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Abstract: Ruta angustifolia is one of the species of Ruta genus that is widely used in Asia as traditional
natural medicine, but scientific research related to this plant is still limited. Several studies have stated that this plant
has an antimicrobial effect, but no studies have discussed the antibiofilm effect of bioactive compounds isolated
from R. angustifolia. This study is the first to address this issue. This study aims to see whether the bioactive
compounds isolated from R. angustifolia can inhibit the formation of biofilms on oral microbes that play the most
important role in the construction of dental caries, namely Candida albicans and Streptococcus mutans. Isolation
and identification of bioactive compounds is achieved through Thin Layer Chromatography, Liquid
Chromatography with tandem mass spectrometry, and proton nuclear magnetic resonance, respectively. Crystal
Violet (CV) method is used to see the total biomass of biofilm, and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) method is used for the viability test. The morphological visualization of C. albicans has
also been carried out using a light microscope and a scanning electron microscope. Three compounds that have been
isolated are kokusaginine, chalepin, and lindelofine. The CV and MTT data were compared with the control data
using an analysis of variance test followed by the Tukey honestly significant difference test, while the
morphological data is qualitatively analyzed. From the results of the biofilm test, it was concluded that the three
compounds could significantly inhibit the formation of biofilms produced by C. albicans and S. mutans in mixed
species cultures.
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1. Introduction

According to the World Health Organization data,
oral diseases pose a huge health challenge to several
countries and affect human lives, causing pain,
discomfort, disability, and even death [1]. Meanwhile,
one of the most common oral problems is dental caries
from plaque caused by biofilm that forms on the tooth
surface. Biofilm is a complex arrangement produced by
microbial interactions and causes resistance to
antimicrobial substances [2].

Furthermore, biofilms are formed from colonized
microorganisms' interactions in the oral environment.
One of the microbes that most commonly causes dental
caries is Streptococcus mutans [3], while the presence
of yeast Candida albicans is reported to increase its
cariogenicity level [2]. C. albicans is a species that
causes several infectious diseases [4]. In the oral
environment, C. albicans is found as a normal flora,
but under certain conditions, it causes various health
problems [5].

The interaction between bacteria and fungi is either
antagonistic or cooperative. Cooperative interactions
occur when microorganisms provide substrates or
metabolites needed by another microorganism. For
example, C. albicans is inefficient at metabolizing
sucrose and is satisfied by the degradation products of
sucrose by S. mutans (glucose and fructose).
Meanwhile, the presence of C. albicans in the biofilm
increases the number of exopolysaccharides, thereby
contributing to the formation of S. mutans
microcolonies [6].

Abnormalities in oral conditions that lead to serious
disorders usually involve more than one species of
microbe [2]. Several studies have shown that the
biofilms formed by C. albicans and S. mutans have a
higher cariogenic potential compared to single species
biofilms [3]. Furthermore, the biofilms formed from
these two species are more tolerant to environmental
stresses, including antimicrobial exposure. Therefore,
there is a need to develop appropriate therapeutic
agents to overcome the biofilms caused by these two
species [6]. One of the largest sources of antibiofilm
agents believed to have good potency is derived from
plants [7].

Plants belonging to the genus Ruta are shrubs often
used as traditional medicines from ancient times. These
plants have broad pharmacological effects, especially
with antimicrobial activity: antibacterial, antifungal,
antiviral, and antiparasitic [8]. One of the medicinal
plants from this genus often used as traditional
medicine is Ruta angustifolia.

R. angustifolia originates from the Mediterranean
region and is commonly found in Asia as a medicinal
plant. The height of this plant might reach 1.5 m, and
the stem is woody. It grows in mountainous areas with
an altitude of 1000 m above sea level. The leaves are
light-green compounds with a width of 2-6 mm and a
length of 8-20 mm, while the fruit is small, and the
seeds are black and have a kidney shape [9].

Over the past few years, various research groups
have developed plant-sourced biofilm inhibitory agents
[10]. Plants' metabolic compounds function as good
therapeutic agents for various oral diseases such as
caries and candidiasis [2]. R. angustifolia contains
several bioactive compounds potentially used to treat
various diseases. Some of the bioactive compounds that
have been isolated from this plant include graveoline,
rutamarin, psoralen, neophytadiene chalepensin,
arborinine, kokusaginine, moskachan (A, B, C, and D),
bergapten, and chalepin [9].

However, the antibiofilm activity of bioactive
compounds isolated from R. angustifolia against C.
albicans and S. mutans has not been investigated.
Meanwhile, several studies have shown that this plant
contains bioactive components with great potential as
antibiofilm. Therefore, this study aims to determine the
effectiveness of bioactive compounds isolated from
R.angustifolia leaves as an antibiofilm for C. albicans
and S. mutans.

2. Methods

2.1. R. Angustifolia Extract Preparation

R. angustifolia was obtained from the Manoko
Experimental Garden, Research Institute for Spices and
Medicinal Plants, Lembang, Bandung, West Java,
Indonesia. The leaves were separated from the stems
and dried in the sun for about seven days. The
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extraction used the maceration method with 96%
methanol as solvent.

2.2. Isolation and Identification of Bioactive
Compounds from R. Angustifolia Leaf Extract

Thin Layer Chromatography (TLC) separates a
mixture of compounds from methanol extracts of R.
angustifolia leaves. The spot results on TLC are then
purified. For obtaining and confirming the structure of
bioactive compounds obtained, Liquid
Chromatography with tandem mass spectrometry (LC-
MS/MS) and Proton Nuclear Magnetic Resonance (H-
NMR) are used. Pure compounds were obtained in
powder and then dissolved with DMSO up to a 1
mg/mL concentration for further use in this study.

2.3. Microbial Preparation and Growth Conditions

The microbes used in this research were C. albicans
ATCC 10231 and S. mutans ATCC 25175. Microbes
from stock cultures were grown in solid medium
Sabouraud Dextrose Agar (C. albicans) and Brain
Heart Infusion Agar (S. mutans) for 48 hours at 37°C
(for S. mutans under anaerobic conditions).
Furthermore, about 2-3 colonies of microbes were then
transferred to a liquid medium and incubated for 24
hours. The number of microbes was calculated initially
before the study commenced using a hemacytometer
(10° for C. albicans and 10° for S. mutans).

2.4. Saliva Coating

Donor saliva was collected in a sterile tube (15 mL)
and then centrifuged at 8000 rpm, 4°C for 15 minutes.
The supernatant was taken and then sterilized using
filter paper with a diameter of 0.22 um. Each 100 pL
was placed into a 96 well plate and then incubated for 1
hour in an incubator at 37°C. The salivary fluid was
then discarded, and the saliva-coated plate was ready
for further testing.

2.5. Biofilm Test with Crystal Violet (CV) Method
Microbes with counted cells were put into 96 well
plates coated with saliva and extracts with the
following conditions; each plate contained 30 pL of
bioactive compounds and 70 uL of microbes (for 35
uL of mixed species each). The negative control
contained 100 pL of microbe culture without adding
extract. This mixture was then mixed using an orbital
shaker for about 10 minutes and incubated in an
incubator at 37°C for 48 hours. After this stage, pH
measurements are performed using the pH indicator to
determine whether the pH is above or below 6 (the
relevant critical pH criteria associated with the
dissolution of dental hard tissue is below 5.5) [11].
Furthermore, the supernatant was removed, the plate
was washed with 200 L of PBS, and the plate was then
left/fixation until the biofilm was dry. 200 pL. CV with
a concentration of 0.5% was placed into the well and

incubated at 37°C for 15 minutes. The supernatant
containing the remaining CV solution was then
discarded, the plate was washed with 200 puL of PBS,
and then, 200 pL of 95% ethanol was added. The plate
was then inserted into a microplate reader to read the
OD value using a 600 nm wavelength.

2.6. Viability Test 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl tetrazolium bromide (MTT) Method

Microbes (calculated cell number) are put into 96
well plates with bioactive compounds with the
following composition: each plate contains 30 pL
bioactive compound and 70 pL (for mixed species of
35 uL each) microbes. Negative control contains 100
pL  of microbes culture (without the addition of
bioactive compounds). The mixture was then mixed
using an orbital shaker for about 10 minutes and
incubated at 37°C for 24 hours. The supernatant is then
discarded, and MTT reagent is inserted with a
concentration of 5 mg/mL in 0.9% NaCl and then
incubated at 37°C for 3 hours. An acidified isopropanol
solution (100 pL) is inserted and incubated at room
temperature for 1 hour. Ninety-six well plates were
then inserted into the microplate reader to read the OD
value using 490 nm wavelength.

2.7. Morphological Visualization of C. Albicans
Using Light and Scanning Electron Microscope
(SEM)

The morphology of C. albicans in biofilm
conditions (single and mixed cultures) is seen using a
light microscope (Olympus, Tokyo, Japan) with 40x
magnification. For visualization using SEM, biofilms
are prepared by culturing C. albicans (single and mixed
species) on acrylic discs placed in a 24-well plate
beginning with 90 min incubation time and continuing
for 48 h. After treatment for biofilm formation,
specimens are fixated using 1 mL 2.5% glutaraldehyde
for 1 hour. Specimens were then dehydrated using
ethanol series (10, 25, 50, 75, and 90%) for 20 minutes
each, followed by immersion in 100% alcohol for 1
hour [12]. The sample was then dried by overnight
incubation at 37°C. Samples that have been dried are
sent to PT Cipta Mikro Material (PUSPIPTEK,
Serpong, West Java, Indonesia) for visualization using
SEM with 1000, 3000, and 5000 x magnification.

2.8. Data Analysis

Each data from each treatment was compared with
the control using a one-way analysis of variance
(ANOVA) test followed by the TUKEY HSD test. A p-
value < 0.05 was considered statistically significant.
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3. Results and Discussion

3.1. Isolation and Identification of Bioactive
Compounds

This study successfully identified a number of
candidate bioactive compounds. From among these
candidates, we selected three (kokusaginine, chalepin,
and lindelofine) based on their purity levels to further
isolate and test their biofilm activity.

Of the three compounds isolated in this study, two
were separated from the same plant in previous studies,
namely kokusaginine [9] and chalepin [9], [13], [14],
[15]. However, to the best of our knowledge,
lindelofine is a bioactive compound that has not
previously been isolated from R. angustifolia. As such,
the present study is the first to reveal this. Prior studies
have described bioactive compounds isolated from
plants that have been tested in terms of their
antibiofilm activity, although the three compounds
used in this study have not previously been investigated
in this regard [7]. Thus, this study is also the first to
determine the antibiofilm activity of kokusaginine,
chalepin, and lindelofine.

Chalepin is a bioactive compound that belongs to
the coumarin group, which comprises compounds that
have an aromatic group from the polyphenol group.
Previous studies have shown that polyphenols are very
well able to inhibit C. albicans biofilm [16]. Chalepin
has also been investigated as a potential anticancer
agent for the treatment of breast [13] and lung [17]
cancer due to its ability to induce cell apoptosis.
Moreover, chalepin can change the morphology of the
cell nucleus, which results in a drastic reduction in the
number of cells, the condensation of cell chromatin,
and cell death due to fragmented DNA [13]. It can
inhibit the replication of the hepatitis C virus [10], and
chalepin isolated from R. angustifolia has also been
studied in silico as a potential COVID-19 treatment
targeting the SARS-CoV-2 papain-like protease [15].

Kokusaginine is a quinoline alkaloid that inhibits
the action of the topoisomerase type Il enzyme, which
results in the inhibition of DNA replication [18]. It has
also been shown to significantly inhibit the growth of
Mycobacterium smegmatis [19].

Lindelofine is a compound belonging to the
pyrrolizidine alkaloids group. Research concerning this
compound remains scarce, especially in terms of its
antimicrobial activity. The group is known as a plant
toxin because it has the potential to interfere with
metabolic activity as well as to form DNA adducts.
Herbal products that contain compounds from this
group must be consumed appropriately to prevent
chronic effects [20].

3.2. Inhibition of Biofilm Biomass and Biofilm Cell
Viability

In general, the antimicrobial activity of a plant is
related to the composition of its secondary metabolites,
which include phenolic compounds, anthraquinones,
terpenoids, flavonoids, and alkaloids [7]. A previous
study found R. angustifolia extract to contain steroids,
flavonoids, tannins, and quinones, which indicated its
significant potential as an antibiofilm [21].

Several studies have reported the antimicrobial
activity of R. angustifolia extracts such as
Staphylococcus aureus, Enterococcus faecalis and
Escherichia coli [22]. However, no prior study has
investigated the microbial antibiofilm obtained from
this plant. Thus, the present study is the first to explore
the antibiofilm potential of bioactive compounds
isolated from R. angustifolia against both C. albicans
and S. mutans.

In this study, the mixed biofilm formed by C.
albicans and S. mutans cells was found to exhibit a
significant increase in total biomass when compared
with the control groups formed from only C. albicans
or S. mutans. Moreover, when compared with the
controls, the mixed cultures showed significantly lower
biofilm formation for all the utilized compounds
(kokusaginine, chalepin, and lindelofine) (P < 0.05),
although the difference was not significant in the single
cultures (p > 0.05). This indicates that kokusaginine,
chalepin, and lindelofine generally inhibit the
formation of biofilms produced by C. albicans and S.
mutans in mixed cultures (Fig. 1).

1 I * * *
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Contro Kokusagine  Chalepin  Lindelofine

Biofilm Formation {Abs

Fig. 1 Effects of bioactive compounds isolated from R. agustifolia
on C. albicans ATCC (A), S. mutans ATCC (B), and mixed species
C. albicans ATCC + S. mutans ATCC (C) biomass biofilms with
crystal violet (CV) method
* Significantly different from control

A viability test was performed to determine whether
the test microbes still survived when treated with the
bioactive compounds. When compared with the
controls, all the bioactive compounds (kokusaginine,
chalepin, and lindelofine) significantly reduced the



200

viability of the microbes (p < 0.05) in both the single
and mixed cultures (Fig. 2).
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Fig. 2 Effects of bioactive compounds isolated from R. agustifolia
on C. albicans ATCC (A), S. mutans ATCC (B), and mixed species
C. albicans ATCC + S.mutans ATCC (C) biofilm cell viability with

MTT method
* Significantly different from control

An analysis of the interaction between S. mutans
and C. albicans in an in vitro model of biofilm
formation revealed the higher cell viability of C.
albicans in the mixed biofilms formed by C. albicans
and S. mutans when compared with the single biofilms
formed by C. albicans or S. mutans (Fig. 2). These data
indicate that the amount of C. albicans in the biofilm
was stimulated by the S. mutans. Several sources have
stated that S. mutans increases fungal growth in mixed
biofilms [12]. Furthermore, the supernatant obtained
from the S. mutans culture decreased the viability of
the C. albicans cells but not the total biomass of C.
albicans. In the mixed culture, S. mutans produced a
metabolic product that inhibited the formation of
biofilms in C. albicans [12].

3.3. pH Estimation

The present study also estimated the pH for each
treatment. The control showed that C. albicans
exhibited a very low pH (3.5) in the single-species
biofilm condition. By contrast, the pH of the single-
species S. mutans was determined to be 8.5, which
indicated an alkaline condition. Interestingly, even
though the single-species S. mutans showed an alkaline
pH, it could still be tolerated under mixed-species
conditions that became acidic [23]. In the mixed
biofilm conditions (C. albicans with S. mutans), the pH
increased slightly to 4.5, although it remained below
the critical value. Following contact with all the test
compounds (kokusaginine, chalepin, and lindelofine),
the pH of the C. albicans increased, although it still
remained below the critical value (< 5.5). However,
under mixed biofilm conditions, the pH increased to
7.5 in all the treatments, which indicated that it had
exceeded the critical value (Table 1).

Table 1 pH estimated in biofilm conditions

Microorganisms Control Kokusaginine  Chalepin Lindelofine
C. albicans ATCC 35 5 4,5 45
S. mutans ATCC 8,5 8,5 8,5 8,5
C. albicans ATCC + 4,5 7,5 7,5 75

S. mutans ATCC

These findings suggest that kokusaginine, chalepin,
and lindelofine can increase the pH of the mixed-
species  biofilm (C. albicans with S. mutans) and,
therefore, play an important role in preventing oral
problems such as caries and tooth demineralization.
Dental caries represent a significant dental problem
that commonly occurs in humans. The organic acids
produced by the microorganisms in dental plaque play
an important role in the development of carious lesions.
The microorganisms produce various organic acids
through the fermentation of dietary carbohydrates and
so lower the pH at the dental biofilm interface to a
critical value below 5.5, thereby leading to tooth
demineralization [24].

3.4. Morphological Visualization

This study also performed a morphological analysis
of C. albicansusing a light microscope and SEM.
From the image obtained using a light microscope, it
can be seen that in the control condition, the single-
species C. albicans showed a hyphae morphology (Fig.
3A). In contrast, in mixed-species conditions, C.
albicans morphology was yeast or pseudohypha (Fig.
4A and 5A). The presence of S. mutans in mixed
cultures can inhibit the formation of filamentous
structures and hyphae because it produces an inhibitory
peptide in the early stages of biofilm development [24].

B

Fig. 3 lllustration of C. albicans in a single species biofilm by light
microscopy: (A) Control; (B) After treatment with kokusaginine;
(C) After treatment with chalepin; (D) After treatment with
lindelofine. The image has been edited to adjust brightness and
contrast
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Fig. 4 lllustration of C. albicans in mixed-species biofilm with S.

mutans using light microscopy: (A) Control; (B) After treatment

with kokusaginine; (C) After treatment with chalepin; (D) After

treatment with lindelofine. The image has been edited to adjust
brightness and contrast

Environmental conditions can also affect the
morphology of C.albicans. At low pH (<6), Candida
dominantly grows in the form of yeast, while at pH> 7,
hyphal form begins to be induced [24]. This is in line
with the pH results (Table 1) that the pH produced by
single-species C. albicans is lower than in mixed
species. The pH in the mixed-species control showed
4.5, and the morphological appearance with SEM
showed the yeast form with germ tube (Fig. 5A).
Meanwhile, when contacted with the three bioactive
compounds (kokusaginine, chalepin, and lindelofine),
the pH increased to 7.5, and the morphological
appearance with SEM showed a pseudohypha form
(Fig. 5B-D).

B

Fig. 5 Hlustration of C. albicans in mixed-species biofilm with S.
mutans using Scanning Electron Microscopy (SEM): (A) Control;
(B) After treatment with kokusaginine; (C) After treatment with
chalepin; (D) After treatment with lindelofine. 3000x magnification

In mixed-species conditions, observations of S.
mutans using a light microscope and SEM showed that
only S. mutans mixed species in control were seen

forming colonies and interacting with C. albicans (Fig.
4A and 5A). Meanwhile, in samples contacting the
three bioactive compounds, C. albicans and S. mutans
decreased. Even in observations using SEM, the
presence of S. mutans was significantly eliminated
(Fig. 4B-D, 5B-D). This indicated that kokusaginine,
chalepin, and lindelofine effectively inhibited the
growth of C. albicans and S. mutans in single and
mixed cultures.

In previous studies, R. angustifolia crude extract
was shown to potentially reduce biofilm formation
because it inhibited hyphae formation in C. albicans
[25]. The same thing was seen in this study when
C.albicans was grown in a single culture. In control
(Fig. 3A), C. albicans can still be seen forming hyphae,
but when contacting kokusaginine, chalepin, and
lindelofine, C. albicans only formed pseudohypha.
However, in this study, no drastic changes in the
morphology of C. albicans yeast cells were seen when
grown together with S. mutans. Similarly, in mixed
culture, S. mutans tend to produce signaling molecules
that inhibit hyphae formation in C. albicans [12].

At least two things explain why the hyphal form has
a greater virulence factor than the yeast form. The first
is because the hyphae are larger and more complex
than the yeast form, so it will be more difficult to be
phagocytosed by the body's immune macrophage cells.
The second is multiple blastoconidia points on the
filament, resulting in increased infectious factors [5].
Farnesol is a natural quorum sensing molecule
produced by planktonic cultures of C. albicans and acts
as an inhibitor of biofilm formation by preventing yeast
cell germination into mycelia [24].

Using SEM, this study observed a synergistic
relationship between C. albicans and S. mutans in
mixed cultures. From the picture, it can be seen that
there was contact or attachment between S. mutans
cells and C. albicans only in control (Fig. 5A). When
contacted with the three test compounds, C. albicans
and S. mutans cells did not appear to overlap each other
(Fig. 5B-D). It has been widely studied previously that
C. albicans can increase the production of an
exopolysaccharide synthesized by S. mutans GTF
genes [26]. With the significant elimination of S.
mutans in this study, the exopolysaccharide matrix
formation was hampered due to the test material. This
is in line with the appearance of the extracellular
polysaccharide matrix (EPS) in the image. Although it
is not visible, we indicate that the darker the microbial
background color, the higher the EPS concentration.
SEM results showed that the control's EPS was thicker
than EPS when the sample was contacted with the three
bioactive compounds. The extracellular matrix is very
important for biofilm formation and determines its
virulence level because it blocks the diffusion of
substances from the inside to the outside of the biofilm
and vice versa, so that acids, which are responsible for
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enamel dissolution, accumulated, and saliva cannot
perform its neutralization function optimally [6]. The
formation of EPS will increase the tolerance of
antimicrobial drugs in dual-species biofilms [27].

4. Conclusion

Based on the results, it was concluded that
kokusaginine, chalepin, and lindelofine isolated from
R. angustifolia leaves impacted the inhibition of C.
albicans and S. mutans biofilms in terms of total
biomass, cell viability, pH conditions, microcolony
formation, hyphae formation, and the extracellular
polysaccharide matrix construction.

Previous research has succeeded in isolating
kokusaginine and chalepin of extracts R. angustifolia
[9], [13], [14], [15], but this study is the first to isolate
lindelofine of this plant. This study is also the first to
explore the antibiofilm effect of bioactive compounds
isolated from R. angustifolia against C. albicans and S.
mutans in mixed culture biofilm. Previous studies have
indicated that crude extract of R. angustifolia has
potential as a C.albicans antibiofilm in single culture
[25]. Other studies exploring the antibiofilm properties
of these two species in mixed cultures include studying
the effects of eucalyptus gum [28] and spent media of
Aggregatibacter actinomycetemcomitans [24].

In general, it can be said that kokusaginine,
chalepin, and lindelofine isolated from R. angustifolia
leaves can be used as an antibiofilm in overcoming oral
health problems such as dental caries caused by C.
albicans and S. mutans. However, further studies are
needed to identify the detailed mechanism of action.
Future research is planned to test the potential of this
plant as another microbial antibiofilm agent. So that in
the future, R. angustifoliacan be a natural source
solution that can be used as a medicine to overcome
many health problems.
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