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ABSTRACT. The cashew tree (Anacardium occidentale) represents 
one of the major cheapest sources of non-isoprenoid phenolic lipids, 
which have a variety of biological properties: they can act as mollus-
cicides, insecticides, fungicides, have anti-termite properties, have me-
dicinal applications, and demonstrate antioxidant activity in vitro. Im-
mature cashew nut-shell liquid (iCNSL) is a unique natural source of 
unsaturated long-chain phenols. Their use has stimulated much research 
in order to prepare drug analogues for application in several fields. The 
objective of the present study was to determine whether iCNSL has 
antioxidant properties when used in strains of the yeast Saccharomyces 
cerevisiae and to measure the inhibitory activity of acetylcholinesterase. 
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The constituents were identified using thin-layer chromatography, gas 
chromatography-mass spectrometry, Fourier transform infrared spec-
troscopy, and 1H and 13C nuclear magnetic resonance. The iCNSL con-
tains anacardic acid, cardanol, cardol, and 2-methyl cardol. Immature 
cashew nut oil contains triacylglycerols, fatty acids, alkyl-substituted 
phenols, and cholesterol. The main constituents of the free fatty acids 
are palmitic (C16:0) and oleic acid (C18:1). iCNSL has excellent protective 
activities in strains of S. cerevisiae against oxidative damage induced 
by hydrogen peroxide and inhibits acetylcholinesterase activity. iCNSL 
may have an important role in protecting DNA against damage induced 
by reactive oxygen species, as well as hydrogen peroxide, generated by 
intra- and extracellular mechanisms. 

Key words: Cashew nut oil; Anacardium occidentale;
Antioxidant activity; Acetylcholinesterase

INTRODUCTION

The cashew tree, Anacardium occidentale, originates from Brazil and is well estab-
lished in many tropical regions. Cashew apple juice has been reported to have anti-tumor and 
antimicrobial properties (Kubo et al., 1993a,b; Kozubek et al., 2001). Cashew apple juice and 
cajuina, the clarified juice, also have excellent antioxidant potential, as evidenced by their 
ability to scavenge free radicals, their antimutagenic properties (Melo-Cavalcante et al., 2003, 
2005) and their antioxidant activity in vitro (Melo-Cavalcante et al., 2003; Trevisan et al., 
2006; Kamath and Rajini, 2007).

The fruit of the tree consists of an outer shell (epicarp), a tight-fitting inner shell 
(endocarp), and a strongly vesicant cashew nut-shell liquid (CNSL, Figure 1). The CNSL is 
contained between the inner and outer shell (pericarp) in a honeycomb matrix. Besides the 
valuable cashew nut, the cashew tree is the source of many useful by-products, including the 
peduncle of the nut or pseudo-fruit (cashew apple) that is used to make juices and wines (da 
Silva et al., 2000). CNSL is a unique natural source of meta-alkyl phenols with a variable 
degree of unsaturation attached to the benzene ring (Figure 2). Based on the mode of extrac-
tion from the cashew nut-shell, CNSL is classified into two types: solvent-extracted immature 
CNSL (iCNSL) and technical CNSL. A typical solvent-extracted material contains anacardic 
acid (60-65%), cardol (15-20%), cardanol (10%), and traces of 2-methyl cardol. Depending on 
the conditions of the roasting process, the composition of the technical CNSL can change and 
have higher cardanol content (83-84%), less cardol (8-11%) and maintain polymeric material 
at 10% and 2-methyl cardol content at 2% (dos Santos and de Magalhães, 1999; Ikeda et al., 
2002; Kumar et al., 2002). Its constituents have been widely used as “synthon” for the prepa-
ration of many compounds with potential biological activities (dos Santos and  de Magalhães, 
1999; Kumar et al., 2002; Resck et al., 2005; Logrado et al., 2005). Lasiodiplosina, a 12-mem-
ber orcelinic-type macrolideo, which occurs naturally, has plant growth regulating properties 
and antileucemic activity, and has been synthesized from anacardic acid. Other applications 
are the synthesis of polymers (De Lima et al., 1997; dos Santos and de Magalhães, 1999; Ku-
mar et al., 2002) and agricultural products (Kumar et al., 2002). 
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Figure 1. Cross section of a cashew fruit. Adapted according to Azam-Ali and Judge (2001).

Figure 2. Naturally occurring non-isoprenoid phenolic lipids from Anacardium occidentale. (1) = anacardic acid; 
(2) = cardols; (3) = cardanols; (4) = 2-methyl cardols. 
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The oxygen consumption inherent in cell growth leads to the generation of a series 
of oxygen free radicals. Free radical formation is associated with the normal natural me-
tabolism of aerobic cells and can be defined as molecules or molecular fragments contain-
ing one or more unpaired electrons in atomic or molecular orbitals (Halliwell and Gutter-
idge, 1999). Reactive oxygen species (ROS) such as O2•−, H2O2, and •OH are produced as 
normal by-products of aerobic cellular metabolism or through exposure to environmental 
agents, such as radiation, stimulated host phagocytes, or redox cycling agents. ROS can 
cause damage to biological macromolecules, such as proteins and lipids. Cellular injury 
from ROS has been implicated in the development and progression of several diseases 
(Smith et al., 2000; Skerget et al., 2005).

Antioxidant compounds can scavenge free radicals and increase shelf life by re-
tarding the process of lipid peroxidation, which is one of the major reasons for deteriora-
tion of food products during processing and storage (Halliwell and Gutteridge, 1999). 
Thus, there is a need to identify alternative, natural and safe sources of food antioxidants. 
The search for natural antioxidants, especially of plant origin, has notably increased in re-
cent years (Skerget et al., 2005). The eukaryotic yeast Saccharomyces cerevisiae has been 
extensively studied both genetically and biochemically, and is widely used in biological 
screening and testing. As with all aerobes, S. cerevisiae possesses a variety of antioxidant 
defenses, including a cytoplasmic Cu2+ and Zn2+ SOD (CuZnSOD, SOD1), coded for by 
the SOD1 gene, a mitochondrial manganese SOD (MnSOD, SOD2), coded for by the 
SOD2 gene, a cytoplasmic catalase coded for by the CCT1 gene and a peroxisomal cata-
lase coded for by the CCA1 gene (Steinman, 1980; Marres et al., 1985).

Acetylcholinesterase (AChE) plays an important role in neurotransmission at cho-
linergic synapses by rapidly hydrolyzing the excitatory neurotransmitter acetylcholine 
into choline and acetic acid (Massoulie et al., 1993; Stasiuk et al., 2008). It is present in 
cholinergic synapses of the central nervous system and in neuromuscular synapses where 
it rapidly hydrolyses acetylcholine. AChE is responsible for preventing re-excitation, af-
ter stimulated cells have recovered from a first action potential (Stasiuk et al., 2008). 

The aim of the present study was to investigate the antioxidant properties of CNSL in 
vivo, of iCNSL in mutant strains of S. cerevisiae that are deficient in antioxidant defenses and 
its ability to inhibit AChE. In addition, the chemical composition of compounds and concen-
tration of phenolic lipids were evaluated. 

MATERIAL AND METHODS

Chemicals

All solvents were bi-distilled and stored in dark flasks. Analytical grade anhydrous 
sodium sulfate was heated to 300°C before using H2O2. Dimethylsulfoxides (DMSO) were 
purchased from Sigma (St. Louis, USA). Yeast extract, Bacto-peptone and Bacto-agar were 
obtained from Difco Laboratories (Detroit, MI, USA). Acetylthiocholine iodide and DTNB 
(5-5’-dithiobis (2-nitro-benzoic acid) were purchased from Sigma-Aldrich (Poznan, Poland). 
All other products used in the experiments were of analytical grade. Chromatography was car-
ried out on Vetec silica gel 60 (0.063-0.200 mm) and Merck silica gel 60 (0.2-0.5 mm). The 
solvents were obtained from Merck (analytical grade).
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Plant material

The sample of iCNSL was prepared from fresh cashew nut collected from cashew plants 
(A. occidentale) of the Universidade Federal do Piauí, in the city of Teresina (Northeast Brazil). 

Extraction and purification

Nuts were cleaned and dried, and the shells were removed and cut into small bits. 
Twenty grams of shell and also of the test skin (Figure 1) were extracted in a Soxhlet apparatus 
for 6 h. The hexanic fraction of shell (2.0 g) was chromatographed on a silica gel column with 
a gradient of hexane, ethyl acetate and acetic acid yielding 57 fractions.

System analysis

Nuclear magnetic resonance (NMR)

NMR spectra were recorded on a Bruker 500 spectrometer (11.7 Tesla, 500 MHz for 1H 
and 125 MHz for 13C), in CDCl3. Chemical shifts δ (in ppm) are given from internal tetrameth-
ylsilane (TMS). 

Fourier transform infrared spectroscopy (FT-IR) 

The FT-IR spectra were recorded on a BOMEM - MB 100 spectrometer (4000 to 
400 cm-1).

Gas chromatography-mass spectrometry (GC-MS) 

Analysis of the fractions was performed on Shimadzu GC-17A/MS QP5050A 
(GC-MS system): DB-5HT capillary column (30 m x 0.251 mm, 0.1 µm film thickness); 
carrier gas: helium 1.7 mL/min; column inlet pressure 107.8 kPa; column flow = 1.7 mL/
min; linear velocity = 47.3 cm/s; total flow 24 mL/min; carrier flow 24 mL/min; injector 
temperature 280°C; detector temperature 300°C; column temperature 100 (1 min) - 310°C 
at 10°C/min (15 min). Mass spectrometer operating conditions were 70 eV of ionization 
energy. Mass spectra were recorded from 40-450 m/z. The percent of area was obtained 
electronically from the GC-MS response without the use of an internal standard or cor-
rection factors.

Methylation and alkylthiolation reaction 

The iCNSL fraction was subjected to methylation with diazomethane according to De 
Lima (2005). Methyl esters were prepared by treatment with an excess of previously prepared 
ethereal diazomethane and maintained at -20°C. The reaction, after 3 h, yielded methyl esters 
quantitatively, and took place at 5°C. The solvent was then evaporated in a vacuum. A small 
portion of the crude reaction was analyzed in GC-MS.

The position of the double bonds of unsaturated hydrocarbons was determined by io-
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dine-catalyzed methylthiolation using dimethyl disulfide - DMDS (Wang, 1998; Lizhi, 2003). 
To a solution of phenolic fraction (50 mg) in DMDS (0.3 mL) at 25°C 10 mg iodide and 3 mL 
ethyl ether were added. The mixture was stirred at 25°C, for 4 h. After reduction of the excess 
I2 with a saturated NaHSO3 aqueous solution, 3 mL hexane was added to the mixture. One 
microliter of the hexanic phase was injected into the GC-MS.

Antioxidant assays in S. cerevisiae

S. cerevisiae and isogenic mutants were kindly provided by Dr. E. Gralla (Univer-
sity of California, Los Angeles, USA). SOD1 and SOD2 genes were disrupted as previously 

described by Gralla and Valentine (1991) and Liu et al. (1992). The strains used and their 
relevant genotypes are listed in Table 1. Yeast cells were grown overnight in YPD (0.5% yeast 
extract, 2% bacto-peptone, and 2% glucose) medium at 28°C in an orbital shaker until they 
reached the stationary growth phase, according to Rosa et al. (2006). A suspension containing 
1 x 108 cells/mL was shaken for 3 h at 30°C with several concentrations of HME in phosphate 
buffer (0.067 M, pH 7.0). Cells were then harvested by centrifugation and washed twice with 
phosphate buffer. Cell density was determined using a Neubauer counting chamber and the 
sensitivity to H2O2 (10 mM) was estimated by the spot test. In this case, after treatment, a 
10-µL drop of each decimal dilution (108-103 cells/mL) was spotted onto S. cerevisiae plates 
containing the oxidant agents. The doses of iCNSL and gallic acid were 200 µg/mL, a concen-
tration that does not show toxicity. An inoculation loop of cells from a suspension treated with 
various concentrations of Ebselen (dissolved in DMSO) was streaked from the center to the 
border of a Petri dish in one continuous stroke, to both sides of the plate. Plates were incubated 
for 2 days at 30°C. The antioxidant evaluation was done by the following treatments: H2O2 
(10 mM); gallic acid (200 µg/mL); iCNSL (200 µg/mL); gallic acid + H2O2; iCNSL + H2O2. A 
filter-paper disk was placed in the center of the plate and the oxidizing agent was applied onto 
the disk for all treatments. Impairment growth was measured as centimeter of growth inhibi-
tion from the border of the filter-disk to the beginning of cellular growth. Values can range 
from 0 cm (complete growth to the filter-disk) to 4 cm (absence of growth to the rim of the 
Petri dish). The oxidizing agent used in the disk assay was 5 µL 10 mM hydrogen peroxide in 
aqueous solution. All assays were carried out in triplicate. 

Designation	 Genotype

EG103 (WT)	 MATa leu2-3,112 trp1-289 ura3-52 GAL+

EG118 (sod1∆)	 sod1::URA3 all other markers as EG103
EG110 (sod2∆)	 sod2::TRP1 all other markers as EG103
EG133 (sod1∆sod2∆)	 sod1::URA3 sod2::TRP1 double mutant all other markers as EG103
EG223 (cat ∆1)	 EG103, except cat1:: TRP1 
EG (sod1∆ cat1)	 EG103, except sod1:: URA3 and cat1 :: TRP1

Table 1. Description of the Saccharomyces cerevisiae strains used in the present study.

Estimation of acetylcholinesterase activity

Acetylcholinesterase activity was assayed using the method of Ellman et al. (1961), 
Fenech (1993) and Rhee et al. (2001), in which acetylthiocholine was used as the substrate 
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and the product, thiocholine, after reaction with DTNB forming a yellow anion, 5-thio-2-
nitrobenzoic acid, as the indicator of enzymatic activity. 

Statistical analysis

Statistical analyses were calculated using one-way ANOVA of the Statistical Package 
for the Social Science (SPSS 15.0 for windows release 15.0.1.11). The Dunnett test was used 
to determine whether the means of the treatments differed significantly compared to a positive 
control at the level of P < 0.01. 

RESULTS AND DISCUSSION

iCNSL characterization 

The identification of chemical constituents of iCNSL and of the immature nut oil 
was carried out using FT-IR, thin-layer chromatography (TLC), GC-MS and/or H1 and 13C 
NMR and compared with data from scientific studies (Murthy et al., 1968; Silva et al., 2005; 
De Lima, 2005). The analyses of the iCNSL indicated that it has a similar composition to the 
technical CNSL (anacardic acids, cardols and cardanols). However, technical CNSL contains 
mainly cardanol and cardol (Figure 2). A GC-MS analysis indicated the presence of 10 con-
stituents, with the main ones being monounsaturated anacardic acid (69%), cardol (13.8%) 
and cardanols (7.86%). A lower relative amount of the compounds 1-tridecanyl-3-hydroxy 
benzene (0.56%) and traces of methyl cardol were detected.

A batch of iCNSL was chromatographed on silica gel. The lesser polar fractions of iCNSL 
(from F-2 to F-23) were analyzed by FT-IR, GC-MS and NMR and compared with literature data 
(Murthy et al., 1968; Silva et al., 2005), indicating the presence of a mixture of cardanols [(3), n 
= 0, 1, 2 and 3]. The NMR 1H spectrum of the F-44 fraction showed signals at 7.15 ppm (m, 1H, 
H-5); 6.75 ppm (d, 1H, H-4); 6.65 ppm (s, 1H, H-2); 6.60 ppm (d, 1H, H-6); 5.38 ppm (m, 2H, H-8’ 
and H-9’); 5.05 ppm (s, 1H, O-H); 2.58 ppm (t, H-1’); 2.00 ppm (m, 2H, H-7’ and H-10’); 1.30 
ppm (sl, nCH2); 0.85 ppm (t, 3H, CH3) and the NMR spectrum of 13C showed signals at 155.5 ppm 
(C-1); 145.0 ppm (C-3); 131.0 and 130.4 ppm (C = C); 129.6 ppm (C-5); 121.0 ppm (C-4); 115.5 
ppm (C-6); 112.5 ppm (C-2). The remaining signals observed between 36.0 and 22.0 ppm in proton 
noise decoupled (PND) and non-inverted in distortionless enhancement by polarization transfer 
(DEPT) 135° were attributed to the methylenic carbons. All signals present in the NMR spectrums 
of 1H and 13C are common to the two cardanols (saturated and monounsaturated), except for the 
multiplet, at 5.38 ppm, in the NMR spectrum of 1H and the two signals at 130.4 and 131.0 ppm, 
observed in the NMR spectrum of 13C (PND) and not inverted in DEPT 135, which were attributed 
to the two hydrogen atoms and the oleofinic carbon atoms, respectively, confirming the presence of 
monounsaturated cardanol: (3), n = 2. 

The mixture of cardanols was confirmed by GC-MS analysis, indicating the presence of 
the respective molecular ions: m/z 312, m/z 314, m/z 316, and m/z 318. The fractions with medium 
polarity (F-35 to F-40) were also analyzed by TLC, FT-IR and GC-MS, and showed the predomi-
nant presence of monounsaturated anacardic acid. The fractions with highest polarity, F-50, F-51 
and F-53, were also analyzed by FT-IR and GC-MS, confirming the presence of cardol. The 
mass spectrum of monounsaturated anacardic acid in the form of methylic ester is shown 
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in Figure 3. Both the phenolic hydroxyl and the hydroxyl of the carboxylic OH group were 
methylated. The characteristic fragments are represented by the peak that refers to the molecu-
lar ion m/z 374, m/z 314 (McLafferty rearrangement), m/z 343 (loss of CH3O) and by the peak 
at m/z 180 (allylic rearrangement, break 1-2). 

Figure 3. Gas chromatography-mass spectrometry of the unsaturated anacardic acid as methyl ester, compound 
(1) - n = 2.

The determination of the positions of double bonds after the addition of DMDS is de-
scribed for cardanol and anacardic acid as ester. The mass spectra (electron impact 70 eV) show 
molecular ions (M+) and give key fragments that permit the determination of the original double 
bond. Cleavage between the sulfur-substituted carbons leads to key fragments which allow the 
determination of the double bond in the original mono-unsaturated phenolic compound. The 
spectrometer was set to scan ions m/z 396, 381, 154, and 107 for the cardanol fraction (with the 
double bond at C-8), while for the methylated anacardic acid fraction we detected ions m/z 468 
(M+), 453, 323, and 145 as the characteristic fragments. 

Characterization of membrane iCNSL 

The immature nut’s oil has a similar composition to the oil of the mature nut: triglycerides, 
alkyl-substituted phenolic compounds and free fatty acids, the main component of which is oleic 
acid (C18:1), as described in previous studies on mature nut oil (Toschi et al., 1993). Preliminary 
essays developed by our laboratory indicated the presence of these phenolic lipids in the tegument 
too (the skin that separates the shell from the nut). The presence of phenolic lipids in the cashew 
nut-shell, in the nut and in the cashew apple has already been noted previously. The immature nut 
oil, when analyzed by TLC, apart from a spot correspondent with triglycerides, was extremely 
similar to the CNSL, indicating the presence of alkyl-substituted phenolic composites (Kubo et al., 
1986; Shobha and Ravindranath, 1991). The presence of cholesterol was also detected in a TLC 
analysis (Toschi et al., 1993). The infrared spectrum showed the main characteristic as being a band 
of strong absorption in 1745 cm-1, attributed to carbonyl triglycerides. The GC-MS analysis of the 
residue methylated with diazomethane confirmed the presence of free fatty acids, with a predomi-
nance of peaks correspondent to the derivatives of palmitic (C16:0) and oleic acids, in line with the 
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data of the literature (Toschi et al., 1993). 

Antioxidant assays in S. cerevisiae 

In this article, iCNSL was studied to determine its in vivo antioxidant activity. This pro-
tective property, shown by an increase in survival, is the same for all strains, independent of the 
antioxidant defense disrupted. Table 2 and Figure 4 clearly show that incubation of the strains with 
iCNSL results in an increase survival after H2O2 treatment, for strains of S. cerevisiae defective in 
antioxidant defense. Treatment with iCNSL protected S. cerevisiae strains against oxidative dam-
age, showing a clear and excellent antioxidant action with the percent of inhibition at about 70% 
(Figure 5). No significant difference was observed between iCNSL and gallic acid. The fact that 
iCNSL had a better performance, may be due to the presence of alkyl polyunsaturated phenols. 
Due to these properties, further studies could be made to examine the possibility of using iCNSL 
as a natural antioxidant (Table 2). Gallic acid exhibited antigenotoxic activity when used against 
H2O2-stressed cells detected by the Comet assay because it directly influenced DNA activity; it 
also repaired enzymes and modulated their gene expression, suggesting that this compound is an 
antimutagen (Abdelwahed et al., 2007).

Treatment	 SOD∆	 sod 1∆	 sod 2∆	 sod1/sod 2∆	 cat 1∆	 sod1/cat 1∆

H2O2 (10 mM)	 2.65 ± 0.2	 2.65 ± 0.2	 2.50 ± 0.1	 2.52 ± 0.1	 2.65 ± 0.1	 2.47 ± 0.1
Gallic acid (200 µg/mL)	 0.00 ± 0.0	 0.00 ± 0.0	 0.00 ± 0.0	 0.00 ± 0.0	 0.00 ± 0.0	 0.00 ± 0.0
iCNSL (200 µg/mL)	 0.00 ± 0.0	 0.00 ± 0.0	 0.00 ± 0.0	 0.00 ± 0.0	 0.00 ± 0.0	 0.00 ± 0.0
Gallic acid + H2O2	   1.27 ± 0.1*	   1.12 ± 0.2*	   1.12 ± 0.3*	   1.42 ± 0.2*	   1.35 ± 0.1*	   1.22 ± 0.1*
iCNSL + H2O2	   0.90 ± 0.1*	   0.92 ± 0.1*	   0.87 ± 0.2*	   0.87 ± 0.2*	   1.00 ± 0.1*	   0.90 ± 0.2*

Table 2. Growth inhibitory (cm) effects of immature cashew nut-shell liquid (iCNSL) in strains of Saccharomyces 
cerevisiae.

Data are reported as means ± SD for N = 4. Data represent the average of at least three independent experiments. 
Statistical significance, one-way ANOVA followed by the Dunnett multiple comparison test (*P < 0.01). 

Figure 4. Protective effect of immature cashew nut-shell liquid (iCNSL) in Saccharomyces cerevisiae against 
oxidative damage induced by H2O2 (10 mM).
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The possible antioxidant effect of iCNSL may be explained by the presence of phe-
nolic compounds (Figure 2). It has been shown to possess an important antioxidant ac-
tivity towards these radicals, which is principally based on the redox properties of their 
phenolic hydroxyl groups and the structural relationships between different parts of their 
chemical structure (Visioli et al., 1998). Cashew nut-shell liquid and hexane extracts of 
the other cashew products tested displayed significant antioxidant capacity, causing 100% 
inhibition of xanthine oxidase, and their antioxidant capacity to scavenge hydroxyl radi-
cals was correlated with the concentration of alkyl phenols (Trevisan et al., 2006). Anti-
oxidant activity of iCNSL was demonstrated against radical scavengers that trap peroxy 
radicals (RO2). This activity happens because of their higher reactivity with these radicals 
(Rodrigues et al., 2006). Two mechanisms are commonly proposed to explain the antioxi-
dant role of phenolic compounds: metal chelation and/or free radical scavenging, which 
can decrease the oxygen toxicity to cells (Khokhar and Owusu Apenten, 2003).

Estimation of acetylcholinesterase activity

iCNSL decreases AChE activity, as described in the literature (Ellman et al., 1961; 
Fenech, 1993; Rhee et al., 2001). The AChE activity of A. occidentale and its semi-syn-
thetic derivatives was studied in erythrocytes. Isolated compounds tested decreased the 
enzymatic activity of AChE. The effect of phenolic lipids isolated from rye grains and 
CNSL from A. occidentale and their semi-synthetic derivatives on erythrocyte ghost’s 
AChE activity was studied. It has been shown that all compounds tested decreased the 
enzymatic activity of AChE. This effect depends on the type of compounds studied. Three 
of them completely inhibit AChE activity at micromolar concentration. Four compounds 
isolated from A. occidentale (cardol, methyl cardol, alkyl phenol, and anacardic acid) and 
five semi-synthetic derivatives of hydrogenated alkyl phenol were tested for their AChE 
inhibitory activity. Phenolic lipids are natural amphiphilic long-chain homologues of phe-
nol, resorcinol and catechol, which occur in numerous plants and microorganisms. They 
are non-isoprenoid compounds that consist of a phenolic structure with a long aliphatic 

Figure 5. Percent of inhibition of immature cashew nut-shell liquid (iCNSL) against oxidative damage induced by 
H2O2 in different strains of Saccharomyces cerevisiae.
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hydrocarbon chain (of varying length and saturation) attached to it. They exhibit a high af-
finity with lipid bilayers and biological membranes and are able to modify the activity of 
membrane enzymes. Differences in the chemical structure of phenolic lipids are reflected 
in the different properties of these compounds. It has been reported that non-isoprenoid 
phenolic lipids of CNSL can be used as the start material for generating new candidates of 
AChE enzyme inhibitors (de Paula et al., 2007). Anacardic acid acts as a potent inhibitor 
of histone acetyltransferase and scientists are attempting to find other AChE inhibitors of 
plant origin, which might be of potential pharmacological interest. Three representative 
homologues of resorcinolic lipids and cardol completely inhibit AChE activity (Stasiuk 
et al., 2008). 

These results support a role for iCNSL in providing strong cellular antioxidant 
protection against the potential deleterious effects of the free radicals produced by hydro-
gen peroxide and inhibition of AChE activity. It is also thought that it could be pathologi-
cally important in various neurodegenerative processes, including cognitive deficits that 
occur during normal cerebral aging, Alzheimer’s and Parkinson’s disease. These proper-
ties can be related to the chemical constituents of iCNSL, as well as anacardic acid, cardol 
and cardanol. As suggested by other authors, this study also indicates that iCNSL, which 
contains high contents of anacardic acids and is a natural antioxidant, in the dosages 
tested, could be better utilized in functional food formulations and may represent a cheap 
source of cancer chemopreventive agents.
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