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Serotonin d e p r e s s e s  r e sp i ra t ion  of rabbi t  hear t  musc le  homogenates .  During oxidation of exogenous 
r e sp i r a t ion  subs t r a t e s  in the mitochondria ,  serotonin leads to a dec rea se  in the intensi ty both of r e s p i r a -  
tion and of oxidative phosphorylat ion without any m a r k e d  change in the P : O. 

The p rope r ty  of serotonin of causing damage  to the myocard ium r e sembl ing  an infarc t  [1], the lowering 
of monoamine oxidase (MAO)activity in myocard ia l  infarct ion [7], and the poss ibi l i ty  of serotonin accumulat ion 
in the hear t  t i s sues  as  a r e su l t  of pathological  s ta tes  or  low MAO act ivi ty  [8] a r e  all  f ac to r s  de te rmin ing  the 
need for  a detailed study of the effect  of serotonin on the energy  me tabo l i sm  of h e a r t t i s s u e .  This  p rob lem 
has not yet been adequately studied. There  a r e  r epo r t s  of the d issocia t ion of r esp i ra t ion  and phosphorylat ion 
in the l iver  mi tochondr ia  of the guinea pig by serotonin [6]; a dec r ea se  in intensi ty of oxygen consumption by 
bra in  t i ssue  p repa ra t ions  has been demons t ra ted  [9]; some noteworthy r e su l t s  have been obtained indica t -  
ing inhibition of r esp i ra t ion  of homogenates  obtained f rom an a r ea  of myoca rd ium damaged by serotonin [5]. 

The object  of the p re sen t  invest igat ion was to study the effect  of serotonin on re sp i ra t ion  and oxidative 
phosphorylat ion in homogenates  and mi tochondr ia  of the rabbi t  myocard ium.  

with Teflon pest le .  
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Effect  of s e r o -  
tonin on re sp i ra t ion  of 
rabbi t  hea r t  musc le  ho-  
mogenates  in p re sence  
of endogenous subs t ra t e s .  
AO 2 - Oxygen absorpt ion 
(inpatom). I) Normal  con-  
ditions (incubation without 
serotonin);  If) incubation 
in p r e sence  of 10 ~mole 
serotonin.  
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EXPERIMENTAL METHOD 

The experimental animals were male rabbits weighing 2.5-3 kg. The test! 
material consisted of homogenates and mitochondria isolated from the ventri- 
cles by the usual method [2, 3]. The.tissue was homogenized in a glass blender 
with Teflon pestle. 

In the experiments with homogenate the oxygen absorption was measured 
in the presence of endogenous respiration substrates, and in the experiments 
with mitochondria both the oxygen absorption and the decrease in mineralphos- 
phate were determined [3]. The respiration substratesusedwere~-ketogluta- 
rate (together with malonate), fi-hydroxybutyrate, succinate, and glutamate in 
an amount of I0 #moleo Seretonin was added in the form of serotonin-creatin- 
ine sulfate in a dose of 10-30 pmole per sample. The volume of the incubation 
samples was i ml~ Tissue preparations were incubated in buffered medium 
[2,3] in a Warburg apparatus in an atmosphere of air for 15 rain. The mito- 
chondria were "aged" by preincubation at 26 ~ for 30-60 rain in 0.25 M sucrose 
and 0.001 M EDTA solution both in the presence and in the absence of I0 #mole 
serotonin. For i0 mg protein, the results were calculated for i0 mg protein 
of homogenate and 1 mg protein of mitochondria. The protein content was de- 
termined by the biuret reaction. The results given are for 6-8 experiments. 

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 effect  of serotonin on the intensi ty of oxygen absorpt ion by rabbi t  
hea r t  homogenates  is  shown in Fig. 1. In the p r e sence  of 10 #mole serotonin 
the intensi ty of r e sp i ra t ion  of the homogenates  fell  by 28%. 
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TABLE 1. Effect of Serotonin on Ef fec t iveness  and Intensi ty  of Resp i r a t i on  and Oxidative 
Phosphory la t ion  in Rabbit  Hear t  Mitochondr ia  

Resp i ra t ion  subs t r a t e  

a -Ke tog lu ta ra te  + malona te  

f l -Hydroxybutyra te  

Succinate 

Glutamate 

Sero- 
tonin 
(#moles) 

10 
30 
10 
30 
10 
30 
10 

P:O 

norma l  

3.7 
3.4 
2.7 

1.o 
1.3 
2.6 

incubation 
in p r e s e n c e  
of sero tonin  

3.8 
3.1 

3.0 

3.2 

1.3 

i.I 

2.6 

Changes in p r e s e n c e  of serotonin ,  
in % 

oxygen a b s o r p -  
t ion ( in /mtoms)  

-- 34 
--31 

-- 33 

--55 
-- 15 

-- 1 5  

-- 2 0  

d e c r e a s e  in m i n -  
e r a l  phosphate  
(in #atoms) 

- 3 4  

- 36 

--25 

- 54 

-15 

-31 
-- 21 

TABLE 2, Effect of Serotonin on Ef fec t iveness  and Intensi ty  of Resp i r a t i on  and Oxidative P h o s p h o r y l a -  
tion in Rabbit  Hear t  Mitochondria  Subjected to "Aging" 

Durat ion 
of "aging" 
(in min) 

60 
30 

60 

P : O  

"aging" 

C h a n g e s i n  p r e s e n c e  
of serotonin,  in % 

Subs t ra te  

c~-Ketoghtara te  + malonate  
-Hydroxybutyra te  

Succinate 

without 
se ro tonin  

2.4 

1.6 

0.87 

in presence 

of i0 #mole 

se ro ton in  

2.4 
2.3 
0.72 

oxygen a b s o r p -  
t ion (in #atoms) 

--46 
- -  50 

0 

decrease in 

mineral 

phosphate 
(in #atoms) 

- 46 
- 3 0  
- 21 

The effect  of serotonin  on the e f fec t iveness  and intensi ty  of r e s p i r a t i o n  and phosphory la t ion  in the 
rabb i t  h e a r t  mi tochondr ia  i s  i l l u s t r a t e d  in Table 1. Serotonin caused a d e c r e a s e  in in tens i ty  of both r e s p i r -  
ation and phosphory la t ion  without any wel l -de f ined  change in the e f fec t iveness  of the p r o c e s s e s  s tudied.  The 
degree  of the sero tonin  effect on r e s p i r a t i o n  and phosphory la t ion  dur ing oxidat ion of va r ious  r e s p i r a t i o n  
s u b s t r a t e s  in the mi tochondr ia  va r i ed  f rom case  to case .  F o r  ins tance,  r e s p i r a t i o n  and phosphory la t ion  in 
the p r e s e n c e  of 10 #mole sero tonin  during oxidation of a - k e t o g l u t a r a t e  fel l  to a g r e a t e r  degree  than during 
oxidat ion of g lu tamate  and succ ina te .  During oxidat iou of f i -hydroxybutyra te  in the p r e s e n c e  of 10 #mole 
serotonin ,  a tendency was obse rved  for  the P : O ra t io  to r i s e  on account of a g r e a t e r  d e c r e a s e  in the in-  
t ens i ty  of r e s p i r a t i o n  than of phosphory la t ion .  

If the dose of se ro tonin  given was th ree  t imes  g r e a t e r ,  dur ing oxidat ion of a - k e t o g l u t a r a t e  and suc -  
cinate phosphory la t ion  was inhibited more  than r e sp i r a t i on ,  so that the P : O ra t io  showed a tendency to 
d iminish .  During oxidation of f i -hydroxybutyra te  an i n c r e a s e  in the dose of sero tonin  lowered  the in tens i ty  
of both p r o c e s s e s  fu r the r  and to an equal degree .  The r e s u l t s  demons t r a t e  that  in f r e sh ly  i so la ted  rabbi t  
h e a r t  mi tochondr ia ,  the s y s t e m  of coupling of r e s p i r a t i o n  with phosphory la t ion  is highly r e s i s t a n t  to the 
ac t ion of serotonino 

Under the condit ions of these  expe r imen t s  (at pH 7.4), no oxygen was consumed by the rabbi t  hea r t  
mi tochondr ia  on account of oxidation of se ro ton in  [4]. In expe r imen t s  with homogeuates  a d e c r e a s e  in the 
in tens i ty  of oxygen consumption was a lways  obse rved  in the p r e s e n c e  of se ro ton in  (see F ig .  1)o 

The effect  of se ro tonin  on r e s p i r a t i o n  and phosphory la t ion  in mi tochondr ia  subjec ted  to "aging" p r o -  
c e s s e s  is i l l u s t r a t e d  in Table 2. 

"Aging" of the mi tochondr ia  in the p r e s e n c e  of se ro ton in  caused  equivalent  inhibi t ion of both r e s p i r a -  
t ion and phosphory la t ion  during oxidat ion of ~ - ke t og l u t a r a t e  by c o m p a r i s o n  with these  indices  for  mi tochon-  
d r i a l  p r e p a r a t i o n s  "aged" without serotonin .  An equivalent  reduct ion  in the P : O ra t io  took p lace  in the 
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"aged" mitochondr ia  both in the p r e s e n c e  and absence  of serotonin.  The enzyme s y s t e m  oxidizing fi-hy- 
droxybutyra te  was comple te ly  inhibited during preincubat ion of the mi tochondr ia  for  60 rain. When p r e i n -  
cubation took place fo r  30 rain in the p r e s e n c e  of serotonin,  r e s p i r a t i o n  was inhibited more  than phosphory-  
lation and the P : O ra t io  i nc reased  by compar i son  with the corresponding values for  mitochondrial  p r e p -  
a ra t ions  "aged" without serotonin.  In the l a t t e r  case,  during oxidation of f l -hydroxybutyrate  in the p r e sen ce  
of serotonin,  the ef fec t iveness  of r e sp i r a t ion  and phosphoryla t ion was close to normal .  

Compared  with mitochondria l  p r epa ra t ions  which "aged" without serotonin,  in the mi tochondr ia  "aged" 
in the p r e sence  of serotonin,  r e sp i r a t i onwas  not inhibited during oxidation of succinate,  although inhibition 
of phosphoryla t ion took place .  As a resu l t  of the different ial  effect  of serotonin on re sp i ra t ion  and phos -  
phorylat ion,  the P : O ra t io  fell .  During pre incubat ion of the mitochondria  the link between resp i ra t ion  and 
phosphoryla t ion was weakened, and "aging" caused a dec r ea se  in the P : O rat io .  The r e su l t s  of the ex-  
pe r imen t s  with "aged" mi tochondr ia  indicate that serotonin causes  no significant changes in the oxidative 
me tabo l i sm of the mi tochondr ia  by compar i son  with those in p repa ra t ions  pre incubated  without serotonin.  

Another  f ac to r  to which attention should be drawn is the different ia l  effect  of serotonin on the s y s t e m  
of coupling of r e sp i r a t i on  and phosphoryla t ion during oxidation of different  r e sp i r a t ion  subs t r a t e s  in mi to -  
chondria  subjected to "aging." By compar i son  with mitochondrial  p repa ra t ions  "aged" without serotonin,  
the ef fec t iveness  of r e sp i r a t ion  and phosphoryla t ion in mitochondria  "aged" in the p r e sence  of serotonin 
remained  unchanged during oxidation of a -ke tog lu ta ra te ,  inc reased  during oxidation of f l -hydroxybutyrate ,  
and fell  sl ightly during oxidation of succinate .  

The r e su l t s  descr ibed  show that serotonin inhibits the bas ic  energy-produc ing  p r o c e s s e s  in rabbi t  
hea r t  t i s sue .  

In hea r t  homogenates  the intensi ty of r e sp i ra t ion  fell  during oxidation of endogenous r e sp i r a t ion  sub-  
s t r a t e s  in the p r e s e n c e  of serotonin.  In the mitochondria  during oxidation of exogenous r e sp i r a t ion  sub-  
s t r a t e s  in the p r e s e n c e  of serotonin,  the intensi ty of both r e sp i ra t ion  and oxidative phosphoryla t ion fell 
without any c l ea r ly  defined change in the P : O ra t io* .  
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