OpuriHaAbHI AOCAIAXKEHHS

UDC 616.22-008.1-02:616.127-002.4-099:577.175.5-06:616-001.14]-055-092.9
DOI: 10.14739/2310-1237.2020.2.212727

Sex differences in the cardiac cholinergic response
to adrenalin-induced myocardial necrosis and light desynchronosis

M. R. Khara@*ACF H_ 0. Bezkorovaina8CP, |, M. Klishch®¥, V. Ye. Pelykh(®®8

Ivan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;
E - critical revision of the article; F - final approval of the article

Key words:
Necrosis,
chronobiology
disorders,
cholinergic
receptors, vagus
nerve, sex.

Pathologia
2020; 17 (2), 142-148

*E-mail:
khara_m@ukr.net

Katouosi croBa:
HEKPO3 MiokapAa,
CBITAOBUI AECHH-
XPOHO3, YyTAUBICTb
XOAIHOpeLenTopiB,
n. vagus, ctarb.

Maronoris. 2020.
T. 17, Ne 2(49).
C.142-148

142 ISSN 2306-8027  http://pat.zsmu.edu.ua

The aim was to identify sex differences in the cardiac response to cholinergic stimuli in the development of myocardial necrosis
and light desynchronosis.

Materials and methods. Experiments were conducted in 144 albino rats (72 males, 72 females). Myocardial necrosis was
induced by adrenaline (0.5 mg/kg, intramuscularly).

The intensity of bradycardia that occurred as a response to intravenous acetylcholine injection and electrical stimulation of
vagus nerve was measured. The animals were divided into 4 groups: 1 — rats that were in a light balance (day/night); 2 —rats
exposed to light deprivation for 10 days; 3 —rats exposed to permanent lighting for 10 days; 4 — animals exposed to permanent
lighting for 10 days and injected with melatonin (5 mg/kg) intraperitoneally 1 hour before the necrosis modeling.

Results. The development of myocardial necrosis when occurring in light deprivation was characterized by an increased
responsiveness of the rat heart to cholinergic stimulation due to an increase in both cholinoreceptors sensitivity and release of
acetylcholine from the vagus nerve terminals in females, and due to only an increased cholinoreceptors sensitivity in males. The
development of myocardial necrosis in rats exposed to permanent lighting was characterized by significantly higher sensitivity
of cholinergic structures of the heart than that in light balance, especially in females. Melatonin injection in the development
of myocardial necrosis contributed to the heart cholinergic structures response to the stimulation, which was close to that
observed in conditions of light balance, though it remained somewhat higher: due to the facilitation of acetylcholine release
from vagus nerve in females, and it was combined with a higher sensitivity of cholinoreceptors in males.

Conclusions. The development of myocardial necrosis in light desynchronosis (light deprivation or permanent lighting) causes
an increased heart response to cholinergic stimulation in rats. Such effects are stronger, especially in females in conditions of
permanent lighting. The injection of melatonin in rats with myocardial necrosis and permanent lighting results in an approxi-
mation (but not restoration) of the heart sensitivity to cholinergic stimuli parameters to those that are observed in light balance.
However, the heart response to cholinergic stimulation remains higher, especially in males.

CrateBi BIAMIHHOCTI XOAIHEpriuHUX KapAiaAbHUX peaKkuii NpU PO3BUTKY
aApeHaniH-iHAYKOBaHOro HEKpo3y MioKapAa Ha TAI CBITAOBOrO A@CUHXPOHO3Y

M. P. Xapa, I. 0. beskopoBaiiHa, |. M. Kaiw, B. €. Meanx

MeTta po6oTu — BCTAHOBUTM CTaTeBi BiAMIHHOCTI pearyBaHHs Cepusi Ha XOMiHEPriYHi CTUMYNW Nif Yac Po3BUTKY HEKPO3Y
Miokapza Ha Tni CBITNOBOrO J4ECUHXPOHO3Y.

MaTtepianu Ta metogu. locnign BukoHanmu Ha 144 wypax-anbbiHocax (72 camui, 72 camuui). Hekpos miokapaa BuKnun-
Kanw BBeaeHHsM agpeHaniHy (0,5 Mr/kr BHYTpilLHbOM'S130B0). BusHayanw iHTEHCMBHICTL Gpaavkapaii, Wo BuHMKana nig
Yyac BHYTPILUHLOBEHHOTO BBEAEHHS! aLEeTUNIXOMiHY Ta enekTPUYHOI CTUMynaLii n. vagus. TBapuH NOZinunu Ha 4 rpynu:
1 — Wypw, ki nepebyBanu B yMOBaXx CBITNOBOro 6anaHcy (AeHb/Hiv); 2 — wypwu, ski 10 gHiB nepebyBanu B ymoBax CBiT-
noBoi Aenpuealii; 3 — wypw, ski 10 gHiB nepebyBany B yMOBaXx nepMaHEHTHOrO OCBITNEHHS; 4 — TBapuHW, siki 10 AHiB
nepebyBanu B yMOBax NepMaHEHTHOrO OCBITNEHHS, ane 3a 1 roguHy 40 MOAENOBaHHSA HEKPO3Y OTPUMYBanu MeNaToHIH
(5 Mr/Kkr BHYTPILLHLOYEPEBHO).

Pesynkratu. [ig Yac po3suTky Hekpo3y Miokapaa Ha Tni CBITNOBOI AenpyBaLlii peakLis cepus LLypiB Ha XONiHEPriYHi BNAMBK
36iMbLUyBanacs: B cCaMyLb — 3aBAsKY 30iNbLUEHHIO YYTIMBOCTI XONIHOPELENTOpPIB i BUBIMbHEHHS GinbLUOI KiNbKOCTI aLeTun-
XOMiHy 3 3aKiH4eHb N. vagus, a B CaMLyiB — Tirlbku BHACTIZOK 36iNbLUEHHS YyTNMBOCTI XoniHOpeLenTopiB. PO3BUTOK HEKPO3Y
miokapda B yMOBaX NepMaHEHTHOrO OCBITNIEHHS XapaKTepu3yBaBCs CYTTEBILLOIO, HiX 3a CBITNOBOro GanaHcy, YyTnuBiCTio
XOMiHepriYyHMX CTPYKTYp cepus, 0CoBIMBO B CaMuLib. 3aCTOCYBaHHA MENATOHIHY CPUSIO TOMY, LLO NPU PO3BUTKY HEKPO3Y
Miokapaa peakList XoniHepriYyHUx CTPYKTYp CepLsi Ha CTUMyNsLil0 Habnvkanacs [O 3apeecTpoBaHoi B yMOBaX CBITIIOBOMO
HanaHcy, xo4a 7 3anuiianacs geLo BinbLLUot: y camuLb — YHACMAOK NOMEreHoro BUBINIbHEHHS aLeTUXOriHy 3 n. vagus,
a B camujiB noegHyBanacs 3 BinbLUO YyTNMBICTIO XONiHOPeLEeNTopIB.

BucHoBku. Po3BUTOK HEKPO3Y Miokapaa Ha Thi CBITIOBOTO AECMHXPOHO3Y (CBITNOBa AenpuBaLis Yy nepMaHeHTHe OCBIT-
NEHHS) BUKIUKAE NOCUNEHHS pearyBaHHs CepLis LB Ha XOMiHepriYHy cTumynsadito. CyTTeBilLUMMU Taki epeKTn € B yMOBax
NEePMaHEHTHOTO OCBITNEHHS!, 0COBINMBO B CaMLb. 3aCTOCYBaHHS MEMaTOHiHy Nif Yac MOAENOBaHHSA HEKPO3y Miokapaa Ha
TNi NEPMaHEHTHOTO OCBITINEHHS 3abe3nevye HabnkeHHs (ane He BiQHOBNEHHS) NapaMeTpIB, WO XapaKTepuaytoTb YyTnu-
BICTb CepLst 4O XOMiHepriYHnX CTUMYIiB, 1O 3apeECTPOBaHMX B yMOBaX CBITNOBOro 6anaHcy. Peakuisi cepus Ha XoniHepriyHy
CTUMYMALI 3aNULIAETbCS AeLLO BinbLUIO, 0COBNMBO B camLiB.
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MonoBble OTAMUMA XOAUHEPTUUECKUX KapAUaAbHbIX peaKu.uv'l npu pa3BUTUHU
aApeHaAMH-MHAYLMPOBAHHOIO HEKPO3a MUoKapAa Ha ¢poHe CBETOBOro AeCMHXPOHO3a

M. P. Xapa, I. A. beskoposaiHas, U. H. Kauww, B. E. Mebix

Lenb paGOTbI —YCTaHOBUTb MOMOBbIE OTNNYNA pearnpoBaHNA cepala Ha XonuHeprn4eckue CTUmMyInbl Npyn pasBnuTUK HEKPO3a
Murokapaa Ha hoHe CBETOBOTO JECUHXPOHO3a.

Matepuanb! u metoabl. OnbiTbl NpoBenu Ha 144 kpbicax-anbbuHocax (72 camua, 72 camku). Hekpos Muokapaa Bbi3biBa-
nv BBeaeHueM agpeHanuHa (0,5 Mr/kr BHYTpUMbILWEYHO). Onpeaensnm WHTEeHCUBHOCTL Gpagukapauy Npu BHYTPUBEHHOM
BBEAEHUM aLETUNXOMNMHA W SNEKTPUYECKO CTUMYNALMK N. vagus. XXMBOTHbIX NoAenunn Ha 4 rpynnbl: 1 — KpbIChl, KOTOpbIE
HaxoaunmMch B YCIOBUSIX CBETOBOO BanaHca (4eHb/Houb); 2 — KpbIChl, KoTopble 10 AHEN HaXOAMIUCE B YCIOBUSIX CBETOBOM
Aenpueaumm; 3 — Kpbickl, KoTopble 10 AHeV HaXOAWUIUCH B YCMOBUSX NEPMAHEHTHOTO OCBELLEeHWS; 4 — KpbiCbl, KoTopble 10
[Hel HaXoAMNUCh B YCIOBUSX MEPMaAHEHTHOIO OCBELLEHNS, HO 3a 1 Yac 40 MOAENMPOBaHUS HEKPO3a Noyyany MenaToHuH
(5 Mr/Kr BHYTPMOPIOLLMHHO).

Pesynkratbl. [py passuTv Hekpo3a MUOKapAa Ha poHe CBETOBOI AEMPUBALIMU PeaKLyst cepaLa KpbiC Ha XOnuHepriye-
CKYI0 CTUMYTISILMIO YBENWNYMBANACh: Y CAMOK — 3a CHET YBENUYEHNS YyBCTBUTENBHOCTY XONMHOPELIENTOPOB 1 0CBOBOXAEHMS
OOonbLLEro KonmyecTsa aleTunxonnHa 13 n. vagus, a y caMLOB — TOIMbKO 3a CHET yBenn4eHus 4yBCTBUTEITbHOCTI XONNHOpe-
LienTopoB. Pa3BuThe Hekpo3a MUOKapaa B YCHOBUSIX MEPMAHEHTHOMO OCBELLIEHMSI XapaKTepu3oBanoch Gonee CyLecTBeH-
HOI, YeM Npy CBETOBOM BarnaHce, YyBCTBUTENBHOCTBIO XONMHEPTUYECKUX CTPYKTYP CepALia K (hyHKLMOHAMBHBIM BIMSIHUAM,
0COBEHHO Y CamoK.

Mcnonb3oBaHne MenaToHHa cnocobCTBOBArO TOMY, YTO MPY Pa3BUTUN HEKPO3a MUOKapAa PEaKLMS XONMHEPTNYECKUX CTPYKTYP
cepaua npubnmxanack K nokasatensm, 3aperucTpupoBaHHbIM Npu CBETOBOM GanaHce, XOoTs OHU OCTaBanuch GOMbLUMMK:
y CaMOK — 3a CYET 0CBOBOXEHS GOMNbLIETO KONMYECTBA aLETUIXOMNMHA 13 OKOHYaHWIA N. vagus, a y cCamLIOB coyeTarach ¢
GonbLUEN YyBCTBATENBHOCTHHO XONMMHOPELLENTOPOB.

BbiBoAbI. Pa3BuTiie Hekposa Muokapaa Ha (hoHe CBETOBOTO [JECUHXPOHO3a (CBETOBast AeNpMBaLIMS U NepMaHeHTHoe
0CBelleHNe) BbI3bIBAET YCUNEHWE peakumu cepalia KpbiC Ha XONMHEePruyeckylo CTUMynsaumMo. bonee CyLecTBeHHbIMM
Takve apeKTbl 3aPErMCTPUPOBaHbI B YCIOBUSIX NEPMaHEHTHOTO OCBELLEHMS!, 0COBEHHO Y camok. crnonb3oBaHue Mena-
TOHWHa NMPY MOAENMPOBAHNN HEKPO3a MMOKapaa Ha (hOHE NePMaHEHTHOrO OCBELLEHIUS CMOCOGCTBYET NPUBAMKEHNIO (HO
He BOCCTAHOBIEHWIO) NapaMeTPOB, KOTOpble OTOBpPAaXalT YyBCTBUTENBHOCTb CepAaLa K XONMMHEPTMYeckon CTUMYNSLMM
B YCIIOBMSIX CBETOBOTO GanaHca. Peakums cepaua Ha XONMMHEPTMYeckyto CTUMYNALMIO OCTaeTcs Goree CyLLECTBEHHOM,

0Cc06eHHO Yy CamUOB.

The prevalence of cardiovascular diseases in the list of
high mortality causes is the main characteristic nowa-
days [1-3]. Stress takes the lead among the risk factors
for coronary heart disease and myocardial infarction.
Pineal gland dysfunction and abnormal circadian rhythm
are worthy of being noted among the causes of stress
[4]. Light desynchronosis occurs in shiftwork, jetlag and
prolonged computer work. All above mentioned causes
a significant exertion of stress adaptation mechanisms,
their rapid exertion and cardiovascular system dysfunction
in impaired light regime [5,6].

Effective body adaptation to stress is possible due to
the pineal gland hormone melatonin which is synthesized
mainly during nighttime sleep. There is a good deal of
evidence that melatonin reduces the effects of stress. It
has been shown that melatonin desensitizes adrenergic
receptors, reduces free radical oxidation due to anti-
oxidant properties and ability to stabilize mitochondrial
membranes, and enhances the realization of cholinergic
effects at the central and peripheral levels, providing
cardioprotection against stress, hypercatecholaminemia,
ischemia/hypoxia [7-11].

It is also known that the incidence of cardiovascular
pathology in light desynchronosis depends on the sex and
occurs more frequently in men [12]. All these facts indicate
the relevance of research studies aimed at analyzing
the effect of light balance disorders on cardiovascular
diseases development and sex-specific aspects of this
issue. This will foster the development of not only cardi-
ology, but also gender medicine.
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Aim
The aim was to identify sex differences of the cardiac

response to cholinergic stimuli in the development of
myocardial necrosis and light desynchronosis.

Materials and methods

Experiments were conducted in 144 albino rats (72 males,
72 females) weighing 220-290 g, which were on a stan-
dard ration in vivarium conditions. Animals were divided
into 4 groups: 1 — rats that were in a light balance (day/
night); 2 — rats exposed to light deprivation for 10 days;
3 — rats exposed to permanent lighting for 10 days;
4 — animals exposed to permanent lighting for 10 days
and injected with melatonin (a single dose of 5 mg/kg)
intraperitoneally 1 hour before the myocardial necrosis
(MN) modeling [7].

Light balance model: the animals were housed on
day/night cycles for 10 days; cycle “Day” consisted of a
12-hour (from 7.00 to 19.00) 500 lux light, cycle “Night”
lasted 12 hours (from 19.00 to 7.00) at 0.5-1.0 lux light.
Model of light deprivation: animals were left in 0.5-
1.0 lux light for 10 days. Permanent lighting model: ani-
mals were exposed to 500 lux light for 10 days. On the 11
day, adrenaline-induced myocardial necrosis was mod-
eled by adrenaline intramuscular injection (0.5 mg/kg).

The basic studies were performed 1 and 24 hours
after injection, including standard lead Il ECG registra-
tion using the Cardiolab-SE computer complex (Kharkiv,
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Table 1. Indicators of the rat heart response to cholinergic stimulation in
the development of myocardial necrosis in light balance, M £ m

mm Control,n =6 MN 1 hour, n =6 MN 24 hours, n = 6

3
9
BIACh (g\
Q
BD,, (sec) 1<)
?

6.85 £0.312 6.89 +0.232 7.49+0.35
8.25+0.452 8.90 £ 0.36% 6.68 + 0.40'
3.94+£0.35 3.88 £0.30 3.96 + 0.26
3.94 +£0.42 3.52+0.38 4.64+0.38
18.8 £ 1.02 16.4+13 17.9+1.2
25.7 £0.9 16.3+0.7' 17.8 £ 0.8

*: significance of the differences in comparison with the control, P < 0.05; 2 significance of
the differences between sexes, P < 0.05.

Table 2. Indicators of the rat heart response to cholinergic stimulation during
the development of myocardial necrosis in light deprivation, M + m

mm Control, n =6 MN 1 hour, n =6 MN 24 hours, n = 6

3
?
BIACh 5
f;/
BD,, (sec) 3
?

6.87 +0.21° 6,08 £0.29° 6.94 +0.24°
12.03 £ 0.30%° 10.49 £0.37'23 8.20 £ 0.22'23
8.21+0.33 5.82+0.27'2 6.01+0.35'2
7.88 +0.382 6.19+0.21"2 5.16 £ 0.25'
12.9+£0.7%° 14.4+£1.3° 13.5+£1.2°
246+ 1.7° 20.7 £1.3%° 202+ 1.12°

*: significance of the differences in comparison with the control, P < 0.05; 2 significance of
the differences in comparison with group 1, P < 0.05; *: significance of the differences between

sexes, P <0.05.

Ukraine). The cardiac response to exogenous acetyl-
choline (ACh) injected into the jugular vein (50 mg/kg to
a maximum of 0.1 ml/100 g of animal body weight) was
evaluated by bradycardia intensity (B, , ) and bradycardia

duration (BD,,,). Bl,,, was calculated by the formula:

Bl,., = (R-R)max / (R-R)m (1)

The value of (R-R)m was equal to the arithmetic
mean of the (R-R) intervals recorded on the ECG before
the ACh injection; the value of (R—R)max was equal to
the maximum (R-R) value after the ACh injection.

This indicator reflects the sensitivity of cholinore-
ceptors in the sinus node. BD, , is the period between
the onset and termination of a negative chronotropic effect
(expressed in seconds), reflecting the duration of func-
tional desensitization of cholinoreceptors. Heart response
to electrical stimulation of the right peripheral segment of
vagus nerve was estimated by bradycardia intensity (BI ).

Electrical stimulation was performed using an ELS-2
(electrical laboratory stimulator). Operation parameters
of the device: electrical impulse duration — 1 ms, impulse
delay — 1 ms, impulse amplitude — 2 V, impulse frequen-
¢y — 50 Hz. The peripheral segment of the nerve was
isolated at the level of the lower cartilage of the larynx
and placed on copper electrodes (a pole separation was
4 mm). The nerve was stimulated for 60 seconds. Bl
was calculated by the formula (1), but the value of (R-R)
mwas equal to the arithmetic mean of the (R-R) intervals
recorded on the ECG before electrical stimulation of vagus
nerve; (R—R) max — maximum value (R-R) during vagus
nerve stimulation.

This parameter reflects ACh content in the presynap-
tic vagus nerve terminals. Experiments studying the heart
response to cholinergic stimulation were carried out in
anesthetized animals (thiopental sodium, 40 mg/kg,
intraperitoneally).
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The experiments on heart response to electrical
stimulation were carried out in anesthetized animals
(thiopental sodium 40 mg/kg of animal body weight, in-
traperitoneally) and followed the National “General Ethical
Principles of Animal Experiments” (Ukraine, 2001) in ac-
cordance with the 2010/63EU Directive of the European
Parliament and of the Council of September 22, 2010
on the protection of animals used for scientific purposes
[13]. The experiments were conducted on the basis of
the Central Research Laboratory (CRL) of the Ternopil Na-
tional Medical University. All devices used for study were
certified and had undergone annual metrological control
(certificate of technical competence No. 001/18 dated
September 26, 2018, valid until September 26, 2023).

Statistical processing was performed using a table
processor Microsoft Excel 2016 (Microsoft Corp., USA).
For all the parameters, the arithmetic mean (M), its dis-
persion and mean error (m) were calculated. To determine
the significance of differences between the study results
in the experimental groups of animals, the Student’s
coefficient (t) was calculated, after that, the significance
of the differences between the samples (p) and the con-
fidence interval of the mean according to the Student’s
t-distribution tables were calculated. P, values < 0.05
were considered statistically significant (program BioStat,
AnalystSoft Inc., version 6) [14].

Results

Analysis of the animal data obtained in group 1 showed
that male Bl did not change in MN development and
light balance (Table 1).

Female B, decreased by 24 % within 24 h of MN.
Neither male nor female Bl, ., changed in the development
of MN. BD, ., was changed only in females, it represented
a 58 % decrease (within 1 h of MN) and 44 % (within
24 h of MN) in comparison to the control. Sex-specific
analysis showed that the value of Bl was significantly
lower in the control and within 1 h of MN in males than in
females, by 20 % and 29 %, respectively, but there was no
significant difference between males and females within
24 h of MN. Males and females of group 1 did not differ
in Bl,. BD,, in males was less than in females only in
the control (by 37 %), but not in MN.

An analysis of the indicators in animal group 2 showed
that the development of MN in light deprivation in males
did not cause a significant change in Bl (Table 2).

B, was decreased by 41 % (within 1 h of MN) and
37 % (within 24 h of MN). The indicator of BD, ., was not
changed. Female Bl was 15 % and 48 % decreased
within 1 h and 24 h of MN, respectively, as compared to
the control. Female BI, ., of group 2 was 27 % and 53 %
decreased within 1 h and 24 h of MN, respectively. There
were no significant changes in BD, ., . Sex-specific analy-
sis of group 1 indicators showed that male Bl | was lower
than that in females, in particular, by 75 % in the control,
by 73 % (within 1 h of MN) and by 17 % (within 24 h of
MN). Areduction in the difference was due to this indicator
changes only in females. There was no sex difference in
Bl,,- Male BD,, was less than that in females of group
2, by 91 % — in the control, by 44 % (within 1 h of MN),
by 50 % (within 24 h of MN).
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A comparative analysis of the light deprivation influ-
ence on the studied parameters between the indicators of
group 1 and group 2 showed the following. There was no
difference in the male cohort with regard to Bl . Bl,, in
males of group 2 was higher than that in animal group 1,
2.1times in the control, 1.5 times within 1 hof MN, 1.5 times
within 24 h of MN. BD, , was 46 % (P < 0.05) less only in
the control and did not differ in MN development between
male indicators of both groups. In females of group 2, Bl
was 46 % higher in the controls, 18 % — within 1 h of MN,
22 % — within 24 h of MN; BI, . was 2.0 times higher in
the controls, 1.8 times —within 1 h of MN; BD, ., was higher
by 27 % within 1 h of MN and by 13 % within 24 h of MN.

The results of analysis between indicators in animal
group 3 revealed (Table 3) that male Bl was 1.9 times
and 5.2 times decreased within 1 h and 24 h of MN, re-
spectively; Bl, ., was 1.5 times and 2.6 times increased
within 1 h and 24 h of MN, respectively; BD, ., was also
1.5 times and 2.0 times increased within 1 h and 24 h of
MN, respectively.

In females, Bl was 1.7 times increased within 1 h
of MN, but it was 12.1 times decreased within 24 h of
MN; BI,, was 10.3 times decreased within 1 h of MN,
and it was 1.8 times less than in the control within 24 h;
BD,., was also less than in the control, in particular,
by 4.2 times and 1.5 times within 1 h and 24 h of MN,
respectively. Sex-specific analysis of group 2 indicators
showed that Bl in males was less than in females only
in the control and within 1 h of MN, by 2.4 times and 7.6
times, respectively. Male Bl,, in the control were 8.0
times less than in females, 2.0 times within 1 h of MN
and 1.7 times within 24 h of MN. BD, ., in males was 3.6
times less than in the control females, it was 1.8 times
higher within 1 h of MN and 17 % less within 24 h of MN
as compared to females.

Comparison of indicators between animal group 3 and
group 1 showed that male Bl in group 3 was higher than
that in group 1, in particular, by 6.2 times in the controls
and by 3.2 times within 1 h of MN. BI, , was decreased
in the control and within 1 h of MN by 2.1 times and 32 %,
respectively, and 28 % increased within 24 h of MN. BD, .,
was 1.9 times less than in the control. Female Bl in
group 3 was higher than that in group 1, in particular, by
12.2 times in the control, by 18.7 times within 1 h of MN,
by 24 % within 24 h of MN. Control Bl, , was 3.9 times
higher than the compared value, Bl, ., was 2.4 times lower
within 1 h of MN and 1.8 times higher within 24 h. BD,
was 39 % higher in the control, 1.9 times lower within 1 h
of MN and 30 % higher within 24 h of MN.

Analysis of indicators in the animal group 4 showed
(Table 4) that male Bl in MN was increased, in particu-
lar, by 1.5 times within 1 h of MN and by 3.0 times within
24 h of MN.

Bl,., was 2.3 times increased within 1 h of MN, but
this indicator did not differ from the control within 24 h of
MN. BD,, in this model was not changed. Female BI
was 21 % decreased within 1 h of MN, and 28 % higher
within 24 h of MN than in the control. Bl,, was 37 %
and 3.3 times decreased within 1 h and 24 h of MN.
BD,,, was not changed. Sex-specific analysis of group 4
indicators revealed that control Bl  was 1.8 times less in
males than that in females, there was no sex difference
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Table 3. Indicators of the rat heart response to cholinergic stimulation
in the development of myocardial necrosis in permanent lighting, M £ m

mm Contro, =6 MN 1 hour n=6__|WN 24 hours,n =6

J 42182272 21.86 + 1.60'%2

Q 100.72+4.522 166.36 + 5.76 192
Bl d 1910082 2.95+0.17123

O 15.30+045% 1.48 £0.10'2°
BD,,(sec) &  9.9:05% 15.0£ 1.7

O 358£1.82 8.5+ 0.4122

8,11 £ 0,30
8,31+£0,33'2
5.056+0.15'23
8.36 £ 0.35'23
19.9+1.2'3
23.2+1.72°

% significance of the differences in comparison with the control, P < 0.05; 2 significance
of the differences in comparison with group 1, P < 0.05; *: significance of the differences between

sexes, P <0.05.

Table 4. Indicators of the rat heart response to cholinergic stimulation

in the development of myocardial necrosis and permanent lighting with melatonin

correction, M+ m

MM Contro, =6 WN 1 hour n=6__|WN 24 hours, n =6

3 5.99 £ 0.26° 9.07 +0.3312

Q  10.69 £ 0.39% 8.82 +0.33"
Blycy d 5100292 11.79 +0.49123

Q  6.80+0.35% 4.95+0.28'2
BD,, (sec) 4 17423 14.7£2.1

Q  212%17 18.3£1.6

18.23 £0.91'32
13.70 £ 0.62'32
5.00+0.27°
2.07 £0.11123
142123
21.3+3.0

% significance of the differences in comparison with the control, P < 0.05; 2 significance of
the differences in comparison with group 1, P < 0.05; : significance of the differences between

sexes, P <0.05.

within 1 h of MN, and this indicator was 33 % higher in
males than that in females within 24 h of MN. Male BI, .,
in similar conditions was 33 % less in the control than
that in females, but it was 2.4 times and 1.9 times higher
within 1 h and 24 h of MN, respectively. BD, ,, did differ
significantly between males and females.

Comparison of the animal indices between group 4
and 1 indicated no difference in control Bl between males
of group 4 and group 1. However, in MN development,
male Bl value in group 4 was significantly higher, by
32 % and by 2.4 times within 1 h and 24 h, respectively. A
similar comparison demonstrated that B, , was 29 % and
3.0 times higher in the control and within 1 h of MN de-
velopment, respectively. BD, . did not differ in the groups
compared. In females of group 4, Bl was 30 % higher
in the control, there was no significant difference within
1 hof MN, and it was 2.1 times higher within 24 h of MN
than the value compared. Female Bl in group 4 was
73 % and 41 % higher in the control and within 1 h of
MN, respectively, than in group 1, and it was 2.2 times
lower within 24 h of MN. The indices of BD, ., did not differ
between comparison groups.

Discussion

The results obtained in our studies demonstrated a light
desynchronosis influence on the cholinergic heart struc-
tures functional state regardless of the variant of lighting
regime violation (light deprivation or permanent lighting).
A10-day stay in the dark caused a significant increase in
the sensitivity of cholinoreceptors in the sinoatrial node,
which was confirmed by an increase in BI, ., after ACh
injection into the jugular vein. In males, this effect was
impeded by a shortening of the functional desensitization

period (decrease in BD, ). In contrast, the increase in
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BD,., indicated a longer desensitization and a higher
baseline functional activity of cholinoreceptors in the si-
noatrial node in females. In this context, the development
of MN was characterized by the greater sensitivity of
the heart to exogenous ACh than in the light balance.
It was confirmed by the greater values of Bl,,. Such
changes were more significant in females. Simultaneous
increase in BD, ,, was indicative of the increase in time
of functional desensitization, which also allows for longer
duration of bradycardia and depends on the rate of ACh
release from the synaptic cleft depending on an acetyl-
cholinesterase influence.

The study of the animal heart response to the elec-
trical stimulation of vagus nerve in MN development and
light balance showed the pattern which was observed by
other authors in the studies using adrenaline to induce
MN [7]. Such data consistency validated the correctness
of experimental conditions and optimal dose of adrena-
line. Cardiotoxic effect of adrenaline has been confirmed
biochemically [15]. Interestingly, 10-day light deprivation
did not affect the rate of Bl in males, but contributed
to its increase in females. The last fact was predicted
by us, given that the development of MN causes more
significant changes in the female activity of the heart cho-
linergic structures than in male [7,16,17]. The absence of
changes in male B, which value reflects the ACh content
in the presynaptic vagus nerve terminals, may indicate
either a lower melatonin mediation of the resynthesis and
accumulation of a neurotransmitter in the presynaptic
compartment, or its smaller amount in the body. It is known
that in vertebrates, the hormone is mainly synthesized
in darkness [18], therefore we rather tend to think that
melatonin synthesis was less in males than in females
as a result of 10-day complete darkness.

The permanent lighting model yielded interesting
and unpredictable results. The desynchronosis modeled
in this way resulted in dramatically increased value of
IB,,, in particular by 6.2 times in males and by 12.2 times
in females, indicating a significant accumulation of ACh
in the presynaptic compartment. This fact can be ex-
plained in view of the autonomic nervous system role in
the chronotropic heart function maintenance. It is known
that the absence of darkness, which is the main condition
for the realization of the pineal gland circadian activity, is
a severe stress, a cause of sleep onset insomnia [5], a
factor of coronary heart disease and arterial hypertension
progression due to a high sympathoadrenal activity [11].
In this case, the phenomenon of “enhanced antagonism”
of the vagus nerve may be triggered in conditions of de-
layed inactivation of norepinephrine. That is, the higher
the adrenergic activity, the more significant is the heart
response to vagus nerve stimulation, and this effect is
attenuated largely by beta-adrenoceptors blockade [20].
Interestingly, in our experiment at the same time, female
sensitivity of cholinoreceptors (Bl, ) and duration of
functional desensitization were increased. This idea is
evidenced by the fact that, in our study, the female value
of Bl continued to increase within 1 h of MN, which is
a period of hyperadrenalinemia, despite the significantly
decreased cholinoreceptor sensitivity (BI, ) and the sig-
nificantly reduced time of functional desensitization. It
is unlikely that accumulation of a large amount of ACh
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in the vagus nerve presynaptic department alone could
explain such effect in the conditions of 10-day permanent
lightning, since a long-term absence of darkness and
normal sleep would have depleted the depot of ACh to
impede constantly high adrenergic activity. In this case,
the role of intestinal natriuretic peptide may be considered
as a non-cholinergic component capable of mediating
the effects of vagus nerve [20], or nitrogen monoxide
appears to be involved, the role of which in cholinergic
effects mediation is more significant in females [21]. There
is evidence of greater involvement of nitrogen monoxide
in mediating the heart cholinergic effects in females [22].
Unlike females, males presented the decrease in Bl
while cholinoreceptor sensitivity (B, ) and the time of
functional desensitization (BD, ) increasing within 1 h of
MN development in the permanent lightning, which could
be the result of faster synergistic desensitization [20] and
was evidenced by a continuation of this trend within 24 h
of MN (worsening of damage signs) in animals of both
sexes. Generally, males and females demonstrated oppo-
site reactions in conditions of hyperadrenalinemia, which
indirectly reflects not only different levels of melatonin
deficiency, but also different patterns of cardiovascular
system adaptation in pathological conditions.

Based on the data obtained, to confirm the pineal
hormone deficiency in conditions of permanent lightning
and for cardioprotection, exogenous melatonin was used
in animal group 4. It is known that the maximum level of
hormone in the mediobasal hypothalamus, striatum and
neocortex occurs in an hour after its parenteral injection,
and a sufficiently high level is maintained in blood plasma
for 3—4 hours. The positive effect of melatonin has been
established in the treatment of patients with myocardial
infarction, after angioplasty to prevent reperfusion injury
[23,24]. The results obtained have confirmed a melatonin
deficiency in conditions of permanent lightning in ani-
mals as all the indicators reflecting the heart response
to cholinergic stimulation differed from those in animal
group 3. The comparison of absolute values showed a
tendency to approximation (but not restoration) of all
the cholinoreceptor state parameters characterizing
the light balance. In our opinion, exogenous melatonin
served as an anti-stress factor that reduced the adrener-
gic reactivity and effect of “enhanced antagonism” [19].
In the development of MN, the dynamics of Bl , B,
and BD, ., were different from those in animal group 1.
That is, in our study, exogenous melatonin most likely
displayed a regulatory function that is realized involving
two mechanisms — cAMP and cGMP-PKG (protein ki-
nase G) — dependent pathways [8]. The final effect was
indicative of not only the more balanced heart response
to cholinergic stimuli, but also the decrease in adreno-
reactivity, which was confirmed by the more significant
dynamics of indicators in males of group 4 as well as
data from previous studies, which had demonstrated
the higher myocardial irritability related to the damaging
effect of adrenaline in males [15].

Conclusions

1. 10-day light deprivation increases the response
of rat heart to cholinergic effects maintaining such state
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in conditions of adrenaline-induced myocardial necrosis,
and is realized by increased cholinoreceptor sensitivity
and acetylcholine accumulation in the vagus nerve pre-
synaptic department in females and only by increased
cholinoreceptor sensitivity in males.

2. 10-day permanent lightning (500 lux) causes
the substantial increase in the heart response to choliner-
gic stimulation. The more intensive response of the female
heart to vagus nerve stimulation, compared with male, is
caused by the increased release of acetylcholine from
the presynaptic compartment with simultaneous increase
in the cholinoreceptor sensitivity, in contrast to decreased
male cholinoreceptor sensitivity. The development of
adrenaline-induced myocardial necrosis in females is
characterized by greater sensitivity of the heart choliner-
gic structures to functional influences compared to light
balance conditions and male response.

3. Melatonin (5 mg/kg) reduces the heart response
to cholinergic stimulation in conditions of perma-
nent lightning, results in the approximation (but not
restoration) of the intensity of the heart response to
cholinergic stimuli, which is characteristic of light ba-
lance conditions. At the same time, the sensitivity of
cholinoreceptors is greater than in conditions of light
balance, especially in females. The development of
adrenaline-induced myocardial necrosis in this case is
characterized by greater heart response to stimulation
of vagus nerve than in light balance regardless of sex,
and is combined with greater cholinoreceptor sensitivity in
males.

The prospect of further research includes detecting
the sex differences in melatonin metabolism (endoge-
nous and exogenous) in adrenaline-induced myocardial
necrosis and light desynchronosis, which is relevant to
the gender pharmacology development.
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