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TY:KbIPbIM
OKONOTHAIBIK KAyiINCi3/lik — KOpIIaraH OpPTaHBIH aHTPOIIOT€HAl HeMece TaOMFHU ocepiiepiHeH KOpraHy ylepici
Ooubnt TaObLTABl. 3aMaHayd OHAIpiCTE MaHBI3Ibl TMTHEHAIBIK MAceJlere KOpIIaraH OpTaHbIH KYHIH 5KOJIOTHSIIBIK
0aKpUTay KAaTambl, OJIEMIIK JKOJOTTSUIBIK KAYIIICi3[iK JKOHE DSKOJOTHSIIBIK MOICHHET OipiHIN JKOCTapFa IIBIFHIIL,
aJlaMHBIH OMIpiH, IeHCAYyJIbIFbIH, aMaHIBIFBIH KaTePJICPACH CaKTalIbL.

Summary
Ecological safety is the process of environment prevention from anthropogenic or natural factors. Ecological
environment control is the important hygienic task; by this reason the conception of the global ecological safety and
ecological culture is a principal things for resisting against threats to life, health and prosperity.
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Abstract

Purpose: To study the effect of infrasound from 13 to 30 Hz with intensity range 10.9 to 14 dB on some
biomechanical and bioelectrical properties of rat’s blood.

Materials and Methods: 56 albino rats, each of average weight 200-250 g were exposed to different durations of
time to infrasound waves in an infrasonic radiator with sound fluctuations from 13 to 30 Hz and with intensity 10.9 to
14 dB. The animals were divided into 8 groups according to periods of exposure to infrasound, the samples of blood
collected from all animals before exposure as a control and after 3, 10, 30, 60, 180, 600, 1800, 3600 seconds of
exposure for studying the erythrocytes membrane permeability and electrical conductivity of the blood.

Results: a significant decrease in the average hemolysis (Hsp). High significant increase in rate of hemolysis,
elasticity of red blood cell membrane and the maximum rate of hemolysis (dH/dC) .., while the electric conductivity
showed very high significant increase at all periods of exposure except at 3600 seconds recorded no significant
increase.

Conclusion: infrasound from 13 to 30 Hz with intensity range 10.9 to 14 dB can induce changes in the
permeability of red blood cell membrane and bioelectric conductivity.

Key words: Infrasound; biomechanical; bioelectrical; rat’s blood

Introduction
Recent attention has been drawn toward the potential, detrimental health outcome of infrasound (generally
defined as inaudible sound with low frequency (0.0001-20 Hz) (1)With the rapid development of modern industry and
transport, infrasound plays a more and more important role in the dramatic increase of noise pollution in our
environment [2, 3]. The impact of infrasound on the individual and other environmental organisms has been studied
insufficiently, but in most cases it is negative [4]. It’s reported that Exposure to 8 Hz at 100 and 140 dB for up to 25
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days affected conjunctival blood vessels, capillaries initially constricted and an increased permeability of blood vessels
led to capillary and tissue swelling [S]. Health protection agency reported that some of the clinical features attributed
Vibroacoustic diseases overlap with those claimed for electrical sensitivity and multiple chemical sensitivity [6].
Although there have been some studies on infrasonic toxicology, relative little is known about the adverse effects of
infrasound on the properties of erythrocyte. Therefore the goal of this study is to evaluate the exposure effects of
infrasound in frequencies from 13 to 30 Hertz with intensity in range 10.9 to 14 dB at different intervals of times
exposure on some biomechanical and bioelectrical properties of rats erythrocytes.

Materials and Methods

In this work 56 albino rats, each of average weight 200-250 gm. Rats were kept under standard conditions along
the experimental period, 12/12 h light-dark regimen. Food and water were supplied daily ad libitum. All animals were
housed according to the ethic rules in compliance with institutional guidelines. Rats were exposed to infrasound in an
infrasonic radiator EFC-1 with an exit of sound fluctuations from 13 to 30 Hz with intensity 10.9 to14 dB [7]. The
animals were divided into 8 groups according to periods of exposure to infrasound. The samples of blood collected from
all animals before exposure as a control and after 3, 10, 30, 60, 180, 600, 1800, 3600 seconds of exposure for studying
the permeability of erythrocytes membrane permeability and electrical conductivity of the blood and results treated with
SPSS program.

All data were expressed as mean + SE and statistical analysis was made using the Statistical Package for Social
Sciences (SPSS 11.0 software and Microsoft Excel 2010). For tests, analysis of differences between groups consisted on
a one-way analysis of variance (ANOVA) with repeated measures, followed by post-hoc comparisons (LSD test).
Differences were considered statistically significant at p< 0.05 and marked as (*), highly significant at p< 0.01 and
marked as (**), and very highly significant at p< 0.001 and marked as (***).

This was measured by the degree of hemolysis in a mixture of isotonic solutions of urea and NaCl after an
incubation of 3 min, the samples were centrifuged at 2500 r.p.m for 10 min, 4°C the optical density was measured by
means of (UV- Vis- Spectrophotometer 303-PD) at 540 nm. The level of hemolysis was presented as the percentage of
hemolysis caused by a 0.1% solution of Na2Co3 [8].

The hemolysis curve can be evaluated by the average hemolysis (Hso-the NaCl Concentration producing 50%
hemolysis). The differentiation of the hemolysis curve will represent a Gaussian curve (the rate of hemolysis dH/dC
versus NaCl concentration as shown in Figure 2). The parameters area, width, height and position of the peak can obtain
from Gaussian curve. The area under curve represents the rate of hemolysis of red blood cells. The width at half
maximum reflects the dispersion of hemolysis process (low dispersion than normal indicates sudden rupture of the
RBCs, while higher values of dispersion reflects the abnormal increase in the membrane elasticity). The Gaussian peak
represents the maximum rate of hemolysis (dH/dC) max reached by the sample. The position on the x-axis is equivalent
to the average hemolysis (Hsp) [9].

The electrical properties of RBCs can be investigated by measuring the electrical properties of blood suspension,
which has the benefit of measuring viable cells close to its physiological state, and to avoid any induced changes in the
sample during preparation or rouleaux formation during settling in the measuring tubes. The blood samples were diluted
in isotonic buffered saline (pH 7.4 and conductivity 0.627 S/m), and the hematocrit was adjusted at 3%. The samples
were incubated in water bath at 37°C during measurement. The electrical conductivity was determined by means of
32000 conductivity instrument ISTC Property K1117-15 [10].

Results and discussion

Figure 1 shows hemolysis curves at different concentration of NaCl (0.9%) for control and after different periods
of exposure. The results show that the hemolysis curve for all groups shift to the left compared with control except two
groups which exposed to 10 and 60 seconds. This indicates that significant decrease in the average hemolysis (Hsg) as
shown in table (1). Generally from the results it can be concluded a significant decrease in the average hemolysis (Hsy),
while a significant increase in the maximum rate of hemolysis (dH/dC) .., area under the curve and the width at half
maximum were shown (Table 1). Also the results of electric conductivity showed very highly significant increase in
most periods of exposure as shown in figure 3 and table 2.

In the present study, we focused on the effects of infrasound from 13 to 30 Hz with intensity range 10.9 to 14 dB
on permeability of membrane and the electric conductivity of blood. From investigation we found that exposure to
infrasound increase the permeability of erythrocytes membrane as a result of increase of penetrating urea through a
cellular membrane and create inside the erythrocyte a hyperosmotic medium, which leads to swelling of the erythrocyte,
infringement of the integrity of the cell membrane and leakage of hemoglobin [8]. These results are in agreement with
(11, 5, 12, 13, 14, and 15) and this may be due to increase of oxidative stress produced by the noise stress [16] and
which in many studies showed that several parameters of red blood cells functions and integrity are negatively affected
by increased oxidative stress which is responsible for hemolysis and induces the activation of an enzyme directly
involved in energy metabolism whose regulation might closely be related to the maintenance of cell integrity [17] and
which may be lead to changes of erythrocyte membrane ionic permeability [18].

The electrical properties of biological tissues and cell suspensions have been of interest for over a century for
many reasons; they determine the pathways of current flow through the body and, thus, are very important in the
analysis of a wide range of biomedical applications such as functional electrical stimulation and the diagnosis and
treatment of various physiological conditions [19].
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Figure 1 - Hemolysis curves at different concentrations percent of NaCl (0.9%) for control
and after different periods of exposure
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Figure 2 - The rate of hemolysis versus NaC 1 % for control and at different periods of exposure

Table 1 - The area (A), width (W), Height (H) and Hs, of the Guassian peaks for control and after different periods of

exposure
Irradiation AREA(A) WIDTH(W) HEIGHT(H) Hs,
time(Sec) Mean +SE Mean +SE Mean +SE Mean +SE
CONTROL -83.0+4.9 14.4+1.3 -4.6%0.1 40.4+0.1
3.0 -66.7+4.2 10.8+0.7 -4.9+0.0 38.8+0.5*
10.0 -77.4+4.5 12.0£0.5 -5.120.1 40.8+0.5
30.0 -158.9+81.4 19.6+8.4 -6.2+0.7** 37.6+0.4***
60.0 -89.4+4.3 12.0+0.4 -5.940.1** 41.4+0.4
180.0 -215.0+4.9** 30.1+0.3** -5.7+£0.2* 36.7+0.5%**
600.0 -228.7+6.6** 28.5+0.2%* -0.4+0.2%** 36.6+0.4%***
1800.0 -214.443.9** 31.2490.4** -5.540.2* 35.7+0.5%**
3600.0 -72.6+1.8 9.3+£0.2 -6.3+0.0* 38.4+0.4%*
TOTAL -134.0+17.2 18.6+2.2 -5.6+0.2 38.5+0.5
F- ratio 6.41 9.91 6.05 24.58
P-value 0.01** 0.00*** 0.01** 0.00***

Where -*P<0.05; **P <0.01;***P<0.001
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Figure 3- The electric conductivity (mS/cm) versus time (sec) for control and after different periods of Exposure

Table 2- The electric conductivity (mS/cm) for control and after different periods of exposure

Electric Conductivity (mS/cm) at 1000Hz
Irradiation time(S) Mean +SE LSD
control 14.517+0.005
3.0 15.075+0.025%** 0.000
10.0 15.025+0.025%** 0.000
30.0 14.935+0.025%** 0.000
60.0 14.795+0.025%** 0.000
180.0 14.905+0.025%** 0.000
600.0 14.875+0.025%** 0.000
1800.0 14.845+0.025%** 0.000
3600.0 14.5754+0.025 0.117
total 14.839+0.043
One way ANOVA
F- ratio 62.80
P-value 0.00%**
Where -*P<0.05; **P <0.01;***P<0.001

In our research it’s shown that the electric conductivity of the groups treated by infrasound has higher values
than the normal which indicates a large increase of the surface charge density of erythrocytes resulted from the
formation of highly reactive species such as superoxide radicals (2 O—*), hydrogen peroxide (H202), hydroxyl radicals
(*OH) and lipid peroxides (LPO) [20, 21]. This is in agreement with [22] who indicated that infrasonic exposure
induced organismal effect suggests that infrasound is capable of eliciting certain biological resonance responsible for a
series of physical and chemical consequences. Based on the results of study and in the light of bio resonance
phenomena it is believed that the mechanical energy of infrasound was absorbed and turned into thermal, biochemical
and bioelectrical energy, which can directly affect the plasma membrane and mitochondrial membrane of various
tissues and cells, result in a change in membrane permeability as well as affect enzyme activity. Thus, the resonant
mechanical energy will finally affect the bio-oxidation process as well as the metabolism and synthesis of the energy
and reduce the function of the anti-oxidation system [23].

In a word, the exposure to infrasound from 13 to 30 Hz with intensity 10.9 to 14 dB possesses the potentials to
induce hazardous biological effects in rats. The main damaging role of exposure to infrasound may be cellular
membrane represented by change in the permeability of red blood cells and the electric conductivity. Further more and
more studies are required for the final conclusion on the mechanism of infrasound influence on the blood cells.

References

1 Pei Z., Sang H., Li R. et al. Infrasound-induced hemodynamics, ultrastructure, and molecular changes in the
rat myocardium // Environ Toxicol, 2007. - Vol. 22. — P. 169—175.

97



Becrauk KasHY, cepust 6nonornueckast, Ne3 (48), 2011

2 Backteman O., Kohler J., Sjoberg L. et al. Infrasound-tutorial review // J. Low Freq. Noise Vib., Part 1. —
1983.—Vol. 2. — P. 1-31.

3 Zhuang Z.Q., Pei Z.H., Chen J.Z. et al. The underlying mechanisms for infrasonic bio effects // Chin. J. Dis.
Control Prev. — 2005. - Vol. 9. - P. 328-329.

4 Guzas D., Virsilas R. Infrasound hazards for the environment and the ways of protection // ULTRAGARSAS
(ULTRASOUND,). - 2009. - Vol. 64. - P. 34-37.

5. Svidovyi V1., Kuklina O.1. State of the hemolymph circulatory bed of the conjunctiva as affected by infrasound
// Gig. Tr. Prof. Zabol. - 1985. - Vol. 6. - P. 51-52.

6. Agency Health Protection. Health effects of exposure to ultrasound and infrasound. www.hpa.org.uk. — 2010.

7 Tuleuhanov S.T., Baktybaeva L.K., Mohaseb M.A., et al. The direct and indirect influence of infrasound on
leukogramm blood of rats // J. Vecnek Kazny. — Almaty: Kazakhstan, 2009. - Vol. 42. - P. 112- 115.

8 Maira M., Sadat M., Ljubka T. et al. Antioxidant and prooxidant properties of apolyphenol - rich Extract from
Geranium sanguineum L, In Vitro and In vivo // phytother. Res. - 2008. - Vol. 22. - P. 746-751.

9 Nabila S.S., Omar S.D., Seham M.A. et al. Effect of gamma radiation on some biophysical Properties of red
blood cell membrane // Rom J Biophys. — 2009. - Vol. 19. - P. 171-185.

10 Omar S.D., Nabila S.S., Eman M.E. et al. Biophysical Characterization of p-Thalassemic Red Blood Cells //
Cell Biochem. Biophys. - 2009. - Vol. 55. - P. 45-53.

11 Svidovyi V.I. Mechanism of perception and effect on infrasound on the bodies of experimental animals and
man // Gig. Sanit. - 1987. - Vol. 3. - P. 88-89.

12 Nekhoroshev A.S. Exposure to low-frequency narrow-band noise and reaction of the stria vascularis vessels //
Vestn. Otorinolaringol. - 1985. - Vol. 6. - P. 17-19.

13 Svidovyi V1., Glinchikov V.V. Action of infrasound on the lung structure // Gig Truda Prof Zabol. - 1987. -
Vol. 1. - P. 34-37.

14 Svidovyi V.1, Kolmakov V.N., Kuleba V.A. et al. Change in the permeability and total ATPase activity of
erythrocytes and blood plasma superoxide dismutase activity on exposure to infrasound in vitro // Gig. Sanit. - 1987. -
Vol. 5. - P. 78-79.

15 Svidovyi V.1, Kolmakov V.N., Kuznetsova G.V. et al. Changes in the aminotransferase activity and
erythrocyte membrane permeability in exposure to infrasound and low-frequency noise // Gig. Sanit. - 1985. - Vol. 10. -
P. 73-74.

16 Reha D., Hakan M., Hasan Y. et al. Noise Induces Oxidative Stress in Rat // Eur J Gen Med, 2009. - Vol. 6.-
P. 20-24.

17 Barbara T., Donato D., Angela M. et al. Energy metabolism and lipid peroxidation of human erythrocytes as
a function of increased oxidative stress // Eur. J. Biochem, 2000. - Vol. 267. - P. 684-689.

18 Maridonneau 1., Braquet P., Garay R.P. et al. Na+ and K+ transport damage induced by oxygen free
radicals in human red cell membranes // J. Biol. Chem, 1983. - Vol. 258 - P. 3107-3113.

19 Foster K.R., Schwan H.P. Dielectric properties of tissues. Handbook of Biological Effects of Electromagnetic
Fields. 1st Ed. - New York: CRC Press, 1996.

20 Moussa S.A., Bashandy S.A. Biophysical and biochemical changes in the blood of rats exposed to lead
toxicity // Rom J Biophys, 2008. — Vol. 18. - P. 123—133.

21 Srikumar R., Parthasarathy N.J., Manikandan S. et al. Effect of triphala on oxidative stress and on cell-
mediated immune response against noise stress in rats // Mol cell biochem, 2006. - Vol. 283. - P. 67-74.

22 Fei Z., Zhang X., Li Z. et al. The changes and significance of TXA2 and PGI2 metabolism after rat infrasonic
brain damage // Low Freq. Noise Vib, 2001. - Vol. 20. - P. 33-37.

23 De-ze J., Gang Li. Anew mechanism on the pathogenesis of trigeminal neuralgia // Medical Hypotheses,
2010. - Vol. 74. - P. 505-507.

TY:KbIPbIM
Kymeicra 10,9-14 nb nuana3oHbIHIA KapKBIHIBUIBIFE O0onaThiH 13-30 T apanbiFeiHAaFel HHGPATBIOBICTEIH
MeMOpaHa ©TKI3rilITiriHe XoHEe KaHHBIH 3JEKTPIIK OTKI3TIIITIriHE acepi 3epTTeNreH. JPUTPOLUTTEP MEMOPaHACHIHBIH
CUMATTaphl (OTKI3TimTiri, OeTKeimik 3apsan esrepici, (epMeHTTepHiH OelceHAurri T.0.) e3repeTiHi aHBIKTAJIBL
WHbpaasiObic SHEPTUSACHIHBIH TachIMANIAy MEXaHU3MIEPiHIH MYMKIHIIKTEpi, PE30HAHCTHIH OMOTOTHIFY HPOIECTEPiH
©3repTeTiHi, 3aTTap[blH ajJMacybl MEH CHHTE3/Ielyl JXOHE AaHTH-TOTBIFY JKYHeciHiH (yHKUMSICHI TeMEeHAeHTIHI
KapacThIPbIIAIbI.

Pe3iome
B pabote nccnenoano nocieactsrue uHPpaszpyka ot 13 no 30 ['m ¢ uaTeHCHBHOCTRIO quanazone 10,9 no 14 nb
Ha TIPOHHIIAEMOCTh MEMOpPaHBI W JJEKTPHUIECKOH MPOBOIUMOCTH KPOBH. Y CTAaHOBJICHO, YTO IIPH STOM MEHSIOTCS
XapaKTEePUCTHKH MEMOpaHbl SPUTPOIHUTOB (NMPOHHUIAEMOCTh, H3MEHEHHE IIOBEPXHOCTHOTO 3apsia, aKTHBHOCTH
¢bepmenToB u T.1.). OOCYXIaeTcss BO3MOXKHBIM MEXaHU3M TpaHc(hopMaly SHepruu nH(ppa3Byka U 3a CUeT pe3oHaHca
MIPUBOJISIIIIEE K U3MEHEHHIO ITPOIIECCOB OMOOKHCIICHUsI, 0OMEHA M CHHTE3a BEUIECTB M CHIDKCHUIO (YHKIIMH CHCTEMBI
AHTH-OKHCJICHHS.
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