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Sizth Medical Services [Boston University], Boston City Hospital, Boston, Mass.)

(Submitted for’ publication Augﬁst 20, 1951 ; accepted October 1, 1951)

One of the puzzling clinical aspects of the metab-
olism of electrolytes is the genesis of symptoms
and signs of potassium depletion and potassium
intoxication (1-3). Precipitous flaccid paralysis,
sensory disturbances and respiratory failure, alto-
gether analogous to the sequence of events in fa-
milial periodic paralysis, may occur in these dis-
turbances of potassium metabolism characterized
by either deficit or plethora of the ion. The pre-
ponderance of evidence indicates that such gross
clinical derangements are observed in but a minor-
ity of instances of abnormality in the metabolism
of potassium (1-9). Review of existing data, fur-
thermore, fails to disclose a clinical, chemical, or
physiologic difference which could account for the
capricious incidence of serious manifestations in
this minority of patients.

The extensive metabolic studies of Jantz (10)
in nine cases of familial periodic paralysis seem
to afford a clue to the solution of this problem.
He found that episodes of paralysis could be con-
sistently related to a profound reduction in the
ultrafiltrable fraction of plasma potassium. Al-
though this finding has not been confirmed or
negated, such an explanation might in part ac-
count for paralytic phenomena which occasionally
supervene in patients without familial periodic
paralysis, who develop disturbances of potassium
metabalism.

The present investigation comprises an analysis
of the diffusibility i vitro of potassium and sodium
of sera obtained from a group of normal subjects
and an analogous preliminary survey of patients
with derangements of electrolyte metabolism.

1 Present address: Department of Research Medicine,
University of Pittsburgh School of Medicine, Pittsburgh
13, Pa.

2 Part of the data upon which this report is based is
taken from a thesis submitted to the Graduate School of
Boston University by E. S. H. in partial fulfillment of
the requirements for the degree of Master of Arts.
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METHODS AND MATERIALS

The normal subjects were 24 medical students of the
freshman class of Boston University School of Medicine.
Patients in various states of electrolyte imbalance and de-
hydration were studied from the wards of Boston City
Hospital. Normal subjects came to the laboratory follow-
ing an overnight fast. Blood was withdrawn, using
minimal stasis, under mineral oil, and serum was sepa-
rated anaerobically within one hour of clot formation.
A portion of serum from the centrifuged blood was aspi-
rated from beneath its thin protective coat of oil into
Lavietes’ ultrafiltration chambers3 (11). Anaerobic ul-
trafiltration transpired through cellophane membranes at
room temperature for about 48 hours. Technical details
and equipment were identical with those described by
Lavietes (11). Both original serum and ultrafiltrate
were analyzed simultaneously. Serum residue was not
analyzed.

Sodium and potassium were determined on the Barclay
flame photometer using lithium as the internal standard
(12). AIll fluids were analyzed in duplicate—i.e., two
separate dilutions of 1 to 50 and 1 to 100 for potassium
and 1 to 200 and 1 to 400 for sodium. Each unknown
solution was “bracketed” by two knowns, and serum and
corresponding ultrafiltrate were read together. Final
values were averages of the results of two or more read-
ings of each unknown solution. Average readings of
duplicate dilutions were within 2% of one another. Be-
fore each group of determinations, the accuracy and pre-
cision of the instrument were further verified by analyz-
ing samples of “artificial serum”—a carefully compounded
known solution of salts of potassium, sodium, calcium, and
magnesium in such proportion that concentrations of these
cations were within the range of normal human blood
serum.

Water of serum and ultrafiltrate was estimated by the
method of Eisenmann, Mackenzie, and Peters (13). Ina
minority of instances insufficient quantities of ultrafiltrate
were available, so that the water content was assumed to
be that of the arithmetic mean of the series of ultrafiltrates
actually analyzed. Distribution ratios of potassium and
sodium are expressed as quotients of their concentrations
in water of ultrafiltrate divided by concentration in water
of serum.

Conventional methods of statistical analyses, as de-
scribed by Mainland (14), were utilized.

3 Obtained through the courtesy of F. Pierce Noble, 110
Benham Street, New Haven, Connecticut.
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RESULTS

Chemical data and diagnoses are presented in
Tables I and II. ‘

The ranges of serum potassium and sodium val-
ues in the group of 24 normal subjects are 3.82
to 4.49 meq./1. and 139.8 to 148.9 meq./l., respec-
tively (Table I). The means were 4.16 + 0.22
~ meq./1.* for potassium and 142.5 £ 2.0 meq./1. for
sodium. With respect to the upper limit of the
sodium range, it should be noted that only one re-
sult exceeded 144.8; that value (148.9) deviated
from the mean by more than three standard devi-
ations and may therefore be considered anomalous,
at least from the statistical standpoint.

The average distribution ratios of electrolytes in
water of ultrafiltrate and serum, in 16 normal sub-
jects (Table I), are 0.943 == 0.009 for potassium
and 0.942 =+ 0.007 for sodium. Their ranges were
0.926 to 0.957, and 0.929 to 0.954, respectively.

4 Unless otherwise stated, the plus or minus figure fol-
lowing the mean refers to standard deviation.
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‘The ultrafiltrability of sodium and of potassium
under the conditions of these experiments was
therefore nearly identical.

Distribution ratios during 19 evaluations in a
series of ten patients (Table II) in whom concen-
trations of serum potassium and sodium varied

- tremendously were strikingly similar to those ob-

served in the control group; the patients displayed
either potential or definite and flagrant disturb-
ances of electrolyte and water metabolism. Mean
ratios of 0.939 = 0.043 in the case of potassium
and 0.944 = 0.046 for sodium were almost in-
distinguishable from their counterparts in normal
subjects. The ranges of 0.909 to 0.960 (K) and
0.920 to 0.966 (Na) were, however, wider than
the corresponding values in the group of normal
subjects. A greater degree of variability is like-
wise evident as defined by the larger standard de-
viations. It appears clear, nevertheless, that the
diffusibility of both potassium and sodium in these
patients did not differ significantly from that of the
normal group. '

TABLE 1

The distribution of sodium and potassium between serum and in vitro ultrafiltrate of serum in normal subjects

Serum Ultrafilt. Water ®© (Na)
u a)u
Subj., age (K)u* | (Na)u* | (K)s* | (Na)s* s Na)s
K Na K Na Ser. Utt.
meq./l meq./l. | meg./l. | mea./l. | gms./l. | gms./l. | mea./l. | meg./l. | meq./l. | meq./}.
H. C 25 393 | 1422 | 4.01 142.2 933 4.03 1430 | 4.21 152.4 | 0.957 | 0.938
C.F 24 4.35 1409 | 4.39 142.7 937 4.42 143.5 4.64 | 150.4 | 0.953 | 0.954
H. S 21 449 | 1423 | 445 1419 930 4.48 142.7 | 4.83 153.2 | 0.928 | 0.931
A.B 20 4.18 | 142.7 | 4.13 143.7 933 4.15 1445 | 4.48 | 152.9 | 0.926 | 0.945
M.H. 24 4.43 148.9 | 4.48 | 1485 926 4.51 149.4 | 4.79 | 160.9 | 0.942 | 0.929
.L 26 4.27 142.8 | 4.28 | 143.5 933 996 4.30 144.1 4,58 | 153.0 | 0.939 | 0.942
.M 24 4.11 139.8 | 4.13 140.8 928 994 4.16 | 141.7 | 4.43 150.6 | 0.939 | 0.941
W, 21 4.04 | 1420 | 4.03 143.2 932 992 406 | 1444 | 4.33 152.3 | 0.938 | 0.948
‘M.B. 22 4.25 144.8 | 4.32 145.6 933 996 4.34 | 146.1 4.55 155.1 | 0.954 | 0.942
R. O 30 3.90 144.7 | 3.87 | 145.7 936 3.89 146.5 4.17 154.6 | 0.933 | 0.948
M.B. 22 4.35 1424 | 4.38 | 1424 931 994 4.41 143.2 4.67 153.0 | 0.944 | 0.936
D.W. 27 4.06 | 1429 | 4.12 143.1 931 993 4.15 1440 | 4.36 | 153.5 | 0.952 |.0.938
N.W. 21 3.92 143.4 3.93 144.6 932 995 3.95 145.3 4.21 153.8 | 0.938 | 0.945
C.P 29 4.39 | 141.8 | 4.43 1429 930 992 446 | 1440 | 4.72 152.4 | 0.945 | 0.945
T.L 27 4.14 | 1429 | 4.19 | 1449 932 994 4.22 145.7 | 4.44 | 153.4 | 0.950 | 0.950
A, K 25 4.11 140.1 4.14 140.5 936 996 4.16 141.0 4.39 149.7 | 0.948 | 0.942
M.D. 24 | 449 | 1440 927 484 | 155.3
Z.L 24 4.37 | 1423 929 4.71 153.3
G.H 22 3.82 140.2 935 4.09 149.9
A. R 24 3.82 142.8 928 4.12 153.8
S.F 26 4.11 139.8 932 4.41 150.0
H.L 24 3.91 143.1 927 4.22 1544
P.L 25 4.45 141.7 931 4.78 152.2
M.A. 29 4.06 | 140.3 930 4.37 150.9
Mean 4.16 142.5 0.943 | 0.942
St. dev. 0.22 2.0 0.009 | 0.007
St. error 0.05 0.4 0.002 | 0.002

* These concentrations of potassium and sodium have been corrected for water content of ultrafiltrate and of serum
by using analytical data or, in the case of certain ultrafiltrates, mean values of other analyses (¢f. Methods).
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TABLE 1I

The distribution of sodium and potassium between serum and in vitro ultrafiltrate of
serum in patients with disturbances of electrolyte metabolism

Serum Ultrafilt. Water
Pt. Remarks yu | (Naywr| (05 | (Nayer | SO | (T8l
K Na K Na Ser. Ult.
meq./l. | meg./1. | meg./l.| meq./l.| gms./l. | gms./). | meg./1.| meq./}. | meq./1. | meq./l.

B. Renal insufficiency 4.51 |144.4| 4.40 [ 143.6] 941 | 994 | 4.43 |144.5| 4.79 | 153.5]0.925] 0.941
T. Diabetes mellitus 4.27 |144.1| 4.25 [ 144.8| 927 | 975 | 4.36 | 148.5| 4.61 | 155.4|0.946 | 0.956
H. Diabetes mellitus 6.20 | 141.6 | 6.20 | 141.2| 930 6.27 | 142.8 6.67 | 152.310.940 | 0.938

S. Mpyocardial infarction 5.69 5.69 934 5.75 6.09 0.944
T. Diabetic acidosis 5.87 | 144.2] 6.04 | 144.9| 904 | 987 | 6.12 | 146.8 | 6.50 | 159.5 | 0.942 | 0.920
' 3.20 | 143.8] 3.19 [146.2| 923 | 987 | 3.23 [ 148.1] 3.47 | 155.80.931]0.951
R. Renal insufficiency 3.25 1123.9] 3.25 [120.6| 936 | 999 | 3.25 [ 120.7| 3.47 | 132.4[0.9360.911
3.16 | 130.1| 3.07 [129.0| 934 | 993 | 3.09 [ 129.9| 3.38 | 139.30.914|0.932
K. Renal and hepatic 4.46 | 131.5] 4.32 |129.3| 950 | 989 | 4.37 | 130.7] 4.69 | 138.4(0.931|0.944
insufficiency 4.07 [132.2] 4.04 | 132.0] 945 | 989 | 4.08 | 133.5] 4.31 | 139.9{0.946 | 0.954
4.51 {132.2| 4.52 [131.1| 942 | 988 | 4.57 | 132.7| 4.79 | 140.3]0.954 | 0.945
S. Diabetic acidosis 4.91 |124.5| 5.07 | 129.5]| 919 5.13 1 130.9| 5.34 | 135.5]0.960 | 0.966
2.37 1136.3 ] 2.35 | 135.9| 946 2.38 | 137.4| 2.51 [ 144.1]0.948 | 0.954
2.50 | 131.5] 2.50 | 132.5| 948 2.53 | 134.0] 2.64 | 138.7]0.958 | 0.966
M. Intestinal obstruction 2.89 | 135.4 2.80 | 135.1| 930 2.83 | 136.6| 3.11 | 145.6]0.909 | 0.938
L. Renal insufficiency 7.75 | 117.3 | 7.80 | 118.3]| 929 7.89 | 119.6 8.34 | 126.3 | 0.946 | 0.947
7.92 |117.1| 7.99 | 117.1| 921 8.08 | 118.4| 8.60 | 127.1{0.939]0.932
8.47 {120.1| 8.37 {122.0| 933 8.46 | 123.4] 9.08 | 128.7]0.931 ]| 0.959
9.13 [ 115.6] 9.22 | 116.6 | 930 9.32 | 117.9] 9.82 | 124.3 | 0.949 | 0.949
Mean 0.939{0.944
St. dev. 0.043 | 0.046
St. error 0.010 | 0.013

* These concentrations of potassium and sodium have been corrected for water content of ultrafiltrate and of serum
by using analytical data or, in the case of certain ultrafiltrates, mean values of other analyses (¢f. Methods).

DISCUSSION

Concentrations of serum potassium and sodium
in the present series of normal subjects are in
reasonable agreement with certain previously re-
ported series (12, 15). Distribution ratios of po-
tassium and sodium in serum of these subjects
corresponded very closely to predictions of the
Gibbs-Donnan equilibrium (16). This ratio in
the case of sodium coincides almost exactly with
mean values already reported in man and other
animals (17-23). The distribution coefficient of
potassium approximated that found in work on
dogs (20) and in recent studies of Folk, Zierler,
and Lilienthal (23) as well as of Berliner, Ken-
nedy, and Hilton (24). Such distribution ratios
of sodium and potassium confirm the assumption
usually made with respect to concentrations of the
ions in extracellular fluid in relation to certain bal-
ance calculations (4, 25).

Distribution ratios of potassium ascertained by
earlier investigators were, in the vast majority of
instances, below 0.90. Although the explanation
- for this disparity is unclear, certain of the follow-

ing factors may well have been involved: un-
reliability of earlier analytical methods for deter-
mination of potassium; failure to adhere to the
excellent methodologic criteria and precautions per-
taining to ultrafiltration studies outlined by In-
graham, Lombard, and Visscher and implemented
by Lavietes (21, 11); differences in technique of
ultrafiltration including study of in wivo, rather
than in vitro, transudates ; species differences. Fi-
nally, the range of variation of the distribution ra-
tios of both sodium and potassium in the present
group of normal individuals is considerably less
than has been found by previous investigators.

No specific or definite symptoms or signs which
could be clearly ascribed to abnormalities in po-
tassium metabolism were observed in these pa-
tients. Whether paralysis and related disturbances
occur only when abnormal binding of potassium,
presumably to protein, supervenes cannot there-
fore be gleaned from the present study. Search for
suitable patients with neuromuscular abnormali-
ties definitely attributable to abnormal metabolism
of potassium continues. Although the occasional
occurrence of this correlation appears to be incon-
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trovertible, its rarity is documented by the fact
that we have not observed it during the observation
and study, over several years, of many patients
with potassium deficiency and intoxication.

SUMMARY

1. The diffusibility of serum potassium and so-
dium was measured #n vitro, using Lavietes’ tech-
-nique, in a group of normal subjects and in a series
of patients with latent or striking disturbances in
the metabolism of electrolytes.

2. The mean concentrations of serum sodium
and potassium in 24 medical students were 142.5
=+ 2.0 meq./1. and 4.16 = 0.22 meq./1., respectively,
The average distribution ratios of potassium and
sodium expressed as the quotient of concentration
in water of ultrafiltrate divided by concentration in
water of serum were 0.943 = 0.009 and 0.942 =
0.007.

3. Despite impressive differences in total con-
centration of potassium and sodium in 16 studies
of ten patients, their ultrafiltrable fractions did not
appear to differ significantly from those of the nor-
mal series.

4. Implications of these findings for certain clin-
ical aspects of the metabolism of potassium are
discussed.
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