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1. Introduction
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The high incidence of fungal infections has led to the continuous search for new drugs. Extracts of Luehea paniculata, a tree of
multiple medicinal uses, were evaluated for anti-Candida activity, as well as its modulator potential of the Fluconazole antibiotic.
Chemical prospecting of ethanol extracts of leaf and bark was carried out, the quantification of total phenols and flavonoids,
characterized by the HPLC-DAD technique. The rosmarinic acid and the vitexin flavonoid were observed as major constituents in
ELELP and ESWELDP, respectively. Antioxidant activity was also evaluated by the method of scavenging the free radical DPPH, and
quercetin was used as standard, obtaining ICs, values: 0.341 (mg/mL) for ELELP and 0.235 (mg/mL) for ESWELP. The microdilution
assay was performed for antifungal activity against strains of Candida albicans, C. krusei, and C. tropicalis and showed minimum
inhibitory concentrations values >1024 pg/mL. In the modulator action of extracts on Fluconazole against multiresistant clinical
isolates of Candida (subinhibitory concentration minimum of 128 yg/mL), a significant synergism was observed, indicating that
the extracts potentiated the antifungal effect against C. tropicalis, where antioxidant flavonoids could be responsible. This is the first
report about modifying activity of the antibiotic action of a species of the genus Luehea.

they are increasingly common in immunosuppressive dis-
eases, in which these fungi turn into opportunistic pathogens

Northeastern Brazil presents a huge variety of plants, many
of which display biological activities [1]. Essential oils from
Caatinga biome plants as Lippia sidoides and Croton spp.
species have shown antifungal activity against Candida spp.
and Microsporum canis [2, 3].

Opportunistic fungal infections have increased in recent
years, mostly occurring in hospital settings and in immuno-
compromised individuals. Yeasts of the genus Candida
caused the most common, superficial, and invasive infections
[4]. These infections comprise a big problem nowadays, since

potentially responsible for high mortality [5, 6]. The mortality
rate even after drug treatment is high, ranging from 40 to 60%
[7]. The incidence of fungal infections has led to a continuous
search for new drugs, which besides having a biocide effect
would entail no side effects. This is configured as a major
challenge, since fungi are, like humans, eukaryotes and as a
result of the similarity between the cells, many commercial
drugs have caused cytotoxicity in the liver and kidneys of the
host [8].


http://dx.doi.org/10.1155/2015/807670

According to Sorg [9], diseases such as cancer, emphy-
sema, cirrhosis, arthritis, and inflammation, in addition to
the aging process itself, are related to free radicals. Elejalde
Guerra [10] explained that antioxidant therapy and diet
enriched with antioxidants appear to prevent or at least
mitigate the organic deterioration by oxidative stress. It can
be observed that in recent decades there has been growth
of scientific research in this area, involving the effect of
crude extracts, purified fractions, or isolated components,
highlighting phenolic compounds that, in many studies, have
shown this activity [1, 11]. Therefore, antioxidant activity,
which protects the live organism against deterioration, could
play an important role for an antifungal agent.

Malvaceae are a family consisting of herbs, subshrubs,
shrubs, lianas, and small and large trees, with about 250
genera and 4200 species, and in Brazil, there are about 80
genera and 400 species [12]. According to the List of Species
of Flora of Brazil, 69 genera and 754 species are pointed out
[13], distributed in 30 genera and 393 taxa of the Malvaceae
subfamily [14]. The genus Luehea is one of 252 genera of the
Malvaceae family. The leaves of Luehea are marketed as herbal
against dysentery, leucorrhoea, rheumatism, gonorrhea, and
tumors; the infusion of the flowers is used against bronchitis
and the root is depurative [15]. Braga [16] pointed out the
astringency of the barks of L. speciosa Willd. (botanical
synonym of L. divaricata) and also recorded the occurrence
of the species L. candicans Mart. et Zucc. (Luehea uniflora St.
Hil.) and L. paniculata Mart. presenting the same use as the
first named.

In this context, the aim of this work was to investigate
the antifungal effect of ethanol extract from different parts
of Luehea paniculata Mart. & Zucc., a medicinal tree of
multiple effects, individually and in combination with a com-
mercial drug, against clinical isolates of multidrug-resistant
strains of Candida. An evaluation of free radical-scavenging
activity and phytochemical analysis of the extracts were
also performed in order to relate the existence of phenolic
compounds with activities determined in this study.

2. Material and Methods

2.1. Place of Collection of the Plant Material and Obtaining
Extracts. Leaves and sapwood of three specimens of L.
paniculata were collected on November 19, 2012 (dry season),
around 17:30 hours, from the Cerrado located in the center of
Caatinga area, Lavras da Mangabeira city, central Mesoregion
in South of Ceard, Northeastern Brazil.

The area is characterized as a vegetation relic [17],
presenting itself in deep soil on a tabular relief on long
dissected surfaces with penetration of the savannah flora. The
patch of savannah in question is located in hills of 280 to
600 m in height, at the following coordinates: 06°72'2432"'S
and 38°97'7396" W. The botanical material was collected and
deposited in the Prisco Bezerra Herbarium of the Federal
University of Ceard, under number 54641.

The plant material was dried at 60°C, weighed (Table 1),
and subjected to maceration with ethanol PA for seven days.
After this period, filtration and concentration of the extract
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TABLE 1: Dry weight and yield of the crude ethanol extracts of L.
paniculata.

Natural

Solvent Dry matter Crude extract Extract yields
product
ELELP Ethanol 595¢g 61.649¢g 10.36%
ESWELP  Ethanol 195¢g 36.621¢g 18.78%

ELELP: ethanol extract of leaf of L. paniculata; ESWELP: ethanolextract of
sapwood of L. paniculata.

were made distilling all the solvent on a rotary evaporator
under reduced pressure (40 rpm at 60°C) and then in a water
bath at 60°C, obtaining the crude extracts.

2.2. Evaluation of Antioxidant Activity. Using the method
developed by Yepez et al. [18], 0.1 mL of methanol solution
of sample (10 000-1ppm) was added to a test tube contain-
ing 3.9mL of 6.5 10° M of 1,1-diphenyl-2-picryl-hydrazyl
(DPPH) methanol solution. The test was performed in tripli-
cate and the results were considered positive if the absorbance
decreased with time. After 1.0 h, the UV absorbance of the
mixture was measured at 515nm. To calculate the sample
potential for DPPH inhibition in terms of percentage (IP%),
the following equation was used:

ADPPH -A

Sample
IP = P

x 100. )
Apppy

The inhibitory potential (%) was applied in the Origin
7.0 statistic program to calculate the 50% inhibitory con-
centration (ICs,), where Apppy is the absorbance of the
DPPH solution and Ag,,. is the absorbance of the solution
containing the extract at a particular concentration.

2.3. Quantification of Flavonoids and Total Phenols in the
Extracts. The extracts were subjected to determination of
flavonoids according to the methodology proposed by Funari
and Ferro [19]. A stock solution was prepared by adding
to a round bottom flask 1.2 mg of extract and completing
the volume to 10 mL with methanol (70%). 2mL of this
solution was transferred to another 10 mL flask. 1mL of
aluminum chloride (AICl;) chloride 15% was added and the
volume was completed to 10 mL with methanol (70%). The
solution was allowed to stand for 30 minutes and then the
spectrophotometric reading was performed at 425 nm. This
test was performed in triplicate.

Total phenolics content was determined by the spec-
trophotometric method using the Folin-Ciocalteu reagent
and gallic acid as reference standard [20]. Ethanol extracts
(75 mg) were dissolved in methanol and transferred to a
25 mL volumetric flask and final volume was completed with
methanol. An aliquot of 100 uL of the latter solution was
shaken with 500 uL of Folin-Ciocalteu reagent and 6 mL of
distilled water for 1 min; after this time 2 mL of 15% Na,CO,
was added to the mixture and stirred for 30s. Finally, the
solution was settled to 10 mL volume with distilled water.
After 2hours of incubation, the absorbance of the samples
was measured at 750 nm.
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2.4. Chemical, Apparatus, and General Procedures. All chem-
icals were of analytical grade. Methanol, formic acid, gallic
acid, chlorogenic acid, and rosmarinic acid were purchased
from Merck (Darmstadt, Germany). Vitexin, luteolin, and
rutin were acquired from Sigma Chemical Co. (St. Louis, MO,
USA). High performance liquid chromatography (HPLC-
DAD) was performed with a Shimadzu Prominence Auto
Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto, Japan),
equipped with Shimadzu LC-20AT reciprocating pumps con-
nected to a DGU 20A5 degasser with a CBM 20A integrator,
SPD-M20A diode array detector, and LC solution 1.22 SP1
software.

2.5. Quantification of Compounds by HPLC-DAD. Reverse
phase chromatographic analyses were carried out under
gradient conditions using C,g column (4.6 mm x 150 mm)
packed with 5pym diameter particles; the mobile phase was
water containing 1% formic acid (A) and methanol (B), and
the composition gradient was 12% of B until 10 min and
was changed to obtain 20%, 30%, 50%, 60%, 70%, 20%,
and 10% of B at 20, 30, 40, 50, 60, 70, and 80 minutes,
respectively, following the method described by Boligon et al.
[21] with slight modifications. L. paniculata ethanolic extracts
and mobile phase were filtered through 0.45 ym membrane
filter (Millipore) and then degassed by ultrasonic bath prior
to use and the extracts were analyzed at a concentration
of 10mg/mL. The flow rate was 0.8 mL/min and injection
volume was 40 uL and the wavelength was 271 nm for gallic
acid, 327nm for chlorogenic acid and rosmarinic acid,
337 nm for vitexin, and 365 nm for luteolin and rutin. All
the samples and mobile phase were filtered through 0.45 ym
membrane filter (Millipore) and then degassed by ultrasonic
bath prior to use. Stock solutions of standards references
were prepared in the HPLC mobile phase at a concentration
range of 0.025-0.250 mg/mL for luteolin, vitexin, and rutin
and 0.030-0.350 mg/mL for gallic acid, chlorogenic acid,
and rosmarinic acid. Chromatography peaks were confirmed
by comparing their retention time with those of reference
standards and by DAD spectra (200 to 500 nm). Calibration
curve for gallic acid is Y = 12509x + 1354.8 (r = 0.9996);
chlorogenic acid, Y = 11948x + 1256.5 (r = 0.9999); vitexin,
Y = 12647x + 1346.9 (r = 0.9997); rosmarinic acid, Y =
13476x + 1197.6 (r = 0.9999); rutin, Y = 12706x + 1384.5
(r = 0.9999); and luteolin, Y = 11865x + 1259.6 (r = 0.9998).
All chromatography operations were carried out at ambient
temperature and in triplicate.

The limit of detection (LOD) and limit of quantification
(LOQ) were calculated based on the standard deviation of the
responses and the slope using three independent analytical
curves. LOD and LOQ were calculated as 3.3 and 100/S,
respectively, where o is the standard deviation of the response
and S is the slope of the calibration curve [22].

2.6. Antifungal Assay: Preparation of the Initial Solution. The
preparation of the starting solution of the samples was made
by weighing 10 mg of extracts and diluting them in 1mL of
dimethyl sulfoxide (DMSO, Merck, Darmstadt, Germany) to
achieve an initial concentration. From this concentration,

dilution was made in sterile distilled water to achieve a
concentration of 2048 mg/mL (solution test).

2.7. Strains, Drugs, and Culture Media Used. The microor-
ganisms used in sensitivity to natural products testing were
obtained from the Mycology Laboratory (LM) of the Fed-
eral University of Paraiba (UFPB) and the Laboratory of
Microbiology and Molecular Biology (LMBM), the Regional
University of Cariri (URCA). Three standard yeast Candida
albicans (CA 77), Candida krusei (CK 01), and Candida
tropicalis (CT 23) strains were used; besides these, collections
of multiresistant clinical isolates of the three species of fungi
cited were used: CA 40006, CK 40095, and CT 40042. The
Fluconazole antibiotic was used as the reference drug in the
modulation of the commercial drug test.

The yeasts were first grown on solid medium Sabouraud
dextrose agar (SDA) and then transferred to test tubes
containing 5mL of sterile saline. The concentration of the
strains was diluted in 0.9% saline solution until a concen-
tration of 10° UFC/mL was obtained and compared with
the nephelometric McFarland scale [23]. This procedure
provided a standard yeast suspension containing 1 x 10° cells
per mL [24]. In microdilution tests, Sabouraud dextrose broth
(CSD) was the medium used.

2.8. Test Minimum Inhibitory Concentration (MIC). Eppen-
dorf tubes were prepared for distribution in microdilution
plate each containing 1.5mL of solution containing 1350 to
150 uL CSD L of fungal suspension. The plate was completed
by adding 100 pL of this solution to each well (96-well plates)
and then proceeding to serial microdilution with a solution
0f 100 uL of the natural product (extract), varying concentra-
tions 1024-8 mg/mL, with the last well for growth control. The
plates were put inside the incubator for 24 hours at 35°C [25],
and thereafter readings were taken in a spectrophotometric
ELISA (Thermoplate) with a wavelength of 630 nm device.
The MIC was defined as the lowest concentration at which no
growth was observed. All tests were performed in triplicate.

2.9. Test Modulating Action of Antifungal. To investigate the
effect of the modulator antifungal action of the front lines,
the method proposed by Coutinho et al. [26] was used,
where the solution of the extract was tested at subinhibitory
concentration (MIC/8). Eppendorf tubes were prepared each
containing 1.5mL of the culture medium containing CSD,
150 uL of the fungal suspension and the natural product
concentration MIC/8. For the control, Eppendorf tubes
with 1L.5mL of solution containing 1350 L and 150 uL CSD
suspension of microorganisms were prepared. The ELISA
plate was completed by adding 100 yuL of this solution to
each well. Then, 100 L of drug (antifungal agent) was mixed
well to the first, proceeding in the broth microdilution series
until the penultimate cavity. The concentrations of antifungal
gradually decreased from 1024 to I mL.

2.10. Statistical Analysis. The determinations were made in
triplicate and the results were normalized by calculating the
geometric mean. The results were compared using analysis
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TABLE 2: Antiradical activity (ICs,) and total phenols and flavonoids in the extracts of L. paniculata.

Flavonoids

Extracts Ph?r?:;l];;g}ng? 2? S;tiggt;ent (mg EAG g ™" of extract) IC5o (mgfmlL.") R

ELELP 171.036 + 0.0143 63.123 + 0.0311 0.341 0.989
ESWELP 89.021 + 0.0098 3.001 £ 0.0059 0.235 0.986
Quercetin — — 0.203 0.952

—: substance not subjected to the test; EAG: gallic acid equivalent; ICs,: concentration of sample able to sequester 50% of DPPH radicals; R?: coefficient of
determination; ELELP: ethanolic leaf extract of L. paniculata; ESWELP: ethanolic extract of sapwood of L. paniculata.

TaBLE 3: Phenolics and flavonoids composition of L. paniculata ethanolic extracts.

Leaves Sapwood LOD LOQ
Compounds
mg/g % mg/g % ug/mL pug/mL
Gallic acid 1.14 + 0.03* 0.11 111+ 0.01° 0.11 0.017 0.056
Chlorogenic acid 0.39 +0.01° 0.03 0.09 + 0.02 0 0.026 0.090
Vitexin 2.37 £0.02° 0.23 4.98 +0.01° 0.49 0.032 0.105
Rosmarinic acid 10.06 + 0.01¢ 1 4.16 + 0.014 0.41 0.028 0.096
Rutin 4.27 +0.01° 0.42 2.93 +0.02° 0.29 0.009 0.034
Luteolin 7.95 + 0.03 0.79 2.85 + 0.01° 0.28 0.015 0.049

Results are expressed as mean + standard deviations (SD) of three determinations. Averages followed by different letters differ by Tukey’s test at P < 0.05. Limit

of detection (LOD) and limit of quantification (LOQ).

of variance (ANOVA) and the comparison between the
geometric means was performed according to Tukey’s test,
which was considered significant when P < 0.05 [27].

3. Results

3.1. Antioxidant Activity and Relation with Phenolic Com-
pounds. The results of the antioxidant activity, content of
total phenols and flavonoids, and ICy, values (concentration
of the sample can sequester 50% of the DPPH radicals)
determined for extracts of L. paniculata and the positive
control (quercetin) are shown in Table 2 and Figure 1. The
content of total phenols and of flavonoids was higher in the
leaf extract than in the extract of sapwood.

3.2. HPLC Analysis. HPLC fingerprinting of L. paniculata
ethanolic extracts revealed the presence of the gallic acid
(tx = 0.37 min; peak 1), chlorogenic acid (f; = 20.19 min;
peak 2), vitexin (tz = 41.78 min; peak 3), rosmarinic acid (ty
= 48.15; peak 4), rutin (t; = 49.87 min; peak 5), and luteolin
(tgr = 57.12 min; peak 6) (Figure 2 and Table 3).

3.3. Anti-Candida Activity and Modulation of the Antibiotic.
In this study, the L. paniculata ethanolic leaf extract (ELELP)
tested against six strains of Candida demonstrated clinically
irrelevant activity for the yeast C. krusei, CK 40095 and CK
01 (MIC > 1024). In the other strains (CA 77, CA 40006,
CT 23, and CT 40042) there was an insignificant effect, and
MIC 1024 pug/mL was also observed. The ESWELP presented
MIC 1024 pg/mL for all strains tested, being considered of
inhibitory effect without relevance to the yeasts (Figure 3).

3.4. Statistical Analysis. Statistically significant differences by
Tukey’s test (P > 0.05) for both extracts were observed

0.8 -

Absorbance (515 nm)

0 O I I T T T T T T T I T T T T T T T T T I
510 50 100
Concentration (mg/mL)
- @ ELELP
-ll- ESWELP

—A— Quercetin

FIGURE 1: Antioxidant activity in different concentrations of Luehea
paniculata extracts. ELELP: L. paniculata ethanolic leaf extract;
ESWELP: L. paniculata ethanolic extract of sapwood.

for the amounts related to growth inhibition in C. albi-
cans and C. tropicalis compared with the curve of death
expressed by Fluconazole, indicating irrelevant effects when
used alone against the yeast strains. Relative to C. krusei
significant differences (P > 0.05) were not observed, having
a similar rate of growth inhibition to antifungal, although
neither Fluconazole nor natural products exhibit clinically
relevant activity, whereas MIC value is >1024 pg/mL for both.
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FIGURE 2: Representative high performance liquid chromatography profile of L. paniculata ethanolic extracts ((a) EEFLP; (b) EEECLP). Gallic
acid (peak 1), chlorogenic acid (peak 2), vitexin (peak 3), rosmarinic acid (peak 4), rutin (peak 5), and luteolin (peak 6).
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FIGURE 3: Values of MIC of natural products of L. paniculata and antibiotic Fluconazole next to the strains of Candida graphics. ELELP: L.
paniculata ethanolic leaf extract; ESWELP: L. paniculata ethanolic extract of sapwood.
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FIGURE 4: Modulatory effect of natural products of L. paniculata in association with antifungal Fluconazole next to multiresistant strains of
Candida graphics. ELELP: L. paniculata ethanolic leaf extract; ESWELP: L. paniculata ethanolic extract of sapwood.

The proximity expressed in the graph between the growth
rates in lower concentrations cannot be substantiated by
relevant clinical activity of both natural products of L.
paniculata, as Fluconazole for C. krusei.

This work is the first recorded piece of research on
the potentialization of Fluconazole using natural products
from L. paniculata. In the tests carried out to measure this
modulating effect, it was observed that natural products do
indeed potentialize the effect of the antifungal agent against
three strains of Candida, in particular C. tropicalis and C.
albicans, and that there was, therefore, synergism when the
extracts were combined with Fluconazole (Figure 4).

Using the Tukey test (P > 0.05), statistically significant
differences were observed between the absorbance values
of x growth of C. tropicalis, indicating that the action of
Fluconazole alone was much lower than that in association
with L. paniculata extracts. Significant P < 0.0001 (ANOVA)

statistical values were also observed for the modulatory
action of C. tropicalis. For C. albicans, there was a significant
difference (P > 0.05) between the results of Fluconazole
and L. paniculata ethanolic extract of sapwood (ESWELP).
However, the same difference was not observed between the
results of Fluconazole and ELELP, indicating that this extract
did not alter the effect of the antibiotic. C. krusei and no
statistical difference was observed (P > 0.05).

4. Discussions

Phenolic compounds and some of their derivatives are con-
sidered effective agents in preventing oxidation and inhibit-
ing or eliminating free radicals that affect organ systems.
Many of them are very good at radical scavenging and most
of these are found as esters or glycosides, which are soluble
in water and polar organic solvents [28]. Phytochemical
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studies with other species of the genus Luehea collected in
other regions of Brazil have shown the presence of phenolic
compounds, especially flavonoids [15, 29-32].

The fact that the content of total phenols and flavonoids
is higher in the leaf extract than in the extract of the sapwood
is related to various environmental factors that influence
the production of flavonoids in plants, such as temperature,
nutrition, injury, radiation quality, and the metabolism of
sugar and nitrogen [33, 34], since leaves are more exposed
to environmental stress. For Oliveira [35], solar radiation is
a factor that is usually related to quantitative variation. Some
studies have shown a quantitative increase of flavonoids in
organs exposed to light, compared to those subjected to lower.

The ethanol extract of sapwood (ESWELP) displayed an
antioxidant activity value (IC5, = 0.235 mg/mL), similar to
the standard quercetin (IC;, = 0.203 mg/mL), mainly due
to the presence of the flavonoids vitexin, rosmarinic acid,
rutin, and luteolin as characterized by HPLC comparison
with correspondent standards. The ELELP also resulted in
optimal antioxidant activity, close to the standard (ICs, =
0.341 mg/mL), relating this activity to flavonoids especially
rosmarinic acid, luteolin, and rutin. Good antioxidant activ-
ity of the ethanol extract of leaves of other species of the
genus, L. divaricata, has been cited by Miiller [36]. Using the
DPPH method, the author observed the crude extract and the
fractions ethyl acetate and butanol with antioxidant activity
similar to quercetin.

According to Afanasev et al. [37] who investigated the
antioxidant activity of rutin, this flavonoid has a therapeutic
action in diseases involving free radicals and is not considered
toxic. Several other activities of rutin have been elucidated
such as antihyperlipidemic activity [38], suppression of
cellular immunity [39], and anti-inflammatory [40] and
anticonvulsant effect in rats [41]. Their effectiveness in the
treatment of diseases caused by Candida albicans was inves-
tigated and confirmed by Han [42]. Phenolic compounds
including flavonoids have demonstrated their therapeutic
potential as anti-inflammatory, antifungal, antimicrobial,
antioxidant, and wound healing agents [43]. Rosmarinic acid
also has significant antioxidant activity [44], reducing the
body numerous deleterious events such as the formation
of reactive oxygen species, lipid peroxidation, and DNA
fragmentation [45, 46].

Akio Tanaka et al. [15] observed that Candida albicans,
C. krusei, C. parapsilosis, and C. tropicalis were resistant to
extracts of other species of the genus, Luehea divaricata.
Coelho de Souza et al. [47], in an ethnopharmacological
study, evaluated the antimicrobial potential of some plants in
common use in the Rio Grande do Sul State, Brazil, among
them L. divaricata. Using the agar diffusion method, the
authors found that the methanol extract of leaves showed
no activity against C. albicans. The antifungal activity of L.
divaricata was evaluated by Zacchino et al. [48]. As a result,
the authors reported a moderate action of dichloromethane
extract in inhibiting the growth of fungal hyphae of dermato-
phytes.

Silva [49] studying L. candicans in the region of Puerto
Rico, Parand State, Brazil, evaluated antifungal activity of
crude extracts, fractions, and isolated compounds. The crude

extract of the leaves showed antifungal activity against C.
krusei strain at a concentration of 125 mg/mL (CMF) and
the fungistatic concentration of 62.5 mg/mL (MIC). Marques
et al. [50] studied 23 species of Cerrado another vegetation
type region in Brazil (Midwest) and found, in relation to
L. paniculata, a good inhibitory of microorganisms, among
them, strains of Candida.

Literature data show that, of the constituents found in
higher percentages, only quercetin does not present antifun-
gal activity when tested against standard strains of C. albicans
ATCC 40227 and C. krusei ATCC 6538 [6, 51]. Rutin, when
tested against standard strains of C. albicans, C. krusei, and C.
tropicalis (ATCC 13803), demonstrated similar action to the
diluent DMSO (6, 52].

The potentiation of Fluconazole activity reported in this
study, mainly observed for C. tropicalis (both extracts) and
C. albicans (ethanol extract of sapwood), can be attributed
to the synergistic activity of flavonoid constituents present
in extracts. This can be inferred in view of the proven
antimicrobial activity [53] and antibiotics modulator [54-56]
by flavonoids. There are other studies, which demonstrate
Fluconazole modulator activity of natural products. Endo
et al. [57] reported potent antifungal activity of extracts
and pure compound isolated from Punica granatum and
synergism with fluconazole against Candida albicans. The
combination of these may alter the membrane permeability
of the fungal strains, favoring the intracellular passage of
the antifungal, which inhibits the synthesis of ergosterol,
causing an increase in death of the microorganisms at a
lower concentration. According to Wynn et al. [58], the
mechanism of action of azoles such as Fluconazole is the
inhibition of ergosterol biosynthesis by interaction with the
enzyme lanosterol demethylase, responsible for the conver-
sion of lanosterol to ergosterol, an essential component of
the fungal membrane. Inhibition of ergosterol synthesis can
cause changes in permeability of the plasma membrane and
inhibition of proliferation at all stages of the life cycle of the
fungus [59].

The combination of Fluconazole with natural products
can be an alternative way of minimizing side effects of the
antibiotic, since it leads to a significant synergistic effect,
reducing the MIC of the antifungal agent, thus reducing the
dose which is necessary for its therapeutic use [56].

The mechanisms by which the extracts can interfere with
the growth of microorganisms are varied and may in part be
related to the chemical nature of some of their components
[27]. As a result, they may show greater interaction with the
lipid bilayer of the cellular membrane, which affects the res-
piratory chain and energy production [60], or even provide
increased permeability of the cell to antibiotics, leading to
the disruption of cellular activity [61, 62]. The use of extracts
as antimicrobial agents has a low risk of increased microbial
resistance to their action, because they are complex mixtures,
providing greater difficulties for microbial adaptability [63].

Despite the search for new substances in plant extracts
through isolation and identification, some results seem to
be related to the combination of the compounds contained
in these complex mixtures, which characterize these extracts
[27]. Veras et al. [51] suggest that quercetin and isoquercitrin,



when tested alone, had no significant effect, demonstrating
an antagonistic effect on the results of modulation antibiotic.
Coutinho et al. [26, 54] stated that these mechanisms of
action may be related to the combination of antibiotics with
extracts of a subinhibitory concentration added directly to the
culture medium.

This strategy is called “herbal shotgun” or “synergistic
multieffect targeting” and refers to plants and the use of
drugs in a combined approach using single or multiple
extracts, which can affect not only a single target but also
several different therapeutic compounds which act together
in a synergistic or antagonistic manner. Not only does this
procedure result from the combination of extracts, but also it
is due to combinations of natural and synthetic products or
antibiotics [55, 64, 65].

A final approach in relation to antioxidant action of
phenolic compounds is due to the mechanism of modulating
action of extracts on bacterial antibiotic susceptibility which
probably involves antioxidant, preferentially iron-chelating,
or prooxidant properties of polyphenols [66].

5. Conclusions

Chemical analysis performed on the natural products of
L. paniculata revealed the presence of flavonoids such as
rutin and vitexin and phenolic acids such as rosmarinic
acid, justifying the significant values in the evaluation of
antioxidant potential. The results of this study also imply that
stem bark and leaf extracts of L. paniculata have no clinically
relevant antifungal activity; however, in combination with
an antibiotic for evaluating the interference of the fungal
resistance profile, a significant synergistic effect for C. trop-
icalis is indicated, representing interesting alternative efforts
in combating candidiasis.

Conflict of Interests

The authors declare they have no conflict of interests.

Acknowledgments

The authors acknowledge the support and cooperation
received from RENORBIO/UECE (Northeast Biotechnology
Network/State University of Ceard), FJN (Faculty of Juazeiro
do Norte, Ceara State), URCA/LMBM (Regional University
of Cariri, CE/Microbiology Laboratory and Molecular Biol-
ogy), UECE/LPN (Laboratory of Natural Products, State Uni-
versity of Ceard), and PADETEC (Technology Development
Park).

References

[1] S. M. Morais, K.S. B. Lima, S. M. C. Siqueira et al., “Correlagdo
entre as atividades antiradical, antiacetilcolinesterase e teor de
fendis totais de extratos de plantas medicinais de farmdcias
vivas,” Revista Brasileira de Plantas Medicinais, vol. 15, no. 4, pp.
575-582, 2013.

BioMed Research International

[2] L.Bertini, S. Proietti, C. Caporale, F. Mondello, A. Cassone, and
C. Caruso, “Therapeutic potential of plant bioactive molecules,”
Journal of Biotechnology, vol. 150, supplement, 463 pages, 2010.

[3]1 Y. A. R. Menezes, Extragdo, caracterizagido e atividades
bioldgicas e proteinas da espécie Cnidoscolus urens (L.) Arthur
[Dissertagao. Mestrado em Ciéncias Farmacéuticas], Universi-
dade Federal do Rio Grande do Norte, Natal, Brazil, 2013.

[4] J. J. C. Sidrin and M. E G. Rocha, Micologia médica a luz de
autores contempordneos, Guanabara Koogan, Rio de Janeiro,
Brazil, 2010.

[5] A. R. T. Pupulin, P. G. Carvalho, L. Nishi et al., “Entero-
patogenos relacionados a diarreia em pacientes HIV que fazem
uso de terapia anti-retroviral,” Revista da Sociedade Brasileira de
Medicina Tropical, vol. 42, pp. 551-555, 2009.

[6] M.E B. Morais-Braga, D. L. Sales, . N. P. Carneiro et al., “Efeito
antifingico e atividade moduladora de Lygodium venustum
SW.” Revista Ouricuri, vol. 3, no. 2, pp. 146-159, 2013.

[7] R. A. Barnes, “Early diagnosis of fungal infection in immuno-
compromised patients,” Journal of Antimicrobial Chemotherapy,
vol. 61, supplement 1, pp. 3-6, 2008.

[8] T. Rossi, M. A. B. Lozovoy, R. V. Silva et al., “Intera¢des entre
Candida albicans e hospedeiro,” Semina, vol. 32, no. 1, pp. 15-
28, 2011.

[9] O. Sorg, “Oxidative stress: a theoretical model or a biological
reality?” Comptes Rendus—Biologies, vol. 327, no. 7, pp. 649-
662, 2004.

[10] J.I. Elejalde Guerra, “Oxidative stress, diseases and antioxidant
treatment,” Anales de Medicina Interna, vol. 18, no. 6, pp. 326-
335, 2001.

[11] M. §kerget, P. Kotnik, M. Hadolin, A. R. Hra$, M. Simoni¢, and
7. Knez, “Phenols, proanthocyanidins, flavones and flavonols
in some plant materials and their antioxidant activities,” Food
Chemistry, vol. 89, no. 2, pp. 191-198, 2005.

[12] V. C. Souza and H. Lorenzi, Botdnica sistemdtica: guia ilustrado
para identificagio das familias de Angiospermas da flora
brasileira, baseado em APG II, Instituto Plantarum, Nova
Odessa, Brazil, 2005.

[13] M. G. Bovini, G. Esteves, M. C. Duarte, C. Takeuchi, and J.
Kuntz, “Malvaceae,” in Lista de Espécies da Flora do Brasil,
Jardim Bot4nico do Rio de Janeiro, Rio de Janeiro, Brazil, 2013,
http://floradobrasil.jbrj.gov.br/jabot/floradobrasil/FB156.

[14] M. G. Bovini, “Malvaceae s. str. na Reserva Rio das Pedras,
Mangaratiba, Rio de Janeiro, Brasil,” Rodriguésia, vol. 61, no. 2,
pp. 289-301, 2010.

[15] J. C. Akio Tanaka, C. C. Da Silva, B. P. Dias Filho, C. V.
Nakamura, J. E. De Carvalho, and M. A. Foglio, “Chemical

constituents of Luehea divaricata Mart. (Tiliaceae),” Quimica
Nova, vol. 28, no. 5, pp. 834-837, 2005.

[16] R. Braga, “Plantas do Nordeste, Especialmente de Ceard,” in
Congresso Brasileiro de Florestas Tropicais, p. 9, Mossord, Brazil,
1976.

[17] M. A. Figueiredo and A. Fernandes, “Encraves de cerrado no
interior do Ceara,” Ciéncia Agrondmica, vol. 18, pp. 103-106,
1987.

[18] B. Yepez, M. Espinosa, S. Lopez, and G. Bolafos, “Producing
antioxidant fractions from herbaceous matrices by supercritical
fluid extraction,” Fluid Phase Equilibria, vol. 194-197, pp. 879-
884, 2002.



BioMed Research International

(19]

(20]

(21]

[22]

[25]

(26]

(27]

(30]

C. S. Funari and V. O. Ferro, “Andlise de propolis,” Ciencia e
Tecnologia de Alimentos, vol. 26, no. 1, pp. 171-178, 2006.

C. M. M. Sousa, H. R. Silva, G. M. Vieira Junior et al., “Fendis
totais e atividade antioxidante de cinco plantas medicinais,”
Quimica Nova, vol. 30, no. 2, pp. 351-355, 2007.

A. A. Boligon, T. E. Kubiga, D. N. Mario et al., “Antimicrobial
and antiviral activity-guided fractionation from Scutia buxifolia
Reissek extracts,” Acta Physiologiae Plantarum, vol. 35, no. 7, pp.
2229-2239, 2013.

R. P. Pereira, A. A. Boligon, A. S. Appel et al, “Chemical
composition, antioxidant and anticholinesterase activity of
Melissa officinalis” Industrial Crops and Products, vol. 53, pp.
34-45, 2014.

NCCLS—National Committee for Clinical Laboratory Stan-
dards, Methods for Determining Bactericidal Activity of Antimi-
crobial Agents: Approved Guide Line M26-A, NCCLS—National
Committee for Clinical Laboratory Standards, Wayne, Pa, USA,
1999.

CLSI—Clinical and Laboratory Standards Institute, Reference
Method for Broth Dilution Antifungal Susceptibility Testing of
Filamentous Fungi. Aproved Standard M27-A2, CLSI—Clinical
and Laboratory Standards Institute, Wayne, Pa, USA, 2002.

NCCLS—National Committee for Clinical Laboratory Stan-
dards, “Methods for dilution antimicrobial susceptibility tests
for bactéria that grow aerobically: approved standard,” Tech.
Rep. NCCLS document M7-A6, National Committee for Clini-
cal Laboratory Standards, Philadelphia, Pa, USA, 2003.

H. D. M. Coutinho, J. G. M. Costa, V. S. Falcao-Silva, J. P.
Siqueira-Junior, and E. O. Lima, “Effect of Momordica charantia
L. in the resistance to aminoglycosides in methicilin-resistant
Staphylococcus aureus,” Comparative Immunology, Microbiol-
ogy and Infectious Diseases, vol. 33, no. 6, pp. 467-471, 2010.

E.E E. Matias, E. E Alves, B. S. Santos et al., “Biological activities
and chemical characterization of Cordia verbenacea DC. as
tool to validate the ethnobiological usage, Evidence-Based
Complementary and Alternative Medicine, vol. 2013, Article ID
164215, 7 pages, 2013.

C. M. O. Simdes, E. P. Schenkel, G. Gosmann et al., Farmacog-
nosia: da planta ao medicamento, Editora da UFRGS/Editora da
UFSC, Porto Alegre, Brazil, 2010.

C. B. Alice, G. A. D. A. B. Silva, N. C. S. Siqueira, and
L. A. Mentz, “Levantamento fitoquimico de alguns vegetais
utilizados na medicina popular do Rio Grande do Sul: parte I,
Cadernos de Farmdcia, vol. 1, no. 2, pp. 83-94, 1985.

E. Lopes, “Avaliagdo das atividades bioldgicas de Luehea divari-
cata, in Semana Académica de Estudos Farmacéuticos. Resumos,
vol. 1, p. 10, Concurso Académico de Pesquisa Cientifica da
Faculdade de Farmdcia (UFRGS), Porto Alegre, Brazil, 1990.

V. M. Vargas, R. R. Guidobono, and J. A. P. Henriques,
“Genotoxicity of plant extracts,” Memorias do Instituto Oswaldo
Cruz, vol. 86, supplement 2, pp. 67-70, 1991.

D. A. Da Silva, V. G. Alves, D. M. M. Franco et al., “Antiprolif-
erative activity of Luehea candicans Mart. et Zucc. (Tiliaceae),
Natural Product Research: Formerly Natural Product Letters, vol.
26, no. 4, pp. 364-369, 2012.

L. Gobbo-Neto and N. P. Lopes, “Plantas medicinais: fatores de
influéncia no conteudo de metabdlitos secunddrios,” Quimica
Nova, vol. 30, no. 2, pp. 374-381, 2007.

(34]

(37]

(38]

(41]

(42]

(43]

[48]

H. S. Rosa, Caracterizagio e determinagiao da atividade
antifiingica in vitro de extratos obtidos de Sida tuberculata R.E.
FRIES (MALVACEAE) [Mestrado em Bioquimica], Universi-
dade Federal do Pampa, Uruguaiana, Brazil, 2013.

A. P. Oliveira, Avaliagdo da atividade gastroprotetora do extrato
metandlico e desenvolvimento tecnoldgico de preparagoes extra-
tivas das partes aéreas da Marrubium vulgare L. (Lamiaceae)
[Dissertagdo (Mestrado em Ciéncias Farmacéuticas)], Universi-
dade do Vale do Itajai, 2011.

J. B. Miiller, Avaliagdo das atividades antimicrobiana, antioxi-
dante e antinociceptiva das folhas da Luehea divaricata Martius.
[Mestrado em Ciéncias Farmacéuticas], UFSM, Santa Maria,
Brazil, 2006.

I. B. Afanasev, A. I. Dorozhko, A. V. Brodskii, V. A. Kostyuk,
and A. I. Potapovitch, “Chelating and free radical scavenging
mechanisms of inhibitory action of rutin and quercetin in lipid
peroxidation,” Biochemical Pharmacology, vol. 38, no. 11, pp.
1763-1769, 1989.

K. E R. Santos, T. T. Oliveira, T. J. Nagem, A. S. Pinto And, and
M. G. A. Oliveira, “Hypolipidaemic effects of naringenin, rutin,
nicotinic acid and their associations,” Pharmacological Research,
vol. 40, no. 6, pp. 493-496, 1999.

E. Middleton Jr., C. Kandaswami, and T. C. Theoharides, “The
effects of plant flavonoids on mammalian cells: Implications
for inflammation, heart disease, and cancer,” Pharmacological
Reviews, vol. 52, no. 4, pp. 673751, 2000.

T. Guardia, A. E. Rotelli, A. O. Juarez, and L. E. Pelzer, “Anti-
inflammatory properties of plant flavonoids. Effects of rutin,
quercetin and hesperidin on adjuvant arthritis in rat,” Farmaco,
vol. 56, no. 9, pp. 683-687, 2001.

M. Nassiri-Asl, S. Shariati-Rad, and F Zamansoltani, “Anti-
convulsive effects of intracerebroventricular administration
of rutin in rats,” Progress in Neuro-Psychopharmacology and
Biological Psychiatry, vol. 32, no. 4, pp. 989-993, 2008.

Y. Han, “Rutin has therapeutic effect on septic arthritis caused
by Candida albicans,” International Immunopharmacology, vol.
9, no. 2, pp. 207-211, 2009.

S. C. Santos and J. C. P. Mello, “Taninos,” in Farmacognosia:
Da Planta ao medicamento, C. M. O. Simdes, E. P. Schenkel, G.
Gosmann et al., Eds., pp. 527-554, Editora da UFRGS/Editora
UFSC, Porto Alegre, Brazil, 2004.

L. Gu, T. Wu, and Z. Wang, “TLC bioautography-guided
isolation of antioxidants from fruit of Perilla frutescens var.
acuta; LWT—Food Science and Technology, vol. 42, no. 1, pp.
131-136, 2009.

A. A. Izzo and E Capasso, “Herbal medicines to treat Alz-
heimer’s disease,” Trends in Pharmacological Sciences, vol. 28,
no. 2, pp. 47-48, 2007,

H.-E Jiand H.-Y. Zhang, “Multipotent natural agents to combat
Alzheimer’s disease. Functional spectrum and structural fea-
tures;,” Acta Pharmacologica Sinica, vol. 29, no. 2, pp. 143-15],
2008.

G. Coelho de Souza, A. P. S. Haas, G. L. von Poser, E. E. S.
Schapoval, and E. Elisabetsky, “Ethnopharmacological studies
of antimicrobial remedies in the south of Brazil Journal of
Ethnopharmacology, vol. 90, no. 1, pp. 135-143, 2004.

S. Zacchino, C. Santecchia, S. Lopez et al.,, “In vitro antifungal
evaluation and studies on mode of action of eight selected



10

(50]

(51]

[56]

(58]

(59]

(61]

[62]

species from the Argentina flora,” Phytomedicine, vol. 5, pp.
389-395, 1998.

D. A. Silva, Estudo Quimico e Avaliagdo de Atividade Antifiingica
e Antiproliferativa da Espécie Luehea candicans MART et ZUCC,
(Tiliaceae) [Dissertagdo (Mestrado em Quimica)], Universidade
Estadual de Maringd, Maringa, Brazil, 2004.

M. C. S. Marques, L. Hamerski, F. R. Garcez et al., “In vitro
biological screening and evaluation of free radical scavenging
activities of medicinal plants from the Brazilian Cerrado,
Journal of Medicinal Plants Research, vol. 7, no. 15, pp. 957-962,
2013.

H. N. H. Veras, 1. ]J. M. dos Santos, A. C. B. dos Santos et al.,
“Comparative evaluation of antibiotic and antibiotic modifying
activity of quercetin and isoquercetin in vitro,” Current Topics in
Nutraceutical Research, vol. 9, no. 1-2, pp. 25-30, 2011.

M. K. A. Araruna, S. A. Brito, M. E B. Morais-Braga et al,,
“Evaluation of antibiotic & antibiotic modifying activity of
pilocarpine & rutin,” Indian Journal of Medical Research, vol.
135, no. 2, pp. 252-254, 2012.

M. L. Falcone Ferreyra, S. P. Rius, and P. Casati, “Flavonoids:
biosynthesis, biological functions, and biotechnological appli-
cations,” Frontiers in Plant Science, vol. 3, article 222, 2012.

H. D. M. Coutinho, A. Vasconcellos, M. A. Lima, G. G.
Almeida-Filho, and R. R. N. Alves, “Termite usage associ-
ated with antibiotic therapy: enhancement of aminoglycoside
antibiotic activity by natural products of Nasutitermes corniger
(Motschulsky 1855)7 BMC Complementary and Alternative
Medicine, vol. 9, article 35, 2009.

H. N. H. Veras, E E G. Rodrigues, A. V. Colares et al,
“Synergistic antibiotic activity of volatile compounds from the
essential oil of Lippia sidoides and thymol,” Fitoterapia, vol. 83,
no. 3, pp. 508512, 2012.

E G. Figueredo, E. O. Ferreira, B. F. F. Lucena et al., “Modulation
of the antibiotic activity by extracts from Amburana cearensis
A. C. Smith and Anadenanthera macrocarpa (Benth.) Brenan,”
BioMed Research International, vol. 2013, Article ID 640682, 5
pages, 2013.

E. H. Endo, D. A. Garcia Cortez, T. Ueda-Nakamura, C. V.
Nakamura, and B. P. Dias Filho, “Potent antifungal activity
of extracts and pure compound isolated from pomegranate
peels and synergism with fluconazole against Candida albicans,
Research in Microbiology, vol. 161, no. 7, pp. 534-540, 2010.

R. L. Wynn, M. A. Jabra-Rizk, and T. F. Meiller, “Fungal drug
resistance, biofilms, and new antifungals,” General Dentistry,
vol. 51, no. 2, pp. 94-98, 2003.

J. A. Urbina, “Ergosterol biosynthesis and drug development for
Chagas disease,” Memorias do Instituto Oswaldo Cruz, vol. 104,
supplement 1, pp. 311-318, 2009.

K. Nicolson, G. Evans, and P. W. O’Toole, “Potentiation of
methicillin activity against methicillin-resistant Staphylococcus
aureus by diterpenes;,” FEMS Microbiology Letters, vol. 179, no.
2, pp. 233-239,1999.

B. J. Juven, J. Kanner, E Schved, and H. Weisslowicz, “Factors
that interact with the antibacterial action of thyme essential oil
and its active constituents,” The Journal of Applied Bacteriology,
vol. 76, no. 6, pp. 626-631, 1994.

S. Burt, “Essential oils: their antibacterial properties and poten-
tial applications in foods—a review; International Journal of
Food Microbiology, vol. 94, no. 3, pp. 223-253, 2004.

(63]

BioMed Research International

D. J. Daferera, B. N. Ziogas, and M. G. Polissiou, “The
effectiveness of plant essential oils on the growth of Botrytis
cinerea, Fusarium sp. and Clavibacter michiganensis subsp.
Michiganensis,” Crop Protection, vol. 22, no. 1, pp. 39-44, 2003.

S. H. Hemaiswarya, A. K. Kruthiventi, and M. Doble, “Syner-
gism between natural products and antibiotics against infec-
tious diseases,” Phytomedicine, vol. 15, no. 8, pp. 639-652, 2008.

H. Wagner and G. Ulrich-Merzenich, “Synergy research:
approaching a new generation of phytopharmaceuticals,” Phy-
tomedicine, vol. 16, no. 2-3, pp. 97-110, 2009.

Z. Samoilova, G. Smirnova, N. Muzyka, and O. Oktyabrsky,
“Medicinal plant extracts variously modulate susceptibility
of Escherichia coli to different antibiotics,” Microbiological
Research, vol. 169, no. 4, pp. 307-313, 2014.



