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 Background: Giant knotweeds originating from East Asia, such as Reynoutria japonica, and Reynoutria sachalinensis, and their 
hybrid such as Reynoutria x bohemica, are invasive plants in Europe and North America. However, R. japonica is 
also a traditional East Asian drug (Polygoni cuspidati rhizoma) used in Korean folk medicine to improve oral hy-
giene. The aim of this study was to evaluate the antibacterial activity of acetone extracts of Reynoutria species 
against dominant caries pathogen such as Streptococcus mutans and alternative pathogens, as well as charac-
terize the phytochemical composition of extracts and examine their cytotoxicity.

 Material/Methods: Ultrasonic extraction was used to obtain polyphenol-rich extracts. The extracts were characterized by HPLC-DAD-
ESI-MS. To test bacterial viability, the minimal inhibitory concentration (MIC) and minimal bactericidal concen-
tration (MBC) against S. mutans, S. salivarius, S. sanguinis, and S. pyogenes were determined. The cytotoxicity 
of the extracts to human fibroblasts derived from gingiva was evaluated using the MTT (3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide) assay.

 Results: The R. japonica extract had the highest bacteriostatic and bactericidal activity against pathogens causing caries, 
mainly dominant caries pathogen S. mutans (mean MIC 1000 μg/mL and MBC 2000 μg/mL), which was most 
likely associated with a higher content of stilbene aglycons and anthraquinone aglycons in the extract. Moreover, 
the R. japonica extract demonstrated the lowest cytotoxic effect on human fibroblasts and exhibited cytotoxic 
activity only at the concentration causing the death of all S. mutans.

 Conclusions: The results indicate that the R. japonica acetone extract can be considered as a natural, antimicrobial agent for 
caries control.
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Background

Dental caries are induced by dental plaque, the community of 
microorganisms (biofilm), and it is the most common tooth dis-
ease affecting humans worldwide [1,2]. Among bacterial patho-
gens, S. mutans are considered crucial cariogenic pathogens [3] 
but other Gram-positive bacteria such as S. sanguinis and S. sal-
ivarius, are also commonly associated with dental caries [4,5]. 
The mechanical removal of dental plaque by tooth brushing and 
flossing is an effective method for caries prevention. However, 
most people brush their teeth improperly and, thus, remove 
plaque insufficiently [6,7]. Consequently, mouthwashes and 
dentifrices are recommended for dental biofilm control as ad-
juncts to mechanical removal [8,9]. The gold standard antimi-
crobial substance is chlorhexidine digluconate, which when 
used as an addition to a toothpaste or mouthwash, can have 
undesirable side effects including tooth staining, taste altera-
tion, and the development of hypersensitivity reactions [10-12], 
which understandably encourages the search for new remedies. 
Reynoutria japonica Houtt. (syn. Fallopia japonica (Houtt.) Ronse 
Decr., Polygonum cuspidatum Sieb. & Zucc.) is a traditional East 
Asian drug also known as Polygoni cuspidati rhizoma. Among 
numerous traditional uses, it has been applied in Korean folk 
medicine to maintain oral hygiene [13]. R. japonica has been 
considered in Europe and North America as an invasive plant 
for a long time, however, it has recently been included in the 
European Pharmacopoeia (European Pharmacopoeia, 2017) [14] 
which creates the possibility of using it as a traditional bo-
tanical drug. In Europe, R. sachalinensis (F. Schmidt) Nakai, is 
commonly found, which is morphologically similar to R. japon-
ica and its hybrids R. x bohemica Chrtek & Chrtková. However, 
R. sachalinensis and R. x bohemica, which are often confused 
with R. japonica, are not included in European Pharmacopoeia. 
Recent studies have shown that a methanolic extract of R. ja-
ponica rhizomes and its fractions demonstrated antibacterial 
activity against Streptococcus mutans [13,15,16]. A previous 
study revealed that these plants contained high levels of po-
tentially antibacterial polyphenols including stilbenes, an-
thraquinones, and phenylpropanoid glycosides; however, the 
amount of these constituents differed significantly between 
plant species [17]. Previous research also determined that ex-
traction of Reynoutria sp. rhizomes with 70% acetone instead 
of methanol made it possible to obtain a plant extract that 
was richer in polyphenols.

Considering that available in Europe, Reynoutria sp. might be 
a source of anticaries compounds, investigating its biological 
effects in the dental field is needed. Therefore, the aim of this 
study was to evaluate the antibacterial activity of acetone ex-
tracts of two Reynoutria sp. and one hybrid against dominant 
caries pathogen S. mutans and three other pathogens com-
monly associated with dental caries: S. sanguinis, S. salivarius, 
and S. pyogenes. Another aim of this study was to evaluate the 

cytotoxicity of these plant extracts to human fibroblasts. The 
final aim of this study was to characterize the phytochemical 
composition of the extracts. Our study hypothesis was that 
acetone extracts of Reynoutria sp. exhibit bactericidal effect 
against model cariogenic pathogens with low cytotoxicity.

Material and Methods

Solvents and reagents

Chromatography solvent LC-MS-grade acetonitrile, water, and 
formic acid was obtained from Merck. Other solvents of ana-
lytical grade were purchased from POCh.

Plant materials and extract preparation

The plant raw material was collected from the same spot and 
extract preparation method was the same as described in the 
authors previous study [17].

Rhizomes of the studied plants were collected in the last 
week of September from synanthropic habitats in remote ar-
eas of the city of Wroclaw (Poland): R. japonica (51°07.404’ N 
17°04.146’ E), R. sachalinensis (51°06.190’ N 17°08.635’ E), 
R. x bohemica (51°05.666’ N 17°01.746’ E). All raw materi-
als were collected just before the onset of dormancy. Species 
were identified by Klemens Jakubowski (MSc Botany) from 
the Botanical Garden of Medicinal Plants herbarium based on 
the morphology of vegetative and generative organs accord-
ing to available floras and the pharmacopoeia monograph. Air-
dried and powdered rhizomes of R. japonica, R. sachalinensis, 
and R. x bohemica (400 g of each species) were extracted in 
4 steps with 70% acetone (each extraction in an ultrasonic 
bath, 2 hours). The solvent was evaporated under reduced 
pressure and 50 mg of dried extracts were dissolved in 80% 
MeOH in volumetric flasks to get a 5 mg/mL concentration. 
Then, the solutions were filtered through a 0.22 µm Chromafil 
syringe membrane (Macherey-Nagel) to autosampler vials and 
injected into the HPLC system. For the MTT (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay and an-
tibacterial activity, a stock solution was prepared using dried 
extracts by dissolving 100 mg of an extract in 1 mL of DMSO. 
By taking an appropriate amount of the stock solution, differ-
ent concentrations of extracts (250–4000 μg mL–1 for the an-
timicrobial test and 5–2000 μg mL–1 for the cytotoxicity eval-
uation) were investigated.

HPLC apparatus

The Ultimate 3000RS system (Thermo Dionex) equipped with 
a low-pressure quaternary gradient pump was used, including 
a vacuum degasser, an autosampler, a column compartment, 
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a diode array detector, and a high-resolution time-of-flight 
mass spectrometer (Bruker qTOF Compact, Bruker Daltonik) 
equipped with electrospray ionization (ESI). The system was 
controlled by Bruker Hystar.

UHPLC-DAD-MS conditions

The Kinetex C18 2.6 µm analytical column (150×2.1 mm), 
(Phenomenex) was maintained at 30°C. The mobile phase con-
sisted of solvent A (water: formic acid at 100: 0.1, v/v) and B 
(acetonitrile: formic acid at 100: 0.1, v/v). Gradient elution was 
programmed as follows: 0–22 minutes 15–22% B, 22–33 min-
utes 22–95% B, flow rate 0.3 mL/minute; column equilibration 
at 12 minutes between injections. UV-Vis spectra were recorded 
in the range of 200–450 nm. Chromatograms were acquired 
at 305 nm. The high-resolution time-of-flight mass spectrom-
eter was equipped with electrospray ionization (HPLC/UV/ESI-
HR-TOF-MS). ESI-MS conditions: splitless, nebulizer pressure 
30 psi; dry gas flow 8 L/minute; dry temperature 250°C and 
capillary voltage 2.2 kV for negative ion mode. The analysis 
was carried out using a scan from 50 m/z to 2200.

Antimicrobial testing

For the purpose of this in vitro study, we selected 4 bacterial 
strains: S. mutans which is considered a crucial pathogen in 
dental caries, S. sanguinis and S. salivarius, which are com-
monly associated with dental caries, and S. pyogenes. Among 
the evaluated bacteria, S. pyogenes, also known as group A 
Streptococcus (GAS), is the only one not associated with den-
tal caries directly; however, it is unique for its ability as a hu-
man pathogen to cause a wide variety of clinical infections 
and post-infectious sequelae, and it is a model for Gram-
positive bacteria.

The following microorganisms were used in this study: 
Streptococcus mutans ATCC 25175, Streptococcus sangui-
nis ATCC 13419, Streptococcus salivarius ATCC 10556, and 
Streptococcus pyogenes ATCC 12344.

Preparation of bacterial suspension

Each bacterial species was inoculated on plates containing 
Columbia Agar with 5% sheep blood (BioMerieux) and incu-
bated at 37°C for 24 hours. Then the colonies were transferred 
from the plates to normal saline to obtain a suspension ab-
sorption rate equal to a 0.5 McFarland standard solution; the 
density of the cell suspension was assessed spectrophotomet-
rically (Densima, bioMerieux). The resultant suspension con-
tained 1.5×108 CFU/mL.

Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) was determined 
using agar dilution. The Muller-Hinton agar (MHA, Oxoid) sup-
plemented with 5% defibrinated sheep blood (MHA-B) was 
used. To prepare agar dilution plates, the stock solutions of ex-
tracts were incorporated at 7 volumes (from 1.25 mL to 20 mL) 
to obtain concentrations ranging from 250 to 4000 μg/mL. 
The stock solutions (100 mg/mL) were added to warm MHA-B 
(50°C) and poured into 9 cm Petri dishes. Suspensions of the 
test strains were diluted 1: 10 in normal saline, and 20 mL of 
each suspension was transferred onto the agar surface. Two 
plates without extracts and 1 plate with only 4% DMSO were 
inoculated to serve as growth controls and be used to check 
for contamination. MHA-B plates were incubated microaero-
philically at 37°C for 24 hours. The lowest concentration of 
the extract that completely inhibited the growth of bacteria 
was considered the MIC.

Minimum bactericidal concentration (MBC)

Extract dilutions were made in a concentration range from 
250 μg/mL to 4000 μg/mL in 500 mL sterile test tubes contain-
ing Brain Heart Infusion broth (BHI, bioMerieux). The contents 
of each tube were inoculated with 0.1 mL of the bacterial sus-
pension and then were incubated at 37°C for 24 hours. After 
incubation, the microbial growth was determined by plating 
20 μL samples from the tubes on a nutrient agar medium: 
Columbia Agar with 5% sheep blood (bioMerieux) and Agar 
(BHIA, bioMerieux). The MBC was defined as the lowest con-
centration of the extract that did not permit any visible growth 
on the appropriate agar plate after the incubation period.

Cell culture

This in vitro study was performed on human gingival fibro-
blasts obtained from a primary culture. The study proto-
col was accepted by the Bioethics Commission of Wrocław 
Medical University, No. KB-434/2017. The tissue cultures of 
human gingival fibroblasts were derived from healthy adult 
volunteers undergoing minor surgical procedures of epithelial-
connective tissue grafting. The gingival biopsy was provided 
by the Department of Dental Surgery. The epithelial-connec-
tive tissue fragment was removed from the hard palate in 
a small portion about 1–2 mm2 using the “punch” method. 
This method allows you to obtain the connective tissue layer 
located closest to the epithelium, which is characterized by 
significantly better keratosis [18]. The obtained material was 
transported in a nutritional medium (Dulbecco Modified Eagle 
Medium, DMEM) to the cell culture laboratory. The DMEM 
contained 10% fetal calf serum (FCS) and antibiotics (penicil-
lin 100 IU/mL, streptomycin 100 μg/mL, and amphotericin B 
100 μg/mL). To obtain a stable cell culture, the cells were 
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isolated according to the procedure described and patented 
by Saczko et al. [19] (Patent No.: P 3812045). Our study in-
volved selecting the best passages of the most efficient fibro-
blast derived from one patient. The cells were grown in poly-
styrene flasks with a 25 cm2 cell culture surface (Falcon) as 
a monolayer in a DMEM (Sigma-Aldrich, St Louis, MO, USA), 
which contained 2 mM L-glutamine, 10% fetal bovine serum 
(FBS, Sigma-Aldrich, St Louis, USA) and 50 μg/mL streptomy-
cin (Sigma-Aldrich, St Louis, USA) at 37°C in 5% CO2. For the 
experiments, the cells were removed by trypsinization (tryp-
sin 0.25% and EDTA 0.02%; Sigma-Aldrich, St Louis, MO, USA) 
and washed with phosphate-buffered saline (PBS).

Cytotoxicity evaluation using MTT assay

The viability of cells was determined by the MTT assay (Sigma-
Aldrich, St Louis, MO, USA) after incubation with different con-
centrations of the tested extracts. The MTT assay was used to 
estimate the mitochondrial metabolic function through a spec-
troscopic measurement of mitochondrial dehydrogenase. To 
conduct the experiment, the cells were seeded into 96-well mi-
croculture plates at 1×104 cells/well and grown for 24 hours. 
Then, after a 24 hours or 72 hours incubation with investigated 
concentrations of the tested extracts (from 5 to 2000 µg/mL), 
the study was performed according to the manufacturer’s pro-
tocol. An MTT solution was prepared in PBS (5 mg/mL). The 
culture medium was carefully removed from the wells of the 
plate and 100 μL of the MTT solution was added to each well. 
The plate was incubated at 37°C for 2 hours. After incubation, 
100 µL of the MTT solvent (4 mM HCl in absolute isopropanol) 
was added to each well. The liquid was pipetted in each well 
until the formazan crystals dissolved entirely. The absorbance 
was determined using a multi-well scanning spectrophotometer 
at 570 nm (Enspire Perkin Elmer, Multiplate Reader, USA). The 
mitochondrial metabolic function was expressed as a percent-
age of viable treated cells in relation to untreated control cells.

Statistical analysis

Each assay was performed in quadruplicate. The outcome, 
data were summarized as mean ± standard deviation and an-
alyzed. One-way analysis of variance (ANOVA) was performed, 
followed by the Tukey test, for comparison of multiple means. 
The level of significance was P<0.05. The results were analyzed 
statistically with Statistica 13 (StatSoft Poland).

Results

Antibacterial effect of the extracts

The values of MIC and MBC of the R. japonica, R. sachalinen-
sis, and R. x bohemica extracts tested against S. mutans, S. san-
guinis, S. pyogenes, and S. salivarius are presented in Table 1. 
Among the evaluated plant extracts, the 70% acetone extract of 
R. japonica revealed the highest activity against Streptococcus 
sp., while the MIC and MBC values against S. mutans were 
1000 units and 2000 units respectively. The remaining plant 
extracts have also exhibited a moderate antimicrobial activity.

Identification of major constituents in Reynoutria species

All identified compounds are presented in Table 2, while the 
chromatogram of the studied extracts is presented in Figure 1. 
The HPLC-DAD-HR-MS analysis of extracts revealed differences 
in the composition of compounds. The chromatogram com-
paring peak amounts in different extracts demonstrated that 
the R. japonica extract contained the highest amounts of com-
pounds 2, 3, and 5 identified as stilbenes: resveratroloside, 
piceid, and resveratrol respectively; and compound 16 identi-
fied as emodin. On the other hand, the R. sachalinensis extract 
contained the highest amounts of compounds 9, 13, and 15 
identified as phenylpropanoids: hydropiperoside, vanicoside B, 
and vanicoside A respectively, and contained a small amount 
of emodin with no stilbenes. The phytochemical profile of 
R. x bohemica was intermediate between the 2-parent species.

Strains
R. japonica R. sachalinensis R. bohemica

MIC MBC MIC MBC MIC MBC

Streptococcus mutans ATCC 25175 1000 2000 1000 4000 1000 4000

Streptococcus sanguinis ATCC® 10556 750 2500 1000 4000 1000 3000

Streptococcus pyogenes ATCC 12344 1500 4000 1500 4000 3500 4000

Streptococcus salivarius ATCC® 13419 3500 >4000 4000 >4000 >4000 >4000

Table 1. Antibacterial activity (MIC and MBC) of extracts of Reynoutria species.

>4000: not detected by the highest concentration of tested samples; controls (4% DMSO), v/v, final concentration showed no MIC 
against all the strains tested. MIC – minimal inhibitory concentration (μg/ml); MBC – minimal bactericidal concentration (μg/ml).
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Cytotoxicity of the extracts to human fibroblasts derived 
from gingiva

The results obtained using the MTT assay are presented in 
Figures 2 and 3. The study showed that the R. japonica ex-
tract exhibited the lowest cytotoxic effect among all tested 
extracts. It decreased cell viability to 50% only after reaching 
the highest concentration of 2000 μg/mL, after both 24 hours 
and 72 hours of incubation. What is more, in the concentration 
of 1000 μg/mL, in which it revealed an inhibitory effect on the 
S. mutans growth (Table 1), it caused a slight decrease in cell 
viability (about 6%) after a 24-hour incubation. However, lon-
ger incubation (72 hours) decreased cell viability to about 48%.

Discussion

S. mutans and S. sanguinis showed much greater sensitivity to 
the tested extracts than S. pyogenes and S. salivarius. Still, it is 

important to note that S. mutans is a dominant caries patho-
gen [20]. When considering the obtained results, it appears 
that the R. japonica extract, if used at concentrations between 
>1000 and <2000 μg/mL, may be a useful antimicrobial agent 
for caries control. In the indicated range of concentrations, 
it caused the inhibition of growth of S. mutans and S. sangui-
nis and death of the most these bacteria; at the same time, 
it did not cause any cytotoxicity to normal human fibroblasts. 
Moreover, the R. japonica extract at concentrations from 5 to 
500 μg/mL, following a 24-hour incubation, caused a significant 
increase in cell viability (up to 38% compared to the control) 
as shown in Figure 2. This result suggests that the R. japonica 
extract could have a stimulatory effect on normal human fibro-
blasts and might be used for healing gingiva wounds, where 
gingival fibroblasts play an active role and are committed to 
repopulating damaged tissues [21]. It seems most likely that 
differences in the activity of the studied extracts observed in 
the antimicrobial assay and the MTT test resulted from dispari-
ties in chemical compositions of these extracts. The R. japonica 

Compound
tR 

[min]
UV

[nm]
qTOF

m/z [M-H]-
Error 
(ppm)

Ion formula**
Meas. m/z
Other ions 

1 Piceatannol glucoside 3.2 220, 305, 319 405.1191 0.2 C20H21O9 243.0661 [piceatannol]

2 Resveratrolside 3.6 218, 304, 315 389.1242 1.5 C20H21O8 227.0713 [resveratrol]

3 Piceid 5.9 218, 308, 318 389.1242 –0.5 C20H21O8 227.0713 [resveratrol]

4 Epicatechin-3-O-gallate 6.4 220, 279 441.0827 0.3 C22H17O10 –

5 Resveratrol 10.6 218, 306, 319 227.0714 0.7 C14H11O3 –

6 N-trans-feruloyltyramine 11.0 220, 282, 325 312.1241 0.4 C18H18NO4 –

7 Emodin-glucoside 12.8
221, 247, 269, 

281, 423
431.0984 –1.5 C21H19O10 –

8 Torachrysone 15.4 220, 312 245.0819 2.9 C14H13O4 –

9 Hydropiperoside 15.4 222, 298, 313 779.2193 –1.9 C39H39O17 –

10

(3,6-O-di-p-coumaroyl)-b-
fructofuranosyl-(2®1)-(2’-
O-acetyl-6’-O-feruloyl)-b-
glucopyranoside

15.9 220,  298, 315 851.2404 2.5 C42H43O19 –

11 Vanicoside C 17.3 220, 298, 313 821.2298 1.6 C41H41O18 –

12 Tatariside B 18.1 220, 298, 313 893.2510 0.3 C44H45O20 –

13 Vanicoside B 19.0 222, 298, 315 955.2666 –0.5 C49H47O20 477.1284 [M-H]2-

14 Questin 20.2 222, 286, 430 283.0612 0.5 C16H11O5 –

15 Vanicoside A 21.0 222, 298, 315 997.2772 –0.2 C51H49O21 498.1335 [M-H]2-

16 Emodin 25.2
221, 248, 267, 

288, 430
269.0455 0.6 C15H9O5 –

17 Physcion 29.5 222, 266, 288, 430 – – – –

Table 2.  Retention times, UV lmax, MS data and ion formula suggestion of the constituents present in the acetone extracts of rhizomes 
of R. japonica, R. sachalinensis and R. x bohemica.
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Figure 1.  HPLC chromatograms of the acetone 
extract of rhizomes of Reynoutria 
japonica, R. x bohemica and R. 
sachalinensis with detection at 
305 nm.
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Figure 2.  Viability of normal human fibroblasts 
cell line after 24-hour incubation 
following increasing concentrations of 
extracts. Viability is expressed as the 
percentage of the control cells (cells 
without extracts). Error bars shown 
are means ± standard deviation for 
n=4. * statistically non significant for 
P£0.05.
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Figure 3.  Viability of normal human fibroblasts 
cell line after 72-hour incubation 
following increasing concentrations of 
extracts. Viability is expressed as the 
percentage of the control cells (cells 
without extracts). Error bars shown 
are means ± standard deviation for 
n=4. * statistically non significant for 
P£0.05.
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extract contained the highest amounts of stilbenes (resvera-
troloside, piceid, and resveratrol) and anthraquinones (emo-
din and physcion) among the tested extracts.

Previous studies on acetone extracts of the same species, which 
determined the amounts of certain compounds in these ex-
tracts, revealed that R. japonica contained 40.43 mg of piceid 
in 1.0 g of a raw extract and 3.54 mg/g of resveratrol, whereas 
R. bohemica contained 20.18 mg/g and 2.24 mg/g of piceid and 
resveratrol respectively [17]. The R. x bohemica extract also con-
tained a much smaller amount of emodin (8.33 mg/g in the 
R. x bohemica extract versus 21.73 mg/g of a raw extract of 
R. japonica). R. sachalinensis contained even less anthraquinones 
and no detectable stilbenes; instead, it contained a consider-
able amount of phenylpropanoid esters (mainly vanicoside B).

Song et al. [13] demonstrated that a methanolic extract of 
R. japonica rhizomes significantly inhibited the growth of S. mu-
tans with the MIC range of 1.0–2.0 mg/mL, depending on the 
strain, whereas the MBC was 4.0 mg/mL. The results presented 
in the Table 1 indicate that the acetone extract of R. japonica, 
which was the subject of our study, revealed a higher bacte-
ricidal activity against S. mutans as well as a higher bacterio-
static activity against S. sanguinis and S. pyogenes. Active frac-
tions separated from the R. japonica methanolic extract by 
Song et al. [15] demonstrated a high bacteriostatic and bacte-
ricidal activity against S. mutans with the minimum inhibitory 
concentration (MIC) range of 31.3–125 μg/mL and the mini-
mum bactericidal concentration (MBC) range of 0.5–1 mg/mL. 
The HPLC analysis of the most active fraction revealed the pres-
ence of resveratrol, emodin, and physcion, which comprised of 
approximately 16.2%, 18.9%, and 2.07% of the fraction mass 
respectively [22]. Similarly, the ethyl acetate fraction obtained 
from the methanolic extract revealed a significant antibacterial 
activity, exhibited the MIC range of 0.125–1.0 mg/mL, depending 
on bacterial strains, and the MBC range of 0.5–2.0 mg/mL. The 
HPLC-UV analysis demonstrated that the ethyl acetate fraction 
consisted of polydatin, resveratrol, anthraglycoside B, and em-
odin, while anthraglycoside B and emodin were the main com-
ponents [16]. When considering the aforementioned results, 
it may be suggested that the antibacterial activity depends on 
the presence and amount of anthraquinones (mainly emodin) 
and stilbenes (mainly resveratrol) in the fraction.

Xu et al. [20] noticed that emodin significantly inhibited the 
S. mutans (ATCC 25175) growth in a dose-dependent manner 
(0.5–2 mg/mL). Moreover, emodin inhibited the production 
of acid and insoluble glucans by S. mutans, thereby reduc-
ing caries induction in rats. In the study by Coenye et al. [23], 
anthraquinones, especially emodin at concentrations below 
the MIC, reduced the S. mutans biofilm formation on hydroxy-
apatite. The MIC for emodin was higher than 250 μg/mL, but 
the growth of biofilms in the presence 5 μg/mL of emodin was 

reduced to 10.9%. The authors suggested that the antibiofilm 
effect of emodin was caused by the insertion of a planar mole-
cule into the cell membrane and/or by binding the same mol-
ecule to membrane-embedded molecules, including proteins.

Yim et al. [24] analyzed stilbenes and oligostilbenes isolated 
from leaves and stems of Vitis amurensis Rupr. (Vitaceae) and 
evaluated their antimicrobial activity against 2 oral patho-
gens: S. mutans and S. sanguinis. Four stilbenes, trans-e-
viniferin (the most active), piceatannol, trans-resveratrol, 
and amuresin G, exhibited the highest antibacterial activity. 
Piceatannol and trans-resveratrol (also present in our ace-
tone extracts) demonstrated a considerable activity against 
S. mutans with the MIC of 50 μg/mL. These compounds also 
displayed a certain activity against S. sanguinis with the MIC 
values of 50 and 25 μg/mL respectively. Conversely, the gly-
cosides of piceatannol and resveratrol did not inhibit any mi-
crobial growth leading to a suggestion that the glycosylation 
of piceatannol and resveratrol caused a virtually complete 
loss of antibacterial activity. The results of this study make is 
possible to conclude that a high antimicrobial activity of the 
R. japonica rhizome was influenced by the content of stilbene 
aglycones, such as resveratrol and piceatannol, but not stil-
bene glycosides such as piceid. However, our study revealed 
that even the R. sachalinensis extract, which did not contain 
stilbenes, and which possess a very small amount of anthra-
quinones, showed a significant antimicrobial activity with the 
MIC at 1 mg/mL for S. mutans and S. sanguinis. This could 
mean that other substances contained in the R. sachalinensis 
extract also have antibacterial properties. The extract of R. sa-
chalinensis contains the highest amount of phenylopropanoid 
glycosides, mainly vanicoside B. Saito et al. [25] showed that 
there was antibacterial activity of extracts and fractions from 
rhizomes and leaves of R. sachalinensis against several Gram-
positive and Gram-negative bacteria, but streptococci were 
not among the tested strains. This is the first paper on the an-
tibacterial activity of the R. sachalinensis extract against car-
ies pathogens. In future research, the antimicrobial activity 
of dominant compounds (vanicoside B, vanicoside A, hydrop-
iperoside) of the extract should be investigated to explain its 
antimicrobial effect.

The MTT assay is used to assess cell metabolic activity. Viable 
cells with active metabolism convert MTT into a purple-colored 
formazan product. Dead cells are not able to convert MTT into 
formazan, thus color formation, measured spectrometrically near 
570 nm, is a marker that reflects viable cell metabolism [26,27].

Antioxidants like ascorbic acid are known to interfere with tet-
razolium reduction assays through reducing tetrazolium salts 
non-enzymatically and lead to increased absorbance values in 
assay wells [28–30]. Antioxidants present in plant extracts might 
also alter the reliability and sensitivity of the MTT assay [31].
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Our results suggest that R. japonica seems to have low cyto-
toxicity to normal human fibroblasts, but it should be consid-
ered whether the compounds present in the extracts inter-
fere with the MTT test. Wang et al. [32] showed that emodin, 
which was found in R. japonica in a much larger amounts than 
in the remaining extracts, could precipitate from a culture me-
dium given its poor solubility in water. This phenomenon in-
duced a red shift of the emodin absorption curve and increased 
the overlap of the emodin and formazan absorption curves. 
At a high concentration of emodin, it might affect a high op-
tical density of studied cells and suggest that emodin might 
promote the proliferation of cells. However, no precipitation 
was observed when the emodin concentration was £25 μg/mL. 
If you know the amount of emodin in the R. japonica extract, 
it is easy to calculate that this number has been exceeded the 
amounted 43.46 μg/mL only at the highest concentration of 
the extract (2,000 μg/mL). The next observed phenomenon in-
cluded an observation that emodin could directly reduce the 
MTT tetrazolium salt to formazan. Formazan formation was 
correlated with the concentration of emodin, whether the se-
rum was present or not, but it was significantly lower when 
the serum was present. However, only the highest emodin con-
centration (100 μg/mL) had a remarkable effect on MTT re-
duction. In addition, for another strong antioxidant, resvera-
trol, the high amount present in the R. japonica extract might 
reduce the MTT salt to its blue formazan by a cell-indepen-
dent chemical reaction [31]. However, it should be noted that 
in our study the procedure applied in the MTT assay included 
the removal of the culture medium together with the extracts 
prior to adding the MTT solution. This ensured the removal of 
potentially interfering agents [31] and excluded the possibility 
that the phenomena described would occur. However, we rec-
ommend testing, in the future, the cytotoxicity of studied ex-
tracts also by using different methods, like sulforhodamine B 
assay (SRB), which is also considered a reliable test and even 
preferred by some researchers [33].

The investigation presented in this manuscript was focused 
on isolated Streptococci (S. mutans, S. sanguinis, S. salivarius, 
and S. pyogenes) as an in vitro model organisms for dental 
caries. In vivo, oral bacteria are in biofilms and the magnitude 
of other microorganisms in addition to streptococci are related 
to caries. Before clinical use, a further evaluation of selected 
extracts should be carried out for microorganisms obtained 
from the human host biofilm.

Conclusions

In our experimental study, we found that among the ob-
tained extracts, the 70% acetone extract from the rhizome of 
Reynoutria japonica demonstrated the highest bacteriostatic 
and bactericidal activity against studied pathogens causing 
caries, in particular, the dominant caries pathogen Streptococci 
mutans, which was associated with a higher content of stil-
bene aglycons and anthraquinone aglycons. Furthermore, the 
R. japonica extract displayed low cytotoxicity in bacteriostatic 
concentrations towards S. mutans. and in concentrations be-
low MIC it appears to have stimulatory effect on normal human 
fibroblasts, which might accelerate healing gingiva wounds.

The results obtained in this study were quite interesting, thus, 
we propose that acetone extract of rhizome of R. japonica can 
be considered in the future as an antimicrobial agent for caries 
control. However, it is important to be aware the limitations 
of the model system, which was focused only on Streptococci 
species, thus, the results are not sufficient to conclude utility 
of studied extract right now. Therefore, we recommend fur-
ther detailed in vitro and in vivo studies related to other oral 
bacteria to evaluate and ensure effective therapeutic dosage 
of the studied extract.
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