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Cefls isolated by i incubation from chicken small i i wereusedlosmdytbeeﬂeﬂsofamsosmom
buffers on K* Hypo-osmolarity (200 -17") reduced both the i ive 2nd the ouabai

sistant, but bumetanide-sensitive, net K* influx and increased the K* efflux. The hypo-osmolarity induced K* efflux
mmasdbyq_eauudfeaeibyhm& Mmsﬂsmggestthatcf*mvaedl(*chamdsmybe

tved in el volume &

the portion of net K* iaflux mediated by the Na* /K *-ATPase and that medi

transport system, and decreased the K* efflux.

Many cells are known to regulate their volume in
anisosmotic media. it is now widely accepted that the
volume regulation in most cells is achieved via dynamic
and lled changes of ion transport path (see
Refs. 1-5 for revi The y volume i
that occurs after hyperosmotic chrinkage of the cells
appears to involve the entry of NaCl by activation of

A d 1 including either
Na*/Cl~ or Na*/Cl /K" cotransport systems or
Na*/H* and C17/HCO; exchange syswms. On the
other hand, the y volume di

ditions (400
d by the b

1-1"1) i
ide-sensitive K*

The aim of the present work was to investigate the
effects of anisosmotic media on the K* transport path-
ways present in chicken enterocytes.

4-6 week-old Hubbard chickens were used in the
current study lntesunal oells were isolated by hy-

foll g the method described
by Kimmich [9]. After |solatlon the cells were washed
twice with standard buffer of the foliowing composition
(mM); NaCl, 80; CaCl,, 1; mannitol, 100; K,HPQ,, 3;
MgCl,, 1; Tris-HCl (pH = 7.4), 20; 1 mg/m! bovine

1+,

hypo-osmoucswelhngoflhecellshzsbeenrepoﬂedw
be associated with a loss of cellular KCI in all vertebrate
cell types i igated. The mech involved in the
KCI loss may mclude euhu separate K* and Cl~ con-

such

as the K“/CI cotransport system or a K*/H* ex-
change coupled to a CI™/HCO;" exchange.

Using radioisotope flux studies we have previously

serum in, and pended in dard buffer.

A previous work has shown [6] that the maximum
effect of ouabain on K* (**Rb*) uptake in chicken
enterocytes is reached with 1 mM of the drug. This
concentration was therefore chosen in the present ex-
periments. As reported earlier the Na*/K*-ATPase is
the major pathway for net K* uptake in chicken enter-
ocytes exposed to isosmotic buffer (Fig. 1). Exposure of
the cells to hypo-osmotic media (200 mosmol -1-') sig-

d d [6] in chick (|)the mﬁcantly reduced total net K* influx after 15 min
of a K* permeability route d by i Tut bation. Partiticn of the K* (“Rb’) net influx into
Ca?* and (ii) that 2 small p of the bai and loop-di compo-

sistant net K* influx is mediated by a mechanism that
shares many characteristics with the Na*/Cl7/K*
cotransport system described in other cells [7,8). such as
its sensitivity to loop-diuretics and to Ka™ or Ci~
removal from the bathing solutions.

Correspondence: A. Hlundiin, Dept. Fisiologia y Biologia Animal,
Facultad de Farmacia, C/Tramontana s/n, 41012 Sevilla, Spain.

nents showed that hypo-osmolarity decreased both, the
ouabain-sensitive pomon of the K* uptake (Na’/ K*
ATPase) and the b
tive influx pathway, and i d that p of
K* net influx that is ouabain and b id i
{residual influx).

On the other hand, hyperosmotic (400 mosmol -1~')
conditions (Fig. 2) slightly increased total K* net up-
take and also modified the contribution of the different
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Fig. 1. Effect of bypo-osmolarity on K* influx (15 min flux measure-
ment) by isolated chicken eaterocytes. K* uptake was measured at
37°C using cells a* 2 final concentration of 15-25 mg cell protein/ml
lncubaums“msmtedbyaddmg] ml of cell suspension t0 4 ml of
buffer or hyp medium), 025 gCi/mi
®Rb as a tracer for K* and 01 pCi/m! "*C-PEG 4000 as an
entracellular space marker. The standard incubation medium (300
mosmol-1"") had the composition indicated within the test. Hypo-
osmolasity (200 mosm-1-) was obtained by removing the mannitol
from the stzndard buffer. Uptake was terminated by diluting 200 gl
cell suspension in 500 g! ice-cold buffer and the cells separated by
centrifugation (16600 g, 20 s) through a 250 gl layer of the oil
mixture di-n-butyl phthalate/dinonyl phthalate (3:2, v/v). The cell
pel]etsmmlysedmlm.dsﬁlhduam.andlbewmm!ol“?{bm
ion media and ized pellets was d by measur-
mglswwmﬁmmmtol“mwukema!w—
lated taking into zccount the trapped extracellular volume estimated
from the amount of C-PEG 4000 associated with the peliet. The
protein content of the pellet was determined by the Lowry assay {14}
Al the modifiers were present in the incubation buffer from the start
o{Lbemcubammpenod.Themod:’mhadlbefoﬂomngfm:l
conceatration: ouabain 1 mM, 0.1 mM. The b:
sitive P (O-S) was ing in each experi-
et the cushain.resistant portion from the total ®Rh untake (R-S)
is the difference in the upiake of K* in the presence and absence of
bumetanide. Residual flux (R) is that portion of K* upiake obtained
in the presence of ouabain and bumetanide. Data are the mean+S.E.
of five determinations. * P < 0.001; ** P < 0.025 for the differences
from contro! (300 mosmol-17"), 2s judged by unpaired f-test.

wransfer routes to !he total net K* influx. Thus, as
pared to i media, hyp ic media
imulated both the cuabai and the b
nide-sensitive **Rb* influx, and significantly reduced
the residual net K* influx.

We have previously shown [6] that the efflux of K*
from preloaded (*°Rb) chicken enterocytes is inhibited
by Ba’* and quinine, stimuiated by A23187 and, as
now shown in Fig. 3 is not affected by bumetanide.
These findings suggest that the efflux of K* from

ytes may be mediated by Ca?*-activated
K* channels. The effects of anisosmotic media on K*
efflux are summarized ir Figs. 3 and 4. As can be
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Fig 2 Effect of hyperosmotic media on K* inflox (15 min flux
measurement) by isolated chicken enmterocyies. Hyperosmolarity (400
mosmol-17!) was obiained by adding 109 mM mannitol to the
standard buffer. Other details as in Fig. 1. Data are the mean + S.E of
five determinations. * P <0.000; ** P <0010 for the differences
from control (300 mosmol-1-1, as judged by unpaired r-test).
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Fig. 3. K* efflux from preloaded (*Rb) chicken enterocytes. Cell
suspension (40-60 mg cell protein,/ml) was first preloaded by incuba-
tion at 37°C in 2 shaking water bath fer 30 min in the preseace of
SRb (12-14 pCi/ml). The cells were then washed twice in radiciso-
tope-frez. ice-cold buffer and resuspended in buffer to a final con-
centration of 20-30 mg cell protein/ml The rate of ®Rb loss from
the cells was then measured by diluting 0.5 ml of the preloaded cell
suspension into 45 mi of radicisctope-free buffer (iso-, hyper- or
hypo-osmotic buffer) kept at 37°C. Aliquots (200 gl) were taken at 2,
4, 8 and 12 min and the °Rb in the cell pellet was estimated as
indicated above. K* efflux was calculated as percent of *Rb remain-
ing in the cells and expressed as an apparent effiux rate coefficient.
Throughout this paper this efflux rate is referred to as ‘K * efffux’ and
has the units of min~?. The of ®Rb content remaining in
the cells is plotted on a logarithmic scale against time. 100% is the
muzlradxmmtypmlm:hesamﬁsukennﬁmkm!lsm
means of five The £ d in iso-
tomcnmdmmtb:p:mwe(o)andabsme(.)ofol mM

ide, in hypo- ic buffer (a) or in buffer (8).
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Fig. 4. Effects of quinine and b ide o the hyp ity-d
pendent increase in K * efflux. The experiment was performed as that
in Fig. 3 but in isosmotic (open symbols) or hypo-osmotic media
(filled symhols) and in the presence of either 125 M quinine (a) or
0.1 mM bumetanide (). Results are meaas of five experiments. Other
daails as in Fig 3.

cbserved hypo-osmotic conditions raised the rate con-
stant of K* efflux from 0.089+0.007 to 0.110+
0.008 /min (P < 0 001 by unpaired #-test). On the other
hand hyp ditions (Fig. 3) reduced the rate
constant of efflux from its base level of 0.089 /min to a
new rate of 0.069 + 0.008 /min (P < 0.050 by unpaired
l-!est) The mcrase in K* efflux mduoed by hypo-

was p d by quinine and it was
not medified by bumetzmde (Fig. 4), suggesting that, as
in other cell types [10-12}, Ca®*-activated K* channels

may be involved in the regulatory volume d in
chicken enterocytes.
Taken ther these findings indi that the sep-
arate transfer routes for K* transpori present in the
pl b of chick are signifi-

mtly affected by changes in the tonicity of the external
media.

Some of the present findi agree with p
seports sh g that (i) hypo )} may result in
an increased K* (**Rb) efflux through Ca?*-activated
K* channels [10-12) and (ii) that hyperosmotic solu-
tions lead to a stimulation of K* influx via a
b id itive K* port system [5] and to a
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loss of K* conductance [14} However. in addition to
these ch the loop: ibitable K* route
was inhibited by hypo-osmolarity.

Gagnon et al. [13] reported that the proximal convo-
lute tubule appears to utilize the Na*/K* pump for
regulatory volume control. The present results also
shown that the ouabain-sensitive K* uptake is modified
by ct in the larity of the 1 media.
However, the observed changes could also result either
from initial variations in the intracellular Na* con-
centration (thus hypo-osmotic media, by increasing cell
volume, will d cell Na* ion and hence
the activity of the Na* pump. The opposite will be true
in hyperosmouc media) or from variations in the cell
Na* dary to ch in Na* uptake
via the Na*/Cl~/K* cotransport system.

This work was supported by a grant from the Spanish
“Comision Internacional de Ciencia y Tecnologia’. No.
PB86-0513.
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