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ABSTRACT. Royal jelly is natural bee product, traditionallged in medicine for
antitumor, anti-inflammatory, antioxidant, antib@mand many other beneficial properties.
The aim of this study was to determine biologicHieds of royal jelly samples
originating from Serbia on normal human fibrobldstRC-5) and colorectal cancer
(HCT-116 and SW-480) cells. MTT cell viability agsaas used to determine cytotoxic
activity, and NBT test was used for determinatioh superoxide anion radical
concentration. Parameters of cell energy statue wetermined using LDH and ATP
colorimetric methods. Relative expression of mRNAapoptosis and biotransformation
genes was monitored by qPCR method. Royal jellecidd cell viability, caused
oxidative stress appearance and elevated paranoétengrgy status in cancer cell lines.
The relative expression of genes whose proteinsireleded in biotransformation of
xenobiotics were changed with notable suppressibnC¥P1Al while increased
expression of apoptosis genes was noted in testelihes. Royal jelly demonstrated cell
selective effect and could be prospective in antieatherapy.
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INTRODUCTION

Colorectal cancer is major public health problend @mong the most commonly
diagnosed type of cancer around the world, countinge than a million cases detected on an
annual basis (NsRALLAH and E-SiBAI, 2014). Apoptosis is programmed cell death, an
essential genetically controlled process, whiclulags tissue homeostasis and elimination of
genetically damaged cells. Tumor progression ialtes successful avoidance of apoptosis,
where altered expression of genes included in apioppathway contribute to inhibition of
cell death and enhance cell proliferation. Bcl-@tpin family is responsible for regulation of
apoptosis, consisting of pro- and anti-apoptotiatgins and therefore has been targeted for
antitumor therapy (BiG et al, 2016). This process is depended on energndBE, 2007).
Modified energy status in cancer cells is charamterby elevated rate of aerobic glycolysis.
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Enzyme lactate dehydrogenase (LDH) catalyzes csiorenf pyruvate to lactate, final step
in anaerobic glycolysis, enabling generation ofisigiht amount of energy (ATP molecules),
required for increased proliferation of cancersedls well as apoptotic processeaLYONA

et al, 2016). Reactive oxygen species (ROS), such gersxide anion, are generated during
metabolic processes in cells. Mild ROS levels h&igaificant impact on many cell processes
including cell proliferation, activation of spedifistress-induced signaling pathways, while
accumulation of ROS can induce apoptotic pathwag @nd Kang, 2013; KAMOGASHIRA et
al., 2015; RAGEs et al, 2015). Elevated ROS generation can also dependemes and
proteins included in biotransformation of xenolisti(HRYCAY and BANDIERA, 2015).
Mechanism of biotransformation of most drugs usedriticancer therapy depends on variety
of enzymes expressed in cancer cells, such as hopioe P450 (CYP family) 1A1,
glutathione S-transferase P1 (GSTP1), multidrugstesce protein 2 (MRP-2). Genes that
encode those proteins could be targeted in anicgherapy (AMASI et al, 2011; ®DANI et
al., 2012).

Considering the fact that cancer is multifactodedease, dietary habits and nutrition
quality are factors of significant influence in amctal cancerogenesis AR et al, 2009).
Currently, major attention has been focused onrabpproducts as part of daily diet intake,
with a positive influence on reducing the risk ahcer (KARADENIZ et al, 2011; MBAS et
al., 2014). Many studies have recently been orietd@card pharmacological properties of
bee products, which are well known both in tradiiband modern medicine AMAJIMA et
al., 2009; RsupuLETIet al, 2017).

Royal jelly (RJ) is one of the most attractive matuproducts, secreted by the
hypopharyngeal and mandibular glands of worker fibees Apis melliferalL.). It is a milky
white secretion with a sharp smell and fruity taste essential food for both the queen bee
and her larvae (&uki et al, 2008 RAMADAN and A.-GHAMDI, 2012; $IIRZAD et al, 2013).
Composition of RJ includes many important compousdsh as proteins, lipids, essential
amino acids, minerals, vitamins, sugars, nucleidsaenzymes, hormones, phenolsZ &I
et al, 2008 KARADENIZ et al, 2011; RSoLKC, 2013). Due to its complex composition, RJ has
demonstrated various pharmacological activitiesit@mor, anti-inflammatory, antioxidant,
antibiotic, immunomodulatory, hypotensive, antinygmlesterolemic, hypoglycemic, anti-
allergic, antiaging, hepatoprotective, and manyepo{lizuTaA et al, 2009; RRVEL et al, 2011,
SUGIYAMA et al, 2012; $paBPHOLand SJPABPHOL, 2013; MoFID et al., 2016).

According to our knowledge, no dategarding the effect of royal jelly originating
from Serbia on ROS concentration, energy statustive expression of apoptosis and
biotransformation genes in cancer cell lines idlalke in the literature. The aim of this study
was to characterize the biological activity of RJnormal human fibroblast (MRC-5) and
colorectal cancer (HCT-116 and SW-480) cells.

MATERIALS AND METHODS

Chemicals

Dulbecco's Modified Eagle Medium (DMEM) and PhodpghBuffered Saline (PBS)
were obtained from GIPCO, Invitrogen, USA. Fetavide Serum (FBS) and Trypsin EDTA
was obtained from PAA (The Cell Culture Companysdbing, Austria). Dimethyl Sulfoxide
(DMSO), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyttazolium bromide (MTT), Nitro Blue
tetrazolium (NBT), Ethidium bromide (EB), PMS (N-thglphenazonium methyl sulfate),
INT (2-p-iodophenyl-3-p-nitrophenyl-5-phenyl tetadizim chloride), NAD (nicotinamide
adenine dinucleotide) and chloroform were purchaseth SERVA, Germany. Acridine
Orange (AO) was obtained from Acros organics, USAP assay kit and Triton X-100 were
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purchased from Sigma Aldrich, USA. TRIzol and malec biology grade water were
obtained from Ambion, USA. High-Capacity cDNA Reser Transcription Kit Applied
Biosystems were obtained from Termo Fisher ScientdSA. SensiFAST SYBR Lo-ROX
kit was from Bioline, UK. Primers used for relatie@pression of genes were from Eurofins
Genomics, Ebersberg. All other used solvents aethatals were of analytical grade.

Royal jelly preparation

Native RJ sample (originated frompis melliferal.) was produced by bee culture
located in Velika Plana, Podunavlje District of @ahSerbia, and collected in the spring of
2017. Fresh RJ was stored at -20until used. Prior to the analysis, RJ was défesnd
dissolved in PBS, and then diluted with the cultaredium. The stock solution (1 mg/ml)
was sterilized by filtropur S 0.2 for sterile fdtion and diluted by medium to various working
concentrations.

Cell preparation and culturing

Normal lung fibroblasts MRC-5 and colorectal cancell lines HCT-116 and SW-
480 (obtained from American Type Culture Collecjiowere maintained in DMEM
supplemented with 10% FBS, 100 units/ml penicilimd 100ug/ml streptomycin. Cells were
cultured in humidified atmosphere with 5% €4 37 °C, grown in 75 cfrcell culture flask
until cell confluence at 70 to 80%. After a few gages, cells were seeded for different
assays.

Cdll viability assay (MTT assay)

Cytotoxic effects of RJ were determined by MTT gs¢mossmaNn, 1983) and
previously described in detaiC(¢RrcIC et al, 2012). MRC-5, HCT-116 and SW-480 cells
were treated with various concentrations of R1Q1,50, 100, 250 and 5Q@/ml) for 24 and
72 h of initial treatment.

Fluorescence microscope analysis of cell death

For the analysis of cell death, microscopic fluoezg assay Acridine orange/ethidium
bromide (AO/EB) double staining was used$RIC et al, 2006) and previously described in
detail (CurCIC et al, 2012). MRC-5, HCT-116 and SW-480 cells were sdeid a 96-well
plate (10 cells per well) and after 24 h were treated witB iDof RJ (250ug/ml) for 24 and
72 h.

Determination of Superoxide Anion Radical (NBT assay)

The concentration of superoxide anion radical>JOwas determined by
spectrophotometric method @&LAIR and \oISIN, 1985), previously described in detail
(Z121¢ et al, 2013). Cells were seeded in 96-well plate! (Blls per well) and treated with RJ
(10, 100 and 25Qg/ml) for 24 h.

Evaluation of energy status parameters
Determination of lactate dehydrogenase concentration (LDH assay)

The glycolysis intensity and cell damage were detkby spectrophotometric method
- LDH assay (@AN et al, 2013). Lactate dehydrogenase (LDH) is stablaeldel enzyme
present in almost all living cells. The principletbis colorimetric assay is based on activity
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of LDH, as glycolytic oxidoreductase, which catagzconversion of lactate to pyruvate and
produces nicotinamide adenine dinucleotide (NADBipphorase (PMS) is enzyme, which
uses NADH to catalyze reduction of tetrazolium g#MT) into colored formazan. The
consumption of NADH is proportional to LDH activignd can be spectrophotometrically
measured. Red formazan absorbs light at 490 nmcédration of LDH was observed both
in medium and in lysate.

MRC-5, HCT-116 and SW-480 cells were seeded in b-plate at a density of 1 x
10° cells per well in 1 ml media. Cells were treatethwli ml of RJ (100 and 25&y/ml), for
24 and 48 h. The untreated cells served as aatoMedium without cells was transferred
from 6-well plate and centrifuged for 15 min at 02@m at 4 °C. After that, 400l of 9%
Triton X-100 was added to lyse the cells in thaslysells and mixed thoroughly using a
pipette to make sure all cell membranes have dedrdd/sate was then centrifuged for 5 min
at 1200 rpm at 4 °C. The supernatants (f0of both media and lysates were harvested and
transferred to a 96-well plate. Prior to the asxy L DH assay buffer (INT, PMS, NAD,
lactic acid, pH 8.0) was made and 10®@f assay buffer was added to each of the assig.we
The assay plate was incubated for 30 min at roonpéeature in the dark. Absorbance was
measured at 490 nm on Microplate Reader (ELISA RJOLZ).

Measurement of adenosine triphosphate concentration (ATP assay)

Measurement of intracellular ATP level was perfodmesing colorimetric assay kit
(Abcam, USA). Method is based on glycerol phospladign resulting in red colored reaction
(CHEN et al, 2011). MRC-5, HCT-116 and SW-480 cells were sdeth T-25 cnt cell
culture flask (18cellsper flask) and after 24 h of incubation were trdatéth 5 ml of RJ
(100 and 25@g/ml) for 24 and 48 h. The untreated cells senged aontrol. After incubation
with treatment, supernatant was rejected, and eedl® lysed in 20Qu of lysis buffer and
mixed thoroughly using a pipette to make sure @lll membranes have degraded. Lysate was
centrifuged for 2 min at 13000 rpm at 4 °C. 8®f supernatant was added to a new 96-well
plate and followed by the addition of 0 of the Reaction Mix to each well with samples
(work was performed on ice). After the incubatioaeripd in dark for 30 min at room
temperature, the absorbance was measured at 51G&ing Microplate Reader (ELISA RT-
2100C). Concentration of ATRuhol/ug) was calculated as:

T
ATP concentration = (S_f:) ¥ D

Ts = amount of ATP in sample well calculated frotanslard curve generated at the
same time

Sv = sample volume added in the sample wells

D = sample dilution factor

Apoptotic and biotransformation genes expression
| solation of RNA from cultured cells

RNA was isolated from normdébroblastand colorectal cancer cells using protocol of
CHoMCZYNsKI and S\ccHI (1987). T-25 cracell culture flasks were used to seed cells, @and a
confluency over 90% of cells were treated with RX@ncentration 10Qug/ml, while the
untreated cells served as control. After 24 h afatiment, cells were tripsinized and
centrifuged at 1200 rpm for 10 min. Cells were sg@inded in TRIzol at concentration of 10
celldml of TRIzol. 200ul of chloroform was added to each sample, and dfeseconds of
mixing, samples were left for incubation 2-3 mir@m temperature. After centrifugation of
samples for 15 min/12000 rpm at 4 °C three visjillases were observed. The supernatant
(containing RNA) was transferred to a new microtui@0 ul of isopropanol was added and
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RNA precipitated for 10 min at room temperaturemgkes were centrifuged 10 min/12000
rom at 4 °C. Supernatant was removed and remairgsiglue washed with 1 ml of 80%
ethanol. After centrifuge (5 min/7500 rpm/4 °C) sugatant was removed and ethanol was
left for air drying 2-3 min. RNA residue was resesged in 2Qul molecular biology grade
water, and then incubated at 55 °C at thermoblack2t3 min. RNA concentration was
measured in every sample using biophotometer (EfpéBioPhotometer Plus). Indicator of
RNA purity was considered relation between absaréam the range of 1.8 up to 2.0.
Samples were aliquoted and preserved at -80 °Cfurttier use.

Reverse transcription (RT-PCR)

Translation of mMRNA into a complementary DNA (cDNAJas performed using
reverse transcriptase enzymeu&iN, 2000). Commercially available kit High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystenvgas applied, consisting of 2 pl 10x
Buffer RT, 2 pl dNTP (concentration 5 mM), 2 plgaidT primers, 11l molecular biology
grade water, Jul Reverse Transcriptas&énsiscript Reverse Transcriptas2 pl of RNA
sample (concentration 1 pg/pl) was added to Madter Eppendorf Mastercycler-PCR was
programed and adapted according to manufacturestsuctions. The resulting cDNA was
stored at -80 °C until further use.

Quantitative polymerase chain reaction (QPCR)

Resulting cDNA was used to evaluate relative gexgression (ZAl et al, 2005),
applying commercially available kit (sensiFAST SYBRO-Rox kit, Bioline). Kit
components were vortexed before use and reactiaturaiwas made for each target gene
separately adding forward/reverse primer mix (QL.5orward primer and 0.%l Reverse
primer, concentration 10M) 10 ul gPCR Master Mix. Reaction mixture was poured iato
PCR assay plate andi2of cDNA sample was added anduAvater molecular biology grade.
Each gPCR cycle started with polymerase activagiep (95 °C/2 min), which was followed
by 40 cycles repeating, each of them consistinthiefe steps: 1) denaturation of DNA at 95
°C/5 sec; 2) primer hybridization (annealing) at°@J10 sec; 3) extension at 72 °C/20 sec.
After amplification was done, the result evaluatimas made using Applied Biosystems
7500/7500 Real-Time PCR softwafeactin gene was selected as internal control gene fo
the experiment (SHIMITTGEN and LivAk, 2008). Calculation of relative gene expression in
examined cells was performed by using followingrala:

z_ﬂﬂCT = .ﬂETi - dCTz

ACt1 = difference between CT values of examined gersample and CT values pf
actin in the sample;

ACrt2 = difference between CT values of examined gereomtrol cells and CT values
of B-actin in control cells.

Forward and Reverse primer sequences used in exgres were:

Genes Forward sequence Reverse sequence
p-actin 5-AAGCAGGAGTATGACGAGTC(-3’ 5-GCCTTCATACATCTCAAGTT(3’
BAX 5’-GGACGAACTGGACAGTAACATG3 5'-GCAAAGTAGAAAAGGGCGACA:3
BCL-2 5'-CTACGAGTGGGATGCGGGAGA-3’ 5'-GGTTCAGGTACTCAGTCATCCAC--3
CYP1A1 5'-GCCCACAGCCCAGATAGC3’ 5-GGTCTGGCCAGGTCTAGG(-3'
GSTP1 5-TCAAAGCCTCCTGCCTATA-3 5-AGGTGACGCAGGATGGTAI-3

MRP-2 5-ATACCAATCCAAGCCTCTAZ 5'-GAATTGTCACCCTGTAAGLZ
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Statistical analysis

The data are expressed as mean + standard errpr $&ffistical significance was
determined using the Student's t-test or the oneAROVA test for multiple comparisons. A
p value < 0.05 was considered significant. The riada of correlation between variables
was done using a SPSS (Chicago, IL) statisticalwsoé package (SPSS for Windows,
ver.17, 2008). The I values were calculated from the dose curves byngpater program
(CalcuSyn).

The results for NBT, LDH and ATP assays were preskem relation to the number of
viable cells on the basis data given in MTT test.

RESULTS

Cytotoxic effects

Evaluation of RJ effects on MRC-5, HCT-116 and S80-4cell viability was
determined by MTT assay. Based on the resultshBded no significant cytotoxic effect on
all tested cell lines. Increased cell viabilityeigdent after 24 h of treatment, and proliferative
effect induced by RJ in lower concentrations intltee tested cell lines (Fig. 1). Higher RJ
concentrations induced decrease in cell viabittgli tested cell lines, but in cancer cells their
recovery is noticeable. Slight cytotoxic effectRd was evident in tested cancer cell lines at
250 ug/ml concentration. Cancer cells exerted slighighkr sensitivity to the treatment than
normalfibroblastcells.

The effect of RJ was expressed byd@alues (inhibitory dose that inhibit cell growth
by 50%), used as a parameter for cytotoxicity, imgher thar600 pg/ml. Considering weak
antiproliferative effects, 165 valuesare higher than the highest applied RJ concentraial
could not be calculated. Per these criteria, R¥vedmo cytotoxic effect on investigated cell
lines.
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Figure 1. Effects of RJ on MRC-5, HCT-116 and SV@-48ll viability.

Results are presented as means + SE of 3 indepesmriments.
*statistically significant difference (p<0.05) coamed to control.

Fluorescence microscope analysis of cell death

In order to determine whether the inhibition ofl gegbliferation by RJ was due to the
induction of apoptosis, AO/EB staining was perfodn€ells were treated with RJ (250
ug/ml, concentration that induced slight cytotoxifeet in all tested cell lines) for 24 and 72
h, while untreated cells served as control. Taljeekents the percentage of viable cells, cells
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in early apoptosis, late apoptosis and necrosis MREICT-116 and SW-480 cells after
examined treatment. The RJ treatment did not caigedicant visible morphological changes
in investigated cell lines. RJ treatment mainlyuoed slight apoptosis (predominantly early
apoptosis), while late apoptotic cells were absand, low percentages of necrotic cells were
observed. Generally, percentage of apoptosis (maimily apoptosis) and necrosis was very
low after applied treatment. Apoptosis occurreatamtrol cells 72 h after RJ treatment was
due to proliferation, outgrowing of cells and laafknutrients, thus cell death.

Table 1. Effect of RJ on apoptosis in MRC-5, HCTe Hhd SW-480 cells, stained with AO/EB.

Viable cells Early apoptotic Late apoptotic  Necrosis cells

2 (%) cells (%) cells (%) (%)

MRC-5

Contro 100.000.0 / / /
Treatmer 98.55+0.14 1.46+0.14 " / /
HCT-11¢€

Contro 99.06+0.2' 0.94+0.29° / /
Treatmer 97.70+0.17 2.02+0.19 / 0.29+0.02°
SW-48(

Contro  98.65%0.24 0.90+0.06 0.30+0.02° /
Treatmer 97.47+0.1(* 2.25+0.12" / 0.28+0.02

72 h

MRC-5

Contro  98.43%0.16 1.15+0.30 / 0.43+0.14 -
Treatmer 97.64+0.22 2.06+0.23" / 0.30+0.01
HCT-11¢€

Contro 96.67+1.14 3.05+1.14- / 0.29+0.02
Treatmer 96.57+0.94 2.88+0.63" / 0.5640.31 *
SW-48(

Contro  97.97+0.02 1.59+0.13" / 0.44+0.15¢
Treatmer 97.54+0.32 1.89+0.06° / 0.57+0.26°

Results are presented as means + SE of 3 indepesmriments.
*statistically significant difference (p<0.05) coamed to control

Concentration of Superoxide Anion Radical (O27)

Assessment of RJ effects on"©@oncentration in MRC-5, HCT-116 and SW-480 cells
was determined by NBT assay and results are pexsa@mtFigure 2. Concentration ob0n
MRC-5 cells was lower compared to control cells, iR4f treatment, but increase ot O
production was detected after 48 and 72 h of treatmRJ treatment generally increased
concentration of & in tested cancer lines. Dose dependent increasgiproduction in
HCT-116 cell line was observed after 24 and 48 tredtment, while the highest statistically
significant increase of £©concentration was noticeable 72 h after treatn®&W-480 cell line
expressed slight increase in @oncentration at RJ concentration of dgml, compared to
control, while the highest increase was expressedraentration 25Qg/ml. Cancer cell line
exhibited more evident sensitivity to the treatmesgarding changes in-Oconcentrations
compared to normdibroblastcells.
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Figure 2. Effects of RJ onXOconcentration (nmol/ml in relation to number dcdiblie cells) in MRC-5,
HCT-116 and SW-480 cell lines Results are presessadeans + SE of 3 independent experiments.
*statistically significant difference (p<0.05) coamed to control.

Evaluation of energy status parameters
L actate dehydrogenase concentration

The basal LDH concentration in medium as well isalg was similar both in normal
fibroblastand cancer cells (Figs. 3 and 4) indicating eqat& of glycolysis.

RJ decreased LDH level in medium of MRC-5 cellgemltoth 24 and 48 h, while this
parameter changed in cancer cells. Namely, LDH eotmation slightly increased in HCT-
116 cells in dose-dependent manner after 24 and dBtreatment, which suggests to the
eventual necrosis of cells. In SW-480 cells incegasDH level was expressed at RJ
concentration 25Qg/ml after 24 h. Our results showed weaker chaimgeBH concentration
in medium after 48 h of treatment (Fig. 3).
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LDH concentration in lysate of MRC-5 cells remainstmilar to the basal
concentration. In cancer cells, increase of LDHelewvas significant and more pronounced
after 24 h of treatment (Fig. 4). Cell selectivaly RJ treatment was prominent, apparently,
HCT-116 cells exerted higher sensitivity to treatinghan MRC-5 and SW-480 cells.
Significant increase of this parameter in lysatearicer cells, compared to nornfidroblast
cells, indicate higher glycolysis intensity.
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Figure 3. Effects of RJ on LDH concentration (O48n in relation to number of viable cells)
in medium of MRC-5, HCT-116 and SW-480 cell lines.
Results are expressed as means + SE for 3 indaptetheterminations. *statistically
significant difference (p<0.05) compared to control
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Figure 4. Effects of RJ on LDH concentration (O48n in relation to number of viable cells)
in lysate of MRC-5, HCT-116 and SW-480 cell lines.
Results are expressed as means + SE for 3 indeptesteterminations. *statistically significant
difference (p<0.05) compared to control.

The adenosine triphosphate concentration

ATP concentration was measured in norfiiabblastMRC-5 and HCT-116 and SW-
480 cancer cell lines by performing ATP colorimetaissay. In MRC-5 cells increase of this
parameter was obvious after 24 h of treatment at@atration of 10Qug/ml of RJ, while at
higher concentration the ATP level was decreasef 8. RJ induced decrease of ATP levels
in MRC-5 cells at both applied concentrations (Bd@ 250ug/ml) after 48 h of treatment.
After both treatment incubation periods, ATP coricaion was significantly increased in



186

cancer cell lines, indicating cell selective effetRJ treatment. After 24 h of treatment,
increase of ATP concentrations in cancer cells pr@sninent in dose-dependent manner,
compared to the control. Increase of ATP levelscelldose-dependent manner was evident in
HCT-116 after 48 h of treatment, while in SW-48U0<®wer RJ concentration (1Qdy/ml)
induced increase in ATP, while the higher RJ cotre¢ion (250ug/ml) induced decrease of
ATP level (Fig. 5).
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Figure 5. Effects of RJ on ATP concentration (npaglih relation to number of viable cells)
in MRC-5, HCT-116 and SW-480 cell lines.
Results are expressed as means = SE for 2 indaptetheterminations. *statistically significant
difference (p<0.05) compared to control.



187

Relative gene expression

The expression of genes whose protein products wetaded in apoptosisBAX,
BCL-2) and biotransformation of xenobioticSYP1Al, GSTP1, MRP-2vere monitored by
gPCR method. The relative expression of target g@rses calculated in relation pfactin as
housekeeping gene (endogenous control). Resultemiex as relative expression of target
genes in treated cells in relation of control (aated) cells (1) showed changes in genes
expression in all tested cell lines after RJ treath{Fig. 6). RJ treatment affected expression
of apoptotic genes in all tested cell lines by @asingBAX and BCL-2 RJ showed cell
selective effect in this case, namely, more progedn higher expression was observed in
normal fibroblastthan in cancer cells. Inhibition @@YP1Algene expression is evident in
normal as well as in cancer cells. RJ increasedesgpn 0ilGSTP1gene in MRC-5 and SW-
480, while the opposite effect was observed in HQ®-cells. The increase MRP-2 gene
was evident in all tested cell lines after RJ tresit.

Relative gene expression
B BAY BCL-:2
CTFI4Al wGSTFI
Sk m \RP-2
2 -
15 -
1 H
I I
G o
MRC-3 HCT-116 SW-480
Royal jelly (100 pg/ml)

Figure 6. Effects of RJ on relative expressioBAKX BCL-2,CYP1Al, GSTPMRP-2genes
in MRC-5, HCT-116 and SW-480 cell lines.

DISCUSSION

The effects of RJ on cell proliferation have beesvusly reported, but there are no
studies on HCT-116 and SW-480 cancer cells. Inntestidies performed byifriC et al.
(2015) the relatively low antiproliferative actiyibf RJ on CaCo2 colorectal adenocarcinoma
cells, was noticed. Antiproliferative effect of Rvas suggested to be due to its protein
fraction (major royal jelly proteins - MRJP), whighevented proliferation of MCF-7 human
breast cancer cells induced by bisphenol A andedsed Hela cells population by 50%
(RAMADAN and AL-GHAMDI, 2012; KLIPIC et al, 2015). On the contrary, lipid estrogenic
component present in RJ increased proliferatioMafF-7 cells (RvEL et al, 2011). RJ
protein fraction also showed stimulative effecthiman monocytes (EpPIC et al, 2015) and
rat hepatocytes, suggesting that MRJP in RJ prghfaibictions as growth factor ORRES
AcosTAet al, 2015). According to our results, RJ applieddw Iconcentrations stimulated
cell proliferation of tested cell lines, while camtration 25Qug/ml exhibited weak cytotoxic
effect in cancer cell lines. Cell selective effefttRJ treatment can be noticed since cancer
cells show slightly more sensitive response of eargells to the treatment than normal
fibroblastcells. In order to determine type of cell deattinéé concentration, we performed
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AO/EB staining and concluded that cytotoxicity veae apoptosis. Investigated treatment did
not induce necrosis. Also, level of LDH in cell wuk medium, as indicator of necrosis, was
relatively low compared to control, in tested clatles, 24 and 48 h after RJ treatment,
indicating that RJ did not induce necrosis.

Phenolic compounds are shown to induce pro-oxig#ect in cancer cells causing
increased ROS productiol©yrCIC et al, 2014). Antioxidative properties of RJ are well
known and attributed to polyphenols, flavonoidsa\@inoles, flavanones, flavones) and
cinnamic acid derivates present in RAYRDAN and AL.-GHAMDI, 2012). In our study, pro-
oxidant effect occurred in cancer cells could be tlu polyphenolics present in RJ. These
compounds affect cancer cells targeting differegnaing pathways such as cell proliferation
and modulation of redox statusH@u et al, 2016). Changes in mitochondrial membrane
permeability caused by increased levels of ROSreselting in cytochrome c release and
inducing apoptosis pathwayC@RrciC et al, 2014). Our study showed elevated ROS
production in cancer cells comparing to nornfifiroblast MRC-5 and control values,
especially concentration of 25@/ml. This may suggest that slight cytotoxic eféeict cancer
cells could be result of oxidative stress causeRbyreatment.

Apoptosis is process highly regulated by membersB@iL-2 protein family,
categorized into anti-apoptotic and pro-apoptotiotgins (BuG et al, 2016). We assessed
expression of anti-apoptotiBCL-2 and pro-apoptotidBAX genes after exposure to RJ.
Treatment induced notable higher expression of lgetles in MRC-5 cells than in cancer
cells. The treatment induced changes in expressidooth genes in HCT-116 cells, with
higher obtained values of pro-apoptoBAX gene expression, which is consistent with
stronger cytotoxicity of RJ treatment in this dele. Expression of anti-apoptotBCL-2 gene
was higher in SW-480 cells compared to pro-apoptBfX, which is in correlation with
unchanged values of cell viability at RJ concerdrabf 100ug/ml.

Certain metabolites, especially fatty acids andeia@cids are prerequisite in tumor
cell for growth and proliferation under low oxygésvels. Overexpression of transcription
factor like HIF-1a in hypoxic conditions, which regulates express@nLDH, leads to
increased levels of LDH in cancer. However, it waserved that estrogen can also influence
the expression of LDH (Mo et al, 2013). It was reported previously that RJ exhibi
estrogenic activityin vitro, through binding to estrogen recepfi(ER B). This signaling
pathway resulted in transcription modulation vi&ragen response element (ERE) in DNA,
as well as proliferation of tumor cellsy&Jki et al, 2008). Our study showed that basal LDH
concentration in lysate was similar in norrfibfoblastand cancer cells, indicating equal rate
of glycolysis. Cell selective effect of RJ was rihtby increasing levels of LDH in cancer cell
lysate, while this parameter remained similar immal fibroblastcells. Elevated LDH content
in cancer cell lysate indicates hypoxic conditiamsl increased rate of glycolysis. Increased
LDH concentration leads to higher activity of tleezyme and higher production of ATP,
which is in accordance to our results. Elevatedrggnenetabolism insures greater ATP
production, needed for cell proliferation, as wasl for apoptosis, energy-dependent cascade
of molecular events (MORE, 2007). ATP as source of energy is needed for nmaetabolic
processes in the cell, including biotransformatbmenobiotics (Roowm, 2012).

Our study revealed that RJ affected expressionatfamnsformation genes in normal
fibroblast and cancer cells. Important enzyme included in b@dism of xenobiotics and
oxygenation of organic substrates by reducing ofemdar oxygen is cytochrome P450
CYP1A1l, one of three members of CYP1 familyagBsi et al, 2011; HrycAy and
BANDIERA, 2015). ROS can be generated as byproduct of mlalecxygen reduction process
catalyzed by CYP enzymes as a consequence of tdos$soof this process @¥cay and
BANDIERA, 2015). Expression d@YP1Alis often altered in cancer, resulting in maintemanc
of drug resistance @MAsSI et al, 2011). Therefore, by suppressing the expressibn
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CYP1A1,drug resistance in cancer could be reduced. Acogrid our results, RJ treatment
suppresse@YP1Alexpression in cancer cells compared to contralesl

Another important enzyme with vital role in detog#tion and metabolism of
xenobiotics, including anticancer agents is glutate S-transferase P1 (GSTP1), protein
product of GSTP1gene. GSTP1 catalyze addition of glutathione (G&Hxenobiotics or
metabolites of oxidative stress, thus neutralizimgm. Trans-membrane MRPs are removing
glutathione conjugates from the celligNar et al, 2017). We showed in our study that RJ
treatment suppresse€dlYP1Aand GSTP1lin HCT-116 cells. Thisability of RJ to suppress
expression of genes or activity of their proteindarcts with important role in metabolism of
cytostatics, could be very perspective in effectass of anticancer drugs applied in
combination with RJ. Increase@STP1 and MRP-2 expression is expected in normal
fibroblasts and other healthy cells, due their nal@etoxification. This mechanism protects
normal cells from xenobiotics, including any exoges substances ABruD et al, 2012).

MRP-2 protein is the major trans-membrane effluansporter, member of MRP
subfamily of ABC transporters, with role in ATP-agment excretion of glutathione
conjugates and other endogenous and xenobiotic @anas. According to previous reports,
MRP-2is expressed in cancer tissues, such as colortakr, thus multidrug resistance of
cancer cells depends MRP-2expression level (®ANI et al, 2012). In our study, increased
expression oMRP-2 as a result of RJ treatment can be observed itestiéd cell lines. RJ
treatment, although non-toxic at applied concerunafl 00ug/ml), was obviously recognized
as xenobiotic by tested cells and thus possiblyet&d from cells. Overexpression MRP-2
requires ATP, which explains increasing of ATP amntecation in treated cells.

CONCLUSION

Royal jelly originating from Serbia stimulates sefiroliferation of all examined cell
lines; however, at higher applied concentratiortstoxic effects were evident in cancer cell
lines. These cytotoxic effects were caused mainlyapoptosis, without necrotic effects,
which was confirmed by LDH concentration in cellltate medium. The parameters of
energy status were clearly raised to the highegllesuggesting that RJ increased glycolysis
rate in cancer cells and amount of ATP probablydedefor apoptosis and MRP-2 activity.
Slight cytotoxic effect in cancer cells, induced thne treatment, could be due to oxidative
stress provoked probably by polyphenols prese®JnOur data indicate that the expression
of apoptosis and biotransformation genes was cliange cells by treatment.
Biotransformation of xenobiotics by CYPs and GSTétizymes plays immense role in
anticancer therapy, thus suppressing of these dgn& treatment could be very desirable.
Namely, potential application of RJ with appropeiatytostatics could provide better
anticancer effect. Although the significant cellestive effects of RJ were observed, further
studies are necessary to clarify molecular mechasf RJ activity, investigate ability of RJ
to affect specific components in different signathways or estimate eventual specificities in
royal jelly content originating from Serbia. Roy@lly originating from Serbia could be
considered as potential source of abundant biaastibstances used in anticancer therapy of
certain cancer types.
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