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It is well known that ouabain and
other cardiac glycosides inhibit the active
transport of Na+ by several biological
systems (3, 4, 11, iS). It lias been also ve-
rifield that active transport of sugars by
the intestine is depending on the Na+ con
centration at the mucosal side (1, 2, 6,
9, iot 12, 16). On the other hand, there
are some observations using in vitro tech
niques, showing an inhibition of the act
ive transport of sugars by these glyco
sides. In strips of hamster intestine (6),
K-strophanthidin strongly inhibit it but
at rather high concentrations (io-3 I\I),
and the same result has been obtained in
rat intestine (13). Amphibian intestine
seems to be however much more sensible,
since io~° M ouabain or io-7 M thevetin
already inhibit the active transport of
3-methylglucose (7, 8).

In the present paper the in vivo action
of ouabain added to the sugar solutions
on the absorption of glucose or fructose
is studied, working with different levels
of Na+ at the intestinal lumen.

Material and Methods

White rats, 150-200 g weight, have
been used, by the Sols and Ponz method
of succesive absorptions (20). Each ani
mal was utilized for 4 succesive periods
of absorption, with a 10 ml volume of
solution to be absorbed and a repletion
pressure of 8 cm H=O.

Sugar solutions were 300, 55 or 2.77
mM glucose and 2.77 m)I fructose. These
solutions, incluted NaCl at different
concentrations and were made isotonic,
adding when necessary, sorbitol (Roche)
or mannitol (Merck). Ouabain (G-Stro-
phanthidin**)  was also dissolved in the
sugar solutions to be absorbed in a part
of the absorption periods.

Determinations of sugar were made by
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Somogyi method (19) and those of Na4"
by flame photometry.

The absorption in the 1st. period
which is taken as control, is given in
/xM/cm. (21) and the absorption in the
next ones are indicated as + or — devi
ations per cent respect to the control.
In the tables are only given the mean
values and its standard errors (15).

Results **
1. Absorption of 300 and. 55 mM glu

cose.
In a first group of animals the washing

of the intestinal segment before and after
each absorption period was made with
9 °/oo» NaCl and the absorptions of 0.3 M
glucose were carried out in the presence
of 13 meq. Na+/1. Ouabain was includ
ed at the 2nd and 4th periods of absorp
tion. All the periods were of 30 minutes.
As Table I shows, it was not found
inhibition by ouabain but at concentra
tions 7.5 x io-8 M and higher. This in
hibition increases on in the next periods
of absorption, there being or not ouabain
in the sugar solutions. With ouabain
1.5 x io-5 M the inhibition reaches a
2i % and 40 % in the 2nd and 4th period
respectively.

To discuss this result, it was interest
ing to know if the inhibition could be
imputed to a local effect of ouabain on
the sugar absorbing intestinal segment
or rather to a more general pharmacol
ogical action of the absorbed glycoside.
For it, experiments were carried out
preparing two different contiguous seg
ments of intestine in each animal, the
proximal being used for sugar absorp
tion from solutions without ouabain and
the distal one for ouabain absorption
from saline solutions. Under these condi
tion was observed t hat ouabain at
7.5 x io-8 M and higher concentrations,
put in the distal segment in the mean
time of the 2nd and 4th periods of gluc
ose absorption, produces very similar
effects to those observed when it was
present in the same solutions to be ab
sorbed, indicating that these inhibitions
may be imputable to general pharmaco1-
ogical actions (Table I).

Another experiment was performed
with 0.3 M glucose, in which the 1st
period the sugar solution contained Na+
(13 meq./I) and the successive ones did
not. The washing was made with water.
Ouabain was present in the 2nd and 4th
period. Now, ouabain 1.5 x io-8 M, a

TABLE I

Absorption of 0.3 M glucose by rat intestine in vivo. Effect of ouabain added in 2nd and
4th absorption. Initial Na+ in lumen 13 meq.fl. Time of absorption 30 min. Inhibitions

referred to the first absorption (control).

Successive Absorptions

Animals

3
6
9
9
4*
7*

Abs. control
uM/cm

43 ±1.0
45 + 1.3
37 ±2.0
34 ±2.0
42 ±1.5
35 ±1.4

Ouabain
M 2nd Abs.+Ouab.

1.5x10"* —7 ±5.0
4.5x10-* —1±0.5

7.5 X 10"* —12 ±1.8
1.5x10-* —21 ±2.4

7.5 x 10-* —10 ±5.1
1.5x10-* —2±1 0

Variations %

3rd Abs. 4th Abs.+Ouab.

—1±1.0 —1±1.0
—3 ±1.0 —1±0.4

—26 ±2.2 —32 ±1.4
—26 ±2.1 —40 ±2.8
—22 ±4.0 —25 ±4.0
—2 ±1.0 —4 ±1.0

* Ouabain put in a intestinal segment different from that with glucose solution.

** The autors are indebted to Miss Antonia Rubio for technical assistance.



OUABAIN AND ABSORPTION OF SUGARS 187

TABLE II

Absorption of 0.3 M glucose by rat intestine in vivo. 1st absorption with 13 meq. Na+H-
2nd, 3rd and 4th without initial Na+. Ouabain added in absorption 2nd and 4th. Time of

absorption 30 min. Inhibitions referred to the first absorption (control).

Animals
Abs. control

n M/cm

Successive Absorptions

Variations %

2nd Abs.+Ouab. 3rd Abs. 4th Abs.+Ouab.

10 38 ±2.5 —18 ±2.0 —33 ±3.1 —53 ±3.2

TABLE III

4bsortdion of 55 mN glucose by rat intestine in vivo. Sugar solution isotonized with sorbitol.
1st absorption with 13 meq. Na+fl. 2nd, 3rd and 4th without initial Na+; 2nd and 4th
with ouabain 1.5 x 10~* M. Time of absorption 20 min. Inhibitions referred to the first

absorption (control).

Animals
Abs. control

uM/cm

Successive Absorptions

Variations %

2nd Abs.+Ouab. 3rd Abs. 4th Abs.+Ouab.

6 10±1.0 —31 ±2.0 —26 ±3.0 —35 ±1.0

concentration showing no effect in the
preceding experiments with Na+, exerts
a clear inhibitory action on the glucose
absorption (Table II). Of course, this
inhibition can be ascribed both to jthe
ouabain and to the initial absence of Na*
in lumen, however, the last factor, as

—has beerr-previously tested (14) cannot
explain an inhibition so great as of 53 %
(4th period). From these results, it seems
may be deduced that the initial absence
of Na+ in the intestinal lumen sensibil
izes the absorption of 0.3 M glucose to
the ouabain.

Also ouabain 1.5 x io-6 M inhibited
the absorption of glucose from solutions
55 mM without initial Na+ isotonized
with sorbitol (table III).
2. Absorption of 2.11 niM glucose.

From a 2.77 mM concentration in lum
en, glucose must be transported to the
blood against a gradient, thus actively.
All the solutions to be absorbed were 

made isotonic by addition of variable
quantitaties of NaCl and mannitol. Four
successive periods of absorption of 2.77
mM glucose, in the presence of 154 meq.
Na+/1, gave constant values of transport
ed sugar (16). If in 2nd, 3rd and 4th
periods, ouabain was present in the sugar
solutions (table IV), the glucose absorp
tion resulted not affected by 1.5 x ro-s M
ouabain, and was only found inhibition
at 1.5 x io-5 M and higher concentra
tions. But these last levels of concentra
tion of ouabain had also effect when they
are absorbed from an intestinal segment
different of that absorbing glucose.

If the first absorption period was car
ried out with 13 meq. Na+/1, the 2nd
without initial Na+ and the 3rd. and 4th
with again 13 meq. Na+/1 but also with
1.5 x io“s M ouabain, the glucose ab
sorption in the 2nd period was about a
13 % less than during the first, due to
the initial absence of Na+, and the ab
sorption in the 3rd. and 4th became pro-
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TABLE IV

Absorption 2.77 ih.1I glucose (with 154 meq. Na+/l) by rat intestine in vivo. Ouabain added
in absorptions 2nd, 3rd and 4th. Tunc of absorption 20 min. Inhibitions referred to the

first absorption (control).

Animals Abs. control
pM/cm

Successive Absorptions

Ouabain
Variations %

2nd Abs.+Ouab 3rd Abs.+Ouab. 4th Abs.+Ouab.

6 0.32 ±0.02 1.5X10"* —4 ±2.8 —7 ±3.0 —3 ±3.2
6 0.29 ±0.03 1.5x10-’ —10 ±3.4 —9 ±3.7 —13 ±2.6
6 0.36 ±0.05 3x10-’ —9 ±1.8 —24 ±1.1 —23 ±1.5

TABLE V

Absorption of 2.77 mN glucose isoionized with sorbitol by rat intestine in vivo. 1st, 3rd and
4th absorption 13 meq. Na+/l. no Na+ in 2nd absorption. Ouabain 1.5 x /0-6 ill in 2nd and
4th absorptions. Time of absorption 20 min. Inhibitions referred to the first absorption.

Animals Abs. control
)tM/cm

Successive Absorptions

Variations %

2nd Abs. 3rd Abs. 4th Abs.

7 0.43 ±0.01 —13 ±1.0 —21 ±2.0 —29 ±3.0

gressively inhibited (20-30 %) by effect
of the ouabain (Table V). So, it was again
observed that glucose absorption, now
at 2.77 niM concentration, is more sen
sible to the ouabain when the luminal
Na+ levels are low.

In order to see better this phenome
non experiments were performed in
which at the first absorption period the
sugar solution contained 154 meq.
Na+/L and at the next three only 8.5
meq./I. In some animals ouabain was
added for the 3rd.' and 4th periods; in
other, ouabain was not. Also determinat
ions of the nett Na+ movement in the
different periods of absorption were made
in many cases, to test if ouabain had
any effect on it.

The absorption diminished in about a
54 % with 8.5 meq. Na+/1 in respect to
the ist absorption with 154 meq./I, as 

it had been shown previously (16). But
if ouabain 1.5 x io-6 M was also pre
sent, the inhibition increased up to 81-
82 % and at concentration 1.5 x io-5 M
the inhibition by ouabain was total
(Table VI, fig. 1).

If the absorptions of glucose with or
without ouabain at Na+ levels of 8.5
meq./I are directly compared, inhib
itions of 59 % and 100 % are foun with
1.5 x io-0 and 1.5 x io~s M respect
ively (fig. 2).

The determinations of initial and final
Na+ present in the luminal solution, cor
responding to each period of absorption
in these experiments (Table VI) revealed
that in the first period (154 meq./I in
itial Na+ there was not a nett passage of
Na+) (20 min.); but jn the there'cons
ecutive periods (8.5 meq./I, initial Na+),
a net exit of Na+ to the lumen was meas-
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Fig. i. Effect of Na+ and ouabain on the
glucose absorption (2.77 mM). Rat intestine,

in vivo.

ured. This exit of Na+ reached 5.4 mg.
when ouabain was not present, and 3.5
mg. when the sugar solutions contain
ed 1.5 x io-0 or 1.5 x io~s M ouab
ain. The differences between both mean
values of nett exit of Na+ according to
the presence or absence of ouabain are
statistically significative (p<o.oi). These
results demonstrate that ouabain does
exert some action on the movement of

GLUCOSE ABSORPTION
IN VIVO. (Na+) = 8.5meq./l

Fig. 2. Inhibition of glucose absorption (2.77
niM) by ouabain, at initial Na+ levels of 8.5

meq./l. Rat intestine, in vivo.

Na+ through the intestine conducing
to a 35 % diminishion of its nett exit
Torn blood to the intestinal lumen, at
he same time that strongly inhibits the

active transport of glucose to the blood.

3.. Absorption of 2.77 mM fructose.

Similar experiments to the proceeding
ones, were carried out with 2.77 mM
fructose. Ouabain 1.5 x io-6 M did not
show effect on the absorption of fructose
(Table VI).

TABLE VI

Absorption of 2.77 mM glucose or fructose through rat intestine in vivo, and A'a+ luminal
contents at the beginning and the end of each absorption period (20 minutes), 154 meq.
Na+/1 in absorption 1; 8.5 meq. Na+/I in the 2nd, 3rd and 4lh. Ouabain added in 3rd and
4th absorptions. Solutions isotonized with mannitol. Inhibitions referred to the first absorp

tion (control). The Na+ values are given in parenthesis, (initial-final) in mg.

Abs. control
H M/cm

Successive Absorptions (8.5 meq. Na+/1)

Animals Ouabain Variations %
M

2nd Abs. 3rd Abs.+Ouab. 4th Abs.+Ouab.

Glucose
12

10

Fructose

0.35 ±0.04.
(35.36—>35.07)

0.32 ±0.09
(35.36—>36.24)

1.5x10-*

1.5x10“*

—54±3.4
(1.98—>7.4)
—55 ±2.9

(1.92—>7.7)

—81 ±1.4
(1.98—>5.6)
—100 ±0.0
(1.92—>5.7)

—82 ±2.2
(1.98—>5.5)
—100 + 0.0
(1.92—>5.5)

8 0.22 ±0.02 1.5x10“* —18 ±0.8 —18 ±1.0 —20 ±2.0



M. I.LUCH AND F. PONZI90

Discussion

The intestinal absorption of glucose
in vivo by the rat, is inhibited by the
ouabain added to the sugar solution.
However, a rather general pharmacolog
ical action only indirectly affecting the
absorption cannot be excluded unless the
concentrations of ouabain used are lower
than 7.5 x io-6 M, since as from these
levels a similar inhibition is found when
the glycoside is absorbed from a intest
inal segment different from the utilized
for sugar absorption, evidencing that
ouabain has reached the blood.

At concentrations lower than
7.5 x io-6 M, ouabain has no effet in vivo
when the levels of Na+ in lumen are
high. But the susceptibility of the ab
sorption of glucose to the ouabain, not-
ablv increases if the level of Na+ is man-
tained very low. This fact has been
shown in the experiments either with
0.3 M or 2.77 mM glucose. With 0.3 M
glucose, by passing from 13 meq. Na+/1
in the initial solutions to absence of Na+,
the absorption is reduced about 10-20% ;
but T-5 x io-6 M ouabain.has no action
when Na+ is present, and inhibits the
absorption about 50 % when the initial
solutions are free of Na+.

With glucose 2.77 mM and 154 meq.
Na+/1, ouabain has only a slight inhib
itory effect at 1.5 x io-s M concentra
tion. But this last concentration complet
ely inhibits the absorption when the
initial level of Na+ in lumen is of
8.5 meq./I, and even at 1.5 x io-6 M
it inhibits about 80 % the absorption.

The activity of ouabain on the active
transport of glucose as tested with low
levels of Na+ in vivo is by two or three
orders of magnitude higher than that
observed in vitro with some mammal
intestine preparations (6, 13). Perhaps
that is due to the higher level of Na+
used in the in vitro experiments.

It is conceivable that if the active 

transport of sugars by the intestine re
quires (5, 6) a penetration of the sub
strate into the cell as a complex with Na+
and a carrier and then a sugar accumul
ation component by pumping out activ
ely the Na+, the experimental condit
ions of very low levels of Na+ in lumen
may do particularly sensible the whole
process to any one situation disturbing
the movements of the Na+ ion.

A total absence of Na+ at the mucosal
side completely inhibits the active trans
port in vitro (r, 9, 17). But in vivo this
circumstance is not found, because the
initial absence of Na+ in lumen prod
uces a nett exit of this cation from blood
and tissues to the intestine (16). Ouabain
might inhibit the sugar absorption in
vivo by means of some alterations of the
movements of the Na+. In fact at very
low levels of Na+ in lumen, the ouabain
inhibits the nett exit of Na+. The effect
ive concentrations of ouabain are of a
similar order to those inhibiting Na+
transport in many biological systems (3,
4. 11, 18).

For the present, it is difficult to de
termine with precision the inhibitory
mechanism of ouabain, as still there is a
great ignorance on the process of active
transport of sugars and the part played in
it by the active transport of Na+ (14).
Our results seem to relate the inhibition
of the sugar penetration to the decrease
of the Na+ exit to the lumen. On the
other hand, absorption of fructose, a sug
ar not actively transported, is not inhi
bited by ouabain 1.5 x io-0 M, a differ
ence showing that the ouabain effect is
concerned to the absorption of actively
transportable sugars.

The fact of ouabain reduces the nett
exit of Na+, produces a concentration
of Na+ in lumen during the absorp
tion period lower than when ouabain is
not present. That may account for a part
of the inhibition on the glucose absorp
tion.
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Summary

It has been tested the effect of ouabain
added to sugar solutions on the sugar
absorption by rat intestine in vivo.

Ouabain inhibits the active transport
of glucose, excluded more general pharm
acological effects, at cone, lower than
7.5 x ro“e M. This ouabain activity re
quires to work with very low levels of
Na+ in lumen. 1.5 x io-6 M ouabain has
no action on active transport of glucose
(2.77 mM) with 154 mq. Na+/1 and in
hibits it a 59 % with initial level of Na+
of 8.5 meq./l. At this level of Na+, a
nett exit of Na+ to the lumen is prod
uced during an absorption period, which
is inhibited in a 35 % by ouabain
1.5 x io-6 M. This effect may explain a
part of the inhibition of the glucose ab
sorption. The same concentration of
ouabain has no effect on the absorption
of fructose.
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