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ABSTRACT

The anticancer effect of dangyuja (Citrus grandis Osbeck) and guava (Psidium
guajava L.) leaves extract was investigated using SNU-16 human gastric cancer
cells. Maximum cytotoxicity was observed using the chloroform fraction (CF) of the
extract. Cell death was dose-dependent and was characterized by apoptotic body
formation and DNA fragmentation. Flow cytometric analysis showed that treatment of
chloroform fraction of dangyujaleaves (CFD) and chloroform fraction of guava leaves
(CFG) resulted in a marked accumulation of cells in sub-G1 phase. The induction of
apoptosis was confirmed by caspase-3 activity assays and by immunoblotting using
antibodies against Bid, Bcl-2, Bax, poly (ADP-ribose) polymerase (PARP), caspase-9,
caspase-8, caspase-7, and caspase-3. Together, our results provide the first evidence
that the CFD and CFG extracts induces apoptosis in SNU-16 cells. Our findings may

lead to new strategies for the treatment of human gastric cancer.
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1. Introduction

Although many anticancer agents have been developed, unfavorable side effects and
resistance are serious problems (Panchal, 1998). Thus, there is growing interest in the
use of plant materials for the treatment of various cancers and the development of safer
and more effective therapeutic agents (Ramos, 2007). Several studies have reported that
citrus fruits have anticancer effects, including the reduced proliferation of some cancer
cells (Arias and Ramon-Laca, 2005) and the induction of apoptosis in human gastric
and colon cancer cells (Kim et al., 2005). Much is known about the cancer-preventing
potential of the dietary bioactive compounds in citrus fruits (Poulose et al., 2006).
However, the studies reporting upon the anticancer effects of citrus leaves are limited.
Psidium guajava L. is commonly known as guava, guyava and kuawa. It ranges widely
in subtropical climatic region all over the world as subtropical plant belonging to
Myrtaceae. It has been claimed to be useful in the treatment of diarrhea, dysentery,
acute gastrointestinal inflammation, and antidiabetic effects (Oh et al., 2005). However,
the studies reporting upon the anticancer effects of guava leaves are also limited. In
order to achieve a more effective use of resources, we investigated the ability of
dangyuja and guava leaves to induce apoptosis in SNU-16 human gastric cancer cells.

Apoptosis is one of the most important mechanisms for initiating cell death and
deregulation of apoptosis contributes to a variety of diseases, especially cancer (Moon
et al., 2007). The therapeutic application of apoptosis is currently being considered as a
model for the development of anti-tumor drugs (Hong et al., 2003). Apoptosis is an
active physiological process resulting in cellular self-destruction that involves specific
morphological and biochemical changes in the nucleus and cytoplasm (Khan and

Mlungwana, 1999). It is characterized by distinct morphologic changes, including cell



shrinkage, membrane blebbing, chromatin condensation, DNA fragmentation, and the
formation of apoptotic bodies (Buttke and Sandstrom, 1994; Wyllie, 1997). Bcl-2 family
proteins determine whether a cell lives or dies by controlling the release of
mitochondrial apoptogenic factors, which are associated with death proteases called
caspases (Oltval et al., 1993). Caspases, a class of cysteine proteases, are central players
in the apoptotic process that trigger a cascade of proteolytic cleavage events (Shag et al.,
2003). There are two well-studied signal pathways for activation of caspases. In the
extrinsic or death receptor pathway (Ashkenazi and Dixit, 1998; Chen and Wang, 2002)
procaspase-8 is recruited and cleaved into active caspase-8 resulting in caspase-3
activation and subsequently leading to DNA fragmentation. In the intrinsic or
mitochondrial pathway (Green, 2000; Sun et al., 1999) the activation of caspase-9 is
triggered by the formation of apoptosome, further leading to caspase-3 activation and
nuclear damage (Waxman and Schwartz, 2003). The activation of caspase-3 is an
important downstream event in apoptosis (Earnshaw et al., 1999).

To determine the species’ antiproliferative activity, we examined the effects of
various leaf solvent fractions on cell viability using a 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT)-based assay. Hoechst 33342 staining, analyses of
DNA fragmentation, and cell cycle analysis confirmed the induction of apoptosis. The
expression of the anti-apoptotic protein Bcl-2 and of the pro-apoptotic proteins Bax, Bid,
caspase-8, caspase-7, caspase-3 and PARP was assessed by immunoblotting. Our results
suggest that the CFD and CFG are capable of inducing apoptosis in SNU-16 human

gastric cancer cells via both extrinsic and intrinsic pathways.



2. Materials and Methods

2. 1. Reagents

Dangyuja was obtained from the National Institute of Subtropical Agriculture in Jeju
Province, Korea. Psidium guajava L. (guava) was purchased in our laboratory that was
cultivated in Jeju Province, Korea. Quercetin (Sigma, MO, USA), RPMI 1640 medium,
Dulbecco’s modified Eagle’s medium (DMEM), trypsin/EDTA, fetal bovine serum
(FBS), penicillin, streptomycin, Hoechst 33342 dye, and Trizol were purchased from
Invitrogen Life Technologies Inc. (Grand Island, NY, USA). Dimethyl sulfoxide
(DMSO0), MTT, PI, RNase A, and caspase activity assay kits were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). An Annexin V-FLOUS Staining Kit was
purchased from BD Biosciences (Franklin Lakes, NJ, USA). Anti-Bcl-2, -Bax, -cleaved
caspase-3, -caspase-7, -PARP, and -B-actin antibodies were purchased from Cell
Signaling (Danvers, MA, USA) and anti-caspase-8 was from R&D system (MN, USA).
A Bradford Protein Assay Kit and polyvinylidene fluoride (PVDF) membranes were

purchased from Bio-Rad (Hercules, CA, USA).

2. 2. Preparation of the leaf extracts

Air-dried dangyuja and guava leaves were pulverized using a milling machine and
extracted with 80% methanol by stirring for 3 days at room temperature (RT). The
extract was filtered, concentrated with a vacuum rotary evaporator under reduced
pressure, and lyophilized. The dried methanol extracts were then suspended in water (1

L) and further fractionated by additional extraction with n-hexane, chloroform, ethyl



acetate, and n-butanol in a stepwise manner. Each extract powder was dissolved in
DMSO and diluted with phosphate-buffered saline (PBS, pH 7.4) to the desired final

concentration.

2. 3. Cell culture

SNU-16 cells were maintained at 37°C in a humidified atmosphere under 5% CO, in
RPMI 1640 containing 10% heat-inactivated FBS, 100 U/mL penicillin, and 100 pg/mL
streptomycin. Exponentially growing cells were treated with various concentrations of

the solvent fractions, as indicated.

2. 4. Cell viability assay

The effect of the CFD and CFG on the viability of various cancer cell lines was
determined by an MTT-based assay (Hansan et al., 1989). Briefly, exponential-phase
cells were collected and transferred to a microtiter plate. The cells were then incubated
for 72 hours in the presence of various concentrations of the CFD and CFG. After
incubation, 5 mg/mL of MTT solution (Sigma, MO, USA) was added to each well and
the cells were incubated at 37°C for 4 h. The plates were then centrifuged at 2,500 rpm
for 20 min at RT and the medium was carefully removed. DMSO (150 pL) was then
added to each well to dissolve the formazan crystals. The plates were read immediately
at 570 nm on a Sunrise microplate reader (Sunrise, Tecan, Salzburg, Austria). The
concentration at which growth was inhibited by 50% (the ICsq value) was determined in

triplicate for each well.



2. 5. Microscopic observation of cellular morphology

SNU-16 cells, placed in 6-well plates at 10° cells/mL, were treated with an aliquot of
the CFD and CFG 5 hours after plating. After 24 h, 10 pM of Hoechst 33342 (Lizard et
al., 1997) a DNA-specific fluorescent dye, were added to the solution in each well and
the plates were incubated for 10 min at 37°C. The stained cells were then observed

under an Olympus fluorescence microscope.

2. 6. Analysis of DNA fragmentation

The SNU-16 cells (1X105 cells/mL) were treated with 25, 50, 100 and 200 pg/mL of
the CFD and CFG for 24 h and then harvested. Genomic DNA was extracted in an
extraction buffer (10 mM of Tris, pH 8.0, 0.1 M of EDTA). Sodium dodecyl sulfate was
then added to 0.5%, and the mixture was incubated for overnight with 0.5 pg/uL
proteinase K at 50 C. The mixture was then extracted with phenol:chloroform:isoamyl
alcohol (25:24:1), and the DNA was precipitated with 5 M of sodium chloride and 2
volumes of absolute ethanol. Equal amount of the extracted DNA (10 pg) was
electrophoresed on a 1.8% agarose gel containing 0.1 pg/mL ethidiumbromide and

visualized under ultraviolet light.

2. 7. Flowcytometric analysis

To determine cell cycle distribution analysis, 1x10° cells/mL were plated in 6 well
plate, treated with the CFD and CFG (25~200 pg/mL) for 24 h. After treatment, the
cells were collected, fixed in 70% ethanol, washed in PBS (2mM EDTA), resuspended

in 1 mL PBS containing 1 mg/mL RNase and 50 mg/mL propidium iodide, incubated in



the dark for 30 min at 37°C, and analyzed by FACS caliber flow cytometry (Becton

Dickinson, USA). Data from 10,000 cells were collected for each data file.

2. 8. Immunoblot analysis

After treatment, the cells were collected and washed twice with cold PBS. The cells
were then lysed in lysis buffer (50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1% Nonidet P-
40,2 mM EDTA, 1 mM EGTA, 1 mM NaVO;, 10 mM NaF, | mM DTT, 1 mM PMSF,
25 pg/mL aprotinin, and 25 pg/mL leupeptin) and kept on ice for 30 min. The lysates
were then centrifuged at 13,000xg at 4°C for 30 min; the supernatants were stored at -
70°C until use. The protein concentration was determined by the bicinchoninic acid
(BCA) protein assay kit (Pierce, Rockford, IL, USA). Aliquots of the lysates (60-100 pg
of protein) were separated by 7.5-15% SDS-PAGE and transferred onto a
polyvinylidine difluoride (PVDF) membrane (Bio-RAD, HC, USA) using a glycine
transfer buffer (192 mM glycine, 25 mM Tris-HCI, pH 8.8, and 20% methanol [v/v]).
After blocking with 5% nonfat dried milk, the membrane was incubated for 2 h with
primary antibodies followed by 30 min with secondary antibodies in milk containing
Tris-buffered saline (TBS) and 0.1% Tween 20. Human anti-caspase-3, -caspase-7, -
caspase-8, -PARP, - Bax (Cell signaling, MA, USA) and -Bcl-2 (Santa cruz, MA, USA)
antibodies were used at a 1:1,000 or 1:2,000 dilution as the primary antibodies while
horseradish peroxidase-conjugated goat anti-human IgG (Vector Laboratories,
Burlingame, CA, USA) was used at a 1:5,000 dilution as the secondary antibody. The
membrane was then exposed to X-ray film. Protein bands were detected using the

WEST-ZOL® plus Western Blot Detection System (iNtRON, Gyeonggi-do, Korea).



2. 9. Caspase-3 activity assay

Caspase-3 activity was assayed by using a commercially -available kit (Sigma)
according to the manufacturer’s protocol. SNU-16 cells were lysed with chilled lysis
buffer after treatment with the CFD and CFG (25, 50, 100 and 200 pg/mL) for 24 h.
The protein concentration was measured using BCA protein assay kit. All mixtures
were incubated overnight in a humidified environment at 37°C, and the concentration of
the p-nitroanyline (p-NA) released from the substrate was measured with a Sunrise

microplate reader at 405 nm.

2.10. GC and GC-MS analysis

Gas chromatographic analysis of chloroform fraction was carried out with Agilent
6850 system equipped with a flame ionization detector (FID) and HP-SMS capillary
column (30 m x 0.25 mm LD., 0.25 pm film thickness). Injector and detector
temperature were maintained at 220°C and 280°C, respectively. The column oven
temperature was set at 100°C for injection (held for 5 min), then programmed at 5°C
/min to 200°C (held for 5 min), then at 5°C /min to 300°C, and finally held at 300°C for
10 min. Nitrogen was used as carrier gas with flow rate of 1.0 mL/min. Injection
volume was 2 pL with split ratio of 5:1. Quantitative data were obtained from FID area
percent data. GC-MS analysis was performed using Agilent 6890N gas chromatography
coupled to Agilent 5975N mass spectrometer. A HP-SMS capillary column (30 m x 0.25
mm LD., 0.25 um film thickness) was used for gas chromatographic separation of the
analyte. GC condition was same as those used in the GC analysis above. Carrier gas
(helium) was set at a flow rate of 1.0 mL/min with an inlet pressure of 10.48 psi. The

MS instrument was operated in the electron impact (EI) mode with an ionization energy



of 70 eV. Transfer line was also set at 280°C, quadrupole temperature at 150°C, and
source temperature at 230°C. The GC-MS peaks were identified by comparison with

data from the GC chromatogram and the profiles from the with Wiley 7" ed.

2.11. Statistical analysis

All results were expressed as the mean + standard deviation (SD). One-way analysis
of variance (ANOVA) using SPSS v 12.0 software package was applied. A difference at
p < 0.01 was considered to be statistically significant. All assays were performed in

triplicate.



3. Results and Discussion

3. 1. Effect of the CF on cell viability

Four organic solvents were used in a stepwise manner to extract the anticancer
components from a methanol extract of dangyuja and guava leaves. The effect of
various concentrations of the resulting fractions (n-hexane [HF], chloroform [CF], ethyl
acetate [EF], n-butanol [BF], and aqueous residue [ARF]) on the growth of SNU-16
cells was subsequently examined by a MTT-based assay. Among the extracts tested, the
CF appeared to be most potent (The HF of guava leaves was cytotoxicity to normal lung
fibroblast cells). The percent viability of SNU-16 cells exposed to the CFD and CFG at
25, 50, 100, and 200 pg/mL was decreased compared with the controls; moreover, the
inhibition of cell growth was dose-dependent (Fig. 1A, 2A). We also investigated the
effect of CFs on the growth of other cancer cell lines. Each cell line responded
differently to treatment with the CFD (Fig.1B) and CFG (Fig.2B). SNU-16 cells were
the most susceptible to CFs-induced cell toxicity whereas CCD-25Lu cells, normal lung
fibroblast, was not (Fig. 1C, 2C). Quercetin, the major representative of the flavonol
subclass, was included as a positive control as it has been shown to inhibit tumor
development in animal colon cancer models (Deschner et al., 1993; Yang et al., 2000;
Gee et al., 2002). The percent viability of SNU-16 cells exposed to the quercetin at 25,

50, 100, and 200 pM was 77.59, 54.02, 37.99 and 27.37, respectively (Fig. 3).
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Figure 1. Growth inhibition of CFD in SNU-16 human gastric cancer cells. The
various concentration of solvent fractions of dangyuja leaves (A). Effect of chloroform
fraction on different cells: ®, SNU-16 (human gastric cancer cells); o, MCF-7 (breast
cancer cells); ¥, HepG2 (hepatoblastoma cells); V, HCT-15 (colon cancer cells); m,
NCI-H460 (Lung cancer cells) (B). Normal cells treated with chloroform fraction of

dangyuja leaves (C). The values presented are the means £ SD (n=4).
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Figure 2. Growth inhibition of CFG in SNU-16 human gastric cancer cells. The
various concentration of solvent fractions of guava leaves (A). Effect of chloroform
fraction on different cells: ®, SNU-16 (human gastric cancer cells); o, HepG2
(hepatoblastoma cells); ¥, HeLa (human cervical carcinoma); V, AGS (human gastric

adenocarcinoma cells); m, U-937 (human leukemia cells) (B). Normal cells treated with

chloroform fraction (CF) and hexane fraction (HF) of guava leaves (C). The values

presented are the means + SD (n=4).
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Figure 3. Growth inhibition of quercetin in SNU-16 human gastric cancer cells.
SNU-16 cells treated with various concentration of quercetin. The values presented are

the means * SD (n=4).
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3. 2. Induction of apoptosis by the CFD and CFG

To elucidate whether the CFD and CFG-induced decrease in viability was attributable
to apoptosis, we performed nuclear staining with Hoechst 33342 and DNA
fragmentation assays. Nuclear staining with Hoechst 33342, a fluorescent DNA-binding
dye, revealed fragmented and condensed nuclei in the CFD-, CFG-treated cells in a
dose-dependent manner (Fig. 4). The cells treated with increasing concentrations of the
CFD and CFG showed a progressive accumulation of fragmented DNA (Fig. 5). Taken

together, these data indicate that the CFD and CFG induced apoptosis in SNU-16 cells.

50 yg/mL 100 yg/mL 200 pg/mL

15
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Figure 4. Nuclear Hoechst staining. Cells were treated with various concentration of the
CFD (A). CFG (B) and quercetin (C) for 24 h then stained with Hoechst 33342. The

stained nuclei were visualized under a fluoresce microscope.



CFD (ng/mL) CFG (ug/mL)

0 25 S0 100 200 0 25 S0 100 200

Quercetin (UM)
0 25 S0 100 200

Figure 5. Induction of DNA fragmentation in CFD-, CFG-treated SNU-16 cells.
The cells were incubated with the indicated concentration of the CFD (A), CFG (B) and
quercetin (C) for 24 h. Genomic DNA samples were prepared and analyzed by 1.8%

agarose gel electrophoresis.
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3. 3. Effects on cell cycle progression

Cell cycle control is the major regulatory mechanism of cell growth (Gamet-Pavrastre
at al., 2000). Many cytotoxic agents and/or DNA damaging agents arrest the cell cycle
at the G1, S or G2/M phase and then induced apoptotic cell death. The cell cycle check-
point may function to ensure the cells have time for DNA repair (O’Connor et al., 1993).
The fractions of the cells in GO/G1, S, and G2/M phase were analyzed using a cell cycle
analysis software. The sign of apoptosis was indicated by the accumulation of sub-Gl1
population in SNU-16 cells after CFs treatment. For example, 200 pg/mL CFD
treatment for 24 h resulted in an increase in the percentage of cells in the sub-G1 phase
from 2.1 to 77.3%. We quantified the cells in the sub-G1 population after CFD and
CFG treatment as the apoptosis index. Treatment with CFD and CFG resulted in a dose-
dependent increase in the sub-G1 cell population (Fig. 6). The treatment with CFD and
CFG for 24 h increased the percentage of cells in sub-G1 phase, respectively. Thus,
these results show that the inhibition of growth observed in response to CFD and CFG

is associated with the sub-G1 arrest of the cell cycle.

18
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Table 1. Determine of sub-G1 ratio in CFD-treated SNU-16 cells.

Concentration 0 o5 50 100 200
(pg/mL)
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Table 2. Determine of sub-G1 ratio in CFG-treated SNU-16 cells.
Concentration 0 o5 50 100 200
(ug/mL)

Sub-G1 (%) | 7.1£2.9 8.9+2.8 | 10.1+£0.3 | 31.4+£5.8 | 59.9+3.5
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Table 3. Determine of sub-G1 ratio in Quercetin-treated SNU-16 cells.

Concentration 0 o5 50 100 200
(ng/mL)
Sub-G1 (%) 9.9+3.2 13.6x5.1 25.1+4.3 | 34.91+2.8 | 35.5+£6.0

Figure 6. Cell cycle analysis in treated SNU-16 cells. Histogram patterns of SNU-16

cells cultured with various concentration of CFD (A), CFG (B) and quercetin (C).

Concentration: (A, B) Control (a); 25 pg/mL (b); 50 pg/mL (c); 100 pg/mL (d); 200

ug/mL (e). (C) Control (a); 25 pM (b); 50 uM (c); 100 uM (d); 200 uM (e). Percentage

of sub-G1 ratio indicated in Table 1, 2, 3.
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3. 4. Western blot analysis for apoptosis-related proteins

To determine the mechanism of CFD-, CFG-induced apoptosis, the expression of
anti- and pro-apoptotic proteins following CFD and CFG treatment was examined by
immunoblotting. The expression of anti-, pro-apoptotic members of the Bcl-2 family
members regulates the intrinsic pathway. The expression of Bcl-2 was significantly
inhibited in a dose-dependent manner whereas the expression of Bax was relatively
constant in CFD-, CFG-treated SNU-16 cells (Fig. 7). These results suggest that the
CFD and CFG induced apoptosis by shifting the Bax/Bcl-2 ratio in favor of apoptosis.
Previous reports have shown that the imbalance between Bax and Bcl-2, causing
apoptosis (Cheng et al., 2007). The fractions also increased the expression of the active
subunits of caspases-8, -7, and -3, as well as the proteolytic cleavage of Bid and PARP
in a dose-dependent manner. The activated capase-8 starts the apoptotic reaction by
downstream effector caspases and Bid. These results suggest that the CFD and CFG
induced apoptosis through extrinsic pathway. As shown in Fig. 8, caspapse-3 activity was
increased by the CFD and CFG in a dose-dependent manner. These results suggest that
the apoptotic effects of the CFD and CFG in SNU-16 cells are associated with an

increase in the Bax/Bcl-2 ratio and caspase activation.
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B-actin

Figure 7. Immunoblot analysis of apoptosis-related protein expression in treated
SNU-16 cells. Cells were lysed after 24 h of incubation with the various concentrations
of the CFD (A), CFG (B) and quercetin (C). Cellular proteins were separated by SDS-
PAGE and transferred onto PYDF membranes. The membranes were probed with the
indicated primary antibodies then with horseradish peroxidase-conjugated goat anti-

rabbit IgG. B-actin was used as an internal control.
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Figure 8. Induction of caspase-3 activity in treated SNU-16 cells. Cell lysates
prepared from cells that had been treated with the CED (A), CFG (B) and quercetin (C)
for 24 h were assayed for in vitro caspase-3 activity. The rate of cleavage of the caspase
substrate DEVD-pNA was measured at 405 nm. The results are presented as the mean +

SD. The experiments were done in triplicate. *P < 0.05 compared with the control.
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3. 5. Composition of chloroform fraction

We analysed the composition of the chloroform fraction from Dangyuja leave using
GC-FID and GC-MS. We identified 21 major compounds in the fraction, main
constituents were linoleic acid (13.28%); linolenic acid (8.92%); palmitic acid (4.48%);
a-amyrin (3.73%); Y-sitosterol (3.64%); (-)-loliolide (2.95%); dihydrolanosterol
(2.74%); methyl palmitate (2.49%); 9,12,15-octadecatrienoic acid, ethyl ester (2.40%)
and 3’,4°,5,6,7,8-hexamethoxyflavone (2.37%); vitamin E (1.65%); glaucine-quinol
(1.44%); campesterol (1.40%) (Table 4). Linoleic acid, linolenic acid, palmitic acid and
methyl palmitate were a kind of fatty acid and they were reported that there was the
anticancer effect (Kwon et al., 2008; Nano et al., 2003; Phoon et al., 2001). a-amyrin,
y-sitosterol, dihydrolanosterol, vitamin E and campesterol were a kind of sterol and
they were reported that was possible to cytotoxic effect and inhibit the viability effects
(Aragdo et al., 2007; Zhang et al., 2007). Nobiletin was a hydroxyl methyl flavonoid
and it was also reported that inhibit the viability, anti-inflamatery and anti-tumar effects
(Akao et al., 2008; Ho and Lin, 2008; Luo et al., 2008). As to our result, these major
components will be able to cause the apoptosis and needed to determine the molecular

mechanisms of the major components.
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Table 4. Identification of CFD by GC-MS.

[ Peak Homology
. RT Compounde Area (X) )
1 25.423 | (-)-Loliolide 2.9540.22 94
2 26.355 | 2H-1-Benzopwan-2-one, T-hydroxy- (Coumarin, 7-hydroxy-) 1.7310.18 68
3 21.362 | Hexadecanoic acid, methyi ester (Methy palm itate) 2.4940.93 98
4 29,365 | n-Hexadecanoic acid (Palmtic acid) 4.4840.26 97
5 33,380 | 9,12-Octadecadienoic acid, (Z,2)- (Linokic acid) 13.2812.05 93
6 | 34.610 | 9,12, 15-Octadecatrienoic acid, (2 Z2)- (Linoleric acid) 8.92+1.49| 98
7 34.863 | Borane, diethvim ethyt- 1.39+.12 83
8 | 38.824 | 9-Octadecenamide, (Z)- (Olic acid amide) 1.5540.46| 93
9 | 41,554 | Hexadecanoic acid, 2-hydroxy-1-(hydroxymethwlethyl ester (Paimtin, 2-mono-)| 1.52+.06 86
10 | 42.079 | Disooctyl-phthalate 1.3940.23 80
11 | 44.628 | 9,12, 15-Octadecatriencic acid, ethyl ester, (2,2 Z) (Ethyl inoleolate) 2.400.26 87
12 | 50.610 | Vitamin E 1.6510,17 95
13 | 52.097 | Glaucine-quinol 1.4410.25 59
14 | 52.660 | Campesterol 1.4010.06 53
15 | 53.019 | (E)-23-ethyicholesta-5, 22-dien-3.beta.-ol 1.0840.14 59
16 | 53.902 | gamma.-Sitosteml 3.6410.06 93
17 | 54.340 | Lanost-8-en-3-o0l, (3.beta.}-; Dihydrolanosterol 2.74+0.09 90
18 | 54.942 | 3, 4',5,6,7,8-Hexam ethoxyilavone; Nobiletin 2.3710.12 90
19 | 55,535 | ViminaloL .alpha. ~Am yin 3.7310.11 70
20 | 55.953 | vitamin E; .alpha.-Tocopherol 1.9540.29 8i
21 | 58.229 | N-ethy-1, 3-dithiosioindoline 1.2610.43 43
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In conclusion, our study shows that the CFD and CFG inhibited cancer cell

proliferation in a dose dependent manner. Cell death was characterized by chromatin

condensation, apoptotic body formation, and DNA fragmentation. The induction of

apoptosis was confirmed by caspase-3 activity assay and by immunoblotting using

antibodies against Bcl-2, Bax, poly (ADP-ribose) polymerase (PARP), caspase-9,

caspase-8, caspase-7, and caspase-3. The molecular mechanism underlying CFD- and

CFG-induced apoptosis in SNU-16 cells may involve both intrinsic pathway and

extrinsic pathway, as shown by an increase in the Bax/Bcl-2 expression ratio and an

increase in the cleaved caspase-8. These results indicate that the CFD and CFG have

anticancer activity in vitro. Using gas chromatography and gas chromatography-mass

spectrometry, we could identify the components of the CFD. The fatty acid, sterol and

flavone components were contained in CFD. Additional studies are needed to determine

the active components in these extracts and molecular mechanisms of the active

compounds and to evaluate the potential in vivo anticancer activity of the extract.

29



References

Aragio, G F., Cunha Pinheiro, M. C., Nogueira Bandeira, P., Gomes Lemos T. L., de
Barros Viana, G S., 2007. Analgesic and anti-inflammatory activities of the isomeric
mixture of alpha- and beta-amyrin from Protium heptaphyllum (Aubl.) march. J Herb

Pharmacother. 7, 31-47.

Akao, Y., Itoh, T., Ohguchi, K., linuma, M., Nozawa, Y., 2008. Interactive effects of
polymethoxy flavones from Citrus on cell growth inhibition in human neuroblastoma
SH-SYS5Y cells. Bioorg Med Chem. 16, 2803-10.

Arias, B.A., Ramon-Laca, L., 2005. Pharmacological properties of citrus and their

ancient and medieval uses in the Mediterranean region. J Ethnopharmacol. 97, 89-95.

Ashkenazi, A., Dixit, V. M., 1998. Death receptors: signaling and modulation. Science.

281, 1305-1308.

Buttke, T. M., Sandstrom, P. A., 1994. Oxidative stress as a mediator of apoptosis.

Immunol. Today. 15, 7-10.

Carimichael, J., Degraff, W. G, Gazdar, A. F., Minna, J. D., Mitchell, J. B., 1987.
Evaluation of a tetrazolium-based semiautomated colorimetric assay: assessment of

chemosensitivity testing. Cancer Res. 47, 936-942.

Castillo, J., Benavente, O., Del Rio, J.A., 1992. Naringin and neohesperidin levels
during development of leaves, flower buds, and fruits of Citrus aurantium. Plant

Physiol. 99, 66-73.

30



Chen, M., Wang, J., 2002. Initiator caspases in apoptosis signaling pathways. Apoptosis.

7,313-319.

Cheng, A. C., Jian, C. B., Huang, Y. T, Lai, C. S., Hsu, P. C,, Pan, M. H,, 2007.
Induction of apoptosis by Uncaria tomentosa through reactive oxygen species
production, cytochrome c release, and caspases activation in human leukemia cells.

Food Chem Toxicol. 45, 2206-18.

Cheng, J. T., Yang, R. S., 1983. Hypoglycemic effect of guava juice in mice and human

subjects. Am J Chin Med. 11, 74-76.

Earnshaw, W. C., Martins, L. M., Kaufmann, S. H., 1999. Mammalian caspases:
structure, activation, substrates, and functions during apoptosis. Annu Rev Biochem. 68,

383-424.

Gamet-Payrastre, L., Li, P., Lumeay, S., Cassar, G., Dupont, M. A, Chevolleau, S.,
Gasc, N., Tulliez, J., Tercé, F., 2000. Sulforaphane, a naturally occurring isothiocyanate,
induces cell cycle arrest and apoptosis in HT29 human colon cancer cells. Cancer Res.

60, 1426-33.

Green, D. R., 2000. Apoptotic pathways: paper wraps stone blunts scissors. Cell. 102, 1-

4.

Hansan, M. B., Nielsen, S. E., Berg, K., 1989. Re-examination and further development

31



of a precise and rapid dye method for measuring cell growth/cell kill. J. Immunol.

Method. 19, 203-210.

Ho, S. C., Lin, C. C., 2008. Investigation of heat treating conditions for enhancing the
anti-inflammatory activity of citrus fruit (Citrus reticulata) peels. J Agric Food Chem.

56, 7976-82.

Hong, M. Y., Chapkin, R. S., Davidson, L. A., Turner, N. D., Morris, J. S, Carroll, R. J,,
Lupton, J. R., 2003. Fish oil enhances targeted apoptosis during colon tumor initiation

in part by downregulating Bcl-2. Nutr Cancer. 46, 44-51.

Khan, M. R., Mlungwana, S. M., 1999. y-Sitosterol, a cytotoxic sterol from Markhamia

zanzibarica and Kigelia africana. Fitoterapia. 70, 96-97.

Kim, M. J., Park, H. J., Hong, M. S., Park, H. J., Kim, M. S., Leem, K. H,, Kim, J. B,,
Kim, Y. J., Kim, H. K., 2005. Citrus reticulata blanco induces apoptosis in human

gastric cancer cells SNU-668. Nutr Cancer. 51, 78-82.

Kwon, J. L, Kim, G Y., Park, K. Y,, Ryu, C. H,, Choi, Y. H., 2008. Induction of
apoptosis by linoleic acid is associated with the modulation of Bcl-2 family and
Fas/FasL system and activation of caspases in AGS human gastric adenocarcinoma cells.

J Med Food. 11,1-8.

Lizard, G, Lemaire, S., Monier, S., Gueldry, S., Neel, D., Gambert, P., 1997. Induction

32



of apoptosis and of interleukin-1B secretion by 7B-hydroxycholesterol and 7-

ketocholesterol: partial inhibition by Bcl-2 over expression. FEBS lett. 419, 276-280.

Lozoya, X., About-Zaid, M. N., Nozzilillo, C., Amason, J. T., 1990. Spasmolytic effect

of the methanolic extract of Psidium guajava. Planta Medica. 56, 686-689.

Luo, G., Guan, X., Zhou, L., 2008. Apoptotic effect of citrus fruit extract nobiletin on

lung cancer cell line A549 in vitro and in vivo. Cancer Biol Ther. 7, 966-73.

Moon, D. O., Kim, M.O., Choi, Y. H., Kim, G Y., 2008. B-sitosterol induces G2/M
arrest, endoreduplication, and apoptosis through the Bcl-2 and PI3k/Akt signaling

pathways. Cancer Lett. 26, 181-191.

Moon, D. O., Park, C., Heo, M. S., Park, Y. M., Choi, Y. H., Kim, G Y., 2007. PD98059
triggers G1 arrest and apoptosis in human leukemic U937 cells through downregulation

of Akt signal pathway. Int Immunopharmacol. 7, 36-45.

Nano, J. L., Nobili, C., Girard-Pipau, F., Rampal, P., 2003. Effects of fatty acids on the

growth of Caco-2 cells. Prostaglandins Leukot Essent Fatty Acids. 69, 207-15.

O’Connor, P.M., Ferris, D.K., Pagano, M., Draetta, G, Pines, J., Hunter, T., Longo, D.L.,
Kohn, K.W., 1993. G2 delay induced by nitrogen mustard in human cells affects cyclin
A/cdk2, and cyclin Bl/cdc-2 kinase complexes differently. Journal of Biological

Chemistry, 268, 8298— 8308.

33



Oh, W.K,, Lee, C. H, Lee, M. S., Bae, E. Y., Sohn, C. B., Oh, H,, Kim, B. Y., Ahn, J. S,
2005. Antidiabetic effects of extracts from Psidium guajava. J thnopharmacol. 96, 411-

5.

Oltval, Z. N., Milliman, C. L., Korsmeyer, S. J., 1993. Bcl-2 heterodimerizes in vivo
with a conserved homolog, bax, that accelerates programmed cekk death. Cell. 74, 609-

619.

Phoon, M. C., Desbordes, C., Howe, J., Chow, V. T,, 2001. Linoleic and linolelaidic
acids differentially influence proliferation and apoptosis of MOLT-4 leukaemia cells.

Cell Biol Int. 25, 777-84.

Ramos, S., 2007. Effects of dietary flavonoids on apoptotic pathways related to cancer

chemoprevention. J Nutr Biochem. 18, 427-442.

Panchal, R. G, 1998. Novel therapeutic strategies to selectively kill cancer cells.

Biochem Pharmacol. 55, 247-252.

Poulose, S. M., Harrie, E. D., Patil, B. S., 2006. Antiproliferative effects of citrus
limonoids against human neuroblastoma and colonic adenocarcinoma cells. Nutr

Cancer. 56, 103-112.

Shah, S., Gapor, A., Sylvester, P. W., 2003. Role of caspase-8 activation in mediating

vitamin E-induced apoptosis in murine mammary cancer cells. Nutr Cancer. 45, 236-

34



246.

Sun, X. M., MacFarlane, M., Zhuang, J., Wolf, B. B,, Green, D. R., Cohen, G M., 1999.
Distinct caspase cascades are initiated in receptor-mediated and chemical-induced

apoptosis. J Biol Chem. 274, 5053-5060.

Wang, H. Y., Guo, L. M., Chen, Y., Zhao, X. H., Cheng, C. L, Wu, M. Y,He, L. Y,
2006. Quercetin inhibits growth and induces apoptosis of human gastric carcinoma cells.

22, 585-7.

Waxman, D. J., Schwartz, P. S., 2003. Harnessing apoptosis for improved anticancer

gene therapy. Cancer Res. 63, 8563-8572.

Wyllie, A. H., 1997. Apoptosis: an overview. Brit Med Bull. 53, 451-465.

Zhang, X., Han, F., Gao, P., Yu, D., Liu, S., 2007. Bioassay-guided fractionation of
antifertility components of castorbean (Ricinus communis L.) seed extracts. Nat Prod
Res. 21, 982-9.

35



ABSTRACT IN KOREAN

FaA g3 Folut 9 FY AF S AR AGHEFA SNU-16
AEE o]gdtd AFsIgY. 1 F A7 S2EXE YN M &
AL AF dASL Bt AEX 22 FE 9g&EHoz doRx
apoptotic body 34, DNA du7} & 54L& HE3IY. Flow cytometric
analysis 2 @94 9 22=¥& ¥3 (CFD)#% Foivl 9 =223 F
23 (CFQ) A1X9 Sub-Gl 7l £3& #UsRH. Bid, Bel-2, Bax, poly
(ADP-ribose) polymerase (PARP), caspase-9, caspase-8, caspase-7,
and caspase-3 FAE o] 4F BYEZY T Caspase-3 84 5AHE& T3
apoptosis +E& &A%t Aol $el= CFD ¢ CFG &3 &°] SNU-
16 M XA apoptosis & FETFTHE= AAA FAE FHIH. 19
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