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Abstract

Arnica and propolis have been used for thousands of years in folk medicine for several purposes. They possess several
biological activities such as anti-inflammatory, antifungal, antiviral and tissue regenerative, among others. Although the
antibacterial activity of propolis has already been demonstrated, very few studies have been done on bacteria of clinical
relevance in dentistry. Also, the antimicrobial activity of Arnica has not been extensively investigated. Therefore the aim
here was to evaluate in vitro the antimicrobial activity, inhibition of adherence of mutans streptococci and inhibition of
formation of water-insoluble glucan by Arnica and propolis extracts. Arnica montana (10%, w/v) and propolis (10%, w/
v) extracts from Minas Gerais State were compared with controls. Fifteen microorganisms were used as follows:
Candida albicans — NTCC 3736, F72; Staphylococcus aureus — ATCC 25923; Enterococcus faecalis — ATCC 29212;
Streptococcus sobrinus 6715; Strep. sanguis — ATCC 10556; Strep. cricetus — HS-6; Strep. mutans — Ingbritt 1600;
Strep. mutans — OMZ 175; Actinomyces naeslundii — ATCC 12104, W 1053; Act. viscosus OMZ 105; Porphyromonas
gingivalis; Porph. endodontalis and Prevotella denticola (the last three were clinical isolates). Antimicrobial activity was
determined by the agar diffusion method and the zones of growth inhibition were measured. To assess cell adherence to
a glass surface, the organisms were grown for 18 h at 37°C in test-tubes at a 30° angle. To assay water-insoluble glucan
formation, a mixture of crude glucosyltransferase and 0.125 M sucrose was incubated for 18 h at 37°C in test-tubes at a
30° angle. Arnica and propolis extracts (20 pl) were added to these tubes to evaluate the % of inhibition of cell
adherence and water-insoluble glucan formation. The propolis extract significantly inhibited all the microorganisms
tested (p < 0.05), showing the largest inhibitory zone for Actinomyces spp. The Arnica extract did not demonstrate
significant antimicrobial activity. Cell adherence and water-insoluble glucan formation were almost completely
inhibited by the propolis extract at a final concentration of 400 pg/ml and 500 pg/ml, respectively. The Arnica extract
showed slight inhibition of the adherence of the growing cells (19% for Strep. mutans and 15% for Strep. sobrinus) and
of water-insoluble glucan formation (29%) at these same concentrations. Thus, the propolis extract showed in vitro
antibacterial activity, inhibition of cell adherence and inhibition of water-insoluble glucan formation, while the Arnica
extract was only slightly active in those three conditions. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Dental plaque is a film of microorganisms on the
tooth surface that plays an important part in the devel-
opment of caries and periodontal diseases (Marsh,
1992). Mutans streptococci can colonize the tooth sur-
face and initiate plaque formation by their ability to
synthesize extracellular polysaccharides from sucrose,
mainly water-insoluble glucan, using glucosyltransfer-
ase enzyme (Gibbons and Van Houte, 1975; Hamada
and Slade, 1980; Tanzer et al. 1985). This sucrose-
dependent adherence and accumulation of cariogenic
streptococci is critical to the development of a patho-
genic plaque. The further accumulation of plaque
around the gingival margin and subgingival region
may lead to a shift in its microbial composition from
streptococcus-dominated to a larger number of
Actinomyces spp. and an increased number of capno-
philic and obligatory anaerobic bacteria, such as
Porphyromonas gingivalis (Marsh, 1994). These micro-
organisms seem to be involved in root caries and peri-
odontal disease, respectively (Schiipbach et al., 1995;
Slots and Rams, 1992). Therefore, antimicrobial agents
against these oral pathogens could play an important
part in the prevention of dental caries and periodontal
diseases, particularly those that can affect plaque for-
mation.

Natural products have been used for thousands of
years in folk medicine for several purposes. Among
them, propolis has attracted increased interest due to
its antimicrobial activity against a wide range of
pathogenic microorganisms. Propolis is a resinous hive
product collected by Apis mellifera bees from tree buds
and mixed with secreted beeswax. The ethanolic extract
of propolis has some pharmacological activities, such
as anti-inflammatory, anaesthetic and cytostatic,
besides antimicrobial activity (Ghisalberti, 1979;
Bankova et al., 1989; Grange and Davey, 1990). It
also has antibacterial activity against Streptococcus
mutans (Ikeno et al., 1991; Steinberg et al., 1996; Park
et al., 1998). However, little is known about its antimi-
crobial activity against other oral pathogens or its
effects on dental plaque formation in vitro. Another
natural product that has many applications in phy-
totherapy is Arnica montana, a perennial herbaceous
plant with creeping roots whose extracts possess anti-
inflammatory and cytotoxic properties (Woerdenbag et
al., 1994; Lyss et al., 1997). The antimicrobial activity
of Arnica montana has not been thoroughly investi-
gated.

Considering that only a few studies have been
reported on the in vitro effect of propolis and Arnica
montana extracts against oral pathogens and plaque
formation, our aim now was to evaluate in vitro the
antimicrobial activity of these extracts on some oral

microorganisms, especially their effects on the adher-
ence of mutans streptococci and the inhibition of
water-insoluble glucan formation.

2. Materials and methods

2.1. Microorganisms

The following 15 microorganisms were used in this
study: Staphylococcus aureus ATCC 25923, Enter-
ococcus faecalis ATCC 29212, Candida albicans NTCC
3736, C. albicans F72, Strep. sanguis ATCC 10556,
Strep. mutans Ingbritt 1600, Strep. mutans OMZ-175,
Strep. sobrinus 6715, Strep. cricetus HS-6, Actinomyces
naeslundii ATCC 12104, Act. naeslundii W1053, Act.
viscosus OMZ 105, Porphyromonas gingivalis, Porph.
endodontalis and Prevotella denticola. The last three
microorganisms and C. albicans F72 were isolated
from clinical trials. The facultative anaerobes were
kindly donated by the Center for Oral Biology,
University of Rochester, NY, USA.

2.2. Ethanolic extracts of propolis and Arnica montana

Ethanolic extracts of propolis and Arnica montana
were used. The extract of propolis (10%, w/v) from
Minas Gerais state, south-eastern Brazil, was prepared
as described previously (Koo and Park, 1997,
Park et al., 1997) and the Arnica extract (10%, w/v)
was obtained from the flowerheads of Armica and
prepared according to the Brazilian Pharmacopoeia
(Farmacopéia Homeopatica Brasileira, 1977).

2.3. Antimicrobial activity assay

Antimicrobial activity was determined by agar diffu-
sion using fastidious anaerobe agar (Lab. M, Burry,
UK) plus 5% sheep blood, brain-heart infusion (Difco,
MA, USA) and Mueller Hinton (Difco, MA, USA)
agars. The microorganisms were seeded by pour plate,
except the anaerobes.

Isolated 18-24 h colonies of aerobes and facultatives
grown on brain—heart infusion agar were suspended in
sterile 145 mM NacCl solution. The suspension was
adjusted spectrophotometrically to match the turbidity
of a McFarland 0.5 scale. A 400-pl portion of each
test suspension was mixed with 40 ml brain-heart infu-
sion agar at 45°C, and poured on to a previously set
layer of Mueller Hinton agar (140 x 25 mm plate). For
the anaerobes, isolated colonies were suspended to
reach 1.0 on the McFarland scale. Sterile swabs were
dipped into the bacterial suspension and inoculated on
to pre-reduced fastidious anaerobe/sheep blood agar
plates. The inoculum procedures were appropriate to
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provide a semiconfluent growth of the microorganisms
tested.

Six sterilized stainless-steel cylinders of 8.0 x 10 mm
(inside dia. 6 mm) were placed on to each inoculated
agar plate. The test extracts or control (80% aqueous
ethanol, v/v) (40 ul) were applied inside the cylinders.
The plates were kept for 2 h at room temperature to
allow diffusion of the agents through the agar.
Afterwards, the plates were incubated at 37°C in an
appropriate gaseous condition and for an appropriate
period of time: acrobes, 24 h; facultatives, 24—48 h in a
CO, incubator (10% CO,); and anaerobes in the an-
aerobic work station (Don Whitley Scientific,
Bradford, UK) in an atmosphere of 5-10% H,, 10%
CO, and 80-85% N, for 7 days. Zones of inhibition
of microbial growth around the cylinder containing the
extracts were measured and recorded after the incu-
bation time. The inhibitory zone was considered the
shortest distance (mm) from the outside margin of the
cylinder to the initial point of the microbial growth.
Six replicates were made for each microorganism.

2.4. Inhibition of adherence of growing cells to a glass
surface

To assess the adherence of growing cells of Strep.
mutans Ingbritt 1600 and Strep. sobrinus 6715 to a
glass surface, organisms were grown at 37°C at an
angle of 30° for 18 h in test-tubes, as described by
Hamada and Torii (1978). Individual 18-24 h colonies
from brain-heart infusion agar plates were suspended
in 5.0 ml of sterile 145 mM NaCl, and the suspension
adjusted to 0.5 on the McFarland scale. A portion of
the suspension was mixed with brain-heart infusion
broth (1:100 dilution, v/v) containing 29 mM sucrose,
and then 2.48 ml were transferred to a test-tube.
Subsequently, 20 pl of a 2-fold dilution series of the
test extracts (concentrations ranging from 6.2 to
400 pg/ml reaction) and their control (80% ethanol, v/
v) were inoculated, gently stirred and then incubated.
After incubation, the adherent cells were washed and
suspended using the procedures outlined by Hamada
and Torii (1978). The amount of adherent cells was
measured at 550 nm, ODssy (Hamada and Torii,
1978). Six replicates were made for each concentration
of the test extracts.

2.5. Preparation of crude extracellular
glucosyltransferase

Strep. sobrinus 6715 was grown in a medium con-
taining 2.5% tryptone, 1.5% yeast extract, 17 mM glu-
cose and 1.0% sorbitol, which was ultrafiltered
through a 5.0-kDa mol. wt cut-off membrane (low
molecular-weight medium) as described by Schilling
and Bowen (1988).

Actively growing Strep. sobrinus 6715 was incubated
in 200 ml of low molecular-weight medium at 37°C in
10% CO, for 18 h. After incubation, the cells were
removed by refrigerated centrifugation at 12,000 g and
the protease inhibitor PMSF, at a final concentration
of 1.0 mmol/l, and the preservative NaNj3 (at a final
concentration of 3 mM) were added to the culture
supernatant fluid. None of the reagents has any
adverse effects on enzyme activity or stability (D.
Wunder and W.H. Bowen, unpublished data). The pH
of the culture supernatant fluid was adjusted to 6.8 by
the addition of 2 M KOH. The supernatant fluid was
treated with ammonium sulphate at 55% saturation
and then centrifuged (Chludzinski et al., 1974). The
precipitate was resuspended in potassium phosphate
buffer, pH 6.8, containing PMSF (1.0 mmol/l) and
NaN3; (3 mM), and extensively dialysed against the
same buffer using a 12.0-14.0-kDa mol. wt cut-off
membrane. The dialysed preparation was used as
crude extracellular glucosyltransferase.

2.6. Inhibition of water-insoluble glucan formation

To assay the formation of water-insoluble glucan,
we used a reaction mixture consisting of 1000 pl of
0.25 M of sucrose, 100 pl of crude glucosyltransferase
and 20 pl of a 2-fold dilution series of test extracts
(concentrations ranging from 7.8 to 500 pg/ml of reac-
tion) in a total volume of 2 ml of potassium phosphate
buffer containing NaN3; and PMSF to a final concen-
tration of 0.02% and 1.0 mmol/l, respectively. For the
control, the same reaction was done to which 80%
ethanol (v/v) was added instead of test extracts. The
mixture was incubated at 37°C for 18 h at an angle of
30°. After incubation, the fluid was carefully removed
and the tube content was washed with sterile water as
described by Takada et al. (1985). The water-insoluble
glucan was determined by the phenol-sulphuric
method (Dubois et al., 1956). Six replicates were made
for each concentration of the test extracts.

2.7. Statistical analysis

An exploratory data analysis was performed to
determine the most appropriate statistical test. The
data from zones of inhibition of growth of each micro-
organism related to the treatments were compared by
non-parametric Kruskal-Wallis and multiple-compari-
son tests. The values obtained for inhibition of cell
adherence and inhibition of water-insoluble glucan for-
mation were tested by ANOVA considering a factorial
2 x 7 (treatments x concentration) and an additional
treatment (control). The Dunnett test was applied for
comparison between each treatment concentration and
the respective control. The chosen level of significance
for all statistical tests was p < 0.05.
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Table 1
Mean area of the zones of microbial growth inhibition® in mm (n = 6) provided by the ethanolic extracts of propolis and Arnica
montana
Treatments
Microorganisms Propolis Arnica montana Control (80% ethanol)
Staphylococcus aureus ATCC 25923 2.33 0.00*° 0.00°°
Enterococcus faecalis ATCC 29212 217 0.00" 0.00"
Candida albicans NTCC 3736 0.83° 0.00° 0.00°
Candida albicans F72 0.83 0.00* 0.00*
Streptococcus mutans OMZ 175 2.00° 0.00*° 0.00*°
Streptococcus mutans Ingbritt 1600 2.17° 0.00*" 0.00*
Streptococcus cricetus HS-6 1.83% 0.00" 0.00*°
Streptococcus sobrinus 6715 2.25% 0.00" 0.00"
Streptococcus sanguis ATCC 10556 4.42° 0.00*° 0.00*°
Actinomyces naeslundii ATCC 12104 9.25% 0.33* 0.00*®
Actinomyces naeslundii W1053 8.17% 0.67* 0.00°°
Actinomyces viscosus OMZ 105 9.50° 0.00*® 0.00*®
Porphyromonas gingivalis 3.42% 0.48" 0.00*®
Porphyromonas endodontalis 2.25% 0.00*® 0.00*®
Prevotella denticola 2.58* 0.00* 0.00*

# Means followed by the same bold letters on a line are not significantly different from each other, p > 0.05, non-parametric mul-

tiple-comparison tests.
® Direct contact inhibition only.

¢ The inhibitory zone was considered the shortest distance (mm) from the outside margin of the cylinder to the initial point of

the microbial growth.

3. Results

3.1. Antimicrobial activity

The means of the zones of microbial growth inhi-
bition by propolis and Arnica montana extracts are
shown in Table 1. Only the ethanolic extract of propo-
lis produced inhibitory zones against all the microor-
ganisms tested (p < 0.05), demonstrating strong
inhibition of Actinomyces spp. growth, mainly Act. vis-
cosus. Strep. sanguis and the mutans group of strepto-
cocci were also significantly inhibited by propolis.
However, propolis extract showed only a slight inhibi-
tory zone against Candida albicans spp. It is important
to mention that the ethanolic extract of propolis also
affected the growth of anaerobes, mainly Porph. gingi-
valis. On the other hand, the ethanolic extract of
Arnica montana demonstrated only slight activity, in
which 12 out of 15 strains presented no zone of growth
inhibition. The Arnica extract showed only a slight
inhibitory action on the growth of Porph. gingivalis
and Act. naeslundii (ATCC 12104 and W1053), in
which the values for the inhibitory zones were not
statistically different from control (p > 0.05). The
control (80% aqueous ethanol, v/v) did not form an
inhibitory zone with any of the microorganisms tested,
although it had shown inhibition in direct contact with
some of them.

3.2. Inhibition of adherence of Strep. mutans and Strep.
sobrinus to a glass surface

Fig. 1 shows the effects of the ethanolic extracts of
propolis and Arnica on the adherence of growing cells
of Strep. mutans and Strep. sobrinus. Inhibition of the
in vitro adherence of these microorganisms was evident
when they were grown in broth containing sucrose and
different concentrations of propolis extract. The rate of
inhibition was 98% for Strep. mutans and 90% for
Strep. sobrinus, at a concentration of 400 pg/ml of
reaction. Even at a concentration of 50 and 100 pg/ml,
the rate of inhibition for both microorganisms was
about 35 and 55%, respectively. However, the Arnica
extract demonstrated only slight inhibition of Strep.
mutans (19%) and Strep. sobrinus (15%) adherence at
a concentration of 400 pg/ml. In addition, it showed a
significant inhibition only at concentration of 400 and
200 pg/ml (p < 0.05), while the propolis inhibited the
adherence of both microorganisms at all concen-
trations tested (p < 0.05) when compared with its con-
trol (80% ethanol).

3.3. Inhibition of water-insoluble glucan synthesis
Ethanolic extract of propolis clearly inhibited the

synthesis of water-insoluble glucan by crude glucosyl-
transferase. As shown in Fig. 2, the synthesis was
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Fig. 1. Effect of ethanolic extracts of propolis (¢) and Arnica montana (/\) on the adherence of growing Strep. mutans Ingbritt
1600 (A) and Strep. sobrinus 6715 (B) cells. Means (ODssq, n = 6) marked by different letters between treatments, in each concen-

tration, differ significantly from each other, p < 0.05, F-test.

almost completely abolished at concentrations between
125 and 500 pg/ml of reaction. Propolis also showed
marked inhibition at low concentrations, e.g. 31.3 pg/
ml of reaction (>80% of inhibition). The extract of
Arnica only demonstrated significant inhibition at 250
and 500 pg/ml of reaction (p < 0.05); only a slight re-
duction was observed at these concentrations (18 and
29%, respectively).

4. Discussion

Natural products have been used for folk medicine
purposes throughout the world for thousand of years.
Many of them have demonstrable pharmacological
properties, such as antimicrobial, anti-inflammatory
and cytostatic, among others (Wu-yuan et al., 1990).

The main aetiological factor of dental caries and
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Fig. 2. Inhibition of water-insoluble glucan (WIG) synthesis by ethanolic extracts of propolis (@) and Arnica montana (/\). Means
(n = 6) marked by different letters between treatments, in each concentration, differ significantly from each other, p < 0.05, F-test.

periodontal disease is dental plaque. Therefore, it is
reasonable to search for natural products that have
antiplaque properties and antimicrobial activity against
oral pathogens. Propolis has been extensively studied
for its biological properties, mainly antimicrobial ac-
tivity (Lindenfelser, 1967; Metzner et al., 1979; Grange
and Davey, 1990; Bonhevi et al., 1994). Although the
antimicrobial activity of the ethanolic extract of propo-
lis has already been reported for various pathogenic
microorganisms, few studies have been conducted on
oral pathogens (Ikeno et al., 1991; Steinberg et al.,
1996; Park et al., 1998). Arnica montana seems to
have anti-inflammatory and cytotoxic properties
(Woerdenbag et al., 1994; Lyss et al., 1997), but little
is known about its antimicrobial properties. Since
mutans streptococci are involved in caries and plaque
formation, we chose them as the main test microorgan-
isms. Actinomyces spp. and three anaerobic bacteria,
such as Porph. gingivalis, were also selected because of
their relation to root caries and periodontal disease, re-
spectively. In addition, antimicrobial activity against
Staph. aureus, C. albicans and Ent. faecalis, which are
important in other oral diseases, was also tested.

The antimicrobial assay showed that only the etha-
nolic extract of propolis has significant activity against
microbial growth in vitro when compared to its control
(80% ethanol, v/v). Propolis showed an inhibitory
zone for every group of microorganisms tested, includ-
ing the periodontopathogenic anaerobes. Growth of
the mutans streptococci and Staph. aureus was also sig-
nificantly inhibited, confirming previously results
(Ikeno et al., 1991; Steinberg et al., 1996; Park et al.,
1998; Lindenfelser, 1967; Grange and Davey, 1990;

Bonhevi et al., 1994). The size of the zones of growth
inhibition was variable, depending on the strain tested,
although this does not necessarily mean that one
microorganism is more susceptible than another. In ad-
dition, some strains, e.g. C. albicans, showed very
small inhibitory zones. The biological relevance of
these zones of inhibition needs to be evaluated using
appropriate in vivo models. The present data suggest
that propolis has bioactive compounds that possess
antimicrobial activity in vitro.

The main biologically active compounds in propolis
are polyphenolic, chiefly flavonoids (Ghisalberti, 1979;
Bankova et al., 1989, 1992). Some of these flavonoids
are considered antimicrobial, such as pinocembrin,
galangin and sakuranetin (Villanueva et al., 1964;
Villanueva et al., 1970; Metzner et al., 1979;
Ghisalberti, 1979). In addition, Osawa et al. (1992)
reported that kaempferol had antimicrobial activity
against Strep. mutans and Act. viscosus. Recently, Cai
and Wu (1996) showed that kaempferol, isolated from
Syzygium aromaticum, also inhibited the growth of
Porph. gingivalis and Prev. intermedia. Park et al.
(1997; 1998) report the composition of flavonoid agly-
cones in Brazilian propolis, in which galangin, pino-
cembrin, kaempferol and sakuranetin were identified.
In addition, other phenolic compounds could be
involved. Ikeno et al. (1991) relate that cinnamic acid,
identified from Chinese and Japanese propolis, demon-
strated antimicrobial activity (Strep. mutans). Aga et
al. (1994) showed that some hydroxycinnamic acid de-
rivatives, e.g. 3,5-diprenyl-4-hydroxycinnamic acid, iso-
lated and identified in Brazilian propolis showed
antimicrobial  activity  against  Bacillus  cereus,
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Enterobacter aerogenes, and Arthroderma benhamiae.
The mechanism of antimicrobial action of propolis
seems to be complex and is not completely understood.
According to Amoros et al. (1994) and Bonhevi et al.
(1994), its activity against microorganisms is more re-
lated to the synergistic effect of flavonoids (and other
phenolics) than to the individual compounds. These
findings are in agreement with those of Takaisikikuni
and Schilcher (1994), who observed that the antibacter-
ial action against Strep. agalactiae was complex, invol-
ving several mechanisms such as the formation of
pseudomulticellular streptococci; disorganization of the
cytoplasm, the cytoplasmatic membrane, and the cell
wall; partial bacteriolysis; and inhibition of protein
synthesis. They concluded that a simple analogy can-
not be made with the mode of action of any classic
antibiotics.

On the other hand, the ethanolic extract of Arnica
did not demonstrate significant antimicrobial activity
when compared to its control (80% ethanol), although
slight inhibition was noted against Porph. gingivalis
and Act. naeslundii (ATCC 12104 and W1053). The
pharmacological effect of Arnica montana preparations
has been attributed mainly to sesquiterpene lactones
(Woerdenbag et al. 1994). Although these compounds
demonstrate cytotoxic activity, in our study they
seemed to have no effect on the growth of oral patho-
gens.

The propolis extract showed in vitro inhibition of
the adherence of growing Strep. mutans and Strep.
sobrinus cells to a glass surface at all concentrations
tested. Furthermore, it was a potent inhibitor of water-
insoluble glucan synthesis. Again, the Arnica extract
presented only slight activity in these two conditions.
The glucosyltransferase-catalysed synthesis of water-
insoluble glucan from dietary sucrose is known to
enhance the pathogenic potential of dental plaque by
promoting the adherence and accumulation of large
numbers of Strep. mutans and Strep. sobrinus on the
teeth of animals and humans (Frostell et al., 1967;
Hamada and Slade, 1980). It is well known that Strep.
sobrinus produces at least two separate types of gluco-
syltransferase: an enzyme (glucosyltransferase-I) that
produces water-insoluble glucan, and another (gluco-
syltransferase-S) that produces water-soluble glucan.
Apparently propolis strongly inhibited the glucosyl-
transferase-1 activity of Strep. sobrinus. Studies are in
progress to determine the effect of propolis on activity
of individual and purified glucosyltransferases.

Therefore, only propolis demonstrated effectiveness
in reducing both cell adherence and the formation of
water-insoluble glucan by crude glucosyltransferase in
vitro, which are critical factors in plaque formation.
lio et al. (1984) demonstrated that quercetin and chry-
sin inhibited in vitro glucosyltransferase activity and
glucan formation. Quercetin and chrysin were also

found in significant amounts in Brazilian propolis
(Park et al., 1997, 1998). Cai and Wu (1996) relate
that some flavonoids, e.g. kaempferol, inhibited gluco-
syltransferase activity and adherence of Strep. mutans
cells to a glass surface. In addition, cinnamic acid
inhibited crude glucosyltransferase (Ikeno et al., 1991).

We demonstrate that Arnica montana extract has no
or little antimicrobial activity effect on the adherence
of Strep. mutans and Strep. sobrinus, or effect on the
synthesis of water-insoluble glucan. On the other hand,
the ethanolic extract of propolis was effective not only
in inhibiting the growth of oral pathogens, but also in
reducing plaque formation in vitro. Probably, the
bioactive flavonoids, e.g. galangin, pinocembrin,
kaempferol, sakuranetin and quercetin, and other phe-
nolic compounds, e.g. cinnamic acid and its deriva-
tives, present in propolis are involved in its biological
activity against oral pathogens. Nevertheless, its phe-
nolic composition is qualitatively and quantitatively
variable depending on the region and season of propo-
lis collection (Ko6nig, 1985; Greenaway et al., 1990;
Bankova et al., 1992; Park et al., 1997). It is clear that
it is highly desirable to identify and isolate the active
compounds of propolis responsible for the inhibitory
effects.

In conclusion, the results of the present study
suggest that propolis can prevent dental caries and per-
iodontal disease, since it demonstrated significant anti-
microbial activity against the microoganisms involved
in such diseases and, especially, inhibition of dental
plaque formation in vitro. However, Arnica montana
extract showed only slight effects, although it has
proved to have a strong anti-inflammatory and cyto-
toxic activity. Research is in progress to evaluate these
biological effects of propolis using in vivo models.
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