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In vitro propagation and multiple shoot induction of Rhodiola rosea L.

by axillary bud culture
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Abstract  An efficient in vitro propagation was established
by using axillary bud explants of roseroot (Rhodiola rosea
L.), which has been known as a medicinal plant in East Asia.
Among various media tested, MS medium supplemented
with 1.0 mg/L BA and 1.0 mg/L. GA; was found to be the best
for multiple shoot formation (15 axillary shoots per axillary
bud). In addition 1/2MS medium containing 50 g/L sucrose
was best for shoot elongation (7.8 cm) and increasing total
chlorophyll contents (8.64 mg/g) best. Maximum number of
roots (17.7 roots per explant) was observed on the medium
without plant growth regulators. Propagated plants were
successfully acclimatized to ex vitro conditions, with a sur-
vival frequency of 97% after 12 weeks. Most rooted shoots
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grew well and produced viable seeds when grown in vitro
culture conditions. Therefore, R. rosea can be effectively
propagated in vitro by the system we developed in this study.

Keywords axillary bud culture, in vitro rooting, in vitro
propagation, Rhodiola rosea
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Table 1 Effect of GA; and BA on shoot multiplication from
axillary bud culture of R. rosea after 6 weeks of culture

. PGRs (mg/L) No. of shoot/ Necrotic
Medium . o
GA; BA axillary bud shoot (%)
Control 0 0 0.0+0.0'i 0
0.5 4.3+1.5h 23.1
1.0 1.0 15.0+3.0a 22.7
3.0 7.34+0.6¢ 333
MS
0.5 6.0+1.0e 222
3.0 1.0 7.0+1.0d 61.9
3.0 4.782.1¢g 92.9
0.5 6.3+1.5¢ 21.1
1.0 1.0 14.7+3.0b 524
3.0 7.0+1.0d 59.1
1/2MS
0.5 5.7+1.5F 23.5
3.0 1.0 6.3+0.6¢ 52.6
3.0 4.7+£2.1g 78.6

"Data are the means + SD, of three experiments. Different alpha-
betical letters are significantly different according to Duncun’s
multiple range test at P < 0.05.

Fig. 1 Shoot multiplication via axillary bud culture of R. rosea
after 6 weeks of culture. A: Control (1/2MS medium 30 g/L
sucrose), B: Dark green shoot primordia on 1/2MS medium
with 1.0 mg/L BA, C: 1/2MS medium with 1.0 mg/L BA and
1.0 mg/L GA;. Scale bars, 15 mm.

A dojybr] XA sucrose”} 10, 30, 50 g/L7F A7
i 2o A= HAA o2 F7tehe ddde H AT (Table 2,
Fig. 2A, B). £7]9] Zo|%= sucrose”} 5% % 7Hel ulj 2] o] A]
78 emZ 7HA w2 AAE Yo, AW o S4H o
Az £= 167]12 7V =3kt) (Table 2). 457} sucrose
SEe] M2 AWS A F IMS HiAo] 50 gLe]
suctose7} H7HEL W Rof) Achulof T 457F 8-S A7
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Table 2 Effect of sucrose concentration on shoot elongation and
number of multiple shoot from R. rosea after 6 weeks of culture

Sucrose Frequency of shoot growth

concentration No. of multiple shoot/

(g/L) Length of shoot (cm) explant
0 1.1+0.4'd 2.1£0.4d
10 4.4+1.8¢c 8.842.4¢
30 5.2+1.1b 12.542.1b
50 7.8+1.4a 16.4+1.5a

"Data are the means + SD, of three experiments. Different alpha-
betical letters are significantly different according to Duncun’s
multiple range test at P < 0.05.

Fig. 2 Micropropagtion of R. rosea via axillary bud culture. A
and B: Elongated shoots from primary explants on 1/2MS
medium with different sucrose concentration, C: Proliferated
shoot of after 6 weeks of culture. Scale bars, 5 cm.
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Table 3 Effect of sucrose concentrations on chlorophyll contents
in R. rosea after 3 months of culture. Plants were grown on
1/2MS medium without plant growth regulators containing
3.0 g/LL gelrite

Chlorophyll contents (mg/g)

Sucrose (g/L)

Chla Chlb TCC

Control 1.46+0.8"c 1.82+0.4¢ 3.3120.8¢
10 1.08+0.4d 1.52+0.3d 2.67+0.4d
30 1.64+0.7b 1.8620.5b 3.57+0.7b
50 5.16£0.2a 3.84+1.9a 8.64+0.4a

‘Data are the means + SD, of three experiments. Different
alphabetical letters are significantly different according to
Duncan’s multiple range test at P < 0.05. TCC means total
chlorophyll contents.

Table 4 Effect of IBA and NAA concentration on root induc-
tion from plantlet of R. rosea after 6 weeks of culture

Treatment of auxins No. of root/ Length of root/

(mg/L) explant explant (cm)
0 17.7+1.4°a 2.8+0.4a

IBA 0.1 12.1£1.2¢ 1.2+0.8cd
IBA 1.0 16.4+2.4b 1.4+0.4¢
IBA 3.0 11.5+0.8d 2.1£0.6b
NAA 0.1 0.0£0.0e 0.0+0.0e
NAA 1.0 0.0£0.0e 0.0+0.0e
NAA 3.0 0.0+0.0e 0.0+0.0e

‘Data are the means + SD, of three experiments. Different
alphabetical letters are significantly different according to
Duncan’s multiple range test at P < 0.05.
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Fig. 3 In vitro rooting in R. rosea. A: Rooting on 1/2MS
medium without plant growth regulators (control), B: Root
formation on 1/2MS with 1.0 mg/L IBA, C: Rooting on 1/2MS
with 1.0 mg/L NAA. Scale bars, 1 cm.

gF WA A (endogenous auxin)o] B2 A=9] F¢ A=
Az dEdo] H7tHA e wiA A= Hhto] 2
o Fol Nt Ao elA gtk B3| BEE Ari
(Echinosophora koreansis)Z} Z<=0]| (Fatsia japonica), Z£
2ol 1 3UE (Hypericum erectum)®] 7% 2AH A5 A8

[e]

R2ABE FA7L WAAE 20~ 0%l 4] BIEE
Bt} (Choi et al. 2005; Kim et al. 2006b; Moon and Kim
2008). o= EFE HEAT AEAAFEzEEd] M7t
2] ok Hj Ao A = HhEo] o] Foj A= AiE Kol
Ao ARl Ao} vlke FAS o= Aol

71Nl AlEe &4 Ekests 483 (Addh
of ZRo)A] > Fa Lelolth. f47 HES T
stu gl Agat o7 9 A5 A9 55l o F
Qsith, 2 Ago] A4 SAHE ool S
pEom AuE Fo 24 o8 2anRy d7s
ARG AT Bl fo] Ao BFHL T
Aol dA 3] AelE= A4S B AR Aol &
| &2 28311 QItt (Hong et al. 2003). 3} A qF & o
ANA = 7Tl E2E FASAE T igES =

=
et EEOJA 95%0]4 E2S Eow 100% L3}
ek Hef S AQstie Be Aol A Ha A
A% ARS8 3L (Table 5), 453 PM+PL+SD7} &8
Azl 2EqM e 7t EGe B & (EYE
2Fg: rootage root)o] B2 A 2|70l H] Sl 3 ~ 108 ket
(Table 5). 3 shoot 7] A 5= Apo]ofl A Wok(Foh)7} &4
He oY & 5 d9d (Fig 4 D, E, F). 3hd 7]y 74
=4 ML A B 71 FAEACA &
TE2E M= $717F 4] =l (Fig. 4 A, B). &
A Uil mjsgt FA7E oF 127] A= ZFskaL /I
(Fig. 4C).
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Table 5 Effect of several substrates on the growth and survival of plantlets of R. rosea transplanting to soil pot after 8 weeks of culture

Shoot part (cm) Root part (cm) RTR
Substrate - -
Length Diameter Length Diameter (mg/g)
PM 19.9+1.7°a 1.420.1c 4.741.5de 1.240.2b 56
PL 18.9+2.4b 1.5+£0.2b 5.0+1.0d 0.9+0.4f 58
SD 14.242.7¢ 1.0+0.3ef 3.2+1.7f 0.5+0.4d 22
PM+PL 17.34£2.3¢ 1.3+0.2d 7.1£0.9b 1.1+0.3bc 78
PM+SD 15.142.3d 1.1£0.3e 6.8+0.6bc 0.5+0.1de 224
PM+PLA+SD 17.3£0.7¢ 1.740.3a 14.4+1.8a 2.3+0.2a 658

"Data are the means + Standard deviation, of three experiments (n=15). Different alphabetical letters are significantly different
according to Duncun’s multiple range test at P < 0.05. Substrate mixtures used for the test: PM, only peatmoss; PL, only pearlite;
SD, only sand; PM+PL, mixed peatmoss and pearlite (1:1); PM+SD, mixed peatmoss and sand (1:1); PM+PL+SD, mixed peatmoss,

pearlite and sand (1:1:1). PTR was described Rootage of root.
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Fig. 4 In vitro flower formation and acclimatized plantlets in
the pot in R. rosea. A: In vitro flowering of plantlet after 3
months of culture (black and white arrows indicated bloomed
flowers and flower buds), B: Flower. Double arrow and white
arrow indicate stigma and stamen, respectively, C: Ovary.
White arrows indicate immature embryo, D: Closer view of
new sprouts shown in Fig. 4F (open square), E: Acclimatized
plantlets in plastic pot after 8 weeks of transplating. F: Growth
of root in potting soil. Open square indicates new sprout. Scale
bar, 5 cm.

o
o
Z
1o
of 12
oo 0 &
tlo N
v L2
O
S o
ot ol s}
S )
> Y o e
P o ofef
24 olN o[ ofy o
(AP VR
2 N Lo
v e SN
i) E —
= =)
4 —~
o 1 12
ok ]
o -

o
~N

o
[
R

& o ¥E X > fo 3

o fo
ol
oM,
)
1o
oZ,
(2

LY

it
Flo
)
Z
S
w
>
Mot =

>

He)7} watd ol olrh.
TE=50 gL7) A7 | A
S ook 7y EEe
A7F wj Aol A 7H
I LE FAEA

koll
_::l‘
>

ox 4 A
N
2,

J 2] sucrose 2]

fo 32 oN

= lo
Mo

4

H 2
2 o,

flo

uE g

rH

N

B

N

o M

N
o
o)

T4 e o

o
o]
W g
T 4n
oo
gy
‘{nr_?l_L
2
N oo
oo To uy
= o
E?*J;Rg
MR
X B
\lﬂrlr
o o M
&
0% ¥ oXx
I
o

ek of 2 o2

oo ok H o g K

T mlo
é
>,

ol
o
rr
P
L
=
fink
<

O
=

N
=~
o)
o2
o
o
il

>

)

Afanas’ev SA, Krylatov AV, Lasukosa TV, Lishmanov YB (1996)
Participation of inducible stress proteins in the cardioprotective

effects of Rhodiolae rosea. Biochem (Moscow). 61:1258-1263

Ahn CH, Bae KH, Yi JS, Choi YE (2008) Induction and growth of
adventitious roots and bioreactor culture in Codonopsis
lanceolata. Kor J Plant Biotech 35:155-161

Bae KH, Lim S, Yoon ES, Shin CG, Kim YY, Kim YS (2005)
Effect of cytokinin and putrescine on plant regeneration from
leaf explant of Rhodiola sachalinensis A. Bor. Kor J Plant
Biotech 32:195-199

Bae KH, Yoon ES, Choi YE (2005) In vitro culture of adventitious
root from Rhodiola sachalinensis. Kor J Plant Res 4:281-286

Cho EY, Roh KS (2008) Influence of ammonium against Cadmium
effect on in vitro growth, chlorophyll and Rubisco/Rubisco
activase in Tobacco leaves. J Life Sci 5:660-667

Choi DY, Ahn SY, Lee SG, Han JS, Kim EC, Lee HB, Shin JH,
Kim EK, Row KH (2004) Separation and performance test of
whitening agent in Rhodiola sachalinensis. Kor J Plant
Biotech Bioeng 3:169-173

Choi HJ, Kim SJ, Hwang B, Ahn JC (2005) Optimization of
treatment concentration and screening of exogenous plant
growth regulators for improvement of salidroside yield in
Rhodiola sachalinensis A Bor cell suspension culture. Kor J
Plant Biotech 2:105-109

Choi KM, Hwang SJ, Ahn JC, Lee HY, Kim JH, Hwang B (2005)
In vitro propagation from axillary bud explant of Fatsia
Jjaponica Deene. et Planch. Kor J Med Crop Sci 13:300-303

Choi YE, Kim JW, Soh WY (1997a) Somatic embryogenesis and
plant regeneration from suspension cultures of Acanthopanax
koreanum. Plant Cell Rep 17:84-88

Choi YE, Kim HS, Yang DC, Choi KT (1997b). Distribution and
changes of reserve materials in cotyledon cells of Panax
ginseng related to direct somatic embryogenesis and germina-
tion. Plant Cell Rep 16:738-744.

Chung TH (1974) Korean flora (Herb part). Seoul, Academybook.
pp 283

Debnath SC (2009) Zeatin and TDZ-induced shoot proliferation
and use of bioreactor in clonal propagation of medicinal herb,
roseroot (Rhodiola rosea L). J Plant Biochem Biot 18(2):
245-248

Hong EY, Kim IH, Yun JS, Yun T, Lee CH (2003) Growth
characteristics and search for eligible cultivation area of
Rhodiola sachalinensis A. Bor. Kor J Plant Res 16:212-217

Kim CH, Kwon MC, Han JG, Ha JH, Jeong HS, Choi GP, Park UY,
Nam JH, Hwang B, Lee HY (2008) Immune activities of
Rhodiola sachalinensis A. Bor. extracts isolated with various
extraction process. Kor J Med Crop Sci 16:383-389

Kim JA, You XL, Ahn CH, Lee JS, Choi YE (2007) Plant
Regeneration via direct adventitious roots from free root
segments of Ulmus davidiana Planch. J Korean Forest Sci
96(1): 83-88

Kim JY, Seong NS, Lee YJ (2006a) A study on the effects of
Rhodiola rosea root on the cancers. Kor J of Herb 21:79-87

Kim ML, Nam DW, Ahn JC, Hwang B (2006b) Micropropagation
of Hypericum erectum by axillary bud culture. Kor J Med
Crop Sci 14:23-26

Lichtenthaler HK (1987) Chlorophylls and carotenoids: pigments



120

J Plant Biotechnol (2012) 39:114-120

of photosynthetic biomembranes. Meth Enzymol 148:350-382

Linch PT, Kim YH, Hong SP, Jian JJ, Kang JS (2000) Quantitative
determanation of salidroside and tyrosol from the chromatog-
raphy. Arch Pharm Res 23:349-352

Lishmanov YB, Maineskulova LA, Uskina EV, Maslov LN (1999)
Opiatergic mechanisms of cardioprotective and antiarrhythmic
effects of adaptation. Bull Exp Bio and Medi 127:151-154

Ming HQ, Xia GC, Zhang RD (1988) Advanced research on
Rhodiola. Chin Trad Herbal Drug 19:229-234

Moon HK, Noh EW, Ha YM, Shim KK (2002) Micropropagation
of juvenile and mature tree of Corylopsis coreana by axillary
bud culture. Kor J Plant Tiss Cult 29:117-121

Moon HK, Suk GY, Kwon YJ, Son SH (1999) Micropropagation
of arare species, Abeliophyllum distichum Nakai. via axillary

bud culture. Kor J Plant Tiss Cult 26:133-136

Moon HK, Kim YW (2008) In vitro propagation of a rare species,
Echinosophora koreensis Nakai. by axillary bud culture. Kor
J Plant Tiss Cult 35:229-234

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Physiol Plant
15:473-479

Park HU, Yoon JH, Kim JY, Jeong CH, Park CK, Song WS, Seo KI
(2005) Biological activity of the fractions extracted from
Rhodiola dumulosa. Kor Soc Food Pres 12:596-500

Petkov VD, Yonkov D, Mosharoff A, Kambourova T, Alova L,
Petkov V, Todorov I (1986) Effects of alcohol aqueous extract
from Rhodiola rose L. root on learning and memory. Act
Physiol Pharmacol Bulg 12:3-16




<<
  /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


