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Introduction

The incidence of prostate cancer and its mortality 
rates are remarkably different in diverse geographic 
regions and among various racial/ethnic populations, 
with by far the highest rate in North America and the 
lowest in Asia (Quinn and Babb, 2002). The incidence of 
clinical prostate cancer in Arabs is among the lowest in 
the world. Indeed, this ratio is gradually increasing in the 
Arab world, particularly in Egypt due to many etiological 
factors including smoking, intake of high-caloric food, 
inflammation, aging and the improvement of diagnosis and 
cancer registration methods (Salim et al., 2011). Clinical 
trials of adjuvant and neoadjuvant chemotherapies for 
prostate cancer are recently testing new treatments, and 
new combinations of treatment. It is of great interest to 
change cancer therapy from chemotherapy to biotherapy, 
using biological agents with minimal or no adverse side 
effects. Many plants and animal extracts have shown 
various biological activities like immune potentiating and 
antitumor activities. 

Bee propolis extract is one of the most promising 
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Abstract

	 It has been shown previously that nutritional supplements rich in polyphenolic compounds play a 
significant role in prostate cancer chemoprevention. Propolis is a natural, resinous hive product that has several 
pharmacological activities including antimicrobial, antioxidant, anti-inflammatory, and antitumoral activities. 
The aim of this study was to compare the cytotoxic, antioxidant and antitumoral activities of an ethanolic 
extract of Egyptian propolis (EEP) in vitro with an established chemotherapeutic drug such as doxorubicin 
(DOX), and the effects of their combination against the PC3 human prostate cancer cell line. Cellular viability 
and IC50 levels with EEP, DOX and their (v/v) combination were detected by sulphorhodamine-B (SRB) assay 
after incubation of PC3 cells for 72h with different doses (0, 0.01, 0.1, 1, 10 and 100µg/ml). Two selected doses 
of IC50 and IC25 were applied to cells for 24h for antitumor evaluation assay of treatment compounds. EEP and 
its (v/v) combination with DOX showed significant antitumor potential besides high antioxidant properties of 
superoxide dismutase (SOD), total antioxidant capacity (TAC), catalase (CAT), nitric oxide (NO) and reduced 
glutathione (GSH) levels when compared with the control untreated cells. DNA fragmentation assay and semi 
quantitative RT-PCR analyses for p53 and Bax genes showed that EEP activated cellular apoptosis and increased 
the mRNA expression levels more than other treatment. In conclusion, EEP alone or in combination with DOX 
at both doses used here showed greater antioxidant, antiproliferative and apoptotic effects against the PC3 cell 
lines as compared to treatment with DOX alone. Therefore, EEP could be considered as a promising candidate 
for prostate cancer chemotherapy. 
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candidates for usage as antitumor agent. Propolis is a 
resinous material collected by bees from bud and exudates 
of the plants and trees. It is prepared from pollen and 
transformed by bee enzymes as a gum secretion that varies 
in color depending on the plant species of origin. Propolis 
has a long history of being used in traditional medicine 
back to 300BC. In general, approximately 300 compounds 
have been identified from propolis (Daugsch, 2008). Most 
of these belong to three main groups, flavonoids, phenolic 
acids and esters, and their concentrations vary depending 
on the ecoflora in the region of collection. The main 
components subdivisions of propolis are fatty, aliphatic 
and aromatic acids, flavonoids, alcohols, terpenes, 
sugars and esters. Moreover, propolis contains many of 
the B-complex vitamins, important minerals and trace 
elements. But its bioflavanoid content is now receiving 
attention. Propolis from the Mediterranean region is 
known to possess flavonoids, esters of caffeic and ferulic 
acids considering that the hydro-alcoholic extract was the 
most effective (Abozid and Ahmed, 2013).

Previously, Abd El Hady and Hegazi, (1994) found that 
the Egyptian propolis constituents are phenolic acid esters 
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(72.7%), phenolic acids (1.1%), aliphatic acids (2.4%), 
dihydrochalcones (6.5%), Chalcones (1.7%), flavanones 
(1.9%), flavones (4.6%) and tetrahydrofuran derivatives 
(0.7%). It was clear that phenolic acid esters are present 
in a major quantity (72.7%). These results revealed that 
Egyptian propolis is characterized by the presence of 
unusual esters of caffeic acid with C12-C16 fatty alcohols 
which are mainly saturated. Also flavonoid aglycones 
and especially flavanones are typical components of 
Egyptian propolis. Previously et al. (2000) identified a 
series of triterpenes in Egyptian propolis, including the 
characteristic animal sterol precursor, lanosterol. Also, 
Egyptian propolis was found to contain some enzymes 
such as succinic dehydrogenase, glucose-6-phosphatase, 
adenosine triphosphatase and acid phosphatase (Abozid 
and Ahmed, 2013).

Propolis has been the subject of scientific interest 
for its diverse range of biological properties, including 
anti-inflammatory and immunomodulatory (Orsatti 
et al., 2010), anti-carcinogenic (Szliszka et al., 2011), 
antioxidant (Teixeira et al., 2010), antibacterial, antiviral 
and antifungal effects (Kujumgiev et al., 1999). Flavonoids 
such as those found in propolis have been reported to 
induce apoptotic cell death in various cancer cell lines 
including a variety of leukemic cell lines, but sparing 
the normal non cancer cells during the process of DNA 
replication, transcription, and recombination. Previously, 
propolis showed strong anti-free radical activity, which 
resulted from the components in propolis including caffeic 
acid, ferulic acid and caffeic acid phenethyl ester (CAPE) 
(Kumazawa et al., 2004). 

The anti-cancer activities of propolis have been 
presented in various culture cell lines, such as mammary 
carcinoma (MCA), human epithelial carcinoma 
(HeLa), human leukemia (HL-60, CI41, U937), human 
ovarian carcinoma (SK-OV-3), human lung carcinoma 
(NCI-H358), human hepatocellular carcinoma (HepG2), 
human cervical cancer (ME180) and human pancreatic 
cancer (PANC-1, BxPC-3) cells (Chen et al., 2008). 
Also, propolis and its polyphenolic compounds exerted 
considerable cytotoxicity, without cross-resistance, in both 
wild-type and chemo-resistant human tumor cell lines 
besides an anti-metastatic and antitumor effect in mice 
and rats (Orsolic, 2010). Also CAPE-induced apoptosis 
in HL-60 cells was associated with GSH depletion and 
scavenging of hydrogen peroxide (Chen et al., 2007). On 
the in vivo level, propolis its flavonoids and CAPE have 
been found to inhibit the development of chemically-
induced carcinogenesis in animal models particularly 
those of lung, oral, oesophageal, stomach, colon, skin, 
prostate and mammary cancers (Orsolic et al., 2008).

Doxorubicin belongs to the anthracyclines family and 
is one of the most widely used anti-tumor antibiotics, 
isolated from different Streptomyces species. Its 
usefulness as a chemotherapeutic agent stews from its 
broad spectrum of antitumoral activity for the treatment 
of a variety carcinomas, soft tissue cancer, bone sarcomas 
and hematogenous neoplasms (Hilger et al., 2005). 
Chemotherapy, despite many side effects, is still the 
most popular way of treating cancer. The induction of 
apoptosis in tumor cells is considered very useful in the 

management and the therapy as well as in the prevention 
of cancer (Yong et al., 2013). 

It is known that the tumor suppressor gene p53 is 
the main proapoptotic gene triggering DNA repair or 
apoptosis mechanisms. p53 gene has been implicated 
also in the activation pathways of various cell cycle 
checkpoints like the G1/S and G2/M transitions (Taraswi 
et al., 2009). Also, Bax gene is a pro-apoptotic member 
of the Bcl-2 family, which is the best characterized 
mediator of p53 dependent apoptosis. Bax translocates 
from the cytosol to mitochondria and causes activation of 
the Caspase cascade by releasing cytochrome C from the 
inter-membrane space (Adams et al., 1998). The activation 
of Caspases is a final commitment step for apoptosis. 

Therefore, the present work was aimed to study the 
possible antitumor activity of the Egyptian propolis 
against prostate cancer PC3 cell lines and to compare 
its activity with a reference chemotherapeutic drug, 
doxorubicin. Also, the efficacy of the combination therapy 
of the Egyptian propolis and doxorubicin was evaluated 
and was compared with that of each treatment alone. 
Moreover, the study evaluated the underlying mechanisms 
predisposing to the antitumor activities of propolis, 
doxorubicin and their combination using biochemical and 
molecular genetic parameters and estimated whether the 
genetic information could be used to better tailor therapies 
for prostate cancer treatment.

Materials and Methods

Propolis samples and ethanolic extracts
Egyptian propolis was collected by transparent glass 

slide plaques from honey bee colonies located in the 
apiary of Beekeeping Research Section, Plant Protection 
Research Institute, Agriculture Research Centre at 
Dokki, Giza, Egypt. propolis was used fresh at room 
temperature ranging between 20-24 °C for ethanolic 
extracts preparation. Briefly, propolis samples were 
macerated in the proportion of 10 grams to 100 ml of 
the solvent (ethanol 80% v/v) with occasional shaking. 
Extracts were obtained after 7 days of maceration, filtered 
and then incubated at room temperature until ethanol 
was evaporated and the product obtained a honey-like 
consistence which is referred to as Ethanolic Extract of 
Propolis (EEP). This method was previously reported by 
(Begnini et al, 2014).

Cell line and cell culture
The human PC3 prostatic cancer cell line was obtained 

from Egyptian products and vaccines, sera and drugs 
(Vaccera) (Giza, Egypt), originally obtained from the 
American Type Culture Collection (ATCC, CRL-1435). 
These cells exhibit low acid phosphates and testosterone 
-5-alpha reductase activities. Cells were grown in 
monolayer cultures in Roswell Park Memorial Institute 
medium, RPMI-1640, (PAA - cell culture company, 
Germany through Immuniq, Poland) supplemented with 
10% fetal bovine serum, 4 mML-glutamine, 100 U/ml 
penicillin and 100 µg/ml streptomycin), 5% (v/v) CO2 
atmosphere at 37ºC.
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Cytotoxicity assays by sulphorhodamine-B (SRB) method
Cell survival was determined using SRB method as 

previously described by (Skehan et al., 1990). Different 
concentrations of the test compounds (Doxorubicin 
(DOX), Ethanolic extract of propolis (EEP) and 
combination of both DOX and EEP at a (v/v) concentration 
of both) were incubated for 72hrs with the cell monolayer 
triplicate wells prepared for each individual dose with 
various concentrations of drugs (the stock solution was 
at concentration of 100Mm, then 10 fold serial dilutions) 
(0.01, 0.1, 1.0, 10.0, 100.0 µg/ml) and (0.0 µg/ml) as 
control). The percentage of viable cells was determined 
using the equation below: Viability (%) = (No. of viable 
cells x 100) divided by Total No. of cells). 

Determination of IC50
The optical density (OD) of each well was measured 

spectrophometrically at 545 and 540 nm with an ELIZA 
micro plate reader. The IC50 values were calculated 
using sigmoidal concentration response curve fitting 
models (sigmaplot software). The percent of cytotoxicity 
was calculated by the formula, percent cytotoxicity = 
[1-(absorbance of experimental wells/absorbance of 
control wells)] x 100.

The experimental plan
The three treatment compounds namely, Doxorubicin 

(DOX), Ethanolic extract of propolis (EEP) and 
Combination of both DOX and EEP at a (v/v) concentration, 
were added to the media at two concentrations; IC25, and 
IC50 μM which was obtained from the previous step 
(cytotoxicity assay). Untreated PC3 cells were regarded 
as negative control. After 24 hrs of incubation at 37°C 
in an atmosphere containing 5% CO2, the cells were 
collected in sterile 15 ml tubes and the cells were washed 
twice using ice cold 1x PBS, washing solution was also 
added to the same 15 ml tube centrifuged at 3000 rpm 
for 10 min. The supernatant was removed, the cell pellet 
was washed twice by suspension in 1 ml ice cold PBS in 
1.5-ml micro centrifuge tubes and centrifuged at 4000 
rpm for 5 min at 4 °C between washes. The supernatant 
was removed, and the rest of pellets were taken for 
antioxidant and molecular techniques. Some cells were 
fixed with 4% formaldehyde solution for 30 min in PBS for 
determination of morphological changes and photography 
using an inverted microscope at 400X. The experiment 
was repeated in duplicate to confirm results.

Determination of the antioxidant activity levels
SOD activity was determined in untreated and treated 

PC3 cells according to the method described by Shiraishi 
et al. (2005). TAC activity was determined according to 
the method described by the manufacture’s kit (Abnova, 
Walnut, CA. 91788, USA). Catalase activity was 
determined according to the method described by Sinha, 
(1972). Nitric oxide concentration was colorimetrically 
determined by Nitrite Assay Kit (Biodiagnostic, Egypt) 
according to the method described by Montgomery and 
Hum, (1995). Reduced glutathione (GSH) concentration 
was colorimetrically determined according to the method 
described by Beutler et al., (1988).

DNA extraction & DNA fragmentation assay 
The cells from all the groups were resuspended in 0.5 ml 

lysis buffer, incubated for 1.5hrs in 37ºC then centrifuged 
at 14,000rpm/RT/5 min. The Supernatants were transferred 
into new tubes and equal volume of isopropanol and 25ml 
4M NaCl (100 mM final concentration) were added. Tubes 
were incubated overnight at -20 ºC then centrifuged again 
at 14,000rpm/RT/20-25 min. Afterwards, the DNA pellets 
were dissolved in 30-50ml ddH2O with 1-2 ml RNase. 
After 1hr of 37ºC incubation, the DNA concentration was 
measured spectrophotometrically and 5 µl DNA/lane were 
run on 1% agrose gel to determine the DNA fragmentation 
levels (Samarghandian and Shabestari, 2013).

RNA isolation
RNA was extracted from treated and untreated PC3 

cells post 24 treatments using Qiagene kit according 
to the manufacturer’s protocol (OneStep RT-PCR kit, 
Qiagne, Valencia, CA). Extracted RNA was stored at 
-80 °C and concentration and purity of the extracted 
RNA were determined where RNA was diluted with 
distilled water and the optical density was measured 
spectrophotometrically at 260 and 280 nm. RNA 
concentration and purity were calculated as follows: 
Concentration of the extracted RNA (µg/ml)=A260 X 
dilution factor X 40 RNA purity = A260 /A280.

Semi-quantitave RT-PCR analysis
For each sample, extracted RNA (1 µg), random 

hexamer primer (1µl) and DEPC-treated water (to 12 
µl) were mixed, vortexed briefly and incubated at 65°C 
for 5 min. Samples were placed on ice and the cDNA 
was synthesized using RvertAid H Minus Reverse 
transcriptase (200 u/µl) where Samples were mixed gently, 
centrifuged and incubated at 25°C for 5 min followed 
by 42°C for 60 min. Reaction products (cDNA) were 
stored frozen at -80 °C. The synthesis of cDNA was 
verified using GAPDH specific control primers. PCR 
was performed and RT-PCR product (10 µl) was loaded 
on 1.5% agarose gel and bands were visualized by gel 
documentation system. Evaluating the expression of p53 
and Bax genes was carried out using the newly synthesized 
cDNA as templates for PCR. Twenty five µl Qiagen Taq 
green master mix, 4 µl cDNA, 2 µl forward primer (10 
picomole / µl), 2 µl reverse primer (10 picomole / µl) 
and 17 µl nuclease free water were pre-denaturated at 
94°C for 3 min. Amplification was performed (35 cycles). 
Non-reverse transcribed RNAs were included to confirm 
the absence of genomic DNA. Negative control without 
adding template was also included to assess for reagent 
contamination.

PCR was carried out in duplicate followed by 
denstiometric analysis of band intensities using gel 
documentation system. Data representing mRNA 
expression levels of p53 and Bax were calculated 
in comparison to GAPDH as the mean ratio of band 
intensities ± standard deviation and plotted against test 
concentrations and time intervals. Statistical significance 
was carried out using one way t-test. Primer sequences 
and the PCR product size are shown in Table (1).
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Results 

SRB assay of cytotoxicity (IC50 assay):
The survival fraction (viability%) assay was used as 

indicator for cell cytotoxicity for PC3 cell lines treated 
with serial concentrations of 0, 0.01, 0.1, 1, 10 and 100 
µg/ml respectively of DOX, EEP and combination of 
both compounds for 72 hrs are shown in Figure (1, a-c). 
The results showed that the percentage of survival cells 
decreased along with the increase of DOX, EEP and 
combined treatments concentrations in a dose dependent 
manner. It was estimated from Figure (1) that the inhibition 
concentrations (IC50) calculated from the DOX, EEP and 
combined treatments were 0.738, 38.48 and 0.27 µg / ml 
respectively.

Treatment of PC3 cells with different compounds at IC50 
& IC25 doses for 24 hrs

Morphological changes: Figure (2) shows that 
the treatment with high doses of DOX, EEP and their 
combination at IC50 doses (0.738, 38.48 µg/ml and 0.27 
µg/ml µg/ml respectively) exerted more prominent 
morphological changes than those seen after treatment 

with their corresponding low doses of IC25 compared 
to the control cells. The most obvious morphological 
changes were observed with PC3 cells treated with the v/v 
combination of DOX and EEP at the dose of IC50 (0.27 
µg/ml). These morphological changes were obvious after 
24 hrs of treatment.

Generally, the morphology of PC3 cells treated with 
DOX, EEP and v/v combination of both compounds 
showed abnormal appearance comparing to untreated 
control cells, these changes were mainly confined to 
apoptotic and cytotoxic changes to the cells. In general, 
these changes were obvious when treated cells started 
to show gradual cell shrinkage, cell rounding, detaching 
from the surface of tissue culture flasks and floating in the 
tissue culture medium, and finally they showed obvious 
cell swelling and rupture.

Oxidative stress markers
Treatment of PC3 cells with EEP, DOX or v/v 

combination of both using two concentrations, IC25 and 
IC50, exhibited differences in the SOD activity levels after 
24h of incubation as compared to the control (Table 2).

Superoxide dismutase (SOD) activity levels: Treatment 
with EEP at IC25 dose showed a significant increase in SOD 
activity, while treatment with EEP at IC50 dose exhibited 
a significant decrease as compared with the control. 
However, a significant decrease in SOD activity was 
observed in DOX-treated group at IC50 dose. The DOX 
IC25 dose-treated group showed no significant differences 
in SOD levels as compared to the controls. Combination 
between DOX and EEP with the concentration dose of 
IC25 exhibited a significant increase of SOD activity as 
compared to control levels, while treatment with the dose 
of IC50 exhibited a significant decrease in SOD activity 
(Table 2).

Total antioxidant capacity levels: The obtained data 
in (Table 2) showed that treatment of PC3 cells with 
EEP with the dose IC25 exhibited significant increase in 
the total antioxidant capacity (TAC) concentration levels 
after 24h of incubation as compared with the control 
group. A significant decrease was observed in the group 
treated with the dose IC50 of EEP as compared to normal 
controls. Furthermore, a significant decrease in TAC 

Table 1. Primer Sequences of p35, Bax and GAPDH

Gene Primer sequences Size of PCR
product (bp)

p53

F: 5`-CCA GAT CTT AGC GCC 
GAG CCC-3` 

438
R: 5`-GCG TGT GGA ATC AAC 

CGA CAG-3`

Bax

F: 5`-ATG GCC GGG TCC GCG 
GAG CA-3`

322
R: 5`-CCC AGT TGA AGT TGC 

CGT CA-3`

GAPDH

F: 5`-CAA GCT CAT CCA TGA 
CTA CTT -3`

496
R: 5`-GAC CAC CAC CCT GCT 

GCT GTA -3`

Where, F: Forward; R: Reverse

Table 2. Least Square Means ± Standard Errors (LSM ± SE) of SOD, TAC, CAT, NO and GSH Activities of 
PC3 Cells Treated with Ethanolic Extract of Propolis, Doxorubicin and Combination of Both of Them for 24 hrs

Group 
no. Treatment SOD (U/g) TAC (nmol/g) CAT activity

(nmol/g) NO conc. (nmol/g) GSH conc
(ng/g tissue)

G1 Control cells 33.33 ± 0.85 7.44 ± 0.37 52.58 ± 0.68 103.07 ± 0.71 5.63 ± 0.43 
G2 EEP IC25 35.64 ± 0.60 *ab 8.99 ± 0.278 *ab 65.62 ± 0.42 *ab 130.80 ± 0.89 *ab 5.35 ± 0.45
G3 EEP IC50 28.09 ± 0.68 *ab 5.28 ± 0.29 *b 41.75 ± 0.72 *ab 86.63 ± 0.49 * 8.53 ± 0.44 *ab
G4 DOX IC25 32.15 ± 0.78 *a 5.78 ± 0.18 * 37.27 ± 0.68 *a 61.21 ± 0.43 * 8.71 ± 0.38 *ab
G5 DOX IC50 25.34 ± 0.85 *a 4.35 ± 0.29 * 35.99 ± 0.58 * 44.50 ± 0.50 *b 3.59 ± 0.24 *
G6 DOX +EEP IC25 40.80 ± 0.78 *ab 8.32 ± 0.29 * 57.34 ± 0.44 *a 91.46 ± 0.72 * 6.16 ± 0.44 *
G7 DOX +EEP IC50 26.83 ± 0.059 *a 6.03 ± 0.18 * 46.21 ± 0.45 *a 71.62 ± 0.34 * 2.69 ± 0.22 *

*Significantly different as compared to the untreated control group. a: Significantly different from all the other treatment groups except that of group 
(6) only at the case of TAC. b: Levels of treatment compounds with the same concentrations are significantly different except between groups (2 and 
6) only in the case of TAC . Significance level is at P<0.05. EEP: Ethanolic Extract of Propolis, DOX: Doxorubicin
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levels was observed in the DOX-treated group with both 
doses IC50 and IC25 as compared to the controls. Also the 
v/v combination of DOX and EEP at the concentration 
level of IC50 exerted significant decrease in TAC levels 
as compared to the controls and to the IC50-trated group. 
In the same time, it was observed that the combination of 
both DOX and EEP at the dose IC25 exhibited increasing 
levels as compared to the control values.

Catalase activity levels: Table (2) shows that the 
treatment of PC3 cells with EEP only with a concentration 
dose of IC25 exhibited a significant increase in catalase 
(CAT) activity levels after 24h of incubation as compared 
with the control cells. Treatment of cells with the 
concentration dose IC50 showed a significant decrease in 
CAT levels as compared to all groups except that of group 
(6). Furthermore a significant decrease in CAT activities 
was also observed in doxorubicin group treated with 
IC50 and IC25 doses respectively. Treatment with the v/v 
combination of DOX and EEP at the dose of IC25 exhibited 
a significant increase in CAT activity, while that with the 
dose IC50 exhibited a significant decrease in CAT activity 
levels as compared to the controls levels.

Nitic oxide (NO) levels: The treatment with the EEP 
with the concentration of IC25 exhibited a significant 
increase in nitric oxide NO levels after 24h incubation 
as compared to the control group. In contrast, the levels 
of NO levels in PC3 cells treated with IC50 dose of EEP 
exhibited a significant decrease. Further, a dose dependent 
significant decrease in NO concentrations levels was 
observed in all the other treatment groups, with the lowest 
level detected after treatment with the DOX IC50 dose as 
compared to all other treatment groups (Table 2).

Glutathione reductase (GSH) levels: The treatment 
with EEP with concentration of IC50 exhibited a significant 
increase in GSH levels after 24 hrs incubation period as 
compared with the control. In contrast, no significant 
levels were obtained when cells were treated with IC25 
dose of EEP as compared to the control. On the other 
hand, a significant increase in the GSH concentration 
levels was observed in the group treated with DOX at 
the dose level of IC25, while a significant decrease was 
obtained when treated with the IC50 dose as compared to 
the control. Combination between DOX and EEP at IC25 
dose level exhibited no significant differences in GSH 
concentration levels, while treatment with both compound 
at concentration of IC50 exhibited a significant decrease 
in GSH levels as compared to controls. The highest GSH 

Figure 1. (a-c): The Cytotoxicity of the (v/v) 
Combination of DOX (a), EEP (b) and EEP + DOX 
(c) on PC3 Cells. The cancer cells were incubated for 72 hrs 
with the EEP + DOX at different concentrations. The percentage 
of dead cells was measured by SRB cytotoxicity assay. DOX: 
Doxorubicin; EEP: Ethanolic Extract of Propolis
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levels were obtained after treatment with DOX (IC25), EEP 
(IC50) and DOX+EEP (IC25) (Table 2).

DNA fragmentation assay
To detect the possible relationship of the potential 

of treatment compounds, DOX, EEP and combination 
of both of them against PC3 cells on programmed cell 
death as a mechanism of action, DNA fragmentation 
assay was carried out. DNA gel electrophoresis (Figure 
3) clearly showed that the untreated cells at lane (1) had 
least DNA breakdown or fragmentation as compared to 
all the other treatment groups. The DNA of treated cells 
showed obvious breakdown which appeared fragmented 
as compared to the control. It sometimes appeared as a 
mild smear of very small fragments of DNA. 

Semi-quantitave RT-PCR analysis
The expression profile of the p53 and Bax genes 

against PC3 cells either untreated or treated with IC50 
and IC25 doses of DOX, EEP and their combination were 
estimated using semi-quantitative RT-PCR analysis. 

Characterization of GAPDH gene was utilized as 
internal control to be compared and neutralized with the 
mRNA expression values of p53 and Bax to evaluate 
their efficiency in treated or untreated cells. The positive 
signals at the proper size of all studied genes are shown 
in Figure (4).

p53 mRNA gene expression: cDNA PCR product of 
proper size (438 bp) was detected in lanes 1, 2, 3, 4, 5, 6 and 
7 (Figure 4). Figure (5) shows the p53 mRNA expression 
data after normalization with the expression data of the 
internal control gene, GAPDH. The figure shows that 
all treatment doses caused a marked overexpression of 
p53 mRNA after 24 hrs of incubation. EEP at both doses 
of IC25 and IC50 have markedly up-regulated the mRNA 
expression levels of the p53 gene more than all other 
treatment compounds (Figure 5).

Bax mRNA gene expression: mRNA Expression of 
Bax gene in PC3 cells untreated and treated with IC50 
and IC25 doses of DOX, EEP and their combination are 
shown in Figures (4, 6). All treatment compounds at 
all dose levels except that of DOX+ EEP at IC25 doses 
have exerted a marked increase in the Bax gene mRNA 
expression as detected after the normalization with the 
data of the internal control gene, GAPDH (Figure 6). The 
highest Bax gene expression levels were detected in DOX 
IC50, EEP + DOX IC50 and EEP at IC25 doses respectively 
as compared to the other treatment compounds. 

Figure 6. Bax mRNA Expression Levels for PC3 
Cells Treated with Different Compounds after 
Normalization with the Internal Control gene GAPDH. 
DOX: Doxorubicin, EEP: Ethanolic Extract of Propolis
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Figure 3.  Photograph of Agarose Gel DNA 
Fragmentation Electrophoretic Analysis of DNA 
Isolated from PC3 Cells, Treated or Untreated 
with Different Concentrations of DOX, EEP and 
Combination of Both for 24 hrs. Lane M: Marker (DNA 
ladder); Lane 1: Control, Lane 2: DOX IC50 (0.738 µg/ml); Lane 
3: DOX IC25 (0.369 µg/ml); Lane 4: EEP IC50 (38.48 µg/ml); 
Lane 5: EEP IC25 (19.24 µg/ml), Lane 6: DOX+EEP IC50 (0.27 
µg/ml); Lane 7: DOX+EEP IC25 (0.135 µg/ml)
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Figure 5. p53 mRNA Expression levels for PC3 
cells Treated with Different Compounds after 
Normalization with the Internal Control gene GAPDH. 
DOX: Doxorubicin, EEP: Ethanolic Extract of Propolis
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Figure 4. Positive Signals of mRNA Expression of 
p53 and Bax genes from Treated and Untreated PC3 
Cells after 24hrs Incubation. Where: M, Marker; 1-7: 
Experimental groups: 1, Untreated cells. 2, DOX (IC50); 3, EEP 
(IC50); 4, DOX+EEP (IC50); 5, DOX (IC25); 6, EEP (IC25); 7, 
DOX+EEP (IC25). DOX: Doxorubicin, EEP: Ethanolic Extract 
of Propolis
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Discussion

Natural products continue to be an excellent and 
reliable source for the development an inexpensive 
resource of anticancer drug discovery (Kasala et al., 2015). 
Propolis and its compounds possess strong antitumor 
potential (Chan et al., 2013). Many reports have indicated 
that different types of propolis extracts significantly 
inhibit cell growth and reduce the differentiation or 
proliferation of tumor cells (Khalil, 2006). In the present 
study we evaluated the cytotoxicity of ethanolic extract 
of propolis (EEP) on PC3 prostate cancer cell line using 
the SRB assay as an end point marker for detection. Our 
in vitro data herein demonstrated that treatment with EEP 
resulted in cellular morphological changes, significant 
anti-proliferative effects, besides cytotoxic effects in 
the prostate cancer cell lines. Interestingly, our results 
have also shown that the percentage of survival cells 
was decreased with increase of EEP concentrations in 
a dose dependent manner. These data indicate a strong 
effectiveness of the EEP extract against prostate cell line 
PC3. Also treated PC3 cells with chemotherapy such as 
doxorubicin (DOX) have shown that the percentage of 
survival cells was decreased with the increase of DOX 
concentration, while the combination of both DOX and 
EEP have shown that the percentage of survival cells 
was decreased with the increase of doses of combination. 
These results are in line with those of Szliszka et al. (2011) 
who reported that administration of 50mg/mL EEP from 
southern Poland exhibited 25% cytotoxicity in prostate 
cancer cells. Also, Vatansever et al. (2010) have shown 
previously that EEP at a concentration of 125mg/mL is 
cytotoxic to MCF-7 breast cancer cell lines. They also 
reported differences in the cytotoxic effects on MCF-7 
cells after administration of seven different EEP samples 
collected from different locations. On the other hand, 
propolis exhibited antitumor activity in mature mice 
bearing Ehrlich carcinoma (Scheller et al., 1989). 

The antitumor activity of propolis could be due to the 
presence of a variety of compounds considered to be the 
most promising of the antitumour agents including caffeic 
acid (CA), caffeic acid phenethyl ester (CAPE), artepillin 
C, quercetin, naringenin, resveratrol, galangin, genistein, 
plukenetione A and others. CAPE possesses various 
therapeutic effects including antimicrobial, antioxidant 
anti-inflammatory and cytotoxic properties (Murtaza et 
al., 2014). Artepillin C was also isolated from Brazilian 
propolis which exhibited preferential cytotoxic activity 
against tumor cells cultured in vitro (Kimoto et al., 2001). 
CAPE treatments have been shown to sensitize cancer 
cells to chemotherapeutic drugs and radiation treatment 
by inhibiting pathways that lead to treatment resistance in 
animal models (Akyol et al., 2012). CAPE is a protective 
agent from therapy-associated toxicities in animal models. 

Doxorubicin is a chemotherapy drug used for 
hematological malignancies with side effects including 
acute renal failure (Akyol et al., 2014). CAPE treatment 
protected renal, heart, and brain tissues damages caused 
by doxorubicin administration in rats (Yagmurca et al., 
2004). The ability of flavonoids isolated from propolis to 

prevent the toxicity of some drugs such as cisplatin and 
doxorubicin was documented previously (Orsolic et al., 
2008). Chen et al. (2008) have demonstrated that two new 
prenyl flavanones, propolin A and propolin B, isolated 
and characterized from Taiwanese propolis, induced 
cytotoxicity effects on human melanoma A2058 cells 
and showed a strong capability to scavenge free radicals. 
Markiewicz-Ukowska et al. (2013) also demonstrated 
that the ethanolic extract of propolis presented cytotoxic 
properties and may cooperate with temozolomide 
synergistically enhancing its growth inhibiting activity 
against glioblastomaU87MG cell lines.

For the protection of human health, considerable 
attention is currently focused on the consumption 
of functional foods. In particular, the role of dietary 
antioxidants capable of scavenging the oxidants and free 
radicals responsible for initiating various diseases has 
been intensively discussed (Samarghandian et al., 2013). 
Systematic investigations of the antioxidant properties 
of various foods, beverages, spices and herbs have been 
performed (Samini et al., 2013). Antioxidants are widely 
used as ingredients in dietary supplements and have 
been investigated for the prevention of diseases such as 
cancer, coronary heart disease and even altitude sickness 
(Baillie et al., 2009). Flavonoids and phenolics are the 
major complementary compounds of propolis that have 
beneficial effects as natural antioxidants and prevent 
oxidative damage of DNA caused by reactive oxygen 
species (Marghitas et al., 2007). The antioxidant effects 
may be a result of a combination of radical scavenging and 
an interaction with enzyme functions. Some components 
of propolis are absorbed and circulate in the blood and 
behave as hydrophilic antioxidant and save vitamin C 
(Moreira et al., 2008). 

The present data have shown that the treatment with 
propolis alone caused a significant increase in the activities 
of SOD, TAC, CAT and NO, while decreased the activity 
levels of GSH at low doses IC25. Also the treatment with 
low dose of EEP+DOX combination showed an increase 
in the SOD, TAC, CAT and GSH activity levels, while 
decreased the NO levels. Also a significant increase in 
GSH activity levels was detected when cells were treated 
with IC25 dose of DOX and IC50 dose of EEP respectively. 
These data are in agreement with the results obtained by 
Jasprica et al. (2007) who reported that propolis caused 
a significant reduction in the malondialdehyde (MDA) 
level and increased the activities of the antioxidant 
enzymes (SOD, GPx and CAT). The primary mechanism 
of the effect of propolis may involve the scavenging of 
free radicals that causes lipid peroxidation. The other 
mechanism may comprise the inhibiting effect of propolis 
on the activity of xanthine oxidase, which is known to 
cause free radicals to be generated (Harris et al. 2000). 

Polyphenolic compounds present in propolis have 
been found to protect erythrocytes from oxidative stress 
or increase their resistance to damage caused by oxidants. 
They are able to act as antioxidants in a number of ways, 
mainly as reducing agents, hydrogen donors, singlet 
oxygen quenchers, and metal chelating agents. The 
antioxidant properties of propolis extracts are certainly 
related to its chemical composition. Many studies 
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have evidenced the presence of flavonoids (including 
flavones, flavonols, flavanones and dihydroflavonols) 
and other phenolics (mainly substituted cinnamic acids 
and their esters) as main active constituents of propolis 
possessing potent antioxidant activities (Valente et al., 
2011). Moreover, Marghitas et al. (2009) have shown 
that propolis samples had significant radical scavenger 
activities (RSA) where a positive correlation between 
concentration in total flavonoids and RSA values (r2=0, 
71) were noticed.

Phenolic compounds are known to counteract 
oxidative stress in the human body by helping maintaining 
a balance between oxidant and antioxidant substances 
(Siddhuraju, 2006). To control the level of reactive oxygen 
species (ROS) and to protect cells under stress conditions, 
mammalian tissues contain several enzymes that scavenge 
ROS such as catalase (CAT) and glutathione-S-transferase 
(GST). Therefore, during oxidative stress, an increase 
in the exogenous supply of antioxidants improves the 
capacity of the tissue to cope with high antioxidant 
demands such as propolis (Goel et al., 2009). Previous 
in vitro studies have shown the antioxidant properties of 
polyphenols and their ability to modulate the activity of 
various enzymes related to oxidative stress (Sabir et al., 
2012). Alyane et al. (2008) demonstrated that antioxidants 
from natural sources may be useful in the protection of 
cardio toxicity in patients who receive doxorubicin.

Apoptosis induction is one of the other mechanisms 
proposed for the anticancer therapeutic effects of propolis 
(Aso et al., 2004). Apoptosis is a well-characterized type 
of programmed cell death (PCD) and is considered as a 
highly regulated process that allows a cell to self-degrade 
in order to eliminate an unwanted or dysfunctional cell. 
Conventional anticancer treatments, such as chemotherapy 
and radiotherapy, kill tumor cells primarily by the 
induction of apoptosis or apoptosis-like a programmed 
cell death (Leist and Jaattela, 2001).

The mechanism of cytotoxicity induced by EEP is 
also of scientific interest. In order to understand the 
cytotoxic mechanism of EEP in the present study, DNA 
fragmentation assay was performed for all the studied 
groups. The data have shown that the untreated control 
cells had the least DNA breakdown or fragmentation as 
compared to all the other treatment groups. The DNA 
of the treated cells showed breakdown which appeared 
fragmented and sometimes appeared as a mild smear of 
very small fragments of DNA. It is known that smear 
bands in DNA gel electrophoresis may reveal some 
levels of cellular necrosis or could be due to preparation 
artifacts. However, the obvious differences in the DNA 
content between the control untreated cells and that of the 
treated groups during gel electrophoresis indicates that 
the administered drugs have caused obvious cell death. 
Our data here is in line with that of Scifo et al. (2004) 
who pointed out the anticancer activity of resveratrol and 
propolis extract on human prostate cancer, exerting their 
cytotoxicity through two different types of cell death: 
necrosis and apoptosis, respectively. 

p53 is an important tumor suppressor gene whose 
mutation is found in many of human cancers. In response 
to DNA damage, p53 is activated to induce cell cycle 

arrest, senescence or apoptosis, through which it prevents 
proliferation of cells harboring damaged DNA (Vogelstein 
et al., 2000). Most known target genes of p53 including 
Bax and p21 have been shown to mediate p53 functions 
such as cell cycle arrest or apoptosis under genotoxic 
conditions. Accumulating evidence, however, indicates 
that another group of target genes do not mediate but 
inhibit p53 function, thereby acting as negative feedback 
regulators of p53 (Janicke et al., 2008). 

The Bax gene is regulated by p53 and it activates 
the downstream caspase cascade, eventually resulting 
in apoptosis. Because the p53 gene product is lost or 
inactivated by mutation in over 50% of cancers, the p53 
regulates pro-apoptotic genes, including Bax (Takashi, 
2009). Cellular stress, including DNA damage, hypoxia 
and heat-shock, transcriptionally activate p53, which 
eventually causes G1 arrest via induction of p21cip1. 
Activation of p53 in response to stress or DNA damage 
predominantly activates distinct target genes that can 
either lead to apoptosis, growth arrest or DNA repair. 
Prolonged stress leads to irreversible DNA damage and 
eventually triggers the activation of genes involved in the 
apoptotic pathway including Bax, CD95, NOXA, PUMA 
and other redox-sensitive genes (Sujoy et al., 2009). 
The apoptosis pathway is regulated by several factors 
such as p53 and members of the Bcl-2 protein family. 
Wild-type p53 protein physiologically acts as a DNA-
binding transcription factor and may drive apoptosis as a 
result of DNA-damaging events (Christine et al., 2001). 
Members of the Bcl-2 protein family such as Bax, Bak, 
Bcl-2, and Bcl-XL influence apoptosis or cell cycle entry. 
When Bax is present in excess, Bax/Bax homodimers 
are formed, which promote apoptosis. Bax protein is 
present predominantly in the cytosol, and is able to 
release cytochrome C from mitochondria by changes in 
mitochondrial membrane permeability or electric potential 
(Atsushi et al., 2001). Release of cytochrome C leads to 
activation of caspase-9, which then activates caspase-3. 
Caspases are able to activate DNase and are thus required 
for the typical DNA fragmentation found in apoptosis 
(Yasuo et al., 2004). 

With cancer being a fatal disease, there have been 
several efforts to treat cancer using various natural and 
synthetic materials. Due to problems such as undesirable 
side effects of chemotherapeutic agents, their drug 
resistance, complementary and alternative medicine is 
emerging as a possible solution. Epidemiological data 
support the concept that naturally occurring anti-cancer 
agents in the human diet are safe, non-toxic, and have 
long-lasting beneficial effects on human health (Szliszka 
et al., 2011). The positive effect of propolis anticancer 
therapy is seen in its ability to initiate apoptosis in cancer 
cells through both the intrinsic and extrinsic pathway 
(Szliszka et al., 2009). The intrinsic apoptotic pathway 
is mediated by the mitochondria and is mainly controlled 
by the balance and interactions between pro- and anti-
apoptotic members of the Bcl-2 family proteins, which 
regulate the permeability of the mitochondrial membrane 
(Youle and Strasser, 2008). Both Bax and Bcl-2 genes were 
shown to increase in expression profile after treatment 
of the 5637-cell line with Brazilian red propolis (BRP), 
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suggesting that Bax and Bcl-2 may be involved in the 
apoptotic events associated with the cytotoxic effects of 
BRP (Begnini et al., 2014). 

Herein, our study has shown an increase in the p53 
gene mRNA expression after treatment with EEP either 
individually or in combination with DOX. It is well 
known that p53 contributes to apoptosis induction mostly 
by its transcription-dependent effects. However, it has 
been shown that p53 can also induce cell death via direct 
activation of Bcl-2, Bcl-XL, and Bax (Chaabane et al., 
2013). On the other hand, all treatment compounds used 
here at all dose levels except that of DOX+EEP at IC25 
dose, have exerted a marked increase in the Bax gene 
mRNA expression levels. The highest Bax gene expression 
levels were detected in DOX (IC50), EEP+DOX (IC50) 
and EEP (IC25) respectively as compared to the other 
treatment compounds. These data support our speculation 
that Egyptian ethanolic extract of propolis may trigger 
apoptosis or apoptosis-like PCD induction through p53 
and Bax activation. EEP at both doses of IC25 and IC50 
have activated the expression of P53 gene more than all 
other treatment compounds after 24hrs. 

The data of the present investigation agrees with that 
previously detected the effect of the propolis preparation 
(CB propolis) isolated from Brazilian propolis on U937 
human histiocytic lymphoma cells (Aso et al., 2004). 
They found that crude propolis exhibited a dose and 
time-dependent inhibitory effect on the growth, as well 
as synthesis of DNA, RNA, and protein in these cells 
but without obvious antiproliferative effects observed 
during the first 8 h of treatment. In a similar fashion, 
inhibition of synthesis of DNA, RNA, and protein was 
also observed when the U937 cells were incubated 
with different doses of propolis (Aso et al., 2004). The 
authors also demonstrated two very important features 
of apoptosis, namely, chromatin condensation and DNA 
fragmentation, although, they did not assay individual 
caspases to determine their role in the apoptotic process; 
they however suggested that the propolis-induced 
apoptosis was mediated via caspase pathways.

Similar findings have been reported in a different 
leukemia cell line, HL-60. Another Brazilian propolis 
extracted with water or ethanol was found to inhibit 
cell growth which was thought to be as a result of direct 
cytotoxic effect of propolis and induction of granulocytic 
differentiation in the HL-60 cells. Further, to establish 
the role of granulocytic differentiation in induction of 
apoptosis, features such as nuclear condensation and 
fragmentation, as well as DNA ladder formation were 
looked for under fluorescence microscope and were found 
to be present, hence, confirming that the apoptosis was 
partly mediated by granulocytic differentiation of HL-60 
cells (Mishima et al., 2005). These findings were confirmed 
and even further elaborated by the work of Motomura et 
al. (2008), which provided additional information on the 
mechanism of propolis-induced apoptosis by examining 
the expression of antiapoptotic and proapoptotic proteins. 
They demonstrated that incubation of human leukemic 
U937 cells with methanolic extract of propolis resulted 
in decreasing the expression of Bcl-2 (antiapoptotic 
protein) in a dose-dependent manner. On the basis of 

this, they suggested that the apoptotic cell death induced 
by propolis was mediated by mitochondrial mechanism. 
Furthermore, they observed a dose-dependent decrease in 
the concentration of procaspase-3 which suggested that 
there was activation of caspase-3 by propolis. Incubation 
of the U937 cells with 300 and 500 mg propolis was also 
demonstrated to cause cell cycle arrest as evidenced by 
up-regulation of expression of p21 and p27 and down-
regulation of expression of cyclin A, cyclin B, Cdc2, and 
Cdk2, all of which are believed to play a key role in cell 
cycle and apoptosis (Motomura et al., 2008).

In conclusion, the present study has shown the potency 
of EEP on inhibiting prostate cancer cells in vitro. The 
mechanism of action is clearly shown to be through 
antioxidant pathways and through induction of apoptosis 
as indicated by increasing the expression of p53 and the 
proapoptotic gene, Bax.
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