
47

N
Save Nature to Survive

6(1) : 47-50, 2011 www.thebioscan.in

demethoxycurcumin and bisdemethoxycutcumin. Plant

extracts were found to have a wide spectrum of therapeutic

effects such as anticholesterol activity, fibrinolytic action, anti

inflammatory (Ammon et al., 1993), antioxidative (Osawa et

al., 1995), antitumor, imunomodulatory (Antony et al., 1999),

antimicrobial and hepatoprotective. No acute toxicity in mice

was observed on administration of turmeric powder with dose

as high as 10g/kg-bw (Sittisomwong, et al., 1990). Natural

products of plant origin may prove to be protective against

ionizing radiations if they counter the harmful effects of

radiation induced free radicals. Evidences support that Cucuma

longa rhizome is one of the popular antioxidants used for

various ailments. The present study has been undertaken to

evaluate the effect of aqueous extract of rhizome of Curcuma

longa (L) on Gamma radiation induced hematological

alterations in Swiss albino mice.

MATERIALS AND METHODS

Experimental animal

Twenty four Swiss albino mice (25-30 g) reared in the animal

house of Mahavir Cancer Sansthan, Patna, randomly divided

into four groups, were kept in cages in a temperature 24 ±1ºC,

humidity 55 ± 5%, and lighting 12-h light/dark cycle controlled

room. Food and tap water were given ad libitum throughout

the study. All animal experiments were carried out as per

CPCSEA guidelines (Approval No.-1129/bc/07/CPCSEA).

Source of irradiation

Anaesthetized animals were exposed to gamma radiation (Co-
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INTRODUCTION

The problem of radiation hazard to living being has risen due

to natural background radiations, increasing use of nuclear

energy in industry, occupational and medical field such as

radiotherapy and face a major drawback because it produces

severe side effects developed due to damage to normal tissue.

Free radicals are generated by radiation energy in the cells

and their reactions with DNA, RNA, and organelle cause cell

dysfunction, mortality, mutagenesis or carcinogenesis

(Pradhan et al., 1973). Evidently, rapidly dividing cells like

epithelial and haemopoietic system are prone to early and

marked damage to chromosomes as well as other organelle

due to higher content of oxygen and water with a higher level

of free radical generation on impact of radiation energy

(Adhvaryu et al., 2008). Radioprotectors are administered to

patients to reduce the toxic, mutagenic and carcinogenic

effects of ionizing radiation on normal tissues. In these cases

phytochemicals are of particular interest due to their antiemetic,

anti-inflammatory, antimicrobial, antioxidant, hematopoietic,

immunostimulant, metal chelating, and wound healing

activities (Weiss and Landauer, 2003). The use of plants and

natural products which acts as antioxidants may be beneficial

in protecting against the radiation-induced damage, as they

are less toxic or non-toxic compared to the synthetic

compounds.

Curcuma longa belonging to family Zingiberaceae, grows

widely all over India, is a perennial herb of 2-3 ft hight with

short stem and short and thick rhizomes. The active ingredients

are tetrahydrocurcuminoids (Osawa et al., 1995), curcumin,
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60) at a distance (SSD) of 80 cm from the source to deliver the

5 Gy radiations at the dose-rate of 217.1c Gy min–1 in field

size of 16×24 cm, at the Radiotherapy Department of M.C.S,

Patna.

Preparation of rhizome powder and aqueous extract

Rhizome of Curcuma longa plants were collected from the

campus of B.M.D College campus and rhizome were shade

dried, powdered by grinder. Mixed powders in distilled water

and different concentrations were used for the experiment.

Experimental protocol

Animals were divided into different groups, containing six mice

each. After acclimatization, animals were treated as follows: the

control group (group-I) received tap water, while the

experimental groups received orally, the different concentration

dose at 500mg/kg to 3000mg/kg b.wt of aqueous extract of C.

longa. The treatment volume of aqueous extract was determined

based on body weight. The toxicological effects were observed

in terms of mortality expressed as LD
50

. No mortality was

recorded during the experimental period. Acute oral LD
50

 of

the aqueous extract of rhizome of Curcuma longa was calculated

by using software for probit analysis (EPA probit analysis

program, used for calculating LC/EC value, Version 1.5) as

determined earlier of M.C.S., Patna was taken in account. Visible

physical abnormalities or abnormal demeanor of the mice was

recorded during the experimental period.

These animals were observed daily for any sign of sickness,

morbidity, behavioral toxicity and mortality. Necropsy was

done on 6 animals from each group after week 1, 2 and 4

post-treatment intervals.

Hematological study

Blood samples were obtained by orbital sinus puncture of

mice of different experimental groups in a vial containing 0.5

M EDTA for hematological analysis. The haematological

parameters of the blood samples were then estimated by

standard procedures using Cell Counter (Medonic M- Series,

Department. of Pathology, Mahavir Cancer Sansthan, Patna).

The haemoglobin concentration (Hb), packed cell volume

(PCV), red blood cell count (RBC), mean corpuscular

haemoglobin (MCH), mean corpuscular volume (MCV), and

white blood cell count (WBC) were determined.

Statistical analysis

Each experimental value was expressed as the mean ± SEM

and P value was calculated using one way analysis of variance

(ANOVA). p<0.05 was considered statistically significant.

RESULTS

The experimental groups

(group-I and II) have not shown

any noticeable signs of behav-

ioral changes, sickness and mor-

tality. Pretreatment of mice with

aqueous extract of Curcuma

longa (group-II) did not show

adverse effects on hematological

parameters and levels of RBC,

MCV, HGB and MCH were sta-

tistically not significant (p > 0.05)

when compared to control

group-I. The present study re-

vealed that after exposure to 5

Gy gamma radiations the

haematological parameters (RBC,

MCV, PLT, WBC and HGB) ex-

hibited alterations and decrease

in the number of erythrocyte and

leucocyte counts, hemoglobin

content, hematocrit percentage,

MCV and MCH was scored in

the experimental groups III and

IV. In irradiated mice (group-III),

a marked decrease was recorded

in all hematological parameters

when compared to control

group- I, whereas group-IV which

was pretreated with aqueous ex-

tract of C. longa then exposed to

gamma radiations, the alterations

in hematological parameters

were less severe. Thereafter, a

recovery was recorded in experi-

mental animals which were more

pronounced in pretreated group-

IV. However, the normal values

could not be obtained even after

4 weeks in experimental group-

III and a near normal value of he-

matological parameters were re-

gained by 4 week post-treatment

period in group-IV as shown in

Table 1. Levels of RBC, MCV,

HGB and MCH were statistically

very significant (p < 0.01) for

groups III and IV when compared

to control group-I (Figs. 1, 2, 5

and 6). The levels of WBC and

HCT for all the experimental

groups were very significant (p

< 0.01) when compared to con-

trol group-I (Table 1 and Fig. 3

and 4).

DISCUSSION

In mice, death is due to the H
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Group                                      Treatment

I Unirradiated  mice received food and distilled water

(DW) only

II Unirradiated mice was treated orally with food and queous

extract of rhizome of Curcuma longa at a dose of 200mg/

Kg b.wt./day for 15 consecutive days.

III Mice received distilled water and then exposed to single

doseof 5Gy of gamma- radiation (Co-60).

IV Mice was treated orally with food and aqueous extract of

Curcuma longa at a dose of 200mg/Kg b.wt./day for 15

consecutive days. On the 15th day after one hour of

administration of dose of aqueous extract exposed to single

dose of 5 Gy Gamma-radiations.

Experimental mice were divided into 4 groups
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Figure 1: Variations in RBC level in experimental groups  of mice
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hemopoietic damage inflicted by radiation to the hemopoietic

organs like the bone marrow from 11 to 30 days (Jagetia et al.,

2003). It has been reported that a significant decrease in the

hematological constituents of peripheral blood in animals of

the irradiation alone group was observed. The decline in

hematological constituents may be attributed to a direct

damage by radiation. The whole body irradiation of the

moderate dose range (5-10 Gy) leads to a decreased

concentration of all the cellular elements in the blood. This

may be due to a direct destruction of mature circulating cells,

loss of cells from the circulation by hemorrhage, or leakage

through capillary walls and loss of production of cells (Casarett,

1968). Mitotically active precursor cells are sterilized by

radiation, and the subsequent supply of RBCs, WBCs and

platelets is thereby diminished. The time at which the number

of circulating cells in the blood reaches minimum value since,

mature circulating cells begins to die off and the supply of

Figure 3: Variations in HCT level in experimental groups of mice
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Figure 4: Variations in WBC level in experimental groups of mice
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new cells from the depleted precursor population is inadequate

to replace them so that the full effect of radiation becomes

apparent (Hall, 2000).

There is decrease in RBC count and haemoglobin content in

irradiated groups, however, the RBC count was significantly

higher in experimental group-IV than in group-III. The decrease

in haemoglobin content is attributed to the decline in the

number of red blood cells and may also be due to the depletion

in the synthesis of hemoglobin after radiation exposure.

Recently, Samarth and Kumar (2003) observed a similar

protective efficacy of plant extract of Mentha piperita against

radiation-induced depletion in RBC and hemoglobin. In C.

longa pre-treated animals haemoglobin values were higher at

all radiation doses, which indicate a significant protection of

erythrocytes by C. longa. An increase in erythropoietin level

by C. longa is also directly responsible for an increase in

haemoglobin content.

PROTECTION TO RADIATIONAL HAEMATOLOGICAL CHANGES
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Figure 5: Variations in HGB level in experimental groups  of mice Figure 6: Variations in MCH level in experimental groups  of mice
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MCV and MCH decrease due to decrease in size of RBC,

destruction of number of RBC or impaired biosynthesis of

heme in bone marrow (Ismail and Aziz, 2000).

In the present investigation, a drastic reduction in leucocytes

count after irradiation is in agreement with the findings of

earlier workers (Baum et al., 1969; Goldin and Neff, 1975). In

C. longa pretreated animal groups, the total leucocyte count

and lymphocyte percentage were higher than the control

group. A similar protection in lymphocyte count has been

observed while using cysteine (Patt et al., 1957) and MPG

(Kumar and Umadevi, 1983) in mice prior to irradiation.

Haematocrit (HCT or PCV) is the percentage of whole blood

that is made up of cells and a decrease to below normal in its

value indicates anaemia. The decline in haematocrit values is

due to decreased erythropoiesis and increased plasma

volume. The decrease in the number of erythrocytes in the

present study also supports the  view of decreased

erythropoiesis as the cause of a decline in haematocrit. In C.

longa treated animals, hematocrit values showed a consistent

recovery over control.

Several pathways of radioprotection have been suggested for

the mechanism of protective action in mammalian cells against

the damaging effects of ionizing radiation. The mechanisms

implicated in the protection of cells by radio protectors include

free radical scavenging that protects against reactive oxygen

species (ROS) generated by ionizing radiation or

chemotherapeutic agents, and hydrogen atom donation to

facilitate direct chemical repair at sites of DNA damage. The

ROS generated by ionizing radiation are scavenged by

radioprotectors before they can interact with biochemical

molecules, thus reducing the harmful effects of radiation. The

active ingredient is Curcumin, essential oil (p-

tolymethylcarbinol), present in Rhizome of the plant

(Encyclopedia of Natural Medicine, 1998) and Curcumin is a

antioxidant and also a good scavenger of reactive oxygen

species and lowers its formation as well as the formation of

inflammatory compounds such as prostaglandins and

leukotrienes (Unnikrishnan and Rao, 1992) and protects

erythrocyte membranes and phospholipid fatty acids from

oxidation (Leela et al., 1992). It is also attributed to stimulating

or protecting hematopoiesis in bone marrow and the

subsequent increase of hematological constituents in the

peripheral blood so it acts as a radio protector.

The results of the present study indicate that pretreatment with

aqueous rhizome extract of C. longa protected Swiss albino

mice from radiation induced hematological alterations.

Hematological counts serve as sensitive parameters determining

the protective efficacy of any compound (Garima and Goyal,

2008). The radio protective effect of C. longa was demonstrated

by evaluating the hematological parameter such as Hb, RBC

count, WBC count, HCT (hematocrit), MCV and MCH after

various post irradiation time intervals i.e., from week 1 to 4. A

significant radioprotection was achieved when C. longa was

given orally (200 mg/kg body weight/day) for fifteen consecutive

days before radiation exposure (5 Gy gamma radiation).

ACKNOWLEDGEMENTS

The authors would like to thank MCS for providing

infrastructural facilities and doctors and technicians of

Department of Radiotherapy and Department of Pathology for

guidance and help. The authors are also thankful to

Department of Science and Technology (DST), Govt. of India

and U.G.C, New Delhi for financial assistance.

REFERENCES

Adhvaryu, M. R., Srivastav, S. P., Vaniawala, S. N. and Reddy, M. N.

2008. A comparative study of radioprotection by four Indian medicinal

herbs against genotoxicity induced by sub-lethal gamma irradiation in

Swiss albino mice. Iran. J. Radiat. Res. 6(1): 19-30.

Ammon, H. P., Safayhi, H., Mack, T. and Sabieraj, J. 1993. Mechanism

of anti inflammatory actions curcumine and boswellic acids. J.

Ethnopharmacol. 38: 113-119.

Antony, S., Kuttan, R. and Kuttan, G. 1999. Immunomodulatory

activity of curcumin. Immunol. Invest. 28: 291-303.

Baum, S. J., Wayant, D. E. and Vagher, J. P. 1969. Comparative

haematopoietic cytokinetics in X-ray or gamma neutron irradiated

rats. Am. J. Physiol. 216: 582.

Casarett, A. P. 1968. Radiation Biology. Prentice-Hall, Englewood

Cliffs, New Jersey. 158-189.

Encyclopedia of Natural Medicine. 1998. United States of America:

Prima Publishing. Null, G.

Garima, S. and Goyal, P. K. 2008. Role of Rosemary Leaves extract

against radiation induced Hematological and Biochemical alteration

in mice. Nuclear Technology  and Radiation Protection. 2: 72-77.

Goldin, E. M. and Neff, R. D. 1975. Lymphocyte depletion in

peripheral blood of acutely gamma-irradiated rats. Int. J. Rad. Biol.

27(4): 337.

Hall, E. J. 2000. Radiobilogy for the Radiologists, Williams and

Wilkins, Lippincot Philadelphia, USA. 5th Edition.

Ismail, I. S. and Aziz, A. 2000. Haematological and Biochemical study

on rabbit post whole body X- irradiation and treatment by Nigella

Sativa oil or olive oil. J. Pest Cont. and environ. Sci. 8(1): 15-30.

Jagetia, G. C., Baliga, M. S., Aruna, R., Rajanikant, G. K. and Jain, V.

2003. Effect of abana (a herbal preparation) on the radiation-induced

mortality in mice. J. Ethnopharmacol. 86: 159–165.

Kumar, S. and Umadevi, P. 1983. Radioresponse of peripheral blood

and modification by MPG (2-mercaptopropionyl glycine) in mice III

leucocyte. Radiobiol. Radiothere. 24.

Leela, S., Shiini, V. K. and Shylaja, M. 1992. Use of Curcuma as a

radio protector, Archives of Biochemistry and Biophesics. 92: 623.

Osawa, T., Sugiyama, Y., Inayoshi, M. and Kawakishi, S. 1995.

Antioxidative activity of control tetrahydrocurcuminoids. Biosci.

Biotechnol. Biochem. 59: 1609-12.

Patt, H. M., Mayer, S. H., Straube, R. L. and Kacbson, G. M. 1957.

Radiation dose reduction by cysteine. J. Cell. Comp. Physiol. 42: 327.

Pradhan, D. S., Nair, C. K. and Sreenivasan, A. 1973. Radiation

injury repair and sensitization of microorganisms. Proc. Ind. Natl.

Sci. Acad. 516-530.

Samarth, R. M. and Kumar, A. 2003. Radioprotection of Swiss albino

mice by plant extract Mentha piperita (Linn). J. Radiat. Res. 44: 101-109.

Sittisomwong, N., Leelasangluk, V. and Chivapat, S. 1990. Acute

and subchronic toxicity of turmeric. Bull Dept Med Sci. 101-11.

Unnikrishnan, M. K. and Rao, M. N. A. 1992. Curcumin inhibits

nitrite-induced methemoglobin formation. FEBS Letters. 301: 195-196.

Weiss, J. F. and Landauer, M. R. 2003. Protection against ionizing

radiation by antioxidant nutrients and phytochemicals. Toxicology.

189: 1-20.

ANJALI SINGH 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 /CMYK
  /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 0.15
    /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


