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Introduction. It is suggested that jujube might have beneficial effects on exercise-induced

immune perturbations, specifically on neutrophils apoptosis regulation, but its cellular mechanism
is unclear. Aim. The aim of this study was to investigate the acute effect of Ziziphus jujuba
administration on pro- and anti-apoptotic protein levels in human neutrophils in response to
a session of circuit resistance exercise (Ex). Material and Methods. Participants completed an
Ex (75 % 1RM, 9 exercises, 3 sets). While one group received a placebo, the other group (Zj)
was supplemented daily with jujube (0.5 gr/kg body weight suspended in 2.5cc distilled water)
one hour before Ex. Results. Ex increased the neutrophil level of [Ca®'];, calpain-1 and caspase-3
(p < 0.05) while a reduction of calpastatin and XIAP were observed (p < 0.05). Zj either sup-
pressed the [Ca*']; or reversed the calpastatin, calpain-1, XIAP, and caspase-3 responses (p < 0.01).
Conclusions. The data indicate that a single session of intensive Ex induced apoptotic signaling
in human neutrophils with the involvement of [Ca”'];-calpastatin-calpain axis upstream caspase-3.
Acute administration of jujube solution before exercise attenuated these effects probably by pro-

viding energy sources for neutrophils or by functioning as antioxidants.
Keywords: jujube supplementation, resistance exercise, neutrophil apoptosis, [Ca’']-

calpastatin-calpain axis, caspase-3, XIAP.

INTRODUCTION

Neutrophils are cells which represent a first
line defense against pathogens. Besides, they are
known to be key regulators of inflammatory res-
ponses which die through spontaneous apoptosis
at inflamed tissues [16, 17, 31].

A single bout of high intensity exercise is
known to mobilize neutrophils from the marginal
pool into the circulation [17]. After intensive
exercise, several neutrophils function like oxida-
tive burst or migration are temporarily inhibited
which is speculated to clinically affect risk of
infection. Recently, it was shown that intense
exercise affects neutrophils lifespan by modi-
fying their susceptibility to apoptosis [16]. There
are conflicting data regarding exercise-induced

neutrophil apoptosis. It is demonstrated that acute
severe exercise induced an oxidative state in neu-
trophils which resulted in acceleration of sponta-
neous neutrophil apoptosis [31]. Besides, it is
found that moderate exercise did not affect neu-
trophil apoptosis, but intensive resistance and
endurance exercise delayed neutrophil apoptosis
during recovery period [23]. So, what is the ex-
planation to these conflicting results? Maybe
focus on cellular and molecular mechanisms.
Previous studies demonstrated that a single
session of acute exercise induced DNA fragmen-
tation, mitochondrial membrane depolarization,
and increased expression of pro-apoptotic genes
(bax and bcl-xS), while expression of anti-
apoptotic genes (bcl-xL) in rat neutrophils were
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suppressed [15, 18]. Furthermore, exercise was
accompanied by an increase of p53 and caspase-3
expression, whilep38 MAPK and JNK where
phosphorylated [16]. An important anti-apoptotic
modulator in neutrophils is represented by cal-
pastatin. A decrease in calpastatin expression
may release the constitutively active calpains to
cleave Bax into an active fragment and deactivate
XIAP [9]. Both calpastatin and calpain-1 represent
critical proximal elements in a cascade of pro-
apoptotic events leading to Bax, mitochondria,
and caspase-3 activation, and their altered expres-
sion appears to affect life span of neutrophils un-
der pathologic conditions [3]. However, the ex-
pression of these calcium-dependent proteins
after exercise has not been investigated yet. Re-
cently, exercise induced an increase of intracel-
lular calcium ([Ca*']) transients [23], suggesting
the involvement of calpastatin-calpain-calcium
axis in neutrophils apoptosis regulation during
exercise.

In athletes, an increasing prevalence of sup-
plementation is reported [30]. An important rea-
son for taking supplements is to prevent exercise
induced immunodepression and to decrease like-
lihood of illness [24]. Although supplementation
of hydrolyzed whey protein enriched with gluta-
mine dipeptide had no effect on immune cells [7],
glutamine supplementation affected exercise in-
duced immune perturbations by reducing neutro-
phils apoptosis [15, 16, 18]. However, long-term
consumption of chemical supplements can be
harmful [39]. Accordingly, it is recommended
to use natural or herbal supplements [32, 37].

Jujube (Ziziphus) is a native plant from
southern Europe and Specially Asia [28]. It is
known as Chinese date and red date [27]. It also
grows in east, southeast and central of Iran, and is
called “annab” [12]. Jujube has been traditionally
used fresh or processed (dried) as food, food ad-
ditive and flavoring agent for thousands of years,
due to its high nutritional values [19]. Previous
studies have revealed that jujube contains various
constituents, including triterpenic acids [11] fla-
vonoids [25], cerebrosides [11], amino acids [5],
phenolic acids [8], mineral constituents [19], and
polysaccharides [13]. Recent studies showed that
jujube fruits have multiple bioactivities, such as
anticancer [26], hepatoprotective [29], gastroin-
testinal protective [13], neuroprotective effects
[40], antioxidant [4], anti-insomnia, immunos-
timulating [20], and anti-inflammatory [41]. Ac-
cordingly, it is suggested that jujube might have

beneficial effects on exercise induced immune
perturbations, specifically on neutrophils apop-
tosis regulation. In this regard, we previously
demonstrated that solution supplementation one
hour before exercise [34] and one week jujube
solution supplementation [35] affected number of
Annexin V positive neutrophils after exercise.
However, up to now there are no data about
the underlying cellular and molecular mecha-
nisms which might affect balance of pro-and anti-
apoptotic signals.

MATERIALS AND METHODS

Participants. The present study was ap-
proved by the Research Ethics Committee of the
Tarbiat Modares University of Medical Science
and was conducted in accordance with the policy
statement of the Declaration of Iranian Ministry
of Health. Written informed consent was ob-
tained from participants. All subjects were asked
to complete a medical examination and fill a me-
dical questionnaire to ensure that during the past
month they had not taken any regular medication,
smoked, consumed alcohol or taken any regular
exercise in the past 2 months, and were free of
cardiovascular or metabolic diseases or recent
symptoms of upper respiratory tract infection in
the month prior to the start of these tests. Volun-
teers were randomly assigned to 2 groups (n = 7)
including a Circuit Resistance Exercise (Ex)
group with placebo (age: 25 + 3 years, height:
171 £ 2 cm, weight: 67.5 = 4.9 kg) and Ex group
(n = 7) with Ziziphus jujube (Zj)/ solution (age:
25 £ 1 years, height: 180 + 4 cm, weight: 74.1 +
+ 5.8 kg).

One repeat maximum (1-RM) test. 1-RM
value was determined by trial in three separate
sessions, by adding or removing weights after
each attempt, as required. Subjects were allowed
to take as much time as they felt necessary to re-
cover from each attempt. This was confirmed by
visual and verbal feedback from participants.

Jujube preparation. The semi-dried fruits
of Zj were washed, and seeds were separated and
the soft red parts were removed. The samples
were dried at 50 °C and ground to a powder using
a mortar [37].

Combination assessment of jujube extrac-
tion by gas chromatography-mass spectrome-
try (GC-MS). Compounds of Zj extraction were
detected by GC-MS by semi-quantitative method.
The contents of Zj extraction compounds were
quantified using an internal standard (3-octanol,
99 %, Sigma-Aldrich). Wine volatile compounds
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were analyzed using an Agilent 5975 Mass Spec-
trometer coupled to an Agilent 7890A Gas
Chromatograph (Agilent, Santa Clara, USA).
A DB-WAX column (60 m x 0.25 mm ID and
0.25 pum film thickness) was used for separation.
The working parameters were as follows: injector
temperature of 210 °C, EI source of 230 °C, MS
Quad of 150°C and transfer line of 210 °C.
The initial temperature was 30 °C for 8 min,
which was increased to 150 °C at a rate of
3 °C/min. Injector port temperature was 290 °C
and helium used as carrier gas at a flow rate
1.5 ml/min. A total of 15 compounds were posi-
tively or tentatively identified by GC-MS that
contain 92.27% the area under the peak totally
(Table 1).

Exercise protocol. All participants per-
formed a session of Ex in two cycles, simulta-
neously. Each cycle contained 9 exercises (seat
up, back extension, biceps curl, triceps press,
knee extension, knee curl, standing calf raise,
chest press, seated row, machines were used in
all exercises). The test included three non-stop
circuits with a 3-minute active rest period be-
tween circuits. Each exercise was performed
for 30 s (about 1014 repeats) with 1RM of 75 %
[33, 36].

Supplement protocol and blood collection.
The groups had a standard diet program during

3 days before test for unification and nutritional
control. They received three meals/day: breakfast
(10 kcal-kg™' BW, 70 carbohydrates, 18 % pro-
tein, 12 % fat), lunch (10 kcal-kg”' BW, 70 %
carbohydrates, 18 % protein, 12 % fat) and, din-
ner (18 kcal-kg ™' BW, 70 % carbohydrates, 15 %
protein, 15 % fat). Subjects arrived at the test
location, after 12 hours overnight fast, at 08:00
where they rested for about 30 minutes. Then
subjects received placebo (2.5 “/kg of body
weight in distilled water sweetened with sugar
without calories and colored by food dye) and Zj
solution (0.5 gr/kg body weight in 2.5 “ distilled
water) at 08:30 in double-blind manner and
rested for about 60 min, at 09:30 all subjects per-
formed the Ex in two cycles, simultaneously.
The first peripheral venous blood samples were
drawn at 08:30 before supplements of placebo
and Zj solution, second blood samples were
taken immediately after exercise at 10:00, then
subjects remained seated for 120 min, and
the third set of blood samples were taken at
12:00. The research design and blood collection
is shown in Fig. 1.

Neutrophil isolation. Neutrophils were puri-
fied from venous blood treated with ACD from
healthy volunteers by 3-steps: Dextran sedimen-
tation, hypotonic lysis, and Ficoll sedimentation,
as described previously [35].

Table 1

Combination assessment of jujube extraction by gas chromatography-mass spectrometry (GC-MS)

Combination The area under the Peak (%) Retention time (min)
Furfural 51.33 20.21
4-Pyrone 9.51 17.07
Oleic acid 6.31 39.00
Palmic acid 4.15 35.70
Imidazole 3.03 23.59
Cyclononasiloxane 2.03 42.05
Cyclodecasiloxane 1.75 35.63
Oxantin 1.61 10.65
Guanine 1.58 27.20
Gamma.-Sitosterol 1.17 44.56
Niphimycin 1.16 26.89
Iron 1.10 45.65
Butanediol 1.07 27.00
Phthalic acid 1.02 45.48
Pentasiloxane 1.01 48.34
Dodecanoic acid 0.97 27.616
Octadecamethyl 0.95 32.604
Methyl 2-furoate 0.92 14.28
1,4-dicarbonic acid 0.86 51.997
Tetradecanoic acid 0.74 31.840
Total 92.27
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Fig. 1. Research Design and Blood Collection

Neutrophil's proteins and [Ca2+]i assessments. Determination of caspase-3 (E20120710034,
0.05-10 ng/ml), calpain-1 (E20120710031, 13—-800 IU/L), calpastatin (E20120710032, 16—-1000 IU/L),
Bax (E20120710035, 0.3-90 ng/ml), and XIAP (E20120710036, 0.05-20 ng/ml) was analyzed by
ELISA (Glory Science Co., Ltd, China). [Ca*']iassessed by Atomic Absorption/ Flame Emission method
and SPECTROPHOTOMETER system (Shimadzu, AA-670).

Statistical analysis. Repeated measure (two-way) ANOVA was used to determine the effects of
TIME and Group by SPSS software at significance level of p < 0.05.

RESULTS

Muchly's sphericity assumption was meet for [Ca®]; (W = 0.794; p = 0.281), calpastatin
(W = 0.904; p = 0.573), calpain-1 (W = 0.849; p = 0.406), Bax (W = 0.712; p = 0.154), XIAP
(W =0.712; p=0.154), and caspase-3 (W = 0.884; p = 0.508).

[Caz+]i. The interaction effect of TIMExGROUP was significant (F,4 = 6.875; p = 0.005;
n® =0.361). Accordingly, it increased linearly in placebo group during Ex and recovery period (Pre.Ex =
=0.88 + 0.06, Po.Ex = 1.28 + 0.02, 2hEx = 1.40 + 0.04 mg/L). In contrast, in Zj group [Ca”'];. levels
remained unchanged over time (Pre.Ex = 1.47 = 0.01, Po.Ex = 1.53 + 0.01, 2hEx = 1.68 £ 0.08 mg/L)
(Fig. 2a).

Calpastatin. The interaction effect of TIMExGROUP was significant (F,,4 = 4.802; p = 0.018;
n* = 0.286). Accordingly, it decreased linearly during exercise and recovery in placebo group (Pre.Ex =
=28 £0.8, Po.Ex =26 £ 0.6, 2hEx = 23 £ 0.8 IU/L). But in Zj group, it is increased and decreased dur-
ing exercise and recovery periods (Pre.Ex =26 £ 1.2, Po.Ex =30 £ 0.5, 2hEx = 25 + 0.7 IU/L), respec-
tively (Fig. 2b).

Calpain-1. The interaction effect of TIMExGROUP was significant (F,24 = 14.799; p < 0.001;
n° = 0.552). Although it remained unchanged immediately after exercise in both placebo (Pre.Ex = 257 +
+ 7.3, Po.Ex =256 + 5.7 IU/L) and Zj (Pre.Ex = 280 + 7.5, Po.Ex = 276 + 6.7 IU/L) group, a significant
elevation and placebo (2hEx = 276 + 6.2 IU/L) and decline in Zj (2hEx = 259 + 5.2 IU/L) group was
found at 120 after exercise (Fig. 2¢).

Bax. The interaction effect of TIMEXGROUP was insignificant (F,p4 = 1.154; p = 0.332;
n® = 0.088) (Fig. 2d). Accordingly, it remained unchanged in both placebo (Pre.Ex = 37.5 + 5.4, Po.Ex =
=29.3 £ 0.9, 2hEx = 30.1 + 1.0 ng/ml) and Zj (Pre.Ex = 30.1 £ 0.8, Po.Ex =29.3 £ 0.5, 2hEx =29.8 +
+ 3.1 ng/ml) groups over time (Fig. 2d).

XIAP. The interaction effect of TIMExGROUP was significant (F,p4 = 6.727; p = 0.005;
n® = 0.359). Accordingly, it unchanged in both placebo (Pre.Ex = 4.21 + 0.26, Po.Ex = 4.33 +
+0.17 ng/ml) and Zj (Pre.Ex = 4.21 £ 0.14, Po.Ex = 4.47 + 0.12 ng/ml) group during exercise, but
during recovery it had reduction in placebo group (2hEx = 3.89 £ 0.22 ng/ml) and elevation in Zj group
(2hEx = 4.83 + 0.18 ng/ml) (Fig. 2e).

Caspase-3. The interaction effect of TIMExGROUP was significant (Foo4 = 24.231; p < 0.001;
n® = 0.669). Accordingly, levels increased linearly during both exercise and recovery in placebo group
(Pre.Ex =5.5+ 0.1, Po.Ex = 6.0 £ 0.1, 2hEx = 6.9 + 0.2 ng/ml); and in Zj group, it unchanged during
exercise and decreased during 120m recovery period (Pre.Ex = 6.3 + 0.1, Po.Ex = 6.0 + 0.2, 2hEx =
=5.4+£0.1 ng/ml) (Fig. 21).
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Fig. 2. The Acute Effect of Ziziphus jujuba Supplementation on some Pro- and Anti-Apoptotic Protein Levels of
Human Neutrophils in Response to a Session of Intensive Circuit Resistance Exercise: a — effect on intracellular
calcium levels; b — effect on calpastatin expression; ¢ — effect on Calpain-1 expression; d — effect on Bax expression; e —
effects on XIAP levels; f — effects on Caspase-3 levels. Pre: previous. CRE: circuit resistance exercise. Im.po: Immediately
Post. 120 m: 120 minutes. x — interaction effect of GROUPXTIME is significant at p < 0.05; + — significant diference with
Pre.CRE in Placebo at p < 0.05; + — significant diference with Im.Po.CRE in Placebo at p < 0.05; * — significant diference
with Pre.CRE in Jujube at p < 0.05; ** — significant diference with Im.Po.CRE in Jujube at p < 0.05. Error Bars peresent as SE

DISCUSSION

Current data implicate that acute resistance
exercise induced an increase of [Ca®];, calpain-1,
and caspase-3, while XIAP and calpastatin levels
decreased. Accordingly, pro-apoptotic molecular
signals with involvement of [Ca®"}i-calpastatin-
calpain-caspase-3 axis were up-regulated in re-
sponse to exercise. In contrast, supplementation
with Zj attenuated the exercise induced increase
of pro-apoptotic signals and increased the levels
of anti-apoptotic signals such as XIAP.

In neutrophils the critical balance between
cell life and cell death is regulated by the balance
between levels of anti-apoptotic andpro-apoptotic
proteins levels [14]. Although the neutrophils
[Ca®"]i-calpastatin-calpain axis was not investi-

gated during exercise conditions before, it is sup-
posed that the calcium-dependent cysteine pro-
teasis calpain is an important mediator of neutro-
phil apoptosis. During the apoptosis process, cal-
pastatin is broken down and calpains cleave
the Bax, and deactivate XIAP, thus causing neu-
trophil apoptosis [9].

In placebo group, [Ca®"}; levels increased
during exercise and recovery. In parallel, anti-
apoptotic calpastatin decreased. While calpain-1
and XIAP remained unchanged during exercise,
they increased or decreased during recovery, re-
spectively. Caspase-3 increased linearly during
exercise and recovery suggesting that intensive
Ex affects the balance between pro- and anti-
apoptotic proteins in neutrophils to pro-apoptosis.
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An increase of neutrophil apoptosis after inten-
sive exercise was found previously after acute
exercise; Here, it a change in the oxidative state
in neutrophils was documented which resulted in
apoptosis [31]. Similarly, our own group found
an increase of Annexin-positive neutrophils after
intensive resistance exercise [35]. The involve-
ment of ([Ca®];) in apoptosis regulation during
exercise was previously demonstrated in lympho-
cytes [22] and neutrophils [23]. Here it was found
that exercise affect neutrophils calcium transients
followed by a modulation of neutrophils life
span. A study showed that incubation with Gra-
nulocyte Colony-Stimulating Factor (G-CSF)
delayed in vitro neutrophils apoptosis for 12 h
and prevented the activation of caspase-3 and -9.
Besides it strongly prevented activation of cal-
pains (upstream of caspase-3) through control of
calcium permeation. Accordingly, it is strongly
suggested that [Ca®>"]; modulation is involved in
apoptosis during exercise with the involvement
of calpains. In addition, prevention of Calpain
caused stability of XIAP and so activity inhibi-
tion of caspase-3 and -9 [38].

The importance of the [Ca’'];-calpastatin-
calpain axis for induction of apoptosis is sup-
ported by the contrary effects of Zj supplementa-
tion on neutrophils protein expression after exer-
cise. Accordingly, in Zj solution group, increase
of [Ca®]; was inhibited compared to placebo
group. In accordance, calpastatin and XIAP in-
creased while a decrease of calpain-1 was found
the resulting decrease of caspase-3 in Zj group
suggested that supplementation one hour before
exercise is able to reverse the exercise induced
changes of pro- and anti- apoptotic proteins in
human neutrophil. Similarly, glutamine feeding
resulted in reduction neutrophils apoptosis in-
duced by exercise; in which assumed that sup-
plementation might have protective effects on
mitochondrial integrity [18]. In other study, one
session of exercise increased neutrophils' cas-
pase-3 gene expression in rats, which was atte-
nuated by supplementation with glutamine [16].
Zj fruit contains high carbohydrates, fat, protein,
various amino acids such as three precursor of
glutamine and several others [10]. Accordingly,
it is suggested that glucose and glutamine are
important energy sources of neutrophils during
exercise [17], which might be more important
than glucose [6]. Thus, Zj supplementation
(0.5 gr/kg body weight in 2.5 “ distilled water)
might be an important provider of energy for
neutrophils which is specifically important

during energy demanding activities like circuit
training. In accordance with our data, 30 days of
Zj extraction supplementation reduced Bax ex-
pression and increased Bcl-2 expression in rats'
heart muscle in response to two swimming bouts
(15-min) on two days [21].

Besides, Zj contains various minerals and vi-
tamins which have anti-oxidative we properties
such as vitamins C, and A. It also contains glyco-
side complexes, including phenols (Querectin
and Kaemferol) as well as flavonoids and triter-
penes [4, 5, 8], which also have anti-oxidative
properties. We know that acute exercise with
high intensity elevates oxidative stress and tissue
damage [31], and intensive resistance training
also have a profound effect on in lipid peroxida-
tion and production of free radicals through blood
ischemia-reperfusion and mechanical loads
exerted on the involved soft tissues [1]. The in-
volvement of oxidative mechanisms is likely be-
cause it was shown that exercise induced neutro-
phil apoptosis is related to an altered oxidative
status [31, 35]. In contrast, 3 weeks Zj adminis-
tration (0.4 gr/kg body weight) improved nega-
tive effect of a bout of resistance exercise (5 ex-
ercise with 90 % 1RM) on suppression of total
antioxidant capacity [2] and glutathione pero-
xidase (GPX) [1]. It is found 30 days supplemen-
tation with Zj extraction reduced Bax expression
and increased Bcl-2 expression in rats' heart
muscle accompanied by reduced levels of lipid
peroxidation and increase antioxidant enzymes
activities [21].

CONCLUSION

In summary, intensive Ex turned protein ba-
lance in neutrophils to pro-apoptotic signals.
In contrast supplementation with Zj solution an
hour before exercise suppressed these responses
suggesting that supplementation inhibits cell
death. Mechanistically, it is suggested that the
[Ca’")-Calpastatin-Calpain axis upstream cas-
pase-3 is involved in exercise induced apoptosis
modulation of neutrophils. The modifying effects
of Zj on this pathway might be due the supply of
energy or its anti-oxidative capacity. Any clinical
effects of Zj on the immune system after exercise
remain to be shown in future studies.
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BJIMAHUE YNOTPEBJIEHUA SUSUNDYCA HACTOALUEIO
HA NMPO- N AHTUANONTOTUYHECKYIO 3KCMPECCUIO BEJIKA
B HEUTPO®UIIAX NMOCJIE CUNOBbIX YNIPAXHEHUN

C.M. Talie6u’, K. Kprozep?, M. Cagpakap’, M. Baxpamu®,

I. Taxmac6®, A.B. HenHaweea

’yHueepcumem um. Anname Tabamabau, 2. TezepaH, VpaH,

I'uceHckuil YHusepcumem um. KOcmyca Jlubuxa, 2. lucceH, [epmaHus,
SWcnamckuti YHugepcumem A3ad e 2. KepmaH, 2. KepmaH, MpaH,
*tOxHO-Ypanbckuil 20cydapcmeeHHbill yHusepcumem, 2. YensbuHck, Poccust

CunTaercs, 4To 3u3HuQyC CrIOCOOEH OKa3bIBATh ITOJOXKUTEIBFHOE BO3ICHCTBHE HA UMMYHHBIE
paccTpoiicTBa, BhI3BaHHBIE (PU3NUECKON HArpy3KOH, B YaCTHOCTH, PE4b UAET O PETYJIISLUH aIloll-
TO3a HEHTPO(MIIOB, OMHAKO e BHYTPHKIECTOUHBIII MEXaHU3M BCE €Ille OCTACTCS HEM3yUCHHBIM.
Heuan. Lens qaHHOTO HCCIIEIOBaHUS — M3YYUTh MITHOBEHHBIH 3 QEKT 0T yrnorpediaeHus 3usudy-
ca HaCTOSLIEro Ha IPO- U aHTHANIONTOTHYECKUI1 ypPOBHU Oelika B HeWTpoduiax yenoBeKka B OTBET
Ha CEaHC KPYroBOM TPEHHPOBKH. MaTepHasibl M METOAbI. YUAaCTHUKH 3aBEPIIMIA KPYTOBYIO
TpeHupoBKy (75 %, 11IM, 9 ynpaxkuenwuii, 3 noaxoxa). Iloka oxHa rpynmna noiydana ruane6o,
JpyTas IpyIa exeIHeBHo ynotpebisiia susudyc (0,5 I/Kr Beca Tena B 2,5 cM° TUCTHIUIMPOBAH-
HOH BOJIBI) 3a Yac 10 TPEHUPOBKH. Pe3ysibTaThl. Y yuyacTHHKOB IPYIIIbI, ITOIy4aBlIeH Iu1aneoo,
TIOBBICHIICS ypoBeHb Heitpoduios [Ca’ ], kanbmanna-1 u kacmassi-3 (p < 0,05) npu oaHOBpe-
MEHHOM CHIDKEHMM YPOBHs KaibllacTaTWHa W X-CBSI3aHHOTO MHIHOWTOpa OelKa aronrosa
(p < 0,05). B cBoio ouepens 3m3ndyc mobo noxaemsui [Ca’'|;, 1160 peBepcHpoBaT OTBETH Ha
KaJIbIIACTaTHH, KaJbllanH-1, X-CBA3aHHBIN HHruOUTOp Oenka amonrto3a u kacmasy-3 (p < 0,01).
3akirouenue. J[aHHbIe OKA3bIBAIOT, YTO OJIMH CEAHC MHTEHCHBHOW KPYyrOBOIl TPEHHPOBKH WH-
JyLMPOBaJI allONTOTHYECKYIO Iepeliauyy CUTHajJoB B HeWTpodumiiax 4ejoBeKa C y4acTHEM OCH
[Ca’']i-KanblIacTaTHH-KaNbIANH, PACIONOKEHHON BbIle Kacmasbl-3. OIHOKPATHbI MPHEM pac-
TBOpa 3u3U(yca nepes] TPCHUPOBKOW ociabmi 3Tu 3(PQEKThI, BEPOSITHO, 3a CUET 00CCICUCHHSI
WCTOYHHMKOB SHEPTHH JIUIsL HEUTPODHIIOB WK 3a c4YeT (DYHKIIMOHMPOBAHUS B KAUECTBE aHTHOKCH-

JIAaHTOB.

Knrwouesvle cnosa: oobaska suzugyca, cuiosvie ynpax)cHeHus, anonmos Heumpoghuios, ocb
2+ o
[Ca”" ] ~-xanbnacmamun-kanenaun, kacnasa-3, X-c8a3annsliili UH2UOUMOP OelKa anonmosda.
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