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CYTOTOXIC TRITERPENOIDS FROM Cornus kousa FRUITS
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In-Sik Chung, and Nam-In Baek*

Cornus kousa Burg. (Cornaceae) is a small deciduous tree characterized by brilliant, colorful, and attractive flowers
and fruits. It is widely distributed in the northern hemisphere, such as eastern Asia and eastern and northern parts of the United
States. C. kousa is widely cultivated for ornamental purposes in eastern Asia. The fruits of this plant have been used as a
hemostatic agent and for the treatment of diarrhea in Korean traditional medicine [1]. Additionally, immuno-regulatory properties
for this fruit extract have been reported [2]. Some chemical constituents such as isoquercitrin, gallic acid, tannin, phenolics,
and flavonoids [3] have been reported to be present in the leaves of C. kousa. Also, our previous phytochemical research on the
fruits of this plant demonstrated the presence of steroids [4], cytotoxic lignans [5], and flavonoids [6].

Bioactivity-guided fractionation led to the isolation of cytotoxic triterpenoids from the fruits of C. kousa. When the
methanol extracts of C. kousa were developed on silica gel TLC, pink and purple spots appeared after spraying with 10%
H2SO4 solution and heating, indicating the presence of triterpenoids in the extracts. The methanol extract was fractionated into
an EtOAc layer, an n-BuOH layer, and a H2O layer through solvent fractionation. The repeated silica gel (SiO2), octadecyl
silica gel (ODS), and Sephadex LH-20 column chromatographies (c.c.) of EtOAc fractions yielded ten triterpenoids, compounds
1–10. The chemical structures of the triterpenoids were determined from spectroscopic analysis, including EI/FAB-MS, IR,
PMR, 13C NMR, DEPT, and 2D NMR (COSY, HSQC, HMBC). The compounds were revealed to be ursolic acid (1) [7],
lupeol (2) [8], taraxasterol (3) [9], betulinic acid (4) [10], betulinic aldehyde (5) [11], ursolic aldehyde (6) [7], arjunolic acid
(7) [12], tormentic acid (8) [13], asiatic acid (9) [14], and 19�-hydroxyasiatic acid (10) [15]. Although these compounds were
previously isolated from other plants, this is the first report of their isolation from C. kousa. All isolated compounds were
evaluated for their cytotoxicity against human colon carcinoma (HCT-116), human breast carcinoma (MCF-7), human cervix
carcinoma (HeLa), human ovary carcinoma (SK-OV-3), and human melanoma (SK-MEL-5) using the MTT assay. As shown
in Table 2, some compounds inhibited the growth of human cancer cell lines. In conclusion, the findings of this study suggest
that the methanolic extract of C. kousa, as well as its isolated triterpenoids, may prove useful for the treatment of human
cancer.

Plant Materials. The fruits of Cornus kousa Burg. (Cornaceae) were collected at the experimental farm at Kyung
Hee University in August 2006 and identified by Prof. Dae-Keun Kim, College of Pharmacy, Woosuk University, Jeonju,
Korea. A voucher specimen (KHU060907) was reserved at the Laboratory of Natural Products Chemistry, Kyung Hee University,
Yongin, Korea.

Graduate School of Biotechnology and Plant Metabolism Research Center, Kyung Hee University, Yongin, 446-701,
Korea, e-mail: nibaek@khu.ac.kr. Published in Khimiya Prirodnykh Soedinenii, No. 1, pp. 120–123, January–February,
2010. Original article submitted August 5, 2008.
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General Experimental Procedure. Optical rotations were measured on a JASCO P-1010 digital polarimeter (Tokyo,
Japan). Uncorrected melting points were measured with a Fisher-Johns (Fisher Scientific) Melting Point Apparatus (Waltham,
USA). EI-MS and FAB-MS data were recorded on a JEOL JMSAX 505-WA (Tokyo, Japan). IR spectra were run on a
Perkin–Elmer Spectrum One FT-IR spectrometer (Waltham, USA). PMR (400 MHz) and 13C NMR (100 MHz) spectra were
taken on a Varian Unity Inova AS 400 FT-NMR spectrometer (Lake Forest, USA).

Extraction and Isolation of Triterpenoids. The dried and chopped fruits of C. kousa (10 kg) were extracted with
80% aqueous MeOH (10 L � 3) at room temperature. The extracts were partitioned successively between EtOAc (2 L � 3) and
H2O (2 L). The EtOAc extracts (44 g) were subjected to SiO2 c.c. and eluted with n-hexane–EtOAc (4:1�2:1)�CHCl3–
MeOH (15:1�13:1�10:1), monitoring by thin layer chromatography (TLC) to provide 17 fractions (CKFE1 to CKFE17),
which yielded compound 1 [1.58 g, Ve/Vt (elution volume/total volume) 0.66–0.70, TLC (SiO2 F254) Rf 0.70 in CHCl3–MeOH
(7:1)]. Subfraction CKFE4 (190 mg, Ve/Vt 0.21–0.25) was subjected to SiO2 c.c. and eluted with n-hexane–EtOAc (7:1) to
give eight fractions (CKFE4-1 to CKFE4-8). Subfraction CKFE4-2 (79 mg, Ve/Vt 0.15–0.40) was further purified by ODS c.c.
using MeCN–H2O (20:1) as eluting solution to give compound 2 [10.3 mg, Ve/Vt 0.70–0.80, TLC (RP-18 F254) Rf 0.40 in
MeCN–H2O (10:1)]. Subfraction CKFE6 (2.40 g, Ve/Vt 0.32–0.40) was subjected to SiO2 c.c. and eluted with n-hexane–EtOAc
(7:1) to give 12 fractions (CKFE6-1 to CKFE6-12), which yielded compound 3 [22 mg, TLC (SiO2 F254) Rf 0.70 in
n-hexane–EtOAc (1:1)]. Subfraction CKFE6-6 (478 mg, Ve/Vt 0.50–0.65) was subjected to ODS c.c. and eluted with MeOH–H2O
(10:1) to give five fractions (CKFE6-6-1 to CKFE6-6-5) and to ultimately produce compound 4 [35 mg, Ve/Vt 0.30–0.45, TLC
(RP-18 F254) Rf 0.55, MeOH–H2O (5:1)]. Subfraction CKFE6-6-3 (45 mg, Ve/Vt 0.46–0.65) was subjected to Sephadex LH-20 c.c.
and eluted with 80% MeOH to produce compound 5 [33 mg, Ve/Vt 0.50–0.90, TLC (RP-18 F254) Rf 0.47, MeOH–H2O (5:1)].

TABLE 1. 13C NMR Data of Compounds 1, 4, 5, 6, 8, 9 (C5D5N), 2, 3 (CDCl3), 7, and 10 (CD3OD) Isolated from the Fruits
of C. kousa

C atom 1 2 3* 4 5 6* 7 8* 9 10* 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

38.6 
28.2 
78.1 
39.0 
55.8 
18.4 
33.1 
41.7 
47.6 
37.0 
23.3 
125.5 
139.2 
42.0 
29.2 
24.5 
47.6 
53.6 
39.0 
38.9 
30.5 
36.8 
28.4 
16.7 
15.8 
17.5 
23.5 
179.9 
17.1 
21.0 

38.7 
27.4 
78.9 
38.8 
55.3 
18.2 
34.2 
40.7 
50.4 
37.1 
20.9 
25.0 
38.0 
42.7 
27.3 
35.5 
42.9 
48.3 
47.9 
150.8 
29.8 
39.9 
27.9 
15.3 
16.1 
15.9 
14.5 
18.0 
19.2 
109.3 

38.0 
27.5 
78.9 
38.7 
55.3 
18.3 
34.3 
42.1 
50.4 
37.2 
21.1 
24.8 
38.8 
43.0 
27.4 
40.0 
36.3 
48.3 
37.7 
150.8 
24.0 
40.8 
28.0 
15.4 
16.0 
16.1 
14.6 
19.3 
25.1 
109.1 

38.7 
27.4 
80.3 
38.8 
57.4 
18.3 
34.3 
42.0 
51.5 
37.2 
20.8 
25.5 
38.4 
43.6 
30.5 
32.1 
58.1 
48.5 
50.4 
151.3 
29.7 
37.0 
27.9 
16.1 
17.2 
16.9 
14.9 
180.1 
19.4 
110.5 

39.3 
27.3 
78.0 
39.6 
55.8 
18.8 
34.7 
41.1 
50.7 
37.5 
21.0 
25.9 
39.0 
42.8 
28.7 
29.1 
59.4 
48.0 
48.3 

150.1 
29.4 
33.3 
28.4 
16.2 
16.5 
16.6 
14.4 

206.4 
19.1 

110.5 

39.0 
27.2 
78.1 
39.4 
55.4 
18.4 
32.8 
39.3 
48.0 
37.0 
23.3 
126.4 
138.2 
42.2 
28.2 
23.4 
50.2 
52.6 
39.2 
39.0 
30.2 
33.2 
29.8 
16.7 
15.8 
17.6 
23.3 
207.1 
17.0 
21.2 

47.2 
69.6 
78.1 
43.3 
47.8 
17.9 
33.3 
40.4 
47.6 
38.1 
24.0 

123.2 
145.2 
42.7 
28.8 
24.0 
47.0 
42.7 
46.8 
31.6 
34.9 
33.8 
66.2 
13.9 
17.5 
17.7 
26.5 

181.6 
33.6 
24.1 

47.4 
68.7 
83.3 
39.7 
55.4 
18.3 
32.9 
40.5 
47.6 
38.7 
24.2 
126.5 
139.6 
42.3 
31.1 
26.9 
48.3 
54.4 
72.6 
41.9 
26.9 
38.7 
29.3 
17.6 
16.8 
17.4 
24.7 
179.6 
27.3 
16.9 

47.9 
68.9 
78.1 
42.7 
48.0 
18.6 
33.3 
40.1 
48.1 
38.9 
23.9 

125.5 
139.2 
43.8 
31.2 
28.8 
48.2 
53.6 
39.5 
39.9 
25.0 
37.6 
66.4 
14.5 
17.5 
17.6 
24.5 

180.5 
17.6 
21.5 

47.8 
68.8 
78.3 
43.6 
48.2 
18.6 
33.1 
40.4 
47.9 
38.3 
24.1 
128.0 
140.0 
42.1 
29.2 
26.3 
48.2 
54.5 
72.6 
42.3 
27.0 
38.4 
66.5 
14.2 
17.2 
17.3 
24.6 
180.7 
26.8 
16.7 

 ______
*Assignments were carried out based on 2D-NMR (COSY, HSQC, HMBC) experiments.
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Subfraction CKFE7 (150 mg, Ve/Vt 0.41–0.46) was subjected to ODS c.c. and eluted with MeCN–H2O (5:1) to give eight
fractions (CKFE7-1 to CKFE7-8) which yielded compound 6 [5 mg, Ve/Vt 0.70–0.80, TLC (RP-18 F254) Rf 0.50 in MeCN–H2O
(3:1)]. CKFE8 (10.3 g, Ve/Vt 0.47–0.65) was subjected to SiO2 c.c. and eluted with CHCl3–MeOH (100:1�50:1�10:1) to
give 12 fractions (CKFE8-1 to CKFE8-12). CKFE8-8 (324 mg, Ve/Vt 0.60–0.75) was subjected to ODS c.c. and eluted with
MeOH–H2O (2:1) to give 11 fractions (CKFE8-8-1 to CKFE8-8-11), which produced compound 7 [55 mg, Ve/Vt 0.70–0.80,
TLC (RP-18 F254) Rf 0.35, MeOH–H2O (3:1)]. Subfraction CKFE12 (1.76 g, Ve/Vt 0.76–0.80) was subjected to SiO2 c.c. and
eluted with CHCl3–MeOH (14:1) to give 13 fractions (CKFE12-1 to CKFE12-13). Subfraction CKFE12-9 (66 mg, Ve/Vt
0.75–0.82) was subjected to ODS c.c. and eluted with MeOH–H2O (3:1) to give three fractions (CKFE12-9-1 to CKFE12-9-3),
which yielded compounds 8 [12 mg, Ve/Vt 0.10–0.35, TLC (RP-18 F254) Rf 0.80 in MeOH–H2O (4:1)] and 9 [20 mg, Ve/Vt
0.70–0.95, TLC (RP-18 F254) Rf 0.50 in MeOH–H2O (4:1)]. Subfraction CKFE12-7 (19 mg, Ve/Vt 0.75–0.82) was further
purified by ODS c.c. using MeOH–H2O (2:1) as eluting solution to give compound 10 [6.7 mg, Ve/Vt 0.20–0.40, TLC
(RP-18 F254) Rf 0.55 in MeOH–H2O (3:1)].

Cytotoxicity Test. Cytotoxic activity of each triterpenoid was measured against five cell lines: human colon carcinoma
(HCT-116), human breast carcinoma (MCF-7), human cervix carcinoma (HeLa), human ovary carcinoma (SK-OV-3), and
human melanoma (SK-MEL-5), which were obtained from the Korean Cell Line Bank (KCLB, Korea). A modified microculture
tetrazolium (MTT) assay was used [13, 16]. The activity of each compound was tested at several concentrations, and the IC50
values were calculated. Doxorubicin and paclitaxel were used as positive controls.

Taraxasterol (3). White powder (in CHCl3), mp 225–227�C, [ ]25� D  +52.2� (c 0.10, CHCl3), EI-MS m/z: 426 [M]+,
IR spectrum (KBr, cm–1): 3410, 2927, 1659. PMR (400 MHz, CDCl3, �, ppm, J/Hz): 4.65 (1H, br.s, H-30a), 4.54 (1H, br.s,
H-30b), 3.16 (1H, dd, J = 12.6, 4.8, H-3), 2.35 (1H, d, J = 11.2, H-18), 1.03 (3H, d, J = 6.4, H-29), 1.00 (3H, s, H-26), 0.98 (3H,
s, H-23), 0.94 (3H, s, H-27), 0.85 (3H, s, H-25), 0.83 (3H, s, H-28), 0.78 (3H, s, H-24). 13C NMR (100 MHz, CDCl3, �):
see Table 1.

Betulinic Aldehyde (5). Colorless amorphous powder (in MeOH), mp 193�C, [ ]20� D  +19.5� (c 0.10, CHCl3),
EI-MS m/z: 440 [M]+, IR spectrum (KBr, cm–1): 3413, 2850, 2760, 1720, 1651. PMR (400 MHz, C5D5N, �, ppm, J/Hz): 9.80
(1H, s, H-28), 4.89 (1H, br.s, H-30a), 4.74 (1H, br.s, H-30b), 3.45 (1H, dd, J = 11.0, 4.8, H-3), 3.06 (1H, ddd, J = 11.0, 10.8,
4.9, H-19), 1.71 (3H, s, H-29), 1.21 (3H, s, H-27), 1.01 (3H, s, H-23), 0.95 (3H, s, H-25), 0.91 (3H, s, H-26), 0.80 (3H, s, H-24).
13C NMR (100 MHz, C5D5N, �): see Table 1.

TABLE 2. Cytotoxicity of Triterpenoids Isolated from the Fruits of C. kousa against Human Cancer Cell Lines, IC50 values*

Cancer Cell Lines** 
Compound 

HCT-116 MCF-7 HeLa SK-OV-3 SK-MEL-5 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Doxorubicin*** 
Paclitaxel*** 

19.5 
>200 
100.0 
17.4 
19.0 
200.0 
25.0 

> 200 
98.2 
>200 
3.2 

0.05 

19.8 
>200 
53.3 
17.6 
17.0 
198.2 
85.4 
>200 
97.0 
>200 
10.6 
0.9 

20.2 
>200 
49.5 
15.6 
15.0 
60.5 
100.0 
>200 
75.5 
>200 
4.8 
1.1 

21.0 
>200 
100.0 
18.0 
18.3 
>200 
92.5 
>200 
97.6 
>200 
0.58 
0.46 

23.4 
>200 
49.6 
15.8 
32.2 

200.0 
102.8 
>200 
65.3 
>200 
1.03 
0.15 

 ______
*IC50 value is the concentration (�M) at which there is 50% inhibition of cell growth. IC50 values were calculated from
regression lines using five different concentrations on triplicate experiments.
**HCT-116 (human colon carcinoma), MCF-7 (human breast carcinoma), HeLa (human cervix carcinoma), SK-OV-3 (human
ovary carcinoma) and SK-MEL-5 (human melanoma).
*** Doxorubicin and paclitaxel were used as positive controls.
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Ursolic Aldehyde (6). White powder (in CHCl3), mp 217–219�C, [ ]25� D  +62.4� (c 0.90, CHCl3), EI-MS m/z:
440 [M]+, IR spectrum (CaF2 window, CHCl3, cm–1): 3322, 2911, 2890, 1715, 1645. PMR (400 MHz, C5D5N, �, ppm, J/Hz):
9.47 (1H, s, H-28), 5.36 (1H, br.s, H-12), 3.46 (1H, dd, J = 10.8, 4.8, H-3), 1.09 (3H, s, H-27), 0.98 (3H, s, H-23), 0.96 (3H,
d, J = 6.4, H-30), 0.92 (3H, s, H-24), 0.84 (3H, d, J = 6.4, H-29), 0.76 (3H, s, H-25), 0.74 (3H, s, H-26). 13C NMR (100 MHz,
C5D5N, �): see Table 1.

Tormentic  Acid  (8).   White  powder  (in  MeOH),  mp  272–275�C,  [ ]20� D  +29.1�   (c 0.10, MeOH),  EI-MS m/z:
488 [M]+, IR spectrum (KBr, cm–1): 3447, 1754, 1696. PMR (400 MHz, C5D5N, �, ppm, J/Hz): 5.58 (1H, br.s, H-12), 4.09
(1H, ddd, J = 10.0, 9.4, 3.6, H-2), 3.37 (1H, d, J = 9.4, H-3), 3.04 (1H, s, H-18), 1.70 (3H, s, H-27), 1.42 (3H, s, H-29), 1.26
(3H, s, H-23), 1.11 (3H, d, J = 5.7, H-30), 1.07 (3H, s, H-24), 1.00 (3H, s, H-25), 0.98 (3H, s, H-26). 13C NMR (100 MHz,
C5D5N, �): see Table 1.

19�-Hydroxyasiatic Acid (10). Amorphous powder (in MeOH), mp 290–292�C, [ ]25� D  +25.8� (c 0.50, MeOH),
FAB-MS m/z: 527 [M+Na]+, IR spectrum (CaF2 window, CHCl3, cm–1) 3425, 2931, 1735, 1689, 1047. PMR (400 MHz,
CD3OD, �, ppm, J/Hz): 5.25 (1H, br.s, H-12), 3.66 (1H, m, H-2), 3.44 (1H, d, J = 10.4, H-23a), 3.35 (1H, d, J = 9.6, H-3), 3.21
(1H, d, J = 10.4, H-23b), 2.45 (1H, s, H-18), 1.18 (3H, s, H-27), 1.12 (3H, s, H-29), 1.05 (3H, s, H-24), 0.97 (3H, J = 6.5,
H-30), 0.85 (3H, s, H-25), 0.74 (3H, s, H-26). 13C NMR (100 MHz, CD3OD, �): see Table 1.

Cytotoxic Activity of Isolated Triterpenoids against Human Cancer Cell Lines. Betulinic acid (4) and betulinic
aldehyde (5), lupane triterpenoids having a carbonyl group at C-28, and ursolic acid (1) exhibited significant inhibitory activity
against human cancer cell lines (Table 2).

ACKNOWLEDGMENT

This work was supported by the Technology Development Program for Agriculture and Forestry (GRCMVP) from
the Ministry of Agriculture and Forestry, Republic of Korea and by a grant from the Korea Science and Engineering Foundation
through the Plant Metabolism Research Center, Kyung Hee University.

REFERENCES

1. T. B. Lee, in: Coloured Flora of Korea, Hyang Mun Sa,  Seoul, Korea, 2003, 850 pp.
2. J. S. Kim, C. H. Oh, H. Jeon, K. S. Lee, and S. Y. Ma, Kor. J. Med. Crop. Sci., 10, 327 (2002).
3. K. S. Ryu and C. S. Yook, Kor. J. Pharmacogn., 2, 41 (1971).
4. D. Y. Lee, L. H. Jung, K. H. Yoo, M. C. Song, I. S. Chung, E. M. Ahn, D. K. Kim, and N. I. Baek, J. Appl. Biol. Chem.,

51, 73 (2008).
5. D. Y. Lee, M. C. Song, K. H. Yoo, M. H. Bang, I. S. Chung, S. H. Kim, D. K. Kim, B. M. Kwon, T. S. Jeong,

M. H. Park, and N. I. Baek, Arch. Pharm. Res., 30, 402 (2007).
6. D. Y. Lee, H. N. Lyu, H. Y. Kwak, L. H. Jung, Y. H. Lee, D. K. Kim, I. S. Chung, S. H. Kim, and N. I. Baek, J. Appl.

Biol. Chem., 50, 144 (2007).
7. D. H. Kim, K. M. Han, M. H. Bang, Y. H. Lee, I. S. Chung, D. K. Kim, S. H. Kim, B. M. Kwon, M. H. Park,

and N. I. Baek, Arch. Pharm. Res., 28, 1851 (2007).
8. C. M. Ojinnaka, J. I. Okogun, and D. A. Okorie, Phytochemistry, 23, 1125 (1984).
9. S. J. Choi, Y. D. Min, S. O. Lee, M. C. Yang, J. H. Nam, K. H. Lee, K. U. Jang, J. H. Lee, and K. R. Lee,

Kor. J. Pharmacogn., 35, 35 (2004).
10. S. J. Choi, M. C. Yang, S. U. Choi, and K. R. Lee, Arch. Pharm. Res., 29, 203 (2006).
11. H. W. Kircher, Phytochemistry, 19, 2707 (1980).
12. J. Bhattacharyya and C. B. Barros, Phytochemistry, 25, 274 (1986).
13. D. Y. Lee, D. H. Kim, M. H. Bang, M. C. Song, H. Y. Kwak, K. H. Yoo, I. S. Chung, K. T. Kim, and N. I. Baek,

J. Appl. Biol. Chem., 50, 275 (2007).
14. P. T. Thuong, W. Jin, J. P. Lee, R. S. Seong, Y. M. Lee, Y. H. Seong, K. S. Song, and K. H. Bae, Arch. Pharm. Res., 28,

1135 (2005).
15. T. Seto, T. Tanaka, O. Tanaka, and N. Naruhashi, Phytochemistry, 23, 2829 (1984).
16. T. Mosmann, J. Immunol. Methods, 65, 55 (1983).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Saturation
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


