mens were made on several grafts to
confirm the observation made at the
site of the graft.

It is apparent from the data (Table
1) that irradiation did not affect the fate
of the co-twin grafts (P = .6). How-
ever, the salient point of the data is
that 56.1 percent (23/41) of the twins
rejected their co-twin grafts. In con-
trast, the homografts were rejected
within 15 days, and the autografts were
accepted indefinitely. Thus, chimeric
twins may not be fully tolerant to each
other’s skin even. though they are tol-
erant to each other’s hematopoietic tis-
sues and thereby sustain crythrocyte
chimerism. This situation may be an-
other example of “split tolerance™ (9)
which has been observed among ani-
mals made tolerant artificially. Among
the 41 twins in the experiment, therc
were seven whose twins were not
studied because of their death or
mechanical loss of their grafts. There
was considerable variation in the re-
actions of parthers among the 17 re-
maining pairs. Neither partner of two
pairs of twins rejected its twin's grafts
during the 200-day period of observa-
tion. In contrast, both partners of four
pairs of twins rejected their co-twin
grafts. Finally, asymmetric responses
were observed among 11 pairs: that is,
only one member of a pair rejected
its twin’s graft. There was no apparent
correlation between the degree of tol-
erance exhibited and the asymmetry of
the chimeric red-cell populations (/0).

The time at which complete rejec-
tion of the co-twin grafts occurred
ranged from 122 to 468 days, and it
was not affected by irradiation. The
reactions were unlike the acute and de-
cisive homograft rejections observed
within 15 days after grafting, but were
mild and chronic, lasting from 1 to 3
months. In addition to histologic ex-
amination of biopsy tissues, second-set
reactions confirmed that the rejections
were the result of histocompatibility
differences (Table 2). On the average,
the second co-twin grafts were rejected
in about half the time (121 days) re-
quired for the rejection of first grafts
(229 days). Twins which failed to re-
ject their first grafts also failed to re-
ject their second grafts.

These data show that varying de-
grees of tolerance may be established
between chimeric twins with respect to
histocompatibility antigens. As suggest-
ed by Billingham and Lampkin (3),
this may be due to antigenic differences
between the twins and to differences
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with which the immunologically re-
sponsive tissues in each twin became
invaded or permeated with cells from
its twin.
W. H. STONE
Division of Genetics,
University of Wisconsin, Madison
R. G. CraGLE
E. W. SwaNSON
D. G. BRowN
Agricultural Research Laboratory of
the University of Tennessee,
Oak Ridge
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Potassium-40 Content as a
Basis for the Calculation
of Body Cell Mass in Man

Abstract. On the assumption that
the potassium content of the body cell
mass is constant it should be possible
to estimate bhody cell mass by mea-
suring  porassium-40 activity with a
whole-body scintillation counter. Rela-
tions of body cell mass 10 weight, lean
body mass, and total body water are
demonstrated.

Ig was suggested by Forbes et al.
(1) and Anderson and Langham (2)
that lean body mass might be cal-
culated with the aid of the total
potassium content of the body (K).
These authors determined K (in milli-
equivalents) by means of a whole-
body radiation counter and divided
this value by 68.1 (I) or 63 (2),

respectively, thus obtaining lean body
mass in kilograms.

Forbes et al. (1) have already point-
ed out that lean body mass in infants
and small children cannot be deter-
mined in this way, since the potassium
content in newborn infants is only 48
meq/kg of lean body mass. Obviously,
the change of the content of K in lean
body mass during growth is due to a
shifting in the relation between in-
tracellular fluid and extracellular fluid,
the first of which contains a high con-
centration of potassium, while the con-
centration of potassium in the latter
is low. It is generally accepted that
the relation between intra- and extra-
cellular fluid with growing body size
is altered in favor of the intracellular
fluid.

Since more than 95 percent of the
potassium is contained in the intracel-
lular fluid, it is useful to compare
the increase in the amount of the
fluid or the growth of body cellular
mass (CM), which consists of up to
67 percent of intracellular fluid, with the
increase in K. By determining the
extracellular fluid in infants and chil-
dren, and from total body water
values I developed the following equa-
tion (3).

CM = 0.42 x W' (1a)

where W represents weight in kilo-
grams. This equation is in good agree-
ment with another developed by Friis-
Hansen (4), who also found a regres-
sion of W1.99 for intracellular fluid.

For the calculation of K I made
use of 4300 measurements taken by
Oberhausen and Onstead (5). The
data were collected from subjects aged
between 6 and 20 years by means of
the whole-body radiation counter in
Landstuhl (Germany). By correlation
of the median values the following
equation was obtained for male per-
sons.

K =392 x w® (2)

Equation 2 is applicable not only in
the range of the measured values but
holds true even for fetuses weighing
350 g, as can be seen by a comparison
of the values obtained by Job and
Swanson (7).

It may be seen from Eqgs. 1 and
2 that, during growth, CM and K
have an equal relation to W. If a
quotient is derived from Egs. 1 and 2,
the result will be the biological K-
equivalent (Kgqy) for 1 kg of cell
mass. For man this equivalent is 92.5
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meq/kg. Analogous to the lean body
mass relations found by Forbes and
Anderson, is the resulting equation

K
CM:’EE::0.0IOSXK 3)
In its basic form of
CM = (3a)

Koy

this equation is also applicable for cer-
tain animals, since a relation com-
parable to Eq. 2 is found also for
rats, rabbits, and pigs (7). Further-
more, it can be inferred from Egs. 1
and 2 that the intracellular potassium
concentration will be 138 meq/lit. of
fluid, the extracellular proportion of
potassium being neglected. Since the
organs and muscular tissue grow at
a different rate (as can be deduced
from the different allometric func-
tions), the variation of tissue propor-
tions in CM does not influence the to-
tal intracellular potassium concentra-
tion. Thus. it must be concluded that
potassium concentration will not only
remain constant during growth, but
also that it is equal in all cells.

To establish the relation between
CM and lean body mass, it must be
considered that lean body mass con-
sists of CM. extracellular fluid, and
extracellular solids (S,). The extra-
cellular fluid (ECF) can be calculated
from the bodv surface area (SA4):

ECF =6.04 x SA4 (4)

(SA being calculated according to the
equation of Dubois and Dubois (8)
in square meters). This function was
developed with the determination of
the thiosulfate space (3). It is as valid
with adipose as with dystrophic per-
sons. :

The relation of extracellular solids
and CM should be a linear one, as
the composition of W minus ECF is
a rather constant one during growth
(3). The corresponding relation

Se=0.1 X CM )

is only assessed. A deviation up to
0.04 CM is possible. The resulting func-

tion for lean body mass (LBM) is
LBM = 1.1 CM + ECF =
0.0119 K 4 6.04 SA (6)

The lean body mass of a male adult
(weight, 68.9 kg; height, 172.7 cm;
K, 3870 meq) will thus be 57.0 kg
and the lean body mass of a new-
born infant (weight, 3.0 kg; length,
49 cm; K calculated from Eq. 2, 130
meq) is 2.7 kg. These K/LBM quotients
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correspond very well to those of Forbes
et al. (1). I found 67.9 meq/kg com-
pared with 68.1 meq/kg (I); for new-
born infants my value is 48.1 meq/kg,
while that of Forbes et al. (1) is 48.0
meq/kg.

The total body water (TBW) is cal-
culated according to the function:

TBW = 0.67 CM + ECF =
0.0072 K 4 6.04 SA (7
The total body water for the examples
given would thus be 38.8 and 2.09
liters, respectively, and consequently the
water content of lean body mass would
be 68.1 and 77.4 percent.

Finally, CM must be examined as a
basis for allometric functions. Al-
though Eq. 1 is an allometric func-
tion biologically, it does not appear to
be very reasonable, because, during
growth, weight (W) develops as a func-
tion of CM and not vice versa. Thus
the equation should read:

W =2.16 X CM*® (1b)

1f, however, weight is a function of
CM, all allometric functions should be
based on CM. The original form of
the allometric function is transformed
from

Y=ax W’ (8)
to read

Y =a X CM™ (8a)

where Y is the relative growth of the
body size; a and b can be transformed
into a; and b, by a simple calculation
process, as was demonstrated by
Adolph (9). Differentiated by time and
divided by itself, Eq. 8a will read
dy 1 “ acMm
X —= b X X —
de y dt CM
That is, an allometric function is given,
if the relative growth of the body size
examined has a'linear relation to the
relative growth of CM.

Allometric organ functions do not
offer a basis which would be very ad-
vantageous for sthe assessment of . the
capacity of thesg organs (for example,
renal function is related to body sur-
face area since the weight of the kid-
neys is proportional to W%7). Dur-
ing growth the amount of cellular
mass in the organs may change con-
siderably. It is much more advantage-
ous to calculate the CM proportion
CM,,, present in an organ from its
potassium content, K, according to

(8b)

- CMorg (9)

since the cells contained in an organ
are doing the work of the organ. The

corresponding  allometric function
would thus read
CMorg=a X CcM® (10)

Finally, it should be noted that cell
mass provides a good reference stan-
dard for the total energy conversion,
for renal functions, and elimination of
creatinine.

WALTHER BURMEISTER
University of Saarland,
Children’s Hospital, 665 Homburg-Saar,
West Germany
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Smooth Muscle: An Ultrastructural
Basis for the Dynamics of
Its Contraction

Abstract. Electron micrographs of
vertebrate and invertebrate smooth mus-
cle indicate that the myofilaments are
oriented obliquely to the long axis of
the muscle fibers containing them and
insert along the sides of the fibers. As
a result, a greater proportion of the
contractile elements are in parallel with
one another and a smaller proportion
are in series than would be possible if
the myofilaments were strictly parallel
to the fiber axis. From this ultrastruc-
tural organization it is possible to pre-
dict several well-known, but previously
unexplained, physiological properties of
smooth muscle.

Smooth muscle is distinguished from
striated muscle not only by its histo-
logical appearance but also by its physi-
ological properties, notably its ability
to sustain forceful contractions for
prolonged periods with a minimum ex-
penditure of energy and its relatively
low velocity of shortening (I). Ultra-
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