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Abstract: Reynoutria japonica is on the IUCN list of the Worlds’ 100 worst 
invasive species, but it is also, especially its rhizome, an integral part of 
traditional chinese medicine. The objective of this study was to determine the 
amount of selected phenolic compounds in rhizome, stems, leaves and inflores-
cence methanol extracts of this plant, their antioxidant and anticholinesterase 
activity. The chemical profile of the examined extracts was obtained by a high- 
-performance liquid chromatography. In vitro assays on DPPH, OH and NO 
radicals were used to estimate antioxidant potential and Ellman’s method was 
applied for the determination of anticholinesterase activity. Leaves and rhiz-
ome extracts were found to be rich in rosmarinic and chlorogenic acid, and sel-
ected flavonoids. Resveratrol was exclusively present in rhizome and stems 
extracts. All the investigated extracts expressed certain antioxidant activity, 
where leaves extract was the most active. However, rhizome extract was the 
strongest inhibitor of acetylcholinesterase. These findings indicate that there is 
a possibility of R. japonica exploitation for the isolation of biologically active 
phenolic compounds used in pharmaceutical and food industry. 

Keywords: Polygonum cuspidatum; trans-resveratrol; antioxidant effect; anti-
cholinesterase activity; phenolic acids; flavonoids. 

INTRODUCTION 
Reynoutria japonica Houtt. – Japanese knotweed (syn. Fallopia japonica 

(Houtt.) Rouse Decreane var. japonica, Polygnum cuspidatum Sieb. et Zucc.) is a 
member of the family Polygonaceae, whose native range covers East Asia region, 
but it is a worldwide ornamental plant species. First records in Europe date back 
to XVIII century, when it was introduced to botanical gardens of Western Eur-
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ope, in Netherland and England. Nowadays, it is naturalized in Europe, North 
America, Asia, Australia and New Zealand.1–5 Japanese knotweed is on the IUCN 
list of the 100 worst invasive species,5 and it is one of the invasive alien species 
with the highest negative impact on the environment in Germany, UK and 
France.6 It propagates from rhizomes vegetatively and endangers other plants. 
Once it appears at the site R. japonica spreads very fast and forms dense mono-
cultures.7 Many European countries develop control measures and suppression 
programs regarding this invasive species. 

Interestingly, its usage in traditional systems of medicine dates back over 
1800 years. Currently, it is listed in the Pharmacopoeia of the People's Republic 
of China as Rhizoma Polygoni Cuspidati. The rhizome of this plant is used as a 
main constituent in various pharmaceutical formulations intended for treatment 
of different ailments of liver, bile and urinary tract followed by inflammation 
such are acute hepatitis and cirrhosis, hepatitis B infection, cholecystitis, append-
icitis, prostatitis, chronic pelvic pain syndrome and urinary tract infections.8 
Furthermore, R. japonica rhizome is used for curing burns, inflammation, various 
bacterial infections, rheumatic arthritis, acute gouty arthritis, arthralgia, myalgia, 
atherosclerosis, hyperlipidemia and diabetes.9 Besides its medicinal use, the ten-
der stems of R. japonica are consumed as a delicious foodstuff in the Eastern 
world.8 Numerous studies have been conducted concerning phytochemistry, 
pharmacodynamics and potential application of R. japonica. It is important to 
emphasize that the majority of the available scientific data are focused at the 
rhizome and that the other parts, such are the aerial parts of the plant, should also 
be investigated. Reynoutria japonica is the source of stilbenes (e.g. resveratrol), 
which are important regarding the fact that these secondary metabolites are found 
in only a few higher plants.10,11 R. japonica also contains quinones (emodin and 
similar anthraquinones), coumarins and lignans, different volatile compounds, 
phenolic acids, flavonoids and, recently discovered, flavonol-fused stilbene gly-
cosides.12 So far, antioxidant, anti-inflammatory, antimicrobial, anticancer, heap-
toprotective, lipid regulating, estrogenic, anti-shock and inhibition of melano-
genesis effects have been investigated with the R. japonica rhizome extracts or 
isolated compounds.8 Since being an antioxidant agent and containing com-
pounds which exhibit neuroprotective effects, R. japonica could be applied in 
prevention and co-therapy of Alzheimer’s disease (AD).13 Therefore, despite the 
negative impact on the environment and society, the invasive species, such as R. 
japonica, could be a potential natural resource of compounds that have signific-
ant pharmacological effects. 

The aims of the present study were to evaluate the amounts of the selected 
phenolic compounds (i.e. resveratrol, phenolic acids and flavonoids) in R. japo-
nica rhizome, stems, leaves and inflorescence methanol extracts, as well as to 
estimate the in vitro antioxidant (neutralization of DPPH•, •OH and NO•) and 
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anticholinesterase potential in the aspect of potential use in the treatment of AD 
and in pharmaceutical and food industry in general. 

EXPERIMENTAL 
Plant material and preparation of extracts 

Rhizome, stems, leaves and flowers of the wild-growing R. japonica in full blossom 
were collected at location Kamenjar in Novi Sad, Serbia, in September 2014. Voucher 
specimen (no. 2-2119) was confirmed and deposited at the Herbarium of Department of 
Biology and Ecology (BUNS), Faculty of Sciences, University of Novi Sad. Plant material 
was air dried and kept in paper bags prior to analysis. 

Maceration with 70 % methanol (herbal drug:solvent, 1:1) at room temperature was used 
for obtaining the extracts of R. japonica rhizome (RJ-1), stems (RJ-2), leaves (RJ-3) and 
flowers (RJ-4). After the maceration, the extracts were filtered and evaporated under vacuum 
to dryness, while the mass of dry extract (d. e.) was measured by analytical balance (accuracy 
0.1 mg). 
Evaluation of chemical composition 

Total phenolic compounds and flavonoid content. The amount of total phenolic com-
pounds (TP) in the investigated extracts was determined spectrophotometrically with the 
Folin-Ciocalteu (FC) reagent14 and was expressed in mg of gallic acid equivalents (GAE) per 
g of dry extract (d. e.), using a standard calibration curve of gallic acid. All measurements 
were done in triplicate. Total flavonoid content (TF) in the extracts was also determined spec-
trophotometrically, using a method based on the formation of a flavonoid–aluminum complex 
with an absorptivity maximum at 430 nm.14 Flavonoid content was expressed in mg of quer-
cetin equivalents (QE) per g of d. e., using a standard curve of quercetin. All measurements 
were replicated three times. 

HPLC-DAD analysis of selected phenolic compounds. Qualitative and quantitative char-
acterization of phenolic compounds present in the examined extracts was performed by high 
performance liquid chromatography (HPLC). An Agilent HP 1100 HPLC – diode array 
(DAD) and fluorescence (FLD) detection system equipped with an autosampler (Agilent, 
Waldbronn, Germany) was used. The separation was done on Zorbax CB-C18 column (4.6 
mm×150 mm, i. d., 5 μm particle size) at 25 °C with solvent A being 0.1 % aqueous solution 
of acetic acid and B 0.1 % solution of acetic acid in acetonitrile. Gradient mode of elution was 
used (3.25 min – 10 % B; 8 min – 12 % B, 15 min – 25% B, 15.8 min – 30 % B, 25 min – 90 
% B, 25.4 min – 100 % B) with the flow rate of 1 mL min-1. The injection volume was 15 µL. 
Analytical standards of ferulic, chlorogenic, p-hydroxybenzoic, rosmarinic, coumaric and 
trans-cinnamic acid, quercetin, naringenin, rutin and epicatechin were dissolved in methanol 
and injected to system under the same analytical conditions for the needs of calibration and 
quantification of compounds in the examined plant extracts. The detection was carried out at 
wavelength of 280 nm.15 

HPLC-DAD/FLD analysis of trans-resveratrol. The HPLC analysis was performed using 
a reverse phase Zorbax, SB-C18, 4.6 mm×150 mm (5 µm) column, at a flow-rate of 1 mL 
min-1, as previously described.16 
Biological potential 

In vitro antioxidant activity. Free radical scavenging capacity (RSC) of the investigated 
extracts was evaluated by measuring the scavenging activity on DPPH•, •OH and NO•. All the 
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measurements were done in triplicate and the percentage of all RSC processes was calculated 
by the following equation: 
 RSC = 100(Acontrol – Asample)/Acontrol 
where Acontrol is an absorbance of reaction mixture without the examined extract, and Asample is 
the absorbance of reaction mixtures containing increasing volumes of plant extract solution, 
whose antioxidant potential was estimated. 

DPPH assay was performed as previously described.17 The disappearance of DPPH• was 
detected spectrophotometrically at 515 nm. The scavenging capacity of the examined R. 
japonica extracts for hydroxyl radicals was evaluated by measuring the degradation of 
2-deoxy-D-ribose by •OH generated in a Fenton reaction.17 The neutralization of NO• was 
evaluated by measuring the accumulation of nitrite (formed in the reaction of NO• with 
oxygen), according to the Griess reaction.18 The results describing antioxidant potential of the 
examined extracts were compared with antioxidant potential of propyl gallate (PG) and trans- 
-resveratrol, estimated under the same experimental conditions. 

Anticholinesterase activity. The inhibition of acetylcholinesterase (AChE) was deter-
mined spectrophotometrically using S-acetylthiocholine iodide as a substrate in a modified 
Ellman’s method.19,20 Final concentrations of the extracts in the reaction mixture were 630 and 
1260 μg mL-1. The tests were carried out in triplicate, while the percentage of inhibition of 
AChE was calculated by the following equation: 
 I = 100(1 – (Asample/Acontrol)) 
Statistical analysis 

The data were reported as mean values ± standard deviations (SD). Values representing 
the concentrations of investigated extracts that cause 50 % of neutralization or inhibition 
(IC50) were determined by regression analysis of RSC. 

RESULTS  

Chemical characterization 
The results of total phenolic and flavonoid content, as well as dry extracts (d. 

e.) yield are given in Table I. Leaves yielded the highest amount of dry extract 
followed by inflorescence, rhizome and stems. Similar results were obtained also 
for the total phenolic content and the highest amount was recorded in the aerial 
parts of the plant, specifically in the stem extract (203.03 mg GAE/g d. e.). The 
extracts obtained from inflorescence and leaves contained higher amounts of fla-
vonoids (18.21 and 16.31 mg QE/g d. e., respectively) when compared to stem 
and rhizome extracts (2.4 and 2.84 mg QE/g d. e., respectively). 

TABLE I. The content of d. e., TP and TF in the investigated extracts of Reynoutria japonica 
Sample d. e. yield, mg/g of dry plant material TP / mg GAE/g d. e. TF / mg QE/g d. e. 
RJ-1 89.14±0.01 94.97±3.35 2.84±0.03 
RJ-2 73.26±0.09 203.03±6.07 2.4±0.08 
RJ-3 158.86±0.13 186.45±1.32 16.31±0.09 
RJ-4 117.8±0.08 117.59±3.42 18.21±0.41 
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Detailed chemical analysis of the obtained extracts by liquid chromato-
graphy resulted in quantification of the range of phenolic compounds (Table II, 
Fig. 1). The leaves extract was rich in rosmarinic and chlorogenic acid. Further-
more, a considerable amount of rutin was recorded in the leaves, whereas agly-
cones (epicatechin and quercetin) were not detected or were present in low amount 
(naringenin). The rhizome extract was also rich in rosmarinic and chlorogenic 
acid, but these amounts were lower when compared to the leaves extract. How-
ever, considerable amounts of epicatechin and quercetin were quantified. Although 
all of the investigated phenolic compounds were detected in the stem extract, 
their concentration was lower than in leaves and rhizome extracts. None of the 
selected phenolic compounds were detected in R. japonica inflorescence extracts. 

TABLE II. Quantification of selected phenolic compounds in R. japonica extracts; n. d. –  not 
determined 

Compound Concentration of selected phenolic compounds, mg / g of d. e. 
RJ-1 RJ-2 RJ-3 RJ-4 

Phenolic acids 
p-Coumaric acid 1.67±0.05 0.41±0.02 2.57±0.09 n. d. 
Ferulic acid n. d.a 0.40±0.03 4.40±0.18 n. d. 
p-Hydroxybenzoic acid 2.88±0.14 0.33±0.01 2.36±0.15 n. d. 
trans-Cinnamic acid 0.27±0.02 0.62±0.03 0.32±0.05 n. d. 
Rosmarinic acid 3.30±0.13 0.40±0.03 13.42±0.32 n. d. 
Chlorogenic acid 4.89±0.12 0.48±0.04 4.21±0.17 n. d. 

Flavonoids 
Epicatechin 19.69±0.15 2.08±0.11 n. d. n. d. 
Quercetin 2.26±0.03 1.83±0.12 n. d. n. d. 
Naringenin 0.77±0.02 0.73±0.04 0.87±0.10 n. d. 
Rutin 6.87±0.21 1.27±0.07 7.69±0.42 n. d. 

 
Fig. 1. Chromatogram of the examined R. japonica rhizome extract (RJ-1) at 280 nm: 

1 – rutin, 2 – chlorogenic acid, 3 – p-hydroxybenzoic acid, 4 – epicatechin, 5 – p-coumaric 
acid, 6 – rosmarinic acid, 7 – quercetin, 8 – trans-cinnamic acid, 9 – naringenin. 
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The quantification of trans-resveratrol showed its presence in stem (0.087 
µg/mg d. e.) and rhizome (0.068 µg/mg d. e.) extracts, while it was not deter-
mined in leaves and inflorescence extracts (Fig. 2). 

 

 
Fig. 2. Chromatograms of: A – the examined R. japonica rhizome extract and standard trans- 

-resveratrol with detection at 280 nm; B – the examined R. japonica rhizome extract and 
standard trans-resveratrol with detection at Ex = 330 nm, Em = 374 nm (B); 1 - trans-resveratrol. 

Biological potential 
The second part of the study was focused on the antioxidant potential of 

different R. japonica extracts examined through neutralization of DPPH•, •OH 
and NO•, as well as on their anticholinesterase activity (Table III). The highest 
potential to neutralize DPPH• was recorded in the leaves extract (RJ-3, IC50 = 
= 0.76 µg mL-1), while the lowest antioxidant potential was exhibited by the 
rhizome extract (RJ-1, IC50 = 5.13 µg mL-1). The results obtained for RSC of the 
examined extracts in DPPH-test system were comparable with the antioxidant 
potential of synthetic antioxidant – PG (IC50 = 0.58 µg mL-1, Table III). Similar 
results were obtained when the ability of R. japonica extracts to neutralize •OH 
was analyzed. Leaves extract (RJ-3) expressed the highest potential (IC50 = 21.4 
µg mL-1) whilst the highest IC50 value was recorded for the rhizome extract (RJ-1, 
IC50 = 138.28 µg mL-1). However, in the NO test-system, the stem extract (RJ-2) 
expressed the highest activity (IC50 = 13.65 µg mL-1), followed by the leaves 
extract (RJ-3, IC50 = 19.19 µg mL-1), rhizome extract (RJ-1) and inflorescence 
extract (RJ-4). Similar as in the DPPH-test system, the lowest IC50 values 
obtained for leaves and stems extracts in OH- and NO-test systems, respectively, 
were comparable with the antioxidant potential of PG measured under the same 
experimental conditions. The rhizome extract (RJ-1) was found to inhibit AChE 
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considerably; 62.41 % and 79.05 % in applied concentrations (630 and 1260 µg 
mL-1, respectively). 

TABLE III. Antioxidant and anticholinesterase potential of the examined extracts 
Sample Antioxidant potential Inhibition of AChE 

IC50, µg / mL Concentration, µg/mL 
Inhibition, % 

DPPH• •OH NO• 630 1260 
RJ-1 5.13±0.11 138.28±3.15 29.6±1.39 62.41±2.15 79.05±3.68 
RJ-2 2.23±0.05 90.48±4.78 13.65±0.78 31.55±1.32 48.69±4.97 
RJ-3 0.76±0.03 21.40±1.58 19.19±1.54 18.32±1.12 38.21±2.14 
RJ-4 1.94±0.11 127.66±6.41 40.00±0.47 39.46±2.14 51.19±3.54 
PG 0.58±0.03 8.76±0.18 9.04±0.23 / / 
trans-Resveratrol 3.57±0.08 / / / / 

DISCUSSION 

Since the first investigations of R. japonica rhizome, traditional herbal medi-
cine in China, a lot of different chemical constituents were characterized.8 How-
ever, very few studies are dealing with the chemical analysis of the aerial parts. 
Japanese knotweed represents one of the most invasive species in Europe. There-
fore, it is important to elucidate the efficient way of its eradication, and what is 
more, regarding its numerous pharmacological effects, to find the efficient way 
of its exploitation for the needs of pharmaceutical industry. A detailed chemical 
analysis of the selected phenolic compounds showed that the most abundant 
source of phenolic acids (especially chlorogenic and rosmarinic acid) is the R. 
japonica leaves extract. So far, chlorogenic acid has been detected only in rhiz-
ome extracts and found to be one of the major compounds responsible for free 
radical scavenging, antiproliferative, hepatoprotective, neuroprotective and anti- 
-HIV potential of R. japonica.21,22 Also the majority of studies determine only 5- 
-caffeoylquinic acid, which is the most abundant chlorogenic acid in nature.23 
Yet, beside caffeoylquinic acids, there are dicaffeoylquinic acids and feruloylqui-
nic acids found in plants, each group with at least three isomers. Presumably, 
they all play an important role in exhibiting beneficial effects to human health.24 
However, there are no data on rosmarinic acid content in Reynoutria species. 
This may be of importance since rosmarinic acid possesses notable biological 
activities (antioxidant, antimicrobial, antiviral, anti-inflammatory and neuropro-
tective).25 Moreover, chlorogenic and rosmarinic acid were present in consider-
able amounts in the studied rhizome extracts. Along with phenolic acids, several 
flavonoids were quantified in the examined R. japonica extracts. They were det-
ected in relatively high concentrations in rhizome extract (RJ-1), especially fla-
vonoid aglycones epicatechin and quercetin. These findings concur with the 
results of Kuznetsova26 and confirm the hypothesis that invasive species from 
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ruderal flora, such is R. japonica, could be a potential natural resource of bio-
logically active compounds. Interestingly, flavonoid aglycones were either not 
detected or present in low amount in the leaves extract (RJ-3), whereas rutin, as 
flavonoid glycoside, was present in a relatively high concentration. The absence 
of investigated phenolic acids and flavonoids in the inflorescences may be exp-
lained by the white color of flowers. Namely, the presence of leucoanthocyanins 
is characteristic for this type of flowers where different types of phenolic com-
pounds are present in colored flowers (yellow, red, purple, etc.).27 

The content of trans-resveratrol was determined in both, rhizome and aerial 
parts. Resveratrol is a phenolic compound characteristic for red wine and leaves 
of eucalyptus. Several health benefits are related to its presence, especially in 
wine, such are decrease in cardiovascular disease incidence, often addressed to as 
French Paradox, cancer prevention and ability to prevent neurodegenerative ail-
ments such is AD.28 It is also considered to be responsible for numerous pharma-
cological effects of R. japonica rhizome. The concentrations of resveratrol and its 
derivatives in rhizome are well studied.11 Nevertheless, a slightly lower concen-
tration was determined in the rhizome extract (RJ-1) in our study, as compared to 
some other investigations. Taking into consideration that stilbene compounds 
have a role in the plant organism for the resistance against certain pathogens,29 
basic assumption is that R. japonica in the investigated area is a newcomer with-
out, or with a few native enemies. Furthermore, it is determined that resveratrol, 
when present in plant material, is followed by a series of derivatives and oligo-
mers (predominantly glycosides as piceid).8 There are very few data on resve-
ratrol content in the aerial parts of the plant. In comparison to a study of Vrcho-
tova, Sera and Triska30 similar results were obtained for resveratrol content in the 
studied stem extract (RJ-2). 

The second part of the study was dealing with free radical scavenging and 
potential in the prevention and possible treatment of AD (inhibition of acetylcho-
linesterase) of examined R. japonica extracts. Similar activities were obtained 
when the ability of extracts to neutralize DPPH• and •OH was analyzed. Namely, 
the leaves extract (RJ-3), which is found to be the richest source of selected phe-
nolic compounds, possesses the highest antioxidant potential. However, in the 
NO• neutralization test, the stem extract was the most active, followed by the 
leaves extract (RJ-3). The results describing antioxidant potential of the exam-
ined extracts are particularly emphasized when being compared to the antioxidant 
potential of PG evaluated under the same experimental conditions. These find-
ings confirm hypothesis that phenolic compounds play an important role in pre-
vention of oxidative processes, which are involved in pathogenesis of different 
ailments.31 Previous in vitro studies reported significant potential of R. japonica 
extracts to neutralize DPPH radicals.32 Also, conducted in vivo studies, suggested 
that the addition of R. japonica extract to diet of Jian carp suffering from liver 
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injury induced by CCl4, increases the levels of superoxide dismutase (SOD), 
glutathione peroxidase (GSH-Px), catalase (CAT) and decreases the levels of 
malondialdehyde (MDA).33 Namely, AD belongs to the diseases of modern age. 
There are several current hypotheses about its ethiopathology. Oxidative stress in 
brain tissue can lead to oxidation of glycated proteins and formation of advanced 
glycation end-products, which are present in amyloid plaques.34 It is also well 
known that the lowering of levels of ACh is considered responsible for the 
majority of symptoms of AD. Therefore, inhibition of AChE is already an 
approved approach to the treatment of AD. Galantamin, which was isolated from 
Galanthus woronowii, Amaryllidaceae, is one of the most potent AChE inhibitors 
administered to patients suffering from AD.35 However, new biological sources 
of potentially strong AChE inhibitors are more than welcome. In our study, rhiz-
ome extract expressed the strongest inhibitory effect on AChE. Since stem ext-
ract (RJ-2) was the richest source of resveratrol, it is possible that other com-
pounds found in the rhizome (especially phenolic compounds and quinones) con-
tribute to the inhibition of the examined enzyme. 

CONCLUSIONS 

It can be concluded that, beside the R. japonica rhizome, that is well studied 
and known for notable antioxidant and anticholinesterase activity, the aerial parts 
(especially leaves and stems) could be a significant source of biologically active 
phenolic secondary metabolites (resveratrol, rosmarinic and chlorogenic acid, as 
well as rutin). This may indicate that there is an interest for the exploitation of 
this highly invasive species in pharmaceutical and food industry for the isolation 
of dominant compounds or for the preparation of extracts with several potential 
health beneficial effects. 
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И З В О Д  
ВИСОКОИНВАЗИВНА АЛОХТОНА ВРСТА Reynoutria japonica HOUTT. ПРЕДСТАВЉА 
НОВУ СИРОВИНУ ЗА ФАРМАЦЕУТСКУ ИНДУСТРИЈУ – ДОКАЗИ НА ОСНОВУ 

ХЕМИЈСКОГ САСТАВА И БИОЛОШКЕ АКТИВНОСТИ 
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Reynoutria japonica се налази на IUCN листи 100 најгорих светских инвазивних 
врста, али такође је, нарочито њен ризом, саставни део традиционалне кинеске меди-
цине. Циљ истраживања била је квантификација одабраних фенолних компоненти у 
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ризому, гранама, листовима и цвастима метанолних екстраката ове биљке, као и одре-
ђивање антиоксидантог и антихолинестеразног потенцијала добијених екстраката. 
Хемијски састав екстраката одређен је високоефикасном течном хроматографијом. 
Антиоксидантни потенцијал је одређен помоћу in vitro тестова неутализације DPPH, OH 
и NO радикала, док је Елманова (Ellman) метода употребљена за испитавање антихолин-
естеразне активности. У екстрактима листова и ризома је уочен висок садржај розма-
ринске и хлорогенске киселине, као и одређених флавоноида. Резвератрол је био при-
сутан искључиво у екстрактима ризома и гранчица. Сви испитани екстракти су исказали 
одређени антиоксидантни потенцијал, нарочито екстракт листова. Међутим, као најјачи 
инхибитор активности ацетилхолинестеразе показао се екстракт ризома. Добијени 
резултати сугеришу могућност експлоатације R. japonica за изолацију биолошки актив-
них једињења за потребе фармацеутске и прехрамбене индустрије. 

(Примљено 6. марта, ревидирано 24. априла, прихваћено 28. априла 2017) 

REFERENCES 
1. P. Stypinski, Fragm. Florist. Geobot. 23 (1997) 316 
2. P. Pyšek, K. Prach, In Ecosystem Management, Springer, Berlin, 1993, p. 254 
3. I. Trinajstić, J. Franjić, D. Kajba, Acta Bot. Croat. 53 (1994) 145 
4. B. Mandak, P. Pysek, K. Bimova, Preslia 76 (2004) 15 
5. S. Lowe, M. Browne, S. Boudjelas, M. De Poorter, 100 of the world’s worst invasive 

alien species: a selection from the global invasive species database, Invasive Species 
Specialist Group (ISSG) a specialist group of the Species Survival Commission (SSC) of 
the World Conservation Union (IUCN), 2000 

6. A. W. Sheppard, R. H. Shaw, R. Sforza, Weed Res. 46 (2006) 93 
7. M. Glavendekić, Šumarstvo 60 (2008) 67 
8. W. Peng, R. Qin, X. Li, H. Zhou, J. Ethnopharmacol. 148 (2013) 729 
9. K. W. Kim, K. T. Ha, C. S. Park, U. H. Jin, H. W. Chang, I. S. Lee, C. H. Kim, Vascul. 

Pharmacol. 47 (2007) 99 
10. J. Burns, T. Yokota, H. Ashihara, M. E. Lean, A. Crozier, J. Agric. Food Chem. 50 

(2002) 3337 
11. W. Chun-Fu, Y. Jing-Yu, W. Fang, W. Xiao-Xiao, Chin. J. Nat. Med. 11 (2013) 1 
12. F. Li, Z. Zhan, F. Liu, Y. Yang, L. Li, Z. Feng, J. Jiang, P. Zhang, Org. Lett. 15 (2013) 

674 
13. A. Y. Sun, A. Simonyi, G. Y. Sun, Free Radical Biol. Med. 32 (2002) 314 
14. N. S. Lakic, N. M. Mimica-Dukic, J. M. Isak, B. N. Bozin, Cent. Eur. J. Biol. 5 (2010) 

331 
15. A. Ziaková, E. Brandšteterová, J. Liq. Chromatogr. Relat. Technol. 26 (2003) 443 
16. R. Pezet, V. Pont, P. Cuenat, J. Chromatogr. 663 (1994) 191 
17. B. Bozin, N. Mimica-Dukic, N. Simin, G. Anackov, J. Agric. Food Chem. 54 (2006) 

1822 
18. B. Bozin, N. Kladar, N. Grujic, G. Anackov, I. Samojlik, N. Gavaric, B. S. Conic, 

Molecules 18 (2013) 11733 
19. G. L. Ellman, K. D. Courtney, V. Andres, Jr., R. M. Feather-Stone, Biochem. Pharmacol. 

7 (1961) 88 
20. N. Kladar, B. Srđenović, N. Grujić, B. Bokić, M. Rat, G. Anačkov, B. Božin, Braz. J. 

Bot. 38 (2015) 703 
21. H. W. Lin, M. X. Sun, Y. H. Wang, L. M. Yang, Y. R. Yang, N. Huang, L. J. Xuan, Y. 

M. Xu, D. L. Bai, Y. T. Zheng, K. Xiao, Planta Med. 76 (2010) 889 

(CC) 2017 SCS. All rights reserved.
_________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/



 BIOLOGICALLY ACTIVE Reynoutria japonica COMPOUNDS 813 

22. Y. W. Lin, F. J. Yang, C. L. Chen, W. T. Lee, R. S. Chen, J. Nat. Med. 64 (2010) 146 
23. V. Marques, A. Farah, Food Chem. 113 (2009) 1370 
24. A. Farah, C. M. Donangelo, Braz. J. Plant Phys. 18 (2006) 23 
25. H. J. Lee, H. S. Cho, E. Park, S. Kim, S. Y. Lee, C. S. Kim, D. K. Kim, S. J. Kim, H. S. 

Chun, Toxicology 250 (2008) 109 
26. Z. Kuznetsova, Seryya Biyalagichnykh Navuk, Vestsi Akademii Navuk Belarusi, Vol. 5, 

1979, p. 29 
27. S. Kumar, A. K. Pandey, Sci. World J. (2013) 162750 
28. H. Temsamani, S. Krisa, J.-M. Mérillon, T. Richard, J. Nutr. Health Aging 3 (2015) 49 
29. L. Bavaresco, C. Fregoni, E. Cantu, M. Trevisan, Drugs Exp. Clin. Res. 25 (1998) 57 
30. N. Vrchotova, B. Sera, J. Triska, Acta Chromatogr. 19 (2007) 21 
31. J. E. Klaunig, L. M. Kamendulis, Ann. Rev. Pharmacol. Toxicol. 44 (2004) 239 
32. J. Shan-Hua, J. Guang-Shi, Z. Xing-Shan, Chin. J. Med. 9 (2009) 453 
33. D. Jin-Liang, J. Rui, C. Li-Ping, Y. Guo-Jun, Acta Agric. Univ. Jiangxi 5 (2012) 27 
34. A. Gella, N. Durany, Cell Adh. Migr. 3 (2009) 88 
35. M. B. Colovic, D. Z. Krstic, T. D. Lazarevic-Pasti, A. M. Bondzic, V. M. Vasic, Curr. 

Neuropharmacol. 11 (2013) 315. 

(CC) 2017 SCS. All rights reserved.
_________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




