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Effect of serotonin on myocardial contractility in newborn rats  
with excess and deficiency of serotonin in the embryonic period 

Serotonin as a neurotransmitter (5-HT) plays a crucial role in the cardiovascular system. Serotonin is a 
humoral system of regulators and modulators of physiological processes. Under pathological conditions, the-
se processes can turn into factors contributing to the development of diseases such as atherosclerosis, arterial 
hypertension, and pulmonary hypertension. The 5-HT4 and 5-HT2B receptors are found in cardiomyocytes. 
During the embryonic period, serotonin acts as a growth factor and plays an important regulatory role in the 
crucial period of embryonic development, in particular, a heart of an embryo. Therefore, any interference 
with this system in the womb can disrupt the normal development of the cardiovascular system. In the given 
study, there is some data provided to indicate that a change in the serotonin concentration created by the sero-
tonin synthesis and the membrane serotonin transporter blocked in the embryonic period of ontogenesis, af-
fects the inotropic function of the right ventricular myocardium in early postnatal ontogenesis, which is 
caused by a change in the contraction time in the groups under the experiment. Thus, statistically the response 
of cardiomyocytes to serotonin is significantly higher in the group with an excess of serotonin and signifi-
cantly lower in the group with a deficiency of serotonin compared to the control group. 

Keywords: serotonin, myocardium, embryonic ontogeny, postnatal ontogenesis, fluoxetine, parachloro-
phenylalanine, a rat, pregnancy. 

 

Introduction 

Serotonin, or 5-hydroxytryptamine (5-HT), is a biogenic monoamine wildly spread in the body. It 
demonstrates its various actions by binding to membrane receptors [1, 2]. In the central regulatory mecha-
nisms of cardiovascular activity, the subtypes of the 5-HT1A, 5-HT2 and 5-HT3 receptors play a key role. 
The 5-HT4 and 5-HT2B receptors have been found in cardiomyocytes. These receptors are involved in the 
regulation of myocardial contractility and affect the temporal parameters of contraction [3]. 

When realizing its effects via 5-HT2 receptors, serotonin represents an important regulator for the 
growth of non-neuronal tissues during embryogenesis [4]. In the myocardium of infant rats, the expression of 
the 5-HT2A и 5-HT2B receptors is observed during active phases of morphogenesis [5]. The intracellular 
signaling via 5-HT2A receptors induces an inotropic effect based on phosphorylation of the light myosin 
chain, which results in the Ca2+ sensitization. The transmission of 5-HT4 receptor’s signals causes inotropic 
effects involving cAMP and PKA-mediated phosphorylation of proteins involved in the activation of calcium 
channels. This leads to increased contraction due to an increase in Ca2+ concentration [1, 2, 6]. 

Being a key signaling molecule in heart progenitor cells, serotonin is involved in the development and 
differentiation of myocardial cells as well as the separation of heart chambers. Thus, in case of serotonin 
reuptake inhibitors administered during pregnancy it can stimulate disturbances in heart morphogenesis [7]. 
Hence, the effect of fluoxetine in early pregnancy can cause congenital heart defects [8]. 
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Parachlorophenylalanine (pCPA) is widely used as an agent to lower serotonin levels. It has been found 
that pCPA is able to significantly reduce the level of serotonin in the brain in mice, rats and dogs [9]. 

It can be assumed that a change in the concentration of 5-HT or blockade of its receptors during preg-
nancy adversely affects a number of cellular processes required for normal formation of the heart in the fe-
tus. 

The objective of this study is to analyze the effects of serotonin on the inotropic function of the right 
ventricular myocardium in newborn rats with blockade of the synthesis of serotonin and membrane trans-
porter in the embryonic period of ontogenesis. 

The research objectives are outlined below: 
1. To analyze the effect of blockade of serotonin synthesis and serotonin membrane transporter in the 

embryonic period of ontogenesis on the timing of myocardial contraction in 7-day-old infant rats. 
2. To study the effect of different concentrations of serotonin on the right ventricular myocardium in 7-

day-old infant rats with blockade of the membrane serotonin transporter and that of the serotonin synthesis 
during the embryonic period of ontogenesis. 

Materials and methods 

The research has been carried out in the scientific laboratory of the Department of Normal Physiology 
of Kazan State Medical University. 

The object of the study is pregnant female Wistar rats and their offspring at the age of 7 days. Starting 
from the 11th day of pregnancy, the pregnant females have been injected intraperitoneally for 10 days: 
Group 1 (control) — saline; Group 2 — a selective serotonin reuptake inhibitor, antidepressant fluoxetine 
(Fluoxetine hydrochloride, Sigma, USA) at a dosage of 50 μg/kg; Group 3 — a blocker of serotonin synthe-
sis PCPA (4-Chloro-DL-phenylalanine, Sigma, USA) at a dosage of 100 μg/kg. As a result, there have been 
2 experimental groups: 

i) A group of animals with blockade of the serotonin transporter; 
ii) A group of animals with a blockade of serotonin synthesis. 
The research materials are the strips of the myocardium of the right ventricles. 
The responses of the temporal characteristics of contraction (contraction duration) of the right ventricu-

lar myocardium strips to serotonin (Serotonin hydrochloride, Sigma, USA) at successive concentrations of 
0.1 mM, 1.0 mM and 10.0 mM have been evaluated. 

The hearts of infant rats pre-anesthetized with urethane (800 mg/kg) have been removed and placed in a 
Petri dish with an oxygenated working solution. The 2–3 mm long and 0.8–1 mm in diameter strips were 
prepared from the right ventricular myocardium. The specimens were placed vertically in 25 ml tanks, into 
which the working solution has been injected. The response of time parameters of contraction in response to 
5-HT has been calculated as a percentage from the baseline. The contractions have been registered using the 
Acq Knowledge 4.1 software. The signals have been processed using the Elf software (developed by 
A.V. Zakharov). 

Statistical analysis. Using Microsoft Office Excel 2016 and Statistica V.6.0 on a PC, some statistical 
processing has been made with the definition of M, m and δ; the significance of differences is calculated us-
ing the Student's t-test with the differences considered significant at p<0.05. 

Results and discussion 

In the 7-day-old infant rats, a decrease in the contraction time for all concentrations of 5-HT can be ob-
served in the control group and the experimental group 1 with blockade of the serotonin transporter. If com-
pared with the initial values in the control group, the time of myocardial contraction has been reduced by 
0.03 seconds (30 %) (p<0.05); in the experimental group 1, one can see a decrease of 0.02 seconds (20 %). In 
the experimental group with blockade of the serotonin transporter, compared with the experimental group 
with blockade of serotonin synthesis, the contraction time in concentrations of 0.1 mM is lower by 0.010 se-
conds (10 %) and at concentrations of 1.0 mM and 10.0 mM, it is lower by 0.012 seconds (13 %) (Fig. 1). 
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It has been shown that in the early postnatal period of infant rats, the adrenergic innervation of the heart 
is immature. Despite the presence of adrenergic receptors in the ventricular myocardium, and with sympa-
thetic stimulation in place, the positive inotropic effect does not develop until the 14th – 21st day of life [10]. 
During this period, it becomes important to maintain the inotropic function due to other non-adrenergic 
mechanisms, in particular serotonin. In addition, the intracellular mechanisms upon activation of 5-HT4 and 
β-AR are similar and realized through the adenylate cyclase mechanism [10–12]. 

In the experimental group with blockade of serotonin synthesis, only the smallest reduction in contrac-
tion time has been observed if compared to other groups. This may be related to the inhibition of serotonin 
synthesis during the embryonic period, which may cause structural rearrangements of calcium channels as 
well as their insufficient development. It is possible to have a decrease in the sensitivity of serotonin recep-
tors as well as in the number of calcium channels both on the membrane of cardiomyocytes and the surface 
of the sarcoplasmic reticulum. This can be expressed by a significantly low response of cardiomyocytes to 
serotonin in comparison with the group having serotonin in excess. 

There has been the relationship established between the level of serotonin in the embryonic period of 
ontogenesis and the functioning of Са2+ channels of the membrane of cardiomyocytes and sarcoplasmic re-
ticulum in newborn rats [13]. 

The study shows that a change in the concentration of serotonin in prenatal ontogeny results in the shift 
of the inotropic function of cardiomyocytes in early postnatal ontogenesis. It is induced due to the change in 
the contraction time in all the experimental groups. 
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М.Ж. Ахметова, Р.Р. Нигматуллина, Ф.А. Миндубаева, Г.М. Тыкежанова 

Эмбриондық даму кезеңінде серотонині артық жəне жетіспейтін егеуқұйрық 
күшіктерінің миокардының жиырылғыштығына серотониннің əсері 

Нейромедиатор серотонин (5-НТ) жүрек-қантамырлар жүйесінде маңызды рөл атқарады. Серотонин 
физиологиялық процестердің гуморалдық жүйесінің реттеушісі жəне модуляторы болып табылады 
жəне бұл жүйеде ақау пайда болған жағдайда ол атеросклероз, артериалдық гипертензия, өкпе 
гипертензиясы ауруларын тудыратын факторларға айналады. Кардиомиоциттерде 5-НТ4 жəне 5-НТ2В 
рецепторлары табылған. Эмбрионалдық даму кезінде серотонин өсу факторы ретінде эмбрионның 
даму барысында, сонымен қатар жүрегінің дамуында шешуші маңызды реттеуші рөл атқарады. 
Демек, іштегі бұл жүйеге араласу жүрек-қантамырлары жүйесінің қалыпты дамуын бұзуы мүмкін. 
Мақала авторлары зерттеу барысында онтогенездің эмбрионалды кезеңінде серотонин синтезін жəне 
серотониннің мембраналық тасымалдаушысын бөгеу арқылы туындаған серотонин концентра-
циясының өзгеруі, постнаталды онтогенездегі оң қарынша миокардының инотроптық қызметіне əсер 
ететінін көрсететін мəліметтер келтірген, яғни бұл эксперименттік топтардағы миокардтың жиырылу 
уақытының өзгеруінен байқалады. Осылайша, бақылау тобымен салыстырғанда серотонинге 
кардиомиоциттердің реакциясы серотониннің артық мөлшері бар топта статистикалық тұрғыдан 
жоғары жəне серотонин жетіспейтін топта статистикалық тұрғыдан төмен. 

Кілт сөздер: серотонин, миокард, эмбриональды онтогенез, постнатальды онтогенез, флуоксетин, 
парахлорфенилаланин, егеуқұйрық, жүктілік. 

 
М.Ж. Ахметова, Р.Р. Нигматуллина, Ф.А. Миндубаева, Г.М. Тыкежанова 

Влияние серотонина на сократимость миокарда у крысят  
с избытком и дефицитом серотонина в эмбриональном периоде 

Нейромедиатор серотонин (5-НТ) играет важную роль в сердечно-сосудистой системе. Серотонин 
представляет собой гуморальную систему регуляторов и модуляторов физиологических процессов, 
которые в условиях патологии могут превращаться в факторы, способствующие развитию заболева-
ний, таких как атеросклероз, артериальная гипертензия, легочная гипертензия. В кардиомиоцитах об-
наружены рецепторы 5-НТ4 и 5-НТ2В. В эмбриональном периоде серотонин выступает в качестве 
фактора роста и играет важную регулирующую роль в решающий период развития эмбриона, в част-
ности, развития сердца. Следовательно, вмешательство в эту систему в утробе матери может нару-
шить нормальное развитие сердечно-сосудистой системы. Авторами статьи приведены данные, свиде-
тельствующие о том, что изменение концентрации серотонина, которое создавалось блокадой синтеза 
серотонина и мембранного переносчика серотонина в эмбриональном периоде онтогенеза оказывает 
влияние на инотропную функцию миокарда правого желудочка в раннем постнатальном онтогенезе, 
что обусловлено изменением времени сокращения в экспериментальных группах. Таким образом, ре-
акция кардиомиоцитов на серотонин статистически выше в группе с избытком серотонина и ниже в 
группе с дефицитом серотонина по сравнению с контрольной группой. 

Ключевые слова: серотонин, миокард, эмбриональный онтогенез, постнатальный онтогенез, флуоксе-
тин, парахлорфенилаланин, крыса, беременность. 
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