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XAPAKTEPUCTUKA E®EKTIB MEJIATOHIHY TA EIIITAJIOHY HA CTAH I'EHA C-FOS Y
HEWPOCEKPETOPHUX SIJIPAX I'IIOTAJIAMYCA CTPECOBAHHUX CBITJIOM IIIYPIB

Pe3tome. JlocmipkeHO BIUIMB MEJIATOHIHY 1 CHHTETUYHOTO O10pETyiIsaTopa eHiTajJoHy 3 METOI0 KOPEeKLii
CTpec-IHOYKOBaHMX 3MiH aKTUBHOCTI reHa "HaapaHHboOI BiamoBini" c-fos B JaTepasbHUX BEIMKOKIITHH-
HUX cyOsiIpax mapaBeHTpUKY IsipHOTo siapa (nBI1BS) rinoranamyca nypis y pi3Hi IpoMiXKKY 100U (yAEHB
i BHoui). Excripecist mpoaykTy 1poro reHa — Oinka c-Fos — y TBapuH, SIKUX YTPUMYBAIH 38 HOPMaJIbHUX
YMOB YepryBaHHS OCBITJCHHS 1 TEMpsBHU, JEMOHCTpYBaja YiTKUN LUpPKaZiaHHUHN Xapakrep (3 OLIbLIINM
piBHEM yzieHb). 3a YMOB CBITJIOBOTO CTpeCy ACHHHI NMOKAa3HUK iHAeKcy BMicTy c-Fos y nBIIBS TBapun Ha
33,0 % Hkuunii, a HIYHUA HAOMM>KaBCs 0 KOHTPONbHUX BenuuuH. [H'exuii menaroniny (0,5 Mr/kr) crpe-
COBAaHHM CBITJIOM TBapuHaM Bimnzepkamincs o 14.00 rog miaBHUIEHHSIM iHAEKCY BMIcTy Oinka c-Fos y
nBl1BS maif>ke BABiUi MOPIBHSHO 3 AAHUMH E€KCIIEPUMEHTY HA CTPECOBAHUX LIypax 0e3 BBEICHHS rOPMO-
HY, a TAKO)X HOpMaJi3aLi€lo HMpKadiaHHOI AMHAMIKH eKcTipecii gocimKyBaHoro rena. [Ipu 3acrocyBanHi
TeTpanentury emitanony (0,5 MKI/Kr) BUSBIECHO 301IbLICHHS 1HAEKCY KOHIEHTpalii 6ika c-Fos y cTpyk-
Typi BHOYI BITHOCHO O0COOHH 3 emni)i3apHOIO rinopyHKIi€0 0e3 NpOoBEIeHHS eKCIIEpUMEHTAIBHOI Tepartii

emiTaJOHOM. YIeHb Takoro eeKTy mpemnapary He 3adiKcoBaHO.
Konrouosi cioBa: c-fos, mapaBeHTpUKYISIpHI sLIpa, CTPEC, MENAaTOHIH, €MiTaJIoH.

A study of the place and role of the neuroendocrine
structures in the central mechanisms of the circadi-
an rhythms is one of the pressing issues of modern
chronophysiology [1, 2]. Changes of the duration
of the principal photoperiod, as a stress factor,
desynchronize the rhythms of the somatic and vis-
ceral functions, as well as the coordination and
modulation of the organism's adaptation mecha-
nisms to the effect of different factors [3, 4].

The paraventricular nuclei (PVN) of the hypo-
thalamus are involved in a neuroendocrine res-
ponse, in the first place in case of stress reactions,
they are a vegetative centre of coordinating the
functions and are made up of a number of neuronal
populations — subnuclei that vary by structural —
functional specific characteristics and the character
of neuronal correlations with different portions of
the nervous and neuroendocrine systems [5].

While studying stress reactions and the action

of stress-limited factors (specifically, melatonin), it
is significant to investigate the indicated subpopu-
lations of neurons of the hypothalamic PVN which
synthesize the stress-releasing hormones that initi-
ate stressor reactions of the organism [6]. One of
the basic peptides, exerting an effect in the regula-
tion of the ACTH secretion is vasopressin (VP).
The VP — immunoreactive marker is revealed
mainly in the lateral macrocellular subnucleus (Im
PVN) [7]. It is of interest to ascertain the effect of
the light stressor on the state of the mentioned sub-
nuclei of the hypothalamic PVN. It is important at
that to study changes of the expression of the gene
of a pre-early response of c-fos in the structure as
well as to analyze possibilities of enhancing the
adaptation of the neurosecretory cells to the dam-
aging action of the stressor.

An epiphysial tetrapeptide — epithalon has
been designed and synthesized on the basis of an
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analysis of the findings, dealing with the amino-
acid composition of the pineal peptides at St-Pe-
tersburg Institute of Bioregulation and Geronto-
logy. Preliminary studies have demonstrated that it
prosesses an oncostatic, antioxidant and heropro-
tective action [8]. There is no information, as to the
effects of epithalon in relation to the expression of
the c-fos gene during a prolonged exposure to light.

The object of the research: to ascertain the
effect of permanent lighting (a light stressor) on the
condition of the c-fos gene in the lateral macrocel-
lular subnuclei of the hypothalamic PVN of rats
during different periods of a 24-hour period; to
analyze changes of the activity of the said gene,
when using melatonin and the synthetic bioregula-
tor-epithalon against a background of the impact of
the light stressor.

Material and methods. The experiments were
carried out on 60 sexually mature male albino rats.
The animals were kept under the standard condi-
tions of a vivarium at a fixed air temperature and
humidity and free access to water and food. The
rats were divided into five groups, each of them, in
its turn, consisted of two subgroups (table 1).

The experiment lasted seven 24-hour periods.
The animals of the first group (intact) stayed under
the conditions of a regular photoperiod ( lighting
from 08.00 to 20.00 the level of illuminance in the
cages with the animals — 500 Ix). The animals of
group 2 stayed under the conditions of permanent
lighting of similar intensity (an induced hypofunc-
tion of the pineal gland). The animals of series Ne3
were under the same conditions of the experiment
as the rats of series Nel, however, they received an
injection of 1,0 ml of a solvent (0,9 % solution of
ethanol in a physiological solution) intraperi-
toneally, at 19.00 daily. The animals of series Ne 4
were under the same conditions of the experiment
as the rats of series Ne 2. They were injected mela-
tonin (Sigma, USA, the degree of purification is
99,5%) ntraperitoneally in a dose of 0,5 mg/kg in
1,0 ml of a solvent at 19.00 daily. The animals of

Table 1
Runs of trials
(12.00 L — 12.00 D)
(24.00 L — 24.00 D)
(24.00 L — 00 D) + solvent
(24.00 L — 00 D) + melatonin
(24.00 L — 00 D) + epithalon

[0 N OSTY [ O 7 I

series Ne 5 were kept under the same experimental
conditions as the rats of series Ne 2, however, they
received a subcutaneous injection of epithalon at
19.00 daily (Russia) calculated on the basis of 0,5
ug/kg, in 0,5 ml of the physiological solution).

On the 8th day at 02.00 p.m. and 02.00 a.m.
the animals were withdrawn from the experiment,
implementing a one stage decapitation under phe-
nobarbital narcosis (40.0 mg/kg, i/p). The brain of
the animals was immediately removed and placed
into a 10% solution of formalin on a phosphate
buffer (0,1 M, pH 7,2) for 20 hours at a room tem-
perature. After the standard procedure of dehydra-
tion and impregnating with chloroform and paraf-
fin specimens were embedded in paraffin. In order
to indetify c-Fos in histologic sections of the hypo-
thalamus the indirect immunofluorescense method
was used. Rabbit antibodies were used as primary
antibodies (immunoglobulin-1GG ) to c-Fos ("Sig-
ma-Aldrich"”, USA).

The identification of c-Fos in the neurons of
the hypothalamus and the determination of the
content of this protein were realized by using the
computer system of the digital analysis of imaging
— VIDAS — 38 G (Kontron Elektronic, Germany) in
the ultraviolet spectrum.

An image analysis was performed in an auto-
matic regime by means of a package of applied
programs VIDAS-2,5 (Kontron Elektronic, Ger-
many), in the process of an automatic processing of
the images of the hypothalamic PVN subnuclei the
area of the material, immunoreactive to c-Fos, the
concentration and the content of the protein of c-
Fos in a neuron, the density of c-Fos -iimmunopos-
itive neurons, the total content of the c-Fos protein
in the structure were evaluated. Belonging of iden-
tified hypothalamus was mapped according to the
stereotaxic atlas of the rat brain [9].

The obtained experimental findings were
processed, using a package of applied and statisti-
cal programs VIDAS-2,5 ( Kontron Elektronik,
Germany).

The reliability of differences of values in the
experimetntal and control animals was determined
on the basis of Student's test (t). The values for
which p<0,05 were considered trustworthy.

The results of the research and their analy-
sis. A trustworthy decrease of the area of the
immunopositive sites of the structures by 19,4 %
(p<0,05) was revealed at night compared with the
day-time measurements via identifying the product
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of the expression of the gene of a prearly response
of c-Fos by means of the immunofluorescence
method in the lateral macrocellural subnuclei of the
paraventricular nucleus (Im PVN) of the hypothal-
amus of intact animals. The average values of the
areas of such immunopositive sites of the subnuclei
varied also in the subgroup of rats that were under
the conditions of a light stimulation and where
ImPVN samples were taken for an investigation at
02.00 p.m. and 02.00 a.m., however, intergroup
differences did not reach the level of reliability.
The averaged values for the entire group, on
the whole, (ignoring the period of a 24-hour peri-
od) of the cross section area of the subnuclei of the
Im PVN neurons in the animals that were simulat-
ed a epiphysial hypofunction, are, probably, larger
(by 7.8%) than the corresponding values in the
intact group. The circadian dynamics of variations
of the section area of the subnuclei is also different.

Opucinanvui 00Cni0HceHH:

The area in the intact rats is smaller at 02.00 a.m.
than at 02.00 p.m. The average values of the area of
the cross section are almost identical at night and
the day-time in the group of animals that were kept
under the conditions of permanent lighting. By a
pair-wise comparison of the corresponding values
measured in different runs at 14 00 hours it was
disclosed that the area of the section of a subnucle-
us in light stressed rats almost coincided with that
observed under the physiological conditions.
Analyzing the value in the specimens selected at
night in case of a pineal hypofunction, the indices
are considerably higher (by 12.3%) as far as the
intact group is concerned (table 2).

Simulating an epiphysial hypofunction exerted
an essential effect on the concentration of the c-Fos
protein in the subnuclei of the Im PVN neurons.
The index of the c-Fos concentration under light
stress conditions is lower by 29.4% in the day-

Table 2

A characteristic of c-Fos - immunopositive neurons in the lateral macrocellular subnucleus
of the rat hypothalamic paraventricular nucleus under a diverse duration
of the photoperiod and with experimental therapy (x+Sx)

The area of the The concent- The density of the| The total content
. . . . The content of the . .
Series of experi- material, ration of the Fos protein in a c-Fos immuno- |of the c-Fos in the
mental animals | immunoreactive |c-Fos protein in a ¢ I?S Ir) ?1 eUIF positive neurons structure,
to c-Fos, um?’ neuron UIF euron, (mm?) UIF / mm?
Intact 02.00 p.m. | 130,88+9,933 0,330+0,0229 44,40+5,132 190439 8436+1731
105,53+4,969 0,236:+0,0105 24,65+1,599 5029+665
b b b b b b :l: —
Intact 02.00 a.m. =0,046 =0,004 p=0,004 204+27 p=0,774 p=0,096
Permanent ligh- | 129,27+10,461 0,233+0,0198 29,73+£3,474 _ 3775+684
ting 02.00 p.m. p=0,913 p=0,009 p=0,039 12723 p=0,194 p=0,031
+ + + +
Permanent light- 124,35 7,683 0,19z 0,0128 23,413 1,359 120425 p=0,046 28_11 586
0 02.00 p=0,068 p=0,040 p=0,574 ~0.841 p=0,031
tng .Ul a.m. pi=0,707 pi=0,158 pi=0,122 P, pi=0,310
Ezzii‘q‘:gtéﬂ 124,48+11,992 | 0467+0,0212 | 57,145,548 120422 68541257
s — < —| — =
02.00 p.m. p2=0,770 p2<0,001 p2=0,002 p2=0,830 p2=0,051
Permanent light- | 111,57+15,883 0,279+0,0110 30,96+4,317 132412 40874372
ing+melatonin, p>=0,489 p2<0,001 p2=0,144 p>=0,674 p>=0,096
02.00 a.m. p=0,531 p1<0,001 p1=0,004 p1=0,642 p1=0,061
l;enr;ae‘;?;;;fﬁ 1377447251 | 0255£0,0061 | 363142229 92+6 33414218
’ =0,521 =0,31 =0,142 =0,172 =
02.00 p.m. p2=0,5 p2=0,313 p==0, p2=0,17 p2=0,559
Permanent ligh- | 106,33+8,103 0,258+0,0152 23,69+1,652 180+37 42654877
ting+epithalon, p2=0,140 p>=0,012 p2=0,906 p2=0,209 p>=0,198
02.00 a.m. p1=0,016 p1=0,858 p1=0,001 p1=0,041 p1=0,331

Footnote: p — reliable changes concerning the parameters of the animals that were under the conditions of the standard
photoperiod of the same time interval; p, — pertaining to the parameters of the animals of the previous time interval with-
in the range of the series; p, — pertaining to the animals that were exposed to the action of permanent lighting.
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time, whereas at night — by 16.5% in comparison
with the similar values in the intact group.

Under such experimental conditions the index
of the c-Fos protein content in the subnuclei of the
Im PVN neurons in the intact group at 02.00 a.m. is
reliably lower (by 44.5%, p<0.01) than in the day-
time. The daily value of the index of the c-Fos con-
tent is lower by 33% in individual animals that
were under light stress conditions compared with
that of the intact group, whereas the nocturnal one
approximated to the value in the indicated group of
comparison. The diurnal dynamics of the parame-
ter in question also turned out to be similar, howev-
er, a considerable difference between the diurnal
and nocturnal levels was not marked in a series of
animals stressed by light (table 2).

As to the integral density of the material,
immunoreactive to c-Fos, this parameter fluctuated
from 120 to 204 neurons per 1 mm?2 of the section
area in the ImPVN tissue in the subgroups under
study. It must be noted that higher values of the
density of the localization of the c-Fos — positive
neurons in the ImPVN of the intact rats were
observed at night, whereas, in the group of the ani-
mals that were under hyperilluminated conditions
the circadian dynamics of the mentioned index
assumed a reverse character — the density was
higher in the day — time. When determining the
density of the mentioned neurons we didn't identi-
fy intergroup distinctions in the experimental
series. However, with a light stimulation at night,
the density of the localization of the c-Fos — posi-
tive neurons is reliably lower compared with that
of the intact animals during the similar spells of a
24 — hour period (table 2).

An important effect on the index of the inte-
gral density of c-Fos in the tissue of the ImPVN
was exerted by changes of concentration of the
protein in question and the index of its content in
the subnuclei of neurons. The index of the total
density of the c-Fos protein in the rats that were un-
der the conditions of a light stimulation was lower
by 55.3% in the day-time and by 44.1% at night than
the analogous value in the intact group (table 2).

The injection of a solvent (1.0 ml of a 0.9%
solution of ethanol on the physiological solution of
sodium chloride) to the rats exposed to the standard
light conditions during seven circadian periods did
not change essentially the characteristic of the c-
Fos — immunopositive neurons in the ImPVN of
the hypothalamus.

Melatonin injections (0.5 mg/kg of the body
weight) to the animals which underwent the action
of permanent lighting normalized the circadian
rhythm of the index of the material square,
immunoreactive to c-Fos. The effect of epithalon
(0.5 pg/kg of the animals' body mass) turned out to
be similar to that of melatonin, however it was
more marked. The area of the material, immunore-
active to c-Fos in the subnuclei of the hypothalam-
ic ImPVN reached 137.74+7.251 um’ in the day-
time in this series of animals, considerably differ-
ing from the group of the animals whose samples
were taken during the night period when it made up
106.334£8.103um? (table 2).

While using melatonin against a background
of permanent lighting, a sharp rise (0.467+0.0212
Uif of the protein concentration in the subnuclei of
ImPVN of the hypothalamus was revealed during
the diurnal and less pronounced (0.279+0.0110
Uif) during the nocturnal periods (table 2).

As to the effects of epithalon, no reliable dif-
ference in a circadian aspect was revealed, while it
was used. Thereat, the concentration of protein in
the day-time was by 9.4% higher, whereas at night
— by 30.9% in relation to the indices of the individ-
uals which were simulated a hypofunction of the
pineal gland and correcting therapy was not per-
formed (table 2).

Chronobiotic injections to animals reflected
on the diurnal dynamics of the index of the c-Fos
protein content in the subnuclei of the InPVN. At
14 hours the index exceeded almost twice
(192.1%) the findings of the experiment on the
stressed animals without injecting the hormone,
approximating it to the normal value (table 2). In
addition, it is considerably higher in comparison
with that in the sections taken at 02.00 a.m. While
using tetrapeptide, an elevation of the investigated
index was observed in the day-time, concerning
individual animals with the epiphysial hypofunc-
tion without undergoing experimental therapy with
epithalon. At night no such impact on the index of
the protein content in the subnuclei of the InPVN
was registered (table 2).

The introduction of melatonin to the animals
with an epiphysial hypofunction restored diurnal
rhythmicity, however, at 02.00 p.m. it brought
about an insignificant decrease (by 5.51%), and at
02.00 a.m. a moderate elevation (by 10%) of the
integral density of the material, immunoreactive to
c-Fos compared with the stressed animals without
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correcting. The circadian distinctions between the
indices of the samples of this series are also unreli-
able. While correcting by means of epithalon the
density of the neurons of the ImPVN subnuclei of
the hypothalamus was lower by 95.6% in the day-
time than at night, and also almost half of the para-
meter of the intact animals during a similar diurnal
period. Intergroup differences were also marked,
when employing tetrapeptide (table 2).

The effects of melatonin are appreciable in
regard to correcting disturbances of the c-Fos inte-
gral density of the ImPVN subnuclei caused by a
hypofunction of the cerebral epiphysis. After a one
week use of an indol the index constituted
6854+1257 Uif mm-2 in the day-time, at night
4087+372 Uif mm-2. Thus, melatonin restored the
indices against a background of permanent lighting
both at 02.00 p.m. and 02.00 a.m. in regard of those
ones in the intact animals (table 2).

It should be noted that the introduction of tet-
rapeptide did not restore the changes of the index
under study caused by the rats' staying under hy-
perilluminated conditions and led to an inversion of
the circadian rhythmicity of the said index (table 2).
The index of the c-Fos integral density in the sub-
nuclei of the hypothalamic ImPVN decreased by
60.4% when measured in the day-time in contrast
to the group of intact animals.

Conclusions and prospects of further stu-

dies. 1. Analysing the diurnal expression of the
gene pre-early functional activity — of c-Fos in the
lateral macrocellular subnuclei of the paraventricu-
lar nucleus (ImPVN) of the hypothalamus, its reli-
able increase during the day-time hours is noted.
The daily value of the index of the c-Fos protein
content in individuals that were under the condi-
tions of a light stress was lower by 33%, whereas
at night it approximated to the control values. 2. Me-
latonin injections (0.5mg/kg of the body mass) to
light stressed animals resulted in exceeding the
index of the c-Fos protein content almost twice in
the subnuclei of the ImPVN at 02.00 p.m. com-
pared with the findings of the experiment on
stressed animals without a hormone injection, as
well a normalization of the circadian dynamics of
the expression of the gene under study. 3. An
increase of the index of the c-Fos protein concentra-
tion in the structure at night, while using epithalon
tetrapeptide (0.5 mg/kg of the body mass) was
revealed in regard to the individuals with an epi-
physial hypofunction without performing experi-
mental epithalon therapy; the effect of the agent
was not registered in the day-time. 4. The results
obtained may serve as a basis for a more profound
understanding of the place and role of the subnu-
clei of the paraventricular nuclei of the hypothala-
mus in the mechanisms of the formation of circadi-
an rhythms of the mammalian brain.
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XAPAKTEPUCTUKA 2O®EKTOB MEJIA-
TOHHUHA U DIIUTAJIOHA HA COCTOs-
HUE TEHA C-FOS B HEHPOCEKPETOP-
HBIX AAPAX I'MIIOTAJIAMYCA CTPECH-
POBAHHbBIX CBETOM KPBIC

Pesrome. lccnenoBaHO BIUSHUE MEJIIATOHMHA U
SMUTAJIOHA C LEJIbI0 KOPPEKLIHUHU CTPECC-UHIAYLIUPO-
BaHHBIX W3MEHEHUN AaKTUBHOCTU TeHAa 'paHHETO
otBeTa" c-fos B saTepalibHBIX KPYIMTHOKIETOYHBIX
CyOBsiipax MmapaBeHTPUKYIsIpHOTO sifpa (IkIIBS)
THIOTaJIaMyca KPBIC B pa3Hble MIPOMEKYTKH CYTOK
(mHéM ¥ HOUBIO). DKcHpeccHs MPOMYyKTa 3TOrO
reHa — Oenka c-Fos — y JKHBOTHBIX, COIEpIKALIUXCS
B HOpPMAaJIbHBIX YCJIOBUSIX 4YEpelOoBaHMs OCBellle-
HHUS U TEMHOTBI, JIEMOHCTpUPOBaJa YETKUHN LIUpKa-
JMaHHBIA XapakTep (¢ OOJBIINM ypoBHEM jaHeM). B
YCIIOBUSIX CBETOBOIO CTpecca JTHEBHOW IOKa3aTellb
nHjekca cogepxanus c-Fos B Ik[IBS xUBOTHBIX Ha
33,0 % Huxe, a HOYHOW — MpUOIMKAJICS K KOHT-
pPOJIBHBIM BeJMYMHAaM. VHBEKIHM MeJlaTOHMHA
(0,5 mr/xr) nposiBuuck B 14.00 4 moBbIIEHHEM
uHjeKca coneprxkanus oenka c-Fos B nk[1BS moutu
BJIBOE, a TAKXE HOpPMaJIU3alMed LUpKaIUaHHON
JUHAMHMKH JKCIIPECCUU HCCIEJOBaHHOTO TIEHa.
[Ipn ucnonb30BaHUM TeTpamenTuaa >3MUTATOHA
(0,5 MKI/KT) BBISIBJICHO yBEIHMYCHHE MHACKCA KOH-
LeHTpanuu Oenka c-Fos B CTpykType HOUbIO OTHO-
CHUTENBHO 0co0el ¢ snudu3apHoi runopyHKIren
0e3 Tepanuu dnUTANIOHOM. J[HeM Takoro 3ddekra
npemnapara He 3aUKCHPOBaHO.

KiroueBbie cioBa: c-fos, mapaBeHTPHUKYISPHBIC
siipa, CTpecc, MEeJIaTOHNH, AUTAJIOH.

A CHARACTERISTIC OF THE EFFECTS OF
MELATONIN AND EPITHALON ON THE
STATE OF C-FOS GENE IN THE NEUROSE-
CRETORY NUCLEI OF THE HYPOTHALA-
MUS IN AN EXPERIMENT

Abstract. It has been established that the expres-
sion of the c-Fos protein in animals under the nor-
mal conditions of alternating lighting and darkness
demonstrated a clear-cut circadian character (with
a highly daily level). Under the conditions of a
light stress the daily parameter of the index of the
c-Fos content in the lateral macrocellular subnuclei
of the paraventricular nucleus (Im PVN) of rats
was lower by 33,0%, whereas the nocturnal one
approximated tj the control values. Melatonin
injections (0,5 mg/kg) to animals stressed by light
manifested at 02.00 p.m. by an increase of the
index of the c-Fos protein content in the Im PVN
almost twice as much as compared with the fingers
of an experiment on stressed rats without introdu-
cing the hormone and a normalization of the circa-
dian dynamics of its expression. While using epi-
thalon tetrapetide (0,5 mkg/kg), an increase of the
index of the c-Fos protein concentrationwas detec-
ted in the structure at night relative to rats with an
epiphysial hypofunction without epithalon therapy.
Such an effect of the medication was not registered
in the day-time.
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