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Theferricnitrilotriacetate-inducedcarcinogenesismodelisuniqueinthatreactiveoxygenspecies-
freeradicalsareinvolvedinthecarcinogenicprocess.Buttheeectsofiron-withdrawalinthe
progressionofrenalcellcarcinomaarenotwellunderstood.Weperformedrepeatedphlebotomies
onanimalsthathadbeenadministeredferricnitrilotriacetateintheinitiationstageofrenalcell
carcinoma(phlebotomygroup),andcomparedthedevelopmentofrenaltumorswiththosenot
receivingrepeatedphlebotomies(non-phlebotomygroup).Ferricnitrilotriacetate-treatedmale
Wistarratswererandomlydividedinto2groups:aphlebotomygroup(21rats)andanon-
phlebotomygroup(17rats).Tenage-adjustednormalratswerealsoobservedasanormalgroup.
Hematocritwasmaintainedunder25 inthephlebotomygroup.Hematocritlevelsinthenormal
groupandinthenon-phlebotomygroupwerenotsignificantlydierent.Asaresult,theincidence
ofrenalcellcarcinomawasnotsignificantlydierentbetweenphlebotomyandnon-phlebotomy
animals.However,thetotalweightoftherenalcellcarcinomawassignificantlyheavierinthe
animalsfromnon-phlebotomygroupthaninthosefromthephlebotomygroup(23.64g±18.54 .
54.40g±42.40, ＜0.05).Thepresentstudydemonstratedthatphlebotomyaftertheadministration
offerricnitrilotriacetatedidnotreducetheincidenceofrenalcellcarcinoma.Inaddition,we
showedthatironwithdrawalatthepromotionstageofcarcinogenesiswillretardtumorgrowth.
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I ntraperitonealinjectionofferricnitrilotriacetate
(Fe-NTA)inducesrenalproximaltubulardamage,

andrepeatedinjectionsultimatelyleadtoahighincidence
ofrenalcellcarcinoma(RCC)inratsandmice(reviewed
byOkada［1］).TheFe-NTA-inducedcarcinogenesisis
auniqueanimalmodelcharacterizedbythefollowing
features:1)thekidneyisthesoletargetorgan;2)there
isahighincidenceoftumors(30-90 ),oftenwith

pulmonarymetastasesandperitonealinvasioninmale
rodents;and3)reactiveoxygenspecies-freeradicalsare
involvedinthecarcinogenicprocess.Ourstudyandother
previousreportshaveshownthatafterFe-NTAtreat-
mentinthekidney,anincreaseinoxidativeDNAbase
modificationscantakeplace,givingsuchproductsas
8-hydroxydeoxyguanosine［2-5］, thymine-tyrosine
cross-links［6］,thiobarbituricacid-reactivesubstance［7,
8,9］,saturatedandunsaturatedmutagenicaldehydes
e.g.,4-hydroxy-2-nonenal(HNE)andmalondialdehyde
(MDA)［3,10］,andHNE-,MDA-modifiedproteins
［7,9,10,11］.SupplementalvitaminEandother
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radicalscavengerspresentinfoodsuppressedtheinci-
denceofRCC［5,12］.Fe-NTA-inducedRCCwas
showntohavenomutationsinH-,K-andN-ras
oncogenes,andalowincidenceofmutationinthep53
tumorsuppressorgene［13,14］.Recentdatasuggest
thatinactivationofp15 andp16 genescouldbe
oneofthemajorpathwaysresponsibleforFe-NTA-
inducedcarcinogenesis［15］.
Inhumansaswellasanimals,thereisnoactiveiron

excretionmechanism(reviewedbyOkada［16］).There-
fore,theironinjectedduringFe-NTAcancerinduction
studiesismostlyretained,andtheexperimentalanimals
aretherebycharacteristicallyoverloadedwithiron.The
eectsofiron-overloadinthegrowthofRCCarenot
known.Weperformedrepeatedphlebotomiesinanimals
havingreceivedFe-NTA,andcomparedgrowthofRCC
withthoseobservedinnon-phlebotomizedanimals.

MaterialsandMethods

Three
week-oldmaleWistarratswerepurchasedfromCharles
River,Japan.Theywerefednormalratchow(Oriental
Yeast,Tokyo,Japan).Animalexperimentswerestrictly
performedinaccordancewiththeGuidelinesforAnimal
ExperimentsbyOkayamaUniversityMedicalSchool.
Afteraweekofacclimation,42ratsreceivedFe-NTA,
and10ratswereleftuntreatedthroughout.Fe-NTAwas
administered2timesaweekfor3months(5-7mg/kg
bodyweight)byintraperitonealinjection.Fe-NTAtreat-
edratsreceivedtotalof27-54mgofiron.
Fe-NTAwaspreparedbythemethoddescribedby

Awaietal［17］.Inbrief,nitrilotriaceticaciddisodium
salt(NTA,NacalaiTesque,Kyoto,Japan)andferric
nitrate9HO(Wako,Osaka,Japan)weredissolvedin
distilledwater,andtheferricsolutionwasmixedwiththe
NTAsolution.ThepHwasadjustedto7.0withsodium
bicarbonate(Ishizu,Osaka,Japan).ThemolarratioFe
toNTAwas1:4.
AttheterminationofFe-NTAtreatment,38outof

42ratstreatedwithFe-NTAremainedalive,andallof
theanimalswereswitchedtoalow-irondiet(Oriental
Yeast,Tokyo,Japan).Theanimalswererandomly
dividedinto2groups,namely,aphlebotomygroup(21
rats)andanon-phlebotomygroup(17rats).The
phlebotomygroupunderwentexsanguinationsof5mlor
lessatatimeunderetheranesthesia,2timesaweek,
fromaretro-orbitalvenousinplexusthroughahepariniz-

edhematocrittube.Hematocritwasmaintainedunder
25 .
EighteenmonthsfromthefinalFe-NTAinjection,all

animalsweresacrificedbyexsanguinationunderether
anesthesia.Serumwascollectedaftercentrifugation(10
min,3000rpm).Theweightoftheorgansandtumors,
serumiron,andtotalironbindingcapacity(TIBC)was
measured.Theobservationoftumorhistologywas
performedbyroutineHematoxylin-Eosinstaining.Sol-
ubleironfromtheliverandkidneywasmeasuredas
describedbelow.

Solubleiron
wasmeasuredbythemethodofBrueckmannandZondek
［18］.Toextractsolubleiron,0.1goflivertissuewas
groundinaglasshomogenizer,0.5mlofsaturated
sodium pyrophosphate,andonemlof10 trichlo-
roaceticacid.Then,thehomogenatewasquantitatively
transferredtoawideglasscentrifugetube.Thetubewas
thenheatedinaboilingwaterbathforexactly7min,and
immediatelycentrifuged.Theseextractscontainedlow
molecularweightironandferritin.Ironwasmeasuredby
anFe-testkit(Wako,Osaka,Japan).Allglasswarewas
washedwith0.1NHClandrinsedwithiron-freewater.

Student’s t-testwas
usedtoforthestatisticalanalyses.

Results

Changesinbodyweightduringtheexperimentare
showninFig.1.Inthephlebotomygroup,4ofthe21
ratsdiedduringphlebotomyorduringanesthesia;oneof
the17non-phlebotomyratsdiedduetotumorgrowth

Mizoteetal. ActaMed.Okayama Vol.56,No.4200

Fig.1 Changesinbodyweightduringtheexperiment.(▲)
phlebotomygroup(n＝21);(□)non-phlebotomygroup(n＝17);
(●)untreatedgroup(n＝10).(average±S.D.).



duringtheobservationperiod.
Serumironwasbetween25and30μg/dlinthe

phlebotomygroupduringtheobservationperiod.TIBC
increasedfromthefirst12months,butdecreasedwith
age.Hematocritremainedunder25 (Fig.2).Thefinal
ironconcentrationattheendoftheexperimentisshown
inTable1.Animalsinthephlebotomygroupwere
slightlyhypoferrinemic.However,theTIBC ofthe
non-phlebotomygroupwasnotsignificantlydierentfrom
thatofthenormalgroup.Hematocritdidnotsignificantly
dierbetweentheuntreatedandnon-phlebotomygroups
(26 -38 ).Solubleironwassignificantlydecreasedin
thekidneysofthephlebotomygroup(P＜0.05vs.
untreatedandnon-phlebotomy).Solubleironinliverwas
notsignificantlydierentamonggroups(Fig.3).
TheincidenceofRCCwasnotsignificantlydierent

betweenthephlebotomyandnon-phlebotomyanimals.
However,thetotalweightofRCtumorswassignificantly
heavierinanimalsofthenon-phlebotomygroupthanin

thoseofthephlebotomygroup(Table2).
MacroscopicandmicroscopicpicturesofFe-NTA-

inducedRCCinanon-phlebotomizedratareshownin
Fig.4.Microscopically,thetumorswerecomposedof
granularorclearcells,and/orrevealedsarcomatoid
subtypes(Fig.4b,c).Fe-NTA-inducedRCCina
phlebotomizedratisshowninFig.5.Generally,the
tumorsfromphlebotomizedratsweresmallerthanthose
tumorsfromnon-phlebotomizedrats.Themicroscopic
pictureswerenotdierentamongtheindividualsofeach
group(Fig.5b).

Discussion

Fe-NTA,wheninjectedintraperitoneally,isabsorbed
fromtheperitoneumintotheportalvein.Aftersome
clearanceofironintheliver,Fe-NTAflowsintothe
systemiccirculation.Fe-NTAexistsasfreeironinthe
serumforatleastafewhoursafterserumtransferrin
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Table1 Dierencesinserumiron,TIBC,andhematocritbetween
the3groupsattheendoftheexperiment

groups
Serumiron
(μg/dl)

TIBC
(μg/dl)

Hematocrit
(%)

Normal 136.50±66.03 634.83±65.11 36.76±3.75
Phlebotomy 22.67± 2.89 896.67±82.70 20.33±2.60
Non-phlebotomy 77.00±40.89 670.00±88.41 32.59±4.79

P＜0.01vs.untreatedornon-phlebotomygroups. P＜0.05vs.
normalornon-phlebotomygroups.

Fig.2 Changesinserumiron,totalironbindingcapacity(TIBC),
andhematocritinthephlebotomygroup.(▲)hematocrit;(□)TIBC;
(●)serumiron.(average±S.D.).statisticallysignificant(P＜0.01)
fromtheinitiationofphlebotomy.

Table2 Incidenceofrenalcellcarcinomaanddierencesintumor
weightinanimalsofthephlebotomyandnon-phlebotomygroups

groups
Numberof
ratsused

Numberof
eectiverats

Incidenceof
RCC(%)

Tumorweights
(g)

Normal 10 10 0(0)
Phlebotomy 21 17 9(53) 23.64±18.54
Non-phlebotomy 17 16 9(56) 54.40±42.40

P＜0.05vs.non-phlebotomy.

Fig.3 Solubleironinliverandkidneyattheendoftheexperi-
ment.Filledcolumn,kidney;opencolumn,liver. P＜0.05vs.
untreatedornon-phlebotomygroup.
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moleculesaresaturated;subsequentexcretionofironby
thekidneythentakesplace［19］.Sincethemolecular
weightofFe-NTAislow,itisfilteredthroughglomeruli
totheluminaoftherenalproximaltubules,wherethe
lipidperoxidationreactionisinduced［20,21,22］.For
lipidperoxidationtooccur,thefollowingconditionsmust
bemetintheluminalenvironmentintheproximaltubules:
1)anabsenceofalbuminthatworksasnon-specific
scavengerintheurine;2)abundantcysteineasaniron
reductantbythepresenceoftheGSHcycle;3)neutral

pHandaverageionicstrength.Thisenvironmentappears
tobeoptimalfortheFenton-likereactiontooccurinvivo
［23］.
Whenreactiveoxygenspecies-free-radicalsaregener-

atedincloseproximitytoDNA,theycancausepoint
mutations,DNAcross-linking,andDNAstrandbreaks,
andthuspossessthecapacitytoalternormalcells［24］.
Recently,Toyokuni’sgroupreportedthespecificallelic
lossofthep16 tumorsuppressorgeneasoneofthe
earlyeventsleadingtoratrenalcarcinogenesisdueto

a

b c
Fig.4 RenalcellcarcinomainducedbyFe-NTAinnon-phlebotomizedrats.(a)Alargeright-sidedrenaltumorthatwasobserved18months
afterthefinalFe-NTAtreatment,andthehistologyoftherenalcellcarcinoma,(b)granularcellcarcinoma,(c)sarcomatoidcarcinoma.
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iron-mediatedoxidativedamage［25］.Freeradicalscan
alsoactivateproteinkinasesandgrowthfactorsandtheir
receptors,whicharebothessentialfortumorpromotion
［26］.Although6outof12renalcellcarcinomacases
hadeitherlocalordistantmetastasesaccordingtoprevi-
ouslongitudinalreports［14］,wedidnotobserveany
metastasesinthepresentstudy.Thisdiscrepancymight
reflectoneormoreofthefollowing4explanations:the
useofdierentWistarstrains(slc:Wistarinaprevious

studyvs.crj:Wistarinthepresentstudy),earlytermi-
nationofthepresentstudyat18months,ahigheriron
doseinthepreviousstudy,oralowerirondietafterthe
initialFe-NTAtreatmentinthepresentstudy.
Freeironisastrongmediatoroffreeradicalproduc-

tion［1,24］.Thepotencyofironasacarcinogenis
summarizedinarecentreview［16］.WhenFe-NTAwas
incubatedwithprimaryculturerenalcells,invitrotrans-
formationoftheculturedcellswasobserved.Thisstrong-
lysuggeststhattheeectsofironontargetcellsaredirect
［27］.Weinberghasarguedthathostironstatusmay
influencetheincidenceandintensityofneoplasia,andthat
iron-withholdingrepresentsadefenseagainstinfectionand
neoplasia［28,29］.Weinberghasfurthermorestressed
thegrowthadvantageofneoplasticcells,andalsothe
suppressionofthehostdefensesysteminthemilieuof
iron overload. Ourresultswerein accord with
Weinberg’shypothesis,andgrowthretardationwas
observedunderaniron-restrictedenvironment.Neoplas-
ticcellgrowthretardationisalsoexpectedunderiron-
restrictedenvironment.Intheculturesystem ofthe
Fe-NTA-inducedRK532cellline［27］;wewillattempt
todemonstratethisprocessinournextexperiment.
Thereremainssomeconcernthatthephlebotomytreat-
mentitselfmightaectvariousmetabolicpathways,and
thatthegrowthretardationoftumorsasregardssize
couldbeinterpretedasageneralgrowthretardation
aectingbodymassduetothedeclineofthehost’svital
status.Whenweconsiderthebodyweightcurveshown
inFig.1,itisapparentthattherewasnogrowth
retardationamongtheanimalsinourphlebotomygroup;
therefore,inthisregards,nogrossnegativeeectcould
havebeenattributedtothephlebotomyprocedureitself.
Recentsuccessfultrials ofiron withholding and
phlebotomyinpatientswithchronichepatitisChavebeen
encouraging,andthereisnoevidencethatvitalstatuswas
negativelyaectedbyphlebotomy［30,31］.
Wefedanimalsaniron-freedietaftertheinitiation

stage.Solubleironintheliverwasnotsignificantly
dierentbetweenthephlebotomyandnon-phlebotomy
groups,butsolubleironinthekidneywassignificantly
dierentbetweenthe2groups. Thismay mean
metabolicallyactiveironintheliverwasusedduringbody
growth(Fig.1),andwaskeptunderhomeostaticcontrol
throughtheproductionoftransferrin.Solubleironinthe
kidneymayhavebeenpresentinalocalenvironment,and
wassubjecttotheironstatusoftheentirebody.A
non-phlebotomized,iron-richenvironmentisbeneficialfor

a

b
Fig.5 Renalcellcarcinoma induced byFe-NTA in non-
phlebotomizedrats.(a)Asmallright-sidedrenaltumorthatwas
observed18monthsafterthefinalFe-NTAtreatment,andthe
microscopicpictureofarenalcellcarcinoma(b).Thehistological
picturesdidnotdierfromthoseobtainedfromnon-phlebotomized
rattumors.Thepicturehereshowsagranularcelltypetumorwith
apapillarygrowthpattern.
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tumorgrowth［32］.Therefore,weconcludethatiron
withdrawalatthepromotionstageofcarcinogenesiswill
retardtumorgrowth.
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careofthelaboratoryanimals.
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