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e ki Objective: To evaluate the anti Candida activity of Hyptis martiusii decoction and its major
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. compound, caffeic acid alone or in the presence of fluconazole, as well as their cytotoxic effect.
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Available online 22 March 2019 coupled with diode array detector. For the antifungal activity, the minimum inhibitory

concentration (MIC) and the potential effect of the decoction with the fluconazole were

Keywords: evaluated by microdilution method using 96-well microtiter trays. The osmotic fragility test
Hyptis martiusii was performed using erythrocytes under saline stress. All tests were performed in triplicate.
Caffeic acid Results: The chemical characterization of the decoction was performed by high performance
Candida albicans liquid chromatography and revealed the presence of seven compounds, including caffeic acid

Candida tropicalis

. . as major constituent. The antifungal tests demonstrated that both decoction (DHm) and caffeic
Antifungal properties

acid obtained from Hyptis martiusii presented MIC and MFC == 4 096 pg/mL against Candida
albicans and Candida tropicalis strains. However, in the presence of fluconazole, DHm and
caffeic acid presented ICj, of 2.60 and 2.53 pg/mL respectively, demonstrating significant
synergistic effects against Candida strains. The modulator activity of DHm might be due to the
presence of caffeic acid. Moreover, DHm and caffeic acid did not cause significant hemolytic
effects, indicating that they present low cytotoxicity. Conclusions: These data indicate
that DHm potentiates the activity of the fluconazole, without enhancement of the toxicity,
encouraging further toxicological, pharmacological and phytochemical studies to provide
consistent evidence of the potential of this plant to be used in drug development.

main types of fungal infections in human. Moreover, other species
1. Introduction of the genus Candida, including Candida krusei, Candida tropicalis
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(C. tropicalis) and Candida parapsilosis, also can cause candidiasis[1].
Although candidiasis can affect healthy people, this condition
is significantly more common in immunosuppressed individuals,
including patients with diabetes mellitus, lymphoma and acquired
immunodeficiency syndrome. In these patients, the main clinical
manifestations that are associated with the diagnosis of candidiasis
are: systemic-visceral, allergic and mucocutaneous candidiasis|2].

The current treatment of fungal infections is mainly made with
azole antifungal drugs, such as: ketoconazole, fluconazole and
miconazole. Drugs such as amphotericin B, hydroxypyridinone
and nystatin are also important in the management of candidiasis[3].
Despite the effectiveness of these drugs in the treatment of most
patients, in recent years, the number of fungal strains resistant
to these drugs has increased, demonstrating the need to develop
innovative antifungal therapies[4].

In the context of drug development, medicinal plants have emerged
as important sources of new bioactive compounds. Accordingly,
several studies have demonstrated that plant extracts, essential oils
and isolated compounds are effective against the most diverse types
of microorganisms, and as such, have the potential to be used in
antifungal drug development[5.6].

The genus Hyptis, comprises more than 300 plant species that
are frequently used in the treatment of skin and gastrointestinal
infections and muscular pain(7]. Hypiis martiusii (H. martiusii)
Benth is found in the “Chapada do Araripe” region, located in the
Ceara state, Northeastern Brazil. This plant is popularly known as

~

“capim limdo” and is widely used by the local community due to its
medicinal properties. In this context, the pharmacological effects of
essential oils obtained from several Hypiis species were previously
described, including: antimicrobial, antifungal and insecticidal[8.9].
The present work aimed to evaluate, in vitro, the antifungal effect of
H. martiusii decoction (DHm) and its major compound, caffeic acid
either alone or in combination with fluconazole against different
strains of the genus Candida as well as to evaluate the cytotoxicity of

these products in human erythrocytes.

2. Materials and methods

2.1. Collection of plant material and decoction preparation

H. martiusii leaves were collected in “Sitio Barreiro Grande”
(07°21°44,0°°S e 39°287°41,0""W) located in Crato, Ceara state,
Northeastern Brazil and the voucher specimen was deposited
in the Herbarium Caririense Ddrdano de Andrade Lima, of the
Regional University of Cariri (URCA), under the number 4610.
The decoction was obtained as described by Avancini and Wiest[10],
with adaptations. Briefly, 390 g of the plant leaves were placed
in a hermetically sealed Erlenmeyer containing 1 L of sterile
distilled water. The decoction was performed using low heat (with
a Bunsen burner and asbestos blanket) for approximately 20 min
from the onset of boiling. After cooling at a room temperature, the
decoction was filtered, transferred to a sterile recipient and then,
frozen in a conventional freezer at -18 ‘C for 24 h. The decoction

was subsequently dried by lyophilization, at a vacuum pressure of

approximately 130 uHg, with a condenser temperature of -50 C,
yielding 7.264 g of lyophilized decoction (1.86%)[10].

2.2. Chemicals, apparatus and general procedures

Analytical grade chemicals were used in this work. Methanol,
phosphoric acid, gallic acid, chlorogenic acid, caffeic acid and
ellagic acid were purchased from Merck (Darmstadt, Germany).
Catechin, rutin and quercetin 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 connected
to a DGU 20A5 degasser with a CBM 20A integrator, SPD-M20A
diode array detector and LC solution 1.22 SP1 software.

2.3. Quantification of compounds by HPLC

The H. martiusii extract was injected in a reversed phase
Phenomenex C,; column (4.6 mm x 250 mm) packed with 5 um
diameter particles, according to the method described by Waczuk ez
al[11] with some adaptations. The limit of detection (LOD) and limit
of quantification (LOQ) were calculated[12].

2.4. Preparation of the treatment solutions

Starting solutions were prepared by weighing 10 mg of decoction
and caffeic acid [Sigma-Aldrich, Z>98% (HPLC)] and diluiting in
1 mL of dimethyl sulfoxide (DMSO, Merck, Darmstadt, Germany).
Subsequently, dilutions were made in sterile distilled water to

achieve a concentration of 16.384 pg/mL (solution test).

2.5. Strains, drugs and culture media

The Candida strains were obtained from the Mycology Laboratory
of the Federal University of Paraiba and from the Laboratory of
Microbiology and Molecular Biology of the Regional University
of Cariri. C. albicans (CA 40006) and C. tropicalis (CT 40042)
strains were used in the tests and fluconazole was used as a standard
antifungal drug in the modulation assays. The yeasts were kept
to grow in Sabouraud Dextrose Agar solid medium and then,
transferred to test tubes containing 5 mL of sterile saline. Procedure

yielded a standard yeast suspension containing 1 x 10° cells/mL.

2.6. Determination of minimum inhibitory concentration

(MIC)

This test was performed in 96-well plates using the broth
microdilution method. Briefly, microdilution plates were added with
1.5 mL of a solution containing 1350 to 150 puL of the Sabouradu
Dextrose Broth (SDB) fungal suspension; serial dilutions using the
decoction or caffeic acid were performed to achieve concentrations
varying from 8 192 to 4 pg/mL and the last well was used as
microorganism growth control. The plates were incubated for 24 h at

35 “C[13], and the readings were performed in a spectrophotometer
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(Thermoplate) at 630 nm. The MIC was defined as the lowest
concentration at which no growth was observed. All analyses were

performed in triplicate.

2.7. Determination of minimum fungicide concentration

(MFC)

The minimum fungicide concentration was performed by using
each inoculum of the previous test that did not present growth as
well as positive controls. A sample of each well that had the MIC
determined was cultivated in Sabouraud Dextrose Agar plates.
Twenty-four hours after incubation at (35 = 2) °C, the plates were
read to determine the growth of the colonies and the MFC was
defined as the lowest concentration that impaired the growth of the
subcultures[14].

2.8. Evaluation of modulator potential of antifungal activity

In this test, we used the method proposed by Coutinho et al[15].
Briefly, solutions of the decoction and caffeic acid were tested at
subinhibitory concentrations (MIC/16). Micro tubes were prepared
by adding 1.5 mL of the culture medium containing SDB, 150 pL
of the fungal suspension and the treatments at concentrations of
MIC/16. As control, tubes with 1.5 mL of a solution containing 1350
uL and 150 uL SDB suspension of the microorganisms were used.
One hundred pL of each solution was transfered to a 96-well plate
and 100 pL of the antifungal drug was added to the first well and
serial dilutions were performed to achieve decreasing concentrations
ranging from 8 192 to 4 pg/mL.

2.9. Analysis of cytotoxic activity

As previous assays about the cytotoxic effects of the fluconazole
have been reported, only the cytotoxic effects of the caffeic acid
and the decoction were investigated by the assay using erythrocytes.
Blood samples were obtained by collecting 100 mL of blood
through venipuncture using a heparinized large caliber syringe. The
blood samples were exposed to DHm and caffeic acid at different
concentrations (5, 10, 25, 50, 100 and 200 pug/mL), or vehicle (0.9%
NaCl + DMSO) for 60 min at room temperature. The blood was
then centrifuged to obtain erythrocyte aliquots and calculate dose-
response curves. To evaluate the osmotic fragility, blood samples
were treated with DHm, caffeic acid or vehicle for 60 and 120 min,
under room temperature. Each sample was centrifuged and the
erythrocyte aliquots were added in different concentrations of NaCl
(ranging from 0.12% to 0.9%). The control group was treated with
an isotonic solution (0.9% NaCl). These samples were once again
centrifuged, the supernatants were isolated and the optical density
for each concentration of NaCl was determined by comparing the
external diameters of the cells in each concentration of NaCl with the
external diameter of the NaCl solution at 0.12% (100% of lysis). The
concentrations of NaCl were determined in three intervals of 60 min
each: Interval [ : between 0.12% and 0.36%; Interval [[ : between
0.36% and 0.60% and Interval [l : between 0.60% and 0.90%, for the

analysis of the percentage of haemolysis in each concentration[16-18].

2.10. Statistical analysts

All experiments were performed in triplicate and expressed as
geometric mean using the Graphpad Prism 5.0 software. The
results were compared using analysis of variance (ANOVA) and
the comparison between the geometric means was performed using
the Bonferroni’s post-test. The differences with P < 0.05 were

considered significant.

3. Results
3.1. Chemical profile

The HPLC analysis identified the presence of 7 constituents in
DHm, including the phenolic compound caffeic acid as a major
constituent (1.53%, 24.11 min). In addition to caffeic acid, other
compounds were identified, including: quercetin (0.78%, 44.56 min),
rutin (0.62%, 37.95 min), catechin (0.61%, 15.02 min), ellagic acid
(0.29%, 32.84 min), gallic acid (0.28%, 10.23 min) and chlorogenic
acid (0.10%, 21.07 min) (Figure 1 and Table 1).

Table 1

Chemical composition of decoction of H. martiusii.

Compounds H. martiusit LOD LOQ
mg/g % _ (ug/mL) (ug/mL)
Gallic acid 2.85+0.01" 0.28 0.015  0.049
Catechin 6.17 = 0.03" 0.61 0.009  0.031
Chlorogenic acid 1.09 £ 0.01° 0.10 0.023 0.079
Caffeic acid 15.36 +0.01° 1.53 0.018  0.057
Ellagic acid 291 +0.02" 0.29 0.025  0.086
Rutin 6.24 +0.03" 0.62 0.007  0.027
Quercetin 7.85 +0.02° 0.78 0.024  0.079

Results are expressed as mean + standard deviations (SD) of three
determinations. Averages followed by different letters differ by Tukey test at
P <0.05. LOD: limit of detection and LOQ: limit of quantification.
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Figure 1. Representative reverse-phase HPLC analysis of H. martiusii sample.
Using standard and spectral analysis, compounds were identified as gallic acid
(peak 1), catechin (peak 2), chlorogenic acid (peak 3), caffeic acid (peak 4),
ellagic acid (peak 5), rutin (peak 6) and quercetin (peak 7).



126

3.2. Anti—Candida activity and modulator potential of DHm
and caffeic acid

The MICs of DHm and caffeic acid against both C. albicans and C.
iropicalis were = 4096 ug/mL (Figure 2), which demonstrated a weak
antifungal activity. Accordingly, these treatments also presented MFC
= 4096 pg/mL. However, when the ICs, values of both DHm and
caffeic acid were analyzed against C. albicans, the results obtained were
4.70 and 37.24 pg/mL, respectively, which were significantly lower
than the ICy, value of fluconazole (134.4 ug/mL) (Table 2). Moreover,
both DHm and caffeic acid in combination with fluconalzole increased
the antifungal action against C. albicans and C. tropicalis, indicating
that these treatments can modulate the activity of antifungal agents,

improving their effectiveness through a synergistic action (Figure 3
and Table 2).

A B * Fluc.
=+ Fluc. 125 =+ DHm

<125 Thhm ~ Caf. acid

& = Caf. acid =

=1 g

= £

E 75 2

£ =

£ 5 =z

Z 25 2

& 3

0

3 O >
ST ETRISIIe S
~ . v %
Concentration (ug/mL)

Concentration (ug/mL)

Figure 2. MIC of decoction of H. martiusii, caffeic acid and fluconazole
against C. tropicalis (2A) and C. albicans (2B) strains.

DHm: decoction of H. martiusii; Caf. acid.: caffeic acid; Fluc.: fluconazole.

Table 2

Antifungal and modulatory activity (ICs,) of H. martiusit decoction, caffeic
acid and fluconazole in different Candida yeasts.

Samples 1C,, (ug/mL)

C. albicans C. iropicalis
Fluc. 134.400 = 0.047 2.740 + 0.067
DHm 4700 + 0.054° 2594.800 + 0.068"
Caf. acid. 37.240 = 0.056 2592.180 + 0.079"
DHm + Fluc. 2.600 + 0.088" 11.500 + 0.093"
Caf. acid. + Fluc. 2.530 +0.056" 2.140 +0.071°

"IC, values with statistically significant difference (P<0.01) when compared
to the commercial antifungal fluconazole. Fluc.: fluconazole; DHm:
decoction of H. martiusii; Caf. acid.: caffeic acid.
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Figure 3. Modulatory effect of decoction of H. martiusii and caffeic acid in
combination with antifungal agent fluconazole on multiresistant strains of C.
tropicalis (3A) and C. albicans (3B), respectively.

DHm: decoction of H. martiusii; Caf. acid.: caffeic acid; Fluc.: fluconazole.

“indicates statistical significance (P<0.05).
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3.3. Cytotoxic activity

The cytotoxicity of DHm and caffeic acid was investigated by
evaluating the osmotic fragility of erythrocytes. In figures 4 and 5, the
results demonstrated that the treatment of DHm or caffeic acid did not
affect the the cell viability, compared to the treatment with 0.9 % NaCl.
On the other hand, the exposure of red blood cells (RBC) to 0.12%
NaCl caused 100% of hemolysis. These data indicate that both the
DHm and its major compound did not cause significant cytotoxicity in
RBC.
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Figure 4. Osmotic fragility of blood samples treated with different
concentrations of decoction of H. martiusii at different concentrations of sodium
chloride (NaCl) solution for 1 h (4A) and 2 h (4B).

The hemolysis percentage was calculated and “fragility curves” were drawn
plotting the percentage of hemolysis (% hemolysis) for each NaCl concentration

(relative to 100% hemolysis tube — 0.12% NaCl).
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Figure 5. Osmotic fragility of blood samples treated with different

concentrations of caffeic acid at different concentrations of NaCl solution for
1 h (5A)and 2 h (5B).

The hemolysis percentage was calculated and “fragility curves” were
drawn plotting the percentage of hemolysis (% hemolysis) for each NaCl
concentration (relative to 100% hemolysis tube - 0.12% NaCl).

4. Discussion

The phytochemical characterization of the DHm performed in
this work corroborates the results of other studies investigating
the composition of essential oils obtained from H. martiusii and
other species of the same genus, which revealed the presence of
phenolic compounds as constituents, including 1,8 cineole[19.20] and
bicyclogermacrene[21].

On the other hand, the differences in the concentrations of the
compounds in essential oils and decoctions obtained from species in
the same genus are justified by various environmental factors, including
temperature, nutrition and solar radiation index, which influence the
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phenolic content of a given plant species[22].

In fact, phenolic compounds present great therapeutic potential as
antimicrobial, anti-inflammatory and antifungal agents|23]. In another
study, the H. martiusii essential oil presented a MIC of 64 ug/mL
against the CA 40006 strain. According to Zapata et al and Moreira et
al24.25], the presence of the terpene 1,8 cineole in most essential oils
obtained from plants of this genus might be, at least in part, responsible
for their antifungal potential. Lima et a/[26] in its study found that the
caffeic acid among several isolated substances showed synergic effect,
potentiating the action of the antifungal fluconazole against C. tropicalis.
Oliveira et al[27] evaluated the antifungal activities of the essential oil of
Ocimum gratissimum against the fungi of the Candida genus. Santana
et al[28] evaluated activities of different extracts of Kalanchoe pinnata
leaves against both fungi and bacteria. Additionally, the essential oils
of other species of the genus Hypiis presented antifungal activity with
clinical relevance against other fungal strains[29.30].

The antifungal activities of the essential oils obtained from
Cymbopogon martinii, Ocimum basilicum and Thymus vulgaris were
evaluated against C. albicans strains and the results revealed that these
treatments presented MIC = 2000 pg/mL, indicating low to moderate
antifungal activity[29,30]. In fact, It has been demonstrated that natural
products present different inhibitory profiles against C. albicans
which can be attributed to numerous factors, including the chemical
composition of different species or genus, climatic conditions and
water availability in the soil, which affect the secondary metabolism of
the plants[31].

In order to minimize the side effects of commercial antifungal drugs,
several researchers have studied the effect of the combination of these
drugs with natural products, which can present synergistic actions, thus
reducing the MIC of both commercial antifungal agents and natural
compound. This combination can have significant clinical relevance
due to the decrease of the therapeutic dose, resulting in reduced side
effects[32]. In this study, both DHm and caffeic acid in combination
with fluconalzole increased antifungal actions against C. albicans and
C. tropicalis, showing synergistic effect.

Accordingly, the modulatory activities of natural products in
association with fluconazole were previously reported by several
studies. Endo ez al[33] demonstrated the synergic effect obtained by the
combination between fluconazole and extracts or isolated compounds
from Punica granatum against C. albicans. Several mechanisms might
be associated with this synergic effect promoted by natural products,
including: alteration of the membrane permeability, facilitating the
penetration of antifungal drugs; interference with biological processes
that are vital for the microorganism, such as the synthesis of ergosterol
(an essential component of the fungal membrane)[34]; interference
with the growth mechanism of microorganisms and alterations in the
respiratory chain[35]. Thus, the current search for new compounds with
antifungal activity is focused on discovering compounds that present
antifungal properties both alone or in association with commercial
drugs through a synergic action. This strategy is known as “herbal
shotgun” or “synergistic multieffect targeting’[36.37].

This fragility is defined by the contact of RBC with increasing
concentrations of NaCl. The hemolysis is evaluated by reading the free
hemoglobin content in a spectrophotometer (540 nm)[17]. The presence
of hemolysis generated by the exposure of RBCs to tested substances
can be related directly with their cytotoxicity and can be used in in vitro
toxicological screenings[18]. According to the cytotoxic activity, we can

observe osmolarity-related cellular lysis is associated with both extrinsic
and intrinsic factors, such as: cell morphology and size, type of species
and intrinsic characteristics of the membrane[38]. Therefore, alterations
in the membrane of erythrocytes serve as a parameter of evaluation of
its stability or composition and thus, might be useful in the diagnosis of
several diseases and in the evaluation of cellular effects of drugs(39.40].

The chemical profile of the decoction obtained from H. martiusii is
characterized by the presence of phenolic compounds, including caffeic
acid as major compound. DHm and caffeic acid singly did not present
clinically significant antifungal activity. However, in combination
with fluconazole, they presented significant synergistic effects against
C. albicans and C. tropicalis strains. Moreover, the decoction and the
caffeic acid did not cause significant hemolytic effects, indicating the
low cytotoxicity of these products.

According to the results obtained, it is indicated that DHm modulates
the activity of antifungal drugs with a low toxicity. This fact has a
great importance, considering that the use of antifungal agents derived
from plants can represent an interesting strategy for the treatment
of different kinds of fungal infections, maily in immunodepressed
patients, since infections caused by fungi are increasingly prevalent
and difficult to treat. Due the fact that this plant is very useful as food
and remedy for treating several illnesses by populations from the
northeastern region of Brazil, this work demonstrates the phytomedical
potential of the products obtained from this plant. However, further
studies are necessary to identify different uses and new pharmaceutical
formulations to be used by the population.
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