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ABSTRACT
Huge advancements in the field of cosmetology and numerous methods of skin restoration have kept the studies of 
skin aging continually relevant and up-to-date. Age-related changes in the physiological parameters of skin cover 
might be related to a trophic innervation disorder, which, in its turn, is caused by aging manifesting itself in the 
corresponding structures of the vegetative nervous system.

The present article aims at describing this particular skin aging mechanism. Reduction of the amount of cells in n. 
sensorius superior of the trigeminal nerve has been proven to be connected with a decrease in the amount of cells in 
the innervated areas of skin. 

The research was undertaken using autopsy material from people of various age groups who died from cardiovascular 
and cerebrovascular diseases. There has been an additional study of immunohistochemical expression of Ki-67 in 
order to assess functional condition of skin cells and calculate the proliferation index.

Studying proliferation index of dermal cells with the help of assessment of Ki-67 expression has shown that fluctuations 
in the proliferative activity have no direct dependence on the age.

It is obvious that the correlative relationship between changes in the nuclei of the trigeminal nerve and the development 
of atrophic processes in the innervated skin areas is much more expressed when compared with age correlations.

Reduction of the amount of cells in n. sensorius superior of the trigeminal nerve may be considered one of the 
mechanisms of aging realized as a systemic phenomenon.
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Introduction
Studying of skin aging mechanisms continues to be relevant. 
Growing interest in this problem may be explained by the intensive 
development of cosmetology and various methods of restoring the 
physiological parameters of the skin cover.

At present, there are two types of skin aging: internal 
(chronological) and external (photoaging) [1,2]. Each type has its 

own morphological features. It is believed that unlike chronological 
aging, which is a genetically determined process, photoaging 
directly depends on the degree of exposure to the UV irradiation 
and a genetically predetermined degree of pigmentation [3].

Despite various reasons, both types of aging are based on the 
same mechanisms related to a disorder of metabolism of collagen, 
the main structural component of the skin. Collagen production 
in the skin of elderly people compared to the young is decreased 
by an average 75%, but the level of collagen degradation (as in 
photoaging) is increased by 75%. There is a simultaneous decrease 
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in the amount of collagen I and collagen III, and a decrease in the 
ratio of the amount of collagen III to collagen I, that correlates 
with a person’s age.

It was found, that the basis of skin aging process lies in the 
fundamental changes related to fibroblasts - the main cell 
population of dermis: their amount and functional activity [4,5].

At the same time, the role of changes in the vegetative nervous 
system in the aging process of the body as a whole is just beginning 
to be studied [6]. The relationship between the age-related changes 
of the skin and the nervous system structures innervating it has 
not been investigated, although the trophic function of the nervous 
system has long been a matter of common knowledge [7]. The 
morphological changes in the trigeminal nerve nuclei depending 
on age have already been studied [8].
 
This article attempts to identify one of the possible skin aging 
mechanisms related to a disorder of trophic innervation, caused 
by enduring age-related changes in the corresponding structures of 
the vegetative nervous system.

Research Purpose
The purpose of the research is to find out whether there is a 
relationship between age-dependent morphological changes in n. 
sensorius superior of the trigeminal nerve and the process of aging 
of skin areas innervated by the trigeminal nerve.

Materials and Methods
The research was undertaken using autopsy material from 
people of various age groups who died from cardiovascular and 
cerebrovascular diseases.

This study used human tissue obtained postmortem under legal 
autopsy procedures, with permission from next of kin for research 
use. All procedures complied with institutional and international 
ethical standards (including the Declaration of Helsinki).

In each case, there were investigated:
1.	 The nuclei of the trigeminal nerve. Transverse 
fragments of the medulla oblongata of 3-4 mm thick at the level 
of localization of n. sensorius superior of trigeminal nerve were 
taken. Fragments of the tissue of the medulla oblongata were fixed 
in a 48% formalin solution for 48 hours, with the subsequent use of 
standard histological processing. Cross-sections of 5 μm thickness 
were made, painted with hematoxylin and eosin.  There was the 
total number of 4 sections in each case. The number of neurons in 
the right and left nuclei of the trigeminal nerve was calculated at 
420x magnification (the diameter of the field of view in this case 
was 0.32 mm), with the subsequent calculation of the mean value 
for each case.

2.	 The face skin areas in the zone of innervation of the 
middle branch of the trigeminal nerve, symmetrically right and 
left. The preparations were fixed in a 10% formalin solution, 
standard histological processing was made, and sections of 5 

μm thickness were made. In each observation, 4 serial sections, 
painted with hematoxylin and eosin were made. The study of age-
related changes in the skin was carried out by calculating the total 
amount of cells in derm in the field of view of the microscope 
at 420x magnification (diameter of the field of view, respectively, 
0.32 mm). 

There has been an additional study of immunohistochemical 
expression of Ki-67 in order to assess functional condition of skin 
cells and calculate the proliferation index. The proliferation level 
was estimated with the help of an index, which was calculated as a 
mean of the number of the labeled nuclei per 100 registered nuclei. 
Counting the labeled nuclei was carried out in the representative 
fields of view with a relatively even distribution of cells in the 
derm. 

All observations were classified according to age groups.

Results
56 cases of death from cardiovascular and cerebrovascular 
diseases at the age from 32 to 98 years were studied. The cases 
were distributed according to the age groups as follows:
31-40 years -5 cases (male-2, female- 3),
41-50 years - 6 cases (male -3, female -3),
51-60 years - 8 cases (male - 5, female - 3),
61-70 years - 12 cases (male - 6, female - 6),
71-80 years - 11 cases (male - 6, female - 5),
81-90 years - 11 cases (male- 4, female- 7),
91-100 years -3 cases (male- 1, female- 2).

When studying the nuclei of the trigeminal nerve, the following 
patterns were found:
1.	 The number of neurons in the right and left nuclei differs 

slightly; the difference is not statistically significant.
2.	 Minor fluctuations in the shape and size of transverse sections 

of the nuclei were found.
3.	 The signs of a progressive decrease in the number of neurons 

in n. sensorius superior of trigeminal nerve with age were 
found. In the age group of 31-40 years the mean number of 
neurons in the field of view was 14.2; in the age group of 
41-50 years -13.67; in the age group of 51-60 years -12.5; in 
the age group of 61-70 years -9.42; in the age group of 71-80 
years -9.1; in the age group of 81-90 years -8.2; in the age 
group of 91-100-years -9.3. 

The study revealed a 38.4% decrease in the number of neurons in 
n. sensorius superior of the trigeminal nerve in the age groups of 
81-90 years and 91-100 years compared with age group of 31-40 
years. 
 
Morphological skin changes were evaluated by the presence of 
dystrophic and atrophic changes. With growing age it was noted 
that the dystrophic changes were increasing. It was found, that in 
the age group of 31–40 years the mean amount of cells in skin 
sections in the microscope field of view was 48.8, in the age group 
of 41–50 years - 40.5, in the age group of 51–60 years - 40.12, in 
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the age group of 61– 70 years -32.84, in the age group of 71-80 
years -32.3, in the age group of 81-90 years -32.1, in the age group 
of 91-100 years -33.

There were signs of a 33.6% decrease in mean amount of cell 
elements in the age groups of 81-90 years and 91-100 years 
compared with age group of 31-40 years.

Studying proliferation index of dermal cells with the help of 
assessment of Ki-67 expression has shown that fluctuations in the 
proliferative activity have no direct dependence on the age and, 
thus, are not statistically important.

Statistical Studies
To evaluate the correlative relationships between the age of the 
dead people, the number of neurons in the nuclei of the trigeminal 
nerve and the amount of cells in the skin areas innervated by 
this nerve, a correlation and regression analysis with Pearson 
coefficient was performed. The following results were obtained:

1.	 For the relationship between the number of neurons in the nuclei 
of the trigeminal nerve and age, the correlation coefficient (r) 
is -0.519. The relationship between the investigated featured 
is inverse; the closeness (strength) of the connection on the 
Cheddock scale is noticeable.

2.	 For the relationship between the decreases in the amount of 
cells in dermis, the correlation coefficient (r) is -0.550. The 
relationship between the investigated features is inverse; the 
closeness (strength) of the connection on the Cheddock scale 
is noticeable.

3.	 For the relationship between the decrease in the number of 
neurons and the amount of cells in dermis, the correlation 
coefficient (r) is 0.697. The relationship between the 
investigated features is direct; the strength of the connection 
on the Cheddock scale is noticeable.

Thus, the obtained results should be considered statistically 
significant.

Due to the fact that a decrease in the number of neurons with age 
is not observed in all the investigated cases, as well as a decrease 
in the total amount of cell elements in the innervated areas of the 
skin, the Pearson’s X² criterion, allowing evaluating the qualitative 
characteristics of the phenomenon under study, was additionally 
calculated.

The following results were obtained:
1.	 For the relationship between the number of neurons in the 

nuclei of the trigeminal nerve and age, the Pearson’s X² value 
is 5.931 with a critical level for this sample of 5.34.

2.	 For the relationship between the decrease in the amount of 
cells in dermis and the age of dead, the criterion value is 7.098 
with a critical level for this sample of 5.34.

3.	 For the relationship between a decrease in the number of 
neurons and a decrease in the amount of dermal cells, the 
criterion value is 18.103 with a minimum level of 4.22.

Thus, the results should be considered statistically significant, and 
it is obvious that the correlative relationship between changes in 
the nuclei of the trigeminal nerve and the development of atrophic 
processes in the innervated skin areas is much more expressed 
when compared with age correlations.

Discussion
The findings of this study suggest that the reduction in cellularity 
of the n. sensorius superior of the trigeminal nerve plays a more 
significant role in the development of age-related skin atrophy 
than chronological aging itself. While the proliferative activity 
of dermal cells, as assessed by Ki-67 expression, did not show a 
consistent age-related decline, the pronounced correlation between 
neural degeneration and local skin atrophy underscores the 
importance of trophic innervation in maintaining skin structure. 
This implies that neurodegenerative changes in the peripheral 
components of the vegetative nervous system may serve as a 
critical, yet underrecognized, factor in the aging of skin.

These results support the hypothesis that skin aging is not merely 
a result of intrinsic cellular senescence or environmental exposure, 
but is also mediated by systemic mechanisms involving the 
nervous system. The observed relationship between neuronal 
loss and dermal atrophy highlights the need to further investigate 
neuro-cutaneous interactions in aging. Future research may benefit 
from exploring therapeutic strategies that support or mimic trophic 
neural input to preserve skin integrity in elderly populations.

Conclusions
There was found a decrease in the number of neurons in the 
nuclei of the trigeminal nerve with aging. It was also confirmed 
that with aging the atrophic processes in skin, characterized by 
the decrease in the amount of cell elements, were observed. The 
revealed correlative relationship between the decrease in the 
amount of cells in n. sensorius superior of the trigeminal nerve and 
the decrease in the amount of cells in the innervated areas of the 
skin are statistically more expressed compared with age-related 
correlations, and therefore it may be considered to be one of the 
mechanisms for the realization of aging as a systemic process.
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