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RESUMO

Anacardium occidentale é uma planta mundialmente conhecida e tem grande importancia econdmica
na industria de alimentos e resinas. Na medicina tradicional, diversos usos séo feitos das folhas no tratamento
de doencas gastrointestinais e de pele. Suas propriedades biolégicas foram confirmadas em estudos
antioxidantes, antimicrobianos e antiinflamatérios. Este trabalho teve como objetivo analisar a composi¢édo
guimica do extrato etandlico e das cera epicuticulares das folhas de A. occidentale por meio das técnicas de
Cromatografia Gasosa (CG/EM) e Espectroscopia Raman (FT-Raman). A analise de FT-Raman mostrou um
estiramento do C-H,, banda caracteristica em ceras epicuticulares de plantas. Na CG/EM foram observados
um complexo de misturas alifaticas e ciclicas, entre elas os alcanos e triterpenos. No extrato etandlico os
terpenos foram os compostos marjoritarios identificados por CG/EM. O conhecimento da composi¢do quimica
do A. occidentale, principalmente das ceras epicuticulares, mostra-se importante devido a sua relevancia no
mercado, e torna-se partida para novos estudos de conhecimento agroecologico, como as propriedades das
ceras epicuticulares na interacdo com o meio ambiente, patdgenos e herbicidas, e também para a busca de
novas propriedades farmacoldgicas.

Palavras-chave: Anacardiaceae, espectroscopia, cromatografia, terpenos.

ABSTRACT

Anacardium occidentale is a globally known plant and has great economic importance in the food and
resins industry. In traditional medicine, several uses are made of leaves in the treatment of gastrointestinal and
skin diseases. Its biological properties have been confirmed in antioxidant, antimicrobial and anti-inflammatory
studies. This work aimed to analyze the chemical composition of the ethanolic extract and the wax
epicuticulares of the leaves of A. occidentale by means of the Gas Chromatography (GC/MS) and Raman
Spectroscopy (FT-Raman) techniques. FT-Raman analysis showed a stretch of the C-H,, characteristic band in
plant epicuticular waxes. In CG/MS a complex of aliphatic and cyclic mixtures was observed, among them
alkanes and triterpenes. In the ethanolic extract the terpenes were the majority compounds by CG/MS. The
knowledge of the chemical composition of A. occidentale, mainly of the epicuticular waxes, is important due to
its relevance in the market, and it becomes a starting point for new studies of agroecological knowledge, such
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as the properties of epicuticular waxes in the interaction with the environment , pathogens and herbicides, and

also for the search of new pharmacological properties.

Keywords: Anacardiaceae, spectroscopy, chromatography, terpenes.

INTRODUCTION

Anacardiaceae is a large  family
(Dicotyledonae) which comprises about 70
genera with approximately 875 species widely
distributed in tropical regions. In Brazil, it can be
stand out, mainly, Anacardium, Mangifera,
Spondias and Schinusgenus (Mabberley, 1997).
The Anacardium genus, described by Carl
Linnaeus, is distributed in several regions of the
world, showing adaptation in many ecosystems.
Into the different species, it is interesting to
highlight the Anacardium occidentale Lineus, or
cashew, the nuts have great value in the
international market of food, besides numerous
uses in the plastics and resins industry
(Fernandes et al., 1993; Paramashivappa et al.,
2001).

Several studies have reported the use of
various parts of the cashew in traditional
medicine. The leaves are used to treat intestinal
problems, sore throats, respiratory diseases,
diabetes, hemorrhage, antiscorbutic, muscle
weakness and urinary disorder (Kamtchouing et
al., 1998; Taylor, 2005). Pharmacognostic studies
were carried out indicated the presence of
flavonoids, anthocyanins, cardiac glycosides,
tannins, sterols and triterpenos (Correa et al.,
1995; Di Stasi, 2002; Guerrero et al., 2002;
Yermakov et al., 2010).

In recent years it has given a focus also on
the leaf surface studies, that is a layer that allows
interaction between the external and internal
environment, this layer is called the cuticle,
formed principally of cutin and waxes. The waxes
are important to the structure and function of
cuticle and are either deposited within the cutin
matrix, or accumulate on its surface as crystals or
films (Jefree, 2006; Yeats and Rose, 2013). In
most cases, the majority of compounds
comprising the cuticular wax is derived from very-
long-chain  fatty acids, including alkanes,
aldehydes, primary and secondary alcohols,
ketones, and esters. In some species, various
lipophilic secondary metabolites, such as
triterpenoids, flavonoids, and tocopherols
(Tulloch, 1976; Barker, 1982; Bianchi, 1996).

This study aimed to analyze the chemical

constituents of the ethanolic extract and
epicuticular waxes from the leaves of A.
occidentale L. using spectroscopy FT-Raman
(Fourier  Transform  Raman) and Gas
Chromatography/Mass Spectrometry (GC/MS).

MATERIALS AND METHODS
2.1. Botanical Material

The fresh leaves (Figure 1) were collected in
May 2014 at the Federal University of Amapa
campus (0°0'22,9212”, S 51°5.5896" W, altitude
6.0 m). The voucher specimens have been in the
Amapaense Herbarium (HEMAB) located in IEPA
(State of Amapa Institute of Scientific and
Technological Research), under registration
number 018684.

(a) (b)

Figure 1 - A. occidentale leaf features. (a) Upper
surface. (b) Lower surface.

2.2. Ethanol Extract

To obtain the alcohol extract from the leaves,
they were separated, cleaned and dried in a
circulating air oven at 40° C for 72 hours. Then,
they were milled and the resulting powder,
stored. The extract was prepared from five
hundred grams (500 g) of leaf powder was
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weighed using an electronic weighing balance
and soaked in ethyl alcohol, at a ratio of 1:4
(powder/solvent). The powdered leaves were
extracted using the ethanol through maceration
for 72 h, at room temperature, and that process
was repeated three times, and subsequently
filtered using filter paper (Matos, 1995). The
filtrate was concentrated using rotary evaporator.

2.3. Epicuticular Wax

For extraction of the waxes, after washed
and drought, the leaves were placed in contact
with Chloroform and agitated slightly by 30
seconds (Hamilton, 1996). The materials
obtained were later kept for evaporation to
remove the excess solvents.

2.4. Raman Spectroscopy

The analyses of Raman were made in the
Coatings Guards Laboratory and Nanostructured
Materials at Pontificia Universidade Catdlica do
Rio de Janeiro (PUC-RJ). For the measurements,
a 473 nm laser and a confocal NT-MDT NTEGRA
spectrometer were used. The spectra were
recorded at 4 cm™ spectral resolution over the
wavenumbers 200-3500 cm™, for no sample
degradation, we performed a single scan over a
period of the 30s.

2.5. CG/MS

Both the ethanolic extract and the
epicuticular wax were analyzed by HP6890 gas
chromatograph interfaced with an HP5873, Mass
Selective Detector (ionization energy 70 eV),
equipped with a DB-5MS capillary column (30
mx0.25 mm thickness; 0.25 um film coating). The
column temperature was programmed to 70-305
°C at 5 °C/min using helium as the carrier gas
(1.0 mL/min). The injector and detector
temperatures were 230 °C and 280 °C
respectively. Identification of the components was
done based on retention index, compared with
reference spectra (Wiley, NIST databases) and
MS literature data (Adams, 2009).

RESULTS AND DISCUSSION:
The FT-Raman spectra in ethanol extract

showed no characteristic bands enough for
interpretation (Figure 2).
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Figure 2 — FT-Raman spectra of ethanolic

extract.
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This may be due to difficulties encountered
when making measurements with Raman
spectroscopy, for example, some biological
samples may cause a strong fluorescence,
another problem is the time of exposure to the
laser that causes interference and can damage
the samples; problems that make it difficult to
read the spectra (Scharader et al. 1994;
Reitzenstein et al., 2007; Littlejohn et al., 2015).
The analysis of the wax samples showed peaks
characteristic (Figure 3). The bands in 1063 cm™
correspond to the stretching of the C-C ligation.
The bands in 1443 and 1463 cm™ are attributed
with C-H deformation, the 1299 cm? is
associated with the deformation of CH,.
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Figure 3 — FT-Raman spectra of the epicuticular
waxes.

Figure 4 shows a stronger band between
2700-3600 cm™. Similar bands were well
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characterized in other studies with epicuticular
waxes, which correspond to symmetric and
nonsymmetric stretching modes CH, (Littlejohn et
al., 2015; Prinsloo et al. 2004; Weissflog et al,
2010; Jetter et al., 2007), and peak at 2930 cm™
is assigned to the terminal portion of the CHj
groups (Prinsloo et al., 2004).
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Figure 4 — FT-Raman spectra of the epicuticular
waxes.
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GC/MS analyses of the epicuticular waxes
revealed the presence of the 10 constituents,
totaling 93.39 % of the composition (Table 1).
The identified compounds and their respective
percentages are shown in Table 1. According to
CG-MS analyses, odd-numbered n-alkanes were
the principal wax constituents, accounting for
83.52 % of the identified compounds. The
majority of these alkanes are hentriacontane
(36.74 %) and nonacosane (33.48 %). It is also
verified the presence of triterpenes Moretenol
(11.49%), a-amyrin (2.73 %) and Cycloartenol
(1.13 %).

Table 1 - Chemical composition of epicuticular
waxes by GC/MS.

Retention Compound %
time (min)
41.790 Heptacosane 0,32
43.207 Octacosane 0,47
44.640 Nonacosano 33,48
45.916 Triacontane 2,27
47.267 Hentriacontano 36,74

48.455 Dotriacontano 1,27
49.694 Tritriacontane 3,49
50.637 a-Amyrin; 2,73
50.882 Cycloartenol 1,13
51.335 Moretenol 11,49

In studies with epicuticular waxes present
high proportions of n-alkanes C,; to Cs; (Jetter et
al., 2007). The terpenoid has been detected in
the cuticular waxes of many plant species, and
their derivatives too, with small amounts ranging
from less than 50% of the total wax mixture
(Oliveira and Salatino, 2000; Van Maarseveen
and Jetter, 2009).

The GC/MS analyses of the ethanolic
extract revealed the presence of the n-alkanes,
fatty acids, phytosterols, and triterpenoids (Table
2). The identified compounds and their respective
percentages are shown in Tablel. The majority
compounds were a-tocopherol (21%); sitosterol
(17,13%), dammaradienol (12%) and phytol
(8,70%). These show that the terpenes were the
most prominent compounds in the ethanolic
extract leaves.

Table 2 - Chemical composition of ethanolic
extract by GC/MS.
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Retention Compounds %
time (min)
19,434 2,4-di-ter-butylphenol 0,49
28,886 Pinane; 0,39
29,291 Palmitic acid; 1,66
29,981 Palmitic acid ethyl 1,19
ester
32,163 Phytol 8,70
32,616 9,12,15-Octadecatrien- | 0,47
1-ol;
33,076 Stearic acid; 0,40
33,187 7,10,13- 0,65
Hexadecatrienoic acid,
methyl ester
43.385 Squalene 1,16
44,580 Nonacosane 4,34
47.557 a-Tocopherol; 21,16
707



49.984 Sitosterol 17,13
50.630 a-Amyrin 2,84
51.305 Dammaradienol; 12,0

The presence of the terpenes and sterols
are well detected in the leaves of the cashew and
have contributed to the chemical knowledge of
the plant (Maia et al., 2000). Tocopherols are well
known about their high antioxidant activity
(Ammouche et al., 2002; Kiron et al., 2004).
Sitosterols have been reported to anti-
inflammatory (Dillard and German, 2000),
antidiabetic (Ju et al., 2004), antimicrobial and
antioxidant (Sen et al.,, 2012) activities. In
general, the triterpenoids compounds have anti-
inflammatory activity and cytoprotective effects.
Phytol besides having significantly antimicrobial
property (Bharathy and Maria, 2012) It is also
precursors do tocopherol and related with
developed of the the plant (Oyugi et al., 2011;
Vom Dorp et al., 2015)

The analyses of the A. occidentale
compounds revealed the presence of the general
compounds with biological activities. Studies
performed with leaves A. occidentale showing the
hypoglycemic effect (Kamtchouing et al., 2007;
Alexander-Lindo et al., 2004), antioxidant (Arul
and Thangavel, 2011) and antimicrobial (Arul and
Thangavel, 2011; Varghese et al., 2013) related
with presence that compounds.

CONCLUSIONS:

The data show that Raman that non-
destructive technique can be used to identify the
chemical composition of natural products. All gas
chromatography analyses 21 compounds have
been described, the majority n-alkanes, terpenes
both the ethanolic extract and the epicuticular
wax, respectively. Being the cuticle the first face
contact with the external environment and the
importance of it against the action of pathogens,
chemical study of the epicuticular wax is shown
to be necessary for the improvement of cultivars,
such as applying herbicides to the leaves.
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