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ABSTRACT

Opuntia ficus-indica fruits are claimed to possess several health-beneficial properties. This study was carried out to deter-
mine the phytochemicals as well as to compare antioxidant activity and cell viability of the methanol extract of OFI-fruits.
Antioxidant activity was evaluated by various /in vitro tests such as DPPH and ABTS. LC-MS and HPLC analyses were then per-
formed. The activity of the OFI-fruit extract on viability of U87-MG (glioblastoma multiform), HT-29 (colon cancer) and human
primary fibroblast cells was investigated by determining viable cells on a luciferase based system (Cell TiterGlo; Promega;
USA). The results showed that OFI-fruits were a source of antioxidant compounds. Moreover, the extract was found to have
rich phenolic-flavonoid contents. Quercetin was found in the extract according to LC-MS and HPLC studies. A remarkable
increased cell death in the HT-29 and U87 cell lines was detected in a concentration-dependent manner (1-10mg/mL). Among
these cell lines, HT-29 responded to OFI-fruit treatment more sensitively to even the lowest dose (1mg/mL). The results of
this study showed that the OFI-fruit has significant antioxidant capacity and leads to strong cytotoxic activity on various cancer
cells. Therefore, it can be suggested that OFI-fruits may have chemo-preventive potential and can be studied further to clarify
cytotoxic abilities.
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INTRODUCTION

Opuntia ficus-indica (L) Miller (Prickly pear cactus) is located in the Mediterranean and Aegean Region and belongs to the Cactaceae
family (Kabas et al. 2006). This species is known as “kaynana dili, firenk inciri, hint inciri”in Turkey (Glner et al. 2012) and as “prickly
pear”elsewhere in the world. The nutritional properties of this species have long been known. In Mediterranean countries, cladodes
are not typically consumed as nutrients, but the fruits are largely consumed due to natural antioxidants which are may be protective
against oxidative damage (Lee et al. 2002). The fruits are used also in traditional medicine for their hypolipidemic and hypoglycemic
actions (Butera et al. 2002). The phytochemical compounds of prickly pear fruits and cladodes are vitamins, carotenoids, betalains,
and polyphenolic compounds which have proven biological activities and health benefits (anti-cancer, anti-diabetic, anti-inflam-
matory, neuroprotective effect) (Ammar et al. 2018; Mena et al. 2018). OFl is especially rich in flavonoids and phenolic compounds.
Due to the high amount of these substances the prickly pear fruit has a potent antioxidant activity (Butera et al. 2002; Lee et al. 2002;
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Dok-Go et al. 2003). O. ficus-indica (OFI) has become a popular
research subject in recent years because of these therapeutical
and biological properties (Bouaouine et al. 2018).

Cancer, in its various types, is the uncontrolled growth of abnor-
mal cells. . Normal cells frequently fix DNA mutations but once
the repair system fails, the cells become cancerous (Abdel-Hady
et al. 2018). Although many drugs have been developed for the
treatment of cancers, there are concerns about the therapeutic
effects and safety of these drugs. The major problem of chemo-
therapeutic drugs used as a standard treatment in various types
of cancers is their toxicity (Carroll et al. 2012; Lee et al. 2014; Livshits
et al. 2014). However, products from plants have been proven to
be effective and safe in the treatment of cancers. Therefore, cancer
drug discoveries are also directed to plant derived products ob-
tained from natural plants (Demain and Vaishnav 2011; Bishayee
and Sethi 2016). These products act as anti-cancer agents by inter-
fering with the initiation, development and progression of cancer
through the modulation of various mechanisms including cellular
proliferation, differentiation, apoptosis, angiogenesis, and metas-
tasis (Sreekanth et al. 2007; Rajesh et al. 2015).

The herbal products are used worldwide in the prevention and
treatment of various chronic diseases, and their potential anti-
cancer and antimutagenic effects are under current investiga-
tion (Ahmad et al. 2014). The present study aims to determine
and evaluate total phenolic and total flavonoid compounds,
in vitro antioxidant properties, and in vitro cytotoxic activities
against U87-MG (glioblastoma multiform; brain cancer), and
HT-29 (colon cancer) cell lines.

MATERIALS AND METHODS

Materials

The standard chemicals were purchased from Sigma Chemi-
cal Co. (St. Louis, MO, USA) and the HPLC-grade solvents were
purchased from Merck. DPPH (1,1diphenyl-2-picryl hydrazyl
radical), ABTS (2-2'azinobis(3-ethylbenzthiazoline-6-sulphonic
acid), Folin-Ciocalteu reagent and methanol were purchased
from Sigma-Aldrich (Germany). All other reagents and solvents
used were of analytical grade.

Preparation of extract samples

OFI-fruit samples were collected from Turung, Marmaris (Date:
04.08.17). Voucher samples were deposited in the Herbari-
um of the Faculty of Pharmacy at Ankara University (No: AEF
28753).The pinkish fruits were thinly cut and air-dried. Samples
were powdered and extracted with methanol on a magnetic
stirrer (Heidolph MR3001, Germany) (200 g sample, 200 ml x
3) followed by filtration. The extract was distilled by the rotary
evaporator (Heidolph WB2000, Germany). The yield of the ex-
traction procedure was calculated as 8,98% (w/w).

Total phenolic and flavonoid contents of the extract

TPC (Total phenolic content) of OFI-fruit extract was deter-
mined by Folin-Ciocalteu method. 5 ml of extract sample was
mixed with 0.2 ml of 7.5% Na,CO,and 0.25 ml of Folin-Ciocal-
teu’s reagent. The mixtures were incubated for 15 min at 45°C
and the absorbance was calculated at 765 nm. TPC was deter-
mined by the calibration curve (R?=0.9811) (Okur et al. 2018a)

and the result was expressed in terms of mg gallic acid equiva-
lents (GAE) per 100 g (Spanos and Wrolstad 1990).

The colorimetric aluminum chloride method was utilized in order
to determine TFC (Total flavonoid content) of the OFI-fruit extract.
Briefly, 50 ulL OFIruit extract was diluted to T mL volume with
methanol. After being added to 5% NaNO, (0.3 mL) solution and
water (4 mL), the mixture was left for incubation (5 min) and then
a solution of 10% AICI, (0.3 mL) was added and the mix was kept
for 6 minutes. Next, a solution of 1T mol/L NaOH (2 mL) was added
and the mix was made up to 10 mL with water. The mixture was
kept for 15 minutes, and absorbance was measured spectro-
photometrically at 510 nm. TFC was measured by the calibration
curve (R?=0.9978) (Okur et al. 2018b) and the result was expressed
in terms of mg quercetin equivalents (QE) per 100 g. For analysis
of flavonoid and phenolic compounds studies of extract sample,
three replications were performed.

In vitro antioxidant assays

DPPH scavenging assay

The antioxidant capacity of the OFI-fruit extract was deter-
mined in terms of hydrogen donating or radical scavenging
ability using DPPH by its capability to bleach the stable radical
(Blois 1958). The reaction mix contained 100 uM DPPH in meth-
anol and several concentrations of the crude extract. After 30
minutes, absorbances were measured at 517 nm using an UV-
Vis spectrophotometer (UV-1800, Shimadzu, Japan) at 25+2°C
and the radical scavenging activity (RSA) was determined as
the percentage of radical reduction. The study was performed
on Ascorbic acid as the reference (Okur et al. 2018a). The out-
comes were declared as IC50 as follows:

DPPH RSA % = [(Absorbance control — Absorbance test sam-
ple)/Absorbance control)] x 100

Each experiment was performed in triplicate. Ascorbic acid
was used as the reference (Okur et al. 2018).

The DPPH test is based upon the reduction of methanolic DPPH so-
lution in the presence of hydrogen do-nating antioxidants through
the formation of non-radical form (DPPH-H) (Lee et al. 2012).

ABTS radical scavenging assay

The antioxidant capacity of OFI-fruit extract was evaluated
by the ABTS radical cation decolorization test (Re et al. 1999).
ABTS solution was prepared by mixing aqueous ABTS (7 mM)
and potassium persulfate (2.45 mM). The mixture was stored
for 12-16 h in the dark at 25+2°C. To regulate its absorbance
at 734 nm, this final solution was diluted with ethanol and the
percent inhibition was calculated. The test was carried out
in triplicate. To determine absorbance of the extract, 990 ulL
ethanol was used instead of ABTS in the control. The study was
performed on Trolox as the reference (Okur et al. 2018b). The
results were expressed as IC, | as follows:

ABTS RSA % = [(Absorbance
bance )1 x 100

— Absorbance )/Absor-

control test sample’

control

Extraction for LC-MS and HPLC analysis
For Liquid Chromatography Mass Spectroscopy (LC-MS) analy-
sis 5 mg methanol extract of OFI-fruit was dissolved in 5 mL
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ethanol and filtered by 0.22 um membrane filters. Also, the
same sample was used for High Pressure Liquid Chromatog-
raphy (HPLC) analysis.

Qualitative and quantitative chromatographic analysis
with LC-MS and HPLC systems

Methanol extract of OFI-fruit was analysed using LC-MS on a
single quadrupole mass spectrometer (1200 LC, Agilent). For
the chromatropic separation, LC-MS was run on an Agilent
4.6x250 mm, 5 um particle size, octadecyl silica gel C18 ana-
lytical column and its temperature was maintained at 40°C.
The elution gradient which consisted of mobile phases were A
(Acetonitrile: Water: Formic acid (10:89:1, v/v/v)) and B (Aceto-
nitrile: Water: Formic acid (89:10:1, v/v/v)). The gradient elution
was established in the time frame 0-40 min, B% 15-100. The
solvent flow rate was maintained at 0.7 ml/min. The injection
volume was 20 pL (Gulsoy-Toplan et al. 2018).

Quercetin concentration in OFI-fruit methanol extract was de-
termined using HPLC technique. The HPLC analysis was per-
formed on an Agilent 1200 series instrument. The analytical
HPLC column was Agilent C18 column of 5 um particle size
and 4.6 mm x 250 mm dimensions. LC-MS mobil phase was
used. A reference standard of quercetin was prepared from the
USP The flow rate was set to 0.7 mL/min; injection volume and
column temperature were adjusted to 20 ulL and 40°C, respec-
tively. The detection was performed at 330 nm (Gulsoy-Toplan
et al. 2018). The HPLC method was validated based on the
experimental results; linearity, selectivity, LOD, LOQ, accuracy,
precision, RSD, recovery and robustness (Ustiindag-Okur et al.
2015; Okur et al. 2018b). The quercetin concentration in each
extract was calculated by the following regression equation y=
59671x-18,47 with good linearity (r’=0.9996). All standard and
sample solutions were injected in triplicate.

Table 1. TPC and TFC contents of OFI-fruit extract

TPC mg GAE/ TFC mg QE/
100g Extract 100g Extract
OFI Fruit Extract 363.20£0.02 1490.34+0.05

TPC: Total phenolic; TFC: total flavonoid

Table 2. DPPH and ABTS scavenging activities of
OFI-fruit methanol extract

OFI Fruit Extract
IC50 +SD (mg/mL)
4.12+0.03 4.67+0.04 (Ascorbic acid)
2.46+0.04 3.84+0.04 (Trolox)

References

DPPH
ABTS

Table 3. Determined flavonoids of OFI-fruit
methanol extract by LC-MS

Compound RT Area Base Peak (m/z)
Myrcetin 11.436 6268 316.93
Quercetin 15.250 6926446 301.02
Luteolin 19.153 39288 285.03

Cell culture

U87-MG (glioblastoma multiform; brain cancer), HT-29 (colon
cancer) and human primary fibroblast (HDFa) ATCC® PCS-201-
012) were purchased from ATCC (U.S.). The cells were cultured
in growth medium either DMEM (U87-MG, Human primary fi-
broblast) or RPMI (HT-29,Gibco) medium each with 10% fetal
bovine serum (Gibco), 1% antibiotic (penicillin/streptomycin)
at 37°C in 5% CO, incubator. Confluent cells were then re-
moved from the flask with trypsin/EDTA (Gibco) and seeded
into 96 well plates for viability assays.

Cell viability assay

Cells were plated in 96 well plates at a density of 5x10° cells/
well for cell viability assays (luciferase based Cell Titer Glo As-
say: Promega) and incubated for 24 h at 37°Cin 5% CO, incu-
bator. The extract was dissolved in dimethylsulfoxide (DMSO)
and filtered to prepare stock solutions, and then serial dilutions
were made using growth mediums considering 0.5% DMSO
threshold for cellular toxicity. Then the medium was aspirated
from all wells and treated with the OFI-fruit extract at a concen-
tration range between 1-10 mg/mL. Accordingly, to normal-
ize the measurements, control cells were treated with DMSO
for each dose accordingly. All treatments were performed as
triplicates. After 48 h, the medium was removed and Cell Titer
Glo reagent (Promega) was applied to the wells and measure-
ments of metabolically active cells were determined using
SpectraMax i3x Multi-Mode Detection Platform (Sittampalam
et al. 2004, Rodenhizer et al. 2018, Zhang et al. 2018).

Statistical analysis

For cell viability assays, statistical comparisons were per-
formed by unpaired Student’s t-test assuming equal vari-
ance. Differences were considered as statistically significant at
0.001<p*<0.05 and p**<0.005. Data are the mean+standard
error of the mean (S.EM.).

RESULTS

Total phenolic and flavonoid contents of the extract

TPC and TFC of the OFI-fruit extract were determined. The
Folin-Ciocalteu method is a widespread assay which is used
for quantitative determination of phenolic compounds. Table
1 shows the total phenolic and flavonoid contents. OFI-fruit
extract contained a significantly high antioxidants content
(363.20+0.02 GAE/100g extract).

In vitro antioxidant assays

Detection of antioxidant capacity of the OFI-fruit extract is
given in Table 2. According to the DPPH test results, antioxi-
dant activity of OFI fruit extract was found as 4.12+0.03mg/mL
and according to other (ABTS) test results, OFI fruit extract as
2.46+0.04 mg/mL.

Qualitative-quantitative chromatographic analysis by
LC-MS and HPLC

The flavonoid contents of the methanol extract were detected
by HPLC and LC/MS analyses. Standards were detected in ac-
cordance with quantitative and mass analyses using reversed-
phase chromatography. Quercetin (2-(3,4-dihydroxyphenyl)-
3,5,7-trihydroxychromen-4-one) was identified in the methanol
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extract as major flavonoid component. Additionally, myrcetin
and luteolin were detected in the extract as flavonoids. The LC-
MS chromatogram of the methanol extract is shown in Table 3.
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Figure 1. LC-MS standard chromatogram. Standards: 1, Gallic
acid (R.T. 4,96); 2, Luteolin-7-0-glycoside (R.T. 7,62); 3, Coumaric
acid (R.T. 9,21); 4, Rosmarinic acid (R.T. 10,65); 5, Myrcetin (R.T.
11,43); 6, Quercetin (R.T. 15,25); 7, Apigenine (RT. 18,47); 8
Luteolin (R.T. 19,15) (R.T.=Retantion time).
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Figure 2. OFI-fruit metanol extract LC-MS chromatogram.
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Figure 3. Quercetin Standard chromatogram. Quercetin (R.T.
22,86).
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Figure 4. OFI-fruit methanol extract HPLC Chromatogram. 1,
Quercetin (RT. 22,86).22,86).

Determined flavonoids of OFI-fruit methanol extract by LC-MS
were given in Figure 1. Figure 2 shows OFI-fruit extract LC-MS
chromatogram.

Quercetin amounts in the methanol extract was examined by
HPLC (Figures 3 and 4). Additionally, the HPLC method was
validated according to the experimental results of quercetin:
linear range (0.02-0.0015 mg/ml); recovery (99.82+3.97%); LOD
(0.0006 mg/mL); LOQ (0.0015 mg/mL) and RSD (6.16%). The
extract has 0.401+0.012% amount of quercetin.

Cell viability

The OFI-fruit extract (1-10mg/mL) showed significant cyto-
toxic effects on HT-29 (colon) and U87 (brain) cancer cell lines
while the extract was not cytotoxic for human primary fibro-
blast at the same concentrations (Figure 5. a-c.). Cytotoxicity of
the OFI-fruit extract on U87, HT-29 cancer cell lines and human
primary fibroblast (as healthy control) was analyzed by mea-
suring cell viability based on their metabolically active state.
According to the obtained results, the OFI-fruit extract resulted
in a significantly increased cell death in the HT-29 (colon can-
cer) and U87 (brain cancer) between the concentration range
of 1-10 mg/mL in a concentration dependent manner. Among
these cell lines, HT-29 responded to OFI-fruit extract treatment
more sensitively even at the lowest dose (1 mg/mL). On the
other hand, 5mg/ml treatment with OFI-fruit extract was sig-
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Figure 5. a-c. Cell viability of a) U87 (brain cancer) cell line,
b) HT-29 (colon cancer) cell line, ¢) human primary fibroblast
(normal cell) cell line upon 48 hours treatment with 1-10 mg/
mL OFI-fruit extracts. Data are expressed as the mean+SEM
(0.001<p*<0.05 and p**<0.005).
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nificantly toxic to U87 cell line and cell death increased when
treated with 10 mg/mL extract.

DISCUSSION

Cancer is a major public health problem in the world. In re-
cent years, the use of herbal medicines in cancer treatment
has received increasing attention due to their varied phyto-
metabolic contents with multiple biological activities (Mann
2002). In our study, TPC of OFI-fruit extract was determined
by Folin-Ciocalteu method. TPC of OFI-fruit extract was de-
termined as 363.20+0.02 GAE/100g extract. The phenolic
and flavonoid compounds are the major ingredients of vari-
ous plants. It has been stated that these compounds possess
protective and therapeutic activities to heal various diseases
due to their hydroxyls groups which are responsible for the
free radical scavenging activity (Abdel-Hady et al. 2018). OFl is
rich in flavonoid and phenolic compounds and therefore it has
high antioxidant activity (Lee et al. 2002). Flavonoids belong
to secondary plant metabolites with a polyphenolic structure,
which is commonly found in fruits and vegetables. They have
various significant biochemical effects such as antioxidative,
anti-inflammatory, antimicrobial, antithrombogenic, antimuta-
genic and anticarcinogenic activities (Panche et al. 2016). More
than 5000 naturally occurring flavonoids have already been
identified. The outcomes displayed in Table | show that the
OFI-fruit extract exhibit high flavonoid and phenolic contents.

Antioxidants play an important role in neutralizing free radical
species which are produced as end or by-products of normal
biochemical reactions in a normal system (Jiménez-Estrada et
al. 2013). Oxidative stress causes many diseases (cardiovascu-
lar diseases, diabetes, cancer, alzheimer etc.). Current studies
about free radicals have supported that antioxidant rich-foods
display a leading role in the prevention of cancers. Therefore,
much interest has been focused on the benefit of natural anti-
oxidants to keep protection against free radicals which cause
damage (Lee et al. 2012). Many methods of analysis have been
developed for in vitro and in vivo antioxidant activity. However,
there are only a few reliable and fast methods for the evaluat-
ing of the antioxidant capacity of plant extracts. Total antioxi-
dant activity tests, such as DPPH and ABTS, is most common
for large-scale examination (Cai et al. 2004). In the present work
the antioxidant capacity of OFI-fruit extract was evaluated by
the DPPH and ABTS techniques. The antioxidant capacity of
OFI-fruit extract was found as 2.46+0.04 mg/mL while trolox
was determined as 3.84+0.04 mg/mL with ABTS method. Ac-
coring to the DPPH method, antioxidant capacity of OFI-fruit
extract was found as 4.12+0.03 mg/mL. Many studies have
shown that plant components can be effective and protective
against oxidative damage (Butera et al. 2002; Lee et al. 2002).
Several phenolics such as phenolic acids, flavonoids, couma-
rins, curcuminoids, lignans, quinones, stilbenes, etc. possess
potent antioxidant capacity as well as potential anti-cancer
activity, (Sun et al. 2002; Cai et al. 2004).

Prior research has reported the relationship between antioxi-
dant activity and TPC (Sun et al. 2002; Cai et al. 2004). Quer-
cetin is one of the most prominent antioxidants, which is a
member of the flavonoids family. It has favourable biochemi-

cal activity. Most of the anti-cancer agents have been shown
to possess antioxidant potential that can play an important
role in the protection of some forms of cancer (Khanapur et al.
2014). Quercetin has perfect antioxidant activity. It is the most
effective scavenger of ROS (Boots et al. 2008) and also previ-
ous studies have shown that quercetin, myricetin and luteolin
have anti-cancer activity (Lu et al. 2006; Chahar et al. 2011; Ma-
jumdar et al. 2014; Rauf et al. 2018; Sun et al. 2018). The total
phenolic compounds and flavonoids which are responsible for
antioxidant activity were also rich in fruits. By LC-MS analysis, 3
flavonoids were determined (Myrcetin, Quercetin and Luteo-
lin) (Table Ill) and quercetin compound was also found to be
rich in methanol extract of OFI-fruits.

The evaluation of the anti-cancer activity of plant extracts is
essential for safe treatment. Various anti-cancer activity studies
with cell lines used in this study are available on plant extracts
(Okur et al. 2019). OFl fruits are also in the safe range in terms of
toxicity because they are consumed as food among the pub-
lic. OFI-fruit extract was analyzed for potential in vitro cytotoxic
effects by using cancer cell lines from different tissue origins
including colon and brain cancers. DMSO was used as the con-
trol group, and the IC, | value from this group was set as the
background. In this present study, OFI fruit extract was shown
to have selectivity against the HT-29 and U87 cancer cell lines
with 4386 mg/mL, 5.297 mg/mLIC,  values, respectively. It can
be said that our study is the first which evaluates the cytotoxic
effects of O. ficus-indica plant extracts in the specific cell lines,
since previous conducted studies evaluated cytotoxicity in dif-
ferent cancer lines. More specifically, OFI plant has shown posi-
tive results, according to previous studies which have been
conducted against ovarian and cervical cancer cell lines (Kaur
et al. 2012). El-Beltagi et al. studied the anticancer activities of
OFl peel and pulp extracts on Liver (HepG2), colorectal adeno-
carcinoma (Caco-2) and Breast (MCF-7) cell lines. OFI peel and
pulp extracts were tested at 3 mg/mL and decreasing doses
and a decrease in growth of cancer cells was observed at
high doses (El-Beltagi et al. 2019). In another previous study
prickly pear cactus seed oil was studied for its anti-cancer ac-
tivity against colon cancer cell lines. As a result, cell viability
has been observed significantly in some colon cancer cell lines
(Becer et al. 2018). In addition, the anti-cancer activity of indi-
caxanthin, which is known to be highly present in the fruits
of O. ficus-indica, on melanoma cancer was investigated by
in vivo and in vitro methods and very successful results were
obtained (Allegra et al. 2018). In this study, an increasing activ-
ity was observed in increasing doses as well as selectivity. In
conclusion, OFI-fruit extracts were significantly toxic to HT-29
(colon cancer) cells even at the lowest dose 1Tmg/mL while
U87 (glioblastoma brain cancer) cells showed significantly in-
creased cell death upon treatment with 5mg/mL extract and
viability decreased on both lines in a dose dependent manner.
It can be said that 10 mg/mL of OFI-fruit extract was cytotoxic
to all the cancer cell lines tested. Different cytotoxic efficacies
to OFI-fruit extract might be linked to diverse mutagenic pro-
files of the cancer cell lines which facilitate their escape from
cell death mechanisms. To sum up, this study demonstrates
that OFI-fruit extract has significant cytotoxic effects on can-
cer cell lines from different origins such as colon (HT-29) and
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brain (U87) cancers and is found to be promising to extensively
study cytotoxic activities of OF| extracts that can shed light on
underlying mechanisms.

CONCLUSION

In this study, total phenolic compounds and total flavonoid
contents of OFI fruits were determined and they were stud-
ied in respect to their antioxidant and cytotoxic activities. The
flavonoid contents of the extracts revealed HPLC and LC-MS.
Cytotoxicity of OFI-fruit extract was measured by determining
in vitro cell viability of different cancer cell lines composed of
brain (U87-MG), colon (HT-29) and human primary fibroblast
upon treatment with OFI-fruit extract. According to cell viabil-
ity assays, the OFI-fruit extract showed a significant cytotoxic
effect (more potently at the 10 mg/mL dose) on both U87-MG,
HT-29 and human primary fibroblast. Further studies are re-
quired to isolate cytotoxic compounds.
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