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The internal admistration of radio-sodium in the form of sodium chloride 
was first performed a t  the University of California Hospital in March of 
1936 upon a subject with lymphatic leukemia. The radioactivity of the 
patient and his excreta was observed in addition to any possible clinical 
responses. A second patient with a myelogenous leukemia received the 
same substance, but  of COT ' lerably greater activity. No definite clinical 
improvement or toxic effects were observed; but  data referable to the 
concentratioti of the radio-sodium in the body fluids and its  excretion werc 
obtained from these studics and are reported e1sewhere.I 

I'ollowinp thc iiitrntlunclctinl atlministration nf thc radio-sntliiiiu tn tilt- 
sccciiid paticiit it w~ fiiiiiitl that for the succccdiiifi S Iiours the inmsurrtl 
activity of his bndy was w a t e r  than was to be expected. allnwinx for the 
gamma radiatioii absorbed by the tissues aiid the ainount of radio-sntliiiiii 
loot by excretion. Recently a third patient. suffering from a reticulum-crll 
sarcoma of the cervical lymph nodes, was given the activated salt by mouth 
and the same phenomena were observed for a period of 13 h0urs.l 'This 
apparently anomalous behavior of the radio-sodium when given by mouth 
or by duodenal tube, as  contrasted to the results obtained after intravenous 
administration, was thought to be due to the fact that  it was more slowly 
absorbed than might be expected. This problem has been investi&pted 
further by studies concerning the apparent rates of absorption of radio- 
sodium in normal human subjects. 

Prefwutwn of the Radio-Sodium-The radio-sodium was preparcd by the 
deuteron bombardment of crystalline sodium caloride using the magnetic 
resonance accelerator which was developed by Lawrence and Livingstoi13 
and later re-designed by Lawrence and Cooksey' of the Radiation Labora- 
tory of the University of Californiaat Berkeley. This apparatus, commonly 
described as the "Cyclotron," has been constructed for the multiple ac- 
celeration of light ions to high speeds. The deuterons spiral around within 
a drum-shaped chamber lying between the poles of apowerful electromagnet. 
The combined action of the magnetic field and a high frequency oscillating 
electric field upon these particles produces progressive increments of 
velocity with every revolution of the ions within the chamber so that  their 
terminal energy upon emerging a t  the periphery is in the neighborhood of 
6,000,000 electron volts. These rapidly moving particles, which consist 
of a proton and a iieutron bound together and are isotopes of ordirtary hy- 
drogen ions, stream nut of the cyclotron as  a narrow beam which is directed 
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against the substance to be activated. When one of. these particles ap- 
proaches the nucleus of a sodium atom the proton is repelled by the intensely 
positive field and the neutron is captured by the nucleus. The sodium then 
becomes heavier by the weight of the neutron and its atomic weight in- 
creases by one without altering its chemical properties. This isotope of 

FIGURE I 

sodium does not occur in nature and is unstable; in the course of 14.8 hours, 
half of its atom9 emit an energetic beta ray. When the sodium nucleus 
loses the electron (Le., beta ray), magnesium is formed which immediately 
releases its excess of energy a.9 a gamma ray. These gamma rays enable 
the investigator to measure quantitatively the amount of radio-sodium 
in a given sample. The intervai of time between the formation of the active . .  
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magnesium and the emission of its gamma ray is so brief as to I)c oi no 
consequence, and therefore tlic distribution of radio-sodium in any 1)iologi- 
cal system can be consider4 as a mcasurc of the metabdisiii of the nntti- 
rally occurring sodium ion. Tlic only possible exception to this vicw is tliat 
the radiations from the activated sodium might alter the fittiction of tlic 
organism, o r a  portioii of its cellularcomponents. Colwell,' i i i  his cxccllciit 
monograph, discusses the etTect of radiations upon cellular structures and 
their metabolism. However, the degree of exposure with both beta and 
gamma rays necessary to accomplish measurable changes was vcry inucli 
greater than was used in  the treatment of the previously dcscribrd paticnts 
with radio-sodium. The quantity of the activated salt given to the rna- 
jority of thesubjects in the absorption experimentswas f r o m i / 4 i  to l/llwth 
the amount given to the third patient. 

Mcfhod of Sfirdy and Adminisfrulion.--In the following cxperimcnts 
eight normal human subjects were used, two of them being women. The 
radioactivity of the hand, after the subject had ingested the radio-sodium 
by mouth, was used as the "indicator" of absorption. A small liollow lend 
box with walls of 6 inches in thickness, open a t  one end and with sufiicient 
space inside to admit the subject's hand and forearm, was used (Fig. 1). 
This arrangement permits the accurate measurement of very miiliitc quan- 
tities of any radioactive substance in the blood and a t  the same tiiiic shields 
the hand and measuring instrument frorn the activity of the rcmaindcr of 
the body. A Geiger-Muller counter with a constant voltapc supply was 
used in all of these cxpcrimcnts. The counting cliamber was I I)?. 4 iiiclics 
in size and was licld in the hand withiu tlic lead Imx. 'The xt iv i ty  \vas 
recorded as impulses pcr sccnnd in the countcr circuit. 

The radio-sodium was prepared by the deuteron bombardnicnt of frorn 1 
to 2 gm. of crystalline sodium chloride. The sample was tlicn nllowctl to 
"age" for a t  least (90 minutes to permit the decay of the radio-cliloriiic :tiid 

then its activity was determined with a quartz tibre elcctrosctipc which had 
been previotrsly calibrated against a I mg. mcsotliorium staritlnrcl. 'lh 
salt was then dissolved in a measitred amount of watcr, usually 50 or 100 cc.. 
and then a sufficient amount of the solution measured out so as to give 
each subject the necessary quantity of radio-sodium to be taken. At the 
start of each experiment the subject took his station with nile liand inside 
the lead box and the sample to be swallowed in the other, and several 
background rcadinp were takcti. 'Thcii tlic solutioii was itigcstctl and 
followed by a glass of water to wash all traces of the radio-sodium out of 
the mouth and esophagus. Readings from the counter were taken immedi- 
ately afterward and continued every few minutes for the next hour. A 
second subject took his place and then drank the activated solution and 
at the end of the next hour exchanged places with the first individual. In 
this manner it was possible to carry out these studies iipon two subjccts 
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a t  a time. The first few experiments were conducted for a period of froin 6 
to 7 hours; but since absorption in some instances did not appear to be com- 
pleted at the end of this time, the later studies were extended to 10 hours. 

The first subject rcccived 2000 pc.c.t hiit it was sitbscqclcntly folititl that 
from 80 w.e. to 200 w e .  woitld give just as satisfactory rcsults. Wlten- 
ever possible the subjects were in the fasting state for a t  least 4 hours be- 
fore taking the radio-sodium. However, it was observed that the takiiiK 
of food an hour or so before the experimeiit made no appreciable diiTercncc. 
During the course of the experiments a short period was allowed lor the 
subjects to partake of a light meal and. in this irtstance as well, no altcratioti 

in the absorption curves was to be noted. The studies were on the top 
floor of a large building, and when a subject walked rapidly up the four 
long flights of stairs from the ground Roora definite but brief increase in the 
activity of his hand was observed. 
Six subjects received the radio-wdium but once and the remaining two 

took the salt twice. The absorption curves of the individuals receiving the 
radio-sodium a second time were no more similar upon the second study 
than the curves of the different subjects. 

Two typical absorption curves are shown in figures 2 and 3 ; the abscissa 
represents the intervals of time following the ingestion of the radio-sodium 
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and the ordinate the impulses of the counter circuit pm second aftcr cor- 
rection for the decay of the radio-sodium has been made. The interval 
of time following the taking of the radio-sodium, but before any tlelinitc 
activity could be detected in the hand, varied from 2’ /1  to 9 miniitcs. 111 

figure 2 the initial portion of the curve is quite steep but a t  the end of 3 
hours i t  becomes flat, suggesting that absorption was completed a t  the end 
of this period of time. The beginning of the secund curve shown in figure 3 
is less sharply inclined, but  a t  the end of 10 hours i t  has not become Icvcl. 
’This gndual  iricrcmc of activity a t  thc termination o f  the cxperiincnt lias 

TIME IN HOURS 
J 4 5 6 7 b P D  

PICURR ;I 

been observed in several other subjects but does not appear to be related 
to the slope of the initial part of the absorption curve. In future studies 
the period of observation is to be prolonged until absorption has been com- 
pleted in all the subjects studied. 

Discussion.-Before any conclusions can be drawn, several factors must 
be considered. The results are merely the successive measurements of 
the radioactivity of the subjects’ hands. In other words, the hand is ait 
“indicator”of absorption, butnot necessarilyaquantitative indexof the rate 
that the radio-sodium passes from the digestive tract into the blood stream 
The hand is a complex structure composed of many histological entities 
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and into these tissues the atoms of radio-sodium diffuse from the blood. 
If the rate of diffusion is rapid in the hand then the counter will, in effect, 
measure the rate of change in activity of the incoming blood stream. Ilow- 
ever, if the rate of diffusion is slow, in comparison to the rate of absorption, 
the initial portion of the curve will be flatter and the interval of time before 
the maximum rise occurs will be prolonged. Alteration of the caliber of 
the blood vessels will change the total volume of blood in the hand and 
thereby produce variations in the measurements. An example of this fac- 
tor was observed following exertion in one of the  subjects, and has been 
previously described. To  avoid this source of error the subjects were not 
exposed to any undue temperature changes and the activity determinations 
were made only when they were a t  rest. The possible influence from the 
accumulation of sweat from the subjects’ hands upon the counter tube was 
determined a t  the conclusion of several experiments and was found to be 
negligible. 

The rate of diffusion of thqradio-sodium into the tissues and their fluids 
of the remainder of the body may also affect the apparent rate of absorp- 
tion. If diffusion is rapid this variable can be overlooked; but if it should 
be slower, yet faster than the rate of absorption, the observed curves will 
rise more gradually to a maximum. Should the rate of diffusion be 
slower than absorption then the curve would soon dccline after reaching 
a maximum as the radio-sodium in the blood stream was hir ig  taken up 
by the tissue fluids. Another possible variable is the state of sodium 
“excess” and “deficit” of the subject a t  the time when the activated salt 
is taken. I t  is reasonable to suppose that the rate of absorption would bc 
more rapid in an individual in a state of sodium “deficit.” The influence of 
loss of the radio-sodium from the body through the various channels of 
excretion is of no importance during the length of time that these experi- 
ments were conducted. The rate of excretion of radio-sodium when given 
to patients has been found to be less than 0.2 per cent per hour and so the 
amount lost a t  the end of 10 hours would be less than the experimcntal 
limits of error. 

A consideration of the possible factors which might producc significant 
alterations in the observed rates of absorption leads to the conclusion that 
the most important variables arc the quantity of sodium in the body at  
the time of experimental study and the rate of diffusion of sodium from the 
blood stream into the other body structures. Very little is known about the 
first factor; but it is generally assumed that practically all of the body’s 
sodium is contained in the body Buids, which comprise about 20 per cent 
of the total body weight, and that diffusion is rapid. Even less informa- 
tion is available as to the effect of the total quantity of sodium in the body 
upon the rate of absorption. The latter factor can be eliminated as  a 
source of error by placing the subjects upon a fixed sodium intake for a 
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period of time, and after they are in a state of sodium “balatice” ( i t . .  
sodium intake equals sodium excretion) for several days, determining the 
rates of absorption. At present it is not possible to determine the rates of 
dsusion in normal human subjects; but future studies are planned in con- 
junction with further clinical investigations upon the metabolism of sodium 
following administration of radio-sodium to leukemic patients a t  the 
University Hospital in the attempt to obtain more precise information upon 
this question. 

.%mmnry.-l. The rate of absorption of sodium has been studied follow. 
ing the oral administration of its radioactive isotope to normal human 
subjects. 

2. Absorption of the radio-sodium has been observed to begin within a 
few minutes and is apparently completed in a period of from 3 to IO hours 
in some subjects, but in others equilibrium was not reached a t  the end of 
10 hours. 

3. A new method of study of the metabolism of sodium has been de- 
scribed. This technique may be adapted to other artificially radioactive 
elements, or their compunds,  when given bv mouth or by other channels 
of administration. 
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