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Oxidative stress (OS) is a basic pathogenetic mechanism of many diseases. Its depth is usually assessed by the parameters
of pro-/antioxidant balance which not necessarily reflect the intensity of redox reactions. Therefore, the search of the
integrative indexes reflecting the condition of the acrobic metabolism remains to be an important task. Noninvasive study of
heart rate variability (HRYV) is increasingly recognized not only as the tool for assessment of the regulatory systems activity but
also pro-/antioxidant balance and organism’s stress resistance.

The aim of this work was to study the condition of aerobic metabolism by the parameters of pro-/antioxidant system and
HRYV in patients from various functional groups.

Materials and methods. Thirty six patients with type 2 diabetes mellitus (DM), 40 patients with duodenal peptic ulcer
disease (PUD), 36 athletes and 40 healthy volunteers (control group) were enrolled into the study. Time and frequency domain
indexes of HRV were assessed in short ECG records (5 min in supine position, 6 min while standing — orthostatic test) using
a computer electrocardiograph «VNS-Micro» and Neurosoft software. The parameters of pro-/antioxidant system, namely,
activities of catalase and superoxide dismutase (SOD), levels of thiobarbituric acid reactive species (TBARS), hydroperoxides,
low density lipoproteins (B—LP), oxidatively modified proteins (OMP), and middle mass molecules (MMM) were determined
in blood spectrophotometrically.

Results and discussion. Signs of OS were demonstrated in subjects from all functional groups, with the most profound changes
in DM subjects and the least prominent — in athletes. In type 2 DM patients elevation of oxidation destruction products and
increase in the activity of antioxidant enzymes were accompanied by marked lowering of HRV with predominance of VLF band in
the spectrum structure. Similar changes of the pro-antioxidant balance in athletes were associated with markedly higher HRV
indexes and high activity of the autonomic components (LF, HF) in the spectral structure. In PUD patients signs of OS were also
demonstrated but their depth was much less prominent. HRV decrease especially during orthostatic test was noted in this group.

Conclusions. This study demonstrated that HRV reflects the functional metabolic reserve and signs of OS in subjects from
various functional groups. Thus, it is a perspective tool for the assessment and monitoring of the pro-/antioxidant balance and
adaptive reserve in patients with OS associated disorders.

Key words: heart rate variability, oxidative stress, pro-/antioxidant system, functional metabolic reserve, diabetes mellitus,
athletes, peptic ulcer disease.

A{) the present stage of development of the
iomedical science oxidative stress (OS) is
considered to be one of the main pathogenetic
mechanisms involved in the variety of chronic illnesses
including diabetes, peptic ulcer, cardiovascular,
pulmonary disorders, etc [15]. The excessive physical
and emotional load commonly found in athletes is
also associated with signs of OS [12, 22]. In general,
constant exposure to the multiple stressors lowers an
adaptive potential of the modern man, which at the
metabolic level manifests as the pro-/antioxidant
imbalance. It further leads to the impaired physi-
ological and biochemical signaling, strains regulatory
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systems of organisms and causes disorders of main
homeostatic contant.

Biochemical tests used for the assessment of the
levels of oxidative destruction products or activity of
common antioxidant enzymes are not informative
about the depth of OS. This statement stems from the
understanding of OS as the condition caused not only
by excessive production of free radicals, but also by
their untimely and inappropriate utilization by the
components of antioxidant defense [27, 28]. Therefore,
persistence of OS is attributed primarily to the low
intensity of the redox processes and the depth of OS is
not similar in patients with different disorders (from
various functional groups). The efficient management
strategy of OS-associated conditions would require
close monitoring of the functional-metabolic potential
of an organism that can be achieved with the study of
heart rate variability (HRV). HRV is a noninvasive
diagnostic tool and its indexes reflect the activity of
main regulatory systems, their potency, hierarchical
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balance, resistance and reactivity as well [14, 17, 18].
Modern data allow to speculate that heart rhythm is
affected not only by neurohumoral and autonomic
regulations but also it reflects the condition of the
aerobic metabolism and adaptive potential of an
organism [2, 26, 29].

The aim of present research was to study the
condition of aerobic metabolism by the parameters of
pro-/antioxidant balance and HRYV in subjects from
various functional groups.

Materials and methods

Study design and populations

Thirty six patients with verified type 2 diabetes
mellitus (DM) (aged 57 £ 7 years, male 20 (55.6 %),
female 16 (44.4 %)) were enrolled into the study. Body
mass index ranged from 26 to 30 kg/m? in 22 (61.1 %)
subjects and from 30 to 35 kg/m? in 14 (38.9 %). The
disease duration ranged from one to ten years: 18
(50 %) subjects had one to five years history of diabetes
and 18 (50 %) were ill from six to ten years. All patients
were diagnosed with moderately severe diabetes (by
European Diabetes Policy Group, 1998) with fasting
glucose 6.7 + 1.4 mmol/L and Hb,, 7.76 + 0.83 %.
The group with duodenal peptic ulcer diseases (DPUD)
consisted of 40 subjects (mean age 32.1 * 1.7 years,
24 males, 16 females) with endoscopically proven
peptic ulcer and positive H. pylori testing. The majority
(80 %) of patients had the disease duration up to 5
years. The athletes group consisted of 36 national and
regional level competitive male athletes (mean age
26.1 = 4.2 years). All of them were specialized in
running or triathlon training. Athletes were not
participating in any competitions, had no injuries,
other diseases or deviations of their usual regimen one
week before participation in the study. Healthy volunteers
(n = 40, mean age 29.7 £ 3.5 years, 25 males and 15
females, body mass index 23.5 + 3.1 kg/m?) without
any complaints or other registered health problems
served as a control group.

All investigations and blood sampling were
performed in the morning hours between 9 a.m. and
11 a.m. before meal. Patients and healthy volunteers
were asked to restrain from smoking and drinking
alcohol at the days when blood collections and other
studies were performed. The design of the study was
approved by the local Ethics Committee at Lviv
National Medical University and informed consent
was obtained from all patients and healthy volunteers.

Spectrophotometric studies

The parameters of pro-/antioxidant system were
assessed in blood as described previously [26, 29].
Spectrophotometric measurements of the catalase and
superoxide dismutase (SOD) activities were determined
together with detection of thiobarbituric acid reactive
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substrates (TBARS), hydroperoxides, low density
lipoproteins (B-LP), oxidatively modified proteins
(OMP), and middle mass molecules (MMM) levels.

Study of heart rate variability

The short-time records of ECG were performed
using a computer electrocardiograph «VNS-Micro»
(Neurosoft®, Russia). During quite wakefulness after
20 min of rest, patients were asked to stay supine quietly
for 5 min for stationary condition HRV recording
(clinostasis); afterwards they were asked to stand up
rapidly and remained in the standing position for 6 min
(orthostatic test). RR intervals were determined with a
sampling frequency of 2 kHz and were analyzed with
«Poly-Spectrum» (Neurosoft®, Russia) software
designed according to HRV standards [11]. The time-
domain indices — standard deviation of normal RR
intervals (SDNN), square root of mean squared
differences of successive RR interval (RMSSD), and
percentage of differences between adjacent normal RR
intervals exceeding 50 milliseconds (pNN50) were
determined. Power spectral analysis was performed
sequentially with a fast Fourier transformation. The
following frequency-domain variables were studied:
total power (TP, 0.01 to 0.4 Hz), high frequency power
(HE 0.15 to 0.4 Hz, reflects activity of parasympathetic
nervous system), low frequency power (LE 0.04 to
0.15 Hz, reflects predominantly activity of sympathetic
nervous system), and very low frequency power (VLE,
0.01 to 0.04 Hz, reflects activity of neurohumoral
regulation). Further, K, ;— the ratio of maximal to
minimal heart rate during the first 30 heart cycles of
orthostatic test was calculated.

Statistical analysis

All data were processed using the statistical package
Statistica 6.0. Normal distribution of the obtained
data was confirmed with Shapiro—Wilk’s W-test.
Normally distributed data are presented as means *
standard deviation (M £ m). The t-test for independent
variables was used to compare means between groups.
Nonparametric Mann—Whitney U-test was used to
compare HRV parameters.

Results and discussion

All studied groups were demonstrated with the signs
of OS, which, however, were associated with either low
or high HRV. Because of the marked individual variation
of HRV indexes especially in athletes and type 2 DM
patients the subjects from these groups were subdivided
according to the TP value, which reflects total spectral
power of the heart rate and is strongly associated with
the stress resistance and adaptive potential of an organism
[7,9, 13, 14, 18]. Among diabetic patients two groups
were formed: very low resistance (VLR) group 1
(n = 18) included those with the dramatically low
HRYV (TP <400 ms?), while low resistance (LR) group 2
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Figure 1. Changes in the spectral indexes of HRV in subjects from different functional groups

Note. Changes of the most HRV indexes comparing to the control group 4 are significant, except of VLF in group 3 in supine position
and TP, VLF, HF in group 6 and VLF group 5 during orthostasis. Group 1 — patient with type 2 diabetes mellitus (DM), duration of
disease > 5 years, VRL — very low resistance; group 2 — patients with type 2 DM, duration of disease < 5 years, LR — low resistance;
group 3 — patients with duodenal peptic ulcer disease (DPUD), disease duration < 10 years; group 4 — healthy volunteers, control;

group 5 — medial resistance (MR) athletes; group 6 — high resistance (HR ) athletes.

(n = 18) comprised of the individuals with slightly
higher HRV (TP > 400 ms?). The medial resistance
(MR) group 5 (n = 18) included athletes with TP
below 5000 ms? while those with higher TP formed the
high resistance (HR) group 6 (n = 18). In general, the
distribution of the studied subjects according to TP is
shown at the Figure 1.

Signs of OS were demonstrated in the subjects from
different groups, however, they were much less prominent
than HRYV changes in these groups. Moreover, the levels
of OMP, activities of catalase and SOD in patients with
type 2 DM and the lowest HRV and athletes with the
highest HRV were similar Table 2. The main differences
between these two polar groups were demonstrated by
the levels of the lipid oxidative destruction (TBARS and
hydroperoxides), B-LP, MMM,,, and to the some
extend MMM,,,, which points to the relations between
low HRV and depth of OS.

Athletes from the HR group 6 had significantly
(4—5 fold) higher HRV predominantly on account of
the autonomic upregulation (HF and LF bands)
comparing to the group 5 MR athletes. Importantly,
that VLF which reflects activity of the neurohumoral
mechanisms in the spectral structure was reduced in
athletes with higher HRV (group 6). Such beneficial
HRYV pattern in supine position was not maintained
during orthostatic test, which was accompanied by the
marked decrease in SDNN, RMSSD, pNN50, TP and
HF and worsening of the reactivity of the physiological
systems (low K, s index) (Table 1, Figure 1). These
changes and particularly decrease in TP with the ratio

TP, o/ TP e < 0.5 can be suggestive about the low
intensity of the recovery processes and strain of the
adaptive mechanisms in athletes from HR group 6. At
the same time, in athletes from group 5, who had lower
HRYV comparing to control group 4 in supine position,
increase in HRV during orthostatic test was found.
Notably, it occurred predominantly on account of the
VLF component pointing to the reduced potency of
the functional metabolic reserve and strain of the
central regulatory mechanisms. Low HRV in group 5
competitive athletes can reflect insufficient recovery
and, thus, a correction of their training regimen is
needed [10].

Signs of OS in athletes were demonstrated by elevated
levels of OMP, MMM and changes in the activities of
catalase and SOD (Table 2). Namely, in group 6
activities of catalase and SOD were the highest, while
the levels of TBARS and B-LP were below normal.
Some increase in MMM,,, and marked elevation of
MMM, were accompanied by a significant rise in both
fractions of OMP in both sport groups. These findings
may point to the importance of OMP as the sensitive
marker of OS (Table 2). In general, the study of acrobic
metabolism in athletes from group 5 demonstrated
pronounced signs of OS (by lower activity of SOD and
higher levels of TBARS, B-LP and OMP) comparing to
the group 6 athletes. Such changes were accompanied
by marked lowering of HRV. To the contrary, in HR
group 6 more efficient mechanisms of OS compensation
possibly provided by the higher energy and membrane
potential could serve as the basis for the HRV increase.
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Table 1
Time domain parameters and K30/15 in patients from various functional groups, M = m
Index DM type 2, DM type 2, DPUD, Healthy Athletes, Athletes,
Group 1 Group 2 Group 3 volunteers, Group5 Group 6
(VLR)* (LR) Group 4 (MR) (HR)
n=18 n=18 n=40 n=40 n=18 n=18
Supine position
HR, bpm?* 722+ 1.7 70.2 1.5 76.3 = 1.2% 69.0 = 1.7 — —
SDNN, ms 16.5 = 0.6* 26.0 = 0.6* 36.3 = 1.6% 53.3 3.1 45.3 £2.2% 93.3 +6.1%
RMSSD, ms 10.7 = 0.6* 15.8 = 1.5% 23.6 = 1.4% 44.4 = 3.6 4417 £ 4.5 98.8 = 6.8%
pNN50, % 0.1£0.05 1.51+0.7% 55=* 1.1* 23.2%+2.9 20.15 +2.5 49.9 £ 4.2%
Orthostatic test
HR, bpm 82.8 2.2 78.0 £ 1.5* 94.5 + 1.5% 85.6 = 1.6 — —
SDNN, ms 22,5 £ 1.9% 32.0 £ 2.1% 31.2 £ 1.3% 59.5+9.4 53.6 +3.4 65.2 = 3.6
RMSSD, ms 11.7 £ 2.2% 13.5 = 1.0* 13.5 = 1.1* 31.2+£9.9 18.5 = 1.3* 30.0 £ 1.9
pNN50, % 0.9 £0.3*% 0.6 £0.2* 0.6 £0.1* 3.8+0.6 2.05 = 0.6% 7.96 £ 1.1*
Kao/1s 1.13 £ 0.02* 1.15 £ 0.03* 1.25 +0.02* 1.38+0.03  1.49 +0.03* 1.17 £ 0.04*

Note. * — difference between groups significant (p < 0.05) comparing to the volunteers group 4.
$ HR — heart rate, bpm —beats per minute; SDNN — standard deviation of normal RR intervals, ms; RMSSD — square root of mean

squared differences of successive RR interval, ms; pNN50 — percentage of differences between adjacent normal RR intervals exceeding
50 milliseconds.

# here and on group 1 — patient with type 2 diabetes mellitus (DM), duration of disease > 5 years, VRL — very low resistance; group 2 — patients
with type 2 DM, duration of disease < 5 years, LR — low resistance; group 3 — patients with duodenal peptic ulcer di (DPUD), di

duration < 10 years; group 4 — healthy volunteers, control; group 5 — medial resistance (MR) athletes; group 6 — high resistance (HR ) athletes.

Additionally, persisting exercise-induced OS in athletes
can adversely affect sport performance [6, 16, 20, 22,
24] and study of HRV has a great potential in evaluation

and monitoring of athletes in this regard.

Study of HRV in DPUD group 3 (Table 1, Figure 1)
showed marked decrease in the main time (SDNN,

RMSSD, pNN50) and frequency (TP, LF ta HF)
domain indexes comparing to the healthy subjects from
group 4. Absolute values for the VLF band did

not differ significantly from group 4, but, when take into

account high VLF percentage in the HRV spectrum
structure, strain of the central regulatory mechanisms

Table 2
Parameters of aerobic metabolism in patients from various functional groups, M £ m

Parameters DM type 2, DM type 2, DPUD, Healthy Athletes, Athletes,

Group 1 Group 2 Group 3 volunteers, Group5 Group 6

(VLR) # (LR) Group 4 (MR) (HR)

n=18 n=18 n=39 n =40 n=18 n=18
Catalase, uM 0.169 =0.01* 0.163*+0.01* 0.131+0.01 0.136 +=0.01 0.176 =0.01* 0.183 +0.01*
H,0,/ml-h
SOD, % inhibition 12.6 = 1.1 19.4 = 1.0% 11.4%x14 12.8 1.1 1.3+ 1.3 20.6 = 1.9%
TBARS, uM 109.5 £2.4% 114.7%+3.9%* 715%15 71.9+2.2 78.1 % 1.7* 60.9 = 1.4*%
B-lipoproteins, CU/ml  118.6 = 4.1* 1149+ 5.0% 54.3*1.2 51.5+ 1.5 66.6 £3.8*  47.6 £2.6
Hydroperoxides, 4.1+0.1* 2.7 +0.1% 2.4+0.03* 1.5+0.1 1.8 = 0.04* 1.6 £0.03
234 nm, CU
MMM, 254 nm, CU/ml  236.3 £ 6.8 220.3 £5.4* 182.6 £2.0* 241.4%x8.7  250.0+%3.2 271.0 = 14.6%
MMM, 280 nm, CU/ml  245.4 £ 6.4*  248.9 £8.8* 230.5*3.9* 270.5*12.0 324.2*10.7* 351.3 £28.2*%
MMM, 254 /280 1.1+£0.1% 1.1+0.1*% 0.8 +0.01% 0.9 +£0.03 0.8 +£0.01% 0.8 +0.03*
OMP, 370 nm,CU/ml 6.2 £0.2% 7.1+ 0.3*% 5.2+0.2 5.0*+0.2 9.7+ 0.3% 9.1+ 0.2%
OMP, 430 nm, CU/ml 2.8 £0.2% 4.3+0.3*% 2.2+0.1* 1.6 = 0.1 4.3+0.3*% 4.0 £0.2*
OMP, 370,/430 2.6 +0.1* 1.8 +0.1% 2.3+0.1* 3.2+0.2 2.4+0.1% 2.3+0.1%

Note. * — difference between groups significant (p < 0.05) comparing to the volunteers group 4. CU — conventional units;
MMM — middle mass molecules; OMP — oxidatively modified proteins; SOD — superoxide dismutase; TBARS — thiobarbituric acid

reactive species.
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canbe easily noted. Interestingly, there wasno anticipated
vagal hyperactivity in DPUD patients but to the contrary
HF band was reduced and LF/HF ratio was elevated.
Orthostatic test in this group also demonstrated strain of
the central regulatory mechanisms and failure of the
adaptive mechanisms shown by lowering of TP, SDNN,
RMSSD, pNN50, K, 5, HF band and progressing
autonomic imbalance (by LF/HF ratio). Changes of
HRYV in DPUD are in accordance with the modern
statement about the significant role of OS in the
pathogenesis of this illness [1, 5, 15, 19, 25]. Indeed,
impaired pro-/antioxidant balance was noted by
markedly elevated level of hydroperoxides, which are
primary products of lipid peroxidation. At the same time
normal levels of TBARS (secondary lipid peroxidation
products) pointed rather to insufficient utilization than
to excessive production of these oxidative destruction
products. Taking into the account the fact that
hydroperoxides have high destructive potential towards
macromolecules their excessive accumulation is an
important signs of OS. Further presence of OS in
DPUD was confirmed by significantly elevated levels of
OMP,,,. However, normal level of OMP,, was
accompanied by decrease in both fractions of MMM in
these patients. Because MMM include neuropeptides,
inflammatory mediators, signal molecules, heat shock
proteins, transcriptional factors that induce genes of the
antioxidant defense (e.g. ARE-antioxidant response
elements), depletion of these regulatory molecules may
contribute to the MMM decrease. Such findings agree
with the current concept of OS, according to which
accumulation of the oxidative destruction products
results from the low intensity of redox reaction
[21, 27].

The most prominent signs of OS were observed in
patients with type 2 DM as demonstrated by the
significantly increased levels of lipid and protein
oxidative destruction products. The division of these
patients into two resistance groups allowed to identify
subjects with the lowest adaptive potential and OS
resistance characterized by critically low spectral
power (TP < 400 ms?) and almost rigid rhythmogram
(group 1). The highest activity of the VLF band
(59.9 %) in the spectral structure of these individuals
showed strain of the central regulatory mechanisms.
Simultaneously, sympathetic predominance by LF/
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X.0. Cemen!, O.11. €anicecsa’, H.B. Inenvkic”?, /. B. Kamincokuit!, H.O. Casxa?, O.I. Seopcokuii !

CraH cucTeMU Npo-/aHTUOKCHAAHTHU Ta BapiabenbHoCTi
cepueBoro pUTMy B 0Cib i3 pi3HUX PyHKLiOHaNbHUX rpyn

JTbBiBCHKUIT HALIIOHATBHUI MEIUIHUN YHiBepcuTeT iM. Jannna [anmuibkoro
2J13 «Kutiniuna mikaphst ITTO «JIbBiBChbKa 3aiTi3HULISI», M. JIbBIB

Oxuchuii ctpec (OC) € BaXJIMBUM [TATOrEHETHYHUM MEXaHi3MOM BUHUKHEHHs GaraTbox 3aXBOPIOBaHb. Mloro mmbuHa
3BUYANHO OIiHIOEThCS 3a ITapaMeTpaMu Mpo-/ aHTUOKCUAAHTHOTO OaJlaHCy, 110 HE JOCTaTHbO XapaKTepU3y€e iHTEHCUBHICTb
OKMCHO-BiTHOBHUX TipoluieciB. [lolyk iHTerpaTMBHUX MapaMeTpiB, sIKi O ajeKBaTHO BioOpaXkajiM cTaH aepoOHOro Mera-
00J1i3MYy, 3aJIMIIAETHCS AyKE BaXJIMBUM 3aBaaHHSIM. Ha chboromHiliHiil feHb HeiHBa3MBHE JOCIIIKEHHsI BapiaOebHOCTI
cepueBoro putMy (BCP) Bce yacTile po3LiHIOETCS SIK METOJI OLIIHKM He Jinie (PyHKIIIOHATbHOI aKTUBHOCTI PEryJISITOPHUX
CUCTEM, a i CTAaHy CUCTEMU TIPO-/aHTUOKCUIAHTH Ta CTPECOCTIKOCTi OpraHi3my.

Mertoro podoTu OyJI0 BUBUMTH CTaH a€pOOHOIr0 MeTabo1i3My 3a mapaMeTpaMKi CUCTEMU Mpo-/aHTHUOKcUaaHTU Ta BCP
Y Nali€HTIB i3 pi3HUX (PYHKI[IOHATBHUX IPYTI.

Marepianan Ta Metoau. Y IOCTIIKeHHsST OyJu BKIIOUeHi 36 xBopux Ha 1ykposuii miadet (LI) 2 tumy, 40 xBopux i3
BMPAa3KoOBOIO xBopoboio nBaHamustunaioi kummku (BXATTK), 36 cnoprcmeHnis Ta 40 3m0poBUX BOJOHTEPIB (KOHTPOJIbHA
rpyma). Yacosi Ta ciekTpaibHi mokazHuku BCP oniHioBamu y Kopotkux 3amucax EKI (5 XxB y moioxxeHHi Jiexkadu, 6 XB
CTOSIYM — OPTOCTaTWYHA Tpoda) 3a moromororo mnpwiany BHC-mikpo® Ta mporpamHoro 3abesmnedeHHss Heitpocoht®
(P®). Iimbuny OC owiHOBaIM CIEKTPOMOOTOMETPUYHO 3a PiBHSIMM MPOIYKTIB, 1110 PEaryioTh i3 Tio6apOiTypoBOIO KHCIO-
toto (TBKAIT), rimponiepokcuis, B-1inonpoTeiHiB, CEpeIHbOMOIEKYISIPHUX MENTHiB, OKUCHO-MOIU(DIKOBaHUX OiJIKiB Ta
AKTUBHICTIO CYyITIEPOKCUIIMCMYTA3! Ta KaTaaa3u B KPOBi.

Pesynbratu Ta o6rosopenns. OzHaku OC Oy/iu BUsIBACHI B 0Ci0 3 yciX (OyHKIIOHATBHUX TPy, TPUIOMY HANUOIIbII K-
ooki mposiBu OC cnocrepiranuce y ocid i3 LI, a HaliMeHII BUpaXeHi 3MiHM — Y cllopTCMeHiB. ¥ xBopux Ha LI/ 2 tumny
301JIbLIIEHHST PiBHIB IMPOIYKTiB OKMCHOI IECTPYKIIil Ta MiABUIIICHHS aKTUBHOCTI aHTUOKCUIAHTHUX (DePMEHTIB CYITPOBOIKY-
Bastocsl 3HaUHUM 3HMXKeHHsIM BCP i3 nmepeBaxkaHHSIM Y cTpyKTypi ciekTpa VLF konuBaHb. B Toii ke yac cxoxi 3MiHU Mpo-/
AHTUOKCUIAHTHOTO OaJTaHCy B CIIOPTCMEHIB acollitoBajncs 3i 3HAUHO BUIIMMU MapaMeTrpamu BCP Ta BUCOKOIO aKTUBHICTIO
aBroHoMHUX KomItoHeHT (LF, HF) y ctpykTypi criektpa. ¥ xBopux Ha BX/IITK Takox 0yno BussieHo o3Haku OC, ogHak
iX IMOKHa OyJia 3HAYHO MEHII BUPA3HOIO, 110 TAKOXK CYIIPOBOKYBAJIOCH IESIKUM 3HUKEeHHIM rapameTpiB BCP, ocodinso
B OPTOCTaTUYHili MPoOi.

BucnoBku. [locnimkents BCP y manieHTiB pi3HUX (YHKIIIOHATBHUX TPYIT TEPEKOHINBO AEMOHCTPYIOTh, III0 HU3bKA
BCP acouritoeTbes 3i 3HUKEHUM (DYHKIIIOHATBHO-MeTaboJiyHUM pe3epBoM i nepcucteHlieio OC. BCP € nepcrieKTMuBHUM
METO/IOM OLIiIHKM Ta MOHITOPUHTIY JAUCOAIAaHCY B CUCTEMi MPO-/aHTUOKCUJAHTU Ta ajanTalliiHoro pe3epBy B ocibd i3 OC-
acolilloBAHUMU CTaHAMU.

KitouoBi cioBa: BapiaGebHICTh CEpLIEBOIO PUTMY, OKUCHHUI CTpec, CUcTeMa Mpo-/aHTUOKCUIAHTH, (DYHKIIIOHAJIbHO-
MeTaboJIiYHUI pe3epB, LlYKPOBU 1ia0eT, aTjeTH, BUpa3KoBa XBopooa.

K.O. Cemen’, O.11. Eauceesa’, H.B. Haenvkue’ 2, JI.B. Kamunckwii’, H.O. Casxa?, O.I. Seopckuii’

CocTosiHue cUcTeMbl ﬂpO-/aHTMOKCMAaHTbI U Bapua6enb|-|ocru
cepaeyHoro pyutMma y MHAMBUAOB pa3/IM4HbIX q)YHKLIMOHaJ'IbeIX rpynn

!JIbBOBCKMIT HAIMOHATBHBIN MEIUIIMHCKWI YHUBEpCcUTeT UM. Jlanuna [amiikoro
2I'Y «Knmunauueckast 6osbauia 'TOO «JIbBOBCKast xeJie3Has 1oporax, T. JIbBOB

OxucnurensHbliit crpece (OC) siBasieTcs BaXKHBIM MATOT€HETUYECKMM MEXaHU3MOM BO3HUKHOBEHUST MHOTHUX 3a00J1eBa-
Huii. Ero rimyorHa oObIMHO OIIEHUBAETCSI TT0 TTI0OKA3aTeIsIM CUCTEMBI ITPO-/aHTUOKCUIIAHTBI, KOTOPBIE HE TOCTATOYHO XapaK-
TEPU3UPYIOT UHTEHCUBHOCTb OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX MpoIieccoB. [103TOMYy MOMCK MHTETpaTUBHBIX TTapamMe-
TPOB, MO U3MEHEHMSIM KOTOPBIX MOKHO ObLTO ObI aI€KBATHO OLIEHUTh COCTOSIHUE a9POOHOT0 MeTabon3Ma, OCTaeTCsl OUEHb
aKkTyaabHbIM. Ha ceromHsmHuil neHb HeMHBa3WBHOE UCCIIeloBaHNe BapuabeabHocTH cepaedHoro putma (BCP) Bce varie
paccMaTpuBaeTcsl KaK METON OLIEHKM HE TOJIbKO aKTMBHOCTU PETYISITOPHBIX CUCTEM, HO U COCTOSIHUSI CUCTEMBI IMpo-/
AHTUOKCUJAHTBI U CTPECCOYCTONYMBOCTY OPraHU3Ma.

Iespio padoTHI OBUTO U3YYUTH COCTOSTHUE adPOOHOTO MeTaboM3Ma o TTapaMeTpaM CUCTEMBI TTPO-/aHTUOKCUIAHTHI 1
BCP y naneHTOB pa3sandHbIX (OYHKIIMOHAJTBHBIX TPYIII.

Marepuassl 1 MeToIbl. B ncciiefoBaHre ObLIN BKIIOYEHBI 36 G0MbHBIX caxapHbiM auadeToM (C) 2 Tuna, 40 GOIbHBIX
SI3BEHHOIT 60J1e3HbI0 IBeHanuaTunepctHoi kumku (IBATTK), 36 cioprcMeHOB 1 40 310pOBBIX BOJIOHTEPOB (KOHTPOJIbHAST
rpyrma). BpemeHHbIN 1 cieKTpaibHblil mokazaresu BCP ananusupoBanu B Kopotkux 3anucsax DKI (5 muH nexa, 6 MuH
CTOST — OpTOCTaTHYEeCKas Mpoba) ¢ momolbio mpudopa BHC-Mukpo® u mporpammHoro obecrieueHuss Heitpocopt® (PD).
[myouna OC oneHMBanIach CrieKTPOhOTOMETPUIESCKU IO YPOBHSIM TIPOAYKTOB, KOTOPBIE PEarupyroT ¢ THOOApOUTYpPOBOIA
kucnotoit (TBKAII), ruapomnepokcuaoB, [-IUMONPOTEUAOB, CPEIHEMOJIEKYISPHBIX TMENTUAOB, OKHUCIUTEIbHO
MOAUGULIIMPOBAHHBIX OEJIKOB Y aKTUBHOCTSIMU CYTEPOKCUATUCMYTA3bl U KaTaua3bl B KDOBHU.

Pesyabrarsl u oocyxnenue. [Tpossrenust OC 66Ut 0OHAPYXKEHBI Y UCTIBITYEMBIX Pa3TUIHBIX (DYHKIIMOHATBHBIX TPYIIIL,
npuueM Haubosee rryookue mposisaeHust OC ObUIM MPOASMOHCTPUPOBaHbI ¥ 60JbHBIX CJI, a M3MeHeHUs] HauMeHbIIe
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nIyOUHBI — y aTeToB. Y 0osibHbIX CJl 2 TUNa yBeIMuYeHue MPOAYKTOB OKUCIUTEIbHON NeCTPYKIIMU U MOBBILIEHUE aKTUB-
HOCTU aHTUOKCHUIAHTHBIX (DEPMEHTOB COIPOBOXIAIOCH 3HAYUTENbHBIM yMeHblleHueM BCP u mpeo6mamanuem VLF-
KoJIebaHUI B CTPYKType criekTpa. B To xe Bpems moxoxue U3MeHeHUsI TPO-/aHTUOKCUIAHTHOTO OajlaHca y CIIOPTCMEHOB
accolMupoBaIUCh ¢ BbiICOKOW BCP u moBbllIeHHMEM aKTUBHOCTM aBTOHOMHBIX peryiastopHbix KomrnoHeHT (LF, HF) B
cTpykType crekrpa. ¥ 6onbHbIx SABAIK Takke Obl1M 00HaApY:XeHbI mposBieHrus OC, omHaKO MX BBIPaKEHHOCTh ObLIa
MeHblIIe, yeM y 6onbHbIX C/I, 1, COOTBETCTBEHHO, CONPOBOXIaJach HEKOTOPbIM cHukeHueM BCP, ocobeHHO B opTOCcTaTh-
YyecKoit rpooe.

BeBoapl. ViccienoBanust BCP y manneHTOB pa3nunaHbIX GyHKIIMOHATBHBIX TPYIIT YOSIUTETbHO TTOKA3bIBAIOT, YTO HU3-
kast BCP accouunupyetcst co CHUXeHUeM (pyHKIMOHAIbHO-MeTab0IMUeCKOro pe3epBa 1 nepcucTeHyeit mposiieHuii OC.
BCP sBrisiercst TiepCrieKTUBHBIM METOIOM OIIEHKM W MOHMTOPWHTA TJIYOWHBI ITPO-/aHTUOKCUIAHTHOTO MucOaiaHca U
a(bheKTUBHOCTY aNanTallMOHHOTO pe3epBa y UcbITyeMbix ¢ OC-acconnrpoBaHHBIMU COCTOSTHUSIMU.

KmioueBbie cioBa: BapuabeabHOCTb CEpAEYHOTO PUTMA, OKMCIUTENbHBII CTpecc, CUCTeMa Mpo-/aHTUOKCUIAHTHI,
(GYHKIIMOHATIbHO-METa00JIMUECKHUIl pe3epB, caxapHblil 1uadeT, i3BeHHast 00JIe3Hb, CIIOPTCMEHHBI.

Meoduuyuna mpancnopmy Yxpainu
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