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Phytochemical Constituents of Bitter Melon (Momordica charantia)
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Abstract — Phytochemical constituents were isolated from bitter melon (the fruits of Momordica charantia)
through open column chromatography. Their structures were identified as [-sitosterol (1), (23E)-5B,19-
epoxycucurbita-6,23-diene-33,25-diol (2), daucosterol (3), uracil (4), and allantoin (5) by interpretation of
spectroscopic analysis including MS and 'H- & '*C-NMR. Among them, allantoin (5) was isolated from this plant

for the first time.
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Introduction

Momordica charantia, belonging to the family of
Cucurbitaceae, is an indigenous medicinal and vegetable
plant found in the tropical and subtropical regions of the
world and is commonly known as bitter gourd or bitter
melon (Lee ef al., 2009). It is distributed in Asian
countries and widely cultivated as a vegetable crop. The
fruits, vines, leaves, and roots of M. charantia have been
used to treat toothache, diarrhea, furuncle, and diabetes in
China. All parts of the plant including the fruit taste bitter.
The fruit looks usually rectangle and resembles a
cucumber (Basch et al., 2003; Krawinkel and Keding,
2006). Bitter melon contains biologically active chemicals
such as essential oil, flavonoids, phenolic acids, glycosides,
triterpenes, and alkaloids. The immature fruits are a good
source of vitamin C and also provide vitamin A (Xie ef
al., 1998; Braca et al., 2008; Chen ef al., 2008; Parichat
and Artiwan, 2009; Zhang et al., 2009; Choi ef al., 2012).

A number of studies have reported the effects of bitter
melon unrelated to diabetes. Bitter melon has some
interesting biological and pharmacological activities, e.g.
anti-cancer, anti-viral, anti-bacterial, analgesic, anti-
inflammatory, hypotensive, anti-fertility, and anti-oxidant
(Zafar and Neerja, 1991; Ng et al., 1992; Scartezzini and
Speroni, 2000; Grover and Yadav, 2004; Beloin et al.,
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2005; Sin et al., 2011; Cho et al., 2012a; Choi ef al,
2012; Mahmood et al, 2012; Sin et al., 2012). Bitter
melon has been used for the treatment of diabetes mellitus
due to their effective constituents such as charantin and
peptides which are similar to insulin and several alkaloids
(Lee et al., 2009). This paper describes the procedure for
the isolation of phytochemical constituents from bitter
melon by repeated column chromatography, and structure
determination by spectral analyses such as NMR and MS.

Experimental

Plant materials — Bitter melon (Momodica charantia
fruits) was grown and collected at the Experimental Field
of Farming Cooperation Hamyang (Hamyang, Korea) in
October, 2009.

General experimental procedures — Mass spectrometry
(MS) was measured using a Jeol JMS-600W (Tokyo,
Japan) mass spectrometer. Nuclear magnetic resonance
(NMR) spectra were recorded with a Bruker Avance 300,
400, or 500 NMR (Germany) spectrometer in CDCl;,
pyridine, or DMSO using TMS as an internal standard.
Chemical shifts were reported in parts per million (3), and
coupling constants (J) were expressed in Hertz. TLC
analysis was conducted with Kiesel gel 60 F254 (Art.
5715, Merck Co., Germany) plates (silica gel, 0.25 mm
layer thickness), with compounds visualized by spraying
with 10% H,SO, followed by charring at 60°C. Open
column chromatography was conducted with a silica gel
(200 - 400 mesh ASTM; Merck Co., Germany). All other
chemicals and reagents were analytical grade.
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Extraction and isolation — The dried and finely
powdered bitter melon (1,150.1 g) was extracted with
methanol (MeOH) for 3 hr (6 L x 5) under reflux at 65 -
75°C and solvent was evaporated in vacuo to give brown
residue (351.4 g). The residue was suspended in H,O and
partitioned with n-hexane (12.4 g), CH,Cl, (MC) (11.2 g),
ethyl acetate (EtOAc) (5.6 g), and n-butanol (n-BuOH)
(10.3 g), successively. A portion of the n-hexane fraction
(10.1 g) was chromatographed on a Si gel (6 x 80 cm, No.
7734) column, packed in n-hexane, eluting with a step
gradient of n-hexane/EtOAc followed by EtOAc, all
fractions being monitored by TLC. Elution of the Si gel
column with n-hexane/EtOAc (9 : 1) and n-hexane/EtOAc
(8:2) afforded compounds 1 and 2, respectively. A
portion of the MC fraction (9.5 g) was chromatographed
on a Si gel (6 x 80 cm, No. 7734) column, packed in #»-
hexane, eluting with a step gradient of n-hexane/EtOAc
followed by EtOAc, all fractions being monitored by
TLC. Elution of the Si gel column with EtOAc afforded
compound 3. A portion of the n-BuOH fraction (9.5 g)
was chromatographed on a Si gel (6 x 80 cm, No. 7734)
column, packed in CH,Cl,, eluting with a step gradient of
MC/MeOH followed by MeOH, all fractions being
monitored by TLC. Elution of the Si gel column with
MC/MeOH (1 :9) and MC/MeOH (2 : 8) afforded com-
pounds 4 and 5, respectively.

Compound 1 — White powder; EI-MS m/z: 414 [M]"
(100.0), 396 (53.1), 381 (25.8), 329 (28.3), 303 (31.0),
289 (11.8), 273 (20.8), 255 (26.3), 231 (15.8), 213 (23.2),
159 (17.0), 145 (21.4); '"H-NMR (300 MHz, CDCl;): &
3.52 (1H, m, H-3), 2.27 (2H, m, H-4), 5.35 (1H, m, H-6),
1.99 (2H, m, H-11), 0.68 (3H, s, H-18), 1.01 (3H, s, H-
19), 0.96 (3H, d, J=6.3 Hz, H-21), 0.83 (3H, d, J=6.3
Hz, H-26), 0.80 (3H, d, J=3.3 Hz, H-27), 0.91(3H, t,
J=6.3 Hz, H-29); *C-NMR (75 MHz, CDCl;): § 37.4
(C-1), 29.8 (C-2), 72.0 (C-3), 39.9 (C-4), 141.1 (C-5),
122.2 (C-6), 32.0 (C-7), 31.8 (C-8), 50.3 (C-9), 36.6 (C-
10), 21.2 (C-11), 40.7 (C-12), 42.4 (C-13), 56.9 (C-14),
24.4 (C-15), 284 (C-16), 56.2 (C-17), 11.9 (C-18), 19.1
(C-19), 36.3 (C-20), 18,9 (C-21), 34.1 (C-22), 26.2 (C-
23), 46.0 (C-24), 29.3 (C-25), 19.9 (C-26), 19.5 (C-27),
23.2 (C-28), 12.1 (C-29).

Compound 2 — Amorphous white powder; EI-MS m/z:
456 [M]" (8), 438 (45), 390 (80), 309 (100), 281 (65); 'H-
NMR (500 MHz, CDCl;): & 1.45 (1H, m, H-1), 1.83 m
(1H, m, H-2), 3.40 (1H, m, H-3), 6.04 (1H, dd, J=2.0,
10.0 Hz, H-6), 5.63 (1H, dd, J=10.0, 3.5 Hz, H-7), 2.34
(1H, br s, H-8), 2.27 (1H, dd, J=2.8 Hz, H-10), 1.46,
1.80 (1H, m, H-11), 1.64 (1H, m, H-12), 1.35 (1H, m, H-
15), 1.42, 2.00 (1H, m, H-16), 1.48 (1H, m, H-17), 0.86
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(3H, s, H-18), 3.67 (1H, d, J= 8.5 Hz, H-19), 3.52 (1H, d,
J=8.5 Hz, H-19), 145 (1H, m, H-20), 0.89 (3H, s,
J=6.5 Hz, H-21), 1.80, 2.14 (1H, m, H-22), 5.58 (1H, m,
H-23) 5.58 (1H, m, H-24), 1.31 (3H, s, H-26), 1.31 (3H,
s, H-27), 1.20 (3H, s, H-28), 0.89 (3H, s, H-29), 0.86 (3H,
s, H-30), 4.01 (1H, d, J=10.0 Hz, OH); *C-NMR (125
MHz, CDCl;): & 17.8 (C-1), 27.6 (C-2), 76.4 (C-3), 37.4
(C-4), 87.8 (C-5), 132.0 (C-6), 131.7 (C-7), 52.3 (C-8),
45.7 (C-9), 39.1 (C-10), 23.8 (C-11), 31.0 (C-12), 45.5
(C-13), 48.8 (C-14), 33.4 (C-15), 28.2 (C-16), 50.3 (C-
17), 15.1 (C-18), 80.1 (C-19), 36.4 (C-20), 18.8 (C-21),
39.3 (C-22), 125.4 (C-23), 139.9 (C-24), 70.9 (C-25), 30.1
(C-26), 30.2 (C-27), 20.7 (C-28), 24.8 (C-29), 20.3 (C-30).

Compound 3 — Amorphous white powder; FAB-MS
m/z: 599 [M+Na]*; 'TH-NMR (400 MHz, pyridine): & 4.03
(1H, m, H-3), 5.38 (1H, br d, J=4.8 Hz, H-6), 0.69 (3H,
s, H-18), 1.03 (3H, s, H-19), 0.92 (3H, d, /= 0.68 Hz, H-
21), 0.86 (3H, d, J=6.3 Hz, H-26), 0.89 (3H, d, J=6.6
Hz, H-27), 0.88 (3H, t, J=7.8Hz, H-29), 491 (1H, d,
J=7.2 Hz, H-1"), 4.12 (1H, t, J=8.7 Hz, H-2"), 4.33 (1H,
J=8.7 Hz, H-3"), 4.36 (1H, t, /=8.4 Hz, H-4"), 4.48 (1H,
dd, J=5.7, 11.7 Hz, H-6'a), 4.84 (1H, dd, J=2.4, 11.7 Hz,
H-6'b); *C-NMR (100 MHz, pyridine): & 37.4 (C-1), 30.8
(C-2), 72.2 (C-3), 40.5 (C-4), 141.4 (C-5), 123.5 (C-6),
32.6 (C-7), 32.7 (C-8), 50.8 (C-9), 37.98 (C-10), 21.8 (C-
11), 39.8 (C-12), 43.0 (C-13), 25.0 (C-15), 57.3 (C-14),
29.0 (C-16), 56.7 (C-17), 12.5 (C-18), 19.9 (C-19), 36.3
(C-20), 19.4 (C-21), 34.5 (C-22), 27.3 (C-23), 50.3 (C-
24), 30.5 (C-25), 18.3 (C-26), 20.5 (C-27), 23.4 (C-28),
12.8 (C-29), 103.1 (C-1"), 78.6 (C-2"), 79.1 (C-3"), 75.9
(C-4", 79.0 (C-5"), 63.3 (C-6").

Compound 4 — Amorphous white powder; EI-MS m/z:
112 [M]" (100.0), 69 (47); 'H-NMR (500 MHz, pyridine): §
5.80 (1H, d, J=17.5 Hz, H-5), 7.51 (1H, d, J="7.5 Hz, H-6).

Compound 5 — White crystal; EI-MS m/z: 158 [M]"
(9.8), 141 (10.9), 130 (100.0), 115 (31.4), 87 (80.8), 70
(10.8) 60 (22.4); '"H-NMR (500 MHz, DMSO): & 10.53
(1H, s, H-1), 8.04 (1H, s, H-3), 6.89 (1H, d, J=8.2 Hz,
NHCONH,), 5.77 (2H, s, NHCONH,), 5.24 (1H, d, J=
8.2 Hz, H-4).

Results and Discussion

An open column chromatography of the MeOH extract
of bitter melon led to the isolation of compounds 1 - 5.

Compound 1 was obtained as white powders from the
n-hexane fraction and it showed a molecular ion peak at
m/z 414 [M]" in the EI-MS. The "H-NMR spectrum of 1
showed existence of sterol skeleton. The two angular
methyl singlets of 18- and 19-Me at 6 0.68 and 1.01, and
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the three doublets of 21-, 26-, and 27-Me at 6 0.96, 0.83,
and 0.80, and the one triplet of 29-Me at & 0.91 were
observed. The olefinic proton broad doublet one signal at
8 5.35 was showed H-6. The *C-NMR spectrum of 1
showed 27 resonances, and C-5 and -6 signals were
noticed at 6 141.1 and 122.2, respectively. Accordingly,
the structure of 1 was elucidated as B-sitosterol (stigmast-
5-en-3-ol) by comparison of the spectral data in the
literature (Rubinstein ef al., 1976; Lee et al., 2013).

Compound 2 was obtained as amorphous white powder
from the n-hexane fraction and it showed a molecular ion
peak at m/z 456 [M]" in the EI-MS. The 'H- and “*C-
NMR data indicated the presence of six tertiary methyl
signals at & 0.89, 1.20 (3H each, s), 0.86 (3H x 2), and
1.31 (3H x 2), a secondary methyl signal at 5 0.89 (3H, d,
J=06.5 Hz), an oxomethylene signal at 6 3.53 (1H, d,
J=28.5 Hz), 3.67 (1H, d, /J=8.5 Hz), and & 80.1, and a
mutiplet oxymethine (& 3.40) coupling to hydroxyl group
(64.01). In addition, the NMR signals for an allylic ABX
system of cis-oriented cyclohexene signal at & 6.04 (1H,
dd, /=2.0, 10.0 Hz, H-6), 5.63 (1H, dd, J=10.0, 3.5 Hz,
H-7), 2.34 (1H, br s, H-8); 6 132.0, 131.7, 52.3 were also
found. Accordingly, the structure of 2 was elucidated as
(23F)-5B,19-epoxycucurbita-6,23-diene-3[3,25-diol by com-
parison of the spectral data in the literature (Chang et al.,
2006).

Compound 3 was obtained as white powders from the
MC fraction and it showed a molecular ion peak at m/z
599 [M+Na]" in the FAB-MS. The 'H-NMR spectrum
showed the two angular methyl singlets of 18- and 19-Me
at 6 0.69 and 1.03, and the three doublets of 21-, 26-, and
27-Me at § 0.92, 0.86, and 0.89, respectively. The olefinic
proton of a broad doublet signal at 6 5.38 showed H-6.
The anomeric proton of 3 produced a peak at & 5.07 (d,
J=7.2 Hz), and the glucose position was at C-3 (p3-
linkage) of the aglycon. The “C-NMR spectrum of 3
showed C-5 and -6 signals noticed at & 141.1 and 123.5,
respectively. Accordingly, the structure of 3 was daucosterol
(B-sitosterol 3-O-glucoside) by comparison of the spectral
data in the literature (Huh ef al., 2011; Cho et al., 2012b,
Lee et al., 2013).

Compound 4 was obtained as white crystals from the -
BuOH fraction and showed a molecular ion peak at m/z
112 [M]" in the EI-MS, which corresponds to a molecular
formula of C,H4N,O,. In the '"H-NMR spectrum of 4,
doublets at & 7.51 (J=7.5 Hz) and 5.80 (J=7.5 Hz)
assigned H-6 and -5 of pyrimidine, respectively. Accordingly,
the structure of 4 was elucidated as uracil by comparison
of the spectral data in the literature (Ko ef al., 1992; Lee
et al., 2002).
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Fig. 1. Structures of compounds 1 - 5.

Compound 5 was obtained as white crystals from the n-
BuOH fraction. In the EI-MS, molecular peak showed at
m/z 158 [M]" corresponding to the molecular formula
C4HgN,4O;. In the 'H-NMR spectrum, it was obtained
relating the peak height of the down-field proton at &
10.53. The broad amino signal at & 5.77 was detected and
a sharp singlet at 6 5.23 was presumably -NHCHNH-.
Accordingly, the structure of 5 was elucidated as allantoin
(2,5-dioxo-4-imdazolidinylurea) by comparison of the
spectral data in the literature (Siegfried and Johannes,
1975; Kim et al., 2009).

B-Sitosterol (1) and daucosterol (3) showed anti-
inflammatory, anti-neoplastic, and immune modulating
activities (Patrick and Lamprecht, 1999). Allantoin (5) has
the effect of urease inhibitory activity and prevents
inflammation and ulcers in human (Weber et al., 1981;
Leem et al., 2005; Fu et al., 2006).

In conclusion, B-sitosterol (1), (23FE)-5B,19-epoxy-
cucurbita-6,23-diene-33,25-diol (2), daucosterol (3), uracil
(4), and allantoin (5) were isolated from bitter melon (Fig.
1). Among them, allantoin (5) was isolated from this plant
for the first time.

Acknowledgements

This research was supported by Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education,
Science and Technology (2010-0005480). The authors
thank the staff and crew of the National Center for Inter-
University Research Facilities (Seoul National University)
for assistance with the NMR and GC/MS experiments.



Vol. 19, No. 4, 2013

References

Basch, E., Gabardi, S., and Ulbricht C., Bitter melon (Momordica
charantia): a review of efficacy and safety. Am. J. Health Syst. Pharm.
60, 356-359 (2003).

Beloin, N., Gbeassor, M., Akpagana, K., Hudson, J., de Soussa, K.,
Koumaglo, K., and Arnason, J.T., Ethnomedicinal uses of Momordica
charantia (Cucurbitaceae) in Togo and relation to its phytochemistry
and biological activity. J. Ethnopharmacol. 96, 49-55 (2005).

Braca, A., Siciliano, T., D'Arrigo, M., and Germano, M.P., Chemical
composition and antimicrobial activity of Momordica charantia seed
essential oil. Fitoterapia 79, 123-125 (2008).

Chang, C.I., Chen, C.R., Liao, Y.W., Cheng, H.L., Chen, Y.C., and Chou,
C.H., Cucurbitane-type triterpenoids from Momordica charantia. J.
Nat. Prod. 69, 1168-1171 (2006).

Chen, J., Tian, R., Qui, M., Lu, L., Zheng, Y., and Zhang, Z.,
Trinorcucurbitane and cucurbitane triterpenoids from the roots of
Momordica charantia. Phytochemistry 69, 1043-1048 (2008).

Cho, E.J., Choi, J.Y., Lee, K.H., and Lee, S., Isolation of antibacterial
compounds from Parasenecio pseudotaimingasa. Hort. Environ.
Biotechnol. 53, 561-564 (2012b).

Cho, E.J., Sin, S.M., Choi, .M., Lee, S., Cho, K.M., and Kim, H.Y.,
Protective effects of the active fraction of bitter melon (Momordica
charantia) on nitric oxide-induced oxidative stress in LLC-PK; cell. J.
Med. Plant Res. 6, 4968-4973 (2012a).

Choi, J.S., Kim, H.Y., Seo, W.T., Lee, J.H., and Cho, K.M., Roasting
enhances antioxidant effect of bitter melon (Momordica charantia L..)
increasing in flavan-3-ol and phenolic acid contents. Food Sci.
Biotechnol. 21, 19-26 (2012).

Fu, Y.C., Ferng, L.H., and Huang, P.Y., Quantitative analysis of allantoin
and allantoic acid in yam tuber, mucilage, skin and bulbil of the
Dioscorea species. Food Chem. 94, 541-549 (2006).

Grover, J.K. and Yadav, S.P., Pharmacological actions and potential uses
of Momordica charantia: a review. J. Ethnopharmacol. 93, 123-132
(2004).

Huh, GW., Park, J.H., Shrestha, S., Lee, Y.H., Ahn, E.M., Kang, H.C,,
and Baek, N.I., Sterols from Lindera glauca Blume stem wood. J.
Appl. Biol. Chem. 54, 309-312 (2011).

Kim, K.M., Henderson, GN., Frye, R.F., Galloway, C.D., Brown, N.J.,
Segal, M.S., Imaram, W., Angerhofer, A., and Johnson, R.J.,
Simultaneous determination of uric acid metabolites allantoin, 6-
aminouracil, and triuret in human urine using liquid chromatography-
mass spectrometry. J. Chromatogr: 877, 65-70 (2009).

Ko, S.H., Do, S.H., Kwon, Y.S., and Kim, C.M., A study on the chemical
components from the roots of Anthriscus sylvestris. Kor J.
Pharmacogn. 23, 225-228 (1992).

Krawinkel, M.B. and Keding, GB., Bitter gourd (Momordica charantia):
a dietary approach to hyperglycemia. Nutr. Rev. 64, 331-337 (2006).

Lee, IM., Lee, D.G, Lee, K.H., Cho, S.H., Nam, K.W,, and Lee, S.,
Isolation and identification of phytochemical constituents from the
fruits of Acanthopanax senticosus. African J. Pharm. Pharmacol. 7,
294-301 (2013).

289

Lee, S., Kang, S.S., and Shin, K.H., Coumarins and a pyrimidine from
Angelica gigas roots. Nat. Prod. Sci. 8, 58-61 (2002).

Lee, S.Y., Eom, S.H., Kim, Y.K., Park, N.I., and Park, S.U., Cucurbitane-
type triterpenoids in Momordica charantia Linn. J. Med. Plant Res. 3,
1264-1269 (2009).

Leem, M.J., Ryu, J.M., Jang, H.B., Rho, Y.K., Oh, S.J.,, and Lee, H.Y.,
Isolation of urease inhibitory compounds from Arecae semen. Kor: J.
Pharmacogn. 36, 56-59 (2005).

Mahmood, A., Raja, GK., Mahmood, T., Gulfraz, M., and Khanum, A.,
Isolation and characterization of antimicrobial activity conferring
component(s) from seeds of bitter gourd (Momordica charantia). J.
Med. Plant Res. 6, 566-573 (2012).

Ng, T.B., Chan, W.Y., and Yeung, H.W., Proteins with abortifacient,
ribosome inactivating, immunomodulatory, antitumor and anti-AIDS
activities from Cucurbitaceae plants. Gen. Pharmacol. 23, 579-590
(1992).

Parichat, B. and Artiwan, S., Enhanced recovery of phenolic compounds
from bitter melon (Momordica charantia) by subcritical water
extraction. Sep. Purific. Tech. 66, 125-129 (2009).

Patrick, J.D. and Lamprecht, J.H., Plant sterols and sterolin: a review of
their immune-modulating properties. Altern. Med. Rev. 4, 170-177
(1999).

Rubinstein, 1., Goad, L.J., Clague, A.D.H., and Mulheirn, L., The 220
MHz NMR spectra of phytosterols. Phytochemistry 15, 195-200
(1976).

Scartezzini, P. and Speroni, E., Review on some plants of Indian
traditional medicine with antioxidant activity. J. Ethnopharmacol. 71,
23-43 (2000).

Siegfried, E.D. and Johannes, V.S., Determination of allantoin in Protea
seed. Phytochemistry 14, 751-753 (1975).

Sin, SM., Mok, S.Y., Lee, S., Cho, KM., Cho, E.J,, and Kim, H.Y.,
Protective effect of bitter melon (Momordica charantia) against
oxidative stress. Cancer Prev. Res. 16, 86-92 (2011).

Sin, S.M., Mok, S.Y., Lee, S., Cho, K.M., Cho, E.J., and Kim, H.Y., Anti-
inflammatory effect of bitter melon (Momordica charantia) in RAW
264.7 cell. Cancer Prev. Res. 17, 56-61 (2012).

Weber, J.F., Fuhrman, F.A., Fuhrman, G.J., and Mosher, H.S., Isolation of
allantoin and adenosine from the marine sponge Tethya aurantia.
Comp. Biochem. Physiol. 70B, 799-801 (1981).

Xie, H., Huang, S., Deng, H., Wu, Z., and Ji, A., Study on chemical
components of Momordica charantia. Zhong Yao Cai 21, 458-459
(1998).

Zafar, R. and Neerja. Momordica charantia-a review. Hamdard. Med. 34,
49-61 (1991).

Zhang, M., Hettiarachchy, N.S., Horax, R., Chen, P., and Over, K.F,,
Effect of maturity stages and drying methods on the retention of
selected nutrients and phytochemicals in bitter melon (Momordica
charantia) leaf. J. Food Sci. 74, 441-448 (2009).

Received July 15, 2013
Revised September 17, 2013
Accepted October 4, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


