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EFFECT OF SEROTONIN OF RESPIRATION AND OXIDATIVE
PHOSPHORYLATION IN RABBIT HEART MUSCLE TISSUE

A. M. Zubovskaya UDC 612.173 : 612.26/.014.46 :/615.362.018 : 547.756

Serotonin depresses respiration of rabbit heart muscle homogenates. During oxidation of exogenous
respiration substrates in the mitochondria, serotonin leads to a decrease in the infensity both of respira-
tion and of oxidative phosphorylation without any marked change in the P : O.
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The property of serotonin of causing damage to the myocardium resembling an infarct [1], the lowering
of monoamine oxidase (MAO) activity in myocardial infarction [7], and the possibility of serotonin accumulation
in the heart tissues asa result of pathological states or low MAO activity [8] are all factors determining the
need for a detailed study of the effect of serotonin on the energy metabolism of hearttissue. This problem
has not yet been adequately studied. There are reports of the dissociation of respiration and phosphorylation
in the liver mitochondria of the guinea pig by serotonin [6]; a decrease in intensity of oxygen consumption by
brain tissue preparations has been demonstrated [9]; some noteworthy results have been obtained indicat-
ing inhibition of respiration of homogenates obtained from an area of myocardium damaged by serotonin [5].

The object of the present investigation was to study the effect of serotonin on respiration and oxidative
phosphorylation in homogenates and mitochondria of the rabbit myocardium.

EXPERIMENTAL METHOD

with Teflon pestle. The experimental animals were male rabbits weighing 2.5-3kg. The test;
material consisted of homogenates and mitochondria isolated from the ventri-
a0z cles by the usual method [2, 3]. The-tissue was homogenized in a glass blender
I.Dj- with Teflon pestle.
aa: In the experiments with homogenate the oxygen absorption was measured
L -[— in the presence of endogenous respiration substrates, and in the experiments
o6l with mitochondria both the oxygen absorption and the decrease in mineralphos-
L phate were determined [3]. The respiration substratesusedwerea ~ketogluta-
AR rate (together with malonate), S-hydroxybutyrate, succinate, and glutamate in
L an amount of 10 ymole. Serotonin was added in the form of serotonin-creatin-
a2 ine sulfate in a dose of 10-30 pmole per sample. The volume of the incubation
samples was 1 ml. Tissue preparations were incubated in buffered medium
T [2,3] in a Warburg apparatus in an atmosphere of air for 15 min, The mito-

. chondria were "aged" by preincubation at 26° for 30-60 min in 0.25 M sucrose
Fig. 1. Effect of sero- and 0.001 M EDTA solution both in the presence and in the absence of 10 umole
tonln. on respiration of serotonin, For 10 mg protein, the results were calculated for 10 mg protein
rabbit heart muscle ho- of homogenate and 1 mg protein of mitochondria. The protein content wasde-
mogenates in presence termined by the biuret reaction. The results givenare for 6-8 experiments.
of endogenous substrates.

AQ, —Oxygen absorption EXPERIMENTAL RESULTS AND DISCUSSION
(inyatom). I) Normal con-

ditions (incubation without The effect of serotonin on the intensity of oxygen absorption by rabbit
serotonin); II) incubation heart homogenates is shown in Fig. 1. In the presence of 10 umole serotonin
in presence of 10 umole the intensity of respiration of the homogenates fell by 28%.

serotonin.
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TABLE 1. Effect of Serotonin on Effectiveness and Intensity of Respiration and Oxidative
Phosphorylation in Rabbit Heart Mitochondria

P:0O Changes in presence of serotonin,
: in9
Sero- incubation b decrease in min-
Respiration substrate tonin normal |in presence ;).xy ge'n 2 storp—- eral phosphate
(umoles) of serotonin | " (in patoms) (in patoms)
o -Ketoglutarate +malonate 10 3.7 3.8 — 34 — 34
30 3.4 3.1 —31 — 36
B-Hydroxybutyrate 10 2.7 3.0 - 33 - 25
30 3.2 3.2 — 55 — 54
Succinate 10 1.3 1.3 - 15 —-15
30 1.3 1.1 - 15 —-31
Glulamate 10 2.8 2.8 —20 -21

TABLE 2, Effect of Serotonin on Effectiveness and Intensity of Respiration and Oxidative Phosphoryla-
tion in Rabbit Heart Mitochondria Subjected to "Aging”

P:O Changes in presence
. of serotonin, in g,
Duration "aging" .
. - decrease in
of "aging" Substrate . in presence ]
. . without oxygen absorp~- | mineral
(in min) . of 10 umole . )
serotonin serotonin tion (in patoms) { phosphate
- {in patoms)
60 w-Ketoglutarate + malonate 2.4 2.4 — 46 — 46
30 S-Hydroxybutyrate 1.6 2.3 - 50 - 30
60 Succinate 0.87 0.72 0 - 21

The effect of serotonin on the effectiveness and intensity of respiration and phosphorylation in the
rabbit heart mitochondria is illustrated in Table 1. Serotonin caused a decrease in intensity of both respir-
ation and phosphorylation without any well-defined change in the effectiveness of the processes studied. The
degree of the serotonin effect on respiration and phosphorylation during oxidation of various respiration
substrates in the mitochondria varied from case to case. For instance, respiration and phosphorylation in
the presence of 10 umole serotonin during oxidation of a-ketoglutarate fell to a greater degree than during
oxidation of glutamate and succinate. During oxidation of S-hydroxybutyrate in the presence of 10 umole
serotonin, a tendency was observed for the P : O ratio to rise on account of a greater decrease in the in-
tensity of respiration than of phosphorylation.

If the dose of serotonin given was three times greater, during oxidation of a-ketoglutarate and suc-
cinate phosphorylation was inhibited more than respiration, so that the P : O ratio showed a tendency to
diminigsh. During oxidation of g-hydroxybutyrate an increase in the dose of serotonin lowered the intensity
of both processes further and to an equal degree. The results demonstrate that in freshly isolated rabbit
heart mitochondria, the system of coupling of respiration with phosphorylation is highly resistant to the
action of serotonin,

Under the conditions of these experiments (at pH 7.4), no oxygen was consumed by the rabbit heart
mitochondria on account of oxidation of serotonin [4]. In experiments with homogenates a decrease in the
intensity of oxygen consumption was always observed in the presence of serotonin {see Fig. 1},

The effect of serotonin on respiration and phosphorylation in mitochondria subjected to "aging™ pro-
cesses is illustrated in Table 2.

"Aging" of the mitochondria in the presence of serotonin caused equivalent inhibition of both respira-
tion and phogphorylation during oxidation of c-ketoglutarate by comparison with these indices for mitochon-
drial preparations "aged" without serotonin, An equivalent reduction in the P : O ratio took place in the



"aged" mitochondria both in the presence and absence of serotonin, The enzyme system oxidizing S-hy-
droxybutyrate was completely inhibited during preincubation of the mitochondria for 60 min. When prein-
cubation took place for 30 min in the presence of serotonin, respiration was inhibited more than phosphory-
lation and the P : O ratio increased by comparison with the corresponding values for mitochondrial prep-
arations "aged" without serotonin. In the latter case, during oxidation of g-hydroxybutyrate in the presence
of serotonin, the effectiveness of respiration and phosphorylation was close to normal,

Compared with mitochondrial preparations which "aged" without serotonin, in the mitochondria "aged"
in the presence of serotonin, respirationwas not inhibited during oxidation of succinate, although inhibition
of phosphorylation took place. As a result of the differential effect of serotonin on respiration and phos-
phorylation, the P : O ratio fell. During preincubation of the mitochondria the link between respiration and
phosphorylation was weakened, and "aging" caused a decrease in the P : O ratio. The results of the ex-
periments with "aged" mitochondria indicate that serotonin causes no significant changes in the oxidative
metabolism of the mitochondria by comparison with those in preparations preincubated without serotonin,

Another factor to which attention should be drawn is the differential effect of serotonin on the system
of coupling of respiration and phosphorylation during oxidation of different respiration substrates in mito-
chondria subjected to "aging." By comparison with mitochondrial preparations "aged" without serotonin,
the effectiveness of respiration and phosphorylation in mitochondria "aged" in the presence of serotonin
remained unchanged during oxidation of a-ketoglutarate, increased during oxidation of g-hydroxybutyrate,
and fell slightly during oxidation of succinate.

The results described show that serotonin inhibits the basic energy-producing processes in rabbit
heart tissue.

In heart homogenates the intensity of respiration fell during oxidation of endogenous respiration sub-
strates in the presence of serotonin. In the mitochondria during oxidation of exogenous respiration sub-
strates in the presence of serotonin, the intensity of both respiration and oxidative phosphorylation fell
without any clearly defined change in the P : O ratio*.
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* The author is grateful to S. N. Sudareva for her help with the work.
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