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ABSTRACT

Background: Recent works present evidence of Propionibacterium acnes growing as a biofilm in cutaneous
follicles. This formation of clusters is now considered as an explanation for the in vivo resistance of P.
acnes to the main antimicrobials prescribed in acne vulgaris.

Purpose: Our objective was to explore this hypothesis and propose a new therapeutic approach focusing
on anti-biofilm activity of Myrtacine® New Generation (Mediterranean Myrtle extract-Botanical Expertise
P. Fabre) alone or combined with antibiotics.

Methods/Results: Using in vitro models able to promote the growth of adhered bacteria, the loss of sen-
sitivity of P. acnes biofilms (48 h) towards erythromycin and clindamycin was checked considering either
sensitive or resistant strains. In the same time, the activity of Myrtacine® New Generation against biofilm
formation and mature biofilm (48 h) was evaluated. Using a dynamic model of biofilm formation, we
noted an inhibition of biofilm formation (addition of Myrtacine® New Generation at T 0) and a significant
effect on mature biofilm (48 h) for 5 min of contact. This effect was also checked using the static model
of biofilm formation for Myrtacine® New Generation concentrations ranging from 0.03% to 0.0001%. A
significant, dose-dependent anti-biofilm effect was observed and notable even at a concentration lower
than the active concentration on planktonic cells, i.e. 0.001%. Finally, the interest of the combination of
Myrtacine® New Generation with antibiotics was explored. An enhanced efficacy was noted when ery-
thromycin (1000 mg/1) or clindamycin (500 mg/l) was added to 0.001% Myrtacine®, leading to significant
differences in comparison to each compound used alone.

Conclusion: The efficiency of Myrtacine® New Generation on P. acnes biofilm alone or combined with
antibiotics was demonstrated and can lead to consider it as a potent adjunctive product efficient during
the antibiotic course for acne vulgaris treatment.

Introduction

affects most individuals at some point in their lives, and other
chronic diseases. More recently, it has become recognized as the

Propionibacterium acnes is a Gram positive bacillus that is part
of the human ecosystems (Grice and Segre 2011). P. acnes resides
in pilosebaceous follicles of the skin, colonizing the lipid-rich seba-
ceous glands. As an opportunist, P. acnes is well recognized as be-
ing involved in the inflammation process of acne vulgaris (Burkhart
and Gottwald 2003; Li et al. 2014), a common skin disorder that
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E-mail address: ch.roques@wanadoo.fr, roques730@aol.com (C. Roques).

http://dx.doi.org/10.1016/j.phymed.2015.11.016

cause of foreign-body infections (Portillo et al. 2013) by devices
such as breast implants (Del Pozo et al. 2009), neurosurgical shunts
(Conen et al. 2008), cardiovascular devices (Delahaye et al. 2005),
ocular implants, internal fracture fixation devices, spinal hardware,
and prosthetic joints (Levy et al. 2013; Piper et al. 2009; Portillo
et al. 2013).

At first, P. acnes was considered to be susceptible to a
wide range of antibiotics, including clindamycin, -lactams and
quinolones (Hoeffler et al. 1976). However, in the last decade, the
rate of antibiotic-resistant bacteria has increased, especially for



macrolides and tetracyclines (Dumont-Wallon et al. 2010; Ozolins
et al. 2004) but also rifampicin (Furustrand Tafin et al. 2015).
Although P. acnes virulence is reported to be low, recent studies
using genomic approaches and in situ observations have allowed a
better understanding of this pathogen’s importance in chronic and
recurrent infections, focusing on the ability of P. acnes to produce a
biofilm on implant devices (Holmberg et al. 2009), and also in acne
(Jahns and Alexeyev 2014; Jahns et al. 2012). The loss of sensitiv-
ity of microorganisms in a biofilm to the main antimicrobials could
explain both treatment failures and the fact that no optimal treat-
ment regimen of P. acnes biofilm infections has yet been defined, in
either implant-associated infections (Furustrand Tafin et al. 2015)
or acne (Coenye et al. 2007).

In 2009, James et al. reviewed the current acne treatments,
and underlined significant side effects of isotretinoin and rising
antibiotic resistance (James et al. 2009). Recent advances in the
pathogenesis of acne and inflammatory mechanisms and the
role of P. acnes as biofilms led to new targets being considered.
New molecules with potent P. acnes anti-biofilm efficacy were
thus investigated. Some plant extracts or their active components
have already been described as anti-biofilm even at subinhibitory
concentrations (Coenye et al. 2012). Studies of the pharmacological
properties of Myrtus communis L. (Myrtaceae) demonstrated its
antibacterial efficiency against P. acnes strains that may be linked
to myrtucommulones (Alipour et al. 2014; Fiorini-Puybaret 2011).

The present study continues along these lines by studying the
efficacy of an isopropyl acetate extract prepared from leaves of M.
communis (Myrtacine® New Generation), previously demonstrated
to be effective on P. acnes planktonic cells (Alipour et al. 2014;
Fiorini-Puybaret 2011), in combating P. acnes biofilm. For this pur-
pose, we validated in vitro biofilm models (dynamic or static) in
which growth of adherent P. acnes, but not of planktonic cells,
was promoted. Myrtacine® New Generation was tested alone or
in combination with the most current topical antibiotics used in
acne treatment (erythromycin and clindamycin). The interest of
this extract and its association with antibiotics was checked on P.
acnes strains presenting sensitivity or acquired resistance to ery-
thromycin and clindamycin.

Materials and methods
Plant material

Leaves of M. communis were collected in Morocco in 2008 (Re-
gion around Fes). Identification of this plant was confirmed by
Dr. Jean Gabriel Fouche (Institut de Recherche Pierre Fabre). A
voucher specimen (N°16280) has been deposited at the Conserva-
toire Botanique Pierre Fabre, (Cambounet-sur-Sor, France).

Extraction

Myrtacine® New Generation is a lipophilic dry extract from
leaves of M. communis produced by the Pierre Fabre Company
(Fiorini-Puybaret 2011). It was prepared from dried powdered
leaves using isopropyl acetate (ratio 1:10) at room temperature for
2 h. After filtration, the residue was treated a second time using
the same method and the two fractions were pooled. After the
removal of chlorophyll using activated charcoal (1% w/w) and es-
sential oil by hydro-distillation, the filtrate was concentrated un-
der vacuum at 40 °C. The residue was resuspended in water then
dried by lyophilisation. Myrtacine® New Generation was obtained
as a yellow powder with a yield of 2% w/w. The extract was stored
in the dark at 4 °C.

The aqueous solutions tested were prepared extemporaneously
with dimethylsulphoxide (maximum concentration 10%).

Quantification of the ursolic acid and the myrtucommulones

HPLC analyses were carried out on a Merck/Hitachi LaChrom
HPLC system comprising a L7420 PDA detector and a L7200
pump. Myrtucommulones B" (5-déméthylsemimyrtucommulone)
S (semimyrtucommulone), IsoS (isosemimyrtucommulone), A
(myrtucommulone A) and ursolic acid were titrated by analytical
HPLC performed with a column Symmetry® C8 (Waters), 5 pum,
245 mm x 4.6 mm using a gradient with 0.1% aqueous trifluo-
roacetic acid 0.1% (eluent A) and a mixture of acetonitrile and
trifluoroacetic acid 0.1% (eluent B) with the following program:
0 min: 78% B; 15-25 min: 100% B; 26-35 min: 78% B. Spectral UV
data from the peaks were accumulated in the range 210-400 nm.
Detection with the diode array was performed at 280 nm for
myrtucommulones and 210 nm for ursolic acid. The temperature
of the column was maintained at 20 4+ 5 °C. The flow rate of
the mobile phase was 1 ml/min. The injection volume was 10 ul
and the samples were prepared in the mixture dichloromethane-
ethanol: 1-1 (v/v). 2-methylanthraquinone (2-MAQ) was used as
an external standard. The response factor of the myrtucommulone
B’ (3.1) and ursolic acid (12.7) relative to the 2-MAQ were defined
with pure myrtucommulone B’ and ursolic acid previously purified
(unpublished work). Using these response factors the respective
response factors of ursolic acid and myrtucommulones relative to
myrtucommulone B’ in the extract were calculated. Under these
conditions the 2-methylanthraquinone, ursolic acid, myrtucommu-
lones B’, S, IsoS and A were eluted at 5.3 min, 9.9 min, 9.3 min,
10.4 min, 11.1 min and 21.9 min respectively (Suppl. Figs. 1 and 2,
Supplementary content). Myrtucommulones and ursolic acid were
quantified by HPLC. Their contents in the batch ES 120 used for
this study were respectively 8.1% (w/w) and 20% w/w.

Antibiotics

Erythromycin and clindamycin were obtained from Sigma
Aldrich (Saint-Quentin Fallavier, France) and were dissolved in
ethanol (5% final maximum concentration) or water respectively.

Minimal medium for biofilm formation

In preliminary studies (Khalilzadeh et al. 2010; Samrakandi
et al. 1997), we demonstrated that MBB (Modified Biofilm Broth)
was able to promote the growth of adherent cells but not of
planktonic ones. The selected minimal medium consisted of MgSO4
7H,0 (0.2 g/l), FeSO4 7H,0 (0.0005 g/l), anhydrous Na,HPO4
(1.25 gfl), KH,PO4 (0.5 g/l), (NH4),SO4 (0.1 g/I) and glucose
(0.05 g/l). The ability of P. acnes to form a biofilm using this
medium was checked in dynamic and static models.

Selection of P. acnes strains

Reference strains (Institute Pasteur Collection, Paris, France) and
cutaneous isolates (24 strains) from the lab collection and Pierre
Fabre DermoCosmetics collection were screened for their suscepti-
bility to erythromycin and clindamycin as planktonic cells. Strains
were preserved in Eugon broth complemented with 10% glycerol
at -80 °C. Before each experiment, two subcultures on Columbia
sheep blood agar (bioMérieux, Craponne, France) were performed
for 48 h at 36 °C, under anaerobic conditions (Anoxomat Mart
system, Mart Microbiology B.V., Netherlands). MICs were deter-
mined by a broth dilution micromethod according to EUCAST and
CASFM recommendations (www.sfm-microbiologie.org). Briefly,
solutions under assay were diluted in microtitre plates in Mueller
Hinton broth (bioMérieux, Craponne, France) supplemented by 10%
foetal bovine serum (Dutscher, Brumath, France) to a final volume
of 100 wl. Microbial suspensions were prepared in tryptone salt



solution at about 108 CFU/ml to obtain final inocula of 106 CFU/ml
in wells. Microtitre plates were incubated for 48 h at 36 °C, under
anaerobic conditions. The MIC was then defined as the concentra-
tion at which no macroscopic sign of cellular growth was detected
in comparison with the control without antimicrobial compound
(column 12). Column 11 was free of inoculum and checked the
sterility conditions. The MBCs were determined by sub-cultivating
on Columbia sheep blood agar plates after incubating as described
above. The MBC was defined as the compound concentration at
which no macroscopic sign of cellular growth was detected in
comparison to the control without antimicrobial compound.

All the experiments were carried out in duplicate at each con-
centration. In order to ensure that dimethylsulphoxide and ethanol
per se did not interfere with the antimicrobial activity of the prod-
ucts under assay, a control test was also carried out on inoculated
broth supplemented with only dimethylsulphoxide and ethanol at
the same concentration used in the assays.

Bactericidal activity on planktonic cells in MBB

To assess the bactericidal activity of Myrtacine® New Genera-
tion (0.03% to 0.0001% w/v) and antibiotics (erythromycin: 0.1 mg/l
to 1000 mg/l; clindamycin: 10 mg/l to 500 mg/l) on non-growing
planktonic cells in MBB, 10° CFU/ml were maintained under ag-
itation (100 rpm) and anaerobic conditions at 36 °C for 72 h in
the presence or absence of each product. Cell quantification was
carried out by culture of samples (24 h, 48 h and 72 h). The sam-
ples were homogenized and serially diluted (10-fold dilutions), and
100 wl of each dilution were spread on Columbia sheep blood agar
and incubated at 36 °C under anaerobic conditions for 5 days.

Biofilm formation

Dynamic model

P. acnes biofilms were obtained by a previously described pro-
cedure (Samrakandi et al. 1997). The MBB was circulated through a
sterile loop of Tygon® tube (Fischer Scientific SAS, Illkirch, France,
inner diameter, 6.4 mm) at 100 ml/min. The loop was maintained
at 30 °C and was connected to a discharge line and to a feeding
tank (supply pump; feeding rate, 3 ml/min). After the bioreactor
had been filled with the adhesion broth, the loop was inoculated
with 5 ml of a bacterial suspension containing about 108 CFU/ml.
The circulation pump was run for 30 min to allow the cells to
spread around the loop before the supply pump was turned on. Af-
ter 48 h, stabilized and reproducible populations of adherent and
evacuated bacteria were obtained for the tested strain.

The adherent cells were recovered by scraping them off samples
of the Tygon tube (2-cm pieces cut in half lengthwise) with a ster-
ile cutter in 10 ml distilled water. The portions of the Tygon tube
and the corresponding suspension were then dispersed for 1 min
with a vortex mixer. Viable bacterial counts (log CFU/cm?) were
determined by spreading of duplicate serial dilutions of homoge-
nized samples on Columbia sheep blood agar. The agar plates were
incubated anaerobically as described above. Results are expressed
as log CFU/cm? and the quantification limit was considered to be
0.4 log. Planktonic population was also evaluated.

Static model

Bacterial suspensions of the tested strains were prepared and
diluted in each tested medium in order to obtain a concentra-
tion of either 10° CFU/ml. Two millilitres of bacterial suspensions
were added to the wells of 24-well polystyrene microplates (BD
Falcon, San Jose, CA, USA). Microplates were incubated statically
at 36 °C (to check P. acnes optimal culture and in vivo condi-
tions), under anaerobiosis. During the course of incubation and
when products were added, the medium was renewed, after two

gentle rinses, in order to eliminate non-adherent/released bacte-
ria from the biofilm and favour sessile growth. Before biofilm col-
lection, planktonic cells were sampled by pipetting directly in the
bulk phase. After two successive rinses with 2 ml of sterile distilled
water (SDW), 1 ml of SDW was added and the well was scraped
with a sterilized spatula for 1 min in order to detach biofilm cells.
Numerations of viable cells (adherent and planktonic) were per-
formed as previously described. Results are expressed as log CFU
per well and the quantification limit was considered to be 1.3 log.

Biofilm treatments

Myrtacine® New Generation concentrations were selected ac-
cording to the maximum concentration in the marketed product
and were between 0.1% and 0.0001% (w/v).

Antibiotic concentrations were defined by considering MIC/MBC
values and lack of bactericidal activity on planktonic cells in MBB,
i.e. erythromycin: 1000 and 500 mg/l for erythromycin resistant
strains and 10 and 0.1 mg/l for erythromycin sensitive strains and
500, 100 and 10 mg/! for clindamycin.

Myrtacine® New Generation was first evaluated for (i) pre-
ventive treatment, which consisted of an addition of the prod-
uct (0.001%, 0.01% and 0.1% w/v) at the time of inoculation of
the dynamic biofilm model (T 0) and numeration of adherent and
planktonic cells at 5 h, 24 h and 48 h and (ii) curative treat-
ment, which consisted of an addition of the product (0.1%, 0.01%
and 0.001% w/v) on a 48 h biofilm with circulation for 1 min and
5 min.

To explore the anti-biofilm activity of Myrtacine® New Genera-
tion and the interest of using it in association with antibiotics, we
considered a treatment consisting of an addition of the products
(Myrtacine® New Generation associated or not with antibiotics) to
a 48 h biofilm for 24 h of contact using the static model.

Statistical analysis

Comparisons between data sets were performed using paired
t-test and significant differences were defined for p < 0.05 and
p < 0.01.

Results
Selection of P. acnes strains

Table 1 presents the MICs and MBCs for the selected cutaneous
isolates and the reference strains showing their level of suscep-
tibility to erythromycin and clindamycin. P. acnes CIP 53.117T is
sensitive to both molecules. P. acnes CIP 110.371 is described as
resistant to erythromycin and also presents reduced susceptibil-
ity to clindamycin. Among wild cutaneous strains, the selection
includes a sensitive strain (B872), and two strains characterized
by resistance to erythromycin and clindamycin (R4 and R3.6). No

Table 1
MIC/MBC values (mg/l) of erythromycin and clindamycin
for the selected strains.

Erythromycin Clindamycin

MIC MBC MIC MBC

P. acnes CIP 53.117T  0.016 0.016 0.03  0.03

P. acnes CIP 110.371 >500 =500 2 2

P. acnes B872 0.008 0.008 0.03 0.03
P. acnes R4 >500 >500 62,5 625
P. acnes R3.6 =500 >500 62.5 62.5
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antibacterial effect was noted for dimethylsulphoxide and ethanol
at the highest final concentrations used (data not shown).

Bactericidal activity on planktonic cells in MBB

P acnes strains were exposed to Myrtacine® (from 0.0001 to
0.03%) for 72 h. The evolution of bacterial concentrations accord-
ing to the contact time and the Myrtacine® New Generation con-
centration in MBB is indicated in Fig. 1. A bactericidal effect can
be noted starting from 24 h of contact with the highest concentra-
tions (0.03%, 0.01% and 0.001% w/v). At 0.001% (w/v), a significant
time-dependent reduction is observed but no clearance expected
for P acnes B872. The initial planktonic P. acnes population was
preserved in the presence of 0.0001% Myrtacine® New Generation
even after a 72 h of contact. Most importantly similar behaviours
were observed among strains, regardless of their susceptibility
to erythromycin or clindamycin according to MIC/MBC (Table 1)
determination,

When strains were in contact with erythromycin in MBB for
24 h at 10 or 01 mg/l (Fig. 2), no bactericidal activity was
noted even for susceptible strains (MBC < 0.016 mg/l) while the
1000 mg/l concentration led to a total reduction of the strains. For
the R4 resistant strain, no bactericidal effect was detected, even at
the 1000 mg/l concentration.

Clindamycin had no bactericidal effect on the tested strains
even at 500 mg/l (Fig. 3) and even on susceptible strains in the
assay conditions.

The preservation of P. acnes viability in MBB without cell pro-
liferation was demonstrated by the CFU values for the control
(Figs. 1-3).

Anti-biofilm activity

Dynamic model

Activity of Myrtacine® New Generation from the adhesion step.
Fig. 4 presents the CFU numeration of adherent cellsjcm? (P. ac-
nes CIP 53.117T) when Myrtacine® New Generation (0.1%, 0.01% or
0.001% w/v) was added or not at T 0 in the broth medium. In such
conditions, Myrtacine® New Generation induced a dose-dependent
anti-biofilm effect decreasing from 0.1% to 0.001%, with no signif-
icant effect at the lowest concentration. This effect was also time-
dependent, with a significant increase of activity from 24 h to 48 h
of contact (0.1% and 0.01% w/v). At high Myrtacine® New Genera-
tion concentrations, a significant reduction in planktonic cells (cells
released from the biofilm), of about 2 to 3 log, was also observed
(data not shown).

Activity of Myrtacine® New Generation on a mature biofilm. As-
says were performed on a 48 h P acnes CIP 53.117T biofilm.
Myrtacine® New Generation contact was achieved by the addition
and circulation of solutions for 1 min and 5 min. After rinsing,
the residual adherent cells were counted (Fig. 5). We observed a
significant dose-range effect leading to a global reduction of the
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adherent population at the highest concentration 0.1% (w/v) com-
pared to the control (addition and circulation of sterile distilled
water only).

Static model

Myrtacine® New Generation anti-biofilm activity. In static condi-
tions, assays were performed by the introduction of Myrtacine®
New Generation (0.03%, 0.01%, 0.001% and 0.0001% wfv) on a ma-

ture biofilm (48 h old) with a contact time of 24 h. In such con-
ditions, a significant dose-dependent effect was observed, greater
with the dynamic model, with a progressive loss of activity to
the 0.0001% (wj/v) concentration (Fig. 6). The assay was performed
on 4 different strains and revealed similar behaviour regardless of
their susceptibility to erythromycin and clindamycin. A total reduc-
tion of the planktonic viable population was noted at the high-
est concentrations tested (0.03% and 0.01% w/v, data not shown),



5.80 -

¥

4.80 -

430 -

3.80 -

3.30 -

Log CFU per well

2.80 -

2.30 -

1.80 -

1.30

O R4

B872
W CIP 110.371
H CIP 53.117T

Control

Myrtacine 0.03% Myrtacine 0.01% Myrtacine 0.001%

=
Myrtacine
0.0001%

Fig. 6. Number of residual adherent cells (log CFU per well) for 4 P. acnes strains (P ames CIP 53.117T eryS/clindaS; P. ames BB72 eryS/clindaS; P ames CIP 110371
eryR/clindaR; P. acnes R4 eryR/clindaR) after addition of Myrtacine® new generation (0.03%, 0.01%, 0.001% and 0.0001%) on a 48 h biofilm for a 24 h contact (static model).

sx, p < 0.01.

in correlation with our previous results on planktonic cells in
MBB (Fig. 1). This bactericidal effect decreased from 0.01% to
0.0001% (w/v).

Myrtacine® New Generation anti-biofilm activity when combined with
antibiotics.

Myrtacine® New Generation + erythromycin. Assays were per-
formed as indicated above, with a contact time of 24 h on a ma-
ture biofilm (48 h) for P acnes CIP 53.117T (Fig. 7a) and P. acnes CIP
110.371 (Fig. 7b). The first observation was a dramatic loss of bac-
tericidal activity of erythromycin alone on P. acnes biofilm regard-
less of the susceptibility of planktonic cells to erythromycin (MICs),
with little or no reduction of adherent cells even at 1000 mg/l. The
difference between susceptible and resistant strains was seen only
on the planktonic population for the resistant strain (P. acnes CIP
110.371), significantly higher that for the sensitive strain.

To detect a possible interaction between Myrtacine® New Gen-
eration and antibiotic, solutions of Myrtacine® New Generation
(0.001 % and 0.0001 % (w/v)) were added to the biofilm after 48 h
of biofilm formation for a 24 h contact time. When Myrtacine®
New Generation was added to erythromycin at 1000 mg/l, a sig-
nificant reduction of the sessile population was noted in compari-
son to each product alone, to a supplementary reduction of about
15 to 2 log. This effect concerned the 0.001% Myrtacine® concen-
tration and also the 0.0001% one, which was considered as a non-
active concentration when Myrtacine® New Generation was tested
alone. This high enhancement of activity was also significant on
the planktonic population, with detection of viable cells for the re-
sistant strain (P acnes CIP 110.371: Fig. 7b) and no detection for
the susceptible strain (P. acnes CIP 53.117T: Fig. 7a).

Myrtacine® New Generation + clindamycin. Following the same
experiments, sessile P. acnes was exposed to clindamycin in combi-
nation with Myrtacine® New Generation. Both sensitive and resis-
tance strains (Fig. 8a) CIP 53.117T and (8b) CIP 110.371 were very
resistant to clindamycin alone (500 mg/l) even on the planktonic
population (more than 3 log CFU per well after treatment). This
last observation confirmed previous results on planktonic cells in
MBB (Fig. 3). When Myrtacine® New Generation 0.001% (wjv) was
combined with clindamycin, we observed a marked improvement
in anti-biofilm activity (reduction gain 1.5 log) on both strains

with little or no detection of residual planktonic cells. For the
0.0001%/500 mg/l association, the effect was not higher than that
of each product alone,.

Discussion

P. acnes is frequently considered as highly susceptible to a wide
range of antibiotics, including f-lactams, quinolones, macrolides,
clindamycin and rifampicin, even if its resistance is increasing,
especially to clindamycin and erythromycin, At the moment,
infections linked to this opportunistic pathogen, such as invasive
infections associated with implants but also acne vulgaris, require
prolonged antibiotic treatment (Achermann et al. 2014) without
guaranty of efficiency. Among the virulence factors described, the
ability of P. acnes to form biofilm has recently been considered as a
major explanation for antibiotic susceptibility loss and implicated
in the inflammation process (Li et al. 2014). P. acnes biofilm for-
mation in follicles is actually well described in healthy subjects as
well as in those with acne vulgaris (Jahns and Alexeyev 2014) with
a higher prevalence for the last group (Jahns et al. 2012). In such
conditions, the main antimicrobial treatment in acne vulgaris, in-
cluding erythromycin, tetracyclines, clindamycin, and also salicylic
acid or benzoyl peroxide were described as being unable to totally
reduce P. acnes biofilm in vitro (Coenye et al. 2007). The present
results confirm the low activity of erythromycin and clindamycin
on P. acnes biofilm even at high concentrations, leading to similar
reduction of biofilm populations regardless of the strain suscep-
tibility defined by MIC determination. Assays performed on MBB
confirmed that, in conditions that prevent planktonic cell prolif-
eration, clindamycin has no bactericidal effect, even on sensitive
strains and at high concentration (500 mg/l). Similar observations
have been reported by Furustrand Tafin et al. (2012) with low MICs
but high MBCs underlying the only bacteriostatic effect of clin-
damycin and low activity on P. acnes biofilm. Besides, erythromycin
is effective at 1000 mg/l but only against sensitive strains. Despite
differences between the two antibiotics bactericidal effect on
non-growing cells, P acnes biofilms are always resistant. These
results are in accordance with previous experiments performed by
Coenye et al. (2007) using microtitre plate crystal violet assay. The
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authors noted the low activity of erythromycin and clindamycin,
even at high concentrations, of 0.5% and 1% (w/v) respectively.

Myrtacine® New Generation is a lipophilic extract of the leaves
of M. communis 6 times richer in myrtucommulones and ursolic
acid than the ethanolic extract Myrtacine® (Fiorini-Puybaret 2011).
These active markers showed anti-inflammatory and antibacterial
P. acnes activities (Fiorini-Puybaret 2011). The batch ES120 used for
this study contained 8.07% (w/w) of myrtucommulones and in par-
ticular 3.08% (wfw) of B', 1.76% (w/w) of S, 3.25% (w/w) of isoS and
0.32% (w/w) of A.

The first interest of Myrtacine® New Generation is its antimi-
crobial activity on P acnes planktonic cells and also on biofilms.
The antibacterial activity of traditional herbal medicines or ex-
tracts, especially against P. acnes has already been demonstrated, as
well as their anti-inflammatory effects (Fu et al. 2012; Niyomkam
et al. 2010; Sharma et al. 2013). Myrtle (M. communis) is one of
the medicinal herbs found worldwide that is used against a large
number of diseases, including skin diseases, because of its an-
tioxidant, antiviral, antibacterial and antifungal properties (Alipour
et al. 2014; Fiorini-Puybaret 2011). Some of the main biologically

active components are described as antioxidant without antibac-
terial activity, like ursolic acid (Sharma et al. 2013). Many other
compounds are able to express antimicrobial activity, like limonene
and, above all, myrtucommulones (Fiorini-Puybaret 2011). These
natural acylphloroglucinols were described first as antimicrobial
agents with low MICs against Gram-positive bacteria (Appendino
et al. 2006) and, more recently, as anti-inflammatory molecules in
vitro and in vivo (Rossi et al. 2009). This is the first report indicat-
ing that extract from M. communis was able to inhibit biofilm for-
mation and reduce structured P. acnes biofilm in a concentration
range of 0.1% to 0.001% (w/v) (i.e. 1000 to 10 mg/l), corresponding
to MIC values observed on planktonic cells (Fiorini-Puybaret 2011)
and to the bactericidal concentrations obtained on planktonic cells
in a medium preventing planktonic growth (MBB). The effect ap-
pears to depend significantly on concentration and contact time. A
concentration of 0.01% reduces planktonic MBB population by 3 to
4 log, and biofilm population (static or dynamic model) after 48 h
of contact by 4 log. A partial disintegration of a 48 h biofilm (dy-
namic model) was observed at this concentration from 1 to 5 min
of contact.
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The loss of susceptibility of microorganisms in the form of
biofilm, including P. acnes, to the main antimicrobial agents or
treatments has a worldwide importance and, for this purpose
alone, Myrtacine® New Generation can be considered as an orig-
inal antimicrobial agent.

Considering this specific activity against P acnes biofilm and
the current antibiotic use in acne vulgaris treatment, the interest
of combining erythromycin (1000 mg/l) or clindamycin (500 mg/l)
with Myrtacine® New Generation was checked at concentrations
under the accepted active concentration i.e. 0.001% and 0.0001%
on a 48 h biofilm (static model). In such conditions, the reduc-
tion of adherent and planktonic populations (released from the
biofilm) is significantly more important for the combinations than
for each compound alone. The addition of Myrtacine® New Gener-
ation at 0.001% w/v (little or no activity alone) restores the sus-
ceptibility of erythromycin- or clindamycin-sensitive strains but,
more importantly, is effective against antibiotic-resistant strains.
In the latter case, the planktonic population released from the
biofilm is not as dramatically reduced as for sensitive strains.
This highlights a marked improvement of the effect certainly
linked not only to a biofilm deconstruction effect, with pop-
ulation return to planktonic status, but also to other mecha-
nisms and possibly multi-targets effects as other botanical prod-
ucts (Gretsch. 2011; Radalovic et al. 2013) which need further
investigation.

Conclusion

In conclusion, this is the first demonstration of the activity of
a Myrtle extract, Myrtacine® New Generation, as a preventive or
curative agent against P acmes biofilm and as a potent adjunc-
tive product efficient during the antibiotic course for acne vul-
garis treatment. Considering the increasing percentages of P acnes
strains resistant to erythromycin and clindamycin, the efficiency of
Myrtle extract on P. acnes biofilm alone or combined with antibi-
otics has to be considered to control P. acnes populations in acneic
patients.

Conflict of interest

Christel Fiorini-Puybaret and Philippe Joulia are members of the
Laboratory for vegetable products, Pierre Fabre Research Institute,
Pierre Fabre R&D Center, and were concerned by Myrtle extract
preparation and characterization; Joélle Luc is member of the Mi-
crobiology Lab., Pierre Fabre DermoCosmetics R&D, and was con-
cerned by P. acnes strains selection.

Acknowledgments

This work has been funded by Pierre Fabre DermoCosmetics
R&D.



Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.phymed.2015.11.016.

References

Achermann, Y., Goldstein, E.J., Coenye, T., Shirtliff, M.E., 2014. Propionibacterium
acnes: from commensal to opportunistic biofilm-associated implant pathogen.
Clin. Microbiol. Rev. 27, 419-440.

Alipour, G., Dashti, S., Hosseinzadeh, H., 2014. Review of pharmacological effects of
Myrtus communis L. and its active constituents. Phytother. Res. 28, 1125-1136.

Appendino, G., Maxia, L., Bettoni, P., Locatelli, M., Valdivia, C., Ballero, M., Stavri, M.,
Gibbons, S., Sterner, O., 2006. Antibacterial galloylated alkylphloroglucinolgluco-
sides from myrtle (Myrtus communis). J. Nat. Prod. 69, 251-254.

Burkhart, C.N., Gottwald, L., 2003. Assessment of etiologic agents in acne pathogen-
esis. SKINmed 2, 222-228.

Coenye, T., Brackman, G., Rigole, P., De Witte, E., Honraet, K., Rossel, B., Nelis, HJ.,
2012. Eradication of Propionibacterium acnes biofilms by plant extracts and pu-
tative identification of icariin, resveratrol and salidroside as active compounds.
Phytomedicine 19, 409-412.

Coenye, T., Peeters, E., Nelis, H.J., 2007. Biofilm formation by Propionibacterium acnes
is associated with increased resistance to antimicrobial agents and increased
production of putative virulence factors. Res. Microbiol. 158, 386-392.

Conen, A., Walti, L.N., Merlo, A., Fluckiger, U., Battegay, M., Trampuz, A., 2008. Char-
acteristics and treatment outcome of cerebrospinal fluid shunt-associated infec-
tions in adults: a retrospective analysis over an 11-year period. Clin. Infect. Dis.
47, 73-82.

Delahaye, F, Fol, S., Celard, M., Vandenesch, F, Beaune, ]., Bozio, A., de Gevigney, G.,
2005. Propionibacterium acnes infective endocarditis. Study of 11 cases and re-
view of literature. Arch. Mal. Coeur Vaiss. 98, 1212-1218.

Del Pozo, ].L., Tran, N.V., Petty, PM., Johnson, C.H., Walsh, M.E, Bite, U., Clay, R.P,
Mandrekar, J.N., Piper, K.E., Steckelberg, ].M., Patel, R., 2009. Pilot study of asso-
ciation of bacteria on breast implants with capsular contracture. ]. Clin. Micro-
biol. 47, 1333-1337.

Dumont-Wallon, G., Moyse, D., Blouin, E., Dréno, B., 2010. Bacterial resistance in
French acne patients. Int. J. Dermatol. 49, 283-288.

Fiorini-Puybaret, C., 2011. Pharmacological properties of Myrtacine® and its poten-
tial value in acne treatment. Planta Med. 74, 1582-1589.

Fu, S., Sun, C, Tao, X., Ren, Y., 2012. Anti-inflammatory effects of active constituents
extracted from Chinese medicinal herbs against Propionibacterium acnes. Nat.
Prod. Res. 26, 1746-1749.

Furustrand Tafin, U, Aubin, G.G., Eich, G., Trampuz, A., Corvec, S., 2015. Occur-
rence and new mutations involved in rifampicin-resistant Propionibacterium ac-
nes strains isolated from biofilm or device-related infections. Anaerobe 18, 116-
119.

Furustrand Tafin, U., Corvec, S., Betrisey, B., Zimmerli, W., Trampuz, A., 2012. Role of
rifampicin against Propionibacterium acnes biofilm in vitro and in experimental
foreign-body infection model. Antimicrob. Agents Chemother. 56, 1885-1891.

Gertsch, J., 2011. Botanical drugs, synergy, and network pharmacology: forth and
back to intelligent mixtures. Planta Med. 77, 1086-1098.

Grice, E.A,, Segre, J.A., 2011. The skin microbiome. Nat. Rev. Microbiol. 9, 244-253.

Hoeffler, U.,, Ko, H.L.,, Pulverer, G., 1976. Antimicrobial susceptibility of Propionibac-
terium acnes and related microbial species. Antimicrob. Agents Chemother. 10,
387-394.

Holmberg, A., Lood, R., Morgelin, M. Soderquist, B., Holst, E., Collin, M.,
Christensson, B., Rasmussen, M., 2009. Biofilm formation by Propionibacterium
acnes is a characteristic of invasive isolates. Clin. Microbiol. Infect. 15, 787-795.

Jahns, A.C., Alexeyev, O.A., 2014. Three dimensional distribution of Propionibacterium
acnes biofilms in human skin. Exp. Dermatol 23, 687-689.

Jahns, A.C,, Lundskog, B., Ganceviciene, R., Palmer, R.H., Golovleva, 1., Zouboulis, C.C.,
McDowell, A., Patrick, S., Alexeyev, O.A., 2012. An increased incidence of Pro-
pionibacterium acnes biofilms in acne vulgaris: a case-control study. Br. J.
Dermatol. 167, 50-58.

James, K.A., Burkhart, C.N., Morrell, D.S., 2009. Emerging drugs for acne. Expert
Opin. Emerg. Drugs 14, 649-659.

Khalilzadeh, P, Lajoie, B., El Hage, S., Furiga, A., Baziard, G., Bergé, M., Roques, C.,
2010. Growth inhibition of adherent Pseudomonas aeruginosa by N-butanoyl-L-
homoserine lactone analog. Can. J. Microbiol. 56, 317-325.

Levy, O., lyer, S., Atoun, E., Peter, N., Hous, N., Cash, D., Musa, E, Narvani, A.A., 2013.
Propionibacterium acnes: an underestimated etiology in the pathogenesis of os-
teoarthritis? J. Shoulder Elbow Surg. 22, 505-511.

Li, Z]., Choi, D.K, Sohn, K.C., Seo, M.S., Lee, H.E,, Lee, Y., Seo, YJ., Lee, Y.H., Shi, G.,
Zouboulis, C.C., Kim, C.D., Lee, J.H., Im, M., 2014. Propionibacterium acnes acti-
vates the NLRP3 inflammasome in human sebocytes. J. Invest. Dermatol. 134,
2747-2756.

Niyomkam, P, Kaewbumrung, S., Kaewnpparat, S., Panichayupakaranant, P., 2010.
Antibacterial activity of Thai herbal extracts on acne involved microorganism.
Pharm. Biol. 48, 375-380.

Ozolins, M., Eady, E.A., Avery, AJ., Cunliffe, WJ., Po, A.L, O'Neill, C., Simpson, N.B.,
Walters, C.E., Carnegie, E. Lewis, ].B.,, Dada, J., Haynes, M. Williams, K,
Williams, H.C., 2004. Comparison of five antimicrobial regimens for treatment
of mild to moderate inflammatory facial acne vulgaris in the community: ran-
domized controlled trial. Lancet 364, 2188-2195.

Piper, K.E., Jacobson, MJ., Cofield, R.H., Sperling, J.W., Sanchez-Sotelo, J., Osmon, D.R.,
McDowell, A., Patrick, S., Steckelberg, ].M., Mandrekar, J.N., Fernandez Sampe-
dro, M., Patel, R., 2009. Microbiologic diagnosis of prosthetic shoulder infection
by use of implant sonication. ]. Clin. Microbiol. 47, 1878-1884.

Portillo, M.E., Corvec, S., Borens, O., Trampuz, A., 2013. Propionibacterium acnes: an
underestimated pathogen in implant-associated infections. Biomed. Res. Int. Ar-
ticle ID 804391.

Radulovic, N.S., Blagojevic, P.D., Stojanovic-Radic, Z.Z., Stojanovic, N.M., 2013. An-
timicrobial plant metabolites: structural diversity and mechanism of action.
Curr. Med. Chem. 20, 932-952.

Rossi, A., Di Paola, R., Mazzon, E., Genovese, T., Caminiti, R., Bramanti, P,, Pergola, C.,
Koeberle, A., Werz, O., Sautebin, L., Cuzzocrea, S., 2009. Myrtucommulone from
Myrtus communis exhibits potent anti-inflammatory effectiveness in vivo. J.
Pharmacol. Exp. Ther. 329, 76-86.

Samrakandi, M.M., Roques, C., Michel, G., 1997. Influence of trophic conditions on
exopolysaccharide production: bacterial biofilm susceptibility to chlorine and
monochloramine. Can. ]. Microbiol. 43, 751-758.

Sharma, R, Kishore, N. Hussein, A. Lall, N, 2013. Antibacterial and anti-
inflammatory effects of Syzygium jambos L. (Alston) and isolated compounds on
acne vulgaris. BMC Complement. Altern. Med. 13, 292-301.





