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ABSTRACT
The target of the current research is to examine the antiproliferative effect of cashew (Anacardium occidentale) and almond (Prunus dulcis)
kernels. Methanol extract of almond and Cashew kernel was prepared and utilized. Two cancer cell lines, Liver (HepG2) and Breast (MCF7)
were used. Phytochemical analysis and antioxidant power of each extract were measured. The cytotoxic activity of each extract against the
two cancer cell lines was assessed. The ability of a single cell to grow into a colony after treatment with examined extracts was investigated.
Induction of apoptosis was evaluated. The expression level of CDKN2A and CDK4 genes was detected. The results showed that, the
Almond methanolic extract had the highest estimates of total phenolic content (TPC), antioxidant power, protein, ash and fibers in
comparison with Cashew. The two extracts exhibited cytotoxic influences on the utilized cancer cell lines in a dose-dependent manner.
Whereas, Almond extract exhibit cytotoxic effect higher than Cashew extract. The Almond and Cashew extracts exerted clear cytotoxic
activity against liver (HePG2) and Breast (MCF7) cancer cells, mostly through cell cycle arrest at the G2/M phase associated with the preG1
apoptosis induction. In both two cancer cells treatments induced up-regulation of CDKN2A gene and down regulation of CDK4 gen. These
results concluded that, both Almond and Cashew methanolic extracts have antiproliferative effect against liver (HePG2) and Breast (MCF7)
cancer cells. The obtained results supply a basis for more researches on the mechanistic evaluation of the antiproliferative activity of nuts.
KEY WORDS: Almond, Cashew, apoptosis, anticancer, cancer cells, cytotoxic activity.

INTRODUCTION
The assessment of cancer in the world is heavy elevated to 18.1 million new cases and 9.6 million
deaths in 2016. One in both from 5 men and 6 women worldwide develop cancer through their lifetime, and one
in both from 8 men and 11 women die from this disease [1]. Definition of cancer is a disease that is especially
differentiated by the loss of genetic domination over cell growth and its proliferation. It has been estimated that
up to 40% of cancer cases are linked to unhealthy lifestyle habits such as smoking, being overweight, alcohol
consumption, low fruit and vegetable intake, occupational hazards, and exposure to sun and sunbeds [2 and 3].
Different kinds of chemotherapies failure may be due to negative responses, drug resistance, and
specificity of some types of drugs [4]. There is the moment appear interested in promoting drugs that dominate
the problems which declared above by utilizing natural compounds, which may influence various targets with
reduced side effects and which are effective versus different cancer types [5]. Natural compounds from different
origins such as plants, animals, and microorganisms offer a high chance for development of new therapeutics for
the cancer therapy [6].
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The frequent consumption of fruit and vegetables is significant to decrease of cancer risk, and it is
maybe one of the major bases of the health influences of the Mediterranean nutrition [7]. Nuts had contained
considerable amounts of bio-products such as (vegetarian protein, monounsaturated fatty acids, vitamin E,
natural antioxidants, selenium, soluble dietary fiber, folic acid, and phytoestrogens). Several studies have
suggested that nut consumption could also have a chemo preventive effect, especially on colorectal and prostate
cancer [8 and 9]. Different Epidemiological studies have confirmed an inverse association between frequent nut
consumption and cancer mortality [10 and 11]. There are many mechanisms of action by which of these
components could intervene in the protection of cancer, though they have not been completely illustrated [3].
The target of the current research is to examine the anticancer potential of the cashew and almond kernels at
molecular level against two cancerous cell lines.
MATERIALS AND METHODS
Samples collection and preparation of methanolic extracts
Cashew and almond kernels were purchased from the local market. Kernels were powdered and
subjected to methanolic extraction by Soxhlet extraction procedure. The methanolic extracts were evaporated to
dryness and concentrated through a rotary evaporator. The extracts were subsequently collected and stored in 20ᵒC in airtight and dark bottles until use.
Phytochemical analysis
Phytochemical analyses were carried out using the methods of Association of official Analytical chemist, [12].
The parameters determined were including ash, moisture, crude protein, fat, fiber. Total phenolic compounds
(TPC), total flavonoid content (TFC) were determined qualitatively. Ferric reducing antioxidant power assay
was used to measure the antioxidant power of the extracts. Antioxidant activity assay were performed by the
method described by [13], with slightest modification as applied by [14].
Maintenance of Cell Culture
Human Breast cancer cells (MCF-7), liver cancer cell (HepG2) were obtained from the Holding
Company for Biological Products & Vaccines, Egypt VACSERA). The cell lines were maintained on Eagle’s
basal medium and supplemented with 10% of fetal bovine serum (FBS) and 1% of penicillin and
streptomycin(100 iu/ml penicillin and 0.1 mg/ml streptomycin). All cell culture steps were carried out in auto
flow automatic CO2 incubator.
Trypan Blue Assay
All procedures were carried out according [15] and the readings were automatically generated from the
machine and recorded based on the formula below:
Viability% = (Viable cell count/Total cell count) × 100
Colony-forming Efficiency (CFE)
Effect of Cashew and almond methanolic extracts on colony formation ability of MCF-7and HepG2
cells was performed using Colony-forming Efficiency (CFE) assay according to [16]. Colonies were count
(total number of colonies per well and number of cells per colony). The mean colony count for each treatment
was calculated. The number of colonies in the treated was divided by the numbers of colonies in control wells to
calculate IC50.
Induction of apoptosis and cell cycle analysis
Induction of apoptosis and cell cycle analysis were carried out according to [17]. by Cashew and
almond extracted was assessed by flow cytometry according to [17]. Cell cycle analysis was carried utilizing
ab139418 – Propidium Iodide Flow Cytometry Kit. Induction of apoptosis was carried out via Annexin V-FITC
Apoptosis Detection Kit. The quantification of the apoptotic cells was measured by Annexin V-FITC
(fluorescein is thiocyanate)/PI (propidiumiodide) co-staining assay. Then the cells were analyzed by flow
cytometry.
RNA isolation
Total RNA was extracted are treated with methanolic extracts of cashew and almond using Trizol
Reagent (Invitrogen, Carlsbad, CA, USA) according to manufacturer’s protocol. The purified RNA was stored
at -80⁰ C until further use.
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cDNA synthesis and real-time qRT-PCR
First strand cDNA synthesis was done using iScriptTM cDNA synthesis kit (Biorad #170-8897) by
following manufacturer’s protocols. The cDNA obtained was used to performreal-time qRT-PCR in a Bio-Rad
iCycler iQ5TM Real-Time PCR detection system using 2X iQ SYBR Super mix (Invitrogen #K0242). The
sequences of primers used for qRT-PCR are followed.
CDKN2A

F

5’-

GCTAGCAGACTTTGGACTAGCCAG-3

AGCTCGGTACCACAGGGTCA-3;

cdk4

F

5’-

cdk2a

CTGGTGTTTGAGCATGTAGACC-3

R
cdk4

5’R

5’-

AAACTGGCGCATCAGATCCTT-3’ and (3) β-actin F 5’-GTGACATCCACACCCAGAGG-3’; β-actin R 5’ACAGGATGTCAAAACTGCCC-3’. The gene expression levels were determined using the cycle threshold
(Ct) method. The mean Ct values from duplicate measurements were used to calculate the expression of the
target gene with normalization to β-actin as housekeeping
RESULTS
Phytochemical analysis
Estimates of chemical analysis and antioxidant power of cashew and almond were summarized in
Table 1. These estimates revealed that, protein, Ash, fibers, total phenolic compounds (TPC) and antioxidant
power of Almond were higher than Cashew. On the other hand, moisture and total flavonoids (TFC) were
almost equal in both cashew and almond.
Trypan Blue Dye Exclusion Assay
The effect of cashew and almond methanolic extract on the cell viability reduction was investigated by
trypan blue assay with different concentrations (0.312, 0.625, 1.25, 2.5, 5 and 10 mg/ml). The cell viability%
was declined with increasing concentration of the cashew and almond extract but the effect of almond was
higher than cashew extract as presented in Figures 1 and 2.
Table 1: Chemical analysis and antioxidant power of almond and cashew extracts.
Test results (fresh weight)
Protein
Moisture
Ash
Fibers
TPC
TFC
mg/g
mg/g
Cashew
Almond

16.7
23.3

5.1
4.9

45.1
50

3.6
9.3

0.73
1.1

0.6
0.6

Antioxidant
mg/g as
ascorbic acid
2.5
4.5
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Colony-forming Efficiency (CFE)Assay
The antiproliferative effect of the cashew and almond methanolic extract on MCF-7 and HepG2 cell
lines was further evaluated using the clonogenic survival assay. This technique detects the possibility of treated
cells to extend into colonies in comparison with control untreated cells. As shown in Figures 3 to 6, the colonies
formation were declined when the concentration is increasing of the cashew and almond extract but the
antiproliferative effect of almond was higher than cashew extract.

IC50 was calculted for each examined extrant on each utilized cancer cell leine. The obtained results
showed that, the IC%50 values for almond were (4.35 and 5.02 ) with MCF7 and HePG2 cells respectivelly.
Wherease, the IC50 values for Cashew were (4.829 and 5.216) with MCF7 and HePG2 cells, respectivelly.
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Fig. 5: Effect of Almond methanolic extract on colony formation of liver cancer (HepG2) cells.

Fig. 6: Effect of Cashew methanolic extract on colony formation of liver cancer (HepG2) cells.
Induction of apoptosis
The flow cytometry analysis of HepG2 and McF7cells showed that, through the treatment with Almond
and Cashew methanolic extract the cancer cell populations tend to shift from viable to apoptotic in comparison
with control group. Moreover, the late apoptosis events were increased than early apoptotic events in all
treatments with all cancer cell lines as shown in Figure 7.
On the other hand, the apoptotic and necrotic cell populations increased significantly in both HepG2
and McF7cells cells due to incubation with methanol extracts of Almond and Cashew when compared with the
control cells. But the apoptosis percent was increased significantly than necrosis in all treatment of utilized
cancer cells as shown in Figure 7.
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Cell cycle analysis
The effect of the Almond and Cashew methanol extract on cell cycle progression on HepG2 and
McF7cancer cells was evaluated by flow cytometry. The results showed that, the treatment of McF7 and HepG2
cancer cells with Almond and Cashew extracts caused pre-G1 apoptosis and cell growth arrest at G2/M phase
Figure 8.
Treatment of HepG2 and McF7 cells with Almond methanol extract induce statistically significant
increase in the percentage of cells in G2/M phase in comparison with control group from 8.3 to 33.9 with
HepG2 cells and from 15.3 to 53.2 with McF7cells. Moreover, the percentages of pre-G1 were increased from
1.6 to 15.4 for HepG2 cells and from 1.8 to 42.3 with McF7cells.
In the same direction, treatment of HepG2 and McF7 cells with Cashew extract also increased the
percentages of cells at G2/M phase and cells in pre G1in comparison with control group. The percentages of
cells at G2/M phase were increased from 8.3 to 32.3 for HepG2 cells and from 15.3 to 44.4 for McF7 cells. The
percentages of cells at pre-G1 were increased from 1.6 to 19.6 in HepG2 cells and from 1.8 to 27.4 with McF7
cells.

Gene expression assay
The expression level of CDKN2A and CDK4 genes in HepG2 and McF7cancer cells after treatment
with methanolic extract of Almond and Cashew was illustrated in Figure 9. The mRNA levels of CDKN2Aand
CDK4 were evaluated by real time PCR.
Treatment with Almond as well as Cashew extracts induced up regulation of CDKN2A gene in both
utilized cancer cell lines and the down regulation of CDK4 gene was observed in the both cell lines (Figure 9).
Treatment with Almond and Cashew caused significant increase o f mRNA level ( P ≤ 0 .001) in
CDKN2A gene ( 0.93 and 2.64 folds) in HepG2 and (8.4 and 5 folds) in MCF7 cancer cells respectively. In
contrast, the CDK4 mRNA level was decreased due to treatment with Almond and Cashew (0.45 and 0.38 folds)
in HepG2and (0.5 and 0.3 folds) in MCF7 cancer cells, respectively.

37

Dalia M. Hikal et al., 2017
Advances in Environmental Biology, 11(12) December 2017, Pages: 31-41

Fig. 9: Effect of Almond and Cashew methanolic extracts on CDKN2A and CDK4
mRNA expression level among liver (HePG2) and Breast (MCF7) cancer cells.
DISCUSSION
Total world consumption of nuts has elevated to 59% through the past decade [18]. US Food and Drug
Administration confirmed differentiate of food products which contained nuts to show that nuts may decrease
the risk of heart-concerning diseases. Nuts had contained rich amounts of nutrients, like high-quality vegetarian
protein, fat, unsaturated fatty acids, soluble dietary fiber, vitamins, minerals, Phytochemicals, a natural
antioxidant, and other bioactive compounds [19, 20, 21, 22, 23 and 24]. These nutrients may reduce the risk
of overall mortality [10 and 25] and incidence of different type of cancer [26], CVD [27], type II diabetes [28
and 29], and metabolic syndrome [30]. These health influences could be via different mechanisms, like natural
antioxidant activity [31], reduction of DNA damage [2], regulation of inflammatory response and
immunological activity [32] and anticarcinogenic effects [33]. The target of the current research is to understand
the mechanism of anticancer potential of Almond and Cashew at molecular level.
Methanol extract of almond and Cashew kernel was prepared and utilized. Two cancer cell lines Liver
(HepG2) and Breast (MCF7) were used. Phytochemical analysis and antioxidant power of each extract were
measured. The cytotoxic activity of each extract against the two cancer cell lines was assessed. The ability of a
single cell to grow into a colony after treatment with examined extracts was investigated. Induction of apoptosis
was evaluated. The expression level of CDKN2A and CDK4 genes was detected.
The results showed that, the Almond methanolic extract had the highest estimates of total phenolic
content (TPC), antioxidant power, protein, ash and fibers in comparison with Cashew. The observed highest
antioxidant power of Almond than Cashew might be due to highest total phenolic content (TPC) of Almond
than Cashew. Herbal extracts rich in secondary metabolites, including phenolic, flavonoids and tannins, have
antioxidant activity due to their redox properties and chemical structures [34]. Strong correlation between
antioxidant activity, TPC and TFC different plant extracts was reported [35].
The obtained results from trypan blue and colony formation assays revealed that, the two extracts
showed that the cytotoxic influences on the used cancer cell lines in a dose-dependent style. Whereas, Almond
extract exhibit cytoxic effect higher than Cashew extract. This result might be due to the increase of TPC and
antioxidant activity Almond methanolic extract than Cashew. [36] reported that, the biological activities were
correlated with phytochemical contents of the plant extracts. High correlation coefficient (R 2) between cytotoxic
activity and TPC and TFC among different cancer cell liens was reported [37].
Moreover, the obtained results indicated that, the Almond and Cashew extracts exerted cytotoxic effect
against liver (HePG2) and Breast (MCF7) cells, firstly during, cell cycle arresting at the G2/M phase supported
with the preG1 apoptosis induction, which was confirmed by the significant increase in apoptotic cell
populations. It is recognized that cellular growth and proliferation of mammalian cells are achieved by cell cycle
progression. Moreover, inhibition of the cell cycle has considered being an influential strategy for terminate
cancer cells [38]. [39] provide unprecedented evidence that Semecarpus anacardium nut extract triggers
apoptotic signals in Breast cancer (T47D) cells. [40] reported that, the hydroethanolic leaf extract of
Anacardium occidentale leaves interfered in the cell cycle progression, inducing apoptosis by activation of
casp3 at lower concentrations on human acute lymphoblastic leukemia cell lines.
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Almond and cashew extract induced apoptosis in both HePG2 and MCF7 cells. It has been widely
reported that the induction of apoptosis is one of the active strategies to arrest the proliferation of cancer cells
[41]. Apoptosis is the major focus and target for cancer research since the cells killed via this mode of cell death
do not induce an inflammatory reaction which may lead to various adverse side effects [42].
The results revealed that, the apoptotic and necrotic cell populations increased significantly in both
HePG2 and MCF7 cells due to incubation with methanol extracts of Almond and Cashew when compared with
the control cells. But the apoptosis percent was increased significantly than necrosis in all treatment with all
utilized cancer cell lines. Late apoptotic events were higher than early apoptotic events among two cancer cell
lines due to the treatment with examined extracts.
The exhibited apoptotic potentiality of Almond and Cashew may be due to the TPC and TFC as
reported by several studies [3, 43, 44 and 45]. It has been reported that, the TPC and TFC are promoting
apoptosis and induction of cell cycle arrest through the inhibition of DNA replication [46, 47 and 48].
Anti-cancer activity of Almond and Cashew was investigated against HePG2 and MCF7 by expression
levels of CDKN2A and CDK4 genes. The obtained results showed down regulation of CDK4 and up regulation
of CDKN2A genes in both used cancer cells due to treatment by examined extracts. These results might be due
to phenolic and flavonoids contents. Several studies showed similar results. Hesperetin flavonoid from citrus
could be shown that the inhibition of cell growth in a concentration and time-dependent method. It could
considerably elevate apoptosis of Eca109 cells in a dose-/time-dependent fashion [49].
In order to control the cell cycle progression, cells evolve molecular modulators of cell proliferation,
called cyclin-dependent kinase inhibitors (CDKN) [50]. Two protein families, the CDK interactive
protein/Kinase inhibitory protein (CIP/KIP) family and the Inhibitor of Kinase 4/Alternative Reading Frame
(INK4A/ARF) protein family, prohibit the progression of the cell cycle [51]. The INK4A/ARF family involved
p16INK4A (CDKN2A), which joined to CDK4 and arrests the cell cycle in G1 phase, and p14ARF, (the
alternative reading frame protein product of the CDKN2A gene), which prohibits p53 degradation [50].
The role of Lupeol in the induction of cell cycle arrest and apoptosis through the intrinsic pathway in
head and neck cancer was investigated by [51], the results indicated that, Lupeol was found to trigger G1 cell
cycle arrest through up-regulation of the expression of CDKN2A .
The cytotoxic influence of linalool on human cancer cell lines was studied by [52] and the results are
proved that the linalool can intercept the cell cycle of U937 cells at the G0/G1 phase and can stop the cell cycle
of HeLa cells at the G2/M phase. Its mechanism expedite the expression of the cyclin-dependent kinases
inhibitors (CDKIs) p53, p21, p27, p16, and p18, in additional the non-expression of cyclin-dependent kinases
(CDKs) activity.
Resveratrol, p-coumaric, ferulic and sinapinic acids are phenolic compounds in Peanut teste were
studied for anticancer activities against colon cancer cell lines by [53]. Results revealed that, exposure to pcoumaric and ferulic acids induce cell death activation as proved by elevated sub-G1 fractions. The inducement
of p21 mRNA level by p-coumaric acid and resveratrol correlated well with the reduced CDK4 mRNA levels
and cell cycle stop.
[54] examined the 3-Hydroxyter-phenyllin (3-HT) as a possible anticancer factor utilizing the human
ovarian cancer cells A2780/CP70 and OVCAR-3, and normal human epithelial ovarian cells. The results
revealed that, the3-HT induce S phase arrest and apoptosis in a dose dependant fashion and related to DNA
damage which mediated the ATM/p53/Chk2 pathway. Down-regulation of cyclin D1, cyclin A2, cyclin E1,
CDK2, CDK4 and Cdc25C, and the upregulation of Cdc25A and cyclin B1 led to the accumulation of cells in S
phase.
Apigenin flavonoid appeared powerful growth inhibitory activity in HER2/neu breast cancer cells but
was much low influential in inhibiting the growth of cells expressing basal levels of HER2/neu. It induces
apoptosis in MDA-MB-453 breast cancer cells including intrinsic and extrinsic apoptotic pathways. It has
observed to down-regulate levels of cyclin D1, D3, and cdk4 [55]. Apigenin inhibited human cervical carcinoma
HeLa cells growth via an apoptotic pathway. In different human colon carcinoma cells, it caused cell growth
inhibition and G2/M cell cycle stop [56].
CONCLUSION
The results of this research obviously illustrate that the Almond and Cashew methanolic extracts were
able to induce growth inhibition, apoptosis, cell cycle arrest, and change of expression level of one gene
member of cyclin-dependent kinases inhibitors and cyclin-dependent kinases families. The results observed that
the extracts contain potential anticancer bioactive compounds that needed isolation and characterization.
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