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Inhibition of Porphyromonas gingivalis Biofilm by Oxantel�
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Porphyromonas gingivalis is a major pathogen of chronic periodontitis and exists in a biofilm on the surface
of the tooth root. Oxantel, a cholinergic anthelmintic and fumarate reductase inhibitor, significantly inhibited
biofilm formation by P. gingivalis and disrupted established biofilms at concentrations below its MIC against
planktonic cells. Oxantel was more effective against P. gingivalis in biofilm than metronidazole, a commonly
used antibiotic for periodontitis.

Periodontitis is a chronic inflammatory disease of the sup-
porting tissues of the teeth and is estimated to affect around
30% of the adult population, with severe forms affecting 5 to
10% (19). Porphyromonas gingivalis, a Gram-negative, asaccha-
rolytic anaerobe that relies on the catabolism of amino acids
for the production of metabolic energy, is considered to be a
major pathogen in chronic periodontitis. P. gingivalis and other
oral bacterial species exist in vivo as a biofilm called subgingival
plaque that is accreted to the surface of the tooth root. Sessile
P. gingivalis cells can release antigens, toxins, and hydrolytic
enzymes, such as lipopolysaccharide, proteinases, and hemag-
glutinins, that stimulate a host immune response. However, the
host response is not very effective at eliminating bacteria within
biofilms, and a chronic inflammatory response results in tissue
destruction and ultimately tooth loss (13).

Fumarate respiration is the most widespread type of anaer-
obic respiration (12). In a previous comparative proteomic
analysis of P. gingivalis, 2.9- and 4.0-fold reductions of two
components of the trimeric P. gingivalis fumarate reductase
(Frd) complex (FrdA and FrdB, respectively) were observed
during heme-limited growth of the bacterium (6). The lower
abundance of the Frd complex correlated with the diminished
growth (6). Smith et al. (22) showed that the Frd activity of the
anaerobe Campylobacter jejuni was higher in cultures growing
exponentially than in cultures that had entered the stationary
growth phase. The Frd enzyme complex is required for the
growth of Bacteroides fragilis in heme-limited media and to
enable colonization of murine stomachs by Helicobacter pylori
(1, 2, 8). Together, these findings suggest that Frd activity may
limit bacterial growth, which could make it an attractive new
therapeutic target to control P. gingivalis infection, especially
as the Frd complex is absent in humans (11, 23).

Cholinergic anthelmintics, such as oxantel, thiabendazole,
and morantel, which are used for the treatment of intestinal
parasites like the whipworm Trichocephalus trichiurus, are
known fumarate reductase inhibitors (5, 7, 10, 21). In this

study, we determined the inhibitory effects of these anthel-
mintics on the planktonic and biofilm growth of P. gingivalis.

Effect of anthelmintics on P. gingivalis planktonic growth.
MICs of the anthelmintics on planktonic P. gingivalis were
determined in a 96-well plate assay with a starting inoculum of
�5.0 � 107 CFU per well essentially as described previously
(14). Two strains of P. gingivalis were used for the planktonic
growth inhibition assays, ATCC 33277, a fimbriated strain that
readily forms biofilms, and strain W50, an afimbriated strain
which forms biofilms poorly. Oxantel pamoate had the most
significant effect of the three inhibitors on planktonic growth of
P. gingivalis. The MIC of oxantel was 125 �M for P. gingivalis
33277 and 112 �M for P. gingivalis W50 (Table 1). There was
a significant inhibitory effect of oxantel on the growth of P.
gingivalis strains 33277 and W50 at concentrations as low as
31.25 �M. There was also a correlation of increasing oxantel
concentration with longer mean generation time at sub-MICs
(Table 1). The planktonic MICs of oxantel for the P. gingivalis
strains reported here were more than six times lower than
those reported for H. pylori and C. jejuni, even though the cell
numbers used for the P. gingivalis MIC determinations were
�10 times higher than those used with H. pylori (15–17). The
MIC of morantel citrate for P. gingivalis was similar to that
reported for H. pylori, whereas there was minimal P. gingivalis
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TABLE 1. Effects of anthelmintics on planktonic growth
of P. gingivalisa

Drug and strain MIC (�M)

MGT (h�1) with indicated concn of
drug

DMSO only 31.25 �M 62.5 �M

Oxantel
P. gingivalis W50 112 6.6b 19.2c 23.8d

P. gingivalis 33277 125 6.6b 10.0c 24.0d

Morantel
P. gingivalis W50 2,800 6.8b 11.0c 11.3c

Thiabendazole
P. gingivalis W50 �3,000 6.3 6.8 6.2

a Growth data were statistically analyzed using a one-way classification analysis
of variance with a Scheffe multiple comparison. MGT, mean generation time.
The superscript letters b, c, and d indicate values significantly different from
other MGT values in the same row that are not similarly marked (P � 0.05).
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growth inhibition with thiabendazole, which was possibly re-
lated to the drug’s extremely low solubility (18).

Effects of oxantel on P. gingivalis biofilm formation. Biofilm
formation over 24 h in a static 96-well model was conducted
essentially as described previously using crystal violet to
quantitate biofilm mass (3, 20). All concentrations of oxan-
tel tested significantly reduced the biofilm biomass after
24 h, and oxantel concentrations above 125 �M effectively
abolished biofilm formation (Fig. 1). Oxantel concentrations

as low as 0.1 �M significantly reduced the biofilm mass at
24 h.

Flow cell biofilm culture and CLSM analysis. The biofilm
culture of P. gingivalis ATCC 33277 in flow cells was similar to
that described by Chen et al. (4) based on a three-channel flow
cell system (Stovall Life Science, Greensboro, NC). The system
was inoculated with 1 ml of an exponentially growing P. gingi-
valis culture diluted to 5 � 108 cells/ml and incubated for 1 h
prior to a constant flow (0.2 ml/min) of 5� diluted supple-
mented brain heart infusion broth. To determine the effect of
oxantel on an established P. gingivalis biofilm, 1 ml of 125 or
12.5 �M oxantel pamoate dissolved in sterile water or sterile
water alone (control) was injected into each channel of the
system 18 h after inoculation and the mixture was incubated
for 30 min. The flow of medium was then resumed for another
10 min to wash off any unbound cells. Confocal laser scanning
microscopy (CLSM) of the bacterial biofilms was carried out
on a Meta 510 confocal microscope with an inverted stage
(Zeiss). BacLight stain (Molecular Probes) was used to stain
the biofilms in situ. The biometric parameters of the biofilm
were determined from five images at random positions from
each of the biological replicates obtained at wavelengths of 488
nm and 568 nm. All images obtained were analyzed using
COMSTAT software (9). After 18 h of incubation in the flow
cell P. gingivalis ATCC 33277 produced a structured biofilm
that featured many microcolonies that formed “towers” or
“mushrooms” that had a maximum height of �14 �m, and
over 40% of the surface area of the substratum was colonized
by bacterial cells (Fig. 2). A single oxantel treatment at both
tested concentrations caused significant reductions in both bio-
volume and average thickness of the biofilm. Oxantel treat-
ment affected the structure of the P. gingivalis biofilms, as seen
by the significant increases in the ratio of the surface area of
the biofilm to the biovolume (relative to the control), the
decrease in the size of microcolonies, and the decrease in area
of the surface of the substratum that had attached cells at the
higher oxantel concentration (Table 2; Fig. 3). The confocal
images of the biofilms showed a decreased tower height (or
maximum biofilm thickness) after treatment with 12.5 �M
oxantel to below 10 �m, whereas 125 �M oxantel treatment

FIG. 1. Effects of oxantel on P. gingivalis ATCC 33277 biofilm
formation and growth in a 96-well microtiter static assay. The biofilms
were quantified at 24 h, and the results represent the means of 12
replicates. �, significantly different (P � 0.001) from controls (0 and
0 � dimethyl sulfoxide [DMSO]), evaluated using a one-way classifi-
cation analysis of variance with a Scheffe multiple comparison.

FIG. 2. CLSM images of a representative section of a P. gingivalis
ATCC 33277 18-h biofilm grown in a flow cell and stained with
BacLight. Horizontal (x-y) optodigital sections, each 2 �m thick over
the entire thickness of the biofilm (z), were imaged using a 63�
objective at 512 by 512 pixels (0.28 �m per pixel), with each frame at
143.86 �m (x) by 143.86 �m (y).

TABLE 2. Effects of oxantel treatment on an established 18-h
P. gingivalis biofilm cultured in a three-channel flow cell system

Biofilm parameter

Mean result (% change relative to control)a

Control Oxantel,
12.5 �M

Oxantel,
125 �M

Biovolume (�m3/�m2) 2.08 � 0.51 1.44 � 0.18b (�31) 0.86 � 0.12b (�59)
Avg thickness of biofilm

(�m)
1.42 � 0.34 0.83 � 0.12b (�42) 0.39 � 0.03b (�73)

Surface area/biovolume
ratio (�m2/�m3)

1.69 � 0.19 2.31 � 0.25b (�37) 2.54 � 0.24b (�50)

Surface area of substratum
occupied by cells (%)

42.2 � 14.8 33.2 � 6.2 (�21) 23.8 � 4.5b (�44)

Avg no. of microcoloniesc 20.9 � 4.1 18.3 � 0.9 (�12) 15.6 � 4.9 (�25)
Avg microcolony area

(�m2)
188.4 � 43.5 124.0 � 21.7 (�34) 91.2 � 21.5b (�52)

a As determined using COMSTAT (9) analysis of CLSM images. Data are
expressed as the means � standard deviations of three biological replicates. The
percent change compared with the control is shown in parentheses. The biomet-
ric data were statistically analyzed using a one-way classification analysis of
variance with a Scheffe multiple comparison.

b Significantly different from control (P � 0.05).
c Microcolonies were defined as clusters of cells with �500 pixel counts.
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reduced tower height to below 6 �m, which is commensurate
with the changes in the surface area of biofilm/biovolume ratio
and microcolony size (Fig. 3; Table 2).

Incorporation of a low oxantel concentration (12.5 �M) into
the growth medium in the flow cell also had significant effects
on the formation of biofilms by P. gingivalis, decreasing bio-
volume by 52% and average biofilm thickness by 74% (Table
3). In a similar manner to that seen with the treatment of

established biofilms there was a significant increase in the
surface area of the biofilm/biovolume ratio (Table 3). Interest-
ingly, there was no significant decrease in the surface area of
the substratum that was colonized by bacterial cells, indicating
that oxantel doesn’t interfere with attachment of the bacterium
to the substratum. A current treatment option for refractory
chronic periodontitis is the systemic administration of the an-
tibiotic metronidazole. Metronidazole was also incorporated
into the growth medium at a concentration of 12.5 �M, and
this significantly reduced the biovolume and average thickness
of an 18-h P. gingivalis biofilm (Table 3). However, the reduc-
tions in biovolume and average thickness were significantly less
than those produced by oxantel, and in addition metronidazole
had no significant effect on the surface area of the biofilm/
biovolume ratio or the number of microcolonies present (Ta-
ble 3). This suggests that metronidazole only affected P. gingi-
valis cells at the surface of the biofilm structures, resulting in a
reduced biovolume but a structurally similar biofilm. Oxantel
at the same concentration caused significantly higher reduc-
tions in biovolume and average thickness than metronidazole
and significantly increased the surface area of the biofilm/
biovolume ratio as well as decreasing the number of micro-
colonies. These data indicate that oxantel is more effective
than metronidazole in inhibiting P. gingivalis biofilms and that
its mechanism of action is distinct from that of metronidazole.
An advantage of oxantel is its ability to selectively inhibit
strictly anaerobic bacterial species (pathogens) but not the
commensal aerotolerant anaerobes or aerobic bacteria, as
these species lack fumarate reductase.

In this study we have demonstrated that oxantel is a prom-
ising therapeutic for the control of the pathogen P. gingivalis by
disrupting biofilm development and stimulating release of cells
from biofilm microcolonies.
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