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Abstract
The skin of mammals has a high reactivity to the conditions of the external and internal environment. There is no information about the
features of the structure of the skin of Holstein cattle in the context of its adaptation to the sharply continental wit h the symptoms of
monsoon climate in the available literature. The purpose of the study was to determine the structural features of the skin of the sternal
and costal regions of cattle of the Holstein breed in the Amur region. For the study, the skin of cl inically healthy mature Holstein cows
was taken. Time of research - autumn. The skin was fixed in a 10% aqueous solution of neutral formalin. Paraffin sections with a
thickness of 5-7 μm were prepared. The sections were stained with hematoxylin and eosin, collagen fibers were detected by the Van
Gison method, elastic fibers by Weygert. A distinctive feature of the papillary layer of the dermis was a well-developed system of venous
sinuses that anastomosed with each other. The abundance of mononuclear cells in the lumen of the sinuses indicated the important role of
the skin as an organ of the immune system that provides adaptation and protection of animals in a sharply continental climate.
Keywords: cattle, Holstein, adaptation, morphology of the skin.

1. Introduction
In modern cattle breeding, the Holstein cattle breed is one of
the most widespread and actively used in most countries of the
world, the specificity of which is that its effective use is
possible only when creating comfortable conditions [1; 5; 8;
11].
The organism of animals in uncomfortable conditions within
certain limits can withstand the damaging effects of
unfavorable factors due to nonspecific and specific protection
systems.
Nonspecific protective factors include hematoepithelial
barriers, in particular the skin, the structure and properties of
which depend on the breed of cattle, hereditary characteristics,
age changes, sex differences, conditions of maintenance and
feeding [2; 6].

According to modern ideas, the skin is a complex labile
biocomposite that has high reactivity to the conditions of both
the external and internal environment of the organism, which
provides structural transformations in it [7; 9; 12; 14; 15; 16]
In the available literature there is no information about the
features of the structure of the skin of Holstein cattle in the
context of its adaptation to the sharply continental climate of
the Amur Region with signs of monsoon.
The purpose of the study was to determine the structural
features of the skin of the sternal and costal areas of the
Holstein breed cattle in the Amur region.

2. Material and Methods of Investigation
The object of the research was the cattle of Holstein breed of black and
white colour, imported to the Amur Region in 2010. The material was
selected in October 2012, from clinically healthy mature cows older
than 24 months.
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In early autumn 2012, the weather was mostly cool with
precipitation. The average decadal air temperature was in the
northern regions + 10 ... + 13 ° С. The second half of the
autumn was characterized by unstable weather conditions. The
average air temperature was below the norm by 2-3 ° C and
amounted to -8 ... + 5 ° C in the northern regions, in the south it
varied from -2 ... + 8 ° С [4].
Statistica 6.0 software (StatSoft, USA) was used to statistically
process quantitative data and all data are presented as M±m.
The hypothesis of normal distribution of values in samples was
tested using the Kolmogorov-Smirnov test, then the parametric
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Student t-test was used to compare samples. Differences
between samples were considered statistically significant at p <
0.05.

3. Own Research
The skin of cattle has a complex relief represented by epidermal
scallops and grooves located between them (Fig. 1, 2).

Figure 1. The relief of the skin is represented by epidermal scallops and grooves. The accumulation of mononuclear cells (arrows) in th e lumen of the
venous sinuses of the net layer of the dermis. 1 – muscle lifting the hair. Stained with hematoxilin and eosin. Magnification: approx. 10, vol.10.

Figure 2. Elastic fibers of the papillary and reticular layers of the dermis. 1-epidermis, 2-papillary layer, 3-mesh layer. Staining by Weigert.
Magnification: approx. 10, vol. 20.

The epidermal scallops have a dome-shaped form, rather wide
base, the structure of which includes papillary and partially
reticulated layers of the dermis (Fig. 3).
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Figure 3. Collagen fibers of the papillary and reticular layers of the dermis. 1 - epidermis, 2 - papillary layer, 3 - mesh layer. Staining by Van Guison.
Magnification: about 10, about. 20.

The epidermis is represented by several layers of cells: basal,
prickly, granular and horny. Keratocytes of columnar form,
located in one layer on the basal membrane, were determined in
the basal layer of the epidermis. The cells had oval cores
oriented perpendicular to the basal membrane of the epidermis.
In the cytoplasm of basal keratinocytes, granules of melanin
were detected in large numbers, and cells accumulating more
melanin were located in the region of the epidermal scallops. In
basal keratinocytes, located in the area of grooves, which
penetrate into the dermis, the content of melanosomes
decreased.
The spinous layer is formed by several rows of irregular
keratinocytes with rounded nuclei. The cytoplasm of the cells
of the spinous layer adjacent to the basal keratinocytes also

contained melanin granules, as cells moved up the melanin
inclusions became less.
The granular layer in the epidermis of cattle is poorly
developed. It is represented by strongly flattened keratinocytes
arranged in a single layer. The nuclei of cells are relatively
large, vesicular, in the cytoplasm were present basophilic
colored keratogialin granules. The corneal layer is represented
by corneocytes with clearly defined boundaries. On the surface
of the epidermal scallops, the stratum corneum is as thin as
possible, and in the region of the furrows of the skin, its
thickening was noted. At the boundary of the epidermis and the
dermis there was a dermo-epidermal junction, below which the
papillary layer of the dermis began. This layer in the
representatives of the Holstein breed was very thin (table 1).

Table 1. Morphometric parameters of the cattle skin
Morphometric index
Number of grooves
Number of epidermal scallops
Width of epidermal scallops (μm)
Height of epidermal scallops (μm)
Thickness of the epidermis (μm)
The thickness of the papillary layer of the dermis (μm)
Thickness of the mesh layer of the dermis (μm)
Number of papillae at 1172 μm
Width of papillae (μm)
Height of papillae (μm)
The diameter of the acini of the sebaceous glands (μm)
Diameter of peripheral nerves (μm)

Papillary layer in the form of small and irregularly located
dermal papillae penetrated into the epidermis, giving a complex
relief of its internal surface. The epidermis, in turn, deepened
into the underlying dermis in the form of shallow epidermal
ridges, or intergrowth wedges (Figure 1, 3).
Despite the fact that the papillary layer of the dermis is formed
by a loose fibrous unformed connective tissue, the tendency
towards an ordered arrangement of collagen fibers was traced
in the skin of cattle. The main part of the collagen fibers was
located in the tangential plane, repeating the contours of the

M±m
2,5±0,19 (n=42)
2,7±0,19 (n=42)
403,4±20,68(n=145)
219,4±8,83 (n=69)
94,4±2,04 (n=301)
148,9±3,61 (n=244)
1161,4±18,94 (n=89)
14,1±0,37 (n=41)
51,9±1,05(n=301)
58,2±1,39 (n=286)
83,1±1,76 (n=128)
38,8±1,12(n=98)

inner surface of the epidermis. Near the epidermis, collagen
fibers were located as compact as possible, but as they
approached the mesh layer they thicken and lose order, being
more loosely and chaotically (Fig. 1, 3).
Elastic fibers in the papillary layer of the dermis were located
between the collagen fibers parallel to the epidermis, and at the
level of the dermal papillae rushed upwards, weaving into the
network of fibers of the dermo-epidermal junction (Fig. 2).
Between the fibrous structures of the papillary layer were
numerous blood vessels of the microcirculatory bed and
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morphologically unidentifiable at small increases in the
microscope cells of connective tissue (Fig. 1, 3).
The mesh layer of the dermis was 7.8 times greater than the
papillary one. In the mesh layer, the predominance of fibrous
structures predominantly represented by thick bundles of
collagen fibers moving in a different direction was noted
(Figures 1, 3). In the upper third of the mesh layer there were
numerous elastic fibers, some of which lay between collagen
fibers, repeating their direction (Fig. 2). In the middle and
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lower third of the mesh layer, elastic fibers in the skin of cattle
were practically absent.
In the dermis of the skin, two vascular plexuses were found,
located parallel to the surface of the skin. The deep dermal
plexus, located in the deepest layers of the papillary dermis,
contained arteries and veins of large caliber, near which were
located peripheral nerves. The diameter of the peripheral
nerves, as a rule, correlated with the diameter of the
accompanying blood vessels, the epineurium is poorly
developed (Figure 4).

Figure 4. Skin of cattle. Vascular bundle in the upper part of the mesh layer of the dermis. 1 - peripheral nerves, 2 - arteries, 3 - veins. Staining with
hematoxylin and eosin. Magnification: approx. 10, v / v. 40.

The branches of the deep dermal arterial plexus were sent
strictly upward, piercing the entire thickness of the mesh layer,
forming in its upper part a superficial arterial network. Arteries
of the superficial arterial network, located in the upper part of
the papillary layer, had a linear course. In the middle third of
the dermis, horizontal branches of vertical arteries can be
observed, reaching the hair follicles and the terminal sections
of the sebaceous glands.
The venous bed in the upper third of the mesh layer was
characterized by an abundance of venous sinuses forming an
anastomosing network. In the lumens of venous sinuses, there
was an abundance of mononuclear cells, in terms of its
phenotypic characteristics resembling lymphocytes.
From the derivatives of the skin in the mesh layer were located
hair follicles and sebaceous glands. Hair follicles had the usual
structure, the central position in them occupied hair,
represented by intensely pigmented cortical and lighter brain
substance, surrounded by internal and external epithelial
vaginas. Outside, the hair follicles are covered with a hair bag
from the connective tissue into which the bundles of smooth
myocytes that form the muscle lifting the hair are interwoven
(Figure 1).
The most common variant of the structure of the sebaceous
glands was the presence of two large unbranched end sections,
located to the left and right of the hair follicle, the output ducts
of which opened into the follicular canal at the level of the
middle third of the dermis. Smaller branched secretory
departments of the alveolar type, consisting of two or more
acinuses were much less common.

The hypoderma in the skin of cattle of Holstein breed was
practically absent, as a result of which the muscle fibers
separated from the last layer by a thin layer of connective tissue
were observed below the level of the mesh layer.

4. Discussion
The weather in the autumn months in the Amur region was
characterized as unstable, with sharp temperature changes
during the day and night hours and precipitation [4]. Such
temperature environmental stimuli, even mild ones, have an
irritating effect on the sensitive nerves of the microcirculatory
bed of animal skin, and also activate the hypothalamicpituitary-adrenal system [17; 21].
In the blood and other body fluids, the level of stress hormones
increases significantly: adrenaline, norepinephrine, glucagon,
corticoids. The influence of the sympathetic nervous system is
increasing. Heart work is stimulated, which leads to an increase
in heart rate and cardiac output, which may be the cause of
blood flow to the skin without the influence of local regulatory
factors [19]. At the same time, prostaglandins, adenosine,
acetylcholine, factors of antioxidant protection have a stressful
effect in the peripheral organs and tissues, preventing a stressdependent ischemia [3].
The study of the mesh layer of the skin of Holstein cattle
revealed an abundance of venous sinuses forming an
anastomosing network, that is, there was hypertrophy of
structural elements of organs and tissues, providing the
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development of increased resistance of the animal organism,
which is characteristic of long-term adaptation [19].
The skin contains a large number of circulating T-lymphocytes
that promote adaptive immune tolerance of the skin to the
action of conditionally pathogenic microflora [13; 16].
The abundance of mononuclear cells around the venous sinuses
of the mesh layer of the Holstein cattle dermis testified to the
mobilization of the system of immunobiological supervision in
a sharply continental climate.
The large amount of melanin found in the cytoplasm of the
basal keratinocytes of the epidermis of the Holstein cattle skin
is a photoprotective characteristic and reflects its adaptation to
the environment [18; 20].
When studying the architectonics and density of the dermis
fibers, a more loose and chaotic arrangement of the collagen
fibers near the mesh layer were noted. The decrease in the
density of the ligament plays the role of structural and
compensatory adaptations, which are aimed at maintaining the
biochemical characteristics of the skin as a natural biopolymer
[10].

[8]

[9]

[10]

[11]

[12]

[13]
[14]

5. Conclusion
Thus, the skin of the sternal and costal areas of cattle of the
Holstein breed was characterized by a complex relief due to the
alternation of epidermal scallops and grooves.
Features of the epidermis was a good pigmentation of
keratinocytes of the basal layer and the maximum thinning of
the granular layer.
The presence of a thin papillary layer of dermis in conjunction
with a thickened mesh layer was a morphological feature of the
high strength of the skin in the representatives of this breed of
cattle.
The most common variant of the structure of the sebaceous
glands was the presence of two large unbranched end sections,
located to the left and right of the hair follicle.
A distinctive feature of the papillary layer of the dermis was a
well-developed system of venous sinuses, anastomosing among
themselves. The abundance of mononuclear cells in the sinus
lumen indicated the important role of the skin as an organ of
the immune system, providing adaptation and protection of
animals in the Amur region.
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