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Tissue analyses are of special importance in re-
gard to the meager information available today
concerning the role of magnesium in disease.
Prior investigations of the concentration of serum
magnesium have revealed modest fluctuations un-
associated with any clear-cut, consistent, clinical
syndromes (1-11). Balance studies (12-15)
have been hampered by the lack of low magnesium
diets with the result that fluctuations in the bal-
ance have been obscured by an excessive mag-
nesium intake and excretion. This mineral is lo-
cated almost exclusively in the cells or in the
skeleton, and calculations based on a standard
reference (16) for the composition of the body
tissues and on a generally accepted partition (17)
of the anatomical compartments of the body indi-
cate that of the 2,100 milliequivalents of mag-
nesium present in the adult body 45 per cent are
located in the skeleton. Of the remaining 1,150
milliequivalents 98 per. cent exist within the cells,
and only 2 per cent of the extra-skeletal mag-
nesium are located in the extracellular fluid.

This paper records the application of established
methods of tissue analysis in a series of control
muscles to determine the normal composition of
skeletal muscle and its variations and also records
the application of statistical techniques to define
the precision of the methods. In a following re-
port (18) a variety of muscle analyses in diseased
states are compared with the control data to ex-
tend our information concerning the stability of
intracellular magnesium. The authors are in-
debted to the late Professor J. L. Lilienthal and to
Professor A. B. Hastings for the fundamental
biochemical concepts and to Sir R. A. Fisher for
the pertinent statistical techniques upon which
these studies are based.

METHOD

Selection of skeletal muscle. This tissue was selected
for analysis because it represents the greatest bulk of

1 The work in this paper was supported by the Office of
Naval Research, NR 114-198.

protoplasm, because of the accumulated information con-
cerning its composition, and because of its availability at
almost any operation. ’

Definition of the intra- and exiracellular spaces: A bio-
chemical dissection. In the absence of an infallible tech-
nique for distinguishing between the intracellular phase
and extracellular phase we have accepted the chloride
space as an approximation of the extracellular space.
It is well recognized that in diseased states where chlo-
ride ions may penetrate into the muscle fiber cell, the
extracellular space will be falsely enlarged. However,
the chloride space still remains a most reasonable and
practical means of correcting for the extracellular com-
ponents to permit calculation by difference of the intra-
cellular components. The evidence for the extracellular
location of the chloride ion and for the proportionality
of its total mass to the extracellular space has been re-
cently reviewed (19).

Bases of reference in expressing the concentrations of
the muscle componenis. In tissue analyses advantages
exist in expressing the results in terms of more than one
reference base. Changes in the concentrations of the
components in relation to one base might not appear in
relating the concentrations to another due to a con-
comitant shift of the second base. Other considerations
in the selection of a reference base are the effects of ana-
lytical variations in its determination which would cause
fluctuations devoid of any biological significance and the
natural variation of a reference base which should be as
restricted as possible to minimize the confusion this would
introduce into the interpretations. These independent
characteristics may be assessed by statistical techniques
outlined below.

The reference base of intracellular water introduced by
Hastings and Eichelberger (20) has been justified by
water being the most plentiful constituent of tissues and
by the success achieved in unfolding the properties of
blood as a physiochemical system approximating a simple
aqueous solution. More recently the use of non-collagen
nitrogen (NCN), proposed by Lilienthal, Zierler, Folk,
Buka, and Riley (21), as a reference base has the ad-
vantage of relating the intracellular components to a
standard that is independent of any assumptions that the
use of the chloride space entails in the calculation of the
intracellular water. The non-collagen nitrogen, which
is defined as the nitrogen in whole wet muscle fiber solu-
ble in dilute alkali (0.05 N), is considered to be a meas-
ure of the functioning mass of muscle cells. The use of
the solubilities of the muscle fibre proteins to separate
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them from the structural proteins of collagen and elastin
has been reported by Lowry, Gilligan, and Katersky (22).
These two reference bases of intracellular water and non-
collagen nitrogen have been selected for the tissue
analyses.

The details of the analysis adopted from the method
of Lilienthal (21) are presented briefly to indicate any
significant departures from the previously published
techniques.

Physical preparation of the muscle and alkaline diges-
tion. The samples of human muscle were excised during
an operation under spinal or ether anesthesia from the
edge of the incision or from the normal muscle of a
freshly removed specimen. They were handled expe-
ditiously and were protected against the loss of water by
covering with a damp gauze. The samples weighed ap-
proximately 6 to 8 grams for a single analytical run,
or twice this weight for duplicate runs. At the time of
division and weighing of the muscle samples, gross con-
nective tissue and fat were removed. Where duplicate
samples were taken, homogeneous strips of muscle were
bisected. The sampling error depends only on the gross
evaluation of the muscle, and care was taken to diminish
this source of variation.

The following portions were set aside:

One gram weighed into a previously tared, glass-

stoppered Erlenmeyer flask for the determination of
the water and fat content (20);

Six grams weighed into a previously tared weighing

bottle for subsequent homogenization; and

One gram of muscle fixed in a formalin solution for

histological study.

After the muscle had been weighed, the specimen was
often frozen and stored pending further analysis. The
blood for analysis was obtained just before or just after
the excision of the muscle specimen, and a short series of
paired determinations revealed no significant alterations
in the serum values over this period of time. Infusions
were virtually stopped well before obtaining a sample,
and blood was not removed from an extremity into which
an intravenous solution had been infused.

The largest portion of muscle was homogenized in a
lucite Potter-Elvehjem homogenizer. A “pea soup” ho-
mogenate in distilled water was transferred to a 50-ml.
volumetric flask, made up to volume, and designated as
the aqueous homogenate.

Aliquots of the aqueous homogenate were treated with
2.5 volumes of dilute alkali to achieve a final concentra-
tion of 0.05 N NaOH or 0.05 N KOH. These sodium
and potassium alkaline digests stood at room tempera-
ture for 18 hours prior to centrifugation.

The digests were centrifuged for one hour in the cold
at a temperature of 4° to 8° C. Centrifugation under
1,400 to 1,600 G separated three distinct zones—a thin
top layer of fat; an intermediate, aqueous solution con-
taining the electrolytes and the non-collagen nitrogen
compounds; and a bottom layer consisting of fine, par-
ticulate matter containing the insoluble, collagenous struc-
tural proteins. The middle layer was removed by pipette
and designated as the sodium or potassium non-collagen
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nitrogen (NCN) solution. The separation of the fat
from the NCN solution after approximately a twenty-
fold dilution did not significantly alter the concentrations
of the other components in the supernatant since the rela-
tive amount of fat present was reduced to about 1 per
cent or less. Furthermore, the separation of the fat at
this stage obviated the necessity of making a correction
for its possible contribution to the NCN as proposed by
others (23).

Chemical analyses. The methods were the same for
blood and muscle specimens except for the dilutions em-
ployed, and the techniques were essentially those stated
in the original publications with minor modifications to
conform to the equipment and experience of the labora-
tory.

(a) Blood: Hematocrit (24), total nitrogen (25), se-
rum sodium (26), serum potassium (26), serum inor-
ganic phosphorus (27), chloride (28), serum magnesium
(29), and serum water by drying to constant weight.

(b) Muscle: Aqueous homogenate—Magnesium in
quadruplicate. Sodium NCN solution—Nitrogen and
potassium in triplicate; phosphorus and chloride in quad-
ruplicate. Potassium NCN solution—Sodium in triplicate.

Calculation of the derived values. The calculations for
the derived values are symbolized below starting with the
analytical values found and ending with the derived in-
tracellular concentrations of a component expressed as
the amount per 100 Gm. wet fat-free muscle, per kilo-
gram of intracellular water, and per Gm. of NCN.
The corrections for the chloride content and for the ni-
trogen content of the occluded blood in the muscle samples
require preliminary explanation.

The chloride content of the red cells is an appreciable
amount of the total chloride in whole muscle if the blood
naturally saturating a fresh specimen is not removed by
pressure and blotting. Preliminary studies using radio-
active iodinated serum albumin compared the specific
activity of the peripheral serum and the activity of the
muscle sample. For the approximate calculation of the
blood volume in the muscle sample it was assumed that
the hematocrit in normal muscle was equal to the periph-
eral hematocrit of 45 per cent. The serum content of
muscle was found to be 5 per cent by weight; and there-
fore, each 100 Gm. of muscle contains approximately 5 ml.
of serum and 4.09 ml. of red cells. The correction for the
chloride content of the red cells is obtained by multiplying
the average red cell volume of 4.09 ml. per 100 Gm. of
muscle by a factor to correct for any departure of the
hematocrit from 45 per cent and by the concentration
of chloride normally found in red cells—50 mEq. per L.
(30). This red cell chloride correction may amount to 5
to 10 per cent of the total whole muscle chloride.

The nitrogen content of whole blood is an appreciable
amount of the total NCN in whole muscle. This correc-
tion is obtained by multiplying the average whole blood
volume of 9.09 ml. per 100 Gm. of muscle by the concen-
tration of nitrogen found in the peripheral blood, and this
may amount to 5 to 10 per cent of the total whole muscle
NCN.

In the calculations, the Gibbs-Donnan factors tabu-
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lated by Manery (19, pp. 349-350) were employed, and
the factor of 0.977 appears below in the expression. for
the chloride space. In general, only sodium required an
allowance for its extracellular location, and it has been
used in the sample calculations below. For potassium,
magnesium, and phosphorus the total amount present in
wet fat-free muscle was usually employed where (Na)io
appears in the third part of the following calculations:

1. Amnalytical values

Whole wet muscle
(H:O)m = Per cent of water by weight
(Fat)m = Per cent of fat by weight
(Na)m, (K)m, (M2)m, and (Cl)., = mEq. per 100 Gm.
(P)m = mM per 100 Gm.
(NCN)m = Gm. per 100 Gm.
Blood or serum
(H:0), = Gm. per 100 ml. serum
(Na),, (K)s, (Mg)s, and (Cl)s = mEq. per L. serum
(N)b» = Gm. per 100 ml. whole blood
(Hct), = Hematocrit in per cent

Factor converting whole wet muscle values to wet fat-
free muscle values:

100
100 — (Fat)m

Factor converting values per liter of serum to values per
kilogram of serum water:

100
(H:0),

2. Derived values of chloride space, intracellular water, and
corrected NCN

Chloride in red cells (in mEq. per 100 Gm. of wet fat-
free muscle) :

(Hct)y % 50

(Cl)rc = 4.09 X a5 1,000

Chloride space (in Gm. HsO per 100 Gm. wet fat-free
muscle) :

100
b Space = 20 X 00— a0, — (Do
(CDs X 100 x 1
0.977 (H’O). l'wo

Intracellular water (in Gm. per 100 Gm. wet fat-free
muscle) :
(H:0)1c = (HO)m X 10 __ o space
e */m 2 100 — (Fat)am

Nitrogen in whole blood (in Gm. per 100 Gm. wet fat-
free muscle):

(N)o
9.09 X 100

Corrected NCN (in Gm. per 100 Gm. wet fat-free
muscle) :

100
100 — (Fat)m

—9.09 x Je

(NCN), = (NCN)a X 100
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3. Derived values of intracellular sodium, potassium, mag-
nesium, and phosphorus

(Sodium used as an example of the allowance necessary
for the extracellular location. For the other intracellular
components the total amount present in wet fat-free muscle
was usually employed where (Na)ic appears below.)

Extracellular sodium (in mEq. per Gm. wet fat-free
muscle) :

_ (Na), 100
(Na)ec = 1,000 X =0,
X Gibbs-Donnan factor X Cl space
Intracellular sodium:

In mEq. per 100 Gm. wet fat-free muscle:
100

(Na)ic = (Na)m X 100 = (Fan)s ~ (Na)gc
In mEq. per Kg. intracellular water:
1,000
(Na)ie X HO)o
In mEq. per Gm. intracellular NCN:
1
(Na)rc X m
RESULTS

Analytical data

In establishing the values of the components in
normal muscle, the ten patients listed in Table I
had two samples of grossly normal muscle re-
moved from the excised surgical specimen. These
twenty samples were analyzed in replicate for so-
dium, potassium, magnesium, phosphorus, chlo-
ride, and nitrogen. The fat and water content
were determined by one analysis apiece in each
sample. Except for the fat and water content, the
muscle data in Table II are mean values of the
replicate muscle sample analyses. These results
are expressed directly per 100 grams of wet fat-
free muscle except for the values of the fat which
are expressed per 100 grams of whole muscle.
These analyses establish the normal values of
muscle in this study and provide the basic data
from which the derived values are computed.
Only one blood sample was obtained in conjunc-
tion with each patient, and the mineral, nitrogen,
and hematocrit determinations were applied to
both muscle samples. The precision of the method
is reviewed in the following analysis of variance
of the muscle data in Table II.
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TABLE 1
Patients providing control muscle samples

Patient Unit number Age Sex Diagnosis Anesthesia Muscle
1 902 921 61 F Ca GOE Pectoralis,
breast uninvolved in ca
2 862 781 42 F Ca GOE Pectoralis,
breast uninvolved in ca
3 680 668 80 M . GOE Sternocleidomastoideus,
thyroid uninvo inca
4 404 794 79 M Ca GOE Sternocleidomastoideus,
. mouth uninvolved in ca
5 706 130 51 M Arterial insufficiency, Spinal Semitendinosus
distal foot and biceps femoris
6 338 429 81 F Arterial insufficiency, Spinal Gastrocnemius and
-distal foot - soleus
-7 602 894 71 F Arterial insufficiency, Spinal Semitendinosus
distal foot and biceps femoris
8 6 194 50 F Diabetic gangrene, Spinal Gastrocnemius and
distal foot ; diabetes soleus
compensated
9 906 321 77 M Diabetic gangrene, Spinal Semitendinosus
distal foot ; diabetes and biceps femoris
compensated
10 866 726 70 F Diabetic gangrene, Spinal Semitendinosus

distal foot ; diabetes

and biceps femoris

compensated

Analysis of variance of the analytical data

To account for the range of values of any muscle
component noted by inspection in Table II, three
separate sources of variation may be identified.
The over-all variation is the net effect of varia-
tion introduced by 1) differences inherent in the

composition of muscle between individual pa-
tients, 2) a lack of similarity in the two muscle
samples obtained from a single patient, and 3)
discrepancies in the analytical techniques. Since
the first source of variation is the only one of
clinical interest, it is necessary to assign to each

TABLE II
Analytical values of 10 control patienis

Muscle Per 100 Gm. wet fat-free muscle mhs?:ll: Per Kg. serum water Whole blood

Patient sample Na K Mg P Cl NCN H:0 Fat Na Cl N Hect.
mEq. mEq. mEqg. mM mEq. Gm. Gm. zo(o;m Gt{l mEq. mEq. 1(0;6""{1 %

14 2% M M0 MBI 3 Sl 3 e 2 smos
2 4 323S L0 SY B i e i 10 m 288 309
S 3% oM 1h $3s iB 23 s0 1w st o 280 3007
s 33 1006 169 32 LS 3% o0 ide M6 13 299 218
s oop IS LR oot Ry ol s e 289 307
6 g I 3% 213 SM4 210 238 NE my 10 102 3 4
7L 466 940 160 M8 1% IS ONS w18 312 w3
8 1l 190 405 133 4 36 41 o s 168 109 270 252
o 4 BRI L0 48 2B n N0 S M0 96 274 368
o a5 106 L0 deT 24 3D N6 47 ms 100 282 311

* Assumed value.



SKELETAL MUSCLE ANALYSES

1243

TABLE III
Analysis of variance of analytical values

1 2 3 4 5 6 7 8 9 10
M .
Comns vottion Trmpeof  Sumof savare VDR Verlamce  aapd  Meanof  Coefficlent
%
Patients 9 61.9824 6.88691 5.90 1.116
Na Samples 10 2.9981 0.2998% 2.95 0.102
Analyses 39 0.0054 0.0001 1.00 0.000
Totals 58 64.9859 1.218 1.10 4.36 25
Patients 9 33.3274 3.7030% 6.00 0.542 :
K Samples 10 4.5117 0.4512¢ 3.00 0.150
Analyses 40 0.0416 0.0010 1.00 0.001
Totals 59 37.8807 0.693 0.832 9.13 9.1
Patients 9 3.8160 0.4240% 7.99 0.0457
Mg Samples 10 0.5849 0.0585t 4.00 0.0143
Analyses 60 0.0891 0.0015 1.00 0.0015
Totals 79 4.4900 0.0615 0.248 1.63 15
Patients 9 27.4471 3.0497¢ 7.80 0.360
Cl1 Samples 10 2.4010 0.2401% 3.90 0.060
Analyses 58 0.2839 0.0049 1.00 0.005
Totals 77 30.1320 0.425 0.652 2.31 28
Patients 9 19.254 2.139% 7.33 0.264
P Samples 10 2.061 0.206% 3.68 0.029
Analyses 54 5.442 0.101 1.00 0.101
Totals 73 26.757 0.394 0.628 5.37 12
. Patients 9 2.7742 0.30821 5.29 0.0528
NCN Samples 10 0.2904 0.0290% 2.76 0.0100
Analyses 33 0.0458 0.0014 1.00 0.0014
Totals 52 3.1104 0.0642 0.253 2.58 9.8
Patients 9 44.92 4.99% 2.00 2.44
H.0 Samples 10 11.09 0.11 1.00 0.11
Analyses
Totals 19 56.01 2.55 1.60 80.3 2.0
Patients 9 905.9536 100.661 2.00 49.5
Fat Samples 10 16.1303 1.61 1.00 1.6
Analyses
Totals 19  922.0839 51.1 7.15 7.19 99

* Na, K, Mg, and Cl are expressed in mEq.; P in mM; and H:0 and NCN are expressed in Gm., all per 100 Gm

wet fat-free muscle.

Fat is stated in Gm. per 100 Gm. whole wet muscle.

t The mean square ratio, F, reveals a probability of less than 1 per cent that these variations in the analyses or
samples can account for the greater variation in the samples or patients respectively by random sampling.
1 The mean square ratio, F, reveals a probability of less than 5 per cent.

source its contribution to the total variation so
that the differences noted in Table II are demon-
strated to be not merely an accident of the com-
plex analytical techniques or merely a result of
random sampling of non-uniform skeletal muscle.

Table III presents the outline of the analysis of
variance of the data following the principles of

R. A. Fisher (31) and the details of the treatment
by Snedecor (32). To conserve space the indi-
vidual determinations have not been tabulated
separately, and the sample means have already
been presented in Table II. For example, the
sodium data in Table III are based on 59 sodium
analyses performed on twenty muscle samples
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from ten patients. The two averages of the indi-
vidual analyses for sodium in the two muscle sam-
ples obtained from Patient 1 are 2.63 and 2.93 ac-
cording to Table II. The data in Table III on fat
and water do not have their variation partitioned
into three sources inasmuch as replicate analyses
were not done. The first six columns contain
the statistics on which is based the computation of
the variance tabulated in Column 7. The variance
totalled for each component in Column 7 is that
of a single analysis in one sample from one patient.
This variance is the appropriate one to determine
the significance of subsequent analyses in diseased
states that must perforce be based on less material
than in these replicate studies. The standard de-
viations in Column 8 likewise are those to be as-
signed to a mean obtained from a series of patients
providing one muscle sample each, on which only
one analysis for a particular component is carried
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have been corrected for the replications in the con-
trol data. In Column 9 are recorded the patient
means which are calculated from the muscle data
in Table II. The coefficient of variation in Col-
umn 10 will be considered in connection with the
comparison of different reference bases.

As indicated in the footnote of Table III, the
ratios of the mean squares tabulated in Column 5
reveal the highly probable circumstance that in all
the determinations the variation of the analytical
methods is not responsible for the variation in the
samples and that the variation of the samples is
not responsible for the variation in the patients.
Indeed the variation introduced by the chemical
methods employed is so slight in comparison to
the main sources of variation from the muscle
samples and patients that in the subsequent dis-
cussion of the derived data only the means of the
sample analyses were employed in the calculations.

out. In short, the computed standard deviations We conclude that in every instance the analytical
TABLE IV
Derived values of 10 control patients
Per Kg. intracellular H:O Per Gm. NCNt
Patient Sample Na* K Mg P NCNt Na* K Mg P Hi0t
mEq. mBg.  mEq mM Gm. mEq.  mEgq.  mEq. mM Gm.
1 1 10.5 128 21.2 78.0 33.3 0.317 3.85 0.636 2.34 30.1
1I 11.3 138 25.1 84.6 36.1 0.312 3.83 0.696 2.34 27.7
2 I 21.8 147 25.3 89.8 40.2 0.543 3.64 0.629 2.23 24.8
11 20.8 146 23.6 86.8 38.8 0.538 3.76 0.606 2.24 25.8
3 I 18.7 148 25.2 78.6 33.0 0.568 4.48 0.762 2.38 30.3
II 18.2 143 20.3 78.5 34.8 0.522 4.12 0.583 2.26 28.7
4 1 15.2 156 26.2 81.9 42.7 0.355 3.65 0.614 1.92 23.5
1I 17.9 158 27.8 86.8 43.2 0.416 3.68 0.646 2.02 23.2
5 I 324 145 32.6 109.0 40.0 0.810 3.61 0.814 2.1 25.0
1I 27.8 150 30.2 116.0 39.8 0.695 3.74 0.755 2.89 25.0
6 I 384 154 34.4 92.6 36.8 1.04 4.18 0.935 2.52 27.2
11 354 154 33.0 95.4 38.3 0.926 4.02 0.863 2.49 26.1
7 1 38.6 147 25.0 81.0 36.8 1.05 4.00 0.681 2.21 27.2
11 40.8 151 25.5 85.2 31.7 1.09 4.00 0.677 2.27 26.6
8 I 548 144 22.9 81.0 37.6 0.146 3.82 0.610 2.15 26.6
1I 10.5 145 22.5 86.4 38.9 0.268 3.73 0.578 2.22 25.7
9 1 42.7 144 27.2 79.4 31.7 1.35 4.53 0.680 2.50 31.5
11 36.5 150 313 84.8 36.4 1.00 4.12 0.862 2.33 27.5
10 1 41.3 182 29.3 97.5 42.8 0.964 4.25 0.683 2.28 23.4
1I 37.0 164 25.5 92.7 39.9 0.927 4.11 0.640 2.33 25.0
Mean 26.1 150 26.7 88.3 379 0.692 3.96 0.707 2.33 26.5
Standard error 3.98 348 1.28 3.26 1.03 0.109 0.088 0.035 0.07 0.74
Fiducial limits of mean:
P =090 19- 144 24~ 82- 36— 0.49- 3.8 0.64- 2.2- 25—
33 156 29 94 40 0.89 4.1 0.77 2.5 28
P =0.99 13- 139- 23— 78- 35- 0.34- 3.7-  0.59- 2.1- 24—
39 161 31 99 41 1.05 4.3 0.82 2.6 29
Standard deviation 12.6 11.0 4.06 10.3 3.27 0.346 0.277 0.110 0.223 2.35
Coefficient of variation %, 48 73 15 12 8.6 50 7.0 16 9.6 8.9

* The sodium values have been reduced by the amount in the chloride space.
t The NCN has been reduced by the amount of the nitrogen in the vascular space.

1 Intracellular water.
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TABLE V
Coefficients of variation of analytical and derived data *

Component
Na K Mg Cl P NCN H:0 Fat
Analytical data
Per 100 Gm. wet, fat-free muscle 25 9.1 15 28 12 98 2.0 99
(Tables IT and III)
Derived data
Per Kg. intracellular H,O 48 7.3 15 12 8.6
(Table 1V)
Per Gm. NCN 50 7.0 16 9.6 8.9
(Table IV)
Per 100 Gm. dry, fat-free solids 49 10 17 11 12
(text)

standard deviation X 100
mean ’

* All values are

techniques were sufficiently precise to distinguish
between samples and that in each patient the two
muscle samples were representative and sufficiently
similar to distinguish between the control patients.
These conclusions and the calculation of the vari-
ance of a series of single analyses on single sam-
ples from different patients are indispensable for
the future application of the control data.

In this analysis of variance, the possible source
of variation based on different muscles in a pa-
tient having dissimilar composition has not been
considered because the data collected are not ex-
tensive enough. If this source of variation exists,
it is included here in that attributed to the indi-
vidual patient.

Derived data

In Table IV the derived values of the intra-
cellular components are expressed per kilogram
of intracellular water and per gram of NCN. At
the foot of the Table the mean, standard error,
fiducial limits with P = 0.90 and P = 0.99, stand-
ard deviation, and the coefficient of variation are
displayed. The fiducial limits were computed
from the ¢-distribution (31), and 9 degrees of
freedom were employed because of the compari-
sons between ten patients. The standard devia-
tion was determined as in Table III, but is based
on the duplicate samples from different patients in-
asmuch as the analytical variation had been shown
in Table III to be inconsequential in comparison
to that of the samples and patients.

If the data are expressed in terms of 100 Gm.

dry fat-free solids, the following mean values are
obtained : Na, 8.13 mEq.; K, 46.9 mEq.; Mg, 8.36
mEq.; P, 27.6 mM; NCN, 119 Gm.; H,0, 314
Gm. The sodium and water have been corrected
for the amount in the chloride space, and the NCN
has been corrected for the nitrogen in the vascular
space.

The chloride space per 100 Gm. wet fat-free
muscle has a mean value of 19.3 Gm. with a stand-
ard deviation of 5.81 Gm. and a coefficient of vari-
ation of 30 per cent. These values and those in
the preceding paragraph may be derived from
Table II.

Comparison of reference bases

A useful statistic for comparing the uniformity
in data is the coefficient of variation, and in Table
V are set forth the coefficients assigned to the data
expressed in relation to four different reference
bases. A desirable characteristic of a reference
base is that its use introduces a measure of uni-
formity in the data consistent with the reference
base itself not undergoing wide fluctuations. In
Table V the correction for the extracellular sodium
to permit a calculation of the intracellular sodium
increased the variation in the derived sodium data
in comparison to the analytical data. The coeffi-
cient of variation of the sodium and chloride in
the analytical data and that of the chloride space
of 30 per cent are approximately equal because
of their sharing a common anatomical compart-
ment. The coefficient of variation for water in
the analytical data has the low value of 2 per cent,
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TABLE VI
Tissue analyses from the literature *

Component per 100 Gm. wet, fat-free tissue

Author Subject Na K Mg P Cl H:0 N
mEgq. mEqg. mEgq. mM \ Gm. Gm,
Cotlove et al. (33) Rat Mean 2.08 10.6 2.23 7.68 1.17 72.6 3.52
S.E. 0.04 0.2 0.03 0.10 0.01 0.1 0.03
Lilienthal et al. (21) Rat Mean 2.35 6.97 3.33¢
S.D. 0.18 0.31 0.109
Hastings and Dog ean 3.24 8.21 2.15 76.5
Eichelberger (20) S.D. 0.48 1.0 0.28 0.64
Cullen et al. (34) Man} Mean 6.29 1.51 4.84 3.13 774
Shohl (16) Man Mean 3.1 9.3 1.9 7.1 1.8 79
Mudge and Man Range in } 3.59- 8.19- 2.74— 2.93-
Vislocky (35) 3 controls/ 4.42 8.80 2.97 3.37
Baldwin et al. (23) Man Mean 9.46 1.64 5.90 2.70%
S.D. 1.17 0.21 0.710 0.250
Barnes, Gordon, Man Mean 4.36 9.13 1.63 5.37 2.31 80.3 2.58%
and Cope S.D. 1.10 0.832 0.248 0.628 0.652 1.60 0.253

* The standard error (S.E.) or standard deviation (S.D.)

of the values are stated when given by the authors. They

are not strictly comparable because of unstated differences in their computation.

tV

alue represents NCN
1 Autopsy material.

and it increases in the derived data because intra-
cellular water is referred to rather than total water.
Furthermore, the original expression of the ana-
lytical data in terms of the weight of wet tissue in-
evitably leads to greater uniformity in the water
content.

In considering these coefficients of variation it
might be supposed that if the results were ex-
pressed per kilogram of intracellular water or per
gram of non-collagen nitrogen that a greater meas-
ure of uniformity might be achieved. Indeed the
rationale for introducing these reference bases is
founded on the assumption commonly stated, but
never proved, that a greater uniformity would ap-
pear in the derived results. However, a com-
parison of the coefficients in Table V reveals that
no striking increase in the uniformity is obtained
by expressing the results related to the intracellu-
lar water, to the NCN, or to dry solids. Natu-
rally, the fact that no greater uniformity is noted
here does not exclude the possibility of more
meaningful interpretations of pathological ma-
terial by employing these same reference bases.
This has been substantiated by further experience
in diseased states (16).

Comparison of data with other analyses

The data reported here are in agreement with
previous reports in the literature as displayed in
Table VI. The close agreement between Baldwin,
Robinson, Zierler, and Lilienthal (23), who first
applied this method to clinical material, and the
data of this paper confirms our impressions of the
precision of the methods. The standard devia-
tions as published in various reports are calcu-
lated by differing and unstated methods and refer
to quantities that are not strictly comparable.
However, they serve as a rough guide to the dis-
persion of the values and indicate that the data
of this paper conform to previous tissue analyses.

SUMMARY

A composite scheme of tissue analysis based on
the concepts introduced by A. B. Hastings and
J. L. Lilienthal has been presented with details
of the analytical methods as applied to skeletal
muscle. The outline of the calculations for the
derived values of the concentrations of sodium,
potassium, magnesium, phosphorus, water, and
non-collagen nitrogen is given. These concentra-
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tions are referred to intracellular water derived
by means of the chloride space and to the non-
collagen nitrogen content of skeletal muscle.

Analytical and derived values from a control
series of analyses from ten patients are reported
together with a statistical evaluation of the re-
sults. Various reference bases are considered in
regard to their property to diminish the dispersion
of the data, and the similarity of the results with
other tissue analyses is discussed.
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