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isolated by byalm~.~lase im~bafi~a from chicken small intestine were used to study the effects of anisosmofic 
[toffees on K + ~ Hypo-osmol~ty (200 mosme]-i - j )  reduced both the ouab~n-sensifive and the otmba~-re- 
sismm, ~ " " " e, net K + ~ and hmreased the K + efflux. The b:,,po-osmoL~ly induced K + efftux 
was ~evented by quiaiae a ~  e m d f e e ~  by bamemJfide. These results suggest that Ca2+-acfivated K + channels may be 
invob'ed ill ~ volame & ~ a s e  in LA,~__.~ _,~etoeyt~. Hyperosmofic eondifiom (400 mosm~- I - t )  increased 
the ~ of net K + ~ mediated by the Na+/K+-ATPase and that mediated by the ~ s e n s i f i v e  K + 
~ s y ~ m ,  a ~  ~ the K+ efflu~ 

Many cells axe known to regulate their volume in 
anisosmofic media. It is now widely accepted that the 
volume regulation in most cells is ach/eved via dynamic 
and controlled changes of ion transport pathways (see 
Refs. 1-5 for reviews). The regulatory volume increase 
~ha~ .~ccurs after hypero ,~ ' , ic  ~_hrlnkage of the cells 
.'~ppears to involve the entry of NaC1 by activation of 
eiectronentral cotransport systems, "including either 
Na+/CI  - or N a + / C I - / K  + cotransport systems or 
N a + / H  + and C 1 - / H C O f  exchange systems. On the 
other hand, the regulatory volume decrease following 
hypo-osmot/c swelling of the cells has been reported to 
be associated with a loss of cellular KCI in all vertebrate 
cell types investigate~L The mechanisms involved in the 
KCI loss may include either separate K + and Cl -  con- 
ductances or electxonentral cotransport pathways such 
as the K+/C1 - cotransport system or a K + / H  + ex- 
change coupled to a C I - / H C O f  exchange. 

Using radinLsotope flux studies we have previously 
demonstrated [6] in chicken enCJerocytes: (i) the presence 
of a K + permeab/lRy route activated by intrdcellu!ar 
Ca 2+ and (ii) that a small proportion of the ouabain-re- 
sistant net K + influx is mediated by a mechanism that 
shares many characteristics with the N a + / C l - / K  + 
cotransport system described in other cells [7,8]. such as 
its sensitivity to loop-diuretics and to Na ~ or CI-  
removal from the bathing solutions. 

Correspoadeace: A. tluadb~ DepL FLshalagia y Biologia Animal. 
Fac-altad de Farmacia. C./TramonLaaa s/n, 41012 Sevilla. Spain. 

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. Intestinal cells were isolated by hy- 
ahlronidase incubation following the method described 
by Kimmich [9]. After isolation the cells were washed 
twice with standard buffer of the following composition 
(raM), NaCI, 80, CaCI 2,1; mannitol, 100; K2HPO 4, 3, 
MgCI2, 1; Tris-HC! (pH = 7.4), 20; 1 mg /ml  bovine 
serum albumin, and resuspended in standard buffer. 

A previous work has s h o ~  [6] that the max/mum 
effect of ouabain on K + (S6Rb+) 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 • l -  1 ) sig- 
nificantly reduced total net K + influx after 15 rnin 
incubation. Partition of the K + (S6Rb+) net influx into 
ouabain-sensitive and loop-diuretic sensitive compo- 
nents showed that hypo-osmolarity decreased both, the 
ouabain-seusitive portion of the K + uptake ( N a + / K  +- 
ATPase) and the ouabain-resistant, bumetanide-sensi- 
tive influx pathway, and increased that component of 
K + net influx that is ouabain and bumet~_,-fide-resistant 
(residual influx). 

On the other hand, hyperosmotic (400 mosmol  l - i )  
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 ~)-~o-o~.,~i~y ~ K + influx (15 m~ flux measure- 
mere) by isolated c~-c~en e ~ o c ~ : s .  K ÷ up~a~e w ~  ~ at 
37 ° C u_-,~g cells ~, a final co~centrat/on of 15-25 mg cell pro',em/ml_ 
Incubations were started by a~:~ng I ml of cell ~ to 4 m] of 
b~'fer (standard ox hypo-osmodc medium), c ~ m ~  0.25 ~O/ml 
~Rb as a ~ fc* K + ~ 0.1 p O / m l  IaC-PEG 4000 as an 
exu-a~lular ~ marker. The s'wzu~rd incuba~on medium {3~0 
mosmol-I - t  ) had the compos~n  hunched within the ~ Hypo- 
osmoD~ty (2~0 mosm-] - t  ) was obtagned by remov/ng the mann/to] 
from the s~ndard b ~ e r .  Up~&e was terminated by diluting 200 p] 
cell ~ in 500 p |  k:e-co~ b,,dfer and the ceils separated by 
ce~trffugat~n ( 1 0 ~ 0 X g .  20 s) thixmgh a 250 p |  layer of the ~1 
n ~ t ~ e  d ~ - ~ - ~  p h ~ e / d ~ n y l  phtha~am (3:2,  v/v).  The ceil 

v.~re lyscd in l m! ~ water, and the content of ~'Rb in 
~-uba~n media and .so~b~-z~ pellets was ~'Jmamd by measur- 

ing its Cere~ov radiat/o~. The ammmt o[ ~ Rb uptake ~as catc~ 
fatal t ak i~ /n to  a~c~,mt the trapped cxt.,-z~ellula~ volume estimated 
from the amo~mt of t 'C-PEG ~ assoc/ated with the pe~L The 
protein content of the ~gqlet was determined by the Lowry assay [14]. 
All the mod~e~-s w~z'e present in the immbation buffer from the star~ 
of the incubat~n peri~l. "l'he modifiers had the following final 
c~ncenUae~n: ouaba~ 1 raM. bumetankle 0.1 raM. The ~zaba~n-se~- 
~five ~ t  (O-S) ~ s  ca~culal~d by sub'daeting in each expefi- 

is tt~ d ~ f f ~  in ff~ u p ~ e  of K ÷ in ~he pt~se~c~ and absence of 
bumctanide_ Residual flux (R) is that ponmn of K + uptake ob~ned 
in th~ pres~mm of ouabain and ~ .  Data are the mean _+ S.F- 
of fivv d~erm~v~t~c~ns. * P < 0.001; ** P <0.025 f~" the diffe~ce~ 

from control (3~]0 ~ - I - t ) .  as judged by tmpaked t-te~L 

t r a n s f e r  rou te s  to  the  to t a l  ne t  K *  inf lux.  T h u s ,  us 

c o m p a r e d  to  isosmot~c med~a, h y p e r o s m o t i c  m e d i a  

s t i m u l a t e d  b o t h  t h e  o u a b a i n - s e n s i t i v e  a n d  the  b u m e t ~ -  

n / d e - s e n s / d v c  ~ R b  + inf lux,  a n d  s ign i f i can t ly  r e d u c e d  

the  r e s idua l  ne t  K + inf lux .  

W e  h a v e  p r ev ious ly  s h o w n  [6] t h a t  t he  e f f lux  o f  K + 

f r o m  p r e l o a d e d  ( ~ R b )  c h i c k e n  e m e r o c ~ e s  is  i n h i b i t e d  

by  B a  2+ a n d  quh3J~ne, s t i m u l a t e d  by  A 2 3 1 8 7  a n d ,  a s  

n o w  s h o w n  in  F ig .  3 is  no t  a f f ec t ed  by  b u m e t a n i d e .  

T h e s e  f~dL~gs  sugges t  t ha t  t he  e f f lux  o f  K + f r o m  

c h i c k e n  enterocy~es  m a y  b e  m e d i a t e d  by  C a 2 + - a c t i v a t e d  

K ÷ channe l s .  T h e  e f fec t s  o f  anisosmot~c m e d i a  on  K + 

e f f lux  a r e  s u m m a r i z e d  in  Figs .  3 a n d  4.  A s  c a n  b e  

l 

~g. 2. Eff~ o. ¢ h ) - ~ :  ~ on K ÷ ~qux (15 rain flux 
m~zmm~0 by L~zmd chmk~a en~oc~cs. H~n'osmo]arity (400 

mmm~l-I -~) ~ ~ by adding 100 ~.M manniml to the 
_qandard baffe~'. O~er  d e , I s  z~ in ! - ~  1. Da~a are ff~e mean + S.E. of 
f~.~ ~ *P<0 .~01 ;  * * P < 0 . 0 1 0  for the differences 

fnm~ c~m~l {~)0 m~m~t-I - t. a.s jutted by unpaved t-~esO. 
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~$.  3. K * cfftux from pteh~ded {~Rb) ~ ¢meroc)~s. Cell 
~_~t~x~n (40-60 ~ g  c ~  ~ a / m l )  ~ f ~  prdoaded by h~:uba- 
fion at 37 ° C in a s h a k ~  v,~.er buzh fox 30 rain in the pr~e~ce of 
~Rb (12-14 p G / m l ) .  "]['he ~ ~ then  washed  ~ in r ~ o L ~ o -  
tope*free, h:e-c~d boffex and ~ in buffer to a final con- 
¢enu--afion of ~ 3 0  mg ceil pto~,n/ml.  "I'ne w ~  of e~Rb ~ss from 
the cells ~.~ then mea.~ed by diluting 0.5 ml of the prdoaded Hell 

m ~  4.5 mt of ~ : ~ f r ~  b~Te: CL.~-, hyper- or 
hypo-o~nofic buffer) kept at 37 ° C. AIklm~ts (200 ,ul) were taken at 2, 
40 8 and 12 rain and the ~Rb  in the call peIlet was es'~mated &s 
in.canard a b o ~  K÷ effiux was cakulated as i ~ m t  of ~Rb  rem~n - 
ing in the cells and expressed as an apparent efllux rate coeffic~mL 
T h r o u f ~ t  gh.~ p~t~r th~ efflux rage ~s referred to as "K + off[~" ~ d  
has the UD.tL~ of ~ - I .  ~ pel'~enl.a~@ of ~'Rb CO'tearful refn~in~n S 
the cells ~s p.h~Ued ~n a h~afithn~c f~fle agam~ time- 1 0 ~  is the 
initial r a ~ c f i v [ ~ -  presem in the samples taken at 0 m R~xlts axe 
means of f ~ :  ~ .  The ~ were pe~-f~med in 
tonic ~ in the presence (o) and absm~ (®) of 03  mM 
b u m e ~  in hypo-~smo~ buffer (A) or ~n h35[~tosmofic buffer (ll). 
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Fig. 4. r=f[e~s of ~ and bmlu~l~de on the hypo-osmo~rity-de- 
pendent h~'ease h~ K ÷ ¢ffhax. The ~ t  was performed as that 
in F~g. 3 bet in ~ ( ~  s'jnd3oLs) or hypo-osmofic media 
(["died ~mbols) and in the presem:¢ of eiOuef 125 ~M quh~ne (A) or 
0.1 mM b u m e ~  (1). Resalts are means of five experimems. Other 

deta~ as in l~g. 3. 

observed h y p o - o s m o d c  condi t ions  raised the  ra te  con-  
s t an t  o f  K + efflux f rom 0 . 0 8 9 _ 0 . 0 0 7  to  0.110+_ 
O .008 /min  ( P  < 0.001 b y  unpa i red  t-test). O n  the  o ther  
h a n d  hyperosmot ic  condi t ions  (Fig.  3) reduced  the ra te  
cons tan t  o f  eff lux f rom i ts  base  level o f  0 . 0 8 9 / r a i n  to  a 
new ra te  o f  0.069 _+ O.008 /min  ( P  < 0.050 b y  unpa i red  
t-test). The  increase in K ÷ efflux induced  b y  hypo-  
o s m o t i c  c o n d i t i o n s  was  prevented b y  quin ine  a n d  it was  
no1 m o d r e d  b y  bume tan ide  (Fig. 4), suggest ing that ,  as 
in o the r  cell types [10-12] ,  Ca2+-acfivated K + channels  
m a y  be  involved in the  regula~a 'y  volume decrease in 
chicken emerocy~s .  

Taken  together  these f indings indicate  tha t  the sep- 
a r a t e  t ransfer  routes  for  K + t r anspor t  present  in the  
p l a sma-membrane  o f  ~ e n  enterocytes,  a re  signifi- 
c a n d y  affected b y  changes  in the  tonici ty  o f  the  external  
media .  

Some of  the  present  f indings agree  with previous 
repor ts  showing  tha t  (i) hypo-osmolar i ty  m a y  result  in 
a n  increased K + ( ~ R b )  eff lux th rough  Ca2+-acfivated 
K + channels  [10-12]  a n d  (fi) tha t  hyperosmot ic  solu-  
t ions lead to  a s t imulat ion o f  K + influx via a 
bumetanide-sensi t ive  K + t ranspor t  sys tem [5] a n d  to a 
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loss of  K + conduc tance  [14]. However ,  in ~ddit ion to 
these changes,  the loop-diuretic*inhibitable K + route  
was  inhibi ted by  hypo-osmolar i ty .  

G a g n o n  et al. [13] repor ted tha t  the  proximal  convo-  
lute tubule appears  to utilize the N a + / K  ÷ p u m p  for  
regula tory  volume control .  The  present  results also 
shown tha t  the ouabain-sensi t ive  K + up take  is modif ied 
by  changes  in the osmolar i ty  o f  the  external  media.  
However,  the observed changes  could  also result  ei ther 
f rom initial var ia t ions in the intraceUular N a  + con-  
cent ra t ion  ( thus hypo-osmot ic  media ,  b y  increasing cell 
volume, will decrease cell N a  + concen t ra t ion  a n d  hence 
the activity o f  the N a  + p u m p .  The  opposi te  will be  t rue  
in hyperosmot ic  media)  o r  f rom var ia t ions  in the  cell 
N a  + concent ra t ion  secondary  to  changes  in N a  + up take  
via the N a + / C I - / K  + co t r anspor t  system. 

This  work  was suppor ted  b y  a g ran t  f rom the Spanish  
' C o m i s i 6 n  Internacional  de  Ciencia  y Teenologia ' .  No.  
PB86-0513. 
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