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(From the Department of Obstetrics and Gynecology, Harvard Medical School, the Boston City
Hospital and the Worcester Foundation for Experimental Biology,

Shrewsbury, Mass.)

(Submitted for publication June 23, 1960; accepted August 30, 1960)

The study of the disappearance of the radio-
activity in plasma after the injection of labeled
aldosterone should elucidate the transport and
metabolism of this steroid in man. In particular
this would allow the calculation of the turnover
rate in various clinical conditions. This value,
together with a concomitant determination of the
secretion rate estimated from the specific activity
of a urinary metabolite, would enable the mean
blood concentration of aldosterone to be calcu-
lated. This is particularly important at the present
time, as no practical direct method has yet been
reported for the analysis of aldosterone in periph-
eral blood.

After the administration of 16-H13-aldosterone
to one normal subject, the labeled hormone had a
half-life in plasma of 20 minutes, as calculated
from the change in concentration of radioactivity
measured specifically as aldosterone between 2 and
3 hours after the injection (1). This indicated
that the rate of metabolism of aldosterone was
greater than that of cortisol and corticosterone.
The data obtained were not sufficient to give a re-
lialle estimate of volumes of distribution. Also,
the low specific activity of aldosterone then avail-
able made it necessary to administer 2 jug of hor-
mone. This amount represents about 25 per cent
of total body pool of hormone. Peterson reported
a corresponding half-life of 0.5 to 0.8 hour in nor-
mal subjects after injection of tritiated d,l-aldos-
terone (2). Again in this study large quantities
of the hormone were injected. Also it is not
known whether the optical isomers of aldosterone
are metabolized in an identical manner. The nat-
ural hormone is in the d form exclusively.

* Supported in part by Grants A-3179, A-3598 and
A-3490 from the United States Public Health Service,
Bethesda, Md., United States Atomic Energy Commis-
sion Grant 918, and The Josiah Macy Jr. Foundation.

t Trainee in the Program for Steroid Biochemistry
supported by Grant 5001 of the National Cancer Institute.

The availability of 7-H3-d-aldosterone of spe-
cific activity 20 Mc per Mug has made it possible to
inject 0.1 tg of the hormone (about 1 per cent of
the body pool). A more detailed analysis and in-
terpretation of the disappearance curve in plasma
has been carried out.

METIHODS

4-C'4-alcdosteroie 1 was fractionated by partition col-
umn chromatography before use. 7-H3-aldosterone was
prepared as previously described (3). It was stored at a
concentration of 11 /tc (0.55 jug) per ml in ethanol and
checked at regular intervals for radiochemical purity
over a period of 2 months. d,l-Aldosterone diacetate
was prepared by acetylating d,l-aldosterone-21-mono-
acetate.2 Methylene dichloride was prepared by wash-
ing with an equal volume of distilled water and dried
over anhydrous sodium sulfate. After filtration, char-
coal was added and the solvent decanted and again fil-
tered. It was allowed to stand over potassium hydrox-
ide, refluxed for 1 hour and distilled. It was stored at
- 100C. Pyridine and acetic anhydride were prepared
as previously described (3).

Two-tenths ml of the solution of radioactive aldo-
sterone in ethanol was added to 11 ml physiological sa-
line; 10 ml of this saline solution, containing 2 ,uc and
0.1 tig 7-H'-aldosterone was injected into the antecubital
vein of female subjects at 8 a.m. Blood was withdrawn
from the other arm with a heparinized syringe at various
times after injection. The blood was immediately cen-
trifuged and the plasma added to the tube which contained
a dry sample of 4-C14-aldosterone [usually 80 dpm (1
jug) per 10 ml plasma]. The plasma was then extracted
with 3 X 1.3 vol of methylene dichloride. The combined
solvent extracts were washed once with water (0.3 of
the volume of the plasma) and taken to dryness. The
mixture was transferred to a smaller flask and acetylated
with 1 ml pyridine and 0.5 ml acetic anhydride overnight
at room temperature, and taken to dryness. After ad-
dition of 8 ,ug d,l-aldosterone diacetate in 1 ml ethanol,
the dried residue was transferred to a partition column
in 1 ml + 2 X 0.5 ml mobile phase. The column, 60 cm

1 4-C'4-aldosterone was generously donated by Dr. R.
Travis and Dr. G. Farrell.

2 d,l-Aldosterone-21-monoacetate kindly supplied by Dr.
R. Gaunt, Ciba, Summit, N. J.
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1bug, c(oiitained 28 - Celite 545, 14 ml of the stationary
pliase, \ater: miiethanol, 4: 1 vol: vol adl \N-as developed
with toluene: Skellysolve C, 2: 3, vol: vol as the mobile
phase; 5-ml fractions xvere collected. Two-tenths ml
from fractions 11 to 18 (counted from the time of appli-
cation of the extract) was applied separately to no. 2
Whatman paper, immediately sprayed with reagent and
detected by soda fluorescence (4). Usually, the aldo-
sterone appeared in fractions 14, 15 and 16. The 3 frac-
tions containing the steroid were pooled, added to quartz
vials (Atomic Associates) and taken to dryness in a

vacuum oven at 60'C. Ten nil of scintillation fluid (4 g

diplhenyloxazole plus 100 mIg POPOP3 per liter tolu-
ene) was added plus 0.2 ml ethanol. The vials were

then assayed for H3 and C'4 in an automatic liquid scintil-
lator (Tricarb model 314-DC, Packard Instrument Co.).
The samples, together with appropriate background and
standard vials, w\ere counted for at least eight 30-minute
periods at each high voltage position. Quenching cor-

rections were not necessary for fractions obtained after
partition chromatography. The counting rates due to
H` and C'4 estimated in this way gave a value for the
initial tritium content of the plasma, present specifically
as aldosterone (hereafter "radioactive concentrations in
plasma after inj ection of aldosterone" refers to values
measured specifically as aldosterone) and corrected for
losses during the isolation procedure. Accuracy was

within 5 per cent (including counting errors) for all
samples. The fractions on either side of the aldosterone
diacetate peak were also assayed for tritium and C'4 in 6
experiments. In all cases, the radioactivity was slight.
The H'/C'4 ratio, wthen it could he measured, was the
same as that in the peak fractions. The recovery of the
4-C_4-aldosterone through the isolation procedure in the
3 peak fractions was about 70 per cent. After passing
300 ml of mobile phase through the columns following
elution of the steroid and replacing 0.5 g Celite at the top
of the column, they could he reused many times. WVhen
this procedure was followed there was no deterioration
of resolving power, or displacement of the position of the
steroid peak or accumulation of radioactivity even after
frequent use of the columns.

For some plasma samples (usually taken 22.5 and 30
minutes after injection) 20 per cent of the extract was

directly assayed for radioactivity before acetylation.
Measurements for HW and C'4 were carried out as previ-
ously described, except that quenching corrections were

applied by adding internal H and C'4 standards. For
all subjects studied, the total tritium radioactivity in the
plasma at 22.5 and 30 minutes after injection was equal
to the H' measured specifically as aldosterone. It was,

therefore, considered that the total tritium radioactivity
in the plasma taken 7.5 an(l 15 minutes after injection
was entirely due to aldosterone. The total methylene
dichloride extracts from the 7.5 and 15-minute specimens
were assayed directly for H' and C'4 without acetylation
or chromatography. The quenching correction for H' in
these crude solutions was about 10 per cent. All sam-

3 1,4-bis-2- (5 phenyloxazolyl) -benzene.

ples taken later than this wdcrc clhromatographled before
colmntiln.

Follo\wing the injection of 7-1il-aldosterone, urine was

collected for 24 hours and the secretion rate of the hor-
mone estimated from a measurement of the specific ac-

tivity of aldosterone released from the urinary "3-oxo
conjugate" (3).

Three subjects were clinic patients in the department
of gynecology. Two were fully recovered and convales-
cent after pelvic inflammatory disease. One was studied
prior to elective hysterectomy for leiomyomata uteri.
All three patients Avere receiving regular diets. They
were in the normal range of weight and height, and
showed no signis of disturbance of electrolyte mnetabo-
lism. Two volunteer normal womeinn were studied by a

single injection technique over a 3 hour period. The
characteristics of their disappearance curves were simi-

lar to those of the clinic patients. One normal woman

was studied by a constant infusion technique after a pri-
minig dose; 1.05 lic 7-HW-aldosterone was injected in-
stantaneously in 10 ml physiological saline at the start
of the experiment. Thirty minutes later, a total of 0.945
/Ac of the same steroid was given in physiological saline
as a constant infusion over a period of 90 minutes at the
rate of 0.191 ml (0.0105 Ac) per minute. Five ml of
plasma was withdrawn 7.5 and 15 minutes after the
single injection. These were analyzed wvithout prelimi-
nary chromatographic separation and 10 ml of plasma
(taken at 30, 105, 120 and 140 minutes after the first injec-
tion) was analyzed after chromatography of the diacetate
as previously described.

RESULTS

The values for the radioactivity present specifi-
cally as aldosterone and fully corrected for re-

covery, in plasma taken 7.5, 15, 22.5, 30, 50 and
70 minutes after injection of 0.1 ,ug 7-H13-aldo-
sterone, are shown in Figures 1, 2 and 3. They
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FIG. 2. DISAPPEARANCEOF 7-H3-ALDOSTERONE IN PLASMA
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are plotted as logarithm of per cent dose injected
per liter of plasma against time after injection.
These represent disappearance curves for the three
clinic patients. For all these subjects, the vol-
times of plasma taken for analysis were 5 ml at
7.5, 15 and 22.5 minutes, 10 mil at 30 minutes, and
20 ml at 50 and 70 minutes. The disappearance
curves obtained in the two volunteers are shown
in Figures 4 and 5. The data were obtained as
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FIG. 3. DISAPPEARANCEOF 7-H3-ALDOSTERONE IN PLASMA

OF NORMALCLINIC SUBJECT, A. A.

for the totllcr three subl1jccts l)but, ill ad(l(itioll, 50 Illl
pl)asilna at 120 minutes and 100 nil at 180 minutes
were also analyzed.

In all five subjects there was an extremely rapid
initial drop in plasma radioactive concentration to
about 4 per cent of the injected dose per L of
llasma. The curve then became less steep (with a
half-life of about 14 minutes) until some 30 min-
utes after injection. At this time, the plasma con-
centration was about 1 per cent of the injected
dose per L of plasma. The curve then again be-
came less steep in all cases and was a straight line
for three of the five subjects. Because of the low
concentration of radioactivity in plasma after the
injection of a tracer amount of hormone requiring
large amounts of blood to be assayed, the slope of
the final part of the curve was estimated from
plasma samples taken up to 70 minutes after in-
jection in three patients. However, Figures 4 and
5 illustrate that the slope had become constant by
that time. Statistical analysis of the data of these
two experiments shows no significant difference in
the curves between 30 to 70 minutes and 70 to 180
minutes after injection.

The values for the patient who was studied by
constant infusion technique after a priming dose
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FIG. 4. DISAPPEARANCEOF 7-H3-ALDOSTERONE IN PLASMA
OF NORMALVOLUNTEER, J. D.
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are shown in Figure 6. The following values were
obtained, expressed as millimicrocuries aldosterone
per liter of plasma: 29.9, 15, 9.9, 9.5 and 8.8, for
the 7.5, 15, 30, 105 and 120 minute samples, re-
spectively. Therefore, the radioactivity as aldos-
terone was constant from 30 to 120 minutes after
the first injection within the limits of experimental
error. The values as radioactive aldosterone 140
minutes after the single injection (20 minutes after
the end of the constant infusion) was 6.4 mitc per
L plasma.

Calculations. From the characteristics of these
disappearance curves the concentration of radio-
activity in plasma as a function of time may be ex-
pressed as

x = Ae-aT + Be-PT

where x = per cent injected radioactive dose per
liter of plasma as aldosterone at time T.

B is the intercept on the ordinate of the extrap-
olated part of the curve (semilog plot, Figure 7).
A + B is the corresponding intercept from the
earlier part of the curve. /3 is the slope of the final
part of the curve. /3 = 1000/Ti (min) (units per
day). Both B and / are calculated from the 50'
and 70' values for Figures 2 and 3, from the 30',
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FIG. 6. CONCENTRATION OF 7-H'-ALDOSTERONE IN
PLASMA OF NORMALSUBJECT, Y. A. Priming dose of
1.05 ,uc followed 30 minutes later by a constant infusion
for 90 minutes of a total of 0.945 juc.

50' and 70' values for Figure 1 and the 30', 50',
70', 120' and 180' values for Figures 4 and 5; a is
calculated as follows: the latter part of the curve is
extrapolated (intercepting the ordinate at B,
Fig. 7) and the resulting calculated plasma con-
centrations subtracted from the measured values.
These corrected concentrations (from 0 to 30 min-
utes) are plotted semilogarithmically and the slope
is a. Table I shows the calculated values for A,
B, a and ,8 for the five subjects described. Where
possible (Figures 1, 4, 5) these were obtained by
the method of least squares.
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TABLE I

Calculated transport and metabolism rate constants and volumes of distribution of aldosterone
in five normal women

Subject A B a Ki K2 VI Vi +V2 V

%dose/L units/day liters
Patient E. A. 2.0 1.8 143 40 31.4 65 26.3 35.6 55.5
Patient M. C. 3.0 1.4 128 27.8 37.0 60 22.8 36.8 71
Patient A. A. 3.2 0.89 100 25.6 47.3 60.5 24.2 38.0 112
J. D., normal 1.7 1.4 118 30.8 30.0 53.6 32.3 45.5 71
A. M., normal 2.3 1.1 133 28.5 37.0 61.1 29.4 47.0 91
Mean values 2.4 1.3 124 30.5 36.5 60.0 27.0 40.6 80.1

DISCUSSION

Theoretical. A reasonable model for the trans-
port and metabolism of a steroid in man consists
of an inner pool which, for steroids weakly bound
to plasma proteins, probably includes the plasma
and extracellular volumes, and an outer pool
(Figure 8). Transport between the spaces can
be described by a rate constant K,. If the liver
volume is relatively small, and transport from
plasma to metabolic cells proceeds at a reasonable
rate, it can be considered as part of the inner pool
as regards metabolic events.4 This seems reason-
able in view of the fact that molecules much larger
than steroids such as albumin are metabolized in
the liver and must be transported into the cells.
The over-all metabolism of this pool, total vol-
umie V1, can be described by the rate constant K,.
The total volume of the outer pool is V2. In the
present treatment, metabolism in the outer pool is
taken as being negligible. This must be as-
sumed, because analyses in the outer pool are at
present impossible to obtain and otherwise, solu-
tions of any mathematical treatment would be in-
determinate. However, it has been shown that the
liver is efficient in metabolizing aldosterone (5-8).
Also Davis (9) has recently shown that the rate of
metabolism of aldosterone is very low in the hepa-
tectomized dog. Therefore, this assumption is
probably reasonable as a first approach for this
hormone. If all radioactivity is measured as al-
dosterone, then: K1 = fraction of injected dose
per milliliter of plasma transported to the outer

pool in unit time; K., fraction of injected dose
per milliliter of plasma metabolized in the inner
pool per unit time; x = fraction of injected dose

4 However, any reversible spread of steroid into liver
tissue after the first few minutes after injection would
be considered as transport into the outer pool.

per milliliter of plasma at time T; z = fraction of
injected dose per milliliter of outer pool at time T.

dx
V1 di = VK1x - VlK2x + V1K1z

dz
V2 dT= VKlx - VKlz

and x = Ae-aT + Be-AT

z = D (e aT - e-AT)

where A =( )X+

B ((3V2) X4

and D = (K) X 1

K VlX2 acjB
K1VX =K2

V2

and =
a13(A + B)K2= A3+ Ba

32A + Ba2
V1 + V2 - (A: + Ba)2

K= V2(A3 + Ba).

Figure 7 shows some hypothetical radioactive
concentrations in plasma and tissue at various
times after injection. As has been pointed out by
several investigators in other fields (10-14), the
radioactive concentration in the outer pool is
lower than that in the inner pool for some time
after injection. These concentrations then be-
come equal when that in the outer pool is maximal
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(14). From this time on, the radioactive con-
centration in the outer pool is greater than in the
inner. The final slope of the plasma concentra-
tion (,8) is a result of a combination of the effects
of metabolism and transport. It will be a flatter
slope than would be expected from the effects of
metabolism alone (,3 < K2) because continuous
transport occurs from the outer pool into the in-
ner pool. The slope of the curve will only be equal
to K2 when the outer and inner radioactive con-
centrations are equal (at time TEq). Similarly,
the intercept on the ordinate from the extrapolated
later curve (B) gives a volume (V) (V = 1/B)
which is not the true volume of distribution. This
volume multiplied by the radioactive concentration
in the l)lasma will gfive the total radioactivity as
the hormone at any particular time. However, the
radioactive concentration in the outer pool is
greater than in the inner, therefore the volume V
is greater than the more meaningful volume of
listribution (V1 + V9). This volume (V1 + V.)

multiplied by the blood concentration of steroid
will be equal to the total body content of noniso-
topic hormone. V, + V¾ can be calculated from
the expressions given. It is also the reciprocal of
the intercept on the ordinate obtained by extrap-
olating, using the slope K9, from the radioactive
concentration at the equilibrium time as shown in
Figure 7. The line in Figures 1-5 and 7 which
intercepts the ordinate at 1/(V1 + V,) and has a
slope K, has been drawn from the calculated val-
ues of 1/(V1 + V,) and K,. V1 is given by
1/(A + B). The calculated values of V1, V1 +
V2, V, K1 and K., for five subjects are shown in
Table I.

General. After a rapid intravenous injection of
4-C14-cortisol into man, the radioactive hormone
is distributed extremely quickly into a space of
about 6 L (2). After this initial distribution, the
radioactivity then appears to move more slowly
into a total apparent volume (V) of about 16 L at
30 minutes after injection. The final slope (/3)
can then be described by a half-life of about 80
minutes. Peterson has interpreted this curve as
indicating a fairly rapid distribution of cortisol into
about a 16 L volume and then assumes that this
volume is a single compartment in which the hor-
mone has a mletabolic half-life of about 80 minutes.
In terms of the model previouslyc described, this

Radioactvy injected R

Secreted hormone

Outer pool
Volume= V2
Concentration of radioactivity: z
at time T

Arrdert

-_ K2
Metabolism

FIG. 8. NMODELDESCRIBING THE METABOLISMAND TRANS-

PORT OF STEROIDS.

curve could also be interpreted as indicating an

extremely rapid distribution into a space of about
6 L, (V1) and then a relatively slow movement
into a total volume (V1 + V9) of about 13 L.
The smaller volume (V1) can be regarded as a

single compartment which has a metabolic half-
life of about 30 minutes.

In contrast, there is little doubt that the trans-

port and metabolism of aldosterone requires at
least a two-comipartmenital model for interpreta-
tion. For aldosterone there is an initial rapid
distribution into a space of 20 to 30 L (VN,) which
is much greater than the corresponding volume for
cortisol. After this there is a slower movement of
radioactivity into a total apparent space of 50 to
120 L (V) or a calculated volume (V1 + V,) of
about 40 L. Whatever the interpretation of the
disappearance curve of 4-C14-cortisol, undoubtedly
aldosterone, both in the initial rapid and later
slower phase of movement, distributes itself into
much larger volumes than cortisol. Corticosterone
behaves in a manner similar to cortisol in this
regard (2). As cortisol and corticosterone are

strongly bound to a specific plasma protein
("transcortin") (15-17) and aldosterone seems

to be much more weakly bound (18), this may be
one explanation for the difference in the distribu-
tions of the steroids. An analogous situation has
been noted for the transport of triiodothyronine
and thyroxine (19).

The slope (/3) of the latter part of the curve

for the disappearance of 7-H3-aldosterone is about
30 (TA = 33 minutes) and this is much greater
than for cortisol (/3 valuie 12.8. TA = 78 minutes).
This indicates that the rate of metabolism of aldo-
sterone is greater than that of cortisol. But the
value does not represent metabolism alone. A
more valid method of comparison of the metabo-

Inner pool
Volume 'V,
Concentration of radioactivity= x
at time T
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lism of steroids would be similar to that adopted
by Pearlman (20). Thus, secretion rate = MX
plasma concentration, where M can be defined as
the turnover rate of the plasma and M= V1 x K2.
This turnover rate (M) seems a reasonable meas-
ure of the over-all metabolism of a steroid for the
purposes of comparison.

The M value is dependent upon whether a
single- or double-compartment model is used for
the calculation. If M1 is the value for the single-
compartment model and M, is the value for the
two-compartment model, then

M1=13XV-

M2 = V1K2 =-A +B3(B) 1
AB+B AXA+B

M2 =M X A 13
1#+BaB I + A

1±j~~~X.

For cortisol the values of M1 and M9, calculated
from the data of Peterson (2), are 200 and 173 L
per day, respectively. M1 and M2 values for aldo-
sterone differ by a much larger factor. Using the
mean value for normal subjects (Table I), M2 =
1,620 and M1 = 2,370. It is therefore necessary
to use the M2 value for calculations of the turn-
over rate of aldosterone.

However, whatever model is used, there is little
doubt that the turnover rate for aldosterone is
much greater than that of cortisol. The turnover
rates of cortisol and corticosterone are similar
(2). As pointed out by Bartter and Mills (21),
the difference in the turnover rates of the three
hormones could be related to the lower binding
of aldosterone to plasma proteins compared with
that of the other two hormones. This may result
in a greater speed of movement of aldosterone
from the plasma into the metabolic cells of the
liver. In addition, aldosterone is metabolized to
the "3-oxo conjugate" which may be more rapidly
formed than the usual tetrahv dro metabolites of
cortisol.

A knowledge of the turnover rate can be used
to calculate the mean plasma concentration from
the secretion rate of the hormone, obtained from

TABLE II

Calculated values for turnover rates (M2), secretion rates and
mean plasma concentration in five normal women

Mean
Secretion plasma

Subject M2 rate conc.

L/day Ag/day pg/100) ml
Plasma

Patient E.A. 1,710 255 0.0149
Patient M.C. 1,370 59 0.0043
Patient A.A. 1,480 103 0.0069
J.D., normal 1,730 45 0.0026
A.M., normal 1,810 179 0.0099
Mean value 1,620 128 0.0077

the specific activity of a urinary metabolite. Table
II shows the values for the secretion rates, turn-
over rates and the calculated mean daily plasma
concentration for the five subjects investigated.
The average plasma concentration was 0.0077
(0.0026 to 0.015) /Ag per 100 ml plasma. The
values for M2 are fairly constant compared with
the variation in secretion rates. In previous stud-
ies of 11 normal women the average secretion
rates have been estimated as 140 (50 to 235) jug
per day (3, 22). Using the mean value for M2
obtained in the present studies, the mean plasma
concentration can be estimated as 0.009 ltg per
100 ml plasma. The plasma concentrations by
direct methods (1) have given higher values; but
these samples were all drawn in the morning and
it is now known that there is a diurnal variation
in the excretion of aldosterone (23) for subjects
engaged in normal activity. Hence, 0.01 jtg per
100 ml plasma may be a reasonable mean daily
concentration. In a preliminary study on one pa-
tient (1) an assumption was made that the volume
of distribution of aldosterone was of the same
order as that of cortisol. The M1 value was cal-
culated to be 800. The present studies using two
compartments show this to be in error. The dif-
ference between the calculated M values of 800
and the present 1,620 emphasize the importance
of calculating the volumes of distribution in more
than one compartment.

The values of the turnover rate are not de-
pendlent (to within 40 per cent error) on whether
a single or more complex model is used to inter-
pret the results. But the penetration of steroids
into various tissues, which is important in con-
sidering their mode of action, is critically depend-
ent upon which model is adopted. Thus, the vol-
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uiiie of distribution of aldosterone according to the
single-compartment model is about 80 L (V) for
some subjects (Table I). As this is greater than
the total body water volume, the data suggest that
a considerable amount of steroid is held in tis-
stues at a concentration greater than in the plasma.
However, the appropriate volume given by the
two-compartment model is 40 L (V1 + V,).
This smaller value does not require this explana-
tion. Similar considerations hold for calculated
volumes of distribution of cortisol, where V is 16
but V1 + V., is 13 L. The dangers of regarding
the final slope of the curve as being entirely due
to metabolism are also illustrated in this study, as

the calculated K., value for aldosterone is about
one-half the final slope /.

However, although the two-compartment model
has the advantage of giving determinate values for
the volumes of distribution and also for K1 and K2,
it is entirely possible that a more complex model
is appropriate. It could be that there are addi-
tional compartments (such as the cerebrospinal
fluid) into which the steroid slowly diffuses. In
this case, the curve would change in slope with
time even after 50 minutes. There is no evidence
that this occurs from the data obtained (Figures
4 and 5). If such diffusion did occur, the calcu-
lated K, values and turnover rate would be too
high. Also, if metabolism occurred in the 6uter
pool, the turnover rate calculated from the single-
inj ection data would again be inaccurate, and the
,8 value would more truly reflect the over-all meta-
bolic processes.

The validity of the calculations for a two-com-
partment system have been tested independently
by the results observed from a constant infusion
experiment. After the initial priming dose, steroid
has been continuously infused. The radioactivity
in the plasma measured specifically as the steroid
remained constant.

Considering i the final constant radioactivity
of the steroid per liter of plasma and C rate of
infusion of radioactivity as steroid per day, then
C/i turnover rate MI. During the constant in-
fusion of the radioactive steroid for 90 minutes
after a priming dose, the radioactivity was found
to be constant within the limits of experimental
error (Figure 6). The M value calculated from
the final plasma radioactive concentrations was

found to lbe 1,700 L, per (lday wInch agrees with
the M12 value (mean 1,620 L per (lay) calculated
fromn the single-injection data using the two-com-
partment model as previously specified.

It therefore appears that the value of the turn-
over rate calculated from the data obtained after
a single injection of radioactive hormone

(AT.) = V1K2 = AAA- +Ba!
is valid. It should now be possible by using the
methods described here to compare the mean con-
centrations and over-all rates of metabolism of
aldosterone in various clinical conditions.

SUMMARY

Studies are described on the disappearance of
the radioactivity in plasma after the injection of
0.1 ,ug, 2 uc of 7-H3-d-aldosterone into five normal
woman. The radioactivity was measured specifi-
cally as aldosterone and followed for 70 minutes
in three subjects and for 180 minutes in two sub-
jects.

The disappearance curve was similar in all nor-
mal subjects studied. There was an extremely
rapid initial drop in plasma radioactive concentra-
tion to less than 5 per cent of the dose per L of
plasma immediately after injection. The curve
then became less steep, with a half-life of about
14 minutes, until about 30 minutes after injection.
At this time, the plasma concentration was about
1 per cent of the dose per L of plasma. The curve
then flattened again and became a straight line
(semilog plot) at 30 minutes for most subjects.
The half-life of this slope was about 35 minutes.
From these data it can be concluded that aldo-
sterone spreads into a much greater volume and
its rate of metabolism is higher than that of corti-
sol and corticosterone.

As a result of mathematical analysis in terms of
a two-compartment model, the data have been in-
terpreted to mean that aldosterone spreads rapidly
into a volume of 25 L and then more slowly to 40
L. The initial volume has a metabolic half-life
of about 15 minutes.

The mean turnover rate of aldosterone in unit
volume of plasma, 1,620 L per day, has been cal-
culated from these data. Combining this value
with the concomitant mean secretion rate estimates

7()



JAMES F. TAIT, SYLVIA A. S. TAIT, BRIAN LITTLE AND KESHOR. LAUMAS

(urinary miietalbolite illetho(l) of 128 ,ug per day,
the mean 1)lasma concentration of aldosterone for
the five normal subjects has beeni calculated to be
0.0077 jug per 100 ml of plasma.

The turnover rate has been confirmed by a con-
stant infusion experiment on one woman.
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