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Abstract. The fulfillment of a number of the most important physiological
functions of the skin is directly related to skin lipids. This article presents
the results of studying the lipid-containing and lipid-synthesizing structures
of the young Poltava Meat Breed boars’ skin. Morphofunctional epidermis
features, sebaceous glands and adipose tissue cells of the hypodermis and
their relationship with other skin structures were studied. The boars of
Poltava Meat Breed, upon reaching the live weight of 100 kg, have certain
specific features of skin structure, which plays an important role for
developing efficient methods of selectioning, breeding and keeping the
animals, which would raise the functional abilities of highly productive
animals and help obtaining high-quality production from them.

1 Introduction

Lipids are a wide group of fats and fat-like substances which are an important part of
biological systems, related to fulfilling of various vital functions in cells (cell membranes are
involved in cellular signaling, transport, movement of proteins, growth, differentiation and
storage of energy) [1-3], and in the body as a whole, lipids have many functions [4-5]:
storage, structural, protective, energetic, heat-insulating.

There is a wide dynamic range of lipid concentrations in biological samples [6]. There
are especially many lipids in the cells of the liver, kidneys, nervous tissue, and skin.

Skin lipids are critical to the structure and function of the skin. Starting from the depth of
the hypoderm, through the ceramide-rich epidermis and ending with lipids on the skin
surface, there are a huge number of different lipids playing important roles [7]. Thus, 3 main
types of structures can be distinguished in the skin, actively producing and secreting fats and
fat-like substances. These include: 1) the epidermis, during the keratinization of which the
lipids of stratum corneum skin barrier are formed; 2) sebaceous glands; 3) cells of adipose
tissue, located mainly in the hypodermis (subcutaneous fat) and, to a lesser extent, in the
dermis. These three groups of structures synthesize and secrete fats that differ in their
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chemical structure and, in connection with this, perform different functions to one degree or
another.

In addition, the skin microbiome is an important source of skin lipids that should not be
ignored [8-10].

Skin lipids perform a number of important functions:

- physicochemical function: they are a "building solution" for establishing the
physicochemical barrier function of the skin;

- biochemical function: they act as signals in a complex signaling network occurring at the
epidermal level;

- the function of microecology: lipids obtained from sebocytes and keratinocytes change the
composition of the microbial flora of the skin [11].

In general, it should be noted that many of the most important functions of the skin
(protective, thermoregulatory, etc.) are realized, among other things, due to skin lipids and
adipose tissue cells in the hypodermis.

In dermatological studies, the study of lipids is given increased attention, since they are
important for assessing the condition of the skin and new analytical possibilities of lipidomics
[12-15]. However, literary sources have practically no data on lipids, lipid-containing and
lipid-synthesizing structures of the skin of farm animals and especially pigs. Considering the
importance and functions of the skin, we believe that the study of skin structures and its lipids
is of great importance for predicting and assessing the farm animals’ health, resistance and
productivity.

The aim of the work is to characterize the epidermis, sebaceous glands, and adipose tissue
cells of the hypodermis as lipid-containing and lipid-synthesizing structures of the skin of
Poltava Meat Breed boars.

2 Materials and methods

The work was carried out on a pure-bred livestock of Poltava Meat Breed Pigs in possession
of JSC “Plemzavod Belovodskiy” of the Lugansk region, Ukraine.

The environmental conditions, such as feeding and keeping the animals, or carrying out
zooveterinary measures, met the technological standards developed by the Institute of Pig
Breeding and Agroindustrial Production of the UAAS (Ukrainian Academy of Agrarian
Sciences), taking into account the animals’ age, live weight and physiological state. The pigs
were fed by concentrate prepared with the use of our own feed, and kept in groups, under
zero grazing conditions.

The research was carried out on skin samples taken from a group of animals (n = 16),
formed from an array of boars, fattened for the purpose of “control slaughter” (to determine
the meat qualities of the breed), which reached a live weight of 100 kg at the age of 6.5
months. The animals in the group were selected by the analog pair method. The data on the
genotype of the boars were taken from the pedigree and zootechnical records.

Sampling and study of the morphological structure of the skin were carried out according
to the method of G.D. Katsa (2013) [16].

The thickness of the stratum corneum (as the outer layer of the epithelium) and the
thickness of the underlying layers of the epithelium (as the inner underlying layers of the
epithelium), the length of the projections of the epidermis, the length of the excretory duct of
the sebaceous gland, the distance from places of opening of the duct of the sebaceous gland
to the surface of the skin, the depth of the secretory sections of the sebaceous, the area of the
secretory surface of the sebaceous glands, the area of the fat cells of the subcutaneous adipose
tissue in tenfold repetition were measured on stained sections using a digital microscope
Delta Optical Genetic Pro Z (Scopelmage 9.0). Based on the primary data, the total thickness
of the epidermis and the ratio of the outer and inner layers of the epidermis were calculated.
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Statistical data processing was performed using the STATISTICA (6.0) software
package. The mean value of the trait (M), the error of the mean (mM), the coefficient of
variation (Cv), the values of the minimum and maximum variant of the population (lim) were
calculated.

3 Results

The epidermis of the studied animals’ skin is represented by a well-developed stratified
squamous keratinizing epithelium. It has an average thickness of 79.38 pm (1im48.94 - 99.15
um and an average level of variation, the index of which (Cv) was 20.77%.

The most important component of the epidermis, on which its functional activity depends,
is the stratum corneum. It plays a de-cisive role in the formation of a protective barrier. The
studied animals have rather thick, multi-row, and loose stratum corneum. The cells of this
layer are non-nuclear, in the form of gradually exfoliating scales.

The thickness of the stratum corneum reaches an average of 17.42 microns (lim 12.46 -
26.29 microns), which is on average 21.95% (lim 15.48-46.41%) of the total thickness of the
epidermis. In some areas of the epidermis, peeling surface layers of the stratum corneum of
different size and thickness are observed. The group variability of the stratum corneum
thickness (Cv) index was 23.37%. In most boars (56.25%), the stratum corneum is lipid-
lubricated (Fig. 1).

Fig. 1. Epidermis of Poltava Meat Breed boars upon reaching the live weight of 100 kg (vertical cut
x400). (Stained with Sudan III and Carazzi's Hematoxylin).

The inner underlying layers of the epidermis are well developed in boars. In the basal
row, the nuclei of cells are large, oval in shape, elongated perpendicular to the surface of the
skin. As they approach the stratum corneum, the nuclei of the cells become more rounded
and shrink, and then flatten. The thickness of the inner underlying layers reaches an average
of 61.95 microns (lim 35.47-79.86 microns), with group variability (Cv) equal to 25.24%.
The ratio of the outer and inner underlying layers of the epidermis was 0.28 with the
variability of the trait from 0.18 to 0.38, with cv=22.5%.

A rather long excretory duct of the sebaceous gland (on average 114.6 microns, 1im44.76
- 179.77 microns, Cv = 47.39%) opens into the hair sheath in the upper third of the hair
follicle (Fig. 2). at an average distance of 978.74 microns from the skin surface (lim 119.03
-2077.38 microns, Cv= 67.96%), which is 33.72% of the total skin thickness.

The depth of the secretory sections of the sebaceous glands is on average 1339.83 microns
(1im 596.55 - 2378.06 microns, Cv = 46.32%), or 41.61% of the total skin thickness.

Their area is on average 3273.87 mm2 (lim 654.87 - 9777.34 pm2) and Cv = 81.97%
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Fig. 2. The sebaceous gland of the skin of a young Poltava Meat Breed boar upon reaching the live
weight of 100 kg (vertical cut x400). (Stained with Sudan III and Carazzi's Hematoxylin).

In Poltava Meat Breed animals, the hypodermis (subcutaneous fatty tissue) consists of large
fat cells of various shapes and sizes and thin, rare collagen fibers (Fig. 3).

Fig. 3. Fat cells in the bacon of Poltava Meat Breed boars, obtained in “purity”, upon reaching the live
weight of 100 kg (x100). (Stained with Sudan III and Carazzi's Hematoxylin).

According to our research, the sizes of fat cells of Poltava Meat Breed boars vary very widely,
ranging from 2802.83 to 5673.87 um2. Their average area is 4006.21 £ 265.68 pm2 at Cv =
23.91%. The hypodermis of the skin in these animals is characterized by well-pronounced
“sudanophilia.

4 Discussion

The lipid-containing and lipid-synthesizing structures of the skin of Poltava Meat Breed boars
upon reaching the live weight of 100 kg are characterized by morphological and functional
features, due, in our opinion, to various factors, such as the phylogenesis of this animal
species, long-term selection, climatic and technological factors.

The epidermis of the studied animals’ skin is relatively thick and well developed. The
hypodermis consists of a great number of large fat cells and is subject to varying degrees of
destructive elements, which may be due to specific features.
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The stratum corneum plays a critical role in the formation of the skin's protective barrier.
In the studied animals, it was distinguished by equability, uniformity and sudanophilia.

The studied indices of skin layers had variability values not exceeding 33%, which
indicates the uniformity of animals according to these indices in the skin structure of
individuals, the most important organ of defense and adaptation, and therefore, in terms of
the ability to perceive and respond to acting external factors.

It should be noted that the variability of indicators characterizing the morphofunctional
features of the sebaceous glands, in contrast to the layers of the skin, is distinguished by a
significant level of variation. These indicators cannot serve to indicate the studied animals
breeds, but most likely they indicate the tension in the functioning of the sebaceous glands
under these conditions, primarily under the influence of technological and natural-climatic
factors.

In general, Poltava Meat Breed boars have well-developed lipid-containing and lipid-
synthesizing structures of the skin, organically built into the skin structure. This is reflected
in the greater genetic constancy of the epidermis layers parameters and in the presence of
lipid lubrication of the stratum corneum in most animals.

We believe that some features of the lipid-containing and lipid-synthesizing structures of
the studied animals’ skin, namely: the high variability of the sebaceous glands parameters
reflects the insufficient efficiency of the skin systems to carry out various functions in the
given technological and ecological-climatic conditions, which can lead to a decrease in the
genetically determined breeding value and productivity of the animals and to a decrease in
the quality of raw materials.

5 Conclusion

Poltava Meat Breed boars have specific features of lipid-synthesizing and lipid-containing
structures of the skin, which is important to develop effective methods of selectioning,
breeding and keeping animals, the methods that would enhance the functional capabilities of
highly productive animals and obtain high-quality products from them.

References

1. J. Lv, L. Zhang, F. Yan, X. Wang Clinical lipidomics: a new way to diagnose human
diseases Clin Transl Med 7, 12 (2018) doi: 10.1186/s40169-018-0190-9

2. B. Wang, P. Tontonoz Liver X receptors in lipid signalling and membrane homeostasis
Nat Rev Endocrinol 14, 452-463 (2018) doi: 10.1038/s41574-018-0037-x.

3. J. Aldana, A. Romero-Otero, M.P. Cala, Exploring the lipidome: current lipid extraction
techniques for mass spectrometry analysis Metabolites 10, 231 (2020) doi:
10.3390/metabo10060231

4. T. Hyotylainen, M. Oresic Systems biology strategies to study lipidomes in health and
disease Prog. Lipid Res. 55, 43-60 (2014) doi: 10.1016/j.plipres.2014.06.001

5. F. Wei, S. Lamichhane, M. Oresic, T. Hyotylainen, Lipidomes in health and disease:
analytical strategies and considerations Trac-Trend Anal Chem 120, 115664 (2019)
doi.org/10.1016/j.trac.2019.115664

6. S. Furse, M.R. Egmond, J.A. Killian, Isolation of lipids from biological samples Mol.
Membr. Biol. 32, 55-64 (2015) doi: 10.3109/09687688.2015.1050468

7. S. Knox, N. M. O’Boyle, Skin Lipids in Health and Disease: A Review Chemistry and
Physics of Lipids Available online 6 February, 105055  (2021)
doi.org/10.1016/j.chemphyslip.2021.105055.


https://doi.org/10.1016/j.trac.2019.115664
https://www.sciencedirect.com/science/article/pii/S0009308421000086
https://www.sciencedirect.com/science/journal/00093084
https://www.sciencedirect.com/science/journal/00093084
https://doi.org/10.1016/j.chemphyslip.2021.105055

E3S Web of Conferences 273, 02006 (2021) https://doi.org/10.1051/e3sconf/202127302006
INTERAGROMASH 2021

8. G.G. Bouffard, R.W. Blakesley, P.R. Murray, E.D. Green, M.L. Turner, J.A., Segre
Topographical and temporal diversity of the human skin microbiome Science 324, 1190-
1192 (2009) doi: 10.1126/science.1171700

9. Y. Lai, A.D. Nardo, T. Nakatsuji, A. Leichtle, Y. Yang, A.L. Cogen, Z.R. Wu, L.V.
Hooper, R.R. Schmidt, S. Aulock, K.A. Radek, C.M. Huang, A.F. Ryan, R.L. Gallo,
Commensal bacteria regulate Toll-like receptor 3-dependent inflammation after skin
injury Nat. Med. 15, 1377-1382 (2009) doi: 10.1038/nm.2062

10. S. Naik, N. Bouladoux, C. Wilhelm, M.J. Molloy, R. Salcedo, W. Kastenmuller, C.
Deming, M. Quinones, L. Koo, S. Conlan, S. Spencer, J.A. Hall, A. Dzutsev, H. Kong,
D.J. Campbell, G. Trinchieri, J.A. Segre, Y. Belkaid, Compartmentalized control of skin
immunity by resident commensals Science 337, 1115-1119 (2012) doi:
10.1126/science. 122515

11. Y. Jia, Y. Gan, C. He, Z. Chen, C. Zhou, The mechanism of skin lipids influencing skin
status, Journal of Dermatological Science 89(2), February 112-119 (2018) doi:
10.1016/j.jdermsci.2017.11.006

12. P.M. Elias, D. Crunrine, A. Paller, M. Rodriguez-Martin, M.L. Williams, Pathogenesis
of the cutaneous phenotype in inherited disorders of cholesterol metabolism: therapeutic
implications for topical treatment of these disorders Dermato-endocrinology 3, 100-106
(2011)doi:10.4161/derm.3.2.14831

13. J. van Smeden, M. Janssens, E.C. Kaye, P.J. Caspers, A.P. Lavrijsen, R.J. Vreeken, J.A.
Bouwstra, The importance of free fatty acid chain length for the skin barrier function in
atopic eczema patients Exp. Dermatol. 23(1), 45-52 (2014)

14. E. Camera, M. Ludovici, S. Tortorella, J.L. Sinagra, B. Capitanio, L. Goracci, M. Piardo,
Use of lipidomics to investigate sebum dysfunction in juvenile acne J. Lipid Res. 7(6),
1051-1058 (2016)

15. L. Cui, Y. Jia, Z.W. Cheng, Y. Gao, G.L. Zhang, J.Y. Li, C.F. He, Advancements in the
maintenance of skin barrier/skin lipid composition and the involvement of metabolic
enzymes J. Cosmet. Dermatol. 15(4), 549-558 (2016)

16. G. D. Katsy, Morpho-physiological assessment of animals. Lugansk: «Poligraficheskiy
tsentr «Maksim»», 103 (2011)


https://pubmed.ncbi.nlm.nih.gov/?term=Jia+Y&cauthor_id=29174114
https://pubmed.ncbi.nlm.nih.gov/?term=Gan+Y&cauthor_id=29174114
https://pubmed.ncbi.nlm.nih.gov/?term=He+C&cauthor_id=29174114
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+Z&cauthor_id=29174114
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+C&cauthor_id=29174114
https://www.sciencedirect.com/science/article/pii/S0923181117309799
https://www.sciencedirect.com/science/article/pii/S0923181117309799
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4161%2Fderm.3.2.14831

