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Several methods have been used in an at-
tempt to measure the amount of primary en-
ergy-exchanging mass of tissue in the body.
An early and still used measure of this cell
mass was based on the concept of lean body
mass (LBM). This mass has been estimated
by several methods using at least one of the
following assumptions: (a) that LBM has a
constant percentage of water, and (b) that
the specific gravity of the LBM is constant.
Conceptually, while LBM differs from fat-
free wet weight (FFWW) of the animal, the
difference is not large, probably amounting
to no more than 2-3% of the body weight
(1). Therefore, for the purpose of this paper,
LBM is considered synonymous with FFWW.,

Inasmuch as LBM includes extracellular
supporting structures as well as tissues pri-
marily involved in energy exchange, the con-
cept of body cell mass (BCM) has been sug-
gested as a more realistic measure of the mass
of cells involved with physical and chemical
work. One method of determining the BCM
is to calculate the volume of intracellular
water (ICW) and then assume that the av-
erage water content of cells is 70% (1). Body
cell mass has been calculated also by measur-
ing the total amount of radioisotope *°K
which exchanges with the total potassium pool
(1). This method is based on a number of
assumptions: (a) at equilibration, complete
mixing of the injected **K has occurred; (b)
the total amount of K in the body is a linear
function of BCM; (c) the average K-N ra-
tio of the cells is 3 mEq/g; and (d) nitrogen
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makes up 4% of the cell mass.

The calculation of both LBM and BCM
requires the use of ‘“constants,” which were
calculated from data from adult animals.
Therefore, up to the present, calculation of
these two parameters was limited to animals
that had reached ‘“chemical maturity,” and
these ‘“‘constants” should not be used in the
young growing animal without experimental
validation. However, the necessary data for
such calculations became available recently
for the beagle, and in this paper, analyses of
both LBM and BCM from birth through the
whole growth period are presented.

Materials and Methods. A detailed presen-
tation of the management. of the beagle colony
has been published (2). The volume of ICW
was calculated from the difference between
the volumes of total body water (TBW) and
extracellular water (ECW) measured with tri-
tiated water and sodium thiocyanate, respec-
tively (3). A detailed description of the pro-
cedures used to obtain the chemical data on
the beagle has been reported (4). The body
was dissected into different parts which were
washed with deionized water, homogenized in
a known volume of water, and stored in vials
in a deep freeze. Aliquots of each portion
were ashed to a constant weight at 550° in
a muffle furnace and the ash was analyzed
for K by flame photometer. The fat in the
tissues was extracted with methylene chlo-
ride. The amount of protein in the tissues -
was analyzed by the method of Lowry et al.
(5), and 16% of the total weight of protein
was assumed to be nitrogen. The total amount
of K, fat and protein in the beagle was the
sum of each constituent of all the tissues.

The BCM of the beagle was calculated
using the following equations (1). The first
one, BCM = ICW/0.70, assumed that the
average water content of cells was 70%. The
second equation, BCM = [K/(K/N)] X
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25, assumed that 1/25 of the BCM was nitro-
gen and that the K/N ratio was 3.0 mEq/g
(1). As data were available for the amount
of total body protein, the BCM could have
been calculated directly from protein if a
“constant” for the amount of protein in the
cells was assumed. However, as no indirect
method has been developed for the measure-
ment of total body protein, and as exchange-
able K presumably measures total body K
(1), the above equation was used.

Finally, on the assumption that the body
weight of an animal was made up of BCM,
fat, and extracellular tissues (ECT), the
BCM was calculated by the equation BCM
= LBM — ECT (1). The ECT included a
fluid component, the extracellular water
(ECW), and a solid component, the skele-
ton. For the calculation, it was assumed that
the sum of the extracellular water and the
fat-free dry weight of the skeleton consti-
tuted the ECT.

Results. The data on BCM are given in
Table I. The mean BCM was 33% of body
weight from birth to 1 yr of age when calcu-
lated from LBM — ECT. However, the man-
ner in which the data were distributed sug-
gested that there might be a significant
change in BCM after a body weight of 5.7
kg (after the age of 4 mo). Recalcu'ation of
the data gave a mean BCM of 30% of body
weight from birth through the fourth month
and 41% from 4 mo to 1 yr. The difference
was significant at p < 0.01 level.

The mean BCM was 319% of body weight
for the whole growth period when calculated
from total potassium by the equation BCM
= [K/(K/N)] X 25 when the K/N ratio
was assumed to be 3 mEq/g and 25 was the
“nitrogen coefficient” on the assumption that
1/25 of BCM was nitrogen. Again, the dis-
tribution of the data suggested that a change
occurred at a body weight of 5.7 kg. The
mean BCM was 24% of body weight from
birth to 3 mo old and 41% from 4 mo to 1
yr old. The difference was significant at p <
0.01 level.

The equation BCM = ICW/0.70 gave a
mean BCM of 48% of body weight for the
1-yr period; 47% for O day to 4 mo and 51%
after 4 mo. These differences were not statis-
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tically significant.

The mean LBM (FFWW) of the beagles
decreased rapidly from a value of 97% of
body weight at birth to 85% at 1.2 kg at an
age of 1-1.5 mo. Above a body weight of 1.2
kg, the LBM remained at 85% of body
weight.

Discussion. Most of the measurements of
BCM have been made on the adult human
using exchangeable potassium, and a mean of
33% for females and 409% for males has been
reported (1). Because the human data were
obtained presumably after chemical maturity
was attained, any comparison of the data on
the dog with that of the human should be
confined to the period after the beagles had
reached chemical maturity at the age of 4
mo (4). In addition, it must be remembered
that any differences between the results could
represent a species difference. Finally, no at-
tempt was made to differentiate between the
BCM of the sexes in beagles as was done for
the human because of the insufficient num-
ber of dogs used.

After chemical maturity the mean BCM
was 41% of body weight when calculated
from either LBM — ECT or (K{/3.0 X 235),
a value comparable to the 40% reported for
the male human (1). However, before chemi-
cal maturity, the equation LBM — ECT gave
a BCM of 30% of body weight, which was
significantly different (p < 0.01) from the
24% obtained from (K/3.0) X 25. Thus,
both methods gave similar results after chemi-
cal maturity, but not before.

The K/N ratio of 3.0 mEq/g and “nitro-
gen coefficient” of 25 used for the calculation
of BCM in the human need not necessarily
be applicable to the dog. In spite of this, af-
ter chemical maturity in the dog, these “con-
stants” gave a result identical to that calcu-
lated from LBM — ECT. The latter calcu-
lation required only the assumption that
ECW and fat-free wet weight of the skeleton
constituted ECT, while calculation of BCM
from total potassium required the use of two
constants whose values were estimates only.
If it was assumed that LBM — ECT gave a
reasonable estimate of BCM, then the identi-
cal result obtained with total potassium sug-
gested that the constants used in the latter
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TABLE II. Comparison of Mean BCM Expressed as
Percentage of Body Weight Calculated by Three

Methods.
Mean BCM 0-3 mo 4 mo-1yr
N =27 N=15

LBM — ECT 30.0 + 1.7¢ 41.0 +=24

—EE.OmKW X 25 240 + 0.7 410+ 12
ICW

m 470+23 51.0 = 3.0

¢ Mean =+ SE.

calculation must be valid after chemical ma-
turity, but not before.

However, calculation of these constants for
the dog gave values different than those used
for the human. The mean K/N ratio for the
beagle was 1.7 mEq/g through the first 3 mo
and 2.0 mEq/g for the remainder of the
growth period, and they differed significantly
(p < 0.01). The ratio of 2.0 mEq/g after
chemical maturity was the same as that re-
ported for the pig (7). The calculation of a
nitrogen coefficient for the dog was based on
the determination of BCM from LBM —
ECT; consequently, the value obtained de-
pended on the validity of that calculation.
The nitrogen coefficient decreased from a
value of 22 before chemical maturity to 18
after. Since the nitrogen coefficient was de-
termined from (LBM — ECT)/N, the BCM
calculated from (K/1.7) X 22 before chemi-
cal maturity and (K/2.0) X 18 after chemi-
cal maturity will be the same as that calcu-
lated from LBM — ECT.

In spite of the differences in the nitrogen
coefficient and K/N ratio between the human
and the beagle, calculation of the BCM of
the beagle from the human constants gave a
value identical to that calculated from LBM
— ECT, but the agreement would appear to
be fortuitous. In the human, the ratio N co-
eff (K/N)—! using a nitrogen coefficient of
25 and a K/N ratio of 3.0 mEq/g gave a
constant of 8, while the data for the dog gave
a constant of 9. Because the difference be-
tween the constants was small, the calculated
BCM was therefore similar. However, before
chemical maturity N coeff (K/N)~1 gave a
constant of 13 for the beagle; consequently,
the use of the constant 8 underestimated the
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BCM. :

Although both methods of calculating BCM
before chemical maturity gave different val-
ues, they both showed a significant increase
in BCM when the dogs were between 3 and
4 mo old. In the calculation of BCM from
LBM — ECT, an increase in BCM from 30
to 41% occurred in the 3- and 4-mo-old dogs
(Table II). There was no change in LBM
(percentage of body weight) at this time,
but there was a decrease in ECW (percentage
of body weight) which resulted in a reduction
of ECT. The increase in BCM from 24 to
419% when the equation (K/3.0) X 25 was
used was due to a significant increase in to-
tal potassium (mEq/g) between the third
and fourth months (4).

The BCM calculated by the ICW method
remained constant throughout growth; not an
unexpected finding, as it was reported previ-
ously that ICW was a constant percentage of
the body weight (3). Also, the BCM when
calculated from ICW was consistently higher
(by a mean of 15% of body weight through-
out growth) than that calculated from LBM
— ECT. The difference in results may be ex-
plained in part by the use of the assumption
in the ICW calculation that water constituted
a ‘mean of 70% of the cells (1). This assump-
tion can at best be described as an educated
guess, but if water constituted more than 70%
of the cell, the calculated BCM from ICW
would be decreased.

The calculation of LBM (as percentage of
body weight) revealed a rapid decrease from
birth to a body weight of 1.2 kg (1.5 mo of
age), and then the LBM stabilized through
the remainder of the growth period. The sig-
nificant increase in BCM which occurred be-
tween a body weight of 4.7 and 5.7 kg when
either K or LBM — ECT was used for its
calculation was not detectable in the LBM.
This discrepancy can be explained by the
fact that LBM is made up of two compo-
nents, BCM and ECT, and an increase in
BCM could be obscured by a proportionate
decrease in ECT. In the beagle, because both
the LBM and ECW decreased significantly
at the age of 1.5 mo (1.2 kg body wt), no
change in the BCM would be detected.

Summary. The lean body mass (LBM)
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was considered equivalent to fat-free wet
weight (FFWW), and it decreased from 97%
of body weight at birth to 85% when the
pups were 1.5 mo old, after which it did not
change significantly throughout the rest of
the growth period. The body cell mass
(BCM) was calculated by three methods:
ICW/0.70, [K/(K/N)] X 25, and LBM —
ECT. The BCM calculated from ICW/0.70
did not change significantly with growth, and
a mean of 489 was calculated from 0 day
to 1 yr. With the other two methods of calcu-
lating BCM, there was a significant increase
between the third and fourth months. The
equation [K/(K/N)] X 25 gave a mean
BCM of 24% for 0 day to 3 mo and 41%
from 4 mo to 1 yr, while the means calculated
from LBM — ECT for the corresponding per-
iods were 30 and 41%. Before chemical ma-
turity the two methods gave significantly dif-
ferent results, but their agreement after chemi-
cal maturity was fortuitous. The increase in
BCM between 3- 2nd 4-mo-old dogs when cal-
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culated from total K was accounted for by a
significant increase in K at chemical maturity,
while the increase in BCM when calculated
from LBM — ECT was the result of a re-
duction in ECW (percentage of body weight).
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