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Abstract

Cardiac iron overload is directly associated with cardiac dysfunction and can ultimately lead to
heart failure. This study examined the effect of secoisolariciresinol diglucoside (SDG), a com-
ponent of flaxseed, on iron overload induced cardiac damage by evaluating oxidative stress,
inflammation and apoptosis in H9c2 cardiomyocytes. Cells were incubated with 50 u5M iron
for 24 hours and/or a 24 hour pre-treatment of 500 uy M SDG. Cardiac iron overload resulted in
increased oxidative stress and gene expression of the inflammatory mediators tumor necrosis
factor-q, interleukin-10 and interferon y, as well as matrix metalloproteinases-2 and -9. In-
creased apoptosis was evident by increased active caspase 3/7 activity and increased protein
expression of Forkhead box O3a, caspase 3 and Bax. Cardiac iron overload also resulted in
increased protein expression of p70S6 Kinase 1 and decreased expression of AMP-activated
protein kinase. Pre-treatment with SDG abrogated the iron-induced increases in oxidative
stress, inflammation and apoptosis, as well as the increased p70S6 Kinase 1 and decreased
AMP-activated protein kinase expression. The decrease in superoxide dismutase activity by
iron treatment was prevented by pre-treatment with SDG in the presence of iron. Based on
these findings we conclude that SDG was cytoprotective in an in vitro model of iron overload
induced redox-inflammatory damage, suggesting a novel potential role for SDG in cardiac
iron overload.

Introduction

Iron is essential to biochemical, metabolic, and biological processes in all organisms, where it is
the critical component of haemoglobin and is needed for energy production and detoxification
[1]. However, an overabundance of iron can result in complications such as cardiomyopathy,
cirrhosis, and diabetes [2-6]. Primary iron overload, or hemochromatosis, is a common auto-
somal recessive disorder where mutation of the hemochromatosis-associated gene causes
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impaired feedback inhibition of iron uptake, resulting in maximal absorption [5,6]. Secondary
iron overload typically derives from dietary, transfusion excesses, iron-loading anemia, and
chronic liver diseases [1, 4-6].

Chronic iron overload can lead to a variety of cardiac arrhythmias ultimately resulting in
heart failure [2, 5-8]. Although no single mechanism is likely to account for the pathology of
iron-overload induced heart failure, recent studies have suggested that altered calcium homeo-
stasis and increased oxidative stress each play a role [5-8]. The mechanism of cardiac iron up-
take is not well defined but recent studies have established that iron is transported by voltage-
dependent L-type Ca** channels in cardiomyocytes [2, 6, 8].

A significant relationship exists between oxidative stress, inflammation and apoptosis in the
pathophysiology of cardiovascular diseases, whereby increased ROS have been shown to pro-
mote pro-inflammatory mediator expression [9-11]. Forkhead box O (FOXO)3a is a transcrip-
tion factor that promotes cardiomyocyte survival upon induction of oxidative stress [12]. TNF-
o can trigger the expression and activation of matrix metalloproteinases (MMP)s via superox-
ide production [13]. Oxidative stress has been implicated in cardiac remodeling by causing an
increase in activation of p70S6 Kinase 1 (p70S6K1) [14]. Studies have shown AMP-activated
protein kinase (AMPK) can protect the heart from ischemic injury and adverse cardiac remod-
eling [15], in part via inhibition of p70S6K1 [16].

Once cardiac dysfunction is detected, the prognosis is poor without intervention but can be
improved if appropriate therapy is given to address the iron overload [5, 6]. Studies have also
found that free iron can rapidly transfer from extracellular medium into the mitochondria and
can therefore be unreachable by chelators [17]. Given these limitations, novel methods for ab-
rogating iron overload-induced damage that target key pathological processes including oxida-
tive stress and inflammation are very desirable.

Secoisolariciresinol diglucoside (SDG) is a phytochemical antioxidant present in flaxseed. It
has been shown to decrease the production of inflammatory mediators and reduce oxidative
stress [18-20]. SDG treatment was also found to reduce the development of hypercholesterol-
emic atherosclerosis in rabbits fed a high cholesterol diet [21], and reduce the development of
diabetes in rats [22, 23]. However, there have been no studies to date investigating the role of
SDG in oxidative damage in a cardiac iron overload model.

The present study was designed to investigate the cytoprotective effects of SDG on iron
overload induced redox-inflammatory changes using the H9c2 cell line. Cellular damage was
evaluated in terms of oxidative stress and inflammation and was correlated with apoptosis.

Materials and Methods
Cell culture methods

Cardiac (H9¢2) cells were obtained from American Type Culture Collection (Manassas, VA,
USA) and cultured in 25 cm?, 75 cm® and 150 cm® cell culture flasks as per the recommended
protocol: Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma-Aldrich, St. Louis, MO, USA)
with 10% fetal calf serum (Hyclone, Pittsburgh, PA, USA), 1% penicillin-streptomycin (Invi-
trogen, Carlsbad, CA, USA) at 37°C, 5% CO, and 100% humidity. Cells were seeded in an ap-
propriate amount of medium and allowed to adhere 24 hours prior to treatment exposure.

Iron and SDG preparation

50 uM iron solution was prepared by dissolving ammonium iron (III) citrate (Sigma-Aldrich,
St. Louis, MO, USA) into serum- and antibiotic-free DMEM. A pre-treatment of 500 uM SDG
(kindly provided by Dr. K Prasad) was prepared by dissolving SDG into serum- and antibiotic-
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free DMEM. For each treatment cells were incubated for 24 hours at 37°C, 5% CO, and 100%
humidity.

Cell surface area

Images were obtained with the Nikon Eclipse TS100 microscope at 100x magnification and
captured with the Nikon DS-Fil (Version 4.20) camera (Nikon Instruments Inc. Melville, NY,
USA). Cell size was measured using Image] from 10 images per flask per treatment and ex-
pressed as mm?®,

H,DCFDA (Oxidative Stress) assay

Oxidative stress in the form of intracellular ROS was determined via the H,DCFDA assay (Life
Technologies, Carlsbad, CA, USA). After a 24-hour iron treatment ~7-8 x 10° cells were
washed with phosphate buffer saline (PBS) and incubated for 30 minutes with H,DCFDA ac-
cording to the manufacturer’s instructions. The H,DCFDA was then aspirated and the cells
were washed with PBS. The cells were then carefully removed from the culture dish by trypsini-
zation and the relative fluorescence of untreated and iron-treated cells was measured via flow
cytometry (Becton Dickinson FACSCalibur flow cytometer) as per the manufacturer’s
instructions.

Superoxide dismutase assay

Superoxide Dismutase (SOD) was measured using the Superoxide Dismutase Assay kit (Trevi-
gen, Helgerman Ct. Gaithersburg, MD, USA). ~5 x 10° cells were washed with PBS and careful-
ly removed from the culture dish by trypsinization and centrifuged at 500 x g for 5 minutes.
Pelleted cell samples were lysed and their total protein quantitated via DC Protein Assay (Bio-
Rad Laboratories, Inc., Hercules, CA, USA). Samples were assayed as per the kit’s instructions
and absorbance read at 550 nm at five minute interval using a PharmaSpec UV-1700 Visible
Spectrophotometer (Shimadzu, Columbia, MD, USA). Data are expressed as SOD units per
volume with reference to an SOD inhibition curve.

Total RNA isolation and quantification

Total RNA was extracted from ~1 x 10° cells using the Aurum Total RNA Mini Kit (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) as per the manufacturer’s instructions. RNA integrity
and concentration were determined using the Experion semi-automated electrophoresis sys-
tem (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

cDNA amplification and quantitative real-time PCR

A total of 1 pg total RNA was reverse-transcribed to cDNA using the First Strand cDNA Syn-
thesis Kit (MBI Fermentas, Flamborough, ON, CAN) as per the manufacturer’s instructions.
Quantitative real-time PCR reactions were performed using primers (SuperArray, Frederick,
MD, USA) on an iQ5 iCycler (Bio-Rad Laboratories, Inc., Hercules, CA, USA) as per the man-
ufacturer’s instructions: 1 cycle at 95°C / 10 min, followed by 45 cycles of 95°C / 15 seconds;
60°C / 60 seconds. All samples were normalized to f2-microglobulin expression. Relative fold
increase was calculated as per the convention: change in sample cycle threshold with regard to
reference gene expression. A single peak (or zero if no product was amplified) was present in
the first-derivative dissociation curves for every PCR reaction on all arrays, indicating that only
a single PCR product, the gene of interest, was amplified.
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CaspaTag (Apoptosis Detection) assay

Active caspase-3 and -7 were detected by the CaspaTag Caspase 3/7 assay (Chemicon Interna-
tional, Temecula, CA, USA) according to the manufacturer’s protocol. ~1 x 10° cells were
stained with Fluorochrome Inhibitors of Caspases (FLICA) and incubated for 1 hour at 37°C.
Cells were mixed every 20 minutes during staining. FLICA was then aspirated and the cells
were washed with 1X wash buffer. Active caspase-3/7 positive cells were assessed by flow cy-
tometry based on their green fluorescence following incubation with carboxyfluorescein-la-
beled fluromethyl ketone peptide inhibitor of caspase-3. The activation of caspase-3/7 was
expressed as the mean fluorescence of iron-treated relative to untreated cells.

Western blot

Cells were homogenized in 200 uL of Nonidet P40 (NP-40) (Roche Diagnostics, Mannheim,
Germany) buffer containing 150 mM NaCl, 1% NP-40, 50 mM Tris (pH 8.0) and protease in-
hibitors phenylmethylsulfonyl fluoride, leupeptin, aprotinin and pepstatin. Cell debris was re-
moved by centrifugation at 12,000 x g for 30 minutes at 4°C, and the protein content
determined by Bradford assay (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 50 pg of pro-
tein from each sample was boiled and subjected to electrophoresis in denaturing 10%
SDS-PAGE. Proteins were transferred to polyvinylidene fluoride (PVDF) membranes using a
Bio-Rad Trans-blot apparatus. The membranes were blocked with 5% bovine serum albumin
(BSA) for 1.5 hours at room temperature. After blocking, the membrane was incubated with
the appropriate antibody overnight at 4°C. Following extensive washing in 1X Tris buffered sa-
line (TBS; pH 7.4), the membrane was incubated with the appropriate horseradish peroxidase
(HRP)-conjugated secondary antibody for 2 hours at room temperature. Finally, the mem-
brane was washed extensively in 1X TBS, and protein expression was visualized using the en-
hanced chemiluminescence reagent. Following chemiluminescent imaging, membranes were
stripped for re-blotting. B-actin (1:5000), Bax (1:100) and Bcl2 (1:100) antibodies were pur-
chased from Santa Cruz Biotechnology, Santa Cruz, CA, USA. AMPK (1:1000), FOXO3a
(1:1000) and p70S6K1 (1:1000) antibodies were purchased from Cell Signaling Technology,
Danvers, MA, USA. The secondary antibodies were anti-rabbit IgG (1:5000; Cell Signaling
Technologies, Danvers, MA, USA), used for all primary antibodies except for Bcl2, which used
anti-mouse IgG (1:2000). The dilution was made in 5% BSA solution.

Statistical analysis

Data were presented as mean + SEM and all data represents n > 3 independent experiments.
Statistical analyses were performed using GraphPad Prism software. One-way ANOVA with
post hoc Tukey’s test were utilized when possible with p < 0.05 considered significant. Aster-
isks are used herein to denote significance according to the following scheme: * = p < 0.05; ** =
p < 0.01;***/### = p < 0.001.

Results
Effect of iron and SDG on cell surface area

Cell surface area was calculated with Image] software. A 24-hour treatment with 50 pM iron
caused a significant decrease in cell size (p < 0.001) when compared to control cells (Fig 1).
24-hour pre-treatment with 500 uM SDG caused cell size to decrease when compared to con-
trol but were still significantly larger than iron treated cells (p < 0.001) (Fig 1). These data indi-
cate that pre-treatment with SDG can prevent cell size decrease caused by iron overload.
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Fig 1. Pretreatment with SDG prevents iron induced decrease in H9c2 cell size. Cell surface area of control, 50 uM iron-treated, 500 pM
secoisolariciresinol diglucoside (SDG), and SDG pre-treatment + iron-treated H9c2 cells. Cell surface area was assessed with Imaged software. Data is
expressed as mean cell area (mm?) (*** = p < 0.001 vs control; * = p < 0.05 vs control; ### = p < 0.001 vs iron, n = 10 images).

doi:10.1371/journal.pone.0122852.g001

Effect of SDG on iron-induced oxidative stress

Intracellular ROS levels were assessed using the CM-H,DCFDA assay and measured via flow
cytometry. A 24-hour treatment with 50 uM iron caused a significant increase (p < 0.05) in
ROS generation (Fig 2A) as indicated by increased mean FL1 fluorescence (representative his-
togram; Fig 2B) versus control. These data indicate a pronounced production of ROS resulting
from iron treatment of the H9c2 cells. 24-hour pre-treatment with 500 pM SDG prevented the
significant increase in iron-induced ROS generation, reducing it to control levels (Fig 2A and
2B). This finding indicates that the observed iron-induced increase in ROS was attenuated by
pre-treatment with SDG.

Effect of SDG on SOD concentration

To investigate potential cellular antioxidant responses the concentration of SOD in iron and
SDG treated cells was measured via the Superoxide Dismutase assay kit. Iron and SDG treat-
ment caused a decrease in SOD concentration (p < 0.05 and p < 0.01, respectively) when com-
pared to the control. Combined treatment with SDG and iron lead to an increase in SOD
concentration when compared to the control (p < 0.05) (Fig 3). This finding suggests that
iron-induced decrease in SOD activity can be abrogated by treatment with SDG.
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Fig 2. SDG decreases iron-induced oxidative stress in H9c2 cells. Reactive oxygen species (ROS) in control, 50 uM iron-treated, 500 uM
secoisolariciresinol diglucoside (SDG), and SDG pre-treatment + iron-treated H9c2 cells. ROS levels were assessed using the CM-H,DCFDA assay and
measured via flow cytometry (A). The representative histogram of cell count versus FL1 fluorescence (B). Data is expressed as mean fluorescence arbitrary

units (a.u.) (* = p < 0.05 versus control, n = 3).

doi:10.1371/journal.pone.0122852.9002
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Fig 3. SDG increases SOD concentration in iron treated H9c2 cells. SOD concentration in control, 50 uM iron-treated, 500 uM secoisolariciresinol
diglucoside (SDG), and SDG pre-treatment + iron-treated H9c2 cells. SOD concentration was assessed via a colourimetric assay. Data is expressed as SOD
concentration (U/mL). (** = p < 0.01 versus control; * = p < 0.05 versus control, n = 3).

doi:10.1371/journal.pone.0122852.g003

Effect of SDG on inflammatory cytokine expression

Given the established cross-promotional relationship of oxidative stress and inflammation, the
effect of iron on the expression of TNF-a, IL-10, and IFNy was investigated via qPCR. Iron
treatment caused significant increases in TNF-o (~3.2 fold, p < 0.001) (Fig 4A) and IFNy (~3.4
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Fig 4. SDG decreases iron-induced inflammatory cytokine gene expression in H9c2 cells. Gene expression of inflammatory cytokines in control, 50 yM
iron-treated, 500 uM secoisolariciresinol diglucoside (SDG), and SDG pre-treatment + iron-treated H9c2 cells. mRNA levels of tumor necrosis factor (TNF)-a
(A), interleukin (IL)-10 (B), and interferon (IFN)y (C) were determined via quantitative real-time PCR and normalized to 32-microglobulin, with normal
expression standardized to the control. (*** = p < 0.001 versus control; * = p < 0.05 versus control, n = 3).

doi:10.1371/journal.pone.0122852.9004
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Fig 5. SDG decreases iron-induced MMP gene expression in H9c2 cells. Gene expression of matrix metalloproteinases in control, 50 uM iron-treated,
500 pM secoisolariciresinol diglucoside (SDG), and SDG pre-treatment + iron-treated H9c2 cells. mMRNA levels of matrix metalloproteinase (MMP)-2 (A) and
MMP-9 (B) were determined via quantitative real-time PCR and normalized to $2-microglobulin, with normal expression standardized to the control. (*** =
p < 0.001 versus control; ** =p < 0.01 versus control, n = 3).

doi:10.1371/journal.pone.0122852.9005

fold, p < 0.001) (Fig 4C) and a modest increase in IL-10 (~1.1 fold, p < 0.05) (Fig 4B), versus
control. These data indicate greatly enhanced expression of key inflammatory mediators in re-
sponse to iron treatment. Pre-treatment with SDG mitigated the significant increase in iron-in-
duced TNF- o and IL-10 expression, maintaining it at control levels (Fig 4A and 4B). IFNy
expression increased in SDG + iron treated cell when compared to control cells (~2.8 fold,

p < 0.05).

Effect of SDG on MMP2 and 9 expression

Since oxidative stress and inflammation are demonstrably linked to matrix degradation and
cardiac remodelling, the expression of MMP-2 and 9 was investigated via qPCR. Iron treat-
ment caused statistically significant increases in MMP-2 (~1.8 fold, p < 0.01) (Fig 5A4) and
MMP-9 (~1.7 fold, p < 0.001) (Fig 5B) versus control. Pre-treatment with SDG nullified the
significant increase in iron-induced MMP-2 and 9 expression, maintaining it at control levels
(Fig 5A and 5B).

Effect of SDG on iron-induced cardiomyocyte apoptosis

To investigate the potential cytotoxicity of the observed iron-induced ROS production, the activ-
ity of apoptotic proteins (caspases 3 and 7) was assessed using the CaspaTag assay and measured
via flow cytometry. Iron caused a significant increase (~174%, p < 0.01) in apoptosis (Fig 6A) as
indicated by increased mean FL1 fluorescence (representative histogram; Fig 6B) versus control.
Given the observed SDG-mediated prevention of iron-induced ROS elaboration, the potential
cytoprotective effect of SDG was investigated. Pre-treatment with SDG prevented the significant
increase in iron-induced apoptosis, maintaining it at control levels (Fig 6A and 6B). This finding
suggests that the observed iron-induced cytotoxicity was largely mediated by ROS and/or
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Fig 6. SDG decreases iron-induced caspase 3/7 activity in H9c2 cells. Active caspases 3/7 in control, 50 uM iron-treated, 500 uM secoisolariciresinol
diglucoside (SDG), and SDG pre-treatment + iron-treated H9c2 cells. Caspase levels were determined via the CaspaTag 3/7 assay and measured via flow
cytometry. Data is expressed as mean fluorescence arbitrary units (a.u.) (A). The representative histogram of cell count versus FL1 fluorescence (B). (** =
p < 0.01 versus control, n = 3).

doi:10.1371/journal.pone.0122852.9006
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inflammation, and that SDG was effective in preventing both the iron-induced cellular damage
and cell death.

Effect of SDG on FOXO3a, Bax and Bcl2 protein levels

To further investigate the iron-induced apoptosis FOXO3a, Bax, and Bcl2 protein expression
were assessed via immunoblotting. FOXO3a and Bax protein expression were significantly in-
creased after 24-hour iron treatment (~0.9 fold, p < 0.01 and ~4.7 fold, p < 0.01 respectively)
when compared to control (Fig 7A and 7B). Pre-treatment with SDG prevented the increase in
iron-induced FOXO3a and Bax protein expression, maintaining it at control levels (Fig 7A and
7B). Bcl2 protein expression did not change significantly after 24-hour iron treatment when
compared to control (Fig 7C). Pre-treatment with SDG led to a significant increase in Bcl2 pro-
tein expression when compared to control (~10.8 fold, p < 0.01) (Fig 7C). Bcl2/Bax ratio did
not change in iron treated cells compared to control but was significantly increased when cells
were treated with SDG alone and pre-treated with SDG prior to iron treatment when compared
to control (~1.3 fold, p < 0.05; ~1.8 fold, p < 0.01 respectively) (Fig 7D). These findings further
suggest SDG was effective in attenuating iron-induced cell death.

Effect of SDG on p70S6K1 and AMPK protein levels

p70S6K1 protein expression was assessed via immunoblotting and was significantly increased
(~3.8 fold, p < 0.05) after 24-hour iron treatment when compared to control (Fig 8A). Treat-
ment with SDG alone reduced p70S6K1 protein expression significantly compared to control
(~3.9 fold p < 0.05). Pre-treatment with SDG prevented the increase in iron-induced p70S6K1
protein expression (Fig 8A). AMPK protein expression was significantly decreased after iron
treatment (~1.3 fold, p < 0.05) when compared to control levels (Fig 8B). Pre-treatment with
SDG abolished the decrease in iron-induced AMPK protein expression, maintaining it at con-
trol levels (Fig 8B).

Discussion

In the present study, we found that pre-treatment with SDG prevented a significant increase in
iron-induced apoptosis, suggesting that the observed iron-induced cytotoxicity is largely medi-
ated by oxidative stress and inflammation. Importantly, this also indicates that SDG is effective
in mitigating iron-induced cellular damage and death, representing the first report of a cardio-
protective role for SDG in a cardiac iron overload condition.

Iron overload is one of the most common causes of myocardial injury and diastolic heart
failure that is directly attributable to oxidative stress [2, 5-8]. Studies conducted in vivo have
demonstrated an increase in ROS even after short-term iron exposure [24, 25]. In agreement
with this concept, our results demonstrated a pronounced increase in oxidative stress upon
iron treatment of cardiac H9¢2 cells.

SDG is an antioxidant present in flaxseed and is known to decrease the production of in-
flammatory mediators and scavenge the ROS, specifically the hydroxyl radical [20]. Studies
have shown that SDG prevents the development of hypercholesterolemic atherosclerosis [21],
induces angiogenesis-mediated cardioprotection [22], and prevents the development of type 1
and type 2 diabetes [19, 23]. Although several studies have investigated SDG, none have ex-
plored its antioxidant potential in a cardiac iron overload.

Increased ROS have been implicated in initiating harmful events including DNA damage,
lipid peroxidation and activation of MMPs which contribute to cardiovascular remodeling and
dysfunction [9, 11, 26, 27]. Previous studies using the same cardiac cell line found that iron
overload causes progressive loss of intact mitochondrial DNA, decreased expression of
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Fig 7. SDG decreases iron-induced apoptosis in H9c2 cells. Forkhead box O (FOXO)3a (A), Bax (B) Bcl2 (C) protein levels and Bcl2/Bax ratio (D) in
control, 50 uM iron-treated, 500 uM secoisolariciresinol diglucoside (SDG), and SDG pre-treatment + iron-treated H9c2 cells. Protein levels were measured
via immunoblotting. Data is expressed as protein/B-actin arbitrary units (a.u) (** = p < 0.01 versus control; * = p < 0.05 versus control, n = 4).

doi:10.1371/journal.pone.0122852.g007
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protein kinase (AMPK) (B) protein levels in control, 50 uM iron-treated, 500 uM secoisolariciresinol diglucoside (SDG), and SDG pre-treatment + iron-treated
H9c2 cells. Protein levels were measured via immunoblotting. Data is expressed as protein/B-actin arbitrary units (a.u) (* = p < 0.05 versus control, n = 3).

doi:10.1371/journal.pone.0122852.g008

respiratory chain subunits encoded by mitochondrial and diminished respiratory function.
They also reported that iron-mediated cytotoxicity involves ROS generated by the mitochon-
drion itself because cells lacking mitochondrial DNA were remarkably tolerant of iron overload
[24]. In our study ROS production was shown to increase in 50 uM iron treated cells as shown
with the CM-H,DCFDA assay. Pre-treatment with SDG prevented the significant increase in
iron-induced ROS generation, reducing it to control levels. Moreover, iron induced decrease in
SOD concentration was abrogated by pre-treatment with SDG, thereby suggesting an antioxi-
dant potential of SDG in iron overload condition.

Cardiovascular diseases are associated with inflammation and cytokine modulation [7, 9,
11, 28], and chronic heart failure is often characterized by elevated pro-inflammatory cytokine
expression [9, 11, 28, 29]. TNF-o and IL-10 were found to be elevated in iron overloaded pa-
tients with thalassemia major [30]. Among its many effects, TNF-o is an initiator of the extrin-
sic apoptosis pathway [31]. IL-10 is an anti-inflammatory cytokine known to down-regulate
the production of TNF-0, and it has similarly been detected in failing myocardium [32, 33]. In
the iron overload condition there was a significantly higher expression of pro and anti-inflam-
matory cytokines. Taken together, these data suggest a strong inflammatory response in iron
overload. Pre-treatment with SDG counteracted the significant increase in iron-induced TNF-
o and IL-10 expression, maintaining it at control levels, while IFNy expression significantly de-
creased when compared to iron treated cells. These data suggest SDG is capable of preventing
the increase in inflammation in iron treated cells. Dietary flax seed is reported to suppress the
production of TNF-a. in hypercholesterolemic atherosclerosis in rabbits [21].

Matrix metalloproteinases participate in tissue remodelling in cardiovascular diseases asso-
ciated with enhanced oxidative stress [34]. MMP-2 and MMP-9 are known to play key roles in
various cardiac disease conditions [35-37]. MMP activity has been shown to be regulated at
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multiple levels including its upregulation by TNF- o [13]. A recent study has demonstrated
that TNF-o can trigger the expression and activation of MMPs via superoxide production [13].
Increased oxidative stress and inflammation observed in our study may act as a trigger for in-
creased expression of MMP 2 and 9. A previous study demonstrated that H9c2 cardiomyocytes
exposed to H,0, induced oxidative stress, exhibited increased MMP-2 activity, leading to
cleavage and activation of the apoptotic protein, glycogen synthase kinase-3f [34]. Incubation
with doxorubicin, an antitumor agent that causes heart damage, leads to an increase in MMP-2
and 9 expression and activation in H9¢2 cells [36]. In the present iron overload condition, we
demonstrated increased mRNA expression of both MMP-2 and 9, which was associated with
increased oxidative stress and inflammation. This observation is consistent with the significant
cardiac damage caused by iron overload, whereby matrix remodelling plays a role in the patho-
physiology of cardiac dysfunction. Pre-treatment with SDG counteracted the significant in-
crease in iron-induced MMP-2 and 9 expressions, maintaining it at control levels, indicating
that SDG can have an effect on matrix components.

Two independent pathways may lead to cardiomyocyte apoptosis; intrinsic and extrinsic ap-
optosis. Both pathways end with the cleavage and activation of executioner caspases 3 and 7
[38]. We showed a significant increase in active caspase 3/7 in iron treated cells. Pre-treatment
with SDG attenuated the significant increase in iron-induced apoptosis, maintaining it at near
control levels. To further investigate the iron-induced apoptosis FOXO3a, Bax, and Bcl2 pro-
tein expression were assessed via immunoblotting. FOXO3a acts as a transcription factor
known to play important roles in the regulation of apoptosis, while Bax can lead to the release
of cytochrome ¢ [39, 40]. FOXO3a and caspase 3 were activated in rat cardiac microvascular
endothelial cells subsequent to myocardial ischemia/reperfusion injury. Moreover, FOXO3a
inhibition led to a decrease in apoptosis via decrease in caspase 3 activation [41]. In our study
FOXO3a and Bax protein expression were significantly increased after 24-hour iron treatment
when compared to control. Pre-treatment with SDG prevented the significant increase in iron-
induced FOXO3a and Bax protein expression. Bcl2 protein expression did not change signifi-
cantly after the 24-hour iron treatment when compared to control. Pre-treatment with SDG
led to a significant increase in Bcl2 protein expression when compared to control and iron
treatment. Bcl2/Bax ratio increased after treatment with SDG alone and pre-treatment with
SDG prior to iron treatment when compared to both control and iron treated cells. These data
indicate concomitant iron-induced increases in apoptosis and a better understanding into the
anti-apoptotic role of SDG in cardiac iron overload condition.

Cardiac remodeling occurs in response to oxidative stress, which involves activation of
p70S6K1 [14]. A study showed that treatment of cardiomyocytes with H,O, led to an increase
of p70S6K1 activity as early as 30 minutes after treatment [14]. Another study showed that res-
veratrol reduces hypertrophic growth of the myocardium by inhibiting p70S6K and enhancing
the LKB1/AMPK pathway [42]. AMPK reserves cellular energy content and serves as a key reg-
ulator of cell survival in response to pathological stress. AMPK activation in a hypertrophic
mouse model has been shown to be cardioprotective by blocking p70S6K1 and attenuating
mTOR and ERK1/2 activation [16]. In our study p70S6K1 protein expression was assessed via
immunoblotting and was significantly increased after 24-hour iron treatment when compared
to control. Pre-treatment with SDG negated the significant increase in iron-induced p70S6K1
protein expression, maintaining it at control levels. This decrease in iron-induced p70S6K1
protein expression suggests that SDG may play a role in cardiac remodeling by modulating lev-
els of p70S6K1. AMPK protein expression was found to be significantly decreased after iron
treatment when compared to control levels. Pre-treatment with SDG prevented the significant
decrease in iron-induced AMPK protein expression. This suggests a cardioprotective role for
SDG in cardiac iron overload.
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In conclusion, iron overload in cardiac H9¢2 cells caused increased ROS, apoptosis, and in-

flammation. SDG abrogated the observed increases in ROS and apoptosis, suggesting a previ-
ously unknown cardioprotective role for this flaxseed in cardiac iron overload condition.

Acknowledgments

We are grateful to Heidi Forsyth for editorial assistance.

Author Contributions

Conceived and designed the experiments: NK SB SP. Performed the experiments: SP SB JAM
AA CG AL. Analyzed the data: SP NK SB ABK KP. Contributed reagents/materials/analysis
tools: NK KP. Wrote the paper: SP SB NK ABK. Edited and revised manuscript: SP SB NK AL
JAM CG AA ABK KP.

References

1.
2.

10.

11.

12

13.

14.

15.

16.

Andrews NC. Disorders of iron metabolism. N Engl J Med. 1999; 341: 1986-1995. PMID: 10607817

Oudit G, Trivieri M, Khaper N, Liu P, Backx P. Role of L-type Ca2 channels in iron transport and iron-
overload cardiomyopathy. Jol Mol Med. 2006; 84: 349-364.

Robb A, Wessling-Resnick M. Regulation of transferrin receptor 2 protein levels by transferrin. Blood.
2004; 104: 4294-4299. PMID: 15319276

Cario H, Holl RW, Debatin KM, Kohne E. Insulin sensitivity and beta-cell secretion in thalassaemia
major with secondary haemochromatosis: assessment by oral glucose tolerance test. Eur J Pediatr.
2003; 162: 139-146. PMID: 12655415

Liu P, Olivieri N. Iron overload cardiomyopathies: new insights into an old disease. Cardiovasc Drugs
Ther. 1994; 8: 101-110. PMID: 8086319

Murphy C, Oudit G. Iron-overload cardiomyopathy: pathophysiology, diagnosis, and treatment. J Card
Fail. 2010; 16: 888-900. doi: 10.1016/j.cardfail.2010.05.009 PMID: 21055653

Shawky M, Khaper N, Liu P. Oxygen Free Radicals, Iron, and Cytokines in Heart Failure. In: Kukin M,
Fuster V, editors. From Bench to Bedside. Oxidative Stress and Cardiac Failure. 2003; pp. 129-151.

Oudit G, Sun H, Trivieri M, Koch S, Dawood F, Ackerley C, et al. L-type Ca2 channels provide a major
pathway for iron entry into cardiomyocytes in iron-overload cardiomyopathy. Nat Med. 2003; 9: 1187—
1194. PMID: 12937413

Bryan S, Baregzay B, Spicer D, Singal PK, Khaper N. Redox-inflammatory synergy in the metabolic
syndrome. Can J Physiol Pharmacol. 2013; 91: 22-30. doi: 10.1139/cjpp-2012-0295 PMID: 23368637

Kaur K, Sharma A, Dhingra S, Singal P. Interplay of TNF-alpha and IL-10 in regulating oxidative stress
in isolated adult cardiac myocytes. J Mol Cell Cardiol. 2006; 41: 1023—1030. PMID: 17045606

Khaper N, Bryan S, Dhingra S, Singal R, Bajaj A, Pathak CM, et al. Targeting the vicious inflammation-
oxidative stress cycle for the management of heart failure. Antioxid Redox Signal. 2010; 13: 1033—
1049. doi: 10.1089/ars.2009.2930 PMID: 20380580

Sengupta A, Molkentin JD, Paik JH, DePinho RA, Yutzey KE. FoxO transcription factors promote cardi-
omyocyte survival upon induction of oxidative stress. J Biol Chem. 2011; 286: 7468—7478. doi: 10.
1074/jbc.M110.179242 PMID: 21159781

Awad AE, Kandalam V, Chakrabarti S, Wang X, Penninger JM, Davidge ST, et al. Tumor necrosis fac-
tor induces matrix metalloproteinases in cardiomyocytes and cardiofibroblasts differentially via super-
oxide production in a PI3Ky-dependent manner. Am J Physiol Cell Physiol. 2010; 298: C679-C692.
doi: 10.1152/ajpcell.00351.2009 PMID: 20007453

Tu V, Bahl J, Chen Q. Signals of oxidant-induced cardiomyocyte hypertrophy: Key activation of p70 S6
kinase-1 and phosphoinositide 3-kinase. J Pharmacol Exp Ther. 2002; 300: 1101-1110. PMID:
11861821

Russell RR, Li J, Coven DL, Pypaert M, Zechner C, Palmeri M, et al. AMPactivated protein kinase medi-
ates ischemic glucose uptake and prevents postischemic cardiac dysfunction, apoptosis, and injury. J
Clin Invest. 2004; 114: 495-503. PMID: 15314686

Deng W, Zong J, Bian Z, Zhou H, Yuan Y, Zhang R, et al. Indole-3-carbinol protects against pressure
overload induced cardiac remodeling via activating AMPK-a. Mol Nutr Food Res. 2013; 57: 1680—
1687. doi: 10.1002/mnfr.201300012 PMID: 23625645

PLOS ONE | DOI:10.1371/journal.pone.0122852 March 30, 2015 14/16


http://www.ncbi.nlm.nih.gov/pubmed/10607817
http://www.ncbi.nlm.nih.gov/pubmed/15319276
http://www.ncbi.nlm.nih.gov/pubmed/12655415
http://www.ncbi.nlm.nih.gov/pubmed/8086319
http://dx.doi.org/10.1016/j.cardfail.2010.05.009
http://www.ncbi.nlm.nih.gov/pubmed/21055653
http://www.ncbi.nlm.nih.gov/pubmed/12937413
http://dx.doi.org/10.1139/cjpp-2012-0295
http://www.ncbi.nlm.nih.gov/pubmed/23368637
http://www.ncbi.nlm.nih.gov/pubmed/17045606
http://dx.doi.org/10.1089/ars.2009.2930
http://www.ncbi.nlm.nih.gov/pubmed/20380580
http://dx.doi.org/10.1074/jbc.M110.179242
http://dx.doi.org/10.1074/jbc.M110.179242
http://www.ncbi.nlm.nih.gov/pubmed/21159781
http://dx.doi.org/10.1152/ajpcell.00351.2009
http://www.ncbi.nlm.nih.gov/pubmed/20007453
http://www.ncbi.nlm.nih.gov/pubmed/11861821
http://www.ncbi.nlm.nih.gov/pubmed/15314686
http://dx.doi.org/10.1002/mnfr.201300012
http://www.ncbi.nlm.nih.gov/pubmed/23625645

@’PLOS | ONE

SDG in Cardiac Iron Overload

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Shvartsman M, Kikkeri R, Shanzer A, Cabantchik ZI. Non-transferrin-bound iron reaches mitochondria
by a chelator-inaccessible mechanism: biological and clinical implications. Am J Physiol Cell Physiol.
2007;293: C1383-C1394. PMID: 17670894

Penumathsa S, Koneru S, Thirunavukkarasu M, Zhan L, Prasad K, Maulik N. (2007) Secoisolariciresi-
nol diglucoside: relevance to angiogenesis and cardioprotection against ischemia-reperfusion injury. J
Pharmacol Exp Ther.; 320: 951-959. PMID: 17132814

Prasad K. Oxidative stress as a mechanism of diabetes in diabetic BB prone rats: effect of secoisolari-
ciresinol diglucoside (SDG). Mol Cell Biochem. 2000; 209: 89-96. PMID: 10942205

Prasad K. Hydroxyl radical-scavenging property of secoisolariciresinol diglucoside (SDG) isolated from
flax-seed. Mol Cell Biochem. 1997; 168: 117—123. PMID: 9062900

Prasad K. Dietary flax seed in prevention of hypercholesterolemic atherosclerosis. Atherosclerosis.
1997; 132: 69-76. PMID: 9247361

Prasad K. Flaxseed and cardiovascular health. J Cardiovasc Pharmacol. 2009; 54: 369-377. doi: 10.
1097/FJC.0b013e3181af04e5 PMID: 19568181

Prasad K. Secoisolariciresinol diglucoside from flaxseed delays the development of type 2 diabetes in
Zucker rat. J Lab Clin Med. 2001; 138: 32—-39. PMID: 11433226

Gao X, Campian J, Qian M, Sun X, Eaton J. Mitochondrial DNA damage in iron overload. J Biol Chem.
2009; 284: 4767-4775. doi: 10.1074/jbc.M806235200 PMID: 19095657

Knbel Y, Glei M, Osswald K, Pool Zobel BL. Ferric iron increases ROS formation, modulates cell growth
and enhances genotoxic damage by 4-hydroxynonenal in human colon tumor cells. Toxicol In Vitro.
2006; 20: 793-800. PMID: 16412607

Paravicini TM, Touyz RM. Redox signaling in hypertension. Cardiovasc Res. 2006; 71: 247-258.
PMID: 16765337

Vasdev S, Gill V, Singal P. Modulation of oxidative stress-induced changes in hypertension and athero-
sclerosis by antioxidants. Exp Clin Cardiol. 2006; 11:206-216. PMID: 18651033

Nian M, Lee P, Khaper N, Liu P. Inflammatory cytokines and postmyocardial infarction remodeling. Circ
Res. 2004; 94: 1543—-1553. PMID: 15217919

Torre Amione G, Kapadia S, Lee J, Bies RD, Lebovitz R, Mann DL. Expression and functional signifi-
cance of tumor necrosis factor receptors in human myocardium. Circulation. 1995; 92: 1487—-1493.
PMID: 7664431

Del Vecchio GC, Schettini F, Piacente L, De Santis A, Giordano P, De Mattia D. Effects of deferiprone
on immune status and cytokine pattern in thalassaemia major. Acta Haematologica. 2002; 108: 144—
149. PMID: 12373086

Han D, Ybanez M, Ahmadi S, Yeh K, Kaplowitz N. Redox regulation of tumor necrosis factor signaling.
Antioxid Redox Signal. 2009; 11: 2245-2263. doi: 10.1089/ARS.2009.2611 PMID: 19361274

Bolger A, Sharma R, von Haehling S, Doehner W, Oliver B, Rauchhaus M, et al. Effect of interleukin-10
on the production of tumor necrosis factor-alpha by peripheral blood mononuclear cells from patients
with chronic heart failure. Am J Cardiol. 2009; 90: 384-389.

Haddad J, Fahiman C. Redox- and oxidant-mediated regulation of interleukin-10: an anti-inflammatory,
antioxidant cytokine? Biochem Biophys Res Commun. 2002; 297: 163—176. PMID: 12237098

Kandasamy A, Schulz R. Glycogen synthase kinase-3beta is activated by matrix metalloproteinase-2
mediated proteolysis in cardiomyoblasts. Cardiovasc Res. 2009; 83: 698—706. doi: 10.1093/cvr/cvp175
PMID: 19493954

Spinale F. Myocardial matrix remodeling and the matrix metalloproteinases: influence on cardiac form
and function. Physiol Rev. 2007; 87: 1285—-1342. PMID: 17928585

Spallarossa P, Altieri P, Garibaldi S, Ghigliotti G, Barisione C, Manca V, et al. Matrix metalloproteinase-
2 and -9 are induced differently by doxorubicin in H9c2 cells: The role of MAP kinases and NAD(P)H ox-
idase. Cardiovasc Res. 2006; 69: 736—745. PMID: 16213474

Ovechkin A, Tyagi N, Rodriguez W, Hayden M, Moshal K, Tyagi S. Role of matrix metalloproteinase-9
in endothelial apoptosis in chronic heart failure in mice. J Appl Physiol. 2005; 99: 2398-2405. PMID:
16081621

Lee Y, Gustafsson A. Role of apoptosis in cardiovascular disease. Apoptosis. 2009; 14: 536-548. doi:
10.1007/510495-008-0302-x PMID: 19142731

Fu Z, Tindall DJ. FOXOs, cancer and regulation of apoptosis. Oncogene. 2008; 27: 2312-2319. doi:
10.1038/0nc.2008.24 PMID: 18391973

Ronnebaum S, Patterson C. The FoxO family in cardiac function and dysfunction. Annu Rev Physiol.
2010; 72: 81-94. doi: 10.1146/annurev-physiol-021909-135931 PMID: 20148668

PLOS ONE | DOI:10.1371/journal.pone.0122852 March 30, 2015 15/16


http://www.ncbi.nlm.nih.gov/pubmed/17670894
http://www.ncbi.nlm.nih.gov/pubmed/17132814
http://www.ncbi.nlm.nih.gov/pubmed/10942205
http://www.ncbi.nlm.nih.gov/pubmed/9062900
http://www.ncbi.nlm.nih.gov/pubmed/9247361
http://dx.doi.org/10.1097/FJC.0b013e3181af04e5
http://dx.doi.org/10.1097/FJC.0b013e3181af04e5
http://www.ncbi.nlm.nih.gov/pubmed/19568181
http://www.ncbi.nlm.nih.gov/pubmed/11433226
http://dx.doi.org/10.1074/jbc.M806235200
http://www.ncbi.nlm.nih.gov/pubmed/19095657
http://www.ncbi.nlm.nih.gov/pubmed/16412607
http://www.ncbi.nlm.nih.gov/pubmed/16765337
http://www.ncbi.nlm.nih.gov/pubmed/18651033
http://www.ncbi.nlm.nih.gov/pubmed/15217919
http://www.ncbi.nlm.nih.gov/pubmed/7664431
http://www.ncbi.nlm.nih.gov/pubmed/12373086
http://dx.doi.org/10.1089/ARS.2009.2611
http://www.ncbi.nlm.nih.gov/pubmed/19361274
http://www.ncbi.nlm.nih.gov/pubmed/12237098
http://dx.doi.org/10.1093/cvr/cvp175
http://www.ncbi.nlm.nih.gov/pubmed/19493954
http://www.ncbi.nlm.nih.gov/pubmed/17928585
http://www.ncbi.nlm.nih.gov/pubmed/16213474
http://www.ncbi.nlm.nih.gov/pubmed/16081621
http://dx.doi.org/10.1007/s10495-008-0302-x
http://www.ncbi.nlm.nih.gov/pubmed/19142731
http://dx.doi.org/10.1038/onc.2008.24
http://www.ncbi.nlm.nih.gov/pubmed/18391973
http://dx.doi.org/10.1146/annurev-physiol-021909-135931
http://www.ncbi.nlm.nih.gov/pubmed/20148668

'.@.' PLOS | ONE SDG in Cardiac Iron Overload

41. Qi XF,LiYJ, Chen ZY, Kim SK, Lee KY, Cai DQ. Involvement of the FoxO3a pathway in the ischemia/
reperfusion injury of cardiac microvascular endothelial cells. Exp Mol Pathol. 2013; 95: 242—247. doi:
10.1016/j.yexmp.2013.08.003 PMID: 23948278

42. Dolinsky VW, Chakrabarti S, Pereira TJ, Oka T, Levasseur J. Resveratrol prevents hypertension and
cardiac hypertrophy in hypertensive rats and mice. Biochim Biophys Acta. 2013; 1832: 1723-1733. doi:
10.1016/j.bbadis.2013.05.018 PMID: 23707558

PLOS ONE | DOI:10.1371/journal.pone.0122852 March 30, 2015 16/16


http://dx.doi.org/10.1016/j.yexmp.2013.08.003
http://www.ncbi.nlm.nih.gov/pubmed/23948278
http://dx.doi.org/10.1016/j.bbadis.2013.05.018
http://www.ncbi.nlm.nih.gov/pubmed/23707558


<<
  /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


