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Abstract

Introduction

Despite the uniqueness of the melanin pigment system, where the final outcome of pigmentation is formed through the interaction of two types of cells
(melanocytes and keratinocytes), researchers have made certain progress in partially understanding the mechanisms of melanogenesis and patient therapy.
Undoubtedly, the most significant clinical implications pertain to pigmentation disorders primarily associated with melanin.

Objective of the Research
To study the levels of lipoproteins of various classes in patients with hyperkeratosis and their role in the formation of skin hyperpigmentation.

Methods

The research involved 50 women living in Rostov-on-Don, average age 42.3+1.1 years, divided into two groups: 25 people with skin hyperpigmentation,
average age 41.52+1.68 years, undergoing treatment in the dermatology department; 25 people - practically healthy (PH) individuals - during medical
examinations, average age 43.57+1.43 years. The content of total cholesterol (TC), triacylglycerides (TG), HDL was determined by the enzymatic colorimetric
method using the ChronolabAG kits (Switzerland), LDL - by the turbidimetric method, very low density lipoproteins (VLDL) - by the calculated TG/5
method. Statistical processing of the obtained data was performed using Microsoft Office Excel 2007 (Microsoft Corp., USA) and Statistica 10.0 (StatSoft
Inc, USA). The data are presented as M+m, where M is the mean value of the feature, m is the mean error of the feature, and also as an expression of the
frequency of occurrence of the feature in absolute values (n) and percentages (%). The significance of differences between subgroups was assessed using
Student's T-criterion. Correlation analysis was performed to determine the relationships between different parameters. The threshold level of statistical
significance was p < 0.05. The Mann-Whitney criterion was used for comparative analysis of absolute differences in samples.

Results

During the study of the metabolic features of lipoprotein metabolism in patients with hyperpigmentation, an increase in the level of individual lipoprotein
classes was noted compared to the control group. The level of total cholesterol, TG, LDL, VLDL was statistically significantly increased, and a tendency
towards a decrease in HDL was revealed. Thus, the content of TC in patients with hyperpigmentation was statistically significantly different from the control,
by 18.64% (p = 0.148), which suggests that cholesterol is used to build cell membranes. Against this background, a higher content of TG was noted - by
18.1% (p = 0.393), which are obviously used to maintain cell energy costs. It should be noted that the concentrations of atherogenic fractions of VLDL, LDL
in hyperpigmentation were higher than in the control: VLDL - by 18.13% (p = 0.352) and LDL - by 44.93% (p = 0.044). Which is obviously associated with
increased cholesterol esters entering the epidermal tissue. However, HDL values tended to decrease in the main group compared to the control.

Conclusion

It was found that patients with hyperpigmentation have statistically significantly increased levels of individual lipoprotein classes, such as LDL, VLDL, as
well as TG and TC. This is probably an indicator of the constant need of cells to synthesize membrane lipids and maintain increased cellular metabolism,
which is necessary for increased regeneration of the epidermis. Further study of the level of blood plasma lipoproteins and analysis of changes in their
fractions will reveal the pathogenetic mechanisms of skin hyperpigmentation, as well as reveal the predictors that contribute to its formation.
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Introduction

There are no uniform statistics on primary acquired
hyperpigmentation (melasma), various authors estimate its
prevalence from 1% in the general population to 50% in high-
risk groups. According to medical statistics, women aged 25 to
50 with skin phototypes 3-6 are most susceptible to developing
melasma [1,2]. The average ratio of men and women with such
changes is 1:9 [2]. Skin color is determined by the presence of
pigments - melanin and carotenoids, and also depends on the level
of hemoglobin in the blood. Despite the uniqueness of the melanin
pigment system, when the final outcome of pigmentation is formed
as aresult of the interaction of two types of cells (melanocytes and
keratinocytes), researchers have currently achieved some success
in partially understanding the mechanism of melanogenesis and
treating patients. Undoubtedly, pigmentation disorders associated
mainly with melanin are of greatest importance for clinical
practice.

Melanin synthesis occurs in highly specialized epidermal
cells called melanocytes, which are of neurogenic origin and
morphologically similar to nerve cells. Melanocytes are located
among the cells of the basal layer and have several processes
that can extend up to 100 um from the cell body. The end of the
melanocyte branch after repeated division is closely adjacent to
the keratinocyte pole. The distribution of melanocytes and the
way they branch are normally such that there is hardly a cell
of the basal layer that does not contact the terminal sections of
the dendrites. There is also contact between the processes of
melanocytes. The structural and functional association of the
melanocyte with keratinocytes is called the "epidermal-melanin
unit of the epidermis". Melanin synthesis occurs in melanocytes
in special organelles called melanosomes, which are quite
complex formations. They are surrounded by a continuous
membrane and contain a highly organized internal structure of
longitudinally oriented strands or concentric plates. Melanosomes
can be spherical or ellipsoid and have a size of 0.5-1 um. In their
development, melanosomes go through 4 stages and, moving
towards the periphery of the pigment cell, acquire an ever-
increasing electron-optical density until their structure ceases
to differ. In this form, they are transferred to keratinocytes (a
cytocrine method similar to the production of secretion in other
organs, but now the transfer of melanin is considered a phagocytic
process). The biochemical mechanisms of melanin synthesis are
well studied. From the amino acid tyrosine, under the influence
of tyrosinase of melanocytes, dihydroxyphenylalanine is formed
and through a number of intermediate compounds is converted
into melanin, which in the body exists in the form of a compound
with protein - melanoprotein complex [1, 2].

During the development of an inflammatory reaction in the
epidermis, o-arachidonic acid is oxidized to prostaglandins
and leukotrienes, and reactive oxygen species are generated.
Presumably, eicosanoids (leukotrienes, prostaglandins), cytokines
and inflammatory mediators (interleukins, tumor necrosis factor-
alpha, etc.) can affect melanocytes, increasing the level of
immunoreactive tyrosinase, which stimulates hyperplasia and/or
hypertrophy of melanocytes, melanogenesis and/or activation of
melanin transfer to surrounding keratinocytes [3].

When the basement membrane and basal keratinocytes are
damaged, the melanin they contain enters the upper layers of the
dermis. There, it is absorbed by macrophages, which migrate to
the foci of inflammation [4].

The concept of melanogenesis regulation is sufficient to understand
the multi-stage nature of this process. Some literary sources indicate
a direct influence of catecholamines on melanogenesis through
the hypothalamus, which stimulates the pituitary gland to produce
melanocyte-stimulating hormone [5]. An important role in the
mechanism of melanogenesis belongs to the activity of endocrine
glands: the pituitary gland, pineal gland, adrenal cortex, thyroid
gland and sex glands. The mechanism of melanogenesis is due
to a complex biological process involving tyrosine, tyrosinases,
copper ions, zinc, and molecular oxygen [1,2].
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Figure 1: Melanogenesis.

Microelements, especially copper, play an important role in
the mechanism of melanogenesis disorders [2-6]. It has been
established that with a significant decrease in copper content
in depigmented skin, its content in the blood and daily urine
increases, which is apparently associated with a violation of
copper absorption by tissues. Zinc is involved in one of the
stages of melanin synthesis in the process of tyrosine oxidation.
The participation of the immune system in the mechanism of
melanogenesis is being studied. Morphological studies by various
authors have established a change in the number of melanocytes
and their dystrophy in foci of dyschromia in the direction of
increase or decrease. In recent years, assumptions have been made
about the participation of radical chain reactions in the processes
of pigment formation. In this regard, the state of protection against
oxygen radicals, including enzymes, is important: superoxide
dismutase, catalase, glutathione, peroxidase, as well as natural
antioxidants - tocopherols, ascorbic acid, ubiquinones. They are
part of a system that prevents uncontrolled radical reactions.
Analysis of skin pigmentation under the influence of PUVA
therapy confirms the idea that melanin is formed during the
tyrosinase reaction due to oxidation or blocking of sulfhydryl
groups. Tyrosinase is activated by UVR by destroying peptidase
and glutathione, which block tyrosinase.

Some studies have also noted pronounced solar elastosis-like
changes in melasma lesions and suggested a cumulative effect of
ultraviolet radiation: induction of inflammatory cytokines such
as interleukin-1, endothelin-1, alpha-melanocyte-stimulating
hormone (alpha-MSH), adrenocorticotropic hormone (ACTH)
leads to stimulation of melanocytes and the appearance of
pigmentation [2-4].

Another supposed mechanism for the development of melasma
is an increase in the level of vascular endothelial growth factor
(VEGF) and increased vascularization (an increase in the size
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and number of vessels) in the lesions. Considering that human
melanocytes normally express VEGF receptors on their surface,
this indicates the ability of melanocytes to respond to angiogenic
factors, and therefore explains the role of the vascular component
in the development of melasma. It should be noted that vascular
endothelial cells can produce cytokines, plasminogen and other
factors that also affect melanogenesis [7].

Some publications note the role of hormonal influence, which
is based on increased expression of receptors to estrogen and
progesterone in pigmented areas. These hormones have the ability
to stimulate melanogenesis through DOPAchrome tautomerase and
tyrosinase. Activation of tyrosinase can be carried out by hormones
directly or indirectly (through an increase in the level of cAMP).

It is known that one of the clinical signs of skin hyperpigmentation
is localized hyperkeratosis in the lesion, associated with a high
level of cell proliferation and saturation of cells with melanin. Cell
proliferation and hyperkeratosis are associated with an increased
need for lipids in the epidermis. It is known that the transport form
of lipids in the blood are lipoproteins of various classes. They
transport lipids to tissues for the construction of cell membranes,
the synthesis of steroid hormones and fatty acids to maintain
cellular metabolism. However, it is important to emphasize that
the composition of lipoproteins circulating in the blood is not
static. They are in a dynamic state with a constant exchange
of components between different types. Plasma lipoproteins
transport metabolites, hormones, vitamins, maintain cholesterol
homeostasis, so their functional and physicochemical state is an
important link in assessing the adaptive capabilities of the body.
Changes in the ratio of different lipoprotein fractions can become
a predictor of the formation of skin hyperpigmentation. Literature
data indicate that certain classes of lipoproteins, such as HDL,
can help maintain vascular endothelial function by stimulating
the release of nitric oxide (NO) [8]. The ability of melanocytes
to respond to angiogenic factors is known. Vascular endothelial
cells can produce cytokines, plasminogen, and other factors that
also affect melanogenesis.

The Aim of the Research
To study the level of lipoproteins of various classes in patients with
hyperkeratosis and their role in the formation of the pathogenesis
of skin hyperpigmentation.

MaterialsandMethods

The research included 50 women living in Rostov-on-Don, average
age 42.3+1.1 years, divided into two groups: 25 people with skin
hyperpigmentation, average age 41.52+1.68 years, undergoing
treatment in the dermatology department; 25 people - practically
healthy (PH) individuals - during medical examinations, average
age 43.57+1.43 years. The examination of all participants was
carried out after signing informed consent.

The content of total cholesterol, TG, HDL was determined by
the enzymatic colorimetric method using the ChronolabAG Kkits
(Switzerland), LDL - by the turbidimetric method, very low density
lipoproteins (VLDL) - by the TG/S calculation method. Statistical
processing of the obtained data was carried out using Microsoft
Office Excel 2007 (Microsoft Corp., USA) and Statistica 10.0
(StatSoft Inc, USA). The data are presented as M + m, where M
is the average value of the feature, m is the average error of the
feature, as well as an expression of the frequency of occurrence
of the feature in absolute values (n) and percentages (%). The
significance of differences between the subgroups was assessed
using Student's T-test. Correlation analysis was carried out to
determine the relationships between different parameters. The
threshold level of statistical significance was p < 0.05. The Mann-
Whitney test was used for comparative analysis of absolute
differences between samples.

Results and Discussion

During the study of the metabolic features of lipoprotein
metabolism in patients with hyperpigmentation, an increase in the
level of individual lipoprotein classes was noted compared to the
control group. The level of total cholesterol, triglycerides, LDL,
VLDL was statistically significantly increased, and a tendency
towards a decrease in HDL was revealed. Thus, the content of TC
in patients with hyperpigmentation was statistically significantly
different from the control, by 18.64% (p = 0.148), which suggests
that cholesterol is used to build cell membranes. Against this
background, a higher content of TG was noted - by 18.1% (p =
0.393), which are obviously used to maintain cell energy costs. It
should be noted that the concentrations of atherogenic fractions
of VLDL, LDL in hyperpigmentation were higher than in the
control: VLDL - by 18.13% (p = 0.352) and LDL - by 44.93% (p
=0.044). Which is obviously associated with increased cholesterol
esters entering the epidermal tissue. However, HDL values tended
to decrease in the main group compared to the control. HDL
have a number of biological properties, including antioxidant
and cytoprotective

Table 1: Contents of “Traditional” Lipid Metabolism Parameters in Patients (Descriptive Statistics) Main Group Control group.

Total cholesterol Average 7,485 6,090
St.deviation 3,623 1,822

Std.error 0,725 0,364

min 0,738 2,954
max 12,925 10,340

25% 5,170 5,170

median 5,986 5,170

75% 11,374 7,238

Tg average 1,579 1,293
St.deviation 0,931 0,675

Std.error 0,186 0,135

min 0,570 0,572
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max 3,616 3,134

25% 1,145 0,573

median 1,145 1,145

75% 1,808 1,717

HDL average 2,066 2,178

St.deviation 0,928 0,856

Std.error 0,186 0,171

min 1,290 1,032

max 4,840 4,840

25% 1,548 1,612

median 1,613 1,935

75% 2,257 2,580

LDL average 3,837 2,113

St.deviation 3,881 1,528

Std.error 0,776 0,306

min 0,164 0,256

max 11,890 5,687

25% 0,702 1,150

median 2,380 1,565

75% 5,326 2,870

VLDL average 0,717 0,587

St.deviation 0,423 0,306

Std.error 0,085 0,061

min 0,260 0,260

max 1,640 1,420

25% 0,520 0,260

median 0,520 0,520

75% 0,822 0,780

Table 2. Comparative Analysis. Statistically Significant Differences are Highlighted in Red.
M=m M=m according to Student's criterion according to Mann-Whitney criteria

Main group Control p P-ypoOB.
Total cholesterol 7,485+0,725 6,09+0,364 0,091827 0,148315
TG 1,579+0,186 1,293+0,135 0,220472 0,393258
HDL 2,066+0,186 2,178+0,171 0,661069 0,382594
LDL 3,837+0,776 2,113+0,306 0,044283 0,460935
VLDL 0,717+0,085 0,587+0,061 0,219320 0,351680
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Figure 2: Total Cholesterol in Blood Serum in Main and Control Group
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Figure 3: Triglyceride Level in Blood Serum in Main and Control
Group
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Figure 3: Hdl level in Blood Serum in Main and Control Group.
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Figure 3: Ldl Level in Blood Serum in Main and Control Group.

Figure 3: Vldl level in Blood Serum in Main and Control Group.

Conclusion

Thus, analyzing the obtained results, we found that patients with
hyperpigmentation have statistically significantly increased levels
of individual classes of lipoproteins, such as LDL, VLDL, as
well as triacylglycerides and total cholesterol. This is probably
an indicator of the constant need of cells to synthesize membrane
lipids and maintain increased cellular metabolism, which is
necessary for increased regeneration of the epidermis. Further
study of the level of blood plasma lipoproteins and analysis of
changes in their fractions will allow us to study the pathogenetic
mechanisms of skin hyperpigmentation, as well as to reveal the
predictors that contribute to its formation. The feasibility of
studying the systemic biochemical profile in these patients will
allow us to develop optimal drug correction regimens.
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