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SUBSTANCE introduced into an oreanism tends to be eliminated ex-
A ponentially, that is, the amount exereted is a fairly constant pereentage of
{hat which remains.  Mathematically, the substance is uever completely elimin-
ated, and it iy therefore preferable to measure the interval of time required to
clintinate one-lialf the material introduced : this is known as the biologic half-life
period of the substance. It is imporfant 1o know 1his measurement for several

reasons

(1Y The length of time vequired to excrete one-halt an isotope or labeling
substanee introduced into an organism is equal to the time required to exercle
me-hall the total amount of the regular form of the substanee already present
i the organism,  Therefore, a measurement of the biologic halt-life period of the
substanee introduced indieates the total rate of turnover of the regular substance.

(2) Whenever radioclements ave infroduced into an organism, the sufety
Juetor is delermined in part by the time interval ol exposure of the ovganism to
radiations from the radioclement.  Radioelements with a long physieal half-life,
such as Na® or O, will not deeay rapidly enough to change their activity ap-
preciably. The degree of their action upon the organism, on the other hand, is
redueed as the radioelement is excreted. Thevefore, from a knowledge of the
hiologic halt-life period the duration of exposure of the organism to the radia-
tiohs ol the substanee is known.

i3) Safety measures of public health importanee are coneerned with the
biologie halt-lite period of radivelements, and these problems will assime greater
intport as radioclements are more widely employed.

A5 The hiologie halt-life period of a substance influences the nabure of lhe
study concerned with labeling by radioactive substances, such as the rate of
colleetion ol samples of biologie (luids, the time at whieh animals must he sacvi-
licesd, and elinieal managenment of human subjeets. for example, a radioelement
with a relatively long biologie half-life period and a very short physical half-life
is not suitable for tracer studies involving over-all turnover in the organism,
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2 ' THREKFOOT, BURCH, AND REASER

(5) The biologic half-life peried is an important factor in calenlating
dosages of radioelements to insure levels of counts whieh permit aecuracy of
measurenients. ‘

(6) The infiuence of disease upon the biologic half-life is significant from
the point of view of understanding disease and of planning further investiga-
tions.

: (7) This measurement is also valuable in elavifying problems related fo
1 therapy, characteristies of species in animals and plants, toxieology, and many
b other problems peeuliar to individual experiments.

i The wide variations in metabolie activity, diet, and general biologie processes
b affeet the biologic half-life of radioelements considerably. This is true in health
i and particularly in disease. Tor this reason, values for the hiologie half-life of
; a substance for a normal organism cannot he applied empirically {o an ahnormal
i one. For example, sinee the exeretion of a substance varies with each subijeet
; and with the intake of that substanee by the organism, any interpretation hased
upon an average biologic half-life period is only an approximation for some
other subjeet with a different intake and a different biologie state.

During the eourse of the study of the rate of sodium turnover in normal
human subjects and the influence of congestive heart failure on sodium exere-
. tion with a limited supply of long half-life radiosodium (Na** with ty of three
£ years), sufficient data were obtained to indieate the biologie half-life periad of
; sodium in man, These help elucidate the influences of diet and drugs upon the
; hiologie half-life in normal man as well as in patients with ehronie econgestive
heart failure and in those with the nephrotic syndrome of chronie glomerulo-
nephyitis.

MATERIALS AND METHODS

In the studies with Naz2z not designed primarily for measuring the biologic half-life
period of sodium, twelve subjects were observed continuously for periods varying from
twenty to seventy days. Four of these were normal subjects, six had chronic congestive heart
failure (two were sfowly improving, two rapidly improving, and twao slowly hecoming worsey,
and two patients had the nephrotic syndrome of chronic glomerulonephritis (sce Table T for
clinical details).

Naz22, as NaCl in approximately 2 c.c. of water, was administered intravenously to each
subject. Doses with an activity suech that there were 17,725,000 counts per minute (about
.09 me.) were administered to seven subjects (Nos. 2, 3, 4, 5, 6, 11, and 12), 12,500,000
counts per minute (about .06 me.) to three subjects (Nos. 1, 7, and 9), and 10,000,000
counts per minute (about .05 me.) to two subjects (Nos. 8 and 10). Tt was found that
sufficiently high counts could be obtained by injection of smaller doses, necessitated by the
limited supply of Naz22,

Each specimen of urine during the entire period of study was collected separately, and
daily blood samples were taken. The volume of each urine specimen, and the radioactive count,
were recorded so that total elimination of radiosodium could be determined. Counts of blood
serum were followed as an index of radiosodium concentration in the extracellular flnid.

Sixteen free-falling drops of urine or serum from a ealibrated micropipette were placed
on filter paper disks fixed with rubber cement to metal disks so that the quantity and
geometric characteristics of each sample remained constant. The samples were counted for
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Tavre I, CuiNicarn DaTa

AGH
SURSECT Now, (Yl.) l SEX (POUNDS) DIAGNOSIS
A Normal or Control
1 41 M 125 Obliterative pleuritis
z 16 W i Avute rhienmatie fever
» a3 I 121 Fiyophageal peplic nleer
t Bl Ir 123 Duodenal uleer
) Congestive Heart Failure (Slowly Impeoving)
) A7 » 153 Hypertension
[} 18 I 162 Arterial hypertension
¢ Congestive Hearl Pailure (Rapidly Lmproving )
n i M 1515 Hypertension
S 17 1" 131 Rheumatic heart disease (inae-

tive) ; auricular fibridlation

0, Congestioe Heart Bailure (Slowly Becoming 1 orse)

9 16 M 150.5 Syplilitie nortic insullicieney
o 51 I Hyperfension
i Chronic Hemorrhagic Nepheitis (Nephrotie Syndrome)

H 15 r 138 Renal funetion 25 to 30 per
cent normal; slowly improv-
ing

12 28 I 285,75 Renal Tunetion 23 to 30 per

cent. normul

~

five winutes with mica-window  Geiger-Miiller counters.  Correelions for bavkground  were
wade, and the data were recorded in counts per minute per eubic centimeter of (luid,  In
arder o vompare the concentrations of radjosodium in the serum, all counts were corrected 10
correspond 1o an injected dose of 17,725,000 counts per minute for each subject. The range
ol error was plus-minus 3 per cent,

The nrinary exerction of Na22 was expressed in ferms of the percentage of injected
Nuzz which was nol eliminated by the kidneys. This vulue, represented symbolically as

CoN¢, was caleulated Trom the equation

%}Nt fronerd

whure
N, = injected Naz2z in counts per minute,

k, == Naz22z exereted in urine only during the s day alter in-
jeetion, expressed in counts per minute,
%N, = pereentage of injected Naz2 not excreted in urine by the
end of the t' day after injection,

Weights and fluid intake and onlput were recorded daily for cach subject. The sodium
intake was varied in some instanees from low (<l.7'(hn. NaCl per day), to regular (8 G,
Natl per day), 1o high (13.7 Gm. NaCl per day), and the effect on the rate of climination
of radiosodinm was noted,  Mereurial diurcties® and olher drugs, used Irequently in both the
liseased and normal subjeets, exerted some influence on the rate of exeretion of the radio-

sodium,

) ~ *Mereuhydrin  (sodium salt of methoxyoximercuripropylsuccinylurea with theophylline),
furnished by courtesy of lakeside Laboratories, Milwaukee, Wis,
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INDIVIDUAT, AND MEAN ¢4/ AxD Us/z VALUES FOR TIE SUBJECTS STuptEp

) = [ DAYS OF TTwrianT
CONTINUOUS CHANGE
 SURIBCTNG. YW/e U, /. OBSERVATION (POUNDS)
A. Normal or (‘ontrol
1 14 3 62 - 35
2 3 9 22 -14
i 12 42 45 -11
4 14 34 65 2.25
Menn 13.3 28.8 48.5 ~ 6.6
B. Congestive Heart Failure (Slowly [mproving)
D 40 60 35 -18
0 42 74 406 -7
Mean H 64 40.5 -12.5
. Congestive Heart Failure (Rapidly Improving)
7 | B 26 62 =29
8 o8 s 58 -17
Meun 20.5 20.5 60 -0
. Congestive Heart Failure (Stowly Recoming Worse)
iy 24 72 68 17
10 30 48 58 - D5
Mean 27 G0 63 ’ 570
). Chronie Jemorrhagic Nephritis (Slowly Improving)
1At a8 660 45 15
12 o4 366 71 —86
Mean 56 513 Bk ~35.0
100! A 100! SUBJECT #1 NORMAL
o, FOUR NORMAL SUBJECTS j -
B SERUM Nd“LON(,ENTRANON SERUM Na CONCENTPAT!ON
o -
500 .5 #1-0 3K 500
2 2-0 H4-0
250 250[
100 10QY
z 5
50 O L 50
. v- -.- L]
e
25 s, 25
. Low Na Diet ——skHigh Na Diet—skLow Na Diet pe—]
1 e
Omsio 20 30 40 50 60 ‘ODL-?TUAY =530 20 50 60

ig. 1.——Sem|logurlthmic graphs of relation
(counts per minute per cubic centimeter) to time.
A, Four swbjects without cardiovascular disease, The mean rate of fall in conventrn
tion was such that half-concentrition was resrched
B, Nornal Subjeet No. [, showing a chinge i
tions in sodium content of the diet, low sodium dlet (LT Gu, Na(t daity) and high sodinm
dlet (13.7 G NaCl daily). At rate a, with Tow St
the inltial value in twenty-five days. At rate b,
sentration was yeached ju eight days, and at rate ¢,

soncentration was

reached in cighteen days.

of changes in serum N coneentrntion

in 13.3 days (Cise)-
n rate of fall in concentration with varin-

i diet, serum conceniration reached hndt
with a high sodium diet, hall serunm caii
when a low sodium diet was resumed, hall-




BIOLOGIC DECAY PERIODS 08 SODIUM o

RESULYS

Resuits are simmarized in Table T and i I0es 1,2, 38, 4, and .

[ Conlrols—In the four control subjeets who had no disturbanee in the
cardiovasenlar system and no edema, the serim concentration of Na** dropped
to half the initial level inan average of 13.3 days, the extremes heing twelve and
fonrteen days (Table 11 and Figs. 1 and 1), The rate of climination of the iso-
tope in the nrine was such that onc-hall of the Na** administered would have
been exereted in an average of 28.8 days, with a range of nine and forty-two days
(Table T1 and IMigs. 3 and 4). Subject No. 1 demonstrated the influence whiel
intake of sodium ¢hloride has on the rate of elimination of Na®® from the hody
(Figs. 1, B and 3, B). The rate of decline in serum coneentration whereby one-
lialf the inilial eoneentration was reached in twenty-five days when the patient
was given 1.7 Gm. of available sodium c¢hloride inereased to a rate wherehy one-
hall the initial coneentration was altained in eight days (three times as vapid)
when 13.7 CGim. of available ehloride was allowed, and then ehanged again to a
redueced rate of eighteen days when the patient again received 1.7 G, available
sodinm chloride (Wig. 1, B). Similar response was noted for rates of elimination
in the urine (Fig. 3, B).

2. Patients With Chronie Congestive Heart Puailure—

(a) Patients Slowly Improving: Tn two patients who were slowly recover-
ing from congestive heart failure forty and forly-two days were requived for the
sert concentration of Na?* to reach one-half the initial level (Table 11 and Figs.
2, 1 amd 4). These patients required about three times as many days as the
control subjeets for reduetion of serum conecentration of Na®*? {o hall the initial
level. The Na®? was exereted in the urine at sueh a rate that sixty and seventy-
two days would have been required 1o excrele one-half the administered Na*
(Table IT and Figs. 3, ¢ and 4). The rate of excretion of Na** in the urine of
the control subjects was more than twice as rapid as in the patients with heart
faihitre.

(b) Puatients Rapidly Improving: The two paticnis with chronie congestive
heart failure who improved rapidly required an average of 20.5 days (extremes,
thirteen and twenty-eight days) for the sevunm coneentration of Nua*® to reach
one-half the initial level (Table 11 and Figs. 2, B and 4). The mean rate of ex-
erelion of Na*® was 20.5 days, the extremes being twentysix and thirty-three
days (Pable T and Figs. 3, D and 1), Although the average rate of deeline in
the serum concentration in Patient No. 7 was thirteen days, onee improvement
hegan, the rate of decline exceeded that of the control subjeets. Initially the
rate of decrease in blood concentration of Na** was such that hall concentration
wonld have heen reached in fifty-five days. During rapid improvement, however,
this level was atfained in six days, a rate more rapid even than that of 1he con-
frol subject on a high sodium intake. The rates of elimination of Na® in the urine
of this patient tended to parallel changes in coneentration in the seram (Wigs.
208 and 3, D). Patient No. 8 also showed two rates of deeline in serum coneen-
tration of Na®™ (seventy-one and twenty-four days respectively required to reach
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Fig. 2.~—Semilogarithmic graphs of changes in serum Na2 concentration (counts per
minute per cubic centimeter) as a function of the time for six patients with congestive henrt
failure and two patients with the nephrotic syndrome of chronic glomerulonephritis.

A, Two patients with congestive heart failure who were slowly improving, Patirnt No, 5
showed a mean rale of fall in serum Na* concentration so that half-concentration was venched
in forty days (Cy:). DPatient No. 6 showed a mean rate of fall in concentration so that hndf-
concentration was reached In forty-two days. 1t may be noted on the graphs that for each
of these patients several rates of change existed, although only the mean rate is shown hy the
straight line.

B, Two patients with congestive heart failure twho were rapidly improving.,  Pulical
No. 7 showed two distinct rates of fall in seram Na® concentration. The first rate, maintained
for eighteen days, was atich that half-concentration would have been reached in six days.
Patient No. 8 also showed two distinct rates of fall in serum Na® concentrations,  The fiest
rate, present for cighteen days, was such that half-concentration would have been reached in
seventy-one days, whereas with the second rate twenty-four days would have been necessury.

€, Two paticnls with congestive heart failure who were slowly becoming worse. DPatienf
Na. 9 showed a mean rate of fall in serumn Na? concentration so that half-concentration was
reached in twenty-four dayvs (Cye).  Patient No. 10 showed n muenn rate of fall in concentin-
tion so that half-concentration was reached in thirty days. Keveral rates of change in concen-
ltimtion may be noted, although only the nean rate for each patient is indicated hy the straight

ne.

: D, Two paticnts with the nephrotic sundrome of chronic glomerulonephritis. loth nf
these patients were discharged from the hospital and later readmitted for continuation of ihe
studies. On the first admission Patient No. 11 showed a mean rate of fall in serum Na® con-
centration so that half-eoncentration would have been reached in fifty-cight days (Cyz). Dr-
ing the second period of study this patient showed a mean rate of fall in concentration so that
half-concentration would have been reached in thirty-seven days, and Patient No, 12 required
fifty~-four days,
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Bl i eoneentration) anpd al least two rates of elimination of Na* in the urine
tFigs, 208 and 8, D). These two patients eliminated Na® morve rapidly than the
tao paticnts who were improving slowly.

fed Laticats Slowly Beconing Warse: T'wo patients gradually heeane elini-
cably worse throughout the period of stady. The serum concentration ol Na®* was
reduced To one-hall the indGal value in an average of twenty-seven days, the
extrenies being twenty-four awd thivty days (Pable HFand Figs. 2 Cand 4)0 The
mean rate of loss of Na®® in the urine was such that one-hall the administered
Na® woulid have been exereted in sixly days, with extremes heing forty-cight
and seventy-two days (Table 1T and Mg, 3, £). These patients requived a longer
prriod ol time 1o exerete the Na®? than did the eontrol subjeets or the patients
with vongestive heart failure who were rapidly improving, but essentially the
same time was neeessary in patients who were stowly improving.

3. Palicnts With the Nephrotic Syndrome of Clronic Glomerdonephrilis.—-
The two patients with the nephrotie syndrome showed the slowest rates of
elimination of Na?, The deecline in the scrum eoncentration of Na®** was such
that an average of fifty-six days (extremes, fifty-four and fifty-eighl) would
have heen required for the serum level to reach one-half the initial value (Table
I and Figs. 2, D and 4). The rate of Na*? exceretion in the urine was extremely
slow in both patients: an average of 513 days would have heen neeessaty to
eliminate one-half the Na?? administered (Table 1T and Iig. 3, ). The confrol
subjects exhibited a rate of decline in the serum concentration of Na®* more than
four times as rapid as in these patients, and the rate of urinary climination was
ten to (wenty times as rvapid (Table 1T and Fig. 4).

DISCUSSION

Morgan® suggested the symbol “T'e’’ For ““the body elimination half-life.”’

This term is satisfactory i€ the time required to eliminate one-half the radivactive
material administered can be determined without too mueh diffieulty.  Un-
fortunately, this is not casily accomplished in man, especially for sodium.
Results indicate that there are considerable variations in normal as well as in
diseased man.  Because of these wide variations from wmoment to nonieat
and becanse of differing conditions of environment, diet, physieal activity,
severity, stage and course of disease, therapy, previous physiologic state,
and many other factors, it is possible to oblain only an approximation of 1he
tine required to eliminate one-half the radioactive material  administered.
Iurthermore, values observed for changes in blood concentration differ from
those for elimination in the uvine (Pable 11, Wigs. 1 to 4). 1t is, therefore,
preferable to indicate in the symbol for the half-climination time the method
hy which the value was obtained. 1t is suggested that the lollowing symbols he
employed in the discussion of rates of climination:

By, == biolagic half-life, that is the time reguired to climinate one-hall
the adminisiered tracer substanee from the body.  This corvesponds to The
STe”” vadue of Morgan, |

U, s concendralion one-helf, that is the length of time reguired lor ibe
concentration of the tracer matervial in the body foid or substanee or

0o2u091
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tig. 3.—Semilogarithmic graphs for all subjects showing the urinary excretion of Na*
(peredntage of Injected NaZ which was not eliminated by the urine). This value was obtained
from the total counts of Na2 excreted daily through the urine. That for the flrst day was
subtracted from the total eounts injected the total for each successive day wig subtrneted
serinlly. Each resultant was then expressed as a percentage of the total injected dose. These
values represent that radlosodium which has remajned within the body plus that which has heen
excreted by some other route, i.c., that Na®2 which has not been eliminated in the urine. This
also indicates the rate of excretion by way of the urine.

A, Four subjects without cardiovascular disease. If all the Na® were eliminated in the
urine, the day upon which one-half of the iInjected radiosodium would have becn excreted
{mean value, Ui/2}.

B, Normal Subject No. 1 shows changes in rate of excretion of Na® jn the urine with
changes in the sodlum content of the diet. For {wenty-two days during a low sodium diet
the rate of elimination in the urine was such that one-half the sodium present in the body
would have been eliminated in one hundred days (Ui/z). For the next nineteen days during a
high sodium diet the rate of excrction increased, so that one-half the body sodium would have
been excreted in the urine in nineteen days. For the last nineteen days of observation during
a low sodium diet and administration of antidiuretics, the rate of urinary excretion of body
sodium was such that 250 days would have been required for excretion of one-half the sodjnm
present at the beginning of that period. Actually one-half the jnjected Na® was excreted in
thirty days.

C, Twe patients with congestive henrt failure who were slowly improving. Several dif-
ferent rates of excretion for each patient may be noted, the mean rate for the two patients
being sixty-six days for excretion of half the Na® injected. .

D, Two patients with congestive heart failure who were rapidly improving., Several rates
of excrotion may be observed. 'The niean length of time reguired to excrete one-half the in-
jected NaZ by the urine was 295 days (Ui/z).

B, Two patients with congestive heart failwre who were slowly becoming worsc. Changes
in rate of excretion may me noted as in the other subjects. The mean time hecessary for
excretion of one-half the injected sodium through the urine was sixty days.

I?, Two patients with the nephrotic syndrome of chronic glomerulonephritis, 1f =odium
were excreted only by the urine, a mean of 513 days would have been required to excrete once-
half the Injected radiesedium.
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specific compartment to reach one-hall the concentration existing at any
Ginne alter cquilibvium of distribution of the tracer has been reached.
It is thus possible to speak of the 1y, for cerebrospinal fitid, Gy for
hepatie parenchyma, Ci, for blood serum.

U, = arinary clindnation one-half, that is the length of time neeessary
to elhainate in the urine one-half the teacer material administered.

From the point of view of sefety' it is actually the €ty that is important.
Sinee the €, and Uy are sometimes extremely different, particularly in ab-
novinal states (Table 11, Iigs. 2, 8, and 4), the Ui, value is of little assistanee
in eateulation of dosages and may result in error. Big is eertainly important
hit is not casily determined in man, especially for sodivm.  Sueh a determina-
tion would require measuring all of the radiosodivm exereted by all avenues
For long periods in a great many persons under varying conditions of diet,
erviromment, disease, and therapy ; this is a tremendous task. With the present
state of knowledge of radioelements and biologic influences of radioactivity,
(41, and Uy, furnish important data of useful physiologic nature. The possi-
bilitics of variations in By, Cy, and Uy, are diseussed in a seecond paper,® and
varions mechanisims by which they may differ considerably are suggested.

In all subjeets studied, Ci, was less than Uy, except in Control Subjeet No.
2. Carclul analysis of the data failed to suggest a rational explanation for this
discrepancy. Uy, is expected to be greaier than Cig, sinee sodium is climinated
by avenues other than the urine, such as sweat, tears, sputum, feces, vomitus,
and other body fluids. ““Binding’’ of sodium in cells and onto cells, proteins, and
other complex molecules can acecount in part for these differcncees. These factors
should he studied in experiments designed to determine the B3y, ; the present
experiments, however, were planned for other purposes, and it was not possible
to make these measurements. They were satisfactory for determining the Cyg
and Uy, in 1he subjects observed.

The ¢y, and By, would be expeeted to be identical in subjects in whom the
size of the sodium compartment fails 10 ehange, and this is more likely to oceur
in normal than in diseased subjeets. This is probably true for Control Subjeet
No. 1, who was apparently normal in every respeet. This was true clinteally for
Subject No. 2 exeept that she had fever with arthralgia three wecks before ini-
tiation of the studies. Control Subjecls Nos. 3 and 4, who suffered from dys-
pepsia from time to time and experienced vomiting oceasionally, were not truly
normal hut could be considered so [or practical purposcs.

It is obvious from the values obtained for Ci, and 1Ty, that Na** is not
suitable for measuring these parameters or for measuring By, Na**, on the
other hand, is exeellent for such purposes. Although the supply of Na** was
Hited, a relatively large number of subjeets was observed for long periods of
fime. 1 the (4, values approximate the By, the physical half-life period
(three years) of Na®* is of little value in safely considerations for the subject,
heeause the radiosodinm is.exercled long before sufficient physieal decay ean
ocenr, that. is, Tor biologie purposes, Na® may be considered stable.  Na*', on
the other hand, rapidly decays to levels of radiodctivity too low for aceurate
measurements of biologie decay periods.
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g, f.—A bar diagram of the mean 4/ (value of time, days) for the cormm Na* cols
contration to rench one-half the initial equitibrivm concontration (Ci/z), aml the mean time (ov
one-half the injected Na® to be excreted in the urine (Ut/z).  The mean value for envch group
is enclosed in the column and the extremes are indicated ahove the column.

Although {he subjects were Followed For as many as gixty consecutive days,
the (fy, or Uy values often execeded this period eonsiderably, so that it wax
el

necessary to extrapolate the observed eurves to obtain the values of 'y
Uy, recorded. This was true for only two of the Cly, deferminations and for
seven of the Uy, Therefore, all the vahues of Cy and Uy, actually indieated
the rates of change that existed only for the days ohsevved.

A number of factors other than exerction can alter the (. As mentioned
previously, a fixation of sodium to cells or protein and other large moleetites
will veduee the sodinm eontemt of the serum and the Na® concentration? 1ixa-
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fion or hinding of the tracer can resull in a state sueh that €4, eannot he equal
to B, Another important factor is «a diserepaney in water infake and output,
particutaly in states of edema. When more water is taken in than is exercled,

RELATION OF DIET TO CHANGES IN RATES OF EXCRETION AND
OF DECREASE IN SERUM CONCENTRATION OF Nau
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g, e The relationship of change in sodium content of the dict and change in the ra
al deerease of seram Naz2 concentration and change in the rate of urinary excretion of Na
for each subject. Sodim content of the diet is indicated by A8 (high sodivm, 13.7 ¢im. Nacl
dnilyy, L8 (low sodium, less than 1.9 Gm. NaCl Jdaily), RS (regular sodivm intake, 8 i,
Jaily . Changes in rates are denoted by arrows; 1 indicates a more rapid rate of change in
~erum Na® coneentration or rate of urinary excretion; | indieates a reduction in cither rate,
Tite is recorded as days of observation.  High correlation of change in dict and change in
viate onny be noted in Subject Noo 1, but poor correlation exists in the others (see text),

then the Na®* eontent of the body fluids will he diluted, and the serwm Na® con-
centration will be diminished.,  If Na** counts for the serum had heen employed
alovie in the interpretations, the rate of exeretion of Na** go obtained would
hitve been inacenrate. In facet, if the sodium exeretion fell ahmost to zero in a
man who rapidly became edematous shortly after administration ol a tracer dose
of Na®* and il the edema were sufficiently severe to double the volume of the
sodinm compartment of 1he body, then the Na® concentration in {he serum
wouhl be reduced 1o one-hall the iitial value.  Thus the subject night attain a
(4, value withont excreting any sodinng, but suelt a value wonld eevtainly differ
areatly from (he Ba,. This dilution phenonenon was noted in some of the
cdematons patients sindied (Subjects Noo 90 1 and 12).

FE the reverse siluation occurs, that s i an intensely edemitous sub jeet
Joses waler more rapidly than sodinm, then an actual vise in the serum coneen-
tration of Na®* and therefore in the Cyg time would ensue.  Here, oo, the
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(1, and By, values would differ. It is obvious then, that the Cy, and By values
cannot be stecepted as similar, partienlarly in subjects with edematouns stafes.

A glanee at the biologic deeay curves reveals considerable fluctuation in
the serum coneentration of Na??. These fluctuations are partially due to
technical variations hut in greater part arve attributable to changes produced
by phenomena deseribed in the preeeding paragraph.  Furthermore, some of
the variations are the vesult of responses to drngs and other pharmacologic
reactions. The responses to sueh materials as desoxycorticosterone acetate. mer
curial diuretie, sodium elloride and water intake, betahypoplamine, and am
monium chioride were studied.  These substances definitely influeneed the €
Uy, and By, of the subjeets. In some instanees these correlations were diffientt to
interpret, whereas in others they were casy. For example, in Subjeet Noo 1, the
Csy, and Uy, were inflaenced significantly by the sodiwm intake in fthe diet,
correlation made possible by allowing mainly dietary sodinm fo vary (Mies
1, B and 3, B). When the subjeet was on a low sodium chloride diet (1.7 i
of available NaCl), ¢y, and U7y, were definitely longer than during the interval
when he was receiving relatively large quantities of sodinm (137 G of
available NaCl). For example, initially while on a low sodium intake, '
and Uy, values were twenty-five and one hundred days respeetively: on high
sodium intake they were reduced to eight and nineteen days, and when a low
sodium intake was resumed, the Cy, and Uy, values Iengthened to cighteen and
two hundred and fifty days vespeetively. The correlations were impressive and.
of eourse, predictable. Most subjects, however, failed to show a definite rela-
tionship between €, and U, and sodium intake (Fig. 5). This failure is
related to other Tactors, such as drugs, water intake, and the like, which influenee
01/;1!])(1 U%.

Another obvious factor of importance to consider when measuring the €,
and B, in edematous subjeets is that concerned with the meehanical removal
of fluids from various compartments of the body. For example, if large
quantities of aseitic fluid or pleural Auid are removed from a subjeet af
equilibrium and eonfaining Na??, By, will be changed without changing Ciy.
This factor may become signifieant in a subject who is reeciving repeated para-
centeses. Yroper considerations can he made for such factors.

Ixtremely edematous subjects who rapidly improve may exercte sodium
at a rate considerably greater than that observed in the normal subject wuder the
same therapeutic regimen. This phenomenon was noted for Subjeet No, 7. who
had severe chronic eongestive heart failure with anasarea. Diuresis was intense
aud prolonged, and during this period the Cvy and Uy, were six and twenty-two
days respeetively. The Cy, was shorter than that observed for the control sub-
jeets, even when sodium intake was high. Obviously, the subject was exereting
the fluid of edema and Na? at a rapid rate, with the Na? elimination oul of
proportion to the water. This resulted in a relatively short Cy. At the same
time the By period would have to be short,

The results demonstrate veduetion of sodium exeretion in patients with
clironie econgesiive heart failure and chironie glomerulonephritis of the nephrotic
type. The mean Ci, periods were scveral times longer for these diseased sub-
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Jeets than for the controls. There were periods of nmiprovenent, however, for
patients with congestive heart failure when ¢y and Ui, were shortened. These
obiservations indieate the importanee ol considering the abnormal state in
calenlation of salety doses of radiosodium. It is essential that such variations
of By, be known for any type ol radioclement.

It is relatively casy to determine g and Uy Tor a radioclement, whereas
for o labeled compound or even a simple molecule it is muach more diffienlt.
The fubeling isolope is being “turned over’” in the molecule of the tabeled sub-
stanee, and the supstanee Hself is abways in the process of breakdown and
partial or complete resynthesls.  Sometimes it is even possible to label complex
strnetares o traee their By, a parameter diffienlt to evaluate even for clements.
This is well exemplified by the meastrenient of the By, period of erythroeytes
with N'. 8 10e™ iy nol as satisfactory as N' and P92 is even less satisfactory
as o Lracer sotope because i does not remain within the erythroeytes through-
aut their lite, Proper consideration must be given such problems in determina-

1

thon of the g, Uiy, or By periods.

NUMMARY

Rates of celimination of sodium were studied with Na®** as a tracer in
novmal man and in man suffering from chronie congestive heart fuilure or
Nnom chronie glomerulonephritis of the nephrotic type. =

Because of the nature of the experiments, the true hiologie hall-life period
(B1) was not measured direetly.  Instead, the time necessary to reduee the
serum coneeniration 1o one-half the initial level after the establishment of
equilibrium (Csg) and the time required to eliminate one-half the injeeted
Na** in the urine (Uy,) were determined.  Ciy values obtained were usually
less than the Uy, omes. Ciy in the control subjects most probably was
equal to By, but this was not likely to be true for the abnormal subjects.
Cy and Uy, varied considerably with normal physiologic phenomena aud with
such abnormal states as congestive heart failure, nephrosis, and with administra-
tion of drugs, and sodium and water intake. ¥Wor example, a diel low in salt
appeared 1o lengthen the time of €y and 1y, whereas a diet high in salt was
shown to shorten them.

(1, was inereased about threcfold in patients with chronie congestive heart
failure and about fivefold in the presence of the nephrotie syndrome. 1, was
inercased to an even greater extent by these discases and was influenced by the
progress of the proeess. When the discases were aggravaled and thaid of edema
was aceumulating, the influence of dilution modified the €.

The importance of these observations and the relative general significance
of By, Cyy, and Uy, periods in the biologie application of radicclements, par-

tieularly radiosodinm, have been diseussed.
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