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 Antitumor agents, at present time, do not  war-

rant satisfactory satisfactory expectations regarding the thera-

peutic effect upon the patients with malignant tu-

mor, although they show remarkable effects upon 

many experimental tumors in  animals,, These  eff  e-

as of antitumor agents upon the experimental tu-

mors are  partly due to the administration dose. 

 The administration dose of antitumor agents for 

tumor-bearing animals is prodigious quantities for 

human and cannot be prescribed to the patients 

with malignant tumor by reason of their side ef-

fects that are hardly avoidable. 

 In recent years, it was reported that a kind of 

antitumor agents,  antimetabolites,  12,37,46) was ad-

ministered together with its antidote to tumor-

bearing patients with result that was followed by 

no evil reaction. It is considered possible that, if 

 the side effects of the drugs  slieviate slightly, it 

 Might be of value in the treatment of a given 

patient with neoplastic disease. 

 The chief purpose of this study was to  investi-

gate the methods of diminishing the side effects of 
antitumor  drugs. 

  Vitamin B6, pyridoxal-phosphate that participates 

to both amino acid metabolism and heme synthesis 

was administered th the patients with cancer who 

have been injected antitumor agents, for the  pur-

pose of alleviating the side effects of the agents. 

  The molecular structure of pyridoxal-phosphate 

is shown below . 
       CHO 

 110,4\,CH2-0-P-OH 

              OH 
 1-18C/N/ (pyridoxal -5'-phosphate) 

      MATERIALS AND METHODS 

  Animal Experiment Male, Donryu  rats*',  weigh-

  *1 The animals were supplied from Central 
     Laboratories far Experimental Animals in 

      Tokyo.

ing 130 to 150 g were used. The animals were 

fed the normal  pellet*2 or vitamin B6 free  diet*3, 

with water ad libitum. 

 The animals were inoculated subcutaneously with 

ascitic fluid of AH 130 (one of the ascitic  hepa-

toma) , which was obtained from rats seventh day 

after inoculation and containing approximately  107 

cells. 

 The animals were divided into seven groups of 

10 rats each (Tabulation  1). 

 The normal pellet was given the first to the fifth 

group. The first group served as the control. The 

               Tabulation 1 

 1 st group control 
 2 nd group AH 130 was inoculated sub-

             cutaneously 
 3 rd group AH 130 was inoculated sub-

            cutaneously Mitomycin  C  given 
                                    the  4th 

group AH 130 was inoculated sub-  pellet 
            cutaneously + Vitamin B6 

 5 th group AH 130 was inoculated sub-
            cutaneously Mitomycin C 

              Vitamin B6 
 6 th group AH 130 was inoculated 

         subcutaneously given 
 7 th group AH 130 was inoculatedVitamin                                       B
6 free           subcutaneously + di

et             D
esoxypyridoxine 

 * 2 The normal pellet was CE-2 type provided 
     from Central Laboratories for Experimetal 

     Animals in Tokyo. 
 * 3 Vitamin B6 free diet  was composed as fol-

     lows 
  Saccharose  70  g 

    Casein (vitamin free) 20 g 
   Maccallum salt  4g 

 Corn oil  4g 
   Cod liver oil  0.  5 g 

    Choline chloride 200 mg 
  Inositol 15 mg 
   Nicotinic acid 4 mg 
    p-Aminobenzoic acid 20 mg 
     Pteroylglutamic acid 0. 1 mg 
    Ca. pantothenate 10 mg 
   Vitamin B1  0,8 mg 
   Vitamin B2 0. 8 mg
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secondgroupwa3subcutaneouslyinoculatedAH

130,withouttreatment.Thethirdgroup,inocula・

tedAH130,wasadministeredintraperitoneallythe

antltumoragent,MitomycinC.Fromeighthday

afterinoculation,eachratwasgivenO.584mgof

MitomycinCperkgofbodyweight,threetimes,

e>eryotherday.Thefourthgreup,inoculatedAH

130,waslnjectedeveryday1.OmgofvitaminB6

fromthedayofinocu.1ation.Thefifthgroup,in-

oculatedAH130,wasgivenbothMitomycinCand

vitaminB6asdescribedabove.

Boththesixthandseventhgroupswereemployed

after4weeksoffeedingwithvitaminB6freediet.

ThesixthgroupwasinoculatedAH130withvita｡

minB6fτeediet.ThelastgroupwithvitaminB6

freedietwasgivenbothinoculationofAH130and

administrationofdesoxypyridoxinehydmchloride,

antagonistofvitaminB6,whichwasobtainedthro｡

ughthecourtesyofChugaiPharmaceuticalCo.Ltd.

Desoxypyridoxinehydrochloride,dissolvedinphy-

siologicalsaline,wasadministeredintraperitoneally

everydayatadoselevelof20mg/kgbodyweight.

Bloodoxamination(redandwhitebloodc611count,

hemoglobin,andplasmaprotein),1iverfunction,

andbodyandtumorweightoftheseanimalswere

measuredduringorafterthesetreatments.

Liverfunctionwasdeterminedbymeasu】rjng

bothplasmatransminaseslevels(SIGMA-FRANKEL's

method43)andplasmaalkalinephosphataseleve1

(BoDANSKY'smethod5)・

ClinicalCasesAftertheanimalexperiments,

vitaminB6(10～30mgeveryday)wasadministαe遭

to35patientswithmalignanttumorwhohadbee籍

treatedwiththeantitum、oragentsand60Coirradia●

tion.TotaldoseofvitaminB6were250to1,900

mganditsmeanvaluewerea『bout800mg.The

antitumoragentsadministeredareasfollows:Mitひ

mycinC,Chro=nomycinA3,ThioTEPA(triethylene・

thiophosphoramide),andCyclophosphamide.The

pati帥tsofthecontrolgroup,whohadnotbee通

givenvita鵬inB6,were20gastr量ccancerpatients

whohadbeenadministeredtheantitu.moragentS

apProxiτnatelyequali箆adm、in、istratio獄dosetothe

above-mentionedpatients.

Thesametestsusediロtheanimalexperiment

wαecarriedoutthroughthistreatme就｡

Thecoe伍cie獄tofcorre1ationwasexpress孝db㌢

thefo11◎wingformula26:

ま一講 釜2s～解
Wherexisthe血eanvalueinthe丘rstgroup;yi$

themeanvalueinthesecondgroup;SIisthestan-

darddeviationinthefirstgroup;訊ndS2isthe

standarddeviationinthesecondgroup.

RESULTS

I駐fiuencesofVitaminB60nBloo{11tisclear

fromTablelthatthereex呈stthesharpdecreases

ofhemoglobin,erythrocyte,andplasmaprotein

valuesinvitam三nB6de{icientgroupsascompare魂

withthethirdandthefifthgroupstreatedwith

Mitomycin、C｡Thesamemaybesaidofthesecon己

groupvsthegroupstreatedwithMitomycinC.

TablelComparisGnofmeanvalueofhematoiogicexaminationineachgroup

Hemoglobin

9/100mlき

Thecoqtroigroup

Thetumorgroupnontreated

ThetumorgrouptreatedwithMMC

ThetumorgrouptreatedwithV.B6

ThetumorgroupgivenMMCandV.B6

ThetumorgroupgivenV.B6freediet

Thetumorgroupgivenbothdesoxypy-
ridoxineandV.B6freediet

11.8土1｡9

5.7土O.7

8.3土1.3*1

5.4土0.8*s

8.6土0｡7*1

5.O土0.6

4.5土0.5

Erythrocyte

×10t

604±82

310土96

433土75*葉

301土84

440±65*1

281土83

247土92

Leロkocyte

7100=ヒ1420

7480土1600

3600ニ ヒ720*2

7700±=1260*a

5900土890

6700土910*5

5100土Ie20

ゆ
Plasmapr｡te颯

91100ml

7.2土0.6

4.7土1.2

5.7±O.5*1

5.O±e.7

6.5土0.7*1

4.4土1.0

4.1土0,8

噌⊥

2

Q
U

4
凸

5

菅

*

*

*

*

Significantdifferencewithregardsto6thor7thgroup.

The``t"valuebetween3τdand5thgroupis6.026｡

The``t,'valu、ebetween4thand7thgroupis4.082.

The``t"valuebetween4thand7thgreupis4.808.

The``t"valuebetween6thand7thgroupis3.509｡
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Table21nfiuenceofcembinedvitaminB6inantitumortreatmentonenzymelevellnplasma

Thecontrolgroup

Thetumorgroupnontreated

ThetumorgrouptreatedwithMMC

Thetumorgrou」ptreatedwithV.BG

.,T喚etumorgrouptreatedwithMMCandV.B6

ThetumorgrqupgivenV.B6freediet

Thetumorgroupgivenbothdesoxypyridoxine

andV.B6freediet

PlasmaGOT

163.0土29.4

647.0土182.0

217.0土22.0*

585｡0土164.8**†

174.0土19.0

713.0土160.0

622,0土102,5

PlasmaGPT

35.6土1.2

45.0=ヒ5、2

40.0土4.0

44.5土4.8**†

36.0土3.7

50.6土4.4

47.0土3、9

PlasmaAIP

8.5土2.2

21.4土3.0

12.0土3.3

20.7土4.4†

11.1土1.6

27.3土5.1

24.0土2.7

*

*

亭
ー

*

The``t"valuebetween3rdand5thgroupis4.435.

The　 t"鴨1uebetweennces.withregardstothe6thgroup｡

Nosignificantdifferenceswithgerardstothe7thgroup｡

Table31nfluenceofcembinedvitaminB6

en2ymelevel
'

inantitumortreatmentonhematologictestandserum

Groups

Numberofpatients

Treat.

ment

Procedure

Antitumor
therapies

(Totaldose)

VitaminB6

Hemoglobin

(g1100m1)

Erythrocyte(×104)

Leukocyte

Semmprotein

(g1100ml)

SerumGOT

SerumGPT

・SerumAIP

Operablecontrolgroup
(Gastriccancer)

20

BillrothNo.20pe.

MMC* 30～44mg

ThioTEPA90～105mg

CAP2700～4300mg

ChrA3 8～14】mg

(i.v.)

Bef.ther｡

11.1±1.5

343土59

5620土653

7,1土O.44

26.8土5.9

20.2土6.6

3.9土1.0

Aft.ther.

10.9土1,2

346土42

2690土717**

6.96土0.41

29.3土7.8

27｡1土10.4

4.2±0.9

OperablegroupgivenV、B6

(Gastriccancer)

27

BillrothNo,20pe｡or
Subtotalgastrectomy

MMC* 38～44mg

ThioTEPA90～150mg

CPA

ChrA3

2800～3700mg

7.5～20mg

(i.v.)

Dailydose10～30】mg

Durst.ther.21～44days

(Meanvalue:32.4days)

T◎taldose250～1900mg

(Meanvalue:794mg)

Bef.ther.

11.7±1,2

358±38

5400土831

7.06土0.42

27.0土9,4

19.7土6.9

4.2土1.0

Aft.ther.

11｡2土0,8

348土31

3720=ヒ898**

6.99土0.31

26.9土7｡2

25.4土5.4

3.8土0.9

InoperablegroupgivenV.B6
(Stomach,lungcanceretc.)

8

Exploratoryoperation

MMC8～60mg

(i.v.,1.a.,i.P1.)*

ThioTEPA15～45mg

(i.v.,i.P1.)

CPA1000～2000mg(i.v.)

60Co2100～5400r .

198Au .50mc(i.pl.)

Dailydose10～30mg

Durat.ther.24～64days

(Meanvalue:34days)

Totaldose250～1750mg

(Meanvalue:850mg)

Bef.ther.

10.3土0.8

316土21

5520土777

6,4土0.7

47.5土14.3

34.0土8.5

5.4±2.2

Aft.ther.

10.4土1.0

307土22

3075土783

6.7土0.5

33.1土14.3

27.5土8.0

3.9土1.6

*Intheseco正umns,thefollowingabbreviationsareused:i .v.,intravenously,i.p.,intraperitonealy,

i・pl・,intrapleurally,i.a.,intraarterialy,MMC,MitomycinC
,CPA,Cyclophosphamide,andChrA3,

chromomycinA3.Dosageoftelecobaltareexpressedhereastumordose.

**The``t"valuebetweenoperablecontrolgroupandoperablegroupgivenvltaminB61s4 ｡310.
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Makingacomparisonbetweenthe2groupsadmi・

nisteredMitomycinC,amarkedincreaseinleu-

kocytewasrecognizedinthe且fthgreuptreated

wlthvitamin.B6.

Littledifferenceinthe4hematologictestswere

shownbetweenthefourthgroupadministeredvita｡

minB6andthesixthgroupfedvitaminB6free

diet,whereasconsiderabledifferencesin、hemoglobin,

1eukocyte,andplasmaproteinvalueswereshown、

betweenthefourthgroupandtheseventhgroup

withbothvitam呈nB6deficientdietanddesoxypyri-

doxine.Therewasnodifferencein、thehematologic

testsexceptforleukocytecountbetweenthe2grou.-

psfedvitaminB6freediet.

InfluencesofVitaminB60nLiverFunction

Test.As童nd三catedinTable2,1iverfunctionof

thethirdandthefifthgrouptreatedwithMitomy-

cinCremainedmorenearlynormalthanthat｡f

theothergroupsexceptforthecontrolgroup.

Liverfunctionbetweenthethirdgroupgiven

MitomycinCandthefifthgroupgivenbothMit｡-

mycinCandvitaminB6madeiittledifferencewith

theexceptionofplasmaGOTleve1.Uvαdisoアder

ofthefourthgroupinjectedvitaminB6wasabout

thesameasthatofthesixthortheseventhgroup

fedvitaminB6freediet.

InfiuencesofVitaminB60nT"morGrowth｡

Thisexperimentwasdesig君edtoanalyzetherela-

FiI}.1πfηecoursεoチ ナ方θyoん 栩εθデ ナωηoノ・〃7ε{zごゐダ!oaンo.

35

魔
」
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霞
b

ミ

Φ
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3showsinappreciabledifferenceinliverfunc・

tionbetweentheoperablegroupadministeredvita・,

磁inB6andtheoperablecontrolgroup.

Intheinoperablecasesthegroupgivencombined-

treatmentwithvitaminB6revealedthebetterresult

ineachserumenzymethanthoseoftheoperable

groups.Nevertheless,thetotalnumberoftheiΩ ・

operablecasesissmallandnobroadconclusions ,・

'shouldbedrawn
.

tionshipbetweenadministrationofvitaminB6and

tumorgrowth.Fig.1representsthetimecourse

ofthevolumeoftumor.AsshowninFig.1there

wasbutanegligibledifferencebetweenthesecond

andthefourthgroups.

Ontheotherhand,thelastgroupwasinhibited

tumorgrowththroughout10daysaftersubcutaneous

inoculation.Nevertheless,thesixthgroupdidnot

inhiblttumorgrowthasindicatedinFig.1.

InfiuencesofVitaminB60nBodyWeight.There

waslittledifferenceinbodyweighte圭therbetween

thesecondandthefourthgroupSorbetweenthe

thirdandthefifthgroups.

Basedontheabove-mentionedexperiments,two

possibil三tiesexistedthattheadministrationofvita.

minB6didn｡tacceleratethetumorgrowthandwas

favorabletothegeneralconditionofthetumor-

hosttreatedwithantitumoragentswithspecial

referencetodiminishingthesideeffectsofanti・

tumoragents.

Basedonavailableevidences,vitaminB6hasbeen

administredtothepatientswithmalignanttumor

tosecurethealleviationofthesideeffectsofanti-

tumortherapies.

Clin玉calapplication.AsshowninTable3,the

dropofleukocytecountisslightlyinhibitedinthe

operablegroupadministeredvitaminB6ascompare"

withthatofthecontrolgroup;whereaslittledif・

ferenceintheother3hemato1ogictestsisinhibited

betweenthe20perablegroups.

NopatientoftheoperablegroupsreceivedbloQd

transfusion.Sincealmosta11theinoperablegastric

cancercasesweremoreorlessgiventheblood

transfusion,theywereexceptedfromstudiesof

hematologiCexaminatiOn.

In霞ue配eofVitaminB60nLiverFunction・

Table

0

1

51015

DαysAfナ θ崩 ・α〃αナion

20
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DISCUSSION

Therearepatientswhosebonemaτrowsareso

sensitivethatevenverysmalldosesofmanyof

th.eantitumoragentswillproduceleukopenia.It

isobviousthat,ifthisdamagingeffecttobone

marrowcouldbecounteracted,丘nere丘icacywin

beproducedbymassadministratユonoftheanti-

tumoragents.

Forthepurposeofavertingthissideeffect,there

havebeennumeroustrials,i.e、regionalperfu-

.sion9,10,17,3e)colnbinedtreatmentwithantidote1,i2,2⑥,

's7
,460rbonemarrowtransplantation4,22,29,・32,33,47)and

revelationofshort-1ivedagents18・42,50).

Ontheotherhand,proteinmetabolismoftumor

bearerturnsintothecatabolicphase35・39)astime

goeson..Antitumoragentsfrequentlymakecancer

patlent'sstateworse,asisoftenattributedtothe

disturbanceofproteinmetabolism.Fortheattain-

mentoftheaim◎fa、11eviatingthenegativeeffect

ofantitumoragentsonpreteinmetabolismincancer

-patients
,combinedadministrationwithbothanti-

tumoragen・tsandvitaminB6,coenzymeinamino

acidmetabolismandhemesynthesis,shouldbe

proper1の.

While,anemiafromvitaminB6deficiencyhasbeen

reportedinsuchspeciesaschick3i),rat28),pigη,

dog34),andmonkey36〕.Thishematologicalterations

havebeencharacterizedbyahypochromic,micro-

cytlcanemlawlthhighplasmaironthatisunre-

sponsivetotheusualhematop｡ieticagents .As

vitaminB6isknowntoserveasacoenzymeinthe

hemesynthesis27・40)fromglycinorsuccinateinthe

redcells,itisunderstandablethatthisanemia

bringswithhighplasmairon｡

Itappearsfromseveralstudies2,3,13,19,44)thatthis

anemiainahumanbeingbringsalsowithamode-

rateleukopeniaandmereovertheadministrationof

コ の
vitaminB6tothisanemiaisfollowedbyrestoration

ofnormalhemo910bin
,erythrocyte,andleukocyte

.valuesandrapiddecreaseofplasmairon .

Ithavebeenpointedout25)thatvitaminB6defト

コ
clencyalsoexistsintumor-bearinganima1 .

Atthispoint,itisveryimportantforthisarticle

whethergrowthofcancerstimulatesbyvitaminB6

0rnet.

WhenvitaminB6wasintraperitoneallyadminis一

teredtoratsinoculatedsubcutaneouslyAH130,

growthofthetumordidnotdiffermuchfromthat

ofcontrolrats.Differenceoftumorgrowthbet-

weenratsfedvitaminB6freedietandcontrolrats

wassoslightastobealmostnegligi「ble.These

dataareinaccordwiththoseofBOUTwELL's

report6).

WhenDesoxypyridoxinewasadministeredtorats

renderedvitaminB6de丘cientdiet,itproducedthe

e廷ectinretardingthegrowthofrattumors,but

couldnotavoidtumor-death,Thisdifferssomewhat

fromSTOERK'sreport45):mouselymphosarcomawas

broughttoregressionbytheadministrationof

desoxypyridoxinewhentheanimalwasmaintained

onalowvitaminB6in、take.

AlthoughvitaminB6povertyissuretococurin

tum｡r-bearinganima1,hemo910bi爺anderythrocyte

valuesinthefourthgroupin5ectedvitaminB6do

n｡七di丘erfromthoseinthevitaminB6de丘cient

groups(6thand7thgroups),exceptforhemoglobin

intheseventhgr｡up.Thisphenomenonhasa

significationthatanemiafromcancerisdominant

overthatfromvitaminB6deficiency,Itisclear

fromthefactthatthereislittledif【erenceinthe4

hematologictestsbetweenthesecondandthefou.rth

group・

However,thinkingthatanemiaoriginatedincan-

cerhaspartlyitssourceinhemorrhage,thead-

ministrationofvitaminBδtothetumorbearer,

thathasalwaysvitaminB6de丘ciency,shouldbe

maintainedbyKORNBERG'sreport28):alatentery-

thropoieticinadequacyindicatedbyanlmpairment

intherateofredbloodcellregenerationafter

hemorrhagehasbeendemanstratedinpyridoxine-

dcf匠cientrats.

Anemiai簸eitherthesixthortheseventhgroup

lsoverlappingofanemiaoriginatedfromboth

cancerandvitaminB6deficiency;andamoderate

fallofleukocyteineithertheseventhvsthe

fourthgrouportheseventhvsthesixthgroup

mightbeoneofthepartialsymptomsinvitaminB6

de負cientanemla.

Itappearsfromthereportsofthepresentau-

thor14)andothers23,38,4Dthatliverdisorderiscertain

七〇 〇ccurintumorbearer,andthatadministration

ofvitarninB6toliverdisorderisf｡110wedbyfali
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of plasma enzymes levels. 

 In spite of the above-mentioned facts, liver dis-

order of the second group did not differ from that 

of the fourth group given vitamin B6 as shown in 

Table 2. As appeared by these data, there is very 

slight doubt that administration of vitamin B6 can 
not inhibit the serious liver disorder originated in 

malignant tumor. 

 This conception has also been answered by  either 

indistinguishable plasma enzymes levels between 

the fourth and the seventh groups or  distinguish-

able plasma GOT level between the third and  the 

fifth groups. 

  As mentioned above, vitamin B6 proved beneficial 

to tumor-bearing animal treated with cancer chemo-

therapy. 
 The author can not pass in silence the reason 

why vitamin  Be might counteract the side effect of 

leukopenia from antitumor agent. No one has given 

an intelligent reason why vitamin B6 responsive 

anemia accompanies with leukopenia and the leuk-

openia is quite restored by the administration of 

vitamin  Bg. 

 The reasons for explaining prevention of the leuk-

openia by vitamin  Bg on the basis of the aforecited 

data are as follow  :  (1) favorable return of the 

systemic metabolism by lightening both anemia and 

liver disorder; (2) improvement in protein  meta-

bolism. 

 On the other hand, antitumor action of  ;Mitomy-

cin C has been inactivated in liver. In the latest 

general meeting of the Japan Society of  Chemothe-
rapy, FUJITA et  a118). reported that Mitomycin C 

was inactivated in about 30 minutes in the phos-

phate buffer solution added both vitamin  B6 and 
liver homogenate and was hard to be inactivated 

in the liver homogenate solution without vitamin 

 Be. 

 This increased inactivation of Mitomycin C in 

liver might play a part in proof of considerable ef-

fect of vitamin  Be on leukopenia by Mitomycin C. 

 It has been definitely shown by the authors24,49) 

that effective concentration of Mitomycin C in blood 

do not continue more than 30 minutes after intra-

venous injection of Mitomycin C,  0.  2 mg/kg. Ac-

cordingly, the administration of vitamin  Be has no

direct effect on antitumor action of Mitomycin C. 

  Four one reason or another, it might be supposed 

that, on that point recovering from leukopenia,  vita-

min B6 dose not act directly neither as antidote to 

antitumor agent nor as stimulant to bone marrow, 

but acts indirectly. 

 Clinical results (as recovery from leukopenia) 

shown in Table 3 are slightly inferior to those of 

combined treatment either with  antidote/pm or with 

transplantation of bone  marrow4,22,29,82,88,47). How-

ever, the exact analysis of clinical results would 

mean little by reasons as  follows:  (1) the individual 

difference of  general condition when patient  was 

 admitted; (2) the unrestricted  diets; (3) the dif-

ferent invasion of operation; and (4) the others 

therapies except for blood transfusion. Vitamin B6 

could be recognized its services of improvement in 

liver function, protein metabolism, and exhausted 

reticuloendothelial  system21p48). 

 From these results, administration of vitamin  B6 

would be one of the most available therapies war-

ding off the side effects of the antitumor agents. 

            SUMMARY 

 Vitamin  B6 that is essential to both amino acid 

metabolism and  heme synthesis was used for the 

purpose of alleviating the side effects of antitumor 
 agents. 

 (1) Thirty-five cancer patients were treated 
with the combined therapy with antitumor treatment 

and vitamin B6. It had a wholesome effect on leuk-

openia from antitumor treatment. 

 (2) The similar therapy to the  tumor-bearing 
rats had more effect than clinical patients in  arrest-
ing leukopenia and failed to bring about the consid-

erable effect on liver disorder and anemia originated 

in ascitic hepatoma. 

 (3) It was clearly recognized that the  growth, 
of subcutaneous tumor in rat was not stimulated 

by administration of vitamin B6 and was halted by 

the injection of desoxypyridoxine into rat fed vita-

min  Bo free diet. While, the administration of  vita-

min  B6 did not weaken the effect of Mitomycin C 

on subcutaneous tumor in rat. 
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