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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.
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 a natural 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 

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.
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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 (0.01mg/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).

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).

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 

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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