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Abstract

Ethanol extract of Venenum Bufonis has shown many valuable bioactivities, but little is known
about its effect on biofilm formation of Staphylococcus aureus. In this study, biofilm formation of S.
aureus NCTC8325 with or without ethanol extract of Venenum Bufonis was tested using microtitre
plate assay and Confocal Laser Scanning Microscope (CLSM) system. Results show that the biofilm
formation of S. aureus with ethanol extract of Venenum Bufonis was significantly lower than that
of the control group without ethanol extract of Venenum Bufonis. Meanwhile, the reduction de-
gree was correlated to the concentration of ethanol extract of Venenum Bufonis positively. With
CLSM system we can observe that looser and less biomass of the biofilm structure of the experi-
mental group appeared than that of the control group. These results suggested that ethanol ex-
tract of Venenum Bufonis has inhibitory effect on biofilm formation of S. aureus.
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1. Introduction

Staphylococcus aureus, as an important opportunistic pathogen is a leading cause of human bacterial infection
worldwide and is endemic in both hospital and community, which can cause potentially life-threatening noso-
comial and community-acquired infections, such as osteomyelitis and endocarditis [1] [2]. S. aureus has the
ability to adhere to many tissues and implants in humans to form biofilms, which enables it to survive in antimi-
crobial stress and immune responses causing refractory chronic infections. Novel strategies that target biofilm-
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associated infections caused by S. aureus will be considered as future therapies [3]-[5].

Venenum Bufonis, a traditional Chinese medicine used as a topical anesthetic and cardiac medication, is ex-
tracted from the dried white secretion of auricular glands and skin glands of Chinese toad (Bufo melanostictus
Schneider or Bufo bufo gargarzinas Gantor). Ethanol extract of Venenum Bufonis has shown strong pharmaco-
logical activity, including the effects on antiproliferative [6] and on anti-osteosarcoma [ 7], killing various cancer
cells by inducing their apoptosis [8] [9]. However, to date, the effect of ethanol extract of Venenum Bufonis on
S. aureus biofilm formation has not been reported. In this study, we investigated the effects of ethanol extract of
Venenum Bufonis against biofilm formation of S. aureus in vitro, and concluded that ethanol extract of Vene-
num Bufonis has inhibitory effect on biofilm formation of S. aureus.

2. Materials and Methods
2.1. Bacterial Strains and Growth Conditions

The bacterial strains used in this study including S. aureus NCTC8325, and S. aureus NCTC8325pGFP carrying
the fluorescent protein were provided by University of Science & Technology China. They were grown at 37°C
in tryptic soy broth (TSB) medium (BD) or TSB with chloramphenicol (15 pg/mL). Medium was supplemented
with 3% sodium chloride or 0.5% glucose when necessary.

2.2. Production of Ethanol Extracts of Venenum Bufonis

Venenum Bufonis was purchased in China toad Venenum Bufonis industry. It was ground into powder and was
suspended in 10 mL 80% ethanol solution each 0.5 g and extracted two times at 70°C water bath for 90 min. The
solvent of the extract was removed in a rotary evaporator under vacuum. The resulting residue was dissolved in
80% ethanol at 50 mg/mL extract concentration and was diluted with 80% ethanol to 25 mg/mL, 12.5 mg/mL,
6.25 mg/mL, and 3.125 mg/mL concentration.

2.3. Antimicrobial Activity

Overnight cultures of S. aureus NCTC8325 were initiated by touching a sterile wire loop to three individual co-
lonies on every plate and inoculating into 2 mL of TSB medium. The inoculum was cultured to a final concen-
tration of 10° CFU/mL in fresh TSB and was dispensed into 96-well plates (Corning, Steuben, NY) containing
serial dilutions of ethanol extracts of Venenum Bufonis (2.5 mg/mL, 1.25 mg/mL, 0.625 mg/mL, 0.3125 mg/mL,
0 mg/mL). At the same time 1 pug/mL vancomycin was used as standard antibiotic control. Plates were incubated
at 37°C for 12 h and then ten-fold serial dilutions of cultures were performed by successive transfer (0.1 mL)
through seven microfuge tubes containing 0.9 mL of TSB. Four appropriate dilutions were dropped on LB agar
plates and viable colonies were counted after incubation at 37°C for 24 h. Experiments were repeated three times
with four parallels.

2.4. Biofilm Formation in Microtitre Plate Assay

Biofilm formation under static conditions was determined by the microtitre plate assay based on the method de-
scribed previously [10]. Briefly, the overnight cultures were made at a 1:100 dilution using fresh TSB contain-
ing 3% NaCl or 0.5% glucose. The diluted cell suspension was inoculated into flat-bottom 96-well polystyrene
plates (Costar 3599, Corning Inc., Corning, NY), 200 ul each well containing serial dilutions of ethanol extract
of Venenum Bufonis (2.5 mg/mL, 1.25 mg/mL, 0.625 mg/mL, 0.3125 mg/mL, 0 mg/mL). The plates were in-
cubated at 37°C for 12 h and wells were rinsed gently with water five times to remove non-adherent cells. Sub-
sequently, the plates were stained with 0.5% crystal violet for 15 min, and then rinsed again with water to re-
move unbound stain. After that, the plates were dried, and the optical density at 560 nm (OD560) was deter-
mined with an enzyme-linked immunosorbent assay reader (biotek EIX800, USA) in a5 x 5 scan model.

2.5. Observation of Biofilm Formation in Laser Scanning Confocal Microscope System
(CLSM)

Overnight cultures of S. aureus NCTC8325pGFP, which was transformed with the GFP plasmid for fluores-
cence detection from S. aureus NCTC8325, was inoculated at a 1:100 dilution in fresh TSB containing 3% NaCl
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and 15 pg/mL chloramphenicol to maintain plasmid selection into glass bottom culture dishes (35 mm petri dish,
10 mm microcell, MatTek, USA), 1 mL each dish. The experimental group contained 1.25 mg/mL ethanol ex-
tracts of Venenum Bufonis. Dishes were incubated at 37°C for 12 h and were rinsed gently with water five times
to remove non-adherent cells. CLSM was performed on a Zeiss LSM710 collected at 1 pum intervals. Selected
confocal images stood for similar areas of interest and each confocal experiment was repeated four times. The
confocal images were acquired from Zeiss ZEN 2010 software package (Carl Zeiss, Jena, Germany) and the
three-dimensional biofilm images were rendered with Imaris 7.0 (Bitplane, Zurich, Switzerland).

2.6. Statistical Analysis

The paired t test was used for statistical comparisons between groups. The level of statistical significance was
set at a P value of <0.05.

3. Results and Discussion
3.1. Inhibitory Effect of Ethanol Extract of Venenum Bufonis on S. aureus

Figure 1 shows the viable counts of S. aureus NCTC8325 after exposure to TSB with or without the extract
from Venenum Bufonis for 12 h at 37°C. Compared with the control group without the extract of Venenum Bu-
fonis, the viable counts of bacteria of the experimental group containing ethanol extract of Venenum Bufonis
were decreased significantly, and the reducing extent was positively correlated with the concentration of ethanol
extract of Venenum Bufonis. Viable counts were almost 100 times lower in the presence of 0.3125 mg/mL
ethanol extract of Venenum Bufonis, 1000 times lower in the presence of 0.625 mg/mL ethanol extract of Ve-
nenum Bufonis and 10,000 times lower in the presence of 2.5 mg/mL ethanol extract of Venenum Bufonis
compared with the control group. These data show that certain concentrations of ethanol extract of Venenum
Bufonis can inhibit the growth of S. aureus, but the increase of ethanol extract of Venenum Bufonis concentra-
tion cannot completely kill the bacteria. However, there were no viable bacteria in the standard antibiotic control
that contains 1 pug/mL vancomycin (data not shown).
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Figure 1. Colony counts (IgCFU/mL) of S. aureus NCTC8325 following 12 h of in-
cubation at 37°C with or without ethanol extract of Venenum Bufonis. ck: control
group no ethanol extract of Venenum Bufonis, t1: 0.3125 mg/mL ethanol extract of
Venenum Bufonis, t2: 0.625 mg/mL ethanol extract of Venenum Bufonis, t3: 1.25
mg/mL ethanol extract of Venenum Bufonis, t4: 2.5 mg/mL ethanol extract of Ve-
nenum Bufonis. “Significantly different from no Venenum Bufonis control (P <

0.05).
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3.2. Inhibitory Effect of Ethanol Extract of Venenum Bufonis on Biofilm Formation
of S. aureus

To investigate whether ethanol extract of Venenum Bufonis affects biofilm formation of S. aureus, we moni-
tored the biofilm formation of S. aureus NCTC8325 using a microtitre plate assay. As shown in Figure 2,
strains of the control group without ethanol extract of Venenum Bufonis formed strong biofilm after 12 h incu-
bation at 37°C. However, strains of the experimental groups with different concentrations of ethanol extract of
Venenum Bufonis formed weaker biofilm as measured by quantitative spectrophotometric analysis based on
OD560 after crystal violet staining. Moreover, this discrepancy was increasing with the increase of ethanol ex-
tract of Venenum Bufonis concentration when cultivated in TSB containing 3% NaCl (Figure 2(a)). When cul-
tivated in TSB containing 0.5% glucose, stains of S. aureus with 0.625 mg/mL ethanol extract of Venenum Bu-
fonis formed biofilm significantly more weakly than the control group (Figure 2(b)).

In order to directly observe the effect of ethanol extract of Venenum Bufonis on biofilm formation of S. au-
reus, we used CLSM system and strains that can constitutively express green fluorescent protein GFP. After 12
h incubation at 37°C in TSB containing 3% NaCL, strains of the control group without ethanol extract of Vene-
num Bufonis produced intact and rough biofilms as monitored by CLSM. In contrast, biofilms produced by
strains of the experimental group with 1.25 mg/mL ethanol extract of Venenum Bufonis were undetectable
(Figure 3).
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Figure 2. Biofilm formation of S. aureus NCTC8325 when cultivated in TSB containing 3% NaCL (a) or TSB
containing 0.5% glucose (b) in 96-well plates for 12 h at 37°C with or without ethanol extract of VVenenum
Bufonis. The cells that adhered to the plate after staining with crystal violet were measured by OD560. ck:
control group no ethanol extract of Venenum Bufonis, c1: 0.15625 mg/mL ethanol extract of Venenum Bufonis,
€2: 0.3125 mg/mL ethanol extract of Venenum Bufonis, ¢3: 0.625 mg/mL ethanol extract of Venenum Bufonis,
c4: 1.25 mg/mL ethanol extract of Venenum Bufonis. “Significantly different from no Venenum Bufonis con-
trol (P < 0.05).
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Figure 3. Observation of biofilm formation of S. aureus NCTC8325pGFP when cultivated in TSB containing
3% NaCL and 15 pg/mL chloramphenicol in glass bottom culture dishes for 12 h at 37°C without (a) or with
1.25 mg/mL ethanol extract of Venenum Bufonis (b). Biofilm integrity and GFP fluorescence were monitored
by CLSM and the three-dimensional images were rendered with Imaris 7.0.
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Biofilm formation of S. aureus plays an important role in catheter-related infections, which is difficult to con-
trol and brings serious threat to human health. Searching for new drugs to inhibit the biofilm formation of S. au-
reus has become a new strategy for clinical infection treatment. Here, we provide evidence that ethanol extract
of Venenum Bufonis has inhibitory effect on biofilm formation of S. aureus, suggesting a potential clue for
therapy in S. aureus biofilm-associated infection.

However, the biofilm formation of S. aureus is a complex process, which involves a variety of factors, in-
cluding quorum sensing systems, two component and other signal systems from a network to regulate. This
study is only a preliminary detection to the effect of ethanol extract of Venenum Bufonis on biofilm formation
of S. aureus. More specific mechanism involved in this process remains to be further studied in detail.

On the other hand, the component of Venenum Bufonis is complex. Through separation and identification, it
was proved to contain many toad toxins, bufalin ligands, bufalin tryptamines and other compounds such as
morphine and epinephrine. The effective components of Venenum Bufonis in general are fat soluble, which can
be extracted by 80% ethanol. The active ingredient of Venenum Bufonis that inhibits the growth and the biofilm
formation of S. aureus can be bufadienolides and telocinobufagin; however the specific mechanism needs fur-
ther study.

4. Conclusion

This study provided evidence that the ethanol extract of Venenum Bufonis, which is a traditional Chinese medi-
cine, could inhibit the biofilm formation of S. aureus. The results suggested a potential clue for therapy in S.
aureus biofilm-associated infection.
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