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Abstract

Purpose Deliberate mild hypothermia (MHT) is applied

for cerebroprotection after cardiopulmonary resuscitation

and during cardiac surgery. MHT has been shown to alter

both contractility and relaxation of blood vessels in the

brain. However, the effects of MHT on drug-induced

vasodilation are not fully understood. The aim of this study

was to clarify the effects of MHT on the coronary vaso-

dilation induced by cromakalim (an ATP-sensitive K

channel opener), S-nitroso acetyl-penicillamine (SNAP; a

nitric oxide donor), and isoflurane in isolated rat hearts.

Methods Male SD rat hearts were isolated and perfused

with Krebs–Henseleit buffer. Coronary flow was measured

with the coronary perfusion pressure kept at 60 mmHg, and

coronary vascular resistance (CVR) was calculated. After

cardiac arrest was induced by tetrodotoxin, the hearts were

allocated to one of three temperature groups: 37, 34, and

31�C (n = 7 for each). All groups received 0.01, 0.1, and

1.0 lM of either cromakalim or SNAP or were exposed to

isoflurane at 1MAC and 2MAC. Finally, 50 mM of aden-

osine was administered to obtain maximal coronary

vasodilation.

Results CVR significantly increased after cardiac arrest,

but did not change after the application of each tempera-

ture. Cromakalim, SNAP and isoflurane significantly

decreased CVR in each temperature group. There were no

significant differences in CVR among the three tempera-

ture groups with any of the test drugs.

Conclusion These results indicate that cromakalim-,

SNAP-, and isoflurane-induced coronary vasodilation are

not affected by MHT.

Keywords Hypothermia � Coronary � Nitric oxide �
ATP-sensitive potassium channel � Isoflurane

Introduction

Therapeutic mild hypothermia (MHT), defined as cooling

the core body temperature to 32–34�C, is widely applied

for cerebroprotection during cardiac surgery. Investigations

in animals have shown that MHT can provide significant

protective effects against cerebral ischemia [1]. Further-

more, it has been reported that MHT improves neurological

outcomes in cerebral injury caused by cardiac arrest [2, 3]

and cerebral trauma [4, 5] in humans. Conversely, how-

ever, even a mild degree of hypothermia might cause

complications such as myocardial ischemia. Frank et al. [6]

reported that there was a significantly higher incidence of

postoperative myocardial ischemia and angina attacks in

patients with a temperature lower than 35�C as compared

to those with normothermia.

Nitroglycerin and nicorandil, widely recognized as

drugs for the treatment of myocardial ischemia, are com-

monly used during MHT for the treatment of myocardial

ischemia. Nitroglycerin-induced coronary vasodilation

involves nitric oxide (NO) stimulation of the guanylate

cyclase (GC) pathway, leading to increased cellular levels

of cyclic guanosine 30,50-monophosphate (cGMP) [7].

Nicorandil is characterized as a hybrid between nitrates and

ATP-sensitive K channel (KATP channel) openers. KATP

channel openers exert coronary vasodilating effects by

modifying the membrane potential of vascular smooth
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muscle [8]. Isoflurane, a volatile anesthetic agent, induces

coronary vasodilation. Cason et al. [9] and Crystal et al.

[10] demonstrated that glibenclamide, a KATP channel

blocker, prevented isoflurane-induced coronary vasodila-

tion, and suggested that coronary vasodilation induced by

isoflurane could be associated with the activation of KATP

channels.

A clear understanding of coronary vascular reactivity

under hypothermia is required for precise cardiovascular

management during MHT. However, the influence of

hypothermia on the effects of coronary vasodilators is not

fully understood. The present study was carried out to

clarify the influence of MHT on the coronary vasodilation

induced by cromakalim (a KATP channel opener), S-nitroso

acetyl-penicillamine (SNAP; a nitric oxide donor), and

isoflurane. We used isolated perfused rat hearts arrested

with tetrodotoxin citrate (TTX) to exclude indirect effects

such as myocardial contraction and work, as described

previously [11, 12].

Materials and methods

Isolated heart preparation

All experimental procedures and protocols described in this

study were approved by the Institutional Animal Care and

Use Committee. In each experiment, male Sprague–

Dawley rats [weighing 434 ± 53 (mean ± SD), range

430–500 g, and aged 13–16 weeks] were anesthetized with

diethyl ether and sodium pentobarbital (50 mg/kg IP), and

then heparinized (2000 U/kg IP). A midline sternotomy

was performed, and the heart was rapidly excised, sub-

merged into the oxygenated perfusate (37�C, composition

provided below) and immediately perfused via the

ascending aorta using a non-recirculating Langendorff

coronary perfusion system [13]. Coronary perfusion pres-

sure (CPP) was kept at 60 mmHg by an adjustable-speed

rotary pump (Masterflex model 7520-50, Cole-Parmer

Instruments Co.). This was continuously monitored from

the sidearm of the perfusion line near the aortic root using a

pressure transducer (SCK-9082 blood pressure monitor

link, Becton Dickinson) and blood pressure amplifier

(AP-641G Nihon-Kohden, Tokyo, Japan), and was shown

on a polygraph system (Nihon–Kohden) throughout the

experiment. Coronary flow (CF) was monitored by mea-

suring the flow of the perfusate supplied to the heart using

an in-line ultrasound flow meter (MFV3200; Nihon–Koh-

den). The left ventricular apex was punctured with a thin

piece of Tygon tubing to discharge the Thebesian drainage

[13], and the heart was submerged into the perfusate at

37�C. This drain prevented ventricular distension and

permitted the identification of aortic valve insufficiency.

The perfusate used was Krebs–Henseleit buffer (KHB)

consisting of (in mM) NaCl 120, KCl 5.8, NaHCO3 25,

NaH2PO4 1.2, MgCl2 1.2, CaCl2 1.0, and D-glucose 10. The

perfusion buffer was continuously bubbled with 95%

O2 ? 5% CO2, and the pH was adjusted to 7.40–7.45 at

37�C with HCL and monitored by CyberScan pH 510 pH

meter (Kagaku Kyoeisha Ltd.). A filter (0.45 lm, Milli-

pore) was used for the perfusate before perfusion into the

coronary arteries. After instrumentation, recirculating per-

fusion was instituted for the duration of the experimental

protocol (Fig. 1).

Protocol

The experimental protocol is shown in Fig. 1. The rats

were allocated to one of three groups (n = 21 for each

group) receiving cromakalim (group CRO), SNAP (group

SNP) or isoflurane (group ISO). Each group was then

subdivided into three groups (n = 7 for each group) cor-

responding to set KHB temperatures of 31�C (subgroup a),

34�C (subgroup b) or 37�C (subgroup c). All rats were

allowed to stabilize for at least 20 min. After 9.0 lg/ml

TTX (28 lM) was added to the perfusion circuit to induce

cardiac arrest, each group was kept perfused with KHB at

the same temperature. Thereafter, groups CRO and SNP

received 0.01, 0.1, and 1.0 lM of cromakalim and SNAP,

respectively, each dose being administered for 10 min.

Group ISO was exposed to 1MAC (1.7% end-tidal) and

2MAC (3.4%) [12] isoflurane, each for 15 min, in an

O2:CO2 mixture through a calibrated vaporizer (Isotec 3,

Ohmeda, Tokyo, Japan). The period of exposure to iso-

flurane was set on the basis of previous data that CF

responses to isoflurane reach 90% of the steady-state value

within 8 min [14]. Finally, 50 mM adenosine was admin-

istered to all groups to investigate maximal coronary

vasodilation.

CF and CPP were measured before and after TTX-

induced cardiac arrest, at each temperature, in the presence

Non-recirculating perfusion Recirculating perfusion

Surgical preparation

TTX ArrestBeating Adenosine

60300

37° 13 ro ,43 ,73C °C

65
(min)

0.01 µM   0. 1 µM      1.0 µMSNAP

37° 13 ro ,43 ,73C °C

0.01 µM   0. 1 µM      1.0 µMCromakalim

37° 13 ro ,43 ,73C °C

1MAC 2MACIsoflurane

Fig. 1 Experimental protocol. TTX tetrodotoxin citrate, SNAP
S-nitroso acetyl-penicillamine
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of test compounds, and finally after adenosine. When the

measurements were completed, the hearts were removed

from the perfusion device, and the heart tissue with the

connective tissue trimmed off was dried to obtain the dry

heart weight.

Drug preparation

TTX (Wako Pure Chemical Co.) was dissolved in water

and directly added to the KHB. Cromakalim and adenosine

(Sigma Chemical Co.) were dissolved in dimethyl sulfox-

ide and directly added to the KHB.

Data analysis

Coronary vascular resistance (CVR) in dyn�s�g�cm-5 was

calculated as CPP/CF�dry heart weight.

All values are expressed as mean ± SD. Statistical

comparisons within groups were made using repeated

measures analysis of variance, followed by a paired t test.

Statistical comparisons among groups were analyzed using

a two-way analysis of variance, followed by a Tukey–

Kramer test. A P value of \0.05 was considered statisti-

cally significant.

Results

The mean dry weight of all hearts was 0.282 ± 0.023 g,

with no significant differences among groups. CPP values

were between 58 and 62 mmHg throughout the experi-

ment. The perfused KHB temperature was maintained at

between 30.8–31.1, 34.0–34.2 and 36.8–37.1�C in sub-

groups a, b and c, respectively. Baseline CVR values at the

predetermined set temperatures under cardiac arrest, and

after adenosine in each group, were as shown in Table 1;

there were no significant differences in baseline CVR

values among subgroups within each drug group. TTX

successfully induced cardiac arrest in all hearts, after which

the temperature was set at predetermined levels in each

group. CVR increased significantly after cardiac arrest

compared to baseline in each group (data not shown); there

were no significant differences among subgroups within

each group. CVR at the set temperatures were not different

from those after arrest in any group. Adenosine decreased

CVR significantly compared to the values after setting the

temperature in all groups; there were no significant dif-

ferences among subgroups within each group (Table 1).

Figure 2 shows the effects of cromakalim on CVR. In

groups CRO-a, CRO-b and CRO-c, cromakalim signifi-

cantly decreased CVR at doses of 0.1 and 1.0 lM, but not

at 0.01 lM; there were no significant differences in CVR

among the three subgroups at each dose level. Figure 3

shows the effects of SNAP on CVR. In groups SNP-a,

SNP-b and SNP-c, SNAP significantly decreased CVR at

0.1 and 1.0 lM but not at 0.01 lM; there were no signif-

icant differences in CVR among the three subgroups at

each dose level. Figure 4 shows the effects of isoflurane on

CVR. In groups ISO-a, ISO-b and ISO-c, isoflurane sig-

nificantly decreased CVR at both 1MAC and 2MAC; there

were no significant differences in CVR among the three

subgroups at each dose level.

Discussion

The present results show that cromakalim, SNAP and

isoflurane significantly dilate the coronary arteries during

MHT to the same extent as during normothermia in iso-

lated perfused rat hearts arrested with TTX under constant

CPP, and suggest that the direct coronary dilating effects of

NO and KATP channels are preserved even during MHT.

Smits et al. [15] reported that lemakalim, a KATP

channel opener, caused coronary vasodilation in a dose-

dependent manner in anesthetized rats. Larach et al. [12]

reported that isoflurane induced a dose-dependent decrease

in CVR through the activation of KATP channels in isolated

rat hearts. Walia et al. [16] showed that SNAP caused

potent coronary vasodilation in pig coronary arteries. The

present results during normothermia are consistent with

these previous reports, and further demonstrate that the

Table 1 Coronary vascular resistance in the cromakalim, SNAP and

isoflurane groups

Baseline

(dyn�s�g�cm-5)

After cardiac arrest,

and at predetermined

temperature levels

(dyn�s�g�cm-5)

After adenosine

(dyn�s�g�cm-5)

CRO-a 109 ± 4 131 ± 10* 91 ± 7�

CRO-b 108 ± 5 129 ± 11* 96 ± 9�

CRO-c 107 ± 7 129 ± 15* 94 ± 12�

SNP-a 114 ± 8 137 ± 5* 81 ± 4�

SNP-b 117 ± 6 138 ± 8* 83 ± 10�

SNP-c 118 ± 8 140 ± 4* 81 ± 10�

ISO-a 118 ± 4 140 ± 7* 88 ± 9�

ISO-b 110 ± 9 138 ± 7* 85 ± 7�

ISO-c 108 ± 7 147 ± 8* 82 ± 7�

All values are presented as mean ± SD (n = 7 for each group).

Groups CRO, SNP and ISO received cromakalim, S-nitroso acetyl-

penicillamine and isoflurane, respectively. Subgroups were main-

tained at KHB temperatures of 31�C (subgroup a), 34�C (subgroup b)

and 37�C (subgroup c)

* Significant (P \ 0.05) differences between baseline levels and

those after cardiac arrest and at the predetermined temperature level
� Significant (P \ 0.05) differences between values after arrest and

at the predetermined set temperature level and after adenosine
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coronary vasodilatory effects of cromakalim, SNAP and

isoflurane are preserved even during MHT.

The effects of hypothermia on KATP channel opener-

induced vasodilation are controversial. Atalik et al. [17]

investigated the effects of cooling (28�C) on the vasodila-

tion induced by diazoxide on the carbachol-pre-contracted

calf coronary artery and cardiac vein. They reported that

pIC50 values, but not maximal responses to diazoxide, were

attenuated by cooling. Saito et al. [18] reported that hypo-

thermia (23�C) attenuated the vasorelaxation induced by

KATP channel openers, NIP-121, cromakalim and pinacidil

in guinea pig aorta without endothelium. In contrast, it was

reported that MHT could enhance pial arteriolar vasodila-

tion induced by cromakalim, isoflurane, and sevoflurane in

cats [19, 20]. On the other hand, Dojo et al. [21] reported

that MHT (33�C) did not alter the vasodilation induced by a

KATP channel opener, levcromakalim, in rat aorta without

endothelium. Thus, it appears that the influence of hypo-

thermia on KATP channel opener-induced vasodilation

varies according to the kind of artery being studied, tem-

perature, and experimental model.

Booth et al. [22] reported that hypothermia (27�C) sig-

nificantly decreased nitroglycerin-induced relaxation of

rabbit aorta, and suggested that biotransformation of

nitroglycerin and the release of NO as well as the tissue

response to NO were impaired by hypothermia. Atalik

et al. [17] reported that cooling (28�C) did not attenuate

sodium nitroprusside-induced relaxation in the calf coro-

nary artery and cardiac vein with intact endothelium.

Although the reason for this discrepancy is unclear, it

seems possible that the coronary artery, but not the aorta,

can function in response to NO, even under hypothermia.

The experimental model used in the present study was

isolated perfused rat hearts arrested with TTX under con-

stant CPP. The advantages of this model are as follows. (1)

A constant CPP can prevent autoregulatory changes in

resistance [11]. (2) Use of arrested hearts negates the

influence of myocardial oxygen consumption (MVo2) on

coronary vasoresistance. In the beating heart, negative

inotropic drugs reduce cardiac work and MVo2, resulting in

indirect vasoconstriction via the process of CF-metabolism

coupling [14, 23]. Larach et al. [11] showed that hearts

arrested with TTX had decreased MVo2 and increased

200

100

0
Beating           arrest           0.01 µM         0. 1 µM          1.0 µM        Adenosine

Cromakalim

37°C
34°C
31°C

Coronary vascular resistance (dyn·s·g·cm-5)

37°C Each temperature

Fig. 2 The effect of mild hypothermia on cromakalim-induced

coronary vasodilation. Data are expressed as mean ± SD (n = 7

for each group). *Significantly (P \ 0.05) different after cardiac

arrest and at the predetermined temperature level. �Significantly

(P \ 0.05) different from the level with 0.01 lM cromakalim.
#Significantly (P \ 0.05) different from the level with 0.1 lM

cromakalim

Coronary vascular resistance (dyn·s·g·cm-5)

200

100

0
Beating           Arrest           0.01 µM         0. 1 µM          1.0 µM        Adenosine

SNAP

37°C
34°C
31°C

37°C Each temperature

Fig. 3 The effect of mild hypothermia on SNAP-induced coronary

vasodilation. Data are expressed as mean ± SD (n = 7 for each

group). SNAP S-nitroso acetyl-penicillamine. *Significantly

(P \ 0.05) different after arrest and at the predetermined temperature

level. �Significantly (P \ 0.05) different from the level with 0.01 lM

SNAP. #Significantly (P \ 0.05) different from the level with 0.1 lM

SNAP

200

100

0
Beating             Arrest              1 MAC            2 MAC Adenosine

Isoflurane      Isoflurane

37°C
34°C
31°C

Coronary vascular resistance (dyn·s·g·cm-5)

37°C Each temperature

Fig. 4 The effect of mild hypothermia on isoflurane-induced coro-

nary vasodilation. Data are expressed as mean ± SD (n = 7 for each

group). *Significantly (P \ 0.05) different after arrest and at the

predetermined temperature level. �Significantly (P \ 0.05) different

from 1MAC isoflurane
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CVR, while halothane, isoflurane and/or adenosine

administration decreased CVR without causing any sig-

nificant change in MVo2. The results of the present study

are consistent with those of Larach et al. in that CVR

increased significantly after cardiac arrest at 37�C. (3) Use

of arrested hearts with drainage of the ventricular cavities

can prevent changes in intramyocardial vascular compres-

sive forces [11]. (4) TTX blocks the influence of the

autonomic nerve terminal located in the coronary artery.

Kawada et al. [24] reported that electrical vagal stimula-

tion-induced acetylcholine release at cardiac vagal nerve

terminals was suppressed by local administration of TTX.

Cohen et al. [25] showed that beta-adrenergically mediated

relaxation induced by electrical stimulation was suppressed

by TTX during contractions evoked by prostaglandin F2 in

the canine coronary artery.

In conclusion, cromakalim, SNAP and isoflurane sig-

nificantly dilate the coronary artery during MHT to the

same extent as during normothermia in isolated perfused

rat hearts arrested with TTX under constant CPP, sug-

gesting that the direct coronary dilating effects of NO and

KATP channels are preserved even during MHT.

References

1. Pestel GJ, Kurz A. Hypothermia—it’s more than a toy. Curr Opin

Anaesthesiol. 2003;18:151–6.

2. Hypothermia after Cardiac Arrest Study Group. Mild therapeutic

hypothermia to improve the neurologic outcome after cardiac

arrest. N Engl J Med. 2002;346:549–56.

3. Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W,

Gutteridge G, Smith K. Treatment of comatose survivors of out-

of-hospital cardiac arrest with induced hypothermia. N Engl J

Med. 2002;346:557–63.

4. Inamasu J, Ichikizaki K. Mild hypothermia in neurologic emer-

gency: an update. Ann Emerg Med. 2002;40:220–30.

5. Olsen TS, Weber UJ, Kammersgaard LP. Therapeutic hypother-

mia for acute stroke. Lancet Neurol. 2003;2:410–6.

6. Frank SM, Beattie C, Christopherson R, Norris EJ, Perler BA,

Williams GM, Gottlieb SO. Unintentional hypothermia is asso-

ciated with postoperative myocardial ischemia. The Perioperative

Ischemia Randomized Anesthesia Trial Study Group. Anesthe-

siology. 1993;78:468–76.

7. Harrison DG, Bates JN. The nitrovasodilators. New ideas about

old drugs. Circulation. 1993;87:1461–7.

8. Samaha FF, Heineman FW, Ince C, Fleming J, Balaban RS. ATP-

sensitive potassium channel is essential to maintain basal coro-

nary vascular tone in vivo. Am J Physiol. 1992;262:C1220–7.

9. Cason BA, Shubayev I, Hickey R. Blockade of adenosine

triphosphate-sensitive potassium channels eliminates isoflurane-

induced coronary artery vasodilation. Anesthesiology. 1994;81:

1245–55.

10. Crystal GJ, Gurevicius J, Salem R, Zhou X. Role of adenosine

triphosphate-sensitive potassium channels in coronary vasodila-

tion by halothane, isoflurane, and enflurane. Anesthesiology.

1997;86:448–58.

11. Larach DR, Schuler HG, Skeehan TM, Peterson CJ. Direct effects

of myocardial depressant drugs on coronary vascular tone:

anesthetic vasodilation by halothane and isoflurane. J Pharmacol

Exp Ther. 1990;254:58–64.

12. Larach DR, Schuler HG. Direct vasodilation by sevoflurane,

isoflurane, and halothane alters coronary flow reserve in the

isolated rat heart. Anesthesiology. 1991;75:268–78.

13. Morii I, Kihara Y, Inoko M, Sasayama S. Myocardial contractile

efficiency and oxygen cost of contractility are preserved during

transition from compensated hypertrophy to failure in rats with

salt-sensitive hypertension. Hypertension. 1998;31:949–60.

14. Sahlman L, Henriksson BA, Martner J, Ricksten SE. Effects of

halothane, enflurane, and isoflurane on coronary vascular tone,

myocardial performance, and oxygen consumption during con-

trolled changes in aortic and left atrial pressure. Studies on iso-

lated working rat hearts in vitro. Anesthesiology. 1988;69:1–10.

15. Smits GJ, Perrone MH, Cox BF. Regional hemodynamic dose-

response of lemakalim and glibenclamide in anesthetized rats.

J Cardiovasc Pharmacol. 1996;29:49–56.

16. Walia M, Samson SE, Schmidt T, Best K, Whittington M, Kwan

CY, Grover AK. Peroxynitrite and nitric oxide differ in their

effects on pig coronary artery smooth muscle. Am J Physiol.

2003;284:C649–57.

17. Atalik KE, Kilic M, Dogan N. Role of the nitric oxide on diaz-

oxide-induced relaxation of the calf cardiac vein and coronary

artery during cooling. Fundam Clin Pharmacol. 2009;23:271–7.

18. Saito W, Noguchi K, Okazaki K, Matsuda T, Kato Y, Tanaka H,

Shigenobu K. Temperature-sensitive effects of potassium channel

openers on isolated guinea pig myocardium and aorta. J Car-

diovasc Pharmacol. 1998;31:327–9.

19. Inoue S, Kawaguchi M, Kurehara K, Sakamoto T, Kitaguchi K,

Furuya H. Effects of mild hypothermia on nicorandil-induced

vasodilation of pial arterioles in cats. Crit Care Med. 2001;29:

2162–8.

20. Inoue S, Kawaguchi M, Kurehara K, Sakamoto T, Kishi K,

Einaga T, Kitaguchi K, Furuya H. Mild hypothermia can enhance

pial arteriolar vasodilation induced by isoflurane and sevoflurane

in cats. Crit Care Med. 2002;30:1863–9.

21. Dojo M, Kinoshita H, Haba M, Sakanaka Y, Hatano Y. The role

of temperature in vasorelaxation and its modulation via ATP-

sensitive K? channels in the rat aorta. Anesthesiology. 2005;103:

A512.

22. Booth BP, Brien JF, Marks GS, Nakatsu K. Effect of temperature

on glyceryl trinitrate induced relaxation of rabbit aorta. Can J

Physiol Pharmacol. 1993;71:629–32.

23. Joseph T, Coirault C, Ducros L, Lecarpentier Y. Mechanical and

energetic effects of cromakalim on guinea pig left ventricular

papillary muscle. J Pharmacol Exp Ther. 1996;279:464–71.

24. Kawada T, Yamazaki T, Akiyama T, Shishido T, Inagaki M,

Uemura K, Miyamoto T, Sugimachi M, Takaki H, Sunagawa K.

In vivo assessment of acetylcholine-releasing function at cardiac

vagal nerve terminals. Am J Physiol. 2001;281:H139–45.

25. Cohen RA, Shepherd JT, Vanhoutte PM. Neurogenic cholinergic

prejunctional inhibition of sympathetic beta adrenergic relaxation

in the canine coronary artery. J Pharmacol Exp Ther. 1984;229:

417–21.

568 J Anesth (2010) 24:564–568

123


	Direct effect of mild hypothermia on the coronary vasodilation induced by an ATP-sensitive K channel opener, a nitric oxide donor and isoflurane in isolated rat hearts
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Isolated heart preparation
	Protocol
	Drug preparation
	Data analysis

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


