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I n t r o d u c t i o n

M uch o f  the m etabolic energy produced by the body is used to 
establish h igh  intracellular concentration o f  potassium  (K +) and low  
concentration o f  sodium  (N a +) ,  the reverse o f  the relative concentrations o f  
these ions in the extracellular flu ids. The extrusion o f  sodium  requires its 
m ovem ent against a gradient o f  concentration (h igh er outside than in sid e)  
and electrical potential ( in sid e  about 70 m V  more negative than ou tsid e); 
work is therefore needed to overcom e this electrical gradient. The  
transm em brane pum ping o f  sodium  and potassium  that estab lish es these  
gradients has been studied in ten sively  and is am ong the best understood  
m em brane transport p rocesses. A  salient finding is that a sp ecific  en zym e in 
the cell m em brane, the sodium  and p otassiu m -d ep en d en t adenosine triphos­
phatase (so d iu m -p o ta ss iu m -A T P a se ), is responsible for the active transport 
o f  these cations.

E ssentia lly  the sam e m olecular m achinery for the transport o f  sodium  
and potassium  perform s various tasks in the body. T o prevent the rupture o f  
the fragile m em brane o f  anim al ce lls , active extrusion o f  sodium  helps  
m aintain nearly com p lete  osm otic  equilibrium  across the m em brane. M any  
m etabolic p rocesses depend on a high intracellular concentration o f  
potassium . The sodium  and potassium  gradients are in vo lved  in propagation  
o f  the nerve im p u lse , reabsorption o f  solutes by the k idney, uptake o f
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nutrients by the intestine, and other functions. The cardiac g ly co sid es  
responsib le for the theraperutic e ffect o f  d igitalis on the heart have been  
show n to inhibit sp ecifica lly  this active transport o f  cations. W hether a cell is 
sp ecia lized  for electrical excitab ility , absorption, secretion , or any other 
process requiring the electroch em ical energy o f  the ion  gradients, it appears 
to use b asically  the sam e so d iu m -p o ta ssiu m -A T P a se  in its m em brane. It 
sim ply adds to the m em brane other com ponents designed  to use the cation  
gradients to carry out the busin ess the ce ll. T hus, tw o organs that appear 
functionally  unrelated, such as the kidney and the brain, have a striking  
h om ology  on the m olecular level.

A s a result o f  physical exercise  in hum ans, the plasm a  
concentrations o f  e lectro lytes are elevated; this is m ainly due to 
osm ocon cen tration (C oester, E lliott and L uft., 1973., T ib es, et ah , 1974). 
H ow ever, plasm a potassium  increases proportionally m ore than the plasm a  
leve l o f  other e lectro lytes during ex ercise , ch iefly  reflecting an efflu x  o f  
potassium  from  the w orking skeletal m u scles(H irch e, Schum acher and 
H agem ann., 1980., H nik, et ah, 1976., K ilbum , 1966., T ib es, H aberkom  and 
H am m ersen., 1977 .). H esp el, et a l( l9 8 6 )  observed in athletes a decreased in 
intraerythrocyte potassium  in b lood  withdrawn within 90 ร after a 50 -m in  
cross-cou n try  run. T his su ggests that during exercise  potassium  is also  
released from  the erythrocytes. The m echanism  responsib le for this decrease  
in the intraerythrocyte concentration o f  potassium  im m ediately  after exercise  
as w ell as the tim e course o f  the possib le  changes in the intraerythrocyte 
concentration o f  potassium  and o f  other cations, such as sodium  and 
m agnesium , during and im m ediately  after exercise  is , h ow ever, not know n. 
H esp el, et a l .( l9 8 6 ) ,  studied the e ffect o f  exercise  on the intracellular 
cationic concentrations and N a -K -A T P a se  in 11 norm al m ale volunteers. The 
conclusion  o f  this data provide ev id en ce that severe exercise  is accom panied



by a decrease o f  the intraerythrocyte potassium  concentration, w hereas the 
intracellular concentrations o f  sodium  and m agnesium  are not altered by  
exercise . The m echanism  responsible for the decrease o f  the intracellular 
potassium  concentration during exercise  rem ains to be explained .
Furtherm ore, this data show  that exercise  does not change the activity o f  the 
erythrocyte N a -K -A T P a se  pump.

In T hailand, The study o f  N a -K -A T P a se  or sodium  pum p w as first 
reported by T osu k h ow on g, et a l( l9 9 2 )  and reveal that N ortheast (N E )  Thai 
population , w ho w ere ethnic T h a i-L a o , had sign ificantly  higher concentration  
o f  erythrocyte sodium , low er serum potassium  and low er activity  o f  
erythrocyte N a -K -A T P a se  than Central Thai population w h o  w ere ethnic  
Central Thai or T h a i-C h in ese . In this study, erythrocyte Na" o f  both 
population groups correlated inversrely with erythrocyte N a -K -A T P a se .  
Sudden unexplained nocturnal death is prevalent in sum m er am ong the 
northeastem ers o f  Thailand. The victim s are usually healthy m ascular young  
m en o f  low  so c io eco n o m ic  leve l w ho died in their sleep . The causes are 
perhaps m ultip le, including thiam ine d efic ien cy , genetic  variations, cardiac 
conduction  system  defect, potassium  depletion  and unidentified  toxic  factors 
(S itprija , et a l., 1991). Ishiyam a, et al., 1982 speculated that m ultiple  
necroses o f  m yocardial fibers from  coronary artery spasm  leaded to d iffusion  
o f  potassium  to the circulation. The term inal event m ight be ventricular  
fibrillation. It is interesting that m ore than 80% o f  Thai workers in 
Singapore, w ho had a high incidence o f  sudden unexplained death syndrom e, 
w ere previous native residents o f  N E Thailand. T herefore, h igh work load or 
exercise  can lead to electro lyte im balance and sudden death. There are no  
any studies o f  plasm a e lectro lytes, erythrocyte N a -K -A T P a se , erythrocyte  
sodium  and erythrocyte potassium  that related to exercise  in Thailand.
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T he aim  o f  this study is to investigate the changes in p lasm a  
electro lytes and intraerythrocyte cationic concentration during and after 
exercise , and w hether these changes are related to changes in erythrocyte  
m em brane N a -K -A T P a se . M oreover, to elucidate whether the changed  
activity o f  m em brane N a -K -A T P a se  is due to the change in the num ber or 
in the function  o f  the en zym e. W e studied both activity and num ber o f  
erythrocyte m em brane N a -K -A T P a se . In this study, w e  have com pared the 
changes o f  these param eters both in athletes and in n o n -a th le tes , for the 
purpose to e lucidate that trained subjects has any changes d ifferent from  
non-tra ined  subjects.

O B JE C T IV E S
T he ob jectives o f  the study are as fo llow : 
to in vestigate  the changes in

1. P lasm a and erythrocyte electro lytes.
2. N um ber and activity o f  erythrocyte N a -K -A T P a s e .
3. B lood  lactate and plasm a osm olality .

in Thai athletes and n on -a th le tes during and after ex erc ise . 
T herefore w e  can com pare the d ifferences o f  changes b etw een  trained subject 
(a th le tes) and n o n -tra in ed (co n tro l) subjects.
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