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ABSTRACT

Phenolic composition and quantitative evaluation of herbal part and root extracts 
for Reynoutria sachalinensis studied by HPLC method. Using the same method, we 
also established the antioxidant activity of R. sachalinensis raw materials. Six phe-
nolic compounds were idenified for herbal part of R. sachalinensis as, gallic acid, 
chlorogenic acid, trans-cinnamic acid, rutin, hyperoside and isoquercitrin at total 
amount of 885.37±21.25 mg/kg. Neochlorogenic acid and rutin were found as main 
compounds for herbal part of R. sachalinensis, and gallic acid and 6,7-dihydroiso-
flavone were determined for root of R. sachalinensis. In R. sachalinensis roots we 
found gallic acid and 6,7-dihydroisoflavone.
The HPLC study of antioxidant activity showed almost identical antioxidant poten-
tial of bioactive substances (BASs) in R. sachalinensis herbal parts and roots that is 
3.85±0.09 and 3.59±0.09 mg/g in Trolox equivalent respectively. 
The obtained data proved the feasibility of new antioxidant drugs development on 
the basis of R. sachalinensis raw materials.
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INTRODUCTION 

Reynoutria sachalinensis (F. Schmidt) Nakai (synonyms: Polygonum sacha-
linensis F. Schmidt, Fallopia sachalinensis (F. Schmidt) Ronse Decr., Pleurop-
terus sachalinensis (F. Schmidt) H. Gross, Tiniaria sachalinensis (F. Schmidt) 
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Janch.) is a perennial herbaceous plant of Polygonaceae family. The plant 
originates from East Asia, growing in Korea, Japan, the Kurile Islands and 
Sakhalin. This species first appeared in Europe in 1855 and has been grown at 
botanical gardens as an ornamental plant. R. sachalinensis is met as a weed in 
many European countries, including Ukraine1, 2.

Anthraquinones (physcion, I-O-methylemodin, emodin) and stilbene (trans-
resveratrol) possessing cytotoxic activity were separated from methanol extract 
of herbal part of R. sachalinensis3.

Another species of Reynoutria genus which is also under study, R. japonica, 
contains phenolic compounds, including flavonoids, anthraquinones, con-
densed tanning agents and stilbenes, polysaccharides. Extracts from R. japoni-
ca demonstrate antipyretic, analgesic and anti-inflammatory activities4.

HPLC/UV/ESI-MS studies of the rhizomes of R. japonica, R. sachalinensis 
and Reynoutria x bohemica revealed 171 compounds, comprising stilbenes, 
carbohydrates, procyanidins, flavan-3-ols, anthraquinones, phenylpropanoids, 
lignin oligomers, hydroxycinnamic acids, naphthalenes and their derivatives5.

Antimicrobial activity of acetone extract from rhizome of R. japonica and R. 
sachalinensis, as well as of their hybrid Reynoutria x bohemica was studied 
as regards the caries-inducing pathogens, against Streptococcus mutans. The 
most active extract was found for R. japonica rhizome6.

In Ukraine R. sachalinensis is not a pharmacopoeia-registered plant, still, issu-
ing from the experience of folk medicine application of this plant in East Asian 
countries as well as from the results of scientific research, we may foresee its 
feasibility for medical drugs development.  

As the oxidative stress in human organism may provoke the diseases of dif-
ferent severity, including cancers, atherosclerosis, neurodegenerative diseases 
(Parkinson’s, Alzheimer’s, etc.), hypertension, diabetes mellitus, cardiovascu-
lar diseases, reproductive system dysfunctions, etc, search of promising anti-
oxidants of herbal origin has become an important aspect in pharmacy7-12.

Antioxidant activity were studied of phenolic compounds as, anthraquinones 
(emodin, emodin-8-O-beta-D-glucopyranoside and physcion-8-O-beta-D-
glucopyranoside) and flavonoids (quercetin-3-O-alpha-L-arabinofuranoside, 
quercetin-3-O-beta-D-galactopyranoside and quercetin-3-O-beta-D-glucu-
ronopyranoside) for flower extracts of R. sachalinensis in our previous study13.

Therefore, for deeper understanding of R. sachalinensis application prospects, 
it turned out feasible to study phenolic substances in herbal and roots extracts 
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of this plant as well as its antioxidant activity. We conducted a comparative 
study of R. sachalinensis herbal parts and roots.

METHODOLOGY 

Plant materials 

In experiments we used air-dried milled roots and herbal parts of R. sachalin-
ensis. Herbal parts were collected within blossoming period in June, roots – in 
September in Kharkiv Region, Ukraine during 2018-2019. 

The plant material sample was identified by Prof. Tatyana Gontova, Depart-
ment of Botany, National University of Pharmacy, Ukraine and voucher speci-
mens were deposited at National University of Pharmacy, Ukraine.

Extraction

Extracts for analysis were prepared by extracting 0.3 g milled raw material with 
10 mL methanol within 20 min on ultrasonic bath at 20±2°С. The obtained 
extracts were filtered through a membrane filter (0.45 μm)14.

General experimental procedures 

For study of phenolic compounds in R. sachalinensis, as well as determination 
of antioxidant activity by HPLC method (Waters Corporation, Milford, USA) 
with Waters 996 PDA photodiode matrix detector, (Waters Corporation, USA), 
Wise Clean WUC-A06H ultrasonic cleaning set (Daihan, Korea), ANG 100 an-
alytical balance (AXIC, Poland), standard samples of substances and solvents 
for chromatographic analysis from Merck KGaA (Darmstadt, Germany).

Chromatographic analysis by HPLC 

Chromatographic separation of phenolic compounds was performed using ACE 
5 C18 column 250 mm × 4.6 mm (Pennsylvania, USA). Elution flow rate was 1 
ml/min. Mobile phase binary solvent system consisted of solvent A (0.1% acetic 
acid aqueous solution) and solvent B (acetonitrile). All solvents passed ultra-
sonic degassing and 0.23 μm pore size membrane filter. Linear gradient pro-
gram looked as follows:

Time, min Solvent A, % Solvent B, %

0–8 5–15 95-85

8–30 15–20 85-80

30–48 20–40 80-60

48–58 40–50 60-50

58–65 50 50

65–66 50–95 50-5
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The column had constant temperature of 25°С. 10 μl samples were injected13.

For determination of antioxidant activity after application of HPLC-PDA detec-
tor system the mobile phase containing tested samples was fed with Gilson 305 
pump (Middleton, WI, USA) to the column via mixing tee with ABTS reagent 
in split relation 1:1. A Teflon column (Waters PCR module, Milford, CT, USA) 3 
m long and 0.25 mm in diameter was used, its granularity being 1.58 μm. ABTS 
solution system control parameters: column temperature circa 50°C, mobile 
phase flow rate 0.5 ml/min15,16.

Sample color change in mixture with ABTS reagent after reaction ending was 
recorded using Waters 2487 UV/VIS detector (Waters Corporation) at wave-
length of 650 nm. 

In selection of analysis terms we were guided by the signal value expressed 
in negative peak height as a sensitivity indicator. The antioxidant potential of 
tested samples was determined by the comparison with that of Trolox standard 
solution in eight different concentrations within the range of 0.625–80 mg/ml. 
The constructed calibration plot was expressed with the following quadratic 
equation: 

Y= -1.54 · 102X2 + 4.16 · 4.16 · 104x – 2.08 · 104; R2 (ABTS) = 0.9991.

Antioxidant potential of extracts (X, mg/g) was calculated by formula:
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Figure 1. HPLC chromatogram of phenolic compounds in R. sachalinensis herbal parts 

where m0 – mass of Trolox standard sample, g; m1 – mass of tested sample, g; 
w – drying loss, wt %14, 15.

RESULTS AND DISCUSSION

The results of our study enabled the identification of six phenolic compounds in 
R. sachalinensis herbal parts: phenolcarbonic gallic acid, two hydroxycinnamic 
acids (neochlorogenic, trans-cinnamic) and three flavonoids (rutin, hyperoside 
and isoquercitrin). In roots of this plant we found only gallic acid and 6,7-dihy-
droisoflavone. HPLC chromatograms of phenolic compounds in R. sachalinen-
sis herbal parts and roots are shown in Fig. 1-2. 



553Acta Pharmaceutica Sciencia. Vol. 59 No. 4, 2021

 

548 
 

65–66 50–95 50-5 

The column had constant temperature of 25°С. 10 μl samples were injected13. 

For determination of antioxidant activity after application of HPLC-PDA detector system the mobile phase 

containing tested samples was fed with Gilson 305 pump (Middleton, WI, USA) to the column via mixing tee 

with ABTS reagent in split relation 1:1. A Teflon column (Waters PCR module, Milford, CT, USA) 3 m long 

and 0.25 mm in diameter was used, its granularity being 1.58 μm. ABTS solution system control parameters: 

column temperature circa 50°C, mobile phase flow rate 0.5 ml/min15,16. 

Sample color change in mixture with ABTS reagent after reaction ending was recorded using Waters 

2487 UV/VIS detector (Waters Corporation) at wavelength of 650 nm.  

In selection of analysis terms we were guided by the signal value expressed in negative peak height as 

a sensitivity indicator. The antioxidant potential of tested samples was determined by the comparison 

with that of Trolox standard solution in eight different concentrations within the range of 0.625–80 

mg/ml. The constructed calibration plot was expressed with the following quadratic equation:  

Y= -1.54 ∙ 102X2 + 4.16 ∙ 4.16 ∙ 104x – 2.08 ∙ 104; R2 (ABTS) = 0.9991. 

Antioxidant potential of extracts (X, mg/g) was calculated by formula: 

𝑋𝑋 = !!∙#$$$$
!"∙(&$$'()

,  

where m0 – mass of Trolox standard sample, g; m1 – mass of tested sample, g; w – drying loss, wt %14, 

15. 

RESULTS AND DISCUSSION 

The results of our study enabled the identification of six phenolic compounds in R. sachalinensis herbal 

parts: phenolcarbonic gallic acid, two hydroxycinnamic acids (neochlorogenic, trans-cinnamic) and 

three flavonoids (rutin, hyperoside and isoquercitrin). In roots of this plant we found only gallic acid 

and 6,7-dihydroisoflavone. HPLC chromatograms of phenolic compounds in R. sachalinensis herbal 

parts and roots are shown in Fig. 1-2.  

 
Figure 1. HPLC chromatogram of phenolic compounds in R. sachalinensis herbal parts Figure 1 . HPLC chromatogram of phenolic compounds in R. sachalinensis herbal parts 

549 
 

 
Figure 2: HPLC chromatogram of phenolic compounds in R. sachalinensis roots 
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Figure 2: HPLC chromatogram of phenolic compounds in R. sachalinensis roots
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The qualitative composition and quantitative content of phenolic compounds 
in R. sachalinensis herbal parts and roots are presented in Table 1.

Table 1 . Qualitative composition and quantitative content of phenolic compounds of R. 
sachalinensis raw materials

Compound

Herbal parts Roots

Retention time, 
min

Quantitative 
content, mg/kg

Retention time, 
min

Quantitative 
content, mg/kg

Phenolic acids

Gallic acid 5.91 21.99 ± 0.55 5.91 6.98 ± 0.17

Total content of 
phenolic acids — 21.99 ± 0.55 — 6.98 ± 0.17

Cinnamic acids

Neochlorogenic acid 8.84 407.17 ± 8.56 — —

trans -Cinnamic acid 44.72 23.39 ± 0.47 — —

Total content of 
cinnamic acids — 430.56 ± 9.90 — —

Flavonoids

Rutin 20.52 189.72 ± 4.55 — —

Hyperoside 24.55 115.61 ± 2.54 — —

Isoquercitrin 24.83 127.49 ± 2.93 — —

6,7-Dihydroisofla-
vone — — 47.99 10.32 ± 0.24

Total content of 
flavonoids — 432.82 ± 10.82 — 10.32 ± 0.24

Total content of 
identified com-

pounds
— 885.37 ± 21.25 — 17.30 ± 0.43

Results are expressed as means ± SD of three measurements; p<0.05; «—» - 
not identified

The total content of identified compounds in R. sachalinensis herbal parts was 
885.37±21.25 mg/kg. The amounts of hydroxycinnamic acids and flavonoids in this 
plant: 430.56±9.90 and 432.82±10.82 mg/kg respectively. Gallic acid (21.99±0.55 
mg/kg) accounted for circa 2.5 % of the total content of identified compounds.

Neochlorogenic acid and rutin dominated in R. sachalinensis herbal parts. This 
raw material contained 407.17±8.56 mg/kg chlorogenic acid, 189.72±4.55 mg/
kg rutin, 115.61±2.54 mg/kg hyperoside and 127.49±2.93 mg/kg isoquercitrin.

The total content of identified phenolic compounds in R. sachalinensis roots 
was 17.30±0.43 mg/kg. Gallic acid content in this part of plant was 3.3 times 
less than in its herbal parts. 6,7-dihydroisoflavone (10.32±0.24 mg/kg) ac-
counted for almost 60% of the sum of identified compounds. 
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Antioxidant activity of bioactive substances in R. sachalinensis herbal parts 
and roots were studied in vitro by HPLC method in Trolox equivalent. Antioxi-
dant activity chromatograms of R. sachalinensis herbal parts are shown in Fig. 
3, that of the roots in Fig. 4. 
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The experimental results are presented in Table 2.

Table 2 . Antioxidant activity of BASs in R. sachalinensis raw materials

Extracts Antioxidant capacity in Trolox equivalent, mg/g

Herbal part of extract 3.85±0.09

Roots 3.59±0.09

Results are expressed as means ± SD of three measurements; p<0.05.

The obtained data showed that antioxidant activities of bioactive substances 
in R. sachalinensis herbal parts and roots were in close proximity and made 
3.85±0.09 and 3.59±0.09 mg/kg respectively.

Our research proved much higher versatility of phenolic compounds composi-
tion in R. sachalinensis herbal parts as compared to its roots. The quantita-
tive content of those bioactive substances was much higher in R. sachalinensis 
herbal parts. The study of antioxidant activity confirmed that the antioxidant 
potential of both parts of tested plant was almost at an identical level. The ob-
tained data enable our deeper knowledge of R. sachalinensis chemical compo-
sition and pharmacological activity and confirm the feasibility of drugs devel-
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opment on the basis of R. sachalinensis raw materials, including drugs with 
antioxidant activity. Besides, this information will be useful in the development 
of quality control methods for R. sachalinensis raw materials.
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