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The aim of this study was to investigate the effects of exercise on intrinsic and extrinsic apoptosis
signaling pathways in skeletal muscle. ICR-type white male mice were divided into a control group
(CON: n=10) and an exercise training group (EX: n=10) after a 1 week adaptation period. EX per-
formed treadmill running at 16.4 m/min with a 4% incline, 40 min/day and 5 days/week for 8
weeks. Cervical dislocation was performed at 48 hours after the last bout of exercise, after which gas-
trocnemius skeletal muscles were immediately collected. The results of verifying the intrinsic apopto-
sis pathway showed that there were no significant differences in Bcl-2, Bax, or the ratio of Bax/Bcl-2
proteins between EX and CON. On the other hand, the results of verifying the extrinsic apoptosis
pathway showed that caspase-8 proteins were significantly lower in EX than in CON (p<0.05).
Apoptosis suppressing protein HSP70 was higher in EX than in CON. In addition, caspase-3, which
is the final factor for apoptosis, was not activated. These results indicate that apoptosis did not devel-
op since caspase-3 is non-cleaved by the effects of caspase-8 and HSP70 extrinsic pathways rather than
Bcl-2 and Bax intrinsic pathways among signal pathways for apoptosis.
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Fig. 1. Bcl-2 protein expression in gas-
trocnemius muscle. Bcl-2 pro-
ECon tein expression was determined
DEx by Western blot analysis. The
inset shows representative blot
for bcl-2. The data are pre-
sented as meanstSE. CON,
sedentary control; EX, Exercise
Training, Significantly differ-

Ex ent from CON (p<0.05).
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Fig. 3. Bcl-2/Bax ratio in gastrocnemius muscle. The data are
presented as means+SE. Significantly different from
CON (p<0.05).
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Fig. 2. Bax protein expression in gas-
trocnemius muscle. Bax protein
expression was determined by
Western blot analysis. The inset
shows representative blot for
Bax. The data are presented as
meanstSE. CON, sedentary
control; EX, Exercise Training.
*Significantly different from

- CON (p<0.05).
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Caspase-8 protein expression in gas-
trocnemius muscle. Caspase-8 protein
expression was determined by Western
blot analysis. The inset shows repre-
sentative blot for caspase-8. The data
are presented as meanstSE. CON,
sedentary control; EX, Exercise
Training. ‘Significantly different from
CON (p<0.05).

Caspase-3 protein expression in gas-
trocnemius muscle. Caspase-3 pro-
tein expression was determined by
Western blot analysis. The inset
shows representative blot for cas-
pase-3. The data are presented as
meanstSE. CON, sedentary control;
EX, Exercise Training. *Significantly
different from CON (p<0.05).



1412 BB ULPIX| 2010, Vol. 20. No. 9

14 4

12 4

T S———

rubuh}} | Rl g — |

HSP70 expression(fold change)

Con Ex

ﬂﬁvlﬁ MDA 5%2 7
191 A &Fol *1]294 &3
Bax mRNAE 74423}, Bcl-2 protein®] &8-S
= A% FRASE 2 5‘]3} A3 eyt

ohebA] o] A7 Fhol A ‘JrE}"]r uke} o] Bax9| 4,
Bcl-2 79} B E-0] Bal-2/Bax H &0 S5 AN B U
Efgtout 11 wst fofatA] el &3kl caspase-37}
A8 A G2 A2 U AEB 2 93 apoptosis B
o] VA AE8E AYE AAET

Apoptosist M EF2 AbE-S 28t £ 4=
of o) xHEE BRI FAVHS /AL ek A &
Ed2Y F7h AE Y G 71l 98] | EEZE o}
Wete} 9t Alo]ofl A3 cytocrome o7} A EAZ HH|H
o] dATP ¥ apoptotic protease &/33s} Q1zke} A F s}
Bcl-2%
Z4 5=, anti-apoptotic factorZ =

apoptosomes 3443t} o|mf cytocrome 9] FH =
el Fgo o)
Bcl-2, Bal-xL, Ba-w 5-°] 129, pro-apoptotic factorZ+
Bax, Bid, Bad, Bim, Bak 5] E4dt= A0 44 o
32].

°] 5 apoptosisell AFAZ Fote AAZE EHA 3
+ Bax (bcl-2 associated X protein)= A EA A HEA
ojuf MEZ=g]o} oute] SHHHE R EASHAT, 2E
g 29k 2 Aol RZEHA whgste] nEZEeolR o

STdlE Aoz Ruya g

ol

tlo

5359 cytocrome ¢ W&
TH1,3,30].

o] ¢} JH 2 Bcl-2 (B cell lymphoma/leukaemia gene 2)
£ Bax$} heterodimerZ A3t Qo] A5t 715S o
AsH, N EZ=g ool A cytocrome ¢ HEE WES o
AANA A= apoptosiss ADA T H5] o] Baxst
Bcl-27k9] &l 93] cytocrome co #HIZF ZAHH
apoptosisE A3} cascadesE fFrEdhe FLI TS
53 ¢} 8,9,11,19].

Apoptosis®] #AUZI Adste] Ydd A5 FAR
ik a2)3a HE xdel $1X¢ death receptor® 53] i
NEe YA AE HEZE Fasth TNFY 22 death re-
ceptor®] 2§ 3sH FADDY TRAID, MORT$}

O

22 adaptor

Fig. 6. HSP70 protein expression in gastro-
uCon cnemius muscle. HSP70 protein ex-
DEx pression was determined by Western
blot analysis. The inset shows rep-
resentative blot for HSP70. The da-
ta are presented as means=SE.
CON, sedentary control; EX,
Exercise Training. Significantly dif-
ferent from CON (p<0.05).

Ex

protein®] F4JE 3L o] 3| caspase-8°] TAJE}EH cas-
pase-3, caspase-6, caspase-7°] &4 3}5 o] apoptosisE 42
Z1TH33].
nEZEgols R 3 ol A3 AEe rEZEY
0} 9]‘3‘01] ZEA8H= Baxoll 93l cytocrome ¢& MEZ U2
2 AEZA Y2 49 cytocrome ¢ apoptosomed]
procaspase# ol 23 E T3l caspase- 95 4314171
2793149 caspase-99l| ]38l caspase-37} /338l E o] AW
=02 A= apoptosisE Fo7TH7).
o]2|g apoptosis FE% #HHEF HAPAFE Zyrd
Thambirajah 5[5]¢] AFolA = d83 &5 F 7HA w2
H]B-Lof| A 9] apoptosis ﬁi% ’é} HE 23 apoptosis®] F
7HA A5 AR WA, 2914 EFoll A apoptosis7t 2 o]
Jon E3 7]—1]—U]:L Z 7o) 14 apoptosisE 314 A&
Aol ofsf #FH{H S7hF AsF 2EG 2o ) FEH
o, i & HEZ 222 9914 s HEo| o3l apopto-
sis®] WEg=H ©] 7o Ao} FEACZ A5
Z A oA apoptosis©] FE2 A Al
& 5 AT EEL o] Aol A s
S AR QoA s AZE B3l
apoptosis®] Az 7| Aol et AFE o) AHEH HEZE
FE type T A2 74 Ao, type [ AFET H 22
Fo FEZEFoLE 7ML gl wEb o B o ME

=70} 7w gl

rlr m{N

2 Rl ¥ o

e

r 1F
O
g o =

ol

10

N

=5 P22 22 type 1 %3¢k 2ol
2R i e 24 e xjolr}t widE Ao AtgET)
T3 AT B caspase-89] AAZ st £

caspase-3 FE|= 7HAE AT A=, HSP707} ROSO| ¢J3) 5
7}E| & caspase-89} caspase-39] 4S ZHE 0 ZH apop-
tosisE A AAZ 2= YW Aoz Alg ") HSP70 v de
anti-apoptotic 71%5& 7FA3L 912™[28], cytochrome c}
casepase-3 &4 Z-&3EZA apoptosis7t A ETH21].
ole1g HSP70 B ] 753 540 <) &5 % EdF©]
1"°ﬂ e s 98 9] fa B A9 A
[17]. 53] &% % HSP709] ®do] T7tshe AL %
Z0] A8} 2EHYAE Zo|1 o]Z 23
g 233l7] 93] HSP70S wh=A 443
4% S o= superoxide anion radical,

ofN



hydroxyl radical, nitric oxide 5= ¥H57] W] antioxidant
defense enzymes @ HSPs< W2 A A4 sh= 20| th29,10].

wrebA, 87710 A A 52 A F Y HIEZAA AE
A Y} unfolding protein®] A|AHGES st HSP709 S 71,
caspase-89] 74, 712]11 Bcl-29] 571 Baxd] AR <lF
8 caspase-39] THAE U ZH apoptosisE A E

AAA7IH, ol WA 71HET= 2044 713l o3
A 2dHe AR ARdd

r{r

References

1. Candé, C, I. Cohen,, E. Daugas., L. Ravagnan., N. Larochette.,
N. Zamzami., and G. Kroemer. 2002. Apoptosis-inducing
factor (AIF): a novel caspase-independent death effector re-
leased from mitochondria. Biochimie. 84, 215-222.

2. Chae, C. H. and H. T. Kim. 2009. Forced, moderate-intensity
treadmill exercise suppresses apoptosis by increasing the
level of NGF and stimulating phosphatidylinositol 3-kinase
signaling in the hippocampus of induced aging rats.
Neurochem. Int. 55, 208-213.

3. Cory, S. and ]. Adams. 2002. The Bcl-2 Family: regulators
of the cellular life-or-death switch. Nat. Rev. Cancer 2,
647-656.

4. Droge, W. 2002. Free radicals in the physiological control
of cell function. Physio. Rev. 82, 47-95.

5. Emidio, E. P, R. ]. Janna., and E. A. Stephen. 2006. Death
receptor- associated pro-apoptotic signaling in aged skeletal
muscle. Apoptosis 11, 2115-2126.

6. Ghosh, S, M. Khazaei,, F. Moien-Afshari.,, L. S. Ang., D
J. Granville.,, C. B. Verchere., S. R. Dunn., P. McCue., A.
Mizisin., K. Sharma, and I. Laher. 2009. Moderate exercise
attenuates caspase-3 activity, oxidative stress, and inhibits
progression of diabetic renal disease in db/db mice. Am.
J. Physiol. Renal. Physiol. 296, 700-708.

7. Green, D. R. and ]. Reed. 1998. Mitochondria and apoptosis.
Science 281, 1309-1312.

8. Gross, A., ]. M. Mcdonnell, and S. ]. Korsmeyer. 1999. Bcl-2
family members and the mitochondria in apoptosis. Gene
Dev. 13, 1899-1911.

9. Gruter, M. G. 2000. Caspases: Key players in programmed
cell death. Curr. Opinstruct Biol. 10, 649-655.

10. Harkins, M. S. 2009. Exercise regulates heat shock proteins
and nitric oxide. Exerc. Sport Sci. Rev. 37, 73-77.

11. Hengartner, M. O. 2000. The biochemistry of apoptosis.
Nature 407, 770-776.

12. Ji, L. L. 2002. Exercise-induced modulation of antioxidant
defense. Ann. N. Y. Acad. Sci. 959, 82-92.

13. Kannan, K. and S. K, Jain. 2000. Oxidative stress and
apoptosis. Pathophysiology 7, 153-163.

14. Kocturk, S., B. M. Kayatekin, H. Resmi, O. Acikgoz, C
Kaynak, and E. Ozer. 2008. The apoptotic response to stren-
uous exercise of the gastrocnemius and solues muscle fibers
in rats. Eu. J. Appl. Physiol. 102, 515-524.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Journal of Life Science 2010, Vol. 20. No. 9 1413

Koctiirk, S., B. M. Kayatekin, H. Rewmi, O. Acikgoz, C
Kaynak, and E. Ozer. 2008. The apoptotic response to stren-
uous exercise of the gastronemius and solues muscle fibers
in rats. Eur. ]. Appl. Physiol. 8, 515-524.

Kroemer, G. 2003. Mitochondrial control of apoptosis: an
introduction. Biochem. Biophys. Res. Commun. 304, 433-435.
Lee, J. S, K. C. Park, D. S. Kim, H. O. Choi, K. H. Kim,
J. H. Chung, H. C. Eun, and ]. S. Seo. 2000. Overexpression
of HSP70 prevents ultraviolet B-induced apoptosis of a hu-
man melanoma cell line. Arch. Dermatol. Res. 292, 482-487.
Leeuwenbergh, C., C. M. Gurley, B. A. Strotman, and E.
E. Dupont-Versteegden. 2005. Age-related differences in
apoptosis with disuse atrophy in Soleus muscle, Am. J.
Physiol. integr. Comp. Physiol. 288, R1288-1296.

Lim, M. L, M. G. Lum, T. M. Hansen, X. Roucou, and P.
Nagley. 2002. On the release of cytochrome c¢ from mi-
tochondria during cell death signaling. ]. Biomed. Sci. 9,
288-506.

Martinadle, J. L. and N. J. Holbrook. 2002. Cellular response
to oxidative stress: signaling for suicide and survival. ]. Cell
Physiol. 192, 1-15.

Morimoto, R. I. 1998. Regulation of the heat shock transcrip-
tional response: cross talk between a family of heat shock
factors, molecular chaperones, and negative regulators.
Genes Dev. 12, 3788-3796.

Phaneuf, S. and C. Leeuwenburgh. 2001. Apoptosis and
exercise. Med. Sci. Sports Exerc. 33, 393-396.

Phillips, S. and C. Leeuwenburgh. 2005. Muscle fiber specific
apoptosis and TNF-alpha signaling in sarcopenia are attenu-
ated by life-long calorie restriction. Br. ]. Cancer 86,
1012-1016.

Podhorska-Okolow, M., M. Sandri, S. Zampieri, B. Brun, K.
Rossini, and U. Carraro. 1998. Apoptosis of myofibres and
satellite cells: exercise-induced damage in skeletal muscle
of the mouse. Neuropathol. Appl. Neurobiol. 24, 518-531.
Powers, S. K., D. Criswell, J. Lawler, L. L. Ji, D. R. Martin,
A. Herb, and G. Dudley. 1994. Influence of exercise and fiber
type on antioxidant enzyme activity in rat skeletal muscle.
Am. ]. Physiol. 266, R375-R380.

Siu, P. M., R. W. Bruner, J. K. Martyn, and S. E. Alway.
2004. Apoptotic adaptations from exercise training in skel-
etal and cardiac muscles. FASEB. ]. 18, 1150-2.

Tang, D. and V. J. Kidd. 2000. Caspase-8 activation and bid
cleavage contribute to MCF7 cellular execution in a cas-
pase-3-dependent manner during staurosporine-mediated
apoptosis. J. Biol. Chem. 275, 9303-9307.

Thambirajah, A. A, K. Sleigh, H. G. Stiver, and A. W. Chow.
2008. Differential heat shock protein responses to strenuous
standardized exercise in chronic fatigue syndrome patients
and matched healthy controls. Clin. Invest Med. 31, 319-327.
Thompson, H. S., P. M. Clarkson, and S. F. Scordilis. 2002.
The repeated bout effect and heat shock proteins:
Intramuscular HS5P27 and HSP70 expression following two
bouts of eccentric exercise in human. Acta. Physiolgica.
Scandinavita 174, 47-56.

Tidball, J. G, D. E. Albrecht, B. E. Locknsgard, and M. J.



1414 BB ULPIX| 2010, Vol. 20. No. 9

Spencer. 1995. Apoptosis precedes necrosis of dystro-
phin-deficient muscle. . Cell Sci. 108, 2197-2204.

31. Wang, J. S. and Y. Huang. 2005. Effects of exercise intensity
on lymphocyte apoptosis induced by oxidative stress in
men. Eur. J. Appl. Physiol. 95, 290-297.

32. Wyille, A. H,, J. F. Kerrm, and A. R. Curie. 1980. Cell death:

the significance of apoptosis. Int. Rev. Cytol. 68, 251-305.

33. Ye, H, C. Cande., N. C. Stephanou.,, S. Jiang., S. Gurbuxani.,
N. Larochette.,, E. Daugas., C. Garrido., G. Kroemer, and
H. Wu. 2002. DNA binding is required for the apoptogenic
action of apoptosis inducing factor. Nat. Struct Biol. 9,
680-684.

A : 857 250)
Oixls oiat

ol AFE APE AE e E 25 wet =4
AR 97 o]FojA = MEIALY] AE7|HE &
FR3t=d At o] A8 ICRA A 8F 20018 &
AUEX n=10)2.2 WAHA. £5E 877 F 5]
AAste] 4087 A54Q] 55 AT AEn
Bax ©¥ A, Z12] 1 Bcl-2/ Bax ratio= &3t 5713
4 ARl sk &

% A7} caspase-8 Tl o] Wy
SP %

EAAF HEQ }OL caspase-39] A3} o] F
oA AR 283l Bal-29F Bax®Ethe 9
53t NEZAAPE gy g2 AL Z AtgH

Al A9l HSP70 tha A

HU

A dojuhs MEIAL BE F U1 BEe &AA
&0 AEaAb ofmE FFS XA gt
T4 AZ717H& AA FAFHTHCON: n=10)3% &
At EYEY £ 16 m/mmgr 74/\]- 4% =
A AR T W94 A

Hero] EAMBULG 3 741 ;@% fo2 dese
&5 1%0] FAQRG A dehdh g5, A
BRI tebd ATAEY ABHE F

2l caspase-8%} HSP709] %822 caspase-37F &85 A]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


