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Isotopes have an established place in 
medical research, diagnosis and therapeu­
tics. The understanding of complex pro­
blems connected with intermediary meta­
bolism and metabolic products in health 
and in disease has been, in many ways, 
bound up with the application of trOI'f'r 
techniques, dilution analysis and kinetic 
studies involving isotopes whilst irradia­
tion of unhealthy tissue by radioactive 

'isotopes. has afforded a major line of treat­
ment in many forms of new growth. 

VVhat are Isotopes 

The atomic nucleus is built up of par­
ticles of unit mass (nucleons); some of 
these are positively charged (protons) 
and others are uncharged (neutrons). The 
number of protons, which is equal to that 
of electrons of negligible mass in the sur­
rounding negative' charge-~loud, is known 

. as the atomic number and characterises a 
particular chemical element. Carbon with 
six protons has an atomic number of six; 
similarly cobalt with twenty seven pro­
tons is distinguished from any otherele­
ment by its atomic number twenty seven. 

Variation in the Number of Neutrons 

The number of neutrons is in no way a 
constant characteristic or an element. This 
variation gives rise to atoms of the same 
element possessing different masses since 
each extra neutron carries with it One 
additional mass unit. These different 
types of atoms are referred to as isotopes. 
Every element exists in nature as a mix­
ture of isotopes. Oxygen, for example, 
has three known isotopes 1. 

160 (read oxygen sixteen) 
has 8 protons and 8 neutrons) 

170 has 8 protons and 9 neutrons. 

180 has 8 protons and 10 neutrons. 

Radioactive Isotopes 

Some combinations of protons anci neu­
trons are unstable. Spontaneous nuclear 
.changes involving emission of radiation 
reflect this and these changes take place 
so that a stable nuclear configuration is 
eventually attained. Three types of ra­
diation are usually described. 

1. Alpha-emission Or high-speed emis­
sion of two protons and two neutrons (the 
equivalent of u. l>Luble helium llucku~) is 
associated with a decrease in atomic num­
ber of two units. 

2. Beta-emission of an electron of 
mwlear original' ofa positron (a positively 
charged electron) likewise brings about a . 
unit change inatbmic nUiIiber. These two 
types of radiation are accompanied by 
atomic transmutation. 

3. The third type or Gamma.iradiation 
is a penetrating electromagnetic radiation 
consisting of waves of very high frequen­
cy (i.e. smaller in wavelength than X­
rays). 

Nuclear bombardment by alpha-parti­
cles, protons, deuterons, neutrons and 
high energy gamma rays in cyclotrons 
produces isotopes with· unstable unClear 
configurations. Most of the c~mmercially 
available radioactive isotopes (for exam­
ple from the Radiochemical Centre, Amer­
sham, Bucks, England) are artificially 
produced inrtuclear reactors; 
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Detection of Raaioactivity 

Radioactivity produces a number of 
effects in the medium. in which it is oc­
curing. Most important is the ionisation 
(or the stripping of the outer electrons) 
of the atoms of the medium. Instruments 
such as the Geiger-Muller, proportional 
and scintillation counters, and ionisation 
chambers are available and they are ca­
pable of counting or automatically re­
cording the number of these secondary 
ionisations and hence afford a means of 
determining the 'activity' of any radio­
active isotope. 

Period of Half-Life 

The time takcn for half the radioactivc 
atoms of an isotope to decay is called its 
half-life and is characteristic of the iso­
tope. The raLe of radioactive decay de-' 
pends on the concentration of unchanged 
isotope present. The rate equation 

dN 

dt 

expresses this concisely. (dN I dt is the in­
stantaneous rate of change or 'activity' 
of the ,specimen, A is a proportionality 
constant known as the decay constant, 
and N is the number of unchanged nuclei 
at time t). The equation can be solved: 

1 N 
t = -loge-

A No 

where No is the initial number of nuclei. 

the time when harmful secondary effects 
can take place. 

The standard used for measllring the 
activity of an isotope is the curie' which 
is the activity of 1 g. of radium for which 
dN / dt = 226 and t! = 1622 years. It 
represents 3.7 x 1010 disintegrations per 
second. A more useful unit is thc milli­
curIe. 

Stable Isotopes 
It must be borne in mind, however, 

that most combinations of protons and 
neutrons as found in nature are stable and 
remain so indefinitely. Such nuclei are 
not easily detectable (except by mass 
spectrography). In certain instances, 
where .appreciable mass differences oll­
tain, detection is possible. The nu­
c;eus of hydrogen, in particular, consists 
of a single proton without any accompa­
nying neutrons. Deuterium, D, is an 
isotope of hydrogen and since its nucleus 
is marlp IIp of a proton :mrl !l nPlltron, it 
is twice as heavy as hydrogen. D20 COll­
centration in ordinary water can be esti­
mated by specific gravity determinations 
and thus deuterium Can be incorporated 
in any compound containing hydrogen and 
Lhe labelleu. compound may be detected 
providod it may suboequcntly be made to 
react to give D20 • Tritium, another iso­
tope of hydrogen has 1 proton and 2 neu­
trons but i·s also a gamma emitter. 

Isotopes in Medical Diagnosis 
and Research 

The Use of isotopes in this ever-widen-
When the ratio :r-.T /~J(j == 0.5, t is known ing fie.ld depends essentially on the fact 
as the time of half-life, t!, and becomes 
equal to 1 lA loge 2. Thi!s means that t, 
is independent of the initial concentration 
of nuclei. 1311 with a half-life or 8 days 
or 24Na with ·a half-life of fifteen hours, 
both isotopes of short life can be intro­
duced into the animal organism without 
fear that their activity will persist beyond 

that chemical behaviour is a function of 
the atomic nllmber and not of the atomic 
mass. Small amounts of detectable iso­
topes do not in any way interfere with the 
metabolic pathways of food and sub­
stances with specific pharmacological pro­
perties introduced into the living organism; 
The particular· element Or compound so 
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introduced is thus labelled and its history 
withiN the organism can be followed at 
times with bewildering precision. While 
tracer techniques allow complex paths to 
be follow cd, thc ratc of a particular 3tcp 
in a metabolic sequence can in many 
cases be studied and a lot of insight into 
the actual chemical mechanism can be 
obtained. Finally, the extent to which a 
labelled compound, introduced into the 
organism at a known concentration, is di­
lutcd on rccovcry, gives an estimate of 
the amount of the original unlabelled 
substance present, a technique widely used 
in chemical analysis in industry known as 
isotopic dilution analysis. 

Intermediary Metabolism 
A simple example is the biosynthesis of 

ascorbic acid from glucose or galactose. 
Glucose, uniformly labclled with 14C, is 
found to produce labelled acid. Another 
example is concerned with the proof that 
tissue proteins are in a continuous state 
of flux. Experiments with amino-acids 
labellcd with 15N show that the nitrogen 
is qlli~kly incorporated in the tissue pro­
tf~ins - a pro~ess reqlliring the rapid for­
mation and .breakdown of peptide bonds. 

Iron Metabolism 
The radioactive isotope i59Fe; with a 

half-life of 45 days, has been used to de­
termine the average life of the red cell. 
It has been possible to follow the move­
ment Of the ingested iron from its initial 
high concentration in the bone marrow, 
through its appearance in the systemic 
circulation and its final accumulation in 
the spleen. In this way the life of the' 
red blood corpuscle has been found to be 
16 weeks. Moreover it has been found 
that the iron can be used over and over 
again. This means that iron depletion 
occurs slowly in health. It is thus possible 
to study th~ chemistry of iron storage 
disease, where, for example, it has been 
shown that the brown paches over the 

skin of the lower limbs in elderly persons 
are due to the deposition of ferrous. iron. 

Iron and the Thyroid Gland 
The application of isotopic techniques 

in this connection is generally famIliar. 
] 311, the isotope commonly employed, is 
con vienently produced by the irradiation 
of tellurium in the nuclear reactor. A small 
dose of the isotope is found to be con­
centrated over the thyroid reaching its 
maximal activity within two days after 
whiCh renal exeretion starts. Vrinary eX­
cretion rates measure thyroid funcJion 
and are normally useful as a preliminary 
test in out-patient practice. More elabo­
rate tests give (a) thyroid activity/time 
and (b) blood activity/ time curves and 
(c) thyroid activity / thigh act.ivit.y ra­
tios which can be correlated with thyroid 
dysfunction. It is also possible to outline 
the borders of the thyroid and functional 
thyroid carcinoma and its metastases can 
be accurately diagnosed and located. 

Mca~UImllollt ot Blood Volume 
Dilution analysis with 32P enables the 

blood volume to be estiillated. Blood is 
withdrawn from the patient and labelled 
with radio-phosphorus by letting it stand 
in a solution of this isotope. A known 
quantity of this blood is re-injected so as 
to mix with the circulating blood. The 
radioactivity in a second sample of with­
drawn blood enables the extent of dilution 
and hence the blood volume to be deter­
mined. By applying tourniquets blood 
volllmes in limbs can he similarly estima­
ted. 

Miscellaneous Applications 
Space does not permit the di'scussion of 

other uses of isotopes in medical science 
such as the following: 

1. The metabolism of Vitamin B12 
and the diagnosis of pernicious anaemia by 
means of cobalt-sixty. 

2. The diagnosis of haemolytic anae­
mias by the radio chromium red blood cell 
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survival test and the estimation of the 
red cell mass. 

3. The study of electrolytic diffusion 
through cell membranes with reference to 
digestion, renal excretion and the placen­
tal barrier by means of radiosodium and 
radiopotassium. These isotopes are also 
used to determine exchangeable sodium 

. and potasllium. 
4. The use of 45Ca in the study of 

bone and teeth formation. 
5. The' sludy of the biochemistry of 

diseas.es such as diabetes with labelled in­
sulin. 

6. The estimation of the efficiency of 
. ·limb circulations by means of 24Na. 

7. The confirmation of the establish­
ment of an efficient circulation in skin 
and 'bone grafts using radiophosphorus; 

'8. The location of brain tumours by 
. labelled' diiodofluoroscein and phosphorus. 

9. The uSe of radioactive isotopes in 
pharmacological research. 

10. The use of tritium in the estima­
tion of the body water content. 

11. The application of isotopio techni­
ques in the stUdy Of viruses, bacleriopha­
gcs and' immunology. 

Radiotherapy 
Unhealthy or raepidly growing tissue in 

benign or .nullign2tnl growths is oflen des­
troyed by smaller doses of radli\tlbh than 
are normally required tu kill healthy 
cells. X-ray radjati6ndemanding high­
voltage tUQe~ has been used extensively in 
the ~)~st but nowadays it is also conve­
nient to use radioisotopes as sources of 
radiation. The use of radium in this con­
nection is well known, 

Radioisotopes can be used either as ex­
ternal agents (teletherapy) or internally. 
lmportant external sources are 60Co in 
the form of the Cobalt Bomb for deeply 
seated tumours Such as carcinoma of the 
oesophagus Or of the fundus of the uterus, 
Ul7Cs, 90Sr, 137Ba and 192Ir. Isotopes can 
also b~ ~iven int~rnally. Thu~ 1311 is 

useful for functional thyroid . carcinoma 
whilst a colloidal suspension or 198Au has 
been employed with success in the treat­
ment of pleural effusions and ascites se­
condary to malignant growth; it is admi­
nistered directly into the appropriate 
cavity after withdrawal of fluid. The 

. radiotherapy of c.ancer is on the who!~ .a 
palliative measure though. early small 
tumours of the skin, tongue, larnyx, cer­
vix uteri and bladder can be comp~etely 
cured, On the other hand iI, is ineffective 
in many instances'suchas primary mali­
gnancy of the gut and pancreas. 

Radiosotopes are not 'exclusively em­
ployed for treating malignant disease . 
Intravenous radiophosphorus has been 
employed in polycythaemia vera and has 
increased the survival time. 1311 has been 
effective in Grave's Disease and for the 
symptomatic relief of intractable angina 
pectoris by induction of myxoedema.Ke­
loids and various skin lesions such as 
warts and verrucas are routinely treated 
hy radiotherapy. 

Radiography 
In conclusion two other applications. 

may be megtioneq, 
'rhulium-170 can be inserted in the 

mouth (in the centre of hollow sphere) 
and a good radiograph of all th~ t~eth 

can be taken after a few minutes exposure. 
For bone radiography good contrast pic­
tures are not obtained but this low-ener­
gy gamma ray emitter can be employed 
as a convenient portable 'X-ray machine'. 
Sterilisation 

Gamma-rays are capable of killing bac­
teria and as such provide provide an ex­
tremely useful means for sterilising heat­
sensitive materials. Cheap polyethylene 
syringes, catheters, scalpels, sutures and 
dressings can be reliably sterilised by 
means of a radioactive cobalt sources. 
Disposable syringes and other aseptic 
commodities have nowa4ay~become a 
reality. 




