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Abstract

Background: During the last decades, the number of people suffering from dermatophytoses has seriously
increased, mainly due to the development of resistant strains of microorganisms to a range of formally efficient
antibiotics. Polyscias fulva, a medium size tree which grows in the West Region of Cameroon is traditionally used for
local application against dermatoses and orally against venereal infections. The dichloromethane-methanol (1:1 v/v)
extract from the stem bark of Polyscias fulva was evaluated for its in vitro and in vivo antifungal activities.

Methods: The plant extract was prepared by maceration of its stem bark powder in CH,Cl,-MeOH (1:1 v/v). The
extract obtained was successively partitioned in hexane, ethyl acetate and n-butanol. Phytochemical screening was
performed using standard methods. /n vitro antidermatophytic activity was assayed by the well diffusion and broth
microdilution methods. The degree of dermal irritation of the crude extract was determined in guinea pigs using
the occluded dermal irritation test method. The in vivo antidermatophytic activity of the extract-oil formulation
(1.25, 2.5 and 5% w/w concentrations) was evaluated using Trichophyton mentagrophytes-induced dermatophytosis
in a guinea pigs model.

Results: Phytochemical screening indicated that, the crude extract, ethyl acetate, n-butanol and residue fractions contain
in general saponins, tannins, alkaloids, anthraquinones and phenols while the hexane fraction contains only alkaloids. The
ethyl-acetate, n-butanol and residue fractions displayed higher antifungal activities (MIC = 0.125-0.5 mg.mL™") against
eight dermatophytes as compared to the crude extract (MIC = 0.5-1 mg.mL™). This latter appeared to have slight
perceptible erythema effects on guinea pigs as the primary irritation index (Pll) was calculated to be 0.54. In vivo, the
antidermatophytic activities of the extract-oil formulations were dose-dependent. Griseofulvin-oil 5% at 0.01 g/kg and
formulated extract-oil (5%) at 0.1 g/kg eradicated the microbial infection after thirteen and fourteen days of daily
treatment respectively.

Conclusions: The results of preclinical in vitro and in vivo evaluations indicate that the extract-oil formulation at 5%
may constitute an alternative means to alleviate fungal infections caused by dermatophytes.
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Background

Dermatophytic infections, often referred to as ringworm
and tinea are known to cause universal affliction of hu-
mans and their domestic animals. Dermatophytes colonize
the skin, nails, and hair of human populations together
with similar infections on animal hides, hooves, feathers,
beaks, and other dermal appendages [1]. Dermatophytes
thus affect keratinous tissues of humans and other verte-
brates, causing superficial infections. These microorga-
nisms belong to three genera: Trichophyton, Microsporum
and Epidermophyton [1]. Dermatophytoses generally com-
ply with topical antifungal therapy, although local therapy
may be inappropriate for extensive infections or for infec-
tions affecting the nails or scalp. In recent years, a number
of antifungal agents have been introduced into clinical
practice including griseofulvin, terbinafine, itraconazole,
fluconazole, and more recently voriconazole [1,2]. How-
ever, their spectrum of action is narrow and also many of
them have adverse side effects [3,4]. The treatment of
these infections is often long and expensive, and there
have been increasing reports of antifungal resistance [5].
Thus, there is a need for the search for new sources
of antidermatophytic substances. Herbal medicines have
been widely used and form an integral part of primary
health care in many countries [6], and may constitute a
reservoir of new antifungal substances. According to
World Health Oganisation, medicinal plants would be the
best source of a variety of drugs [7]. About 80% of the
total population in developing countries relies on trad-
itional medicines based on plant products [8]. Unfortu-
nately, their traditional use remains empirical, doses and
durations of treatment for example are not clearly defined.
There is therefore need for chemical and pharmacological
studies that may help to achieve the standardization of
such treatment. This explains why numerous studies have
been conducted on various medicinal plant extracts with
the hope of discovering new and more efficient antifungal
compounds.

Among these plants is Polyscias fulva, a medium size
tree which grows in the tropical forests of West and
Central Africa, and is traditionally used to treat malaria
and mental illness [9]. In Cameroon, a decoction of the
stem bark of Polyscias fulva bark is traditionally taken or-
ally against venereal infections [10]. Furthermore, its stems
and leaves are pounded and used for local application
against dermatoses. Phytochemical analyses revealed the
presence of triterpenes glycosides [11] and others com-
pounds like Lichexantone, 3-o-B-D-glucopyranosyl-stig-
masterol, 3-a-L-arabino-pyranosyl-hederagenin (cauloside
A), a-hederin and kalopanax-saponin B [12] from the
aerial part of the plant. Based on traditional uses of this
plant, we believe that the extract could possess anti-
dermatophytic proprieties and an oil-extract formulation
may be effective in the treatment of dermatophytic
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infection. Several similar studies have been conducted and
showed the relative effectiveness of such preparations. For
example, we can mention the work on the essential oil of
Chenopodium ambrosioides [13], Zataria multiflora [14]
and Eucalyptus camaldulensis [15]. The main difficulty of
such a study is the induction of dermatophytosis in a sui-
table animal model.

To the best of our knowledge, no work exists on the
antidermatophytic activity of this plant. Thus, the present
study was undertaken to evaluate the in vitro and in vivo
antifungal activities of the dichloromethane-methanol
(1:1v/v) extract from the stem bark of Polyscias fulva.

Methods

Plant material

The stem bark of Polyscias fulva (Hiern) was collected
in April 2008 at Bazou (Nde Division, West Region,
Cameroon). Botanical identification was done at the
Cameroon National Herbarium in Yaoundé by Mr
Tadjouteu Fulber and where a voucher specimen was
kept under the reference number 43546/HNC.

Microorganisms

Tests were performed on eight dermatophytes: four
clinical isolates including Microsporum audouinii from
the “Centre Pasteur” of Yaoundé, Trichophyton rubrum
from the “Centre Pasteur” of Paris, Trichophyton ajelloi
and Trichophyton equinum from “Ecole Nationale
Vétérinaire d’Aford” in France; four strains including
Trichophyton mentagrophytes (E 1425), Trichophyton
terrestre (E 1501), Trichophyton Microsporum gypseum
(E 1420) and Epidermophyton floccosum (E 1423), all
from “Ecole Nationale Vétérinaire d’Aford” in France.
The strains have been maintained in the refrigerator at
4°C on agar slant as previously described [16].

Animals

The dermal irritation test and the in vivo Anti-
dermatophytic activity of the crude extract were per-
formed using adult guinea pigs of both sexes (400 +
50 g) bred in the Animal House of the Department of
Biochemistry, University of Dschang, Cameroon. The
animals were fed with standard guinea pig feed and
water ad libitum throughout the experimental period.
Animals were exposed to natural room temperature
(22+2°C) and were handled according to standard pro-
tocols for the use of laboratory animals [17,18]. Ani-
mals were randomly selected and caged individually or
in a group, depending on the type of assay, for 5 days
prior to the start of the test for acclimatization to the
test conditions. They were also randomly assigned to
control and test groups.
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Preparation of plant extract and fractionnation

The stem barks of P. fulva were dried at room tem-
perature (20-24°C) for fifteen days and powdered to
coarse particles. Four kilograms of powder were macer-
ated in 10 L of the dichloromethane-methanol (Merck)
(1:1 v/v) mixture for two days with frequent stirring and
this process was repeated twice on the residue. After fil-
tration, using Wathmann filter paper N° 1, the filtrate
was evaporated to dryness under vacuum at 45°C using
a rotary evaporator (Biichi R200). The obtained crude
extract (263 g) obtained was then partitioned succes-
sively in hexane, ethyl acetate and n-butanol to obtain
the hexane (27.25 g), ethyl acetate (23.77 g), n-butanol
(16 g) and residue (195.98 g) fractions after solvent evap-
oration. The percentages of crude extract and fractions
are reported with respect to the plant material and crude
extract respectively. The number of compounds in the
crude extract and fractions were estimated based on
their thin-layer chromatography (TLC) profiles. Mix-
tures of ethyl acetate-methanol were used as elution as
follow: 8:2 for the crude extract and ethyl acetate frac-
tion; 10:1 for hexane fraction, 9:3 for n-butanol fraction
and 6:4 for the residue fraction. Spots and bands were
visualized by UV radiation (254 and 366 nm) and by
spraying with 50% (v/v) sulphuric acid reagent followed
by heating at 100°C.

Phytochemical screening

The phytochemical analysis of the crude extract and its
fractions were carried out using standard methods [19].
The plant material was screened for the presence of dif-
ferent classes of compounds including alkaloids, flavo-
noids, sterols, triterpenes, coumarins, anthraquinones,
tannins, anthocyanins, saponins and phenols.

In vitro Antidermatophytic activity

Preparation of dermatophyte inocula

The spore suspensions used for the inoculation were pre-
pared from a 15 days old cultures on Sabouraud Dextrose
Agar (Conda, Madrid, Spain) culture medium. The cul-
ture surfaces were gently scraped and placed in test
tubes containing 10 mL of sterile saline; then homoge-
nized by end-to-end mixing for 5 minutes and filtered.
The absorbances of the spore suspensions (filtrates)
were read at 530 nm and adjusted with sterile distilled
water between 0.15 and 0.17 to match 0.6 x 10° -1.4 x
10° CFU.mL™" [20].

Antidermatophytic activity using the well diffusion method

The well diffusion test was carried out as previously
described [21]. Briefly, stock solutions of the extracts
(crude extract and fractions) were prepared in 5% v/v
aqueous dimethyl sulphoxide (DMSO, Fisher Chemicals)
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at a concentration of 100 mg.mL™. Glass bottles, each
containing 19.8 mL of sterile, matten Sabouraud Dextrose
Agar medium were maintained in a water bath set at
40°C (to prevent solidification of the medium) and then
inoculated aseptically with 0.2 mL of a given spore sus-
pension followed by thorough mixing. Each 20 mL mix-
ture was poured into a sterile Petri dishe (90 mm of
diameter) and allowed to solidify. A wells of 6 mm in
diameter was then made in the middle of SDA plate and
filled with 50 pl of an extracts prepared at 50 mg.mL™.
The inoculated plates were then incubated at 30°C for
five days. The susceptibility was recorded by measuring
the diameter of the clear zone of growth inhibition on
the agar surface around each well. All the experiments
were repeated thrice: Griseofulvin (Merck, Darmstadt,
Germany) at 10 pg/well was used as positive control
while the dilution solution (5% (v/v) aqueous DMSO)
served as negative control.

Antidermatophytic activity using broth microdilution
method

The broth microdilution method [22] was used to deter-
mine the minimum inhibitory concentration (MIC) and
minimum fungicidal concentration (MFC) of the tested
substances using 96 well microplates (Nunclon, Roskilde,
Danmark). Two-fold serial dilutions of the extract
(Concentration range: 8-0.0625 mgmL™), fractions
(Concentration range: 1-0.0078 mg.mL™") and reference
drug (Concentration range: 0.1-0.00078 mg.mL™) were
performed in Sabouraud Dextrose Broth (SDB) in a total
volume of 200 pL per well. Each well contained 100 pL
of the test substance at a particular concentration, and
100 pL of the fungal spore suspension corresponding to
approximately 10* CFU.mL™". The microwell plates were
covered and incubated at 30°C for five days on a plate
shaker (Flow Laboratory, Germany) at 300 rpm. Fungal
growth in each well was determined by observing and

Table 1 Infection and treatment of guinea pigs

Group Group type Infection Treatment

1 Simple control No No

2 Negative control Yes No

3 Palm kernel oil control ~ Yes 0.1 g/kg of palm kernel oil
(the vehicle)

4 Positive control Yes 0.01 g/kg of griseofulvin-oil
at 5%

5 Test Yes 0.1 g/kg of extract-oil at
1.25% (w/w)

6 Test Yes 0.1 g/kg of extract-oil at
2.5% (w/w)

7 Test Yes 0.1 g/kg of extract-oil at

5% (w/w)
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Table 2 Physical characteristics and phytochemical analysis of crude extract of Polyscias fulva stem bark and its

fractions
Extracts Aspect/colour Yield Number of Positive tests for Negative tests for
(%) spots in TLC
Crude extract Darkish-brown/paste 6.58 9 Saponins, Tannins, Alkaloids, Flavonoid, Triterpen, Sterol,
Anthraquinone and Phenols Anthocyanin and Coumarin.
Hexane fraction Greyish-brown/paste 10.36 6 Alkaloids Flavonoid, Triterpen, Sterol,
Anthocyanin, Coumarin,
Saponins, Tannins,
Anthragquinone and Phenols.
Ethyl acetate fraction Darkish-brown/paste 9.04 7 Saponins, Tannins, Alkaloids, Flavonoid, Triterpen, Sterol,
Anthraguinone and Phenols Anthocyanin and Coumarin.
n-Butanol fraction Brown/paste 6.08 5 Saponins, Tannins, Alkaloids’ Flavonoid, Triterpen, Sterol,
and Phenols Anthocyanin, Coumarin
and Anthraquinone.
Residue fraction Darkish-brown/paste 7452 3 Saponins, Tannins, Flavonoid, Triterpen, Sterol,

Anthragquinone
and Phenols

Anthocyanin, Coumarin
and Alkaloids.

comparing the turbidity of the test wells to that of the
positive and negative controls. The MIC was the lowest
concentration of the test substance that prevented visible
growth of the microorganisms.

The minimum fungicidal concentration (MFC) va-
lues were determined by subculturing 50 pL aliquots
of the preparations, which did not show any visible
growth of the micro-organisms during MIC determi-
nations. These preparations were further incubated at
30°C for five days on the plate shaker at 300 rpm. Mi-
crobial growth in each well was determined by obser-
ving and comparing the turbidity of test wells to that
of the positive and negative controls. The MFC was
the lowest concentration of the test substances that
prevented visible growth of the microorganisms in the
sub-cultures. For every experiment, sterility controls
(5% v/v aqueous DMSO, medium, inocula and gri-
seofulvin) were included. All the experiments were
performed in triplicates.

In vivo study

Ethical statement

All studies involving animals were conducted according to
the ethical guidelines of the Committee for Control and
Supervision of Experiments on Animals (Registration no.
173/CPCSEA, dated 28 January, 2000), Government of
India, on the use of animals for scientific research.

Skin irritation test

The degree of dermal irritation of the dichloromethane-
methanol (1:1v/v) extract from the stem bark of Polyscias
fulva was determined in guinea pigs using the occluded
dermal irritation test method [23]. Twelve guinea pigs (six
males and six females) were used and each animal served
as its own control. They were divided into two groups
(group 1 and group 2) of six animals each (3 males and 3
females) and treated with water-moistened extract and
oil-moistened extract respectively. On day 0, fur was

Table 3 Diameter of the inhibition zones (mm) of CH,Cl,-MeOH (1:1v/v) crude extract and fractions of the stem bark of

Polyscias fulva

Microorganisms

Diameter of inhibition zones + Standard deviation (mm)

Crude extract Hexane fraction

Ethyl acetate fraction

n-butanol fraction Residue fraction Griseofulvin (10 ug)

T. mentagrophytes 280 + 0.5° 0,0 + 00° 29.0 £0.5°
T. ajelloi 280 + 04° 70+03° 285+0.5°
T. rubrum 240 + 04° 00 +00° 24.5+05°
T. equinum 254 + 04° 00 +0.0° 254+04°
T. terrestre 25.0 £ 0.5° 00 +00° 22.0 £0.3°
E. flocosum 215+05° 200 + 05° 230 +05°
M. gypseum 203 + 03P 0.0 + 0.0° 20.240.2°
M. audouinii 281+03° 00 £ 00° 290 +05°

29.0 +0.5° 28.1 +0.2° 34.75+0.259
28.5+05° 280+ 02° 30.5405¢
24.4+0.2° 230 +04° 30+0.5¢
250 +0.5° 245405 27.5+0.5¢
210 +03° 22,0 +0.5° 35.83+0.28°
23.0 +0.5° 220 +0.5° 35+0.5¢
210 +03° 210 +05° 34.7+0.20¢
29.1 £0.2° 28.1+0.3° 34.75+0.259

The results are the mean values of triplicate tests. Across the line, values affected by the same letter superscript are not significantly different

(test of Waller-Duncan (p > 0.05).
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Table 4 Minimum Inhibitory Concentration (MIC in mg.mL™) and Minimum Fungicidal Concentration (MFC in mg.mL™")
of CH,Cl,-MeOH (1:1v/v) extract and fractions of the stem bark of Polyscias fulva

Microorganisms

Crude extract

Hexane fraction Ethyl acetate fraction n-butanol fraction Residue fraction

Griseofulvin (10 pg)

MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC
T. mentagrophytes  0.25 0.25 4 4 0.125 0.125 0.125 0.125 0.125 0.125 0.00078 0.00078
T. gjelloi 0.25 0.25 2 2 0.25 0.5 0.125 0.125 0.125 05 0.0003 0.0003
T. rubrum 0.5 0.5 8 8 0.25 0.25 0.25 0.25 0.5 05 0.0003 0.0003
T. equinum 0.5 0.5 4 8 0.5 0.5 0.25 0.25 0.25 0.25 0.0003 0.0003
T. terrestre 1 1 8 ’8 0.5 0.5 0.25 0.25 0.25 0.25 0.05 0.1
E. flocosum 1 1 1 1 0.125 0.25 0.25 0.5 0.25 05 0.0003 0.0003
M. gypseum 1 1 8 »8 0.5 0.5 0.25 0.25 0.125 0.25 0.0015 0.0015
M. audouinii 0.5 0.5 4 8 0.125 0.25 0.25 0.25 0.125 05 0.00078 0.00078
a 4.5
4
3.5
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Figure 1 Evolution of lesion scores during treatment of infected guinea pigs: females (1a) and males (1b). G: Griseofulvin-oil; KPOC: Palm
Kernel oil control; NC: Negative control; SC: Simple control (Non infected or non treated).
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shaved from the back of each animal, about 6 cm” on both
sides. The left side served as a negative control, while the
right one served as a test site. The guinea pigs were caged
individually for 24 h. On day 1, the extract (0.5 g) moist-
ened with distilled water was evenly applied to the test
sites of group 1 animals and the skin was covered with a
gauze patch, plastic sheet and a non-irritant adhesive plas-
ter. The control sites were treated with distilled water and
covered as above. The animals of group 2 were treated
with oil-moistened extract in the same manner as above.
Palm kernel oil was used and also served as the negative
control for the group 2 experiment.

After 24 h of exposure, the coverings were removed
and the test site rinsed with distilled water and dried.
The animals were examined for the presence of ery-
thema and edema according to the Draize dermal irrita-
tion scoring system (0, no erythema or no edema; 1,
barely perceptible erythema or edema; 2, well defined
erythema or slight edema; 3, moderate to severe ery-
thema or moderate edema; 4, severe erythema or edema)
at grading intervals of 1, 24, 48 and 72 h [24].

The primary irritation index (PII) was calculated by
dividing the sum of erythema and edema scores of the
grading intervals by the number of grading intervals (4).
The extract was then classified according to the Draize
method of classification using the PII scoring method as
mildly irritant (PII< 2), moderately irritant (2 <PII< 5),
and severely irritant (PII>5).

In vivo antidermatophytic activity

This experiment was carried out using the crude extract.
The fungal inoculum was prepared as described above in
the section on in vitro antidermatophytic activity.
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Dermal infection of animals

Both male and female guinea pigs (350-450 g) were used.
The fur from the back of each guinea pig was shaved
(approximately 16 cm?) and 50 uL of a suspension of T.
Mentagrophytes spores was inoculated to a surface of
about 4 cm® area (previously lightly abraded with sand-
paper) within the shaved zone [20,25]. Animals were
randomly assigned to different treatment groups. For
each sex, there were seven groups of three animals each.
Evidence of infection was revealed by direct observation
of the infected area, followed by agar culture of scrap-
ings from the area, and microscopic observation of the
resulting fungi from the scrapings.

Treatment of infected animals

Animals were treated by dermal application of the test
substance which started on the sixth day after animal in-
fection and was continued daily (each morning). All ani-
mals except those of group 1 were infected and treated
(Table 1).

Clinical surveillance of treatment
Clinical response was monitored by assigning a score be-
tween 0 and 4 to each infection site: 1 (for flakinsg skin
with mild inflammation); 2 (for slight lesions with mod-
erate inflammation); 3 (for moderate lesions with severe
inflammation) and 4 (for severe inflammation plus crust
formation). The results were expressed as the percentage
reduction in mean lesion score at the time when
placebo-treated (group 3) animals showed maximal se-
verity (lesion score 4) [26].

The degree to which the animals complied with
treatment was estimated by culturing skin scrapings

Animals after fifteen days of treatment

7: Infected animal treated with 0.1 g/kg of extract-oil at 5%.

Figure 2 Comparative illustration of the evolution of the infection during treatment of infected guinea pigs with P. fulva extract-oil.
1: Uninfected animal. 2: Infected untreated animal. 3: Infected animal treated with 0.1 g/kg of palm Kemel oil. 4: Infected animal treated with 0.01 g/kg
of griseofulvin-oil at 5%. 5: Infected animal treated with 0.1 g/kg of extract-oil at 1.25%. 6: Infected animal treated with 0.1 g/kg of extract-oil at 2.5%.

Animals after nineteen days of treatment
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and fur on Sabouraud Dextrose Agar supplemented
with actidione (Conda), for recovery of viable T.
Mentagrophytes cells. These scrapings and fur were
collected from the active border of the infection site
every two days [27]. The cultures were incubated for
15 days at 28°C. The results were recorded in terms of
percentage culture recovery of T. Mentagrophytes of
the infected site [14].

Total number of sites showing
presence of dermatophytes
Total number of infection sites

% Culture recovery = x 100

Statistical analysis
Data on irritation are presented as visual scores based
on Draize method of erythema and edema-grading
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system and PII was calculated, whereas the inhibition di-
ameters of crude extract and fractions were expressed as
the mean * standard deviation. The Waller-Duncan test
was used to compare the means for the different sub-
stances tested, at 5% significance level.

Results

Phytochemical screening of extract and fractions

The phytochemical screening revealed that all the classes
of compounds (saponins, tannins, alkaloids, anthraquin-
one and phenols) present in the crude extract were
found in the ethyl acetate fraction (Table 2). The hexane
fraction had only alkaloids. The n-butanol and residue
fractions had almost the same composition except that
anthraquinones were present in n-butanol fraction, while
alkaloids were in the residual fraction.

a
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Percent culture recovery (%)
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-t
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-+
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-+

J6

-t

18 110 n2 n4a
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Figure 3 Evolution of the percent culture recovery during treatment of infected guinea pigs: females (3a) and males (3b).
G: Griseofulvin-oil; KPOC: Palm Kernel oil control; NC: Negative control; SC: Simple control (Non infected or non treated).
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In vitro antidermatophytic assay f
As revealed by the well diffusion method, the n-hexane
fraction was almost inactive on all the tested microor-
ganisms except E. floccosum. All the microorganisms
appeared to be sensitive to the active substances with 7.
mentagrophytes, T. ajelloi and M. audouinii being the
most sensitive (Table 3). Fractionation did not signifi-
cantly increase antidermatophytic activities. These re-
sults were globally confirmed by the microdilution
method for determination of MIC and MFC (Table 4),
although on some species, fractions were more active.
The MFC/MIC ratios were less than or equal to 2,
indicating a possible fungicidal effect of the extract and
its fractions.

In vivo Antidermatophytic assay

Only infected animals were used in this assay. Up to the
sixth day of treatment, lesions increased continuously in
all the groups. From the 8™ day, the intensity of lesions
started dropping in the treated groups in a dose-
dependent manner (Figures 1 and 2). The Griseofulvin-
oil (5%) and extract-oil (5%) mixtures had comparable
effects, eradicating surface lesions after 13 and 14 days
of treatment respectively. However, the other doses
gradually overcome the infection from the 17" day
of treatment. Simultaneously, lesions continued to
increase in the untreated groups (negative control
and the vehicle-treated group), indicating the non-
therapeutic effect of the vehicle. These results corrob-
orate the percentage culture recovery experiment as
there were no more fungal cells at the infection sites
from the 14, 15, 17 and 19™ days of treatment for
griseofulvin-oil (5%), extract-oil at 5%, 2,5% and 1,25%
respectively (Figure 3).

Figure 4 lllustration of the irritant effect of Polyscias fulva
extract moistened with distilled water.

Skin irritation test 1,2+
Group 1 animals did not show observable edema while
barely perceptible erythema effects (PII = 0.54) were evi-
dent in guinea pigs of this group (Figure 4). Neither vis-
ible erythema nor edema were observed in the guinea
pigs of group 2 (PII = 0.00). These results indicate that
the use of palm kernel oil as a vehicle is preferable to
water. The time course of recovery from irritation is
depicted in Figure 5. Scores of erythema following 1 and

y =-0,0148x+ 1,0761
1% R?2=0,973

Visual erythema score (n=6)
=)
o
1

2 h after the opening of the patch were similar in intensity. o4

However, the erythema score had sharply decreased and 0,2

came to zero at the 72 h reading in group 1 (Figure 5).

There was no erythema or edema observed on the control 0 : : :

sites of all guinea pigs. 0 20 40 60 80
Time elapsed (h)

Discussion Figure 5 Degree of irritation and it trends of change since

Antidermatophytic activity opening of the patch 24 h after dermal application of 0.5 g of

dichloromethane-methanol (1:1v/v) extract from the stem bark

. which i
Dermatophytes are closely related fungi which induce of Polyscias fulva.

dermatophytosis. Treatment with topical fungicidal
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allylamines is more efficient than with fungistatic azoles
[28]. Although not life threatening, dermatophytosis are
difficult to eradicate, particularly in low income coun-
tries, due to the non-accessibility to efficient drugs and
ignorance. In these countries, these diseases are mostly
treated using medicinal plants. Herbal medicines have
been important sources of bioactive substances belong-
ing to diverse chemical groups [29]. The phytochemical
screening of the crude extract of P. fulva and its frac-
tions revealed the presence of saponins, tannins, alka-
loids, anthraquinone and phenols that can explain their
antidermatophytic activities. Individual activities of these
compounds have been demonstrated [29]. Also, from
our previous work, the antidermatophytic activities of
triterpenes [30], essential oil of Ageratum houstonianum
[31] and the volatile fraction of Cupressus lusitanica,
constituted of monoterpens, sesquiterpens and triterpens
[32], were reported. The n-hexane fraction was almost
inactive, indicating that the active principle may not be-
long to the family of alkaloid.

Trichophytosis induced in guinea pigs is a well-
established predictive model for testing topical antifun-
gal agents [25]. This model was used in this study and
permitted to show that the crude extract of P. fulva
possesses in vivo antifungal activity against a virulent
strain of T. mentagrophytes. Irrespective of sex, the
extract-oil formulation at 5% was able to cure infected
animals after fourteen days of treatment while griseo-
fulvin produced the same effect after thirteen days.
These results show that, this formulation can be used
as a substitute or an alternative to the use of griseo-
fulvin to cure dermatophytosis. It can therefore be a po-
tent candidate for the elaboration of a phytomedicine.
Similar results have been reported on the antidermato-
phytic action of a 1% oil-petroleum gelly formula-
tion of the essential oil of Chenopodium ambroisoides
which cured Trichophyton mentagrophytes-induced
dermatophytosis in guinea pigs in 15 days [13]. Also
similar effects have been reported on the extract-cream
formulation of Zataria multiflora [14] and Eucalyptus
camaldulensis [15].

In dermatophytic infections as observed in this study,
inflammatory responses are usually characterized by a
greater degree of redness and scaling at the edges of
the lesions, or occasionally, blister formations [28]. This
is often accompanied by mild irritation though, could
be more severe with some types of fungal infection.
During inflammation, reactive oxygen species and free
radicals with many physiological and pharmacological
adverse effects, including skin irritation are produced
[33]. The phenols and tannins, identified in the P. fulva
extract, are known for their ability to protect cells
against reactive oxygen species and free radical-induced
toxicity [34].

Page 9 of 10

Skin irritation test

The irritation test revealed a negligible irritant effect of
the extract at a high dose (0.5 g) on guinea pig’s skin.
The low level of erythema observed quickly decreased
after the opening of the occlusion. This can be attributed
to the occlusion effect of the extract; a phenomenon
known to boost phase I or the vascular event of an in-
flammatory response [35]. Occurrence of phase II or the
cellular event of the inflammatory process was not
evident in our study since there were no observable
changes in the skin morphology of the guinea pigs. This
confirms the assertion that the extract would have only
a negligible irritation potential [36,37]. Similar results
have been reported on the skin irritation test of an 80%
methanol extract of the leaf of Dodonaea viscose in rab-
bits where the primary irritation index was 0.45 [35].
The fact that neither erythema nor edema persisted in
the guinea pigs could lend support to the fact that this
plant extract is safe at the indicated dose. Also the
absence of these clinical signs in the palm kernel oil-
treated group suggests that use of this oil as a vehicle for
administering this extract, is safe.

Conclusion

This study demonstrates that the crude dichloromethane-
methanol (1:1 v/v) extract from the stem bark of Polyscias
fulva possesses antidermatophytic properties without irri-
tation effects. These results may justify the use of Polyscias
fulva in the traditional medicine to cure dermatoses.
Besides, palm kernel oil has been demonstrated to be a
good vehicle. The oil-extract of Polyscias fulva may be a
possible candidate for the standardization of an anti-
dermatophytic phytomedicine or for the isolation of phar-
macologically active antifungal agents.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

GSSN is the field investigator and have drafted the manuscript. DG
supervised the work and contributed to drafting the manuscript. JRK
designed the study, supervised the work and finalized the manuscript. RSM
contributed to the phytochemical studies. PKL contributed to the field work
and corrected the language of the manuscript. All authors read and
approved the final manuscript.

Acknowledgments

We wish to express our gratitude to the Medical Microbiology laboratory,
Pasteur Centre, Yaoundé, Cameroon, and to the “Ecole Nationale Vétérinaire
d'Aford” in France, for their kind co-operation and technical assistance
during the research.

Author details

"Laboratory of Microbiology and Antimicrobial Substances, Faculty of
Science, University of Dschang, P.O. Box 67, Dschang, Cameroon. ?Institute of
Fisheries and aquatic sciences, University of Douala-Cameroon, PO box 2701,
Douala, Cameroon. *Laboratory of Phytobiochemistry and Medicinal Plants
Study, Faculty of Science, University of Yaoundé 1, P.O. Box 812, Yaoundé,
Cameroon.



Njateng et al. BMC Complementary and Alternative Medicine 2013, 13:95
http://www.biomedcentral.com/1472-6882/13/95

Received: 15 June 2012 Accepted: 29 April 2013
Published: 6 May 2013

References

1.

2.

20.

21.

22.

23.

24.

25.

Weitzman |, Summerbell RC: The Dermatophytes. Clin Microbiol Rev 1995,
8:240-259.

Ananth BD, Maheswara U, Reddy C: Antimicrobial activity of Methanol
Extract of Oxystelma esculentum. J Pharm Sci Technol 2010, 2:119-123.
Lorougnon F, Heron P, Therizol M, Kanga J, Djeha D, Yoboue P, Boussou D:
Efficacité clinique de la naftifine dans le traitement des
dermatomycoses. Médecine dAfrique noire 1991, 38:707-714.

Sorberon JR, Sgariglia MA, Sampietro DA, Quiroga EN, Vattuone MA:
Antibacterial activity of plant extracts from North-western Argentina.

J Appl Microbiol 2007, 102:1450-1461.

Ghannoum AM, Rice BL: Antifungal agent: mode of action, mechanisms
of resistance and correlation of these mechanisms with bacterial
resistance. Clin Microbiol Rev 1999, 12:501-517.

Akiniyemi KO, Oladapo O, Okwara CE, Ibe C, Fasure KA: Screening of crude
extracts of six medicinal plants used in south-west Nigerian unorthodox
medicine for anti-methicillin resistant- Staphylococcus aureus activity.
Complement Alt Med 2005, 5:5-8.

Santos PRV, Oliveira ACX, Tomassini TCB: Controle microbidgico de
produtos fitoterapicos. Rev Farm Bioquim 1995, 31:35-38.

Nascimento GGF, Locatelli J, Freitas PC, Silva GL: Antibacterial activity of
plants extracts and phytochemical on antibiotic-resistant bacteria. Braz J
Microbiol 2000, 31:247-256.

Ndaya TJ, Chifundera K, Kaminsky R, Wright AD, Konig GM: Screening of
African medicinal plants for antimicrobial and enzyme inhibitory activity.
J Ethnopharmacol 2002, 80:25-27.

Focho DA, Ndam WT, Fonge BA: Medicinal plants of Aguambu -
Bamumbu in the Lebialem highlands, southwest province of Cameroon.
Afr J. Pharm Pharmaco 2009, 3:001-013.

Bedir E, Toyang NJ, Khan IA, Walker LA, Clark AM: A new dammarance-type
triterpene glycoside from Polyscias fulva. J Nat Prod 2001, 64:95-99.
Mitaine-Offer AC, Tapondjou LA, Lontsi D, Sondengam BL, Choudhary M,
Atta-Ur-Rahman L-DMA: Constituents isolated from Polyscias fulva.
Biochem syst ecol J 2004, 32:607-610.

Aghel N, Moghimipour E, Ameri A: Characterization of an anti-
dermatophytic cream from Zataria multiflora Boiss. Iran J Pharm Sci 2007,
3:77-84.

Moghimipour E, Ameri A, Saudatzadeh A, Salimi A, Siahpoosh A:
Formulation of an antidermatophytic cream from hydro-alcoholic extract
of Eucalyptus camaldulensis leaves. Jundishapur J Nat Pharm Prod 2009,
4:32-40.

Thirumalai T, David E, Viviyan SV, Therasa EEK: Restorative effect of Eclipta
alba in CCl4 induced hepatotoxicity in male albino rats. Asian Pac J Trop
Med: 2011:304-307.

Salie F, Eagles PFK, Leng HMJ: Preliminary antimicrobial screening of four
South African asteraceae species. J Ethnopharmacol 1996, 52:27-33.
OECD guidelines for testing of chemicals: Repeated dose dermal toxicity:
21/28-day study. OECD guideline for testing chemicals 1981, 410:1-8.

OECD guidelines for testing of chemicals: Acute dermal toxicity. OFCD
quideline for testing chemicals 1987, 402:1-7.

Harbone SB: Baxter H (1996) Phytochemical dictionary. London: A handbook
of bioactive compounds from plants. Taylor Francis; 1996.

Iwata K, Yamashita T, Vehara H: In vitro and in vivo activities of piritetrate
(M.372), a new antidermatophyticthiocarbamate. Antimicrob agents ch
1989, 33:2118-2125.

Rios JL, Recios MC, Willar A: Screening method for natural product with
antimicrobial activity: a review of literature. J Ethnopharmacol 1988,
23:127-149.

Gulluce M, Sokmen M, Dafera D, Aga RG, Ozkan F: In vitro antibacterial,
antifungal and antioxidant activities of herbal parts and callus cultures
of Satureja hortensis L. J Agric Food Chem 2003, 51:3958-3965.

Auletta CS, CRC: From Acute, subchronic toxicology. In Handbook of
toxicology. London: Derelanko and Hollinger; 1995:51-162.

Draize JH: (1959) The appraisal of chemicals in foods, drugs and cosmetics.
The association of food and drugs officials of the United States: Austin
Texas USA; 1959.

Polak A: Experimental models in antifungal chemotherapy. Mycoses 1998,
41:1-30.

Page 10 of 10

26. Wahabe S, Tandon RN, Jacob Z, Chandra B, Srivastava OP: Comparative
in vitro and in vivo effect of lactones and arnabine on Trichophyton
mentagrophytes and Candida albicans. Indian J Med Res 1982, 76:77-82.

27.  Cray SM: Douglas: Mycology for clinical laboratories. Virginia: Reston
publishing company inc; 1979.

28.  Hainer BL: Dermatophyte Infections. Am fam Physician 2003, 67:101-109.

29. Cowan MM: Plant products as antimicrobial agents. Clin Microbiol Rev
1999, 12:564-582.

30. Kuiate JR, Mouokeu S, Wabo HK, Tane P: Antidermatophytic triterpenoids
from Syzygium jambos (L.) Alston (Myrtaceae). Phytother Res 2007,
21:149-152.

31, Njateng GSS, Kuiate JR, Gatsing D, Tamokou JD, Mouokeu S, Kuete V:
Antidermatophytic activity and dermal toxicity of essential oil from the
leaves of Ageratum houstonianum (Asteraceae). J Biol Sci 2010, 10:448-454.

32. Kuiate JR, Bessiere JM, AmvamZollo PH, Kuate SP: Chemical composition
and antidermatophytic properties of volatile fractions of hexanic extract
from leaves of Cupressus lusitanica Mill from Cameroon.

J Ephnopharmacol 2006, 103:160-165.

33, Kishore N, Chansouria JPN, Dubey NK: Antidermatophytic action of the
essential oil of Chenopodium ambrosioides and an ointment prepared
from it. Phytother res 1996, 10:453-455.

34, Zielinska M, Kostrzewa A, Ignatowicz E, Budzianowski J: The flavonoids,
quercetin and isorhamnetin 3-O-acylglucosides diminish neutrophil
oxidative metabolism and lipid peroxidtion. Acta Biochim Pol 2001,
48:183-189.

35, Kefale T, Tsige GM, Kaleab A, Ephrem E: Toxicity studies on dermal
application of plant extract of Dodonaea viscose used in Ethiopian
traditional medicine. Phytotherapy research J 2010, 24:60-69.

36. Derelanko MJ, Hollinger MA: (1995) Handbook of toxicology. Boca Raton,
Florida: CRC press; 1995.

37. Gerberick GF, Vassalo DJ, Bailey RE, Chaney JG, Morrall SW, Lepoittevin JP:
Development of a peptide reactivity assay for screening contact
allergens. Toxicol Sci 2004, 81:332-343.

doi:10.1186/1472-6882-13-95

Cite this article as: Njateng et al.: In vitro and in vivo antidermatophytic
activity of the dichloromethane-methanol (1:1 v/v) extract from the
stem bark of Polyscias fulva Hiern (Araliaceae). BMC Complementary and
Alternative Medicine 2013 13:95.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Plant material
	Microorganisms
	Animals
	Preparation of plant extract and fractionnation
	Phytochemical screening
	In vitro Antidermatophytic activity
	Preparation of dermatophyte inocula
	Antidermatophytic activity using the well diffusion method
	Antidermatophytic activity using broth microdilution method
	In vivo study

	Ethical statement
	Skin irritation test
	In vivo antidermatophytic activity
	Dermal infection of animals
	Treatment of infected animals
	Clinical surveillance of treatment

	Statistical analysis

	Results
	Phytochemical screening of extract and fractions
	In vitro antidermatophytic assay
	In vivo Antidermatophytic assay
	Skin irritation test

	Discussion
	Antidermatophytic activity
	Skin irritation test

	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


