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. Opening Speech by Stafford L. Varren, M.D,

«ssThe Course in The Applic-tion cf Nuclear Physics to the Biological
and Medical Sciences convened on August 2, 1948 at 9:30 A.M. in the Chemistry
Building, University of Califeornia at Los .ingeles, "estwood; California,..

DR. S. J. VCINBZRG: Members of tiuis class, it my pleasure to wel-

come you and introduce the general chairman for the course, It is not very often

. that the University has had the pleasure cf playing host to a group as specialized

and select as this ¢ne, coming as yov do from the Vetrans Administration, the
Armed Forces, the universities, th:s State anu civie groups, Public Health Dépaft—
ments, and also the ranks of radiologists. '.e hope to repeat 8he course o* a
qodification'of it every second year.

There is one piece of information you don®t have. The last lecture
will be giveﬂ?ﬁ recent Nobel prize winner, Ir. Carl i‘nderson of the California
Institute of Technology who will discuss cesmic rays and the application of these
rays in the matter of this courss.

’ Tqually distinguished iﬁ the field of biophwvsics is the General Chairman
of this course, Dr. 5Stafford L. “arren, Dean pf the !edical School, University of

California, Los Angeles , of wicm most of you have heard. linn 1s also & professor

of biophysics of this institution. Dr. “arren.

DR. STAFFORP L. VARLEN: It gives me great pleasure to welcome you here
for many reasons, not the least of which is the ract that this is in a way the
first course given by the faculty of the non-existant medical school, plus a lot
of importgda%glento This important talent is the little brass™ of this course,
and the ;55£éa1 school talent is th- woeking group; There are a lot of reasons
for this course that youiérobebly all know individually since there is a wide
variety of representation here as Dr. héinberg pointed out, There are two
fundamental reasons for this course being giventhis summer. One ofcourse is the
desire of the University of California to take its place with other universities
in extending the knowledge, information and usefulness of radioactive isotopes

techniques throughout the country, and it is hoped that a goodly number of you

will return to your institutions and act there as a small focus to spread the
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information and the techniques which you learn bere. The second one is the ever
present worry about the future conflict in wiiich contamination by radioactive materials
will be a major problem for all technical and professional men.

As physicians and technical men, groups such as this will have to be the
backbone of any défensive or prctective organizations that are set up. It is not
unlikely that Dr. Bryan will discuss the contamination aspects of the laboratory
problem very extensively when 5ou come to deal with the active radioactive materials
later on in the course

I would like to make a f{ew rsmarks about the application of nuclear physics
to medicine and biology, particularly emphasizing the dynamic aspects of biological
phenarena, Perhaps I.am sensitized to this a bit because recently I have been argu-
ing with the physlcists 2 great deal. The physicist, chemist agd engineer, when they
are dealing with experimentsl programs, think in terms of a very small percentage of
error, because they can deal in general with rather fixed conditions 2nd situations—ee
and by making two or three measurements and then using a lot of mathematics they can
coze out with an answer which hes a chance at least of being quite precise. In bio-
logical problers you are dealing with 2 dynamic system which is continually changing.
Of course the physicist is also;.to a certain extent,, but not Just in this same way.
In dealing with biological problems'you have to bring a little different point of view
to bear upon the experimental obsezvations or the factual observations. In this same
regard we have the greatest misconceptions today in both the mational and international
picture where medical and biological laymen attempt to apply static and precise explana-
tions to phenamena occurring in large areas of contamination. You cannot just say you
are going to have so many microcuries or curies of contazinating material spread in

such and such an area uniformly. There is no such thing as uniformity on a large



-3~
scale, nor is there uniformity in the distribution of these materials in the
animal,vand in the plant, or in the stream, or on the ground, or in the air,

T have discussed this a little because you will be dealing with some animals

and same plant materials; and you may be struck with the fact that your in-
formation is not comparable to that of your neighbor because you are using two
different animals, That is why so much -of the distribution data is plotted on the
basis of percentage. The body is very much like an engine going at a moder-

ate rate of speed, and you have to nick off your sampling while the engine is

working because the biological processes are working and you cen't stop them.

If you stop them you get an abiormal result. The problem is always to obtain
your data without your method of sampling causing distortions. Of course by
eriment you do change the situation from time to time in order to bring out
certain deviations which give you a clue or might give you a clue to what the
normal phrsiology is. Noﬁ;>th;; concept of the non-static position of biological
mate;ials is a little bit new to biologists in general, although many will not

admit that it has crept upon them from the period of the first use of isotopes.

Those of you who know much about the field know that beflore the war, a good

deal of work was being done with isotopes, and a great deal of confusion resulted.
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This was due to the fact that brevious work with ordinary conven@ional laboratory
procedurss had built up evidence of which was imterpreted upon sﬁatic conditions, TFoints
of reference were few and cased on iong time intervals, With the advent of radioactive
isotope multiple sszples could b2 done with greet ease and ccnsiderable accuracy. ‘ide-

spread ccmparison of organ contents could be inside. As a good illustration iet's take ¢

~—

sodium belance in the body. For a long time there was consicerzble mystery as to what
happened to the sodium chloride. You can make measurement.s of sodium chloride in the
plasm2 of the humsn or of tine dog or cther animels and you find that it fluctuztes from
menent to moment, from hour-to hour, and from day to day. It took a long time to realize
that there were tides in ths bleod and in the interstitizl tisszue and in the storehouses
of the beody which reflected the status of the fluid bzlance in the body and the needs,
Under great demand such g zxcessive sweatiné the sodium chloride could be pulled out

¢ the storchcusss end ths radic-sodium located in cne o the hither to overlooked store-
hounss, mamoly the bone. The bene corvies abeut twenty per cent of the salt resident

L of the avellabhility of ithe bone to store things
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ed fror tisc to time., The bone was ordinarily thought of as a fixed

structure mainly designed for weight bearing. It was known Le fix certain poisonous

-

metels but they were there tc stay. The bone is & great sponge for some substances. It
is & eslcium appetite mineral with & wide molecular lattice work. In that lattice work
zan be stored eaéily——stored and remcvad~—substonces which are used in the day to day
zetivity of the body. If you don’'t have this dynamic concept of change then the findings
whiech you will obtain in the use.of isctope techniques will be entirely unexplainable

or cenfusing. How many samples;ohcw many roints—do you need to fix a relationship. That
is @ very difficult probiem and cun cnly be settled by a preper statistical approach. You
might need as many as 100 pcints, or you might need only five odten. There has been a
great deal of useful work cdone up to now with isotopes in which trends have beén in-
dicsted froa experiments carried out with three to four anzlyses; at & point on time

interval,
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After the injection or the introduction of the isotope into the biclogicel matter. ) It
ie obvious that a good deal of that earlier work mill have to-be done over, but it was
satisfactory at the time since it did show a trend. This was a necessary device to get
infarmation cuickly during the war. It cut down the number of animsls that were used tc
give a particular point, saving beth time and materials., .

Somebedy will have to do the hard routine unexciting work of'going over a great
deal of that earlier data and doing it on a2 large enough scale to fix mote of these poir
than we are able to fix now. In some cases it is nol important to completely establish
concertration. In fact, it is unrealistic to try tod so because the concentrations.do
not mean much of themselves, it is only their relationship to other concentrations in ti
biological material, (The body, for instance—-) that is important,

When dealing with your Geiger counter equinment it will be pointed out there s
& lot of errcrs, theE;’is difficulty with the gecmetry of the.set—up, thé;; are difficu
with the ashing technigues. Therz are lots of loazes., All of those defects you want &
take in yowr etride, but becoms femiliar with the fzchniquo-~its purposes and the princ
that govern it in genersl.

I would like to have you leave this course withe lLhe feeling tﬁat there is a 1
to bte lesarned yet, and there certainly is. You may get the impression in these three
woeks that everything is known, snd that is distinctly not the case, We are at a front
that has hardly been tduched, or hardly been explored. Cur ecquipment is greatly improt
over what we had before the war, but it stiil leaves a lot to be desired. Any of you

who have an inventive fraﬁe qgﬂmind should certainly give yourselves the oppo:tunity of
inventing improvements. Tﬁey are badly needed. The equipment is too expensive for wic
spread use, and medical schools and biology debartments that sse this eqpipment ordina:
are not budgeted to operate on this level. Personnel is very expensive too, pertly be:
the market is not saturated yet. 1 can't promise you all hetter jobs than you have no:

but I am quite sure you will be much more efficient, after you have had this training
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course, in your own job at home, It is not unlikely that a few of you will be stimulated
by this course eo that you will really read a lot and you will improve your experimental
procedure. Sone of you will be 2ble to set up programs using these techniques and will
train new men and women in this field, There is a great lack of trained perscnnel both
in the Atomic Energy Comuission's program and in the universities! programs as a whole,
ard in inrdustry, and ci'ew people are badly needed. I wish you lots of luck during this

three weeks. We have a good group to talk to you.
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1The University of Californiz, in cetting vp this curriculum, is

anloupting Lo mast Lhe tremendous need for shilled orkerse Peeple tiained in this

course will e ntle to ns.ist in establishing divercsified research programs all over
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"Fstebliched radiziion centers like Cok Ridge have hac time to assemble
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As the resull of Ingeniour eperimentation and clever theorizing, it has been

lectrically rpositive

incontrovertikly dsronciratesd thit alors consist of a very swll

2

ks
.;nuclei surrownded by & definitec patisrn p7 eleclriczlly negzative cherge composed ef
."". k

Je

W

rLs - . . R - = ;
éﬁg}gctrons. for miay yeurs it was though® that the nuelei consisted of pretons (hydrogen)
it

nucled) and elscirons, bub with the discovery of neutrons in 1932 has been conslusively
preved that the atomic nuclens is conpesed of protons and neuircis. The fact that the

in the so-called process of beta dacay has been tentatively

(&)}

aueled scem o q;;ct 2lectron
explained by & process involving concepts pot a 10 cosy to describe to the vwminitiated.
Tnis erplenaticn »onuires a mossless; or almost mosslass, particlae which has been called
& "nenipinu®, cetion of "mesonst (heavy electrins) has

beon clbserved. This Lrings us te the frisgs of the Czep unlmowm, at whidh point we ndght

PP P SR | T A I 4 L N S T4 T L I R i~ o~ - N g
apiroprintely gk hove we {Inelly Indivisibilivy or 41l ths process continue?

-y . :
S PSR T YN ERPRY S PR P -
cvll Lo counmnbtiratel ond ~idinde snecdizs of differ it nuclsor mesoes

This zitaatlion wos »odieally chongzed Ly the dizeovery Lhat certain nuclel covig
aboord n2ircis and brezk up into othar nuclel and neﬁtruns. It w@Es cuickiy shown that

ore thin cne noutron could be obtalned from the "ficsion" started by one neubtron. This
ope-¢ up the tramendous possibility’éf the “chain rzaction® wbich has become a reality
n muclear "piles" rnd nuclear atomic bozbs. Nuclesr rhrsies suddenly emerged from the
sbudy of small effects to & big industry with miny applicaticns to medicine and biolo ogY
which are deseribed by my colleagres in this series of lectures.

In gy following lecture detel 3 of the preceases of emiszion of alpha, beta

ard ramma reys wiil be described. A descrintion of the prinsiple of operation of

e

radistion dotecting srd measuring devices will olso be given.
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HEALTH PROUCTICN AND SAFGTY IN THE

HANDLTHG OF FADIOACTIVE IATZRIALS

Lovis B. 531 ap, Lealih-Thysicizt,
Aordc Thergy Projet, UsZ.L.A.

The development of the Atomde Dok has resulted in the anking av
of ralatively larzz quentilies of radiosctive lasobopsse The use of Lhese
I3 rapidly weccming widespread and thay have becoms cons of the
nadern reseschiers, especially in tie iiclds of medicins and blological sci
Due to the nature of thesefediczctive paterials dolinite health

and safety roasurcs must Lz token to rrevent the longiirs iiigh radicsctive
of wsrk arses or the public domaline
During tie last war, o the roy Jemous lophitler Profati; 2 newly

ae 6 1;:5

zilatle

j«oiopes

moet valuable Yools to

SliCESq

contamination

the Cetorainatlion levels of
Tha rmain objective of Hendih Phyclics 1v to redise te a iiniaum raddstion
crusad lodury to the indiviiaal nnd to tile raceo.
Surrently wiih nore and more chein reasting piles cnd cyilebrons beling
rub ;xtc operaticon, end thelr radlonetive préducts and byrreducts podrg into giealor
end grestzr and rore dlverse wres celly, the nead for Fealib-Physice is preportionately
inereasinge
The two main reguirarents of aii persons worlting with radiozctive motsrials cres

{1} Thz% no one shall be exposed to pensiroilng redicticn atove
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be telerated by the averzge individesl during a large {ractior

vithout eny injurious effecis,
effective protecting I7om thizse penetrating radiations is

source, Hiwever, in cases vwhere ilhe distance becomes

ie handling technigues zllow, then masaive shielding and

remote centrol of handling Gevices arz usede

The other
cortroiled so i}

places where it

inhalstion, or irradiatioh) cr

Since radicacti

naiu re

quirement is that radioactive contamination must be

. po upsanted migration of radioactivéty into

may harm persons (i.e. by accidental or uninovm ingestion,
where it mey harm experimental work or product:

¥iLy is 2lueys asczocisted with mutter, the prevenllon

of centesinrtion tocomos, 2 poeblen of ratericl control, However, this
bl ciffers frow the neraal problems of soterial control in thet the
someste of  steilsl sz rongs dcinoard Ao snll froctions of » micro~microgmn
(e fzoiina of 2 millicn miliioaths of a grom),

o osinbro}l of these stbmicroccopic snl invisitle quantitde
roborioly bogomes cimdlor Lo the proublans of bictericlozy and toxicdlogy
ropbirade Mouver, vallike DnTecllous o polstnous moterials, racicachive
contoimin tion mueh be coptndoed beotuss I4-cammot bz killed or neuirslized.
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materials as
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o7 ils comnlate removal,
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e nelerinls scems, al the

of dispoazal of rzdiosctive was

individeal working with relatively smzll amounts of these

riner fcotor compared Lo his immediztc general rescarch

riieless, when the sum tobel of all the radioisotopes used

cuntry is consldered, the zamount becormes large and the in-

pazal cver the years mey resuli in serious contamination

The disposal prcbezlm bas bzen recognized for its
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rotentislities, Speedliv rules governiag this ;ﬁ%ése are included 57

in all hezlth and ssfety regvlations on the handling ¢ radioactive

The succasz of the Heslth-Physics program in connection with the
recent handling of huge amcunte of rodiocactive materials can be measured
in the no radioaticn-injury record of the Manhatten Project and in the
suceessful resvlis and conclusions of the various res:arch problems on
tra. projecto.

There is one aspect of Health-Phyzics that is not pleasent to think

abcut and that concerns the problems which would arise in case of an atomic

Seuhing ir ony future ware The heaithephysicist would be the logical
person to regqulate the health protecticn of the rescus teams, the

svreosying of contamin: tied areas or endipmeat and the monitoring of the
rz:»bilitétiow progreme Fe would slgo zessist and cocperais wilh the
zfneal servicee in chockdng the radionetive contaminatlion of viclims
2wl the survivers,

The futars appliceticns and success of this new £izld of science are
.y rezlized, Ve hawe stsried a2 new era with the develepment
e the Aon Zork, The dungers of radicactivity are cuzmulative end the
ccts 2y bz Tar reachings lowever, if the use of t sse radioactive
isotopes doez invoive the moat haszardous potentials, they still can be
ugeC safgly in all fields of endeuvor for the benefit of the eontire
race, It therzfore becomes the moral obligation of each individuel
or crsnlzation working'wifh radiqactive materials to fulfill all the
reculations and rzccommendations of the health-physicist for their owa

immediste hzalth protection and for the general geed of all mankind.

L. B - Silverman 7-28.148
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{2) & breskdéown of protein into small rolecules, ceusing chsnees

within cytoplasm vwhich mey =21ter the uswotic prscs.e of cells,

(3) mitotie mechanism donage, whiech nay bLe br:ught atout by sup-

g}

pression cf complete interraption of cell division; by the bresking of

chromosomes; or by defirite injury to the genes.

Indirect radiation setion brines sbout chanres in the activity of

cells by virtue of chanzes in cell environment, such as enzynatic inhibvi-

tion and interference with circulation.

Diclogicsl effects of zcute total btody radiesticn and of chronic
tohal bedy radiaticn, vwith respect to the differsnce in the mechanlsm of

L . 1. % Ao & - 2
these tvo xinds of rsdilstion, w
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THERADEUTIC APPLICATION OF ADIATION
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Anérew i Be o e Do

Dowdy,
Prolesso v of Aedlinlog
School ¢f tedielins
University of Celifornia at Los Angelss

(Abstract of lascture before University fztension course at U.C.L.A. in

"The Appllication of Nuclear Fhysies to the Biolepical and Medlcal Scilences™,.

The selection of rediaticn for therepeutic use depenés upon:
{1) <©the avallsbility of materisl (rediestion)

{2) +the experience and expertress of the Individuzl) sdministering the

rafiation
{3} the type and character of the dlsesse te te treated.

In psereral, the biolcgleal resuvlis from @ fferent kinds of radiation
gre the snme 12 certeln dilferences in physicsl cherscieristics are taken
into corallorotione (Mo illustrele: one ﬁaulﬁ herdly use a shotgun to
ancot £ Tly off a wall winen a2 fly swelter wculc do, By the same toxen,
ginee yndlzeindine effectively deronstrates s relectivity for thyrold,
1z no nesd to treat cancer of the thyyreid by tcisl body radistion,
ive ic¢dlrpe ig epplicable as a

sercentage of thyroid cancers.,)

wnile it is net penerslly recognized, particuvlsarly among the laity,

radlictlion theruapy is used for other then malignincics. The radiation
reatnant of iymphoid hyperplesie In the posterior nascpherynxz, a condi-

ion which mey cause nmuch of the Geafness amcng ciildren, 1s a case in

oint, Tue overgrcwith of lymphold tilssues which blocks the opening of the

-

eustachlzn Yube and impairs heering can be Cestroyed by localized treat-

mert,with minute guantities of beta radisticn, Ip spproximstely 80% of
the csses 8o treated, one treetment proved erfectlic,
Tt is ths oplinion of this lecturer that radisticn itself is not the

ernower %0 the cancer problem, nor will the greestzst mdvantage of radlo-
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isotopes be derivaed Trom thelr present therspeutl

important though this spplicascion is, .ather does i

greatest sdventarse of radio-isotcpes will cormc from thelr use as g ree

search tocl in pushlne back the frontlers of scilence. Their pesrticuler

applicsticn in bviology is in Ffurthering the

As conceris rediation, it is the ercunt of redigticn sbsorbed b
»

ionization which produces biclogical recctiaons, =Radieticn encrgy 1s abe

sorbed 1n the tissues by the process of lozlzsticn, Ths exget steps in

the physico=-chemical chanzges resulting Trom these lonizations are not

Xnown,

frovlems yst tc be solved in the use ¢f cecanrslldd nucleecr energy

leel changpes resulting Trom elnosure ©0 nirulo on

{2} ssleciive alteratics of %iosus =sraslitiviir to various types of
radiation,

(31 protesticn of tlssuc epainst tho dcleteriocus elvects of radie
3Tioii,

(L) findirp & therapcuiic meecurs 49 omoliiovr.ie dJoraze nd hasten

reccvery once demage hes ensuzd fron racioticn,
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(ECHNIQUES AND STUDIES IN THE USE OF IODINE 131

Dr, Aobert Flnx, Research BLO hemlist, Birming-
hem V.,A. Hospital andé Assoclete Clin*cal Pro-
fessor of FPhysiclogical Chemistry, School of
Vedlcine, University of Califorria at Los Angele:

{Abstract of a lecture delivered in s Univercity Zzxtension Course at
U.C.L.A. on “The Application of Kucleer Physics to the Blological and hMed=
” A
}

icsl Sciences,

beer the subjsct of & large smount of

The metaboliem of Jodine has

research duri two Cecades since the thyrold pgland was shown to cone

very marged degree as ccoppsred with cther tissues,

radinactive iodine became
sgo end made it possible

under normal cone

ds&l roanins o Lo leadrnzd ahouf nag% the thyrcid copiures lodine from
the blecod eftresn and convaris 1t Iz4o the thyraid hormene which coentrols
wha ‘L-('C;;,"‘S bl DI G T 2

Sirre fé:ettl; derciconed chromatosraphlic tschnigees show promise of
teing the %(o0ls recuired Tou the Job ¢ Fillinre In niash of the miesing

cer “techniques have bzen used in conjunction with

in which & tiny dreplet of body

a procedure

r paper it split into

[eh
(]
H
[
(h
tn
9}
(6]
o}
+d
ct
2}
m
0
<t
kel
[.—J
o
]
[49]
[}
O
o]
o
@]
[y
m
W
ct
@)
rgy
+y
[
“-.J
d-
]

flul
t

idusl chemicel o nkoncn > by a 1iguild which crcaps down the pdper
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tances prasent in the coriginal droplet along

and carriss the chamical subs

at different rates. Spreying the paper with z suitchle cclor reagent

showlng colcred spots correcpending to the posi-

then siven 8 chromato m
tion Yeksn by the chemical substances present in the droplet 1n relatively
concsntravion., If radlozctive substences are pregsent, nowever, pre-

high



2.0oUse of Iodine 131

puring a radiorusograph of the chrometogsram by placlns the paper against
photoerephic film in o dark roocm will show the positions of the radio-
ective corpounds even though the actuasl zmounts present would have to be
increased a thousand or even a millionfold in order to be seen or veighed
or studled by ordinary chemicel techniques.

By conventional chemical studies, even with radioiodine, the lodine

centeining sutstances of the thyroid have teer separastz2d into only three

1. Inorganic iodide (such as that in iodized table salt).
2. A frzcibion having solubility characteristics similar to those of

I3icéciymesine (ihe rezult of nfding two iodine 2toms Lo a molecule to

2o A fraction wisth sclublility like thiat ol thyroiine, the substance
2lYav=zd to be elthor the thyvyoid hormone i4self or sn essential part of
that howvrcne. (Thyrozxlde ls nede up of e diiodotyrosine molecule combined

ining portion of another dliodctyrosine molecule, end

iz of rats injected with racdiciodiine were studied by
“chiromsutograms", 1.2, redlosutographs of ciirometograms, as described
above, raedloactlive spounr were found et the positions taken by pure inor-
panic i1odicde, diiodotyrnsine end tiyroxine, but in eddition there were a
les of unexpectcd radioactive compoundés. The most Intensely
rad¢oactive of these uncxrectad spots hes seen tentatively identified as
monoiodetyrocine sirce 15 colneldes exactly in position end shape with

the colored °rou obtained when e relatively lzrge amount (i.e. a few

R



3ecoUsz of Iodine 131

williontlis of & grem) o° nmonoioddiyrosiss is :6ded to the original drop-

-

let of thyrold sxtrachi. Some cf %ha obth:rs ere in approximately the

pizd by compounds similer to

positions which one might expect to be creup

I

thyrozine but conteining one, two or thrz: iciine etoms, It would ap-

simple new %:chiique has opened the way to

pa2ay then, thet g relatively

a moet Betalled study of the stsps oy whi=n the thyroid hormone 1s

The sare tachnlgus has been used in a1 preliminary fashion for s

st2ps 1n the foransticn of suzer “rom redioective carbon di-

-~ 7 = T e
CLoThEe SZuzne 0

oride in plants {phctosyntlaesis), and a ¢ixilar procedurs hes been used

akdown of the
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e-imal btody of an sminc ec’d wihleh htd erczred

Loglesely £llied procedure which sppearsa to chow promise employs

~cicnctive reasents, rether than color i=2arunts, for cstecting the pre-
conee of noperadlicecitive compounde In the filter psper chiometogran.

-

Pavelopzrnent of suech s procedure, by makirg reassihle the éetection or
sven the scourats detevmination of substraccs prasent in fantastically
low econcentraticas in urine, blood or otl.er "iuids, might well lead to

’11c3,*0us in Cl;ﬁicﬁl dlagncsis.
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First use of an original technique which has opened the wey to a minutely
cdetoiled znslysis of the steps by which the thyroid gland manulactures Yhe secretion
which canirole toe rale of body function was dosciibed today by Dre Robert Fink,
research bllchemist, Birmingham V.A. Hocpitel and associate ciinical professor of
shysiological chemistry in the U.C.L.A. School of ledicine,

Dr. Fink, member of a husband and wife research teoam, discussed the new work
in a talk given in a University xlension course at U.C.L.A. oin “The Application of
Nuclear Physzice to the Biological and Medical Scieaces.™ He swanarized results of

esecarch performed in collaboration with his wife, Dr. Kathryn F, Fink, assistant

]

clinizal crofoucor of blophysics in the U.C.L.A. School of Medicina.

Tec v cently developed medical rsscarch tocls were combined by the Finks

to nroducs Lhs romariaebly simple and ssnsitive naw method Do studying thyroid activity.
Sndisnziive isotepe tracser Lzchniques wers dsed in corjuncticn with what
Tfilter popecthromatogrophy,® a sort of blot test cevised «n 1944 by
a British rescarcher for the purposs of detecting different chenicol components of a

stuhslances oy necns of thelr differsnt dogrees of solu\bilityc

<t

In this pgPcedure, said Dr, Fink, a tiny drsp of boedy fluid or tissue extrsc
is pl.ced en 2 sheet of filiapr paper or spcclel blotbling poror. 4 ligudd 1.

applied o the filter paper in such a manner thet it "creeps down" the mper like spilied

o

ick wetting & hictler, The creepinz liguid meets the original droplet of test materisl
and csrries the chemical substances yresént in it along at different rates, depending

on the s@ldipility of cach particular componente

The paper then iéxégrayed with a2 suitable color reagent, vhich gives a
"chrcmato;raﬁ" gshowing colorsd spols corresponcing to t he pozitiona taken by the
chemiczl subst:inces present in relatikoly high concentrations in the original droplet..

If radioactive substsnces are present, however, raid Dre. Fink, a radioautogre
of vhe cciored filter papsr is alse prepareds A radiosutograph could be called a
"self-plcture,”" and is made by plecing the filter paper -rainst a photographic film

e 4
in & dark roonm. [edionctive substinccs on the filter paper wil. yxpose the film by S



z
1.

2..;Dr. RN
fiim exposed by light. The bleck spois on the filim, szid lve Tinl, exactly mitched the
colored spots on the filter paper. :

The rfinjtesimally swall cmounts of soherial vhicl can be detected by this
method would have Lo be increased by 2 thousend or even a milllion in order to be cseen
cr whgkhed or studied by ordinary chomicnl tachninues, said Ore. rink.
| Conventional chemical studies,.including radioicaiine, have been successful in
separating the iodina containizing substences of Lho thg?oid ir%o only three frictions,
he s3id,

“hen the thyroids of rats injected with radioiodine were studied by the
new techri.ue utilizing radiocautographs of chro Ptoprale, radicective spots were found
as expacted at the positions taken on the filter papsr ©ly threc known fractions,
but infzddition there worsa MBole zeries of unorpected radicactive spots indicating
unsnswn cenpeundse

The rost intensively roaiozctive of th to ur. Fink, h:d been
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tentanily idéntilled as monoidotyrosine, a suboiance wunach iever has been isolated from

it coincidos ena

,_.
G

thyroid.

Jde
ot
(2]

ctly 1n position and shope with the ~pot cbtained
when a relatively lirge arount of moncisdobyrosine is ecdsd to ithe original droplet of
thyroid extracte

The some tzchnique hiszs been usced by the Finke in pr-liniaary studiea of e

&3

sbeps in phetosymthisls, the formstion of sugar from carbern diexide on plants, a
process =ssential to the foed supply of the entire vorld.
AL similar procedure has also been employed by other reachers in shud Yying
the brealkkdown in the body of the amino acid lysine, cne of the essential building
blocks of protiens,
Summarizing the uscs of the new technique, Ur. Fink said:
(1) unknown or unexpected compounds can be detected,
(2) the position on the peper pives a clue to what these compounds might be
(3) The techni-ue permits a matching of unknovn with known compounds
(4) if the compounds fail to match, the filter paper is of great assistance

in riving an assay procedure evolving steps in purification of the
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3a..Dr. Fink

A elosziy allied procedure
color reapents for detecting the presence
stegraing sadd Dre Fink,

sledrne
N 13

It shevs a promise of -

o

xrg yotdoset i swnooots rather than
T noneradicectivs compounds $n the filter
cs3ible U2 Adstectlo. and periiapa even the

aecurate deterg{inatﬁon of loterally wovrees cf auhat nces rezcat in o speck of

tissue so minute as to be praectically invisible even undsr a micros20opee

Sucyé rroeccdurs might well led

13 of many diseases, said Dr. Flok,

-
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luable applicationz in the clinicsl
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THE CLRTIC i riCI3 (F Latleilex
iy ae oAl £ Lo LE,
Albert W. Bellemy, Fh.D., Professor »f Covicgy und Divielonal Dezn of
1if= Zciences, Urniversity of Colifornie ot sce Argelae
(shstre=t of & lechbure given at UeC.lohe i 0 cov e o 'ikie frplication ol Nueclear
" 'y - s ’ > - Iy A
Fhysics to the Biological ond Fedical Scierccr .y
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:neties, medicinz and

radistion zest is in the matter of mutatioa. lit:tion reter in Leberstory plents and

snimale ere sosily alterad Ly expasing chroroscencs or thodr gorm cells to suitable doses
Pl

cf redisticn, usuelly Xersys. Increases cf siverel thousend pereort are usual,

e of increzsed mut:tion rotes in man

The significanc
€ poesera of a econsiderable nunber of human belrgs to garvz v

T

T
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RIS o oortoed ofuoy Lhe cosooatiod Jetc e Lion ool
Tio osentlial noobl hE d: toznsio

too gonoienion of inhositineey (2) tre zorsral pature of ube

Lrper in wlooch radosiion oan zitor Lo e ostructe of

From the stzndpoint of wecheriem ve ive,; fur Lhe s

CONELLe Ty
(17 Tre naturce of the gene znd its roce of action.
{2) The relationship of genes to chronosciws and th

. -
form in the chremccomne.

vior of hcrolerous chrowsson
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were highlionted by the
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> crderly petterns they

(3} The behs s ir the n.oocesy cof sperm and ege
fornmction and the existence oi carcmcsemes of . least two genersl types:

the sex chromcsomes or heterogeomes axdthe other

what it does thon {or

The gene is better kncwn for

tixt the gene consists chiefly of nucleie coid, possibly as

m>rlecule or less,

smalld



2...Effects of Radiation (Dr. Beliemy)

In physical size the gene approaches the dimensicng of the viruses, The
reespblance has prompied several werkers to refor to certain viruses as "nsked genest,
The diareter of = gene is almost certainly not lsss than two or more than 10 millimicr

or shout 1/2,500,000ths of an inel.

‘Like the viruses, it has the interesting properiy of self-duplication. Each
time & chromocoms divides in the process of cell division, nct only is each gene re-~
duplicated in a very preéiée manner, but alco the genes rotain their cheracteristic
order snd arrangement in the chromosomes.

There ar¢ procssaes, howzver, by which the crder cof genes in the chrorosomes
My vary or can be sltered expérimentally in szveral rreciss snd predictable ways.
hesSe orrosssses ert: oreising ovirg invers cap trunslocsiidiy and the likes These

*

ratcd by expeorure Lo rasiation.

It wili be nueful to pemzooor thet tho pofority of geone muteticns are recessi

Lotiy porents muest eontrdibubs the sume gens ir order thet the dependent
vring,  Juet why the mejority of gene chznges

of netarae for which there is no good

her do not help the individusl or more ustually, and in vurying
derser, render it less able teo survive than ils nocrmal relsiives. Liediczl men will
have no difficulty in understandipg thet any cninge in 2 syst2m as delicately balanced
as that In a living organism is likely to be fcr the worse rather than the beﬁter.
bations occar normzlly &t sone chearccteristicsily iow rete, and from causes
as yet unknown, Cosmic radistion has been suspectcd, but there is no good evidence to
1nd3ca ¢ thet this is so. Laboratory orgeni:ms bred in regicns where comic radiation
is hign in gquantity do net show s mutation rate significantly different from that in

control crgsznisms bred in rogions of low amcunts ¢i cocswic radiation,



3e00Efects of Rediation (Ir. Belians)

vzleuletions show thet mutstion rate within Usmperaturs ranges in which organisms

iivs and Lnrive, increases (in Drosophila) about two te five tires for each 10 degree rise

(U]

in temperuture.

One of the most puzzling properties of the gene, at least to the theoretical
chyeicist, is the stebility of the gene~-a prope.ty of greabt practical as well as
theeretical importeance.

Sinee the diameter of the gene is almost certainly bepween two and 10 mili;hicron

Lhis means that a gene involves in the order of « milliion or co stoms.

In terams of ogtatisticel mschanics this amell number of atoms sheuld exhibit a ver

Thct even mebhennbical phyrsiciste regard Lhe genc as an interesting object and

-

corecrt Lllostrobes the fect what the Leundorics belveen tne severzl sciences cre becomin

e e ke

S N e & on e d 2l 38 3 . -~ 2 S T LYY R AP Y-V o
leud=Celined ant ddilusz, Thet there ghovld Le reciprocst conuributions betwesn medicine

ol ogtrruses is nov zurprising,  Bub that grustles o ould erise to the point where it see

0

te teprdsh a little the btright sanctity of a2 lizorbant concept in theoreticel physies 1
Title svertling. {(Hemely, by wescnting-the riz2ie of enploining hov so smell an amount
of material.cauld be s¢ stakle.;

The éecond part of this lecture will b2 develed Lo matations, sbout which enoug!
information has been accumulated so that we can classify veriaticne irto severzl cetegor!

(1) Modifications—-variations in the exjpression of a characher due to function:

-

yrocess in the organism or feSpdhse tc the envircnzent. Every cheracter of the organism
gene determined or not, responds developmentally to function aud to envirenment.

(2) Gene recombinstions--which accourt Ior the maltitade of relati#ely small

chgracteristics by means of which we distinguish nembers of tLhe same species or of the

-

szme fzally from each other,



Lioo-.Effects of Radistion (Dr. Dellasy)

{3) lutations---processes by which germinal material changes in such a way that
a new charscler—or one not previcusly knowne-appears suddenly and is inherlted withoué
further change. Or at any rate, without further change until a pew mutation occurs
ffecting the same locus or trdlbo

The eause or causes of mutation have lcng been & puzzle, Investigations are far
from complete and many questione are as yet unanswered. Ia the discussion of possible
causes of mutation, it should be clear that Ly causes of mutation we refer always to chan
in mutation rate. dJust as thé investigator using a Geiger-Muller counter estimates
radioactivity in terms of counts ebove background so te gensticist measures mutation T
as & maltiple of the base or natuval rete,

fadiant enérgy: Twnnty«one years &go Yuller demonst rated clearly that mutation

rete cen be increczsed by exposing Drosophila banana {ly to X-rays. Ulira-violet light w:

Since 1927, mutation rate changes followins cxposure to X-riys, gamme redistion

1

ard in z few instances to particle aliati 1 {mainly beta) have been studied in a con~
al:le number of crgenisms ranging through the viruses, basteria, plants and animals,
Incireases up to several thousarnd percaut are not unusual. This is one place, however, w
noressing resclés in D°rc»ntage may be a llutle misleading. #ith a base rate of i@-é 2
increase of 100% in rete would mean two mubations ia a million; 3000%, 30 in a million,
The trici for the geneticist, is to find those few in a millien.

There cen be no reasonable doubt that at lezst one of the causes of mutation i:
ionizetion (from radistion) and change in energy levels resuliing in a chemical chenge :
the genes. e

Other forms of radiant energy-——Ultra-violet light and véry high frequency rad
waves: Lxperimentation with ultra-vioclet light is complicated by reason of its small

penetrating power. Small but significant incresses in mutation rates of Drosophila and
cern have been demonstrated,

Very high frequency electromagnetic fields have not bean well investigated.
Significant changes in the lethsl mutation rate and other changes have been demonstrate
in Drcesophila, however,

Hag
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iAbstrect of Talk to be Given by
Johp S, Lowcroncs ou aupust 13, 1948

THE UFFLOTS OF BUDIATICN CN HEMORCIFCIS

John Se Izuzrence, ¥.l'.
Profeaser of ledicine, Schol of Medicidiz, U.CLL.A.
A nonoiueration of the effects of rodistion on the blosdeIorming tissues
brings ons into 2 .controversial fiﬁléa Varying modess of annlication, wvarying physical
prunzrties fn 2ifferent typea of r"d‘st¢an, and varying eflects in differert amimal

=

-tudied have resulted in confusions The extent,; Ioscation, end type of injury
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omplicating fectorse. Fortunately,
s are vflen quantative rather than qualitative, The remirks tcday summarize

. S , o on . . a
Sor nmresony experiancaes with thz effest ﬁt‘ocd-c7ndzg tissuee, The d:to8 reported deal

[ T R I SO R B e vintre amAd oy e e N E A ~
sl it otulics cpldoFying Leroyo and gasmme rarys. S recial ellects peculiar to certain

shher tooon 2 toiot s roeh o as elphs, bele snd Infornel rodlicticn: will be mentioned
veaTer gaen enloi,

In thie 2ircuscion, we shizll considsr Lhe effects of rodiation =1 3de
T hevad L Lhe folioving ware

e i B >

Sinrle Doses of Rcentgen Radiation to the Body as a “hole

e '

2w way of introduction, much confusion will be avoided in considering

' -~

cogialion oIloobs on the u700r—,vrm_ng tissues éf the following factis are recognized:

f

1. The adult cells in the circulating bleod ars very rasistant
te damage by radiation. It is the young, psrent cell types
in bone marrow and lymphoid tissucs wrich are thos precursors
of the circulnting cclls which are o sensitive Lo radiation
infury.



2, After a singie doue of radiation Lo ihe body as ¢ whaole theree
fere, the chaiiges in the cireuloting blood at any one time after
xposure, depend to a large =xbent upon the length of life or
rate or turnover of circuiating ue]Js< U cen look on the cir-

culating cells as p@pulctions compa:n £ species cach with its
own average 1ife spane 4if tbe Firth rete is redvced to zero or
v A
pd b

near zero by ridizticn oot the aduils regiin relia ively waffected,
depopulation of the circulating blood cells will bs proportionod
tote 14fe span of each cjpccies of cell. Thus, xarked reduction
in the populition of short-lived celis will bSCQAe apvarent before

marked reduction of the long-lived cellc.

&y

There is reason to believe that the aversge 1ife span of the

white blood cells is a mutter of a few hours, that of the blood
platelets is a matter of a few days, and that ol the red blood
cell & maiter of more than 1C0 days. «~fier & single dose of
radiation, the theoreticzlly anticipatec order of disappcearance

of circulating cells would be first the white cells, sccond the
platelets, end third the red blood cells. Iadaed, the red blood
cell popul»tgon misht be axpected to become/raduced so slowly
after certair desares of radiation that regineration {active
'”"‘CuiOn ot c»lzﬂ3 gip L occur before the roduction in numders

had attsined a magnitude readily detectetle by currgnt lsboratory Jb/i
muthade,  The fundamental demapze Lo parent red cell types in

such & cose could be 2:3id to be rmotiicd bazsuze of the longetivity

of the circuliting red blood gell.

'
"y

3¢ The blood pinits
the rediozern
“ont prolisual

> £ rz iatiuz)is afrscted by
ova parent ¢elis. A given dese
and oly s’irhtly danage another,

o i1ty of tissuass bl rogecerabe is cns of grsat inpertance, Regsir
4 z,ge will be mcre peadily effocted by tlssucs vith marked
cupacitics for regencration.

lost worthwhils ohzervatlions on effect of zingle dcsegéf racdiation have

in =ptmels,  Detal

$=

ol data on the eflects of verylng desage of wadlaticn on

etz will be presented in the body of the lecturs, The aizct amcunt of rediation

reguired to preduc

-

a civen effect cu a given cell

w

varies with different species, but

the following cbservations seem reascnably w@ll establishede

The lymphocyte~{a type of white btlood cell) produzing tissues
are the most scnsitive to radiagfon daﬂagﬁ, The tissue pro-
ducing platelsis, red blood cells, asind gromdlocytzs ( the latter
is znother typo of hite blood ¢2ll) sre less sensitive and have

‘a sensitivily poughly comparable one toth: other. Mere is some evidence

the red blood cell-forming tissues may be indeormediate in sensitivity
betwsen the lymphocyte and othar blcod cells--nmors seasitive than the
lattery, less sc than the former.

As was expected on the basis of linovledge of the life span of

-



the different types of zirculatirg blood cells, tcturl  expere
imentel observation confirmed thats

(3) The shortelived whits btlood cells- disappearcd -or
were roduced [irst, the lymphocytes in less than
24 hours, ithe granvlosyies within 72 hours.

(b) Thé blood platelebs {(intérmcdiatce life span) were
reduced next--first razcductions in rats ¢t about
five davs.

(¢) The red blocd cells (long-lived) were the last to
show reductions,

3, In the rat, repecneration wes evident by the fifteenth to elght-
centh day in mozt cell “ypes except for the granulocyics was
still incomplete bs the twenty-fifth day after exposute. In
other specise, repeneralion. may be slowery The lymphocytes
were st@ll more gfrazily reduced after Lwenty [ive days than
were the other cell types,

L. In arims=ls receiving large docses of radiagﬁbn, a“ sharp drop in
" numbers of red blood cells cccurs around the seventh day after
radgfition. This is thought be due to bleeding, nutritional,
factors, and possibly to othcr litile-understood factors and
not entirely to simple destruction Lo parint ¢21lus. This sudden
aremia dcees not occur with lower radiotlon dozzgese

A¥al

sgvere radiagﬁon
bincagulant heparine
v clots s cwiy
atelols, resulls

Iﬁ

ertain

A/Gec

e -

Repeated smoll Dosas 12 the Body as 2 Whelae

{=

The experimentel findings are dif.icul® {0 sumuerize bub vary important
zince I4 is olronic radiation rerantsdly received in orall deésac which is the commonest
Joum of rediation exposure in man., Ib is cleary however, thet within limits the effect

i
)

of chronic reodiction is cummlative and thxafthe totel dosage rectived by an organisn

is of g“ea+ imgortance reg:rdless of how sxnll the individual EXSRIOIAE S =PNOL T TonTch g
chronic radiation definitely increcaces the incidence of leukemin 9 nmirrls, TRirl-,

after wpparent rzcovery from chronic radistion, injury te the bleoad-fermins tissues

and sevorel sbnorm=iities way develep even alter radlation has veen discontinued,

Radistion to a local Areca of the Body

It has been the subject of much controversy ghiether or not locel radiatio:

may, in sore direct way, damaga hexopoietic tisgue cutside btz Bield of radiaéﬁon. Local



'€l

n the direct field, At the

(N

radiatica, of course, damages any blood forming tis.us
present, allfgttempts to demonstrate anﬁ indtrect effect" peculiar to radiation

on th: blcod forming tissues kad feiled. However, the redvction in while blocd cells

sometimes found in man after treatment to local areas thougnt to contain but relatively -

little bloo?-forming tissue remains poorly understood. The questicn reguires further

critical study,.

Internal Radigiffon
N

This invbdvee chiefly the use of radioisotopes and differs from other types

of radiaiton chiefly in that relatively non~penstirating radidtions euch as alphg and
beta rays can be intreduced into the bedy where they may radiate tissues they could
nct reach: by sxbernal applicaticne This opens the possibility of giving radiation to
tigsuzs without apparently aflecting others, TRacdicactive lodire and
rgdiccotive phesphorous are oxenples of substancss thus emplceyed., In gencral, the

m
oo, . D e Y2 . P - -« Y ey 2 . - * Ed o . Rasel<ie) )
elffrnet ¢ ;;@L#u35t¢ve racsrhaias in t he Llccd~:or¢$ng crgans oorresponds wlosely to

The Tifect of Neutrons

[t

The effects on the bloed--lorming tlssu e esgentlally siwilar Lo thess

of I~rvayz. Using fost neutrons, the biologle dunare resulting from ln (armount of
iton producing scme amownt of ionirzatizg as lr YX-radiztion in an

izetisn chambar) is about eight times es great as thet resulting from lre

Effects of Radiation on lan

The purpose of all the,dgidalr;ork reviewed is to get a better idea of the
gfiset of rediation on gan. fcute expczures to single doesg of whole body radiation
mey occur in man, as aneccidient, or after detonation of nn atoric bSom,bs They
are otherise seldom encountered, In #agividuals stidizd in Jznen vho wers
exposed to radiation at the time of the detonation of the bazb, the abnormalities

in the blddd were found sirilar to those experizentally in znimsls. The firast ab-

normality ncted was reduction in the numb:r of white blood cells, the second was re~

Avnetion 4m hland Plstaelate ant $ho +hivd o » o dnaddam 2m s 2 2 and ~An30



. - £
Howevar, most Luman exposiges ar: more 1ik<ly te be of the naturs of amall

amcunts received repcatedly. The animal work suggests that the cunulative dése is

hizhly impbrtant, that leukenia may occur more f{requently in individuals exposed

to chreonic radiation than in the populnﬁion as & vwhole, and the relaps mag occur after

apporeén” recovery from radintion damage. From a practicsl point of view, any

rparture froa the nermal fingings, whether an ircrecse or a decrease or a quanitative

o)

change In any of the biocod cell types should be viewed with suspicion in individuals

chranic
#10 have bawen expored toaradiation. In practice, a rcduction im white blood cells,

121

srticularly srenulocytes, is the commonest evideacs of drmege in mane Vhat addigional

Mo}
Py

elf2cts of chronle rpadiation will be fourd cannot be said,

4
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Nature operates in such a way that the probability of any one now living

pN

secing hereditary changes which'may have been induced during the atomic bomb explosions
in Japan is elpost nil,

S0 said Dr. Albert V. Bellamy, professor of zoology and divisional deen of
life sciences in ihe University of California at Los Angeles, during s talk given at
U.C.L.A. today (Friday, August 13) in a course onthe Application of Nuclear Physics to
the Blological and lfedical Sciendes.

Various dire gredictiﬁne that mutztions induced by radiation released by the
somb detonations would alter the genetic structure of thce Japsnese population must be
sonéidered in the light of the essential data, said Br. Bellamyo

o ronsters hzve been observed as a rzsult of the explosions and it is
nighly improb%lﬁé that any ever will bee The majority qf £=ne mutations are recessive
in characterysiich mezns that beth psrents must contribute the same gene in order that

the recessive characteristic nay develop in the offspring. The chinges are transmitied

as (1) lethal chorecters vhich are fetal to the oiffspring and very 2ifficult to detect,

znd (2) zs visible recessive charezetberg, which involve eye coler, fueble mindedness,

or

bout 13 tices less frejuently thwms the lethals,

(@]
[¢]
B
A2

hewoohelia, ste., and o

Therefcre, the siow disscmination of a populcticn by the transmission of
lethal characters would be mere likely to occur than any sudden and widespread outcropping
of monstrosities.

Although genetic changes which may hove been brought abeoul by atoxic bomb
radiation lv-ve not yet been gbserved ané/wauld not be in any case for some time to comm,
what might happen many gencrations later could be & very different story, said Dr, Bellémyo

"hile little data permitting of sound interpretation exists concerning
the gonelic effects of radistion upon man, it is vell known that the mutation rates in

laboratory pl nts and animals are easily altered by exposing chromosomes (microscopic



cell units which carry hereditary motericl) or gera cells suitable doses of radiation,
usually X-rays. Increases of sevicsl thousand per cent are wsual,

Spsculating on é rough arpprexdmztion of effects on the'éenetic structure
of a humun popul-ticn exposed to gamme radiaticn {hlgh energy, honvily penetrating rays)
such as wo:ld zcccapany the dstonation of an atouic bomd st a geight comparable with
those used in Japan, [r. Bellemy emphasized thal the approximation would be 'very rough
indeed, since nc availatle information permits anything like an accurate estimate.”

Matation ratss are not nown for nen, he said, and are not likely to be
known for some time to come, Haldane, a British scientist, hagz however, estimated
the mutation frenvency of humen genes as one ir 100,000,

Continuing his imarinary set of circumstances, r. Bellamy assumed a
typiccl American city os hoving a popul:rtion dencity of 10,000 per square mild, and that
it waa exposed to radisticn from a source some distance in the aire

i'e egsumed further that AC per cent, or 4,000 persons per sjuerc mile
were bebnasn Shi: apee of 15 ond 39; and that the proportion of meles and femeles was
50-50. He neglceted nen-preductive notings and sseuned un s wcrare of three offspring

er pair, or €,000 offspiing psr syvars adleo

Dr., Beilamy hased one eztimnte cn the known mutation rates for
Drospchile, the hanenz fly, whose totel yield of levhal chunges is zboub three perccat
per 1000 Rezntgen unite of totzl body radiationo

He correscted this dosage for man~-humand cannot take 1000 Roentgen unitas
of radiaiten and live-—and correlatedqthe result with calculations based on Haldane's
estimate for one in 100,000 for.the natural mutation rate ip mzan.

The 2000 mothers (half of the 4,000 persons per sauare mile) would have
ameng them 12 mnle~determining chromosomes carryihg a sex linked lethal, szid Dr.
Bellamye Half of the sons from these 12 mothers would receive this mutated chromosome
and w:uld die. There would be sbout five males leso per thpusanc populationo

Increases in vislble recessives, based on Heldane's estimate of one in
100,000 would be increased about 30 times after radiation. This gives a mutation rate

of about three in 10,000 after radiation, Dr. Bellamy e€aid.



take some hundreds or thousands of generations for a mutant gene to become established
in a population, eventuzlly acme of these gencs will show up,

I enough of them are C¢isebling in their action, s&id Dr. Bellamy, thelr
sociil ard ecoricnde cignificance can become very large indeed. DBut this will npot

be ia our 1lifetime nor that of our grandsons

i



PHARNACOLOGICAL AFPPLICATIONS OF RAPIO ISOTOPES

Thomas J. Haley, Ph.D; »
Chief of the Pharmacology-Toxicology Division

Atomic Znerzy Project
Unlversity of Celifornia st Los Anceles
Thics discussion will concern itself primarily with phasrmacology
and toxicology seeking to point out practicel spplications or radio-
isotopes to problems in thesc flelds. ot all the isotop~s sre useful
in such studles becsuse of not only the lensth of tire invol§ed'iﬁ’the
study itself but slso thiz short hslf-life of the required element and
the difficulties encountered in orgenic synthesis, .
Prom a phormacnlozicasl znd toxicologiecsl viewpoint mueh 1s known
concerning emphetamine {B-phenylisorhopyl amine) and 1its Nnmethyl

wn to be potent stinulents of

(w}

derivative., UBoith compounds have been sh

ed sctivity 1n both man and anirmals.

W

the potor cortexr ceucing inerea
this ectivity mway heve a Curstion of from sixz to eight hours de-
pending upon the individusl, licnever, the cxcretion of either compound
is not complated ceven 48 hours wfter the finul dose. This is of par-
ticular intercst in as much as it hss baen shown that derivatives of
B-phenylisopropyl emine are inhibitors of amine oxidase, one of the
body detcxricatlon mechenisms.  Further, phenecl ¢xilasse has no effect

is no phenolic hy-

W

upon the metabolism of these:druas tzcause ther
¢roxyl group 1In the molecule. . The only enzyme system thus far shown

to ativsck these drugs is the escorbic-dzhydroascerbic acid system.
Asorbic scid itself has<alsorgeen Tound to cttack amphetamine causing
deamination, In the course of further studies oﬁ'umphetamine excretion
i4% wns found that the drug is quantitatively excreted by dogs poisoned

with elther carbon-tetrachloride or hydrazine. This might indlcate that



2'0.T110mas Jl }Iales,’ Ph.D.

the liver is the organ for'dstoxicatlion cof this type of amine, Upon the
basls of thecas consideraticns 1t i1s pcssible to descign an sxperiment
which should le2d %o an elucidation of both the detoxication mechanism
involved ané the rate at which exeretion takes place. Utllizing either
or both Tritium (HB) and Clh, as in the biosynthesis of eplnephrine

from redid cheny alaniné, the amphetanine and desoxyephelrine molecules
¢an be tagged on the aliphatic side chain and the unine of tkhe snimal
collected, Zxtraction of the urine accorcing to the usual methods

vonld rive Loth free and combined emine. Conversion of these extreacts

to elther Bg"lhOB {varium carbonztes with clb) or T O (Tritium hydroxide)
would erzble the investigator ton cbizin rmore acsurste dats on the fate
and excretlon of thesze Bephenylisopropyl anine cerivatives. Isolation
oI the degredation products would entzil mush grester effort, but both
tagzing isotepes are sufficiently lons-lived to enatlz such zn investi-

c 2 yr. 5~ 0.015 and
le 5100 yr. B~ 0.15). At the tine or tue developrent of naxinum motor
activity mice whiclhi had bveen Injeeted with either drug could be seseri-
f{;jcd and the bréins and/or other organs removed, These organs could
be preparcd and sectibneé and the sectlions uszd to make sutoradiographs.
This would aeid In localizing the exsct area in the tissue in which the
drug wes contalned and in the’case of the braln slices gid in determin-
ing the exact site of action of these drucs. .

Another element vihich bas been studied 1is ersenlc. Studies con-

cerned wilth the fate of inorgzanie arsenic in the body have been carried
~out by meny Investisztors., Both ncormal snd pethological animels have

been used. Recently cacodylic acld ccntaining radio arsenlc has become



3...Thomas d. Haley, Ph.D.

aveilatle. This orgaric srsenicsl In generul behaves like the inorganic
arsenic compounds, but 1ts excretion rate is :uch slower. It wouléd be
of greut elinical vzlue to study the excretion rate and sites of stor-
age 1n the body of sodium znd iron cacodylates beczuse of the large
anounts of these compounds used in this country. I they behuve ss in-
org:nic arsenic compouncs it would be expected that they would concen-
trate in glcbin and acid-z couone soluble heme frections of the blood
proteins., Further, 1t would be expected that skeletul nuscle would con-
tain the greatest amount ond that exeretion would take plece via the
kidneys. It shoulé be peinted cut that the partisular animal used in
thic twpe 0f ezperivent deternines whsrs the crestest concentration of
ercenic will be found. 32ts have =2 high blood lezrsl concentrated in the

erythocries %“-L ner anlmols show low tlood levels,

[¢2]
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but high levels in the epididymis snd liver. Another factor which nust
be considered is the i:ode of adminicstration btecszuse the orsl route
resulie in the excretion of cecodyl cxide, o garlic cdored gas, in ex-
pired air, thus inducing sn =2dditionsl health henard not seen with hypo-
dermic administration. Hudlo arsenic (As’% 16 ¢ »~ 1.3 BY 0.9 0,58)
cculd also be applied ¢o the study of the metabolic fate of the organlc
ersenicels used in trestment of protozosn infections provided that the
experiment was of short duratian. One compound which would be eacily
studied is Carbérsone (p~carbamidophenylarsonic acid) because it has
proved especizlly elfective 1In the cure of intestinal trichohones infec-
tions in rats. OJuch g study umight shed light on the mechenlsm of action
of this poteat anoebicide.

A toxicologicel study of the formation of ethereal sulfate would be

of arezt practical importsnce becsuss this body éatoxicution mechanisn
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is the one employed in the detoxicaticn of phenols. The problem en-
talls much vork becauss Injected sulfete (MzpS0,) 1s readily cleared by
the kidoey and 1ngested sulfste cennot pass the intestinal membranes to

‘any extent. 1In fact the latter property is one of “he reasons for the

use of sulfetes as cathartics. adic sulfur (835) cculd be aéministered

as methionine or one of the other sulfur-containing amino aciéds, A

phenonl could then be piven and the excretion of total and etheresl sul-

fate In the body could be definitely proven.



METAEOLISM CF ICDINE 131

Richard J. vwinzler, Ph.D.
tesoclate Drefescer of Biocheristry
School of VYedicine
University of Southern u;llforﬂi
Dr. “inzler, issociate Professor of EBlochemistry at USC, will discuss
recent work on the iodine methCLlam end the thyroid gluand using rzdicactive iodine,
The name of the course is "ipplicetion of huclear Fhysics" to tne bicchemist znd

medical sciences at the University of Celifcrnia. He will discuss notstle advances

in the knowledze of thyroid physiclogy and icdine metabolism which have been made in

[N

recent years, using this radicactive isotore which is produced @l tae Atomic Lnergy
Commission Lakeratery at Oak fidge, Tennessee
ive icdine hus besn found Lo ccaccutirate wery ropidly in the

urtelie of srtzll or "racer" s-curts of riudicsctive ioldine cen rewdlly by used uss a

cveen yob Voo ——t 2 ~ sy 4k 1 -2 H s s Ty b
voarthyreid peticnts mey than be given lorgesr iherspeutic amounts

of radiecactive iodine, the destructive rudiction then sclectively dastriying the

overaziive thyrcid tissues in which it eccunulstes, Radicactlive iodine is zlso

vwidely used by wrpeorimen #lists to study funizaentel probli-oms in bioclory and med
the destituetion and mebabolism of ilcdine in the animsl btedy.

Dr. vwinsler wili discuss his own work in colleboratien with Drt>Paﬁl Starr

end its relution to the work of other researchers. He has been eépecially interested
in meking crpganic compounds_containing radiczctive iodine snd is using these compounds
n the study of their fate in the animal bo v, His studics huve slso been concerned

with the influence of physiological state upon the accumuloiicens of radioactive iodine

in the thyroid glani and its incorporation irto the thyreid hermonea

i



| a.?V . M !

Review of the Use of Tracors in the Study of amino Acids

Dr. David Howton, AEC ATCMIC ENIRGY PRCJECT,
U.C.L.A. ' '

In the old search for understanding of the mysteries of living orgsnisms, the
study of amino acids and the proteins which are synthesized from them is of primary
importance fur this reason: ;hereas the carbohydrates and fats serve chiefly as
sourcas of encrgy (released in their oxidaticn by the orgsnism), the proteins are
intimetely involved in the irtricate processes responsible for the integrity of the
orgenign as a unit. In support of this view it should be sufficient to point out that
the eazymszs essentizl for the complex syntheses and degradations which compromise life

are all largely protein in nature; and this is to say nothirng cf their important role
in dgomnolcgical speeificily, the bicoed~clotting mechanism, and the structural units

The ilmrortancs of
but iz swirome comnlesdty of their fine stracture (which is gerwsin to {their many

funchions) has made the stvdy of them very diffieuli. Hence it wss with no

mree of excltement thot students of the metsbelesm of amino acids and preieins
grected The retlor eudden svailatility of appreciable cuantitiss of isotopic forms of
il the slzxontal substences important to living sysbtems. As will become apparent

in the course of the talk, izctopss cre extremely powerful tocols in the study of

metabelic processes. Hot only can isotopes help sclve preblems which are very difficult

m, but it is apparent that many problems may now be solved which were pre-
vicusly impossible of solution, ﬁithout elemental substances of unnatural isotopic
composition and m=ens for deﬂéfhining this difference.

That biolezists (using the term in its broadest aspecté) were awaiting just such
a tvol is attasted by the eaceedingly rapid growth of the number of applications of
nuclzar physics to the biologicel end medical sciences. Despite its really great
reuvh, the field has grown to a size difficult tc encompass in three wecks of courses;
end in cnc heur I cannot hope to cover completely the many instences already in the

mblished litersture on the metabolism of the emino acids.
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I can only hope to acguaint you with some of the things which have been done and
are being done and the techniques used in doing theme

‘Some of the things I shell say aboub the technicues of tracer studies in amino
acid mctabolism have very probably been covered, at lezst to some extent, in previous
lectures in tLhis coursz, but consldering the host of material which you are glven to
absort, some repetition can certainly not be amiss.

So the following remarks apply to isotcpe metabolism studies in geﬁeral:

The basic assumption in such studies is thet the organism cannot distinguish
appreciably between isotopes; this is essentislly true for all but the isotopes of
hydrozen, whose stemdce weights are 10C or 20C rer cent different from thé common isotope;

the ¢uilts gppreciable physiolegical effects of "heavy water'" have been much publicized;

thest offzcts are very probably due to the irhibition of certain enzyme systems, recently
shot'n in zemt cosce,. That living systems do not distinguish eppreciably between isotopes

only = few per ceont is indicsted by the fect that isotope

ceneesrntration is not nmrkedly diff-vent in the zimosphere, certaln cof whese constituents
aave beer procosced and reprocesse’ by plant and enimels for a long time, from those same

conctituents frexm other scurces preswutbly not subject to such processes,

&

with radicective iscloncs, particularly those emitting particles of high energy,

da

cen e

2

cne mey exrect scme zhamclous results; theosoe nimized by using lew concentration,

and 1t is fortunels thaolt such concanbtraticon

6]

can be dstectad and determined with con-
siderable accuracy,

Tegged moterizls ingested by the orgenisa 1%ill naturally be subject to considerable
dilution and the isolation of the metabolites of these meterisls may not be cuantitative
by cay meane; in sebliing up the experiment, careful consideration must be given to the
dilution facter, isolation efficiency, half-life and emmission energy of tag (if radio-
zetive), and izotopic potency of the ingested msteriesl whose fate in the organism is

to be studied.

'
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Careful consideraticn must also bebgiven to the lability of the tracer atom in the
oregenic chemical structure it is to help in trazcing through the orgsnism. Will the tag
stzy with the structure whoss metabolic fate is of interest, or will it be exchanged with
other materials and be lost in the grest pooli of metabolites? Such exchanges are often

*interesting in themselves but in other instances muay well determine the success or
failure of the experiment. '

As experiments dealing with simple, readiiy-avaiiable tugged materials (such as
carbon dioxide and the minerals) become exhausted or lead to. more complex guestions, the
student of the metabcolism of tagged materials must come to rely more znd more on the
ingenuity of the symthetic organic choemist. He must not only be able to place the tagging
ztom in a desired and uaecuivoczliy-known rosition in the compjound, but he must also
errive 2i thils endpxoédct with the least possible loss of precious isctope concentrate, He
mach devise a synthesis with a minimun of operations, with mexirum yields at cach step,
204 ome vhich will involve the tagged cterting moterizl as close ac peseible to the end
cf the synthecis,

I the study of certain sctabelic procasses cne rmust face the problem of the pre-
cursor of interest being destroyed before roaching the site of conversion; others, such
as protecins or phesphorylated corpounds, may reguire hydrolysis, {thus possibly destrcying
an integrity cssentisl to the exjeriment) by the orsonism befcre enteriﬁg the motaboliem
such problems can be studied usiﬁg simpler organisms, where the précursor can be
aprlied diresctly te the cell, but here uncertainties exist in the legig?acy of such
resulte wher irznslated to more complex organisms, Extreme ld&ility of a precuréor is
semetimes counteracted by the "flégaing" technique, in which unusually large amcunts of
precurcor are fed to the organism; althcugh this technique mey give results unobtainable
otherwise, it 1s wasteful of tagged muterials and may lead to abnormal resultse.

Another atteak is on the compiexity of the organism by employing slices or
homsgenates of a specific tissue; such studics mzy give very valuable information, but it

is difficelt to Justify a quantitative translation of the results to the situation in the

inta2ct snimal; here too, a negstive result is in doubt because cf the abnormzl conditions
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of the experinent.

In some metedolic srocesses, certain compounds may be essential intermediates and
yet never exist at any cie time in any but very minute quentities, excessive amounts of
such intermediztes beinL metabolize! by other paths. Proolems posed by a situvation of
this kind can be met by using known precursors of greater stauility with respect to
transformations of no intere;t in the particular experiment,

These forsgoing poirts will b2 illustrated by examples from the litersture (work
of Schosnheimer; Rittenberg, Du Vignead, Roisook, and cthers),

The remasinder of ths hoﬁr will be devotad to a presentation and discussion of
cther published wcrk end of work being done by groups at the Jalifornis Institute of
Techrology, illustrating the extreme utility of isotopes in the study of the metzbolism

of zmino acicds.

David R. Howton.
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It would not have been pcssible to initiate cuch a program had it not been for
the good working releticonship which exists belucen the associoied medical schecls and
the staffs of the hospitals of the Veterzas Adminisiration. In zach instunce, befcre

the Chief telical Director has authorized the estabilishrent of & Radicoisotope Unit in

2 hospitsl c¢f the Veterans Administrziion, the Deans® Coumiiice cf thet hospital has
appointed a hzdioisotope Committeec to represent the Decns Committee in drawing up nlans
and meling specific recomnendations relative to the setiing up of such a unit. Once
the unit is established the Rzdioisotcope Commitiee bears the sume supervisory relation-
ship to Lhe unit that the Deans' Committee bears toc the hospitel in matters relating

tc the medical care and trestment of veteren pezlients. The zctive interest and coopera-

ticn of the Desns! Commivtees znd their skiiled rerrssentatives has mede it possible

Lo develop within the hospitals where such units are sstablished radicisotope programs
which are dn quaitity end in effectivensss, ihe equsl of thess pregrens cenducted within

<

treatment of patients with radiolisctcpes; the employuaent of rediclischtopes in diagnostic

moleyrent of redioisotoaes in nediceal risesrch,

4]

preczdures z:d the

Ag y:v the radioisctﬂpes have a limited application in tha treatment of
paticnts. Hore concervatism and socund medicsl judgrent are meticuleously observed in
all of the hospitals. This must be the cass until the exact position of these new
tools can be more exactly knewn.

The radicisotopes offer almost unlimited opportunit; for the develcpment of
new dizgnostic procedures and the improvement of cldsr dizgncstic preocedures. Each
menth finds rew and important aprplications in this field. Irom these the individual
patient will gain much benefit and meny medical protlems wiil be more quickly and
accurately solved.,

It is in the field of medicul research where the tenefits which may be achieved

/o
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either directly’or indirectly, that hopes'éan confidently be,held high. 4hile the 7

benefits to be s0 gained may, on the surface, not be S0 obv1ous, they are none the

g

less'real.f &lready our knomledbe of ‘the netabolism of the thyr01d gland and itse,i

'abncvmellties haS been greatly ‘ncreased and dlagnostic procedures have been improved,;

Already 1mportent sbudies on the volume of the blood"on the behaV1or of red blood celle
‘and on the patency of peripheral blood vessele_are maklng_possible more aecurate medlcal
diegﬁesis. ﬁho,ean foretell the benefits to te obtained'fbom'radieieotope studies in |
'phosphorus,quﬁassium and calcium metabolism? Or what may be learned nith relation

“to the behavior ofAZinc ihsulin within the body? Or uhae may be learned about bacteria
and viruces in the bedy or in reéard to the‘immuno«chemistry of the human body? Or

the rehavior of hormones, drugs et celera tagged with radioisotopes? Or te what;extent

the co;

*

wwlicated problews of metobolism may be solved? It is not an overstatement to
cay thzt pregrese can be expected to be rapid and cn a wide front as greater use is
made in medical_and’biological research when {his new tool is zpplied in sttempts to
solve such problems. Eech of the units I hzve deseribzd is set up to engage in some
phase cf this imporiant work. In ezch there is & capzsble sciantific and technical
stell, well equipped with the required training and background and provided with the
modern equipment and facilities needed to do this work, to do it wiselyvand with safety
tc all concerned

At houqh this program wlthln the Veteruns Aem¢nﬂstr tion has been 1n effect

' -only one year, 1t hus already been 1nstrurenual 1n dr;w;ng to the medlcal staffs of

the Veterans admlnlstrat1on,eﬂ”/osn1tals‘seme of the ve"y beSu nedi.al men in this -

count y.‘It haS already played a s;gni¢icunt roLe in assurlng to the veterdn patient

##fr |
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