 2015).

Dithiaden, curcumin, quercetin and arbutin in
concentration of 10 pM increased the activity of human
recombinant caspase-3 in cell free system significantly.
The effect of N-feruloylserotonin was not significant.

The caspase-3 activity increased with dithiaden was dose-

References

dependent (Nosal' et al. 2015). Caspase-3 belongs to the
effector group of caspases which are responsible for the
executive phase of apoptosis (Fan et al. 2005). Activation
of caspases from their pro-caspase form has been widely
described
neutrophils. Programmed cell death — apoptosis — is an

in cells undergoing apoptosis, including
important process for successful removal of recruited
neutrophils (Fox et al. 2010, Witko-Sarsat et al. 2011).
Activation of recombinant caspase-3 by the compounds
tested might thus contribute to the inhibition of oxidative
burst in human neutrophils resulting from suppression of
PKC activation and to the antiinflammatory effect of the
agents investigated.

An excessive and/or sustained increase in ROS
production has been implicated in the pathogenesis of
many diseases (Droge 2002). PMN functions must be
appropriately regulated in order to achieve host defense
and avoid tissue-damaging inflammation. Development
and pharmacological use of PMN-targeting agents may
therefore be a good therapeutic strategy in regulating
PMN functions for control of inflammation and tissue
injury (Kori et al. 2009). Polyphenolic compounds have
therapeutic value as antioxidants and anti-inflammatory
agents in chronic inflammatory epigenetically regulated
diseases (Rahman 2008). A growing body of evidence
shows that within cells ROS act as secondary messengers
in intracellular signaling cascades which induce and
maintain the oncogenic phenotype of cancer cells and
ROS can also induce cellular senescence and apoptosis
and thus function as anti-tumorigenic species (Valko
et al. 2007). Future
absorption, tissue distribution, and understanding of the

studies on the bioavailability,
in vivo molecular effects of therapeutically used drugs
and natural polyphenols are needed in order to consider
these compounds as valuable antioxidants and natural
‘nutraceuticals’ for chronic

therapy inflammatory

disorders.

Conflict of Interest
There is no conflict of interest.

Acknowledgements

This work was supported in part by the project APVV-
0052-10, APVV-0315-07 of the Slovak Research and
Development Agency and by the grant VEGA 2/0010/13.

BERTRAM A, LEY K: Protein kinase C isoforms in neutrophil adhesion and activation Arch Immunol Ther Exp 59:

79-87, 2011.



2015 Neutrophil Oxidative Burst 9451

COX JA, JENG AY, SHARKEY NA, BLUMBERG PM, TAUBER AI: Activation of the human neutrophil
nicotinamide adenine dinucleotide phosphate (NADPH)-oxidase by protein kinase C. J Clin Invest 76: 1932-
1938, 1985.

DEKKER LV, LEITGES M, ALTSCHULER G, MISTRY N, MCDERMOTT A, ROES J, SEGAL AW: Protein kinase
C-beta contributes to NADPH oxidase activation in neutrophils. Biochem J 347: 285-289, 2000.

DRABIKOVA K, JANCINOVA V, NOSAL'R, SOLIK P, MURIN J, HOLOMANOVA D: On the antioxidant activity
of carvedilol in human polymorphonuclear leukocytes in vitro and ex vivo. Neuro Endocrinol Lett 27
(Suppl 2): 138-140, 2006.

DRABIKOVA K, PERECKO T, NOSAL R, BAUEROVA K, PONIST S, MIHALOVA D, KOGAN G, JANCINOVA
V: Glucomannan reduces neutrophil free radical production in vitro and in rats with adjuvant arthritis.
Pharmacol Res 59: 399-403, 2009.

DRABIKOVA K, PERECKO T, NOSAL R, HARMATHA J, SMIDRKAL J, JANCINOVA V: Polyphenol derivatives
— potential regulators of neutrophil activity. Interdisc Toxicol 5: 65-67,2012.

DRABIKOVA K, PERECKO T, NOSAL' R, HARMATHA J, SMIDRKAL J, JANCINOVA V: Study of possible
mechanisms involved in the inhibitory effects of coumarin derivatives on neutrophil activity. Oxid Med Cell
Longev 2013: Article ID 136570, 2013. doi: 10.1155/2013/136570, 10 pages.

DROGE W: Free radicals in the physiological control of cell function. Physiol Rev 82: 47-95, 2002.

EL-BENNA J, DANG PM, PERIANIN A: Peptide-based inhibitors of the phagocyte NADPH oxidase. Biochem
Pharmacol 80: 778-785, 2010.

FAN TJ, HAN LH, CONG RS, LIANG J: Caspase family proteases and apoptosis. Acta Biochim Biophys Sin
(Shanghai) 37: 719-727, 2005.

FIALKOW L, WANG Y, DOWNEY GP: Reactive oxygen and nitrogen species as signaling molecules regulating
neutrophil function. Free Radical Biol Med 42: 153-164, 2007.

FOX S, LEITCH AE, DUFFIN R, HASLETT C, ROSSI AG: Neutrophil apoptosis: relevance to the innate immune
response and inflammatory disease. J Innate Immunol 2: 216-227, 2010.

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 142: 231-255, 2004.

HARMATHA J, BUDESINSKY M, VOKAC K, PAVLIK M, GRUNER K, LAUDOVA V: Lignan glucosides and
serotonin phenyl-propanoids from the seeds of Leuzea carthamoides. Coll Czechoslov Chem Commun T2:
334-346, 2007.

JANCINOVA V, PERECKO T, NOSAL R, KOSTALOVA D, BAUEROVA K, DRABIKOVA K: Decreased activity
of neutrophils in the presence of diferuloylmethane (curcumin) involves protein kinase C inhibition. Eur J
Pharmacol 612: 161-166, 2009.

JANCINOVA V, PERECKO T, HARMATHA J, NOSAL R, DRABIKOVA K: Decreased activity and accelerated
apoptosis of neutrophils in the presence of natural polyphenols. Interdisc Toxicol 5: 59-64, 2012a.

JANCINOVA V, PERECKO T, NOSAL R, HARMATHA J, SMIDRKAL J, DRABIKOVA K: The natural stilbenoid
pinosylvin and activated neutrophils: effects on oxidative burst, protein kinase C, apoptosis and efficiency in
adjuvant arthritis. Acta Pharmacol Sin 33: 1285-1292, 2012b.

JANCINOVA V, PAZOUREKOVA S, LUCOVA M, PERECKO T, MIHALOVA D, BAUEROVA K, NOSAL R,
DRABIKOVA K: Selective inhibition of extracellular oxidants liberated from human neutrophils. A new
mechanism potentially involved in the anti-inflammatory activity of hydroxychloroquine. Int
Immunopharmacol 28: 175-181, 2015.

KORI S, NAMIKI H, SUZUKI K: Biphasic regulation of polymorphonuclear leukocyte spreading by polyphenolic
compounds with pyrogallol moieties. Int Immunopharmacol 9: 1159-1167, 2009.

KRALOVA J, RACKOVA L, PEKAROVA M, KUBALA L, NOSAL R, JANCINOVA V, CIZ M, LOJEK A: The
effects of Hl-antihistamines on the nitric oxide production by RAW 264.7 cells with respect to their
lipophilicity. Int Immunopharmacol 9: 990-995, 2009.

LONKAR P, DEDON PC: Reactive species and DNA damage in chronic inflammation: reconciling chemical
mechanisms and biological fates. /nt J Cancer 128: 1999-2009, 2011.



S452  Nosal et al. Vol. 64

NOSAL R: Antiplatelet and antileukocyte effects of cardiovascular, immunomodulatory and chemotherapeutic drugs.
Cardiovasc Hematol Agents Med Chem 4: 237-261, 2006.

NOSAL R, JANCINOVA V, Ciz M, DRABIKOVA K, LOJEK A, FABRYOVA V: Inhibition of chemiluminescence
by carvedilol in the cell-free system, whole human blood and blood cells. Scand J Clin Lab Invest 65: 55-64,
2005.

NOSAL R, PERECKO T, JANCINOVA V, DRABIKOVA K, HARMATHA J, SVITEKOVA K: Naturally appearing
N-feruloylserotonin isomers suppress oxidative burst of human neutrophils at the protein kinase C level.
Pharmacol Rep 63: 790-798, 2011.

NOSAL R, DRABIKOVA K, JANCINOVA V, PERECKO T, AMBROZOVA G, CiZ M, LOJEK A, PEKAROVA
M, SMIDRKAL J, HARMATHA J: On the molecular pharmacology of resveratrol on oxidative burst
inhibition in professional phagocytes. Oxid Med Cell Longev 2014: Article ID 706269, 2014. doi:
10.1155/2014/706269, 9 pages.

NOSAL R, JANCINOVA V, DRABIKOVA K, PERECKO T: Molecular pharmacology of antihistamines in inhibition
of oxidative burst of professional phagocytes. Gen Physiol Biophys 34: 209-216, 2015.

O’DOWD YM, EL-BENNA J, PERIANIN A, NEWSHOLME P: Inhibition of formyl-methionyl-leucyl-phenylalanine-
stimulated respiratory burst in human neutrophils by adrenaline: inhibition of phospholipase A, activity but not
p47phox phosphorylation and translocation. Biochem Pharmacol 67: 183-190, 2004.

PECIVOVA J, MACICKOVA T, LOJEK A, GALLOVA L, CiZ M, NOSAL' R, HOLOMANOVA D: In vitro effect of
carvedilol on professional phagocytes. Pharmacology 79: 86-92, 2007.

PECIVOVA J, NOSAL' R, SVITEKOVA K, MACICKOVA T: Arbutin and decrease of potentially toxic substances
generated in human blood neutrophils. Interdisc Toxicol 7: 195-200, 2014.

PERECKO T, DRABIKOVA K, RACKOVA L, CiZ M, PODBORSKA M, LOJEK A, HARMATHA J, SMIDRKAL
J, NOSAL R, JANCINOVA V: Molecular targets of the natural antioxidant pterostilbene: effect on protein
kinase C, caspase-3 and apoptosis in human neutrophils in vitro. Neuro Endocrinol Lett 31 (Suppl 2): 84-90,
2010.

PERECKO T, DRABIKOVA K, NOSAL R, HARMATHA J, JANCINOVA V: Involvement of caspase-3 in stilbene
derivatives induced apoptosis of human neutrophils in vitro. Interdisc Toxicol 5: 76-80,2012.

RAAD H, PACLET MH, BOUSSETTA T, KROVIARSKI Y, MOREL F, QUINN MT, GOUGEROT-POCIDALO
MA, DANG PM, EL-BENNA J: Regulation of the phagocyte NADPH oxidase activity: phosphorylation of
gp91phox/NOX2 by protein kinase C enhances its diaphorase activity and binding to Rac2, p67phox, and
p47phox. FASEB J 23: 1011-1022, 2009.

RAHMAN I: Dietary polyphenols mediated regulation of oxidative stress and chromatin remodeling in inflammation.
Nutr Rev 66 (Suppl 1): S42-S45, 2008.

ROBINSON JM: Phagocytic leukocytes and reactive oxygen species Histochem Cell Biol 131: 465-469, 2009.

SHUKLA J, WALSH SW: Neutrophil release of myeloperoxidase in systemic vasculature of obese women may put
them at risk for preeclampsia. Reprod Sci 22: 300-307, 2015.

STEINBERG SF: Mechanisms for redox-regulation of protein kinase C. Front Pharmacol 128: 1-9, 2015.

SMIDRKAL J, HARMATHA M, BUDESINSKY M, VOKAC K, ZIDEK Z, KMONICKOVA E, MERKL R, FILIP V:
Modified approach for preparing (E)-stilbens related to resveratrol, and evaluation of their potential
immunobiological effects. Coll Czechoslov Chem Commun 75: 175-186, 2010.

TAUBER AL: Protein kinase C and the activation of the human neutrophil NADPH-oxidase. Blood 69: 711-720, 1987.

VALKO M, LEIBFRITZ D, MONCOL J, CRONIN MT, MAZUR M, TELSER 1J: Free radicals and antioxidants in
normal physiological functions and human disease. Int J Biochem Cell Biol 39: 44-84, 2007.

WITKO-SARSAT V, PEDERZOLI-RIBEIL M, HIRSCH E, SOZZANI S, CASSATELLA MA: Regulating neutrophil
apoptosis: new players enter the game. Trends Immunol 32: 117-124,2011.





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



