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Cancer is a devastating and aggressive disease that is globally ranked as the second-leading cause of
deaths despite the relentless efforts being directed towards the discovery of novel chemotherapeutic
drugs. Plants naturally produce a plethora of secondary metabolites that play a crucial role as effective
therapeutic agents. Cancer treatment rely primarily on chemo- and radio-therapeutic strategies that suf-
fers from known side effects. Recently, the strategy of controlling cancer progression by use of plant-
derived natural products have extensively attracted research interests. In this study, the antioxidant
and anticancer activities of the methanolic extract of Calligonum comosum (MeCc) fruit hairs were inves-
tigated. According to DPPH and ABTS assays, MeCc exhibited potent antioxidant capacity as it displayed
significant free-radical scavenging activity. Results of the MTT cytotoxicity assay revealed that the MeCc
exhibited potent anti-proliferation activity (IC50 = 10.4 mg/ml) that is specific against human hepatocar-
cinoma cells (HepG2), as only marginally harmful effect against non-cancerous control BJ-1 cells was
detected. Results of the RT-qPCR gene expression analyses indicated that MeCc resulted in significant
overexpression of mRNA transcript levels of the pro-apoptotic genes p53, caspase-3 and Bax, while down-
regulating the level of Bcl-2, an anti-apoptotic marker gene. Immunoblotting of the protein expression
levels for the same markers showed similar pattern to that observed in RT-qPCR profiling. While the
levels of p53, caspase-3 and Bax proteins exhibited significant increase, the protein level of Bcl-2 was sig-
nificantly reduced. In conclusion, it is proposed that the observed specific anticancer activity of MeCc
against HepG2 cells takes place via the engagement of apoptosis. This highlights the value of C. comosum
as a source of potent natural anticancer agents and warrants further investigation to identify the active
principals involved.
� 2021 The Author. Published 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

Plants-derived compounds have been examined for their thera-
peutic and pharmaceutical properties over last decades. In addition
to their affordability, they have been reported to exhibit remark-
ably potent antioxidant and anticancer activities with minimal or
no observed side effects, and commercially available (Lü et al.,
2010). In this context, herbal plants that are growing under very
harsh biotic and abiotic stress conditions (e.g., pathogen infection,
drought, salinity and heat stresses) which force plants to divert
their main metabolic pathways to produce different secondary
metabolites as an adaptation response to those conditions (Al
Ameri et al., 2014). These metabolites belong to diverse
chemical-structure families of compounds such as polysaccharides,
amino acids, phenolics, flavonoids, alkaloids and tannins; collec-
tively they contribute to the maintenance of human health and
balanced nutrition (Azziz, 2015, 2016.; Pinola et al., 2017). More-
over, these metabolites can be either concentrated in the whole
plant or at specific parts such as leaves, stem, bark, root, flower,
tuber and seed. These plant-derived natural secondary metabolites
are considered a powerful alternative to synthetic chemo-
therapeutic drugs for their antineoplastic activities against various
stages of carcinogenesis, biologically-friendly effects and wide
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margins of safety to adjacent non-cancerous cells (Lemos et al.,
2014).

The genus Calligonum is a member of Polygonaceae (smart-
weed) plant family which comprises about 40 genera and 80 differ-
ent species distributed in the desert areas of North Africa, Gulf
countries and Asia. C. comosum (L’Her) is a leafless, tall, woody
and perennial shrub that is found throughout North Africa, central
and eastern Arabia and developing widely in sandy deserts and
arid habitats. Arta or Abal is its traditional Arabic name in the Gulf
region. The plant has been reported to display several valuable
medicinal properties including antioxidant, anti-inflammatory,
anti-ulcer, anticancer, antifungal and antihelmentic, estrogenic,
hypoglycemic and cardioprotective activities (Ahmed et al.,
2020). Its aerial parts (i.e, leaves, flowers and stems) have tradi-
tionally several ethno-medicinal applications including chewing
to relief toothache and treat gastric ulcers. Moreover, its roots
decoction has been utilized to cure gum sores. Nutritionally, the
fruits and shoots are used in some alimentary dishes such as green
salad thanks to its rich content of sugar and nitrogenous
compounds.

Different chemical constituents have been identified in several
C. comosum plant parts including, catechin, isoquercetin, quercetin,
and kaempferol-3-Oglucuronide and kaempferol from the ethano-
lic extract of the aerial parts; soprunetin, campesterol, genistein-6-
C-glucoside and stigmasterol from the methanolic extract of the
roots; (Shalabi et al., 2015; Badria et al., 2007; Ashour et al.,
2012; Abdel-Sattar et al., 2014). In addition, the plant has been
reported to be useful in other industrial applications such as fire-
wood, flavouring, tanning of hides and as fodder for livestock ani-
mals in developing regions (Shalabi et al., 2015; Askari Jahromi
et al., 2014). A circular single and hairy carpel is a characteristic
morphological feature of its fruit. In terms of color, the hairy fruits
are generally yellowish green, which turns into brownish hairs
upon complete ripening. The fruit is intensely covered by long
hairs originating from four narrow vertical ridges with wing-like
structure. This feature facilitates the dispersion of the fruit over
fast distances by wind.

Different plant parts have been demonstrated to possess potent
biological activities (Ahmed et al., 2020). However, the knowledge
on the bioactivity of its characteristic fruit hairs is lacking. Hence,
this study investigates, for the first time, the antioxidant and anti-
proliferation activities of the methanolic extract of C. comosum
(MeCc) fruit hairs. The mode-of-action is further studied at the
molecular level by gene and protein expression techniques of key
pro- and anti-apoptotic markers.
2. Materials and methods

2.1. Chemicals and supplies

Unless otherwise stated, all chemicals and reagents were of
molecular biology grade and have been purchased from Sigma-
Aldrich (St Louis, MO, USA). Methanol was of analytical grade
reagents (AR) procured from Merck Chemical Inc. (Darmstadt, Ger-
many). All tissue culture media and materials including RPMI-
1640, L-glutamine and penicillin/streptomycin, and FBS, were
obtained from Gibco Inc. (NY, USA). Kits and reagents for total
RNA extraction, cDNA synthesis, RT-qPCR were procured from Qia-
gen (Hilden, Germany). Cell culture flasks (75 cm2) with vent cap,
Falcon� 15- and 50-mL polystyrene centrifuge tubes and sterile
individually-wrapped StripetteTM serological polystyrene pipettes
were purchased from Corning� USA. All protein chemistry reagents
and buffers were obtained from Bio-Rad Laboratories GmbH
(Munich, Germany).
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2.2. Plant material and extract preparation

C. comosum hairy fruits were collected from the west of
El-Dahnaa desert, in the road between Riyadh and Damam cities
(Fig. 1). Air-dried hairy fruits of C. comosum were finely powdered
with the help of a regular coffee grinder, and subsequently macer-
ated in a glass jar with cold methanol. About 100 g fruit-hair pow-
der was subjected to methanol extraction by placing it into 400 ml
methanol under shaking for 48 h. The methanol extract of C. como-
sum (MeCc) fruit hairs was then filtered through Whatman no. 1
filter paper (Sigma) and the MeCc was subjected to evaporation
by use of rotary evaporator. Then, the remaining residues were lyo-
philized in a freeze-drier at �50C� for another 24 h. With the help
of vertexing, stock solutions of dimethyl sulfoxide (DMSO) at a
concentration of 1 mg/ml were prepared for bioassays. The stock
solution was stored at 4 �C in the dark until further use.

2.3. DPPH antioxidant assay

Total free radical scavenging potencies of the MeCc was evalu-
ated by two different methods using the stable 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical and 2,20-Azino-bis (3-ethylbenzothia
zoline-6-sulfonic acid) diammonium salt (ABTS) as previously
reported (Askari Jahromi et al., 2014; El-Hallouty et al., 2020) with
slight modification. In DPPH assay, 100 ml containing (2.5, 5, 7.5, 10,
15 and 20 lg/ml) extract were added to 900 ml of 0.1 mM DPPH in
methanol. The mixture was vortexed and incubated under dark at
room temperature for 30 min. The absorbance of the reaction mix-
ture was measured at 517 nm using Shimadzu UV-1280 UV–vis
spectrophotometer (Nakagyo-ku, Kyoto, Japan). The absorbance
of DPPH solution was used as blank and each concentration was
measured in triplicates. The concentration causing 50% DPPH scav-
enging (SC50) was calculated using the following equation. Antiox-
idant activity %= (Acontrol–Asample)/Acontrol) � 100; where, Acontrol is
the absorbance of the DPPH solution without sample; Asample is
the absorbance of the DPPH incubated with an exact concentration
of the methanol extract for 30 min. Standard butylated hydroxy-
toluene (BHT) was used as a positive antioxidant control.

2.4. ABTS antioxidant assay

The ABTS radical assay was carried out according to a previ-
ously published report with slight modifications (El-Hallouty
et al., 2020). In brief, a mixture of 1 ml of 7 mM ABTS and
1 ml of 2.45 mM potassium persulfate was incubated in a dark
place at room temperature. After 16 h of incubation, the mixture
was adjusted with water to an absorbance of 0.7 at 734 nm. Then,
100 ll of (2.5, 5, 7.5, 10, 15 and 20 lg/ml of MeCc lg/ml) was
mixed with 900 ll of ABTS mixture and left for incubation at
room temperature in dark place for 10 min. The absorbance of
the reaction mixture was measured at 734 nm. Trolox was used
as positive antioxidant control. The ABTS scavenging effect was
measured using the following equation: Antioxidant activity
%= (0.700–Asample)/0.700) � 100; where, 0.700 is the absorbance
of the ABTS radical without extract; Asample is the absorbance of
each concentration of the extract at 10 min. The concentrations
that cause 50% of ABTS radicals scavenging (IC50) were obtained
by use of regression analysis.

2.5. Cell lines and culturing conditions

Cancerous and non-cancerous cell lines used in this study were
obtained from the American Type Culture Collection (ATCC,
Manassas, VA, USA). The anticancer activity of MeCc fruit hairs
was tested against human hepatocellular carcinoma (HepG2,
ATCC� HB-8065TM) compared to noncancerous skin fibroblast BJ-1



Fig. 1. The morphological features of C. comosum fruit hairs. A) Intact hairy fruits. B) Fruits devoid of hairs. C) Ground fruit hairs that have been used in this study.

Table 1
Nucleotide sequences of oligonucleotide primers used in
RT-qPCR analysis.

Gene symbol Primer sequences (50– –>30)

p53 F: CCTCCTGGCCCCTGTCATCTT

R: ACCTCCGTCATGTGCTGTGAC
Caspase-3 F: GAGTGCTCGCAGCTCATACCT

R: CCTCACGGCCTGGGATTT
BAX F: GCCCTTTTCTACTTTGCCAGC

R: TCAGCCCATCTTCTTCCAGAT
Bcl-2 F: GGCCTTCTTTGAGTTCGGTGG

R: GATAGGCACCCAGGGTGATGC
b-Actin F: GGGTCAGAAGGATTCCTATG

R: GGTCTCAAACATGATCTGGG
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(ATCC� CRL-2522TM). The cells were subcultured in RPMI-1640
medium supplemented with 10% FBS, 100 U/ml penicillin and
100 lg/ml penicillin/streptomycin at 37 �C, 5% CO2 in 75 cm2 tissue
culture flask. For the cytotoxicity assessment, cells were trypsi-
nized (Trypsin 0.05%/0.53 mM EDTA). Then, cells were seeded
(2 � 103 cell/well in 100 ll of medium) into 96-well plates (Gibco,
USA) for 24 h before treated with different concentrations of MeCc
(2.5, 5, 7.5, 10, 15, 20 and lg/ml) for another 24 h (Aboul-Soud
et al., 2020; Abo-Salem et al., 2020). To analyze the gene expres-
sion level and western blot of pro- and anti-apoptotic markers
(p53, Bax, Caspase 3 and Bcl-2), HepG-2 and BJ-1 cells were seeded
(6 � 106 cell/well in 3 ml of medium) into in a 6-well plate. After
24 h, the medium was replaced with a fresh medium containing
15 lg/ml of MeCc and incubated for another 24 h.

2.6. Cell viability MTT assay

After 24 h of incubation with different MeCc concentrations, the
media were discarded, and adherent cells were incubated with
100 ml/well MTT at a concentration of 0.5 mg/ml prepared in PBS
and subsequently incubated at 37 �C for additional 3 h at 37 �C
under dark condition (Aboul-Soud et al., 2020; Mosmann, 1983).
Then, 100 ll isopropyl alcohol was added per well in order to dis-
solve the purple formazan crystals by the help of shaking for
another 2 h at room temperature. Subsequently, the absorbance
was measured at 549 nm using ELX 800 BioTek microplate reader
(BioTek Instruments, Winooski, VT, USA). The results were ana-
lyzed in triplicates and the viability percentage were calculated.
The MeCc concentrations resulting in 50% growth inhibition of
HepG2 cells (IC50) were calculated by use of Microsoft Excel trend-
line equation (Aboul-Soud et al., 2020).

2.7. RT-qPCR analysis

HepG2 cells were treated with 15 mg/ml MeCc for 24 h prior to
RNA extraction. Total RNA was extracted from collected cells using
the ‘‘RNeasy mini kit” (Qiagen) following the manufacturer’s rec-
ommendations. The RNA obtained was quantified using
NanoDropTM OneC Microvolume UV–vis Spectrophotometer
(Thermo Scientific). RNA purity was evaluated by the ratio of the
absorbance at OD260/OD280. In order to determine RNA integrity
(RIN) values, Agilent 2100 Bioanalyzer (Agilent Technologies
GmbH, Waldbronn, Germany) was employed, which were � 8.0
indicative of high integrity. Next, 2 lg of total RNA were used for
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cDNA synthesis, using transcription with Fastlane� Cell cDNA kit
(Qiagen, Germany). The ‘‘FastStart Universal SYBR Green Master
mix” (Roche) was used for amplification, using specific primers
for p53, Bax, Caspase 3 and Bcl-2; b-actin gene was used as an inter-
nal control (Table 1). The RT-qPCR reactions were performed in a
thermal cycler 7500 Real-Time PCR system (Applied Biosystems)
and the amplification data was analyzed by the 7500-software ver-
sion 2.0. PCR conditions were: 2 min at 50� C, 10 min at 95� C, and
40 cycles of 15 s at 95� C and 30 s at 60� C. The 2�DDCt method was
used to determine the relative mRNA expression level for a specific
gene and were represented as fold change compared to b-actin, as
a house-keeping gene (Aboul-Soud et al., 2020).

2.8. Immunoblotting of apoptosis markers

Cells were treated with 15 mg/ml MeCc for 24 h prior to protein
extraction. Collected cells were extracted by a protein extraction
buffer composed of 150 mM NaCl, 50 mM Tris-HCl pH 7.5,
10 mM MgCl2, 1 mM PMSF, 0.1% NP-40 and 1x complete protease
inhibitor (Roche Diagnostics GmbH, Mannheim, Germany) using a
stick ‘‘pellet pestle blue” (Sigma Aldrich, St Louis, MO, USA). The
total proteins were quantified using Bradford assay method (Bio-
Rad� Laboratories GmbH, Munich, Germany). Forty mg protein of
each treatment were loaded into 7–12% SDS-PAGE gels depending
on the size of target protein. Then the gels were transferred to a
PVDF membrane using a semidry transfer blot system. The mem-
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branes were blocked using 5% non-fat milk diluted in PBS buffer
0.1% Tween-20 (PBS-T) and subjected to immunodetection by the
anti-Caspase-3 polyclonal antibody (ab13847; Abcam UK), anti-
p53 monoclonal antibody (PAb 240; ab26; Abcam UK), anti-Bcl-2
monoclonal antibody (E17; ab32124; Abcam UK) and anti-Bax
monoclonal antibody (E63, ab32503; Abcam UK). anti-b-Actin
monoclonal antibody (SP124; ab115777; Abcam UK) was used as
an internal control, whereas anti-Mouse and anti-Rabbit were used
as secondary antibodies. Dilution rates were either 1:1000 or
1:2000 dependging on the respective antibody used (El-Hallouty
et al., 2020; Aboul-Soud et al., 2020).

2.9. Statistical analysis

Statistical analyses of data were carried by use of Statistical
Package for Social Sciences (SPSS; IL, USA) for Windows version
18.0. All data points were represented as means of three replicates
in each group (mean ± SD) and values of (p < 0.05) and (p < 0.01)
were considered to be statistically significant (Yuan et al., 2006;
Duncan, 1957).
3. Results

3.1. Antioxidant activity of C. Comosum

Fig. 2 depicts the radical-scavenging potencies of MeCc using
DPPH and ABTS. The antioxidant activity results indicated that
the methanol extract under investigation exhibited radical-
scavenging activity against both DPPH and ABTS radicals. It is
worth noting that the values were remarkably higher in ABTS com-
pared to DPPH assays. The concentration that scavenges 50% of
radicals (SC50) for C. comosum seed-hair methanol extract antioxi-
dants IC50 were 14.0 and 18.3 mg/ml (p < 0.05) against ABTS and
DPPH, respectively. This result suggests that MeCc harbors bioac-
tive compounds that are essentially required for the enhancement
cellular capacity to neutralize reactive oxygen species (ROS),
thereby protecting it from any oxidative stress-mediated damage.

3.2. Effect of C. Comosum methanolic extract on the proliferation
HepG2 cells

After 24 h of incubation, the viable number of HepG-2 cells was
significantly decreased in response to different concentration (2.5,
5, 7.5, 10, 15, 20 and 25 lg/ml) of MeCc compared to BJ-1 normal
Fig. 2. Antioxidant activity of different concentration of the methanol extract of C.
comosum fruit hairs (2.5, 5, 7.5, 10, 15 and 20 lg/ml) using DPPH and ABTS assays.
Histograms represent mean Antioxidant activity % ± SEM for 3 technical and 2
biological replicas.
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cell (Fig. 2). The MTT results revealed a clear dose-dependent anti-
proliferation response against liver cancer cells 24-hour post-
treatment with MeCc. Marginal cytotoxic effects were observed
for the C. comosum against the non-cancerous BJ-1 control cells
as only antiproliferative effect of 12.45 ± 2.42% was obtained
(Fig. 2). The concentration of MeCc that inhibits 50% of HepG2 cell
population (IC50) was calculated by use of trendline equation. In
this context, the IC50 of MeCc against HepG2 cells was 10.4 mg/ml
(Fig. 2). Therefore, 15 mg/ml of C. comosum extract was selected
as the optimum concentration for the subsequent in vitro assays.

3.3. C. Comosum methanolic extract induces the expression of
apoptotic gene markers

RT-qPCR analysis was conducted to determine whether the
observed antiproliferation effect of MeCc against human hepato-
carcinoma cells (HepG2) is due to the engagement of apoptotic
gene markers at the level of transcript abundance or via a posttran-
scriptional regulatory mechanism. RT-qPCR analysis for the
expression levels of tumor suppression-related genes (p53) and
apoptosis-related genes (Bax, Caspase-3, Bcl-2) were carried out.
As shown in Fig. 3, the expression levels of p53, Bax, Caspase 3
markers genes exhibited significant (p < 0.01) increase 24-hour
post-treatment showing fold-change values of 1.9, 1. 4 and 1.5,
respectively. By contrast, exposure to MeCc resulted in significant
(p < 0.05) reduction in the expression of the anti-apoptotic marker
gene Bcl-2 compared to untreated cells, with a fold change of 0.4
(Fig. 3). Whereas, no significant differences were observed in the
same set of marker gene expression in non-cancerous BJ-1 control
cells following the same treatment. The results indicated that
apoptosis marker gene expression is altered in response to the
treatment of MeCc at the transcriptional level, and not the post-
transcriptional regulatory stage, culminating into death of cancer
cells by apoptosis.

3.4. C. Comosum methanolic extract induces the expression of
apoptotic protein markers

Immunoblotting was employed to study the expression
patterns of pro- (p53, Caspase-3 and Bax) and anti-apoptotic
(Bcl-2) marker proteins in both human hepatocellular carcinoma
(HepG-2) and non-cancerous fibroblast (BJ-1) control cells. The
obtained immunoblotting results indicated that HepG2 cells trea-
ted with MeCc exhibited significant accumulation in the proteins
levels of pro-apoptotic markers (p53, Caspase-3 and Bax) relative
to untreated cells, whereas Bcl-2 protein level was significantly
reduced (Fig. 4). By contrast, MeCc-treated BJ-1 cells did not exhi-
bit any significant alterations in the expression levels of the exam-
ined marker proteins relative to controls (Fig. 4). Hence, RT-qPCR
and immunoblotting results clearly suggest that the MeCc modu-
lates essential markers of programmed cell death in HepG2 human
hepatocarcinoma cells, at both the mRNA transcriptional and pro-
tein translational levels, culminating into their commitment
towards apoptosis.
4. Discussion

Plants are sessile organisms that produce a unique set of ubiq-
uitous phytochemicals in order to cope with diverse harsh condi-
tions. Specifically, desert plants are surrounded by different
biotic and abiotic stresses, which forces them to modulate their
regulatory metabolic pathways to achieve better adaptation
responses against severe climatic and water shortage conditions
(Jahan et al., 2018). These highly orchestrated adaptative metabolic
strategies lead to the enrichment of plant parts with unique bioac-



Fig. 3. Anti-proliferation effect of different concentration of methanol extract of C. comosum fruit hairs (2.5, 5, 7.5, 10, 15, 20 and 25 lg/ml) on HepG-2 and BJ-1 cells using
MTT assay. Histograms represent mean viability % ± SEM for 3 technical and 2 biological replicas.

Fig. 4. Gene expression of apoptosis markers (Casp3, p53 and Bax and Bcl-2) genes in HepG-2 and Bj-1 cells treated with 15 mg/ml methanol extract of C. comosum fruit hairs
for 24 h. Gene expression levels were quantified by RT-qPCR using b-actin as a housekeeping gene. Significant differences between the means of individual treatment and
control were analyzed by one-side Student’s t-test. The mean of expression levels represents as fold change ± SEM for 3 technical and 2 biological replicas.
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tive phytochemicals that belong to several chemical groups includ-
ing phenolics, flavonoids, alkaloids and terpenoids (Ahmed et al.,
2020). Extracts of different plant organs including Calligonum
comosum are enriched in their contents of these phytochemicals
that exhibit diverse therapeutic properties against various malig-
nant cancer types (Aboul-Soud et al., 2020; Ashour et al., 2016;
Aboul-Soud et al., 2016; Alehaideb et al., 2020). However, knowl-
edge on the bioactivity of C. comosum fruit hairs is scarce. In this
context, the antioxidants and anticancer activities were evaluated,
exploring the spectrum and modes-of-action of anticancer poten-
tial mediated of methanol extract of Calligonum comosum (MeCc)
fruit hairs.

The MeCc of fruit hairs exhibited potent antioxidant activity
using both DPPH and ABTS radical scavenging assays (Fig. 2). This
potent antioxidant capacity could be explained by the rich con-
tents of phenolic and flavonoid compounds present in fruit hairs.
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Recently, the in vitro antioxidant potency as well as total flavonoid
and total phenolic contents of different C. comosum organs, namely
barks, leaves and fruits, have been reported (Ahmed et al., 2020;
Cheruth et al., 2016). Leaves and bark have been shown to exhibit
the highest radical scavenging potencies (ascorbic acid equivalent),
total phenolic content (gallic acid equivalent), as well as total fla-
vonoid content (rutin equivalent). Moreover, while flowers and
fruits have the highest contents of flavonols, other organs (i.e.,
bark, leaves, and stems), have been found to have the highest con-
centrations of taxifolin and catechin (Ahmed et al., 2020).

In this study, the MeCC of fruit hairs exhibited a potent anti-
cancer activity against HepG2 cells as indicated by a very low
IC50 value of 10.4 mg/ml, as reported by the MTT anti-
proliferation assay (Fig. 3). The observed anticancer activity against
HepG-2 was specific as marginal growth inhibition was observed
on BJ-1 normal cells. Similar IC50 values (9.60 ± 0.01) have been



A.J. Alzahrani Saudi Journal of Biological Sciences 28 (2021) 5283–5289
reported in support of our findings but with the MeCC of its aerial
parts against the same HepG-2 hepatocarcinoma cell line under
investigation in this study (Shalabi et al., 2015).

In this study, RT-qPCR gene expression profiling and
immunoblotting results revealed that the MeCc-mediated cyto-
toxic effect against HepG-2 cells proceeds via the engagement of
apoptosis; as judged from the significant upregulation of pro-
apoptotic marker genes and proteins (p53, Caspase-3 and Bax)
(Figs. 4 and 5). Apoptosis is a genetically-controlled process that
is vital for selective cellular elimination implicated in cell turnover
and normal developmental processes. It is subjected under tight
regulatory mechanisms through the expression of a battery of
genes; the most important of which is the tumor suppressor gene
(P53) that is regarded as the guardian of the genome. Apoptosis can
be triggered by either an intrinsic or extrinsic pathway, both of
which culminate into the proteolytic activation of caspase-3, the
last enzyme that executes the characteristic hallmarks of apoptosis
including DNA fragmentation, phosphatidylserine exposure caus-
ing reversion of the plasma membrane and degradation of nuclear
protein (Aboul-Soud et al., 2016; Alehaideb et al., 2020). That main
mode-of-action underlying the anticancer therapeutic potential of
plant-derived phytochemicals has been suggested to be mediated
by the induction of apoptosis and cell cycle arrest (Bailón-
Moscoso et al., 2017; Fujita et al., 2014; Abaza et al., 2013;
Gheena and Ezhilarasan, 2019). In agreement to our findings, pre-
vious studies employing FACS analysis with FITC-Annexin V/Pro-
pidium Iodide dual staining, , showed that methanolic extracts of
C. comosum have triggered apoptosis induction, with all the associ-
ated morphological features, and cell cycle arrest against breast
and liver cancer cell lines (Shalabi et al., 2015; Alehaideb et al.,
2020); via the intracellular generation of membrane/protein/nu-
cleic acids-damaging reactive oxygene species (ROS) (Shalabi
et al., 2015).

In conclusion, the current study provided evidence underscor-
ing a potent antioxidant and anti-proliferation activities of the
methanolic extract of C. comosum fruit hairs against human hepa-
tocellular carcinoma (HepG2) that is dependent on the engagement
of apoptosis.
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Fig. 5. Immunoblotting of apoptosis protein markers (Casp3, p53 and Bax and Bcl-
2) in HepG-2 and BJ-1 control non-cancerous cells treated with 15 mg/ml methanol
extract of C. comosum fruit hairs for 24 h. Approximately, 40 mg protein extracts
from HepG-2 or BJ-1 cells lysate were separated on 7–12% SDS-PAGE. anti-b actin
was employed as loading control.
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