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(Jee ~ I). Thia ind•• chart 1a 1:laUer te the t.epecrapb1oal. ~: ~ a 

mountdn. U'le 1181' dia~ aee the ~Um or the peak a... 
~ necplaaas are encountered 1n radio therfAW 'llhiah regreas 

ia llG8t sucoeaatul in tu.re~ cl ... t. the ~aoa Id ihe akin, because in 

the put no at1afaot017 depth deM etteota wen aohined. !be poanbla tature 

therapeutio uee ot the dat.rm or pzrot. ,._ ld.gbt raanN tbU d1.tt1oulV 

a1J.onJJc the dellw17 ot autt.1.dell\ radlaU. tD tuera 'lbw looal 1•et1oD ls 

Jmcnm.. A-. .e .. an l*I~ .. w bODI t•1n, lUDI fM 11•1 and bnda i.on. 

lDteDaJ.ft ~ 1lllltZ'k 1• 1-ina..,,. witla tile detltene beam 

to atwV the apeoU1o bialodoal etteota .PftduW1 ad th4I potllAle therapctio 

apylicationa. A gJ'OU}) .r ll1ce haft now been tn~ted with thia beeaJ all the mice 

had __.17 oeroiDmaa 1lb1ab lead to the deatb et all the miml a. 117 the ue 

ot tbia beam, direoted f'1r8' tbroagh t.he bcqt' ft the ..... bet_. the beam na 

allORcl to bit the tumor, a aigni:icant pro.lor ~-tioa. or lire baa bun obtained 

1n the entire gNUp 0£ aice a11d aoaplete l'9gNHima and d1ae.ppunnce of tumors 

in 2S% ot the mice. Thia reault 1a prcmiaing• but it 1a too arq to tell whether 

or not OWlltu.l hman appllcatim 1a Uldicated. 

In addititm ta the above practical applloa.tlon, tbe high energr 

particlo be6118 haft lllUf' propert.1.e• ot interu\ 1a the atudJ' et the baaio maohan~ sa 

et tbe b1olog1csl etteota of radiation. ~ a sllght UIOlll\t. ~work hu been 

dane on thU • tar• benu• ttie p:rc1>1- ot 1utlwntatim bed to be aelffd 

first. DU'£t31"9D\ port1ona et t.beae high energy beU8 have d1tterct apeoif1o ifm

intiou, 1 ••• , w parta ot the beu produce til"ackB that haft mon 10D1zat1oD • 

per unit length than otbar part.. Flecjng biclogioal apeoiW in the dittenmt 

1cnitation l"ei;iona, a quantitative ~ of vnrl.B!L"' _f1clogiaal etf'ecta beooms 
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~·••ible, ainoe ~ an dependent ca the aa.8Cl1fio ion dmd.ff". 

ln eollcbcraticn with the Ollk Ridge laUoaal Labonlto:7, work hu 

been done cm chro9oscmal reUT&ngementa in tndeaoantia pollen. !he itf.fecta on the 

WOl'H- Afpear '&o be u IUOb as 8 t.iaea u lerp 1D one pert1.oD or the bema aa 

Ot.bu upeota ot thia stud;y oancam the Mafumi• o£ action ef :rad.1a• 

Ucma •water. SUll. Gt.ha" wort a projeoted alq the l.1w .t ~ mcb«m1• 

cal o1umgee in the tttd.t ~. 1'ho ndiatim eenait1'1ty et bacrteria 1• .iae being 

l'tudled. 

1~ne1]¥1 w 'IC"k 1a bdng dee cm the d'l'wUWDeea et the 'ftl"1Gus 

1.oaidng port.ion• ot t.be beaa on •ntul ti"Uftle and~ t.be bJ.ologioi:J. etteota 

resulting when dUtwent regicu ~ tJi9 Mdwl ~ ue 1rrad1ated. 

Werk hu been oaapleted 1lb1ah ah- that the lethal. biological etf'ects 

et U'8JWul tt.uicr& are ai.-proxilateq rt U.. aore et.feotift 1ban 1-rq ionization. 

the metabolia of Mm'la. .&llOllg t.hue are iroa, COFP•r, cobalt., dno, aeuganese 

and others. lost. ~ the• elment• ban suitable radioactive 1sotovea which b~ 

been and are ~ to be ot =ch nlue in tnaSba the b1ech911Snl rel• ot these 

el...-ta in t.h9 ••"•1 bedJ • '1e have ~rtake a .,-stwt1c atud;r deal Sng with 

the twnonr ~ .aaential trace element• with tha ~tlcm ot tbe d1.tJoibu.t1an 

et theM tnce el&118AU in the en2 Dll.l boa, and 1nwatigaUDg the ~ aspects 

or the.1J' ~r. 1hat thee 1a Jl88d tor such teohDique 1a 11.lutrated 1'1' ...,. 

examplu. The mnrq cJ:1scoffred ntamis11 Vitamin B 12, cont.ma ame cobalt. Jn 

~ ..U U1C11nt of this vitamin, ot the order of 10 id.orognu&ul, constitute• 



a whole t.hera}eut.10 0Gm'88. Al.so the l.llmm. role ot oerta1n tn.ae e1-Dta as ao

ens.rae• i• & ccnaidered tact.or in the ostabllohlalt ot th... aamv prooedm'ea to 

detormine the eoncentntion a.ad diatribu"'..ion or these trace elemanta. Here one of 

t.ba 1IOdern too.la ot DUClear pl'vaice, a cha1n reacting pil•t otters another rclaUve

:q nn teatmiqt.19. 1'bio teabn1.que 1a called aot:ivatiGD IUl&lpia, and it •rn• to 

detenSu the met~ o£ minute qaan:Ut.tea ~ oezotdD eleatata. In this 

pnparaUca the UCIUlt ot ocbalt d1at.r.U>ut.ed in t.he mt.ire ._,, bodf 1e ~ of 

the U'der t4 t Jliorogreu. '.fhe tecbnSqgt ~ ~ 18 oar.d.94 out • tollwaa 

The blollllioal. aater1al S.. nnt. Ndlloed \om uh ot imrge.nic .ruic.:ue. 

'J:b1a 1a thea 1rradiated Iv' .ue ot .a. neutrons 1n ar.e ~ tbe pllea. hqy' ot tlile 

•l•rata an preaen~ ill ext.re.q ..U qutJrt1U.. but it preaent ihq beeom 

ndioaotive 1n the ~jl D8'1t:ron f'lux. Q:1 later ~ia the 1nd1vidaal. elements 

aq be ob-1•1]7 Mpar&ted.J tbe1r rad1euti'ri.V ~ m4 ae111G'9d, and froa the 

aotid_. induced with the lmawledg• of the neut.ron nux, - 19 able tG calculate 

the ~'i.n&l amount of' eao!l elean't present. !h1a taalm1qv.e for m elements spi;,et<ra 

t.o be t.lle wt aensitin teohDl"iUG ot detend.nrsUm that has been UHd " ts.r. (l,900. 

er more time• the semit1v1fvr ot micro che:d.oa1 .thods). 

Blood traetions, red cells, white cells, md plaeaa have ~ obt.«:ik.i..tt...t 

traa the blood of a rmaber ot ~ple inoJ.ud1ng normals, ~·• leukeaics, .wld 

enemies. .. irradiated the tiasue uh ma each o£ \hue UollP* and at.udied t.be 

tra.ee element• ~1"8Mnt in the ash. .A DU1llber ot d1ttenmt radioeoUTltiea were tmmd, 

and the 1m1uaed redioaot1vi'tv apeoU. appears to be cb~ ot the t;r;.-e ot 

u.terial uedJ 1.e. 1 nd Olllla have a dif.rererrt. induced radioaotin• apeotram tram 

white aella 6IZld. t.rcm pl.amna. 

iloDg with thie vork DptC1al f'.ttention haa been t~ GD the biochem-

ical actiriV of the nuoleua at cells. 'l'hi.&1 ~lelll has llatV" racsts. 'ftowner, we 
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nro ~~ ill p~QUJ.&r theH bloohald.~l naoU.cDe la llb1cll\ •talli• tnoo ei.

mata ;.lq an ~oz-tun\ role. Al~ ·nth t.1141 ~ndn&Uaa ot the OCJn.L,"'Gntn.• 

tlm of such eleaeat.a, r. OJBt.OU:.tic StUd;y 18 bein6 carried OD the turrlOVtU" cf these 

olaanta :ill auclei cf oelle and in tiw a;ytoil.aa ct cells. Llata obt:~ined "o rnr 
ind1catea tbfit i..;e el~nt oobf)lt. is oonaiaten1.1T ta.lam u;., in the aucleC>..r ooterlcl. of 

aella ot ...-.l'Cl. Uaawa. It. bu a hdi" U. ot turnoftr 1n iaml,.1 of one d..7. It 

ia rap~ exot"eted. '1be alaant e1M doe• not awur to ~ :;. . . :: ~) 1t aeaa tmt 

ft17 lit.tla et it ax.-119an Jn the nualear tnat.icm. 

1n anl•l• 1lhtob Un tamw the ~take ad ~ ot the cobclt 

awcan ta dlrdate lrcll the ueral. 'lbeM eb•rretiona ... d-. cm a1oe and a,a:;prtni• 

•te~ \wJ.ae aa alOh oobvlt. na tUen ut~ Sn tho ..i..r tn.oUe or liver celli or 
then a1oe that. had aot.1yeq pn1na 1W8ILl'1 oaroin-. t.la7n. the cobalt also 

awean 1D the nuole1 of the tum&' oell.a but at • ocanhat later u.. Thia stud,r 

le t.ittc extended, and it 1a hoyecl tbat 1D the~ all~·~ the bioobmri~ 

aa'Jd b1clphraloal aoti'life ot t.n.M eloants in eni-1 u ... wt.11 be atudiee. 

M1 old cmd obrtows i:rlnciple ot cenaer therar.r 111 U1d. of klllJnt; 

oauoet" tioS\19 'c.17 auhJectilsg 1t to the e.t!'ecta ot hit~h le'nl •rao1fic irn.dizo.• 
-~~- _' 

u.ai. The tiif.t'\vJe nat\ll"tt o!'iluv neopl~o ~ iAllcGa the •tabelio or 

llOlecsular tnlution t.o the rrobln or 1;GC1r1c ir.nd.atien ea ~1vo 

:ppl'CIC&ah. !de~ a out~ should be tamd lfhich, when adain1atered 1n a ::J."'ec

tiotrble =~• wculd boeoae lcoal1nd eutintq 1a cencer tilt&18 &ind not in noi-...d 

tisauea. It BW:b a nbst.t.\Dce nre e:-rrth~e1Z9:.i !nool"f.el"!'.tiw; mt.able re.c11csct1'?e 

iaot.o}.ee, setl'9Crtive 1rrr di.;.. t1cn ot the tu..11.'lll'" tisa» •culd result am the irrauir..ted 

tisrnie would inYOlute if 3Uffic1ent irrr-d.1.atic.-n 'i'9f'G £'-P!;.U.ad. SUch. M:t.t?rial.S ~ 
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enntuall7 be f'ound thro~ atudies of biochelllioal procease•. .A number ot organic 

comt:ound!I (tyrosine, dopa, pheeylanaline) have been tried, which f'roa our knowledge or 
tissue metabolism might have localized 1n certain neoplastic tissues, but these 

showed 1.nau.ftioient speoifio concentrations 1n the cancers •tudied. Another part1-

cular]3" proaising 81Jbstance is ready to be tested, etilbamidine qnthesized with radio• 

active cerbon. 3tilbemidine is kncwn to loculize in multiple JSV9loma cellsl but the 

degree ot localization 1a not known. Un.t'ortun1:1.te.q, the oaucer known as multiple 

m.yelcma is unique to un and does not have a oountetpart 1n experillental animal tissues 

se that we mat wcJ.t to test this aaterisl until it ia cenaidered •af• to use radio• 

active cerbon in men. If this pnrticular compound should looaliH a hundred times 

or more in m;reloma tissue than in nonnal tissue, rs.ciioaotin atllbuidine would then 

be an idee1 agent f'or treating p~tients suffering troa multiple ivelou.. other 

u.terials are beinb developed in this labore.tory which localize in some of the bod;y 

erganismi; and. tissues, particularly the radioactive colloids ot chromic phosphate, 

zirconium citrate 1 and strontium lactate. None of these colloids have the prci:ierty 

ot concentrating 1n neoplBBtic tissues, but when they are given intravenouaJ.7 

th".Y ce.n be mde to concentrE'.te specifically either in the liver or the spleen 

or the bone msrrow. These sites are involved in the oanceroua blood dysore.sias, 

leukemia and polycythemia, and therapeutic radiation of leukemia. and polycythemia 

patients 1a being carried out now at this lv.bore.tory using these colloids. The 

results of speoi!'1c bone marrow irradiation or specific liver irradiation are at 

least as good as other irradiation methods for treating these disee.sea by irradi

ation. The advantage of the oclloids is that the irradiation dosage to other b~ 

tissues is greatly reduced. Methods of infiltrating the ~tic tissues with 

-~Spapper., I~.-lnfl.uenoe of Stilbamidine on Jlultipl.e Myelema, J, Mt. Sinai Hespit.i 
J1,, 1919, 1946 



n.dioaotift material.a haft been deYeloped 1n thia laborato17 ad recentq a aethod 

of promise has been deTeloped which coneiats of introducing the r~d.1oaotive colloid 

into a lyllphatic vessel. Juch in.fusion or the colloidal 1111terid1 in the C!!.i.;:J of 

certain ot the 7ttr11lll cell.oicl• leads to a mU.rora and widespread 1nfil teration 

of the 41iphatio network ot nodes abcmt this site 01" 1.ntusion. The experimental 

results to <iate are autt1o.1ent]¥ good so that e.xperiaeatal th•raw in cencer .:,:atients 

•Ul be tried 111medie.teq. AllODi the patient. that will be tr1ad tint will be 
(:,< 

~oaal'Ueua and •eme17 ce.roinoau beoauae of the omu1idenbla ~hatia invo~ve-
1 

aent 1n the spread ot these eancer tiames. \ 

~r1Dmltal apjaala ot several t;n.ea are being studied with reg~.rd 

to the bioohesicc.l problem of apoc1.f1c ~rgell1sa irradiaticm. llost ot these studies 

involve specific irrndiatitn or eithe~ the liver or ot the bone marrow. Some of 

these firobleu coruiern the depression ot nwlieio aeid tcrutiClh It ia now certd.a 

that ame depression ol llUCl.eio uid tormation cBll be induced raotel.¥ troa the 

sit. of irradiatio~. Thia au:i:+orta the ooncept of a aheaical aublltanoe being termed 

on irradiation or Uasua which µ-ovckea rurther biochemical responae to irradiation. 

I"WJ>ity atudiea have been made on anlllal.a who received high leftla of apec1f1o 

irradiation of liver and apleen. Bo ohanga in antibodr fol"f:Wtion was noted uning 

tour different antigenic subatanoea in spite or the faot thtt.t whole bo~ irre.diution 

o£ 200 t. 400 r great}¥ depre1ses this sechmillli\ and that t.heu anbitila reoeivlitd 

at loast 10,000 r as speoUfs.c irradiation te the liver and the spleci. 

lli'teen si.aple organic carbon prerarations have been studied w: to i:'..o 

rate of connrsion of lt.belfng carbon to carbon dioxide. Thia inaluces com,pcunds 

in which one or another ;.<~sition of carbon is labeleo with radioactive carbon. 
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Thero ia ~·raoUoal.11 a diftvent rcte of utsl 1watJ.m IDd ...i et utruuUoc 

~ ee.cb CAl"boil ~ Wld oaall ci:;J"bon i.ic 11t1cn within \Mae oarticm ocmr.c:>Wlil8. 

It 1a ttxtACWd t..ht.t thia Wol'llGticm acer eTe11tt:ai;q leaU to detandnnticu ~ ~or

ta.1c llrd.~ ncotion ~tea in thtt v~t.h ct onrbon t:.ett!.boU= rel.uted to certain 

i;ha.Ha ot 1.u~t. :.aet.bollma. !!cuuwr, f'rt;a tho 1111Ji1rioal aa~rcach tJertain 

~llllt d1.t1'tmmcea ue ~noted~ ~in ot tl~• pe.ttema et utll• 

iaticG ot ... of then ~= OOJII;OUDdl .111 the nona&l u ooupued to the neo

~ 4 pJ•l Ind in tba u,.,_ 1ttad1e.ted u ocaptnd to the .....i anSMl. 

!ba two OC1Jp«8td• ~ .a.eta ot tb.1a "" tel date .. .0,1 labeled wruno 
u14, ~l labeled !-1'0.Pimie e.oid and beta l.at•led alcnina. the 1\utotionel 

MCoLloaiaa '1t thia etted 1'J net .Cerntood but dnoe 1\ 1• lilitllble it i• not 

u like~ tbc.'t !t iJI fltrictq tl:Mt r.wl\ vt the nt.abcllu ct the oa;bon within 

U. imor ot ~ 1~1LtlOWO\ia ooSmal a a~ it. 1a that tbia 1o a re~...1-.i ot ~e 

1a th4J total-~- at tbe ~ onSIM'l. !he lftbon.tor.r Se being devel• 

oi*1 tw Qi~ ·'1fll'.k on~ coti.Ound meti.bolltm. T!Mt OG&mtni• coapouncn 

wh1'1h an • pan ot t.b• yathwcfr ot •tllbclittD of 8117 p61"Uaul.ar ~"*' atoa 

cmi be ••·a.rated Gild idont.1fied l.JT ~;.?rnti 1lh1cb _. now insWltlld in the 

l..C-cntoq, ma thia will J..ncru.H the scope er th• ¢&t'bon b1cd'.111;1dat,:cy miio~ 

•ill be date. 

The wll.ct.l snd biol~~l pl'Cgl'6& ot the ~ alAo Snoludes 

a st.ud7 or ... lar~ •lMul• ot b~~ 111;;ortanoe. Part. ot thia -~ 

1a the at.1Ul7 oE '1le ~stoel oha1&Jtrr ot the oalloiu \\led tw aeleat.iw 

irrediatJ.m ~a. ':~:.ore are, bcwenr, ume obvJ.owa }'l"Otein aolacn:lea whose 

qUl!nt.ite.Uve atu~ is ir:~.o~~t ill tl;.e !.~re~ ot irrn.diated tidUe•• t.llOng 
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these &l%'9 tbe ;l~A.ia p•otoit._,, the r.l.bm".iruJ and Upeprotein•• ftveice.l cbsScal 

met2".ods tne txYf'1 l:iN?! ~ucl tor tt:e ~nis o~ the~• ca:at.1tuents and sub-

noted l'ilRjor ohlifli!<i~ in t..'- lipGJ..-rotein ~Uon foll.ow~ letJ1tl and ne.ar lE.rt.h&l 

1rre.di~t1on tio~:u to ~cr1mer.tel animal.e. Tb:is I;rogrtlm w1l1 he continued 

~art1aular~ with regard to liver in•auintion. 

Unuea b:re 1*Ml dft'1:ted d t.h1a labontor,r. fbeaa aet.beda !Dolude ........ 

M8B't ot Usou.e, fertue1GG nwa ot &USOle, aploe, bona lllU'TOWr Uwr, tJr 
roJ.d tUltl brw. the work 18 not ;jr~ :Nk-Pf>rt.ed t}' ~ iltc&ic ~ra 

Ccmi.1;i;"J:d.cn, but a-i·~e ue va:i.aUcu ct this won '1liah are -~ in thu 

,~••ru :stui..7 trJt irr"''aUcn 6!'tecta UiJm tisma &Ad aetabolisa ot nr.n:.:tl and 
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