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Abstract
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Background: Doxorubicin (DOX) therapy is the first step in the treatment of several malignancies such as prostate cancer. Drug
resistance is the main drawback of this agent. Royal jelly (R]), used to prevent or cure many diseases, is a substance produced by

Objectives: The aim of this study was to determine the cytotoxic effect of DOX and R] on prostate cancer cells, PC3.

Methods: Cell viability of the three experimental groups (RJ-treated cells, DOX-treated cells and R] followed by DOX-treated cells)
was assessed by 3-(4,5-dimethylthiazoyl-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.

Results: RJ-treatment increased the cytotoxic effect of DOX on PC3 cells. Namely, the effect of low dose of DOX in combination with
R] was approximately similar to that of high dose of DOX without R] combination.

Conclusions: Any natural substances that amplify the cytotoxic effect of DOX and have the potential to save normal cells can be
potentially used as a therapeutic agent which can decrease the side effects of DOX-treatment. R] has shown to play this role in the

1. Background

Prostate neoplasm is one of the most common can-
cers in the world and the second cause of cancer-related
death among American nation (1). Unfortunately, this ma-
lignancy is usually diagnosed at metastatic stage, when
the treatment is very difficult or impossible (2). Endocrine
therapy is the first step of treatment in prostate can-
cer. Chemotherapy is the alternative treatment when hor-
mone therapy is not effective. Metastatic prostate cancer is
highly resistant to treatment with cytotoxic agents (3).

Doxorubicin (DOX) which is frequently used for
prostate cancer treatment is one of the cytotoxic agents.
DOX classified as an anthracycline antibiotic with anti-
neoplastic activity was first extracted from Streptomyces
peucetius var. caesius in the 1970s and is now being
routinely used in the treatment of a large number of
carcinomas and malignancies (4).

DOX affects cancer cells via two mechanisms: by in-
tercalating into DNA and disrupting the topoisomerase-II-
mediated DNA repair or generation of free radicals, and

by damaging the cellular membranes, DNA and proteins.
These two mechanisms are well-known pathways of DOX
action. Although DOX is a valuable clinical antineoplas-
tic agent, its application is limited since the neoplastic
cells/tissues quickly become resistant to it (5,6). Therefore,
finding a suitable alternative for DOX is highly necessary.

It has been proposed that Royal Jelly (R]) has benef-
ical effects on treatment of some malignancies such as
leukemia, breast cancer and prostatic neoplasm (7,8). RJ is
secreted from the glands on top of the young nurse bees’
heads. It contains significant amounts of proteins and
minerals which are important for cell growth and prolif-
eration (9,10). RJ has a complex composition of proteins,
amino acids, fatty acids (mostly 10-hydroxy-2-decanoic
acid), sterols, phenols, sugars, minerals and other com-
ponents (11,12). The three unique and major components
(10- hydroxy-2-decenoic, 3,10 dihydroxydecanoic and se-
bacic acids) of R] are responsible for its role in modulat-
ing the function of estrogen receptor, both in vitro and in
vivo (13,14). Some studies have reported that honey with
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RJ clearly affects the renovation of the ovary, enhances
the hormonal balance and prevents the hormonal disor-
ders (15). Furthermore, it has been illustrated that R] ef-
fectively improves the peripheral blood mononuclear cells
(PBMCs) proliferation, while it is cytotoxic for K562 cell
line in leukemia (16). Moreover, it has been reported that
R] is able to act as antiproliferate agent on breast cancer
cells MCF7 that are stimulated to proliferate by bisphenol A
(BPA) (10). It has also been suggested in 2013 that the treat-
ment of PC3 cell line with various concentrations of GE132 +
Natural extract (consisting Reishi mushroom, R], Resvera-
trol, Lycopene and Sulforaphane) effectively inhibited pro-
liferation of this cell line (13).

The aim of this study was to determine the effect of si-
multaneous treatment of PC3 cell line with DOX and R] on
cell viability and to investigate whether this natural sub-
stance is able to increase the cytotoxic effect of DOX on PC3
cell line.

2. Methods

This basic-applied study was an in vitro study which was
conducted on cell lines. The study started in January and
finalized in April 2017. The ethical committee of Shahid Be-
heshti University of Medical Sciences approved the study
(ethical number: Ir.sbmu.ram.rec.1394.376).

2.1. Reagents

Ten milligrams doxorubicin hydrochloride (DOX.HCI)
powder (purchased from Sigma Aldrich, D1515) was dis-
solved in 1 mL of sterile distilled water (S.G.CO 5 mlL-Iran-
Tabriz). Crude R] was purchased from bee keepers of Iran,
Mazandaran. Ten grams of R] was dissolved in phosphate
buffered saline (PBS) (final volume: 10 mL) to make 1000
mg/mL stock concentration. This mixture was then cen-
trifuged at10000 revolutions per minute (RPM) for 30 min-
utes. The supernatant was passed through a 0.2 micron sy-
ringe filters and was then stored in 2 mL Eppendorf tube at
20°C until being used for experiments.

2.2. Cell Culture

PC3 cells were provided by the Pasture Institute
(Tehran, Iran) and cultured in Roswell Park Memorial
Institute (RPMI) 1640 culture medium (Biowest L0500
- 1000) containing 15% fetal bovine serum (FBS) (Biow-
est L1820 - 100) and penicillin-streptomycin 1% (Sigma
P4333 - 100 mL). The cells were maintained at 37°C in
a humidified incubator (New Brunswick, Eppendorf
company-Galaxy170R) supplemented with 5% carbon
dioxide (CO,). 100% of confluent cells were collected and
seeded at a density of 10,000 cells in 96-well plates.

The PC3 cells were plated in three different 96-well
platesin triplicate. The culture medium was removed after
24 hours before starting the intervention. The cells in the
first group were incubated with various concentrations of
DOX (100, 10, 1, 0.1, 0.01 ug/mL) for 48 hours, which were
diluted in culture medium, prior to measuring the cell via-
bility. PC3 cells in the second group were treated with serial
concentrations of RJ (100, 50, 25,12.5, 6.25,3.125 mg/mL) for
72 hours in order to evaluate the cytotoxic effect of R]. PC3
cells in the third group were pre-treated with the above-
mentioned concentrations of R for 24 hours prior to being
treated with various concentrations of DOX for 48 hours,
before measuring the cell viability. Cell viability was mea-
sured using MTT assay by adding 50 pL of MTT solution
(5.0 mg/mL) to each well and 4 hours incubation of the
plates. The supernatants were carefully aspirated and 150
uL of dimethyl sulfoxide (DMSO) (Sigma D4540 - 100 mL)
was added to each well to dissolve the formazan crystals re-
sulted from metabolism of living cells. The absorbance was
measured by an ELISA reader (Rayto RT-2100C microplate
reader) at 570 nm as the main wavelength and at 630 nm
as the secondary wavelength (9).

2.3. Statistical Analysis

The collected data were analyzed using SPSS21 One-way
ANOVA with LSD post-hoc test was used to compare the dif-
ferences in the effect of the various concentrations of R]
and DOX. P < 0.05 was considered significant.

3. Results

The results of MTT assay have shown that the cytotoxic
effect of RJ is both time-and concentration-dependent (Fig-
ure 1). As illustrated in Figure 1, hours incubation of PC3
with 100 mg/mL R] induced the best cytotoxic effect. Based
on the data presented in Figure 1and Table 1, the IC50 value
of RJ on PC3 was 50 mg/mL (after 72 hours). Differences in
viability of PC3 cells treated with various concentrations of
R] in three time intervals are illustrated in Table 1. RJ did
not affect the viability of PC3 at 25, 12.5 and 3.125 mg/mL af-
ter 24 and 48 hours of incubation. On the contrary, higher
concentrations of R] (50 and 100 mg/mL) were able to in-
duce cytotoxic effect on prostate cancer cell line that was
used in this study.

As represented in Figure 2, the best cytotoxic effect of
DOX on PC3 cells was observed at 10 pug/mL after 48 hours of
incubation. Calculation of IC50 revealed that 0.1 ug/mL of
DOX was able to induce cytotoxic effect in 50% of PC3 cells.

Asshownin Table 2 and Figure 3, in another experimen-
tal procedure, PC3 cells were treated with various concen-
trations of R] for 24 hours prior to DOX treatment. The re-
sults of the present study revealed that the pre-treatment
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Figure 1. The cytotoxic effect of R] on PC3 cells. The cytotoxic effect of R] was dose-dependent after 72 hours of incubation. The results of MTT assay showed 50% cell viability
reduction after 72 hours of incubation with 50 mg/mL of R]. Data are expressed as mean = SD.

Table 1. Comparison of Cell Viability of PC3 Cells Exposed to Various Concentrations of RJ*

RJ Concentration, mg/mL Viability, %, h PValue
24 48 72
100 40 £5.0 30+18 20+25 < 0.001
50 90 £ 8.9 105 £ 10 50 + 4.0 < 0.001
25 150+1 80+ 7.2 30£35 < 0.001
12.5 10+ 95 90 5.4 15424 < 0.001
6.25 130 10 95+ 6.6 6+1 < 0.001
3.125 70 £73 70 +3.4 20 +3.6 < 0.001

?Data are expressed as mean = SD.

of PC3 cells with R] led to a reduction in the concentration
of the effective dose of DOX used to destroy these neoplasm
cells. Therefore, various concentrations of R], especially at
100 mg/mL, can improve the cytotoxic effect of DOX.

4. Discussion

Chemotherapy is widely used for cancer treatment;
however, the side effects of chemotherapy agents, the dam-
ages induced by them to the normal cells and tumor cells
resistance to these agents are the major limitations of this
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treatment method. Therefore, finding more effective sub-
stances is required to overcome these limitations.

The aim of the current study was to determine the si-
multaneous effect of RJ, as a natural substance, and DOX
on viability of the PC3 cells. Furthermore, the capability of
RJ to increase the cytotoxic effect of DOX on this cell line
was investigated in the present study. The results of this
study demonstrated that the cytotoxic effects of R] were
both dose- and time-dependent. Moreover, the best cyto-
toxic effect of RJ on PC3 cells was detected at the concentra-
tion of 100 mg/mL after 72 hours of incubation. In addition,
it was found that the best cytotoxic effect of DOX was in-
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Figure 2. The cytotoxic effect of DOX on PC3 cells. The cytotoxic effect of DOX on PC3 cells was evaluated in three times interval using MTT assay. Data are expressed as mean

=+ SD.
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Figure 3. Pre-treatment of PC3 cells with R], prior to treatment with DOX. Results indicated that pre-treatment of PC3 cells with R] led to a reduction in the concentration of
the effective dose of DOX used to destroy these neoplasm cells. Data are expressed as mean = SD.

duced at the concentration of 10 ;4g/mL. Furthermore, pre-

treatment of PC3 cells with various concentrations of RJ en-
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Table 2. Comparing the Effect of Various Concentrations of DOX and DOX in Combination with RJ on Viability of PC3 Cells*

DOX RJ Conc.,%, mg/mL
Dose,
pg/mL
0 100 50 25 12.5 6.25 3.125
Viability P Viability P Viability P Viability P Viability P Viability P Viability P
Value Value Value Value Value Value Value
100 35 4+15 < 10 + < 8+1 < 20+ < 25+ < 18+ <
0.001 1.6 0.001 0.001 5.1 0.001 2.0 0.001 1.0 0.001
10 40 10 1 < 10 +1 < 8+1 < 6+1 < 4+ < 841 <
0.001 0.001 0.001 0.001 0.5 0.001 0.001
1 60 12+ < 46+ < 33+ < 34+ < 25+ < 14+11 <
2.7 0.001 15 0.005 4.4 0.001 4.0 0.001 8.0 0.001 0.001
0.1 81 22+ < 52+ < 56 & < 31+ < 28+ < 17+ <
4.9 0.001 33 0.001 7.5 0.001 6.5 0.001 2.9 0.001 3.0 0.001
0.01 75 21+ < 69 + < 0.05 80+ < 0.05 54 + < 37+15 < 30+ <
4.7 0.001 16 21 6.3 0.001 0.001 7.5 0.001

?Comparison between the groups was performed using ANOVA, LSD as post-hoc test. Data are expressed as mean = SD.

hanced the cytotoxic effects of DOX at lower doses.

Previous studies have evaluated the anti-
environmental estrogen activity of RJ. It has been sug-
gested that R] inhibits the growth-promoting effect of
Bisphenol A (BPA), as an environmental estrogen, on MCF7
cells and concluded that RJ can disturb the estrogen-
induced cells proliferation signals (10).

Another study in 2013, investigated the anti-
proliferative activity of GE132 + Natural (which consists of
Reishi mushroom, Royal jelly, Resveratrol, Lycopene and
Sulforaphane) in some cell lines, including MCF7, SW480
(colon cancer cells), PC3 and EA.hy 926 (normal human
endothelial cell line). It was found that GE132 + Natural
acts as an anti-proliferative agent on cancer cell lines in
a dose-dependent manner; however, it does not induce
the same effect on the primary mesenchymal stem cells.
Based on the findings of the present study, combination
of RJ with the above-mentioned material can be used to
prevent the cancer cells division (13).

In a study, the anti-mutagenic effect of RJ on DOX cyto-
toxicity was investigated and the rats were pre-treated with
R] for ten days. It was shown that this pre-treatment was ef-
fective against mutagenic properties of DOX (17).

According to the findings of the present study as well as
the previous studies, it seems that R can be used as a cyto-
toxic agent for cancer treatment. It has been reported that
10-hydroxy-decenoic acid is one of the major organic acids
in R] composition (11,18). It seems that the anti-tumor ac-
tivity of whole R] is attributed to this organic acid (14,18).
In 2010, in another study, three organic acids were isolated
from this natural substance i.e. 10-hydroxy-2decenoic-
10H2DA3,10-dihydroxydecanoic-3,J0DDA and sebacic acid
(14). Moreover, in the above study, the effects of these or-
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ganic acids were evaluated on viability of cancer cell lines
and it was found that although these medium chain fatty
acids were not structurally similar to estrogen, they could
block or down-regulate cells proliferation signals via mod-
ulation of ERa, ERB and their co-activators to the target
genes (19).

According to the results of this study, the best effec-
tiveness was detected when R] at the concentration of 100
mg/mL was administered along with DOX at a concentra-
tion of 10 pug/mL. One of the major limitations of clini-
cal administration of DOX administration is its dangerous
side effects on human cells as well as neoplastic cell resis-
tance. The results of the present study have demonstrated
that the combination of R] and DOX can be considered as
a novel approach in order to administer lower concentra-
tions of DOX, which may help to reduce or prevent the side
effects of DOX on human cells. However, further clinical
studies are required to clarify the exact efficiency of com-
bination of this natural substance and DOX.

4.1. Conclusion

The aim of the current study was to compare the pro-
static cell lines survival during the exposure to DOX and R]
alone, and their simultaneous effect on the survival rate.
Results showed that the simultaneous treatment of PC3
cells with RJ and DOX could improve the cytotoxic effects
of DOX. These results indicate the possibility of clinical ad-
ministration of lower doses of DOX along with R] instead
of higher doses of DOX. This may allow physicians to re-
duce the dose and ultimately the side effects of DOX and
improve the process of remedy.
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