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In order to verify the assumption that changes in the content of osmiophilic bodies (OB) in pinealocytes in rats are a morphological marker not 
only of shifts in secretory activity and cal-cification of the pineal gland responding to round-the-clock lighting, but also reflect violations of pineal 
biorhythm, by methods of light and transmission electron microscopy, microrentgenospec-tral analysis in an experiment on rats, exposed to 48-
hour exposure to bright light, the numerical density of single and grouped OB, their chemical composition was estimated. It is concluded that the 
grouped OB with the material of disposed mitochondria and calcifications are a residual manifestation of desynchronosis. Their content increases 
at an earlier time after exposure than the total content of various types of OB.
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Introduction. In the northern lati-
tudes beyond the Arctic Circle, such 
a phenomenon as a polar day is ob-
served. In connection with the active 
development of the Arctic, the north-
ern sea route, the study of the effects 
of round-the-clock lighting on the body 
is becoming increasingly relevant. The 
pineal gland plays an importance role 
in the regulation of daily biorhythms. 
Modeling the effect of 24-hour illumina-
tion with 48-hour exposure to bright light 
on white rats, we showed that hyperil-
luminated animals develop temporary 
desynchronosis of the daily activity of 
the pineal gland, which resulted in an 
increase in the content of calcified cells 
in pinealocytes [3, 4]. During the study, 
a complex of morphological markers of 
functional activity of the gland was con-
sidered [7], which made it possible to 
assess, among other things, the state 
of the mitochondrial apparatus, which 

is the exclusive site of synthesis of the 
main pineal hormone melatonin [10]. 
The specific volume of mitochondria in 
the cytoplasm of most large light pine-
alocytes (type IB) significantly exceeds 
the value of the indicator characteristic 
of all other types of cells of a neural na-
ture, including hypothalamic neuroendo-
crine [1]. Mitochondria in pinealocytes, 
in addition, exhibit a diurnal fusion-di-
vision rhythm, and are subject to mito-
phagy [11]. Disposal is accompanied by 
the formation of single and grouped into 
aggregates from [2]. It is assumed that 
the utilization of damaged mitochondria 
is associated with the formation of OB 
accumulating in small light pinealocytes 
(type IA), dark pinealocytes (type II) and 
degenerating pinealocytes (type III), and 
that the formation of grouped OB is a 
consequence of a violation of the daily 
rhythm of mitochondrial fusion.

The aim of the study was to analyze 
the formation, chemical composition and 
changes in the numerical density of sin-
gle and grouped OB in pinealocytes of 
the pineal gland in rats after the cessa-
tion of round-the-clock illumination with 
bright light.

Materials and methods of re-
search. The work was performed on 80 
mongrel white male rats weighing 180-
200 g in accordance with the rules of 
laboratory practice (Order of the Minis-
try of Health of the Russian Federation 
No. 267 dated 06/19/2003). The illumi-
nation of animals in the daytime (from 
8 to 20 hours) was 200 lux. The effect 
of round-the-clock lighting was modeled 
by placing rats in hyperilluminated cells 
for 48 hours (6 lamps LB-40, illumina-
tion 3500 lux). Experimental and control 
animals were withdrawn from the ex-
periment at 11-12 hours of the day af-

ter 24 hours, 10, 30 and 180 days after 
the cessation of exposure to bright light. 
The gland was taken after decapitation 
of rats under ether anesthesia, fixed 
in 2.5% glutaraldehyde at 0.2 M caco-
dilate buffer (pH 7.4), post-fixed in 1% 
osmium tetraoxide solution, dehydrated 
in ethanol, poured into epon. The sec-
tions were made using LKB-III ultratome 
(Sweden), contrasted with uranyl ace-
tate and lead citrate, and examined in 
a JEM-100 CX II transmission micro-
scope (JEOL, Japan). The electron mi-
croscope JEM-210 (JEOL, Japan) and 
the energy dispersive spectrometer Ox-
ford Instruments X-Max (Great Britain) 
were used for the microrentgen spectral 
analysis. In sections of the gland with an 
area of 0.06 mm2, the numerical density 
FROM was calculated using a 368-point 
test system. The data was processed 
using the software package "Statistica 
for Windows", version 7 (StatSoft Inc., 
USA).

Results and discussion. In rats, in 
type IA pinealocytes, along with OB, mi-
tochondria with inclusions of osmiophilic 
material and grains of calcifications are 
detected, which are isolated by cisterns 
of the endoplasmic reticulum with the 
formation of autophagolysosomes. Au-
tophagolysosomes filled with amorphous 
osmiophilic material contain lamellar 
structures, calcified grains, lipids. It is not 
so common in autophagolysomes to ob-
serve complete digestion of the recycled 
material, as well as the presence of cal-
cified lamellar material in the intercellular 
space. In the daytime, when mainly small 
mitochondria are detected in the zone of 
the inactive Golgi complex of light pineal-
ocytes in control animals, some of them, 
thanks to the folds of the outer mitochon-
drial membrane, can interact with each 
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Fig. 1. Grouping of small mitochondria (M) and OB (N – pinealocyte nucleus)

Fig. 2. Crystals at the site of pinealocyte death

Fig. 3. Phosphorus distribution in the pinealocyte cytoplasm according to the data of dispersion 
microrentgen-ospectral analysis

Fig. 4. Changes in the numerical density (N) of in the cytoplasm of pinealocytes in rats after 
exposure to light: 1 – total N in the experiment, 2 – total N in the control, 3 – grouped N in the 
experiment, 4 – grouped N in the control, asterisk – significant differences with the control

other and with OB, turning into osmiophil-
ic clear-cut structures (Fig. 1).

In larger numbers, grouped and single 
OB (up to 7.5 microns in size) are found 
in control and experimental animals in 
pinealocytes of type II and III, as well 
as in apoptotic corpuscles. The OB is 
involved in the genesis of concretions, 
which is consistent with the data of other 
authors and is considered as a physio-
logical process, and calcification of the 
contained OB (its amorphous type) itself 
is a reflection of aging and/or degenera-
tive condition of the pineal gland [5, 6, 9]. 
Only sometimes at the site of pinealocyte 
death in rats, crystals with a size of 1.2 × 
0.2 microns and rosettes of crystals are 
organized (Fig. 2).

In terms of the ratio of calcium and 
phosphorus, the crystals are close to 
hydroxyapatite [8]. Calcium, phospho-
rus, and sulfur are rich not only OB wich 
utilize mitochondria, but also in organ-
elles capable of melatonin synthesis 
themselves, depositing, in addition, 
Ca2+, involved in oxidation and phos-
phorylation, containing substances that 
include cysteine, for example, glutathi-
one (Fig. 3).

After the cessation of round-the-clock 
illumination, the numerical density of 
grouped pinealocytes in the cytoplasm 
increases and exceeds the control by 
10-180 days. The increase in the total 
numerical density is measured by 30-
180 days (Fig. 4). Since hyperilluminat-
ed rats developed desynchronosis with 
suppression and then inversion of the 
exact rhythm of pineal gland activity [3], 
it can be assumed that osmophilic ma-
terial and calcifications accumulated in 
small mitochondria with inhibited activi-
ty of IB pinealocytes activate utilization 
organelles with similar changes. The OB 
are formed, type IB cells acquire mor-
phological features of type IA cells, the 
fusion of small mitochondria into large 
ones synthesizing melatonin is compli-
cated. Small mitochondria without signs 
of osmiophilia and with osmiophilic ma-
terial are more often combined after 
the cessation of exposure into clear-cut 
structures, often in combination with OB, 
therefore, after 24 hours in the phase of 
inversion of the circadian rhythm, there 
is no significant increase in the specific 
volume in the cytoplasm of pinealocytes 
of mitochondria in hyperilluminated rats 
[4]. In large mitochondria, not only the 
enlightenment of the matrix is noted, but 
also the deposition of osmiophilic mate-
rial. The specific volume of mitochondria 
in pinealocytes in rats increases 10 days 
after the cessation of light exposure at 
the peak of the adaptive response to 
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stress [4], which obviously activates mi-
tophagy, the utilization of large mitochon-
dria with signs of damage of the "dark" 
type with the formation of single OB. This 
may explain the earlier increase in the 
numerical density of grouped OB com-
pared to the increase in the total numeri-
cal density of OB. 

Conclusion. Thus, the peculiarity 
of the morphofunctional organization 
of the pineal gland, associated with the 
site of synthesis of the main pineal hor-
mone melatonin in the mitochondria of 
pinealocytes, causes their frequent fu-
sion with daily frequency, a significant 
specific volume in the cytoplasm, wide-
spread calcification and osmiophilia of 
the mitochondrial matrix, utilization in 
the composition of OT, in place of which 
hydroxyapatite crystals or concretions 
of amorphous type. Violation of the cir-
cadian rhythm of mitochondrial fusion 
increases the content of grouped OT in 
pinealocytes, which can be considered 
as a residual manifestation of desyn-
chronosis when adapting to round-the-
clock lighting. 
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Nowadays a high level of CTD is prevailed, which has local and general phenotypic signs. 
At the same time, despite its wide study, the problems of diagnosis, treatment, prevention and 
comprehensive rehabilitation of its manifestations in the oral cavity and maxillofacial region re-
main unresolved. In this connection the research aim is to solve these problems, which have 
an extremely important practical, scientific and theoretical significance in dentistry, and also in 
medicine. The research objective is to study the structure of dentoalveolar anomalies of school-
children due to the hard palate vault height at different degrees of connective tissue dysplasia se-
verity. Materials and methods. A clinical and craniometric study was performed in 964 children 
and adolescents aged from 12 to 15 years old diagnosed with CTD. The CTD severity was deter-
mined by the method of T. Milkovska-Dmitrova and A. Karkashev (1985). In this case, anomalies 
of occlusion, dental deformities and anomalies in the teeth position were determined taking into 
account the height of the hard palate vault at different CTD severity. The vault height of the hard 
palate was determined by the method of Ushnitsky I.D. et al. (2018). Results. The examined pa-
tients most frequently revealed a medium degree of severity, then a mild degree and less often a 
severe degree in the CTD structure severity. At the same time, in the structure of occlusal anom-
alies associated with distal occlusion, deep traumatic incisal overlap and underdevelopment of 
the upper jaw, dental arch anomalies including occlusion of the maxillary and mandibular dental 
arches, shortening of the maxillary and mandibular dental arches, displacement of the upper 
and lower central tremes, dental position anomalies such as close position of incisors, vestibular 
position of upper canines, protrusion of upper incisors, retrusion of upper and lower incisors, pri-
mary adentia, dystopia of upper canines are determined by increasing their prevalence in school 
children due to the height of the hard palate vault depending on CTD severity.
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