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AAAbbbssstttrrraaacccttt

Haematological features pertaining to aerobic capability were
comparedbetweendiploidandtriploidspecimensofthefareasterncatfish,
Silurusasotus.
Nosignificantdifferencesbetweendiploidsandtriploidswerefound

forthehaematocritvalue,totalhaemoglobin,and mean corpuscular
haemoglobinconcentration,whilethemeancorpuscularvolume,mean
corpuscular haemoglobin,and plasma glucose concentration were
significantlygreaterintriploidsthanindiploids,andthenumberofred
bloodcellswassignificantlylowerintriploidsthanindiploids.
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Theoxygenconsumptionratedidnotdiffersignificantlybetween
diploidandtriploidfish(P>0.05).Nevertheless,therespiratoryfrequency
washigherintriploidsthanin diploids(P < 0.05).Triploidswere
characterizedbyalowerconcentrationofcirculatingbloodcells,and
aquaculture practice should consider the need for a lower
surface/situation.

KKKeeeyyywwwooorrrdddsss:Diploid,Triploid,Haematologicalparameter,Respiratory
function,Silurusasotus
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IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Theinduction oftriploid hasbeen achieved in anumberof
differentfreshwaterandmarinefishspecies(Thorgaard,1983;Benfey,
1989;Ihssen etal.,1990;Felip etal.,2001).The main benefitof
triploidyissterilitycondition.Sterilityallowsandorganism toavoid
the metabolic costs ofsexualmaturation,resulting in continued
somaticgrowth in triploid fish,with maintenanceofflesh quality
duringtheperiodwhendiploidssexuallymature.Inaddition,sterility
preventsfishmortalityrelatedtospawning(Utteretal.,1983;Ihssen
etal.,1990;Mair,1993;Benfey,1999).Becauseoftheseadvantages,the
inductionandrearingoftriploidfishispracticedintheaquaculture
ofseveraleconomicallyrelevantspecies(Hulata,2001).Furthermore,
steriletriploid fishareunabletobreed and contributetothelocal
genepooliftheyescapefrom theconfinement.Byconferringinthe
desired introduction ofexotic fish speciesfora limited purpose,
triploidy can serveasan effectivemethod bywhich to reduceor
eliminatetheenvironmentalrisksofgenetically modified organisms
(Kim etal.,1994;Dunham andDevlin,1999).

Numerousstudieshavedemonstrated thaterythrocytecellular
andnucleardimensionsareincreasedandnumberoferythrocytesare
decreased in triploids (Benfey, 1999). Therefore, it is easy to
distinguish between diploid and triploid fish by assessing thesize
and number oferythrocytes,which are reduced in triploidy in
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proportion totheerythrocytesize(Benfey& Sutterlin 1984;Benfey
1999).Insweetfish,Plecoglossusaltivelis,triploidspecimenshadlarger
erythrocytesand lowererythrocytesnumberthandiploid specimens,
andalsoshowedhigherhematologicalparameters(meancorpuscular
volumeandmeancontentofhaemoglobin)andoxygenconsumption
werehighertriploidthandiploid(Aliahetal.,1991).

Animportantconsequenceofincreased nuclearand/orcellular
volumeintriploidfishistheresultingdecreaseintheratioofsurface
areatovolume.Thiscouldaffectprocesseslimitedbysurfacearea,
such asnutrientand metabolite exchange,passive and active ion
exchange,andmembranebindingofhormonesandothermessengers.
Duetodecreased cellnumberin theration ofsurfacetoovolume
alsoappliestowholetissuesand organsaswell(Benfey,1999).A
second importantconsequenceofincreased nuclearand/orcellular
volumeisthat,dependingontheshapeofthecellanditsnucleus,
theinternaltransportanddiffusiondistancemaybeincreased.This
could affectprocesses such as signaltransduction from the cell
surfaceto thenucleus,and resultantproduction and movementof
RNA andproteinwithinandoutsideofthenucleusandcell(Benfey,
1999).Someofthesepotentialdisadvantagesoftriploidcellmaybe
offsetbytheenergeticadvanntagesarisingfrom reducedproduction
andmaintenaceofcellularmembranesandfrom thesmallerrelative
surface area across which ionic and osmotic gradients mustbe
maintained(Szarski,1976;Benfey,1999).
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The Far Eastern catfish, Silurus asotus (Linnaeus) (order
Siluriformes,family Siluridae),isdistributed widely throughoutthe
NortheastAsiaandisanimportantspeciesthatisusedasfoodin
Koreanfreshwateraquaculture(Kim etal.,2001b).However,thereare
twomajorlimitationsinculturingofthisspecies.Firstly,thereisa
sex-related dimorphism in the growth rate,i.e.the femalesgrow
much fasterthan males (Kim etal.,2001a).The sex-related size
differenceleadstodifficultlyineffectivestockmanagementandalso
frequently resultsin severecannibalism in farmsduring theearly
stagesoflife.Secondly,theprecociousmaturationpriortothefish
reaching marketablesizenecessitatesan extended cultivation period
beyond sexualmaturity.Upon attaining sexualmaturity,thesefish
begin to experience reduced growth and decreased feed efficiency
(Choi et al.,1992).Therefore,the induction of triploidy offers
fast-growthandanaddedvalueduetotheincreasedproductionof
large-sizedFarEasterncatfish.

Therefore,thepurposeofthepresentstudywastoinvestigate
the haematologicalcharacteristics in relation to the efficiency of
metabolism-relatedgrowthandrespiratoryfunctioninthetransportof
oxygenbyerythrocytestotissueintriploidanddiploidFarEastern
catfish.
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MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDD MMMEEETTTHHHOOODDDSSS

III...AAAnnniiimmmaaalllsss
Triploid induction ofFarEastern catfish,Silurusasotus,was

carried outaccording to themethod ofKim etal.(2001).Mature
femaleswereinduced to spawn using asingleintraperitoneal(IP)
injectionof1,000IU ofhumanchorionicgonadotropin(Sigma,USA)
perkgbodyweight(BW)ofthecatfish.Sperm werealsoobtainedby
scissoringthesurgicallyremovedtestesofmalesthathadbeengiven
anIPinjectionofhCG at500IU․kg/BW.Eggswerefertilizedwith
sperm diluted in salineusing thewetmethod.Fiveminutesafter
fertilization,they wererapidly rinsed to removeexcesssperm and
wereimmediatelysubmitted toacold-shocktreatment(4℃)for60
min topreventtheextrusion ofthesecond polarbody.Untreated
fertilizedeggswereusedasdiploidcontrols.

DiploidandtriploidtheFarEasterncatfishrearingwascarried
outasdescribed Choi& Kim (1996).Diploid and triploid anmals
wererearedin45Ltanks,underthesamehydrologicalconditions.
Watertemperaturewasmaintainedat24±1.5℃ andthemeanwater
oxygenconcentrationwaskeptclosetosaturationlevel(mean:9.4±
0.3mg/L).Animalswereperiodicallysampledandtheirploidywas
determinedbyflow-cytometricassessmentofthenuclearDNA content
in erythrocytesorfincells(Colomboetal.,1995;Francescon etal.,
2004).Specimenswereused at100dayspost-hatching,and had an
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averagebodymassof102.3±9.71g(length12.7±2.31cm).

IIIIII...EEErrryyyttthhhrrrooocccyyyttteeeaaannndddeeerrryyyttthhhrrrooocccyyyttteeennnuuucccllleeeaaarrrsssiiizzzeee
Fordeterminationoferythrocytesandtheirnuclearsizes,blood

wascollected from thecaudalvein of20diploid and 20triploid
animalswith3mLsterilesyringes(23G ×11/4needle)andkeptat
4℃ in polyethylenevialstowhich heparin (70IU/mL blood)had
been added.Erythrocytes and erythrocyte nucleiforploidy were
determined from dry blood smears.Air-dried blood smears were
preparedfrom eachfishusingtheconventionalmethod.Thesmears
were then fixed in methyl alcohol and stained with
May-Grünwald-Giemsa.

Forobservationofliveredbloodcells,wholewasdiluted1:10
with phosphate-buffered saline(PBS:0.8% NaCl,0.02% KCl,0.02%
KH2PO4,0.115% Na2HPO4)andadropofcellsuspensionwasplaced
in the centre ofa slide glass,which wasthen covered with a
coverslip.

Forscanning electron microscopy (SEM)analysis,100 μL of
blood,diluted1:100withPBSwasplacedinthecentreofacoverslip
thathadpreviouslybeencoatedwith50 μg/mLpoly-L-lysine.Cells
wereleftto adherefor30min and fixed with asolution of1%
glutaraldehydeand1% sucroseinPBS;theywerethendehydratedin
ethanol,subjectedtocriticalpointandsputteredwithgold.

Erythrocytes and their nuclear major and minor axes were
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determinedinbothliveandfixedcellsusingalightmicroscope(Carl,
Zeiss,Germany)equippedwithaAxioskop4.1imageanalysissystem
and SEM erythrocytemajorand minoraxesweredeciphered from
SEM images.One-hundredandtwentycellsweremeasuredforeach
specimen.

ErythrocyteandnuclearsurfaceareaswerecalculatedasS= π․
a․b/4,whereaandbarethemajorandtheminoraxisofthecell
and ofthenucleus,respectively.The celland nuclearmajorand
minoraxisand surfaceforthecelland nucleusofspecimenswith
eachploidywerecompared.

IIIIIIIII...MMMeeeaaasssuuurrreeemmmeeennntttooofffhhhaaaeeemmmaaatttooolllooogggiiicccaaallliiinnndddiiiccceeesss
Ten diploid and ten triploid fish were separated by

flow-cytometry,and haematological parameters were subsequently
analyzed.Totalred blood cellcount(RBC),haematocrit(Ht),and
haemoglobin(Hb)weredeterminedbyanauto-haematologyanalyzer
(SysmexXE-2100D,SysmexCorporation,Japan).

From the previousparameters,the mean corpuscularvolume
(MCV),meancorpuscularhaemoglobin(MCH)andmeancorpuscular
haemoglobinconcentration(MCHC)wereobtainedusingthefollowing
formulas(Sezakietal.,1977).

Plasmaglucoselevelswereanalyzed using theby Chemistry
System (Hitachi7180,Hitachi,Japan).
IIIVVV...OOOxxxyyygggeeennncccooonnnsssuuummmppptttiiiooonnnrrraaattteeeaaannndddrrreeessspppiiirrraaatttooorrryyyfffrrreeeqqquuueeennncccyyy
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Theoxygen consumption ratewasmeasured according to the
method ofJoand Kim (1999).Therespirometerchamberutilized a
simplecirculatingsystem.Theflow ofwaterwascirculatedfrom the
reservoir(170L)totheheadtankbyacirculatingpump,passedbya
respirometerchamber,andthenflowedbackintothereservoir(Fig.
1).Theheadtankwasequippedwithatemperaturecontrollerand10
μm and3 μm cartridgefiltersequippedfortheexclusionofparticles
beforetheywerecirculatedfrom thereservoirtotheheadtank,and
aflow-through UV lamp wasutilized forthereduction ofoxygen
consumption by microbes.Water flowing from the respirometer
chamberpassed by an oxygen measurementchamber.During the
periodofexperiment,theaveragewaterflow was59.6±0.5L/h.

AsdescribedbyJo& Kim (1999),therespirometerchamberwas
comprised ofan acrylicresin boxwith athicknessof8mm;the
overalldimensionsoftheboxwere10cm (width)×25cm (length)×
10 cm (height).A rubber pad was used as a cover for the
respirometerchambertopreventtheinflow ofair;aholewasmade
inthecoverandasmallvalvewasattachedfortheremovalofairin
therespirometerchamber.Inflow waterintherespirometerchamber
wasdiffused through a10mm pipe,which wascapped atthe
end,whereafew holesweremade.Waterflowingfrom the
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Temperature
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UV lamp
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Fig. 1. Schematic diagrams of (a) the respirometer system, (b) the
respirometerchamberand (c)the dissolved oxygen measurement
chamberusedinthisstudy.
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respirometerchamberwasflowedintothedissolvedoxygenmeasurement
chamber,thedimensionsofwhich were10 cm (width)× 10 cm
(length)×6cm (height).Therespirometerchambercouldusethree
chambersatonce,and eachchamberwasconnected toadissolved
oxygenmeasurementchamber.

Dissolvedoxygenmeasurementchamberswereequippedwithan
oxygenprobeandairinthischamberwasremovedbysamemethod
usedfortherespirometerchamber.Dissolvedoxygenwasmeasured
using an oxygen measurementelectrode and a multi-data logger
system (Oxyguard, Denmark).Inflow andoutflow dissolvedoxygen
oftherespirometerchamberwasmeasured usingby μLogVL 100
Softwareatfiveminuteintervalsover24hoursat20,25,and30℃.
Measurements ofoxygen and oxygen consumption rates ateach
temperatureweresavedbythemulti-datalogger,asdescribedJobling
(1982).

Oxygenconsumptionrate(mgO2/kg/h)=(Ci-Co)×Q/W
Ci=Dissolvedoxygenconcentrationofinflow,mg/L
Co=Dissolvedoxygenconcentrationofoutflow,mg/L
Q =Inflow watervolume,L/min
B=Weightofspecimen,kg

Fish were starved for 1 day;over a 45 hour period,the
respiratoryfrequencyofobservedgillcovermovementswasrecorded
for1minuteevery5hours.
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VVV...SSStttaaatttiiissstttiiicccaaalllaaannnaaalllyyysssiiisss
Thedifferencesamong groupswereanalyzed using Student’s

t-testoftheSPSSstatisticspackage(SPSS9.0,SPSSInc.,USA).
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RRREEESSSUUULLLTTTSSS

III...PPPllloooiiidddyyyiiinnnttthhheeeeeexxxaaammmiiinnneeedddaaannniiimmmaaalllsss
Alloftheputativetriploid FarEastern catfish,Silurusasotus,

werecharacterizedby1.5-foldincrease(3.3pg/cell) intheamountof
nuclearDNA compared to thediploid (2.2pg/cell)fish (datanot
shown),thus confirming their triploid status and the success of
triploidization(Fig.2).

IIIIII...EEErrryyyttthhhooorrrcccyyyttteeeaaannndddeeerrryyyttthhhrrrooocccyyyttteeennnuuucccllleeeaaarrrsssiiizzzeee
Far Eastern catfish were ellipticalwith a centralcondensed

nucleus(Fig.3).Livingcellswereslightlysmallerthanair-driedcells
andlargerthanthoseobservedbySEM.

LightandSEM morphologicalanalysisindicatedthattriploidred
bloodcellshadsignificantly(P<0.05)largermajorandminoraxesand
cellsurfacewhencompared withcellsfrom diploid fish.Thesame
wastrueforthemajorand minoraxesand surfacesofnucleiof
erythrocytes(Table1).

IIIIIIIII...HHHaaaeeemmmaaatttooolllooogggiiicccaaallliiinnndddiiiccceeesss

Thehaematologicalindicesobtained with theauto-haematology
analyzer(SysmexXE-2100D)arepresentedinTable2.Thehaematocrit
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Fig2.Representativehistogram forflowcytometricanalysisofdiploid (a)
andtriploid(b)Silurusasotus.DNA contentofMudloach,Misgurnus
mizolepis(c)redbloodcellsisalsoshownasinternalcontrol.
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a b

d c

e f

Fig3.Diploid(a,cande)andtriploid(b,dandf)erythrocytesfrom far
easterncatfishSilurusasotus.a,b:air-driedbloodsmearsstanined
May-Grünwald-Giemsa;c,d:livingcells;e,f:SEM micrographs.
Scalebars:10㎛.
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Table1.Differencesin erythrocyte size underdifferentconditionsin
diploidandtriploidfareasterncatfish,Silurusasotus

Parameter Diploids(2n) Triploids(3n)Significance*

Linearlength(㎛)
Majoraxis,livingcells 12.10± 1.215 16.24± 1.053 P<0.001
Majoraxis,bloodsmears 12.39± 0.741 16.40± 0.514 P<0.001
Majoraxis,SEM 10.99± 0.890 14.52± 1.007 P<0.001
Minoraxis,livingcells 8.13± 1.097 10.26± 1.052 P<0.001
Minoraxis,bloodcells 8.71± 0.271 10.52± 1.502 P<0.001
Minoraxis,SEM 6.68± 0.520 7.96± 0.528 P<0.001
Majornuclearaxis,livingcells 5.35± 1.301 6.45± 1.319 P<0.05
Majornuclearaxis,bloodsmears 4.48± 0.633 5.52± 0.552 P<0.05
Minornuclearaxis,livingcells 3.39± 0.760 4.09± 0.970 P<0.05
Minornuclearaxis,bloodsmears 3.01± 0.158 3.79± 0.247 P<0.05

Area(㎛2)
Cellsarea,livingcells 82.57± 5.342 112.18± 9.550 P<0.001
Cellsarea,bloodsmears 89.64± 3.427 136.56± 6.553 P<0.001
Cellsarea,SEM 77.36± 6.113 108.21± 6.324 P<0.001
Nucleusarea,livingcells 9.27± 1.125 12.21± 0.892 P<0.05
Nucleusarea,bloodsmears 8.58± 0.603 10.93± 3.096 P<0.05

Volume(㎛3)
Cellvolume,livingcells 391.22±22.195 552.70±40.181 P<0.05
Cellvolume,bloodsmears 377.38±30.028 518.89±31.347 P<0.05
Cellvolume,SEM 367.56±31.412 511.01±39.743 P<0.05
Nucleusvolume,livingcells 13.66± 0.970 19.83± 1.774 P<0.05
Nucleusvolume,bloodsmears 13.27± 1.054 18.24± 0.726 P<0.05
*Differencebetweendiploidandtriploidissignificantatthislevel.
Twentyindividualsforeachploidywereused,mean±S.D.
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Table2.Comparisonofhaematologicalparametersbetweendiploidand
triploidfaresterncatfish,Silurusasotus

Parameter* Diploids(2n) Triploids(3n)3N/2NSignificance**

Erythrocytecount
(RBCcount,106cells/mm3) 2.56±0.247 1.16±0.057 0.45 P<0.001

Haematocritvalue(Ht,%) 35.73±3.176 33.65±2.636 0.95 NS
Meancorpuscularvolume
(MCV,㎛3) 139.25±5.419 203.95±4.455 1.46 P<0.001
Totalhaemoglobincontent
(Hb,g/100mL) 9.33±0.826 9.35±0.354 1.00 NS
Meancorpuscularhaemoglobin
(MCH,pg) 36.50±2.977 54.75±0.354 1.50 P<0.001
Meancorpuscularhaemoglobin
concentration(MCHC,%) 26.25±1.930 26.85±2.778 1.02 NS
Plasmaglucoseconcentration
(mg/L) 28.51±1.707 44.50±3.109 1.56 P<0.001
*Abbreviations:RBC,redboodcell;Hb,haemoglobinconcentration;Ht,
haematocrit value; MCV, mean corpuscular volume; MCH, mean
corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin
concentraton.
*Differencebetweendiploidandtriploidissignificantatthislevel.
Differencebetweendiploidandtriploidisnotsignificant(P>0.05).
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value (Ht),totalhaemoglobin content(Hb)and mean corpuscular
haemoglobinconcentration(MCHC)didnotdifferwhentriploidand
diploid Far Eastern catfish were compared.However,the mean
corpuscular volume (MCV) was 46 % higher and the mean
corpuscularhaemoglobin (MCH)was50% higher,and theplasma
glucoseconcentrationwas56% higher(P<0.05)intriploidspecimens,
whereasthe totalred blood cellcountwasincreased 2.2-fold in
diploidspecimens.Thetotalsurfaceoferythrocytesperbloodvolume
(surfaceoferythrocyte×erythrocytecounter)was229.5×104 μm/μL
in diploids and 158.4 × 104 μm/μL in triploids,with diploid
specimensbeing45% largerthantriploidspecimens.

IIIVVV...OOOxxxyyygggeeennncccooonnnsssuuummmppptttiiiooonnnrrraaattteeeaaannndddrrreeessspppiiirrraaatttooorrryyyfffrrreeeqqquuueeennncccyyy
Table 3 showsthe comparison ofoxygen consumption and

respiratory frequency (gillcovermovement)between diploidsand
triploidsatwatertemperaturesof20,25and 30℃.Theroutine
metabolism,asindicated byoxygenconsumptionexhibited alarge
differenceamong individuals,resulting in nosignificantdifference
between diploid and triploid specimens. The respiratory
frequenciesoftriploidsat20,25,and 30 ℃ were significantly
higher than those of diploids.Triploids showed a respiratory
frequency1.81timeshigherat20℃ and 1.74timeshigherat25
℃ and 1.5timesat30℃ compared todiploids.Thiswasmore
clearlydemonstratedbyplottingbothvaluesforindividualspecimens(Fig.4).
Therefore, it was concluded that oxygen uptake per unit of
respiratorymovementwaslowerfortriploidsthanfordiploids.
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Table3. Oxygenconsumptionrateandrespiratory(gillcovermovement)
indiploidandtriploidFarEasterncatfish,Silurusasotus

20℃ 25℃ 30℃

Ploidy
Oxygen

consumption
(O2/mg/kg/hr)

Respiratory
frequency
(/min)

Oxygen
consumption
(O2/mg/kg/hr)

Respiratory
frequency
(/min)

Oxygen
consumption
(O2/mg/kg/hr)

Respiratory
frequency
(/min)

Diploid 129.3±12.0343.5±11.75242.9±21.7752.5±12.04347.4±36.8765.0±13.38

Triploid 121.6±7.8778.7±15.28233.9±23.0191.2±14.58345.3±34.6397.4±9.43
Significance NS1 P<0.052 NS P<0.05 NS P<0.05
1Differencebetweendiploidyandtriploidyisnotsignificant(P>0.05).
2Differencebetweendiploidyandtriploidyissignificantatthislevel.
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Log10 (oxygen consumption, O2 mg/kg/hr)
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Fig.4.Relationshipbetweenoxygenconsumptionandrespiratoryfrequency
(gillcovermovement)fordiplod (○)and triploid (●)fareastern
catfish,Silurusasotus.a:20℃,diploid:y=131.08x-222.27(r2=
0.863)triploid:y=159.8x-263.03(r2=0.895);b:25℃,diploid:
y=229.56x-484.6(r2=0.800),triploid:y=296.58x-620.72(r2=
0.856);c:30℃,diploid:y=278.1x-631.06(r2=0.864),triploid:y
=202.95x-417.37(r2=0.821).
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DDDIIISSSCCCUUUSSSSSSIIIOOONNN

Theinductionofatriploid conditioninfishhasusuallybeen
reportedtobeaccompaniedbymodificationinphysiologythatmay
reducetheresistancetoacutestress(Ojolicketal.,1995a;Cotteretal.,
2002;Ballarin etal.,2004).Thislowerresistancecan influencethe
productivity of triploids during artificial rearing, which is
characterized by crowding and/oroccasionalreductionsin oxygen
concentration.

Inthisstudy,somehaematologicalparameterswerecomparedin
diploidandtriploidspecimensoftheFarEasterncatfish,S.asotus.The
results showed an increase in erythrocyte size in triploids,in
agreementwiththepreviouslyreportedincreaseinthecellvolumes
ofpolyploidyanimals(Purdom,1993;Gueetal.,1996;Benfey,1999).
In teleost fish,the increase in erythrocyte size associated with
triploidy hasalready been reported and the measurementofred
blood celldimensionswasproposed asarapid and in expensive
assayfortriploidy(Krasznaietal.,1984;Sezakietal.,1988;Sezakiet
al.,1991;Yamamoto& Iida1994;Libertinietal.,1996;Benfey,1999).
Data have usually been obtained from blood cells subjected to
air-drying,butthismethodmayleadtoalterationincellmorphology.
In order to prove that the observed differences were not a
consequencesofdifferentresponsesofdiploid and triploid cellsto
air-drying,erythrocyte dimensions were compared under different
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conditions(i.e.air-dried cells,fixed and dehydrated cellsforSEM
observations,and living cells).In allcases,the differences were
confirmed.Air-dried cellsweresomewhatbiggerthan living cells,
likely due to theirflattening on the slide surface.The opposite
situation was shown by cells treated forSEM,probably due to
shrinkage associated with dehydration.The observed increase in
erythrocytenuclearsizeintriploidsisaconsequenceoftheirhigher
DNA content,isinagreementwith datareported in(Sezakietal.,
1988;Libertinietal..1996;Benfey,1999).Shrinkageofnucleiwas
alsoobservedafterair-drying.

In thisstudy,the haematocritvalue (Ht),totalhaemoglobin
content (Hb) and mean corpuscular haemoglobin concentration
(MCHC)werenotsignificantlydifferentbetweendiploidandtriploid
catfish,buttheerythrocytesize,erythrocytecount(RBC count),mean
corpuscular volume (MCV), and mean corpuscular haemoglobin
(MCH)wereincreasedintriploidcatfish.Thisincreaseincellularsize
wasoffsetbyadecreaseincellnumber,whichexplainsthelackofa
difference in haematocrit observed between diploid and triploid
catfish,asreportedinotherfishspecies(Benfey1999).

Among the haematological parameters, the haemoglobin
concentration and haematocritvalueareregarded asbeing directly
related to the respiratory function and activity offish,while the
numberofand size oferythrocytesare not(Ikeda etal.,1986).
Therefore,ifthehaemoglobinconcentrationandhaematocritvalueare
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constant,asmallersizewithanincreasednumberoferythrocytesof
smallersizeinaunitbloodvolumeisadvantageousintermsofboth
respiratory function and activity since these erythrocyte conditions
lead to an increase in the surface area oferythrocytes for the
exchangeofoxygen.Itiswell-knownthatpolyploidizationoffish
resultsinanincreaseoferythrocytesize(Sezakietal.,1983;Sezakiet
al.,1988).In thisstudy,thedecreaseoftheerythrocytesurfacein
triploidcatfishwas45% andtheincreaseofmeancorpuscularvolume
was 46% compared to thatofdiploid catfish.Therefore,triploid
catfishhadalowercapacityofoxygenexchangethandiploidcatfish,
duetoadecreaseoftheerythrocytesurfacebypolyploidization.

Totalbloodhaemoglobinwasnotsiginificantlydifferentinfish
ofdifferentploidy,althoughthemeancorpuscularhaemoglobinwas
higherintriploiderythrocytes.Thesefindingsareinagreementwith
dataon freshwater(Bakeretal.,1983;Sezakietal.,1991;Parsons,
1993;Benfey& Biron,2000)and marineteleosts(Felip etal.,2001;
Ballarinet al.,2004).A similartotalhaemoglobincontentimpliesa
similarcapabilityofoxygentransport.Thishypothesisissupportedby
theobservation thatoxygen consumption issimilarin diploid and
triploidfishundervariousexperimentalconditions(Sezakietal.,1991;
Benfey,1999).In thisstudy,comparison ofthetotalhaemoglobin
contentandoxygenconsumptionratebetweendiploidyandtriploidy
indicated aloweroxygen capability oftriploid erythrocytes along
withahighermeancorpuscularhaemoglobinlevelintriploidcatfish.
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A loweraerobicmetabolism capacity,consequenttoarapidrise
oflactateandanearlierswitchtoanaerobicmetabolism,wasreported
in triploid rainbow trout,Oncorhynchusmykiss(Virtanen etal.,1990).
Thiscanexplaintheobservedhigherplasmaglucoseconcentrationin
triploidcatfish,whichisprobablyrelatedtoanincreaseddepletionof
liverglycogen which,according to Ojolick etal.(1995b),confers
triploidfishasustainedabilitytowithstandanaerobicmetabolism.In
addition,alowercapability oftriploid cellsto internalizeglucose,
related to a lower density ofeither glucose carriage or insulin
receptorsperunitofvolume,canalsocontributetotheincreasein
plasmaglycaemiaobservedintriploidfish(Ballarinetal.,2004).

Therelationship between oxygen consumption and respiratory
frequency at20,25 and 30 ℃ was higherin triploids than in
diploids,althoughdiploidandtriploidcatfishshowedsimilaroxygen
consumption.Therefore,theloweroxygencapabilityoftriploidythan
diploidyisin agreementwiththehaematologicalcharacteristicsof
triploidy.Davison(1959)claimedthatanincreaseinerythrocytesize
leadstounpleasantconditionssuchastheacceleratedheartpulsation
anddecreasedtransformationcapacityoferythrocytespassingthrough
peripheralblood vessels.Thus,itissuggested thattriploid catfish
compensateforsuchdisadvantagesconcerningofoxygentransportby
increasedrespiratorymovement.

Haematological studies have been performed in many fish
speciesbutfew studieshavebeenconductedincatfishes.Theresults
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ofthisstudyadd haematologicalinformation foranew speciesof
catfish,which contributesto the alleviation ofthissituation.Our
resultsshow triploidy-associatedchangesinhaematologicalparameters
that might affect Far Eastern catfish physiology,specifically the
capacityofthisfish touseoxygen in low concentration conditions
andthustoreacttoacutehypoxia.Currentfarmingpracticessuchas
in-farm continuousmonitoring ofwaterquality and rearing tanks
certainlywouldminimizetheimpactoftriploidy-inducedchangesin
oxygen-usecapabilities.Nevertheless,thesechanges,astheyhavebeen
determinedinthepresentstudy,shouldbetakenintoaccountwhen
assessing thefeasibility oftriploid FarEastern catfish forintensive
aquaculturesystemswhereunfavorablerearingsituationsmayoccur.
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2008년 2월

메기,Silurusasotus의 2배체와 유도 3배체의 혈액학적 특징에 기인
된 호흡 능력에 관한 비교를 위하여 적혈구와 적혈구 핵의 크기,표면적
및 부피를 살아있는 세포,Giemsa염색 및 전자현미경(SEM)을 통하여
측정하였으며,단위 부피당 적혈구 수,haematocrit치,평균 적혈구 용
적,총 haemoglobin함량,평균 적혈구 haemoglobin량,평균 적혈구내
haemoglobin농도 및 혈장 glucose농도를 측정 하였으며,산소 소비율
및 호흡수를 측정하였다.

3배체의 적혈구 세포 및 핵의 크기,표면적 및 부피는 2배체 보다
크게 나타났으며 또한,살아있는 세포,Giemsa염색 및 전자현미경을 통
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한 측정치 모두 2배체 보다 3배체가 크게 나타났다(P<0.05).
2배체와 3배체의 혈액성상은 haematocrit치,총 haemoglobin함량

및 평군 적혈구 혈색소내 농도는 서로 유의적인 차이를 보이지 않았으나
(P > 0.05),평균 적혈구 용적,평균 적혈구 haemoglobin량 및 혈장
glucose농도는 3배체가 높게 나타났다.반면,단위 부피당 적혈구 수는
2배체가 3배체 보다 많은 수를 보였다(P<0.001).

3배체와 2배체의 산소 소비율은 서로 유사하게 나타났으나,호흡수
에 있어서 3배체가 2배체보다 많은 호흡수를 보였다.이러한 결과는 3배
체의 혈액학적 특징과 일치하는 낮은 산소 이용율을 반영하고 있다.
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