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The influence of the temperature factor on the functional state of the dermal specific gland of the red deer, which manifests
its maximum values in the Altai, both the lowest in the winter period and the highest in the summer period of the year.
Initially, a detailed description of the structure of the tail gland of the deer is given due to the fact that the classification of skin
glands is still controversial, and data on the structure of such structures in real deer are sporadic. Standard histological,
morphometric and statistical research methods were used. In determining the functional state of the tail gland, morphometry
of its indicators such as the diameter of the alveoli, the height of the glandular epithelium, the diameter of the excretory
ducts, the diameter of the nuclei of the glandular cells and their nuclear-cytoplasmotic ratio was performed. Sexual
dimorphism of both macroscopic (length and mass of the gland) and micrometric indices is established, and in both adult and
young females they are higher than in analogs of males. In the study of seasonal dynamics of morphological parameters of
the gland, their significant change was found only in adult females, which allows us to speak about enhancing its functional
state in the summer period. The dynamics of the functional state of the gland in females, depending on their physiological
state in the winter season, was also revealed. For comparison, selected groups: non-pregnant animals, pregnant, lactating and
at the same time pregnant and lactating. It was established that the functional state of the gland at the beginning of
pregnancy (its first trimester) does not significantly change compared with non-pregnant animals. Animals of non-pregnant,
but lactating iron are functionally more active than non-lactating. The simultaneous effect of lactation and pregnancy does
not affect the functional state of the tail red deer
Keywords: red deer; tail gland; morphological parameters; functional state; environmental factors; pregnancy; lactation;
season of the year

Red deer, as a representative of ungulates, is a unique object living in a wild state in the mountains of Altai. Red deer and
spotted deer are bred in Altai also in reindeer farms in order to obtain valuable products from them, such as antlers, blood,
tails, penises, and embryos. Being in the conditions of park or so-called semi-free keeping, the deer retain their biological
features - they are seasonally breeding animals. During the breeding period form temporary groups. Gon have them in the
fall. Pregnancy lasts 8.5–9 months. Cubs are born at the beginning of summer (Lunitsin, 2004, 2012; Ovcharenko, 2010).
The leading environmental factors affecting the state of the body, including the skin and its glandular structures in a sharply
continental climate, are: solar radiation, temperature, humidity and, as a consequence, the availability of food (Ovcharenko,
2010).
In many deers (zambar, mazama, pudu, fallow deer, elk of northern and spotted deer and others) besides the usual skin
glands, so-called specific skin glands are also developed.
The classification of skin glands is still controversial. Their division into sebaceous holocrine and sweat (apocrine and
merocrine) is undoubtedly. Some authors single out the so-called hepatoid ones separately (Shabadash, Chernova, 2006). The
latter were first described by Shaffer (1924, 1940). The basis of classification according to the researchers can only be the type
of secretion. Hepathoid glands are defined by Shaffer as polyptychial merocrine, sebaceous - as polyptychial holocrine, and
he considers polyptychial mero-fibrin glandular organs in which the hepatoid glands are combined with the sebaceous
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(Kurosumi et al., 1984). Later, the authors, describing the skin glands of mammals, in particular the fox tail gland, the stormy
gland of the chamois and the preorbital glands of the bovid, defined earlier as hepatoid, consider them “modified sebaceous”
(Richter, 1971, 1973; Kuhn, 1976; Albone, Flood, 1976; Mainoya, 1978; Macdonald, 1985; Atoji et. Al., 1989, 1996; Tosi et. Al.,
1990).
Specific skin glands are most often hypertrophied holocrine sebaceous, apocrine or eccrine sweat glands or their complexes.
These glands are usually located on the cranial and caudal parts of the body, as well as on the extremities, accompanying the
senses, food production and reproduction (Azbukina, 1970, 1982; Silkin, 2012). The number, type and topography of specific
skin glands is determined by the biology of the species. V.Ye. Sokolov and O.F. Chernova (2001) note that the degree of
development of many skin glands also depends on the sex of the animal, season, age and the reproductive state of the
individuals.
The tail gland of deer is one of the largest iron structures, it is known that it has application in folk medicine and is exported
to the countries of Southeast Asia. In noble and spotted deer, it completely surrounds the last eight caudal vertebrae.
Morphologically, it is divided into lobes and has an unusually rich vascularization, which is why the metabolism in it is
extremely intense, and the structure is very quickly destroyed after the death of animals. This feature makes research difficult
and gives rise to contradictions regarding its structure (Hoffmann, Thome, 1986; Ovcharenko, Rzhanitsyna, 1988; Ovcharenko,
1988; Shabadash, Chernova, 2006).
A detailed study of this gland in the red deer on a large amount of factual material from different points of view is carried out
by the staff of the Department of Zoology and Physiology of the Altai State University in particular, by professor N. D.
Ovcharenko and her students over the past few years.

Material and methods
The red deer tail gland from adults (7–8 years old) and young (1.5–2 years) males and females selected in the winter and
summer seasons served as the material for the study. From adult females during the winter period, the material was also
collected taking into account their physiological state (non-pregnant, pregnant, lactating, pregnant and lactating at the same
time). The age of the deer was determined on the basis of registration in the inventory books. The total number of animals
studied is 35.
Glands were obtained during the planned slaughter of animals at a meat processing plant with the aim of obtaining meat
products from them.
For histological studies, tissues excised from the middle part of the tail, 1x1 cm in size were used. 10% neutral formalin was
used as a fixing medium. In order to compact the tissue, samples were paraffin embedded using the automatic histological
wiring system TPC 15. 5–10 µm thick sections were obtained using a rotary microtome for HM 325 Thermo Scientific paraffin
sections. Serial sections were made from each animal (at least 10 drugs). The preparations were stained with Ehrlich
hematoxylin and eosin (Histologic ..., 2013).
Morphometric analysis was performed using light microscopy at magnification (× 100, × 400 and × 1000) and the Scope Photo
3.0 program installed on a personal computer. Parameters such as the diameter of the alveoli, the height of the cells and the
diameter of the nuclei were measured. For each indicator, 50 measurements were taken from at least three animals.
Statistical processing of the data array was carried out using Microsoft Excel. When choosing morphological criteria for
describing the skin of the studied area, we were guided by the works of V.E. Sokolov et al. (1988, 2001, 2002). The following
formula was used to calculate the nuclear cytoplasmic ratio (NCR):
ⅆ2 𝑚𝑎𝑥

NCR = ⅆ2𝑚𝑎𝑥 я ,
кл

where ⅆ 2 maxя – nucleus maximum diameter, ⅆ 2 maxкл – cell maximum diameter (Bondarenko et al., 2000).
In undifferentiated cells, the NCR index is high. The nuclear cytoplasmic ratio shows the state of the cell. If this ratio is equal to
or greater than unity, then these cells are functionally inactive. On the contrary, cells with less than a single NCR are highly
differentiated and able to function actively (Didenko et al., 2006).
Micrographs were taken using a LOMO Micmed 6 microscope and a ScopeTek DMC310 camera.
Statistical processing, processing of the data set for individual indicators with the calculation of averages and deviations, was
performed using the standard software package STATISTICA 10.0 and Microsoft Excell 2010. The normality of the distribution
of quantitative indicators was performed using the Kolmagorov-Smirnov and Lillifors criteria. Assessment of differences
between samples using the Kolmagorov-Smirnov non-parametric paired test due to the lack of agreement of data with a
normal distribution. The critical level of significance was assumed to be 0.05. Data are presented as arithmetic means (M) and
standard deviations of the means (Mastitsky, 2009).

Results
The red deer tail gland, from a morphological point of view, is a large, dark-colored subcutaneous glandular formation that
surrounds the caudal vertebrae in the form of two cords (Fig. 1).
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Figure 1. The tail gland of 8 years female red deer.
Its main component is the apocrine glands, which have a complex tubular-alveolar structure.
Functionally, the tail gland belongs to the group of communicative signaling glands. The main purpose of this gland,
presumably, is alert about the danger - the selection of the "smell of anxiety" (Sokolov, 2002). The thickness and length of the
glandular field in different parts of the tail differ, and there is sexual dimorphism. The mass of the tail gland of females,
regardless of the season and age as compared with males, is distinguished by larger size, color and color intensity of gland
secretion on histological specimens. Thus, the mass of glandular tissue (without skin), in females in winter averages 130
grams (n = 11), and in males - 100 grams. The color of the gland in females is darker than in males (Kuchina and Ovcharenko,
2011). Bakke and Figenschou (1983), who identified 28 components in it, also point out the gender differences in the
qualitative and quantitative composition of the tail gland secretion in other deer.
The glandular parenchyma is divided by connective tissue septa into lobes (Fig. 2). The average size of shares on transverse
preparations is 999.36x607.02 microns.

Figure 2. A cross-section of the skin in the tail gland. The red deer female is 7 years old, winter. Coloring according to van
Gieson, (SW. X400): 1 - guard hairs; 2 - connective tissue layer; 3 - secretory lobes of the gland.
Inside the lobules, the secretory portions of the apocrine glands are located, most of them having a rounded shape. The
volumetric ratios of the stroma and the parenchyma of the gland, per unit area, in animals of both studied groups, are shifted
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in favor of the secretory part. However, we found that the proportion of the glandular component in young animals is slightly
higher compared with adults (88.97–81.36%).
The glandular tissue itself is represented by a cluster of apocrine glands, their terminal sections ending in alveoli, the walls of
which consist of a single layer of secreting cells. The alveoli are surrounded by a layer of myoepithelial cells lying on the
basement membrane (Fig. 3).

Figure 3. The end of the tail gland. The red deer female is 7 years old, winter. Coloring according to van Gieson (SW. X1000): 1 myoepithelial cells; 2 - cells of the secretory epithelium; 3 - secretory cell nuclei; 4 - secret.
It should be noted that in young animals alveoli are often found with extended secretory tubes (up to 212 microns), which, as
a rule, are located in the upper sections of the glandular parenchyma, their walls are represented by low cubic epithelium.
Most of the terminal secretory parts are represented by tall cylindrical cells with somewhat narrowed apical ends. The nuclei
in the secretory cells are rounded and displaced into the apical part. Chromatin lumps in the nucleus occupy a peripheral
position (Ovcharenko, Kuchina, 2012).
The skin, including the skin glands, is more affected by the temperature factor. We considered the influence of the maximum
in the year of both low and high temperatures, which are recorded in the Altai during the winter period (–20 ... –30 ° C) and in
the summer (+ 20 ... +30 ° C).
When studying the seasonal dynamics of morphological equivalents of the functional state of the gland, we found that
indicators such as the diameter of the alveoli, the height of the glandular epithelial cells and the diameter of their nuclei in
females as a whole have higher values in winter and in summer compared to males (Ovcharenko et al., 2016). It should be
noted that this pattern is also observed in young animals (Table 1). At the same time, in young people, most of the indicators
in the winter period are higher than in adults.
Table 1. Morphometric parameters of the tail gland of male and female red deer depending on age (winter period), M±m
Index

Males

Females

Adult

Young

Adult

Youmg

Cell height, µm

18.36 ± 0.62

20.45 ± 0.41*

18.49 ± 0.28

20.78 ± 0.25*

Alveolar diameter, µm

67.00 ± 1.91

72.89 ± 3.91*

89.70 ± 5.13

76.83 ± 2.18*

Nucleus diameter, µm

4.95 ± 0.07

5.15 ± 0.09*

6.11 ± 0.05

6.33 ± 0.05*

Note: * here and further the differences with previous group significant at P≤0.05
All the above indicators in summer in adult females have higher rates compared with winter. This indirectly indicates a
change in the functional activity of the gland. In our opinion, this may be due to the presence of progeny in females at this
time of year, and the signaling function of the gland is quite explicable and connected with taking care of the young. In males,
in adults and young, only the volume of the nuclei of glandular cells changes reliably from the studied parameters, on the
basis of which it can be assumed that this gland plays an insignificant role in this period of the year, as evidenced by the data
in Table 2.
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Table 2. Morphometric parameters of the tail gland of male red deer depending on season, M±m
Index

Winter

Summer

Adult

Young

Adult

Young

Cell height, µm

18.36 ± 0.62

20.45 ± 0.41

Alveolar diameter, µm

67.00 ± 1.91

72.89 ± 3.91*

67.23 ± 1.02

75.88 ± 4.72*

Nucleus diameter, µm

4.95 ± 0.07

5.15 ± 0.09*

5.80 ± 0.07

5.70 ± 0.09

19.26 ± 0.3

20.62 ± 0.6

It should be noted that in the literature there is information about the enhancement of the functions of the marking glands
(the horn glands) in other deer during the rut period (Shabaldash, Chernova, 2006). We have not studied iron during this
period of the year (autumn).
Analyzing the data when studying the influence of the physiological state of females on the functional activity of the tail gland,
we found that in pregnant and non-pregnant females there are statistically significant differences in the indicators of cell
height, diameters of alveoli, ducts and nuclei (Ovcharenko et al., 2018). In this case, the nuclear-cytoplasmic ratio in pregnant
and non-pregnant females remains equal, which indirectly indicates a similar functional state of the gland (Table 3).
Table 3. The effect of pregnancy on the morphological parameters of the tail gland, M±m

Index

Pregnant, lactating, n= 3

Non-pregnant, non-lactating, n=3

Cell height, (мкм)

17.63 ± 3.55**

18.72 ± 2.52

Alveolar diameter
(мкм)

68.33 ± 13.82**

85.02 ± 19.39

Duct diameter (мкм)

34.39 ± 12.84**

53.83 ± 20.58

Nucleus diameter (мкм)

5.84 ± 0.45**

6.10 ± 0.51

NCR

0.3

0.3

Note: here and further the differences with control group (non-pregnant, non-lactatin) significant at **P≤0.01and *P≤0.05
Considering that the red deer's chase lasts from mid-September to mid-October and this material was selected in the winter
period (December), it can be assumed that the females were in the first trimester of pregnancy. Other researchers who
studied specific glands in rodents and hamsters also noted a similar pattern (Sokolov et al., 1994; Silkin, 2013).
Analyzing the data obtained, on the effect of lactation on the state of the gland, it was found that in lactating and nonlactating females there are statistically significant differences in all indicators. At the same time, the nuclear-cytoplasmic ratio
in lactating females is higher, which may indicate a slight increase in the functional state of the gland in this group (Table 4).
Table 4. Influence of lactation on the tail gland indices, M±m
Index

Lactating, non-pregnant

Non-lactating, non-pregnant

Cell height

17.31 ± 3.42**

18.72 ± 2.52

Alveolar diameter

71.25 ± 11.6**

85.02 ± 19.39

Duct diameter

22.19 ± 7.0**

53.83 ± 20.58

Nucleus diameter

6.23 ± 0.67*

6.10 ± 0.51

NCR

0.4

0.3

The effect of late lactation on the functional state of the tail gland was revealed. In the studied literature, the authors note
that the size of specific glands and their functional activity in other animals, in particular rodents and hamsters, changes
during lactation (Sokolov et al., 1994). By the end of the lactation period, the activity of the glands decreases.
As a result of the analysis of the obtained data, it was found that with the joint influence of such factors as lactation and
pregnancy, there are statistically significant differences between all the studied parameters. At the same time, all indicators
(except the height of the cells) are higher in non-lactating non-pregnant females (Table 5).
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Table 5. Influence of pregnancy and lactating on tail gland indices, M±M
Index

Lactating, Pregnant

Non-lactating, Non-pregnant

Cell height

19.19 ± 0.46*

18.72 ± 2.52

Alveolar diameter

64.89 ± 2.15**

85.02 ± 19.39

Duct diameter

32.32 ± 1.84**

53.83 ± 20.58

Nucleus diameter

5.83 ± 0.04**

6.10 ± 0.51

NCR

0.3

0.3

Note: differences with the control group (non-lactating, non-pregnant) significant at **P≤0.01; *P≤0.05
However, the NCR valules remains the same, which may presumably indicate the absence of differences in the functional
state of animals. We found that pregnancy in its first trimester and simultaneous lactation (its last months) do not have a
significant effect on the structural and functional state of the tail gland. We were not able to find in relevant literature the data
on the joint effect of lactation and pregnancy on the functional state of specific glands. In conclusion, we suggested that the
functional state of the gland is influenced by the season of the year, but is not equivalent for different sexes and different
ages of animals. The physiological state of the females affects the functional state of the gland, but it depends on the periods
of both pregnancy and lactation.
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