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Methods for the estimation of rates of production and of metabolism of a compound in blood from
isotopic data obtained after the intravenous injection of a tracer of the compound have been exam-
ined mathematically. This analysis has been carried out assuming that the kinetics of the dis-

appearance of the tracer can be rationalized by a two-pool model.

When the two pools repre-

sent two peripherally interconvertible compounds, the rate constants of their interconversion
and of removal of the compounds from the pools can be estimated by injecting tracers of both
compounds and following the temporal change of the concentrations of the isotopes in only
one of the pools. The special case in which one of the tracers can be labeled with an isotope
which is eliminated during the conversion to the second compound has also been considered.
In this case, the administration of such a tracer together with the other two permits a more
accurate determination of the rate constants. Furthermore, it has been shown that equivalent
information can be obtained either when the tracers are administered as a single injection or

when they are infused at a constant rate.

When the concentration of an intravenously ad-
ministered tracer of a compound is measured in samples
of plasma, quantitative information concerning parame-
ters of distribution and of metabolism of the compound
can be obtained. In this paper, mathematical expres-
sions which provide means by which such parameters
may be estimated from experimental data are pre-
sented. Two methods of administration of the tracers
are considered: In one the tracers are introduced by
means of a rapid injection, and in the other the tracers
are infused at a constant rate.

The production rate (PR) of a compound in blood
has been defined (Gurpide et al., 1963) and shown to be
equivalent to the rate at which the compound enters
into circulation for the first time. The production rate
can be estimated from the area under the curve result-
ing from a plot of the specific activity of the compound
in plasma versus time (Gurpide et al., 1963; Tait,
1963). When a tracer dose of this same compound is
infused intravenously at a constant rate, the produc-
tion rate of the compound in blood is given by P/a.,,
where P ig the infusion rate and a., is the specific ac-
tivity of the compound “at equilibrium,” that is, when
the specific activity remains experimentally constant.
The volume of plasma containing a weight of the
compound numerically equal to its production rate is
equal to that volume of plasma which is cleared of the
compound per unit of time, and has been designated as
the rate of metabolic clearance (MCR) of the com-
pound in plasma (Berson and Yallow, 1957; Tait
et al., 1961; Tait, 1963). From this definition it
follows that the MCR equals the production rate
divided by the concentration of the compound in
plasma. Therefore the MCR may be estimated from
the area under the curve corresponding to the plot of
the concentration of the tracer in plasma against time
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after injection. The MCR also equals the ratio of the
rate of infusion and the concentration of the tracer in
plasma “at equilibrium.”

The calculation of the PR or the MCR of a compound
in plasma does not require the formulation of models
which supposedly represent the physiological situation.
In other words, no consideration of other spaces of dis-
tribution of the compound or its reversible transfor-
mation to other products need be given. However,
when rates or rate constants of metabolism are to be
estimated, the existence of such different spaces and of
related compounds must be taken into account.

If a pool is defined as a compound in a space, a
system of compounds distributed in one or more spaces
can be schematically represented by models of properly
connected pools. It is on the basis of such models
that particular kinetic parameters are calculated using
data obtained from tracer experiments. In this paper
the two-pool model, illustrated in Figure 1, is con-
sidered. In each of the cases discussed below a differ-
ent experimental design is shown, together with the
description of the information which can be obtained
from the experimental data. The derivations of the
expressions used to make these calculations are also
given,!

The requisite experimental data are the concentra-
tions of the isotope in samples from each pool. The
parameters which are derivable from these data include
volumes, metabolic clearance rates, and rate constants
of metabolism. If, by other experimental means, the
concentration of the unlabeled compounds in the pools
can be measured, then the total amount of the com-
pounds in the pools, production rates, and rates of
metabolism can also be obtained. Thus, if the specific
activities of the compounds rather than isotopic con-
centrations are measured, all the above-mentioned
parameters can be evaluated.

! The solutions in equations (4) and (5) take a different

form if @ = B. In this case, equations (7) and (8) become
20 = —(kAA + kBB) and al = kAAkBB e kABkBA- Thus,
(kAA + kBB)2 = 4 = 4(kAAkBB - k,\BkBA). Then
(Rasa — kpp)? = —4kspkpa. Since both kiss 2> 0 and

kpa 2 0, it follows that 244 = kps and kapkss = 0. Then
« and 8 are equal only when the two-pool model possesses
special characteristics, i.e., when the rate constants of total
removal from each of the pools are equal and transfer
between the two pools does not occur in both directions.
This special case will not be considered further.
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Case 1 describes an experimental situation in which
a tracer is injected into one of the pools and samples
of both pools are analyzed. The mathematical basis
for such an analysis can be found in the literature
(Ayers et al., 1962); however, this analysis is repeated
here because it offers the opportunity of introducing
equations which will be used again in the treatment of
the other cases. Furthermore, it shows how much in-
formation can be obtained from such single-tracer ex-
periments. For example, if only one pool is sampled
and if the tracer is injected into that pool (A), only
the volume (V,), the metabolic clearance rate (MCR,)
of that pool, ks + kap and ks + kpa (see Fig. 1) may be
estimated.

Case 1a describes a special situation in which all
material leaving pool B is transferred to pool A. The
mathematical analysis which applies to this case has
been presented by Sapirstein et al. (1955) in connection
with their studies on the volumes of distribution and
clearances of creatinine. Tait et al. (1961) have pre-
sented a similar analysis in connection with their
studies on the distribution and metabolism of aldos-
terone. When such a model is considered, k., kag,
ks, Va, and MCR, can be calculated by following
the decline of the concentration of the isotope in pool A
with respect to time after the injection of a tracer into
that pool A. Furthermore, if all the material entering
pool B comes from pool A, V3 can also be estimated
from the same experimental data.

Case 2 describes a situation in which two tracers
bearing different isotopes are injected simultaneously
one into each pool. The concentrations of the iso-
topes in samples from only one of the pools suffice to
permit the calculation of the rate constants of transfer
with the other pool in addition to those parameters ob-
tained in case 1. Thus, the analysis of case 2 shows
that the administration of two tracers provides con-
siderably more information than the use of only one
under the same experimental conditions of sampling
and isolation procedures.

Case 3 illustrates how the injection into one of the
pools of a third isotopically labeled compound, having
the property that the isotope is irreversibly removed
during the process of transfer to the other pool, serves
to reduce the amount of experimental data required to
obtain the same information made available by the
experiment described under case 2. Thus it is neces-
sary only to determine the concentrations of the three
isotopes in samples of only one of the pools at times
when the plots of the logarithm of these concentrations
against time are straight lines. This feature may be
of considerable practical importance since the experi-
mental data can then be submitted to a least-squares
analysis and more accurate results are then to be ex-
pected.

Case 4 differs from case 3 only in that the tracers are
administered at a constant rate rather than as a single
injection.

The accompanying paper (Sandberg et al., 1964)
shows the application of the experimental design de-
scribed under case 3 to the study of the distribution
and metabolism of dehydroisoandrosterone sulfate.

MobELS, SYMBOLS, AND DEFINITIONS

The open system of pools illustrated by the model in
Figure 1 is considered to be in the steady state and the
rates at which all processes occur are assumed to be
constant. Thus the total amount of material in pool A
(M,) remains constant. Consequently, the sum of all
the rates of entry into the pool (S, from outside the
system plus rua from pool B) must equal the sum of all
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Fic. 1.—Two-pool (A and B) model. Rates and rate
constants are denoted by the r and the % values, respec-
tively. Sa and Sg are the rates of entry of material into
the pools from outside the system.

the rates of removal from the pool (r. directly out of
the system plus r.z to pool B). A similar material
balance holds for pool B. In accord with the sym-
bolism used in a previous paper (Gurpide et al., 1963),
the total rate of removal from pool A will be denoted by

—raa and from pool B by —rss.  Then,
—raa = ra + rap = Sa + rea
—res = rs + rea = Sp + ras

The corresponding rate constants are obtained by
dividing each of the rates of removal of pool A by M,
and the rates of removal of B by Mj:

—Fkar = ka 4+ Ran
—kps = kB + ksa €8}

The tracers are assumed to have negligible weight;
the isotope in a tracer is considered to be stably bound
and transferred from one pool to the other, unless other-
wise indicated. Furthermore, the fates of labeled and
unlabeled molecules are assumed to be identical. To
simplify the notation, it will be assumed that the tracer
introduced into pool A is labeled with SH and that
introduced into pool B with “C, Mixing of labeled
and unlabeled molecules within a pool is assumed to be
instantaneous.

After the introduction of the tracer as a single dose
(RA™ or Rp"C) the total amount of an isotope in a
pool at a particular time will be designated by the letter
y accompanied by a superscript indicating the isotope
and a subscript indicating the pool. Thus, the follow-
ing symbols will be used: ¥,"C, y,’H, yC, and yp'H.

Similarly, if the tracers are introduced into the pools
by infusion at the constant rates, P,’H and Py'‘C, the
isotope content at a particular time of infusion will be
represented by x,"C, x,', x''C, and xp'®. The con-
stant values that the x’s acquire when the state of
“equilibrium” with respect to the isotopes is reached
after a sufficiently long infusion time will be indicated
by the subscript “‘eq’’, e. g., *C4.eq.

Case 1. Injection of One Tracer.—Consider that the
tracer, labeled with tritium, is injected into pool A.
The equations describing the change of the *H content
in each of the pools with respect to time are:

dyA’H

p7anli kaaya*H 4 kpayp’H (2)
3H
dy; = kpays'H 4 kipya'H 3

At the time of the injection all the isotope is in pool A.
Hence,

ya'H = R, H, yp'H = 0

whent = 0. Then, the solutions of the preceding set of
simultaneous differential equations have the following
form (see, for instance, Morris and Brown, 1952):

ya'H = Cie—al + Cp—8t 4)
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yp'H = Cile—o — e—#8) (8)
where
C.+ C: = RyH (6)
a + B8 = —(ksa + kss) <))
and
af = kiskpp — kaskna (8)!

It follows from equations (7) and (8) that « and 3 are
positive. In general the values of « and 3 are different
and we will consider that « has the larger value.

Assume that the only experimental data available
are the concentrations (dpm/ml) of the isotope present
in a specific compound in the samples. A total vol-
ume, V, of the pool determined by a compound in the
space from which the sample is taken can then be de-
fined such that V multiplied by the corresponding iso-
tope concentration is equal to the total isotope content
in the pool. Therefore, V multiplied by the concentra-
tion of the compound in the sample (¢) equals the
total amount, M, of the compound in the pool. Then,
equations (4) and (5) written in terms of isotope concen-
tration are:

yoR Gy Gl

Ve TV Ty e ®
H Cu

y"jB = 7 (et — e~ (10)

The values of «, 8, V4, C,, and C; can be determined
by the usual procedures of curve analysis (Sapirstein
et al., 1955; Robertson, 1957; Solomon, 1960) from the
plot of the logarithm of the concentration of the iso-
tope in samples obtained only from pool A against time.
From a similar plot of the concentrations of the isotope
in pool B, the value C;/Vs can be determined. Since
these procedures will be referred to subsequently, a
detailed discussion of them follows.

(a) CaLcuLATION OF § and C:/V,.—The curve re-
sulting from the plot of the logarithm of the isotope
concentration in pool A against time is asymptotic to a
straight line (see Fig. 2), since with increasing time the
influence of the term containing e« in equation (9)
upon the value of the function becomes negligible.
Elimination of that term from equation (9) and con-
version to the logarithmic form gives

yao G
In V. = Bt + In V.
or using decimal logarithms
yaR C:
log 7 0.43433¢ + log v, (11)

The slope of the asymptotic part of this curve is then
—0.43433 and the value of the intercept resulting
from the extrapolation of the asymptote to zero time
gives the value of C;/V,.

(B) CALCULATION OF « AND C,/V,—Since C;/V,
and § are now known, the difference (y.*H/V,) —
(C:/V4)e# which by equation (9) equals (C,/Vi)e—
may be plotted against time using a semilogarithmic
scale. Then C,/V, and o are obtained as in (a).

(c) CaLcurLAaTION OF V,.~—The V. can be calculated
from the values of C,/V. and C,/V, since by equation
(6), Cl/VA —+ C2/VA = RA3H/VA.

(D) CALcULATION OF C;/Vs.—The C;/Vs may be
estimated from equation (10) in the same manner as
described in (a).

The value of the rate constant for total removal from
pool A can be obtained from the experimentally deter-
mined values of «, 3, Ci;, and C: by comparing equa-
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Fic. 2.—Resolution of the time curve of concentration in
pool A of the isotope ((H) introduced into that pool cor-
responding to the two-pool model shown in Fig. 1. The
two components of the original curve are straight lines in a
semilogarithmic plot (see text, case 1, for explanations).

tion (2) and the derivative of equation (4) at time zero
ie.,
kasaRAH = —aC) — BC, 12)

The rate constant of total removal from pool B can
also be estimated since, from equation (7),

kap = —(a + 8 + kas) (13)

Equation (4) can be expressed in a more detailed form
by substituting the coefficients C, and C; by the follow-
ing expressions, obtained from equation (12) using the
property shown in equation (6):

C, = _RA=H<M
a — 8
and
Cg - RA1H<Q + kAA (14)
a—~ 8
Then
3 Ry H
ya'H = o — 3 [{a + kan)e=Bt — (8 + kar)e—=t] (15)

By comparing equation (3) and the derivative of equa-
tion (5) at the time of injection (¢ = 0),

kapRAE = C;(8 — o)
or

k
C; = —RyH a—ﬁ‘_i[-;

Thus equation (5) becomes

H
f"_ 5 Fan(emat — ea (16)
The value of ¢ which makes the derivative with respect
to time of equation (16),

dyp*H RyH
dd o -—8

yp'H =

kas(—Be—8t 4+ ae—ai) a7

equal zero is the same value at which yu'® is maximum
and is given by
1

s = = In

(18)

™I
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At the time of maximum the amount of isotope enter-
ing pool B equals the amount of isotope leaving the
pool, as can be seen by setting equation (3) equal to
zero. 'Then,

kapys™H = —kppyp'H
or
ranas®® = —rppag’d

where a,*H and az’H are the specific activities of the
compound in pools A and B, respectively.

If SB = 0, then ryzg = — raes (i.e., kipM,y = —'kBBMB)
and at the time of the maximum a,’® = as’®. Fur-
thermore, by subtracting y.'H/M, from ys'H/Ms; it
follows that

3 SH — RyH _
as™l = @ =l = B
when Sz = 0. Since y»'H increases with time until the
time of the maximum and decreases afterward, it fol-
lows from equation (17) that (8e=# — ce~*!) is nega-
tive for ¢t < ... and positive for ¢t > t.... Therefore,
as'B < a,'H for t < ty. and ap’® > aa'H for £ > fnax.
If 39{3 = 0, then —rgp > rip and at the maximum az? <
aA’

(Be—Bt — qe—at)

Ct.zse la. Particular Situation of Case 1 where ks = 0.
—If there is no metabolism via irreversible pathways
from pool B, (ks = 0), then from equation (1), —kss =

kyva; from equation (7), @« + 8 = —kas + ksa and,
from equation (8), a8 = kikes. Therefore from equa-
tion (12),
k _ _ aCi + BC:
AA = T RAaH
Then,
1
kpa = a + 8 + kaa = R.oH [a(RAH — C))
+ 8@RyH - €] = X EEC
= o8 _ —_aB
ka = Rss Ry aCy + BCy
and
Bas = —kar = ks = pon e = B2

RyH(aC, 4+ 8Cy)

The volume of pool A, Vi, may be calculated as shown
in case 1 and MCR, can be estimated from MCR, =
k,Vs. Furthermore, if SB = 0, the volume of the
other pool, Vi, can also be estimated since in that case
rap = Ipa and

kapcaVa = kpacaVs
or

kAB
Vs = ol Va

Case 2. Injection of Two Tracers, One in Each Pool.—
The procedure outlined in case 1 yields only incomplete
information about the system. Additional experi-
mental data from which all the 2 values in Figure 1
can be calculated becomes available when a second
tracer bearing a different isotope, e.g., *C, is injected
into pool B. Moreover, these data can be obtained
from the analysis of samples taken from only one of the
pools. In addition to the & values, the volume of the
sampled pool can be calculated. Consequently, the
experimental demands involved in this design are
hardly, if at all, greater than those described under
case 1, while the information obtained about the sys-
tem is notably more complete.

It is again assumed that *H is administered into pool
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A. Then ks, ks, Vi, «, and 3 may be determined
from the analysis of the curve resulting from the
plot of the logarithm of the concentration of *H in
pool A against time, as shown in case 1. It will be
shown presently that if *C is introduced into pool B,
the *H /14C ratios in each of the two pools will become
experimentally constant and equal. This new datum
yields sufficient information to permit the inclusion of
kap and ks, in the above list.

From the symmetry of the model it is easily seen
that the C content in pool A is a similar function of

time as that of ‘H in pool B (equation 16). Thus,
YANC = RgiC FEA (oot _ o) 19)
a—8
Similarly,
e}
ypHC = fB_ 8 [(e + kpple—8 — (8 + kpme—at] (20)

Since « is larger than §, then for sufficiently large
values of ¢ the term containing e~ in equations (15)
and (19) becomes practically negligible and

ya'H _ Ra'H o + kas
yaiC Rs'"C Epa

21)*

or
(SH/“C> injected

kBA - (aH/“C)conatanc in A (Cl + kAA)

The value of kps obtained from equation (21) may
now be used to evaluate k43, since from equation (8)

Easkss —
han = TAATEE a8 (22)

It follows from equations (7) and (8) that
o + kas _ kas

kpa « + kns
Therefore equation (21) may be written as
ya'H

- _ RyH  kap
yalC RypC B8 + kaa

(23)*

or
(CH/2C Jonstant in 4
(3H/“C> injected

From the values of ks and kgpx, ks =
kAB and kB = _kBB - kBA can be estimated.

The maximum concentration of *C in pool A is
reached at that time when the value of the derivative of
equation (19) is zero:

1ug
dy;t = RyliC aii’*_ﬁ (—Be—8t + qe—af) =0 (24)

(8 + kaa)

kAB=_

—kas —

This equation has the solution given by equation (18).
Therefore *C in pool A and *H in pool B reach maxi-
mum values at the same time.

If pool B is also sampled, new data are obtained
from which VB can be calculated in the same manner as
described for V., in case 1.

It might be useful to point out that the *H/*+C ratio
also becomes constant in pool B and is identical with the
experimentally constant ratio of the isotopes in pool A.

2 The absolute values of k44 and kgs are included in the
interval between the value for « and that for 8. This
conclusion follows from equations (21) and (23) since the
ratios of the concentrations of isotopes and «, 8, kap, and
kssa have positive values and kis and kpp are negative.
Then « + kia > 0, 8 + ksa < 0, and from equation (7),
a + kps < 0 and 8 + kss < 0. Therefore, 8 < |kaal,
|ke] < . If one of the rate constants of total removal
is known, the limits between which the value of the other
lies can be defined more precisely by the condition resulting
from equation (8), kasksr > af.
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This is seen by dividing equation (16) by equation (20).
At values of ¢ sufficiently large this ratio becomes

_ RSH kap
T Re'C a + kg

which is identical to equation (23) since 8 + kix =
—(a + kgs) from equation (7).

Case 3. Injection of Three Tracers, One of Which is
“Metabolically Labile.”—In what follows proof will be
given that the injection of a ‘‘metabolically labile”
tracer alone into one of the pools provides sufficient
information so that the rate constant of total removal
and the volume of that pool can be calculated. More-
over, with this information, all four rate constants
shown in Figure 1 can be calculated from only the
asymptotes of the 3H and *C curves described under
case 2. By a ‘““metabolically labile’’ tracer is meant a
tracer labeled with an isotope which is irreversibly re-
moved from the compound during the process of revers-
ible transfer to the other pool. As an example,
pool A could represent a sulfate ester of a steroid and
pool B the unconjugated compound. If a 3:S-labeled
tracer of pool A is administered, the isotope will be lost
during the process of reversible conversion to the
corresponding steroidal alcohol. The [¥S]sulfate ion,
once cleaved from the steroid, is not reused in subse-
quent reconjugation. Then the kinetics of the disap-
pearance of S from the pool in such a system will be
the same whether a single- or a two-pool model is con-
sidered. If the compound is labeled with another,
stably bound isotope, e.g., with tritium, the rate of dis-
appearance of this isotope from pool A will be slower
than that of *S, assuming that the tritium re-enters
pool A from pool B.

In an analogous fashion, if a steroid is reversibly con-
verted to the corresponding ketone, a tritium atom
attached to the carbon bearing the hydroxyl group
will be lost during the process.

Consider that a tracer for pool A containing a %S
label, which is metabolically labile with respect to its
transfer to pool B, is administered. Hence

y'H
¥a'"C

dya¥®S .

—ydét‘“ = haays¥s
and since ¥,*S = R,"S whent = 0, then

_'VA“S = RA;asekAAl
or

Ya¥S  RaUS L

Va Vo erAA (25)
and

Then the plot of the logarithm of the concentration of
%3 in pool A against time will result in a straight line
from whose slope and intercept with the ordinate axis
kia and V, can be estimated.

In order to calculate rate constants in cases 1 and 2,
the study of the “complete” curve of disappearance of
*H from pool A is necessary; i.e., the concentrations
of *H in samples of that pool must be measured im-
mediately after injection of the tracers. However, if a
metabolically labile tracer is also injected into pool A,
examination of the early portions of the disappearance
curves is unnecessary. Thus, as described by equation
(11), the asymptotic part of the tritium curve in pool A
gives the value of 8 and also C; since V, is known.
Since k44 is also known from the #S data (equation 26),
a can be calculated from equation (12) which is re-
written as

L+ B sH
a = —————Ecéf_ }{ffﬁ (27)3
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Now that «, 8, and k., are known the other k
values are obtained as before using equations (7), (21),
and (22) or (23).

Case 4. Infusion of the Tracers at a Constant Rate.—
The isotope content of a pool during infusion of a
tracer at a constant rate is related to the isotope con-
tent in the pool after the injection of the tracer as a
single dose (Gurpide et al., 1963). This relationship
when applied to the #S concentration in pool A gives

xA"”S _ PAﬁS ftyA“S
Vi "R Jo Vi & (28)

where x,°5/V, is the %S concentration in pool A at
time ¢ after the start of the infusion at a rate P,*S
and y.*S/V, is the concentration of %S in pool A at
time ¢t after the administration of the single dose,
R,"S. By replacing the value of ¥.*S/V, in equa-
tion (28) with that given in equation (25), the follow-
ing equation is obtained:

xa®S _ Pa¥S o _ Pa¥S e
Vi = VL fo ekart gt = V. (CLZVN 19
— P,¥s ZaAl Xaseq s
EaVa O T Ty @9

The term x4..,"3/Vs = P,"S/(~ksa)V, and is the
constant value of the concentration of S in pool A
obtained at sufficiently long time of infusion. This
constant value is called the concentration of S ‘‘at
equilibrium’’ in pool A.

From equation (29) it can be seen that the plot of
the log of the differences of the concentrations of %S in
the samples and the concentrations at equilibrium
against time result in a straight line described by

XA, eq xA S P A
logl: - = 0. 4343kAAt —+ log m
Then, from the slope and intercept at the ordinate

axis, the values of k.1, and V4 can be obtained.

The previous equation shows that, from an experi-
ment involving a single injection of %S as described
under case 3, the same information can be obtained by
infusing this tracer at a constant rate.

Assume, as in case 3, that a 3H-labeled tracer is
introduced into pool A. The relationship, similar to
equation (28), between administration by single-dose
injection and by constant infusion with respect to the
H isotope in pool A is given by

SH SH H 3SH
xa"H _ Py j; yall o

Va R, H Va
From equation (15),

H P,H t
J—C{}* = V:(_;A-——ﬁ)f [(a + Rar)e=B — (8 + Ekas)e—at]dt

A

- B8 + kas —at-a+kAA—:|
VA(a—ﬁ)l: 8 emf

+ Zhea™ (30)¢

? The denominator in equation (27) may be close to zero
and therefore it may be impossible to obtain an accurate
value for @. In this situation other experimental data from
pool A such as the time at which “C reaches its maximum
concentration (equation 18) or the ‘‘complete’” 3H curve
may be necessary to determine the value of a.

¢+ If the amount of an isotope y in a pool after injection

n

of a dose R of a tracerisgiven by y = E Ae—M! then the
i=1

amount of the isotope in the pool during constant infusion

at a rate P is

X = Xeq —

Y o=\t
R El e

where x.q is the equilibrium value.
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where
xA.ei'i{ - PAIH
VA VA(Q - 6)

% [(3 +akAA _ o+ kAA] _ _ PaHkgsp (31)

8 VaaB

Again, X4..'E/V, is the constant value of the con-
centration of *H in pool A obtained at infinite time of
infusion (practically reached at a finite time).

When ¢ is sufficiently large, the term e~ * in equation
(30) is negligible since « is larger than 3. Hence for
these values of ¢

Xa.eq'H xaH\ PyH o + Eaa
The value of 8 obtained from the slope of the line re-
sulting from the plot of this function may be used in
conjunction with the values of V, and k.. (estimated
from the *S data) to evaluate a from the intercept of
this line with the ordinate axis. The value of ks is
given by equation (13).

In a similar manner, when a !4C-labeled tracer is
administered into pool B it can be shown that the
equilibrium value of the concentration of *C in pool A
is

Xa.eq*C _ Pp'Chan
Va - VaaB (32)
which gives the value of k5.
tained from equation (8).
From equations (31) and (32) the ratio of the con-
centrations at equilibrium of *H and “C in pool A may
be expressed as

Xaea’H/Va _ PyH _ ]ﬁ"l")
Zaed'C/Va  PpiC kan

The value of kss is ob-

CALCULATION OF PRODUCTION RATES

The production rate of a compound in a pool (PR)
has been previously defined and shown to represent the
rate of entry of material into the pool excluding the
rates of re-entry resulting from reversible transfer to
other pools (Gurpide et al., 1963). The production
rate is equal to P/a.,, where P is the constant ratio of
infusion of a tracer into the pool and a., is the specific
activity at equilibrium of the compound in the pool.
Thus for pool A,

PYH _ PyH X M,
aA.equ xA.eq'H

PRA =

and, from the relationship between single injection and
constant infusion (Gurpide et al., 1963) discussed
earlier,

sH
PR, = Py R (7 (33)

PoH oy, H fmyAlH
RA'HJ; My at 0 My dt

where

S o) ae

is the area under the curve, after administration of the
tracer as a single rapid injection, representing the de-
cline with time of the specific activity with respect to *‘H
in pool A. These equations are valid for all systems of
pools.

KINETIC PARAMETERS IN A TWO-POOL SYSTEM 1255
In the two-pool model (see equation 15)
4] MA - MA(a - ﬂ)
x (01 + ka8 + kAA) - _ R,*Hkgp
8 a MaaB
Then,
PR, = Macl _ caVaos 34)
—~ KXBB — BB
and, from equations (13) and (12),
PR, = M (35)
oCy 4G
VA VA

CALCULATION OF METABOLIC CLEARANCE RATES

The value of this parameter equals the production
rate of the compound in the pool divided by its concen-

tration. Then, from equation (33),
McR, = P2 _ ——————R"",{H (36)
ca 2 ¥a dt
fO Va
for any system of pools (Tait, 1963). It should be

noted that fo co(yA’H/ Va)dt is the area under the curve

produced by plotting the concentration of the isotope
in the pool against the time after administration of the
tracer as a single injection.

For the two-pool model, from equations (34) and
(35),

_ Vaiag _ Ra'Hep
MCRy = —kpn B gg_z + _ﬁﬂl
Va Va

In a still simpler case when the decline of the con-
centration of the isotope in the pool with time is given
by a single exponential, i.e.,

y/V = De~M, then
) y _
fo Zdr =

Rx
MCR = D (37)

>0

and
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