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Summary

Medicinal plants are natural sources of active phytochemicals with therapeutic potential. The aim of this study
was to investigate their effect against microorganisms frequently associated with oral diseases (Streptococcus
mutans, Enterococcus faecalis, Staphylococcus aureus, Lactobacillus acidophilus and Candida albicans). The
antimicrobial activity was evaluated based on the minimum inhibitory concentration (MIC) determined by
the tryptic soy agar dilution method. Among five ethanolic extracts of medicinal plants investigated in this
study, only Hypericum perforatum extract showed no activity. Extracts of Origanum vulgare, Salvia officinalis/
Achilea millefolium, Centaurium erythraea and Chelidonium majus showed antibacterial and antifungal activity
in the range of 50-400 pg/mL. These results justify the use of selected medicinal plants for treatment of various
infectious oral diseases. Further investigations are required before they can be recommended as antimicrobial

drugs.
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Dental plaque (bacterial biofilm) is usually asso-
ciated with streptococci and lactobacilli, which are
believed to be a causative factor for dental caries (23).
Interest in natural phytochemicals as an alternative
approach in the treatment of dental diseases is due to
microbial resistance to antimicrobial agents and to their
undesirable side effects (e.g. toxicity, tooth staining,
vomiting).

Chlorhexidine is regarded as the gold standard
chemical plaque control agent (3), against which other
antiplaque and antigingivitis agents are measured.
Many studies have shown that chlorhexidine acts
against a wide array of bacteria, viruses, yeasts and
fungi (38).

Phytochemicals (plant-derived bioactive com-
pounds) are secondary metabolites with a wide
antimicrobial activity (37). Medicinal plants of
therapeutic value (e.g. Origanum vulgare, Salvia of-
ficinalis, Achilea millefolium, Centaurium erythraea,
Chelidonium majus and Hypericum perforatum)
are frequently used in Serbian traditional medicine
because of their proven efficacy and safety (5, 28).
Antimicrobial activity of medicinal plants can be at-
tributed mostly to polyphenols and terpenes. Phenolic

compounds are a diverse group of bioactive secondary
metabolites (e.g. carvacrol, fisetin, quercetin, coumar-
oylmalic acid, hypericin, hyperforin). Their antimicro-
bial properties include modification of cell membrane
permeability and inactivation of specific microbial
enzymes, as well as inhibition of virulence factors
and oxydative phosphorylation (14). Terpenes (e.g.
p-cymene, y-terpinene, f-myrcene, B-copaen-4a-ol,
manool, 1,8-cineole, B-eudesmol, thymol, B-thujone)
are another diverse family of natural products. Although
not fully understood, their antimicrobial mechanisms
are believed to involve disruption of membrane and
protein motive force, as well as coagulation of cell
contents (9). For some medicinal plants, no proven
antimicrobial mechanism has yet been reported (2).
Therefore, this study aimed to evaluate the antibacterial
and antifungal effects of selected Serbian medicinal
plants against reference strains.

Material and methods

The plant parts were thoroughly washed under running
tap water. The raw materials were disinfected by immersion
in a chlorine solution (100 mg/L) for 10 minutes, followed
by a final rinse with distilled water (4). To obtain fine and
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homogenous powder, the mass of flower heads, leaves and
the other aerial parts (previously dried in an oven at 50°C)
was macerated separately with liquid nitrogen using a porce-
lain pestle and mortar. The extracts obtained by maceration
were dissolved in methanol (HPCL grade, Merck) (1:20) at
room temperature, and the plant material was then left in a
bath sonicator for 10 minutes. The methanolic extract was
then centrifuged for 15 minutes at 5000 rpm in a refrigerated
centrifuge (Sigma 4K 15C, Sigma Laborzentrifugen GmbH
Osterode am Harz, Germany). The centrifuged aliquot
(supernatant) was collected. The residue was centrifuged
again in a methanol solution to obtain a larger amount of
the extract. The residue was then discarded, and the entire
methanolic solution was collected and filtered. The solutions
were concentrated to dryness under reduced pressure in a
rotary evaporator (Buchi Rotavapor, Flawil, Switzerland).
Vials containing the extracts were wrapped in aluminium
foil and stored in a freezer at —30°C until analysis of poten-
tial antimicrobial activity.

The strains tested were gram-positive facultative anaer-
obes (Streptococcus mutans ATCC 25175, Enterococcus
Sfaecalis ATCC 14500, Staphylococcus aureus ATCC 25293,
Candida albicans ATCC 10231) and
non-facultative anaerobes (Lacto-
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normally distributed, the Wilcoxon Two-Sample test was
used to determine the statistical significance of differences.
The threshold for accepting or rejecting the null hypothesis
was a p value of 0.05.

Results and discussion

The effect of different concentrations of chlorhexi-
dine was investigated on four types of microorganisms
(S. mutans, E. faecalis, S. aureus and C. albicans)
in our previous study (34). Chlorhexidine, even at
the lowest concentration, had an inhibitory effect
on all strains tested in that study. It has antiplaque
and antigingivitis properties. As a membrane-active
agent it damages the inner cell membrane, causing
leakage of intracellular components, which results
in a bactericidal effect (7). A study by Ghilan et al.
(13) showed that chlorhexidine was most successful
in inhibiting and killing S. mutans ATCC at 0.039
and 0.0079 ng/mL, respectively. A significant bac-
tericidal effect of chlorhexidine was also observed
against E. faecalis (31) and S. aureus (24), while its

Tab. 1. Antimicrobial activity of Hypericum perforatum extract

bacillus acidophilus ATCC 4356), Streptococcus | Enterococcus | Staphylococcus | Lactobacillus Candida
which were cultured in the presence mutans faecalis aureus acidophilus albicans
of oxygen. All strains were grown | 400 yg/mL X X X X X
: o . .

overnlgh.t at .37 C in Mller-Hmton 200 pg/mL . X X X X
broth (HiMedia, Mumbai, Maharash- 100 ug/mL X
tra, India) with a standard pH of 7.4. Hg/m + + + +

Determination of minimum | S50pg/mL + + * + X
inhibitory concentrations. The anti- 25 pg/mL + + + + X
microbial activity was evaluated based 12.5 ug/mL + + + . X
on the minimum inhibitory concentra- _
tion (MIC) determined by the tryptic Explanations: + = growth; — = no growth (MIC); X = not analyzed
S0y agar.dllutlon method (11). Durlng Tab. 2. Antimicrobial activity of Origanum vulgare extract
the cooling of the substrate before it
hardened, plant extracts are added in Streptococcus | Enterococcus | Staphylococeus | Lactobacillus Candida
the appr(;priate concentration. Serial mutans faecalis aureus acidophilus albicans
dilutions of the plant extracts were | 400Hg/mL X - - X -
prepared in plates with concentra- | 200 pg/mL - - - - -
tions of 12.5, 25, 50, 100, 200 and | 1gg pg/mL - + + - X
400 pg/mL. The MIC was defined as 50 pg/mL . . . . X
the lowest concentration of the extract
that completely prevented visible bac- | 2% Ho/mL * * * * X
terial growth. 12.5 pg/mL + + + + X

The comparison was made with
a standard solution of 0.12% chlorhex-
idine (Galenika, Zemun, Belgrade,

Explanations: + = growth; — = no growth (MIC); X = not analyzed

Tab. 3. Antimicrobial activity of Salvia officinalis/Achilea millefolium extract

S.erbla). Serial dllut.lons of chllorheX1- Streptococcus | Enterococcus | Staphylococcus | Lactobacillus Candida
dine were prepared in plates with con- mutans faecalis aureus acidophilus albicans
centrations of 6.25, 12.5, 25, 50, 100, 400 pg/mL X _ _ X _
200 and 400 pg/mL (34). 200w/ X X

Statistical analysis. In this study, Hg/m - - -
two independent groups of sam- | 100nug/mL - + + - +
ples (chlorhexidine and five herbal 50 pg/mL + + + + X
extrgc‘;s) were fcornplareq for antimi}; 25 pg/mL N N N N X
crobial and antifungal activity (growt 12.5 yg/mL . . . . -

or no growth of bacterial colonies).
Since the dependent variable is not

Explanations: + = growth; — = no growth (MIC); X = not analyzed
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antifungal effectiveness was proportional to its con-
centration (19).

In this study, the antimicrobial activity of five etha-
nolic extracts was analyzed by the tryptic soy agar
dilution method. H. perforatum extract showed no
antimicrobial activity (Tab. 1). Four of the five extracts
(O. vulgare, S. officinalis/A. millefolium, C. erythraea
and Ch. majus) demonstrated activity against L. aci-
dophilus in the range of 50-200 pg/mL and expressed
excellent antimicrobial activity (100 pg/mL) against
S. mutans (Tab. 2-5). Some extracts, such as O. vulgare

Tab. 4. Antimicrobial activity of Centaurium erythraea extract

and S. officinalis/A. millefolium (Tab. 2 and Tab. 3),
showed moderate activity against E. faecalis and
S. aureus (200 pg/mL), while weak activity (400 ug/
mL) against these strains was observed for C. erythraea
and Ch. majus (Tab. 4 and Tab. 5).

Antifungal activity was observed at 200 ug/mL for
O. vulgare and S. officinalis/A. millefolium extracts
(Tab. 2 and Tab. 3) and at 400 ug/mL for Ch. majus
(Tab. 5).

Statistically, these herbal extracts did not differ sig-
nificantly from chlorhexidine in their activity against

Streptococcus mutans (Tab. 6). All
five plant extracts demonstrated

Streptococcus | Enterococcus | Staphylococcus | Lactobacillus Candida
mutans faecalis aureus acidophilus albicans
400 pg/mL X - - - X
200 pg/mL X + + - X
100 pg/mL - + + + X
50 pg/mL + + o o X
25 pg/mL + + + + X
12.5 pg/mL + + + + X
Explanations: + = growth; — = no growth (MIC); X = not analyzed
Tab. 5. Antimicrobial activity of Chelidonium majus extract
Streptococcus | Enterococcus | Staphylococcus | Lactobacillus Candida
mutans faecalis aureus acidophilus albicans
400 pg/mL X - - X -
200 pg/mL X + + X X
100 pg/mL - + + - X
50 pg/mL + + + - X
25 pg/mL + + + + X
12.5 pg/mL + + + + X

Explanations: + = growth; — = no growth (MIC); X = not analyzed

Tab. 6. Comparisons of antimicrobial and antifungal activity of chlorhexidine and
five plant extracts (P-values from Wilcoxon Two-Sample Test)

Streptococcus mutans
0. vulgare S. officinalis C. erythraea Ch. majus H. perforatum
Chlorhexidine
NS NS NS NS 0.0121
Enterococcus faecalis
0. vulgare S. officinalis C. erythraea Ch. majus H. perforatum
Chlorhexidine
0.0461 0.0461 0.0203 0.0203 0.0461
Staphylococcus aureus
0. vulgare S. officinalis C. erythraea Ch. majus H. perforatum
Chlorhexidine
0.0461 0.0461 0.0203 0.0203 0.0461
Lactobacillus acidophilus
0. vulgare S. officinalis C. erythraea Ch. majus H. perforatum
Chlorhexidine
NS NS 0.0246 NS 0.004
Candida albicans
0. vulgare S. officinalis C. erythraea Ch. majus H. perforatum
Chlorhexidine
NS NS - - 0.0121

Explanation: NS = not statistically significant

significantly lower activity against
E. faecalis and S. aureus com-
pared with chlorhexidine (Tab. 6).
There were no significant dif-
ferences between chlorhexidine
and three herbal extracts, O. vul-
gare, S. officinalis/A. millefolium
and Ch. majus, in their activity
against L. acidophilus (Tab. 6).
Plant extracts of O. vulgare and
S. officinalis/A. millefolium did not
differ significantly from chlorhexi-
dine in their activity against
C. albicans, whereas Ch. majus
demonstrated significantly lower
activity compared with chlorhexi-
dine (Tab. 6).

The literature increasingly re-
ports on the use of phytochemicals
as preventative or treatment thera-
pies for oral diseases (27). Many
factors can affect the antimicro-
bial activity of medicinal plants.
Different authors report different
levels of antimicrobial activity
depending on the solvents used
for extraction and the quantitative
composition of the extracts. For
example, hydroalcoholic extracts
expressed better antimicrobial ac-
tivities against oral bacterial patho-
gens than aqueous extracts (17),
which could be explained by the
higher phenolic content of the for-
mer, especially ethanol extracts (1).

Yuan et al. (39) found that
oregano essential oil, in addition
its main ingredient carvacrol, also
contained p-cymene, y-terpinene
and f-myrcene. On the other hand,
thymol was, among others, the
main constituent of oregano es-
sential oil in a study by Stringaro
et al. (33). Some authors speculate
that the antistaphylococcal and
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antistreptococcal action of oregano essential oil might
be due to its disruptive effect on amino acid metabolism
(15) and inhibition of virulence (39), respectively. Idir
et al. (18) reported the strongest antimicrobial activity
against oral pathogens (Streptococcus, Enterococcus
and Lacticaseibacillus) for O. vulgare ethanolic ex-
tract. On the other hand, a combination of O. vulgare
and Pimpinella anisum hydroalcoholic extracts showed
highest activity against streptococcal dental caries
bacteria in the range 2.5-10 pg/mL (23). Previous
studies demonstrated maximal antimicrobial activity of
O. vulgare extract against E. faecalis (MIC 25 ng/mL)
and S. aureus (MIC 62.5-125 pg/mL) (6, 15, 20). In
the present study, O. vulgare extract was more active
against S. mutans and L. acidhophilus (MIC 100 pg/
mL) than against E. faecalis, S. aureus and C. albicans
(MIC 200 pg/mL). Similar results against Gram-
positive bacteria (MIC 120-250 ng/mL) were observed
in earlier studies (21, 22). It is interesting to note that
the antifungal potential of carvacrol alone was higher
(MIC 97.5-195 pg/mL) than those of thymol and
oregano essential oil (33).

Toplan et al. (36) identified 1,8-cineole and
B-eudesmol in A. millefolium essential oil, whose chlo-
roform and methanolic extracts displayed a moderate
inhibitory activity against S. aureus (MIC 250 pg/mL).
Apart from the commonly used solvents, the literature
also mentions the aqueous extract of A. millefolium,
whose antimicrobial effect on oral pathogens was
achieved at a concentration of 50 mg/ml (12). With
regard to the antifungal potential of A. millefolium,
Cvetkovi¢ et al. (10) reported a moderate activity of
dichlormethane extracts against C. albicans.

In an earlier study, a-thujone, camphor, 1,8-cineole
and carvacrol were the most important molecules
identified in S. officinalis glycolic extract. At a concen-
tration of 50 mg/ml, this extract eliminated all clinical
isolates and reference strains capable of causing oppor-
tunistic infections (26). In the present study, a mixture
of S. officinalis and A. millefolium extracts seemed to
show antibacterial and antifungal activity similar to that
of'the abovementioned O. vulgare extract. In a study by
Santos et al. (29), who also used S. officinalis in com-
bination with another plant, hydroalcoholic extracts
demonstrated effects against E. faecalis and E. fae-
cium strains. However, other studies on S. officinalis
essential oil (rich in B-thujone) failed to demonstrate
its antibacterial and antifungal activity (8).

B-copaen-4a-ol, manool and carvacrol have been
shown to be the main constituents of Centaurium ery-
thraea essential oil (32). With MIC values >100 pg/
mL, C. erythraea proved to be the least effective against
almost all oral pathogens, except for Streptococcus
salivarius (MIC 25 mg/ml) (18). However, ATCC
strains of C. albicans and S. aureus were shown to be
susceptible to C. erythraea essential oil (at 12.5 and
25 ul/mL, respectively), while E. faecalis was resis-
tant (32). In the present study, S. mutans showed the
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highest sensitivity to C. erythraea extract (MIC 100
ug/mL). L. acidophilus, E. faecalis and S. aureus were
less sensitive, with MIC values of 200-400 pg/mL.

Some of the phenolic compounds (fisetin, quercetin
and coumaroylmalic acid) identified in Ch. majus are
known for their antimicrobial properties (16, 35). The
results of the present study demonstrate an extraor-
dinary antibacterial activity of its ethanolic extract
against L. acidhophilus (MIC 50 pg/mL) and sig-
nificant activity against S. mutans (MIC 100 pg/mL).
Investigating different Streptococcus strains, Hong et
al. (16) revealed that Ch. majus ethyl-acetate fraction
exhibited high antimicrobial activity, with MIC values
ranging from 125 to 250 pg/mL. In the present study, it
showed moderate activity against E. faecalis, S. aureus
and C. albicans (MIC 400 pg/mL).

The antimicrobial properties of H. perforatum have
been known for decades (30). Bagheri et al. (2) and
Al-haliem et al. (1) investigated the antimicrobial effect
of H. perforatum on common pathogens of periodonti-
tis. Growth inhibition was observed at concentrations
of 32 ng/mL for E. faecalis, 64 ng/mL for S. aureus and
128 pg/mL for S. mutans. These studies demonstrated
that extracts rich in phenolic compounds (hypericin,
hyperforin, kaempferol, chlorogenic acid, syringic
acid, p-coumaric acid) could be used in treating
periodontal infections. In a previous study, hypericin
extract inhibited oral isolates of Lactobacillus spp. at
MIC of 0.625 pg/mL (25). No growth-inhibitory effect
was seen against Gram-positive bacteria investigated
in the present study.

Medicinal plants have a significant potential to de-
stroy microorganisms. Among the four extracts that
demonstrated antimicrobial activity, Chelidonium
majus was the most effective against Lactobacillus
acidophilus (50 ng/mL). All four extracts (Origanum
vulgare, Salvia officinalis/Achilea millefolium,
Centaurium erythraea and Chelidonium majus) showed
excellent activity (100 pg/mL) against S. mutans. Only
Hypericum perforatum extract showed no antimicro-
bial activity. This investigation has demonstrated that
some medicinal plants used in traditional medicine can
be as effective as contemporary medicine in combating
oral pathogens.
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