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Abstract: Anacardium genus (Anacardiaceae) consists of approximately 20 species, and Anacardium
microcarpum, Anacardium humile, and Anacardium occidentale are the most widely studied, because of
their medicinal and nutraceutical properties. Their common name is cashew, marafion, or caji. The
leaves and flowers of A. occidentale have been used in traditional medicine to treat skin lesions and
diarrhea and as anti-inflammatory agents. Previous results in our research group have shown that
the leaf extract of A. occidentale possesses an interesting antifungal activity, inhibiting the proliferation
and growth of Candida albicans. To identify a potential active marker for this extract, the purification
of one of its major compounds by Centrifugal Partition Chromatography (CPC) was carried out in
this work. First, the EtOAc fraction was separated using the CHClz:MeOH:H20 (4:3.5:2) solvent
system. We obtained 243 mg of the EtOAc fraction then it was solubilized in 5 mL of both phases. In
a single CPC run, 12.5 mg of the major compound could be isolated from the extract, with a purity of
over 90%, which was subsequently identified by LC-PDA-MS/MS as being the biflavone
Agathisflavone showed a minimum inhibition concentration (MIC) of 250 pg/mL against C. albicans
SC5314 and It did not show cytotoxicity activity in vitro. The CPC analysis described in this work
allowed obtaining, in a single run, the major flavonoid of the A. occidentale leaf extract, which is now
being evaluated for its antifungal potential against Candida albicans

Keywords: Agathisflavone; Anacardium occidentale; Centrifugal Partition Chromatography; Candida
albicans; Natural products

1. Introduction

Anacardium occidentale is the most studied species of the Anacardaceae family. It is native from
tropical and subtropical areas of the American continent, mainly from the northern region of Brazil -
where there is called caju- which is the main producer of derivatives of this plant for economic
purposes [1,2]. The parts of this plant are known for their medicinal and nutraceutical properties.
Regarding its biological characteristics, it is an evergreen tree that grows 10 to 15m tall with a short,
irregularly shaped trunk. The stem is used for timber purposes, the fruit and nut are used as food,
the leaves and flowers have been used in traditional medicine to treat skin lesions, diarrhea and other
gastrointestinal disorders [3]. These parts of the plant are rich in compounds with biological activity
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such as anacardic acids, gallic acid, polyphenols and flavonoids [4]. With respect to biological
activity, in vitro studies using crude ethanolic extracts of leaves, bark and flower have demonstrated
neuroprotective[5], antioxidant [6], antitumoral [7] effects. Additionally, its inhibitory activity on
important infectious agents in public health has been described against Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa and Candida albicans[8-10].

On its antifungal activity, we described previously that A. occidentale leaves extract inhibited the
proliferation and growth of C. albicans at concentrations of 62.5 and 125 pg/mL through the
accumulation of intracellular reactive oxygen species (ROS) and mitochondrial dysfunction with low
cytotoxicity or hemolytic activity[11]. Agathisflavone is one of the major components among the
flavonoids present in this plant[12]. This compound is a biflavonoid, obtained by the C-C coupling
of two apigenin molecules[13]. It has some important antiviral activities, including anti-influenzae
and anti SARS-CoV2 [14], antimicrobial and antioxidant [6]. However, its antifungal activity has not
been reported to date. Since biflavonoids can form complexes with yeast cell wall proteins and
disrupt their fluidity and integrity[15]. It would be interesting to know if this compound can
contribute significantly to the antifungal activity demonstrated by the A. occidentale ethanolic extract.

For the isolation and purification of agathisflavone, the most widely used technique has been
separation using a Sephadex LH-20 column, since this molecule is usually isolated in small quantities
due to its low yields [6,16,17]. However, biflavonoids such as AGF can establish undesirable
interactions between their functional groups and the solid phase of sephadex and present impurities
in the eluted product[18,19]. In this context, the CPC purification method was used, this is an efficient
and innovative strategy widely used in the extraction of compounds such as alkaloids, terpenes,
saponins, carotenoids and flavonoids [20]. CPC is based on the principles of liquid/liquid
chromatography, where the stationary phase is retained by centrifugal force inside the rotor while
the mobile phase flows, ensuring no loss due to adsorption and the entire sample is recovered after
the run [21]. CPC offers notable advantages over solid-state separation using Sephadex, such as being
more suitable for highly apolar molecules, better separation in complex samples, higher speed, and
easier scale-up [20,22]. Currently, it has not been previously reported for use for the isolation of
A.occidentale compounds. In the present study, an efficient one single CPC run method for the
isolation of AGF from an ethyl acetate fraction (EtOAc) was carried out. Moreover, his role on the
antifungal activity previously reported for A. occidentale leaves extract was evaluated. The results
showed that AGF showed a minimum inhibitory concentration (MIC) of 250 pug/mL against Candida
albicans and did not show cytotoxicity at the concentrations tested.

2. Results and Discussion

2.1. Isolation of AGF

The A. occidentale crude extract underwent fractionation on silica gel mesh. At the end of the
process, three fractions were obtained: hexane (n-HEX), dichloromethane (DCM) and ethyl acetate
(EtOAC) fractions (Fig 1). All fractions were dried and analyzed by UHPLC-ESI-QTOF-MS under the
same initial conditions established for the extract [11] to confirm the presence of AGF by the analysis
of its retention time, UV-Vis and MS spectrum, under the method described. Only the EtOAc fraction
contained the compound of interest (Fig 2).
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Figure 1. phytochemical isolation of AGF from A. occidentale crude extract. Solvents, strategies and number of
materials are displayed to from the crude extracts to the isolation of AGF.
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Figure 2. Chromatographic profile by UHPLC-ESI-QTOF-MS (negative ions) (A) and UHPLC-PDA (360 nm) (B)
of EtOAc fraction showing its highest peak with retention times of 22.0 min.

The purification of AGF by CPC was carried out with an initial solvent system selected based on
the partition coefficient studies for the major peak. Using the method of areas relationship in UHPLC-
PDA, the partition coefficient was determined in all the systems. As can be seen in table 1 different
systems (A and D) were following the rule of 0.5<K<1.5 where the compound is in the ideal range for
separation[23]. However, systems B, C and E were outside the rule. Then, Solvent A was selected

since it had been used for the isolation of AGF from Ouratea polyantha using Countercurrent
Chromatography [24].

Table 1. Settling time and partition coefficient of AGF present of Anacardium occidentale.

Partiti ffici P
Code Solvente System Settling Time artition C oetficient o
Major peak
A CHCL3:MeOH:H20 16.5 0.45

B HEX: EtOAc:MeOH:H20 20 0.235
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C HEX: EtOAc:MeOH:H20 14.5 0.14
D HEX: EtOAc:MeOH:H20 19 1.14
E CH>CL2:MEOH:H-0 70 1.59

The EtOAc fraction was separated using the CHCls:MeOH:H20 (4:3.5:2) solvent system, the mobile
phase being the lower phase, in descending mode (3), a system previously analyzed and defined from
the test tube (K = 0.45, settling time = 16.5 seconds). A flow rate of 5 mL/min was used, with a rotation
of 800 rpm. Under these conditions, the retention of the stationary phase was 67%. In a single CPC
run, 12.5 mg of the major peak was obtained from the extract, with a purity of over 90%, and it was
subsequently identified by UHPLC-ESI-QTOF-MS/MS as being the biflavone AGF (Fig 3).
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Figure 3. Chromatographic analysis of AGF. (A) UHPLC-PDA chromatogram obtained at 360nm. (B) LC-MS

chromatogram.

AGEF is a biflavonoid obtained through the C-C coupling of two molecules of apigenin [13] and
has been previously reported in A. occidentale [25]. In the Chromatograms on Fig 2 and 3, we can see
a characteristic peak around 22 minutes corresponding to a mayor compound at 360 nm. Typically,
biflavones as well as many flavonoids present high absorption at 330 - 360 nm, therefore this
wavelength was used to track this compound during the identification but also during the isolation.
Further information about the peak was confirmed by the mass spectrum where the exact mass of
537.0803 [M-H]- was detected and correlated to AGF.

2.2. Fragmentation of Agathisflavone-type biflavonoids

The MS/MS spectrum and fragmentation of agathisflavone are shown in Fig. 4, and their
fragmentation pathways are shown in Fig. 5. In general, the most common fragmentation pathways
for flavonoids include the loss of HO, CO, and C,H,O, the retro-Diels—Alder (RDA) reaction, and C-
ring fragmentation [26,27]. For AGF, the fragmentation mainly occurs through RDA reactions and
retrocyclization of one of the flavone units, leading to the characteristic peaks observed.

The negative MS/MS spectrum shows a precursor ion at m/z 537.0801 [M-H]- and fragment ions at m/z
519 [M-H-18]- corresponding to the loss of H20, m/z 417 [M-H-120]-, 399 [M-H-H20-120],, 375 [M-H-
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H20-144]- corresponding to characteristic Retro-Diels-Alder (RDA) type fragmentation of the ring C
for flavone. In general, RDA fragmentation involves the cleavage of two bonds in the C ring, forming
negative ions that provide characteristic information. Particularly, these fragment ions contribute to
the mass spectral fingerprint of flavones in negative mode [28,29]. Additionally, others fragment m/z
443 [M-H-H20-76], 331 [M-H-H20-RDA-44],, corresponding to the loss of CO and C2HsO y COs,

respectively.
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Figure 4. ESI-MS/MS spectra of Agasthisflavone.
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Figure 5. Proposed fragmentation pathways of agathisflavone.

2.3. Antifungal potential of AGF

The susceptibility of Candida spp to the crude extract had already been described in C. albicans
and C. auris by our laboratory. The MIC value was 62,5 ug/mL [11]. To determine whether AGF
maintained the antifungal activity, the broth microdilution method based on CLSI standard M27-A3
against C. albicans was performed for the purified compound and the other fractions. The results
showed that the fractions and purified AGF were less effective than the crude extract. AGF and the
EtOAC fraction presented an MIC of 250 pg/mL, the DCM fraction had an MIC of 125 ug/mL while
n-HEX had no activity.
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To determine cytotoxicity, a viability test was performed by MTT with J774 macrophages. In
general, all fractions were highly toxic compared to the crude extract. In contrast, AGF showed low
cytotoxicity with a CCso value of 1200 ug/mL, indicating AGF is safe and non-toxic. The selectivity
index (SI) was used as a parameter for evaluating the effectiveness of AGF. The SI can be defined as
the ratio between the cytotoxic concentration in non-malignant cells and the MIC [30]. For a natural
product or purified compound to be considered promising, it must present an SI value greater than
10 [31]. The results suggested that despite low toxicity, AGF has low potential to be used as an
antifungal as seen in Table 3.

Table 3. Evaluation of the antifungal potential of AGF and fractions of A. occidentale.

Compounds MIC CCso SI
n-HEX 1000 pg/mL 65 ug/mL 0,06
DCM 125 pg/mL 56 pg/mL 0,45
EtOAc 250 pg/mL 80 pg/mL 0,32
AGF 250 pg/mL 1200 pg/mL 4,8

Our findings are in agreement with Ajileye and collaborators, they carried out the fractionation
from a methanolic extract of leaves and it was found that the hexane, DCM and butanol fractions did
not inhibit the growth of C. albicans [6]. Fractionation is constantly associated with the loss of
biological activity against infectious agents. However, Nisa and collaborators obtained hexane and
EtOACc fractions from an ethanol extract of leaves that improved the inhibitory activity against P.
aeruginosa, B. subtilis and E. coli [9]. No antifungal activity has yet been described for fractions of any
A. occidentale extract. This is consistent with our findings on the loss of activity in the hexane, DCM
and EtOAc fractions, which presented higher MICS and significant toxicity levels at lower
concentrations. Considering the preliminary results, it was decided to evaluate possible interactions
between AGF and conventional antifungals since flavonoids have been described as molecules that
can establish synergies with antibiotics and antifungals [32,33], therefore, checkerboard assay were
performed between AGF with the A. occidentale crude extract (Fig. 6), the DCM fraction, the EtOAc
fraction and fluconazole. As shown in Table 4, increasing the concentration of AGF in the extract or
in the EtOAc fraction did not improve the MIC, on the other hand, an additive effect was seen with
the DCM fraction. In summary, AGF did not present synergies and highlight the complications of
working with compounds isolated from plant extracts, since these are complex mixtures of many
substances of different chemical nature responsible for a specific biological activity.
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A. occidentale
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Agathisflavone

Figure 6. Checkerboard assay. The concentration range was between 7,9 ug/mL to 250 ug/mL and 15.6 ug/mL
to 500 pg/mL for A. occidentale crude extract and AGF, respectively. (red box) wells B9, B10 and B11 were the
sterile controls and wells G1, A9, A10 and A1l were untreated growth controls. The FIC I is equal to 2, meaning
the effect of the combination of both compounds is indifferent. This figure shows the result of three independent

assay.

Table 4. Fractional inhibitory concentration index of AGF and other compouds.

MIC (ug/mL) FIC
Compound Alone Combination FIC FICI Interpretation
fowemee B BT e
Qo @@ e
e m e
gt S R

These results confirmed that AGF had limited antifungal potential. Interestingly, there is a
biflavonide very similar to AGF, composed of two apigenin molecules linked together with the same
weight and molecular formula, 537 g/mol and CsH1sO1o respectively. However, the bond that makes
the C-C coupling is of the 3.8” type and not 6.8” like AGF [34]. Amentoflavone is mainly extracted
from the Selaginella tamariscina plant [35].In C. albicans, it had a fungicidal effect causing
mitochondrial dysfunction, cell cycle arrest and finally inducing death by apoptosis [35,36]. There are
only two works where this compound was identified from an ethanolic extract of A. occidentale. AGF
has been shown to be effective against several strains of influenza A and B viruses [14], Herpes
simplex virus and dengue [34], and Antitumoral activity in cervical cancer lines[17] and a powerful
neuroprotective [37]. Due to its low toxicity, it would be important to continue evaluating its
biological activity against other infectious agents.
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3. Materials and Methods

3.1. Plant material and extraction

Leaves of Anacardium occidentale were collected in April 2019, in the municipality of Orito,
Putumayo, Colombia (0°3704500 N, 76°5105500 W). Biologist Néstor Garcia from the herbarium of
the Pontificia Universidad Javeriana carried out the taxonomic determination of the species, and a
voucher was deposited with the collection number HPUJ-30548. The plant material was prewashed
with 5% hypochlorite and water, dried in an oven with circulating air at 40 °C for 72 h, and then
ground in a blade mill.

3.1. Extraction and partitioning of the ethanolic crude extract

The dried and ground plant material was extracted by percolation with EtOH 96% in a ratio of
1:10 (w/v), at room temperature, protected from light in 4 cycles of 24 h each (with solvent changes).
The extracts from the different cycles were pooled and concentrated under reduced pressure by
rotary evaporation at a temperature of 40 °C. Part of the ethanolic crude extract (7 g) was mixed with
300-500 mg of silica gel, then it was performed a vacuum liquid chromatography. At each partition
and in turn partitioned with n-hexane (HEX), dichloromethane (DCM), ethyl acetate (EtOAc) and
ethanol:water. This yielded four solvent fractions. The EtOAc and DCM fractions were dried in a
rotary evaporator and analysed by HPLC to verify the presence of the presumptive peak for AGF.
Then, they underwent separation by CPC.

3.1. Experimental determination of partition coefficients

The selection of the appropriate solvent system for the fractionation of AGF was made by tube
test where the sample (2 mg of crude extract) was dissolved in 1 mL of different solvent systems
(Table 1). The K value was expressed as the peak area of the compound in the stationary organic
phase divided by the peak area of the compound in the mobile aqueous phase.

3.1. Purification of AGF by CPC

CPC was carried out using an optimal solvent system composed of chloroform:methanol:water
(4:3.5:2, v/v/v) from ethanolic crude extract. The upper solvent phase was used as the stationary
phase, and the lower solvent phase was used as the mobile phase for the separation of AGF through
the descending mode in an immiscible solvent system. The CPC column of the stationary phase was
set to 850 rpm, and the mobile phase was passed through the column at a flow rate of 5 mL/min. 283
mg from EtOAc fraction was dissolved in 10 mL of a 1:1 (v/v) mixture of the two immiscible solvents
and injected into the injection valve. The separated fractions were collected using a fraction collector
(PLC 2250, Gilson, South Korea), and the process was monitored under 254 - 360 nm ultraviolet (UV)
light.

3.1. HPLC-DAD-ESI/MS analysis

UHPLC-ESI-MS-QToF analysis was performed on a Nexera LCMS 9030 Shimadzu Scientific-
Instruments® (MD, USA). The stationary phase was a Phenomenex® Kinetex C18 (75 mm x 2.1 mm;
2.6 pm). The mobile phase was performed using 0.1% v/v formic acid (solvent A) and acetonitrile
(solvent B). The gradient of the mobile phase was: 0-8 min., 13% B; 8-12 min., 13-20% B; 12-15 min.,
20-22% B; 15-18 min., 22-27% B; 18-20 min., 27-30% B; 20-28 min., 30-35% B; 28-34 min., 35-90% B;
34-35 min., 90-13% B. The flow of the mobile phase was set at 0.4 mL/min. The UV-Vis spectrum was
set between 200 and 500 nm, and the chromatograms were recorded at 365 nm. The ionization method
was ESI operated in negative ion mode. The capillary potentials were set at +3 kV, drying gas
temperature 250 °C, and flow rate of drying gas 350 L/min.

3.1. Determination of minimum inhibitory concentration (MIC)
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The minimum inhibitory concentration (MIC) values against Candida albicans were detected via
the broth microdilution method, according to the Clinical and Laboratory Standards Institute (CLSI)
guidelines (M27-A3) with some modifications [38]. In a 96-well microplate, serial dilutions were
made of the AGF, DCM, n-HEX fractions from 3.9 to 500 pg/mL with RPMI 1640 medium (100 uL),
then 100 uL of the adjusted inoculum (1-5x103 cells/mL) was added, the microplate was incubated at
37 °C for 48 h, and afterward a visual and spectrophotometric reading (600 nm) was performed.
Controls were used: Fluconazole (FLC) served as a positive control, growth control untreated, and
Roswell Park Memorial Institute (RPMI) without inoculum as a sterile control. Additionally, MIC
values for FLC were known previously: C. albicans ATCC SC5314 (1 ug/mL) [39]. The MIC was the
minimum concentration without visible growth. Absorbance values were taken and considered to be
the endpoint value. All assays were performed in triplicate.

3.1. Cytotoxic activity assay

The cytotoxicity of the extract was evaluated on J774 macrophages using MTT colorimetric assay
as previously described [40]. 2.1 x 104 cells were cultured in a flat 96-well plate and allowed to adhere
and proliferate for 24 hours in Dulbecco’s Modified Eagle’s (DMEM) medium at 37 °C and 5% COa.
Subsequently, aliquots of AGF (3.9-250 ug/mL) were added to wells containing the adhered cells.
The resulting cell cultures were incubated for 24 h at 37 °C in a 5% CO: atmosphere. After incubation,
the medium was removed, the cells were washed with PBS, and 30 uL of MTT at a concentration of
1 mg/mL in PBS was added. The cells were incubated again at 37 °C for 4 h, MTT was removed and
100 pL of DMSO was added to solubilize the formazan crystals. After 30 min of incubation at 37 °C,
the absorbance at 575 nm was measured using a BioTek ELx800 absorbance reader. Incomplete
culture medium with 10% MTT was used as a negative control. In addition, cell viability at the half-
maximum inhibitory concentration (ICs) was calculated by plotting viability versus log
(concentration)

3.1. Checkerboard assay for synergy

To evaluate a possible synergism, the checkerboard test was performed with some adjustments.
This is used to determine the type of interaction when combining two compounds with antifungal
activity. In brief, AGF with Fluconazole, AGF with A. occidentale crude extract, and AGF with DCM
fraction (final concentrations: 0, 0.06, 0.12, 0.25, 0.50, 1, and 2 times the MIC) were mixed. Then,
inoculum (final concentration 1-3x103 cells/mL) was added and incubated at 37 °C for 48 h, after
which time the new MIC was established. The fractional inhibitory concentration index (FIC I) is the
parameter used in this assay and is determined by a scale of 0 to 4, it is calculated with the following
equation: [A/MIC A] + [B/MIC B] = FIC I, where MIC A and MIC B are the MICs of the extract and/or
individual antifungal. A and B are the MICs of the same, but in combination. The interaction is
considered synergistic with FIC I < 0.5, additive with FIC I > 0.5 — 1, indifferent with FICI1>1 <4 or
antagonistic FIC I > 4) [41]

3.1. Statistical analysis

The results of the experiments were tabulated in Excel and analysed through analysis of variance
(ANOVA), followed by Tukey's test, using GraphPad Prism 8 software. Values of p <0.05 were
considered significant.5. Conclusions

We previously reported the antifungal effect of the ethanolic extract of A. occidentale leaves and
wanted to evaluate whether its major flavonoid was responsible for its activity. In the present study,
we purify AGF from crude ethanol extract of leaves of Anacardium occidentale by a CPC analysis in a
single run. CPC was a powerful, fast and practical tool for the purification of compounds from plant
extracts. AGF was found to inhibit the growth of C. albicans at 250 pg/ml and did not establish
synergies when combining with the fractions of the A. occidentale extract.
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