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Abstract: This investigation aimed to evaluate the in vitro and in vivo antitumor potential 
of a Moroccan propolis extracts. For in vitro assays, three mammalian tumor cell lines 
were used: BSR (hamster renal adenocarcinoma), Hep-2 (human laryngeal carcinoma) 
and P815 (murin mastocytoma). The propolis ethanolic extract as well as the ethyl acetate 
extract, exert an in vitro cytotoxic activity in dose-dependent manner. The IC50 values 
were ranging from 15 µg/mL to 38 µg/mL. This activity depends not only on the extract’s 
chemical composition (analysed by HPLC/ESI-MS), but also on the target tumor cells. 
Interestingly, the cytotoxic effect of these extracts on the normal human peripheral blood 
mononuclear cells (PBMC) was weak when compared to that induced on tumor cells. 
On the other hand, oral route treatment of P815 tumor-bearing mice (DBA2/P815) with 
propolis	ethanolic	extract	(5	mg	per	mouse	every	fourth	day,	fi	ve	times	for	group	A,	and	
2.5	mg	per	mouse	every	 fourth	day,	fi	ve	 times	 for	group	B)	 signifi	cantly	 reduced	 the	
tumor volume (1.2 cm3 for group A and 2.7 cm3 for group B at the 22nd day after tumor 
graft).	These	effects	are	statistically	signifi	cant	as	compared	to	those	obtained	with	the	
control untreated mice (tumor volume 3.5 cm3 at day 22). 
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Introduction

 The propolis or bee glue is a resinous material 
collected by honey-bees (Apis mellifera) from the various 
parts	 of	 the	 plants	 (leaves,	 buds,	 fl	owers).	 This	 resin	
(propolis) contains also pollen, wax and other substances 
(Kosalec et al., 2004; Hegazi et al., 2002). The colour of 
propolis is variable from green yellow to reddish or brown 
black, according to the composition and the phenology of 
the vegetation visited by the bees (Banskota et al., 2002). 
The propolis is a by-product of the bee keeping and it 
has been known for its multiple therapeutic activities 
in traditional medicine since antiquity. Indeed, it was 
reported that the propolis exerts multiple effects such 
as antibacterial, antifungal, antiviral, pest-destroying 
(Marcucci,	 1995),	 anti-infl	ammatory,	 antioxidant	 and	
anti-cancer activities (Borrelli et al., 2002; Banskota et 
al., 1998). This product has also an immuno-modulatory 
activity (Suzuki et al., 2002), particularly by activation 
of the macrophages (Orsolic et al., 2003; Almeida et al., 
2002). The propolis has recently regained interest as a 
health food product in Taiwan, Brazil, Europe and the 

United States. It is used as nutritional additive contributing 
to the physical good being and to the prevention of certain 
serious illnesses such as cancer, diabetes, cardiovascular, 
and	 infl	ammatory	 diseases	 (Akao	 et	 al.,	 2003;	Chen	 et	
al., 2004). The chemical composition of the propolis 
depends	on	the	vegetation	from	which	it	comes	(specifi	c	
composition and phenology). Many researches showed 
that the therapeutic effects of the propolis are mainly 
due	to	the	fl	avonoids	contained	in	this	substance.	These	
molecules have a very important therapeutic and cellular 
metabolism regulating properties (Havsteen, 1983). 
 The objective of this work is to investigate 
the chemical composition and both in vitro and in vivo, 
antitumor effects of two Moroccan propolis extracts 
(ethanolic extract EEP and ethyl acetate extract EAEP). 
It is reported here that EEP and EAEP had differential 
dose dependent cytotoxic effect on BSR cell line (kidney 
carcinoma of hamster), on Hep-2 cell line (human 
laryngeal carcinoma) and on P815 cell line (murine 
mastocytoma). The differential cytotoxic effect is 
depending on the chemical composition of the extract 
(analysed by HPLC/ESI-MS), and on the target tumor 
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cells. Finally, an interesting in vivo antitumor effect of 
the EEP when orally administered in tumor bearing mice 
is reported.

Material and Methods

Chemicals

	 Dulbecco's Modified Eagles Medium (D-MEM) 
is from (Gibco BRL, Cergy Pontoise, France), 
Adriamycin, dimethyl sulfoxide (DMSO), MTT, ethyl 
acetate, ethanol, methanol (HPLC-grade) and Ficoll are 
from Sigma Chemical Co. Saint Quentin (France).

The propolis and its extracts

	 The propolis used in this research is collected 
at the end of the spring to early summer (May and June 
2010), in bee-hives maintained by us in Beni Mellal 
region (central Morocco).The specimen voucher is 
deposited at the Faculty of Science and Technology 
Beni Mellal under reference: FSTBMCOLL72010. The 
vegetation in the site of propolis collection is dominated 
by woody species Ceratonia siliqua (Fabaceae), Olea 
europaea, Olea oleaster (Oleaceae) and Pistacia lentiscus 
(Anacardiaceae). 
	 The ethanolic extract of propolis (EEP) is 
obtained by cold maceration of propolis in 95% ethanol 
during seven days, followed by filtration and evaporation 
of the solvent to dryness under vacuum. The ethyl acetate 
extract of propolis (EAEP) is obtained by the treatment 
of propolis with the ethyl acetate (95%) in a soxhlet, 
followed by evaporation of the solvent to dryness under 
vacuum. 

EEP and EAEP analysis by HPLC/ESI-MS (High 
performance liquid chromatography/Electro-spray 
ionisation Mass spectrometry)

	 Prior to the analysis, EEP and EAEP samples 
were dissolved in methanol (HPLC-grade) and filtered 
throw a 0.22µm syringe filter. HPLC/ESI-MS analyses 
were performed using a RP C18 column (150 x 4.6) x5 
µm with a Surveyor LC pump, Surveyor auto-sampler 
coupled with a PDA detector (200-600 nm), and a LCQ 
Advantage ( ESI) ion trap mass spectrometer (Thermo 
Finnigan, San Jose, CA). The injected volume was 20 µL 
with methanol (HPLC grade) as mobile phase at a flow 
rate of 0.5 mL/min. ESI ionisation conditions were spray 
voltage 4KV, capillary 350 °C, 14 V. Pure nitrogen is the 
sheath gas and pure helium was the collusion gas. The 
full scan mass data m/z was obtained in both positive and 
negative modes and ranged from 50 to 2000 Da. 

Cell lines and culture

	 BSR cells (kidney carcinoma of hamster 
fibroblast ATCC:CCL10), Hep-2 (human laryngeal 
carcinoma ATCC:CCL23) and P815 (mouse DBA2 
mastocytoma ATCC:TIB64) come from the stock 
cells of the laboratory of biological engineering at the 
Faculty of Science and Technology Sultan Moulay 
Slimane University, Béni Mellal Morocco. These cells 
are cultured at 37 °C in humidified atmosphere with 5% 
CO2 in complete culture medium (Dulbecco's Modified 
Eagles Medium (D-MEM) supplemented with 5% of 
foetal calf serum, and 100 UI/mL of penicillin and 100 
µg/mL streptomycin, 0.2% sodium bicarbonate).

Measurement of EEP and EAEP mediated in-vitro 
cytotoxicity

	 This test was performed on the cell lines after six 
passages as previously described (Ait M’barek et al., 2007; 
Mossman, 1983). Briefly, tumor cells were trypsinized, 
when adherent, (0.15% trypsin, 0.1% EDTA) and 1 to1.5 
x 105 cells/mL were incubated in flat-bottomed 96-well 
microtiter plates (Bioster, Bastia di Rovolon, Italy) in 100 
μL of complete medium. Appropriate dilutions of EEP, 
EAEP, and adriamycin all solubilized in DMSO (final 
concentration of DMSO is 1% in culture) were carried out 
in culture medium before their addition to the cultured cells 
(final culture volume of 200 μL). After 48 h incubation in 
humidified atmosphere, at 37 °C and 5% CO2, 20 μL of 
MTT (5 mg/mL PBS) were added in each well. After 3 
h incubation at 37 °C and 5% CO2, 100 μL medium was 
carefully removed from each well and replaced with 100 μL 
Isopropanol-HCl (1:24). After 10 min incubation at 37 °C 
the solubilized formazan produced by metabolically active 
cells was measured by scanning the 96-well plates at dual-
wavelength of 540-630 nm using a Multiskan apparatus 
(Labsystem, Helsinki, Finland). Using this colorimetric 
procedure, EEP, EAEP and adriamycin, cytotoxic effects 
could be measured as compared to the viability of untreated 
cells receiving DMSO (1% in culture) alone, according to 
the following calculation:

% cell killing = 100 x (1- (ODt /ODo))

where ODo and ODt are the optical density obtained 
respectively for untreated and EEP, EAEP or adriamycin-
treated cells. Three independent sets of experiments 
performed in duplicate were evaluated.

Apoptosis induction analysis

	 The apoptosis analysis was performed using 
the Anexin V Biotin-Streptavidin FITC test. Briefly, 
dense culture of P815 tumor cells in 25 cm2 flasks (3 
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x 106 cells in 10 mL DMEM), were treated with 40 µg 
of respectively EEP or EAEP. After 12 h of treatment, 
cell pellets were PBS washed and stained with annexin 
V-Biotin and treated sequentially with streptavidin 
conjugated to fluorescein isothiocyanate (FITC) for 1 
h. Then, cells were treated with the propidium iodide 
(PI) solution, washed with PBS and visualized with a 
microscope equipped with fluorescence filter (Olympus 
OM52) in aim to detect apoptosis induction. The assay is 
based on the ability of annexin V (green fluorescence) to 
bind to the phosphatidylserine exposed on the surface of 
cells undergoing apoptosis (Vermes et al., 1995).

Effect on human peripheral blood mononuclear cells 
(PBMC) 

	 This test was realized in order to evaluate the 
effect of the tested extracts on human normal cells. To 
isolate the PBMC, blood samples in sterile heparinised 
(10 mL) tubes were collected under medical and ethical 
committee control from healthy volunteer donors. 
Peripheral blood mononuclear cells were isolated using 
standard Ficoll-hypaque density centrifugation. The 
interface lymphocytes were harvested and washed twice 
with sterile phosphate-buffered saline (PBS). EEP, EAEP 
and adriamycin cytotoxic effect was measured in the 
same conditions as detailed above for tumor cell lines.

Tumor induction in mice and treatment by propolis 
extracts

	 Mice (DBA2/H2
d), purchased from the animal 

breeding centre of Orleans (France), were maintained 
under specific pathogen-free conditions on 12-h light 
dark cycle. Mice were provided with sterile food and 
water ad libitum and were used at 6-8 weeks of age 
with an average weight of 20 g. All animal experiments 
were performed according to the accepted principles for 
laboratory animal use and care of European Community 
guidelines. A primitive tumor isograft was induced in 
mice after subcutaneous injection of 5 x 106 P815 (H2

d) 
tumor cells. When the primitive tumor reached a palpable 
volume, the donor mice were killed and the tumors were 
mechanically dissociated. Mice were then subcutaneously 
grafted with tumor fragments of similar size. Mice were 
let at rest during six days for the cicatrisation of the graft 
and remission from the stress. At the 6th day after the 
graft the treatment was started and the tumor volume was 
approximately 0.1 cm3. Three sets of six mice each were 
assigned to each treatment group. These mice were treated 
in oral route by 5 mg or 2.5 mg EEP per mouse every four 
days, five times for group A and group B respectively. 
The control group C was grafted not treated (this assay 
is performed in triplicate). Thereafter, the tumor volume 
of each mouse was evaluated (careful measures with a 

calliper at days of treatment), according to the following 
calculation: tumor volume (cm3) = D x d2/2, where “D” is 
the tumor length and “d” the tumor width as described by 
Jaafari et al. (2007) and by Yoshikawa et al. (1995). 

Statistical analysis

	 The results are presented in the form of 
averages±SEM for assays in triplicate. The comparison 
of the averages is made by one way ANOVA. Differences 
are considered significant at p<5%.

Results

HPLC/ESI-MS analysis

	 The screening of EEP and EAEP by HPLC/
ESI-MS provided the data for representative samples 
in Figures 1 and 2. The figures show respectively (a) 
chromatograms of PDA scan and total ion current 
(TIC) in negative ESI mass, and (b) negative ESI full 
MS spectra. These data and according to the literature 
(References cited in Tables 1 and 2 relative to works 
on HPLC ESI-MS analyses of flavonoids), permitted to 
recognise deprotonated molecular ions listed in Tables 
1 and 2, that may be attributed to some aglycone and 
glycosylated flavonoid and terpenoid molecules. The 
presumable presence of such compounds in the studied 
samples is suggested by their UV absorbancy and by the 
vegetation from which propolis is collected such as Olea 
europaea (Rovellini et al., 1997) and Ceratonia siliqua 
(Eldahshan, 2011). But evidently, the exact determination 
of the compounds requires further chromatographic and 
spectral analyses. Otherwise, the present data depicted 
the different chemical composition of the two extracts 
and the observed peaks revealed the complex mixture of 
molecules that can be found in such extracts.

In vitro cytotoxic effect of EEP and EAEP on tumor 
cells 

	 The in vitro cytotoxic activity of EEP and EAEP 
was evaluated against Hep-2, BSR and P815 cells. 
The obtained results (Table 3) showed a concentration 
dependent activity. The table 3 summarises also the 
IC50 values for each extract. It is depicted in this 
table that EEP or EAEP-induced cytotoxicity varies 
from one cell line to another. In fact, while Hep-2 and 
P815 cell lines showed a comparable sensitivity to EEP 
(IC50  26.01±1.3 and 24.78±1.24 µg/mL respectively), 
the BSR cells were more sensitive to this extract (IC50 
15.61±0.78 µg/mL). In the same way, while the levels 
of EAEP-induced cytotoxicity against BSR and Hep-2 
cell lines were similar (IC50 18.03±0.9 and 18.31±0.91 
µg/mL for BSR and Hep-2 respectively), this effect was 
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weak when P815 cells were targeted (IC50 38.06±1.90 
µg/mL). These differences are statistically significant 
(p<5%). On the other hand, using the same target 
cells, EEP and EAEP showed a differential cytotoxic 
activity. Indeed EEP is more cytotoxic against P815 
and BSR cells (IC50 24.78±1.24 and 15.61±0.78 µg/
mL, respectively) than EAEP (IC50 38.06±1.9 and 
18.03±0.91 µg/mL, respectively). However, when 
Hep-2 cell line was used as target, the EAEP-induced 
cytotoxicity was more important than that iduced by EEP 
(IC50 18.31±0.91 and 26.01±1.3 µg/mL, respectively). 
These data indicate that the induced cytotoxicity by 
EEP and EAEP depends on the chemical composition 
of each extract and on the target tumor cell line.

Detection of EEP and EAEP-induced apoptosis

	 In order to contribute to the understanding of 
molecular mechanisms involved in the observed cytotoxic 
activity of EEP and EAEP extracts, apoptosis induction 
assay was performed using P815 tumor cell line. The 
obtained results are shown in Figure 3. It is depicted 

in this figure that treatment of these cells with EAEP 
induced the programmed cell death, while no apoptosis 
was detected in EEP-treated cells. These results suggest 
that EAEP may contain some components which induce 
apoptosis and that are absent or inactive in the EEP 
extract.

Evaluation of EEP and EAEP-induced cytotoxic activity 
against human normal peripheral blood mononuclear 
cells (PBMC)

	 In order to investigate the effects of EEP and 
EAEP on non tumoral cells, their cytotoxicity against 
PBMC was evaluated. Human normal PBMC were 
incubated with increasing concentrations of these extracts 
in the same conditions as those used for tumor cells. 
Figure 4 represents the percentage of cytotoxicity induced 
by EEP and EAEP against PBMC. In fact Sternberg et al. 
(2008) found that 50 micromolar pure quercetin induced 
20% proliferation reduction in PBMC. It is shown in this 
figure that EEP and EAEP exhibit a small cytotoxic (at 
high dose of 65 µg and more) effect as compared to that 

Table 1. Presumable flavonoid molecular and fragment ions detected in negative ionisation mode for EAEP.
Compounds m/z [M - H]- References

wogonoside 919 Han et al., 2007
quercetin arabino-glucoside 595 462 301 Engels et al., 2011
apigenin dihexoside 563 443 259 Han et al., 2007; Li et al 2011
rhamnetin hexoside) 477 315 300 Han et al., 2007; Ding et al., 2008
baicalin or wogonin glucoside 445 Han et al., 2007
rhamnetin or isorhamnetin 315 300 271 Engels et al,. 2011; Ding et al., 2008
kaempferide or trihydroximethoxiflavone 299 284 255 Han et al., 2007; Engels et al,. 2011

Table 2. Presumable flavonoid molecular and fragment ions for EEP detected in negative ionisation mode.

Presumable compounds m/z [M - H]- References
luteolin 285 Marques et al., 2009
luteolin-7-O-glucoside 447 287 Han et al., 2007; Marques et al., 2009
kaempferol O-glucoside 447 301 300 271 151 Engels et al,. 2011; Ding et al., 2008
apigenin 269 Han et al. 2007; Marques et al. 2009
daphnin or daphnitin 339 151 679 Sira Marques et al., 2009
wogonin or dihydroxy methoxyflavone 283 Han et al., 2007
caffeic acid 389 (195) Simirgiotis et al., 2012
naringenin or pinobanksin 271 Sun et al., 2007
kaempferide 299 Engels et al., 2011
quercetin 3-O-pentoside 433 Engels et al. 2011
isorhamnetin 315 Engels et al., 2011; Ding et al., 2008
dihydroxyflavone 247 Pietta et al., 2002
afzelekin-catechin dimer 561 Simirgiotis et al., 2012
quercetin dipentoside 565 Engels et al., 2011



Anticancer properties of Moroccan propolis extracts
Hassan Ait Mouse et al.

Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 22(3): May/Jun. 2012562

RT: 0.00 - 20.06

0 2 4 6 8 10 12 14 16 18 20
Time (min)

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

0

5000

10000

15000

20000

25000

30000

35000

uA
U

9.42

2.51

3.75

5.85

4.46
9.96 13.447.32

2.05

2.65

3.42
6.101.01 3.68

9.41 14.12 18.6611.33 18.408.72

NL:
3.85E4
Total Scan  
PDA A2

NL:
2.35E8
TIC F: - c 
ESI Full ms 
[ 
50.00-
2000.00]  
MS A2

 

A2 #432 RT: 18.75 AV: 1 NL: 2.26E6
F: - c ESI Full ms [ 50.00-2000.00]

500 1000 1500 2000
m/z

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

2000000

2200000

Inte
nsi

ty

563.61

639.05

1849.78
172.78 1699.34

1287.38
1470.67

1119.25450.94 919.61661.69

Figure 1. Representative HPLC-ESI-MS analysis of EAEP sample. Respectively (a) PDA Chromatograms and TIC MS scan. (b). 
Full scan MS.
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Figure 2. Representative HPLC-ESI-MS analysis of EEP sample. Respectively (a) PDA Chromatograms and TIC MS scan. (b) Full 
scan MS.
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Figure 3. Apoptosis induction analysis in P815 cells. P815 tumor cells (3 x 106 cells) were treated with 40 µg of respectively EEP 
or EAEP. After 12 h of treatment, cell pellets were PBS washed and stained with annexin V-Biotin and treated sequentially with 
streptavidin-FITC for 1 h. Then, cells were treated with the propidium iodide (PI) solution, washed with PBS and visualized with 
a microscope equipped with fluorescence filter in aim to detect apoptosis induction. The assay is based on the ability of annexin V 
(green fluorescence) to bind to the phosphatidylserine exposed on the surface of cells undergoing apoptosis. Positive control: serum 
starvation.
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exerted on cancer cells. Furthermore, considering the 
applied doses, these results indicate that normal human 
PBMC were more resistant to EEP and EAEP-induced 
cytotoxicity than cancer cells, and suggest that these 
extracts may act selectively on tumor cells.
 

Figure 4. Percent viability of human PBMC treated with EEP 
(ethanolic extract of propolis) and EAEP (ethyl acetate extract 
of propolis). Cells from healthy human donors are isolated and 
cultured as detailed in material and methods, and were treated 
with high doses of EEP and EAEP. Data are means±SEM of 
three experiments in duplicate. 

Effect of ethanolic extract of propolis (EEP) on tumor 
volume evolution in mice

	 In order to find out any clinical relevance of in 
vitro findings, in vivo experiments using the DBA2 (H2

d)-
P815 tumor cell line (H2d) model were performed (Ait 
M’Barek et al., 2007). Since EEP was the most in vitro 
cytotoxic extract against P815 cell line, it was used to 
validate the in vitro observations. Figure 5 shows the 
effect of the treatment with two different doses of EEP 
on tumor volume evolution in the tumor-bearing mice. It 
is depicted in this figure that at day 6 after the graft (first 
day of treatment), the tumor volume was about 0.20±0.01 
cm3 for all tested groups. However, the oral administration 
of EEP (5 mg/mouse and 2.5 mg/mouse every fourth day 
for group A and for group B, respectively) significantly 
reduced solid tumor development in the treated groups 
compared to untreated mice (group C) p< 5% at the 17th 

day. On the 22nd day (16th day of treatment), the tumor 
volume of the control animals was 3.6±0.20 cm3 (group 
C), whereas that of treated animals was 1.30±0.10 cm3 
and 2.70±0.16 cm3 for groups A and B, respectively. This 
difference was found to be significant between control 
and treated groups (p<1%). Interestingly, a significant 
difference was observed between treated groups (group 
A and B), starting from the 14th day (8th day of treatment) 
(p<5%). This difference becomes more important at the 
22nd day (p<1%). 
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Figure 5. Evolution of tumor volume in EEP treated DBA2 (H2
d) 

P815 tumor bearing mice. Mice were subcutaneously grafted by 
the P815 tumor cell line (H2

d haplotype). Group A and Group B 
are treated by ethanolic extract of propolis (EEP) respectively 
at the amount of 5 mg and 2.5 mg/mice every fourth day, five 
times during 22 days as described in material and methods. The 
Group C is the control non-treated group. (ns: no significant 
difference; *p<5% and **p<1% versus control group ANOVA 
one way). Groups contain six mice in triplicate.

Discussion

	 This study was undertaken to provide a 
comparative data on the cytotoxic activity of two different 
extracts of Moroccan propolis against various tumor 
cell lines. For the first time, we report an effective and 
differential cytotoxic effect of these extracts against the 
used target cell lines. This differential activity was related 
not only to the chemical composition of the extracts, but 
also to the nature of the tumor cell lines. Indeed, while 
Hep-2 and P815 cells showed a comparative sensitivity 
to EEP (IC50 26.01±1.30 and 24.78±1.20 µg/mL, 
respectively), the BSR cells are more sensitive to this 
extract (IC50 15.61±0.78 µg/mL). In addition, while 
EAEP-induced cytotoxicity levels against BSR and Hep-2 
were similar (IC50 18.03±1.01 and 18.31±0.91 µg/mL 
for BSR and Hep-2 cells respectively), the effect against 
P815 cell line was weak (IC50 38.56±1.9 µg/mL). Finally, 
using the same target cells, EEP and EAEP showed very 
different levels of cytotoxicity except for BSR cells. The 
differential effect of these extracts on the same cell line 
may be related to the differential chemical composition 
of such extracts. The present data are in agreement with 
those of (Akao et al., 2003), and (Chen et al., 2004), who 
reported that the cytotoxic effect of ethanolic extracts of 
several samples of propolis and their hexane and ethyl 
acetate fractions depend on the flavonoid contents of these 
extracts; and this effect is increased by other molecules 
which are found in the ethanolic extract. The tentative 
of molecular analysis of Moroccan propolis extracts by 

modern hyphened techniques, HPLC-MS, is reported for 
the first time. The probably composition is comparable to 
molecules and compounds found in samples from other 
regions (Pietta et al., 2002).The exact determination of this 
molecular composition requires further chromatographic 
and spectral studies. On the other hand, the interaction 
between these molecules ant the cell components remains 
to be established. Indeed, quercetin a current compound 
of propolis was cited as a potential modulator of 
P-glycoprotein expression and function in human pancreatic 
carcinoma cells resistant to daunorubicin (Borska et al., 
2010). BiochaninA and silymarin elso found in propolis 
can inhibit Pgp mediated efflux of digoxin and vinblastin 
in human intestinal Caco-2 cells suggesting that these 
molecules can icrease the bio-availability of anti-tumoral 
administred drugs (Zhang & Morris 2003). Furthermore, if 
the differential chemical composition of these two extracts 
may explain the different levels of sensitivity of the same 
cell line to these extracts, it could not explain why each 
extract (EEP or EAEP) exhibit a differential and selective 
cytotoxic effect from one cell line to another. The obtained 
results demonstrate that the cytotoxicity of EEP and EAEP 
is target cell-dependent. This idea was also confirmed 
when we tested EEP and EAEP towards normal human 
peripheral blood mononuclear cells (PBMC). These 
experiments were performed to evaluate the side effects of 
these extracts. In fact, only minimal cytotoxicity against 
the PBMC was observed for the two studied extracts. 
These results are in agreement with those of Dimov et al. 
(1991), who reported an immune-modulmatory activity 
of propolis. In fact propolis exert an immune-modulatory 
effect on natural killer cells (Sforcin et al., 2002), and 
on macrophages (Scheller et al., 1989). The molecular 
mechanism of propolis-induced in vitro cytotoxicity is not 
well documented. In order to contribute to the understanding 
of the molecular mechanisms involved in the observed 
cytotoxic activity of EEP and EAEP extracts, apoptosis 
induction experiments were performed using P815 tumor 
cell line. The assay results showed that treatment of these 
cells with EAEP induced the programmed cell death, while 
no apoptosis was detected in EEP-treated cells. These 
results suggest that EAEP may contain some components 
which induce apoptosis and that are absent or inactive in 
the EEP extract. Araujo et al. (2010), observed that the 
cytotoxicity of propolis ethanolic extract may be related 
to its chemical composition and to the inhibition of nitric 
oxide (NO) production.
	 Since EEP, was the extract with the highest in 
vitro cytotoxic activity compared to EAEP, it was used 
to validate in vitro findings using P815 tumor-bearing 
DBA2 (H2

d) mice model. When administered EEP by 
oral route, a significant regression of tumor volume in 
time-and dose-dependent manner was observed in treated 
groups, while the control group exhibited an increasing 
tumor volume (Figure 5). These results confirm those of 

   ns          *          *        **
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Scheller et al. (1989), who observed a cytotoxic effect 
of ethanolic extract of propolis in mice-bearing Ehrlich 
carcinoma. They also complete the work of Suzuki et al. 
(2002), demonstrating that subcutaneous administration 
of crude water-soluble derivative of propolis resulted in 
marked regression of tumor growth in mice at the early 
phase after tumor inoculation. In the same way, Orsolic 
et al. (2005), reported antitumor effect of water-soluble 
derivative of propolis.
	 The mode of in vivo administration of 
anticancer products is an important problem, and it can 
lead to differential results depending on the used mode. 
Hollands et al. (1991) reported that propolis has low 
acute oral toxicity, as shown by LD50 when tested in 
mice (2000 to 7300 mg/kg body weight, and flavonoids 
tested in rats (4000 to 8000 mg/kg body weight). 
Decastro & Higashi (1995) reported no side effects 
of propolis in oral administration to mice as high as 
4000 mg/kg/day for two weeks, and in drinking water 
at 1.4 mg/kg/day for ninety days (Kaneeda & Nishina, 
1994).
	 The mechanism involved in propolis extracts 
induced cytotoxicity in mice is still unknown. However, 
the ethanolic extract may act via a direct cytotoxic 
activity by alteration of biological membranes under the 
action of natural flavone molecules (Herrerias et al. 2010) 
or by DNA-binding of flavonoid aglycone or flavoloid 
glycosides compromising  DNA duplication and leading 
to the cell cycle arrest (Wang et al., 2008). It can also 
act in vivo via a stimulation of multicellular immunity 
including lymphocyte proliferation (Sà Nunes et al., 
2003), natural killer cells and macrophages activation 
(Dimov et al., 1991; Orsi et al., 2000). The synergistic 
effects of these two ways, as well as the part of each one 
in neutralising tumor cells need more investigations.
	 In conclusion, the present study demonstrates 
that the cytotoxic activity of EEP and EAEP extracts 
is a complex phenomenon depending not only on the 
nature of the extract and its components, but also on the 
tumor cell type. The present assays report an effective 
reduction of the tumor volume by the ethanolic extract 
of propolis in P815 tumor bearing mice and apoptotis 
induction in P815 Cells. Additional research is 
running in our laboratory to determine the compounds 
responsible for these in vitro and in vivo anticancer 
activities as well as the molecular mechanisms involved 
in their effects.
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