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Biochemical analysis of the metabolism of small rodents living
in different radioecological conditions
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ABSTRACT. The initial differences of metabolism and their modification under the conditions of radioac-
tive pollution of the environment are presented on the basis of the complex of biochemical parameters of
two ecologically different species of small rodents (4dpodemus uralensis and Myodes rutilus). The strate-
gies of physiological adaptation of the studied species to radiation were determined as well as the
dependence of their realization on functionally-metabolic peculiarity of the species was established.
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BuoxnmMmuyeckmm aHannms metadbonuama Menkmx rPbI3yHOB
npum nx obutaHun B Pa3fINYHbIX PAANO3IKOJTIONr'M4eCKunX ycroBuax

H.A. OpexoBa, J1.H. PacuHa

PE3IOME. I1o koMIIIeKCYy OMOXHMHUYCCKUX TTOKA3aTeIeH Y IBYX IKOJIOTUYCCKH PAa3IHYAIOIHNXCS BUIOB
MEJIKMX I'PhI3YHOB (Masias JecHasi MbIlib Apodemus uralensis v xpacHas nojieBka Myodes rutilus) npen-
CTaBJICHBI HCXOJIHBIC META0OIUYECKUE PA3IMYKS U CTCIICHb KX MOIU(MUKAIIH B YCIOBHUIX PaJHOAKTHBHO-
T 3arpsI3HCHUS cpelbl o0uTaHus. OmnpeIereHbl CTPaTeruy (PH3N0IOTHISCKON aanTaIlii K paIualHoHHO-
My (paKTOpy M yCTaHOBIIEHA 3aBUCUMOCTH HX PEATH3AINN OT HCXOIHBIX (YHKIIHOHATHFHO-METa0OTMIECKUX
0COOEHHOCTEN BUIOB.

KJIFOUEBBIE CJIOBA: menkue rpei3yHsl, 30oHa BYPCa, ¢pyHKIMOHaIBHO-METa00INYeCKne U3MEHEHNS,
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CTpaTerun (1)I/I3I/IOJ'IOFI/I‘IGCKOI71 ajJalrTaiuu.

Introduction

Biochemical methods, along with commonly used
hematological and immunological methods are highly
sensitive to functional-metabolic shifts in the organ-
isms of animals from natural populations in conditions
of environmental pollution (Vosyliené, 1999; Gadzala-
Kopciuch et al., 2004; Kudyasheva et al., 2004; Banni
et al., 2005; Koval'chuk, 2008). Small rodents are
often used as the model objects for environmental
radioactive contamination indication, due to their close
contact with the soil and vegetative cover containing
radioactive elements (Sokolov et al., 1989). The short
lifespan of small rodents together with their high repro-
ductive rate, allow one to study remote biological con-
sequences of a radioactive contamination of ecosys-
tems (Vasil“ev, 2005). The studies on rodents allow to
solve many issues of anthropocentric monitoring, due
to the possible data extrapolation on human (Zakharov
& Clarke, 1993).

The Eastern Ural Radioactive Trace (EURT) is a
research polygon for a wide range of radioecological

studies (Aleksakhin & Prister, 2008). The EURT was
formed in 1957 as a result of waste container explosion
at the “Mayak”, when 740 PBq of radioactive substanc-
es, including long-lived radionuclides, were thrown out
in the environment (Nikipelov ef al., 1989). The popu-
lation of mammals, living in this area, is of particular
interest because it makes possible to identify mecha-
nisms allowing them to live under the conditions of
radiogenic contamination, as well as to reveal the vari-
ability of biological effects. The study of ecologically
different species of rodents allows us to analyze effects
of chronic exposure and radioadaptation mechanisms
in dependence on physiological and metabolic features
of the species.

Material and methods

The materials were collected within the EURT area
(55°46°N, 60°52°E) and in the adjacent (control) terri-
tory (55°48'N, 60°00°E), located in 10 km from the
central axis of the EURT area. Since 1991 the contribu-
tion of *°Sr into the radionuclide contamination of the
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Table 1. Ecological characteristics of two species of small rodents (according to Gromov & Erbaeva, 1995; Pavlinov,
2003; Grigorkina, 2004; Starichenko, 2004; Ivanter, 2008; Panteleyev, 2010).

Species of rodents

Ecological characteristics

Apodemus uralensis

Myodes rutilus

Habitat area

Broad-leaved forest and steppe
regions of the South-Western Eurasia

Boreal coniferous forest and open boreal
woodland of Northern Eurasia and America

Food preferences plants

Seeds of woody and herbaceous

Vegetative parts of herbaceous plants, mosses,
lichens, mushrooms

Radiosensitivity (LD 539 of

'¥7Cs external y-radiation) 7.0 £0.4 Gy

12.8 +0.4 Gy

%3 concentration in animals
from the EURT area

161 =29 Bq/g of wet bone tissue

288 £ 99 Bq/g of wet bone tissue

EURT is 99.3% (Bol"shakov, 1990). The density of soil
contamination with °*Sr in the EURT area varies from
6.7 to 16.7 MBg/m? (182-451 Ci/km?), in the control
territory — up to 0.044 MBg/m? (Pozolotina et al.,
2008).

The objects of our study were Apodemus uralensis
Pallas, 1811 and Myodes rutilus Pallas, 1779, which
are terrestrial species of small rodents with high rates of
growth, senescence and reproduction, as well as rela-
tively short lifespan. These two species were selected
as objects of the study due to their different ecological
and trophic preferences (Tab. 1). The differences in the
radiosensitivity of these species, as well as the differ-
ences in the *°Sr concentration in the bones of animals
living within the EURT are presented in Tab. 1.

Animals were trapped during 20022008 years in
accordance with generally accepted methods (Karaseva
& Telitsina, 1996) in the same autumn period (Septem-
ber—October), which exclude the possibility of influ-
ence of seasonal variability of metabolism on the study
results.

The complex of exterior, odontometric and cranio-
metric features was used in order to identify the species
(Gromov & Erbaeva, 1995).

The sample of 105 individuals of A. uralensis (50 of
which were captured within the EURT area, 55 — in
the control territory) and 34 individuals of M. rutilus
(11 — in the EURT, 24 — in the control territory) was
used for this study. The sample includes immature
yearlings with an age of 2—4 months. The age was
assessed using the generative and dental systems
(Kolcheva, 1986; Olenev, 2002).

The four samples (two species from two territories)
used in comparison were balanced in sexual composi-
tion and year of trapping: the proportions of males and
females in these samples did not differ significantly
(»p=0.81), more than 60% of the individuals in the
samples were caught during 2005-2006.

The functional-metabolic status of cells, organs and
whole body of rodents was studied using the biochemi-
cal methods. The following 30 parameters of carbohy-
drate metabolism, lipometabolism, aerobic energy me-
tabolism, functional activity of genome cells and pro-
teometabolism were chosen:

a) liver glycogen content, glucose concentration in
blood plasma, glucosephosphate isomerase activity of
erythrocytes in peripheral blood;

b) concentration of total lipids and products of lipid
peroxidation (LPO) reacting with thiobarbituric acid -
TBA-reactive substances (TBARS) in liver, adrenals,
myocardium and plasma peripheral blood,;

¢) cytochrome c oxidase activity in mitochondria of
liver, myocardium and brain;

d) ratios of DNA concentration to protein concen-
tration (DNA/total protein) and ratios of total RNA
concentration to DNA concentration (RNA/DNA) in
spleen, liver and brain;

e) total protein content of liver, adrenals, myocardi-
um, brain and spleen, mitochondrial protein content of
liver, myocardium and brain.

The animals were weighed and decapitated. The
blood was collected into tubes with 5% solution of
sodium citrate; plasma and erythrocytes were obtained
by centrifugation at 1000 g during 15-20 min (Zolot-
nitskaya, 1987). The organs were weighed, homoge-
nized in the tris-HCI buffer solution (0.025mol/l, pH
7.4) containing 0.175 mol/l KCIl (Romanova & Stal ‘naya,
1977). The tissue homogenate was subjected to alka-
line hydrolysis followed by hydrolyzate with ethanol
treatment in order to extract glycogen (Davidson &
Berliner, 1974). The extraction of total lipids and pro-
tein from tissue was performed according to (Folch et
al., 1975). The protein was treated by sulfuric acid to
obtain inorganic nitrogen compounds (Asatiani, 1956).
TBARS was obtained from tissue homogenate after its
processing with 17% trichloroacetic acid solution
(Stal’naya & Garishvili, 1977). Nucleic acids (DNA,
RNA) were extracted from tissue homogenate by pre-
cipitation with perchloric acid (0.3 mol/l). Consistent-
ly, RNA were extracted from the precipitation by alka-
line hydrolysis of potassium hydroxide (0.3 mol/l),
DNA - by acid hydrolysis with perchloric acid (0.5
mol/l) (Trudolyubova, 1977).

Quantitative determination was performed using the
different colorimetric and spectrophotometric meth-
ods. The activity of glucosephosphate isomerase was
measured on the colored reaction of fructose-6-phos-
phate with resorcinol (Korovkin, 1965); glucose con-
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Table 2. The biochemical parameters of rodents trapped in the control territory (differences between samples’ mean values

are significant at p<0.01).

Species of rodents
Parameter, unit of measurement Organ/cells -
Apodemus uralensis Myodes rutilus
Total lipids content, mkg/g body 906.4 +44.6 604.2 +46.5
Liver
Glycogen content, mkg/g of body 3989.3 +£123.1 2855.6£172.9
. Liver 183+1.2 38.1+£2.3
tTizﬁ‘fs concentration, nmol/g wet Myocardium 39.2+1.9 110.1£7.7
Adrenals 453.7+353 756.5+£19.3
Glucosephosphate isomerase
activity, nmol/min/ml blood Erythrocytes 419.6 £ 16.7 680.7 £ 59.7
Liver 8857.4+159.5 7028.2 + 698.8
Myocardium 1139.3 +46.8 791.4 £18.7
Total protein content, mkg/g body Adrenals 123.2+4.1 65.7+3.8
Brain 2259.6 +43.3 1817.3 £69.2
Spleen 503.9+30.3 366.5+21.1
. . . Liver 6754 +£26.5 477.8 £22.8
m‘:ofhl‘)’:g“al protein content, Myocardium 1117 £43 81.7+8.1
g8 oy Brain 144.8 4.5 741454
. . Liver 235423 67.6+5.4
ol e | Moo
g P Brain 413£29 94.5+5.2

tent was determined using the standard sample of glu-
cose oxidase from the “VITAL DIAGNOSTICS” col-
lection (Russia); TBARS was determined by measuring
the optical density at 532 nm of colored complex formed
by reaction of LPO products with 2-thiobarbituric acid
(Stal’naya & Garishvili, 1977); total lipids measured on
the colored reaction with vanillin (10 mmol/l) from the
“LACHEMA? collection (Czech Republic); total tissue
protein measured on the colored reaction of inorganic
nitrogen with reagent Nessler (Pokrovskii & Malakho-
va, 1969); nucleic acids were determined by measuring
the optical density of hydrolysates of tissue at 270 nm
and 290 nm (Spirin, 1958).

Mitochondrial fractions were extracted by differen-
tial centrifugation of tissue homogenate (Romanova &
Stal ‘naya, 1977). The protein content in the mitochon-
drial fraction was calculated according to (Bradford,
1976); the activity of cytochrome oxidase was calculat-
ed according to the Krivchenkova’s method (Krivchen-
kova, 1977).

The absence of statistically significant (p>0.05) dif-
ferences in the sex ratio and year of trapping ratio in the
studied samples were tested using Kruskal-Wallis test
(Kruskal & Wallis, 1952). Differences between two
sample mean values were evaluated using Student’s T-
test, after the checking of distribution normality hy-
pothesis with the Shapiro-Wilks’s test (Borovikov,
2003). Multivariate analysis was performed using for-
ward stepwise discriminant analysis. The significance
of the discriminant canonical function (DCF) was as-
sessed using Chi-square test of successive roots ().
The percent of explained variance was calculated (Kim
et al., 1998) for statistically significant DCFs. The
interpretation of DCF was carried out in the module of

one-way analysis of variance (ANOVA) with two fac-
tors (belonging to the trapping areas and belonging to
the species) used. Cluster analysis of four samples of 4.
uralensis and M. rutilus was performed on the basis of
Mahalanobis distances, with correction on different
sample size (Marcus, 1993) using UPGMA algorithm
(Sneath & Sokal, 1973). The calculations were per-
formed in the STATISTICA v. 8.0 and STATGRAPH-
ICS v. 8.0 software packages.

Results

The initial biochemical parameters of the two spe-
cies are presented in Tab. 2.

The decrease of the concentration of glucose in the
blood plasma and increase of the activity of glucose-
phosphate isomerase of erythrocytes were found in
both species within the EURT area, whereas liver gly-
cogen content was unchanged in 4. uralensis, and was
reduced in M. rutilus (Fig. 1).

The increase of the concentrations of total lipids in
the liver and adrenals was found in both species within
the EURT area, whereas concentrations of total lipids
in blood plasma was decreased in M. rutilus and was
increased in A. uralensis. In addition, the concentration
of total lipids is decreased in A. uralensis and is in-
creased in M. rutilus. The increase of the TBARS
concentration in the liver, adrenals and myocardium
was found in 4. uralensis, the decrease — in M. rutilus
(Fig. 2).

In the mitochondria of liver, brain and myocardium
of A. uralensis within the EURT area an increase in
cytochrome c oxidase activity was found, the decrease —
in M. rutilus (Fig. 3).
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Figure 1. Changes of biochemical parameters of carbohy-
drate metabolism in rodents within the EURT area (1 —
glucose concentration in blood plasma; 2 — glucosephos-
phate isomerase activity of erythrocytes; 3 — liver glycogen
content). Percentage change [(M, /M .. —1) X100, where
M is a mean values] and its 95% confidence interval are

shown.
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Figure 2. Changes of biochemical parameters of lipometabo-
lism in rodents within the EURT area (1 — liver; 2 —
adrenals; 3 — plasma blood; 4 — myocardium). Percentage
change and its confidence interval are shown as in Fig. 1.

The decrease of DNA/total protein ratio and in-
crease of RNA/DNA ratio in the liver, spleen and brain
were found in A. wralensis within the EURT area,
whereas the opposite changes in these parameters — in
M. rutilus (Fig. 4).

The slight increase of total protein content of liver,
adrenals, myocardium and brain was found in A. uralen-
sis, whereas total protein content of spleen was de-
creased. The increase of total protein content is more
pronounced and is observed in all investigated organs
in M. rutilus (Fig. 5).

The position of the samples in the space of two
discriminant canonical scores is shown in Fig. 6. The
first discriminant canonical function (DCF1) variabili-
ty explains 79% of intergroup differences, the DCF2 —
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Figure 3. Change of cytochrome ¢ oxidase activity in mito-
chondria of liver (1), myocardium (2), brain (3) at rodents
within the EURT area. Percentage change and its confidence
interval are shown as in Fig. 1.
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Figure 4. DNA/total protein and RNA/DNA ratios in spleen
(1), liver (2), brain (3) of rodents trapped in the EURT area
and control territory. The differences in all parameters are
significant at p <0.05.
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Figure 5. Change of total protein content of multiple rodent
organs within the EURT area (1 — liver; 2 — myocardium;
3 — brain; 4 — adrenals; 5 — spleen). Percentage change
and its confidence interval are shown as in Fig. 1.
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Figure 6. The position of rodent samples in the space of two
discriminant canonical scores. 95% ellipsoids are shown.

20%. Analysis of variance shows the significant differ-
ence of DCF1 values between species (F = 1164.0;
p<0.01) and absence of such difference between trap-
ping areas (F = 2.9; p<0.1). The DCF2 values reflect
the difference in trapping areas (F = 157.6; p<0.01) and
do not depend on the species belonging (F=0.2; p<0.7).

An analysis of the Mahalanobis distances (D?) ma-
trix showed the maximal similarity of two samples of
A. uralensis (Fig. 7). The distance between the con-
trol-EURT samples at M. rutilus is bigger than in A.
uralensis.

Discussion

The comparative analysis of initial biochem-
ical parameters in two species trapped in the
control territory

The initial metabolic state of ecologically different
rodents can be resulted from evolutionary adaptation to
specific conditions of their habitat. At same time, it is a
determinant of homeostatic reactions under an influ-
ence of new disturbing factors (Slonim, 1971; Bol’-
shakov, 1972; Bol'shakov et al., 1984; Koval chuk &
Yastrebov, 2003; Mazina, 2005). For this purpose a
comparative analysis of initial biochemical parameters
of two species trapped in the control territory outside
the zone of radioactive contamination was performed.

A. uralensis has a higher content of glycogen and
total lipids of the liver (Tab. 2), which is indicative of a
higher level of metabolic reserves of the organism in
comparison with M. rutilus. The higher level of re-
serves in A. uralensis is caused by a reduced metabolic
requirement for the body of this species in lipid and
carbohydrate substrates of oxidation. This issue is de-
termined by the lower level of oxidative metabolism in
tissues on the basis of low values of LPO products
(TBARS) in liver, myocardium, adrenals, glucosephos-
phate isomerase activity of erythrocytes, in comparison

Apodemus uralensis
Control —|

Apodemus uralensis
EURT

Myodes rutilus
Control

Myodes rutilus
EURT

20 40 60 80 100 120 140
Mahalanobis distance

Figure 7. Biochemical similarity of four rodent samples.

with M. rutilus (Tab. 2). In addition to these peculiari-
ties, A. uralensis has higher content of total protein in
liver, adrenals, myocardium, brain and spleen. The
same is true for the mitochondrial protein extracted
from the liver, myocardium and brain (Tab. 2). This
allows to reveal a higher level of the protein-synthesiz-
ing processes in the body of this species, in comparison
with M. rutilus. The aerobic energetic metabolism in a
body of A. uralensis is supported mainly by high con-
tent of mitochondria (mitochondrial protein content,
mkg/g body: Tab. 2), whereas the specific respiratory
activities of mitochondria are low (cytochrome c oxi-
dase activity, nmol/min./mg mitochondrial protein: Tab.
2), compared with that of M. rutilus. Thus, the high
level of tissue proteins, carbohydrate and lipid reserves
in the organism and the relatively low intensity of
oxidative processes in 4. uralensis indicate low intensi-
ty in the functioning of cells and tissues, in comparison
with M. rutilus.

The higher metabolic requirement of oxidation sub-
strates in M. rutilus is the reason of a lower content of
glycogen and total lipids of the liver, higher values of
LPO products (TBARS) in liver, myocardium, adrenals,
glucosephosphate isomerase activity of erythrocytes, in
comparison with A. uralensis (Tab. 2). Aerobic ener-
getic metabolism in M. rutilus is supported primarily by
respiratory activity of mitochondria (cytochrome ¢ oxi-
dase activity, nmol/min./mg of mitochondrial protein:
Tab. 2) under the low saturation of body by mitochon-
dria (mitochondrial protein content, mkg/g of body:
Tab. 2). M. rutilus has a lower content of total protein in
the liver, adrenals, myocardium, brain and spleen (Tab.
2), in comparison with A. wuralensis. Thus, the low
levels of tissue protein, carbohydrate and lipid reserves
in the organism and the relatively high intensity of
oxidative processes in M. rutilus indicate higher inten-
sity in the functioning of cells and tissues, in compari-
son with A. uralensis.

These functional-metabolic characteristics of M.
rutilus as a species, living in boreal coniferous forest
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and open boreal woodland of Northern Eurasia and
America (Tab. 1) can be considered as a sign of evolu-
tionarily adaptation to such conditions, which require
an intensification of the metabolism of cells and their
functions without the involvement of “expensive” pro-
tein-synthesizing processes (Koval chuk & Yastrebov,
2003; Panin, 2010).

The changes of biochemical parameters in
rodents within the EURT area

The biochemical changes in A. uralensis within the
EURT area (Fig. 1) are the evidence of the simulta-
neous activation of glycolysis and gluconeogenesis,
which is the typical response of the irradiated organism
(Kendysh & Fedotov, 1967; Streffer, 1969; Ahlers,
1994). In this case, activation of glycolysis is the basis
for increasing of functional activity of cells and organs,
primarily of carbohydrate-dependent (erythrocytes and
brain) ones, whereas gluconeogenesis provides the res-
toration of liver glycogen as an energy reserves under
excessive functional stress on the organism (Colin,
1997).

The increase of the concentrations of total lipids
and TBARS in the liver, adrenals and blood plasma
(Fig. 2), indicates the activation of lipid synthesis as
well as their oxidative degradation. At that, the TBARS
concentration changes were more expressed, indicating
the increase of the proportion of lipids in oxidative
metabolism of tissue. According to the studies (Naka-
mura et al., 1966; Oregovic et al., 1975; Neely &
Morgan, 1974; Hershos & Vogel, 1989; Osmundsen et
al., 1991), oxidative metabolism of lipids provides many
functions of the organs, including steroidogenic in
adrenals, lipoprotein-synthesizing in liver, contractile
in myocardium. The changes we observed in lipid me-
tabolism of A. uralensis within the EURT area may be
associated with activation of these functions in condi-
tions of chronic exposure.

An increase of cytochrome c oxidase activity in the
mitochondria of liver, brain and myocardium of A.
uralensis within the EURT area (Fig. 3) indicates an
increase of oxidative ATP synthesis in the cells. These
changes contribute to activation of their functional ac-
tivity. The decrease of DNA/total protein ratio and
increase of RNA/DNA ratio in the liver, spleen and
brain (Fig. 4) are the evidences of limitation of prolifer-
ation and increase of differentiation (maturity) of the
cells, contributing to activation of tissue-specific func-
tions (Brodsky & Uryvaeva, 1985).

The slight increase of total protein content of liver,
adrenals, myocardium and brain (Fig. 5), together with
big level of cytochrome ¢ oxidase activation in mito-
chondria (Fig. 3) is probably determined by predomi-
nant expenditure of energy for functional activity, but
not by protein-synthesizing processes that is typical for
the intense work of physiological systems (Meerson,
1963). A decrease of total protein content of the spleen
(Fig. 5) may be caused by an activation of the catabo-

lism of protein structures or reduction of mitotic activ-
ity of spleenocytes, which is characteristic for stress
(Streffer, 1969; Fedotov & Pozdnyakov, 1986; Aguas
et al., 1999; Kirillov & Smorodchenko, 1999).

So, the existence of 4. uralensis within the EURT
area leads to activation of oxidative processes, increase
the level of aerobic energy metabolism with predomi-
nant expenditure of energy for amplification function-
ing of the cells and tissues, but not for protein-synthe-
sizing processes.

The reaction of M. rutilus on the existence within
the EURT is the contrary to the A. uralensis reaction.
The decrease of the proportion of lipids in oxidative
metabolism of tissues (increase of the total lipids con-
centrations on the background of decrease of the TBARS
concentrations: Fig. 2), reduction of aerobic energy
metabolism in mitochondria (decrease of cytochrome ¢
oxidase activity: Fig. 3) and decrease of the degree of
differentiation (maturity) of the cells (decrease of RNA/
DNA ratio: Fig. 4) were established. These changes are
directed to the limiting of the expression of tissue-
specific functions. Stimulation of protein-synthesizing
processes in M. rutilus is more expressed (Fig. 5),
compared with A. uralensis, due to the activation of
autocatalytic function of the genome (an increase in
DNA/total protein ratio: Fig. 4), underlying of prolifer-
ation and polyploidy of cells. Taking into account the
intensive use of carbohydrate reserves in a body (a
decrease in liver glycogen content: Fig. 1) and low
levels of aerobic energy metabolism (Fig. 3), one can
assume that an anaerobic glycolysis is predominant in
the M. rutilus within the EURT area. This glycolysis is
a source of intermediate compounds for synthesis of
structural proteins and organization of proliferative pro-
cesses (Guppy et al., 1993; Evtodienko & Teplova,
1996). So, the existence of M. rutilus within the EURT
area leads to reduction of oxidative processes, decrease
the level of aerobic energy metabolism with predomi-
nant expenditure of energy for protein-synthesizing pro-
cesses, but not for functioning of the cells and tissues.

The ideas of non-specific reactions of an organism
and populations of mammals to the extreme factors of
both natural and anthropogenic origin are proposed in
the previous studies (Vasil'ev & Vasil eva, 2000; Be-
zel, 2006; Bol shakov & Moiseenko, 2009). According
to the studies (Grigor'ev, 1991; Gorban & Baraboi,
1999; Darenskaya & Korotkevich, 2001; Grigoriev et
al.,2003; Ushakov et al., 2007), ionizing radiation in a
wide range of doses initiates the changes of physiolog-
ical systems which are similar to symptoms of well-
known stress-reactions under the influence of other
factors — physical stress, cooling, hypoxia, starvation
and others. The principal mechanism of realization of
reaction on stress (Selye’s general adaptation syndrome;
Selye, 1946) is an activation of hypothalamic-pituitary-
adrenocortical system, accompanied by an increased
flow of catecholamines and glucocorticoids in the blood
stream. It provides an increase of the level of oxidative
processes, the mobilization of energy to activate the
functions of the basic physiological systems.
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An alternative mechanism to protect a body from
damaging effects, including radiation, is the hypobiosis
or the strategy of tolerance (Kulinskii & Ol’khovskii,
1992). This strategy is based on the stress-limiting
systems of homeostasis regulation, such as serotoniner-
gic, GABA-ergic, causing reduction of acrobic energy
metabolism and oxidative processes, transformation of
work physiological systems up to minimum level (Ly-
man et al., 1982; Kalabukhov, 1985; Anufriev & Akhre-
menko, 1992; Hochachka & Somero, 2002). Choice
one or another strategy for a particular environment
depends on the initial functionally-metabolic condition
of organism due to heredity or acquired experience, as
well as strength and duration of the affecting factor
(Parsons, 1993).

It can be assumed that the established metabolic
changes in 4. uralensis from the EURT area corre-
spond to stress-realizing strategy of physiological ad-
aptation, which provides through mobilization of hypo-
thalamic-pituitary-adrenocortical system maintenance,
especially, high levels of aerobic energy metabolism
and cellular-tissue functional activity. In terms of evo-
lution, a more progressive stress-realizing strategy plays
a key role in processes of the active exploration of new
ecological niches by biota (Markel’, 2008). At the same
time, excess action of stressor on the organism may
lead to development of the stress-induced pathologies
and of the accelerated ageing of organism (McEwen,
1998; Parsons, 2003). The more intensive regime of
cells functioning than in the control territory, accompa-
nied by structural changes (accumulation of lipids and
LPO products, decrease nuclear-cytoplasmic ratio in
cells), can be considered as signs of accelerated ageing
of A. uralensis within the EURT area (Rasina & Orekho-
va, 2009; Orekhova, 2010). The accelerated ageing is
particular morphological and functional consequences
for the realization of adaptation to unfavorable condi-
tions. In general, the signs of accelerated ageing of
cells, tissues and an organism are depend as a whole on
environmental radiation factor, as it was indicated in
numerous works (I1’enko & Krapivka, 1998, Mamina,
1998; Materii et al., 2003; Kudyasheva et al., 2004).

The metabolic changes in M. rutilus within the
EURT area are the consequences of the hypobiotic
strategy of physiological adaptation, which is directed
to reduction of cellular-tissue functional activity, aero-
bic energy metabolism, oxidative processes and growth
of the plastic potential. The phylogenetically more an-
cient and evolutionary less progressive hypobiotic strat-
egy determines passive defense mechanisms (or toler-
ance) of biota at high rate of the damaging effect, while
at the same time prevents the development of the dis-
eases and creates the possibility of slowing the aging
process and increasing the life time of the organism
(Chernilevskii, 1998; Hochachka & Somero, 2002;
Cotton & Harlow, 2010).

The obtained results show the dependence of the
realization of the strategies of physiological adaptation
from the initial functionally-metabolic state of organ-
ism. The stress-realizing strategy of physiological ad-

aptation of A. uralensis to the conditions within the
EURT is defined by presence of the potential for func-
tional activation, namely, an initially high content of
mitochondrial and total proteins in the tissues, as well
as a sufficient level of carbohydrates and lipid reserves.
The hypobiotic strategy adaptation of M. rutilus to the
conditions within the EURT is formed, in contrast, on
the basis of initial low levels of reserves and high
intensity of the cell-tissue systems functioning, caused
by specialization of a species to habitat area.

Multivariate comparison of rodent’s samples

An analysis of the matrix of generalized Mahalano-
bis distances (D?) showed the maximal similarity of two
samples of A. uralensis. The larger distance between
the control-EURT samples in M. rutilus comparing
with 4. uralensis (Fig. 7) indicates a more expressed
functional-metabolic shift of the former species under
the influence of environmental radioactive contamina-
tion. The level of response of two types of organisms is
in agreement with the level of accumulation of *°Sr in
bone tissue, which determines the radiation absorbed
dose and reflects the degree of damaging effects on a
body. More expressed metabolic changes for M. rutilus
are found consistent with a high level of accumulation
of radionuclides (Tab. 1), due to food specialization of
this species presented by vegetative parts of herbaceous
plants, mosses, lichens and mushrooms, accumulating
radionuclides (Il'enko & Krapivka, 1998). The bigger
biochemical shift in M. rutilus within the EURT area
relative to A. uralensis have been established on the
basis of some hematological parameters (Tarahtii &
Kardonina, 1995). This is not consistent with its small-
er radiosensitivity to external y-radiation (LD, in
Tab. 1) and confirms the differences in the mechanisms
of the organism’s response to the high and small doses
of radiation exposure (Burlakova, 1994).

Different trends of metabolic reactions during the
adaptation process of 4. uralensis and M. rutilus to the
factor of radiation leads to an increase of interspecies
differences in an initial level. However, a largest clus-
ter, combining two species regardless of their habitat
(Fig. 7) shows that initial metabolic characteristics
formed during the evolution and ecological specializa-
tion of species to natural habitat are preserved. Conse-
quently, the level of radiation exposure within the EURT
area is not sufficient to change the evolutionary formed
features of these species. Genetic markers of inherited
changes in the body (microsatellite and allozyme varia-
tions) indicate that there is no difference in haplotype of
irradiated and control animals (Makova et al., 2000;
Modorov & Pozolotina, 2011), despite the fact that
chromosomal abnormalities demonstrate the reaction
of the genome of some cells on chronic radiation (Yalk-
ovskaya et al., 2010). The ontogenetic determination of
changes in the small mammals within the radioactive
areas was substantiated in numerous works (Vasil’ev &
Vasil’eva, 2000; Vasil ev, 2005; Lyubashevskiy et al.,
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2009). The return to initial levels of biochemical pa-
rameters in rodents from the EURT area after 45 days
of animals staying in vivarium showed an absence of
homeostasis stability, formed under environmental ra-
dioactive contamination (Orekhova & Rasina, 2009). It
can be assumed that the metabolic changes we have
identified are the phenotypic modification, emerging in
ontogeny on the basis of an initial genotype.

Conclusion

The differences of initial biochemical parameters of
A. uralensis and M. rutilus were established trapped in
the control territory outside the zone of radioactive
contamination. The high level of tissue proteins, carbo-
hydrate and lipid reserves in the organism and low level
oxidative processes were indicated in A. uralensis, in
comparison with M. rutilus.

The presence of the potential for functional activa-
tion of cells and tissues in A. uralensis and its absence
in M. rutilus is determinant for forming strategy of
physiological adaptation in conditions of environmen-
tal radioactive contamination: the stress-realizing strat-
egy — in A. uralensis, the hypobiotic strategy — in M.
rutilus. More expressed functional-metabolic shifts in
M. rutilus, compared with A. uralensis, are in disagree-
ment with a lower radiosensitivity of this species to
acute external y-radiation, but are combined with a
higher level of ®*Sr accumulation in bone tissue.

The level of radiation exposure within the EURT
area is not sufficient to change the evolutionary formed
functional- metabolic features of these species, despite
more than hundred generations of habitat of rodent’s
populations in such conditions. It can be assumed that
the changes established in condition of EURT area
have the character the phenotypic modifications, taking
place at ontogenesis on the basis of an initial genotype.
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