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Abstract—In order to reveal the most important reactions of animals and humans to radioactive contamina
tion of the environment, the dependence of the biochemical parameters of lipid, carbohydrate, and protein
metabolism on the population number dynamics as a major environmental factor has been studied in the
pygmy wood mouse (Apodemus (S.) uralensis) within the East Ural Radioactive Trace (EURT). As the pop
ulation number within the EURT area increases, the level of oxidative metabolism and celltissue functional
activity, combined with inhibition of protein and lipid biosynthesis, has been found to become more pro
nounced compared to the reference (background) territory. This characterizes the condition of chronic stress
with some signs of exhaustion of energy resources in the body. A differentiated account of the population
number allows us to correct the results of radiation effects and their interpretation, emphasizing the need to
study major environmental factors in the evaluation of technogenic (first of all, radioactive) effects on human
and animal populations.
Keywords: EURT area, pygmy wood mouse, lipid, carbohydrate, and protein metabolism, population num
ber dynamics
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INTRODUCTION

MATERIALS AND METHODS

The morphophysiological and functionalmeta
bolic states of animals in the natural environment
demonstrate the consequences of radiation accidents
and, at the same time, turn out to be parts of multivari
ate analysis of the combined influence exercised by
natural and anthropogenic factors on the body and on
the population as a whole. The population number
dynamics as the main ecological factor of population
homeostasis is the result of external and internal influ
ences: weather conditions, food supply, predators,
etc., and densitydependent autoregulatory mecha
nisms (Shilov, 1967; Zhigal’skii, 2002; Rogovin and
Moshkin, 2007). The role played by the high popula
tion number as a stress factor influencing the meta
bolic characteristics of the body and, thus, energy
producing processes determining the functioning level
of the celltissue systems and the body as a whole has
been revealed (Christian, 1963; Shilov, 1984; Chern
yavskii et al., 2003).

Rodent specimens were caught in 2002–2006
according to the standard methods (Karaseva and Tel
itsyna, 1996) at two stationary plots. The first plot is
located in the head part of the EURT, where the den
sity of soil contamination with 90Sr varies from 6740 to
16690 kBq/m2, while the second one in the adjacent
territory varies with a density of 43.7 kBq/m2; i.e., it
was taken as the reference plot (Pozolotina et al.,
2008). The level of soil contamination at the reference
plot was more than one order lower than the concen
trations of radionuclides, which were accepted as crit
ical for safe living in the EURT area, where the
γbackground does not exceed the average values in
the Urals (Nikipelov et al., 1989).

The purpose of this paper is to study the depen
dences of metabolic reactions in the body of small
sized mammals within the East Ural Radioactive
Trace (EURT) on the average annual values of their
population number.

The samplings of pygmy wood mouse (Apodemus
(S.) uralensis Pall., 1811) came from 34 specimens
within the EURT area and 30 specimens in the refer
ence area. All specimens were calibrated by the func
tionalage status. They were underyearlings of the sec
ond ontogenetic type that do not reproduce in the year
of birth, which was estimated by the state of the gener
ative system and dentition (Kolcheva, 1992; Olenev,
2002).
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In 2002–2006, according to the investigations by
E.B. Grigorkina, G.V. Olenev, and M.V. Modorov
(Grigorkina et al., 2008), the average annual relative
abundance of A. uralensis varied from 6.7 to
21.1 spec./100 t.d. at the reference plot and from 7.6
to 28.1 spec./100 t.d. within the EURT area. The
maximum abundance was registered in 2005 and 2006,
whereas the minimum one occurred in 2004 (Table).
The metabolic reactions were studied by 12 bio
chemical characteristics using spectrometric and col
orimetric methods:
—carbohydrate metabolism by the content of gly
cogen in the liver (Danchenko and Chirkin, 2010),
glucose concentration in the blood plasma, and phos
phate isomerase activity of erythrocytes in the periph
eral blood (Korovkin, 1965);
—lipid exchange based on the concentration of
total lipids (Fletcher, 1968) and malondialdehyde
(MDA) as secondary product of their peroxidation in
the liver, adrenals, myocardium, and plasma of the
peripheral blood (Stal’naya and Garishvili, 1977);
—protein metabolism based on the content of total
protein in the blood plasma and spleen (Bradford,
1976).
The methods of biochemical investigation are given
by L.N. Rasina and N.A. Orekhova (2009).
The data were statistically processed using the
STATISTICA (v. 8.0) and STATGRAPHICS (v. 8.0)
program packages. The dependence of the biochemi
cal characteristics on the average annual abundance
was studied by regression analysis (Draper and Smith,
2007). Multivariate comparison of the samplings was
analyzed with the help of discriminant analysis (Kim
et al., 1998).
RESULTS AND DISCUSSION
The homeostasis of the population is based on eco
logical and physiological mechanisms of the adaptive
syndrome (Shilov, 1984; Christian, 1963). During the
abundance peak when specimens begin to compete
more fiercely over the environmental resources, the
state of stress develops. It not only causes metabolism
intensification, but also modifies the behavior and
inhibits both growth and the reproductive system
(Chernyavskii et al., 2003; Zav’yalov et al., 2007).
These changes limit overpopulation, thereby favoring
adaptation under the conditions of poor food supply
(Rogovin and Moshkin, 2007).
At the same time, the classic concept of stress as
described by H. Selye (1946) states that it can be only
one expression in the overall system of nonspecific
adaptive reactions in the body. It was demonstrated by
many authors (Gorizontov and Protasov, 1968; Panin,
1983; Khaidarliu, 1989; Garkavi et al., 1990) that met
abolic changes depend on the degree of influence
exercised by ecological factors.
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Average annual values of A. uralensis abundance
Abundance, spec./100 t.d.
Year of trapping
2002
2004
2005
2006

reference area

EURT

15.2
6.7
21.1
18.4

14.4
7.6
26.3
28.1

Differences were established in functional–meta
bolic reactions of A. uralensis to changes in the abun
dance of populations within the reference and EURT
areas. In the reference area, mobilization of energy
reserves increases as the population abundance gets
higher in accordance with the higher concentration of
total lipids and glucose in the blood plasma, as well as
the decrease in the content of glycogen and the
increase in the level of lipids in the liver (Fig. 1). Inten
sification of the oxidative metabolism in tissues, which
is determined by their more active functioning as a
result of glucose phosphate isomerase activation of
erythrocytes, increased the concentration of MDA in
the liver, myocardium, and adrenals. These metabolic
mechanisms are meant to increase the level of homeo
stasis (Barnett et al., 1960; Dubuc et al., 1983; Her
shos and Vogel, 1989; Goda et al., 1991) and reflect the
reaction to an increase in the population abundance.
As the population abundance grows, the concentra
tion of total protein in the blood plasma and spleen
(see Fig. 1) grows, which characterizes the state of
moderate physical tension (Panin, 1983; Garkavi
et al., 1990).
On the territory of EURT, metabolic reactions to
an increase in the population abundance, in contrast
to those within the reference area, are characterized by
a decrease in the concentration of glucose within the
blood plasma, an increase in the content of glycogen in
the liver, and a decrease in the level of total protein in
the spleen (see Fig. 1). The revealed dependence is
caused by the longterm stimulation of adrenocorti
coid activity initiating more intensive glucose utiliza
tion in the tissues at the expense of the protein compo
nent of tissues, especially the spleen, which is a symp
tom of chronic stress (Panin, 1983; Mayer and Rosen,
1977; Scheurink et al., 1989; Aguas et al., 1999; Kir
illov and Smorodchenko, 1999). Along with that,
higher MDA concentration in the liver, myocardium,
and adrenals is accompanied by lower level of total lip
ids in the tissues, in contrast to the reference level, and
indicates a shift in lipid metabolism towards the cata
bolic component, which is especially pronounced in
the adrenals. The results demonstrate a longterm
hyperfunction of cells and tissues under a lack of
energy resources for recovery processes in the body
(Meyerson, 1981). Functional and metabolic shifts in the
body of animals inhabiting the EURT area, which are
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Fig. 1. Dependence of the biochemical parameters in Apodemus (S.) uralensis from the reference (1) and radioactively polluted
(2) area on the average annual values of population number. Xaxis: average annual values of the population number (spec./100 t.d.).
Yaxis: standard biochemical parameters: (a) glycogen content in the liver; (b) glucose concentration in the blood plasma;
(c) total protein content in the spleen; (d) total lipid concentration in the liver; (e) total lipid concentration in the adrenals;
(f) total lipid concentration in the myocardium; (g) total protein concentration in the blood plasma; (h) MDA concentration in
the adrenals; (i) total lipid concentration in the blood plasma; (j) MDA concentration in the myocardium; (k) glucose phosphate
isomerase activity of erythrocytes; (l) MDA concentration in the liver. Regression coefficients are statistically significant at p ≤ 0.05.

associated with an increase in the abundance, are more
pronounced compared to the reference ones and result
from the influence of radiation and natural factors.
Comparison of the Mahalanobis squared distance
(D2) based on the complex of biochemical parameters
at various levels of abundance between the samplings
of specimens in the EURT and reference areas is char
acterized by a 1.5times increase in the metabolic
effects of chronic irradiation in the phase of high pop
ulation abundance (Fig. 2).
CONCLUSIONS
The comparative analysis of the relation between
the biochemical characteristics and the average annual
values of the pygmy mouse population in the reference
and EURT areas produced the following conclusions:

—as the population number in the reference,
background, area increases, an increased level of oxi
dative metabolism and celltissue functional activity is
observed along with an increase in the level of protein
and lipid biosynthesis in the tissues, which indicates
moderate physiological tension without symptoms of
energy resource depletion;
—functional and metabolic changes in the body of
animals within the EURT area are more pronounced
as the population number becomes higher and result
from the effect of radiation and natural factors;
—the dependence of these reactions on the popu
lation number is more pronounced, conjugated, in
contrast to the reference territory, with the inhibition
of biosynthesis of proteins, lipids, and characterizes
severe chronic stress with the symptoms of longterm
cell hyperfunction and depletion of energy resources;
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Fig. 2. Mahalanobis squared distance (D2) calculated by
the complex of biochemical characteristics for the sam
plings of specimens from the EURT and reference areas in
the years of low (1), average (2), and high (3) abundance.
Stepwise discriminant analysis was performed based on
data extrapolated to the values of low (7.15 spec/100 t.d.),
average (14.8 spec./100 t.d.), and high (23.5 spec./100 t.d.)
abundance. For designations, see Fig. 1.

—censuring of the population allows us to correct
the results of radiation effects and their interpretation,
emphasizing the need to study major ecological factors
when estimating technogenic, first of all radiation,
influences on populations of humans and animals.
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