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A number of investigators (1-9) have recently
studied the potassium concentration in the proxi-
mal tubule of rat and Necturus. Unfortunately,
there are significant differences in the results ob-
tained by different observers. The general con-
clusion, however, that potassium is reabsorbed
against an electrochemical gradient in the proxi-
mal tubule of the rat seems justified. Further-
more, if one compares the ratio of the concen-
tration of potassium in tubule fluid to that in
plasma (TF/P K) to the corresponding ratio for
inulin, potassium appears to be extensively reab-
sorbed from the proximal tubule.

The study reported in this paper was under-
taken in an attempt to define the mechanism by
which potassium is handled in the proximal tu-
bule of the dog nephron. It was made possible by
the development of a sensitive ultramicromethod
for the determination of potassium in biological
fluids and the adaptation of micropuncture tech-
niques to the study of renal function in dog (10).
The concentrations of inulin and potassium were
determined in the same samples of proximal tu-
bule fluid. In separate sets of experiments, proxi-
mal transtubular potential differences were also
determined. The concentrations of inulin and
potassium in tubule fluid were compared with the
respective concentrations in plasma in order to
evaluate net potassium reabsorption, and the
TF/P K ratio was compared with equilibrium
ratios calculated from the transtubular potential
by the Nernst equation.

The results of this study differ quantitatively,
although not qualitatively, from those reported by
others using rat and Necturus as experimental
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animals. To determine whether this difference
was related to species differences or to methodol-
ogy, a limited number of proximal TF/P K ratios
were also determined in rats and Necturus.

Methods

Studies were performed on male and female mongrel
dogs weighing from 9 to 15 kg. The dogs were anes-
thetized by rapid injection of 200 mg of sodium pento-
thal administered intravenously as a 2.5% solution in
distilled water; small additional doses were adminis-
tered from time to time to maintain the desired level of
anesthesia. The left kidney was exposed through a
flank incision, and indwelling catheters were inserted
into the ureter of the experimental kidney, the foreleg
vein, and the femoral vein. Methods of exposing and
supporting the kidney for micropuncture as well as the
techniques of tubule fluid collection and identification
have previously been reported (10). The samples of
tubule fluid were generally 0.03 to 0.05 ul in volume
and were collected in 5 minutes or less.

In all dog experiments, 15-minute urine collection pe-
riods for the determination of inulin and potassium
clearances were obtained while tubule fluid samples were
being collected. After appropriate priming and sus-
taining infusions of inulin had been given, 30 minutes
was allowed to elapse before collections were begun to
insure stable concentrations of inulin in plasma. Venous
blood was drawn at the mid-point of each period, and
urine was collected through the ureteral catheter. It
has previously been demonstrated that the surgical
manipulation necessary for tubule fluid collections in the
dog does not appreciably alter the function of the ex-
perimental kidney when it is compared to its contra-
lateral control (10). If during the course of the ex-
periment the glomerular filtration rate fell by 20% or
more, the results were discarded.

The transtubular potential differences were measured
by pyrex glass microelectrodes as described by Ling and
Gerard (11). The glass microelectrodes were filled with
3 M KCl and connected to a Ag-AgCl electrode through
a lucite chamber filled with 3 M KCIl. The lucite cham-
ber was mounted on the head of a De Fonbrune micro-
manipulator and the Ag-AgCl electrode connected to the
input of a Cary vibrating-reed electrometer. The ref-
erence side of the circuit consisted of a Ag-AgCl elec-
trode in contact with a 3 M KClI bridge placed on the sur-
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face of the kidney. The potentials were recorded on a
Sanborn multichannel recorder. Because of respiratory
movements in the dog preparation, stable potentials
longer than 20 seconds were difficult to obtain. In spite
of the short duration, the character of the potential
measurement was identical to that seen in more stable
preparations such as the rat. Upon entering the tubule
there was an abrupt deflection of the recorder stylus
that stabilized and lasted a variable period of time.
Withdrawal of the electrode from the tubule lumen re-
sulted in an abrupt fall of the stylus to within 1 mv of
the base line. Rarely, a potential measurement identical
in character to the above would remain stable for 40 to
60 seconds. However, the majority of tubule impale-
ments resulted in potential measurements identical in
character to the above but lasting less than 10 sec-
onds, and it was obvious that when the animal breathed,
the tip of the electrode moved within the tubule lumen,
resulting in an immediate loss of potential. Various at-
tempts to measure potentials during temporary inhibi-
tion of respiration with succinyl choline were unsatis-
factory, primarily because, upon cessation of artificial
respiration, the kidney immediately lost its turgor and
pulsation, and blood flow and tubule fluid flow appeared
to diminish. Upon reinstitution of artificial respiration
the kidney slowly and progressively returned to its nor-
mal size and character. Since repeated attempts to ob-
tain prolonged stable potentials were unsatisfactory, a
potential measurement stable for 10 seconds and return-
ing to within 1 mv of the base line on withdrawal of
electrode from the tubule was considered satisfactory.
No attempt was made to localize the site of the po-
tential measurement along the tubule, since distal tu-
bules have not been located on the surface of the adult
dog kidney (10) and since no correlation between site
within the proximal tubule and magnitude of potential
has been observed in either Necturus (12) or rat (4).
Four groups of dogs were studied: 1) normal non-
diuretic, 2) potassium-loaded, 3) potassium-depleted, and
4) normal dogs undergoing mannitol diuresis. Potas-
sium-loaded animals were fed a diet containing 20 g of
KClI daily for 1 week before the study and infused with
a KCl solution at the rate of 33.5 uEq per minute per kg
throughout the experiment. The potassium-depleted dogs
were fed a potassium-free diet and in addition received
5 mg of desoxycorticosterone acetate intramuscularly each
day until 2 days before the experiment. The fourth
group of dogs was infused with 20% mannitol at the
rate of 3.0 ml per minute throughout the study.
Additional experiments were performed on male and
female Sprague-Dawley rats weighing between 200 and
400 g. The rats were maintained on Purina rat chow
and were allowed free access to food and water up to
the time of the experiment. Each rat was anesthetized
with Nembutal (3 mg per 100 g body weight), a trache-
otomy was performed, and an indwelling catheter was
inserted into the jugular vein. The left kidney was ex-
posed through a left flank incision and suspended on a
glass kidney holder. Tubule fluid samples were collected
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and analyzed for potassium {from hoth normal non-
diuretic animals and rats receiving 20% mannitol at the
rate of 0.1 ml per minute. Blood was obtained at the
end of the experiment from the abdominal aorta. In
rats undergoing a mannitol diuresis, urine flows as high
as 0.13 ml per minute were obtained through a polyethyl-
ene catheter inserted into the ureter of the experimental
kidney.

Micropuncture samples from Bowman’s capsule and
proximal tubules of Necturus were also collected. Ex-
periments were performed in the months of May and
June on animals that had been kept at 4° C in amphibian
Ringer’s solution for 1 to 8 weeks. The Necturi were
anesthetized with 1% tricaine in amphibian Ringer’s
solution, and the mesonephros was exposed by a mid-
line abdominal incision. The head of the animal was
immersed in oxygenated Ringer’s solution to which a
small amount of the original anesthetic solution was
added. The experimental kidney was bathed in Ringer’s
solution while tubule fluid samples were being collected.
Care was taken to avoid contamination of the sample
with the bathing solution. Blood was obtained at the
end of the experiment from the abdominal vein and anti-
coagulated with heparin. The puncture site within the
proximal tubule was determined by filling the entire
nephron with nigrosine and grossly estimating the loca-
tion within the proximal tubule from which the sample
was obtained.

The tubule fluid potassium concentrations were meas-
ured on an ultramicro filter photometer developed for the
determination of alkali metals in biological fluids. - The
method uses as its energy source for cation excitation a
helium plasma produced by discharging a radio fre-
quency through a helium atmosphere. The potassium
emission in turn is picked up by a red-sensitive photo-
multiplier at wave lengths of 766 to 769 mu and the
peak response recorded on a peak recording meter.

Preliminary investigations established that sodium con-
centrations up to 40 mmoles per L depressed the potas-
sium emission in a progressive manner; however, above
40 mmoles per L the depression was constant. Like-
wise, increasing concentrations of bicarbonate, phos-
phate, and sulphate depressed the emission; these effects
could be swamped by 1 mmole per L (NH,). HPO..
In addition, 0.3 mmole per L CsCl was used in an at-
tempt to enhance the potassium emission.

Potassium determinations were always done within
1 to 2 hours after the collection of the samples. 0.005
ul of tubular fluid was withdrawn into a constant bore
capillary micropipette by capillary action, transferred
under oil, and delivered into 0.1 ul of diluting fluid con-
taining 0.3 mmole per L CsCl, 50 mmoles per L NaCl,
and 1 mmole per L (NH,), HPO,. 0.01 ul of this final
1:21 dilution was then placed on an iridium wire having
a diameter of 0.004 inches. The wire with the sample
was then placed in a chamber flushed with helium and
the cation excited as described above. All samples and
standards were handled identically, and each unknown
was bracketed between two nearest standards. A de-
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TABLE I

Comparison of micro- and macro-potassium methods on plasma ultrafiltrate;
Necturus glomerular fluid to plasma ratios*

Necturus
Plasma ultrafiltrates
Glomerular fluid Plasma
Micro Macro Micro: Macro Micro Macro GF:P
mEq/L mEq/L mEgq/L mEqg/L
4.79 4.28 1.12 3.98 3.67 1.08
3.37 3.56 0.95 3.85 1.05
3.91 4.29 0.91 3.78 1.03
4.42 4.08 1.08 3.08 0.84
3.17 3.40 0.93 3.00 0.82
3.08 3.53 0.87
3.90 4.17 0.94 2.49 2.26 1.10
3.70 3.69 1.00 2.60 1.15
3.57 3.49 1.02 3.43 1.52
1.93 2.20 0.88 2.54 1.12
3.23 3.40 0.95 3.17 1.40
3.75 4.05 0.93 2.31 1.02
4.00 4.09 0.98
3.42 3.60 0.95 1.54 1.86 0.83
3.75 3.73 1.00 1.66 0.89
3.11 3.35 0.93 1.63 0.88
1.77 0.95
Mean 0.97 1.25 1.20 1.04
1.48 1.23
1.25 1.04
Mean 1.06
* See text.
tailed description of the method is in preparation for 20
publication. +
Standard curves based upon from 5 X 10™ moles to ;e a‘;__”_gg{,. 13(SE)
5X 10™ moles of potassium differed from day to day 10 -
and were not ideally linear. However, they did not
deviate far from linearity, and the slope was steep
enough to allow accurate interpolation between stand- »
ards. Nine separate determinations on one plasma ul- 2 0
trafiltrate, prepared by the method of Toribara, Terepka, E 20 .
and Dewey (13), gave a standard deviation of *6%. 2= K" Depleled
Sixteen samples of plasma ultrafiltrate were analyzed o Mean=-2/110(SE.)
for potassium by the micromethod and compared with 3
the results as determined on a Baird flame photometer. s
Also 18 samples collected from Bowman’s space were o«
obtained from four Necturi, analyzed for potassium by ©
the micromethod, and compared with the plasma con- 3
centration as determined on the Baird flame photometer. = 20
The results are shown in Table I. The potassium con- Norma!
centration in plasma ultrafiltrates determined by the mi- Mean=22114(S.E.)
cromethod averaged 97% (range, 87 to 112%) of that
found using the macromethod. The glomerular samples 104
averaged 106% of the respective plasma values, with a
range from 82 to 152%.
Inulin in tubule fluid was determined on 0.02 ul of
. . . 0 X 00 R XA QRN BB
sample by the microanthrone method of Hilger, Klimper, 0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -50
and Ullrich (14). Inulin in plasma and urine was de-
termined by the macroanthrone method of Fiihr, Kacz- TRANSTUBULAR POTENTIAL
marczyk, and Kriittgen (15). Potassium in plasma and F16. 1. PROXIMAL TRANSTUBULAR POTENTIAL DIFFER-

urine was determined with a Baird flame photometer, ENCEs. Values in millivolts referred to extracellular
model DB-35. fluid taken as zero.



598

Results
Proximal transtubular potential differences (Er)

The distributions of measurements of the Ep
across the proximal tubule in the normal nondiu-
retic dog, and in potassium-depleted and potas-
sium-loaded animals are shown in Figure 1. There
was a scatter of potentials, ranging from 8 to 45
mv, with a mean Er of 22 mv, lumen negative to
extracellular fluid, in the normal dog. There were
no significant differences between normal and po-
tassium-loaded or -depleted animals. Transtubu-
lar potentials obtained from one dog during 20%
mannitol infusion were of the same order of mag-
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nitude ; however, because of excessive motion of
the kidney, stable potentials were impossible to
obtain, and a definitive evaluation of the Ex during
mannitol infusion cannot be made.

Potassium in proximal tubule fluid

1) Normal nondiuretic dogs. The TF/P K
ratios obtained from four normal dogs are illus-
trated in Figure 2. The mean plasma potassium
concentration for each dog is shown in the upper
right hand corner of the figure, and the TF/P K
ratios obtained for the corresponding experiment
are designated by identical symbols. Also illus-
trated is the fraction of the filtered potassium
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remaining at various points along the proximal
tubule as determined by dividing the TF/P K ra-
tio by TF/P inulin ratio. The mean values for
the potassium-inulin clearance ratios [(U/P K)/
(U/P In)] for each dog are shown on the lower
right.

The mean TF/P K ratio was 1.32 (SD = 0.29),
and there was no relationship between the ratio
and position within the tubule. The fraction of
filtered potassium remaining within the proximal
tubule, however, became progressively smaller, re-
flecting the increasing inulin TF/P ratios. The
mean fraction of the filtered potassium remaining
in the middle third of the proximal tubule was
0.63 (SD *=0.31).

2) Potassium-loaded dogs. Figure 3 shows re-
sults obtained from four potassium-loaded dogs.
Potassium excretion was much greater than in

normal dogs; however, the TF/P K ratio did not
differ significantly from that in the normal ani-
mals, the mean in the potassium-loaded dogs be-
ing 1.43 (SD =0.30). Net potassium reabsorp-
tion was also demonstrated throughout the
proximal tubule. The mean fraction of filtered
potassium remaining in the, middle third of the
proximal tubule, 0.86 (SD = 0.29), although
greater than in the normal dogs, was not signifi-
cantly different.

3) Potassium-depleted dogs. In these studies,
Figure 4, potassium excretion was at a minimum,
and serum potassium was depressed to the range
of 2.3 to 3.2 mEq per L. The mean TF/P K ra-
tio in the proximal tubule of 1.05 (SD == 0.14)
was significantly lower (p < 0.001) than in the
normal and potassium-loaded dogs. The fraction
of the filtered potassium remaining in the proxi-
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mal tubule in potassium depletion, 0.60 (SD =
0.17) in the middle third, was not different from
that in normal animals.

4) Mannitol diuresis in normal dogs. The
TF/P K ratio was fairly consistently less and the
mean significantly less than 1.0 when normal dogs
were infused with 20% mannitol (Figure 5).
Here the mean TF/P K ratio of 090 (SD =
0.18) was significantly less (p < 0.001) than that
observed in the three previous sets of experiments.
The mean fraction of the filtered potassium re-
maining in the middle third of the proximal tu-
bule during mannitol diuresis, 0.58 (SD = 0.14),
did not differ significantly from that in the nor-
mal animals. The data identified by closed tri-
angles are not included in the calculations of
either the mean TF/P K ratio or (TF/P K ra-
tio)/(TF/P In ratio) because the glomerular fil-

DOG

JOHN F. WATSON, JAMES R. CLAPP, AND ROBERT W. BERLINER

tration rate throughout the experiment was ab-
normally low. However, they are included in the
figure to demonstrate further that TF/P K ratios
considerably less than 1.0 can be observed in the
proximal tubule.

5) Normal nondiuretic rats. The TF/P K ra-
tios from six nondiuretic rats are shown in Fig-
ure 6. As in the dog, there was no relationship
between position within the tubule and the TF/P K
ratio. The mean TF/P K ratio of 1.34 (SD =
0.25) was essentially the same as that found in
normal nondiuretic dogs.

6) Mannitol diuresis in normal rats. Figure 7
illustrates the TF/P K ratios obtained from three
rats undergoing mannitol diuresis. Although the
majority of ratios was not less than 1.0, as was
the case in dogs during mannitol infusion, the
mean TF/P K ratio of 1.09 (SD =% 0.15) was sig-

POTASSIUM DEPLETION

w
tla

1.0

08
0.7

0.6
0.5

0.4

0.2

1 1 1 1 1 ]
I0 20 30 40 50 60
PERCENT PROXIMAL TUBULE

0,!

(o]

PLASMA K*® mEq/L

®2.27
03.12
A32)
A2
10.10
40.09
Ho.08
A -40.07
Alo.06
-0.05
) —10.04
v|c|v|e
q40.03 1| x
[e] 2 .
—-0.02
L Jo.ol

URINE

Fi16. 4. K IN PROXIMAL TUBULE FLUID; K-DEPLETED DOGS.



POTASSIUM CONCENTRATION IN PROXIMAL TUBULE 601

DOG
MANNITOL DIURESIS
2.0 PLASMA K*®mEq/L
@3.84
1.5 03.27
a 2 ° A4.36
1.0 —A_leﬁ_ Azt
R o) s
wla  osh A 0,
- . A A
[0}
),5r
1.0 - 1.0
0.9+ [o) © —40.9
o.8f 2 ~o.8
0.7F A 4o.7
0.6F 8 o Jos
0.5F aAde ® , 05
L o
. » 04 Jo.a
T A O
u| v|c|v|c
l-l“'-l"' 0.3} o aAl03 s ;L'
A
A
0.2+ d0.2
A
OI 1 1 L 1 1 J 1 o‘l
O 10 20 30 40 50 60
PERCENT PROXIMAL TUBULE URINE

Fi1c. 5. K IN PROXIMAL TUBULE FLUID; MANNITOL DIURESIS IN NORMAL DOGS.

nificantly lower (p < 0.01) than that obtained in though there was considerable scatter throughout
normal nondiuretic rats. the proximal tubule, the mean TF/P K ratio of

7) Necturus. Fifteen TF/P K ratios obtained 1.76 was higher than that found in either normal
from four Necturi are shown in Figure 8. Al- dogs or rats. Furthermore, there were eight ra-

RAT

RAT MANNITOL DIURESIS
NORMAL
T L] T T T T T T T ¥
T T T T T T
PLASMA K*mEq/L 25k PLASMA K" mEq/L
25} ®4.10 4 ®4.73
04.84 20k O 4.84 4
20F A394 . N Aise63
+ o A AS"?g *
9 | o A m4.l 15F ® 7
1.5 (s} o < Wwig [ J
L a8 o .lo. 0438 | 3 2%
1.0 o] '_f - 10 Py .
— U"" U
05k - 05} b
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1
0O 10 20 30 40 50 60 O 10 20 30 40 S0 60
PERCENT PROXIMAL TUBULE PERCENT PROXIMAL TUBULE

Fi1c. 6. K IN PROXIMAL TUBULE FLUID; NORMAL NON- Fic. 7. K IN PROXIMAL TUBULE FLUID; MANNITOL DIU-
DIURETIC RATS. RESIS IN NORMAL RATS.



602

NECTURUS
— T
3.0F PLASMA K*mEq/LT
2.5f a ,° o7 % §
s, 20f ofa o Az -
Elo 1.5tee o e -
1.0 . = E
0.5r 4
ol .

10 20 30 40 50 60 70 80 90 100
PERCENT PROXIMAL TUBULE

Fic. 8. K IN PROXIMAL TUBULE FLUID; Necturus.

tios which were 2.0 or greater. Ratios as high
as 2.0 were not observed in either the dog or rat
experiments.

Discussion

A number of publications have been concerned
with the transtubular potential difference gen-
erated across the proximal tubular epithelium of
the Necturus (12) and rat (4, 16-19). All of
the studies demonstrate a scatter of potentials
ranging from 5 to 50 mv, lumen negative to ex-
tracellular fluid, with an average potential ap-
proximating 20 mv in the normal animal. In this
study, the potentials observed in the proximal
tubule of the dog nephron are of the same magni-
tude as those found in previous studies of other
species. Furthermore, conditions of low and high
net potassium excretion do not alter the proximal
transtubular potentials in the dog. Although a
definitive evaluation of the proximal transtubular
potential during mannitol diuresis could not be
made for reasons previously mentioned, the lu-
men was always negative to extracellular fluid.

The Nernst equation, E = — 61.5 log K/K,,
defines the relationship of the transtubular po-
tential to the distribution of potassium between
tubule lumen (K¢*) and extracellular fluid (K,*)
to be expected at thermodynamic equilibrium. If
the TF/P K ratio is less than that required for
equilibrium at the measured transtubular potential,
an electrochemical gradient exists opposing the
movement of potassium out of the tubule lumen.
For a transtubular potential difference of 22 mv,
lumen negative to extracellular fluid, the Nernst
equation would require a TF/P K ratio of 2.3 if
potassium were distributed passively. The mean
TF/P K ratios in all groups of dogs studied were
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well below 2.3, and the highest single ratio ob-
served was 1.9. The Nernst equation defines the
relationship between electrical and chemical gradi-
ents only at equilibrium, and deviations from the
expected values imply only that equilibrium does
not exist. However, deviation of the TF/P K
ratio in the direction observed, coupled with the
demonstration of net potassium reabsorption from
the tubule, constitutes evidence for active trans-
port.

Solvent drag, i.e., the force exerted upon a sol-
ute by the flow of solvent through a membrane
(20), can result in net transport of an ion across
a membrane against its electrochemical gradient.
Therefore, concentration ratios less than that pre-
dicted for passive distribution by the Nernst equa-
tion could be observed and transport not be medi-
ated by an active process. However, ratios less
than 1.0 cannot result from solvent drag alone,
since this would imply relatively more solute than
solvent movement across the membrane. Since
TF/P K ratios less than 1.0 have been demon-
strated in dogs undergoing a mannitol diuresis
along with net reabsorption of potassium against
an electrochemical gradient, it seems reasonable to
conclude that potassium reabsorption from the’
proximal tubule of the dog nephron is mediated
by an active transport process.

It seems unwarranted to add to the proposed
models for potassium transport, since the ob-
servations do not allow any conclusion concerning
intracellular events, and the development of such
a model would necessitate extrapolation from
other species. Nevertheless, the data are con-
sistent with a potassium pump located on the lu-
minal surface of the tubule cell, which transports
potassium out of the tubule lumen against its
electrochemical gradient, as previously proposed
by a number of investigators (21, 4, 8).

Berliner (22) has reviewed the evidence which
suggests that potassium is not only reabsorbed
and secreted by the mammalian nephron, but that
all or nearly all of the filtered potassium is reab-
sorbed at a point in the tubule proximal to the
more distal secretory site responsible for the po-
tassium excreted in the urine. Proof of this hy-
pothesis will depend on the demonstration of
complete reabsorption of potassium in the proxi-
mal tubule, loop of Henle, or early distal tubule.

The data presented in this paper demonstrate



POTASSIUM CONCENTRATION IN PROXIMAL TUBULE

that reabsorption of potassium is progressive
along the proximal tubule. Although the per-
centage of filtered potassium reabsorbed in the
middle third of the proximal tubule ranges from
37% in normal animals to 14% in potassium-
loaded dogs, the difference is not significant.
Furthermore, because of the scatter and paucity
of points in the middle third of the tubule, with-
out further data it would be hazardous to extra-
polate beyond the middle third in regard to the
extent that the proximal tubule contributes to the
total amount of potassium reabsorbed by the
nephron. It does appear, however, that the ad-
justments in potassium transport which result in
the wide range of potassium excretion occur
largely in more distal portions of the nephron.

The impetus to resolve the question of proximal
tubular reabsorption of potassium has resulted in
the recent appearance in the literature of a num-
ber of micropuncture studies dealing with the
TF/P K ratio in rat and Necturus (1-9). Wirz
and Bott (1) were the first to study the potassium
concentration in the proximal tubule of rats.
They observed in rats undergoing a mild osmotic
diuresis TF/P K ratios in the proximal tubule
ranging from 0.26 to 1.14, with a mean of 0.69.
In contrast, Litchfield and Bott (3) recently re-
ported ratios that remained close to 1.0 in nondiu-
retic rats. Bloomer, Rector, and Seldin (4) dem-
onstrated TF/P K ratios in normal nondiuretic
rats ranging from 0.70 to 1.20, with a mean of
0.92. Out of 25 samples only 6 had TF/P K
ratios greater than 1.10. Similar TF/P K ratios
in normal diuretic rats have recently been reported
by Malnic and Giebisch (6). Marsh, Ullrich, and
Rumrich (8), utilizing standard flame photom-
etry, and Khuri, Flanigan, and Oken (7), using
cation-sensitive glass electrodes, reported mean
TF/P K ratios of 0.79 and 0.73, respectively, in
nondiuretic rats. The discrepancies in the results
obtained by different investigators preclude a de-
finitive statement concerning the fraction of the
filtered potassium reabsorbed in the proximal
tubule of the normal rat. Nevertheless, the gen-
eral conclusion that potassium is reabsorbed against
an electrochemical gradient seems justified.

In Necturus, however, the discrepancies in re-
sults do not allow such a conclusion, since Bott
(2) observed a mean proximal TF/P K ratio of
1.0 (a result identical to that which she obtained
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in rats by the same method), while Oken and
Solomon (5) observed ratios of 1.6 by flame
photometry and Khuri and co-workers (9) from
the same laboratory observed a mean ratio of 1.8
by the use of potassium-sensitive glass electrodes.
The latter studies may imply passive distribution
of potassium across the Necturus proximal tubule
epithelium.

Since the proximal TF/P K ratio observed in
the normal nondiuretic dogs was at variance with
all the studies mentioned above, proximal TF/P K
ratios were also determined in normal nondiuretic
rats, rats undergoing a mannitol diuresis, and
Necturus. The mean TF/P K ratio of 1.3 in
normal rats is essentially the same as that ob-
served in normal dogs, suggesting that the dis-
crepancy between the results obtained in dogs in
this study and in rats by others (1, 3, 4, 6-8) is
not due to a species difference. Furthermore,
normal rats undergoing a mannitol diuresis had
significantly lower TF/P K ratios, with a mean
of 1.09. Although quantitatively the ratios are
higher than those previously reported, they sup-
port the concept of active transport of potas-
sium out of the proximal tubule lumen of the rat.

It is difficult to reconcile the wide variety of
results that have been reported; however, a few
points deserve comment. The most striking dif-
ference among the various studies has been the
utilization of a variety of methods for the deter-
mination of potassium in ultramicrovolumes of
biological fluid. The methods have ranged from
chemical to various modifications of the flame
photometer, to the use of cation-sensitive glass
electrodes, and finally to a filter photometer not
utilizing a flame but a helium plasma. Un-
fortunately, no two investigators have used iden-
tical methods, and each method was a develop-
mental project carried out specificially by the in-
vestigator for the purpose for which it was used.
Furthermore, the physiological condition of the
experimental animal deserves mention. Since
in the rat it is difficult to be certain of the physio-
logical status of the experimental preparation, dif-
ferences in the physiologic state of the animal
along with errors involved in methodology may
have led to the discrepancies in results.

The mean proximal TF/P K ratio of 1.8 ob-
served in Necturus is in good agreement with the
published data of Oken and Solomon (5) and
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Khuri and co-workers (9), but distinctly different
from that reported by Bott (2). The TF/P K
ratios were distinctly higher in Necturus than in
rats or dogs, with eight ratios 2.0 or higher. Since
no simultaneous measurements were made of inu-
lin in tubule fluid, and transtubular potentials were
not measured, these studies do not bear in any
definitive way on the nature of potassium handling
in the proximal tubule of Necturus.

Summary

Inulin and potassium concentrations were deter-
mined in the same samples of proximal tubule
fluid obtained from four groups of dogs: normal,
potassium-loaded, potassium-depleted, and normal
dogs undergoing a mannitol diuresis. Transtu-
bular potentials were also determined in identically
prepared animals. The mean proximal transtubu-
lar potential of 22 mv, lumen negative to extracel-
lular fluid, observed in four normal dogs was not
significantly different from that observed in po-
tassium-loaded or potassium-depleted dogs. The
mean ratio of potassium concentration in tubule
fluid to the potassium concentration in plasma was
1.32 in normal dogs, 143 in potassium-loaded
dogs, 1.05 in potassium-depleted dogs, and 0.90
during mannitol diuresis in dogs; all are lower
than the equilibrium ratio calculated from the
Nernst equation for a transtubular potential of 22
mv. Analysis of single samples of tubule fluid
for both inulin and potassium demonstrated net
potassium reabsorption in the proximal tubule in
all experiments. The demonstration of net potas-
sium reabsorption against an electrochemical gradi-
ent constitutes evidence for active transport of
potassium out of the proximal tubule lumen of the
dog nephron. The absence of major differences
in the extent of potassium reabsorption in the
proximal tubule in dogs excreting widely varying
amounts of potassium indicates that the adjust-
ments which determine the rate of excretion oc-
cur largely in more distal portions of the nephron.

In normal nondiuretic rats and rats undergoing
mannitol diuresis, the mean ratios of potassium
concentration in tubule fluid to potassium concen-
tration in plasma were 1.30 and 1.09, respectively.
A mean concentration ratio of 1.76 was found in
the proximal tubule of Necturus.
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