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ABSTRACT. Cancer has become one of the most critical health issues, with an
increasing incidence and mortality in recent years. Meanwhile, many studies are
carried out on discovering new compounds which reflects effective results on cancer
cells. Therefore, this study aimed to examine the cytotoxic, anti-proliferative and
apoptotic effects on cancer cell lines by using the extract obtained from Uludag Fir
(Abies nordmanniana subsp. bornmiilleriana Mattf) resin. Uludag Fir resin extract was
obtained by applying the methanol extraction method. In our study, fibroblast cell L-
929, human metastatic prostate cancer PC-3 and human metastatic prostate cancer DU-
145 cell lines were cultured in RPMI-1640 medium. The effects of the resin extract
concentrations on the viability of the cells were determined with the Muse™ Cell
Count & Viability test. In addition, apoptosis and cell cycle phases of the cells were
determined using the Muse™ cell analyzer. Finally, RT-qPCR analysis was performed
to determine the resin extract effect on pro-apoptotic and anti-apoptotic gene
expression. The apoptotic effect of Uludag Fir resin extract on cancer cell lines was
significantly higher in contrast to the healthy normal cells. In addition, it was
determined that Uludag Fir extract caused GO/G1 cell cycle arrest in cancer cells. In
RT-gqPCR analysis, the pro-apoptotic gene expression levels were apparently increased
in cancer cells, which was followed by a decrease in the anti-apoptotic gene expression
levels. All taken together, these results indicate that Uludag Fir resin extract exerts two
prong effects as it induces a cell cycle arrest and apoptotic pathway activation on
human prostate cancer cell lines.

1I.INTRODUCTION

Cancer, caused by the uncontrolled proliferation of cells, is one of our age's most
important health problems, and the mortality rate among patients is relatively
high [1]. One of these cancer type is prostate cancer and it is a type of cancer that
develops in the prostate gland, which is a small walnut-shaped gland that
produces seminal fluid in males. It is one of the most common types of cancer in
men, and its incidence increases with age [2]. Also, In underdeveloped countries,
the problem is more severe due to the lack of diagnostic techniques, standard
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treatment methods and higher treatment costs [3]. These countries, which have
problems in the diagnosis and treatment of cancer, overcome these problems
using synthetic drugs. These drugs target the rapidly growing and dividing cells
of various tumors [4]. However, although these synthetic drugs can cause some
acute and irreversible side effects also effect rapidly dividing normal cells in our
body [5]. In addition, it has been reported by various studies that
chemotherapeutic drugs used in cancer treatment cause multi-drug resistance
[6,7]. For this reason, the high cost, increasing drug resistance, and side effects
of current therapeutic approaches are forcing scientists to explore alternative
medicines known as conventional medicine as an option to find new chemicals
for cancer treatment.

Herbal agents are currently being researched for different uses in many
laboratories worldwide. For example, from the point of view of cancer treatment,
many researchers worldwide are working on treatment by testing extract samples
obtained from different species, such as algae and plants, by different methods
in different cancer cell types [8-10]. In some recent studies, it has been
determined that essential oils obtained from some Pinus, Citrus, Lavandula and
Melaleuca species have cytotoxic effects against cervical (HeLa), breast (MCF-
7), kidney (HEK-293), colon (HT-29), livers (HepG2, BEL-7402) and many
other cancer cell lines [11-14]. In addition, it has been reported that resin extract
obtained from Abies balsamea (L.) Mill. (Canadian Fir) has anti-cancer effects
in studies on various cancer cell lines. Also, it was observed that healthy cells
were affected less than cancer cells [15]. In a study on the determination of the
cytotoxic activity of the resin obtained from Taurus Fir, the resin extract
exhibited cytotoxic activity on cancer cells [16]. Also, a compound derived from
Abies sibirica was able to inhibit the growth of cancer cells. The researchers
suggested that this effect may be due to the compound's ability to induce cell
death in the cancer cells [17]. However, there is some evidence to suggest that
Fir resin may have an effect on cancer cells, but the research is still in the early
stages and more studies are needed to fully understand its potential benefits.

As mentioned above, many different species of Fir resins were experimentally
tested on different cancer cell lines. However, the different species of Fir resins’
extracts constituents could differ. One of these species is Uludag Fir (Abies
nordmanniana subsp. bornmiilleriana Mattf), an endemic species for Turkey and
the subject of our study. This species locates in the Western Black Sea Region,
between Kizilirmak and Uludag [18]. Therefore, this study aimed to unveil the
cytotoxic, anti-proliferative and apoptotic effects of Uludag Fir resin extract on
the mouse fibroblast cell line L-929 and prostate cancer cell lines (PC-3 and DU-
145).
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2. MATERIALS AND METHODS

2.1. Preparation and application of Uludag Fir resin extract

1 g of Uludag Fir resin was initially dissolved in 4 ml pure methanol in a 15 ml
centrifuge tube. The resin solution dissolved in methanol was passed through a
40 um nylon filter to remove plant residues from it and passed through a 20 pm
polyethersulfone (PES) filter to prevent bacterial contamination. Then, the cap
of the tube containing the extract solution was loosened and incubated at 37 °C
for two days to evaporate the methanol in the tube. As a result, 700 mg of pure
resin was obtained after all operations and dissolved in 7 ml of Dimethyl
sulfoxide (DMSO). Thus, a resin extract solution was obtained with a final
concentration of 100 mg/ml. The extract obtained at the end of all processes was
stored at -20 °C for further processing. Then, different amounts as 1500, 1000,
750, 500, 300, and 100 pg/ml, doses of resin extract from prepared stock solution
were simultaneously applied to healthy normal cells and cancer cell lines for
treatment.

2.2. Cell line and culture conditions

Mouse fibroblast cell line L-929, human prostate cancer cell lines PC-3 and DU-
145 were purchased from ATCC (American Type Cell Culture). L-929, PC-3
and DU-145 cells were cultured in a medium containing RPMI 1640 (Gibco,
11875093), 10% fetal bovine serum (FBS) (Gibco, 10270098), %1
penicillin/streptomycin (Gibco, 15070063) and %1 L-Glutamine (Gibco,
25030081) at 37° C in a 5% CO- incubator. The medium was changed in every
second day. When the cells became confluent, they were passaged to ensure
growth. Cells (45000 cells/ml/well) were cultured in 24-well plates for 24 hours,
then were incubated with the extracts at different dilutions for 24 and 48hours.
All experiments were performed in triplicate for each extract. After the last
incubation time, the cells were collected for viability and proliferation assays.

2.3. Cell viability analysis in cell lines treated with Uludag Fir resin extract

Cell viability assays were carried out with flow cytometry analysis. Flow
cytometry analysis, the attached cells in the 24 well plates were washed with
Dulbecco’s phosphate-buffered saline 1X (DPBS) (Gibco, 14190144), and
washed cells were then trypsinized (Gibco, 25200056). Following trypsinization,
centrifuged cells were suspended and diluted in a related complete medium.
After dilution of the cells, the total cell concentrations and viability of the cells
were determined with Muse Count & Viability reagent (Merck Millipore,
Billerica, MA, USA, MCH100102) by following the manufacturer’s instructions
with using the automated Muse® Cell Analyzer (Merck Millipore, Billerica,
MA, USA) which stains viable and dead cells based on their permeability to two
different DNA binding dyes.
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2.4. Apoptosis analysis in cell lines treated with Uludag Fir resin extract

The apoptotic effects in L.-929, PC-3 and DU-145 cells, which were grown in 6-
well plates and then applied Uludag Fir resin extract for 24 and 48 hours at 1Cso
and IC,s values, was determined using the Muse Annexin V and Dead Cell kit.
For this reason, the viability and cell number of the cells were determined in the
MUSE device with the Merck Muse® Count & Viability Assay kit. After cell
counting, 250.000 cells in 2 ml RPMI-1640 complete medium were divided into
groups of 3 for each cell type (as control, ICsy and IC»s) added into 6-well culture
plate for 24 and 48 hours extract applications. In addition, three 6-well culture
plate were used for these analyses. Cells transferred to 6-well culture plate were
placed in a humidified incubator at 37°C and 5% CO, for 16-18 hours to ensure
70-80% cell confluency in the wells before applying the extract. After the
incubation process, Uludag Fir resin extract concentrations determined for ICso
and ICys values in 2 ml RPMI-1640 complete medium were added to the wells,
excluding the control well, respectively the culture plate were placed to the
incubator at 37°C and 5% CO; humidified environment. At the end of 24 hours,
the first group cells were taken from the incubator and the cells removed from
the wells by trypsinization as centrifuged at 1000 rpm for 5 minutes in 15 ml
tubes. At the end of centrifugation, the supernatant was removed, and the cells
at the bottom of the tube were suspended with 1 ml of culture medium. The
suspended cells were transferred to different 1.5 ml centrifuge tubes as 100 pl
and then 100 pl of Muse Annexin V and Dead Cell solution was added into each
tube. After incubating the cells for at least 60 minutes at room temperature in the
dark, the cells were analyzed on the Muse flow cytometry instrument to
determine the apoptosis rate. Similar procedures were performed within the 48-
hour experiment group [19].

2.5. RT-qPCR analysis of mRNA expression levels of anti-apoptotic Bcl-2,
Bcl-xL and pro-apoptotic Caspase-3, Bax and Cytochrome C target genes
in cell lines treated with Uludag Fir resin extract

Isolation of RNA from L-929, PC-3 and DU-145 cells, which were grown in 6-
well plates and Uludag Fir resin extract applied for 24 and 48 hours at ICso and
ICys values, was carried out with PureLink™ RNA Mini (Thermo Fischer
Scientific) according to the manufacturer's procedure. cDNA synthesis was
performed with a High-Capacity cDNA Reverse Transcription kit from the
samples isolated total RNAs in the SensoQuest thermal cycler according to the
manufacturer's procedure. After this, to perform mRNA expression analyses of
target genes on cDNAs Bcl-2 (BCL2F1 5'-CTTCGCCGAGATGTCCAGC-3',
BCL2R1 5'-CTCTCCACACACATGACCCC-3"), Bcl-xL (BCLxLF1 5'-

TCCCCATGGCAGCAGTAAAG-3', BCLxLR1 5'-
TCCCCATGGCAGCAGTAAAG-3") Caspase-3 (CASP3F15'-
TGAGATCAAGCCCCACGATG-3', CASP3R1 5'-
ACAGCAGATGAAGCAGTCCA-3"), Bax (BAXF1 5'-

ACGGCAACTTCAACTGGGG-3', BAXRCATGTCAGCCCAAT-3’) and
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Cytochrome C (COXI1F1 5'-CCTCTTCGTCTGATCCGTCC-3', COX1R1 5'-
TGAGGGTTGCGGTCTGTTAGT-3") primer pairs were designed. Also,
expression analysis of target genes was performed with a 25 pl total reaction
mixture of 2 ul cDNA, 1.25 ul EvaGreen, 0.3 ul 10 pmol Primer Forward, 0.3
pl 10 pmol Primary Reverse, 12.5 pl 2X Hot-start master mix and 8.65 pul ddH20
in a Rotor-Gene Real-Time PCR (Qiagen, USA) device. Normalization of target
genes was carried out according to the most stable expression values of the
Hypoxanthine-guanine phosphoribosyltransferase 1 (HPRT1) housekeeping
gene. Quantification of normalized expression values of target genes was
determined according to the 224" method [20].

2.6. Analysis of cell cycle state in cell lines treated with Uludag Fir resin
extract

Cell cycle analysis of L-929, PC-3 and DU-145 cells, which were grown in 6-
well plates and then applied Uludag Fir resin extract for 24 and 48 hours at 1Cso
and 1C,s values, was carried out in the MUSE device with the Merck Muse®
Muse Cell Cycle Kit. Cell cycle analysis of L-929, PC-3 and DU-145 cells,
which were grown in 6-well plates and then Uludag Fir resin extract applied for
24 and 48 hours at ICso and IC»s values and carried out in the MUSE device with
the Merck Muse® Cell Cycle Assay kit. First, the incubated cells at 37°C in 95%
humidity and 5% CO, environment were fixed in 70% ethanol (EtOH) and
incubated at -20°C for 3 hours. Then, the fixed cells were washed with cold PBS
and collected by centrifugation at 1000 rpm for 5 minutes. Finally, the cells were
analyzed in the MUSE flow cytometry device after staining with the Muse Cell
Cycle Kit (Millipore, Germany) in the dark for 30 minutes.

2.7. Statistical analysis

The SPSS (statistical package software, Windows 23.0) was used to analyze the
significances of differences observed between the groups. The obtained data
were tested by performing One-way ANOVA and Tukey post hoc test. The p-
values smaller than 0.05 were considered and all data represented the triplicate
experiments. Finally, the data were presented as a mean + standard deviation
(SD).

3. RESULTS

3.1. Detection of ICso and IC>s values for Uludag Fir resin extract

In vitro anti-cancer activity of the extract of Uludag Fir resin extract was assessed
through the MUSE flow cytometry assays against prostate cancer cell lines.
Uludag Fir resin extract was added onto L-929, PC-3 and DU-145 cells at
concentrations of 1500, 1000, 750, 500, 300, and 100 ug/mL for 24 and 48 hours.
Cell viability analyses performed with the MUSE flow cytometry device;
comparative data were obtained in cell viability increases in accordance with the
decreasing extract concentration. The analysis performed with MUSE flow
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cytometry determined that the cell viability value was 49.0% in L-929 cells at a
concentration of 1500 pg/mL for 24 hours (Figure 1). Cell viability values for
PC-3 and DU-145 cells were determined as 4.9% and 5.8%, respectively. The 24
hours ICso values of L-929, PC-3, and DU-145 cells, obtained from the flow
cytometry analysis were found as 1520 pg/mL, 1040 png/mL, and 1065 pg/mL,
respectively. ICas values of L-929, PC-3, and DU-145 cells were 750 ug/mL, 500
ug/mL, and 520 pg/mL, respectively.
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FIGURE 1. Muse cell viability analysis of 24-hours Uludag Fir resin extracts treated.
A L-929, B PC-3, C DU-145 cell lines.

As a result of 48 hours of extract applications at 1500 pg/mL concentration, it
was determined that the viability decreased below 7.0% in all cell line groups
(Figure 2). Also, ICso and 1Cys values of the cell lines were determined according
to the timeline due to detection of the longitude effect of Uludag Fir resin extract.
The ICso values of L-929, PC-3, and DU-145 cells, obtained from the flow
cytometry analysis were found as 1110 pg/mL, 930 pg/mL, and 940 pg/mL,
respectively. ICas values of L-929, PC-3, and DU-145 cells were 550 ug/mL, 450
ug/mL, and 460 pg/mL, respectively.
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FIGURE 2. Muse cell viability analysis of 48-hours Uludag Fir resin extracts treated.
A L-929, B PC-3, C DU-145 cell lines.
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3.2. Evaluation of the antitumor activity of Uludag Fir resin

The apoptotic potential of the Uludag Fir resin extract was measured by flow
cytometry, which allows the identification of viable (AnnV-/PI-), early apoptotic
(AnnV+/PI-), late apoptotic (AnnV+/PI+) and necrotic (AnnV-/PI+) cells.
According to the data obtained from cell viability, ICso and 1Css extract ratios
were applied to L.-929, PC-3, and DU-145 cell lines in 6-well cell culture dishes
for 24 and 48 hours, respectively. In addition, the apoptotic process occurring in
the cell lines was determined in the Muse flow cytometry device, using the Muse
Annexin V and Dead Cell kit (Figure 3).
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FIGURE 3. 24-hours apoptosis values of L-929, PC-3, DU-145 cell lines treated with
ICso and IC2s Uludag Fir resin extract. A graphic of flow cytometry analysis, B % ratio
of apoptotic cell values of control and treated cell lines.
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Cells were treated with ICys (concentration causing 25% growth inhibition) and
ICso (concentration causing 50% growth inhibition) of Uludag Fir resin extract
to demonstrate the concentration-dependent apoptotic effect. All cancer cell lines
tested with ICs and ICso concentrations, consistent with flow cytometry cell
viability analysis (p=0.001), showed reduced viability and markedly increased
apoptotic cells at lower concentrations than healthy normal cells.

As shown in Figure 3, the total number of apoptotic (early and late apoptosis)
cells at 24 hours in the control group of L-929 cells was 11.86+£0.60%. In L-929
cell groups, which were applied extract during 24 hours at concentrations of 550
pg/mL (ICs) and 1110 pg/mL (ICso), the total number of apoptotic cells
increased by 19.03+£0.30% (p<0.0001) and 36.62+0.50% (p<0.0001) according
to the control group, respectively. Compared to PC-3 control cells with a total
apoptotic cell count of 11.86+0.60% at 24 hours, the application of the extract at
concentrations of 450 pg/ml (ICys) and 930 pg/ml (ICso) resulted in the
increasing number of total PC-3 apoptotic cell count as a 19.87+0.10%
(p=0.0001) and 37.58+0.90% (p=0.0001), respectively.-Compared to DU-145
control cells with a total apoptotic cell count of 6.97+0.11% at 24 hours, the
application of the extract at concentrations of 460 pg/mL (IC»s) and 940 pg/mL
(ICso) resulted in the increasing number of total DU-145 apoptotic cell count as
an 18.87+1.21% (p=0.0001) and 29.77+0.58% (p=0.0001), respectively. These
results showed that Uludag Fir resin extract could induce apoptosis in all tested
cancer cells to a significant extent in a concentration-dependent manner.

As shown in Figure 4, the total number of apoptotic (early and late apoptosis)
cells at 48 hours in the control group of L-929 cells was 6.24+0.30%. In L-929
cell groups, which were applied extract for 48 hours at concentrations of 550
pg/mL (ICs) and 1110 pg/mL (ICso), the total number of apoptotic cells
increased by 28.89+0.70% (p<0.0001) and 41.48+1.2% (p<0.0001) according to
the control group, respectively. Compared to untreated PC-3 control cells with a
total apoptotic cell count of %6.22+0.51 at 48 hours, the application of the extract
at concentrations of 450 pg/mL (ICss) and 930 pg/mL (ICso) resulted in the
increasing number of total PC-3 apoptotic cell count as a %29.80+0.61
(p=0.0001) and %48.64+0.51 (p=0.0001), respectively. Also, compared to DU-
145 control cells with a total apoptotic cell count of %4.88+1.65 at 48 hours, the
application of the extract at concentrations of 460 pg/mL (IC»s) and 940 pg/mL
(ICso) resulted in the increasing number of total DU-145 apoptotic cell count as
an %12.27+0.40 (p=0.0001) and %40.41£1.10 (p=0.0001), respectively. Unlike
the 24-hour applications, the early apoptosis rate in L-929 cells was higher in
contrast to PC-3 and DU-145 cancer cells in 48-hour applications. In
comparison, the late apoptotic or dead cell rate was found to be higher in PC-3
and DU-145 cancer cells according to the healthy normal L-929 cells in 48-hour
applications.
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These results show that healthy normal L-929 cells that survived 24 hours of
extract application were affected much later in contrast to PC-3 and DU-145
cancer cells. The cell viability and apoptosis studies revealed that the extract has
minor effects on normal cell lines and can be qualified for additional
applications.
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FIGURE 4. 48-hours apoptosis values of L-929, PC-3, DU-145 cell lines treated with
ICso and IC2s Uludag Fir resin extract. A graphic of flow cytometry analysis, B % ratio
of apoptotic cell values of control and treated cell lines.
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3.3. Evaluation of cell cycle status of Uludag Fir resin extract treated cells

Cell viability analysis revealed that Fir resin extract had a significant cytotoxic
effect on all tested cancer cell lines. For this reason, the effect of extract on cell
distribution in different phases of the cell cycle was also investigated. Therefore,
cancer cells were treated with the calculated ICys, and ICsg values of Uludag Fir
resin extract for 24 and 48 hours and analyzed by flow cytometry. According to
the analysis results, the extract caused an increase in cell populations that
remained in the GO/G1 stage. In contrast, this increase was accompanied by a
decrease in the cell population in the G2/M stage. As shown in Figure 5, the
following data were obtained according to cell cycle analyses from 24-hour
extract applications. There was no significant difference between the GO/G1
population (61.7£0.57) of the L-929 ICys treatment group (p=0.507) and the
GO0/G1 population (59.3+0.36%) of the untreated L-929 control group. However,
a significant difference was found between the GO/G1 population 66.9+1.53%
of the L-929 ICs treatment group (p=0.001) and the GO/G1 population
(59.3+0.36%) of the untreated L-929 control group. Furthermore, a major
difference was found between the GO/G1 population of the PC-3 IC;s treatment
group (73.30+0.85%) (p<0.0001) and the GO/G1 population of the PC-3 ICso
treatment group (78.70+1.44%) (p<0.0001) compared to the GO/G1 population
(%64.56+1.28) of untreated PC-3 control cells. Meanwhile, there was a
significant difference between the GO/G1 population of the IC,s treatment group
(53.234£2.05%) (p<0.0001) and the GO/G1 population of the ICso treatment group
(55.73%+1.04%) (p<0.0001) compared to the GO/G1 population (44.30+0.50) of
DU-145 control cells.

As shown in Figure 6, the following data were obtained according to cell cycle
analyses resulting from 48-hour extract applications. Although, there was a slight
difference between the GO/G1 population of the untreated L-929 control group
(51.70+£0.26%) and the GO0/G1 population of the IC,s treatment group
(55.20£1.25%), which was significant (p=0.041). However, a significant
difference was also found between the G0/G1 population of the ICso treatment
group (62.23+0.51) compared to the GO/G1 population of the L-929 control
group (p=0.001). On the other hand, a significant difference was found between
the GO/G1 population of the PC-3 IC,s treatment group (78.30+£0.60%)
(p<0.0001) and the GO/G1 population of the PC-3 ICsy treatment group
(82.10+0.87) (p<0.0001) compared to the GO/G1 population of the untreated PC-
3 control group (55.17+1.02%). Also, there was a major difference between the
GO0/G1 population of the ICys treatment group (%65.03+£0.61) (p<0.0001) and the
G0/G1 population of the ICso treatment group (%67.86+0.72) (p<0.0001)
compared to the G0/G1 population of the DU-145 control group (%52.80£0.75).
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FIGURE 5. 24-hours cell cycle analysis values of L-929, PC-3, DU-145 cell lines
treated with ICso and IC2s Uludag Fir resin extract

3.4 RT-qPCR analysis of mRNA expression levels of anti-apoptotic and pro-
apoptotic target genes in cell lines treated with Uludag Fir extract

The data on the changes in the expression levels of target genes were obtained
according to the RT-qPCR analysis of Anti-apoptotic Bcl-2, Bel-xL and Pro-
apoptotic Caspase-3, Bax and Cytochrome C genes in cells treated with Uludag
Fir resin extract for 24 and 48 hours. Figure 7 shows an important decrease in
the Bcel-2 gene mRNA expression level of all cell types treated with extract at
ICso value for 24 hours compared to untreated controls (p<0.0001). However, the
decrease in Bcl-2 gene expression in L-929 cells was lesser than in other cancer
cells. In addition, there was no valuable distinction between the decrease in the
Bcl-xL gene expression level of the ICs treated group of L-929 cells according
to the untreated control group (p=0.295). On the other hand, a significant
difference was observed between the decrease in Bel-xL gene expression level
of all other cancer cell ICso extract treated groups and untreated controls
(p<0.0001).
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FIGURE 6. 48-hour cell cycle analysis values of L-929, PC-3, DU-145 cell lines
treated with ICso and ICzs Uludag Fir resin extract

In addition, there was a significant increase in Caspase-3 and Cytochrome C gene
expression levels of L-929, PC-3 and DU-145 treated at ICso value for 24 hours
compared to controls (p<0.0001). There was no significant difference between
the increase in the Bax gene expression level of the ICsy extract treated group of
L-929 cells and the Bax gene expression level of the control group (p=0.060).
However, there was an significant difference between the increase in the Bax
gene expression level of all ICsy extract treated cancer cell groups according to
the untreated controls (p<0.0001).
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FIGURE 7. 24-hour relative gene expression values of L-929, PC-3, DU-145 cell lines
treated with 1Cso Uludag Fir resin extract

Figure 8 shows a main decrease in mRNA expression levels of Bel-2 and Bcl-
xL genes in all cell types treated with extract at an ICso value for 48 hours
compared to untreated controls (p<0.0001), depending on the increased
application time. Conversely, there was a significant increase in Caspase-3, Bcl-
xL and Cytochrome C gene expression levels of all cell types treated with extract
at ICso value for 48 hours compared to untreated controls (p<0.0001). However,
this increase in Caspase-3, Bcel-xL, and Cytochrome C genes of L-929 cells was
more limited compared to PC-3 and DU-145 cancer cells.

Fir resins revealed high variation in composition even in closely related species,
which agrees with previous reports on Balsam Fir and Cilician Fir [15,16]. In the
current study, Uludag Fir resin extract exhibited chemo preventive activities,
such as inducing apoptosis and cell cycle arrest. Interestingly, Uludag Fir resin
extract revealed a less toxic effect on healthy normal L-929 control cells in
contrast to PC-3 and DU-145 prostate cancer cells. Also, there are few studies
about to anti-cancer effect of Fir resins extract.

Compared to the earlier studies, their findings revealed differences in means of
ICso values on healthy normal and cancer cells. Furthermore, according to
Legault et al., the study on the cytotoxic activity of Balsam Fir resin extract was
evaluated against different cancer and healthy normal cell lines.
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FIGURE 8. 48-hour relative gene expression values of L-929, PC-3, DU-145 cell lines
treated with 1Cso Uludag Fir resin extract

As aresult, they found a less toxic effect on L-929 fibroblast healthy normal cells
(ICs0, 3100 pg/mL) and a higher toxic effect according to the ICso level on
different kinds of cancer cell lines ranging from 760 to 1700 pg/mL during the
24 hours experimental timeline [15]. On the other hand, the other study about the
cytotoxicity of Cilician Fir resin extract revealed different results according to
the above-mentioned study. They found a higher cytotoxic activity of the resin
on WI-38 fibroblast healthy normal cells with lower concentration (ICso, 18.32
pg/mL) and a lower toxic effect according to the ICso level on different cancer
cell lines ranging from 23 to 430.1 pg/mL during the 48 hours experimental
timeline [16]. Meanwhile, our study results for Uludag Fir resin extract exhibited
lower cytotoxic activity on L-929 healthy normal cells (ICso, 1110 ng/mL) and
a higher toxic effect according to the ICso level on different kinds of prostate
cancer cell lines ranging from 930 to 940 pg/mL during the 48 hours
experimental timeline, which is similar to the Legault et al. study results.

Determining the different types of programmed cell death (PCD) in the agent-
treated cell group is essential [21]. PCD includes death mechanisms such as
apoptosis, autophagy, necroptosis, and pyroptosis [22,23]. Therefore,
determining the different types of cell death mechanisms in the agent-treated cell
group is essential. In agent applications, the most common death mechanism is
apoptosis. Furthermore, the mechanism of apoptosis was first investigated in
cells to which Uludag Fir resin extract was applied. Also, there are no reports
about PCD type of Fir resin-treated cancer cells. According to this study result,
apoptosis-related cell death mechanism was apparently determined in the Uludag
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Fir resin extract-treated cell lines during the 24 and 48 hours of extract treatment.
Apoptosis detection occurred at higher concentrations in healthy normal cells,
while it was observed in prostate cancer cell lines at lower concentrations, which
can be clearly seen in Figures 3 and 4. On the other hand, cell cycle arrest is
closely associated with apoptosis; that is, cell cycle arrest guides apoptosis via
outcomes on different signaling molecules and regulatory proteins. There are
many studies on cell cycle arrest and herbal extracts treatment association. Most
of the herbal extract treatments on cancer cells result in the GO/G1 cell cycle
arrest of cancer cells [24-26]. Similarly, our results demonstrated that Uludag Fir
resin extract induces cell cycle arrest at the GO/G1 phase in human prostate
cancer cell lines. Besides, in both 24 and 48 hours ICso and IC,s extract
applications, the increase in the cell populations that arrested in the GO/G1 stage
in healthy normal L-929 cells was found to be significantly less than in all other
prostate cancer cell lines (p<0.0001).

The capacity of an agent to induce apoptosis in cancer cells demonstrates its
potential for use as an anti-cancer agent. Therefore, the apoptosis-inducing
potential of Uludag Fir resin extracts was analyzed by examining the mRNA
expression profile of apoptosis-related genes. Furthermore, determining the
programmed cell death type makes it necessary to determine which gene-related
signaling pathway effectively participates in the cell death process. Previous
studies demonstrated that Compounds o/B-pinene and limonene revealed high in
Fir resin in previous studies, are promising anticancer agents in recent years due
to their ability to induce apoptosis and modulate various signaling pathways
[15,16]. In addition, many studies have reported anti-cancer activity for o/f-
pinene and limonene against various cancer types [27-30]. The apoptotic level is
raised after the induction of nucleases, while the induction of caspase-3 is
essential for heterochromatin aggregation and DNA fragmentation in apoptotic
cells. Hence, to identify the involvement of caspase-3 in Uludag Fir resin extract-
mediated apoptosis, caspase-3 activity was estimated at the mRNA level. In the
previous study, the activity of caspase-3 was found to be enhanced in a-pinene-
treated human ovarian cancer cells (PA-1) [31]. Similarly, the result of this study
revealed an increased level of caspase-3 expression in parallel with the
increasing level of cytochrome-C and Bax expressions. Also, this increases in
the expression level of pro-apoptotic caspase-3, cytochrome-C and Bax genes
was accompanied by a decrease in the expression level of anti-apoptotic Bcl-2
and Bcl-xL genes. However, the pro-apoptotic and anti-apoptotic mRNA
expression changes were lesser in healthy normal L-929 cells according to the
human prostate cancer cell lines. According to this, to identify the involvement
of caspase-3 in Uludag Fir resin extract-mediated apoptosis, caspase-3 activity
was estimated at the mRNA level.

4. CONCLUSION

Overall, in this study, the anti-cancer effect of the Uludag Fir resin was analyzed
by using flow cytometry and RT-qPCR. The tested resin extract demonstrates
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anti-cancer effects in different prostate cancer cell lines by promoting
cytotoxicity, halting cell cycle progression and the activation of apoptotic cell
death. All these from the present study suggest that the extract of Uludag Fir
resin has the potential for cancer prevention.
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