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Effect of Intraluminal Amiloride on Na Transport in the
Rat Proximal Tubule (38130)
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Amiloride (3,5-diamino-6-chloropyrazinoyl-
guanidine) was found to inhibit the unidirec-
tional flux of 2Na in perfused proximal tu-
bules of rats when the drug was present in the
blood (1). The drug did not inhibit the net
water reabsorption, therefore, it apparently
did not have an affect on the active reabsorp-
tion of sodium.

Since amiloride has been found to be a
potent inhibitor of sodium reabsorption in the
amphibian bladder and skin (2, 3) and since
it has been found by the same authors that
the inhibition of sodium transport is about one
thousand times higher when the drug is on
the source than when it is on the sink site of
the sodium transport, experiments were de-
signed to test the effect of the drug when
present in the luminal and not in the inter-
stitial site of the tubule cell.

Methods. Sprague-Dawley rats weighing
about 200 g were anesthetized with Inactin
(100 mg/kg body wt.) and then infused
through the right jugular vein with Ringer’s
solution at a rate of 30 ml/hr-kg. Using a
modification of the microperfusion technique
and apparatus of Sonnenberg and Deetjen (4),
proximal tubules were perfused at a rate of
20 nanoliters per min.

Two pumps were used, one contained a con-
trol solution (Ringer’s with 2*Na and C-
inulin) and the other contained the same solu-
tion plus 10* M amiloride. A selected proxi-
mal tubule was first perfused with the control
solution for 30—40 min, and 2-4 samples were
obtained during this period. Then the control
pump was withdrawn and substituted by the
“amiloride” pump. Perfusion was restarted at
exactly the same location. The amiloride per-
fusion was administered for 45-60 min during
which time 2-4 samples were obtained. The
use of the 2 pumps was randomized with ref-

Copyright © 1974 by the Society for Experimental Biology and Medicine

All rights reserved.

erence to their use for control or for amiloride
perfusions.

Each of the tubules perfused in the control
period and in the diuretic period was injected
with a latex solution (5) for later tubule iden-
tification and measurement. Concentrations of
14C-inulin and 22Na were determined with a
three channel liquid scintillation counter.

Results. Figure 1, presents a plot of the
concentration ratio of collected over perfused
fluid [(TF)/(IF)] of **C-inulin and 22Na,
versus time. In this selected experiment three
perfusion periods are presented: control, ami-
loride, and recovery or return to control. The
(TF)/(IF) values for inulin were definitely
reduced by amiloride and increased slightly
when the amiloride perfusate was substituted
by the control. The (TF)/(IF) values for
sodium were definitely increased by amiloride
returning to low levels when a control per-
fusate was reinstated.

Table I, presents compiled data from eight
perfusions (8 rats). The values presented for
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Frc. 1. Effect of amiloride on proximal tubular
reabsorption of water and sodium. Open circles are
the collected fluid to perfusate ratios ([TF]/[IF])
of inulin concentration; dots are the same ratios for
Na. Zero time refers to the beginning of the tubular
perfusion.
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TABLE I. Effect of 10-* M Amiloride on Water Reabsorption and Na Permeability.

2Na Permeability

[TF]/[1F]

([cm/sec] x 10°%)

2 Na

1 C-inulin

Tubule
length
(mm)

Amil. Control Amil. Control Amil, 9, Change

Control

Rat
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9 the (TF)/(IF) ratios and the ??Na permea-
DU - bility are the mean values of the samples col-
~sgismowe e | B lected during the control period and the mean
U I R I values of the samples collected during the
° amiloride period.
g Amiloride uniformly and significantly de-
g creased the (TF)/(IF) values of *C-inulin
~o MmO oo~ | Y (P < 0.02). The increase in the (TF)/(IF)
STRRISIZIREX = values of **Na was not uniform but it was
H| Z  statistically significant (P < 0.05).
_5 Values on ?2Na permeability presented in
o the three columns on the right side of the table
o oo oo oo g were obtained using the following equation,
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% log [C1(a)/Ci] ]
T [ log [1i/I1(x] i ’ (1)
TEEYRRRTAEAZT | v
cSSocsSs3s3 |5 where Py is the transtubular permeability;
H |82 V,is the perfusion rate; 7, is the radius of the
g 'Z’i tubule; x is the length of the perfused tubule;
g g I; is the concentration of inulin in the per-
womm—oon v | 8.5 fusate; i« is the concentration of inulin at
H o o~ o~ N - N D = oD . N . .
cSeccoscsses | g point x; C; is the concentration of #2Na in
tH1 &%  the perfusate; and Cy(, is the concentration
£ £ of ®Na at point x.
I This equation may be used when there is
s & movement of water and therefore, was adapted
IR § —g« by us (6), from Curran and Solomon (7). It
§/ E/ 3/ 2 = = :3: j\"; ww | 2 & isanalogous to the equation used by G[rantham
i R e e B %« and Burg (8), and Morgan and Berliner (9).
H1|1T g Amiloride decreased the unidirectional per-
ZE meability of Na by about 24%. Although
€ 2 the effect was not uniform it was statistically
P o ¢ significant (P < 0.01). The only 2 experi-
§§§§§§ g’ ;ﬁ;’ = o § ; ments which had an inhibitory effect by amilo-
~Hmcimcioaim—o B8 ride of less than 10% were those which ha}d
H o B (TF)/(IF) inulin ratios lower than 1.20 in
- & the control period (rats A and B).
g = Discussion. From present experiments it is
%S apparent that amiloride, when present in the
§_§ lumen of the proximal tubule in concentra-
REoTnIaE § § tions of !04 M, complef;ely inhibits the neﬁ
~SSaaics s g o rfeabsorptlon of water. Since water _reabsorp-
g 5 tion depends mostly on the net or active trans-
S port of Na in the proximal tubule, the data
ﬂj suggest that amiloride inhibits the active so-
o Eg dium transport. This is contrary to what we
RO AR”EOD g -l i observed previously (1?, when annl.orlde was
=~ # | H, 8 present on the blood site only during perfu-
° g sion of the tubule. In that situation amiloride
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inhibited only the unidirectional flux of 2*Na
without having any effect on the net water
reabsorption. We attributed the effect from
the blood on an inhibitory action on the pas-
sive movement of sodium through the tight
junction, that is, an effect in the intercellular
or parallel pathway of Giebisch, Boulpaep and
Whithembury (10).

Whether the effect of amiloride when pres-
ent in the lumen is on the active pump (peri-
tubular membrane) (10) or on the passive
entrance from the lumen into the cell we can-
not tell from these experiments, Nevertheless,
since the effect of amiloride is so different
when present in the blood site only, a strong
possibility exists that amiloride may inhibit
the passive entrance of sodium into the cell
as it has been shown to occur in the toad
urinary bladder (2) and frog skin (3).

Furthermore, in view of the fact that the
net reabsorption of Na is absolutely abolished
by amiloride when present in the perfusate
while it is not affected when administered sys-
temically, and in view of the fact that in both
instances the unidirectional ?*Na permeabili-
ties were affected to the same extent (Table
II, Ref. 1 and compare to Table I of the
present paper), it is strongly suggestive that
the unidirectional fluxes of Na through the
intercellular pathway are much greater than
the net movement of Na.

AMILORIDE ON PROXIMAL TUBULE

In conclusion, amiloride when present in
the lumen of the proximal tubule of the rat in
concentrations 10~* M, strongly inhibits the
net reabsorption of Na as demonstrated by
the inhibition of water reabsorption. The in-
hibition of the unidirectional Na flux appears
to be equally affected when amiloride is only
in the lumen or only in the interstitial site of
the tubule.
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