YK 632,538, 2+577.115.3
A. DMITRIEV ', M. TENA 2, J. JORRIN #
"institute of Cell Biology and Genetic Engineering,
National Academy of Sciences of Ukraine,
*University of Cordoba, Spain

SYSTEMIC ACQUIRED RESISTANCE

IN SUNFLOWER
(Helianthus annuus L.)

Switemic acguired resistance (SAR) to infection by
Botrytis cinerea in the leaves of sunflower ( Helianthus annu-
ws L.} plants was induced following cotyledon inoculation
with B. cinerea or treatment with abiotic inducers. Salicylic
acid (5A), benzo-(1, 2 3)-thiadiazole- 7-carbothioic  5-
methyl ester (BTH), 2, 6-dichloraisonicotinic acid (INA) ar
EDTA protecred sunflower plants against Botrytis infecrion,
that was revealed by a reduction in the number and area of
the necrotic lesions in upper leaves after challenge inocula-
tion with the pathogen. S5A and BTH were more potent
inducers than INA, EDTA or pre-inocularion with the fun-
gus,  fn additton 1o resisrance o B, cinereq, the upper feaves
have alse developed resistance fo maceration by a mixiure
af cell wall-degrading enzymes. Calcium nitrate inhibited
both the protective effect and the resistance of leaf discs to
cell-wall degrading engymes. Al the rested chemicals in-
creased the synthesis and excretion of sunfTower phyioalex-
ins — coumaring scopoletin and ayapin and induced the PR-
proteins chitinase and 1, 3-B-glucanase, being the inducer
effect of each activator correlated with the level of protection
against B cinerea (BTH>SA>INA>EDTA). Thus, S4AR
induction is mediated by general increase of plant defence
responses. This is the first report on SAR in sunfTower,
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Introduction. Acquired resistance is an inducible
plant defence response triggered following infection
with a necrotizing pathogen (either as a part of the
hypersensitive response or as a symptom of disease)
that confers protection against subsequent infection
by that pathogen as well as a number of other poten-
tial bacterial, fungal or viral pathogens [1, 2]. The
phenomenon is known since the begining of the last
century [3], being reported in a number of dicot and
monocot plant species; however its potential has not
been evaluated yet in crops that like sunflower are of
major economic importance. Induced resistance can
be either local or systemic, thus, while local resistance
is activated in the vicinity of the infected or wounded
area, systemic acquired resistance (SAR) is distributed
throughout the plant [4]. Recently there has been a
great interest in SAR because the knowledge of the
molecular basis that governs its induction can be very
important in the development of genetically engi-
neered crops with enhanced disease resistance. SAR
can be induced not only after plant infection but also
after plant treatment with elicitor preparations and a
number of chemicals including the natural salicylic
acid and some synthetic compounds (plant activators)
like isonicotinic acid (INA) and benzothiadiazole
(BTH) derivatives [2, 5]. Even though the acquired
disease resistance is known since long, the molecular
mechanism underlying this process is not completely
understood. Research in this respect has been carried
out using the experimental model plant systems like
tobacco, cucumber and Arabidopsis and has been
mainly focused at the role of salicylic acid and/or of
hydrogen peroxide as endogenous signals for SAR
induction [6, 7], and the correlation with the coordi-
nate expression of defence genes (SAR genes) [8].

Sunflower (Helianthus annuus L.) is one of the
most important oil-producing crops in the world. It is
a host of a number of viruses, bacteria and fungi as
well as parasitic weed species, some of them causing
severe diseases and significant yield loses. In some
cases ( Sclerotinia sclerotiorum and Orobanche cernua)
neither plant breeding programmes nor agrochemi-
cals have completely provided full protection. Some
of the classical plant defence responses like the induc-
tion of the multidefence coumarins scopoletin and
ayapin and PRs have been previously documented in
sunflower [9, 10]. This paper reports for the first time
the induction of SAR in sunflower. Treatment of
cotyledons with Botrptis cinerea, salicylic acid,
benzothiadiazole, isoniconitic acid and EDTA pro-
tected sunflower plants against ulterior infection with
B. cinerea.
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Fig. 1. The induction of SAR in sunflower (cv. Peredovick).
symptoms observed 5 to 7 days after challenge inoculation
with 8. cimerea (10" spores ml™') on the second upper leaves: A —
control plants were cotyledon-treated with sterile distilled

water; B — plants protected by BTH, 0.5 mM had restricied
lesions covering 15 to 30 % of the leaf area

Material and Methods. Plant material and fungal
culture. Seeds of the sunflower { Helianthus annuus L)
cultivar Peredovick were provided by Eurosemillas S.A.
{Cordoba, Spain). The seeds were surface sterilized,
germinated and grown in a growth chamber at 16-h
photoperiod (photon flux density of 300 uE m? s),
21/16 °C day/night-time temperature and 75—85 %
relative humidity. Plants used for experiments were
|6-days-old, corresponding to the two leaf pairs
developmental stage (two expanded leaves and two
yvoung developing ones). Botryiis cinerea Pers. Fr,
isolate Be-7, was obtained from infected tomato
plants. For production of conidia, the isolate was
subcultured in potato dextrose agar and incubated for
12—14 days at 21 °C in darkness.

Induction of SAR with fungi or abiotic inducers. For
fungal inoculation, three 10 ul droplets of a conidial
suspension (10 spores ml') of B. cinerea were sepa-
rately deposited on the upper surface of each cotyle-
don of 16-days old sunflower plants. Plants were
placed in plastic bags at 21—-22 *C for 48 h in order
to provide the high relative humidity necessary for
spore germination. For abiotic induction, three sepa-
rate 10 ul drops of SA (7 mM), EDTA (5 mM),
BTH (0.5 mM) or INA (0.03 mM) solutions (when
necessary, pH was adjusted to 6.5) were applied to
the surface of the cotyvledons. Chemical treatments
were repeated two more times on the 17" and 18
days. Control plants were treated with distilled
water. In a set of plants and 24 h after the third treat-
ment with the chemicals or 48 h after B. cinerea

10

inoculation, cotyledons received an additional
application of three separate 10 ml droplets of a 10
uM Ca(NO,), solution. Challenge inoculation was
done 10, 17 and 24 days after cotyledon treatment
by depositing on the upper surface of the first leaves
three 10 pl droplets of a conidial suspension (10¢
spores ml') of B. cinerea, while control plants
received distilled water treatment. Plants were rein-
cubated in moistened humidity plastic bags for 48 h,
The used B. cinerea isolate caused brown necrotic
lesions on both cotyledons and leaves, mainly located
in the area where conidia droplets were deposited
and visible 48—72 h after inoculation. Disease symp-
toms were scored by measuring the number and the
area of the lesions and induced resistance was
expressed as the percentage of the leaf-necrotized
area with respect to the control. Values are the
means of four replicates and all experiments were
repeated twice.

Maceration of leal tissue by cell wall degrading
enzymes. Detached leaves were surface sterilized in a
10 % sodium hypochlorite solution and washed in
sterile distilled water. Leaf dises (1 em) were cut and
placed into beakers containing 3 ml of 0.8 mM CaCl,,
vacuum infiltrated and pre-incubated for 2d h at 4 °C
in the dark. Leaf dises were subsequently incubated
for 24 h at 24 "C in the dark in a mixture of cell wall
degrading enzymes containing 0.3 % cellulase Ono-
zuka R-10 and 0.05 % macerozyme R-10, in 10 mM
MES (pH 6.0), containing 0.2 M sucrose, (.4 mM
CaCl,, 2 % PVP, 175 mM KCl and 22.5 mM MgCl,.
Leaf discs were carefully removed and the remaining
solution was centrifuged at 1000 g for 10 min, The
pellet was washed twice with 3 ml of protoplast me-
dium (as above without the enzymes). The final pel-
let was redissolved in a minimum volume of the
medium and the number of protoplasts was calculated,
Control dises were incubated in sterile distilled water
or with boiled enzymes. All samples were done in
duplicate.

Coumarin extraction and analysis by TLC. Leaves
of 45-days-old sunflower plants were treated with 5A,
BTH, INA, EDTA or sucrose by depositing on the
upper surface 20 pl droplets of SA (7 mM), EDTA (5
mM), BTH (0.5 mM) or INA (0.03 mM) solutions
and then incubated for 3 days at 23 "C in darkness
under high humidity conditions. After this period, the
droplets from three leaves (about 3 ml) were collected,
coumanns were extracted by partitioning with ethyl
acetate and analyzed by TLC as described [11].
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Fig. 2. 5AR induction in upper leaves of sunflower challenged
with B, cimerea at different time afier cotelydon inoculation
with the pathogen {10* spores ml"') or treatment with SA (7
mM), BTH (0.5 mM), INA (0.03 mM), EDTA (5 mM) or
sterile distilled water. Development of disease was scored by
determination of infected leaf areas of control plants were set
to 100%, corresponding to X + Y %, indicate for days 10, 17
and 24. Each bar represents the means of four replicates, with
the experiment repeated twice

Alternatively, leaf discs were incubated in Petri dishes
with SA (7 mM), EDTA (5 mM), BTH (0.5 mM)},
INA (0.03 mM) or sucrose (0.1 M) solutions for 3
days at 23 *C in darkness. Coumarins were extracted
from the liguid medium and analyzed by TLC [11].
Protein extraction and Western biot analyses. The
first and the second leaves were collected at various
intervals after treatment with abiotic inducers, frozen
in liquid nitrogen and kept at —80 "C until used,
Frozen leaves were ground with sand in the presence
of 0.1 M Na-acetate buffer pH 3.2 (4.0 ml g fresh
weight). Homogenate was centrifuged at 10 000 g for
20 min and the supernatant was used for protein
analysis by SDS-PAGE on 12.5 % polvacrylamide
slab gel in the presence of 0.1 % SDS, being the
amount of protein loaded of about 35 pg. For Western
immunoblotting, the proteins contained in the gel
were electrotransferred for 60 min at 200 V onto a
nitrocellulose sheet (0.2 um pore size) in a buffer
containing 25 mM Tris, 192 mM glycine and 20 %
methanol (pH 7.5). The blots were blocked in
TBS/Tween buffer (10 mM TRis, 20 mM NaCl,
0.5% Tween 20, pH 8.0) containing 5 % defatted milk
powder, and incubated with primary antibodies di-
luted in TBS/Tween containing 1 % BSA. Chitinase
and p-1,3-glucanase were detected by using specific
antisera against tomato 26 kD chitinase and 33 kD
p-1,3-glucanase [12]. Antigens were visualized after
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Fig. 3. Systemic induction of resistance 10 maceration by cell
wall-degrading enzymes by abiotic elicitors and B, cimerea in
upper leaves of sunflower (cv. Peredovick.)

incubation with goat anti-rabbit IgG conjugated to
alkaline phosphatase (Bio-Rad).

Results. Inoculation of sunflower leaves and cotyle-
dons with spore suspension of B, cinerea caused nec-
roses with lesions starting to be visible 48—72 h after
inoculation, expanding in size during 5-7 days and
becoming brown in colour due to the loss of pigments.
Lesions were mainlly observed in the leaf/cotyledon
area where droplets with the spore suspension were
deposited (Fig. 1, A). Under the experimental condi-
tions and with the isolate here utilized, the estimated
necrosis area 7 days after inoculation was 30—=90 %.

Treatment of the cotyledons with either spore sus-
pension (10¢ spores ml') or solution of 5A (7 mM),
BTH (0.5 mM), INA (0.03 mM) or EDTA (5 mM)
prior to challenge inoculation 10, 17 or 24 days after,
reduced the area and the number of the lesions in upper
leaves (Fig. 1, B). This protective effect was more
prominent in the second leaves, which expanded after
induction, than in the first ones, which expanded
before induction and when the challenge inoculation
was done 24 days than 17 and 10 days after cotyledon
treatment (Fig. 2). Reduction in the necrotizing tis-
sue estimated when challenge inoculation was done
24 days after cotyledon induction was higher in BTH
(72 %) and SA (68 %) than in INA (58 %), EDTA
(48 %) or B. cinerea (42 %) treated plants. There was
a difference between SA or EDTA and BTH or INA
cotyledon treatments. While SA or EDTA caused tis-
sue necrosis BTH or INA did not.

When leaf discs from systemically resistant leaves
were incubated in a mixture of cell wall degrading
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Fig. 4. 8 cinerea infection and maceration by enzyme mix-
ture of upper leaves of sunflower following treatment of
cotyledons with inducing agents + calcium nitrate, Control
plants were treated with water + 0.01 % Tween 20. Upper
leaves were challenge inoculated with B. cimerea 10 days after
treatment, and infection was assessed 7 days after challenge
inoculation, Values are the means of four replicates

enzymes containing cellulase and macerozyme in an
osmoticum solution, the number of released proto-
plasts was lower than the obtained from control, sterile
distilled water treated, plants (Fig. 3). The number of
released protoplasts ranged from about 40 % of the
control for leaf discs from plants treated with SA or
BTH to about 50 % of the control for leaf discs from
plants treated with INA, EDTA or 8. cinerea.

Application of calcium nitrate to the cotyledons
after treatment with 8. cinerea or abiotic inducers
inhibited both the protective effect against 8. cinerea
and the resistance of leaf discs to maceration by cell
wall degrading enzymes (Fig. 4). When challenge
inoculation was done 17 days after cotyledon treat-
ment values of the necrosed tissue were only 80 % of
the control (water instead calcium nitrate treated
cotyledons), with no differences between treatments.
Similarly, the number of released protoplasts was
much higher in calcium than in water treated (control)
plants (Fig. 4). On the other hand, calcium nitrate
when applied alone had no effect on B. cinerea infec-
tion in upper leaves (data not shown).

TLC analysis of drop diffusates and the medium of
45-days old sunflower leaves and leaf discs, treated
with SA, BTH, INA or EDTA respectively, for 3
days revealed that all the chemicals induced the syn-
thesis and excretion of sunflower phytoalexins —
coumarins scopoletin and ayapin, with BTH and sali-
cylic acid being the most potent inducers (Fig. 5) .
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Fig. 5. Coumarin excretion in response 0 SAR inducers: A
Sunflower leaves were treated by depositing on the upper
surface 20 ul droplets of BTH (0.5 mM), 5A (7 mM), INA
{0.03 mM), EDTA (5 mM) or stenle distilled water (con-
trol); B — Sunflower leaf discs were incubated with water or
a solution of BTH (0.5 mM), 8A (7 mM), INA (0.03 mM),
EDTA (5 mM) or sucrose (0.1 M). Coumarins were ext-
racted from the collected droplets or incubation medium by
partitioning with ethylacetate and analyzed by TLC. C
control; Su — sucrose; 5t — standards
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Fig. 6. SD5-PAGE analysis of proteins from leaf homogenates
of sunflower (cv. Peredovick) following cotyledons treatment
by abiotic inducers. Each line contains 35 pg of protein
extracted from leaves collected 10 days following the inducing
treatments. Molecular weight markers are shown at the right:
| — control (water); 2 — KH,PO,, 10 mM; 3 — BTH, 0.5
mM; 4 — EDTA, 5 mM; 5 — 3A, TmM,; 6 — INA, 0.03 mM

Electrophoretic analysis of total soluble proteins
extracted at pH 5.2 from sunflower leaves (first and
second pairs) 10 days after cotyledon treatment with
abiotic inducers showed quantitative better than
qualitative changes in the protein expression pattern,
with a clear induction of at least six proteins with
molecular mass ranged from 25 to 35 kD (Fig. 6).
There were no differences between the treatments
with the exception of a 30 kD protein band which
accumulated 1o higher level after cotyledon treatment
with salycilic acid. Changes in chitinase and 1,3-f-
glucanase protein content after cotyledon treatment
with abiotic inducers were analyzed by Western blot
using specific antisera against tomato 26 kD chitinase
and 33 kD 1,3-f-glucanase [12]. Both proteins were
constitutively present, being induced in response to
abiotic elicitors with not clear differences between
treatments, with the exception of 1,3-p-glucanase
which was detected a much higher amount after sali-
cylic acid treatment (Fig. 7 A, B).

Discussion. As far as we know this is the first report
on systemic acquired resistance in sunflower. In con-
trast to other plants, there is only a little knowledge
about plant defense reactions in sunflower and almost
nothing is known on defense genes activation. In this
study on SAR induction in sunflower we have used a
non-specific pathogen, Borryiis cinerea, that causes
necrotic lesions in plant tissue. Protection against leaf
infection by B. cinerea is enhanced by a prior cotyle-
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Fig. 7. Western blot analvses of sunflower chitinase and
1,3-B-glucanase in the upper leaves 10 days following cotyle-
dons treatment, Panel A shows the accumulation pattern of
the 26 kD chitinase and panel B shows the accumulation pat-
term of the 33 kD 1,3-p-glucanase. The treatments are the
same as on Fig. 6

don inoculation with the pathogen and treatments
with natural SA or synthetic BTH or INA, chemicals
which had been shown to be very efficient in 5AR
induction in other plant systems [2, 5, 13]. SAR
induction by EDTA has been reported in a limited
number of plants like cucumber, being effective in the
protection against Colletotrichum lagenarium [14].
Interestingly and different from our results, SAR
induction did not effectively protect tobacco plants
apgainst B, cinerea [8], indicating differences between
plant systems as refers to SAR induction against spe-
cific pathogens.

The cotyledon treatment procedure used for SAR
induction and the period of 10 to 24 days before chal-
lenge inoculation was optimized. That was selected
on base of our interest in sunflower downy mildew
and broomrape parasitism and taking into account
that succesful infection by the fungus and parasite
occur during early period of sunflower growth. The
importance of three successive inducing treatments
with abiotic inducers should be emphasized. In previous
unsuccessful attempts to induce SAR, with for example
SA, only single treatments with lower concentrations
were used [15].
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In our system SA and BTH were more potent SAR
inducers than INA, EDTA or B. cinerea and for all of
them the protective effect was more prominent in the
second leaves, which expanded after induction, than
in the first ones, which expanded before induction and
when challenge inoculation was done 24 days than 17
or 10 days after cotvledon treatment. Although it has
been proposed that SA, BTH and INA induce SAR
via the same signal transduction pathway [16], in sun-
flower there are differences between inducing treat-
ments: while SA and EDTA treatment caused tissue
necroses, INA or BTH did not.

Walters and Murray [17] showed that induction of
resistance to rust infection in broad bean by EDTA
and phosphate was inhibited by calcium nitrate. We
have obtained in our sunflower system a similar
inhibitory effect by calcium independently of the
inducer, supporting the idea of a similar mechanism
for hiotic and abiotic SAR induction. The involve-
ment of calcium in the defence reactions signal trans-
duction pathway has been documented [18, 19],
although its mode of action remains unclear.

SAR is associated with the expression of a set of
genes called SAR genes [20], some of them, but not
all, being defensive genes. In our system SAR induc-
tion in non-infected sunflower leaves is accompa-
nied by an increase of such defence reactions as: cell
wall reinforcement, phyioalexin and PR-proteins
synthesis. The level of resistance to B cinerea in
leaves after cotyledon treatment by different chemi-
cals is well correlated with resistance to cell wall
degrading enzymes and the induction of phytoalexins
and the PR-proteins (chitinase and 1,3-p-glu-
canase). These results suggest that SAR induction
against Borryris operates, at least in part, by activating
processes that would prevent pathogen infection,
gither by inhibiting spore germination or tissue pene-
tration. It has been reported that sunflower coumarins
scopoletin and ayapin are multidefence inducible
compounds, being excreted better than accumulated
in plant tissue |21, 22]. We pressume that production
and excretion of scopoletin and avapin in sunflower
is part of an extracellular first defence line against
pathogen infection. Both coumarins inhibit B
cinerea spore germination {our unpublished data), an
effect previously described [23].

Induction of chitinases and 1,3-B-glucanases in
sunflower in response to physical and chemical stress
factors has been previously reported [24]. In our work
we have shown that SAR in sunflower leaves is accom-
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panied by the constitutive expression of 26 kD chiti-
nase and 33 kD 1,3-f-glucanase. Cotyledon treat-
ment with abiotic elicitors induced an accumulation
of both these PR-proteins to different extent.

The results obtained suggest that SAR induction in
sunflower requires the first line of defence — excre-
tion of antifungal coumarins scopoletin and ayapin
but also accumulation of PR-proteins. The use of
inducers in sunflower to activate SAR provides novel
alternatives for disease control and detailed under-
standing of this pathway is important for both practi-
cal and theoretical reasons.

PEIHOME. Chcremiy yeroiunsocte (C¥) B IHCTEAX
noaconHeunmka { Helianthus annuus L) & 3apaxedno gro-
NATOreHHLIM rprbos Boirpis cinerea MHOYUMPOBATH © OO-
MOLLER TIPEIBAPHTETRHON HHOKYIALNN CeMATOTEH CTIOPAMH
AT FPHGa HITH M obpadoTKod a0HOTHYECKHMH JTHCHTORA -
v, Camuumnosas kucnora (CK), denao-(1,2, 3)-THanuazou-
T-kapbotHo-S-seTinoeetit aup (BTH), 2.6-anxnopusonu-
korHHoBaA Kircnora (HHK) was 20 TA sawmmany pacTeHus
NOICONHEYHMKA OT sapaxeqins Borryiis. Humumporanue C¥
PETMCTPHPORATH N0 YMEHBILEHHI KOTHYECTES M PAIMEPOR
HEKPOI0OE B BEPXHHUX THCTBAX MOCNE HEKYCCTBEHHOID HX HH-
druumposarnsn. CK v BTH okazanmes bonee adupekripHsmm
anuentopasu, qed MHK w 30OTA win npe-vHOKYIALMA
cnopasu rpata, Kpose nopslleHHOMR YCTOHYHBOCTH K 3apa-
HeHHo B cinereq, ¥ BEPXHMX THCTHED OTMEHCHD MOBLIIEHHE
YCTOHYHEOCTH K MAUSPAUMH CMECHIO epMEHTOBR, OSrpaiM-
PYIOLIHY KIETOWHY0 CTCHKY. HUTPAT KanbliMs NoJanian ia-
WHTHBN 3pterT 1 yeToHUHBOCTE K eyecH epmenTon. Bee
MCTILITAHHEIE 3MMCHTODE BRIJLIBATH VCHIEHWE CHHTEIR H
IKCKpEUHY DHTOANEKCHHOE NOMCOIHEYHHKA — KYMAPHHOB
CKOTONETHHA W AVANHHA, 4 TAKKEe 0OPAIoRAHHE MAaToreHsa-
eicHMEX (PR} Genkon, xutmais 0 1 3-f-rmokanaser [Tps
ITOM HHAVIHPYIOLUIAA AKTHEHOCTE ABMOTHYECKHX 3THCHTOPOB
KOPPETHPOBANE © HX CNOCOOHOCTRID 33ILHILATE THCTEA oT B
cinerea (BTH > CK > HHK > 2/TA). ChegopatelsHO, HH-
nykums C¥ y pacteHHil CBA3AHA ¢ AKTHBALMEH 3alUMTHBIX
peakumii. Dro neproe coobwenye ob uroynuposanun CY y
TIOACCTHEYHHKA,

FPEIIOME. Cuctemny criftkicts (CC) ¥ THCTA COHALHHKA
{ Helfanthus annuus L) 1o ypameHHs QIiTONATOTCHHAM TPH-
Gom Botryiis cinereg THOYKYBLTH 33 DONOMONOH MOMEPeIHbLOT
THOKVTIALIE Cin Sa0rTeH cnopasMi Usoro rprba abo Ix obpobkown
abioTHYHKMH enicHTopamy. Canimnosa kucnota (CK), Gex-
3o-( 1.2, 3-Tianwaszon-7-kapborio- S-merinosni edip (BTH),
2.6-guxnopizonikoreHoes knenora (IHK) abo EATA saxm-
LATH POCTHHH COHAWHKEA BiA ypaxeHus Horprls. Hunyky-
panHg CC peecTPYBATH 33 3IMEHIUEHHAM KinbKOCTI Ta
POIMIPY HEKPO3IE ¥ BEPXHBOMY JHCTI MICOA WTYYHOMO iX
ingikypanna, CK ta BTH prapnimck BNk edeKTHEHHME
enicuropams, Hix |HK ta EATA abo npe-iHokyswia criopavu
rpuda. Kpiv ninsxireHol cTiifikocTi 0o ypakeHHs B cinersa, v
BEPXHBEOMY THCT] BUTIHAYEHO NUABMIMEHHA CTIHKOCTI 10 Ma-
Hepatii cyMilnm gepMeHTie, Ak J2rpamvioTh KITITHHHY
CcTiHKy. HiTpar Kansuis MpHrHiMyBas 3aXMCHHR eekT Ta cTii-
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KICTE 00 cyMiwi depsenTis. Boe gocaiokeni enicHTOPH BHK-
MHEATH NMIACHASHHA CHHTEIW M ekckpewil QiToAneKCHHIB
COHALIHHKA — KYMAPHHIE CKOMOASTHHY Ta AYATIHY, A TAKOK ¥T-
BopeHHA narorersanest (PR) Glkis, xitasasd m 1,3-f-rmo-
kamasn. [lpu upoMy HHOYKYIOYE AKTHBHICTE abioTHYHHX
SAICHTOPIB KOPETFBATA 3 IX A0aTHICTH 3aXMIUATH THCTA Bia B,
cinerea (BTH > CK > IHK > EOTA). Orxe, inavkuis CC y
POCTHH NOB'S3AHA 3 AKTHEALIERD 3aXHCHHX peakuif. Lle nep-
1IE MOBZIOMIEHHA NP0 HHOyKYBaHHA CC ¥ COHAILHMEKA,

10.
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