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Isola ted  per fused  ra t  lungs can inactivate sma l l  quantit ies (5-50 ng/ml)  of sero tonin  (ST) a l -  
mos t  complete ly .  An inc rease  in the ST concentra t ion to 200 n g / m l  and lengthening of the 
per fus ion  t ime weaken the ST inactivation.  Cooling the lungs, or  p r e l i m i n a r y  per fus ion  of 
the lungs with the addition of p o t a s s i u m  cyanide (3" 10 -4 M), monoidoaeet ie  acid (10 .3 lVrt, 
imip ramine  (10 .5 M), morphine  (10 -3 M), l y se rg ic  acid diethylamide (10 .5 M), and cocaine (10 -5 M) 
inhibit ST inactivat ion.  The m onoamine oxidase inhibitor iproniazid (10 .4 M) does not affect  the in- �9 
act ivat ion of ST by the  lung t i s sue  but i n c r e a s e s  the quantity of ST in it. It is postula ted that  
the inactivation of ST by the lungs takes place in two s tages :  act ive uptake of ST by the lung 
cel ls  f r o m  the per fus ion  fluid f i r s t ,  followed by its enzymic  des t ruc t ion .  
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Lying on the pathway of the venous Mood flow the lungs carry out inactivation of various metabolites, 
thus preventing their entry into the arterial blood in high concentrations and thereby maintaining the con- 
stancy of the internal milieu of the organism. A contributory factor is the high concentration of various en- 
zymes in the lung tissue: monoamine oxidase (MAO), kininase, guanase, and so on [3, 12]. The lungs can 
inactivate kinins and biogenic amines, including serotonin (ST). A number of investigations have been made 
of the role of the lungs in serotonin inactivation and these have revealed certain mechanisms of the process 
and its dependence on various factors (temperature, the action of pharmacological agents). 

Experhnents were carried out on isolated perfused albino rat lungs in order to study the intensity and 
mechanism of inactivation of ST by the lungs. 

TABLE 1. Effect  of  Pha rmaco log ica l  Agents 
and of Cooling on the Inactivat ion of Serotonin 
by the Lungs 

Factor acting 

I .~o of serotonin 
Concn. (M) I i-n ac---~tivatiO--~n 

I~fafter5 after 

Control 
Cooling to 15~C 
Monoio~toacetic acid 
Potassium cyanide 
Imipramine 
Iproniazid 
Morphine hydrochlor. 
LSD 

Cocaine hydrochlor. 
Adrenalin hydro- 

chloride 

I0-3 
3- I0 - 4  
10-~ 
10-4 
I0-~ 
lO-b 
10-6 
10-~ 

10-6 

86 
10 
22 
23 
25 
87 
13 
20 
40 
8 

62 

No, of 
expos. 

15 
8 
7 
6 
5 
6 
5 
6 
5 
5 

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

Rats weighing 200-250 g were  anes thet ized with 
e the r  vapor ,  the chest  was opened, and hepar in  injected 
into the hear t  (300 units). The venae cavae  were  ligated, 
one polyethylene ca the te r  was inser ted  through the opened 
r ight  vent r ic le  into the pulmonary  a r t e r y ,  and a second 
ca the te r  was inse r ted  through the ao r t a  into the lef t  ven-  
t r i c l e .  The lungs were  per fused  with oxygenated Gad- 
dum' s  solution under constant p r e s s u r e  at 37~ at the 
r a t e  of 5-7 ml /min .  In some expe r imen t s ,  to p revent  
edema  of the lung t i s sue  the Gaddum's  solution was made 
up in 10% dextran.  Serotonin c rea t in [ne-su l fa te  (Reanal, 
Hungary) was used fo r  per fus ion  and its concentra t ion ha 
the per fus ion  fluid de te rmined  by the biological  method 
of Dalgl iesh et al.  [5] on the t r a n s v e r s e  colon of the a l -  
bino ra t .  
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Fig. 1. Intensi ty  of inactivation of 
var ious  doses of ST by the lungs:  
inactivation of ST 5 min (1) and 20 
min (2) a f t e r  beginning of perfusion.  
Absc i s sa ,  ST concentra t ion in p e r -  
fusion fluid (in ng/m_l); ordinate ,  
degree  of inactivation of ST, in %. 

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

The ST-inact ivat ing abil i ty of the lung t i s sues  during ad-  
min is t ra t ion  of var ious  doses of ST ( f rom 5 to 200 ng/ml)  was 
studied in the exper imen t s  of s e r i e s  I. Inact ivat ion of ST was 
de te rmined  5 and 20 min a f t e r  the beginning of perfusion.  With 
low concentra t ions  of ST in the per fus ion  fluid (5-50 ng/ml)  
f r o m  85 to 90% of the exogenous serotonin was found to be in- 
act ivated during the f i r s t  5 rain (Fig. 1). With an inc rease  in 
the ST concentrat ion in the per fus ion  fluid, its inactivation was 
reduced.  Lengthening the per fus ion  t ime  to 20 men weakened 
the inactivation of l a rge  doses of ST (100-200 ng /ml ) ,  whereas  
the inactivation of smal l  doses was v i r tua l ly  unchanged. 

To s tudy the m e c h a n i s m  of inactivation of ST by the lungs,  
the lung t i s sue  was f i r s t  exposed to the action of a low t e m p e r a -  
t a re  or  of var ious  pharmacolog ica l  agents for  10-15 min,  a f t e r  

which the lungs were  per fused  with Gaddum's  solution containing 5-10 ng /ml  ST. The use of perfus ion of 
the lungs with Gaddum's  solution cooled to 15~ to inhibit enzymic  p r o c e s s e s  led to the a lmos t  complete  
cessa t ion  of ST inactivation (Table 1). P r e l i m i n a r y  per fus ion  with the addition of monoiodoacetic  acid in a 
concentrat ion of 10 -3 M and of po t a s s ium cyanide (3" 10 -4 N0 was used to inhibit t i ssue  r e sp i r a t i on  and en-  
e rgy-consuming  p r o c e s s e s  of cell  me tabo l i sm.  The inactivat ion of ST by the lungs under these c i r c u m -  
s tances  was reduced  to 22-25%. ST inactivation was reduced to the s ame  level  a f t e r  the addition of i m i p r a -  
mine (10 -5 lV0, a substance  which has been  found [15, 16] to depress  the specif ic  mechan i sms  of ST t r a n s -  
por t  through the cell  m e m b r a n e ,  to the per fus ion  fluid. The addition of iproniazid (10 -4 M), a powerful  MAO 
inhibitor,  to the per fus ion  fluid did not affect  the ra te  of ST inactivat ion by the lung t i s sue ,  but it caused a 
sha rp  inc rease  in the ST concentra t ion in the lung t i s sue  i tself  - up to 0.87 • 0.11 p g / g .  During per fus ion  
with the addition of ST only, its concentra t ion in the lung t i s sue  was much s m a l l e r :  0-0.39 -~ 0.06 /zg/g 
(P < 0.05). The l imit ing s tage of ST inactivation by the lungs was thus the s tage of its act ive uptake f r o m  
the per fus ion  fluid, for  the blocking of this s tage abolished ST inactivation. 

The effect  of some antagonists  of serotonin  on its inactivation also was studied. Lyse rg i c  acid dieth-  
ylamide (LSD), an antagonist  of the D-type,  was used in concentra t ions  of 10 -5 M and 10 -6 M, morphine 
(10 -s 1V0, an antagonist  of the M-type with a compet i t ive  mode of action [13, 14], and adrenal in  (10 -~ M) [1] 
and cocaine (10 -5 M), with the p rope r t i e s  of an antagonist  of the M-type and, at the s ame  t ime ,  a substance  
disturbing the binding of biogenic amines  inside the cell  [2, 11], were  used for  this purpose .  All these  sub-  
s tances  had the p rope r t y  of inhibiting ST inactivation by the lungs (Table 1). Cocaine and morphine ,  and 
LSD in a concentra t ion of 10 -~ M, had the s t ronges t  action. With a dec rease  in the concentrat ion of LSD its 
effect  was reduced.  Adrenal in,  in the concentra t ion used, reduced  the ST inactivation by about 30%. 

It can be concluded f r o m  these  findings that  the r a t  lungs can inactivate ST intensively.  Lungs of 
other  an imals  - ca t s ,  dogs, guinea pigs,  rabbi ts  [6, 7, 9, 10, 17] - have a s i m i l a r  p roper ty ,  although the 
lungs of guinea pigs can inactivate only about 50% of added ST. Human lungs have a s i m i l a r  p roper ty ,  for  
they inactivate up to 65% of exogenous ST [8]. 

The mechan i sm of uptake of ST by the lungs has not yet  been adeqtmtely explained. Specific inhibitors 
of ST t r a n s p o r t  through the cel l  m e m b r a n e ,  such  as imipramine  and also ami t r ip ty l ine  and d e s m e t h y l i m i p r a -  
mine,  also inhibit ST inact ivat ion sharp ly  [4]. The avai lable  data point to an act ive p roces s  of en t ry  of ST 
into lung t i ssue  ce l l s ,  requi r ing  a supply of ene rgy  and the par t ic ipat ion  of specif ic  c a r r i e r s .  However,  it 
is not yet c l ea r  what cel ls  p e r f o r m  this function - the cap i l l a ry  endothel ium o r  the a lveo la r  epi thel ium. 

The ST that  is ac t ive ly  absorbed  by the cel ls  l a t e r  is b roken  down by enzymes .  During per fus ion  of 
the isola ted lungs with a solution containing labeled ST [4], 10% of the rad ioac t iv i ty  is r e m o v e d  a f t e r  10 min 
as metabol i tes ,  and the remain ing  90% a f t e r  a fu r the r  50 min.  An impor tan t  vole in the enzymic  breakdown 
of ST belongs to MAO, for  up to 40% of the total  content of metabol i tes  consis ts  of 5-hydroxyindoleacet ic  
acid. On the o ther  hand MAO inhibi tors ,  such as improniaz id  and nia lamide [17], have no significant effect  
on the inactivation of ST by the lungs,  although the i r  use leads  to the accumulat ion of ST in the lung t i ssue .  
This sugges ts  that up to a ce r t a in  l imi t  the lungs can inactivate the ST of the blood pure ly  through its uptake 
by the cel ls ,  r e g a r d l e s s  of whether  any ST is broken down by enzyme act ion or  not. These findings suggest  
that ST is inact ivated by lung t i ssue  in two s tages :  the act ive uptake of ST f r o m  the perfus ion fluid by the 
lung t i s sue  cel ls  init ially,  and enzymic breakdown of the absorbed  ST l a t e r .  
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ST antagonists evidently act on the f i rs t  stage of this process, inhibiting the uptake of serotonin by the 
cells. This inhibition is evidently connected with their action on structures responsible for transporting ST 
through the cell membrane (especially for antagonists of competitive type, such as LSD and morphine) or on 
the processes of ST deposition within the cell (cocaine). Inhibition of ST inactivation by antagonists with 
different mechanisms of action indicate the complex and many-sided character of this process. 
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