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The aim of the work is to find out peculiarities in manifestation of oxidative stress and to determine
activity of enzymes, responsible for utilization of endogenous aldehydes in the mitochondrial fraction of the
skeletal (femoral) muscle in pubertal rats during immobilization stress. Our study has shown that differently
directed changes in the activity of mitochondrial aldehyde dehydrogenases and aldehyde reductases occur
in the pubertal immobilized rats, that limits the catabolism effectiveness as regards carbonyl products of free
radical oxidation in the muscle cells. Corroboration of the effect under consideration is an increased level
of protein free radical oxidation products in the mitochondria of the skeletal muscle. On the basis of the ob-
tained data the authors draw a conclusion about an increased sensitivity of the skeletal muscle to the oxida-
tive stress impact due to modulation in the state of enzyme system, responsible for utilization of endogenous
aldehydes in the mitochondria.
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e have shown earlier that organism sen-
sitivity to oxidative stress increases in
pubertal age [1, 2]. This may be one of

the reasons of the increase of visceral pathology in
teenagers [3]. Analyzing probable mechanisms of
formation of this age phenomena, we should note
that the role of messengers of cell damage under the
oxidative stress belongs to cytotoxic carbonyl prod-
ucts of free-radical oxidation accumulated under the
stress conditions [4]. Allowing for above stated, we
may presume that the modulation of resistance to
oxidative stress on the stage of puberty, among other
things, is connected with age changes in utilization
effectiveness of endogenous aldehydes in cells. The
performed investigations in fact allowed revealing
the shifts in activity of enzymes of catabolism of
carbonyl products of free-radical oxidation in the
heart of rats of pubertal age under conditions of im-
mobilizing stress [5, 6]. They promote a decrease of
catabolism velocity of endogenous aldehydes in the
myocardium and thus, predetermine the occurrence
of heart stress damage. However, the question arises
whether such shifts are specific for the heart muscle
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only, or they are general for other tissues in the pu-
bertal age? Taking this into consideration, the inves-
tigation is aimed at clarifying specificity of oxidative
stress manifestation and condition of fermentation
system of utilization of endogenous aldehydes in mi-
tochondrial fraction of skeletal (femoral) muscle in
rats of pubertal age under immobilizing stress.

Materials and Methods

Forty male rats of Wistar line aged 1.5-months
(rats in pubertal age) and 12-month rats (adult
sexually mature ones) were used in the work. Ani-
mals of each age group, in turn, were divided into 2
subgroups: 1 — intact rats and 2 — rats subjected to
immobilization stress. To reproduce immobilization
stress the animals were tied to immovable block for
5 h daily during 2 days. The stress reproduction ef-
ficiency was estimated by the level of adrenalin in
blood. As it is shown on Figure, after two-day im-
mobilization a sharp increase of adrenalin in blood
occurred in animals of two groups.

Rats were decapitated under light ether anes-
thesia; their femoral muscles were removed and im-
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An increase of adrenaline concentration in blood of
rats subjected to 2-day immobilization (results are
expressed in % to initial value. Adrenaline content
in blood of intact rats of corresponding age groups
is taken as 100%). * P < 0.05 to intact (6 animals in
each group were used in research)

mediately put in chilled 0.9% solution of sodium
chloride. After washing of blood, pieces of muscle
tissue were cut small by scissors. Muscle slurry was
mixed up in proportion 1 : 3 (mass:volume) with salt
medium containing 0.05 M Tris, 0.005 M sulfate
of magnesia and 0.001 MEDTA (pH 7.4), and ho-
mogenized during 3 min in Potter-Elvegame glass
homogenizer with Teflon pestle. Homogenate was
filtered through 4 layers of gauze and centrifuged at
1000 g during 10 min. Supernatant was transferred
to clean tubes and centrifuged at 10 000 g during 20
min. The obtained precipitate was two times washed
up in homogenization medium at 10 000 g during
20 min and used as a mitochondrial fraction. All

procedures of muscle homogenate fractioning were
performed at 4-5 °C.

The activity of NAD-dependent aldehyde dehy-
drogenase (AIDG; 1.2.1.3) [7], NADH-dependent al-
dehyde reductase (AIR; 1.1.1.21) [8] and glutathione
transferase (GT; 2.5.1.18) [9] was measured in mito-
chondrial fraction of the femoral muscle. The con-
tent of substances entering into positive reaction
with 2-thiobarbituric acid (TBA-reactive substances;
TBAW) [10], carbonylated proteins (CP) [11], and also
fluorescent products of metabolism of Schiff bases
(SB) type was studied in a series of special experi-
ments in mitochondrial fraction. Fluorescence was
measured at excitation wave length of 360 nm and
emission wave length of 430 nm. Protein content in
samples was determined by the Loury method.

The obtained results underwent statistical pro-
cessing with usage of Excel and “SPSS Statistics
17.0” software, with the help of Wilcoxon-Mann-
Whitney non-parametric method. Data distinctions
were considered valid under conditions of P < 0.05.

Results and Discussion

The investigations have shown that contents of
CP and SB increase by 74 and by 94%, respectively,
in mitochondrial fraction of the femoral muscle of
1.5-month old rats after long-lasting immobilization
(Table). At the same time the concentration of TBA-
reactive substances in them remains unchanged.

Immobilization of 12-month old animals is
accompanied by the decrease of SB level in mito-
chondrial fraction by 35% compared with its original
level. The content of TBA-reactive substances and

Content of free-radical oxidation products and catalytic activity of enzymes of endogenous aldehydes in
mitochondrial fraction of femoral muscle of rats, which underwent prolonged immobilization (M £ m; n = 6)

) 1.5-month old 12-month old
Indicator : . . . ; .
intact \ immobilized intact \ immobilized
Content of products of free radical oxidation

CP, umole/mg of protein 0.77+0.12 1.34 +£0.02* 190 £ 0.27** 1.39+0.29

TBA+, umole/mg of protein 0.16 + 0.03 0.15+0.03 0.25 + 0.02** 0.24 £0.03

SB, nmole/mg of protein 0.49 £ 0.06 0.95 £ 0.04* 0.94 £ 0.03** 0.59 = 0.06*

SB/TBA+ 3.8+0.3 75+12* 42 +0.3 2.4 +0.4*

Enzymes of catabolism activity

AIDG, nmole/mg of protein‘min 1.3+£0.2 4.2 +£0.7* 104 £ 1.2*%* *209+31

AIR, nmole/mg of protein‘min 1705 10+01* 3.7 £ 0.6** 47+10

GT, nmole/mg of protein'min 13+01 15+0.2 15+01 11+01

Note: * P < 0.05 to intact of 12-month old; ** P < 0.05 to intact of 1.5-month old.
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CP in them does not change, but at the same time
there arises a marked tendency to the decrease of CP
level in sub-cell fraction.

Shifts in the content of products of free-radical
oxidation of lipids and proteins in mitochondrial
fraction of the femoral muscle of 1.5-month old rats
is accompanied by a parallel increase of SB/TBA+
by 97% in comparison with its original value (Table).
At the same time, this index value in 12-month old
animals decreases by 35% in comparison with the
original one.

The presented data demonstrate a fact that
clearly expressed signs of oxidative stress are formed
in mitochondrial fraction of the femoral muscle of
rats in pubertal age after prolonged immaobilization.
They are demonstrated through the increase of the
level of products of free-radical oxidation of lipids
and proteins (CP and SB). The increase of SB/TBA+
index, accompanying these changes, reflects the in-
crease of the velocity of usage of carbon products
of free-radical oxidation in non-catalytic reactions,
connected with formation of adducts with proteins.
One of the reasons of this process might be a de-
crease of effectiveness of utilization of endogenous
aldehydes in fermentation pathways in the femoral
muscle mitochondria of immobilized pubertal rats
that results in metabolic preconditions for formation
of the muscle stress damage.

Thus, the age-dependent shifts in utilization
effectiveness of endogenous aldehydes in the skele-
tal muscle mitochondria appear in rats under the
conditions of immobilization stress. The reason of
this phenomenon might be the change in activity of
aldehyde catabolism enzymes, in particular AIDG,
AIR and GT [14, 15]. Taking this into consideration,
the activity of these enzymes was investigated in the
mitochondria fraction of the femoral muscle in the
animals of both age groups, which underwent pro-
longed immobilization.

The performed investigations showed that ac-
tivity of NAD-dependent AIDG becomes 8 times
as high, and activity NADH-dependent AIR two
times as high in mitochondrial fraction of 12-month
old rats in comparison with 1.5-month old rats.
Gluthathione tranferase activity in rats of the both
studied age groups is at the same level.

The obtained data show that the basal activity
of mitochondrial enzymes, catalyzing oxidative-
renewal transformation of endogenous aldehydes
in NAD-dependent reactions in 12-month old rats
is significantly higher than in 1.5-month old rats.
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This creates preconditions for the increase of adult
animals’ muscle resistance to negative effect of oxi-
dative stress under condition of immobilization that
is not characteristic of the pubertal rats. However,
modulation of these enzymes is possible under the
immobilization stress. The above-stated being al-
lowed for we continued investigation of activity of
mitochondrial enzymes of catabolism of endogenous
aldehydes in the femoral muscle of rats after pro-
longed immobilization.

The performed investigations have shown that
after prolonged immobilization the increase of al-
dehyde dehydrogenase activity by 223% and 101%
in mitochondrial fraction of the femoral muscle of
1.5-month old and 12-month old animals is observed
compared to that in intact rats of these age groups.
At the same time, aldehyde reductase activity in im-
mobilized 1.5-month old animals decreases by 41%
in comparison with its original value. Aldehyde re-
ductase activity in 12-month old rats under the im-
mobilization stress remains unchanged. Gluthatione
transferase activity in mitochondrial fraction of the
femoral muscle of animals of the both investigated
age groups after immobilization remains at the origi-
nal level.

Thus, an adaptive increase of aldehyde hy-
drogenase activity in mitochondrial fraction of the
femoral muscle of investigated rats under conditions
of immobilization stress is observed, that leads to
a significant increase of accumulated activity of all
investigated enzymes of catabolism of endogenous
aldehydes. At the same time, this shift in the puber-
tal animals is accompanied by a decrease of alde-
hyde reductase activity in mitochondria. Analyzing
the situation with appearance of different changes
in activity of NAD(H)-dependent oxidoreductases
in 1.5-month old rats, we may presume formation
of a specific state of “stress” in them under utiliza-
tion of carbonyl products of free-radical oxidation,
which are intensively generated under immobiliza-
tion stress.

A comprehensive evaluation of the obtained
results allows one to conclude that adaptive shifts
aimed at the increase of oxidative-renewal changes
of endogenous aldehydes are formed under the con-
ditions of high basal aldehyde dehydrogenase and
aldehyde reductase activity in adult sexually-mature
animals. As a result, products of free-radical oxida-
tion of proteins (CP, SB and TBA-reactive substan-
ces) are not accumulated in the muscle tissue, so the
oxidative stress manifestations are absent.
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Due to different character of modulation of mi-
tochondrial aldehyde dehydrogenase and aldehyde
reductase in rats of pubertal age, a possibility of
catabolism of products of free-radical oxidation is
limited. This may lead to the increase in the level
of free-radical oxidation of proteins (CP and SB) in
the femoral muscle mitochondria of rats. As a result,
sensitivity of the animals of this age group to stress
damage increases.

Summing up all the above-mentioned facts,
one may conclude that catabolism effectiveness of
endogenous aldehydes under stimulation of their for-
mation during immobilization stress on the stage of
sexual maturation is limited. Similar phenomenon
is observed in the myocardium and skeletal muscle
as well, that points to its generalized character in
organism. Age change of velocity of gene expres-
sion of oxidoreductase, catalyzing oxidative-renewal
changes of aldehydes in the muscle tissue is a basis
for this phenomenon. Sex hormones, which level
in pubertal animals is significantly lower than in
sexually mature ones, may appear as one of probab-
le factors of gene expression regulation. Change of
hormonal secretion promotes the appearance of age-
dependent differences in the structure of isoenzyme
spectrum of the given enzymes in the muscle tis-
sue. This, in its turn, presumes a decrease of general
basal activity of mitochondrial aldehyde dehydroge-
nases and aldehyde reductase and also a change of
their response to modulation of the internal medium
of muscle cells under the immobilization stress in
pubertal age. This results in the increase of oxidative
stress factors in the muscle tissue under prolonged
immobilization in animals on the stage of sexual
maturation, and thus, the increase of its sensitivity
to stress damage.

However, the expressed presumption on age
modulation of isoenzyme spectrum of aldehyde de-
hydrogenases and aldehyde reductases in muscles
needs the experimental check, that will be the basis
of our further investigations.

ISSN 2409-4943. Ukr. Biochem. J., 2014, \Vol. 86, N 6

OKCUJIATUBHUI CTPEC

I EHBUMATUYHA CUCTEMA
KATABOJII3MY AJIBJAET'TAIB
Y MITOXOHPISAX M’SA3IB
IMMOBIJII3OBAHUX L1YPIB
IIYBEPTATHOI'O BIKY
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Meta pobGotm — 3’ICyBaHHS OCOOIHBO-
CTell TPOSABY OKCHAATHBHOIO CTpeCcy 1 CTaHy
SH3MMATHYHOI CHUCTEMH YTHJI3aIlil EHIOreHHHX
aNBJETI B y MITOXOHAPIalIbHINA (PPaKIlii CKEIETHUX
(cTerHoBUX) M’S3iB y IIypiB MyOepTaTHOTO BIKY B
yMoBax iMMoOimizamiitHoro crpecy. JlocmimxeHas
MOKa3aJH, Mo B iMMOOII30BaHUX IIypiB MyoOep-
TaTHOTO BIKYy BHHHMKA€ Pi3HOCIPSIMOBAHUN Xapak-
Tep MOIYINAIii aKTUBHOCTI MITOXOHAPIaIbHUX
aNpACTIETIAPOTEHA3 1 aibJAeTiApenyKTas3, IIo
00MeXy€e MOXKIIMBICTh €(EeKTHBHOTO KaTaboi3mMy
KapOOHIIBHUX TPOAYKTIB  BLIBHOPAIUKAIHHOTO
OKHCIICHHS B M’s3aX. [liITBep/KEHHSAM IIbO-
ro € 30iIbIIEHHS B TBapuH pIiBHSA MPOAYKTIiB
BUIBHOPAIMKAIBHOTO OKHCICHHS IpPOTEiHIB Y
MITOXOHJIpisiX cKeleTHUX M’a3iB. [lokasano, mo Ha
eTarli CTaTeBOTO JI03PiBaHHS B Iy PiB ITi IBUIIYETHCS
YYTIMBICTh CKENIETHUX M’S31B 110 OKCHJIATHBHO-
TO CTpecy 3a PaxyHOK MOIYJISALIl B HbOMY CTaHy
SH3MMATHYHOI CHUCTEMH YTHJII3aIlil EHIOreHHHX
aNBJETI B Y MITOXOH/IPISIX.

KnrmodoBi coBa:anpaeriaaeriaporeHasm,
aNbIeTiApenyKTa3H, rirytarionTpancdepasu,
aJpJAeriav, KapOOHITbOBaHI TpoTeinu, mudQoai
OCHOBH, IyOepTaTHUN BIK, OKCHJIATHBHUN CTpec,
IMMOO1TI3aIliHHIH CTpec.
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Llens paGoOTBI — BBISICHEHHE OCOOCHHOCTEH
MPOSIBIICHHSI OKCHJIATHBHOTO CTPEcca U COCTOSTHUS
SH3MMATHYECKOH CHUCTEMBl yTHIIU3AIMH SHIOTCH-
HBIX aJIBJICTHIOB B MUTOXOHAPHAIBHON (hpakmun
CKeNeTHBIX (OeIpEeHHBIX) MBIIII] Y KPBIC TyOepTaT-
HOTO BO3pacTa IMPH HMMOOMIH3alHOHHOM CTpecce.
HccenenoBanust mokasai, 4YTO Y WMMOOMIH3HPO-
BaHHBIX KpPbIC IyOEpPTaTHOTO BO3pacTa BO3HHKAET
pa3HOHANPABJICHHBIH XapakTep MOAYJALNUU aK-
TUBHOCTH MHUTOXOH/IPHAJIBHBIX aJbICTHIIETHIPO-
TeHa3 W aJbJICTHAPENyKTa3, YTO OTrPaHUYMBAET
BO3MOKHOCTH 3((eKTHBHOTO KaTabomm3ma Kap-
OOHMIIBHBIX TIPOAYKTOB CBOOOIHOPATHKAIBEHOTO
OKHCIICHHSI B MbIIIax. [IoATBEpKICHUEM 3TOTO
CIy’)KUT YBEJIWYCHUE y JKUBOTHBIX YPOBHS IIpO-
IYKTOB CBOOOIHOPAIUKAIBHOTO OKHCIEHHUS IIPO-
TEHHOB B MHUTOXOHJIPHUSX CKEJIETHBIX MbIIIIL. [Toka-
3aHO, YTO Ha JTale MOJIOBOTO CO3PEBAHUS y KPBIC
TIOBBIIIAETCS YYBCTBUTEIBHOCTD CKEJICTHBIX MBIIIIIT
K OKCHIATUBHOMY CTPECCY 3a CYET MOTYIISIIIUU CO-
CTOSIHHSI B HEH PH3MMATHYECKOH CHCTEMBI YTHIIH-
3aIlU¥ YHJIOTEHHBIX aJIbJICTHI0B B MUTOXOHIPHUSIX.

KnioueBble cnoBa: albpAeruagaeruapo-
reHa3bl, adbACTUIPEAYKTA3bl, TIIyTaTHOHTpaHC]e-
pasel, albAETUbI, KapOOHWJINPOBAHHBIC MPOTEU-
HbI, H1(YOBEI OCHOBaHUS, MyOepTaTHBINA BO3pACT,
OKCUJATUBHBIA  CTpecc, UMMOOMIN3AIIMOHHBIN
cTpecc.
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