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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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,
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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 x 10° cells/mL) was mixed with
1, 3,5, 10, 20, 30, and 40 mg/mL of H. cordata extractin a 1:1
ratio. Subsequently, 1000 puL 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 oflog 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
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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.

CFU, colony-forming unit.
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Figure 2. Disk diffusion assay of Streptococcus mutans. Each paper
disk was impregnated with 1, 3, 5, 10, or 20 mg/mL of Houttuynia
cordata extract and placed on the agar plate. The diameter of growth
inhibition zone was measured after 24 h. Representative data from
three independent experiments are shown.

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/mlL.
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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