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Introduction

Flavonoids are naturally occurring polyphenolic compounds that are

ubiquitously in plants, that possess a variety of beneficial health

effects. Flavonoids have been characterized, and therapeutically

significant levels of dietary flavonoids are used by humans living in

Western countries because of the unique properties of such

compounds. In vitro studies suggest that flavonoids can protect the

human body from reactive oxygen species (ROS), such as hydroxyl,

alkoxyl, or peroxyl radicals; galangin may have powerful reactivity

that can protect the body from various life-threatening diseases (1-3).

Flavonoids may also have cancer prevention effects. The antitumor

effects of flavonoids may be attributed to suppress multiple signaling

pathways in the process of tumor promotion, including tumor cell

transformation, invasion, metastasis and angiogenesis, through

inhibiting kinases, reducing transcription factors, modulating cell

cycle, and activating cell death process (4-6).

Galangin (3,5,7-trihydroxyflavone), belongs to a class of flavonoids

known as flavonols. Galangin is present in Alpinia officinarum, a plant

used for many years in Asia as herbal therapeutics and honey;

compounds from this plant are major components of propolis, which

is a natural composite balsam produced by honeybees from the gum

of various plants (7-9). Galangin showed various pharmacological

activities, such as anti-mutagenic, anti-clastogenic, anti-oxidative,

radical scavenging, and metabolic enzyme modulating activities (10-

12). Furthermore, galangin showed cancer preventive properties in

several cancer cell lines (13-15). Based on previous reports, galangin

could inhibit the cell proliferation and induce apoptosis of cancer

cells. Therefore, galangin may induce apoptosis and cell cycle arrest

of human colon carcinoma cells. The mechanism by which galangin

suppress human colon carcinoma cells (HCT-116) through molecular

features is not well known. To understand this phenomena, the

relationship between the structure-activity and the antioxidant

pharmacophore of galangin against a strong oxidative agent (DPPH)

were studied by using density functional theory method and

quantum chemical calculations.

Materials and Methods

Materials DMEM medium, fetal bovine serum (FBS), and galangin

were purchased from Sigma-Aldrich (St. Louis, MO, USA). Penicillin

and streptomycin were used to prevent microbial contamination

(Biosource International, Nivelles, Belgium). RNase A and propidium

iodide (PI) were purchased from Sigma-Aldrich. Moreover, ascorbic

acid and 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrich) were

used for the spectrophotometric determination of galangin-free

radical scavenging activities. All reagents used were of analytical

grade.

Free radical scavenging activity The free radical scavenging activity

of the extracts was measured using DPPH (16). The DPPH radical is

Received January 18, 2015
Revised May 6, 2015
Accepted September 14, 2015
Published online February 29, 2016

*Corresponding Author
Tel/Fax: +964 (0) 7902781890
E-mail: gmsbiotech@hotmail.com

pISSN 1226-7708
eISSN 2092-6456

© KoSFoST and Springer 2016

Abstract Galangin is a naturally occurring plant flavonoid with potential anticancer activity. In

present work, the Becke three-parameter hybrid exchange functional method and the Lee-Yang-Parr

correction functional methods were used to investigate the structural properties of galangin. The

structure-activity relationship analysis has been performed to determine its antioxidant pharmaco-

phore by using density functional theory method and quantum chemical calculations. The free radical

scavenging activities of galangin were analyzed with the use of 2, 2-diphenyl-1-picrylhydrazyl and

compared with Vitamin C as a control. Galangin decreased the cell proliferation rate in HCT-116 cells

and showed concentration- and time-dependent response. Galangin significantly increase the inhibitory

effect on HCT-116 clonogenicity and promotes cell cycle arrest at the G2/M or G1 phase, as confirmed

by flow cytometry analysis.
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deep violet in color because of its unpaired electron. The radical

scavenging capability of the galangin can be determined spectro-

photometrically based on absorbance loss at 517 nm when the pale

yellow non-radical form is produced. In the assay, equal volumes (0.5

mL) of DPPH (60 µM) and galangin (50 or 100 µg mL−1) were mixed in

a cuvette and left to stand for 30 min at room temperature. Ascorbic

acid (vitamin C) was used as standard. The absorbance was read at

517 nm in a UV/VIS spectrophotometer (Lambda 19; Perkin-Elmer,

Inc., Shelton, CT. USA).

Computational study Gaussian (Gaussian 09; Revision A.02, Gaussian

Inc., Wallingford, CT, USA) was used to calculate the ground-state

geometry of galangin and was fully optimized with hybrid density

functional theory (DFT) by using basis set 6-31G. The Becke three-

parameter hybrid exchange functional in combination with the Lee-

Yang-Parr correction functional was used to optimize the geometries

functions. The highest occupied molecular orbital (HOMO) distribution

and lowest unoccupied molecular orbital (LUMO) distribution of

galangin radical molecules were also discussed in this study (17-19).

Cell line and growth inhibition The HCT-116 (ATCC CCL-247) cell

line was cultured in DMEM medium supplemented with 10% FBS, 20

mM Hepes, and 2 mM L-glutamine under a humidified atmosphere

of 5% CO2 at 37oC in tissue culture flasks (T 25 cm2, Iwaki; Bibby

Sterilin, Staffordshire, UK). For growth inhibition assays, HCT-116

cells were seeded in 24-well flat-bottom culture plates (FalconTM;

Fisher Scientific, Pittsburgh, PA, USA) at a density of 2×104 cells mL−1.

After 48 h in the exponentially growing phase, the cells were treated

with galangin at concentrations of 5, 10, 15, and 20µg mL−1 for 24,

48, and 72 h. The number of cells was counted every 24 h by using an

automated cell counter (TC 20TM; Bio-Rad Laboratories, Inc., Hercules,

CA, USA).

Clonogenic survival assay To investigate the inhibition of colony

formation, HCT-116 cells were seeded at a density of 1,000 cells mL−1

in 6-well flat-bottom culture plates (FalconTM; Fisher Scientific) and

incubated for 48 h in a humidified atmosphere supplemented with

5% CO2 and 95% air at 37oC. Cells were treated with galangin at

concentrations of 5, 10, 20 and 40µg mL−1, and incubated for

additional 120 h (in three replicates). When the non-treated cells

were readily visible under the microscope as a confluent monolayer,

the medium was removed and the wells were washed with 2 mL of

filtered PBS. Then, the colonies were stained with 200µL per well of

crystal violet for 2 min. After removing the stain, extensive washing

was performed in tap water for 10 min, after which washing in

distilled water was performed twice for 10 min each time. Then, the

plates were tapped on towel paper, dried, and photographed.

Cell cycle analysis Cell cycle analysis was performed according to

the method of Darzynkiewicz and Huang (20) with slight modifications.

HCT-116 cells were seeded in 6 multi-well plates at a density of

2×10 4 cells mL−1 and cultured for 48 h. The cells were treated with

different concentrations of galangin for 24 h. Cells were harvested at

a density of 2×106 and then transferred to a polypropylene conical

tube and centrifuged at 400×g for 10 min, after which the supernatant

was discarded. The pellet was fixed with 96% ethanol drop-wise with

continuous vortexing and was incubated in an ice bath for 30 min.

The tube was stored overnight at 4oC. Thereafter, the cell pellet was

collected by centrifugation at 400×g for 10 min before resuspending

in 1 mL of washing buffer. Further centrifugation at 400×g for 10 min

was performed to collect the cell pellet, after which 2 mL of propidium

iodide (PI) solution and 25 µL of RNase A were added. The mixture

was left to stand overnight in the dark at 4oC. Fluorescence emitted

from the PI-DNA complex was quantified after excitation of the

fluorescent dye by FACS Calibur instrument (Becton Dickinson,

Franklin Lakes, NJ, USA). At least 10,000 cells were examined for each

sample, and fluorescence emission was set at 610 nm (FL3). The

distribution of DNA content was expressed as the G1, S, and G2/M

phases.

Statistical analysis The grouped data were statistically evaluated

using ANOVA with SPSS program (SPSS/14.0; SPSS Inc., Chicago, IL,

USA). Values were presented as the mean±SD of the three replicates

of each experiment.

Results and Discussion

Many flavonoids exhibit antioxidant activity and anti-proliferative

effects against tumor derived cell lines, including cell lines of

melanoma, leukemia, lung, prostate, and breast carcinoma origin

and human colon carcinoma cells (21-24). A series of experiments

were performed on galangin to assess the possible protective action

of this compound against oxidative reaction and to evaluate its

antitumor activity in HCT-116 cells.

Free radical scavenging activity of galangin To evaluate the free

radical-scavenging activity of galangin, the DPPH reduction-based

method was used and reported in Fig. 1. The anti-antioxidant activity

was significantly reduced and was concentration dependent. This

activity reduction was more prominent at 100 µg mL−1 with 59.72%

compared with vitamin C. The model system of scavenging DPPH

free radical is a simple method for evaluating the antioxidant activity

of compounds. DPPH free radical scavenging by antioxidants is due

to their hydrogen-donating ability (25). The inhibitory action of

galangin may serve as a significant indicator of its free radical

scavenging activity. Antioxidants can donate electrons to reactive

radicals, converting them into more stable and unreactive species

(26,27).

In order to evaluate the relationship between galangin’s structure

and antioxidant activities, the proposed reaction mechanisms based

on the experiment of DPPH radicals and the molecule of galangin
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was calculated by using a model system. Five resonance limit structures

were visualized in scheme of galangin, as shown in Fig. 2. This

proposed mechanism may give an example to assess the capacity for

other radical quenching methods. However, phenolic groups are

known to stabilize a radical formed on phenolic carbon with their

resonance structure and are positively correlated with the number of

hydroxyl groups (28). Galangin possesses the structures essential for

flavonoid antioxidant activity, as follows: 3,5,7 hydroxylation, the

presence of a double bond between carbons 2 and 3, conjugated

with the B ring. However, the antioxidant activities of galangin are

due to the presence of hydroxyl group at carbon 3 in association with

the double bond C2-C3 conjugated with the B aromatic ring. The

presence of this double bond conjugated with the aromatic ring at

galangin molecule, the hydroxyl group linked to the C3 can easily

undergo one- electron oxidation to give hydroxyl radical (OH·) which

allow electron delocalization in position 2 and in B ring. The present

results are in accordance with the work of Gregoris and Stevanato

(29). Interestingly, the opposed behavior of galangin was observed in

apigenin (another flavone), which differ for the position of the

hydroxyl group. Both of them delocalize the unpaired electron in

different positions of the B aromatic ring, but galangin, with hydroxyl

group at C3, shows potent and high antioxidant capacity, unlike

apigenin, characterized by a hydroxyl group in C4'. Furthermore, it

reported that naringenin and apigenin show low antioxidant capacity

because they do not have the double bond C2-C3, while high

antioxidant capacity is observed in galangin which presents the

hydroxyl group at C3 and the double bond C2-C3 (29,30). The

antioxidants can show their protective roles to the free radical

through removal of a hydrogen atom from an aromatic hydroxyle

group that is donated to free radicals. As an aromatic compound,

galangin can support unpaired electrons through delocalization

around the electron system. Moreover, galangin can show direct

evidence for antioxidants to scavenge a reactive oxygen species in

the body cause oxidative damage to cellular components (31,32).

HOMO and LUMO distribution of galangin To further gain an

electronic molecular insight into the antioxidant capacity of galangin,

The HOMO and the LUMO states were performed by using DFT-

based quantum chemical descriptors. The calculated HOMO and

LUMO energies showed that charge transfer occurred within the

molecules related to the ability of the molecule to donate or accept

electrons, respectively. Furthermore, distribution of the frontier

Fig. 1. DPPH free radical scavenging activity of galangin. Results are

expressed as percentage decrement of absorbance at 517 nm with

respect to control. Each value represents the mean±SD of three

experiments.

Fig. 2. The reaction scheme between DPPH free radicals and galangin.
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molecular orbital is extremely important in the analysis of antioxidant

capacity and can indicate the active site exposed to attack of free

radicals. However, the HOMO and LUMO distributions for galangin

molecule, along with the frontier molecular orbital energy gap

(LUMO-HOMO energy difference, Eg) and the electron volt values,

are given in Fig. 3. According to the energy plots, the present

experiment suggested that the antioxidant potential of galangin was

verified by the high number of hydroxyl groups in the molecule and

by the alleviation of formation of phenoxyl radicals generated from

these groups. The antioxidant potential is strongly related to the

presence of the hydroxyl groups which gives high antioxidant

potential to the flavonoid molecule and also to the stability of the

created phenoxyl radical. However, the LUMO energy plots clearly

indicated that high electron density contributed between B and C

rings and between C-2 and C-3, which clearly assured the stability of

free radicals between rings.

Proliferation and clonogenic survival assay of HCT-116 cells To

visualize the relationships between antioxidant and structural

properties described in Fig. 1, 2 and 3, we evaluated the cytotoxicity

of galangin on HCT-116 cells in vitro using short-term and long-term

systems. To assess the short-term growth inhibitory effect of galangin,

four concentrations (5, 10, 15, and 20 µg mL−1) were applied on HCT-

116 cells for 24, 48, and 72 h. After treatment, the cell number was

measured using an automated cell counter, as shown in Fig. 4. The

number of cells was markedly inhibited by galangin in a concentration-

and time-dependent manner (p<0.05). The number of tumor cells

after treatment with 20 µg mL−1 at 72 h was significantly reduced,

and galangin at a concentration of 20 µg mL−1 was more effective

than the other three concentrations at the same period of incubation

compared with non-treated cells (Fig. 4). A clonogenic survival assay

was conducted to measure the long-term cytotoxicity of galangin at

four different concentrations. Results of the galangin clonogenic

survival assay are shown in Fig. 5. The mortality data obtained in

present experiment enabled the prediction of potential cytotoxic and

tumor reduction effects of galangin.

Cell cycle distribution of HCT-116 cells To assess whether

inhibition of cell growth by galangin was due to the induction of cell

cycle arrest or cell death, flow cytometry was performed to detect

cellular DNA contents. The cell-cycle distributions were analyzed for

24 h, and the results are shown in Fig. 6. A slight change was

Fig. 4. Growth inhibition of HCT-116 cells after treatment with different

concentrations of galangin for 24, 48 and 72 h. The values were

mean±SD from three experiments.

Fig. 3. The highest occupied molecular orbital (HOMO) distribution and lowest unoccupied molecular orbital (LUMO) distribution of galangin

radical molecules.
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observed in cells in the G2 phase after treatment with 5µg mL−1 of

galangin (23%). With increasing concentration up to 10 and 15 µg

mL−1, the percentage of cells in the G2 phase markedly increased (by

48% and 60%, respectively). Treatment with galangin at 20µg mL−1

induced the growth arrest of G1 cells at approximately 55% while

concomitantly decreasing the percentage of S and G2/M cells

compared with control cells. These behaviors of galangin were

similar to those effects of luteolin (another falvone) which recorded

by Tsai et al. (33) in human glioblastoma cells. They found two

different regulations of cell cycle in a concentration-dependent

manner by inducing arrest either in S phase or G2M phase. However,

the results of present work clearly confirmed the function of galangin

in the induction of cell cycle arrest in colon cancer cells. These results

corroborate the findings of many published studies on several other

types of human cancer cells. Galangin blocks transition from G0/G1

phase to S phase of Hs578T cells (13) and chronic myelogenous

leukemia cell lines (14). Moreover, galangin arrested the development

of human gastric cancer SGC-7901 cells at the G2 phase of the cell

cycle after 24 h treatment time (34). Therefore, galangin may show

different effects in various cancer cell lines. In addition to its effect

causing cell cycle blockage, galangin has been demonstrated to

promote apoptosis in tumor cells (35). On the basis of the above

mentioned results, this study supports the therapeutic potential of

galangin and its use as a possible antitumor agent. In conclusion, the

present results indicate that galangin display a potent inhibition to

HCT-116 cells and induced both G1 and G2/M cell cycle perturbations.

The molecular structure calculations of galangin and its antioxidant

potentials revealed a significant association found between the

DPPH radical scavenging capacity and suppression of cell growth,

making the galangin a promising candidate for tumor treatment. The

theoretical approach for the molecular structure of galangin and its

antioxidant activities showed that a good correlation existed between

the scavenging potentials of galangin and reduced proliferation of

HCT-116 cells. In addition, galangin showed multiple activities in the

cell, and galangin may also show antigenotoxic activity against

alkylating agents (10) or inhibition of the arylhydrocarbon receptor

activation (36). Galangin may have antiproliferative potential and

may be used as an efficient chemotherapeutic drug and/or as a food

additive for treating human colon cancer.

Fig. 5. Clonogenic survival assay of HCT-116 cells after treatment with

different concentrations of galangin. Three experiments were indicated.

Fig. 6. Effect of galangin on cell cycle distribution in HCT-116 cells involved arrest in the G2/M and G1 phase. Cells were harvested 24 h later and

assayed for DNA content by propidium iodide (PI) staining and flow cytometry was then performed for cell cycle distribution. Flow cytometry

histograms from one representative experiment in which 5, 10, 15 and 20 µg mL−1 of galangin were used are presented. Percentage of cell

distribution data for each treatment is indicated.



252 Sulaiman

Food Sci. Biotechnol.

Acknowledgments This work was supported by the Division of

Biotechnology, Applied Science Department of University of

Technology (No. AS 964-BD-6-2014).

Disclosure The authors declare no conflict of interest.

References

1. Formica J, Regelson W. Review of the biology of quercetin and related

bioflavonoids. Food Chem. Toxicol. 33: 1061-1080 (1995)

2. Khan NA. Antioxidant and cancer. Science 2: 38-43 (2002)

3. Patel DK, Patel K, Gadewar M, Tahilyani V. Pharmacological and bioanalytical

aspects of galangin-A concise report. Asian Pac. J. Trop. Biomed. 2: S449- S455

(2012)

4. Knekt P, Jarvinen R, Seppanen R, Hellovaara M, Teppo L, Pukkala E, Aromaa A.

Dietary flavonoids and the risk of lung cancer and other malignant

neoplasms. Am. J. Epidemiol. 146: 223-230 (1997)

5. Birt DF, Hendrich S, Wang W. Dietary agents in cancer prevention: Flavonoids

and isoflavonoids. Pharmacol. Therapeut. 90: 157-177 (2001)

6. Neuhouser ML. Dietary flavonoids and cancer risk: Evidence from human

population studies. Nutr. Cancer 50: 1-7 (2004)

7. Li BH, Tian WX. Presence of fatty acid synthase inhibitors in the rhizome of

Alpinia officinarum hance. J. Enzym. Inhib. Med. Ch. 18: 349-356 (2003)

8. Volpi N. Separation of flavonoids and phenolic acids from propolis by capillary

zone electrophoresis. Electrophoresis 25: 1872-1878 (2004)

9. Sulaiman GM, Al Sammarrae KW, Ad’hiah AH, Zucchetti M, Frapolli R, Bello

E, Erba E, D'Incalci M, Bagnati R. Chemical characterization of Iraqi propolis

samples and assessing their antioxidant potentials. Food Chem. Toxicol. 49:

2415-2421 (2011)

10. Heo MY, Sohn SJ, Au WW. Anti-genotoxicity of galangin as a cancer

chemopreventive agent candidate. Mutat. Res. 488: 135-150 (2001)

11. Cushnie TP, Lamb AJ. Assessment of the antibacterial activity of galangin

against 4-quinolone resistant strains of Staphylococcus aureus. Phytomedicine

13: 187-191 (2006)

12. Gwak J, Oh J, Cho M, Bae SK, Song IS, Liu KH, Jeong Y, Kim DE, Chung YH, Oh S.

Galangin suppresses the proliferation of β-catenin response transcription-

positive cancer cells by promoting adenomatous polyposis coli/Axin/glycogen

synthase kinase-3β-independent β-catenin degradation. Mol. Pharmacol. 79:

1014-1022 (2011)

13. Murray TJ, Yang X, Sherr DH. Growth of a human mammary tumor cell line is

blocked by galangin, a naturally occurring bioflavonoid, and is accompanied

by down-regulation of cyclins D3, E, and A. Breast Cancer Res. 8: R17 (2006)

14. Tolomeo M, Grimaudo S, Di Cristina A, Pipitone RM, Dusonchet L, Meli

M, Crosta L, Gebbia N, Invidiata FP, Titone L and Simoni D. Galangin increases

the cytotoxic activity of imatinib mesylate in imatinib-sensitive and imatinib-

resistant Bcr-Abl expressing leukemia cells. Cancer Lett. 265: 289-297 (2008)

15. Li F, Awale S, Tezuka Y, Esumi H, Kadota S. Study on the constituents of

Mexican propolis and their cytotoxic activity against PANC-1 human

pancreatic cancer cells. J. Nat. Prod. 73: 623-627 (2010)

16. Kumar N, Mueen AKK, Dang R, Husain A. Antioxidant and antimicrobial

activity of propolis from Tamil Nadu zone. J. Med. Plants Res. 2: 361-364

(2008)

17. Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA, Cheeseman JR,

Scalmani G, Barone V, Mennucci B, Petersson GA, Nakatsuji H, Caricato M, Li

X, Hratchian HP, Izmaylov AF, Bloino J, Zheng G, Sonnenberg JL, Hada M, Ehara

M, Toyota K, Fukuda R, Hasegawa J, Ishida M, Nakajima T, Honda Y, Kitao O,

Nakai H, Vreven T, Montgomery JA, Peralta Jr, JE, Ogliaro F, Bearpark M, Heyd J

J, Brothers E, Kudin KN, Staroverov VN, Kobayashi R, Normand J, Raghavachari

K, Rendell A, Burant JC, Iyengar SS, Tomasi J, Cossi M, Rega N, Millam JM,

Klene M, Knox JE, Cross JB, Bakken V, Adamo C, Jaramillo J, Gomperts R,

Stratmann RE, Yazyev O, Austin AJ, Cammi R, Pomelli C, Ochterski JW, Martin

RL, Morokuma K, Zakrzewski VG, Voth GA, Salvador P, Dannenberg JJ,

Dapprich S, Daniels AD, Farkas O, Foresman JB, Ortiz JV, Cioslowski J, Fox DJ.

Gaussian 09, Revision A.02, Gaussian Inc., Wallingford, CT, USA (2009)

18. Naama JH, Alwan GH , Obayes HR , Al-Amiery AA , Al-Temimi AA , Kadhum AA

H, Mohamad AB. Curcuminoids as antioxidants and theoretical study of

stability of curcumin isomers in gaseous state. Res. Chem. Intermediat. 39:

4047-4059 (2013)

19. Obayes HR, Alwan GH, Al-Amiery AA, Kadhum AH. Mohamad AB

Thermodynamic and theoretical study of the preparation of new buckyballs

from corannulene, coronene, and circulene. J. Nanomater. 2013: 1-8 (2013)

20. Darzynkiewicz Z, Huang X. Analysis of cellular DNA content by flow cytometry.

pp. 5.7.1-5.7.18. In: Current Protocols in Immunology. Coico R (ed). John

Wiley and Sons, Inc., New York, NY, USA (2004)

21. Caltagirone S, Rossi C, Poggi A, Ranelletti FO, Natali PG, Brunetti M, Aiello FB,

Piantelli M. Flavonoids apigenin and quercetin inhibit melanoma growth and

metastatic potential. Int. J. Cancer 87: 595-600 (2000)

22. Kobayashi T, Nakata T, Kuzumaki T. Effect of flavonoids on cell cycle

progression in prostate cancer cells. Cancer Lett. 176: 17-23 (2002)

23. Kelke M, Jacob C, Dicato M, Diederich M. Potential of the dietary antioxidants

resveratrol and curcumin in prevention and treatment of hematologic

malignancies. Molecules 15: 7035-7074 (2010)

24. Woo HD, Kim J. Dietary flavonoid intake and risk of stomach and colorectal

cancer. World J. Gastroentero. 19: 1011-1019 (2013)

25. Tang SZ, Kerry JP, Sheehan D, Buckley DJ. Antioxidative mechanisms of tea

catechins in chicken meat systems. Food Chem. 76: 45-51 (2002)

26. Gulcin I. Antioxidant properties of resveratrol: A structure activity insight.

Innov. Food Sci. Emerg. 11: 210-218 (2010)

27. Sulaiman GM, Al-Amiery AA, Bagnati R. Theoretical, antioxidant and cytotoxic

activities of caffeic acid phenethyl ester and chrysin. Int. J. Food Sci. Nutr. 65:

101-105 (2014)

28. Sroka Z, Cisowski W. Hydrogen peroxide scavenging, antioxidant and anti-

radical activity of some phenolic acids. Food Chem. Toxicol. 41: 753-758

(2003)

29. Gregoris E, Stevanato R. Correlations between polyphenolic composition and

antioxidant activity of Venetian propolis. Food Chem. Toxicol 48: 76-82 (2010)

30. Kumazawa S, Hamasaka T, Nakayama T. Antioxidant activity of propolis of

various geographic origins. Food Chem. 84: 329-339 (2004)

31. Shimoi K, Masuda S, Furugori M, Esaki S, Kinae N. Radioprotective effect of

antioxidative flavonoids in gamma-ray irradiated mice. Carcinogenesis 15:

2669-2672 (1994)

32. Lien EJ, Ren S, Bui HH, Wang R. Quantitative structure-activity relationship

analysis of phenolic antioxidants. Free Radical Bio. Med. 26: 285-294 (1999)

33. Tsai YD, Chen HJ, Hsu HF, Lu K, Liang CL, Liliang PC, Wang KW, Wang HK, Wang

CP, Houng JY. Luteolin inhibits proliferation of human glioblastoma cells via

induction of cell cycle arrest and apoptosis. J. Taiwan Inst. Chem. E. 44: 837-

845 (2013)

34. Yun-xia XU, Xin-huai Z. In vitro effects of galangin on cell proliferation, cycle

progression and apoptosis of a human gastric cancer SGC-7901 cells. Chinese

Pharmaceut. J. 2013-2015 (2013)

35. Moon YJ, Wang X, Morris ME. Dietary flavonoids: Effects on xenobiotic and

carcinogen metabolism. Toxicol. In Vitro 20: 187-210 (2006)

36. Quadri SA, Qadri AN, Hahn ME, Mann KK, Sherr DH. The bioflavonoid galangin

blocks aryl hydrocarbon receptor activation and polycyclic aromatic

hydrocarbon-induced pre-B cell apoptosis. Mol. Pharmacol. 58: 515-525

(2000)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


