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A B S T R A C T

Background: In current dental treatments, with the aim of a preventive approach,it is argued that removing only
the infected layer of dentin is sufficient for cavity preparation. However it is impossible to be sure that the
infected layer was completely removed. In addition, the cause of secondary caries and post operative sensitivities
has been reported as residual bacteria in some studies. The aim of this study is to investigate the antibacterial
and photo-active properties of Cotinus coggygria Scop., Rumex cristatus DC., Beta vulgaris L.var.cicla and Eruca
sativa aqueous extracts, and to investigate their usefulness for cavity disinfection in dentistry.
Method: The aqueous solutions of plant extracts were prepared to be at a maximum concentration and the
Streptococcus mutans solutions mixed with phosphate buffered saline to give 108 cfu/mL. A 430–480 nm wave-
length light source was used for the irradiation. Three different applications were made: extract + Streptococcus
mutans mixture exposed to ligh; extract + Streptococcus mutans mixture that was not exposed to light and S.
mutans exposed to light.
Results: No antibacterial effect was found for the second and third applications. In the first application, however,
irradiation with extract + Streptococcus mutans mixture reduced the number of microorganisms in the beginning
by 99% for only Rumex cristatus DC. extract (log 2).
Conclusion: Rumex cristatus DC. extract can be used as an alternative in photo-active disinfection of cavities in
dentistry.

1. Introduction

The concept of minimal intervention dentistry has been accepted at
the present time with the increased understanding of the caries process
and the development of adhesive restorative materials [1]. In this
concept, only superficial necrotic and demineralized dentin removal is
recommended. Because it is now known that dentin, which was dec-
alcified but has sound collagen fibers preserved, can be remineralized
[2,3]. It is very important that the residual bacteria in the dentin tu-
bules are eliminated [2,3]. This is critical for pulp vitality especially in
young patients. For this purpose, it is recommended to use some cavity
disinfectants before restoring the cavity [4]. Chlorhexidine digluconate
is the most popular agent for cavity disinfection, there are also many
other alternative agents. Unfortunately, most antibacterial agents used

for dentin disinfection can damage cells and growth factors [4–6].
Photo-active disinfection (PAD) has important advantages such as it

is a localized, non-invasive treatment and does not develop microbial
resistance [5,6]. The therapy involves an interaction between a pho-
tosensitizer (PS) agent and a light source, they producing reactive
oxygen species (ROS) like singlet oxygen. ROS kill bacteria by dama-
ging bacterial cell wall, membrane proteins and nucleic acids [7]. With
PAD, different PSs and light sources were studied and used. Over time,
increasing popularities of natural remedies encourage researchers to
find natural alternatives. Most of plant extracts have been searched for
this purpose [8].

Cotinus coggygria Scop. (Anacardiaceae)is a plant which is used as
antiseptic, antiinflammatory, antiulcer, antimicrobial, antifungal, anti-
viral, anticancer, antipyretic, antioxidant, antihaemorragic,
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antigenotoxic and wound healing paradontosis in folk medicine [9,10]
has a large amount of flavonoids, phenols, antocynanins, terpenes,
gallic acid, essential oil [11]. Yarat et al., 2013, have evaluated the in
vitro effectiveness of Cotinus coggygria aqeous extract on tissue factor
activity in saliva samples [12]. The leaves of Rumex species (Poly-
gonaceae) plants are used in traditional medicine for the treatment of
several health disorders such as infections, diarrhoea, diabetes, jaun-
dice oedema, hypertension, diuretic, analgesic and inflammation [13].
It has various pharmacological activities such as antitumour, anti-
bacterial, antiviral, antifungal, antioxidant, antiplasmodial, anti-
nematodal and antiinflammatory activities [13]. Antraquinones, fla-
vonoids, stilbenoids, naphtalanes, tannins, tritepenoids, carotenoids,
polysaccharides have been reported in the Rumex species [13]. Several
studies have demonstrated that Beta vulgaris L.var.cicla (Chenopodia-
ceae) has antioxidant [14], antidiabetic [15], anticancer [16], anti-
microbial [17], antiproliferative [18], antiacetylcholinesterase and
hepatoprotective effects [19]. Phytochemical screenings of this plant
have revealed the presence of some saponins, flavanoids, glycolipids,
polyphenols, polysaccharides, folic acid, ascorbic acid, pectin betalains
and phenolic amides [14]. Eruca sativa Mill (Brassicaceae) is used as
diuretic in Turkish traditional medicine [20] and is good for alleviating
coughs, givings strength, appeting and stimulant [21]. Eruca sativa is
considered an excellent source of antioxidants as it includes phenolic
compounds, carotenoids, glucosinolate and isothiocyanates [22]. This
plant has antioxidant, anticancer activity, antiplatelet, antithrombotic
antisecretory, antiinflammatory, cytoprotective and antiulcer activities
[23,24].

The aim of this study is to investigate the antibacterial and photo-
active properties of Cotinus coggygria Scop., Rumex cristatus DC., Beta
vulgaris L.var.cicla and Eruca sativa aqueous extracts, and to investigate
their usefulness for cavity disinfection in dentistry.

2. Material and methods

This in vitro study was approved by the Ethics Committee of
Marmara University Health of Science with protocol no: 30.05.2016-38.

2.1. Preparation of aqueous plant extracts

Plant extracts (Cotinus coggygria Scop., Rumex cristatus DC., Beta
vulgaris L.var.cicla and Eruca sativa) were used like a PS. Extracts were
prepared at Department of Chemistry, Faculty of Engineering, Istanbul
University. Beta vulgaris L.var.cicla were identified by Prof.Dr.Neriman
Ozhatay and Cotinus coggygria Scop., Rumex cristatus DC., and Eruca
sativa were identified by Prof.Dr.Kerim Alpınar Faculty of Pharmacy,
Istanbul University. Plants materials were washed with water and dried
at room temperature. The dried plants were stored in−20 °C until used.
Dried leaves (50 g) were extracted by adding 500mL of distilled water
and boiling for 30min. The extracts were then filtered and lyophilized.
Then were kept at −20 °C. Extracts, used as a PS agents, was dissolved
in distilled water at maximum concentration. They were 0.35 g/mL,
0.23 g/mL, 0.26 g/mL, 0.25 g/mL and 0.41 g/mL for Cotinus coggygria
Scop., Rumex cristatus DC., Beta vulgaris L.var.cicla and Eruca sativa re-
spectively. Solutions were stored in dark at+ 4 °C until the experimetal
day.

2.2. Determination of maximum absorbances of plant extracts

Before antimicrobial study each plant extract’s absorbtion spectrum
was measured by a spectrophotometer and the light emission pattern of
the light was also evaluated and the wave length to activate the PS was
determined. Optical absorption spectra of all plant extracts were re-
gistered on a double-beam UV/VIS spectrophotometer Lambda 35
(Perkin Elmer, Germany) by scanning in the range of 300–900 nm at
room temperature.

2.3. Preparation of microbial solution

S. mutans isolated from dental carious lesions (Yeditepe University)
were cultured in Colombia blood agar and incubated at 37 °C. After
48 h, microbial growth in each medium was determined by reading
absorbance at 600 nm for bacteria isolates using the ELx 800 universal
microplate reader (Biotek Instrument inc, Highland Park, Vermont,
USA). S. mutans solutions mixed with phosphate buffered saline (PBS)
to give 108 cfu/mL. Six decimal dilutions were carried out (1:10, 1:100,
1:1000, 1:10000, 1:100000, 1:1,000,000) and the last three dilutions
were plated onto Colombia blood agar. This was our control group also.

2.4. Photo-active disinfection procedure

This study consist of three groups; first group was extract + S.
mutans that was exposed to light, second group was extract + S. mutans
that was not exposed to light, and the third group was S. mutans only
exposed to light without any extract. For the antimicrobial effectiveness
colony forming (CFU) units was counted. 100 μL of each extract were
mixed with 100 μL S. mutans solution in eppendorf tubes. The mixture
in eppendorf tubes was maintained in contact for one minute with the
aim of pre-irradiation time. Pre-irradiation time is important to keep
the extract inside the bacteria and allowing more light absorbtion [25].
Then the LED device was positioned perpendicularly to tube and ir-
radiate in one single point on the center for one minute (first group). In
the second group the mixture in eppendorf tubes was maintained in
contact with extract for two minutes because this group was not irra-
diated. In the third group 100 μL S. mutans solution was mixed with
100 μL of distilled water because this group was tested only with light
source without any extract. Each experiment was repeated three times.
And all samples transferred to Colombia blood agar for CFU counting.

2.5. Antimicrobial assay

At the end of the PAD procedure all plates were incubated at 37 °C
in 10% CO2 for 24 h. After the incubation period, cfu per plate counted,
so the reduction of bacteria was calculated.

3. Results

3.1. Maximum absorbances of plant extracts

Spectrophotometric analyses of plant extracts are shown in Fig. 1. In
the light of this information, the plant extracts were decided to activate
with a 430–480 nm wavelength (blue light) dental light source (Elipar
S10®, 3 M ESPE, USA) for one minute.

3.2. Antimicrobial effect

All extracts examined with dental light curing device, no anti-
bacterial effect was found for the second and third applications. In the
first application, however, irradiation with extract + S. mutans mixture
reduced the number of microorganisms in the beginning by 99% for
only Rumex cristatus DC. extract (log 2) (Fig. 2) (Tables 1–3). The log
kill was obtained by the log10 of the control group minus the log10 of
the test group according to Concannon et al [26].

Blue light irrdiation alone and extract alone showed no significant
(log1) antibacterial effect. Besides, in PAD group only Rumex cristatus
DC. showed a significant antibacterial effect (log 2).

4. Discussion

Dental caries is a localized destruction of dental hard tissue under
the influence of acids produced by bacteria [27]. The primary patho-
genic bacteria of dental caries is considered as S. mutans [28]. There-
fore, extracts have been tested against S. mutans in this study. Besides,
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in many other studies PSs were tested against lactobacillus species,
which were also responsible for tooth decay [2,7,8]. A good PS should
absorb light efficiently, and it’s exited state should be long lived in
order to have time to react with neighbouring target molecules. Most
compounds that form exited states that are able to produce radicals and
reactive oxygen species, have a tricyclic, heterocyclic or porphyrin-like
ring structures with conjugated double bonds. Small changes in the
molecular structure of PS may influence it’s photosensitising property.

Photodynamic therapy works in two steps; application of PSs, then
activation with a light source. Several studies demonstrated that dif-
ferent PSs and light sources can be used for PAD. In principle, any
visible light can be used for light source [29] like as red light [3], ha-
logens [30] and blue light [7]. In this way, blue-light becomes popular
in dentistry, because almost all the dental clinics have these device to
use for dental treatment. And most of the PSs could activate with blue
light [2,31,32]. There are a lot of PS, but especially for disinfection
mainly toluidine blue and methylene blue are used [2,3,7]. Moreover,

Fig. 1. Spectrophotometric analyses of plant
extracts.
Each plant extract’s absorbtion spectrum was
measured between 300–900 nm and the light
emission pattern of the light was evaluated. All
plant extracts were activated with a
430–480 nm wavelength (blue light) dental
light source (Elipar S10®, 3 M ESPE, USA) for
one minute.
C.C.: Cotinus coggygria Scop., R.C.: Rumex cris-
tatus DC., B.V.: Beta vulgaris L.var.cicla; E.S:
Eruca sativa; Dil : Dilution (for example 10xDil
means ten times dilution).

Fig. 2. Antibacterial effect of Rumex cristatus DC.
Agar plate view of (a) Control group, and (b) Rumex cristatus DC. after irra-
diation. Rumex cristatus DC. showed a significant antibacterial effect (log 2).
Blue light irradiation with extract + S. mutans mixture reduced the number of
microorganisms in the beginning by 99% for only Rumex cristatus DC. extract.

Table 1
Reduction of bacterial growth in the first group.

FIRST GROUP Microorganism
countat the
beginning

Microorganism
count after
irradiation

Log decrease

Beta vulgaris
L.var.cicla + S.
mutans +LED

2,5× 108 1st repeat: 1×108 < 1 log
2nd repeat: 1× 108

3rd repeat: 8× 107

Eruca sativa + S.
mutans + LED

2,5× 108 1st repeat: 1,2× 108 < 1 log
2nd repeat: 1× 108

3rd repeat: 1× 108

Cotinus coggygria
Scop. + S.
mutans + LED

2,5× 108 1st repeat: 6×107 < 1 log
2nd repeat: 8× 107

3rd repeat:
9,5× 107

Rumex cristatus DC.
S. mutans +
LED

2,5× 108 1st repeat:
2,5× 107

2 log

2nd repeat:
2,5× 107

2 log

3rd repeat:
2,3× 107

> 2 log

Table 2
Reduction of bacterial growth in the second group.

SECOND GROUP Microorganism
count at the
beginning

Microorganism count
after contact with
extract

Log decrease

Beta vulgaris
L.var.cicla +
S. mutans

2,5× 108 1st repeat: 1,5× 108 < 1 log
2nd repeat: 1,2×108

3rd repeat: 1,8×108

Eruca sativa+ S.
mutans

2,5× 108 1st repeat: 2×108 < 1 log
2nd repeat:1,1× 108

3rd repeat: 1× 108

Cotinus coggygria
Scop. + S.
mutans

2,5× 108 1st repeat: 9×107 < 1 log
2nd repeat: 1,2×108

3rd repeat: 1× 108

Rumex cristatus DC.
+ S. mutans

2,5× 108 1st repeat: 8×107 < 1 log
2nd repeat: 6× 107

3rd repeat: 7,5×107
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in recent years, some plant-derived PSs have also been used to prevent
possible side effects. Nakamura and friends [31] used proanthocya-
nidin, in addition Luthi and friends [32] used hypericin as a new dis-
infection technique.

For this purpose we wanted to examine Cotinus coggygria Scop.,
Rumex cristatus DC., Beta vulgaris L.var.cicla, and Eruca sativa extracts as
a PS. The plant extract such as Cotinus coggygria Scop., Rumex cristatus
DC., Beta vulgaris L.var.cicla, and Eruca sativa have antioxidant and
antimicrobial activities [9,17,18]. For this reason, these plants were
chosen for this study.

All extracts examined with dental light curing device, and one of
them (Rumex cristatus DC.) was found effective against S. mutans for
antimicrobial therapy. As far as we know, this is the first study which
investigates the antibacterial efficiencies of these extracts against S.
mutans. Rumex genus have been used in traditional medicine for con-
stipation, blood purification, and inflammation [33]. Also, there are
some studies that showed its antioxidant activities [33,34].

Other variables of these researches are pre-irradiation and irradia-
tion time of PSs. Pre-irradiation time, is notified to be an important
factor for the PSs, to diffuse into the tissue [2]. Although Bulit et al
expose the biofilm with PS for 15min due to pre-irradiation time, most
in vivo studies apply only 5min [2,6,30,35]. This study, left the extracts
in contact with the bacterial solution for one minute. Steiner-Oliveria C.
et al [3] also give 1min pre-irradiation time as our study.

After preirradiation time, we irradiate for one minute, also like
Steiner-Oliveria C. et al. [3]. The purpose of the short application time,
is to be tolerable for patients, during dental treatment. Also longer ir-
radiation time can arise pulpal temperature [36]. Studies revealed that
heat treshold of pulp is 5 °C to avoid pulp damage [37,38]. For that
reason, we use very limited irradiation time.

5. Conclusion

The results of our study showed that Rumex cristatus DC. aqueous
extracts can be used as an alternative in PAD of cavities in dentistry. In
the limitations of our study we could not find any antibacterial effect of
Cotinus coggygria Scop., Beta vulgaris L.var.cicla and Eruca sativa.
Nevertheless more study needs to decide the antibacterial effect of these
extracts. Furthermore our study also highlights that more plant deri-
vates can be examined as PSs.
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