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Peztome. [lymem umMmyHOUCMOXUMULECKO2O AHANIU3A BbIABGIEHO KOPPEKMupyroujee 8030elcmaue
MenamoHura Ha Hapyuernue L;upkaduaHHoeo pumma sKenpeccuu MejiamoHRUHOB8bIX peyennopoes 1 A muna
6 Heﬁponax cynpaonmuieckoco ;zapa cunomanamyca 6 yCiloeusix nooasienuss  aKmueHOCmuU
WUIKOBUOHOTL JiCelle3bl .

Abstract. Using immunohistochemical analysis we revealed adjustment effect of melatonin on the
disturbance in the circadian rhythm of expression of type 1 A melatonin receptors in the neurons of the
hypothalamic supraoptic nucleus under the conditions of pineal gland suppression.

Topicality. Most of the physiological and metabolic processes of the body are
organized in time in response to photoperiod, adapting to environmental changes [1, 7].

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 [1, 6].

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 driver of the central biological clock (BC) — suprachiasmatic
nucleus (SCN) of the hypothalamus [9, 10].

Production of MT is sharply suppressed by light, which affects the ability to transfer
rhythmic information from the SCN of the hypothalamus to other neural target sites and
thus alters the expression of some biological rhythms [3].

The hormone controls the state of the hypothalamic-pituitary system and endocrine
glands activity through melatonin receptors (membrane, cytosolic and nuclear ones) [4, 5].
In addition, using a mechanism of the feedback it interferes with the activity of supraoptic
nucleus (SON) of the hypothalamus, which regulates water-salt exchange and responses to
stress reaction [1, 2, 8]. Howeverthere 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.

Objective: Based on immunohistochemical techniques combined with computer
microdensitometry, to provide quantitative circadian characteristics of melatonin receptors
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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 0,15-0,18 kg. 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 (10 animals in each), which stayed under
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 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 talking into consideration the
cyclical production of MT, euthanasia of rats was performed with 12-hour interval (at
02.00 AM and at 02.00PM) by their decapitation on the 8" day. The selected dates for the
experiment were caused by different functional activity of the pineal gland and production
of leading chronobiotic — MT in these time periods. Commission on bioethical expertise of
Bukovinian State Medical University found that all stages of the experiment were
conducted in compliance with the essential requirements of the Helsinki Declaration and
the requirements of the Council of Europe 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
sections 5 microns thick.

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 research of the intensity of staining was conducted as follows. First, the
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) — namely 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.
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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 (figure 1)
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Pic. 1 - 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)
Notice. We showed performance increase — Ob.40*, Oc.10*. Immunohistochemical method of polyclonal
antibodies to melatonin receptor 1 A and streptavidin biotin visualization system LSAB2 (peroxidase mark +
diaminobenzidin). Additional staining of cellular nuclei with Mayer's hematoxylin.

The results of measurement of optical density of a specific staining to melatonin
receptors 1A under standard light regime are shown in the table.

Table 1. Circadian dynamics of the optic density of immunohistochemical staining on 1 A
melatonin receptors in the neurons of the rat’s hypothalamic supraoptic nucleus (x+Sx)

Optic thickness of the Value of likelihood (p) of differences
Time specific staining between experimental groups according
(n=10) to Newman-Keuls test
02.00 AM 0,488+0,0024
p=0,002*
02.00 PM 0,464+0,0023

Notice. n — number of animals, * — likelihood of differences compared to the previous time interval.
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As we can see from the table, the highest density of melatonin 1 A receptors in the
neurons of rats” SON was observed at 02.00 AM compared to 02.00 PM (in sight area of
1600 mecm? - p=0.002 for 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 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.

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

Injections of MT under conditions of constant illumination caused at 02.00 AM an
increase of the density of melatonin receptors 1 A in the rats’ hypothalamic neurons of
SON compared with animals that were in conditions of constant illumination and without
injecting the drug.

Immunohistochemical studies at 02.00 PM when injecting the drug, showed
probable decrease of the experimental structures density 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 administered 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 and at 02.00 PM it is significantly reduced (p = 0.002).

Immunohistochemical studies revealed that under inhibition of the pineal gland the
circadian rhythm of melatonin receptors density in neurons in supraoptic nuclei of the
hypothalamus is disturbed, which is characterized by a false difference in the periods of
the experiment.

However, when you activate the pineal gland, the highest value is noted at
02.00 AM, being 0,505 + 0,0026 units of density. Injecting melatonin for a week against
the background of prolonged lighting manifests tendency to normalizing density of
melatonin receptor 1 A in supraoptic neurons in rats’ nuclei, which is especially noticeable
in the samples selected for the study at 02.00 AM, when the value was within 0,412 +
0,0025 units of optical density.
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