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EFFECT OF VIBRATION STRESS BOTH ON THE SHIFTS OF
SOLUBLE PROTEIN FRACTIONS FROM RAT LIVER AND
ON THE ARGINASE I ACTIVITY
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Vibration pathology is in the second place among diseases connected to the
profession. Wide spread of vibration factor in industry significantly damages the
organism health, and it conditions the social importance of the problem. The paper
presents the results of studies of the vibration effect both on the protein fraction
shifts and on the activities of | type arginase (Arg) IA and IB from white rat liver
under the conditions of 5-, 10- and 15-day vibration state. In the initial state of
vibration some decrease of Arg IA and Arg IB activities was revealed as compared
to the control without general proteinspectrum change of liver extract. Along with
vibration effect, the expression level of Arg IA was increased with duration
enhancement, which possibly is due to hyperammonemia, in the result of which
ureagenesis is stimulated. Stimulation of easily available adaptation reserves were
described due to protein catabolism. Analysis of shifts of general and enzyme
protein fractions in the conditions of vibration effect allows to reveal their
qualitative and quantitative changes and to make important the organism adaptation
reactions that result from anabolic and catabolic process relations. It is possible that
the revealed changes in the activity of arginase IA and IB are a biologically
expedient mechanism for regulating the activity of hepatic arginase during vibration
stress.
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Introduction. Vibration (mechanical oscillations) is one of the most spread
environmental factors affecting living organisms, which is accepted by all cells of
organs and tissues; this effect is reached to capillary level, accompanied by deviation
of input and reduction processes of oxygen. Addition of amount of oxygen active
forms lies at the basis of vibration effect mechanism, which contributes to tissue
hypoxia formation in organism [1]. In the conditions of oxygen unsatisfactory, the
biological oxidation processes are suppressed and, as a consequence, the amount of
ATP and creatine-phosphate are decreased; the amount of ADP, AMP and inorganic
phosphate are increased. The energy unsatisfactory is formed and due to this
glycolysis stimulation, incompletely oxidized products are accumulated, and
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acidosis is developed. Acidosis stimulates lipolysis, proteolysis and non-enzymatic
hydrolysis of proteins, but re-synthesis of lipids, proteins and nucleic acids, vice
versa, is suppressed. As a result of this ketosis is emerged, negative azotic
equilibrium is formed [2]. Due to hypoxia, the formed metabolic disorders inevitably
lead to specific and non-specific deviation of cells and in severe cases even to
irreversible structural damages [3, 4].

Character of changes in organism in relation to various stress factors is
possible to understand in the result of revelation of biochemical processes taking
place only in these conditions. Stress syndrome is non-specific component of an
urgent adaptation, which plays a role of a mobilizing factor, contributing to
activation of energetic and plastic store to realize the specific adaptation
transformations in organism [5].

Wide spread of vibration factor in production sufficiently damages the
organism healthy state, conditioning the social importance of this problem. According
to the conductive mode, vibration is divided into general and localized forms [6].
Vibration is observed as a strong stress factor, which has a negative influence on the
psychic-mobile workability, emotional field and human mental activity. In the case
of increasing of both oscillation frequency and its effect duration, changes are
formed that in most cases lead to pathology — vibration disease formation [7, 8].

Vibration pathology is in the second place among deceases, connected to
profession. Displaying stress effect, vibration stimulates pituitary-adrenaline system,
contributing to activity of redox processes and particularly altering protein exchange
processes that play an important role in providing of organism non-specific
resistance [6]. Proteins are the most complicated structure having organic
compounds, entering into organism consistence and are the most important ones
from the biological point of view. Study of protein metabolism state in the conditions
of influence of various stress factors is of great interest. Disorders of activity of
organism different systems are maintained by many investigators, but data on the
vibration effect on protein exchange are confined and it serves as a basis to examine
the general vibration influence on the movement of individual protein fractions.

Taking the fact into account, that azotic exchange is a prominent ring of
metabolism regulation process and the study of azotic exchange regulating
mechanisms is one of important questions, in particular, the mechanism of
neutralization of ammonia in the liver is the ornithine cycle, one of the key enzymes
of which is arginase (Arg) I.

| type Arg (EC3.5.3.1) that is an enzyme, containing binuclear Mn?*, cleaves
L-arginine to urea and L-ornitine. Arg is an oligomer enzyme, consisted of 3 similar
subunits with 35-37 kDa molecular weight, in the active center of each subunit, on
the floor of crevice with 15A depth there are Mn?* binuclear clusters — Mna?* and
Mng?* [9].

The aim of the study was the revelation of the vibration effect on both
generally soluble protein consistence of rat liver and arginase activity of | type.
These data are novel and can be useful for understanding mechanisms of vibration
effects on animals and human.
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Materials and Methods.

Subjects and Materials. White, male rats, with 180-200 g weight, were used
in experiments. Rats were kept in vivarium at 18-23°C, 12/12 h night/day relation
and fed by standard diet. Animals received water and food without any confinement.
Animals were exposed to decapitation that was realized after anesthesia by ester-
chloroform mixture. Biological ethics principles were preserved according to
European Union Instruction (86/609 EEC) and Helsinki declaration, and the methods
have been approved by National Bioetics Committee (Armenia). For experimental
works, the animal liver was used that was homogenized by Potter-Elvehjem type
glassy homogenizator at +4°C (Potter-Elvehjem Glass, Germany) by 0.005 M Tris-
HCI buffer (pH 7.4).

Homogenates were centrifuged by 20000 g, 30 min, at +4°C (CLR-1, RF).

Vibration Method. Vibration was realized on special vibrostent, having sonic-
isolated cell. The animal whole organism was exposed to vibration. Vibration
deviation amplitude was equal to 0.4 mm. Vibration frequency was 60 Hz, which
corresponds to vibration average frequency (31.5-63.0 Hz). Effect direction was
horizontal. The animal was exposed to vibration 2 h daily during 5, 10 and 15 days.

At data analysis, vibration sum dose levels were used that reflect the
accumulation portion of vibrational effect. These criteria are analogous in physical
meaning to international standards used for vibration.

Arginase Activity and Enzyme Fractionation Assays. Arg activity was
determined by Rathner method with some changes [10].

Prepared in 5% homogenate in 0.005 M Tris-HCI buffer. Homogenates were
centrifuged by 20000 g, 30 min, at +4°C (CLR-1, RF). In the experimental sample,
2.4 mL of 0.01 M NaOH-glycine buffer, 0.2 mL of MnCl; x 4H,0 (5 uM)-0.4 mL of
L-arginine were added (50 uM). The control sample contained all reagents except L-
arginine, which instead contained distilled water. Samples were incubated at 37°C
for 60 min. The enzyme activity was stopped by adding 1 mL of 10% TCA.

Enzyme activity was expressed by urea pmol released from 1 g protein.

For determine urea, 1 mL of an enzyme preparation, 2.5 mL of an acid mixture
(1 part of concentrated HsPOs, 3 parts of concentrated H,SOa, FeCl; . MnSO.) and
0.25 mL of a 1.5% solution of diacetylmonooxime were poured into a glass test tube
for the determination of urea. The tubes were shaken and the contents were boiled in
the dark for 45 min in a water bath. Frozen yellow samples are color imitated with a
spectrophotometer (Genesys 10S UV-VIS, Thermo Scientific, USA) at a wavelength
of 478 nm.

Enzyme fractionation and determination of the molecular mass of proteins was
realized by gel-filtration mode (Sephadex G-200, Pharmacia, Uppsala, Sweden).
Balancing and elution were done by 0.05 M tris-HCI buffer (pH 7.4), the elution
volume was equal to 4 mL (flow rate of 24 cm/h). After fraction gathering, the protein
absorption was measured at 280 nm wavelength and arginase activity was
determined in each sample by spectrometric mode.

To determine the Vo value (free column volume) was used a 0.2 M blue dextran
solution (Blue dextran 2000, Pharmacia, molecular weight 2x10° Da). Soy urease
(480,000 Da), yeast alcohol dehydrogenase (150,000 Da), human serum albumin
(75,000 Da), pepsin (35,000 Da), trypsin (23,000 Da), and ribonuclease (12,000 Da)
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were used as marker proteins. Calibration curves were obtained by gel-filtration
mode, where the molecular weights of the marker proteins were determined by

means of the elution volume (Fig. 1).
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Fig 1. Determination of the molecular mass of arginase of the liver of white rats by gel-filtration mode
(Sephadex G-200). Marker proteins: 1. urease; 2. alcohol dehydrogenase; 3. human serum albumin;

4. Pepsin; 5. Trypsin; 6. ribonuclease.

Data Processing and Reagents. Statistic treatment of data was realized using
Student Fisher differences and liability method [11]. The reagents of analytical grade

were used throughout.
Results and Discussion. Fractionation of extract from white rat liver was

carried out by gel-filtration mode in natural conditions (control sample) and after
vibration exposure of animals during 5, 10 and 15 days. The analysis data are

presented in Figs. 2-5.
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Fig. 2. Fractionation of rat liver extract by gel-filtration mode (Sephadex G-200) before vibration stress.
Protein absorption was measured at 280 nm wavelength and arginase activity was expressed by urea

umol released from 1 g protein.
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Fig. 3. Fractionation of rat liver extract by gel-filtration mode (Sephadex G-200) after vibration stress
during 5 days. Protein absorption was measured at 280 nm wavelength and arginase activity was was

expressed by urea umol released from 1 g protein.
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Fig. 4. Fractionation of rat liver extract by gel-filtration mode (Sephadex G-200) after vibration stress
during 10 days. Protein absorption was measured at 280 nm wavelength and arginase activity was was

expressed by urea umol released from 1 g protein.

As it is seen from Fig. 2, here are 3 protein fractions (I, Il and Ill) and 2
isoforms of | type Arg (Arg 1A, with molecular weight 12 kDa and Arg IB — 42 kDa).
It is seen from Fig. 3 that in the result of 5-day vibration stress maximal values
of Arg 1A and Arg IB activities were decreased somehow, as compared to the control
variant, but the total activity was increased though, the general protein spectrum of
liver extract was not changed. Presumably, in conditions of 5-day stress, biochemical
adaptation processes are developed in organism that, according to literature data, it
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took place by 2 phases [7]. The first phase is an urgent adaptation period, which
corresponds to 5-day stress in our experiment and is characterized by mobilization
of surface adaptation possibilities of organism in conditions of hypoxia. Despite the
direction of biochemical processes, the first step is catabolic one, when in living
organism a hypo-energetic state is formed.

Along with increasing of vibration effect, duration the fractionation scenario
of rat liver proteins thoroughly was changed (Fig. 4). It was pronounced that the
expression level of Arg IA was enhanced which is connected with ureagenesis
stimulation and possibly results from oxidative stress emerged due to vibration [12].
Arg IB was repressed. Induction of arginase IA is possible to result from
hyperammonemia that is formed by excess amount of ammonium in blood.
Hyperammonemia is formed by various factor effects, among these factors the most
spread ones are conditioned by liver disorders. Liver transaminates amino-acids to
L-glutamine-acids, thus conditioning amino-acid metabolism, then L-glutamine-
acid is transported to liver mitochondria and deaminated by glutamate
dehydrogenase. This process is accompanied by free ammonium release, which
immediately turns to urea and passes to cytosol by cyclic mode. Ammonium formed
by this way is synthesized by liver mitochondrial metabolism and does not affect the
system ammonium quantity. System ammonium is a side product of urea, glutamine
and alanine exchanges. Significant accumulations of non-system free ammonium
lead to urea synthesis acceleration and the latter can take participation to complex-
formation with proteins and other polymers [12]. Due to the aforementioned
processes, according to our data, possibly the ornithine cycle is activated, which
particularly is expressed by arginase 1A activity increasing.

Absence of the third piece of general proteins in conditions of 10-day vibration
stress is worthy to be paid attention to; presumably it is connected to catabolism
activation of proteins due to stress effect. Most probably, in the conditions of 10-day
stress, the observed changes coincide with the phenomena taking place during the
long-term adaptation, described by some authors [2], when catabolism of easily
available reserves is realized, which permits relieving non-favorable metabolism
shifts that were formed due to the stress effect. This stimulates mobilization of
organism adaptation possibilities. During the intensive effects of stress factors,
pronounced changes of protein metabolism occur, moreover, the revealed changes
do not have to be directly connected to the acting factor, but they are only a result of
non-specific adaptation mechanisms [12].

As it is seen from Fig. 5, in the 15" day of vibration effect, the adaptation
possibilities were sharply decreased, and the vibration pronounced negative effect
was revealed. Activity of Arg IA was significantly decreased and functional
unsatisfactory of arginase is noticed. The third fraction of Arg IB and general proteins
was not determined. Protein fraction shifts in animal liver, exposed to 15-day
vibration, are possible to be connected to number of factors — energetic exchange
decrease, unsatisfactory of cytoskeleton and protective proteins (multi-chaperon
system action).
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Fig.5. Fractionation of rat liver extract by gel-filtration mode (Sephadex G-200) after vibration stress
during 15 days. Protein absorption was measured at 280 nm wavelength and arginase activity was was
expressed by urea umol released from 1 g protein.

In the case of the studied stress factor — vibration, the organism adaptation
reactions have an important value [3]. Along with quantitative shifts of liver protein
composition possibly the qualitative changes also occur. Presumably, in stress
conditions, phase changes occur, during which relation between anabolic and
catabolic processes changes, deviating to direction of the latter. The described
processes can be accompanied by modification of protein physicochemical
properties, particularly, by protein phosphorylation [2].

Conclusions and Significance. Considering the fact that there are no data in
the literature on the effect of vibration stress on changes in the fractional composition
of liver proteins, and in particular arginase I, we can state that the data on the changes
in Arg activity, we obtained for the first time, shed light on some aspects of this
problem.

Thus, the character of concentration change of liver general and enzyme
proteins can give information about tissue and cellular damages in vibration stress
conditions and the identification of protein fractions and further analysis of data will
allow to elucidate the examined process character and to open new perspectives for
creation of various therapeutic measures.
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of Science, Ministry of Education, Science, Culture and Sport of Armenia.

Received 13.11.2020
Reviewed 15.02.2021
Accepted 03.03.2021



E. Kh. BARSEGHYAN, H. M. KARAPETYAN, A.H. TRCHOUNIAN 23

10.

11.

12.

REFERENCES

Vorobieva V.V., Shabanov P.D. Tissue-Specific Peculiarities of Vibration-Induced Hypoxia in
Rabbit Liver and Kidney. Bull. Exp. Biol. Med. 167 (2019), 621-623.
https://doi.org/10.1007/s10517-019-04583-0

Tkachenko E.A., Dekho M.A., Sereda T.l., Romanovich O.S., Maltseva O.F. Adaptive Changes in
the Activity of Enzymes in the Body of Mice Under Oxidative Stress. Bulletin of Veterinary
Medicine 65 (2013), 65-69 (in Russian).

Li H,, Lantz R., Du D. Vibrational Approach to the Dynamics and Structure of Protein Amyloids.
Molecules 24 (2019), 186.

https://doi.org/10.3390/molecules24010186

Simnonyan T.N., Barseghyan E.Kh, Davtyan M.A. Study of Reversible Inactivation of Rats Liver
Type Arginase by Adding to the Reactivation Medium Protein Fractions Derived from Hypoxia
Treated Rats. In: Materials Sofia School of Protein Science: Structure and Dynamics of Biological
Macromolecules. Sofia, Bulgaria (2012), pp. 29, 85.

Dotsenko O.l., Dotsenko V.A., Mischenko A.M. The Activity of Erythrocytes Superoxide
Dismutase and Catalase and Some Other Tissues at Condition of Low Frequency Vibration. Physics
of the Alive 18 (2010), 107-113 (in Russian).

Pshennikova M.G. Stress Phenomenon. Emotional Stress and Its Role in Pathology. Pathological
Physiology and Experimental Therapy 4 (2001), 28-40 (in Russian).

Antoshina L.I., Saarkoppel L.M., Pavlovskaya N.A. Influence of Vibration on Biochemical Values
Characterizing Oxidative Metabolism, Immunity, Metabolism in Muscular and Connective Tissues.
Labor Medicine and Industrial Ecology 2 (2009), 32-37 (in Russian).

Pacurari M., Waugh S., Krajnak K. Acute Vibration Induces Peripheral Nerve Sensitization in a
Rat Tail Model: Possible Role of Oxidative Stress and Inflammation. Neuroscience 398 (2019),
263-272.

https://doi.org/10.1016/j.neuroscience.2018.12.010

Mortier J., Prévost J.R.C., et al. Arginase Structure and Inhibition: Catalytic Site Plasticity Reveals
New Modulation Possibilities. Sci. Rep. 7 (2017), 13616.
https://doi.org/10.1038/s41598-017-13366-4

Shamirian A.S., Barseghyan E.Kh. Structure Characterization of Rana ridibunda Frog Liver
Arginase. FEBS Journal 279 (Suppl. 1, Special Issue: 22nd IUBMB & 37th FEBS Congress,
Seville, Spain, September 4-9, 2012), 455.

https://doi.org/10.1111/j.1742-4658.2010.08705.x

Welham S.J., Gezan S.A., Clark S.J., Mead A. Statistical Methods in Biology: Design and Analysis
of Experiments and Regression. CRC Press (2015), 592 p.

https://doi.org/10.1201/b17336

Plotnikova E.Yu., Sukhikh A.S. Diferent Types of Hyperammonemia in Clinical Practice. Medical
Council 14 (2018), 34-40 (in Russian).

k. lu. RUPUBABUY, <. U. UUrdMmess3uy, U. < @NNru3uy

(¢(HFUUL U2IE3NFE83NFLL ULESh L3UMYh LOFOGLL
UnhsduNrsu3nrt Hrdus8hlve/h SEALUCUNIdE D G
urapuvldo I-p duShdNrE8UL /U

Jhppughnd wupeninghwtt qmindnid £ tpipnpn mtinnid dwubwghuni -

jut httm  Juuwd  hhyubnnipnibittph  ywippnid:  Qpununpnipjubd gk
Yyhppwghntt gnpontth juyth mwpuwoyuonipniip qquih Jowu L hwugimid
opquithquh wpnnewjub yhtwhht, b ppuing £ wyupiwiwdnpgud wfjuy
wynnpitidh dGd unghwpujub Jupbnpnipgniip: <nnpjuonid dipjuyugyuo ta
uyhunwl] wntitimh pupnh vyhnwiniguyhtt ppujghwiitiph mtnuywpdbnh W |


https://doi.org/10.1007/s10517-019-04583-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6337179/
https://doi.org/10.3390/molecules24010186
https://doi.org/10.1016/j.neuroscience.2018.12.010
https://doi.org/10.1038/s41598-017-13366-4
https://doi.org/10.1111/j.1742-4658.2010.08705.x
https://doi.org/10.1201/b17336

24 EFFECT OF VIBRATION STRESS BOTH ON THE SHIFTS OF SOLUBLE PROTEIN FRACTIONS...

whyh wpghtuq 1A W IB-h wiumpynipyjub Jpw 5, 10 b 15 op wmbinnnipjudp
pnhwbtnip Jhppughuyh wgnbgnipjub  hbtmwgnunipyubt  wipynibpatpn:
Jhppughuwyh wgntignipyut ugputiwuitt thnynid hwymbwpbpygt) £ Wpg 1A-h
L Upg 1B-h wiimpynipjul npnpujh hoignid hwdtidwmwd unnighy judph htinm
wnwlg pwpnh  Epunpuunh  piphwinip uyghunwniguhtt - uybuph
thnthnpunipjubt:. dhppwghwh  wqptignipyubt mbinnnipjubt dhkdwgdwbn
qnigpipwg nhuydt £ Wpg IA-h Epuypbuhugh dwljwppuyh pupdpugnid, npp
hwjwiwpwp wupdwbwynpyuod L hhytpudndtdhugny, hsh wpynibpnid
hupwiynid E niptimghitigp: Llupugpywd b htipm hwuwbdibih winuuumwghnb
ntqtpyutiph ppwinid uvyhnwnigbtinh juwmwpnihqih hwpyht: Conhwbtnp b
dhipdttnmuyhtt uvyhnwniguyhtt: ppuighwmbitiph mbinupwpdtph Ytpnidnije-
Jniiip yhppughugh wgntignipyut wuydwbbtipnid pny) E mujhu hwymbwptinl
npubg npuluubt b pwiwluiub thnmhnpjunipnibbtpp L Juplinpty
opquithquh hwupiwpynnuijubd ptwyghwbtpp, npnbp yWuydwbwynpjus ko
wbhwpnhy U Juwuwpnhl gnpdpbpwugibtph  thnfuhwpwpbpnipynibbtpny:
<twpuynp £, np Upg 1A W IB-h gnpdnLitinipjub puguwhwymywd thnthnhunije-
mibbtpp  Yhbuwpwinpth  yguuouwljuhupdwp dhhowbhqd G0 ppendwb
upntiup dudwiwl pupnh wpghiwgh wwmhynigmibp jupquynptijne hudwp:
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BJIUSIHUE BUBPAILIMOHHOI'O CTPECCA HA CJBUI' ®PAKIIMI
PACTBOPUMBIX BEJIKOB U AKTUMBHOCTL API'MHAS3BI I
[NEYEHU KPBbIC

Bubpanyonnas maTonorusi 3aHUMaeT BTOPOE MECTO B psje 3abosieBaHMH,
CBSI3aHHBIX C NpodecHoHanbHOM nesiTenbHOCThIO. lllMpokoe pacmpocTpaHeHue
BUOpPAIIOHHOTO (DaKTOpa B MPOMBIIUIEHHOCTH HAHOCUT BpEJ OPraHU3MYy, YeM H
o0ycioBlIeHa colMajdbHAas 3HAYMMOCTh IpoOJeMbl. B pabote mpemcraBiIeHBI
pe3yaTaThl MCCIENOBHUN BO3AEHCTBHE 0OLIeld BUOpaLMU Ha CIBUTH OEIKOBBIX
¢pakunit v akruBHOCTH aprunasbl | Tuna (IA u IB) neuenn 6ebIX KpbIc B yCIOBUAX
5-, 10- wu 15-gHeBHON BHOpaluu. B HavanpbHOW CTaguu BHUOPALMOHHOTO
BO3/ICHCTBHSI OOHAPYKUBAIOCH OIIPEIeNICHHOE CHIDKEHNE aKTUBHOCTH aprHHa3bl [A
u IB mo cpaBHEHHMIO C KOHTPOJBHOH Ipymioid Ha (OHE HEU3MEHHOTO OOIIEro
OENKOBOTO CIIEKTpa DJKCTPakTOB medeHW. [lo mepe yuIMHEHHS BO3IEHCTBHS
BUOpalMy HaOIIOAaIoCh YBEIUYEHHE YPOBHS JKCIpPECCHH apruHasbl [A, dro,
BEPOSITHO, OBIIO OOYCJIOBIEHO THIEPAMOHEMUEH M YCWIICHHEM YypearcHesa.
O6cyxnaercst pojb CTUMYJISIINH JIETKOJOCTYIHBIX aJallTAallMOHHBIX PE3EPBOB 3a CUET
kaTabonm3ma OellkoB. AHAIHM3 CABUTOB OOIIMX W (DEPMEHTHBIX OCIKOB B YCIIOBHUSX
BUOpalMy MO3BOJUT OOHAPYXKHUTh KAUECTBEHHBIC M KOJINYECTBEHHBIC M3MECHEHHS
aJanTalMOHHBIX  PEAKUUi, KOTOpble  OOYCJIOBJIEHBI  B3aMMOJCHCTBUSIMH
aHabONMMUECKUX M KaTabOIMYeCKUX MpoleccoB. He UCKIIIOYEHO, YTO BBISIBICHHEBIE
W3MEHEHUs] akKkTUBHOCTH apruHazsl IA wu IB sBjaroTcs Ouonoruyecku
1es1eco00pa3HbIM MEXaHU3MOM PETYIISLUN aKTUBHOCTH IIEYEHOUHON apruHa3bl IpH
BHUOPAILIMOHHOM CTpece.



