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Abstract: Polygoni cuspidati rhizoma et radix (rhizomes of Reynoutria japonica Houtt.) have 
a long tradition of use in traditional Chinese medicine confirmed by numerous contem-
porary studies. Our earlier results implied the potential use of decoction of this raw ma-
terial in oral wound improvement. In this study, we investigated Polygoni cuspidati rhizoma 
et radix traditionally prepared decoctions from European wildly growing plant (SC decoc-
tion; self-collected decoction) and from a pharmacopeial raw material (PH decoction) pur-
chase from a certified pharmacy in Europe. We performed qualitative and quantitative 
phytochemical analysis and examined the effect of the decoctions and their major constit-
uents on the viability of the human gingival fibroblast (HGF-1) cell line. The SC decoction 
caused a higher increase in cell viability in a wide range of concentrations 2.5–2000 µg/mL 
(from 100 µg/mL an increase of 35% and more, compared to control, at p ≤ 0.0001), while 
the decoction PH showed a statistically significant increase only at a concentration of 100 
µg/mL (an increase of 24% compared to control, at p ≤ 0.001). Moreover, the PH decoction 
showed cytotoxic activity towards HGF-1 at higher concentrations (≥500 µg/mL), which 
was not observed in the SC decoction. Substantial differences in the chemical composition 
between the two decoctions were also observed. The SC decoction contained significantly 
more flavan-3-ols and procyanidin dimers and less stilbenes and anthraquinones than the 
PH decoction. For example, SC contained about 9 times more epicatechin and 3 times 
more catechin, as well as 4.5 times more procyanidin B1 and 9 times more procyanidin B2 
and B4 than the PH decoction but about 7.5 times less resveratrol and 4 times less emodin. 
We concluded that the high content of flavan-3-ols and procyanidins with low cytotoxic 
potential towards HGF-1, as well as the correspondingly low content of some anthraqui-
nones, had a beneficial effect on the activity of the SC decoction. 
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1. Introduction 
Polygonum cuspidatum Siebold and Zucc. (syn. Reynoutria japonica Houtt, Fallopia ja-

ponica (Houtt.) Ronse Decr.) has two faces—it is listed by the World Conservation Union 
as one of the world’s worst invasive species [1] and at the same time is a highly valued 
traditional medicinal plant [2]. Since 1977, its dried rhizome (called hu zhang in Chinese), 
has been listed in the Pharmacopeia of the People’s Republic of China [3]. The use of this 
raw material for various ailments has a long tradition in East Asia. The first written record 
of the use of this species as a medicinal plant can be found in Mingyi Bielu, a famous 
monograph on traditional Chinese medicine written during the Han Dynasty, approxi-
mately 1800 years ago [4]. Over the years, this herb has been used for various indications: 
for normalizing gallbladders and to cure jaundice, to treat abdominal masses, stranguria, 
urethritis and postpartum blood stasis as well as for treatment of suppuration, sore throat, 
toothache, ulcer, hemorrhoids, chronic bronchitis, and other ailments [4]. Modern scien-
tific research confirms the wide spectrum of biological activity of Polygoni cuspidati rhizoma 
et radix, having antimicrobial, antiviral, anti-inflammatory, estrogenic, neuroprotective, 
cardioprotective, and chemopreventive roles [5]. The inclusion of Polygoni cuspidati rhi-
zoma et radix in the European Pharmacopoeia in 2017 [2] among herbal drugs created new 
possibilities for using the raw material, which is so abundant in Europe. One of the po-
tential uses of this raw material is for oral hygiene and disease. From sources describing 
the traditional use of Polygoni cuspidati rhizoma et radix, we learn that it has long been used 
as a traditional medicine for burns and wounds [4,6]. In Korean folk medicine it is used 
to support oral hygiene [7]. Moreover, its wound-healing properties have been confirmed 
in animal studies [8]. 

The results of our previous studies also indicate its potential for healing wounds in 
the oral cavity. Extracts and decoctions obtained from European wildly growing plant 
stimulated human gingival fibroblast to proliferate, migrate, and increase collagen III syn-
thesis [9,10]. The results of these studies encourage the use of this raw material in medi-
cine, e.g., in regenerative dentistry. However, before we start using this raw material in 
formulations, it is worth finding out whether it is chemically and biologically equivalent 
to that considered a pharmacopeial raw material. 

The aim of this study is to investigate the polyphenol composition in traditional de-
coctions of Polygoni cuspidati rhizoma et radix of different origins and their effect on human 
gingival fibroblasts. Decoctions were obtained from Polygoni cuspidati rhizoma et radix col-
lected from a European wildly growing plant (self-collected decoction; SC decoction) and 
one from the Polygoni cuspidati rhizoma et radix purchased from a pharmacy in Europe as 
a pharmacopeial-quality raw material (PH decoction). We performed a qualitative and 
quantitative UHPLC-DAD-qTOF-MS analysis to compare the phytochemistry of the de-
coctions and UPLC/QqQ-MS/MS analysis for quantification of selected flavan-3-ols and 
procyanidins. So far, the biological activity of Polygoni cuspidati rhizoma et radix has been 
associated primarily with the presence of stilbenes and anthraquinones [11]. Our previous 
studies, however, indicate a significant content of flavan-3-ols and procyanidins in the 
extracts, which affect their antioxidant potential [12,13]. There is more and more evidence 
for the wide spectrum of activity of this class of compounds, especially useful in perio-
dontal diseases or wounds [14–16]. Taking the above into account, in the research on gin-
gival fibroblasts, we also included compounds found in significant amounts in the decoc-
tion, belonging to flavan-3-ols, procyanidins, and stilbenes. 
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2. Materials and Methods 
2.1. Plant Material and Decoction Preparation 

The plant raw material was obtained from two following sources: collected from wild 
habitat (self-collected; SC) and purchased at a pharmacy (pharmacopeial raw material; 
PH). The rhizomes of P. cuspidatum (SC) were collected in the first week of October 2020 
from urban environments near Wroclaw, Poland (coordinates: 51°07.404′ N, 17°04.146′ E). 
Only healthy, fully developed rhizomes with diameters ranging from 15 to 30 mm were 
selected for harvesting. The species identification is described elsewhere [10]. The second 
type was Polygoni cuspidati rhizoma et radix (hu zhang in pinyin Chinese) (PH), a pharma-
copeial raw material, purchased from a Sonnen-Apotheke pharmacy in Germany (Bad 
Kotzting, Germany). The specification for this product is attached in the Supplementary 
Materials, along with information on the content of emodin and polydatin (piceid). The 
collection and curation of plant material is supervised by the Botanical garden of Medici-
nal Plants at the Wroclaw Medical University. 

Decoctions were prepared according to the recommendations of traditional Chinese 
medicine [6]. Two weighted portions of 200 g of milled rhizomes of pharmacopeial-grade 
raw material (PH) and self-collected rhizomes of P. cuspidatum (SC) were soaked in 2000 
mL of distilled water for 60 min. The mixture was then heated to a boil for 20 min. Each 
of the decoctions was centrifuged, and the remaining raw materials were soaked again in 
1200 ml of water and brought to a boil for 30 min. The second batch of decoctions was also 
centrifuged. The supernatants from the first and second batch of decoctions were com-
bined. The solvent was then evaporated under reduced pressure, and the dry residue was 
lyophilized. The process is illustrated in Figure 1. 

 

Figure 1. A diagrammatic representation of the traditional method of preparing the decoction. Cre-
ated in BioRender.com. 

2.2. UHPLC-DAD-qTOF-MS Qualitative and Quantitative Analysis 

A measured amount of each decoction was dissolved in 80% methanol (MeOH, 
Merck/MilliporeSigma, Darmstadt, Germany) in a volumetric flask to achieve a concen-
tration of 5 mg/mL. The prepared solutions were then filtered through a 0.22 µm syringe 
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membrane (Chromafil, Macherey-Nagel, Düren, Germany) and transferred to vials, after 
which a 4 µL aliquot was injected into an ultra-high performance liquid chromatography 
coupled to diode array detection and a high-resolution quadrupole time-of-flight mass 
spectrometry (UHPLC-DAD-qTOF-MS) system with an autosampler. The same UHPLC-
DAD-qTOF-MS system was used as well as the same qualitative analysis conditions as in 
our previous studies [9,10]. Briefly, an Ultimate 3000RS series system (Thermo Dionex, 
Sunnyvale, CA, USA) equipped with a low-pressure quaternary gradient pump was used, 
with vacuum degasser, an autosampler, a column compartment, a DAD, and a high-res-
olution quadrupole time-of-flight MS (Bruker qTOF Compact, Bruker Daltonik, Billerica, 
MA, USA) equipped with ESI. The system was controlled by Bruker Compass Hystar soft-
ware, version 3.2 (Billerica, MA, USA). An analytical Kinetex C18 2.6 µm column (150 mm 
× 2.1 mm), (Phenomenex, Torrance, CA, USA) was maintained at 30 °C. Mobile phases A 
(H2O/HCOOH, 100:0.1, v/v) and B (acetonitrile/HCOOH, 100:0.1, v/v) were used in a fol-
lowing gradient program: 0–22 min 15–22% B, 22–33 min 22–95% B, followed by column 
equilibration with 15% B for 2 min between injections. The flow rate was 0.3 mL/min. 
Analysis of all samples was repeated four times as consecutive injections. UV-Vis spectra 
were recorded in the range of 200–450 nm. ESI-MS conditions were as follows: splitless, 
nebulizer pressure 30 psi; dry gas flow 8 L/min; dry temperature 250 °C; and capillary 
voltage 2.2 kV for negative ion mode. Mass spectra were recorded using the scan range 
(m/z) 50–2200. The collision energy was set automatically from 20 to 40 eV, depending on 
the m/z of the fragmented ion. 

A previously developed, validated analytical method was used to quantify the 
piceid, resveratrol, vanicoside A, vanicoside B, emodin, and physcion [17]. Linearity, the 
LOD (limit of detection), and LOQ (limit of quantification) for all quantified compounds 
were presented in our previous study [17]. 

2.3. UPLC/QqQ-MS/MS Quantitative Analysis 

A targeted metabolomics method, an ultrahigh performance liquid chromatography 
method coupled with triple quadrupole mass spectrometry (UPLC/QqQ-MS/MS) for 
quantification of flavan-3-ols and procyanidins, was performed according to the proce-
dure described [18]. 

The separation was performed with an Exion LC system manufactured by AB Sciex 
LLC (Framingham, MA, USA) using an Acquity UPLC HSS T3 C18 (1.7 µm, 2.1 mm × 100 
mm) column (Waters corporation, Milford, MA, USA) at 40 °C. The injection volume was 
2 µL. The mobile phase consisted of water + 0.1% formic acid (A) and acetonitrile + 0.1% 
formic acid (B). An AB Sciex QTRAP 6500+ (Framingham, MA, USA) was operated in the 
negative ion multiple reaction monitoring (MRM) mode using a Turbo V ion source with 
the following settings: Curtain Gas (CR) 35 °C, IonSpray Voltage (IV) −4500 V, Tempera-
ture 400 °C, Collision Gas (CAD) Medium, Ion Source Gas 1 (GS1) 55 psi, and Ion Source 
Gas 2 (GS2) 45 psi. MultiQuant and Analyst from AB Sciex LLC (Framingham, MA, USA) 
were used for data acquisition and processing, respectively. 

Lyophilized SC and PH decoctions as well as extracts obtained earlier and described 
in previous article [10]: 25% EtOH, 40% EtOH and 60% acetone were prepared for quantita-
tive analysis as described below. In total, 10 mg of each sample was dissolved in 2 ml of 80% 
MeOH in a volumetric flask and then filtered through a 0.22 μm PVDF syringe membrane 
(Milipore Millex-GV, Milipore, Burlington, MA, USA) to vials. Samples were also tested af-
ter 20-fold dilution. For each sample the procedure was repeated at least once. 
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2.4. Cell Viability 

2.4.1. Cell Line and Conditions 

A human gingival fibroblast cell line (HGF-1), obtained from American Type Culture 
Collection (ATCC, Manassas, VA, USA), was selected for testing the biological activity of 
the fractions. These cells were cultured in Dulbecco’s Modified Eagle Media (DMEM me-
dium). Furthermore, it was supplemented with 25 µg/mL gentamicin, 2 mM L-glutamine, 
and 10% FBS (Biological Industries, Beit-Haemek, Israel). Each cell line was cultured for 2 
weeks before testing and detached with trypsin/EDTA solution and maintained at 37 °C, 5% 
CO2 with 95% humidity until the completion of experiments. The cell culture plastics used 
in the study were purchased from SPL Life Sciences (Pochon, Republic of Korea). The study 
used an ILC 180 SMART PRO incubator from POL-EKO (Wodzisław Slaski, Poland). 

2.4.2. Cytotoxic Activity, MTT Assay 

The cytotoxicity assay enabled the evaluation of human gingival fibroblast (HGF-1) 
cell viability based on mitochondrial enzyme activity. This method effectively quantifies 
cell proliferation and metabolic activity by reducing thiazolyl blue tetrazolium bromide 
(MTT), where purple formazan indicates viable cells. The linear relationship between cell 
number and absorbance allows for the accurate quantification of the cellular response to 
tested extracts. The HGF-1 cells were seeded in a 96-well flat-bottom microplate and main-
tained at 37 °C in 95% humidity and 5% CO2 overnight. The decoctions were used in the 
concentration range from 2.5 µg/mL to 2000 µg/mL. Four chemical compounds were also 
tested at concentrations ranging from 5 µg/mL to 100 µg/mL: epicatechin, procyanidin B2, 
resveratrol, and piceid. The concentration of DMSO in the samples was equal to or less 
than 2%. The cells were then incubated for 24 h under the same conditions. The MTT 
solution (1 mg/mL thiazolyl blue solution; Pol-Aura, Dywity, Poland) was prepared in 
RPMI 1640 medium without L-glutamine and phenol red (Capricorn Scientific, 
Ebsdorfergrund, Germany) under a laminar flow hood. After incubation, 50 µL of MTT 
solution was added to each well. The plates were returned to the incubator for two hours 
at 37 °C. After incubation, the MTT solution was removed, and 100 µL of isopropanol was 
added to each well to dissolve the formazan crystals. The MTT assay was performed in 
accordance with the ISO 10993-5:2009 (E) standard [19]. 

2.5. Statistical Analysis 

All assays were performed in at least triplicate, and results are presented as the mean 
of the replicates ± SD. To assess the distribution of results, one of the following tests was 
used: Shapiro–Wilk test, D’Agostino–Pearson test or Kolmogorov–Smirnov test. Two-way 
ANOVA and Tukey’s multiple comparisons tests (GraphPad Prism v10, San Diego, CA, 
USA) were used to evaluate significant differences between the obtained values. 

3. Results 
3.1. Cell Viability—MTT Assay 

The MTT assay results showed differences in the effects of the decoctions on HGF-1 
(Figure 2). The SC decoction was not cytotoxic to HGF-1 cells at any of the tested concen-
trations. In the PH decoction, the highest tested concentrations caused a decrease in cell 
viability. Moreover, the SC decoction caused a higher increase in cell viability at all tested 
concentrations, while the decoction PH showed a statistically significant increase only at 
a concentration of 100 µg/mL. 
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Figure 2. HGF-1 viability after 24 h incubation with the different concentrations of the decoctions. 
Presented error bars are means ± SD for n ≥ 5, ** Statistically significant compared to control (un-
treated cells) at p ≤ 0.01, *** for p ≤ 0.001, and **** for p ≤ 0.0001; ns—not statistically significant. 

All tested compounds showed an increase in HGF-1 cell viability, but in a different 
range of concentrations (Figure 3). Resveratrol had the narrowest range of concentrations 
in which it stimulated cells to divide. It was the only one to also showed statistically sig-
nificant cytotoxicity at a dose of 100 µg/mL. 

 

Figure 3. HGF-1 viability after 24 h incubation with the different compounds. Presented error bars 
are means ± SD for n ≥ 5. ** Statistically significant compared to control (untreated cells) at p ≤ 0.01, 
*** for p ≤ 0.001, and **** for p ≤ 0.0001; ns—not statistically significant. 
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3.2. UHPLC-DAD-qTOF-MS Qualitative Analysis 

UHPLC-DAD-qTOF-MS analysis revealed differences between the decoction ob-
tained from the raw material collected from the natural environment and the raw material 
purchased in the pharmacy (Table 1). Chromatograms of decoctions analyzed at the same 
concentrations are presented below (Figure 4). At first glance, it can be seen that the SC 
decoction chromatogram shows higher peaks between 1 and 6 min of retention time than 
the chromatogram of the PH decoction. Most of these compounds belong to flavan-3-ols 
and procyanidins (peak numbers 7 (Procyanidin dimer), 8 (Procyanidin trimer), 10 (Pro-
cyanidin dimer), 11 (Catechin), 12 (Procyanidin dimer), 14 (Epicatechin), and 20 (Procya-
nidin dimer monogallate). In turn, in the PH chromatogram, we can see several very high 
peaks that are much lower in the SC chromatogram (peaks numbers 38 (Resveratrol-(gal-
loylglucoside), 41 (Emodin-glucoside), 43 (Emodin-hexose-sulfate), 44 (Resveratrol), 45 
(Emodin-hexose-sulfate), 46 (Torachrysone-hexoside), 47 (Emodin-hexose-sulfate), 50 
(Sulfonyl torachrysone/isomer), 51 (Emodin-glucoside), 52 (Physcionin), and 55 (Sul-
femodin). Most of these peaks belong to anthraquinones. A clear difference between the 
decoctions is also the significantly greater amount of sulfate compounds in the PH decoc-
tion than in the SC decoction: 13 compounds (peak numbers 9, 13, 15, 16, 21, 22, 24, 28, 33, 
43, 47, 50, and 55) and 5 compounds (16, 18, 24, 43 (very low peak), and 50 (much lower 
peak)), respectively. 

Table 1. The table shows the compounds tentatively identified in Polygoni cuspidati rhizoma et radix 
decoctions and their retention times, UV λ max, MS data, and ionic formulas. 

Nr. Compound Rt. 
[min] 

UV Max  
[nm] 

m/z 
[M-H]− 

Error 
(ppm) 

Ion  
Formula 

MS2 Main-Ion  
(Relative Inten-

sity %) 

MS2 Fragments  
(Relative Intensity 

%) 
References 

1 Unknown carbohy-
drate 

1.0 ND 341.1091 −0.6 C12H21O11 113.0258 (100) 101 (66), 119 (63),  
179 (18), 173 (16) 

HMDB0000258 

2 
Unknown carbohy-
drate 

1.05 ND 719.2017 3.2 C30H39O20 377.0868 (100) 
379 (29), 341 (13), 215 

(2.0), 179 (0.4) 
- 

3 Organic acid, e.g., 
citric acid 

1.1 ND 191.0195 1.2 C6H7O7 111.0083 (100)  HMDB0000094 

4 
Organic acid, e.g., 
malic acid 

1.15 ND 133.0145 −1.6 C4H5O5 115.0014 (100)  HMDB0000156 

5 
Organic acid, e.g., 
citric acid 1.3 ND 191.0199 −0.7 C6H7O7 111.0083 (100)  HMDB0000094 

6 Unknown 1.57 225, 280 443.1928 −1.2 C21H31O10 443.1941 (100) 189 (17), 101 (9), 113 
(8), 119 (8)  

 

7 
Procyanidin dimer, 
Type B 1.6–1.7 225, 280 577.1347 0.7 C30H25O12 289.0722 (100) 

407 (60), 125 (33), 425 
(18)  [12] 

8 Procyanidin trimer, 
Type B 

1.8 225, 280 865.2002 −2.0 C45H37O18 575.1211 (100) 577 (81), 287 (69), 695 
(48), 713 (46) 

[12] 

9 
Unknown/dihy-
droxyphenylvaleric 
acid sulfate 

1.9 280 289.0389 −0.5 C11H13O7S 96.9585 (100) 149 (5), 209 (2) HMDB0240447 

10 Procyanidin dimer, 
Type B 

1.9–2.0 225, 280 577.1363 −2.0 C30H25O12 289.0719 (100) 407 (68), 125 (42), 425 
(20) 

[12] 

11 Catechin 2.15 225, 280 289.0722 −1.7 C15H13O6 109.0280 (100) 
123 (89), 203 (71), 221 

(64),151 (63)  
[12] 

12 Procyanidin dimer, 
Type B 

2.4 225, 280 577.1350 0.3 C30H25O12 289.0744 (100) 407 (60), 125 (34), 425 
(19) 

[12] 

13 
Unknown sulfate 
derivative  

2.5 280 313.0027 −0.9 C12H9O8S 189.0561 (100) 233 (4)  

14 Epicatechin 2.8 225, 280 289.0723 −0.8 C15H13O6 109.0292 (100) 
123 (93), 221 (80), 125 

(76) [12] 
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15 Piceid sulfate 3.08 280, 320 469.0825 −3.3 C20H21O11S 227.0717 (100) 
307 (4), 243 (1), 269 

(1), 389 (0.5) HMDB0240553 

16 Lynioresinol 2a-
sulfate 

3.25 280 499.1286 −1.3 C22H27O11S 499.1292 (100) 96.9585 (12), 110.9755 
(6), 453.0840 (2) 

HMDB0039926 
[20] 

17 
Piceatannol gluco-
side 3.4 220, 290, 318 405.1202 −2.8 C20H21O9 243.0672 (100) 201 (1), 225 (0.5) [17] 

18 
Isolariciresinol-2a-
sulfate 3.6 280 439.1081 −2.8 C20H23O9S 439.1085 (100) 

96.9585 (24), 
359.1514 (2), 
110.9749 (1) 

HMDB0240703 
[20] 

19 Resveratrolside 3.8 220, 304, 315 
389.1237, 
435.1291 

[M+COO]− 
1.2 C20H21O8 227.0713 (100) 

228 (16), 225 (9), 185 
(2) [17] 

20 
Procyanidin dimer 
monogallate 4.2 225, 280 729.1458 0.4 C37H29O16 407.0789 (100) 

289 (62), 577 (45), 441 
(28), 451 (28) [12] 

21 Resveratrol sul-
foglucoside 

4.5 290, 320 469.0827 −3.2 C20H21O11S 469.0827 (100) 241 (45), 96.96 (12), 
227 (2) 

HMDB0037075 
[21] 

22 
Resveratrol sul-
foglucoside isomer 4.9 290, 320 469.0824 −3.1 C20H21O11S 241.0027 (100) 

227 (13), 96.95 (7), 
138.96 (2) 

HMDB0037075 
[21] 

23 Unknown 5.1 270 233.0453 0.9 C12H9O5 109.0280 (100) 123 (89), 203 (71) - 

24 
Unknown sulfate 
derivative 5.35 280 269.0123 0.7 C11H9O6S 189.0556 (100) 147 (0.5)  

25 Luteolin-7-O-gluco-
side 

5.6 220, 282 447.0940 −1.6 C21H19O11 285.0411 (100) 447 (75), 327 (3) HMDB0035588 

26 Piceid 6.0 220, 304, 315 389.1245 −0.8 C20H21O8 227.0716 (100) 
228 (13), 185 (2), 225 

(0.5) [17] 

27 Epicatechin-3-O-
gallate 

6.4 220, 279 441.0828 −0.2 C22H17O10 169.0141 (100) 289 (51), 125 (22), 245 
(14) 

[17] 

28 
Unknown sulfate 
derivative 6.6 280 285.0076 −0.4 C11H9O7S 205.0514 (100) 190 (46)  

29 Epicatechin-O-gal-
late isomer 

6.78 220, 279 441.0842 −3.3 C22H17O10 169.0153 (100) 289 (53), 125 (25), 245 
(13) 

[17] 

30 
Procyanidin trimer 
monogallate 7.0 225, 280 1017.2127 −3.1 C52H41O22 729.1431 (100) 

577 (31), 865 (30), 287 
(28), 441 (19) [12] 

31 Unknown/Citrusin 
A 

7.4 280 537.1987 −1.8 C26H33O12 329.1397 (100) 341 (56), 385 (27) HMDB0039230 

32 
Resveratrol hexo-
side 

7.8 220, 304, 315 389.1244 −0.5 C20H21O8 227.0712 (100) 228 (15), 185 (2) [17] 

33 
Emodin-hexose-
sulfate 7.9 220, 280 511.0559 −1.3 C21H19O13S 241.0027 (100) 

269 (25), 96 (10),  
431 (5) [22,23] 

34 
Resveratrol-(gal-
loylglucoside) 

8.2 220, 280, 320 541.1362 −1.9 C27H25O12 541.1377 (100) 
313 (25), 169 (7), 227 

(7) 
HMDB0039341 

35 
Unknown, Azelaic 
acid? 8.3 - 187.0978 −1.0 C9H15O4 125.0960 (100) 97 (14), 169 (9)  

36 Resveratrol deriva-
tive 

8.4 220, 282, 325 431.1355 −1.8 C22H23O9 227.0722 (100) 228 (14), 185 (1) [17] 

37 
Resveratrol 
hexoside 8.6 220, 304, 315 389.1246 −0.9 C20H21O8 227.0721 (100) 228 (16), 185 (1) [17] 

38 
Resveratrol-
(galloylglucoside) 
isomer 

8.7 220, 280, 320 541.1367 −2.9 C27H25O12 313.0577 (100) 169 (10), 227 (9) HMDB0039341 

39 Aloesone hexoside 8.9 220, 270, 420 393.1196 −1.4 C19H21O9 231.0666 (100) 232 (13), 187 (0,3) HMDB0035734 

40 
Resveratrol-
(galloylglucoside) 
isomer 

9.6 220, 284, 320 541.1364 −2.4 C27H25O12 541.1376 (100) 
313 (33), 169 (28), 227 

(11) HMDB0039341 

41 Emodin-glucoside 9.7 
217, 252, 
284, 423 

431.0995 −2.7 C21H19O10 431.0994 (100) 269 (81), 240 (8) [17] 

42 Lapathoside D 9.9 213, 285, 315 633.1830 −0.7 C30H33O15 145.0298 (100) 
487 (44), 633 (34), 469 

(7) [10] 
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43 
Emodin-hexose-
sulfate 10.1 220, 280 511.0562 −2.0 C21H19O13S 269.0463 (100) 431 (18), 241 (3) [22,23] 

44 Resveratrol 10.6 220, 279, 307 227.0718 −2.1 C14H11O3 143.0506 (100) 185 (85), 227 (47), 144 
(11) 

[17] 

45 
Emodin-hexose-
sulfate 11.8 220, 280 511.0563 −2.3 C21H19O13S 241.0034 (100) 431 (47), 269 (30) [22,23] 

46 Torachrysone-hex-
oside 

12.3 226, 266, 325 407.1359 −2.7 C20H23O9 245.0825 (100) 246 (14), 230 (11) [17] 

47 
Emodin-hexose-
sulfate 11.8 220, 280 511.0559 −1.4 C21H19O13S 241.0034 (100) 269 (32), 431 (10) [22,23] 

48 Emodin-glucoside 12.8 221, 269, 
281, 423 

431.0989 −1.2 C21H19O10 269.0454 (100) 431 (50),311 (5) [17] 

49 
Emodin-8-O-(6′-O-
malonyl)-glucoside 

14.2 220, 281, 423 517.0998 0.0 C24H21O13 473.1102 (100) 269 (66), 311 (4) [17] 

50 Sulfonyl tor-
achrysone/isomer 

14.6 220, 312 325.0392 −1.5 C14H13O7S 245.0823 (100) 230 (32), 215 (1) [11]  

51 Emodin-glucoside 14.8 
221, 269, 
281, 423 

431.0984 −0.1 C21H19O10 269.0461 (100) 
282 (12), 431 (3), 311 

(2) 
[17] 

52 
Physcionin/Rheoch
rysin 15.0 221, 272, 423 445.1147 −1.6 C22H21O10 283.0616 (100) 307 (3), 240 (3) 

HMDB0040511
/HMDB35931 

53 Hydropiperoside 15.7 222, 290, 313 779.2179 1.7 C39H39O17 779.2200 (100) 
145 (92), 633 (62),  

453 (7), 615 (5) 
[17] 

54 
Aloe-emodin 8-O-
(6-O-acetyl)-gluco-
side 

15.9 220, 281, 423 473.1094 −1.0 C23H21O11 269.0466 (100) 473 (78), 311 (5), 293 
(1) 

[24] 

55 Sulfemodin  17.9 220, 265, 
286, 316 

349.0037 −3.9 C15H9O8S 269.0467 (100) 225 (0.5) PubChem SID 
274505204 

56 Questin 20.1 
222, 286, 

313, 
430 

283.0614 −0.6 C16H11O5 240.0431 (100) 269 (0.6) [17] 

57 Emodin 25.2 
221, 248, 

267, 288, 430 269.0458 −0.9 C15H9O5 269.0461 (100) 
225 (28), 241 (10), 197 

(2), 181 (1) [17] 

HMDB ID: Human Metabolome Database. 
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Figure 4. ESI-MS (negative mode) chromatograms of decoctions from Polygoni cuspidati rhizoma et radix (PH decoction (red) and SC decoction (blue). Key to peak 
identity as in Table 1. 
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3.3. UHPLC-DAD-qTOF-MS Quantitative Analysis 

A previously developed, validated analytical method was used to quantify six com-
pounds: piceid, resveratrol, vanicoside A, vanicoside B, emodin, and physcion. Apart from 
vanicosides, which were absent in the decoctions, all other compounds were present in sig-
nificantly higher amounts in the PH decoction than in the SC decoction (Figure 5, Table 2). 
Physcion was present in very small amounts allowing detection but not quantification. 

 

Figure 5. UV-HPLC chromatograms of PH decoction (red) and SC decoction (blue) with detection 
at 298 nm. 

Table 2. Content of analyzed compounds in studied decoctions. 

Analyte 
(µg/mL of Liquid Decotion) 

SD 
(mg/g of Dry Decoction) 

SD 
 SC Decoction PH Decoction SC Decoction PH Decoction 

Piceid 
104.26 
±0.42 

173.86 
±11.39 

20.85 
±0.08 

34.77 * 
±2.27 

Resveratrol 
3.11 

±0.017 
23.08 
±1.54 

0.62 
±0.003 

4.62 * 
±0.31 

Emodin 
3.95 

±0.03 
14.85 
±0.96 

0.78 
±0.006 

2.97 * 
±0.19 

Physcion 
1.24 a 
±0.01 

2.09 a 
±0.14 

0.25 
±0.003 

0.42 ns 
±0.02 

Vanicosides A and B were not detected in the decoctions. a level below LOQ (limit of quantification) 
but above LOD (limit of detection). * Statistically significant SC decoction compared to the PH de-
coction at p ≤ 0.05; ns—not statistically significant. 

3.4. UPLC/QqQ-MS/MS Quantitative Analysis of Flavan-3-Ols and Procyanidins 

In order to confirm the differences in the content of flavan-3-ols and procyanidins, 
we used a previously developed and validated UPLC/QqQ-MS/MS method [18] that al-
lows for very precise determination of the content of several selected flavan-3-ols and pro-
cyanidins. In addition to the decoctions, we also analyzed the extracts obtained earlier 
from the same raw material collected from the wild habitat and described in the previous 
article [10]: 25% EtOH, 40% EtOH, and 60% acetone. The results are presented in Figure 6 
and Table 3. 
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Figure 6. Content [mg/g dry weight] of flavan-3-ols and procyanidins in the studied PH and SC 
decoctions (water was used as a solvent to prepare the PH decoction and the SC decoction) and 
extracts obtained by using different solvents, described more precisely in the previous article [10]: 
25% EtOH, 40% EtOH, and 60% acetone. Values that share the same letter are not significantly dif-
ferent as determined by Tukey’s post hoc test. Presented error bars are means ± SD. p ≤ 0.05 for 
statistically significant differences. 

Figure 6 shows a difference in the content of the compounds depending on the sol-
vent used for the extraction (25% EtOH, 40%EtOH, 60% acetone). There are also significant 
differences between decoctions prepared in the same way but obtained from raw materi-
als from different sources (PH decoction, SC decoction). In the case of most of the analyzed 
compounds, all procyanidins, and most flavan-3-ols, their content was much higher in the 
SC decoction than in the PH decoction. The results of the quantitative analysis are con-
sistent with the qualitative analysis described above. We observe a very significant differ-
ence in the amount of epicatechin, catechin as well as all analyzed procyanidins. Interest-
ingly, although the use of ethanol and acetone for extraction resulted in higher contents 
of most of the tested compounds, some of them, mainly galloylated ones, were observed 
only in decoctions (catechin gallate, epigallocatechin gallate, epigallocatechin, gallocate-
chin, Table 3). It is also interesting that catechin and epicatechin act differently. While the 
epicatechin content increases with the ethanol and acetone content, the catechin content 
is highest in the SC decoction. The same tendency is seen for catechin gallate and epicate-
chin gallate. 

  



Appl. Sci. 2025, 15, 1914 13 of 19 
 

Table 3. Content of analyzed compounds in the studied decoctions and extracts. 

Sample Name mg/g LOQ PH Decoction SC Decoction 25% EtOH 40% EtOH 60% Acetone 

catechin gallate 
mg/g 0.001 0.351 0.212 <LOQ <LOQ <LOQ 
SD  0.050 0.044 - - - 

catechin 
mg/g 0.02 1.467 4.449 2.339 2.595 3.030 
SD  0.255 0.329 0.295 0.640 0.149 

epicatechin gallate 
mg/g 0.001 2.096 2.334 2.987 6.998 9.213 
SD  0.083 0.050 0.061 0.109 0.019 

epicatechin 
mg/g 0.001 1.268 11.355 17.103 20.098 24.611 
SD  0.040 0.309 0.250 0.383 0.145 

epigallocatechin 
gallate 

mg/g 0.001 0.011 0.004 <LOQ <LOQ <LOQ 
SD  0.002 0.000 - - - 

epigallocatechin 
mg/g 0.001 0.004 0.008 <LOQ <LOQ <LOQ 
SD  0.001 0.001 - - - 

gallocatechin gallate 
mg/g 0.001 <LOQ <LOQ <LOQ <LOQ <LOQ 
SD  - - - - - 

gallocatechin 
mg/g 0.001 0.004 0.010 <LOQ <LOQ <LOQ 
SD  0.000 0.000 - - - 

procyanidin A2 
mg/g 0.001 0.004 0.024 0.100 0.097 0.131 
SD  0.002 0.009 0.006 0.008 0.035 

procyanidin B1 
mg/g 0.001 1.436 6.421 7.466 7.803 8.129 
SD  0.024 0.008 0.176 0.080 0.361 

procyanidin B2+B4 
mg/g 0.001 1.499 13.780 18.699 19.422 22.817 
SD  0.100 0.374 0.417 1.175 1.167 

procyanidin B3 
mg/g 0.001 0.615 2.315 1.497 1.765 2.438 
SD  0.033 0.201 0.115 0.121 0.107 

4. Discussion 
The results from MTT assay showed differences in the effects of the decoctions on 

human gingival fibroblasts (Figure 2). The SC decoction was not cytotoxic to HGF-1 cells 
and caused a high increase in cell viability at all tested concentrations. On the other hand, 
the PH decoction showed a statistically significant increase in cell viability only at a con-
centration of 100 µg/mL. Moreover, the highest tested concentrations caused a decrease 
in cell viability. The differences in activity of decoctions are due to the different chemical 
composition of them. The SC decoction is much richer in flavan-3-ols and procyanidins. 
Qualitative and quantitative analysis revealed a higher content of procyanidin monomers, 
such as catechin and epicatechin, as well as procyanidin dimers. Taking the above into 
account, we conducted studies examining the influence of epicatechin (monomer) and 
procyanidin B2 (dimer) present in the decoctions on the viability of gingival fibroblasts. 
We have observed that these compounds have a wide range of concentrations that stimu-
late cell viability (5–100 µg/mL). They did not show cytotoxic effects at any of the tested 
concentrations (Figure 2). The content of these compounds is much higher in the SC de-
coction than the PH decoction. Similarly, there are significantly more of the other procya-
nidins in SC decoction: procyanidin B1, B3, B4, and catechin. The presence of these com-
pounds in appropriate concentrations may have a significant influence on the observed 
effect of the SC decoction on gingival fibroblasts. Data from other studies confirm the 
stimulating effect of flavan-3-ols such as catechin [25] and procyanidins [26] on the viabil-
ity and proliferation of fibroblasts (human dermal fibroblasts) or keratinocytes as well as 
their migration and collagen production, which may significantly accelerate wound heal-
ing. Flavan-3-ols and procyanidins may stimulate fibroblast proliferation through the 
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activation of the PI3K/Akt/mTOR signaling pathway, which plays a crucial role in regu-
lating cell growth and survival. Research indicates that certain flavonoids can modulate 
this pathway, leading to increased cellular proliferation [27]. Currently, research is also 
being conducted on animals using preparations such as ointments containing procya-
nidins to accelerate wound healing. The results of these studies are promising [28]. Studies 
confirm also the lack of cytotoxicity in a wide range of catechin and epicatechin concen-
trations towards gingival fibroblasts. Babich et al. [29] indicated different cytotoxicity of 
flavan-3-ols towards normal human gingival fibroblast (HGF-2) cells. The simple flavan-
3-ols, such as (+)-epicatechin, (−)-catechin, and (−)-epigallocatechin showed the lowest cy-
totoxicity with midpoint cytotoxicity—NR50 values above 500 µM. Conversely, the fla-
van-3-ols with a galloyl moiety: (−)-catechin gallate, (−)-epicatechin gallate, and (−)-epi-
gallocatechin gallate showed cytotoxicity at lower concentrations ((NR50) = 131 µM, 100 
µM, and 256 µM, respectively). In our decoctions, among the galloyl monomers, only epi-
catechin gallate was present in relatively high concentrations, with no significant differ-
ences between the decoctions. 

The observed differences in the activity of the decoctions could also be due to differ-
ent concentrations of stilbenes, including resveratrol and piceid. Both piceid and resvera-
trol are present in the PH decoction in significantly higher concentrations (Table 2). While 
piceid revealed a stimulating effect on gingival fibroblast viability at all tested concentra-
tions (5–100 µg/mL), resveratrol showed this effect only at a dose of 10 µg/mL (~44 µM) 
and was cytotoxic to the cells at the highest tested concentration-100 µg/mL (~439 µM), 
(Figure 3). Similar results were obtained in the study by Chin et al. [30], where resveratrol 
increased the viability of human gingival fibroblasts after 24 h incubation at a concentra-
tion of 10 µM but showed cytotoxicity at higher concentrations of 100 and 200 µM. Our 
results are also consistent with other studies that have shown that the viability and pro-
liferation rate of gingival fibroblasts is dependent on the resveratrol concentration [31,32] 
and it is cytotoxic at higher doses. The compounds found in greater amounts in the PH 
decoction are also anthraquinones (Tables 1 and 2), mainly emodin and its derivatives. 
Considering the reports of cytotoxicity of emodin, even at low concentrations (10 µM), 
towards fibroblasts [33,34], it seems that this compound could also have contributed to 
the weaker activity of the PH decoction. The PH decoction also contains a significantly  
higher amount of emodin hexosides (compound 41, 43, 45, 47, and 51) and torachrysone 
hexoside (compound 46). Several studies have shown the toxicity of emodin hexosides 
and torachrysone hexoside toward hepatocytes [23]. Moreover, these compounds showed 
severe toxicity against zebrafish embryos and appear to be responsible for Polygonum mul-
tiflorum-induced idiosyncratic liver injury (IDILI) [35]. According to traditional Chinese 
medicine, plant materials should be properly processed before used, which affects the 
chemical composition, activity, as well as the toxicity of the final preparation. Specific rec-
ommendations are included in the Chinese Pharmacopoeia [36]. Regarding Polygonum 
multiflorum (PM), the Chinese Pharmacopoeia (2015 edition) recommends steaming the 
root of PM with black soybean decoction [23]. According to Abd Hamid et al. [23], such 
processing significantly reduced the cytotoxicity of the PM final preparation and was as-
sociated with a reduction in the amounts of these two potentially toxic compounds 
(emodin-8-O-glucoside and torachrysone-O-hexose) in it. Another important aspect is 
that, the main form of application in traditional Chinese pharmacotherapy is the decoction 
[36,37]. Our studies conducted on gingival fibroblasts are in line with these recommenda-
tions, showing that the decoction is a preparation with activity higher or equal to ethanol 
and acetone extracts, but it has significantly lower cytotoxicity [9,10]. In our earlier study 
[10], ethanol extracts (25% EtOH and 40% EtOH) and an acetone extract (60% acetone) 
prepared from the same raw material that was used to prepare the SC decoction showed 
a narrower range of concentrations stimulating the viability of gingival fibroblasts than 
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the SC decoction. After 24 h of incubation, these extracts stimulated fibroblast viability at 
a concentration of 50 µg/mL, but starting from 500 µg/mL, cytotoxic activity was observed. 
We included these extracts in the current study to examine the content of procyanidins 
and flavan-3-ols (Figure 6, Table 3). Ethanol and acetone extracts contained significantly 
higher epicatechin content than the decoction, but not catechin. The highest content of the 
procyanidins tested was observed in 60% acetone, which is consistent with the literature 
that it is a good solvent for procyanidin extraction [38]. A decrease in the content of these 
compounds was observed with a decrease in the amount of ethanol in the solvent: 
40%EtOH > 25%EtOH > decoction. However, the amount of procyanidin B3 in the decoc-
tion was higher than in the ethanol extracts. It should be remembered that here we have 
only quantitatively examined flavan-3-ol monomers and procyanidins dimers. We know 
from previously performed tests that the total amount of tannins and, therefore, also the 
more polymerized procyanidins, is much higher in acetone and ethanol extracts than in a 
decoction [9,10]. Despite the higher content of procyanidins and flavan-3-ols with proven 
fibroblast proliferation-stimulating activity in these ethanol and acetone extracts, these 
preparations did not give a more beneficial effect than decoctions. Similarly, in the case of 
the PH decoction, other compounds present in higher concentrations in these products, 
e.g., the previously mentioned resveratrol or emodin and its derivatives, could have a 
negative effect on the tested activity. According to a previous study [10], the content of 
emodin and resveratrol in ethanol and acetone extracts is significant higher than in the SC 
decoction. Emodin per gram of extract is 1.47 mg (25%EtOH), 3.68 mg (40% EtOH), and 
9.63 mg (60% acetone), and for resveratrol it is 3.95 mg (25%EtOH), 3.05 mg (40%EtOH), 
and 1.47 mg (60% acetone) [10]. It appears that these compounds may be responsible for 
the cytotoxic effects of the extracts at high concentrations. Moreover, it is also possible that 
high concentration of procyanidins or flavan-3-ols in extracts may have a negative effect 
on fibroblasts. 

In summary, it should be stated that although the PH decoction showed stimulation of 
the viability of gingival fibroblasts, this activity was weaker than that of the SC decoction. 
The PH decoction showed cytotoxic activity at higher concentrations, which was not ob-
served in the SC decoction. The differences in activity resulted from different chemical com-
position. The SC decoction contained significantly more flavan-3-ols and procyanidin di-
mers and less stilbenes and anthraquinones than the PH decoction, which probably had a 
positive effect on the observed activity. It is worth mentioning that decoctions usually have 
a high content of saccharides, which we have already observed in the rhizomes of Polygonum 
cuspidatum [9], and they can also interact synergistically with other compounds, influencing 
the final activity. We are currently testing the activity of this group of compounds. 

The major differences in the composition of decoctions may be due to environmental 
factors but may also result from genetic variation resulting from a possible crossing and 
repeated uncontrolled backcrossing with related species. In Europe, Reynoutria × bohemica 
J. Chrtek & A. Chrtkova, a hybrid of Reynoutria japonica and Reynoutria sachalinensis, is 
common, and the genetic structure of hybrid populations is unresolved. These hybrids 
have often a varied spectrum of morphological traits that may lead to unintended admix-
ture to the material collected from wild habitats. The identification problems and the pro-
posed solution are discussed extensively in our other study [39]. The possibilities of phar-
macological use of a hybrid derived from two plants used in traditional medicine [12] 
should be tackled in further studies. 

Considering the results of this study it seems that the plants growing in Europe pro-
vide a good material for the development of pharmaceutical formulations used, for exam-
ple, in the healing of wounds in the oral cavity. However, there are still a few issues to be 
clarified. One of them is the probable lack of meeting the European Pharmacopoeia crite-
ria of the raw material collected from the natural environment, which requires an emodin 
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content of 1.0% and polydatin (piceid) content of 1.5% of dried plant material [2]. These 
criteria (and the quantitative methods described therein) differ somewhat from the re-
quirements of the Chinese Pharmacopoeia, where the minimum contents are 0.6% and 
0.15%, respectively [11]. From the data provided on the pharmacopeial raw material, (sup-
plement) we learn that it meets the requirements of the Chinese Pharmacopoeia, contain-
ing 0.81% emodin and 1.45% polydatin. Considering the much lower emodin content in 
the SC decoction, this raw material might not meet these requirements. However, cyto-
toxicity of anthraquinones is currently being discussed more and more often, and raw 
materials containing them are becoming the subject of toxicological interest, and re-
strictions are being introduced [40,41]. It seems that this raw material or the preparations 
that are made from it should also be reviewed from this perspective. 

It should be noted that this study has limitations, one of them is the small number of 
samples (raw materials) taken for testing both from the natural environment and from the 
pharmacy. The results of the study should be confirmed on a larger number of samples. 
Another limitation is the results from the in vitro study, which do not always translate 
into the results of studies on animals and humans. 

5. Conclusions 
Research has shown that the decoction obtained from raw material collected from the 

wild environment in Europe has a superior profile of tested biological activity in compar-
ison to the raw material purchased in a pharmacy. Significant differences were observed 
in the composition of compounds in the decoctions. The SC decoction contained signifi-
cantly more flavan-3-ols (e.g., about 9 times more epicatechin and 3 times more catechin) 
and procyanidin dimers (e.g., about 4.5 times more procyanidin B1 and 9 times more pro-
cyanidin B2 and B4), as well as about 7.5 times less resveratrol and anthraquinones (about 4 
times less emodin). We concluded that such a ratio of compounds had a positive effect on 
the observed viability of fibroblasts. The study shows that it is worth taking an interest in 
the medical use of a plant that occurs so abundantly in Europe. However, extended research 
is necessary on the significant differences in the chemical composition of raw materials. 
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