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Serotonin {7-35 t~g/kg), when injected into the left ventr ic le  of cats,  inc reases  the ATP con- 
centrat ion in the myocardium, as the resul t  of a chemoreflex initiated by serotonin. Under 
the .same experimental  conditions serotonin increases  the NAD concentrat ion in the wall of 
the left ventr ic le  but does not change the NAD. H 2 concentration. An increase  in the NAD con- 
centrat ion is observed as ear ly  as 3 sec after  injection of serotonin into the heart ,  before the 
onset  of ref lexes to serotonin. Analysis  with a-naphthylbiguanide,  tipindole, and morphine 
suggests  that the inc rease  in NAD concentrat ion is associated with excitation of serotonin-  
sensi t ive s t ruc tu res  of the M-type. 

Serotonin is known to evoke a reflex f rom the receptors  of the hear t  which takes the form of b rady-  
cardia  and hypotension [11]. Serotonin-react ive  s t ruc tures  responsible for this reflex have been called 
s t ruc tures  of the T-type [4, 5]. Serotonin-react ive  s t ruc tures  of the D- and M-types are less  well r e -  
presented  in the hear t  [1]. 

The object of this investigation was to study the effect of serotonin on the concentrat ion of pyridine 
and adenine nucleotides in the cat myocard inm in the period immediate ly  preceding the onset of hemodyna- 
mic changes in response  to serotonin and also in the peak period of manifestation of these changes. Ade- 
nine and pyridine nucleotides have a t t racted attention because of their  role in key metabolic reactions and 
also because of the ability of serotonin to interact  with NAD and to influence oxidative phosphorylation [9, 
17]. The second pa r t  of the investigation was devoted to examination of the relationship between the bio-  
chemical  changes discovered and excitation of se ro tonin- reac t ive  s t ruc tures  of D-, M-, and T-types.  

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

Experiments  were ca r r i ed  out on cats weighing 2.5-3.5 kg, anesthetized with urethane (600 mg/kg) 
and chloralose (40 mg/kg). The ar te r ia l  p r e s s u r e  was recorded  in the carotid a r t e ry  by a me rcu ry  manom- 
e ter .  The heart  ra te  was determined before the a r te r ia l  p r e s s u r e  was recorded.  To exclude influences 
from the pulmonary vesse ls ,  serotonin was injected direct ly  into the chamber  of the left ventricle.  To do 
this, the thorax was opened widely under art if icial  respirat ion.  A polyethylene catheter  was introduced into 
the left ventr ic le  through the subclavian a r t e ry  and ascending aorta.  Serotonin was injected in doses of 7 
and 35 ttg/kg in 0.5 ml physiological  saline. When injected into the left ventricle in these doses,  serotonin 
evoked reflex b radyca rd ia  f rom receptors  of the hear t  (threshold dose 5-6 t~g/kg). The latent period of the 
reflex is 3.5-4 see. It reaches  a maximum after  8-12 sec [3, 11]. The hear t  was quickly f rozen in situ, 
3 or  10 sec af ter  injection of serotonin, by Vol lenberger ' s  forceps cooled in liquid nitrogen. The left ven-  
t r ic le  was minced in a mor tar .  The concentrat ion of components of the adenylic sys tem was determined 
spect rophotometr ica l ly  af ter  chromatographic  fractionation [8]. The concentrations of NAD and NAD.H 2 
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were determined enzymically;  the f i r s t  by Racke r ' s  method [15], the second by a modified Stol lar ' s  method 
[16]. The experin-lental resul ts  were subjected to s tat is t ical  analysis.  Ari thmetic  mean values were cal-  
culated with confidence l imits a t  P =0.05; differences were regarded as significant when P _<_ 0.05. At least  
five animals were used in each se r i e s  of experiments.  

RESULTS AND DISCUSSION 

In the control,  the ATP concentrat ion in muscle of the left ventr icle  was 3.35 (4.19-2.51) ~moles /g  
moist  weight of t issue, and the ADP content 0.85 (1.03-0.67) ~mole/g .  No AMP was found. Serotonin, 3 sec 
after  injection in doses of 7 and 35 ~g/kg,  had no significant effect on the content of adenine nucleotides. 
The ATP content was increased  after  10 sec to 4.24 (4.57-3.91) ~moles /g .  The ADP level was vir tually un- 
changed. The fact that the ATP content was unchanged in the latent period of the reflex, but was increased  
during the peak per iod of its manifestation, and also results  showing an increase  in the ATP concentrat ion 
in the hear t  under the influence of acetylcholine or  vagus nerve stimulation [2, 7] suggested that the changes 
observed were reflex in nature.  This suggestion is supported by the resul ts  of experiments  with atropine. 
Atropine was injected in a dose of 1.5 mg/kg,  in which it exhibits marked muscar ine- l ike  cholinolytic p ro -  
per t ies  and totally blocks reflex bradycardia .  Its antiserotonin proper t ies  are i l l-defined [10, 13, 18]. 
Atropine itself in the present  experiments  did not change the concentration of ATP and ADP in the heart ,  
but completely inhibited the corresponding effect of serotonin. The increase  in ATP concentrat ion in the 
myocardium is thus one of the results  of the chemoref lex to serotonin and is not related to the t r igger  
mechanisms of this reflex. 

The NAD concentrat ion in muscle of the left ventr ic le  of the control  animals was 395.8 (415.86- 
375.74) ~g/g,  and the NAD.H 2 concentrat ion was 168 (194.7-141.5) ~g/g.  As ear ly  as 3 sec af ter  injection 
of serotenin in a dose of 7 ~g/kg,  i.e., before changes had taken place in the hear t  rate and ar te r ia l  p r e s -  
sure,  the NAD concentrat ion in the myocardium was increased  to 451.8 (473.6-430)~g/g. With an increase  
in the dose of serotonin to 35 ~g/kg,  no fur ther  increase  in the NAD concentrat ion took place. The NAD.H 2 
level under these c i rcumstances  showed no significant change. Consequently, the observed increase  in NAD 
content is  not the resul t  of a redistr ibution of its oxidized and reduce forms,  but can be attributed ei ther  to 
an increase in its synthesis o r  a decrease  in its breakdown. The fact that the increase  in NAD level took 
place during the f i r s t  3 sec after  injection of serotonin into the left ventricle,  i.e.,  before the appearance of 
visible changes in cardiac  activity, and that it did not increase  during development of reflex b radycard ia  is 
evidence that the observed changes are not the resul t  of the reflex. They could be related to its t r igger  
mechanisms,  to sero tonin- reac t ive  s t ruc tures  of T-type or  to p roces se s  connected with excitation of s t ruc -  
tures  of M- and D-types.  To solve this problem a ser ies  of experiments was ca r r i ed  out with ~-naphthyl-  
biguanide, which reproduces  the effects of serotonin due to stimulation of s t ruc ture  of M- and T-types ,  but 
has no effect on sero tonin- reac t ive  s t ruc tures  of the D-type [6, 12, 13]. The same increase  in NAD con- 
centrat ion as af ter  injection of serotonin i nadose  of 445.6 (500.0-391.2) p g / g  took place after  injection of 
~-naphthylbiguanide into the left ventr icle  (7~g/kg), but the concentrat ion of NAD.H 2 was unchanged. This 
fact suggests  that the observed changes in the NAD concentrat ion were due to excitation of s e ro ton in - r eac -  
tive s t ruc tures  of T- and M-type. Fur ther  analysis showed that tipindole, in a dose of 0.8 mg /kg ,  in which 
it blocks s t ruc tures  of the T-type like serotonin and ~-naphthylbignanide, increased  the myocardia l  concen- 
t rat ion of NAD [to 441.3 (471.6-411.0) #g/g] ,  without changing the NAD.H 2 concentration. This result  makes 
any relationship between changes in the concentrat ion of NAD in the hear t  and excitation of serotonin-  
react ive s t ruc tures  of the T-type highly improbable.  

Morphine, in a dose of 1 mg/kg, in which it blocks sero tonin- reac t ive  s t ruc tures  of the M-type, but 
not of the T- and D-type [4, 13, 14], when injected intravenously does not change the NAD content in the 
myocardium [399.6 (415.17-384.03)pg/g] and lowers the NAD.H 2 concentrat ion to 127.7 (142.26-111.74) 
~g/g.  Serotonin, if injected into the left ventr ic le  5 min after  intravenous injection of morphine, did not 
ra i se  the NAD level. These resul ts  suggest that the increase  in NAD concentrat ion taking place in the myo-  
cardium under the influence of serotonin was due to its action on s t ruc tures  s imi la r  or  identical to s t ruc -  
tures  of M-type. Among the effects of serotonin mediated through s t ruc tures  of the M-type are  its ganglion- 
stimulating action and, possibly, its action on chemoreceptors  of the aort ic  and carotid zones [14, 18]. 
Fur ther  investigations will show whether the increase  in NAD concentrat ion observed in these experiments  
is related to any of these effects,  and whether it is due to them or is one of the links of the t r igger  mech-  
anis m. 
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