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

eeeThe Course in The Applicstion 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 Califcernie at Los angeles, “estwood, California...

DR. S. J. UEINBENRG: Members of tunis class, it my pleasure to wele

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

. that the Unive: sity has had the pleasure cf playing host to a group as specialized

and select as this ane, coming as you do from the Vetrans Administration, the

Armed Forces, the universities, the State ami civie groups, Public Health Départ=

ments, and also the ranks of radiologists. ‘“e hope to repeat &he course o- a

modification of it every second year.

There is one piece of information you don't have. The last lecture

will be given recent Nobel prize winner, Dr. Carl snderson of the California

Institute of Technology who will discuss cesmic rays ani the application of these

rays in the matter of this course.

Houally distinguished in the field of biophysics is the General Chairman

of this course, Dr. Stafford L. “arren, Dean pf the Medical School, University of

California, Los Angeles , of wom sost of you have heard. he is also & professor

of biophysics of this institution, Or. “arren.

DR. STAFFORD L. VARLEN: It gives me great pleasure to welcome you here

for many reasons, not the least of which is the fact that this is in a way the

first course given by the faculty of the non-existant medical school, plus a lot

of imported-telent » This important talent is the littie brass" of this course,

and the nedical school talent is th- working group. There are a lot of reasons

for this course that youprobebly all know individually since there is a wide

variety of representation here as Dr. Weinkerg 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 here. The second one is the ever

present worry about the future conflict in wiich 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 defensive or pretective organizations that are set up. It is not

unlikely that Dr. Bryan will discuss the contamination aspects of the laboratory

problem very extensively when you come to deal with the active radioactive materials

later on in the course

I would like to make a few remarks about the application of nuclear physics

to medicine and biology, particularly emphasizing the dynamic aspects of biological

phenomena, Perhaps I am sensitizei to this a bit because recently I have been argu-

ing with the physicists a great deal. The physicist, chemist and engineer, when they

are dealing with experiments] programs, think in terms of a very small percentage of

error, because they can deal in general with rather fixed conditions end situations—-

and by raking two or three measurements and then using a lot of mathematics they can

come out. with an answer which has a chance at least of being quite precise. In bio-

logical problezs you are dealing «ith e dynamic systen 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 cr the factual observations. In this same

regard we have the greatest misconceptions today in both the national and international

picture where medical and biolorical laymen attempt to apply static and precise explana-

tions to phenomena occurring in jiarge areas of contamination. You cannot just say you

are going to have so many microcuries or curies of contaminating material spread in

such and such an area uniformly. There is no such thing as uniformity on a large
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scale, nor is there uniformity in the distribution of these materials in the

animal, and in the plant, or in the stream, or on the ground, or in the air,

I 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 modere

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 can't stop them.

If you stop them you get an abnormal 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 physiology is. nuthis concept cf the non-static position of biological

ateriate is a little bit new to biolosists 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 ruch about the field know that before 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 previous work with ordinery conventional laboratory

precedures had built up evidence of which was internretec upon static conditions, Points

of reference were few and based on iong time intervals. with the advent of radioactive

isotope multiple samples could be done with preat ease and ccnsiderable accuracy. ‘ide-

spread compurison of organ contents could be insice. As a good illustration iet's take 2
~~

sodium belance in the body. For a leng time there was consicereble mystery as to what

happened to the sodium chloride. You can make measurements of sodium chloride in the

plasm of the human or of tne dog or other animals and you find that it fiuctuates from

moment to moment, from hour to huur, and from day to day. Ht took a long time to realize

that there were tides in the bleed and in the interstitial tissue and in the storehouses

of the bedy which reflected the status of the fluid belance in the body and the needs,

Under great demand such us gacecsive sweating the sodium chleride could be pulled out

ec. the Storcheuses a.d tht racio-sodius located in ene of the hither to overlooked store-

houssS, mancly the bone. The bene esrries abcut twenty ver cent of the sait resident

4% of the aveilability of the bone to store things

ed fron tiic to time. The bone was ordinarily thought of as a fixedc
r
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structure mainly designed for neisht bearing. It was nnewn te fix certain poisonous

+meteis but they were there tc stuy.s The bone is a great sponge for some substances. It

is a esleium appetite mineral with e wide molecular lattice ork. In that lattice work

tan be stored easily--stored and rencved—substences which are used in the day to day

setivity of the body. If you don't have this dynamic concept of change then the findings

which you will obtain in the useof isotope techniques will be entirely unexplainable

or confusing. How many sample s~shew many roints—do you need to fix a relationship. That

is a very difficult problem and can only be settled by a proper statistical approach. You

might need as many as 100 peints, or you might need only five omen. There has been a

great deal of useful work done up to now with isotopes in which trends have been in-

dicated fron experiments carried out with three to four anelyses; ut a point on time

interval,
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After the injection or the introduction of the isotope into the biological. matter. It

ie obvious that a good deal of that earlier work nill have tobe done over, but it was

satisfactory at the time since it did show a trend. This was a necessary device to get

information quickly during the war. It cut down the number of animals that were used tc

give a particular point, saving both time and materials.

Somebody will have to do the hard routine unexciting work of going over a great

deal of that earlier data and doing it on a large enough scale to fix more of these poir

than we are able to fix now. In some cases it is not important to completely establish

concentration, In fact, it is unrealistic to try tod so because the concentrations do

not mean mich of themselves, it is only their relationship to other concentrations in tl

biological material, (The body, for instance) that is important.

When dealing with your Geiger counter equinment it will be pointed out therea

a lot of errers, thelt is difficulty with the gecnetry of the set-up, their are difficu

with the asning techniques. Tnere ere lots of loazes. All of those defects you want t

take in your astride, but become feriliar with the techniquce--its purposes and the princ

that govern it in general.

I would like to have you leave this course withe the feeling that there is a ]

to te learned yet, and there certainly is. You may get the impression in these three

weeks that everything is known, and that is distinctly not the case. We are at a front

that has hardly been touched, or hardly been explored. Cur equipment is greatly improv

over what we had before the war, but it still leaves a lot. to be desired. Any of you

who have an inventive frane ofmind should certainly give yourselves the opportunity of

inventing improvements. They are badly needed. The equipment is too expensive for wic

spread use, and medical schools and biology departments that use this equipment ordina:

are not budgeted to operate on this level. Personnel is very expensive too, partly be:

the market is not saturated yet. I can't promise you all better jobs than you haveno:

but I am quite sure you will be mich more efficient, efter 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 ehle to set up programs uging these techniques and will

train new men and women in this field, There is a great lack of trained personnel both

in the Atomic Energy Commission's prerram and in the universities' programs as a whole,

and in industry, and crew 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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Yactery and ®inowehow" a: neondling the tools ena technisues of the atomic age

will be the sin of a threoevccks course in the application of nuclear physics to the

bhologie:l and vedier) cebences, t2 bs yiven dijest 2-20 et the University cf California

Set up ta provides mushsieedea training for persoruel interested in atomic

research, the course te cresented to the University rxtension in coecperation with the

T California Mecisal Cohecis in Les sngcles ang oan Francisco.

tinder the leadership of Or. Giafford L. “arron, dean of the U.C.L.A. School

of Medicine, gemural chairman, and vr. Fred A, Pryan, associate clinical professor

of medicine, Giractor of the ecurse, a staff cf 21 ncobed experts from the Radiation

Lavcraterics in Berkeley ond Los sngeles ana from recietion centers in cther parts of

ia PMD weep Sek : tooo “ase re . atho Uncie. Vues lll serve so instructors in various fisics ef atomie physics end

Asaty
meweaiele

Woe Cun Droetletce, “hie ts ons of the ne. eompvcheansive training programs

ev dus ifas poh elfared enyonete,® sols Do. S. cd. “einberp, ascoedate clininal professor

efomacharna ge UM .4. sod head of puctpoadu te madleal ansirvetien in the vouthern area.

tue ies iar fer ednissicr hove come frou ell over the mation, said Or. Veinberg

Vav a Siawd, tediesl sehocle, ressarch and pi ulas iiesith erzanisations, the army, and

risers: nr soe gs tgs we tye vy ow * Somme 8 ~ . toe “EF pe ~ 1s “ 4 ae =OUG &. wines @e the veturpane aAcmordstes len ama o.: Crffies of Civil lefense are sendir fs

wee eee rye ok tae Beye Ot Ley ye es mm ama Tdtise tt ae fee sya waa ent +mia te poctiespate an the ¢xuuwes, Oe orplicetion tes boar received from the Curie

smh tyes con Sm . eat oe + & Tam .4 a taqe' 4s oncJustitete of Psris, Prance's nations. institute rer ste.ic studies

WOR q apeaws Lejelesqe Fox . lio. eee ne ad ~ vs e . 4Woodenis today is feced with an acute shortage of personnel adejvately trained

a

It +, wie tt ok” = bee . . : -. “~ Fadl + see
LO? Prhake G2OTk Su cVCiy ‘ €§3214 Dr« Bryer ; TOUTE direcctore

rhe University of Californie, in setting up this curriculum, is

Wyoupbang to mest che tremaidous need fcr skilied .orkers, Pecple trained in this

“
tecurvse will be stle to sslist in establishing diversified research programs all over

the ccuntit.

"Meterliched radiation centers like Crk Ridge have nad tine to assemble

.beedat Ay fPeanael a Ee :“fPHednea PeeeOnAGie 8 Great many Meilesi cad industrial Leboretories, however, Have

< Sorpeb orpt ht. apps 4 & Rs ete et - x ss eQ songh crihlom reérriting res-are). worl ers with a Ssuffsetant baekeronnd in radiatian.+
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As the result of ingenious experimentation and clever theorizing, it has been

. ly dgronstratos thit aters consist of a very
: iq

a3

sucll slectrically positive

sgyucled surrounded by s definite pattern o7 electrically negative cherge coupesed ef

ae, ;
SeAsctrons. For muny years it was thought that the

! we
, mucned consonsisted of

nuclei} and itd electrons, but “ith the ciscovcery 9!

prevel that the atomic nucleus

ef protons (hydreger)

asneutrons in 1922 has bean conclusively

3 compesed of protons und newLLPGS«

neeles scen ¢£9 ogee’ oiectron

Xpained by &

The fact that the

1S
] in t

f

he sc-called process of beta cta

a

cacay has been tentatively

nhcprocess involving concepts not at t104. Tan easy te describe to ths »minitiated.

This explanation scculres a massless, or almost massless, partici: which has been called

autringl,  ¥ eisetion of tmesonsé (heavy electrons) has

 

igs of the Cecp unknown, at which point we might

Aaplropriately cake have we finvliy indivisibility or oll the process continue?

Kenovhee.as therm scem to by too nr netfusdamentall

“SUL wna entiv eirt of the lest wer thes

exci. Loy Lacap mesa and pacibive chore, vere very

66 tevsente fois, pobrtively a c2i coneunts of

aiuh £9 rodbem cosh! bo ecusenbreates and ccémie snesisgs of differmt nuclesr messes

Lisotoces) could be soparoted.
\

This aitviition woe sadiewthy chomged ly the aisecvery

abeoch fe llrcis ard brotk uj

"nat certain nuclei covig

neutrons. It vas cuickiyup into other nuclei and

more than ome neutron could be obtained from the "

Oper ¢ up the tremendous possibility cf +t

fission" started by one neutron.

£ the "chain

This

raaction" which has become a reality

muciear atomic toexbmage Nuclear rhrsies sudd

ae. .
wil effects tae bie dinuusg inuist

44 enly emerged from the

ry with miny applications te medicine end biology

e described by my collcagves in this series of lectures.

In my following lecture detet

and famme reys will b

a of the prcceases of emission of alvna, beta

ffi be described.

radia c
t

A description of the principle of operetion of

rcsion dubesting srd measuring deviece wili olso be civen.



KE. ¢ ” Keb

ov AUG 66 1

HEALTH PAODOTICN AND SAFETY IN THE

KANDLINGOFRADIOACTIVEVATERIALS

 

Lovis A. Silverman, lbeclihecnysiciat,
Aboris “nergy Proje, Ut.Let.

The Ccvelonament of the ‘toric Bomb has resulted in the umtking avsilable

of relatively Larse quantities of radiouctive isotorss, The use of these irotepes

is rapidly becoming widespread and they have become ons of the movi valuable touls to

nodern resezchers, 2especislly in the fields of medicine and binlorical sciences.

Dee to the nature of thesefadicoective materials definite health poetection

and safety rsssurcs must te taken to prevent the Loagtims hich radioactive contamination

wpe ie tens je a OD. te Seishe roy Cumoug Mourhitter Prefast, a nevly specialized

boanch ef roiiehecy was Covelipex and dost oncoted is Uxbuh--hyvies. This branch of Raidelogy

hag wow Getvmei tna stetwe ef at ineerpernda* fLeid of science. TL is concerned with

the Hasheh reatactian ants Cup of porsong working with rosie eulve catericls end with

ths cctumainetadon dovals ob roctutton thst can be tolernted.

Tha main objective cf Herlth Phyuizs i: to redioe to a viniaua radiation

o.used dngury to the indiviciual and tothe raceo

currently with more ond more cheim reacting pilee cond exclebrons veing

put inte operation, end thetr radloncetive products and byrrecuets coing into pireator

eid grertsr and more diverse wos ually, the need for Realth-rhysics is preportionately

The tvo rein requiranents ef all persons wovking with radiozetive motsrials cre?

(2} Thes no one shall be exposed to penourcoing redicticn ukeve the tclerancearty

level, The tolerance level has been btassd upon the aceusuleied date and

al mere

fete ‘

jaeonea,of, radiologists and mustic

attae t At prescnt, tolerance hes been sa% at O12 rem{reentgen equivalent main)

03wh per 24 hour perdod, This level of irredicticn ccconding to available
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formation cin be tolerated by the averey2 individusl during a large fractior

of tis lifetime vithout any injurious effects.

The mtst offective protecting from these penetrating radiations is

frem the source, However, in cases where the distance becomes

ter than the handling techniques sllow, then massive shielding and

semote ecntrol of handlins cevices are usedo

The other main reyuirement is that racioactive contamination must be

cortrolled so that there is no unwanted migration of radioactiv&éty into

pleces where it may harm persons (i.e. by accidental or unknowm ingestion,

inhaletion, or irradiatioh} cr where it my harm experimental work or product:

Since radicactiviuy is slweys ascecisted with matter, the prevenion

of ctntestortion tceomes a pecblecn of catericl control, However, this

control in thet theiy — t y, % oO = yy t
o c
t

io
4
b 6) p
e
dereslln difters trex the norual prob

Lope gat, a ws ewes Loe ee eeeee . tora r =arceully af cisilsl we; rongs downward to o.1h frec’ions of » microenicrogmJS

f rf. ~ 4 n ma TTA 27 t~ . .
(e feeslun of a million milidosath: of a rrem),

we, - teat PrP th - at : _ rou aed oe 2 gto’ %bud Qinbrel af vnese svpmicro.copie end invisiile quantities of

dos 7 rowan ete moth te ve Lo ee pont pA?eolorted.s begemea ciafices to the povuluus of beocteriolozy and toxicclogy

ype See vee potpe vn tpn 2 Meat? a 2 nan ~ = 3 22 aecombirsd,. Uovevor, valike Jovectlors or polscsncas ceterials, recicactive

- mtn f rages oe a” FF 3 soma ak ert : 2 .co, tamin “ism muct be contat ed do vtucs 2% camot be killed or meutralized.s

The votuction ef uny iv ciovobive contrinine Lion dapends upen the hslf-life

of the metericl, its decay prolucts or ius comclete renoval.

fms problem of disposal of redfusctive waste neteriels scems, at the

outset, to the incividual working with relatively smel1 amounts of these

a. miner fcoctor eomparcé te his immediats general research4materi3is as ar

problems, Nevertheless, when the sum totel of all the radioisotopes used

in the entire country is considered, the émount becones large and the ine

‘iveriminete disposal cver the years may result in serious contaminationn
y

of wat.ur shedse The disposal probelm kas been recognized for its
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notentialities, Specific rules fsoverning this phfase are included 2)

fin all health and ssfety regulations on the handling c* radioactive

materialse

The succese of the Heslth-Physics program in connection with the

recent handling of huge amounts ef radjoactive materials can be measured

in the no radioation—injury record of the Manhatten Project and in the

svecessful results and conclusions of the various res:arch problems on

tra. projecto

There is one aspect of Health-Physics that is not pleasent te think

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

sorbing ir ony future ware The healthephysicist would be the logical

person to regulate the health protecticn of the rescue teams, the

abrvcyving of cenlamin: tied areas or evvipmcat and the monitoring of the

sehebilttebson progrem. He would slso agsist and cocperats with the

‘iofneel services i: cheeking the radioative contamination of victins

nui the survivers.

Thue futures appliceticns ard sucees: of this new field of ecience are

-y realized. “Te hage stsrted ea ne. era with the develepment

ef the ftom lomk,. The dungers of radioactivity are cummulative end the

ects may bs far reachinge Neowever, if the use of t ese radioactive

isotedes does invoive the most haaardous potentials, they still can be

usec safely in ali fields of encezvor for the benefit of the ontire

recé, It thersfore becomes the moral obligation of each individual

or crenizstion working with radioactive materials to fulfill al the

reculations and reccommendations of the health-physicist for their own

imuediste hralth protection and for the general good of all mankind.

LeB * Silverman 7a28=L8
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2.e0effects of xecletion

{2) a breskéown of protein into smsll molecules, causing chsnees

within cytoplasm which mey 2lter the osmotic presse of cells.

(3) mitotic mechanism danage, which may be br-ught about by sup-1

pression of complete interruption of call division; by the breaking of

chromosomes; or by definite injury to the genes.

Indirect radiation action brings about changes in the activity of

céllis by virtue of cnanzes in cell environment, such as enzymatic inhibie

tion and interference with circulation.

Bicloszicsl effects of sucute total body rediaticn and of chronic

total bedy radiation, vith respect to the difference in the mechanism of

these tvo Kinds of ro@lation, will be reviewed briefly in the lecture.
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THERAPEUTIC APPLICATION OF AADIATION

Anérew Hi, Dowdy, be Do
Frovessor of Rediolos
School of beGieins

Universit

on course at U.C.L.A. in(Abstract of lecture before University xt i
olerical and Medical Sciences",.

en
"The Application of Nuclear Fhysics to the Bi

The selection of radiation for therapeutic use depends upon:

{2) the availebility of material (rediation)

(2) the experience and exvertness of the Individusl sdministering theP

radiation

(3) the type and character of the diseese to te treated.

In general, the biolcgical results from @!frerent kinds of radiation

ere the acme if certein differences in physical cheracteristies are taken

Anve coriidgesction. (Te illustrate: one would herdly use a snotgun to

eanooy 2 Slr off a wall when a fly swatter weulec do, Hy the same token,

eines petlicelotine effectively denonstretes a relectivity for thyroid,

le no need to treat cancer of the thyroid by total body raéietion,

ive icdire is appliceble as a

sexceunterse of thyroid cancers.)

valiie it is net generally recognized, particularily among the laity,

ratviction therapy is used for other then malienincics. The radiation

reatwent cf lLemphoid hyperplesia in the posterior nesopherynx, a condi-#t

tion which may cause much of the ceafness amcng children, is a case in

oint. tue overgrewth of lymphoié tissues wiich blocks the opening of the

*
eustachian tube an&@ impairs hsering can be Cestroyed by localized treate

merit owite minute quantities of beta radisticn, In approximstely 80% of

the cases so treated, one trestment proved erfectisc.s—

Tt Is ths opinion of this lecturer that radisticn itself is not the

enswer to the cancer problem, nor will the grestest advantace of racio-
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Dowdy «= Therapeutic Apnvileasi ottwil

isotopes be derived from their present theraneuti

important thoush this epplicsation is, w.ather does it seem ths

greatest advantese of ra€iowisotopes will core from their use as a ree

ence, ‘Their particularSearch tocl in pushine tack the frontiers of

application in biology is in Yurtherins the ssudy of cell vhysiologr,

As eonceri.s reéiation, it is the ersunt of redieticon absorbed b>

ionization which produces biclogical reeoctians. radiction energy is abe

sorbed in the tissues by the process of losizgaticn, Tue exect steps in

the pnysicoechemicsl chanves resulting from these fonizations are not

Kknoeno

Problems yst to be solvec in the use cf controll: d nvelecr enerey

deel chances resulting from expceure wo nirime on

{2} selective ealteratior of tissus ecasitiviiw co various avpes of

radiation,

(3) protesticn of tissue epainss ths ¢elevertous efvects of radie

ation,

(4) finding a theraocutic meecure bo smliori.te Jamase cnd hasten

reccvery once demege hes ensued from racetion.
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PECHNIQUES AND STUDIES IN THE USE OF IODINE 131

Dr, aobert Fink, Research Blochemist, Birminge
hem VoAe Hospital and Associate Clinical Pro=-
fessor of Physiclogical Chemistry, School of
Medicine, University of California at Los Angele:

(Abstract of a eture celivere@? in s University Extension Course atlect
U.C.L.A. on “The Application of Nuclear Physics to the Biological and Mede=
{eal Sciences")

subject of a large amount ofThe metaboliem of iocine has

research duri two Gecades since the thyroid gland wag shown to cone

very marxel degree as ccnopared with cther tissues.

racioactive iodine became

sgo and mace it possible

under noriral cone

acel rannins toe Le Learmsd abtut nots the thyrcie ecptures Lodine from

the blicod etresm and converts it into tha thyrai@ bernone whieh controls

Ens baés ts mwas Cong Pi Ge 2

Same recently devciored chromatovrdphic tschmicvgs show promise of

being the tocis reculped for the {ob cv Pillins in mush of the miesing

information esout this process and perhaps many others eas woll. For ex-

tracer tecinmiques have hsen used in conjunction with

in which a greplet of bodyfilter paver shromntography, a vracedure tiny

¢@ or tissue extract placed on a sheet of filter paner is split intoflui

t vicusi chemical «Ymponents> by a ifcquit wrien creeps down the paperp
e - —

S inci

and carries the echsmical substances prasent in the cririnal droplet along

at different rates. Spraying the paper with « suitcble cclor reagent

showing colsrec spots eccrrespending to the posi-then eiven a chromate m

tion texon by the shemical substances present in the droplet in relatively

high concentration. If radioactive substances are present, nowever, pre=



2ZoocUse of Iodine 131

purine a rediocutograpk of the chromatocram by placing the paper egainst

phetoeraphic Film tn a dark room will show the positions of the radio-

ective compounés even though the actual amounts present would have to be

inereaseé a thousané or even a millionfold in order to be seen or weighed

or studied by ordinary chemical techniques.

By conventional chemical studies, even with radioiodine, the iodine

ng sutstances of the thyroid heave teer. separated into only threeSs t
i
e
d

Inorganic fodide (such as that in todized table salt).

2 A frection having solubility characteristics similar to those of

Sioéceyresine (bre result of sfding two lodine atoms to a molecule to

2. A fraction with solubility like that ov thyrozine, the substance

sileved to be either the thyycti? hormone itself or sn essential part of

that hormone. (Thyroxide is nede up of e dilodotyrosine molecule combined

ining portion of another diiodetyrosine molecule, end

When the thyroids of rats injected with radioiodine were studied by

“chromautograms", 1.6. recdioautozraphs of chrometograme, as described

above, radioactive spc: were found at the positions taken by pure inor-

ganic Lodide, dilodotvyrosine and thyroxine, but in addition there were a

fes of unexpectcd redioactive compounds. The most intensely

radioactive of these unoxnectad spots hes seen tentatively identified as

monolagetyrosine since 15 coineides exactly in position end shape with

the cclored spot Obtained when ea relatively lerge amount (i.e. a few

Be
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of monotodoryrosias éded to the original drop=e
eamillionths of e gram} &

let of thyroid cxtract. Some cf tha otners eve in approximately the

piszd by compounds similar topositions which one mipht expset to be crcup

4othyrozine but conteining one, two or thre2 icline etoms, It would ap=

simple new t2chrique has onened the way to

a mosh ecetailed study of the steps by whith tue thyroid hormone is

pear then, that a relatively |

The Sere teachuiaus has been used in a proliminary fashion for 6

° the stops in the formetion of evzer vrom redioective carbon di-ad } : ae

ornide in plents (phetosynthesic), and a .inilaur presedure hes been used

akécwn of the© 2 fT i) O
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oS eee Ne P . oe s nt +t, Fw? aoa op ~ a~# y atsw irs] tedy of an emino ecid witch hia et tered Csetvetion by convene

“ @hlesely ellied proceedure thieh eppssra to shew promise employs

cftocctive reasents, sether then color reacents, for cetecting the pre-

L1aes oP noneradloactive compounds in the filter psper chrometorren.

=
Pevelopnent of such a prosedure, by makirne rossible the ¢etection or

even the scourats determination of substrnecs prasent in fantastically

low concentraticas in urine, blood or otl/.er “luids, might well lead to

polica tious in clinical diagnosis.
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First use of an original technique «hich has opened the way to a minutely

cetotied enslysis of the steps by which the thyroid gland manufactures the secretion

which cantirole tae rave of body function was described today by Dr. Robcrt Fink,

research bilchemist, Sirmingham V.A. Hospital and associate ciinical professor of

vhysiolovics] chemistry in the U.C.L.A. School of Medicine.

Dr. Fink, member ef a husband and wife research team, discussed the new work

in a talk given in a University Uxtension course at U.CeLoA. on “The Application of

Nuclear Physics to the Biological and Medical Seienceso.” He suanarised results of

esearch performed in collaboration with his wife, Dr. Kathryn F. Fink, assistant“4

clinical crofescor of olophysies in the U.C.L.A. School of Medicine.

Teo r.cently developed medical riscerch tocls were combined by the Finks

 

ta rroducé ihs rcmarkubly simple and sensitive new method for studying thyroid activity.

“atzonutive isstepe tracer techniques were used in conjunction with what

“filter :eperfLhromatography,® a sort of blot test cevised +n 1944 by

a britivh researcher for the purpose of detecting different chemical components of a

substance Ov muins of their differsnt degrees of solulbility.

e
tIn this pgPcedure, said Dr. Fink, a tiny drop of bedy fluid or tissue extres

is pl. ced ona shoct of filter paper or spccdol blotting por or. 4 lievid i.

applied to the filter paper in such a manner thet it “creeps down" the ma per like spilled

ink wetting — bictter. The creeping licuid meets the original droplet of test material

and csrries the chemical substances vrestnt in it along at different rates, depending

on the sqluibility of vach particular components

The paper then is sprayed with a suitable color reagent, «hich gives a

Nohvoaatopran" showing colored spots corresponding tothe positions taken by the

chemical subst:nces present in relatively high concentrations in the original droplet..

If radioactive substcnces are present, however, said Dr. Fink, a radioautogre

of the colored filter panpsr is also prepared. A radioautograph could be called a

"self-picture," and is made by plecing the filter paper crsinst a photographic film
e @

in é dark room. fhediorctive substnces on the filter paper wil! yixpose the film bg K
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film exposed by light. The bleck spouts on tue fllm, scid in. “ink, exactly matched the

colored spots on the filter paper. '

The irfinitesimally svall cmourtse of material whic: can be detected by this

method would have to be increased by 2 thousend or even a million in order to be seen

cr wigshed or studded by ordinary chemicel tachnivues, s@id Jr. fink.

Conventional chemical studies, including radioiccaine, have been successful in

separating the fZodine containizing substences of th: uhzroid into only three frctions,

he ssid.

wnen the thyroids of rats injected with radioiodine were stidied by the

new techni..cue utilizing radioautographs of chro@etoprafls, radicactive spots were found

as expected at the positions taken on the filter paper bly three known fractions,

but inf/addition there vere4 Hole series of uncrpected radioactive spots indicating

UnnKnokn conocundse

2
The roast intencively rouioactive of these, according to ur. Fink, had Seen

Min sana a pe : : _
tentaviiy idéntifled as mongidotyrostne, a substance each mover has been isolated from

thyrcdd. It coinwides exgetly in position em. shope with tho ccLored upot ebtained

when a relatively lorge arount of moneisdotyrosine is eaded to the original droplet of

thyroid extreacte

The same tecnnique has been uscd Ly the Pinke in pr -lininary studies of the

%

steps in phetosmthgsis, the formation of sugar from carber dieo.ide on planta, a

process as.ential to the food supply of the entire world.

4 similar procedure hes also been employed by other reachers in sdudying

the oreakdowa in the body of the amino acid lysine, one of the essential building

blocks of protiens.

Summarizing the uses of the new technique, ur. Fink said:

(1) unknown or unexpected compounds cen be detected,

(2) the position on the peper fives a clue to what these compounds might be

(3) The technijue permits a matching of unknoym with known compounds

(4) aif the compounds fail to match, the filter paper is of great assistance

in riving an assay precedure evolving steps in purification of the
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color reapents for detecting the presenre

stoeran, said Dr. rink.
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(Abstre:t ef e lecture given at U.C.LeA. ds a co ve on “the f) plication of Nuclear
Fhysics to tie Piolecical ond Vedical Sclerec:.}

+ 2
Abest the enly point et which the three fields of genetics, mcdicine and

raviation acet is in the matter of mutation, Litction retec in Lebrratery plents and

-timals eve sagily altered by exposing chromocenes or thoir gorm cells to suitable doses

a

cf potietion, usueliv Nercys. Increases cf siverel thousend perecrt? ere usual,

Tne significanee of incressed mats tis retes in mor. sere highliznted by the

F
s a consijerable number of human beirgs to panca r:.diation folicwing the atozic

eS
€ipesare ic

bosb cdesione st hiveshira and leg: o3ki. 7 .icus dire pr: icticns have been mode thet

roustieis imueed br rediation reacesed by the cows detonet as would glter the genetic

WelStee Of the Janarncas popatlstrom., ahhes cs uch thie 3> 2 coun ec clusion cen be

Cowes coirup y 2fter the csecatind Jet be 2 Lani Gin speed.

Tho Gese:r tial navollen: b-fore us fa ka: dl iaislte. ara: (i) to review briefly

to tosecusdice of inhovivines; (2) tre cores el potere of the viution prouecs; end 3) the

Mabnmer inwvin ch radivtion can atc, b.o gece le structure of a popgulction.

Pron the stiondpeint of weeheaniea ve seve, for whe most part, thoce things to

(li The neture of the gene and its mce sf accion.

+3 0he relationship of genes to chrorosenxns and th: crderly patterns theyo
e

n
M

w
e

. a

form in the chremecoie.

(3) The behavior of hemolerous chronosones in ths zooces. cf sperm cnd ege

formation and the existence ci carcmcsemes cf ev least two general types:

the sex chromcsozes or heterogom:s amithe other chromosemes or autosomes.

H
H

c
e

i c
e

o
>
.

° E or oeThe gene is better kncwn for what it docs then for het it is,

thot the gene consists chiefly of nucleie ccit, possibly as anal a caertity es one

molecule or less,



2eeeEffects cf Radiation (Dr. Belieny)

In physical size the gene approaches the dimensicns of the viruses. The

reesnblance has prompted severai werkers to refzor to certain viruses as "naked genes",

The diameter of @ gene is almost certainly not less than two or more than 10 millimicr

or ehout 1/2,500,000¢hs of an incl..

Like the viruses, it has the interesting preperty of self-duplication, Each

time & chromosome divides in the process ef cell division, nct only is each gene re-

duplicated in a very precive manner, but also the genes retain their cheracteristic

orccr and arrangement in the chromosomes.

There are processes, honever, by wich the order ef genes in the chroriosomes

my Vary or can be eltered exnerimentsaliy in several prrecise and predictable ways.

hese oreaggsses ere: eretsing over; invers..cnay truntlocetid: and the like. These

aerefci by exporure ta ratiation,.

We wild be nsefcl te remeccor thet tha mofority «of gine muteticns are recessi

Poise aecis tht ietli: pieents muct montrcibubse tc sume gene ir erder thet the dependent4 Cc .

rving., det wi the megjosity of gene changes

ai netara for which there is no gocd

her do net help the individuel or more usually, and in vurying

deersec, render it less able te survive then its normal reletives. lLedical men will

have no difficulty in understandings thet any chinge in a system as delicately balanced

ac thet ina living organism is likely to be for the worse rather than the better.

Stations occar normsliy at sone charc.cte:isticsily iow rete, and from causes

as yet unknown, Cosmic radiation has been suspectcd, tat there is no rood evidence to

indicate thet this is so. Laboratory orgeni sms bred in rezions where comic radiation

is hige in quantity de net show a mitation rate significantly different from that in

control crgenisms bred in regions of low amcunts oJ cosmic vadiation.



Seoorsfects of Rediation (fr. Belianr’)

vulculetions show that mutstion rate within temperature ranges in which organisms

dive aid Unrive, increases (in Drosophila) about two te five times for each 10 degree riseyo ge

in tenperuture.

One of the most puzzling proverties of the gene, at Least to the theoretical

phesicist, is the stebility of the gene--a frope.t7 of great practical as well as

theerelical importance.

Since the diameter of the gene is almost certainly bebween tro and 10 millimicron

this means that a gene involves in the order of a million or co etoms.

In teras ct statistical mechanics this smell number af atoms sheuld exhibit a ver

ivceguier benevior., However, as such things co in biclezy, the gene represents one of the

  2@ configuretions known.

Tict even methemstiecal phrsicists mecard the gore es an interesting object and

cereest Lllcevurctes tae fect that the Lounderice belvcen tne scversi selences cre beconin

ST yt “a7, The to Llane At, sok ~ 2 wee tome om Tad Se} aa ne -LadeCel ied unu @iifuss, Thet there should te reciproecsl couwributions betuesn medicine

20 gc. Tuscs is not curprising. Bot that geuctics se} suld srise to the point where it see

fate ternich a livtie the pright sanctity of en limertent concest in theoretisal physies i

little startling. (Hamely, by wesenting the y.z2ie of expleining how so smell an amount

of material eovid be so statle.}

The secon part of this lecture will bo dseveved to natations, about which enous!

information has been accumulated so thet we can classify veriaiions irto seversl cetegor:

(1) Modifications—variations in the exgression of a character due to function:
a

yrocess in the organism or response tc the enhvironuent. Every character of the organism

gene determined or not, responds developmentally to function and to environment.

(2) Gene recombinations--which accourt for the mititade of relatively small

ciraracteristics by means of which we distinguish nembers of the same species or of the
«

seme faally from each other.



Loovetefects of Radistion (Dr. bellany)

(3) Mutations-—processes by which germinal material changes in such a way that

@ new charecter-~-or one not previously knoWre-appears suddenly and is inherited without

further change. Or at any rate, without further change until a new mutation occurs

rfeeting the same locus or trait.

The cause or causes of mutation have long been a puzzle. Investigations are far

fron complete and many questions are as yet unanswered. In the discussion of possible

causes of mutation, it should be clear that by causes of mutation we refer always to chan

in mutation rate. Just as the investigator using a Geiger-Muller counter estimates

redioactivity in terms of counts ebove background, so te gensticist measures mutation rE

as ge multiple of the base or natural rete,

hadiant energy: Tronty-one years eso Muller demonstrated clearly that mutation

wate cen be increased by exposing DroSophila banana fly to X-rays. Ultra-violet light w:

Sinee 1927, mutation rate changes followins exposure to Xerays, famm rediation

acd in « few instances to particle rediation (msinly beta) have been studied in a con-

able number of orgenisms ranging through the viruses, bacteria, plants and animals.

Increases un to several thousand percsit are not unusual. This is one place, however, «

npressing resvlts in percentage may be a little Misieading. “ith a base rate of {0-4 a

incvease cf 100% in rate would mean txo mutations in a million; 3000%, 30 in a million.

the tric: for the geneticist, is to find those few in a million.

There cen be ne reasonable doubt that at lezst one of the causes of mtation i:

ionizetion (from radietion) and change in energy levels resulving in a chemical chenge :

an
the genes. ae

Other forms of radiant energy---Ultra-violet light aad very high frequency rad
saves: Experimentation with ultra-violet light is complicated by reason of its small
penetrating power. Small but significant increases in mtation rates of Drosophila and
corn have been demonstrated.

Very high frequency electromagnetic fields have not been well investigated.
Significant changes in the lethe] mutation rate and other changes huve been demonstrate
in Drosophila, however,

Hae
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John S, Laverence, ME.
Professor cf Medicine, Conuol of Mediedi.z, U.C.L.

A genstuerntion of the effects of radiation on the blesd-forming tissues

trings one inte 2» controversial field. Varying modes of anzlication, varying physical

prenemies tn cifferent types of radietaon, and varying effects in differert animal

g1eclec ctucied have resulted in ccnfusion. The extent, locution, end type of injury

5 Dlood-ferving tissucs dependant upen these and ovh-r complicating fectors, Fortunately,

these cuences are often quantative rather than cua itative. The remrke tesay summarize

oor present experiences with wha effect ,bloodmlcrlng tissues, Tie dt®reported deal

sis Sie wit. studies cave Fing (eroye and germs rars, S peciel ef.ects peculiar to certain

OuNar fossa a2 revit tip ocumhn as elphs, tete and inwornel vodiction will be mentioned

vSTe: S2Cl ewlele

fa whies cicvussion, we shall consider the effects of rodiation » hen ade

Tr Neus far Uhe foliovine wane

2, Cingle dees to the whéle body as a whole

Pe hepeated small deszs to the body az a wrole

3o Single o> repeated cosec to one orca

fe iInternsl radiation

Sinzle Doses of Roentren Radiation ty the Body as a “hole

ay way of introduction,much confusion will be avoided in considering

vocjavicn Jifscts on the wlooe-forming tissues of the following fucss are recognized:

The adult
to damace by radintion.
in bone marrow and
of the circulnting
Ankurys

lymphoid tiesucs which
celis which ara zo sensitive to.

cells in the circulating bleod ars very resistant
It is the young, psrent cell types

ace thes precursors

vadiation



2, After a single doue of radiation to the body as ac whole there=

fore, the changes in the circulsting bloo. at any one time after

xposure, depend to a large extent upon the length of life or

rete or turnover of circulating Cel). 3« 'i, cen Look on the cir=

culeting celis as r@pulctiongs compe .2 £ species cach with its

own averege 1ife span. if the birth 3reto is redueed to zero or
. a»
Labnear aero by rediztion oni the adults reriin relatively wiaffected,

depopulation of the circulating blood cells will bs proportional

tort’ iste span of each cpccies of celh. Thus, marked reduction

in the popul:tion of short-lived celis will, become apvarent before

marked reduction of the long-lived colic.

au  

There is tason to believe that the averse lite 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, anu that of the red biood

cell cs matter of more than 1CO days. «fter « single dose of

radiation, the theoretic-lly anticipatec order of disappearance

of circulnting celle would be first the white cells, second the

platelets, end third the red blood cells. Indiaed, the red blood

cell population might be expected to become/readuced so slowly

after certain desares of radiation that regeneration {active
nmshen “Cf celis):mie©occur before the reduction in numbers
had attained a magnitude reacily detectesle by currgnt leboratory Ife
mothoces The fundamental demaze to perent red cell types in
such 2 case could be asid te be mchcd because of the longetivity
ef the circulating red blood geld.c "4

36 the bleod pis
the redleser
cent profoundly d

G foreCiabion, ts affacted by
ioue perent celis. A given dese

ane Gil¥ slightly damage another.

 

eq The abjlity of tissuss to rogererabe is ens ef grsat inpertance, Repeir
of demage will be mere readily effocted ty tigeucs vith marked
c.pacitics for regeneration.

host worthrhile obcervations on effect cf single dcseshf radiation heve

.4in smfimels. Detai f
- ed data on the effects of ve:ying desage of wadiaticn on

asét3 will be presented inthe body cf the lecture. The aiact amount of rediation

+

required to preduce a civen effect on a given cellwo varies with different species, but

the following cbservations seem reasonably wll establishode

2, The lymphocyte-(a type of white blood celi.) producing tissves
are the most sunsitive to radiadfon danage, The tissre pro-
ducing platelsts, red blood cells, and gronulecytzs ( the latter
is unother typo of -hite blood cell) sre less sensitive and have
a sensitivity boughly comparable one toths octner. Here is some evidence

the rea blood cell-forming tissues may be imdermediate in sensitivity
between the lymphocyte anc other bicod cells-emors sensitive than the
latter, less sc than the former.

Zo As was expected on the basis of l:novwledge of the life span of

-



the different types of circulating blood cslis, esturl expere
imentel observation confirmed thats

(3) The short-lived white biood-cells: disappeared -or
were reduced first, the lymphocytes in less than
24 hours, the yranviocytes within 72 hours.

(b) Thé blood platelets (intérucdiets life span) were
reduced next--first reductions in rats ¢t about

five days.
(c) The red blocd cells (Long-lived) were the last to

show reductions.

3, In the rat, repeneration wes evident by the fifteenth to elght-

centh day in most cell *ypes except for the. sranvlocytes was
still. incomplete by the twenty-fifth day after exposute.e In
other species, repeneralio:. may ba slower, The lymphocytes
were st&il more crazily reduced after twenty five days than
were the other cell types.

ke In aninzls receiving large doses of radiaxftn, 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 ]jtile-=understeod factors and

not entirely to simple destruction to partnt cells. This sudden
anemia dces not occur with lever radiotion dosages,

5S, In certain speciss (cnd perheos severe radiagfton
Gamage is cccompanicd ky ther sincagulant heparine

7

  
like substunee dute the circuln: ad clots shovwly
which, tesether with the reducui etd whlatolcts, results
in en sbnoral tendeney to ase bleec
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Repeated Gmali, Doses t2 the body as e Whole
POEOTAFA na I haf Oeee8nenecceeer enareren>

The experimenta SUmuerise but very importanti r
y
p
e

re fl
e

t
a

5) C
3 G oi bo G
e 5 t te
e
Q

since if is coronie radiation reveatercly received in onall deses which is the commonest

So.m of raciation exposure in man. Ip is clear, horcver, the. within limits3 the effect

i
.

of chronic redietion is cumulative and thyatthe tote) docage rectived by an organisn
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is of great importance regardless of how sm

chronic radiation definitely incrcaces the incidence of leukemin ts enters. Mirely,

after upparent recovery from chronic radiation, injery te the blcod-fermins tissues

and sevcrei. edDnormelities uuy develop even after raciation has vcen Giscontinued,

Radiation to a Local. area of the Body

It has been the subject of much controversy thether or not local sadiatio:

mAY, in some direct way, damage hemopoietic tissue cutside the Bield of radiaifon. Local



Wv

n the direct field, At theJradiation, of course, damages any blood forming tis:ue

present, ellfattempts to demonstrate ank Windtrect effect" peculiar to radiation

on the bicod forming tissues hid foiled. However, the reduction jnwhite blood cells

sometines found in man after treatment to local areas thought to contain but relatively -

little bloot-forming tissue remains poorlg understood. ‘The question requires further

eritical study.

Internal Radiaifion

This invibves chiefly the use of radioisotepes and ditfers from other types

of radiaiton chiefly in that relatively non~penetrating radidtions euch as alphg and

beta rays can be introduced into the body where they may rediate tissues they could

not reach by sxterrial application. This opens the possibility of giving radiation to

tissuss without apnarently affectins others. Reacicactive iodine and

redioootive nhesphorous are cxemples of substances thus empleyed. In gencral, the

ao 4 n 2 ae , 2 $ 1? + « ™.effaet o! ridifosstive presphcivus int he blocc-Sorging organs corresponds wiosely to

PR ae? Lheatpnetw1, oS. seape ae ht .the offecte. attainable by externcl rodiatione

The Tffect ofNeutror.s
 

aThe effects on the blooed-lorming tissu spo essentially siziler to these

of H-rayee. Using fast neutrons, the biologic danare resulting from ln (erount of

noire radieiton producing some amount of lonizatiog as lr H~radAstion in an

Sattioun chamber) is about eight tines es great as thet resulting from lr.

Effects of Radiation on Man

The purpose of all the dpe work revieved is to get a better idea of the

effsct of rediation on gan. Acute exposures to sfnvle deess of whole body radiation

mey occur in min, as aneccidient, or after detonation of an atoric bomybe They

are otherise seldom encountered, In Ajividueds stodied in denen who wer:

exposed to radiation at the time of the detonation of the bacb, the abnormalities

in the blddd were found si:ilar to these experinentally in animals. The first ab-

normality noted was reduction inthe numb:r of white blood cells, the second was re~

Anation fn hland nlstetate anil tha thiwnd ano wv Anat san fn we A RDAAD AAT.



‘ - be

However, most Loman exposires ar. more ilkely te be of the mature of samall

amcunts received repeatedly. The animal work sugsests that the cunulative dése is

highly important, that leukemia may occur more frequently in individuals exposed

to chronic radiation than in the population asa whole, and the relaps mag occur after

epperens recovery from radiation damage. From a practical point of view, any

tpartnce frou the normal fingings, whether an ircreese or a decrease or a quanitative[o
F

chance in any ef the biood cell types should be viewed with suspicion in individuals
chronic

#39 have been expored to,radiation. In practice, a reduction in white blood cells,et oe Oe,

Ttleularig srénulocytes, is the commonest evidence of d-mege in man. “hat addisional"S
S f
e

effects of chronte radiation will be found cannot be said,

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

gm

secing hereditary changes which may have been induced during the atomic bomb explosions

in Japan is elpost nil.

So said Dr. Albert “. Bellamy, professor of zoology and divisional deen of

life sciences in the University of California at Los Angeles, during « talk given at

U.C.LeA. today (Friday, August 13) in a course onthe Application of Nuclear Physics to

the Biological and Medical Sciendes.

Various dire oredictdons that mutetions induced by radiation released by the

somb detonations would alter the genetic structure of thc Japanese population must be

sone@icered in the light of the essential data, said Br. Bellamy.

No monsters heave been observed as a result of the explosions and it is

nighly AmprobAlye thet any ever will be. The majority of gsne mutations are recessive

in cheracter,s.ich mesns that teth psrents must contribute the same gene in order that

the reseasive characteristic may develop in the offspring. The chenges are transmitted

 

as (1) lethal churecters which are futal to the offspring and very difficult to detect,

en@ (2) as visible recessive charecters, which involve eye color, fveble mindedness,

hesoohclia, ste., and occur about 13 tices less frejuently than the lethals.

Therefore, the siow disssmination of a populcticn by the transmission of

lethal churacters would be mere likely to occur than any sudden and widespread outcropping

of monstrosities.

Although genetic changes which may have been brought about by ato-ic bomb

radiation hve not yet been observed and would not be in any case for some time to coma,

what might happen many gencrations later could be 4 very different story, said Dr, Bellamy.

“hile little data permitting of sound interpretation exists concerning

the gcnetic effects of radiation upon man, it is ~ell known that the mutation rates in

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



cell units which carry hereditary mtericl}) or perm cells suitable doses of radiation,

usually Xerays. Increases of sevxenl thousand per cent are usual

Spsculating on a rough aporoximation of effects on tae genetic structure

of a humun popel-tion exposed to gamma radiation (high energy, he.vily penetrating rays)

such as wold accompany the detonation of an atouic bomb at a height comparable with

those used in Japan, Dr. Bellemy emphasized that the approximation would be "very rough

indeed, since no available information permits anything like an accurate estimate."

Mutation ratss are not kcnown for men, he said, and are not likelg to be

known for some tine to come. Haldane, a British scientist, hag however, estimated

the mutation frenvency of human genes as one in 100,000,

Continuing his imarinary set of circumstances, Ur. Bellamy assumed a

typieclL American city 2s heving a popul:tion dencity of 10,000 per square mild, and thet

it was exposed to radiaticn from a source some distance in the aire

Ve essumee further thet 40 per cent, or 4,000 persons per siuerc mile

were betuecn th: ages of 15 ond 39; anc thet the propertien of mles end females was

50-50. He negiceted nen-prucuctive matings anc assumed ansveorare of three effspring

er peir, or 6,000 offspfing per stware adlee

Dre Beilamy based one estimate cn the knorn mutation rates for

Droepenile, the hanens fly, whose totel yield of lethal changes is iocut three perccat

per LOO Reentpen unite of total body radiation.

He corrected this dosage for man--humana cannot take 1000 Roentgen units

of radiaiten and live--and correlatedqythe result with caiculationg based on Haldane's

estimate for one in 100,000 for the natural mutation rate in mane

The 2000 mothers (half of the 4,000 persons per square mile) would have

among them 12 mole-determining chromosomes carryihg a sex linked lethal, seid Dr.

Bellamy. Half of the sons from these 12 mothers would receive this mutated chromosome

and wuld die. There would be sbout five males less per thousand populations

Increases in visible recessives, based on Haldane'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 éaid.



take some hundreds or thousands of generations for a mutant gene to become established

in a population, eventuelly acme of these gencs will show upe

If enough of them are cischling in their action, said Dr. Bellamy, their

social and ecornemice cimificance can become very larse indeed. But this will not

be in our lifetime nor that cf our grandsons

ott



PHARMACOLOGICAL APPLICATIONS OF aAPIO ISOTOPES

Thomas J. Haley, Ph.D.
Chief of the Pharmacolory-Toxicology Division
Atomic ifnerzgy Project
University of California st Los Anreles

This @iscussion will concern itself primarily with pharmacology |

and toxicology seeking to point out practical spplications or radio-

isotopes to problems in these fields. Not all the tsotop-s ere useful

in such studies becsuse of not only the Lleneth of tire involved inthe

study itself but siso the short helf-life of the required element and

the difficulties encountered in orgenic synthesis. .

From a phermacologicsal end toxicolopiesl] viewpoint much is known

concerning emphetamine (Bephenylisorhopyl amine) and its Hemethyl

derivative. Both compounés have been shown to be potent stimulants of

the motor cortez causing inereased sctivity in both man and animals.

In men this activity may heve a Ccurstion of from siz to eight hours de-

pending upon the individual. loxever, the excretion of either compound

is not completed even 46 heurs .fter the finul dose. This is of par-

ticulsr interest in as much as it hss been shown that derivatives of

B-phenylisopropyl amine are inhibitors of amine oxida one of the

body catcxication mechenisms. Further, phenol cxiésase has no effect

is no phenolic hy-aupon the metabalism of thesse drurs teesuse ther

éroxyl group in the molecule. . The only enzyme system thus far shown

to attack these drugs is the escorbic-dchydroascorbic acid system.

Asorbiec scid itself has also been found to ettack amphetamine causing

deamination, In the course of further studies on amphetamine excretion

it was found that the drug is quantitatively excreted by dogs poisoned

with either carbon-tetrachloride or hydrazine. This might indicate that
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the liver is the organ for*éetoxication cf this tyre of amine. Upon the

basis of these consideretions it is pcssible to design an experinent

which should laed to en elucidation of both the detoxication mechanism

involved und the rete at which excretion takes place. Utilizing either

or both Tritium (HF) and clad | as in the biosynthesis of epinephrine

from recio vhenylelenine, the amphetamine and Gesoxyvephedrine molecules

can be tagged on the aliphatic side chain and the unine of the animal

collected. ixtraction of the urine according to the ususl methods

vould »ive both free and combined amine. Conversion of these extrects

to either 2oc*0, (oariun carbonste with ot4) or POW (Tritium hydroxide)

would erable the investigetor to cbhicin more accurate deta on the fate

and exeretion of these Bephenylisopropyl asins €erivatives. Isolation

or the Cagredation preducts “ould entull much greater effort, but both

tagging isotepes are sufficiently lone-lived to enarls such en investi-

Cc 2yr. 5B” 0.015 and

ott 5100 yr. BT 9.25}. At the time of the developrent of maxinum motor

activity mice which nad been Injceted with either dvug could be secri-

trope and the trains and/or other organs removed. These organs could

inmake sutoradiographs.oOde prepared and sectionec and the sections used t

This would aid in localizing the exect area in the tissue in which the

crug wes contained and in the case of the brain slices aid in determin-

ing the exact site of action of these drucs. .

Another element which has been studied 1s arsenic. Studies con-

cerned with the fate of inorganic arsenic in the body have been cerried

out by meny investiszators. Both normal and pathological animals have

been uséd. Recently cacodylic ocid containing radio arsenic has become
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Jdn04avatlatle. This organic sarseniesl in general benaves Like the inorganic

arsenic compounés, but its excretion rate is much slower. It would be

of great clinical velue to study the excretion rate and sites of stor-

age in the boéy of sodium end iron cacodylates beceuse of the large

anounts of these compounds used in this country. If they behave es in-

org2nic arsenic compounés it vould be expected that they would concen-~

trate in gicbin and acid-ecetone soluble heme freetions of the blood

proteins. Further, it ».ould be expected that skeletal muscle would con-

tain the greatest smount and that exeretion would take plsce via the

atnKidneys. It shoulé be pointed cut that the particular animal used inv :

this typa of ezperirent determines where the greatest concentration of

ercenic will be found. sts isve = high blood lezsl concentrated in the

erythocrvtes while in ceneral sll other aninals show Low blood levels,b

but high levels in the epididymis and liver. Another factor which must

be considered is the inode of administration because the oral route

results in the excretion of cecody! cxriee, a garlic cdored sas, in ex-

pired air, thus inducing an ed@itionsl health hezarec not seen with hypo-

@ermic administration. Rudio arsenic (ras?4 16 @ 37 1.3 BY 0.9 0,58)

cculd also be applied to the study of the metabolite fate of the organic:

arsenicals used in trestment of protozoan infections provided that the

experiment was of short duration. Qne compound which would be easily

studied is Carbersone (p-carbamidopnenylarsonic acid) because it has

proved especielly effective in the cure of intestinal trichohones infec-

tions in rats. Such a study uicht shed light on the mechanism of action

of this potent anioebicide.

A toxicolosicsl study of the formation of ethereal sulfate would be

of greet practical importance beceuse this body datoxication nmechaniem
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is the one employed in the detoxication of phenols. The problem en-

tails much work because injected sulfete (HapS0,) is readily cleared by

the kidney and ingested sulfate cannot pass the intestinal membranes to

any extent. In fact the latter property is one of the reasons for the

use of sulfetes as cathartics. adic sulfur (535) eculé be administered

as methionine or one of the other sulfur-containing amino aciés. A

phenol could then be piven and the excretion of total and ethereal sul-

fate in the body could be definitely proven.



METAEOLISM CF ICDINE 131

Richard J. winzler, Ph.D.
Associate Professor of Biochenistry

School of Vedicine
University of Southern Celifornia

Dr. “ingzler, Associate Professor of Biochemistry at USC, will discuss

recent work on the iodine metabolism and the thyroid glund using radioactive iodine,

The name of the course is "Applicetion of iiuclear Fhysics" to tne bicchemist end

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

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

pu
srecent years, using this radicactive isotore which is produced et tne Atomic Energy

Commission Lakeratery at Oak fidge, Tennessee

ive icdine hus been found te concorityate very vaonidly in the

urvebe of stall ar "tracer™ s-curta of rudicsetive ioijine sen resdily by used as a

pres yek Ty Ns mat ¥ ~ syoyk - -* i am ne ype i-kyoarthyroid pebicnts mey then te given larger vherapertic amounts

of rsdicactive lodine, the destructive rudietion then scleetively cestreying the

Overactive thyrcid tissues in which it eceunulates. Aadicesctive tojine is elso

wideiry used by eyperinentiiists to study fundismestel probicme in bislory and med

the Jestitution and metabolism of lodine in the animal tedy.

Dr. insler wili discuss his own work in collaboration with Dr, Paul Starr

ane its relation to the work of other researchers. He has been especially interested

in meking crgenic compounds containing radjczctive iodine and is using these compounds

nthe study ef their fate in the aninal bo v, His studics hzve also been concerned

with the influence of physiological state span the accumulctions of radioactive iodine

in the thyroid glani end its incorporation into the tnyroid hormone,

hte
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Review of the Use of Tracers in the Study of Amino Acids

Dr. David Horton, A&C ATOMIC ENERGY PRCJECT,

U.C.L.A. .

In the old search for understanding of the mysteries of living organisms, the

study of amino acids and the proteins which are synthesized from them is of primary

importance four this reason: whereas the carbohydrates and fats serve chiefly as

sources of encrgy (released in their oxidation by the organism), the proteins are

intimteiy involved in the intricate processes responsible for the integrity of the

orgeniea as a unit. In support of this view it should be sufficient to point out that

the enzymes essential for the complex syntheses and degradations which compromise life

are all largely protein in nature; and this is to say nothing of their important role

in issanolegical specificity, the ticed-clotting mechanism, and the structural units

Tne Zievortanes of

mul. tin axuremc comple:dty of theirs fine structure (which is germain to their many

corphex Panchiens} has meade the study of them very difficult. Hence it wes with no

“eee of exeiterent thet students of the metzibclosm of amino acids and proteins

gromtsd vhe rotreor sudden availalility of appreciable cuantitises of isotopic forms of

cil the sicmental substences important to livine systems. As will become apparent

in the course cf the talk, isotones cre extrenely porerful iools in the study of

metubkelic processes. Net only can isotopes help solve problems which are very difficult

but it is apparent that many problems may now be solved which were pree-

viously imrossible of solution, without elemental substances of unnatural isotopic

composition and mans for determining this difference.

That biolegists (using the term in its broadest aspects) were awaiting just such

a tcol is attested by the exceedingly rupid growth of the number of applications of

nuclear physics to the biologicel end medical sciences. Despite its really great

veuvh, the field has grown to a size difficult tc encompass in three weeks of courses;

end in ene heur I cannot hope to cover completely the many instences already in the

published litereture on the metabolism of the amino acids.
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I can only hope to acquaint you with some of the things which have been done and

are being done and the techniques used in doing them.

Some of the things I shell sey about the techniques of tracer studies in amino

acid metabolism have very probably been covered, at lezst to some extent, in previous

lectures in this cours2, but considering the host of material which you are given to

absorb, some repetition can certainly not be amiss.

So the following remarks apply to isotcne metabolism stucies in general:

The basic assumption in such studies is thet the organism cannot distinguish

appreciably between isotopes; this is essentiglly true for all but the isotopes of

hydrosen, whece steric weights are 10C or 200 rer cent different from the common isotope;

the cilities eporeciable physiolerical effects of "heavy water" have been much publicized;

thece cffiets are very probably due to the inhibition ef cortain enzyme systems, recently

shown in gem ccece. Tet living c;siems co not distinguish eppreciably between isotopes

differinc in clombe wii lht by only «= few ver cent is indicsted by the fect that isotope

concertrétion is not markedly ciffrivent in the stmosphere, certain cf whese constituents

“oave beer procesced snd rerprocesse2 oy plant and unimels for a long time, from those same

ecastituents from other scurces presuuibly not aubdect to such processes.

vith radioactive Lsctores, particularly those emitting particles of high energy,

cne my oure ct seme anamclicus results; these can be ininimized by using lew concentration,

anc it is fortunete thet such concerntratior 3 © can be dstected and determined with con-

siderable accuracy.

Tagged materials ingested by the orgenism will naturally be subject to considerable

dilution and the isolation of the metabolites of these meterials may not be quantitative

by any meane; in setting up the experiment, c.ireful consideration must be given to the

dilution fscter, isolation efficiency, half-life and emmission energy of tag (if radio-

ecttive), and isotopic potency of the ingested materiel whose fate in the organism is

to be studied.

‘
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Careful consideration mist ulso be given to the lability of the tracer atom in the

orgenic chemical structure it is to help in trecing through the orgenism. [iill the tag

stzy with the structure whose metabolic fate is of interest, or will it be exchanged with

other materials and be lost in the ercat poo: of metabolites? Such exchanges are often

‘interesting in themselves but in other instances muy weil 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 questions, the

student of the metabolism of tagged materials mist come to re.y more end more on the

insenuity of the synthetic organic chemist. He must not only be able to place the tagging

atom in a desired and unecuivocaliy-inown position in the comroundc, but he must also

errive at this endproduct with the least possible loss of precious isotope concentrate. He

mict devise a synthesis with a minimum of operations, with maximum yields at cach step,

fant one vnich will involve the tagsec starting materiel as clcsc as pessible to the end

ef the synthesis,

Irn the study ef certain mctabelic processes cne must face the preblem of the pre-

cursor of interest beinz destroyed before rcaching the site of conversion; others, such

aS protcins or phesphoryleted compounds, may require hydrolysis, (thus possibly destrcying

an integrity cssential to the ex:erinent) by the orranism befcre entering the metabolien

such problems can be studied using simpler organisns, where the precursor can be

aprlied directly te the cell, but here uncertainties exist in the Legithscy of such

results when trenslated to more complex organisms, Extreme ifdjiity of a precursor is

sometimes counterected by the "flooding" tecinique, in which unusually large amounts of

precursor are fed to the organism; althcugh this technique may give results unobtainable

othervise, it is wasteful of tagged muterials and may lead to abnormal results.

Ancther atteck is on the compiexity of the organism by employing slices or

hotogenates of a specific tissue; such studics mzy give very valuable information, but it

is difficult to justify a quantitative translation of the results to the situation in the

intact animal; here too, a negative result is in doubt because cf the abnormal conditions
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of the exrerinent.

In some mote olic srocesses, certain compounds may de essential intermediates and

yet never exist at any cic time in any but very minute quantities, excessive amounts of

such intermediates bein; metabolizec by other paths. FProolems posed by a situation of

this kind can be met by using known precursors cf greater stability with respect to

transformations of no interest in the particular experiment.

These foregoing points will bz illustrated by examples from the literature (work

of Schosnheimer, Rittenberg, Du Vignead, Rorsook, and others).

The remainder of ths hour will be devoted to a presentation and discussion of

other published werk end cf work being done by groups at the -alifornia Institute of

Technology, illustrating the extreme ubility of isotcpes in the study of the metabolism

of arins acids.

David R. Howton.
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within certain sf its hespitsls.

The purpose of this program vac to bring to the veteran petient the benefits of

the peace time application of atcuic medicine.

To this end a Centrsl Advicsry Committee on hadtoisotens was appointed to make
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tablished et eight of tie hospitels of the Veteranshadioisotope Units heve been = Ch

idministratien. These art Pramiugham, Mass.; Bronx, New Yor:; Cleveland, Ohio; Chicago,

iijincis; Minneapolis, Minnescte: Van Nuys, California; Los Anreles, California and Dalias,

2G daring the eurrent fiscelte

Units haves been established only in hospitals having cli se cooperation «ith

associated medical schcols in which there havo alrcécy beer. going and active programs in the
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It would not have been pessible to initiate cuch a program had it not been for

the good working reletionship whicr exists betvecn the associated medical schools and

the staffs of the hospitals of the Veterans Administration. In zach instance, before

the Chief teiical Director has authorized the establishsent of a Racicisotope Unit in

2 hospitel cf the Veterans Administration, the Deans’ Coumitice of that hospital has

appointed a hedioisotope Committee to represe..t the Decns Committee in drawing up plans

and meking specific recemnendations relative to the setting up of such a unit. Once

the unit is established the Redicisotcpe Committee bears the sume svvervisory reletion-

ship to the unit that the Deans' Committee bears to the hosnitel in matters relating

tc the medical care and treatment of veteren petients. The uctive interest and coopera-

tion of the Desens! Committees end their skilled rerresentatives has mede it possible

te develop within the hospitals where such units are established racicisotope programs

which are dn quaiity end in effectiveness, the equil of thes: pregrems conducted sithin

¢
treatment of peutionts with radioisoctcpes, the enployasnt of redicischopes in diagnostic

mployrent of rediolsotopes in médical risesren.

As yt the radiolactopes have a linited application in the treatment of

oprecedures acd the

paticnts. Here conservatism and sound medical judement ere meticvlcusly observed in

all of the hospitals. This must be the cass until the exact position of these new

tools can be more exactly known.

The radicisotopes offer almost unlimited opportunity’ for the development of

rew diagnostic procedures and the improvement of older diegucstic procedures. Each

month finds rew and important applications in this field. ‘from these the individual

patient will gain mich benefit and meny medical problems will be more quickly and

accurately solved,

It is in the field of medical research where the tenefits which may be achieved
f
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either directly or indirectly, that hopes can confidently be held high. ‘hile the

benefits to be so gained may, on the surface, not be so obvious, they are none the

$
lessresl.. Already our knowledge of the netebolion of ‘the thyroid gland and its.

abnormslitieshes beengreatly increased, and diagnosticProcedures have been improved.

Already important studies on the volume,of the. blood,“on:the behavior of red‘blood cells

anid on the patency of peripheral blood vessels are making possible more ‘accurate medical

diagnosis. i#ho..can foretell the benefits to be obtained from radioisctope studies in

phosphorus, ~potassium and calcium metabolism? Or whatmay be learned’with relation

to the behavior of zinc insulin within the body? Orwhat may be learned about bacteria

and viruses in the body or in regard to theimmuno~chemistry of the human body? Or

the fehavior of hormones, drugs et cetera tagged with radioisotopes? Or to what extent

the co: Fe
]‘pLicated probleus cf metabolism may be solved? It is not an overstatement to

say thet progress can be expected to be rapid and cn a wide front as greater use is

mode in medical and biolcuics! research when this nex tool is applied in attempts to

solve such problems. ELéch of the units I heve deseribed is set up to engage in some

phase cf this important work. In exch there is e capable scientific and technical

staff, well equipped with the required training and background and provided with the

modern equipment and facilities needed to do this work, to do it wisely and with safety

tc ali concerned,

Although this‘Program within the Veterans Administration has been in effect |

only one years.it has already been’Anstrunental.in drawing to the medical staffs of

the Veterans AdntinistratLon-o1Fospitals soneof‘the verybest ‘medical menin this

country. It has already played a significantrole in assuring to the veteran patient,
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