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INTRODUCTION

Many exogenous factors (temperature, salinity, pH, light,

oxygen tension, turbidity etc.) affect the rate of oxygen

consumption in bivalve molluscs (Bayne, 1976; Samant and

Agrawal, 1978). Most of the vital activities in bivalves are

regulated by neuroendocrine centers. The respiratory rate data

of the animals reflect their general metabolic rate. The existence

of neuroendocrine modulations of metabolic rate will be the

adaptive significance for the freshwater bivalves, which have

to live in ever fluctuating environments. Comparatively, very

little work has been done on the neuro-endocrine regulation

in bivalve shell fishes and also comparatively, very less

attention has been given on the role of neuroendocrine centers

in respiratory metabolism, particularly from freshwater bivalves.

In the field of neuro-endocrinology, such neuroendocrine

control on oxygen consumption has been reported for

crustaceans (Nagabhushanam and Kulkarni, 1979).

Hanumante et al. (1980). The role of cerebral and visceral

ganglia in the respiratory metabolism has been reported by

Mane et al. (1990) for estuarine clam, Katelysia opima, Shinde

(2007) for freshwater bivalve, Lamellidens corrianus, Gaikwad

(2008) and Wagh (2008) for Lamellidens marginalis. In bivalve

molluscs, two types of neurosecretory-cycles like sudden

change in the temperature, pH and salinity after cerebral

neurosecretion and long cycle related to certain activities of

reproduction and metabolism. Such neurosecretory cycles

from neurosecretory cells was reported by Nagabhushanam

and Mane (1973) for estuarine clam, Katelysia opima and by

Gaikwad (2008), Vedpathak and Wagh (2009) for freshwater

bivalve, Lamellidens marginalis.

Review of literature shows that, very little information is known

on the neuro-endocrine control in respiratory metabolism of

freshwater bivalves. Since many features of aerobic metabolism

can be studied directly by measurement of the rate of oxygen

consumption by intact animals. Some reports are available

on respiratory physiology of freshwater bivalves from India

and abroad (Salanki and Lukacsovice, 1967; Bayne, 1976;

Zs- Nagy, 1974; McMohan, 1979). Thus, considering the

paucity of information on endogenous regulation in the

respiratory metabolism the present study is undertaken on

freshwater bivalves, Indonaia caeruleus from Godavari River

at Paithan near Aurangabad.

MATERIALS AND METHODS

The adult freshwater bivalve molluscs, Indonaia caeruleus

50-53 mm in shell length) were collected from banks of

Godavari River at Paithan, 45km away from Aurangabad,

during summer season. After brought to the laboratory the

shells of the bivalves were brushed and washed to remove

the mud and fouling biomass. The bivalves were acclimatized

for 24h in laboratory conditions and subsequent

experimentation without food. After 24h acclimatization the
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animals were arranged in five groups, each group containing

15 animals in 10 L of aerated reservoir water. The first group

of animals were served as (a) normal control with intact ganglia

and other four groups were experimental i.e. (b) removal of

both the cerebral ganglia; (c) injection of cerebral ganglionic

extract to control, and (e) injection of ganglionic extract to

ablated bivalves. Total removal (ablation) of both the cerebral

ganglia were done, with the help of fine sterilized forceps by

inserting a rubber cork wedge of 3-4 mm thickness, between

two valves of the shell, near anterior adductor muscles. The

precaution was taken that the mantle should not get pinched

in between the shell valves. For injection of cerebral ganglionic

extract, it was prepared in ice-cold distilled water and ethyl

alcohol 1:1 (10 ganglia in 1 mL solution), was centrifuged in

refrigerated centrifuge and injected (0.2 mL extract per animal)

i.e. equivalent to 2 ganglia per animal, into the muscular tissue-

foot. For Sham operated control, the animals were injected by

0.2 mL mixture of ice cold distilled water and alcohol (1:1), (it

was not run because it did not showed significant change).

The experiment was run for 10 days. The physico-chemical

characteristics of water used in experiments i.e. temperature,

pH, hardness and dissolved oxygen contents were also

measured. Temperature and pH were recorded daily, while

hardness and dissolved oxygen contents of the water were

determined on every two days throughout the experimental

period.

The rate of oxygen consumption of individual animal from

each group was determined by modified Winkler’s method

(Golterman et al., 1978), in a specially prepared brown colored

respiratory jar of 1.0 liter capacity. Four closed respiratory

jars, each with an inlet and outlet, were kept in continuous

circulation of water, in order to open the valves of animals.

Once the animals were opened their valves, the flow of water

was cutoff and sample of water from it, was drawn after 1hr for

determination of oxygen consumption. The flesh of the

individual animal was taken out carefully from the shell and

socked on the blotting paper to remove the excess water.

Blotted flesh was then weighted to obtain the wet-weight of the

individual bivalve.

The oxygen consumed by each animal was then calculated

and expressed as mg O
2
/L/h/g wet-weight of the flesh. For

confirmation of results all the values of four individual animals

from each group were subjected to statistical analysis using ‘t’

test (Dowdswell, 1957). Percentage differences were also

calculated in experimental group.

RESULTS

The results of the experiments were shown in Fig.1. The physico-

chemical characteristics of the water used in experiments during

summer season were temperature 31.5ºC – 33.0ºC; pH 7.6 –

7.9; hardness in terms of bicarbonate 95-111 ppm and dissolved

oxygen contents 5.496-6.823 mg/L/h.

As compared to control, the rate of oxygen consumption was

significantly increased 0.3629 ± 0.0219, 19.89%, p < 0.01

in cerebral ganglia ablated, 0.3438 ± 0.0218, 13.44%, p <

0.01 in cerebral ganglionic extract injected to ganglia ablated

animals on 2nd day. Similarly on 5th day, the rate of oxygen

consumption also showed significant increase 0.2832 ±

0.0178, 34.027%; p < 0.05 in ganglia ablated group as well

as 0.2409±0.0187, 14.0085%, p<0.05 in ganglionic extract

to ablated animals respectively. While on 10th day, the rate of

oxygen consumption showed significant increase 0.2439±

0.0268, 97.49%, p<0.001; 0.1698± 0.0374, 37.49%,

p<0.05 and 0.2276±0.0236, 84.29%, p<0.001 in ablation

of cerebral ganglia, injection of cerebral ganglionic extract to

intact control and injection of extract to ablated animals

respectively compared to control. But the rate of oxygen

consumption does not showed significant change in injection

of extract to control animals on 2nd and 5th day.

The rate of oxygen consumption in control group was 0.3027

±0.0148, 0.2113 ±0.029 and 0.1235 ± 0.0306 on 2nd, 5th

and 10 th day, respectively, while the rate of oxygen

consumption in ganglionic extract injected to intact animals

group was 0.3157 ± 0.0177, 4.296% and 0.1963 ±0.00986,

7.099% on 2nd , 5th day respectively. The rate of oxygen

consumption in extract injected to ablated animals was 0.3438

± 0.0218, 13.44% p< 0.01 , 0.2409 ± 0.0187, 14.0085%

p<0.05 and 0.2276±0.0236,84.29% p<0.001on 2nd, 5th

and 10th days respectively.

DISCUSSION

The present study on Indonaia caeruleus showed that, removal

of both the cerebral ganglia in bivalves causes significant

increase in the rate of oxygen consumption on 2nd, 5th and

10th day. The rate of oxygen consumption in ganglionic extract

injected to ganglia removed animals also caused significant

increase on any 2nd, 5th and 10th day compared to control. But

the rate showed decrease in extract injected to

cerebralectomised animals compared to cerebralectomised

animals. The rate of oxygen consumption in extract injected

to intact animal (control) also showed significant increase on

10th day, compared to control.

A significant increase in the rate of oxygen consumption in

bivalves after cerebralectomy on 2nd, 5th and 10th day and

decrease in the rate after injection of ganglionic extract to

intact control on 5th day, suggest the possibility of feedback

mechanism in regulation of oxygen consumption. The
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Figure 1: Changes in the rate of oxygen consumption of freshwater

bivalve shell-fish Indonaia caeruleus from Godavari river during

summer: as a function of removal of cerebral ganglia and injection

of their extract
 (a) = Normal control with intact ganglia (b) = Ablation of cerebral ganglia (c) = injection
of cerebral ganglionic extract to control animals (d) = injection of cerebral ganglionic

extract to ablated animals

=p<0.001

=p<0.01

=p<0.5
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existence of possible feedback mechanism could be because

of further stimulation of rate of oxygen consumption after

injection of cerebral ganglionic extract to the ganglia removed

animals, which is receiving the cerebral ganglionic extract

and hence restore or recover the rate of oxygen consumption.

From the results of this experiment, it can be suggested that

cerebral ganglia must possesses the hormonal factor which is

responsible for regulation of oxygen consumption. Injection

of cerebral ganglionic extract to the ganglia removed animals

which did restore the rate of oxygen consumption. An

increase in the rate of oxygen consumption following injection

of ganglionic extract to the ablated animals which reached

the normal intact control, this confirms that the regulating link

is not through the nervous input but probably by

neurosecretory. This contention can further be supplemented

by the fact that even in intact (normal) control animals, as after

injection of extract to animals from control significantly

decreases the rate of oxygen consumption than ablated

bivalves.

Hence, it is concluded that, cerebral ganglia must possesses

oxygen consumption controlling factor and which is

neurosecretory. The integrity of these ganglia is essential in

the normal functioning of physiological activities of the bivalve

molluscs.

It has been shown that, in the earthworm, Perionyx excavatus,
the rate of oxygen consumption be under the influence of
neurosecretory release of one or more hormonal agents from
central nervous system (Nagabhushanam and Hanumante,
1977). The brain and subpharyngeal ganglia of the earthworm
have shown to be the site of oxygen inhibiting and elevating
hormones respectively. The concept of hormonal control of
oxygen consumption has been evidenced in number of
poikilothermic organisms (Kale and Rao, 1973). In crab Uca
pugilator, two independently activing hormones, regulates
the rate of oxygen consumption- (1) eyestalk factor regulating
oxygen consumption and (2) The removal of moult inhibiting
hormone which enhancing oxygen consumption (Silverthorn,
1975). In Penaid prawn, Parapenaeopsis hardwickii, eyestalk
possess a hormone which decreasing the rate of oxygen
consumption (Nagabhushanam and Kulkarni, 1979).

In gastropod mollusc, Onchidium verruculatum removal of
whole central nervous system or pleuropedal ganglia
significantly inhibited oxygen uptake (Hanumante et al., 1980).
Replacement of pleurovisceral ganglia in
pleurovisceralectomised gastropods recovers the rate of
oxygen consumption upto the normal level. Similarly In
freshwater gastropod, Limnaea stagnalis, lateral
neurohormone stimulates oxidative phosphorylation
(Geraerts, 1976).

In the present study, on freshwater bivalve, Lamellidens
marginalis, it is possible that surgical bilateral ectomization of
cerebral ganglia and injection of their extracts to bilateral
cerebralectomised animals could have resulted in initiation
of the release of large quantities of serotonin and
catecholamines as stated by Lubet (1970) in Mytilus edulis.
Another exciting possibly that these neuro- hormones after

their entry may be enhancing the role of non - specific stressors

(Gold and Ganong, 1977) or neuroendocrine transducers

(Wurtman, 1972), there by indicating the endogenous

neurosecretory hormone or hormones involved in regulation

of oxygen consumption. This idea gives strength to the fact

that the biogenic amines act as neurotransmitter to induce the

release of neurohormones from hypothalamic nuclei of

vertebrates (Maclead and Lehmeyer, 1977) and probably also

from those of invertebrates e.g. crustaceans (Fingerman et al.,

1974) and bivalve molluscs (Mane et al., 1990). These

neurohumors are capable of inducing changes in the

neurosecretory materials from cells in the cerebral and visceral

ganglia of the bivalve shell fishes (Misal, 2011).

Since the presence of these neurohormones in the ganglia of

bivalve molluscs have already been established, regulation of

oxygen consumption may be tentatively suggested as one of

the physiological roles for these neurohumors in the metabolic

economy in case of freshwater bivalves shellfishes.

ACKNOWLEDGEMENTS

The authors express their sincere thanks to the authorities of

UGC, New Delhi for generous Grants under Major Research

Project given to A.N. Vedpathak, Molluscan Endocrinology

Laboratory, Dr. B. A. M. University Aurangabad.

REFERENCES

Bayne, B. L. 1976. In Maine Mussels; Their Ecology and Physiology,

International Biological Programme-10, Cambridge University Press

Cambridge. London. New York. Melbourne. pp.1- 495.

Dowdswell, W. H. 1957. Practical Animal Ecology. Methun and Co.

Ltd London.

Fingerman, M., Julian, W. E., Spirtes, M. A. and Kostrezeros, R. M.

1974. The presence of 5-HT in the eyestalks of brain of the fiddler

crab, Uca pugilator, its quantitative modification by pharmacological

agents and possible role as a neuro-transmitter in controlling the

release of red pigment dispersing hormone. Comp. Gen. Pharmacol.

5: 299-303.

Gaikwad, D.M. 2008. Reproductive physiology of some aquaculture

importance Lamellidens molluscs, from Godavari river at Kaigaon: as

a function of the effect of neuroendocrine manipulations. Ph.D. Thesis,

Dr. Babasaheb Ambedkar Marathwada University, Aurangabad. pp.1-

324.

Geraerts, W. P. M. 1976. Control of the growth by neurosecretory

hormone of the light green cells in the freshwater snail, Lymnaea

stagnalis J. Comp. Endocrinol. 29: 61-71.

Gold, S. M. and Ganong, W. F. 1977. In “Neuroendocrinology” (Eds.

Martin. L. and Ganong, W.F.) Academic Press. New York. II: 377-

437.

Golterman, H. L. Clymo, R. S. and Ohnstad, M. A. M. 1978. Physical

and chemical analysis of freshwaters. IBP, Handbook No-8, Blackwell

Scientific Publication, Oxford, London, Edinburg, Melbourne, 2nd Ed.

pp.172-178.

Hanumante, M.M., Deshpande, U. D. and Nagabhushanam, R. 1980.

Involvement of neurohormone in regulation of oxygen consumption in

marine gastropod, Onchidium verruculatum. Hydrobiol. 74: 29-32.

Kale, R. D. and Rao, K. P. 1973. Studies on the neurohormonal

induction of Compensatory mechanism in thermal acclimation of

poikilotherms. J. Expt. Biol. 59: 655-664.

Lubet, P. 1970. Experimental data on the effect of removal of nerve

ganglia of pelecypod molluscs In: Invertebrate Organ Cultures, Gordon

and Breach Sci. Publishers, New York. Chapter VI. 153-165.

Maclead, R. M. and Lehmeyer, J. E. 1977. Studies on the mechanism

REGULATION OF OXYGEN CONSUMPTION OF FRESHWATER BIVALVE



612

of the dopamine mediated inhibitor of prolactin secretion. Enclocrinol.

94: 1077-1095.

Mane, U. H., Rao, K. R., Muley, S. D. and Vedpathak, A. N. 1990.

Probable role of nerve ganglia in Respiration of the estuarine clam.

Katelysia opima. Indian. J. comp. Anim. Physiol. 8: 21-27.

McMohan, R. F. 1979. Response to temperature and hypoxia in the

oxygen consumption of the introduced Asiatic freshwater clam,

corbicula fluminia (Miller). Comp Biochem. Physiol. 63A: 383-388.

Misal, P. J. 2011. Reproductive endocrinology of freshwater bivalve

mollusc, Lamellidens corrianus (Lea) from Godavari river at Kaigaon:

Special reference to some environmental and endocrine factors. Ph.D.

Thesis, Dr. Babasaheb Ambedkar Marathwada University,

Aurangabad. pp. 1-277.

Nagabhushanam, R. and Kulkarni, G. K. 1979. Hormonal involvement

in regulation of a Penaid prawn, Parapenaeopsis hardwickii (Miers).

(Crustacea: Decapoda). Rev. Brasil Biol. 39(4): 769-772.

Nagabhushanam, R. and Mane, U. H. 1973. Neurosecretion in the

clam, Katelysia opima, Marathwada University. J. Sci. 12: 193-203.

Nagabhushanam, R. and Hanumante, M.M. 1977. Hormonal control

of oxygen consumption in the tropical oligochaete, Perionyx excavatus.

Indian. J. Expt. Biol. 15: 24-26.

Salanki, J. and Lukacsovice, F. 1967. Filtration and oxygen consumption

related to periodic activity of freshwater mussel. (Anodonta cygnea)

Ann. Inst. Biol. (Tihany) Hung. Acad. Sci. 34: 85-98.

Samant, S. and Agrawal, R. A. 1978. Effect of some Environmental

Factors on survival and activity of freshwater bivalve, Lamellidens

corrianus. Indian. J. Expt. Biol. 16: 26-28.

Shinde, N. G. 2007. Inductioon of breeding by neuron-endocrine

manipulations in some commercially important bivalve molluscs,

from Jayakwadi backwaters, Ph.D. Thesis, Dr. Babasaheb Ambedkar

Marathwada University, Aurangabad. pp 1-306.

Silverthorn, S. U. 1975. Hormonal involvement in thermal acclimation

in the fiddler crabs Uca pugilator (BOSC). In effect of eyestalk extract

on whole animal respiration. IBID. 50A: 281-283.

Vedpathak, A. N. and Wagh, D. T. 2009. Effect of removal of cerebral

ganglia and injection of their extract on the rate of oxygen consumption

in freshwater bivalve, Lamellidens marginalis during monsoon.

AQUACULT. 10(2): 285-291.

Wagh, D. T. 2008. Reproductive physiology of some Lamellidens

molluscs, from Pravara Sangam with special reference to neuron-

endocrine manipulations. Ph.D. Thesis, Dr. Babasaheb Ambedkar

Marathwada University, Aurangabad. pp 1-308.

Wurtman, R. J. 1972. Biogenic amines and endocrine

functions:Introduction. Neuroendocrine Transducers and monoamines.

Symp Am. Soc. Pharmacol. Expt. Tera peutes. 1769-1771.

Zs-Nagy. I. 1974. Some quantitative aspects of oxygen consumption

and anaerobic respiration of molluscan tissue: A review. Comp.

Biochem. Physiol. 49(A): 399-405.

A. N. VEDPATHAK   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


