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[n two pea cultivars (Lantra, Menhir) changes in isoflavonoid levels caused by
UV-A and vy-irradiation were investigated. The changes were determined in
seeds, seedlings and plants. UV-A irradiation was performed for 0 (control),
24, 48 and 72 hours at A = 365.5 nm, P = 125 W, Y-irradiation with 60(‘,0 at
doses O (control), 10, 20 and 40 Gy. Cultivars responded differentially to
various doses of irradiation in both types of irradiation. Daidzein and genistein

are the main isoflavones of biological interest belonging to the group of natu-
rally occurring isoflavonoid phytoestrogens. Daidzein (Dai) and genistein
(Gen) were determined by a selective and sensitive radioimmunoassay 7- and
4’-cross-reactive method. In lower amounts biochanin A (Bio A) was determi-
ned by means of 7-cross-reactivity. The highest levels among isoflavonoids
were found for daidzein-7 cross-reactivity in both pea varieties (on average in
Lantra seeds 6 562.4 pg.kg™' DM, in Menhir seeds 3 481.3 pgkg™ DM).
During sprouting of seeds and developing of plants the isoflavonoid content
significantly increased. UV-A irradiation caused apparent increase of isofla-
vonoids at high levels (72 hours) of irradiation, especially in seedlings and
plants. In all analysed isoflavonoids the higher effect on isoflavonoid increase
was found in seedlings compared with plants, esp. for daidzein-7 and 4’ and
genistein-7 immunoreactivity. At lower doses of UV-A irradiation the effect
of irradiation on the increase of isoflavonoids was much lower. A little effect
was found in the seeds. On the contrary y-irradiation was the most efficient at
low doses of 10 Gy and 20 Gy. Seedlings and plants differed in doses of
Y-irradiation causing increase or decrease of isoflavonoid levels. In seedlings
of cv. Lantra the highest increase of isoflavonoids was observed at dose of
20 Gy, while the highest increase in cv. Lantra was found at 10 Gy. UV-A
irradiation and y-irradiation (at lower doses) activate protective enzymic plant
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INTRODUCTION

f pea (Pisum sativum L.) comprises many struc-
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An important and specific group of flavonoids represen
phytoestrogens naturally occurring usually in glycosidic form, esp- in somé
Jlegumes and pulses belonging to Fabaceae (Lachman et al., 1990; Xu
et al., 1994). The precursors of these diphenolic compounds have been found
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in fibre rich in unrefined grain products, various seeds, cereals, food
origin Mazur et al, 1996). The main isoflavones of biolg ical inD
occurring in plants are the glycosides of genistein (4’,5,7-t1'ihydroxyi
vone) and daidzein (4’,7-dihydroxyisoflavone). They have antiinf] o
antitumor (breast, stomach, prostate) or antioxidant activity (D y ke, | Ory

S of

SOflg.
amm

: - 992,
b). Since there have been lately developed very sensitive novel radioimnfa,
-

noassays for daidzein, genistein (Figs. | and 2) and their 4’- (fOrmOnOnetin
biochanin A) and 7-derivatives (daidzin, isoformononetin, genistin, prunetini
for their simultaneous determination (Lapc¢ik et al., 1996, 1997, 19984, b)
that has not been carried out previously. The method is very useful fop
screening of metabolic studies. We have used the advantage of this methog
to determine the changes in the daidzein and genistein contents caused by the
UV-A and 7y-irradiation influencing their levels in pea seeds. Orsak et al.
(2000) studied already the influence of UV-A and y-irradiation on the contept
of total polyphenols (TP), compounds of catechol, resorcinol and phloroglys
cinol type (CRP) and phenolcarboxylic acid content in pea. During pea

daidzein-7 crossreactivity daidzein-4"crossreactivity
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1. Daidzein-7 and 4’-crossreactivity
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2. Genistein-7 and 4’-crossreactivity
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{ of total polyphenols increased. UV-A irradiation caused an
»olyphenol content in investigated plants, in y-irradiation the
asco(; total polyphenol content depended on the dose of irradiation. Sta-
dependence of TP content on gl:OWlh phqscs of plants and on d()s?s
diation was dcnmnstral?d: CRP in sprouting segds dt‘:cr.eused, but in
- development of plants it increased. UV-A and vy-irradiation decreased
fur[he{omcm in pea. Statistically significant dependence was found between
gg? Zonlcnl and the doses of irradiation and the vegetation phase of plants.
Cultivars responded differentially to various dloscs 'of 11'.1'adiati0n in both types
of irradiation. The most represented phcnollc a<.:1ds in pea were .2,3—dihy—
droxybenzoic, sinapic, m—h)'/dmxyben?ow, verallrlc'and vanillic aud.. UVTA
srradiation caused apparent increase of these acids in pea, whereas y-irradia-
tion caused only little changes in the content of these compounds.

There exists tremendous variability in plant species to UV-radiation (T e -
ramura, 1983). Some species show sensitivity to present levels of UV
radiation (Bogenrieder, Klein, 1978), while the others are apparently
unaffected by rather massive enhancements (Becwar et al., 1982). Because
the earth’s protective stratospheric ozone layer is depleting, the effect of UV
and gamma irradiation on the plants is enhancing (Teramura and Sul-
livan, 1991). The aim of this work was to complete our knowledge about
the response of pea against irradiation in special isoflavonoid protective com-
pounds that are typical for Fabaceae and to compare the results obtained with
changes in total polyphenols, phenolcarboxylic acids and polyphenols of re-
sorcinol, phloroglucinol and catechol type that were reported previously (O -
sdk et al., 2000).

outing conten
: rrc f total |
in¢
chang¢
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of 1rra

MATERIAL AND METHODS

Pea cultivars Lantra and Menhir obtained from the Department of Plant
Production of Czech University of Agriculture in Prague in the year 1999
Wwere irradiated with UV-A radiation (A = 365.5 nm, P = 125 W for 0 [con-
trol], 24, 48 and 72 hours) and y-irradiation ((’OC(), 0 [control], 10, 20 and
40 Gy at the Faculty of Medicine, Hradec Kralové).

1 The following three variants were investigated:
- Dry seeds (S): were stored after two month-radiation at the laboratory

I‘Cm!‘“}mlurc before analyses.
: 5%&5&1@3 (SDL): for the preparation of seedlings the seeds were soaked
"0“' 10 hours in distilled water and then sown on the soil surface or sand.
After 5 days of cultivation at laboratory temperature 22 °C the seedlings
Were exposed to irradiation and then cultivated for other 7 days.
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3. Plants (P): the seeds were sown directly into the soil in the pot. After th
cultivation for 21 days at laboratory temperature 22 °C the plants wel
irradiated and then cultivated for other 7 days. s

Preparation of extracts: Weighed ground seeds (approx. 25 g pea) Werg
extracted in the Soxhlet apparatus with ethanol-water mixture (80 : 20 VIV)
for 20 hours. The extract was adjusted to 250 mL volume and from thig
volume 5 pL aliquots were pipetted for determination.

Pea seedlings and plants were dried in a drying box at 500 °C for 20 hougg
and then the weighed ground pea seedlings (approx. 7-9 g) were extracted jp
the Soxhlet apparatus with ethanol-water mixture (80 : 20 V/V) for 22 hourg
continuously. The extracts were adjusted to 250mL volumes in volumetric
flasks.

Determination of isoflavonoid content was performed with radioimmu-
noassay method developed by Lapcik et al. (1996, 1997, 1998a, b) and
Hampl et al. (1997). Radioimmunoassays with these specifies were used:
1. daidzein and its 4’- derivatives (e.g. formononetin),
daidzein and its 7-derivatives (e.g. daidzin, isoformononetin),

. genistein and its 4’-derivatives (e.g. biochanin A),
. genistein and its 7-derivatives (e.g. genistin, prunetin).

W N

~

Immunoreactivities were measured either in crude extracts, or after chro-
matographic fractionation by HPLC (reversed phase, octadecylsilica) de-
scribed by Lap&ik et al. (1998a, b). The HPLC system consisted of an
LC-6A pump (Shimadzu, Japan), a column oven LCO 100, an UV detector
LCD 2082 (Ecom, Czech Republic) and a fraction collector FC-203 B (Gil-
son, France). An ET 250/4 Nucleosil 100-5 C 18 (Macheray-Nagel, Germany)
was used. The mobile phase was methanol : water (60 : 40 v/v), the flow rate
0.8 mL.min"' and the temperature was 35 °C (Lap¢ik et al, 1998a, b)-
Chromatographic mobilities of immunoreactive fractions were compared 0
those of daidzein, daidzin, formononetin, genistein, genistin and biochanin A
standards. Standards of isoformononetin and prunetin were prepared frf)m
daidzein and genistein, respectively, using diazomethane as the methylatiof?
agent, as it is described elsewhere (Furn iss etal, 1989). The pea extracts
were fractionated by TLC on Merck PSC silica plates (Art. 13794) and Mer¢
DC-Alufolien (Art. 5583) with developing system dichloromethane : meth?
nol 95 : 5 (v/v) after Lapcik etal. (1998a, b).

Determination of dry matter (DM) was performed after usual method 2
105 °C (Davidek etal., 1977).

6
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QESULTS AND DISCUSSION

As it was reported previously, some selected factors could affect polyphe-

| and isoflavonoid contents in pea (Lachman et al., 1999). Accelerated
Iloring caused increase of TP contents in pea (on average by +28.41 %el. in
if: years 1996 and 1997)‘. Similar (re':nd Was fou_nd in isoflavonoid contents.
The highest cal'n'ltcnl was found for d:mdzem.—7 qctlvity <3_850 ug.kg"' in 19197,
| 610 pg kg in 1997(?).lollowed w1th. gcmstem—? activity (1 130 pg.kg™ in
1997 and 240 pg.kg™ in 1996). For isoflavonoid contents were significant
origin and yariety effects and treatment only in several cases, as daidzein-
4and genistein-4’.

Results of influence of E. purpurascens on TP and isoflavonoid contents
in pea seeds showed that elicitors of E. purpurascens have caused increase
of TP content both in sterilised and unsterilised media (Lachman et al.,
1999). Analogously, the increase of genistein-7, daidzein-7 and -4’cross-re-
activities after cultivation in sterile water, pea and potato extracts with addi-
tion of glucose was determined. The highest concentrations were found for
daidzein-7 (on average 26 500 ug.kg"l in control) and genistein-7 (6 250 ug.kg*').
The highest increase of daidzein-7 (from 25 370 to 136 090 ug.kg’l) in
comparison with the control was found after cultivation in pea extract with
addition of glucose and barley and potato extracts with addition of glucose.
High levels were found also for genistein-7 (from 8 800 to 28 690 ug.kg’]
in pea extract with addition of glucose and from 4 060 to 21 170 pg.kg“l in
potato extract with addition of glucose), as it was reported previously (Lach -
man et al., 1999).

Results obtained after UV-A and y-irradiation are given in Tables II and
IIL. The highest levels among isoflavonoids were found for daidzein-7 cross-
reactivity in both pea varieties (on average in Lantra seeds 6 562.4 ug.kg’1
DM, in Menhir seeds 3 481.3 ng.kg™' DM). It is apparent that during sprout-
Ing of seeds and developing of plants the isoflavonoid content was signifi-
cantly increasing, as it has been demonstrated in total polyphenols and
Phenoluzwboxy]ic acids recently (Orsak et al., 2000). The significant in-
Crease in seedlings was the highest for these different isoflavonoids: in cv.
Lantra Daj-4 by +10 707.7 %re1, Dai-7 by +2 694.4 %1, Gen-7 by
+1. 923.0 %ye1, in cv. Menhir Gen-7 by +5 134.4 %1, Dai-4” by +4 777.9 Yoer,
510~A 7 by +4 616.2 Y%er. and Dai-7 by +2 094.6 %e1.. The increase in plants
‘fn Acor‘nparison with seeds was a little lower — the highest values were found
O ¢v. Lantra for Dai-4’(by +4 195.3 %re1.) and for cv. Menhir for Dai-7 (by +1
iOl.S Jore1), Dai-4’(by +3 313.4 %) and Bio A-7 (by +1 596.1 %re1). During
‘Pmptmg and developing of plants the enzymic system is activated and the pro-
Uction of polyphenols and esp. that of isoflavonoids increases at great rate.
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II. Effect of UV-A irradiation on the isoflavonoid content in pea

o [ vy [ o e | oot | xpa | g
8 Lantra 0 6 667.6 688.7 2 945.5 2 0897
S Lantra 24 5 802.0 514.3 7 588.6 150.7
S Lantra | 48 54215 502.2 60845 | 88 4
S Menhir | 0 4048.6 907.3 2 699.0 497
S Menhir | 24 43328 791.7 3 375.8 574
S Menhir | 48 35718 470.5 32228 66,4
SDL | Menhir | 0 | 24656.0 22 018.3 8371.6 ¥
SDL | Menhir | 24 | 436047 47 577.5 45543 96.9
| SDL | Menhir | 48 | 1089567 53 8583 18 563.0 1 003.9
| SDL | Menhir | 72 98 026.3 186 184.2 17 171.1 48684
p Lantra | 48 80 357.1 13 809.5 24 523.8 X
p Lantra | 72 | 188 466.5 171392 | 126 095.4 663.7
p Menhir | 0 39 062.5 140152 6 865.5 636.8
p Menhir | 24 | 329077 13 998.0 52554 [ 733.8
Menhir | 48 352142 11 820.4 83402 | 29304
p Menhit | 72 | 5799038 19 924.5 128146 | 31040

DM — dry matter, x — under limit of detection

UV-A irradiation caused apparent increase of isoflavonoids at high levels
(48 and 72 hours) of irradiation, esp. in seedlings and plants. In cv. Menhir
increase of daidzein-7 immunoreactivity was by +297.6 %1, in seedlings and
by +48.5 %l in plants, similarly for daidzein-4’immunoreactivity by
+745.6 %re1. and by +42.2 %1, for genistein-7 immunoreactivity by +105.1 %orel
and by +86.7 %rer, respectively, and for biochanin A-7 immunoreactivity by
+387.4 %yl in plants (Fig. 3). In all analysed isoflavonoids the higher effect
on isoflavonoid increase was found in seedlings in comparison with plants,
esp. for daidzein-7 and 4’ and genistein-7 immunoreactivity. At lower doses
of UV-A irradiation the effect of irradiation on the increase of isoflavonoids
was much lower, esp. at level of 24 hours of irradiation. A little effect was
found in the seeds.

On the contrary, y-irradiation was the most efficient at low doses of 10 GY
and 20 Gy (Fig. 4). In cv. Lantra seeds increase for daidzein-7 immunoreac”
tivity was by +21.9 %, for daidzein-4’ immunoreactivity by +9.0 %rel
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f y-irradiation on the isoflavonoid content in pea
to o

affec S —
”l Lk T);:c Daidzein-7 Ddid/ein-4’ i Genistein-7 | Biochanin A-7 |
part | VAV | (h) | (ugkg™ DM) | (ngkg DM | (ngkg” DM)| (ugkg' DM) |
{/gﬂ/’ " panirs 0 | 64572 482.9 1 956.6 69.6 :
; g Lantra 10 7 868.8 526.1 42653 51.1
| 5 Lantra 20 4 964.7 340.6 1131.1 58.8
S Lantra | 40 8 191.7 677.6 1 776.6 113.9
S Menhir | O 2913.9 510.5 621.1 493
S Menhir | 10 3015.2 525.4 799.3 20.2 |
S Menhir | 20 2 156.7 422.5 477.5 227
| s Menhir | 40 24923 546.3 625.5 215
| spL | Lantra 0 180 439.9 52 190.4 39 581.8 261.6
SpL | 1 10 98 486.8 32 842.1 19 657.9 740.8
SDL | Lantra 20 | 253 609.2 96 005.8 56 917.7 1 507.5
SDL | Lantra 40 | 1184593 35 610.5 13 711.2 998.1
| SDL| Menhir | 0 | 1101515 33 441.1 63 095.6 B 35,10
| SDL | Menhir | 10 | 1728719 53 758.7 191 290.3 6 325.0
SDL Menhir | 20 90 222.2 34 042.6 419274 | 42397
SDL | Menhir | 40 97 624.3 33 793.9 26 096.5 26243 g
P | Lantra 0 39 148.4 20 741.8 59753 590.7 ‘
P | Lantra 10 81 404.7 30 678.1 219322 1 660.4
p 20 21 590.9 6 818.2 5909.1 1 000.0
P 40 21 505.4 92742 3 414.0 X
| P | Menhic | 0 52 923.4 23 951.6 5 866.9 989.9
| P Menhir | 10 38 783.5 16 043.5 5147.9 694.8
P | Menhir | 20 65 456.1 20 945.9 7 742.1 16723
\ Menhir | 40 48 622.2 21 685.3 7 687.7 1 733.2

genistein-7 by +118.0 %rel, in cv. Menhir seeds by +3.5 %rel, by +2.9 %rel.
and by 1287 %re1, respectively. Seedlings and plants differed in doses of
Yirradiation causing increase or decrease of isoflavonoid levels. In seedlings
of ¢v. Lantra the highest increase of isoflavonoids was observed at a dose of
20 Gy (Daj- 7 by +40.6 %re1, Dai-4’ by +84.0 %rer, Gen-7 by +43.8 %rer, Bio
37 by +476.3 %), in cv. Menhir at dose of 10 Gy (Dai-7 by +56.9 %rel,

44" by +60.8 %ye1, Gen-7 by +203.2 %1, and Bio A-7 by +172.0 %o,
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3. Changes of isoflavonoids in pea seedlings and plants cv. Menhir after UV-A irradiation for
48 or 72 hours

respectively). Similar tendency was found in plants, where the highest in-
crease in cv. Lantra was found at 10 Gy (Dai-7 by +107.9 %;er, Dai-4’ by
+47.9 %1, Gen-7 by +267.1 %rer, and Bio A-7 by +181.1 %pe1) and in cV-
Menhir at 20 Gy (Dai-7 by +23.7 %re1, Gen-7 by +32.0 %s¢e1, and Bio A-1
by +68.9 %, respectively). These doses seem to be important for rate
equilibrium between the induction of the production of isoflavonoids as dé-
fence compounds and response to damage effect of irradiation and the deple-
tion of the enzymes responsible for their biosynthesis. At higher doses of
irradiation (40 Gy or more) the destruction of these enzymes already prevailS
as compared with lower isoflavonoid levels in pea seedlings and plants irfa:
diated with this dose.

CONCLUSIONS

The highest levels among isoflavonoids were found for daidzein-7 cross;
reactivity in both pea varieties. During sprouting of seeds and developing ©
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es of isoflavonoids in pea after y-irradiation at 10 or 20 Gy doses

plants the isoflavonoid content significantly increased. UV-A irradiation
caused a nt increase of isoflavonoids at high levels (48 and 72 hours) of
ll‘}‘adizii‘ , esp. in seedlings and plants. In all analysed isoflavonoids the
hlgher t on isoflavonoid increase was found in seedlings in comparison
With plants, esp. for daidzein-7 and 4’ and genistein-7 immunoreactivity. At
lower doses of UV-A irradiation the effect of v-irradiation on the increase of
1soflavon was much lower. A little effect was found in the seeds. On the

i((;ngm”« ' radiation was the most efficient at low doses of 10 Gy and
e s Ilings and plants differed in doses of y-irradiation causing increase
ﬁiud;i o :'\\Ji“lisoﬂav‘onoid levels. In seedlings ‘of cv. Lantra the h?ghest
incrct,::&: =v\k \s‘:miuzwonmds was observed at dose Ql ZO.G_y, while tl-}e h‘z_gh.es[
&Ctiv;p,/ v Lantra was .found at 10 Gy. UV-A 1.rradmuon z-md Y-irradiation
and L\ Lective enzymic plant system produgng protective polyphenols

S bflavonoids with the result of enhancing their content, but on the

other hoq . . .o . .
i 0 hand vy-irradiation at higher doses could damage it. Resultant content
pends

13 on the rate of these two changes in a given plant part.

n
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Zmény obsahu izoflavonoidd v semenech, naklicenych semenech a rostlinich
hrachu setého (Pisum sativum L.) zptisobené vlivem UV-A zdfeni a Y-zareni.
Scientia Agric. Bohem., 32, 2001: 183-196.

. QU dﬁvou odrad hrachu (Lantra, Menhir) byly sledovany zmény obsahu izoflavono-
idd zpisobené UV-A a Y-ozafenim. Zmény byly sledovdny v semenech, nakli¢enych
Seémenech a rostlinach. UV-A zafeni bylo provedeno v davkich 0 (kontrola), 24, 48
872 hodin celkového ozateni pfi A =365,5 nm, P =75 W, y-zdfeni s 0co v davkich
u 2;(2::15\::‘?2IF)':VZ() ’a 40 le_ AOdrl"xdy.vyl?éZ'aly FFIZHOU ()('JC.ZVU na razné ddvky ozareni
uhu zafeni. Daidzein a genistein jsou hlavnimi izoflavony z hiediska biolo-

nu a patit do skupiny pfirodnich izoflavonoidnich estrogenti. Daidzein
nistein (Gen) byly stanoveny selektivni a citlivou radioimunoanalyzou 7-
llnoveni’v) :’u I'Cfl)k{iviv.tiu. V men.ﬁirn mnoi.stvi byl zzfst(‘nfpcn bioch.zmin A (Bi'u A)
Si bledin. :“w’ulm,cxl 7—k1140.vcf r'cakulvif)y/. Mc21 sle.df)vzmyml 1zoﬂaﬂvor/101<ﬂjy E)ylé/ nejvys-
gk _,\Vv;:;mm u]}/ u dm(?Lche—Krlzove reaktivity u obou ()dl'}ld ([T‘umernc 65624
(’df'fldy M]lnyv svcmened’]v od/rudy Lumra’a 3 481,? neg.kg sugny v sc1.n€ncch
;e hir). Béhem kliceni semen a vyvoje rostlin se obsah izotlavonoida vy-

i sc“i‘ji\”; ?.ﬁévcj],lz narast u naklic¢enych semfen })yl vyssi ne? u rostlin pni‘i srovnani
ey 3 ( ?Ljvyvsm byl u ()druc}y La,mu'a pro Du|-4 +10707,7 °/f;.-c1_ au o.drudy Menhir
5 134,4 %,1). UV-A ziteni zpusobuje vyrazné zvySeni obsahu izoflavonoida

P vygoLv
VYsokvel P wg L F - iy - S
¥sokych davkdch ozdteni, zejména v naklicenych semenech a rostlinich. U od-

St

fazng
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riidy Menhir byl narast daidzein-7-imunoreaktivity +297,6 %orel. v nakliCenych se

nech a +48,5 %ore1. v rostlinach; podobné u daidzein-4’-imunoreaktivity +745 g (;ne‘
a +42.2 Yorel, U genistein—7—imunorcaktivity +105,1 Yorel, @ +86,7 Jorel. a u bi(;Chaor:?L
A-7-imunoreaktivity o +387,4 el pii ozdfeni po dobu 72 hodin. U vSech analyri
zovanych izoflavonoidi byl vétsi vliv na zvySeni obsahu izoflavonoidl nalezen Na
kli¢enych semen ve srovnani s rostlinami, zvlast€ pro daidzein-7 4 4.
a genistein-7-imunoreaktivitu. P¥i niz§ich davkach UV-A zifeni byl vliv zaten; o
zvy$eni obsahu izoflavonoidd mnohem mengi, zvIa3té pii ozdfeni po dobu 24 hogi,
byl nalezen maly vliv u semen. Naproti tomu y-zafeni bylo nejucinnéjsi v davee 10 Gy
(u semen odrady Lantra byl nérdst daidzein-7-imunoreaktivity +21,9 %erel., daidzeip.
4’ -imunoreaktivity +9,0 %rel., genistein—7—imun0reaklivily +118,0 %re1). U Odrﬁdy
Menhir byly odpovidajici hodnoty +3.5 Yorel,, +2,9 Yorel. @ +28,7 Yorel.. Nakligens
semena a rostliny se lisily v davkach y-zafeni zpusobujicich narlst nebo pokles
obsahu izoflavonoidii, U nakli¢enych semen odriidy Lantra byl nejveétsi narlst obsahu
izoflavonoidd zjidtén pii davee 20 Gy (Dai-7 +40,6 %rel., Dai-4’+84,0 %rel., Gen-7
+43,8 Yore1, Bio A-7 4+476.3 %rel), u odridy Menhir pii dévce 10 Gy (Dai-7
+56.9 %orel., Dai-4’+60,8 %orel., Gen-7 +203,2 %rel. 2 Bio A-7 +172,0 %re1.). Podobny
trend byl zjitén také u rostlin — nejvy$si narast u odridy Lantra byl nalezen pfi dévce
10 Gy (Dai-7 +107,9 %orei., Dai-4"+47,9 %rel., Gen-7 +267,1 %re1. a Bio A-T +181,1
Pore1) 2 u odrady Menhir pfi 20 Gy (Dai-7 +23.7 %orel., Gen-7 +32,0 %rel. a Bio A-7
+68.9 %pe1). UV-A i y-zdfeni mohou aktivovat obranny enzymovy systém rostlin
syntetizujici ochranné polyfenoly a zejména izoflavonoidy, aviak y-zdfeni mdZe na
druhé stran& poikozovat enzymovou drahu jejich vystavby. Pomér mezi t¢mito dvéma
zménami rozhodne o zvyseni nebo sniZeni obsahu izoflavonoidil v dané asti rostliny.

UV-A zéteni; y-zateni; kultivary hrachu; daidzein; genistein; biochanin A; radioimu-
noanalyza
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