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THE INFLUENCE OF INDIVIDUAL FEATURES OF HEART RATE
VEGETATIVE REGULATION ON NEUROHUMORAL AND
ELECTROPHYSIOLOGICAL EFFECTS OF PROPRANOLOL

Ye.P. Melezhik, A.S. Isaeva
The Karazin National University of Kharkov

SUMMARY

The study of the vegetative status influence on neurohumoral and electrophysiological effects of nonselective
beta 1,2 — propranolol blocker was the aim of our work.. 13 healthy volunteers at the age of 24+4 years partici-
pated in the study. A dose of propranolol made up 0.8 mg/kg per os. The HRV study was performed on the basis
of 5-min ECG recordings which were made in supine and upright postures before and 90 min after a single pro-
pranolol intake. According to the frequency spectral HRV indices that were fixed in supine posture before prepa-
ration intake, all theexamined volunteers were divided into two groups with prevalence of sympathetic
(LF/HF>1, group A) and parasympathetic (LF/HF<1, group B) activity. According to the HRV recordings in
supine posture the vagotonic effect of the preparation was observed in group A and sympathotonic in group B.
In supine position slow-down of the atrial conductivity caused by propranolol was more acute in group B. The
neurohumoral and electrophysiological effects of the preparation were less acute when the volunteers were in
upright posture. So the dependence of the propranolol effects on the initial neurohumoral regulation status was
shown.
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INTRODUCTION

The adaptation of the sinus node and the car-
diovascular system as a whole to variable condi-
tions of the environment and proper organism is
mostly provided by the autonomic nervous system
(ANS). One of the best noninvasive methods for
studying the heart rate autonomic regulation is
power spectrum analysis of heart rate variability
(HRV) [23]. This method allowed to visualize het-
erogeneity of the normal subjects population and
revealed several types of the heart rate autonomic
regulation in resting conditions. Zhemaitite et al.
[27] distinguished two extreme types with a maxi-
mal sympathetic or parasympathetic activity and
three intermediate types. In [14], two types with
sympathetic or parasympathetic prevalence were
considered.

Taking into account the heterogeneity of the
healthy humans population an aspect to be clari-
fied is how one or the other initial state of auto-
nomic regulation modifies the effects of pharma-
cological substances tropic to ANS. The class of
tropic to ANS drugs being widely used worldwide
is beta — adrenoblockers. According to [1, 12, 20,
22] at the present time beta — blockers are the
drugs to have the ability to diminish the number of
sudden death cases and to increase the life quality

how the initial state of the heart rate autonomi 54

regulation modifies the propranolol neurohumora.
and electrophysiological effects under the or-
thostatic stress.

in various groups of patients.The mechanisms of
this beneficial effect are not clearly understood
since beta — blockers in doses used in most clinical
trials are only weakly effective against stable ven-
tricular arrhythmias. In [19, 21], the ability of this
class of drugs to increase HRV in cardiac
insufficiency patients and in healthy subjects was
shown other works. [8, 18, 25] revealed the beta —
blocker feature to normalize the balance between
sympathetic and parasympathetic influences not
only by lowering the level of sympathetic cardiac
stimulation but also by increasing the level of va-
gal cardiac inhibition. Thus, beta — blockers alter
the outflow of both branches of the heart rate
autonomic regulation. Melezhik et al. [14] have
examined the effects of a single beta 1, 2 —
adrenoblocker propranolol intake on the ANS ac-
tivity in normal subjects having different initial
states of the heart rate autonomic regulation. It
was found that in the supine position the drug re-
sulted in a predominant increase of rhythmic activ-
ity of the initially depressed branch of ANS. Thus,
in subjects with initially prevailing sympathetic
activity the drug led to n. vagus activation while in
subjects with predominant parasympathetic out-
flow sympathoexcitation was observed.

The objective of the study was to examine

Determination of concepts

The variations in heart rate can be divided into
three main spectral components: very low fre-
quency (VLF), low frequency (LF) and high fre-
quency (HF). A high frequency component (0.15-
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0.4 Hz) is generated by modulations in vagal nerve
activity. Most investigators agree that the power of
the HF band reflects vagal modulations, when ex-
pressed both in terms of absolute power and in
normalized units [3]. At the same time there are
certain disagreement according to physiological
interpretation of the low frequency band (0,04 —
0,15). Thus, the LF component is considered by
some investigators as a parameter including both
sympathetic and vagal influences whereas by other
ones only as a marker of sympathetic modulations
[13, 23, 26]. Most investigators agree that when
expressed in normalized units, the LF power
mostly reflects sympathetic outflow [15]. Taking
into account the forgoing, in [14] and in the pre-
sent work the normal subjects under study were
divided into groups in terms of the quantitative
prevalence of either HF or LF band expressed in
normalized units. The group of normal subjects
having in the baseline the LF power portion ex-
ceeding 50% (LF/HF>1) was referred to as the
group with initial prevalence of sympathetic
rhythmic activity (group A). The group with HF
power portion exceeding 50% (LF/HF<1) was des-
ignated as the group with initially predominant
parasympathetic rhythmic activity (group B). The
groups described should not be identified with
sympathotonia and vagotonia, because all LF/HF
values in both groups were within the normal
range.

MATERIALS AND METHODS

13 volunteers (10 female and 3 male) aged be-
tween 20 and 28 years were included in the study.
All of the subjects were healthy as determined by
their medical history and a brief examination; none
received any medications. The subjects gave in-
formed consent, and the study was approved by the
local ethical review board. Subjects were in-
structed to abstain from smoking or coffee and
alcohol consumption for 24 h before the study. All
recordings were made in a certain time in the
morning in quiet surroundings.

The recording protocol:

e Iststage
O  5-min rest in supine position
0 7-min ECG recording in supine position
and free breathing
0  Active assuming of an upright posture 55
0 7-min ECG recording in upright position
and free breathing
0 One-time intake of 0.8 mg/kg per os of
nonselective beta 1,2 — adrenoblocker
propranolol
0  90-min break
e 2nd stage

O  5-min rest in supine position

0 7-min ECG recording in supine position
and free breathing

O active assuming of an upright posture

0 7-min ECG recording in upright posi-
tion and free breathing

Heart Rate Variability Analysis

The HRV parameters were obtained with soft-
ware “CardioLab 2000 using time and frequency
domain methods. All HRV parameters were evalu-
ated in compliance with the recommendations of
the Task Force of the European Society of Cardi-
ology and North American Society of Pacing and
Electrophysiology (1996) [23]. The variables were
calculated on the basis of 7 — min ECG recordings.
The data obtained on the 1st and 7th min of the
recordings were not used for calculation. The first
minute was considered as the time for accommoda-
tion of the subjects to the new situation and the 7"
minute was used for BP measuring, i.e. HRV was
obtained on 5-min ECG intervals.

The HRYV variables analyzed were the follow-
ing:
e mRR, ms - mean RR interval

Total Power, ms” — variance of all RR intervals

VLF, ms® - power in the very low frequency

range (0,003-0,04)

e LF, ms’ - power in the low frequency (0,04 -

0,15 Hz)

e LFnorm, % — LF power in normalized units:

LF/(Total Power - VLF)e100
e HF, ms” - power in the high frequency range

(0,15-0,4 Hz)

e HFnorm, % — HF power in normalized units:

HF/(Total Power - VLF)e100
e LF/HF — ratio LF[ms’]/HF [ms’]

The two normalized parameters LFnorm and
HFnorm were not analysed because they provide
essentially the same information as the ratio
LF/HF [23, 7].

Obtaining the Electrical Phase Structure of
the Heart Cycle

The parameters of the electrical phase structure
of the cardiac cycle calculated were the following:
P wave (ms), QT segment, interval QT (ms) and
interval TP (ms).

Stratification of the subjects under study

According to the frequency spectral compo-
nents obtained in the baseline the volunteers
were divided into 2 groups:

e Group A (LF/HF>1)
e Group B (LF/HF<1).

The subjects with LF/HF = 1 were randomly
included into one of the groups. Group A consisted
of 6 subjects and group B included 7 individuals.

Physiological background of such a division



laid in M. Pagani’s [17] conclusion that instanta-
neous balance between sympathetic and vagus
nerve activities could be captured by means of
LF/HF ratio. The groups described should not be
identified with sympathotonia and vagotonia, be-
cause all LF/HF values in both groups were

within the normal range.

Statistical Analysis

The data obtained were analyzed using para-
metric and non — parametric methods. All parame-
ters evaluated were expressed as mean and stan-
dard deviation. The significance of differences be-
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tween baseline vs propranolol was evaluated by
Wilkoxon T test. For statistically significant varia-
tions 95% confidence interval was provided.

RESULTS AND DISCUSSION

The results obtained suggest that the neurohu-
moral and electrophysiological effects of pro-
pranolol under the orthostatic stress were deter-
mined by the initial prevalence of the sympathetic
or parasympathetic ANS branch in the subject un-
der study (tab.).

Table
Selected frequency domain measures of HRV and ECG intervals in group A and B on the
two stages of the experiment. Values are means + %E
Stage 1
Variable Group A Group B

Supine posture Upright posture Supine posture Upright posture
TP (ms”) 28071766 26421685 47871998 32781974
VLF (ms) 701£291 8391280 11721256 9731226
LF (ms?) 10441388 1209%320 1084+330 1168%£183
HF (ms®) 6061222 5231228 2395%498 8491393 *
LF/HF 1.7520.09 4.38%0.84 0.49£0.10 3.3520.98 *
mRR (ms) 775166 633144 * 783142 620120 *
P wave (ms) 10212 92%5 100£2 90+4 *
PQ segment (ms) 4448 48+10 41415 49+10
Interval QT (ms) 35417 33817 364x11 33317
Interval TP (ms) 214%7 155%26 * 218%11 149125 *

Stage 2
Group A Group B

Supine posture Upright posture Supine posture Upright posture
TP (ms®) 5079%1457 2828%511 11994£3775 3448%726 **
VLF (ms”) 8971236 14931301 24641624 T 15661350
LF (ms?) 10831252 1155218 3502+1285 t 1350£242
HF (ms”) 2787%£1002 T 233%40 ** 5724+1969 t 5361193 **
LF/HF 0.61+0.13 T 4.881+0.34 ** 0.5910.04 3.7310.93 **
mRR (ms) 105051 T 852+16 % 974139 T 834121 *
P wave (ms) 102+3 8614 110%6 T 93X10 **
PQ segment (ms) 55+6 7148 % 46421 58+19
Interval QT (ms) 402x11 ¢ 381x14 383%6 1 353110 **
Interval TP (ms) 45841 ¢ 314129 % 434138 T 332+14 %

1, * - the differences vs supine posture before the medication intake are significant (p<0,05)
T - the differences vs upright posture before the medication intake are significant (p<0,05)
** - the differences vs supine posture after the medication intake are significant (p<0,05)

Supine position

In response to a single propranolol intake the
total power of the neurohumoral regulation (TP)
showed a significant increase in group B (p<0,05)
and tended to augmentation in group A (Fig. 1).

At the same time the mechanisms of TP growth
in groups under study were totally different. All
subjects from group A showed an augmentation of
HF power and the reactions of the LF domain ex-
hibited individual discrepancies (reduction of LF

the average by 1.36 times (p<0.05) in group / 56

andby 1.24 times (p<0.05) in group B). It was ac
companied by ECG intervals prolongation. The
duration of the TP segment appeared to be the
most variable interval in both groups (it was
lengthened by 2.14 times (p<0.05) in group A and

for 3 subjects and augmentation for 3 ones). In
group B the effect was just the opposite, i.e. LF
power increased and HF power showed individual
changes (excitation of HF for 4 subjects and slight
decrease for 3 ones). As a result of the above —
described alterations in autonomic activity the
LF/HF ratio was brought up to the 0.6 value in
both groups (Fig. 2).

The mean duration of the heart cycle (Fig. 3)
was prolonged by propranolol in both groups (on
by 1.99 times (p<0.05) in group B). The prolonga-
tion of the QT interval was less pronounced (by
1.14 times (p<0.05) in group A and by 1.05
(p<0,05) times in group B). Almost no change in
the P wave duration was noted in group A, while
in group B it was extended on the average by 1.1
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(p<0,05) times. In five out of seven persons of
group B the P wave exceeding the 100 ms value
was obtained; in one case the P wave was also
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prolongation in both groups but it was statistically
insignificant.
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Fig. 1. VLF (ms®), LF (ms?) and HF (ms?) domain powers of spectrum of RR intervals variability at two stages of the experiment in group with
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Fig. 2. Changes of LF/HF index in every individual from the group with initial sympathetic (solid black line) and parasympathetic predomi-
nance (dash gray line) in supine and upright postures at two stages of the experiment
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Fig.3. Electrical phase structure of the heart cycle (P wave (ms), PQ segment (ms), QT interval (ms), TP interval (ms))at two stages of the ex-
periment in group with initial sympathetic (first graph) and parasympathetic (second graph) prevalence in supine and upright postures

Active tilt — test

Active tilt — test at both stages of the experi-
ment led to a reduction of TP in both groups (fig.
1). It should be noted that the TP lowering in both
groups was more expressed under propranolol
(stage 2) than at stage 1. The TP reduction in

57

group B at both stages of the experiment exceeded
the TP drop in group A.

At stage 1 the TP fall in both groups was pro-
vided by a significant lowering of the HF — power,
which was accompanied by a slight increase in LF
band. The rates of changes in sympathetic and
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parasympathetic activity in group A appeared to
be almost equal (LF power was increased by 1.16
times and HF was decreased by 1.16 times). In
group B the HF power reduction was more pro-
nounces than the LF band growth (LF power was
increased by 1.08 times and HF was reduced by
2.8 times (p<0,05)).

Under propranolol the regulative systems re-
sponse to the orthostatic stress was modified in
both groups. LF power in group A was augmented
only by 1.07 times while a well pronounces de-
crease in HF — power was observed (on the aver-
age by 11.96 times(p<0,05)). In group B both LF
and HF power were reduced in the upright position
(by 2.59 and 10.68 (p<0,05) times respectively).
According to our findings, at both stages of the
experiment the supine posture in group A and B
was characterized by a wide dispersion of VLF,
LF and HF values. After assuming the upright
posture the powers in all the domains in the two
groups tended to the same values. In both groups
orthostatic LF and HF power values at stage 1
appeared to be close to those obtained at stage 2.
At the same time orthostatic VLF power values at
stage 2 exceeded those obtained at stagel.

Active tilt test at both stages of the experiment
was accompanied by shortening of the heart cycle
duration (Fig 3). Orthostatic mRR values in group
A and B were close to each other. The mRR dura-
tion in the upright posture at stage 2 exceeded the
orthstatic mRR value at stage 1 in both groups,
which was due to the negative chronotropic action
of propranolol. At both stages of the experiment in
both groups standing up was accompanied by
shortening of most of ECG intervals. In all cases a
most pronounced decrease was observed in the TP
segment duration (segment TP was reduced by
1.38 times (p<0.05) in group A and by 1.46 times
(p<0,05) in group B at stage 1 and by 1.46 times
in group A and 1.31 times (p<0.05) in group B at
stage 2). The shortening of interval QT was less
pronounced. The P wave duration was reduced by

.11 times in both groups at stage 1 (in group I'sg

p<0.05) and by 1.19 times in group A and 1.1.
times (p<0.05) in group B at stage 2. The elements
of the intra - atrial blockade observed in group B
under propranolol in supine posture completely
disappeared after assuming the upright posture.
2 to the one observed under active tilt at stage 1.

The above reasoning may indicate that in uprigh 5g

posture both the sympathetic and parasympathetic
outflow were not affected by propranolol influ-
ences.

At stage 1 active tilt test in both groups was
accompanied by an increase of sympathetic and
decrease of parasympathetic activity as it was

PQ segment tended to be prolonged under active
tilt test in both groups, but this prolongation was
in all cases statistically insignificant.

Our study indicated that the heart rate regula-
tory systems response to pharmacological beta 1,2
— adrenoreceptor blockade is basically determined
by initial prevalence of sympathetic or parasympa-
thetic activity. The increase of the total power of
the neurohumoral regulation under propranolol in
supine posture described in [5, 9, 18, 21], in our
experiment was accompanied by redistribution of
the autonomic activity with a predominant activa-
tion of the initially depressed ANS branch. Thus,
in group A we observed a vagotonic effect of pro-
pranolol which was also described in [21, 25] and
revealed the ability of the drug to increase sympa-
thetic rhythmic activity in group B.

The TP growth under propranolol was ccom-
panied by an extension of RR — intervals shown in
many previous works [9, 25]. In both groups the
bradicardial effect was chiefly provided by the
electrical diastole prolongation. The bradicardial
effect was more pronounced in group A, which
could be accounted for as a result of the predomi-
nant n. vagus activation observed in this group.
More pronounced bradicardial beta — blocker ef-
fect in conditions of initially high sympathetic tone
was also described in previous works [18].

Alterations in the P wave duration exhibited
some discrepancies between groups A and B.
Thus, an expressed P wave lengthening described
in [4], was observed only in group B while in
group A almost no change in the P wave duration
was noted.

The active tilt — test at both stages of the ex-
periment was accompanied by reducing the total
power of regulation. Similar findings were re-
ported by [10]. The active tilt — test in the present
study also gave rise to pronounced alterations in
all branches of regulation, which resulted in VLF,
LF and HF power values becoming close in the
two groups. This finding indicates that in upright
posture a level of activity, which is common for all
healthy individuals, exists for every regulatory sys-
tem. Another important finding, which is worthy of
notice is attempt to bring up the LF and HF power
values obtained in upright posture at stage

shown in [16, 24]. In group A as in [11] the
changes in LF and HF power occurred in opposite
directions but they were almost equal while in
group B a predominant decrease in HF power with
LF remaining unchanged as in [2] was observed.
Nonselective blockade of beta 1,2 — adrenorecep-
tors as in [6], eliminated low frequency increases
with standing in both groups and while the HF
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power decrease became more pronounced.

According to the forgoing in upright posture LF
and HF power observed at stage 1 and 2 were al-
most equal in groups A and B. At the same time in
all subjects under study the mean value of RR du-
ration and VLF power in upright position at stage
2 significantly exceeded those obtained at stage 1.
This finding indicates that under orthostatic stress
the new level of neurohumoral regulation that was
induced by propranolol and initially provided by
reactions of the autonomic nervous system was
maintained mostly by humoral regulatory systems.

Tachicardial orthostatic reactions similar to the
above — described bradicardial propranolol effect
was mainly provided by corresponding changes in
the electrical diastole duration. All other ECG in-
tervals except PQ segment duration were also
shortened under orthostatic stress. Both in supine
and upright postures propranolol brought about an
augmentation of discrepancies in interval QT dura-
tion between the two groups under study.

CONCLUSION

Our findings show that the reactions of the neu-
rohumoral regulatory systems are largely deter-
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BILUIUB ITHJIUBIAYAJIBHUX OCOBJUBOCTEN BEIETATHBHOI
PEI'YJISAIII CEPHEBOIO PUTMY HA HEMPOI'YMOPAJIBHI "
EJEKTPO®I3IOJOI'TYHI E®OEKTHU ITPOITPAHOJIONY

O.1I1. Menescux, I'.C. Icacea
XapkiBceKuii HanioHanbHUH yHiBepcuteT iM. B.H. Kapasina

PE3IOME

Mertoro mociipkeHHsT Oya0 BUBUCHHS BIUIMBY IIOYaTKOBOTO BET€TATUBHOIO CTAaTyCy Ha HEWpOryMOpabHi Ta
enexTpodiszionoriuni epekTH HecenekTUBHOro Oeral,2 — GrmokaTopa mpompaHoiona. Y AOCTIKeHHI mpuiiManu
ydacTs 13 310poBux n0OpoBonbLiB y Billi 2444 pokis. Budenns BapiabensHOCTI ceprieBoro putMmy (BCP) mpo-
BoqwiIoca Ha ocHOBI 5 — xBunuHHUX EKI' (parMenTiB, 3anucaHux B TOPU30HTAIBHOMY IIOJOXKEHHI Ta B yMOBax
aKTHBHOI OPTOCTATHYHOI ITpodH 70 Ta yepe3 90 XB. Mmics OXHOPA30BOro MpHitoMy Ipomnpanoiona. Jloza mpemnapa-
Ty cknagana 0.8 mr/kr per os. Ha ocHoBi cmektpansHux nokasHukiB BCP, 3adikcoBaHMX y TOPH30HTAIBHOMY
MOJIOXKEHHI 10 IpHHOMY IpemnapaTy, yci JOCIiKyBaHi Oyau po3AiieH] Ha 2 TpynH 3 MEepeBaXKaHHSIM CHMIIATUYHOL
(LF/HF>1, rpynna A) ta napacumnaruusoi (LF/HF<1, rpynmna b) aktusnrocti. I1ix wac 3anucy BCP y ropusonra-
JHHOMY TIOJIOXKEHHI y Tpymi A OyB 3adikcoBaHMIT BarOTOHIUHMIA , a B rpyni b — cumnaroTonivHuii edexr npemna-
paty. Y rpyni b 36inbmenss TpuBanocti 3yoirt P 6ymno 6inbin BupaskeHuM. I1ix gac opTocTaTuuHOI MPpoOH K Hell-
poryMopainbHi, Tak i enexrpodisionoriuni edextu npenapary Oyau MEHII BupakeHUMH. TakuM 4uHOM, Oyna Io-
Ka3aHa 3aJIeKHICTh eEeKTiB MPOIPAHOIONIA BiJl IOYaTKOBOI'O CTaHY HEIPOryMOpPaNbHOI PeryJisiii.

K/TIO490BI C/IOBA: BapiaGenbHICTh CEPLEBOTO PUTMY, BeTreTaTUBHA HEPBOBA CUCTEMA, AKTHBHA OPTOCTaTH-
4Ha Mpoda, IPONPAHOIION, eleKTpodizionoris

BJIUSIHUE WHJIUBUJIYAJIBHBIX OCOBEHHOCTEM BEIETA-
TUBHOM PEIYVJISIHUUA CEPIEIOIO PUTMA HA HEWPO-
I'VMOPAJIBHBIE W JJIEKTPO®UUOJIOI'NMYECKUE DJPO®EKTbDI
IPOITPAHOJIOJIA

E.II. Menescuk, A.C. Hcaeea
XapbKOBCKUM HallMOHANbHbIM yHUBepcuteT uM. B.H. Kapasuna
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PE3IOME

Ienpro qaHHOI pa®OTHI OBIIO U3yYEHHE BIMSHUS UCXOJHOTO BETETaTUBHOTO CTaTyca HA HEHMPOTyMOpallbHEBIE U
anekTpodusnonornueckue 3PQekTsl HeceneKTUBHOro Oeral,2 — OGuokaropa mpompaHonona. B uccriemoBanun
IpUHUMANH ydacTHe 13 370poBEIX 10OpOBONBIEB B Bo3pacTe 2444 ner. 3yueHue BapruaOeIbHOCTH CEPACUHOrO
purma (BCP) npoBoxnunocs Ha ocHOBe 5-MHHYTHBIX OKI' (hparMeHToB, 3alHCaHHBIX B TOPHU30HTAIEHOM IOJIOXKeE-
HUM U B YCIOBUSIX aKTUBHOM OPTOCTATHUYECKOH MPOOBI 10 U depe3 90 MHH Mocae OHOKPATHOrO MpHeMa Iporpa-
Honona. Jlo3a mpenapata cocrasisina 0.8 Mr/kr per os. Ha ocHoBaHmu criektpansHbeIx mokasateneit BCP, 3aguk-
CHPOBAHHBIX B TOPH30HTAJILHOM IOJIOXKEHHH J0 MpHeMa IpenapaTa, Bce 00CIe0BaHHbIC OBUIN pa3/iefieHbl Ha 2
rpymmsl ¢ npeobnaganueM cummartmdeckor (LF/HF>1, rpymma A) u mapacummatudeckoit (LF/HF<I1, rpymma B)
axktuBHOCTU. IIpu 3ammcu BCP B ropn3oHTanbsHOM MOJMOXKEHWH B Tpylme A ObLT OTMEUCH BarOTOHHYECKUH -
¢ext mpenapara, a B rpymmne b — cuMmnaroronndeckuii. B rpymmne b yBennuerne mpopomxurensHocTd 3youa P
66110 Gosiee BhIpakeHHBIM. lIpu mepexozme oOcCienyeMbIX B BEPTHKAIBHOE MONOXKEHHE KaK HeHpOryMOpasbHEIE,
Tak W MeKTpodusnonoruueckue 3(hGeKTsl npenapara ObUIN MEHEee BBIpakeHHBIMH. TakuM o6pa3oM, Oblna moka-
3aHa 3aBUCUMOCTH 3¢ (EKTOB IPOIPAHOIIONIA OT UCXOTHOTO COCTOSIHUSL HEHPOTyMOPaIbHOM PeryIIsIyH.

K/IFOYEBBIE C/IOBA: BapnuaGenbHOCTb CEpACUHOrO PUTMA, BETETaTUBHASL HEPBHASI CUCTEMa, aKTHBHASI Op-
TOCTaTHYECKast MPo0a, MPOIPAHOJIOIN, IEKTPOGU3HOIOTUS





