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Among the many act iv i t ies  of serotonin (5-hydroxytryptamine)  [4, 16] its capac i ty  to cause injury to the m y o -  

cardium similar  to infarct ion deserves attentiort [2, 7]. 

We have not found information in the l i terature  concerning the action of serotonin on the metabol i sm of ca r -  
diac muscle.  Data concerning the effect  of serotonin on respiration and respiratory phosphorylation in other organs 
are few and contradictory.  A nm-nber of workers have established that  serotonin depresses respiration [10, 13, 17, 19] 
and phosphorylation [11, 12, 20] whereas others have found that  it  s t imulates respiration and phosphorylation [8, 9, 
14]. 

In this paper are presented cer ta in  data concerning the effect  of serotonin on the respiratory process and on the 
phosphorylation conjugated with i t  in the tissues of the cat  heart  muscle  when an "infarct" is produced by serotonin. 

M E T H O D S  

Experiments were performed on cats, anesthet ized with urethane (600 mg/kg)  and chloralose (40 mg/kg) .  Un- 
der conditions of a r t i f ic ia l  respiration the thoracic cavi ty  of the animals was opened, the per icard ium incised,and the 
heart  la id bare. A dose of 300 tz g of serotonin-creat ine  sulfate was in jec ted  at  a depth of 2-3 mm in the walI  of the 
left  ventr ic le .  Within 15-20 min m a x i m a l  injury (infarction) had developed in the myocard ium at the in jec t ion  site. 
After 20 minutes ,  the hear t  was quickly removed and perfused with cold physiological  solution to remove 

the blood. Next, the injured portion of the left  ventr ic le  (exper imenta l )  was cut out as wel l  as an uninjured area of 
myocardium from the same ventr ic le  (control).  For a normal,  data were obtained on tissue taken from the left  ven t r i -  
c le  of a heal thy cat  (heart  of heal thy ca t  ext i rpated under ether anesthesia). 

Homogenates and isolated rnitochondria were obtained by a method described ear l ie r  [3]. 

The homogenate  was poured out into 5 ml  Warburg flasks in 0.3 ml  aliquots. The flasks a l ready held 0.3 ml  
phosphate buffer (pH 8.0). The final concentrations of the components in the buffered solution were: Na2HPO4--4.6 
x 10-2M, MgSO4--2 x 10"aM, KC1--5 x 10-aM, NaCI--1 x 10-aM. Creat ine  was used for the final phosphate a c -  
ceptor at 40 #M per sample.  

Oxidat ive phosphorylation in the homogenates  was studied with endogenous substrates. 

The isolated mitochondria  were suspended in a solution of 0.25 M sucrose (pH 7.4) in an amount  equal  to double 
the in i t ia l  tissue weight and were rapidly added to the Warburg vessel. Each vessel contained 0.5 ml  of mi tochond-  
r ial  suspension (corresponding to 0.5-0.7 mg of protein nitrogen), 0.3 ml  phosphate buffer, 0.1 ml  of 0.25 M sucrose 
solution with respiratory substrates, and 0.1 ml  (0.5 rag) hexokinase soIution. The total  volume of the incubation m i x -  
ture was 1 ml.  Concentrations of the components in the buffer solution (pH 7.4) were: KzHPO4--3 x 10-ZM, MgSO 4 
--1.5 X 10-ZM, ATP--6 x 10-ai,/I, glucose--5 X 10-2M. 
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Respiratory substrates were a lpha-ke tog lu ta ra te  with malonate ,  succinate,  

and beta-hydroxybutyra te  in a final  concentration of 28 ~M. 

For in vitro studies of the effect  of serotonin on mitochondr ia l  oxidat ive  
processes the se ro ton in-c rea t ine  sulfate was injected into the Warburg vessel 
by dissolving in 0.1 ml of 0.28 M sucrose solution such a quantity of serotonin 
that the final concentration was 1 x 10-aM. 

The experiments  with homogenates and mitochondria  were conducted in 
an atmosphere of air; oxygen consumption was measured in the Warburg ap-  
paratus, h~cubation was for 10 rain at  26 ~ In experiments  with mitochondria,  

the decrease in inorganic phosphate [18] was measured in a prote in-f ree  t r i -  
chloracet ic  acid  f i l t ra te  before and after incubation,  and the phosphocreatine 

was measured in experiments on homogenates [1]. 

R E S U L T S  

The results of the experiments,  which charac te r ize  the rates of respiration 
and phosphorylation in hear t  muscle homogenates from areas damaged by sero- 
tonin (exper imental )  from undamaged areas (control) and from normal  hearts, 

are presented in Fig. 1. 

As these data show, the oxygen consumption of homogenates in the ex-  

per imenta l  samples is 50% less than in the normal.  In control samples some 
very insignif icant  and inconstant lowering of oxygen consumption is observed. 
The decrease in inorganic (mineral)  phosphate in the incubation medium was 

the same in a l l  series of experiments .  

Since the fa l l  in inorganic phosphate in the homogenate  (on endogenous 
substrates) depends on many factors, it  is diff icult  to ca lcu la te  the P/O coef -  

f icient.  

It must be noted that  in the normals and in the controls only a third (and in exper imenta l  samples even less) 

of the inorganic phosphate which disappeared from the medium was de tec ted  as phosphocreatine. It may be suggest- 
ed that ATP which forms as a consequence of its "universal" position gives rise to concurrent relations between var-  

ious simultaneously occurring reactions (kinase reactions leading to phosphohexoses, hydrolase act ivi ty  leading to 

the spli t t ing of ATP, its use in biosynthesis, in oxidation of fatty acids, ere). 

The decrease in phosphocreatine formation in the homogenate  of injured myocard ia l  fragments may be a t t r ib-  
uted to the increased ATP-ase ac t iv i ty  caused by serotonin [11] or may be regarded as a consequence of loca l  auoxia 

which lowers the content  both of ATP and of creat ine  phosphate [18]. 

The results of experiments on the appearance  of serotonin effect  on the processes of respiration and respirat ion-  
conjugated phosphorylation in ca t  heart  muscle  mitochondria  (in the presence of various respiratory substrates) are 
presented in Fig. 2. As the data show, in the presence of succinate in mitochondria  isolated from the injured area of 
myocardium,  a smal l  increment  in respiration and respiratory phosphorylation is found (s tat is t ical ly  insignificant).  

It is interesting to note that the ac t iv i ty  of be ta-hydroxybutyra te  dehydrase in ca t  heart  is very low. 

The results of experiments  carried out on mitochondria  in the presence of succinate and a lpha-ke tog lu ta ra te  

with the addition serotonin-creat ine  sulfate* in vitro do not differ from results obtained in experiments on m i t o -  

chondria after serotonin inject ion in situ. 

The data set forth here permit  us to conctude that  serotonin inhibits oxygen consmnption by homogenates and 
does not affect  ox ida t ive  phosphorylation in isolated mitochondria  (in the presence of succinate or a lpha-ke tog lu ta r -  
ate). This fact  supplies the basis for the hypothesis that  the study of oxygen consumption in a r t i f ic ia l ly  isolated 

* Equivalent concentrations of creat ine sulfate do not affect  respiration and phosphorylation in homogenates and in 

mi tochondr ia l  suspensions of cat  heart  muscle. 
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Fig. 2. Effect of serotonin on oxidat ive phos- 
phorylation in mitochondria  from ca t  card iac  
muscle. Striped b a r s - o x y g e n  consumption 
(downward from horizontal  l ine of origin) and 

decrease in minera l  (inorganic) phosphate (up- 
ward from line) in microatoms;  open b a r s -  

--P/O coeff ic ient .  I) Succinate;  ID a lpha-  
ke toglutara te  + rnaIenate.  

mitochondria  does not comple te ly  ref lec t  the oxidat ive  processes 

which are taking p lace  in the ent ire  heart  muscle.  A decrease in 

the oxygen consumption by homogenates  of a damaged  portion of 

the myocardium is evident ly  re la ted  to the considerable  change 

within it of the composi t ion of ox id izab le  respiratory substrates 
because of the intense stream of  ex t ra -mi tochondr ia l  metabo l ic  
processes (s imilar  to what is seen in the hear t  in thyrotoxicosis). 

In relat ion to the data obtained it is important  to study the 
pecul iar i t ies  of anaerobic reduction of carbohydrates which, in this 

instance, ts apparent ly  the basic source for ~he formation of res-  
piratory substrates. 

S U M M A R Y  

Injection of se ro tonin-crea t ine-su l fa te  (300 g g) into the wal l  
of the lef t  vent r ic le  of the ca t ' s  hear t  caused myocard ia l  injury 

(infarction) at  the adminis trat ion site.  

Oxidizing phosphorylation was studied in the homogenates 
and mitochondria  obtained from the sero tonin-af fec ted  area. Oxy-  

gen intake by the homogenates from the infarction area was half  
as much as compared with intake by the homogenates  from the 
heal thy myocard iaI  tissue. Oxidizing phosphorylation processes 
were normal  in the isolated mitochondria  obtained from the af -  
fected myocard ia l  area. 
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