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The aim of this work was to investigate the dynamics changes in mitochondrial ATPase’s
activity and in lipid peroxidation in conditions of 30-day hypokinesia. It was shown that maximum
lipid peroxidation level was observed in the kidneys and brain in the 20th day of stress, exceeding
the norm by 20.87 % and 75.2 %, respectively. The maximum activity of Mg?"-dependent proton
FoF1-ATPase of mitochondria was promoted in the liver of rabbit after 20-day of stressful effect by
48.8 % compared to unstressed animals. Thus, the analysis of the nature of changes in the lipid
peroxidation processes and in the activity of mitochondrial ATPase can be the basis for identifying
pathological processes caused by hypokinesia and for creating various means to prevent them.

Hypokinesia — malonic dialdehyde — lipid peroxidation — the FoF;-ATPase
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Wzyuen xapakrep U3MEHEHHI IPOLIECCOB MEPEKUCHOTO OKMCICHUS JTUMUA0B U aKTHBHOCTH
MuToxoHapuansHoi AT®a3sl B ycnoBusx 30-nHeBHOI runokuHesuu. IlokaszaHo, 4To MakCUMalb-
HBIIl YpPOBEHb MEPEKUCHOTO OKHCIICHUS JIMITHIOB HAOJI01aeTCsl B MOYKaxX U B Mo3re mpu 20-aHeB-
HOM cTpecce, npesbimas Hopmy Ha 20,87 % u 75,2 % cooTBeTCTBEHHO. MakcHUMalbHasi CTUMYJISI-
1Ml aKTUBHOCTH Mg2+-3aBI/ICI/IM0ﬁ MUTOXOHApUabHON FoF AT®a3bl 0 cpaBHEHHIO ¢ HOPMOW
HaboaeTcst B meueHn kKponrka Ha 48,8 %. Taknm oOpa3oM, aHAIIN3 XapaKTepa H3MEHEHHH 1po-
1IECCOB TMEPEKHCHOTO OKUCIIEHHUS JIMIUAOB U aKTUBHOCTH MUTOXOHIpHaIbHON AT®a3zpl Moxer
CITy>KAT OCHOBOW TSl BBISIBIICHHUS MTATOJIOTHYECKHUX TIPOIIECCOB, OOYCIOBICHHBIX TUIIOKUHE3NEH, U
CO3JIaHMs B NAIbHEHWIIEM Pa3IMYHBIX MMPEJOTBPAIIAONINX CPEICTB.

Tunokunesus — ManioHO8bII OUATLOE2UO — NEePEKUCHOe OKUCIeHue aunudog — FoF1-AT®aza
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CHANGES OF ATPASE ACTIVITY AND LIPID PEROXIDATION IN CONDITIONS OF LONG-TERM HYPOKINESIA

For organisms normal functioning, motoric activity is required, which enhances
the production of energy, supplying the organism with oxygen, has a beneficial effect on
the normal course of the physiological functions. Deficient motor activity causes stress
reactions. Stress is a biochemical, physiological and mental specific reaction of body to
the effects of various factors that cause tension in functions and ensure the mobilization
and homeostasis of the body for adaptation to the different conditions [11]. Currently,
one of the urgent tasks of medical physiology is the study of tissues and organs
responses to these conditions, including changes in protein’s, carbohydrate’s and lipid’s
metabolism.

The fastest response to various stressful conditions is the activation of lipid
peroxidation, the main substrates of which are lipoproteins and polyunsaturated fatty
acids that are part of the cell membrane. In result of this the modification and
inactivation of membrane enzymes as well as the increasing of membrane's ion-
penetration and disturbance of the lipid bilayer stability can happen [5].

During stress the body, at first, strives to provide the tissues, especially nervous, with
energy, so that is why researchers are interested in studying the body energy-ensure
substrates and systems. In aerobic conditions, the main metabolic pathway of ATP synthesis
is the oxidative phosphorylation, the final reaction of which catalyzes by the FoF;-ATP
synthase (3.6.1.4). It is one of the most common cell membrane enzymes, widely detected
in the biological world, including microbe cell membranes, the inner membrane of the
mitochondria in animals and in the thylakoids of chloroplasts in plants. Enzyme catalyzes
the synthesis of the ATP from adenosine diphosphate (ADP) and inorganic phosphorus
using the electrochemical potential of membrane. When the electrochemical potential is
insufficient, the enzyme may act in the opposite direction: to hydrolize the ATP and transfer
the proton through the membrane by the released energy [2].

Different diseases may bring structural and functional changes of the FoF;-ATP
synthase. [4,8,10,12,13,15,16]. In the available literature studied, we did not meet
discussions about the effect of prolonged hypokinesia on rabbits. Prolonged hypokinesia
causes a range of violations affecting almost all body systems. In the medical literature
resulting changes are defined as "hypokinetic disease" [14].

Therefore of this work was to investigate the dynamics changes of mitochondrial
ATPase activity in organs and lipid peroxidation under conditions of 30-day
hypokinesia.

Materials and methods. The experimental protocol was made according to the norms
established by the National Committee of Bioethics (Armenia), as well as the recommendations of
the European Convention for the Protection of Vertebrate Animals Used for Experimental and
other Scientific Purposes (Strasbourg, 2 December 2005). The experimental animals had the same
gender (male) and weight (2.5 kg) Oryctolagus cuniculus domesticus rabbits, which were in the
same conditions of nutrition and care during experiments. For limitation of mobility they have
been kept in the experimental boxes during 22 h daily, for 30 days. After 10, 20 and 30 days of
stress influence the animals were decapitated and the malonic dialdehyde (lipid peroxidation
product) content and ATPase activity were determined in the liver, kidneys, heart and brain.

Malonic dialdehyde amount was determined by the spectrophotometric method [9].

ATPase activity was determined by increasing of inorganic phosphorus in the incubation
medium by the method of Taussky and Shorr using a spectrophotometer Genesis 10s UV-VIS, as
described [1]. Mitochondrias were isolated by the method [3]. Isolated mitochondria’s were treated
with the inhibitor 0.2 mM N,N'’-dicyclohexylcarbodiimide for 10 min, which almost completely
inhibited ATPase activity, thus confirming the presence of the FoF,-ATP synthase [1].

Protein content determination was made by the method of Lowry [1].

The obtained data were subjected to statistical analysis with the computer program
"BIOSTAT". Trust was determined by the “‘t** criterion of Student.
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Results and Discussion. One of the risk factors for development of pathological
processes in the body is hypokinesia, which suppresses the adaptive capabilities of
organism and changes it‘s responses to various extreme factors. The adaptation of
organism largely depends from energy metabolism and synthesis of macroergic
compounds.

In stress conditions as energetic substrates fatty acids and lipids can also be used,
including the polyunsaturated fatty acids contained in the membranes, so that is why in
stress conditions it is particularly important to study the lipid peroxidation. Taking this
into account, the aim of this work was to study the nature of changes in the amount of
the final product of lipid peroxidation-molonedialdehyde (MDA) during hypokinesia.
Obtained data are presented in fig. 1.
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Fig.1. Malonic dialdehyde content (nmol/g) in the various organs of rabbits in conditions of
prolonged hypokinesia (n=3, *p<0,05, **p<0,01, ***p<0,001 -is for difference between the
data of the serie and those of unstressed animals)

Studies have shown that lipid peroxidation in the liver is gradually activated with
an increase of stress duration: in the 10", 20" and 30" days of hypokinesia it exceeds the
norm by 10 %, 29.4 % and 70.58 % respectively. Significant changes in lipid
peroxidation in the heart were not observed, only after 20-day stressful effect it increased
by 12.7 % compared with the norm. The maximum lipid peroxidation level was
observed in the kidneys and brain in the 20" day of stress, exceeding the norm by
20.87 % and 75.2 %, respectively. Further increase of stressful effect led to decrease of
malondialdehyde content, which probably confirms the emergence of adaptation
mechanisms, which was also shown in literature [7]. Hypokinesia causes oxidative stress
- the inbalance between processes of lipid peroxidation and antioxidant system in the
body, and thus becomes the cause of the formation of various structural and functional
disorders in different organs [15], which is associated with the need of prevention and
correction of stress reactions [11].

For implementation a wide range of such endergonic reactions, a large amount of
ATP is required. This requirement may increase in stressful conditions. Therefore we
studied the effect of 30-day hypokinesia in mitochondrial ATP-synthase activity in the
liver, heart, kidney, and brain of rabbit. The results are presented in tab. 1.
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Table 1. The activity of ATPase (umol Pj, /s in g protein) of mitochondria in the various organs of
rabbit in condition of long-term hypokinesia

The studied The activity of ATPase
organ Unstressed 10-day stress 20-day stress 30-day stress
animals
. 8.28+0.41 9.29+0.46 5.35£0.26
Liver 6.24+0.31 p"<0.01 p<0.05 p>0.5
. 2.32+0.11 2.7£0.13 2.83+0.14
Brain 1.94+ 0.09 p<0.01 p<0.05 p<0.05
6.52+0.32 7.75+0.38 6.34+ 0.31
Heart 5.46+0.27 p<0.05 p<0.01 p<0.05
. 5.36+0.26 7.7+0.38 2.14+£ 0.1
Kidney 4.38+0.21 p<0.05 p<0.01 p<0.01

*p is for difference between the data of the serie and those of unstressed animals (n=3)

Data analysis showed that in long-term hypokinesia the directed changes in the
activity of membrane - bound enzymes in the rabbit organs are different. Thus, after 10
and 20 days of stress in the liver, the Mg?*-dependent FoF;-ATPase activity increases by
32.7 % and 48.8 %, respectively, and in the 30" day it decreases by 14.2 % compared
with unstressed animals. ATPase activity in the brain gradually increases with increasing
duration of stress so that in the 10", 20™ and 30" days it exceeds the norm by 19.6 %,
39.2 % and 45.8 %, respectively. Changes in ATPase activity in the heart and kidneys
are similar to changes in the liver. The maximum ATPase activity was observed in the
kidneys and heart after 20-day stress effect, respectively, exceeding the normal level by
75.8 % and 41.9 %.

In the studied organs, the activation of ATPase in the 10" and 20" days of
stressful effects can probably be explained, on the one hand, by the features of the
respiratory chain in different organs and, on the other hand, by not uniformly using of
free fatty acids as energy substrates. In the studied organs a similar change in ATPase
activity in 20 days of stress was associated with the activation of enzymes
phospholipase, lipase and lipid peroxidation due to the limitation of mobility, what in
turn changes the lipid circles of membrane enzymes, especially changes in the activity of
ATPase. During prolonged hypokinesia observed enzyme activity’s reduction in the liver
can be explained by a decrease in the protein content in mitochondria [13]. Mounting
evidence has revealed that mitochondria become damaged and dysfunctional during
prolonged hypokinesia of muscles, and this mitochondrial dysfunction is a causal event
in the initiation of muscle-inactivity induced atrophy [6].

However, the specific mechanisms employed by dysfunctional mitochondria that
enact disease have yet to be fully elucidated.

During stress, lipid peroxidation processes in rabbit kidney, liver and brain are
gradually activated. In long-term hypokinesia, in the mitochondriums of different organs
the dynamic changes in the FyF;-ATPase activity have stepwise character and are
evidence of mitochondrial functional disorders, and hence changes in cells energy
exchange.

Analyzing the patterns of lipid peroxidation and the change in activity of the
mitochondrial ATPase, we can conclude that enzyme activity‘s changes are probably due
to the reduction of amount of the fatty acids present in the membrane due to lipid
peroxidation, which can lead to structural changes in mitochondria. Elucidation of the
nature of changes in enzyme activity influenced by various factors can become the basis
for the creation of new therapeutic agents for the treatment of diseases caused by
reactive oxygen species.
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