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Abstract Ginkgo biloba has long been used in traditional
Chinese medicine. In this study, ginkgoneolic acid, a kind of
compound extracted from G. biloba, was investigated for its
effects on growth, acid production, adherence, biofilm for-
mation, and biofilm morphology of Streptococcus mutans.
The results showed that ginkgoneolic acid inhibited not only
the growth of S. mutans planktonic cells at minimum inhib-
itory concentration (MIC) of 4 μg/mL and minimum bacte-
ricidal concentration (MBC) of 8 μg/mL but also the acid
production and adherence to saliva-coated hydroxyapatite of
S. mutans at sub-MIC concentration. In addition, this agent
was effective in inhibiting the biofilm formation of S.
mutans (MBIC5004 μg/mL), and it reduced 1-day-
developed biofilm of S. mutans by 50 % or more at low
concentration (MBRC50032 μg/mL). Furthermore, the
present study demonstrated that ginkgoneolic acid disrupted
biofilm integrity effectively. These findings suggest that
ginkgoneolic acid is a natural anticariogenic agent in that
it exhibits antimicrobial activity against S. mutans and sup-
presses the specific virulence factors associated with its
cariogenicity.

Introduction

Dental caries is a chronic, progressive, destructive, and
transmissible infectious disease on the tooth hard tissue
(Selwitz et al. 2007). As it progresses, extensive destruction
of the enamel and dentin occurs, followed by cavitation,
inflammation of pulp, and periapical tissue, even tooth loss.
Streptococcus mutans has long been considered as the

principal etiological agent of dental caries (Beighton
2005). Virulence factors associated with cariogenicity of S.
mutans include adherence to tooth surface (Stenudd et al.
2001), acid production through sugar fermentation (Hamada
et al. 1984), polysaccharide synthesis (Rölla 1989), and
tenacious biofilm formation (Marsh 2010).

Fluoride is an effective cariostatic agent (Featherstone
2009). The caries-preventive effect of fluoride is mainly
attributed to the effect of demineralization/remineralization
activities of dental enamel following the acid challenge (ten
Cate 2004). Besides, it directly reduces bacterial enzyme
enolase, leading to glucose uptake decrease and, finally, less
glycosis and polysaccharide synthesis (Featherstone 2000).
Application of fluoride in oral hygiene product is believed to
be the main reason for the substantial decline of dental
caries incidence in many industrial countries (Marthaler
2004). However, excessive fluoride may cause side effects
such as fluorosis, leading to its limited use for public health
(Featherstone 1999). Other caries prevention methods in-
clude replacement of sucrose with artificial sweeteners
(Hayes 2001), anti-plaque, or antibacterial agents (Slot et
al. 2011), and vaccine (Michalek et al. 2001). These meth-
ods have all achieved success to various extents, but each
possesses innate limitations. Therefore, the development of
alternative agents with cariostatic property and minimal
adverse effects is promising.

Chemotherapeutic agents from natural products, which
may be potentially active against cariogenic organisms,
have been of great interest to researchers over the past years.
At present, many natural products with cariostatic potential
have been identified, such as Nidus Vespae (Xiao et al.
2007), Psoralea corylifoli (Katsura et al. 2001), cranberry
(Duarte et al. 2006), and Oolong tea (Nakahara et al. 1993).
However, most of those studies were carried out on crude
extracts, so determination of active ingredients is regarded
as a bottleneck of further research (Jeon et al. 2011). Instead
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of investigating the inhibitory effect of crude extracts from
natural products, our group has been focused on the anti-
cariogenic properties of purified natural compounds (Xu et
al. 2011a, b; Guan et al. 2012).

Ginkgo biloba has been extensively used in traditional
Chinese medicine, and currently, it is one of the most sold
and most studied medicinal plants. Ginkgolic acids repre-
sent a major group of components found in extracts of
Ginkgo leaves or seed coats, and they are a mixture of
structurally related n-alkylphenolic acid, whose structural
formula has been identified (Fig. 1). Ginkgolic acids are
known to have a number of pharmacological effects, includ-
ing antitumor (Zhou et al. 2010), antidepressant (Kalkunte
et al. 2007), and antimicrobial properties (Wu et al. 2003).
Ginkgolic acids are considered to be the main antimicrobial
ingredients in G. biloba (Choi and Jeong 2009). Four main
components of ginkgolic acids (ginkgoneolic acid, ginkgoic
acid, hydroginkgoic acid, and hydroginkgolinic acid), par-
ticularly ginkgoneolic acid (C13:0), are proven to be effec-
tive antibacterial substances (Wu et al. 2003). Considering
the bacterial etiology of dental caries, we hypothesized that
ginkgoneolic acid might be useful as a potential preventive
and therapeutic agent for this disease. Specifically, we
aimed to investigate the effects of ginkgoneolic acid against
the virulence factors of S. mutans, including acid produc-
tion, adherence, biofilm formation, and biofilm morphology.

Materials and methods

Chemicals, test bacterium, and growth conditions

Test agent ginkgoneolic acid was commercially obtained
from the National Institute for the Control of Pharmaceutical
and Biological Products, Beijing, China. Other chemicals,
unless otherwise stated, were purchased from Sigma-
Aldrich Corp. (Saint Louis, MO, USA). To prepare stock
solution, 2,560 μg of ginkgoneolic acid was dissolved in
0.3 mL dimethyl sulfoxide (DMSO), and 0.98 mL
phosphate-buffered saline (PBS; pH 7.2) was added to get
the final concentration of 2,000 μg/mL. The stock solution
was sterilized by filtration through a 0.22-μm filter and
protected from light at −4 °C.

Test bacterium S. mutans ATCC 25175 was grown in
brain–heart infusion (BHI) broth at 37 °C under anaerobic
conditions (20 % CO2 and 80 %N2). The number of colony-
forming units (CFUs) was adjusted to obtain a final concen-
tration of approximately 1×108CFU/mL according to neph-
elometric measurements (Crystal SpecTM, Becton Dickinson
and Company, USA).

MIC and MBC

Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of ginkgoneolic acid
against S. mutans were determined by liquid medium two-
fold dilution method, as described previously (Xu et al.
2011b). BHI broth containing DMSO (0.1875 %, v/v) was
used as a solvent control and run simultaneously to control
for the possible growth inhibition caused by the added
DMSO. Chlorhexidine (0.05 %, w/v) was used as a positive
control, and BHI broth was used as a blank control.

Time–kill assay

The kinetics of the bacterial-killing effect of ginkgoneolic
acid against S. mutans was investigated with the modified
method from that of Koo et al. (2002). Tubes containing S.
mutans suspension (5×107CFU/mL, final concentration)
and ginkgoneolic acid (2 and 4 μg/mL, final concentration)
were incubated. Samples were removed for counting colo-
nies at 0, 5, 10, 15, 30, and 60 min, serially diluted with
PBS, and aliquots (5 μL) were incubated into BHI agar. The
plates were incubated, and CFUs were counted. A bacteri-
cidal effect was defined as a more than 3-log CFU/mL
decrease from the original inoculum.

Effect on acid production

The effect of ginkgoneolic acid on acidogenicity of S.
mutans was examined by a standard pH drop. Bacteria were
grown in BHI broth (with 1 % glucose) containing test agent
at concentrations of 1/8 MIC, 1/4 MIC, and 1/2 MIC. The
starting concentration of bacterial suspension was 5.0×107

CFU/mL, and the starting pH of the mixtures was adjusted
to 7.4 with 0.1 mol/L KOH solution. The decrease in pH
was monitored at intervals over a period of 60 min by means
of the pH meter (model 710 A, Orion).

Effect on adherence

A volunteer was recruited among the students in West
China School of Stomatology, Sichuan University, and
signed a consent for stimulated saliva collection. Saliva
was collected and processed as described by Xiao et al.
(2007). Hydroxyapatite beads (4 mg; BDH Chemical

ginkgolic acids  
R=C13H27 (C13:0) 
R=C15H31 (C15:0) 
R=C15H29 (C15:1) 
R=C17H33 (C17:1) 
R=C17H31 (C17:2)

Fig. 1 Chemical structures of ginkgolic acids
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Ltd., Poole, England) were delivered into 0.5-mL poly-
propylene centrifuge tubes and equilibrated overnight at
4 °C with 120 μL of buffered KCl (0.05 mol/L KCl,
1 mmol/L KH2PO4, 1 mmol/L CaCl2, 0.1 mmol/L
MgCl2, pH 6.0). The buffer was aspirated, and hydroxy-
apatite beads were coated with 120 μL of saliva for 1 h
at room temperature, with continuous inversion. Saliva was
aspirated, and the saliva-treated hydroxyapatite (S-HA)
beads were washed three times with buffer. S-HAwas further
treated with buffered KCl (120 μL) containing 5 mg/mL
bovine serum albumin for 30 min and then rewashed
three times. The inhibitory effect of ginkgoneolic acid
on the adherence of S. mutans to S-HA was investigated
by means of modifying the method described by Clark
et al. (1978). Tubes containing radiolabeled bacterial
suspension (3H-TdR, Chinese Academy of Science,
Shanghai Institute of Atomic Nucleus; 5×107CFU/mL,
final concentration), ginkgoneolic acid (1/8 MIC, 1/4
MIC, and 1/2 MIC, final concentration), and S-HA were
continuously inverted at room temperature for 60 min,
and then, the beads were washed three times with
buffered KCl. The bacteria-associated radioactivity of
the beads was counted by direct scintillation counting.
Buffered KCl was used as the blank control, DMSO
(0.024 %, v/v) as solvent control, and chlorhexidine
(0.05 %) as positive control.

Effect on biofilm formation

Minimum biofilm inhibition concentration (MBIC50) was
used to describe effects of ginkgoneolic acid on S.
mutans biofilm formation. A twofold serial dilution of
ginkgoneolic acid (110 μL/well) was prepared in 96-well
polystyrene tissue culture plates with concentrations rang-
ing from 0.25 to 64 μg/mL. Aliquots of the bacteria cell
suspension (5×105CFU/mL, final concentration) were in-
oculated into the wells. Except for solvent control, blank
control, and positive control, BHI broth without bacteria
incubation taken as media control was run simultaneous-
ly. After incubation at 37 °C for 24 h, absorbance at
595 nm was recorded to assess the culture growth. The
supernatants from the wells were decanted, and plankton-
ic cells were removed by washing with PBS (pH 7.2)
three times. Biofilm was fixed with methanol (15 min),
air dried at room temperature, stained with 0.1 % (w/v)
crystal violet for 5 min, and rinsed thoroughly with PBS
until medium control wells were colorless. Two hundred
microliters of 95 % ethanol was added to each crystal
violet-stained well. The plate was rocked at room tem-
perature for 30 min, and the absorbance at 595 nm
(A595) was determined. The percentage of inhibition
was calculated using the equation: (A595 of blank con-
trol−A595 of the test group) / A595 of blank control×

100 %. MBIC50 was defined as the lowest agent con-
centration that showed 50 % or more inhibition of bio-
film formation.

Developed biofilm reduction assay

To examine the reduction effects of ginkgoneolic acid
on the 1-day-developed biofilm, bacterial suspensions
(220 μL aliquots, 5×105CFU/mL, final concentration)
were inoculated into the wells of a 96-well polystyrene
tissue culture plate and incubated for 24 h. The super-
natant from each well was decanted, and planktonic
cells were removed by washing with PBS. Fresh BHI
broth containing ginkgoneolic acid (0.125 to 32 μg/mL)
was transferred into the 24-h biofilm plate (220 μL/
well), and then, the plate was incubated. Cell growth
was assessed by measurement of absorbance at 595 nm.
Similarly, the biofilm was fixed, air dried, stained,
washed, and quantified as described above. The lowest
concentration that showed reduction of the biofilm by
50 % or more was defined as MBRC50.

Effect on biofilm morphology

Hydroxyapatite discs obtained from the Engineering Re-
search Center in Biomaterials, Sichuan University, (5 mm
in diameter and 2 mm in thickness) were prefixed in 24-
well polystyrene tissue culture plates vertically and coat-
ed with 2.3 mL of human saliva sterilized by filtration
through a 0.22-μm filter for 1 h at room temperature.
The saliva was aspirated, and hydroxyapatite discs were
washed three times with saline. Aliquots (2.3 mL) of S.
mutans suspension were inoculated into each well (5×
105CFU/mL) and incubated at 37 °C. At 24, 36, 48, 60,
72, 86, 96, and 108 h, supernatant from each well was
aspirated, and hydroxyapatite discs were immersed first
in saline for 1 min, then in ginkgoneolic acid solution (4,
8, and 16 μg/mL) for 5 min, and in saline again for
1 min. The procedure described above was repeated three
times at each time point. Fresh broth was added into to
each well. At 120 h, hydroxyapatite discs were washed
with saline three times, fixed with 2.5 % glutaraldehyde
for 2 h at room temperature, dehydrated using ascending-
graded ethanol (30, 50, 70, 80, 90, and 100 %), and
coated with gold. The samples were observed by means
of SEM (KYKY 2800B; China Technical Instruments
Inc., Beijing, China).

Statistical analysis

Intergroup differences were estimated by statistical one-way
analysis of variance. The chosen level of significance for all
statistical tests in the present study was p<0.05, and
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statistical computation was performed using the SPSS 17.0
software (SPSS Incorporated, Chicago, IL, USA).

Results

Ginkgoneolic acid exhibits bactericidal effect against S.
mutans

To evaluate its antimicrobial activity, the MIC and MBC
of ginkgoneolic acid against S. mutans were determined.
Ginkgoneolic acid inhibited growth of planktonic S.
mutans at a MIC of 4 μg/mL and MBC of 8 μg/mL.
The kinetics of the antimicrobial effect of ginkgoneolic
acid against S. mutans is demonstrated in Fig. 2. Gink-
goneolic acid killed S. mutans in a time- and dosage-
dependent manner. Ginkgoneolic acid at 4 μg/mL
showed bactericidal activity against S. mutans, with a more
than 6-log CFU/mL decrease after 10 min of incubation.
However, the addition of 2 μg/mL (1/2 MIC) of ginkgo-
neolic acid to the S. mutans cell cultures had no effect on the
viable counts over a 60-min incubation period. Bactericidal
capacity of ginkgoneolic acid at a concentration of 4 μg/mL
was comparable to that of 0.05 % chlorhexidine.

Ginkgoneolic acid reduces acid production of S. mutans in
planktonic culture

The effect of ginkgoneolic acid on the acid production of S.
mutans was determined by monitoring the glycolytic pH
drop of cultures. As shown in Fig. 3, incubation of S.

mutans in sub-inhibitory concentrations of ginkgoneolic
acid (1/2 MIC, 2 μg/mL) exhibited an attenuation in acid
production. Also, this inhibitory effect was time and dosage
dependent. Ginkgoneolic acid had effect on acid production
up to 30 min and only at the highest concentration tested.

Ginkgoneolic acid disrupts cellular adherence

Ginkgoneolic acid suppressed the adherence of S. mutans to
S-HA (Table 1). When radiolabeled S. mutans were treated
with ginkgoneolic acid at a concentration of 2 μg/mL
for 1 h, a significant inhibition in bacterial adherence to
the S-HA was observed (p<0.05), and ginkgoneolic acid
(2 μg/mL) showed similar inhibitory effect as 0.05 %
chlorhexidine (p>0.05). Ginkgoneolic acid at a concen-
trations less than 2 μg/mL did not exhibit inhibitory
effect on bacterial adherence (p>0.05).

S. mutans biofilm is susceptible to ginkgoneolic acid

Ginkgoneolic acid inhibited 50 % or more (95.5±4.2 %) of
S. mutans biofilm formation at a concentration of 4 μg/mL
(MBIC5004 μg/mL). Meanwhile, 32 μg/mL of ginkgo-
neolic acid reduced 50 % or more (80.5±5.7 %) of 1-day-
developed S. mutans biofilm (MBRC50032 μg/mL). The

Fig. 2 Kinetic killing effect of ginkgoneolic acid on S. mutans plank-
tonic cell cultures. The bactericidal activity of ginkgoneolic acid at
concentrations of 4 μg/mL (MIC) and 2 μg/mL (1/2 MIC) was tested.
BHI broth, chlorhexidine (0.05 %, w/v) and DMSO (0.05 %, v/v) were
used as blank control, positive control, and solvent control,
respectively

*

*

*

Fig. 3 Effect of ginkgoneolic acid on the acid production of S. mutans.
The inhibitory effect of ginkgoneolic acid at concentrations of 2 μg/mL
(1/2 MIC), 1 μg/mL (1/4 MIC), and 0.25 μg/mL (1/8 MIC) on the acid
production of S. mutans was investigated. BHI broth was used as blank
control, chlorhexidine (0.05 %, w/v) as positive control, and DMSO
(0.024 %, v/v) as solvent control. An asterisk indicates statistically
significant difference between 1/2 MIC (2 μg/mL) of ginkgoneolic
acid-treated group and solvent control at different time points (p<0.05)
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test agent at concentrations lower than the MBRC50 also
disrupted the integrity of the S. mutans biofilm effectively,
according to morphology alteration of S. mutans biofilm
treated with ginkgoneolic acid observed under SEM
(Fig. 4). Thick and relatively homogeneous biofilm was
formed on S-HA in blank control and solvent control, sug-
gesting that a small amount of DMSO had no significant
effect on biofilm morphology. Compared to these untreated
groups, biofilm integrity was disrupted when treated with
8 and 16 μg/mL of ginkgoneolic acid. Particularly, only a
few scattered bacteria could be seen, and the chain of S.
mutans was shorter when treated with 16 μg/mL of the test
agent.

Discussion

Oral microorganisms cause caries through their carbohy-
drate metabolites, which destroy dental hard tissue and
dissemble organic substance, thus resulting in tooth damage.
Mutans streptococci, Lactobacillus, and Actinomyces have
long been proven to be pathogens of dental decay. Among
them, much research has suggested that S. mutans is the
major pathogen of human dental caries (Beighton 2005).
Reasons include the following: first, this organism is highly
acidogenic and aciduric; second, S. mutans has a high affin-
ity to enamel; and third, it produces water-insoluble glucan
promoting bacterial adherence to the tooth surface and den-
tal plaque formation. So, S. mutans and single-species bio-
film model of this bacterium have been used widely to
investigate the cariostatic potential of natural products
(Yoo et al. 2011; Brighenti et al. 2008; Limsong et al. 2004).

After colonization, growth capacity became a key patho-
genic determinant in causing tooth infection because small
amounts of bacteria are easily cleared by the body’s defense

system. We evaluated in vitro the antimicrobial activities of
ginkgoneolic acid against S. mutans, and it showed bacteri-
cidal effects at a relatively low concentration (4 μg/mL).
Normally, gram-negative bacteria are more susceptible to
antimicrobial agents than gram-positive bacteria; however,
MICs and MBCs of ginkgoneolic acid against some gram-
negative bacteria associated with periodontal diseases were
higher than that of cariogenic bacteria (data not shown).
Some researchers postulated that the difference in the cell
wall between gram-positive and gram-negative bacteria may
be responsible for this phenomenon (Yang et al. 2004).

The production of acid by cariogenic bacteria and the
subsequent environmental pH decrease contribute to the
demineralization of the tooth surface and formation of den-
tal caries (Leme et al. 2006). Therefore, reduction of bacte-
rial acid production is a logical approach to the prevention
of dental caries. We found in this study that 0.05 % chlo-
rhexidine reduced the acid production of S. mutans by
nearly 100 % after 10 min of incubation. This inhibitory
effect on acid production is attributed to the bactericidal
activity of chlorhexidine at this applied concentration
(Fig. 2). However, our findings that ginkgoneolic acid sig-
nificantly inhibited acid production without reducing the
number of S. mutans suggest that this agent may suppress
the acidogenicity of bacteria by a mechanism distinct from
that of chlorhexidine.

Adherence is the initial step for biofilm formation. The
interference of bacterial adherence on tooth surface is a
promising approach to control oral biofilm (Gibbons
1989). In the present study, ginkgoneolic acid showed in-
hibitory activity on the adherence of S. mutans at a concen-
tration of 2 μg/mL. Two mechanisms may be involved:
reducing the number of viable bacteria and interfering with
bacterial adherence process. It was verified that the viable
cell counts of the culture incubated with ginkgoneolic acid
within 1 h were not less than that of the untreated groups.
Therefore, ginkgoneolic acid may interfere with bacterial
adherence process. The adherence process of bacteria to
solid surface is complicated, involving interactions between
surface components of microorganisms and the solid sur-
face, so further experimental studies are required for eluci-
dation on the exact mechanism.

Bacteria in most environments form organized commu-
nities called biofilm, in which aggregated cells are embed-
ded in a hydrated matrix of extracellular polymeric
substances (Costerton et al. 1999; Donlan and Costerton
2002; Hoiby et al. 2011). Caries is a chronic disease linked
to biofilm formation. Because of slow growth (Desai et al.
1998), activation of stress response (Cochran et al. 2000),
induction of biofilm phenotype (Kuchma and O’Toole
2000), or other aspects of biofilm architecture, when cells
exist in a biofilm, they can become 10–1,000 times more
tolerant to the effects of antimicrobial agents (Prosser et al.

Table 1 Effect of ginkgoneolic acid on the adherence of S. mutans

CPM (mean ± SD) Solvent control (%)

Solvent control 336.5±22.5 100

Blank control 373.7±53.4 100

Positive control 106.1±9.8a 31.5

1/2 MIC 181.7±10.1b 53.9

1/4 MIC 269.6±40.8 80.1

1/8 MIC 372.5±19.0 100

Ginkgoneolic acid at concentrations of 2 μg/mL (1/2 MIC), 1 μg/mL
(1/4 MIC), and 0.25 μg/mL (1/8 MIC) was tested. Buffered KCl was
used as blank control, chlorhexidine (0.05 %, w/v) as positive control,
and DMSO (0.024 %, v/v) as solvent control
aWithout statistically significant difference between positive control
and 2 μg/mL ginkgoneolic acid-treated group (p>0.05)
bWith statistically significant difference between solvent control and
2 μg/mL of ginkgoneolic acid-treated group (p<0.05)
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1987; Nickel et al. 1985). Consequently, using MIC and
MBC alone, it is difficult to estimate the effects of drugs on
bacteria. The authors also found that the test agent at a
concentration of 8 μg/mL killed all the planktonic cells
but did not exhibit more than 50 % reduction of S. mutans
biofilm. MBIC50 and MBRC50 are used to evaluate the
effects of drugs on biofilm in recent years. In present the
study, ginkgoneolic acid inhibited biofilm formation and
reduced developed biofilm effectively at a low concentra-
tion. The biofilm-forming potential of a strain depends on its
growth and adherence capacity, that is, the more a strain
grows and adheres to solid surfaces, the better it forms a
biofilm. These data, in conjunction with data on adherence
and antimicrobial activity, suggest that the inhibition or
reduction of the biofilm might result from anti-adherence
and antimicrobial activities.

In conclusion, our data demonstrated that ginkgoneolic
acid showed inhibitory effect on growth, adherence, acid
production, and biofilm formation of S. mutans, reduced
early biofilm, and disrupted biofilm integrity. These data

suggest that ginkgoneolic acid might be a potential pre-
ventive and therapeutic agent in dental caries. However,
it should be more realistic in places in terms of the
potential value of ginkgoneolic acid in oral care products.
First, the present study has only been performed on a
single strain of S. mutans and single-species biofilm, and
the effects of ginkgoneolic acid on other putative patho-
gens (even some of the beneficial bacteria) and multiple-
species biofilm should be investigated. Second, when
delivered to the mouth, a key property of antimicrobial
agents is their “substantivity” (the prolonged association
between a material and a substrate) (Carrilho et al.
2010); otherwise, they are rapidly swallowed and lost.
Natural products displayed some potentially beneficial
properties when tested under ideal conditions (fixed con-
centration, long contact times) but often rapidly lost
activity when tested at a reduced concentration. So,
experiments investigating the substantivity of ginkgo-
neolic acid are important to evaluate the potential of
ginkgoneolic acid in caries prevention.

Fig. 4 Effect of ginkgoneolic acid on S. mutans biofilm morphology
(magnification×10,000). a Blank control. b Solvent control (0.2 %
DMSO, v/v). c–e Biofilm treated with ginkgoneolic acid at

concentrations of 4, 8, and 16 μg/mL, respectively. f Positive control
(0.05 % chlorhexidine)
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