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We hope to prevent or delay the disease occurrence by
assimilating the efficient components from the daily
food. The aim of our plan is to integrate the
important diseases, develop the chemoprevention agent
and explain the molecular mechanism. The project 1
wants to (1) test the effect of NLFE and NLF in
blocking breast cancer growth, delaying breast cancer
development in vitro and vivo, (2) estimate the
metastasis and angiogenesis processes of NLFE-treated
breast cancer cells. The project 2 is to investigate
the development of antiobesity phytochemicals from
black garlic and its molecular mechanism. In the
project 3 we will look into the molecular mechanism
of the cytotoxicity of Wasabia extract (WE) against
colon cancer cells to evaluate the potential of
Wasabia as a chemoprevention healthy food. To improve
the life-quality of SLE patients, we intend to
investigate the precise mechanism and functional
components of Gentiana macrophylla in the project 4.
Whether Wedelia chinese protects neuron cells from
oxidative damage and inflammatory damage needs to be
investigated in the project 5. In the project 6, we
will process the study about the Dioscorea nipponica
Makino(DNE) and Terminalia catappa L(TCE) inhibit tje
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cnacer cells migration. The aim of the project 7 is
to establish the hypolipidemia activity of HLE and
1ts functional component, H. sabdariffa leaf
ployphenol-rich extract(HLP). The aims of the project
8 to investigate the beneficial effects of Perilla
frutescens extracts on asthma and the cellular
targets of Perilla frutescens extracts for the
effects.

Disease prevention, Nelumbo nucifera leaves
Flavonoid, Black garlic, Wasabia japonica, Gentiana
macrophylla, Wedelia chinesis, Dioscorea nipponica,
Terminalia catappa, Hibiscus sabdariffa leaf, Perilla
frutescens
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. Mon-Yuan Yang, Yun-Ching Chang, Kuei-Chuan Chan, Yi-Ju Lee, Chau-Jong Wang.

Flavonoid-enriched extracts from Nelumbo nucifera leaves inhibits proliferation of breast cancer in
vitro and in vivo. European Journal of Integrative Medicine, 2011,3,e153-e163.

Jeng-Dong Hsu, Shao-Hsuan Kao,|Ting-Tsz Ou, Yu-Jen Chen,| Yi-Ju Li,and Chau-Jong Wang.
Gallic Acid Induces G2/M Phase Arrest of Breast Cancer Cell MCF-7 through Stabilization of
p27Kipl Attributed to Disruption of p27Kip1/Skp2 Complex J.Agric. Food Chem. 2011, 59,
1996-2003

. Hsieh-Hsun Ho, Chi-Sen Chang, Wei-Chi Ho, Sheng-You Liao, Wea-Lung Lin, Chau-Jong Wang.

Gallic acid inhibits gastric cancer cells metastasis and invasive growth via increasedexpression of
RhoB, downregulation of AKT/small GTPase signals and inhibition ofNF-kB activity .Toxicology
and Applied Pharmacology 266 , 2013 ,76-85

Ho ML, Hsieh YS, Chen JY, Chen KS, Chen JJ, Kuo WH, Lin SJ, Chen PN. Antimetastatic
Potentials of Dioscorea nipponica on Melanoma In Vitro and In Vivo. Evid Based Complement
Alternat Med. 2011; 2011:507920.

. Hui-Hsuan Lin, Kuei-Chuan Chan, Jenn-Yuan Sheu, Shu-Wen Hsuan, Chau-Jong Wang*,

Jing-Hsien Chen*. Hibiscus sabdariffa leaf induces apoptosis of human prostate cancer cells in vitro
and in vivo. Food Chemistry. 132, 880-891, 2012.

Jing-Hsien Chen, Chau-Jong Wang, Jenn-Yuan Sheu, Hui-Hsuan Lin*. Hibiscus sabdariffa leaf
polyphenolic extract inhibits LDL oxidation and foam cell formation involving up-regulation of
LXRa/ABCALI pathway. Food Chemistry. 141, 397-406, 2013.

Jer-Yuh Liu, Yi-Ching Chen, Chun-Hsiang Lin and Shao-Hsuan Kao*. Perilla frutescens leaf extract
inhibits mite major allergen Der p 2-induced gene expression of pro-allergic and pro-inflammatory
cytokines in human bronchial epithelial cell BEAS-2B. PLOS ONE Accepted in press, 2013.
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Chun-Hua Chang, Mon-Yuan Yang, Li-Chu Chen, Chau-Jong Wang, 2012. Nelumbo nucifera
leaf extract (NLE) inhibits angiogenesis in human breast cancer. The 27th Joint Annual
Conference of Biomedical Science, Taipei, ROC.

. Meng-Hsun Yu, Mon-Yuan Yang, Chau-Jong Wang, 2013. Nnucilfera leaves extract inhibits

adipocytes-induced breast cancer metastasis. The 28th Joint Annual Conference of Biomedical
Science, Taipei, ROC.

. Mon-Yuan Yang, Li-Chu Chen, Chau-Jong Wang. Polyphenol-enriched extracts from Nelumbo

Nucifera leave suppress the migration and invasion in breast cancer cell. 70th Annual Meeting of
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the Japanese Cancer Association, 2011, Nagoya, Japan.

4. Chun-Hua Chang, Mon-Yuan Yang, and Chau-Jong Wang. Nuciferine Leaf extract (NLE) inhibits
human breast cancer growth by suppressing fatty acid synthase and Akt signaling. 70th Annual
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extract in human colon cancer Colo 205 cells. (2013) The 72nd Annual Meeting of the Japanese
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human neuroblastoma cells. International Conference on Food Factors (2011), Taipei, ROC.

11. Nai-Fang Chen ", Zi-Hui Chen, Fung-Jou Lu, Tsui-Hwa Tseng. Extract of Wedelia chinesis Inhibits
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oxidation and foam cell formation. The 27th Joint Annual Conference of Biomedical Science, Taipei,
R.O.C.
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proliferation of vascular smooth muscle cells. The 28th Joint Annual Conference of Biomedical
Science, Taipei, R.O.C.

14. Chi-Ping Wang, Jing-Hsien Chen, Ming-Shih Lee, Ting-Hsuan Wang, Hui-Hsuan Lin*, 2013,
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Taiwan Society of Laboratory Medicine, November 2-3, 2013, Taipei, Taiwan.
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Diseases: Science and Practice , USA.
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Gentiana macrophylla, Wedelia chinesis, Dioscorea nipponica, Terminalia catappa, Hibiscus sabdariffa leaf,
Perilla frutescens

We hope to prevent or delay the disease occurrence by assimilating the efficient components from the daily
food. The aim of our plan is to integrate the important diseases, develop the chemoprevention agent and
explain the molecular mechanism. The project 1 wants to (1) test the effect of NLFE and NLF in blocking
breast cancer growth, delaying breast cancer development in vitro and vivo, (2) estimate the metastasis and
angiogenesis processes of NLFE-treated breast cancer cells. The project 2 is to investigate the development of
antiobesity phytochemicals from black garlic and its molecular mechanism. In the project 3 we will look into
the molecular mechanism of the cytotoxicity of Wasabia extract (WE) against colon cancer cells to evaluate
the potential of Wasabia as a chemoprevention healthy food. To improve the life-quality of SLE patients, we
intend to investigate the precise mechanism and functional components of Gentiana macrophylla in the
project 4. Whether Wedelia chinese protects neuron cells from oxidative damage and inflammatory damage
needs to be investigated in the project 5. In the project 6, we will process the study about the Dioscorea
nipponica Makino(DNE) and Terminalia catappa L(TCE) inhibit tje cnacer cells migration. The aim of the
project 7 is to establish the hypolipidemia activity of HLE and its functional component, H. sabdariffa leaf
ployphenol-rich extract(HLP). The aims of the project 8 to investigate the beneficial effects of Perilla
frutescens extracts on asthma and the cellular targets of Perilla frutescens extracts for the effects.

Project 1 : The lotus leaf is the Nymphaeaceae perennial herb, and its chemical composition to contain a
variety of pronuciferine and flavonoids. Flavonoid-enriched extracts from Nelumbo nucifera leaves (NLFE)
had been demonstrated previously to possess anti-oxidative. This study aimed to define the
anti-carcinogenesis and the mechanism of NLFE reduced cancer in cell and animal model. First, NLFE caused
the cell cycle arrest in the GO/G1 phase in human breast cancer cell line MCF7. NLFE reduced the
phosphorylation of Akt and expression of fatty acid synthase (FAS) in NLFE-treated MCF7 cells. In murine
xenograft model confirmed that NLFE inhibited tumor growth rate. Next, NLFE and NLPE inhibited breast
tumor cell line cells migration via inhibiting the PKCa-p38 pathway, Rho GTPase family. Additionally, NLFE
suppressed the vascular formation in the Matrigel plug assay and chorioallantoic membrane (CAM) in vivo.
Immunohistochemical analysis of CD31 show decreased vessel formation in mice treated with NLFE.
Analysis of the molecular mechanisms of NLFE inhibited angiogenesis in MDA-MB-231 cells showed
reduced activation of AKT and regulation CTGF and Ras /ERK pathway. Finally, NLFE suppressed the
chemical induced incidence, multiplicity and tumor volume of mammary tumors in NMU-induced rats. The
NLFE 2% group had an effect better than Tamoxifen. Murine BT-474 (breast cancer cell line) xenograft
model also confirmed that NLFE inhibited tumor growth. Immunohistochemical and Western blot analysis of
FASN (fatty acid synthase) and phosph—ERa show dose dependent decreased protein level, but not HER2.
The result revealed that NLFE reduce the incidence and growth of breast cancer is by reducing the activation
of ERa. Taken together, our results suggest that NLFE possible as a new auxiliary therapeutic strategy for
anti-metastasis and used to develop a new chemopreventive medicament.

Project 2 : Previous study indicated that the garlic oil and its organosulfur compounds can be beneficial for
the suppression of body weight gain in a high-fat diet (HFD)-induced obese rats. The aim of this proposal is to
investigate the development of black garlic functional food for the prevention of fat accumulation. There are
two topics included in this study: (1) Study of black garlic extracts on adipogenesis in 3T3-L1 adipocytes:
methanol extract of black garlic (MEBG) had the highest inhibitions of adipocyte number, intracellular
triglyceride, and glycerol-3-phosphate dehydrogenase (GPDH) activity in 3T3-L1 adipocytes. MEBG was
significantly increased the gene levels of AMPK and Sirtl, and then decreased the gene levels of lipogenesis
(PPARy, SREBP-1¢c, FAS, ACC, aP2, LPL, and CD36), and adipocytokines (leptin, PAI-1, and resistin). It
also up-regulated gene levels of fatty acid oxidation (PGC-1a and UCP1), and adiponectin. (2) Inhibitory
effect of on inhibition of obesity induced by a HFD in rats: the body weight, adipose tissue weights of the
peritoneal and epididymal, serum parameters of triglyceride and free fatty acid, and hepatic lipid, triglyceride,
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and cholesterol were significantly decreased in the MEBG (50-300mg/kg)+HFD groups. Serum
HDL-cholesterol level, and fecal lipid, triglyceride, and cholesterol output in the MEBG (50-300mg/kg)+HFD
groups were significantly increased as compared to the HFD group. The gene levels of AMPK, Sirtl, UCPI,
and adiponectin in MEBG groups were significantly higher than those in the HFD group. The gene levels of
lipogenesis (SREPB-1c, PPARYy, FAS, and ACC), and adipokines (leptin and PAI-1) in adipose tissue were
significantly lower than those in the HFD group. Moreover, MEBG significantly increased the gene levels of
fatty acid oxidation (AMPK and PPARa), and decreased the gene levels of FAS, SREBP-1¢c, and SCD-1 in
liver tissue as compared to the HFD group. These results showed that MEBG can suppress intracellular
triglyceride accumulation and obesity in rats with HFD-induced obesity through activations of AMPK and
Sirtl.

Project 3 : Colon cancer is one of the most common causes of cancer-related deaths worldwide. Wasabia
japonica, usually called Wasabi, is used as spicy sauce in Japan and Taiwan. The rhizome of Wasabia is rich in
vitamin C and A, minerals, trace elements and isothiocyanates. Studies showed that one of the major
ingredients of Wasabi, 6-(methylsulfinyl)hexyl isothiocyanate (6-MITC), possessed the activities of
detoxification, anti-inflammation, and inducing apoptosis of cancer cells. Up to the present, most of the
studies of Wasabi were focused on the function of 6-MITC instead of crude extract, and there is no study
reporting the cytotoxicity and mechanism of Wasabi against colon cancer. The results of MTT assay and
colony formation assay revealed that Wasabi was cytotoxic to Colo 205 cells dose and time-dependently.
Increases in chromatin condensation and subG1 population were observed in the cells treated with Wasabi
indicating an induction of apoptotic cell death. Wasabi induced extrinsic apoptosis and mitochondrial death
machinery by extracellular stimuli pathways through activation of TNF-a, Fas-L, caspase 3/8/9, cleaved-Bid
and release of mitochondrial Cyt.C. We also proved the induction of autophagy by Wasabi via promoting
LC3-II in Colo 205 cells. Using RADOO1, an autophagy agonist, combined with wasabi extract the data
suggested that autophagy played a pivotal role for the induction of colon cancer cell death. The xenografts
verified that tumor growth was repressed by Wasabi treatment. Taken together, our studies reveal that the
anti-cancer function of Wasabi was via the induction of apoptosis and autophagic cell death in colon cancer.
The chemical-induced colon cancer mice model showed that mortality was decreased in Wasabi treatment
group. These studies support the application of Wasabi as chemopreventive functional food and treatment of
colon cancer in the future.

Project 4 : Since medicine security and its side effects are being taken seriously, the natural products are
stressed and reconsidered for medication again. A compendium of Chinese (herbal) medicine describes that
Gentiana macrophylla has the functions of pain-relief, anti-inflammation, anti-histamine, detumescence and
anti-theumatics. However, little is know about the mechanisms and therapeutic components of Gentiana
macrophylla. In this study, we discovered that Gentiana macrophylla has the protective effects on NZB/W F1
mice receiving high-cholesterol diet, especially in alleviating the inflammatory responses. Besides, Gentiana
macrophylla could significantly increase the population of CD4+/CD25+ helper T cells in NZB/WF 1 mice. It
could also reduce the mitochondrial-dependent apoptosis by decreasing the expression of cytochrome ¢ and
caspases-3 activity. Moreover, we performed the IEF and identified the protein spots, which have significant
expression. In the future, we will analyze the role of these proteins in pathogenesis of SLE and evaluate the
possible therapeutic targets.

Project 5 : In the central nervous system (CNS), astrocytes cells play a central role between brain
inflammations and infections, because of those cells secrete pro-inflammatory cytokines and chemokine result
in progression of CNS diseases including Alzheimer's disease and brain injury. In our preliminary study, it
showed ethyl acetate extract of Wedelia chinensis (WEA) inhibited xanthine oxidase, an inflammatory
enzyme, in Vvitro. Experimentally, it has been indicated LPS and IFN-y can activate astrocytes cells to secrete
inflammatory factors. Herb tea or dietary food which suppresses astrocyte activation may possess
neuroprotective potential. Whether Wedelia chinensis, a popular summer herb tea material in Taiwan,
possesses neuroprotective potential is investigated. The first year: it demonstrated that ethyl acetate extract
of Wedelia chinesis (WEA) could effectively protect PC12 cells against tert-butyl hydroperoxide
(t-BHP)-induced oxidative damages. WEA blocked t-BHP-activated intrinsic apoptosis pathway such as
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decreasing t-BHP-activated caspase 9 and caspase 3 as well as the expression of Bcl-2 and Bcl-xL.
Meanwhile, WEA increased antioxidant gene expression including heme oxygenase-1 (HO-1) and
y-glutamylcysteine synthetase (y-GCS). The second year: the neuronal and behavioral protection effect of
WEA was studied in a D-galactose-induced aging mice model. Behavioral assessment showed chronic
D-galactose treatment impaired the learning ability of mice in the active avoidance test. In addition,
D-galactose caused elevated levels of phospho-Tau, beta-amyloid protein, and malondialdehyde in the cortex
and decreased neuronal density in the cortex and hippocampal CA region. All the above behavioral,
biochemical, and neuronal changes were inhibited by co-administration of EAW. The third year: WEA
inhibited LPS/IFN-gamma-induced synapse-like astrocyte cell structure and expression of SSeCKS, a
cytoskeleton scaffolding protein, which up-regulated during astrocyte activation in C6 astrocytoma cells. In
addition, WEA could suppress LPS/IFN-gamma induced intracellular ROS, iNOS expression and TNF-a
secretion in C6 astrocytoma cells. Finally, medium with pretreatment of WEA in C6 astrocytoma cells
significantly decreased cytotoxicity in differentiated PCI12 cells as compared to medium with
LPS/IFN-gamma-activated C6 astrocytoma cells alone. The components of WEA also exhibited
neuroprotective effects. These results imply WEA possesses neuroprotective potential.

Project 6 : Recent studies have revealed pleiotropic anticancer and antiproliferative capabilities of Dioscorea
nipponica Makino. We first demonstrate that ethyl acetate extract (DNE3) was effective in reducing the lung
metastases formation by about 99.5% as compared to vehicle treated control animals. When a non-toxic
concentration of the extract was treated directly to highly metastatic murin melanoma cells (B16F10) and
human melanoma cells (A2058) in vitro, it exerted a dose-dependent inhibitory effect on the invasion
(P<0.001), motility (P<0.001), secretion of MMPs (P<0.001), and u-PA (P<0.001) of both cell lines. Western
blot analysis to find that DNE inhibited phosphorylation of Akt and the activation of NF-kappa B and
increased the expression of IkappaB. Previous studies showed that the leaves of Terminalia catappa L.
extracts (TCE) exerted hepatoprotective, antiinflammatory, antioxidative, and radical scavenging activities.
We showed that TCE induced apoptotic death in acute myeloid leukemia (AML) HL-60 cells via dose- and
time-dependent manner. A low dose of TCE is sufficient to aggravate As;Os-induced cytotoxicity in HL-60
cells. The pure compound, tannic acid, was able to induce apoptotic death in HL-60 cells via dose- and
time-dependent manner as well as increase of sub-G1 fraction, and chromosome condensation. Moreover, the
Terminalia catappa L. methanol extracts (TLME) was used to treat a highly metastatic human lung cancer cell
line, A549 to investigate their potential for inhibiting cancer cell migration and invasion. TLME can suppress
A549 cells migration and invasion, and cells adhesion and spreading. Both of MMP-2 and u-PA activity were
also inhibited by TLME.

Project 7 : Previous studies have indicated that H. sabdariffa L. leaf possesses hypoglycemic and hypolipid
effects. The leaves contain flavonoid that has the following effects, anti-oxidation, anti-inflammation,
anti-cancer and inhibition of cardiovascular diseases. In our previous studies, H. sabdariffa leaf extract (HLE)
has been demonstrated to be able to induce apoptosis in prostate carcinoma cells. In this study, we aimed to
investigate the antiatherogenic effects of HLE and its polyphenolic extracts (HLP). First year: the inhibitory
effects of HLE and HLP on oxidation and lipid peroxidation of low-density lipoprotein (LDL) were defined in
vitro, while HLP was shown to be more potent. Both extracts showed potential in reducing foam cell
formation and intracellular lipid accumulation in oxidized-LDL (ox-LDL)-induced macrophage J774A.1 cells
under non-cytotoxic concentrations. Molecular data showed these influences of HLP might be mediated via
activation of liver-X receptor oo (LXRa)/ ATP-binding cassette transporter A1 (ABCA1) and inhibition of
PPARy/scavenger receptor CD36 pathways. Second year, we demonstrated that vascular smooth muscle cells
(VSMC) A7r5 cells pre-treated with tumor necrosis factor-alpha (TNFa) triggered migration and proliferation,
and affected the activity of matrix metalloproteinase-9 (MMP-9). Non-cytotoxic doses of HLE and HLP
abolished the TNFa-induced the secretion of MMP-9 and cell migration via inhibiting the AP-1 pathway. HLP
induced phosphorylation of p53, promoted expression of p21 and p27, inhibited phosphorylation of Rb, and
thereby blocked the G1 to S transition in the cell cycle in the TNFa-treated A7r5 cells. Third year, the results
showed that HLE and HLP can protect against the ox-LDL-induced dysfunction in human umbilical vein
endothelial cells (HUVEC). HUVEC cells presented DAPI-positive morphology, and had increases in the
distribution of hypodiploid and G0/G1 phases after a 24-h treatment with ox-LDL. Both extracts showed
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potential in reducing apoptosis and inducing autophagy in ox-LDL-induced HUVEC. The effects of HLE and
HLP in the cells might be mediated via PI3K classlIll/Beclin-1/LC3 signaling and/or partially via PI3K
classl/p-Akt/mTOR pathways. Consumption of HLE reduced the development of atherosclerosis in
cholesterol-fed rabbits. Histological photomicrographs of aortic segments from atherosclerotic rabbit fed with
a high cholesterol diet (HCD) showed that HLE could inhibit VSMC proliferation (anti-PCNA) and migration
(anti-SM a-actin), and endothelial cell injury (anti-CD31). In conclusion, these results suggested that H.
sabdariffa leaf potentially could be developed as an anti-atherosclerotic agent.

Project 8 : Perilla frutescens has been used in traditional medicine for respiratory diseases due to its
anti-bacterial and anti-inflammatory activity. This study was aimed to investigate effects of Perilla frutescens
leaf extract (PFE) on expression of pro-allergic and pro-inflammatory cytokines in airway epithelial cells
exposed to mite major allergen Der p 2 (DP2) and the underlying mechanisms. Our results showed that PFE
up to 100 pg/mL had no cytotoxic effect on human bronchial epithelial cell BEAS-2B. Further investigations
revealed that PFE dose-dependently diminished mRNA expression of pro-allergic cytokine IL-4, IL-5, IL-13
and GM-CSF, as well as pro-inflammatory cytokine IL-6, IL-8 and MCP-1 in BEAS-2B cells treated with
DP2. In parallel to mRNA, the DP-2-clevated levels of the tested cytokines were decreased. Further
investigation showed that DP2-indued phosphorylation of p38 MAPK (P38) and JNK, but not Erk1/2, was
also suppressed by PFE. In addition, PFE elevated cytosolic [kBa level and decreased nuclear NF-«xB level in
DP2-stimulated BEAS-2B cells. Taken together, these findings revealed that PFE significantly diminished
both mRNA expression and protein levels of pro-allergic and pro-inflammatory cytokines in response to DP2
through inhibition of P38/JNK and NK-«B activation. These findings suggest that PFE should be beneficial to
alleviate both allergic and inflammatory responses on airway epithelium in response to aeroallergens.
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fEE 20 e A 1L AR B TS R o T & 2 o BEARE ’f'%fa‘i%,'ﬁﬂ‘}é-‘}%f-”%?"‘,fiﬁfé iAoty BERAZ
30 170 ek 4R 5 o

i 3 (Wasabia japonica) 5 f /& > B p A& S A F TP iR A o LF R T E 7 ¥ 0
RS A oA 2 CE ASFHPF -~ ME & > 1 E R A d ik B (isothiocyanates) = (> o 77 3 B om L
#31 & &4 2 - 6-methylsulfinylhexyl isothiocyanate (6-MITC) » & § f& & (14) ~ #uiF L (15)11 2 3 e fg m
¢ %= (apoptosis) i # (16) > 4r2 gt ¥ e enE 3 > S - i 2wni B /I T - FL T &
in vitro f=in vivo #5  # R 6-MITC & § #rfchic 4 o dofrd| iR 2 24 F Blwre nd £ (17) ~ #r4] 2
¢ % Bimre g 45 (18) 0 11 % ¥r4ld  4-(methylnitrosamino)-1-(3-pyridyl)-1-buatnone 3! 3% Jg(19)fv
MNNG 3514275 5 (20) °

4 F ML F AT % T 6-MITCIE (71 B B efT f 7h > 870 % el L S5 (7 S 87 4 4
Foo AATE FNE R F Sk 1Ll F B f (Wasabia extract) i F S AL 0 FiE H 7 b ok et fhihd
P8 5T~ R TFRE SR 0 F IR L F X5 R E % & e (Colo 205)E § fmre & 0 W 5]
B B wG2MEP LR S o AP IR L E RS R chd I S ER B S R
B i & FoeEed o
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F3EHr: *‘rﬂvlf’cip Mo 2P P PRRHEY O OFPRE N SFEFT R P 55%(21,22) 0 - B
v@#H,BS@ibf.wﬁ%@éﬂ’ﬁﬂﬁ3%mwwxw%m%<\M%§mﬁm%Wﬁ !
EEQ3) e T - BIFHER ALY E R &@ibwlwﬁﬁgiﬁ«ﬁﬁﬁ%W%@%nL#
(24)- @ L_Z"ll,%ﬁv#"‘ﬁ'ﬁﬁmpm Py R BAMBIEFB I T € o B m'ﬁ?’ﬁ‘f}i H 4e
w2 2 S o enE A o @ R I RS Tt ey F 2 e = (25, 26) 0 2 -
Gentiana macrophylla » 35 £ 5 /i i 7 &2 2 ik %?iﬁiﬁ- CRRFERY MY X E ———J}i v iridoid
glycosides it i > ¥ 0 R is R 0 BAET Y LAKIRE LRV R RQT) AT RS
Homtt REEZpHAA RS T ESME (TR -BE42 8% c R AT WL 2
HYWRERB2ZFH A T8~ p AL TATREZ B3 2234 0 R K 4vo ﬂ\—*?ﬁ%?l]’* X e
R RS AL AR e R 2 0 E 2 AR M AR SR -

F# R I 0 A 5317 145 s (neurodegenerative disease) £~ &R A 5 R L A AT F A 3G
,“fuﬁjﬁ; A 4R PR B b0k g CERRIAA g BIGRE R  3 5 X AP L4 R
A & fmve 74 3% B 4oHypericum perforatum L4 &2 it & $ Hyperoside ¥ 4! 5 w2 X i 5 1 F» cha K
I % (28);Rhodiola rosea L.~ &tz it & # Salidrosided% Fibeta-amyloid=73% 3 erg i B 4 Frd|4d (5w %
= T F Ay CpEE A D % (29);,% 2R § Bs i & 47 Resveratrol 'fr'Quercetin:f%:}EMPP+b'L'r€§ ¥
FOURA Prgld Fwie = 30)e N BT YT HER X REST A Gwote k- oo E 3]
BB 2 ipfh 2 4 o

i 5 & 7 Wedelia chinensis Merr> & 5 &£~ it el S & 2 B3 R AL F R f 0
i#{ﬁ*%@h?x%#m—ﬁ°7wmp BRI B B B 4 el A AL S Pl
B P ¢ zw it &4 indole-3-carboxylaldehyde » wedelolactone ~ luteolin = apigenine @ wedelolactone
> coumestan %5 # luteolin - apigenin >+ flavonoid % A LB R g, FPL By e
HERENREN SR ERERE L AT 5 - -&ﬂf | % iF & i 4~ (tert-butyl hydroperoxide, tBHP)
% EA & %8 (PC12 Neuroblastoma Cells) & = » 1 ﬂ’f | # B F SR E B R S d A RIREN G
i g o LFE RPN R R R D4 IR ﬂ%/r EAE B B M eV S O L = E A lﬁ-pﬁ
f£% o %z Ef|* d-galactose F#FX HA 4 X LR 87 2R F DB § B 54 Flad 53
2 (6% o $Z E4]% IFN-y 2 LPS 4 & B mve phd (- JLBIBRF 54 2 1 & 0> 2.7 § 374 IFN-y
2 LPS 4 & fmre pRiE it 2 (8% TR H i 484

FPEAFS ?)I?’viﬁ VR dm e 2 dn e L W) BT E 2T - Ml E B = (apoptosis)t B G B F e
4 (proliferation) st # ° ¥ *b » A% ¥ (hiE ~ (invasion) % i # (metastasis) ™™ ¥ FR 7> = 113 0%
HRERBDIERT) A e @S i S fElwme 3 Wk nrpk > B9 2 7 [1]) wmie g mre
b X B (extracellular matrix, ECM)2 & %% & i # (adhesion)srec % » ‘m%e 22 fm¥e B 4p 3 18 % 4 plif (31,
32) 1 [2] fwre chiz B 2 # & (motility)sc 4 + = 5 [3] e ¥ g nE FF (4] et A eansfz o & F
T in¥e € & s~ g chk-v fiF(proteinase)’ 4 serine proteinase (33) ~ metalloproteinase (MMPs) ~ cathepsins
(34, 35)12 2 plasminogen activator (PA) 4 f# ECM §[ e+ 2 7 i fm?e ¢t 5 %?(36) J[5) &~ 39Tk ke
BT ”F? Sd LWLR CRDEE S R AP L o TR AT EI «iﬂm‘ﬂ BE

(6] £i5d A a4 2 5 [7] & F 72 (angiogenesis) (¥ # > J§ e li ;ﬁt} ErrfeREF o
zw\ R *‘#r‘ BB A5 B td i SRR 4 072 (37,38) ¢ 1 F A lms B b0 e it
T B AR T F A A e E DI ILE R s o WA S e o ] (S S e
TR~ B > W2 oo § 40 0 Fod CKfREEE 0 A RARELE e F’“‘i!_xﬁ;fr ﬁxf;‘é%g
BT kSR PIRTE R BT o R R > A - BATMR o PR ST AR LR R
B e S TR E AT R R A BB i o B A e s FUR B e g o w;:g S S B
SRR MRS REH A G2 G T > SRR Kotk s R o

FFHE S BRIEKRA L aE A L - BAE Y SopnEsd I EAL > ¢ HE R e i HRES g v §
Lo~ e ik i (foam cells)?) & &2 3a ff ~ n ¢ T /f vl * (vascular smooth muscle cells, VSMC):& #5 {r 3§
15



4 5 2 g e 4F § (endothelial cells) % (39,40) « VSMC 2 # B8 #5foif 2 2 43 5 o n F 40 A T
P L EARY o BRARIE R Y W 0 Bl g 2 F P Y 0T cell 13 FF 2k g ohlwie ik
(Thl ~ Th2 cytokines) ¢ — i # i F fuchs 4 (41) > b 5% B VSMC 2 ] A4 fm% b 424 € 4
i 2 = IL-1(interleukin-1) ~ TNF(tumor necrosis factor) % F]+ » @ it & 3 12 = € {5 VSMC i 2 »
T T g PR ¢ S (subendothelial) g ¢ o VSMC ## T p W12 0 € X ox-LDL #2544 & ')Fi“f
—"‘Ff #% % % (scavenger receptor) @ % ¥ oX-LDL ) = j& jk fm¥s o1& — 5 »VSMC » ¢ B 44 i& MMPs (matrix
metalloproteinases) » #¢ % sm 2 *h L F g A 0 8 5 5% 24 2 "fibrous cap” o @ M5k (gruel) & F 2
% B 7% off 1 AT (v 5 (plaque) (42, 43) o

&40 75(H. sabdariffa L.) 5 44 # #2(Malvaceae)tt 4 > HE 2L s T - F S b I ¥ hgEgigady o
&40 F 5 P~ (H. sabdariffa leaf extract, HLE) & § 3 1* ~ " & 4 ~ "8 o 752 7 2%(44, 45) 11 2 3 %5 7|
’Uj“\f}%,f‘:m kS 2 0T (46) 0 B2 T L g IV E 2 A4 F 7 88w Ak (flavonoids) % % s (polyphenol) & >
A7) RS S F AL 1 PO L T DR T R Fedlo sk F A B8, 49) ) A ET A E
L3 CERpP B c AP THH ORI A RAEREAH L IR T B AP U R R b
LB PR R A (B AT o PR R AR LB N nE AR R A TV iE AR Y o B A EE PP T4
BRI R F R AT 12 T ]

% 3+ 3§ ~ : Perilla frutescens leaf in a common garnish and has been widely used as medicinal herb such as
“Zisu” in traditional Chinese medicine and “saiboku-to” in Japanese herbal formula for asthma treatment.
Previous studies have shown that Perilla frutescens leaf extracts possess different biological activities,
including inhibition of tumor necrosis factor-o. (TNF-a) (50), suppression of IgA nephropathy (51), and
anti-inflammatory and anti-allergic activity (52). A series of pro-inflammatory cytokines and chemokines are
produced by airway epithelial cells upon stimulation with pathogens and allergens, including IL-6, IL-8,
granulocyte macrophage-colony stimulating factor (GM-CSF) and monocyte chemotactic protein (MCP)-1
(53, 54).

House dust mite (HDM) is a major causative factor for airway hypersensitiveness and asthma (55). Of
mite-sensitive individuals, approximately 90% generates IgE antibody responses to well-identified HDM
allergens that are categorized into 24-kd group 1 and the 14-kd group 2 allergens like Der p 2 (DP2, derived
from D. pteronyssinus) on basis of IgE affinity (56). DP2 is known to trigger both pro-inflammatory and
pro-allergic responses on respiratory epithelial cells [8]. In addition to induction of pro-allergic cytokines, it is
reported that respiratory cells exposed to DP2 result in up-regulated secretion of pro-inflammatory cytokines
and expression of intercellular adhesion molecule-1 (57).

The present study was aimed to investigate whether extract of Perilla frutescens leaf alleviates
DP2-induced pro-inflammatory and pro-allergic responses with emphasis on mRNA expression and
production of cytokine and cellular signaling. Non-tumorigenic human bronchial epithelial cell BEAS-2B was
used as cell model. Cytotoxicity of DP2 was determined by MTT assay. mRNA expression was analyzed by
both RT-PCR and real-time quantitative PCR (qPCR). Kinase activation, cytosolic level of IxBa and
nuclear-cytosolic distribution of NF-kB was demonstrated by subcellular fractionation and immunoblotting.
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e ’3@}’;‘: 14 78 ;3% % (induction of mammary tumors)
NMU(N-methyl-N-nitrosourea)% 4 ¢4t + B3¢ % e 3877 T # b P s o R HAeT B

Morosal [ ]
+ 4 4
LU I |
3R L
MEIU + 5% MLFE | |
LR L
NEU + 1% NLFE | |
' 4
HEIL + 20 MLFE | ]
M+ Hercepth
MBS + Tarmomiien
] L 120
Duga prst-irse ML injctine

#5312 CO, *‘Iﬁﬁs"éﬁwﬁﬁs"é%:}ﬁ‘ UEd S ”ﬁ~ 3 gL %(Uﬁl) wEE O~ 10%48 5 FRi P R o 1T R
" H&E stain 38 {7 fm%e A j 20 4 & 038 (7 23] 5 3 Rl 7 -} g 2o #1211 (A) the number of animals with
tumor (tumor incidence) ; (B) latency to tumor appearance % (C) tumor volume % = ;% § JLAa 5 4 F 2.4

2. fi‘fﬁ—%ﬁ 55 (NLFE)Pr#|rdfimre 2 £ 2 # 5 5%

A KE 54 % fn 7z (BT-474 cell line - 107ce11/01m1) AL TR R AR LA ek 2 LT R s 0 R
At - E 0 R LB FERALLS 2 FAE2Z NLFE4 S » 2@ a4 Aiﬁf»-‘cfr"ﬁﬁvi
o Bk %5 NLFE 2=t p (&% i® 0 &3 X3P s 1-5 :K)z@i LicS ) i;ﬁa_o?f"é‘ v (SRR R R

= o
-
o —

1. qué} e BN %-’F 2R B2 frbw g d BT B o
T Y8 & % e 2.3T3-L1 gk > 120-100 pg/mLk B 2. 2 757 5 B P i JB48 0| P o Fie B gl =

S /,,\w,m TN WA E R A D b 3R A U E ApM AT A o
2. AP B RREFEHL AT ﬁ?ﬁg"ff"?"“ﬂ$ Ak G WL B2 BEE LT BHE -

g8zt x R (Wlstar rat) > 4 2 (n=8)% (1) ¥ 4 @ % (normal diet, ND) ~ (2)% *; 4t & _E_(hlgh
fat-diet, HFD) (¢ 75 %k @ % & /b 5.6%22 20% & /\47) (3)% fa4r 8 %A MAE (low dose, LD) 2. 7+ 7 fi%

% P~4[50 mg MEBG/kg rat] (4)% "g4c 8 2% ¢ HE (medium dose, MD) 2. 7+ ¥ f% 5 B~ 3 [150 mg
MEBG/kg rat]{=(5) % "q 4% & 2% & & E‘(hlgh dose HD) 2 # ¥ fi% 3 B~ 3 [300 mg MEBG/kg rat] - # 3~
F s A SRR A R TR A T RE B P R A R e
RSP A T2 AR e

Fdz=
1. wre 50

A #5% R io P2 (Colo 205).5 7 I A B 2. L 3 5 B F jnd® {8 0p] ® %2 4 |+ ~ Colony Formation Assay
‘mPe F P 2 47 ~ DAPIF & 4 ¢ /% - Acridine Orange Staining » i 12 Western blot4 7 % = % p (¥ % {oi
LR T 2 ApRE Fo FA R o
2. Xenograftsi"ﬁszw B %

r2nude mice > model » #Amice 5~6 iFPFs.cILES5X10° e T 4 {85 0 FHEEE 3 100 mmPPE B 4
BT AR o B0 4 & 2 4% (Control ~RADOO01 ~ 1) 3 87 1L 35 +RADO001) » =+ 26 & o .1 35 -k 3 B4+ (250 mg/kg)
F* ? JEF P A E > RADO01(2.5mg/kg)$k L i b5 3k = =x o F ShilpAn v T I toshd P MR s it 0 42
* fs fEk Pmices™ 7 i 7T o I/ Western blot~ 4778~ % p gl (®% 2 4p b v AR o
3. "ESFRAFFFIR

22 e CD-1 (ICR) X R HEF ”v'JG FEF CFEFETLF N AER O PFRAE
FAT RO AN ”,B.’? 282 3471 8¢ 1,2-dimethylhydrazine (DMH) (20mg/kg) » — & {6 £ 4k &
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2% <P dextran sodium sulfate (DSS) » 1273 v 4c % k¥ in L8 BB - FEBRERFE
B S S aE L E (MAE 25mgkg & F #E 100mgke) - F HEARLY T e gl o

F3de: AFEA E'l’?"]“* o PR REEN PR EY e R 2% E 2 M LR
DEE o A PRPP ) RA D o AuARED K AR > BREFRAE 0 2 BREFEHM R L A2
T B %#’}Lfﬂ/’v\’f’? 0 P P oo B fe T 0B R o RIS A 47 ERE £ - Fﬁv—’«’“"’\ s i
7 +MMP-97& 14 ~ & ; IL-6§%)§ » CD4+/CD25+4 84 4| Taw oz %5 %% ~ "% 2 1L-6 ~ IL-1 8 ~ IKK-a % NF-
kB3 HERE ~ cytochrome-cﬁ caspase-3E R o VB (T ) BUFERZ e Tk 0 T A B PE30H
Fov FERE (T Rev A E o

+3+47:
1. iE§ i = (tert-butyl hydroperoxide, t-BHP)% ¥4 17 w2 (PC12 Neuroblastoma Cells) & = -3\

X &4 & %% PCI2 Neuroblastoma Cells 1/ 888G 5 Bdr 2, 24 | PF1S » E 4~ 3 /] & t-BHP {8
BT w2 3 14~ LDH assay # £ ~ 'm? DAPI % X4 ¢ ~GSH z & ~ %1% 7 ¥ » & 12 Western blot
VAR S a2 A ’Fﬁ‘%ﬁ'u°
2. d-galactose # E-¥ & & 4 ¥ i & & HH0

#e| Bl & = T % group 1 #5241 &> group 2 14 d-galactose (50 mg/kg/day;sc) induction toxicity > group
3-~4-5 “f K "EF%T d-galactose ¢t 4~ B £ T ;1 %+ 10 mg/kg ~ 25mg/kg PEW %2 10 mg/kg ‘2t & E & i¥ =
EREESUE I 8 SR R CACIENS R @pi‘%? B 4 3R 4 14 32 {7 Western blotting » 47 4p B F-v 7 4 3%
R T
3. IFN-y 2 LPS # % &} fwmve 75 1 #5050

72 IFN-y % LPS 4% &}k fm#e g5 - > BLREREF de 54 2 2 & (> £ F  ##4] [FN-y 2 LPS %
7w mrie RS 1L 2 8% o - C6 astrocytoma cells 14 1x10° cells/ml & 12 1 % fetal bovine serum &
DMEM #& » 10 cm dishes o # BEEES 4r » 3 5 12 pg/ml LPS/25 ng/ml IFN-y &2 15 min > £ ¢ ¢k e »
WEA -~ Luteolin & Wedelolactone ** 24 hr o 4 %[;p| 2 7|38 p : MTT assay - Nitrite release assay ~
1£.% # & ~ Factin stain ~ DAPI staining ~ TNF-o release ~ phosphorylated Stat3 (Tyr705) activity in
Nucleus ~ Western blot % -

3 e.l.% =X .

L R E ik B2 ¢ F K we (BIOF10)wA= 5 » *CSTBL/6] % 817 » 11 k45551 54 2 & 3
BLBRAS T Live fhe fig 5B AT B N Ef’ 2¢ FRHES -

2. MNF LIS T fig i Bd /f@E’.BMFlO,%m "z > i {7 12 Wound healing assay 2 Boyden chamber assay .
2 mre #4580 Pl EMMP-22 u-PAE 2 > PI3K ~ Akt ~ NF-kappa B3-v % I o

3. A Rk RAR - HHE 5 P-4 (Terminalia catappa L. extracts; TCE) ¢ ¥ % ft rdZ & 24 B2l 0 o
(acute myeloid leukemia; AML) i %2 tx HL-60 - B T fm?e 575 5 ~ DAPI% ¢ % sub-Gliwm®% -

4. M EHHE 2 T R F P4 (TLME) &2 b g o %2 $RAS492 & 45 & &% ~ it 4 > i& {7 12 Wound healing
assay % Boyden chamber assayp & ‘m#2 4% # > B|  MMP-222 u-PA & 4 o

-3-*—'-3—‘
1. A EFPFHF L (HLEZ HLP) ¥#I3 S FAMRA S A R0 o & &4 F2%A 1 2 &4 #1550
;WM Rime 4 & {E R
%#ﬁkfﬁﬁ(ME)ﬁ%W(m£>ﬂ%¢@ﬁm%m*ﬂmir AR E R BT
—% 7R E~ B oka kA K 4T R(HPLC)A 47 ~ #r4| 48 ¢t A # LDLF i 2. (¥ * (TBARS formation ~ i< %
Brfadv %% % iF Fi%pé‘fﬁ ApoBif 3+ %74 3#%) ~ DPPHp ¢ ztki“f’iff% Frdle ikimiz 4 2 2 fm
e g FHEAE 2 T Y (mre F sk e ke 2 S~ e N P 7 £ 4 47) 0 & 2 Western blot 4
17 AR B Bev AR o ﬁ#ﬁ\uﬁwqﬁﬁ‘ﬁﬁﬂvwwﬁéi?”Hﬂﬁ’ﬁﬁ%ﬁﬁ§%%$
» (HLEZ HLP) Fr#|& "4 it g eimcdk » F%EAY e edb i a2 L mgit > ¥ 5
Jrov = P o AT RS o T B L R AT R & m%ﬂ%‘—mﬁéﬁ‘ME‘Ul’f
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- IR BT BOp] LH AR Ry BRI 2 LDL2 R R - B B 2 4 #47% 5 (aortic arch) #R6
r2hematoxylin and eosin % & LR o Jb ok o BRI E IR F N BEY g inama 2 e A F o
2. RAEZHFFH I (HLEZ HLP) i T Frvinie 2 R FH 2 B0 o

2 Rat smooth muscle of thoracic aorta-A7r5 % 4 H-3% » &JdZ 240 ¥ F B4 2 ;> (HLEZ HLP) 14 4
rimead~ AP £ B KRR BREE S G rfe@dRirme BELoir  mied £d 8 w3
2 5%~ e iF P 4 17 0 rireal time-PCR ~ Western blotfr L & 7Tk 2 4 4748 B 4 F cPmRNAE F-v F e
LIE (e ]
3. #AEFEF S5 (HLEZ HLP) #ifs 3 p L e df § i£2

2 human umbilical vein endothelial cell—HUVECm % 3 Ho3% > g2 44 § 3 8% & (» (HLE% HLP)
to T dm e 5 RIE S e & MLRIE S e 3 4 A5k S e k= A 4T s e e A 47 > & 12 Western blot
AtAR M Bv T AT o

% 3+ 3 ~ : The transformed human normal bronchial epithelial cells, BEAS-2B, were preincubated with

indicated concentration of PFE for 4 h, and then 40 pg/mL rDP2 was added and incubated for 2 h (kinase
cascades), 4 h (RT-PCR and qPCR analysis), or 24 h (cell viability assay and cell morphology). The treated
cells were subjected for analysis of cell viability, real-time PCR, cytokine production, and Western blotting.
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(z)F*
’;"‘51‘3" S IO o A
1. ﬁﬁﬁg"%(NLFE) 2 EBBEELA

NLFE 7% 5 2 £ 97 1934% (1 GA §HE5) BRIz £ 97 5.89% » s-Rit &4 7
16.63% » F=v F X ik 4.55% M2 sy & 95 243%(51,5)7 ﬁﬁﬂ" 3F 2 Tab. 1) e 12 HPLC ~ {7 » ¢
awd A & 4 % Gallic acid 4.85% ~ protocatechuic acid 12.74% ~ catechin 4.59% -~ gallocatechin gallate
6.25% caffeic acid 2.33% -~ epicatechin 3.32% -~ rutin 18.49% ~ quercetin 19.51% ¥£2 naringenin 3.29% (& %
- #3# ¢ 3R 2 Fig. 1, Tab. 2) o
2.NLFE #r4|§f*pime 2 4 £

F1#* P 4 > 12N mde R ELZF I & NLFE & £ & 3 mg/mL pF » MCF7 fw¥ 2. GO/Gl pFip»

A5 20%: & F subGl A A VLB %% > R 7R ¥ NLFE 1*}3 VoA Hi% 1R e AE P e oRE e

M iwie A £ 2 TEF o 4Tt FH AP Fv 2 ¥ 0 B % BT ¥ NLFE &£ o3 4 > 522 GO/GI
EFH ehcyclin D ~ cyclin E ~ cdk4 ¥ cdk2 39 % A2 &> > p21, p27,pl6 ¥ CDKI % 3R
dose-dependent 3 4r (L % - & ¥ 3¢ 2 Fig4d-Fig9) o # ~ + & {5 4 3% 1§ PI3K/Akt B2 > B 5% %
e &+ pF(FAS)2 £ ik d ¢ & w2 k) iR (£% (AL % - &4 7 42 Fig.10- Fig.12)o m*s &5 46 NLFE
FedR 216 7 A B ERo hd-v & IR > 2 frtE i ERo egkfc i R i o w2 B HER2 0 phosphotyrosine
MBS T LB B 5 Ty 2 Ty (% - #9944 Fig 13- Fig14) - NLFE # 7 & in
vivo ¥ § adrd| FR e %U?Ei 4 a 0.5%NLE cnew g ¢ > Mg %] k% > @ & 1% NLFE
WG o (TP AR O Fe R A K i 4 (A% - &9 4R 4 Figl6) -
3. NLFE #r#] sb)ﬁ»&mnezﬁﬁﬁl AT T
fl* g }E‘ & 9 % (wound-healing assay ). % ‘w*¢ #} # 4 47(Boyden chamber assay)## ¥ NLFE £ NLPE #r
EE % m”a‘ B sE BB o a MMP2 2 MMP-9 hig i £ 3lFrf o ie— H {17 7 » Lo
VAR G 120 B N m%‘\ 3.3 L NLFE 22 NLPE i; 49 *% M w®e ¥ 28 3=v RhoA ~ CDC42 ~ Racl &% 3 » I Fr
#] PKCa &t B2 5887 25 p38 &2 ERK crifia it » it m BB e cnfy (7 18% c R FBEH T %2
Plug assay » 7% NLFE ic 7 sxrdlo g A72 (8% o8- 0 d > L83 24740 B84 % % 3 3 NLFE
Frd] 7 1 i AKT ¢4 12 2 CTGF, Ras/ERK 2L L /5 (L 5 - £ ¢ 482 o
4. & P 3% % 4% %32 % (induction of mammary tumors)

NMU = #3800+ B & 4 "Ry 3 Feri s 4 59 % 60% (Fig. 1) o 4k & 1% NLFE &5 2@ >
R A I 10% M A8 2% NLFE 2_ 2% ¥ » { = 23r4] 7 MR 2 3 4 (Fig. 1)-82 78 &4 3 1% NLFE
WEREY vy W2 g A o (e e PREE 0 R 4 R (Fig 1) B0 B2 kP (Fig.2) T
PRERRE T EEDSEER R EFEEDEHA AR 2L (Fig 3) - 4 Fig. 1-Fig. 3 e %
LA —g 41 Herceptin ¥+t NMU #7324 Hengt /72 3 sy 4 (8% > X@m Tamoxifen #r# & ¥ o' i<
NMU #7343 m:r“ B A5~ h P 2R B o NLFE 2%@9‘1.&‘%‘ | 7e B 2 % i3t Tamoxifen 2
] o fI% w84 ¢ (H&E staln) 2R s R ¢ (IHC) BLse NMU #7330, e 3] fi & 4 -
LT ﬂ'Jabfgp wis g © B4 F & % T HER2 2 ERa ¢hff7(Fig. 4) - NMU £ #7 ¢ # 5 +
£ E2 chs & > @4 & NLFE E'Jg 2 d B¢ B2 chic® (Fig. 5) -

5. B B e LB R

YA TS e thBT-474i1 bt AL 4 £ Uk B AL T A 4 PR o 4k 40.5% NLFEshim w4 ¢ 5
R T %) % > @ pZO%NLFEmE&aT LT P AR S D Frd A Leni 4 Bk B
** Tamoxifen (Fig. 6) o I * © & B3R 4 ¢ LR BRI p R v £ 1 > 2% FIRNLFE & 3 ¢ 5w
¢ WFASNHE o ERasPd & 4 ¢ B 5% ¢ > 2 7 NLFE 2.0%h% %] 5 < FlHFrdl2 b H s chle w] & R
LRI F R A tphosph—Fra “f“gmz WG 0 H i BT 474...97”5:' preh gy o B mre prd 30
ERo ™"k 4 el » 4% §NLFE 0.5% e w| @ » 4 k4 ERaserl 18 m® e B H 8 5 » @ Atk
4 NLFE 2.0% i %] > jk 4 ERa Serllgm..m e J' 7 (Fig.7) e HER2 4 3t v wi b > H i sk 4
5% &t > %73 NLFE 2 % & Tamoxifenf2 ¥+ e . 4p v o ¥ m 81 ¥ ¥ 1 © 7A@ > phosph —-HER2: % % %
§ %% 0 INLFE2.0% fmwlf £ pldrgla o 0 6 chi ul g 4 et 5 @ 0 BT R(Fig7) - 417
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7 EELE - A 37 ANLFEAIE ™ 4k KR v cn® it » 2% B FNLFE # ¥ 2 #% 2 » FASN
e74 ILE S FNLFE @] & 3 40 @ &7 > o ERo P &NLFE 2.0% i %] ? VI E Frd), B A enie w) g
¥Rt B Feu & R‘ﬁfiﬁ kg ¥ % 1* ; A phosph—ERo% ¥ NLFE #| & 2_ 3 4\1 B A E RN R
22 NLFE rz¢ g i *ERa egipa it £ LT 5E o b'“r”ﬁ NLFE % %] » Tamoxifen = JT 4P 2 fp b i ™ » &
% mHER2$-5 ¥ @B F %1 4% - phosph-HER2 » % 1 NLFE2.0% (5] £ Sl#rdl2 # 3 6 ¢
fe ] 2R R v et oE PR e (Fig.8) o

Sphc HmA G R HEC
1. 2 B3R B F5EB5 4 3T3-L1 0w 2 % = (oilred Q) % ¢ ~*&p = Y i fin (TG) &4 -3-
P4 § g5 (GPDH) 4 i5He B9

WA EHRSER T (R ) 2 kE RS e BEE B4 100 pg/mL PE € FF K P s e P 3
80.18%fr 86.43% (p<0.05) o @ 2 i7" FE 5 Bodr & 2 kR IBDV B FFr4| P g p w2 #icp > B P A 10 pg/mL
ERPFETEMT 91.15% (p<0.05) - 24 ﬁ%:ﬁ\#ﬂ"‘ 10 ug/mL ER L &p-g R LR N
fed a2z 7 £ (13.6%-25.6%)(p<0.05) o d 11+ % Fr > T ar® I B4 B 5 Eoif 2 frg] 3T3-L1 %y
iz ie N Z Y W hgac 4 c BT BEBS A5 ugmL BRI 5 B3 e‘i«p—g "% 14 3T3-L1 g%k e
GPDH f% % z_ /&1 (p<0.05) -
2R BE RS R0 AL 3 LB

442 BR@x LHEYBEBRS L EERS AMPK 4 Sirtl 2 A F1 A 0 ¥ $r4] PPARy
SREBP-1¢ ~ ACC -~ FAS -~ aP2 LPL v CD36 % #5 F & = foi@ % 4p B 2L 714 (p<0.05) - 2 77 7 % 5 B~
$= %+ PGC-lofr UCP1 % 3 & % 4t = 17 * (p<0.05) » #F leptin ~ resistin = MCP-1 xzé‘ﬂz Ry ERF
] (8% (p<0.05) o g+ ¢k > 7v ¢ $% 2 % adiponectin 2 & F] & 3 (p<0.05) °
JRFUEERSUB A SHEELL R BE  SH BTN R P

d £ 385 %7 A% 50mgkg -~ 150 mg/kg o300 mg/kg 2. 2777 Fe 5 Bfr 2. < B> ¥ B F R
k&ﬂ L (p<0.05) -

R BERL A A SHR RLRELE L N

E; 3 4 “:ﬁ.g: 18 e .__rs qgﬂ 51“/‘3 2 e ﬁ%c 9»)(,,7 W é_,uzv;g\ ﬂqr-),v;g\ r;g’,_),vg{\ B#E%Tlf‘ii %’“E;g
Tt d RN 2ZHEFALR (pP>0.05) B g LA 50 mg/kg ME2 R IEY ERE B > VR FE 'S
MERFEHERRLEL (p<0.05) -
5—v“ﬁ§%#ﬁ$ S48 B2 S fle B

d &2 5858 AFMmarls S0mgkg P 2 i B2 W VA FE ML T
ﬁﬁﬁiﬁ‘ﬁﬁﬁﬁﬁiﬁ’iﬁﬂi%$@§a}ﬂﬁﬁqﬁ £ (p<0.05) -

6. LHFTHMEPFHF A SFE WL Q2 RS L TR F 2B pqﬁ,%,—]ﬁgii%%‘

d X o0%%KT 3 ”a%‘ﬁ %5 50mgkg M b 2 ART R B2 w0 TR F T MOFEE AR
SR A IR R (p<005) et T EH A R R 2R B AR ARL PR
(p<0.05) -

7. R BmEBFER A S B B2 MRy R 52 R

d B 1P H&E sy P44 B % HFD 2w $ 5B F A ET) 0~ fahmie R ¥4
LA R e 7 4v 50mg/kg M b 2 Er T ERE g w] o P RV IFERY bR ML 2 R0
By 0 i A ) o
8. %%‘;%}% AR 83 TR B2 R e AR R L AT LB

dA 7% E Fha a8 S0mgkg P BT RRE P2 mu o hr s o ¢ B E
4t AMPK - Sirtl ~ UCPI ¥ adiponectin 2- 7k #] % 3 > # *% i< PPARy ~ SREBP-1c ~ FAS ~ ACC 4~ CD36
2 A& F1& R (p<0.05) > 7 & B3 ¥ "% 4 leptin &2 PAIL-1 2 "3 %%4p B A& F1& . (p<0.05) » AP d » X
350 mgkg 1 2T BET4 2 wul o g HFHRS AMPK 2 PPARaE A4 > &% K FAS -
SREBP-1c £ SCD-1 % %3 {4 & & 4p b 2 F1 4 3 (p<0.05) °

FiEc: e R RRHEE
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1. LEZBPHFHASRK Colo205 mie i 22472 BiFxd £ 4 P

Colo 205 ‘Pz ft4v » LF X Podr @ (T3 24 - RIS R & 1.5 2 2 mg/mL w5 4 Mok »
ESL R T 48 2 72 ) FF 0 2 mg/mL L3 F B 2 tmte 505 4 47.7% v 7.1% ( Fig. 1) » Colo 205
LR EM 4 £ > 11 Colony Formation Assay BLZ £ PFRF L F X P 8% 8 B oplme Bl 58 B % &
7 250pg/ml Jk & 7 #r4] Colony 7 = ( Fig. 2) o
2. LFEFBFH51E X % E Colo 205 sw¥ 2. apoptosis 2 H ¢ {4

DAPI stain 2 Flow cytometry assay 4 17 & 71 oL # 5 B~4 € 3142 Colo 205 ‘w*s %k % 3R % (Fig. 3) »
%Mﬂéﬁ@mﬁﬁmgjilw&m&&&ﬁﬁﬁﬁﬁbﬂﬁgAD dO T LT G A g 3 NG
Apoptosis ° 4] * western blotting 4 47 apoptosis 4p # F=v > P RIEEL D T3 3R 60 apoptosis 4P B F-v
Fas-L~TNF-o 2 Caspase 8~Caspase 9 v Caspase 3 & "¢ ¥ L % 5 B~ 4r chjk R 3 4v @ + 2 (Fig. 5A and B)-
PR T 2. pS3 fr Bax ehd-v £ MBI F L F EBd ik B W 4e @ T '8 (Fig. 5C) 0 #741] apoptosis £
v Belxl 23R~ %2 T " (Fig. 5D) - Bid 3¢ £33 PR > » FtHtBid B3 F = > e FP o
Cytochrome C (Cyt.C)3-v % 7" 3 4g2 F * (Fig. 5E) o
3. LEEBRFIIFL ﬁﬁcwn%mwF#ﬁ%; i S IE- R

AVO (Acidic vascular organelles)% ¢ & 7r L% X B4 ¢ H 3k Colo 205 !m*2 chp v (T * (autophagy)
(Fig. 6) - western blotting & 7.2 % I » ‘w2 S+ kR ehl 3 /2 48 /] BF {8 > $r4] autophagy
v Akt fo-mTOR % Fp* & 7 "% (Fig. 7A)> @ iE autophagy # JLd-v9 Atg5 v LC3 R P &g+ + 2 (Fig.
7B) - f1* autophagy i€ RADOO1 % /i~ autophagy «1iF* & & » g% R wmie & & B g2 L fo
RAmm1W’imnvﬁ&&ﬁduw,nw’ﬁzwL*EJaﬁ(ﬁgSA)ANo-w’N£ﬂg4@g
8B) » LC3 -+ £ I~ F A AR 4o eI % (Fig. 8C) o SF & M+ B % EF > LFHR Colo 205 w e 3 2
autophagy (ni®* i1 & g F Mibmiecns = @ 2LiRE  we nivh £ 4 o
4. LFXBFHH L 5 Colo 205 w* Xenografts #8224 £ gl

F1* BALB/c# Bligd A /1 %+ Colo 205 sm¥z » (F ¥z a5 = 15 “{ﬁﬁln\ = 2 % Control~RADO001(2.5
mg/kg) ~ L # (250 mg/kg)frb % (250 mg/kg) + RAD001(2.5 mg/kg) » i .?EEL%: FroFSkT o BED
A & L 22 Control 2w £ B H it £ i 55 AT eI do ¥ ¢h> & & B A& § L % v RADOO1
i | F O LK BB e £ g S BT B Ak 8 L3 & RADOOI %] % i< (Fig. 9)
5. LEZIPFEGRFE L RAPTL

FI* ~ % &3k &4 DMH (Dimethylhydrazine)f=% 3% 4 4 DSS (Dextran sodium sulfate)ig {7 & &
CD-1(ICR)* %% 3 & 0 S it o A& L#F 10 2 3 3 e w) ¥ BB £ i 4o id 500 Control e %) 3k enis
(Fig. 10A) > & & 3 & & L # | 8UFRGOE 1 H e w M(Fig. 10B) e e § X & x B ehi B &2
@ g L% (Fig. 10C) c tA& G FHE L FEUNEREL n (e $RLR L EH iﬁ"ﬂ LI P
(Table 1 4 2) - 3% ¥ 2w &+ % & 4 dysplasia P % 5 100% > @ bk @ MAE & 3 & E L F 5
FERT AR 75%1&» 77.78% (Table 3) o ¥ i& & chA 495 T35 $(44.44%) % 4 & 1] £ L 3(55.55%) 2. 5]
% ez i 50 Control(100%) 4k & B & £ L % (100%) 2% &k e (Fig. 10D) o

FPde: o g %ﬁwk

G F Wﬁ%~ BUSH T Fdeipd w2e Ky ¥ A [B- ] vt TRPELE(R
B AEIRRR S G, SRR | R 2] R, R R O A
]o 4% & »ﬁﬂﬁgi, g,;ﬂtl )H‘—n,ﬁ—gf-ﬁg)g.g , mAk G 3 F%l}.‘]ﬁjg_étj o3 Az ) RHE T & R
GRE], A %S FEAR L 3 TR | RE R S F R R TR (W
LEP RS R ) RE MR me PR S, n ARG PEER S o AR 2 ) BLE ki
Bh 3 A | QRN E R - b S B R L ) L MMP-97% 14 B
be, mOARE FOEFIMRA b A LA 2 ) SUH & FMMP-9iE BRI AT F R ]oﬁ%aawﬂme
ﬁﬂmﬂalqm6ﬁmﬁ% Jam@aﬁ,m%aamwmﬁtiiﬁﬁ7fﬁ H i FIL-64p $ic
£ G B IEE R RLRIRE F R S (B A] o gt b, NPB IR BTk S B AT 5]’7’}CD4+/CD25+§I?'
AT R 6T, m kSR L2018, §HFRA CD4+/CD25+§IF”E4 ATz 5200 GI[B4 ] °

- KRR S FOREM R L BPRGGE DA S 8] o B RS FRAM . A LR
Z Jpel &Y > Horggz JL-60 IL-18 %9 FAIREPEI4A&S I ¥ AL 2 B R A2 k] B
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FFMF TR (ML - TR L @A S 2 KK & NF-rBApfo k8 1§ s § 0%
BRI 2 R RS ETERI ][R ] IR A LB E ) o d R RS
F. > cytochrome-c % caspase-3 sIE 1L 4 T > Ak @ BPEF AR 2 ) BFRA L E o ApROTAR S ¥ AR
LR R HFL S ks FERAR S 2 LR LR ] RY  HTHL cytochrome-c £
caspase-3 FE LA MARPAT ARG L F H 2§ URREIMR AR L R ] BUE AT E T R (W] e ] [0
T1ef 7 SES: THR L BOFHE L A= oy 2 LRE [0 2 R3] BURRL e TR
b A R PER0E e PR TR PO A E (R oA e - KA b F AR
BREASHES hh d 5 2 5N RR 2 sk e o

FPEI e F R
1. B §F 3 24 4| § v 4 (tert-butyl hydroperoxide, t-BHP) 3% ¥ #¢ & ‘w % (PC12
Neuroblastoma Cells) /%= 22 #% |

WL 2 4 R e d B R RR M MR B % d (Fig )T ¢ R e g & 9T 5 s i
EAEMA S Rk s o d e 5l E LDH fcz 3 PRl FREBy o fio gk F 54
(WEA)® % PC12 # iz f5$iiF ¥ * 4 (tert-butyl hydroperoxide, t-BHP)#7 314z chim?e 3 |25 3
(Fig. 2) - t-BHP ¢ 3£ % PCI12 shiw®s 5= > DAPI 4 ¢ % Flow cytometry PI stain BL% 3| X B4 ¥ Fr
P IR % (Fig. 3) o 5 B4 ¥ % 1 w2 N Glutathion(GSH)=n A # % *% i t-BHP #73 ¥ % p 5125 (ROS)
(Fig. 4) - 12 Western blot #7331 ] 24 Mk 48 %= 4p Al 3=v > FMiwre k= #7174 4 & caspase 3 5 d
t-BHP *% i pro-caspase 3 {v pro-caspase 9 1% I > @ ¥F T i 5 B~ 47 (& pro-caspase 3 fr pro-caspase
9, ¥ b4 » P (5 € 3% Bel-2 2 BelxL # @ @ Bax ehg-v £ 7T "% (Fig. 5) - #3 4 B4
#1%¥ > t-BHP ¢ & i“ giph i INK, p38, Erk1/2 = 30 LB /T > @ 4e » F B (87 Prd |k i chd
(Fig. 6)
2. BRI BFPrd] d-galactose FEEXHAE 4 XL %
Addeie T LR T FRD-E i Reg] e REY &4 3 & 430w ipE P active avoidance T 5
% 0.5-3 % @ escape T 32 f 20-26 W L E EBde F 1 5 & e (Table 1)- 78 @ escape latency *
HILDT ¥ BB X P4 e escape latency Y D- 5UHE ke k chdE(time-by-treatment) (Fig.1) o D-X 5U % €
B ”fa_ELT%‘« p-tau ~ beta-amyloid ¢h< £ & 4 11 % [ Lehk B 0 P EAILBEY (B E
B b E Y G LR KB RS b R(Fig2-4) o B B Y L FRL SR 4 4
RULFR A F A S dlcp A e P ASBH Y S RE RS R AR S EY T AASRS LT
% B A 0 e il B (Fig.5-6) -
3. B X BPPrd] IFN-y 2 LPS # % & o mie $R5E 14
RFEE R T ke § AR H Y GFAP Fv A B Ao M T kR G X B
1 (WEA) § #1327 i dp k2 & (Fig.1) » = Lﬁ’é:}ﬁ 27 LPS € i% i 7% i Src-suppressed C kinase substrate
(SScCKS) & iNOS # L#ﬂ % 3R> Fig.1 % 3. WEA ¢ #r4] SScCKS 2 £ o A 3 % % W% % fe 8 B
Jk fmre ¢ i@ B 8 4c ROS 1%lis ¥ TNFo 5 % » WEA ¥ #7412 1. 4 (Fig.2 and Fig3) o ] 4 % 2 im %
% ¢ # 4 COX-2 % iNOS # T AJZ WEA ¢ #r$]2 (Figd)o N & % % ‘me & g0 & ki 533 & fm
%z . NFKB 2 STAT «7/% it (phosphorylation) > @ 4 » WEA ¢ #r4|H & i (Fig.5) o S {s 4 T 4 %
2 n¥e % &k wre chmedium 4 > A 1 e PCI2 wie ¥ B %G M e 3E S IR 0 @ 5 WEA &2
NFE 2 e & AJE R K e medium ¥ R & &2 e 505 5 (Fig.6)

F3E 0 Hep FHEes

1. LT B fp5BPdril2 ¢ 32 me g 4

7 LA RS ~ 23218 0 1% methanol (DNE1); chloroform (DNE2); ethyl acetate (DNE3); n-butanol

(DNEA4); 22 water (DNES) 4 & % B~(Fig. 1A) = %11 100 pg/mLenA § 5 34 AI2B16-F102. ¢ # & im% >

% Meethyl acetate (DNE3) ¥+ mre iz 8 it 5 3 F codrd s sk (Fig. 1B) o 2 A & S840 11 B 2i ik 4p

& 17 ik (Waters 600 pump):i& 7 4 47 (Fig. 1C) » % mass4 17 .% % 4cFig. 1D - 1 * C57BL/6J % & > 11 k #

L SBI6-F10im% » 4 & 2 e fa F B 7 R S e 2 4 A B4 (Fig. 24) » 2 9% wik et §

(Fig. 2B) » i 4|7 in % 45 T] % 28 it 4 (Fig. 2C) » % BB € & o 0 37 en 4 B (Fig. 2D) o % 9% /o
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i# {7 hematoxylinefreosine % ¢ & o1 4k @ DNE3 e/ %] H ¥ 3R L"ﬁ‘[umor’ﬁ M &gk b (Fig. 3) o W MTT assay#é
DNE3#B16-F10(Fig. 4A)# & % A Jf % HSG8 (Fig. 4B)% & M #iim™ & | i v/ & ¥ %% DNE3
¥ 3 »xfr§|B16-F10:04% # 5y 4 (Fig. 4C&4D) - Boyden chamber assay g ;- DNE3+# 7 ‘;: r$]B16-F10:%
% % F# 4 (Fig. 4E&AF) » ¥ wmve - L B REYac 4 F %% § DNE3¥ #r4|B16-F10& type I collegen erapk ¥t
A ? (Fig 4G) - Gelatin zymography £ casein zymography 4 +74¢ I » DNE3# % i< ‘wm*¢ MMP-2{ru-PA
(Fig. SA&SB) o # ¥ MMP-2 ¢h3-v % B+ F B ¥ gt > (Fig. 5C) » & TIMP-23v thd E > BNk
B H bem A (Flg. 5D) - Western blot4 47 % % 2% IFLPBKr'v”J}r? # % Akt3-v ff’%f&fﬁ it ¢ ¢ ¥ DNE3 ¢
LR KB DR (Fig6) o MEMSA= 2 A 454 3 » % % k7 NF-kBEDNAS £ thii 4 S ¥ AU % 147
EBpRR mi‘g dvm iR B4 (Fig. TA&TB) » NF KB (p65)chi-v & 7* T '} (Flg 7C) » & 2_cytosol
IkBérd-v % 2 B+ 2 (Fig. 7D) - DNE3 7 ¢ #4] 4 5702 ¢ # ‘wo% $hA2058 chim e 5 6o 4 ~ 2% i 4
(Fig. 8A&7B) » MMP-9 ~ MMP-2 (Fig. 8C) ~ u-PA (Fig. 8D)=v/& 14 -
2 WEMESPFHERLT WIG & lnt hd B i
1 = BT 50%IFp % B~ 4 (Terminalia catappa L. extracts; TCE) 1 & »<it % 4p & 17 & (Waters 600 pump) 4
17(Fig. 9A) » % mass4 17 & % 4cFig. 9B ° {f iz #Hi —‘?B’&%" i fﬂaHL 607 /& & (Fig. 10) % 7% i& thim e #ic
(Fig. 11) » 7= 'z gep| P &g + = (Fig. 12) - TCE¥t & % & 3% 2 ¢ 5 & #i%* (Fig. 13) - TCE/?@“’
¢ 3 4 HL-60sub-G1m 72 #c P (Fig. 14) > 51 4=chromatin condensatlon (Fig. 15) » # 3R DNA%TA] e
(Fig. 16) WAL T § o Bk 6 & S HL-60m% 575 & & e g ¥ % m(Fig. 17) > 1o &u
W Rimre 3 €3 & RIT* (Fig. 17) o ¥ B e aJd? € 3 4r HL-60sub-G1 im#z #ic P (Fig. 18&19) » 5142
chromatm condensation (Fig. 20) - &8 7 TCE& ¥ $# & £ 7 34 %-HL 60im e &= Hisggk o
3. f CAHE P fF 53~ (TLME)dr§] % % fn %2 th AS49 g 45 it
YRR AR B B2 fﬁ*z,;ﬁ;t— K AF 33 7 R w78 thAS49hd-0 s MMP-2 £2u-PA (Fig 21 A)% # %+ (Fig
21 Byen@ > T g 4 #E (Fig22) - TLME>0,10,30,50 pg/mL 3 & # # € (Fig23) - TLME &% F
HETE "2 4 A549 e #% & E‘b 4 (Fig 24) ~ MMP-9 ~ MMP-2 £2 u-PA =77 14 (Fig 25) ~invasionit # (Fig 26)
% motilityse # (Fig 27) ° Western blot4 474 ILTCME ¢ #r#|EMT#4p B F—2 p-FAK ~ p-paxillin£? vimentin
& T T2 el & p-Aktfdm e p g £ I(Fig 28) 0 B fs A P A H kA ey A A A enT L F B
1 (Fig 29) & i i-pte pec ”_ 5 & B’»Jfﬂ (Fig 30)41 * HPLC 4 47 #7## 3| % & ciprofile o

FiES e g e
1. 24 E-k5B4 (HLE) 2 5% (HLP) = A 453 &%

JJHPLC/»\ +#THLE# 7 & i = i»catechin (4.25%) Frellagic acid (28.20%) - HLPR| ¢ 7 T i = i»
catechin ~ ECG -~ ellagic acid ~ ferulic acidfrquercetin » & %] z & ~ 573 7.40% ~ 16.53% ~ 10.30% ~ 0.70%
4v0.83% (Fig. 1 & Table 1)cHLEZ HLP & § & 7 315.22%4-35.36%%% % fix 3 £ % 20.98%F-65.16% 1 [
B] Z_ie(Table 1) °
2. RAEFPF L (HLE/HLP) Fr4|H ¢ #3 LDL § 2 iv% 2 3 fg d K2 3%

'lﬁfﬂf%ﬁ* FELDL 5 it e TRy L R&% B % F (HLE 2 HPE & 5 #r4] LDL § i i
Ao e st (Fig.2) ~ v £ o hT m e ¥ (Fig. 3) ~ ApoB #f 3¢ ¥4 (Fig.3) » ¢* *h 4 B35 i
",% DPPH p o feni®* (Fig. 4) »

3. A i-"ﬁﬁ*f}% % (> (HLE/HLP) $r4|i2 R m* 2 2 =

e F %> 5 HLE 2 HLP $>" & 1 = Evfiw® J774A.1 2. R F (57 F 2. H & 4p § ~ (HLE: IC50>
3.0 mg/ml 2 2 HLP: ICso= 0.75 mg/ml) (Fig. 5)HLE % HLP &2 ¥ *% i<d ox-LDL # ¥ E v J774A.1
dnre A e R dnre A5 = (Fig. 6)11 2 F s idimre p = faH b fqfo'e H R cn g £ (Fig. 7) o 11 Western
blotting 4 #fr’:é 7L HLP (0.05-0.2 mg/ml) ¢ #r] ox-LDL §] < CD36 f- PPARy ¢3-v % 3.(Fig. 8, line
1-3) » & 2. HLP ¥ # 4 ox-LDL #7#r+4| 7 LXRofr ABCAI e3-v % 3 (Fig. 8, line 4-5) -
4. A EXEPH (HLE) 4|3 2 FM4& 3 F 4+ 5% d

FERAMASA T LT o A AL FRIRA T HR LIS P RREER TR YR
ERfR N faH W a2 LDL-C ¢ ¥k P4k @ HLE @ *% #<(Table 2)> 59 # "% pr %1 g AT R 'R G 48% e
22.5% > & B F el AnE B 2 T (Fig. 9A) » %3 HLE 2 2w > H A $ iR 2 B & P& OY
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FEw o 1.0%% #E 2 HLE 2% w4 52 1 % % 4p ¥ (Fig. 9B) -
5. %A EFB4 40 (HLE 2 HLP) #rilim% I ovinme 4 L 2 458 1€

fU* 3 L F]+ TNFoi % VSMC B4 2 3 4 #5538 > R HLE 2 HLP it 3 #% LI’ﬂ"fJ TNFa iZ_:& VSMC
in%e (ATrS) 4 £ (Fig. 1)~ v1 % MMP-9 i 44(Fig. 12) & 5o ds 4 R(Fig. 13) < 417 5 % B g% & ¢
Ho fgrz iv% B30 ATrS we % ¥ &2 HLE & HLP ,k}i‘,ig dv o e R £ F) TNFarrig &
2_ ¢c-Jun 2 c-Fos % & 52 j#* *° (Fig. 14A and B) > AP-1 £2 DNA % & i # 775 T "3 4% (Fig. 14C and
D). § v ‘Iﬁ £ % Boyden chamber 4 473 ¢ HLP Fr#] TNFouig 3 A7r5 fmie ﬁ%ﬁé it # (Fig. 15) »
6. A i—“ﬁﬁk:}wé » (HLE/HLP) #r4|s ¥ & T eimie 2 3 4 e %

A7r5 fm¥e 3f L i d2 TNFo e 7 PEB*F"*%(24 fr 48 | pF)2. T g2 HLP & HLE > 55 % o1 3 F § ‘w52
4 £ 2 e 3 4 (Fig. 16) P }\ mPe kP T AT 0 TNFozg 48 7 > HLP ¥ B¢ AT7r5 . m”é’iﬁP £330
& GO/G1 # (Fig 17) » 2L% ; {v EMSA ¥ #% %7 HLP gigéc p53 v rmapa it AU E E T
p21 fr p27 ; # ® HLP /);‘“ > cdk2/cychnE % & 2 i 4 Rb/E2F 2 % & % (Fig. 18) -

%A ﬁ$3"4" (HLE) 33 ”éﬁlﬁ?fﬁ ﬂ'zgﬁ-*ﬁ”” A2 B2 28859 AR2LPE

gﬁ,%;aj%;iv’vﬁviiwf PN ARG Al F e BAEY ) FIRG BR B e
2o m g EE S 9 o PIFRE 5 P A anti-PCNA (Fig. 19A)% anti-SM a-actin (Fig. 19B)4# £ 2 4
R T ERN KRR FE
8. A EZHH L (HLE/HLP) % % pA dmPe AT ox-LDL 3% #iwmie 3 4 o

’H MTT %2 LDH assay 4 +7 » HLE/HLP # *% i< ox-LDL %t HUVEC !m¥®z #7i¢ & enif £ » ¢ 35w
% 7% % (Fig. 21A) » £ fn% 3 {2 (Fig. 21B)
9. A EFF PP 2> (HLE/HLP) % i ”ﬁ p A jmPe Y ox-LDL 3% 3 jw¥e 5 =
ox-LDL # 3% % HUVEC &% = » & HLE/HLP tiJe v T,R.—é%f@m?é s %5 k= 3L % (Fig. 22) » ¥ % 4w
% 7 9 (Fig. 23A) 2 GO/G1 #i& » S # £ & #4575 E2F 2 2 2 £ 3 p-Rb(Fig. 23B)- 4] * AVO stain
A2 g iz g T > % 5% Aot HLE &2 HLP aJd2 € 3 4 AVO -positive % I.(Fig. 24) - & > gL % /*
F % %% Mor dmve poeaiAp B 39 (LC3 ~ Beclin-1 ~ PI3K classIII) # L3 4c(Fig. 25A) » @ ¥ — i drd|iw
¢ p ek f2 (PI3K classl/Akt/mTOR ) » 3 & i 2 -2)(Fig. 25B) -
10. #4 £5 5% (HLE) #$¥ 3 e FRA S FEFL T HRA L2 0 L e 2 B2 P

WERE DL FIR G ISR ARERAT AT BRERE Y L F P ARy CD3I
(platelet endothelial cell adhesion molecule-1 » PECAM-1)e4 R o B d 5 4 & e Bor @ Al ¥ 2
£ FREY TG FRG MEHEE R iR F e 5 Bl F P A anti-CD31 # R 4 & m(Fig.
26) 5 ® %R )é] m/;a_rp Rh o PTG e P A el G R G F B mu R g iF

* o

F3F N FHep F3 g;—fﬁ xﬁ-fé A
1. Effects of PFE and rDP2 on viability of BEAS-2B cells

As shown in Figure 1A PFE (10, 20, 30, 50 and 100 pg/mL) did not show significant cytotoxicity to
human airway epithelial cell BEAS-2B. Neither DP2 alone (20 pg/mL) nor DP2 combining with PFE
treatment (50 pg/mL) significantly affected cell viability of BEAS-2B cells (Figure 1B).
2. PFE inhibited DP2-induced mRNA expression and protein production of pro-allergic cytokines in

BEAS-2B cells

As shown in Figure 2A, significantly induced mRNA expressions of IL-4, IL-5, IL-13 and GM-CSF were
observed in DP2-stimulated BEAS-2B cells, and the elevated expressions were inhibited by pretreatment of
PFE in a dose-dependent manner. The results of quantitative analysis revealed that DP2 significantly
increased the mRNA levels of IL-4, IL-5, IL-13 and GM-CSF in BEAS-2B cells to 16.3 =+ 1.2, 18.5 + 0.6,
44.1 + 1.8 and 17.6 + 2.7-fold of control respectively. The DP2-upregulated mRNA levels of IL-4, IL-5,
IL-13 and GM-CSF were significantly inhibited by PFE pretreatment (50 ug/mL) to 7.1 £ 0.9, 5.7 £ 0.1, 22.1
+ 1.7 and 7.4 £ 0.8-fold of control respectively (Figure 2B). DP2 increased protein production of IL-4, IL-5,
IL-13 and GM-CSF by BEAS-2B cells to 18.5 £ 2.2, 16.7 + 1.2, 27.5 £ 1.6 and 8.8 + 1.4 pg/mL/104 cells,
respectively (Figure 2C). PFE pretreatment dose-dependently reduced the cytokine production up to 7.6 + 1.1
(IL-4), 6.6 = 1.2 (IL-5), 12.4 + 1.4 and 6.1 + 1.3 (GM-CSF) pg/mL/10" cells, respectively (Figure 2C).
3. PFE inhibited DP2-induced mRNA expression and protein production of pro-inflammatory
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cytokines in BEAS-2B cells

As shown in Figure 3A, DP2 significantly induced mRNA expression of pro-inflammatory cytokines IL-6,
IL-8 and MCP-1 in BEAS-2B cells, which was dose-dependently inhibited by PFE pretreatment. Quantitative
qPCR analysis showed that DP2 greatly elevated the mRNA levels of IL-6, IL-8 and MCP-1 in BEAS-2B
cells to 35.7 £ 1.6, 28.7 £ 1.1, and 11.3 £+ 1.2-fold of control, respectively which were dose-dependently
diminished by PFE pretreatment (Figure 3B) to 2.2 £ 0.3, 1.8 £ 0.2, and 5.9 £ 1.1-fold of control (Figure 3B).
In parallel to mRNA expression, protein productions of IL-6, IL-8, and MCP-1 in BEAS-2B cells were
increased by DP2 to 142.7 + 12.9, 102.6 + 15.6, and 72.7 + 8.8 pg/mL/10* cells, respectively (Figure 3C)
which were diminished by PFE pretreatment to 58.9 + 2.9 (IL-6), 33.7 + 3.1 (IL-8) and 33.3 + 2.2 (MCP-1)
pg/mL/10* cells, respectively (Figure 3C).
4. PFE inhibited phosphorylation of MAPKSs in DP2-stimulated BEAS-2B cells

As shown in Figure 4, DP2 significantly enhanced phosphorylation of JNK, P38 and Erk1/2 to 2.42, 4.21,
and 2.48-fold of GST alone, respectively. The DP2-induced phosphorylation of INK and P38 were diminished
upon PFE pretreatment in a dose-dependent manner but not Erk1/2. With pretreatment of PFE at 50 ug/mL,
levels of p-JNK, p-P38 and p-Erk1/2 were reduced to 1.18, 1.25 and 1.01-fold of GST alone..
5. PFE suppressed degradation of IkBa and nuclear translocation of NF-kB in DP2-stimulated

BEAS-2B cells

As shown in Figure 5A, exposure of BEAS-2B cells to DP2 led to a significant decrease of cytosolic
IkBa level, the NF-kB inhibitor, contributing to nuclear translocation of NF-kxB. PFE pretreatment restored
the DP2-decreased cytosolic IkBa, level and diminished nuclear NF-kB level increased by DP2 in a
dose-dependent fashion. Further quantitative analysis showed that DP2 treatment increased level of nuclear
NF-kB to 1.54 + 0.15-fold of GST alone which was decreased by PFE pretreatment (50 pg/mL) to 1.21 +
0.03-fold of GST control (Figure 5B).
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33+ 3F . Itis known that DP2 induces secretion of pro-allergic cytokines and pro-inflammatory cytokines
by respiratory epithelial cells which is known to be associated with the activation of MAPKs (71).
Transcription factor NF-«xB plays a pivotal role in regulation of pro-inflammatory cytokines, and its nuclear
translocation is associated with the expression of the pro-inflammatory cytokines. Our findings revealed that
PFE significantly diminished both mRNA expression and protein levels of pro-allergic and pro-inflammatory
cytokines in response to DP2 through inhibition of P38/JNK and NK-«B activation. These findings suggest
that PFE should be beneficial to alleviate both allergic and inflammatory responses on airway epithelium in
response to aeroallergens.
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The present invention relates provides Nelumbo nucifera leaves extract and a method
thereof. The present invention further provides a composition comprising said extract and
a method for treating subject suffering from breast cancer with the composition.
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The present invention relates provides Nelumbo nucifera leaves extract and a method
thereof. The present invention further provides a composition comprising said extract and

a method for treating subject suffering from breast cancer with the composition.
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% fF % P~$ (Flavonoid-enriched extracts from Nelumbo nucifera leaves » NLFE)#r ] %82 4 £ 2 #
P i - HIF R P el 4] o A nrﬂ—g 4+ 12 MCF-7 ‘¥ 5§ B3¢ > &2 7 e 4 £ NLFE
T 5 3 I NLFE i i PI3K/AKt 475 » 32887 %5pk & = fs(FAS)2. £ it m 3 & w33 8 12 0F &
GO0/G1 # > m MCF-7 # # # {& H_”ﬁﬁaéﬁﬁé% %P > NLFE /29 &t 43 e "R 2 4 £ o 3 5 » NLFE
27 NLPE it 43 "% < MMP-2 % MMP-9 a5 4 % w2 % 28 39 RhoA -~ CDC42 ~ Racl =4 I »
Frd] PKCo eimdd > B 5T 75 p38 & ERK ehpipc it > i/ B2 58w cnff (718 % o % i
Pof Bk 2 Plug assay » #F NLFE ac 5 »afrd| g 72 (8% o i8- h md > & 8hiE & 454 B 48
#1 > % % % I NLFE #r4]7 & AKT 4 .02 2 CTGF, Ras/ERK 3 & B8 75 o £ fs > Vi #
NMU(N-methyl-N-nitrosourea): # 5 A 4 » I J2 % e #E NLFE 2§27k 2% Herceptin
% Tamoxifen i {7\ o RS T RGO BEF 4 F ¥ 2 9%~ | » & NLFE g2z T %
%«E % T "8 )NLFE 2% %]z % { &>t Tamoxifen 2. 8 %] o pb #b» 34 i 75 12 A 38 5L w72 $k BT-474
RPN 0 B AR > F @ % 2 A E NLFE ¥ Tamoxifen 4 84 & » &% #HF
NLFE 75 % 7; PeE AR B2 "B 4 2 NLFE 2%/ %] #rd]»c % { >t Tamoxifen 2_ f %] o
oI AR LT T D REELSITER Y 2 AR BRdp VSEF NLFE &2 2
# < > FASN 2 phosph-ERa ¢4 JL £ 5 ¥ NLFE | & 3 4c @ %008 > > B2 NLFE /29 €
i ERa egifait 2 LT % o b'L'r’fa NLFE ‘= %] » Tamoxifen % F\“ﬁ% APV o B X oT
HER2 3-v ¥ @ g ¥ % i ; 2Am > phosph—-HER2 > “,% 7 NLFE 2.0% %5 < 3|Frdl2 b 2 @
th i B 2 Rt R BT S Bk 1 7 g NLFE % x»&gbrgpm@ -y %
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Breast cancer is a common women malignancy tumor in many countries of the world. Over the
past decade, advances in understanding carcinogenesis have made possible the identification of the
candidates of chemopreventive agents that are being developed to hit the key molecular targets. The
lotus leaf is the Nymphaeaceae perennial herb, and its chemical composition to contain a variety of
pronuciferine and flavonoids. Flavonoid-enriched extracts from Nelumbo nucifera leaves (NLFE)
had been demonstrated previously to possess anti-oxidative In this study aimed to define the
anti-carcinogenesis and the mechanism of NLFE reduced cancer in cell and animal model. First, we
observed that NLFE caused the cell cycle arrest in the GO/G1 phase in human breast cancer cell line
MCF7. The result also revealed that NLFE reduced phosphorylation in Akt and expression of fatty
acid synthase (FAS) in NLFE-treated MCF7 cells. In murine xenograft model also confirmed that
NLFE inhibited tumor growth rate. Next, our data showed that NLFE and NLPE inhibited breast
tumor cell line cells migration We observed that NLFE and NLPE could reduce the PKCa-p38
pathway, Rho GTPase family. Additionally, NLFE suppressed the vascular formation in the Matrigel
plug assay and chorioallantoic membrane (CAM) in vivo. Furthermore, Immunohistochemical
analysis of CD31 show decreased vessel formation in mice treated with NLFE. Analysis of the
molecular mechanisms of NLFE inhibited angiogenesis in MDA-MB-231 cells showed reduced
activation of AKT and regulation CTGF and Ras /ERK pathway. Finally, we found that NLFE
extracted from Nuciferine Leaf suppressed the chemical induced incidence, multiplicity and tumor
volume of mammary tumors in NMU induce rats. The NLFE 2% group inhibit effect of more than
Tamoxifen. Additionally, murine xenograft model also confirmed that NLFE inhibited tumor growth.
Immunohistochemical and Western blot analysis of FASN (fatty acid synthase) and phosph—ERa
show dose dependent decreased protein level. Protein expression has no significant change in HER2;
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however, phosph-HER2 in NLFE 2.0% groups have been suppressed, the other group and control
group had no significant differences. The result revealed that NLFE reduce the incidence and growth
of breast cancer is by reducing the activation of ERa. Taken together, our results suggest that NLFE
possible as a new auxiliary therapeutic strategy for anti-metastasis and used to develop a new
chemopreventive medicament.
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NLFE); D % » ¢ #| & 5% 2 (NMU+1% NLFE); E %2 » % #| 5% 2 (NMU+2% NLFE) > F % >
T/ % $ :Herceptin (NMU+ Herceptin) ; G % » Eﬁ;fnf% % % . Tamoxifen(NMU+ Tamoxifen)* 7 &
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Bk P o 33—1”}?3537_’7’ & 5 1) H&E stain 3£ {7 P A fi 2. 4 & > 3817 X3 T' SRRy
g 2o #1212 (A) the number of animals with tumor (tumor incidence) ; (B) latency to tumor
appearance % (C) tumor volume & = ;% & JLAa B3 4 F 2 447 o
4-2 = E X Bk 5 B5 (NLFE)$r4|56% fmoe 4 £ 26 $~ i85

d B RF sk P P~ 5~6 iF 2. BALB/cAnN.Cg-Foxnlnu/CriNarl #gi44% &> £ 25 & >
s e eSS E o 0 i A HBhBESEERE B 2 MHEFE%K P 0.5%NLFE; C
o P BEFE%KE 1% NLFE;D 2> 3 E£:7% 2 2% E 2 > Z5H 4R %2 | mgtamoxifen °
505 G EERE - H o Ak R A R I 15— kA2 0 TR B B X TR
w2 (BT-474 cell line) » * ‘w2t BB H 8 ‘mre i o p PFRLRIE ~ 7 w2 anb b » 5 fmbe Lt
’mj> 95% > > FR G avEBme g ot AL KA do e o= 107 cell/0.1 ml » & & Tz
SR B S R Rl L T R AR o B L - 1 R E ERHRARLES F RRE 2
NLFE 4 & » ¥ @ R 4 T ¥R B e dims 22+ > B2 %3 NLFE 2 =t p (& %
B3RP 15 V) v b 0 AT 0 BT AERR  fLE o
4-3 .i&%rlﬁiij‘-_'.*f e

<5 “%4’“5 P ALiE BFNA R e S B 10%48 5 TR B 54 485 115 11 TBA %ok
BFRM o= ey Bl fresh xylene &2 2 4 48 0 3% 11 100% EtOH &z 2 4~ 48 1
= o 95%EtOH F@ 241> 2 PBS(0.0l MPBS,pH 7.4 )% 2 ~45 1= > £ * PBS fie
% 3% H202 (r 7 10% MeOH) *t % 8 272 30 » 458 » 14 PBS % 3 % > fe % blocking
solution (BSA 20 mg/ml, 0.1% triton, 3% j) & ™ 1£% 30 4 48> '1 PBS % 3 =t » 14 primary
antibody % % B i¥% 12~16 -] FF{s » 12 PBS gl sk 20 11 4v » secondary antibody **
FRTIE* 30 & 4882 PBS ik 0 £ 4 » ABC buffer (avidin-biotin complex) ** 8T F J&
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30 43 > 11 PBS ‘FF"%JE 3=x £ * DAB(DAB5mg, 12 ul H;O, 20 ml Tris) ** %8 & ¢ 3-10
Lis 1 ddHO e | 2 dak 250 0 2 O¥ hematoxyhn 2 10 §548.t¢ 14 dd H20 ’F EARIE
7€ %5 100% EtOH 2 & 48 £ 2 =t » £ /2" xylene 2 4 48 £ 2 =t »** xylene A %= 2 4L%F o » 14 permount
be b F P (24x40 mm) %7 o
4-4 & > BL& /2 (western blotting)

¥ i p i‘“%‘ui“xi’ v PBS i* ik imte = = o fT Bk dwre 0 4 » RIPA buffer » 2 F-v FF
K pREE 1A 0 4T T RAF 30 Mf L AT F i 4o 10,000 xg > 10 A 48> B i Bl AT
Mgy g ¢ 0 B3 2-70°C o B~ & 2 whole cell lysate » #c-kAF & H 28 > REERL 4 r 5
2 i g4 F(loading dye) » R £353 > 12 100 CHhe# 10 » 45 > £ ik 530k > WgisE (s
SDS-PAGE » % & {5 #7485~ 1) » &3 $lpf it g A > * TBS buffer ;&% » 12 5% blocking buffer
WERERT L PPEEY R - BFU oS B ITY > Bfd4er ECLE G » 2004 RIR R o

(ERE-E . s ki
5-1 J‘%’i—b§3‘4"(NLFE) 2 EBAEPE L
NLFE i, 5 55 5 £ 9% 19.34% (2 GA :é#ﬂ—%m)’m;‘\ﬁiﬁﬁu £97 5.89% 5 Bk &4
57 16.63% 3-v ’F’ 1B 4.55% MR PSR R 5 243% (R % ﬁﬁﬂ ¥ 3 2 Tab. 1)o7 HPLC
A7 e arH A & A4 5 Gallic acid 4.85% ~ protocatechuic acid 12.74% -~ catechin 4.59% -
gallocatechin gallate 6.25% caffeic acid 2.33% ~ epicatechin 3.32% - rutin 18.49% ~ quercetin 19.51%
¥ naringenin 3.29% (L % — & # ¢ 3£ Fig. 1, Tab. 2) »
5-2 NLFE #r§|f B mie 2_ 4 £
A PL A& > 127w fw e R L% NLFE 3t MCF7 ‘w2 ¥ 8 2. 8258 - % 3 & NLFE
A . 3mg/mL PF o w2 GO/Gl pFHp s 27 20% 0 T F sub Gl Jaer #\; B > ek
%‘?NLFE o 7 i A e T iR RE FlIrd i mie 2 L2 18 o AP I ST
A NLFE pJd2 T w2 kP Ap B v 2 14 » 2% &7 > "% NLFE #/ & B4 o f R il P el
GO/Gl pF# encyclin D ~ cyclin E ~ cdk4 22 cdk2 F-v % IAE2 58 ° > p21,p27,p16 iz# CDKI
% 1 dose-dependent (L % — & #p ¥ 34 Figd-Fig9) c ix »F 1T H Ao+ B > $F R IE5:8
PI3K/Akt 25 » B 587 e & o fs(FAS)Z 2 iEm @ 2 me FH R F % (A% - £ ¢ F 2
Fig.10- Fig.12) - @ ‘m¥ ’ﬁ_"‘j‘_ﬁ NLFE m® 2 8 7 7 B3 ERa ehk-v % 3> e fr*s i< ER a e
fa ik i o Lz HER2 chsg it » H fmve p mphosphotyrosme WE G TT R Fpt AR
A 35 % e HER2 BpL =% > B %% > NLFE # & #.3% 4% = ER2 Tyr'™ 2 HER2 Tyr™*
REFAfwrenp (L% - 28 P 384 Fig 13- Fig. 14) - 28— #:=% NLFE 2% 5t 43
hoinvivo ¥ skdrdtend R AR o d BEFVUF AHEEHREY > HEELEFLL
E=x Lé&é‘r 0.5% NLE el w5 @ » *ifss %] a4 > @ & 1% NLFE &k s ™ » { ¥ up
By g e dliigg & & ihag 4 0 B IR fex l;’i’%-’?;ﬁ_fﬁs%%“,f‘f RiszZ % -R(L%- 279 F2
Fig.16) » 558 5% 4 » NLFE ¥ & (D#r#] ER & HERZ smape i+ (2) %16 PI3K/Akt
ot o B s & (FAS) 2. 2 T > A fphmre @ H w2 33 8 2% £ G0/G1 phase i&m
3 m”?&:ﬁﬂ B TR A R ee 2 4 £ (Fig 1) -
5-3 NLFE #ri |5 B imre 2 @A 2 ¥ 474 (57
Ay Aflr §o ‘}ﬁ F B (wound-healing assay ). % ‘w*¢ # # 4~ 7 (Boyden chamber assay)
EA NLFE el NLPE#»P'FH A ULt M }ﬁ EZ FHda 4 om MMP-2 2 MMP-9 a4y X 3
Fragloit— A * & > L BLZ L 740 B }W ek LB TR NLFE 23 NLPE 5t 43 "% ™ fmre F 28 3-v
RhoA ~ CDC42 ~ Racl en% 3 » & 3rd]| PKCa =i dt » F2587 5 p38 &2 ERK crufc it » iE&m
B mre enf) (718% o R FHEFHILLF % % Plug assay ° ;%_? NLFE it 7 #cfrd]o § 374 %
oo~ Jh 0 E S L BEE A 474p B ) 4% % 3 IR NLFE #7417 /& 1t i AKT 04 111 2 CTGF,
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Ras/ERK 31 & BT o 3597 e % 7 MRP FEZ B B 5 % MR BEAS 2 fud g AT (£
et (L% = ﬁﬁP “’ 3f 2 % Fig.2) o
5-4 § $ 3% % |4 %6 B 32.% (induction of mammary tumors)

%73 NLFE 2.3 & § #rdlpm a4 2 a4 > FIpE* M NMUFESD ~ & p a4

SHEN R 0 A SRR Y MR Sen N0 - NMU A % = B R BRI S A 5 2 SD

BAGEESOE K60 % HH 0% X MABATIY 120 % B Hp o HEE 20 % g
A % RGP E AN 0 ¢ F ) F BRERY 2 P 2R BE B -

dRRY @i NMU &7 A% 80 % 044 8 Sar B AN ik Forigs
4 % g% 60% (Fig. 3) « ¥ %% 2 % & 2 » NLFE s 4 & chfrd) 5% o 4k & 1% NLFE 32
B w ¢ o g 4 kW 10% 0 @ 4G 2% NLFE 2 2w ¢ » { % 2441 W2 5 4 (Fig 3)
P % NLFE 757 £ § 4" s 2 2 i 4 o &5 - 2 6 kg » B2tk § 1% NLFE 3% =
¢ m»}; B e I A P %Ehhi‘@" i R A ﬁqp:%ﬁ&(Fig 3) e [ A S W ik %
LT A & M A E I NLFE B2 % it i 7] 100% sfrd] 7d F"’:E* Aoe B0 Ha 4y v 1% R 2
#p gt (Fig. 4) TP 8w RS Mo L@ R & F DM A2 PR 2L ] (Fig
5) iz g% EP F NLFE & 5  E5p (chemopreventlon) gk o AN gL BTRR B
Herceptin(¥ # »%75 % Her2/neui£§)§ % Foengt ) Tamoxifen (¥ * %5 ER+en5 &) 22 NLFE
fart #iod Fig. 3-Fig. 5 eni & ¢ # —?—,‘ J1 Herceptin 3% NMU #7324 $ gt &2 5 2y 3 4 1%
* 5 @ Tamoxifen 47 ¥ B ¥ ('8 (X NMU #7342 (il s 2 "B 8cp &2 ”E‘LF"’W%% o NLFE
2% i e W) Ry vk, H 3 iRt Tamoxifen k@ chie %) o

BREAPT 284 ¢ (H&Estain) & 44 2% % ¢ (IHC) BLE NMU #73 % 1) chvhigy
AL E P d $%Y THER B E G LA ke ¥ 25 % & 4 HER2 & ERo
A, B NMU FER il R # 4 4 aLJEP(Flg 6)c @ A rie— A4 B¢ E2 eh
ZEFILNMUGZET g3~ & E2 ez & @44 NLFE E'ng’-i ¥ E2 ik
® (Fig. 7) » il 5 % % 7 % NLFE % 7 B cns 4 5 002 SRshens | 7 i 2 B2 4 M -
5-5 & ¥ B LR E%R

1 i8- 3% NLFE &% i 49 7 »cdrd g o £ i B30 B0 P EH A iR ez 1
BT-474 3 s & fL L 4% 2 ik BURE P 5p 38 H & 4 :fr_l;‘a’ Frigmd (s ka7 FHE 2
NLFE ¥ Tamoxifen > #.% NLFE > %5 4 £ 2 328 o d ‘*% B AR er? » HoEL
FLLAE X @ ks 0.5%NLFE e w g ¢ ”ﬁf“”@“’ﬁ‘ o endgE > @ A 2.0 % NLFE &0
HET o (TP R g NI a4 o &S Tamox1fen ek W] B2 RV F’W’# P Ag
FlFrd] o m vl )3 2.0 % NLFE 4% & e R Frdlsek F oo o ﬂ = Fr % NLFE £ ;Ihpﬂfnj Fﬁ}a‘n
4 & 2 5 * (Fig. 8) -

BFAPAY LR eRE I BRBAREURG P B0 1 > B %M & NLFE & &
R 0 A IR Bl g ;frrnFASNﬂ" BB H c ERa B R d %P "‘T 7 NLFE 2.0%
ship bl g X FlFrdl b B @ eh Bl R e E R F R @ & phosph —Era R SE R R
& 0 5 jpt bt BT-474 v dheividing o H m”ef*t‘ ¥4 ERo*"'* )k 4 ¢0fi4) > 4§ NLFE 0.5%
s wl? s 5 k4 ERaserll8 enim?e ¥ fic® PP A 3 40 » @ Ak § NLFE 2.0% shiew] > k%
ERo "' chimrz © 55 % 2 > 857 NLFE £/£§ € i & ERo hgifis it % LT % (Fig. 7) - HER2
F I e g b o ﬁ i &‘«—’L ¢ %% Ao > #75 NLFE ‘2% Tamoxifen §3 %8 2 4p vt 3 i &
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¥ NLFE #8234 » 2 2B A2 % > » Bm NLFE /&% § i & ERo @it 4 BT
* o 73 NLFE %] » Tamoxifen & B34/ ‘o 4pit 7 » %% 57 HER2 30 ¥ mAg ¥ % 1t
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Figure 1. Proposed model for the cancer preventive action of NLFE at multiple steps in
MCF-7 breast cancer cells.
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Figure 2. Proposed model for the cancer

metastasis of NLFE at multiple steps in

MDA-MB-231 breast cancer cells. T
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Figure 3. Treatment with NLFE suppresses the NMU-induced incidence of mammary tumors
in rats. The induction of mammary tumors induced by three times exposure to 50 mg of NMU/rat is
shown. The progressive percentage incidence of cumulative palpable mammary tumors, as a function
of time after carcinogen treatment, is shown. Values represent the mean of 10 rats/group. NMU
injected group as induced control; NMU + NLFE 0.5%,; NMU + NLFE 1%,; NMU + NLFE 2% ;
NMU+Herceptin (1.2 mg/2 weeks) and NMU+Tamoxifen(Tamoxifen: Img/1 kg).
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Figure 4. Treatment with NLFE suppresses tumor multiplicity of NMU-induced mammary
tumors. Rats of NMU and NMU-NLE groups were ip injected with three doses of NMU (50 mg/kg
body weight) at 50, 60, and 90 days of age. All animals were examined by palpation three times a
week up to 120 days post-first NMU injection to detect mammary tumors. NMU injected group as
induced control; NMU + NLFE 0.5%,; NMU + NLFE 1%,; NMU + NLFE 2% ; NMU-+Herceptin
(1.2 mg/2 weeks) and NMU+Tamoxifen(Tamoxifen: 1mg/1 kg).
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Figure 5. Treatment with NLFE suppresses tumor volume of NMU-induced mammary tumors.
Rats of NMU and NMU-NLE groups were ip injected with three doses of NMU (50 mg/kg body
weight) at 50, 60, and 90 days of age. All animals were examined by palpation three times a week up
to 120 days post-first NMU injection to detect mammary tumors. NMU injected group as induced
control; NMU + NLFE 0.5%,; NMU + NLFE 1%,; NMU + NLFE 2% ; NMU-+Herceptin (1.2 mg/2
weeks) and NMU+Tamoxifen(Tamoxifen: 1mg/1 kg).

H&E

HER2

Figure 6. Characterization of NMU-induced rat mammary tumors. Haematoxylin & eosin
stained tissue sections showing typical histological appearance of rat mammary tumors.
Characterization = of NMU-induced tumor <cell lineage by immunohistochemistry.
Immunohistochemistry of estrogen receptor (ERa). The nuclei of the epithelial cells are intensely
stained. Immunohistochemistry of HER2. The cytosol of the epithelial cells are intensely stained.
Immunohistochemistry of progesterone receptor (PR). The nuclei of the epithelial cells are very
weakly stained. (400 x)
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Figure 7. The plasma levels of total estradiol in NMU-injected rat. Rats of NMU and NMU-NLE
groups were ip injected with three doses of NMU (50 mg/kg body weight) at 50, 80, and 110 days of
age. All animals were examined by palpation three times a week up to 120 days post-first NMU
injection to detect mammary tumors. NMU, NMU injected group as induced control; NMU + NLFE
0.5%, low-dose NLFE treated group; NMU + NLFE 1%, middle-dose NLFE treated group; NMU +
NLFE 2%, high-dose NLFE treated group.
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Figure 8. NLFE suppresses tumor growth in nude mice. BT-474 cells were injected
subcutaneously into mice. At 28 days after injection, mice were killed by cervical dislocation and
tumor were collected for analysis. (A)Representative tumors from each group dissected at day 28.
Tam, Tamoxifen. (B) Densitometry analysis of tumor size for each group. Data are shown as the
means £+ SD. ** p <0.05.
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Figure 9. NLFE reduced FAS, ER-cand Her-2 expression in inoculated tumor with BT-474
mammary cancer cell in nude mice. Characterization of BT-474 induced tumor cell lineage by
H&E and immunohistochemistry stain. Excised tumors were fixed in formalin and embedded in
paraffin prior to preparation for IHC by standard methods. Each target protein was detected with
respective antibody. (200 x)
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Figure 10. Effect of NLFE on the protein level of FASN, ER-a and Her-2 in BT-474 human
breast cancer xenografts nude mice (A) Tumor whole cell extracts (50 pg/lane) were separated on
8-10% SDS PAGE followed by Western blot analyses. Each target protein band was detected with

respective antibody. B-actin was used as an internal control.(B) Quantification of FAS, phosph-ERa /

ERa and phosph-HER-2/HER-2. The graph represents mean values of three independent experiments,

and error bars represent the means + SD of these experiments. *P<0.05 compared with the control.

The three independent experiments were significantly different according to a one-way ANOVA. C,

control; Tam, Tamoxifen.
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2
<7 (Allium sativum L.) # i 2 2 2 it S H0 B igdr aorif - B E R4 & 5 frdl e o
R P w2 SRR i U ks #B&?Pi i H Ak 2 F Mﬁ,t BB TR AR RS &
F'U;t o A g/,;\gb ] /A ( ) g8 et dmre RRER OGN %;F 2R B 2 ;}‘ﬁﬂwﬂi‘_,%&% B e i (=) ™
MP B BRI HFE LAY BRIP4 3 a9 H07 i Q2 PEAELFHE - (-) wied
LA S S ﬁmf’*ﬂ EBgP 0 U2 E P R X PP (methanol extract of black garlic, MEBG) £
3B Fard g irme ch PR R g EEH B3R A e RATFIRAR DY ,E.mr
fh 5 D4 i BT E A2 AMPK # Sirtl » £ 4747 4 & & (PPARy ~ SREBP-1c ~ FAS ~ ACC ~ aP2 ~ LPL
fe CD36) £ %595 m% % (leptin ~ PAI-1 {r resistin) 2. 8 F] & R o gt ¢b > 2559 AR X B o 70 € B 4o 7y
% it (PGC-lafr UCP1) ¢ adiponectin 2 ZA F]& IR o (=) A4 2% %4 » 8 "a4c 8 ¥+ MEBG 50
mg/kg ~ 150 mg/kg v 300 mg/kg 2- %] > 7 A FE MR AR AT 2 R E H e 2 g s CECR S
R Y SR W fa R R T R DR Y B R e Y ”""—]ﬁ?%\f‘_ ° L_rﬁ N
% MEBG = i o] T OBF O T E R DA L Y R TR e R s e R
* #ar > MEBG ¥ %0 JF 34 o 9FRE A 975,3_9_.?1%‘2%’5?]% M > a8l MEBG v ¥FH
AMPK £ Sirtl » I Fr4]%5 955 & = (SREPB-1c ~ PPARy ~ SCDI ~ FAS f= ACC) 2. FA F] & IR o L % »
g L F A A F) (PPARafe UCPL) %% (€7 9 i %e jic % (leptin v PAI-1) 2. 4 54 3R o
/T@ HFEEET L %"?" fR 5P B 5 el fgiplmie g FIafR 1 3 g dr 8 AT S Rlw ik, Hw g
4 & AMPK # Sirt] 2. & F1& 7 -
Bt @ LAY BEPS - B d ~3T3-Ll e ~ A 8~ AFAR

Abstract

Previous study indicated that the garlic oil and its organosulfur compounds can be beneficial for the
suppression of body weight gain in a high-fat diet (HFD)-induced obese rats. However, development of black
garlic functional food for the prevention of fat accumulation remains scarce. Therefore, the aim of this
proposal is to investigate the development of black garlic functional food for the prevention of fat
accumulation. There are two topics included in this study: (1) Study of black garlic extracts on adipogenesis
in 3T3-L1 adipocytes; (2) Inhibitory effect of methanol extract of black garlic (MEBG) on inhibition of
obesity induced by a HFD in rats. (1) In cell culture model, MEBG had the highest inhibitions of adipocyte
number, intracellular triglyceride, and glycerol-3-phosphate dehydrogenase (GPDH) activity in 3T3-Ll1
adipocytes among the different solvent extracts. In gene expression, MEBG was significantly increased the
gene levels of AMPK and Sirtl, and then decreased the gene levels of lipogenesis (PPARy, SREBP-1c, FAS,
ACC, aP2, LPL, and CD36), and adipocytokines (leptin, PAI-1, and resistin). Moreover, MEBG also
up-regulated gene levels of fatty acid oxidation (PGC-1a and UCP1), and adiponectin. (2) In animal model,
the body weight, adipose tissue weights of the peritoneal and epididymal, serum parameters of triglyceride
and free fatty acid, and hepatic lipid, triglyceride, and cholesterol were significantly decreased in the MEBG
(50-300mg/kg)+HFD groups compared to the HFD group (p<0.05). Serum HDL-cholesterol level, and fecal
lipid, triglyceride, and cholesterol output in the MEBG (50-300mg/kg)+HFD groups were significantly
increased as compared to the HFD group (p<0.05). The MEBG (50-300mg/kg)+HFD groups showed
microvesicular fat accumulation in the liver and adipose tissue. In adipose tissue, the gene levels of AMPK,
Sirtl, UCP1, and adiponectin in MEBG groups were significantly higher than those in the HFD group. The
gene levels of lipogenesis (SREPB-1c, PPARYy, FAS, and ACC), and adipokines (leptin and PAI-1) in adipose
tissue were significantly lower than those in the HFD group. Moreover, MEBG significantly increased the
gene levels of fatty acid oxidation (AMPK and PPAR«), and decreased the gene levels of FAS, SREBP-Ic,
and SCD-1 in liver tissue as compared to the HFD group (p<0.05). These results showed that MEBG can
suppress intracellular triglyceride accumulation and obesity in rats with HFD-induced obesity through
activations of AMPK and Sirtl.
Keywords: Methanol extract of black garlic, High fat diet, 3T3-L1 cell, rats, gene expression
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Pz = e RPN E P £ 4§ g%@ﬁﬁ"’ SR I 1 R R IR 2 I I s U T e S R
VRS o g MR e RS § B SR JURL RS = i 2 Pﬁfﬁ’a—f o= F i‘%ﬁ‘v.i.‘is}fﬁ
B mj-l(r' TR *Fz P }]is 1‘%@1[?5 ~ R ’”-I}ia X Rl ﬁ[ﬁﬁ'fr}%}ﬁ_i (Mariela and Itamar, 2011) °
nm@%{f@'Q%Eﬁﬁﬁ%ﬁmwﬁ’ﬁ{fﬁmwﬁégﬂﬁiﬁﬁﬁ°Eﬁ%%%%ﬁw
LAY o iRl g A S LTS 0 A g % g & IRt - Wang {r Jones & 2004 # w14
v;ﬁﬁJ«w v7ﬁw&%¢ ﬁi%@ﬁﬁﬁ%%i%%‘ﬁﬁwgwdﬁ‘%ﬂw”%mw
2 Aivz i‘ai N /)éx. ,-&anﬁi é.gf,)g\@?aa;&\ﬁ; o F]pL ;iggiswai;ppﬂg@# 3 ;ﬁ“g ﬁ 5 _,'_«“ by PR ;"a,
R s e T A %] (AMPK - Sirt]l ~PPARy~FAS~SREBP-1¢c~LPL £ aP2)~ it & i #+4 %] (FOXOI ~
HSL ~ ATGL ~ Perilipin ~ PGC-1afr UCP1) fr*q 35w ¥z g% 4p B 2L F] (leptin ~ adiponectin ~ TNFo ~ IL-6 -
resistin ~ PAI-1 ¥ MCP-1)(Viollet et al., 2009; Balistreri et al., 2010; Schuq and Li, 2011; Kousteni, 2012) >
@angr@m~@m4¢¢#“m~@ﬁ%o

BRI 5 - ER 2 Rpin o e jiA s 4 E %’ﬁd EEuE 2o STRGE S e RANNERE: Sk
et g A p etk 0wy R FEAPMAT Y h0 e < & (Alliums sativumL.) 5 F & f#EE e
_Wpﬂiﬁm+»m#op @z’«w~p;ﬁ AR A R TALE N R AR/ A NN
$rATIE 2 Ko ph s A E G S S E s f 42 B R 2 BB U JRF S R
mfr s Fw g R (Plttler and Ernst, 2007) - Sheen & (1999) F1* + i fef 7 Frit &
B RS I TR T L R L] AR L A
Gorinstein % (2006) FrgR o 4 500mg/day « mrds ks B B BFFHIB K e T A EFL 0
Pa R o FIE IR S T,rﬂfr R E WIS 2 PRI BREEA o 2 P ER T R
Bl AR AT 0 BB R R ek L S o AFY ? AEE R R 2 4 B e B
(biotransformation) & * ** 2 7r & (black garlic) 2. 4 2 B4 > 2 5r2f "% T SR m#ri%\lk PR 7T
FRBF RIS ORRAR-F B EPF it &4) 2 7 £ (Seo et al, 2009) - d P2 GFER 2
ﬂ%m{f&»*L%P”ﬂ’ﬂ4#ﬁ#ﬁmwié~ﬁﬁw’uw43BL1~mmwﬁwm%#
BRSO BT p LE  HT

ARG R AAIH 3T3-L1 *aipimre > 1% 2 A (k> 7 fRfre i) 27 2AREE2 5B~ Bk
9*¢%?4¢$f$%%’¥@ HEHEFATL LS LU fith - KT L= 4 {17 AP
BN ER RS BEERERE C W (E 3EE o F BB 0 < B (Wistar rats) ¥ & 35@%"’%

% o l—*—‘—é ;I%K/E\’T Pﬁ%" BWwILp N F e A~ 2 R R E2Z 257 ﬁ?ﬁ-g"*’" THH AT L
Frety 4 o TR GHARM A T o
= R
(-) %&

FoARER ALY P A B ff’v}"*%&% BRRE Lk BTARMEEFE DA SRS
UPBRSEREFUS IS Ik B BEF R AMERLE I FARMERS » B F2

AR o B X B2 LA R J\ % P~ (water extract of black garlic, WEBG) ~ 2 75 7 % 5 B4~
(methanol extract of black garlic, MEBG) v 2 7+ ¢ B % B~4= (ethanol extract of black garlic, EEBG) °
(=) 3T3-L1 % %y 35 sm e 32 & 29 4 (L

EIRERY m”aﬁx 3T3-L1 (BCRC No0.60159) pLp PRz A S 1 ¥ F BEFT " D AF T hETEFAY
L (;« A 3T ) e £ A [90% Dulbecco’s Modified Eagle’s Medlum (DMEM 7z 7 4 mM
L-glutamine £ 4.5 g/L glucose) ~ 1.5 g/L sodium bicarbonate ~ 10% bovine calf serum £ 1%
Penicillin-Streptomycin] fe4 it Z&] (0.5 mM 3-isobutyl-1-methylxanthine ~ 1 uM dexamethasone ~ 1 uM
insulin) ** 37°C ~ 5% CO; incubator £ {732 £ &2 o i » &5 X { - B £ o
(=) & p = pe4 7 g (Intracellular triglyceride) z £ %

A A R A2 3T3-L1 *3%%kmie » 12 0-100 ug/mL Jk B 2. 2 37 5 B4 G2 48 /| P o 40 3 iy
Wz Bwmies R RH 4r‘ » X2 PBS ez = 0 4e » lysis buffer (1% triton X-100 in PBS) 1 * 42
BBLRERAS s Blmre 2 DR L e e T 2 BaH U fig B .2 & (TG assay kit, Teco diagnostics, U.S.A)
PN W BEARIE
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() %osimmedcp A4 (4 k¢ A 4)

Oil red 0 4 ¢ ¥_% % Ramirez-Zacarias & (1992) 2. » ;2B (7| T_o #a L 2 q¥plme L 4 3 2 »
L #p % 308 % 47 w2 11 10% neutral buffered formalin 2mL) %] ¥ fm%% 20 A 4512 + > i3] TR {s
12 100% propylene glycol (ImL) % % 3 ~ 45 > £ lf—i propylene glycol /% /% » & 4c » 1 mL 2 oil red O
BAE R 60 & s "ITT oil red O 3##| {5 » 4r » 60% propylene glycol § feg+-5% ¢ > 12 37°C "4 57 %%
1 -] pF>f 4 » 200 uL 2 isopropanol I w?s ® > fI * L BIFIE LB e 2 L&) L X PR e E 1S
TE A Lk kR 2 510 nm A & (FR] e OROSM (oil red o-stained material) # 7= # — ‘m¥e FL# 2 ‘m
B pl T Tl fpdlle prmr Pt B HAAHE o
(T) 4w 3-4}’&?&% FR Y A

H b -3-ERfE & ﬁ4 AL LR E R A o H R IFY MRS = iYWy (Wise and Green,
1979) - 4 ¥ -3-Fifa 2 3 pra b A R * 3 &4 W3- & frE LA 472 22 (B-Bride international,
U.S.A) {74 47 o #-4 TL BA RS2 3T3-L1 phpm® > N3 R ERZ 255 a2 48 /| PF - F 4
BRI xa o B R AR “f » 11 PBS & = > 4r » enzyme extraction reagent > {1 * 47 § A BLE-
o Bimre 2B B O~ o (12000%g, 5Smin, 4C) 3w o B 96 well plate 4 %] 4c » 100 ul 2. ‘w
F¢ 3257 % 4o 200 uL substrate solution (DHAP ~ NADH 4r lyophilized) » 4] * ELISA reader ** 340nm 7] %_
Hex sk {# o {2 238325 GPDH % 1% ¢ GPDH activity (U/mL) = AOD at 340 nm/minute x 0.482
(F)AFERL
1. =% RNA %3~

o ip e 1L A F\»’"/%)ii\ B ORE B IR (s 0 @ % TRIzol 334 4e Brfm?e 22 RNA o Z B 2 4o -
B *,“ 10 cm dish 2 fm#z L 122 g7 PBS ## &3 =t » 4 » 1 mL Trizol /3 /% » #-fw% 2] T » 12 pipette ¥ &
W imre Bok (8 0 MR R B YR A2 eppendorf B0 B3N F R 3 445 o £ 4c ~ 0.2 mL 2 choloform "t &
Bk i B RIR 3 A4 £ 4°C 12 12000 rpm g 15 A4 H A K o Bt k1 FiRD Y - B F
2_ eppendorf ® » 4 >~ & § 2_ isopropanol ;& £353 > B3N F R 3 44 o £ 12 4°C 2 12000 rpm s 10
OB 0 AL 5 T5%e i (B00UL) ik £ ¥ 4°C 11 7500 rpm s S 4 4 e Bl AL
BN R FRR 55 (9 5-10 A 4) 0 554k 15 2 ik 4 4e ~ 50 uL 2 DEPC-H,0 0 248 5355 & RNA =
}: % ﬁ* °
2. RNA JE & B 2

RNA kBBl %> 1% & %% & -ip) 2 _sample 260 nm * 280nm j& & 2_ ¥ % {# > *t eppendorf p 4c
~ DEPC-H,O f¥ % Blank » B~ 2uL total RNA ¢ 998ul DEPC-H,O iR &£ 353 5| @ k£ @ 5
OD260/ODggo ' 1 (=1.6 & Hiz) » @ * T 52 743 ¥ sample 7 total RNA % & -

Total RNA (pg) = ODago x 40 pg/mL > ##§ & # (500)/1000
3. F #&4xF & (Reverse transcription)

& - &P~ 200ng 2. RNA 3 e 74k B % cDNA-cDNA 2. & = Z#| §_i# * high- capa01ty
cDNA reverse transcription kits (Applied Biosystems, Foster City, CA, USA) &7 » B & ik F B3 7% ¢
1% ¢ RT buffer ~ ANTP mix ~ RT random primers - MultiScribe ™ reverse transcriptase ¥¥ Nuclease-free H,O -
sk it 5 25°C F R 10 248 0 37°C F Ji 120 248 0 85°C F J 5 » 48 0 Efew 7] 4°C ¥ o
¢t ¢cDNA £ 2 Applied Biosystems = & #% &2 #& 2 & ;2 » i& {7 real-time RT-PCR/SYBR Green & % /i 4%
4. wETEF gEREPFEH 5 B (Real time RT-PCR)

1 * Power SYBR® Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA) &7 » H 9
G ARAeT LR AR 25 uL 2 R £ P (7] 2 2 A4 5 ! 1x Power SYBR Green PCR Master Mix ~
300 nM forward primer ~ 300 nM reverse primer ~ RNA template ~ £ 124 25 K48 & 3 25ul » & %5 &
AR E PN 0 B BREY Az £4F 0 & * real-time RT-PCR System & % & {7 4 {7 » ,,_ligw\;{ T_F
& & e detector 3k T_5 SYBR Green» #8142 {7 RT-PCR & Jiz o & Jg i i 195°C & & 10 4 45> & 12 95°C
FE 15§52 60°C F i 1 ~ 452 ik 2 i2 {7 40 cycles 4 7 < SYBR Green &k & T3 1§ & 4= #7152 § k3
B gk 2 BoRbiE 7 a2 A -

() ¥ L THERHK?
d Al d H B 0P (S8 B ) 40 88k ds e« B (Wistarrat) o #-F Sk & 4 3F & - &

59



PR A (n—8) B EHmP 4T 1(1) & ¥ 4 8 %2 (normal diet, ND) ~ (2) & #74% & %2 (high fat-diet,
HFD) (ié %3 Xk % 29 5.6%220%57%#) >~ (3) 7 éﬁ a s MAHE (low dose, LD) 2 7+ 7 fi% % B~
¥ [50 mg MEBG/kg rat] ~ (4) B "a 4k 9 6,.‘/53: ¢ &% (medium dose, MD) P iR 5 P~ [150 mg
MEBG/kg rat] f= (5) & "a4c @ i+ % # £ (high dose, HD) 2 7 7 B% % B4 [300 mg MEBG/kg
rat] °
() &% pHeH T

m RT3t F 4 3¢ (BD Vacutainer, Plymouth UK)*® » 123000 rpm#t.< 10 minP~ 1) 5 5 - #-H
% *veppendorf? i pF30-80°CTE L A7 % o PO fa ~ § F M B BETR T  WPREME
MR g e PERIRE B %R P -9 PEEFE ~ AST ~ ALT ~ /R f& - creatinine ~ 4 dEF ~ 43T 2 g B
JE R 1T 8 2472 2 (Bayer Corporation, Tarrytown, NY, USA) it {7ip] %_> fit %8 (ketone body) ik A& Bl
oI * # g 4 it 32H (Ranbut, Randox Laboratories Ltd) 4 45 x /% ¥ D-3-hydroxybutyratek & ° s i 7%
BrPg iape (free fatty acid) Bl = - 2% 24 it &) (Biovison, K612-100, U.S.A) i {7 P ©
(1) "™REL TR FTAH

g R TR B4 Trang ¥ (2000) 2% i o Z e W g A 4T LAY Z Ry B Rl Tt
(TG assay kit, Teco diagnostics, U.S.A) & 7P| 2 " FfE » 47 L1 * F ¥ £ & (commercial
kit)(Cholesterol, Randox Laboratories Ltd., Antrim, UK) i& {7 /p] Z_-
(4)%%V%m$@ﬁh¥*ﬁﬁﬁﬁz%@

MATERG PR e R T e By 2 MH&ER g TR d o
(+-) AFEZRAIT

LER Y ’3“""5'% 5 RNA 3 Fe-E 1% 5 £ 2 e (commercial kit) (E. ZN.A™ Tissue RNA Kit, omega
bio- tek U.S.A) i&{7§ % - I 12 high-capacity cDNA reverse transcription kits (Applied Biosystems, Foster
City, CA, USA) i {74k 8 % cDNA - }* ¢cDNA £ ™ Power SYBR® Green PCR Master Mix
(Applied Biosystems, Foster City, CA, USA) i£ {7 real-time RT-PCR/SYBR Green & 1T/ 4% o
(£2) 234

F BBy * SPSS T "a ALt EiMiE 7447 o % R s 19 72 PROC ANOVA ¥ Duncan’s multiple
range test i& {7 4 7 ©

=25
(-) P RABEFEBFH 4 3T3-LL gnimie2 b iz (0ilredO) $¢ ~ep = feH My (TG) &4 @
3-Bf4 § 5 (GPDH) f i f2 B

Mzmgﬁau%@%(%n 2k E B o fEE B 100 pg/ml pE € 5 147 v e e B B
3 80.18%fr 86.43% (p<0.05) - %”ﬁ:?wnﬁmkﬁbﬂ%ﬁéﬁ”ﬂﬁmW&ﬁ’Eﬂth
ug/mL Jk B PF¥ 2 X T 91.15% (p<0 05) mE g = f&ﬁ MR SR EE T R A ﬁ%-—y— P43t 10 ug/mL
B UIE TR S0 e e 2 I a2 § R (13.6%-25.6%)(p<0.05) » Bk Kb e
%%%a’jﬁ%#i4%¥iﬂ(m0%)dUP%%ﬁﬁ”rw9m+%#~yﬁr ek 3T3-L1
PatRmie e N R WA 0 FIM BT RTERN I TR E LT o & GPDHEE R F
l%ﬁﬁ’rw BEPP b S%MLkEMP’?$W§WR3BLﬂﬂﬁWE&DHm?~mﬂ
(p<0.05) -
(C) RHPBEPRFRAL 0w RN LSS 2 B

d £ 248585 2 57 B85 B4 a0 B ¥ 42 AMPK v Sirtl 2. 2L %] 4 3> 7 % PPARy~SREBP-1c~
ACC ~ FAS ~ aP2 ~ LPL v CD36 % #; ¥ & 2 fri@ & An M A F14 R+ » % B AF F ] iE % (p<0.05) -
£ %&34 it AT AR > FRE G BRI P5H PGC-lofr UCPL % 3 &F%"fﬂﬁ*‘ i
(p<0 05) Bfnthlm e FeF AR R A F1 A L 0 255 T BR 3 P~d 1 leptin - resistin v MCP-1 20 28 %14 3R >

Bk F e g Er (p<0.05) o pt#b > 7w gi’t‘[ % adiponectin 2_ 3 ¥] & 3 (p<0.05) -
( ) EATEIPFHEB A ETELEHLYE BTN ERF L

d £ 3% R b %%megﬂﬂmg@ﬂ%%mwg 2R EBK o AR TR
MEME (p<0.05)° B4 88T A FMEL L HTMERP > LS B EH L RS Y ANE
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% 6 %% KT o r%”é]'?ﬁ %5 50mgkg b 2 AR T R BAR2 ww] o WA F R MOTEE AR -
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(F) RATEBERPEI a3 Bt B2 34—"%'55"’87‘129%\,*7‘;‘9 P

d %] 1 375 H&E 257 3 4 ¢ g% 840> HFD 285 5 W F R HH7) 0 &F @ a4t 7 A
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Table 1. Effects of different solvent extracts of black garlic on OROSM, intracellular TG, and GPDH activity in 3T3-L1 adipocytes

Different solvent extracts of black garlic (ug/mL)

0 5 10 25 50 100
OROSM (% of control)
"""""""" WEBG 1000445  97.9+1.7°  9374#2.0°  97.3+23*  923+1.8°  802+1.8°
MEBG 100.040.7° 98.1+0.9" 91.2+1.1° 91.8+0.4° 95.0+0.2° 91.4+0.5°
EEBG 100.042.5° 99.2+3.0% 95.4+1.4% 92.7+1.2° 96.8+1.4% 86.4+1.9°
Intracellular TG (% of control)
"""""""" WEBG  100.0422°  927+2.0°  96.6%1.5  983+3.5% 977424 962442
MEBG 100.0+2.0° 93.4+1.8" 79.3+1.1¢ 86.4+1.2° 80.2+1.1% 74.443.7
EEBG 100.04+2.1° 94.0+2.8" 98.9+1.7° 97.6+1.3 94 4+4.1° 99.4+1.2°
""" GPDH (% of control)
"""""""" MEBG  100.0£2.2°  30.648.1™  11.9+1.8°  332467°  204+72%  12.745.0°

The reported values are the means = SEM (n=3). Mean values with different letters were significantly different (p<0.05). 3T3-L1 cells were
treated with 0-100 pg/mL of WEBG, MEBG, and EEBG for 48 h at 37 °C in a humidified 5% CO, incubator.

64



220 2T BER S HA R LA S 2 B

Table 2. Effect of MEBG on gene expressions of AMPK, Sirtl, PPARy, FAS, ACC, aP2, LPL, CD36, PGC-1a, UCP1, adiponctin, resistin,
MCP-1, and leptin in 3T3-L1 adipocytes

Gene expression™ 50 png/mL MEBG, 0-12 h

(% of control) Oh lh 3h 6h 9h 12h
AMPK 1.00:£0.00 0.1240.01° 3.67+0.39" 7.73+0.78" 8.85+0.96 4.57+0.48"
Sirtl 1.000.00 0.91+0.35 4.34+0.64" 29.548.5" 22.144.9" 8.5310.75"
PPARy 1.00+0.00° 0.3640.14" 0.1840.11° 0.14+0.14" 0.3340.31" 0.360.25°
FAS 1.00£0.00° 0.67+0.14" 0.35+0.20" 0.30+0.21° 0.38+0.31" 0.72+0.34
ACC 1.00+0.00 0.51+0.04° 0.2740.10° 12.141.9° 21.145.1° 10.6+1.8°
aP2 1.00+0.00 0.750.06° 0.80+0.43 0.68+0.37 1.0340.07 1.0240.35
LPL 1.000.00 0.85+0.26 0.4340.29" 0.31+0.24" 0.63+0.30 0.65+0.40
CD36 1.000.00 0.29+0.02" 0.9240.15 8.83+0.81" 22.043.1° 12.441.7
PGC-la 1.00+0.00 1.08+0.71 0.62+0.21" 26.3+2.9" 80.845.9° 41.447.7
UCP1 1.00+0.00 0.40+0.37" 0.77+0.24 4.10+1.23" 4.62+1.93" 1.43+0.73
Adiponectin 1.00+0.00 2.04+1.11 1.14+0.39 9.3242.43° 16.049.2° 13.745.9°
resistin 1.00£0.00 0.22+0.08" 0.01£0.01° 0.01£0.02° 0.06£0.01" 0.31£0.34°
MCP-1 1.00+0.00 0.90+0.22 0.8310.24 0.7140.14 0.8620.29 0.86:0.21
leptin 1.00+0.00 0.59+0.21° 0.04+0.03° 1.0620.06 2.2040.15" 0.83+0.50

*The reported values are the means £ SD (n=3). *p < 0.05 indicates significant differences from the control group. 3T3-L1 adipocytes were

treated with 50 ug/mL of MEBG for 1, 3, 6, 9, and 12h at 37 °C in a humidified 5% CO, incubator.
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Table 3. Effect of MEBG on body weights, food intake, and energy intake of rats with obesity induced by a high-fat diet

HFD supplemented with MEBG (mg/kg rat)

Groups * ND
0 50 150 300
Initial body weight (g) 315.243.1° 312.5+1.5° 312.3+1.5° 310.7+1.7° 312.3+1.6°
Final body weight (g) 488.8+6.9 554.0£11.2° 489.7+9.3 488.3+15.1° 500.7+17.4°
Food intake (g/rat/day) 22.140.3 19.0+0.3° 18.7+0.3° 18.9+0.3" 19.240.3°
Energy intake (kcal/rat/day) 87.6+1.2° 94.6%1.6" 92.8+1.6" 94.7+1.6" 95.4+1.7°

*The reported values are the mean £ SEM (n=8). Mean values with different letters were significantly different (p < 0.05).
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Table 4. Effect of MEBG on the weights of organs and adipose tissue of rats with obesity induced by a high fat-diet

HFD supplemented with MEBG (mg/kg rat)

Tissue weights (mg/g rat) * ND
0 50 150 300

Heart 2.76+0.04° 2.7340.07° 2.7240.06" 2.75+0.06" 2.70+0.07*

Liver 26.8+0.7° 27.6+0.8" 26.4+0.4° 26.5+0.6" 26.0+0.7°

Spleen 1.8140.06" 1.85+0.06" 1.82+0.05" 1.79+0.07° 1.79+0.09°

Lung 3.88+0.10" 3.7340.08" 3.8040.10° 3.8440.17° 3.7340.12°

Kidney 6.4140.36" 6.3040.13° 6.68+0.16" 6.57+0.10° 6.40+0.21°
Peritoneal fat 26.4+2.0° 44.9+3.7* 31.142.1° 28.842.2° 28.242.2°
Epididymal fat 22.242.4° 30.2+1.1° 23.4+1.1° 22.8+1.1° 23.242.0°

*The reported values are the mean £ SEM (n=8). Mean values with different letters were significantly different (p < 0.05).
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Table 5. Effect of MEBG on the serum biochemical parameters of rats with obesity induced by a high fat-diet

HFD supplemented with MEBG (mg/kg rat)

Biochemical parameters* ND
0 50 150 300

Triglyceride (mg/dL) 79.9+6.0° 108.4+13.3" 75.8+5.0° 71.3+4.9° 80.1+4.6°
Total cholesterol (mg/dL) 62.9+1.3° 59.843.0° 60.8+3.8" 55.743.6" 54.4+2.3°
HDL-cholesterol (mg/dL) 42.2+1.5° 28.942.2° 37.142.9% 33.942.1™ 31.8+1.3"
LDL-cholesterol (mg/dL) 11.240.5 13.441.5° 12.040.7° 11.1£0.9° 10.4%1.0°
AST (U/L) 92.0+4.8° 85.3+1.9° 86.9+4.1° 82.9+4.1° 84.6+4.8

ALT (U/L) 28.5+1.2° 29.141.6" 30.6+2.5% 28.4+1.7° 29.042.3

Uric acid (mg/dL) 5.43+0.54° 5.8240.37° 5.98+0.43" 5.46%0.53" 5.58+0.48"
Creatinine (mg/dL) 0.73+0.02° 0.83+0.02° 0.76+0.02" 0.74+0.02° 0.80+0.02%
Na" (mmol/L) 151.942.5° 153.1£2.7° 151.543.7° 153.62.7° 152.542.6"

K" (mmol/L) 7.29+0.42° 7.1440.24° 7.4610.45 7.1940.57° 7.3940.42°

CI” (mmol/L) 101.141.5° 100.8+1.8° 100.3+2.5 100.4+1.1° 99.5+1.7°
Ketone body (mmol/L) 1.89+0.12" 2.6740.13° 1.88+0.13" 2.25+0.15° 1.7140.14°
Free fatty acid (mmol/L) 0.12+0.01° 0.15+0.01° 0.12+0.01° 0.12+0.01° 0.13+0.01°

*The reported values are the mean + SEM (n==8). Mean values with different letters were significantly different (p < 0.05).
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Table 6. Effect of MEBG on total lipid, triglyceride, and cholesterol in liver and fecal of rats with obesity induced by a high fat-diet

HFD supplemented with MEBG (mg/kg rat)

Contents ND
0 50 150 300
Liver (mg/g tissue)*
~ Hepatic total lipid - 487+1.9°  83.8£13° 70.9+2.4°  66.615.0° 60.5+2.8
Hepatic triglyceride 15.3£1.1° 26.7+1.4° 18.5+1.2° 16.0+1.0° 16.0+0.6"
Hepatic cholesterol 3.52+0.24¢ 6.86+0.24° 4.57+0.34" 5.3620.66" 4.98+0.36"
"""" Fecal (mg/g dried fecal)*
""""""" Fecal total lipid ~ 30.6£2.3°  55.642.6°  777+4.1° 76958  68.1+22°
Fecal triglyceride 4.83+0.38° 6.2440.25 7.5040.30° 7.3240.33" 7.6140.22°
Fecal cholesterol 3.1440.10° 4.39+0.28° 6.08+0.16" 5.95+0.14% 5.4620.10

*The reported values are the mean + SEM (n=8). Mean values with different letters were significantly different (p < 0.05).
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Table 7. Effect of MEBG on gene expressions of adipogenesis, fatty acid oxidation, and adipocytokines in adipose tissue and liver tissue of rats

with obesity induced by a high-fat diet

Gene expression™

HFD supplemented with MEBG (mg/kg rat)

70

(% of control) D 0 50 150 300
Adipose tissue
”””””””” AMPK  1.00£0.11°  0330.12°  0.99+0.15  137+0.08°  1.09+0.15*
Sirt1 1.000.19° 0.2140.05¢ 1.79+0.22° 2.2240.22% 2.54+0.21°
PPARy 1.000.15° 1.8140.39* 0.67+0.17° 0.77+0.19° 0.760.17°
SREBP-1c¢ 1.000.12° 1.55+0.17° 0.90+0.10° 1.010.05° 0.9340.02°
FAS 1.00+0.42° 3.23+0.39° 1.28+0.41° 1.42+0.05" 1.49+0.21°
ACC 1.00+0.18" 2.21+0.60° 0.87+0.33" 1.74+0.32%° 1.26+0.15
CD36 1.00+0.20° 2.2140.44 0.66+0.16° 1.23+0.02° 0.97+0.11°
UCPI1 1.00+0.30° 0.81+0.28° 3.2240.77° 2.68+0.97° 3.09+0.89"
Adiponectin 1.00+0.15 0.3140.08" 0.88+0.25" 1.09+0.10° 1.20+0.13*
Leptin 1.00+0.27° 3.80+0.26 1.21+0.20° 3.7620.09° 3.28+0.18"
PAI-1 1.000.08" 3.1940.63* 1.00+0.22° 0.83+0.16" 1.08+0.05"
"""""" Liver tissue
*********** AMPK  1.00£026*  0.16x0.04°  L11£0.12*  051%0.11°  0.640.16°
Sirt1 1.0040.14° 0.03+0.02° 0.67+0.32° 0.05+0.01° 0.7340.70°



SREBP-1c
FAS
ACC
SCD1
PPARa

1.00+0.03°
1.00+0.16"
1.0040.12°
1.00+0.28"
1.00+0.28"

3.29+1.01°
1.65+0.21°
2.23+1.21°
3.7440.53°
0.06+0.05"

0.60+0.29"
0.87+0.30°
0.65+0.22°
0.98+0.21°
0.5240.12%

1.03+0.20°
0.71+0.13°
0.2340.13*
0.89+0.16"
0.28+0.18"

0.5140.34°
0.6240.18"
0.5240.40°
1.14+0.11°
0.56+0.44"

71

*The reported values are the means = SEM (n=3). Mean values with different letters were significantly different (p < 0.05).
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Figure 1. Effect of MEBG on hepatosteatosis and adipocyte sizes of rats with obesity induced by a high fat diet. Liver were stained with

hematoxylin and eosin (H&E). Original magnification: 200 x.
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M imie k= > AV A ED T Bid ~ Cth‘fr Caspase 9 3-v F}?’;‘Lﬁﬂ%“'“ﬂﬁ-ﬂ Himre F - 4
#] o ¥ ¢k > d acridine orange % ¢ F % E % AT > W ¥ § AVOs 752 5 T U T el F A
Brge 7 € 515 e e iE* o 02 Western blot 4 47 H BT > LF A & IR B ‘“EZT'F’* 40 B B
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Abstract

Colon cancer is one of the most common causes of cancer-related deaths worldwide.
Wasabia japonica, usually called Wasabi, is used as spicy sauce in Japan and Taiwan. The
rhizome of Wasabia is rich in vitamin C and A, minerals, trace elements and isothiocyanates.
Studies showed that one of the major ingredients of Wasabi, 6-(methylsulfinyl)hexyl
isothiocyanate (6-MITC), possessed the activities of detoxification, anti-inflammation, and
inducing apoptosis of cancer cells. Up to the present, most of the studies of Wasabi were focused
on the function of 6-MITC instead of crude extract, and there is no study reporting the
cytotoxicity and mechanism of Wasabi against colon cancer. This study aimed to look into the
molecular mechanism of the cytotoxicity of Wasabi in colon cancer cells to evaluate the potential
of Wasabi as a functional food for chemotherapy. The results of MTT assay and colony formation
assay revealed that Wasabi was cytotoxic to Colo 205 cells dose and time-dependently. Increases
in chromatin condensation and subG1 population were observed in the cells treated with Wasabi
indicating an induction of apoptotic cell death. Wasabi induced extrinsic apoptosis and
mitochondrial death machinery by extracellular stimuli pathways through activation of TNF-a,
Fas-L, caspase 3/8/9, cleaved-Bid and release of mitochondrial Cyt.C. We also proved the
induction of autophagy by Wasabi via promoting LC3-II in Colo 205 cells. Using RADO001, an
autophagy agonist, combined with wasabi extract the data suggested that autophagy played a
pivotal role for the induction of colon cancer cell death. The xenografts verified that tumor
growth was repressed by Wasabi treatment. Taken together, our studies reveal that the anti-cancer
function of Wasabi was via the induction of apoptosis and autophagic cell death in colon cancer.
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The chemical-induced colon cancer mice model showed that mortality was decreased in Wasabi
treatment group. These studies support the application of Wasabi as chemopreventive functional
food and treatment of colon cancer in the future.

Keywords : wasabi, apoptosis, autophagy, colon cancer and functional food
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BB KATE AL F B S A EE R E > 53R 0{53500 rpm ~ 104 dEdE s > B
FiRE iR 0 Wit R 100°CE R A 104 48 0 2T S £ 123500 rpm ~ 104 48
LSRR SR A i FiRL * A iR- & 0 B ATE Pl el F Z B4 Rl 22-80°C
PRFBRIE R L FEE B E B R 0 320 C kT oo
2. wmrer i

‘P2 11 7 3 10% Fetal bovine serum ~ 1.5 g/L Sodium bicarbonate ~ 4 mM glutamine ~ 1 mM
Penicillin-Streptomycin e iRPMI 16403 % 7% 32 & >+5% CO2 ~ 37 C ez B % 8 -

3. wmre i M3 (cytotoxicity assay)

W 24well 23 Fx ¢ 4248 [X10° 2w > F e B3 68 A% 0 At 2 3 RIER
B > T WA 2448 B T2 PEL G LR R e i 7 A 1T o w2 11 PBS S
X180 dE b ETHE s &% 1 mlo 4o » 20pl tetrazolium (25 mg/ml) - 35 % 4 - P # " R
4t » 1ml isopropanol » 2 peppetman k ¥ $747353 > ® e Iml M A & 563nm Bl & o
4. Colony Formation Assay

FAREHU2BER DR LR ALY e r FBS 12 H i b d o B 5 LA e
DR EF o el 1.2% 113 0.66% & fEik & h Agarose 0 B3 55 °C ckig ¢ o @ H RER
R o - Agarose 223 &R0 111 2R L~ dish @ TEMATR OB MIER S K
0.6% » % ¥ 30 ~48% FRFE 0 £ @k o 32 % ke » Agarose R & (SR % x dmie o
wredic s 1x10° cell/ml > X RER AT < F o 4 e BB HER S 033% o % Fww
BEFS L E~ 0.6% ot B Rwre Kok v F’“‘ o B r 37C ~5% CO & HE %
14 % > & 3¢ g R S Pe FE (S B dcdp PR3
5. L7

v i B e EJE 24 % 48 | B > 12 FACScan A 45 12 PBS ikiisim® 2 = » 72 400 g

FORT I AN AN - I "f_ iR t6 v » 250 pl solution A (trypsin buffer)s? e /R £353 » &%
BIEH 104480 £ A~ solut10n B (trypsin #~+#1#| 2 RNase buffer): ¥ #* 10 4 48> {$ 12 solution
C (propidium iodide)** % ke > OCIEIE ™ » 4 ¢ 10 » 45 > 1/ flow cytometry 4 37 °
6. DAPI ¥ &% ¢ ;2

w¥e S SR EIL 2 {5 > 12 PBS ik mie B % o 4 » DAPL & £ R A > 6 37CT @k
F 30 /48 o 11 PBS ik imre fo o I )2 ¥ R MRS w7 £ DNA R4 2 R % &
pRe -
7. Western blotting
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AERT “"fmﬂ* 1] o £ PBS-T buffer j&;£3=x {4 » MECL/4 & s 3Lk 4 o

8. Acrldlne Orange Staining

e A e A 3 B a2 150 11 PBS ez A 3 HEATENE % i » ¢ » acrdine orange
4 (1 pg/ml) %4 15 448 > 2 PBS Frik= & {64 » ATchu3 Rk » 0§ R RMET BLE
mie Gk i TR o
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r2nude mice > model > #Amice 5~6 iFPFs.cILESX10me T (e FHABE T 100
mm3 P B 4538 T 00 o #9444 & 4% (Control ~ RADOOI ~ L 3 27 1, #+RAD001) » 4 &
A2l id® o & 268 o LR B4 (250 mg/kg)d F i#EF p A& S - RADOOL(2. Smg/kg)
BV BE EZ X o FSREARY T R R R T 0 423 (S dR Pmices™ i ot o
FERIEP G MBS ] e
10. B mAE &R %

"z rrJCD 1(ICR) ¥ H e u ANt Fgaes 7 R -FEFETLE
Lwlo AER 6 BAFRLEFE TS BT K F AU E LSS N b
1,2-dimethylhydrazine (DMH) (20mg/kg) > — ¥ {6 £ 4 & 2% «eh dextran sodium sulfate
(DSS) » % AR H R e VA R4 - i \:;5%' RisHEEFN 'F EA S D NS
= (WA £ 25mg/kg & % &£ 100mg/kg) » F &:EARY TH sspd P g it o
11. R SR#dp szt 47

A Bdp R R e i3t gt SigmaStat (Jandel Scientific Software, USA):E {7 student
t-test £ one-way analysis of variance #' t-test 4 7 ©
s R s N
1. LEFEB 4 %% Colo205 im% 4 HA 45

Colo 205 ‘m?s fute » LF X Podr iDL 535 24 ) PF IS dmie fp ¥t 3 5 L R B-P ik
B 0.1~1 mg/mL pF3 3 4 g4 > e E0E& & 1.5 mg/mL M 2 2 mg/mL ¥ 5 3 Bk
ae ML K D 48 R T2 R RIS 0.1~ mgmL iz

clmre A X D)0 gl > AL F B EAR 2 mg/mL o AIE 48 113 T2 | PEFim e gL
5 47.7% v 7.1% ( Fig. 1) «

140
_ mmm 24hr
120 - — 48hr
=== 72hr

-
o
o

]

Figure 1 Cytotoxic effects of wasabi
extract on Colo 205 cells. Cells were
treated with various doses of Wasabi
for 24, 48 and 72 hr before subjected
to MTT assay for cell viability.
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2. EERFLEFERSHEILH L B Colo 205 imie el 5B
Colo 205 3 L %M 4 £ » 12 Colony Formation Assay BLE & P& [ L 3 3 B g8 4
B%E R m”?mﬁ‘éé"“’ e h g p L F B deehsoftarga 2 £ 3 B A 0 A Fig 2 ez
HR P AT BRI AT ﬁﬁl{;.*(COntrol)“ 3 PR ehe B L imie Y7 E = 1 Colonies e
His 3 4o 2 LFEFBgr iy 7 RE Colony A58 o | 2 B AT R ) T HR
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~HAp G o X BRI & = Colony -

Figure 2 Inhibitory effects of
wasabi extract on Colo 205 cell
growth. Cells treated with
various doses of Wasabi were
analyzed by soft agar clonogenic
assay for 2 weeks.

3. LFFBPPHEILL B Colo205 Mm% 2. DAPI Mm% ¥ k% 4

DAPI stain & % ¢ %8 condensation ma‘ﬁ o Bd BEET LFEFERSAIET Y *Ff] il e
48 | pFE R 1.0 mg/ml shie %] 5 P OAE sk 4 IR % (Fig. 3) o d ot 7 1423 Colo 205 ‘w7
it Ao 7t = 3 4L Apoptosis e

Control 0.25 mg/mi 0.5 mg/ml

Figure 3 Induction of DNA
condensation of Colo 205 cells
by wasabi extract. Cells were
treated with various doses of
Wasabi for 48 hr before subjected
to DAPI stain.

1 mg/ml 1.5 mg/ml 2 mg/ml

4, LFZPF IR A %R Colo 205 w2 wmi% ik £ 47

Flow cytometry assay 4" +7 ‘m "2 3¥ 8 » 2 % 87 & 48 | A B¢ »"EF L F 5B b
R AH b 0 GO/GL TR i € 7% 0 @ SubGl R B BRI £ 1 2 > G2/M Sl 4
3 #7212 (Fig. 4) -

- Control - 0.6 mag/ml
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2 oy 2. oy wasabi extract. Cells were
terenti g ! | i foszw | H treated with various doses of
@] ] Wasabi for 48 hr before
2k 401;in90 200 1000 =7 200 402L2_200 200 1000 Subj ected to ﬂow cytometry
1.5 mgiml 2 mgimi ana]ysis_
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5. L EFE B ¥4 %% Colo 205 im ;%«‘ b A

Colo 205 m#z fetv » L 3B~ 40 i J® 353 48 /] BF {8 - ] * western blotting 4 7 apoptosis
AR B0 o HIRMREATER mapoptosm #B B 3-v Fas-L ~ TNF-a %2 Caspase 8 ~ Caspase 9
4 Caspase 3 % Kgﬁf%’d.?:‘fﬁx;}v’z gk R 4e@m b2 (Fig. SAand B) o ¥ ¢F 5 8- 3 2458 F
L €% i P REL IS @ IR apoptosis 0 R Bk % % AT p53 fr Bax ehd-v ALY F L
FEP R R R A T "§ (Fig. 5C) » F]pt & F L # #3k Colo 205 ‘mre k= 1 & § 5 ¢t
ot eni s o e §_f e apoptosis 3-v Bel-xl & 3 S§2. T 5 (Fig. 5D) o F]piE- Hen
#£ 31 Caspase 9 e L 8_F 4 518 Bid Ak 27 & 7F 1 a2 o2 % % k& (0.75~1 v 1.5 mg/ml)
b 3F EIE T Bid 39 %\1;173 PR FitatBidRly P A%k o m E pwie F Y ih
Cytochrome C(CytO)dv #3773 g2 + e % (Fig.5E) c FI R L% ¢ $FRwe &

bRt F AR A 4 apoptosis °

(R ©)
Wasab {mg/ml} 0 01 025 05 075 1  Wesdiimgmi ¢ 01 025 05 0.7 1

oL [T e e i1 1 I 11

Fod 1 12 51 188 ey 185

EEE PFI3 | o o e
TNFF-':I 1 142 ulmlﬂm M| : - = = : El
Bacin [T e e Bﬂ LL.LLIJJ Figure 5 The proteins
1 0y 8 e &I OB . .
,__—_=—=—=-| expression of apoptosis
(B) Fhan of Colo 205 cells by
Wasabimgml) 0 01 025 05 075 1 (D) wasabi extract. Cells
roospor o [ pere | trated. vt
Fad - 081 09 L1 0% 091 Wasabifmgm) O 0.1 025 05 075 1 various doses of
Bolf [# s =u &= &= &= | Wasabi for 48hr before
Lt o om % 2 subjected to  western
. . = . prom =S S S| blotting. (A) Fas-L and
- 12 i 087 i1 1M
— - TNF-a, (B) Caspase
Procapsey S EE S ’
fod - 08 083 119 127 1i2 (E) 8/9/3, (C) P53: p'P53
Aclive-Caspase 9 = p— Wasabingm) 0 01025 0507 1 and Bax, (D) Bcl-xl,
FM L2 0% 08 128 % Bd[™ & we we ™ T] (E) Bid, tBid and
ProCaspase ] wmw wr e e - - R _1_O0® I8 0% 803 Cyp O
fid 1 omy 08t om 8 usal B === S Y
Adhe-CaspaseS‘- B 5 == dl fad 1_ 1 193 I..I5 L% 13
Fad 1 0¢ 13 001 1% 16 W'CV'&I_'I':?: ::‘
ﬁ-ﬂcin|"-'—————| wnl--—---l

6. LEFZIBFE L R Colo205 wmie p g iTd il 5K

AVO (Acidic vascular organelles) stain 5 p v ¥ * (autophagy) =g #% ° Colo 205 w¥e &
LFEFEP A Bk A050.2550.50.751 fo 1.5 mg/ml)EJI2 48 | pFis » Ak & 0.75 mg/ml
T OUELE % 5 4+ Acridine orange i1z ¢ ¥ % (Fig. 6) °
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Contral 0.25 mg/mil

Figure 6 Induction of autophagy of
Colo 205 cells by wasabi extract.
Cells were treated with various doses
0.75 mgiml P 1.5 mg/m of Wasabi for 48hr before subjected
to acidic vascular organelles (AVO)
stain.

7. LEFFBRFHFERLBR Colo205 mP p it 2 W LA

41 * western blotting 4 17 autophagy 4p B 3-v ch& o B 5 F R > we L2 FIER o
L ¥ R 2 48 | PE1S > drd] autophagy % Fihd-v Akt o mTOR # 3P & ™ *% (Fig. 7A) - ¥
k> 18 3E autophagy % iid-v Atg5 fe LC3 R Agd= S F Lo F kR H4e@m + 2> & Beclin-1
Fv IR EP B LR (Fig. 7B) e FI # 7 L % E 3% Colo 205 m¥e & # autophagy eIR % &_
% @ Fr4] Akt I mTOR @ & it LC3 #7ig = eh7 0

(A) {B)
Wesabi(mgim) 0 01 025 05 075 1  \asahijmgm) 0 91 025 05 075 1

M e et B B B S Beclin-1|--————|

foad 1 LB 073 162 D1 0F ca TR TRTRT
1 1 H I 1 L
P-AH |---—ﬂ e "'l
1 13 % 113 057 0D Algs | == - ---l

mTOR |_.__.__= | M1 105 10T OM 0% L7
1 03 e;m 158 o8 LC3|!=E‘-‘-==

Fol 1Ly 1 [ C I N I N . e 24

Fod 1 0M o081 05 071 075 -Actin ’_ p— ____l

aTubulin [ == — s — |

Figure 7 The proteins expression of autophagy of Colo 205 cells by wasabi extract. Cells
were treated with various doses of Wasabi for 48hr before subjected to western blotting. (A)
Akt, p-Akt, mTOR and p-mTOR, (B) Beclin-1, Atg5 and LC3.

8. WLEZBFHFERLYFEColo205 me 24 pvEi®® thi d

L7 $F3F L F #5k Colo 205 ‘w2 & 4 autophagy s1i{¥* & ¢ » F]pt 4| * autophagy %
ie# RADO01 » 7 £ mTOR ] » i&— % R o & MTT lm¥% 3 B 5% 5 % 87
Wi h & B dZ L #F {e RADOOL 6 > dp ot B g L #F 2 e W e 3 Bk 3 ¥ L
FERB Avm A i B (Fig. 8A) o ¥ ¢ > A AVO 4 9¢ B % ¥ IR e 5iE & B el
L 7 4o RADOOL 48 /| P2 18 » ik & 0.25 mg/ml T 7 gL 7| m?e 4 + Acridine orange =
§ 4§ %(Fig. 8B) » ® AT i & & AJLL 3 4o RADOOL 48 /| 2 14 » LC3 3odi 2 4 4 P &
W Ao eI % (Fig. 8C) e S & M F B2 %37 » L # ¥k Colo 205 'm*s 2 4 autophagy 1% # 3
EEAPFEREmE G- A 2R E me niTt £ F o
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(A) (B)

140

= Wasabi Control 0.25 mg/ml 0.5 mgfml
= 120 @ @ s |3 RADIOI(37nM)
£ T a
& 100 [
: *
; 80 "
2 60 - 15 mgfml
3
s 4
3
0 20
0
0 01 025 05 075 1 15
Wasabi concentration (mg/mi) RADCOT (370M) | RADRO1 025 gl RADOO1 + 0.5 mg/m
w
©) 2
Wasabi - + - +
- - +
RADOO1 * RADCO1 +0.75 mg/ml RADOO1 + 1 mg/ml RADOO1 + 1.5 mgiml
'Y
LC3 11 Fold 1 136 185 196
B-Actin | — e —— |

Figure 8 Effects of Wasabi combined with RADOO1 in Colo 205 cells. Cells were treated
with or without RAD0O1 (3.7 nM) and indicated concentrations of Wasabi for 48hr. (A) Cell
viability was performed by MTT assay. (B) AVO formation was analyzed by acridine orange
staining. (C) Cells were treated with or without RADO001 (3.7 nM) and Wasabi (0.25 mg/ml)
for 48hr. Western blot showed LC3 expression. *p<0.05, **p<0.005 compared with control;
#p<0.05, ##p<0.005 compared with cells treated with RADOO]1.
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Figure 10 Effects of Wasabi on the body weights in DMH and DSS-treated
mice. (A) The body weights were measured once a week. The liver weights (B),
and large bowel lengths (D) were analyzed. (E) The survuval curves was exhibit.
IWL (Induction + 25 mg/kg Wasabi), IV%GH (Induction + 100 mg/kg Wasabi).



Table 1. Effects of Wasahbi on the incidence of bloody stool in each group.

Incldence of Bloody Stool
Rectal Bleeding Number Rate (%) P Value
Control, n=5 0 ] 0.003
Induction, n=9 8 88.89 -
IWL (26 mg/kg) , n=9 8 86.67 0.676
IWH {100 mg/kg}, n=9 2 2222 0.015

Table 2. Effects of Wasahi on the incidence of rectal prolapse in each group.
Incidence of Rectal Prolapae
Rectal Prolapse Number Rate (%) P Value

Contral, n=5 0 0 €.031
Industion, n=9 6 66.67 -
IWL (25 mg/kg) , n=9 6 66.67 1
IWH (100 mg/kg), n=0 1 11.11 0.05

Table 3. Bifects of Wasabl on the Incldence of colbonlc dysplasta In each group.
Inckdence of colonic dysplasia

Number Rate {36) P Value
Control, n=5 a a 0.008
Induction, n=4 &4 100 -
WL (25 mgikg)., n=4 3 75 1
IWH (100 mg/kg), =90 7 77.78 0.094
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Abstract
Since medicine security and its side effects are being taken seriously, the natural products are
stressed and reconsidered for medication again. A compendium of Chinese (herbal) medicine
describes that Gentiana macrophylla has the functions of pain-relief, anti-inflammation,
anti-histamine, detumescence and anti-rheumatics. However, little is know about the mechanisms
and therapeutic components of Gentiana macrophylla .
In this study, we discovered that Gentiana macrophylla has the protective effects on NZB/W F1
mice receiving high-cholesterol diet, especially in alleviating the inflammatory responses.
Besides, Gentiana macrophylla could significantly increase the population of CD4+/CD25+
helper T cells in NZB/WF 1 mice. could also reduce the mitochondrial-dependent apoptosis by
decreasing the expression of cytochrome c¢ and caspases-3 activity. Moreover, we further
performed the IEF and identified the protein spots, which have significant expression. In the
future, we will analyze the role of these proteins in pathogenesis of SLE and evaluate the possible
therapeutic targets.
Key words: Gentiana macrophylla Pall, Systemic lupus erythematosus (SLE), Inflammation,
Apoptosis, Signal transudation
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a 'NF-g B2 4 @y pe s ¥ 8% 7 252 MMP9 2 INOS £ Zopt ¢F | % 3 7% i % P53/P21
Bk SURE AR BB IS 2. dm e k= 4, 0 @ 357%™ cytochrome-c o apaf-1 > % caspase-3 st o
PSRN 2L G OOTRE R R FIPERIRR AT R R 2 TR LR FS o B W
RFCERRS,, TRE-HEJSRBIRFIFED T PR ELFL RS, ¥R
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R (B S mre, WBRLE, A SR
EFLFFEORER FRGEN > E AT g S R L RIS R AR {3900
F«‘I{?ﬁ%‘? ELt o WX E A g SR FMHE hAe e TABRE ~ta g g s BREEEEC S S A
SEER R EFA TSRO AN EIERAFH LS P AR HRE S B F kg < R
T BAWmAEA S v ed BT FR AN G ok R AR EHN LIFM
P e 2 A - € &M - WKLY (fedelia chinesis) & - By #4E4 » 5 LB BRF F L &
B Ay -2 APFRBET RIS IR PR EEM S, 9 HPLC A 47¢ #F I EEF
= > % luteolin, ¥ *t+ #IRHE 7 coumenstan #7# 4 wedelolactone, ¥l 7 foge X4 E P 1
PAPER Bl HiEF CF tert-butylhydroperoxide #tig = PCl2 # (§lm? 5% 5 % wmwe
FREF I HETEIREFZEY AL F B FRBEYF IR ST H
tert-butylhydroperoxide #t i = Bcl-2, Becl-xL, v-GCS, ™ "% eh & M &, 7~ ¥ [L %7
tert-butylhydroperoxide #7i& i e MAPKs . % - # A e i7d b F %A, FrE 2 FAHE L
PHTFEF L RECZALHEN,APEFR TR SRR TR ISR R R 2
MR G4oF ¥ i 4 3 2, "o p-tau, beta—amyloid ¢h & &2 7% g g F 1k B, X
B Mgle ey B0 A FURET X AR L TR R S A et chidic B L2 0BRLE D B S
Py e APFERAFY MRS @A e TR RS o v gy FoA gl FEEE R
S 8?3 inflammatory mediator, » f ¥ - &% it 9 microglia cells, % i* 9 microglia cells & 7
astrocyte % glial cell ¢ /% i* NADPH oxidase » ¢ $#*z ! cytokines and proinflammatory mediator i&
m A2 & ROS and RNS i &4 Slhmre 4 ip  FIpt % = & N PR § 524 (WEA) % IFN-o 2
LPS 3 & flmre B iv 2 18% 238 &% WEA ¥ 8> IFN-v 2 LPS # % % & %2 & C6 ‘w»e §§2c TNF
a % iNOS, COX2 e 3, £ 7% i IFN-o % LPS A4 & b e ] fi r2 B &2 dw e i 1 4 4k GFAP eh 2 3R,
AT £ R B A fedrd] [FN-y 2 LPS /& NFB & STAT3 3t L Bis 3 B, B (S8 [FN- 2
LPS AJB i & ik fm¥s $k C6 fmoe chss £ 5% § %% (04 4 PCI2 "gimie chiz i %, @ WEA PR 2 B4 %, @
R 5 P~F 1 & 1> wedelolactone (WEL)% luteolin (Lut)+ %% SR 022 Mk iE% | r b i 5% &g
T I BERF2 B A f PG L EEE AT A UEN ST REEL
FALHERS N TR,

ETHL (Keywords: astocyte, Wedelia chinensis, neuroprotective)

There has been a significant increase in neurodegenerative diseases that primarily affects the
elderly population, and is a major public health concern. Several lines of evidence suggest that oxidative
stress resulting in ROS generation and inflammation play a pivotal role in neurodegenerative disorders.
Lots of correlative evidence is consistent with the hypothesis that the accumulation of the macromolecular
damage induced by ROS is the central causal factor which promotes the process of neurodegenerative
diseases. Wedelia chinese (Compositae), containing polyphenols including flavonoids and wedelolacton,
has been used traditionally as oriental medicine and material for herb tea in Taiwan. In this study, the first
year: we extracted phenolic compounds from Wedelia chinesis by ethyl acetate and assessed their
neuroprotective efficacies. It demonstrated that ethyl acetate extract of Wedelia chinesis (WEA) could
effectively protect PC12 cells against tert-butyl hydroperoxide (t-BHP)-induced oxidative damages. WEA
blocked t-BHP-activated intrinsic apoptosis pathway such as decreasing t-BHP-activated caspase 9 and
caspase 3 as well as the expression of Bcl-2 and Bcl-xL. Meanwhile, WEA increased antioxidant gene
expression including heme oxygenase-1 (HO-1) and y-glutamylcysteine synthetase (y-GCS). These results
suggest that Wedelia chinesis possess antioxidant properties and neuroprotective potential. The second
year: we assessed the neuronal and behavioral protection effect of WEA in a D-galactose-induced aging
mice model. Behavioral assessment showed chronic D-galactose treatment impaired the learning ability of
mice in the active avoidance test. In addition, D-galactose caused elevated levels of phospho-Tau,
beta-amyloid protein, and malondialdehyde in the cortex and decreased neuronal density in the cortex and
hippocampal CA region. Interesting, all the above behavioral, biochemical, and neuronal changes were
inhibited by co-administration of WEA. These results demonstrated WEA may possess neuronal and
behavioral protection potential against the aging process. The third year: we founded that WEA inhibited
LPS/IFN-gamma-induced synapse-like astrocyte cell structure and expression of SSeCKS, a cytoskeleton
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scaffolding protein, which up-regulated during astrocyte activation in C6 astrocytoma cells. In addition,
WEA could suppress LPS/IFN-gamma induced intracellular ROS, iNOS expression and TNF-a secretion in
C6 astrocytoma cells. Finally, medium with pretreatment of WEA in C6 astrocytoma cells significantly
decreased cytotoxicity in differentiated PC12 cells as compared to medium with LPS/IFN-gamma-activated
C6 astrocytoma cells alone. The components of WEA also exhibited neuroprotective effects. These results
imply WEA possesses neuroprotective potential.

=2
gi

)

RN R K e i (neurodegenerative disease) A-FBRBFEANGEARELAH NI G4
BLA R RRBR © 35 PR B > MO S ”’“gfﬂ"ﬁfﬁ‘lﬁﬁ VR~ ARGEF O F L RBEED
[ Rl %Egz“m@ﬁ X E AT G F AR R L RS R E R AR Rgpin (e P st o
FREEASHGRER AR S L AT HER R EA T BHE > A I F A
PR A P ER G MR R o g < KA T R LGA - e d B e - F
L 3okt c dem IR SR EN GO FRAROF 2 2 - RPN -

~ ll?%ifﬁ L LR ﬁﬁ)ﬁ%%—"ﬁ’é? WA AR A ehpd RFEH G A wre = G M, A
FATF IR R fe sy ¢ 4 3 inflammatory mediator, | $|- & F 1 i microglia cells, & it 7
microglia cells # 7 astrocyte % glial cell ¢ 7% NADPH oxidase » ¢ f#3c ! cytokines and
proinflammatory mediator & & # +~ € ROS and RNS & = # §wmre 4f 5, F]4* 4o B ° micoglia
cell 2 7B R B R RO Gl 2 FHFPAGEIFHBERLF LT ERTHREDAFEL
Mg U L ARG A BHTUENIFH L SV RGHE XA REREHDF L o

sk 58 70 Wedelia chinensis Merr » ~ f§ 758 5§ ~ F 8Bl ~ B0 > Bt A Y AL
Pob Al § ¢ hE R SRR EF 0 B R CRfeR S T8 B g R
i % & M= $(Lin, Chenetal. 2007) » p* 455 4 £ & 582 ¢ We % @ § Z440% Riadugd L8
J» eri— f8(Tsai, Lin et al. 2009) - # ¢ > 2 m T 7 BT WL i &4 B 5 drdlaipd s iz
Fugp =i 2 ¢ & 7w fit &4 indole-3-carboxylaldehyde ~ wedelolactone ~ luteolin 4+ apigenin (Tsali,
Lin et al. 2009) @ wedelolactone /*" coumestan %% f?n’v luteolin {v apigenin f*% flavonoid f#

PRI R WRT I BREF A I IR AW ERESFEN GIFHAREL 2T G &
R
Eﬂiﬂéﬁ

d *,:«:Igsgg,fu;;tﬁa@ﬁ 24 ERB gL > @ BE R A v nTmE SR 40 A A K en
ABE > PR LA G ARR S R F T BN LR R S QSR
MFHFEA G B REF FEAN G X AT R - BT iEF
(tert-butyl hydroperoxide, t-BHP)#% %4 & ‘w2 (PC12 Neuroblastoma Cells) &= - & ] * §
FEIBERPZ AP LS R IREN S k= 0 (PN R R
F oA EFUE R E - w4 A E A S ERETY o % 2 E| ¥ d-galactose %
HERAA XM AERTHF TBEE 3B R os £i0i 2 08% o $= &%
IFN-y 2 LPS # % &k fmee g5 1 BLPIERE R e 54 2 3 & (3 8.F 5 #74/ IFN-y 2 LPS 3
# A e pRE L 2 TR F AR E R )

* i

1 = 3Rt BApp $as o v IR eAgg > d A p ﬁ%?*r‘%? VB ESES > L5 d 2 g
e A ehfh i Bl S e R R AR RIA R E L o @ PR F R RER S
FA T AR Hooad AP R 0 FIS T E RF S BRI X R AR S P RG HY 5T
iR IR [ 'fr’% e PR /Fﬁe_P a‘ﬁ Do FFARP G A St oon s blde Hypericum
perforatum L %~ 32 i & 3 Hyperoside ¥ H#EA Sz X5 F i~ enad BRI % (Liu, Tao et al.
2005); Rhodiola rosea L. ~ #rz_ i & 4= Salidroside # 4= beta—amyloid #73% E g 1V B 4 Frf|#
Emie k= 7Y A4y CfEE o i P RE e % (Zhang, Yu et al. 2010) ;X & E i L4

N

97



Resveratrol frQuercetin %+ MPP'#73 # 3 i B 4 414! 5 w?e 5= (Bournival, Quessy et al.
2009) -
2.3 P Y AT Y R RS HRINA R e micoglia cell @t frig SR TR, Ao D B R P 4R
luteolin, = gk IR Figh WA T MR et 2 3G T, @ #rd] micoglia cell 7& it eni®®
g H gl L8RS B (Refl).
3. if# k3 & KA SFTHERY - "BIVEL £ wm? astrocyte eheE & 1 4ox 284 4-O-methylhonokiol #
Frdl LPS 344 "o lwie S W if 45 4 7. H 2 #r4) nuclear factor-kappa B 7 B (Ref2). ¥ *H4F
B e B (Refd)AL 3 M~ ¥ 5 @ L BT M astrocyte & it #1ig = dglm e i 2
FEALEFAPR P ERFULELIARF TR E TR NN e XTGBT B BRBEIEPIE
M Moo 4ok E o o 2 GBRic, @ astrocyt AP WX ARG § £ B
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PR EE P2 5 oS A 5B (Extraction and Partition)
7 EEths § R F L SRR B b I L F EEFE AN WA~ 5 F 505 %
FE(l st 5 &) B30 37°C ~200 rpm ch32 % 45 24 | PRI (7 5 Be o JE X MHE Boa &
Wi > A== T kAT RRD RMGEWIRGFICR S S RFF AT TRERSY
PPz AL F I A Rt G WA REGTLAREE AT R 3 A7
et eag #5075 A& 7 5 P~ > 4 w] 5 Hexane - Diethyl ether ~ Ethyl acetate > 5 £ #-5 1=
FEREFF S EI I L RBEEDB O WML NEFTEFE Tk 2L
R 7 e 7 RNEE ARG

4 = 7P| 2 (Total phenolic contents) % 5§ fi /2| ¥ (Total flavonoid contents)
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P~0.2ml § 78 ¥ 5 B3 5000 ppm % gallicacid 4 %|4c » 1 ml 2.0.5 M Folin reagent *
B4~10 & > £ 4 > I ml 2 sodium carbonate (75 g/L)* &2 | B¥ » if] OD7gp 2. 7% 3k (& o
g hgallicacid ¥4 R LA TF LT F208FER - FABIRFERZF T EY
B~47 11 % Quercetin/ W4 » ? g 10 % AI(NO;);, 1 M CH;COOK3=23 & & » & 404
4 o PRk E>415 nm
% R ;% 46 & 7 & ¥7 (High pressure liquid chromatograph analysis)
F1* A Solution(Water 7z 2 % Acetate acid)# B Solution(Acetonitrile)§ d Gradient > 3%
kot R TR Fe e pmEERyP2L &5 7 4d AB(90:10, 10min 2 80:20, 10 min
2 70:30, 10 min I 0:100 @ #&) > I * 4o ke ik 2 & 471% % $ Wedelolactone fr
Luteolin erjiF F P 2 4 5 cnfp ¥t 7 £ o
mre 3z % (Cell culture)

& &4 5 % PCI12 Neuroblastoma Cells > 32 & 3% 5 % horse serum(HS) ~ 10 % fetal bovine

serum (FBS) ~ 1 % L-Glutamine % 1 % Penicillin-Streptomycin Solution(PS) 7 Dulbecco 's

Modified eagle medium (DMEM) 35 %> 5% CO, ~ 37 Cous % 48 0 w9 & B a4 1x

10°~2x10° » & % { He32 % A 2~3 = o

e F HR|EE (Cytotoxicity assay, MTT assay)

P * 5 v ?ff_’ﬁjl’{‘é er1d & f#(dehydrogenase)i* 3-{4,5-Dimethylthiazol-2-yl}-2,5-diphenyl
tetrazolium bromide(MTT & 3|) (% 8y = % ¢ e fo 48 > & 1% ODsyo | F ek @ > &2 7w
W E R o #mie % s 0 F17 PBS AR ¥ trypsin-ETDA s lm* 7T 5 £ 9 Js tmoe
kBB S 5x10%cell/mL > ¥ B~ 1 mL ehin®e % 24-well plate 42 > 32 % *+ 5% CO,~37 C
G E o X Fwme bR P {53 ¥ 2 i AR 24-wellplate 52 & 24 ] PR 4
» 3 pEeBHP 54432 % 4 0 £4c» 5% 5 mg/mL MTT @#|eris % A F 4 | & »
%435 % 4 £ 4cr I mLDMSO #-¥ 4 & 4833 j#5 ] ELISA 4 £ % 540 nm -

LDH assay # /|3
$-ime 12 & (541 % PBS ik E * trypsin-ETDA #¢ fm® 47T » £ 7 Jo imie LR A5 S
x10% cell/mL » ¥ B~ | mL #him®2 & 24-well plate 4232 % > 5% CO, ~37 Ceous % 4 - &

B bR ¥ (7 3 XP P 2% 8 24-well plate 33 % 24 /] PFE 4o > 3] PFen

t-BHP {8z 35 % A4 > 3w 400 xg» 5 & 48 o B~ 100 pL 32 % £ T 96-well plate + & e »

100 pL 7 Reaction solution(% 100 uL 7 NAD" ~ Lactic Acid ~ INT 4= LDH Diaphorase

4e » 3% 9.6 mL # Assay buffer) e 38 F & 30 » 457 dEisds & > & {541 ELISA & &

490 nm ;| Z_- & * LDH Cytotoxicity Assay Kit ip| Z_ -

me ¥ k44 (DAPI assay)

DAPI(4',6-diamidino-2-phenylindole) » & - f& % s ¥ £ HL &) > 4ok e k= pF o ;T*ug

7 DNA%7%] (DNA fragmentation) sh-25 » ¥74 8“7 % N enAT R 3~ § % % > #1022

DAPL% & iz & » g AR EFHE Se o F]pt ¥ U %’%’ﬁ LR ES e YT b ARE T BLET

e ks B ARSE > P A& T DNAYTH enfFa/4% 5 > e 3= Il fos ApH € ARFE o

w9 35 & 15 1% PBSi# i * trypsin-ETDA# 'm#% 477 > % 7 o w5z )k B 3 & 5 1x10°

cell/mL » i B~1 mL ¥ 6-well plate42 o % F w? pLEE > L 40 » 57 B~3 & 6-well plate > 32 &

24/] £ 4e » 30 B ent-BHP > 41 % PBSi# ik & 41 % 3.7 %35 5 R F 304 48> £ * PBS

Wk is 4 » 0.1 % Triton-x 100/L sm P2 74 48 > 4v » DAPIA |- /] P s 1% B e BB o

P g it o 1% 1006 Ak stdp IS BALTF A2 1t > 2001 S IR % ] o

GSH 3 & ?] Z_ (Quantitative Measurement of Glutathione Content)
Monochlorobimane % — #& GSH 4 #&| » ¥ & wPe ¥ i AB % & 7 Pl GSH 2 7 £
Flpt AFT G Sk eimie 1 & 15 > 41% PBS ik * trypsin-ETDA $s lm% 47T 5 i
P lmre kRBEL 1x10° cell/mL » ¥ B 1 mL % 10-cm dish 42 o % & m % BLEETS 40 ~
PR ERZEBP EIE 24 ) PF A4 » t-BHP 3 ) pF s {5 * PBS hE R
trypsin-ETDA #= fm?2 77 » #.< {8 #-‘m? 4 » Monochlorobimane 15 4 4&s 4c » 1 %
NP-40 ] * ¥ & k3% % P < (Ex/Em:395/450 nm) -

o

3
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S F Rl E (ROS assay)
B-lmre 3 & (s 0 1% PBS R * trypsin-ETDA $= 'm*e 37 » & ¥ s 'me R A K
8x10° cell/mL » # P~ 1 mL ¥ 10-cm dish 42 o % & m% pLAE(S 4r » % ik B 20 5 Bt iy
T 24 ) pE fde » t-BHP3 -] B5 » ¥ ffcim® 7 15 A &ite » H,DCFDA % ¢ » ¥ Jc & ’m
Pz 41 * Flow cytometry % ¥ £ g ficdip3# ROS 4 0 o
o = BLE 2 (Western blotting)
BRI PP wmre? e 3 4] T fRlee AT o Bmie i £ 1 > 1% PBS
# L * trypsin-ETDA 3= fm# 477 » ¥ ¥ §s f#2 kA 5 2x10° cel/mL » £ % 1 mL
¥ 10-cmdish % Fim%e pLEE» L 4c » 3P4~ % 10-cmdish 32 % 24 /) P fde » 3 P&
¢ t-BHP {4 » 4t o B % ¥ 4 » 1 mL RIPA buffer ;f»n s 4 4] ) (Nas VO, »
Leupeptin > PMSF) > 24 CEAF 30 ~45 > 216 4°C™ éﬁ'» 12000 rpm ~ 15 4 4% 7 B~
H iR 7 30-80 C  F-v %‘ri FF 4] * Better Bradford Protein Assay Kit &7 3-v F
BLA B RE 595 nm T e 2 2 f v %‘r BT F R F-0 ﬁ;’ﬁkﬁ’ Loading dye /2 & >
B 95 CHe# 10 48> T~ kY o 9T K 73 ahfe > Z(ddH0 > 30 %
Acrylamide mix > 1.5 M Tris-base (pH 8.8) » 10 % SDS > 10 % APS » TEMED)® + & fe >
% (ddH,0° 30 % Acrylamide mix> 1.5 M Tris-base (pH 6.8)>10 % SDS>10 % APS>TEMED)
b BB EER S HEr 0 S 4 » Marker 2 Sample > I 4r » Running buffer
(Tris-base > Glycine > SDS) > £* 70V gaiE + & s * 110V I RS B TR -
2_ 18 M b e Sample #& 73 NC paper + > 1% 48 247183~ #F H# %éﬂ’f'l * Transfer
buffer(Tris-base » Glycine > Methanol) ¥ & 100 V » 2 ] pF o 2 {& 4] * Washing
buffer(10xPBS » Tween-20 - ddH,0) 77 {$ 4c » Blocking buffer (%7 £ %) & 28 ™ & &
1 ] > % Washing buffer 7% » 2. {8 fede » — 54 5 4 C T ¥ % overnight o 2 {5
£ * Washing buffer 7% 4 » = S iv% — | p& » £ % Washing buffer % » 2 ;é'f']
Bk kAT RELE -
£ ¥ 5L3* (Statistical analysis)
WAL B A4 = 1+ > mean + standard deviation > #7TF By - T Mo AL R
Sigmaplot (Jandel Scientific Software - USA) » # * one-way analysis
ofvariance(one-wayANOVA) s34 45 > =*P<0.05,** P <0.01 > #7 5 7 F L R o

I
Lab il 8-

#eo| Bl = T % group 1 ¥4 ,group 2 12 d-galactose (50 mg/kg/day;sc) induction
toxicity, group 3.,4,5 “f 7 %5 47 d-galactose “F & W] 4 T L&+ 10 mg/kg, 25mg/kg PEW % 10
mg/kg, ‘2t ¢ EXiF= 0.5 9iF o

ER SRUR S

1% shuttle cage & 7FFA T 6% 9 FFidR WRERK ERFIEE - B
compartment, #-¥ B33t - 3§ B 10 F5 1,822 B(75db) £ (250 lux) {1 4:E i7(CS) 3 7,24
{62 104 0.5mA %ri 7 F(UCS), 2 % (7 5 11 7 Paieskrie (7 30 wipl3R,] ¢ BLACS
TH B 1 ¥V - compartment f£ A Foit F, UCS T # & T ¥ - compartment fi escape, & &
J&#- failure -

@ = BL%7% (Western blotting) (4-7)
R R
The lipid peroxidation in the brain was quantitatively determined by the method described by
Wills (Wills, 1966). The amount of malondialdehyde (MDA) was measured by reaction with
thiobarbituric acid at 532 nm by spectrophotometer.
RN O
B R EAFE BB IT UAGS HRF L f8 7 ¥ 11 hematoxylin-eosin Z ¢ A 45 o
& 7 St (Statistical analysis)
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“7 3 By R0 R it i A8 Sigmaplot (Jandel Scientific Software > USA) > # *
one-way analysis ofvariance(one-way ANOVA) i3t 47 » **P<0.05, ** P <0.01 » % 7%
I HFSPLE -
¥z &
Cell Culture
#-rat C6 astrocytoma _cells (obtained from Bioresource Collection and Research Center, BCRC)#2
%37 3 10 % fetal bovine serum- 1 % L-glutamine £ penicillin/streptomycin 7 DMEM ¥ 3z 3 5 %
CO2 # % 43 » 7°C » PC12 Neuronal cells ()32 % 3t z 3 10 % horse serum » 5 % fetal bovine serum -
1 % L-glutamine ¥? penicillin/streptomycin 7 DMEM #:3x 3 5% CO2 # % 48 » 37°C o
Preparation of differentiation of PC12 cells
% - % » #-PCI12 Neuronal cells #3] ¢ coated Poly-L-Lysine (PLL)715 £ 10 cm dish p > #
#z 7 10 % horse serum » 5 % fetal bovine serum 77 DMEM 3% & 24hr -
FoALRERAARLHIMEDY 73 1% FBS > 1% HS > B27 supplement £ 50 ng/ml NGF ¢
neurobasal medium > 35 % 48hr o £ 4 £ #-E3s & Ak ‘£ ié# 2+ 3 50 ng/ml NGF ¢h DMEM
VT E S o
Preparation of conditioned medium of astrocytoma_cells & treament
#-C6 astrocytoma_cells 2 1x10° cells/ml&: 12 1 % fetal bovine serums"DMEM#& » 10 cm dishes e
BREEE(S 4e > 7 F 12 pg/ml LPS/25 ng/ml IFN-yd®Z15 min > £ §f *F 4c » WEA -~ Luteolins
Wedelolactone*+24 hr o & {5 #-2 3 £ 2 2 & A4k # 53 -20°CE 7| f @
differentiated PC12 cells °
MTT assay (4c=¢)
Nitrite release assay
Nitrite % NO ez % it A FHAH(NO+02 — NO2—+02 — NO3-)» F|p § % * nitrite
AHERFEAENOAE »H 3 NOS EM > @ 11 griess reagent (0.1 % sulfanilic acid+ 1 %
N-(1-naphthyl) ethylenediamide Dihydro-chloride + 2.5 % Phosphoric acid)i®] .35 % ;% # nitrite
A E=E NO A£% NOS F 5 - f§ @2 (Green et al, 1982) « fEd 1t 4 i
(colorimetric assay)is & # &% ¢ nitrite FfF £ > F1Z &% P nitrite FHFE DA F o 4r r
griessreagent f$ 3R T Mp Ao d FR R oA k£ 540 nm PFF B S R (E o H-C6 cells
2 1%10° cell/well & 12 1 % fetal bovine serum 7 DMEM F8 ~ 24 well plate p > FREEELS L 4o
*~ 12 pg/ml LPS/25 ng/ml IFN-y #&J2 15 min > £ 4 » WC-EA -~ Luteolin & Wedelolactone »*
24 hr o & {s P~ 11 %) 800 ul 7 condition medium 2z T g & s g p > B~ 100 ul & 96 well plate
poo B 4e »~ 100 ul 5 griess reagent (1% Sulfanilamide + 0.1% n-(1-naphty) ethylenedlamine
dihydrochloride) > # ¥ 15 min & 12 540 nm i ] °
EHE P TR (o)
Factin stain
#-C6 cellsz differentiated PC12 cells#z & BEEE(S - 1 *  trypsin-EDTA #-wmfp4w7 k12 %
Rkl o BMH e R LR > {HATRERD Bwre kA S A T 1-2x10° cell/well 5 &
7l6-well platei& {7 35 % - #-cells/edZ 4y T %+~ (The C6 cells :4r » 12 pg/ml LPS/25 ng/ml IFN-y
fed® 15 min» £ 4c » WC-EA ~Luteolin 2 Wedelolacton » 32 % 24 hr; the differentiated PC12 cells :
4v » condition medium > ¥ %48 hre) o ¥-EE £ %% ‘# > 11 PBS st o e 2 3.7%
formaldehyde:& 7 ) 2_> *c % 8T H 210 » 45 £ F £ 20.1% TritonX-100 F BS 4~ 45 »
123% heat-inactivated BSA *t37°C ™ blocking 15 4 48 > # {¢ ] * TRITC-phalloidin (1:2000)
2 ¢ 1h> pFE P E 2PBS *e#c=x{s » 11 Fluorescence Microscopy#* i 4-5 1 #i iE 7L ¥ &k
B e b 2R il o
DAPI staining (4-7)
Measurement of TNF-a release
#- C6 cells /od2 12 pug/ml LPS/25 ng/ml IFN-y E&JZ 15 min » £ 4c »~ Luteolin ~ Wedelolactone
& WC-EA *t 24 hr - 32 % 24hr 2 {$ %- cultured medium P~ 3 ependroff tube p > & & §] * rat
TNF-a ELISA kit (Biosource ELISA; Invitrogen):& {7 TNF-o $# *<** medium p] 2_ o
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Measurement of phosphorylated Stat3 (Tyr705) activity in Nucleus
#- C6 cells 12 1.5%10° cell/ml & 2 1 % fetal bovine serum = DMEM &~ 10 cm dish p > #RE

{8 £ 4v » 12 pg/ml LPS/25 ng/ml IFN-y /&2 15 min > § 4v » Luteolin & Wedelolactone ** 24
hr o 2_ {441 * trypsin-EDTA #- m”e:}p TR EdrRRTRESE LR HwERER
Hroe o 12 PBS # 7 PEIRE:': RN N 54 "f PBS z {7 & }}‘»w % B~ o iz 4 cytosol extraction buffer (Buffer
A : Hepes 10 mM pH 8.0 ~ KC1 10 mM ~ EDTA 0.1 mM ~ DTT 1 mM ~ PMSF 0.5 mM)¥ Nuclear
Extraction Buffer (BufferC : Hepes 20 mM pH 8.0~NaCl 0.4 M~EDTA 1 mM~DTT 1 mM ~ PMSF
1 mM) > #-¢ g% PBS jFixgg i chim?e 4e » 200 ul e Buffer A & = Fr4c » 10% NP-40 - vortex
15 sec {82 | /k b & & 20 min » 2_ {¢ £ vortex 5 sec ¥ &t.w &+ # i 14000 xg » Smin > 4C o %
ik ;‘37511’]'1‘( ehpellet(Z 7 nuclei)* PBS %4 14000 xg » 5 min » 4C— = ° &4z PBS 15 4t
»~ Buffer C50 pl>*t7k b 1 P> & 15min 23§ - = > 1 hr > 3w >+ 4°C » 14000 & 20 min >
BoH bR T L v o 4% 39 1% bio-rad protein assay kit i {7 3¢ F R 0 &SI
STAT3 (pY705) ELISA Kit (abcam)i& {7 phosphorylated Stat3 (Tyr705) activity ] Z_°

Western blot  (47h)
% 7 St (Statistical analysis) (4o7)

%% 23
F- #
LI F2 2P FRAH iﬁﬁfﬂbﬁ FAMT] R TR EE R E B

“ R

Sl B 2 g ﬁw TEE NG 2 A P ERLEEE - &% d (Fig. D97 > i5d 7
PiEit § @R M E R R Mo fa kTR A R AT B A S e B
LR~ 35 JRe fho fok 54§ i £ 5 4 o

2R R R e ik 525 R PCI2A Slwmre 5 FiE § 1 4~ (tert-butyl hydroperoxide, t-BHP)
%%ﬁ%% AT RO Mok ¥ 4 24 ) BRI 3 2 (Fig 2A) H
Pl A R E RREAN Gwrey (TESHRE T b @ * g2 3] PFt-BHP 7 & &£ 100 uM
Wwﬁii&PQ2ﬁ;mW@gZE’ﬂ”&&ﬁﬁ%%£ﬁ§ﬂ#pMEﬁﬁ$€%?’
¥ kst o T RIE 24 | BE R Bede (54 ~ i § 1 4 BHP 3] PR AL ¥ 5 3 -BHP e
BEF L E R0 % (Fig. 20) %7 AJL A b MR 2 ¥ R Sinte 52 enig 4T 4
4]% LDH 2 B3 w5 & MR8 > %% d (Fig. 2D)%7 ¥ /A2 BHP ¢ # LDH %+ 2 > &
FRILH P ER2ZEPP R LDHEEZ T o d LSSV g F G Fo e A ¥
Bedp T 2 A G e g G T

3E TR E e ik TR tBHP 9134 fenimre = kA3 4% DAPI %44 % Flow
cytometryPI stain » V4 LR F = G o T R ie PRI 24 ) PR TR R R A fo K
FBpis feter 30 e t-BHP 8% 5> F IR JLiE 7 kR 2 5B 7 1 prd] t-BHP #f
HEhme e o

4% FREC e ik F P4 fri -BHP #735 % ) 75 2§ (ROS)Z i i 0% N Glutathion(GSH)
A4 d 0 GSH futwte p § (F4f i - f6 0 5 CBHP “63% $7ROS 7 it GSH 4
o E/z‘@‘i’ﬁ% TR iRy is g% GSH 2 Mix 2 T4 3 $2F 1t & 4 (Fig. 4A) -
¥ ¢ *F 34 1% Flow cytometry gk ’E&Pﬂtﬁ—i BZ t-BHP #r3f Fehimie p B 115 ch%

Loy % d (Flg. 4B)3# 0 F JLiE t-BHP {5 § @ 'm?2 2 2 ROS > }* p¥ Flow cytometry 72 4
shpeak € v LA H 0 @ 4o %i TR Fe e gk F B4 ¢ ' M ROS h”’%‘\ﬁ °

55 “8 Fopee ﬁ’la}% F B4 dr| t-BHP #1734 % ¢ Intrinsic pathway 4 = %52
/§J< Fap o 4 B iR A% anti-apoptosis proteins(Bcl-2, Bel-Xy) ~ pro- apoptos1s (Bax)
proteins fr#i% it Z F](antioxidant genes)7 B (Cho, Lee et al. 2008) > 'ﬂt“ ﬂ\ﬁﬂ g LI
western blot 2 34 p 2 (ke fsﬂ%};' %~ 4p B 3-v (Pias, Ekshyyan et al. 2003) > 7 ,__(Flg 5)
wIR e k= ST A 4 dhcaspase 3 5 d t-BHP ' i pro-caspase 3 (& IR 0 @ %T;T/* LTS
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P~ {5 pro-caspase 3 B e 4v > ¥ ¢b Intrinsic pathway #7/& i* &7 caspase 9 # 14 :' ! /%@
72 :§ t-BHP € i pro-caspase 9 T "% > @ I L X P-4+ € & pro-caspase 9 1k IR ,
Foohder 415 g 48 Bel-2 2 Bel-xL #3Rm @ Bax chk-v AR TREFLT U R
t-BHP ¢ @4 ‘Thmrieigd p2 PRITA A A= > d JRB 5B € A Slamre B0k
= oo

6.% “F F o pio fink F 2P Hrd] -BHP #73 £ MAP Kinases 1 4 @B vEE /T MAP
Kinases(JNK, p38, Erk1/2) %22 fme p el L, @¢E - I P Adrimie a4 ~ = ~ 57% >
#HE > AT % d (Fig 6)9777 » %2 lJ2 t-BHP 15 ¢ /& iV gpe it JNK, p38, Erk1/2 >
IR H Bk R N B g € FrdIEREL 1 hA R o T 0 -BHP ¥ it ¢ 54 INK, p38,
Erk1/2 = %3 A ﬁ—’éw?iér_i M= o @A A BT SRR EER ] kN B JT S Y o

‘m\H

% - H#

1.3 VR4 ARG EXIERT B2 %, D-X S - 8 R & D-galactokinase %
galactose-1-phosphate unidyltransferase .1 T &,k m &« £ K D- X B A
galactose oxidase e .1* T ¢ & 4 aldose 2 iFF t4iEm FERE LRSI AL o LI
W T LR Y FIR] Y 5"%? Vi s % IjE 30 wplz& ¥ active avoidance T 3#57% 0.5-3
w @ escape L 32 1% 20-26 ¥, 482 PEW 101 5+ & e §(Table 1),7 i F F3k | v B
FVEYEXA7 p P2 F T *’% (M 4 ,.’Tﬁ @ 24 1P % escape latency * IR, 30 wiplE ¢
escape latency 7 4 % f ®2 M@ (time effect)? & ¥ =& PEW X escape latency - D-
L gLt w2k eiE(time-by-treatment)(Fig. 1), * & % B o7 PEW 2 2 2 vit.E o2 2 7 @
D-Zstpgirig s enE ¥ st 4 2 34k -

2. D-2 JU k€ i & Ho e 5 p-tau, beta-amyloid % £ &
R AR P ImE R ak & E ¢
(Fig.2-4)

3.0 d Ppl s B FORAFET A AR LR RS N il A R R
FEBET IR ean & E P RAAPRD AT BB 5w dlicf

(Fig.5-6),d m F @587 § P RSB L3 FRR AN G )P‘i B4 2 e

ANER R EIES L ehs AR, @
LA Mg § RS ik

gl

2

»z &

e R T AF NF REFE e R AL IREEY 2 F RRER L PFE D €iE S
Momiechip 2, pANPIT 2 R RARDNE F(LPS) 2 e F (IFNy ) E2F 2 § 3

A fnre ek & 220t bl (data not shown), %% = 12 g/ml LPS 4c t 25ng/ml IFNy i i3
By EkaeT

. M & &2 mse kAL E e me g ﬂ’EL;Q:é%é‘j He GFAP 39 * £ 4, @ AJ23 kR
A F e (B ¢ FrdlniE g2 2 m(Fig ) - a =2 [;Jc:}ﬁ | LPS ¢ % i 5 -
Src-suppressed C kinase substrate (SScCKS) &g iNOS % X dpik# 3R, Fig. 1 » 4 ® WEA
¢ #r 41 SScCKS 2 % 3 -

2. MNAEEZE e F Rk ok mre @ 23 40 ROS enflig &2 TNF o el g, sg it )5 £_2 5 s i,
A B T, BEAPHFRWEA FrHI N 3 % 2 inve R HH bR lnve S5 4o hROS &
TNF o =$# < (Fig. 2 and Fig.3) °

3. MAE 2 e Lk R we irig 2 lmie o ROS Wig & COX-2 & INOS £ G %27 B 1%, B
AP RIRNEEE e d R h Rt COX-2 &2 INOS 2 e S B EFRpF £ 2
fmie % € 84 COX-2 2 INOS % A e WEA ¢ #rd)2 (Fig. 4) -

4.3 ek ¥ R P LS NFKB 2 STAT #9342, ¢ time course F &% ¥ FILP 3 % 2 iz %

JedZ 5 skl e rig = dnre o NFKB 2 STAT &97% i* (phosphorylation), @ 4 » WEA ¢ #r+] NFkB

% STAT3 ervs it (Fig.b) »

%ww}
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5. ¥ b A g BB p £ % 2wz % & K wre dhmedium 4r ~ & 1 O PCL2 e P % G TR M m e
BEFAR Y, GWEAB P & R 2 w7 L a2l ke dnediun ¥ F R EEH WS
(FIG.6), # % 2p & %2 me k hhwmw %5 334 TNFa & WEAT "2 P & 3 2 bo¥e
ZhERwmre G T, FIU B L REA Gwmre 2 (EY

6. B fs A - WEA &7 HPLC 47, # 3 H i = i» 5 wedelolacton % luteolin( Fig. 7), 7]
Pod EFA P2 HERBEFRSIFFFROPMNFEFE 0 R AT E R i e NO &
TNF o e§#2z(Fig. 8 and Fig. 9). » &3 A Fwre 2z v% (Fig. 10).

S
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Fig 1. Analysis polyphenolic contain of different extract fraction of Wedelia chinensis. Total

content analysis of phenols and flavonoids.
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Fig 2. Neuroprotective effect of ethyl acetate fraction of Wedelia chinensis on t-BHP-induced
cytotoxicity in PC12 cells. (A) PC12 cells were treated with ethyl acetate fraction (10, 25 and
50 pg/mL) for 24 h. (B) PC12 cells were exposed to different concentrations of t-BHP for 3 h.
(C) PC12 cells were pretreated with ethyl acetate fraction (10, 25 and 50 ug/mL) for 24 h, and
then treated with 100 uM t-BHP for 3 h. (D) Effects of ethyl acetate fraction and t-BHP on
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% apoptotic cells
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Fig.3 Prevention effect of ethyl acetate extract of Wedelia chinensis from

t-BHP-induced apoptosis in PC12 cell. Cells were pretreated with ethyl acetate
extract (10, 25 and 50 pg/mL) for 24 h, and then treated with 100 uM t-BHP for

3 h. Apoptosis cells were counted under fluorescence microscopy by staining

with DPAL

120

GSH Assay

100 4 L

80

60

Relative Fluorescence
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Fig 4. Inhibitory effects of ethyl acetate extract of Wedelia chinensis on t-BHP-induced

intracellular ROS accumulation and GSH depletion. (A) Does dependent effect of ethyl

acetate extract on GSH level were determined by monochlorobimane stain. (B)

Intracellular ROS levels were determined usi
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£-BHP 100 x4

Ethyl acetate fraction N 0 0 25 30 +BHP 100 uM

Byl scelsefraction N 0 10 25 30
1.00 0.61 1.34 1.44 2.36 - ; B
LB ek kL Pro. 5 ! .
Bolsl, .-.-- caspase e

100 050 063 070 080 1.00 ©.34 0.53 D.62 0.83
Fax Pro-<aspase | e ey ﬂ“
160 112 1.09 271 0.86 1.00 0.67 1.35 163 1.81

M"M“E

Fig 5. Prevention of t-BHP-induced cell apoptosis by mitochondrial pathway.
Effects of ethyl acetate fraction of Wedelia chinensis (10, 25 and 50 ug/mL)

on the protein expression levels of caspase-3, caspase-9, Bcl-2, Bax

t-BHP 100 uM

N 0 10 25 30
o [ EREES
1.00 1.61 1.21 1.09 0.84

TE | —-—— ———

pErk | = == == =
1.00 1.47 1.11 0.82 0.80

Fig 6. Effects of ethyl acetate extract of Wedelia chinensis on t-BHP-induced
phosphorylation of JNK, p38 and Erk1/2 MAPK. Cells were pretreated with
ethyl acetate extract of Wedelia chinensis followed by 100 uM t-BHP
challenge for 30 min. After incubation, cells were harvested and MAP kinase
protein levels were measured by Western-blot analysis using

phospho-specific antibodies for each MAP kinases.
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% Z
16 —e—— Control
....... O----  D-galactose
14 ——-w—— D-galactose + WEA10
—-—A.—-  D-galactose + WEA25
— & — - D-galactose + Vit.E

10 4

Escape latency (sec)

Trial
Fig. 1. Effects of WEA and vitamin E (Vit.E) on escape latency of D-galactose-treated
mice in the active avoidance test. The test was performed after 9 weeks of D-galactose
(50 mg/kg/day, s.c.) treatment. WEA (10 and 25 mg/kg) and vit.E (10 mg/kg) were
co-administered intraperitoneally (i.p.) thrice per week for 9 weeks. For clear, the

mean values are expressed and the SEMs are abbreviated.

04
) #
2031
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;
=} *
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£02F
£
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=
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Control 0 WEA10 WEA25 Vit. E

D-galactose

Fig. 2. Effects of WEA on the level of malondialdehyde (MDA) in the cortex of
D-galactose-treated mice. The MDA level of each cortex was analyzed as described
in the text. Data are expressed as mean+SEM. # P<(0.05, compared with the control;
* P<0.05, compared with the D-galactose-treated group.

Normal Control WEALG WEA2S5 Vitomin E

p-Tau (Ser 396) — -- - p— -
Actin hd——

Fig. 3. Effects of WEA on the levels of phosphorylation of Tau protein in the cortex of
D-galactose-treated mice. The representative Western blotting shows the levels of

Tau protein and phosphorylation Tau (p-Tau).

109




Normal DG +WEALQ +WEA 28 +VILL E

f-Amyvloid |

Actin | - ——————— ————

Fig. 4. Effects of WEA on the level of beta-amyloid protein in the cortex of D-galactose-treated mice.

The representative Western blotting shows the level of beta-amyloid protein.

Corex  Normal (200X) D-galctose (200X)

Fig. 5. Effects of WEA on neuronal density in the cortex of D-galactose-treated mice. The

representative hematoxylin-eosin staining of the cortex (200 X). Scale bar: 100 um.

Hipocampus 200X
Normal d-galactose

Fig. 6. Effects of WEA on neuronal density in the hippocampus of D-galactose-treated mice. The

representative hematoxylin-eosin staining of the hippocampus CA region (200 X).
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WEA {pgiml

SSeCRS

GFAP

Fig.1 Effect of WEA on endtoxin/cytokine —induced activated

astrocyte marker expression.
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Fig.2 Effect of WEA on endtoxin/cytokine —induced ROS

production in C6 astrocytom cells.
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LPS 12 pg/ml + IFN-y 25 ng/ml

Fig.3 Effect of WEA on endtoxin/cytokine —induced
TNFa release in C6 astrocytom cells.

LPS 12 pgml + IFN-y 25 neml

WEA (gl } - - 5 10 b3 25

coxz ---- ——
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| By 092 0.53 04" 045
- e e

Fig. 4 Effect of WEA on endtoxin/cytokine —induced
COX-2 and iNOS expression in C6 astrocytom cells.
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(A) LPS 12 pel + IFN-y 25 nganl

]

(B)

LPS 12 neml +IFN-y 25 ne'ml
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pes | D SED D GND SN G
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Fig. 5 Time course effect of endtoxin/cytokine —induced

signal activation and Effect of WEA on endtoxin/cytokine —

induced signal activation in C6 astrocytom cells.
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1A} Day0: cells-attached dayl day3 dayd

DMEM + Xcurobasal + Neurobanal + DMEM +
5% FES-HIO%HS [l 1%FBS+ 1%+ Smyml NGF [ S0u/ml NCF | S0ng/ml NGF
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s
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Fig.6 Effect of WEA on endtoxin/cytokine —treated
C6 astrocytmma cell mediated condition
medium-induced differentiation PC12 cell death.

(A) Neuronal differentiation of PC12 cells. The cells
were seeded in PLL-coated dish, with medium
containing 50 ng/ml NGF. (B) Effects of WEA on
LPS/IFN-y-induced toxicity of C6 astrocytoma cells
toward differentiation PC12 cells were measured by
MTT assay. Seed differentiation PC12 cells in 24 well
plates and treated with condition medium of C6 cells
for 72 hr. *p<0.05, LPS/IFN-y treatment only
compared with control ; 'P<0.05 in comparison to
LPS/IFN-v treated eroun.
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Fig. 7 HPLC analysis of WEA
1. Wedelolactone (RT=19.93) 2 luteolin (RT=28.15)
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Wedelolactone (uM) - - - - - 0.5 1 2
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Fig. 8 Effect of wedelolactone and lutolin on endtoxin/cytokine —

induced TNFa release in C6 astrocytom cells.
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Fig. 9 Effect of wedelolactone and lutolin on endtoxin/cytokine —
induced NO release in C6 astrocytom cells.
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Fig. 10 Effect of wedelolactone and lutolin on

endtoxin/cytokine —treated C6 astrocytmma cell mediated condition
medium-induced differentiation PC12 cell death by MTT assay.
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kAR AR 5 B TCE £ 3 3% % HL-60 iw? 4% A3~ o i~ % 1 DAPIstain> %% TCE ¢
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Abstract

The metastasis of cancer is a vital trait in malignance with extreme difficulties in early diagnosis and
therapeutic management. Therefore, the development of new remedies or the utilization of natural medicines
targeted at metastasis has been interested and studied extensively. Recently, Chinese medicinal herbs have
been reported to have various anti-carcinogenesis properties, including inducing cell apoptosis and
suppressing cell proliferation. However, the in vitro effect and detailed mechanism of Dioscorea nipponica
Makino on metastasis of cancer cells was still unclear. Recent studies have revealed pleiotropic anticancer and
antiproliferative capabilities of Dioscorea nipponica Makino, whereas the effect of this plant on metastasis of cancer
cells has not been clearly clarified. In the present study, we extracted Dioscorea nipponica Makino with methanol
(DNEZ1), chloroform (DNEZ2), ethyl acetate (DNE3), n-butanol (DNE4), and water (DNE5). We first demonstrate that

DNE3 was found to be effective in reducing the lung metastases formation by about 99.5% as compared to vehicle
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treated control animals. When a non-toxic concentration of the extract was treated directly to highly metastatic murin
melanoma cells (B16F10) and human melanoma cells (A2058) in vitro, it exerted a dose-dependent inhibitory effect on
the invasion (P<0.001), maotility (P<0.001), secretion of MMPs (P<0.001), and u-PA (P<0.001) of both cell lines. To
investigate the possible mechanisms involved in these events, we performed western blot analysis to find that DNE
inhibited phosphorylation of Akt. A treatment with DNE3 to B16F10 cells also inhibited the activation of NF-kappa B
and increased the expression of IkappaB. Taken together, these findings suggested that DNE3 could reduce the
metastasis of melanoma cells, thereby constituting an adjuvant treatment for metastasis control. Moreover, Terminalia
catappa L.is a Combretaceous plant distributed on tropical and subtropical beaches. Previous studies showed
that the leaves of Terminalia catappa L. extracts (TCE) exerted hepatoprotective, antiinflammatory,
antioxidative, and radical scavenging activities. In this study, we showed TCE-induced apoptotic death in
acute myeloid leukemia (AML) HL-60 cells via dose- and time-dependent manner. In addition, TCE also
induced cell death by increasing of sub-G1 fraction and chromosome condensation. Notably, a low dose of
TCE is sufficient to aggravate As,Os-induced cytotoxicity in HL-60 cells. The pure compound, tannic acid,
was further examined. The result showed that TA-induced apoptotic death in HL-60 cells via dose- and
time-dependent manner as well as increase of sub-G1 fraction, and chromosome condensation. Altogether,
this study suggested the effects of TCE and TA to induce apoptosis in HL-60 and therapeutic potential in
acute myeloid leukemia. Moreover, a highly metastatic human lung cancer cell line, A549, was chosen to be
treated with Terminalia catappa L. methanol extracts (TLME) to investigate their potential for inhibiting
cancer cell migration and invasion. For a start, via wound healing assay and Boyden chamber assay, we found
that TLME can suppress A549 cells migration and invasion, and TLME did not have toxicity to A549 cells by
MTT assay. We also found that TLME can suppress A549 cells adhesion and cell spreading by cell adhesion
assay. Based on that tumor metastasis are accompanied with proteolytic degradation of the extracellular
matrix and changed cell motility. Both of MMP-2 and u-PA activity were also inhibited by TLME via gelatin
zymography and casein zymography assay.

Keywords: Invasion; Anticancer; metastasis; MMPSs; u-PA; apoptosis
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# 4 (proliferation)sc # o ¥ #b > AR imPe eniE ~ (invasion) % & #% (metastasis) ™ o F xR 7= 112 5
%ﬁ%&ﬁﬂ%ﬂiﬁﬂi%%m%ﬁﬁé%ﬁ’ﬁmw4Wq%ghw%’ﬁéégm]m@ﬁm
f¢ b 25 BT (extracellular matrix, ECM)2. fFF i & & # (adhesion) e % » fwz 22 b B 4p 3 1% 4 cplif
(Cuiyan et al., 2007; Gavert & Ben-Ze'ev, 2007; Jeanes, Gottardi & Yap, 2008; Nabhari et al., 2007; Song, Bai,
Yang, Gabrielson, Chan & Zhang, 2007; Sossey-Alaoui et al., 2007; Tommasi et al., 2007; Yamaguchi &
Condeelis, 2007; Yanamoto, Kawasaki, Yamada, Yoshitomi, Yoshida & Mizuno, 2008; Yu, Itokawa, Zhu,
Syam, Seth & Insogna, 2007) ; [2]) iz iz 3 2 # & (motility) it # + = ;[3]) e ¥ 28 chd & ; [4])
e b N E A R B F R e € 4 s § -9 fa(proteinase) - 4e serine proteinase (Borstnar, Vrhovec,
Svetic & Cufer, 2002; Duffy, 2002; Evans & Sloan-Stakleff, 1998; Foekens, Ries, Look, Gippner-Steppert,
Klijn & Jochum, 2003; Hildenbrand & Arens, 2004; Kobayashi, Suzuki, Tanaka, Kanayama & Terao, 2003;
Robert, Bolon, Gazzeri, Veyrenc, Brambilla & Brambilla, 1999; Suzuki et al., 2003) ~ metalloproteinase
(MMPs) ~ cathepsins (Bao, Yeh & Lee, 2006; Gopal, Rehman, Chadha, Qiu & Colella, 2006; Hashimoto et al.,

2006; Mohamed & Sloane, 2006; Vasiljeva et al., 2006) 2 2 plasminogen activator (PA) 4 % ECM e+ 2
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4. gelatin-zymography (gelatinase 7= |4ip]3&) (6)
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oo < X3 2 {s, BT, 4 » 50 ml e washing buffer » 2.3 8 7 & 30 Lks o BB = oo ipH
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5. casein-zymography (u-PA % t-PA & 1+ip]3) (8)
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anti-Akt cr48 2 i 7 Western blot 2 47 o § 2% 5% % 2 B PISK h3-d £ 32 Akt v hmifc i € 5
¥ DNE3 sk B4 8 @ k> » @ p38 2 ERKL/2 Fv chghfic 1 B 7 £ |8 55(Fig.6) - % B16-F10 Auw
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Rpendrd) o ¥ 2 25 kR s g(Fig 24) - 4 ¥ 24 i * gelatin-zymography £ casein-zymography =17 ;2
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Fig. 1. The chemical profile of Dioscorea nipponica extract was analyzed by HPLC-mass spectrometry. (A)
Procedure for fractionation of the extracts from Dioscorea nipponica. (B) B16F10 cells were treated with
these fractions by Transwell invasion assay. (C) Chromatographic patterns from HPLC analysis of DNE3
extracts showed peaks corresponding to the retention times (minutes). Absorbance was monitored at 254 nm.
(D) The main product peak (P1) with a retention time of 16.644 min was then subjected to mass spectrometer.
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Fig. 2. Suppression of lung metastasis of melanoma cells by DNE3. Melanoma cells were injected into the tail veins
of 6-week-old male C57BL/6 mice. After injection of melanoma cells, DNE3 (0.1 g/kg/day and 0.2 g/kg/day) and
vehicle (saline) alone were administered oral gavage for 21 days. Mice were sacrificed and then analyzed for
representative photographs of lungs (A), the weight of lung (B), the number of lung metastasis (C) and the body weight
of mice (D). Results were statistically evaluated by using one-way ANOVA with post-hock Dunnett's test. (***,
P<0.001).
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Fig. 3. Histopathology of lung of metastatic tumor bearing animals (x100). Lungs of the metastasis- induced animals
were fixed in neutral buffered formalin, and stained with hematoxyline and eosine. (A) Control (melanoma + saline), (B)
normal lung (wild type, WT), (C) melanoma + 0.1g/kg/day DNE3, (D) melanoma + 0.2g/kg/day DNE3. Arrows
showed areas of metastatic nodules (tumor).
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Fig. 4. The effects of DNE3 on cell viability, migration, motility, invasion and adhesion of melanoma cells. (A) B16F10
and (B) HS68 cells were treated with DNE3 for 24 h by MTT assay. (C) B16F10 cells were subjected to analyze for cell
migration by wound healing assay. (D) Determined migration ability of B16F10 was subsequently quantified with that
of control being 100% (without DNE3 for 48 h). Cells were treated with DNE3 for 24 h, and then subjected to analyze
for (E and F) motility, invasion, and (G) adhesion as described in Materials and Methods. Results were statistically
evaluated by using one-way ANOVA with post hoc Dunnett's test (***, P<0.001). Results from 3 repeated and
separated experiments were similar.
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Fig. 5. Effects of DNE3 on the protein levels of proteases and their endogenous inhibitors. Cells were treated with
DNE3 for 24 h and then condition media were subjected to gelatin zymography and casein zymography to analyze the

activities of MMP-2 (A) and u-PA (B), respectively. Cell lysate were subjected to Western blot to analyze the expression
of MMP-2 (C) and TIMP-2 (D).
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Fig. 6. Inhibitory effect of DEN3 on the phosphorylation of Akt. B16F10 cells were cultured in various concentrations
of DNE3 for 24 h, and then cell lysates were subjected to SDS-PAGE followed by Western blotting with anti-PI13K (A),
anti-phospho-Akt (B), anti-phospho-p38 (C), and anti-phospho-ERK1/2 (D) antibodies. Signals of proteins were
visualized with an ECL detection system.

Figure 7

(A DNE3 (ug/ml) (B)

o 25 50 75 100 comp

rr-

DNE3(ug/ml)
0 25 S0 75 100 comp

-

NF-xB

Free probe Free probe

©)
DNE3(ug/ml) 0 25 50 75 100 (D)
c-Fos il Ml &% & == DNE3(ug/ml) 0 25 50 75 100

S SRR . .

NF-KB iy S S ——

23 7 b v oA i‘l i ' B'actiﬂ - W T
- . rFs @ .

Fig. 7. Effects of DNE3 on the activation of NF-xB, c-Jun, and c-Fos. Cells were treated with DNE3 and then nuclear
extracts were analysed for DNA binding activity of NF-xB (A) and AP-1 (B) using biotin labeled NF-xB and AP-1
specific oligonucleotide in EMSA. The last lane represented nuclear extracts incubated with unlabeled oligonucleotide
(comp) to confirm the specificity of binding. Nuclear and cytoplasmic extracts were subjected to SDS-PAGE followed
by western blotting with anti-NF-xB, c-Fos, c-Jun, or C23 antibodies (C) and anti-lkBa. or B-actin antibodies,
respectively. Signals of proteins were visualized with an ECL detection system. The experiments were repeated three
times with similar.
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Fig. 8. The effects of DNE3 on cell motility, invasion, the activity of MMPs and uPA of A2058 human melanoma cells.
Cells were treated with DNE3 for 24 h, and then subjected to analyze for motility (A and C), invasion (B and D).
Condition media were subjected to gelatin zymography and casein zymography to analyze the activities of MMPs (E)
and u-PA (F), respectively. Data represented the mean + SD of at least 3 independent experiments. Results were
statistically evaluated by using one-way ANOVA with post hoc Dunnett's test (*, P<0.05; **, P<0.01; ***, P<0.001).
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Fig 9. The chemical profile of TCE was analyzed by HPLC-mass spectrometer. (a) Chromatographic patterns
from HPLC analysis (254 nm) of TCE extracts showed peaks corresponding to the retention times (min). (b)
The main product peak (with a retention time of 11.13 min as shown in (a)) was then

subjected to mass spectrometer

120 Fig 10. The effect of TCE on the cell
S T m—2ah viability in HL-60 cells. In concentration-
E % Tooe and time-dependent assays, cells were
% treated with TCE at a concentration of 0, 50,
o 100, 150, and 200 pg/ml for 24 and 48 h.,
% H and then cell viability was detected using

. | MTT test. The data shown were mean *

0 %0 o B0 20 SD of three independent experiments (*,
TCE (pg/ml)

P<0.05; **, P<0.01; ***, P<0.001).
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Fig. 11. The inhibitory effect of TCE on cell
growth of HL-60 cells. In concentration- and
time-dependent assays, cells were treated with
TCE at a concentration of 0, 50, 100, 150, and
200 pg/ml for 24 and 48 h., and then viable
cells were collected and counted using
hemocytometer. The data shown were mean +
SD of three independent experiments (*,
P<0.05; **, P<0.01; ***, P<0.001).

Fig. 12. The apoptotic effect of TCE in HL-60
cells. In concentration- and time-dependent
assays, cells were treated with TCE at a
concentration of 0, 50, 100, 150, and 200 pg/ml
for 24 and 48 h., and then dead cells were
collected and counted using hemocytometer.
The data shown were mean = SD of three
independent experiments (*, P<0.05; **,
P<0.01; ***, P<0.001).

Fig. 13. The effect of TCE on the cell viability
in normal peripheral blood mononuclear cells.
In concentration- and time-dependent assays,
cells (PBMCs) were treated with TCE at a
concentration of 0, 50, 100, 150, and 200 uM
for 24 and 48 h., and then cell viability was
detected using MTT test. The data shown were
mean + SD of three independent experiments
(*, P<0.05; **, P<0.01; ***, P<0.001).
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Fig. 15. Apoptotic effect of TCE in HL-60 cells was assessed by DAPI stain. After a 24-hour treatment of
HL-60 cells with the indicated concentrations of TCE, the nuclear morphology of the treated cells was
observed by fluorescence microscopy using DAPI stain (at a magnification of 40x); Left, optical field; Right,
fluorescent field. A typical photograph from three independent experiments with similar results is shown.
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Fig. 16. Apoptotic effect of TCE in HL-60 cells was assessed
by DNA fragmentation assay. After a 24-hour treatment of
HL-60 cells with the indicated concentrations of TCE, DNA from
the treated cells was analyzed for the integrity of DNA by agarose
electrophoresis. A typical photograph from three independent
experiments with similar results is shown.
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Fig 17. Dose- and time-dependent effects of tannic acid on the
viability of leukemia HL-60 cells. HL-60 cells and PBMCs were
treated with indicated concentrations of tannic acid for 24 hours
and 48 hours. Viability of the treated cells was determined using
e 2 the MTT assay. The data are expressed in terms of percent of
o _ . 1 control cells as the mean+SD of three replicates. Significant

fanmicadd b differences versus the control group were analyzed by Student’s t
test (*, P<0.05; **, P<0.01; ***, P<0.001).
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1 (. Fig 18. Effect of tannic acid on cell cycle distribution
of HL-60 cells. Cells were treated with indicated
concentrations of tannic acid in complete medium for
24 hours. After treatment, cell cycle and hypodiploid
cells (sub-G1 phase) were analyzed by flow cytometry.
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Fig 19. Effect of tannic acid on cell cycle
distribution of HL-60 cells. Cells were treated
with 10 uM tannic acid in complete medium for
24, 36, 48, 60, 72 hours. After treatment, cell cycle
and hypodiploid cells (sub-G1 phase) were
analyzed by flow cytometry

Cell counts

DNA content

Control 5 puM 10 uM 15 uM 20 uM 25 uM
Figure 20. Apoptotic effect of tannic acid in HL-60 cells was assessed by DAPI stain. After a 24-hour
treatment of HL-60 cells with the indicated concentrations of tannic acid, the nuclear morphology of the
treated cells was observed by fluorescence microscopy using DAPI stain (at a magnification of 40x); top,
optical field; bottom, fluorescent field. A typical photograph from three independent experiments with similar
results is shown.
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Fig 30. The chemical profile of TC was analyzed by HPLC-mass spectrometer.
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A ’%F(Hibiscus sabdariffa leaf) % ;& #¥ & 1‘%’ 3 pla-F54miFE mﬁ,’é‘:fbﬁ?x Pt
. 4.#%‘»—? FAHiFD Y %;’—rw Zd FRL L S R R A SRR N AR 3ﬁ»(polyphenol)
B T AN R ey AL RBANELE Y R EI
¥ (H. sabdariffa leaf extract > HLE)Hb B8 My o %8 k= (apopt051s) T SR TRAEL G SRS
(chemoprevention agent) e+ o &34 #4533 HLE % # % fis 37 B~ 4~ (H. sabdariffa leaf ployphenol-rich extract ’
HLP)#r 41 6 7% ifi ;) & 1“ (atherosclerosis)z_ B+ % £ 7 j-/v\ T 4] o % - &£ owT g %% ¥R HLE 2 HLP &
FRRE P AR AP MR S Y (low den51ty lipoprotein, LDL)#% - nr’* ’ﬁﬁbg— # 1% d» q: i -‘1']
LDL(oxidative LDL, ox—LDL)fﬁiéiﬁ » B U B e B v ox-LDL 74 35 & ¢hje jk fm ¥ (foam cells) % B R
Minre p Pz £ o T4k HLP ¥ sc 583 47 PPARy h& 3 > i&a Frd] CD36 i%éik?seiﬁﬁ
LXRa-ABCAL 4 =+ 41 » 14 I’L@””‘qﬁ%ﬁ @@%J R SR NEFE R I e R ol e S B
TNFa. (tumor necrosis factor-alfa)s % s § = i ¥l *# (vascular smooth muscle cell » VSMC):‘& BB 2 B4R
o 2% HLE 2 HLP & # 12 &£ 7 2 474] TNFa# # VSMC wm (ATr5) B 6 4 0 1L & F5E% 1
AP | gt @ Frd] MMP-9 b4 1 2 b2 45 6> o ¥ ¢ » TNFof % A7rS 'z 3 4 stﬁ—\ # > HLP ¥ &
w2 ) p53 Foo ek 1Y & o0 Z T p21 fep27; HLP & ® 3 4 Rb/E2F eni & - i& @ # 5% E2F {v phospho-Rb
g & PIFeF] o Bt BUE e X 8P 8 (cell cycle arrest) e GO/G1 # o % = #453F HLE 2 HLP #4302 § p
A e (HUVEC)2 %3k % > HLE % HLP & j #54v ox-LDL @i HUVAC Mm% 2 £ 8 BF o= 2 3c%
A& (R ) § % 46 75 v PI3K classIl/Beclin-1/LC-3 12 % Fr+| PI3K classIII/p-Akt/mTOR §. /5 » & I 3% 3 ‘m
% § i (autophagy) M -3k dnee L2 b= AF G o 20 17 BOERBG S E BT B A AL B LHRA
R 2 0P L HLE Jds A v 2 9% o S PR d o end $00% 5 AT AR BB A S AT 0
anti-PCNA fr anti-SM o-actin g% VSMC 2. £ % 38 4 28R % > 2 anti-CD31 LB p £ w9 df i > %h#
LER e R 5RiEGEF o FE i AP A £35S > HLE 2 HLP & ”‘ PO AN SR
T > A BT RS SRR o
MASR DA E o S dE s R SORERAT T F A KRR B ke

o BT ok g et B S R S e TR P AL m”? S me foVE o

[ H‘

Hibiscus sabdariffa leaf, the edible part of H. sabdariffa Linne (Malvaceae), is usually ignored and discarded in
Taiwan. Previous studies have indicated H. sabdariffa L. leaf had been showed to possess hypoglycemic and
hypolipid effects. The leaves contain flavonoid, one kind of polyphenol, has the following effects, anti-oxidation,
anti-inflammation, anti-cancer and inhibition of cardiovascular diseases. In our previous studies, H. sabdariffa leaf
extract (HLE) has been demonstrated to be able to induce apoptosis in prostate carcinoma cells. These evidences
support that a self role of HLE that may act as a chemopreventive agent. In this study, we aimed to investigate the
antiatherogenic effects of HLE and its polyphenolic extracts (HLP), which contained polyphenols including catechin,
ECG and ellagic acid. First year, the inhibitory effects of HLE and HLP on oxidation and lipid peroxidation of
low-density lipoprotein (LDL) were defined in vitro, while HLP was shown to be more potent. Both extracts showed
potential in reducing foam cell formation and intracellular lipid accumulation in oxidized-LDL (ox-LDL)-induced
macrophage J774A.1 cells under non-cytotoxic concentrations. Molecular data showed these influences of HLP
might be mediated via activation of liver-X receptor o (LXRa)/ ATP-binding cassette transporter A1 (ABCA1) and
inhibition of PPARy/scavenger receptor CD36 pathways. Our data implied that HLP mainly up-regulated the
LXRo/ABCALl pathway, which in turn led to stimulation of cholesterol removal from macrophages and delay
atherosclerosis. Second year, we demonstrated that vascular smooth muscle cells (VSMC) A7r5 cells pre-treated with
tumor necrosis factor-alpha (TNFo) triggered migration and proliferation, and affected the activity of matrix
metalloproteinase-9 (MMP-9). Non-cytotoxic doses of HLE and HLP abolished the TNFo-induced the secretion of
MMP-9 and cell migration via inhibiting the AP-1 pathway. On the other hand, the results showed that HLP induced
phosphorylation of p53, promoted expression of p21 and p27, inhibited phosphorylation of Rb, and thereby blocked
the G1 to S transition in the cell cycle in the TNFo-treated A7r5 cells. As a whole, these data showed HLP inhibited
TNFa-induced both migration and proliferation of VSMC. Third year, the results showed that HLE and HLP can
protect against the ox-LDL-induced dysfunction in human umbilical vein endothelial cells (HUVEC). Our data also
revealed that the HUVEC cells presented DAPI-positive morphology, and had increases in the distribution of
hypodiploid and GO/G1 phases after a 24-h treatment with ox-LDL. Both extracts showed potential in reducing
apoptosis and inducing autophagy in ox-LDL-induced HUVEC. The effects of HLE and HLP in the cells might be
mediated via PI3K classIIl/Beclin-1/LC3 signaling and/or partially via PI3K classl/p-Akt/mTOR pathways. These
results suggest that both extracts increase the level of autophagy, which is protective against HUVEC injury. Finally,
we have reported that consumption of HLE reduced the development of atherosclerosis in cholesterol-fed rabbits.
Histilogical photomicrographs of aortic segments from atherosclerotic rabbit fed with a high cholesterol diet (HCD)
showed that HLE could inhibit VSMC proliferation (anti-PCNA) and migration (anti-SM a-actin), and endothelial
cell injury (anti-CD31). In conclusion, these results suggested that A. sabdariffa leaf potentially could be developed
as an anti-atherosclerotic agent.

Keywords: Hibiscus sabdariffa leaf, polyphenol, anti-oxidation, apoptosis, chemopreventive agent, atherosclerosis,
oxidized-LDL, foam cell, vascular smooth muscle cells, tumor necrosis factor-alpha, migration,
proliferation, cell cycle arrest, human umbilical vein endothelial cells, autophagy.
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2.1.DPPH fi d #if % oc/k
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gk d md LkFd I f2RAXF - P& DPPH p o f&?ﬁ»‘}%‘p R R A% F o ¥ DPPHP f%/3 /%> 517 nm
AETFHF TS EE T Ed 517 nmT Bk Bk ADPPHp o f&ﬁrﬁt‘}%‘ﬁ% 42 & ° 2~0.1 ml HLE 2
HLP1 ® @ 34 ml- 4 » I ml 478 f 902 mM DPPH 2 7 53 % » 395 R £ 8 530 A4ifs - A %%
BF517nm A E TR B EER o fI P RILT R RS H LT
R SRR S
ScaVenging effects (%) = [1'(Asample at517nm'Ablank at517nm)/(Acontrol at517nm'Ablank at517nm)] X100
2.2, %A Py v ehdi B (LDL isolation)

B2ml A 52 a ‘}‘E‘ »4r ~ 0.5 M NaCl 2 0.3 mM EDTA (pH 7.4)s78 & ;% 0.7 ml > x » Backman TL-100
S Aled Eao s Y o 4 90000 rpm>10°C 10 A 485 B~ 41 & % 2mb £ e » 0.5 M NaCl 2 0.3 mM EDTA
(pH 7.4)e8 &% 700 pl > 3~ 90000 rpm > 10°C > 3.5/ FF > B~ ™ A 2 ml > 4 » 166.8 g KBr> i # 3 /%
$3 5 & 3 90000 rpm 0 10°C » 3.5 /] F5 o fcB b K 0.6 ml 0 T 5 A HdE IR R Ay b o (L A e 5
1 LDL » Z # %8 PD-10 column #1432 » #%-LDL ¢ ¢ EDTA 2 "$ » 2 L2 25 ml PBS i@,—;—,ﬁa PD-10
column’ FH 2 jid{s » £ 4 25mILDL » & FH 2 jmd (8 > £ 4 3.5mIPBS> £ #5 0.5ml > 4cB~{& 3 ml
T 5 3 EDTA e LDL > @‘é‘ﬂ}%_ﬁ_ I LDL®=% o
23. § A% R % 3¢ h8l & (LDL oxidation)

LDL4 iEPD-10 columnfé > £ 4r » 10 uM CuSO4 *t37C-kigth® > - A2F B24- [ FF > F B L - =X
PD-10 column ¥ ¥ & ¢ % * 2_ox-LDL° @ ox-LDLy 3¢ T & #-H F-d £ A & 5500 pg/ml> & & F %473 2 ﬁ?‘
BIEEF RIER LS50 pug/mle ox-LDLE & 4c » fm%% & Jg# » 45 £ 120.22 um filter Wig'F > PR RES
PE w5 g o
24. 3 FiE§ 1 #5% (TBARS formation assay)

LDL i & £d 5 F ~ 39 F% 2 R ehpsforiad « Ty > 75 LDL 0§ AR AT KL 5% T
e e ?ﬁﬁ Sk FL o395 Yagi F(1987)#7ig & 2 > H RI A A% LDL § ©* chiff2? > € 2 2§ b
MDA (malondialdehyde) » @ — 4 & cn MDA § £ & 4 3 ch TBA (thiobarbituric acid)?} = & ¥ k{25 0 & 4~
TBARS (thiobarbituric acid reactive substance) » ¢ 4 5 ** g & & (Ex) 5 532 nm > 3 %4 & (Em) 5 600 nm p* >
VAR B Ty k£ - 1% TEP (1,1,3,3-tetramethoxypropane) 3 1% & ik 8 o 5t k 2§ LDL 4% f*
g2 B o % LDL (100 pg/ml)® 4c > 4F 323 (10 uM) % 3% 3 LDL 25 < ox-LDL> £ % 4c % )k & ¢ HLE 2 HLP>
o 3TCRigH? F 24 ) P o B 4o~ ZREAE 25% TCA 3% (richloroacetic acid) #-3-—v B ik ™ k>
£0210,000 pm & 10C T 4 30 A4 P 185 T #Fy FAHE §T 5 Feih o BFEB L FRE b
FHADTBAZRF &> R LDHRFRT O5C4c# 40 & 45 » FH 4 4ris » & % Hitachi F-2000 % sk &
330 240 & BEx/EmS532/600 T ip] = MDA & 2 ¢hg o
25, MR AR F9 2@ T e iE% (LDL peroxidation-relative electrophoretic mobility assay)

LDL 3 it pr o »eflpe B 7] ¢ engpiepi (lysine) ~ 2 %fs (histidine) ¥ » F T maefAfh § 23  (5en
# F MDA - hexanal ~ 4-hydroxynoneal (4-HNE) % & - @& % LDL 3¢ # o & T jm > > @ & § T 3 4o ehlf
A5 0@ LDL 39 % o Timec®enfia) » ¥ 4% LDL 30 &Y > A2 LRI B & nipFIERE R R -
& LDL (100 pg/ml) # 4¢ » 4F &+ (10 uM) % 2% % LDL 2% ox-LDL » £ % 4c 7 f k& ¢ HLE 2 HLP » 4 »
37C-kis# ® F & 24 ] % - §1* BACKMAN lipoprotein (LIPO) electrophoresis system » B~— 5 & @] & 45 -7%
Mo r Rl Bipark sl B8 Fimm it c BT o ERE I o REARF Aogel P o & 10
Bowell 272> Splented > #E 544 % Rikjpi-lwarchd FF oo f ot L iFpiir
B Ae bR o MR AT A o b 2 R AT AR (6.07 /500 ml) 0 12 100 KR R T T A 30
AaB o RESPDURA B A AR B F R AL (80 mlFRE 0 90ml k& 30ml kEERR £) 0 A
TS A& P Ege(F R R 2A0) 2 & (34 % 165 ml FpE &2 3 mlparagon Lipo stain > £ 4¢ + 135 ml
dvRR L) o FHA I B LGS o d ORI R 1450 mlFE S S50 ml kR E ) o w2 H
2T Rtk s LT o
2.6. ApoB i 3-v %77 325 (ApoB fragmentation assay)

% LDLALF *PF> #f 39 apoB 3o (¥ 512kDa) ¢4 pd A5 a A5 2+ ) gy F 5 F
% ¥R R~ 7% apoB i F-v ¥74 5 o & LDL (100 pg/ml)¥ 4r » 47325 (10 uM) k3 ¥ LDL 2=
ox-LDL » £ i 4c 7 ik B HLE 2 HLP > % » 37°C ki ¥ F fis 24 -] B5 o % LDL § {15 40 » if Bid A
(loading dye) ** 100°C™ & Ji5 10 & 4518 /4 fr2. o ¥ = = 5 > 3 MGR T fefl 3~15% 4 B W3 48 > -0 00 frif g
A A LDL 46+ [t~ AEY o AREBEFTAGO V, 20 mA , 13 J ) e Rk A 0 A E (125 g
coomassie blue » 0.5 g amido black > 227 ml methanol > 46 ml acetic acid > 227 ml ddH20)% ¢ 1 -] BF » {8 14 3%
¢ ;% (40% methanol » 10% acetic acid * 50% ddH20)% ¢ » %d T &4 ¢ RRT»FE 7P > HPEBTHRF o
Z ~HLE 2 HLP ¥r4lje ikimre 2 & 2 e p g 3 ff 2 = §

3.1. im¥% 3 {325 (Cytotoxicity assay, MTT assay)

AF A PR e 3 HLEZ HLPHR £ B Bdeie » AR me T EY T2 HE o M
Z AR Alley® A MR g R TR 2R % BRI G &) E M E e ¢ RMTT (thiazolyl blue) §d
’”‘}Lﬂ'} ¥ dehydrogenase #* 3B R 5 4% ¢ S h > 28 £ 142 F f% (isopropanol) #-% £ i3 &> I3 L £ 563
nm FTRIFIARRELBERN > d K EHA ]V EG SN Bkp 2 5 R A e £ g E T
Flpt Fp R R B s 0 AT e G 5= & @2 BIMTT reagent A o B-Erimte J774A.1
(4x10° cell/well) # % ++24 well culture plate » 4c » % [k & 7HLE % HLP 224 | P& {4 > # ‘,% Ear i A (7
EFBF)o be » 3rerg & A AeMTT (0.5 mg/ml) + &4 -] P “$ BEAA A BABREERE N k£ 563 nm

TR Ak g

141



3.2. j& ik mv 4 = 3% (Foam cell formation assay)

BLERE R me A5 o b g 4 A — 20 (0il-Red O) #-fmoe P M gipd L d B A U BR o
J774A.1 507 (1x10° cell/well) t o P¥ A2 7 f kB ePHLEZ HLP » 12 2 % £ § it {4 2  ox-LDL (50 pg/ml) 24| g
8o ¥R RME > T UPBSHF RS & 0 £ 1210% paraformaldehyde #-ime F X1 ] PF o A5 0% FRR 0 T
PBSjie= & » £ 1150%: & 5 fi# (isopropyl alcohol) & % %] » 4 » 60% oil-Red O% #| § & w¥z » 15-20 ~
48 13 45 ‘% A UPBS iz (154 4/x) e 2t iﬁﬂb%ﬁi PR B RACRT o LR N G AL G F
e d g iBF 0 WL e R o
33. mep gz EAY
33.1. fmre i B enE B

BLZHLEZ HLP¥tie kfmre p g T 2 22 B 5 - #7741 507 (1x10° cell/well) & fe P A2 2 e jk A 9HLE
aHLP’uﬁﬂiiifLféio»LDL@Oung2¢yﬁQ’:%%%dﬁﬁﬁ%niuPB$%%::t’ﬂﬁm5rm1
hexane:isopropanol (3:2, v/v)% B-‘m % p 7 ”g" - ’}4?:*;'?’»#% I ? ? OB AR gz f 2200 ul
isopropanolw ;3 > FF & fmre p g FE B R o
332, mre pEER F R 2P T

F1* 3 G2 Rl ERAR 7 B2 RI R EA > Rl Lwe ) ERAR R 2
FRREImliz@HmEe > 32 R T F BI04 4 0 >4 £ 500 nmT ) FeR kB
HEB Pl wmep 2 R E o 2N 4T
C =200 xAAgmpie/ AAgstp [mg/dl]
333, i N Z Y W nE B2 Rl

E
7

i o B0 pl 2w p Ry BT
i e kR 2 LR R

FI* 3 B2 PR =R BRI AR Rl e P Y M B2 R o B0l e
PP EEBREl mIZ FEAR L 0 R ET R 10448 0 2L £ 500 nmT R ek B g 0 e kR 2R
WET R E mepz 2@ g 2o 4eT:

C =200 XAA ampi/ Ao [mg/dI]
34. & * BL% ;= (Western blotting)

B AEE e B Fov (cell lysate) o 4c § ¥ > 4c » RIPA buffer & F-v f¥ % #r 4/ & (sodium
orthovanadate ~ leupeptin 2 PMSF) > 20 CT™ R# 30 A48 > 2 {63 4°CH @ a4 (10000 xg) 10 A 45 0 #F
b ik 5 cell lysater 7 BEFA TOTCH * o™ k5 #7i8 v T F > #-30 ul cell lysate 4c » 1 ml coomassie
brilliant blue G-250 > &% T F & 1 ~ 48> f|* Coomassie brilliant blue G-250 ¢ friv FH & * Fd 2 4§
&4 > 2t £ 595nm F - $k 2w k& > 12 Spectrophotomete  ( HITACHI U-3210) 2.7 &3k ¥ ¢ kit & %
BIE > T2 BSA G R FARMAR > ki B e X PR 2 G0 FEAR o P50 pg v 2 5X loading dye 1
4: 1 W BIRE > 02 95 CHedr 10 ~ 48> F Bk 4 fr . TP FL T Ak A o 23 SDS-R A feesd &

(SDS-PAGE) * % eifieds » *v A 8k = = {8 > T & " (separating gel) &R A + £47F @ e @l & 6-15
% > + & "} (stacking gel) R

EA4% M e T ARBYMESHS > TAH > # ruming buffer v > P F I RIB G L P ALK
2 30 B AP s well ¢y @R AFE D wello B ¢ — B well /2 » color protein markers s # #2 4= running
buffer 4c » *tH{+ T EBTHER > BT AT AERE - L1 70V @‘Fﬁ?ﬂ A $k &~ I stacking gel ¥
separating gel 2. 2 B s R B ETm 5 90V 0 ¥ loadingdye 83 AMPEA B2 Tk o 2 {53817 Fo #FE o -
BB P RPN E A RRAY S e 2R <o e 2 ) 1 gk 8 A (Nitrocellulose transfer
membrane, NC paper) » £ ¥ & $kjg A3t H b » H @ 475 jg i~ NC paper 3% 712 transfer buffer % /B - *
AFHBAAF e E A (P AFME) A% r@FHY o ok NHTTRI0VEF Y2 &)
P o g F 2 2 {8 0 B~ ) NC paper’ 4 » 5 % milk blocking buffer > # % 8 T # % 1 -] F¥ - *2 washing buffer (TBS
+0.1 % Tween 20) %= = » & & 10 A48 > 2 {84 » — B4kl (4 47 NF-xB ~ c-Jun 2 c-Fos ¥ % v )
2 4°CT™F & K% 5 } 12 washing buffer '};aii;‘a; Lo F 10 A4 o FBFL A - B BANERITR ]
| PEtS 0 12 washing buffer i = & » & = 10 4 48 o & {8 % NC paper 2 » % 3 (Tray) + » * & K §
41 washing buffer » £ 12 Western Lightning ( Enhanced chemiluminol Reagent: OxidizingReagent=1: 1 ; ¥ ECL
substrate ) % # & 1 NCopaper > 3BT 9 F - A 481 » #3 % 41 ECL substrate > #-4 3 #x » FUJIFILM
LAS-3000 z_ /4 & &8 a 47 % se@ > 12 ImageReader LAS-3000 Life &% %47+ #c48 » % Chemiluminescence
iE 2T 4p B R e > 2 FUJIFILM-Multi Gauge V2.2 #if8 <8 39 B A& o

T BRFMASHEE LT e A A2 BRAE LG
4.1. & 50

BN A Bt deT () ¥ 44k & % (b)B 5% (HFD) 4k & ‘& + (c) HFD + 0.5% HLE - (d) HFD
+1.0% HLE ~ (¢) 1.0% HLE ( & {+3#5 % ) » — 4£ % r/normal diet#& & > 2~5 % 12 HFD : 89.8% chow » 10% coconut
oil 2 02% "2Hf% > FokiEMaY T ehhb A i ME PP > T Fedd = allcp o %258
THEAL F s o B Z - GRS RECIE L RATE B & RRAEHME S Z f4 ¥ % ~HDL
LDL » ¥ - R {pB~% e Sp] 0 A0 370 P8 B 2 LDL2 k& - 4ts » o %o 2 2 $27% 5 (aortic
arch) ¥%i> » {872 » 10% " 445 5 k¥ ¥_(neutral buffered formalin) - 12 7z # & 32 » 12 hematoxylin and eosin %
§BLF R gt R G 2 I E R D ARl e B 3 BRI RRCELT g YR R MR s e 2 “f ’
L2 3 N 'F’ I > %Ffé Moilred OB 74 ¢ » BLEIGH 7% ? RN REP FLRBE 2 TR A * oo
4.2. .E.’%koil red O ¢

#-o0il red O (300 mg/dl) e fi% % 3 3+99% isopropyl alcohol # » i 7573 7% o #-fie & 47 2 oil red %75
A RBPBS 164 Gnt GRS (S F R 104 2 S0 BigTE # % o B L 12 10% neutral buffered formalin
T ®_2 8§ A #4% > % PBSRE {8 0 1150% isopropanoliE i 54 45 0 I loil red Oz % F 34480 £ 120%
isopropanol '}Fi'};tl AdBis 0 Bots ® PBS K § A RLIEE o dodk n P BET P PR3 (fatty streak),i&g 4 0il
redO % = i=d - RAp{s &P 5 ﬁ"?ﬁﬁ%l * R B 1R MaAz 3N (Image Pro plus): & § Pa#m3aff 2 n F d 0 A
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Lo
4.3, 5 5 By 9 2 SFERRN IR A 5
;fdek 2 v ﬁhl,xsﬁ LR AR E R e ARB S H12-14 ) S RRDHBREEFTAER A4
Z Y W fq (Serum trlacylglycerol » TG)

f |% fad 2 0 bR R P F R OFROFIR Y bor B4 A 190205 kif o 1A % % B 3422500 nmT ]
&I E ' ETGER ©
4.3.2. % & 7 f%(Total cholesterol » TC)

# * enzymatic colorimetric method » & sk ij F 3 MRS ?fruz ?ode o B4 OH o B3TCokip o (FH 2 (87T 2
X d L EF o A KELBEISO0O ML E TR TR KkE 0 aETCER -

433. 3 @,»E:Fa 34 *& it (HDL-C)

BHPER T 20L& R RIL s B R 2 FHISR Y 4o~ i o0k ) > #chylomicrons ~ VLDL
LDLichk » €% = 2 88 » PR ik 4o » PERI AR R T8 A 0 vk
43.4. % R "5 3y & F(LDL-C)

BHPEE TR 2 I RIRIE PE ch R RS FR ¢ 4~ i A > #chylomicrons ~ VLDL »
LDL i » 8% = 2 {53400 » PP R bR b M PEFRRR GEA > A KRR A AR (500nm) T
RO PR & RMEER Edek b bR ERME > T FLDL-CER -

I ~ 33t £ 45 (Statistical analysis)

Py 1 means £ SD # 57 o 14 Student t-test-Unpaired k3% 43 £ £ - P<0.05 %7 2 5 BF o
oA EFEP A (HLEZ HLP) $riimse T Fivmie 4 LGP 2 7 .
~ ~m%e3s k2 VSMCE ¥ 82 H 4 2 {2 >

ARBHRATR Y D p SR 1IEFREFTAS T RES ERY ¢ o § 2 Rat smooth muscle of
thoracic aorta—A7r5m% o }* fmoz k p £ & 93 %'3 3R R 13 &Y 7 F 10% Fetal bovine serum ~ 1.5 g/L
Sodium bicarbonate ~ 4 mM glutamine ~ I mM Penicillin—StreptomycmrﬂDulbeccos modified Eagles medium
(DMEM) % i # o #42 % 938 5% CO, ~ 37CE B i > 1 me 3 L3 R 2 (HR i - F P %
WPl oy e B R 0 110.5%FBSen32 & % starvation 24-] FF2_ 15 > 4 » 7§ TNFa 10 ng/mLmi‘; LREF R

'J F‘*?; IV EER K -
= zﬂﬁs;ﬁ’b.frdin\ (HLEZ HLP) $3t % & jfovimre 6 (7% 2 P IF
2.1. }m % 4 JLP[EE(MTT assay)

# ATrS fmre (4x10° cell/well)3z % *+ 24 well culture plate » 2 0.5% FBS 732 % ;% stravation 24 -] FF2_ 5 >
box 3§ TNFou 10 ng/mL <55 & 2 2 f 13 0k & cen HLE & HLP 2 24 B id 0 4 fremss & (3
Bede X i) e x 3708 & Ao MTT (0.5 mg/ml)F s 4 /) P& > %%‘fi“%‘gg’ﬁ%ﬂﬁﬁ%ﬁ%-pas/a». » ik &
563 nm T P TRk E g it o
22. A& BkfEF0 24 F 124 $5(Matrix metalloproteinase activity)

* X B (substrate) £ F-v -k f#fi# (proteinase). & R XL > #-X 4 » SDS-PAGE 0T g ¢ > @ Tk
6o &P ke KERFERBZAFTE S ) 2R A BT AP =y o £ I * triton-X 100 22
SDS # 3= -k fBRF AR B 1 ;»n' KAREE T LA JRRAR Y S e R TARA RIS 0 R GAE R TR
Al(coomassie blue)% t » Fpt A FF F R T > Fv REFETADEE T § LMY § HE 0 L RIp0 ¢ R D
RN Aot T T Bed K fRpE m,r'b‘_ﬂ’ o #-ATr5im % (1x107 cell/ 100 mm dish)12 0.5% FBS i % i
stravation 24| H%’ ¢ > 4v» 73 TNFo 10 ng/mLén38 %% - £ 13 kA cOHLEHLP* 24 p&is » 11 %
Rt e AR e AL in AT & oK R R iR (MMP),; A U5 B gL R B A5 R
ets 52 » 0.1% gelatin-8% SDS- PAGE TAREP RN FTFRAZEERDOT AR A R0V E140V
T REBFTT AL FRALHE LS 0 U 53%’;';’%(2.5% triton-X 100)2 *2SDS » # & 38 T 3 &30 A 482
oo fR{é 4 » F % (40 mM Tris- HCl, pH 8.0, 10 mM CaCl,, 0.01% NaN;)**37°C 128§ ¢ & 12~16 -] pF > &
Jls = 59 5 104 4 % (coomassie blue)# ¢ 304 48 0 £ 14 %4 % (20% methanol » 10% acetic acid)i¥ % » BL7 &
N
23. E} £ %5 (Wound healing assay)

H-ATr5 w7z (5x10° cell/well)#2 % 56 well culture plate » # % % B 4G ~ A % P 110.5% FBSH132 % %
stravation 24| ¥ 2_ 15 > 4 » 7 3 TNFa 10 ng/mLé38 & 7% > £ 2 % )k B éhenHLE ¢ HLP3: & 5% CO,~37C
UL IR Y o Jfd yellow tip sy K ¢ 10— ) g o kR R R L 2 BB N
T - B OEE };};‘T L Wt g me BB R T Frd] o F - BRPFR(0 24~ 48 ~ 720 PE) L iR 2 R BB B fm e
A D > ¥ ESEBRS BRI R (T me D it e
2.4. =% # # [+ 4 15 (Migration assay)

41 * 48 well Boyden chambers4 45 = ;2 » lower chamber 3 7 7 20% FBSe33 & i+ #2728 g2 24| PF {5 >
12 trypsin-EDTA$7 T 74 4% ¥ * trypan blue 3* ¥ ‘% #c » #1571 » B L& him e (5x10%)* upper chamber
Hrme Bd6 ) BErLis > BT RN, LY BRE T w104 40 b iS5 482 (8 > 1 Giemsa(l 1 20)% ¢ 1] pF >
ﬁx;; R E A BRI K e o G 400xBE Hcs R T Bwell REASIE B3 B AL o #SB well (T4

”E E:-V jb—F\_L °
2.5, frils § }ﬁ‘ﬂ’b&m"’agﬁk\—’r WA
2.5.1. pER & prid 4F F i (Real time-polymerase chain reaction > real time-PCR)

#- it 212 total RNA » 1% DEPC HyO i 17 4 e A2 /& 2 A8 > ffR 18 2 RNA i & r2 2 %633 & 3 B

fed Bt E I E B A 1 pg 2 total RNA ehfif > 38 {7 & & & (reverse transcriptase) o % & 4 F B2 = 97

—ﬁ

@l cDNA 7 11t 73 & 1 4R (L8 PCRF k2 * it 17 L8 PCR A H 3 1 F A § %o A 47k
%]z primer (¥ % ° reverse ¥ forward)#? TagMan # & Probe # % %= & - £ fe @] iQ Supermix » * *™i& {7 PCR
F 2. * > Supermix 7 7 PCR F &7 7% -7 dNTPs ~ buffer ~ 4£4t+ % > § Supermix ¥2 ¢cDNA template 2 & {$
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(3% vortex 5 DNA polymerase ) » % ¥ %z » Real-timePCR { % i& {7 4 47 o #- Supermix £ primers ~ probe
s A ¥ 18 o] o 30 - 20 pl 59 Supermix 2 feik 4e » 96 well plate 2 8 i@ e PCR & * 3 % ¢ » (s 4 » Sl
=g cDNA template » 8 4 47 % % (Bio-Rad iCycler Real-Time PCR) °
2.5.2. @ 7 B &2 (Western blotting)

- #Fs%k™ %34 -

2.5.3. & &84 F & 47 (Electrophoretic mobility shift assay » EMSA)

v ?-‘”‘f 7 Ae B -9 ?-‘rf,:é‘ o NP BEARASEREL Wl T T - B REDHF oA
EMSA & 5= ;L’ B FEPRSEERY ’% e x4 — L7 49;\%;; BB 7 g B H ;’Eﬁﬁi(oligonucleotide
probe) PTG ARRI Y et s R - RS 0 R & P03 ik fi (nondenaturing condition)

Ao R G BTG A4 é‘ 8 croligonucleotide & "3 48 ¢ #% & (7 fp; & 202 F-9 B % & fholigonucleotide )

a’“ R S Lv\—*’ﬁ'ﬁ Weep b TR - d BT g da FHL R .

S RAFEZFEPF AR (HLE 2 HLP) 3w T ?f"”‘*}m’??{tﬂﬁiﬁ’,?‘
3.1. ‘w7 3 £ & M (Cell growth cruve assay)

* ORI e A B A0 B 2 o #ATrS iz (5x10°cell/well)3: % *+6 well culture plate > ¥ wre 2R 9
N & B P r10.5% FBS DMEM 325 % 24 PF{s 2 4e » 3 7 TNFo 10 ng/mL ¢33 %‘ 21 2 e A HLE & HLPE %
55% CO2~ 37°CenfiiB it © » 5 I — A (0~ 24~ 48 ~ 72 FE) 12 i5] = B pledi 22w %e A fa 7 e P > &
P REERSBALIT R (F e B P itk o
3.2. wm%e 3 4 {#5% (Cell proliferation assay)

BrdU (bromodeoxyuridine) £ DNA#% £ thymidinesi— i analogue ; § % i& (T DNA & = pF € B~ (& thymidine
incorporate¥|DNA ¥ > £ 41 * BrdU monoclonal antibody< ¥ ;| tm#¢ % Fthymidine incorporation 3} ; F|t &
4 ADNAZ # L cnim® ¢ ¢ & BrdUH P4 RS > 7 2% & A 47 im % ) cnde 4 5 o ATIS nve (5><103
cell/well ) 32 % >+96 well culture plate® » ¥t %24 F¥{s > #-media # = serum starvation;k & - ¥ 24|
A w4 » 7 5 TNFa 10 ng/mL 33 %7723 FAE SHLESHLPR & 10 uM BrdUz & - 42 F & > 314 ﬁ’F M)
S %platei&fé’éﬁ oo L MFR A4 Bewrind “f » A& B3tk ¢ 4e > 200 pL Fixative Denaturing
Buffer z /§ # % 304 43 - #-Fixative Denaturmg Bufferd *% {6 > & B3tk @ 4 ~ 100 uLAF# £ 2 Anti-BrdU
Antibody Buffer [ # % 1] P o 2_{& > #-Anti-BrdU Antl ody Buffer3 f £ 1 1x Wash BufferEix = =t - 2
* Wash Buffer?s » 4 » 100 pL Reconstituted Conjugate Buffer# % ¥ ¥k 154 45 - #-Reconstituted Conjugate
Bufferé “f » £ 12 1x Wash Bufferi# i = =t o & “f Wash Bufferis » £ ZddH,OB x4 v o 2 {5 » & BFILjE
4v »~ 100 pL Substrate Solution » F B4 % 2 k154 45 o 154 458 > % BIVF P 4 x 10 uL Stop Solution » %
BAEE Y ER]SA 4 o B F 4503 540 nmit £ T 1 ELISA readerif Bovx sk i@ 0 I #4 £ 450 nmz2_ vx SR B R 2
540 nmz_ w5k B R G R By o
3.3. 3m"’e T A 15 (Flow cytometry analysis)

TN dm e 15;‘51]1;}];[ LA =1 T ﬁ%ﬁvfﬁ? » R LR e m”?;}%?ﬁm@ﬁg s Kf F O FEE e ik
eek > BV U mre s Bk E) SDNAZ E e BB s p TR ER R L EE o BATSm
5% (1x107 cell/100 mm dish) » 120.5% FBS ;’1’*&“ % i stravation 24/ BF2_ {5 > 4r » 7 3 TNFa 10 ng/mL<33 % %
ke 34 0 U7 ek R HLPRJIZ248 48| pr i » L U PBSH ks 0 £ 1) 9’ trypsin #-‘w e £33 F x H
L,\,‘%;{B‘_’F %(7?9'@“'?7’-"jgui%’;\;‘gmgé?’é)’wgﬁ— ’i,~__/ /xi’iﬁ'ﬂzpzmﬂh&x}f” w*i’:ﬁ— N __/Ja/x’:?’ﬁxw
TR W im e o ST MR FACIE e~ 1 B 709 ﬁ?ﬁﬁ;ﬁm’?é(i}%ﬁ*?—zo T rAgd-B7)e A
LHHR AL 4 e FE o R UPBS ik L 18 BT b o TR R TRC e 2 1 % 2 0PI A (20pg/ml
propidium iodide ~ 20 pg/ml RNase ~ 0.1% triton-X 100 )> 3+ 2 /BT 4 & 154 45> 7 #F %> 2w ;N w2 iR (BECTON
DICKINSON) 4 #7 » {rﬁ #-fmre B 72 e PEEP DNA 2 £ 2 CELL Questiic 88 IF.f‘:E B T BRSO H P lm e E AP
ehlm e ﬁft'ﬁ 47\ SR R R i %E"!E‘,%HLP{? £ 5 #r4]VSNCH 2 g 4
3.4, Frdla ﬁ”"“ﬂ?”?i%4ﬁ3ﬂ5
34.1. ¢ = ,—\b; 7% (Western blotting)

Fw— EFBRDE 34 0 BIEHEIT2 ATrS wbe & B3t 24 o] pE{s xP~H lysate » 12 Western blotting 4 +7
pS3 ~ p21 ~ p27 ~ pl6 4 E2F v 4 TLE pS3 ~ RbAhAL 1 £ R -

3.4.2. & %% Uik i# (Immunoprecipitation)
TUFREGE T LR TR AL Y F AR B R E\'E‘J‘"}w ES R O O RN R E RS
E]ﬂ"—ﬁ‘r’ ?f’mﬁ’?"”’iﬁﬁ’/ani“ I p ’]@-;‘V’ ’ N Tnﬁ}ﬁ-'\»ﬂhﬁx ji}éfjlﬁﬂ /17:?“ ?5'}9 ?ﬁ'ﬁv\{gﬁ_?j”

x% FRAE K EERT  BEE - 5;\“?-1"5’555 ) EJ R I HcE Fv o
T ﬁ.&}_ﬁ_%\ A (Immunohlstochemlstry stain, THC)

B 72 VB R H R0 TE G R el (54 ¢ anti-PCNA: proliferation marker % anti-SM
a-actin:. SMC marker) B oG A d HpE ko iE D) 18R M«Té? PR R OFARRNLP b ik £ 4%
slide » 3 H w8 & %8 » * SecurelineR pen & ”Lry shde » $ EPBS ¢ 5 £ 4% 2-3 x PBS B %slide » 2+
e Rk mountmg media ( SecurelineR pen & %i-k % jrikslide # ¢ 444 ) o 3 .__1“*; A% [FiE % ebuffer > 4c
100 ul = ﬁ-—ﬁ%«%fim— = F88 3 slide ’ér_im_‘fi'“ - ] EF(FHRM DT R Y %‘«m«wrﬁ z_)> 'f |* PBS
R slide - Au\ﬁr’#%»:}* slide> # % 4 » 100 ul = ﬁ-—ﬁ,}a)}‘: hd % B & - =t FRl( 2 JF R ¥ speice
- K Fisotype 48 T match) - AF B T AN £ 450 fl* PBS & slide = &> &F &K= & 5:%_:}‘%;# slide »
£ F 40 ~ 100 pl Strepavidin/HRPF|# # slide » &% T F B £ 45 > f1* PBS % slide =% » X2 &
48 - % % DAB (DAB 4_fécarcinogen * #% (T /| < > BAF L 2 ) > ol aniFH slide 4T % slide &
TG > 4r% # % SeguenzaR rack ¢ 4 “f coverplates » d#slide B3 T q (# &F slide sz#) » & Bslide ¢
> % 5400 pl DAB 3% > FEZ TG & %‘«JF'K E47% » tthumid chamber F BT A4 2 4 o [ wihgdes B
slide » e FiF#- 54 DAB» B3 4 2 Faar A oRdEd o % ki Bslide= = o
I ~ 33t £ 45 (Statistical analysis)
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Py 1 means + SD # 57 o 14 Student t-test-Unpaired k3% 23L& - P<0.05 %7 2 F BF o
Fz& A EFeP 40 (HLE 2 HLP) RiEs § P 4w i (57 o
— ~ e & 2 HUVECH " 4f § 2 #5502 =

AP KRR hm p SR 1 EFREATTA ST RESFERY ¢ M 2 human umbilical vein
endothelial cell—HUVEC m % o p* 'm¥e % p A $FVEF % f24 18 32 £ 3YM199 (M 2 20% FBS, 100Iu/ml Penicillin,
Img/ml Streptomycin, 15mM Hepes, 2mM L-glutamin, 5u/ml Heparin, 100ug/ml E.C.G.S., pHiE=7.2) £ &% ® -
#5 K f i R5% COp3TCHIZE A {3 R E R R (#5505 X %0 P U § % R
110.5%FBSe#% % je starvation 24/ FF2_ {5 > 4 » 7 F ox-LDL 50 pg/mLesg & p £ F R24-) pFis > > V ik (T
7 555
S RAHEFRF S (HLEZ HLP) $3p Lot 4 442 2 £ 2 128
2.1. }m'e % 7% B3E(MTT assay)

Br- #fsk™ %210
2.2. m% % {4p|3¥(Lactate dehydrogenase assay, LDH assay)

e & fr(LDH)E - At B¢ g% > - © e X 4F > LDH T4 @ s mre b o ol § i‘“ A0
TR R aE M B e £F £ )4 B - LDH IR 72 % * In vitro toxicology assay klt A ek 7 LDH -
HRpILimwe hrz i Ap o d rﬂLDH % iﬁr} f % F &0 {8 % tetrazolium B #&4k = io d formazan AL
A kKR 492 nm kB B LB AT S e AR 0 BB 50 ul R AR P 96 A ¢ B F
Bz o 4 LDH # 4 %2 @ ¢ LDH Assay Substrate Solution ~ LDH Assay Cofactor Preparation ~ LDH Assay Dye
Solution » % B’vka B EOYREEN Y B3R E > 1 pipette BB~ 70 pl cH LDH 384 » F1 96 It s e P R o
B FEAAITC BARY CWRF 30 Akt r 20l INARFEY b F o 1S 42 A 5 %k ELISA
reader FF P4 £ 490 nm v* 5k {E o
2.3. ‘m%e 3 4 #% (BrdU assay)

P‘F"%/:’ﬁi’%%’%iz- 32.0
S RAHEZIBF A (HLEZ HLP) #3p L ime 72 2 BI8
3.1. }m"i e R WAR 5
3.1.1. DAPI stain (4',6-diamidino-2-phenylindole stain)

#-Fed? 14 e HUVEC 2 ‘,f_ ;F o R 1 B PBS 217 wash > 2 3% para-formaldehyde i {7 30 4 45 %)
T o FHES “f Fleikts o £ 2 PBSiEF Wash fe® 1 pg/ml DAPI 2. PBS & {7 fm% 4 ¢ 30 /’a\ﬁ‘r o B {s 3 ¥
A L 4o~ PBS (50 wE I FORBMET ETRET R o ERyp5 % 8 DAPI-positive 2 mf i (T &
it oo
3.1.2. w¥2 ¥ ¥ & 45 (Flow cytometry analysis)

P?' - ERESE33.0
3.1.3. 'mP% k= % w2 X B F AP M 39 4 17(Western blotting)

Fo— EF B> % 3.4 0 B AIL2 HUVEC fwm¥e & W3t 24 -] pF{s g P~ 2 lysate » 12 Western blotting 4
17 caspase-3 - E2F e p-Rb v % o
32, v oA 45
3.2.1 AVO stain (Acidic vesicular organelles stain )

PRES PR - falme p I DR - S AR R N AR TR e B R RS ABEAH
(Iysosome).s & 35 = autolysosome » & 12 A fE 3 F 4§ ¥ i d] » 7 AN g enfrd s AL E AVO - At
AT 5 AVO ¥ 12 5 o acidine orange i (T A 4 4 0 Flpt LR HLE & HLP AJ22 {8 » fm%% AVOs 135 = o
A SEH kRS HLE & HL AJ22 {6 » 11 PBS Fie= = » E’:}:’ﬁ'?rr’ﬁi“ % ;% > 4v > acrdine orange %
(1 pg/ml) s 2R TERL AT 1S Ak BAEE R D L PBS ik fh 4o r 3T R 0 0 ¥ LB
fi"ﬁ’&’ wie g k2 Bt T ipfRiEs o
3.2.2. fm¥% p A M 3-v9 & 17 ( Western blotting )

Prﬂ Bz EREE 313, 0 #5282 HUVEC Mm% & %3t 24 /] pFis4cP~H lysate > 12 Western blotting
» 41 LC-3 ~ Bechn 1 ~ PI3K classlIII (p100) ~ mTOR ~ p-Akt ~ Akt 4= PI3K classl (p85)% 3-v % M -

T~ LA E %& % ¢ (IHC stain)

% BEFRS 2P o 4 ,\@#« B 2 Hi-v FL G R oyl (anti-D31: endothelial
cell damage marker) % #% % ¢ HpFdd 7] i p) .___.M«Talﬁ PP L Ry ARG P he
I ~ 33t £ 45 (Statistical analysis)

#ichg )2 means + SD # 77 o 12 Student t-test-Unpaired k3= 535 £ B - P<0.05 %7 2 7 B Ffe -

(T) B3adm (F8%B2LER)
¥- 3 CRAEFEF AR (HLE 2 HLP) #4132 ABG S H FLd o A A2 FRA L g2 ekl s
= 5% o
- ~RAELRFEF (HLE) 2 55 (HLP) = > A 52 FE

Lo 47

2 HPLC 4 45 10 B % > &2 & : 1. GA ~ 2. protocatechuic acid (PCA) ~ 3. catechin - 4. (-)-epicatechin gallate
(ECQG) ~ 5. ellagic acid ~ 6. rutin ~ 7. p-coumaric acid ~ 8. ferulic acid ~ 9. quercetin ~ 10. naringenin - H % 7 pF fF
(retention time; RT ) 4 %] & A& 1 3(Fig. 1A) 5 ¥ ¢t » j&_Fig. 1B 72 % Fig. 1C 2% 7 {Faw#ia 4l £ 21 5B 0 eh
HLE 3 HLP £ 4% # 5. (HLE + standard 4 2 HLP +standard) # % ;8 & » H RT Al A 11} PER BLAR P & o B8
% Table 1 &g5% :HLE # 7 % i = i» catechin (4.25%) - ellagic acid (28.20%) cHLP Rl & 7 7 B =1» catechln .
ECG - ellagic acid ~ ferulic acid §= quercetin > & % Z £ ~ 95 7.40% ~ 16.53% ~ 10.30% - 0.70%4}? 0.83% -
1.2. =&~ 47
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41 * Folin-Ciocalteu * jz jp| ’iHLE 2 HLP & § % {8 3] 5.22%7r 35.36%%, % ﬁif: %z ¥ (Table 1) - * & HLE

T HPLC 2~ 7% % 2 S p4c 8P 5 3245 % 57f€ipé°5e'§m;ﬁ»/\‘g ”"If-'aﬂ" e X o 11 HPLC k% » v A7t

F* ¥ L6 HLP #l & 5 L%ﬁ‘%-.% fven- fE3EE 0% RIE § As 7 £ o0 Folin-Ciocalteu = j2 (33)47 § % #1
HRE RS R P T E k¥ - i“i})‘iHPLCLﬁ%%ﬁ-’r B 'ﬁl% (catechin ~ECG {r quercetin = 24.76%)
SET SR HLP & 40 blhd o ﬁ | % Jia 2 A5 E g2 W F M 5 £ o Table 1 2% &7 : HLE 2 HLP
K318 5] 20.98%Fr 65.16% 5 fir Bl T E o @ T F 2 R «L{%%* Fuleki {v Francis ehpkdk & £ 38:% -
ko4 HLE 2 HLP» ek @ g 52 ‘\:}ﬁﬂ o ;cféﬁ A3 d) HLE 2 HLP ehic§ 2 R &
1.93%% 1.33%-°+ if = & #Z 8%EF HLP # it it = 2. 2 £ 3> HLE-HLP /2 5 % 2 ?ﬁf?ifﬁ’»#ﬂ’
v uz;;?% B e 2t BB o
R EZE$ 2 (HLE/HLP) ‘f”"‘#‘“ﬂ’“f;’i‘ LDL § it 2 i¥% 2 zf'f pod g2 acd

LDL i PRt AT &R 453 2 6 k3t TLDL kv § B AF ( oxidative modifications ) £¢
ER U E f’F* (lipid pre-oxidation) > & F % t » v % & 17 72 % ¥ % (LDL peroxidation-relative
electrophoretic mobility) » %] < LDL #-v ¥ it i3 &F 42 /& » @ #q fernuG g v iv% eifp %] 2 TABRS assay ®
Rl

i F I % (TBARS formation assay)

LDL § i ¢ 4 £§ 4 MDA> - 2 3 ch MDA 2= 23 chTBA § 2 S L kP FenR &4 Ut R
ek BV Y MDA JER o 1% fTiEF it 2 ¥ 24 MDA 2 s“;‘%fiiiﬁ‘;’ f’v”;, Fi#F i endpih o 4o Flg 2
“ J it 10 pM 4 i R “ahle it MDA EA &84 1 e » 1 ik & o HLE & HLP
- A2k Bt F R ARDE M MDA 78 £ H A fl‘ﬁ 7 HLE 1. Omg/ml (Flg 21&)‘\' HLP 0.1 mg/ml (Fig. 2B)
i %] > ,%;!4* T A b mMDA 4 G\'ﬂ » Bgor 41 HLE 2 HLP & 5 Frdisv 3+ 738 3 2 ¥ ’F’@J; it
HlE o
22, kv 2 e m Et%“""ﬁe’% (LDL peroxidation-relative electrophoretic mobility assay)

LDL % i* ¥ 39 B 7|7 gyt (lysine) ~ 2 9%pt (histidine) % F & % 57 M;ggﬁ&me -amino group By
it & enpg#f 4o © MDA - hexanal £ 4-HNE % 5§ 4 = Schiff base @ @ LDL % & * R 7> @ f T 73 % -
m LDL ¥ “ {830 &% enT Jmec @ 70 B d F A E’: 7 F# 5 enpedg k 2] %0 1 ¥R % (control
group) ¢ ¥ Ap 44 # ehi= ¥ (REM, relative electrophoretic mobility) % 1 fin vitro § % * > 12 10 uM 4F 323
HELDL* 37CH - 24 pris > Hd F REM W #R2 %7 2R o ’E_Pﬁﬂ?fi,’]t % kB & HLE & HLP
- A*F > &2 HLE 1.0 - 2.5 mg/ml 6 & * # REM w4 P22 ¥R #E%(Fig 3A, left panel)e #* *t & HLP 2.0
mg/ml k& T > # REM i $# R 250.8 & (Fig. 3B, left panel) o d * it % % % &% > 3 7 4 HLE & HLP
e sl > H REM % 't positive group (= 27 e X Bgr 5 23 4o >~£R§é,ﬁ‘.—+ % %mi‘u )% i< > BEor I E G P
#]% 5 LDL § i ehi®* o
2.3.ApoB #f 3-v %74 #% (ApoB protein fragmentation assay)

e in vitro F % ¢ ™ 10 uM 4¥ &+ F ¥ 7 > LDL *t 37°C§ i* 24 /) pFfs > 2 LDL ¢4 39 apoB 3 100%
84 ¢ 7 hlF FFF 23k kR DHLE & HLP - A=F ff2 > & 2.5mg/mlHLE k&~ apoB 7} 81% ¥7%(i%
% 19%)> & & 5.0mg/ml k& T apoB 4 F 45%%7H (% F 55%)(Fig. 3A, right panel) ; @ fd2 HLP e %)
0.5~1.0 v 2.0 mg/ml ;& & ™ apoB % "]”ﬁ 84%~75%F 22% %74 (% F 16%~25% v 78%)(Fig. 3B, right panel) -
d PR RERRT G ] 4v HLE 2 HLP eh/e %] » H apoB %74 £ +* positive group "% i< > &7 —Ff LN U
4] LDL § i 2 (v % o
2.4.DPPH 4 if 4 5c

DPPH % pfﬁ%«wﬂp d A SIT nmk £ T E R Rk o F DPPH kA% MR X Es £
SEZ2TE O Ut RIZE R g e ’E”,Fi pd A2 34 oA invitro § %4 1 mM DPPH 3 positive group
B BAR B TR 8 7 kR S0 HLE £ LP/PJLWJ%&T, % DPPH s d = o Fig 4 # 5k 5 % b7 -
HLE 2 HLP JE RAXZ 4 p d A2 H i 4 &% > £ 3 /%E‘.llifﬁ e

i F 2 LDL § AT AB kiR 3 2 AR pB TS 0 J F iR %% % A HLE 2 HLP
54 #r4] LDL 42 it 4 » 3 % & LDL ehdev § 1 3402 P85 (0 (6% > d & P % kp HLE &
2050mg/m1/%f§: HLP # 0220mg/m1/%)§i" xﬁ"J#Fﬂv‘JLDLi fLiE® omd ‘F 2B d z%_\év’ﬂ%#.%:‘ # IR
HLE 2 HLP £ 4 #% p ¢ AAehstii » 47 # 24 @ LDL 7 £ & apF i 6% £ Sehp o A5c# o 4
¥ 4| LDL § (+ « #) HLE 2 HLP £ § 4] LDL § f* ek 4 » #7 5580 3 £ § dobl o rks o ol 14 35 4 2 1
* o2k m > A g A& HLE Jk & 2.0 mg/ml Ef% # DPPH ; i"f »cd 6% 50% (Fig. 4A)> @ % HLP & & 0.2 mg/ml
2= DPPH Fi“f*z" P85 20% (Fig. 4B) - izdt 2 % &+ » HLE 5 HLP # s ¥ % ¥ {ﬁ@ ffl d A o Frd
LDL:TJ; LT s iEm R e e ) ﬁ,akm”e’ﬁ\»,e/i WP A, A o E‘gré”}%}i Pt et T 0 &
&

. ‘4"“_5-3'd EF 34 2> (HLE/HLP) Fri)ie ik ime 2 4 &

Ve R e i B R Hpds kals e AT IV g 4 m;}%g;; kA e 2k m e {:}F] N rg R P Y n 3hAR
L@ r;t‘rhl‘ﬂv;i"m”é[’\iﬁﬁ = —‘T’”*"ilﬁ%‘ s R R ie iRim e A8 g R R B MY @A) g An o F e
2 € 5L ox- LDLrT!fH/)%I’r X § A F"iq"‘ Bg(scavenger receptors) @ #-ox-LDL% ¥ 3 . m”e o T g Rrd] e
Rt 2 4 A FARG Y M ‘\H}%H fbaf 4 Matdpik -

3.1. ‘e F %

i?‘u?@]774A.IE P m e 3 HLEZ HLPZ SR B 5 o 10208 i fmve 325k 97 Jf 2. 5B~ 4 & £ - d Fig.
5¢ 1:%5:? 21 b HLEZ HLP#H%: 8 i & B rifrim® 2 7~ 4 11972 2 %8 49 % % (HLE: ICso> 3.0 mg/ml
% HLP: IC5p=0.75 mg/ml) > F]* i 5§ %3 * 1.0-2.0 mg/mlz. HLEZ % 0.1-0.2 mg/mlz_ HLP »
32, @ kimie 4 RS

iR E sk oA e R 1 FarHLEZ HLPW § sk R LDLeRF i o % £ 38 - ¥ 3¢ & ox-LDL& 3 f4 >
FOUEemie B AR je R mie e € o R FAP L U]TT4AL E VR m e ¥ L F V432 ox-LDL LR E_

[ e St q»
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T e g iekimie2 4 2 o d Fig 69 F U ERRT &lere N30 E R4 £ i oilred OF A7 %
2P R eI o ARG R F Y > fr7 A i d AR > VAP A s e F e ke 2 A
* o @ fox-LDLY|#™ » fwi o P2 7 fe )k B 2. HLER HLP S » & 5 BAcA ™ LR T E vlm e T3 ff
i & RE 2 i (Fig. 6) o d B %424 A JZHLE 2.0 mg/ml% HLP 0.1-0.2 mg/ml™ > § »c"% 158 jk fm¥e 4
X2 0T > P - M FHLEZ HLPE_F # g (Y 2 B LDLS #fan= 58 » R biekime 4 & o {8
F g s HLEZ HLP#: 43 3 »adrdlie Rime Al > &/ Rg e ool it 284 -
33. w44
tox-LDL# ¥ 7™ ¢ T E w8 & 5 vfox-LDL> & Fimre p * E 324t o L 75 &> LDLYF ¢ c"E Ff 2
fat b Fq o Flm A5 g g e ke o 464 2 kAR 2ZHLEAHLP » BBme p T2 22 %10 o
d S5 4> hox-LDLeAE 2 T > e p chZ faH W fq  EH 4138 0 @ & HLESHLP ™ » 5 2%
PR e ¥ B W P aiB £ P> A HLE 2.0 mg/ml* HLP 0.2 mg/mliT* & > Fw i p&r § 2 X7 %
IR % (Fig. TA) e 4 fe cic % & IR Blmie p P2 FAE % 1 1 > ox-LDL# ¥ J774A.15m %2 o 7% Ffg 3 4o T 4-
e R el 2% > A AHLERHLPAJE ™ » F ke drd] 0 e $30 "2 B i B £ #P~(Fig. 7B) - R iR p
HLE 2 HLPjt 43 § »cds rd|im e i@ £ P Pq > €@ % g Rme A5 2 5§ -
34. jekmre 4 X2 S HIE
3.4.1. E 5w uptake oxLDL z_ ¥ #*
Evgime % 5 “f —*ﬂ‘ £ X B (scavenger receptors, SRs) 3% ox-LDL » & & N 4% 17 #* # ox-LDL % ¥ » 'm
Feh o SRs £ - HRIERY 0 5 - A AR O RFRALBEHFIMH AR I (4oox-LDL -~ & fit
PR 39 ac-LDL) F {% % - engtldic 4 o izt SRs ¥ » Evgfim®e 2 & % k%3 ox-LDL e SRS B #E 7
% type ASR (SR-A)#* type B SR (SR-B # i %= CD36)°CD36 *t fm¥e b chi i 4] ¢ 4AEF d 1 p & 75
PPARy (peroxisome proliferator-activated receptor-gamma) *7 3% 7 ° PPARy ¢ fe = 48 (ligands) 4= BRL
(rosiglitazone ) ~ TZD ( thiazolidonedione ) % ox-LDL 35 ¢ i&_i¢ CD36 14 i£ o F]* » 12 Western blotting » 7
t ox-LDL 3% fenfiin™ » il %g 3 HLP g2 J774.1 fo#2 ¥ CD36 ~ SR-A 2 PPARy #-v % 2 3 o
%% 3 R & ox-LDL §lj2. 7 > CD36 §v PPARy ¢13-v % Ji3f 4r ; SR-A e 7 % F2 8 o £ & fr PF e HLP
(0.05-0.2 mg/ml) /e %] ? CD36 v PPARy th3-v # JLP BT "5 3% % > 3p HLP ¥ it % 83 ¥ PPARy eh#
oo @ B CD36 2. % i (Fig. 8A, line 1-3) »
3.4.2. Evgimie )N YE AR N BT
VLDL-IDL-LDLz_ # 3] F &7 @& p 2 5 frd "FREEZ T % Fliwre > @ dmie po 5 F0h- 284> 7 %
¥ Flinre pOUE R4S R DR B i 4] L2 5 T PEFER £ » 8 85 (reverse cholesterol transport ) jof #%
293 ré'@ﬁ%lj JBAMHDL A 84 > d % .f':m}?ie.f‘:if%‘l ¢ 2%9»’?%‘,%1;11?%;@%?]; SRR HE @ % [ dw e N OPE AR
d dmre p B T w2 th hd-g T 5 ABCAL (ATP-binding cassette protein) - ABCA1E_ - i @ﬁi%] F-v o B L
Belmie N GVEFE R D wi o AHDLS J HDLM-P2 B8 3975 A o @ d F 2T & 0%A L 9 0 B 4
ABCAleh4 £ 7 MR # Evfiimie % 508 R imP e thif A8 % » 3% { # 9 ABCAL7 d PPARy-LXR 4 +
AR E A o AP R FHLPE T 4 B0 8418 R ABCALZ E > BI7 §I Ervfimrz it {7 T "L B %
oo By ) m RS MEEERT e N S AE A S e R e o i B % 35 3 Western blottingZEF : ox-LDL iz 5
#/LXRafrABCAl 3-¢ % 3R; X @ HLP¥ 12 B ¥ 3 4v = —*Ff Fv R 2 ARF o P HLP~ ¥ it %%’r.* LXRoa-ABCAIl
A M GEPE FAR R e @éi%](Fig. 8A, line 4-5) = Western blotting & * 2 % % & 57 **Fig. 8B~ ¥ ¢} » & HLE
(0.5-2 mg/ml) Fr4]iz & mre 2 & A F 34E 2 20 A 4 17 P& 12 ch% % (data not shown) o
B kA EFB (HLE) $33 RAM& S $ 4 3 0% 1 2 3
4.1. oy Rl
AP BEFMASFELF2FL c FFEZ o FIEY M RRE ¥R 2 Y1798 R LR
4 HLEZ %] » 0.5% HLE® 223 % e dp 2. ™ > % 1$.922.5% ; 1.0%HLER| " X1 35% » 2 8§ i3t b ing,
HopPEEM R oL ¥ 2 516633+48.64mg/dL AGd REMASEET o F e Ry ¥ A8 5}
2 3 1342.00 £21.21 mg/dL- @ 4 $74+ HLEZ. 2 %> £0.5% HLE:1%+ T > & 5 & ® "2 Ff% 5 983.00 £ 116.58
mg/dL > % #E#% = 5 1.0%2 HLE? » #5% 22 "2 F AR 5 973.66 £450.72 mg/dL » & F a2 T %5
% B H 0 0.5% HLE$) 3 Frdla 75 F 230.5%: @ 1.0% HLEFr#] 4 %31.3%¢ Fe & 2LDL-C3E P » 0.5%7-1.0%
HLE:; % ‘e 5 4 iz enfrd ] 8% o v 8 4 4 9HDL-C* 6 > & ¥ 251783+ 6.15mg/dL > &5d "2 HfE4& 8 3
H7 o 2 3120.60 = 18.10 mg/dL » @ A %3 HLE# 2 %] » 0.5% HLE# s ¢ HDL-C % 102.03 + 8.03 mg/dL -
g AEH/D 51.0%2 HLEex ¥ HDL-C 5 98.93 + 43,73 mg/dL » - # A 47 % F|+ > 5 » 1 ¥ &
LDL-C/HDL-C#vt & 4 3.03 » 3% # 2 LDL-C/HDL-C#vt & % 10.07 » 325 2 LDL-C/HDL-C&t #0.5%% 1.0%
HLEA %] 58452 858 » 2 edpi2 T+ w3 T o ¥ob o G ¥ 482 7 %4 671.0% HLE® 3
F e HArg w Fo P R BCE B Y e dp i2(Table 2) -
4.2, B s 4T
ERERBRATAEOLF AL BN LR 0 APERL S O EIRE TR AT o PR AL
T K endkom o & ¥ B2 & M e ends 3025 3 IR atherosclerosis lesion A 4 o @ B E A 0 e R IR
TP RGBT o MEE AT RNERP R A0 F 9 TT% e A et B4 HLE 0.5%e 1.0%7 > 39
BRR N K g AT RITE G A8% r 22.5% 0 % 3 A F crdrlpm e B 2 8% (Fig. 9A) o d ¥ 4w HLE /2 ¥
PURRD B AT (L g 0 TV st R RS R B o
43. /L PR
BEFAPERRBHFFOLH%S ML RT R N B BB R ek o~ et L aeimre 2
.3&.?1%‘22%‘5( 2%k o éf_fﬁfﬁiilléa\#"r’f ¥ e FEEY 0 TR G FRF R E > L G F R F TR
imie i g o G e G 0 APFRA RIS B P ARG R o Y B p R E RS § RS
THFRG o F T ARG A ST HLEZ ul > HAdp f2 BEAP B H e 1.0%% &
¥ 2 HLE ‘e % w4 5|22 & ¥ 24p % (Fig. 9B)

ral= S

=
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I~w-munY
¥- & F A4 aS A LDL § it e AR Rk ‘*%ﬁ? HLE % HPE % j #7+#| LDL ¥
fLengg 4 o preby L j“ﬁ? DPPH p ¢ ZiJ&rruF?f o M flmiE R B » HLE 3 HLP ¥ 31 % d ox-LDL # % F
v J774A.1 . m”?ﬁ“‘]mé’,k wre A, LR oA - R e N 2 e ,é ”q’fr”"‘qﬁﬁma ’j:%_/%—ﬂ i ﬁﬁgo
E-HI* BERAMBA S A ELT o 4 AL BIRERA BB WP RBREER TR L T
1V AR ‘ik’ﬁﬂ M fa% LDL-C ¢ %]l pF4k @ HLE @ "% i1 H @ r%afi o fl  cdf i o f o VA d 3 8D
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= Table 1 — Composition of the HLE and HLP

1o Polyphenoclic compound Peakno. HLE (%) HLP (%)

. , s Catechin 3 425143 740+255

i ECG 4 16.53 558

so0%0 Ellagic acid 5 2820+ 863 10.303.40

e Ferulic acid 8 0.70 = 0.29

oo \ Quercetin 9 0.83=038

- | Toul HPLO) 3245 35.76

— it el Total polyphenol (Folin-Ciocalten method) 5322006 3536109
Total flavonoid (Jia method) 2098165 6516937
Total anthocyanin (Fuleki and Francis method) 193+124 133+1.13

Fig. 1. (A) HPLC chromatogram of 10 kinds of standard polyphenols (10 mg/mL; 10 ul). Peaks: 1, GA; 2, PCA; 3,
catechin; 4, ECG; 5, ellagic acid; 6, rutin; 7, p-coumaric acid; 8, ferulic acid; 9, quercetin; and 10, naringenin. (B)
HPLC chromatograms of free polyphenols from HLE (5 mg/mL; 10 ul). Phenolic compounds correspond to peaks 3
and 5 as in (A). (C) HPLC chromatograms of free polyphenols from HLP (5 mg/mL; 10 pl). Phenolic compounds

correspond to peaks 3, 4, 5, 8 and 9 as in (A). Detecter was set at 285 and 345 nm.
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B)

Fig. 2. Inhibitory effects of HLE (A) and HLP
(B) on the Cu*"-induced the lipid peroxidation of
LDL. LDL (100 pg/mL) was incubated with 10
uM CuSO, at 37°C for 24 h in the presence or
absence of different concentrations of HLE or
HLP (0.01-10.0 mg/mL). The quantitative data
were presented as means + SD of three
independent experiments. *p < 0.05; **p < 0.01,

compared with ox-LDL-treated group.

(A)
1 1
- -
100 i 00 =
@ s
z 3
£ = 2 m
5 z
= an =
@ )
P
. o = % xz o= oam oAx a
LDL s+ o+ o+ s+ o+ o+ LoL + O+ o+ o+ O+ O+ o+ o+ o+
CuS0, + O+ O+ O+ O+ O+ o+ o+ o+ Cus0, + o+ o+ o+ o+ o+ o+ o+ o+
HLE [mgimL) _ o0 085 04 05 10 20 50 100 HLP {mgimL} — oM 005 01 05 10 20 50 100
(A) 12 w (B) 1
M Electropnorstic mobility M Eectroghoretic mability
100 T 0 Ectroshoresisof gl fmgmeniatin | | o 100 T [0 Electropnoresis of 3pof fragmentation
Kk
z 30 o 30
E . § E
£ = &0
= o =
e <
40 40
20 20
N | o1 Al
LoL + + + + + + LDL + + + + + +
Cus0, - + + + + + CuS0, - + + + + +
HLE (mgimL) - - 0.5 1 z - HLP (mgimL) - - 005 [X] 0.2 -
Vit. C (mgimL) - - - - - 02 Vit. C (mgimL) - - - - - 0.2
120 19
100 ] 100
g " =
2 0 E’ 80
< 3
s £
.
2 - @ 6
k- £
[
s g
i e : w
H . * g
- 20
. o

0005 001 005 010 0850 100 200 500 1000

HLE (mg/ml) HLP (mg/ml)
Fig. 4. Effects of HLE (A) and HLP (B) on DPPH scavenging effect (%). DPPH
(1 mM) was incubated in the presence or absence of different concentrations of
HLE or HLP. The data were means £ SD from three repeats from independent
experiment for each group. *p < 0.05; **p < 0.01, compared with untreated

group.
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Fig. 5. Effects of HLE (A) and HLP (B) on macrophage cytotoxicity. J774A.1 cell
was incubated with different concentrations of HLE or HLP at 37°C for 24 h. Cell
viability was measured by MTT assay. The quantitative data were presented as means
+ SD of three independent experiments. *p < 0.05; **p < 0.01, compared with the

untreated group.
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Fig. 3. Effects of HLE (A) and HLP (B) on the
Cu”"-induced lipid peroxidation and oxidation
of LDL. LDL was incubated with 10 uM
g CuSO, at 37°C for 24 h in the presence or
@ absence of different concentrations of HLE or
< HLP. After the incubation, electrophoretic
mobility (left panel), and apoB fragmentation
(right panel) of the LDL were measured. The
change in REM (mm) was determined to
evaluate the extent of LDL oxidation by
agarose gel electrophoresis. The formation of
ox-LDL was further confirmed by the apoB
fragmentation. Vitamin C (Vit. C, 0.2
mg/mL)-treated group was used as a suitable
positive control. The quantitative data are
presented as means = SD of three repeats from
one independent study. #p< 0.01 compared
with the LDL-treated group. *p< 0.05, **p<
0.01 compared with the ox-LDL-treated group.

control

OXLDL+ HLE 2.0 mg/ml et
: A

oxXLDL+ HLP 0.1 mg/ml %1 oxLDL+ HLP 0.2 mg/ml

Fig. 6. Inhibitory effects of HLE and HLP on the
ox-LDL-induced foam cell formation. J774A.1
cells were cultured in DMEM medium with HLE
or HLP and then combined with 50 pg/mL of
ox-LDL at 37°C, 5% CO, for 24 h. These cells
were stained with Oil Red O and then observed
under the microscope (200X). The red droplets
accumulated in the cells were indicated as the
stained linid.



&) —— Fig. 7. Inhibitory effects of HLE and HLP on the ox-LDL-induced intracellular
CD36 | Sovme s s S | .o : . . .
— lipid accumulation. J774A.1 cells were cultured in DMEM medium with HLE
SR [ ! or HLP and then combined with 50 pg/mL of ox-LDL at 37°C, 5% CO, for 24
PPARy | — —— — . | h. Total intracellular triglyceride (A) and cholesterol (B) were analyzed using
: - - = enzymatic colorimetric method and expressed as mg/dL. The quantitative data
e [ were presented as means = SD of three independent experiments. #p < 0.01,
ABCAL [mmme ——  —— e e— | compared with LDL-treated group. *p < 0.05; ** p < 0.01, compared with
ki } ﬁ“| ox-LDL-treated group.
o — Fig. 8. Effect of HLP on the expressions of macrophage scavenger receptors
25 ] %gm{r and LXRo/ABCAL1 pathway in ox-LDL-treated J774A.1 cells. (A) Total cell
E o | (R lysates (50 pg) of J774A.1 cells treated with 50 pg/mL of ox-LDL in the
s presence or absence of different concentrations of HLP (0.05, 0.1 and 0.2
E H mg/mL) for 24 h were analyzed by SDS-PAGE and, subsequently,
g 104 immunoblotted with antibodies against CD36, SR-A, PPARy, LXRa, ABCAL,
S s and PMCA4 that served as an internal control of membrane. (B) The
- quantitative data are presented as means + SD of three repeats from one
ox-LDL _ e = = = independent study. #p< 0.05, ##p< 0.01 compared with the LDL-treated group.
HLP (mgimL) - - 005 04 0.2 *p< 0.05, **p< 0.01 compared with the ox-LDL-treated group.

Table 2. Effects of oat on the serum biochemical parameters of rabbits induced by a High Cholesterol - Diet

Control HCD HCD+HLE0.5%  HCD+HLE 1.0% Toxicity
GOT (U/L) 11.66 = 2.08 86.00 = 50.91 31.33=14.57 14.00=433 44.66 = 33.63 7h
GPT (UIL) 31331203 102.50 = 38.89 84.66 = 32.53 42.00=7.00 79.33=38.78 ) "
LDL-C (mg/dL}) 37335081 1198.00 = 38.59 863.00 = 110.01 857.66 = 402.38 62.00 = 81.43 §
HDL-C (mg/dL) 17.83 = 6.15 120,60 = 18.10 102.03 = 8.03 98834373 21.30=2.38 = "
LDL-CHDL-C 3.03=459 10.07 =1.84 845074 8582132 287371 2 60
Cholesterol (mg/dL) 166.33 = 48.64 1342.00=2121 083.00 = 116.58 973.66 = 450.72 03.00 = 84.87 i
Triglvcerides (mg/dL) 63333513 117.00= 282 20.66 = 13.14 76.00 = 54.61 43331337 g 40 -
Free fatty acid (mmolL) 34.16 = 46.43 8224=042 81.46=0.13 54.20 = 46.56 27.39=46.68 £
Glucose (mg/dL) 130.66 = 41.93 140,00 = 15.55 137.66=21.12 12233907 177.66 = 24.00 < r_‘
BUN (mg/dL) 1410=1.75 15.35 = 0.07 1733334 19.60 =2.16 20.60=1.58 .
CRE (mg/dL) 1.70=020 1.75 = 0.07 1.70=0.34 2.00=0.10 1.93=0.03 T 5 B _ B
a, Each value is expressed as the mean = 8D (n = 6/group). Results were statistically analyzed with Student’s i-test. Heo = #h & =+

HLE (%) - - 0.5 10 1.0

Fig. 9. (A) Extent of the development of atherosclerosis lesions and densitometric analysis of the relative area of atherostic lesion in
the thoractic aorta after feeding with the experimental diet in the presence or absence of different concentrations of HLE (0.5 and 1.0
mg/mL). The quantitative data were presented as means = SD of three independent experiments. #p < 0.01, compared with basal
diet-fed group (control). *p < 0.05; **p < 0.01, compared with HCD-fed group.

| L© = ()]

Fig. 9. (B) Histilogical photomicrographs of aortic segments from atherosclerotic rabbit fed with HCD. (a) The aortic segment of
normal control group which was no lesion on luminal surface of aortic arch (H&E stain). (b) The aortic segment of HCD-fed group
which was high subintimal deposits of foam cells and extracellular lipids showing the extension and thickness of the aortic arch. (c)
The aortic segment of HCD + 0.5% HLE group which was subintimal deposits of foam cells which have a moderated extension
with a medium thickness of thoracic aorta. (d) The aortic segment of HCD + 0.5% HLE group which was development of fatty
streak in the intimal of abdominal aortoiliac bifurcation. (¢) HLE alone is the toxic group (200x).

LDL

Fig. 10. Schematic representation of the anti-atherosclerotic
mechanism of H. sabdariffa leaf extracts. The results of the present
study revealed the following scheme for the major mechanism of
ox-LDL-induced the macrophage uptake of ox-LDL and formation
of foam cells, which is attributed by the expressions of CD36 and
SR-A, and PPARY activation (left pathway). On the other hand, few
macrophages also make homeostasis response to ox-LDL (right
pathway). Ox-LDL homeostasis regulates the expression of
LXRa/ABCAIl signaling pathway, contributing positively to
cholesterol efflux in these macrophages. HLP functions against
ox-LDL through PPARa activation and/or PPARy/CD36

Foam cell formation Homeostatic responses [

= Hibrsgus [ear xiraets = depression, which in turn led to stimulation of cholesterol removal

l l HoL from macrophages and delay atherosclerosis.

Atherosclerosis Cholesterol Efflux
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TNF-alpha (ng/mL) Fig. 11. Model of TNFa-induced VSMC proliferation and migration and the effects of HLE/HLP on
00KFES © TNFa-induced A7r5 cells viability. (A) A7r5 cells were treated with treated with various
concentrations (0-20 ng/mL) of TNFa for 24 h. Cell viability was analyzed by MTT assay. *p< 0.05,
MIMP-9 **p< 0.01 compared with control. (B) A7r5 cells in serum-free medium were treated with various
concentrations of of TNFa for 24 h. The culture medium of cells after treatment was subjected to
MMP-2 — . . .
gelatin-zymography to analyze the activity of MMPs. Results are representative of at least three
independent experiments. Similarly, A7r5 cells were treated with treated with various concentrations
of HLE (C)or HLP (D) in the absence or presence TNFa (10 ng/mL) for 24 h. Cell viability was
A analyzed by MTT assay. The result represents the average of three independent experiments + SD.
(4) #P < 0.01 compared with the control. **p< 0.01 compared with the TNFa group.
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Fig. 12. Effects of HLE (A) and HLP (B) on W—-WW—T
TNFo-induced the activities of MMPs. A7r5 cells in MMP-2 S — —— — MME2
serum-free medium were treated with various = £ MMP_9 Wﬁ]
concentrations of HLE or HLP in the absence or presence MMES y - e -
TNFa (10 ng/mL) for 24 h. The cultur? medium of cells p-actin N— p-actin |———-1
after treatment was subjected to gelatin-zymography to
analyze the activity of MMPs. Results are representative
of at least three independent experiments. Fig. 13. Effects of HLE (A, C) and HLP (B, D) on
TNFa-induced the expression of MMP-9. A7r5 cells in
A) (B) serum-free  medium  were treated with  various
TNFe (10 ng/mL) + + + +  TNFa (10 ng/mL) + + % + concentrations of HLE or HLP in the absence or presence
HLE (mg/mL) 01 05 1 HLP (mg/mL) = 001 005 01 TNFa (10 ng/mL) for 24 h. (A, B) Real-time quantitative
ﬁﬁ—_l RT-PCR and (C, D) Western blot analysis of mRNA and
. E’ ./ LE - a» protein levels of MMP-2 and MMP-9 in treated cells and
cdun . - - = CJun [ W @we wees s harvested at the indicated times. B-actin was served as an
e . internal control of protein level. The quantitative data were
c-Fos —— e R il h_._ﬂ_ul presented as means + S.D. of three repeats from one
3 independent study. #p< 0.01 compared with the control. *p<
c23 — C23 | oo o—— —
Al e e < =g | | 0.001 compared with the TNFo group.
©) (D) Fig. 14. Effects of HLE (A, C) and HLP (B, D) on
TNFa(10ngiml) - + + + 4 TNFe (10 ng/mL) SR R R - TNFoa-induced the AP-1 r_1uclear_ translocation l_evel. (A, B)
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or HLP in the absence or presence TNFa (10 ng/mL) for 24
h, after which cells were harvested and the nuclear fraction
analyzed for the expression of NF-kB, c-Jun and c-Fos. The
nuclear protein levels were determined by Western blotting.
C23 was served as a nuclear internal control. (C, D) The
nuclear extracts were analyzed for AP-1 DNA binding
activity using biotin-labeled AP-1 specific oligonucleotide
by EMSA. Lane 1 represented nuclear extracts incubated
with unlabeled oligonucleotide (free probe) to confirm the
specificity of binding. Results are representative of at least
three independent experiments.
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concentrations (0-2.0 mg/mL) of HLE in the absence or presence TNFa (10 ng/mL) were scraped and the number of cells in the denuded zone was
photographed and quantified after indicated times (0, 24 and 48 h). (B) A7r5 cells were treated with various concentrations of HLE in the absence
or presence TNFa for 24 h. Invasion assay was performed using Boyden chamber. Representative photomicrographs of the membrane-associated
cells were assayed by Giemsa stain. Results are representative of at least three independent experiments.
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Fig. 16. Effects of HLP on TNFa-treated A7r5 cell growth curve and
proliferation. A7r5 cells were treated with various concentrations (0, 0.1, 0.2,
0.5 and 1.0 mg/ml) HLP for indicated time (0, 24, 48 and 72 h) in the absence
or presence TNFa (10 ng/mL). (A) After drug treatment, the cells were
washed twice with PBS and incubated for various times before they were
counted by a hemocytometer. (B) BrdU uptake indices of the cells treated with
0.2 and 0.5 mg/ml of HLP in the absence or presence TNFa for 24h. i
Quantitative assessment of the mean number of cells and represents the (0.5 mg/mi)
average of three independent experiments + SD. #p< 0.05 compared with -1
control. **p<0.01 compared with he TNFa group.
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Fig. 17. Effects of HLP on TNFa-treated A7r5 cell cycle progression. A7r5 cells were

(A) 34 il treated with 0.2 and 0.5 mg/ml of HLP in the absence or presence TNFa (10 ng/mL)
e o N N 7 N N for indicated time (0, 24 and 48 h). After treatment, the cells were trypsinized and then
HLP - ) . ) ) N subjected to flow cytometery. Quantitative assessment of the percentage of the cells in
the cell cycle distribution (subG1, GO/G1, S and G2/M phase), as indicated by PI, and
p-p33 | Cv —-—— _— | are representative of at least three independent experiments.

Fig. 18. (A) Immunoblot analysis of the expression of CKI: phospho-p53, p53, p21,
p27 and p16 in A7r5 cells treated with HLP in the absence or presence TNFa. Cultured
cells were treated with 0.2 and 0.5 mg/ml of HLP in the absence or presence TNFa (10
— = ng/mL) for 48 h. These proteins were detected by anti-phospho-p53, -p53, -p21, -p16,
p16 : - and -p27 proteins antibodies, and the results were represented by using an ECL system.
(B) Analysis of cdk2/cyclinE complex in A7r5 cells following the same treatment. Cell
extracts (500 pg) were immunoprecipitated with cdk2, and Western blot analysis was
(B) performed to detect cyclin Eb. (C) Analysis of Rb/E2F complex in A7r5 cells
ot - following the same treatment. Cell extracts (500 pg) were immunoprecipitated with
NFa A N - N N E2F, and Western blot analysis was performed to detect Rb. Results are representative

HLP - _ 5 , , 5 of at least three independent experiments.
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Fig. 19. HLE reduced HCD-induced smooth muscle cells migration
and proliferation in the intimal of aortic arch. Immunohistochemistry
for SM a-actin (A) and PCNA (B) reveal cell migration and proliferation
in the aortic segments from atherosclerotic rabbit fed with HCD. a, The
aortic segment of normal control group which was no lesion on luminal
surface of aortic arch. b, The aortic segment of HCD-induced group
which was high subintimal deposits of foam cells and extracellular lipids
showing the aortic arch. ¢, The aortic segment of HCD + HLE 0.5%
group which was subintimal deposits of foam cells which have a few SM
a-actin or PCNA positive cells in thoracic aorta. d, The aortic segment of
HCD + HLE 1% group which was subintimal deposits of foam cells \
which have a few SM a-actin or PCNA positive cells in thoracic aorta.

(100 x)

Fig. 20. A proposed model for the HLP-mediated inhibition of TNFo-induced
AT7r5 cell migration and proliferation.
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Fig. 21. Effects of HLE and HLP on ox-LDL-induced HUVEC injury. HUVEC were treated with various concentrations of HLE or HLP in the
absence or presence ox-LDL (50 png/mL) for 24 h. (A) Cell viability was analyzed by MTT assay. (B) Cell cytotoxicity value was analyzed by
LDH assay. (C) Cell proliferation value was analyzed by BrdU assay. The result represents the average of three independent experiments + SD.
##P < 0.01 compared with the control. **p< 0.05, **p< 0.01 compared with the ox-LDL group.
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Fig. 23. Effects of HLE and HLP
on ox-LDL-induced cell cycle
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Fig. 22. Effects of HLE and HLP on ox-LDL-induced HUVEC apoptosis. HUVEC
were treated with various concentrations of HLE or HLP in the absence or presence
ox-LDL (50 pg/mL) for 24 h. (A) Apoptotic cells were assayed by DAPI stain. The
arrow indicated apoptotic cells. (B) Apoptotic values were calculated as the percentage
of apoptotic cells relative to the total number of cells in each random field (>100 cells),
and represent presented as means + S.D. of three repeats from one independent study.
##p< 0.01 compared with the control. *p< 0.001 compared with the ox-LDL group.
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sub-G1 peak (hypodiploidy),
integrated by apoptotic cells, and
the GO/G1, S and G2/M peaks
are  indicated. Quantitative
assessment of the cell number
percentage in each phase of the
cell cycle was calculated and
expressed. (B) The expressions
of Caspase-3, E2F and p-Rb
were detected by Western
blotting. B-actin was the loading
control. Results are
representative of at least three
independent experiments.
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Fig. 24. Effects of HLE and HLP on ox-LDL-induced HUVEC autophagy. HUVEC were treated
with various concentrations of HLE or HLP in the absence or presence ox-LDL (50 pg/mL) for 24 h.
(A) Autophagic cells were assayed by AVO stain. The arrow indicated autophagic cells. (B)
Autophagy values were calculated as the percentage of autophagic cells relative to the total number
of cells in each random field (>100 cells), and represent presented as means = S.D. of three repeats
from one independent study. ##p< 0.01 compared with the control. *p< 0.001 compared with the
ox-LDL group.

Fig. 25. Effects of HLE and HLP on autophagic pathways in ox-LDL-treated HUVEC. HUVEC were
treated with various concentrations of HLE or HLP in the absence or presence ox-LDL (50 pg/mL)
for 24 h. The protein levels of LC3, Beclin-1, PI3K classlII (A), and PI3K classl signalings, including
mTOR, p-AKT, AKT, and PI3K classI (B) were detected by Western blotting. B-actin was the loading
control. Results are representative of at least three independent experiments.

Fig. 26. HLE reduced HCD-induced endothelial
cell injury in the intimal of aortic arch.
Immunohistochemistry for CD31 reveal cell injury in
the aortic segments from atherosclerotic rabbit fed with
HCD. (a) The aortic segment of normal control group
which was no lesion on luminal surface of aortic arch.
(b) The aortic segment of HCD-induced group which
was high subintimal deposits of foam cells and
extracellular lipids showing the aortic arch. (c) The
aortic segment of HCD + HLE 0.5% group which was
subintimal deposits of foam cells which have a few
CD31 positive cells in thoracic aorta. (d) The aortic
segment of HCD + HLE 1% group which was
subintimal deposits of foam cells which have a few
CD31 positive cells in thoracic aorta. (100 x)

- TNFa

Codl
o

cdkl
Cellcycle |_| p53, p21, p27

progession

1 R

proliferation il

igration

HUVEC

Other

mediators PI3K classl PI3K classlll

l All:! B |! -1
|

apoptosis |
mTOR —] LC3

Fig. 27. Overview of protective pathways for HLE and
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apoptosis, or TNFa-induced VSMC migration and
proliferation, which in turn synergistically inhibit
atherosclerosis.
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Abstract
Perilla frutescens has been used in traditional medicine for respiratory diseases due to its anti-bacterial
and anti-inflammatory activity. This study was aimed to investigate effects of Perilla frutescens leaf
extract (PFE) on expression of pro-allergic and pro-inflammatory cytokines in airway epithelial cells
exposed to mite major allergen Der p 2 (DP2) and the underlying mechanisms. Our results showed that
PFE up to 100 pg/mL had no cytotoxic effect on human bronchial epithelial cell BEAS-2B. Further
investigations revealed that PFE dose-dependently diminished mRNA expression of pro-allergic
cytokine IL-4, IL-5, IL-13 and GM-CSF, as well as pro-inflammatory cytokine IL-6, IL-8 and MCP-1 in
BEAS-2B cells treated with DP2. In parallel to mRNA, the DP-2-elevated levels of the tested cytokines
were decreased. Further investigation showed that DP2-indued phosphorylation of p38 MAPK (P38)
and JNK, but not Erk1/2, was also suppressed by PFE. In addition, PFE elevated cytosolic IkBa level
and decreased nuclear NF-xB level in DP2-stimulated BEAS-2B cells. Taken together, these findings
revealed that PFE significantly diminished both mRNA expression and protein levels of pro-allergic and
pro-inflammatory cytokines in response to DP2 through inhibition of P38/JNK and NK-«B activation.
These findings suggest that PFE should be beneficial to alleviate both allergic and inflammatory
responses on airway epithelium in response to aeroallergens.
1. Introduction
Perilla frutescens leaf in a common garnish and has been widely used as medicinal herb such as
“Zisu” in traditional Chinese medicine and “saiboku-to” in Japanese herbal formula for asthma
treatment. Previous studies have shown that Perilla frutescens leaf extracts possess different
biological activities, including inhibition of tumor necrosis factor-a (TNF-a) [1], suppression of
IgA nephropathy [2], and anti-inflammatory and anti-allergic activity [3, 4]. Airway epithelium
has been considered as a major player not only in physical resistance against pathogen invasion
and allergens, but also in activation of immune responses [5, 6]. A series of pro-inflammatory
cytokines and chemokines are produced by airway epithelial cells upon stimulation with
pathogens and allergens, including IL-6, IL-8, granulocyte macrophage-colony stimulating factor
(GM-CSF) and monocyte chemotactic protein (MCP)-1 [7-9]. Although Perilla frutescens has
been reported to possess anti-inflammatory activity and traditionally used for respiratory disorders,
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its effects on allergen-stimulated airway epithelium and the underlying mechanisms remain
sketchy.

House dust mite (HDM) is a major causative factor for airway hypersensitiveness and asthma [10].
Of mite-sensitive individuals, approximately 90% generates IgE antibody responses to
well-identified HDM allergens that are categorized into 24-kd group 1 and the 14-kd group 2
allergens like Der p 2 (DP2, derived from D. pteronyssinus) on basis of IgE affinity [11, 12]. DP2
is known to trigger both pro-inflammatory and pro-allergic responses on respiratory epithelial
cells [8]. In addition to induction of pro-allergic cytokines, it is reported that respiratory cells
exposed to DP2 result in up-regulated secretion of pro-inflammatory cytokines and expression of
intercellular adhesion molecule-1 [8].

Nuclear factor-kappaB (NF-kB) is a widely distributed transcription factor which is normally
sequestered in the cytoplasm as an inactive multi-unit complex bound by an inhibitory protein
(Ix-B) [13]. A number of stimuli can activate the complex through phosphorylation and
degradation of Ik-B, leading to translocation of the active dimer into the nucleus. Nuclear NF-kB
binds to the promoter region of genes containing the NF-kB motif and regulates their expressions.
The upregulation of NF-xB requires the activation of signaling kinases including
mitogen-activated protein kinases (MAPKSs) such as p42/p44 extracellular signal-regulated kinase
(Erk1/2), c-Jun N-terminal kinase (JNK) and p38 MAPK (P38) for nuclear translocation of NF-xB
[14, 15].

The present study was aimed to investigate whether extract of Perilla frutescens leaf alleviates
DP2-induced pro-inflammatory and pro-allergic responses with emphasis on mRNA expression
and production of cytokine and cellular signaling. Non-tumorigenic human bronchial epithelial
cell BEAS-2B was used as cell model. Cytotoxicity of DP2 was determined by MTT assay.
mRNA expression was analyzed by both RT-PCR and real-time quantitative PCR (qPCR). Kinase
activation, cytosolic level of IkBa and nuclear-cytosolic distribution of NF-kB was demonstrated
by subcellular fractionation and immunoblotting.

Materials and Methods

Chemicals and reagents

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium  bromide = (MTT), Nonidet P-40,
phenylmethylsulfonyl fluoride (PMSF), sodium fluoride, sodium chloride, sodium phosphate,
Tris-HCI, Triton X-100 and Tween-20 were purchase from Sigma-Aldrich (St. Louis, MO, USA).

Preparation of an ethanol extract of Perilla frutescens (PFE)

Perilla frutescens plants were collected in Taichung, Taiwan. Approximately 100 g of the Perilla
frutescens leaf was homogenized into powder and passed through a mesh (0.05 mm). The filtered
powder was resuspended into 95% ethanol and sonicated for 24 hours (h). Stock solution (20
mg/mL) of the extract (PFE) was prepared in DMSO, and stored at -20°C until use.

Expression and purification of recombinant Der p 2 (rDP2)

Recombinant DP2 was produced as a recombinant polypeptide with a N-terminal glutathione
S-transferase (GST) tag. The E. coli BL-21 (Novagen, Madison, WI) strain containing
pGES-GST-DP2 plasmid and pGES-GST (A gift from Dr. Jiunn-Liang Ko) was used for
expression and purification of rDP2 protein and GST control protein respectively. For checking
the expression of rDP2 protein and GST protein, E. coli was grown at 37 °C and protein
expression was induced with 0.1 mM isopropyl B-d-thiogalactoside (IPTG).

The rDP2 fusion protein and the GST control protein were purified by affinity chromatography
using glutathione Sepharose 4B column and by gel filtration using Superdex 75 column
(Amersham-Pharmacia Biotech AB, Upsala, Sweden). The purified protein concentration was
determined by BCA protein assay kit (Pierce Biotechnology, Rockford, IL)
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Cell culture and treatment

The transformed human normal bronchial epithelial cell line, BEAS-2B, purchased from ATCC,
was incubated in Dulbecco’s modified Eagle’s medium (DMEM, Gibco BRL, Gaithersburg, MD,
USA) supplemented with 0.1% sodium bicarbonate, 2 mM glutamine, penicillin G (100 U/mL),
streptomycin (100 pg/mL) and 10% fetal bovine serum, and maintained at 37°C in a humidified
incubator containing 5% CO,. After preincubation of BEAS-2B cells with indicated concentration
of PFE for 4 h, 40 pg/mL rDP2 was added and incubated for 2 h (kinase cascades), 4 h (RT-PCR
and qPCR analysis), or 24 h (cell viability assay and cell morphology).

Cell viability

Cell viability was determined by mitochondrial-dependent reduction of MTT to formazan. Briefly,
10 uL of MTT solution (5 mg/mL in DMEM) was added to the cell supernatant and incubated for
4 h at 37°C. After removal of medium, 2-propanol was added to lyze cells and to solubilize
formazan. The optical density of formazan was measured using a microplate reader (Benchmark,
Bio-Rad Laboratories, Hercules, CA, USA) at 570 nm. The optical density of formazan generated
by untreated cells was taken as 100%.

RNA Extraction, RT-PCR and quantitative Real-Time PCR (qPCR)

Total RNA was isolated from individual samples, according to the manufacturer’s instructions,
using the RNeasy kit (Qiagen, Valencia, CA, USA). The purified RNA was used as a template to
generate first-strand ¢cDNA synthesis using RevertAid™ First Strand ¢DNA Synthesis Kit
(Fermentas. Life Sciences, St. Leon-Rot, Germany). The primer sequences used for RT-PCR and
gPCR were listed in Table 1. RT-PCR experiments were performed in triplicates for each sample.
gPCR was performed using the ABI PRISM 7700 sequence detection system (Applied Biosystems,
Foster City, CA). For mRNA quantitation, FastStart Universal SYBR Green Master (Roche
Applied Science, Mannheim, Germany) was used for Tagman PCR. The threshold cycle numbers
were calculated using the AACT relative value method and normalized to GAPDH. qPCR
experiments were performed in duplicates for each sample. The correct size of the PCR products
was confirmed by agarose gel electrophoresis.

Subcellular fractionation

Cells were washed with PBS and incubated with a lysis buffer (10 mM HEPES, pH7.6; containing
15 mM KCI, 2 mM MgCI2, 0.1 mM EDTA, 1 mM dithiothreitol, 0.05% v/v Igepal CA-630 and 1
mM PMSF, 1 mM sodium orthovanadate, 50 mM sodium fluoride, 10 pg/mL leupeptin, and 10
ug/mL aprotinin) for 10 min. Cell lysates were collected by a centrifugation at 2,500 g for 10 min
at 4 °C. The supernatant containing the cytosol was further centrifuged at 20,000 g for 15 min at 4
°C, namely cytosolic fraction. The pellets containing nuclei were washed with PBS, resuspended
in nuclear buffer (25 mM HEPES, pH7.6, 0.1% v/v Igepal CA-630, 1 M KCI, 0.1 mM EDTA, 1
mM PMSF, 1 mM sodium orthovanadate, 2 mM sodium fluoride, 10 pg/mL leupeptin, and 10
ug/mL aprotinin), and centrifuged at 10,000 g for 15 min at 4 °C. The resulting supernatants were
collected, namely nuclear fraction.

Analysis of cytokine production by ELISA

For cytokine production analysis, cells were seeded in 6-well plates at an initial density of 5x10°
cells/mL, starved in serum-free medium for 16 h, pretreated with serial concentrations of PFE (5,
15, 30 and 50 pg/mL) for 1 h and then treated with DP2 (20 pg/mL) for 24 h. DMSO and purified
GST was used as negative control and control protein. The concentration of IL-4, IL-5, IL-6, IL-8,
IL-13, GM-CSF and MCP-1 was determined in cell free supernatants using DuoSet ELISA kits
(R&D Systems, Abingdon, UK) according to the manufacturer’s instructions.
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Statistical analysis

Data were expressed as means + SD of the three independent experiments. Statistical comparisons
are made by a one-way analysis of variance (ANOVA), followed by a Duncan
multiple-comparison test. Differences are considered to be significant when the p values are
<0.05.

Results

3-1.

3-2.

3-3.

Effects of PFE and rDP2 on viability of BEAS-2B cells

Cytotoxicity of PFE and DP2 to human airway epithelial cell BEAS-2B was first examined
by using MTT assay. As shown in Figure 1A, cell viability of BEAS-2B cells cultured with
different concentrations of PFE ranged from 103.4 £ 12.1% to 96.2 £+ 9.2% of control, and
each changes of viability between DMSO and different concentrations of PFE (10, 20, 30,
50 and 100 pg/mL) were statistically insignificant (P > 0.127). Based on our previous study
[17], 20 pg/mL of DP2 was used to trigger expression of pro-allergic and pro-inflammatory
cytokines in BEAS-2B cells, and up to 50 pg/mL of PFE was used for its biological activity
investigation. we found that neither DP2 alone (20 pg/mL) nor DP2 combining with PFE
treatment (50 pg/mL) significantly affected cell viability of BEAS-2B cells (P > 0.251 as
compared to control)(Figure 1B).

PFE inhibited DP2-induced mRNA expression and protein production of pro-allergic
cytokines in BEAS-2B cells

It is known that DP2 induces secretion of pro-allergic cytokines by respiratory epithelial
cells [8]. We next investigated the effects of PFE on mRNA expression of pro-allergic
cytokine IL-4, IL-5, IL-13 and GM-CSF in DP2-stimulated BEAS-2B cells. As shown in
Figure 2A, significantly induced mRNA expressions of IL-4, IL-5, IL-13 and GM-CSF were
observed in DP2-stimulated BEAS-2B cells, and the elevated expressions were inhibited by
pretreatment of PFE in a dose-dependent manner. Using qPCR, the results of quantitative
analysis revealed that DP2 significantly increased the mRNA levels of IL-4, IL-5, IL-13 and
GM-CSF in BEAS-2B cells to 16.3 £ 1.2, 18.5 + 0.6, 44.1 £ 1.8 and 17.6 + 2.7-fold of
control, respectively (P < 0.05 as compared to control). GST alone (20 pg/mL) appeared to
elevate the mRNA expression of the pro-allergic cytokines, ranging from 3.8 £ 0.9 to 5.1 +
4.7-fold of control; however, only the increases in IL-4 and IL-5 mRNA expression were
significant (P <0.05 as compared to control). The DP2-increased mRNA levels of IL-4, IL-5,
IL-13 and GM-CSF were reduced by PFE pretreatment in a dose-dependent manner (Figure
2B), and the DP2-upregulated mRNA levels of IL-4, IL-5, IL-13 and GM-CSF were
significantly inhibited by PFE pretreatment (50 pg/mL) and decreased to 7.1 + 0.9, 5.7 + 0.1,
22.1 £ 1.7 and 7.4 £+ 0.8-fold of control, respectively (p<0.005 as compared to DP2 alone)
(Figure 2B).

In addition to mRNA expression, DP2 increased protein production of IL-4, IL-5, IL-13 and
GM-CSF by BEAS-2B cells to 18.5 + 2.2, 16.7 £ 1.2, 27.5 = 1.6 and 8.8 £ 1.4 pg/mL/104
cells, respectively (P < 0.05 as compared to control)(Figure 2C). PFE pretreatment
dose-dependently reduced the protein production of the tested cytokines in BEAS-2B cells,
and decreased the cytokine production up to 7.6 = 1.1 (IL-4), 6.6 = 1.2 (IL-5), 12.4 £ 1.4 and
6.1 + 1.3 (GM-CSF) pg/mL/104 cells, respectively (P < 0.05 as compared to DP2
alone)(Figure 2C). Although GST alone (20 pg/mL) elevated the protein production of the
pro-allergic cytokines, the increase of the cytokines was insignificant (P >0.172 as compared
to control).

PFE inhibited DP2-induced mRNA expression and protein production of
pro-inflammatory cytokines in BEAS-2B cells
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3-4.

3-5.

In addition to pro-allergic cytokines, DP2 has been reported to enhance production of
pro-inflammatory cytokines by respiratory epithelial cells [8]. We thus investigated whether
PFE diminished mRNA expression of pro-inflammatory cytokine IL-6, IL-8 and MCP-1 in
BEAS-2B cells in response to DP2. As shown in Figure 3A, DP2 significantly induced
mRNA expression of IL-6, IL-8 and MCP-1 in BEAS-2B cells, which was dose-dependently
inhibited by PFE pretreatment. Further quantitative qPCR analysis showed that DP2 greatly
clevated the mRNA levels of IL-6, IL-8 and MCP-1 in BEAS-2B cells to 35.7 + 1.6, 28.7 +
1.1, and 11.3 £+ 1.2-fold of control, respectively (P < 0.05 as compared to control)(Figure
3B). Similar to the results of pro-allergic cytokine expression, GST (20 pg/mL) slightly
enhanced the mRNA expression of the pro-inflammatory cytokines, ranging from 1.2 + 0.4
to 2.1 + 0.3-fold of control (Figure 3B - 3D). The DP2-elevated mRNA levels of IL-6, IL-8
and MCP-1 were dose-dependently diminished by PFE pretreatment (Figure 3B), and the
DP2-elevated mRNA levels of IL-6, IL-8 and MCP-1 were significantly reduced by PFE
pretreatment (50 pg/mL) to 2.2 + 0.3, 1.8 + 0.2, and 5.9 + 1.1-fold of control as comparing
to control respectively (p<0.005 as compared to DP2 alone)(Figure 3B).

In parallel to mRNA expression, protein productions of IL-6, IL-8, and MCP-1 in BEAS-2B
cells were increased by DP2 to 142.7 + 12.9, 102.6 + 15.6, and 72.7 + 8.8 pg/mL/10* cells,
respectively (P < 0.05 as compared to control)(Figure 3C). PFE pretreatment diminished the
protein production of the tested cytokines by BEAS-2B cells ina dose-dependent manner,
and decreased the cytokine production up to 58.9 + 2.9 (IL-6), 33.7 = 3.1 (IL-8) and 33.3 +
2.2 (MCP-1) pg/mL/10* cells, respectively (P < 0.05 as compared to DP2 alone)(Figure 3C).
Additionally, effects of GST alone (20 pg/mL) on the protein production of the
pro-inflammatory cytokines examined were insignificant (P >0.121 as compared to control).

PFE inhibited phosphorylation of MAPKSs in DP2-stimulated BEAS-2B cells

Activation of MAPKs has been known to be associated with DP2-induced production of
pro-allergic and pro-inflammatory cytokines [8, 18]. Therefore, effects of PFE on
phosphorylation of JNK, P38 and Erkl/2 in BEAS-2B cells in response to DP2 were
investigated. As shown in Figure 4, comparing to GST treatment, DP2 significantly
enhanced phosphorylation of JNK, P38 and Erk1/2 to 2.42, 4.21, and 2.48-fold of GST
alone, respectively. the DP2-induced phosphorylation of JNK and P38 were diminished
upon PFE pretreatment in a dose-dependent manner but not Erk1/2. With pretreatment of
PFE at 50 pg/mL, levels of p-JNK, p-P38 and p-Erk1/2 were reduced to 1.18, 1.25 and
1.01-fold of GST alone. In addition, treated with GST (20 pg/mL) alone insignificantly
affected phosphorylation of JNK, P38 and Erk1/2 as compared to negative control (DMSO).

PFE suppressed degradation of IkBa and nuclear translocation of NF-kB in
DP2-stimulated BEAS-2B cells

Transcription factor NF-kB plays a pivotal role in regulation of pro-inflammatory cytokines,
and its nuclear translocation is associated with the expression of the pro-inflammatory
cytokines. Thus, effects of PFE on degradation of IxBa and nuclear translocation of NF-«xB
in BEAS-2B cells exposed to DP2 were subsequently investigated. As shown in Figure 5A,
exposure of BEAS-2B cells to DP2 led to a significant decrease of cytosolic IkBa level, the
NF-kB inhibitor, contributing to nuclear translocation of NF-«B. In addition, PFE
pretreatment restored the DP2-decreased cytosolic IkBalevel and diminished nuclear NF-xB
level increased by DP2 in a dose-dependent fashion. Further quantitative analysis showed
that DP2 treatment increased level of nuclear NF-xB to 1.54 + 0.15-fold of GST alone (P
<0.05), and PFE pretreatment (50 pg/mL) following DP2 treatment decreased nuclear
NF-kB level to 1.21 + 0.03-fold of GST control (Figure 5B). These findings revealed that
PFE inhibited not only degradation of IkBabut also nuclear translocation of NF-«xB.
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4. W2 Rp

Figure 1. Effects of PFE and DP2 treatment on BEAS-2B cell viability. Cells were cultured in a
24-well plate (4x10" cells/mL) with serum-free medium for 16 h, then (A) treated with serial
concentrations of PFE (10, 20, 30, 50 and 100 pg/mL) for 24 h, or (B) pretreated with 50 pg/mL PFE
for 1 h and following treated with 20 pg/mL DP2 for 24 h. After the treatments, cell viability was
determined by MTT assay. The data were presented as means + SD of three independent experiments.

n.s., not significant as compared to DMSO (A) or control (B).
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Figure 2. PFE inhibits DP2-induced mRNA expression and protein production of IL-4, IL-5,
IL-13 and GM-CSF in BEAS-2B cell. After 16 h-starvation, cells were pretreated with 5, 15, 30 and
50 pug/mL PFE for 1 h and then stimulated with 20 pg/mL DP2 for 4 h (mRNA expression) or 24 h
(protein production). mRNA expression was determined by RT-PCR (A), or by qPCR (B). Protein
production was measured by ELISA (C). Quantitative data was shown as means £ SD of three
independent experiments. #, P<0.05 as compared to GST alone; *, P<0.05 and **, P<0.005 as

compared to DP2 alone.
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Figure 3. PFE inhibits DP2-induced mRNA expression and protein production of IL-6, IL-8 and
MCP-1 in BEAS-2B cell. After 16 h-starvation, cells were pretreated with 5, 15, 30 and 50 pug/mL
PFE for 1 h and then stimulated with 20 pg/mL DP2 for 4 h (mRNA expression) or 24 (protein
production). mRNA expression was determined by RT-PCR (A), or by qPCR (B). Protein production
was measured by ELISA (C). Quantitative data was shown as means + SD of three independent
experiments. #, P<0.05 as compared to GST alone; *, P<0.05 and **, P<0.005 as compared to DP2
alone.
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Figure 4. PFE suppressed DP2-induced phosphorylation of MAPKSs in BEAS-2B cells. After 16
h-starvation, cells were pretreated with 5, 15, 30 and 50 pg/mL PFE for 1 h and then stimulated with
20 pg/mL DP2 for 30 min. The treated cells were lysed for analysis of phosphorylation by
immunoblot using specific antibodies and chemiluminescence development. Quantitative data was
performed by densitometric analysis and indicated as [phosphorylated protein/ total protein]. The

ratios of GST treatments were used as internal control.
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Figure 5. PFE elevated cytosolic IxBa and diminished nuclear NF-xB in DP2-stimulated
BEAS-2B cells. After 16 h-starvation, cells were pretreated with 5, 15, 30 and 50 ug/mL PFE for 1 h,
and then stimulated with 20 pg/mL DP2 for 30 min. The treated cells were lysed for (A)
determination of cytosolic IkBa, or (B) distribution of cytosolic and nuclear NF-kB by immunoblot
using specific antibodies and chemiluminescence development. Quantitative data was performed by
densitometric analysis and obtained from three independent experiments. Level of GAPDH and
histone H1 was used as cytosolic and nuclear control, respectively. #, p<0.05 as compared to GST
alone; *, P<0.05 as compared to DP2 alone.
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