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ARTICLE INFO ABSTRACT

Keywords: Neuroblastoma is a solid neuroendocrine tumour located outside the cranial cavity and contributes about 15% of

Carpobrotus edulis all cancer-associated deaths in children. Treatment of neuroblastoma is quite challenging and involves the use of

ieumbl?smma chemotherapy, surgery and radiotherapy. Despite treatment strategies, systemic toxicity are setbacks to patient
poptosis

well-being, hence the need for a new and affordable approach. Medicinal plants are of importance in the field of
drug discovery for cancer as some notable anti-cancer agents have been isolated from them. In the present study,
the anti-cancer activity of aqueous extract of Carpobrotus edulis (C. edulis), a ground-creeping edible medicinal
plant was investigated in SK-N-BE(2) and SH-SY5Y neuroblastoma cells. The effect of C. edulis on cell viability
and survival was determined using MTT (3-[4,5-dimethylthiazol-2-yl]—2,5 diphenyltetrazolium bromide) and
clonogenic assays respectively. Apoptosis was determined using a Caspase-9 assay kit and flow cytometry was
used to measure intracellular reactive oxygen species (ROS) and depolarization of mitochondrial membrane
potential. The results show that C. edulis inhibits cell viability (ICs¢ of 0.86 mg/ml and 1.45 mg/ml for SK-N-BE
(2) and SHSY5Y cells respectively) and colony formation in the neuroblastoma cells as well as induce apoptosis,
which is evidenced by an increase in caspase-9 activity in the cells. C. edulis also led to a loss of mitochondrial
membrane potential and increased production of ROS. Collectively, these results suggest that C. edulis induces
cell death via induction of mitochondrial-mediated apoptosis and accumulation of intracellular ROS, thus

Mitochondrial membrane potential
Reactive oxygen species

providing a rationale for further investigations.

1. Introduction

Neuroblastoma is a solid neuroendocrine tumour located outside the
cranial cavity in children contributes to about 15% of all cancer-asso-
ciated deaths in children (Louis and Shohet, 2015, Fusco et al., 2018).
Neuroblastoma originates from the tissues of the parasympathetic ner-
vous system and frequently develops from the adrenal glands above the
kidneys (Brisse et al., 2011). They may also arise from other areas
including, the pelvis, abdomen, chest and neck region (Brodeur, 2003).
Neuroblastoma patients are categorized as high-risk category when the
patients are older than one year of age, and the 5-year overall survival
rate in this category of patients is about 40%. However, the low-risk
category of patients usually presents about 75% 5-year overall sur-
vival (Haupt et al., 2010). The high-risk category makes up about half of
the new cases per year and treatment involves the use of chemotherapy,
surgery and radiotherapy. Despite the improvement of patient survival
rates using this multifaceted therapeutic approach, tumour relapse is
still evident in a significant number of patients (Gilman et al., 2009).
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Furthermore, systemic toxicity to other organs of the body and high cost
of chemotherapeutic agents are also challenging to the treatment of
cancer. Hence, researchers have continuously explored medicinal plants
and plant-derived products as potential sources of effective chemo-
therapeutic agents as they are readily available, affordable and may
show less toxicity to normal cells (Lichota and Gwozdzinski, 2018,
Tilaoui et al., 2018).

The use of medicinal plants as a form of complementary and/or
alternative medicine is almost as old as humanity and the World Health
Organisation (WHO) reported that over 4 billion of the world population
(80%) make use of plant or plant-derived products as a treatment for
diseases and infections (De Pasquale, 1984, Fabricant and Farnsworth,
2001). Several medicinal plants have been reported to possess phar-
macological activities due to the presence of metabolites (active in-
gredients) which share similar molecular targets as pharmaceutical
drugs (Ahn, 2017). These metabolites include saponins, flavonoids,
tannins, alkaloids, terpenoids, glycosides, steroids amongst others and
are responsible for the biological activities possessed by medicinal
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plants (Shakya, 2016). Some notable anti-cancer agents including,
camptothecin, taxol and vinblastine have been identified and charac-
terized from Camptotheca acuminate, Taxus brevifolia and Catharanthus
roseus medicinal plants respectively (Cragg and Newman, 2005). More
so, herbal medicines play critical roles in slowing down cancer pro-
gression as they have been reported to induce apoptosis, regulate DNA
repair process as well as inhibit the enzymes and hormones needed for
tumour progression (Lee et al., 2002, Ghagane et al., 2017, Russo et al.,
2019). It has also been reported that herbal medicines can help to curb
the effects of drug-induced systemic toxicity faced by some cancer pa-
tients (Rao et al., 2008).

Carpobrotus edulis (C. edulis) [family, Aizoaceae] is a ground-
creeping edible medicinal plant indigenous to South Africa. Its com-
mon names include sour fig, cape fig, hottentots fig (English); kaapsevy,
perdevy, vyerank (Afrikaans.); ikhambi-lamabulawo, umgongozi (Zulu);
igcukuma (Xhosa). Traditionally, the juice from the leaves is used as a
remedy for diarrhoea stomach upset, tuberculosis and skin infections
(eczema, dermatitis, and sunburns) (Mathabe et al., 2006, Thring and
Weitz, 2006, Scott and Hewett, 2008). Scientifically, previous studies
have validated its antimicrobial, antioxidant, anticholinesterase, and
immune modulating activities (Ordway et al., 2003, Martins et al., 2011,
Ibtissem et al., 2012, Custodio et al., 2012). Its anti-cancer activity in
mouse lymphoma cells has been reported with inhibition of p-glyco-
protein as a mechanism of action (Martins et al., 2010). Its aqueous
extract, and ethanol-water (1:1 v/v) extract was shown to inhibit gly-
cation and induce cytotoxicity in HCT-116 human colon cancer cells
(Hafsa et al., 2016). Due to the reported effects of this plant, this study
was designed to evaluate the antiproliferative activity of C. edulis
aqueous extract on human neuroblastoma cells, SK-N-BE(2) and
SH-SY5Y.

2. Materials and methods
2.1. Preparation of C. edulis aqueous extract

Fresh leaves of C. edulis plant were obtained from the environs of the
University of the Western Cape (33.9335° S, 18.6280° E), Cape Town,
South Africa. The leaves were identified and authenticated by an expert
botanist, Professor Christopher Cupido using standard plant identifica-
tions methods. Voucher specimen (UFH 2021-9-01) was deposited in
the Giffen Herbarium, Botany Department, University of Fort Hare.
Leaves were air-dried to reduce moisture content and reduced to powder
using a blender and 1 kg of the powdered leaves were soaked in boiled
water and left overnight (12 h) for extraction. The resultant extract was
filtered, freeze-dried and stored in airtight containers at — 20 °C until
needed. On each day of an experiment, the needed amount of extract
was weighed and dissolved in phosphate buffered saline (PBS, Lonza
Group Ltd., Verviers, Belgium) to give a stock solution for further di-
lutions in media.

2.2. Cell lines and culture conditions

The human malignant neuroblastoma cell lines SK-N-BE(2) and SH-
SY5Y were a donation by Dr Antonio Serafin, Division of Radiology,
Faculty of Medicine and Health Sciences, Stellenbosch University, while,
the non-cancerous KMST6 fibroblast was a donation by Prof Mervin
Meyer, Department of Biotechnology, University of the Western Cape,
South Africa. Cells were cultured in monolayer using Dulbecco Modified
Eagles Medium (DMEM, Lonza Group Ltd., Verviers, Belgium), supple-
mented with 10% foetal bovine serum (FBS, Gibco, Life Technologies
Corporation, Paisley, UK) and 1% 100 U/ml penicillin and 100 pg/ml
streptomycin (Lonza Group Ltd. Verviers, Belgium). Cells were grown at
37 °C, in a humidified atmosphere of 5% CO2 and 95% air with routine
media change. Cells were subcultured at 80% confluency using a solu-
tion of 0.25% trypsin EDTA (Lonza Group Ltd., Verviers, Belgium).

Journal of Herbal Medicine 30 (2021) 100519
2.3. Cell viability assay

The 3-[4,5-dimethylthiazol-2-yl]— 2,5 diphenyltetrazolium bromide
(MTT) assay kit (Roche, USA) was used to determine cell viability.
Briefly, SK-N-BE(2), SH-SY5Y and KMST6 cells (control non-cancerous
cells) were seeded in 96-well cell culture plates at a cell density of
2500, 5000, and 5000 respectively in each well and were allowed to
attach for a period of 24 h. After attachment, fresh media containing
increasing concentrations of C. edulis (0.5, 1, 1.5, 2-2.5 mg/ml) were
introduced in each well and incubated for 48 h with the untreated wells
as control. Thereafter, 10 pl of 5 mg/ml MTT solution was next added
according to manufacturer’s instruction and absorbance was read with a
BMG Labtech Omega® POLARStar multiwell microplate reader. Per-
centage cell viability was calculated relative to control, and the half
maximal inhibitory concentration (ICsy) determined from sigmoidal
plots using GraphPad Prism6 software (GraphPad Software, San Diego,
CA, USA). Experiments were performed in quadruplicate wells of three
technical repeats.

2.4. Clonogenic assay

The impact of C. edulis extract on colony formation was determined
using the clonogenic assay. Neuroblastoma cells were seeded in 60 mm
dishes and allowed to attach for 24 h before the introduction of medium
containing half the IC5y and ICs of C. edulis extract for another 24 h and
untreated cells served as control. After treatments, cells were harvested
and re-plated at a density of 500 cells per dish in 35 mm dishes and were
left for fourteen days with routine media change to allow for colony
formation. At the end of the experiment, formed colonies were fixed
with a solution of methanol and glacial acetic acid (3:1) and stained with
0.5% crystal violet stain. Finally, images of dishes were taken to obtain
the colony area using ImageJ software.

2.5. Detection of apoptosis

Detection of apoptosis was with the Caspase-9 ApoTarget® apoptotic
assay kit (Invitrogen, Life Technologies, USA). SK-N-BE(2) and SH-SY5Y
cells were seeded in 60 mm dishes at a density of 1.7 x 10> and left
overnight before treatment with the ICso of C. edulis for 48 h and un-
treated cells were used as control. Cells were harvested and lysed for 10
min in cold lysis buffer, centrifuged at 10000 x g for 1 min and prepared
according to the manufacturer’s procedure for absorbance reading in a
microplate reader as previously reported (Omoruyi et al., 2018).
Caspase-9 activity was expressed as a percentage of the control treated
cells.

2.6. Investigating intracellular reactive oxygen species

The fluorescent probe 2',7'-Dichlorofluorescin diacetate (DCFH-DA,
Sigma St Louis, USA) was utilized to determine intracellular ROS ac-
tivity in SK-N-BE(2) and SH-SY5Y cells. Briefly, cells were plated in 60
mm at a density of 1.7 x 10° dishes and allowed to attach overnight
before exposure to ICsq of C. edulis for 48 h with untreated cells serving
as control. Following treatment, cells were harvested, washed with 1X
PBS, and centrifuged at 3000 revolutions per minute (rpm) for 3 min.
The resultant pellets were stained with DCFH-DA for 1 h. After staining,
cells were pelleted, resuspended in 500 ul of PBS and fluorescence was
acquired with the BD Accuri CSampler Flow Cytometer (BD Biosciences
Pharmingen, San Diego, CA) and mean fluorescence intensity was
expressed as fold of the control cells.

2.7. Determination of changes in mitochondria membrane potential
The changes in the mitochondrial membrane potential (MMP) of SK-

N-BE(2) and SH-SY5Y cells was determined using the rhodamine 123
fluorescent dye (Sigma St Louis, USA). Briefly, cells were seeded in 60
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mm at a density of 1.7 x 10° dishes and allowed to attach overnight
before exposure to ICsq of C. edulis for 48 h and the untreated cells were
used as control. After treatment, cells were harvested, washed with PBS
Cells and centrifuged for 3 min at 3000 rpm. The resultant pellets were
stained with 10 ym of rhodamine 123 in supplemented DMEM for 30
min. After staining, cells were pelleted at 3000 rpm for 3 min, resus-
pended in 500 pl PBS and fluorescence intensity was measured using the
BD Accuri CSampler Flow Cytometer and mean fluorescence intensity
was expressed as fold of the control cells.

2.8. Statistical analysis

Data generated from this study was expressed as means + standard
error of means (SEM) of three independent experiments and analyzed
using the GraphPad Prism 6 software. Groups were compared using
either t-test or ANOVA, and the level of significance set at P < 0.05.

3. Results

3.1. C. edulis induces cytotoxicity in SK-N-BE(2) and SH-SY5Y
neuroblastoma cells

Cytotoxicity of C. edulis on SK-N-BE(2) and SH-SY5Y neuroblastoma
cells was investigated using MTT assays following exposure of cells to
increasing concentrations of the extract. Results show that C. edulis
induced dose-dependent cytotoxicity in SK-N-BE(2) and SH-SY5Y cells
when compared to control cells (Fig. 1a and b). Calculated ICsq values
from sigmoidal plots were, 0.86 mg/ml and 1.45 mg/ml for SK-N-BE(2)
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and SHSY5Y cells respectively indicating that the SK-N-BE(2) cells were
more sensitive to treatment. Contrary to the results obtained from the
neuroblastoma cells, C. edulis showed selectivity as they were less
cytotoxic to the non-cancerous KMST6 fibroblast (Fig. 1c). Indeed, at the
highest concentration of 2.5 mg/ml, cell viability obtained from the
KMST6 was 52.22%. Altogether, these results show that C. edulis
induced cytotoxicity in neuroblastoma cells with less effect on the
KMST6 non-cancerous cells.

3.2. C. edulis inhibits proliferation and survival in neuroblastoma cells

The clonogenic assay was conducted to ascertain the impact of
C. edulis treatment on proliferation and the long-term survival of cells.
Fig. 2 shows that C. edulis treatment dose-dependently inhibited colony
formation in both SK-N-BE(2) and SH-SY5Y cells when compared to
control. Furthermore, colonies were quantified, and the results show a
significant reduction in colony area. Together, these results indicate that
C. edulis interferes with the reproductive capacity of both SK-N-BE(2)
and SH-SY5Y neuroblastoma cells.

3.3. C. edulis induces apoptosis in neuroblastoma cells

To understand the molecular mechanism involved in the cytotoxic
activity of C. edulis, the caspase-9 activity in the cells following treat-
ment was investigated. Caspases are widely known as drivers of
apoptosis, and the activation of caspase-9 is associated with the intrinsic
mitochondrial pathway of apoptosis (Shalini et al., 2015, Kiraz et al.,
2016). Results obtained show that C. edulis treatment increased
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Fig. 1. C. edulis inhibits cell viability in neuroblastoma cells. C. edulis induced a significant dose-dependent response in (a) SK-N-BE(2) with p values 0.0395, 0.0010,
0.0002, < 0.0001, < 0.0001 for 0.5, 1, 1.5, 2 and 2.5 mg/ml respectively (b) SH-SY5Y with p values 0.0075, 0.0021, 0.0005 for 1.5, 2 and 2.5 mg/ml respectively
and (c) KMST6 with p values 0.0048, 0.0012 for 2 and 2.5 mg/ml respectively. Bars represent means + SEM of three independent experiments performed in

quadruplicate wells.
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Fig. 2. C. edulis inhibits cell survival in Neuroblastoma cells. (a) SK-N-BE(2) and SH-SY5Y cells treated with C. edulis and colonies stained with crystal violet. (b)
Quantification of colonies show a reduction of colony area with each bar representing means 4+ SEM and significance of difference p value for SK-N-BE(2) was
< 0.0001 for both 4ICsg and ICso while SH-SY5Y cells had a p = 0.006 and < 0.0001 for %4ICso and ICs, respectively.

caspase-9 activity in SK-N-BE(2) and SH-SY5Y neuroblastoma cells
(Fig. 3). These results indicate that induction of apoptosis may be
involved in C. edulis induced cytotoxicity in neuroblastoma cells.

3.4. C. edulis increases ROS generation in cells

Excess production of ROS in association with reduced clearance by
antioxidants lead to oxidative stress in cells, and this is linked to cyto-
toxicity in cancer cells (Lau et al., 2008, Tong et al., 2015). Medicinal
plants have also been reported to induce ROS-mediated death/toxicity
in cancer cells (Dong et al., 2017, Ryu et al., 2017). To this end, flow
cytometry was performed to investigate ROS activity in cells using the
DCFH-DA fluorescent dye. Fig. 4a and b show that when compared to
control, C. edulis treatment led to a shift in fluorescence from left to right
for both cell lines tested. Furthermore, the fluorescence intensity of
treated cells was expressed as fold of control and C. edulis significantly
increased ROS levels in cells (Fig. 4c and d). Altogether ROS generation

may in part contribute to the cytotoxicity of C. edulis in neuroblastoma
cells.

3.5. C. edulis alters mitochondrial membrane potential in neuroblastoma
cells

Mitochondrial dysfunction has been reported to contribute to the
induction of apoptosis and sustained loss of MMP will result in cellular
energy depletion and eventually cell death (Ly et al, 2003,
Vakifahmetoglu-Norberg et al., 2017). Considering how critical mito-
chondrial function is to cell survival, the impact of C. edulis on MMP was
investigated next using Rhodamine 123 dye. Results show that C. edulis
treatment led to the depolarization of MMP evidenced by a shift in
fluorescence to the left in both cell lines tested (Fig. 5a and b).
Furthermore, comparing the fluorescence intensity of treated cells as
fold of control, C. edulis significantly induced loss of MMP (Fig. 5¢ and
d). Together, these results may suggest that depolarization of MMP is
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Fig. 3. C. edulis activates caspase-9 activity. (a) SK-N-BE(2) and (b) SH-SY5Y treated with 0.86 and 1.45 mg/ml of C. edulis respectively for 48 h showed sig-
nificant (p = 0.0001 for SK-N-BE(2) and p = 0.0014 for SH-SY5Y) activation of Caspase-9 when expressed as percentage of control. Each bar represents

means + SEM.
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Fig. 4. C. edulis induces Intracellular ROS accumulation. Representative flow cytometry profile of (a) SK-N-BE(2) and (b) SH-SY5Y treated with 0.86 and 1.45 mg/ml
of C. edulis respectively for 48 h when compared to control [C]. The fluorescence intensity of treated cells was expressed as fold of control (c) SK-N-BE(2) with
p =0.0013 and (d) SH-SY5Y with p = 0.0006. Each bar represents means + SEM.

involved in the cytotoxicity of C. edulis in neuroblastoma cells.

4. Discussion

Although there has been enormous progress in the development of

novel therapeutic agents for the treatment of cancer, deaths arising from
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Fig. 5. C. edulis alters MMP in neuroblastoma cells. Representative flow cytometry profile of (a) SK-N-BE(2) and (b) SH-SY5Y treated with 0.86 and 1.45 mg/ml of
C. edulis respectively for 48 h when compared to control [C]. The fluorescence intensity of treated cells was expressed as fold of control (c) SK-N-BE(2) with
p = 0.0006 and (d) SH-SY5Y with p = 0.0023 and each bar represents means + SEM.

cancer still rank second in the world next to cardiovascular diseases
(Siegel et al., 2015). For several decades, medicinal plants and
plant-derived products have played a pivotal role in the development of
notable anti-cancer drugs. These medicinal plants are instrumental in
the prevention or slowing down of oncogenesis as they are readily
available and present with less systemic toxicity compared to conven-
tional chemotherapy (Wong et al, 2013, Akindele et al., 2015,
Al-Rimawi et al., 2016). This present study investigates the anti-
proliferative activity of C. edulis, a groundcover medicinal plant indig-
enous to the people of South Africa in SK-N-BE(2) and SH-SY5Y cells.
Data generated from this study shows that C. edulis induced cytotoxicity
in both neuroblastoma cell lines. Furthermore, it is necessary for an
anti-cancer agent to show selectivity with cancer cells while sparing
healthy cells (Blagosklonny, 2004). In line with this, C. edulis displayed
selectivity to cancer cells as it was less cytotoxic to the KMST6 fibro-
blasts. While it seems the extract also induced some levels of toxicity in
the KMST®6 cells, the authors cannot speculate what impact this might
have on the cells at long-term exposure as this experiment only lasted for
48 h. However, at the highest concentration of 2.5 mg/ml, the per-
centage cell viability for the KMST6 normal control was 52.2% whereas
the viability of SKNBE(2) and SH-S5Y was 5.94% and 11.19%
respectively.

Rapid division and proliferation of cells is a hallmark of cancer and it
will be of importance for an anticancer agent aside from being cytotoxic
in the short-term to also inhibit the long-term survival of cells. In the
present study, findings show that C. edulis inhibited colony formation in
the SK-N-BE(2) and SH-SY5Y cells indicating a reduction in cell division

and proliferation. Results obtained are consistent with previous reports
for some medicinal plants (Gu and Leonard, 2006, Kurapati et al., 2012,
Purushotham et al., 2016, Chowdhury et al., 2017).

Apoptosis, a form of programmed cell death, plays an integral role in
the development and maintenance of cellular homeostasis. However,
disruption of apoptosis has its implication in several diseases including
neurodegenerative diseases, cancer and auto-immune diseases. In short,
evasion of apoptosis is a hallmark of cancer as cancer cells no longer
respond to death signals due to altered genetic profile (Hanahan and
Weinberg, 2000). Thus, researchers have identified apoptotic signalling
as a therapeutic target for cancer treatment (Pore et al., 2013, Signore
et al., 2013). A molecular marker of apoptosis is a group of enzymes
known as caspases, and a reduction of their cellular level is known to
promote evasion of cell death (Wong, 2011). In the present study, results
obtained show that C. edulis induced apoptosis in SK-N-BE(2) and
SH-SY5Y neuroblastoma cells via the increase in activity of caspase-9
which is associated with the intrinsic or mitochondrial apoptotic
pathway (Wurstle et al., 2012). Apoptosis observed in this study may in
part be induced via the accumulation of ROS and loss of MMP on both
cell lines tested.

ROS are quite critical for normal cellular physiological processes
including proliferation, cell cycle and migration at a moderate level, but
overproduction of ROS could lead to stress in cells and eventually cell
death (Covarrubias et al., 2008). Existing data shows that some
cancerous cells are known to have a marked increase in ROS levels and
in-turn depend on endogenous antioxidants to maintain redox balance
to continue proliferation (Wang et al., 2017). Invariably, depleting
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endogenous antioxidant status in cancer cells could be a therapeutic
approach (Raj et al., 2011). Consistent with this, findings from this
current study show that exposure of SK-N-BE(2) and SH-SY5Y cells to
C. edulis led to an accumulation of ROS in the cells and may in part be
responsible for the inhibition of cell proliferation. In support of this
claim, medicinal plants and plant-derived compounds are widely known
to induce cytotoxicity by increased generation of intracellular ROS
(Yang et al., 2006, Madi et al., 2016, Liang et al., 2016).

Reports show that increased ROS generation is accompanied by de-
polarization of MMP which triggers the activation of the intrinsic
apoptotic pathway (mitochondrial-mediated apoptosis) (Chen et al.,
2009, Wang et al., 2017). The loss of MMP initiates a cascade of events
leading to increased caspase-9 activity; this is in line with the results
from our study which demonstrate a loss of MMP and subsequent acti-
vation of caspase-9 in the neuroblastoma cells upon exposure to
C. edulis. These are consistent with previous reports for other medicinal
plants and natural products (Madi et al., 2016, Ryu et al., 2017).

The activity of C. edulis observed can be attributed to the bioactive
composition of the plant. A previous study analysed its phenolic com-
ponents and identified seven bioactive compounds including sinapic
acid, ferulic acid, luteolin7-o-glucoside, hyperoside, isoquercitrin, ella-
gic acid and isorhamnetin 3-O-rutinoside (Hafsa et al., 2016). Sinapic
and ferulic acid have been reported to decrease cell proliferation in
T47D breast cancer cells and the Caco2 human colon carcinoma cells
(Kampa et al., 2003, Janicke et al., 2005, Eroglu et al., 2018). Similarly,
luteolin7-o-glucoside was reported to induce apoptosis by scavenging
free radicals and inhibition of p-catenin expression in COLO 320 DM
human colon cancer cells (Baskar et al., 2011). In addition, a study
which characterised the biochemical composition of the aqueous extract
of C. edulis reported the plant to be rich in phenolics, proanthocyanidins
and tanins among others (Omoruyi et al., 2012). In light of this, the
cytotoxic activity observed in the present study using the aqueous
extract of C. edulis can be attributed to the phenolic components as the
presence of phenols in medicinal plants is strongly associated with their
cytotoxicity (Pandey and Rizvi, 2009, Boutennoun et al., 2017, Pad-
mapriya et al., 2017, Niziot-L.ukaszewska et al., 2018).

5. Conclusions

Conclusively, this study highlights the cytotoxic, antiproliferative
and ROS-inducing activity of C. edulis aqueous extract in human neu-
roblastoma cells. Also, it shows that C. edulis-induced apoptosis may be
via the mitochondrial apoptotic pathway due to an increase in caspase-9
activity. Altogether, this study suggests that C. edulis may be useful in
the treatment of neuroblastoma and thus provides a template for further
investigations into its mechanism of action and isolation of bioactive
components responsible for its anti-cancer activity.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

Sylvester 1. Omoruyi: Conceptualization, Methodology, Investiga-
tion, Writing — original draft, Software. Adaze B. Enogieru: Data
curation, Methodology, Reviewing. Okobi E Ekpo: Supervision,
Reviewing and Editing.

Declaration of Competing Interest

The authors declare that they have no conflict of interest.

Journal of Herbal Medicine 30 (2021) 100519
References

Ahn, K., 2017. The worldwide trend of using botanical drugs and strategies for
developing global drugs. BMB Rep. 50, 111-116.

Akindele, A.J., Wani, Z.A., Sharma, S., Mahajan, G., Satti, N.K., Adeyemi, O.0.,
Mondhe, D.M., Saxena, A.K., 2015. In vitro and in vivo anticancer activity of root
extracts of Sansevieria liberica Gerome and Labroy (Agavaceae). Evid. Based
Complement Alternat. Med. 2015.

Al-Rimawi, F., Rishmawi, S., Ariqat, S.H., Khalid, M.F., Warad, ., salah, Z., 2016.
Anticancer activity, antioxidant activity, and phenolic and flavonoids content of wild
Tragopogon porrifolius plant extracts. Evid. Based Complement Alternat. Med. 2016,
9612490.

Baskar, A.A., Ignacimuthu, S., Michael, G.P., AL Numair, K.S., 2011. Cancer
Chemopreventive Potential of Luteolin-7-O-Glucoside Isolated From Ophiorrhiza
mungos Linn. Nutr. Cancer 63, 130-138.

Blagosklonny, M.V., 2004. Analysis of FDA approved anticancer drugs reveals the future
of cancer therapy. Cell Cycle 3, 1033-1040.

Boutennoun, H., Boussouf, L., Rawashdeh, A., Al-Qaoud, K., Abdelhafez, S.,

Kebieche, M., Madani, K., 2017. In vitro cytotoxic and antioxidant activities of
phenolic components of Algerian Achillea odorata leaves. Arab J. Chem. 10,
403-409.

Brisse, H.J., Mccarville, M.B., Granata, C., Krug, K.B., Wootton-Gorges, S.L.,
Kanegawa, K., Giammarile, F., Schmidt, M., Shulkin, B.L., Matthay, K.K., 2011.
Guidelines for imaging and staging of neuroblastic tumors: consensus report from
the International Neuroblastoma Risk Group Project. Radiology 261, 243-257.

Brodeur, G.M., 2003. Neuroblastoma: biological insights into a clinical enigma. Nat. Rev.
Cancer 3, 203-16.

Chen, Z., Zhang, H., Lu, W., Huang, P., 2009. Role of mitochondria-associated
hexokinase II in cancer cell death induced by 3-bromopyruvate. Biochim. Biophys.
Acta Bioenerg 1787, 553-560.

Chowdhury, K., Sharma, A., Kumar, S., Gunjan, G.K., Nag, A., Mandal, C.C., 2017.
Colocynth Extracts Prevent Epithelial to Mesenchymal Transition and Stemness of
Breast Cancer Cells. Front. Pharmacol. 8, 8.

Covarrubias, L., Hernandez-Garcia, D., Schnabel, D., Salas-Vidal, E., Castro-Obregén, S.,
2008. Function of reactive oxygen species during animal development: passive or
active? Dev Biol 320, 1-11.

Cragg, G.M., Newman, D.J., 2005. Plants as a source of anti-cancer agents.

J. Ethnopharmacol. 100, 72-79.

Custddio, L., Ferreira, A.C., Pereira, H., Silvestre, L., Vizetto-Duarte, C., Barreira, L.,
Rauter, A.P., Albericio, F., Varela, J., 2012. The marine halophytes Carpobrotus
edulis L. and Arthrocnemum macrostachyum L. are potential sources of nutritionally
important PUFAs and metabolites with antioxidant, metal chelating and
anticholinesterase inhibitory activities. Bot. Mar. 55, 281-288.

De Pasquale, A., 1984. Pharmacognosy: the oldest modern science. J. Ethnopharmacol.
11, 1-16.

Dong, X., Fu, J,, Yin, X., Qu, C., Yang, C., He, H., Ni, J., 2017. Induction of apoptosis in
HepaRaG cell line by aloe-emodin through generation of reactive oxygen species and
the mitochondrial pathway. Cell Physiol. Biochem. 42, 685-696.

Eroglu, C., Avci, E., Vural, H., Kurar, E., 2018. Anticancer mechanism of Sinapic acid in
PC-3 and LNCaP human prostate cancer cell lines. Gene 671, 127-134.

Fabricant, D.S., Farnsworth, N.R., 2001. The value of plants used in traditional medicine
for drug discovery. Environ. Health Perspect. 109, 69-75.

Fusco, P., Esposito, M.R., Tonini, G.P., 2018. Chromosome instability in neuroblastoma.
Oncol. Lett. 16, 6887-6894.

Ghagane, S.C., Puranik, S.I., Kumbar, V.M., Nerli, R.B., Jalalpure, S.S., Hiremath, M.B.,
Neelagund, S., Aladakatti, R., 2017. In vitro antioxidant and anticancer activity of
Leea indica leaf extracts on human prostate cancer cell lines. Integr. Med. Res. 6,
79-87.

Gilman, A.L., Ozkaynak, M.F., Matthay, K.K., Krailo, M., Yu, A.L., Gan, J., Sternberg, A.,
Hank, J.A., Seeger, R., Reaman, G.H., Sondel, P.M., 2009. Phase I study of ch14.18
with granulocyte-macrophage colony-stimulating factor and interleukin-2 in
children with neuroblastoma after autologous bone marrow transplantation or stem-
cell rescue: a report from the Children’s Oncology Group. J. Clin. Oncol. 27, 85-91.

Gu, Y.-H., Leonard, J., 2006. In vitro effects on proliferation, apoptosis and colony
inhibition in ER-dependent and ER-independent human breast cancer cells by
selected mushroom species. Oncol. Rep. 15, 417-423.

Hafsa, J., Hammi, K.M., Khedher, M.R.B., Smach, M.A., Charfeddine, B., Limem, K.,
Majdoub, H., 2016. Inhibition of protein glycation, antioxidant and antiproliferative
activities of Carpobrotus edulis extracts. Biomed. Pharmacother. 84, 1496-1503.

Hanahan, D., Weinberg, R.A., 2000. The hallmarks of cancer. cell 100, 57-70.

Haupt, R., Garaventa, A., Gambini, C., Parodi, S., CANGEMI, G., CASALE, F.,
VISCARD], E., BIANCHI, M., PRETE, A., JENKNER, A., 2010. Improved survival of
children with neuroblastoma between 1979 and 2005: a report of the Italian
Neuroblastoma Registry. J. Clin. Oncol. 28, 2331-2338.

Ibtissem, B., ABDELLY, C., SFAR, S., 2012. Antioxidant and antibacterial properties of
Mesembryanthemum crystallinum and Carpobrotus edulis extracts. Adv. Chem. Eng.
Sci. 2, 359-365, 359-65.

Janicke, B., ONNING, G., OREDSSON, S.M., 2005. Differential Effects of Ferulic Acid and
p-Coumaric Acid on S Phase Distribution and Length of S Phase in the Human
Colonic Cell Line Caco-2. J. Agric. Food Chem. 53, 6658-6665.

Kampa, M., ALEXAKI, V.-I., NOTAS, G., NIFLI, A.-P., NISTIKAKI, A., HATZOGLOU, A.,
BAKOGEORGOU, E., KOUIMTZOGLOU, E., BLEKAS, G., BOSKOU, D.,

GRAVANIS, A., CASTANAS, E., 2003. Antiproliferative and apoptotic effects of
selective phenolic acids on T47D human breast cancer cells: potential mechanisms of
action. Breast Cancer Res. 6, R63-74.


http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref1
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref1
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref2
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref2
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref2
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref2
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref3
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref3
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref3
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref3
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref4
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref4
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref4
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref5
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref5
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref6
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref6
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref6
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref6
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref7
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref7
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref7
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref7
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref8
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref8
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref9
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref9
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref9
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref10
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref10
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref10
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref11
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref11
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref11
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref12
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref12
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref13
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref13
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref13
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref13
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref13
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref14
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref14
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref15
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref15
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref15
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref16
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref16
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref17
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref17
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref18
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref18
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref19
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref19
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref19
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref19
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref20
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref20
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref20
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref20
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref20
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref21
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref21
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref21
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref22
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref22
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref22
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref23
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref24
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref24
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref24
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref24
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref25
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref25
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref25
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref26
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref26
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref26
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref27
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref27
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref27
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref27
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref27

S.I. Omoruyi et al.

Kiraz, Y., ADAN, A., YANDIM, M.K., BARAN, Y., 2016. Major apoptotic mechanisms and
genes involved in apoptosis. Tumor Biol. 37, 8471-8486.

Kurapati, K.R.V., Samikkannu, T., KADIYALA, D.B., ZAINULABEDIN, S.M., GANDHI, N.,
SATHAYE, S.S., INDAP, M.A., BOUKLI, N., RODRIGUEZ, J.W., NAIR, M.P., 2012.
Combinatorial cytotoxic effects of Curcuma longa and Zingiber officinale on the PC-
3M prostate cancer cell line. J. Basic Clin. Physiol. Pharmacol. 23, 139-146.

Lau, A.T., Wang, Y., Chiu, J.F., 2008. Reactive oxygen species: current knowledge and
applications in cancer research and therapeutic. J. Cell Biochem. 104, 657-667.

Lee, SSM.Y., Li, M.L.Y., Tse, Y.C., Leung, S.C.L., Lee, M.M.S., Tsui, S.K.W., Fung, K.P.,
Lee, C.Y., Waye, M.M.Y., 2002. Paeoniae Radix, a Chinese herbal extract, inhibit
hepatoma cells growth by inducing apoptosis in a p53 independent pathway. Life
Sci. 71, 2267-2277.

Liang, W., Cai, A., Chen, G., Xi, H., Wu, X., Cui, J., Zhang, K., Zhao, X., Yu, J., Wei, B.,
Chen, L., 2016. Shikonin induces mitochondria-mediated apoptosis and enhances
chemotherapeutic sensitivity of gastric cancer through reactive oxygen species. Sci.
Rep. 6, 38267.

Lichota, A., Gwozdzinski, K., 2018. Anticancer Activity of Natural Compounds from Plant
and Marine Environment. Int. J. Mol. 19, 3533.

Louis, C.U., Shohet, J.M., 2015. Neuroblastoma: Molecular Pathogenesis and Therapy.
Ann. Rev. Med. 66, 49-63.

Ly, J.D., Grubb, D., Lawen, A., 2003. The mitochondrial membrane potential (Ay m) in
apoptosis; an update. Apoptosis 8, 115-128.

Madi, N., DANY, M., ABDOUN, S., USTA, J., 2016. Moringa oleifera’s nutritious aqueous
leaf extract has anticancerous effects by compromising mitochondrial viability in an
ROS-dependent manner. J. Am. Coll. Nutr. 35, 604-613.

Martins, A., VASAS, A., SCHELZ, Z., VIVEIROS, M., MOLNAR, J., HOHMANN, J.,
AMARAL, L., 2010. Constituents of Carpobrotus edulis inhibit P-glycoprotein of
MDRI1-transfected mouse lymphoma cells. Anticancer Res. 30, 829-835.

Martins, A., VASAS, A., VIVEIROS, M., MOLNAR, J., HOHMANN, J., AMARAL, L., 2011.
Antibacterial properties of compounds isolated from Carpobrotus edulis. Int. J.
Antimicrob. Agents 37, 438-444.

Mathabe, M., NIKOLOVA, R., LALL, N., NYAZEMA, N., 2006. Antibacterial activities of
medicinal plants used for the treatment of diarrhoea in Limpopo Province, South
Africa. J. Ethnopharmacol. 105, 286-293.

Niziot-Lukaszewska, Z., FURMAN-TOCZEK, D., ZAGORSKA-DZIOK, M., 2018.
Antioxidant activity and cytotoxicity of Jerusalem artichoke tubers and leaves
extract on HaCaT and BJ fibroblast cells. Lipids Health Dis. 17, 280.

Omoruyi, B.E., BRADLEY, G., AFOLAYAN, A.J., 2012. Antioxidant and phytochemical
properties of Carpobrotus edulis (L.) bolus leaf used for the management of common
infections in HIV/AIDS patients in Eastern Cape Province. BMC Complement Altern.
Med. 12, 215, 215-215.

Omoruyi, S., ENOGIERU, A., EKPO, 0., 2018. Cytotoxic and apoptosis-inducing effects of
Sutherlandia frutescens in neuroblastoma cells. J. Afr. Assoc. Physiol. Sci. 6,
136-144.

Ordway, D., HOHMANN, J., VIVEIROS, M., VIVEIROS, A., MOLNAR, J., LEANDRO, C.,
ARROZ, M.J., GRACIO, M.A., AMARAL, L., 2003. Carpobrotus edulis methanol
extract inhibits the MDR efflux pumps, enhances killing of phagocytosed S. aureus
and promotes immune modulation. Phytother. Res. 17, 512-519.

Padmapriya, R., Ashwini, S., Raveendran, R., 2017. In vitro antioxidant and cytotoxic
potential of different parts of Tephrosia purpurea. Res. Pharm. Sci. 12, 31-37.
Pandey, K.B., Rizvi, S.I., 2009. Plant polyphenols as dietary antioxidants in human health

and disease. Oxid. Med. Cell Longev. 2, 270-278.

Journal of Herbal Medicine 30 (2021) 100519

Pore, M.M., HILTERMANN, T.J.N., KRUYT, F.A., 2013. Targeting apoptosis pathways in
lung cancer. Cancer Lett 332, 359-368.

Purushotham, G., PADMA, Y., NABIHA, Y., RAJU, R.V., 2016. In vitro evaluation of anti-
proliferative, anti-inflammatory and pro-apoptotic activities of the methanolic
extracts of Andrographis nallamalayana Ellis on A375 and B16F10 melanoma cell
lines. 3 Biotech 6, 212.

Raj, L., Ide, T., Gurkar, A.U., Foley, M., Schenone, M., Li, X., Tolliday, N.J., Golub, T.R.,
Carr, S.A., Shamji, A.F., 2011. Selective killing of cancer cells by a small molecule
targeting the stress response to ROS. Nature 475, 231-4.

Rao, G.V., Kumar, S., Islam, M., Mansour, S.E., 2008. Folk medicines for anticancer
therapy-a current status. Cancer Ther. 6.

Russo, A., Cardile, V., GRAZIANO, A.C.E., AVOLA, R., MONTENEGRO, I., CUELLAR, M.,
VILLENA, J., MADRID, A., 2019. Antigrowth activity and induction of apoptosis in
human melanoma cells by Drymis winteri forst extract and its active components.
Chem-Biol. Interact. 305, 79-85.

Ryu, S., Lim, W., Bazer, F.W., Song, G., 2017. Chrysin induces death of prostate cancer
cells by inducing ROS and ER stress. J. Cell Physiol. 232, 3786-3797.

Scott, G., Hewett, M., 2008. Pioneers in ethnopharmacology: the Dutch East India
Company (VOC) at the Cape from 1650 to 1800. J. Ethnopharmacol. 115, 339-360.

Shakya, A.K., 2016. Medicinal plants: future source of new drugs. Int. J. Herb. Med. 4,
59-64.

Shalini, S., DORSTYN, L., DAWAR, S., KUMAR, S., 2015. Old, new and emerging
functions of caspases. Cell Death Differ. 22, 526-39.

Siegel, R.L., MILLER, K.D., JEMAL, A., 2015. Cancer statistics, 2015. CA Cancer J. Clin.
65, 5-29.

Signore, M., RICCI-VITIANI, L., MARIA, R, D.E., 2013. Targeting apoptosis pathways in
cancer stem cells. Cancer Lett. 332, 374-382.

Thring, T., Weitz, F., 2006. Medicinal plant use in the Bredasdorp/Elim region of the
Southern Overberg in the Western Cape Province of South Africa.

J. Ethnopharmacol. 103, 261-275.

Tilaoui, M., JAAFARI, A., AIT MOUSE, H., ZYAD, A., 2018. studies on the dual
cytotoxicity and antioxidant properties of Berberis vulgaris extracts and its main
constituent berberine. Adv. Pharmacol. Pharm. Sci. 2018.

Tong, L., Chuang, C.-C., Wu, S., Zuo, L., 2015. Reactive oxygen species in redox cancer
therapy. Cancer Lett. 367, 18-25.

Vakifahmetoglu-Norberg, H., OUCHIDA, A.T., NORBERG, E., 2017. The role of
mitochondria in metabolism and cell death. Biochem. Biophys. Res. Commun. 482,
426-431.

Wang, J., Luo, B., Li, X., Lu, W., Yang, J., Hu, Y., Huang, P., Wen, S., 2017. Inhibition of
cancer growth in vitro and in vivo by a novel ROS-modulating agent with ability to
eliminate stem-like cancer cells. Cell Death Differ. 8, e2887.

Wong, F.C., Woo, C.C., Hsu, A., Tan, B.K.H., 2013. The anti-cancer activities of Vernonia
amygdalina extract in human breast cancer cell lines are mediated through caspase-
dependent and p53-independent pathways. PLoS One 8, e78021.

Wong, R.S., 2011. Apoptosis in cancer: from pathogenesis to treatment. J. Exp. Clin.
Cancer Res. 30, 87.

Wurstle, M.L., LAUSSMANN, M.A., REHM, M., 2012. The central role of initiator caspase-
9 in apoptosis signal transduction and the regulation of its activation and activity on
the apoptosome. Exp. Cell Res. 318, 1213-20.

Yang, H.-L., Chang, W.-H., Chia, Y.-C., Huang, C.-J., Lu, F.-J., Hsu, H.-K., Hseu, Y.-C.,
2006. Toona sinensis extracts induces apoptosis via reactive oxygen species in
human premyelocytic leukemia cells. Food Chem. Toxicol. 44, 1978-1988.


http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref28
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref28
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref29
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref29
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref29
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref29
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref30
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref30
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref31
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref31
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref31
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref31
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref32
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref32
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref32
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref32
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref33
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref33
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref34
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref34
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref35
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref35
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref36
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref36
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref36
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref37
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref37
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref37
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref38
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref38
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref38
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref39
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref39
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref39
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref40
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref40
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref40
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref41
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref41
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref41
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref41
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref42
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref42
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref42
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref43
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref43
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref43
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref43
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref44
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref44
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref45
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref45
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref46
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref46
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref47
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref47
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref47
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref47
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref48
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref48
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref48
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref49
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref49
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref50
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref50
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref50
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref50
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref51
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref51
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref52
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref52
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref53
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref53
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref54
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref54
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref55
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref55
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref56
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref56
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref57
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref57
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref57
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref58
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref58
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref58
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref59
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref59
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref60
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref60
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref60
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref61
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref61
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref61
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref62
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref62
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref62
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref63
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref63
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref64
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref64
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref64
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref65
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref65
http://refhub.elsevier.com/S2210-8033(21)00099-3/sbref65

	In vitro evaluation of the antiproliferative activity of Carpobrotus edulis on human neuroblastoma cells
	1 Introduction
	2 Materials and methods
	2.1 Preparation of C. edulis aqueous extract
	2.2 Cell lines and culture conditions
	2.3 Cell viability assay
	2.4 Clonogenic assay
	2.5 Detection of apoptosis
	2.6 Investigating intracellular reactive oxygen species
	2.7 Determination of changes in mitochondria membrane potential
	2.8 Statistical analysis

	3 Results
	3.1 C. edulis induces cytotoxicity in SK-N-BE(2) and SH-SY5Y neuroblastoma cells
	3.2 C. edulis inhibits proliferation and survival in neuroblastoma cells
	3.3 C. edulis induces apoptosis in neuroblastoma cells
	3.4 C. edulis increases ROS generation in cells
	3.5 C. edulis alters mitochondrial membrane potential in neuroblastoma cells

	4 Discussion
	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


