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Introduction. Melatonin production is considerably suppressed by light and affects the ability to transfer daily
rhythm information from the hypothalamus to other neural target sites and thus alters the expression of some
biological rhythms. The hormone controls the state of the hypothalamic-pituitary system and endocrine gland
activity through melatonin receptors (membrane, cytosolic and nuclear ones). In addition, using a mechanism
of the feedback, it interferes with the activity of supraoptic nucleus of the hypothalamus, which regulates
water-salt metabolism and responses to stress. Objective: to provide quantitative circadian characteristics of
melatonin receptors density in the neurons of the hypothalamic supraoptic nucleus of rats being under light
stimulation as well as the correction of changes after injecting exogenous melatonin. Material and methods.
The experiments were conducted on 60 white mongrel mature male rats weighing 150 — 180 g. The test
animals were divided into 3 parts each with 2 groups, kept under the conditions of standard light regime,
hyperilluminated and the injection of exogenous melatonin and day-round lighting within 7 days. To perform
immunohistochemical methods, we used polyclonal antibodies to melatonin 1A receptors produced by
Abcam and streptavidin biotin visualization system LSAB2 (peroxidase mark + diaminobenzidine) produced
by Chemicon International Inc. We adhered to protocol standardization of methods for all sections. Additional
staining of nuclei was performed with Mayer hematoxylin. Results. The indices of optical density of specific
melatonin 1A receptors of supraoptic neurocytes staining obtained in the intact group (at 02.00 AM- 0,488 +
0,0024, at 02.00 P.M. - 0,464 + 0,0023, p = 0.002) and in animals subjected to light stress (at 02.00 AM-
0,295 £ 0, 0019, at 02.00 P.M.- 0,286 + 0,0018, p = 0,012) had a probable value and were characterized by
a clear diurnal periodicity. In the group of animals with pineal gland hypofunction modulation (at 02.00 A.M.-
0,216 + 0,0017, at 02.00 P.M. - 0,214 + 0,0021, p> 0,05). Conclusions The density of 1A melatonin receptors
in rat’s hypothalamic supraoptic neurons are normally characterized by an accurate circadian rhythm. The
highest density of receptors is observed at 02.00 AM, and at 02.00 PM it is significantly lower (p = 0.002).
Immunohistochemical studies revealed that under inhibition of pineal gland activity the circadian rhythm of
melatonin receptors density in neurons of supraoptic nuclei of the hypothalamus gets disturbed, which is
characterized by an incredible difference of indices in the tested periods of the day.
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Introduction cytosolic and nuclear ones) [4]. In addition, using a
Most of the physiological and metabolic body mechanism of the feedback it interferes with the

processes are organized in time in response to activity of supraoptic nucleus (SON) of the

: ; . hypothalamus,  which regulates  water-salt
photoperiod adapting to environmental changes [7]. mytftabolism and responses to %tress reaction [2, 3,

7]. However, there are practically no data on
characteristics of melatonin receptors in the
hypothalamic neurons of SON in the rat’s brain
under the condition of the altered photoperiod.

Chemical signal of darkness for living organisms
is the hormone melatonin (MT) produced by
photoreceptors of the retina, by pinealocytes of the
pineal gland, and by the peripheral organs (liver
cells, kidney, adrenal gland, gall bladder, ovary,
endometrium, placenta, endothelium, thymus, blood
(leukocytes, platelets),intestinal vermiform appendix
and other parts of the gastrointestinal tract [2, 8].

It is known that in night and daytime animals,
melatonin is produced in the dark period of the day
and encods the information signal of the time and
duration of the day, coming to the rhythm
pacemaker of the central biological clock (BC) —
suprachiasmatic nucleus (SCN) of the
hypothalamus [1].

Production of MT is sharply suppressed by light,
which affects the ability to transfer rhyth information
from the SCN of the hypothalamus to other neural
target sites and thus alters the expression of some
biological rhythms [6, 7].

The hormone controls the state of the
hypothalamic-pituitary system and endocrine gland
activity through melatonin receptors (membrane,
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Objective

To provide quantitative circadian characteristics
of melatonin receptors density in the neurons of the
hypothalamic supraoptic nucleus of rats exposed to
light stimulation as well as the correction of
changes after injecting exogenous melatonin.

Material and methods

The experiments were conducted on 60 white
mongrel mature male rats weighing 150 — 180 g.
The animals were kept in cages at a constant
temperature, humidity and free access to water and
food. Experimental animals were divided into 3
parts each with 2 groups, kept under the conditions
of standard light regime — 12.00L: 12.00D (light
from 08.00 AM to 08.00 PM was provided by
means of a fluorescent lamp LB-40, illuminance of
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the room near the animals was 200 luxes),
hyperilluminated (day-round light (24.00L: 00D) by
fluorescent lamps LB-40, illuminance of the room
near the animals was 500 luxes), the injection of
exogenous MT and day-round lighting (24.00L: 00D
+ MT) within 7 days. In order to detect circadian
differences in melatonin receptors and taking into
consideration the cyclical MT production, the rats
were decapitated with 12-hour interval (at 02.00 AM
and at 02.00PM) on the 8" day. The dates were
selected for reasons of different functional activity
of the pineal gland and production of leading
chronobiotic, MT, in these time periods.
Commission on Bioethical Expertise of Higher State
Educational Establishment of Ukraine «Bukovinian
State Medical University» found all the stages of
the experiment were conducted in compliance with
the essential requirements of the Helsinki
Declaration and the requirements of the European
Council on Human Rights and Biomedicine (1977),
the provisions of the WHO, International Code of
Medical Ethics (1983) and the laws of Ukraine
(protocol number 22 of November 28, 2007.).

For immunohistochemical study, fragments of
the cerebral hemispheres with the area of the
supraoptic nucleus of the hypothalamus were fixed
in 10% solution of neutral buffered formalin for 22
hours. Then we performed accelerated dehydration
in ascending alcohol concentrations, embedded in
paraffin at 58°C, with further obtaining histological 5
microns thick sections. In order to perform
immunohistochemical methods, we used polyclonal
antibodies to melatonin 1A receptors produced by

Abcam (UK) and streptavidin biotin visualization
system LSAB2 (peroxidase mark +
diaminobenzidine)  produced by  Chemicon
International Inc. (USA). We adhered to protocol
standardization of methods for all sections.
Additional staining of nuclei was performed with
Mayer hematoxylin.

Quantitative assessment of the intensity of
staining was conducted as follows. First, we used a
microscope lens x 40 and received digital copies of
optical images, which were then analyzed by a
licensed copy of the computer program "VideoTest
— Size 5.0" (Videotest company, Russia); we
performed computer microdensitometry. The
analysis was performed on the basis of
measurements by means of microprobe technique
in the fields of positive coloring in terms of "optical
density" (in relative units within a range of 0-1, with
"0" corresponding to absolute transparency in the
optical microprobe, and "1" is an absolute optical
opacity). The intensity of a specific staining (term
"Optical density") was identified with the degree of
density of melatonin receptors. Given the need to
perform multiple statistical comparisons of
averages in statistical sampling to determine the
differences between the aggregations, we used the
Newman-Keuls test.

Results

Melatonin 1A receptors in the form of granules
of different sizes and optical density with
transmembrane location were in the neurons of the
hypothalamic supraoptic nucleus (fig.)
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Fig. Melatonin 1 A receptors in the neurons of SON of a rat: under standard illumination at 02.00 AM (A) and at 02.00 PM (B);
with hypofunction of the pineal gland at 02.00 AM (C) and at 02.00 PM
(D) and after correction with exogenous melatonin at 02.00 AM (E) and 02.00 PM (F).

The highest density of melatonin 1 A receptors
in the neurons of rat SON was observed at 02.00
AM compared to 02.00 PM (in sight area of 1600
mcm? - p=0.002 by the Newman-Keuls test).

Under the day-round lighting the number of
positively stained for melatonin 1 A receptors in
neurons of SON in the sight area 1600 mcm?
amounted to about 0,216 £ 0,0017 at 02.00 AM and
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0,214 £ 0,0021 at 02.00 PM in units of optical
density. Differences after the Newman-Keuls test
between these experimental groups are not true
(p>0,05).

However, there is a substantial reduction of this
value in the study periods (p<0,001) compared with
animals that are kept in conditions of standard light
regime.

Melatonin (Sigma, USA) in the dose of 0,5
mcg/kg of the animal’s body weight was used for
correction of changes caused by prolonged
exposure to constant illumination while determining
the density of 1 A receptors in the neurons of the
hypothalamic supraoptic nucleus (fig.).

Injections of MT at 02.00 AM under the round-
o'clock illumination caused an increase in the
density of melatonin receptors 1 A in the rats’
hypothalamic neurons of SON compared with the
animals that were exposed to constant illumination
without injecting the hormon.

Immunohistochemical studies at 02.00 PM when
the hormone was injecte, showed likely decrease
density in the experimental structures to 0,324 *
0,0027 units compared with that at 02.00 AM (p
<0,001 by the Newman-Keuls test). In particular,
the number of positively stained melatonin
receptors 1 A in SON neurons was higher in the
study period compared with the animals, which
were not given melatonin against the background of
light stress.

Conclusions

The density of melatonin receptors 1 A in rats’
hypothalamic neurons of SON is normally
characterized by a distinct circadian rhythm. The
highest density of receptors is observed at 02.00
AM, while at 02.00 PM it is significantly reduced (p
=0.002).

Immunohistochemical studies have revealed
that under inhibition of the pineal gland, the

circadian rhythm of melatonin receptors density in
neurons in supraoptic nuclei of the hypothalamus
become impaired that is characterized by a false
difference in the periods of the experiment.

However, when the pineal gland become
activated, the highest value is noted at 02.00 AM,
being 0,505 = 0,0026 units of density. Melatonin
injecting for a week against the background of
prolonged light exposure is demonstrating the
tendency toward the normalization of the density of
melatonin receptor 1 A in supraoptic neurons in
rats’ nuclei that is especially noticeable in the
samples selected for the study at 02.00 AM, when
the value is within 0,412 + 0,0025 units of optical
density.

Prospects for further research

We are planning to conduct further
immunohistochemical analysis with a light
deprivation and immobilization stress of rats for
possible disturbances in circadian rhythm of density
of 1A melatonin receptors in rat's hypothalamic
neurons of SON.
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Pedepar
LUMPKALIAHHA OWHAMIKA ONTUYHOT WINbHOCTI MENATOHIHOBMX PELIEMTOPIB B HEMPOHAX HALBOPOBOIO APA

MMNOTANNAMYCA 3A SMIHEHOIO ®OTOlMEPIOAY
Bnacosa K.B., bynuk P.€.

Knto4yoBi cnoBa: Haa3opoBe A4po, rinoTanamyc, MenaToHiHOBI peLenTopK, iIMMYHOrICTOXIMIYHUI aHarni3.

Bctyn. CekpeLis MmenaToHiHy pi3ko NPUrHiYyeTbCS CBITMOM, WO BAAMBAE Ha 34aTHICTb nepedasaTtu iHDo-
pmadito Npo AoboBui pUTM Big rinoTanamMyca A0 iHWUX HEMPOHHUX MiILLEHEN | TUM CaMMUM 3MIHIOE eKCrpecito
Aeskux 6ionoriyHMx puTMiB. TOPMOH KOHTPOIMOE CTaH rinoTanamo-rinodisapHoi cuctTemMn Ta AiAnbHICTb eH-
OOKPUHHUX 3aro3 Yyepes peLenTopu MenaToHiHy (MemMBpaHHi, LMTo30nb6HI Ta aaepHi). Kpim Toro, BUKOpUCTO-
BYIOUM MEXaHi3aM 3BOPOTHOrO 3B’3KY, TOPMOH B3aemMogi€ 3 HaA30poBMM SAPOM finoTanamyca, i perynoe Bo-
OHO-CONbOBUN OOMIH Ta pearye Ha CTpecoBy peakuito. MeTa gocnigxeHHs. Ha nigcrasi iMyHOricToxiMivHOT
METOANKN MOEAHAHO 3 KOMMIOTEPHOK MIKPOOEHCUTOMETPIEID HaAaTU KiNbKiCHY LMpKadiaHHy XapakTepucTUKy
LWiNbHOCTI MenaToHIHOBUX peLenTopiB Y HEMpOHax Hag30poOBOro agpa rinotanamyca wypis. Matepian Ta
mMeToan. ExkcnepumeHTu nposoaumnucb Ha 60 3pinux camusax wypis macoto 150-180 r. JocnigHux TBapuH
pos3ginunu Ha 3 cepii, No 2 rpynu, ski nepebyBanu B yMOBax CTaHOAPTHOrO CBITNOBOrO peXxumy, rinepintomi-
Hi3auii Ta UinogoboBOro oCBITNEHHS 3 iH'EKLSIMW €K30reHHOro MenaToHiHy NPOTArom 7 gHiB. NS BUKOHAHHS
iMyHOriCTOXiIMIYHOrO aHanisy BMKOPMCTOBYBaNW MOMiKMoHanbHi aHTUTINa 4o peuenTtopis MenaToHiHy 1A, Bu-
pobHnka Abcam Ta cTpenTtaBiguHGiOTMHOBY cucTtemy Bidyanisauii LSAB2 (nepokcupgasHa  MiT-
ka+aiamiHobeH3nauH) BupobHnka Chemicon International Inc. [JogaTtkoBe ¢hapbyBaHHS sigep NPOBOAMMM
remaTokcuniHom Manepa. BucHoBku. LUinbHiCTb MenaTtoHiHOBMX pelenTopiB 1A y HeMpoHax Hag30poBOro
aApa rinoTanaMyca LWypiB Yy HOPMi XapakTepmusyeTbes YiTKUM LMpKadiaHHUM puTMoM. Y cepedHboMy HanBu-
Wa WinbHicTb peuenTtopis BigmivaeTscs o 02.00 rog nobwu, a 14.00 roag BoHa cyTTeBO 3HMXKYyeTbCA (p=0,002).
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IMyHOricToXiMiYHe [OCnIgXEHHS 0O3BONUNO BUSIBUTU, LLO 32 YMOB MPUrHIYEHHST aKTUBHOCTI LUMLLIKONOAiGHOI
3ano3n NopyLIYeETbCA UMpKagiaHHUA pUTM LLINbHOCTI MENaTOHIHOBMX peLenTopiB Yy HeMpoHax cynpaonTuny-
HWUX sigep rinoTanamyca, Lo XapakTepusyeTbCs HEBIPOrigHOK Pi3HULEI0 NOKa3HUKIB y AOCHiAKyBaHi nepiogu
aobw.
Pedepar

UMPKAOVAHHAS OMHAMUKA ONTUYECKOW NMIIOTHOCTY MEIATOHMHOBWX PELLENTOPOB B HEMPOHAX
CYMNPAONTUYECKOTO AOPA TMMOTANAMYCA MNPU U3MEHEHWAX ®OTOMEPUOLA
Bnacosa E.B., bynbik P.E.
KntoueBble crioBa: cynpaonTu4yeckoe a4po, rmnotanamyc, MmenaTtoHMHOBbIE peLenTopbl, I/IMMyHHOFI/ICTOXI/IMI/ILIeCKI/IVI aHanus.

Bctynnenue. Cekpeuunsi MenaToHMHa pe3ko nodaBnsieTcs CBETOM, BNUSET Ha CNOCOBHOCTb nepeaaBaTb
WMHpopMaLMIo O CYTOYHOM pUTME OT rmnoTanamyca K Apyrum HEMPOHHLIM MULLIEHAIM U TEM CaMbIM U3MEHSET
3KCMPECCUI0  HEKOTOpbIX OuonorMyeckux puTtMOB. [OPMOH KOHTPOMUPYET COCTOsSiHME TMnoTanamo-
rMnocn3apHoOn CUCTEMbI N AeATENbHOCTb 3HAOKPUHHbIX Kene3 Yyepe3 peLenTopbl MenaTtoHnHa (MembpaH-
Hble, UMTO30MbHbIE U AaepHble). Kpome Toro, ncnonb3yss MexaHmam obpaTHON CBA3KN, TOPMOH B3aMMOOENCT-
BYET C CynpaonTUYeCcKUM S4pOoM runoTanamyca M perynupyeT BOOHO-CONeBon oOMeH, pearnpys Ha cTpec-
coByl0 peakumto. Llenb nccnegosannsi. Ha ocHoBaHMM MMYyHOMMCTOXMMWUYECKON METOAUKM 06 beaUHEHHOW C
KOMMbIOTEPHON MUKPOOEHCUTOMETPUEN MNPEAOCTaBUTb KOMMYECTBEHHYIO LUUPKaAMAHHYK XapakTepUCTUKY
NAOTHOCTU MENaTOHUHOBLIX PELIENTOPOB B HEMPOHAX CynpaonTU4ecKoro sapa rmnotanamyca Kpbic. MaTte-
puan u Metoabl. SKCNEPUMEHTbLI NpoBoaunuck Ha 60 3penbix camuax kpblc maccon 150-180 r. XKMBOTHbIX
pasgenunu Ha 3 cepuun, no 2 rpynnbl. XXMBOTHbIE NOALABaNUCh YCrOBUAM CTaHOAPTHOrO CBETOBOIO PEXMN-
Ma, MMNepUNIOMUHN3ALMA U KPYTNOCYTOYHOMO OCBELLEHUSA C UHBEKLMSIMU 3K30rE€HHOTO MeNaToHWHa B Teve-
Hue 7 aHen. [1na BbINOMHEHMS UMMYHOTMCTOXMMUYECKOrO aHanm3a MCcrnonb3oBan NOMnuKNoHarnbHble aHTU-
Tena K peuentopaMm menaTtoHuHa 1A, npoussoautena Abcam u cTpenTaBUgMHOMOTUHOBYO CUCTEMY BU3Yya-
nunsaumn LSAB2 (nepokcugasHas meTka + guamuHobeH3uamH) npoussogutenss Chemicon International Inc.
[ononHutensHoe okpaluMBaHuUs Saep nNpoBoaunu rematokcunmHom Mawepa. BoiBogbl. MMnoTHOCTE MenaTo-
HWHOBbLIX peLenTopoB 1A B HEMPOHaX CynpaonTUYECKOro sapa rmnotanamMyca KpbiC B HOpMe Xapakrepusye-
TCA YETKMM UMpKaguaHHbIA pUTMOM. B cpegHem camas BbiCOKas MMOTHOCTb PELIENTOPOB OTMEYaeTCcs B
02.00 4 cyTok, a 14.00 oHa cyLiecTBeHHO cHxkaeTes (p = 0,002). MMMyHOrMcToxmmmuyeckoe nccnenoBaHune
NMO3BOSMMO BbISIBUTb, YTO B YCNOBUAX NOAABNEHNS aKTUBHOCTW LUMLLIKOBUAHOM XKenesbl HapyLlaeTcs umpka-
OWaHHbIA PUTM NIIOTHOCTM MENaTOHMHOBBLIX PELIENTOPOB B HEMPOHAX CyNpaonTUYECKUX siAep runoTanamyca,
XapakTtepusyroLasaca HeJOCTOBEPHON pasHULIel NokasaTenen B uccnegyemMble nepnoabl CyToK.
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