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describing th« plasma concentration is « «ry nearly equal to the val: .« of the N
exponent in :.e time derivative of the exnrression for the retention of these
~lements. "

'IV. The Retention and Plasma Clearance of the
' Alkaline Earths by Human Beings

R. E. Rowland‘

Havir g noted that the first derivatives of the equations describing .
the retention of alkaline earths in dogs are very closely related to the func-
tions describing the plasma clearance of these elements, we inquire
whether this relationsh:p might also hold for the human being. The litera-
sure was searched for data describing the retention and plasma clearance in
humar beings of intravenously injected alkaline earth isotopes. These data
are discussed below, grouped according to the element studied.

Calcium-45

Several authors have published data describing the removal af Ca*®
from human plasma following intravenous in_iection.(S'l 1) These data are
' plotied in Fig. 12 expressed in
e - — e sm——— . .—— oo ——. - units of per ceat dose per mg Ca.
' The data of Bronner and Harris(11)

= were plotted in their paper trans-
. formed to a body weight of 35.6kg.
These have bcuen transformed
5 .- back to the original weight of the
;‘3 - 2l-year old male subject, 51.4kg,
Sl by multiplying their data by the
2 - ratio of weights, 35.6/51.4. Also
z included in Fig. 12 are unpub- .
£ lished data from our Labora-
= ———@ €L YR NORIAL MALE TAST TLE! . sy -
D . 56 :Q:‘E:“’E_'C:SE et c . tory(13) describing the clearance
- A4 PEMENTMaA DOV «of Ca* from a 51-year old male
- O————0 5! YR MALE, CASE BM 13} R .
- O———Q 2! YR NORMBL MALE {11} radium patient, (Case BI\'I).
' It will be noted from this
W' e e . - e e Ce e .
! 0 : e - wce  figure that these plasma clear-
PHOURS AFTER INJECTON) : i PR
-ance curves do not become defi-
Fig 12 A summary of the plasma nite straight lines, indicative of
' clearance of Ca*® for five a power function, during the time
human cases, following in- over which observations have
travenous injection of this been made. It appears as if plas-
isotope. : ma clearance would have to be ~~

o
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followed out-to about 2000 hours (& days) to prove definitely that such a
behaviur did o~ did not exist. How.ver, if one defines the be. : straight line
between 220 hours anc o72 hours {>r the combined data from referenves 11

and 13, :t appears tn have a slope approximately esual to t™!2,

The best data found for the retention of Ca*® in a human subject are
those of Bronner et a_i.,[lz) who calculated the retention in a 2]-year old
male (same case as reference above) for 60 days from excreta studies.
These are plotted in Fig. 13 and mzy be described by a power function

R = 0.90 t~%. 12

‘ *—*:\:\?\N AT - a5 . Flg. ]3

The retention of calcium, stron-
tium, and radium in human
patients. The calcium data are
from Bronner et al.;(12) the

(2
LR}
i

= T . svacuriow- gs . strontium data from Van Dilla
3 T~ TN ' . et al.;(10) the two radium cases
f;z \.?5:%. from Seil et a_l.(ls) In all of
H these cases the retention was
E i - calculated from excreta meas-
z e 7 T T aiw-aze urements. Also plotted is the
~._ §i3i0 : power function for the retention -
~\\\ Co. of radium fromthe observations
TN e T ' of the Elgin State Hospital
o \1\ . ~ cases.t?
L le 1000

From the derivative of this expression, one expects a plasma‘clear-
ance described by t‘l‘m.., a2 value perhaps not greatly difierent {rom the value
mentioned abowve, t™}3, ‘While these seem to be in fair agreement, they cer-
tainiy cannot be used to iilustrate the equality of the first derivative of the

retention equation to the slope of the plasma clearance equation.

Strontium’

The remowval of strontium from the plasma of human patients has
been described by several authors. In Fig. 14 average values for these

‘different groups given intravenous Sr® are plotted. Two of these sets of data

were kindly supplied by Dr. H. Spencer;(l4'15) the third is from the work of
Van Dilla et a}.(10)

Also pictted in Fig. 14 is the disappearance of stable strontium from
the plasma of a2 40-year old, 85-kg male subject, following the injection of

-
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100 mg Sr as SrCi. This study by Harrison et 3;1-(”) indicates quite offect-
irely that this larger cuantity of stable s‘rontium is cleared from the plasma
at the same rate as the much smaller isotopic tracers.

- The data of Van Dilla
et a;l.,“(’) which extend out to
600 hours, seem to be approach-
ing a straight line of slope t=1-5
but data are needed for longer
periods to verify this.

The retention of Sr#-in
these five cases was measured
during the period from > to
15 davs, and in one case,

30 days after injection by meas-
urement of total Sr® excreted.

In Fig. 13 the retention for each
of these cases is plotted; each
case seems to be described by a:

PFRCEMT BOSE /GM (o

O——c §.8%8,ER2GI £F S C2SES M€l

[ B BN |

e T o T T TR T - straight line over this interval,
PAVES ETER nEOn but the slopes differ from t-°:1
' Fig. 14 Plasma concentrations following to t=%%,

intravenous injection of stron-
tium in human patiients. A study of the terminal
o distributions of Ca*® and sr%,

as described by Sc¢hulert et a_'i.(zo) in a series of ten terminal patients who
survived § to 124 days after administration of the tracers, shows that a con-
siderable fraction ot the injected dose remains in the soft tissues many .
weeks after injection. Table 11, based on their published data, expresses
the fraciion of the retained dose found in the soft tissues of each patient.

" Table 11

Percentage of retained calcium and strontium tracers in the soft
tissues of terminal patients after inttavenous administration

[ ,'
Patient | H.H.|5.K.15.0.|c.C.|1.2.| G.B.| 5.G. T.M.| A.W.|M.S.
SEERALL L v 2 3 | 37| 6 | 18 | 30 | 39 | 65 124
days, ! i
i E ) —
Ca*? 52 1 40 | 34 | 42 | 35 28 1 7.9 | 7.2 ;1.5 1 4.5
: | i .
Sres 63 | 40 | 55 |.41 |38 | 35 157 |52 |5 0.6 :
- B —— - . A .

This high tissue fraction of the rerained burden in man is in marked
ntrast to the situation in the dog. Glad et a_l.(” described a double tracer
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experiment with' Sr® and Ra??® in wh.ch a beagle was sacrificed % days after
an injec:i:on of the two isotopes. At :hat time only 2.77 of the rctained srb
and 7% c: the retained Ra®?® was in the soft tissues. This might account for
some of the observed differences between the two species. Perhaps one
should not look for power-law behavior in the plasma clearance rate until
almost ail of the body burden is-deposited within the skeleton. If this were
the case, then the expected relationship between the retention and plasma
clearance rate would only be valid for a skeletally-bound isotope.

Thus it appears that the most interesting data describing the reten-
tion and plasma clearance of these 1sotopes will be found after the first

100 days. No such data are available for humans.

Radium

Radium 1s the isotope with which human beings have had the most
experience, and it is on this experience that we base a good part of our
knowledge of the effects of bone-seexing radioisotopes on man. Yet, nowhere

in the literature are there any data describing the clearance of this element

from human plasma.*

Tre retention o!f radium in human beings has been based on the meas-
urements of the Elgin State Hospital patients;(lg) frorn them has been
obtiined the well-known expression for their retention of radium,

R = 0.54t70%2

’

which is plotted 1n Fig. 13.

Recently. Marinell: et g_l.(?—?-) have described the retention and excre-
tion of Ra*?® from a young acult male who accidently inhaled RaSQO,;. Their
retentior. data, after the first 100 days, are described by a power function
with t=%7¢ while the excretion is found to follow a power function with =178,
These datz. covering a period of 6.5 y'ears, show definitely the relationship
between the retention function and its differential, the excretion function, but

oniyv after the isotope had transferred from the lung to the skeleton.

* Aub etal (21 measured the radium in the blood of a dual painter who was receiving meadication in attempt
to release.radium from the skeleton  The woman had painted watch dials for a seven-year period, and at
the time of treatment, seven years later, retained lé#c of radium If thus had been a case of intravenous
injectivee, the power function R = 0-54 10 92 would predict a retention of rhree quarters of one per cent of
the injccted dose tea years later  Assuming the mid'point of the exposure period as the ¢quivalent time of
injecuon the injected dose would have been 2400 ¢.  1f radium is cleared from the plasma in a manner
sitmilar m“Sr‘;‘O; the pla¢ma values will be described by the equation?, z38¢-1-5 per cent of dose/g Ca. Usirg
this. function the plasma activity it calculated to be 0.21 x 10712 ¢/cc of blocd ten years after injection. The
measured values were about 1 x 10712 ¢/cc blood 2 factor of five greater zhan the predicted value. Since the
medication was shown to mcreas- the daily climination of radiom by facters of 3 10 6. rhis measured value
-may be interpreted as being remarkably close to the value predicted by a power-function behavior of the plasma

concentraticn,
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. . ., X Ly (2 . . .
It shou.<d be roted that Marineil et a_x.l.(-3’ in a description «.* the
=limination of raciun {rom several pat:onts following accidental inralation,

pointed out that not ai: of their measure1 body burdens could be azs:gned to

the skeleton or iung, so that a significant fraction of the measured radium

might be in the soit tiss:
1

es. This was based on the asumption that oniy

‘A
skeletal! radium releaszed radon, and that this release was 70% of the total
£

Later work o
tion, about 207, »f can:

ound.

the human being, the increa
tissue radium than Narin

to his suggestion.

Navs et g_l."z'}’ has shown that shortly after acquisi-
ne skeletal! radon is released. If this is also true for
ased radon release :mplies even more sc't

111 had estimated and lends considerable weight

One set ¢! data :5 available in the literature describing the early
[0

. - hd . s
retention of Ra>?® folliow:in
Seil, Viel, and Gordon'!®:

: )

Q.

old male, following intrawenous admi

intravenous injection of this element.
escribed the retention of radium in a 23-vear
nistration of 100 uc Ra““®,

In 1915

226 They meas-

ured the total excreta ‘and incidentallyv found a fecal to urinary ratio of

about 10:1) and based their retention on this.

They repeated this study on

the same individual two moths later. and two sets of retention data are

plotted in Fig. 13.

o

The curves pict
12 that obtained fsr Ca®

wm

~0.11 . ; LI VINS -
t in one case, and¢ :-°1¢
® TR ITeEvrr st.n ofitros iz
€ 3Zm T walf ST tisEoe i
‘.\.‘
“~
- .
< \i \‘\
N .
~. -
= ...
I \\ . .
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A
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VIMCURS SFTER N UECT I
Fig. 15 Plasma concentrations
foliou.:ing intravenous
injection of Ba!? in
human patients.
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ing an intravenous injection of

ed from their data can be seen to be similar in slope
. ine cdata of Se:l actually fit a power function with
in the other, while the Ca**data are described by

t=%12 These data contradict the

Eigin patients' power function,
as can be seen 1n Fig. 13, yet we
must recall that this power func-
tion was essentially determined
by the retention at 20 years and
the known dose, but not on the
basis of any data within the first
few weeks. .

Barium

Here the only published'

" study discovered is that of

Bauer, 25) which describes the’
plasma clearance of Bal®? follow-
BacCl, in a 25-year old woman.
Bauer also kindly supplied the
plasma values for a normal
32-year old male (Case 18 in the
These are '
It can be seen

above reference).
plotted in.Fig. 15.

v
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. that plasma measurements would hua e to be taken for a much longer time in
order to determine whether or not ~ power law fits.

- Summary

From this review of the retention and plasma clearance of intrave-
nously injected tracers of the alkaline earth family, it becomes apparent that
the power law formulation for the retention of these elements 15 valid for the
dog, and that the differential of this expression has the same slope as the
power law describing the plasma concentration of the tracer. In the human,
however, the data seem to indicate that these relationships do not hold during
the first few weeks following intravenous administration of an alkaline earth
tracer. It is suggested that after the first three or four months a power law
probably will describe the retention, and that its derivative, also a power
law, will describe the plasma concentration or excretion function.

The lack of agreement at early times may, in part, be due to the fact
that the body burdwun is not entirely a skeletal burden. A power law should
probably be expected to describe only the loss of activity from the skeleton.
Yet'to be resolved is the basic question: can the retention of all of these
alkaline earth elements :n the human being be described by power functions
with constant slope. {i.e., constant value of the exponent, b), such as is the
case for the dog, or is b a function of the isotope employed?
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