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ATOMIC MEDICINE 

It seems that i n  

1. New Tools f o r  Medical Reeearch 

by Carl k e h e r  

- R R  

912 Dr. Ceorg von Hevesy of Copenhagen was at Ruther- 

ford ' s  laboratory i n  London, experimenting with radiation and radioactive atoms. 

Bevesy was a bachelor and l ived a t  a boarding house, where the meals aroused hi8 

susplcione as a man and hie i n t e re s t  as a sc ien t i s t .  

he brought a l i t t l e  radioactive lead with him t o  the table and l e f t  it with the  

remainder of h i e  meat. 

One Sunday, accordingly, 

Thereafter, on Monday, Tuesday, Wednesday, Thursday, 

and Friday, he took a sample of the  meat t o  the laboratory, and on each day was 

able t o  f ind a t race  of radioactive lead! 

Thie etory I s  told by 8 highly reputable nuclear physiciet, Dr. M. A.  Tuve . 
of Washington, and appears i n  the  austere pagesof Fad",olo~s,  35:174; August, 1940, 

80 It may be aesumed t o  be true. The remarkable part of it is not so much that  

Dr. Hevesy landed i n  a boarding house which eerved haah f i v e  day8 i n  a row, but 

that it was an early - probably the e a r l i e s t  - application of tracer technique 

I n  biology, one uhich In I t s  current ramifications eeems destined t o  play a e  

lar60 a ra le  i n  medical research a e  the invention of the microscope. So, a t  

any re te ,  say some of the people working vith It, and they are not normally 

given t o  exaggeration. 

Later, i n  the 1930'6, Hevesy wae a lso  the firet t o  use radioactive 

phosphorus i n  biologic xork, i.naL had t o  amit ths disclosure by Irdne C u r i e  
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and FrCdCric Joliot that common elemente could be rendered radloactive by alpha- 

ray bombardment, a diecovery which vastly enlarged the scope of tracer technique 

in medical investigation. 

radium-D, an end-product of the epontaneoue disintegration of radium, which 

meant that there waen't much of it. 

suitable for experimentation on living anlmale except in the very minuteat 

quantities. But when practically )rll the elemente, including the common organic 

components euch as nitrogen, phosphorue, carbon, eodium, iodine, and hydrogen 

could be rendered radioactive, the medical reeearchere really had something to 

work with. 

The radioactive lead which Heveey ueed in 1912 wae 

Moreover, it wae poieonoue and hence un- 

Ieotope Chemistry 

The technique of production of these materials is to take a common element, 

euch 88 red phoephorus, and to bombard it in the cyclotron (or, now, in a uranium 

pile) whereupon a radioactive i80tOp ie produced. 

element which differs in atomic weight from the original, because something hae 

been knocked into or out of its nucleus, but doe8 not differ in atomic number, 

or the electrons which determine its electrical and chemical propertlee. Thus 

the common phoephorue which enter8 the cyclotron l e  l=jP3l ,  meaning it has 15 

electrons revolving in ita outer atomic apace, 

meaning that it has that many heavy particlee in its nucleue. 

A n  isotope le a form of an 

and an atomic weight of 31, 

After bombardment 

with deuterone (heavy hydrogen particles which are themselves ioeotopic ) the 

phosphorus which emerges is 15P32; each atom etill contain8 15 electrons, 

(1)but the atomic weight has been raieed from 31 to 32; 
2 No chemist cen distlngvi&$ from g1 by the older chemical methode, 

nor can the bo2y tell them apart. As far as aesiLllatlon, utilization, and 

~ 

excretion are concerned the two are treP-+eA exac*L? alike. 9 u t  there le a 

ealient difference; P3l le inert, yhereae ?j2 i s  mdicactivc - It emits beta 
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particlee,  high-speed electrons. It emits these par t ic lee  a t  It8 own pace: i n  

.- 

14.3 days half of them ~Ill be gone. That  is the ha l f - l i fe  of thie material, 

which-nothing can a l t e r .  While it i s  e m i t t ~ i n ~  it can be detected wherever it 

goes, i n  quantit iee.  which would defy the most refined chemical analysis.  

tracer dose of phoephorus may contain only one atom of P32 t o  every ten b i l l i on  

A 

o r  every ten  thousand b i l l i on  atoms of eome phosphorus compound which a c t s  8s 8 

vehicle f o r  it, b u t  thoee compratively few radioactive atoms tag it from the 

t h e  it is  taken i n  through the  mouth o r  a vein, t o  the time it l e  completely 

eliminated from the body. If i n  the interval it lodges i n  the  ekeleton, my, 

an obeerver equipped with euitable Instruments can t e l l  you how much of it WBB 

absorbed there, In w h a t  bonee and.1n w h a t  parte of those bones, and how long It 

There. are two advantages i n  t h l e  procedure from a research standpoint. 

Firet, It is about a million times as sensitive ae the best quantitative 

chemical analyeie. Second, it preeents a dynamic picture of what happens i n  a 

l ivlng plant, animal, o r  human body, with the organism functioning i n  its normal 

faehion. You don't have t o  cut  it up t o  find O L ; ~  w h a t  happened, you don't have 

t o  overdoee it t o  get  a detectable chemical responee. 

e i the r  of t h e e  would be an item fo r  the history books; t o  have the two 

. 

A developnent which did 
0 

combined i n  a single technique is real ly  momentous. 

How Isotopes Are Traced and Measured 

A nupber of inetrumente can be ueed f o r  tracing and measurement; the 

only ones we need coneider here are photographic f i l m  and the  Ceiuer-Muller 

counter. Photographic emulsions a re  fogged by radiation. A n  elementary uee 

of t h i s  property, by which Roentgen discovered the x-my, i R  exemplified i n  

the film badges worn by workere in tbs atomic bomb $.snts. ir' t h e  film ie fohd 
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t o  be darkened on development, it means that the wearer ha8 been exposed t o  

radiation and the health authoritieA i n  t he  plant have something t o  worry 

about. 

material imbed2ed i n  organic +Assuc? - 
because the radioactivo material photographe i - t r i - l f  v! t h  i t s  own invisible 

In  a more refined form, ~ h ~ % ~ . x y ? &  cen be =de of radioactive 

TbeRe Ere called auto-radiogra@s, 

PhotoGmpfilr, rre+.hode he,vs t h e i r  iiaee i n  ressarch end diaeptoais, but 

the Geiber-MUller counter i s  more sensltlTre end giveo quantitative reeults.  

It i s  an electronic instrcmsnt. 

region t o  be studied and mhielded RB Tar ne ponci3Je f rw radiation 

ori6inating eleewheTe, is a 

and containing a f i n e  w i r e  running coaxie2ly through a copper cyllndw. 

The wire ie a t ' a  potent ia l  of about +Lor30 volts  with reference t o  the 

cylinder. 

pass readily into ths space bs',veen wire 3rd Lgc!-in3er, where it producee 

ionization ( e l ec t r i  c s l  conduct,ion by knocking e b c t r o n e  out of the  @e at3ms 1, 

with a resul t in& surge of current between the two electrodee. 

amplified and recorded autonatically on a counter, o r  it m y  be obeerved on 

an oscilloscope, or  heard a8 a c l ick  i n  a pair of head2hones. 

counts per minute o r  f rac t ion  of a minute is a measure of the radioactivity 

preeent, hence of the amount of radioactive material, hence of the t o t a l  

amount of material with which the radioactive isotope ha8 been mixed i n  a 

known proportion. 

The counter proper, which is placed over the 

t.uie f i l . l e L  w i t h  Q gao a t  .reduced preasure 

Penetrating radiation, s x h  ae x, coemic, o r  gamma raya, will 

This i 8  

The num3er of 

Beta radiation, which is w h a t  moat ieo topes  emit, is com.pratively 

" B O f t , "  80 f o r  it a th in  metal window he.8 t o  be provicled i n  tbe @3os t o  

permit the elsctrone t o  get  in to  the ionization R p c e ,  agld the copper cylinder 

m u s t  a l so  be thin.  Whatever the  kind of rt2ictj::- mit=,- observation, 

Correction ha8 t o  be nade fo r  background mdfc t io r , ,  principally mosmfc i^aJ'Bt 
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which 1s always preeent. 

can meaeure down t o  l/lOO microgram. A Irisrognm ie a millionth of a 6YWb 

(6) and e gram l e  about 35/1000 of an ounm, e3 t i j R  ?i3~*rso ou t  t o  3*5 >-g39n$’l0 

of en ounce. %.EL+, I s  r ee l  reneItirl+$-. 

Under favorable c.ondltlone one of these countere 

_ _  

Ieotope RP sesrch 

Not too much i e  known 88 yet abaut the u t i l i za t ion  of iron, Iodine, 

phosphorue, nitrogen, cerbon end other e1ement.e and the i r  compounde by plants, 

8niIlEd8, and man. 

eubetance zseimilated, how is  it distributed in the tlesues, how is it 

eliminated? In Borne Instances contromrsiee have >,en carried on f o r  decades 

without an agreement being reached, eimply because the methode heretofore 

available have not been competent t o  furnieh f ina l  proof o r  dieproof OS the 

varloue theorlee that have been raleed t o  explciin the facto - o r  w h a t  seemed 

t o  be the facta. 

in each cam three general queatione arlee:  how i e  the 

Thue we know that iron l e  8 vital element in the metabol3erm of the 

blood, end there l e  a vast  l i t e r a tu re  on i t e  traneport and chemical convers- 

lone, y e t  such a conprehenelve and authoritative work a8 Howell’e t ex t  on 

physiology ends up by declaring, “The whole hietory of the meta’bollem of iron 

i n  the body l e  aurrou&ed by much uncenalnty.” Now radioactive Iron l e  

available. 

etudy, and it is ebsorbed like any other iran. 

t racer  method l e  t he t  It enablee the  investigator t o  different ia te  between 

Iron already preeent end the new Iron taken vp by the blood, 

Thie leotope hae a half-life of 47 d8y6, giving ample time f o r  

An obvloue ad&tage of the 

It i s  being used I 

0 - In  t h i e  way i n  erperimente on normal anlmale and on animale with er t1f icaUg 

induced anemiae and e reedtting l r o c  dcficlencg. P.bao_rytio~ I s  found t o  be 

In proportion t o  ne&: e n c w l  dog vi13 ahsc~-3 :r?n i.n Ter7 mall a!no~ilts, 

a 
czI 
cn 
a 

ted rapidly by the blood plaama from the gaetro-!nteetlnal t r a c t .  T h e r L .  I t .  
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eome indication that i n  anemic animala it I s  stored In the muecles. 

l i v e r  and bone marrow of couree play a major prt In iron metaboliem. Re- 

eearch along these l ine8  promlsee t o  c lear  up meet of the uncertainty Howell 

refere to,  and i n  t h e  the result8 may be reflected In the treatment of 

anemia and Other blood dleeaeee i n  human beiwe. 

The 

Even i n  f ie ld8  which have been developed eat iefactor i ly  by the older 

chemical EtethOdS, isotope studies may furnish more exect data and eventually 

improve medical practice. 

iodine by the thyrold gland before the development of nuclear phy8ics~ bvt 

t racer  atudiee uelng radioiodine enable 91 t o  draw accurate curve8 of t h e  

abeorption of iodine by healthy and dieeaeed thyroids. Such6st4udiee are 

p a r t i c d a r l y  important i n  the came of growing children w l t h  abnonnal thyroide, 

since 8 dieturbance i n  t h i s  quarter Inevitably upeete the balance of the 

whole glmduLer eyetem and interferes  with normal development. 

connection, the metabolism of a boy wlth a eevere c16e of r ickete  w e  atud- 

l ed  w i t h  radlophoephorue. 

(phOephate8) readily enough, but evidently had &Iff icul ty  In  calcifying them. 

A ereat deal wae known about the eecretlon of 

I n  another 

It WBB found that the patient abeorbed bone salts 

(7 1, (6)Hie condition was' eubsequently improved with IMLSBIV~ dofiee of vitamin D. 

The action of drugs labeled with radioactive tracere may likewiee 

be accurately determined. 

in the matter of adminletratlon by mouth and by vein, but actual  f igures help. 

It has been found, f o r  e m p l e ,  that when phoephorue is given by mouth about 

Of couree experlence has furnished erne guidance 

25 per cent ie l o e t  through fa i lure  of the body t o  aaeimilate it completely; 

thue f o r  the same effect that much more ehould be given than when the drug 

i e  injected lntravenouely. 

technique wae reported by a team of f ive scient ie ts  In  the Journal of the 

American Medical A86OCiatiOn f o r  January 8, 1944. It me a l r eee  known b h t  

f a i lu re  of eome diabetic8 t o  reepond t o  ineulln w a ~  due t o  fafiure to abeorb 

the drug quickly mrUugh Rfter InJection, and that i n  cer ta in  casee this wag 

Another pract ical  application of t h e  t a g g i n g  



due t o  the practice of inJecting repeatedly in  the Bame areae. 

developed under the ekin a t  these points, making the inJectlon 

encouraging the p t l e n t  t o  continue ueing t h a t  aame apot. The 

70 

Pads of f a t  

palaless and 

only trouble 

wae tha t  the pad8 ale0 retarded the abeorptlon of the drug, Exactly h o w  

much me determined by marking a 3/4-1nch mercurobhmme rd.ng: on the ekin, 

In  the center of which a standard InJection wae made. 

oounter w8s then placed over the marked ring and the count recorded; t h l e  

vae repeated a t  interval8 of 20 minutes, 1 hour, and 2, 4, and 8 hours. 

Thue the ra te  a t  which the ineulln l e r t  the InJection e l t e  wae accurately 

measured. It v88 found that after two hOUT8y instead of abeorbing 40 per 

cent of the lneulln, one patient had abeorbed only 10 per cent. O f  couree 

he me not gett ing enough i ~ e u l l n ,  and hie eugar content roe6 accordingly. 

These t e s t s  showed that the advice given t o  diabetics t o  rotate areae of In- 

Section 80 that 8 given e l t e  l e  not used more than once a month l e  no mere 

f l i g b t  of fancy on the part of the physician. 

The Geiger-MUler 

We. Alfred Marshak and R. L. Byron reported i n  the Journa l  of Bone 

and Joint  Surgery for January 1945 on studies of the healing of bone made on 

rEOe. 

bone6 With a emall circular  ~ B W .  

and rahiophoephorue; the former behavee the m e  a8 calcium and i e  more 

convenient t o  w e .  

The animal6 were meethetized and lengthwiee cuts made i n  t h e i r  l eg  

Dur& recovery they vere fed radioetrontlum 

The uptake of theee eubetancee by the healing cut yB6 

meaeured with a Geiger counter. The results 

t o  reach a maximum uptake might be used a8 a 

this could lead t o  evaluation of the mending 
- 
0 - 

Indicated that the tine required 

meaeure of healing. Presumably 

of fracture6 In human eubJects. 

Radlat Ion Reeearch 

Tracer technique I s  not the only contribution of nuclear physics to 

medical reeearch. There is a l s o  the direct  radiation from the cyclo’tron and 

I other nuclear udaformers ,  which may prove preferable in the treatment of 
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eome cancers t o  the older typee of radiation generators, such 8 8  the x-ray 

tube and radium. 

output of the newer devices, t o  proJect the par t ic lee  in  a beam which could be 

directed on a target.  

the cyclotron, o r  w i t h  radioactive eubetancee produced by the cyclotron o r  the 

uranium pile, and no doubt- direct  radiation from the pile could be ueed v i th  

euitable appliances o r  modlflcatione. 

Before th i e  m e  poeeible it was neceeeary t o  collimste the 

We can now irradiate  organic t iseue with neutrons frcm 

B u t  control of the radiation from euch oources le only a beginning. It 

l e  equally neceeeary t o  know how much can be ueed safely, t o  8tandardIZe 

doeagee, that ie. 

in the stage of anilral experimentation. 

t m o r e  i n  mice, expose fragments t o  definite guantitiee of radiation about 

which information is eought, transplant the frapenta t o  healthy mice, and 

compare the proportion of reeulting "teLke8" with similar tumor eectione erpoe- 

sd t o  x-radiation. 

t o  hunan being8 can be thought of. 

In eome instances the anewers a re  known; others are st i l l  

One method is t o  cultivate,malignant 

It takee thousands of t ee t s  of thie sor t  before 8pplicatiOIi 

+ * + * * +  

Theee are only a few eamples of the work being done. We are often 

to ld  that such and 8uch a f i e ld  l e  In its infancy. 

ha6 l i t t l e  validity;  technological progreee l e  more rapld aot~adaye than it 

ueed t o  be. 

The etatement frequently 

But  in the cam of ieotope chemietry applied t o  medloal reeearch 

it is l i t e r a l l y  true. 

a perlnd of less than twelve yeare, during the  first part of which they weqe 

Art i f ic ia l ly  produced isotopes have been available over 

- 
~ A -. produced in suchminute quantitiee that only a few laboratorles and inveetiga- 

D 
wt 
U 

t o r s  could get enough to learn their  we .  

developed t h e i r  technlquee and the materiale began t o  be available in 

practical  quantitiee, the war cane, and long-tern medical reeearch took a 

Soon after the Investigator6 had 

bz:h r;rett'i f,, ~ L J ;  ; : z v .  E. 0. Laurence tore  apart  hie big cyclotron, from 
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which a good part of the fsotopee used in  medical reeearch had come: the 

electromagnet me needed i n  the atomic bomb proJect. Most of the nuclear 

phyelcjete went with the equipment, and may o f  the reeearch teams of phyaic- 

iete  and physician8 were broken up j u s t  when they were beginning t o  produce. 

It wag all neceeesry and inevitable; fasciam wae 8 w r e e  dleeaee than any 

they were working on. B u t  it was a eetback. 

Yet it may bave been bread cast  upon the watere. Thoee Bame four 

years produced not only t h e  atomic bomb, bu t  a prodlgloue amount of experi- 

ence in nuclear phyeice. Much of t h i e  know-how and equiplent l e  direct ly  

applicable t o  medical reeesrch. A t  one leap we have moved from the age of 

ecarcity in radioactive materials t o  the age of ple9ty. It is a i d  tha t  a8 

far ae production of neutrons is concerned one chainreacting p i le  is the 

equivalent of a millon cyclotrone, and a goodelzed cyclotron i s  the  equiva- 

l en t ,  f o r  aome therapeutic purpoee~, of about 200 pounde of radium! (The 

wqrld etock of radium In 1940 me two pounds.) That m y  serve a8 a rough 

maeure of w h a t  has been accomplished. 

Now we have, potentially,  more radiation than we OM Use. Ieotopee 

can be furnished In pract ical ly  unlimited quantities. 

example, a half -gram of  which had been isolated in  1943, l e  t o  be produced 

Heavy carbon, C13, for  

! 
by the Sun Oil Company i n  aesociation with Houdy Proceee a t  the r a t e  of 

500 grama monthly i n  one plant, and furnished, coet-free, t o  non-commercial 

biological and medical research groupe. 

for  medical research can be turned out on the same scale. 

And all the other isotopes required 

If we prove 

capable of an in te l l igent  appreciation of the v i t a l  importance of research, 

Y a6 much i n  the biologic a~ in  the industr ia l  sciences, and if medical needs 
-- 
- 

are not l o s t  s ight  of i n  a phantasmal pursuit of complete mili tary security, 
ua 

sc ien t i f ic  medicine is eure to make great Btridee in the underetanding of its 

e u b j e c t  mpAALt?-: m d  . eventually, i n  the conqueet of disease. 
W 



ATOMIC MEDICIIIE 

There l e  no roya l  road t o  therapy. Optimietic expectations tha t  recent 

developmente In atomic technology will lead t o  a quick and easy ablution of 

the more intractable problems of medicine are  doomed t o  dieappointment. For 

that matter, "atomic medicine" i e  no more than a convenient phraee. 

ha0 always borrowed It6 principal tool8 from phyeice, chemistry, and bduetrg.  

Medicine 

The radioactive ieotoppee and the new fonne of radiation a re  merely the lateet 

contributions of t h e  natural eciences t o  the art  of healing. They are  ex- 

tremely important, but there have been important ones before and people e t i l l  

I get sick and die. 

Tbe very f a c t  that i n  medicine the tougheet aeeignmente alwaye go t o  

t h e - l a t e e t  arrival l e  8 reaeon fo r  not gett ing too jubilant. 

call ing on nuclear physics for help In combatting the ravage8 of chickenpox 

Nobody i e  

and poieoa ivy: it i e  the heavyweights like leukemia and cancer which we have 

to deal w l t h .  And here the words of the  father of medicine a re  e t i U  appli- 

cable: '"Life I s  ehort, a r t  l o w ,  opportunity fleeting, experience treacheroue, 

Judgment d i f f i cu l t  ..'I 

ing; the rest is much ae it m e .  

Organlzed reeearch hae'made the opportunity lees f l ee t -  

Maybe we do stand on the threebold of a 

- 
0 
I, a generation to complete. 
9 

Abun- CR 
U 
?@ dance of radioactive zaateriale will br?ng hazards in  its t r e i n  ar eurely 38 

revolution in medicine. If eo, it ie a revolution which w i l l  take a t  l e a s t  

One more word of caution before we AOOk a t  ';he brighter sfb. 
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benefits, 

anyone who ge ts  in t h e i r  way through careless o r  ignorant uae. 

remember, In  the 1930'8, the people who drank radioactive waters f o r  some 

added pep? You o m  only remember, not see them, today: they died very short- 

ly. 

a few roentgens here and a few there, tbey sccumfiate enough radiation t o  

make them sick, or  t o  kill them. 

Prodect m u s t  not lull us Into a feeling of eecurity: that ww the r e s d t  of 

first-rate medical eupervieton, t i gh t  r?iIfta?-y con t rd ,  and u,xrelaxing 

vigilance. 

laborator j  t ech ic l ans ,  the fu rz i twe ,  the m t e r ,  ?.he very cue% i n  t!:e alr- 

was tested for etray radiation. 

These are lethal agente, not only against disease, b u t  against 

Do you 

Even experkenced r ad lo~og i s t e  have t o  watch the i r  s tep constantly l e s t ,  

The splendid. aefety record of the Manhattem 

Wer;rtk'mg - t h s  people 1eavtr.g the I;ie.rta, the coPk'.B cf thg 

We don't have to m?ce the country a &in- 

hattan Distr ic t ,  but we do have t o  see t o  it t ha t  radioactive producte are 

releaeed only t o  people vho lnov  t h e i r  dar.gern a8 well-as their potentiali-  

ties. 

I 

Leukema 

Leukemia is  not cancer, b u t  it. resembles cancer in Its uncontrolled 

multiplication of one group 0: cel la  t.o the dj.east,er of the orgsniam as a 

whole, 

blood. 

important and complex requhtory functione. 

normal blood there i e  m l y  one white C O ~ I C F ~ S  t o  L?VY? 505 o r  J.000 of the 

red. 

The cells i n  t h i s  case are +&e leucocytes o r  white corpuscles of the 

Leucocytee are necessary; they fight infection and have many other 

P u t  not m m y  tp necessary; i n  

In leukemia the white c e l l  count increaess o u t  of a l l  proportion, and 

a t  the same t i m e  the c e l l s  f a i l  t o  mature propsrly. The blood can no longer 

do its Job of nourishing ex3 reuairinsr, the tiesuea w i d  cRrylnf7. osf fhe'.r 

waste proh~ct8~ It ie as I f  the m i l l t s r y  poJ.tce get cu t  t o  run the a m y .  

- 
0 - 

-ce;B 

1 There a re  several d i s t i nc t  types of Isukemia. ?or -th: acute fo-.m U 
W 

I them ie no t r m t a e n t  whstsoever. In chrcmic leukemia there i s  more ho-ne, 
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but no eatisfactory treatment bat3 been devised. Benzene and arsenic have been 

used, but i n  recent yeare the principal therapy ha8 been whole-body or  "8prEiy'' 

. . x-radiation. Thle often dnmpene the exuberance of the  leucocytes, bu t  the 

dosage required l e  BO high tht radiation eickneee i e  the rule. Skin burn8 are 

d e o  poeeible. The physician has t o  steer a precarloue course between keep- 

incJ the leucocyte8 In check and damaging the patient with exceeeive radiation. 

Radiophoephorue w88 f l r e t  t r i e d  i n  1936. The principal work i n  th i e  

f ie la  ha8 been directed by Dr. J. H. Laurence of tihe University of Calif-  

ornia. 

cyclotron man, of the erne ineti tution.)  

rubetance Into intimate contact w i t h  the leucocytes, so that they would be 

s t rongly  irradiated, the  r ee t  of the body l e s e  so. 

egaivalent to thoee secured with X - T C L ~ B ,  with apparently lese l i ab t l l t y  t o  

radiatron reactions. But it l e  e t i l l  %ouch and go: where ekin damage l e  the 

(Don't confuse Dr. J. H. Laurence v l t h  It. E. 0. Laurence, the 

 he idea m e  t o  get a radioactive 

The reeul t s  are about 

limiting factor  I n  x-radiation, with radiophosphorue one has t o  watch out for 

d w e  t o  the bone marrow, where the agent tende t o  concentrate. 

radioeodium hae been wed. 

houre ae radiophosphorue takes days. 

More recenay 

Radioeodium expends i t 8  energy in about as 

The result6 have not yet been reported. 

Polycythemia Vera 

Thle is leukemia in reveree; It is the red c e l l s  which get out of 

hsnd. %diophosphorue hae been ueed' in Its treatment i n  the 88p36 Way. The 

reeul te  have been dis t inc t ly  encouraging, but  eince the diseaee 16 rare not 

Caeee have been treated. If too much of the material l e  given the  

treatment w i l l  overehoot and produce anemia, and the same danger U preeent 

Of dariage t o  the bone marrow as I n  leukemia. 
1- 

0 The chances are,  bowever, tha t  - 
a 
Gm 

when radiophoephorue, o r  a be t te r  internal i r radiator ,  l e  mado nvailable t o  

physicians, t h i s  w i l l  become a recognized method of tsaotment. I 
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Peripheral VLecular Dieeaee 

Vaecular refere to the blood veeeele and periphersl to the outlying 

ones, In particular those of the legs. AU prt~ of the body are dependent on 

contlnuoue and ample blood eupply for life; the lower extremities are pecul- 

iarly liable to trouble In this reepect, eince they are farthest from the 

heart and more th-e can go wrong on the way. Aeide from dieeaees of the 

veesele themeelvee, prolonged Inmereion and expoeure can get the lege end feet 

into grave trouble. There were many euch caeee In the merchant marine end the 

air forces during the war. 

When gangrene ha8 eet In it i e  often neceesarg to amputate. Thie poeecr 

8s excruciating choioe for the surgeon ae well as the patient. 

he mu& amputate - but where? There le a great difference between taking o f i  

He may know 

a leg above the b e e  ar below a8 fer ae reetoration of function I s  concerned, 

and mt.ay of theee patients are yo- men who are going to live a long tlme 

with their artificial legs. But If the blood eupply l e  not good enough to 

enable the wow to heal,-the kaee will have to be eacrlflced In R eecond 

operation, with all lte additional eufferla, dlecouragement, and danger. 

Overly conservative eurgery l e ,  then, e mletake eecond only to radical eur- 

Berg when coneervative meesureB would have bad a reaeonable chance of BUCC~BB. 

What the surgeon neede is eome.ob,jective method of measuring the clr- . 
culstion of the blood to supplement hie clinical facultlee. Such a method 

hae recently been reported by D ~ B .  Beverly C. Smith end Edith H. Quimby of 

the College of Phyeiclane and Surgeone of Columbia Univereity (Radiologe, 

October, 1945.) A.tracer doee of radioeodium is indected into the patient'e 

Brm. A shielded Geiger-MUller tuber ha8 previously been poeitioned againet - 
6 the inetep of the foot. An electric stop clock l e  started simultaneously 
0 

with.the inJection, and counte per minute are recorded for t h e  

*Alation tram the foot increeeee rapidly at'firet and then uore elowly. 

hour. WI 

em 
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A eeriee of such rune on normal eubJects establishes normal circulation 

time In the form of 8 family of aurvea. There l e  considerable Pariation 

between subJecta, but the highest readings are only about 30 per cent above 

(1) the lowest, and the reeul te  - In normal ecbJecte 0 a re  the Bgllpe f o r  bo;bh feet. 

When something goee wrona with t,ht circulatory apparatue the  curvee 

ueuaUy, although not Invariably, f a l l  outside of the normal range. 

often than not they are on th.e low si8e; the bulla-up of radlmctfvl ty  in  the 

More 

f ee t  ia too slow. 

picture. 

tione 88 f l u i d  in’ the tisa?les (e9ema o r  dropey), ctvm thouph the circu1.ation 

The curves, of coixrse, do not preeent a complete c l in ica l  

The counte may be iieceptlvcly raised, f o r  example, by euch condi- 

, 

bas been hp85red. 

l i g h t  of h ie  experience and h ie  knowledge of the lntdvidual cam. 

technique doea give him the aaeurance of an a p e r e o w l  aseesement of the 

The phyeicime h e  t o  interpret  the finding8 l a  the 

But. the 
0 

cirbulatory eituation, and thue .represents an im2ort.ant advance i n  the 

handling of a group of painful, disabling, and often fatal  condltions. It 

i e  bard t o  aee how t h i e  could have been accomplished without the use of 

radioactive isotopes. Moreover, the method has wid= reference In the 

(‘2), (3)f u t u r e  study of the circulatory eyetem. 
(4) 

Cancer 

We can usually cope with Cieeaee caused by invasion cf the body, or  

failure of eome oryan t o  do I t a  job. 

the invading agent, sup717 the deficiency. 

A t  least the problem l e  specific: k i l l  

Ir. cencer the s t ra tegic  sit8uatlon 

I s  m c h  less favora3le. Cencer i~ not war, b u t  revolut.ion - and, a t  leae t  - from the individual B stsn?pDint, R perfectly aenes?-ess revolution. 

may be regarded a s  EA kind of pemernion of R process necepeary t o  l i f e ,  the 

O r  I t  
0 - 
c;gl 
Q procese of growth. 
CT 

Cancer cella are  &if.fersrlt from n o m 1  ce l l s ,  ’but the 

two resemble each other more than they d i f fe r .  Normally there is 8cme mntroL’ 

the nature of which i e  i++U obscure, which kaeps the ce l le  grovlng at +he 
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right pace and in the right places, 

organ or tiseue, we have a tumor or neoplaem. 

capable of epreading or metaetaeis, then we have cancer. 

nurmber of cancer le not normal growth. 

through inability to multiply and maintain tie phyaiological etatue quo. 

H e a l t h  coneiete in  maintaining a balance between the two extremes. 

When thie control fa l le  in a particular 

If the tumor i e  malignant, 

But the oppoelte 

It 18 wmgrene) the death of' tleeue 

It is  highly improtlable that we shall ever achieve a cancer "cure" In 

the medically illiterate layxnen'e eenee of eomethlng that came6 In a bottle: 

the cancer eufferer takes It and hie cancer dw1nUee and dieappeare. 

doe6 not mean that we are utterly heL@ees before t he  ravage8 of cancer, o r  

that atomic medicine holds out 30 hope of. improvement in our methoes of 

dealing with t h e  dieeaee. 

W i l l  take time. h e 8  time or m o r e ,  dependin& on whether we continue with 

chcer research on w h a t  Ih?, Shielde Wcrren b e  sptI.3 called a "ehoeetrlag 

ecale," o r  whether we decide to pu3 real  money, manpower, equipment, and 

effort into the Jok, ee If it were an atomic bomb, eay, or st least a new 

model of a u t ~ b l l e ,  

Chemi8tW of normal cell division with any approach to completeneee, 80 how 

C a n  we how what bappene when the proc,eee goee haywire? 

\ 

This 

It doe8 - but not tomorrow o r  the next day. It 

A 8  It l e ,  we don't even know the electronice and 

The atomic methods whibh are in current uee In cancer therapy are: 

1) External irradiation, In the form of regulated erpoeure to x-rays, or 

other radiation from eourcce outelde the body, or by a foreign body, 8uch 8 e  

a ne8dle or capeule containing radioe~tive xeattrial, which is lriplanted In 

O r  tnneparted through ths body; 2) Internal Irradiation, by admlnietration of 

radioactive material which may be abeorbed organically by cahceroue ti08uej 

whlch will thus receive radiation at cloee range. 

The firat i s  by far the moat important at the preeent tlme; It le the 

a?'? one. ae  e mstter of fact, which rank0 ae tbereapy. 

perimental. 

me Other i a  ex- 
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Recent reeearch ha0 not contributed anythiw s t a r t l i ng  t o  external 

irrabiation. We do have new and largely untried forms of radiation, In par-. 

t i cu la r  neutron stream, but,  whlle it i e  t o o  early t o  be certain,  euch ex- 

perience a6 we have w i t h  them does not indicate tbt they behave i n  a radically 

different  way from r-rage. 

damage malignant t leeue and epare n o m 1  tiwue, that would be the anewer. 

If we could f i n d  a form of radiation which would 

Fail- that, we muet reaort  t o  w h a t  amounts to di f fe ren t ia l  damage. 

unately there is  a tendency f o r  malipat tleeue t o  euffer more than healthg 

Fort- 

t leeue under bombardment, and where th i e  differrenee is appreciable radiation 

therapy i e  proportionately effective. There l e  alwaye the chance t h a t  among 

.the varioue particlee which we are 1earni.ng t o  d i rec t  and cor.tr01, eometh.ing 

will be found that will glve a eignificantly be t te r  differentiation. B u t  we 

haven’t got it yet. 

Internal radiation i e  act ive a t  the  moment on e quasi-therapeutic 

baaie, 

f u l l y  in that faahion 60me 40 rear8 aeo, 

i e  worth $25,000 a gram. A more eerioue diff icul ty  vas that elnce, fo r  a l l  

p r a c t i d .  purposee, radium remains active indefinitely - the balf-life LEI 

The technique a8 such is not new, &d3m eal t8  were t r i e d  un8ucce68- 

One drerwback VBB expenee: radlum 

*135O yeare - it would do indefini te  damage if it etayed i n  the body. 

But  m w  we have the radioactive ieotopee, which are comparatively in- 

expen6iVe even when produced by the cyclotron, and E B  E by-product of the  

uranium p i l e  ehould be really cheap. 

t o  eeveral months o r  yeare, giving a wide range of perlode of ac t iv i ty .  

Phoephorue and iodine i n  par t icular  have a convenient half-life of about  two 

Their ha l f - l ime vary frorq a feu eeconde 

Week8 

Moreover, 80me of the isotopee are eelectively abeorbed - iodine by the 

thyroid gland, iron by the red blood cel la ,  eodium by the apinal f l u i d  and 

blood p h 3 m ,  pkcz$esue by the bOne8, l iver ,  leukemic cell€!, and various 
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neoplaetic tieeuee. 

ctive: l e t  the cancer abeorb the appropriate ieotope and burn i t e e l f  up. 

real etuff, of couree, would be eomething which neoplastic tleeuea wouid 

absorb avidly &id t o  which normal t issue8 would be lmpervioue. 

the counterpart In  Internal radiation of the perfectly diecriminating exter- 

The poeeiblity thue raieed i e  88 obvioue 8 8  it i e  a t t r a -  

The 

That would be 

nal radiation already mer.tioned. 

that way. 

Wnforhaatelg nature does not eeem t o  work 

However, the matsrials now known woiLd pernit  the treatment of same .I 

casea - provided the Gifferentqal ebsorptior! r a t i o  (dar) l e  large enough. It 

he6 been eetlmatecl t ba t  if +Lie r a t i o  :a 6 o r  abovs, the material can be uaed 

a6 a primary therapeutic asent. A t  lower l e v d s ,  eay f'rom 2 t o  6, it could 

be ooneidered a6 an adjunct t o  x-ray therapy. 

radloactive~elemente i n  varioue cmpounde vhich might loca l i ze  i n  certain 

'The poesibil i ty of ueing 

eay three of the invee+,igatora i n  t h i e  f ie ld ,  '"18 an unexplored 

with great potentiali t ies." 

least one cam h e  been reported (by Dre. pkanfz, Ball, b e t o n  and 

the Annals of Surgeq,  b y ,  1944) i n  which t h l e  method was t r i e d  as 

an auxiliary t o  x-ray treatment,, but  only i n  t r s ce r  quan5it:tee which could 

ecarcely have had much thereaFut lc  e f h c t .  

tumor, apparently malignmt, whlch had been removed eurgi'cally; a f t e r  about 

6even yeare It reactiveted gnd epreab t o  the rigbt thigh bone, the epine, and 

eleewhere. The aplnal growth caueed paralyeie. Rediclodine wae given, and, 

8 8  ehown by the Geiger counter, m e  taken up by the thymid and by the thigh 

bone metaetaeie - b u t  not by the other grokihs, and 01 a eecond attempt the 

thigh bone also reJected It. 

treatment. 

D e  patient had had 8 thyroid 

the p t i e n t  died a f t e r  almost two  years of 

The reeul te  of the  radioiodine t r e a b e n t  were lncon'clueive, b u t  

bL!ce the material me localized t o  eome extent, they were not negative. 

reportin& phsaq c h ~ t ~  ~ G ~ ~ ~ ~ i 2 ~ 2  +%rther t e a t s  i n  eelected casee. 

me 
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A pathetic note occur8 i n  conuection with t h i s  caee. The patient wae 

"The patient bsd p a t  f a i t h  in the 
- 

a Negro houeeworker about 40 years old. 

radioactive iodine," the report reade, "and thought that further doeage m i g h t  

relleve her paralgsie. It WBB not poeeible t o  obtain eufficient material f o r  

therapy, but two more t racer  doeee wetre adminietered ae paychotherapy. . . . 
For encoumgement, t ha t  l e .  

I t  

mere i e  n3 likelihood that a large doee would 

have prolonged the l i f e  OX th i s  patlent: &he me pretty f a r  gone when ehe 

came for  treatment. But i f  tho7 had had m r e  radioiodine the physiziane 

would certainly have given it t o  her. A t  a U  evente, i f  the Manhattan ProJeOt 

is properly dIrec%ed, mctl33cfi7-e mi+,eriela w i l l  Se ava3€iUe f o r  treatmeat 

whenever indicated, and +.here w 2 3 .  be no 1-t on Cmage except phFeiological 

om. 

internal irradiation. 

In 8 few yeare we 5haZ.l lmod nore about the p o e ~ i b l l l t i e e  of eelective 

h e .  Andrew H. h v d y  and William F. Bale of ,the b i v e r e i t y  of Roch- 

eater,  both experienced radiologlate connected with the medical department 

of the  Manhattan ProJect, have recently epoken hopefully of the l o n p r  term 
. 

proapecte In the  field of atornic cancer therapy. They do not believe that 

radioactive ieotopee In theneelvee are  the anewer. But  they do suggest that 

by US- ieotopee like car3on and hydrogen (CL4 and E3 ) It w i l l  Be poeeible 

t o  Inveetigate many compomde, exieting and t o  be emtheelzed, in an effort  

to find one having a high degree of toxicity f o r  md-i-nt ce l le  re la t ive  t o  

I l O r m a l  celle.  They think R combination chemical and mdiation effect  mery work. 

Advocating Federal eponeorahip of nuclear reesarch i n  cancer, Do* 

and Bale em up in theee worie: - 
0 

"The atomic age, f o r  be t t e r  o r  worm, ia here t o  stay, an.d, with its 
a 
A attendant benefit6 t o  humanity In the eolution of the cancer problem, it 
0 , 

OffPXe both tsn opportunity and a challenge t o  medical ecLence, to the CcUmn- 
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hear. Hope, after a l l ,  h a m  its biological Jugt i -  

fioation 86 w e l l  as its daagers. And where there is b o p ,  there should 8100 

be l i f e  enough to m e t  the challenge. 

. 


