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Abstraet~Strenuous physical exercise causes a remarkable perturbation of K ÷ homeostasis in skeletal muscle tissue. Potassium 
efflux is crucial for a number of physiological control processes; however, exercise-induced perturbation of K + homeostasis in 
skeletal muscle is suggested to be implicated in the generation of muscle fatigue. Physical exercise is also known to induce 
oxidative stress; a possible contribution of oxygen free radicals to the development of muscle fatigue has been hypothesized. 
To reveal the dose-dependent effect of oxidant exposure on inward and outward K ÷ (S6RbC1) transporting systems, skeletal 
muscle derived L6 ceils were treated with different concentrations of tert-butylhydroperoxide (TBOOH). We document the 
responses of (1) the ouabain-sensitive component of K ÷ influx (Na+,K ÷ pump), (2) bumetanide-sensitive ouabain-insensitive 
component of K ÷ influx (Na+,K+,2CI - cotransporter), (3) ouabain- and bumetanide-insensitive component of K ÷ influx (passive 
permeability of the cell membrane to inward K÷), (4) ouabain-insensitive component of K ÷ effiux, and (5) passive leakage 
component of K ÷ efflux following exposure of L6 cells to oxidant treatment. Even very low doses of TBOOH (25 ~mol) caused 
powerful activation of the Na÷,K+ pump. Following TBOOH treatment, activity of the Na+,K÷,2CI cotransporter was remarkably 
inhibited. Such a treatment also significantly decreased the permeability of the cell membrane to inward flux of K ÷ (passive 
influx). Thus, we observed that even very low doses of oxidant had remarkable specific effects on the different components of 
K ÷ influx in the skeletal muscle derived cells. However, K ÷ efftux mechanisms appeared to be rather insensitive to the extracellular 
oxidant challenge. 
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INTRODUCTION 

T h e  p r i m a r y  fac to r  t r igge r ing  m u s c l e  con t rac t ion  is the  

ac t ion  potent ia l ,  an e lec t r ica l  s ignal  ba sed  on  N a  ÷ in- 

f lux f o l l o w e d  by  K ÷ eff lux. l  H u m a n  and an ima l  s tudies  

h a v e  r e v e a l e d  that  v e n o u s  p l a s m a  K ÷ concen t r a t i on  is 

m a r k e d l y  e l e v a t e d  f o l l o w i n g  m u s c u l a r  cont rac t ion .  It 

has  b e e n  d e m o n s t r a t e d  that  this K ÷ is chief ly  e f f luxed  

f r o m  the  con t rac t ing  musc l e .  2 B e c a u s e  o f  r e m a r k a b l e  

inc rease  in K ÷ e f f lux  and  wa te r  influx,  in tense  m u s c u -  

lar  con t rac t ions  h a v e  been  s h o w n  to resul t  in a 6 -  

2 0 %  d e c r e a s e  in in t race l lu la r  K ÷ concen t r a t i on  in the  

t issue.  3 T h e  m e m b r a n e  po ten t ia l  o f  the  m u s c l e  be ing  

p r imar i l y  d e p e n d e n t  on  the  p o t a s s i u m  h o m e o s t a s i s  o f  

the  ce l l  m e m b r a n e ,  cons ide r ab l e  e f f lux  o f  K ÷ f r o m  

the ce l l  m a y  i m p a i r  exc i t a t ion  o f  s a r c o l e m m a l  and T-  
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tubu la r  m e m b r a n e s  and f inal ly  con t r ibu te  to the onse t  

o f  fa t igue .  2 Inc rea sed  ex t r ace l lu l a r  K ÷ and d e c r e a s e d  

in t race l lu la r  K ÷ concen t r a t i ons  m a y  i ndependen t l y  af- 

fec t  the  p o t a s s i u m  e q u i l i b r i u m  and depo la r i se  the  mus -  

c le  m e m b r a n e  potent ia l .  4'5 E l e c t r o n  p a r a m a g n e t i c  reso-  

nance  s ignals  o b s e r v e d  in ske le ta l  m u s c l e  h o m o g e n a t e s  

o f  e x h a u s t i v e l y  e x e r c i s e d  rats r e v e a l e d  that  a s ingle  

bou t  o f  e x h a u s t i v e  exe rc i se  m a y  resul t  in a two-  to 

th ree - fo ld  inc rease  in s table  rad ica l  concen t r a t ions  in 

the musc le .  6 R e c e n t  s tudies  h a v e  r e v e a l e d  that  phys ica l  

exe rc i s e  is capab le  o f  i nduc ing  ox ida t ive  stress. 7-9 Us -  

ing  p u m p - p e r f u s e d  m o u s e  so leus  m u s c l e  and can ine  

gas t rocnemius -p l an t a r i s  m u s c l e  prepara t ions ,  it was  

s h o w n  that  xan th ine  ox idase  gene ra t ed  supe rox ides  

( 0 2 " )  m a y  a t tenuate  the  func t ion  and  e n h a n c e  fa t igue  

rate o f  con t rac t ing  musc les .  1° Such  e f fec ts  o f  02" w e r e  

no t  o b s e r v e d  in the p r e sence  o f  a h y d r o x y l  radica l  

s cavenger ,  a xan th ine  ox idase  ac t iv i ty  b l o c k e r  or  a 

FeZ+-chelator .  It was  thus a s s u m e d  that  f ree  rad ica ls  

m a y  be  one  o f  the  fac tors  that  con t r ibu te  to ox ida t ive  
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skeletal muscle fatigue, j° Very recently, Kuo et al. 
hypothesized that one of the earliest cellular responses 
to oxidative stress is the activation of K + channels. ~ 
In this study, we investigated the effect of different 
doses of oxidant exposure on the primary K ÷ trans- 
porting systems of skeletal muscle derived L6 cells. 
We document the responses of (1) the ouabain-sensi- 
tive component of K + influx (Na+,K + pump), (2) bu- 
metanide-sensitive ouabain-insensitive component of 
K + influx (Na+,K+,2C1 - cotransporter), (3) ouabain- 
and bumetanide-insensitive component of K ÷ influx 
(passive permeability of the cell membrane to inward 
K÷), (4) ouabain-insensitive component of K + efflux, 
and (5) passive leakage component of K ÷ efflux fol- 
lowing exposure of L6 cells to different concentrations 
of extracellular tert-butyl hydroperoxide (TBOOH). 

MATERIALS AND METHODS 

Materials 

L6 cells were from American Type Culture Collec- 
tion (Rockville, MD). Dulbecco's Modified Eagle Me- 
dium (DMEM), fetal calf serum (FCS), and other re- 
agents for cell culture were purchased from Gibco lab- 
oratories (Grand Island, NY, USA). 86RbC1 was 
obtained from Amersham (Buckinghamshire, En- 
gland). Ouabain, HEPES (N-2-hydroxyethylpipera- 
zine-N'-2-ethanesulfonic acid), TBOOH, and Tris 
[tris-(hydroxymethyl)aminomethane] were purchased 
from Sigma (St. Louis, MO, USA). All other chemicals 
were of the highest purity available and were obtained 
from Merck AG (Darmstadt, FRG) or BDH (Poole, 
England). Cell culture dishes were purchased from A/ 
S Nunc (Roskilde, Denmark). 

Cell culture 

Monolayer cultures were grown in DMEM supple- 
mented with 10% FCS, 5 mM glutamine, 0.3% D- 
glucose, 50 U/ml of penicillin, and 50/zg/ml of strepto- 
mycin, in humidified air containing 10% CO2 at +37°C 
as described earlier. 12 Cell viability was greater than 
95% as estimated by trypan blue exclusion. The cells 
were split once every 2 days. All experiments were 
carried out with undifferentiated mononuclear cells 
(myoblast) of the 3rd to the 7th passage. Prior to 12-  
14 hours (lag phase of cell multiplication) of ion flux 
studies, cells were seeded in 24-well (4 -5  × 105 cells 
per well) culture dishes. 

Determination of 86Rb influx 

The rate of 86Rb influx was studied as described 
previously, t3't4 with minor modifications as described 
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Fig. 1. Influence of different concentrations of tert-butylhydroperox- 
ide (TBOOH) on different components of K + influx in skeletal mus- 
cle derived cells under iso-osmotic conditions. (A) 1 mM ouabain- 
sensitive component of K + influx (Na÷,K ÷ pump); (B) l0 #M bumet- 
anide-sensitive ouabain-insensitive component of K ÷ influx 
(Na+,K+,2C1 cotransporter); (C) ouabain- and bumetanide-insensi- 
tive component of K + influx (passive inward permeability for potas- 
sium). *Significant difference from control values obtained from 
cells that were prepreincubated in TBOOH free medium, p < 0.01. 
§Significant difference from values obtained from cells exposed to 
the preceding lower concentration of TBOOH p < 0.01. aSymbols 
for statistical significance are for lines B and C. Values are means 
_+ SD of four measurements. 

later. L6 cells (seeded in 24-well plates; 4 - 5  × 105 
cells per well) were washed with 2 × 2 ml aliquots of 
medium A (140 mM NaCI, 5 mM KC1, 1 mM MgCI2, 
and 1 mM CaCI2 in 10 mM Tris-HEPES buffer, pH 
7.4) and prepreincubated in 0.5 ml of medium B (140 
mM NaC1, 5 mM KC1, 1 mM MgCI2, 1 mM CaCl2 ,  1 
mM Na2HPO4, 10 mM D-glucose in 20 mM Tris- 
HEPES buffer, pH 7.4) for 15 min at +37°C. For some 
wells, this prepreincubation medium contained 
TBOOH in the concentration as indicated in the fig- 
ures. Following such a prepreincubation, the medium 
from each well was aspirated and cells were washed 
with 2 × 2 ml aliquots of medium B. The cells were 
then preincubated in 0.25 ml of medium B for 10 min 
at +37°C. In some experiments, this preincubation me- 
dium contained the ion transport inhibitors (ouabain 
and/or bumetanide and/or furosemide) in twice the 
concentration as indicated in the legends of Figures 1 
and 2. Following the 10 min of preincubation as indi- 
cated earlier, 0.25 ml of medium B containing 4/zCi 
86RbC1 per ml was added to each well, and the incuba- 
tion was continued for another 10 min (influx kinetics 
is linear up to 35-45  min). ~5 The influx of 86Rb was 
terminated after the appropriate time interval by the 
addition of 2 ml of ice-cold medium C (100 mM MgCI2 
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Fig. 2. Influence of different concentrations of tert-butylhydroperox- 
ide (TBOOH) on different components of K + efflux from skeletal 
muscle derived cells under isoosmotic conditions. Cells were prela- 
belled by 4 h incubation in 86RbCI at +37°C. The amount of S6Rb 
thus loaded into the cell is referred to as initial intracellular 86Rb 
content. Results express the percentage of initial intracellular 86Rb 
extruded. (A) control, incubation medium contained 1 mM ouabain 
(represents net K ÷ efflux); (B) incubation medium contained 1 mM 
ouabain + l0 #M bumetanide + 1 mM furosemide (represents "pas- 
sive leakage" of K+). No significant effect of oxidant exposure was 
observed. In addition to the doses indicated in the figure, the follow- 
ing doses of extracellular TBOOH were also investigated: 25, 50, 
and 75 #tool. Data are mean +_ SD of four measurements. 

in 5 mM Tris-HEPES, pH 7.4). Dishes were immedi- 
ately placed on ice and the cells were washed with 3 
X 2 ml of ice-cold medium C. Following the aspiration 
of medium C, 1 ml of 5% sodium dodecyl sulfate 
(SDS) solution containing 2 mM Na2-EDTA was 
added to each well to obtain the cell lysate. The cell 
lysate followed by 4 ml of OptiPhase 'HiSafe'3 (LKB 
Wallac, Finland) was then added to scintillation vials. 
Radioactivity in the incubation medium and in the cell 
lysate was determined by a 1214 RACKBETA liquid 
scintillation counter (LKB Wallac, Finland). The rate 
of  86Rb influx (nmol per 10 6 cells per min) was calcu- 
lated as ( A ) - ( a ' n "  t) -~, where A is the radioactivity 
(cpm) in cell lysate, a is the specific radioactivity 
(cpm- nmol-~) of the incubation medium, n is the num- 
ber of 10 6 cells per well, and t is the time interval (in 
minutes) of incubating the cells with the isotope. 

Determination of  86Rb efflux 

L6 cells (seeded in 24-well plates; 4 - 5  × 105 cells 
per well) were prelabelled with 86Rb by incubating the 
cells with 0.5 ml per well of medium B containing 4 
/zCi of 86RbC1 per ml. The incubation was carried out 

at +37°C and lasted for 4 h. Following the time interval 
of incubation, the incubation medium was aspirated 
and replaced by the same medium with or without 
TBOOH. Such an incubation with the oxidant supple- 
mented medium was continued for 15 mins at +37°C. 
The 24-well culture plates were then placed on ice, 
and the radioactive incubation medium was aspirated. 
Subsequently, the cells were washed with 4 × 2 ml 
aliquots of medium A. To initiate 86Rb efflux, 1 ml 
of prewarmed (+37°C) medium B containing 1 mM 
ouabain (and other ion transport inhibitors as indicated 
in the legend of Fig. 2) was added to each well. Cells 
were incubated at +37°C for 5 min (efflux kinetics 
is linear up to 15 min; our unpublished observation). 
Following appropriate time interval of incubation, 1.5 
ml of an ice-cold medium A was added to each well, 
and 1 ml of the medium (overlaying buffer) from each 
well was transferred to scintillation vials. To determine 
the amount of 86Rb still remaining within the cells, cell 
lysates were obtained as described earlier and trans- 
ferred to scintillation vials. Values of 86Rb efflux were 
expressed as the percent of initial 86Rb content (as a 
result of prelabelling) in the cells and was calculated 
as (100 "A0 • (A~ + A2) -~, where A~ is the radioactivity 
in the withdrawn medium (overlaying buffer), and A2 
is the residual radioactivity in the cell lysate. 

Results are expressed as mean (_  SD) of four mea- 
surements. The difference between means was tested 
by Student's t-test for unpaired data. 

RESULTS AND DISCUSSION 

Oxidative stress to tissues, for example, skeletal 
muscle, may be induced by reactive oxygen species 
(i) generated within the cell, and/or (ii) originating 
from an extracellular source either close to the tissue 
or having a half-life long enough to allow distant trans- 
port and damage. Physical exercise is known to in- 
crease plasma level of lipid peroxides. 8 High levels of 
lipid peroxides in the plasma reflect free radical dam- 
age to tissues. Lipid peroxyl radicals (ROO'), a lipid 
peroxidation byproduct, is also a member of the reac- 
tive oxygen species family that has sufficient energy 
and stability (half-life 7 s) 16 to initiate further lipid 
peroxidation reaction at structures distant from their 
point of origin. Plasma lipid peroxyl radicals are, there- 
fore, a potent inducer of extracellular oxidative chal- 
lenge. Michna t7 showed that skeletal muscle tissue, 
damaged by physical exercise, releases chemotactic 
signals that invite the mass invasion of leukocytes. 
Myeloperoxidase and NADPH oxidase dependent su- 
peroxide production in neutrophils is a physiological 
process having microbicidal activity. Neutrophils rep- 
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resent 50 -60% of the total circulating leukocytes, and 
Smith et al. 18 have shown that a single bout of exercise 
may remarkably increase the production of reactive 
oxygen species by the neutrophils. Thus, marginated 
neutrophils may serve as a potent inducer of extracellu- 
lar oxidative challenge to the muscle tissue. Another 
major possible source of extracellular reactive oxygen 
species that may threaten the muscle tissue is the endo- 
thelial cell. Localized in close proximity of the muscle 
tissue, the capillary endothelial cells host the produc- 
tion of xanthine oxidase dependent superoxides and 
nitric oxide synthase dependent nitric oxides. Superox- 
ides and nitric oxides may react to form the peroxyni- 
trite radical. Similar to the hydroxyl radicals ('OH), 
peroxynitrites (ONOO'-)  are highly deletorious. A rel- 
atively long half-life (0.05 -1 s of ONOO'-  vs. 10 9 s of 
" O H )  16 of peroxynitrites allow them to incite oxidative 
damage to structures distant from their origin. TBOOH 
treatment does not only induce extracellular oxidative 
challenge. Chance et al. 19 have discussed biological 
membranes are highly permeable to hydroperoxides 
and that addition of TBOOH or cumene hydroperoxide 
to tissues or cells is especially effective in inducing 
intracellular oxidative challenge. Previously we have 
reported that treatment of L6 cells with 150 #M of 
TBOOH resulted in a rapid decrease in intracellular 
glutathione content. 12 

In humans, oxygen accounts for 65% of the total 
body weight. On average, a rat cell processes 1012 
02 molecules daily. 2° The leakage of partially reduced 
forms of oxygen at rest has been estimated to be about 
2%, 2° yielding about 33 mmol of 02"- and H202 per 
10 ~2 cells per day. In the normal anesthetized rat, the 
liver produces 380 nmol H202 per min per gram tis- 
sue. 19 During physical exercise, oxygen flux through 
the active skeletal muscle tissue increases by ~102 
folds with a ~30  fold increase in the rate of blood flow 
and a --3 fold increase in arteriovenous 02 difference. 

In erythrocytes and Ehrlich ascites cells, the oua- 
bain-insensitive bumetanide sensitive pathway of K ÷ 
influx was identified as an electroneutral transport sys- 
tem for Na+,K+,2C1 - cotransport. 2L22 Using human 
erythrocytes it was shown that bumetanide and DIOA 
([dihydroindenyl]oxy alkanoic acid) are selective in- 
hibitors of Na+,K+,2C1 - and K+,C1 - cotransport, re- 
spectively, whereas furosemide at concentrations 0 .5-  
1.0 mM inhibits both of the above-mentioned ion 
transport pathways. 23 Our results suggest that the 
Na+,K+,2CI - cotransporter is highly susceptible to oxi- 
dant challenge. At very low doses (25 /.tmol) of the 
oxidant, the capacity of the cotransporting system to 
transport K + into the cell was remarkably reduced. 
Increase in the concentration of TBOOH to 50 #mol 

caused further inhibition of the cotransporter. How- 
ever, when the concentration of TBOOH was further 
increased to 75 #tool or 100 #tool, such a dose-depen- 
dent response was not evident. When present at a con- 
centration of 200 #mol, TBOOH dependent inhibition 
of Na+,K+,2CI - cotransport was significantly higher 
compared to that caused following 100 #tool of oxi- 
dant treatment. No effect of DIOA on 86Rb influx in 
L6 myoblasts was observed in the presence of bumeta- 
nide in the incubation medium (our unpublished obser- 
vation). Such an observation indicates negligible activ- 
ity of K÷,C1 - cotransport in the L6 myoblasts studied. 
Therefore, the ouabain + bumetanide insensitive com- 
ponent of K ÷ influx was interpreted as the passive 
permeability of the cell membrane toward the inward 
flow of K ÷ (Fig. 1, line C). Passive inward flow of K ÷ 
was also affected by the oxidant exposure. A signifi- 
cant decrease in such flow of the cation was observed 
following exposure of the cells to 25 #mol of TBOOH. 
Oxidant-dependent decrease in passive inflow of K ÷ 
and decreased inflow of K ÷ via the Na+,K+,2C1 - co- 
transporter did not appear to have any remarkable net 
impact on the inward flow of K ÷ in the L6 cells. This 
is primarily because of the fact that exposure to the 
oxidant (25 #mol) resulted in a strong activation of 
the Na+,K ÷ pump (Fig. 1, line A). Such a response of 
the pump may be compensatory in nature, the activa- 
tion may have been triggered by the sharp decline in 
the activity of Na+,K+,2C1 - cotransporter- and passive 
inflow-dependent inward transport of K ÷. Activation 
of the pump was further increased when the concentra- 
tion of extracellular TBOOH was increased to 50 
#mol. However, with further increase in the concentra- 
tion of the oxidant, a slight decrease in the activity of 
the pump was observed (Fig. 1, line A). Previously it 
has been observed that following exercise, activity of 
the pump increases considerably. The primary factors 
underlying the activation of the pump were described 
to be as follows: (i) rise in intracellular Na ÷, and (ii) 
action of several hormones (adrenaline, noradrenaline, 
etc.) mediated via fl2-adrenergic mechanisms. 24'25 Our 
study indicates that reactive oxygen species (ROS), 
generated in excess in the muscle during exercise, are 
capable of activating the Na+,K ÷ pump as well. How- 
ever, as described previously large increases in extra- 
cellular K ÷ and intracellular Na ÷ concentrations, as are 
observed following strenuous muscular exercise, are 
because perturbation of ionic fluxes during exercise 
exceed the capacity of the Na+,K ÷ pump to maintain 
the ionic homeostasis. 24'26 Although ROS may directly 
interact with the cation transport systems to cause the 
inhibition and activation as described earlier, such ef- 
fects may be second messenger dependent as well. 
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M e m b r a n e  c h a n g e s  caused  by  R O S  m a y  ac t iva te  sec-  

ond  m e s s e n g e r s  l ike  p ro te in  k inases ,  c A M P  or  N O .  

R O S  t h e m s e l v e s ,  e i the r  as H202 or  gene ra t ed  by the  

i m m u n o m o d u l a t o r y  c y t o k i n e  t u m o r  necros i s  fac to r  at, 

m a y  se rve  as s econd  m e s s e n g e r s  as we l l  and are  k n o w n  

to be  capab le  o f  ac t iva t ing  the cy toso l i c  mu l t i subun i t  

t ranscr ip t ion  fac to r  NF-KB. 27 P r e v i o u s l y  w e  h a v e  

s h o w n  that  N a + / H  ÷ e x c h a n g e r  and Ca  ++ up take  path-  

w a y  (s) in L6  ce l l s  are  ac t iva t ed  by  g u a n o s i n e  t r iphos-  

pha te  b ind ing  pro te ins ,  a s econd  m e s s e n g e r - d e p e n d e n t  

m e c h a n i s m .  H o w e v e r ,  the ac t iv i t i es  o f  N a + , K  ÷ pump ,  

Na+ ,K÷ ,2CI  - co t r anspor t e r  o r  inward  K ÷ l eakage  in 

the  m u s c l e  d e r i v e d  ce l l  w e r e  not  m o d u l a t e d  by  the  

guan ine  n u c l e o t i d e  b ind ing  proteins.15 P h o s p h o r y l a t i o n  

o f  K ÷ channe l  p ro te ins  by  p ro te in  k inases  is a l so  

k n o w n  to m o d u l a t e  K ÷ cur ren t  in t rachea l  s m o o t h  mus -  
c le  cel ls .  28 

In e x p e r i m e n t s  re la ted  to the s tudy  o f  86Rb eff lux  

f r o m  p re l abe l l ed  L6  myob la s t s ,  1 m M  ouaba in  was  

added  to the  i ncuba t ion  m e d i u m  to b l o c k  N a + , K  ÷ p u m p  

m e d i a t e d  e f f lux  o f  K ÷ by  w a y  o f  K + / K  ÷ exchange .  29 

U n l i k e  the  i n w a r d  K ÷ t ranspor t ing  sys tems ,  K ÷ ef f lux  

was  ind i f f e ren t  to the  ox idan t  exposure .  D o s e s  o f  

T B O O H ,  as h igh  as 500 /.zmol, d id  no t  cause  any 

c h a n g e  in the  rate  o f  K ÷ ef f lux  f r o m  the  L6  cel ls  (Fig.  

2). N o  c h a n g e  in pa s s ive  l e akage  o f  K +, a concen t r a t i on  

g rad ien t  f a v o r e d  m o v e m e n t  o f  the  cat ion,  f r o m  cel ls  

e x p o s e d  to the  ox idan t  sugges t s  that  the  e x p o s u r e  pro-  

tocol  pe rhaps  d id  not  cause  any nonspec i f i c  m e m b r a n e  

d a m a g e .  B e c a u s e  e x p o s u r e  to the  ox idan t  d id  not  resul t  

in any r e m a r k a b l e  a l te ra t ion  o f  ne t  K ÷ inf lux and e f f lux  

it appears  that  R O S  d e p e n d e n t  e n h a n c e d  fa t igue  rate  l° 

m a y  not  be  m e d i a t e d  by  the  pe r tu rba t ion  o f  in t race l lu-  

lar  K + homeos t a s i s .  

Th is  s tudy  presen t s  u n i q u e  e v i d e n c e  sugges t i ng  that  

b r i e f  e x p o s u r e  to e v e n  v e r y  l o w  leve l s  o f  R O S  m a y  

act  as a p o w e r f u l  ac t iva to r  and inh ib i to r  o f  the  N a + , K  ÷ 

p u m p  and Na+,K+,2C1 co t r anspor t e r  in m u s c l e  de-  

r ived  cel l ,  r e spec t ive ly .  A l so ,  l ow  dose  ox idan t  treat-  

m e n t  r educed  pa s s ive  p e r m e a b i l i t y  o f  the L6  ce l l  m e m -  

brane  to i nward  K ÷. U n d e r s t a n d i n g  o f  the  actual  m e c h -  

an i sm o f  such  spec i f ic  and sens i t ive  m o d u l a t i o n  o f  K ÷ 

inf lux  sy s t ems  by  ox idan t s  d e m a n d s  fur ther  s tudies.  
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ABBREVIATIONS 

D I O A - - [ d i h y d r o i n d e n y l ] o x y  a lkano ic  ac id  
D M E M - - D u l b e c c o ' s  M o d i f i e d  E a g l e  M e d i u m  

E D T A - -  [E thy lened in i t r i lo ] t e t r aace t i c  ac id  

F C S - - F e t a l  c a l f  s e r u m  
H E P E S  - -  ( N -  2 - h y d r o x  y e t h y l p i p e r a z i n e -  N '  - 2  

e thanesu l fon i c  acid)  

S D - - s t a n d a r d  dev i a t i on  

S D S - - s o d i u m  d o d e c y l  su l fa te  
T r i s - -  [ t r i s - ( h y d r o x y m e t h y l ) a m i n o m e t h a n e ]  

T B O O H - - t e r t - b u t y l h y d r o p e r o x i d e  




