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ABSTRACT
The aim: To find out density of melatonin receptors 1A in the neurons of the lateral preoptic nucleus of the hypothalamus in mature and old rats under various light conditions.
Materials and methods: The study was carried out on 72 albino mature and old rats with light conditions appropriate for the experiment. To find out circadian differences of
melatonin receptors 1A the material for the study was taken at 2 p.m. and 2 a.m. Visualization of primary antibodies against melatonin receptors 1A (Abcam) was conducted
by means of the polymeric system Dako and diaminobenzidine staining under the microscope Delta Optical Evolution 100. The intensity of staining was assessed on the digital
copies of images according to computer microdensitometry method.
Results: Immunohistochemical examinations conducted enable to suggest that melatonin receptors 1A in the neurons of the lateral preoptic nucleus of the hypothalamus
respond to different light conditions. In particular, intensity of immunohistochemical staining to melatonin receptors 1A under conditions of light deprivation increases both in
mature and old rats, but it decreases under conditions of light stimulation. The parameter is higher at 2 a.m. as compared with 2 p.m. Intensity of immunohistochemical staining
to melatonin receptors 1A in the neurons of the lateral preoptic nucleus of the hypothalamus is always lower in old rats than in mature ones.
Conclusions: Density of melatonin receptors 1A in the neurons of the lateral preoptic nucleus of the hypothalamus is subordinated to the circadian rhythm: it increases at night
and decreases in the daytime. At the same time, light stimulation results in disorders of the rhythm and development of desynchronization.
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INTRODUCTION

Physiological processes in living systems are subordinated
to regular cyclic fluctuations – biological rhythms [1]. Cyclic character of biological functions at all the levels of life
organization is one of the major properties of biological
systems [2]. Circadian rhythms appeared to be the most
valuable among all biological rhythms [3], belonging to
freely progressing endogenous rhythms [4] which last
approximately for 24 hours [3]. They are associated with
cyclic changes of day and night, that is, revolving of the
Earth about its axis [5]. Nowadays circadian rhythms of
motor activity, temperature of the body and skin, pulse
and respiration rates, blood pressure, diuresis and others
are available [4].
24-hour circadian sleep-wake cycle is peculiar for people
[6], though sleep is something more than simply a part of
the circadian system [7]. Sleep constitutes approximately a
third of the human life, and its quality determines general
level of health [8]. Sleep is a complicated physiological
process requiring interaction of various areas of the brain
[9]. Sleep consists of two phases: slow-wave sleep and rapid
eye movement sleep [8]. Night sleep consists of 4-5 such
cycles lasting about 90-100 minutes [4].
An important component in regulation of the sleep-wake
cycle is structures located in the anterior hypothalamus,
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and the lateral preoptic nucleus in particular [4]. The
neurons of the nucleus contain neurotransmitters galanin
and gamma-aminobutyric acid which provide inhibiting
innervation of the major monoamine systems of the brain
that determine the period of wake [10].
The pineal gland is evidenced to participate in the regulation of the sleep-wake cycle by means of synthesis of
neurohormone melatonin [3]. Melatonin secretion is of
circadian character: in a dark period melatonin concentration in the blood is 5-10 times as much than in the daytime. The level begins to increase in the evening reaching
the maximum from 60 to 100 mg/ml at 2 a.m. – 4 a.m.,
then it decreases gradually from 7 a.m. to 8 p.m. and remain low – lower than 20 mg/ml [11]. Available circadian
rhythm of melatonin production is a marker of normal
work of the circadian system of endogenous biological
rhythms and their synchronization with changes of day
and night [12] and regulation of the sleep-wake cycle [8].
Melatonin secretion decreases with age [13]. Its average
daily concentration in elderly people is 50% lower than
that of the young [14]. Sleep regimen changes with age as
well. It is manifested by shorter general time of sleep [15]
and changes of periods of sleep phases [16].
Disorders of the sleep-wake cycle result in psychiatric and neurodegenerative diseases [17], an in-
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creased risk of development of oncological, metabolic,
cardiovascular diseases [5] and untimely death [18]. Recent investigations demonstrate that short sleep (less than
5 hours) among individuals under 65 years of age during
weekends is associated with a higher level of mortality rate –
up to 52% [19]. Insufficient sleep causes development of
metabolic syndrome and obesity. Sleep 1 hour shorter a
day is associated with an increasing body mass index up to
0,35 kg/m2 [14]. Light conditions are of great importance
as well. Lower light intensity in the morning and brighter
light in the evening can also provoke sleep disorders [6].
Therefore, investigation of the fundamental mechanisms
in the regulation of the sleep-wake cycle is an essential
term to solve these issues. Melatonin produces certain
effect on the target organs binding with specific receptors
in the plasmatic membrane and nucleus [16]. Availability
of melatonin receptors in the lateral preoptic nucleus of
the hypothalamus is a convincing criterion of the nucleus
participation in time organization.

THE AIM

The aim was to find out density of melatonin receptors
1A in the neurons of the lateral preoptic nucleus of the
hypothalamus in mature and old rats under various light
conditions.

MATERIALS AND METHODS

The exp er iments were c ar r ie d out on a lbino
non-linear mature and old male rats. The experimental
animals were distributed into six groups. In their turn,
they contained two subgroups six animals each. Group №1
contained mature rats kept for seven days under standard
light conditions (light by means of fluorescent lamps from
8 a.m. to 8 p.m., illumination level – 500 lx). Group №2
contained mature rats kept under conditions of complete
darkness during 24 hours (light deprivation) during the
similar period of time. Group №3 contained mature rats
kept for seven days under conditions of twenty-four-hour
light (light stimulation). Group №4 contained old rats
kept during seven days under standard light conditions
(level and time of illumination similar to that of mature
rats). Group №5 contained old rats kept during seven days
under complete darkness conditions. Group №6 contained
old rats kept under conditions of twenty-four-hour light
during the whole similar period.
The following day on completion of the experiment
single-stage decapitation of rats was performed under
ethaminal narcosis (40,0 mg/kg, injected into the peritoneum) at 2 p.m. and 2 a.m. with the purpose to find
circadian differences in the density of melatonin receptors
1A. All the stages of the experiment were conducted after
obtaining approval from the biomedical ethics committee
of Bukovinian State Medical University and keeping to
the orders of the Ministry of Health of Ukraine № 690
dated 23.09.2009, № 944 dated 14.12.2009, № 616 dated
03.08.2012 and the Laws of Ukraine, Council Directive

86/609/EEC of 24 November 1986 on the approximation
of laws, regulations and administrative provisions of the
Member States regarding the protection of animals used
for experimental and other scientific purposes, European
Convention on protection of vertebrate animals used for
experimental and other scientific purposes (18.03.1986)
and the main principles of the First National Congress
Resolution on bioethics «General Ethic Principles of Experiments on Animals» (2001).
After decapitation removed brain was kept for 22-24
hours in neutral extra-buffer 10% formalin solution. Small
incisions were made in the soft brain matter for better
formalin penetration into the brain tissues. The laminae
about one millimeter thick were cut from the preserved
tissue. The first cut passed through the anterior part of the
optic chiasm, and the second cut – through the posterior
part of the optic chiasm. Then the cut out laminae of the
brain were dehydrated in a ascending battery of alcohols,
paraffin was poured at 580С, and series of histological sections were made 5 mcm thick on the sliding microtome.
Immunohistochemical methods were applied on the sections according to the protocols supplied by the producer.
Thus, primary antibodies against melatonin receptors 1A
were used (Abcam). Primary antibodies were visualized
by means of the microscope Delta Optical Evolution 100
and digital camera Olympus SP550UZ according to the
polymeric system Dako and diaminobenzidine staining,
which gives a brown color of the spots where examined
antigens are located.
The intensity of staining was assessed on the digital copies of images according to computer microdensitometry
method by means of the licensed copy of the computer
program ImageJ v1.48. At the beginning computer value
of staining brightness was determined by means of microprobe method in the 8-bit system of analysis. After that
these values were transformed into the value of relative
optic density (in the units of optic density) by means of
logarithmic transformation in the range from 0 (absolute
transparence) to 1 (absolute opacity).
The results obtained were statistically processed by
means of the licensed copy of the computer program
PAST. Shapiro-Wilkie criterion was used to check a normal
distribution. According to this criterion hypothesis about
normal distribution did not deviate, therefore parametric
methods of statistical analysis were applied: calculation of
the arithmetic mean and its error (M ± m), odd bilateral
Student criterion. At the same time, in order to ensure reliability of the results to check differences between groups
of the study in average tendencies considering comparatively small amount in statistical samples, Mann-Whitney
criterion was additionally used.

RESULTS

A specific feature of melatonin receptors 1A in the neurons of the lateral preoptic nucleus of the hypothalamus
was that specific immunohistochemical staining could be
observed irrespective of their localization by the nucleus.
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Table I. Optic density of specific staining to melatonin receptors 1A in the neurons of the lateral preoptic nucleus of the hypothalamus of rats (M ± m)
Hours of the day

Optic density of immunohistochemical staining to melatonin receptors 1A
(in the units of optic density)
Mature rats

Old rats

2 p.m.

0,248±0,0018

0,211±0,0014
(p2<0,001)

2 a.m.

0,264±0,0016
(p1<0,001)

0,216±0,0013
(p1<0,05)
(p2<0,001)

Note: p1 – probability of difference as compared with the previous time interval;
p2 – probability of difference as compared with another group of the study.
Table II. Specific staining optic density to melatonin receptors 1A in the neurons of the lateral preoptic nucleus of the hypothalamus of rats under conditions
of light deprivation (M ± m)
Hours of the day

Optic density of immunohistochemical staining to melatonin receptors 1A
(in the units of optic density)
Mature rats

Old rats

2 p.m.

0,280±0,0019

0,234±0,0010
(p2<0,001)

2 a.m.

0,298±0,0017
(p1<0,001)

0,267±0,0016
(p1<0,001)
(p2<0,001)

Note: p1 – probability of difference as compared with the previous time interval;
p2 – probability of difference as compared with another group of the study.
Table III. Specific staining optic density to melatonin receptors 1A in the neurons of the lateral preoptic nucleus of the hypothalamus of rats under conditions
of light stimulation (M ± m)
Hours of the day

Optic density of immunohistochemical staining to melatonin receptors 1A
(in the units of optic density)
Mature rats

Old rats

14.00

0,180±0,0018

0,148±0,0013
(p2<0,001)

02.00

0,182±0,0017
(p1>0,05)

0,132±0,0012
(p1<0,001)
(p2<0,001)

Note: p1 – probability of difference as compared with the previous time interval;
p2 – probability of difference as compared with another group of the study.
Staining involved both membrane of the neurons and their
cytoplasm and was mainly of fine-granular or practically
diffuse character. Examining staining intensity from one
neuron to another we can suggest that it was of different
effect concerning both the membrane and cytoplasm. Thus,
there were neurons with intense, moderate, and even mild
staining, therefore optic density of specific staining to melatonin receptors 1A in the neurons of the lateral preoptic
nucleus of the hypothalamus was measured on the cellular
cytoplasm where staining was of a stable character. Average
values of the optic density of staining to melatonin receptors 1A in the neurons of the lateral preoptic nucleus of the
hypothalamus of rats kept under standard light conditions
at 2 p.m. and 2 a.m. are presented in Table I.
Under conditions of light deprivation we have found
the highest average values of the specific staining optic
density to melatonin receptors 1A in the neurons of the
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lateral preoptic nucleus of the hypothalamus, which was
especially seen in mature rats (Table II).
Under conditions of twenty-four-hour illumination the
intensity of optic density of specific staining to melatonin
receptors 1A in the neurons of the lateral preoptic nucleus
of the hypothalamus decreased sharply, which was seen on
the optic density of staining (Table III).

DISCUSSION

Lighting conditions are very important for normal sleep.
Decrease in light intensity in the morning or increase
in the evening [6] and human activity at night – the
most common causes of sleep-wake rhythm disorders
[18] which are accompanied by inhibition of melatonin
synthesis and secretion and lead to the development of
desynchrony [11].
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Our research illustrates that the optic density of staining
to melatonin receptors 1A in the neurons of the lateral
preoptic nucleus of the hypothalamus in mature rats is always higher than that in the old ones. Moreover, in mature
rats, the optic density of staining to melatonin receptors
1A in the neurons of the lateral preoptic nucleus of the
hypothalamus at 2 a.m. is on an average higher than that
at 2 p.m., such a tendency is not found among old rats.
At the same time, in old rats irrespective of lower average
values of the specific staining optic density to melatonin
receptors 1A in the neurons of the lateral preoptic nucleus
of the hypothalamus, rather intensive staining could be
observed in certain neurons.
Under conditions of light deprivation maximal amounts
of the optic density of staining were found at 2 a.m. of the
experiment. At the same time, certain neurons occurred
with especially intensive staining, but it was not even in
those cases but was of specific asymmetric character –
the highest intensity of staining was found in one of the
cellular poles.
In old rats under conditions of twenty-four-hour darkness intensity of optic density of specific staining to melatonin receptors 1A in the neurons of the lateral preoptic
nucleus of the hypothalamus increased as compared with
rats kept under usual light conditions. At the same time,
optic density of specific staining to melatonin receptors
1A was higher at 2 a.m. as compared with 2 p.m. it should
be noted that at 2 a.m. in old rats optic density of specific staining to melatonin receptors 1A reached average
amounts, which were peculiar for mature rats at 2 a.m.
kept under usual light conditions (Table I). In old rats at
2 a.m. in certain neurons of the lateral preoptic nucleus
of the hypothalamus the intensity of specific staining was
especially marked, though certain neurons were found to
be weak stained.
Decreasing the intensity of optic density of specific
staining to melatonin receptors 1A in the neurons of the
lateral preoptic nucleus of the hypothalamus was seen in
both mature and old rats, and this decrease was especially
significant in the latter ones. At the same time, there were
no differences registered in the average tendencies between
specific staining optic density in the neurons of the lateral
preoptic nucleus of the hypothalamus at 2 a.m. and 2 p.m.
in mature rats. Though, in old rats intensity is paradoxically
lower at 2 a.m. than at 2 p.m.

CONCLUSIONS

1. Density of melatonin receptors 1A in the neurons of the
lateral preoptic nucleus of the hypothalamus in old rats
is lower than that of the mature animals.
2. Under standard light conditions the density of melatonin receptors 1A in the neurons of the lateral preoptic
nucleus of the hypothalamus is subordinated to regular
circadian fluctuations: the highest values are found at 2
a.m., while at 2 p.m. they decrease.
3. Under conditions of light deprivation the density of
melatonin receptors 1A in the neurons of the lateral

preoptic nucleus of the hypothalamus increases both
in mature and old rats with its maximal value at 2 a.m.
And intensity of staining is of asymmetrical character.
4. Under conditions of light stimulation circadian rhythm
disorders are found and the density of melatonin receptors
1A in the neurons of the lateral preoptic nucleus of the
hypothalamus in mature and old rats decreases. At the
same time, intensity of melatonin receptors 1A density in
old rats at 2 a.m. is paradoxically lower than that at 2 p.m.
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