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Abstract

The present study was aimed to compare the phenolic composition and the functional properties (antioxidant and anticancer)
of phenolic-rich extracts of two different propolis collected from Collo (PREPC) and Oum EIl Bouaghi (PREPO) regions.
The phenolic composition was determined using LC/MS—-MS. The antioxidant activity of the extracts was evaluated using
alkaline DMSO and f-carotene-linoleic acid tests. Anticancer effect on HepG2 human hepatocellular carcinoma cells was
determined using CCK-8 assay. Twenty-two phenolic compounds in PREPC and twenty-three in PREPO were detected
and quantified by LC-MS/MS. Ferulic and caffeic acids were found to be the predominant compounds. Both extracts were
able to inhibit lipid peroxidation and demonstrated their ability to scavenge superoxide radicals more effectively than the
standards. The highest lipid peroxidation inhibition (IC5,=17.58 +1.98 pg/mL) and superoxide radical scavenging effects
(IC5y=6.19+0.24 pg/mL) were exhibited by PREPO. However, PREPC showed stronger cytotoxic activity against HepG2
(IC5y=12.22+0.05 ug/mL) than PREPO (IC5,=18.68+0.33 pg/mL). These results demonstrate the potential of extracts
from Algerian propolis to be used in functional formulations.
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Introduction

Liver cancer is the 5th most common cancer type and was
reported as the 3rd common deadly cancer worldwide
[1]. It is occurred by the presence of hepatocellular dam-
age through reactive oxygen species and the generation of
chronic inflammation related to hepatocarcinogenesis [2].
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Emerging evidence states that diet is recognized as a poten-
tial lifestyle-related risk factor for the development of liver
cancer. Hence, a healthy diet may play a preventative role
in the development of such a life-threatening disease [3].
Bioactive foods with anticancer potential not only provide
nutritional benefits, but also inhibit cancer progression
within the human body [4]. Propolis, a natural bee product,
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is extensively used as an ingredient in functional foods [5].
It is known to have many diverse biological properties such
as antimicrobial, anti-inflammatory, anticancer, and antioxi-
dant activities [6]. Its therapeutic properties are due to its
chemical composition and are mainly associated with the
presence of biologically active components including dif-
ferent flavonoids, polyphenolic esters, caffeic acids and their
esters [7]. The chemical composition of propolis is affected
by botanical and geographical factors leading to variations
in propolis bioactivities [8]. Hence, propolis from differ-
ent regions may contain different bioactive compounds and
could exhibit different biological activities.

Research on the chemical composition and functional
potential of Algerian propolis are still very scarce. At pre-
sent, there are no published studies on the cytotoxic effect
of Algerian propolis against human liver cancer cells. The
goal of this investigation, therefore, was to analyze and com-
pare the phenolic composition of two phenolic-rich extracts
obtained from two different propolis. Their antioxidant and
anticancer effects against HepG2 human hepatocellular car-
cinoma cells were also evaluated.

Materials and methods
Reagents and chemicals

Standard compounds (purity >99%) used for LC-MS/MS
analysis were purchased from Sigma-Aldrich Chemical Co.,
Ltd (St. Louis, Missouri, USA). Standards and reagents used
in antioxidant activity were purchased from Sigma Chemi-
cal Co. (Sigma-Aldrich GmbH, Stern-heim, Germany).
Solvents used for extraction and analysis were of analytical
and HPLC-MS grades, respectively. Human hepatocellular
carcinoma (HepG?2) cell line was obtained from the Ameri-
can Type Culture Collection (USA). Cell Counting Kit-8
(CCK-8) was purchased from Abcam (UK). Fetal bovine
serum (FBS), Penicillin and Streptomycin were purchased
from PAN-Biotech (GmbH, Germany).

Propolis collection and phenolic-rich extracts
preparation

Two propolis samples produced by the honey bee Apis mel-
lifera, were collected by beekeepers from beehives. Propolis
(PO) was collected from hives located in Oum El Bouaghi
(35° 52" 39" N, 7° 06’ 49" E), which is a semi-arid region
and propolis (PC) was collected from Collo (37° 00" 23" N,
6° 33’ 39" E), which is a humid region. The samples were
collected by scraping frames, walls and the entrance of the
beehive. After removing impurities such as parts of plants
and insects, the crude propolis sample was kept in freezer
and then the frozen propolis was powdered.

The preparation of PREPO (phenolic-rich extract from
PO) and PREPC (phenolic-rich extract from PC) was car-
ried out according to Park and Ikegaki [9]. Briefly, 20 g of
propolis was extracted three times with 200 mL hydroalco-
holic solution (80% Methanol, 20% Distillated water) for
72 h. After filtration, the filtrate was evaporated by rotary
evaporator (under 50 °C temperature) to obtain dry extract
and stored under dry conditions at 4 °C until analyzed.

For chemical and antioxidant studies, 1 mg of each
extract was dissolved in 1 mL of methanol. However, for
anticancer assay, 2 mg of each extract was dissolved in 1%
DMSO (50 uL. DMSO, 4950 pL growth medium) and diluted
with growth medium to the desired concentration prior to
exposure.

Chemical composition analysis by LC-MS/MS

The phenolic component of the extracts was analyzed by
using an LC (Agilent 1260 Infinity) system coupled to a
triple quadrupole mass spectrometer (Agilent 6420 Triple
Quadrupole LC-MS). The chromatographic separation of
the phenolic compounds was carried out on a C18 reversed-
phase ODS column (25x4.6 mm X5 pm). The injection
volume of the standards and the samples was 2 pL. The
mobile phase consisted of water/0.1% formic acid (eluent
A), methyl alcohol (eluent B) at a flow rate of 0.4 mL/min.
The elution conditions were as follows: 2% B for 3 min,
25% B for 6 min, 50% B for 10 min, 95% B for 14 min, 2%
B for 17.5 min. MS analysis was performed in both posi-
tive and negative ionization modes. The multiple reaction
monitoring (MRM) mode was used to quantify the analytes.
The LC-MS/MS data were collected and processed by Mass
Hunter software (version B.07.01). The phenolic compounds
of samples were identified by comparing their retention time,
UV profile and mass spectra with those of authentic stand-
ards. All the phenolics detected were quantified using the
calibration curves of corresponding standard solutions and
the results were expressed as nanograms per milligram of
dried propolis extract.

Antioxidant activities
Superoxide radical scavenging activity

The scavenging activity of extracts towards the superoxide
radical (O, ™) was measured in terms of inhibition of genera-
tion of O, . The method was performed by using alkaline
DMSO method as reported in Bensouici et al. [10]. Super-
oxide radical (O2: —) is generated by the addition of sodium
hydroxide (NaOH) to air saturated DMSO. The generated
superoxide remains stable in solution and reduces nitroblue
tetrazolium (NBT) into formazan dye at room tempera-
ture, which can be measured at 560 nm [11]. Briefly, to the
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reaction mixture containing 40 pL of extract (or standard
compound) at various concentrations and 130 pL of alka-
line DMSO (100 mL DMSO containing, 20 mg NaOH in
1 mL distilled water), 30 uL NBT (1 mg/mL solution in dis-
tilled water) was added and absorbance was noted at 560 nm
against blank samples. The decrease in the absorbance of the
reaction sample indicated the increase in superoxide anion
scavenging activity. The percent inhibition of superoxide
anion generation was calculated using the following formula:

Ac — As

1% = x 100

1%: inhibition percentage, Ac: absorbance in the presence of
the control. As: Absorbance in the presence of the sample.
The results are expressed as ICs, value (pg/mL).

Lipid-peroxidation inhibitory activity

The lipid peroxidation inhibitory potential of the extracts
was determined by the f-carotene-linoleic acid test system as
mentioned in Bensouici et al. [10]. In this model, f-carotene
undergoes rapid discoloration in the absence of an antioxi-
dant because of the coupled oxidation of B-carotene and lin-
oleic acid, which generates free radicals. The linoleic acid
free radical (formed upon the withdrawal of a hydrogen atom
from one of its diallylic methylene groups) attacks the highly
unsaturated p-carotene molecules. As a result, f-carotene
is oxidized and partly broken down; subsequently the sys-
tem loses its chromophore [12]. The addition of an antioxi-
dant inhibits lipid peroxidation and thus delays p-carotene
bleaching. Briefly, p-carotene (0.5 mg) in 1 mL of chloro-
form and 25 pL of linoleic acid were dissolved in 200 uL of
Tween 40 emulsifier mixture. After evaporation of chloro-
form under vacuum, 50 mL of distilled water saturated with
oxygen, were added by vigorous shaking. The assay mix-
ture, containing 160 uL p-carotene emulsion and 40 pL of
extract solution, was incubated at 45 °C. After 120 min, the
decrease in the absorbance of f-carotene was measured at
470. The antioxidant activity was expressed as percent inhi-
bition relative to the control using the following equation:

_ AsQ — Ast
AcQ — Act

1% =1 | x 100

where 1% is the inhibition percentage, Agj is the initial
absorbance at time O in the presence of the sample, A, is
the absorbance at time 120 min in the presence of the sam-
ple, A is the initial absorbance at time 0 in the presence of
the control and A is the absorbance at time 120 min in the
presence of the control.

The results are expressed as ICs, value (pg/mL).

@ Springer

Anticancer study
Cell culture

The human hepatocellular carcinoma (HepG2) cell line
was maintained in Dulbecco's modified Eagle's medium
(DMEM) supplemented with L-glutamine, 10% (v/v) heat-
inactivated fetal bovine serum (FBS), 100 IU/mL penicillin
and 100 pg/mL streptomycin at 37 °C in a humidified incu-
bator with 5%CO,. Cells were checked under Zeiss PrimoV-
ert inverted microscope, and subculturing was performed
when cells reached 80% confluency.

Cytotoxicity assay

The cytotoxicity of the extracts on HepG2 cells was deter-
mined by using the Cell Counting Kit-8 (CCK-8) assay
according to the manufacturer’s instructions. Briefly, the
cells were counted using a trypan blue solution. Next, 100
uL of cell suspension (1 x 10° cells per well) was plated into
96-well plate and incubated at 37 °C in a CO, incubator
(5%) for 24 h. Then, cells were treated with serial concen-
trations (3.125, 6.25, 12.5, 25, 50, 100 and 200 pg/mL) of
each extract (100 pL) and incubated for 72 h. Thereafter,
cells were washed and 100 puL of fresh medium was added.
Then, 10 pL of CCK-8 solution was added to each well and
incubated at 37 °C for 3 h. Absorbance at 450 nm was deter-
mined using a microplate reader. The cytotoxic activity was
measured using the following equation and the results were
given as ICy value.

Abs treated cells

Cytotoxicity % % Abs untreated cells

x 100]

Cell morphology analysis

The morphological changes in HepG2 cells exposed to
increasing concentrations (3.125-200 pg/mL) of PREPC and
PREPO were investigated using an inverted phase micro-
scope (PrimoVert, Zeiss) at 40 X magnification and com-
pared with control cells.

Statistical analysis

Except LC-MS/MS, the results were illustrated as
means =+ standard deviation of three measurements. The IC
values were calculated by linear regression analysis. Data
were analyzed by Student t-test using GraphPad Prism soft-
ware (version 6.0.1). Results were considered statistically
significant at p <0.05.
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Results

Identification and quantification of phenolic
compounds by LC-MS/MS analysis

The phenolic profiles of the extracts were analyzed by
LC-MS/MS triple quadrupole. Figure 1 shows the chroma-
tograms while Table 1 shows the content of each propolis
extract. Twenty-two phenolic compounds were detected in
PREPC, whereas twenty-three compounds were identified
in PREPO. Twenty-two phenolics were common between
the two propolis but with different amounts. One compound
was detected only in PREPO, which is 3,4-dihydroxypheny-
lacetic acid. The molecules identified in the extracts belong
to four phenolic sub-classes including phenolic acids, flavo-
noids, lignans and other polyphenols. Phenolic acids were
the major phenolic sub-class found in both extracts followed
by flavonoids. The predominant individual phenolic com-
pounds in PREPC were ferulic and caffeic acids followed
by apigenin and kaempferol. Gallic acid, p-coumaric acid
and quercetin were also found in high amount. The most

abundant components in PREPO, however, were ferulic
and caffeic acids followed by verbascoside and quercetin.
Kaempferol and apigenin were also determined in high
quantity.

Antioxidant activities
Superoxide radical scavenging activity

The scavenging of superoxide radical by PREPO and
PREPC was evaluated by Alkaline DMSO method, in
which O2~ was produced chemically without the presence
of enzymes. In non-enzymatic system, compounds can exert
an antioxidant activity by reducing the production of 02,
or by a stabilizing action of the radical when donating or
receiving electrons to the O2~ radical [13]. As shown in
Fig. 2, both extracts showed a concentration-dependent
increase in inhibition of superoxide generation. Maximum
02~ scavenging activity was observed at a final concen-
tration of 200 pg/mL. Both extracts, however, exhibited a
higher radical scavenging activity than the positive standards
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Fig.1 LC-MS/MS chromatograms of PREPC and PREPO
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Table 1 Phenolic compounds of propolis extracts determined by LC-MS/MS

Compound MRM transition RT (min) PREPC PREPO
Composition (ng/mg E) Composition (ng/mg E)
Phenolic acids
Gallic acid 168.9—>125.0 8.808 1434.39+12.22 153.30+5.96
Protocatechuic acid 152.9->108.9 10.59 691.61+15.57 541.04 +6.01
3,4-Dihydroxyphenylacetic acid 167.0—>123.0 10.905 ND 6.07+0.11
Chlorogenic acid 355.0->163.0 11.786 443.33+30.40 415.96+3.51
3-Hydroxybenzoic acid 137.0->93.0 12.854 ND ND
4-Hydroxybenzoic acid 136.9->93.1 12.114 367.71+0.86 319.38+19.10
2,5-Dihydroxybenzoic acid 152.9->109.0 11.988 ND ND
Homovanillic acid 181.0—>137.1 12.642 180.32+16.03 215.19+3.28
Caffeic acid 179.0->135.0 12.651 5236.90 +83.84 5745.61 +262.38
Syringic acid 196.9—>181.9 12.782 77.40+5.96 31.19+0.11
Verbascoside 623.0—>160.8 13.468 488.04 +9.47 2726.14 +64.31
p-Coumaric acid 162.9->119.0 13.802 1376.51+7.97 1329.28 +28.35
Sinapic acid 222.9->207.9 13.874 ND ND
Ferulic acid 193.0->134.0 13.934 7103.17+55.45 3126.90+74.21
Rosmarinic acid 359.0->160.9 14.508 ND ND
2-Hydroxycinnamic acid 162.9->119.1 14.846 ND ND
Total phenolic acids 17,399.38 +£49.43 14,610.05 +467.32
Flavonoids
(+)-Catechin 289.0—>245.0 11.37 ND ND
(—)-Epicatechin 291.0—>139.1 12.379 ND ND
Taxifolin (dihydroquercetin) 303.0—>285.1 13.713 10.59+3.17 88.12+1.50
Luteolin 7-glucoside 447.1->285.0 14.273 ND ND
Hesperidin 611.1->303.0 14.303 252.77+3.52 1116.47+71.19
Hyperoside (quercetin-3-O-galactoside) 465.1->303.1 14.489 135.60+0.72 326.81+9.89
Apigenin 7-glucoside 433.1->271.0 14.74 9.91+0.46 12.73+£0.68
Eriodictyol 287.0—>151.0 15.072 78.87+5.12 153.37+8.01
Quercetin 301.0—>151.0 15.571 1130.32+49.96 2572.27+96.47
Luteolin 287.0—>153.1 15.81 201.17+6.80 382.97+10.46
Kaempferol 285.0—>229.1 16.106 1457.16 +0.88 2109.85+54.77
Apigenin 271.0—>153.0 16.245 2053.56 +37.81 2028.32+19.76
Total flavonoids 5329.97 +86.04 8790.92 +140.90
Lignans
Pinoresinol 357.0->151.0 14.944 138.05+4.52 284.03+53.47
Total lignans 138.05+4.52 284.03+53.47
Other polyphenols
3-Hydroxytyrosol 153.0->123.0 10.268 ND ND
Pyrocatechol 109.0->52.9 10.891 119.62+0.35 418.62+11.23
Vanillin 151.0->136.0 13.071 437.13+17.13 171.63£15.55
Oleuropein 539.2—>275.1 14.607 ND ND
Total of other polyphenols 278.37+17.48 590.26 +4.32

Total identified phenolic compounds

23,424.134 +23.65

24,275.26 +£550.43

Data are presented as mean + SD of two measurements
PREPO Phenolic-rich extract of propolis from Oum El Bouaghi, PREPC Phenolic-rich extract of propolis from Collo, ND Not detected
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Fig.2 Dose-dependent inhibition of superoxide radical generation by significant differences (p <0.05). Vertical bars represent the standard

propolis extracts and standards. Data are expressed as inhibition (%) deviation

mean+SD (n=3). Columns with different letters indicate statistically

Table 2 Antipxidant activities PREPO PREPC BHT BHA

of phenolic-rich extracts from

propolis 02~ scavenging ICs, (ug/mL) 6.19 +0.24° 14.86+0.15° 85.30+2.08° 86.33 +£3.53¢
Lipid peroxidation Inhibition IC5, 17.58 +1.98° 30.59+0.01° 1.05+0.01° 0.90+0.02?

(ng/mL)

Data are presented as IC5, mean=+SD (n=3). The values with different superscripts (a, b or c) in the same
line are significantly different (p <0.05)

BHT butylatedhydroxytoluene, BHA butylatedhydroxyanisole, PREPO Phenolic-rich extract of propolis
from Oum El Bouaghi. PREPC Phenolic-rich extract of propolis from Collo

BHT and BHA (Table 2). Based on the ICs, values, the scav-
enging potential of the extracts was in the following order:
PREPO >PREPC >BHT > BHA.

Lipid-peroxidation inhibitory activity

The effect of extracts on lipid peroxidation inhibition
was determined by p-carotene/linoleic acid system. Both
extracts showed good ability in this respect and inhibited
the bleaching of B-carotene in a concentration-depend-
ent manner (Fig. 3). The maximum inhibition percent-
ages (99.76 +0.14%, 95.45+1.70%, 95.28 +3.25% and
94.06 + 1.22%) were reached at the final assay concen-
tration (200 pg/mL) of BHA, PREPC, BHT and PREPO,

respectively. Based on the ICs, values (Table 2), the samples
can be classified in their effectiveness against p-carotene
bleaching as follows: BHA >BHT > PREPO > PREPC.

Anticancer study
Cytotoxicity

The results of cytotoxicity assay revealed a clear dose-
dependent cytotoxicity response against HepG2 cells
72-h posttreatment with PREPC and PREPO (Fig. 4).
The maximum inhibition percentages 81.98 +0.15% and
81.83 +0.22% were reached at the final assay concentration
(200 pg/mL) of PREPO and PREPC, respectively. These
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Fig.3 Dose-dependent inhibition of lipid peroxidation by propolis extracts and standards. Data are expressed as inhibition (%) mean+SD
(n=3). Columns with different letters indicate statistically significant differences (p <0.05). Vertical bars represent the standard deviation
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Fig.4 Dose-dependent cytotoxicity response against HepG2 cells indicate statistically significant differences (p<0.05). Vertical bars
72-h posttreatment with PREPC and PREPO. Data are expressed as represent the standard deviation
cytotoxicity (%) mean+SD (n=3). Columns with different letters

@ Springer



LC-MS/MS analysis, antioxidant and anticancer effects of phenolic-rich extracts from Algerian... 571

Untreated cells

Cells+ 1% DMSO

Cells at 50 pg/mL of PREPC

Cells at 12.5 pg/mL of PREPC

Cells at 100 pg/mL of PREPC

o~y

Cells at 25 pg/mL of PREPC

|

Cells at 200 pg/mL of PREPC

Fig.5 Morphological effects of PREPC on HepG2 cells observed using inverted microscope (40 X magnification)

values, however, did not show any significant difference
(p>0.05). The ICs, values were found to be 12.22 +0.05 pg/
mL for PREPC and 18.68 +0.33 pg/mL for PREPO, indicat-
ing a stronger cytotoxic effect of PREPC on HepG2 cells
compared with that of PREPO.

Cell morphology analysis

The cytotoxic effects of PREPC and PREPO were further
studied by morphological cellular imaging (Figs. 5 and 6).
It was observed that untreated and 1%DMSO-treated cells
maintained a normal morphology. However, HepG2 cells
treated with PREPC and PREPO within 72-h period lost the
typical morphology in a concentration dependent manner. At
lower concentrations (12.5 pg/mL and less) of PREPC and
PREPO, the changes were less significant while at 25 pg/
mL and higher concentrations, the changes were much more

severe including loss of normal morphology and cellular
junctions, reduction in cell volume and formation of apop-
totic bodies. Most cells at higher concentrations lost contact
with adjacent cells and acquired a spherical shape compared
to untreated cells. These morphological alterations induced
by PREPC and PREPO in HepG?2 cells could be attributed
to an apoptotic mechanism.

Discussion

The phenolic profiles of PREPC and PREPO were analyzed
by LC-MS/MS and have shown the presence of several com-
ponents (Table 1). There were some qualitative and quan-
titative differences between the two extracts, which could
be explained by the difference in geographical origin of
propolis. In line with the current results, Soltani et al. [14]
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Untreated cells

Cells+ 1% DMSO

Cells at 50 pg/mL of PREPO

Cells at 3.125 pg/mL of PREPO

Cells at 12.5 pg/mL of PREPO

Cells at 100 pg/mL of PREPO

Cells at 200 pg/mL of PREPO

Fig.6 Morphological effects of PREPO on HepG2 cells observed using inverted microscope (40 X magnification)

also studied extracts from propolis samples collected from
different locations in Algeria and confirmed the influence of
geographical origin on the variation of the chemical profile
of this material. Similar to other Algerian propolis, gallic
acid, caffeic acid, p-coumaric acid, ferulic acid, chlorogenic
acid, quercetin, apigenin, kaempferol have also been identi-
fied in PREPC and PREPO [15-18], which could be used
for quality determination and standardization of Algerian
propolis. Howeyver, the other compounds reported in the cur-
rent study have never been identified in Algerian propolis
but have been detected in propolis from other countries. Api-
genin 7-glucoside, hesperidin, hyperoside and verbascoside
have been detected in Cypriot propolis [19]. Protocatechic
acid, p-hydroxybenzoic acid, syringic acid, eriodictiol, lute-
olin and vanillin have been found in Turkish propolis [20].
Homovanillic acid and pinorisenol have been characterized
in Brazilian propolis [21, 22]. Taxifolin has been found in

@ Springer

Moroccan propolis [23]. Pyrocatechol has been identified
in Trigona laeviceps stingless bee propolis from Indonesia
[24]. 3,4-Dihydroxyphenylacetic acid, however, has not been
reported in propolis samples to the best of our knowledge.
The antioxidative potential of PREPC and PREPO was
determined by their ability to scavenge superoxide anion
radicals and to inhibit lipid peroxidation. Both extracts
were found to be more effective in scavenging superoxide
anion radical than the standard antioxidants, which could be
related to their contents of phenolic compounds that have
been recognized as powerful antioxidant agents, mainly
due to their hydroxyl groups [25]. Phenolic compounds can
play an important role in absorbing and neutralizing free
radicals, quenching singlet and triplet oxygen, or decom-
posing peroxides [26]. In this study, PREPO showed higher
superoxide radical scavenging and lipid peroxidation inhibi-
tion potentials than PREPC. This could be explained by the
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chemical analysis that revealed that PREPO is qualitatively
and quantitatively richer in phenolic content especially fla-
vonoids than PREPC. These findings are in good accordance
with previous studies that have correlated the phenolic and
flavonoid composition of propolis extracts with its antioxi-
dant properties [16, 27]. However, studies on superoxide
radical scavenging and lipid peroxidation inhibition prop-
erties of propolis methanolic extracts from different geo-
graphical origins showed variable effects. Miguel et al. [28]
stated that Portuguese propolis exhibited superoxide radical
scavenging with ICs, values ranged from 0.001 +0.003 to
0.053+0.003 mg/mL, while Ichikawa et al. [29] indicated
an ICs, value of 6.2 mg/mL of Brazilian propolis. Bouaroura
et al. [30] who investigated the capacity of some Algerian
propolis methanolic extracts to inhibit lipid peroxidation in
f3-carotene-linoleic acid system indicated ICs, values ranged
from 11.34+0.17 to 40.38 +0.39 pg/mL. In another study,
propolis from Mila has been reported to inhibit lipid peroxi-
dation with an IC, value of 43.46 +0.03 ug/mL [31]. These
differences in the effects of propolis from different collection
sites could be due to the variation in propolis composition
[32].

Propolis is a widely used bee product with broad bio-
logical activities including antitumor properties [33]. Many
reports have demonstrated the cytotoxic effects of Algerian
propolis in several human cancer cell lines including breast
adenocarcinoma MCF-7, mammary gland adenocarcinoma
MDA-MB-231, epithelial adenocarcinoma HeLa, pros-
tate cancer PC3, myelogenous leukemia K562, pancreatic
PANC-1 cancer and lung adenocarcinoma A549 cell lines
[34-37]. However, no scientific study using liver cancer
cell lines has ever been carried out to confirm its potential
in the management of liver cancer. This study, therefore,
was performed to evaluate the cytotoxic effect of PREPC
and PREPO against human liver cancer HepG2 cell line.
The obtained results revealed that PREPC and PREPO pos-
sess significant potential to inhibit the HepG2 cancer cells.
Previous studies on propolis extracts from various regions
of the world have stated its anticancer potential on human
hepatocellular carcinoma cells. Turan et al. [38] and Gok-
duman [39] investigated the cytotoxic effect of Turkish
propolis and reported ICs, values of 27.0+0.8 pug/mL and
25.62 +1.50 pg/mL, however, these values are higher than
those obtained in the current study. Abu Shady et al. [40] and
Abd El-Hady et al. [41] indicated that Egyptian and Suda-
nese propolis exhibited anticancer potentials against HepG2
with ICs,, values within the range of 62.5-70.9 ug/mL and
57-60 pg/mL, respectively. Such results were also higher
than our findings. In another study by Sadeghi-Aliabadi et al.
[42], Iranian propolis was found to exhibit a potent cytotox-
icity with an ICs, value of 15 ug/mL, which is closer to our

results. The anticancer activity of PREPC and PREPO in
this study was very interesting because of the possible cyto-
toxic effects of their phytoconstituents. Their chemical pro-
files revealed the presence of several bioactive compounds
that have been reported to exhibit anticancer activity such
as ferulic acid, cafeic acid, apigenin and quercetin [43—46].
Induction of cancer cell apoptosis is a beneficial mecha-
nism for cancer treatment [47]. The morphological cellu-
lar imaging in this study revealed that PREPC and PREPO
mediated cytotoxic effect against HepG2 cells possibly via
induction of apoptosis, which is in agreement with previ-
ous works that demonstrated the apoptotic effect of extracts
from Algerian propolis in cancer cells [34, 35]. However,
the precise mechanisms of action remain to be elucidated.

Conclusion

This work is the first report about the chemical profile and
anticancer activity of phenolic-rich extracts from propolis
obtained from Collo and Oum EI Bouaghi regions (Algeria).
The extracts were found to be rich in phenolic compounds
especially PREPO, in which a new phenolic compound
3,4-Dihydroxyphenylacetic acid was identified for the first
time in propolis. The results showed also the antioxidant
and anticancer importance of Algerian propolis, which sup-
port the potential health benefits of propolis as a potential
candidate for developing functional food products. Further
studies, however, are needed to determine their mechanisms
of action and their safety.
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