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Summary

Accumulating evidence indicates that hypertension is associated
with “ion channel remodeling” of vascular smooth muscle cells
(VSMCs). The objective of this study was to determine the effects
of exercise intensity/volume on hypertension-associated changes
in large-conductance Ca**-activated K* (BKc) channels in
mesenteric arteries (MAs) from spontaneously hypertensive rats
(SHR). Male SHRs were randomly assigned to three groups:
14 m/min),
a moderate-intensity aerobic exercise group (SHR-M: 20 m/min),

a low-intensity aerobic exercise group (SHR-L:

and a sedentary group (SHR). Age-matched Wistar-Kyoto rats
(WKYs) were used as normotensive controls. Exercise groups
completed an 8-week exercise program. Elevation of the a and
B1 proteins was unequal in MA myocytes from SHRs, with the
1 subunit increasing more than the a subunit. BKc, contribution
to vascular tone regulation was higher in the myocytes and
arteries of SHRs compared to WKYs. SHR BKc, channel subunit
protein expression, Bl/a ratio, whole cell current density and
single-channel open probability was also increased compared
with WKYs. Aerobic exercise lowered systemic blood pressure
and normalized hypertension-associated BKc, alterations to
normotensive control levels in the SHRs. These effects were
more pronounced in the moderate-intensity group than in the
low-intensity group. There is a dose-effect for aerobic exercise
in the

accompanying volume for the correction of the pathological

training range of low to moderate-intensity and
adaptation of BKc, channels in myocytes of MAs from SHR.
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Introduction

Hypertension is a major risk factor for the
development of strokes, coronary artery disease, heart
failure, and renal disease (Schmieder 2010). In cases of
chronic hypertension, small arteries and arterioles
undergo extensive biological and structural adaptations in
response to elevated intraluminal perfusion pressure
(Joseph et al. 2013). A characteristic pathological
alteration of hypertension is augmented vasoconstrictor
and attenuated vasodilator responses to various
physiological stimuli, resulting in elevated vascular tone
in arteries and arterioles that are exposed to persistent
high blood pressure (BP).

A growing body of evidence shows that
hypertension is associated with “ion channel remodeling”
of the vascular smooth muscle cells (VSMCs) (Harder et
al. 1983). Large-conductance Ca”'-activated K™ (BK,)
channels are densely expressed in VSMCs and play
apivotal role in regulating the resting membrane
potential of these cells. They are activated by membrane
depolarization and increased cytosolic Ca>" concen-
tration, inducing a hyperpolarization that opposes
vasoconstriction (Brayden and Nelson 1992). Many
studies have examined alterations in BK_, channels

related to hypertension, though the findings have been
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inconsistent. Some studies have suggested increases in
BK¢, channels (England et al 1993, Liu et al. 1997,
1998, Rusch and Runnells 1994), while others have
reported decreases in BK, channels (Amberg et al. 2003,
Nieves-Cintron et al. 2007, Yang et al. 2013) with
hypertension.

Regular physical activity, particularly aerobic
exercise, is a well-recommended non-pharmacological
therapy for prevention and control of hypertension.
Endurance training reduces blood pressure at rest in both
normotensive and hypertensive subjects, with a more
pronounced effect in hypertensive subjects (Cornelissen
et al. 2005). The mechanisms underlying this effect of
exercise training remain undisclosed, but are likely to be
multifactorial and include vascular remodeling and/or
changes in peripheral vascular function, sympathetic
nervous activity, function of the nitric oxide and
prostanoid system, and the renin-angiotensin system
(Hellsten et al. 2015). Exercise volume depends on the
intensity, duration, and frequency. Exercise intensity is
acritical factor in the treatment of cardiovascular
diseases and is directly linked to both the amount of
improvement in exercise capacity and the risk of adverse
events during exercise. Intensity ranges for aerobic
exercise prescriptions are included in several guidelines
and publications on the secondary prevention of
cardiovascular diseases.

Over the past few years, there has been
increasing evidence suggesting a link between exercise
and vascular ion channels (Albarwani et al. 2010, Bowles
et al. 1998, Shi et al. 2013a, Zhao and Wang 2010).
However, to date, no studies have examined the effects of
exercise (particularly intensity/volume) on hypertension-
associated  pathological =~ molecular  changes in
BKc, channels. We hypothesized that regular aerobic
exercise may normalize hypertension-related alterations
of BK(, channels and restore vascular function in arteries
via adecrease in peripheral resistance, and that is
intensity/volume-dependent to a certain extent in the
range of aerobic exercise.

In the current study, we investigated the
molecular mechanisms of pathological alterations in
BKca

channel currents in mesenteric artery (MA)

myocytes, the effects of aerobic exercise on
hypertension-associated BK¢, channel structural and
functional remodeling in MA myocytes, and the

relationship between exercise
BKc; channels in
hypertensive rats (SHRs).

intensity/volume and

myocytes in  spontaneously

Materials and Methods

Animals and exercise training protocol

After a one-week acclimation period, three-
month-old male SHRs (n=54) were randomly assigned to
3 groups: a sedentary (SHR, n=18) group, a low-intensity
aerobic training group (SHR-L: 14 m/min, ~40-49 % of
maximal aerobic velocity, n=18), and moderate-intensity
aerobic training group (SHR-M: 20 m/min, ~55-65 % of
maximal aerobic velocity, n=18). Moderate intensity
(approximately 60 % of maximal aerobic velocity) was
set based on previous reports (Agarwal et al. 2011, Roque
et al. 2013) and low intensity was considered to be less
than 50 % of maximal aerobic velocity. Age-matched
male Wistar-Kyoto rats (WKY, n=18) were used as
The
subjected to low- or moderate- intensity exercise on

normotensive controls. training groups were
a rodent motor-driven treadmill for 8 weeks (60 min/day
continuously, 5 days/week, at O slope). The training
duration and frequency were kept constant and the
training intensity was modified between the training
groups. Therefore, the training volume was higher in the
SHR-M (6.0 km/week) than in the SHR-L (4.2 km/week)
group. To determine the maximal exercise capacity, rats
were subjected to a progressive exercise test using
an incremental speed protocol (5 m/min every 3 min with
no grade) until exhaustion. The treadmill exercise test
was repeated after 4 weeks, in order to adjust training
intensity.

All animals were housed in cages in light-dark
cycle (12 h light : 12 h dark) and temperature (2241 °C)
controlled conditions and had access to food and water
ad libitum. The study protocol was conformed to Beijing
Sport University Guidelines for the Care and Use of
Animals.

Surgical procedures and cardiovascular testing
Twenty-four animals (n=6 per group) were used
for the in vivo cardiovascular study. Surgical procedures
were performed 24 h after completion of 8 weeks of
exercise training. Under sodium pentobarbital anesthesia
(60 mg/kg i.p.), arterial and venous catheters (ID 0.01 in,
OD 0.03 in), filled with heparinized saline (100 IU/ml),
were implanted into the left carotid artery and right
jugular vein, respectively. The free ends of the catheters
were implanted, subcutaneously, in the back of the neck.
BP and heart rate (HR) were measured
continuously in conscious animals two days after they
recovered from the surgery. Baseline HR and BP were
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recorded for ~60 min. Norepinephrine (NE, 18 pg/kg)
was then administered intravenously, via the implanted
catheter, and BP and HR were recorded for another
60 min. The NE dose used was based on previous studies
(Shi et al. 2012, Smits et al. 1987).

Isometric contraction studies

Twenty-four animals (n=6 per group) were used
for the study and the
electrophysiological study. The rats were anesthetized
with (60 mg/kg, 1ip.) and
immediately euthanized by decapitation after confirming

isometric  contraction

sodium pentobarbital

that they were fully anesthetized (e.g. no response to toe
pinch). The MA and branches were then removed from
and placed in cold Krebs’ solution
containing (mM): 131.5NaCl, 5KCI, 1.2 NaH,PO,,
1.2 MgCl,, 2.5 CaCl,, 11.2 glucose, 13.5 NaHCO;, and
0.025 EDTA. Short segments of second order branches
(A2) were used for contractile studies using the Multi

each animal,

myograph system (620 M, Danish Myo Technology,
Aarhus,
synthase (NOS) inhibitor, N®-nitro-L-arginine methyl
ester (L-NAME, 100 uM), was added 20 min prior to the
contraction studies.

Denmark). The non-selective nitric oxide

The contractile response of tension was
evaluated by measuring the maximum peak height and
expressed as a percentage of contraction to 120 mM K"
(Kimax)- The effect of the BK, channel blocker on resting
tension was examined by measuring vessel contractility
10’M  IbTX (a

BKc, channel blocker). The vasorelaxation effect of the

after administration of potent
BK(, channel activator was examined in tissues, which
10°M NE.
Responses to increasing concentrations (10°-10° M) of

the BK(, channel opener, NS 11021, were then tested.

had been previously contracted with

Patch clamp electrophysiology

Single VSMCs were isolated from the MAs as
described previously (Shi et al 2013a). Whole-cell
K" currents were recorded using the voltage-clamp
configuration, at room temperature using an Axon700B
amplifier (Axon Instruments Inc., Foster City, CA, USA).
Membrane currents were low-pass filtered at 2 kHz and
digitized at a sampling frequency of 10 kHz. Borosilicate
glass electrodes (2-4 MQ) were filled with pipette
solution containing (mM): 110 potassium aspartate
(K-Asp), 30KCl, 1EGTA, 3 NaATP, 0.85 CaCl,,
10 glucose, 10 HEPES (pH 7.2 with KOH). The
extracellular bath solution contained (mM): 134 NaCl,

6 KCI, 1 MgCl,, 1.8 CaCl,, 10 glucose, and 10 HEPES
(pH 7.4). I-v)
generated in voltage-clamp cells held at an Em of -80 mV

Current-voltage relationships  were
and then stepped in 10 mV increments to +70 mV.
Voltage steps were 350 ms in duration. BK¢, currents
were defined as the 100 nM iberiotoxin (IbTX)-sensitive
component. Currents were normalized to cell capacitance
to obtain the current densities.

Single channel currents were recorded in excised
inside-out membrane patches under symmetrical K
(145 mM) as previously described (Shi er al 2013a).
Currents were sampled at 10 kHz and filtered at 2 Hz
via eight-pole low-pass Bessel filter. The product of the
number of channels in the patch (V) and the channel open
probability (Po) was used as an index of channel steady-
state activity. The BKc, channel activity (NPo) was
calculated from continuous gap-free data using the
following equation: NPo =) (¢1 +£2. . .£i), where #i is the
relative open time (time open/total time) for each channel
level. The total number of BKc, channels in an inside-out
patch was determined at a voltage of +40 mV with 100 pM
free Ca®" in the bath solution. Only recordings with stable
Po values for a minimum 2 min were analyzed.

Immunohistochemistry

MA sections were fixed with 4 % paraformal-
dehyde in PBS for 60 min at RT and then permeabilzed
by 0.2% Triton X-100 (Sigma) for 15 min. After
extensive washing with PBS, the tissue sections were
blocked for 60 min with 5% BSA for non-specific
antibody binding and then incubated in primary rabbit
polyclonal K¢,1.1 (Alomone Labs, Jerusalem, Israel)
antibody at a dilution of 1:200 or rabbit polyclonal s/of1
(Alomone Labs) antibody at a dilution of 1:200,
overnight at 4°C. The antigen was localized by
3,3’-diaminobenzedine tetrahydrochloride (DAB; Vector
Laboratories, Burlingame, CA, USA) and counterstained
with hematoxylin. The negative controls were performed
by substituting primary antibody with normal serum in
the same dilution. Preabsorption of the primary antibody
with a 10-fold excess of the blocking peptides was
performed to confirm the specificity of primary antibody
(Shi et al. 2013b). All immunohistochemical photographs
were analyzed using Image Pro Plus (version 6.0; Media
Cybernetics, Silver Spring, MD, USA).

Immunofluorescence
The isolated VSMCs of MA were plated on
poly-L-lysine-coated coverslips and allowed settle for
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60 min. For immunofluorescence staining, arterial
myocytes were fixed in 4 % paraformaldehyde in PBS for
20 min and permeabilized with 0.2 % Triton X-100
(Sigma) for 10 min at room temperature. After washing
thrice with PBS, the VSMCs were blocked in a solution
of PBS containing 5 % BSA for 60 min. Primary Rabbit
polyclonal K¢,1.1 (Alomone Labs, Jerusalem, Israel;
1:200) and Rabbit polyclonal slofl (Alomone Labs,
Jerusalem, Israel; 1:200) antibodies were typically
applied overnight at 4 °C, respectively. The next day,
after washing, a second Alexa Fluor 488 Goat Anti-
Rabbit IgG antibody (Molecular Probes, Grand Island,
NY, USA; 1:500) was used for 60 min in the dark.
Sample coverslips were placed on ProLong Gold
Antifade Reagent (Molecular Probes) on the glass slides.
Images were acquired using a laser-scanning confocal

microscope (TCS-SP8, Leica, Wetzlar, Germany).

Western blot analysis

Membrane proteins were isolated and pooled for
use in Western blots, as previously described (Shi et al.
2013a). The primary antibodies used were polyclonal
anti-KCal.l (1:300) and polyclonal anti-slol (1:300)
(both from Alomone Labs).

RT-PCR

MAs were placed in RNAlater (Ambion, Austin
TX, USA) at 4 °C. Total RNA was isolated using the
PureLink RNA Mini Kit (Ambion) and
transcribed into cDNA using the GoScript Reverse

reverse

Table 1. Physical characteristics of experimental rats.

Transcription System (Promega, USA), according to
the manufacturer’s instructions. Primers specific to
BKc, channel o (KCNMAT1) (GenBank accession no.
NM 031828; amplicon=174 bp) (forward: 5'-ATA
GGAAACCGCAAGAAATACG-3' and reverse: 5'-AGG
GGAGATGTTGTGAAGAAAA-3"), Bl (KCNMBI1)
(GenBank accession no. NM_019273; amplicon=80 bp)
(forward: 5'-ATCAAAACCAACAGTGCTCCTA-3" and
reverse: 5'-TCTGACCTTCTTCACATCAACC-3'), and
the housekeeping genes B-actin (GenBank accession
no. NM_031144; amplicon=207 bp) (forward: 5'-CAC
CCGCGAGTACAACCTTC-3' and reverse: 5'-CCCATA
CCCACCATCACACC-3") were designed to identify the
presence of each transcript in MA vascular smooth
muscle. Real-time Quantitative PCR was performed
using an ABI Prism 7500 (Applied Biosystems, USA)
using Power SYBR Green PCR Master Mix (Applied
Biosystems). Amplification conditions were as follows:
10 min at 95 °C, followed by 40 cycles at 95 °C for 15 s,
and 60 °C for 60 s. Relative quantification to B-actin was
performed using the 2"*“" method (Livak and Schmittgen
2001).

Statistical analysis

Statistical analysis was conducted using one-way
ANOVA followed by a Tukey post-hoc test for multiple
comparisons. The term n represents the number of cells
or animals used in each experiment. Data are expressed
as mean + SEM and P<0.05 is considered statistically
significant.

WKY SHR SHR-L SHR-M
BW (g) 352.446.7 349.4+7.2 335.446.9" 329.2+7.1*
HW (g) 1.14+0.01 1.4140.05% 1.39+0.04 1.38+0.06
HW (mg)/BW (g) 3.23+0.02 4.04+0.06* 4.14+0.07 4.19+0.11
MAP (mm Hg) 118.0+5.3 185.2+6.0* 173.4+5.4% 160.1+5.1%
HR (bpm) 392+16 435+14% 395+16" 390+15"

*P<0.05, compared with WKY; #P<0.05, compared with SHR; #P<0.05, compared with SHR-L. HR, heart rate; HW, heart weight;

BW, body weight; MAP, mean arterial pressure. n=12 in each group.

Results

Physical characteristics of experimental animals
There were no significant differences in body
weight (BW) among the four groups prior to exercise.

After exercise training for 8 weeks, BW in the SHR-L
and SHR-M groups was significantly lower than in the
SHR group, however there was no significant difference
in BW when comparing the SHR-L and SHR-M groups
to each other (Table 1). SHRs had a significantly higher
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heart weight (HW) and HW to BW ratio (HW/BW)
compared to normotensive rats (WKY). However,
exercise training had no significant influence on either
HW or HW/BW. Mean arterial pressure (MAP) was
higher in SHRs (185.246.0 mm Hg) than in WKYs
(118.0£5.3 mm Hg) and was markedly decreased after
exercise training. Furthermore, MAP was lower in the
group with the higher training intensity/volume (SHR-L:
173.4£5.4 mm Hg; SHR-M: 160.1£5.1 mm Hg). As
shown in Table 1, HR in SHRs was higher than in
WKYs, and HR in both the L-SHR and M-SHR groups
was significantly lower than in the sedentary SHRs.
However, HR was not significantly different between the
SHR-L and SHR-M groups.

Cardiovascular responses

Intravenous injection of NE (18 pg/kg) produced
significant time-dependent increases in MAP in all groups.
MAP response to NE reached maximum at 0.5 min and
then dropped rapidly (Fig. 1Aa). The maximal change in
MAP (AMAP) in the WKY, SHR, SHR-L and
SHR-M groups was 52.0+£3.9, 76.244.2, 67.0+4.9 and
58.243.8 mm Hg, (Fig. 1Ab). The
NE-stimulated maximal increases in MAP were
significantly higher in SHRs compared to WKY's (P<0.05).
However, the NE-induced increase in MAP was markedly

respectively

attenuated after exercise training and this attenuation was
more pronounced in the SHR-M than in SHR-L group. The
MAP returned to baseline within 6 min of the NE injection
in the WKY, SHR-M, and SHR-L groups. However, MAP
in the sedentary SHR group was still higher than baseline
6 min after the NE injection, indicating that exercise
accelerated BP recovery time.
Contribution of BKc, channels in vascular tone
regulation

The effects of a BK, activator on the relaxation
and a BK, inhibitor on the contraction of MA rings were
BKca
contribution to vascular tone. In each experiment, arterial
rings were preincubated with L-NAME (100 pM) for
20 min. The maximal response induced by KCI
(120 mM) was similar in the WKY (14.7+1.6 mN) and
SHR (15.3+1.5 mN) groups. Exercise did not modify the
KCl-induced maximal response in either training group
(SHR-L: 15.0£1.7 mN; SHR-M: 14.8+1.9 mN; n=6
in each group). IbTX, a specific BK¢, channel blocker

examined in order to assess the channel

(107 M) induced an increase in tension in all four groups
(Figs 1Ba and 1Bc). The increase in tension in the SHR

group (28.6+3.4 %) was higher than in the WKY
(11.8£2.0 %) group. However, exercise markedly
inhibited the tension increase in both the SHR-L and
SHR-M training groups (22.842.7 and 16.5£1.9 %,
respectively), though the inhibition was more pronounced
in the SHR-M group. This indicates that there seemed to
be a possible dose-effect of exercise training intensity/
volume on BK, channel function.

The effect of NS11021 (BK, channel activator)
was examined in MAs precontracted with 10° M NE in
order to further assess the role of BKc, channels in the
maintenance of MA tension. NS11021 (10”° M) reduced
the vessel force in precontracted MAs in the WKY, SHR,
SHR-L and SHR-M groups by 70.3+£2.9 %, 55.6+1.2 %
(P<0.05, vs. WKY), 65.3£2.6 % (P<0.05, vs. SHR) and
66.7£2.9 % (P<0.05, vs. SHR), respectively (Figs 1Bb
and 1Bd). These data indicate that BKc,
activation profoundly decreased vascular tone in the SHR

channel

group as compared to the WKY group. However,
exercise appeared to effectively ameliorate this decrease
in a manner that was intensity/volume-dependent.

Comparison of BK ¢, current density

The electrophysiological properties of
BKc, channels were determined in myocytes from small
MA:s.

membrane BKc, currents are expressed relative to cell

To compensate for differences in cell size,

capacitance (pA/pF). As shown in Figure 2, whole-cell K*
current densities were not significantly different among the
four groups. The whole-cell K™ currents were markedly
inhibited by treatment with IbTX (100 nM) for 10 min
in myocytes from all 4 groups. The IbTX-sensitive (BKc,)
currents were the highest in the SHR cells. For example, at
+70 mV, the current density was 37.7+1.8 pA/pF in SHR
(n=18 cells/6 rats, P<0.05, vs. WKY), 13.7+1.2 pA/pF in
WKY (n=18 cells/6 rats), 22.9+2.3 pA/pF in SHR-L
(n=14 cells/6 rats, P<0.05, vs. SHR), and 18.0+2.1 pA/pF
in SHR-M cells (n=19 cells/6 rats, P<0.05, vs. WKY;
P<0.05, vs. SHR-L). These data indicated that the
hypertension was associated with an enhancement in
functional expression of BK(, channels and that exercise
training attenuated this enhancement. Mean cell
capacitance for WKY (17.3%+1.4 pF, n=18 cells) and SHR
(17.4£1.8 pF, n=18 cells) cells was similar and was not
altered by exercise (SHR-L, 17.6x1.7 pF, n=14 cells;
SHR-M, 17.1+1.6 pF, n=19 cells, all from 6 animals in
each group; P>0.05 when comparing all), indicating that
current density changed because of alterations in
BK, channels.
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Fig. 1. Effect of exercise on NE-induced cardiovascular responses and vascular tension in MAs. A. Effect of exercise on NE-induced
cardiovascular responses. (a) NE-induced MAP response; *P<0.05, compared with the baseline level. (b) The maximal change in MAP
(AMAP) after injection of NE. NE, norepinephrine, 18 pg/kg. B. Effects of a BKc. channel inhibitor and activator on vascular tension in
MAs. (a) Typical experimental tracings showing effect of the BKc, blocker, IbTX (100 nM), on resting tension. (b) Effect of the
BKc. channel activator, NS11021 (10 to 10®° M), on NE-induced vessel contraction. In each experiment, the arteries were pre-incubated
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Single channel properties of BK¢, channels

An inside out single channel recording was
the
BKc, current amplitude in SHR myocytes was due to

conducted to determine whether increase in
enhancement of BKc, channel activity. At a testing
potential of +40mV, 1pM [Ca’']e, the Po was
significantly higher in the hypertensive group (SHR:
0.60+0.06 vs. WKY: 0.18+0.04). However, after exercise
training, the Po in the SHR-L (0.45+0.05) and SHR-M

(0.31+0.07) groups was significantly lower compared

with the SHR group (P<0.05, Figs3A and3C).
Furthermore, the Po was significantly lower in the
SHR-M compared to the SHR-L group (P<0.05). There
significant differences in BK¢, channel
groups  (Figs 3B and 3D).
BK¢, channel conductance was not changed after exercise

were no
conductance  among
training, regardless of training volume. This suggests that
the suppression of BKc, channel Po is a direct reflection
of the training-induced decrease in BK, channel activity.
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Fig. 3. Effects of exercise training on hypertension-associated alterations in BKc, channel activities and gating properties
in MA myocytes. A. Single channel current recorded at a membrane voltage of +40 mV in WKY, SHR, SHR-L, and SHR-M
([Ca**Iree=1 uM), respectively. B. I-V relationships of BKc, current. A linear fit revealed average single channel conductances (G) of
235.3+15.1 pS (WKY, n=12 cells/6 rats), 252.4+£10.56 pS (SHR, n=15 cells/6 rats), 238.6£8.6 pS (SHR-L, n=13 cells/6 rats), and
234.5+10.3 pS, n=10 cells/6 rats, respectively. C, D. Summary of BKc, channel Po (C) and conductance (D). *P<0.05, compared with

WKY. #P<0.05, compared with SHR. #P<0.05, compared with SHR-

BKc, channel o. and f1 subunit expression

Positive immunoreactivity for BKc, o and
Bl subunits was identified in MAs from all groups
(Fig. 4A). Immunofluorescence was also performed on
VSMCs isolated from MAs (Fig.4B). As shown in
Figure 4, the positive immunoactivity of o and B1 subunit

L.

proteins was significantly increased in the SHR group
and the increase in the Pl subunit was much more
apparent than the increase in the o subunit. Exercise
training markedly inhibited upregulation of the a and
B1 subunit proteins and inhibition of the f1 subunit was
more pronounced in SHR-M than in SHR-L group.
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Fig. 4. BKc, channel a and B1 subunits in MAs and VSMCs. A. Immunostaining of BKc, subunits in MAs. (a-h) Representative positive
immunostaining of a subunit (a-d) and B1 subunit (e-h) in WKY, SHR, SHR-L, and SHR-M. (i) Negative control performed by
substituting primary antibody with a normal serum. (j, k) Immunoreactivity was abolished when the antibody was preabsorbed with
excess peptide. The black scale bar represents 100 um. The red scale bar in the insets represents 20 pm. (I) Summary of the relative
mean integrated optical density (% WKY) in four groups. B. Fluorescent microphotographs of confocal microscopy images and
quantitative analysis of BKc, a (a-d) and B1 (e-h) subunits on arterial myocytes. (i, j) Bright field images of the VSMCs after staining.
The inserts are representative images of VSMCs stained with a or B1 subunit antibody + blocking peptide. (k) The mean data
illustrating the fluorescence intensity of the a and B1 subunit (WKY). Scale bar represents 20 ym. n7=6 in each group. *£<0.05,
compared with WKY. #P<0.05, compared with SHR. #P<0.05, compared with SHR-L.
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Fig. 5. Protein and mRNA in BKc a and B1 subunits in mesenteric smooth muscle cells. A. Representative Western blot illustrating
BKc, a subunit, B1 subunit, and B-actin. Specificity of the antibody was tested in mesenteric arterial smooth muscle lysate in Wistar rats.
The immunoreactive band in the arterial tissue was abolished by preincubating with the corresponding control antigen, indicating
specificity of the antibody for its intended epitope. B, C. Mean values of BKc, a subunit and 1 subunit proteins (B), and the $1/a ratio
(C). D. Mean quantitative PCR data for BKc, a and B1 subunit mRNA in MAs normalized to B-actin and then to age-matched WKY
controls. 7=6 in each group. *P<0.01, compared with WKY; #*P<0.01, compared with SHR; ¥P<0.01, compared with SHR-L.

In addition, BK¢, channel subunit expression
in MA myocytes was evaluated by Western blot. As
shown in Figure 5, hypertension was associated with
a significant increase in both a and 1 protein expression.
Expressions of a and B1 proteins were ~1.6 and 4.4-fold
higher in SHR cells than in age-matched WKY cells,
respectively. The Bl/a ratio was a significant ~2.5-fold
higher in SHR than in WKY cells (Fig. 5A-C). These
data indicate that, at both the tissue and cell level,
hypertension induces a larger increase in 1 subunits with
respect to o subunits. However, both the a and f1 subunit
protein expressions were markedly decreased after
exercise training and this decrease was greater in the
SHR-M compared to the SHR-L group.

mRNA of BK¢, o and 1 subunit
Finally, PCR was

performed to compare BKc, o and Bl message levels

real-time  quantitative
among the four groups. B-actin was used as the reference
gene. The results showed that mean o and f1 mRNA
levels were approximately 1.6 and 1.5-fold higher in
arteries from the SHR compared to the WKY group,
respectively (Fig. 5D), indicating that hypertension is

associated with an almost equal elevation in both o and

B1 subunit mRNA. Exercise training significantly
reversed the elevation in a and Bl subunit mRNA and
this reversal was more pronounced in the SHR-M than in

the SHR-L group.

Discussion

There are two new findings in this study.
First, associated  with

a posttranscriptional

genetic  hypertension s

unequal upregulation of
BK¢, subunits in SHRs, with the f1 subunit increasing
more than the a subunit. Myocytes and arteries of SHRs
display pathological adaptations to high blood pressure
including higher BK, B1/a ratios, BK, current densities,
open probabilities, and BK, contributions to vascular
tone regulation compared to myocytes and arteries of
WKYs. Second, in addition to lowering BP, aerobic
exercise training normalizes the hypertension-associated
BK¢, channel upregulation to a normotensive control
level and these effects are more pronounced with exercise
training of moderate-intensity compared to low-intensity.
These results suggest that exercise training corrects
pathological adaptations in BK, channels in peripheral
resistance-sized arteries in SHRs, in a dose-dependent
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fashion. As
volume, increases from low to moderate, the corrective

exercise intensity, and accompanying
effects also increase.

The relationship between physical activity and
health benefits has been well established (Foulds et al.
2014, Wen et al. 2011). The dose-response nature of the
relationship between physical activity and improved
health has also been demonstrated with studies of
morbidity, overall mortality, and numerous chronic
conditions (Kesaniemi et al. 2001, Kohl 2001, Wen et al.
2011). Exercise training is now considered to be
nonpharmacological therapeutic strategy substitute for
hypertensive patients and is recommended by a number
of organizations and agencies. In the present study,
the HR, BW, and MAP of hypertensive rats were
significantly reduced after eight weeks of treadmill
training. These positive effects demonstrate the efficacy
of aerobic exercise training. Interestingly, the
improvement in hypertension was exercise intensity/
volume dependent.

BKc, channels are highly expressed in VSMCs
and play a crucial role in vascular relaxation via
an endogenous compensatory mechanism to buffer
vasoconstriction, particularly in the intense myogenic
constriction of resistance vessels exposed to high
intraluminal pressure (Hill et al. 2010, Kim ez al. 2003).
Most previous studies have reported that the functional
expression of BK, channels in VSMCs increases during
hypertension (Liu ef al. 1997, Liu et al. 1998, Rusch and
Runnells 1994); K channels seem to have higher activity
in SHR (Pintérova et al. 2014); and as a compensatory
activation of vasodilator, BK, channels enhance in all
forms of hypertension, almost proportionally to BP
elevation (Behuliak et al. 2011). In the current study,
enhanced BK., channel function was demonstrated in
MAs from hypertensive animals through the use of
isometric tension recordings and vascular reactivity
BKca

pharmacological blocker and activator. The whole-cell

techniques, along with a channel-specific
K" current through IbTX-sensitive BK, channels was
also found to be higher in VSMCs from MAs of SHRs
when compared with WKYs. This finding is in line with
previous studies of the aorta and MA in different models
of hypertension (England et al. 1993, Liu et al. 1997,
Rusch ef al. 1992, Xu et al. 2005). Single channel
recordings revealed that the channel activity (Po) was
significantly enhanced in SHRs vs. WKYs. Interestingly,
exercise training diminished these differences. Moreover,
moderate-intensity exercise reversed the hypertension-

associated BK ¢, channel alterations more effectively than
did low-intensity exercise.

In a recent study of normotensive rats, we found
that exercise training significantly reduced systolic blood
pressure, but not diastolic blood pressure or MAP.
Exercise training also increased BKc, channel activity in
MA myocytes (Shi et al. 2013a). Interesting, the effects
of exercise on BP and tension were basically the same in
SHRs in the though
a discrepancy in BK, channel expression and activity

current study, there was
between hypertensive rats in our study and normotensive
animals in the previous study. There are some possible
explanations for the contradictory effect of exercise on
BK¢, channel expression observed in the two models. It
has been demonstrated that exercise training increases
BK¢, channel activity by changing the gating properties
of BK¢, channels in various arterial smooth muscle cells
(Li et al. 2013, Shi et al. 2013a, Zhao and Wang 2010),
thus, exercise itself activates BK, channels on VSMCs.
However, in hypertensive rats, BK¢, channels are already
upregulated in MA myocytes in response to chronically
high intraluminal pressure (Joseph et al. 2013). Therefore
BK¢, channel upregulation appears to be the result, rather
than a cause, of hypertension. In addition, there is
evidence that Ky channels are significantly reduced in
hypertensive rats compared to normotensive rats, which
may be one reason for the high vascular tone (Zhang et
al. 2005). Ky is another critical channel that plays an
important role in regulating membrane potential and
vascular tone. A decrease in Ky channels causes
depolarization of the cell membrane, resulting in an
influx Ca*" from L-type calcium channels. In the current
study, exercise training significantly suppressed the
downregulation of Ky channels in the thoracic aorta of
SHRs (Li et al. 2014); consequently hypertension caused
by Ky channel downregulation was eliminated, at least
partially. Previous studies demonstrated that a greater
intracellular free calcium concentration and net potassium
efflux in lymphocytes from spontaneously hypertensive
stroke-prone rats (Furspan and Bohr 1986, Furspan and
Bohr 1990). This resulted in a BP decrease, subsequently
abolishing BKc, channel upregulation in SHRs. In
addition, voltage-gated L-type Ca®" (Ca,1.2) channels
control the Ca*" influx and regulate VSMCs contractility
(Joseph et al. 2013); exercise training, or moderate
SHR-associated  Ca,1.2
up-regulation to restore mesenteric arterial function
(Chen et al. 2015, Shi et al. 2015). However, from the
present study it is not possible to ascertain whether the

exercise can normalize
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observed exercise-induced BKc, changes might be
a consequence of lowered BP and/or attenuated calcium
influx.  Exercise activate
BKca
determine whether the net effect of exercise corrects the

of BKCa

appears to  directly

channels, but further studies are needed to

pathological remodeling channels in
hypertensive animals.

In fact, the level of whole-cell K' current
through BK, channels in VSMCs is positively correlated
to BP in hypertensive animals (Rusch and Runnells
1994). Existing research suggests that the decrease in BP
produced by exercise is a critical factor affecting in BKc,
expression and function. For example, the angiotensin-
converting enzyme inhibitor, ramipril, lowered BP in
SHRs by normalizing elevated BK¢, current densities. In
addition, ramipril abolished TEA-induced contraction of
aortic segments from SHRs (Rusch and Runnells 1994).
In situ studies of cerebral arterioles from hypertensive
rats also provide evidence for upregulation of vascular
BKc, channel function (Liu et al. 1998). When IbTX
(100 nM) was topically applied to pial arterioles via
acranial window preparation, arterioles from SHRs
constricted more compared to arterioles from
normotensive  WKY rats. Thus, the upregulation of
vascular BK, channel function seems to act as
an adaptive mechanism to diminish elevated vascular
excitability and vasospastic episodes in microcirculatory
beds during hypertension (Joseph et al. 2013). Exercise
training efficiently lowers MAP, in a dose-dependent
manner, in those with hypertension (Foulds ef al. 2014).
This may explain the differing effects on BK, channel
alterations in SHRs produced by different intensity/
volumes of exercise in our study.

The BK¢, Bl subunit confers Ca®" sensitivity to
BKc, channels and mediates the coupling of Ca*" sparks
to BKc, channel activation (Brenner et al. 2000).
Changes in the stoichiometry of a and 1 subunits have
been implicated in a variety of physiological and
pathophysiological conditions (Amberg and Santana
2003, Zhao et al. 2007). Previous studies demonstrated
that the pore-forming o subunit of the BKc, channel is
increased in both aorta and microcirculatory beds (Cox
and Rusch 2002, Liu ef al. 1997) in hypertension. In the
current study, the protein expressions of both the o and
B1 subunits were significantly higher in MA myocytes
from SHRs compared to WKY rats. Furthermore,
hypertension induced a larger increase in Bl subunits
with respect to a subunits in SHRs. The increased Bl/a

subunit stoichiometry in MAs of SHRs enhanced

BKCa
hyperpolarization and decreased vascular tone.

channel activation, leading to membrane

According to previous studies, the mRNA level
in the o subunit of BK, is the same in the aortas of SHRs
and WKY rats. During hypertension, the expression
pattern of the ancillary BK¢, B1 subunit differs from that
of the pore-forming o subunit in the vasculature. For
example, mRNA expression of the f1 subunit is reduced
in cerebral and MAs from SHRs and in angiotensin II-
infused hypertensive mice, however the expression of
the BK¢, channel pore-forming o subunit mRNA was
unchanged in these animals (Amberg et al. 2003, Nieves-
Cintron et al. 2007, Amberg and Santana 2003). In the
present study, we found that both o and f1 mRNA levels
were higher in MAs from SHRs compared to WKY rats.
Inconsistent with the protein level, there was a similar
increase in Bl and o mRNA in hypertension. In this
study, the increases in Bl (~1.6-fold) and a (~1.5-fold)
mRNA cannot fully account for the elevation in (1
(~4.4-fold) and a (~2.5-fold) proteins in hypertension.
These data both

posttranslational mechanisms elevate 1 and a proteins in

indicate that transcriptional and
MA myocytes during hypertension. The Bl/a protein
level is elevated more than the Bl/a mRNA level,
suggesting that hypertension-associated changes in
posttranslational events also contribute to increased
expression of BKc, Bl subunits in hypertension. Thus,
posttranscriptional modifications and the protein stability
of the pore-forming a subunit of the BK, channel, and/or
its association with auxiliary regulatory proteins, may
play an important role in the increased functional
expression of vascular BKc, channels during
hypertension. The mRNA levels of both the a and
B1 subunits decreased a similar amount after exercise
training. In addition, protein levels, a and B1 subunit
protein expression, and the f1/o ratio were markedly
decreased compared to SHRs. This result suggests that
exercise training can ameliorate the pathological changes
in BK¢, channels that result from hypertension and that
this effect is dependent on the intensity/volume of aerobic
exercise, at least in the range of low to moderate.

Conclusions

Many studies have demonstrated an increase in
BKc, channel function and molecular expression in
arterial myocytes to compensate the increased BP in
hypertension. This study provides further evidence that
the development of genetic hypertension is associated
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with a posttranscriptional unequal upregulation of
BK¢, subunits, with the Pl
o subunit, in MA myocytes. In addition to lowering BP,

increasing more than

aerobic exercise training may correct the hypertension-
associated BK¢, channel remodeling, thereby suppressing
the pathological adaptations of BK(, channels that result
from high blood pressure.

Limitations

There were some limitations in the current study.
For example, we just focused on the endothelium-
independent regulation of the MA (i.e. BK, channels in
VSMCs). It has been demonstrated that exercise training
may improve NO bioavailability in the endothelium in
small MAs from SHRs that have undergone exercise
training compared to sedentary SHRs (Roque er al

2013). Therefore, other mechanisms such as reduced
oxidative stress and/or greater NO bioavailability
associated with increased endothelial NOS (eNOS)
expression/activation may be also involved in the
exercise-induced effects. This need to be further studied.

Conflict of Interest
There is no conflict of interest.

Acknowledgements

This work was supported by National Natural Science
Foundation of China (31371201), the Chinese
Universities Scientific Fund (2015ZD008, 2016RC001),
and Research Project of General Administration of Sport
of China (2015B035), and the Beijing Natural Science
Foundation (5172023).

References

AGARWAL D, WELSCH MA, KELLER JN, FRANCIS J: Chronic exercise modulates RAS components and improves
balance between pro-and anti-inflammatory cytokines in the brain of SHR. Basic Res Cardiol 106: 1069-1085,
2011.

ALBARWANI S, AL-SIYABI S, BAOMAR H, HASSAN MO: Exercise training attenuates ageing-induced BKc,
channel downregulation in rat coronary arteries. Exp Physiol 95: 746-755, 2010.

AMBERG GC, SANTANA LF: Downregulation of the BK channel betal subunit in genetic hypertension. Circ Res 93:
965-971, 2003.

AMBERG GC, BONEV AD, ROSSOW CF, NELSON MT, SANTANA LF: Modulation of the molecular composition
of large conductance, Ca®" activated K" channels in vascular smooth muscle during hypertension. J Clin Invest
112: 717-724, 2003.

BEHULIAK M, PINTEROVA M, KUNES J, ZICHA J: Vasodilator efficiency of endogenous prostanoids,
Ca*'"-activated K channels and nitric oxide in rats with spontaneous, salt-dependent or NO-deficient
hypertension. Hypertens Res 34: 968-975, 2011.

BOWLES DK, LAUGHLIN MH, STUREK M: Exercise training increases K*-channel contribution to regulation of
coronary arterial tone. J Appl Physiol 84: 1225-1233, 1998.

BRAYDEN JE, NELSON MT: Regulation of arterial tone by activation of calcium-dependent potassium channels.
Science 256: 532-535, 1992.

BRENNER R, PEREZ GJ, BONEV AD, ECKMAN DM, KOSEK JC, WILER SW, PATTERSON AJ, NELSON MT,
ALDRICH RW: Vasoregulation by the betal subunit of the calcium-activated potassium channel. Nature 407:
870-876, 2000.

CHEN Y, ZHANG H, ZHANG Y, LU N, ZHANG L, SHI L: Exercise intensity-dependent reverse and adverse
remodeling of voltage-gated Ca(2+) channels in mesenteric arteries from spontaneously hypertensive rats.
Hypertens Res 38: 656-665, 2015.

CORNELISSEN VA, FAGARD RH: Effects of endurance training on blood pressure, blood pressure-regulating
mechanisms, and cardiovascular risk factors. Hypertension 46: 667-675, 2005.

COX RH, RUSCH NJ: New expression profiles of voltage-gated ion channels in arteries exposed to high blood
pressure. Microcirculation 9: 243-257, 2002.

ENGLAND SK, WOOLDRIDGE TA, STEKIEL WJ, RUSCH NJ: Enhanced single-channel K" current in arterial
membranes from genetically hypertensive rats. Am J Physiol 264: H1337-H1345, 1993.



232 Zhangetal. Vol. 66

FOULDS HIJ, BREDIN SS, CHARLESWORTH SA, IVEY AC, WARBURTON DE: Exercise volume and intensity:
a dose-response relationship with health benefits. Eur J Appl Physiol 114: 1563-1571, 2014.

FURSPAN PB, BOHR DF: Calcium-related abnormalities in lymphocytes from genetically hypertensive rats.
Hypertension 8: 123-166, 1986.

FURSPAN PB, BOHR DF: Calcium sensitivity of Ca2(+)-activated K+ channels in spontaneously hypertensive stroke-
prone rats. Hypertension 15: 97-101, 1990.

HARDER DR, BRANN L, HALPERN W: Altered membrane electrical properties of smooth muscle cells from small
cerebral arteries of hypertensive rats. Blood Vessels 20: 154-160, 1983.

HELLSTEN Y, NYBERG M: Cardiovascular adaptations to exercise training. Compr Physiol 15: 1-32,2015.

HILL MA, YANG Y, ELLA SR, DAVIS MJ, BRAUN AP: Large conductance, Ca®"-activated K* channels (BK¢,) and
arteriolar myogenic signaling. FEBS Lett 584: 2033-2042, 2010.

JOSEPH BK, THAKALI KM, MOORE CL, RHEE SW: Ion channel remodeling in vascular smooth muscle during
hypertension: implications for novel therapeutic approaches. Pharmacol Res 70: 126-138, 2013.

KESANIEMI YK, DANFORTH E JR, JENSEN MD, KOPELMAN PG, LEFEBVRE P, REEDER BA: Dose-response
issues concerning physical activity and health: an evidence-based symposium. Med Sci Sports Exerc 33
(6 Suppl): S351-S358, 2001.

KIM N, CHUNG J, KIM E, HAN J: Changes in the Ca’"-activated K* channels of the coronary artery during left
ventricular hypertrophy. Circ Res 93: 541-547, 2003.

KOHL HW 3RD: Physical activity and cardiovascular disease: evidence for a dose response. Med Sci Sports Exerc 33
(6 Suppl): S472-S483, 2001.

LI N, SHI Y, SHI L, LIU Y, ZHANG Y: The effect of acrobic exercise training on the biophysical properties of
BKc, channels in rat cerebral artery smooth muscle cells. Eur J Appl Physiol 113: 2553-2563, 2013.

LI Z, LU N, SHI L: Exercise training reverses alterations in K, and BK, channel molecular expression in thoracic aorta
smooth muscle cells from spontaneously hypertensive rats. J Vasc Res 51: 447-457,2014.

LIU Y, HUDETZ AG, KNAUS HG, RUSCH NI: Increased expression of Ca’"-sensitive K™ channels in the cerebral
microcirculation of genetically hypertensive rats: evidence for their protection against cerebral vasospasm.
Circ Res 82: 729-737, 1998.

LIU Y, PLEYTE K, KNAUS HG, RUSCH NI: Increased expression of Ca’"-sensitive K* channels in aorta of
hypertensive rats. Hypertension 30: 1403-1409, 1997.

LIVAK KJ, SCHMITTGEN TD: Analysis of relative gene expression data using real-time quantitative PCR and
the 2(-Delta Delta C(T)) method. Methods 25: 402-408, 2001.

NIEVES-CINTRON M, AMBERG GC, NICHOLS CB, MOLKENTIN JD, SANTANA LF: Activation of NFATc3
down-regulates the betal subunit of large conductance, calcium-activated K channels in arterial smooth
muscle and contributes to hypertension. J Biol Chem 282: 3231-3240, 2007.

PINTEROVA M, BEHULIAK M, KUNES J, ZICHA J: Involvement of BK¢, and Ky potassium channels in
cAMP-induced vasodilatation: their insufficient function in genetic hypertension. Physiol Res 63: 275-285,
2014.

ROQUE FR, BRIONES AM, GARCIA-REDONDO AB, GALAN M, MARTINEZ-REVELLES S, AVENDANO MS,
CACHOFEIRO V, FERNANDES T, VASSALLO DV, OLIVEIRA EM, SALAICES M: Acrobic exercise
reduces oxidative stress and improves vascular changes of small mesenteric and coronary arteries in
hypertension. Br J Pharmacol 168: 686-703, 2013.

RUSCH NJ, RUNNELLS AM: Remission of high blood pressure reverses arterial potassium channel alterations.
Hypertension 23: 941-945, 1994.

RUSCH NJ, DE LUCENA RG, WOOLDRIDGE TA, ENGLAND SK, COWLEY AW JR: A Ca*'-dependent
K" current is enhanced in arterial membranes of hypertensive rats. Hypertension 19: 301-307, 1992.

SCHMIEDER RE: End organ damage in hypertension. Dtsch Arztebl Int 107: 866-873, 2010.

SHI L, LIU B, LI N, XUE Z, LIU X: Aerobic exercise increases BKc, channel contribution to regulation of mesenteric
arterial tone by up regulating f1-subunit. Exp Physiol 98: 326-336, 2013a.



2017 Exercise Intensity and Arterial BK¢, Remodeling in SHR 233

SHI L, LIU X, LI N, LIU B, LIU Y: Aging decreases the contribution of MaxiK channel in regulating vascular tone
in mesenteric artery by unparallel downregulation of a- and B1-subunit expression. Mech Ageing Dev 134:
416-425, 2013b.

SHI L, ZHANG H, CHEN Y, LIU Y, LU N, ZHAO T, ZHANG L: Chronic exercise normalizes changes in Cav 1.2 and
KCa 1.1 channels in mesenteric arteries from spontaneously hypertensive rats. Br J Pharmacol 172:
1846-1858,2015.

SHI L, ZHAO L, ZENG F, LI N, LIU X: Effect of exercise training volume on arterial contractility and BK, channel
activity in rat thoracic aorta smooth muscle cells. Eur J Appl Physiol 112: 3667-3678, 2012.

SMITS JF, KLEINJANS JC, JANSSEN BJ, STRUYKER-BOUDIER HA: Characterization of hypertension induced by
long-term intrarenal norepinephrine infusion in conscious rats. Clin Exp Hypertens A 9: 197-209, 1987.

WEN CP, WAI JP, TSAI MK, YANG YC, CHENG TY, LEE MC, CHAN HT, TSAO CK, TSAI SP, WU X: Minimum
amount of physical activity for reduced mortality and extended life expectancy: a prospective cohort study.
Lancet 378: 1244-1253, 2011.

XU H, BIAN X, WATTS SW, HLAVACOVA A: Activation of vascular BK channel by tempol in DOCA salt
hypertensive rats. Hypertension 46: 1154-1162, 2005.

YANG Y, LI PY, CHENG J, MAO L, WEN J, TAN XQ, LIU ZF, ZENG XR: Function of BKc, channels is reduced in
human vascular smooth muscle cells from Han Chinese patients with hypertension. Hypertension 61: 519-525,
2013.

ZHANG Y, GAO YJ, ZUO J, LEE RM, JANSSEN LJ: Alteration of arterial smooth muscle potassium channel
composition and BK¢, current modulation in hypertension. Eur J Pharmacol 514: 111-119, 2005.

ZHAO G, ZHAO Y, PAN B, LIU J, HUANG X, ZHANG X, CAO C, HOU N, WU C, ZHAO KS, CHENG H:
Hypersensitivity of BKc, to Ca®" sparks underlies hyporeactivity of arterial smooth muscle in shock. Circ Res
101: 493-502, 2007.

ZHAO HC, WANG F: Exercise training changes the gating properties of largeconductance Ca*"-activated K channels
in rat thoracic aorta smooth muscle cells. J Biomech 43: 263-267, 2010.





<<

  /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



