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There have been many studies of electrolyte
fluxes in isolated mammalian muscle (1-4). How-
ever, there exists at present virtually no informa-
tion about the factors which in vitro affect the
steady state concentrations of intracellular elec-
trolytes. To investigate this problem a technique
for the incubation of intact rat diaphragms has
been developed which permits the prolonged
maintenance of muscle composition in a steady
state.

The purpose of this communication is, first, to
describe the technique and to present evidence
that a stable and physiological tissue composition
can be maintained for up to 12 hours. Second,
data are presented which define the effects of
varying external concentrations of potassium on
muscle composition. Striking and unexpected dif-
ferences between in vivo and in wvitro behavior
were encountered.

METHODS

Sprague-Dawley rats, 40 to 80 g in weight, were
lightly anesthetized with intraperitoneal 4 per cent so-
dium amobarbital solution. The entire thoracic rib cage
was dissected out, leaving the diaphragm intact. Special
care was taken not to cut the diaphragm or its attach-
ments. The diaphragm with the rib cage attached was
then rinsed quickly in saline before being placed in the
bathing medium.

The bathing solution was a modified Krebs-Ringer
bicarbonate medium containing: NaCl, 115 mmoles per
L; NaHCO,, 25 mmoles per L; NaH.PO,, 1.2 mmoles
per L; MgSO,, 1.2 mmoles per L; and CaCl,, 1.3 mmoles

* Supported by the National Institutes of Health,
Grant H2767. Presented in part before the American
Physiological Society, April 1960.

+ Postdoctoral Research Fellow, The National Founda-
tion.

1 During tenure as a Special Research Fellow, United
States Public Health Service.

per L. KCI was added as dictated by experimental design,
the Na content remaining constant. Glucose, 100 mg per
100 ml was added in every case. For antibacterial effect,
chloramphenicol, 62.5 mg per L. was used, sometimes sup-
plemented with penicillin, 100,000 U per L, and strepto-
mycin, 100 mg per L.

The bathing solution was contained in a specially de-
signed plastic box with a capacity of approximately 3 L.
The box had a sintered glass bottom plate which permitted
vigorous aeration of the medium with 95 per cent O, and
5 per cent CO.. The incubating box was kept in a con-
stant temperature water bath which maintained the fluid
in the box at 37° C. The pH of the bathing solution,
checked at intervals, was kept within the range of 7.37
and 7.43.

At the beginning of an experiment 12 diaphragm prepa-
rations were placed in 1,500 ml of bathing medium within
the plastic box and secured to glass rods in order to keep
them fully immersed. During the first hour of an ex-
periment approximately 500 ml of bathing solution was
changed every 15 minutes. Thereafter 500 ml was
changed every 30 minutes until the end of the experi-
ment.

At the end of an experiment the intact diaphragm prep-
arations were washed in 5 per cent glucose solution and
the two lateral muscular hemidiaphragms were rapidly
dissected from their rib cage attachments and central
tendons. The hemidiaphragms were then blotted once
on filter paper, placed in tared test tubes and weighed.
In rats of the size used in these experiments the muscu-
lar portion of the diaphragm is less than 0.5 mm in
thickness (4 to 8 muscle fibers) and its total weight is
100 mg or less. Thereafter the diaphragms were dried
under vacuum at room temperature for 15 hours and re-
weighed to obtain dry weights. Muscle electrolytes were
extracted in boiling water for 1 hour, a technique previ-
ously validated by comparisons with standard dry-ash-
ing methods. Sodium and potassium analyses of the
extract were made with a flame photometer and chloride
analyses amperometrically with an Aminco-Cotlove chlo-
ride titrator. Diaphragms from in wizo control rats were
extracted and analyzed in a similar fashion.

Inulin space was used as a measure of the extracellu-
lar space of tissue. At least 60 minutes before the dia-
phragm preparations were to he removed for analysis,
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they were transferred to a second bathing solution, iden-
tical with the first except for the presence of inulin, ap-
proximately 700 to 900 mg per 100 ml. In agrcement
with the observations of Creese (5), it had previously
been established that a period of 60 minutes was more
than sufficient time to permit equilibration of the inulin.
The alkali-stable fraction of inulin in the tissue ex-
tracts was prepared for analysis by a modification! of
Cotlove's technique (6). Five ml of extract was placed
in 10-ml volumetric flasks, 1.6 ml of 0.75 N NaOH added,
and the solutions heated in a water bath for 30 minutes.
The pH was then ‘adjusted with 1.5 N HCI to approxi-
mately 7.0, using phenolphthalein as an indicator. Pro-
tein was precipitated by adding exactly 1 ml of 10 per
cent ZnSO, and 1 ml of 0.75 N NaOH. The solutions
were then made up to 10 ml volume, shaken, allowed to
stand for 10 minutes, and centrifuged. Inulin analyses
were performed on 2 ml of the supernatant, using the
resorcinol method of Roe, Epstein and Goldstein (7).
The inulin analysis of the bathing solution was carried
out in a similar fashion after appropriate dilution. To
determine the i1 ©ivo inulin space of the diaphragms, bi-
lateral nephrectomies were performed and 1.5 ml of a
10 per cent inulin solution was injected intraperitoneally
or intravenously. The animals were exsanguinated after
3 hours and the diaphragms analyzed for inulin as al-
ready described. In in wvivo and in vitro experiments an
average blank correction for inulin was made by appropri-
ate analyses of groups of diaphragms. Blank values were
always less than 5 per cent of the total inulin color.

RESULTS

Stability of the preparation. Table I summa-
rizes the results obtained in one series of experi-

1 The authors are grateful to Dr. Cotlove for suggest-
ing this adaptation of his technique.
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ments in which diaphragms. were incubated for
periods up to 12 hours at a bath potassium con-
centration of 6 mEq per L.. Total water content,
as per cent of wet weight, rose slightly during the
course of the experiment. This was mainly due to
a small increase in extracellular water, which be-
came apparent at the ninth and twelfth hours. In-
tracellular water was relatively constant after a
slight initial increase. At first, calculated intra-
cellular potassium dropped by 18 mEq per L from
in vivo control levels and intracellular sodium
rose by 29 mEq per L. -After these initial changes,
intracellular electrolyte composition remained es-
sentially constant throughout the 12 hour period.
The sodium entering cell water in excess of the
loss of potassium was accompanied by a simultane-
ous gain of intracellular chloride. The inherent
inaccuracy of the calculation of intracellular so-
dium and chloride prevents any precise comparison
between gains in these ions and the loss of potas-
sium.

The stability and physiologic viability of the
preparation is emphasized by the results of a group
of experiments shown graphically in Figure 1.
In these studies the muscles were placed in a po-
tassium-free bath during the initial period of in-
cubation. After 4 hours some of the muscles were
taken for analysis and it was found that approxi-
mately half the potassium content had been lost
in exchange for an equivalent amount of sodium.
The rest of the diaphragms were then placed in

TABLE I

Changes in water compartments and electrolyte composition of rat diaphragm during
incubation at bath potassium of 6 mEq per L

Total content

Intracellular conc.

Inulin Intracellular
Water space K Na Cl water K Na Cl
% wet wit mEq/100 g dry wt ml/100 g dry wt mEq/L ICW
In vivo 76 2% 17 2 4042 1242 4+1 251420 158 +8 846 0
control 391+ [21] [40] [38] [10] [21] [21] [19] [10]
In vitro
3 hours 77T +£1 18 £ 4 36 £ 2 20 =4 261 + 21 140 + 10 37 £ 23
[30] [23] [29] [27] [23] [22] [20]
6 hours 77T +1 18 £ 4 37+3 21 =4 266 + 19 139 + 10 40 + 17
[36] [29] [36] [35] [29] [29] [28]
9 hours 78 £ 1 21 +4 38 +3 23 £ 6 14 £2 264 = 19 146 + 14 41 + 21 1147
[30] [25] [28] [27] [10] [25] [24] [23] [10]
12 hours 9 +1 22 £ 2 37T+2 21 3 15 +3 268 + 15 137 £ 11 26 £9 846
[22] (191 [22] [22] [e] [19] [19] [19] (6]

* Mean =+ standard deviation.
t Number of analyses in brackets.
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MepIUM. Each point is the average of 15 to 25 muscle
analyses. The vertical lines through each point repre-
sent the range of =2 SE.

a bath containing 6 mEq per L of potassium. In
this medium, the muscles rapidly reaccumulated
potassium and extruded sodium, as evidenced by
the “normal” in wvitro potassium and sodium con-
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phragms incubated for a full 8 hours after lcach-
ing, i.e., for a total incubation time of 12 hours.

Relation between bath potassium and muscle
potassium content. The time course of muscle po-
tassium content at a variety of bath potassium con-
centrations is plotted in Figure 2. At a bath po-
tassium of 6 mEq per L muscle potassium was ap-
proximately constant throughout the final 9 hours
of incubation, as noted above. At a bath potas-
sium of 1.1 mEq per L, muscle potassium fell ini-
tially but then rose gradually until it reached the
“normal” in vitro value for a bath potassium of 6
mEq per L. Potassium content then remained
constant during the final 3 hours of incubation. At
bath potassiums of less than 1 mEq per L, muscle
potassium content in each case fell progressively
during the early hours of incubation, but then
reached a relatively stable value during the final
4 hours in the bathing medium. The values for
this final period, taken to represent an approxi-
mately steady state for potassium content, are
shown in Figure 2 by the solid points in each line.
Each point represents the average of 6 to 12 dia-

tent after only 1 hour of incubation. Moreover, phragms. The mean of all the analyses indicated
these concentrations were maintained in dia- by the solid points in each line (= its standard
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Fic. 2. MUSCLE POTASSIUM CONTENT DURING INCUBATION AT VARIOUS EXTERNAL

POTASSIUM CONCENTRATIONS.

Each open point connected by broken lines represents

the mean of relatively few diaphragms taken early in the experiments to show the
general trend of muscle potassium. Each solid point connected by unbroken lines rep-

resents the mean of 6 to 12 diaphragms.

The mean of all the solid points at each ex-

ternal potassium is represented by the point at the end of the appropriate curve, and
the standard deviation of this mean is depicted by the vertical lines through each of

these points.
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deviation) is plotted at the right of the appropriate
curve. These mean potassium contents are each
derived from no less than 24 diaphragms taken in
at least two separate experiments, in which there
was little or no change during the final 4 to 5
hours of incubation. liach mean is considered
to approximate a steady state value for muscle po-
tassium content at a given external potassium
concentration.

The steady state muscle potassium contents
from the experiments depicted in Figure 2, plus
comparable values from similar experiments at
other bath potassium concentrations, are plotted
against external potassium concentration in Figure
3. Three facts about this relationship are worth
particular comment. First, there was little or no
change in muscle potassium as bath potassium was
lowered from 6 to 1 mEq per L.. and at most a
small increment in muscle potassium as bath po-
tassium was raised to 9.5 mIEq per I.. At approxi-
mately 1 mEq per L there was a sharp break in
the curve and, at hath potassiums of less than 1
mEq per L, muscle potassium and bath potassium
were linearly related. Because of continuing po-
tassium loss from rib cage structures other than the
diaphragm, it was not possible to achieve bath po-
tassium concentrations of less than 0.06 mEq per
L. At this concentration (lowest point on curve
in Figure 3), some 9 mEq of potassium per 100 g

dry weight remained in the diaphragm. Extra-
T T T T—7¢ T 7/ T
40| —40
° L]
sl P —t ’ Las
30} ./ 430
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F16. 3. STEADY STATE DIAPHRAGM POTASSIUM CONTENT
IN VITRO AS A FUNCTION OF EXTERNAL POTASSIUM CON-
CENTRATION. Each point represents the mean of 24 to
48 muscles from at least two separate experiments, show-

ing little or no change in muscle potassium content for 3
to 5 hours,
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polation of the linear relationship of internal to
external potassium from this point to zero exter-
nal potassium (indicated by the dashed portion of
the curve) suggests that some 6 to 7 mEq of potas-
sium per 100 g dry weight would remain in the
muscles in a potassium-free bath.

Relation between bath potassium and mauscle
composition. The upper half of Table II shows
the intracellular electrolyte composition of mus-
cles at several external potassium concentrations
of 1.1 mliq per L. or above. The values given
at each bath potassium represent the means of 15
to 22 diaphragms taken after 8 to 10 hours of in-
cubation in several separate experiments. As
would be expected from the lack of change in po-
tassium content per dry weight shown in Figure 3,
intracellular potassium decreased relatively little
as external potassium was lowered from 9.5 to 1.1
mEEq per L. Intracellular sodium rose slightly,
but chloride was virtually constant. Inulin space
and extracellular water were also relatively stable.
These results confirm the impression derived from
Figure 3 that intracellular electrolyte composition
was relatively constant over a wide range of ex-
ternal potassium concentrations greater than 1.1
mEq per L.2

Similar data from three experiments at external
potassium concentrations of less than 1 mEq per
L are summarized in the bottom half of Table II.
In each experiment the fall in intracellular potas-
sium concentration from that found at a bath po-
tassium of 1.1 mEq per I. was halanced by an ap-
proximately equal rise in intracellular sodium.
There was little or no change in intracellular chlo-
ride. There was no evidence of a significant cation
deficit in cells during in vitro potassium depletion
of muscles, and thus no need to postulate a shift
of hydrogen ion or other cations to account for
these data.

Differences between the effect of lowered ex-
ternal potassium in vivo and in vitro. Other in-

2 Note that the values for inulin space and intracellular
water and electrolytes were somewhat different at an ex-
ternal potassium of 5.5 mEq per L, in this group of ex-
periments, from those shown in Table I. The two groups
of experiments were separated by a year or more. We
have no explanation for these differences, in terms of
changes in technique, animal size or strain, and so forth;
however, results have been quite consistent during the

course of the year or more during which the studies shown
in Table II were carried out.
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TABLE II
Effects of bath potassium on water compartments and electrolyte composition of rat diaphragm

Bath Inulin Intracellular Intracellular electrolytes

K space water K Na Na+K Cl
mEgq/L %% wel wit ml/100 g dry wt mEq/L intracellular water

9.5 26 £ 3* 230 += 15 167 £ 8 11 +5 178 + 8 44
(157t

[51§] 25 £2 229 11 162 =6 155 177 £ 7 4 £3
1.1 24 3 239 =10 148 = 8 23 £ 7 172 £ 7 643
[22]

0[.45 26 £ 1 243+ 9 116 + 6 48 £ 7 164 + 8 4+4

6]
0[§§ 25+ 2 227+ 6 84 + 4 93 +6 177 £ 4 13 +8
0[2\3 27 + 1 222 4+ 13 68 + 7 106 £ 7 174 £ 8 105
* Mean =& SD.

t Number of diaphragms in brackets.

vestigators (8) have reported that there is an ap-
proximately linear relationship between peripheral
skeletal muscle potassium and plasma potassium
during potassium depletion in wvivo. The data
presented above indicate that muscle potassium
changes but little when external potassium is de-
creased over the range found in plasma during
potassium depletion in vivo. To confirm this ap-
parent difference hetween the in vivo and in vitro
results, two sets of experiments were done. In
the first type of experiment, groups of rats similar
in size to those used for the i vitro experiments
were placed on a potassium-free diet for one to
three weeks.® At intervals, small groups were
killed and plasma and diaphragms were analyzed
for potassium. The results are shown by the
points in Figure 4, each of which represents a
'single animal. The observed relationship be-
tween diaphragm potassium and plasma potassium
can be described by a straight line—y = 4x + 23.5
(the heavy line in Figure 4) ; the correlation co-
efficient (R) is 0.7. These in vivo results, show-
ing a linear relationship between diaphragm and
plasma potassium, confirm the data of Welt and
co-workers (8) obtained with other skeletal mus-

3 The diet used was low in alkali, and bicarbonate was
not added to the drinking water. Although potassium-
deficient, these animals did not become alkalotic, as evi-
denced by plasma CO, values in the same range as those
of control rats (25 to 30 mmoles per L).

cles. They contrast sharply with the in vitro re-
lationship described by the dotted line in Figure 4.

This difference between the in vitro and in
vivo relation of internal to external potassium
was demonstrated in another way by the results
of a second type of experiment which are sum-
marized in Table III. Thirty-nine rats were
placed on a potassium-free diet for several weeks,
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F16. 4. RELATION OF DIAPHRAGM POTASSIUM TO PLASMA
POTASSIUM IN VIVO. Each point represents the values
from one potassium-depleted rat. The solid line has been
fitted to these points by the method of least mean squares.
The dashed line is the in vitro curve from Figure 3. The
point labeled “control” is the mean in wvivo diaphragm
potassium from 51 normal rats.
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TABLL 11T

Effect of incubation on potassium content of diaphragms
from potassium-depleted rats

Plasma K Bath K Muscle K
mEq/L mEq/L mEq/100 g
dry wt
In vivo [16] 1.6 £ 0.3 295 + 2.1
In vitro [23] 1.7+03 1.1 343 +31

after which 16 of these animals selected at random
were killed and their diaphragms taken for analy-
sis. Diaphragms from the remaining 23 rats were
incubated for 8 to 10 hours in a bath containing 1.1
mEq per L potassium. The mean plasma potas-
sium concentrations of the two groups were equal.
and considerably higher than the bath potassium
concentration. Nevertheless, the incubated dia-
phragms actually gained potassium to approxi-
mately the “normal” in vitro level. Thus muscle
potassium content increased significantly (p <
0.001) when the diaphragms were taken from a
higher external potassium in vivo to a lower ex-
ternal potassium in vitro.

DISCUSSION

An in vitro muscle preparation suitable for the
study of steady state phenomena should he capable
of maintaining its cellular water content and elec-
trolyte concentrations close to in vizo levels when
incubated in simple physiological media. Cell
composition, furthermore, should remain reason-
ably steady over relatively prolonged periods of
time. Rat diaphragm muscle has been widely
used for various types of physiological and bio-
chemical studies because it is easily handled
and particularly because its thin shape facili-
tates the rapid equilibration of oxygen and
other solutes between muscle and medium. How-
ever, cut diaphragm preparations when incubated
usually show a progressive loss of potassium and
a gain of sodium and water (9, 10). Creese (5)
described a cut preparation which appeared capa-
ble of maintaining a nearly normal intracellular
potassium content for as long as 12 hours, but its
intracellular sodium content increased markedly.

Kipnis and Cori (11) pointed out several years
ago that an “intact™ diaphragm preparation in
which the fibers are left attached to ribs and cen-
tral tendon offers important advantages for the
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study of normal cellular permeability to sugars.
It seemed reasonable to expect that electrolyte
equilibrium in such an intact diaphragm would
also be more satisfactory, and such has proven to
be the case in the present experiments. The tech-
nique described here not only permits the main-
tenance of a nearly physiological cellular sodium,
potassium and water content for many hours, but
also possesses the additional advantages of sim-
plicity and convenience. Moreover, many dia-
phragms may he handled simultaneously with rel-
ative ease.

The most striking observation made in these
experiments was the relative constancy of tissue
potassium as external potassium was varied from
normal extracellular levels down to very low
levels. As shown in Table II, the intracellular
concentration of potassium decreased by only 10
per cent when bath potassium was reduced from
5.5 to 1.1 mEq per L, and the total potassium
content of the tissue decreased by less than 5 per
cent (Figure 3). This contrasts sharply with the
steep slope of the line relating external potassium
to skeletal muscle potassium content in potassium-
depleted animals found by Welt and co-workers in
peripheral muscle (8) and confirmed here for
diaphragm muscle (Figure 4). In vivo, muscle
loses 30 per cent or more of its potassium con-
tent when plasma potassium is reduced from 4 to 1
mEq per .. When total exchangeable potassium
is used as a rough index of tissue potassium con-
tent, similar large reductions in tissue potassium
with even smaller reductions in plasma potassium
can be inferred from observations in potassium-
depleted patients (12). Balance studies in two
patients with severe chronic potassium depletion
(13) indicated a loss of approximately 25 per
cent of cellular potassium content with a reduction
in plasma potassium to the range of 2.1 to 2.7
mEq per L.

Extracellular acidity is known to affect the
in vivo relationship between extra- and intracel-
lular potassium. and there may well be other im-
portant influences, as yet undefined. However,
it is clear from the studies of Welt and co-workers
that a reduction in extracellular potassium will
lower muscle potassium content in rats with nor-
mal extracellular acid-hase balance as much as in
alkalotic animals. Futhermore, as already noted,
the potassium-depleted rats used in the present



392

in vivo experiments did not hecome alkalotic.
Therefore, the difference hetween the in vivo and
in vitro behavior of muscle potassium is not to he
attributed to the constancy of the pH and bicarbo-
nate content of the incubation medium used in the
present studies. The present data make it clear
that loss of muscle potassium in potassium deple-
tion is not solely the result of a lowered extracel-
lular concentration of potassium. Other impor-
tant factors must be involved. Current studies in
this laboratory are concerned with this problem.

When the concentration of potassium in the me-
dium was lowered below 1 mEq per L, muscle po-
tassium content began to decline and, as shown
in Figure 3, at medium levels below 1 mEq per L.
there was a direct linear correlation between in-
ternal and external potassium. While the data do
not rule out a more complex mechanism, it is
tempting to speculate that the simple and distinc-
tive shape of the curve in Figure 3 reflects the op-
eration of a single physical process responsible for
potassium accumulation. However, the available
information does not permit a critical choice among
the various mechanisms proposed for this process.
Thus, a relationship of this general type might be
anticipated if potassium accumulation were en-
tirely the passive consequence of the active ex-
trusion of sodium (2). In that case, as external
potassium is lowered, a critical concentration might
be reached below which net influx of sodium and
consequent loss of potassium might begin. Such
an effect might depend on a relationship between
external potassium and either sodium pumping or
the passive permeability of the membrane to so-
dium. Alternatively, a curve similar to Figure
3 might also be anticipated if potassium accumula-
tion were the result of active inward transport
(14) either as a process independent of sodium
efflux, or coupled with it (4). Under either of
these latter possibilities, the distinctive shape of
the curve could be determined by a saturation
phenomenon. A similar explanation could also
apply if potassium accumulation were the result of
the specific attraction of potassium to fixed nega-
tive charges inside the cell (15-18).

Another feature of the data in Table II worth
comment is the relationship between loss of intra-
cellular potassium and gain of intracellular sodium.
As shown in the column headed “Na + K” the
sum of these two ions remained approximately
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constant as hath potassium was lowered from 9.5
to 0.25 mEq per L, indicating roughly equivalent
replacement of potassium by sodium. This is true
even if a correction is made for the small and sta-
tistically insignificant rise in intracellular chloride
at the lowest levels of bath potassium. In most
studies of the effects of potassium-depletion on
rat muscle in vivo, the rise in intracellular so-
dium is found to be only 70 or 80 per cent of the
total loss of intracellular potassium (19-21). Al-
though many workers have assumed that a shift
of hydrogen ions into cells makes up this deficit,
more recent studies by IEckel, Norris and Pope
(21) have shown that in rats the apparently mis-
sing cation can sometimes be accounted for by the
intracellular accumulation of cationic amino acids,
chiefly lysine. No amino acids were added to the
bathing medium in the present experiments, and
therefore no cationic amino acids could have been
available for exchange with intracellular potas-
sium. The data in Table II demonstrate that,
despite this, no significant hydrogen-for-potassium
exchange occurred.

Finally, it should be noted that extrapolation of
the curve in Figure 3 suggests the existence of a
significant fraction of tissue potassium which is
relatively nondiffusible. This fraction seems nev-
ertheless to be able to exchange freely, since Creese
found that K** appeared to equilibrate with total
tissue potassium in diaphragms incubated at 38° C
(5). It is interesting, however, that at lower tem-
peratures, an apparently nonexchangeable moiety
can be demonstrated bhoth in rat diaphragm (22,
23) and in extensor digitorum longus (24).
Heterogeneity of intracellular potassium has been
suggested by many workers and might conceivably
result either from separation into subcellular com-
partments or from binding of potassium to intra-
cellular constituents.

SUMMARY AND CONCLUSIONS

A method is described for the incubation of in-
tact rat diaphrgams which permits the mainte-
nance of a stable and physiological tissue compo-
sition for periods up to 12 hours. A study of the
steady state relationship between internal composi-
tion and external potassium concentration re-
vealed :

1. Below bath potassium concentrations of 1
mEq per L there was a linear relation between
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muscle potassium content and bath concentration.
Intracellular potassium was replaced by virtually
equivalent amounts of sodium.

2. At a bath potassium of 0.00, about one-fourth
of the total tissue potassium remained in situ and
extrapolation to a potassium-free medium sug-
gests the existence of a significant fraction of in-
tracellular potassium which is relatively non-
diffusible.

3. There was essentially no change in muscle
potassium as bath potassium was lowered from
5.5 to 1.1 mEq per L. By contrast, comparable
changes in plasma potassium in intact potassium-
deficient rats were found to be accompanied by
large reductions in diaphragm potassium.

It is concluded that reduction in external potas-
sium concentration alone is insufficient to pro-
duce the loss of muscle potassium observed in po-
tassium-deficient rats. The striking difference be-
tween the in vivo and in vitro behavior of skeletal
muscle cannot be explained by changes in extracel-
lular acid-base balance; other as yet unidentified
factors must play a role.
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