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VIVISION QF LELICLL FHYSICS AXD
RADIATICOH LABORATCRY

University ef California
Berkeley, Califernia

Studiss en blelogiosl offeats of radiztion have made use of the
unique op;ertunities afforded here to exomine the bislegiocsl effect of high
energy radistion, 4 new teel previcusly net svallsbls far dialogioel atudy is
affordsd Ly the 190 wev deuteren and alpha besms prodused by the 1847 eyalotrem,
the 32 wev linear proten socvlerater, and the 300 mev electren velt betatron.
The utilisatica ef protous, deuterens and alphs particles was mede posaible by
the constructiscn of a deflector asystom in the diz qrelstren which brings these
beams out into sir as s parsilel atresn of reys. (me of the unigue properties
«mmammmzmwmmmmmmmx
tissue and that 1t is peseible to achieve radistiom of seme internsl ergan without
mmmmumawmwmwumml Tissue
volupes as ssmll as 3/8 inches in dlometer mey be irrndiated as desep &s 5% inches
hmb@ﬁmmmm&ufmwmﬂmsmmuﬂwm. bo
other kinds of radiaticn are knows which enchle cne %e produoe depth dose effects
of this kind. Ths dose dus to X-ray, for exsrple, falls off repidly es soen as
radiaticn entsrs the bedy while with bete reys or high energy x-rays frem the
betatren, the inhenced doss effect is almost negligible when cospared with the ;.
d x MW. Dlagrem I gives the isodose lines fur 19 O mev deuterens.

1481son, ReRe, Radiolegicel Usee of “est  rotons, Radiclegy 47, 487, 1946
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(Jee graph I). This isedese chart is similsr to the tepegraphicsl mx: ef a
zountein, (ne may distingtly see the ;osition of the peak dese.

lay necplasmas are encountered in radie therapy whioh regrsss
and disajpesr after the application of rudiation. However, trestment at ,resent
is most successful in tumors lying clese ts the surfacs of the skin, beczuse in
the past no satisfectory depth dose effacts were achiewved, The possibla future
therapeutic use of the deuteren or proton beans might remeve this difficulty
allowing the dslivery of sufficient radiation to tumers whose looslizaticn is
known, Amng these are ;osaibly some bons tumers, lung tumers, and brein tumers.

Intensive experimentsl work is being dene with the deutersn beam
to study the speoific bialogioal effeats jroduced and the possidls therapeutic
spplications, A group of mice have now boen trexted with this beem; all the miocs
had memmary oarcincuas which lead to the desth ef all the snimals, By the use
of this bean, directed first through the body ¢f the mouse befers the bean was
allowed to hit the tumor, a significant prolor stlem of life has Desn obtained
in the entire group of mice and complete regressions and disajppesrsnce of tumors
in 25% of the mice, This re=ult is promising, but it is too early to tell vhether
or not oventusl buman applicstion is indlcated.

In addition to the above praotical applicstion, the high energy
particls besms have many properties of interest in the study of the desic mechaniss
of the blological effests of radiaticn., nly a slight smount of work hes been
dens cn this se far, becsuse the probless of instrumsntation had to be sclved
first, Diffaorent portions of thess high eneryy beams have different specific len~
iasticns, 1,e., some perts of the besm produce trecks that have more ionizatlen

per unit lepgth than other parts. rleecing binlogical spacimens in the different
lonization regions, a quantitative study of varifhs piclogicel effects becomes
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joseidle, sinos they are dependent cu the s;ecifis ion density,

In eollsboretion with the Osk Ridge National Laboratory, work has
been done on chromosomal rearrangepents in tredescantis pellen, The offects on the
chromesome appesr to be as much as 8 tines gs lerge in one sortion of the Lesm a3

in sone other ,ortions.
Other aspests of this study concern the mschsniam of action of radia-

ticus on water, Still other work is projected along the lines ef produciig mecheni-
cal changes in the f1uit fly. The rudiaticn seusitivity ef Dacteria is also being
 studied. |

Finally, soms work is being dene on the effectiveness of the variocus
ionising portions of the beam on animel tissue snd cencerning the diologic:l effects

resulting when different regions of tha snimal bedy sre irradiated.
#ork has been cospleted which ghowa that the lathal bielogical effects

of ursnium fission ars s jroximately 27 times more effective than B-ray icnlzatlon.

There sre several trace slements known to play an essentisl role in
the metabolism of memmels, Among thaese are iron, copper, cobelt, sine, menganese
apd others., Host of thess elsments have suitsble rediceotive iscteves which have
boen snd ere geing to be of much value in tracihg the biachemiosl rels of these
Mmmmm. We have undertsken a aystematic study desling with
the turnover of sssential trece alements with tha detersinatien of the distributicn
of these trace elements in the snimal body and investigating the gynamic aspects
of their turnowver, That there is need for such technigue is {llustrated by many
exmrples. The newly discovered vitsmin, Vitsmin B 12, contains some cobalt, sn
anmtdm:ﬂum,dthemotmmm,emumn
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a whole thersreutic ccurse, ilso the knmm role of certain trace elements ss co-
enzynes is & considered fsctor in the estsblishment of theses assay procedures to
detormine the concentraticn and distribuilen of thease trace clepents, Here one of
the modern tocls of nuclear physics, a chain reacting ile, affers another rclative-
1y new techniqus. This technique is called sctivation anslysis, and it serves to
determine the exact amount of minute quantities of certain elements, In this
prepsraticn the amtant of ccbalt distriduted in the entire kumem lbody is only of

the order ef > miorogrems, The technique of woalysis is carrisd cut as follows:
" The dislegieal meterial is first reduesd to e ash of inorzenic resicue.

This is then irradiated Ly meens of slow noutrons in ons of the piles, Eany of the
elesents ere present in extremely small quuntities but if present they become
radicective in the hi:h peutron flux. On lster snalysis the individual elements

ney be chemicelly separated; their radicistivity analysed and asssyed, and from the
sctivity induced with the inowledge of ihe neutrom flux, ens is edle to caloulzte
the ord;insl amcunt of each element present, This technique for some elements sppesrs
to be the most sensitive technigue of ceterminstion that has been used so far. (1,000
cr more times the sensitivity of aicro chemicsl methods).

Bleod fractions, red cells, white cells, end plesma hsve been obtsdius
from the blood of 2 pmber of ;eople including normal:z, pelyeythemios, leukemics, snd
anemies, We irradieted the tissue ssh frem each of these greups and studled the
trace elements ;resent in the ssh, i number of different radiosctivities were found,
end the indused rediosctivity spectrum appears to be characteristic of the tyye of
zaterial usedj 1.,6., red 0alls have s different induced radicactivity spectrum from
white cells «nd from plasmsa, ‘

Along with this work specisl sttention has been focusdd on the biochem-
lcal sotivity of the nucleus of cells. This _roblem has maxy f{acets., 'owever, we



e

afe attdying in particular thess blochemic:l reacticns in which mstallie traoe ele-
pects ;lay an im.ortent role. alony with the microdeterminstion of the ooncentre-
tion of such elementa, = aystemrtic study is being carried em the turngver «f theso
olepents in muclei of oslls and in the qytoplesm of cells, lsta cbt:insd so {ar
indsestes thet the olemcnt oobslt is consiastently teken u; in the muclecr metericl of
oells of severcl tissues. It hes a hulf tize of turnover in suelei of ore drye It
1s repidly exoreted, mm..m.mdoumwmmas;:ugﬁ i1t seems thot
very little of it s;pears in the nuoclesr fractiom,

In snizels which heve tumors the ujteke snd distribuyticn of the cobelt
s;;cera to deviate from the narmel, These observeticns wege deme on mioe end approxi-
mately taice es much acbolt wes teken up in the ouclesr fraction of liver cells of
thoze mios that had satively grewing memsnry cearcinema tumors. The cobelt alse
sppoars in the nuolel of the tumor oslls but at a scmewhet later time, This atudy
15 being extended, and it is Beped that in the future sll jhuses of the biochemicol
snd biophyuical sotivity of truce elements in enimsl tissus will bBe atudied,

STURLE G 3iZ0IFIC Limail.TIH

st old and ebvious ;rinciple of acsncer therspy is that of killlng
gsnoer tissue iy subjecting it to the effects of hi;h level speoific irrsdice
ticn, The diffuse nature of Hery neoplestic growths uskes the metsholic or
molesular solution to the ;rodlem of s eeific irreciaticn em sttrective
spproach, Ideally a substance shenld de found vhich, vhen administered in a jrre-
ticzble menner, would becttie leesliged entirely in cencer tissie andt not in norsal
tlasues, If such a substance were eymthenize: incorpersting smiteble redicsctive
isotoj o8, selective irr dl:ticn of the tumor tissve would result and the irrscinted
tissue would invelute if sufficlent irredisticn vere acprlied. Juch materiels ey
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eventually be found throughl studies of biochemicel processes. A mumber of organie
compounds (tyresine, dopa, phenylaneline) have been tried, which from our knowledge of
tissue metabolism might have lecalized ir certain neoplastic tissues, but these
showed insufficient specifiec concentrations in the cencers studied, inother partl-
culerly promising substance ls ready to be tested, stilbamidine synthesized with radio-
active cerbon. Stilbamidine ie known to localize in multiple myeloma cells® but the
dngfea of localization ia not known. Unfortunustely, the carucer known as multiple
myeloma is unique to man and does not have a counterpart in experimentsl animal tissues
80 that we must wolt to test this material until it is cenasidered safe to use radio-

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

or more in myeloma tissue than in normal tissue, racivactiive stilbemidine would then
be an ideel agent for trcating putlients suffering from multiple myeloma. Other
materials are bein; developed in this labcrztory which localize in some of the body
orgenismi; and tissues, particularly the radioactive ceolloids of chromic phosphate,
girconium citrate, and strontium lactate., None of these colleids have the property
of concentrating in neoplastic tissues, but when they are given intravencusly

they cen be made to concentrete specifically either in the liver or the spleen

or the bone merrow. These sites are involved in the cancercus bleced dysorasias,
leukemia and polycythemia, and therapeutic radiation of leukemia and polycythemia
patients is being carried out now at this lsborztory using these colloids. The
results Qf specific bone merrow irrsdiation or specific liver irradistion are at
least as good as other irradicztion methods for treating these disesses by irradi-
ation, The advantage of the colloids is that the irradiation dosage to other body

tissues is grestly reduced. Methods of infiltrsting the lymphatic tiseues with

1 i
~_Snapper, 1,.Influence of Stilbamidine en Kultiple Myeléma, J ¥t, Sinai Hespitul
13, 1919, 1946
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radioective naterisls have been developed in this lsboratory and recently a method
of promise has been developed which consists of introduecing the r:dicactive colloid
into a lymphatic vessel, Juch infusion of the colleidal materisls in the cuso of
certain of the yttrium colleide leads te a umiform and widegprsad infllterstion

of the lymphatic network of nedes above this site of infusion, The experimentel
results to cate are sufficiently good so that experimental therapy in cencer .atients
vill be tried immedistely. among the patients that will be trisd firat will be

{::?. .
lymphossruesas end mammery ceroincmes because of the considersble lymrhatio invo}ve-
{

!

ment in the spread sof these cancer tissues, :
ixperimentsl animals of several tyres zre being studied with mge&‘d
to the biochemicrl problems of spocific orgznism irrsdisticm., Most of these studies
involve specific irrsdisticn of either the liver or of the bone marrow, 3ome of
these yroblens conésm the depression of pucleis asid formstiom, It is now certein
that seme depression of nucleio acid formetion can be induced remotely from the
site of irradistiocz. This sup;orts the concept of a chemicel substance being formed
on irradiation of tissue which provekes further blochemical response to irradistion.
Immunity studiss have been made on animels who received high levels of specific
Madinﬁan of liver and spleen, No change in antibedy formation was noted using
four different entigenic substances in spite of the faot that whole body irradistion
of 200 te 4CO r greatly depresses this mechmnisw snd that these animels recelived
at loast 10,000 r as specifilc irradiation te the liver and the spleen.

R2DICACTIVE CaHBON STUDILS

Fifteen simple organic carbon preparations have been studied as to tlo
rate of conversion of lahéﬁng csrbon to cerbon dioxide. This includes compounds

in which one or another ;osition of carbon is lsbelec with raélozctive carbeu.

DOR ARCHIVES



Thers is practioslly e different rcte of utiliszation and smeunt ef utilisstion
of oech carkon ovtpeund and sach enrbon jcaiticn within these sarbon compounda.
It 13 expecled thet this icforpstion mey eventfally leed to detarminsticn of core
todn limiting recetion retes in the pnth of oarbon metibeliam reluted to certaln
yhazes of iutarseciste msetsbolism. !owever, from the empirdssl a;proach certaln
significant differences sre being noted betwesu vertein of e patterns cf util-
izaticn of sowe of these carbon compounds in the normal as soparsd te the neo-
piabtic sximal end in the liver irradisted es ccmpered to the mormel animsl.

The twe cosmpounds showing effects of this sert te date are mothyl lsbeled pyruvic
anid, osrboxyl lsbeled roplenis ecid snd bets lsbelad slenine, The Nuneticnsl
mecncnism of thic effeot 1s not understood but since it is sisesble it ia net

aa likely thet [t (8 striatly the result of the ssteboiism of the ca:bon within
the tumor of the cancercus snimels a: 1t is that this 1s s refleciian of chemse
in the tetal metsboliam of the scncercus aailmml. The luboratery is beiny devel-
oped for diverse work on cerbon compound metibeilm. The cenversicn compovmos
which are a yart of the pethway of metsbelism of smy psrticular e:rbon atow

osh be se srated and idemtified Ly s;;arati which are now installed in the
lsborstosy, end this will increese tha scope of e carbon biochimiatry which
will be dipe,

, LelOE EOLICULES
The mecisel sud bielogio:l progrsnm of the leboratory alse includes |
a stily of gsome lrrpe solecules of blaliglosl imcrtance, Iart of this jrogram
ia the study of the physiocal chemistry of the colleids used fer selesctive
{rrediction purpocses. °oere ars, however, some cbvious pretein sclacules whose
quantitative study 1s iz ortent in the jrepram of irrediated tissues, ‘meng
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these ore the _lesma rroteins, the clburmins snd lipepreteins, rhysicel chiomicel
meilods Yeve now heen devicwd for the wnalysis of these constituents and sub-
goenstituents i the yiemms of both mex ird experimentel snimels, There are already
noted malor changes in the lipeprotein frecticnstion fellewing lethel and nesr lethal
irreciztion Jdosages to exiorimentel animele, This ;rogram will be continued
poertionlarly with regerd to liver irrsciotion,

SIRCULATCGAY STULQES
A nugber of metl:ods for messuring regiounal cirsulsticm 4in body
tispuen beve Leen devized «t this laboratory, These methods inolude assess-
wont of tissus, ;erfusion rates of miscle, sploen, bens marrow, liver, tly-
rodd enc br&;a. The work is not ;rissrily supported ly the .temic Ipercy
Commisadcn, but Giore ere variaticns of this work which are impertent in the
semerel stu.y of drradisticn offects ypcn tiscuse end metabolise of nornul and

neorlastio tisanes.

DOR AREHIVES



SY3L3WILNID

SH3L3WILN3D
Sl ol S 0

T

o1l
Oe¢ ISt

e ’

SNOY311N3ad A3JW Oel HO04 S3AHND 3S0A0SI
T HJVY9

DOS ARCHIVES



