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Abstract — A screening of Nepalese wild herbs for their antioxidant and antiobesity activity was carried out. The
herbs including Allium hyposistum, Crateva unilocularis, Dryoathyrium boryanum and Cuscuta reflexa are widely
used traditionally for various medicinal purposes in Nepal. The ethyl acetate fraction of D. boryanum showed
polyphenol content of 266 ngGAE/mg with potent antioxidative activity assessed by DPPH free radical
scavenging activity and hydrogen peroxide scavenging activity. The EtOAC fraction of D. boryanum also
inhibited the lipid formation with 35% at 100 pg/mL in 3T3-L1 cell model. Along with this, butanol fraction of C.
reflexa also showed potent antioxidative activity and inhibition of 80% of lipid formation at the test concentration
of 75 ug/mL in 3T3-L1 cell line. This showed that these plant extracts have potential of antioxidant and

antiobesity activity.
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Introduction

Obesity is a serious health problem leading to
shortened life expectancy due to the complications from
resultant diseases such as heart disease, type 2 diabetes,
hyperlipidemia, cancer and osteoarthritis (Park et al,
2010). It is generally accepted that weight management
plays a significant role in the prevention of these diseases.
Therefore, much research has been conducted on the
identification of natural substances that exhibit antiobestic
properties. As a consequences numerous dietary supple-
ments that promote the reduction of body weight and fat
mass are now available on market (Jun et al., 2010).

Reactive oxygen species or free radicals in biological
systems including hydroxyl radical (‘OH), superoxide
anion (Oy), hydrogen peroxide (H,0O,) and singlet oxygen
('O,) have been associated with many age related
degenerative diseases and these reactive oxygen species
could be one of important links between obesity and its
major associated disorders such as insulin resistance and
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hypertension (Kim et al., 2010). Plasma lipids are oxidized
at a faster rate in obese persons compared with those of
non-obese persons. In obesity, elevated lipid pools in the
adipose tissue depots or in the blood are targets for free
radical attack (Vincent et al, 2006). Moreover, the
surrounding circumstances make more intensified and
serious obesity as well as other obestic complications.
Recent studies have suggested that dietary supplementation
with radical scavenging ability may relate to reduction of
body weight or several obesity related disorders.

Due to extreme geographical diversity, unique topography
and climatic condition, Nepal has a wide variety of flora
and fauna. Nepal is rich with approximately 5800
flowering plant species. There are about 800 plant species
with reported medicinal values (Manandhar, 1998). A
number of medicinal plant species are used in different
traditional systems in diversified patterns from centuries
ago in Nepal. Despite the reputation earned by medicinal
and aromatic plants of Nepal, very little work has been
reported for their chemical constituents and biological
activities. So, as a continuous effort to search for new
antiobesity natural product, we have tried to study and
report the antioxidant and antiobesity activity of Nepalese
traditional herbs from a potential virgin filed of research.
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Allium hyposistum is an herb that is used extensively as
a spice to flavor vegetable, pickles and meat in Nepal.
Most of the households use this herb as a medicine for the
treatment of flu. Crateva unilocularis is a deciduous herb.
The shoot of the plant is used as vegetable and believed to
help in diabetes. The fruit paste of this herb is used in
case of smallpox (Manandhar, 1990). Dryoathyrium
boryanum is an herbaceous fern. The tender shoot is
cooked as vegetable and is medicinally used as demulcent,
stomachic and laxative. Cuscuta reflexa is a holoparasite
distributed throughout Nepal. The plant is believed to
purify blood, clean the body and lessen inflammation.
Paste of the plant is applied to relieve body pain and the
juice of the plant is widely used for the treatment of
jaundice (Rajbhandari, 2001). Some scientific study
showed that methanolic extract of C. reflexa has
significant anticonvulsive property by altering the level of
cathecholamines and brain amino acids in mice (Gupta et
al., 2003). The petroleum ether extract of C. reflexa
showed reduction in muscle relaxant activity and showed
analgesic properties as well (Pal er al., 2003). The
methanol extract of C. reflexa stem was found to cause
significant increase in clotting time in mice at moderate
and high doses (Mazumder et al., 2003). Moreover, it
showed significant antibacterial activity against staphylo-
coccus aureus, Shigella boydii, Pseudomonas aeruginosa,
Shigella dysenteriae and Escherichia coli (Pal et al., 2006).

Materials and Methods

Plant materials and Extraction — Allium hyposistum
(aerial part), Crateva unmilocularis (plant shoots),
Dryoathyrium boryanum (aerial part) and Cuscuta reflexa
(whole plant) were collected from Nepal. The plants were
identified with the help of literature comparision. In
addition to this, it was further confirmed by the taxonomy
expert Mr. Kuber Jung Malla, Department of Plant
Resources, Kathmandu, Nepal.

Hot extraction of shed dried plant parts with methanol
was carried out. After filtration, the methanol was then
evaporated in vacuum. So formed dry methanol extract
(MeOH) was suspended in water. Fractionation with
Hexane, ethyl acetate and butanol was carried out
successively to give hexane extract (Hex), ethyl acetate
extract (EtoAc), butanol extract (BuOH) and water
soluble residue (H,0).

Total polyphenol Content — Total polyphenol content
of different fractions of plants was determined using
Folin-Ciocalteu reagent according to the method of
Singleton and Rossi with some modification (Singleton
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and Rossi, 1965). 1 N Folin-Ciocalteu reagent (1 mL) was
added to 1 mg/mL plant extracts (1 mL) followed by the
addition of distilled water (SmL). After Smin of
incubation 10% Na,Cos; (1 mL) was added and incubated
for 1hour in the dark at room temperature. The
absorbance was measured at 725 nm using UV spectro-
photometer. A calibration curve of gallic acid was drawn
with the concentration of 10, 50, 100, 150, 200, 250 pg/
mL. Using the standard calibration curve of gallic acid the
total polyphenol content of extracts were expressed as
microgram of gallic acid equivalent per milligram of
extracts (ug GAE/mg).

DPPH radical scavenging activity — The antioxidant
capacity of different fractions of plants were confirmed by
the DPPH free radical scavenging activity assay
according to Hazra et al. with slight modification (Hazra
et al., 2010). Different concentrations (10, 50, 100 pg/
mL) of the extracts prepared in DMSO was added to 150
uM DPPH and kept in dark for 30 min. The optical
density of resultant solution was measured in UV
spectrophotometer at 517 nm. Ascorbic acid was used as
positive control. All the measurements were repeated for
three times. The percentage radical scavenging activity
was measured from the following formula.

Percentage radical scavenged = [(Ag — A1)/ Ag]*100

Where A, was the absorbance of control and A; was
the absorbance of sample.

Hydrogen Peroxide scavenging activity — This assay
was based on the ability of different fractions of plant
extracts to scavenge the hydrogen peroxide in ABTS-
peroxidase medium according to the method of Muller
(Muller, 1985). Sample (20 ul) and 1 mM hydrogen
peroxide (20 pul) were mixed with phosphate buffer (100
pl) in a 96-microwell plate and incubated for 5 min.
Finally freshly prepared 1.25 mM ABTS (30 ul) and 1 U/
mL peroxidase (30 ul) were mixed and incubated at 37 °C
for 10 minutes. The absorbance was measured in ELISA
reader at 405 nm.

Cell viability assay—Cell viability assay was
conducted to determine the cell toxicity effect of plant
extracts on 3T3-L1 preadipocyte cells. Cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM) with
10% Bovine calf serum (BCS) at 37 °C in 5% CO,. 3T3-
L1 preadipocytes were placed in 48 well plates at a
density of 2.5 x 10* cells/well. Cells were then cultured
for 24 hours. After 24 hours, medium was changed by
DMEM and plant extracts of 10, 50 and 100 ug/mL were
added and cultured for another 24 hours. MTT (5 mg/mL)
solution prepared in phosphate buffer saline was added to
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each well and incubated for 2 hours at 37 °C. Formazan
formed by viable cells was dissolved with dimethylsul-
foxide (DMSO) and absorbance was determined at 520
nm by ELISA reader. Cell viability less than control
group was considered as toxic dose. If toxicity is seen,
experiment was repeated in lower concentration to find
non-toxic dose in 3T3-L1 preadipocyte cells.

Adipocyte differentiation of 3T3-L1 preadipocyte
cells — 3T3-L1 preadipocyte cells (3 of cell passage) were
cultured in DMEM with 10% BCS at 37 °C in 5% CO,
After post confluent, cells were exposed to differentiation
medium consisting of DMEM with 10% Fetal bovine
serum (FBS), 10 pg/mL insulin, 1 uM dexamethasone
and 0.5 mM 3-isobutyl-1-methylxanthin for 2 days. Cells
were incubated for additional 2 days in DMEM containing
10% FBS and 10 pg/mL insulin followed by culturing
with 10% FBS in DMEM for an additional 4 days. On
day 0, 2, and 4 plant extracts in three different non-toxic
doses were treated (Yang et al., 2008).

Oil red O staining — Oil red O staining was used to
monitor lipid accumulation in differentiation adipocytes.
Monolayer cells were washed with phosphate buffered
saline (PBS), fixed with 10% formalin PBS (pH 7.4) and
stained with 0.2% Oil Red O/isopropanol for 1 hour and
excess of stain was removed by 60% isopropanol. Stained
oil droplets were dissolved with isopropanol and quantified
at 510 nm by ELISA reader (Yang et al., 2008).

Results and Discussion

Total polyphenol content — Phenolic compounds
constitute a group of substances that are widely present in
the plant kingdom, where more than 8000 are known with
different chemical structures and activities. Polyphenols
have pharmacological properties such as antioxidant,
antithrombotic, anti-inflammatory and anti-HIV activity
(Hsu et al., 2006). Several polyphenols have been shown
to exert an effect on lipid catabolism, glucose transport,
insulin-receptor function and peroxisome proliferator
activated receptors (PPARS) activation, all of which play
essential roles in obesity. It has been reported that plant
polyphenols increase the activity and gene expression of
enzymes involved in hepatic fatty acid oxidation in
experimental animals (Fukuchi et al, 2008). For the
qualitative analysis the TLC plates were treated with
ferric chloride solution. Then the polyphenol content was
compared with gallic acid content per milligram of
extract. All fractions of different extracts showed presence
of certain level of polyphenol content. Ethyl acetate
fraction of C. reflexa showed high content of 304 + 4.45

125

350.0
300.0

250.0

1500
E077
000 .
500 f .
0.0

A. hyposistum

GAE ng/mg

C. unifocularis D. borvanum C.reflexa

Wl Hexane extract

Methanol extract

[]  Ethyl acetate extract

Water extract

B Butanol extract

Fig. 1. Total polyphenol content of fractions of different plant
extracts. Results are mean + SD of triplicate data.

pngGAE/mg of polyphenol. The result is as shown in Fig. 1.

DPPH radical scavenging activity — Virtually all
diseases thus far examined involve free radicals. In most
cases, free radicals are secondary to the disease process,
but in some instances free radicals are causal. Thus, there
is a delicate balance between oxidants and antioxidants in
health and disease. In normal healthy physiology, free
radicals can be combated with endogenous antioxidant
defenses. But in case of obesity, antioxidant defenses are
compromised and several sources of free radical
production might contribute to exacerbation of oxidative
damage (Vincent et al., 2006).

DPPH radical is a stable chemically synthesized
radical, which is frequently used for the evaluation of
antioxidative activity due to its convenience to handle. All
the extracts exhibited certain level of DPPH radical
scavenging activity and the activity increased with the
increase in concentration of the extract. Ascorbic acid was
taken as positive control. The result showed ethyl acetate
fraction of D. boryanum along with ethyl acetate fraction
and butanol fraction of C. reflexa have radical scavenging
activity significantly comparable with that of ascorbic
acid at the concentration of 100 pg/mL. The result is as
shown in Fig. 2.

Hydrogen Peroxide scavenging activity — Hydrogen
peroxide is a weak oxidizing agent that inactivates a few
enzymes directly, usually by oxidation of essential thiol
(-SH) groups. It can cross cell membranes rapidly; once
inside the cell, it can react with Fe?* and possibly Cu*"
ions to form hydroxyl radicals and this may be the origin
of many of its toxic effects (Hazra et al., 2010). Hydrogen
peroxide in ABTS-peroxidase medium was used for the
production of hydroxyl radical in the medium. Butylated
hydroxyanisole (BHA) was used as positive control.
Butanol fraction of A. hyposistum showed hydrogen
peroxide scavenging activity significantly at 100 pg/mL
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Fig. 3. Hydrogen peroxide scavenging activity of different fractions of plants. Results are mean+SD of triplicate data.
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Fig. 4. Inhibition of lipid formation in 3T3-L1 cell by different fractions of plants. Results are mean+SD of triplicate data. *p <0.005 vs

control group, #p <0.05 vs control group (studentis t-test).

comparable with that of BHA. Ethyl acetate, butanol and
methanol fractions of C. wunilocularis, D. boryanum and
C. reflexa showed significant scavenging activity compared
with BHA. Results are shown in Fig. 3.

Adipocyte differentiation of 3T3-L1 preadipocyte
cells — Obesity is characterized at the cell biology level by
an increase in the number and size of a adipocytes
differentiated from fibroblastic preadipocytes in adipose
tissues (Hsu ez al., 2006). 3T3-L1 cell line is a classic cell
type to study adipogenesis developed through clonal
expansion of rodent derived cells. It is frequently used for
screening of adipogenesis potential of various agents
(Poulos et al, 2010). After cell viability test three
different concentrations without toxicity was considered
for the activity test. The ethyl acetate fraction of A.
hyposistum was found to be very toxic to the cell so it
was not considered for the test. Ethyl acetate fraction of
D. boryanum at the concentration of 100 pg/mL showed
almost 35 + 0.57% of inhibition while butanol fraction of

C. reflexa at the concentration of 75 pg/mL showed high
inhibition of almost 80 £ 0.73% of lipid formation. The
result is as shown in Fig. 4.

Various antiobesity drugs have been studied and
developed such as rimonabant, metformin, exenatde,
redux and fen-phen to reduce or control body weight.
However, these antiobesity drugs frequently elicit serious
side effects including high blood pressure, headache,
constipation and insomnia. Safe and efficacious regimens
based on complementary and alternative medicine could
contribute significantly to weight management and
reduction efforts to avert obesity (Park et al., 2010). Of
interest, recent studies reported an antiobesity effect of
herbs with little toxicity. Obesity has been shown to be
one of the conditions that decrease antioxidant capacity.
Obesity seems to decrease antioxidant defense by lowering
the antioxidant enzymes such as catalase, glutathione
peroxidase, glutathione reductase and by altering the
activity of cytochrome P-450 (Ozaydin et al., 2006).
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Oxidative stress is directly related with plasma malondial-
dehyde (MDA) level. Experiment showed an increase in
plasma MDA level and decrease in vitamin-E
concentration in the obese than in the non obese group
(Skrha et al., 1999). As of the evidence, oxidative stress
plays an important role in the pathogenic mechanism of
obesity and obesity associated metabolic syndrome. So, in
our study, the inhibition of lipid formation in cell line by
ethyl acetate fraction of D. boryanum and butanol fraction
of C. reflexa can be correlated with the high polyphenol
content and antioxidative activity of those fractions.
Chemical constituents from D. boryanum has not been
reported yet, while different polyphenols like caffeoylquinic
acid, quercetin, kaempferol has been isolated from C.
reflexa. This experiment suggests that chemical isolation
from butanol fraction of C. reflexa could lead to isolation
of potent antioxidant and antiobesity active compounds.

Conclusion

Antioxidative activity by DPPH free radical scavenging
activity and hydrogren peroxide scavenging activity along
with antiobesity activity by inhibition of lipid
accumulation in 3T3-L1 cell model of hexane, ethyl
acetate, butanol, methanol and water fractions of A.
hyposistum, C. unilocularis, D. boryanum and C. reflexa
was carried out. Ethyl acetate fraction of D. boryanum
and C. reflexa showed significantly high content of
polyphenol. Ethyl acetate fraction of D. boryanum
showed potent antioxidative activity in dose dependent
manner and it showed an inhibition of lipid formation in
3T3-L1 cell model by 35% while Ethyl acetate and
butanol fraction of C. reflexa showed potent antioxidative
activity in dose dependent manner and the butanol
fraction showed an inhibition of lipid formation by 80%
in 3T3-L1 cell model. The antiobesity activity of these
plants in 3T3-L1 cell model was reported for the first
time.

Acknowledgment

This research was supported by Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education,
Science and Technology (2010-0024284).

References

Chew, Y.L., Chan, E'W., Tan, PL., Lim, Y.Y., Stanslas, J., and Goh, J. K.,
Assessment of phytochemical content, polyphenolic composition

Natural Product Sciences

antioxidant and antibacterial activities of leguminosae medicinal
plants in peninsular Malaysia. BMC Complement. Altern. Med. 11, 12-
22 (2011).

Fukuchi, Y., Hiramitsu, M., Okada, M., Hayashi, S., Nabeno, Y., Osawa,
T., and Naito, M., Lemon polyphenols suppress diet-induced obesity
by up-regulation of mRNA levels of the enzymes involved in (-
oxidation in mouse. J. Clin. Biochem. Nutr. 43, 201-209 (2008).

Gupta, M., Mazumdar, UK., Pal, D., Bhattacharya, S., and Chakraborty,
S., Studies on brain biogenic amines in methanolic extract of Cuscuta
reflexa Roxb. and Corchorous olitorious Linn. seed treated mice. Acta
Pol. Pharm. 60, 207-210 (2003).

Hazra, B., Sarkar, R., Biswas, S., and Mandal, N., Comparative study of
the antioxidant and reactive oxygen species scavenging properties in
the extracts of the fruits of Terminalia Chebula, Terminalia belerica
and Emblica officinalis. BMC Complement. Altern. Med. 10, 20-35
(2010).

Hsu, C.L., Huang, S.L., and Yen, G.C., Inhibitory effect of phenolic acids
on the proliferation of 3T3-L1 preadipocytes in relation to their
antioxidant activity. J. Agric. Food Chem. 54, 4191-4197 (2006).

Jun, S.C., Jung, E.Y.,, Kang, D.H., Kim, J.M., Chang, U.J., and Suh, H.J,,
Vitamin C increases the fecal fat excretion by chitosan in guinea-pigs,
thereby reducing body weight gain. Phyfother. Res. 24, 1234-1241
(2010).

Kim, M.J., Park, M.H., Jeong, M.K., Yeo, J.D., Cho, W.I., Chang, PS.,
Chung, JH., and Lee, J.H., Radical scavenging activity and anti-
obesity effects in 3T3-L1 preadipocyte differentiation of ssuk
(Artemisia princeps Pamp.) extract. Food Sci. Biotechnol. 19, 535-540
(2010).

Manandhar, N.P., Medico botany of gorkha district, nepal-an elucidation
of medicinal plants. /nt. J. Crude Drug Res. 28, 17-25 (1990).

Manandhar, N.P, Native phytotherapy among the raute tribe of
dadeldhura district, nepal. J. Ethnopharmacol. 60, 199-206 (1998).

Mazumder, U.K., Gupta, M., Pal, D., and Bhattacharya, S., Chemical and
toxicological evaluation of methanol extract of Cuscuta reflexa Roxb.
stem and Corchorus olitorius Linn. seed on hematological parameters
and hepatorenal functions in mice. Acta Pol. Pharm. 60, 317-323
(2003).

Muller, H.E., Detection of hydrogen peroxide produced by microorganisms
on an ABTS peroxidase medium. Zentralbl. Bakteriol. Mikrobiol.
Hyg. A. 259, 151-158 (1985).

Ozaydin, A., Onasan, |, Yerim, T.E., Sargin, H., Avsar, K., and
Sultuybek, G, Increased glutathione conjugate transport: a possible
compensatory protection mechanism against oxidative stress in
obesity? Int. J. Obes. 30, 134-140 (2006).

Pal, D., Panda, C., Sinhababu, S., Dutta, A, and Bhattacharya, S.,
Evaluation of psychopharmacological effects of petroleum ether
extract of Cuscuta reflexa Roxb. stem in mice. Acta Pol. Pharm. 60,
481-486 (2003).

Pal, D.K., Mandal, M., Senthikumar, GP., and Padhiari, A., Antibacterial
activity of Cuscuta reflexa stem and Corchorus olitoricus seed.
Fitoterapia 77, 589-591 (2006).

Park, CH., Jeong, S.J., Lee, HJ., Lee, E.O.,, Bae, H., Lee, M.H., Kim,
S.H., Jung, HJ., Ahn, K.S., and Kim, S.H., Traditional medicine
taceumjowitangkagambang exerts antiobesity and hypolipidemic
effects via antioxidant enzyme enhancement. Phytother. Res. 24, 1700-
1709 (2010).

Poulos, S.P, Dodson, M.V., and Hausman, GJ., Cell line models for
differentiation: preadipocytes and adipocytes. Exp. Biol. Med. 235,
1185-1193 (2010).

Rajbhandari, K.R., Ethnobotany of Nepal, Ethnobotany society of Nepal,
Kathmandu, 2001, pp 43-44.

Singleton, V.L. and Rossi, J.A., Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic and reagents. Am. J. Enol. Vitic.



Vol. 17, No. 2, 2011

16, 144-158 (1965).

Skrha, J., Sindelka, G., Kvasnick, J., and Hilgertova, J., Insulin action and
fibrinolysis influenced by vitamin E in obese type 2 diabetes mellitus.
Diabetes Res. Clin. Pract. 44, 27-33 (1999).

Vincent, H K., Bourguignon, C.M., Vincent, K.R., Weltman, A.L., Bryant,
M., and Taylor, A.G., Antioxidant supplementation lowers exercise-
induced oxidative stress in young overweight adults. Obesity. 14,
2224-2235 (2006).

129

Yang, J.Y., Della-Fera, M.A., and Baile, C.A., Guggulsterone inhibits
adipocyte differentiation and induces apoptosis in 3T3-L1 cells.

Obesity 16, 16-22 (2008).

Received June 2, 2011
Revised June 18, 2011
Accepted June 20, 2011




<<
  /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
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


