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Introduction
The genus Rhodiola (Crassulaceae) consists of many

species. These plants originate from arctic regions of Asia,
Europe and North America, and are used in traditional med-
icine of many countries, mainly as adaptogens, anti-depres-
sants, and anti-inflammatory drugs. The most known is
Rhodiola rosea. Extracts of Rhodiola rosea are present on
the European market as dietary supplements. Our investi-
gations on the immunotropic effects of extracts obtained
from three Rhodiola species – rosea, quadrifida and kir-
ilowii, began more than fifteen years ago [1, 2]. Since this
time, we published the results of many in vitro and in vivo

experimental studies on the immunotropic and anti-angio-
genic effects of extracts prepared from underground parts
of Rhodiola rosea, Rhodiola quadrifida and Rhodiola kir-
ilowii. We presented for the first time stimulatory effect of
extracts prepared from these three Rhodiola species on
some parameters of specific and non-specific cellular immu-
nity in mice, rats and pigs [3-13]. We also reported anti-
angiogenic activity of these extracts on tumor-induced cuta-
neous angiogenesis [14-17]. The aim of the present study
was to investigate the influence of feeding mice for 
7 days R. quadrifida aqueous (RQW) or 50% hydro-alco-
holic (RQA) extracts on the subsequently induced bacterial
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infection (Pseudomonas aeruginosa) in mice, on the leuko-
cyte blood subpopulations in their blood and on the anti-
sheep red blood cells (SRBC) antibody production.
Pseudomonas aeruginosa is one of the most dangerous
pathogens for patients during cancer therapy, subjected to
immunosuppressive treatment, or people immunocompro-
mised from the other reasons.

Material and methods

Preparation and analysis of extracts

Rhizomes of R. quadrifida were collected in Altai
mountain in Mongolia, thanks to Dr H. Wiedenfeld. The
Mongolian plant material was identified; voucher specimen
was deposited at the herbarium of the Institute of Botany
of Mongolian Academy of Science in Ulaanbaatar. Sample
extractions were performed as described before [3]. Briefly,
aqueous extracts: finely powdered roots were extracted with
water two times in the temperature 40-45°C. The super-
natants were combined and after centrifugation at 3000 rpm
for 15 min, were lyophilized. Hydro alcoholic extracts: fine-
ly powdered roots were extracted with ethanol/water solu-
tion (1/1, V/V) by the percolation method. The percolates
were lyophilized which was preceded by the distilling off
the ethanol in the temperature 40-45°C. Extracts were dis-
solved in 10% ethyl alcohol before administration to the
animals.

High-performance liquid chromatography (HPLC)
analysis was performed (with the samples diluted with
methanol) on Agilent 1100 HPLC system, equipped with
photodiode array detector. For all separations a Lichrospher
100 RP18 column (250.0 mm × 4.0 mm, 5 μm) from Mer-
ck was used. The mobile phase consisted of 0.05% phos-
phoric acid in water (A) and acetonitrile (B), applied in the
following gradient elution: from 95A/5B to 80A/20B for
30 min then from 80A/20B to 20A/80B for 5 min and an
isocratic elution for 15 min. Each run was followed by an
equilibration period of 10 min. The flow rate was adjusted
to 1 ml/min, the detection wavelength set to DAD at 
λ = 205 nm, 220 nm, 254 nm, 330 nm and 20 μl of samples
was injected. All separations were performed at a temper-
ature of 25°C. Peaks were identified by spiking the samples
with standard compounds and comparison of the UV-spec-
tra and retention times.

Animal

Studies were performed on B6C3F1 hybrid mice, males,
at the age of 7-9 weeks, 22-27 g of body mass, delivered

from own breeding colony (leukocytes and bacterial infec-
tion study) and on 7-9 weeks old female Balb/c mice, 20-
25 g of body mass, delivered from the Polish Academy of
Sciences breeding colony (antibody study).

Study of antibody production

Mice were fed Rhodiola extract or 10% alcohol (con-
trols) for 7 days, before intraperitoneal injection of 0.2 ml
10% SRBC suspension. Animals received daily 40 or 
200 μg of the extract (feeding with use of Eppendorf
pipette). These doses corresponded to about 20 and 100 mg
given to 70 kg person (applying the coefficient equal 7 for
adjusting differences between mouse and human in relation
of the surface to body mass). Mice received drugs by
Eppendorf pipette, in 0.04 ml of 10% ethyl alcohol. Con-
trol mice were fed 0.04 ml of 10% ethyl alcohol. Each
experimental or control group consisted of ten animals.
Mice were bled in anesthesia from retro-orbital plexus 
7 days after immunization.

The antibody level was evaluated with haemagglutina-
tion assay in heat inactivated (56°C, 30 min) sera. After per-
forming a series of sera dilutions, 0.5% SRBC were added
and the mixture was incubated for 60 min at room temper-
ature, then centrifuged (10’, 150 g) and shaken. The hemag-
glutination titer was evaluated in a light microscope – as
the last dilution in which at least 3 cell conglomerates were
present in at least 3 consecutive fields at objective magni-
fication 20×.

Leukocyte subpopulations

Rhodiola quadrifida extracts were administered to the
groups of 8 mice each, per os, in daily doses of 50 or 
400 μg. These doses corresponded to about 25 or 200 mg
given to 70 kg person. Mice were bled in anesthesia from
retro-orbital plexus 7 days after immunization and sacri-
ficed with Morbital. Counting of leukocytes and blood
smears examination were performed by routine methods.
The results are presented as inhibitory or stimulatory
indices, calculated by dividing number of cells (lympho-
cytes or granulocytes) in 1 ml of blood of each experimen-
tal animal, by mean number of cells/ml of blood of animals
belonging to the corresponding control groups.

Bacterial infection

Mice were fed R. quadrifida extracts 400 μg daily, in
10% ethyl alcohol, or 0.04 ml of 10% alcohol as a control,
for 7 days. On the day eighth mice were infected intraperi-
toneally (i.p.) with Pseudomonas aeruginosa strain ATCC
(27853). Four hours after administration of 0.1 ml of bac-

Table 1. Analysis of extracts of Rhodiola quadrifida (values in [%])

Extracts Gallic acid Salidroside Tyrosol Chlorogenic acid Tannins

Aqueous 3.22 1.15 1.00 0.23 5.66

50% hydro-alcoholic 1.37 2.39 2.04 0.30 16.21

The in vivo effect of Rhodiola quadrifida extracts on the antibody production, on the blood leukocytes subpopulations 
and on the bacterial infection in mice
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teria suspension (3 × 107 CFU) the mice were anaesthetized
with barbiturates and killed by spinal dislocation after which
the livers were isolated. The livers were homogenized and
the number of viable bacteria were estimated by plating after
24 hours growth on Cetrymide agar (Merck) [8].

All experiments were approved by Local Ethical Com-
mittee.

Statistical evaluation of the results

The results were verified statistically (GraphPad Prism
software package) by two-way ANOVA and Bonferroni
post-test (leukocytes and antibody production) and by one-
way ANOVA and Dunnett’s multiple comparison test (bac-
terial infection).

Results
The results of the estimation of blood leukocytes num-

ber are presented on the Fig. 1. Both lymphocytes and gran-
ulocytes numbers in the blood collected from mice fed
R. quadrifida water extract were significantly lower than in
the respective controls. In the case of R. quadrifida hydro-
alcoholic extract, however, no such differences were
observed. Moreover, mice fed higher RQA dose presented
more lymphocytes in their blood than their corresponding
controls.

The results of the experiments with bacterial infection
are presented on the Fig. 2. RQA extract significantly dimin-
ished number of bacteria in livers of infected mice. Mice

fed aqueous RQW extract presented no differences from
mice belonging to the control group.

There were no effect of both extracts on anti-SRBC anti-
body production in lower 0.04 mg dose, in higher dose (0.2
mg) aqueous (RQW) extract diminished anti-SRBC anti-
body response (p < 0.01).

Discussion
In the previous studies, performed in vitro, we observed

enhancement of intracellular respiratory burst and potential
bactericidal activity in rat blood leukocyte cultures in the
presence of R. rosea, R. kirilowii and R. quadrifida extracts
[3, 5, 9, 10]. We also reported inhibitory effect of R. rosea
extracts on bacterial infection in mice [8]. In the present
paper we confirmed this last effect for the hydro-alcoholic
extract obtained from R. quadrifida. Aqueous extract
from R. quadrifida, however, have not presented inhibito-
ry activity. The reason for this difference is not clear. One
might hypothesize that it is connected with different pattern
of leukocytosis in mice pretreated with these two types of
R. quadrifida extracts. In mice fed hydro-alcoholic extract
number of blood leukocytes significantly increased, in mice
fed aqueous extract number of blood leukocytes signifi-
cantly decreased (both lymphocytes and granulocytes).
Accordingly, antibody production was diminished in mice
fed 0.2 mg of aqueous extract. We have not found reports
on the influence of R. quadrifida on humoral immunity. In
our previous study on the influence of R. rosea roots on the
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Fig. 1. The effect of feeding mice Rhodiola quadrifida water
(RQW) or hydro-alcoholic (RQA) extracts for 7 days on lym-
phocyte and granulocyte number in their blood. Results are
presented as inhibition/stimulation indices in respect to the
control
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antibody production we obtained stimulation of this param-
eter of humoral immunity [1]. Also Guan et al. and Mishra
et al. reported adjuvant effects of extracts and compounds
isolated from R. rosea and Rhodiola imbricata [18, 19]. It
remains to elucidate, whether the lack of anti-bacterial effect
presented by water extract of R. quadrifida might be con-
nected with the presence of factors impairing lympho- and
granulopoiesis, or factors toxic for mature leukocytes. Pre-
vious in vitro study performed on rats and pigs blood leuko-
cytes did not reveal cytotoxic effects up to the 1000 μg/ml
concentration. However, concentrations higher than 
10 μg/ml diminished respiratory burst and potential killing
activity, but without difference between both types of
extracts [4, 11]. In other in vivo study, we observed again
stimulatory effect of R. quadrifida hydro-alcoholic extract
on cellular immunity in mice (graft-versus-host reaction)
and no effect of R. quadrifida aqueous extract on this
parameter [5]. Mielcarek et al. [20] performed phytochem-
ical investigation of Rhodiola extracts (prepared from under-
ground parts of R. rosea and R. quadrifida) using high per-
formance thin layer chromatography (HPTLC), HPLC and
spectrophotometric methods. Substantial differences were
found in the qualitative and quantitative composition of the
extracts. Generally, hydro-alcoholic extracts contained more
glycosides and phenolic acids than aqueous extracts, with
one exception – the highest concentration of gallic acid was
observed in aqueous extract of R. quadrifida.

There are some papers about direct in vitro anti-viral
and anti-bacterial activity of Rhodiola extracts and gallic
acid [21-24]. We could not exclude such possibility, but we
rather think that in our present in vivo study, antibacterial
effect of Rhodiola hydro-alcoholic extract was indirect,

mediated by activated leukocytes migrating to the peritoneal
cavity from the blood. Lack of effect of aqueous extract may
be connected with high content of gallic acid and its nega-
tive influence on the level and activity of white blood cells
(mononuclears and granulocytes). It was reported, that gal-
lic acid inhibits cell viability and induces apoptosis in
human monocytic cell line U937 [25], and induces neuronal
cell death through activation of c-Jun N-terminal kinase and
downregulation of Bcl-2 [26]. Gallic acid derivative, propyl
gallate, inhibits the growth of endothelial cells via caspase-
independent apoptosis [27]. It was also reported that gallic
acid inhibits the growth of HeLa cervical cancer cells via
apoptosis and/or necrosis [28]. Derivatives of gallic acid
induce apoptosis in tumoral cell lines and inhibit lympho-
cyte proliferation [29].

References
1. Furmanowa M, Olędzka H, Michalska M, et al. (1995): Rho-

diola rosea L. in vitro regeneration and the biological activity
of roots. In: Biotechnology in Agriculture and Forestry 33:
Medicinal and Aromatic Plants VIII. Bajaj YP (ed.). Springer-
Verlag, Berlin, Heidelberg; 412-426.

2. Furmanowa M, Skopińska-Różewska E, Rogala E, Hartwich M
(1998): Rhodiola rosea in vitro culture phytochemical analy-
sis and antioxidant action. Acta Societat Botan Pol 67: 69-73.

3. Siwicki AK, Skopińska-Różewska E, Hartwich M, et al.
(2007): The influence of Rhodiola rosea extracts on non-spe-
cific and specific cellular immunity in pigs, rats and mice. Cen-
tr Eur J Immunol 32: 84-91.

4. Wójcik R, Siwicki AK, Skopińska-Różewska E, et al. (2008):
The in vitro influence of Rhodiola quadrifida extracts on non-
specific cellular immunity in pigs. Centr Eur J Immunol 33:
193-196.

5. Skopińska-Różewska E, Wójcik R, Siwicki AK, et al. (2008):
The effect of Rhodiola quadrifida extracts on cellular immu-
nity in mice and rats. Pol J Vet Sci 11: 105-111.

6. Skopińska-Różewska E, Bychawska M, Sommer E, Siwicki
AK (2008): The in vivo effect of Rhodiola quadrifida extracts
on the metabolic activity of blood granulocytes in mice. Cen-
tr Eur J Immunol 33: 179-181.

7. Wójcik R, Siwicki AK, Skopińska-Różewska E, et al. (2009):
The in vitro effect of R. quadrifida and R. kirilowii extracts on
pigs blood lymphocyte response to mitogen ConA. Centr Eur
J Immunol 34: 166-170.

8. Bany J, Zdanowska D, Skopińska-Różewska E, et al. (2009):
The effect of Rhodiola rosea extracts on the bacterial infection
in mice. Centr Eur J Immunol 34: 35-37.

9. Wójcik R, Siwicki AK, Skopińska-Rózewska E, et al. (2009):
The effect of Chinese medicinal herb Rhodiola kirilowii
extracts on cellular immunity in mice and rats. Pol J Vet Sci
12: 399-405.

10. Skopińska-Różewska E, Bychawska M, Białas-Chromiec B,
Sommer E (2009): The in vivo effect of R. rosea and R. quadri-
fida hydro-alcoholic extracts on chemokinetic activity of spleen
lymphocytes in mice. Centr Eur J Immunol 34: 42-45.

11. Wójcik R, Siwicki AK, Skopińska-Różewska E, et al. (2009):
The in vitro influence of R. kirilowii extracts on blood granu-
locytes potential killing activity (PKA) in pigs. Centr Eur 
J Immunol 34: 158-161.

8

6

4

2

0
Control 200 μg 40 μg

Daily dose of Rhodiola quadrifida aquaeous (RQW) or hydro-alcoholic 
(RQA) extract

M
ea

n 
lo

g 
tit

er
 ±

 S
D

RQW

RQA

Fig. 3. The effect of feeding mice Rhodiola quadrifida water
(RQW) or hydro-alcoholic (RQA) extracts for 7 days on anti-
body production in mice

** p < 0.01



Central European Journal of Immunology 2012; 37(2)144

12. Skopińska-Różewska E, Bychawska M, Białas-Chromiec B,
et al. (2010): The in vivo effect of Rhodiola kirilowii extracts
on blood granulocytes metabolic activity in mice. Centr Eur 
J Immunol 35: 20-24.

13. Skopińska-Różewska E, Sokolnicka I, Siwicki AK, et al.
(2011): Dose-dependent in vivo effect of Rhodiola and Echi-
nacea on the mitogen-induced lymphocyte proliferation in
mice. Pol J Vet Sci 14: 265-272.

14. Skopińska-Różewska E, Mścisz A, Sommer E, et al. (2005):
The influence of different Rhodiola extracts on murine tumor
cells angiogenic activity. Herba Polonica 51: 172.

15. Skopińska-Różewska E, Malinowski M, Wasiutyński A, et al.
(2008): The influence of R. quadrifida 50% hydro-alcoholic
extract and salidroside on tumor-induced angiogenesis in mice.
Pol J Vet Sci 11: 97-104.

16. Skopińska-Różewska E, Wasiutyński A, Sommer E, et al.
(2008): The influence of Rhodiola rosea, R. kirilowii, and
R. quadrifida extracts on cutaneous angiogenesis induced in
mice after grafting of human kidney cancer tissue. Centr Eur
J Immunol 33: 185-189.

17. Skopińska-Różewska E, Hartwich M, Siwicki AK, et al.
(2008): The influence of R. rosea extracts and rosavin on cuta-
neois angiogenesis induced in mice after grafting of syngene-
ic tumor cells. Centr Eur J Immunol 33: 102-107.

18. Guan S, He J, Guo W, et al. (2011): Adjuvant effects of salidro-
side from Rhodiola rosea L. on the immune responses to 
ovalbumin in mice. Immunopharmacol Immunotoxicol 33: 
738-743.

19. Mishra KP, Chanda S, Shukla K, Ganju L (2010): Adjuvant
effect of aqueous extract of Rhodiola imbricate rhizome on the
immune responses to tetanus toxoid and ovalbumin in rats.
Immunopharmacol Immunotoxicol 32: 141-146.

20. Mielcarek S, Mscisz A, Buchwald W, et al. (2005): Phyto-
chemical investigation of Rhodiola sp. Root extracts. Herba
Polonica 51: 159.

21. Jeong HJ, Ryu YB, Park SJ, et al. (2009): Neuraminidase
inhibitory activities of flavonols isolated from Rhodiola rosea
roots and their in vitro anti-influenza viral activities. Bioorg
Med Chem 17: 6816-6823.

22. Wong YC, Zhao M, Zong YY, et al. (2008): Chemical con-
stituents and anti-tuberculosis activity of root of Rhodiola kir-
ilowii. Zhongguo Zhong Yao Za Zhi 33: 1561-1565.

23. Kratz JM, Andrighetti-Fröhner CR, Kolling DJ, et al. (2008):
Anti-HSV-1 and anti- HIV-1 activity of gallic acid and pentyl
gallate. Mem Inst Oswaldo Cruz 103: 437-442.

24. Zuo G, Li Z, Chen L, Xu X (2007): Activity of compounds
from Chinese herbal medicine Rhodiola kirilowii (Regel) Max-
im against HCV NS3 serine protease. Antiviral Res 76: 86-92.

25. Kim NS, Jeong SI, Hwang BS, et al. (2011): Gallic acid inhibits
cell viability and induces apoptosis in human monocytic cell
line U937. J Med Food 14: 240-246.

26. Kang MK, Kang NJ, Jang YJ, et al. (2009): Gallic acid induces
neuronal cell death through activation of c-Jun N-terminal
kinase and downregulation of Bcl-2. Ann N Y Acad Sci 1171:
514-520.

27. Han YH, Moon HJ, You BR, et al. (2010): Propyl gallate
inhibits the growth of endothelial cells, especially calf pul-
monary arterial endothelial cells via caspase-independent apop-
tosis. Int J Mol Med 25: 937-944.

28. You BR, Moon HJ, Han YH, Park WH (2010): Gallic acid
inhibits the growth of HeLa cervical cancer cells via apopto-
sis and/or necrosis. Food Chem Toxicol 48: 1334-1340.

29. Serrano A, Palacios C, Roy G, et al. (1998): Derivatives of gal-
lic acid induce apoptosis in tumoral cell lines and inhibit lym-
phocyte proliferation. Arch Biochem Biophys 350: 49-54.

Ewa Skopińska-Różewska et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /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.)
    /POL <>
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


