
Heliyon 7 (2021) e08016
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Comparative study between in vivo- and in vitro-derived extracts of cactus
(Opuntis ficus-indica L. Mill) against prostate and mammary cancer cell lines

Alaa Heikal a,*, Marwa E. Abd El-Sadek b, Abeer Salama c, Hussein S. Taha a

a Department of Plant Biotechnology, National Research Centre, 12622, Cairo, Egypt
b Department of Botany and Microbiology, Faculty of Science, Al-Azhar University, 11651, Cairo, Egypt
c Department of Pharmacology, National Research Centre, 12622, Cairo, Egypt
A R T I C L E I N F O

Keywords:
Opuntia ficus-indica L. Mill
Cladode extract
Micropropagtion
Anticancer activity
kaempferol
PC3
Mcf7
* Corresponding author.
E-mail address: alaaheikal.nrc@gmail.com (A. H

https://doi.org/10.1016/j.heliyon.2021.e08016
Received 5 January 2021; Received in revised form
2405-8440/© 2021 Published by Elsevier Ltd. This
A B S T R A C T

Opuntia ficus-indica L. Mill cladodes are considered to be a source of an abundance of bioactive compounds. To
identify a natural product that can be used in the chemoprevention and treatment of cancer, this study was
conducted to produce an anticancer agent extracted from in vitro-derived cladodes of prickly pear cactus. Toward
this goal, assays of seed germination and micropropagation revealed that the highest seed germination rate was
66% and that the highest shoot number per explant was obtained with benzyl adenine (BA) (2 mg/l) and kinetin
(Kin) (1 mg/l) within 2 months, at 22.6. In addition, the maximum length of shoots was obtained with BA (3 mg/
l) and Kin (0.5 mg/l), at 7.44 cm. The in vitro-derived cladode extract showed higher total phenolic and
kaempferol contents than the in vivo-derived cladode extract (total phenolics 156.5 mg/g and 86 mg/g DW;
kaempferol 2.807 mg/g and 1.304 mg/g DW, respectively). These remarkable results reflected the anticancer
activity on the viability and proliferation/migration of PC3 prostate and mammary Mcf7-7 cells. In terms of
cytotoxicity, the IC50 values on PC3 and Mcf7 cells were 5775.7 and 6311.3 μg/ml, respectively, showing dose-
dependent increases. Meanwhile, from in vivo analyses of the plants, the IC50 values were 5927.93 and 6825.6
μg/ml, respectively, again showing dose-dependent increases.
1. Introduction

Cancer chemoprevention targets both normal and high-threat in-
dividuals via treatment using drugs and other chemical agents in order to
inhibit, delay, or reverse cancer development (Kelloff et al., 1999a,b). In
the last decade, hundreds of cancer chemopreventive agents have been
developed in the United States alone, but only a few new drugs have been
approved (Steele et al., 1996; Kelloff et al., 2000). There is thus a need for
more effective and less toxic agents, especially those from natural
products, to successfully prevent and treat cancer (Darwesh et al., 2018).
Extracts of cactus (Opuntia ficus-indica L. Mill) have been reported to
show various pharmacological activities through antioxidant activity,
decreasing the risk of diseases such as cancer, diabetes, and cardiovas-
cular and neurodegenerative disorders. In previous research investi-
gating the antioxidant agents contained in extracts of pulp, peel, seeds,
and cladodes of various cacti, it was proven that the specific antioxidant
contents were related to the color of the fruit, while the cladodes of all
cultivars were shown to contain similar and highly effective antioxidants
eikal).
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(Maryna et al., 2019). Opuntia ficus-indica L. Mill contains different fla-
vonoids including kaempferol, which is one of the flavonoids with the
most efficient anticancer effects (Muhammad et al., 2019). Compared
with other flavonoids, it was found that kaempferol exhibits different
biological properties via its antioxidant and antineoplastic activities
(Sultan et al., 2016). This unique flavonoid may reduce the proliferation
of ovarian cancer cells and remarkably decrease the expression of
vascular endothelial growth factor (VEGF) which is a marker of angio-
genesis in these cells (Collazo-Siques et al., 2003). In a cancer cell model,
kaempferol was shown to be involved in inhibiting angiogenesis through
suppressing the extracellular signal-regulated kinase (ERK)-NFκB-c-
Mycp21-VEGF pathway (Li et al., 2003). It has been shown that
kaempferol inhibited cell proliferation in a dose-dependent manner by
two processes; (i) regulating cyclin-dependent kinase 1 (CDK1) associ-
ated with the transition from G2 to M phase (cyclin B), as well as (ii)
regulating a tumor suppressor gene that plays a key role in cell cycle
arrest, p53 or PLK-1, in MCF-7 breast cancer and HeLa cervical cancer
cells, respectively (Shin et al., 2004; Hansen et al., 2010).
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A valuable alternative method for plant micropropagation and the
production of biologically active substances under controed conditions is
tissue culture, which can be applied regardless of the season via various
strategies to develop and increase the accumulation of biomass and
biosynthesis of secondary metabolites in plant cell and organ cultures
(El-Baz et al., 2015; Mohamed et al., 2015; Sugandh, 2017; Darwesh and
Elshahawy 2021). The present study focused on the micropropagation of
Opuntia ficus-indica L. Mill from seeds and determined the capacity of in
vitro-derived plants to produce phenolic compounds exhibiting anticancer
activity. Another goal here was to establish an efficient method for the
sterilization, germination, and micropropagation of Opuntia ficus-indica
from seeds. Finally, this study estimated the anticancer activity of in
vitro-derived cladode extract on the viability and proliferation/migration
of PC3 prostate and mammary Mcf7 cells.

2. Material and methods

2.1. Seed sterilization and germination

Cactus fruit (Opuntia ficus-indica L. Mill) seeds were obtained from the
Agriculture Research Center, Egypt. For sterilization, the seeds were
cleaned thoroughly under running tap water and then sterilized using
20% sodium hypochlorite and Tween solution by shaking for 5–10 min,
followed by washing three times using sterilized distilled water (Hussein
et al., 2019a). Different treatments were carried out to break the
dormancy and promote the germination of the seeds (Table 1).

At the end of the incubation period, all seeds were cultured on half-
strength MS basal medium (Snedecor and Cochran, 1994) supple-
mented with 3 % (w/v) sucrose, solidified with 0.8 % (w/v) agar. The pH
was adjusted to 5.8, followed by incubation at 25 �C � 2 �C; after 8
weeks, aseptic plantlets were obtained. The effects of treatments on
germination regarding the composition of the media were compared to
the control (C1) when seeds were cultured on half-strength MS basal
medium without GA3. Three replicates of each treatment, with 30 seeds
per treatment, were performed and assayed. The number of germinated
seeds was recorded at the maximum time taken to stop germination (60
days). The percentages were arcsine-transformed and subjected to anal-
ysis of variance (ANOVA) (Silva and Azevedo, 2009).
Table 1. Treatments used in assessing germination in Egyptian Opuntia ficus-
indica L. Mill.

Immersion in different H2O2 concentrations

Treatments Immersed in Duration of treatment

Control (T1) Sterilized distilled water without H2O2 24 h

T2 5% H2O2 24 h

T3 10% H2O2 24 h

T4 15% H2O2 24 h

T5 30% H2O2 24 h

Scarifying with sand followed by immersion in different concentrations of H2O2

T6 3% H2O2 24 h

T7 5% H2O2 24 h

T8 7% H2O2 24 h

T9 10%H2O2 24 h

Scarifying with sand followed by immersion in 5% H2O2 for 24 h and then immersion in
different concentrations of gibberellic acid (GA3) solution for 48 h

T10 GA3 solution (0.5 mg/L)

T11 GA3 solution (1.0 mg/L)

Seeds cultured on half-strength Murashige & Skoog (MS) basal medium containing
different concentrations of GA3 under aseptic conditions

Control (C1) ½ -strength MS

C2 ½ -strength MSþ 0.5 mg/L gibberellic acid

C3 ½ -strength MS þ1.0 mg/L gibberellic acid

C4 ½-strength MSþ1.5 mg/L gibberellic acid
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2.2. Micropropagation technology

For the multiplication of Opuntia ficus-indica L. Mill, the germinated
shoots were obtained from seedlings and cultured on MS basal medium
containing different concentrations of benzyl adenine (BA) (1.0, 2.0, and
3.0 mg/L) in combination with kinetin (Kin) (0.5, 1.0, 1.5, and 2.0 mg/L)
(Table 2). All media were prepared by standard procedures and the
cultures were incubated for 2 months in a growth chamber with a
photoperiod of 16 h light and 8 h dark at 25 �C � 2 �C.

2.3. Rooting of in vitro induced shoots

After three subculture cycles of micropropagation, the small cladodes
(3.5–4 cm) derived from shoot bunches were excised and rooted on MS
basal medium supplemented with indole butyric acid at 0.5 mg/l. This
medium was selected based on the results of previous experiments by
García-Saucedo et al. (2005) and El Finti et al. (2013).

2.4. Preparation of samples and determination of total phenolics

Opuntia ficus-indica L. Mill cladodes of in vitro-derived plants from
tissue culture and in vivo-derived plants after culturing for 4 months
under greenhouse conditions were carefully cut into small pieces and
dried in a ventilated oven at 40 �C for 3 days. After drying, the cladode
fragments were ground for a few minutes in a domestic coffee grinder
and sieved. The crushed samples were subjected to extraction and
determination of bioactive compounds.

For the determination of total phenolics, the folin polyphenolic
method was conducted on both extracts from in vivo- and in vitro-derived
plantlets in accordance with the work of Agbor et al. (2014) and Hussein
et al. (2019b).

2.5. HPLC determination of kaempferol

HPLC determination of kaempferol was carried out on samples from
both in vivo- and in vitro-derived plantlets, in accordance with the work
of, Kelly et al. (1995) using a thermo system (Ultimate 3000). A ther-
mohypersil reverse phase C18 column (2.5 � 30 cm) was operated at 25
�C with a mobile phase consisting of linear gradient elution from
water-ACN (90:10) to water-ACN (55:45) over 8 min. The UV absorption
spectra of the standards as well as the samples were recorded in the range
of 220–400 nm. Samples and standard solutions as well as the mobile
phase were degassed and filtered through a 0.45 μm membrane filter
(Millipore) before injection. Identification of the compounds was per-
formed by comparison of their retention time and UV absorption spec-
trum with those of the standards.
Table 2. Composition of media used for multiplication of Egyptian Opuntia ficus-
indica.

Treatments Growth regulators (cytokinins)

BA (mg/L) Kin (mg/L)

S0 0.0 0.0

S1 1.0 0.5

S2 1.0 1.0

S3 1.0 1.5

S4 1.0 2.0

S5 2.0 0.5

S6 2.0 1.0

S7 2.0 1.5

S8 2.0 2.0

S9 3.0 0.5

S10 3.0 1.0

S11 3.0 1.5

S12 3.0 2.0
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2.6. Determination of sample cytotoxicity on cells using the MTT protocol

The ethanol extract (containing phenolic and bioactive substances)
was used to determine the anticancer activity. Two models of cancer
cells, PC3 and Mcf7, were applied to evaluate the anticancer activity of
the extracted agents using theMTT protocol, in accordance with the work
of Mosmann (1983) and Abd El-Hady et al. (2017). Each experiment on
the anticancer activity was performed in triplicate.

2.7. Statistical analysis

The experimental design used was randomized complete blocks with
three replications. Statistical analyses were carried out using IBM®
SPSS® (SPSS Inc; IBM Corporation, NY, USA) Statistics Version 25 (2017)
for Windows. Data were tested for a normal distribution by Shapiro-
Wilk's test (Shapiro and Wilk, 1965; Razali and Wah, 2011). Data were
subjected to ANOVA with a P-value of <0.05 being considered statisti-
cally significant. The treatmentmeans were compared by least significant
difference post-hoc test as reported by Snedecor and Cochran (1994),
with a P-value of <0.05 being considered statistically significant (Dar-
wesh et al., 2020).

3. Results and discussion

3.1. Effects of different treatments on seed germination

Opuntia ficus-indica L. Mill seeds have innate and enforced dormancy
(Rojas-Ar�echiga and V�azquez-Yanes, 2000), which has led most protocols
to rely on vegetative micropropagation as an uncomplicated and rapid
approach. In contrast, micropropagation using seeds facilitates the se-
lection of desirable genotypes that can tolerate various stresses, promote
biomass production, and ensure optimal fruit quality, among others,
which may be utilized for breeding purposes. Furthermore, micro-
propagation by seeds results in variability, allowing the genetic variety of
populations and species to be preserved (Altare et al., 2006). In addition,
the micropropagation of Opuntia ficus-indica L. Mill in vitro is an appro-
priate method for obtaining these seasonal plants all year round for
purposes such as studying their levels of active compounds and biological
activity. Against this background, different treatments were examined to
determine an efficient germination protocol (Table 1) for these plants
under a daily photoperiod of 16/8 h light/dark. The results showed an
increase in the germination rate when the seeds of Opuntia were
Figure 1. Germination%rates of Opuntia ficus-indica L
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immersed in H2O2 solution (Figure 1). The best treatment for germina-
tion was scarification with sand, followed by immersion in 5% H2O2 for
24 h and then immersion in 1.0 mg/L gibberelic acid (GA3) solution for
48 h, leading to a germination rate of 66.6%. The methods involving
chemical scarification also increased the germination rate (Figure 1), as
also reported by Altare et al. (2006). The combination of mechanical
scarification (sanded seeds) with chemical scarification (immersion in
H2O2 for 24 h) resulted in a germination rate of Opuntia spp. of 67.5%
(Areli et al., 2018); although the chemical scarification by itself exhibited
significant results, the germination rates were lower than 60%. The seeds
took nearly 40–60 days to emerge after treatment (Altare et al., 2006).

P-value <0.05 and method of comparison showed significance with
1.5 mg/L concentration of GA3 in MS basal media as shown in C4
treatment with 53.3% (Figure 2). The seeds took more than 60 days to
germinate (60–90 days) and the germination rate was low compared
with that upon scarifying the seeds with sand followed by immersion in
H2O2 at 5% for 24 h, and then immersion in 1.0 mg/L GA3 solution for 48
h, as shown in Figure (2). In this respect, Areli et al. (2018) obtained an
in-vitro germination rate of Opuntia microdasys of 60% by applying half
-strength MS with GA3 at a concentration of 0.5 mg/L. The same trend
was observed in Opuntia engelmannii, with a germination rate greater
than 80%.

3.2. Multiplication rate and shoot length of Opuntia ficus-indica L. Mill

The germinated shoots obtained from seedlings using the efficient
germination treatment (T11) and after growth to a length of about 2–3
cm were used as secondary explants for multiplication experiments.
There were notable effects of adding different concentrations of cytoki-
nins (N6-benzyl-adenine) in combination with kinetin on the multipli-
cation rates of Opuntia ficus-indica L. Mill, as presented in Table 3. In this
regard, several cytokinins have been used for both prickly pear initiation
and shoot proliferation (Ju�arez and Passera, 2002; Khalafalla et al.,
2007). The treatments differed in their effects and the greatest number of
shoots (22.6). formed upon S6 treatment on MS medium containing 2
mg/L BA þ 1 mg/L Kin. The responses of plant shoot proliferation are
known to vary according to the type of cytokinin and its concentration
(Estrada-Luna et al., 2008; Ali et al., 2016).

Comparison with a previous study by El Finti et al. (2012) on
Moroccan cultivars revealed that adding 5 mg/L BA alone was optimal
for inducing a large number of shoots. Our results on Egyptian cultivar
confirmed that adding a high concentration of BA of 5 mg/L alone was
. Mill seeds germinated with different treatments.



Figure 2. Germination % of Opuntia ficus-indica L. Mill seeds germinated on media containing different concentrations of GA3.

Table 3. Effect of BA and Kin concentrations on in vitro shoot induction of
Opuntia ficus-indica L. Mill.

Treatments Shoot number per explant
(mean � SE)

Length of shoots (cm)
(mean � SE

S0 3.0f � 0.57 3.58c � 0.5

S1 4.3f � 0.33 5.36abc �0.80

S2 10.6e � 1.88 4.86bc �0.77

S3 9.33e � 1.20 6.34ab � 0.60

S4 10.3e � 1.45 5.06bc �0.76

S5 16.6c � 1.45 7.38a � 0.62

S6 22.6a � 0.88 6.18ab � 0.56

S7 20.0ab � 1.57 4.96bc �0.89

S8 17.3bc �1.20 6.50ab � 0.98

S9 15.0cd � 0.57 7.44a � 0.82

S10 12.0de � 1.15 5.64abc �0.81

S11 11.66e � 0.88 5.92ab � 0.47

S12 11.33e � 1.45 5.54abc �0.81

SE ¼ standard error; S ¼ treatment number; means with different superscripts in
the same column differ significantly.
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not the most efficient method for multiplication; adding the combination
of the two cytokinins BA and Kin was more effective for our Egyptian
cultivar and the number of shoots formed per explant was shown to be
dependent on the concentrations of both cytokinins (Figure 3A). This
confirms that each species of cactus, even within the same genus, re-
sponds differently to growth regulators; for this reason, in vitro propa-
gation systems have to be established and developed specifically for each
species (Hubstenberger et al., 1992). Notably, the response regarding
shoot length varied depending on the concentrations of both cytokinins
and the greatest shoot length was observed upon S9 treatment, at 7.44 cm
(Figure 3B), on MS medium supplemented with 3.0 mg/L BA þ 0.5 mg/L
Kin. The results indicated. The results indicated that increasing the
concentration of BA while decreasing the concentration of Kin when
using both cytokinins in combination significantly increased the length of
shoots (Figure 4). In conclusion, this study shows that the interaction
between these two hormones is important for multiplication of the
Egyptian cultivar (Figure 4).

3.3. Determination of total phenolics and kaempferol

Figure 5A presents the values of total phenolic content in micro-
propagated in vitro- and in vivo-derived cladode extracts from a green-
house, used as a control in this study. The micropropagated plants (in
4

vitro) were harvested from the medium conferring the best multiplication
(S6) in order to determine total phenolics using Folin Ciocalteu reagent
(Agbor et al., 2014). The highest value of total phenolic was recorded for
the in vitro-derived cladode extract (156.5 mg/g dry weigh), while the
corresponding value for the in vivo-derived cladode extract was 86 mg/g
DW. In general, the addition of both cytokinins BA (2 mg/L) and Kin (1
mg/L) enhanced the accumulation of phenolics more than the finding in
the control harvested from a greenhouse.

With regard to the flavonoid (kaempferol), it was detected in micro-
propagated in vitro- and in vivo-derived cladode extracts using HPLC. The
highest kaempferol content was observed in the in vitro-derived cladode
extract (2.807 mg/g DW), whereas the value of kaempferol in the in vivo-
derived cladode extract was 1.304 mg/g DW, as shown in Figure (5B).

Notably, some polyphenols were produced only by cladodes of certain
varieties of cactus. Snowshoeing cactus presents high levels of unusual
flavonoid-like compounds such as kaempferol-3- rutinoside (1.46 mg/g)
and isorhamnetin-3-O-rutinoside (1.37 mg/g DW). Other studies
confirmed that changes in the type and concentration of cytokinin
applied can markedly affect product accumulation. For instance, cyto-
kinins increased the production of alkaloids in cell cultures of Cathar-
anthus roseus (Decendi et al., 1992), lignans in Phyllanthus amarus shoots
(Nitnaware et al., 2011), and anthocyanins inOxalis linearis callus (Meyer
and Van Staden, 1995). Our findings in this study confirmed that
kaempferol content in in vitro Egyptian Opuntia ficus-indica L. Mill clad-
odes was 2.807 mg/g DW, which was much higher under optimal cyto-
kinin conditions than in cytokinin-free control in vivo-drived plants from
a greenhouse (1.304 mg/g DW). This difference is a result of the positive
effect of suitable concentrations of cytokinins on the accumulation of
kaempferol.

3.4. Effect of in vitro and in vivo-derived cladode extracts on viability and
proliferation/migration of PC3 cells

PC3 cells were used as a model for evaluating the produced bioactive
compounds as anticancer agents. To achieve this, the proliferative effect
of the crude extract of in vitro-derived cladodes (sample 1) on PC3 cells
was analyzed using the MTT assay (Table 4). The PC3 cells were treated
with various concentrations of the crude extract of in vitro-derived
cladodes (312.5, 625, 1250, 2500, 5000, and 10.000 μg/ml). The results
showed that the growth inhibition of PC3 was dose-dependent, with an
IC50 of 5775.7 μg/ml (Figure 6).

The proliferative effect of the crude extract of in vivo-derived cladodes
on PC3 cells was estimated using the MTT assay at various concentrations
(312.5, 625, 1250, 2500, 5000, and 10,000 μg/ml). The results indicated
that the growth inhibition of PC3 was dose-dependent, with an IC50 of
5927.93 μg/ml (Figure 6).



Figure 3. Effects of different treatments of BA (B1: 1 mg/L, B2: 2 mg/L, B3: 3 mg/L) and Kin (K1: 0.5 mg/L, K2: 1 mg/L, K3 1.5 mg/L, K4: 2 mg/L) on (A)
multiplication rate (number of shoots) and (B) shoot length of Opuntia ficus-indica L. Mill explanted on MS medium.

Figure 4. Different stages of in vitro micropropagation of Egyptian Opuntia ficus-indica. A, seedling under culture conditions; B, germinated shoots used as secondary
explants for multiplication; C, micropropagation of explants on MS medium with 5 mg/L BA alone; D, maximum number of shoots of micropropagated explants on MS
medium with 2 mg/L BA and 1 mg/L Kin; E, maximum number of shoots on MS medium with 2 mg/L BA and 1 mg/L Kin after 2 months; F, maximum length of shoots
on MS medium with 3 mg/L BA and 0.5 mg/L Kin.
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3.5. Effect of in vitro and in vivo cladode extracts on viability and
proliferation/migration of Mcf7 cells

Mcf7 cells were also used in the evaluation of the produced bioactive
compounds as anticancer agents. The effects of the in vitro micro-
propagated cladodes (sample 1) on Mcf7 cells were estimated using the
MTT assay (Table 5). The Mcf7 cells were treated with different con-
centrations (312.5, 625, 1250, 2500, 5000, and 10.000 μg/ml); the re-
sults showed that the growth inhibition of Mcf7 was dose-dependent,
with an IC50 of 6311.3 μg/ml (Figure 7). For in vivo extracts, the prolif-
erative effect of the crude extract of in vivo-derived cladodes onMcf7 cells
was estimated using the MTT assay at various concentrations (312.5,
625, 1250, 2500, 5000, and 10.000 μg/ml). The results indicated that the
5

growth inhibition of Mcf7 was dose-dependent, with an IC50 of 6825.6
μg/ml (Figure 7).

This study is considered to be the first to compare the extracts of in
vitro- and in vivo-derived cladodes of Opuntia ficus-indica L. Mill plants in
terms of their anticancer activity. The PC3 and Mcf7 cells were treated
with both in vitro-extracts of cladodes from both in vitro- (sample 1) and
in vivo-derived cacti (sample 2). The in vivo-derived cladode extract
exhibited greater effects on the proliferation of PC3 and Mcf7 cells than
the in vitro one with the highest total phenolic and kaempferol contents.
Notably, in the previous studies kaempferol, -3-O-rhamnoside dose-
dependently reduced the proliferation of prostate cancer cells by the
expression of caspase-8, -9, and -3, and induced the release of GM-CSF in
PC3 cells. This. in turn, elevated the chemotaxis of DC through the



Figure 5. Total phenolic content (A) and kaempferol content (B) in micropropagated plants compared with those of control plants.

Table 4. Effects of various concentrations of in vitro Opuntia ficus-indica L. Mill cladode extracts on viability and proliferation/migration of PC3 cells.

ID Conc.
μg/ml

OD Mean OD ST.E Viability % Toxicity % IC50

Pc3 1:2 0.324 0.295 0.311 0.31 0.0084 100 0 μg/ml

1 10000 0.023 0.024 0.022 0.023 0.0006 7.42 92.58 5775.7

5000 0.142 0.155 0.157 0.151 0.0047 48.82 51.18

2500 0.284 0.286 0.277 0.282 0.0027 91.08 8.92

1250 0.305 0.311 0.299 0.305 0.0035 98.39 1.61

625 0.293 0.321 0.301 0.305 0.0083 98.39 1.61

312.5 0.303 0.3 0.321 0.308 0.0066 99.35 0.65

2 10000 0.019 0.025 0.023 0.022 0.0018 7.20 92.80 5927.93

5000 0.168 0.172 0.144 0.161 0.0087 52.04 47.96

2500 0.304 0.299 0.303 0.302 0.0015 97.42 2.58

1250 0.311 0.298 0.309 0.306 0.0040 98.71 1.29

625 0.309 0.315 0.313 0.312 0.0018 100.75 0

312.5 0.302 0.307 0.326 0.312 0.0073 100.54 0

Figure 6. Effect of various concentrations of in vitro (sample 1) and in vivo (sample 2) Opuntia ficus-indica L. Mill cladode extracts on viability and proliferation/
migration of PC3 cells.
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Table 5. Effects of various concentrations of in vitro Opuntia ficus-indica L. Mill cladode extracts on viability and proliferation/migration Mcf7 cells.

ID Conc. μg/ml OD Mean OD ST.E Viability % Toxicity % IC50

Mcf7 1:02 0.362 0.379 0.366 0.369 0.005 100 0 μg/ml

1 10000 0.042 0.036 0.031 0.036 0.003 9.846 90.154 6311.3

5000 0.219 0.204 0.220 0.214 0.005 58.085 41.916

2500 0.354 0.374 0.362 0.363 0.006 98.464 1.536

1250 0.369 0.352 0.378 0.366 0.008 99.277 0.723

625 0.371 0.359 0.375 0.368 0.005 99.819 0.181

312.5 0.363 0.379 0.370 0.371 0.005 100.452 0

2 10000 0.026 0.033 0.037 0.032 0.003 8.672 91.328 6825.6

5000 0.284 0.301 0.295 0.293 0.005 79.494 20.506

2500 0.384 0.353 0.369 0.369 0.009 99.910 0.090

1250 0.374 0.353 0.368 0.365 0.006 98.916 1.084

625 0.369 0.371 0.362 0.367 0.003 99.548 0.452

312.5 0.378 0.364 0.359 0.367 0.006 99.458 0.542

Figure 7. Effect of various concentrations of in vitro (sample 1) and in vivo (sample 2) Opuntia ficus-indica L. Mill cladode extracts on viability and proliferation/
migration of Mcf7 cells.
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activation of phospholipase C and protein kinase C (PKC) (Abou-Elella
and Ali, 2014).

Moreover, kaempferol effectively suppressed the growth of breast
cancer cell lines (VM7Luc4E2, MDA- MB-231, and Mcf7) (Bandyo-
padhyay et al., 2008) through cell arrest at the G2/M stage, and DNA
fragmentation at the sub-G0 phase (Azevedo et al., 2015). Furthermore,
kaempferol was reported to elevate the levels of proapoptotic enzymes
such as cleaved caspase-9, -7, -3, p21, p53, and Bax (Zhu and Xue, 2018).
In contrast, O. humifusa extracts were shown to induce apoptosis of Mcf7
cells and colon SW-480 cells and suppress the growth of U87MG glio-
blastoma cells through the production of ROS within the cells (Hahm
et al., 2010; Diantini et al., 2012; Kim et al., 2014). As mentioned pre-
viously by Serra et al. (2013), the polyphenol-rich juice of various
Opuntia affected HT-29 colon cancer cell lines, as it provoked cell cycle
arrest. Interestingly, this effect occurred via an increase of ROS leading to
cell death; this effect was also reported in ovarian cancer cells (Feugang
7

et al., 2010). A previous study by Marissa et al. (2015) that estimated the
accumulation of total phenolic acids and flavonoids in (in vitro cultures)
of callus and cell suspensions of threeOpuntia species (O. streptacantha, O.
megacantha, and O. ficus-indica) under controlled conditions indicated
that the levels of phenolic compounds, flavonoids, and antioxidant ac-
tivity were similar in the callus and suspension systems, whereas 1.5–1.9
fold higher levels of antioxidant compounds accumulated in comparison
to the findings in in vivo cladodes. This emphasizes that Opuntia in vitro
cultures are an efficient alternative system to obtain metabolites of these
Opuntia species under controlled conditions (in vitro). This is compatible
with the results in the current study that confirmed that the highest value
of total phenolics was recorded for the in vitro– derived cladode extract
(under controlled conditions) at 156.5 mg/g dry weight, while the value
of total phenolics in the in vivo-derived cladode extract was 86 mg/g DW.
Meanwhile, the highest kaempferol content was observed in the in vitro
cladode extract 2.807 mg/g DW, whereas the value of kaempferol in the
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in vivo-derived cladode extract was 1.304 mg/g DW. These values reflect
the level of the anticancer activity.

4. Conclusion

This is the first study to focus on the possibility of using the in vitro
extract of Egyptian Prickly pear cladodes as an anticancer agent. The
highest seed germination rate of 66% was recorded upon applying an
efficient protocol of seed germination. In micropropagation, the highest
shoot number per explant and maximum length of shoots were obtained.
The extract from cladodes from in vitro-derived plants contained the
highest contents of total phenolics (156.5 mg/g) and kaempferol (2.807
mg/g). The in vitro-derived cladode extract had high activity against both
cancer PC3 and Mcf7 cell lines compared with the extract from cladodes
from in vivo derived plants, with probable safety toward normal cell lines.
Therefore, this extract can be applied as useful and highly efficient
anticancer agent.
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