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Anethum graveolens L. (A. graveolens) commonly known as dill, is an essential oil bearing plant extensively
being used in traditional system of medicine. However, the reports on the components and biological
responses of A. graveolens essential oil (AG-EO) from Saudi Arabia are scarce. The present study was
designed to explore the presence of basic constituents and apoptosis induced by AG-EO in HepG2 cells.
The constituents in AG-EO was analyzed by Gas chromatography-Mass spectroscopy (GC–MS).
Cytotoxicity of AG-EO was measured by MTT assay and cell cycle arrest and apoptosis assays were con-
ducted by using flow cytometer. Based on GC–MS analysis, the main constituents present in AG-EO were
carvone (53.130%), dillapole (25.420%), dihydrocarvone 2 (11.350%) and dihydrocarvone 1 (6.260%). A
few other minor components were also identified viz. cis-dihydrocarveol (0.690%), limonene (0.580%),
isodihydrocarveol (0.370%), myristicin (0.210%) and cis-arsone (0.190%). The cytotoxicity results showed
that AG-EO decrease the cell viability and inhibit the cell growth of HepG2 cells in a concentration-
dependent manner. The inhibitory activity of AG-EO was found with IC50 = 59.6 ± 5.64. The cell cycle
arrest results showed that HepG2 cells exposed to AG-EO exhibited an increase in G2/M and pre-G1 cell
population after 24 h exposure. Furthermore, the flow cytometry data revealed the primarily activation of
cell death by apoptosis manners in HepG2 cells exposed to AG-EO. Overall, results from this study high-
lighted the anticancer potential of AG-EO, which could be considered as a new agent for the management
of hepatocellular carcinoma.
� 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

A. graveolens, commonly known as dill, is an aromatic herb,
belonging to Apiaceae (Umbelliferae) family. The plant has its ori-
gin from Mediterranean and Southwest Asia (Singh et al., 2005).
Dill plant has a long history of use as a culinary and medicinal herb.
The leaves are used in salads and soups, while the seeds are drunk
as tea and added to sweets (Babri et al., 2012). The oil from A.
graveolens is known to possess anti-bacterial, antifungal and anti-
microbial activities (Abed, 2007; Badar et al., 2008; Tian et al.,
2011; Chahal et al., 2016). The anti-oxidant (El-Mansouri et al.,
2016), antidiabetic (Goodarzi et al., 2016), anticancer
(Mohammed et al., 2018), diuretic and anti-
hypercholesterolaemic (Sahib et al., 2012), anti-inflammatory &
analgesic (Naseri et al., 2012), antibacterial activity (Kaur and
Arora, 2010) effect of A. graveolens have also been documented.
Traditionally, the seeds of A. graveolens are used as appetizer,
carminative, antispasmodic and aphrodisiac agents, by the native
people in Saudi Arabia (Youssef, 2013). The phytochemical studies
carried out on A. graveolens plant revealed the presence of large
number of phytoconstituents such as tannins, flavonoids, triterpe-
nes, coumarins, phenolic acids, capric acid, palmitic acid, stearic
acid, oleic acid etc. (Heamalatha et al., 2011; Dahiya and
Purkayastha. 2012).
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Essential oils are medicinally useful secondary metabolites of
volatile nature, produced by plants. It is the need of the hour to sci-
entifically investigate the traditionally used plants, for their com-
position and biological activities. A. graveolens is one such
essential oil bearing traditionally known medicinal plant. The
essential oil from fruits of A. graveolens contained compounds such
as carvone, limonene, a-phellandrene, pinene, cineole, dillapole
etc. (Ishikawa et al., 2002). The seeds of A. graveolens have been
extensively used in ethnopharmacological medicine for treating
jaundice, rheumatism and gout in Najd region of Saudi Arabia
(Al-Asmari et al., 2014). The oil from the aerial parts of A. grave-
olens was found useful in the management of cancer of uterus
(Javadi et al., 2015; Tariq et al., 2017). Some researches (Sathya
and Gopalakrishnan, 2013; Mohammed et al., 2018), have reported
that the phytochemicals present in A. graveolens exhibited some
hepatoprotective effects, and hence, A. graveolens might be used
as an herbal medicine against hepatocellular carcinoma. The cyto-
toxic responses of A. graveolens essential oil against various cancer
cell lines such as HeLa (human cervical cancer), Caco-2 (human
colon cancer) and MCF-7 (human breast cancer) have been
reported (Sharopov et al., 2013). The antiproliferative activity of
A. graveolens extract against tumor cell lines MK-1 (human epithe-
lial), Hela (human cervical) and B16F10 (mouse skin melanoma)
have also been reported (Nakano et al., 1998).

The essential oil from A. graveolens was found to induce chro-
mosomal aberrations at low toxicity level in human lymphocytes
(Lazutka et al 2001). The acute oral toxicity (LD50) of A. graveolens
seed oil in rats, mice and rabbits are reported as 4.6 g/kg, >3 g/kg
and >5 g/kg, respectively (Opdyke and Letizia, 1982).

The nature and content of secondary metabolites in aromatic
plants are widely dependent on environmental factors. The geo-
graphic location, seasonal variation and even the method of extrac-
tion are known to exert significant effect on the yield and chemical
composition of essential oil (Hussein et al., 2015). The chemical
composition of essential oil from A. graveolens growing in different
geographical regions has been extensively studied. However, till
date no scientific communication reports the composition and bio-
logical activity of essential oil of A. graveolens seed from Saudi Ara-
bia. Hence, the present study was designed to determine the
chemical composition and anti-cancer potential of essential oil of
A. graveolens seeds from Saudi Arabia against HepG2, a human hep-
atocellular carcinoma cell line.
2. Material and methods

2.1. Preparation of essential oil

The seeds of A. graveolens were procured from the local market
of Riyadh, Saudi Arabia. The seeds were authenticated by a tax-
onomist, and a specimen (# 24541) was submitted in the KSU
herbarium, Department of Botany & Microbiology. For the extrac-
tion of essential oil, the seeds were screened manually and sub-
jected to hydro-distillation method using a Clevenger apparatus.
The essential oil collected was dried over sodium sulphate, fil-
trated, and then storedat 4 �C until tested and analyzed.
2.2. Identification of AG-EO chemical components by GC–MS analysis

A Perkin Elmer model Clarus 600 T combined with single quad-
rapole mass spectrometer was used for GC–MS analysis. The chro-
matographic column was an Elite 5MS column
(30 m � 0.25 mm � 0.25 mm film thickness), with high-purity
helium as the gas carrier, at a flow rate of 1 mL/min. The injector
temperature was 280 �C and it was equipped with a splitless injec-
tor at 20:1. The temperature was set initially to 40 �C (held for
2 min), was increased to 150 �C at 5 �C min�1 (held for 2 min), then
increased further to 300 �C at 5 �C min�1. The MS ion source tem-
perature was 220 �C and inlet line temperature at 240 �C. The scan
range was set at 40–600 mass ranges at 70 eV electron energy and
the solvent delay of 4 min. Finally, unknown compounds were
identified by comparing the spectra with that of the NIST 2005
(National Institute of Standard and Technology library) and Wiley
2006 library. The total time required for analyzing a single sample
was 61 min.
2.3. Chemicals used

Dimethyl sulfoxide (DMSO), MTT dye were purchased from
Sigma (St. Louis, Mo., USA). DMEM, fetal bovine serum, gen-
tamycin, HEPES buffer, L-glutamine, and 0.25% Trypsin-EDTA were
purchased from Lonza. Propidium iodide flow cytometry and FITC
Annexin-V apoptosis detection kits were purchased from BD
Biosciences.
2.4. Culture of cells

HepG-2 cells obtained from VACSERA Tissue Culture Unit were
grown in DMEM supplemented with 10% FBS, 50 lg/ ml gen-
tamycin and 1% L-glutamine with HEPES buffer. HepG2 cells were
cultured in a CO2 incubator at 37 �C/5% CO2 at high humid
atmosphere.
2.5. Experimental design

Preparation of A. graveolens essential oil (AG-EO) was done by
steam distillation using a clevenger apparatus. The identification
of AG-EO chemical components was by GC–MS analysis. Human
hepatocellular carcinoma cell line (HepG2) were exposed to a med-
ium containing with various concentrations from the AG-EO (0.5–
1000 mg/mL). Then, cytotoxicity was done by MTT assay by assess-
ing the viability of HepG2 cells. Further, HepG2 cells were exposed
to AG-EO concentrations (20, 60 and 200 mg/mL) for cell cycle anal-
ysis and apoptosis assay using flow cytometer.
2.6. Cytotoxicity assessment by MTT assay in HepG2 cells

HepG2 cells grown in monolayer were trypsinised and 10,000
cells were plated in 96-well culture plates in 0.1 mL culture med-
ium (10% FBS) to attach the cells at the bottom of plate. After over-
night incubation, supernatant was taken out and 100 ml samples
with various concentrations of AG-EO were added to cells in wells
of the microtitre plate. Following treatment for 24 h, medium was
distant and 50 ll of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra
zolium bromide (MTT) (5 mg/ml; Sigma, St. Louis, CA, USA) was
added to each well. The plates were shaken smoothly then incu-
bated in the dark at 37 �C for an additional 4 h. The reaction was
stopped by the addition of 150 ll DMSO (Sigma) and the absor-
bance of samples at 570 nm was measured with a microplate
reader (SunRise, Tecan, USA).
2.7. Cell cycle arrest

The cell cycle arrest in HepG2 cells after the exposure of AG-EO
was done using the Propidium iodide flow cytometry kit, BD Bio-
sciences, according to the manufactures protocol. In brief, HepG2
cells were exposed to 20, 60 and 200 mg/mL of AG-EO for 24 h. After
exposure, cells were fixed and stained as per instructions provided
in the kit and cell cycle arrest was analyzed by flow cytometer (BD
FACSCalibur, BD Biosciences, USA).
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2.8. Apoptosis assay

To assess the mechanism of HepG2 cell death induced by AG-
EO, the apoptosis/necrosis assays were conducted by flow cytome-
ter using FITC Annexin-V apoptosis detection kit, BD, Biosciences.
In, brief, HepG2 cells were exposed to 20, 60 and 200 mg/mL of
AG-EO for 24 h. The quantity of apoptosis/necrosis cells were ana-
lyzed by flow cytometry following the manufactures protocol.

3. Results

3.1. Extraction and chemical composition of A. graveolens essential oil

The essential oil of A. graveolens (AG-EO) was obtained by
hydrodistillation method. The chemical composition was deter-
mined by GC–MS. The results of GC–MS analysis are presented in
Fig. 1 and Table 1. In all, 20 different components represented
99.26% of the total oil. The oil mainly contained a mixture of car-
vone (7, 53.130%), dillapiole (15, 25.420%), dihydrocarvone 2 (4,
11.350%) and dihydrocarvone 1 (3, 6.260%). A few other minor
components were also identified viz. cis-dihydrocarveol (6,
0.690%), DL-limonene (1, 0.580%), isodihydrocarveol (5, 0.370%),
myristicin (13, 0.210%) and cis-asarone (14, 0.190%).

3.2. Cytotoxic effect of A. graveolens essential oil

MTT assay was conducted to assess the percent cell viability
induced by AG-EO in human hepatocellular carcinoma, HepG2 cell
line. The results of the cytotoxic effects of the AG-EO in HepG2 cells
are presented in Fig. 2. The results showed a concentration-
dependent decrease in the percent cell viability of HepG2 exposed
to 0.5–1000 lg/ml concentrations of AG-EO for 24 h. The percent
cell viability at concentrations of 7.8, 15.6, 31.25, 62.5, 125, 250,
500 and 1000 lg/ml of AG-EO was found to be 90%, 79%, 67%,
48%, 34%, 22%, 12% and 5% in HepG2 cells, respectively (Fig. 2).
However, at 3.9 lg/ml of AG-EO or lower concentrations of AG-
EO did not cause any cytotoxic effects on HepG2 cells. The inhibi-
tory activity of AG-EO against human hepatocellular carcinoma
cells was found with IC50 = 59.6 ± 5.64 (Table 2) under the experi-
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Fig. 1. GC–MS chromatogram of Anethu
mental conditions. The IC50 value was projected from concentra-
tion response curve using Graphpad Prism software (San Diego,
CA. USA).

3.3. Cell cycle arrest by flow cytometry

To evaluate the role of AG-EO in the cell death (anticancer/cyto-
toxic potential) in HepG2 cells, the cell cycle arrest analysis was
conducted. The results of the cell cycle arrest are presented in
Fig. 3 and Table 3. The results showed that HepG2 cells exposed
to AG-EO exhibited an increase in G2/M and pre-G1 cell population
in a concentration dependent manner after 24 h exposure. HepG2
cells exposed to AG-EO at 20, 60 and 200 lg/ml clearly exhibited
cell death as shown by an appearance of 8.31%, 12.69 and 21.36%
increase in pre-G1 phase, respectively as compared to the appear-
ance of 1.02% in untreated control. Further, a concentration depen-
dent increase of cell population in G2/M arrest were also observed
in HepG2 cells exposed to AG-EO at 20–200 lg/ml concentrations.
After exposure of AG-EO at 20, 60 and 200 lg/ml of AG-EO, an
increase of 17.33%, 31.76% and 44.59%, respectively in G2/M cell
population were observed in HepG2 cells as compared to untreated
control cell population (6.15%) (Table 3).

3.4. Apoptosis assessment induced by A. graveolens essential oil in
HepG2 cells

In order to assess the mechanism of cell death induced by AG-
EO in HepG2 cells, the apoptosis assay was conducted using flow
cytometric analysis. The apoptotic cell death results obtained by
flow cytometer are shown in Fig. 4 and Table 4. Here, the data
are shown in scatter plot, which characterizes the fluorescence
generated by FITC and PI staining. The flow cytometry data clearly
confirmed that AG-EO primarily initiate cell death by starting early
and late apoptotic manners by coincidently convert into the necro-
tic cell death. Based on the staining, more than 98% cells were alive
in untreated control with 0.88%, 0.23% and 0.61% cells in early, late
and necrotic stages. HepG2 cells exposed to 20, 60 and 200 mg/ml
of AG-EO concentrations exhibited in the induction of necrotic cell
death, which represented by a shift of 1.11%, 1.68%, and 3.26% of
42.06 52.06
Time

m graveolens essential oil (AG-EO).



Table 1
Phyoconstituents identified in Anethum graveolens essential oil (AG-EO).

# Name RT Area Area %

1 DL-limonene 12.03 247,448 0.580
2 3-Hexen-1-ol 15.50 46,210 0.110
3 Dihydrocarvone 1 17.18 2,678,874 6.260
4 Dihydrocarvone 2 17.40 4,859,944 11.350
5 Isodihydrocarveol 17.80 156,868 0.370
6 cis-d-dihydrocarveol 18.23 296,645 0.690
7 d-carvone 18.60 22,742,374 53.130
8 Isopiperitinone 19.15 191,886 0.450
9 cis-carvone oxide 19.34 17,835 0.040
10 Limonene glycol 21.24 25,996 0.060
11 2-Allyl-6-methoxyphenol 21.38 20,394 0.050
12 Germacrene d 24.78 15,009 0.040
13 4-Methoxy-6-(2-propenyl)-1,3-benzodioxole 25.85 91,940 0.210
14 cis-asarone 26.63 79,640 0.190
15 Dillapiole 28.95 10,881,201 25.420
16 1-Methyl-4-(l-methylethenyl)-cyclohexanol 31.77 25,494 0.060
17 9-Octadecenoic acid 40.27 27,933 0.070
18 Triacontane 43.11 17,181 0.040
19 Dotriacontane 44.76 32,582 0.080
20 Tritetracontane 46.33 23,985 0.060

0

20

40

60

80

100

120

10
00

.00

50
0.0

0

25
0.0

0

12
5.0

0
62

.50
31

.25
15

.607.8
0

3.9
0

2.0
0

1.0
0

0.5
0

0.0
0

Concentration (µg/ml)

C
el

l V
ia

bi
lit

y 
%

Fig. 2. Cytotoxicity assessment by MTT assay in HepG2 cells following the exposure
of various concentrations of Anethum graveolens essential oil (AG-EO) for 24 h.

Table 2
Inhibitory activity against Hepatocellular carcinoma cells after the exposure of
various concentrations of Anethum graveolens essential oil (AG-EO) for 24 h. The
inhibitory concentrations was detected with IC50 = 59.6 ± 5.64 mg/ml.

Concentrations of AG-EO (mg/ml) % Inhibition (±) S.D.

1000 94.14 1.21
500 87.74 1.39
250 77.30 1.57
125 65.67 2.42
62.5 51.77 4.08
31.25 32.04 4.51
15.6 20.76 4.49
7.8 9.89 2.81
3.9 2.94 1.58
2 0.24 0.21
1 0.00 0.00
0.5 0.00 0.00
0 0 0.00
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the cell population into the upper left quadrant that showed necro-
tic cell death (Fig. 4). HepG2 cells exposed to 20, 60 and 200 mg/ml
of AG-EO concentrations induced early and late apoptosis with an
increase of 3.46%, 4.13% and 5.64% in lower right quadrant and
3.74%, 6.89% and 12.46% in upper right quadrant, respectively
(Table 4).
4. Discussion

The natural phytochemicals are well recognized for their health
benefits and minimal side effects. A. graveolens is one such tradi-
tionally known medicinal plant. The anticancer effect of A. grave-
olens for the treatment of cancer of uterus and some
hepatoprotective activity has been reported (Javadi et al., 2015;
Tariq et al., 2017; Sathya and Gopalakrishnan, 2013). In the present
study the chemical composition and anti-cancer potential of essen-
tial oil of A. graveolens seeds from Saudi Arabia against HepG2, a
human hepatocellular carcinoma cell line was evaluated. The
essential oil of A. graveolens (AG-EO), obtained by hydrodistillation
method was chemically analyzed by GC–MS. The results of this
study are in agreement with the previous reports where major
compound of dill seed essential oil was carvone whereas dillapiole
and trans-dihydrocarvone were present in appreciable amounts
(Chahal et al., 2017). The AG-EO from Uzbekistan and Algeria con-
tained 73.61% and 31.04% carvone respectively (Yili et al., 2009;
Khaldi et al., 2015). Asraf et al. (1977) reported 52.25% carvone
and 28.28% dillapiole in AG-EO from Pakistan. The main compo-
nents of AG-EO from Tzakistan were carvone (51.7%) and trans-
dihydrocarvone (14.7%) (Sharopov et al., 2013). The AG-EO from
Iran was found rich in carvone, 30.2%, trans dihydrocarvone,
11.7% and dillapiole, 11.5% (Khani and Basavand, 2013). The broad
variations seen in the relative amounts of the main components of
the essential oils of A. graveolens from different parts, can be attrib-
uted to different geographic location, seasonal variation, genetic
variation, conditions of growth and even the method of extraction.

Further, we used MTT assay to assess the cytotoxic/antiprolifer-
ative effects of AG-EO in HepG2 cell line. The results of the cyto-
toxic effects of the AG-EO in HepG2 cells are presented in Fig. 2
and Table 2. The MTT assay commonly use endpoint to assess
the cytotoxicity, introduced into the cells and reduced mitochon-
dria dependent reaction to yield a blue color formazan product
(Mosmann, 1983) that indicates mitochondrial integrity as a mea-
surement of cell viability (Maioli et al., 2009). Our results clearly
showed the ability of HepG2 cells to reduce MTT to the formazan
derivative after exposure of AG-EO that indicates cytotoxic/
antiproliferative activity. Our results showed that AG-EO with
increasing concentrations decreases the cell viability of HepG2
cells after 24 h of treatment. A concentration dependent cytotoxic
effect of A. graveolens essential oil against HeLa (human cervical
cancer), Caco-2 (human colon cancer) and MCF-7 (human breast
cancer) has been reported (Sharopov et al., 2013) with the IC50 val-



Fig. 3. Cell cycle analysis in HepG2 cells exposed to Anethum graveolens essential oil (AG-EO) for 24 h. Representative flow cytometric image exhibiting changes in the
progression of cell cycle. [A]: Control; [B]: 20 lg/ml; [C]: 60 lg/ml; [D]: 200 lg/ml.

Table 3
Percentage of cells arrested in different phases of cell cycle after the exposure of Anethum graveolens essential oil (AG-EO) in HepG2 for 24 h.

Concentrations of AG-EO (lg/ml) % G0-G1 % S % G2/M % Pre-G1

20 56.24 26.43 17.33 8.31
60 47.19 21.05 31.76 12.69
200 32.57 22.84 44.59 21.36
Untreated Control 63.42 29.41 6.15 1.02
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ues 67 lg/ml for MCF-7, 93 lg/ml for HeLa and 216 lg/ml for
Caco-2 cell lines. The methanolic extract of A. graveolens is also
known to inhibit the proliferation of cancer cells such as L1210
(mouse leukemia), MK-1 (human epithelial), Hela (human cervical)
and B16F10 (mouse skin melanoma) have also been reported
(Nakano et al., 1998; Goun et al., 2002). The cytotoxic response
observed in this study might be due to the presence of compounds
carvone and limonene (Zheng et al., 1992).

These results are in well agreements with the other reports
showing decrease in the cell viability of WISH, MCF-7, HEp-2 and
Vero cell lines with increasing concentrations of fenugreek seed
oil after 24 h exposure (Al-Oqail et al., 2013). The in vitro cytotoxic
activities of essential oil obtained from seeds of Moringa oleifera
against HeLA, L929, Caco-2, MCF-7 and HepG2 cell lines have been
previously reported (El-Sayed et al., 2015). In other study, Oliveira
et al. (2015), have also reported cytotoxic potential of different
essential oils against various cancer cell lines, such as HT29 human
colon carcinoma, MCF-7 human breast adenocarcinoma, HeLa
human cervical adenocarcinoma, human glioblastomas and HepG2
human hepatocellular carcinoma.

To evaluate the role of AG-EO in the cell death (anticancer/cyto-
toxic potential) in HepG2 cells, the cell cycle arrest analysis was
conducted. The results of the cell cycle arrest are presented in
Fig. 3 and Table 3. The results obtained here clearly suggest that
AG-EO induced G2/M and pre-G1 cell population arrest in HepG2
cells after 24 h exposure. The increase in pre-G1 peak in cell cycle
arrest indicating the upregulation of apoptosis pathway. This could
be due to the changes in the mitochondrial and lysosomal activities
(Al-Sheddi et al., 2015). Furthermore, the increased population in
G2/M cell cycle following the exposure of AG-EO in HepG2 cells
might be due to the possibility of DNA damage and failure of repair
mechanism in the cells. It is already reported that DNA repair
mechanism(s) in the cells are very well maintained and highly
DNA damage could leads to cell cycle arrest and cell death



Fig. 4. Flow cytometry analysis of apoptosis in HepG2 cells exposed to various concentrations of treated with various concentrations of Anethum graveolens essential oil (AG-
EO). The scatter plots show total, early apoptosis, late apoptotic and necrotic cells following 24 h exposure. [A]: Control; [B]: 20 lg/ml; [C]: 60 lg/ml; [D]: 200 lg/ml.

Table 4
Percent early apoptosis, late apoptotic and necrotic cells in HepG2 following 24 h exposure to various concentrations of Anethum graveolens essential oil (AG-EO).

Concentrations of AG-EO (lg/ml) Apoptosis

Total Early Late Necrosis

20 8.31 3.46 3.74 1.11
60 12.69 4.13 6.89 1.67
200 21.36 5.64 12.46 3.26
Untreated Control 1.72 0.88 0.23 0.61

1058 E.S. Al-Sheddi et al. / Saudi Pharmaceutical Journal 27 (2019) 1053–1060
(Ferreira et al., 2002; Ravi et al., 2010). As shown in Fig. 3, AG-EO
treated HepG2 cells showed higher cell count in G2/M and pre-
G1 phase, which indicate AG-EO induced cell cycle arrest. This kind
of cell cycle arrest have also been reported in HSC-3 human oral
squamous carcinoma cells after the exposure of Cinnamomum cas-
sia essential oil and its constituents (Chang et al., 2017). Seal et al.
(2012) have also reported that vapor of volatile oil compounds
acquired from seeds of Litsea cubeba induced cell death via cell
cycle arrest in human non-small cell lung cancer (NSCLC) and
human lung carcinoma (A-549) cell lines.

In order to assess the mechanism of cell death induced by AG-
EO in HepG2 cells, the apoptosis assay was conducted using flow
cytometric analysis. The apoptotic cell death results obtained by
flow cytometer are shown in Fig. 4 and Table 4. The programed cell
death or apoptosis is hemostatic process, which controls the cell
population of normal tissue and in different kind of cancer dis-
eases. Apoptosis occurs due to the DNA break down, cleavage in
proteins and over expressions of caspases activate proteolytic cas-
cade (Elmore, 2007). Herein, we observed that AG-EO induced
apoptotic and necrotic cell death in HepG2 cells after 24 h expo-
sure. Phytoconstituets from plants have been proven as an alter-
nate method in the induction of apoptotic cell death mediated
through different pathways (Lahlou, 2013; Srivastava et al.,
2016). These cytotoxic agents inhibit cell survival via cell cycle
arrest and apoptotic induction in cancer cells through non-polar
or covalent binding to DNA (Palchaudhuri and Hergenrother,
2007). The results from this study exhibited that AG-EO is able to
arrest the cell cycle in a concentration dependent manner conse-
quently leads to apoptosis. The cell cycle arrest induction to avert
the cell proliferation is effective way used by the cytotoxic agents.
These cytotoxic agents play a role in anticancer mechanism
through arresting the G0/G1 and G2/M phases in that way inhibit-
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ing the growth of cells and leading the apoptosis cell death (Joe
et al., 2002; Keyvani-Ghamsari et al., 2017). Subsequently, the
exposure of HepG2 cells with different concentrations of AG-EO,
results clearly demonstrated that AG-EO has the potential to arrest
HepG2 cells at G2/M and pre-G1 phase. Thus, in present study, AG-
EO induced apoptosis may be due to the cell cycle arrest that
blocked the DNA synthesis and inhibit the growth of the HepG2
cells. These results are in agreements with the recent reports that
exhibited apoptosis cell death after the exposure of various essen-
tial oil obtained from plants in different cancer cells (Chang et al.,
2017; Jamali et al., 2018).

5. Conclusion

Our results revealed the presence of 20 different components
representing 99.26% of the total A. graveolens essential oil. The oil
mainly contained a mixture of carvone, dillapole, dihydrocarvone
2 and dihydrocarvone 1. A few other minor components were also
identified viz. cis-dihydrocarveol, limonene, isodihydrocarveol,
myristicin and cis-arsone. Further, the results also demonstrated
that the AG-EO has antiproliferative/anticancer potential against
human hepatocellular carcinoma cells. A concentration- dependent
decrease in the cell viability of HepG2 cells were observed after
AG-EO exposure. The AG-EO was also found to induce cell cycle
arrest and apoptosis in HepG2 cells. The AG-EO treated HepG2 cell
death certainly indicated the role of cell cycle arrest at pre-G1 and
G2/M phases. This study also provided a new understanding into
the mechanism(s) of action of AG-EO induced apoptosis in HepG2
cells. Therefore, AG-EO could be considered as a new agent for the
management of hepatocellular carcinoma.
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