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The changes of the antioxidant (AOA) and antiradical activities (ARA) and the total contents of
phenolics, anthocyanins, flavonols, and hydroxybenzoic acid in roots and different aerial sections of
Echinacea purpurea, nettle, and dandelion, after treatment with ornithine decarboxylase inhibitor, a
polyamine inhibitor (O-phosphoethanolamine, KF), and a phenol biosynthesis stimulator (carboxym-
ethyl chitin glucan, CCHG) were analyzed spectrophotometrically; hydroxycinnamic acids content
was analyzed by RP-HPLC with UV detection. Both regulators increased the AOA measured as
inhibition of peroxidation (IP) in all herb sections, with the exception of Echinacea stems after treatment
with KF. In root tissues IP was dramatically elevated mainly after CCHG application: 8.5-fold in
Echinacea, 4.14-fold in nettle, and 2.08-fold in dandelion. ARA decrease of Echinacea leaves treated
with regulators was in direct relation only with cichoric acid and caftaric acid contents. Both regulators
uphold the formation of cinnamic acid conjugates, the most expressive being that of cichoric acid
after treatment with CCHG in Echinacea roots from 2.71 to 20.92 mg g. There was a strong
relationship between increase of the total phenolics in all sections of Echinacea, as well as in the
studied sections of dandelion, and the anthocyanin content.
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INTRODUCTION molecules that are also generated endogenously through regular

. . . ., .. _metabolic activity, and their production depends on lifestyle and
Free radicals present in the human organism cause oxidativeja;.

damage to different molecules, such as lipids, proteins, and
nucleic acids, and thus are involved in the initiation phase of
some ilinesses. Oxidative stress appears to provide a critical
link between environmental factors and endogenous ones
including genetic risk factors in the pathogenic mechanisms of
diseases. Reactive oxygen species are highly reactive oxidan

Antioxidants are protective agents that inactivate reactive
oxygen species and thus significantly delay or prevent oxidative
damage. As a consequence, the antioxidant compounds may play
a major role in the prevention of certain diseases, such as

arcinogenesis, cellular aging, mutagenesis, cataracts, coronary
eart disease, diabetes, cerebral pathologies, and rheumatoid
arthritis. Some of them also reveal antiulcer effects and
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have been used for hundreds of years, and their clinical andplication has been controversial in relation to PAL activit(
pharmacological effects have been extensively studied from 20). In the effort to improve dietery antioxidant content of crop
various viewpoints. Some of the clinical effects of herbs are plants, phenolics as antioxidant have also been targets for
closely related to their antioxidant activities. We have selected enhancement in crop21). Several strategies have proved to
for our research the plants used in folk medicine, which are be successful in enhancing their level. One is the treatment of
known to contain phenolic compoundschinacea purpurea  plants with biologically active compounds acting on the
serves as an immunomodulator for innate immune responsegmolecular level 22). Others use gene manipulations. Both
by stimulating macrophages and natural killer ce#t$. (The structural genes and transcription factors have been manipulated,
physiologically beneficial effects dEchinaceaare exerted by  the latter because they play a prominent part in the overall
the multitude of constituents present in the preparations. regulation of the branches in the pathwag).

Preparations dEchinaceaspecies are used as immunostimulants ~ To potentially raise the levels of phenolics and antioxidant
to prevent or cure the common cold and infections in the upper capacity of the studied herbs, we applied two regulators of the
respiratory tractEchinacea’s polysaccharide and phytosterol different biosynthesis pathways. The first compound was
constituents support the immune system by activating white O-phosphoethanolamine (KF), which acts as the ornithine
blood cells B). Echinaceaeduces the spread of infection agents decarboxylase inhibitor, a polyamine biosynthesis inhibitor. KF
by attacking hyaluronidase. Cichoric acid (phenylpropanoid) has indirectly influenced the phenolics content and significantly
been shown to stimulate phagocytesisral and bacterial cell increased the total content of anthocyanins and total phenolics
destruction (6). InEchinaceafour groups of substances are in black chokeberry24). The second compound was water-
referred to as the most important: phenylpropanoids, alkamides,soluble carboxymethyl chitin glucan (CCHG), because according
polysaccharides, and glycoproteins (7). This herb contains alsoto Vander et al. Z5) and others26—28) chitin and chitosan,
gums, polyacetylenes, higher fatty acids, unsaturated aliphaticlike other elicitors, such a8-glucan and yeast extract, could
sesquiterpenes, etc. Dandelion serves mainly as a diureticuminduce secondary metabolites through the phenylpropanoid
and at the same time as a cleanser of the blood and liver. Anpathway in edible and medical plants without any stresses or
active substance of dandelion reduces serum cholesterol andienetic modification. The major products of the phenylpropanoid
triglycerides because it intensifies bile secretion. Dandelion Pathway are the hydroxycinnamic acids, which can accumulate
improves the function of the liver, pancreas, and stomach. It is &S esters or serve as precursors for other phenolic metabolites
used for anemia, cirrhosis of the liver, hepatitis, and rheumatism, including flavonoids and lignin.

and the leaves, for assembling salads, are also recommended In this paper, we present the study results of the effect of
as a natural source of vitamin C in the early spring. Radix has O-phosphoethanolamine and water-soluble carboxymethyl chitin
hypoglycemic effects. Dandelion water extract has antitumor glucan on the total content of phenolics, flavonols, anthocyanins,
activity attributed to polysaccharides. The most important hydroxybenzoic acids, hydroxycinnamic acids, dry matter, and
biologically active components are sesquiterpenic lactones, antioxidant and antiradical activities of the root and aerial parts
biotin, inositol, and vitamins B, C, D, E, and P. The leaves (stem, leaf, and flower head) dchinacea purpurea, nettle,
possesses a higher contentfetarotene than carrot and more and dandelion.

Fe and Ca than spinach, along with other macro- and micro-

elements. The content of phenolics in dandelion is 18y All MATERIALS AND METHODS

parts of nettle are used to prevent or cure many diseases. apparatus. The total phenolics, anthocyanins, flavonols, and
Therapeutic effects are shown by possesses numerous phyhydroxybenzoic acids, and also antiradical activity and antioxidant
tochemicals. In radix there are mainly sterols and coumarin activity, were determined using the U\Wis spectrophotometer (model
derivatives (9). All parts of nettle contain lignans, lower and Mini 1240, Shimadzu Corp., Tokyo, Japan); some cinnamic acids, for
fatty acids, tannins, mono- and triterpenes, vitamins, acid and example, cichoric acid, caftaric acid, and chlorogenic acid, were
neutral polysaccharides, choline, xanthophylls and related determined using a Waters Breeze HPLC system.
compounds, lectins, phenylpropanoid alcohols and aldehydes,ﬁ szgtgeir;ts( 935’13)Stzarz‘dj‘_:)dhig"l“'lons-'”ﬂeéc aC"Ij (959_%)I' T(\évgsr; 20,

- : ; - 6), 2,2-di yl-1-picrylhydrazyl radicals b), quer-
phenolic ?CIdS’ and other PhenO“f:S .(Z.lO). cetin dihydrate (98%), chlorogenic acid, gallic e)llcid, caffeic acid (58%),

Phenolics are an ecologically significant class of secondary methanol (spectrophotometric grade), and Felliocalteu’s phenol

metabolites expressed in all higher plants. The most commonreagent were obtained from Sigma-Aldrich. Kuromanin chloride
group of plant phenolics is the flavonoid family. Flavonoids (cyanidin-3-O-glucoside chloride, HPLC grade) was obtained from
with the high chemopreventive potentidl() are subdivided Extrasynthese (Genay, France). Ethanol (96%) and natrium carbonate
into several families according to molecular structure: flavonols, (p-a. grade) were obtained from Microchem Ltd. (Pezinok, Slovakia).
flavanols, flavones, isoflavones, and anthocyanidins. The other O-Phosphoethanolamine (98%) was synthesized at the Petrochemistry
phenolic compounds occurring in plants are non-flavonoid Research Institute (Prle_v!c_iza, Slo_vakla). Carboxymethyl ch|t|r! glucan
compounds such as hydroxycinnamic acids, hydroxybenzoicwas separated frorRenicilium chrizogenunmycelia at the Institute

. . . . . of Chemistry, Slovak Academy of Sciences (Bratislava, Slovakia).
acids, and stilbenes ). Phenolic acids are present in plants Cichoric acid and caftaric acid were identified after HPLC separation

mostly in bound form. Hydroxycinnamic acids occur frequently  fom E. purpureaextracts (Semi-Prep column Waters Spherisorb,
as simple esters with quinic acid, glucose, in Asteraceae with 10 ,m ODS-2, 10x 250 mm) using NMR analysis (Varian, AS 600,
succinic acid {3). The key enzyme for the phenolic metabolism  Oxford).

is phenylalanine ammonia-lyase (PALD4). PAL activity was Plant Material. E. purpurea(L.) Moench, nettle {rtica dioical.),
found to vary greatly with the stage of plant developmési) ( and dandelionTaraxacum officinale) were cultivated in fields located
There are some report$@, 17) showing that stress conditions in the same area of Nitra (Slov_akig). Dandelion before flowering, nettle
increase either PAL synthesis or activity in plants; other authors (night= 0.15 m), at the beginning of May 2006, afd purpurea

(18) have found that some stress treatments delay the increas&’ Yéar-old field), at the beginning of July 2006 (fourth stage of
in wound-induced PAL activity evelopment, bud enlargement), were foliarly treated for each of the

) o _ treatments on an area of Figsmall parcel= 1 n¥, 3-fold repetition
The higher level of phenolics is a component of the defensive of treatment). The treatment of variants was as follows: control

mechanism of plants. Exogenous phenolcarboxylic acid ap- treatment, water (400 L h#); KF treatmentO-phosphoethanolamine
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(5.6 g ha?) dissolved in 400 L of water; CCHG treatment, carboxym- at 765 nm was measured. The total phenolic content was expressed as
ethyl chitin glucan (8.0 g hd) dissolved in 400 L of water. gallic acid equivalents in milligrams per gram of dry matter.

Samples. Four plants from each small parcel were separately  Phenolic Profile DeterminatiorA modified version of the Glories’
harvested 15 days after treatment. The whole plants with the roots andmethod (33) was used to estimate the phenolic profiles of the same
surrounding soil were transferred to the laboratory and processedsamples as were used for the FC method. The absorba)cat (
immediately. Roots, stems, leaves, and flowers were cut off and rinsed 280 nm was used to estimate hydroxybenzoic addgnnmWwas used
with water; after homogenization in a blendgrg of sample was taken  to estimate flavonols, anfsxnmWwas used to estimate anthocyanins.
and extracted with 34.25 mL of 70% ethanol, by maceration at room Standards used were gallic acid in 10% ethanol for hydroxybenzoic
temperature in sealed flasks. All extractions from each repetition of acids, quercetin in 95% ethanol for flavonols, and cyanidin-3-glucoside
treatments were done in duplicate (total of six analyses/treatment). in 10% ethanol for anthocyanins. Phenolic subclasses were expressed
Flasks were placed in darkness and shaken every day for 5 min; afteras milligrams per gram of dry matter.

72 h, the contents were filtered and then stored-a0 °C before The mean sample of each plant section/treatment was used (owing
analysis. to data verification) for determination of total anthocyanins (results

Analytical Procedures. On the basis of the chemical reactions are not in the tables) according to the method previously reported by
involved, major antioxidant capacity assays are roughly divided into Hudec et al. 24). Small numeric insignificant differences between the
two categories: (1) hydrogen atom transfer (HAT) reaction based assaystwo methods did not change the relative relationships among the plant

and (2) single-electron transfer (ET) reaction based as28)s The sections and treatments.
extracts were examined for their phenolic contents (ET) and phenolic  High-performance Liquid Chromatography (HPLGAnalysis of
profiles as well as antioxidant activity in/acarotene-linoleate model hydroxycinnamic acids ifEchinaceaextracts was performed using a

system (HAT) and scavinging of DPPH radicals (ET). Both methods \yaters Breeze HPLC system equipped with a Waters UV-2487 detector.
give a measure of antioxidant activity. The antioxidant efficacy of the Separation was achieved on a reverse phase Spherisorb ODS 2 column
samples was evaluated on the basis of their abilities inhibit the of 250 x 4.6 mm i.d. The column temperature was maintained at
p-carotene bleaching, caused by free radicals generated during thezs °c and a flow rate of 1.0 mL/min was used. Solvent A was 0.2%
peroxidation of linoleic acid30). The values of antioxidant activity  (yx) phosphoric acid, and solvent B was methanol. The elution

are classified as high>(70% inhibition), intermediate (4670% conditions were as follows: linear gradient from 90% A to 10% A/90%
inhibition), and low (<40% inhibition), at 11.68 mg of dry matter of g 0—25 min: to 90% A/10% B, 2527 min: isocratic elution 90%
samples. A/10% B, 27-30 min; post-time 15 min before next injection. The

_Inhibition of PeroxidationOne milliliter of 5-carotene (0.2 mg/mL)  retention times for caftaric acid, chlorogenic acid, and cichoric acid
dissolved in chloroform was added to an Erlenmeyer flask containing measured at 330 and 254 nm were 8.51, 10.25, and 13.33 min,

linoleic acid (0.02 mL) and Tween 20 (0.2 mL). The mixture was then regpectively.
dosed with 0.31.8 mL of extracts (so 11.68 mg of dry matter/sample
was used) and 1:90.2 mL of 70% ethanol. Fifty milliliters of distilled
water, saturated for 15 min with oxygen, was added to the flask. The
resulting mixture was shaken and kept 2ch at 50°C. The absorbance (from six analyses)}t SD. The LSD method was used to determine

of the samples was measured spectrophotometrically at 470 nm,yq gignificant differences of phenolic contents between the treatments
immediately after their preparatioh € 0 min) and at the end of the at theo. = 0.05 level.

experiment { = 120 min). The inhibition of peroxidation (IP) was
calculated as percent inhibition of oxidation versus control sample

Date Analysis. Three repetitions of treatments and two different
samples from each repetition produced six values. All values of
antioxidant and antiradical activity in the tables are expressed as mean

(2 mL of 70 mL ethanol), using the equation RESULTS AND DISCUSSION
. b o b Several epidemiological studies have been published showing
% IP =100x [1 — (A — AY(A’ — A an inverse correlation between phenolic-rich diets and the

incidence of several diseases. Therefore, phenolics as antioxi-
whereAS is the absorbance of sample at 0 migi?°is the absorbance  dants have also been targets for enhancement in crops. Our two
of sample at 120 minA? is the absorbance of control sample at 0 expected phenol biosynthesis regulators significantly influenced
min, andA:? is the absorbance of control sample at 120 min. Not the various studied parameters.
only in this method, but also in the DPPH method, radical scavenging g nyrpurea The antioxidant activities of extracts measured
takes place—the differences are in the radicals. . . by the f-carotene bleaching method (IP) was observed to be
Antiradical Actiity DeterminationFree radical scavenging potentials highest in leaves. In control plants IP then followed by stems

were tested in a methanolic solution of DPPBILL). The degree of . !
decoloration of the solution indicates the scavenging efficiency of the fIOWers, and roots in decreasing order. Extracts from the control

added extract. Amounts from 0.1 to 1.8 mL of extracts and from 1.9 0ots possess almost no activity, which is in accordance with
to 0.2 mL of 70% ethanol were added to 4 mL of DPPH solution (10 Turianica et al. 4). They state that the inhibition of peroxi-
mg/L). Thirty minutes later, the absorbance was measured at 517 nm.dation of E. purpureaflower heads during stages—5% of
A reference sample was prepared with 2 mL of 70% ethanol. The ARA development radically decreases, but in leaves it slowly
was calculated as a percentage of DPPH decoloration using the equationincreases. According to Brovelli et al. (35) the concentration
of cichoric acid (in the aerial parts &. purpurea) as a strong
% ARA = 100x (1 — AJA) antioxidant in the final stage of development decreases. Phenolic
substances such as caffeic acid belong to the most efficient
whereA; is the absorbance of the sample akds the absorbance of  antioxidants from natural sources. Substitution of the aromatic
the reference. All values of IP and ARA were expressed as rdean  ring in the ortho or para position will enhance the antioxidant
standard deviation (SD). efficacy because of the possible resonance structures leading
Total Phenolics Determinatiorthe Folin—Ciocalteu (FC) method g increased stability of the antioxidant radical formed upon
83;2“)9 b(?;n‘:‘;lg: tg; Lehdeuncc?l(ii:ns Otfoabﬁsgsg‘;g’t‘?g:ﬁ%"gﬁﬁghxg‘so'ﬁé 4 1o Scavenging of other radicals. Caffeic acid and caftaric acid have
one ortho-dihydroxy phenyl group, whereas cichoric acid is

determine phenolic compounds. Briefly, 5 mL of water, 0.1 mL d of t lecul f caffei 361, A I
(Echinacea) or 1.0 mL (dandelion, nettle) of extracts, and 1.0 mL of composed of two molecules of caffeic aci6]. An overa

FC reagent were added to a 25 mL volumetric flask. The contents were @ntioxidant activity of E. purpurea measured as IP was

mixed and allowed to stand for 5 min at room temperature. Next, intermediate in leaves and low in other aerial sections. The IP
5 mL of a 7.5% of sodium carbonate solution and water filled to volume Of leaves at 11.68 mg of dry matter of samples was determined
was added. After 2.5 h of standing at room temperature, the absorptionto be 55.96%, whereas for stems, flower heads, and roots at
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Table 1. Effect of Phenolic Metabolism Regulators on Antioxidant and Antiradical Activities and Phenolic Content? in Different Sections of E.
purpurea

plant antioxidant antiradical total flavonols/ dry
treatment section activity? activity® phenols? hba® flavonols’ anthocyanins9 anthocyanins matter”
control root 459 +1.36 8244311 20.13a 173a 179a 9.34a 0.192 30.08 a
stem 2248 £1.94 64.89 £ 3.07 19.11¢c 1.69c¢ 1.62d 7.33d 0.221 30.85¢
leaf 55.96 £ 2.78 20.61 £1.54 39.96 d 8.14e 6.99 f 19.62 f 0.356 23.39e
flower/ 22.02+1.61 64.12 + 2.86 46.56 f 8.35f 5.55h 22.67h 0.245 22.82f
KF root 10.55 + 1.32 83.21+£341 44.95b 11.10b 5.89b 19.11b 0.308 34.77b
stem -1.80+£0.98 66.41 £ 2.97 19.71¢ 5.83d 1.53d 8.38d 0.183 32.69d
leaf 58.26 £ 3.19 —22.77+1.88 54.24 e 8.16e 7.00 f 28.629 0.245 2334e
flower 30.73+1.96 64.12£3.14 59.25¢ 15.95¢ 8.461i 27.45i 0.308 24219
CCHG root 3899+1091 82.44 £3.77 47.00b 1156 b 3.80c 24.10c 0.158 33.40b
stem 33.94+1.75 64.12 £ 3.36 20.71 ¢ 1.67c 4.07e 9.99e 0.407 31.19¢
leaf 64.68 + 2.69 6.11+1.01 43.28d 8.33e 4129 20.96 f 0.197 22.88e
flower 4174 £2.26 62.60 £ 3.18 64.80 h 15.97g 6.75] 28.33i 0.238 24189

aMeans followed by the same letter compared root, stem, leaf, and flower per se are not significantly different by LSD test at 5% level. ? Percent. ¢ Percent.
@ Spectrophotometrically (mg of gallic acid g~ of DW,’ 765 nm). € Hydroxybenzoic acid (mg of gallic acid g~ of DW, 280 nm). fMilligrams of quercetin g~ of DW, 360
nm. 9 Milligrams of cyanidin-3-glucoside, 520 nm. " Percent. / Dry weight. / Flower with seeds (flower head).

Table 2. Content (Milligrams per Gram of Dry Weight) of Hydroxycinnamic Acid Derivatives? in Different Sections of E. purpurea after Treatment
with Phenolic Metabolism Regulators

leaves stems flowers? roots
acid control KF CCHG control KF CCHG control KF CCHG control KF CCHG
caftaric 4.25a 3.74 b 2.62¢ 124a 195b 2.00b 353a 541b 5.45h 0.44a 152b 27¢
chlorogenic ta¢ ta ta 03la 0.26a 03la 03la 040a 037a 0.54a 0.36 ab 0.32b
cichoric 1491a 13.24b 9.61c 163a 2.77h 352h 13.79a 19.58b 18.91b 271a 13.53b 20.92¢

a Determined by HPLC. Means followed by the same letter compared root, stem, leaf, and flower per se are not significantly different by LSD test at 5% level. © Flowers
with seeds (flower head). ¢ Trace amounts.

the same concentration IP was 22.47, 22.02, and 4.59%,acids (cichoric acid and caftaric acid) contents, because chlo-
respectively. Both regulators with the exception of stems after rogenic acid was determined to be in trace amount. Cichoric
treatment with KF increased IP. In root tissue IP was dramati- acid is an efficient scavenger of free radicals and comparable
cally elevated mainly after derivative application (8.5-fold). to flavonoids 86). Therefore, its content decreases only in leaves
Carboxymethyl chitin glucan also increased IP of stems, leaves,(Table 2) and participates in the reduction of ARA only in
and flowers by 151, 115.6, and 189.6%, respectively, versus leaves Table 1). Our target is not to compare the antioxidant

control. activity measured as IP or ARA, because both represent the
The inverse relationship between IP and ARA can be seenresults of the antioxidant activity assays achieved in two
with the evaluation in all sections of control plani&ble 1). different systems (29).

Of course, many antioxidants that react quickly with peroxyl = The average total phenol contentdHohinaceacontrol root,
radicals may react slowly or may even be inert to DPPH. stem, leaf, and flower head were found to be 20.13, 19.11, 33.96,
According to Joubert et al3] this apparent discrepancy could and 46.56 mg g of dry weight, respectively. It has been
be explained if pro-oxidation, due to the high concentration of reported that the flowers and rootst¢hinaceahave the highest
total flavonoids, dihydrochalcones, and/or total polyphenols, is contents of polyphenols and alkamides, whereas the leaves and
considered. Frankel et al.37) also showed that a high stems are rich in polysaccharid&®). In our study, the highest
concentration of green tea extract resulted in pro-oxidation, but phenolic contents ifcchinaceaflower heads and leaves were
Burda and Oleszek (38) refer especially to the significant effect determined. Naturally, this result is the function of development
of the structure of phenolic compounds in the plant. The radical stage. The inconsistencies among different sections of plants
scavenging activity in waterethanolic extracts of roots, stems, in phenolic profiles content and IP or ARA results are deceptive.
and flower heads after treatment with regulators was unchangedThat is to say, the antioxidant activity of phenolic compounds
with the exception of leaves. ARA of these leaves after treatment depends on several factors: the oxidation system, the degree
with KF was dramatically decreased 42-fold), and these of glycosylation, concentration, partition coefficient (phase
tissues showed pro-radical activiti€gple 1). This may result distribution in assay conditions), and parameter measured.
if a significant increase in weaker-reducing-agent phenolics, still Phenolics generally considered to be antioxidants can also
measured in the antioxidant assay, and total phenols occurrs orexhibit pro-oxidant activity under certain conditions. Hydrogen
the sample contains other compounds of high absorbance. Fronatom donation by-diphenols (the basis for antioxidant activity)
the chromatograms we could see two new peaks (retention timesresults in the formation of a phenoxyl radical that can undergo
of 9.45 and 11.30 min) not assigned to known compounds secondary reactions of a pro-oxidant nature. Certain phenolics
(compared to the control leaves) that were significantly different are prone to autoxidation. The combination of these reactions
in their size after treatment with KF versus CCHG. Similarly, accounts for the redox cycling activity of some flavonoids and
one new peak in stem extract after treatment with KF (com- non-flavonoid phenolics. These compounds often demonstrate
parison to the control stem extract) was found (retention time pro-oxidant activity in the presence of alkaline pH, transition
of 8.16 min). ARA decrease of leaves after treatment with metals, and oxidative enzyme&) 41). Some authorgl@) have
regulators was in direct relation only with hydroxycinnamic shown a high correlation between antioxidant activity and
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Table 3. Effect of Phenolic Metabolism Regulators on Antioxidant and Antiradical Activities and Phenolics Content? in Different Sections of Nettle

plant antioxidant antiradical total flavonols/
treatment section activity? activity® phenols? hba® flavonols’ anthocyanins? anthocyanins dry matter”

control root 9.86 + 1.62 44.77+2.92 782a 0.27a 3.00a 0.93a 0.323 19.99a
stem 37.56 £2.91 50.58 +2.73 991c 0.50¢ 4.18d 417d 1.002 11.12¢
leaf 76.06 * 3.04 26.75+3.01 762e 267e 1.92f 6.36 0.302 21.33e

KF root 3146 +2.14 27.33+1.37 732a 0.90b 3.82b 2.19b 1.744 26.04b
stem 57.28 +2.93 43.60 +1.92 11.94d 1.15d 4.28d 527e 0.812 10.70 ¢
leaf 81.22 £3.70 15.12+1.05 76le 267e 2.89¢g 6.91¢g 0.418 2141e

CCHG root 40.85+3.13 62.79 +£4.92 10.25b 1.00b 480¢ 312¢ 1.538 29.76 b
stem 51.17 £ 3.06 75.00 + 4.60 10.71¢c 1.22d 5.83e 433d 1.346 16.70d
leaf 85.92 £3.42 20.93+2.34 9.61f 2.74e 295¢g 6.60 fg 0.447 25.65 f

2The symbols are identical with those of Table 1.

phenolic content, whereas other authors (43) have found a lowincreased the formation and accumulation of cinnamic acid
correlation or no correlatiomé). Furthermore, herbs contain a conjugates in all plant sections with the exception of leaves.
wide array of chemical compounds working together. Most often  KF treatment increased the dry matter content of the roots,
there is a rather incomplete knowledge of their cammon effects, stems, and flowers, whereas CCHG increased the dry matter
and some of the active components may have remainedcontent of only the roots and flowers.
undetected, but some of them may create an inhibiting or  Nettle. The results are given ifiable 3. Extracts from control
stimulating effect from the point of different analyzed param- roots possessed almost no antioxidant capacity (9.86%), control
eters, which complicates the understanding of the mechanismsstem IP was intermediate (37.56%), and leaves showed high
and relations. AOA (76.06%). Both applied regulators increased IP in all plant
The group of unidentified alkamides with retention times sections, on average more considerably after treatment with
between 22 and 24 min and free caffeic acid were presented inCCHG. CCHG increased IP in roots 4.14-fold and in leaves by
roots only. Several authord§, 46) attribute specific alkamides  13% versus control. The leaves just after treatment with CCHG
the retention time of 22—24 min to the same analytical showed the highest IP (85.92%) in all nettle sections.
conditions. This result together with the other undetermined  The antioxidant activity of stems measured as IP was more
compounds could be in relation to the highest ARA of roots strongly increased by KF of 52.5% compared to the control.
and contributes to the synergistic antioxidant effectEcifina- Both the leaf and the nettle root are used pharmaceutically,
ceaconstituents as shown by Dalby-Brown et &a).(On the although use in benign prostatic hyperplasia is limited to the
contrary, Hu and Kitts47) found no radical scavenging activity  root (48). Moreover, antiprostatic effects, according to present
in the chloroform extracts dEchinaceaspecies, and therefore  knowledge, are possessed by many substances, which act by
they declare the alkamides do not contribute to free radical 15 different mechanisms49). One of them is an antioxidant
scavenging activity. The group of alkamides with retention times mechanism. Strategies aimed at reducing the generation or
between 26 and 28 min was present in all sections€Eof increasing the scavenging of reactive oxygen species offer
purpurea. KF and CCHG treatment significantly increased the exciting promise for the prevention of prostate cancer. An
total phenol contents with the exception of stem. The total expressive elevation of IP in roots after treatment with our
phenols content in root tissue was elevated 2.33-fold after regulators could interact with the probably most active com-
treatment with CCHG, 1.36-fold in leaf after treatment with ponents of root3-sitosterol and lectin, to provide more effective
KF, and 1.39-fold in flower after treatment with CCHG. There prevention or therapy of prostate cancer or benign prostatic
was a strong relationship between the increase of the totalhyperplasia, respectively.
phenolic content in all sections @&chinaceaand the antho- The regulators had an expressively different effect on ARA
cyanin contentTable 1). The findings presented in this study in all nettle sections. KF decreased the antiradical activity in
on the total phenol content &chinaceaafter treatment with  all plant sections. After treatment with CCHG, the antiradical
KF are consistent with previous results obtained for black activity of roots increased by 40.25% and that of stems increased
chokeberry (24). The results ascribed to hydroxybenzoic acidsby 48.28% versus control, but that of leaves decreased by
(measuring the absorbance at 280 nm) are not the absolute21.76%. These results (the decrease of ARA after treatment with
values, but the higher one, because it reflects contributions fromKF and the increase of ARA after treatment with CCHG) could
a wider range of polyphenols (flavanols, hydroxycinnamates, be explained by differences in the mechanisms of the action of
etc.). The effect of both regulators mainly on the higher content regulators. CCHG as chitin derivative acts as the stimulator of
of hydroxybenzoic acids in roots and flowerheads is unambigu- PAL activity (26,27) and thus directly influences the phenolic
ous. biosynthesis, but KF as the inhibitor of ornithine decarboxylase
Both regulators, KF indirectly (for possible ways see24j (50) only indirectly (24) induces this biosynthesis.
and CCHG directly induced the accumulation of phenolic  CCHG significantly increased the dry matter content of all
compounds. Both regulators expressively changed the conditionsnettle plant sections. In the case of KF only the dry matter of
of synthesis or translocation of phenolic compoundsEin the roots was significantly increased in comparison to the
purpurea. They increased the content of cinnamic acid deriva- control. The dry matter was the most expressively increased in
tives in stems by almost 1.9-fold (CCHG), in roots by 6.5-fold roots (by 30.3% after treatment with KF and by 48.9% after
(CCHG), and in flowers by 44% (KF) and decreased their treatment with CCHG). The higher lignification of the cell walls
content in leaves by 36% versus control. The maximum related to the higher phenolic compounds accumulation after
elevation of cichoric acid was from 2.71 to 20.92 mg!dgn treatment with CCHG is in accordance with Tan et &ll)(and
roots after treatment with CCHGTéble 2). Both regulators  attests at the same time that CCHG has a positive effect on
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Table 4. Effect of Phenolic Metabolism Regulators on Antioxidant and Antiradical Activities and Phenolics Content? in Different Sections of Dandelion

plant antioxidant antiradical total flavonols/ dry
treatment section activity? activity® phenols? hba® flavonols’ anthocyanins? anthocyanins matter”
control root 1322 +1.23 83.43+2.96 15.31+0.68
stem 35.00 £ 2.45 78.86 £2.31 8.80+0.28
leaf 3143+2.10 61.14 +2.40 5.38a 114a 1.30a 256 a 051 14.36 £0.28
flower 7.14 £0.59 82.29+2.24 12.66 ¢ 0.68¢ 450b 7.79¢ 0.58 1479 £0.32
KF root 18.57 +1.06 80.57 +£2.98 24.47 +0.66
stem 52.14 +2.68 72.57 £2.92 10.31+0.40
leaf 61.07 £2.41 56.57 + 2.30 891b 1.09a 0.94a 248a 0.38 16.15+0.33
flower 53.93+2.33 78.86 + 2.27 15.24d 0.21d 340c 7.38d 0.46 15.94 £0.37
CCHG root 2750+ 1.71 76.00 £2.71 24.89+0.83
stem 52.86 +2.98 7429 +2.13 10.11+£043
leaf 60.00 + 2.65 60.00 * 2.46 9.22b 1.59b 1.19a 3.00b 0.40 15.60 £ 0.40
flower 50.38 + 2.07 80.00 +2.29 15.47d 0.72¢c 4.08d 8.14c 0.50 17.59 £ 0.48

@The symbols are identical with those of Table 1.

PAL activity, because its decrease, as also an another enzymexpressively in roots (as iBchinaceaand nettle roots). This
from the phenylpropanoid pathway, reduces the lignin Ié38L ( fact is the next indirect evidence that not only CCHG but also
This fact corresponds with the results of Li et al. (16) because KF affects the phenylpropanoid pathway. The mechanism of
chitin oligomers are more intensive inducors of PAL expression action is not clear. Alternatives are described by Hudec et al.
than the stress from the wheat leaves infection. The total (24).
phenolic content of the roots (compare KF vs control) does not  The major phenolic fraction in dandelion was anthocyanins.
support the statement that the higher lignification of the cell This phenolic fraction of the flowers was reduced by KF,
walls is related to the higher phenolic compounds, but indicates whereas CCHG had no effect on their anthocyanin content, but
that KF acts by the other mechanism to the phenolic formation. it did increase the anthocyanin content of the leaves. Both
The more expressive effect on the total phenols was shown byregulators reduced the flavonol content of the flowers. Despite
CCHG, although after treatment with KF the highest content this, both treatments increased the total phenol content of the
(11.94 mg of gallic acid equivalent 4 of dry weight) was leaves and flowers, the most after treatment with CCHG, in
determined in nettle stem. flowers to 15.47 mg g, which is an increase of 22.2%, and in
After treatment with CCHG, especially in roots, the content leaves to 9.22 mg d, which is an increase of 71.4% in
of hydroxybenzoic acids was 3.7-fold, the content of anthocya- comparison to the control. The effects of KF and CCHG did
nins almost 3.4-fold, and the content of flavonols 1.6-fold not differ significantly. The total phenolic contents were in a
increased. tighter relationship with ARA than IP, which supports the notion
The statement that KF expressively prefers an anthocyaninthat phenolics act through an electron transfer mechanism and
synthesis and accumulation in black chokebe#)(was not that their content reflects the reducing capacity of the antioxi-
unambiguously confirmed in all sections of herbs. Obviously, datively affecting source (2%5).
the other plants may possess different transport methods and The results of this project suggest that herbs found in nature
accumulation places of the active compounds. with low or intermediate antioxidant activity after treatment with
Dandelion. The extracts of the control dandelion plant O-phosphoethanolamine or carboxymethyl chitin glucan as the
sampling at the stage of flowering were shown to be weak stimulator of PAL activity might be potential sources of higher
antioxidants and were more effective as scavengers of DPPH.antioxidant content and can play an important role in chemo-
Both regulators increased IP in all plant sections. CCHG prevention and also are more desirable for processing in the
stimulated an increase of IP the most in flowers (an increase of pharmaceutical industry.
70.56%), in roots (an increase of 108.0%), and stems (an
increase of 51.0% compared to the contralpifle 4). KF ABBREVIATIONS USED
elevated IP the most in flowers (7.55-fold) and in leaves (of ~AOA, antioxidant activity; ARA, antiradical activity; IP,
94.3%). The low antioxidant activity of control flowers (7.14%, inhibition of peroxidation; CCHG, carboxymethyl chitin glucan;
practically without activity) in the development stage of full KF, O-phosphoethanolamine; DPPH, 2,2-diphenyl-1-picrylhy-
flowering could be related to the relatively higher level of drazyl radicals; FC, FolinCiocalteu; ODC, ornithine decar-
conjugates, especially in flowers, including polyamine conju- boxylase; PAL, phenylalanine ammonia-lyase.
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