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Since the discovery of natural radioactive by Becquerel 

in 1396, and the isolation of radioactive radium by the Curies', 

the radioactive isotope has played an increasingly significant 

role in medicine (1). It has been utilized in medical research, 

diagnosis and therapeusis (2*6). Radioactive isotopes are unique 

among pharmacological agents since their specific biological effect 

arises from release of energy (7) in the form of alpha, beta, gamma 

and positron radiation. Each type of radiation characteristically 

penetrates its environment in such fashion that energy release per 

unit of distance traversed is proportionate to mass and bears a 

relation to energy. Alpha particles produce dense ionization over 

a short path (3*15 microns). Beta and positron particles, because 

of smaller mass, produce for a given path length much less dens». 

ionization than alpha while the pen£ration is increased. Gamma 

radi ation is an electro*magnetic wave similar to a high energy 

x-ray wave capable of penetrating far into dense matter but with 

least: density of ionization along its track. Gamma radiation 

originating with the body can be easily detected with suitable 

instrumentation external to the body.

All of the radiations emitted by radioactive isotopes 

procuce biological effects. These effects may be manifested by 

immediate or delayed injury or death to the cell, an alteration
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in cellular function, temporary or permanent, and in a special 

category, injury associated with mitotic activity which may be 

inheritable. The different tissues vary markedly in their radio- 

sensitivity or response to this type of energy applied to the 

cell system or its constituents.

Information regarding the biological effects of radiation 

produced by radioactive isotopes has accumulated in time coming 

from many sources (8-10). Extrapolation of information derived 

in animal investigation to reactions and effects in man is subject 

to hazard. Increased accumulated human knowledge and experience 

can be achieved in the aged. Because effects of radiation require 

time to appear and because these delayed effects may be undesirable 

while the immediate effects may be desirable, radioactive isotopes 

orovide a unique opportunity to develop better control of disease 

in the older individual (11) •

In a consideration of the employment of radioactive 

isotopes, it is first necessary to clearly establish that as a 

drug class, radioactive isotopes are not a unified category of 

drugs but possess an additional unique property. This property 

may be constructed into any type of molecule. Ridioactive isotopes 

are particularly useful for obtaining dynamic, distribution, 

metabolic and ultimate fate information of a molecule or drug.



3.

With the use of radioisotopes, many studies can bo accomplished 

better than by utilizing other procedures. Radioisotopes are 

particularly well suited for investigations concerned with 

effective action or modified by route of administration and the 

determination of metabolic pathways and the rates of traverse. 

Isotopically labeled drugs have added much information on drug 

absorption (12), localisation (13) , generalised distribution in 

organs and tissues (14) and the excretion routes. Unknown or 

intermediary metabolites have been discovered (14) . Reactor 

technology has made production of almost any elemental radioactive 

isotope economically feasible in sufficient quantitites for large 

scale and general application.

The differing kinds of energy emission make possible the 

selection of a nuclide that possesses the type of decay (energy, 

half-life and emission type) that is most sfficisnt for the desired 

objectives. For example, alpha particles are most effective in 

tissue destruction, beta particles are less so but more readily 

adapted to localising radioautography, while gamma emissions are 

most useful for external metering monitoring and maoping of 

general body distribution and pathways vrtiich cannot be donr with 

alpha emitters because of their short path. Whan radioactivity 

is incorporated into a molecule, it then generally becomes of
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greater importance to determine the manner in which these compounds 

may be or are utilized, than in the basic nature of the compound 

itself. The total metabolic experience of the molecule must be 

considered as well as the response of the larged organ in the 

specific pathway of import. The application of radioactive nuclides 

to studies of metabolic utilization, to employment for diagnostic 

objectives and to utilization as therapeutic principle agents is 

in its infancy (15).

Radioactivity in itself not entirely without risk (16-20’ . 

The degree of risk is arguable, some categorically say it is 

considerable (21) whereas others tend to equate clinical tests 

erpjoying radioactivity in small tracer amounts to not significantly 

greater risks than are inherent in other clinical laboratory procedures 

(22) . Whatever the long term risk may be, it is quite likely 

proportional to absorbed dose. In tracer quantities, there is no 

measurable short term risk. Therefore, constant efforts are being 

made to provide better tests by reduction of the required exposure 

without sacrificing sensitivity or precision. The rapid improvements 

being made in detecting and recording devices have kept, the field in 

a state of high flux (23) and even as this is being written some of 

the procedures and techniques mentioned are. in ail probability, 

already outmoded. Thus, it is desirable not to make extensive 

comment on procedures and techniques here but rather to discuss
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the fundam ental p r in c ip le s  I n v o lv e d . S in ce  tim e and d egree o f  

exposure d e ter m in e  th e  number and th e  e x te n t  o f  p o s s ib l e  d e la y ed  

r a n i f t  s t a t i o n s  o f r a d ia t io n  c l o s u r e ,  i t  i s  c l e a r  th a t  the a p p l ic a t io n  

o f  c l i n c i a l  t e s t s  em ploying r a d io a c t iv i t y  r e q u ir e  c o n s id e r a t io n  o f  

an age s e l e c t i o n .  In o ld e r  in d iv id u a ls ,  w ith  a l e s s  rem aining l i f e  

exp ectan cy  th e s e  t e s t s  u t i l i z i n g  r a d io a c t iv i t y  ca n  be used  more 

f r e e ly  b e c a u se  o f  two fa c to r s  x 1) an a b so lu te  t im e  in t e r v a l  for  

d elayed  e f f e c t  which may c o n tr ib u te  a s i g n i f i c a n t  s a f e t y  fa c to r ;  

and, 2) th e  r e l a t i v e  amount o f  rem ain ing p h y s io lo g ic a l  age span o f  

the aged a r e  n o t  provoked in  m o st in s ta n c e s  by e le n r e u t  ex tra n eo u s  

e t i o l o g i c a l  f a c t o r s  (1 1 ) . R e l i e f  in  th e r e fo r e  a t t a in e d  by a 

com p lete  or  p a r t i a l  p h y s io lo g ic a l  c o r r e c t io n  or  sym ptom atic a l l e v i 

a t io n . D e g e n e r a tiv e  d is e a s e s  a r e  among th e  ty p e s  o f  d is e a s e  p r e v a le n t  

in  o ld e r  p e r s o n s  in  which th e  emoloyment o f  r a d io a c t iv e  n u c lid e s  

niT.y y ie ld  d ia g n o s t i c  in fo r m a tio n  n o t o th erw ise  a t t a in a b le  (2 4 ) .  

M alignancy, w h ich  a ls o  has an in c r e a s e d  freq u en cy  in  o ld e r  p e r so n s ,  

i s  a ls o  s u s c e p t ib l e  to  b e t t e r  e v a lu a t io n  (25) and in  some in s ta n c e s  

p a l l i a t io n  w ith  r a d io a c t iv e  e le m e n ts  (2 6 -3 2 ).

L e t u s examine the u t i l i z a t i o n  o f  r a d io a c t iv e  n u c lid e s  

in  th e ir  c a p a b i l i t y  o f  y i e ld in g  in fo rm a tio n  w ith  r e s  e c t  to  1) th e  

m aintenance ox c ir c u la to r y  i n t e g r i t y ,  2) th e  m ain ten an ce o f  ad eq u ate  

ex creto ry  a b i l i t y  and c a p a c ity ,  3) th e  c a p a b i l i t y  o f  p h y s ic a l  

in ju ry  r e p a ir .  4) th e  n o r m a lity  a s  w e ll  as th e  a b n o rm a lity  o f

3 'o
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gastrointestinal tract function, 5) better placement of material ■? 

in specific < enters of the central ntivous system with oarticular 

reference tc ultimate therapeutic action, 6) neoplasia diagnosis 

and 7) neoplasia thsrao^usia.

With respect to maintenance cf circulatory integrity 

a simple problem which frequently occurs is that of total blood 

flow to an extremity or a portion of &r. extremity (33-38). The 

addition of a known quantity of a gamma emitting isotope to the 

blood stream and measurement of its radioactivity over the specific 

region of interest when compared to an equivalent region taken a.* 

a norm can give this answer directly. Such vascular pathology 

as thrombosis and obstruction or simple spasm become apparent in 

a lessened number of counts. The interpretation of the reduced 

flow must be correlated with history, physical findings and 

symptomatology. Radioactive sodium, iodine, \:hloride and brona.de 

are possible nuclides of many that can be used in such a test.

The use of radioactive labeled red blood cells to determine total 

erythrocyte mass (39-46), blood volume (47-56), blood loss (57), 

cell production (53, 58-64) survival time (65-69) and haemoglobin 

labelling (70, 71) , by addition of iron-59, chromium-51 and phos- 

phorous-32 (72-75), is well established. Iodine-late led human 

3 »tum albumin (76-78) is employed in similar manner for b_oad 

volume determination. However in this application, the plasma

7
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volume is determined directly by dilution. Similar labelling 

studies (survival measurements) have recently heartdone with white 

cells and platelets (74, 79-88). The more sophisticated and 

complex circulatory measurements for example are cardiac output, 

(89-99), coronary blood flow (100) and cerebral blood flow (101-103). 

For these a technical and complex interpretation of graphically 

recorded data are necessary to resolve an answer. In many clinics, 

these tests cannot be done because of the complex apparatus required 

and the sophisticated skills of the specialists are not available. 

Time certainly will cause these tests to become simplified and 

therefore find an ever increasing acceptance in physiologir^l 

evaluation of circulatory competency and response to work loads.

They should prove especially useful in establishing the cardiac 

reserve.

In any testing of the excretory systems, radioactive 

nuclides provide an exceptionally sensitive and easily applied 

test. The pattern of renal excretion of organic and inorganic 

compounds has been carefully and painstakingly studied. Consequently 

we know which compounds are excreted in such fashion that they give 

us information primarily regarding glomerular filtratlor. or total 

renal blood flow. By incorporating a radioative nuclide in these 

compounds, analytical procedures may be simplified and automation 

is made easier (104). When one is concerned with total renal blood
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flow, by incorporating a suitable gamma emitter, such a* radio

active iodine 131, into the molecule of diodrast (105 . 106) or 

hippuran an external detector can be used which, when proper 

shielding and collimation is provided, will give information 

regarding the relative blood flow of one kidney to the other 

and. by appropriate scanning, the renal function can be estimated 

in terns of expected normal values (104-109 ). However the 

interpretation of excretary data of a single electrolyte is always 

very difficult since many factors operate to affect the ultimate 

quantitites appearing in the urine. Specific excretion of specific 

compounds can readily be followed by collection of urine and 

measurement thereafter. For rapidly excreted gamma emitters, 

suitable scanning over the urinary bladder will be adequate. Large 

single crystal detectors usually found in whole body counters can 

be utilized which will count the entire specimen or human subject 

or areas thereof (115-131). With these types of teste, it should 

Le possible to determine whether indeed there i« an age related 

decrease in renal function or whether previous data suggesting 

this relation may be due to some other widespread change such as 

atherosclerosis. The use of radioactive iodine labeled rose bengal 

and other materials have given evidence of value in patients with 

hepatic and biliary disease (132-138). Skill and experience are 

necessary in interpretation of the results of these tests.



A problem  c o n s ta n t ly  b e s e t t in g  o ld e r  in d iv id u a l s  i s  th a t  

or t is s u e  r e p a ir  fo llo w in g  in j u r y .  The in ju ry  may b e  p h y s ic a l a s  

a fr a c tu r e , ox a wound or b io c h e m ic a l such as a s e n s i t i v i t y  r e s u l t in g  

in  a g r a n u lo c y to s is .  Here th e  in fo r m a tio n  to  be g a in e d  w ith  r a d io -  

is o to p e s  i s  g e n e r a l  ra th er  th an  s p e c i f i c .  That i s .  procedures  

p r e te s t .1 y a v a i la b l e  have t h e ir  m ajor u s e fu ln e s s  in  g a in in g  data on
i

the b eh av ior  o f  o ld e r  p eop le  a s  a c l a s s  ra th er  th an  th e  s p e c i f i c  

resp onse o f  a s p e c i f i c  in d iv id u a l  t o  s p e c i f i c  traum a. Development 

o f  a sim ple and e f f e c t i v e  method fo r  in c o r p o r a tio n  o f  tr it iu m  in to  

thym idine < 1 3 y ) has made p o s s ib le  s t u d ie s  on a w ide s c a le  o f  the  

r o le  p layed  by s e v e r a l  c e l l s  in  h e m a to p o ie s is . T hym idine i s  a 

oxecu rsor o f  d e o x y r ib o n u c le ic  a c id  or DNA. T h er e fo r e  in c o rp o ra tio n  

o f  la b e le d  th y m id in e  in to  DNA by a c e l l  d em on stra tes th a t  c e l l  i s  

s y n th e s iz in g  DNA (14C) , and e x p e r ie n c e  has shown t h i s  p reced es c e l l  

d iv is io n  (141) . Thus i t  i s  p o s s i b l e  to  fo llo w  a c e l l  l in e  through  

th ree  or fou r  c e l l  g e n e r a t io n s . M oreover th is  can  b e  done in  an 

in t a c t  p erson  a s on ly  a very sm a ll  d ose  o f  la b e l  m a te r ia l  m id  be 

g iv en  (1 4 2 ). The d u ration  o f  l a b e l  In co rp o ra tio n  i s  very  sh o rt -  -  

perhaps under f i v e  m in u tes. In  e x p er im en ta l and a c c id e n t a l  fr a c tu r e  

and trauma o f  a n im a ls , the c e l l  r e sp o n se s  and p r o c e s s e s  can be 

stu d ied  in  f u l l  (143 , 1 4 4 ). The a p p l i c a b i l i t y  o f  s t u d ie s  on an im als  

to  man in  t h i s  reg a rd  can be d eterm in ed  w ith a few  p a t i e n t  s tu d ie s .  

The frequency o f  se v e r e  fr a c tu r e s  i n  th e  o ld er  p e r so n  and the
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difficulty of management eloquently a ttest to the need of more 

information on fracture management. A very pertinent aeries of 

observations have been made upon apparent functional capability of 

oste blasts in young and older mice (145, 146). In disorders 

affecting the synthesis of white blood cells particularly, a label 

introduced into the marrow can give specific information regarding 

the response of the patient either to the noxious or the restorative 

agent. A decrease or increase in the number of labeled cells gives 

a picture of the response of these cells to the agent of interer.t.

As a measure of normal gastrointestinal function there

are a wide variety of applicable observations (147-160) . Robertson,

of Brookhaven National Laboratory, while observing the secretion

of gastric hydrochloric acid found an equivalent production of

131hydriodic acid afte r I administration. Labeled amino acids 

can be given and, i f  labeled with carbon-14 the exhalation of 

carbon-14 dioxide can be followed (161). The appearance time of 

labeled carbon dioxide and its  to tal quantity will give insight 

into the absorptive mechanism of the gut in relation to these compounds. 

Similar studies can be done with carbohydrates (162-167) and fats.

These are readily accomplished since a continuous analysis of 

exoired air can be carried out automatically (168-171). This analysis 

will record both the total carbon dioxide eliminated per unit of time
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and volume, and the specific activity of the gas. If one has the 

device, the test is not difficult. These kind* of functional 

tests are really new to our armamentarium. They require no blood 

samples nor urine samoles —  merely the donning of a r.ask so 

that expired air can be trapped and monitored. The use of cobalt 

labeled compounds for studies of sprue and pernicious anemia have 

become almost routine (172-200). Hers only a very few centimeters 

of gut are tested for permeability so it is a highly specific test 

and not one of generalised absorption as are some of the other 

procedures previously mentioned.

Information giving more precise placement of specific 

centers of the central nervous with particular regard to ultimate 

therapeutic action is of the greatest interest. The example cited 

is from tho Brookhaven work of Dr. Irving Schwarts on the appetite 

center (201). It is clear that in terms of disorders, this sort 

of information might x *ad to a better understanding of obesity 

which in itself seeis to be associated with a decrease in longevity. 

The total quantity of food intake is a resultant of two stimuli - 

1) a desire for food or appetite and 2) a feeling of satiety. It 

would seem that many cases of obesity might best be described as 

' failure to achieve satiety rather than by a driving appetite. In

vestigations in the past have suggested that one of the critical 

functions of the hypothalamus is the integration of energy intake
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and expenditure. This is believed to be accomplished by virtue 

of the interplay of a lateral neuronal Intagrating center or 

"intake drive center" and a medial "satiety center". Gold thioglucose 

given to mice may produce marked obesity —  a distinctly unusual
4

condition for a mouse. When obesity rssults .seme of the gold 

compound has been locally deposited in the central nervous system.

The quantity of gold thioglucoae found localised in the brain tissue 

is less than one aicrogram per gram of tissue. Since the procedure 

requires two to six months to provoke obesity and thereby make 

certain the lesion has been produced, chemical analyses were not 

possible. Activlation of gold to its beta emitting radioactive 

Isotope and subsequent radioautography, however was readily carried 

out with this quantity of the metal. When this pro.edure was done, 

the radioautogxaohlc localisation of activity in the central nervous 

system of obese animals, was found to be in agreement with the 

supposed location of the center. This combination of chemical 

soeclficity, activation and quantitative measurement of the element 

fixed as well as cytological localisation by radioautography gives 

considerable promise of ultimately gaining a better understanding 

and knowledge of both known and auspectad special centers in the 

central nervous system. Similar types of studies are being carried 

out with appropriate hormones which may give us bsttsr Insight into 

their locus of action (202, 203).



Briefly, to touch upo». ... aplastic application*, first in 

diagnosis. The revelation of "cold* or "hot* noduleo in the thyroid 

following radioactive iodine a Jministration (204-217) is an exan.pl e 

thereby this modality permit* a suspected diagnosis to be developed 

which otherwise night well be missed, /^.ploying radioisotopes and 

scanning techniques, the diagnostic problems associated with the 

oi-ployuenc of I*3* l avt been discussed in a recent review (218)

In other organs as the liver and spleen, similar types of cold or 

negative uptake regions may give eloquent testimony of uctartaacc 

(218-222). In the realm of intracranial neoplasia, work hat. bet n 

carried out to develop a reliable diagnostic aid using radioactivity 

(223-228). In a number of clinics, ther*i art now ten yea ft, experience 

with radioactive isotopes as the principle factor to compare with 

independent procedures for tumor localization. Diagnostic ally, the 

wider use hac been accorded to gamma as ooposed to bt ta-c ittlng 
isotopes. Iodine has uost frequently and extensively been used botn 
in the for.i ar an inorganic salt and as an iodinated albuxain (2"*r-235). 

The beet counting procedure iu a matter of considerable discus ti^n 

•vrong the advocates of the several techniques. However it may b_ 

done, radioactive iodine has been found to be very useful by 

several clinics. A variant of thiz has been the adaptation of th_ 

poeitron colt ter to this u c. The oositron emitter causes the 

annihilation reaction to o-cur which gives off directionally oriented
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gaiivaa ray a. These appropriately dot acted are spatially oriented, 

so observation along two axes should suffice in principle to 

precisely locate the tumor. Axaenic-72, iodine-125 and other 

positron emitters have been and are under investigation (236-243) . 

Simplicity of interpretation is its chief utility. The use of 

radioactive phosphorus in conjunction with a beta sensitive probe 

counter is in older procedure still found useful by a nuii.ber of 

neurosurgeons (225). None of these procedures has been sufficiently 

superior to the others to achieve clear superiority nor to displace 

the older maneuvers of the neurologists, the radiologists and the 

neurosurgeons for tumor localisation. Adaptations of positron 

scanner technique to other body regions give promise in localization 

of small uietastasea or primary sites otherwise not readily detectable 

such as in the pancreas (219).
i

The use of the radioactiv isotope aa a primary diagnostic 

agent for malignancy is yet to cone. No metabolic abnormality 

unique to malignancy has yet been uncovered. Until this or some 

completely documented physiological difference has been accepted, 

the radioactive isotopes is only a secondary weapon in cancer 

diagnosis.

In the treatment of malignancy there is gr<iat promise in 

further exploitation of radioactive Isotopes and possibly in the
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use of fast electrons (244) and >-nieien> (245). We shall not

discuss the use of cobalt devices, for these gamna ray emitters

are essentially identical to high voltage x-ray except in the

energy spread of the beam. Zntemally administered b».ta emitters

have been used to some advantage as palliative agents (246) . The
131treatment of thyroid carcinoma with I is very valuable in that 

a small percentage of tumors will spontaneously take up significant 

amounts of iodine (247-251) or by proper drug manipulation can be 

induced to do so (252-258). Several excellent reviews have been 

written covering the problems and results of this kind of treatment 

(259-261). It is the only malignancy in which the physiological 

interaction of the tissue affected and the element administered 

result in a significant accumulation of radioactive isotope in 

tiie neoplastic tissue. The use of gallium (263-266) and phosphorus 

(267, 263) in the treatment of bone malignancy has been very 

disappointing. Radioactive phosphorus has been used to palliate 

leukemia (269, 270) but in this regard doea not appear to be any 

more effective than radioactive sodium given in equivalent dose.

In the treatment of polycythemia vera, radioactive phosphorus is 

possibly the trestmsnt of choice (269). It is effective and can 

be given in fractionated doses without significantly increasing 

risk or decreasing effectiveness. Efforts to utilise other rsdio- 

active isotopes in an effective manner after systemic administratici 

have in general, been unsuccessful.



Local Installation, injection or implantation of radio

active i&otopes has been explored to alleviate pain, discomfort 

and disability (271-276). The injection of radioactive colloids 

(277) and particularly gold preparations into the body cavities 

for fluid suppression has been attended with a very modest degree 

of success, though the mechanism cannot be explained (278-283). 

Radiogold in doses ranging from 50 millicuries up instilled 

into body cavities results in a temporary but significant reduction 

of ascites in about 60 percent of the patients when the provoking 

disease is ovarian carcinoma (284). Although it has been suggested 

that gold kc used as a prophylactic (285) , in a small number of 

unpublished studies by Poster and Farr at Brookhaven no positive 

protection was demonstrated. The control of fluid accumulation is 

a property of the radiation effect and not of radiogolu as some years 

ago, Foster and Farr demonstrated that short-lived radioactive 

chlorine given as sodium chloride had the same effectiveness in 

ascites associated with metastatic ovarian carcinoma (236) . In 

pleural effusions, gold has similarly been used with similar effects 

(287-290). Again it is the radiation, since radioactive kryoton 

was found to behave likewise (286). The advantage of the radio

active Isotope over x-ray in these Instances is the extreme degree 

of localisation of the radiation, the ease of handling of the material 

and the flexibility these introduce into patient management.



Implantation of pallets or colloidal suspensions is 

being slowly developed (291-302). Results are in accordance 

with those predicted on the basis of calculated radiation doses 

to the tissues concerned, however, certainly bettsr advantage 

can be derived from mixtures of radioisotopes to meet special 

geometric situations than has been done in the p^at. This type 

of approach to the inoperable lesion has been honored in the breech 

rather than in the observance. Systemic effects are nil the 

patient can frequently be kept anlmlatory and much is to be gained 

by further exploration of this modality in local lesion control.

For ten years at Brookhaven efforts have been directed 

in utilizing a nuclear reactor to provoke a specific cytocidical 

reaction in neutron capture therapy (303-317) . We have proceeded 

steadily at the development of this procedure whereby a boron-10 

atom already in the tissue is at a special time disintegrated by 

caoturing a t h e m  a*, neutron. This reaction releases an alpha 

particle and an energetic lithium particle. The 2.4 MEV of energy 

is all absorbed within a volume about that of one cell. Under 

appropriate conditions the reaction can be utilized to destroy 

neoplasm leaving unscathed intermingled and juxtaposed normal
V

cells. The mechanism is not understood but the results have inerzased 

in effectiveness by a very considerable degree. In one treatment 

lasting only one-tenth second, 100 percent of transplantable

17.
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neoplasma In mice have been caused to disappear permanently. In 

man in a single treatment of 100 seconds, effective treatment can 

be made to a depth of five centimeters with exquisite discrimination 

and with a sure kill. Technical advances now being consolidated 

should increase the depth and decrease further, the time of 

exposure (319-323). While thus far, these endeavors have been 

limited to tumors fouhd in the intracranial region —  though some 

arose from other tissues —  there now exist evidence that consideration 

can now be given to other regions of the body. The theoretical 

promise of this procedure is slowly saving to a stage where the 

results may become clinically significant.

In summary, it is apparent that a discussion of radioactive 

isotopes considers all fields is changing rapidly and involves all 

aspects of medicine both clinical and laboratory. Other extremely 

interesting applications of radioisotopes, which have not been 

considered in this review, to mention just a few examples have 

been the incorporation of tritium into anticancer drugs for studies 

of distribution and concentration (324), metabolism of uvanganese 

(325), the use of xenon133 in thoracography and lung ventilation 

(326, 327), and the incorporation of tritiated cytidine into various 

cancer investigations (328). The usefulness of these compounds in 

the clinic is not yet generally realised. In all aspects of 

geriatric medicine radioactive nuclides offer unusual advantages

r ~ > i
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^nd challenge in that truch needed and useful knowledge wight be 

obtained which would not be possible or feasible in other areas 

of n.edical research and oractice.

I
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