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The present study is in vitro research aimed to evaluate the antimicrobial activity of the ethanolic extracts derived 
from roots and stems of Chelidonium majus L. against two Enterococcus faecalis strains to assess the possible use of 
this plant in preventing infections caused by this pathogen. Plant materials were harvested from natural habitats on 
the territory of the Kartuzy district in the Pomeranian province (northern part of Poland). The collected roots and 
stems were brought into the laboratory for antimicrobial studies. Freshly washed samples were weighed, crushed, and 
homogenized in 96 % ethanol (in proportion 1 : 19, w/w) at room temperature. The extracts were then filtered and 
investigated for their antimicrobial activity. The Enterococcus faecalis (Andrewes and Horder) Schleifer and Kilpper-
Balz (ATCC®51299™) and linezolid-resistant Enterococcus faecalis strain locally isolated were used in the current study. 
The antimicrobial susceptibility testing was done on Muller-Hinton agar by Kirby-Bauer disk diffusion susceptibility 
test protocol. The results of the current study showed that C. majus possess weak antimicrobial properties against the 
tested Enterococcus faecalis strains. The ethanolic extracts derived from roots of C. majus collected from rural areas 
exhibited the maximum antimicrobial activity against linezolid-resistant E. faecalis strain (the mean of inhibition zone 
diameters was 8.85±0.42 mm) compared to the control samples (7.1 ±0.91 mm). Stem extracts derived from C. majus 
collected from rural areas showed similar properties against the Enterococcus faecalis (Andrewes and Horder) Schleifer 
and Kilpper-Balz (ATCC®51299™) strain (8.77 ±1.21 mm) compared to the control samples. Root extracts derived from 
C. majus collected from urban and rural areas exhibited weak antibacterial ability against linezolid-resistant E. faecalis 
strains (6.46 ±0.32 mm and 7.78 ±0.34 mm, respectively), as well as weak antibacterial ability against E. faecalis 
ATCC®51299™strains (7.9 ±1.08 mm and 7.97±0.85 mm, respectively) compared to the control sample (7.1 ±0.99 mm). 
The results of this study can induce to provide a new perspective for the use of various Papaveraceae families as 
medicinal plants to improve the antibacterial responses using other strains. Identification of precise molecular 
mechanisms responsible for inhibition of bacterial growth by these extracts requires further research.
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Introduction
Enterococcus faecalis is a Gram-positive bacterium 
that commonly inhabits the gastrointestinal tract of 
mammals (Huycke et al., 1998; Brewer et al., 2020). 
Enterococcal species are core constituents of the 
intestinal flora of many animal species ranging from 
humans to flies (Macovei et al., 2006; McBride et 
al., 2007). When they enter a wound, bloodstream, 
or urinary tract, however, E. faecalis cells can 
cause serious infections. In immunocompromised 
individuals, however, it can cause a variety of 
complications, including surgical wound and urinary 
infections, endocarditis, and bacteremia (Macovei et 
al., 2006; Fisher and Phillips, 2009; García-Solache, 
2019). E. faecalis is also resilient when exposed to 
a variety of stressors, allowing it to survive outside 
the body for extended periods of time, which likely 
increases transfer to patients in a hospital setting 
(Shepard and Gilmore, 2002). The ability of E. faecalis 
isolates to cause serious infections has been linked to 
the intrinsic ruggedness of the bacterium, which allows 
the organism to persist in the hospital environment 
and survive many host defenses, compounded by the 
acquisition of a variety of variable virulence traits by 
horizontal transfer from other organisms (Bonten et al., 
1993; Shepard and Gilmore, 2002). Further, E. faecalis 
is resistant to a variety of antibiotics, complicating 
treatment strategies. Bacteria can survive antibiotic 
treatment through both resistance and tolerance 
(Murray, 1990). Resistance is defined as the inherited 
ability of microorganisms to grow in the presence of 
an antibiotic even at high concentrations, as indicated 
by high MIC values. The threat of E. faecalis to human 
health is further emphasized by its intrinsic low-level 
susceptibility to most of the available antibiotics, 
making treatment challenging (Murray, 1990; Bonten 
et al., 1993; Fisher and Phillips, 2009). 

Many medical plants, for example, the Papaveraceae 
family, possessed significant antibacterial and 
antifungal activities against bacteria and other 
pathogens (Gerenčer et al., 2016). Chelidonium majus L., 
also known as greater celandine, is a plant of the family 
Papaveraceae, which grows wild in part of Asia, Central 
and Southern Europe, in the Azores and North America 
(Pantano et al., 2017). Chelidonium majus is a short-lived 
hemicryptophyte. It has up to 1 m high stem, branched 
and sparsely pubescent. The alternately placed leaves 
are light bluish at the bottom and green at the top. 
The basal leaves are long-petioled, with the obovate in 
contour, pinnatisect leaflets with 5–7 lobed segments. 
From April to October, the plant produces umbellate 
inflorescences with 2–6 flowers, which have 4 bright 

yellow petals and two whitish, early dropping sepals. 
The phytochemical and pharmacological properties, 
including the antibacterial activity of C. majus, have 
been reviewed, which is of great interest for its use in 
Chinese, Asian, and European herbal medicines The 
antimicrobial activity of C. majus is attributed mostly 
to the alkaloids and flavonoids (Zuo et al., 2008; 
Zielińska et al., 2018). The plant contains, first of all, 
alkaloids: benzylisoquinolic compounds (0.01–1.0 %), 
such as sanguinarine, chelidonine, chelerythrine, 
protoberberine, and berberine. According to many 
researchers, the antibacterial effect ascribed to C. majus 
herb depends first of all on quaternary ammonium 
groups of isoquinoline alkaloids (Colombo and Bosisio, 
1995; Lenfeld et al., 2007; Zuo et al., 2008; Zielińska et 
al., 2018).

Considering the points previous results obtained in 
our laboratory, the current study aimed to find out in 
vitro the possible antimicrobial activity of the ethanolic 
extracts derived from roots and stems of C. majus 
collected in urban and rural agglomerations of Kartuzy 
district in the Pomeranian province (northern part of 
Poland) against two Enterococcus faecalis strains, i.e. 
Enterococcus faecalis (Andrewes and Horder) Schleifer 
and Kilpper-Balz (ATCC®51299™) and linezolid-
resistant Enterococcus faecalis strain locally isolated.

Material and methodology
Collection of plant material
Plants of Chelidonium majus (Figure 1B) were 
harvested from natural habitats on the territory of the 
Kartuzy district (54° 20′ N 18° 12′ E) in the Pomeranian 
province (northern part of Poland) (Figure 1A). 
Kartuzy is located about 32 kilometers (20 miles) west 
of Gdańsk and 35 km (22 miles) south-east of the town 
of Lębork on a plateau at an altitude of approximately 
200 meters (656 feet) above sea level on average. 
The plateau, which is divided by the Radaune lake, 
comprises the highest parts of the Baltic Sea Plate 
(http://www.kartuzy.pl/). Plants were collected from 
urban (n = 5) and rural agglomerations (n = 15) on the 
territory of the Kartuzy district.

Preparation of plant extracts
The collected roots and stems of C. majus were 
brought into the laboratory for antimicrobial studies. 
Freshly washed samples were weighed, crushed, and 
homogenized in 96 % ethanol (in proportion 1 : 19, 
w/w) at room temperature. Then the extracts were 
filtered and investigated for their antimicrobial 
activity.



ISSN 2585-8246– 298 –© Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(2): 296–303

The disk diffusion method for evaluation 
of antibacterial activity of plant extracts
The Enterococcus faecalis (Andrewes and Horder) 
Schleifer and Kilpper-Balz (ATCC®51299™) and 
linezolid-resistant Enterococcus faecalis strain locally 
isolated were used in the current study. Strains tested 
were plated on TSA medium (Tryptone Soy Agar) and 
incubated for 24 h at 37 °C. Then the suspension of 
microorganisms was suspended in sterile PBS and the 
turbidity adjusted equivalent to that of a 0.5 McFarland 
standard. The antimicrobial susceptibility testing 
was done on Muller-Hinton agar by Kirby-Bauer disk 
diffusion susceptibility test protocol (Bauer et al., 
1966). Muller-Hinton agar plates were inoculated with 
200 µl of standardized inoculum (108 CFU/mL) of the 
bacterium and spread with sterile swabs. 

Sterile filter paper discs impregnated by extracts were 
applied over each of the culture plates, 15 min after 
bacteria suspension was placed. A negative control 
disc impregnated by sterile 96 % ethanol was used in 
each experiment. After culturing bacteria on Mueller-
Hinton agar, the disks were placed on the same plates 
and incubated for 24 h at 37 °C. The assessment of 
antimicrobial activity was based on the measurement 
of the diameter of the inhibition zone formed around 
the disks. The diameters of the inhibition zones were 
measured in millimeters and compared with those 
of the control and standard susceptibility disks. The 
activity was evidenced by the presence of a zone of 

inhibition surrounding the well (CLSI, 2014). The 
results of the disk diffusion test are “qualitative“, 
in that a category of susceptibility (i.e., susceptible, 
intermediate, or resistant) is derived from the test 
rather than a MIC (Jorgensen and Ferraro, 2009).

Statistical analysis
Zone diameters were determined and averaged. 
Statistical analysis of the data obtained was performed 
by employing the arithmetic means ±S.E.M. All variables 
were randomized according to the antibacterial 
activity of tested extracts. All statistical calculation 
was performed on separate data from each extract. 
The data were analyzed using one-way analysis of 
variance (ANOVA) using Statistica software, version 
13.3 (StatSoft, Poland) (Zar, 1999). The following zone 
diameter criteria were used to assign susceptibility or 
resistance of bacteria to the phytochemicals tested: 
Susceptible (S) ≥15 mm, Intermediate (I) = 10–15 mm, 
and Resistant (R) ≤10 mm (Okoth et al., 2013).

Results and discussion
Our study aimed to examine the antibacterial properties 
of C. majus roots and stems against two Enterococcus 
faecalis strains: Enterococcus faecalis (Andrewes and 
Horder) Schleifer and Kilpper-Balz (ATCC®51299™) 
and linezolid-resistant Enterococcus faecalis strain 
locally isolated. The extracts of stems and roots of 
C. majus collected from rural and urban agglomerations 

Figure 1 Location of Kartuzy in the map of Poland (A), where the Chelidonium majus L. (B) was collected
Photo by Nataniel Stefanowski
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did not show antimicrobial activity against the tested 
strains. The results of antibacterial activity screening 
are given in Figure 2–5. The data on diameters of zone 
inhibition of bacterial growth of plant extracts against 
the Enterococcus faecalis (Andrewes and Horder) 
Schleifer and Kilpper-Balz (ATCC®51299™) strain 

is demonstrated in Figures 2 and 3. Figures 4 and 5 
show data on the diameters of the zones of bacterial 
inhibition in plant extracts against linezolid-resistant 
Enterococcus faecalis strain locally isolated.
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Figure 2 Zones of growth inhibitions of Enterococcus faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz 
(ATCC®51299™) strain induced by the extracts obtained from stems and roots of Chelidonium majus L. collected 
from the rural and urban agglomerations in millimeter (M ±m, n = 8)

Figure 3 Example of plates in a disc diffusion assay showing the halos in the bacterial growth resulting from the 
antibacterial activity of extracts derived from roots (A) and stems of Chelidonium majus L. (B) collected from the 
rural and urban agglomerations against Enterococcus faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz 
(ATCC® 51299™) strain
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Our results evaluating the antibacterial properties 
against Enterococcus faecalis (Andrewes and Horder) 
Schleifer and Kilpper-Balz (ATCC®51299™) strain 
are as follows (Figure 2). The ethanolic extract of 
C. majus derived from roots collected from rural 
agglomerations exhibited the maximum antimicrobial 
activity against E. faecalis (the mean of inhibition 

zone diameters was 8.77 ±1.21 mm) compared to the 
control samples (7.1 ±0.99 mm). There was a 25 % 
(p >0.05) increase in the zone of inhibition compared 
to the control samples. Stem extracts of CM collected 
from urban areas also exhibited antibacterial ability 
against E. faecalis strain (7.9 ±1.08 mm) compared 
to the control samples (7.1 ±0.99 mm). There was 
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Figure 4 Zones of growth inhibitions of linezolid-resistant Enterococcus faecalis strain locally isolated induced by the 
extracts obtained from stems and roots of Chelidonium majus L. collected from the rural and urban agglomerations 
in millimeter (M ±m, n = 8)

Figure 5 Example of plates in a disc diffusion assay showing the halos in the bacterial growth resulting from the antibacterial 
activity of extracts derived from roots (A) and stems of Chelidonium majus L. (B) collected from the rural and urban 
agglomerations against linezolid-resistant Enterococcus faecalis strain locally isolated
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a non-significant increase in the zone of inhibition by 
11 % (p >0.05) compared to the control samples. Stem 
extracts also showed antibacterial properties against 
the E. faecalis strain, but a larger diameter of the zone 
of inhibition was observed in stem extracts of C. majus 
collected from rural areas (7.97 ± 0.85 mm) compared 
to the control samples (7.1 ±0.99 mm). E. faecalis strain 
was also susceptible to the stem extracts of C. majus 
collected from urban agglomerations (7.9 ±1.08 mm) 
(Figures 2, 3).

Similar results were obtained after analysis of the 
zones of growth inhibition against linezolid-resistant 
Enterococcus faecalis strain locally isolated. The 
present study showed that the highest zone of growth 
inhibition against E. faecalis strain was exhibited by 
ethanolic stem extracts of C. majus collected from rural 
agglomerations as compared to the control samples 
(inhibition zone diameter were ranged from 7.1 to 
9.35 mm, 8.85 ±0.42 mm) (Figure 4). Moreover, it has 
been observed that ethanolic extracts derived from 
stems of C. majus collected from urban areas also 
revealed similar activity (7.0–8.75 mm as the diameters 
of inhibition zone, 7.92 ±0.68 mm) compared to the 
control samples (Figures 4 and 5).

The extracts derived from roots of C. majus collected 
in urban agglomerations have shown weak activity 
against the E. faecalis strain (Figure 4). The mean 
diameters of inhibition zones were (6.46 ±0.32 mm) 
compared to the control samples (7.1 ±0.91 mm). The 
extracts taken from the C. majus collected from the 
rural agglomerations showed no significant changes 
compared to the control samples. The above-presented 
results confirm the weak antibacterial activity of 
C. majus extracts against the tested E. faecalis strains 
(Figure 5).

In the present study, the antimicrobial activity of plant 
extracts was investigated by the agar disc diffusion 
method. In the current study, extracts from roots 
and stems of C. majus collected from rural and urban 
agglomerations were not effective against the tested 
bacteria due to the observed zone of growth inhibition. 
In our previous studies (Stefanowski et al., 2021a, b, c), 
we obtained different results against the tested strains. 
Regarding a strain of Staphylococcus aureus subsp. 
aureus Rosenbach (ATCC®29213™), we demonstrated 
high antimicrobial activity of both stem and root extracts 
of C. majus collected from urban areas by measuring 
zones of growth inhibition (for root extracts 16.9 mm, 
for stems extracts 13.6 mm) compared to the control 
samples (8.8 mm). By investigating the antibacterial 
activity of C. majus extracts against Staphylococcus 

aureus NCTC 12493 strain, we demonstrated that 
stem extracts of C. majus collected from both urban 
and rural agglomerations exhibited high antibacterial 
activity (15.3 and 13.1 mm, respectively) compared to 
the control samples (9.1 mm), and increasing of the 
zones of growth inhibition was statistically significant. 
Our subsequent studies against Enterococcus faecalis 
(Andrewes and Horder) Schleifer and Kilpper-Balz 
(ATCC®51299™), Escherichia coli (Migula) Castellani 
and Chalmers (ATCC®25922™), Escherichia coli 
(Migula) Castellani and Chalmers (ATCC®35218™) 
strains showed that stem extracts of C. majus exerted 
significant antibacterial effects assessing the zone of 
growth inhibition (Stefanowski et al., 2021a, b, c).

Our results are not similar to results obtained by other 
researchers. According to Kokoška et al. (2002), root 
ethanolic extract derived from C. majus was found to 
be effective against Gram-positive bacteria (S. aureus, 
Bacillus cereus) (MIC 15.63 and 62.5 mg of dry plant 
material/mL, respectively), but was inactive against 
Gram-negative (P. aeruginosa). Also, the concentration 
of 62.5 mg of dry plant material/mL effectively 
inhibited C. candida in these experiments. The aerial 
parts of C. majus used in the study of Kokoška et al. 
(2002) were inactive against any of the test microbes. 
The antibacterial activity of sanguinarine (SAG), one 
of the several alkaloids of C. majus, was studied by 
Zhang et al. (2020) against Providencia rettgeri. All 
tested plant extracts manifested antimicrobial activity, 
related to different chemical structures of the alkaloids. 
SAG demonstrated strong activity against P. rettgeri 
biofilms. SAG not only inhibited biofilm formation but 
also destroyed the intact and viable biofilm. At 1/16 
MIC, SAG inhibited biofilm formation by approximately 
68 %, whereas at 1/4 MIC, more than 95 % of the biofilm 
was inhibited, thus an outstanding antibacterial effect 
of SAG was observed on P. rettgeri (Zhang et al., 2020).

Other in vitro studies have shown that berberine 
(alkaloid of Papaveraceae family) is effective against 
Entamoeba histolytica, Giardia lamblia, Trichomonas 
vaginalis (Kaneda et al., 1991), Helicobacter pylori 
(MIC50 =12.5 μg/mL) (Mahady et al., 2003) and 
Leishmania donovani (Ghosh et al., 1985). Berberine 
displayed a significant antibacterial and antifungal 
activity against Staphylococcus aureus and different 
Candida spp. (MIC = 64 μg/mL for Candida albicans) 
(Freile et al., 2003). Berberine also inhibits T. vaginalis 
and its effect is comparable to metronidazole as 
regards potency (Soffar et al., 2001). In the mechanistic 
aspect, one study has shown that berberine has potent 
inhibitory activity against sortase A (SrtA) and sortase 
B (SrtB). The inhibition of sortase enzymes results 
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in a marked reduction in the virulence and infection 
potential of S. aureus, so it may be an important 
mechanism in the antibacterial activity of berberine 
(Oh et al., 2006).

Conclusions
Ethanolic extracts of C. majus showed no antimicrobial 
activity against Enterococcus faecalis strains. However, 
the results obtained may suggest that the extracts 
obtained from different parts of C. majus need to be 
subjected to further microbiological and chemical tests 
for natural antibiotics to evaluate the antibacterial 
activity and identify secondary metabolites that may 
be responsible for the above properties. This study lays 
the foundation for further research to test the feasibility 
of using C. majus as an alternative method in antibiotic 
therapy. Knowledge of the phytochemical profile of 
C. majus will help in explaining the observed activity 
and designing activity fractionation experiments to 
isolate the active substances. Identification of precise 
molecular mechanisms responsible for inhibition of 
bacterial growth by these extracts requires further 
research.
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