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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Houttuynia cordata is an herbal plant distributed throughout 

Asia. H. cordata has many bioactive properties, including 
antibacterial properties. The antibacterial effects of H. cordata 
on S. mutans remain unknown. Therefore, we treated S. mutans 
with 1, 3, 5, 10, 20, 30, or 40 mg/mL H. cordata extract at 37 
°C for 24 h. The antibacterial effect of H. cordata against S. 
mutans was confirmed using colony forming unit assay and 
disk diffusion assays. The results of the cell concentration assay 
demonstrated that H. cordata inhibited the growth of S. mutans 
in a dose-dependent manner. Prominent growth inhibition was 
observed after treatment with 10 mg/mL H. cordata extract, 
and these findings were statistically significant. In addition, 
no colonies of S. mutans were detected after treatment with 
40 mg/mL H. cordata. Disk diffusion assays revealed that 20 
mg/mL of H. cordata created a zone of growth inhibition of 11 
mm. Therefore, our findings suggest the possibility of using H. 
cordata in the treatment and prevention of dental caries.

Key words. Antibacterial effect, cell viability, dental caries, 
Streptococcus mutans, Houttuynia cordata.
Introduction.

Dental biofilms in the oral cavity are associated with the 
pathogenesis of several oral diseases, including dental 
caries and periodontitis. Dental caries formation begins 
with the demineralization of hard tooth tissues such as the 
enamel and dentin, followed by necrosis of the dental pulp 
tissue. The cariogenic microbiome, including Streptococcus 
mutans, Streptococcus sobrinus, Streptococcus cricetus, and 
Streptococcus rattus present in the oral cavity, produce lactic acid 
and they can survive in low pH environments and demineralize 
the teeth. In particular, S. mutans is the main etiological factor 
of dental caries. S. mutans forms initial colonies on the tooth 
surface and develops a mature dental biofilm by producing 
extracellular polysaccharides [1-3]. The activity of cariogenic 
bacteria should be regulated to prevent dental caries. Many 
antiseptics, such as toothpaste, chlorhexidine, and mouthwash, 
are widely used to control the growth of these bacteria [1,4,5]. 
However, chlorhexidine application has side effects such as tooth 
discoloration and human cytotoxicity [6,7]. A previous study 
reported that a coconut oil-derived mouthwash is as effective as 
chlorhexidine in inhibiting S. mutans growth [8]. Therefore, it is 
necessary to develop natural and preventive agents that inhibit 
cariogenic bacterial growth without side effects. 

Houttuynia cordata Thunb. is a perennial herb belonging to 
the Saururaceae family and has been extensively distributed 
in Southeast Asia for many centuries. H. cordata has several 
bioactive components such as flavonoids and alkaloids. Further, 
H. cordata possesses diverse pharmacological properties 
such as anti-inflammatory, antiviral, anticancer, antioxidant, 

and antibacterial properties. H. cordata has been reported to 
show anti-Staphylococcus aureus activity. S. aureus, a gram-
positive microorganism, is usually detected in the human 
skin, gastrointestinal tract, and oral-nasal cavity [9]. Sekita 
et al. reported that an aqueous solution of H. cordata ethanol 
extract significantly suppresses biofilm mass formation in 
methicillin-resistant Staphylococcus aureus, Fusobacterium 
nucleatum, Candida albicans, and S. mutans [10]. In addition, 
H. cordata exhibits immune-enhancing activities in the human 
gastrointestinal tract and oral cavity, and it functions as an 
innate immune mediator [11,12]. However, there have been few 
studies on the antibacterial effects of H. cordata on S. mutans in 
dental caries. Thus, we investigated the growth inhibitory effect 
of H. cordata on S. mutans via cell viability assays and the disk 
diffusion method. We aimed to identify a novel preventive agent 
against dental caries. 
Materials and Methods.

S. mutans culture:
S. mutans (KCTC 3065/ATCC 25175) was obtained from 

the Korean Collection for Type Cultures (Daejeon, Korea). S. 
mutans was incubated in brain heart infusion (BHI) medium 
(Sigma-Aldrich, St. Louis, MO, USA) and treated with 1, 3, 5, 
10, 20, 30, or 40 mg/mL H. cordata extract at 37°C for 24 h.

H. cordata extract:
H. cordata was purchased from Cheongmyeong Herbs 

Company(Chungju, Korea). H. cordata was finely ground and 
mixed with 70% ethanol following shaking at 60 °C for 24 h. 
The supernatant was filtered, and then H. cordata solution was 
concentrated using a rotary vacuum evaporator (N-1300E.V.S.; 
EYELA, Tokyo, Japan). The concentrated H. cordata extract 
was freeze-dried at -80°C via lyophilization (FD, Ilshin Lab, 
Yangju, Korea) and diluted in dimethyl sulfoxide to obtain a 
powder.
Colony forming unit assay:

An S. mutans suspension (1 × 106 cells/mL) was mixed with 
1, 3, 5, 10, 20, 30, and 40 mg/mL of H. cordata extract in a 1:1 
ratio. Subsequently, 1000 µL of the mixed solution was spread 
onto 100-millimeter plates and incubated at 37°C for 24 h. After 
treatment with the H. cordata extract, the colonies were washed 
with phosphate-buffered saline and counted via observation 
with the naked eye. Each group was distinguished based on the 
morphological features of S. mutans colonies. The number of 
colony-forming units (CFUs) was converted into logarithms 
and analyzed. Experiments were repeated thrice to determine 
the reproducibility of the measurements.
Disk diffusion assay:

An S. mutans suspension was prepared and spread onto BHI 
medium, and 10-millimeter paper discs were soaked in 1, 3, 5, 
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10, and 20 mg/mL solutions of H. cordata extract. The plate 
was incubated at 37°C for 24 h. After treatment, the size of 
the growth inhibition zone for each paper disc was measured 
using a Vernier caliper. The experiments were repeated thrice to 
determine the reproducibility of the measurements.
Statistical analysis:

Statistical analyses of log CFU/mL values were conducted using 
IBM SPSS (version 20.0; SPSS, Chicago, IL, USA). Changes in 
the log CFU/mL values in all groups were investigated using a 
one-way analysis of variance complemented by Tukey’s test (p 
< 0.05).
Results.

Compared with the control group, the cell viability of S. 
mutans treated with H. cordata extract decreased in a dose-
dependent manner (Figure 1a). The log CFU/mL values were 
decreased after treatment with 1 to 40 mg/mL of H. cordata 
extract (Figure 1b). In the present study, colony formation of 
S. mutans was inhibited at a concentration of 3 mg/mL of H. 
cordata extract, and significant growth inhibition occurred at a 
concentration of 10 mg/mL. 

To confirm the susceptibility of S. mutans to H. cordata 
extract, paper disks soaked in H. cordata extract were placed 
on plates containing S. mutans growth. Each paper disk was 
treated with 1, 3, 5, 10, or 20 mg/mL H. cordata extract for 24 
h. The diameter of the growth inhibition zone was 11 mm at a 
concentration of 20 mg/mL (Figure 2). Our results suggested 
that H. cordata exhibited effective antibacterial activity against 
S. mutans.

Discussion.
Dental caries are a harmful factor affecting human oral health. 

An important stage in dental caries involves the formation of 
biofilms by pathogenic bacterial colonies on the tooth surface. 
Dental biofilms consist of S. mutans, Streptococcus salivarius, 
Streptococcus mitis, Streptococcus sanguinis, Actinomyces 
spp., and Lactobacillus spp. Among these, S. mutans is strongly 
associated with dental caries. During the initial phase of dental 
biofilm development, S. mutans adheres to the tooth surface; 
this binding represents the first stage of dental plaque formation. 
Chlorhexidine, phenolic compounds, and delmopinol are 
effective antimicrobial agents. However, many of these 
substances cause side effects [2]. Recently, several studies have 
reported that natural plant extracts exert antibacterial effects 
against oral microorganisms such as S. mutans, S. sobrinus, 
and Porphyromonas gingivalis [13-15]. H. cordata contains 
various chemical constituents including alkaloids, flavonoids, 
volatile oils, and phenolic acids. Flavonoids and volatile oils 
are the crucial active components [9]. The antibacterial effects 
of flavonoids against S. mutans have been extensively studied 
for a long time. The flavonoid baicalein suppresses biofilm 
formation by inhibiting the growth of S. mutans and C. albicans. 
In addition, enamel hardness has been protected after baicalein 
treatment [16]. Further, xanthorrhizol isolated from Curcuma 
xanthorrhiza Roxb. shows rapid antibacterial activity against S. 
mutans [17]. Another study reported that honey has anti-caries 
effects. Naturally derived substances, such as herbal medicines, 
are consistently used as research materials owing to their 

Figure 1. Number of CFUs of Streptococcus mutans after Houttuynia cordata treatment. (a) CFUs of S. mutans suspension incubated with 0, 1, 3, 
5, 10, 20, 30, and 40 mg/mL H. cordata. (b) The mean and standard deviation of the log CFU/mL values of each group. * p < 0.05 versus control. 
CFU, colony-forming unit.
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relatively fewer side effects. Many studies have focused on the 
antitumor effects of natural substances; however, research on 
dental caries and bacterial diseases remains insufficient. In the 
present study, to confirm the antibacterial effect of H. cordata 
extract, S. mutans was incubated with an H. cordata extract. 
Regarding our results on the decrease in cell concentration after 
treatment, Jiangang et al. found that the minimal inhibitory 
concentrations against S. aureus are 25 mg/mL [18]. In a 
previous study, H. cordata has been found to show antibacterial 
activity against Escherichia coli at a concentration of 250 mg/
mL [19]. In comparison, we confirmed that H. cordata exhibits 
an antibacterial effect at a lower concentration on S. mutans than 
on E. coli. In addition, based on the disk diffusion assay results, 
a previous study indicated that the effect may vary depending 
on the components of the material from which H. cordata is 
extracted. Breast cancer cell lines were previously exposed to 
a crude extract of H. cordata (hexane, dichloromethane, ethyl 
acetate, and methanol fractions), and the cytotoxic effects of 
H. cordata against the breast cancer cells have been found to 
depend on the extractant used during extraction [20].

To date, many substances have been studied to treat or 
prevent dental caries, and there are almost no studies on the 
antibacterial activity of H. cordata against S. mutans. However, 
one limitation of this study was that it was limited to data related 
to cell survival. Therefore, further research should be conducted 
to elucidate the antibacterial mechanisms of H. cordata extract.
Conclusion.

This study showed for the first time that H. cordata extract 
exhibited antibacterial activity against S. mutans. Significant 
growth inhibition was confirmed when using 10 to 40 mg/
mL concentrations of H. cordata extract. The largest growth 

inhibition zone was obtained after treatment with 20 mg/mL. 
Thus, our study provides basic research data on the potential of H. 
cordata as a preventive and therapeutic agent against dental caries.
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