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The dependence of serotonin (5-HT) uptake on the Na + and K + concentrat ions in the perfusion 
fluid was demonst ra ted  in exper iments  on isolated perfused albino rat  lungs. With high Na + 
concentrat ions in the perfus ion fluid (60-150 raM), the uptake of 5-HT by lung t issue cells 
was high, whereas  with low Na + concentrat ions (0-30 mM) 5-HT uptake was sharply reduced.  
The K + concentrat ion in the perfus ion fluid had a weak effect on 5-HT uptake. Maximal uptake 
was observed in the p resence  of K + in a concentrat ion of 5 to 20 mM. A decrease  o r  inc rease  
in K + concentrat ion re ta rded  5-HT uptake. 5-HT uptake was sharply inhibited by strophanithin 
K, an inhibitor of Na ,K-ATPase ,  in concentrat ions of 10-4-10 -3 M. A link is postulated between 
5-HT t ranspor t  through the cell membrane  and Na + t ranspor t .  
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Besides their  general ly  accepted function in gas exchange, the lungs also par t ic ipate  in the metabol ism 
of severa l  biologically active subs tances ,  including serotonin (5-HT). Depending on the species  o f  animal,  
the experimental  method, and the dose  of the substance used, f rom 40 to 95% of f ree 5-HT is broken down 
in the lungs during one circulat ion of the blood through the pulmonary vesse l s  [3, 7]. The p r o c e s s  takes 
place in two success ive  s tages:  initial active uptake of serotonin by the lung cel ls ,  followed by its enzymat ic  
breakdown [1, 8]. Serotonin uptake by the lung cells is coupled with its t ranspor t  through the cell membrane  
and depends on var ious  fac tors ,  notably the concentrat ion gradient of certain ions (Na +, K +, Ca ++) on ei ther  
side of the cell membrane .  

The resul t s  of a study of the role of Na + and K + in the 5-HT uptake by lung t issue cells in the p roce s s  
of l iberation of 5-HT f rom the cel ls  are  descr ibed in this paper.  

E X P E R I M E N T A L  M E T H O D  

Isolated perfused lungs of albino ra ts  were used. Rats weighing 200-250 g were  anesthetized with 
ether vapor ,  the chest was opened, and heparin injected (300 units) into the hear t .  The venae eavae were 
tied, one polyethylene cannula was introduced through the opened right ventr ic le  into the pulmonary a r t e ry ,  
and another  through the ao r t a  into the left vent r ic le .  The h e a r t - l u n g  prepara t ion  was removed f rom the 
thorax and placed in a waterbath at 38~ The lungs were perfused under constant p r e s s u r e  at the rate  
of about 4 ml /min  with oxygenated Gaddum's  solution (NaCI 150 mM, KC1 5.3 mM, NaHCO 3 1.8 mM, CaCI 2 
0.25 mM, glucose 5.56 raM). To prevent  pulmonary edema, the Gaddum's  solution was made up in 20% dex- 
t ran solution. In experiments  in which the ef fec t  of different concentrat ions of Na + on the uptake and l ibera-  
tion of 5-HT was studied, some of the NaC1 was replaced by an equimolar  amount of sucrose .  Before  the 
beginning of perfusion,  preperfus ion  was car r ied  out for 5-8 min to remove blood f rom the lungs and to 
enable var ious  substances to act on the lung t issue.  Se ro ton in -c rea t in ine  sulfate (Reanal, Hungary) was 
used for perfus ion in a concentrat ion of 0.1 gg /ml ,  de termined in the perfusion fluid by the biological  
method of Dalgliesh et al. [6]. Perfus ion continued for  20 min and the amount of 5-HT taken up and l iberated 
was expressed in pg /g  lung t issue/rain.  
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Fig. 1. Effect of var ious  concentrat ions of Na + in the perfus ion fluid on serotonin up- 
take by lung t issue.  Abscissa ,  Ha + concentrat ion (in raM); ordinate,  serotonin uptake 
(in pC/g/rain). 

Fig. 2. Effect of var ious  K + concentrat ions in perfus ion fluid on serotonin uptake by 
lung t issue.  Abscissa ,  K + concent ra t ion  (in mM); ordinate,  ser0tonin uptake (in 
~g/g /min) .  
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Fig.  3. Effect of var ious  concentrat ions 
of Na + in perfusion fluid on remova l  of 
serotonin f rom lung t issue.  Absc issa ,  
Na + concentrat ion (in raM); ordinate,  r e -  
moval of serotonin (in/~g/g/min).  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

To study the role of Na + in the uptake of 5-HT, the 
lungs were per fused  with solutions containing decreas ing  
concentrat ions of this ion. The resul ts  are  shown in Fig.  1, 
f rom which it is  c l ea r  that the la rges t  amounts of 5-HT were  
taken up by the lung t issue when the Na + concentrat ion in the 
perfusion fluid was between 150 and 60 raM, namely 0.352- 
0.328 #g/g / ra in .  A dec rease  in the Ha + concentrat ion to 
30 mM or below sharply inhibited 5-HT uptake. If Ha + was 
completely absent f rom the perfusion fluid, the 5-HT uptake 
was only 0.032 ~- 0.005 pg /g /min ,  i .e. ,  10 t imes less  than 
with the original  concentrat ion of this ion. 

The concentrat ion of K + ions in the perfusion fluid also 
affects the binding of 5-HT by the lung t issue (Fig. 2). With 
K + concentrat ions in the perfusion fluid of 5 to 20 mM the 
5--HT uptake reached a maximum (0.352-0.361 # g / g / m i n ) ;  
absence of K + in the perfusion fluid inhibited 5-HT uptake 

by about one third. An increase  in the K + concentra t ion above 20 mM also inhibited 5-HT uptake. 

Adminis t ra t ion of the ca rd iac  glueoside strophanthin K, an inhibitor of Na ,K-ATPase  [2] (the enzyme 
responsible  for  active t ranspor t  of Na + and K + through the cell membrane)  , also inhibited 5-HT uptake. 
The inhibitory effect  of the drug in a concentrat ion of 10 -4 M was small  and it increased  sharply with an 
inc rease  in concentrat ion to 10 -a M, when the 5-HT uptake was only 0.159 �9 0.010/~g/g t i s sue /min  (P < 0.001). 

The Na + : K + rat io  in the perfus ion fluid also had a definite effect on the l iberation of 5-HT from lung 
t issue (Fig. 3). In the complete absence of Na + f rom the perfusion fluid and its replacement  by an equimolar  
concentrat ion of sucrose  maximal removal  of 5-HT f rom the lung tissue reaching 0.028 ~: 0.001 /~g/g/min, 
was observed.  A n  inc rease  in the Na + concentrat ion in the perfusion fluid led to a dec rease  in the removal  
of 5-HT. With an Na + concentrat ion above 45 mM, removal  took place at about a constant speed, namely 
0.003 ~- 0.0001 p g / g / m i n  with an Ha + concentrat ion of 150 mM. The effect of K + on removal  of 5-HT f rom 
the lung t issue was much weaker:  Only high concentrat ions of K + (50 mM or over) led to some increase  in 
the rate of removal .  Strophanthin K in concentrat ions of 10-4-10 -3 M also had a weak effect on 5-HT r e -  
moval f rom lung t issue.  

These  data show that the ionic gradient  on both sides of the cell membrane  plays  an important  role 
in the uptake of 5-HT by the lungs and its removal  f rom them. Na + ions are essent ia l  both for 5-HT uptake 
by lung t issue and for retention of the absorbed 5-HT. The di rect ion in which 5-HT will be t ranspor ted  
depends on the Na + concentrat ion in the perfusion fluid: If the N + concentrat ions are  high in the ex t ra-  
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ce l lu lar  fluid~ large  quantit ies of 5-HT will pass  into the cell; but if Na + concentrat ions are low, 5-HT 
t r anspo r t  will p roceed  in the opposite d i rect ion.  

K + ions in low concentra t ions  (5-20 mM) are  essent ia l  for  the normal  course  of both p r o c e s s e s .  
The complete absence Df K + or a sharp inc rease  in i ts  concentrat ion in the perfus ion fluid inhibits 5-HT 
uptake. Strophanthin K, which inhibits act ive Na + and K + t r anspor t  through the cell  membrane  through 
inactivation of Na ,K-ATPase  sharply  inhibits 5-HT uptake by lung t i s sue ,bu t  has only a weak effect on its 
removal .  Similar  re la t ionships  apply to a whole s e r i e s  of t r anspor t  sys t ems  of the body with the function 
of t ranspor t ing  cer ta in  amino acids and monosacehar ides  through cell  membranes  [4, 5, 11]. The  function 
of these sys tems  is based on an ionic gradient  on both sides of the cell  membrane ,  supported by Na,K-ATP-  
ase.  Evidence in support  of the exis tence of such t ranspor t  sys tems  and of monoamine t ranspor t  through 
the cell membrane  has been obtained. P l e t s c h e r  et al. [9], for  instance,  showed that 5-HT can enter  p la te-  
lets on account of energy sys tems  that a re  inhibited by the strophanthin K analog, ouabain. Sneddon [10] 
found that 5-HT t ranspor t  through the cell  mem b ran e  is closely linked with Na + t ranspor t .  The  p r e sence  
of a s imi la r  t r anspor t  sys tem for  5-HT in the lung t issue,  closely linked with the function of Na,K-APTase ,  
can the re fo re  be postulated.  It is not by accident that removal  of the ionic gradient  on both sides of the 
cell membrane  (by decreas ing  the Na + concentrat ion in the perfus ion fluid and inactivating Na,K-ATPase)  
sharply inhibits both the uptake and remova l  of 5-HT. 
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