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The Cardioprotective Effect of Intravenous Nicorandil for Ischemia/Reperfusion Injury
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ABSTRACT

Background and Objectives : Nicorandil is a potassium channel opener, and it has been known to have a cardioprotective
effect against ischemia/reperfusion injury. However, the exact mechanisms of the effect are not known. In the previous
studies on cardioprotection, administration of nicorandil was started early during the coronary occlusion. Therefore, it
is not clear whether nicorandil can also be beneficial when it is administered from the time of coronary recannalization.
Materials and Methods : We studied 15 cats that had their chests surgically opened (8 nicorandil cats and 7 control cats).
The proximal portion of the left anterior descending artery (LAD) was occluded with ligation for 90 minutes, then it was
recannalized for 60 minutes. Intravenous injection of nicorandil was started at the time of recannalization of the artery
(a bolus of 100 z2g - kg™ plus an infusion at a rate of 10 g - kg™ - min™}). At each stage of the experiments, the risk area
and myocardial perfusion were assessed using color microspheres and myocardial contrast echocardiography. The size
of the infarction was evaluated by postmortem triphenyltetrazolium chloride staining. Myocardial contrast echocardio-
graphy was performed with Pulse Inversion Harmonic Imaging (Sonoace9900, Medison). Results : The risk area during
coronary occlusion was 18.8+12.6% in the nicorandil group and 19.3+9.6% in the control group (p=NS). The perfusion
defect immediately after and 1 hour after reperfusion was 13.078.7% and 8.4%7.6%, respectively, in nicorandil group,
and 16.7+11.1% and 13.4+8.8%, respectively, in the control group, (p=NS between groups). Myocardial blood flow in the
LAD territory during occlusion immediately after and 1 hour after reperfusion was 56+31%, 73+31% and 69*28%,
respectively, of the normal myocardium in the nicorandil group, and 65+=20%, 101=75% and 77£42%, respectively, in
the control group (p=NS between groups). The postmortem infarction size was 8.1 =9.6% in the nicorandil group and
7.7%17.5% in the control group (p=NS). Conclusion : With administration of nicorandil from the time of recannalization
in the ischemia/reperfusion injury model, we could not find any significant cardioprotective effect. The cardioprotective
effect of nicorandil may be associated with preconditioning before reperfusion. (Korean Circulation J 2005;35:88-93)

KEY WORDS : Coronary artery disease ; Ischemia ; Reperfusion ; Drug therapy ; Echocardiography.

N E mide nitrate A=A JpAe] HARE 9 TR i

£ HiEsto] YW & 9 Wk SHEeE St

Nicorandil® K" &% #4%3S 7FXal )= nicotina- So] A= g} 9 Eﬂ%, 7134 &2 H)7}9A (irre-
ible) At818/% 24} oy BB A wal

EEAEY 120049 92 1Y versible) 1/ z ] o8] T& A4 T‘j
2AFkE Y 20049 102 28¢ A AERS FIE 7};@_ 9= Ao7 @Ry Qrk

WAIAR}  AAIE, 120-752 A& AUiET 2Es 134 gy A9R s 5319 71-e teias o} & ok A
AA ety gie AR Axhel AEaels 014 ko A ) vl e

A5} (02) 361-7071 - A4 (02) 393-2041 A kow F-Re] 7]&e] AFA nicorandil®] Fo

E—mail : sejoong@yumc.yosnei.ac.kr + AFF ARRY= 1 A9 S gl B

88



Se—Joong Rim, et al : Intravenous Nicorandil for Ischemia/Reperfusion Injury 89

ARG o EZ AA| ldellA A= A AFelA 9] <
A4 o)efef tfsliA] =7te] ofx]7} ik o]ef] A= e
/AT €] 11%o] ERlelA nicorandils AT wHAl]
A Bofsle] Bl dREF 9 ATe] Sl mAE gEs
#2ELo] nicorandile] AH.E &3 (cardioprotective ef-
fect) Y 1 753t 714 tisl] Lol 1A} ST

ME R Y

N B

157k ] ARl a%ko]l (Al 2.5~5 kg)S atropine (0.05
mg/kg) 2 rompun(2 mg/kg) THTARR AR AIZTE
e kel 71t A § QlF 3EVIR AT
2 tidal volume 15 mL, ¥9 10~153]2] 3= enflu-
rane< |83l TFREHE FAEITE s E AbaEs)
%= pulse oxymetryE ©]83to] g4 AelghAdl WHelE
FAESE 3} 1, end—tidal CO.9} ECGE X|&AH o2 7
ALt A2 heating padE ©]-8ste] FXAFE Ca-
theters %5 749 Fall Adste] tieme A&
SsIeltE 5 HWE Fall catheters ASlate] 4
oA, 2Eux@AE AUFARE = S SRk =
= thoracotomy & A&k, #HE 213 5 A= 27He]
X AL pericardial cradled] €1xA1Zt}. Microsphere
o] FARE flsto] 4] appendageE E3to] catheter

& s

noJg

ok
ox

>

=

27 (n="7)
FAslaA o] RS 90REE AFsto] HHA7]aL 60

area?} ALARAEE Hrisiolch ek} & Aoddx
Aol A TTC (triphenyltetrazolium chloride) staining© %
AR AEE it

°F5 (nicorandil) Fo(n=8)

A7)} 2+e- b o 7 zlEslE] 90%-Eelk HHskA] 2
= HAATIAL ABFAI T FAlOll, 2He (nicorandil)
5 100 pg/kgs bolus® 853, ©1F 10 z2g/kg/min

o &z BFHc

Water bathZ ©]838l9] 2237171 (Sonoace9900, Me-
dison) €] phased array transducerg ©]€38t] - §-
oA HEH TS (short axis) 2] oW HES9E A
315t Compression modei= linear mode® 117 A]7]
™, time gain compensation< 573 £+ WHEA7]1A
Soith Azl x2S 2YAIE disHel] XA
catheter = bolus = “JWA8}HA] Pulse inversion har-
monic imagings ARg-sto] ZF AddAlel M G2 ATk
Z539ke] YA 8 mL2 decafluorobutanes 5% %=
F 12 mL9 5% 457 4 mL7F £33} A2 3 )
A7 3 (microbubble) & A8/433F7] 9138l sonicator (model
XL2020 ; Heat Systems—Ultrasonics, Inc., Plainview,
N.Y) & ARE310d 20,000 Hz, 80% &<t sonicationA |7 7F
= PESDA (Perfluorocarbon—exposed sonicated dextrose
albumin) & ARESFATE HojR A2 digital image® ®H
8511 Image] (National Institutes of Health, USA) =S o]-&
sty A AR 29 AEWA 9 vlE FelthFig. 1.

TTC staining2 ©18¢t YAHN| £

kAl 5 e AAlste] Zake] Wil aiddst
 #FAe dEgHo® AAsle] TTC stainings 4133
3191 digital camera@® ©]9] G2 AUk Image] = 4
<A APEA 9] HlE TSIt (Fig. 2).

Color microsphereE ©183%t 22| R Y

Color microsphere (Dye Track) = o]&3afo] 2] &
FE stk #4049 appendagedl T3-S Ak
ZF YA R color microsphereZ bolus injectiond}iTh.
552 KCI solution [Vele] T IR A & =
Al A= AEsto] 2782 mid—papillary level T 3
o=z SRS ringC® thre § 21249 rings o
Al o] 7He] segments® HFRITE LRI segment=
AEST OS5 G4 ad 9 ATy W ExE u
2 slo] AzHe] olafe] 2pdslelA] HAEH-9)ef A 2
F3 e Exron g BE5319 ) Spectrophotometer
2 3549 s AR kste] AdiFRl =4 ARk
=

e

Mz

1}

ZEA] 2 risk area:

.
ez Wassry B 2
Z

]
nicorandil Fo3} thxte] zkzt

ok

Al A2¢] 18.8+12.6%,



90 Korean Circulation J 2005;35:88-93

R
N

Occlusion

Reperfusion1

Reperfusion2

Fig. 1. Myocardial contrast echocardiography at short axis view of mid-left ventricle level, during occlusion of left anterior descending

artery, immediately after reperfusion and 1 hour after reperfusion.

Fig. 2. Risk area on myocardial contrast echocardiography and corresponding myocardial short-axis slice showing necrosis on TTC (tri-

phenyltetrazolium chloride) staining.
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Fig. 3. Perfusion defect in myocardial contrast echocardiography
during coronary arterial occlusion (risk area), immediately after
reperfusion, and 1 hour after reperfusion. MCE: myocardial con-
frast echocardiography, ns: not significant.
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Fig. 4. Color microsphere-derived myocardial blood flow during
coronary arterial occlusion (risk area), immediately aofter reper-
fusion, and 1 hour after reperfusion. MBF: myocardial blood flow,
LCX: left circumflex artery, ns: not significant.
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Fig. 5. Infarct size measured by TIC staining. TTC: friphenyltetra-
zolium chloride, MCE: myocardial contrast echocardiography,
ns: not significant.

AtHp=NS) (Fig. 4). AF5e] ZAFe] m7]= ofrtolA 2zt
ZF AR AL AA] 8.1+9.6%, 7.7+17.5% A THp=NS)
(Fig. 5).

=
>

SN sk A 5o dgtow AREH I gl
ol o5|gd AuZ] Pewl Aee U 4 &
FANE T52 52 A2 88 HHEE EYoEN
A2 FEHES IHAA APFES A7) el stk
AR SRS A 52 4153 AR Rt
Ot 7hsste] FonE tgow o] HSHE ok
7h AT 5 A s @S oelth AluR AR
9 a3 B2 7l epicardial coronary blood flowel wh
F29510] TIMI grade 0/12 X243 Z, TIMI grade
2/32 A& Ao Z st 18y TIMI flow e} 24
A 7159 SEAE, AFEEIE] AHAIE vt o
el Al § TIMI grade 22] A¥E B dAHE)
%7} grade 3 BHUR= grade 0/1& Hel =9 o3
of o 7k 2o Uepta? Ito B0 ABF A8 &
A R 8|8t 39W o] TA ADANZE S
oz X8 [ATof A 29 Hx % = Adste] o=
T 23%°IME A8 Foll 29 AEo] Holglglon x
A 71s TS AdtE o] Slae SRIsITE webA it
& 29wl epicardial artery®] ER7F WAHOR
ATk RS o] Zlo] A A RS At dRE o
= A37F = = gleo] BreAA Hla A28 A9

2 geof QlojA B AlFEo] A9 microvasculature

of T3S 2 Hglek, A 2dNEeI o) 95
2 in vivool ] A%, WIEAOR 249 5 glomed of
2 olgdle] A usAgel gt olsi7} 7}

[l

STk AREGNESIN BRHE 299 Fhe F
A~

@ek = Utk Risk area= YRHA O R T=2%1 A4 A
o] A7|Ht} A risk areat]®] S5 P72 JE 2 §-9
= AT 29 Axeve BT oRA ATt ol FolA
A ok A A TFAR1 A A7)E 5T 5 3l
Wsmo] AN ¢ vAEeoel o]de] gloH E]r’\]
Q9] TPt slidE s Aelx] dREXRE vt
opdo] A7) 79 Alite] 29AE0] AEER= o reflow
HAY & A S 011;]. no reflow+ QAo 7 AZAM
S Tl Fagt xRl Aow dHA Stk =,
9] 5ol Aot ltjets Atxe] BEE] e
= FF Al 5] IHEHAY A ol ]%
7FeAdol Yok Wl wEme] dR7t fXE e
A2xgel dEe) e BF Aol 3ud 7ol
3ukshe 41219] remodelingo] A2 7Fs7do] Wk & ¢
Tl ATEIAESTTE ol8slo] dheH AEAY risk
areas S4skaL ZH%Tr—r no reflow &% % AR~ TTC
staining= ©]&-3t AP S S48l oFEFolwd iz
oo AR anE vud - Utk

7t F2- vk ASsld/ A E49 = A
Lol ofe] 7hA] A oFEEol ”35‘1@1]13}2 =

BX

U
oﬁ n>

W

:

]

& AR dEA T gk dEEH, 2R 4%
A B g ab7] AAAY 2 nicorandil VS & 4

WAE. ©] F nicorandil> of2] 7FA] tRekst ofjHgo®
ATRE 5k QE}HJE}E_ de=)1  dl, A nitrate
AR} o] Aol A
nary artery$} resistant coronary arterys EA]7H,
AR Adete 2 dFtrs fFeAH, YA KT 52 &
”91 237} olol AAFAl AZAUe] calcium®] et
WAeto] Aol SekE AAaAT]E ods itk
SATENYH A= el s Wellehs a9t
t}. ©]2]3t nicorandile] HZR S &7} T2 Al
smo] oju] FHHE Aejelld Folxo] dedt S
o] Skl 71Q08Rs HEFRIA oflw Aeirel] 2
go] WAIQIA| = of] =RjEe] ofA|7} Qlom AHRE

B2 011, &4 epicardial coro-

ro rg 230 o rUI
I
ffa

t’

¢



92 Korean Circulation J 2005;35:88-93

8o MAIE vAIE R Vs BEQIA] EAEY Bl A
LH-919] 7150 REQJIAE I A A Sk
Nicorandil®] AR ER= F=43 B QPAIE
A BE vk 9=t Mizumura 592 7HelA nicorandil
o] g3} A9 Kyarp channels®] 7/Eaaeta 5745151
U o]E2 WEHe A% 16 W HTE Al

1 ATFATER] RXE53FATE B8 glyceryl trinitrateS

o

o O

Folle W Akt A e dE BHasieloh =
3 Tto 592 A AT IA no reflow@dde] Wl
S ARA, B, A T RPESe] Rk gl
] nicorandils ARE-SE TollA O Fosh s TaEslsl
=l o5 A oA nicorandil S M Ak &

=

Al AR OR BE BERYFES A3

o2
_0|L
32
M
K]

oA nicorandilS AFESEA] 9 o]9e] A

sl Zol7t fdek. whebA] dAA7EA] 7= S
& nicorandilo] ATFEA] a7 A= AAA] ofy
Aol Ago] avaE vA= 2 Ao disiM= 2
3] B A] Shth 1 AtellAlE AdTFEAIA 29
AFE A AR ENE A2 N EZS mic-
rospheree] 25t A<dF 574, AR Beads o] &3t
AAHA ] 24 So7 dolrok=d Z|YEdd ARE
FIRs W] kbt wEbA I ATl BRI nico-
randil®] AR S EIE ARG 9 AlbE A
2ol oJgt Ao Bz e Aol FetA wedt nit-
rate 7o) 2J3k risk area?] £ ol o8t s T
HiAlslr] 15 Aow Az 2| dyE deis A
&k AdeiellA nicorandils FU et} thxw#] risk areas
vlwakal AT § AR IAPEA S nlagte sy &
o8k g3 ole] ost A 719 Aol FIE

T leefe 7t

2
Y
at
)

A

(oF

(22

~

Fo
Q

oy X =N

Nicorandil> K" &% #/9%2& 7M1l 9l nicotina-
mide nitrate A A ZA] AL /ATl 25t Aol tis)
ATES G 7H AL Qe AR dEAa Qo v
AR wake] 71de] tisixs obx 2 g A &
o, o] 718 A7l A nicorandil®] Fol= Aw
FARRCE: 1 o] e Aol FE AJRE Q]
oug AA| el Ashs AZB AT A
o)ofof thafiA] =wke] o X7} Qlth ofe] A A= ATE

/BT &4 SEE oA nicorandilS AHTHF SAIA

Folsto] WS ARF L A £l VAL IFL
a5 Sk
T

1571 ] a1¥e] /NEFEE (nicorandil o1 8, control
7)ollA FAsksA o] -5 90wt AEsto] HA
7]a1 60%7F ATFAIHEE Nicorandile A2 100
rg/kgs bolusZ AL, ©]F 10 pg/kg/min®] &%
. AFsISleh Agel 7F @Al Az zs 9 co-
lor microsphereZ ©|€3}4] risk areas} ALAFHEES
Hrketgl 1 AR AeelE A oA TTC (triphenyltetrazo-
lium chloride) staining®% FA}e] FEE H7lEIt) 4
TZ9 %25 3k= PESDA (Perfluorocarbon—exposed soni-
cated dextrose albumin) 2} Sonoace99002] Pulse inver-
sion harmonic imaging& AM-3}F T}

& 1t

g AZA] #2 risk areat nicorandilFIT ¥} con-
troliro] 247} 24 A+9] 18.8+12.6%, 19.3+9.6% (p=
NS) o, AAFAS AEzddEe] F271e 242 13.0+
8.7%, 16.7+11.1%} AT § 1Al 22F 8.4+
7.6%, 13.4%8.8%%Hp=NS). #s}8#] gojo| HNd
T WEMAZA ATFAS, AF 1Al ZH Ni-
cornadil oA ellA] g7dle] 56+31%, 73+31%, 60+
28% .21, controlllA 65+20%, 101+£75%, 77+
42%SATHp=NS). Aol HALe] F7]|= Yrtelld 22 A
Al WA 8.1£9.6%, 7.7£7.5%AHp=NS).
a3 B

AT /AT 42) 1%ko] BelolA nicorandilS A
T AR Folalgls ¢ controlit# vlaste] A
F 5 AR FeldEt Ahaehe e HYlov F
AXOR ooRle AR T e Tad 4 Stk Ni-
corandil®] MR T FIk= AT AR 9 wdo]
US Ao A7t

Y HO - Pre g S AT oA R AET

A9 200195 theke@r)8he] Akt sl el ofsl
o

REFERENCES

1) Ito H, Taniyama Y, Iwakura K, et al. Intravenous nicorandil can
preserve microvascular integrity and myocardial viability in pa-
tients with reperfused anterior wall myocardial infarction. J Am
Coll Cardiol 1999;33:654-60.

2) Auchampach JA, Gross GJ. Anti-ischaemic actions of potassium
channel openers in experimental myocardial ischaemia/reperfu-



Se—Joong Rim, et al : Intravenous Nicorandil for Ischemia/Reperfusion Injury 93

sion injury in dogs. Eur Heart J 1993;14:10-5.

3) Fukuzawa S, Ozawa S, Inagaki M, et al. Nicorandil affords car-
dioprotection in patients with acute myocardial infarction treated
with primary percutaneous transluminal coronary angioplasty:
assessment with thallium-201/iodine-123 BMIPP dual SPECT. J
Nucl Cardiol 2000;7:447-53.

4) Sakata Y, Kodama K, Komamura K, et al. Salutary effect of ad-
Junctive intracoronary nicorandil administration on restoration
of myocardial blood flow and functional improvement in patients
with acute myocardial infarction. Am Heart J 1997:133:616-21.

5) The Thrombolysis in Myocardial Infarction (TIMI) trial, phase
findings. N Engl J Med 1985;312:932-6.

6) Stringer KA. TIMI grade flow, mortality, and the GUSTO-III trial.
Pharmacotherapy 1998;18:699-705.

7) Ito H, Tomooka T, Sakai N, et al. Lack of myocardial perfusion
immediately after successful thrombolysis: a predictor of poor
recovery of left ventricular function in anterior myocardial infarc-
tion. Circulation 1992;85:1699-705.

8) Kwon KH, Chung N, Ha JW, et al. Assessments of myocardial
perfusion in human using stress intravenous PESDA myocardial
contrast echocardiography and Pulse Inversion Harmonic Ima-
ging’ a comparison study with Tc-99m sestamibi SPECT. Korean
Circ J 2000,30:793-820.

9) Kemper AJ, O’Boyle JE, Cohen CA, Taylor A, Parisi AF. Hy-
drogen peroxide contrast echocardiography: quantification in vivo
of myocardial risk area during coronary occlusion and the necro-
tic area remaining after myocardial reperfusion. Circulation 1984,
70:309-17.

10) Villanueva FS, Glasheen WP, Sklenar J, Kaul S. Assessment of
risk area during coronary occlusion and infarct size after reper-
fusion with myocardial contrast echocardiography using lefi and

right atrial injections of contrast. Circulation 1993;88:596-604.

11) Firschke C, Lindner JR, Wei K, Goodman NC, Skyba DM, Kaul
S. Myocardial perfusion imaging in the setting of coronary artery
stenosis and acute myocardial infarction using venous injection
of FS-069, a second-generation echocardiographic contrast agent.
Circulation 1997;96:959-67.

12) Ragosta M, Camarano G, Kaul S, Powers E, Sarembock 1J,
Gimple LW. Microvascular integrity indicates myocellular viabi-
lity in patients with recent myocardial infarction: new insights
using myocardial contrast echocardiography. Circulation 1994,
89:2562-9.

13) Chouairi S, Carrie D, Puel J. Myocardial protection with calcium-
channel blockers during ischaemia and reperfusion by PTCA. Eur
Heart J 199516 (Suppl H):3-8.

14) Kloner R, Przyklenk K. Experimental infarct size reduction with
calcium channel blockers. J Am Coll Cardiol 1991,18:876-8.

15) Hoff PT, Tamura Y, Lucchesi BR. Cardioprotective effects of
amlodipine on ischemia and reperfusion in two experimental
models. Am J Cardiol 1990, 66:10H-6H.

16) Roberts R. Thrombolysis and its sequelae: calcium antagonists
as potential adjunctive therapy. Circulation 1989;80:1V93-101.

17) Lim DS, Kim BH, Kim HC, et al. Effect of diltiazem on myo-
cardial and microvascular stunning in open chest dog. Korean
Circ J 1998,28:592-5.

18) Kim YK, Park YT, Kim SS. Effect of superoxide dismutase on
apoptosis in ischemia-reperfused myocardium of rabbit. Korean
Circ J 1997:27:907-14.

19) Mizumura T, Nithipatikom K, Gross GJ. Infarct size-reducing
effect of nicorandil is mediated by the KATP channel but not by
its nitratelike properties in dogs. Cardiovsc Res 1996,32:274-85.




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


