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Abstract: The aim is to evaluate the antibacterial and antifungal properties of the extracts obtained
from Lysimachia nummularia L. in order to be able to introduce these extracts into pharmaceutical
products and obtain useful products in the infectious and antifungal pathology of the oro-dental cavity.
Extracts from different parts of the studied species have been obtained and chemically characterized:
the total polyphenols in 40% ethanolic extracts have been determined and the caffeic and chlorogenic
acids and trans-resveratrol, bioactive compounds involved in the antimicrobial properties of the
studied species, have been identified, separated, and quantitatively determined. The antibacterial and
antifungal activities of the extract of Lisymachia nummularia L. were determined using the diffusion
method against a set of bacteria isolated from samples from different patients with diseases of the
oro-dental cavity. The extract of Lisymachia nummularia L. exhibited antimicrobial activity against
Gram-positive bacteria more than Gram-negative, where the effect was weaker; however, it had
no antifungal effects on Candida albicans. Another aspect that must be emphasized is that the best
antibacterial results were obtained from the aerial segment of the plant, the part where the highest
concentration of polyphenols was identified in the studies presented. These results indicate that
the pharmacological effects of the studied bacterial species support the use of extracts in obtaining
pharmaceutical products that can be used to optimize treatment schemes in oro-dental diseases.

Keywords: Lisimachia nummularia L.; antibacterial activity; oro-dental diseases

1. Introduction

There are many biologically active compounds from plant extracts that have been
shown to have antibacterial properties and can potentially help in developing resistance
against bacterial infections. These natural plant extracts can potentially be used in combi-
nation with conventional antibiotics to enhance their effectiveness or as an alternative to
antibiotics to reduce the risk of antibiotic resistance.
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However, it is important to note that more research is needed to fully understand
the antimicrobial properties and potential uses of these compounds from natural plant
extracts. It is also important to consult with a healthcare professional before using any
natural plant extracts as a treatment. They may be incorporated into oral health products,
such as mouthwash, toothpaste, biofilms, and tooth powder, as they have been shown to
have beneficial effects on oral health [1]. They can reach their goal and purpose in relation
to the targeted organs [2–4].

Lysimachia nummularia L. has a long history of use in traditional folk medicine. In tra-
ditional Chinese medicine, it has been used to treat various ailments, such as inflammation,
diarrhea, and jaundice. It has also been used to promote diuresis, in detoxification, and to
alleviate pain [5]. In European traditional medicine, the plant has been used as an astrin-
gent, diuretic, and expectorant. It has also been used to treat jaundice, kidney stones, and
bladder infections. Additionally, it has been used as a topical remedy for skin conditions,
such as eczema, psoriasis, and dermatitis [6]. In Native American traditional medicine,
Lysimachia nummularia L. was used to treat digestive disorders, respiratory infections, and
skin ailments [7].

Lysimachia nummularia L. contains various chemical compounds, including flavonoids,
iridoids, triterpenoids, and tannins. Some of the specific compounds found in this plant
include hyperoside, a flavonoid with antioxidant properties that has been shown to have
anti-inflammatory and neuroprotective effects, rutin, another flavonoid with antioxidant
properties that has been found to have anti-inflammatory and antitumor effects [8,9],
nummularoside and ursolic acid, triterpenoids with anti-inflammatory, antitumor, and
antiviral activities [10], and tannins, a compound with astringent properties that can be used
to treat diarrhea, hemorrhoids, and other gastrointestinal disorders [6]. These compounds
are believed to contribute to the medicinal properties of Lysimachia nummularia L., although
further research is needed to fully understand their effects and potential use in medicine.

Before obtaining the dried extracts, we previously identified, separated, and quantita-
tively determined the phenolic compounds obtained from Lisymachia nummularia L. (radix,
herba, and flores) and thus we demonstrated its antioxidant properties [11].

The human oro-dental cavity hosts over 700 bacterial species (Gram-positive, Gram-
negative) and is defined as one of the most complex microbial flora in the human body; most
of these bacterial species are associated with dental plaque and may represent important
elements in the etiopathogenesis of periodontitis and dental caries [12]. These diseases
were identified in recent reports by the WHO as being the most common infectious human
diseases that constantly register an increase in incidence in all countries of the world.

Trans-resveratrol is a natural phenolic compound found in various plants, including
grapes and peanuts, and has been studied for its potential antibacterial effects against
Enterococcus faecalis, as well as its ability to induce the production of plant defense com-
pounds, such as phytoalexins [13].

Some studies suggest that trans-resveratrol may have antimicrobial effects against a
range of microorganisms, including bacteria, viruses, and fungi, and that it was effective
in inhibiting the growth of several Enterococcus species, including Enterococcus faecalis
and Enterococcus faecium. The researchers also noted that resveratrol was able to disrupt
the biofilm formation of these bacteria, which is a key factor in their ability to cause
infections [14].

Trans-resveratrol also has anti-inflammatory properties, which may help reduce inflam-
mation in the gums and prevent the progression of periodontal disease. In addition, it has
been shown to reduce oxidative stress and protect against damage to the oral tissues [15].

The interest related to the antibacterial effects of the secondary metabolites of plants
and the expectations regarding the possibility of optimizing treatment schemes in oro-
dental diseases are very high, taking into account some known disadvantages of antibiotics
(side and adverse effects). The purpose of the study is to demonstrate the antibacterial and
antifungal properties of the extracts obtained from Lysimachia nummularia L.
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2. Materials and Methods
2.1. Plant Material

Amounts of 10 g of each component part of the plant were pulverized through a
315 µm sieve (Lysimachiae herba, Lysimachiae radix, and Lysimachiae flores) and were extracted
by maceration with 100 mL of ethanol 40% (v/v) for 14 days. The solutions were kept at
room temperature and in the dark during the maceration. The extracts were stirred using a
magnetic stirrer at 2000 rpm. The extractive solutions obtained were brought to the residue
with the help of a TURBOVAP rotary evaporator at 40 ◦C.

The extracts were filtered through 0.45 µm membrane filter (Teknokroma, Barcelona,
Spain, CEE).

2.2. Characterisation and Standardization of the Extracts

To assess the quality of the dried extracts and to capitalize on them therapeutically in
the form of oro-dental preparations, it is aimed to establish the organoleptic properties and
the water content and to standardize the determination of the content in active principles,
according to the current edition of European Pharmacopoeia (EP 10.0) [16].

2.2.1. Determination of Organoleptic Characteristics

The appearance and color of the extract were determined, by analyzing it with the
naked eye. The taste was investigated by maintaining a small amount of extract in the
mouth, after which it was discarded and the mouth was rinsed several times with water.
The smell was investigated by breathing in the air above a quantity of extract displayed in
a vessel with a large area.

The determination of the consistency was assessed according to the types of extracts
described by EP 10.0 (fluids, soft, or dried) by the amounts of volatile substances per
100 ◦C [16].

The determination of solubility usually refers to the solubility of the extract in the
solvent used in the preparation.

The loss on drying was determined per 1 g of dry extract by keeping the oven at
105 ◦C for approximately 3 h, for bringing it to a constant mass, and reported per
100 g extract.

The dried extracts were preserved in brown containers, of small capacity, well closed,
away from light, at temperatures of 8–15 ◦C.

2.2.2. Preliminary Research on the Standardization of Extracts

In order to standardize some dry extracts, we considered that the determination of the
content of total polyphenols and caffeic and chlorogenic acids as well as the determination
of trans-resveratrol in Lysimachiae herba and Lysimachiae radix would be representative for
the pharmacodynamic action.

2.3. Determination of Content in Active Principles

The therapeutic action of the extract being printed by polyphenols, we considered as
representative the determination of total polyphenols (photocolorimetric and by HPLC).

2.3.1. Total Polyphenol Content

We determined the total polyphenols in dried extracts obtained from Lysimachiae herba,
Lysimachiae radix, and Lysimachiae flores using the spectrophotometric method with some
modifications [11].

Polyphenols contained in plant extracts react with the Folin–Ciocalteu reagent. A
blue chromophore composed of a phosphotungstic–phosphomolybdenum complex is
obtained from the reaction. The maximum absorption of the chromophores depends on the
concentration of phenolic compounds and the alkaline solution.

To obtain the solutions to be analyzed, the extracts were dissolved in 100 mL of 40%
ethanol and were filtered.
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To the 0.5 mL solution obtained, 1 mL of Folin-Ciocâlteu reagent diluted 1:1 and
25 mL of water were added.

2.3.2. Chromatographic Analyses

All the chromatographic analyses were carried out using HPLC-UV. The analytical
method was developed using a reverse-phase Zorbax Eclipse XDB-C18 column (4.6 × 150 mm,
5 µm) using a gradient program with two solvent systems. The mobile phase consisted of
water (0.1% acetic acid) as solvent A and acetonitrile as solvent B.

Separations were performed by a gradient elution as follows: 0–5 min, 95–90% A;
5–7.5 min, 90–80% A; 7.5–10 min, 80% A; 10–12 min, 80–95% A; and 12–13 min, 95% A.
The mobile-phase flow rate was 1mL/min; the injection volume was 10 µL. The chromato-
graphic runs were carried out at 30 ◦C. UV detection was performed at 310 nm [11,17].

2.4. Pathological Products Analyzed

The pathological products used in this study were collected from patients with dental
caries and periodontitis, endodontic infections, and acute pharyngo-tonsillitis, after a
previous oro-dental clinical examination.

The patients included in this study were informed, with their written consent in this
regard, as well as the consent of the Department of Research and Innovation, the Bio-Ethical
Commission of the Ovidius University of Constanta with UOC registration number no.
15162/11 May 2021.

The samples taken according to standard methods were: dentin taken from softened
dentin of dental caries, periodontal pus, product from post-extraction alveolitis, product
from root canals, and pharyngeal exudate.

2.5. Selected Microorganism

We tested the extracts obtained from Lysimachia nummularia L. on freeze-dried, sta-
bilized, and viable American Type of Culture Collection (ATCC) bacterial and fungal
reference strains.

The choice of reference strains was made from a varied range of bacteria and fungi,
but we took into account that there are differences regarding the covering structures of
bacteria and fungi and also that there are differences regarding the chemical components of
the bacterial wall in Gram-positive bacteria, compared with Gram-negative ones; for these
reasons, representatives from all these groups are included in the list of species.

The antimicrobial properties of plant extracts were tested against the following Gram-
positive bacteria: Streptococcus pyogenes ATCC 19615, Streptococcus pneumoniae ATCC 46619,
Enterococcus sp. ATCC 23212, and Staphylococcus aureus ATCC 29213. They were tested
against the following Gram-negative bacteria: Escherichia coli ATCC 25922, Klebsiella pneu-
moniae ATCC 13883, and Pseudomonas aeruginosa ATCC 27853 as well as one pathogenic
fungus Candida albicans ATCC 10231. All were purchased from the American Type Culture
Collection (ATTC).

2.6. Determination of Bacterial Species Isolated from Pathological Products Taken in the Study

The pathological products were seeded on blood agar medium, and the bacterial
species were identified using the Api-ident system. The Api-ident system is a standardized
system based on the evaluation of 20 biochemical tests that allow the identification of
most species of streptococci, enterococci, and anaerobic or facultatively anaerobic bacterial
species, which are of particular interest in the pathology of the oro-dental cavity [18,19].

After Gram staining, a series of biochemical tests known as API (Analytical Profile In-
dex, BioMérieux®, Lyon, France) were carried out. Gram-negative bacteria were identified
using API Strip 20 E (Analytical Profile Index, BioMérieux®, Lyon, France).

As a principle, API 20 strips consist of 20 microtubes containing dehydrated culture
media for the identification of types of enzymatic activities or the fermentation of sugars.
The strips are inoculated with a bacterial suspension of a pure culture, the density of which
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is controlled according to the working protocol, which is distributed evenly in the 20 spaces
of the strips.

During the 24 h thermostat at 37 ◦C, as a result of the metabolic processes specific to
each bacterial species, there will be color changes visible to the naked eye or revealed after
the addition of some reagents. Reactions are interpreted according to the analytical profile
provided by each identification kit.

2.7. Testing the Bacterial Sensitivity to the Extracts Taken in the Study Compared to the Antibiotics

An antibiogram is a laboratory qualitative test that determines the sensitivity of
a bacterial isolate to different antibiotics and chemotherapeutics. It involves growing a
sample of the bacteria on a culture plate and then exposing the bacteria to various antibiotics
and chemotherapeutics. The growth of the bacteria is then observed to determine which
antibiotics are effective in inhibiting or killing the bacteria [20,21].

To test the sensitivity of bacteria to antibiotics, the diffusimetric method is used, which
is a qualitative method.

The principle of the method aims at seeding a bacterial suspension to be tested on
the surface of a gelatinous culture medium, followed by the subsequent deposition of
microcompresses with different antibiotics or chemotherapeutics. Antibacterial substances
diffuse into the culture medium, showing a constant decrease in the concentration gradient
from the edge of the antibiotic disk to the periphery. After a 24 h incubation at 37 ◦C, the
interpretation is made, which consists of measuring the zone of inhibition, in which the
bacteria did not develop, the dimensions of this zone being directly proportional to the
sensitivity of the bacteria to the respective antibiotic.

Given the fact that in the present study we wanted to assess the level of sensitivity
of some bacterial strains to the obtained extracts, we adapted the diffusimetric method,
using the same principle but replacing the antibiotic tablets with sterile filter paper rounds,
with the same diameter as of the antibiotic tablets, impregnated in the test solution; we
quantified the volume of saturating solution and found that the filter paper washer is
saturated with 10 µL.

The interpretation of results is performed by measuring the diameter of the zone of inhi-
bition of the development of bacterial colonies around the filter paper washers, expressed
in mm.

If the medium is transparent, the reading is performed directly on the bottom of
the plate, in reflected light, and if the media of the plates is agar-blood, the diameter
measurement is made on the surface of the medium.

The expression of the results is conducted by relating the size of the zone of inhibition
to the standards of critical diameters for different antibiotics, which allows the definition
of strains as sensitive, intermediate, and resistant [22–24]. The bacteria that we had the
right to test were grown on various culture media; as a positive control, antibiotics and
antifungals were used, and as a negative control, distilled water was used (Table 1).

Table 1. Bacterial species and antibiotics/chemotherapy used.

Wild Bacterial Species Test Environment Positive Control—Antibiotics/Antimycotics Negative Witness

Streptococcus mitis Blood agar Penicillin G (P) Distilled water

Staphylococcus aureus Blood agar Penicillin G (P) Distilled water

Enterococcus Mueller–Hinton Ampicillin (AMP) Distilled water

Escherichia coli Mueller–Hinton Gentamicin (CN) Distilled water

Pseudomonas aeruginosa Mueller–Hinton Gentamicin (CN) Distilled water

Candida albicans Sabouraud Fluconazole (FCA),
Voriconazole (VOR) Distilled water
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The plates were incubated for 24 h at 37 ◦C, after which the results were read by
measuring the zones of inhibition in millimeters for each reference bacterial species; three
readings were taken, and the mean and standard deviation (SD) were obtained.

2.8. Statistical Analysis

Continuous data are presented as mean ± SD of at least three independent experiments
(n = 3). One-way analysis of variance (ANOVA) followed by Tukey post hoc tests were
performed to determine statistical differences between variables using GraphPad Software
9, Inc., San Diego, CA, USA.

3. Results

After evaporation to the TURBOVAP from 100 g of plant product, dried extracts were
obtained in the quantities and with the organoleptic characteristics mentioned in Table 2.

Table 2. Obtained extracts from plant parts Lysimachiae herba, Lysimachiae radix, and Lysimachiae flores
in 40% ethanol.

Parts of Plant g% Dry Extract ± SD
Organoleptic Characters of the Extracts

Aspect Color Smell Taste

Lysimachiae herba 10.0021 ± 0.0421 powders reddish-brown pleasant pleasant

Lysimachiae radix 9.4144 ± 0.0176 powders reddish-brown pleasant pleasant

Lysimachiae flores 7.2132 ± 0.0352 powders brown with golden
reflexes pleasant pleasant

The smallest amount of extract was obtained from the plant product Lysimachiae flores.
Close amounts of the extracts were obtained from Lysimachiae radix and Lysimachia herba
(Table 2).

The dried extracts obtained are almost completely soluble in the solvents used to
obtain them.The loss on drying (2.7602–2.8243%) falls within the limits prescribed by
EP 10.0 for dried extracts, of not more than 5%. According to this classification, in the
extracts category, the consistency of the preparations is dried.

The results of the total polyphenol content are presented in Figure 1.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 7 of 16 
 

 
Figure 1. Comparative data of the content of total polyphenols obtained by the maceration 
extraction methods for Lysimachiae herba, radix, and flores extracts, with ethanol 40% (v/v). Results 
are indicated as mean ± SD of data (n = 3). Asterisks indicate statistical significance examined by 
ANOVA with Tukey post hoc test for multiple comparison among the extracts (*** p < 0.001). 

The highest amount of total polyphenols content was determined in Lysimachiae radix. 
Comparing the HPLC chromatograms of the standards with the chromatograms of the 
samples (Figures 2 and 3), it was possible to identify and quantify the compounds 
mentioned. 

 
Figure 2. Comparative data of the content of chlorogenic and caffeic acids and trans-resveratrol 
identified in Lysimachia herba (I), radix (II), and flores (III) extracts, with ethanol 40% (v/v). Results are 
indicated as mean ± SD of data (n = 3). Asterisks indicate statistical significance examined by 
ANOVA with Tukey post hoc test for multiple comparison among the extracts (significant: * p < 
0.05, ** p < 0.01, *** p < 0.001. 

Figure 1. Comparative data of the content of total polyphenols obtained by the maceration extraction
methods for Lysimachiae herba, radix, and flores extracts, with ethanol 40% (v/v). Results are indicated
as mean ± SD of data (n = 3). Asterisks indicate statistical significance examined by ANOVA with
Tukey post hoc test for multiple comparison among the extracts (*** p < 0.001).

The highest amount of total polyphenols content was determined in Lysimachiae radix.
Comparing the HPLC chromatograms of the standards with the chromatograms of the sam-
ples (Figures 2 and 3), it was possible to identify and quantify the compounds mentioned.
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The results obtained for the testing of the extracts obtained from all the component
parts of the Lysimachia nummularia L. species on lyophilized, stabilized, and viable bacterial
and fungal strains of the ATCC reference are presented in Table 3, together with the
bacterial species and the antibiotics/antimycotics used for the comparative testing against
the extracts obtained.

We tested the antibacterial activity of the dried extract obtained from Lysimachia
nummularia L. (herba, flores, and radix) on the bacterial and fungal strains identified from
the pathological products examined, compared to the usual antibiotics and antifungals
used in the conditions from which the pathological products under study were generated
(Figures 4–6).
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Table 3. Evaluation of the antibacterial sensitivity of Lysimachia nummularia L. extracts on
reference strains.

Species of Bacteria
Reference

Source

The Diameter of Inhibition Area of Tested
Samples (mm)

Mean ± SD
Positive

Control—Antibiotic
Antifungal

Positive
Control—Antibiotic

Antifungal

Negative
Witness

L. herba L. flores L. radix

Streptococcus pyogenes ATCC 19615 5 ± 0.02 7 ± 0.03
8 ± 0.07, with

resistant
mutants

Penicillin
S ≥ 24

Erythromycin
S ≥ 21
I:16–20
R ≤ 15

R

Streptococcus
pneumoniae ATCC 46619 5 ± 0.01 12 ± 0.03 8 ± 0.02 Amoxicillin

S ≥ 20
Ampicillin

S ≥ 24 R

Enterococcus sp. ATCC 23212 - -

17 ± 0.01
with

resistant
mutants

Amoxicillin
S ≥ 17
R ≤ 16

Ampicillin
S ≥ 17
R ≤ 16

R

Staphylococcus aureus ATCC 29213 5 ± 0.01 - -

Gentamicin
S ≥ 15;
I:13–14
R ≤ 12

Erythromycin
S ≥ 23
I:14–22
R ≤ 13

R

Escherichia coli ATCC 25922 5 ± 0.02 - -

Gentamicin
S ≥ 15;
I:13–14
R ≤ 12

Ciprofloxacin
S ≥ 25
I:19–24
R ≤ 18

R

Klebsiella pneumoniae ATCC 13883 - - -

Gentamicin
S ≥ 15;
I:13–14
R ≤ 12

Ciprofloxacin
S ≥ 25
I:19–24
R ≤ 18

R

Pseudomonas
aeruginosa ATCC 27853

7 ± 0.02
with

resistant
mutants

7 ± 0.02 7 ± 0.02

Gentamicin
S ≥ 15;
I:13–14
R ≤ 12

Ciprofloxacin
S ≥ 25
I:19–24
R ≤ 18

R

Candida albicans ATCC 10231 - - -

Fluconazole
S ≥ 19;
I:15–18
R ≤ 14

Voriconazole
S ≥ 19;
I:15–18
R ≤ 14

R

For each determination, 3 measurements were made. L—Lysimachia, S—sensitive, R—resistance, I—intermediate.
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The results of this bacteriological study were from tests on a group of five bacterial
strains selected from both Gram-positive and Gram-negative bacterial species, strains
isolated from pathological products taken from patients with various dental conditions.

Given the fact that the strain of Candida albicans proved to be totally resistant to all
three types of extracts, this strain was later excluded, so the study was carried out only on
the two types of bacteria according to the classification of Christian Gram.

The results were expressed using the indicators S—sensitive, I—intermediate, and
R—resistant to antibiotics specific to each bacterial strain used in the test.

The results regarding the evaluation of the sensitivity of the selected bacterial strains
to the extracts obtained from Lysimachia nummularia L. are presented in Table 4.

Table 4. Evaluation of the antibacterial sensitivity of Lysimachia nummularia L. extracts on strains
isolated from pathological products from the oral cavity.

Species of Bacteria
The Diameter of Inhibition Area of Tested Samples (mm)

Mean ± SD
Positive Control—Antibiotic

Diameter (mm) Standards
NCCLS

Negative Witness

L. herba L. flores L. radix

Streptococcus mitis 6 ± 0.02 6 ± 0.01 6 ± 0.01 Penicillin
S ≥ 24

Distilled
water

Enterococcus faecalis 8 ± 0.02 - 17 ± 0.01
Ampicillin

S ≥ 17
R ≤ 16

Distilled
water

Staphylococcus
aureus

8 ± 0.01
with

resistant mutants

8 ± 0.01
with

resistant mutants

8 ± 0.01
with

resistant mutants

Gentamicin
S ≥ 15;
I:13–14
R ≤ 12

Distilled
water

Escherichia coli 10 ± 0.01 - -

Gentamicin
S ≥ 15;
I:13–14
R ≤ 12

Distilled
water

Pseudomonas
aeruginosa 6 ± 0.02 - -

Gentamicin
S ≥ 15;
I:13–14
R ≤ 12

Distilled
water

For each determination, 3 measurements were made. L—Lysimachia, S—sensitive, R—resistance, I—intermediate.

The relevant results were obtained in the case of the study of the antimicrobial activity
of dried extracts obtained from Lysimachia radix on E. Faecalis, which is a specific Gram-
positive bacterium found especially in endodotic infections. The results obtained indicate
an inhibitory activity of the extract of Lysimachia radix on E. faecalis, while the positive
control with ampicillin showed a sensitivity to antibiotics of at least 17 mm, while the
resistance is defined for a diameter of 16 mm or less according to the standards.

4. Discussion

The expansive use of antibiotics has had as its reverse the emergence of the phe-
nomenon of bacterial resistance and thus many antibiotics to many of these products used
in medical therapeutic practice were excluded [25,26].
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Thus, it has become a challenge for researchers around the world to find new ways
in which these simple-structured organisms can be destroyed. It is estimated that there
are around 500,000 species of plants that live in different areas of the earth; they represent
immeasurable sources of secondary metabolites, so that the plant world can be considered
the most important source of biologically active compounds [27,28].

Lysimachia nummularia L., a plant present in the national botanical area, aligns with
this trend to study the antibacterial properties of plant extracts [7,29].

This pillar of research was supported by the results presented in the previous chapter
in which we demonstrated that active metabolites are presents in the ethanolic dried
extracts 40% in variable concentrations.

After these determinations with indicative potential, we were able to establish an
optimal extraction method to obtain extracts with possible antimicrobial properties.

Due to the fact that the dry extract of Lysimachia radix contains higher levels of certain
compounds compared to the dried extracts of Lysimachia herba or Lysimachia flores, these
extracts can have an effect in the prevention and treatment of oro-dental infections produced
by Gram-negative bacteria.

The results obtained after the identification, separation, and quantitative determination
of chlorogenic and caffeic acids and trans-resveratrol prove that the largest quantity was
obtained at the level of Lysimachia radix, so we can standardize this dry extract in these
separate polyphenolic compounds.

The obtained extracts were standardized in active principles with antimicrobial poten-
tial, choosing from the previously determined phenolic acids: trans-resveratrol and caffeic
and chlorogenic acids.

Moreover, the determination of total polyphenols was a parameter chosen in the
standardization of the obtained extracts [11].

Phenolic compounds represent a group of secondary metabolites with important
pharmacological properties for all medical fields. The explanation of the effects obtained by
the extracts studied on reference bacterial strains and isolated from pathological products
is related to antibacterial mechanisms produced by the targeted secondary metabolites,
which are cited in the specialized literature, as follows [30].

Caffeic acid, present in the highest concentration in the aerial part of the plant, has an
important antibacterial effect through metabolic disturbances related to dysfunctions of the
bacterial respiratory processes, followed by the acidification of the intracytoplasmic pH
and death [25,31]. When consumed, it is metabolized in the body into several metabolites,
including caffeic, ferulic, and quinic acids [32].

Caffeic acid has been studied for its potential antibacterial effects. Some studies suggest
that caffeic acid may have antibacterial activity against a range of bacteria, including both
Gram-positive and Gram-negative species. For example, one study found that caffeic acid
was effective against Staphylococcus aureus, a common cause of bacterial infections [33].

Caffeic acid has been studied for its potential effects on oral health and has shown
promising results in preventing and treating oral diseases [32].

Several studies have found that caffeic acid can inhibit the growth of oral pathogens,
such as Streptococcus mutans and Porphyromonas gingivalis, which are associated with dental
caries and periodontitis, respectively. Caffeic acid works by disrupting the bacterial cell
membrane and inhibiting the activity of enzymes involved in bacterial metabolism [34].

Chlorogenic acid, identified in the highest concentration in the 40% alcoholic extract
of the plant’s roots, has important antibacterial properties achieved by seriously disrupting
bacterial metabolism by affecting the bacterial wall and the permeability of the cytoplasmic
membrane, as well as by neutralizing the pathogenicity factors of some bacteria [35].

Chlorogenic acid has also been found to have antibacterial effects against several oral
pathogens, including Streptococcus mutans, which is a major contributor to dental caries. It
works by disrupting the bacterial cell membrane and inhibiting bacterial metabolism [36].

The phenolic acids have antioxidant properties and anti-inflammatory effects, making
them potentially useful compounds for the prevention and treatment of various diseases.
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Overall, the potential benefits of these acids for oral health are promising, and further
research is needed to fully understand the extent of these benefits. However, incorporating
these extracts in dental products may be a beneficial strategy for promoting oral health [37].

Trans-resveratrol, a well-known phenolic compound, has antibacterial effects against
E. faecalis by disrupting the bacterial cell membrane and inhibiting bacterial metabolism,
resulting in cell death. Other phenolic compounds, such as caffeic acid and chlorogenic
acid, also exhibit antibacterial effects against E. faecalis. The presence of trans-resveratrol, a
phytoalexin found in plants sensitive to oxidative processes, can contribute to inhibitory
activity. Trans-resveratrol stimulates the production of phytoalexin in various plants,
including grapes, suggesting that this is one of its mechanisms for strengthening plant
defenses. Additionally, trans-resveratrol displays antibacterial effects against E. faecalis in
both planktonic cells and biofilms [13,38–41].

The results obtained in Tables 3 and 4 indicate that the extracts obtained from Lysi-
machia nummularia L. show antibacterial activity against bacterial species isolated from
oro-dental diseases and reference strains.

Dried extracts obtained from Lysimachia nummularia L. (herba, flores, and radix) showed
zones of inhibition against the Gram-positive bacterium S. mitis, with average diameters
of 6 ± 0.02 mm for all three extracts. However, the extracts did not show a significant
inhibition against the Gram-positive bacterium S. aureus, since the average diameter of
inhibition remained at 8 ± 0.01 mm, indicating resistance to the extracts. Positive control
antibiotics, such as penicillin and gentamicin, showed the expected inhibitory effect on
bacterial strains.

It is observed that the extracts obtained from Lysimachia have a significant inhibitory
effect against the Gram-positive bacterium E. faecalis with an average inhibition diameter of
8 mm by Lysimchia herba and flores and an average inhibition diameter of 17 mm produced
by Lysimachia radix. From the results with the positive control, we can see that the dry
extracts of Lysimachia nummularia L. showed comparable effects; For example, the extract
obtained from Lysimachia radix shows an inhibition of 17 mm for E. faecalis, while the
antibiotic had a diameter of at least 17 mm, which indicates the sensitivity of the bacterium
to ampicillin.

The dried extracts from Lysimachia nummularia L. did not show significant inhibition
against these Gram-negative bacterial strains of E. coli and P. aeruginosa because the average
diameter of inhibition was similar to the negative control (distilled water) for both bacterial
strains (5 mm). Gentamicin, a commonly used antibiotic, exhibited the expected inhibitory
effect on the Gram-negative bacteria E. coli and P. aeruginosa.

Lysimachia radix extract shows inhibitory activity on the Gram-positive bacterium E.
faecalis, and this can be a promising source in terms of the potential for use of the extract in
combating this bacterium in endodontic infections.

E. faecalis is known to be a major cause of persistent and recurrent endodontic in-
fections, which are infections that occur inside the tooth, particularly after root canal
treatment. E. faecalis can form biofilms on tooth surfaces, making it difficult to eradicate
with conventional treatment methods [42,43].

Moreover, E. faecalis has been associated with the development of periodontitis, a
chronic inflammatory disease that affects the gums and bones that support the teeth.
E. faecalis can colonize the periodontal pockets and contribute to the destruction of the
periodontal tissues [42,44].

The prevention and treatment of E. faecalis-associated oral infections typically involves
the use of antibiotics and/or antiseptics, as well as root canal retreatment and periodontal
therapy. However, the emergence of antibiotic-resistant strains of E. faecalis highlights the
need for alternative treatment strategies [42].

These may justify the combined use of antibiotics with extracts containing herbal
active principles with antibacterial potential.

Some natural compounds, such as phenolic compounds, have shown potential an-
tibacterial effects against E. faecalis and may be useful in the development of new oral care
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products or as an adjunct therapy for the treatment of oral infections. However, more
research is needed to fully understand the potential of these compounds and determine the
optimal dose and mode of administration (Scheme 1).
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The antimicrobial potential of the extract obtained from the roots of the species
Lysimachia nummularia L. on Enterococcus faecalis can thus be correlated with the presence of
phenolic compounds in the highest quantity and also with the presence of trans-resveratrol
and caffeic and chlorogenic acids. The null effect of the extract on Candida albicans may
have the following causes: an insufficient concentration of active compounds in the extract,
reduced sensitivity of Candida albicans to these compounds, interactions with other sub-
stances present in the environment, or specific resistance mechanisms of Candida albicans.
It is important to emphasize that Candida albicans can develop resistance to antifungal
substances and that this aspect can influence the results observed in our study.

The differences regarding the antimicrobial potential of the extracts obtained from
different parts of the plant probably come from the fact that the extracts contain active
principles in different quantities and can be explained by the variation in the amount of
trans-resveratrol or its absence in the extract obtained from flowers.

5. Conclusions

The results obtained in the present study show that the studied extracts had a stronger
antibacterial effect on Gram-positive bacteria, compared to Gram-negative ones, where the
effect was weaker; however, they had no antifungal effects.

In the specialized literature accessed, we did not find any data regarding the antibac-
terial activity similar to those in the present study, but similar results were obtained by
Yldirim and colleagues on another species of the genus, Lysimachia vulgaris [45].

Contrary to their results, in which antibacterial effects are presented on the group
of Gram-positive cocci, in this study we identified that the studied extracts also have an
effect on Gram-negative bacteria species; what should be emphasized is the fact that they
also have an effect on bacterial species with established pathogenicity potential, such as
Pseudomonas aeruginosa.

Moreover, among Gram-positive cocci species, the studied extracts also had an effect
on species with high pathogenicity potential, such as those of the Enterococcus genus.

The good antibacterial results recorded for some bacterial species from the extracts
obtained from the other parts of the plant are probably due to the fact that they contain
other secondary metabolites that we could not identify.

While the antibacterial effects of phenolic compounds against E. faecalis are promising,
more research is needed to fully understand their potential therapeutic applications and
determine the optimal dose and mode of administration.

In summary, the potential benefits of trans-resveratrol in the prevention and treatment
of E. faecalis associated with oral infections are promising. However, further research is
needed to fully understand its effects and to identify the optimal dosage and the method
of administration for the dosage form that needs to be obtained. Trans-resveratrol shows
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potential as a natural compound for the development of new oral care products and as an
adjunct therapy for endodontics infections.

Our results indicate that the pharmacological effects of the studied bacterial species
support the use of extracts in obtaining pharmaceutical products that can be used to
optimize treatment schemes in oro-dental diseases.
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