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The extracts prepared from various areal parts of the Adenium obesum (Forssk.) Roem. & Schult. (Family:
Apocynaceae) including leaves, fruit and seeds ethanolic extracts and seed aqueous extract were evalu-
ated against MCF-7 cells in order to investigate its potential of cytogenotoxicity and induction of apop-
tosis. The ethanolic seeds extract had comparatively higher cytotoxicity (IC50 � 337 mg/ml). Further,
apoptosis and DNA damaging potential of seeds ethanolic extract was analyzed by applying multiple
sub-lethal concentrations and durations. Flow cytometry results revealed that maximum percentage of
early apoptosis (37%) and late apoptosis (35%) were observed after 12 h exposure in concentrations
200 mg/ml and 300 mg/ml, respectively. Similarly, the higher effect of extract in terms of DNA damage
by alkaline comet assay was registered after 12 h treatment at concentrations 200 and 300 mg/mL. The
calculated total damage score (TDS) for these concentrations were 614 and 617, respectively. The above
findings indicate that A. obesum ethanolic seeds extracts has cytogenotoxic properties that could be fur-
ther explored for the potential source of chemotherapeutic lead against cancer.
� 2018 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

Female breast cancer is the most commonly diagnosed cancer
and the leading cause of death (Bray et al., 2018). The malignancy
(invasion and metastasis) of cancer makes its treatment difficult
(Kumar et al., 2005). The treatment of cancer using the modern
methods such as chemotherapy and radiotherapy are well-
known for various side effects (Stopeck and Thompson, 2012),
and their resistance to the conventional chemotherapy and radio-
therapy too, the alternative treatment options of cancer continues.
Therefore, the exploration of an effective drug candidate for the
treatment of cancer including other diseases too from the wild
plant resources through plant bioprospecting is of big interest
worldwide today owing to the drug candidate derived from the
plant natural resources are safer and having least side effects (da
Rocha et al., 2001; Vermani and Garg, 2002; Gurib-Fakim, 2006;
Baker et al., 2007; Shukla and Singh, 2007).

The majority of the chemotherapeutic anticancer candidates
currently in the clicinal use such as paclitaxel (Razis and
Fountzilas, 2001; Goodman and Walsh, 2001), etoposide
(Hainsworth and Greco, 1995), camptothecin (Garcia-Carbonero
and Supko, 2002) and vinca alkaloids (Jordan et al., 1991) originally
derived from plants. These anticancer agents act through a range of
mechanism which includes enzyme modulation and gene expres-
sion (Webb and Ebeler, 2004), antimutagenic activity (De Flora
et al., 2001) and antioxidant and apoptosis (Miadokova et al.,
2008).

Adenium obesum (Forssk) Roem. & Schult, family Apocynaceae
(-commonly known as ‘desert rose’), previously been reported to
have anti-influenza virus (Kiyohara et al., 2012), antimicrobial
(Hossain et al., 2017), and cytotoxic activity (Almehdar et al.,
2012). It is a rich source of cardiac glycosides, containing approxi-
mately 50 phytochemicals belong to the class of cardenolides,
pregnanes, triterpenes, and flavonoids (Versiani et al., 2014). Tradi-
tionally, different parts of this plant is used for the treatment of
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various ailments in the middle-East region such as skin diseases,
wounds, muscle pain, and joint pain. (Mouza and Hossain, 2015).
Recently, a concise review on A. obesum have been presented on
its medicinal attributes and biological activities (Paul et al.,
2016). However, it’s cytotoxic and genotoxic potential and modes
of action of chemicals constituents have not been clearly defined.
Hence, it is aimed to unravel the anticancer potential of the leaves
extracts of A. obesum against the MCF-7 breast cancer cells.

2. Materials and methods

2.1. Preparation of crude extracts

The leaves, fruits and seeds of A. obesum were collected from
natural habitat near to Riyadh, Saudi Arabia, and oven-dried at
50 �C. The powdered plant material (1000 g) was used to prepare
crude extract either in water (aqueous) or 95% ethanol. The rotary
evaporator at low temperature and pressure was used to bring the
extract into semi solid state. This crude extracts was stored at
�20 �C until used in the experiments.

2.2. Cell viability and determination of IC50 value

The MTT colorimetric assay (Mosmann, 1983) with modifica-
tions (Farah et al, 2016) was used to analyse the cytotoxic activity
of extracts against the MCF-7 human breast adenocarcinoma cells
cultured in MEM supplemented with 15% FBS, maintained at 37 �C
with supply of 5% CO2. A two-fold dilutions starting from 1000 lg/
mL (total 6 concentrations) of all the extracts of A. obesum were
prepared and MCF-7 cells were exposed for 24 h. Subsequently,
seeds ethanolic extracts was applied in four narrow range of con-
centrations for IC50 determination. Further, to identify any changes
in the morphology, MCF-7 cells were exposed to the three sub-
lethal concentrations below IC50 value (100, 200, and 300 lg/mL).
At the end of desired treatment (24 h), cells were observed at
100� magnification under phase contrast inverted microscope
(Olympus IX51, Tokyo, Japan).

2.3. Detection of apoptosis by flow cytometry

The MCF-7 cells were incubated with ethanolic seed extract
(100 lg/mL, 200 lg/mL and 300 lg/mL) for three durations (i.e.,
6 h, 12 h and 24 h), and the Annexin-V FITC apoptosis detection
Fig. 1. (A) Comparison of MTT cell viability assays of MCF-7 cell treated with four extrac
seeds) after 24 h of exposure. (B) MTT cell viability assay of MCF-7 cells treated with
estimated as 337 mg/mL.
Kit (BD, Biosciences) was used for the sample preparation for the
differentiation of early and late apoptotic, and necrotic cells using
flow cytometry (BD FACS Calibur).

2.4. Determination of DNA damage

The MCF-7 cells were grown, and then treated with concentra-
tions of 100, 200 and 300 lg/mL) of ethanolic seed extract the
three durations (i.e. 6 h, 12 h and 24 h). The alkaline comet assay
(Singh et al., 1988) was performed with additional modifications
described previously in detail (Ateeq et al., 2005). The DNA damage
was evaluated by the visual scoring of 300 comets of each concen-
tration according to the standard criteria (Collins, 2004; Azqueta
et al., 2009) by dividing the tail size into four classes (0, 1, 2 and
3). The total damage score (TDS) was calculated by multiplying
the number of cells in each class by the damage class.

2.5. Statistical analysis

Three replicates in each experiments were maintained includ-
ing controls. The values were presented as mean ± standard error
of mean (SEM). The calculation and plotting of mean and standard
deviation estimates in the graphs was performed using Microsoft
Office Excel. Student’s t-test was used to analyze the data applying
a significance level of p < 0.05.

3. Results

3.1. Cell viability and determination of IC50 value

The MTT assay was performed for preliminary screening of the
ethanolic extract of leaves, fruit and seeds and aqueous extract of
seeds in order to compare and select the more effective extract
against MCF-7 cells for subsequent experiments. Fig. 1(A) repre-
sents summarized data of cell viability of all extracts for compari-
son. The ethanolic leaves extract shows random effects on MCF-7
cells. The cell growth inhibition was not dependent on the concen-
tration of extract. The minimum cell viability was 62.2% at 250 mg/
mL, while at the highest concentration cell viability was 79.5% and
at the lowest concentration it reached 82.8%. There was an insignif-
icant (p < 0.05) weak inverse linear correlation between the extract
concentrations and cell viability. The ethanolic fruit extract
showed biphasic effect of this extract on MCF-7 cells. The highest
ts of A. obesum (ethanolic extract of leaves, fruits and seeds and aqueous extract of
ethanolic seeds extract with indicated concentrations for 24 h. The IC50 value was
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concentration (1000 mg/mL) of ethanolic fruit extract significantly
inhibited cell growth and the cell viability was reduced to 46.4%
compared to control. At lowest concentration (31 mg/mL) 84.7% of
the cell viability was observed. The effect of fruit ethanolic extract
was dependent on concentration at higher ranges only. There is a
highly significant (p < 0.001) inverse linear correlation between
the extract concentration and cell viability; while, the ethanolic
seed extract showed a significant positive effect. More than 40%
of the cells growth was inhibited at concentration 125 mg/mL,
while at the maximum concentration (1000 mg/mL), only 12.1% of
cells were found to be viable. At the lowest concentration of
(31 mg/mL), 79.7% viable cells were observed. There is a highly sig-
nificant (p < 0.001) inverse linear correlation between the extract
concentrations and cell viability; while, the aqueous seed extract
shows random effects on MCF-7 cells, and was not dependent on
concentrations of the extract. However, minimum cell viability of
Fig. 2. (A) Photomicrograph of untreated MCF-7 cells. Cells are polygonal or
spindle-shaped and tightly packed. MCF-7 cells treated for 24 h with ethanolic
seeds extracts. (B) 100 mg/mL, more cells are detached (become round or irregular
instead of spindle shape), there is increase in intercellular spaces and there is
increase of cell-free area. (C) 200 mg/mL, there are many irregularly shaped cells and
increase in the intercellular space. (D) 300 mg/mL, almost all cells are shrinked,
irregular round, losing their normal spindle shape morphology.

Fig. 3. Apoptosis assay by flow cytometry of MCF-7 cells treated A. obesum ethanolic seed
population of viable (annexin V� PI�), early apoptotic (annexin V+ PI�), late apoptotic
87.4% was observed at the highest concentration. The aqueous seed
extract was found to be an ineffective to the MCF-7 cells. There is a
weak, statistically insignificant (p < 0.05), inverse linear correlation
between the aqueous extract concentrations and cell viability.

The ethanolic seed extract exerted significant cytotoxic effect
on MCF-7 cells. Therefore, further analysed to determine IC50. Since
two higher concentrations of 500 and 1000 mg/mL inhibited more
than 50% cell proliferation, hence four concentrations between
100 and 400 mg/mL were used for determination of IC50 value.
The results are summarized in Fig. 1 (B) that showed strong effect
of ethanolic seeds extract on MCF-7 cells. At concentration 100 mg/
mL of ethanolic seeds extract about 81.4% of cells are viable,
whereas only 31.8% of cells were viable at concentration 400 mg/
mL of this extract. The IC50 of ethanolic seeds extract was calcu-
lated from trendline equations using MS Excel�, it was estimated
as 337 mg/mL; hence, the ethanolic seeds extract was used for sub-
sequent experimentation for apoptosis detection and DNA damage
evaluation in the present study. Three sub-lethal concentrations
(100, 200 and 300 mg/mL) below IC50 were applied to MCF-7 cells
for multiple durations (i.e. 6 h, 12 h, and 24 h).

The morphological changes in MCF-7 cells was presented in
Fig. 2(A–D). Cellular changes were progressive from normal mor-
phology of regular, spindle or polygonal adherent cells to irregular,
detached cells, with increased intercellular space due to treatment
with ethanolic seeds extract.
3.2. Apoptosis induction by A. obesum ethanolic seeds extracts

Fig. 3 shows the cytotoxic effect of A. obesum ethanolic seeds
extract (100, 200 and 300 mg/mL) on MCF-7 cells treated for the
duration of 6 h, 12 h and 24 h measured by flow cytometry. In
the absence of extract (control), only 2% of cells were in early apop-
tosis (Annexin V +ve/PI �ve) and less than 1% cells were in late
apoptosis (Annexin V +ve/PI +ve), while necrosis was not observed;
however, when the treatment were given with the extract for 6 h,
there was an increase in the early, late apoptosis and necrosis as
well. The highest early apoptotic events in this duration group
was at the concentration 200 followed by 300 and 100 mg/mL
where 4.2%, 0.96% and 0.46% relative to viable cells of control,
s extract for indicated cencentrations and durations. Representative figures showing
(annexin V+ PI + ) and necrotic (annexin V� PI+) cells.
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respectively. Similarly, the late apoptotic events were higher in 200
than 300 and 100 mg/mL with 4.3%, 3.9% and 0.46%. The highest
necrotic events were 4.2% observed at 300 mg/mL.

In 12 h treatment group, early apoptosis and late apoptosis rel-
ative to viable cells of control increased in both 200 and 300 mg/mL
groups; they attained levels of 28.4% and 37.5% for early and 16.5%
and 35% for late apoptosis, respectively. The 100 mg/mL concentra-
tion also induced 9.31% and 3.99% of early and late apoptosis,
respectively. The effect of the extract was relatively decreased after
24 h compared to treatment of 12 h, but the trend was somewhat
similar to 6 h treatment group. The maximum early apoptosis in
this duration groups was 3.6%, which found in 100 mg/mL concen-
tration groups, while it was 2% and 1.3% in 200 and 300 mg/mL con-
centrations respectively. Late apoptosis was 4.22%, 7% and 8.2% for
100, 200 and 300 mg/mL concentrations.

Fig. 4 illustrates summarized results of apoptosis analysis of
MCF-7 cells induced by A. obesum ethanolic seeds extract at con-
centrations 100, 200 and 300 mg/mL for 6, 12 and 24 h respectively,
it is clear that 12 h treatment groups exerted the maximum effect
in induction of apoptosis (more than 70% cells were found to be in
early and late apoptosis stages at the highest concentration of
300 mg/mL).

3.3. Genotoxicic effect of A. obesum ethanolic seeds extracts

Fig. 5(A–C) shows representive images of comets obtained after
the treatment of MCF-7 cells with ethanolic seeds extract of A. obe-
sum after 12 h with three concentrations (100, 200 and 300 mg/mL).
Results of genotoxic effect of the extract after three durations and
concentrations were presented in Table 1 and Fig. 5(D). The total
damage score (TDS) of 6 h treatment group were 253, 204 and
217 for 100, 200 and 300 mg/mL treatment, respectively. No signif-
cant difference was observed between the control and 6 h treat-
ment groups.

The maximum effect of extract in terms of DNA damage was
recorded after 12 h teatment at 200 and 300 mg/mL concentrations.
The calculated TDS for these concentrations were 614 and 617,
respectively and it was 579 for 100 mg/mL treatment. The increase
in TDS in the treatment group of 12 h was highly significant
(p < 0.01) and concentration dependent; however, in the treatment
Fig. 4. Showing the percentage of apoptotic cells relative to the viable cells of control in
and 300 mg/mL for 6, 12 and 24 h, respectively.
groups of 24 h the extent of DNA damage was decreased when
compared to 12 h treatment groups, but still significant
(p < 0.05), where the TDS were 407, 395 and 390 for 100, 200
and 300 mg/mL treatment concentrations respectively.
4. Discussion

The present study analysed the cytotoxic activity of a total of
four extracts from different vegetative and reporductiove parts of
A. obesum on MCF-7 cells. The ethanolic seed extract exhibited
strongest cytotoxic activity, while ethanolic fruits extract shown
moderate cytotoxicity and the ethanolic leaves extract and aque-
ous seeds extract have lowest effect. Results of MTT assay indi-
cated that the ethanolic seed extract had the most remarkable
cytotoxicity with an IC50 value of �337 mg/mL. This indicated that
seed possesses very potent cytotoxic activity like other parts of the
plant, such as ground stem (Hoffmann and Cole, 1977) and flowers
(Bungihan and Matias, 2013). Although there is difference in the
IC50 value when compared to the other studies, these differences
are related to the method of preparation of extract, duration of
treatment, type of cell line used and part of plant being tested.
For example, Cepleanu et al. (1994) used dichloromethane (DCM)
extract of the plant for 5 days, further they used different cell lines
for example two human colon carcinoma cell lines, Col 15 and SW
480. On the other hand, Almehdar et al. (2012) found that IC50 of
A. obesum methanolic extract on MCF-7 cells was 11.6 mg/mL.
However, methanolic extract of the whole arial part was used and
the duration of treatment was 48 h while duration in the present
study was 24 h. Cytotoxic activity in several studies concerned on
the induction of cell death in cancerous cell lines using MTT cytotox-
icity assay has been documented (Venkatadri et al., 2017; Aghapour
et al., 2018). The cytotoxicity of seeds extract might be attributed
to the occurrence of the high content of cardiac glycosides present
in A. obesum (Versiani et al., 2014; Ahmed et al., 2017). As anti-
cancer agents, cardiac glycosides triggered different cell death
mechanisms including the intrinsic or the extrinsic pathway of
apoptosis (Schneider et al., 2018; Juncker et al., 2011). Further-
more, cardiac glycosides induced autophagic cell death was
described in breast, ovarian, colorectal, and lung cancer cells
MCF-7 cells induced by A. obesum ethanolic seeds extract at concentrations 100, 200



Fig. 5. Representative images of comets showing the genotoxic effect of A. obesum ethanolic seeds extract on MCF-7 cells for 12 h treatment analysed by comet assay. (A)
100 mg/mL (B) 200 mg/mL (C) 300 mg/mL. Numbers at or near each comet are the visual scoring of DNA damage according to the comet class. (D) Total damage score of comet
assay by A. obesum ethanolic seeds extract on MCF-7 cells for three concentrations and durations (*p < 0.01, **p < 0.05).

Table 1
Genotoxic effect of A. obesum ethanolic seeds extracts on MCF-7 cells using comet assay.

Group Concentration Cells per damage class Total count TDSy

0 1 2 3 4

6 h Control 131 118 27 23 1 300 245
100 mg/mL 151 84 31 29 5 300 253
200 mg/mL 182 53 46 17 2 300 204
300 mg/mL 159 90 33 11 7 300 217

12 h Control 186 15 13 7 0 300 221
100 mg/mL 74 34 47 129 16 300 579**

200 mg/mL 59 29 61 141 10 300 614**

300 mg/mL 47 50 54 137 12 300 617**

24 h Control 175 25 17 13 5 300 235
100 mg/mL 83 87 84 32 14 300 407*

200 mg/mL 87 88 80 33 12 300 395*

300 mg/mL 96 79 75 39 11 300 390*

y TDS: total damage score.
* p < 0.05.
** p < 0.01.
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(Farah et al., 2016; Hsu et al., 2016; Kang et al., 2016; Wang et al.,
2012). More recently, the ability of cardiac glycosides to trigger
immunogenic cell death were reported (Diederich et al., 2017).

In order to confirm that A. obesum induces apoptosis as the
main mode of cell death in this study, annexin V apoptosis assay
by flow cytometry was conducted which is one of the standard
method for apoptosis analysis. Results of this assay showed high
incidence of early and late apoptosis specially among 12 h treat-
ment group at highest concentration of 300 mg/mL followed by
the lower concerttion used in the experiment. The results of this
test also showed low level of cell necrosis, which can be explained
by the fact that the in vitro apoptosis finally leads to permeabiliza-
tion of the plasma membrane, but this event was not found the
in vivo since the apoptotic cells are digested by the macrophages
or by the surrounding cells before their plasma membrane
disrupted (Proskuryakov et al., 2003). It also suggest major role
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of cardiac glycosides in inducing apoptosis which is supposed to be
one of the major constituents contained in the extract. The effect of
extract was reduced after 24 h treatment; this may be due to meta-
bolic inactivation of the active component(s), or due to the repair/
recovery process of the cells.

Under the flow cytometric evaluation, it was noted that treat-
ment of MCF-7 cells increased early and late apoptotic cells. This
was supported by translocation of PS to outer surface of PM
(Fadok et al., 1998) under microscopy, the DNA damage (Nagata,
2000) induced in comet assay also clearly suggest that the seed
extract has therapeutic value against cancer cells. The anti-cancer
potential of Carissa spinarum (Sehar et al., 2011; Rao et al., 2005),
Wrightia tomentosa (Chakravarti et al., 2012) and several other
members of Apocynaceae have also previously been documented
(Acebedo et al., 2014).

The fundamental reason to conduct genotoxicity studies is to
evaluate a compound to be a potential genotoxin. Genotoxic anti-
cancer agents induce DNA damage, which, if severe enough, will
lead to apoptosis. The genotoxic chemotherapeutic drugs affect
both normal and cancerous cells. Rapidly dividing cells, such as
cancer cells, are particulary sensitive to these agents (Havelka
et al., 2007); however, there are three primary effects that geno-
toxic substances can have on organisms by affecting their genetic
informatio i.e. the genotoxins can be carcinogens, mutagens or ter-
atogens (Shah, 2012). In this study, genotoxicity was investigated
through single cell gel electrophresis. The results showed the abil-
ity of A. obesum extract to induce DNA damge at single cell level.
Studies on A. obesum genotoxicity has been reported before on
MCF-7 cells with silver nano particles obtained from A. obesum
leaves extract. The study demonstrated the ability of nanoparticles
to increase the level of ROS (reactive oxygen species) that leads to
the DNA damage (Farah et al., 2016). The comet assay data showed
the maximum DNA damage was related to the duration of expo-
sure rather than to the concentration, particulary 12 h treatment
groups which have the highest effect (TDS is more than double of
the control group), compared with the effect of 24 h treatment
groups where the TDS declines but still higher than the control
level. These results resemble the data obtained from flow cytome-
try apoptosis analysis. Therefore, the posibility of DNA damage as
secondary to cytotoxic effect was suggested (Vock et al., 1999).
Other explantion to these damage may be attributed to cardiac gly-
cosides might be present in the extract (Newman et al., 2006).
Agents that induce DNA damage and activate programmed cell
death in cancer cells could be valuable anti-cancer therapeutics
(Kumar et al., 2008).

The genotoxic effect of some members of apocynaceae family
have been reported. For example, C. roseus is the source of well-
known Vinca alkaloids anticancer drugs, vinblastine and vin-
cristine (van Der Heijden et al., 2004), both drugs have genotoxic
effects (Tiburi et al., 2002). Several studies have demonstrated
presence of bioactive compounds from the family apocynaceae,
but detailed evaluation of extracts from A. obesum has not been
undertaken so far. Hence, the cytotoxic potential of A. obesum
against MCF-7 cells is likely candidate for the development as
chemotherapeutic drugs. The results obtained through our studies
demonstrated that the alcoholic seed extract of the A. obesum is
genotoxic and cytotoxic at the concentrations used in this study
after 12 h treatment. Further studies to investigate the anticancer
effects of isolated compounds of this plant species should provide
a better understanding of the mechanisms described herein.
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