MEOULIMHA
MEDICINE

DOI 10.31489/2021BMG1/82-87

UDC 591.3:612.17.171

M.Zh. Akhmetova"', R.R. Nigmatullina®, F.A. Mindubayeva’, G.M. Tykezhanova'

IKaragandy University of the name of academician E.A. Buketov, Kazakhstan,
’Kazan State Medical University, Russia;
’Karaganda Medical University, Kazakhstan
*Corresponding author: meruzhan2@mail.ru

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 u 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 Ca®" 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 Ca®* 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 pg/kg; Group 3 — a blocker of serotonin synthe-
sis PCPA (4-Chloro-DL-phenylalanine, Sigma, USA) at a dosage of 100 pg/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 9; 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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Figure 1. The serotonin effect on the time of myocardial contraction in 7-day-old infant rats

In animals of 7 days of age, there is an increase in the contraction time in both control group and the
experimental group 1 with blockade of the serotonin transporter as compared with the control group.

In the experimental group 2 with those animals with blockade of serotonin synthesis, the same (similar)
reaction of the contraction time has been observed for the first two concentrations of 5-HT (by 0.1 mM
(9.47 %), by 1.0 mM (9.98 %)). Also, in this experimental group at the maximum concentration of 5-HT, the
time of myocardial contraction is 7 % higher than in the experimental group 1 and by 6.6 % higher (p<0.05)
compared with the control group (Fig. 2).
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Note. * — statistically significant differences compared to the initial data (*p<0.05)

Figure 2. Response of myocardial contraction time to 5-HT in 7-day-old infant rats

Conclusions

In the experimental group with blockade of the serotonin transporter, statistically, the contraction time
has been significantly lower compared to other groups. This is probably due to the blockade of SERT, as a
result of which, there could be an increase in 5-HT in this group of animals. This also resulted in the largest
number of serotonin receptors activated, which may have led to a rapid contraction of the myocardium.
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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
B-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 Ca®" 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.

Acknowledgements

The research was supported by grant funding for a scientific project «Clinico-physiological basis for the
method of early diagnosis of pulmonary hypertension in infants» (AP05136034).

References

1 Hamees A.JI. CepoTOHMH U peLENTOpHl CEPOTOHMHA B KJIETKax cepiaedHo-cocymucroir cucremsl / A.Jl. Hanees,
W.JI. XKapkux, I1.B. Anonnn, H.B. 'orgapos // DkcriepuMenTanbHas ¥ KIMHAYECKas: ¢apmakonorus. — 2014, — Ne 77 (5). —
C. 32-37.

2 Brummelte S. Developmental changes in serotonin signaling: Implications for early brain function, behavior and adaptation /
S. Brummelte, E. Glanaghy, A. Bonnin, T. Oberlander // Neuroscience. — 2017. — No. 342 (7). — P. 212-231.

3 CappixoBa JI.W. Ponp cepOTOHMHEPrHYecKOH CHUCTEMBI B pPa3BUTHH 3a00NE€BaHUM CepAla W COCyloB y nered /
J.U. Cansixosa, P.P. Hurmarymuna, I'.H. Adnsrymosa // Kazan. men. xypa. — 2015. — Ne 96 (4). — C. 65-69.

4 Lauder M. Expression of 5-HT,4, 5-HT,p and 5-HT,c receptors in the mouse embryo / M. Lauder, M.B. Wilkie, C. Wu,
S. Singh // Int. J. Dev. Neuroscience. — 2000. — No. 18. — P. 653-662.

5 Belmer A. Positive regulation of raphe serotonin neurons by serotonin 2B receptors / A. Belmer, E. Quentin, S.L. Diaz,
B.P. Guiard, S.P. Fernandez, S. Doly, L. Maroteaux // Neuropsychopharmacology. — 2018. — No. 43 (7). — P. 1623-1632.

6 Balachandran K. Elevated cyclic stretch and serotonin result in altered aortic valve remodeling via a mechanosensitive
5-HT,4 receptor-dependent pathway / K. Balachandran, S. Hussain // Cardiovascular pathology. — 2012. — No. 21. — P. 206-213.

7 Sadler T.W. Selective serotonin reuptake inhibitors (SSRIs) and heart defects: Potential mechanisms for the observed associ-
ations / T.W. Sadler // Reproductive Toxicology. — 2011. — No. 32 (4). — P. 484-489.

8 Vemacor A. Selective serotonin reuptake inhibitor use of antidepressants in the first trimester of pregnancy and the risk of
specific congenital anomalies: a study based on European registries / A. Vemacor, K. Casson, E. Garne, M. Bakker, M.S. Addor,
L. Arriola // Eur. J. Epidemiol. — 2015. — No. 30. —P. 1187-1198.

9 Coe K. P-chlorophenylalanine: a special depletor of brain serotonin / K. Coe, A. Weissman // Journal of Pharmacology and
Experimental Therapy. — 1966. — No. 154 (3). — P. 499-516.

10 Axwmer3sHOB B.®. Bo3pacTtHble 0cOOCHHOCTH MHOTPOITHOTO BIMSHHSI CEPOTOHHHA Ha MHOKapJ Kphichl / B.D. AxmeT3sHOB,
A.®. Skynosa, P.P. Hurmarynnuna // Kazan. mex. sxypa. — 2010. — Ne 91 (4). — C. 467-471.

11 Pickoff A.S. MSPH postnatal maturation of autonomic modulation of heart rate / A.S. Pickoff, A. Stolfi / Journal of
Electrocardiology. — 1994. — No. 29. — P. 215-222.

12 AxmersssHoB B.®. IlomokutenbHOE WHOTPOIHOE JICHCTBHE CEPOTOHWHA HAa CEPIIC B IMOCTHATAILHOM OHTOTCHE3e /
B.®. Axmer3sHoB, P.P. Hurmarynnuna, A.®. Axmerssnosa, U.A. Jlatdynmmn // ApXuB KIMHHYECKOH M HKCIICPHIMEHTAIBHON MEIH-
muHbl. — 2004, — Ne 1. — C. 22-25.

13 Henopesosa P.C. Biusinue 61nokaropos Ca?'-kaHanoB 1aHTpOIeHa M METOKCHBEPANIAMINA HA HHOTPOIHYIO (DYHKIIHIO MHO-
KapJia KpBICAT C M3MEHEHHBIM ypoBHeM ceporonuHa / P.C. Hemopesosa, T.B. I'apumos, P.P. Hurmarymmna // Yuensre 3ammcku Ka-
3aH. roc. akaj. BerepuHap. Mea. uM. H.O. baymana. — 2019. — Ne 240 (4). — C. 123-127.

Cepusa «brnonorusa. MeguuuHa. Neorpadumsa». Ne 1(101)/2021 85



M.Zh. Akhmetova, R.R. Nigmatullina et al.

M.X. AxmetoBa, P.P. Hurmarymmna, @.A. Munay6aesa, .M. TrikexxanoBa

IMOPHUOHBIK 1AMy Ke3eHiH/e CePOTOHUHI APTHIK KIHE JKeTICNEHTIH ereyKYipbIK
KYWIKTePiHIH MHOKAPABbIHbIH KUBIPbLIFBIIITHIFbIHA CEPOTOHMHHIH dcepi

Heiipomenmnarop ceporonun (5-HT) xypek-KaHTaMbIpiap >kyHeciHne MaHbI3IB peid aTKapaisl. CepoTOHUH
(U3HONOTHSUTBIK TIPOLIECTEPIiH T'YMOPANABIK KYHECIHIH PETTeyLIici KoHe MOJYISITOPBI OOJIbINT TaObLIaIb!
JKoHe Oyn >kylleme akay maiina OonFaH JKaFjaiiia of1 aTepOCKIIEepO3, apTepUaNAbIK THUIEPTEH3US, OKIe
THIIEPTEH3HUSCH aypyJapblH TYAbIPaThiH (akTopiapra aitHanansl. Kapanomuouuntrepae 5-HT4 xone 5-HT2B
peuenTopiapbl TaObUIFaH. DMOPHOHANIBIK JaMy Ke3iHIe CepOTOHHH ecy (haKTOpbl peTiHae dMOPHOHHBIH
JaMy OapbICBIHIA, COHBIMEH KaTap JKYPETiHiH OaMyblHOa NICMIyNN MaHbBI3[bl PETTEYNIl PeJl aTKapajbl
Jewmexk, imreri Oy kylere apaiacy >KypeK-KaHTaMBIpJIaphl )KYHECIHIH KaJBIITHl JaMybIH OY3ybl MYMKIH.
Makana aBTOpIIaphl 3epTTey OApBICBIHIA OHTOTCHE3/IH SMOPHOHAIIB KE3€HIHAE CEPOTOHNH CHHTE3IH JKOHE
CEPOTOHMHHIH MeMOpaHaJbIK TachIMaJIAyIIBICHIH 0erey apKbUIbl TYBIHJaFaH CEPOTOHHH KOHIIEHTpA-
IUSICBIHBIH ©3Tepyi, MOCTHATAJIIBI OHTOTCHE31eTi OH KapbIHIIa MUOKApABIHBIH HHOTPONTEHIK KbI3METIHE acep
STETiHIH KOPCETETiH MAIIMETTEp KeNTIpreH, sIFHU OYJI SKCIIEPUMEHTTIK TONTaparbl MUOKAPATHIH KUBIPHLTY
YaKbITBIHBIH ©3repyiHeH Oaiikanaapl. Ocputaiiina, ©akpulay TOOBIMEH —CajbICTHIPFaHIA CEPOTOHHUHIE
KapIMOMHOLTTEPAIH PEaKUUsAChl CEPOTOHMHHIH apThIK MeJuiepi 0ap TONTa CTATHCTUKANBIK TYPFbIIAH
JKOFapbl )KOHE CEPOTOHMH HKETICIICHTIH TONTa CTATUCTUKAJIBIK TYPFbIIAH TOMEH.

Kinm ce30ep: cepoTOHMH, MHOKap]l, SMOpPHOHAIbIBI OHTOTEHE3, NMOCTHATANbBI OHTOTEHE3, ()IyOKCETHH,
napaxJyiopQeHuIaIaHNH, eTeyKYHPBIK, KYKTITIK.

M.K. Axmerosa, P.P. Hurmatynnuna, ®@.A. Munny6aesa, I.M. TrikexxanoBa

Bausinue CEPOTOHMHA HA COKPATUMOCTb MUOKapAa y KPBICAT
¢ M30BLITKOM M I[e(l)l/IHHTOM CCPOTOHMHA B 3M6pI/IOHaJIbHOM nepuone

Heiipomenuarop ceporonun (5-HT) urpaer BakHyio poiib B CepledHO-COCYAUCTOl cucteme. CepOoTOHUH
HpEICTaBIsieT CO00M T'yMOpalbHYIO CUCTEMY PEryJsTOpPOB U MOAYJIATOPOB (HM3MONOTMYECKHX MPOLECCOB,
KOTOpHIC B YCJIOBUSIX NMATOJIOTHU MOTYT IIpeBpaIiaThesl B (haKTOPHI, CIOCOOCTBYIOIINE PAa3BUTHIO 3a00JeBa-
HUM, TAKNX KaK aTepOCKIepo3, apTepuaibHas THIICPTEeH3Hs, JIeroYHas TUIepTeH3us. B xapauomuornurax 06-
HapyxeHsl perentops! 5-HT4 n 5-HT2B. B smOpronansHOM IepHose CEpOTOHHH BBICTYHAaeT B KauecTBE
(axTopa pocTa U UrpaeT BAXHYIO PETyIMPYIOLIYIO POJIb B PENIAIOMINI ITEpHO pa3BUTHS YMOPHOHA, B 4acT-
HOCTH, pa3BuTHA cepana. CnenoBaTenbHO, BMEIIATENBCTBO B 3TY CUCTEMY B yTpoOe MaTepu MOXKET Hapy-
MIUTh HOPMAJBbHOE Pa3BUTHE CEPJIETHO-COCYIUCTOM CHCTEMBI. ABTOpAaMHU CTaThH MPUBEICHBI JaHHBIE, CBUJIE-
TENBbCTBYIOIIME O TOM, YTO U3MEHEHHE KOHIIEHTPALUH CEPOTOHHHA, KOTOPOE CO3/aBaIoCh OJIOKaa0H CHHTEe3a
CEpOTOHMHA U MEMOPAHHOTO MEPEHOCUNKA CEPOTOHMHA B YMOPHOHAIBHOM MEPHOJE OHTOreHe3a OKa3bIBaeT
BIIMSTHUE HA MHOTPONHYIO (DYHKI[MIO MUOKapJa MpaBOro JKEIyAOYKa B PaHHEM IOCTHATAaJIbHOM OHTOTEHE3E,
YTO 00YCIIOBIICHO N3MEHCHUEM BPEMEHH COKpAIIECHHS B SKCIEPUMEHTANBHBIX Ipymmax. TakuM oOpa3om, pe-
aKIMS KapJHOMHUOINTOB HA CEPOTOHHMH CTAaTUCTHUYECKH BBIIIE B TPYIIE ¢ M30BITKOM CEPOTOHMHA M HMXKE B
rpynre ¢ AepUIITOM CEpOTOHIHA [0 CPABHEHHIO C KOHTPOJIBHOM IPYIIION.

Kniouesvie cnosa: cepoTOHHH, MUOKapA, SMOPHOHANEHEIH OHTOTeHE3, IIOCTHATAIBHBIN OHTOTeHE3, (IIyoKce-
THUH, Hapaxyop(eHUIaNaHuH, Kpbica, 0epeMEHHOCTb.
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