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Changes ~ the in~acd ldar  concen~ations of Na + and K + of f e t~  human f ibro~as~  have been followed 
M~r  re~acement  of s e r u m < o ~ n g  growth m e s a  with unsup~emen~d  and serum-sup~emen~d s~ ine  
s~ut ion (Ead~s  b~anced s~t  s ~ u f i o ~ .  Incubation in unsup~emen~d  s ~ t  sdufion was followed by a 
progressive ~ e a s e  of the ~ r n ~  Na ÷ coun~rb~anced by a d e c e a s e  ~f ~ r n ~  K +, w i ~ o m  m ~ c r  
~ r a t i o n s  of ~ e  ~ r n ~  o s m d a ~ .  A~er 3 h incubation the ~ a c e l l d a r  Na + and K + concen~ations were 
120 mM and 50 mM, ~spect ive~ .  These in~acd ldar  ~ n  derangemen~ w e ~  not associated with a fa~ure of 
• e (Na + + K +)-ATPase pum~ whose activi~ a c ~  ~creased w i ~  enhanced in~acel ldar Na + c o n c e n ~  
tiom Ion changes ~ d  not take ~ a c e  when serum On excess of ~5%, f in~ concen~ation)  was present in ~ e  
s ~ e  s~ut icn  and a c o m m i e  re ,orat ion  ~ norm~ ~f ~he Na + and K + g r a ~ e ~ s  occu~ed  upon ad~fion of 
serum ~ cells pre~ou~y  ~ c u b a ~ d  in ~ n  s ~ e  sdution. The e ~ e c ~  ~f serum were mimicked by 
f u r o s e m ~  ~ u s  suggesting ~ channds sen~five ~ t ~ s  ~ u ~ t i c  a ~  ~ v d v e d  ~ the movement of Na + and 
K + fo l low~g f ~ r o ~ a ~  ~ c u b ~ n  ~ unsup~emen~d  s ~ e  sdution. 

Most mammalian cells m ~ n t ~ n  a high s~ady- 
state K + concenffafion and a low s~ady-~a~  
Na ÷ concen~afion rdafive to thor  su~ounding 
phy~olo~c fluids. When cultured human fibrob- 
lasts are grown in a c o m p ~  medium cont~ning 
145 mM Na ÷ and 5.4 mM K +, intracdlular K ÷ 
t y p ~ l y  ranges between 150 and 160 mM, whereas 
in~acdlular  Na ÷ ~ lower than 20 mM. These 
~ansmembrane gradients depend on the acfi~ty 
of ( N a + +  K+~ATPas~  the enzyme respon~b~ 
for pumping Na + out o~ and K ÷ into the call. In 
human fibroblasts, Na ÷ and K ÷ fluxes and redis- 

* To whom co~espondence should be addre~ed. 

tfibufion across the cell membrane take place ~so 
through other pathways as an amiloride-sensitive 
N a ÷ / H  + a n t ~ o ~  (so~um inward [1,2]) and a 
furo~mide~enfi t ive ch~nnd (Na%K~2C1-  sym- 
port [3]). Other routes less wall characterized ~ 
fibroblas~fike calls include a N a + / C ~  + ex- 
changer [4], neuroto~nmenfifive Na ÷ channds 
[5-7], C ~ n f i f i v e  and C ~ a c f i v ~ e d  K ÷ 
channe~ [8]. 

During ~ud~s  on ~ e  Vanspon of amino adds 
in cultured human f ibro~as~ [9-11], we became 
aware that the presence of serum was an o N ~  
tory ~q ~rem en t  to m ~ n t ~ n  cpfim~ m~abolic 
con~fions of ~ e  calls when they were ~ansferred 
to a saline s~ufion (derepresfive phase of adaptive 
~gda t ion ,  [11]). Recently we found ~at ,  in the 
absence of ~rum,  cells incuba~d in saline s~u- 
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tions undergo a sfighL though defini~ con~action 
of thor  volume and exhibit a d ramat~  change in 
thdr  K + and Na + content [12]. Au tho~  who used 
to incubate tissue slices or p~ces in buffered s~t  
solutions made fimflar observations [13,1~. The 
present study was undertaken to investigate the 
kinetics of the inUacellular Na + and K + changes 
following serum deprivation and readdifion to calls 
incubated in a saline solutiom Moreover, a t~mpts  
were made to identify the channds involved in the 
underlying ~ansmembrane  movements of these 
cations, 

M ~ h o d s  and M ~ e d ~ s  

Cell cu#ure. Fe t~  human f i b r o b ~  obt~ned 
from a %week g ~ t i o n ~  age, k a r y o t i p ~  nor- 
m ~  m ~ e  abonu~  w ~ e  routindy grown ~ l ~ c m  
• a m ~  ~ s h ~  in M e ~ u m  199 c o n t ~ n g  10% 
~ t ~  c~f  ~ u m  and antiNotics (pe~dHin 100 
I .U . /ml ,  sUeptomyon 100 ~g /ml ) .  The con&- 
tions of c~tuf ing were: pH 7.4, ~ m o s p h e ~ .  5% 
CO 2 in ~ t e m p ~ u ~  37°C. For the experi- 
ment~ calls were seeded onto 24-wall p la~s  
(COSTAR) and used 4-5  days following subc~-  
ture w~le  stffi subconfluent (30 ± 10 #g of pro- 
t e i n / c m  ~ co~esponding to 5 - 1 0 . 1 0  4 c e l l s / c m  2). 

The cuRure me&um was ~ways renewed 48 h 
before ~ e  experiment. Fe t~  human fibroblas~ 
were used b~ween the 4th and 15~  passage in 
fitro. 

Incubatmn~ In ~1 experiments described in t~ s  
paper cell m o n d a y , s  were incubated at 37°C 
(~mosphere  5% COz ~ ~ in EadCs b~anced 
s~t  s~ut ion (116 mM NaC1/26 mM N a H C O 3 /  
5.4 mM KC1/1.8 mM CaC12/1 mM NaH~PO4/  
0.8 mM MGSO4/5.5 mM ~ucose) in the absence 
or in the presence of ~ y z e d  fe t~ c~f  serum or 
any other de~gna~d  compound. 

Measurement  o f  Na + and K ÷ cont~n~ Call 
m o n d a y , s  were r ap i~y  washed four times with 
~ c ~ d  0.1 M MgC12 and d roned  for a few 
m ~ u t ~ .  E than~ (0.1 ml) was added to each well 
and allowed to dry; ~ e n  2 ml of c ~ d  10 mM CsC1 
were added to each wall. In~ace l ldar  s o d o m  and 
potashum con~nts  w~e  de~rmined with a Varian 
AA~75  ~ o m ~  absorption s p e c ~ o p h o t o m ~  
ufing NaCI and KC1 in 10 mM CsC1 as standards. 
After absorption spec~o~opy  d e t e r m i n ~ n s ,  cell 

mon~ayers  were d i ~ e d  with 0.5% sodium de- 
oxych~ate  in 1 M NaOH and assayed for proteins 
directly in the w~ls u~ng a modified Lowry pro- 
cedure [15] as described p r e ~ o u s ~  [16]. 

Measurement  o f K  ÷ influ~ ~ R b  + was used as a 
tracer for K ÷ movements. This ~otope has been 
shown to mimic K ÷ movemen~ in cuRured hu- 
man fibroblas~ [3]. The uptake was assessed u~ng 
the m ~ h o d  for rapid measurement of solu~ fluxes 
in adherent cultured cells described by Gazz~a  et 
~. [16]. Human fibroblast monolaye~ were washed 
and incubated for 1 min at 37°C in 0.2 ml EadCs 
b~anced s~t  solution containing 2 ~ C i / m l  of 
~ R b  (as a tracer of the 5.4 mM K ÷ content of the 
solution). When presen~ ouab~n  (1 mM) was 
added 2 min before the uptake assay. The incuba- 
tions were ~ r m i n a ~ d  by f i n ing  the calls four 
times with 4 ml of ~ c o l d  0.1 M MgCle and 
d roned  for a few minutes. Ethanol (0.1 ml) was 
added to each wall and allowed to dry; then 0.5 ml 
of 10 mM CsC1 was added to each w~l. ExUac~ 
were added to 2.5 ml of sdnt i lhf ion fluid and 
counted for radioa~ivity with a Packard 460C 
fiquid sdntiHafion spec~om~er .  Proton content 
was determined as described above. 

Measurement  o f  ~ell water and dam expression. 
In~acellular ion concentrations were expressed as 

TABLE I 

CELL WATER CONTENT IN FETAL HUMAN FIBRO- 
BLASTS INCUBATED IN EARL~S BALANCED SALT 
SOLUTION IN THE PRESENCE OR IN THE ABSENCE 
OF SERUM 

Calls ~ o w n  ~ 10% f ~  c~f  ~ m ~ o n t ~ n g  Me~um 199 
were washed and ~cuba ~d  for 6 h in Ead~s b~anced s~t  
solution (EBS~ ~ EBSS ~pp~mented  wi~  1£% ~ y z e d  fet~ 
c~f s e~m (FCS). At the times ~ c ~ e &  in~acdlular water 
w ~  m e ~ e d  ~ ~ c ~ e d  in M~hods and M ~ e f i ~  The 
v~ues are shown with ~ e  standard error for ~ree determina- 
tions wit~n ~ u r  to ~x c o m m i e  expefimen~ 

Incubation 
time (h) 

~1 c ~  w ~ / m g  ~ o n  

EBSS EBSS+ 10% FCS 

0.5 7.51 _____0.41 7.65 +0.43 
1 7.05 + 0.46 7.55 __+ 0.46 
1.5 7.08 __ 0.50 7.50 __+ 0.35 
3 6.03 + 0.70 6.74 __+ 0.98 
6 5.97 __+ 0.58 6.66 +__ 0.67 



~mol per ml cell w ~ e n  The in~acellular fluid 
volume was estimated Other from the s ~ a d y - ~ a ~  
di~ribution of 3-O-m~h~-D-glucose [17] or from 
the dif~rence b~ween  tot~ water ~ C ] u r e a  
spac~  and ex~acellular fluid volume ~3H]inulin 
spac~  [18]. MeasuremenB were performed under 
each expefiment~ condition at succesfive in~rv~s  
during the experimen~ V~ume  changes for fi- 
b r o b h ~ s  incubated in the absence and in the 
presence of serum are shown in T a b ~  I. The 
addition of the various inhibito~ for the proper 
time i n~ rv~s  did not substantially ~ r  the v~ues 
ob t~ned  in thdr  absenc~ 

Materials. Fe t~  c~ f  serum, growth media and 
antibiotics were purchased from GIBCO. 3-0- 
Meth~-D-[UJ4C]~ucose  (329 Ci /mol ) ,  [~4C]urea 
(40 Ci /moO,  [methoxy-3H]inulin (152.5 m C i / g )  
and ~ R b  (20 C i / g )  were obt~ned from New 
En~and  Nuclear. Furosemide was from Hoechst 
A G  and am~oride was a generous ~ of Merck, 
Sharp & Dohme. Sigma was the source of ouab~n  
and all other chemicals. 

R e s ~  

Changes in Na  + and K + content upon serum de- 
p~oa~on and readdition 

When the incubation medium of human fi- 
broblasts was changed from Medium 199 contain- 
ing 10% fetal calf serum to serum-free Ea~Cs 
balanced salt solution, the in~acellular concentra- 
tion of Na  ÷ rose from 15 mM to 130 mM within 6 
h of incubation. The rate of change was rather 
high during the first 3 h and low thereafter (Fig. 
1A). Serum readdition to cells incubated in 
serum-~ee Ea~ds  balanced salt solution for 3 h 
caused a rapid decrease of the accumulated inter- 
nal cation. Within 2 h the concentration of Na  ÷ 
fell to values comparable to those observed in cells 
maintained in saline solution supplemented with 
10% fetal calf serum. The in~acellular K ÷ con- 
centration varied in an oppo~te  manner (Fi~ 1B), 
decreasing from 150 mM to 40 mM within 6 h 
incubation upon serum deprivation and b~ng  re- 
stored to normal within 2 h by serum readdition. 
Comparable resul~ were obtained when fetal calf 
serum-containing minimal essential medium or 
Dulbecco's modified EaglCs medium replaced 
medium 199 for fibroblast culturing (not shown). 
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Rg. 1. Changes of Na + (pan~ A) and K + (pan~ B) m ~ a c ~ -  
lar concentration in ~ t ~  human f ibro~as~ ~cub~ed  ~ EadCs 
b~anced s~t s~ufion. E f ~ s  of serum d e p r i v ~ n  and read- 
dition. Cells grown ~ 10% fet~ calf serum-contai~ng Me~um 
199 ( ~ )  were incuba~d for 6 h ~ EadCs bManced sMt 
sdution in the presence ($) or ~ ~ e  absence (©) of 10% 
dialyzed ~tal cMf serum. Di~yzed ~tal c~f  serum (10%, finM 
concn.) was added (~) ~ cells ~cub~ed  ~ r  3 h in serum-flee 
EadCs b~anced s~t  s~ufion O~ow). At the times ~ d ~ e &  
call mon~ayers were washed and the ~wacell~ar Na + and 
K + concen~ations were d ~ m i n e d  as described ~ M~hods 
and Ma~riM~ The p ~ n ~  are means of t r i ~ a ~  de~rmin~ 
t~ns  m a represen~five experiment. The experiment ~pea~d  
five times ~dded  ~milar resdts. 

TABLE II 

CHANGES OF Na ÷ AND K ÷ INTRACELLULAR CON- 
TENT IN FETAL HUMAN FIBROBLASTS INCUBATED 
IN EARL~S BALANCED SALT SOLUTION SUPPLE- 
MENTED WITH D E C R E A ~ N G  CONCENTRATIONS OF 
SERUM 

Cells grown ~ 10% ~tal c~f  serum-contaimng Med~m 199 
were incuba~d ~ r  3 h ~ EadCs bManced sMt s~ution (EBSS) 
contai~ng &Myzed ~tM cMf serum at ~ e  ~ c ~ e d  concentra- 
tions. At the end of the incubation period Na + and K ÷ 
~ a c e ~ d a r  concen~ations were assayed as described in Fig. 
1. The vMues are means of triplica~ d~erminations in a 
~ p r e s e ~ e  experiment. The experiment repea~d tw~e 
~eMed ~milar resdts. 

Serum In~acd luhr  concenuation 
concen~afion (%) (mM) 

~ EBSS Na ÷ K ÷ 

10 18 155 
5 19 153 
1 20 158 
~5 31 149 
0.25 44 135 
0.1 86 82 
0.05 92 86 
0.025 112 60 
0 115 55 
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Fig. Z Changes of Na + ( p a n t  A) and K + ( p a n t  B) in~acellu- 
lar concentration in fetal human fibroblasts incubated in EadCs 
b~anced s~t  sdution in the presence of ouab~m Effect of 
serum. Cells grown in 10% ~tal calf serum~ont~ning Medium 
199 ((~) were incuba~d for 90 min in EadCs bManced sMt 
solution containing 1 mM ouab~n in the absence (~) or in (he 
presence (~) of 10% diMyzed fet~ cMf serum. Na ÷ and K ÷ 
intracdluhr concenuafions were a~ayed as described in Fi& 
1. The prints are means of tripl~ate d~erminations in a 
~presentative expmmenL The experiment repe~ed three times 
~dded  fimilar results. 

Table II shows changes of Na  + and K ÷ content 
in fibroblas~ whose fetal calf serum-containing 
Medium 199 was replaced with Eaflds balanced 

sMt solution supplemen~d with decreafing serum 
concentrations (from 10 to 0~25%). Concen~a- 
tions of serum equ~ to or higher than 1% of~red  
a c o m p ~  protection again~ ionic derangemen~ 
within a 3 h incubation period. The protective 
effect of serum was b a r r y  detectable at a 0.05% 
concentration. 

Effect of ouabain 
Upon replacement of Medium 199 with EadCs 

balanced salt solution containing 1 mM ouabain 
in the absence and in the presence of 10% fetal 
calf serum (Fig. 2) the fibroblast in~acdlular  con- 
centration of Na ÷ increased sharply and the in- 
~acellular concentration of K ÷ fell to very low 
values within 90 min incubation. The rate of 
change was higher in fibrobla~s incubated in the 
absence of serum than in its presence. 

Following a 3-h incubation in a serum-free 
Eadds  balanced salt solution, fibroblasts ex- 
hibited the expected increase in Na ÷ content and 
the subsequent serum-mediated restoration of Na ÷ 
concentration to phy~ologic values (Fig. 3A). The 
effect of serum was fully prevented by ouabain 
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Fi~ 3. Changes of Na ÷ ( p a n t  A) and K ÷ ( p a n t  B) in~acd~-  
Mr concen~afion in ~ t ~  human f ibrobh~s incubated in EadCs 
b~anced s~t solution. Ef~ct of ouab~n on the restoration by 
serum of ionic gradienm Calls grown in 10% ~ t ~  c~f serum- 
cont~ning Medium 199 were incub~ed for 3 h in serum-~ee 
EadCs b~anced s~t solutiom After this time (a~ow), calls 
were incubated for addition~ 90 min in EadCs b~anced s~t  
solution (©) and in the same s~ution supplemen~d with 10% 
di~yzed ~ t ~  c~f serum in the absence (~) or in the presence 
(~) of 0.1 mM ouab~n. Na ÷ and K ÷ ~ a c d ~ r  concentra- 
tions were assayed as described in Fi~ 1. The p~nts  are means 
of t r i p l ~ e  determinations in a represen~five experiment. The 
experiment repeated three dmes ~dded  fim~ar r e s ~ .  
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Fi~ 4. IntraceHular concentration of Na + and K ÷ of fet~ 
human fibroblasts incubated in EaflCs b~anced s~t  solution. 
Effect of furosemidm Cells grown in 10% fet~ c~f serum-con- 
taining Medium 199 were incubated in EaflCs b~anced s~t  
solution (EBSS), EBSS plus 10% di~yzed ~tal calf serum 
(FCS), EBSS plus 1 mM furosemide or EBSS cont~ning 10% 
dialyzed fet~ calf serum and 1 mM furosemide as indicated in 
the figure Incubations in these media la~ed 3 h. At the end, 
Na ÷ (open bars) and K ÷ (dotted bars) intracellular concentra- 
tions (mM) were assayed as described in Fi~ 1. The v~ues are 
the means of three independent d~erminations ~ S.D. 



(0.1 mM, f in~ concentration), whose addition ac- 
tually caused a fu~her increase of the in~acellular 
Na  + concentration (up to v~ues  comparable to 
those of the e x ~ r n ~  medium). In these experi- 
m e n t ,  changes in the i n ~ r n ~  K ÷ concentration 
were opposRe and, in the presence of the (Na + + 
K÷)-ATPase inhibitoL the in~acellular to ex- 
~acellular K + ratio approached unity (Fi~ 3B). 

Effect of furosemide 
The addition of furosemide (1 mM, final con- 

centration) to fibroblasts incubated in EadCs bal- 
anced salt solution in the absence of serum com- 
pletely prevented the increase of intraceHular Na ÷ 
and the decrease of intracellular K ÷ caused by 
serum deprivation (Fi~ 4). 

Furosemide was also effective in reestabhshing 
normal intracellular Na  ÷ and K ÷ concentrations 
when added to fibroblas~ whose ionic content 
was previou~y altered by a 3-h incubation in 
serum-free EadCs balanced salt solution (Fig. 5). 
This restoration was faster and more complete in 
the presence of serum than in its absence. 
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Fig  5. Changes of Na ÷ ( p a n t  A) and K + ( p a n t  B) in~acellu- 
~ r  c o n c e n ~ i o n  in ~ 1  human f ib ro~as~  incub~ed in EadCs 
bManced sMt sdu t iom E f ~  of serum a n d / o r  furosemide on 
• e re ,o ra t ion  of ~ c  g r a~en~ .  C d ~  grown in 10% fetM c~ f  
s e r u m - c o n t ~ n g  M e ~ u m  199 were incub~ed  ~ r  3 h in ~ n  
E a d d s  bManced salt s~ut iom A~er  t ~ s  time (a~ow), cells 
were incuba~d  for ad&tionM 90 min in EadCs bManced sMt 
s~uf ion  (EBSS) (©), in EBSS c o n t ~ n g  10% ~ y z e d  fetM 
cMf serum (~), in EBSS conta i~ng  1 m M  ~rosemide  (~) and 
in EBSS c o n t ~ n g  10% ~Myzed ~tM cMf serum ~ u s  1 m M  
furosemide (~). Na + and K ÷ i n ~ a c d l u ~ r  concen~ations were 
assayed as described in Fig. 1. The p ~ n ~  are means  of 
triplic~e determinations in a r e p r e s e n t ~ e  experiment. The 
experiment ~pemed  twice ~ d d e d  fimilar results. 
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Fig  6. Chagnes of Na + ( p a n t  A) and K + ( p a n t  B) intraceHu- 
lar concentration in fetal human fibroblas~ incubated in EadCs 
b~anced  s~t  solution in the presence of ouab~n .  Effect of 
furosemide. C d ~  grown in 10% f ~  c ~ f  serum-containing 
Medium 199 ( ~ )  were incubated in E a d ( s  b~anced  s~ t  
solution cont~ning 1 m M  o u a b ~ n  without (~) and with 1 mM 
furosemide (a). Incubation in these media h ~ e d  90 rain. Na ÷ 
and K ÷ intraceUular concentrations were assayed as described 
in F ig  1. The points are means of triplicate determinations in a 
representative experiment. The experiment repeated twice 
y idded fimilar resul t .  

Moreover, furosemide lowered the rate of 
change of the in~acellular concen~ations of Na  + 
and K ÷ fo~owing ouabain addition to cuhured 
fibroblasts (Fig. 6). 
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Fig  7. I n ~ a c d l u ~ r  concentration of Na + and K + of f ~  
human  fibroblas~ incubated in EadCs b~anced  s~ t  solufiom 
Effect of amilofidm C d ~  grown in 10% ~tal  cflf  serum-con- 
taining Medium 199 were incubated in EadCs b~anced  s~ t  
solution (EBSS), EBSS plus 10% di~yzed ~ta l  c~ f  serum 
(FCS), EBSS plus 1 m M  amiloride or EBSS cont~ning  10% 
di~yzed FCS and 1 m M  amilofide as indicated in the figurm 
Incubations in these media ~s ted  3 h. At the e n d  Na + (open 
bar~  and K ÷ (dotted bar~  in~acdlular  concentrations (mM) 
were assayed as described in F ig  1. The v~ues  are the means 
of three independent d~erminat ions  ± ~D.  



Effea of amiloNde 
A m i ~ f i d e  (1 mM,  f i n n  concenUat ion)  a d d e d  

to f i b rob l a s~  incubated  in Eaf l~s  bManced sMt 
sNut ion  was unable  to M~r  the basM inmrnM 
concen~af ion  of N a  + and K + when serum was 

present  in the incuba t ion  m e ,  urn, and  failed to 
prevent  the ~ N c  changes caused by serum d ~  
p f i v ~ n ;  in fact it ampfif ied them ( F ~ .  7). 

Changes m (Na++ K+)-ATPase activity upon 
serum deprivation and readdition 

As m e ~ u ~ d  by  o u a b N n - ~ n ~ f i v e  ~ R b  uptake  
( F ~ .  8) the a c f i ~ f f  of the f ibroblas t  (Na  + + K+) -  
A T P a ~  d ~  not  change for at least 6 h upon  
~ N a c e m e n t  of  the c ~ t u r e  m e d ~ m  ( M e , u r n  199) 
with EaflCs bManced sMt s ~ u t ~ n  con tNhing  10% 
fetM cMf ~ r u m .  U n d e r  ~ e s e  condi f ion~  the 
o u a b N n - ~ n ~ t N e  componen t  amoun ted  to ap-  
p r o ~ m ~ d y  hMf of ~ R b  t o r n  u p t a k ~  When  the 
c M t u ~  m e N u m  was replaced w i ~  ~ r u m 4 ~ e  
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Fig. 8. Changes of ouab~n~en~tive K + influx in fetal human 
fibroNas~ incubated ~ EaflCs bNanced sMt sNufiom Effec~ 
of serum deprivation and readdifion. CdN grown ~ 10% f~M 
cNf serum~ont~Nng M e ,  urn 199 (~)  were mcubmed for 6 ~ 
in Ead~s bManced sNt sNm~n ~ ~e presence ($) or ~ the 
absence (©) of 10% ~Myzed ~tN cMf serum. DiMyzed ~tM 
cMf serum (10% finn concn.) was added (~) to cells mcuba~d 
for 3 h ~ serum-~ee Ead~s bManced sMt solution (arrow). At 
the times ~ c m e d ,  call monMayers were washed and incuba~d 
in Eafle's balanced sMt sMufion comN~ng ~ Rb OA ~ Ci/~ mM 
of K + ) under con~fions approacNng ~ifiM ent~ rates (1 
mi~ in ~e presence and ~ the absence of 1 mM ouabNn. 
OuabNn-sen~tive 86Rb uptake was cMcuN~d as the difference 
b~ween SrRb uptake in the absence and presence of the 
~NNm~ The pNnts are means of triN~a~ de~rminations ~ 
a representative expefimem. The experiment repe~ed tw~e 
~eNed ~milar resdu. 

E a ~ d s  ba lanced  salt  solution,  the act ivi ty of the 
p u m p  increased d ramat ica l ly  within 60 min and 
decreased ~owly  therea~er .  6 h la ter  it was still 
twice as high as in the presence of serum. Serum 
readd i t ion  to calls incubated  in serum-f lee  Ea f ld s  
ba lanced  salt solut ion for 3 h caused a Uanfient  
increase of the p u m p  activity,  fol lowed by  a pro-  
longed decrease of  it down to values comparab l e  
to those observed in calls ma in ta ined  in serum- 
supp lemented  Eaf lFs  ba lanced  salt solution. 

D~cus~on 

A marked  increase of the i n ~ r n N  N a  + and a 
comparab l e  marked  decrease of i n~ rnM K + takes 
p lace  in cul tured human  f ibroblasts  when the cul- 
ture medium con tNning  serum is replaced by a 
serum-f lee  sNine solution.  Fo r  these p ronounced  
ionic  changes to occua  the saline solut ion (for 

example  E a f l d s  bN a nc e d  sNt solut ion) must  be 
devoid  of serum (or con tNn  serum at a concentra-  
t ion not  exceeding 0.1%, see Table  II)  and  of the 
usuM nutr ient  s u p p ~ m e n ~  (except  ~ u c o s ~ .  In- 
deed,  no sub~anf iM ionic changes were recorded 
upon  incubat ion  of human  f ibroblas ts  in such 
nu t r i en~supp lemen ted  cul ture media  as min imN 
e ~ e n t i ~  medium,  D u l b e c c ~ s  modif ied  E a ~ s  
med ium and M e d i u m  199, ~ t h e r  in the presence 
or  in the absence of  serum (unpubfished resul tS.  
S e v e r n  authors  focused t h o r  ~ u d ~ s  on the effects 
of  serum on N a  + and K + fluxes across the p l a sma  
m e m b r a n e  of f ibroblas ts  and f ibroblas~f ike  cells 
~ , 2 , ~ 1 9 - 2 9 ] .  In these inves t iga t ions  c o m p ~  
( n u t f i e n ~ s u p p l e m e n ~ d )  serum-f lee  media  or low 
serum-conta in ing  media  have been used to arrest  
the cell cycle in the G ~ / G  0 phase.  Under  these 
condi t ions ,  in t racel lular  ionic changes are u n l i k d y  
to occur  or  may  not  have been noticed.  Only smM1 
decreases of  K + i nUacd lu l a r  concent ra t ion  have 
been repor ted  in some of these ~udies ,  though K + 
and N a  + fluxes across the p l a sma  m e m b r a n e  were 
marked ly  affected by serum removM and r eadd~  
fion. 

In  our  exper iment~  N a  + e n ~ r i n g  the c~ l s  
l a r g d y  counterbManced  K + loss, cont r ibu t ing  to 
m N n t N n  the in te rnN osmolaf i ty  at ra ther  high 
vNues even when the i n~ rnM K + concent ra t ion  
d r o p p e d  to 40 mM. This fact explNns why changes 
of  i n ~ a c d l u l a r  water  volume were quite small  



even under extreme ionic derangement .  The in- 
tern~ ionic changes caused by serum deprivation 
were revertible and a comple~ ionic restoration 
by serum readdition occurred even a~er 12 h of 
call incubation in serum-~ee saline solution (not 
shown). 

A furosemid~senfitive channd ( N a ~ K ~ 2 C 1 -  
sympor 0 has been characterized in human fibro- 
blasts [3]. In our experiment~ furosemide com- 
pletely prevented the ~ r a t i o n  of the in~acellular 
Na + and K + content caused by call incub~ion in 
serum-~ee EadCs b~anced s~t solution (see Fig. 
4) and allowed a restoration to norm~ of ~ r e d  
ionic gradien~ in cells incuba~d under conditions 
of serum deprivation (see Fig. 5). Moreove~ fur- 
osemide partially counteracted ion redi~ribution 
assodated with the inhibit~n of (Na++  K+) - 
ATPase by ouab~n (Fig. 6). Its r e s ign ing  effect 
on the ouab~n-medi~ed ionic changes was com- 
parable to that of serum (see Fig. 2). These results 
confirm that a furosemide-senfitive channd is op- 
erative in human fibroblas~ and suggest that this 
channd must be involved in the movement of 
Na + and K + (or at least of one of these cation~ 
when serum deprivation ~ the in~acd luhr  
ionic concen~ations. 

Although our resuRs suggest that the ionic flow 
through a furosemide-senfitive channd would be 
adequate to s u ~ n  in full the i n~ rn~  ionic ~ter- 
afions caused by serum deprivatiom by no means 
do they rule out the contribution of other path- 
ways ~ans~rring Na + and K + across the phsma 
membran~ F~lure  to observe an inhibitory effect 
of amiloride on the enhancement of the i n~ rn~  
Na + content that fo~ows the incubation of human 
fibroblas~ in serum-~ee EadCs b~anced s~t 
solution (Fig. 7) renders the involvement of the 
amilofid~sen~tive N a + / H  + antipo~ u n f i k ~  

Conditions that ~low ~omc changes to occur 
Oncubation of human fibroblasts in serumfree 
s~ine solutions) did not imp~r  the function of 
(Na + + K+)-ATPase and actually enhanced ~s ac- 
ti¼ty sever~ f~d  (Fig. 8). It has been reposed 
that the actifity of ( N a + +  K+)-ATPase is mod- 
ula~d by in~rnM Na +, when this cation is the 
rate-fimiting substrate [30]. Under our condition~ 
the inmrn~ Na + concen~ation is much higher 
lhan that xequired for h ~ G m a ~ m ~  Na + extrusion 
[30-32]. Henc~ the s u b s v ~ m e d i a t e d  modula- 

tion of the acti¼ty of the pump is ~kdy to be 
supe~eded by i~ operation under saturation con- 
difion~ It has ~so been proposed that one of the 
two molecular forms of ( N a ÷ +  K÷~ATPase 
described in mesenchym~ cells is hormon~ly sen- 
fitive [31,32]. Serum might stimula~ the acti¼ty 
of this form. Indeed, the addition of serum to cells 
~ready fi~ed up with saturating concentrations of 
Na ÷ caused a ~anfient enhancement of the pump 
acfi~ty (Fig. 8), and the restoration of ~tered 
ionic grad~n~ by a combination of serum and 
furosemide occurred at a faster rate than restora- 
tion caused by furosemide ~one  (Fig. 5). 

In condufion, we propose that incubation of 
human fibroblasts in unsupplemen~d saline solu- 
tions renders these cells unable to m ~ n t ~ n  thdr  
steady-~ate Na ÷ and K ÷ gradients because cf 
changes in ion permeabi~ty that the enhanced 
acti~ty of the N a + / K  + pump is unable to com- 
pensate. We suggest that M~red fluxes of Na ÷ 
a n d / o r  K ÷ take place through a de reguh~d  fu~ 
osemid~sensitive channd. Incubations of the calls 
in serum-cont~ning media appear to prevent and 
counteract the effects of this change in cell per- 
meability. 
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