ISSN 2518-1432 (Online); ISSN 2227-4782 (Print)

doi:10.21856/j-PEP.2020.1.14

HYPOPINEALISM
AND ARTERIAL HYPERTENSION:
CHRONOBIOLOGICAL AND AGE ASPECTS’

T. Mishchenko' 2, L.. Bondarenko?

' V. N. Karazin Kharkiv National University, Kharkiv, Ukraine;
2 SI «V. Danilevsky Institute for Endocrine Pathology Problems of the NAMS of Ukraine»,
Kharkiv, Ukraine
t.mishchenko@kmu.edu.ua

It is known that age hypopinealism, i.e. de-
crease in the pineal gland functioning charac-
terised first of all by progressive melatonin de-
ficiency, develops in mammals at the downward
ontogeny stage [1, 2]. Since physiological fluc-
tuations of the pineal gland hormone synthesis
and secretion level is one of the conditions for
the coherence of the daily rhythms of the or-
gans/systems work [2, 3], it is considered that
pineal gland hypofunction plays an important
role in the pathogenesis of age-associated dis-
eases, in particular arterial hypertension (AH)
[2]. It is known that apparently healthy elderly
people have higher pineal gland melaton-form-
ing function than the ones with AH [4]. At the
same time AH is not only an old people’s dis-
ease, it is also disease of mature aged persons;
thus the phrase «AH has looked younger» is
established.

In our previous researches done on mature
rabbits with hypopinealism induced by long-
lasting (for 4—5 months) 24-hour lighting the
development of AH was established in case of
single blood pressure (BP) measuring in the
day-time. In the further chronobiological stu-
dies we have found that the long-lasting disrup-
tion of light mode leads to desynchronosis in
animals and against this AH develops accord-
ing to the type of «non-dipper» (i.e. leveling of
BP circadian rhythm) [5]. This type of AH is
specific to elderly humans with melatonin defi-
cient typical for age hypopinealism [1].

Therefore, the purpose of this study was to
take a comparative assessment of changes in
circadian rhythms of blood pressure in rabbits
of different ages (mature and old) with induced
long-lasting 24-hour lighting or age hypopi-
nealism.

* The work is done in accordance with the planned scientific theme of chronoendocrinology laboratory of State
Institution «V. Danilevsky Institute for Endocrine Pathology Problems of the NAMS of Ukraine» «To research
mechanisms of senilism in hypopinealism: chronobiological aspects» (state registration number 0113U001282).
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MATERIALS AND METHODS

The research is done on 30 male rabbits
aged 4-5 months at the beginning of the experi-
ment. The animals form three groups: Group
I — mature, Group II — old, Group III — ma-
ture with hypopinealism. The rabbits were
kept in standard vivarium conditions except
the lighting mode. Animals of groups I and
II were kept upon natural day-nigh cycle for
10 months and 3 years and a half respectively.
In rabbits of group III hypopinealism was mod-
eled by keeping the animals in conditions of
24-hour lighting (during the daylight it was
natural sunlight, in the darkness it was elect-
ric light making the illumination of 30—40 lux)
for 10 months [6].

The study of the BP daily rhythm in rabbits
1s based on systolic blood pressure (SBP) mea-
surement on the central ear artery according to
R.T. Grant and P. Rothschild’s method in our
modification [7] at four time points: morning
(7 am.—8 a.m.), day (1 p.m.—2 p.m.), evening
(7 p.m.—8 p.m.), night (1 a.m.—2 a.m.). The BP
circadian rhythm analysis was done by using
the following characteristics:

1) acrophase (maximal SBP);

2) batiphase (minimal SBP);

3) mesor (average daily blood pressure);

4) amplitude (maximal SBP displacement

relatively to the mesor);

5)the degree of blood pressure reducing

(DBPR).
BP, — BP

day night

DBPR = x 100 %

day

An incandescent lamp with the power of
100 W was used as an artificial light source.
The illumination in animals’ cages was deter-
mined with luxmeter «Yu-117». BP was evalu-
ated in the natural light during the day-time
and in the red light over the night-time due to
the fact that red light has minimal effect on
melatonin production in the pineal gland com-
pared with the other colors of the visible-light
spectrum [8].

All procedures with the animals were done
according to the European Convention for
Protection of Vertebrate Animals used for ex-
perimental and other scientific purposes.

Statistical analysis of the digital material
was done with parametric and non-parametric
methods. The verification of the data distribu-
tion according to the Gauss law was carried out
using the Shapiro-Wilk test.

The comparison of groups with the data
normal distribution was done using unpaired
Student’s t-test. The Mann-Whitney U-test was
used to analyze the data which distribution did
not correspond to the Gauss law. The one-way
analysis of variance was used for multiple com-
parisons. The results are given in the form of
(X+ 8y). The level of significance (p) was ex-
cepted as p < 0.05 for determining the diffe-
rence between groups that was statistically
significant.

RESULTS AND THEIR DISCUSSION

The features of SBP change within 24 hours
in the mature and old rabbits as well as in the
mature ones with AH induced by hypopinea-
lism, are given in Table 1.

As Table 1 shows, the mature rabbits have
a clearly marked SBP circadian rhythm caused
by the physiological BP decrease in the dark-
ness versus the morning figure.

The old animals have the BP level increase
at the different day periods, but the most ex-
pressed in the evening and at night (by 33.8
and 35.3 % compared to the corresponding
quantities in the mature rabbits) that pro-
vides levelling of the BP rhythm and gives

the reasons for classifying the AH type as
«non-dipper».

As shown in Table 1, the rabbits of the third
group have the same SBP changes as those
ones obtained in the old animals.

In other words, development of AH type
«non-dipper» was revealed in the old animals
with age hypopinealism and in the mature rab-
bits with hypopinealism induced by 24-hour
lighting.

The detailed characterization of the BP cir-
cadian variations based on the most important
parameters used in chronobiology is presented
in Table 2.
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Circadian Rhythm of Systolic Blood Pressure
in Rabbits During Different Physiological Development Periods
and in Rabbits with Hypertension Induced by Hypopinealism (mm Hg), (X+S;), n =10

Table 1

Day Time
Group of Animals
morning day evening night

I. Mature 50.6 £ 0.9 52.4+0.7 46.4 + 1.4* 45.0 £ 1.1*

IL Old 62.0+1.4 61.0+ 1.0 61.0+0.8 60.0+0.9
: pI-II < 0.001 pI-II < 0.001 pI-IT < 0.001 pI-IT < 0.001

T1I. Mature with 60.7+ 1.6 61.1+0.5 62.1+0.6 60.9 +£0.2
Py 1'W pI-ITI< 0.001 pI-IT < 0.001 pI-IT < 0.001 pI-IT < 0.001
ypopinealism pI.III>0.05 | pIl.III>0.05 | pILIII>0.05 | pII-III>0.05

Note:

*

it is p < 0.05 compared to the morning figure.

Table 2

The Main Parameters of Circadian Rhythm of Systolic Blood Pressure
in Rabbits During Different Periods of Ontogenesis and in Rabbits
with Arterial Hypertension Against Hypopinealism, (X+S;), n =10

Group of animals Acrophase, Batiphase, Amplitude, SBP drop Mesor,
roup nm mm Hg mm Hg mm Hg degree, % mm Hg
I. Mature 52&3;)0'7 42'1?;}13)'1 8.2+0.3 14.2+ 0.7 487+0.9
62.0+1.4 60.0+0.9
. . 2.5+0.2 1.6+0.3 61.2+0.4
ol pgrll?in(l)n(;g()n pI-I(?1<g}(1)t)001 pI-II < 0.001 pI-ITI < 0.001 pI-II < 0.001
62.1+0.6 60.7+ 1.6
. . . 1.8+ 0.2 0.7+0.5 61.3+0.4
IIT. Mature with (evening) (morning)
hypopinealism pI-1II < 0.001 | pI-III <0.001 f)illgf >0608 ; I;?fﬁ;fbog ; gillgf >0(')08 ;
pII-III > 0.05 | pII-III > 0.05 i ’ i ) i ’

As shown in Table 2, the SBP circadian
rhythm in the mature rabbits has the biphasic
due to achievement of BP acrophase in the af-
ternoon and batiphase at night. The absolute
indexes of the amplitude, DBPR and mesor as
well also point at the sinusoidal nature of the
SBP fluctuations in the mature rabbits within
24 hours.

The results of this study fragment coincide
with the scientific reports about the occurrence
of the SBP circadian rhythm in the mature
rabbits as well as in healthy people [9, 10]. It
is well-known that DBPR (about 10-20 %) at
night is a physiological feature of human body
[10]. Thus, it is accepted to classify this kind of
BP circadian rhythm as «dipper» type using the
results of daily BP monitoring as a diagnostic
criterion in a clinical practice [10]. Hence, the
results of the study fragment point at the fact
that SBP circadian variations in the mature

rabbits are similar to the BP daily rhythm of
«dipper» type in humans in the appropriate age
period.

Reaching old age the age-related changes
occurring in rabbits’ body are also reflected in
the change of a BP level within 24 hours. In
those rabbits the SBP mezor increase has been
found versus the value in the mature rabbits
as well as the acrophase displacement from the
day-time to the morning (Table 2).

Moreover as a result of the SBP circadian
rhythm change in the old animals the decrease
of amplitude by 3.3 times was revolved com-
pared to corresponding quantity in the mature
rabbits. The letter induces the DBPR falling at
night in those animals. The specified charac-
teristics of a SBP circadian rhythm in the rab-
bits at the descending ontogenesis stage refer
to SBP daily rhythm leveling revealed in the
mature rabbits.
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The obtained data correspond to the results
of the clinical research study that show the de-
velopment of AH «non-dipper» type described
by the insufficient DBPR at night (< 10 %) or
its deficiency in healthy people at ageing [10].
The results of clinical experimental study show
existence of the general biological mechanism
of AH pathogenesis based on the decrease of
melaton-forming function of a pineal gland [1].
The obtained data about the acrophase dis-
placement to the morning in the old animals
are representative ones taking into account the
fact that age is classified as an independent
risk factor of BP rapid increase in the early
morning time in human that, in turns, is as-
sociated with onset of cardiovascular catastro-
phes at the particular day time at the descen-
ding ontogenesis stage with untreated AH [11].

The changes of a SBP circadian rhythm in
the old animals are similar to those ones that
belong to humans in the senility and it is classi-
fied as SBP circadian rhythm «non-dipper» type.

While comparing the studied characteris-
tics of a SBP circadian rhythm in the mature
rabbits with AH induced by long-lasting hypo-
pinealism and in the old animals the difference
between them was not revealed (see table 2).
But it is to be noted that the acrophase was at
the evening and batiphase was at the morn-
ing in rabbits with AH against hypopinea-
lism when corresponding characteristics were
obtained in the afternoon and at night in the
mature rabbits. At the same time the displace-
ment only maximum of SBP to the morning
time was revealed in the old animals and prob-
ably that is a risk of cardiovascular disease
development in those animals. The feature of
the acrophase displacement to the evening in
the animals with hypopinealism probably can
also be interpreted as manifestation of risk of
cardiovascular complication development but
upon a total suppression of the pineal gland
melatonin-forming function and, consequently,

«loss» of the day time concept for a body. It is
well-known that an important property of the
circadian system is the development in body of
a «biological day» and a «biological night» cycli-
cally alternating with their transitions char-
acterized by relatively sharp hormonal, elec-
trophysiological, behavioral changes [3]. The
revealed acrophase displacement to the evening
in the rabbits with AH against hypopinealism
have an extra importance taking into account
the results of our previous studies that gave the
evidence of chronic heart failure development,
endothelial disfunction and cardiosclerosis in
those animals [12].

Thus the obtained results assume that AH
development in rabbits against untreated hy-
popinealism induced by a long-term 24-hour
lighting is connected with the leveling of SBP
circadian rhythm. Hence a long-term 24-hour
lighting should be considered as one of their
senilism risks.

In conclusion, the pathophysiological mech-
anisms of the insufficient DBPR at night time
are not completely established currently. But it
is known that pathogenesis of AH associated
with melatonin deficiency and the BP circadian
rhythm «non-dipper» type is related with the
disruption of nervous system functioning and
an excessive catecholamines production as well
as the development of insulin resistance, ac-
tivation of the renin-angiotensin system [13].
Taking into account the results of chronobio-
logical studies about the changes of adrena-
line and noradrenaline concentrations as well
as metabolic syndrome formation in mature
rabbits with hypopinealism, it is possible to
confirm that the AH development mechanism
against this background is connected with
a long-term and excessive activation of sym-
pathicoadrenal system in the same manner as
it occurs in ageing and stress (stress-age syn-
drome according to V. Frolkis) and insulin re-
sistance development [14, 15].

CONCLUSIONS

1. Hypopinealism regardless of the reasons
its formation (age-dependent or induced by
a long-lasting 24-hour lighting) causes the
development of arterial hypertension of
«non-dipper» type in rabbits.

2. The occurrence of arterial hypertension as-
sociated with hypopinealism induced with
a long-lasting light exposure during the
darkness in mature rabbits should be con-
sidered as one of their premature ageing
symptoms.
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HYPOPINEALISM AND ARTERIAL HYPERTENSION:
CHRONOBIOLOGICAL AND AGE ASPECTS
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The research is done on the mature male rabbits divided into three groups: mature animals (group I), old
animals (group II), and mature animals with hypopinealism (group III). The rabbits in the Ist and IInd group
were kept in the natural light conditions (the former ones for a period of 10 months and the latter ones for
3 years and a half). Hypopinealism was induced in rabbits (group III) by 24-hour lighting for 10 months. Blood
pressure was measured on the animals’ central ear artery four times a day (in the morning [from 07:00 a.m.
until 08:00 a.m.], in the afternoon [from 01:00 p.m. until 02:00 p.m.], in the evening [from 07:00 p.m. until
08:00 p.m.] and at night [from 01:00 a.m. until 02:00 a.m.]) every month. The blood pressure circadian rhythm
was analyzed on the basis of the quantities of acrophase, batiphase, mesor, amplitude, degree of blood pres-
sure reducing. It was revealed that the blood pressure indices in the rabbits with hypopinealism and in the old
animals were similar during the day, but the quantities exceeded corresponding values in the mature animals.
Moreover, the indices of blood pressure circadian rhythm in the rabbits with hypopinealism and in the old ani-
mals show leveling of the biphasic circadian pattern of the parameter identified in the mature rabbits. Thereby,
hypopinealism (induced by age or long-lasting 24-hour lighting) causes the development of arterial hypertension
of «non-dipper» type in the rabbits. Consequently, formation of hypertension against hypopinealism induced by
the long-lasting low-intensity light exposure during the darkness is one of the animal senilism symptoms.

Key words: hypopinealism, arterial hypertension, circadian rhythm, blood pressure.
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FMNONIHEANI3M TA APTEPIANTbHA TINMEPTEHS3IA:
XPOHOBIONOrI4HI TA BIKOBI ACNEKTW

Mimesnko T. 2, Boumapenxo JI.2
! Xapriecoruli Haylonanvhull yuisepcumem im. B.H. Kapasuna, m. Xapkis, Yipaina,
2 IV «lncmumym npobnem endoxpurnroi namonoeii im. B.A. Jlanunescokoeo HAMH Ykpainu»,
m. Xapxie, Ykpaina
t.mishchenko@kmu.edu.ua

JlocnimseHHss BUKOHAHO HA CAMILAX KPOJIA, Kl OyJM po3mojijieHl HAa Tpu rpynu: I — crareBospil,
IT — crapi, III — crareBoapini 3 rinomizeanismom. TBapus I u Il rpyn yrpumyBasiu 3a yMOBH IPUPOTHOTO
CBITJIOBOT'O peskuMYy BIIpomoB:k 10 micsairis ta 3,5 pokis, BimmoBiguo. ¥ kpoiis III rpymum momenmoBasu rimo-
HiHea 13M IIJISXOM I[1JI04000BOr0 OCBITIeHHS IpoTaroM 10 MicaiiB. ¥ TBApUH yCiX I'PYII IIOMICAILLSA YOTHPH
pasu Ha 100y: BpaHiri (07:00 roxg — 08:00 rox), Buens (13:00 rox — 14:00 rox), sBBeuepi (19:00 roxg — 20:00 rox)
ta BHOY1 (01:00 rox — 02:00 rox), BUMIpOBaJIM KPOBAHUM TUCK HA IEHTPAJbHIN apTepii Byxa. AHAJII3 0-
0OBOTO PUTMY apTeplaJbHOr0 TUCKY OYB IIPOBEJEHHWI HA OCHOBI IMOKA3HWKIB akpodasu, baridasu, mesopa,
aMILJIITYIH, 8 TAKOK CTYIEeHS 3HUKEeHHS apTepiaibHOr0 TUCKY. BCTaHORBJIEHO, 110 TIOKA3HUKHN apTepiaibHO-
ro THCKY y KPOJIiB 3 IiIomiHeaiaMOM T4 y CTAPUX TBAPMH He MATh BIIMIHHOCTEH IIPOTATOM 100U, IIPOTE
epeBUINY0Th BIJAMOBITHI BEJIUYUHHU, 3aPEECTPOBAHI y CTATEBO3PIINX TBApPUH. B pe3ysbrari mpoBeneHHS
aHaJIi3y mapaMeTrpiB JO0OOBOTO PUTMY KPOBSTHOI'O THUCKY y KPOJIIB 3 TiIIOMIIHEAJII3MOM Ta y CTAPUX TBAPUH
0yJI0 OTPUMAHO IOKA3U HiBEJIIBAHHA IBO(Aa3HOI MUPKAIHOI PUTMIYHOCTI apTepiabHOr0 THUCKY, BUABJIEHOL
y CTaTeBO3PIJAUX TBApKUH. TakuM YrHOM, TimoniHeasidM (BIKOBHM ab0 1HIYKOBAHUN TPUBAJIUM I[1JI0000BUM
OCBITJIEHHSIM) BUKJIMKAE Y KPOJIIB PO3BUTOK rimepTeH3ii 3a TumoMm «non-dipper». Bigmosinwuo, popmyBanus
aprepiayibHOI rirnepTeHaii Ha (POHI rimoiHea 13My, BUKJIUKAHOT0 TPUBAJIOKN HU3bKOIHTEHCUBHOK CBITJIOBOIO
€KCIIO3UILIeI0 B TeMHY II0PY J00H, € OQHIEI0 3 03HAK IIePeIYacHOro CTaApiHHA TBAPUH.

Kiawdyosi cimoBa: rimomiHeasiaM, aprepiajbHa IillepTeHsid, IIUPKaJHANA PUTM, apTeplaJbHUNA TUCK.

TMMNONMNHEATIU3M U APTEPUANTbHAA TUMEPTEH3UA:
XPOHOBUWOJIOTMYECKUE N BO3PACTHBIE ACMNEKTDI
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Hccienoranue BBHIMOJHEHO HA KPOJHUKAX-CAMIAX, Pa3JeJIeHHBIX HA TPHU TI'PYIIIL sKUBOTHBIX: I — II0-
snoBoapensie, II — crapsoie, 111 — mosoBospesisie ¢ runonureasnamoM. sKusorubix I u II rpymnm comepsxanu
B YCJIOBHSIX €CTECTBEHHOT0 CBETOBOTO0 peskuma B TeueHne 10 mecsiiieB u 3,5 j1eT, COOTBETCTBEHHO. Y KPOJHUKOB
IIT rpynmer MofeIMpoBaid TUIIONUHEATU3M IIyTeM KPYIJIOCYTOYHOI'0 OCBelleHus: B TedeHue 10 MecsIies.
VYV SKMBOTHBIX BCEX I'PYII €KeMeCAYHO deThipe pa3a B cyTku: yrpoMm (07:00 u — 08:00 u), nuem (13:00 v —
14:00 u), Bewepom (19:00 u — 20:00 u) u Houbm0 (01:00 v — 02:00 u), M3MepPATH KPOBSIHOE JaBJIEHHE HA IIEHT-
panbHOM aprepuu yxa. AHAJIINU3 CYTOYHOTO PUTMA apTEePHUAJIBHOTO JABJIEHUS OBbIJI IPOBeJeH Ha OCHOBA-
HUU TToOKasaresed akpodassl, 6arudassl, Me30pa, aMILIUTY/IbI, 4 TAKIKE CTEIeH! CHUMKEHUS apTepruasbHO-
ro JaBJIeHUs. YCTAHOBJIEHO, YTO IIOKA3aTEeJM apTepHasbHOr0 JaBJIEHUS Yy KPOJUKOB C THIONHHEATNU3MOM
¥ y CTApBIX JKUBOTHBIX HE UMEIOT PA3JINYUHN B Te€UEHHUE CYTOK, OJHAKO IPEBBINIAI0T COOTBETCTBYIOIIHE BEJIHU-
YUHBI, 3aPETUCTPUPOBAHHEIE V MIOJIOBO3PEJIBIX KUBOTHBIX. B X01e aHaM3a mapaMeTpoB CyTOYHOI'O0 PUTMA
KPOBSIHOT'O JABJIEHHUS] Y KPOJIMKOB C THIOMMHEAJTHU3MOM U y CTAPBIX KUBOTHBIX OBLJIH IIOJIYYEHBI JOKAa3a-
TEJIbCTBA HUBEJIHUPOBAHUSA IBYX(DA3HOU ITUPKAJTHON PUTMUYHOCTH apTEePUAJIBHOTO JABJIEHUS, BbIABICHHOMN
y TOJIOBO3PEJIBIX KUBOTHBIX. Taxmum 00pa3om, TUIIONuHeaIn3M (BO3pacTHOM JIn00 MHIAYITUPOBAHHBIN JIJIHU-
TEJIBHBIM KPYTJIOCYTOYHBIM OCBEIEHWEM) BHI3BIBAET Y KPOJIMKOB PA3BUTHE THUIEPTEH3WM M0 THUIY «Non-
dipper». CaemoBaTenbHO, GOpMUPOBAHNE aAPTEPUAIBHOM TUIIePTEH3UN HA (POHe THIONNHEeaIn3Ma, BEI3BaH-
HOT'O JIJIUTEJIbHOM HU3KOMHTEHCUBHOM CBETOBOU I9KCIIO3UIIMEN B TEMHOE BpPeMs CYTOK, SBJISIETCS OJHHUM
U3 IPU3HAKOB IIPEIKIEBPEMEHHOT0 CTAPEHUS JKUBOTHBIX.

KnmoueBsie cioBa: TUNONUHEAJIU3M, apTepUuabHAs TUIEPTEH3Us, [UPKATHBINA PUTM, apTepUab-
HOE JaBJIEHHE.
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