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PIVISION OF LELICLL rAYSICS AXD
RADIATION LABCRATCRY

University of Califesnia
Berkeley, Californis

Studiss on biclogicsl offeats of rudistion hove mace use of the
uwnique op;ertunities afforded here te exomine the bislegical effect of high
energy radistion, A new tesl previcusly net svailabls fer bielogicel study is
afforded by the 190 mev denteren and alpha besms prodused by the 1847 eyalotrem,
the 32 wey linear proten soocsleruter, and the 300 mev elsctren velt betatron,
The utilization of protons, deuterens snd slpha particles was mede possidble by
the constructicn of a deflector aystem in the biz areletren whish brings these
beams out into sir as s parslilel stresn of reys, me of the unique properties
of these beams 15 the faot that they penotrste seversl inches deep into animel

tissue and that 1% i3 peseible 40 achisve redistion of seme internsl ergan without
1

wmduly affecting the skin of the animsl or the intervening tissues, Tissue

voluses as mnll as 3/8 inches in dlometer mey be irrndiated =s desep sa 5% inches
Fggﬁgﬁgﬁﬁgnﬂﬁﬁgﬂnﬂg%ggag. lio
other kinds of raciaticn sre known which enchls ano te produce depth dose effects
of this kind, The cdose dus to x-rey, fOr exarpls, falls off repldly aa soon as
radiaticn entars the body while with bete reys or high emergy xrsys frem the
betatron, the inhenced doss effect is almost negligible when compared with the ;,

d, x perticle beans, Dlagrem I gives the iscdcse lines for 19 O mwev deuterens.

luslsen, R.Rey Radiologicel Uses of Fest  rotons, Rediclegy 47, 487, 1946
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(Jee gragh I). This lsedese chart 1is sisilsr to the topegraphical mx: eof a
mountaine. (ne may diatingtly see the josition of the pesk dese.

dany necplasmas are encountered in radio therupy whish regress
and disa;;zesr after the a;plication of rudiation. However, trestment at ,rosent
is most successful in tumers lying clese te the surfacs of the skin, becsuse in
the past no setisfectory depth dose effects wers schiewed, The poasible future
therapeutic use of the deutercn or proton beans might remeve this difficulty
allowing the delivery of sufficient radistion to tumers shoss looalization is
known, Amerg these are ;osaibly some bone tumers, lung tumers, and bretn tusers,

anmxummuﬁmmumm
to study the specifie dialogioal effects jroduced and the possidls therapeutic
applications, A group of mice have now been trexted with this beemj all the mice
bad memmery cercinomas which lead to the death ef all the snimals, By the uss
of this bean, directed first through the body ¢f the mouse befers the beanm was
allowed to hit the tumer, a significent prolor stiom of life has besn obtained
in the entire group of mice and complete regressions and dissppesrsnce of tumors
in 25% of the mice, This result is promising, but it is %oo early to tell vhether
or not eoventusl human applicstion is indlcated.

In sddition to the above praotical applicstiom, the high energy
particls besms have many propertics of interest in the study of the deslc mschanisa
of the blological effects of radiation. (nly a slight emount of work hes been
dens on this so far, Deceuss the problems of instrumsntation had to be solved
first, Diffovent pertions of these high ener;yy beams hseve different specifioc ilen~
izeticns, 1.e., some parts of the besn produce trecks that have mere ionizaticn

per unit length than other parts. rFlecing biclogical spsoimens in the differeut
ionization reicns, a quantitative study of varifRs blclogicel effects becomes
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possidble, sinoce they are dependent on the s;eaifis ion demaity,

In eollsboration with the Omk Ridge Natiomal Laboratory, work has
been done on chromosomal rearrsngements in tredescantis pellen. The offects on the
chromosome appeer to be as much as 8 tines ss lerge in one sortion of the Lesm as
in soxwm other ,ortiomns.

Other aspects of this atudy concsrn the sechanisa of action of radin-
tions on water, Still other work is projected along the lines of producing mechenie
cal changes in the fruit fly. The rrdistion sensitivity ef dacteria is alse being
 studied. ,

Finally, soms work is deing dene on the effsctiveness of the various
ioniaing portions of the beam on animal tissue snd cenosrning the bdiolegiczl effects

resulting when different regions of tha animal bedy sre irradiated,
¥ork has been completed which gshows that the lethal bielogical effects

of urenium fissica are siproximately 27 times more effsotive than B-rgy ionizaetion,.

There are several trauce eclements known %o play an essentisl role in
the petabolism of memmals, Amcng these are iron, copper, cobalt, sinc, menganese
apnd others, Host of thess elements have sulteble radicective isoteres which have
been and are geing to be of much velue in traoihs the blochemiosl rels of these
Mmmmw. ¥We have undertaken a aystemetic study dealing with
the turnover of sasential truce alements with ths detersination of the distribution
of these trace elamenta in the animal body and investigating the dynamic aspects
of their turnever, That there is need for such technigque is {llustrated by nmeny
excrples, The newly discovered vitamin, Vitsmin B 12, contains soms cobalt. sn
extremely small smount of this vitamin, of the order of 10 micrograms, constitutes
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s whole therspeutic course, Also the inpvn role of certain trace elements ss go-
enzgymes is e considered fsctor in the estsblishment of these assay procedures to
detornmine the concentration znd distribuilen of theae tracs clepents., Here one of
the modern tocls of nuclesr physics, a chain reacting pile, offers another relative-
1y new technique. This technique is called activation ansliysis, and it serves to
deterzine the exact amcunt of mioute quantities of certain elements, In this
prepsraticn the astunt of ccbalt distriduted in the entire humem body is only of
the order ef } miorogrems, The technique of snalysis is carrisd cut as follows:

_ The biolegical material is first recuoed to m ash of inergenic resicus.
This is then irradiated bty meens of slew noutrons in ons of the piles, BNany eof the
slenents are present in extremely smell quuptities but if present they become
rediozctive in the hith peutron flux. o lster analysis the individual elements
sy be chemicelly separated; their radicuotivity analysed and asssyed, and from the
sctivity induced with the inowledge of ithe neutron flux, ens is edle to caloulate
the ori;inel amcunt of each element present, Thia technique for some elements sppesrs
to be the most sensitive technijue of determinetion thst has been used so far. (1,0C0.
o more times the sensitivity of plero chemicsl methods),

Blood fraciions, red cells, white cells, end plesma have been obtsdius
from the blood of a nmmber of _eople including normalz, pelyeytheamles, leukemics, snd
snemics, #He irradieted the tissue ash frem cach of these greups and studied the
trace elements ;resent in the ssh, i number of different radiosctivities were found,
snd the indused redisectivity spectrum appears %o be characteristic of the ty;e of
sstorial used; i.e., red oalls have a different induced radicestivity spectrum from
white cells wnd from plasma, ‘

Aleng with this work specisl sttention has been focu#ad on the biochen~
ical activity of the nucleus of cells. This _roblewm has many facets, Yowever, we
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are studying in particular thess biochemic:l rsacticns in which metallic traoe ele-
peats ;lsy an im.ortant role. alony with the microdsterminstion of the concentree
tion of such elements, = aystsmrtic study is being osrried en the turnover of these
elements in mucled of oells and in the gytoplesm of cells, Llsta obt:insd so far
indscates thet the olemcnt oobslt is consiatently teken u; in the muoclecr meteriecl of
cells of seversl tissuss, It hes a hulf tine of turnover in suclei of ope dey. It
is repidly exoreted. The slement pine does not sjpesr to do < : Bie) it seems thot
very little of it sjpesrs in the nuclesr frsotiomn,

In anizels which hsve tumors the ujtake and distribution of the cobelt
o;{cers to deviate from the narmsl. These observetions wege done oo mice snd approxi-
metely twioe as such acbclt wes taken u;: in the nuclesr fractiem of liver cells of
thoze mioce that had sotively grewing memmary oarcinesa tumors, The cocbalt alse
sppears in the nuclel of the tumor oslls but st a scmewhet later tize. This study
15 being extended, and it is hoped that in the future all huses of the bicchemical
and bigghyuicsl sotivity of truce elements in enimsl tissue will Be studied,

STURIES O SIECIFIC LiRail.TIH

att 0ld and obvyious ;rinciple of cencer therspy is that of killlng
esncer tissus iy sublecting it te the effects of hi;h level speolfie irrsdice
ticn, The diffuse nature of Heny neoplestic growths uskes the metshclic or
molesular solution to the ;rodlem of s eeific irreciaticn sa sttrective
spprouch, ldeally a substence shenld be foumd which, vhen administered in a jree-
tictble menner, would becotie loesliszed entirely in cencer tissue andt pot in norsal
tlasues, If such a substonce were eynthenize: incorper=ting suitedble redicsctive
izoto; o8, selective irrdi.tien of the tumer tissue wculd result apd the irrsuicted
tlsene would Involute il sufficlent irredisticn mere oprlied. Huch smateriels xer
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eveniually be found through‘ studies of biochemioel precesses. A number of organic
compounds (tyresine, dopa, phenylanaline) have been tried, which from our knowledge of
tissue metabolism might have lecalized ir certain neoplastic tissues, but thase
showed insufficient specific concentrations in the cencers studied, inother parti-
culerly promising substance 1s ready to be tested, stilbamidine synthesized with radio-
active cerbon. Stilbamidine ies kmown to localize in multiple myeloma cellsl but the
degréa of 1ocalization ia not known. Unfortunstely, the czucer known as multiple
myeloma 1s unique to msn and does not have a counterpart in experimentsal animal tissues
so that we must wolt to test this material until it is censidered safe to use radio-

. active cerbon in men, If this particular compound should localisze a bundred times

or more in myelema tlssue than in normel tissue, racivactive atilbemidine would then
be an ideel agent for treating putlents suffering from multiple myeloma, Other
meterizls are beln; develeped in this laberuztory which locallze in some of the body
orgenism; and tissues, particularly the radioactive colloids of chromic phosphate,
girconium citrate, and stronmtium lactate, KNone of these collelds have the property
of concentrating in necplastic tissues, but when they are given intravencusly

they can be made to concentrzte specifically either in the liver or the spleen

or the bone merrow., These sites are involved in the cancercus blced dyscrasias,
leukemia and polycythemia, and therapeutic radiation of leukemia and polycythemia
patients is being carried out now at this lsborastory using these colloids. The
results Qf specific bone merrow irrsdiation or specific liver irrsdistion are at
least as good as other irradiction methods for treating these diseeses by irradi-
ation, The advantege of the colloids is that the irradiation desage to cother body

tissues is grestly reduced, Methods of infiltrzting the lymphatic tissues with

1 b
“Snepper, I,.Influence of Stilbamidine on Kultiple Myelema; J, Mt, Sinal Hespitsl
13, 1919, 1946
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radiosotive materisls have been developed in this lsborstory and recently a method
of promise hss been developed which consists of introdueing the r-dioactive colloid
into a lymphatic vessel, such infusion ef the colleidal materisls in the cuso of
certain of the yitrium celleids leeds te s uniform and widegpread infilterstion

of the lymrhatic network of nedes above this site of infusion, The experimentsl
results to date are asufflciently good so that experimental therapy in cencer _atients
will de tried immedistely. among the patients that will be tried first will be

r:s 1
lymhoseruesas end memmery cercinomes because of the considersble lymphatic invelve-
{

!

ment in the apread sof these sancer tissues, .
sxperimentsl animals of several tyres are being studied with regéﬁ*d
to the bloghemicrel problems of zpacific orgznism irrscdlation. Mest of these studies
involve specific irredisticn of either the liver or of the bone marrow, 3ome of
these y.roblena com{iarn the depression of pucleis acld formstiom, It is now certeln
that seme depression of nucleic acid formation can be induced remotely from the
site of irradistioz. This sup;orts the concept of a chemical substance being formed
on irracdiation of tissue which proveckes further biochemical response to irradistion.
Immunity studiss have been made on animsls who received high levels of specific
uradiatiun of liver and spleen. No change in antibedy formaticn wms noted unming
four different entigenic substances in spite of the fact that whole body irrsdiustion
of 200 te 4CO r greatly depresses this mechanisw and that these animsls received
at loast 10,000 r as speciiic irradistion te the liver snd the spleen.

A2DICACTIVE CAHBOR STUDIES

Ffifteen simple organic cerbon preparations have been studied es to tlo

rate of conversion of l:béiing csrbon to carbon dioxide. This incluces compounds

in shich one or another ;usition of carbon is lsbelea with radloective carbonm,
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Thero is practioslly e different rcte of utilicetion and emount of utilisstion
of eech carbon cumpound and each crrbon pcaiticn within these sarbon compounds.
It 13 exjectled thot this inforustion mey eventfally lesd to determlnsticn of cere
toin limiting recotion reteo in the psth of osrbom metodoliam reluted to cortain
phases of lutermeclate metsbelism, lowever, from the smpiricsl a; proach: certain
algnificant dliferences sre being noted bedwesu certoin of e petterns ¢f utile
dsaticn of sowe of thease carbon compounds in the norual as oswgparsd te the neo-
jiattic snimel end in the liver irradistod as scapered to the morsal animal.

The tee compounds ahiowing effects ef this sert te date are metdyl lsdbeled pyruvie
arid, osrboxyl lsbeled ;ropionie ecid snd bets lebelsd slenine, The functicnel
mecocnian of thio effeot 1s noct understood but since it is sisecble it ia not

23 1likely thet 1% i8 striotly the result of the meteboliss of the ca:bon within
the tumor of the tencercus mimals a: it is thet this is s refleciion of chanse
in the tetal metsbolism of the ccncercus saipel, The luborstery is beiny devels
cyed for diverse work on carbon cogpound metibelism. The cemversivn compovncs

" “wilch sre & part of the jethway of metsbolimm of smy perticular ¢:rbon ston

can be se; srated and identifled Yy =y arati which are now installed in ths
lsborstosy, wnd this will incresve tha scope cf the carbon blcohemiatry whiok
will be dine.

| LaRGE KOLICTLES
The wecGisel sud bielogio:zl progran of the lsboratory alsc includes |
a study of some larpe sclecules of blaligiesl imertance, fsrt of this jrogram
ia the study of the plysical chemistry of the colleids used fer selective
Lredistion purpossa, lhere ars, however, some cbvicus pretein molecules whose
quentitative atudy 1o &o ovtent in the reprem of irrsdiated tissues., /‘meng
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these cre the  lessa proteins, the elbvmins snd lipepreteins, rhysicel chemical
meilods Yeve now heen devicwd for the analysis of these copstituents snd sub-
gonstituents i the rlemun of beth mex ird experiment:l snimels, There are alresdy
ooted malor chunzes in the lipeprotein freotionstion fellewing lethel and nesr lethal
irreciztion Jdose;es to exporimentel animels, This ;rogram will be continued
poartionlarly with regerd to liver irrscioation,

CIRCUL,TORY STULAES
A nugber of methods for zeesuring regionsl ¢irsulatica in body
tispuen bive Leon devized =t this laboratory. Thesse setheds inolude sssess-
wont of tissus, perfusion rates of musale, sploen, bens murrow, liver, tly-
rodd enc braig. The work is not ;rissrily su;ported iy the .tomic Zpercy
Commisadcn, but Giore ere variaticns of this work which are impertent in the
Jenerel stu.y of drradisticn effects uypcn tiscuss end metabolism of pornal and

peoplustio tisaues,
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