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Flavonoids are important secondary plant metabolites with many and diverse key
functions that belong to largest class of substances produced by plants — phenylpro-
panoids. These substances are of interested among plant and animal biochemists,
plant pathologists, geneticists and biotechnologists. Flavonoids rutin and anthocyanin
as herbal compounds characterized by physiological activity of a wide action spectrum:
antiulcer, vitamin, antioxidant, stabilizing, ultraviolet radiation protecting, antitumor, tan-
nic, etc. Therefore much attention has been attracted to biosynthesis of flavonoids and
methods of its regulation and controlling. We determined concentration (2%) of growth
regulator Cycocel (chlormequat chloride, CCC) that significantly raised anthocyanin and
rutin levels in buckwheat (Fagopyrum esculentum Moench.) plants. Thin-layer chroma-
tography revealed an increase in total flavonoids content in leaves of test plants, which
was: by 3.5 times for rutin and by 8 times for anthocyanin. The same concentration of
CCC had induced phenylalanine ammonia-lyase activity by 2 times. Moreover, an in-
crease in the flavonoids content correlated with enzyme activity induction. Thus, the
growth regulator Cycocel is an activator of flavonoids metabolism. Treatment by CCC
significantly increased content of secondary flavonoid metabolites and activity of phe-
nylalanine ammonia-lyase — flavonoids biosynthesis regulatory enzyme.
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INTRODUCTION

To date proved that flavonoids belong to a large class of plant phenylpropanoids.
They are involved in major processes of plant organisms such as cell walls formation,
photosynthesis, respiration, plant-plant allelopathic interactions, protection plants
against pathogens and herbivores both insects and mammals [10]. They are produced
by plants in response to biotic or abiotic stresses such as wounding, UV-radiation, ex-
posure to pollutants, ozone, and other hostile environmental conditions [9, 20].

Flavonoids also have a practical importance. Food and light industry technological
processes are based on their oxidative transformations [12].
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Flavonoids (rutin and anthocyanins) are herbal remedies and successfully applied
in medical technology [11]. The most important characteristic of flavonoids in health ef-
fects is a high level of physiological activity with wide range of action [16].

Today we have achieved a significant progress in research of flavonoids chemical
structure, biosynthesis, and intracellular localization. It is known that they are produced
through cinnamic acid by phenylpropanoid pathway, next reactions are also well known
[3,4,7].

The results of research by Harborne (2000) [15] indicated that vegetative mass of
buckwheat (Fagopyrum esculentum Moench.) is a potential source of biologically active
substances. Rutin and anthocyanins were found in the above-ground organs of buck-
wheat — leaves, inflorescences, hypocotyls [18].

MATERIALS AND METHODS

Source of plant materials. Buckwheat seeds (Fagopyrum esculentum Moench.
var Rubra) were treated by Cycocel for selection of active substance concentration
(0.5%, 1%, 2%). As the control variant distilled water was used. Buckwheat shoots were
grown in the greenhouse with supplemental fluorescent lights by the sand culture.
A light period of 16 hours was maintained. Plants were irrigated with Knop’s nutrient
solution (pH 5.8). Experiments were carried out with thirty day shoots. For flavonoids
and enzyme assay were used randomly chosen leaves.

Rutin estimation. The samples were fixed at 105°C for 15 min and put into the
drying oven at 40°C for dry matter obtaining. Buckwheat leaves (50-100 mg) of each
sample were homogenized in 0.2 g glass powder. Homogenate was transferred in test-
tube and added 2 mL methanol. The mixture kept for 1 hour for extraction. After 1 hour
the mixture was centrifuged at 3000 g for 5 min. The supernatant used for the next
steps of rutin analysis.

Series of standard solutions of rutin and quercetin (concentrations 0.5, 1, 2, 4 mg/
ml) and 0.5 ul extract were dropped on the plate with silicagel (Sorbfil). The chromato-
gram was placed in the S-chamber. The solvent system for the separation of flavonoid
compounds was ethyl acetate — acetonitrile — 35% formic acid (13:5:2, v/v/v). After dry-
ing the plates with a hot air stream, visualization was performed by sprinkling with a
0.1% TiOSO,; chromatograms were interpreted in wavelength 450 nm [18].

CxV

a
where, X — rutin content in the samples, mgxg™; C — rutin concentration according to
calibration, mgxml'; a — weight of plant material, g.

The rutin content was determined by formula: X=

Anthocyanin estimation. The quantitative content of anthocyanin pigment was
defined by using differential spectrophotometry with pH factor [13]. The anthocyanins
content was measured at 510 and 700 nm. Quantity of anthocyanin was calculated with
using cyanidin-3-glucoside coefficients (molar extinction coefficient of 26 900 L cm™’
mol' and molecular weight of 449. 2 g mol).

Phenylalanine ammonia-lyase activity assay. The phenylalanine ammonia-ly-
ase (PAL) activity was determined by method modified from Zucker [22]. The spectro-
photometric determination of PAL based on changes of absorbance at 290 nm.

For enzyme analysis 0.2 g of leaves were homogenized in 1ml 25 mM borate buffer
(pH 8.8) containing 23 uL of mercaptoethanol. The homogenates were centrifuged for
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20 min at 8000 g. The supernatant was used for enzymatic assay. The PAL assay sys-
tem contained of 1 ml of the supernatant, 1 ml of buffer, 1 ml of 12 mM L-phenylalanine.
The resulting mixture was heated at 37°C for 1 hour. The reaction was stopped by 15%
trichloroacetic acid. Absorbance of the mixture was measured using spectrophotometer
,CP 46”. Results of measuring PAL activity were expressed in mM of cinnamic acid per
gram of protein. Protein was determined by of Lowry method [21].

Statistical analysis. Each experiment was repeated three times. The means and
standard deviations were calculated by the Microsoft Office Excel. Statistical signifi-
cance of difference was evaluated with Student’s t-test (P < 0.05).

RESULTS AND DISCUSSION

Plant growth regulator chlormequat chloride (Cycocel, CCC) acts by inhibiting gib-
berellin biosynthesis, reduces unwanted longitudinal shoot growth without lowering plant
productivity. Cycocel is used extensively to reduce lodging of wheat, and to reduce veg-
etative growth of cotton. CCC is known as protection system activator in plant under oxi-
dative stress. Processing by CCC led to increasing photosynthetic, UV-protective pig-
ments and flavonoids content [1]. Understanding of Cycocel influencing mechanisms on
flavonoids biosynthesis is important for plant physiology, pharmacy and drug design.

The results of our investigation showed that treatment by Cycocel induced an in-
crease of flavonoids level in buckwheat shoots.

Analysis of flavonoids content revealed the most effective growth regulator concen-
tration — 2%. This concentration significantly raised rutin and anthocyanins content.
Wide variation in the levels of both rutin and anthocyanins in buckwheat plant was de-
tected: by 3.5 times for rutin and by 8 times for anthocyanins (see Fig. 1).
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The carbon skeleton of all flavonoids is synthesized by phenylpropanoid pathway.
Dezamination of L-phenylalanine to cinnamic acid is the first reaction of phenylpropanoid
pathway which catalyzed by phenylalanine ammonia-lyase (PAL, EC 4.3.1.5) [3, 5].

This enzyme was first discovered by Koukol and Conn (1961) [19] and has since
been found in a wide variety of plants [8]. PAL has been on focus of interest not only for
its role in plant phenolic metabolism, but because its activity fluctuates significantly in
plant issues in response to a variety of physical and chemical stimuli [8, 9].
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Several factors are known to affect the expression and activity of PAL. They are
light, wounding [14], disease, gamma-ray irradiation, germination, development and dif-
ferentiation, and the application of certain macromolecules [17]. Zucker (1972), Camm
and Towers (1973), Margna (1977) [8, 22, 24] determined PAL activity such as the most
limiting factor in the biosynthesis of flavonoids and other phenylpropanoids.

Our data showed that 2% concentration of growth regulator induced PAL activity by
2 times (see Fig. 2).
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Moreover, an increase in the flavonoids content correlated with PAL activity stimu-
lation. Quantitative analysis of the results confirmed that. Correlation coefficient for rutin
was 0.946 and for anthocyanins 0.938, respectively.

The obtained results indicate that treatment of buckwheat (Fagopyrum esculentum
Moench.) by growth regulator Cycocel (2%) led to activation of phenolic metabolism,
because rise of phenylalanine ammonia-lyase (regulatory enzyme) activity and secon-
dary proved by flavonoid metabolites content.
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®naBoHOIAM — KNac NoniyHKUiOHanbHUX POCAMHHUX BTOPUHHMX MeTaboniTiB, ki
HanexaTtb 00 rpynu deHinnponaHoigis. LLnpoke 3actocyBaHHs dnasoHoIAiB Sk Biono-
rYHO aKTMBHMX PEYOBWH OBYMOBMIOE 3HAYHY 3aLikaBMEHICTb HUMK BioXiMiKiB pOCNUH
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i TBapuWH, oiTonarTornorie, XiMikiB, reHeTUKiB Ta bGioTexHonoriB. Bonogitoun Wmpokum
cnektpom pgii (P-BiTaMiHHMM, NPOTUMBMPA3KOBMM, HINOA30TEPMIYHMM, aHTMOKCUMAAHT-
HUM, CTabini3ytoumMm, AyOUNbHUM, aHTUMYXITMHHAM), Ui CNOMYKM € OCHOBOW Ang Oara-
TbOX fiKapcbkux 3acobiB i 6iogobaBok. HanbinbLl po3noBCOMKEHMMN Ta LiHHUMMK AN
dapmaueBTUYHOI NPOMUCIIOBOCTI NpeacTaBHUKaMM Knacy € pyTUH i aHTouiaHn. [pu
LbOMY HanbinbLL NEPCNEKTUBHUM € HanpsiM BMBYEHHS NPOLECIB perynsilii 0iocuHTesy
donaBoHoIAIB. Y poboTi BUABIEHO, WO 06pobka poCnuH rpeykn 3BuvanHoi (Fagopyrum
esculentum Moench.) 2%-HOl0 KOHLUEHTpaLIe perynsatopa pocTy XIOPXOMiHXopuay
(CCC) npusBoguTb A0 akTMBaLii hnaBoHOIgQHOrO MeTaboniamy. BMicT pyTuHy 36inbLuy-
€Tbca y 3,5 pasy, aHTouiaHiB — y 8 pasiB. Lia KoHUeHTpauia niaBuLLye akTUBHICTb pery-
NATOPHOrO hepmMeHTy (prnaBOHOIAHOMO CMHTE3Y doeHinanaHiH amiak-ria3un y 2 pasu.

Knrodoei cnosa: Fagopyrum esculentum, onaBoHOIAN, PYTUH, aHTOLiaHK, Xrop-
XoniHxropua,.
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dnaBsoHouabl — KNacc NoNMAYHKLMOHAmNbHbIX PacTUTENbHbIX BTOPUYHLIX MeTabo-
NNTOB, KOTOPbIE OTHOCATCS K rpynne heHUNNponaHonaoB. AT OMOMNOrMYeckn akTUBHbIE
BELLLECTBa NPeACTaBNSAT MHTEPEC AN BUOXMMMKOB PaCTEHWIA U XUBOTHbIX, UTONaTO-
10roB, XMMMWKOB, FEHETMKOB 1 BmoTexHornoros. Obrnagas LWNMPOKUM CNEKTPOM OENCTBUS
(P-BMTaMMHHbBIM, MPOTUBOSA3BEHHBIM, HWUMOA30TEPMUYHBIM, AHTUOKCUAAHTHbLIM, CTabu-
NU3NPYIOLLNM, aHTMOMYXOMNEBbIM, AyOWmbHbLIM), AaHHbIE BELLEeCTBa HaLUMW LUMPOKOEe
npvMeHeHne B (hapmaLmm B Ka4eCTBEe OCHOBBI A5 TEKapCTBEHHbLIX CpeacTs 1 bropoba-
BOK. Hanbonee pacnpocTpaHeHHbIMM M LIEHHBIMU B 3TOM KNacce BELLECTB SBMSOTCA
PYTVH 1 aHToumaHsl. [py 3ToM HanbornbLUNA MHTEPEC BbI3bIBAET M3yYEHME MPOLIECCOB
perynauum 6uocnHTesa cdnaBoHonaoB. B paboTte BbisiBNeHO, 4To 06paboTka pacTeHun
rpeunxv obbikHOBeHHOW (Fagopyrum esculentum Moench.) 2%-Hon KOHUeHTpaumew pe-
rynstopa pocta xnopxonuuxnopuga (CCC) npuBoguT K akTuBaumm briaBoHOMAHOMo Me-
Tabonuama. CogepxxaHve pyTvHa yBenuymaeTcs B 3,5 pasa, aHTouMaHoB — B 8 pas.
[aHHas KOHUEeHTpauusi NoBbILLAET aKTUBHOCTb perynsitopHoro hepMeHTa gonaBoHous-
HOro cvHTe3a (beHunnanaHvH ammmnak-nmassl B 2 pasa.

Knroveenle cnoea: Fagopyrum esculentum, cpnaBoHomabl, PYTVH, aHTOLMaHbI,
XMNOPXOMUHXNopua,.
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