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Abstract—We have studied the concentration of vitamins A (retinol) and E (α-tocopherol) in the tissues of
the bank vole (Myodes (Clethrionomys) glareolus) and common shrew (Sorex araneus) inhabiting the northern
periphery of its natural habitat. The distribution of vitamin A in the common shrew and bank vole tissues is
similar: the highest concentration is found in the liver, and the lowest level is found in the heart. Age-related
differences in the retinol concentration are detected in the kidneys of the two species, as well as in the skeletal
muscle of the shrew. A significantly lower vitamin E concentration is found in all organs of young shrews
before wintering, compared to adult overwintered animals, while in the bank vole no such age-related differ-
ences are found. Interspecies differences in the levels of vitamins A and E in the liver of overwintered animals
are revealed. The results obtained show that the concentration of vitamins A and E in the tissues of the bank
vole and the common shrew is determined by metabolic processes and the ecological characteristics of the
species. The level of vitamins in the common shrew depends largely on age.
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INTRODUCTION

The habitat of mammals in subarctic regions is sub-
ject to profound seasonal changes. To successfully sur-
vive in cold climates, animals have developed a variety
of physiological adaptations aimed at conserving
energy and increasing resistance to cold. At the same
time, not only winter can be a difficult period for small
mammals, which face extremely high energy needs
during the reproductive season in spring and summer
[1, 2].

Differences between species of small mammals are
especially evident in habitats with high seasonality and
are determined by the behavioral, anatomical, and
physiological characteristics of animals [3]. The bank
vole (Myodes (Clethrionomys) glareolus Schreber,
1780) and common shrew (Sorex araneus Linnaeus,
1758) are common species in the forest communities
of Karelia. A common ecological feature of the two
species belonging to different taxa is their habitat in a
narrowed annual range of external temperatures. Both
species have developed adaptations to survive during
winter with low ambient temperatures: they do not
hibernate and are active during the cold season. At the
same time, rodents and shrews are two taxa with com-
pletely different evolutionary histories. Small insecti-

vores and rodents exhibit significant differences in
diet, metabolic rates, reproductive strategies, and oth-
ers. It is assumed that reproduction, delayed in shrews
in Karelia until the second calendar year of life, is the
result of selection for traits that ensure successful sur-
vival during winter, which is a period that is more dif-
ficult for shrews than for rodents. In rodents, in con-
trast, opportunistic reproduction is the most promi-
nent characteristic that helps increase reproductive
output and is a major strategy in evolution that arose
as a response to increased predation [1, 3, 4]. Under
pessimal conditions, with an increase in overall mor-
tality, the importance of juvenile reproduction for
preservation of the population increases [5, 6].

Studying the mechanisms of the stability of small
mammal populations includes the study of physiolog-
ical systems that directly or indirectly respond to envi-
ronmental changes [7]. One of the main factors deter-
mining the pace of individual development and life
expectancy is the metabolic rate, which is very high in
small short-lived species. Small mammals use a set of
morphological and physiological adaptations that
ensure a continuous supply of oxygen to tissues to
maintain oxidative metabolism [8, 9]. A high level of
aerobic metabolism affects the rate of accumulation of
metabolic products formed in free-radical oxidation
21
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reactions and other processes, therefore, among the
seasonal adaptations of nonhibernating small mam-
mals, changes in the state of the antioxidant system
may be of significant interest.

Vitamins A and E play an important role in metab-
olism, are characterized by versatile physiological and
biochemical effects, and are low-molecular-weight
antioxidants. Vitamin A is of particular importance in
the process of light perception, is necessary for normal
fetal development, and also affects the process of an
increase in white and brown adipose tissue, which is
important for the successful wintering of mammals
[10, 11]. Vitamin E in the body plays the role of the
main biological antioxidant and is a regulator of
energy metabolism [12]. Vitamin E has a pronounced
synergy with vitamin A and protects it from oxidation.

The purpose of the work is to study the concentra-
tion of fat-soluble vitamins A and E in organs and tis-
sues of bank voles and common shrews of different
ages. The concentration of vitamins A and E in the tis-
sues of these species has not been previously assessed.

MATERIALS AND METHODS
The objects of the study were the bank vole (Myo-

des (Clethrionomys) glareolus Schreber, 1780) (n = 62)
and common shrew (Sorex araneus Linnaeus, 1758)
(n = 38), which were obtained in natural conditions in
the Republic of Karelia (61°–63° N, 30°–36° E). The
work of catching the animals was carried out at the
expedition base of the Institute of Biology of the Kare-
lian Research Center, Russian Academy of Sciences
(Republic of Karelia, Pryazhinsky district, Kask-
esnavolok village) from 2016 to 2022. In the spring,
animals were caught from the end of April and during
May; in the summer–autumn period, from the end of
July until November. Permits for catching the animals
were issued by the Hunting Department of the Minis-
try of Agriculture, Fishing and Hunting of the Repub-
lic of Karelia. The animals were caught using standard
methods [13] in the main types of biotopes, using stan-
dard factory-made traps (presses) and trapping
ditches. Traps were installed in lines of 25 pieces with
an interval of 5 m. Each line worked for 3 days, with a
single check every day. Trapping ditches 30-m long
with three trapping cylinders, 1/3 filled with water,
were checked once a day. Each groove worked for
5 days. After capture, the animals were weighed, their
age and sex were determined, and tissue samples were
collected and frozen until analysis. To determine the
age of bank voles, a method developed by
N.V. Tupikova et al. was used [14], which makes it
possible to determine the age of the animal with an
accuracy of up to two months based on the degree of
tooth development. When assigning an animal to a
particular age group, other signs were additionally
taken into account: the development of the thymus,
the structure of the skull, the state of the reproductive
system, etc. When dividing the animals into genera-
AD
tions, a functional-ontogenetic approach was used,
which was applied and described by E.V. Ivanter [6,
15] and G.V. Olenev [16, 17]. In shrews, the shape
(configuration, condition of the sutures) of the skull
and the degree of tooth wear were used as the main age
criteria, and the wear patterns of the hair on the tail,
paws, and ears were used as auxiliary criteria [15]. In
doubtful cases, other indicators were also used, in par-
ticular, the size of the thymus, which completely invo-
lutes by the autumn of the first year of life and is prac-
tically not expressed in overwintered animals.

The concentration of vitamins A (retinol) and E
(α-tocopherol) was determined in the liver, kidneys,
heart, and skeletal muscle using high-performance
liquid chromatography [18]. Tissue samples (100 mg)
were homogenized in 0.9 mL of 0.25-M sucrose solu-
tion (pH 7.4) as a suspension medium. A 0.025% solu-
tion of butylated hydroxytoluene in ethyl alcohol was
added to the homogenate and mixed thoroughly to
precipitate the proteins. A 0.0125% solution of butyl-
ated hydroxytoluene in n-hexane was added, the mix-
ture was shaken for 5 minutes, then centrifuged at 3000 g
for 10 min and kept for 40 min at 4°C. The sample for
chromatographic analysis was taken from the upper
hexane layer; the eluent was a mixture of hexane and
isopropanol in a ratio of 98.5 : 1.5. Detection was car-
ried out at 292 nm for α-tocopherol and 324 nm for
retinol. When constructing the calibration curves,
standard solutions of retinol and α-tocopherol
(Sigma-Aldrich, United States) were used.

The obtained data were processed using MS Excel
2007 and Statgraphics 5.0 software packages. For sta-
tistical analysis, the Kruskal–Wallis test was applied,
followed by pairwise comparisons using the Mann–
Whitney U test, and correction for multiple compari-
sons was used. The data in the graphs are presented in
the form of the median and interquartile range. Differ-
ences were considered statistically significant at p <
0.05. No significant sex differences were found in the
studied parameters, and therefore data for males and
females were analyzed together.

The research was carried out using scientific equip-
ment of the Center for Collective Use of the Federal
Research Center “Karelian Scientific Center, Russian
Academy of Sciences.”

RESULTS

The highest concentration of vitamin A was found
in the liver of animals of both species (Fig. 1). The
level of retinol in the kidneys of bank voles of late gen-
erations was significantly lower compared to animals
of early generations and overwintered individuals. In
overwintered shrews, a higher vitamin concentration
was found in the kidneys and skeletal muscle than in
young animals. In the liver of overwintered bank voles,
the vitamin A concentration was significantly higher
than in adult overwintered shrews.
VANCES IN GERONTOLOGY  Vol. 14  No. 1  2024
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Fig. 1. Vitamin A concentration in the organs of bank voles and common shrews. Designations: (+) is the average, (–) is the
median,  is 25–75%,  is the statistical range, ° is drop-down options; 1 is underyearlings, 1a is underyearlings of early gener-
ations, 1b is underyearlings of late generation, and 2 is overwintered animals. The differences are significant compared to: * is
underyearlings,  is overwintered voles, # is underyearlings of early generations, × is underyearlings of later generations (p < 0.05,
Kruskal–Wallis criterion with post-hoc test according to Mann—Whitney U test).
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In the bank vole, no significant age-related differ-
ences in the concentration of vitamin E in tissues were
found (Fig. 2). In young shrews, the level of vitamin E
in all tissues was significantly lower than in adult ani-
mals. At the same time, in the heart, whose energy
metabolism is very high, the level of vitamin E in
shrew underyearlings was significantly lower com-
pared to both adults and bank-vole underyearlings.
The concentration of vitamin E in the liver of overwin-
tered shrews was significantly higher than that of the
vole.

For control of the physiological state, the body
weight of the animals was determined. In the bank
vole, the average weight of overwintered animals and
underyearlings did not differ significantly (Fig. 3). At
the same time, underyearlings of later generations of
voles had a lower body weight compared to early gen-
erations and adult overwintered animals. Juvenile
ADVANCES IN GERONTOLOGY  Vol. 14  No. 1  202
shrews caught in the autumn months had a lower body
weight than adult overwintered animals.

DISCUSSION

The results of the study showed that the concentra-
tion of vitamins A and E in the tissues of the bank vole
and the common shrew has high variability due to sig-
nificant differences in the physiological state of ani-
mals living in the wild, as well as a number of factors:
the biological function of the organs, the taxonomic
affiliation of the animals, the level and type nutrition,
age, participation in reproduction, etc. The level of
retinol and tocopherol in the studied species is gener-
ally low compared to larger representatives of the
orders Rodentia and Eulipotyphla [19].

The concentration of vitamins A and E depends on
the type of tissue, and in most mammals the highest
levels of vitamins are found in the liver, from where
4
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Fig. 2. Vitamin E concentration in the organs of bank voles and common shrews. Designations: (+) is the average, (–) is the
median,  is 25–75%,  is the statistical range, ° is drop-down options; 1 is underyearlings, 1a is underyearlings of early gener-
ations, 1b is underyearlings of late generation, and 2 is overwintered animals. The differences are significant compared to: * is
underyearlings,  is underyearling voles,  is overwintered voles (p < 0.05, Kruskal–Wallis criterion with post-hoc test according
to Mann—Whitney U test).
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they are transported to other organs. In our study,

higher levels of vitamin A in bank voles and common

shrews were also found in the liver; retinol levels were

significantly lower in the kidneys, cardiac, and skeletal

muscles. In bank voles of later generations, the retinol

concentration in the kidneys was lower than in the

spring–summer generation of animals. Rodents of

different seasonal generations are distinguished by a

whole complex of morphophysiological characteris-

tics: animals born in summer–autumn have a low

growth and development rate, lower body weight and

nutritional state compared to voles of early generations

[20]. The identified differences are probably not asso-

ciated with changes in the overall level of vitamin A in

the body, since no differences were found between

animals of different generations in the liver, which

stores and regulates its metabolism. The kidneys are

the site of the formation and removal of the end prod-

ucts of vitamin A metabolism, an excess of which is

toxic to the body. The lower retinol concentration in

animals born in summer–autumn is probably due to a
AD
decrease in the excretory function of the organ in the

pre-winter period. It should be noted that the level of

vitamin A in the kidneys of late-generation vole

underyearlings was also lower compared to overwin-

tered animals. A similar difference was observed in the

kidneys and skeletal muscle of the common shrew. It is

known that small mammals are characterized by an

autumn decrease in body weight and some major

organs, which contributes to successful overwintering

[1–3, 6, 20, 21]. Moreover, in shrews these changes

are more pronounced than in rodents [2, 7, 20, 22,

23]. In spring, the reverse process occurs: body weight

and internal organs increase, accompanied by the

accumulation of nutrients, which is aimed at prepar-

ing for reproduction, which requires large energy

expenditures [2, 6]. The retinol levels in the kidneys

and skeletal muscle are significantly lower than in the

liver, but these tissues are also storage sites for micro-

nutrients. In other small mammal species, the vitamin A

concentration has been studied mainly in the liver. It

was found that in the root vole its lowest level was
VANCES IN GERONTOLOGY  Vol. 14  No. 1  2024
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Fig. 3. Bodyweight of bank voles and common shrews.
Designations: (+) is the average, (–) is the median,  is
25–75%,  is the statistical range, ° is drop-down options;
1 is underyearlings, 1a is underyearlings of early genera-
tions, 1b is underyearlings of late generation, and 2 is over-
wintered animals; * is differences are significant compared
to underyearlings (p < 0.05, Kruskal–Wallis criterion with
post-hoc test according to Mann—Whitney U test).
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observed in young individuals in winter [24]. In red
and water voles, muskrats, and chipmunks, the vita-
min A concentration of underyearlings was lower
compared to adult animals [25].

The total level of vitamin A in the liver is propor-
tional to the amount obtained from food, but this rela-
tionship is not linear. When vitamin A intake is low,
storage in the liver is low, since most of the vitamin
entering the body is used to perform its biological
functions. In our study of overwintered animals, a
lower retinol concentration in the liver was found in
the shrew compared to the bank vole. The discovered
differences may be associated both with food special-
ization and with different levels and characteristics of
metabolic processes in voles and shrews. It has been
found that retinoic acid, the biologically active form of
vitamin A, takes part in the regulation of energy
metabolism, facilitating the acquisition by white adi-
pocytes of properties characteristic of brown adipose
tissue [26]. Finnish researchers believe that lipid
metabolism is more important for shrews than for
voles. In overwintered shrews significant reserves of
adipose tissue were found, represented predominantly
by brown fat, which is assumed to play the role of white
fat in Sorex araneus [21, 27]. In winter, this species
exhibits the highest metabolic activity of brown adi-
pose tissue, which is aimed at maintaining thermo-
genesis [28].

The liver is an important storage site for vitamin E,
where it is incorporated into lipoproteins, in combina-
tion with which tocopherol is delivered by the blood to
other organs and tissues. Overwintering mouse-like
rodents experience a decrease in body weight, which
then increases with the onset of spring growth to
ensure animal reproduction and normal pregnancy
and lactation. However, the seasonal physiological
changes occurring in animals did not lead to signifi-
cant changes in the level of vitamin E in the tissues of
bank voles. At the same time, overwintered individuals
of the common shrew had a higher level of α-tocoph-
erol compared to underyearlings. It is known that the
metabolism of vitamin E in the body is closely related
to lipid metabolism. Compared to the bank vole, the
common shrew shows more seasonal changes in the
amount of brown adipose tissue [29]. In shrews, the
rate of fat metabolism is negatively correlated with
body size [28]. Probably, in the spring, in overwintered
individuals whose body weight was higher than that of
underyearlings, a slowdown in fat metabolism pro-
cesses contributes to an increase in the level of
α-tocopherol in the body, despite the fact that this
phenotype is characterized by the highest energy con-
sumption [2]. Differences in the concentration of
α-tocopherol found in cardiac and skeletal muscles
between underyearlings and wintered shrews may also
reflect age-related changes in the muscles of shrews
[30]. The increase in total vitamin E with aging may
represent an adaptive response related to the availabil-
ADVANCES IN GERONTOLOGY  Vol. 14  No. 1  202
ity of tocopherol to prevent oxidative tissue damage
that increases with age [31].

The concentration of α-tocopherol in the liver of
overwintered shrews was significantly higher than that
of overwintered voles. Studies show that the metabolic
potential of different tissues of the shrew is very high
compared to other small mammals, including rodents
[22, 32]. At the same time, the concentration of
α-tocopherol of young shrews caught in autumn in the
heart, which together with the brain consumes the
greatest amount of energy, was significantly lower than
in bank-vole underyearlings of different generations.
The reasons for the relatively low level of vitamin E in
the heart of shrews in the autumn require special
research.

Thus, the concentration of vitamins A and E in the
tissues of the bank vole and the common shrew
depends on a number of factors: species, physiologi-
cal, seasonal, trophic, etc. In the bank vole, the defin-
itive level of vitamins in organs and tissues is probably
formed at an early age and subsequently remains quite
stable. More pronounced age-related changes in the
level of vitamins in tissues were found in the shrew and
are obviously associated with seasonal changes in
metabolism and the ecological characteristics of the
species. The ecological and physiological traits inher-
ent in different animal species determine the adaptive
potential of the species and affect the age-related
characteristics of the concentration of vitamins in
organs and tissues. The level of vitamins A and E
detected in the bank vole and the common shrew at
different stages of ontogenesis can be considered a fac-
tor of biochemical homeostasis, due to the difference
4
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in the level of metabolic processes in different species
of small mammals. The high resistance of mammals
living in the north to environmental conditions is not
limited only to morphological or physiological
changes, but is also maintained through biochemical
adaptations.

CONCLUSIONS

As a result of the study, the concentration of vita-
mins A and E in the organs of the bank vole and the
common shrew was determined. Despite the fact that
the studied species belong to different orders, the dis-
tribution of vitamin A in tissues was similar, with the
highest retinol concentration observed in the liver and
the lowest in the heart. Both species showed age-
related differences in retinol levels in the kidneys.
Shrews of different ages differed in terms of the vita-
min A concentration of their skeletal muscle. Age-
related changes in the vitamin E concentration in the
tissues of the bank vole and the common shrew had
different patterns. In overwintered shrew individuals, a
higher tocopherol concentration in tissues was found
compared to underyearlings on the eve of wintering,
while no age differences were found in bank voles. In
general, the conducted comparative study shows a
specific profile of vitamins in the organs of the studied
species. The identified interspecific differences in the
concentration of vitamins A and E in the tissues of the
bank vole and the common shrew are probably a
reflection of the evolutionary relationships between
the organism and the environment, which ensure the
most efficient functioning of the metabolic systems of
the body in small mammals from different ecological
groups at the northern periphery of their range.
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