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Abstract: Endometrial cancer is a common malignancy of the female genital tract. This
study demonstrates that Siegesbeckia orientalis ethanol extract (SOE) significantly inhibited
the proliferation of RL95-2 human endometrial cancer cells. Treating RL95-2 cells with
SOE caused cell arrest in the G2/M phase and induced apoptosis of RL95-2 cells by
up-regulating Bad, Bak and Bax protein expression and down-regulation of Bcl-2 and
Bcl-xL protein expression. Treatment with SOE increased protein expression of caspase-3, -8
and -9 dose-dependently, indicating that apoptosis was through the intrinsic and extrinsic
apoptotic pathways. Moreover, SOE was also effective against A549 (lung cancer), Hep G2
(hepatoma), FaDu (pharynx squamous cancer), MDA-MB-231 (breast cancer), and
especially on LNCaP (prostate cancer) cell lines. In total, 10 constituents of SOE were
identified by Gas chromatography-mass analysis. Caryophyllene oxide and caryophyllene
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are largely responsible for most cytotoxic activity of SOE against RL95-2 cells. Overall, this
study suggests that SOE is a promising anticancer agent for treating endometrial cancer.

Keywords: Siegesbeckia orientalis; RL95-2 endometrial cancer cells; cytotoxicity;
apoptosis; ingredient analysis

1. Introduction

Endometrial cancer, the most common gynaecological cancer in developed nations, has an incidence
second only to that of cervical cancer [1,2]. The number of cases in Taiwan is increasing steadily [3].
Obesity, diabetes mellitus, endogenous hormones, chronic hyperinsulinemia, late menopause,
unopposed estrogen exposure, tamoxifen, the oral contraceptive pill, the reproductive factors parity, and
age at birth are considered the primary risk factors [2,4-6]. The worldwide increase in obesity and
decrease in fertility suggest that the incidence of endometrial cancer will continue to rise, such that
endometrial cancer will become a serious public health problem in the future [7]. Currently, the
treatment strategies for endometrial cancer are surgery and postoperative adjuvant treatments, such as
radiation, chemotherapy and hormonal treatment, especially for advanced endometrial cancer [8,9].
However, the efficiency of these strategies remains limited and their molecular mechanisms still need
further investigation. Recently, Chinese herbal medicines have been used as complementary and/or
alternative therapies for cancer prevention and treatment [10]. Additionally, the active ingredients of
many herbal extracts have been identified and developed into anticancer drugs [11,12].

Siegesbeckia orientalis L., which belongs to Asteraceae, has been traditionally taken orally as an
anti-inflammation and anti-cancer agent [13], is administered to treat snakebites, cutaneous disorders,
rheumatic arthritis [14,15], allergic [16], immune [17], and inflammatory diseases [15]. Wang et al.
reported that the ethyl acetate and n-butanol extracts of S. orientalis markedly inhibited growth of
human cervix cancer HeLa cells in vitro [18]. However, to the best of our knowledge, the anticancer
activity of S. orientalis extract on endometrial cancer has not yet been elucidated.

This study evaluates the anticancer potential of S. orientalis L. ethanol extract (SOE) for
endometrial cancer. Accordingly, the inhibitory effects of SOE on proliferation of endometrial
carcinoma RL95-2 cells are investigated. The mechanism of SOE on cell apoptosis is elucidated by
analyzing expression of related proteins. Further, the cytotoxicity of SOE on other cancer cell lines is
also examined. The chemical constituents of this extract are identified using Gas
chromatography-mass (GC-MS) spectrometry. Several bioactive compounds responsible for its
anti-proliferative effect on RL95-2 cells are determined as well.

2. Results and Discussion
2.1. Inhibitory Effect of SOE on RL95-2 Cell Proliferation

The inhibitory effect of SOE on the proliferation of RL95-2 cells was examined. Figure 1 shows the
inhibitory effect of SOE on the viability of RL95-2 cells after treatment with various SOE
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concentrations under different incubation durations. Experimental results indicate that SOE inhibited

cell viability in dose- and time-dependent manners (Figure 1A,B).

Figure 1. Effects of treatment concentration and duration of SOE on the proliferation of
RL95-2 cells. (A) Variation in viability under treatment for 72 h with different SOE doses.
A significant difference from the Vehicle was indicated as ** p < 0.01, or *** p < 0.001 by
Student’s #-test. (B) Variation in ICso values under different treatment durations. (C) Apoptotic
morphological changes of RL95-2 endometrial cancer cells by treatment with SOE at
different doses and durations. The RL95-2 cells were cultured in 96-well plates at a density
of 1 x 10* cells/well. Cells were treated with medium only (Control, denotes as “C”’), DMSO
only (Vehicle, denotes as “V”) or media containing 20-120 pg/mL SOE for 12-72 h.
Photomicrographs, taken directly from culture plates with a phase-contrast microscope
(magnification 20x), show apoptotic cells with shrinkage, rounding and vacuoles.
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2.2. Apoptotic Effects of SOE on RL95-2 Cells

Apoptosis, a programmed cell death, plays a critical role as a protective mechanism against
carcinogenesis by eliminating unnecessary or unwanted cells to maintain a healthy balance between
cell survival and cell death [19]. The relationship between apoptosis and cancer has been a recent focus.
Apoptosis provides many valuable clues about a therapy’s effectiveness, and hence the anticancer
effects of many chemotherapeutic agents are via apoptosis [20]. Therefore, induction of apoptosis has
become a principal focus when developing anticancer therapies.

2.2.1. Cell Morphology

Apoptosis can be characterized by particular morphological changes, such as plasma membrane
bleb, cell shrinkage, chromatin condensation and DNA fragmentation [21]. Figure 1C shows the
morphological changes of RL95-2 cells after SOE treatment for 24—72 h. Phase-contrast micrographs
reveal that SOE induced typical morphological characteristics of apoptosis, including cell shrinkage,
apoptotic vacuoles, membrane blebbing and formation of floating cells, in a dose- and time-dependent
manner. These changes are in agreement with findings in literature on apoptosis [21-23].

2.2.2. Cell Cycle Regulation

To determine whether SOE induced the arrest of cell cycle progression in RL95-2 cells, flow
cytometry was applied to quantitate the cell cycle distribution under treatment with different SOE
concentrations (0—150 pg/mL) for various durations (24—72 h). The number of cells in the G2/M phase
increased significantly, and that in the Go/G1 phase decreased in SOE-treated cells as the SOE dose
increased during 48—72 h treatment (Figure 2). Moreover, this effect also increased over treatment time.
This experimental finding implies that SOE could arrest RL95-2 cells at G2/M phase.

The Annexin V-FITC apoptosis detection kit was then used to examine the effect of SOE on RL95-2
cell death by flow cytometry. Figure 3 shows that the cell dots were dispersed and shifted to the lower
right side, indicating that the cells moved to the early apoptotic stage. When the SOE dose or treatment
time increased, the number of cell dots in the upper right side increased, implying that cells progressed
gradually to the late apoptotic stage. Conversely, the number of cell dots on the upper left side was not
significantly changed, implying that only few cells died via necrosis. These experimental results
demonstrate that SOE induced apoptosis of RL95-2 cells.

2.2.3. Pro-Apoptotic and Anti-Apoptotic Proteins Expression

Apoptosis can occur through two fundamental pathways: (1) the mitochondrial or intrinsic pathway;
and (2) the death receptor or extrinsic pathway [24]. Caspase-9 and -8 are the protease indexes for the
intrinsic and the extrinsic pathway, respectively. Caspase-3, a well-known downstream adaptor caspase,
can be activated by caspase-9 or -8 via the intrinsic or extrinsic signaling pathways [20]. To elucidate the
molecular effector pathway of SOE-mediated apoptosis, this study determined whether caspases are
involved as downstream effectors. As shown in Figure 4, SOE increased cleavage of procaspase-3, -8
and -9, accompanied by an increase in caspase-3, -8 and -9 expression in a dose-dependent manner. This
implies that apoptosis was through the intrinsic and extrinsic pathways.
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Figure 2. Effect of SOE on cell-cycle progression in RL95-2 cells. (A) Cell cycle analysis
of RL95-2 cells under treatment with different SOE concentrations for various durations by
flow cytometry. The RL95-2 cells (2 x 10° cells/well) were incubated with 0—-150 pg/mL
of SOE for 24, 48 and 72 h, as indicated in each graph. Cells were suspended in PBS
containing 20 pg/mL PI, 0.2 mg/mL RNase A and 0.1% Triton X-100 at 4 °C for 12 h. The
stained cells were analyzed by flow cytometry; (B) Cell distribution at different phases of
cell cycle. The percentage of each phase was analyzed using WinMDI 2.9 software.
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Figure 3. Effect of SOE on RL95-2 cell apoptosis. (A) The RL95-2 cells (2 x 10° cells/well)
were incubated for 48 h with DMSO only (vehicle, 0.1% v/v) or media containing
50-150 pg/mL SOE. The treated cells were stained with Annexin V-FITC solution and
analyzed by flow cytometry. (B) Cell distribution under the treatment with 0—150 pg/mL of
SOE for 24, 48 and 72 h. Lower left (LL) quadrant: viable cells; lower right (LR) quadrant:
early apoptotic cells; upper right (UR) quadrant: late apoptotic cells; upper left (UL)
quadrant: necrotic cells.
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Figure 4. Western blot analysis of apoptosis-related proteins in RL95-2 cells treated with
SOE. Caspase-3, -8, -9, Bad, Bak, Bax, Bcl-xL and Bcl-2 proteins in RL95-2 cells after
treatment with 0-100 pg/mL SOE for 24 h were detected. Whole-cell lysates were
subjected to Western blot assays and B-actin was used as an internal control. The relative
density of the proteins was determined by densitometric analysis. The values indicate
the density proportion of each protein compared with vehicle.

SOE (pg/mL)
Control  Vehicle 50 75 100

Procaspase-3 (32kDa) ‘ d g“l

1.08 1.00 1.04 093 0.87

Caspase-3 (21kDa)

.04 1.00 1.09 1.17 1.20

Procaspase-8 (55kDa)

s o)

Caspase-8 (23kDa)

4

Procaspase-9 (47kDa) : l l l
0.88 1.00 0.63 0.57

cuspues 7o) -_-J

0.76 1.00  0.82 1.99

Bad (23kDa) [ — — ﬁ

0.83 1.00 1.19 1.98

Bak (24kDa) Q M

1.54

) |

0.86 1.00 1.21 1.48 1.93

Bel-xL (21kDa) | . G — o —
0.90 1.00  0.66 0.59 0.60

BCl-2 (26KD2) | o s s — —
1.08 1.00 0.89 0.72 0.62

P-actin (43kDa) | SN — — — —

Several cytoplasmic proteins are involved in regulation of apoptosis; particularly members of the
Bcl-2 family; one subgroup, including Bcl-2 and Bcl-xL, inhibits apoptosis, while the other, including
Bad, Bak and Bax, promotes cell death [20,25]. Since SOE induces the apoptosis of RL95-2 cells, the



Molecules 2014, 19 19987

effect of this extract on cellular proteins that are involved in apoptosis was examined. As the SOE
concentration increased, the expressions of Bad, Bak and Bax proteins increased, while those of the
Bcl-2 and Bcel-xL proteins decreased (Figure 4). These experimental findings suggest that SOE induced
apoptosis of RL95-2 cells.

2.3. Cytotoxicity of SOE on Various Cancer Cell Lines

To investigate the potential effect of SOE against other cancers, various cancer cell lines were used
to assess the cytotoxicity of SOE and quantified using the MTT assay. Notably, as shown in Table 1,
SOE was effective against all these cell lines, and particularly on LNCaP human prostate cancer cells
(ICs0 = 87.2 £ 1.3 pg/mL under 24 h treatment).

Table 1. Cytotoxity of SOE on various cancer cell lines *.

Cell Type Cell Line (ng/(Iilsi) b

Human endometrial carcinoma RL95-2 163.5+3.3
Human lung carcinoma A549 179.1+1.8

Human hepatoblastoma Hep G2 1354+2.4

Human pharynx squamous cell carcinoma FaDu 105.0+ 1.8
Human breast adenocarcinoma MDA-MB-231 124.3+4.0
Human prostate carcinoma LNCaP 87.2+1.3

2 Treatment time was 24 h; ® Results are expressed as mean + SD of five experiments.

2.4. Cytotoxicity of Main Ingredients of SOE on RL95-2 Cells

The GC-MS analytical results show that SOE contains 20 compounds at minimum (Figure 5), of
which 10 constituents were identified using mass spectrometry (Table 2). The mass spectra of these
compounds were matched with those in the NIST spectral database. The major compounds in SOE
were identified as caryophyllene oxide (CPO, 46.9%), [—]-spathulenol (25.7%), hexadecanoic acid
ethyl ester (9.6%) and caryophyllene (CP, 3.1%). The CPO, CP, 6,10,14-trimethyl-2-pentadecanone and
hexadecanoic acid ethyl ester were confirmed by comparing their mass spectral data with the NIST mass
spectral library and commercially available products. The assessment of cytotoxicity of these four
compounds on RL95-2 cells for 24 h treatment indicates that only CPO (ICso value = 14.9 + 0.4 pg/mL
(67.7 uM)) and CP (ICso value = 33.2 £ 1.0 pg/mL (162.7 uM)) had significant anti-proliferative
activities on RL95-2 cells.

Both CPO and CP are sesquiterpenes isolated mainly from the essential oils of such medicinal
plants as Ocimum basilicum, Tagetes minuta [26], Toona sinensis [27], Hyptis spicigera and
Lippia multiflora [28]. Caryophyllene had anti-proliferative ability on many cancer cell lines,
including oral, liver, lung, colon, melanoma, leukemia and erythroleukemia [29-31]. Notably, CPO
inhibited growth and induced apoptosis through suppression of the PI3K/AKT/mTOR/S6K1 pathways
and ROS-mediated MAPKSs activation in human prostate and breast cancer cells [32,33]. According to
Kim et al. [34], CPO retarded proliferation, induced apoptosis and abrogated the invasion by
suppressing constitutive and inducible STAT3 activation in multiple myeloma, breast and prostate
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cancer cell lines. Therefore, these two ingredients may be responsible for the cytotoxicity of SOE
against human endometrial carcinoma cell line RL95-2.

Figure 5. Gas chromatography-mass spectrometry profile of SOE sample.
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Table 2. Chemical composition of SOE analyzed by GC-MS.
Rt P t
No. Component . ereen ba 8¢ R. Match
(min) * (Y0)
1 2-Oxabicyclo[2,2,2 Joctane-6-0l 20.72 1.8 763
2 2-tert-Butyl-1,4-dimethoxy-benzene 23.13 3.8 805
3 Caryophyllene 23.59 3.1 866
4 cis-a-Bisabolene 26.57 4.1 860
5 [-]-Spathulenol 27.62 25.7 853
6 Caryophyllene oxide 27.95 46.9 858
7 cis-Lanceol 29.28 1.7 719
8 [Z2,2,2]-9,12,15-Octadecatrienoic acid ethyl ester  32.49 1.2 736
9 6,10,14-Trimethyl-2-pentadecanone 33.53 2.1 790
10 Hexadecanoic acid ethyl ester 36.93 9.6 794

2 Retention time (min); ® Relative percentage calculated by integrated peak area.

Although these two compounds have a very slight structural difference, CPO exerted remarkably
stronger anti-proliferative activity than CP on RL95-2 cells. Sain et al. demonstrated that CPO may
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have higher cytotoxicity than CP, on human T lymphocyte Jurkat cells and human neuroblastoma
IMR-32 cells, from a structural biology in silico model based on the degree of stability of the
complexes formed between arachidonate 15-lipoxygenase and two caryophyllenes [35]. Additionally,
Oh et al. reported that CPO had a higher acaricidal activity against house dust mites than CP [36].
These studies revealed that a slight structural difference of CP may significantly affect their bioactivities.

3. Experimental Section
3.1. Reagents and Materials

The S. orientalis L. plant materials were purchased from Yuanshan Company (Kaohsiung, Taiwan).
The sample’s original was identified and its nucleotide sequence was deposited in the GenBank database
with accession number JN987228 [37]. Dulbecco’s Modified Eagle Medium (DMEM) and fetal bovine
serum (FBS) were from Gibco (Grand Island, NY, USA). RNase A was purchased from Gentra
Systems Inc. (MN, USA). Annexin V-FITC apoptosis detection kit was obtained from Strong Biotech
Co. (Taipei, Taiwan). Procaspase-3, procaspase-8, procaspase-9, Bcl-2, Bel-xL, Bax, Bad, Bak and
B-actin were purchased from BD Biosciences (San Jose, CA, USA). 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay kit and the potential active compounds, caryophyllene,
caryophyllene oxide and hexadecanoic acid ethyl ester were from Sigma-Aldrich Chemicals (St. Louis,
MO, USA). The compound 6,10,14-trimethyl-2-pentadecanone was from Apollo Scientific Co.
(Stockport, Cheshire, UK).

3.2. Preparation of S. orientalis Ethanol Extract

The aerial part of S. orientalis L. was freeze-dried and ground into powder. The dried powder (9.3 kg)
was extracted with 47 L of 95% ethanol by stirring at room temperature for 1 day; this was repeated
3 times. The extracted solutions were collected and filtered through filter paper (Whatman No. 1;
Whatman Paper Ltd, Maidstone, Kent, UK). The SOE was obtained by removing solvent with a rotary
evaporator and dried it in a freeze-drier. Total dry weight of this extract was 489 g (extraction yield = 5.3%).
In cell culture test, the SOE was dissolved in dimethyl sulfoxide (DMSO) and the final DMSO
concentration was less than 0.1% in medium.

3.3. Cancer Cell Lines and Culture

Human RL95-2 (endometrial cancer), A549 (lung cancer), Hep G2 (hepatoma), FaDu (pharynx
squamous cancer), MDA-MB-231 (breast cancer) and LNCaP (prostate cancer) cell lines were purchased
from the Bioresource Collection and Research Center (BCRC, Food Industry Research and Development
Institute, Hsinchu, Taiwan). The cultivation of RL95-2, A549, Hep G2, FaDu and MDA-MB-231 cell
lines were grown in DMEM medium, while LNCaP cells were grown in RPMI 1640 medium.
Both of these two media were supplemented with 10% (v/v) FBS, 1% penicillin/streptomycin and
0.02% sodium bicarbonate. These cancer cells were cultivated at 37 °C with 5% CO:z and 95% air and in
100% relative humidity.
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3.4. Determination of Cytotoxicity for Cancer Cells

Cancer cells were cultured in 96-well plates at 1 x 10* cells/well, treated with the indicated
concentration of SOE, and cultivated in 100% relative humidity of 5% CO2 and 37 °C. After specified
cultivation duration, the medium solution was removed. An aliquot of 100 pL culture medium
containing 0.5 mg/mL of MTT assay kit was loaded onto the plate. The cells were cultured for 2 h, and
then the medium solution was removed. An aliquot of 100 pL DMSO was added and the plate was
shaken until its crystals dissolved. The cytotoxicity against cancer cells was determined by measuring
the absorbance of the converted dye at a wavelength of 570 nm with an ELISA reader (Model 550,
Bio-Rad Laboratories, Hercules, CA, USA). Cytotoxicity of each sample is expressed as ICso value,
which is the concentration of test sample that cause 50% inhibition or cell death, and was obtained by
plotting the percentage inhibition versus SOE concentration.

3.5. Flow Cytometry Analysis of Cell Cycle

The effect of SOE on cell cycle distribution was investigated by flow cytometry after staining the
cells with propidium iodide (PI). The RL95-2 cells (2 x 10° cells/well) in 24-well plates were treated
with various concentrations of SOE and cultured for 24, 48 or 72 h. The treated cells were harvested and
washed with phosphate-buffer saline (PBS). Next, 100 uL Trypsin-EDTA solution were added to detach
the cells. After centrifugation at 100 g for 5 min, the cell pellet was suspended with 70% ethanol and
kept at =20 °C for 12 h. Then, the cells were washed with cold PBS and suspended in PBS containing
20 pg/mL PI, 0.2 mg/mL RNase A and 0.1% Triton X-100 at 4 °C for 12 h. The stained cells were then
analyzed by flow cytometer (FACSCalibur System, BD Biosciences) and the data were calculated with
WinMDI software (Version 2.9, TSRI, La Jolla, CA, USA).

3.6. Apoptotic Ratio Analysis

The apoptotic effect of SOE on RL95-2 cells was determined by Annexin V-FITC staining method
and measured using flow cytometer. The RL95-2 cells (2 x 10° cells/well) in 24-well plates were treated
with various SOE concentrations and cultured for 48 h. The treated cells were harvested and washed
with PBS. Next, 100 uL. Trypsin-EDTA solution was added to detach the cells. After washing with cold
PBS, the cells were centrifuged at 200 g for 10 min. The cell pellet was suspended in 100 uL of Annexin
V-FITC staining-solution and incubated for 20-30 min at 25 °C. The cells were then analyzed by
flow cytometry.

3.7. Preparation of Whole-Cell Lysates

The composition of cell lysis buffer (modified RIPA buffer) was 150 mM NaCl, 50 mM Tris,
0.5% sodium deoxycholate, 1% tert-octylphenoxy poly(oxyethylene)ethanol (IGEPAL), 20 uL of 0.1 M
ethylene glycol tetraacetic acid (EGTA), 2 puL of 0.25 M sodium vanadat, 10 pL of 0.1 M
phenylmethylsulfonyl fluoride (PMSF), 2 uL of 5 mg/mL leupeptin, 2 pL of 5 mg/mL aprotinin, and
2 uL of 0.5 M ethylene-diaminetetraacetic acid (EDTA). The cultivated cells were rinsed with iced-cold
PBS and lysed with 100 pL cold modified RIPA buffer for 5 min. Supernatants were collected by
centrifugation at 10,000 g for 5 min at 4 °C, and were used as the whole-cell lysates.
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3.8. Western Blot Analysis

To analyze the proteins of procaspase-3, procaspase-8, procaspase-9, Bel-family, 1 x 10° cells were
seeded into 6-cm culture dishes with or without SOE, and were incubated for 24 h. The medium was
removed and cells were washed several times with PBS (0.01 M, pH 7.2). Whole-cell lysates were
prepared using the procedures described earlier. The harvested protein concentration was measured
using a protein assay kit (Bio-Rad). The same amounts of proteins from each extract were applied to
10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Proteins were
transferred onto a nitrocellulose membrane (Immunobilin P; Millipore, Billerica, MA, USA), and were
then blocked by 10% skim milk in water for 1 h. After washing three times with PBS containing 0.1%
Tween-20, the specific primary antibodies with a suitable dilution were added. Following overnight
incubation at 4 °C, the primary antibodies were washed away and secondary antibodies were added for
I h incubation at room temperature. The protein levels were determined by using Enhanced
Chemiluminescence (ECL) Plus Western blotting detection reagents (Amersham Bioscience, Uppsala,
Sweden) to develop the signal of the membrane. Densitometric analyses were conducted using the
Quantity One® software (Bio-Rad).

3.9. Gas Chromatography-Mass Spectrometry

The GC-MS analysis was performed using Varian 450-GC and 240-MS system (Varian, Salt Lake
City, UT, USA) with the electron impact mode (70 eV) injector, and a Varian data system. The GC
column was VF-5ms capillary column (30 m x 0.25 mm, film thickness 0.25 um, FactorFour™, Varian,
Salt Lake City, UT, USA). Injector and detector temperatures were set at 250 °C and 290 °C,
respectively. Oven temperature was kept at 50 °C for 5 min, then raised to 120 °C by a rate of 5 °C/min,
kept at 120 °C for 8 min, then raised to 300 °C by a rate of 10 °C/min. The carrier gas was helium at a
flow rate of 1 mL/min. Diluted samples of 1.0 uL was injected under the splitless mode. The percentages
of the ingredients were calculated by the area normalization method. The components were identified by
comparison of their mass spectra with the NIST MS 2.0 database (Gaithersburg, MD, USA).

3.10. Statistical Analysis

All experiments were carried out for three to five independent replicates. The experimental data were
analyzed by using Microsoft Excel software (Microsoft Software Inc., Redmond, WA, USA). The data
are expressed in terms of mean and standard deviation, and the statistical differences were analyzed by
Student’s t-test (* p < 0.05, ** p <0.01, *** p <0.001).

4. Conclusions

This study demonstrates that SOE had significant cytotoxicity directly towards RL95-2 endometrial
cancer cells. Under SOE treatment, the cell morphology change, cell cycle regulation, apoptosis by
Annexin V-FITC detection, and expressions of pro-apoptotic and anti-apoptotic proteins expression of
RL95-2 cells were investigated. Notably, SOE induced apoptosis of RL95-2 cells via both intrinsic and
extrinsic signaling pathways. Further, CPO and CP were responsible for most of the cytotoxicity of
SOE. Taken together, these experimental findings suggest that SOE is a potential source for both the
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prevention and treatment of endometrial cancer. Further studies are required to identify the bioactive
components and their mechanisms of action.

Acknowledgments

The authors gratefully acknowledge the financial support of E-Da Hospital, Taiwan (EDAHP101012)
and the National Science Council, Taiwan (NSC 100-2221-E-214-020).

Author Contributions

All authors contributed to this study. C.C. Chang, J.Y. Houng, H.F. Hsu, and S.M. Kuo conceived
and designed the experiments. K.H. Huang, J.M. Wu, and X.H. Ling performed the experiments and
analyzed the data. C.C. Chang and J.Y. Houng prepared the manuscript. All the authors approved the
final version of the paper.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Mueck, A.O.; Seeger, H. The World Health Organization defines hormone replacement therapy as
carcinogenic: Is this plausible? Gynecol. Endocrinol. 2008, 24, 129—132.

2. Lheureux, S.; Joly, F. Endometrial cancer: Place for adjuvant chemotherapy. Bu/l. Cancer 2012, 99,
85-91.

3. Lau, H.Y.; Chen, Y.J.; Yen, M.S.; Chao, K.C.; Chen, R.F.; Yeh, S.O.; Twu, N.F.
Clinicopathological features and survival in young taiwanese women with endometrial carcinoma.
Int. J. Gynecol. Cancer 2014, 24, 1015-1020.

4. Kaaks, R.; Lukanova, A.; Kurzer, M.S. Obesity, endogenous hormones, and endometrial cancer
risk: A synthetic review. Cancer Epidemiol. Biomarker. Prev. 2002, 11, 1531-1543.

5. Plataniotis, G.; Castiglione, M. Endometrial cancer: ESMO clinical practice guidelines for
diagnosis, treatment and follow-up. Ann. Oncol. 2010, 21 (Suppl. 5), v41—v45.

6. Mu, N.; Zhu, Y.; Wang, Y.; Zhang, H.; Xue, F. Insulin resistance: A significant risk factor of
endometrial cancer. Gynecol. Oncol. 2012, 125, 751-757.

7. Schmandt, R.E.; Iglesias, D.A.; Co, N.N.; Lu, K.H. Understanding obesity and endometrial cancer
risk: Opportunities for prevention. Am. J. Obstet. Gynecol. 2011, 205, 518-525.

8. Lee, N.K. Adjuvant treatment of advanced-stage endometrial cancer. Clin. Obstet. Gynecol. 2011,
54,256-265.

9. Bouchard, P. Current and future medical treatments for menometrorrhagia during the
premenopause. Gynecol. Endocrinol. 2011, 27, 1120-1125.

10. Liu, J.; Li, X.; Ma, L.; Fonnebo, V. Traditional Chinese medicine in cancer care: A review of case
reports published in Chinese literature. Forsch. Komplement. Med. 2011, 18, 257-263.

11. Efferth, T. Personalized cancer medicine: From molecular diagnostics to targeted therapy with
natural products. Planta Med. 2010, 76, 1143—1154.



Molecules 2014, 19 19993

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Mehta, R.G.; Murillo, G.; Naithani, R.; Peng, X. Cancer chemoprevention by natural products:
How far have we come? Pharm. Res. 2010, 27, 950-961.

Wang, F.; Cheng, X.L.; Li, Y.J.; Shi, S.; Liu, J.K. ent-Pimarane diterpenoids from
Siegesbeckia orientalis and structure revision of a related compound. J. Nat. Prod. 2009, 72,
2005-2008.

Qian, R.Q.; Zhang, C.Y.; Fu, H.Z. Study on therapeutic mechanism of anti-rheumatism action of
Herba siegesbeckiae. Chin. J. Integr. Tradit. West. Med. 2000, 20, 192—-195.

Wang, J.P.; Zhou, Y.M.; Ye, Y.J.; Shang, X.M.; Cai, Y.L.; Xiong, C.M.; Wu, Y.X,; Xu, H.X.
Topical anti-inflammatory and analgesic activity of kirenol isolated from Siegesbeckia orientalis.
J. Ethnopharmacol. 2011, 137, 1089-1094.

Hwang, W.J.; Park, E.J.; Jang, C.H.; Han, S.W.; Oh, G.J.; Kim, N.S.; Kim, H.M. Inhibitory effect
of immunoglobulin E production by jin-deuk-chal (Siegesbeckia orientalis). Immunopharmacol.
Immunotoxicol. 2001, 23, 555-563.

Sun, H.X.; Wang, H. Immunosuppressive activity of the ethanol extract of Siegesbeckia orientalis
on the immune responses to ovalbumin in mice. Chem. Biodivers. 2006, 3, 754-761.

Wang, J.P.; Luo, Q.; Ruan, J.L.; Chen, Y.A.; Chen, M.X. Effect of Siegesbeckia orientalis L. on
cervical cancer Hel a cell in vitro. Herald Med. 2009, 28, 45-46. (In Chinese)

Cotter, T.G. Apoptosis and cancer: The genesis of a research field. Nat. Rev. Cancer 2009, 9, 501-507.
Hassan, M.; Watari, H.; AbuAlmaaty, A.; Ohba, Y.; Sakuragi, N. Apoptosis and molecular
targeting therapy in cancer. Biomed. Res. Int. 2014, 1-23.

Wyllie, A.H.; Kerr, J.F.; Currie, A.R. Cell death: The significance of apoptosis. Int. Rev. Cytol.
1980, 68, 251-306.

Mohan, S.; Abdul, A.B.; Abdelwahab, S.I.; Al-Zubairi, A.S.; Sukari, M.A.; Abdullah, R.; Taha, M.M.;
Beng, N.K.; Isa, N.M. Typhonium flagelliforme inhibits the proliferation of murine leukemia
WEHI-3 cells in vitro and induces apoptosis in vivo. Leuk. Res. 2010, 34, 1483—1492.

Hsu, H.F.; Huang, K.H.; Lu, K.J.; Chiou, S.J.; Yen, J.H.; Chang, C.C.; Houng, J.Y. Typhonium blumei
extract inhibits proliferation of human lung adenocarcinoma A549 cells via induction of cell cycle
arrest and apoptosis. J. Ethnopharmacol. 2011, 135, 492-500.

Yoon, J.H.; Gores, G.J. Death receptor-mediated apoptosis and the liver. J. Hepatol. 2002, 37,
400-410.

Catz, S.D.; Johnson, J.L. BCL-2 in prostate cancer: A mini review. Apoptosis 2003, 8, 29-37.
Shirazi, M.T.; Gholami, H.; Kavoosi, G.; Rowshan, V.; Tafsiry, A. Chemical composition,
antioxidant, antimicrobial and cytotoxic activities of Tagetes minuta and Ocimum basilicum
essential oils. Food Sci. Nutr. 2014, 2, 146—155.

Wu, J.G.; Peng, W.; Yi, J.; Wu, Y.B.; Chen, T.Q.; Wong, K.H.; Wu, J.Z. Chemical composition,
antimicrobial activity against Staphylococcus aureus and a pro-apoptotic effect in SGC-7901 of the
essential oil from Toona sinensis (A. Juss.) Roem. leaves. J. Ethnopharmacol. 2014, 154, 198-205.
Bayala, B.; Bassole, .H.; Gnoula, C.; Nebie, R.; Yonli, A.; Morel, L.; Figueredo, G.; Nikiema, J.B.;
Lobaccaro, J.M.; Simpore, J. Chemical composition, antioxidant, anti-inflammatory and
anti-proliferative activities of essential oils of plants from Burkina faso. PLoS One 2014, 9, €92122.
Lampronti, I.; Saab, A.M.; Gambari, R. Antiproliferative activity of essential oils derived from
plants belonging to the Magnoliophyta division. Int. J. Oncol. 2006, 29, 989—995.



Molecules 2014, 19 19994

30.

31.

32.

33.

34.

35.

36.

37.

Tundis, R.; Loizzo, M.R.; Bonesi, M.; Menichini, F.; Dodaro, D.; Passalacqua, N.G.; Statti, G.;
Menichini, F. In vitro cytotoxic effects of Senecio stabianus Lacaita (Asteraceae) on human cancer
cell lines. Nat. Prod. Res. 2009, 23, 1707-1718.

Su, Y.C.; Hsu, K.P.; Wang, E.I.; Ho, C.L. Composition and in vitro anticancer activities of the leaf
essential oil of Neolitsea variabillima from Taiwan. Nat. Prod. Commun. 2013, 8, 531-532.

Park, K.R.; Nam, D.; Yun, HM.; Lee, S.G.; Jang, H.J.; Sethi, G.; Cho, S.K.; Ahn, K.S.
B-Caryophyllene oxide inhibits growth and induces apoptosis through the suppression of
PI3K/AKT/mTOR/S6K 1 pathways and ROS-mediated MAPKs activation. Cancer Lett. 2011, 312,
178-188.

Ryu, N.H.; Park, K.R.; Kim, S.M.; Yun, H.M.; Nam, D.; Lee, S.G.; Jang, H.J.; Ahn, K.S.; Kim, S.H.;
Shim, B.S.; et al. A hexane fraction of guava leaves (Psidium guajava L.) induces anticancer
activity by suppressing AKT/mammalian target of rapamycin/ribosomal p70 S6 kinase in human
prostate cancer cells. J. Med. Food 2012, 15, 231-241.

Kim, C.; Cho, S.K.; Kapoor, S.; Kumar, A.; Vali, S.; Abbasi, T.; Kim, S.H.; Sethi, G.; Ahn, K.S.
B-Caryophyllene oxide inhibits constitutive and inducible STAT3 signaling pathway through
induction of the SHP-1 protein tyrosine phosphatase. Mol. Carcinog. 2013, doi:10.1002/mc.22035.
Sain, S.; Naoghare, P.K.; Devi, S.S.; Daiwile, A.; Krishnamurthi, K.; Arrigo, P.; Chakrabarti, T.
Beta caryophyllene and caryophyllene oxide, isolated from Aegle marmelos, as the potent
anti-inflammatory agents against lymphoma and neuroblastoma cells. Antiinflamm. Antiallergy
Agents Med. Chem. 2014, 13, 45-55.

Oh, M.S.; Yang, J.Y.; Kim, M.G.; Lee, H.S. Acaricidal activities of B-caryophyllene oxide and
structural analogues derived from Psidium cattleianum oil against house dust mites. Pest. Manag. Sci.
2014, 70, 757-762.

Hsu, H.F.; Chang, S.F.; Chen, Z.H.; Yuan, S.S.F.; Tsai, Y.D.; Wang, C.P.; Wang, S.W.; Fang, L.W_;
Houng, J.Y. Cytotoxic effect of Anisomeles indica extract on human pharynx squamous cancer
cells. J. Med. Plants. Res. 2012, 6, 5002-5012.

Sample Availability: Samples of the compounds -caryophyllene and caryophyllene oxide are available

from the authors.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NSimSun
    /Nyala-Regular
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUI-Semilight
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


