PROCEEDINGS OF THE YEREVAN STATE UNIVERSITY

Chemistry and Biology 2021, 55(2), p. 189-195
Biology

FEATURES OF CHANGES IN CARDIAC ACTIVITY UNDER
VIBRATION EXPOSURE
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The results of the study have shown that when exposed to vibration, changes in
cardiac activity occur in rabbits, the nature and direction of which depend on the
parameters of the dynamic factor. Vibration with a frequency of 20 Hz causes
moderate tachycardia, and 40 and 80 Hz — severe tachycardia. Three months of
vibration in the first month of exposure causes tachycardia, and after three months
of exposure, bradycardia. There is also a reduction in respiratory movements and a
decrease in the activity of the enzyme succinate dehydrogenase.
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Introduction. The problem of the biological nature of vibration exposure is
one of the most important in biomedicine. In the era of modern civilization,
mechanical stress in the form of vibrations is gaining increasing importance in
human life, becoming a part of the environment and an etiological factor [1-3].

Although over the past decades the problem of vibration has been studied very
intensively, and the attention of many specialists in various fields of science has been
focused on it, its development in the theoretical aspect is still lagging behind the
demands of practice.

A number of experimental and clinical studies have been devoted to the study
of the effect of vibration on the body and, in particular, the cardiovascular system,
but many questions remain unclear and are often interpreted in different ways by
various researchers. In the literature, the capillary blood circulation and the tone of
peripheral vessels are covered with sufficient completeness; however, the functional
state of cardiac activity during vibration of a single and repeated exposure to it has
not been studied enough. This circumstance was the reason for this experimental
study of the influence of vibration with a frequency of 20, 40 and 80 Hz and of
different amplitudes on the cardiac activity of rabbits. The parameters used were
close to those in manufacturing.

Materials and Methods. The research was carried out in two series of
experiments. In the first series, the effect of vibration of various frequencies on the
ECG of rabbits was studied. ECGs were recorded before and during vibration, as
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well as within 30 minutes after the period after vibration. The animals were exposed
to vibration on a ST-300 vibration stand for 30 minutes (with the parameters of
frequency, amplitude and maximum acceleration: 20 Hz, 1 mm; 40 Hz, 0.8 mm,
6-7xg; and 80 Hz, 0.6 mm, 19.7xg). ECGs were recorded on an 8-channel
encephalograph of the “Alvar” company in 3 standard leads at a tape pulling speed
of 30 and 60 mm/sec. During vibration, in order to eliminate interference during ECG
recording, we used a special method of fixing animals on a vibration platform. A
metal box was rigidly fixed on the vibrating platform for the simultaneous placement
of 2 rabbits. Animals in the box were in a free position. The top of the box was
covered with a canvas hood with holes for free breathing of animals. The
measurements of the amplitudes of the general vibration of this vibrating unit were
carried out using a vibrometer AV-43. It should be noted that the operation of the
shaker was accompanied by low-frequency noise (75 dB), which was measured with
a sound level meter. Control animals were tested for their response to 1.5-hour
fixation on the platform and to the noise of the vibrating stand for 30 minutes.

The oxygen uptake by the cardiac muscle tissue was also determined by the
Warburg manometric method. For this, the animals were decapitated and the cardiac
muscle was extracted. The criterion for the intensity of tissue respiration was the
amount of oxygen absorbed by 1 mg of tissue (dry weight) in uL of O, per hour. In
parallel with the study of tissue respiration, the activity of the succinate
dehydrogenase (SDH) enzyme was also determined by the method of bleaching of
methylene blue, the principle of which is that succinic acid is converted to fumaric
acid when exposed to SDH. The enzyme transfers hydrogen ions from succinic acid
to methylene blue, as a result of which the latter is discolored. The SDH activity was
expressed by the duration of the reaction. The obtained quantitative data were
subjected to computer statistical processing.

Results and Discussion. In intact rabbits, the heart rate ranged from 270 to
324 beats per minute. The results of the study of ECG waves and intervals are shown
in Table 1. Vibration with a frequency of 20 Hz caused moderate tachycardia. So, 5
minutes after turning on the vibration stand, there was an increase in heart rate by 16
beats per minute. The maximum sympathotonic effect was recorded at 20 minutes
of vibration, which exceeded the initial level by 44 beats per minute (P <0.001). The
restoration of the initial rhythm was noted by the 30th minute of the post-vibration
period.

Exposure to vibration with a frequency of 40 Hz in almost all animals led to
an increase in heart rate: by 5 minutes, the number of heart beats increased by 23
beats per minute, reaching a maximum (54 beats) by 20 minutes. At the same time,
changes in ECG voltage were insignificant (Tab. 1).

High-frequency vibration (80 Hz) produced a pronounced tachycardic effect
in rabbits. As can be seen from Table 1, at 20 minutes of exposure to vibration, there
was an increase in heart rate by 68 beats per minute, a decrease in the P wave, an
increase in the R and T voltages. A decrease in the S wave voltage was also noted,
and in some rabbits it was not recorded at all. The changes in the metabolism of the
heart muscle are also evidenced by the results of an increase in oxygen uptake and
SDH activity. After 30 minutes of vibration at a frequency of 80 Hz, an increase in
myocardial oxygen uptake and an increase in SDH activity by 62% were found.
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Table 1
The main ECG indexes in rabbits when exposed to vibration
T - Time since the start of vibration Time after vibration
SE| So in min in min
23 88| ECG | Before
S 5| EZ| index |vibration
by =} S5 ©
g = 5 10 20 30 10 20 30
281 297 304 325 312 300 289 283
20 10 | Heart rate +6.12 $6.22, | £3.73, | £3.92, | £2.37, | +2.95, | £2.14, | £2.46,
- P<0.1 |P<0.001|P<0.001|P<0.001| P<0.01 | P<0.2 | P<0.5
275 298 309 329 314 300 282 281
Heart rate +5.01 +6.81, | £3.74, | £2.83, | £7.26, | +4.64, | £5.86, | £7.24,
- P<0.01 {P<0.001{P<0.001{P<0.001{P<0.001| P<0.5 | P<0.5
P wave 017 0.14 0.13 0.12 0.14 0.15 0.16 0.17
amplitude +d 02 +0.01, | £0.01, | +0.03, | £0.01, | #0.02, | #0.01, | +0.01,
40 10 inmv - P<0.2 | P<0.1 | P<0.2 | P<0.2 | P<0.5 | P<0.5 | P<0.5
Rwave | g 0.18 | 0.19 0.23 0.22 | 020 0.19 0.18
amplitude +02 +0.01, | +0.01, | £0.02, | £0.02, | +0.03, | £0.01, | £0.02,
inmv - P<0.5 | P<0.5 | P<0.2 | P<0.2 | P<0.5 | P<0.5 | P<05
T wave 018 0.17 0.19 0.20 0.21 0.19 0.18 0.16
amplitude +001 +0.01, | £0.02, | £0.01, | £0.02, | +0.01, | £0.03, | £0.03,
inmv - P<0.5 | P<0.5 | P<0.2 | P<0.2 | P<0.5 | P<0.5 | P<05
280 301 315 348 319 323 296 285
Heart rate +4.90 +3.76, | £2.19, | +11.72,| £3.63, | #4.27, | £7.14, | £9.35,
- P<0.001|P<0.001|P<0.001|P<0.001|P<0.001| P<0.1 | P<0.5
P wave 017 0.14 0.15 0.12 0.14 0.16 0.15 0.16
amplitude +d o1 +0.02, | £0.03, | +0.02, | £0.01, | #0.03, | £0.01, | +0.02,
80 15 inmv - P<0.2 | P<0.5 | P<0.05| P<0.05| P<0.5 | P<0.2 | P<0.5
Rwave | ., 025 | 031 034 | 032 | 0.29 0.28 0.26
amplitude +0.02 +0.02, | +0.04, | £0.04, | £0.02, | +0.03, | £0.04, | £0.03,
inmv - P<0.5 | P<0.5 | P<0.05| P<0.5 | P<0.5 | P<0.5 | P<05
T wave 015 0.12 0.20 0.20 0.19 0.20 0.16 0.16
amplitude +001 +0.01, | £0.03, | £0.02, | £0.03, | +0.04, | £0.03, | £0.02,
inmv - P<0.05| P<0.1 | P<0.05| P<0.2 | P<0.2 | P<0.5 | P<0.5

At medium and high frequencies (40 and 80 Hz), the amplitude and frequency
of respiratory movements in rabbits increased by 22% and 34%, respectively.

In the second series of experiments, the animals were subjected to a three-
month exposure to vibration with a frequency of 80 Hz, an amplitude of 0.4 mm and
a duration of 3 hours. The ECG was recorded on the 10th, 20th and 30th days, and
then monthly after vibration exposure. On these study days, as a functional test, the
animals were subjected to short-term (30 minutes) exposure to a physical factor.
During the first month, an increase in heart rate and respiratory movements was
recorded. On the 30th day of vibration, the number of heart beats in the experimental
rabbits increased by 58 beats per minute, and the respiratory rate increased by 22%.
At the same time, there was a decrease in the PQ and QT intervals, an increase in the
R wave (table 2). During the test vibration, an increase in heart rate was observed,
while the wave amplitude did not undergo significant changes (Tab. 2).
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Table 2

Dynamics of the main ECG indexes in rabbits during a three-month exposure to vibration

5 .,
o = . . P wave R wave T wave
3+
2 £ |Heart rate F.’Q interval QT interval amplitude | amplitude | amplitude
Ec in seconds | in seconds . . .
§ & inmV inmV inmV
Control + N + . . N
group 15 |282+5.21|0.073+0.004 |0.175+ 0.008{0.10+0.014 [0.24+0.028 | 0.14+0.16
4 =l 30 10 320+6.13| 0.52+0.002 |{0.152+0.004 (0.09+0.008|0.31+0.034|0.20+0.022
22 P<0.001 | P<0.001 P<0.02 P<0.5 P<0.02 | P<0.02
gé 60 8 185+7.65|0.089+0.004 | 193+ 0.008 |0.05+0.009|0.15+0.026|0.07+0.017
‘g = P<0.001 P<0.01 P<0.05 P<0.01 P<0.02 P<0.01
90 7 19146.35(0.092+0.002 | 0.201+0.007 |0.06+0.007|0.16+0.031|0.06+0.015
P<0.001 P<0.001 P<0.02 P<0.02 P<0.05 P<0.001
< | Control 15 340+5.35|0.056+0.003 | 0.141+0.006 |0.09+0.009|0.34+0.014|0.20+£0.019
'% group P<0.001 P<0.001 P<0.001 P<0.5 P<0.01 P<0.02
S 30 10 352+7.15|0.054+0.004 | 0.148+0.007 |0.10+0.006|0.31+£0.0270.21+0.032
= P<0.01 | P<05 P<0.5 P<0.5 | P<05 | P<05
f 60 8 17048.30{0.075+0.005 | 0.173+0.005 | 0.04+0.008 | 0.12+0.045|0.08+0.023
f P<0.2 P<0.5 P<0.2 P<05 P<0.5 P<0.5
£ 90 7 17248.55(0.091+0.006 | 0.203+0.008 |0.05+0.007|0.17+0.035(0.084+0.017,
< P<0.1 P<0.5 P<0.5 P<0.5 P<0.5 P<0.2

There was also observed an increase in oxygen consumption and an increase

in SDH activity in the myocardium. An increase in oxygen uptake in animals
exposed to vibration of different frequencies has also been observed in other studies
[4, 5].

In the second month of exposure to vibration, the number of heart contractions
decreased by 30% and a decrease in the voltage of the R and T waves was recorded.
One of the most frequent electrographic signs was an increase in the duration of the
electrical systole of the ventricles of the heart (Tab. 2). Compared with intact rabbits,
a slight slowdown in atrioventricular conduction was also observed.

The bradycardic effect persisted after three months of exposure to vibration.
On the 90th day of the study, the animals had a heart rate of 191 beats per minute.
In experimental animals during this period, a significant decrease in the voltage of
the P and R waves was observed (Tab. 2). The T wave voltage was lower than in
control animals. It was often smoothed out. There were also noted signs of impaired
atrioventricular and intraventricular conduction. The PQ interval on the 90th day of
the study was lengthened by 28% (P <0.001), and the QT interval by 18% (P <0.001).

The changes in the metabolism of the heart muscle are also evidenced by the
results on oxygen uptake and SDH activity. On the 90th day, the activity of the SDH
enzyme decreased by 28%, which indicates the effect of prolonged vibration on the
metabolic process occurring at the level of enzymes in the cells of the heart muscle.
During this period, after the test vibration, in 60% of the rabbits the heart rate
remained almost unchanged, and in 40% of the rabbits there was a tendency to
bradycardia. At the same time, the ECG indicators did not undergo significant
changes.
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With prolonged exposure to vibration, a decrease in respiratory movements
was also observed, especially after physical load.

Our studies on rabbits have shown that mid-frequency vibration (20, 40 Hz)
causes tachycardia. In this regard, interesting data were obtained in [6], according to
which, during low-frequency vibration, the activity of the sympathetic nervous
system (SNS) is inhibited and the tone of the parasympathetic nervous system
prevails, leading to a decrease in blood pressure and bradycardia. At high
frequencies, SNS excitation processes predominate, resulting in increased blood
pressure and tachycardia. This is confirmed by experiments with stimulation of the
posterior hypothalamus [7]. Against the background of the dynamic factor, the
descending sympathicotropic discharge of the posterior hypothalamus on cardiac
activity increases, and the bradycardic effect of the anterior hypothalamus is
obscured.

Under the influence of vibration, the excitability of the respiratory center also
changes. At medium and high vibration frequencies (40 and 80 Hz), the amplitude
and frequency of respiratory movements in rabbits significantly increase, and with
prolonged exposure, they decrease. The main role in the development of these
changes belongs to shifts in the functional state of the hypothalamic centers [8, 9].

According to [10], electrical stimulation of the ergotropic-dynamogenic zone
of the posterior hypothalamus causes increased frequency and deepening of
respiration, along with other reactions of activation of the SNS.

Along with the reflex nature of cardiac changes, the possibility of a direct
action of mechanical shocks on the contractile myocardium and the pathways of the
heart is assumed [11].

In addition to ECG data, the results on tissue metabolism and SDH activity
obtained by us also testify to changes in the metabolism of the cardiac muscles. In
the initial phase of vibration, there was an increase in oxygen uptake by the cardiac
muscles, an increase in SDH activity, and a decrease at the end of vibration exposure.
Phase changes in SDH indicate the effect of vibration on metabolic processes
occurring at the level of enzymes in cardiac muscle cells.

Conclusion. Thus, the results of our studies have shown that under vibration
exposure, phase changes in vegetative functions occur in rabbits, the nature and
direction of which depends on the parameters of the dynamic factor.
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C.M. MUHACSH, 1. 1. AJAMSH, 3. C. TEBOPKSIH,
C.T. CAPKUCIH, JI. 3. TYKACAH

OCOBEHHOCTH M3MEHEHM CEPJIEYHOH JIEATEJIbHOCTH
TP BO3JEMCTBUN BUBPALIUU

Pesynbratel uccnenoBaHUs MOKA3ald, YTO MPH BO3ACHCTBUH BHOpaLlUM Y
KpPOJIMKOB OTMEYAIOTCS HU3MEHEHMsI CEpICYHOM [EATENBbHOCTH, XapakTep |
HAINPaBIEHHOCTh KOTOPBIX 3aBUCHT OT IapaMeTPOB AWHAMHYECKOTO (hakKTopa.
Bubpanus ¢ yacroroii 20 /Y BeI3bIBaET yMEpeHHYIO Taxukapauto, a 40 u 80 [y —
BBIDOKEHHYIO TaxUKapAuio. TpexmecsuHas BuOpalus B MEPBOM  MecsIe
BO3ICMICTBHA BBI3BIBACT TaXWKApAMIO, a TNPH TPEXMECIYHOM BO3IACHCTBUU —
Opanukapauto. Taxke HaONMIOZAIOTCS YPEKCHHE IBIXATENBbHBIX JIBMKCHUN W
CHIDKEHHE aKTHBHOCTH (pepMEeHTa CyKIMHATAETUAPOT €HA3BL.



