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Jones and colleagues (1) found that the pattern
of urinary metabolites of aldosterone was
changed in pregnant compared with nonpregnant
subjects. The ratio, however, of the secretion
rate to the urinary free aldosterone, which was
taken to indicate the over-all metabolic rate, was
not appreciably altered.

Daughaday (2) and Meyer (3) and their as-
sociates found that the binding of aldosterone to
plasma proteins other than albumin was the
same for nonpregnant and pregnant subjects and
for subjects treated with small amounts of estro-
gens. The unaltered binding, unlike that of
cortisol, might suggest that the over-all metab-
olism of aldosterone is unchanged in pregnancy.

Tait and co-workers (4) described methods
for the calculation of volumes of distribution and
rate constants by measurement of the plasma
radioactivity, as aldosterone, as a function of
time after a single injection of the tritiated hor-
mone. In addition, the ratio of the secretion
rate to the plasma steroid concentration, which
is a measure of the over-all metabolic process,
could be calculated both after a single injection
and after constant infusion of radioactive steroid.
This ratio was previously termed a "turnover
rate" (4), but as it has the dimensions of volume
divided by time, it will henceforward be referred
to as the "metabolic clearance rate" (MCR) of
the steroid. In the present paper, the single-
injection and constant-infusion methods for
estimating MCRare compared for both preg-
nant and nonpregnant subjects. The MCR
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Institutional Grant 1, and Josiah Macy Jr. Foundation
Grant. Some of these results have been reported in pre-
liminary form (Program of the 43rd Meeting, Endocr.
Soc., 1961, pp. 16-17 [abstract]).

values for whole blood after constant infusion
have also been estimated.

MATERIALS AND METHODS

The methods described by Tait and associates (4) were
employed without significant modification. In the later
experiments, the liquid scintillation counting was carried
out by a Tracerlab model LSC-20 with two separate ampli-
fiers so that tritium and C14 could be assayed simultane-
ously at their respective balance points. Every sample
from plasma was counted simultaneously for HI and C14
and for at least 300 minutes. The usual counting error
for the C14/H3 ratio was 5 per cent.

In the single-injection method, 2MAc (0.1 Mg) of 7-H3-d-
aldosterone was administered intravenously, and plasma
was collected 7.5, 15, 22.5, 30, 50, and 70 minutes later.
The results could then be expressed by the equation xl
(the concentration of radioactivity as aldosterone in
plasma) = A lent + Bleat. A', B', a, and o were estimated
by the method of least squares. The initial volume of
distribution, VI = 1/(A' + B'), and metabolic clearance
rate, MCR= aol/(Alo, + Bl,,), were then calculated (4).

In the constant-infusion method, 1 jsc of 7-H3-d-aldos-
terone dissolved in 10 ml of normal saline was first in-
jected intravenously. Thirty minutes later an intrave-
nous infusion was started, and continued for 105 minutes.
A total of 1 Ac dissolved in 20 ml of normal saline was in-
fused. The total amount of radioactivity infused was
not critical, but was chosen to maintain the plasma radio-
active concentration likely to be found 30 minutes after
a single injection of 1 yc for a typical normal subject.
Blood was withdrawn 7.5, 15, 30, 105, 120, and 135 minutes
after the initial injection. The plasma was separated,
added to tubes containing 4-C'4-aldosterone, and processed
as previously described (4). In six experiments, additional
blood was withdrawn at 105, 120, and 135 minutes after
the single injection. Before centrifugation, a 10-ml sample
of whole blood was added to tubes containing 4-C'4-aldos-
terone. The 4-C'4-aldosterone was thoroughly mixed
with the tritiated hormone by freezing and thawing the
whole blood several times both before and after the addi-
tion of equal volumes of water. The diluted hemolyzed
blood was then extracted with 3 X 1.2 vol methylene di-
chloride and the dried extract was chromatographed on a
silica gel column (5). It was then treated as previously
described for plasma. The over-all recoveries were similar
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for plasma and whole blood. As will be described in the
Results section, the estimates of radioactive concentrations
as aldosterone in plasma or whole blood at 105, 120, and
135 minutes after continuous infusion showed no consistent
trend with time away from a constant value for the same

subject. The mean of these three estimates was therefore
taken to calculate the MCR, which equals the rate of
radioactive infusion divided by the plasma or whole blood
concentration of radioactivity measured as aldosterone, or,

MCR(L per day) = r(luc per day)/x', (/Ac per L).
The nonpregnant subjects were all female patients, in

their reproductive years and at no consistent stage of their
menstrual cycle. The pregnant subjects were at least at

36 weeks of gestation. All subjects had been hospitalized
for minor disorders not relevant to this study and were re-

ceiving no medication during this test. They were all
recumbent during the experiments. No subject was used
more than once, to reduce the total amount of radio-
activity given.

THEORY

In a previous treatment of similar data for non-

pregnant subjects (4), the initial volume of dis-
tribution, MCR(then termed "turnover rate"),
final volume of distribution, and various rate

constants were calculated on the assumption that
no extrahepatic metabolism of aldosterone oc-

curred and that the liver could be considered as

part of the inner pool in a two-compartment

model. While there still seems to be no reason

to doubt that these assumptions are valid for
nonpregnant subjects, they cannot be applied, at

present, to the pregnant state. In the general
case, it is necessary to assume that a steroid hor-
more is metabolized in both compartments.

As is shown in the Appendix, the MCRwill be
a3/(A 1 + B',,) for the single-injection and rjxl'
for the continuous-infusion method, and the
validity of these estimates will be independent of
whether metabolism occurs in either or both
compartments, provided that the hormone is
secreted and the radioactive steroid is introduced
into the same compartment. Whereas this is
likely to be so in general, since they will both be
introduced into the same circulating plasma, in
pregnant subjects it is possible that the fetus
must be considered as part of the outer pool and
that it may both metabolize and secrete a par-

ticular steroid hormone. In view, however, of
the demonstration of negligible excretion of aldos-
terone by adrenalectomized pregnant women

maintained on small amounts of adrenal hormone
(6-8) indicating the absence of significant fetal
or placental secretion, the methods of calculating

TABLE I

Results of the constant infusion experiments for nonpregnant and pregnant women*

Plasma concentration H3

During infusion at Coefficient Error of
Before of varia- Rate of estimate

infusion Mean 105, tion for infusion Metabolic for 105,
at 120, and 105, 120, lasting clearance 120, and

Subjects 30 min 105 min 120 min 135 min 135 min and 135 min 105 min rate 135 min

mAc/L mjIc/L mjic/L muc/L mjAc/L SD/Mean Ac/day L plasma/ SE/Mean
X100%, day X100%

Nonpregnant
Y.A. 9.9 9.5 8.8 6.4 8.2 16 13.3 1620 11
K.L. 4.7 6.5 6.0 4.7 5.7 13 12.2 2125 9
G.R. 7.0 6.1 9.2 9.1 8.1 18 13.7 1685 13
R.B. 8.1 9.3 9.2 10.3 9.6 5.5 14.7 1530 4
M.C. 6.9 8.2 10.6 9.1 9.1 11 15.8 1740 8
L.B. 14.2 13.3 14.0 14.6 14.0 4 13.7 1022 3
F.C. 16.2 16.8 16.5 11.5 14.9 16 15.2 1020 11

Mean 10.0 10.6 9.4

Pregnant
M.M. 6.2 6.5 7.1 7.9 7.1 8 12.4 1704 6
E.D. 5.4 8.0 7.7 6.0 7.2 12 12.8 1770 8.5
J.C. 8.2 9.7 10.5 9.9 10.0 3 14.5 1450 2
J.S. 9.6 11.1 10.1 10.9 10.7 2.5 14.7 1375 2
R.M. 6.5 11.7 11.1 11.2 11.3 2.5 15.2 1345 2
B.O. 12.1 9.9 11.3 11.1 8 14.5 1306 6
R.S. 8.7 8.5 9.2 7.7 8.5 7 14.4 1702 5
J.Sa 11.7 11.1 9.9 10.5 10.5 5 14.8 1410 3.5
A.H. 10.9 11.1 9.6 11.2 10.6 7 14.8 1396 5

Mean 10.0 9.5 9.6

* The concentrations of tritiated aldosterone in plasma are corrected for recovery. The actual concentrations measured were about 40 per cent
of these values.
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MIICR are still likely to be valid for this hormone
in pregnancy. The estimate of the initial
volume of distribution, V, = 1 (Al + B'), is also
independent of the relative metabolism in the
inner and outer pool. But, unless it is assumed
that metabolism is zero in either the inner or
outer pool (4, 9), the final volume of distribution
and the fractional metabolic and transport-rate
constants cannot be estimated. Since this as-
sumption cannot be made for pregnant subjects,
only the initial volume of distribution and MCR
have been estimated.

RESULTS

The data for the constant-infusion experi-
ments are given in Table I. No individual ex-
periment showed a trend of values for the 30-,
105-, 120-, and 135-minute samples that would
indicate lack of equilibrium. Y.A. showed a
downward trend of values, but in this case the
variation of the 30-, 105-, and 120-minute con-
centrations was not outside the limits of expected
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experimental error (5 per cent for statistical
counting accuracy). The mean values for all 16
experiments for the radioactive concentrations
at 105, 120, and 135 minute were 10.0, 10.0, and
9.5 m~tc per liter. The variation between 105-,
120-, and 135-minute samples for every individ-
ual experiment is shown in Table I expressed
as the coefficient of variation, SD/mean X 100
per cent. The mean coefficient for all 16 experi-
ments was 9 per cent. Since the MCRis cal-
culated from the mean of three such estimations,
its error will be a combination of this variation
(SE/mean X 100 per cent), which is 6 per cent
(Table I), and the errors from pipetting and
counting of standard solutions, about 2 per cent.
The over-all error of a MCRestimate by con-
stant infusion is therefore about 7 per cent. The
data for the single-injection experiments and the
calculated values for Al, B', a, and ,3 were similar
to those previously reported (4).

The estimates of AICR for both single-injec-
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FIG. 1. COMPARISONOF METABOLIC CLEARANCERATES OF ALDOSTERONEESTIMATED BY CONSTANT-INFUSION
(0) AND SINGLE-INJECTION (X) METHODSIN PREGNANTAND NONPREGNANTSUBJECTS.
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tion and constant-infusion methods and for
pregnant and nonpregnant subjects are shown in
Figure 1. There is no significant difference
between the estimates by the two methods for
normal women; the rate by single injection is
1,743 +- 148 (SE) L of plasma per day (6 sub-
jects) and by constant infusion, 1,535 41 150
(SE) L of plasma per day (7 subjects). In
normal pregnancy, the rate by single injection is
1,609 i 283 (SE) L of plasma per day (6 sub-
jects) and by constant infusion, 1,499 i 61 (SE)
L of plasma per day (9 subjects). When the
estimates made by both methods are combined,
there is no significant difference between the
MCRof aldosterone in nonpregnant women-
1,631 i 106 (SE) L of plasma per day (13 sub-
jects)-and pregnant women near term- 1,543
+ 113 (SE) L of plasma per day (15 subjects).

Since there is no difference between the two
groups, the pregnant and nonpregnant results
can be combined to give the most critical com-
parison of the methods. The single-injection
method then gives 1,676 ±: 154 (SE) (12 sub-
jects) and the constant infusion 1,515 i 70 (SE)
L of plasma per day (16 subjects). The 10 per
cent difference, expressed in terms of their mean
value, in the estimates by the two methods is
not significant (p > 0.1); a 20 per cent difference
would have been significant (p = 0.05).

There was also no significant difference be-
tween the initial volumes of distribution, V,
= 1/(Al + B'), in the nonpregnant and preg-
nant subjects; values were 28 + 2.5 and 23 i
2.5 (SE) L, respectively (6 nonpregnant and 6
pregnant subjects).

For three nonpregnant subjects, the MCRwas
determined concomitantly for plasma and whole
blood. The ratio in the estimates was found to
be 1.51, 1.37, and 1.61, with a mean ratio of 1.50,
which, together with the estimates of the plasma
clearance rates of thirteen nonpregnant sub-
jects, gives 2,446 + 159 (SE) L per day for the
whole blood clearance rate. The corresponding
ratios for three pregnant subjects were 1.39, 1.41,
and 1.42, with a mean value of 1.41, giving a cal-
culated MCRof 2,176 i 159 (SE) L of whole
blood per day in pregnancy.

DISCUSSION

The estimation of MCRby the single-injection
and constant-infusion methods gives the same

result to within 10 per cent (a 20 per cent differ-
ence could have been detected). This confirms
that the methods are technically adequate, that
the tritiated aldosterone isolated from the plasma
is radiochemically pure, that the second phase
of the disappearance curve after single injection
can reasonably be represented by a single ex-
ponential function, and that the plasma con-
centration after the constant infusion is constant.
Few fundamental conclusions, however, can be
drawn from the equivalence of the estimates, be-
cause (see Appendix) the MCRvalues calculated
by both methods will be equal whether the hor-
mone is secreted into the outer pool or not, al-
though the estimate may not be valid if both
secretion and metabolism occur in this compart-
ment. However, because the maternal adrenal
secretes nearly all the aldosterone in pregnancy,
the estimates are likely to be valid for this hor-
mone even in this condition. The agreement
between the two methods does indicate that two
compartments are adequate in order to arrive at
estimates of MCRof the required accuracy to
describe the metabolism and transport of aldos-
terone. If the second exponential function of
the plasma disappearance curve after a single
injection were due to significant extent to slow
mixing into a third compartment, the two meth-
ods would not be expected to agree. This is
particularly so as the plasma concentration is
followed for a much longer time after constant
infusion (135 minute) than is possible routinely
after the single injection (70 minutes). In a
previous paper (4) this possibility was examined
by following the plasma radioactivity after a
single injection for 120 minutes for two subjects.
It was concluded that the semilogarithmic plot
was a straight line for this length of time. The
constant plasma concentrations of radioactivity
after constant infusion also make this source of
error unlikely. This does not exclude the possi-
bility that aldosterone to some extent slowly
enters other compartments, such as that con-
taining cerebrospinal fluid, but the evidence
indicates that if this does occur, it will not sig-
nificantly affect the estimates of MCR, con-
sidering the over-all accuracy of the method.

The MCRfound for thirteen nonpregnant
subjects of 1,631 i 106 (SE) or 4+ 366 (SD) L
of plasma per day agrees with our previous esti-
mate (4). The comparison of values for the
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metabolic clearance for plasma and whole blood
in nonpregnant subjects indicates that only 11
per cent of the radioactivity as aldosterone in
whole blood after constant infusion of the tri-
tiated hormone is associated with the red cells
(hematocrit, 41 per cent).

The MCRfor aldosterone calculated as 2,446
+ 159 (SE) L of whole blood per day is approxi-
mately equal to estimates of total hepatic blood
flow of 2,395 i 300 (SE) L per day (10); 2,174
(11) by the denatured I'3l albumin method; 2,102
(10, 12) and 2,448 (13) by indocyanine green;
and 2,156, 1,996, and 2,467 L of whole blood per
day (14-17) by bromsulfalein, with all estimates
carried out on recumbent subjects. The un-
weighted mean of these estimates is 2,250, com-
pared with the MCRaldosterone value of 2,446
i 159 L of whole blood per day. If, as is the
case in the dog (9), there is little extrahepatic
metabolism of aldosterone in nonpregnant sub-
jects, this agreement between the values for the
MCRof aldosterone and the total hepatic blood
flow indicates that all the aldosterone entering is
metabolized in one passage through the liver.
This justifies the hypothetical inclusion of the
plasma and the liver into a common inner pool
of a two-compartment model to describe the me-
tabolism and transport of aldosterone (4). It
also suggests that the hepatic blood flow may be
a factor in determining plasma concentrations of
aldosterone, as also suggested by Dobson (18).

When the hepatic extraction is initially about
50 per cent, as for bromsulfalein, the extraction
is dependent on hepatic blood flow (15), but the
clearance is nearly independent of the flow.
When the extraction approaches 100 per cent it
is much more likely that it will be independent
of blood flow and therefore that the clearance
rate will be proportional to the hepatic blood
flow. The report of Coppage, Island, Cooner,
and Liddle (19) that aldosterone given orally is
less than 10 per cent as active as that adminis-
tered parenterally and that this weak activity is
not due to poor absorption supports the sug-
gestion that the hepatic extraction of aldosterone
is nearly 100 per cent. Thus in the normal sub-
ject aldosterone may be totally inactivated in
one passage through the liver. The consequent
correlation of hepatic blood flow and MCRmay
be significant in certain physiological situations,
such as bringing a subject from the recumbent to

the upright position, as a factor in quickly
changing plasma concentrations of aldosteronic
(4, 17).

The MCRof aldosterone in pregnancy near
term is 1,543 4 113 (SE) L of plasma per day
and 2,176 + 159 (SE) L of whole blood per day,
equivalent to the value in nonpregnant subjects.
Interpretation of this result is made difficult be-
cause nothing is known directly of the extra-
hepatic metabolism in pregnancy. With the
bromsulfalein method, the hepatic blood flow
has been found to be the same for pregnant and
nonpregnant subjects (16). In the case of
cortisol, it has been suggested that there is a
reduction in MCRin pregnancy (20) that is due
at least in part to an increase in relative binding
of cortisol to plasma proteins, apparently caused
by estrogens (21). Presumably this would act
to reduce hepatic extraction. The same mech-
anism is unlikely to reduce MCRof aldosterone,
since it has been shown that there is little increase
of plasma binding of this hormone in pregnancy
(2, 3).

The excretion of tetrahydroaldosterone glu-
curonide, expressed as a fraction of secreted hor-
mone, is reduced in pregnancy, but that of the
acid-hydrolyzable conjugate, i.e., the conjugate
that is hydrolyzed by acid conditions to yield
aldosterone itself, is increased (1, 22). This is
unlikely to be due to the effects of estrogen, since
only minor alterations in the pattern of excretion
of metabolites occur even when large amounts
of ethynyl-estradiol 3-methyl ether are admin-
istered (23), although the small change observed
is of the same nature as seen in pregnancy. It
does suggest that for some unknown reason the
metabolism of aldosterone to tetrahydroaldos-
terone glucuronide in the liver is inhibited in
pregnant subjects and that the increase in the
acid-hydrolyzable conjugate may be a compen-
satory mechanism that maintains hepatic extrac-
tion at 100 per cent. It is of interest that Hurter
and Nabarro (24) and Coppage and co-workers
(19) have reported that in certain cases of cir-
rhosis, the pattern of excretion of metabolites of
aldosterone is similar to that reported in preg-
nancy (1). This suggests that the enzyme sys-
tems responsible for formation of tetrahydroal-
dosterone are more easily inhibited than those
concerned with the acid-hydrolyzable conjugate
in both cirrhosis and pregnancy.
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Since the MCRof aldosterone in pregnancy is
unchanged, the increases in secretion rate of the
hormone in that condition (1, 25) must be ac-
companied by increases in concentration of the
hormone in plasma, and studies on the binding
of the steroid to plasma proteins in this condition
indicate that the unbound aldosterone will also
increase. Whether such increases might be
expected to lead to greater disturbances of
electrolyte metabolism in pregnancy than are
observed, or whether they are a consequence of
the salt-excreting effects of progesterone or of
some other stimulation (1, 26) is still unknown.

SUMMARY

A theoretical treatment of the single-injection
and constant-infusion methods for estimating
metabolic clearance rates (MCR; secretion rate/
plasma or whole blood concentration) is given
with a two-compartment model with metabolism
and secretion occurring in both pools. It is con-
cluded that the estimates ought to be equal under
all conditions considered. The estimates will be
valid if secretion into or metabolism in the outer
pool is zero.

Experimentally, a comparison of estimates
carried out by both methods has found them to be
equivalent in both pregnant and nonpregnant
subjects. The combined estimates with both
methods were not significantly different between
nonpregnant and pregnant subjects-1,631 it
106 (SE) and 1,543 i 113 (SE) L of plasma per
day, respectively.

The MCRfor plasma and whole blood has
been compared in six subjects. With the ratio
obtained, the MCRfor whole blood has been
calculated as 2,446 i 159 (SE) for nonpregnant
and 2,176 i 159 (SE) L of whole blood per day
for pregnant subjects.

The similarity in the values for the MCRof
aldosterone to estimates of total hepatic blood
flow for both pregnant and nonpregnant subjects
is noted. It is suggested that, since the hepatic
extraction of aldosterone may be about 100 per
cent, the hepatic blood flow may be a factor in
the control of aldosterone metabolism and
hence of peripheral plasma concentration.

APPENDIX

For the purposes of describing the metabolism and trans-
port of aldosterone, or of any steroid whose plasma disap-

pearance curve after a single injection can be described
adequately by two exponential functions, let the body be
represented by two compartments. The radioactive
steriod is introduced into the inner pool, which includes
the plasma.

The whole of the inner pool is assumed to be in rapid
equilibrium with the plasma. Transport of steriod into
the other, outer pool is relatively slow. These pools are
not necessarily well-defined anatomically. In pregnancy,
however, the possibility must be considered that the fetus
is part of the outer pool, and that secretion, or metabolism
of the hormone, or both may occur there. Metabolism and
secretion of the hormone are therefore assumed, in the
general case, to occur in both pools.

Let S1 = secretion rate into inner pool, S2 = secretion
rate into outer pool, S = S1 + S2 = total secretion rate,
I = steroid content of inner pool, Q = steroid content of
outer pool, i = steroid concentration in inner pool (in-
cluding plasma), a = steroid metabolized in inner pool in
unit time, e = steroid metabolized in outer pool in unit
time, b = steroid transferred from inner to outer pool in
unit time, bl = steroid transferred from outer to inner pool
in unit time, 01 = fraction of steroid in inner pool trans-
ferred to outer pool in unit time (b/I), 02 = fraction of
steroid in outer pool transferred to inner pool in unit time
(b'/Q), 03 = fraction of steroid in inner pool metabolized
in unit time (a/I), 04 = fraction of steroid in outer pool
metabolized in unit time (e/Q), x = fraction of injected
radioactivity (measured specifically as the hormone) in
inner pool at time t, z = fraction of injected radioactivity
(measured specifically as the hormone) in outer pool at
time t, xl = fraction of injected radioactivity as concentra-
tion in inner pool (equal to that in plasma) at time t, and
V1 = the volume of the inner pool (I/i).

Dynamic equations are

- dx/dt = 01X-02Z + 03X [1]
and

dz/dt = 1X-2Z - 04z, [21]
assuming first-order individual reaction, homogeneity of
the two pools, and no recirculation of isotope after metab-
olism. Steady state requirements are

04Q + 03I = SI + S2 = S, [3]
since total rates of metabolism and secretion must be equal.
Also, for no net accumulation or disappearance in pool,

(02 + 04) Q-01I = S2, [4]
(03 + 01) I-02Q = Si, [5]

Si + bl =a + b, [6]
and

S2 + b =b + e. [7]
Then

I/S = ([E2 + 04]/[0203 + 0403 + 0401])
X (1 - [S2e/S(52 + b)]). [81]

Single injection. x = Ae-t + Be-t is the solution of
Equations 1 and 2, and

a + j6 = 01 + 02 + 03 + 04,

CIO = 0203 + 0403 + 0401,

Aa + BO3 = 01 + 03,

[9]
[10]
[11]
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and
Af3 + Ba = 02 + 04- [12]

As pointed out in references (4) and (6), these equations
cannot be solved for 0A, 02, 03, or 04, nor for (I+Q)/i= the
final volume of distribution, unless 03 or 04, metabolism in
either pool, is made equal to zero.

In all cases, however,

VI = 1/(Al + B'), [13]

being the reciprocal of the plasma concentration at zero
time. xl (the plasma concentration at time t) = Ale-"
+ Bleat,

(A'a + B'fl)/(A' + B') = 01 + 03 [14]
from [11 ] and [13]

and

(Al# + Bla)/(Al + B') = 02 + 04; [15]
from [12] and [13]

A', B', a, and i3 are the experimentally determined
quantities.

Then MCR= total secretion rate/concentration of
nonisotopic steroid in plasma = S/i, by definition. As
before,

I/S = ([02 + 04]/[0,03 + 0403 + 0401])
X (1 - [S2e/S(S2 + b)]), [8]

and from Equations 10, 12, 13, 15, and

i/S = ([A 1' + Bla]/al)(1 -[S-e/S(S2 + b)]),
MCR= (aW3/[A'1 + B'a]) 1-Se/JS(S,+)

Let the estimated MCRvalue

MCRE= a#/ (AlI + Bla). [16]

Then the true MCR= MCREX f, and

1 - S2e/[S(S2 + b)][

Constant infusion. Let r = rate of infusion of radio-
active steroid (fraction of total infused radioactivity in
unit time). Then

dx/dt=-(01 + 03) X + 02Z+ r [18]
and

dz/dt = 01X - 02Z - 04z. [19]

The infusion is continued until x is constant, as determined
experimentally, when z must also be constant. Then

and
dx/dt = 0 = dz/dt at x,

r = ([0104 + 0203 + 0403]/[02 + 04])Xc

from Equations 18, 19, and 20. Then

S rZ I
I1 -xct 1- Sve1S(S2 +b) ]

and

I=

MR =

1.- [21]II I ~~~- S~e/[S(S2 + b)],

Then let the estimated MCR

MCRB= r/x0'

and the true MCR= MCREX f, where

1- S2e/[S(S2 + b)]'

[22]

[23]

Therefore, in the general case for both the constant-
infusion and the single-injection methods, the estimates of
Equations 16 and 22 will give the same result. MCR
= MCREXf, and f is the same for both Equations 17
and 23. If f = 1, this estimate will be valid, and this
will be the case when either S2 or e is zero, i.e., when secre-
tion or metabolism is negligible in the outer pool. It
should be noted that these criteria for validity of the MCR
methods are similar to those for the valid calculation of
secretion rates from the specific activity of a urinary
metabolite (27).
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