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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.

Studies have substantiated the anti-inflammatory and anti-
thrombotic effects of (C. pinnatifida); however, research on
its antibacterial activity using organic solvent remains limited.
Therefore, in this study, we aimed to validate the antibacterial
activity of C. pinnatifida as anatural extract against Enterococcus
faecalis (E. faecalis), a multidrug-resistant bacterium.

E. faecalis was treated with different concentrations of C.
pinnatifida to determine the optimal concentration for the most
effective antibacterial effect. Fifteen different concentrations
were applied for 6 and 24 h. The experimental method centered
on confirming antibacterial activity using colony-forming units.

The experimental results demonstrated a proportional
increase in antibacterial activity with elevated C. pinnatifida
concentration. Notably, 99.99% and 100% antibacterial activity
were observed at 10 mg/mL and 40 mg/mL concentrations,
respectively.

Our results suggest that C. pinnatifida holds potential as an
antibacterial agent against the multidrug-resistant E. faecalis.

Key words. Crataegus pinnatifida, Enterococcus faecalis,
Antibacterial activity.

Introduction.

Recently, there has been a growing interest in health, with
an increased focus on natural products with nutritional
and functional properties. This rise parallels the increasing
identification of natural bioactive substances. Among these,
Crataegus pinnatifida (C. pinnatifida), a fruit belonging to
the Rosaceae family, stands out for its unique aroma and
taste, serving medicinal and culinary purposes, such as anti-
obesity, digestive disease management, and high blood pressure
regulation effects. C. pinnatifida also exhibits antioxidant,
antibacterial, anti-thrombotic, hyperlipidemia improvement,
weight control, and liver damage prevention effects [1].

Various studies are underway, focusing on natural products
as a preliminary research area. However, limited studies have
explored certain physiological activities, such as antioxidant
effects encompassing reducing free radicals, mitigating radical
reactions, and enhancing reducing power [2]. The mature fruit
of the hawthorn tree within the Rosaceae family is represented
by C. pinnatifida. Its anti-inflammatory activity has been
substantiated, and the anti-thrombotic effects of specific
fractions have been validated using various solvent extracts.
However, research on the antibacterial activity of the organic
solvent fraction of C. pinnatifida extract remains limited.

Previous studies on C. pinnatifida have highlighted the
antibacterial activity of its methanol extract fractions and
residues against various pathogenic and food-poisoning
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microorganisms, such as Pseudomonas aeruginosa and Candida
albicans, which are multidrug-resistant bacteria [3].

Enterococcus faecalis (E. faecalis) is a gram-positive
bacterium that exists in humans and animals and is recognized
for inducing life-threatening infections through antibiotic-
resistant nosocomial infections. Notably, this bacterium exhibits
a high prevalence in teeth subjected to root canal treatment,
demonstrating an affinity for adhering to dentin and adeptly
penetrating dentinal tubules [4]. Following root canal treatment,
E. faecalis can re-enter the root canal through openings that
remain unclosed despite root canal filling during treatment. The
surviving bacteria, along with those invading the root canal, can
proliferate, leading to the occurrence of root canal disease [5].

E. faecalis bacteria occur in a wide range of areas in the
oral cavity, ranging from 0 to 50% [6]. It has been confirmed
in previous studies that it appears in a variety of areas such
as saliva, root canals, and plaque. According to a clinical
experiment involving 21 patients, E. faecalis bacteria were
observed in 43 gingival sulcus, 14 saliva, 10 root canals, and 10
percent of the tongue, and were frequently identified in patients
with gingivitis and periodontitis [7].

E. faecalis is highly significant in the field of dental treatment,
particularly during root canal treatment; therefore, sodium
hypochlorite is used to clean root canals. However, the
effectiveness of this chemical compound is limited, resulting in
the persistence of numerous cases of post-root canal treatment
infections by E. faecalis [8]. Various drugs are currently under
application for their antibacterial properties against E. faecalis.
However, this bacterium has demonstrated resistance to
vancomycin, prompting extensive research endeavors aimed at
the development of alternative antibiotics [9].

Chlorhexidine (CHX) has demonstrated efficacy in
eliminating E. faecalis during experiments. However, despite
its broad spectrum of antibacterial properties, CHX exerts
long-term effects attributed to its binding to dentin [10]. An
essential consideration regarding the effectiveness of a drug lies
in the fact that bacteria within the root canal form a biofilm,
developing resistance to the drug. The hypothesis posits that
resistant polysaccharide substrates act as physical and chemical
barriers, preventing the spread of antibiotics. Additionally,
the bacteria become resistant to antibiotics owing to reduced
metabolic activity as they grow slowly in response to limited
nutrients [11].

Therefore, in this study, we aimed to validate the antibacterial
effects of C. pinnatifida, as a natural extract, against the
antibiotic-resistant bacterium E. faecalis.

Materials and Methods.



E. faecalis culture.

E. faecalis was obtained from the Korean Collection for Type
Cultures (KCTC, Daejeon, Korea) and subjected to passaging
in brain heart infusion medium (BHI; Sigma-Aldrich, St. Louis,
MO, USA). Following incubation, culture was performed in an
environment maintained at 37°C for 24 h.

C. pinnatifida extract.

C. pinnatifida was purchased from Hwarim Pharmaceutical,
ground into small pieces, mixed with 70% ethanol (ethyl
alcohol, sigma, saint louis, USA) and shaken at 60°C for 12 h.
Subsequently, only the supernatant was filtered, concentrated
using filter paper (fiter disc, whatman, saint louis, USA),
lyophilized, and diluted for further use.

Colony forming unit assay.

E. faecalis was treated with various concentrations of C.
pinnatifida extract (0.0lmg/ml, 0.05mg/ml, 0.1mg/ml, 0.3 mg/
ml, 0.5 mg/ml, 1 mg/ml, 3 mg/ml, 5 mg/ml, 10 mg/ml, 15 mg /
ml, 20 mg/ml, 25 mg/ml, 30 mg/ml, 35 mg/ml, 40 mg/ml) for 6
and 24 h. Subsequently, antibacterial activity was measured in
colony-forming units (CFUs).

)

Efaccalis (6h)

Statistical analysis.

Antibacterial effects were statistically analyzed using IBM
SPSS Statistics 24.0 (SPSS Inc., Chicago, IL, USA) at a 95%
significance level, followed by one-way analysis of variance
and Tukey test as post hoc analysis (P<0.05).

Results.

Treatment with C.pinnatifida extracts for 6 h resulted in a
99.99% bacterial growth inhibition at 10 mg/mL and complete
bacterial death (100%) at 40 mg/mL. The inhibition rates at
lower concentrations were 1.07%, 2.85%, and 40.81% at 0
mg/mL, 0.05 mg/mL, and 0.1 mg/mL, respectively. Increasing
C. pinnatifida extract concentration correlated with a higher
bacteria inhibition rate.

E. faecalis was treated with C. pinnatifida extracts for 24 h. At
10 mg/mL and 15 mg/mL, 96.79% and 99% bacterial growth
inhibition was observed. However, at 0 mg/mL, 0.05 mg/mL,
and 0.1 mg/mL, 14.10%, 18.11%, and 22.26% bacterial growth
inhibition was observed. The bacteria inhibition rate increased
with higher C. pinnatifida concentration (Figure 1).

0.1mgfmil

(B)

Figure 1. CFU results from applying C. Pinnatifida (0, 0.01,0.05, 0.1, 0.3, 0.5, 1, 3, 5, 10, 15, 20, 25, 30, 35 and 40 mg/mL) to E. faecalis bacteria

for 6 hours(A) and 24(B).
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Figure 2. Antibacterial effects(%) of C. pinnatifida CFUs with 0, 0.01,0.05, 0.1, 0.3, 0.5, 1, 3, 5, 10, 15, 20, 25, 30, 35 and 40 mg/mL (P<0.05) (A):
Antibacterial effect applied to E.faecalis for 6 hours, (B): Antibacterial effect applied to E.faecalis for 24 hours.
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The results of E. faecalis exposure to C. pinnatifida extracts
for 6 and 24 h are presented graphically in Figure 2. Significant
antibacterial activity was observed from 10 mg/mL for both
durations, indicating an increase in antibacterial effectiveness
with higher concentrations of C. pinnatifida extract (Figure 2).

Discussion.

Achieving successful root canal treatment necessitates the
complete eradication of bacteria within the root canal. This
process involves not only mechanical removal using a file but
also chemical removal through drug application [12]. Various
clinical studies have utilized drugs, such as calcium hydroxide;
however, resistance, specifically from bacteria, such as E.
faecalis, has been confirmed. Notably, resistant bacteria remain
within the root canal and are considered significant contributors
to root canal treatment failures [13].

E. faecalis has been identified in over 30% of endodontically
treated teeth with periapical lesions. Furthermore, bacteria
subjected to root canal treatment have been demonstrated to
exhibit resistance to a wide range of antibacterial and antibiotic
drugs, rendering them a primary cause of recurrent chronic
apical periodontitis [14]. Bacteria within the root canal form
biofilms and exhibit resistance to drugs, which increases the
likelihood of treatment failure [14]. Therefore, this study was
undertaken to assess the resistance of E. faecalis, a bacterium
known to exhibit resistance to existing antibiotics, to the extract
of C. pinnatifida, a natural substance [15].

We assessed the antibacterial activity of C. pinnatifida against
E. faecalis at various concentrations (0.01 mg/ml to 40 mg/
ml). Following its application for 6 and 24 h, antibacterial
activity was validated through CFUs, with a notable increase
in antibacterial activity observed as the concentration of C.
pinnatifida rose.

Considering the resistance of E. faecalis to drugs and
the resistance of biofilm-state bacteria, it is necessary to
acknowledge the possibility of bacteria-induced root treatment
failure and adopt a strategic elimination approach [16]. In
addition, the antibacterial effects of natural products, specifically
C. pinnatifida, observed in this study confirm the presence of
substances capable of combating existing antibiotics, as reported
regarding antibiotic resistance in E. faecalis [17].

C. pinnatifida contains known pharmacologically active
substances, such as caffeic acid, ursolic acid, hyperoside,
pyrogallol, corosolic acid, salicylic acid, ferulic acid, catechin,
protocatechuic acid, isoquercitrin, and chlorogenic acid [18].
Additionally, 1% C. pinnatifida extract, added to pork seasoning,
was demonstrated to reduce the total number of bacteria [19]. In
this study, a 99% bacterial inhibition rate was observed at 1 mg/
ml after 6 h, with complete inhibition (100%) observed at 40
mg/ml. After 24 h, the bacterial growth inhibition rate was 99%
at 15 mg/ml. These results indicate the efficacy of C. pinnatifida
at both high and low concentrations, particularly in short-term
use.

There was a difference in antibacterial activity by concentration
between the group applied for 6 hours and the group applied for
24 hours. When applying the extract, the weakening antibacterial
effect over time means that the medicinal effect of the extract is
reduced, so application time and concentration must be taken
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into consideration.

However, the antibacterial test results showed a bacterial
inhibition rate of 99% from 1mg/ml under 6-hour conditions.
Therefore, the appropriate antibacterial concentration can be
confirmed as 1mg/ml.

C. pinnatifida is considered biologically active, given its
polyphenol and flavonoid content. Previous studies have
demonstrated the excellent antibacterial activity of C. pinnatifida
against various pathogenic and foodborne microorganisms,
including multidrug-resistant Pseudomonas aeruginosa and
Candida sp. [20]. In our study, antibacterial activity was also
confirmed against the E. faecalis, with the observed antibacterial
effect increasing alongside elevated concentration of C.
pinnatifida. Confirmed in C. pinnatifida extract are components
with antibacterial activity, particularly phenolic compounds,
and flavonoids, exhibiting radical scavenging activity and
demonstrating antibacterial activity against E. faecalis.

Although this study did not conduct research on multi-resistant
bacteria, E. Faecalis is known to have resistance to vancomycin.
Based on the results of this study, it was confirmed that the
development of antibiotics against E. Faecalis is possible, and
it can be applied to various bacteria in future studies. Therefore,
we plan to apply various antibacterial tests.

E. Faecalis, which is known to have a high prevalence in
dentistry and is known to be good at penetrating the dentinal
tubules, re-enters the root canal using gaps in the root canal
that are not closed even after root canal filling during root canal
treatment, and the surviving bacteria and bacteria that invade
the root canal Since it can proliferate again and cause root canal
disease, it can be used as an alternative drug in dental clinics
during root canal treatment by using C. pinnatifida, whose
antibacterial activity was confirmed in this study.

Conclusion.

The antibacterial activity of C. pinnatifida extract against E.
faecalis was assessed using the CFU method for 6 and 24 h,
confirming 99.99% antibacterial activity at 10 mg/mL. Given
its antibacterial activity against bacteria prevalent in root canals,
C. pinnatifida extract holds promise for future development as a
root canal antibacterial drug.
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